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INTRODUCTION

In 1908 Fries discovered that an acyl derivative of a

phenol, when heated with aluminium chloride with or without

a solvent, is changed into the isomeric ortho- or para-

hydroxy ketone or a mixture of both.

The mechanism suggested is an intermolecular one in

which there is a migration of the acyl group from one

molecule to the ortho or para position in the second molecule

viz.,

CVcV+ O- °-<!-*<>•<+Ooh
Pu

However, a great deal of evidence has been brought forward

in favour of an intramolecular mechanism and no definite

A similar reaction to this is the Claisen Rearrangement

in which the allyl groups in phenolic allyl ethers migrate

from the phenolic oxygen to the aromatic nucleus, on heating

viz.,

conclusions have yet been drawn^.

O.CHiClteCttjL OH
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The Pries reaction has "been used extensively in the syntheses

of ortho- and para- hydroxy aromatic ketones. The ketonic

groupings which migrate may he aliphatic (as in o-

hydroxyacetophenone) or aromatic (as in p- hydroxybenzophenone).

Many examples of the synthetic use of the reaction have been
(2) (?)

investigated. Wilson Baker and co-workers have

carried out a great deal of work in this field. They have,

for example, extended the use of the reaction to the syntheses

of hydroxy ketones in the hydrindene series where the molecule

involved is only partly aromatic.

Much more recently many Indian workers have been active

in this field. Joshi and Shah^ report the formation of a

2, 8- substituted naphthalene by Pries migration. They

found that treatment of/&- naphthyl acetate (l) gave a small

yield of a ketone which they have proved to be 2- hydroxy-

8- acetylnaphthalene (ill). The main product however was

the 1, 2- isomer (II).

OiC^CHJ

I II HI

This method therefore affords a simpler way of obtaining the

phenol (III) than the more tedious method employed by Leonard
(5)

and Hyson .

Auwers^ and Baddeley^^ have shown that the Pries

migration of an alkyl substituted aromatic nucleus may be

accompanied by an additional isomerisation of one or more

alkyl groups to a new position in the molecule. This second



isomerisation is brought about by the use of an additional

molecule of catalyst in the reaction (i.e. two molecules of

aluminium chloride in all).

Several other reagents have been used to catalyse the

Fries migration. Aluminium bromide has been used

successfully when aluminium chloride has been shown to be

too drastic^ (p. 80 ). Bruce and co-workers^' have

recently reported the use of a sodium chloride- aluminium

chloride melt in the formation of hydroxy ketones. This

method has the recommendation of a very short reaction time

(two minutes at 180°) and the yields are similar to those

obtained by the more conventional methods of synthesis of

the ketones.

Other reagents which have been used are ferric

chlorideand titanium tetrachloride. The latter seems

to be a very effective catalyst and it would appear to be a

useful reagent when aluminium chloride catalysed rearrange¬

ments fail or give small yields. It has the added advantage

of being fairly cheap and readily obtainable.

The Fries Reaction therefore, has a fairly wide

application in the synthesis of aromatic hydroxy ketones which

are often quite difficult to obtain by the normal methods

such as Friedel-Crafts and Grignard reactions. The

rearrangement is becoming more and more important in the

preparation of dyestuff intermediates and antiseptics. Use

of this reaction has been made in the preparation of many of

the ketones investigated in this Thesis and it has proved a

very simple and effective method in most cases.



This Thesis describes the investigation of a reaction,

which was thought might be a reversal of the Pries migration -

(ll)
a reaction first observed by Rosenmund and Schnurr .

They noticed that, under certain conditions, several p-

hydroxy ketones could be converted into phenol esters. The

requisites, both structural and experimental, for the reverse

reaction have been carefully studied. The p- hydroxy ketone

must contain a substituent ortho to the acyl group and the

rearrangement is effected by heating with sulphuric,

camphorsulphonic, or phosphoric acid,

Sosenmund and Schnurr showed, for example, that treatment

of a hydroxy ketone such as 2- methyl- 4- hydroxy- 5-

isopropyl butyl ketone (IV) with several drops of concentrated

sulphuric, and subsequent heating to 150-180°, gave an almost

quantitative isomerisation into the corresponding ester,

thymol Isovalerate (V).

CHj

MfQ" <L^°-C0C^
c3hT C,H7

IV V

Several othsr ketones were found to give similar results.

2- Methyl- 4- hydroxyacetophenone rearranged to give lu¬

cresol acetate. The corresponding phenacetyl and benzoyl

ketones rearranged similarly. Bster formation was complete

in 30 - 60 minutes in most cases.

This work by Rosenmund and Schnurr clearly shows that

the migration is a reversal of the normal Pries isomerisation.
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The reagent used in the present work was hydrobromic acid

in glacial acetic which was found to bring about a similar

ketonic fission of a hydroxyl substituted aromatic ketone,
(12)

The work began after Voodham 7 had noticed a ketonic

cleawige while carrying out synthetic work in the

mesobenzanthrone series. He was trying to synthesise 6-

hydroxymesobenzanthrone (VTIl) by a cyclisation of 1-

benzoyl- 2- hydroxynaphthalene (VII) using aluminium chloride

and sodium chloride,

co°- cSr-
O OH

VU VIM

In the preparation of the intermediate (VTI) however, he

found that the Priedel-Crafts reaction with benzoyl chloride

and 2- methoxynaphthalene (VT) gave 1- benzoyl- 2-

methoxynaphthalene almost entirely. This was contrary to
fix)

Fieser's work v J' who obtained an excess of the hydroxy

ketone. To obtain this hydroxy ketone Woodham decided to

demethylate the methyl ether with hydrobromic acid in

glacial acetic, which is a common demethylating reagent.

He found that demethylation and debenzoylation both occurred

and the product was /3- naphthol in good yield with no evidence

of the hydroxy ketone. It was considered possible that

this is an example of the Reverse Pries Reaction, The

ester of the phenol however is not obtainable in the acidic
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conditions of the reaction medium; its formation would

be followed by an immediate hydrolysis presumably. It

was thought that the mechanism might be:- Fission of

ketone —* Ester Phenol + Acid, viz.,

Many reagents, both acidic and alkaline, have been shown

to cause ketonic fission and a review of those will be

given.

Among the earliest examples is the use of phosphoric

acid. In 1885 Louise found that 2:4*6-

trimethylbenzophenone (benzoylmesitylene) gave the

hydrocarbon mesitylene and benzoic acid on treatment with

this reagent. Following this a large number of ketones
(15)

were prepared by Klages and Lickroth ' and treated with

phosphoric acid. They found in many cases that crystalline

"double compounds" consisting of one molecule of ketone

and one molecule of acid were formed. These were said to be

phosphoric acid "esters" of the type (IX).

V=0 —♦ R\C'0H
O.

/OH
R" r/^ O.P^O

t*. vOH
When these so called esters were heated fission of the

ketone into the parent hydrocarbon occurred. The fission

was shown to have taken place between the aromatic nucleus

and the carbonyl side chain as shewn by the dotted line:-
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-I-C —R (r= ***?)
II
O

These workers found that alkyl substituted ketones of the

types (X), (XI) and (XII) showed no signs of fission,

i.e. unsubstituted, meta and para substituted ketones such

as acetophenone, 3- methyl- and 4- methyl- acetophenone

(R = E ' = CH3 in (X), (XI) and (XIl) ).

°»c* on-«

0 <X o
ft'

* *• KM

°*c'R

0"'
X III XIV

Fission, however, did take place with ketones of types

(XIII) and (XIV) which have ortho and di-ortho substituents

respectively. With ketones such as 2- methylacetophenone

yields of 20 - 30" hydrocarbon were obtained after an eight

hour treatment in excess of syrupy phosphoric acid. On

the other hand ketones with two ortho groupings in the

nucleus gave quantitative yields of hydrocarbon.

Treatment of 2:4- dimethylacetophenone, 2- methyl-

5- isopropyl- and 2:3s 5— trimethyl- propiophenone curiously

enough gave the same percentage yields of hydrocarbon



material. 3s4- Dimethylacetophenone, however, gave a

smaller yield as expected.

Similarly ketones such as diacetylmesitylene (XV),

diacetyldurene (1:4- diacetyl- 2:3-5:6- tetramethylbenzene)

(XVI), 2:4:6- trimethylacetophenone and 2:3:4:5:6-

pentaethylpropiophenone (XVTl) were completely split.

All these ketones have two ortho substituents,

OcOCWi coCH) COCzMsCMj C^IAvC^HI
tM* cocttj CXHS

XV )Cv| XVII

CHj

CvQ>~"~CWjl~0
ch5°

XVmi

The deoxybenzoin, 2:4:6- trimethyldeoxybenzoin (XVTIl) was

quantitatively decomposed whereas its unsubstituted

counterpart showed no sign of fission.

From this experimental data these workers noted that

the nature of the side chain, the number, nature and

position of the alkyl groups were of importance in this

fission reaction. They also stressed that the stereo¬

chemical factor must not be forgotten. For example the

size of the alkyl groups and the bulkiness of the side chain

in a 2,6- substituted ketone viz., (XVTII) must play a part

in the ease (or difficulty) of the commencement of fission.

They found, however, that 2:4:6- trimethyl- and 2:4:6-
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triethyl- acetophenone gave equivalent yields of fission

products although the ethyl groups are more bulky than

the methyl. It was noted that the benzoyl ketones,

corresponding to the aoetophenones mentioned above, were

apparently more difficult to split, 2:4- Dimethylbenzo-

phenorua and the 2:4:6- trirrsethyl and triethyl ketones gave

smaller yields of hydrocarbon material than the corresponding

acetophenones. Benzophenone, like aoetophenono, was

unchanged.

It is worthy of note that p- methoxyacetophenone

(after four hours heating) and p- methoxypropiophenone (after

ten hours) are reported to have yielded 40 and 70

fission product, respectively. No mention of dsmethylation

of the ethers is reported and ao this cleavage cannot be

said to be taking place by the Reverse Pries reaction.

The relationship between this type of fission and the

decarboxylation of carboxylic acids has been noticed.

2:4:6- Trimsthylbenaoic, when refluxed in phosphoric, was

decarboxylated to the extent of 50 after 10 minutes and

70*? after four hours.

2:3:5*6- Tetramethylbenzoic acid (XIX) reacted similarly

but the unsymmetrieal isomeric acid (XX) was recovered

CooM

X.W.
CM)

unchanged. Or c - CHj 0 :c ^^5

CM)
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Other workers^) have enployed phosphoric aoid

in this way to remove ketonic side chains from various

alkyl substituted xylenols such as 2- hydroxy- 3: 5~

dimethylacetophenone and 2- hydroxy- 4:5- dimethylacetophe-

none (XXI) and (XXIl) respectively. They used a tenfold

excess of reagent (84$ orthophosphoric acid),

Rosenraund and Schnurr^"^ report that phosphoric acid

is an effective reagent in bringing about the Reverse

Pries reaction with substituted phenolic ketones.

Another reagent which has been used to effect the

fission of ketonic side chains from aromatic nuclei is

hydrochloric acid. In 1895 Mihr^18^ used this acid in an

attempt to decompose certain benzoylpropionic acids. He

found that benzoylpropionio acid itself C OCHgCHjCOOH
was unchanged after five to nine hours at 150° - 200°.

Similarly p- methylbenzoylpropionic acid gave no fission

products. However 2:4- dimethylbenzoylpropionic acid gave

a quantitative yield of m- xylene. Likewise the

corresponding acids from ortho- and para- xylene both

cleaved. The yields of hydrocarbon were in the order m-

xylene>p- xylene > o- xylene (trace only).
(15)

As in the work of Klages and Lickroth several

alkyl substituted acids were prepared and allowed to

undergo reaction with hydrochloric acid. The position

of the alkyl groups was again found to be important -

the yield of hydrocarbon from 2:4:6- trimethylbenzoyl-

propionic acid ^XXIIl) being greater than that from the
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unsymmetrical isomer 2s 3» 5~* t rimethylbenzoylpropionic acid

(XXIV).

of substituted benzophenones. He reports yields of 48^

mesitylene from benzoylmesitylene and l*f> from 2s4s6J3*;5'~

pentamethylbenzophenone (XXV) with the production of 3*5-

dimethylbenzoic as the other fission product in this latter

case. Fission must therefore have taken place as indicated

by the dotted line in (XXV). Elbs^2^ reports similar

findings on treatment of alkyl substituted benzophenones

underffcirly similar conditions.
(21)0ookv ' also examined the effeot of hydrochloric acid on

several anthracene derivatives with interesting results. 9-

Benzoyl- 10- hydroxyanthracene loses its benzoyl grouping but 9-

benzoylanthracene is unchanged showing the necessity of the

presence of the hydroxyl grouping in a favourable position,

9- Benzoyl- 10- nitroanthracene and the corresponding chloro

and brorao derivatives give no fission after four hours treatment

with a solution of the acid in glacial acetic acid.

(22)
Royer , in 1953» noticed that the demethylation of 2-

methyl- 4- hydroxy- 5- isopropylacetophenone methyl ether

with pyridine hydrochloride gave varying yields of the phenol

CHS CM) CUj

X*|U

ffeiler^^ used hydrochloric in his work on the fission
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because of a competing fission reaction of the ketonic side

chain. This was the instigation of further work by several
(23)

French chemists and Royer and Bisagni , Chalvet, Royer
f 2» \

at al. , have developed some interesting ideas on the

mechanism of the reaction. They prepared several aromatic

and aliphatic ketones, from the methyl ether of thymol, of

the types (XXVI) and (XXVII).

CC

*#XV
/

OrC."^ 0Jc^CWtR
ir^r

y*v"

Oct*} 1 oc«*
The two reactions involved have been studied:

(a) The demethylation of the phenol

CHjO —flv —COR > HO —flv —C OR
and (b) the ketonic fission

CHjO — Av -|-CO«. » HO-flv+RCOOH
A discussion of the two changes taking place is given and

the mechanism of fission, from the point of view of the

relationship between possible structural changes in the

molecule (e.g. tautomerism) and the ease of fission (from

a bond dissociation energy standpoint), is developed in some

detail. This is referred to later in the Thesis.

Scholtz^^ and Borrowsreported that acyl

substituted pyrrocolines are readily deacylated by mineral

acids. 1:3- Diacetylpyrrocoline (XXVIIl) gives pyrrocolin©
(25)

after treatment with hydrochloric acid and 1:3- diacetyl-
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2- phonylpyrrocoline (XXIX) is deacetylated by heating the

acidic solution of the compound on the steam bath for two

.(26)minutes

1 0
C~ C\K - «

-M Pu

°''CNc«5
xxvm

A ready explanation of this is forthcoming from the

application of the resonance theory to pyrrocoline. The

aromatic character of the compound can be attributed to

the unshared electrons on the nitrogen atom resonating

among all the atoms of the ring.

t

1 >

U L JD, CI
s * 5 —*

XXXa. X.XX t.

The main contributing forms have been shown to be

(XXX a) and (XXX b) by Wilson^27^ and 0chiai^28\ That the

1- and 3- positions are indeed reactive has frequently

been established and the decarboxylation of carboxyl

groups in those positions but not in the 2- position of

pyrrocoline- 1:2:3- tricarboxylic acid (XXXI) affords good

evidence for an increased electron density at the 1- and

3- positions
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coort H*
COOH

COOH
COOH

Nitration and Friedel-Crafts reactions take place

at these positions too so there is no doubt that fission

of the ketonic groupings will take place fairly readily.

Concentrated sulphuric acid is another mineral acid

which has been successfully employed to achieve this ketonic

fission reaction, Among the earliest examples of its use

is that of the work of Claus^0^. Following some earlier

work by Markstahler (unpublished), who found that the

action of this acid on benzoylmesitylene gave raesitylene-

1- sulphonic acid and benzoic acid, Claus prepared 2-

methyl- 5- iaopropylbenzonhenone which gave benzoic acid

and the corresponding sulphonic acid after three hours

treatment at 100°.
(31)

Hoogewerff and van Dorp , in the course of work

on the addition products formed between mineral acids and

various organic compounds, noticed that ketonic fission

sometimes took place. Among the ketones examined were

2:4*6- trimethyl-, 2:3*5*6- and 2:3*4*5- tetramethyl-

acetophenone. The relationship between the position of

the alkyl groups and the ease of fission was examined,

the close link between the ease of decarboxylation of the

corresponding acids, when ortho substituents were present,

and this cleavage being noted. Further, the similarity

between the effect of substituents on this reaction and

( 32)
on acetal formation of substituted aldehydes is

mentioned.
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The addition compounds with sulphuric acid are

envisaged as being of types (XXXII a) or (XXXXI b).

(XXXII b) is to be preferred as it avoids the presence of a

quadrivalent oxygen as in (XXXII a). Such compounds, it

is noted, are likely to be very unstable and so fission

would appear to be a possibility when they decompose.

fission reaction with sulphuric acid. While trying to

synthesise anthracene derivatives from 2s 5-

dimethylbenzophenone by cyclisation, he noticed that

benzoic acid was produced from the reaction. This could

only mean that the benzophenone molecule had been degraded.

Another ketone he studied was 1- benzoylnaphthalene, which,

on treatment at 150°, gave the naphthalene sulphonie

acid and benzoic acid. All the phenyl ketones he

studied gave similar results, cleavage and subsequent

sulphonation taking place.
(2l)

Cook ' used a solution of concentrated sulphuric

in acetic acid in an attempt to cleave the benzoyl grouping

from 9- benzoylanthracene. Complete decomposition was

achieved in thirty minutes. Similar treatment of 9-

benzoyl- 10- nitro, 9s10- dibenzoyl and 9- benzoyl-

XtC* w a, xxxn ir.
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9:10- dihydro- anthracene gave no fission products even

after three hours. The corresponding bromo and chloro

ketones were found to give tarry products only.
(

Morgan and Coulsonv , in their work on the syntheses

of some substituted anthracenes, prepared as an intermediate

2:4:4'- trimethylbenzophenone (XXXIII) which, on heating,

gave 2:7- dimethylanthracene (XXXIV).

"•occr1 "'CCD'"'

In an attempt to improve the yield and to speed up

this removal of the elements of water, these workers used

acetic anhydride, fhsed zinc chloride and concentrated

sulphuric as dehydrating reagents. With concentrated

sulphuric they found that ketonic fission took place to

give m- xylene and p- methylbenzoic acid.

Hydriodic acid, being a strong mineral acid, must

be expected to be equally effective in the cleavage of

ketones. Several workers have reported examples of this.

Meyerattempted to reduce 2:4:6- trimethylbenzoyipropimic

acid (XXXV) to the corresponding butyric acid, in an

analogous way to the method employed for the reduction of

benzoylformio acid.

CH> _ CH,
// V

CVS CHj

CH*
m cl-^^-CQCHaCttaCooM ——) + NOOC.CU^CM^COOH
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He used hydriodic acid as the reducing agent. Instead

of reduction, however, mesitylene and succinic acid were

produced. Meyer attributes this fission to the presence

of the carboxylic acid group in (XXXV). It is noteworthy

that the corresponding trimethylbenzoylforraic acid gave

no fission into the hydrocarbon and oxalic acid.
fig)

Another worker in this fieldv ' reported the fission

of some substituted benzophenones when treated with this
f xc)

acid and red phosphorus, CLages has even used the

reagent to remove alkyl groups in substituted benzenes, viz.,

the removal of the 1- methyl- in 1:2:4*6- tetramethylbenzene

and the propyl grouping in 1- propyl- 2:4*6- trimsthylbenzene.

The reagent used in the present work has been found to

give ketonic fission with a number of ketones. A mixture

of hydrobromic acid and glacial acetic acid has been used

extend vely as a demethylating reagent for the

decomposition of ethers, especially in the carbohydrate field.

In fact many of the examples of ketonic fission were noted

while carrying out such demethylation or de- alkylation

reactions.

One of the earliest examples of its use as a demethylating

reagent with aromatic ethers is reported by Stoermer^^ who

used a mixture of glacial acetic and hydrobromic acid to

demethylate o-, ra- and p~ methoxybenzophenone as well as

the 2:4'- dimethoxy ketone. The treatment was carried

out under reflux for one hour to an hour and a half. No

fission is reported.
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fto«iiga^7) #howad that 4- JjL~ ethoxy- 3(or 4)-
ethyl- 4(or 3)- acetyl- phenyl?- quinoline (XXXVI) gave

47/?- hydroxy.. 3(or 4)-ethyl- phenyl?- quinoline (XXXVII)
on treatment with 48' hydrobromlc acid for two hours. So

ketonlo fission had taken place as well as de-ethylation.

0fiC'CH3

The structure of this eorapaun& (XXXVI) has not been settled,

as the relative positions of the ethyl and acetyl groups

cannot be decided. Krois general considerations it would

seem that (XXXVI b) is correct as the ether grouping

•GCLH- is in a position ortho to the ketone. In the
£ 0

structure (XXXVI a) the ketone is meta to the phenolic ether

and fission would not be so likely. The question is

complicated by the quinoline nucleus however, and sterlc

factors may influence the reaction.

A more recent and systematic report on the use of

hydrobromic acid in glacial acetic was made by Hill and
(38)

Short . They used equal parts of each acid and treated

the ketones for two hours under reflux. They investigated
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several substituted deoxybenzoins of the type (XXXVIIl)

which were found to undergo fission, to the corresponding

phenol and substituted acetic acid, as shown by the dotted

line in (XXXVIII).

Prom their results they worked out a table of the ketones

in order of decreasing ease of fission:-

(A) a) 4- methoxy- 2:4'- dimethyldeoxybenzoin.

b) M n 2:2* * B " (100$)

(B) " " 2- methyl * " (1<X$)

(C) « « r» " acetophenone (79/0
(not a deoxybenzoin)

(D) 4'- nitro- 4- methoxy- 2- methyldeoxybenzoin.

(E) 4- methoxy tt "

(P) a) unsubstituted.

b) 2'» methyl " "

The last two ketones F(a) and P(b) were found to be

completely stable aid (D) and (s) only slightly decomposed.

Several conclusions were drawn from this worki-

1) Fission occurred only when the phenyl nucleus

contained a hydroxyl or methoxyl group,

2) The fission prooess was facilitated by the presence

of an ortho methyl group in the same nuoleus,

3) It was retarded however, by a nitro group in the

benzyl nucleus.
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4) An ortho- or para- methyl group in the benzyl

nucleus also accelerated the cleavage.

5) Benzyl ketones underwent fission more readily

than the corresponding methyl ketones e.g. B>C

in the table above.

From these conclusions the mechanism of the reaction

is discussed briefly and a relationship to that investigaged

by Rosennund and Schnurr is suggested.

Buu-Hoi and Cagnaint^" ^ noticed a similar type of

ketonic fission during work in the synthesis of ketones

of the type (XXXIX) and (XL).

ch3

C-M.TV-Q-«* CLKX-cor'

R = H ov CHj ; R1 r
-v\- * lOfiijiZ

ev

OCHj c«,o

They treated the ketones with excess hydrobromic acid in

acetic acid for twelve hours. In an earlier paper (40)

these workers noted that 1- naphthoyl- 4-
1

methoxynaphthalene (XLl) undergoes decomposition on similar

treatment. They are of the opinion however that the

ketone 1- benzoyl- 4- methoxynaphthalene (XLIl) will

undergo demethylation only. The present work lias shown

that this idea is erroneous (see p. 65 ).
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The report of the fission of the ketone (XL) (with R *

6- methoxynaphthyl-) is interesting as it has been shown,

indirectly, that the corresponding 2- methoxy- 6-

benzoylnaphthalene (XLIL0 did not undergo fission on

similar treatment, the denethylated ketone only being

obtained (41).

OC«:
\kX*>

i
PL

ocrtj

*LU y«-iu

The reaction conditions used in this latter case were

fairly vigorous, the ketone being refluxed for periods

varying between six and twenty-four hours. These

conditions ought to have caused fission if it was going

to take place, yet only the corresponding phenol was

produced in 70 to 80 yield. The work of Buu-Hoi and

Cagnaint or .Anderson and Thomas^^ in the laster case,

may therefore be suspect. The fact that Buu-Hoi and

Cagnaint claim that the product, from the Priedel-Crafts

reaction between the corresponding cyclopentane acid

chloride Cjii^CHjJn C0E1 and 2- methoxynaphthalene, is
the 2, &• derivative seems doubtful as one would expect

the reaction to produce primarily a 1,2- substituted

naphthyl ketone. This latter compound would eeirtainly
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cleave under the conditions used. This then would seem

to be a point in favour of the work of Anderson and Thomas.

However steric factors may play an important part in this

Priedel-Crafts reaction involving such a long aliphatic

chain and so the product may well be that assumed by

Buu-Hoi. This still leaves the problem of why it should

be decomposed, and not the corresponding phenyl ketone,

unanswered. Buu-Hoi gives no details of this particular

fission but merely notes that all the ketones he examined

underwent the reaction*

A novel reaction has been reported by Hill, Short
/i g\

and Stromberg ' in which ring fission of the cyclic ketone

(XLTV) took place to give the corresponding demethylated

naphthslbutyric acid (XLV) on treatment with an excess

of hydrobromic acid in acetic. The shortness of the

reaction time (kg hours) is particularly interesting.

%»-«*/ *LV yivi yuvn

This reaction was noticed by chance as these workers set

out to demethylate the 1- oxo- 8- methoxy- 1:2:3:4-

tetrahydrophenanthrene to the phenol. The corresponding

7- methoxy derivative (XLVl) has been shown to undergo

demethylation only (A3)- Similarly the cyclic ketone

(XLVIl), 6- methoxy- o(- tetralone, demethylates only (44).



- 23 -

In the anthraquinone series Muhlemann^-^ found that

the methoxyl grouping in I- hydroxy- 3- methyl- 7-

methoxyanthraquinone (XLVIIl) does not even demethylate

on treatment with this reagent.

OH

X l_V\\l

Becomb©(46) used hydrobromie acid (48") with unsaturated

cyclic ketones, such as 2- ©yclohexene- 1- one, which

gives benzene in 60? yield and no ring fission products.

Another interesting use of this acid is in the

(L7\
decarboxylation of carboxylic acidsSeveral

substituted cinammic acids have been decarboxylated and

important data regarding the order and mechanism of the

reaction have been obtained.

The mixture in glacial acetic acid has also been

used with ketones (XLIX), (L), (LI) to give the products

(LII), (LIII) and (LIV) respectively, (48), (49), (50).

<XX>
6
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In those examples, instead of ketonic fission taking

place, cyelisation of the ketones to anthracene derivatives

has been achieved*

The uses of this hydrobromic acid - glaeial acetic

acid mixture are wide and varied, demethylation, cyclisation,

decarboxylation and ketonio fission all taking place.

An interesting ketonic fission reaction is the cleavage

of the ketonic grouping from the guaiazulene nucleus (51).

Treatment of 3- acetylguaiazulene (LV) with trichloracetic

acid causes a fission of the acetyl grouping to give

guaiazulene (LVl). The ready rupture of the carbon-

carbon bond is explained by the high electron density

associated with the reactive 1-, and 3-, positions in

the five membered ring which will render then particularly

susceptible to attack by a proton from the acid.

***•»
LV UV\

In contrast to the use of acids in this field, a

number of workers have tried the effect of alkali on

several of the ketones described above. fGLages and
(15)

Lickroth , during their work with phosphoric acid,

also tried caustic potash. They found a different type

of fission taking place.
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flv-r-CO^CH^ } Av-GOOH*

•

LVll

Considering a ketone such as (LYIl) v/here Ar- is a

substituted aromatic nucleus, the ketone behaves as

though it was a benzoylated methane and splits as shown

to give the corresponding substituted benzoic acid.

Fission of such a ketone with phosphoric gavs the aromatic

hydrocarbon and so the ketone was behaving as an acetylated

benzene.

Weiler^^ and Elbs^"'' have also investigated the

use of alkaline conditions. They used a solution of

sodium in an$rl or ethyl alcohol as the effective reagent

but achieved doubtful results with ketones such as

benzoylmesitylene.

Much later Hill and Shorttried the effect of

70?? potassium hydroxide on the deoxybenzoins mentioned

above (p. 18 ). Fission took place in a manner similar

to that of Klages' work. With 2- methyl- 4-

methoxydaoxybenzoin (LVIIl) the fission took place between

the benzyl nucleus and the carbonyl group instead of at

the normal position between the phenyl nucleus and the

carbonyl group as found with acid treatment. So the

products are 2- methyl- 4- methoxybenzoie acid and toluene.
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Several other workers (52), (53), {%.) used sodamide as

the fission reagent. They investigated its action on

some unsymmetrical benzophenones containing methoxyl

groupings, viz., 2-, 3- and 4- methoxy- benzophenone and

3:4'- dimethoxybenzophenone.

Another example of the use of alkaline conditions

is that employed by Schonberg and Mustafa^ 55 ^ to elucidate

the structure of the naphthyl ketone, 6- benzoyl- 2-

naphthol (LIX) which gave 6- carboxy- 2- najihthol (LX) on

fusion with potassium hydroxide at high temperature.

Fission had therefore taken place in the normal v/ay for an

alkaline reagent.

From the examples mentioned it is evident that a large

number of reagents may bring about the fission of a ketonic

grouping from an aromatic nucleus. There are evidently two

positions for fission depending on whether the reagent is

acid or alkaline. This review is a very broad one and

although all the reagents mentioned bring about cleavage, the

mechanisms involved may be quite different for different

reagents and certainly most of them must be essentially

different from that of the Reverse Fries reaction which needs

an ortho or para hydroxyl before migration can occur.
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Object of Research

In the course of another research by Campbell and

Woodham^^ it was noted that 1- benzoyl-/)- naphthyl methyl

ether, with a boiling mixture of hydrobromlc acid and

acetic acid, undergoes both damethylation and removal of

the benzoyl group to give/) - naphthol and benzoic acid.
This work is an attempt to discover how general is the

reaction and the factors controlling it. In the middle

of the research it was found that some investigation of
/ 33)

the problem had been carried out by Hill and Short .

The results given in this Thesis substantiate and amplify

the conclusions of these workers and supply some insight

into the mechanism of the reaction. The way is now open

for a more detailed investigation of the course of the

reaction.



DISCUSSION

1. A General Discussion of Ketonic Fission.

The work of Rosenmund and Schnurrv 11^ showed that

the presence of a phenolic hydroxyl grouping in an aromatic

ketone introduced the possibility of a fission of the ketonic

group and its subsequent migration to the phenolic oxygen

to form the ester. This reaction is a reversal of the

Pries Migration.

These workers isolated the ester in many cases. They

carried out the reactions at high temperature in the presence

of a few drops of an acid catalyst. With a ketone like

thymol isobutyl ketone (LXI ) they isolated thymol (IXITI),

the thymol ester (LXIV), and thymol keto ester (LXII), The

migration does not take place through a direct interchange

of the ketonie residue - C0C^Ho with the phenolic hydrogen
of the same molecule, but by an exchange involving a second,

ketone molecule. Thymol and the ketone ester are thus

formed:-

a)

cCrt*

CjHn
L.X.I i-*||

Further reaction then takes place between the hydroxyl

grouping on the thymol molecule and the ketonic grouping

of the keto ester (LXII) to give two molecules of thymol

isovalerate (LXXV)!-
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b)

^0H 4- C^co O.COCttH('•* * —) I

crti

LXUI U*ll I_XIV

These ideas fit in well with the experimental facts as it

was found that during the early stages of the reaction there

was a large amount of thymol present and as the reaction

proceeded the amount of thymol became smaller. Reaction a)

produces thymol but b) removes it again. The concentration

of ketone ester is also considerable after a short time but

as the reaction nears completion the proportion of ketone

ester decreases to aero. On the other hand the percentage

of the ester of the phenol increases with time according

to equations a) and b).

The ability of the ketone grouping from one molecule to

change places with the phenolic hydrogen atom of a second

molecule was illustrated by etherification of certain

phenolic groupings. Roaenmund ana Schnurr used the methyl

ether of thymol n- propyl ketone (LXV) and found that no

rearrangement between the ketone residue and the methylated

phenolic grouping took place. However, when an equivalent

amount of phenol was added, it was found that the correspond¬

ing ester of phenol (LXVl) and free thymol methyl ether were

formed.

ort o.COt.Hn

uxv uxvi
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'

The reaction b) (p. 29 ) was also shown to exist by allowing

equivalent amounts of thymol and thymol isobutyl ketone

ester (LXIl) to undergo the reaction with a longer heating

period. Good yields of thymol ester (LXIV) ware obtained.

This woric gives a vesy clear picture of the reaction,

the experimental results and theoretical ideas agreeing

very well and leaving no doubt about the mechanism of the

rearrangement. The fact that there was a certain

specificity of the reagents able to bring about the reaction

was shown by the failure of acids such as nitric, hydrochloric

and boric to effect migration.

With the use of the hydrobrorsic acid - glacial acetic

acid mixture a similar mechanism might take place. The

fission reaction of the ketone grouping in a ketone such as

1- benzoyl- 2- hydroxynarhthalene (LXVTI) could occur, as

shown, by a migration of the benzoyl grouping to the phenolic

oxygen. The resulting intermediate ester would have a

short life however, tinier the conditions of the reaction

(a strongly acidic solution at 118 - 120°) and so cannot be

isolated. The products are then the corresponding phenol

(e.g.fl - naphthol) and benzoic acid.

In a reaction such as this the first, and probably

the rate determining, step is the fission of the carbon-

carbon linkage between the carbonyl grouping and the

aromatic nucleus.

LKVIl

l*
coon

OH

co-o
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This band rupture must be explained both from the stand¬

point of electronic theory and from that of the activation

energy involved in suoh a break. Both ideas may be

correlated satisfactorily. In this work the reaction must

be instigated by the attack of a proton H+, or a solvated

proton SH*, at the bond which has to be ruptured. The

attack may take place at positions 1 or 2 with subsequent

fission as shown by the dotted line in (LWIl). To

distinguish between the two possibilities the effect of the

presence of the phenolic grouping in the aromatic nucleus

must be considered.

First of all however some general remarks will be given on

bond rupture by correlating the electronic effect with the

modern analysis of activation energy.

To characterise the reactive centres in a compound

being attacked and the attacking agent itself, effective

charges are schematically given to the reacting species.

These charges, according to sign, facilitate or oppose the

mutual approach of the two species. They may be modified

by the introduction of substituents into the molecule being

attacked or by changing the attacking agent. The

modification is thought of as an algebraic addition to the

repulsion energies and the bond energies involved in the

total energy of activation. Considerations on this basis

L*V»I
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can lead to predictions of various regularities which assist

the interpretation of the experimental facts relating to

the influence of substitution on reactivity.

The influence of substituent atoms on the reactivity

of organic compounds can be interpreted in an illuminating

way by the theory of internal electron displacements of two

main types which are called inductive and electromeric.

This was advanced by Robinson in a generalised form and later

developed by Ingold and Robinson. Its applications to

organic chemistry are well known, widely used and accepted.

Prom a totally different aspect the problem can be

investigated from the standpoint of reaction kinetics and,

in particular, in terms of activation energy, bond

dissociation energies etc.

Although it may seem at first that the two methods

of approach are quite different there does exist a definite

overlap and it is desirable that their inter-relationships

should be stressed. The ideas on reactivity in an organic

compound from the electronic viewpoint will be discussed

first.

It is widely accepted that the effect of a substituent

in an aromatic nucleus will alter the reactivity of the

parent compound by altering the availability of electrons

at the reactive position. Robinson has divided this elect¬

ronic effect into two parts which he designates l) the

polar effect and 2) the electromeric effect. The first

type deals with compounds in which there is an unequal

sharing of the available electrons between atoms. The
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latter is closely related to the resonance between the

various electronic structures which are possible, with the

general ideas of valency still being obeyed.

The effects of a number of substituents in any given

reaction normally follows the order predicted from the sign

and the sise of the induced charges. Deviations from this

are explained when a closer analysis of the relative

importance of the two effects, polar end eloctromeric, is

carried out.

To obtain some idea of the effect of substituents on

the activation energy one must consider a simple system and

analyse it to see how the activation energy is made up.

If we consider a compound IS being attacked by X

according to the equations X + XZ —* XT + Z then by

the Heitler-London theory YZ will tend to repel X and so X

cannot come close enough to YZ to allow reaction to begin.

YZ is thus immune from attack. For reaction to begin we

must assume that there are two main effects. In the first

X is forced against the repulsion of YZ until it is so near

that it competes on equal terms with Z which finally splits

off and XY is formed. On the other extreme YZ is given

so much energy that the bond joining Y and Z is ruptured and

so X and Y are free to combine to form XY. It is difficult

to decide in any particular reaction which effect i3 the

more important as normally both will play some part in the

bond fission. So the activation energy may be considered

as being made up of the energy required to overcome the

initial repulsion between the approaching reagent and the
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energy required to weaken the existing bond between YZ.

Diagramatically then we have;

The additional charges appearing on atoms as a result

of electron displacements produce extra terms in the energy

of the bond between the atom and its neighbour.

In such a system one ha3 to consider the repulsion

energy which has to be overcome in bringing X up to the

distance d^ °* the transition state. There is, in addition,
the energy required to stretch the bond in Y— Z from d^
to dj. So the activation energy is made up of two parts
a) the repulsion energy and b) the bond stretching energy.

If we consider an electron attracting group, like the

nitro, in the Y part of the molecule this will give the

carbon atom a slightly positive charge. This charge is

added to the charge the carbon atom has in the unsubstituted

molecule and so the strength of the bond Y—Z will tend to

be increased. Now if X is a positive ion then this positive

charge from the nitro grouping will tend to increase the

repulsion of the approaching X as well as the bond strength

and so the chances of reaction will be decreased

considerably.

On the other hand an electron repelling constituent

such as a hydroxyl, amino or methyl grouping will have the

effect of decreasing the activation energy by means of two

effects i) a possible weakening of the bond Y—Z and ii)
a decrease in the repulsion energy due to the attraction

(i) X y °1 2 normal state.

(ii) x__d2 y
d

.5 z transition state.
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between the slightly increased negative charge on the carbon

atom at the reactive centre and the positively charged

attacking ion X. The difficulty arises as to whether the

repulsion energy or the bond stretching energy is the deter¬

mining factor in a particular case. They are known to vary

widely and either may be the important factor. Robinson

has said that in benzene substitution reactions the course

of the reaction is governed by the ease of approach of a

positive or cationoid reagent to a centre of available electrons

in the nucleus being attacked. Here the same scheme seems

to apply and -the repulsion energy factor of the activation

energy will be the more important.

The discussion has been restricted to a three centre

system with the centres as atoms. This of course need not be

and the atoms may be molecular parts which retain their

identity during the reaction.

Let us apply this argument to a particular example by

returning to the earlier discussion on 1- benzoyl- 2-

hydroxynaphthalene. This compound fits in well with the

general ease mentioned above of a compound containing a

hydroxyl grouping which will be electron repelling. The

attacking agent is the proton from the hydrobromlc acid and

the Y—Z bond is that joining the carbonyl side chain to the

naphthalene nucleus (LXVIl).



Considering the influence of the hy iroxyl grouping the

electromeric effect will be to build up an increased

electron density at the carbon atom (DTVTIl), So

this has added a slisjrtly negative charge to the existing

charge on the pC- carbon atom and there is a slight

separation in charge in the molecule as shewn in (LXVTIla).

This will facilitate the approach of a proton and in addition

have a tendency to weaken the bond which joins the ketonic

grouping to the nucleus. If the reduction in activation

energy is sufficient then rupture of the bond will take
r?

place with the production of particles such as Hi- C s 0 or

Hi COBr by reaction with the Br'ions present in the

solution. This formation of an acid bromide is not likely

in the acidic medium. The other product of the fission

is /3- naphthol which may be formed by the substitution
of the proton from the acid as shown in the reaction sequence

above. The possibility of a reaction between the benzoyl
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4-
ion Fh CO andytf - naphthol has been shown to be quite

feasible, by the work of Rosenmund and Schnurr (p. 28 ),

with para- hydroxy ketones substituted in the ortho

position. In this case the reaction might be represented as;-

As mentioned earlier such an ester would undergo hydrolysis

immediately to give benzoic acid and - naphthol. There

is no possibility of this reaction taking place by a Reverse

Pries Mechanism however as it has been noted that the Reverse

Pries Reaction only occurs if the hydroxyl group is para to

the acyl group, and if, and only if, some further

substituent In the hydroxy ketone is ortho to the acyl

group.

Several other ideas about the mechanism of bond

fission in this type of molecule have been advanced. The
( xfO

work of Hill and Short D shows general agreement with the

ideas expressed above. From their results in the series of

deoxybenzoins (p. 18 ) they were able to draw certain

conclusions. They indicate that no fission can take place

unless a hydroxyl grouping is present in the phenyl nucleus.

The reaction is facilitated by the presence of a grouping

such as a methyl but retarded by the electron attracting

nitro grouping. The mechanism of the reaction is discussed
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generally but there is not sufficient evidence to give any

detailed ideas about the mechanism. The authors agree

however that at one stage the acceptance of a proton by the

oC - carbon atom must take rlace. The influence of the

phenolic grouping is one of electromeric change viz.,

Thus a build up of increased electron density takes place

as shown. The effect of nitro and methyl groupings is

explained as above being due to the general or inductive

effect of these groupings.

When a methylated phenolic ketone is used in this

reaction no intermediate benzoate can be formed because of

the blocking effect of the ether. However with this

mixture of hydrobromic acid and glacial acetic demethylation

of the ether takes place and the rate of this demethylation

is usually quite' rapid. Royer and Bisagni1 ' have

compared the rates of demethylation of several ketones

derived from thymol methyl ether. They found that 2-

methyl- 4- methoxy- 5~ isopropyl methyl, propyl and butyl

ketones demethylate readily with pyridine hydrochloride as

the effective reagent. An interesting table (part of which

is reproduced below) is given showing the change in

percentage of demethylated ketone with time.



TableI.
MethylketonePropylketoneButylketone

Reactiontime (mins.)

Yieldofphenolic ketone(%)

Reactiontime (mins.)

Yieldofphenolic ketone("')

Reactiontime (mins.)

Yieldofphenolic ketone(?')

15

41.5

15

28.5

15

11.0

25

56,5

30

43.0

37

28.0

32

6k.5

37

60.0

a

40.0

50

72.5

45

46.5

45

29.5

55

7k.O

55

28.0

60

75.0

70

54.0
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flies© rates cannot be compared on a quantitative basis

as the reaction temperatures are different in each case.

However it is evident that in all three cases desethylation

is relatively fast reaching a maximum after 40 to 50

minutes. Thereafter the yield of phenolic ketone starts

to fall. This is due to the increasing importance of the

second reaction which is that of ketonic fission. If the

yield of phenolic ketone is plotted against time then a

curve of the type shown in Fig. I is obtained with a sharp

maximum appearing during the early stages of the reaction.

It is difficult to decide from these results whether fission

is taking place at the same time as demethylation or whether

it follows as a result of demethylation. If we consider

the methyl ketone in Table I it is seen that there is a

steady increase in the yield of damethylated ketone until a

maximum of 75? is reached. This figure is quite high and

it indicates that, up to this stage (60 minutes reaction

time), the main reaction taking place is that of demethylation.

From general considerations demethylation will be easier

Fi&l.

yi&t-o
oF

Pmcnomc
KG-T«»N£

"Ti IAC.
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to accomplish than the bond rupture necessary for ketonic

fission. Certainly the fission reaction does not become

important in this case until a large amount of demethylated

ketone is present in the reaction medium and so the necessity

for the presence of a hydroxyl grouping is strongly

indicated.

So these results could lend themselves to a ready

explanation of the fission taking place by the re¬

arrangement idea of Bosermund and Schnurr. On the other

hand the hydroxyl nay act solely as an electron repelling

group to build up the necessary electron density. The

precise kinetics of such a reaction as this, involving both

densethylation and fission, would be very difficult to

investigate and until seme fork of this nature is carried

out no definite conclusions can be drawn,

( 24)
Royer and other workers have suggested three other

interesting possibilities and methods of fission of the

ketonic grouping in the ketones studied. The idea put

forward is that a ketone such as thymol propyl ketone (LK77 a)

for example may exist in both a ketonic and enolic form.

On the other hand the possibility of a quinonoid form

arises with a hydroxy ketone such as LXIX c.
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/ 70^
Hill and Short also noted the possibility of such

forms and suggested they might play some part in the fission

reaction. Such structures would alter the strengths of

the bonds which are being attacked and at first sight the

new structures would appear to facilitate the fission

process especially the quironoid form (LXXX c) with its

reactive ethylinic linkage.

To obtain definite information of the effect of this

tautomerism the dissociation energies associated with each

type a) b) and c) i.e. the dissociation energies with

regard to the bonds .joining the carbonyl group to the

aromatic nucleus must be measured and their relative ease

of fission compared. The resonating structures for each

form may be written as a') b1) and c')*

O MO HO

CJW''W

aO M') c")
The calculation of the bond dissociation energies by the

French workers was carried out according to the Linear

Combination of Molecular Orbitals Theory assuming that the

energy associated with the (} bond for each form is more

or less constant. This seems to be a reasonable assumption.

On the other hand the energy associated with the "Tj* bond

will vary considerably for the three different structures.
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The energies involved have been calculated for each form

when the fission process takes place by the following

methods!

i) a hemolytic process,

ii) a heterolytic process with an anion involving

the aromatic nucleus,

iii) a heterolytic process with a cation involving

the aromatic nucleus.

''"W CiVve eiVr ®R0'A^CHj
u) • ««])

R =t -H or -CFf,

The homolytie process is most unlikely especially in the

acid conditions of the reaction medium. The heterolytic

processes are much more feasible in such a medium as they

are brought about by the interactions of ions of the

polarised molecules.

So, ruling out the hemolytic process, the form with

the lowest dissociation energy was found to be form c)

i.e. the quinonoid type of molecule, splitting by method

iii).

The demethylation process which would thus lead to

the possibility of the formation of form o) gives a structure

which is easily cleaved by the heterolytic process. It is

quite probable therefore that the fission reaction does
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not become important until the appearance of demethylated

ketone in the reaction mixture takes place allowing a

structural rearrangement to this quinoooid form, This

theory supports the experimental facts quite we11 and it

seems much more feasible than the rearrangement reaction

discussed earlier.

The work by the 7renoh workers then suggests the

possibility of a quinoioid form, of the ketones which will

be fairly easily cleaved, The deciding factor as to

whether this form is actually present or not is the problem

of whether the f ission reaction can take place while the

compounds are present solely as the methyl ethers cr

whether a primary demethylation must take place before the

fission reaction is possible. From this the idea of an

intermediate rearrangement via the substituted phenyl

ester is unlikely, e,g,, the fiision of 1- bensoyl- 2-

hydroxy naphthalene via /} - naphthyl benzoate.
The relative strengths of the reagents used and the

reaction temperatures merit some consideration in this

work because the fission can also take place with ketones

which have no phenolic grouping if the conditions are

(]c }
sufficiently severe. Klagess , for example, was able

to split off ketonic residues from an aromatic nucleus by

using boiling syrupy phosphoric acid. This however is an

example of fission under extreme conditions,

No examples of ketonic fission have been reported

with hydrobromic acid in glacial acetic acid unless there is
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a hydroxyl grouping present in the nucleus. This is a good

indication that the presence of such a hydroxyl is a

necessity to lower the activation energy of the bond which

has to be ruptured.

The French workers* idea of the mechanism is suspect

in some ways. In particular the idea of a fission

process involving a positively charged aromatic nucleus as

in iii) above seems quite wrong. It is not at all clear

how fission of such a polar structure could take place by

the attack of a proton. Their idea of an easily cleaved

intermediate quinonoid form can be easily tested by

discovering whether the methoxy ketone can undergo fission

without demethylation. Some examples in the present work

(p. 77 ) show that fission can take place without

demethylation.

Although the work of Royer and co-workers suggests that

demethylation takes place before ketonic fission can occur

the effect may simply be due to the greater electron

donating power of the hydroxyl grouping. In fact the

results of this work can be accommodated simply as an

example of the more general theory of proton attack at a

negative centre.

The present work substantiates the fact that the

ketonic fission reaction takes place by the attack of a

proton at the carbon atom which has been made reafifcive due

to the electronic effect (mesomeric or inductive) of

substituents in the nucleus. The other effects such as
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bond repulsion energies, weakening of the bond which is

to be ruptured etc#, may also play some part in the

fission mechanism but are less important.
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2, Relationship between Katonic Fission and the
Decarboxylation of Substituted Aromatic Acids.

It has been stated in the introduction that

several workers have noticed the effect of suhstituents

(
on the decarboxylation of aromatic acids, Cazeneuve

has provided some early semi-quantitative results which

illustrate the effect of subsiituents on the ease of

decarboxylation. Ha found that the greater the number of

hydroxyls present the raore easily was carbon dioxide lost.

From his results a list, in order of increasing ease of

decarboxylation may be made viz., benzoic ^ salicylic(240°)
^ protoeatechuic (3:4- dihytu'oxybenzoic) (1B0°) ^gallic
(3:4:5- trihydroxy-) (115°). She figures in brackets give

the decarboxylation temperatures in aniline as solvent.

From this he noted the importance of the position of the

hydroxyls, the order of effectiveness being o ) p ) m.

An interesting example given is the case of vanillic

acid (3- methoxy- 4- hydroxybenzoie acid) ( LXX ) and the

isomeric 3- hydroxy- 4- methoxyaemoic acid ( LXXl). The

former was found to undergo decarboxylation in contrast to

the latter. So the methoxyl grouping would appear to play

no part in the reaction.

C0O|4 coort

LV>* «-%Xl
In the naphthalene series pC - and /3 - naphthoic acids were

quite stable in aniline but the corresponding 1,2-

hydroxynaphthoic acids lost carbon dioxide readily. The
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1,3- acid waa however quits stable under similar conditions.

These results show the importance of the position

of the hydroxyl which is influencing the ease of removal

of carbon dioxide by an electron;eric shift in the same way

as has been described for the ketonic fission reaction.

Brawn, Hammick and co-workers^ ^7 ^ studied the rate of

decarboxylation of several hydroxybenzoic acids in resorcinol

solution. They showed that for salicylic, 2:4- dihydroxy-

and 2:4:6- trihydroxybenzoic acids there was a fall in

activation energy i.e.an increase in rate, with an increase

in ortho and para substitution by the hydroxyl groupings.

This is further support for the view that the reaction takes

place by the apprca ch of a proton to the oC - carbon atom,

the electron density of which will be enhanced by the

hydroxyl groupings. Such, acids should be stable in

alkaline conditions and this was found to be so.

The meta—hydroxybenzoio acids such as ( LXXI )above

in which the hydroxyl cannot make any appreciable

contribution to the electron density on the 0C - carbon

are found to be quite 3table in acid solution.

Fieser and F'ieser^ ^ have also suggested that this

decarboxylation reaction may occur by the attack of a proton

on the negative oC - earbon atom.

This evidence lends support to the ideas put forward

for the ketonic fission reaction. A great deal of work

has been carried out by Brown, Hammick and other workers

in an attempt to obtain some idea of the exsat reaction
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kinetics of the decarboxylation mechanism. This will be

discussed in detail when the results from the section of

quantitative work are described and attain a strong

correlation between the two reactions, decarboxylation and

ketonie fission, will be shown.
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3. Discussion of the Experimental Section.

With the general considerations of the preceding

discussion in mind several hydroxy and related ketones

were synthesised and allowed to undergo the fission

reaction. The ketones my be broadly grouped and discussed

according to the type of aromatic nucleus present: benzene,

hydrindene, naphthalene and phenanthrene.

The simplest hydroxy ketone in this series, o-

hydroxybenzophenone, did not undergo the fission reaction,

p- Hydroxybenaophenone was not expected to give fission

products either because, if there is not sufficient

reduction in the activation energy of the appropriate bond

in the ortho ketone (which should have a considerable

electromeric effect at the pC - carbon atom), no reaction

can be expected with the para isomer. This follows from

the fact that the electromeric effect in the latter case

has to be relayed a greater distance in the benzene nucleus

and must necessarily be less intense than that due to the

adjacent hydroxy! in the ortho position ( LXII ) and ( LXXIIl).

No fission was obtained with p- hydroxybenzophenone.

SECTION I

Benzene Series

OH

O o

U.** U
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Following from this, 2:4- dihydroxybenzophenone suggested

itself as an interesting ketone to investigate. However,

like the monohydroxy ketones, it was found to give no

fission products although the effects of the two bydroxyl

groupings must combine to give a greater increase in

electron density at the flC- carbon atom. Presumably then

the combined effect is not of sufficient maghitude to

allow cleavage.

Benzoylphloroglucinol (LXXIV) was cleaved readily.

In this ketone the hydroxyls are all ortho and para to the

reaction centre and so the combined electromeric effect

has reduced the activation energy of the carbon-carbon

bond sufficiently to allow heterolytic fission to take

place.

After a reaction time of seven hours the yields of

phloroglucinol obtained were about 4C$. After sixteen

hours this had risen to over 70jf.. In both cases the

phenol produced was estimated by 'weighing the complex

whioh phloroglucinol forms with furfural, Good quantitative

results were obtained. The yields of the phenol,

calculated by this method, were higher than the corresponding

yields of the other fission product benzoic acid,which ware

obtained by direct weighing, doubtless due to the failure

to extract all the acid.

,0H O
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Obviously the next ketone to investigate was 2:6-

dihydroxybenzophanone. The synthesis of this compound

was attempted using an intermediate coumarin derivative as

the starting material. The rearrangement of the benzoate

of 4- methyl- 7- hydroxycoursarin (LXXY j R a Ch-H.) was

attempted according to the method of Baker^ - ' by a

Fries Reaction.

ftCO.O

U*XV UXXVI L%*VH

However failure to isolate any 4- methyl- 7- hydroxy- 8-

benzoylcoixsarin (lxXVT; S = CgH^) from the aluminium
chloride treatment necessitated the abandonment of this

synthesis. Instead the corresponding methyl ketone

(LXXVT ; R = CEj) was prepared in the same way in reasonable
yield. The ketone (LXXVl) was treated with alkali to

break open the heterocyclic ring as shown by the dotted

line in (LXXYl) giving 2:6- dihydroxyacetophenone (LXXVTI ).
The failure of the first Fries Reaction is another example

of benzoates being much more difficult to rearrange than

the corresponding acetates.

The methyl ketone was treated in the usual way and

after seven hours a yield of 75'* resorcinol was obtained.

Three hours yielded 80% of the phenol, so the fission

reaction is nearly complete even after three hours treatment.
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The presence of the di - ortho substltuents seems to exert

a strong influence on the fission, an influence as strong

as the trisubstituted nucleus in benzoylphloroglucinol.

This suggests that the p- hydroxyl group in the latter

plays only a small part in the reaction.

As expected the unsymmetrical 2:3*4- trihydroxybenzo-

phenone showed no fission reaction and the ketone was

quantitatively recovered. Therefore the hydroxyl in

the meta position contributes very little to the electron

density at the - carbon atom.

The unsaturated analogue of benzoylphloroglucinol,

2:4:6- trihydroxychalkone (LXXVIIl) was synthesised by

condensing acetophenone with phloroglucinol aldehyde in

alcoholic potassium hydroxide. It was allowed to undergo

the fission treatment but no fission products could be

identified. Instead an addition complex of some kind

was formed between the clialkone and hydrobromie acid.

This was shown, by analysis, to have the empirical

formula corresponding to one molecule of acid and one

of the chalkone. The experiment was thus abortive but the

discussion will be continued when several chalkones in

the naphthalene series are considered. The compound

which has been formed is almost certainly 5:7- dihydroxy-

flavylium bromide (LXXIX) by cyclisation of the chalkone.
(60)

Johnson and Kelhuish ' report the synthesis of the

corresponding chloride which has a high melting point

( } 250°) £the bromide decomposed above .
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cXXlX.

The effect of hydroxyl groupings on the ease of

fission having been demonstrated, tho next otep was to

investigate what effect alkyl groupings have on the

fission process when included in the same nucleus as the

hydroxy!.

Most of the alkyl substituted ketones investigated

were synthesised by the Paries Reaction on the corresponding

xylenol acetates or benzoates.

The first pair of this type were prepared simultaneously

by a Pries treatment of m- cresol benzoate (LXXX ), with

aluminium chloride in the absence of solvent.

O.COPt-

a,
L.XXX

The resulting mixture of the two isomeric ketones 2-

hydroxy- 4- methylbenzophenone ( LXXXI ) and 2- methyl- 4-

hydroxybenzophenone ( LXXXII ) were separated very effectively

by trituration with methanol. Steam distillation as a

method of separation proved a tedious and nearly fruitless

method as only a very small amount of the o- hydroxy isomer

was obtained in the distillate.

Both these ketones were allowed to undergo the reaction

with somewhat similar results. After seven hours the
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presence of benzoic acid could not be detected in either

case. Under the more prolonged conditions of a twenty-

four hour reflux time a little acidic material was obtained,

2- Hydroxy- 4- methylbenzophenone gave 14? and the other

isomer 23? of benzoic acid.

So the combination of the methyl and hydroxy1 groupings

is providing a sufficiently large electronic affect for a

split of the carbon-carbon bond only when the reaction

is prolonged for twenty-four hours. The isomeric 2-

hydroxy- 3" methylbenzophenone (LXXXIII ) from p- cresol

benzoate was expected to give no evidence of cleavage

products even after twenty-four hours. This was found to

be so and a quantitative yield of th® starting ketone was

recovered.

The shift of the methyl grouping from the 4- to the 3-

poaition has sufficiently reduced the inductive effect

to prevent a successful attack at the oC - carbon atom in

the benzene nucleus. In the ortho and rara di-substituted

ketones (LXXXl) and (LXXXIl) the electronic effects due to

each grouping reinforce each other whereas here the effect

of the methyl group in a meta position to the reactive

centre will have little or no effect on the electron density

at this carbon atom and so the ketone behaves in an analogous

manner to o- hydroxybenzophenone.

LXXXIII LXXXIV



- 56

Royer at al52^ have shown that ketones formed from

thymol and its methyl ether undergo this decomposition

when treated with pyridine hydrochloride, Benzoylthymol

(LXXXIV ) was found to undergo cleavage with the hydrobromie

acid - glacial acetic mixture after seven hours treatment,

benzoic acid being obtained in a 22 yield, Whan this

result is compared with the yield of aoid from 2- raethyl-

4- hydroxybenzophenone above one finds that the latter gave

no fission product after seven hours and so the effect of

the strongly electron repelling isopropyl grouping in the

5- position seems quite considerable and instead of having

a deactivating effect actually adds to the negative charge

on the eC. - carbon atom. The possibility of fission of

this type of ketone taking place by the formation of the

quinoioid form or bjr the rearrangement of the benzoyl

grouping via the intermediate ester have already been

discussed in some detail (p. 38 ),

The effect of two methyl groupings in the aromatic

nucleus containing a hydroxyl is shown by 2- hydroxy-

4s6- dimethylacetophenone and the corresponding phenylketone

(LXXXV) which have all the substituents in the symmetrical

ortho and para positions.

Pk
C5°

(*= crtjjCuHir.)
L.XXXV 4.XXXVI
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The phenyl ketone (R = CgHc) gave a 70> yield of benzoic
acid and 72 of 3:5- xylene- 1- ol after twenty-four

hours thus showing the effect of the symmetrical substitution

in the nucleus. BenzoyIphloroglucinol showed that fission

had proceeded to the extent of 70 - 80% after sixteen

hours. So the influence of the methyl groupings is slightly

less than that of the hydroxyls as is expected from the

work on aromatic substitution Involving these radicals.

The methyl ketone (R m CK^) gavea51|$ yield of J:5- xylene-
1- ol on similar treatment indicating that the phenyl

ketone cleaves more readily as a result of the completely

conjugated Substituted benaophenone in this case. Seven

hour treatments of these ketones gave no fission products.

Both these ketones were prepared from the corresponding

esters of 3s5- xylene- 1- ol by treatment with one molecule

of catalyst. As mentioned eairliar (p. 2 ) the use of

more than one molecule of catalyst results in a rearrange¬

ment of the methyl groupings. In the Pries Reaction on

the acetyl derivative of 3:5- xylene- 1- ol with one

molecule of aluminium chloride it was found that distillation

of the resulting oil produced a main fraction which was the

required ketone (iXXXV J R ® CSO. A higher boiling

fraction yielded a pale yellow solid which analysed well

for a similar ketone with only one methyl group in the

nucleus. It would therefore appear that one of the methyl

groups has been split off from the nucleus during the

reaction.

The unsymmetrical 2- hydroxy- 3:5- dimethylbenzophenone

,5a/v /
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(LXXXVT) showed no signs of fission after seven hours but

unexpectedly cleaved to the extent of 10$ after twenty-

four hours.

The methyl groups meta to the reactive centre have

thus an appreciable effect on the electron density at that

point and a comparison may be drawn between this ketone,

2- hydroxy- 5" methylbenaophenone and 2- hydroxy- 4-

methylbenzophenone. The former gave no fission products

but the latter decomposed to the extent of 24$. So the

two methyl groupings in the 3- and 5- positions have an

effect slightly less than that of a single methyl in the

4- position. Or the other hand 4- hydroxy- 3*5-

dimethylbenzophenone was recovered quantitatively after

twenty-four hours indicating that the o- hydroxyketone is

more susceptible to fission than the corresponding para

derivative. This indicates that the effect of an adjacent

hydroxyl is greater than that of the more distant para

grouping.

It was thou^it that benzoylmesitylene, 2:4:6-

trimethylbenzophenone, would be an interesting ketone to

investigate. Many workers have subjected it to various

reagents and fission products have often been identified.

Prom the ketones already discussed it is evident that this

symmetrical trimethyl compound ought to have a sufficiently

large inductive effect at the oC - carbon atom to produce

fission with hydrobromic acid in glacial acetic. However

seven and twenty-four hour treatments showed no evidence

of fission. The longer reflux period should have been

sufficient to produce fission when one remembers that 2-
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hydroxy- k:6- dimethylbenzophenone suffered 70 - 80$

decomposition in this time.

This shows that the presence of at least one hydroxyl

group is essential if ketonic fission is to occur and that

methyl groupings alone are not sufficient.

From the ketones discussed in this section three main

points are evident:-

i) A hydroxyl grouping is necessary in either an

ortho or para position in the nucleus before

fission occurs,

ii) The presence of a methyl grouping enhances the

fission reaction, particularly if it is in an

ortho or para position,

iii) The fission reaction is probably most satisfactorily

explained from the general theory of proton attack.



DISCUSSION

SECTION II.

Hydrindene Series ph.no, N(*

Mills and Nixon reasoned that a five membered ring

could only be fused to a benzene ring if the two rings

possessed a single bond in common. Otherwise there would

be a considerable distortion of the valency angles.

CX>
They said that the overall effect would be to stabilise or

fix the double bonds in the hydrindene molecule as in

(iXXXVIIa). Mills and Nixon tested these predictions by

investigating the products of 'iazo-coupling and bromination

of 5- hydroxyhydrindene (IXXXVUl) the reactions taking place

at the 6- position. In contrast however other workers such

as Springall^ \ Berthier and Pullman^ ^ and Baker^ "

have produced considerable evidence, both practical and

theoretical to show that the Mills-Nixon Hypothesis is no

longer tenable and that the central carbon-carbon bond

differs little from that of an ordinary aroraatic bond.

The present work substantiates the conclusions of Baker

and others that there is no bond fixation in the aromatic

ring of the hydrindene molecule.
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All the ketones in the present work were synthesised

by the Pries Reaction. The first compound was 5*" hydroxy-

6- aeetylhydrindene (LXXXIXa).

C*, OH

o ,

LX*X<* XC. XCI

This ketone gave a 50$ yield of 5- hydroxyhydrindene after

boiling with the hydrobromic acid - glacial acetic acid

mixture for seven hours. If the Mills-Nixon Effect is

correct this is to be expected as the bond joining C^ and

Cg will then be a double bond. However the substance also
resembles 2- hydroxy- 4:6- dimethylacetophenona which has

been shown to undergo fission to the extent of 54'' (p. 57 )•
It would appear that the hydrindene nucleus is very similar

to that of the resonating benzene system with little or no

bond fixation present viz,,

The aromatic ring in hydrindene may be thought of as

containing a resonating system of mobile tf electrons

like the simpler benzene ring.

The phenyl ketone corresponding to this methyl ketone

(LXXXIXa} was found to give much smaller yields of the

phenol even after twenty-four hours treatment, Hie

reason for this is not quite clear but it strengthens the

evidence against the double bond character of the - Cg
bond.
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The ketones, 4- hydroxy- 5- aceJ ylhydrindene (XC) and

4- hydroxy- 7- acatylhydrindene (XCi were synthesised by

the Frie s Eeaction on the acetyl derivative of 4-

hydroxyhydrindena. The reaction gave a mixture of both

which was separated by trituration with methanol. These

ketones underwent fission to the extent of 7Qf? and 50^

respectively. The yields of 4- hydroxyhydrindene recovered

were determined by converting the low melting phenol to

the aryloxyacetic acid derivative and calculating the yield

of phenol in the light of the results obtained by similar

treatment of known weights of pure 4- hydroxyhydrindene.

The fact that fission took place with all three

ketones precludes the existence of bond fixation in the

hydrindene molecule. If such a fixation did exist then

4- hydroxy- 5- acetylhydrindene would show no evidence of

decomposition. This agrees with the idea of a resonating

system of electrons in the aromatic ring of the hydrinden®

molecule which allows the eledtromeric effect to occur to

give a rearrangement to the polar structure (LXXXDCb).

This transition complex will then be attacked at the negative

centre by a proton from the acid medium thus blunging about

a fission of the ketonic grouping from the nucleus. This

work thus agrees with the results of Baker and others in

that it provides evidence against any fixation of the bonds

in the hydrindene molecule.
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There is however an additional feature which must be

mentioned. If the 4s5- ketone is considered as an alkyl

substituted benzene like '2- hydroxy- 3*4- dimethylaceto-

phenone then the latter would be expected to give only a

very small yield of fission product (cf. 2- hydroxy- 4-

methylbenzophenone(p. 55) which gave only 14" benzoic acid
on prolonged treatment). The high yield of fission

product from the hydrindene derivative must be explained

by a difference of some kind between the benzene and

hydrindene nuclei.



SECTION III

Naphthalene Series

The simplest hydroxyketone of this series is 1-

benzoyl- 2- hydro^naphthalene, This ketone has been

investigated thoroughly and a detailed discussion is given

in the section dealing with quantitative work on the

reaction. A large scale fission reaction produced yields

of /2" naphthol of 70 - SOll after seven hours treatment.

The corresponding methyl ether ( XCII ) which Woodham tried

in the same time.

So the heavier aromatic nucleus with the possibility

of increased conjugation and greater double bond character

of some bonds needs the presence of only one hydroxyl

grouping to allow fission to take place in contrast to the

three such groupings (or two di-ortho groupings) necessary

in the benzene nucleus.

The reaction with 1- acetyl- 2- hydroxynarhthalene also

gave fission but the yield of phenol was slightly smaller

0CH3
xc.ll xcin

(68%)
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The p- substituted ketone 1- benzoyl- 4- methoxynaph-

thalene ( XCIII ) showed a similar decomposition under the

same conditions the rate of fission being slightly less
(79)

than that of the ortho-ketone, as expected. Bun-Hoi J

predicted that this ketone would show no fission properties.

The yield of/3- naphthol was 6C$.
Woodham (loc. cit.) tried the effect of the reagent

mixture on 1- benzoylnaphthalene and found that no

decomposition took place.

Clerarrensen reduction of the 1,2- and 1,4- phenylketones

above gave 1- benzyl- 2- methoxy- and 1- benzyl- 4-

hydroxynaphthalene respectively ( XCIV ) and ( XCV ).

It is noteworthy that although demethylation

accompanied the reduction of the 1,4- ketone none was found

with the 1,2- derivative.

Both these reduced compounds showed no fission of the

benzyl substituent. Demethylation of 1- benzyl- 2-

methoxynaphthalene occurred.

Therefore the presence of the carbopyl group is all

important in the fission. With the phenyl ketones it

allows the whole molecule to exist in a conjugated form.

Reduction to the benzyl side chain destroys the conjugation

between the naphthalene and the carbonyl group, and so it

appears that for fission two factors are operative,
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a) an electromeric effect of the hydroxyl group and

b) some other factor at present unknown due to the presence

of the earbonyl group.

The next ketone to be investigated was the 2,3-

substituted ketone, 2- benzoyl- 3- hydroxynaphthalene

( XCVTa) which was synthesised by a Friedel-Crafts reaction

between the acid chloride of 2- reethosty- 3- naphthoic acid

and benzene, deraethylation of the ether taking place

during the reaction. Twenty-four hours treatment of this

ketone under reflux produced no decomposition.

4-

xcv/a. xcv\l-

how in the naphthalene molecule the bond structure is

normally written as in (XCVIIq) which allows both rings to

be fully aromatic. Structures (xCVIIb ) and (xcVTIc )

are also contributing forms and they will play a minor role

in the resonance hybrid.

CO CO CO 0$'3

ycvilo*.. xcvuV XCVIIc.. xcvuot.

It is generally accepted that the 1,2- bond is nearly a

double bond and shows at least H % double bond* character,
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whereas the 2,3- bond has only "-g- double bond" character

(XCVIId ). Proof of this had been obtained from X - ray-

work on the lengths of the bonds. So this 2,3- substituted

ketone will not show the normal conjugation effect between

the hydroxy! and the d.iacent benzoyl grouping. For

fission to take place a rearrangement to the di-

quinonoid structure (xcvib) would have to take place.

The existence of such a high energy structure is extremely

unlikely.

In an attempt to lower the activation energy of the

bond the corresponding p- methoxybenzoyl ketone (xCVTIl)

was synthesised by a similar Friedel-Crafts reaction using

anisole with the acid chloride. The influence of the

methoxyl in the benzene ring gave an increased yield of the

ketone.

coo H

•iO-5-* CO'-
xcviii

OH

001-0

i

This ketone may split in to ways ( A or B).

The ketone was treated under reflux for seven hours

and a little acidic material wifM obtained by extraction

with sodium carbonate, but a slight depression in the

mixed melting point determination, with 2- hydroxy- 5-

naphthoic acid, was found. An 80$ recovery of the original

ketone was obtained. After twenty-four hours a similar
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sodium carbonate soluble solid was recovered which however

gave a 2:4- dinitrophenylhydrazone suggesting it was

demethylated starting ketone. To establish this definitely

several paper chronatoprams were run to find if any 2-

hydroxy- 3- naphthoic acid was present in the acidic solid

obtained from the fission treatment. (The melting point

of this impure material recovered was about 15° lower than

that of the naphthoic acid.) The solvent used in the

chromatopcraao was a two-phase saturated sodium chloride-

n- butanol- pyridine mixture and the papers vrere run for

twenty-four hours by capillary ascent. The solid from the

reaction was run alongside blanks of phenol, 2- hydroxy- 3-

naphthoic acid and the starting ketone as well as a mixture

of all three. Good separation of the acid and the ketone

was obtained from the mixture, the spots being identified

in ultra-violet light. Phenol did not show up under this

however. No separation was obtained with the unknown solid

and no spot corresponding to the position of the 2- hydroxy-

3- naphthoic acid spot in the blank could be seen. So this
■

established the absence of the acid in the product from the

reaction. Evidently no fission had taken place, the ketone

being demethylated only. The solubility in sodium carbonate

is explained by the presence of the second hydrosyl grouping

after demethylation,
.

In the bensene series the vinyl ketone 2:4:6- trihydroxy-

chalkone has been tried but because of the hydrobrcsnic acid

complex formed no fission took place. It was decided to try a

vinyl ketone of this type in the naphthalene series, 1-



- 69 -

Hydroxy- 4- naphthylideneacetophenone (XCIX a) was readily

synthesised by a condensation between 4- hydroxy- oC -

naphthaldehyde and acetophenone in alcoholic caustic potash

solution. The resulting unsaturated ketone gave the

expected dinitrophenylhydrazone.

Hydrobromic acid treatment of the ketone yielded 14^

of vC ~ naphthol showing that fission had taken place. No

acidic material was recovered but a purple glistening

platy solid, insoluble in ether but soluble in chloroform,

was produced. This compound may be a polymer formed from

the unsaturated side chain which has been split off. The

fact that pC - naphthol has been produced means that the split

has taken place at the bond .joining the side chain to the

nucleus.

The nature of the purple solid is not important but the

identification of the phenol shows that the conjugated side

chain has reacted in the same way as the simpler benzoyl

grouping although the possibility of the electromeric effect

being relayed via the unsaturated grouping to the bond

joining the benzoyl group to the unsaturated bond, as shown

in ( XCIX b), was not forgotten. The fact that the split

took place at the normal position shows that the build up

of the electron density is still at the oC - carbon atom in

XC.lX.o- X.C.IX-G.



- 70 -

the naphthalene nucleus. It must be pointed out that this

fission reaction has taken place with some difficulty.

The fact that fission has taken place with this ketone shows

i) the electromeric effect is all important

iii) evidence against the quinone theory of Royer and co¬

workers .

Following this the corresponding 2- hydroxy- 1-

naphthylideneacetophenone ( CII ) was synthesised in a

similar way and allowed to undergo the reaction. The

synthesis was a little more complex than that of the

preceding chalkone. First of all the condensation of 2-

hydroxy- - naphthaldehyde and acetophenone was carried

out by passing dry hydrochloric acid gas through an alcoholic

solution of the aldehyde and ketone to give naphthaflavylium

chloride ( C ).

The chloride was then heated with alcoholic sodium hydroxide

to form 2- phenylnaphthapyranol- 4- ethyl ether ( CI )

which yielded Sfeg required vinyl ketone on boiling with

alcohol (50^).

The Fission Reaction was carried out on this ketone with

a reaction time of seven hours and impure starting material

ii) the effect of the benzoyl group has been relayed

C CI
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was recovered with no evidence of/3 - naphthol. A small
quantity of orange-brown crystals were obtained which were

insoluble in ether, Repeating the procedure for twenty-four

hours gave only this orange-brown solid which was recrystalli-

sed from water containing a little hydrobromic acid. It

was difficult to purify but analysed approximately for

naphthaflavylium bromide ( CIIj). So the

CHrCttCOPk

CU cm

vinyl ketone has undergone ring closure in preference to the

fission reaction taking place. It is possible that steric

factors play some part in this and the position of the side

chain is such that it is more facile to form the oxonium

bromide than to rupture the bond joining the side chain to

the naphthalene nucleus.

Because of this increased activity and ease of fission

in the naphthalene series the question arises as to whether

a ketone such as 1- (2*:3'- dimethoxybenzoyl)- naphthalene

( CV ), which has no hydroxyl or methoxyl in the

naphthalene nucleus, would undergo fission. Again there

are two possible positions for fission. The positions are

indicated by the dotted lines in ( CV ).

C
c\v CV
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This ketone was prepared by a G-rignard Reaction between oC -

naphthylmagnesium bromide and 2:3- dimethoxybenzaldehyde

which gave the corresponding secondary alcohol ( CIV ).

This was oxidised to the required ketone. The oxidation

was carried out with chromic oxide after several attempts

at an Oppenauer oxidation with aluminium isopropoxide and

t- butoxide, with various hydrogen acceptors, had been tried.

A little ketone was obtained during an oxidation with the

latter catalyst (t~ butoxide), and benail as the acceptor

but the yields were only approximately half those obtained

with chromic oxide which were small (21*).

A seven hour treatment of the ketone produced

demethylated material only with no evidence of fission.

So the presence of a phenolic grouping in the naphthalene

nucleus seems to be necessary before cleavage can take place.

In the benzene series it was proved that no fission took

place with benzoylmesitylene (p. 58 ). This was further

substantiated by the synthesis of naphthoylmesitylene or 1-

(2* 1*4'J6'- triraethylbenzoyl)- naphthalene ( CVI ) by a

Friedel-Crafts Reaction between naphthoic acid chloride

and mesitylene. Ctfj

CsO CVI

The ketone would not give a dinit rophenylhyd raxone by Allen

or Brady's method suggesting that the methyl groups are

bulky enough to shield the carbonyl from attack. So they
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must necessarily shield the oL- carbon atom in the benzene

nucleus from attack by protons* The bond between the

carbonyl grouping and the naphthalene nucleus might therefore

be more easily ruptured. However seven and twenty-four hour

refluxes with the acid reagent gave 80 - 8lf> recoveries

of the ketone with the complete absence of any acidic

material. This shows definitely that, considering the ketone

as a benzene derivative, the presence of a hydroxyl grouping

is a necessity in the benzene nucleus before fission can

take place. It was thought that benzoylmesitvlene would

have a sufficiently low activation energy associated with

the appropriate bond to allow decomposition and certainly

the increased resonance and conjugation due to the naphthalene

ring ought to have reduced the activation energy low enough

to allow fission.

It has been noted earlier (p. 22 ) that Hill and Short

reported the existence of a ring fission reaction of a

cyclic ketone when treated with this reagent mixture.

The ketone they investigated was in the phenanthrene series.

It was thought that a ketone such as a substituted tetralone

might also undergo the fission reaction. Therefore 5*8-

dimethoay- ot - tetralone ( CIX ) was sjmthesised. The

first step in the synthesis was the formation of 2:5~

dimethoxybenzoyloropionic acid ( CVTI) from an aluminium

chloride catalysed reaction between hydroquinone-

dimethyl- ether and succinic anhydride* This was reduced

to the corresponding butjrrlc acid ( CVTIl) by the Clemmensen

method and. the acid ring closed to the required ketone in
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almost 70% yield using polyphosphoric acid. The ketone was

purified chromatographically.

OCHt O
>- H^ COOH

ocrtj

cvn cviii

This cyclic ketone has the two methoxyl groupings in the

aromatic nucleus and one is ortho to the ketonic grouping

so it would seem to have a fair chance of fission, at the

position indicated by the dotted line in ( CIX ), to give the

2:5- diraethoxybutyric acid (CVTII ) or its demethylated

counterpart. After twenty-four hours however only

demethylated phenolic material was recovered. This gave

a dinitrophenylhydrazone and so seemed to be the dihydro:;y ke s-

one. Analysis showed that this was so. It would seem

now that 6:8- dieiethoxy- 06 - tetralone would have a better

chance of cleavage for the methoxyls are ortho and para to

the cyclic carbonyl grouping. It has been shown that 6-

methoxy- tetralone does not give any fission product

however ( p. 22 ).

To establish finally whether the presence of a

hydroxyl grouping is necessary before cleavage of the ketonic

residue can take place it was decided to synthesis© a

ketone with a stable ether grouping. It is well known that

phenyl ethers are much more stable than the corresponding

\o, 133
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methyl ethers and therefore a ketone such as 1- benzoyl-

- naphthyl phenyl ether ( CX ) may have a sufficiently

stable ether grouping to withstand the de-alkylation reaction

of the hydrobromic acid - glacial acetic mixture.

The ketone was synthesised by a Friedel-Crafts reaction

between benzoyl chloride and - nanhthyl phenyl ether.

A neutral red oil was produced from the reaction and it was

purified chromatographically to give a pale yellow oil.

This however, would not give a dinitrophenylhydrazone by the

usual methods. The analysis of the oil was low in carbon

content (l£) suggesting it was not quite pure. An attempt

to purify it further by distillation resulted in a decomposi¬

tion of the ketone to /3 - naphthyl phenyl ether (identified
by analysis). After standing several weeks in a

refrigerator the oil showed signs of crystallising.

The oil was allowed to undergo the fission treatment for

varying times. After three hours a trace of benzoic acid

was identified along with a small amount of a phenolic

solid which melted in tire region 70 - 80° and was probably

impure - n&phthol. The neutral fraction from the reaction

was a reddish oil which crystallised after chromatographic

purification and which analysed fairly well for the starting

ketone, A recovery of 70 - 80 "' of this solid was obtained.

Therefore it would seem that the starting ketone is in

fact a solid.

Pk
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Attempts at the cleavage of the ketone ( CX ) were repeated

with reaction times of five and twenty-four hours* In each

case however only the same colourless solid was recovered

in good yield with a trace of benzoic acid and- naphthol

(the phenolic material was steam distilled to give a fairly

pure specimen of/3 - naphthol).
The reaction was repeated using phosphoric acid in a

solution of glacial aoetic. Here again the colourless

solid was the main product with traces of the acid and phenol.

Prom this series of reactions it appears that fission

is almost non-existent. The traces of benzoic acid obtained

are presumably due to a slight decomposition of the Phenyl

ether shown by the presence of a little/3 - naphthol. The
fact that only traces of decomposition products are

obtained even after twenty-four hours shows that fission

is very difficult even under these prolonged conditions.

When these results are compared to the ease with which the

corresponding methyl ether decomposes (80^ in seven hours)

then the obvious conclusion is that the presence of a hydroxyl

is a necessity for fission but whether its effect is purely

electromeric or to allow a tautomeric formation of a

quinoooid type of molecule, as described by Soyer, to take

place, is not quite clear.

Phosphoric acid is a stronger reagent than HBr and so

treatment of the ketone with it ought to introduce a better

chance of fission. On the other hand phosphoric has been

shown to be much less effective as a de-alkylation reagent

(p* 77 ) so it is interesting to see what happens when it is

used.
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The use of other reagents: Several other reagents

were used to bring about the decomposition of 1- benzoyl- 2-

raethoxynaphthalene. As mentioned above phosphoric acid

is a possible reagent* Rosenmund and Schnurr^"1^ used

it and demonstrated that it could bring about the Reversal
(15)

of the Pries Reaction. Klages ' and other workers

employed it to accomplish the fission of many alkyl

substituted ketones showing it was a powerful reagent* In

this work it was used in glacial acetic but first of all

- naphthyl methyl ether was treated with mixtures

containing varying concentrations of phosphoric acid until

no demethylation of the ether occurred* This concentration

(1 part acid to 4- parts aoetic) was then used in the

treatment of the ketone but demethylation and fission both

took place with the production of benzoic acid (74$) and

/»- naphthol (55 ) • The neutral fraction yielded-
naphthyl methyl ether (20$). With a concentration of 1

part phosphoric to 8 parts acetic no demethylation occurred

and - naphthyl methyl ether was produced in 6Cf" yield,

fission has not been so complete in this latter case and

this cleavage has evidently taken place by a straight¬

forward hydrolysis of the ketonic grouping as no rearrange¬

ment is possible in the absence of a hydroxyl group. The

fact that the yield of fission products is slightly higher

in the case where demethylation did occur to so e extent

may be explained by the presence of both the straight¬
forward hydrolytic fission and by the fact that the

existence of the hydroxyl, as a result of demethylation, will
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give a slightly stronger electromeric effect at the oC ~ carbon

than that produced by the methoxyl grouping. The fact that

/3 - naphthyl methyl ether is a product of the fission seems

to rule out the possibility of the fission taking place

by a Reverse Pries mechanism.

With sulphuric acid, which is another vigorous reagent,

a thirty minute treatment of the ketone resulted in the

formation of benzoic acid (44f") and the methyl ether 0+6j ).

Again sulphuric will not d em.ethylate readily and so the

reaction is one of hydrolytic fission. This work also

Indicates that the fission with hydrobromic acid is also a

straightforward fission and not a Reverse Pries Reaction

or fission via intermediate quinonoid formation.

In order to establish the effect of increasing acidity

on the rate of the reaction it was decided to carry out

standard reactions on the same ketone using acetic and the

stronger dichloracetic acid as solvent for the hydrobromic

acid treatment. After one hour with the latter as solvent

the yield of fission products was much higher than similar

treatment using acetic acid in the reaction. The reaction

temperature was kept the same in both cases as evidently

a difference in reflux temperature is going to affect the

rate of the reaction considerably. This was only some

preliminary large scale work on the effect of acidity on

the reaction rate and the problem is dealt with in detail

in the quantitative section.

In a general comparison with the ketones investigated

in the benzene series it is evident that fission is much
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easier in the naphthalene series. This of course is to be

expected because of the increased double bond character

of some of the bonds in the naphthalene nucleus. So one

hydroxyl grouping is found to be enough to increase the

electron density sufficiently at the reactive centre to

allow the cleavage of an ortho or para substituted ketone.

Benzene, in contrast, requires three such groupings (or two

in the positions ortho to the ketonic group) before the

fission reaction becomes evident.

Sufficient indication has been given to favour the

idea of the direct attack of a proton at an electronegative

centre as the mechanism of the fission reaction. Certainly

there is no evidence for the existence of a Reverse Fries

reaotio n and although in seme cases there is the possibility

of quinoraoid formation the evidence i3 definitely in favour

of a proton attack.



SECTION IV

Phenanthrene Series»

In this section several ketones, \rf.th a still larger

aromatic nucleus, were synthesised and allowed to undergo

the reaction,
r

The 9,10- bond in phenanthrene is almost ethylinic in

character. It is, for example, attacked by osmium tetroxide

and other double bond reagents. Prom the energy point of

view the so called bond localisation energy of this bond is

16 k.cals/mole compared with 30 k.cals/mole in benzene and

22 k.cals/mole for the 1,2- bond in naphthalene. So this

gives a strong indication of the enhanced reactivity and

double bond character of this linkage.

Therefore a ketone such as 9- hydroxy- 10-

benzoylphenanthrene ( CXI ) should undergo fission very

readily. The ketone was synthesised from the benzoyl

derivative of 9- hydroxyphenanthrene with aluminium bromide

as catalyst and nitrobenzene as the inert solvent. It was

found that a yield of 75$ of 9- hydroxyphenanthrene was

produced after a two hours treatment of the ketone with the

reagent mixture.

CXI
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Since the fission had been achieved so readily it was

decided to try a reaction at room temperature. The

ketone was dissolved in the reaction mixture, cooled to

room temperature and left for forty-eight hours.

Unfortunately a large amount of the ketone crystallised

out on standing. The solid was filtered off and the

solution diluted. This yielded a trace of benzoic acid and

some impure starting ketone which gave a melting point

depression when admixed with starting material. The

presence of 9- hydroxyphenanthrene may have been responsible

for this depression.

The corresponding methyl ketone, 9- hydroxy- 10-

acetylphenanthrene also gave a 75^ yield of the phenol after

two hours under reflux. The methyl ketone was more soluble

in the reaction medium and when allowed to stand at room

temperature for twenty-four hours no solid settled out.

Dilution of the reaction mixture gave an 88^ yield of 9-

phenanthrol.
I

So the ethylinic nature of the double bond at the 9,10

positions has permitted an ease of fission not found with

any ketone investigated so far. It seemed that the

unsubstituted ketone 9- benzoylphenanthrene (CXIII )

might undergo fission readily.

Three methods of synthesis of this ketone were tried.

The first was by interaction of 9- phenanthryl magnesium

bromide and cyanobenzene. On carrying out this according

to the method reported by Bachmann^ ^ it was found that a

white complex always settled out and the product was a

/>. tU~)
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yellow solid which would not form the ketimide hydrochloride

( CXII ).

c*\\ 0*UI

So the Grignard reaction was tried between benzaldehyde

and 9- phenanthrylmagnesium bromide, A pale yellow oil

which analysed quite well for the carbinol ( CXIY ) was

produced but this oil could not be oxidised to the ketone.

Chromic oxide and sodium dichroraate produced

phenanthraquinone. The Oppenauer oxidation with aluminium

isopropoxide catalyst and acetone or cyclohexanone as

hydrogen acceptors had no effect. So this method was

abandoned,
PW
\

u -C-OH

Attempts to obtain the ketone by a Grignard reaction

between 9- oyanophenanthrene and phenylmagnesium bromide

also failed. The white complex formation, mentioned above,

was noticed again. Finally the original Grignard with 9-

phenanthrylmagnesium bromide was repeated in dry benzene as
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solvent* No complex appeared during the reaction and a

colourless viscous oil was produced on decomposition of the

hydrochloride ( CXII ). This was purified chromatographically
'

and it crystallised on standing as colourless prisms. The

melting point however (79 - 00" ), was lower than that given

by Bachmann (loc. cit.) for 9- benzoylphenanthrene. However

the solid analysed perfectly for the required ketone,

Treatment of the product with hydrobromic acid in

glacial acetic for seven and twenty-four hours gave only the

starting ketone in quantitative yield. No evidence of

benzoic acid was found.

Following this it was decided to see how 9-
(c*v)

benzoylanthracene^vould react under similar conditions.
( 2l)

Cook lias shown that this ketone may be cleaved using

sulphuric acid in aoetic. After two and seven hour treat¬

ments of the ketone no fission products were obtained.

However after twenty-four hours a 77$ yield of benzoic acid

was produced. An impure neutral fraction was separated

by chromatography to give 72$ anthracene and 12$ of the

original ketone. Therefore it requires longer treatment

before fission can take place. The well known electrophilic

attack at the 9 and 10 positions in the anthracene molecule

indicates that these positions in the molecule will have a

fairly high electron density associated with them. However

it is not so large as that produced by an adjacent hydroxyl

grouping but the fact that fission does take place shows it

is considerable. The relative ease of decomposition of 9-
Lcyvi)

benzoyl- 10- hydroxyanthracene^shows the effect of the
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presence of the phenolic group in the conjugated position

(Cook, loc. cit.).

C*V

,(42)It has been mentioned earlier that Hill and Short

obtained fission of a cyclic methoxy ketone, 1- oxo- 8-

methoxy- It 2:3:4~ tetrahydrophenanthrene (CXVTI ). The

relationship between the position of the mathoxyl grouping

and the bond which is ruptured from the aromatic naphthalene

nucleus is not evident, A similar unsubstituted ketone

1- oxo- 4- carboxy- 1:2:3J4- tetrahydrophenanthrene (CXVIIl)

was treated under reflux for twenty-four hours but no ring

opening was achieved and about 85 - 90?5 recovery of the

ketone was obtained.

CttjO

<.0

The fact that there is a carboxyl groining in this molecule

should make no difference as it is in the saturated ring

and so no electromeric effect can take place due to its

presence. The fact that this latter ketone gave no fission

shows that the meihoxyl in the 8- position is essential for
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fission to occur. Normally in the naphthalene nucleus there

is a corijugative effect between the 1,5- (CXIX a ) or Im¬

positions ( CXTX h) but none between the 1,6- positions.

On the other hand the 2,6- positions show the conjugative

effect ( CXX ). So the cyclic ketone 1- oxo- 7- methoxy-

1;2s3:4- tetrahydrophenanthrene (CXXI ) might be expected

to show the ring fission phenomenon but curiously enough

this compound has been shown to undergo demethylaxiou

only ( 43 ).

Still in this field of cyclic ketones, 1:3-

dihydroxyxanthone ( CXXIT$ was synthesisel to see if it

would cleave as shown by the dotted lines. The synthesis

was carried out by condensing salieyl nitrile with

phloroglucinol in the presence of dry hydrochloric acid gas

to produce the ketimine ( CXXIl), Treatment of this with

sodium hydroxide split out ammonia and gave ring closure

to the required product at the same time.
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Seven and twenty-four hour treatments of the cyclic ketone

resulted only in the recovery of the xanthone. This

cyclic ketone is analogous to benzoylphloroglucinol which

underwent fission readily enough. The xanthone has

hydroxyl groupings ortho and para to the oarbonyl group and

so fission would be expected at the point indicated in

(CXXIII). The effect of ring closure has been to reduce

the electron density build up at the required point of

fission, the reduction being sufficient to withstand the

attack of a proton at this point.

SUMMARY.

This experimental work has given several interesting

examples of ketonic fission and the increase in ease of

fission with increase in aromaticity of the nucleus of the

rearranging ketone has been demonstrated.



DISCUSSION

SECTION V

Quantitative Section.

The discussion of this section of the work will be

fairly short because it will be covered in detail in the

experimental section (p. 153).

The large scale work with acetic and diehloracetic

acid, described in the naphthalene series (p. 77 )»
indicated that the rate of the fission reaction with 1-

benzoyl- 2- hydroxynaphthalene was increased by increasing

the acidity of the reaction medium. The quantitative work

has proved this beyond doubt.

The fission of the ketone was investigated by using

a spectrophotoraetrie method to follow the change in its

concentration as the reaction proceeded. The original

idea of using acetic and dichloracetic to give different

acidities had to be abandoned because of the formation of a

deeply coloured solution when dichloracetic was used.

This colour upset all the spectrophotometry readings.

Instead the glacial acetic - hydrobromic acid mixture was

diluted with water to change the acidity and a definite

decrease in rate was observed with decreasing acidity. In

fact a rough proportionals.ty was noticed between the rate

decrease and the acidity change.
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The graph of change in concentration of the ketone

against time gave an exponential type curve and the plot of

the logarithm of the change in concentration against time

produced a straight line graph. This indicated first

order kinetics. The rate constants for the reaction were

calculated using the First Order Equation:

k . hzz . io*10 r-4_J
with the usual nomenclature. The results fitted this

equation very well. So the reaction is first order with

respect to the ketone.

The fact that the rate is affected by the acidity in a

roughly proportional way means that the rate of the reaction

will be given by the equation:- Rate » k /"ketone_J7.
The reaction is then psaudo-unimolecular, the pseudo-

unimolecularlty arising because of the excess of hydrogen

ions present in the reaction medium.

In the great amount of work performed in the field of

thermal decarboxylation of aromatic acids evidence for a

bimolecular mechanism of decarboxylation has been reported.

Schenkel and Schenkel-Rudin^ ) in 1949 indicated that some

of these acids are decarboxylated by a bimolecular

electrophilic substitution mechanism (designated Sg2):-

H+ ♦ R COoH HR + C02 + H+
In this reaction the rate is determined by the attraction

of a proton by the acid.

Anthracene 9- carboxylic acid has been shown to lose
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carbon dioxide by the Sjg2 mechanism. Further it <ms

pointed out that the ^- carbon atom in this acid has a high

electron density and so favours the approach of a proton.

Schubert^ has shown that mesitoic acid (2:4;6-

trimethybenzoic) shows a proportionality between the

pseudo first order constants and the concentration of the

hydroxonium ion. So the reaction will take place by the

Sg2 mechanism. This work of Schubert gives a quantitative

demonstration of the dependence of the rate of loss of

carbon dioxide on the acidity and so gives a very good proof

for the existence of the %2 mechanism.

(57)
Brown and others ' carried out an. investigation into

the kinetics of decarboxylation of a series of hydroxybenzoic

acids and they found that these acids with a high electron

density at the oC - carbon atom are decarboxylated by an

Sg2 mechanism. The rates of reaction increased with the

increasing number of ortho and para hydroxy1 groupings.

This is the order in which the acids will facilitate the

attack of a proton.

By analogy with this work on decarboxylation it is

evident the mechanism of the ketonic fission reaction is of

the Sg2 type, i.e., a bimolecular electrophilie substitution

reaction. The qualitative work has proved the effect of

increasing the electron density at the ©d- carbon atom thus

facilitating the approach of a proton and the quantitative

work has shown a dependence of the rate of the reaction on

the acidity. The combination of both sets of results provides

sufficient evidence for saying that the reaction is of the

SE2 type.
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PIML SUMMARY

ffrom this research several points are apparent:

(i) The presence of a hydroxyl grouping in an ortho or

para position is necessary.

(ii) The ease of fission of these aromatic ketones is

enhanced by the presence of further hydroxyl groups

and also by methyl groupings in the nucleus.

(iii) The ketonic residue also plays some part, since

hydroxy benzyl compounds do not undergo fission.

(iv) Evidence is given to show that the initial reaction

is attack by a proton at the negative centre

resulting from electromeric or inductive effects.

(v) The fission is certainly not a Reverse Pries Reaction

and intermediate quinonoid formation is insufficient

to account for all the fissions observed,

(vi) The ease of fission is dependent on the double bond

character of the bond (or bonds) separating the

hydroxyl and ketonic groupings.

(vii) Change of acidity of the reaction medium has the

expected effect of altering the rate of the reaction

which has been shown to be a bimolecular electro-

philic substitution reaction.
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EXPERIMENTAL INTRODUCTION

(i) Unless otherwise stated all yields are reported

as the percentage of the theoretical yield.

(ii) All melting points were determined by the use

of a Kofisr micro melting point apparatus.

(iii) Fluorescence observations were carried out

with the use of a Hanovia lamp.

(iv) Chromatographic work was performed with B.D.H.

standard alumina.

(v) Analyses were carried out by Doctors Weiler and

Strauss, Oxford,



EXPERIMENTAL

SECTION I

Benzene Series

1. o— Hydroxybenzophenona.

After an unsuccessful attempt to prepare this

ketone according to the method of Graebe and Ullman, (Ber.,
A

1896, 2J?, 824) which yielded a non-crystallisable syrup

it was prepared by a Reverse Friedel-Crafts reaction

(Johnson and Glen, J.A.C.S., 1949, 1°92) from salicylic

acid chloride keeping the temperature below 60°, Pale

yellow crystals m.p. 36 - 38° (lit., 39°) were obtained by

crystallisation from methanol. Yield - 50"'.

2:4- DinitrophenyIhydrazone- orange red crystals

from glacial acetic acid m.p. 246 - 248°.
Kydrobromic Acid Treatment:-

The ketone (2.0g.) was dissolved in glacial acetic

(40 ccs.) and hydrobromic acid (40 ccs.) added. The

resulting yellow solution was boiled for 7 hours, most of

the acetic acid then removed by distillation and the

residue poured into water (100 ccs.). This solution was

extracted with ether (3 x 25 ccs.) and the ether solution

in turn extracted with
»

(i) Sodium carbonate * on acidification this yielded

no benzoic acid

(ii) Sodium hydroxide - on acidification and subsequent
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extraction with ether a brown oil was obtained

which, on seeding with some of the starting ketone,

immediately gave a lemon yellow solid (1.60 g.) -

o
fern shaped crystals from methanol m.p. 34 - 37 .

This solid was steam distilled in case any phenol was

present. However only the o- hydroxybenzophenone was

obtained m.p. 37 - 38°. Mixed m.p, % - 8° (with starting

ketone). The crude material from the reaction gave a red

brown colour with ferric chloride in alcohol which

corresponded with the colour found on testing the starting

material. (Phenol gives a green colour in alcohol.)

Recovery of starting ketone - 8CT*.

2. p- Il.ydroxybenzophenone.

The recrystallised ketone (L. light & Co.) m.p.

134 - 135° (4.0 g.) was boiled with glacial acetic (60 cc.)

and hydrobromic acid (60 cc.) for seven hours.

Again no benzoic acid was found in the carbonate

extract. Phenolic material (3.6 fe.) was recovered as a

brown sticky solid which, on recrystallisation from aqueous

methanol, had m.p. 130 - 132°. M.m.p. - no depression.

Recovery of starting material - 90^.

3. 2:4- Dihydroxybenzophenone (Benzoylresorcinol).

References Hoesch, (Ber., 1915. J&8, 1130.)
Resorcinol (10.0 g.) was treated with cyanobenzene

(10.0 g.) in pure dry ether (60 cos.) in the presence of
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zinc chloride (4.0 g.) with a stream of dry hydrochloric

acid gas passing through the solution* After standing

overnight an oily lower layer was visible. This was separated,

dissolved in 5N. hydrochloric acid and the solution extracted

twice with ether to remove any organic material not in the

form of the ketimide - hydrochloride. The acid layer was

boiled for twenty minutes and extracted twice with ether

(2 x 40 cos.). This yielded a brownish oil which gave
'

white needles from boiling water (0.40 g.) m.p. 141 - 142°.
Lit. 144°.

NOTE: Hoesch reported yields of 40?? for this reaction.

However repetition of the above preparation gave the same

small yield of ketone. On shortening the duration of the

experiment to three hours (Hoesch's time) no lower layer
.

separated,

Hydrobromio Acid Treatment :*»

The ketone (0.30 g.) was boiled in glacial acetic

(15 ccs.) and hydrobromic acid (15 ccs.) for seven hours.

No benzoic acid could be found in the carbonate extract

but the hydroxide extraction, on acidification, yielded a

copious white precipitate which was filtered and dried

(0.28 g.) m.p. 139 - 140°. M.m.p. - no depression.

Recovery of original ketone • 83??.

4. 2:1*}6- Trihydroxybenzophenone- Benaoylphloroglucinol.

Reference: Hoesch, (loc, cit.)

This was carried out in the same way as the benzoylresor-
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cinol preparation above, but again the reaction time had to

be extended from a three hour passage of dry hydrochloric

acid gas to one of five hours duration before the oily

lower layer settled out* Special care was taken to ensure

that the zinc chloride used was dry by fusing it, before its

addition to the reaction mixture.

After extracting unreacted organio material from the

oil with ether as usual, the oil was dissolved in dilute

sulphuric acid (50 cos,) to form a kstimlde-sulphate which

solidified on cooling. It was decomposed by boiling for

thirty minutes and the resulting oil was repeatedly extracted

with benzene to give a yellow crystalline solid. Some of

the oil, however, could not be extracted but when xylene or

chlorobenzene were used a further crop of crystals were

obtained. This is the hydrate which was distilled with dry

benzene to remove the water of crystallisation, "Hie yellow

elongated prisms obtained melted at 165-166°. Lit. - 165°.
Yield » 3*85 g. (35^) from 6.0 g, phloroglucinol.

Again this yield is much lower than that reported by

Hoesch (6f?).

Hydrobromlc Acid Treatment of the Ketone:

It was found that this phenolic ketone after a seven

hour reflux gave benzoic acid and phloroglucinol. However

the solubility of the phloroglucinol is such that with the

volumes of aqueous solutions obtained on dilution of the

reaction mixture most of the phenol remained in the aqueous

layer and could not be extract®! readily with ether. So a

method which would give reasonably accurate estimations of
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the phloroglucinol present was required# The difficulty was

to find a reagent which was specific for phloroglucinol, i.e.,

which would not react with any unreacted ketone which might

have been present.

Phloroglucinol is used in sugar chemistry to estimate

pentoses which are first degraded to furfural which thai

gives a complex with the phenol (Chera. & Ind., 1916, 35,

731). So conversely it was thought that furfural might be

used to estimate the phloroglueinol.

Several "blank" reactions with furfural and benzoyl-

phloroglucinol showed that no complex was formed using

varying concentrations of the ketone. Furfural gives no

precipitate with benzoic acid, the other product of the

reaction and so there were no complications in its use.

Again the question of the acidity of the solution from the

reaction was shown (from control experiments) not to be

critical. (Furfural estimations are normally done in 12$

hydrochloric acid.) Hie acidity of the solutions used here

were about 20$ with respect to hydrobromic acid after

removal of most of the acetic and dilution with water.

Estimation of Fhloroglucinol formed by a seven hour reflux?

The ketone (1.0 g,) was boiled in glacial acetic (35 ecs.)

and hydrobromic acid (35 ccs.). A red solution was formed.

As usual the acetic acid was nearly all removed, the solution

diluted with an equal volume of water and excess furfural

added (circa 5-10 ccs.). (The dilution has to be such

that the concentration of phloroglucinol present does not

fall below 0.015 g./lOO ccs. or precipitation is incomplete.)
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The solution was then set aside for twenty-four hours and

the resulting precipitate filtered off using a sinter glass

crucible. After washing free from acid it was dried at

100 - 105° to constant weight.

Control Experiments:

Several control experiments were then carried out with

known weights of phloroglucinol (0,10 g.) dissolved in

20 - hydrobromic acid and the weights of the complex

found. The average of a number of these "blank"

determinations was taken and this was used to calculate the

weight of phenol produced by the ketonic fission. It was

found that 0.100 g. phloroglucinol gave 0.210 g. of complex.

The error involved in this method of determination was found

to be +_ 4$*
From the seven hour reflux a yield of 40$ phloroglucinol

was calculated. Values of 36$ and 39$ were obtained from

two other similar determinations using 0.24 g. and 0,50 g.

of the ketone respectively.

Estimation of Benzoic Acid from a seven hour Reflux.

The reaction was carried out as above using (1.0 g.)

ketone and the diluted reaction solution was extracted with

ether (3 x 30 ccs.). This ether solution on extraction

with carbonate (3 x 15 oca.) gave a reddish carbonate

solution which, on acidification and extraction with ether,

yielded 0.19 g. benzoic acid m.p, 119 - 121 • M.m.p. 118-12?.
% TieId - 36,
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Further experiments using 0.36 g. and 0.55 g« ketone gave

2*35? and 33% acid respectively.

SUMMARY: PHENOL ACID

Wt. Of
Ketone
(®®s.)

%
Riloroglucinol

Wt. of
Ketone
(gms.)

%
Benzoic Acid

1.00 40 1.00 36
0.50 39 0.55 33

0.24 36 0.36 27

Estimation of Products from Sixteen Hours Treatment::

It was decided to extend the above results by increasing

the reaction time to see if there was a consequent increase
' 1

• ' i »

in the fission reaction. On increasing the reaction time

to sixteen hours however, a complication arose in the

formation of a complex between the phenol formed and the

hydrobromic acid. This complex settled out during the

reaction as orange-red crystals after refluxing for 11 -

12 hours. Some of these crystals were filtered off and

found to decompose about 250° changing in colour, through

orange to black, about 200°. They were insoluble in non-

polar solvents like benzene and petrol ether and soluble

in water, alcohol and glacial acetic (slightly). No

evidence for the formation of this complex was found in

the seven hour reaction. This compound has been shown to

be of the type HBr.SM, a clathrate type compound, where M

is the phenol molecule. (Gomsarg and Gone, Ann., 1910,

376. 237, and Powell, J.C.S., 1948, 71.)

Several "blank" determinations were carried out on this
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compound with furfural, as before, and it was found to

give a sufficiently accurate formation of "Hie furfural

complex to merit its use in determining the quantity of

phenol formed during the sixteen hour reflux.

A series of experiments were carried out in the normal

way and the weights of phloroglucinol formed were

calculated from the standard or "blank" average. The

benzoic acid produced was estimated, in separate reactions,

by direct weighing as before.

SUMMAST: PHENOL ACID

Wt. of
Ketone
(g.)

%
Phloroglucinol

wt. of
Ketone

(g.)

%
Benzoic Acid

2.45 81 2.00 45

1.05 72 1.25 44

0.36 70 0.35 37

The percentage of phenol produced has risen to about double

that of the previous results. This was as expected.

The benzoic acid however has not shown a similar increase,

probably due to the method of estimation which will be much

less accurate -than that of the furfural method.

5. 2i3:4~ Trihydroxyacetophenone.

This ketone (2.0 g.) was treated for seven and

sixteen hours. The alkali extract of the original ether

extract of the reaction mixture gave a reddish solid on

acidification. It was in turn extracted into ether, dried

and the ether removed to give colourless needles from water



- 99 -

after treatment with charcoal* Yield - 1.76 g.

m.p. 172 - 173° with sublimation above 130°.
Mixed m.p. with starting ketone - no degression.

Recovery - 88?£.

6. 2:6- Dihydroxyacetophenone.

This was prepared by the method described by

Baker (J.C.S., 1934, 1953). 7- Hydroxy- 4- methylcoumarin

(Org., Syntheses, 21, 23) was prepared from resorcinol

(74 g.) and acetoacetic ester (86 g.) to give 92 g. (77^)

crude coumarin which was acetylated with acetic anhydride

(74^ yield), The powdered crude acetyl derivative was

used directly in the Pries reaction.

The acetate (16 g.) was treated with aluminium

chloride (36 g.) and the mixture heated rapidly to 125°
when the mixture was shaken vigorously for 5 minutes.

Finally heating was continued at 170° for 2 hours, and the

mixture decomposed with ice and hydrochloric acid and by

heating on the steam bath for 30 minutes, to complete

the decomposition. The greyish-black solid obtained was

treated in a Soxhlet extractor for 2 hours with (100 -120°)

petrol ether ant the 4- methyl- 6- hydroxy- 8-

acetylcoumarin was extracted in a very pure state.

Yield - 8.2 g. (51^).

This compound (8.0 g.) was heated on the 3team bath with

sodium hydroxide in an atmosphere of nitrogen for 5 hours.

The yellow solid obtained by acidification was charcoalled

in alcohol and finally crystallised from water as sandy-
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yellow crystals m.p. 151 - 153°. Lit. - 153°.
Yield - 3.50 g. ($5$).

Kydrobromic Aold Treatment: -

2:6- Idhydroxyacetophenone (l.Og.) with glacial acetic

(20 ccs.) and hydrobromic acid (20 ccs.) gave a brownish-red
' *

t

solution which was refluxed for seven hours; the reaction

mixture diluted with water (100 ccs.) and extracted with

ether. The ether solution was well washed with water

and dried (sodium sulphate), to give a mobile oil which

would not crystallise. It was extracted with boiling

petrol ether (100 - 120°) to give colourless crystals

(recrystallised from xylene) m.p. 104 - 106°. Mixed m.p.

with resorcinol 105 - 108°.
Yield - 75$.

This was repeated with 3.0 g. ketone in a three hour

reflux, Again an oil (2.0 g.) was obtained which gave
•' ' ' ' ' ' ' ' : ' • ' ' ' ' 1 ' > ' ' ' '

resorcinol (l.80g.) which was identified by m.p, and m.m.p.

and the dibenzoyl derivative m.p. 116 - 117°. Lit. - 117°.
Yield - 823.

Attempted Preparation of 2:6- Lihydroxybenaophenone:

The same method used for the methyl ketone above was

tried. However no 4- methyl- 7- hydroxy- 8-

benaoylcoumarin was obtained from the Pries reaction.

This rearrangement was tried (i) without solvent as above

at 170°, (ii) using carbon diaulphide and (iii) nitrobenzene
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at 50°» 100° and 200° with a reaction time of two hours.

No ketone was obtained.

It was also tried with the method described by Bruce

et al,, (J.C.S., 1953, 2W) using a fused melt of aluminium

ohloride and sodium chloride at 180° - 200° but again no

ketonic material could be isolated.

7* 2:4:6- Trihydroxychalkone.

Fhloroglucinol aldehyde (4.0 g.) (prepared from

a Hoesch condensation with zinc cyanide and dry hydrochloric

acid gas) and acetophenone (4.0 g.) were added to a solution

of potassium hydroxide (10 g.) in 40ccs., alcohol (50').

The mixture, after heating at 95 - 100° for two hours

yielded a red crystalline solid which was reerystalUsed

fremi water m.p. 216 - 218°.
Yield - 2.40 g. (365$).

2:4- Dinitrophenylhydrazone - m.p. 239 - 241°.
Hydrobromic Acid Treatment

The chalkone (l.Qg.) after hydrobromic acid treatment

for seven hours gave a brownish solia (0.80 g.) which

settled out during the reflux. The reaction gave no

acidic material (sodium carbonate) suggesting no ketonic

fission. The brown solid obtained was very soluble in

water. It wa3 dissolved in glacial acetic (charcoal),

to which some hydrobromic acid (105$) had been added, and

the solution filtered throu^i a sintered glass filter.

Brown needles were obtained on cooling which darkened
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gradually on heating to 300 - 320° but no melting was

observed.

This proved to be a hydrobromic acid complex. (Cf.

treatment of benzoylphloroglucinol.) It is noteworthy

that this complex was formed during a seven hour treatment

whereas with benzoylphloroglucinol the complex only

formed after treatment of the ketone for sixteen hours.

Analysis of complexs Pound: Br - 22,7%*

Required for C^^rjO^.HBr - 23*9$.
The exact nature of the complex was not investigated but

from the analysis it is empirically one molecule HBr

and one of the ketone and so it differs from the phloro-

glucinol complex which Gomberg and Cone showed by analysis

to be two molecules of the phenol to one of hydrobromic acid.

8. 2- Bydroxy~ 4- methylbenzophenone and 2- Methyl- 4~
hydroxybenzophenone.

The benzoyl derivative of m- cresol (20 g,)

(prepared from the phenol with benzoyl chloride in pyridine)

was treated with aluminium chloride (24 g,) for one hour

at 130 - 140° on an oil bath. The addition of the

aluminium chloride was made in small portions over 15

minutes, with cooling, because of the brisk initial reaction.

The mixture formed a brown oily complex which was decomposed,

after cooling, by pouring on to a mixture of ice and dilute

hydrochloric acid. On standing, this gave a brown oil

which was taken up in ether, washed well with water and
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dried over sodium sulphate. The resulting oil was

triturated with methanol to give a yellow solid (3«70 g.).

This was recrystallisod from benzene - petrol ether

(60 - 80°) - lemon yellow stout prisms m.p. 53 - 55°.
Lit. -> 60° (Hamada, Science Reps., Tohoku Imp., Univ.,

First Ser., 1933, 22, 55) for 2- hydroxy- 4-

methylbenzophenone.

2:4- Dinitrophenylhydrazone - pale red needles from

glacial acetic acid m.p. 235 - 237°.
Analysis: Found: N - 14.2^.

Required: N - 14.3/&*

The methanol extracts from the above trituration gave a

sticky solid which recrystallised from aqueous methanol as

almost colourless elongated prisms (4.30 g.) - m.p. 135- 136°.
Lit. - 129° (loc, flit.) for 2- methyl- 4- hydroxybenzophenone

2:4- Dinitrophenylhydrazone - bright red needles from

glacial acetic acid m.p. 234 - 235°*
Analysis: Found: C - 60.5jH - 4.1

Theory: C - 60.9jH - 4.4-
(for 0^)

This method of separation of the isomers proved more

satisfactory than steam distillation which was 3low and

yielded only a small amount of the 2- hydroxy- isomer in

the distillate.

tjydrobromlc Acid Treatment

a) 2- Hydroxy- 4- methylbenzoohenone

The ketone (0,5 g.) was rafluxed with glacial acetic
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acid and hydrobromic acid. After seven hours one half of

the yellow reaction mixture was removed and worked up as

usual. No trace of benzoic acid was obtained but the

sodium hydroxide extract yielded 0.22 g. starting material

(88$).

The remainder of the solution was refluxed for twenty-

four hours altogether. Hie carbonate extract of the

original ether extract of the reaction mixture gave 0.02 g,

benzoic acid (14-) (m.p. and m.m.p.). The phenolic

portion yielded 0.15 g. (60$) starting material m.p, 52 -

55°. M.m.p. - no depression.

b) 2- Methyl- 4- hydroxybenzophenone

The ketone (2.0 g,J was treated as above. No

benzoic acid was obtained after seven hours and a quantitative

yield of starting ketone was recovered (94$).

After 2k hours vary little darkening in colour of the

original yellow solution had taken place; however, benzoic

acid (0.13g.) (23$) was obtained. The sodium hydroxide

extract gave a brown oil which was steam distilled. The

distillate yielded a trace of colourless oil which gave a

blue-violet colour with ferric chloride similar to that

obtained on testing m~ cresol.

The residue from the distillation crystallised on

cooling the aqueous solution to give 0.5 g. starting

material (50$) m.p. 128 - 131°. M.m.p. 130 • 132°.
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9. 2- Hydroxy- 5- methylbenzophenone.

Reference: Chakravarti and Bera (J. Ind. Cham. Soc.,

1944, 21, 109).

p- Cresyl benzoate (10 g.) treated with aluminium

chloride (12 g.) and heated at 150 - 140° for 1 hour gave

7.50 g. ketone (750) - lemon yellow plates from dilute

alcohol m.p. 86 - 87°. Efc. 87°.
Hydrobromic Acid Treatment:-

The ketone (2.0 g.) gave a lemon yellow solution

which was refluxed for twenty-four hours. After seven

hours one half of the reaction mixture was separated

off and, on allowing it to cool, a quantitative yield

(95%) of the starting ketone was deposited - (m.p. and m.m.p.

The twenty-four reaction gave no benzoic acid. The

bright orange sodium hydroxide solution yielded a yellow

solid (0.90 g.) on acidification which again was the

starting ketone m.p. 84 - 86°. M.m.p. 83 - 85°.
Recovery - 9<$.

)

10. 2- Methyl- 4- hydroxy- 5- isopropylbenzophenone
v ponzoyiuiiynioij»

Reference: Orndorff and Lacey, J.A.C.S., 1927, 818.

The ketone was prepared by the Friedel-Crafts

Reaction. Thymol (5.0 g.) was dissolved in dry freshly

distilled nitrobenzene (70 cos.) and to the stirred solution

aluminium chloride (4.8 g.) was slowly added. After

solution was complete, benzoyl chloride (4.7 g.) in

nitrobenzene (30 cos.) was slowly dropped into the cooled
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solution. Vigorous evolution of hydrochloric acid

followed and after two hours the solution was heated to 60°

for one hour with constant stirring. The reaction mixture

was decomposed as usual and the solvent (with any unreacted

thymol) removed by steam distillation to leave a brown oil

which was extracted with ether. The yellowish green

sodium hydroxide extract yielded an almost colourless

solid which, after treatment with charcoal and

crystallisation from alcohol, gave colourless crystals

(3.50 g.) m.p, 149 * 150°. lit. 150°.
Hydrobromic Acid Treatments-

The ketone (1.0 g.) on refluxing for seven hours gave

benzoic acid (0.1 g.) (22$) - m.p. and m.m.p. The phenolic

extract yielded white crystals (0.4 g.) of starting material

m.p. 154 • 155#5°# M.m.p, « no depression. Recovery -40$.

The original ether extract of -Hie diluted reaction

mixture gave 0.18 g, starting ketone (total recovery 58'*)

along with a trace of oily material which may have been

thymol but which could not be identified.

11. 2- Hydroxy-* 4:6- dimethylbenzophenone.

References Baddeley, J.C.S., 1943» 274#

The benzoyl derivative of 315~ xylene- 1- ol (15 g#)
and aluminium chloride (9 g.) (l mole ) heated at 120 -

150° for 1-g- hours gave colourless crystals of the ketcxie

from ethanol (9.0 g.) (6C') m.p. 141 - 142°. Lit. - 143°#
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Fission Treatment:-

5.0 g. Ketone with acetio (40 oca.) and hydrobromic

acid (20 ccs.) gave benzoic acid (2.10 g.) (78$) and 3*5-

xylene- 1- ol (1.95 g.) (72$) m.p. 62 - 63° (and m.m.p.)

after a twenty-four hour reaction time.

12. 2- Hydroxy- 4*6- dimetbylacetophenone. Baddeley (loc.cit.)
This compound was prepared in the same way as

the benzophenone derivative above. The acetate of the

phenol gave a brown phenolic oil, with 1 mole aluminium

chloride, which was distilled to give a main fraction

boiling over the range 136 • 140° at 10 runs. This

solidified to a pale yellow solid - stout needles from

petrol ether (40 - 60°) m.p, 59 - 60°. Lit., 60°.
14.8 g. Acetate gave 6.50 g. ketone (45$).

A higher boiling fraction also gave a pale yellow solid

m.p. 109 - 112° - needles from petrol ether (60 - 80°).
Analysis* Found: 0 - 70.0 jH - 6.9

Required for a dimethyl hydroxy ketone: C - 73.2 ; H - 7«3
Required for a monomethyl " " : C • 70.2 ; H - 6.7

Action of Hydrobromic Acid on 2- hydroxy- 4*6-
dimethylacetophenone:

A twenty-four hours'reflux of the ketone (3.0 g.)

gave a phenolic solid (1.20 g.) which was recrystallised

from petrol ether (40 - 60°) m.p. 59 - 61°. On mixing with

the original ketone for a mixed melting point determination

an oil was immediately produced. Mixed m.p. with 3*5-

xylene- 1- ol gave no depression. Yield of 3*5~ xylene-

1- ol - 54$.
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13. 2- Hydroxy- 3:5- dlmethylbenzophenone.

References Meisenheimer et al., J. Prakt. Chem.,

1928, 112, 338.
The benzoyl derivative of 2;4- xylene- 1- ol (yellow

oil b.p, 110 - 112° at 15 rans.) (17.5 g-) gave a pale red

complex with aluminium chloride (10,8 g. - 1 mole) after

two hours at 130°, The resulting yellow oil was distilled

to remove ary unreacted benzoate and the fraction boiling

at 206 - 208° at 20 mms., was collected (15.7 g.) (90$).

2s4- Dinitrophenylhydrazone - pale red needles from

glacial acetic m.p. 282 - 284°.
Oxime - colourless crystals from aqueous alcohol

ra.p, 152 - 153°. Lit. 153 - 154°.
Hydrobromlc Acid Treatments-

The ketone, as exoected, gave no fission products after

seven hours treatment. The yellow reaction mixture however

yielded benzoic acid (115?) (0.45 g. from 6.0 g. ketone)

after twenty-four hours. The hydroxide extract gave a

small amount of an oil - 3'5- dinitrobenzoyl derivative

m.p. 162 - l64y?» Lit., (for 2$4- xylene- 1- ol) •

164 - 165°.
The original ether extract of the diluted reaction

mixture gave a yellow oil (4.53 g.) which was shown to be

recovered ketone (oxime). Recovery - 76%>,

14. 4- Hydroxy- 3 s 5- dimethylbenzophenone.

References V. Auwers et al,, Ann., 1930, 483. 44.
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The benzoate (6.0 g.) of 2:6- xylene- 1- ol on

treatment with aluminium chloride for two hours at 130 -

140° gave the ketone (3.92 g.) (65 f) - colourless prisms

from benzene m.p. 142 - 143°. Lit. 142° - 145°•
(V. Auwers reported a 47/c yield.)

Hydrobromic Acid Treatment:-

From a twenty-four hour reflux the ketone (2.0 g.)

gave unchanged material (1,80 g.) - m.p. and sum.p. (90£).

15. 2:4:6- Triroethylbenzophenone - Benzoylmesitylene.

Reference: Montagne, Rec. Trav. Chim. Pars Bas,

1908, 2£, 355.

The ketone was obtained in good yield from a Friedel-

Crafts reaction on freshly distilled mesitylen© (24 g. -
' ' ' '

•

28 ccs.), and benzoyl chloride (28 g. - 23 ces.), in

carbon disulphide solvent. The resulting yellow oil was

fractionally distilled at 1.5 mms, to give the ketone.

Trinitro derivative: (Elba, J. Prakt. Chem., 1887,

35, 488.)
Colourless needles from aqueous acetic acid m.p. 187 -

188°. Lit. 188°.

Hydrobromic Acid Treatment

The dark brown solution of the ketone (3.0 g.) gave

a brown mobile oil which was high vacuum distilled b.p, 154 -

158° at 2 rams, to yield 2.72 g. starting material (identified

by the trinitro derivative above).
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Hydrindene Series.
pp. ko , Ilk

1. 5- Hydroxy- 6- acetylhydrindeno.

Reference: Baker, J.C.S., 1937, 478.

The acetate of 5- hydroxyhydrindene (6.0 g.) with

aluminium chloride (12.0 g.) in carbon disulphide (12 ccs.)

gave a brown solution which, after the initial vigorous

reaction had subsided, was heated for two hours on a water

bath. The ether extract of the decomposed complex was

extracted with sodium hydroxide which produced a yellow.

insoluble, sodium salt. This was filtered off and

acidified to yield an oil which quickly solidified - pale

yellow prisms fromaethanol (2.80 g.) - Wfp a.p. 58 » 59°.
Lit., m.p. 59°.
Fission Treatmentt-

(i) Seven Hours:

The yellow solution of the hyxiroxyketone (1,0 g, )

in glacial acetic (20 ccs.) and hydrobrcmic acid (20 ccs.)

soon changed to a dark red colour. It was diluted to give

a brown oil and a small amount of red solid which was

Insoluble in the ether extract. This solid did not

o
melt but darkened near 200 . It is probably a hydrobroraic

acid complex of some kind. (Yield 10 - 15 mgsr.s.).

The ether solution was extracted with sodium

hydroxide. The green alkali extract gave a brown oil
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(0.40 g.) on acidification, which, with trituration in

methanol and cooling, deposited colourless feathery needles

(0.28 g.) m.p, 50 • 53°. I&t., m.p. for 5-
Q

hydroxyhydrindene 55 • Mixed m,p. - no depression.

Benzoyl Derivative: colourless plates from alcohol

m.p. 107 - 108°.
Yield based on crystals obtained » 36#.

Yield based on oil recovered - 53#.

Prom the original ether extract pale yellow crystals were

obtained (methanol) m.p. 55 ** 57°. M,m.p. with starting

ketone 56 • 57°.
Recovery of ketone - trace.

(ii) Twenty-four Hours!

The ketone (3.0 g.) gave an alkali soluble brown

oil (2.13 g.) which was benzoylated in pyridine to yield

the colourless derivative (2.O5 g.) m.p. 106 - 10?°.
Benzoylations of known weights of pure 5-

hydroxyhydrindene gave, on an average, 90# yields of benzoy¬

lated phenol. On this basis a rough estimate of how much

of the above oil (2,13 g») was 5- hydroxyhydrindene was

made and so the percentage yield of phenol was found (55^).

2. 5- Hydroxy- 6- Benzoylhydrindene.

This ketone was prepared as above in a

minimum of carbon disulphide. Reaction times were

increased to twenty hours before a reasonable yield was

obtained.
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The benzoyl derivative of 5- hydroKyhydrindene

(7.5 g.) gave a reddish brown viscous oil, which, after

crystallisation from methanol (charcoal), yielded lemon

yellow crystalline plates (l.60 g,) - 21$ m.p. 107 - 108°.
A mixed m.p. with the starting material gave a depression

(20 - 30°). A dark green colour was obtained with ferric

chloride in alcohol solution.

2:A- Binitrophenylhydrazone: red needles from glacial

acetic m.p. 235 - 236°.
Analysis: (i) Ketone. Pound C - 81.1?? ;H - 6.1%

Required C - 80,7?? jH - 5.9$

(ii) D.H.P. Pound
Required

N - 13.8$
N - 13.1$.

Attempts to improve this yield of ketone using nitrobenzene
o o

as solvent at 100 and 150 gave no ketone. Larger

volumes of carbon disulphide produced no ketonic material.

H.ydrobrctnic Acid Treatment

The ketone (0.65 g.) gave (0,38 g.) - 58$ starting

material after a twenty-four hour reflux period. Benzoic

acid (0.05 g.) (15$) was also produced (m*p, and m.m.p,).

3 & 4. 4- Hydroxy- 5- acetylhydrindene and 4- Hydroxy- 1-

Reference: Baker et al., J.C.S., 1952, 1825.

4- Hydroxyhydrindene was acetylated in the same

was as the 5- isomer by shaking the sodium hydroxide solution

of the phenol with acetic anhydride and extracting the non-

phenolic portion with ether to give the acetylated

confound in good yield (80$), A five hour treatment of this

phenol ester (13.2 g.) with aluminium chloride (25 g.) and

carbon disulphide (20 ccs.), on the water bath, gave
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(4.30 g.) of the 4»7- isomer which was extracted from the

ether extract of the decomposed complex with sodium

hydroxide. Colourless elongated prisms from ethanol

m.p. 185 - 186°. Lit., 185°.
2:4- Dinitrophenylhydraaone: red needles which could

not be recrystallised because of its insolubility in most

solvents. It was purified by repeated treatment with

boiling ethanol - m.p. y 350°.
•Analysis: (i) Ketone. Found C - 75.0 J H - 6,8

Required C - 75.3 JH - 7.0

(ii) D.N.P. Found N - 15.5
Required N - 15.7

After removal of the ether from the original extract, the

residue was steam-distilled to give an oil (4.70 g.) which

soon solidified to give colourless plates from methanol

m.p. 45 - 47°• Lit. m.p, for 4- hydroxy- 5- acetylhydrin-

dene 47 .

Hydrobromic Acid Treatment >-

a) 4- Hydroxy- 7- acetylhydrindene;

Seven Hour Reflux: Treatment of the ketone (0.5 g.)

in the acid (15 cos.) and glacial acetic acid (15 ccs.)

gave a dark green solution. Most of the acid was

distilled off, the solution diluted with water (30 ccs.)
and then extracted with ether to give a brown oil. The

oil was steam-distilled and the distillate yielded a

colourless oil (0.22 g,) which solidified on seeding with

4- hydroxyhydrindene to a colourless solid which was

recrystallised from petrol ether (40 - 60°) m.p. 47 - 49°.
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M.m.p. 47.5 - 49°. Yield 38%. (Yield based on the oil

obtained 58$.)

Extraction of the residue from the steam distillation

with ether gave a trace of oil which solidified on standing

and was crystallised from ethanol m.p, 175 - 180°.
This reaction was repeated for seven hours and the oil

obtained converted into the aryloxyacetic acid - colourless

needles from aqueous alcohol m.p. 182° (Kruber at al.,

Ber., 1939, 723, 653). Standard preparations of the

acid from known weights of 4- hydroxyhydrindene were made

and thus the weight of 4- hydroxyhydrindene in the oil

obtained from the reaction was calculated.

Yield of phenol based on aryloxyacetic acid • 50

Twenty-four Hour Reflux: This gave a yield of

(0,26 g.) crystalline phenol from the ketone (0,88 g,) -

38$. Yield based on oil obtained - 59$,

Converting the oil from a similar reaction to the

aryloxyacetic acid a yield of 50% 4- hydroxyhydrindene was

calculated. Again a trace of starting material was

obtained from these reactions.

b) 4- Hydroxy- 5- acetylhydrindene:

The ketone (0,50 g#) was refluxed for seven hours and

the diluted reaction mixture steam distilled. A pale

yellow residue was obtained which was filtered off,

recrystallised from methanol and dried (0,08 g.) m.p. 42 -

44°. M.m.p. with starting ketone 42 - 45°. Recovery - 16??.

The distillate was extracted with ether to give (0.28 g.)
of a phenolic oil which could not be crystallised. The
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aryloxyaeetlc acid was prepared and the yield of 4-

hydroxyhydrindene calculated from the yield of acid as

before (63%).

Yield based on 0.28 g. oil recovered * 74^,

The residue from the steam distillate also gave an

orange solid (10 ragms.) which was insoluble in the ether
?

extract and which darkened and decomposed above 150 .

Presumably it is a hydrobromic acid complex.

Twenty-four Hour Reflux: The ketone (1,12 g.)

gave 0.18 g. solid on steam distillation which again proved

to be starting material m,p« and m.srs?p. (16^). The

distillate, on ether extraction also yielded 0.65 g, of

a yellow oil which crystallised from petrol ether (40 -

60°) on standing (0.55 g.) m,p» 42 - 45°. When mixed

with the starting ketone immediate melting took place but a

o
mixed ra.p. with 4* hydroxyhydrindene gave 43 - 45 •

Yield based on 0,65 g, oil - Tf%

Yield based on 0,55 g* crystals - 65^

Yield from aryloxyacetic acid from

a similar reaction - 71/J

Again from this reaction the residue from the steam

distillation yielded a small quantity (10 - 15 mgms.) of

the complex mentioned above.



SUMMARYOPRESULTS: Ketone

ReactionTime (hrs.)

$YieldofPhenol

$Recovery ofketone

Basedon

Basedon

Basedon

oilrecovered
crystals

aryloxyderiv.
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SECTION II

Naphthalene Series

1. 1- Benzoyl- 2- methoxynaphthalene.

Reference: Woodham, Thesis Edin., p. 88 and 144.

This ketone was prepared by a Priedel-Crafts

reactionJ3 - naphthyl methyl ether (15 g.) in s-

tetrachlorethane at 25°. After removal of the solvent

by steam distillation the yellow oil obtained was distilled

above 360° at atmospheric pressure to give a yellow solid

(16,5 g.)« Sodium hydroxide extraction gave 0.5 g. (3$)
of 1- benzoyl- 2- hydroxynaphthalene m.p. 136 - 138°.
Lit. m.p. 141°. The remaining solid gave colourless

prisms from petrol ether (100 - 120°) of 1- benzoyl- 2-

methoxynaphthalene (14.5 g.) 58$ m.p, 122 - 124'. Lit.,

m.p. 126°.
Fission Treatment:-

The ketone (5.0 g,) was given a seven hour reflux with

glacial acetic acid and hydrobromic acid. On dilution of

the mixture with water a pinkish solid settled out, which

was extracted into ether and the ether extract in turn

extracted with (i) sodium carbonate - giving benzoic

acid (1.50 g.) - 65$.

(ii) sodium hydroxide - giving /3 - naphthol

(2.25 g.) - 80$.

The products were identified by m.p. and m,m,p. and

the ferric chloride test.
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2. 1- Benzoyl- 2- hydroxynaphthalene.

/3 - naphthyl benzoate (5.0 g.) was treated with

aluminium chloride (5.0 g.) in s- tetrachlorethane (20 ccs.)

at 100 - 120° for 22 hours. After decomposing the complex

with ice and hy irochloric acid the aqueous solution was

extracted with ether-benzene. The sodium hydroxide extract

of this gave an oil (3.0 g.) which, after treatment with

charcoal, was recrystallised from alcohol. It was evident

that a mixture of brown and yellow solids was present. The

separation was effected by their different solubilities in

petrol ether (80 - 100°) - the yellow solid being much more

soluble. Recrystallisation of the yellow solid produced

microcrystalline yellow needles m.p. 132 - 134°. Yield -

0.6 g. (12%)»

As a result of this small yield another method of

preparation was attempted applying the evidence that often

in Friddel-Crafts reactions, involving methyl ethers,

demethylation occurs. The reaction detailed in (l) above

was repeated but the mixture was heated at 100° for eight

hours or longer. With this treatment it was found that

the percentage of hydroxy ketone formed had risen to kO%.

Hydrobromic Acid Treatment:-

This ketone gave results similar to those obtained for

the corresponding methyl ether above.

3. 1- Acetyl- 2- hydroxynaphthalene.

References Braun and Witt, Ber., 1914, 47, 3216.

/3 - naphthyl methyl ether (10.0 g. - 1 mol.),

Sli"
-sf

bit'**'
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acetyl chloride (5«0 g. - 1 mol.) and aluminium chloride

(11,9 g. - 1.4 mole.) in dry benzene gave a yellowish

complex which gradually dissolved to produce a green

solution. After 2| hours gentle heating the complex was

decomposed aa usual and the benzene layer washed with water,

extracted with sodium carbonate ant! caustic soda. The

caustic extraction gave a yellow sodium salt which, on

cidifioation, deposited a yellow oil. This was solidified

by trituration in water - yellow rhombs from petrol ether

(60 - 80°) (5,2 g.) ic.p. 65 - 64°. Lit. - 64° (411?).

The original benzene solution provided a colourless

solid - recryntallised from petrol ether (60 - 80°) a,p. 105 -

107°. Lit. for 1- acetyl->3 - naphthyl acetate * 107°.
Yield - 1.20 g.

This ketone was also prepared by the Fries reaction on

ft - naphthyl acetate (Fries, Ber., 1921, , 711), but the
yields were small by this method (25 - 50*) • The product

was mainly starting ester. The use of aluminium bromide

gave no Improvement in the yield of ketone.

Fission Treatment:-

The methyl ketone (2,0 g,) after a seven hours' reflux

gave colourless crystals offt- naphth° L - 1.10 g. (68 ) from
water m.p. 121 - 122°. M.ro.p. - no depression.

Ferric chloride test (i)/3 - naphthol - green colour
in alcohol.

(ii) Ketone - dark: red colour in

alcohol.
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4. 1- Benzoyl- 4- methoxynaphthalene.

Reference: Fierz — David and Jaccard, Helv. Chim. Acta,

1928, 11, 1042.

oC- Naphthyl methyl ether (13.0 g.) (from oL- naphthol

In 60$ yield "by methylation with dimethyl sulphate) in s-

tetrachorethane (175 ccs.) was treated with benzoyl chloride

(12 g.) and aluminium chloride (12 g.). The resulting brown

oil wa3 distilled under high vacuum to give a green oil which,

on trituration with petrol ether (80 - 100°), deposited

lemon green needles m.p. 82 - 83°. Lit., - 83°. Yield -

12.5 g. (64$).

Hyurobromi.c Acid Treatment:-

1- Benzoyl- 4- methoxynaphthalene (2.0 g.) was refluxed

for seven hours with excess of the reagent mixture. A
o

colourless phenolic solid (0.60 g.) m.p. 91 - 93 was

obtained, which gave no m.p. depression when admixed with

- naphthol. Yield of oC.~ naphthol - 60$.

Benzoic acid was also found (0.43 g.) - 41$.

5. 1- Benzyl- 2- methoxynaphthalene.

Reduction of the corresponding ketone (3.0 g.)

by the Clemmensen method yielded a viscous oil. This was

treated with charcoal in acetone solution, the acetone removed

and replaced with benzene from which a sticky colourless

solid crystallised out. This solid, after washing with cold

ether and recrystallisation from benzene, had m.p. 79 * 82°.
Yield - 1.20 g. (40$),

Analysis: Found. 0-86,7; H-6.3
Required, C - 87.11 H -6.4
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Hydrobrocdc Acid Treatment;-

A seven hour treatment of trie methyl ether (0,50 g.)

produced a colourless solid which recrystallised as colourless

needles from petrol ether (60 - 80°) m.p. 112 - 113°,
Lit,, m.p, for 1- benzyl- 2- hydroxynaphthalene 112 - 115°.
Yield - 0.25 g. (52$).

6. 1- Benzyl- 4- hydroxynaphthalene.

The 1- benzoyl- 4- methoxy ketone (3.0 g,) in

glacial acetic (50 ccs.) was added to zinc (30 g.), /previously
treated with mercuric chloride (3 g.) and concentrated

hydrobhloric acid (2 ccs.) in water (50 ccs.)^hydrochloric
(35 ccs,), and water (15 ccs,). Toluene was added to provide

an organic layer, and the reaction mixture was refluxed for

thirty hours. The toluene layer was separated and dried

over sodium sulphate. The toluene was removed under vacuum

and lemon yellow crystals (2.30 g.) were obtained from petrol

ether (80 - 100°) m.p, 123 - 125°• Lit. m.p. for 1- benzyl-

4- hydroxynaphthalene 125 - 126°.
Demethylation had occurred during the reduction.

Hydrobromic Acid Treatment:-

The ketone (l.O g.) was refluxed as usual and the

diluted solution deposited reddish plates (0.7 g.) m.p.

105 - 112°. After several recrystallisations from petrol

ether the m.p, was raised to 120 - 123°. M.m.p. 118 - 121°
(with starting phenol.)

Recovery of starting material 60 - 70$.
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7. 2- Benzoyl- 3- hydroxynaphthalene.

Reference: C.A., 1929, 2187.

2- Hydroxy- 3- naphthoic acid wa3 methylated with

dimethyl sulphate (Holt et al., J.C.S., 1931, 374) in good

yield and the acid chloride was prepared by treating the

methosy acid (6.0 g.) in dry ether (20 ccs.) with a slight

excess of thionyl chloride and heating on a water bath for

three hours.

The acid chloride, dissolved in dry benzene (50 ccs.),

was added slowly (30 mins.) to a well stirred mixture of

aluminium chloride (5.25 g.) and benzene (50 ccs.). A red

solid settled out and the stirred mixture was kept at 70 -

80° for twelve hours, during which a constant evolution of

hydrochloric acid gas was noticed. Hie complex was

decomposed (ice and hydrochloric acid) and by heating on the

water bath all the solid material was dissolved in the benzene

layer which was separated and washed with water. Sodium

carbonate extraction removed unreacted acid (a trace was

found). After washing with water the benzene solution was

finally dried and the benzene removed to give a red solid

which was treated with charcoal in acetone. The resulting

yellowish solid was reciystallised from benzene m.p. 159 -

161°. Lit., 161 - 162° for 2- benzoyl- 3- hydroxynaphthalene.

Yield - 60?,.

2:4- Pinitrophenylhylrazone (by Brady's method):-

Orange miorocrystalline solid from tetralin m.p. 315 - 318°
Analysis: (i) Ketone - Pound. C-83«2;H-4.9

Required. 0-82.5 J H - 5.15
(ii) D.N.P. - Pound. N - 12.9

Required. N - 13.1
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Again demethylation has occurred during the Friedel-

Crafts reaction.

Reaction with Hydrobromic Acid: -

The hydroxy ketone (0.5 g.) was found to be very slowly

soluble in glacial acetic acid and a large excess of the

mixture had to be used (50 ccs. acetic with 20 ccs. acid).

Only after ten hours boiling had all the ketone dissolved,

during which the original yellow solution had changed to a

very dark brown colour. The reaction time was twenty-four

hours. After removal of some of the acetic acid by

distillation, yellow crystals settled out. The diluted

solution was then extracted with ethter and the ether

subsequently treated with (i) sodium carbonate (which gave no

benzoic acid on acidification) and (ii) caustic soda. The

caustic extract yielded an oily yellow solid which was

recrystallised from xylene to give macrocrystalline yellow

needles (0.40 g.) m.p. I58 - 162°. M.m.p. with starting

ketone - 159 - 161°. D.N.P. 316 - 318°.

Recovery of starting material - 80,?.

8. 2- (p- Methoxybenzoyl)- 3- hydroxynaphthalene.

Reference: C.A., 1929, 2187.

The hydroxy acid chloride (20.0 g.) of 2- hydroxy-

3- naphthoic acid /from thionyl chloride in dry petrol

ether (60 - 80°)_y^ nitrobenzene (50 ccs.) was added

slowly to a mixture of anlsole (10.8 g,) and aluminium

chloride (13 g.) over a period of one hour. The solutions

were cooled in ice during the addition. A red complex was
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immediately formed and the mixture was stirred for sixteen

hours at room temperature. Decomposition of the complex,

followed by removal of the solvent by steam distillation*

produced a yellow oil which was dissolved in ether and

extracted with carbonate and sodium hydroxide. The hydroxide

extract gave a yellow solid on acidification which was

recrystalliaed from alcohol (charcoal) - microcrystalline

yellow needles (22.0 g.) m.p. 132 - 134°. Lit., - 134°.
Yield 75$,

2:4- Dinitrophanylhydrazone:- red plates from

tetralin m.p. 290 - 293°.
Analysis: (i) Ketone - Pound. C-78.0;H-4»8

Required. C - 78.0 ; H - 4.8

(ii) D.N.P, - Pound. N - 12.6

Required. N «• 12.9

Hydrobromic Acid Treatment:-

(a) Seven Hours Reflux: The orange ketone (6.0 g.)
was allowed to cool and a yellow solid crystallised out

(5.8O g.). This was dissolved in ether aid extracted with

(i) sodium carbonate - yellow solid (0.3 g.) on

acidifioation - crystals from benzene m.p, 211 - 214°
(ii) sodium hydroxide - red oil on acidification - yellow

plates from benzene (4«90 g.) m.p. 130 - 133° •

D.N.P. - 290 - 292°.
This was recovered starting material. The acidic

portion was thought to be 2- hydroxy- 3- naphthoic acid

m.p. 222 - 223° but a mixed m.p. determination gave a

depression to 198 - 205°. So this compound was not 2-
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hydroxy- 3- naphthoic acid but it could have some of this

acid admixed (see below). Recovery of original ketone - 82%.

(b) Twenty-four Houtb Reflux: Prom the ketone

(5*20 g,) the same yellow solid (4.80 g.), soluble in

carbonate, was obtained m.p, 204 - 205°. The solid however
o

gave a D.N.P. m.p, 3I5 - 317 from tetralin and so the

original ketone has merely been demethylated.

The solubility of the ketone in carbonate is due to the

presence of two hydroxyl groupings in the molecule after

demethylation.

-

■ ■ - r 1
. ■

(e) To establish definitely whether there was any 2-

hydroxy- 3- naphthoic acid present in the carbonate extract,

several paper ohromatograms were run using a saturated

sodium chloride - n- butanol - pyridine solvent mixture.

The method employed was that of capillary ascent of the

organic phase. 2- Hydroxy- 3~ naphthoic acid, phenol and

the starting ketone were spotted separately on Whatman No.

41 paper. Beside this a mixture of all three and a separate

spot containing the carbonate soluble material were developed.

The development time was twenty-four hours. A good separati

of starting ketone and 2- hydroxy- 3" naphthoic acid was

obtained from the mixture although phenol could not be

identified under ultra-violet light. The solid from the

reaction mixture did not separate and no spot corresponding

to 2- hydroxy- 3- naphthoic acid was found.
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9. 1- Hydroxy-' 4~ naphthylldeneacetophenone.

Reference: Hill and Melhuish, J.C.S., 1935, 1161.

1- Hydroxy- 4- naph thaldehyde was prepared in

good yield according to t.he method of Adams and Levine

(J.A.C.S., 1913, *tl> 2377), by passing hydrochloric icid gas

through a well stirred solution of crude naphth.ol and

fused sine chloride in diy ether for two hours.

The aldehyde (8,5 g,) was added to a solution of 50%

ethanol (90 cos.) containing acetophenone (6,5 g,) and

potassium hydroxide (22,5 g.). The solution was heated at

95 - 100° for an hour and a half during which it became

deep red in colour.

It was cooled, acidified and extracted with ether

(3 x 30 ccs,). The ether in turn was shaken with sodium

hydroxide (3 x 15 ccs.) leaving any unreacted acetophenone in

the organic layer. Acidification of the alkaline extract

gave a brownish solid which was treated with charcoal in

alcohol to give brownish yellow needles on recrystallisation

(2.60 g.) ra.p. 216 - 217°. Yield - 20.

Analysis: (i) Ketone - Pound. C -82.6 ; H - 5.1

Required. C - 83.2; H - 5.1

(ii) 2:4- Mnitrophenylhydrazone -

Pound. N - 11,4

Required. N - 12.3

Hydrobromic Acid Treatment

The chalkone (1.55 g.) was dissolved in glacial acetic

acid (30 ccs,) and on addition of hydrobromic acid (20 ccs.)
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the solution immediately turned red in colour. After seven

hours reflux the diluted solution deposited a brownish red

solid which was insoluble in ether but soluble in chloroform.

Extraction with the latter yielded & deep purple solution

which was shaken up with:-

(i) Carbonate - no acidic material.

(ii) Sodium hydroxide - on acidification a

red oil was produced which eventually solidified to a solid

m.p. 91 - 93°« M.m.p. with oC. - naphthol ~ no depression.

Yield - 0.12 g. (it#).

The original chloroform solution was dried over sodium

sulphate and the solvent removed to leave a glistening

purple solid (0.8^ g.) which was soluble in glacial acetic

acid but practically insoluble in alcohol (pale red

solution). This was ohromatographed with chloroform as

solvent to give a recovery of 0,80 g. It was probably a

compound formed between the unsaturated side chain which has

been split off and hydrobromic acid or possibly a polymeric

compound formed from the side chain. It was not investigated

further.

10. 2- Hydroxy- 1- naphthylideneacetophenone.

(a) Waphthaflavylium ohloride - Hill and Melhuish (loc.
cit.).

To 2- hydroxy- 1- naphthaldehyde (5,0 g,) (from

/3- naphthol as above) in dry alcohol (25 ccs,) acetophenone

(3.5 g») w; s added and dry hydrochloric acid gas passed

through the solution for three hours with cooling in an ice/
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salt mixture. On standing for twenty hours a brown solid

settled out which was filtered off - (9.25 g.) m.p. 120 -

O •

124 which is the required chloride.

(b) 2- ghenylaaphthapyranol~ 4- ethyl ether.

The chloride (5.0 g.) was dissolved in alcohol

(100 ccs.) and 10fo sodium hydroxide (50 ccs.) added. After

standing for twenty-four hours a white solid (2.0 g.) settled

out from the red solution. It recrystallised from petrol

ether (40 - 60°) as colourless needles ra.p. 130 - 133°.
Lit,, 131 - 133°. 4 further portion of the ether (0.49 g.)

was obtained on acidification cf the alkaline reaction

mixture. Total yield - 2,4 g.

The ether (2.0 g.) was heated under reflux with

alcohol for thirty minutes to give the unsaturated ketone

(1.80 g.) as a brownish yellow solid - needles from aqueous

alcohol m.p, 143 * 144°.
Hydrobromic Acid Treatment

The reddish coloured solution of the ketone (0.30 g.) in

glacial acetic (15 ccs.) and hydrobromic acid (15 ccs.)

was refluxed for seven hours. On dilution of the cooled

reaction mixture, a chocolate brown solid was precipitated

which, after treatment with charcoal, gave yellowish green

crystals from dilute alcohol m.p. 129 - 135°. M.m.p. with

starting ketone 127 - 137°. This seemed to be impure

starting material. It was steam distilled but no -

naphthol was found in the distillate. The original reaction

mixture was also steam distilled but again nonaphthol was

obtained. On cooling the reaction mixture, orange crystals

(0,10 g.) settled out m.p. 188 - 192°.
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This treatment was repeated for twenty-four hours using

0.24 g. ketone and the reaction mixture was diluted and

extracted with ether. The brown solid which had settled

out was insoluble in ether. The ether extract pave no solid.

The brosm solid (0.18 g.) was filtered off and

recrystalliaed from water and a little hydrobromic acid (1CT-)
- the material being insoluble in pure water - to give orange

brown needles m.p, 188 - 191°.
Lassaigne test - positive for bromine

Analysis: Pound Br - 20.0

Required Br - 22.6 for naphthaflavy-

lium bromide (Cf^HL^OpBr)
The compound was soluble in boiling caustic soda to

give a red solution.

11, 1- (2*t3f- dimethoxybenzoyl)- naphthalene.

(a) 2*:5'- dimethoxyphenyl- 1- naphthylcarbinol.

- Naphthylmagnesium bromide was prepared from eC-

bromonaphthalene (11.8 g.) and magnesium (1,50 g.) in dry

ether (50 ces.).

2:3- Dimethoxybenaaldehyde (10.%.) was added slowly

in dry ether (25 cos.) to the stirred Grignard solution and

the reaction mixture was stirred for fifteen hours at room

temperature. It was finally heated for two hours under

reflux and decomposed by pouring on to ice and dilute

sulphuric acid. The ether layer was separated, washed with

water and dried over sodium sulphate. On removal of the
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solvent a colourless solid was obtained which recrystallised

from benzene-petrol ether (60 - 80°) or methanol as

elongated prisms m.p. 132 - 134°. Yield - 8.80 g. (52?')«

Analysis: Pound C - 77.7 J H - 6.2
Required C - 77.6 j H - 6.1

(f°r "WV
(b) Oxidation of the Secondary Alcohol.

i) Sodium Bichromate:- The alcohol (0.5 g,)

was dissolved in glacial acetic acid (20 cos.), which had

been redistilled from potassium permanganate, and a slight

excess of dichromate added. After heating for thirty minutes

the mixture was poured into water and the whole extracted with

ether (3 x 20 ccs. ), The ether was well washed with water and

carbonate to remove any acetic acid and the solvent removed

to give an impure oil (0.35 g.) which could not be crystallised.

However it gave a dinitrophenylhydrazone m.p. 293 - 295°.
The oil was chromatographed with petrol ether as

solvent and a colourless eluate yielded a yellow oil which

recrystallised from absolute alcohol (charcoal) as colourless

rhombs m,p. 79.5 - 80.5°. Yield 0.10 g. - 20^,

Analysis: Pound C - 77.6 ; H - 5.5
Required C - 78.0 ; H - 5. 5

(for 019H1603)

The oxidation was repeated in the cold for two hours but

again the alcohol only gave a 20^ yield of ketone.

ii) Chromic Oxide:- The alcohol (0.50 g.) with

chromic oxide (1.0 g.) when heated gently for thirty minutes
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in glacial acetic acid, gave the ketone (0.13 g.) which

solidified on standing.

iii) Aluminium Iaopropoxide;- To the alcohol (l.O g.

in dry benzene (100 ccs.), acetone (50 cos. - 200 mols.)

and aluminium isopropoxide (0.7 g. - 3 mola.) were added.

The pale yellow cloudy solution was refluxed for twenty-four

hours. On cooling, the solution was shaken with dilute

sulphuric acid, washed with water, dried and the solvent

removed to give a colourless solid (0.75 g. ) which proved

to be the starting material.

iv) Aluminium t-Butoxidei- The alcohol (l.O g, -

1 mole.) was refluxed with cyclohexanone (1.10 g. - 3 moles,

and aluminium tertiary-butoxide (1,0 g. - 3 moles.) in

sodium dried, sulphur free, xylene (50 ccs.) for fifteen

hours. The solution became deep yellow after three hours.

It was worked up as above to give the starting carbinol

(0.65 g.)

This oxidation was repeated with cyclohexanone

as the hydrogen acceptor but a reaction time of sixty hours

was employed. 0,5 g. Alcohol gave a recovery of 0.45 g«

With benzil as acceptor and a reaction time of

twenty-four hours the alcohol (0,5 g.) gave a little ketone

material (0.05 g.) (m.p. and m.m.p.).

The chromic acid method of oxidation was used

in a large scale oxidation of the carbinol (4.4 g.) to give

the ketone (0,92 g.) which was purified by chromatography

as before.

Yield - 21C
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Hydrobromic Add Treatments -

The ketone (0,50 g.) was refluxed for seven hours,

the solution changing from yellow to dark brown in this

time. The ether extract of the diluted reaction mixture

was itself extracted with:-

(i) Carbonate - no solid material on acidification

and ether extraction.

(ii) Sodium hydroxide - dark oil (0.32 g.) which went

solid on trituration with alcohol.

The oil gave yellow needles on crystallisation

from benzene m.p. 148 - 151° (0,22 g.).

The phenolic solid, in alcohol, gave a green colour

with ferric chloride.

Analysis: Found. C - 77.2 ;H - 4.8
Required. C - 77.2 j H - 4,6

(for 017Hl203)
The product from the reaction is therefore the demethylated

starting ketone.

12. 1- (2':4t?6l~ trimethylbenzoyl)- naphthalene.

The aeid chloride ofoC- naphthoic acid (1.95 )

(from the acid and phosphorous pentachloride without

solvent) was dissolved in nitrobenzene (20 ccs.) and

slowly added to a stirred solution of mesitylene (1,2 g.)
and aluminium chloride (1,5 g.) in nitrobenzene (20 ccs.).

The resulting green solution was allowed to stand at room

temperature overnight, decomposed as usual and the solvent

removed by steam distillation. On cooling, the solution

deposited pale yellow crystals (2.4 g.)• These were
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dissolved in ether and extracted with carbonate to give a

little oC - naphthoic acid (0,24 g.). The ether solution

was dried over sodium sulphate and the solid obtained was

reoiystallised from petrol ether (100 - 120°) - pale

yellow prisms m,p, 158 - 159.5°.
Yield - 1.94 g. (60$).

This compound would not give a dinitrophenylhydrazone

derivative by the Allen or Brady methods even when reflux

times up to two hours were used.

Analysis: Found. C - 86,8 ;H - 6.7
Required* C - 87.6 j H * 6.5

<f3r Vl80)
Hydrobromic Acid Treatment;-

(i) Seven Hour Reflux;- The ketone (0.5 g.) was

difficultly soluble in glacial acetic acid so a good excess

was used with hydrobromic acid (30 ces,). Yellow crystals

settled out, on cooling the reaction mixture, and these

were filtered off and washed with water (0.43 g.) n>.P.

158 - 159°. M.m.p. with starting material 156 - 158°.
The compound was recryatalliaed from glacial acetic acid.

Recovered ketone - 84$.

(ii) Twenty-four Hour Reflux;- This gave an 80$

recovery of the original ketone.

13. 5:8- Dimethoxy-oC - tetredone,

The starting material used was hydroquinone

dimethyl ether which was prepared in 93$ yield by methylation

of the phenol with dimethyl sulphate (Bogert and Iiowells,

J.A.C.S., 1930, 52, 840).
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a) 2:5- Dlmathoxybanzoylpropionio aold:-

The ether (16.6 g.) and succinic anhydride (12 g.)

were dissolved in nitrobenzene (50 ccs.) and aluminium

chloride added in small amounts (4 x 0.7 g.) over thirty

minutes. After standing at room temperature for forty-

eight hours, the reaction mixture was decomposed with ice

and dilute hydrochloric acid and the solvent removed by

steam distillation. The solid material left was extracted

with ether which was in turn extracted with carbonate.

The brown carbonate solution (100 ccs.) was treated with

charcoal for thirty minutes, filtered and acidified on

cooling to give a brown 3olid (24 g.) ®.p. of crude

material 100 - 103°. Lit. 10?°.
b) 2:5- Dimethoxyphenylbut.yric acid:-

Clemrnensen reduction of the crude keto acid

with amalgamated zinc and hydrochloric acid for thirty

hours gave a brown oil from the toluene layer (15«5 g.) -

80$.

c) Ring closure to 5;8- aimethoxy- oC-tetralone;-

Phosphoric acid (300 g.) and phosphorous
pentoxide (280 g.) were heated on a water bath for fifteen

hours the mixture being protected from moisture by a

calcium chloride tube. The butyric acid (6.50 g.)

was added to the resulting solution and the heating

continued at 100° for thirty minutes. After allowing the

red solution to cool it was poured into a mixture of ice

and water (700 g.) and the whole extracted with ether

(3 x 50 ccs.). This ether extract yielded a small amount of
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a sticky solid material from the carbonate extraction.

Sodium hydroxide extraction showed, hy the absence of any

organic material on acidification, that no demethylation

had occured during cyclisation.

Removal of the ether, after drying, gave a "brown oil

(4.50 g.) which was chromatographed on an alumina column

(30 x 1 cms.). The oil was added in benzene solution and

subsequent development carried out with a mixture of

benzene and petrol ether (60 - 80°) (1:1).

Several fractions were collected

Fraction i) Colourless eluate - (blue fluorescence

under ultra-violet light.) Removal of the

solvent gave a small amount (0,20 g.) of a

colourless oil which could not be crystallised,

ii) Pale Yellow eluate - this gave pale

yellow crystals on standing m.p. 58 • 60°
whioh were recrystallised from benzene-

petrol ether (60 - 80°) m.p. 59 - 60°
(4.03 g,). Yield - 68t.

2:4- Mnitrophenylhydrazone: an immediate copious red

precipitate was obtained which recrystallised from glacial

acetic acid as bright red needles m.p. 234 * 235°.
Analysis of ketone and D.H.P,

i) Ketone: Found C - 70.4; H - 6.7
Required C • 69.9 ; H • 6.8

(for C^Oj)
ii) D.N.P.: Found N - 14.7

Required N - 14.5

Attempted Fission of the Tetralone derivative.

The ketone (0.30 g.) was treated as usual with excess
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of reagent and the solution boiled for twenty-four hours.

The ether extract of the diluted solution was extracted

with i) Carbonate - a trace of material was obtained

which could not be solidified,

ii) Sodium Hydroxide - acidification gave a

/V o
lemon yellow solid (0.20 g.) m.p. 183 - 184 ,

- crystals from aqueous alcohol.

D.N,P. - red needles from dilute acetic acid m.p.

278 - 280°, The oil from the carbonate extract also gave

this D.N.P. derivative suggesting that this compound

recovered is the corresponding 5:8- dihydroxy- oC -

tetralone (the solubility in carbonate being due to the

presence of the two hydroxy1 groupings).

AnaLysis: i) Ketones Found C - 67.8 ; H - 5,6
Required C - 67.4 J H - 5.6

(for C10H1003)
ii) D.N.P.: Found N - 15.3

Required N - 15.6

14. 1- Benzoyl-/3 - nanhthyl phenyl ether.

a) /3- Naphthyl phenyl ether.

Reference: Ollmann and Sponagel, Ann., 1906, 350»

/3 • Naphthol (30 g.) was added to caustic potash (10.5 g

and the solid mixture heated to 200° on an oil bath for

thirty minutes to ensure the complete removal of water.

Bromobenzene (24 g.) was added arri the temperature raised

to 240° for two and a half hours after the addition of 0.1 -

0.15 g. copper bronze catalyst, The dark reaction mass

was distilled under high vacuum and several fractions
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were collected

i) Unchanged bromobenzene

ii) " /3 • naphthol

iii) Phenyl ether as a colourless solid (3.80 g.)

m.p» - U6°. Lit. 45°.
This method was very crude and yields of the ether

were very poor.

b) 1- Benzoyl- /3- naphthyl phenyl ether.

The ether from a) (3.8 g.) was dissolved in

carbon disulphide (25 cos.) and aluminium chloride (2.1 g.)

added. Benzoyl chloride (2.49 g.) in carbon disulphide

(15 cos.) was slowly dropped in and the red solution was

well stirred, left at room temperature overnight, and then

heated gently for two hours. After decomposing the complex

with ice and hydrochloric acid, followed by gentle heating

on a water bath, the organic layer was separated and the

aqueous layer extracted with ether. The two organic

layers were then combined and extracted with carbonate, A

little benzoic acid was recovered. Sodium hydroxide

extraction gave no organic material.

The ether-disulphide mixture was washed well with

water, dried and the solvent removed. The red oil

obtained could not be crystallised (4.50 g. )• Neither a

dinitrophenylhyirazone nor an oxime could be prepared.

The oil was chrcmatographed in benzene-petrol ether

(60 - 80°) to give a. pale yellow viscous oil which failed

to crystallise.

Analysis: Pound C - 84.1 J H * 5.1
Required C - 85.2 ; H - 5.0

(for 02JH16O2)
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Distillation of this oil gave a colourless solid which melted

at 35 - 38° but which analysed reasonably well for ft -

naphthyl phenyl ether.

On standing in the refrigerator for two months the

oil showed signs of crystallising, a few colourless crystals

appearing.

Hydrobromic Acid Treatment:-

The oil from the above reaction (0.60 g.) was treated

in glacial acetic acid (25 ccs.) and hydrobromic acid

(15 ccs.) for three hours. After most of the acetic acid

had been removed, the remainder was poured into water

(50 ccs.) and a yellow emulsion was formed. This was

extracted with ether (3 x 20 ccs.), washed and the ether

extracted with:-

i) Carbonate - yellowish solution on acidification

which, on extraction with ether and removal of

the solvent, gave a trace of colourless solid

m.p. 112 - 116°. Recrystallised from water m.p.

116 - 119°. M.m.p. with benzoic acid 118 - 120°.
ii) Sodium hydroxide - trace of phenolic solid

on acidification and extraction. The solid was

oily and could not be recrystallised. It

melted over the range 85 - 105° and was probably

/3 - naphthol.

The original ether solution was washed and dried. It

gave a reddish oil (0.38 g.) which showed signs of crystalli¬

sation on cooling in a cardice/acetone mixture. The oil

was chromatographed on a column (30 x 0.5 cms.) and eluted

with benzene-ethyl acetate (9^) to give a yellowish red oil
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which cxystallised, on standing, as colourless stout prisms

m,p, 165 - 168°, Recovery - 0,22 g, Recrystallisation,

after charcoal treatment, gave prisms from petrol ether

(60 - 80°) m.p, 169 - 171° which were analysed,(see below),

She alumina column was stripped with a benzene-

ethyl acetate mixture (l:l) to yield a dark yellow oil

which crystallised on standing (0.08 g») m.p. 166 - 170°
and is apparently the same compound as that melting at

169 - 171° (M.m.p. - no depression).
The colourless solid gave no D.N,P. derivative

(Brady and Allen methods) and contained no bromine

(Lassaigne Test).

Analysis: Pound C * 84.4 ; H - 5.2
Required C - 85.2 ;H - 5*0

(for starting material)
Vl6°2

This compound is therefore the starting material.

A repeat of this reaction for five hours gave the same

colourless solid with a trace of benzoic acid and a trace

of impure phenolic material.

After twenty-four hours treatment the solid was still

recovered in 70 - 75r- yield with the usual trace of benzoic

acid and a phenolic portion which was identified 8,3 /3 -
o

naphthol by stem distillation m.p. 112 - US . M.m.p.

115 - 118°.
Hiosphoric Acid Treatment of the Ketone?-

Treatment of the oil with phosphoric acid in glacial

acetic acid was carried out for twenty-four hours. The

oil (0,92 g,) in a mixture of ohosohoric (10 ccs.) and

glacial acetic,(30 ccs.) gave a dark red solution which
/ f
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was worked up in the usual way. The diluted reaction

mixture yielded a trace of benzoic acid (10 mgms.) and a

little oily phenolic material which crystallised on standing

and gave m.p. 110 - 116°. M.m.p, 110 - 114°.
This is presuoably some impure - naphthol again.

15. Treatment of 1- Benzoyl- 2- methoxynaphthalene with
other reagents.

a) Hiosphoric Acid.

i) 0ny3- naphthyl methyl ether:- Excess pure

phosphoric was refluxed with the methyl ether (1.50 g.)
for seven hours. /3 - Naphthol (1.10 g.) and a little

ether (0.15 g#) were recovered.

With a concentration of one part phosphoric acid to

3 or 4 parts glacial acetic acid no demethylation occurred

when 4.0 g. of methyl ether were treated for the same time.

The ether (3.70 g.) was recovered.

il) On 1- benzoyl- 2- methoxynaphthalene:- The

ketone (l.O g.)was refluxed with a mixture of glacial

acetic acid (35 ccs.) and phosphoric acid (8 ccs.) for

seven hours. The ether extract of the diluted solution

was extracted with A) Sodium Carbonate - benzoic acid

(0.34 g.) - 74- - r&s obtained on

acidification.

B) Sodium Hydroxide - /3 - naphthol
(0.30 g.) - 55^.

The original ether solution gave a brown oil which

crystallised on seeding withnaphthyx raethyl ether

(0.13 g.) - ro.p. 69 - 71°. M.m.p. 68 - 72°.
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This reaction was repeated using phosphoric acid

(4 ccs.) in acetic acid (35 cos.) and after seven hours no

/3 - naphthol was recovered. The methyl ether m.p. JO - 72°
was obtained in 62"r yield.

b) Sulphuric Acid.

1- Benzoyl- 2- methoxynaphthalene (l.O g.)

was dissolved in glacial acetic acid (20 ccs.) and concentrated

sulphuric acid (l cc.) was slowly dropped into the solution

with freouent shaking. The pale orange solution was

refluxed for thirty minutes to give benzoic acid (0.20 g.) *

441 - and a neutral fraction which was chromatographed in

benzene-petrol ether (60 - 80°) (1:1) on a neutral alumina

column (25 x 1 cms.) to yield colourless crystals (0.30 g.) -

4#> m.p. 70 - 72°. M.m.p. - no depression (with/3 -

naphthyl methyl ether),

c) Dichloracetic Acid and Hydro!roralc Acid.

To correlate treatments with this acid and

acetic acid the reactions were carried out at the same

reflux temperature (118 - 120°) in an oil bath.

The ketone (3*50 g.) was dissolved in dichloracetic

(20 ccs.) and hydrobromic acid (15 ccs.) added. The

dark red solution was heated on an oil bath for one hour

and worked up as usual. Benzoic acid (381) andy3 -

naphthol (k&fo) were produced.

By comparison, similar treatment for one hour using

3*50 g. ketone, glacial acetic acid (20 ccs.) and

hydrobromic acid (15 ccs.) gave benzoic acid (20f1) andy3 -

naphthol (1#?.)• The starting ketone was recovered from
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the neutral ether extract (1.60 g.) » 46$, So the

reaetlon is faster with the stronger diehloraeetic acid.



SECTION IV

Fhenanthrone Series, etc.

1. 9- Hydroxy- 10- benzoylphenanthrene.
f ■ , " -v. ' • f

a) 9- Methoxyphenanthrene.

Reference: Pieser at al., J.A.C.S,, 1936,

^8, 2163.
Attempts to prepare this compound by the bromination

method of Pieser gave very small yieldB of 9-

hydroxyphenanthrene and the method of Schultz et al«,

J.A.C.S., 1940, 62, 2902 was therefore used.

Freshly distilled fluorenone (32.0 g.) was dissolved

in pure diethyl ether (d. 0,717) (100 ccs.) and methanol

(200 ccs.). Sodium carbonate (3.0 g,) was added and a

solution of nitrosomethylurethane in methanol (50 ccs.)

slowly run in, over a period of two hours, to the stirred

and cooled solution (below 30°). After sixty hours the

solution was concentrated to give a brown syrupy mass.

Previous attempts to isolate the product of the ring

enlargement, 9- methoxyphenanthrene, by picrate formation

and subsequent decomposition, gave only small yields.

This syrup was therefore dissolved in benzene and added to

a column of alumina (40 x 2"). The column was washed with

a mixture of equal parts benzene and petrol ether (60 - 80°)
to give the crude methoxy compound (23 g»). This was

recrystallised from methanol - colourless glistening needles

(20,1 g.) - 54$. M.p. 93 - 95°. Lit. 93 - 94°.
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The yield is much larger by this method and the

product extremely pure after one recrystallisation.

b) Attempted preparation of 9- methoxy- 10-
benzoylphenanthrene.

Attempts to prepare this ketone from the

corresponding 9- methoxy- 10- phenanthrenecarboxaldehyde,

by oxidation to the 10- acid and subsequent Priedel-Crafts

reaction with benzene were abandoned because of the small

yields of carboxylic acid obtained from the permanganate

oxidation (10?»). Another method of synthesis tried was

that by a Grignard reaction between the aldehyde above and

phenylmagnesium iodide. However only demethylated

aldehyde was recovered.

The preparation was then achieved quite simply by a

Fries reaction on the benzoyl derivative of 9-

hydroxyphenanthrene.

°) 9- Hydroxyphenanthrene.

Reference: L. Fieser, loc. cit.

The methoxy compound a) (15.0 g.) was dissolved in

glacial acetic acid (75 ccs.) and hydrobromic acid slowly

added. The brown solution was refluxed for two hours to

give 10.6 'g. - 80 of the demethylated compound - salmon

pink needles from benzene m.p. 153 - 155°. Lit., 155°.
d) 9- Hydroxyphenanthrene benzoate.

Reference: Werner, Ann., 321. 302,

The phenol (3.0 g.) when treated with benzoyl

chloride in pyridine gave the ester (3»42 g.) - 74"° -

pale yellow crystals from alcohol m.p. 95 " 96°.
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e) 9- Hydroxy- 10- benzoy lpheranthrene.

The benzoate (3.30 g«) was dissolved in

nitrobenzene (50 ccs.), 10 - 11 g. aluminium bromide added

gradually, and the mixture left at room temperature for five

hours. After decomposition, and removal of the solvent,

a brown oil was obtained which, on extraction with alkali

and acidification, gave a dark yellow viscous oil.

Trituration in alcohol yielded yellow crystals which were

recrystallised from alcohol - lemon yellow needles (0,89 g.)
- 21% m.p. 138 - 139°.

^his experiment was repeated employing a two hour
o

heating period at 100 but essentially the same results were

obtained (30- ketone).

Analysisl Pound C - 83.8 }H - 4.9
Required C - -84.5 » H - 4.7

(far C2lV>2)
Fission Treatmentt-

The ketone (0,37 g.) was refluxed for two hours and,

after removal of some acetic acid by distillation, the

reminder was poured into water to give a pink solid which

was filtered off, washed and dried. This compound

recrystallised from benzene as pink needles m.p, 152 - 154°.

M.m.p, with 9- hydroxyphenanthrene gave no depression.

Yield - 0.20 g, - 75Jg.

This treatment was repeated with 0.47 g. ketone and

the reaction mixture allowed to stand at room temperature

for forty-eight hours. Lemon yellow crystals settled

out, and they were filtered off through a sinter glass

filter and dried, M.p. 137 » 139° • 0.30 g, starting

material.
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Water was added to the filtrate and the solution

extracted into ether. This ether was shaken up with

carbonate and the carbonate extract acidified. No solid

was obtained but ether extraction of the acidified solution

gave a brownish residue which yielded a few colourless

needles from water m.p, 118 - 121°. M.m.p. with benzoic

acid 119 * 121°. The hydroxide extract of the original

ether solution yielded a brown solid (0.05 &») which

recrystallised from alcohol as yellow needles m.p. 115 -

122°. M.m.p. with starting material 110 - 118°. The

depression indicates the presence of some impurity such as

9- hydroxyphenanthrene which must be formed when benzoic

acid has been formed.

^rv/
2. 9- Hydroxy- 10- acetylphanthrene.

a) 9- Hydroxyphenanthrene acetate.

This was obtained by refluxing 9- hydroxyphenan-

threne with acetic anhydride - colourless needles from

petrol ether (60 - 80°). M.p. 77 • 78°.
b) 9- Hydroxy- 10- acetylphenanthrene.

Reference! Mosettig and Burger, J.A.C.S.,

1933, 2981.

This ketone was prepared in the same way as the benzoyl

analogue above by treatment of the acetate (2.4 g.) with

aluminium bromide in nitrobenzene. The solution was kept

at room temperature for two and a half hours. The yellow

oil obtained was triturated in methanol to give yellow

needles (1.15 g«) - 48# 96 - 97°» Lit. 97°»
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Fission Treatment:-

The reddish coloured solution containing the methyl

ketone (0,50 g.) dissolved in glacial acetic (15 ces.)

and hydrchromic acid (15 ccs.) was refluxed for two hours

and seme acetic acid removed (10 ccs.). When the solution

was allowed to cool pinkish coloured crystals settled out.

These were separated, washed and dried (0,35 g.). They were

recxystalliaed from benzene (0,30 g.) m.p. 154- - 155°*
M,m.p. with 9- hydroxyphenanthrene gave no depression.

Yield - 75?S.

This treatment was repeated with 0,50 g. ketone, the

solution being allowed to stand at room temperature for

twenty-four hours. Water was added (50 ccs.) and the

brown crystalline solid which formed wa3 filtered off

(0.39 g») m.p« 150 ** 152°. - no depression.
o

Recrystallisation raised the m.p. to 155 •

Yield - 0.35 g. -88$,

3. 9- Benaoylphenanthrene.

Reference: Bachmann, J.A.C.S., 1934, 56. 1365.

After unsuccessful attempts to prepare this ketone from

the Grignard reaction between 9- phenanthrylmagnesium

bromide and cyanobenzene in ether-benzene as solvent it was

eventually synthesised using benzene only. A colourless

complex was obtained when ether and benzene were employed

together. This complex was more soluble in benzene

however and so the complex was kept in solution with this

solvent. With ether-benzene a yellow solid 'was obtained

b *1
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which would not form the required ketitnide hydrochloride.

Griguard Reaction in benzene:-

9- Bromophenanthrene (10.0 g.) was dissolved in

dry benzene (40 ccs.) and magnesium (1.Q5 g«) aided. The

reaction was initiated by the addition of an iodine flake

and gentle heating. The Grignard solution was refluxed

for twelve hours and then cyanobenasene (4.0 g.) was slowly

added in a solution of dry benzene (20 ccs.). After

heating for an hour the colourless complex settled out hut

it was dissolved by adding more benzene (150 ccs.). The

reaction mixture was worked up by hydrolysing with dilute

acetic acid and then shaking the benzene layer with

concentrated hydrochloric acid to give a greenish ketimide

hydrochloride. This was filtered off and boiled up with

water for an hour to produce an almost colourless oil

which was extracted with ether and dried. The oil was

chromatographed in benzene-petrol ether (1:1) to give a

colourless oil.

This oil gradually solidified on standing to give

colourless elongated prisms. lecrystallisation was

carried out using petrol-ether (U-0 - 60°) m.p. 79 " 80°.
o

Lit. m.p. 89 • The solid failed to give a

dinitrophenylhydrazone derivative.

Analysis: Pound C - 89.0 ; H - 5*0
Required C - 89.0 j H - 5*0

(for CaV»
An attempt to prepare this ketone from the Grignard

between 9- cyanophenanthrene and bromobenzene failed.

Another method tried was the synthesis of the
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corresponding alcohol from 9- bromophenanthrene and

benzaldehyde, The alcohol could not be oxidised to the

ketone however. Potassium dichromate and chromic oxide

gave 9:10- phenanthraquinone. Aluminium isopropoxide and

acetone, and manganese dioxide in light petroleum gave a

recovery of the carbinol only. The ketone failed to give

any fission products,

4. 9- Benzoyl ehenanthrene.

Reference: Cook, J.C.S., 1926, 1284.

The ketone (1.0 g.) (obtained from anthracene by

treatment with benzoic anhydride and aluminium chloride)
was refluxed for seven hours. However, after two hours

one half of the reaction mixture was removed. A yellow

solid was precipitated when the acetic acid was being

removed. The ether extract of the diluted solution was

extracted with carbonate but no acidic material was found.

The original ether extract yielded a yellow solid (0.34 g.)

m,p. 140 - 144°. M.m.p, with starting ketone-no depression.

The remaining, half of the reaction mixture was

investigated after seven hours. Again no trace of benzoic

acid could be found. The ether extract gave 9-

benzoylanthracene back (0.42 g.) m.p. and m.m.p,

Total recovery - 0.76 g. (76^).
The reaction was repeated with 0.60 g, ketone in a

twenty-four hour reflux period. Benzoic acid (0.20 g.) -

77!% -was recovered. The ether extract gave a brownish-

yellow solid (0.40 g.) which melted over the range 180 - 200°.
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This solid was chromatographed on a column (30 x 1.5 cms.)*

The solid was added in benzene and elution carried out

with benzene-petrol ether (60 - 80°). The column separated

into a pale yellow, slow moving band, which gave no

fluoresoence in ultra-violet light, and a faster moving

band, colourless in ordinary light but giving a strong blue

fluoresoence in ultra-violet.

Two main fractions were obtained:

i) Benzene-petrol ether (1:4) ** very pale yellow eluate

which yielded an almost colourless solid

(0.28 g.) m.p. 208 - 211°. M.m.p. with

anthracene 207 - 210°.

Bright red trinitrobenzene complex m.p, 162 -

163°. Lit. 163°.
Yield - 72^ anthracene.

ii) Benzene-petrol (l:l) - yellow eluate obtained which

yielded a pale yellow solid (0,07 g.) m.p.
o

140 - 142 . M.m.p. with starting material -

no depression.

Recovery of ketone - 12^.

5. 1- Quo- 4- caxboxy- 1:2:3:4- tetrahydrophenanthrene.

1.0 g, of this cyclic ketone was treated with

excess of the reagent mixture for twenty-four hours. The

diluted solution gave a solid which was extracted into

ether (3 x 30 ccs,). The acidified carbonate extract gave

a colourless solid which was recrystallised from alcohol
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as colourless rhombs (0.85 g.) m.p. 196 - 198°. M.m.p.
o

with starting material 197 - 200 .

The original ether extract of the reaction mixture

yielded a small amount of impure starting material (0.05 g.)

m.p. 194 " 198°.
Recovery - 0.85 g. to 0.90 g. - 85 to 90^.

6. 1:3- Dihydroxyxanthone.

Reference: Hishikawa and Robinson, J.C.S.,

1922, 839.

a) Salicyl nitrile.

Attempts to dehydrate the oxime of

salicylaldehyde with phosphorous pentoxide or thionyl
chloride failed. However dehydration was achieved by

heating with acetic anhydride for five hours. This gave

the acetylated nitrile which was hydrolysed in 86% yield

with sodium ethoxido to give saLicyl nitrile m.p. 96 - 97°.
b) 2:2':4:6- Tetrahydroxybenzophenone ketimine.

The nitrile (8.8 g.) and anhydrous phlorogluci-

nol (by heating the hydrate at 110° for two hours) (10.0 g.)

were dissolved in dry ether (150 ccs.) and dry hydrochloric

acid gas bubbled through the solution for sixteen hours.

The flask was stoppered and left for three weeks before

the red oil, which had settled out, became solid. It was

filtered off and boiled with water to give a dark red

solid (4.5 g.)«

c) 1:3- Dihydroxyxanthone.

The dark red solid (3.0 g.) was dissolved in
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dilute sodium hydroxide (f$) and kept at boiling point

until the evolution of asnonia had ceased. After cooling,

acidification gave a gelatinous precipitate which

crystallised from aqueous alcohol as orange-yellow feathery

needles m,p, 257 - 259°. Lit. 259°. Yield - 1.70 g.

^he xanthone gave a yellow solution with concentrated

sulphuric acid which exhibited the characteristic blue

green fluorescence of this compound.
o

Diacetyl derivative - m,p. 144 - 145 - colourless

needles from dilute alcohol.

Hydrobromic Acid Treatment

The xanthone (0.50 g.) was refluxed for seven hours.

On removal of same acetic acid a solid began to settle out.

This was filtered off - crude m.p. 254 - 257° (0.48 g.).

Becrystallisation from alcohol gave pale yellow needles

(0,41 g*) m»P» 256 - 258. M.m.p, - no depression.

Recovery - 805? of pure material.

A twenty-four hour reflux period gave a similar result

(75 - 8<$).



SECTION V

Quantitative Work on 1- Benzoyl- 2- hydroxynaphthalene.

The purpose of this work was to obtain, by

spectrophotometric methods, an idea of the order and rate

of the reaction, its duration and the effect of acidity on

the reaction velocity.

The spectral measurements were obtained by using the

Unicam Spectrophotometer, the solutions being contained in

fused quartz cells. Preliminary work was carried out to

find out whether the concentrations of the products and the

starting ketone could be followed as the reaction proceeded,

i.e., the decrease in concentration of the ketone and the

consequent increase in concentrations of - naphthol and

benzoic acid produced during the fission process. Therefore

the spectra of all three compounds had to be determined

ieparately and examined to see what effect they might have on

each other in the reaction medium.

Tliis method of quantitative analysis makes use of the

Beer-Bouger Absorption Law which states that absorbance or

optical density is proportional to concentration and that

absorbances of the components of a mixture are additive.

The analyses of two component mixtures are fairly simple

but the calculation becomes more complicated for a three

component mixture. First of all the spectrum of each

compound present has to be determined and compared with the
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others to decide which wavelength value will give a strong

absorption and at the same time have little or no interference

from the absorbances of the other two components, Ihen

this has been decided the optical densities at each of these

wavelengths have to be measured for each component in the

mixture, i.e., three absorbance values are measured using

a standard solution of each component giving nine values in
,

all. These values are divided by the appropriate concent¬

rations to give the nine "calibration coefficients" for

the three simultaneous equations used to calculate the

concentrations of each component in an "unknonm" mixture.

The equations used for the three component mixtures are as

follows (cell width 1,00 cms.):-

£t A* = ^■rci

ih-Ay: fly = c5ir 'C*+'£yy'C'/+

ft* hi.- s fsfc*+ c^-Cy+c*7'Ci
The values are calibration absorbances obtained on the

c

three pure substances at concentrations C . The f\
values are absorbances obtained on the unknown mixture at

the three wavelengths and the C values are the

concentrations to be calculated,

the 'three suitable wavelengths chosen
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from the "pure" or individual spectra. AyY)
are the absorbance values for the three compounds at the

positions of least interference. i* the absorbance

of component \j at the wavelength chosen for component Y
("ij. " indicates that this is a correction due to the
interference of y ). Similarly for etc.

The values of Q which are obtained are in gms./litre.

The spectra (log £ plotted against A) of 1- benzoyl- 2-

methoxynaphthalene and 1- benzoyl- 2- hydroxynaphthalene are

shown in Pig, I. They are, as expected very similar in

form and both are rather unremarkable and flat. However,

when the spectrum of the second substance is plotted using

"absorbance" against wavelength the curve has the form shown

in Pig. II with distinct maxima and minima instead of the

broad bands of Pig „ I in which the maxima are obscure.

This appearance of sharp, distinct bands is a useful

feature for this quantitative work. The compound used

in this work was 1- benzoyl- 2- hydroxynaphtha1©ne because

the corresponding methoxy compound would add further

complications as a result of the primary demethylation

reaction. The spectra of- naphthol and benzoic acid

are also given in Pig. II.

The following maxima were observed:

Wavelengths in millimicrons
Ketone /3- naphthol Benzoic Acid

250 264 248

330 274 275

365 329
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Comparing the three separate speotra given in Pig* II

it is evident that the wavelength where the absorbance due

to the ketone should be measured is at the maximum value

365 millimicrons. At this value the interference due to

benzoic acid is zero and that due to^3 - naphthol is practically
zero. So the absorbance value measured will be due almost

completely to the ketone. It follows that th© concentration

and changes in concentration of the ketone ought to be

measured with a high degree of accuracy. That this is so

will be shown later.

Although the absorbance due to^ - naphthol is much

greater at 274flyt, there is interference from both the
ketone, which is absorbing strongly at this wavelength, and

benzoic acid which has a maximum at 275*yi* Results
showed that this was not a good value for calculations.

The other maximum absorbance value (329*»y) has no
interference from benzoic acid but a fairly strong inter¬

ference from the ketone. This was found to be the better

position for measuring concentrations of the phenol. The

maxima for benzoic acid are quite distinct but unfortunately

they correspond closely with a much more strongly absorbing

maximum of the ketone (250) and of the phenol (274). So

it would appear that the concentrations of the acid in the

three component mixtures will not be determinable to any

high degree of accuracy. This in fact was so (see results

for two and three component mixtures Tables 2 and 3). The

value of 280ttyx, was found to be the best wavelength for
the measurement of absorbance values. Although there is no
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maxiBum at this value it is the position of least inter¬

ference from either ketone or phenol. All the spectral

work was carried out in A.B glacial acetic acid, and 4-8"^

hydrobromic acid. The "solvent" cells were filled with the

same mixture of solvents, care being taken that the relative

concentrations of hydrobromic acid in the "solvent" cell

and the cell containing the solute, were the same.

Several determinations were carried out using solvent

(containing glacial acetic and hydrobromie acids) which had

been refluxed for the same times as the reaction mixture

medium. However this was found to be unnecessary because

the same optical density readings were obtained using an

untreated solvent mixture.

Summary of results on standard mixtures.

Table 2. Two Component Mixtures

Ketone /3 - naphthol Benzoic Acid

Cone, in
gms./litre

Cone, in
gms./litre

Cone, in
jpis./litre

Pound Actual Pound Actual Pound Actual

1. 0.0488 0,04-85 0.0361 0.0360

2. 0.0549 0.0548 0,0433 0.0430

3. 0.0422 0.0399 0.1134- 0,0903

4-. 0.0592 0.0581 0,0625 0.0573
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Tabla p. Three Component Mixtures

Ketone - Kaphthol Benzoic Acid

Cone, in
gms,/litre

Gone, in
gms./litre

Cone, in
gms./litre

Pound Actual Pound Actual Pound Actual

1. 0.0250 0.0250 0.0580 0.0439 0.0378 0.0335

2, 0,0555 0.0557 0.1317 0.1288 0.0274 0.0229

3. 0.0542 0.0536 0,0228 0.0216 0.0334 0,0405

4. 0.0570 0.0572 0,0548 0.0648 0.0523 0.0579

These results show that the concentration of ketone

in all the mixtures studied can be accurately determined,

the error being of the order 0,2 - 0«2g^. However, there

is a considerable decrease in accuracy in the case of/3 -

naphthol. In the two component mixtures of# ~ naphthol and

ketone the concentrations of both are fairly accurate but

with two component mixtures of the phenol and benzoic acid

the accuracy in determining the concentration of phenol has

fallen and the concentrations of benzoic acid, as measured,

do not correspond at all well with the known concentrations

of acid added. As mentioned earlier, this is to be expected

because of the much more strong ketonio and phenolic

absorptions in this region of the spectrum. Attempts were

made to increase the accuracy of the values measured for

the acid by using absorbance values at wavelengths 21+8, 270

and 274 millimicrons but the values given (at 280awere

the most accurate. The absorbance values obtained for 248

were of no use primarily because of the strong interference

of the ketone and also because the actual optical density

readings from the instrument were found to be much less
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accurate and difficulty was observed in trying to reproduce

them. At wavelengths below 255«y*> excessive slitwidths
and the lowest sensitivity had to be employed to give

reasonable readings. This difficulty is due, of course,
. , .

to the polar nature of the solvent used. Absorption readings

could not be obtained below 225 - whereas in solvents

such as ethanol and cyclohexane spectral readings can be

continued much lower with reasonable accuracy. This is

therefore another point in favour of the choice of 230 <*y*+
as the wavelength for taking values since the accuracy of

the measurements is much higher. In addition there is less

interference from the other two components although 280

does not represent a maximum in the benzoic acid curve.

To the reasons already mentioned for this reduction

in accuracy there may be added the possibility of some

chemical interaction between the products of the reaction

y3 - naphthol and benzoic acid to give for example the
benzoate. This effect may be quite important because the

concentrations ofy3 - naphthol, as measured, only digress
from the true, weighed values when benzoic acid is present

(of. the two component mixtures in Table 2). There are
' •' ' * '? ' " ' ' • " »*• *'-• •'

other possibilities, such as dimerisation of the acid, and

other solvent effects which might help to account for this

failure to measure the concentrations of phenol and acid

accurately.

The most important effect must be the interference

phenomenon however because of the much larger absorption

of one component compared to another cf. Pig. Ill which
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gives two typical curves for the three component mixture with

maxima at 362, 330 and 2% n%*i. They show what happens to

the absorbance values when all three components are present.

The absorption maxima at 362 and 32Q«^are not affected
much. In contrast, the absorbance values obtained at the

maximum have increased tremendously due to the large

absorbance of the ketone and phenol and the smaller one of

benzoic acid.

Prom these results with two and three component mixtures

it is evident that, for accurate work, only the concentration

of the ketone is measurable with any high degree of accuracy.

The concentration changes of the phenol may be followed

roughly but not those of the acid. Therefore only

concentration changes of the ketone were followed in attempt¬

ing to obtain some idea of the rate of the reaction and the

effect of acidity on the rate.

Results of Fission Reactions,

A typical reaction will be described. A weight of

0,17165 g. of the ketone was dissolved in 20,00 mis, of A.R

redistilled glacial acetic acid and 5«00 mis, freshly

distilled hydrobromic acid added. The greenish yellow

solution was refluxed and samples of 1,00 mis. taken at

intervals. This sample was diluted to 10,(X) mis. in a

standard flask with acetic acid and absorbance values measured

at 365, 329 and 280



fable4. Results

SolutionI

Time '(hrs.)

Wt.of
ketoneleft(g«)

Calculatedwt.
ofphenol(g.)

Actualwt.
/S-naphthol
m

%Ketoneleft
fcKetoneusedup

1

0*09900

0.04215

0.04203

57.7

42.3

0.07155

0.05812

0.05564

41.7

58.3

3

0.05674

0.07832

0.07201

21.4

78.6

4

0.02854

0.08328

0,07371

16.6

83.4

5

0.01446

0.09128

0.07304

8.4

91,6

6

0.00943

0.09417

0.07965

0.6

99.4
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In this set of results (Table 4) with a reaction time of six

hours it was found that 42.3$ of the ketone had been reacted

upon after one hour and the reaction was almost complete

after six hours. It will be noted that in this case the

actual weights of ketone were calculated at the various times

in order to show the effect of the difference between

calculated and actual weights of /3- naphthol is that
obtained from the weight of ketone which has decomposed and

the actual v/eight is that obtained from the Cy value of the
equation (p. 154). (The weight of ketone is obtained from

the corresponding value.) It must be noted that there

is reasonable concordancy between the two values for the

phenol at the smaller concentration values but the divergence

becomes quite large at the larger concentrations, i.e., when

the reaction has proceeded for four or five hours. This

falling off in accuracy is to be expected in view of the

earlier discussion. The reaction medium at the start

contains mostly ketone with a little phenol and acid but

as the reaction proceeds all the interference phenomena

become apparent.

In the subsequent results the values are given in

concentrations of ketone in gms./litre, i.e., the actual C%

value calculated from the equation. The above results show

that the concentration of phenol cannot be followed

accurately and so the results given involve the ketone only.

Since the fission was nearly 45$ complete in an hour it was

decided to take samples at fifteen minute intervals over the

first hour.



Table5.

SolutionISolutionIISolutionIII
Time (hrs.)

c*

logC*

c*

logC*

C*

logC*

Average$ketone usedup

0

6.866

0.8367

7.412

0.8699

2.421

0.3840

0

0.25

5.929

0.7730

1.878

0.2737

18

0.50

5*150

0.7118

1.520

0.1818

35

0.75

4.697

0.6719

1.270

0.1038

42

1

3.965

0.5982

4.132

0.6163

1.071

0.0253

48

2

(1.5)3.111 tors.

1.670

0.4929

2.367

0.3742

0.5659

1.7527

67

3

0.2227

1.410

0.2492

0.3097

1.4910

82

4

1.359

0.1332

0.9959

1.9982

0.1760

1.2455

88

5

0.7230

1.8591

0.7114

1.8521

0.1074

"1.0266

93

6

6.4963

1.6958

0.5009

1.6998

0.0673

2.8280

97
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The conoentrations of ketone were plotted againat time for

each of the three solutions shown above (of. Pig. IV).

In each case reasonably good exponential type curves were

obtained. The graph of logarithm of ketone concentration

against time was then dravm for each solution (Fig. V),

and good straight line correlation was found if the

concentration values over the first hour were disregarded.

The values (for solutions II and III) did not fit into the

straight line relationship. This may be because of the

method of sarmoling which involves a time lag of a few

minutes during the taking of a sample (for drainage of the

condenser etc.). This leg is relatively large over the

shorter reaction times of the first hour but becomes less

so later on.

This straight line relationship indicated that the

reaction followed first order kinetics with respect to the

ketone. The rate constants "k" were therefore calculated

using the formula:-

k at • login (a » xx)
*2 " h

where (a - x^) and (a » x^) are the concentrations at time
' i 1 f i / \ i \

t, and t : a is the initial concentration x, and x the12 A 2
* x / t

fall in concentration in times t^ and respectively.



Table6.

SolutionISolutionHSolutionIII
Time (hrs.)

Gone.g/l.
k(sec"*")

Cone,g/l

k(sec"*")

Cone,g/l

k(sec*)

0

6.866

7.412

2.421

1

3.965

0.00015

4.132

0.00014

1.071

0,00023

2(1.5)

3.111

0.00034

2.367

0,00016

0.5659

0.0X17

3

1.670

0.00012

1.410

0.00014

0.3097

0.0X17

4

1.359

0.00006*

0.9959

0.0X10

0.1760

0.X016

5

0.7230

0.0X18

0.7114

0.00X9

0.1074

0.0X14

6

0.4963

0.00010

0.5009

0.X010

0.0673

0.0X15

Average"k":

0.X014

0.0X12

0.0X17

kInaveraging,thisvaluewasleftoutasitisobviouslyinerror.
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The rate constant values for the concentrations

measured over the first hour were not calculated as the

graph of "logarithm concentration against time" (Pig. V)

showed that they did not fit into this relationship. This

is probably due to the method of sampling, as mentioned

above, of the reaction solutions over the first hour. The

tin® for sampling is not so important in the later stages.

The values of "k" calculated for each sample show

reasonable concordancy and the average values for each set

of values agree quite well and so it would appear that the

reaction is first order with respect to the ketone.

The next problem to be investigated was the effect of

acidity on the rate of the reaction. It was decided to

carry ofet the reaction in a solution of dichloracetic and

hydrobromic acids to see if the increased acidity due to the

replacement of acetic with diohloracetic would increase the

rate of ketonic fission.

As before 20 mis. dichloraoetic were used vslth 5 mis.

of hydrobromic acid and samples taken at intervals. The

reaction flask was heated in an oil bath at the same

temperature as the glacial acetic mixture. However it

was noted that a deeply coloured solution was obtained on

refluxing. This colour had an effect on the spectral

results and they were found to be quite abnormal and

haphazard (Table 7).
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Table 7.

Time
fhrs.) $ Ketone used up

0 0

0.25 82

0.50 81

0.75 81

1.0 82

2 81

3 84

4 74

5 76
6* 67

This table gives the percentage of ketone used up during

the reaction. Up to a reaction time of three hours the

percentage is reasonably steady at 80 - 82$ but thereafter a

decrease takes place. Why this should be so is not known

but presumably the deep red solution which is formed is

due to the formation of some compound during the reaction.

The fact that the percentage of ketone used up between zero

time and three hours is of the order of 80$ which is higher

than the percentage used up in the case of acetic acid

(see Table 5)» would appear to suggest that the acidity of

the solution is having the exacted effect of speeding up

the reaction. This increase in percentage using

dichloracetic was also shown in the large scale reactions

(P. !«).

To show definitely what effect a change in acidity
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would have it was decided to change the concentrations

of hydrobromic acid present by adding water in varying

amounts. She reaction velocities could then be calculated

and compared with the values obtained above (Sable 6).

(



Table8.

SolutionI?SolutionYSolutionVI
Time (hrs,)

Cone. (C*)g/i.

logC*

k(sec~^)

Cone. (Cx)g/1.
logC*

k(sec^)
Cone. (C*)g/1.

logC*

k(sec■*")

oao\UlMHO

4.934 1.549 0.9847 0.7805 0.4870 0.3492 Headings too small

0.6932 0.1900 1.9933 1.8924 1.6875 1.5431

0.00013 0.00013 0.00007 0.00013 0.00010

4.859 3.850 3.332 2.849 2.418 2.021 1.693 1.151

O.6865 0.5855 0.5227 0.4547 0.3834 0.3056 0.2287 0.0611

0.000063 0.000040 0.000044 0.000046 0.000049 0.000049 0.000054

6.147 5.620 5.347 5.097 4.905 4.730 4.459 3.967

0.7887 0.7497 0.7281 0.7073 0.6906 0.6749 0.6493 0.5985

0.000025 0.000014 0.000013 0.000011 0.000010 0.000016 0.000016

Average"k":0,000110.0000470,000013
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Solution IV (Table 8) contained 20 mis, acetic acid and 10

mis. hydrobromic acid which is double the normal amount of

the latter. The rate constant remained almost the same

however presumably because the concentration of hydrobromic

acid is in great excess with 5 mis. of the aoid present and

so the addition of 10 mis. will have no effect on the

reaction rate. The constant "k" is again in good

agreement with those obtained for the earlier mixtures

investigated (Table 6) and the logarithm plot gave good

straight line concordancy with a slope similar to those of

the earlier solutions (Fig. V). The average "k" value for

the four solutions investigated is 0.00014 (sec

When water was added to the reaction mixture, as in

Solutions V and VI (Table 8), changes were found to occur.

In Solution V the hydrobromic concentration was changed.

This solution contained 20 mis. glacial acetic acid, 5 mis.

hydrobromic acid and 2.5 mis. water. Solution Vt contained

the same quantities of the first two liquids but 5 mis. of

water were added. A visible reduction in reaction rate is

shown by the decrease in slope of the graphs for Solutions

V and VI (Fig. V). The slope for the latter is practically

zero. The corresponding *k" values have also dropped to

0,000047 and 0.000013 respectively. This illustrates quite

clearly the dependence between the rate of the fission

reaction and the acidity of the reaction medium. From this

rough proportionality between rate and acidity several

conclusions can be made regarding the mechanism of the

reaction (p. 89).
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