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Factors Governing the hKeactivity of the

Unsymmetrical Benzils.

I. Introduction.

The orizinal discovery that led to the
remariable series of compounds including the henzoins. |

ﬁhe benzils and their derivatives, was made in one of

e classic researches in the history of Chemistry.

In the year 1832, Liebig and Wéhler published

th
the results of their famous work on the benzoyl
|

|

|

|

|

|

FGTIVutTVGS in a paper entitled," On the Radical of |

fenZOIC Acid"., (4Ann., 1832,3,266) In this paper was
ecorded the preparation of benzoin by the action of
Lausblc potash on benzaldehyde. It was later shown by |

finin (Ann, 1870,155,92), that in reality this reactiod

yas due to the presence of prussic acid in the benzaldshyde.

vhich héd heen obtained from natural sources (viz. o0il|

of bitter almonds). He was able to effect the conde ensation

by the action of caustic motash on the crnde benzaldehyde,

pr by %rentlng pure benzaldehyde in aqueous alcoholic

solution with potassium cyanide,

This unusuval reaction hetween the carbonyl

groups of two molecules of bengzaldehyde to form a

retonic secondary alcohol has been found to apply to-




‘2 large number of substituted benzaldehydes.

It was found that the benzoin vas readily |
}oxidised, for example, by the action of boiling nitrie
|acid, to form a compound which was at first called
benzoyl, but which is now known to be o dimeric form |
of this radical, viz. dibenzoyl or henzil. f
| llention must be made here of snother reactio%

which was discovered in the same period of Organic

L,

iChemistry. Laurent (inn, ,1836,17,91) , found that the |
‘action of alcoholic potassium hydroxide on benzil i

| produced 2 purple coloration which disappeared on boiling
DX |

and he showed the presence in the solution of a new |

|

lacid now knovn to be benzilic acid. -

Lavrent observed that this compound had a |

colour reaction with conc. sulphuric acid - 2 bright
ired colour was produced - and this property is still |
used as the most characteristic test for benzilic acid,

and may even be used as a colorimetric method for its

determination, (Lachmann J.4,C.5,,1922,44,336)

l Boough has been said here to show how far the
|

‘present research is related to the very foundations
|
‘of Organic Chemistry, and it is now necessary to

P

give o short account of the scope and purpose of the



present work, before writing a de 'Ill”C account of the
past resesrches leading up to it and the various theoretical
tters involved,

The compound benzil has been shown to have

the well-defined siructure

e

and it has meny of the characteristic reactions of an

fal

aromatic ketone, including the formation of oximes,

hydrazones,etc. By careful reduction it may be con- |

i = O-OI

|

| % . s ; ;

verted into benzoin, which is a ketonic alcohol.
|

|

|

o
W W et B
This last reaction must, however, be accepted with some

reserve 2s there 1s some poseibility thet the benzoin

L

mey be formed in the enolic form, and that hence it is

not a2 normal lketonic reduction.

| R s R S

Benzil also undergoes several reactions |
which are not so obviously ketonic in nature, though

they involve the carbonyl groups. Of these, the best i

o . I-,
example ig the benzilic acid change which was discoveregd,
|
[

|

| :

ps stated above, by Laurent.
|
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| ketonic groups of benzil, has, of necessity, only one
| _
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| situated with respect to the rest of the molecule,
|or example, in the wreaction with hydrazine to form
the monohydrazone, or the reduction to benzoin, the

Iproduct is the same whichever group is attacked,

R 9
0D
: o 8 \ tmtg
e
O e
ilhen o substituent is introduced into one of
|the benzene rings, a different state of affairs is at
once evident, for now each reaction has two possible
iproducts, as illustrated below in the case of the two
specific resctions mentioned.
Q
OB
/ \ Nt
e e e
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(OO A \
The first reference to this fact which had
any general experimental basis, wus the statement by

Buck snd Ide,(J.A.C.8,,1932,54 4359, thet in the

icatalytic redvction of such unsymmetrical benzils, by

the action of one mol, of hydrogen in the presence

|

| . . =

0of platinum black, only one benzoin was »roduced from
|

Now, any reaction that involves but one of the



each benzil, in every case so faor examined.

n

This statement has, however, not been further|

{

examined, and the object of the present research is tol

see how far it applies to ketonic reactions in general
in connection with the mixed benzils.

To this end it was proposed to prepare a number

Pf mixed benzils in fairly large cuantity, and to act |
on them with the usual ketonic reagents including
lydroxylamine, hydrazine, phenyl hydrazine, dinitro-
phenylhydrazine, semicarbazide and aniline. It was
intended iﬁ each case to find out whether or not only
I

one of the ketonic groups reacted, and in the first

case to determine the structure of the resulting

|

|

compound, It was thought that euch reactions might
mossibly follow some sort of generel law, and that
it might be feasible to connect this theoretically
Lith the benzoin condensation, the benzilic acid reaction

|
| . - g .
and other reactions of the typically aromatic carbonyl

croups such ag are found in substituted benzaldehydes.

During the course of the research it was
decided to measure the absorption spectra of the benzils
used. This decision was mede in view of the stress
that hes been laid by modern spectroscopists on the

relation between the reactivity of o group and its




absorption spectrum,

It is a curious fact that the two fundamental
reactions on which this thesis is based were discover?d
in the dawn of Organic Chemistry and are not yet i
thoroughly understood in spite of a great deal of
experiment and much speculation on the subject. Thesg
reactions are intimetely connected with the most

modern work on the theory of organic reactions and

are fully discussed later, in this connection,




The Benzoin Condensation.

under the influence of potessimm cyanide, to form
benzoin, was discovered , as stated azbove, by liebig
and Wohler in the year 1832, It was later shown by
Z2inin that the reaction could be brought about by such
other cyanides as gave the cysnide ion in solution.
Though the benzoin condensation was discovere
thus early in the history of organic chemistry, it wad
not until 1880 that the first unsymmetrical benzoin
was prepared. In that year Fischer obtained a mixed
'benzoin, but though he realised that two isomers were
possible, he did not pursue the matier further. (Ber.lsa(
During these 48 yesrs, research in this field
had Teen devoted to the preparation of new benzoins,
L

and to the determination of the conditions of the

reaction, and especizlly the exact function of the
catalyst. The most important fact ascertained during
this period was the influence of polar substituents
on the reaction. It was shown by Ekecrantz and Ahlquj
(C.190-1) that the reaction would not occur with
aldehyles conteining strongly electropositive groups
such as -N0, and-0H or even negative groups such as
-lH,

The work in the field of the mixed benzoins

The condensation of two molecules of bhenzalde

o

-

nyae

d
80,15,1104)
st



Stauding

ras carried on by er (Ber., 1913 ,43 3537)

?

|Horbye(Dissertation lresden 1917 ), Brass (Ber.,193

and more recently by Buck and Ide (J A.C.S., 52 to da

.3

and by Tiffeneau and Levy (Bull,,193CL%9,725),

Staudinger gave a striking illustration of

groups which had been sugges i t

the influen

afecraniz,

|
l,QAJEO?)
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He found that dimethylamincbenzeldehyde, which will nof

condense with itself, readily rezcts with benzsldehyde

to give 80 pc yield of a mixed benzoin, |
Staundinger su gested that the peculiar behavipur

lof this aldehyde wasg cdue to the fact that it exigted

in only one of two possible foz

rms, both of

necessgry for a benzoin condensation to talke place,

which vwere

Reactive ? ‘f; Active H 2
xO L ....... QO Y > %O—CH-% |
o A o W

These forms he associated with a reactive carbonyl and

4. k!

an activated the hogis

hydrogen respectively, and on
of the reactivity of dimefhylaminobenzaldehyde with
diphenyl letene snd also its rate of auto-oxidation,

he assigned to it the form with reactive carbonyl.

It has now been shown that the benzoin formed has the
structure which invelidates this reasoning. (J.4.C.5.

11930, 52

e

,5197)
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In the year 1896 MNef =2dvanced = novel theory

1.,,1897  298,313) which, in spite of several attractive

| - 1 . i
lpoints, has been shown by later work to be guite untenable.

lag follows - '

|
l
L
|

an in

behind Nef's theory is incorrect. Secondly, the theory

" o H
OO — O
= OH

o

The chief objections agminst this theory are

A

[aleh 4

Firstly, the isolation of mendelonitrile ¢

ermediate product shows that the fundamental ides

cannot exnlain the formation of mixed and optically

active benzoins, and finally it has Dbeen chown that

the reaction proceeds ecually well in petrol ether
solution where the first stage of the reaction shown

obove is impossible.

done

followi

pesoc

heen

Fhat

the theory also applies to the mixed benzoin

condensation if appropriate modif fications be made.

The most important work in this field was
by Lapworth (J.C.8,, 1903,83,955) who suggested the

ng schene for the resction.

-

H
OH
Ol Of s OO
This mechanism explains 2ll the phenomens

isted with the simple benzoin condensation and hasg

succesefully applied to the symmetrical substituted

benzoins, by Hodgson (J.C.S, 1930, 14). IT is probable




INg
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A very similar theor ¥y was Tut iorward 1131,’

]

Chalanay and Knoe svenagel (Ber., 189?;,535,‘3_‘3) and

LC

ative work by Bredig and Stern ¢.Fh.Ch,,19° 5,50/

N

has shown that either of these mechoanisms 1is possible.

Oy Ol !

s QE— F KON l
O = Of
|
| Lachmann (J,4.0.5., 1925,46,722) suggested that

| the theory of Lapworth might be modified and corrected

|

|

by the introduction of a further addition compound ofi
11

benzaldehyde - viz. ©.CHO,H,0 or £,CHO,XOH., This

mechanism which clsims to explain also the Cannizzaro

'1

reaction of benzaldehyde, has been disproved by the

discovery that the condensation will occur readily in |

the entire absence of ionising solvents. (see later)

&£ _vauy W
L Koo
| & i

K

The experimental evidence for the various
Theories may be summarised as follows:-
The reaction
between two molecules of benzaldehyde to form benzoiné
occurs by the influence of cyanides of the alkali met%ls

|
4

or the alksline earths, and no other catalyst for the

"

reaction has been found. No benzoin is formed in the

|absence of cysnides and none has been detected in the |

|heating of benzaldehyde within wide limits
|

513)
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The condensation will proceed in the nresence of

allali, though it is accompenied in this case by the

Cannizzaro reasction, while it is completely inhil

I._.1

o

4]
M

by the action of =acids even acetic acids

ig in boiling agueous-zlcoholic solution, but it will

|
lalso proceed in dry petrol ether or pyridine. In the

The most favourable condition for the reﬂctlo%
}
L
solvents, allowing for the comparative insolubili
jof the cyanide used, the reaction is more rapid then
in aqueous-alcoholic solution,

The dynamice of the resction which were studied

by Bredig end Stern show that the reaction contains 2

messurable stege corresponding to a reversible reactio

[

of the second order. It is proportional fo the comc- |

|
entration of cyanide within wide limits and increases

with the proportion of water in the solvent. The
reversibility of the reaction was definitely proved by
Buck and Ide who prepared benzanisoin from benzoin and
anisaldenyde in the presence of potassium cyanide.
\

|
drastic treatment of benzoin - for example by dry heating

It was shown by Lachmann (loc.cit,) that on

|
| : ;
with solid potassium cyanide - the producie are varied
end include benzaldehyde and reduction products of

tenzoin, as well as a series of products which appear

to be formed by splitting of the benzoin about the



central bond. The last mentioned products arc also

found, though only in traces, in the benzoin condensaﬁion

|
itself, especially if it be heated for = time much |
?

longer than that necessary to complete the reaction. |

|
| The reduction products of benzoin are accounted for by

‘thp fact that benzoin decomposed by heat evolves
‘qydropen which is obtained in the free state only in
|

\ presence of metallic palladium (J.4.C.5,, 45,1592 and4

s

712)

‘ The crucial evidence, on which the theory

J
|0f Lapworth rests consists of the slow condensation of
mandelonitrile and benzaldehyde in presence of tripronyl-
amine in dry pyridine golution, This reaction was

apnlied by Horbye to the mixed benzoins. He condensed

the calcium salt of snisaldehyde with benzaldehyde,

Unfortvnately, his experimental conditions are not ! Tn
but it seems likely that in this case the reaction
might proceed =2t a rate comparable with that of the
benzoin condensation,

A final piece of evidence which apnears to
support this modified form of Lapworth's mechanism,
while at the same time inconsistent with the original
%quation given by him, was published by Morton and

Stevens (J.4,0.5.1928,52,2031), These workers showed

conclusively that the condensation could proceed in

solution in anhydrous petrol ether, and actually
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isolated an addition compound of henzoin and sodium

cyanide, which probably corresvonds to the benzoin

hydrin of Lapworth's theory.

The reverse action does not sppear to have
| been studied theoretically, and it is important to
notice that of the six possible cases only three yield
benzaldehyde as a product, while the other three give
products similar to those isolated by Lechmann from
benzoin by dry heating with potassium cyanide.

There is no case exactly corresponding to th¢
ecuations of Lapworth snd Lachmenn, but the slightly

modified formulation of Horbye, which fits in with the

worl of lorton =and Stevens, finds an exact parallel.

50 far no exnlenation has been given for the
results of the mixed benzoin condensation by the .
authors responsible for them. In the first place it
must be mentioned that in no case does the mixed
condensation give as geod results as the condensation
of benzzldehyde, The products are generally obtaingd
as 0ils and the yields 2re smeller and the mixed
benzoin is not in general the sole product of the reagtion.

It appears however that in all cases, whatever the nature




of the substituent present, the carbinol group in the
resulting benzoin is adjacent to the unsubstituted.

benzene ring, or that containing = chlorine atom in ‘

The mixed benzoin condensation is dealt with |
and the present lmowledge of the reaction in
general may be summed up as follows!- |

The first step in
‘the benzoin condensstion is the addition of potassium
!cyanide or prussic acid to a benzaldehyde molecule to
form a mandelonitrile or its salt. It appears that
under different conditions either or both of these
possibilities may occur. The mandelonitrile and a

|

molecule of benzaldehyde then condense by some un'mown

mechanism to form benzoin cyenhydrin, and finally thig

decomposes to give benzoin and the recenersted cyvenide.

Ot Ode OO — OO

Of these stages, all mugt be reversible under

0001

the condition=s of the reaction, and the first and the

last stages are very rapid.




The Benzilic Acid Transformation.

|
It was discovered by Laurent (Ann.,1856,33,9lP

|that the action of alecoholic potash on benzil produced

la, purple colour, and he showed that en acidic comfounﬁ
was rresent in the solution. This compound is now

|

| & 8 2.l - . |
lcelled benzilic acid and the reaction may be represented

las follows.

OO - OO

| This zcid was isolated several years later by

Liebermenn and Homeyer (Ber., 1€79,12,1972) who regarded

the colour ag charscteristic of benzil., It was later

shown by Bamberger that the colour was developed with
other diketones and he suggested that the colour was

charascteristic, not of benzil =zlone, but of diketones

in general, Later still, Bamberger and Scholl proved
that, thousl the reaction was given by a mixture of
|benzil and benzoin, a very pure sample of henzil did
not react with alcoholic potash in the cold. (Ber., 1899
32.,1809)
The colour rezction was also studied by Hantzsch

and Glover (Ber 1907,40,1519) who showed that the colour

|produced from benzil on heating with alkali differed
1 . , :
from thet given by a mixture of benzil and benzoin in

o

ithe cold, which disappesred on shaking in the air.

‘These workers also distinguished between the coloursd



| 186

product given by the action of benzil and potassium

ethoxide in dry ether and that produced in benzil by |

metallic potassium, which is now lmown to be caused hy

|
the formation of benzil dipotassium,

| The production of benzilic =zcid does not

occuy
with 211 benzils, and this fact is discussed later in
connection with the mixed hengzils,

I
! The mechsnism of the benzilic acid reaction

was first discussed by Nef (Ann,, 1897 ,298.372)
|
|

of water and splitting of the intermediste compound so|

e}

¢ assumes the addition to the benzil of one molecule

rmed into benzophenone aad dihydiroxymethylene., This

_|"'|;

last compound isomerises to formic acid and adds on to

benzophenone.

O’CDH
('.
— |
OO — Oé@-*QEO
Tiffeneaun (Rec.Gen.Bei., 19C7,18,584), by analog
with the pinacol change, assumes that the resction

involves the sddition to the benzil of %two molecules of

potassiun hydroxide followed by the elimination of a

molecule of water, the formation of a C,C.0 ring and |

m

isomerisation to benzilic zeid. This has been severely

criticised by Lachmsnn on the grounds that it has no
exhellnent 1 basig, that benzilic acid does not form

a disodium s2lt, and lastly that ring formation is




17

i ha

c‘i"

hahle under %the condi

&

(S

addition this theory leaves the mechsnism of the reaction

11 T

| no clezrer thon before.
e o
%ﬁg v
O —ORO =8O
L K K

Lt

Schreoeter (Ber., 1909,42,2336) assumes the addition
|

to the benzil of one molecule of potash and the elimination
. . |

of HO,OK, This residue isomerises and HO,0K adds on

again. ‘

OHE — OO OO

The most important objection to this theory

L1

is that diphenyl ketene is unstable and under thece

conditions it would give diphenylacetic acid. It
must also be noted that the second starce of the reaction
involves the formation at the szme time of 2 powerful

' |

o |

oxidising agent and 2 highly unsaturated compound.

C
(=]

Lachmann (J.4.C.5., 1922 44 530) has also objected that

the third stage involves an increase in the free energy

n

of the system and hence a violation of the laws of |

thermodynenics.
he application of thermodynamical pr1q01n]ds

-
|'.".'J

to the benzilic acid chenge has been trested by lichael

(J.A.C, S, 1920,42,1787) in a paper on the 2 ﬁllur ion
. 5 ; e |
of thermodynamics to the mechanism of orsanic reactions.
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L

|
|1t may be peinted out that this treatment is too

'speculative 'to be seriously considered, as there is no

way of proving the various points raised and the theory

neither maltes any definite advance nor clears up any
lexisting mechanism,

The theory assumes that the C-C bond in benzil
has Dbeen weakened by the influence of the phenyl groups,

4=t

and hence the molecule readily ruptures at this point,
©.8. by the action of alcoholic hydrogen cyanide at room
%emperature, In the presence of potash, benzil forms

an addition compound in which the distribution of binding
energy is slightly different, for here the C-% bond is

weal and the C-C bond is stronger and so there exists |

a tendency to the transformation. This takes place by

the action of alcoholic potash in accordance with theory

ﬁut the application of the method to the splitting of
benzil by the zction of alcoholic potassium cyenide is
ty no meazns clear.

A very comprehensive study of the benzilic

p.cid change has been made by Lachmann by analogy with

several reactions of a similar nature. His papers

4

include a considerable amount of experimental worl in

which the benzilic =eid change and similar reactions
|

both of benzoin and benzil have been studied.

' The starting péint of the research is the dis-



digcovery that the dihydroxy tartaric acids undergo 2|

similar reaction to the benzilic acid change.

HOOG- O0H ——— 3 nod

NCOoOoH

}

e Mo Sulk _COOH
o
H

ooz

The sodium salt of hydroxylartaric scid decomposes

even 2% room temperature, and more quickly on heating

Ao

raneformation in the case of benzil is due %o the

to form tartronic zcid, and it seems possible that

he ©

3

I

formation of & similar hydroxy-compound. |
In this connection an observation by Klinger |

(Ber 1886,19,1868) sssumes considerable importance.

This worker found that on long standing in moist etheﬁ,

benzil gave st least traces of benzilic acid. It shoﬁld

be noted that even ftraces of benzilic acid nay be |

estimated by means of the red colour whiech is produced

.}.1 L2 £

;he action of cone, sulphuwric =acid. ‘

| by
The experimental evidence cited by Lachmann ‘
may be summarised as follows:- |
The benzilic acid changel

proper occurs in traceg by the prolonged action of
water, or ether containing = little water. The acid |

is most readily prepared by the action of agueous or

agueous-alcoholic potash, and the reaction is very

rapid on heating. It has been shown that the increasegd

rate of reaction due to the potash compared with that
|




of water, is less than the increase in the concentration

of the hydroxyl ion, It has been sug

tl

the heat change in the reaction is small, theréfore

| the resction is probably reversible, but as no evidence

of the procduction of benzil from benzilic =cid has been

-

recorded, this point can not be settled. ‘
In the purest benzilic acid formed by the acﬁicn

of potash, there is always present a trace of benzoic |

acid. The explenation of thig has been found in the

study of another reaction which appesrs to be related

to the benzilic zcid change. This reaction involves

|

the splitting of benzil by the action of sodium cthoxide
s |

intobenzeldehyde and ethyl benzoate. |

|

The corresponding compound -benzoin- is |

affected by these resgents in a different manner, |

fas ‘

\Potesh in the presence of air =nd agueous zleohol causes

splitting =bout the central bond to form benzyl alecoholl

and benzoic acid ( at temperstures over 100° and with |

allkali over 7N ).

Benzil has been shown to have addition compounds
of potash snd sodium methoxide and ethoxide (Ber., 1923,

. - - . . 1 |
56,253 and Lachmenn-loc,cit.) and it is probable that

benzoin hag similer derivatives, though these have not
been isolated in 2 state of purity. The potash compound

" :
of benzil readily decomposes to form benzilic acid;



the methoxide and ethoxide are split up by oleohol into

benzaldehyde and the corresponding benzoic ester, and
by water to the benzil. TIf water be present in the

e -

aleohol, benzilic acid is formed, and in any cese a
trace of this compound sprears.

In many of these reactions a compound, ethyl
dibenzyl, appears to be formed, and it is thought to be
g benzilic acid derivative., though its structure has |
never been Getermined.

: oo ) |
Benzil is decomposed by agueous or alcoholic|
|
|

potassium cyanide to benzaldehyde and benzoic acii or
its ester. In the action of benzil snd anhvdrovs

prussic acid, the dicyanhydrin is formed, and this

comnound has a tendency to rupture in & manner analogoun
to the reactions described zbove. |
L
L

Benzoin is stable to the action of cyanides,

though it is split up by the action of alcoholic
|
prussic acid, apparently via benzoyl cysnide, in the

ususl manner. |

With acids benzoin gives the compound corresponding

to benzilic aeid, viz. diphenyl acetic acid,

the yield is small owing to side reactions, and %o thb
|
action of the reagent on the acid formed. ‘
|
|

Lachmann's theory of the reaction may be

summed up as follows, The first step of the reaction



Lo
{0

1 3

is the addition of one molecule of potash to the benzil
|
|

=

ito give a compound analogous to dihydroxytartaric acid
s
KeM Og%a tove,
\H‘\) //—3\
O nl_,%o Metaklwy-

llow under ¢different conditions this compound

O

ican undergo two alternative reactions, splitting or |

| |

metakliny (i,e. the fransformation). In the case of

|
ithe addition compound with sodium ethoxide, as stated
ishove, splitting of the molecule occurs in the 3hsenc&
lof water, and otherwise benzilic acid is formed. In

this addition compound wandering of the OEt or the

ONz group cannot occur, since in these cases the produg

would include ethylbenzilic acid or the ethyl ester of

benzilic acid, which is not the case. The action of

water probably first involves the decomposition of the|

ethoxide compound and the formation of a hydrate or a |

| 2 . 4 |

which are =21so formed by the asction of water and of

aqueous potzsh on benzil, benzilic acid may be formed

el

in the other an ONa group.

It has been suggested that the splitfing of
benzil by the action of zlcoholic potassium cyanile is

in.

ey

due to the momentary formation of the mono-cyanhyc

potash addition compound. In either of fhese compounds,

by the wandering of a group, in one case 2 hydroxyl and



| In the foregoing part of the intrvoduction |
|

‘are discussed two reactions of orgenic carbonyl compounds

which have been extensively studied from many angles

.

and in all cases experiment shows that none of the
theories advenced explaing all the facts or comnletely
depicts the resction.

I This fect applies to organic reactions in

~ s S RN - < I ) PO L2 1
‘general, and has not escaped the notice of the more
Tar-sighted chemists, especially within recent years.
The considered opinions of several noted chemists may

0 N 1 &

‘- ; i ; ; e s 1
'be quoted to illustraste this point. Ochénbein for

‘emenle (J,Pr, Ch,1868 105 228 ) states it in the ‘

following words ;- (ef, Ann., 298,215) |

' I have repeztedly exrresssd the

opinion thet very meny, if not all, chemicsl reactions
Eund especially those in which oxygen is involved, do

not proceed directly ,but rather by a series of inter-i
mediate reactions. The final formation of a synthetici
product is, so to speak, but the closing scene of a
chemical drsma of several acts. That one has not as yet
observed these intermediate processes is due chiefly to
the fact that they usuzlly occur so rapidly that they

cannot be followed by ordinary chemical means."

Similar opinions are expressed by Goldschmidt

(Stereochemie) in connection with the Walden inversion




b

" HNumerous st

e

temnts have been made to give e

(theoretical explanation of the Walden inversion. All |
| . . :
‘these however give only a mechanical picture, and in

| |
no case do they enable us to predict the occurrence or

; 9
(B

|

| ) n

iabsence of the rnhenomena. ™
|

Rice (4m.Ch.lonogreph) in hig consideration

|
|
|

1e seme resction says,

—5
b
o

® From this review we must
regretfully conclude that chemiczl methods alone in
spite of the enormous amount of work done, do not

appear to be sufficient to explain and predict the man

vagaries thel occur when studrving the Valden inversion

The same applieg, as has been stated above,
|t0 the majority of organic reactions, and indeed as
shovn by the authors cuoted, the time is ripe for the
lorganic chemist to radically =lter his point of view.
It seems zlmost as if the limite of purely organic
d.
with the physical chemist. At present, the chemical
methods of investigation show usg the storting material
of a reaction, and the end-products, and in some cases

the presence of intermediates can be shown. In other

words, the reaction has been resolved into two simnler

oneg, and there the matter rests for the meantime, Th

causes of such reactions cannot be probed except by

methods had been reached, znd the next steps must lie |

[d2]




)
o]}

I
l
|

imethods involving the molecule as 2 whole and as an

| & s s i ; : . .
lindividual, and treating of its internal relations -
ifor example the various spectrometric methods which
lhave been developed within recent years.

In the two cases considered above, for example

| e ; ; |
it must be emphasised that the starting materials and
'the products are 'per se' perfectly stable substances.|
| ' Y

ﬁow, by the addition to the starting materials of 2 morL

(=9

or less specific reagent. a reaction occurs between then
| |

jand the vroduct is extremelv unstable, A second reactﬁon
|is put in train and so on the system goes till a stace|
P |

is reached, at which the product is stable under the |

|

.LT...

| e . . . R
conditions of the experiment, and the reaction 1s'com41ete‘
|

|In 211 cages, the facts are perfectly clear, but the |

e : . . |
Imotive power of the various reactions is completely unknown.

It is this drawback which has led te the
lintroduction of such aids to the imagination as partiah
valencies, which in the long run amount merely to a
vague stotement of the underlying truth; vet it is
evident that ordinary ideas of valency are not competent
to explain the motive power of organic reactions.

In his rtresidential address to the B,A, in 1982

MMills threw out a suggestion, which though merely

conjectural, and without any experimental basis, has

considerable bearing on the reactions discussed above |
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and peints out in a decided manner the entire inadennacy
of present day chemiecal equa
His suggestion refers esveciallv to the
I
4.

Beclmann Transformation and may he exnressed ouanlitat-

ively by the following

R—C—R,

Au—G —R,
i |

N-OH

R ~N=C(OH) Ry R zhC(OH) R, |

All previous theories of the Beckmann trans
formation fail when confronted by the fact that the
reaction results in the interchange of positions bhetween

two groups in the trans- position with respect to one |

another, This has been found to ocecvr in all cases

the simple

and reasonable assumption be made that the driving force

the reaction is the stabiiity of the C-0 bond as

o
+h

}compared with that of the C-N or the N-0 bond present
s 41

in tne oxime.

|
' As it stands, the theory will not apply to

4

lordinary conditions, for an oxime is normally stable

1

and the transformsiion is brought a2bout by the

':":'.!

application of stronely acidic reagents such
|
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the ester type, and the true distribution of forces
ley be represented Dy dlagrams b, and C.

b . R—c-p, Aod AOR g _c—r, — 5 Rc(0Ac)=N—R Unstable.
(‘\lnﬂ NO Ac

Stable. Unstable R~C O-NH-R, Stable.

e

C R—C-R, ——u-s R-C-R, ——>R;CloA)=N-R, Unstable
HO AcQ

Stable. Unstable. RiCO-NH-R,  Stable,



It is evident from consideration of the benzdin

| condensation, henzilic

(]

cid change, and indeed of
orgenic reactions in general, that the first step in ¢
| reection can often be shown to be definitely the
‘aﬂaition of the reagent to the starting compbund. In

the Lenzil series thig has been shown to be the cese

| in the benzilic ascid change as well as in the gplitting

[¥1e]

of benzil by sodium ethoxide and by potassium cyanide,
and it seems possible that the true reactivity of a !
carbonyl must be measured Dy the tendency for the addition

of the reagent. The subsequent course of the reaction

depends entirely on the properties of the addition

compound so formed. Por example in the benzilic acid

resction, the zddition compound of potzesh and benzil

undergoes metalkliny, vhile the similar compoumnds of

sodium ethylate and vpotassium cycnide split cbout the |

centrsl bond. In the case of the benzoin condensation

-

it has been stated +thot the properties of the substituted

benzoin cyanhydrins are one factor determining whether
= benzoin condensation shall ocour,

Unfortunately, there ig st present no method
of determining this additive power, and the reactivity
must be judged by the final products of the reaction.

In the field of the mixed benzils, effectively

there has been no work done on the ketonic derive
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l&ni the same applies to the substituted sraetrical
benzils. Evidently, then, any sttempt to prediet the
properties of = mixed benzil must be based on 2 Imowledge
of the reactivity of the carbonyl groups in much simpler

cempounds.

The fallacy of predicting the effect on the

reactivity of a carbonyl group, of a substituent in an

ol
o]

ad jacent benzene ring is at once evident on considering

the available data for aromatic cerbonyl groups. It
is at once seen from a search in the literature that |
the reactivity of such a grbup is s comparstively
unexplored field, and even in the results already
recorded, there are discrepancies and anomglies,

In the aliphetic series considerable work has

veen done with valuable results, and in the year 1906

Stevart (J.0.S.,1906,87,185 and 1907 ,89,489) studied

fad 1

the reactivity of the carbonyl group in this series

J

|

towards sodium bisulphite, and later studied the subject
spectroscopically. IHe showed definitely that the :
: |
F

reactivity of the carbonyl was largely governed by the

|
nature of the surrounding radicels., In this connection
it may be mentioned that the introdnetion of an aromatic

radice]l into the molecule effects 2 considerahle decrepse

1n the reactivity of the characteristic zroup.
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ita the mechsnism of the formation of the mixed bhenzoins
Several years later. Hibbert (J.0.85.1912,1C1,5421)

5 4 FOE 4 e 4= He)
measured Taoe amount oL

reaction in which the ketone
|
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the influence of
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T = A e R A N .
' with the dissocistion of %he corresponding acids, and

L— g : I - 3 . |
2180 with the Cannizzaro resction (J.C.8., 1934, 555)

L
| L
|

Other quantitative messurements, in the alivhatic

P H T asr i ‘ll"f.. - o . 1
series include Echner (Ann,1898 ,302.335) on the heat |

of formation of Schiff's bases and Petrento-Kritschenl-o

(J.Fr.Ch,1900 ,61,431 , 1900 ,62,515 , Ber,,1901 ,34,1699,1702

ﬁnn.,541,15t ) on the formation of the oximes phenyl-

yirazones and bisulphite compounds.

LELT_}\’.’Ol”th (J_ C.3 5 X928 ,2844:) studied the dis-
|
|

pociation of the cyanhydrins snd obtzined several values

for the reactivity of the substituted benzzldehvdes

e L »
|

o

4
Lo

nd Hinkel and Madel (J.G.5.. 1229,78)recently measured

—

| W
the reactivity o

f similar aldehydes in the Hantzsch
pyridine synthesis.

Now, in order to form any general conclusion |

|
|
‘ahont the reactivity of carbonyl groups, even those of
1

the substituted benzaldehrdes 2lone, 2 large amount of

L

dats is required. As yet however, this is not availalle
‘and the data are only comprehensive enough to show that
and t ata y comprehensive enough to show thg
the alternating polarity theory of organic reactions is
| Voo : raee renchi
wholly inadequate to explain the results of these reactions.

This conclusion was arrived at by Lapworth (loc.cit.)

ok

and a2lso by Fliirscheim in his study of the ionisation

of +he subetituted benzoic acide,




&3]
[A]

The recent worlk on the mixed benzoins, which |

was undertaken partly to throw some light on the

resctivity of the substituted aldehydes, appears at the

moment to confuse the issve still further. In this cage

| : =y _
lalso there does not seem to be-a sufficient amount of

information aveilable, and the authors have drawn no

general conclusions., It has, however, been definitely

&

shown thet in the condensation of benzaldehyde and g

| .
[substituted benzaldehyde, the structure of the resulting

1

benzoin is always the same irrespective of the nature
of the substituent in the bengene ring. In the case
of such mono-substituted benzoins, the carbinel group

is always remote from the unsubstituted ring.

. This fact is quite unforseen on any of the

current theories of the benzoin condensation, and is

not accounted for by the alternating polarity theory
developed by Ingold, Lapworth and others.

[ 1

Bvidently then, since such matters as this, |
vhich have been fully investigated. have led To no
dnfinit eonlarities in th sctivit £ th Eaal vl
lefinite regularities in the reactivity of the carbony]

| |
croup, it is imposeible to predict, a priori, the
nroperties of a letonic group under a series of elightly
i * I 1 = |
iifferent circumstances such as aré to found in the cage

of the mixed benzils. In this series, the properties |

of the carbonyl are governed by the vresence of another




| |
tetonic zroup in the e-position as well as that of tha

two phenyl rodicals., TFor example, it has been shown

that wnder normzl circumstsonces benzil will resct as

]...n

o monc-etone. It is readily possible to prepare the

imono-substituted derivetives of benzil, 2nd the di-

substituted derivatives are, in generasl, only formed
under more strenuous conditions, Another illustration
of this property appears in the work of Auvers and
Siegfeld on benzil-mcnoxime, when it was found thet
under certain circumstznces the second carbonyl group
vould not resct with the usual reagents, and in some

1

he oximino group wes even replaced by such

[l

cases

carbonyl reagents while the other ketoniec ETOH“ remain

r-')

untouched. Under these circumstances it is evidently
limnossible to give any theoretical treatment uatil at

least = few cages hove been examined experimentally.




In the year 1932, an imvortant paver wag |
par |
published by Mme. Ramart-Lucas (Bull,Soe,Chim, 1932,51]512)

: , |
on the relation between the structure of organic molecfles
!and their absorption spectra.

m 3 —— & e T v o "3 - =5
Chis paper first of all discusses i

=

|
".a'genera%
way, the fact that a group of sztoms contained in an
organic molecule exhibits the properties, not of the
croup itself, but rather of the group as mcedified by |
the presence of the adjacent radicals. Thisg is well |
illustrated by the fact thet in a2 homologous seriss of
|

compounds, the first member, in which the allkyl group

present may be regerded as hydrogen,is invariably

exceptional in its chemical properties. Another example
of this influence is that hexametinylacetone is so much|

nltered by the replocement of six hydrogen atoms by

;roups that the compound no longer reacts with

L=

nethyl

LEal

cemicarbazide and other letonic reagents.
fhile it is possible in the case ¢f simple

molecules to predict the properties-of a radical from |

its environment, in the more complex cases it becomes

lifficult to do so. Hence, the study of any property

|
| : . ‘
related to the chemical rezctivity is important, and i i
this instance the specizl importonce of the ﬂu"viltau1|
|
&

measurement of absorption spectra lies in the fact tha

they are directly relsted to the emergy changes wi

| |




|
'the molecule, and are very sencitive to the mutual
linflvence between two groups., 4According to the method

|
lof investigation dvue to Ramart-Lueas the saturated
|
ih"troc rbons Co not zbsorb ultraviolet light between

) »
20004 and the visible, and 2 group which, when attache

=

[F S

to & hydrocarbon residue, gives a definite and chﬁractgr~

ietic absorption ig called = chromophore. This

corresponds to the characteristic chemical groups such

g 0=0, GO -0H, Ol etc and the exact colour ( absorrtion

spectrum) of the resulting compound depends on the

influence of the other wnert of the molecule., In the

case of a molecule containing a' single chromophore,
Hemert=-Lucas has found thet the hydrocarbon radiecal,
excepting the first member of a homclogous series, has

d.

1ittle effect on the absorption spectrum. |

=1

The work has Deen extended by her to the study

Ef compounds containing two chromophores. It has been

found that the two chromophores may influence each other

to such an extent that the fundamentel properties as

shown by the spectra

L

=

iffer totally from those ass i?#
with the two chromophores sepasrztely. In a more exte i
study it was ghown that this was only the case when the

Fro chromophores were directly united, and as they Werl

geparated by carbon atoms, the spectra became more lilte

E R el

L

that of the individual chromophores.till when more than
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to simple combinations of the bands due to the two

chromonhores themselves. It has been shown that the

-

‘The general conclusions mey be sw

compounds having the same sbsorption, the resctivity

of the group is the same.

i

‘two carbon atoms intervened. the¢ srectra corresmonded

speed. of hydrolysis of aliphatic zmides obeys similar
rules, as vell as the speed of esterification of zcidg
rned up as follows:-

In the cese of any chromophore, for all

by a chain of less than two carbon atoms will show
e snectrum more or less modified, =2nd if they are
| directly united the bends will be wholly different.

The application of tThis to the mixed benzils

as they are diketones, they will show 2 modified keton

|

band - o diletone band - . For diketones of the same |

reactivity, the band should have the same posifion and

o

is dealt with in the discussion, but it is evident tha

€

| - [ - - - ™
|intensity, according to the conclusions of Hamari-Lucas

\quoted zbove.

At the same time, two chromophores connectied
: |

1

b



Summary of Introduction.

1 " 1

1e source of the present worlt has been shown|

ito originate with Liebig and Wohler, and the object

{4u]

nd scope of the worls has been stated,

The benzoin condensztion has been discussed

I
beczuse of its intimate connection with the remctivity
of the carbonyl group, and since the relations existin

L

in a molecule of similar structure seem li'tely %o have

L

ome bearing on the reactivity of benzil. It was seen

o

that the experimental evidence leads only to the con-

clusion that the reaction is due te the =dditive capac

of the aldehydes concerned, and various possible addit

are diseusgel

I The benzilic zcid chanse hes been discussed,

¥is]

I Ly

iong

bnd it hes been shown thet this resction is due to the
nddition of one molecule of pot:sh to the benzil and

resctivity of the carbonyl groups of = mixed benzil.
The mechanism of orgznic reactions in general

-

subject commented upon.

hos bheen shown thet no genernlisations can
|

be bzsed on previous work on the reactivity of aromati
| I

|

carbonyl groups.

The relation of structure of organic molecule

is reviewed and the unsatisfactory state of .ideas on 1l

that hence it may be possible to use it to measure the

¢

il
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|
to their absorntion spectra is discussed and annlied |
|

to the mixed benzils.

ote: -

| In the experimental part of this thesis all

%reparations hzve been worked out, and fully described
| in the case of simple bﬁnzil; For the other benszils
described, conditions were similer, 2nd in such cases

only such modifications of the stendard methods

L5 ]
2]

vere. found necessary or desirsble are described, In
all preparations described, the method given is the

best and most convenient in the simple benzil series,
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Pactors Governing the Reactiviiv of the

| Unsymetrics] Benzils.

0. Bxperimental.

Standard Bxperiments with Simple Benzil.

Benzaldehyde,

The Dbenzaldehyde used in 211 the benzoin
|
d by distilling the commercizl

condensations was prepar

v
w

|
!'roduct over a range of one degree, through a long ain-
I - A

. |condenser. This was found sufficient to remove impurities

| , |
| of which benzoic z2cid was the chief. and the nrocess
| !

|was repeated immediatsly hefore use,

Benzoln.

llethods for the preparation of benzoin are

g_j

n 4

found frequently in the literature, and those used
in this work are given in (Lrgsnic Syntheses and in
Vanino's Préiparative Chemie (Organic Part), The

latter method was more convenient in the case of |

smaller quantities and the product was slishtly nurer.

The yield, however was decidedly less,

a In a three-litre flaslk fitte’ with 2 water
reflux condenser, were placed 625 cecs K.5, alcohol,
500 ccs water, 5C0 ccs benzaldehyde and 50 gms |

potassium cyanide and the whole was boiled for half




to remove traces of acetic acid. It was noted that

>
&

an hour. At the end of twenty minutes crystals us-
uzlly began to appear and an evolution of heat took
place so rapidly that the solution boiled almostlex—
plosively, while at the same time the whole became
solid. Yield 90 pe m,p.l32°

b) A weight of 20 gms of potassium cyanide was

dissolved in 400 ccs water contained in 2 two-litre

flask, 200 ccg benzaldehyde in 500 ccs alcohol were

added, and the mixture was boiled for half an hour,
On cooling, the benzoin sepsrated, and was purified
as described below. Yield 80-90 pc m,p,137-8°
The product from both methods was slightly |
yellow or brownish in colour, and as this was not |
quite removed by recrystallisation from alcohol it
was found preferable to give a preliminary recryst-
|
sllisation from glacial acetic =cid., The product vas|

sharp m.p., but a further

8]

then pure white and hsl

recrystallisation from alcohol vas found adviseble

the product of the method of Venino had a m.p. 4-5° |
higher than that usually recorded in the literature |
and higher than that of the benzoin prepared by the
other method (Heilbron in his recently published

dictionary of orgenic compounds records a m.p, of 135?

No explanation for this was found, though the benzoin
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vas recrystallised several times from alcohol and
gcetic 2cid, The difference in m,p, was found even
L |
|
when acetic acid was not used in the »urification, ‘

It was found that in the case of the mixed

benzoing, a8 mentioned by Buck and Ide and by Linnevfj;

l

2 more complicated method of conducting the condensa-
tion was not necessary, and the technigue described

above was used throughout, though in the purification
of the mixed benzoins it was often necessary to re- |
move any excess of aldehydes, usually by steam-dis-
tillation, before crystallisation would take place.

Cannizzaro Reaction.

A permanent emulsion was made by shaking fo-
cether 5 gus benzaldehyde and a solution of 4-5 gns !
notessium hydroxide in 3 ces water. The reaction ues|
allowed to proceed in the cold overnight, and the ‘
product was treated with 25 ccs water and extracted
tvwice with ether. The ether extract contained the i
benzyl alcohol formed, and the acid vas igolated by |
acidifying the aqueous layer.

The ether soluble portion was tested with

|
dinitrophenyl hydrazine for the vresence of unchanged

i
Y



0

=

aldenyde and the benzyl alconol was cherccterised by

|1e ns of the phenyl isocyanate m.p,76°. !
|

! Benzil, a) Or Syn., 6,46 |
o) Beri cw% lGLo , 46,3537 i

0} J..‘.‘L.C S 1929 5.]. _]_[592 |

|

' OO

It was found that the simplest method of pre-
I

paring benzil from benzoin, namely the oxidation by

[ . : p
cone. nitric acid, gave excellent results, but as it |

is not applicable to all the mixed benzoins ( ag was

discovered by Kinney, loc.cit., in the case of p-meth-

| |

| oxybenzoin), other methods were tried. }
The most convenient method, and that which

was generally adopted, was found to be oxidation by

| & concentrated TPehling's solution. This was described

by Stezudinger, and was later found satisfactory by

Buclk and Ide. Though the yields were not so good es

in the other methods the product was comparatively

pure. The method used by Kinney, which involves the i

use of copper sulphate in agueous solution in the pres
|

|
small scale. |

sence of pyridine, was found to be troublesome on the|

a) In a three litre flask were placed 410 gms
benzoin and one litre of concentrated nitric acid. l
The mixt aster-bath f n

The mixture was then heated on the water-batih 1or o e

hour with occasional sheling till no more brown fun rs

were evolved, and then poured into four or five lltres
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Iof cold water Yield 90-5 pc m,1.96-7°

|

13, A hot concentrated solution of the benzoin |
|

|

Y

(]

solution, till the liouid remained blue on further

‘heating, “he mixture wis then hested for quarter of

\an hour, and, after cooling, the benzil,along with the

A den ol

iprecipitated cuprous oxide, was filtered off and ex-
5 4 i : o
tracted with alcohol. TYield 80 pec m,p.95

ic) In a twelve litre flaslk, fitted with a mer-
Y s s |
cury sealed stirrer, a reflux condenser, and an zir in-|

let tube were placed 4C00 cecs pyridine and 1400 ccs

.
water along with 4100 gms copper sulphate crystals. |
The flask was then heated till 21l was dissolved and |
1696 gms benzoin were added with stirring which was ‘
then continned for two hours. After cooling, the cop-
lper sulphate solution wag decanted off, and the benzil

woshed with hot water and then heated with three to

four litres of ten per cent hydrochloric acid to remov

(40

byridine. Yield 86 pc m.p.94-5° |
[ In all cases, in the preparation of ordinary
benzil, the product was pure after recrystallisation
once or twice from alcohol or carbon tetrachloride.

The latter solvent was especially useful in the case

n

of an oxidation by a copper solution.

in aleohol was treasted with small guantities of Fehling'

S
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Benzil-a-monoxime. J.0.8., 1930,2305,

.2

A method for the preparation of this oxime

hag been worked out, using hydroxylamine hydrochloride

in alkaline solution at ice temperature, and its lat-
1
est form is due to Taylor (loc.cit.)., The nrocedure

is simple,a good yield is obtained, and the product is
|

ireadily purified.

‘ A suspension of ten gms benzil, in a finely
‘divided state, in enough alcohol to form = thin paste
|

was mechanically stirred and one mol, of hydroxylamine

|q ‘drochloride in the minimum of water was added. The

i
whole was cooled to —5° and was vigorously stirred by |

| .

‘1eans of a water-turbine, while three mols, (30 ccs)
of 20 pc caustic soda solution were dropped in. After
|
|

one and a half hours stirring at this temperature the

mixture was diluted to 400 ccs, filtered and neutral-

|
lLsed with the minimum of glacial acetic acid, The prer

cipitated oxime was filtered off and recrystallised |
|
from 60 pc alcohol and then from benzene till pure.

%
| OO '
Nou |

The oxime crystallises from benzene and from
|

alcohol in thin lustrous plates. Yield 95 pc m,p,140

Under these conditions the oxime is almost completely

free from benzilic acid, and from the B-oxime.




i
en

| Benzil-s-monoxime. J.0.5., 1930,2305

-

This oxime is the stable form, and may be ob-
| tained from the a-form in a variety of ways. It was
| prepared by heating the pure a-oxime with one tenth of

|its weight of animal charcoal in the minimum of benzene
|
;

|for ten minutes, or by neating with alcohol in a seal-
:ed tube to a temperature of 100° for eight hours.

This oxime crystallises from benzene or alcohol in
long shining needles or prisms, and it may readily be

distinguished from the o~form, or from a mixture, by |

|
the use of the microscope. Yield theoretical m,p,113°
‘Beclanann Transformation, . Ann,, 274,1(1893)

OAHO~OwO

|
| : . , |
| The oxime was dissolved in absolute ether and
i
|
IThe reaction was allowed to proceed for guarter of an |

an egual weight of phosphorus pentachloride added,

=

ihour, the ether solution decanted from the excess re- |
fagent and shaken with a saturated sodium carbonate
solution. On evaporation of the ether an oil was ob-
tained which was shown by Beclmann to contain benzoyl |
;chloride and benzonitrile which could be decomposed

'to ammonia and benzoic acid.



= O- Ot

On similar treatment of the B-oxime with ‘

|
bho%rhorur pentachloride, great heat was developed and
[ , i
II.‘.. ~nade e e TR +aaey i g/ - ] . .
toe reaction mixture had to be cooled in running water

L1

|
)
on shaking with sodium carbonate solution ( a2nd not ‘
pntil then) a strong odour of phenyl isocysnide was |
|
;observel, and by the procedure outlined above an o0il i
!mas isolated which had = smell of phenyl isocyznide %d
| benzoyl chloride., This 0il on standing derosited crvét
|
'als of aniline hydrochloride m.p.193¢ and then F9110Ti
crystals which were not further investigated (probably
benzoyl formanilide as described by Beclmann). ‘
The equations represzent the course of the

|

! } woE w
‘reactlon 28 shown by lleisenheimer,
|

For the sake of completeness the worlk of

Forster and of Auwers and Siegfeld on the benzil oximes

5

was confirmed.

Phenvlhyvdrazine and Oximes, Ber., 1893 26788

ity

£ =

One mol, of the a-or B-oxime was heated %o

— O : o Lo
+enﬂe~fture of 30-4C"for & period of three hours with

‘"j

9
L

one mol, of freshly distilled phenylhydrazine




‘( b,p,lsz—sc at 18 mms) dissolved in 10 cecs alcohol

=
e
2
_+
=
Q
!
o
'—
(4]0]
_..!
I—l

acetic acid, In

the case of the c~oxime the phenyl hydrazone of benzil

oxime was formed and crystallised out duvring the re-

action. This did not occur with the B-oxime which re-
sakad enlv HRABE M i corous conditions + ive th f
| acted only under more vigorous conditions tTo gi¥e the |

dihydrazone of henzil, i

e, Q
N- 1

: O

(Aniline and Oximes. Ber., 1893,26,788

0zox

| Similar experiments were made using aniline
instead of phenylhydrazine, and heating under reflux
‘on the water-bath for twelve hours in ezach case. It

|

e &

‘was found that both oximes gave the same product,

namely sn  oximsnil, though the a-form reacted more

reedily.
| .
=0 \

[ It was not found possible to prepare either |

O-ZOI

of these compounds by the action of hydroxylamine on |

'the monoanil or mono-phenylhydrazone of benzil.

Hydrazine and Oximes. J.0.S,, 19132236

A mixture of one mol. (.5 gm) of the oxime



with 2lcohol (20 ccs) and one mol, of hydrazine hydr-
ete (50 pc agueous solution) was refluxed cver s small
flame for four hours. At the end of the time a 1little

water was =dded and the solution was allowed to crys

In the case of the c-oxime it was found that
the oximino group hed apparently been revnlaced, and

the product was found to be benzil-monohydrazone,

| while with the p-oxime a good yield of benzil hydraz-

oxime was obtained,

OHO

Benzil-anil, J.Pr.Ch,, 89,40 (1909)

A mixture of 1 gm benzil and 1 gm aniline

was heated with ‘Ol gm iodine to a temperature of 130P°
for ten minutes, the mixture was diluted with alcohol
and allowed to crystallise. Yield 90 pec m, n, 100° !
Alternatively a mixture of equivalent weights
of benzil and aniline were boiled with ten times their
weight of nitrobenzene till no more water was expellad.
The nitrobenzene was steaﬂdistilled off and the regidue

0 p¢ m,p.,100°

L{0]

recrystallised from alcohol. Yield



D

b

|Bengil-semicarbazone, Ann,, 1205 339 25C
HuM, -90
M-
N
C—c
o]
[ b Ly o 4
&) Benzil (2 gms) and potassium acetate (1 gm)

were {issolved in zlcohol and treated with semicarb- |

|
| azide hycrochloride (1 gm) in the minimum of water,
|

|
|
i”“ter as necessary and allowed to stand for one day.

|
|
The solution was cleared by the addition of alcohol or
|
|
' . . <0 - |

b) The benzil was dissolved in a little methyl |

|

} alcohol and the potassium acetate and semicarbazide |
|u; rochloride in the minimum of water, The two cold
’solutiona vere mixed and alcohol or water added to
|01°“° the turbid solution so produced. Yield 2 gms m,#,l?5°

| Benzil-hydrazone. J. Pr., 1891,44,176

|
OO

A solution of 20 gms benzil ia the minimum

-"\,

ted

L)

of boiling alcohol was made and tre th 6 gms. |
| hydrazine hydrate ( 12 ccs 50 pc agueous solution)

The mixture was boiled for one minute and on cooling
the hydrzzone crystallised out and was recrystallised

.I..L

(o}
from alcohol. Yield theoretical 1 2D, 15k

In the case of the mixed benzils a longer
heating was usually necessary and the time was ad-

justed for each experiment by trial.




Benzil-phenylhvdrazone.
N
| G —
| S 9@

a.) One gram of Dbenzil in o finely divided state

was treated with a solution of one gram of phenyl-

hydrezine, an equal volume of 50 pc acetic acid and

six volumes of water Yield 8C pe m.p, 129°

| " . . . - .
‘bJ In this modified procedure, the benzil was
|

dissolved in a little hot alcohol and the phenyl hydr-

y - ; T L a
lazine in 2 similar volume of water with one drop of
| do

|

lacetic acid per cc. The two solutions were mixed and

‘boiled till a red precipitate appeared on cooling.
|
| wra ] - (8]
| Yield 80 pec. m,p.129,
|
'Benzil-dinitrophenylhydrazone. nalyst, 19205
' €,b2.2955

| qu:jférH f.n.-. 3. 193C B2
O D

| The stock reagent for the preparation of thi

derivative was a suspension of 1 gm of 2,4-dinitro-
phenylhydrazine in 200 ccs alcohol. @ive ccs of this
| .
reagent were boiled and about C:1 gn of the ketone
was added and the mixture boiled till all was dissolv
|

ed. Two drops of conc. hydrochloric acid were then

I“| b = * A
ladded a.d the solution boiled for one minute. In the

case of benzil dinitrophenvlhydrazones = precipitate
A7 & o

4




|
appeared on cooling and adding & little water,

Benzil dinitrophenylhydrazone n,p,185°

this

In cases where a larger quantity of
|derivative wes required the method of Brady was used
J.C0.5.1930,756. In this modification of %he procedure
|1 gn. of the solid dinitrophenylhydrazine was dissolv;

ed in 2 ccs conc. sulphuric acid, and an aleoholic ;
|

1

|solution of the ketone was added. The derivative was

| precipitated immediately without heating,

| Benzilic Acid. Organic Syntheses.

The benzilic acid transformation was brought |

Iabout by the reaction of 350 gms benzil with an equal |
weight of potassium hydroxide dissolved in 1400 ccs |
50 pc alcohol. A deep bluish-black solution was pro-
duced and the mixture was boiled under reflux for
about 15 minutes. It was then poured into a2 large

| basin and allowed to crystallise overnight. The po ‘

| C P
acid

| assium salt of Dbenzilic which crystellised was filter-

|

' ed off and washed with a little alcohol. The salt was
then dissolved in 3-4 litres of water and ﬂrurochlorlé
| acid slowly added. The benzilic acid was filtered off,
| well washed with water, dried, and recrystallised from

benzene. Yield 75-80 pe, m.p.150°
|




tn
0o

Reduction of Benzil-hyvdrazone.

(SE: oo
Cr—(
O Ty
A

A five gram portion of benzil hydrazone was
lheated in a sealed tube to a temperature of 180° for

leighteen hours with = solution of one mol. of sodium

in 50 ccs alcohol. On cooling the tube was opened.
Ammonia was copiously evolved and the contents of the

'tube were poured into 250 ccs water, The product was

an 01l which could not be crystallised. No desoxy-
benzoin was isolated, and as it was found in the lit-
erature that this compouné can be reduced by sodium
lethoxide it was thouvght that the mixture might contain
lunchanged hydrazone along with the reduction products

ri‘l

of desoxybenzoin, he experiment was therefore repeatr
|

o

led with three mols, of sodiwm, The product was an oil
which was dissolved in alcohol and allowed to eryst-
| . . (o)
allise out., The crystals, which had a m.p. of 125

were probably dibenzyl (yield 60 pc), anc on evapor- |

ation of the mother-licquor a quantity of crystals was
. C = abad Al
lobtained., These had a m.p., of 75 and consisted of

ibenzyl phenyl carbinol (yield 30 ne).

i



=

0
on Benzil, Lachmenn J,A,C,S,, v 45 (1923)

O OEO4 Ot

A solution of 2 gnms benzil in 20 ces absolute
|
|

-—NAJL.-

|alcohol was shaken with 1 gm potassium cyanide for

s

fifteen minutes in a test-tube filled with nitrogen.

(D

|
|
|
IAt the end of this time the solution wes diluted with |
Iether ant treated with & saturated solution of sodium

bisulphite. The benzaldehyde bisulphite compound vas

|
:flltered off and the ethereazl solution extracted with

-

sodium carbonate solution to remove any benzoic acid

T

due to oxidation of the benzaldehyde in the =2ir. On |

acidification of this extract it was found that no acﬂ
\'was present, The bisulphite compound was decompnosed !
by dilute sulphuric acid and the benzaldehyde eytrcctJ
%with ether. The ether was then evaporated and the LIJ
| :

1

|dehyde characterised as the dinitrophenylhydrazone.
The etheresl solution was now evaporated and heated
iunder reflux to decompose any mandelonitrile present.
‘It was found that no prussic acid was evolved (tested

|
|
|
by a drop of ferrous sulphate on a glass rod, held in
| L 5 T
ithe vapour for a miniute and then acidified.-absence

|

of prussian blue shows that no hydrogen cyanide is

ipresent). The residual ester was hydrolysed by cold

laleoholic potash, poured into water and the free acid

| = -
araeinitated By A3 Tnde anlnhiiric acid



o-Methoxybenzaldehyde . Ber ., 1905,38, 1676 |

| |

: CHs '

| &, |

|

: |
Commercisl salicyleldehyde was methylated as

follows. A mixture of 24 gms salicylaldehyde and 50
ms dimethyl-sulphate was added to a boiling solution

-

|

i

!o 20 gms caustic sode in 200 ces water, at such 2
|

irate that the solution continued %o boil. OCn cooling,|

|
|the mixture was extracted with ether and the extract
|
|

was washed with allali, then with water, dried and

distilled. Yield 85 pc b,p.124-7%at 1L

o-llethoxy-benzoin
o—.etnox'*benull
|

| According to Tiffenean and Levy, (loc,cit.)

‘this benzoin has been prepared by the benzoin conden-

lll 1930 ,49 743

isation in the form of an o0il which was purified by

| . : i
formation of the semicarbazone. Actually it was found
l

that the product of the condensation was already dark

|
L

in colour and after stesm-distilling, a reddish black
0il was obtained. Hrom this o0il it was not found pos-

sible to obtain other than a meagre yield of the semi-

L‘-O

carbazone, and in consequence it was thought advisable

| L. . .

to convert the whole directly into the benzil. Both |
| [
the nitric acid and the Pehling's solution methods of
oxidation (see page 42 ) gave a similar product, namely

o dark-coloured sticky o0il, Attemnted purification of|




| this o0il resulted in
ly decided to distil the r
| possible by careful neating

to obtain zbout one-third
iOF

| crystallised from alcohol.

grave wastage and it was

.
emaining

of

a pale yellow o0il which soon solidified s

oil. It was founﬂ?

. !
ultimete-

—
and using an Anschutz Ilas_

this nroduet in the form
nd

Yield about 10 pc m,p.85°

was Yer

Covdting

151ge G250 ¢ H-
Ragpisad ko €50y
150 & 5:0.

o-llethoxybenzil-c-oxime,

A quantity of the Dbenzil (2 gms) was finely

hydro- |

‘divided and suspended in 10 ccs of alecohol, To this

‘suspension was added of hydroxylamine

one mol,

chloride in a2 little water and the whole was cooled ta

!~5° with vigorous mechanicel stirring, and finally 3

imole, of 8 pc caustic soda were dropped in slowly.

|The oxime was isolated exactly as described in the
icase of simple benzil-oxime, Yield 1.9 gms. m,p

|0—uetﬂoxybenv1l p-oxime,

This wae prepared by heating 1°5 gns of
£ w2

| : ; ~ o
a—~oxime in alcohol to a temperature of 10CG~ in a

vered bottle for four hours. The alcohol solution wa
|

ithen poured into water, extracted with ether, dried

land the ether evaporated. The oxime formed an oil

|~hich solidified slowly in the icebox Tield 1-9gms.
|
n.p.

150-2°, Contains 9-2 pe Nitrogen (C.sH.s0,N= 103)

Trom a Beckmann Transformation of this oxime

0
the only product isolated wss snisic

acid m.p. 98-100°




56

J—Rethoxiben aldehyde. Ber. 1882 ,15,2048
.Lb_.\L 1900,568,1626

Qcp | |

| 40 )
la) m-Hydroxybenzzldehyde was supplied by the

13.D,H, in the form of a buff-coloured amorphous powder

| methyl alcoholic solution of this aldehyde (137 gms)

G

56 gms potash and 156 gms methyl iodide were heated to

2 temperature of 100° in a stoppered bottle for 2 per-
|

1iod of qevercl hours, After cooling, the bottle was |
| [
lopened and the confents diluted with water and steam- |

|distilled.
b) An alternative method demanded the use of di-|
methyl sulphate. 4 solution of 250 gms m-hydroxybenz-|

|
aldehyde in 75C ccs methyl alcohol was treated with
|

85 gms caustic soda in the minimum of water and the |

solution was boiled, Dimethyl-sulvhate was then added

.

the first 220 gnms were added at such 2 rate that the
solvution continued to boil, and finally 200 gms were
‘added in one lot along with enough 5C pc caustic soda

to keep the solution elkaline, The methyl alcohol w2

[em ]

then evaporated off and the nixture was steam-distille

In this method the yield was somewhat smaller but

though the manipulation is less simple there is no risg
| ,

lof total loss of the product as there is in the first

!meuﬂod Yield 60-7C pc. b.p. 129- 30t 60 mng

— ___,w__
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ethoxybenzil Bull, 1930,49,729
00\"3 ;
O '
The course of ihe benzoin condensation was ex-

Qe o
actly a

0

described by Tiffenesu and Levy, but the ben-
|
zoln was converted directly to the benzil, ‘

The benzil has not previously been described

and wag prepared by oxidation of the oily product of

the benzoin condensation by means of Fehling's solution Cedmimjusecs
i 5.2

ﬁhe vield was good and the benzil was readilv purified| e
- - 150150,

|
It forms stubby yellow needles from alcohol, ard shows
Fte tendency to the formation of large crystals which
is also charncteristic of the o- and p-isomers.

Yield 60 pe. m,p. 70°5?2

n-lethoxvbenzil-c~oxine. i
By the action of ahydroxylamine hydrochloride
' |
ﬁnd caustic soda on the benzil in the usuzl manner, a

red 0il was obtained which showed no signs of crystal-

lising even on three weeks standing in the ice-Dbox,

1-llethoxvbenzil-dioxime,

|
It was found that the benzil would also react

|
)

readily under the same conditions with two mols, of .

hydroxylemine to form the dioxime, This oxime recrystr
pllised from benzene was pure white and hed a sharp m,p.

Yield theoretical . m,p, 2005,

Nitrogen content 1C-& pe (Bequired for C,.H,.0.10 10-9)




| _m-lethoxybenzil-B-oxinme.

; By heating the red oily xime with alcohol
iin o semled tube, diluting with water and extracting |
\with ether = yellowish brown oil was obtained. This |
crystallised slowly in the icebox m,p. 124°, |

' Beclmann Transformation. .

' The Beclmann transformetion of the B-oxime

'1rlueﬂ no identifiable products.

._O |

‘m-lMethoxybenzil-hydrazone. m,p, 1lé-
This hydrazone crystallised from the reaction Cobeine WiikN
| QISHQ’_“;NO%
mixture in the usual manner and was recryst.from alcohol,

‘1-\euhOAV%0ﬂ31l—Thenvlh:dr 22018

The phenylhydrazone was only obtained as an 0il.

This derivative was prepared in the usual man-

ner and was found to heve a2 m.p, of 149-53°, Codins (300 Bugpid fr GHON, 21345

i il g . |

| s 5 -
m-llethoxvhenzil-semicarbazone.

After one week at room temperature this deriv-
Cndliti, 1% N

(o]
. | cls“u?b“’-z -2y

ative was obtained in the usual manner. m,p, 1855-7

!Benzilic Acid Reaction.

|

An attempt was made to prepare the benzilic i

lacid from m-methoxybenzil, by the method described ‘

[ |
ion page 51 using in this case 2 gms of the benzil, but

ithe product was an oil which could not be crystallised.
|

|

|
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p-llethoxybenzaldehyde,

O
e 4

Anisaldehyde was obtained from the B,D.H, and

was vacuum-distilled and kept in sealed bottles till
. " o}
| required for use. b.p. 251" at 760 mms,

' p-lethoxybenzoin. Bull., 1930,49,729

(R
H

This benzoin was prepared by the method of

Tiffenesu and Levy (loc,cit.) and was obtained from
‘the condensation as an oil which solidified in the ice-
box. Yield 80-90 pc.

It has been noted by Kinney (J.A.C.S., 1929,
51,1592) that the benzoin so obtained is not pure, and
it was found that when it was recrystallised from al—;
cohol till pure the yield was but 4C pc or thereby.

m,p, 105-6°

'p~Methoxybenzil.

| According to the method of Staudinger (see

'simple benzoin) the benzoin was dissolved in boiling |
'alcohol, treated with a slight excess of Fehling's |
|
solution, and heated on the water-bath for half an hour.
'An equal volume of'water was added and the solution

lextracted with small quantities of ether till the
|



| extract was no longer coloured. Yield 85 pc. m,p.62°

p-Methoxybenzil-a~ and B~ monoximes,

* B
e O OO

When an attempt was made to oximate this benr

3 . 1 % |
zil in a manner exactly analogous to that used for |

simple benzil, an o0il was obtained in a yield of about

80 pc. On standing in the ice-box this oil deposited
about half its weight of crystals of m,p. 110-20°
After washing with alcohol and recrystallising from

the same solvent, these had a m,p, of 110° The al-

41

cohol mother-liquors were then added to the residual |
0il and the mixture was heated in a sealed tube with |

: a further qua ntity of alcohol in order to convert
the oxime or oximes present into the stable B-form.
The product was poured into water, the oxime extract-
ed with ether, the ether evaporated and the oily res-|
idue allowed to crystallise in the ice-box. The oximé
so produced was recrystallised from alcohol and had

| a m.p, of 170-1°. Animal charcoal was also used %o

|

. effect the transformation from the w- to the p- form,i

' but +his method was found less convenient than that

| described sbove. It was also noted that an alcoholic

| solution of the c-oxime containing some caleium chlorr

ide became converted to the p- form on standing sever-



al days at room temperature, but this phenomenon

was not further investigated,

ga
From the solution of the B-oxime there was

left finally about 5 pe of an oil which could not be
induced to crystallise by any means whatever. This
;oil may contain,besides impurity, snd decomposition |
products, other oximes of the benzil. Evidence for I
'this was obtained from a microscopic examination of tﬁe
?oil from vhich all the B-oxime had not been removed, i
}Tgis showed the rpresence of a small quantity of a plaée—
éshaped crystal differing optically from that of the a{
'and B-oximes. It was thought that this might be due |
to the presence of some of the isomeric oxime, but it |

wes not found possible to isolate from the oil any- |

(thing but the B- end «- forms described above,

|
‘Beclkmann Transformation of the p-oxime.

|
'Yield of a-oxime 40 pe, Yield of p-oxime 45-50 pe. !
|

! The product of the Beckmann transformation of
|
'this oxime was a yellow compound melting at 97° ; on

hydrolysis it split up and crystals of p-anisidine werge
' |

%isolated m.p. 57°. The identity of this substance was

established by a mixed m.p. with an authentic sample

of the amine supplied by B.D.H, Contoin~ =5 = 1;15“43035)
Actually, the structure of this oxime has been

proved by lleisenheimer (Ann., 1925,444,94) ond this

Beclmann transformation was only studied as there is |




o

|no previous record of i%.
| : ' :
‘Action of Phenylhydrazine on the Oximes of p-llethoxybenzil

The procedure of Auwers and Siegfeld, guoted
in the section regarding simple benzil, was applied to
the oximes of p-methoxybenzil with the following results,
In the case of the a-oxime the phenyl hydraz-
one of the oxime began to crystallise out during the
course of the reaction. It crystallised from alcoholl
in long silky needles and was found to contain 12°5 pd
of nitrogen ( required for C,.H.o0,Ns 12-8 pc) i

m,p. 195-6° yield *5 gn. |
|

In the case of the p-oxime though the solution

darkened in colour, the only product was the unchange&
oxime even after seversl days standing at the temper-

ature given by Auwers. These results are in accord-

ance with the results for simple benzil .

Action of Aniline on the oximes of p-llethoxybenzil.

It was found that the oximes did not react |

with aniline and were recovered unchenged. This is |
|

contrary to the results of Auwers and Siegfeld who pre-

pared the oximanil from both oximes by this method,

\Action of Hydrazine on the oximes of p-lethoxybenzil. |

In the case of both oximes the product of the
action of hydrezine hydrate according to the method
lof Forster (cf. simple benzil oximes) was the same

na mely the hydrazone of p-methoxybenzil m,p. 105-67

|
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and containing 10+7 pc of nitrogen (required for
C.sH.a0zNz = 11°0 pc ), This hydrazone is not the sa%e
as that produced by the action of hydrazine om the
benzil. Apparently the hydrazido group has replaced
the oximino group of the original oxime, and hence it
| may be inferred that there is a structural differencel
in the compounds resulting from the action on tie benL
| 211 of hydroxylamine and hydrazine respectively.
This illustrates the peculiar value of the
oximes where questions of molecular structvre are in-|
' volved, for their structure is readily determined by
| means of the Beclkmann transformstion, In tThis case
C

the hydrazone of m.p. 105-6" is probably

R]IH-.
e e

p-llethoxybenzil-anil.

| This preparation was attempted by both the
I i | - - - - - r

' methods described for benzil-anil, but in both cases
|

the product was an o0il which could not be crystallised

p-lMethoxybenzil-hydrazone.

|

|
I .g"“ ‘
E—¢

This compound was readily prepared by the |
(2]

action of hydrazine hydrate on the benzil. It was

found to crystallise from alcohol in fangled rosettes



64

. - - |
of long hair-like needles which melted at 164°, Yield
|
theoretical.  The compound was found %o contain 10-9 |ne
. | ke

of nitrogen ( required for C.sH..0.N, = 11-0 pe):

As this compound is not identical with the
‘hydrazone described above it must have the'alternativé :

struciure

p-liethoxybenzil-semicarbazone.

It was not found possible to prepare this

compound in spite of several attempts under different |

|
conditions, and in all cases the benzil was recovered |
- |
'unchanged. :

‘p-lethoxybenzil-phenylhydrazone. .

The phenylhydrazone was readily nrepared by |

1 1

|
| . . .
lthe method described a2 b., in the case of benzil-

iphenylhydrazone. It was pure after one recrystallis-
ation from alcohol. It formed clumps of flat orange

prisms m,p. 180-1° and contained the caleulated amount
of nitrogen, viz. 8+5 pc . |

p-llethoxybenzil-dinitrophenylhydrazone.

i

This derivative had a m.p. of 187-90° when re

crystallised from acetic acid. Contains 15+4 pe N (0, H,4lla0g= 13-2)

p-llethoxybenzilic Acid.
|

The benzilic acid prepared from this benzil
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| was found To nave a snarp m.p. in the erude state. and

2 ~ O fi ) X F ¥ B . " L v e
148-9 . As the yield is theoretical the benzilic aciq

must have the structure shovn, Codbiet§8s ¢ sttt (Gmkvabd

The reaction of this benzil with npotassium
cyanide was carried out exactly as described in the

L

case of benzil, It was found

v A Toeds L1 ot P asiwi
On hydrolysis, the ethyl ester was found




Nitrobenz-aldehvdes.

| All the mono-nitrobenzaldehydes were obtained
from the B,D.H. aac m-nitrobenzaldehyde was also pre-
pa red by nitration of benzaldehyde. (Tanino) |
A mixture of two litres of concentrated sulp%—

uric acid and 17C ces funing nitric acid was cooled |
to 0° and well stirred while 500 ccs benzaldehyde were
dropped in at such a rate that the temperature did not
irise. Vhen all the benzaldehyde had been added, the |

mixture was heated to 60° and poured on %o ice. The prio-

|
duct was recrystallised from z mixture of alcohol and
‘ether. Yield 500 gmg m,p,59-61

Benzoin Condensation.

In no case was it found that the nitrobenz-
[
aldehyde would undergo the benzoin condensation either
with itself or with benzaldehyde; the product of the

> |
CEY ,

‘reaction was invariably a black sticky oil. Af

isteam—distilling this yielded a tarry semisolid mass
iwhich could not be crystallised and which did not yiefd

la benzil on oxidation with conc, nitric acid or Fehliﬁg‘s

solution, This black product smelt strongly of benzal-

‘dehyde and much of this reactant was recovered in the |

'steam-distillation. No simple benzoin was isolated,

}Cannizzaro Reaction.

It was found that by the action of a conc.

| |



solution of potash on the o- and m- aldehydes a2 most
| vigorous reaction took place, and the product appeared
to consist solely of the corresponding acid, while in
the case of the p-nitrobenzaldehyde a condensation pro-
duct involving the nitro- group was obtained. ( It |
appears from Beilstein that with a less concentrated
'alkali solution these undergo a normal Cannizzaro |
' reaction )

p-Nitrobenzil. J.C.8., 1928, 1080.

: o 5

An attempt was mede to prepare p-nitrobenzil

by the method described by Chattaway and Coulson (loc,|
cit.), by the nitration of benzoin in the presence of
acetic anhydride, and it was found necessary to modifly

the procedure considerably.
P

Even on mixing conc. sulphuric acid with acet- | fiv &

iic anhydride, heating took place accompanied by con- |
isidera ble charring and it was found that the solution
‘of benzoin in this mixture was alreadﬁ quite dark-col-
oured and sticky. When the nitration was completed thé

product was a dark sticky oil which hardly even merited

the name semi-golid. Vhen this 0il was converted into

the benzil it was found that the m:p. was considerably
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lower then that quoted by the vrevious workers and only
‘after = number of recrystallisations was it raised to
its moximum of 140°, Acetone and alcohol were used
for this purpose, but it was found that amyl alcohol
and ethyl acetate were also good solvents. The modif-
|
ied procedure for the preparation of this benzil is de-
| scribed below in two stages namely the preparation of
| p~nitrobenzoin acetyl derivative and its oxidation to
| the p-nitrobenzil.

Acetyl p-Nitrobenzoin. |

A mixture of 200 gmg benzoin and 1000 ccs of!
acetic anhydride (b.p. 138-40°) was vigorously stirred
and 200 cecs conc. sulphuric acid were dropped in while
the flesk was cooled in ice. After this operation,
the whole was cooled to -5° and 110 gms potassium nitf~
‘ate were added 1n small portions. The amber-coloured |

reaction mixture was allowed to stand for two days atl
room temperature while white crystals separated. These
were filtered off 2nd washed with acetic anhydride
and then with ether. The residual solution was then
‘poured on to ice and the oily product removed and
‘drained. It was later found that this oily product on
treatment with ether yielded further crystals identica%

with those described above, and that also the oily

'product obtained by the method of Chattaway and Coulson
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|
‘deposited the seme compound on similar treatment.
|Yield 60 pe. m.p. 127-8°

This product has been identified as the acetyl

derivative of p-nitrobeanzoin described by Francis

P

(J.O.S.¢111,544) and its identity was proved by a mix

4 s E—
(=¥

m.p, with a sample prepared by his method. The comp-

ound prepared as described above was found to be pure
after two recrystallisations from alcohol or acetone.

It is only moderately soluble in both these solvents

‘even on boiling, and it crystallises in thin shining
plates or short flat needles.

After the isolation of the acetyl derivative
from the nitration there remained about 30-40 pc of |
dark-coloured oil, from which there was isolated by
'shaking with sodium carbonate solution and long stand-
ing in the cold, a yellowish solid of m.p.118 which

was not further investigated.

Structure of n-Nitro-acetyl benzoin.

| It was found that the acetyl compound of m.p.
127-8° was oxidised by boiling with conc. nitric acid |
éto form the nitrobenzil, in a relatively pure state.
m.p. 140°,

| The acetyl compound could not be benzoylated

in pyridine solution, nor could it be acetylated either

Ey the method described in Organic Syntheses for acetyl-



benzoin, or by the action of acetyl chloride and pyr-
‘idine.

The oxime of this compound was readily prepar-
ed by the action of hydroxylamine hydrochloride on the
acetyl derivative in solution in gbout thirty times its
weight of pyridine. Yield theoretical m.p. 159-61°
contained 87 pc nitrogen ( reguired for C.eHis0. N,

89 pc )

Two grams of the compound were boiled for
'eight hours with 10 ccs 20 pc methyl alcoholic potash
and the alkaline solution was extracted with ether. |
On evaporation of the ethereal solution about one gram

of p-nitrobenzaldehyde was obtained m.p, 105-6°, mixed

i " 7 T - . . Ju
m.p. with pure aldehy@_e 104-5° . The 8.16.‘3:1?(18 oxidised
. . . . . 0

in air to the corresponding benzoic acid m.p. 232-5

( compared with B,D.H . product m.p. 234-5°). From

the allkaline solution, by acidification with sulphuric

acid, was obtzained a little p-nitrobenzoic acid,
7 i

|

|

' along with an infusible product, probably a condens-

| ation product involving the nitro-group.

|
. o " !
evidence tends to confirm the structure

m
a1

0

 established for the compound by Francis in which the

substituted benzene ring is adjacent to the acetylated
X %‘C’O .
' carbinol: NO: %f_g



Attempts to hydrolyse the acetyl compound of
nitrobenzoin have been recorded by Francis, but these|
led to the formation of the benzil, and of furane der—

 ivatives. Hence it was thought advisable to

make no systematic attemrt to prepare the benzoin in
this way, but it may be szid that hydrolysis by conc.
sulphuric acid leads to very extensive charring and

| that 50 pc acid leads to the formation of an infusible
product which was not further investigated. DBoiling

the acetyl compound with a mixture of conc. hydrochlofic
acid and methyl alcohol in an attempt to prepare the |
benzoin gzve an intensely yellow solid of m.p. 185° ‘
This compound is agein mentioned under the oximation |

of the p-nitrobenzil.

It wes not found possible to isolate from a |

Initration by the method described above, any of the
isomeric benzoins or their acetyl derivatives, and it
ves found that a mixture of nitric acid and acetic an-

Ihydride, cooled in ice, failed to nitrate the benzoin,!
while at room temperature the reaction became violent!

Iand was accompanied by almost complete charring.




p-litrobenzil.

When this compound was prepared exactly as de-
seribed by Chattaway and Coulson it had a m.p. many
degrees lower than that gquoted by these workers, and
only after a number of recrystallisations was it raisr

ed to its maximum of 140°, On the other hand, when the

' acetyl-nitrobenzoin was isolated as described above,

the crude benzil had a m,p, as high as 140° and it was
readily purified. Yield 80 pc m.p. 142°,

This benzil has been prepared by a number of
workers other than those quoted above, but only in
poor yields and mixed with the o-isomer. The methods

described here proved to be superior both to the method

™ 4
£ d

of Francis for the preparation of the acetyl nitro-
benzoin, and to that described by Chattaway for the
p-nitrobenzil.

Oximation of p-Nitrobenzil.

Oximation by the method of Taylor as dOSCrib;

ed for simple benzil-oximes gave in this case an in-

- fusible acidic product which did not melt even on

strong heating on a nickel spatula and slowly burned |
avay leaving no residue. It could not be sublimed |
even in vacuo, In several attempts, a white platy

product was obtained by extraction with benzene. This

product which was in exceedingly small yield had a m.p
|
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' of 145-6° and was not identified.
A similar oximation usinglsodium carbonate
in place of the hydroxide had no result and all the
benzil was recovered unchanged.
By heating the benzil with one mol. of hydr-
oxylamine hydrochloride and 3 mols. of sodium carbon-
ate for ten hours the benzil was recovered unchanged.
oimilar experiments were carried out with pot—
assium acetate, barium carbonate, borax, and potassium
ldihydrogen phosphate in order to find a medium which |
would be alkaline enough to cause the formation of the

oxime and if possible to dissolve it as formed, and |
;yet which would not be sufficiently alkaline to cause
the benzilic acid change or the formation of condens-
ation products of the benzil. In every case the ex-
periment failed and the benzil was recovered.
' In a similar experiment with barytz, an infusT
ible product was formed as in the case where alkali was
|
used. i
When 4 mols. of dilute ammonia solution were i
added to a2 solution of the Dbenzil in alechol, with oné
mol. of hydroxylamine hydrochloride, an intensely

#ith that formed from p-nitrobenzoin acetyl compound

| 3 . =
by the acticn of methyl alcohol and hydrochloric acid|
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It was shown that the action of either conc. nitric

| acid or Fehling's solufion did not oxidise it to the

Y]

|
|
|
|

' benzoin.
Tlhen the benzil was heated in 2 sezled tuhe

fq 4

|

|

|

|

| benzil, and that hence it could not be the p-nitro- ‘
|

| 1 £ i | * 1 2 1 LI . 1 !
with hydroxylamine hydrochloride in aleochol. the .

product vas & clear oil which could not be crystalliss
but which was completely soluble in sodium carboanate
solution and was arparently reprecipitated by acetic
acid. None of the benzil was recovered from the oil

and it probably consisted wholly of the oximes of the

nitrobenzil. UThen the oxime was heated with animal
|

Lcharcoal in alcohol or benzene no crvstalline compound

|was ohtained

|
In view of this exveriment, the benzil was
hézfed in alcoholic susvension with one eonivalent of
hydroxylamine hydrochloride on the water-bath for half
an hour., At the end of this fime, the benzil was com-
pletely dissolved and the solution was & pale yellow
in colour, A sample of the mixture dissolved complete
when poured into dilute caustic soda solution showing
thaet the reaction was complete and that no more benzil

vas present, The whole was then poured into water and

o

ly

[1



extracted with ether. On evaporation of the ether, an

|a1most theoretical yield of the oxime was obizined in
|

‘the form of a clear, almost colourless, o0il which would
|

. . oy .
not crystallise even on cooling to -15 for some %ime

and scratching with a glass rod, or standing in the

ice-box for several weeks. The oxime could not be ob-‘

‘tained in the crystalline state from solution in alcoh%l

ior benzene, and it was therefore heated in alcoholic
solution with animsl charcoal in order to ensure that
all the oxime should be converted to the p-configuration

( 2s described in the cage of simnle benzil). ttempt

te crystallise the oil from a wide variety of solvents
|

were then made without success.

Ur

A Beclmann transformetion of this o0il as de-

|
scribed in the case of benzil-oxime gave a bright

vellow solid of m.p. 127-8° which was recrystallised

from zlcohol.

J

t was shown by means of a mixed m.p.

that this compound wag not p-nitraniline, and similarly

thet it could not be p-nitrobenzonitrile or benzoyl-p-

=

nitraniline or p-nitrobenzoyl-aniline. 15-6 pc HNitrogen.
| :

- Attempts were made to hydrolyse this product.
| I |
The action of hydrochloric acid produced a similar

[ | el bt 1 ] 2]
i00111POU-110- of m.p. 150 and hydrolysis by caustic soda

|
!
: A |
1
|
|

gave only a small quantity of black tar, t was found|

that on dissolving the original yellow solid in conec,




|
I

'was obtained.

,quanulty of the dioxime was formed, and crystallised

out from the oily product.
|

| p-llitrobenzil-hydrazone

0gNs = 15-7 pe ). An attempt was made to reduce this

sulphuric acid and pouring into water, a white compound

with en unsharp m.p. was formed ( recrystallised twice

. . . . o
from alcohol) and when pure it melted at 175-6". On |

gentle warming with alkeli, the compound dissolved,

|
but none of the original substance could be recovered}
by extraction with ether. This shows that the oompouﬂd
of m.p. 176° was probably not a sulphate of the yellow
substance m,.p.127-8°.
An attempt was made, without success, to
prepare an oxime-semicarbazone of the benzil by the

action of semicarbezide on the oily oximation ﬂroduct

-:]

he reaction was allowed to proceed in the usual manner

|
d

for seversl weeks at room temperature, and finally a

L]

little water was added, bul no crystalline product

It was found that by the action of excess

| hydroxylanine hydrochloride on p-nitrobenzil, a small

This derivative was prepsred in the usual

manner, and was a slightly yellow solid of m.p,120-2°

It contained 15-9 pc of nitrogen (required for C..H, |

% » . ) 5 |
hydrazone by the action of sodium ethoxide as described



| for benzil hydrazone, in the hope of iso lating

products which would enable the structure of the nu¢r~

azone to be determined. The reaction mixture

-

g i R .
dark, and on pouring into water, = reddish oil was

~ne

obtained from which no identifisble products could

4

| be igolated. In this case owingz %o the presence of

the easily reduced nitrogrour, the reaction is uroorh+y

| much more complex than in the reduction of simple |
\
benzilhydrazone.

p-litrobenzil-phenylhydrazones. ‘

The action 6f phenylhydrazine on p—nitrohenzil
Eyields o mixture of two phenyl hydrazones m,p, 174° i
ianﬁ 200¢ regpectively, the latter being p:esent in ;
:greater amount, as described by Chattaway and Coulson
|
|

(loc.cit,). It was found that both these phenyl-hydr-
azones were recovered unchanged after three hours boil-
ing with alcohol and hydroxylamine hydrochloride., As
in the case of fthe hydrazone, it wes not found possib#e
to agsign a structure to this ﬂerivati#e.

; s i i |
p-Yitrobenzil-dinitrophenylhydrazone. !

This compound as preparcd by the usual method

ad an unsharp m.p., and after recrystallisation from
& w.q - o]

scetic zeid it was found to melt at 180-5", Cedeid LGN

| < I T QST
|

It was not found possible to prepare the semi-

carbazone or the anil of this benzil, possibly owing




method described on ps51 , The product was an infus-

' in alkali and liberated carbon dioxide from sodium

78

to the extreme insolubility of the benzil in cold al-
cohol, |

p-Nitrobenzilic acid.

An atfempt was made to prepare the benzilic

acid corresponding to this benzil by the standard

ible solid which burned when strongly heated and left

no residue, It wes insoluble in acid, but dissolved

carbonzte solution, showing thet it contained a free

acidic group. The moleculzr weight was estimated by

solution in standard alkali and back-titration with
standard acid. . The end-voint was quite sharp using
phenol phthalein as indicstor, and the compound was
reprecipitated , epparently unchanged, by the additio
of excess acid, The molecular weight , assuming that|
only one acidic group is present ver molecule,was |
14C-6 snd analysis by the micro-Dumas method showed
2 nitrogen content of 5-6 and 6°0 pc

An attempt vas made to prepare the methyl |
ester of this acid, but owing to the extreme insolubi
ity of the starting material in the methyl alcoholic

silphuric acid used, the yield was very small. The

m,p. of the ester so obtained was 110%s |

1~
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This aldehyde was obtained from the B.D.H, in
a s . L] l
form of the Analar or A.R. chemical whiclk was suf-|

iently pure for the preparztion of the benzoin, tno? h

Py
D

- - - |
quality of the aldehyde appeared to vary with differ-

1
samples.,

_h_.
-t
ot

p-Jimethylaminobenzoin. Ber,,1913,46,555%

— T & o

o 8 |
(.C'Hs),NQ‘ e—2
3\ |

The method of Staudinger for the prepar bl?}

of this benzoin by the condensation of the dimebnyl—

: |
aminobenzaldehyde with simple benzaldehyde wag found |

Poiz. % 5 m
L ,

sgtisfactory, The benzoin crystalli

l',-‘)
l.J

|

ed from |

|

the mother-liquor and was readily purified by recryst-
allisstion from alcohol. Yield 75-85 pc . m.p.165%

p-Dimethylaminobenzil,

0 Q
e e
/

It was found that this benzil was readily

prepared from the benzoin by the action of Fehling's

solution . The crude benzil had a good m,p, 2~d it

was readily purified to give a good yield of the pure|

compound . Yield 80 pc m.p. 114° . |



BN

p-Dimethylaminobenzil-a-oxime. '

It was found that when this preparation was
carried out in the uswval way only half of the benzil

reccted, even if the reaction was 2llowed to occur at

for ten hours. This, 2long with the

room temperature
fact that the m.p, was remarkably high and that bhe
oxime was only moderately soluble in alcohol and insol+
uble in benzene led to the suspicion that the benszil

had been converted into the dioxime. Yield 40 pe m.p.208¢

It was found that the oxime contained 15-1 pc

nitrogen (calculated for the dioxime 14:9 pe). This

|
shows conclusively that the compound is the dioxime.
No different methods were nsed to prepare the
nonoxime, ss the results of this experiment are quite
efinite and show that under the standard conditions
p-dimethylaminobenzil gives a good yield of the dioxime
plong with unchsnged benzil.
| The configuration of the oxime described above

|
#35 not determined.

p-Dimethylaminobenzil-phenylhydrazone.

Under %the conditions laid down for simple benz-

il a good yield of this derivative was readily obtained

m

snd it was pure after one recrystallisation from benzene

L

a vhich it is rather soluble. Tield 80 pe m.p.157-8%

ontsined 12+0 pe nitrogen ( required for Cppl.iON.=1213 peds

i
|
c
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p-Dimethylaminobenzil-dinitrophenylhydrazone.

This derivative was prepared by the method .

-

‘iven for benzil, and it was found to have a deep red-|

fe

g

dish black colour m.p. 235-40°, Gl WebN G, OpNg= 163

of this benzil were not readily prepared under the

i :
istandard conlitions and the benzilic acid change did
|
mot take place to an apprecisble extent after heating

the benzil with alcohelic potash for an hour.

Action of Alcoholic Fotassium Cyanide.

The only product of gplitting the benzil by
potassiun cyanide in absolute zlcohol, which was ident;

o Ll

ified was benzaldehyde ( characterised by means of the

2 f. 3 ! = i . o (o]
dinitrophenylhydrazone. m.p. 285°)-

It was founcC thet the other letonic derivative




o |
Q C?.\

This aldehyde, obtained from the B.D.H., was|
a massy white solid with a remarkably pleasant odour ‘

m.p. 37° .

Piperobenzoin.

This benzoin was prepared as described by
| Buck and Ide and by “iffeneau and Levy (loc,cit.).
|It was found that the benzoin obtained had a m.p. of
:.1100 and there was no sign of any other isomer.

| Piperobenzil.

The benzil was vrepared from the benzoin de-|

scribed sbove, by the Fehling's solution method.

| Yield 65-70 pe. m.p. 117°, |

| Piperobenzil-oximes. ]

‘ It was found that as in the case of p-methoxy-
| benzil, oximation gave an oil which was crystallised

by standing in the ice-box to give an oxime of m.p. |

110-111°. (containing 5-2 pec nitrogen - reguired for

G:-SI{J.:J.OAGIJ = 5.1 '_[JC )o !
When the residues of this crystallisation |

were heated in alcohol with animal charcoal to form |




the p-oxime,(as for simple benziloxime), the oily TroJ
' |

lduct crystallised readily and had a m.p. of 152-5°5.

|It contained 5.2 pec nitrogen. The total yield of oximé

\was about 80-9C pc showing thaet in this benzil only
|
one letonic group is subject to attack by hydroxylami&a

\Beclmann Transformetion of the p-Oxinme.

i
The Beclmann transformation of this oxime gave

e deep yellow micro-crystalline solid of m.p.l34-5which
did not yield any identifizble products on hydrolysisw

It was found that this compound gave = char-cﬁeristic‘

[

|jade green with conc. sulphuric acid, but no recognis-
| I -
iable hydrolysis products were obtained on diluting with

water.

\Piperobenzil-hydrazone.

There i1s no zbnormality about this reaction,
but the m.p. of the product was only sharp after three

recrystallisations from alecohol m.p. -L7-“Yield 90 pec. | b Adeoge

| No identifiable products were obtzined on the
|

reduction of this hydrazone by sodium ethoxide.
|

Pln(robe 1711-phenylhydrazone.

<Ly

This derivative was prepared by the method -

b— on page T and was obtained in the form of a reddish

0il which deposited about 5 pc of crystals m.p. 115-7¢|
These contained 9+9 pc nitrogen (calculated for CouH.e|

bz ™ 10.4 pc). The residual oil did not solidify. |



| Piperobenzil-semicarbazone.

B4 |

Piperobenzil-dinitrophenylhydrazone.

This derivative has a characteristic bright
|
red colour similar to that of the corresponding alde-

hyde, m,p 181-2° Contains 13, N. C;.:H..0,7.,=129pc.

It was found that the semicarbazone was resd+

67|

Bl

ily prepared by method b., after one week standing

in the cold. m.p.106-7¢ 13.7pc N C.eH ;50.N.=1¢Me.
ium O

Action of Potassium Cyanide. .

The products of the potassium cyznide splitting
I I I |
of this benzil were benzaldehyde (characterised by th

dinitrophenylhydrazone,) and piperonylic acid m.p.284

A

3
e!:
|

Piperobenzilic zcid,

50 HQ «° .
KD

The benzilic acid weas readily prepared from |

$OO0

piperobenzil in the usnal manner. m.p., 133-4°
Contains 66- Ipc C and 4°6pc H C.H ;,0,= 661 and 44.




p-Methylbenzoin. Ber., 1916,49,1352

| 8 o
e
# {

This benzoin was prepared by means of a simple

Grignard reaction. |

[

| A solution of benzaldehyde cyanhydrin

prepared by shaking 106 gus benzaldehyde in 50 ces

e

ether with 13 gams potassium cyanide and 22 gms

ammonium chloride in water, was dried with calcium |
chloride and added to a Grignard solution nrepared
| from 58 gms p-bromotoluene, 8 gms magnesium and 160 ccs

absolute ether. During the most vigorous reaction, tae

flask was cooled in ice, and thereafter it was heated |
|

. .. . ’ |
| on the water-bath for fifteen minutes and the contents
| |
= 3 55 : ol ARRES A arkls s | 2 : M. A
poured on to ice zcidified with hydrochloric zcid. The

benzoin sepzrated from the water-layer in {the course

of severzl hours. Yield 20 pc m.p 108-92
The yield is calculated in terms of the |

!bromctoluene, end it must be noted that three mols. |

| of this reactant are required for the formation of one

mol, of benzoin.

I
p-llethylbenzil. i
|

| Q O .
CHy c—¢
|

The Fehling's solution method of oxidation of




the benzoin was found to give incomplete conversion
and it was decided to try the action of nitric acid, |

though it was feared that this might lead to oxidation

|of the methyl group. The product melted wnsharply an

|b‘ recrysfallisation from petrol ether (b.p. 40-60°) |
|

|1t was found possible to isolate about 30 pc of this

| : ;

imaterial with a sherp m.p. of 97-8°. Al the end. of

‘thls long and tedious fractional crystallisastion it
‘ucs found that the compound contained nitrogen (3-7pc)
|

corresponding to a little more than half o nitro-group

'per molecule of benzil. (Required for a mono-nitro

icompound 6.9 pe). In view of this failure to isolate

tno required benzil the matier was not further

|1nve:t1 ed.
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Alcitions]l Bxperimental Results.

Attempts were made to rrepare mixed benzoins |
by the condensztion of benzaldehyde with each of the |
tollowing sldehydes:- 0-,m-,andp- hydroxy- and nitro-
benzaldehydes, The only recognissble product wes in

} o . 2 —_— L\ —r-: X, 3 i
the case of m-hydroxybenszsa .ldehyde, where 2ll the

1yae wae recovered as simple benzoin m,p,130©

In connection with the benzilic acid change
the following colours were observed in the reaction of

‘the benzil with agueous-alcoholic potash.

p~Methoxybenzil., Reddish-purple
p-Dimethylaminobenzil, Dirty brown,
p~Nitrobenzil. ' Insoluble - no colour
Fiperobenzil, Lvanescent purple
m-liethoxybenzil. fransient purple
Simple Benzil. Violet colour,

In 21l cases the colour disazppeared slowly,
but was not affected by shalking in the air.

On treating o mixture of each benzil and the
corresponding benzoin with agueous-alcoholic potash,

n all cases a purple colour was developed (excepting

the case of *~d1ﬂcth.lum1nobenz1l where there was no

colour). This colour disappearec instantly on shaking
B |
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As stated above, the action ¢f alecoholic

ol A SamiE A gpalads e e i g gy g a r
results are brought together here for nurposes of

PTOLH LS I”Olchﬁ,
p-liethoxybenzil . Benzaldehyde and Anisic acid
-Dimethylaminobenzil. Benzaldehyde formed.

Fiperobenzil. Benzaldehyde and piperonylig acid

Simple benzil, Benzaldehyde and benzoic acid.

All the sldehydes and ketones used were

characterised by means of the dinitrovhenylhydrazone.

. q ) ™ - a3 =

Substituent| Tenzaldehyde|liixed Benzoin|liixed Benzil

o-Methoxy
=.uet L,L"IO"” _ v 143°
p-liethoxy 298 256-8 187-90°
o-Nitro =&Y

1-Nitro 286
“-“-—'-’l‘LI'O bove 3007d. 180-5°
00— LY rdr oxy
:a;burox“
p-Hydroxy 260
h(Ghng 245
Piﬁero 267
p-liethyl 2737

£
()




0
0

! Lhe absorption spectra of the benzils tescribed
!3bove were measureC by means of a Bellingham and Stanley

meCium quartz spectrogzraph using the rote lng sector
method. |
This method is in common use with Spectrosco%ists

I

|

| and is described in modern text-books. The principle

L1

n which it is based is that two spectrum pho%ographs|

of an iron arc are recorded, by & special apparatus

: b il el 2
1

q

side by side on a photographic plate. One spectrum i%

=

due to the light after passing through the solution tg

"

‘be measured, and the other aft

pure solvent. The iron spark spectrum contains a great
[ ' |
|
1

er Da

n

sing through the |

0

many lines, and it is possible to plot a dispersion
|
| curve for the spectrograph used so that the wavelength

._b
[ ] ’ 5 A
|of any line may be determined from its distance from
|I i
any one'of the most pro:inent lines. The light passing

through the solvent is cut down by a rotating shutter
l
\which has a variable opening gradusted in terms of the

|
logarithm of the absorption. Now, if the spectrum of

the solvent and the solution have been given the same |

lexposure to the same amount of light, the two spectra
|

will have lines of the same intensity only at such |
vavelengths as the absorption is zero, In addition, ‘

where the exposures (governed by the rotating shutter)
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1Mo, shutter fube. 1log ke log c log k
11 10 1 cm. 185 5699 44486
2 1.2 < 088 4389
5 <95 1987 4388
& 75 1584 «*189
J 60 1787 4088
56 48 1690 3991
|7 38 1586 3890
56 <50 1489 G787
E 15 4 cms., 1+586 90Uy 5887
10 12 1489 5790 !
171 ‘95 1-388 3689 ;
512 75 14285 3586 |
112 +60 1188 3488 ;
114 48 1091 3392 |
15 ‘ 38 2990 3291 |
16 " 50 3-188 5188 é

e 1 4 . |
| The values of log I derived as above must be

Iplotted ageinst the corresponding vwavelengths for each
'benzil. Actuvally the lines havinz this zbsorption

| |
were not identified, but their distance from the line

at 5004, which is prominent in the iron spark Spectrmﬂ

‘was measured, and the wavelenghh obtained from a dispersion

M
|

|
([curve,

|
|
|
|
|
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The following dinitrophenylhydrazones have

not previously been recorded, and their composition

-

was checked by the micro-Dumas method of nitrogen
estimation.

e - - e |
¥p-llethoxybenzaldehyde Found 13-3pc Calc. 13-4 o

ro-Nitrobenzaldehyde 21.6 21.2
fm-Nitrobenzaldehyie 21.1 91.9
;p—Hydr0xyhenzaldehjde 18.9 18.5 l
p-llethylbenzaldehyde 18.6 18.79
p-Methoxybenzoin 13.6 5.3
Dimethylaminobenzoin 16-2 ‘ 165
Piperobenzoin 12-8 : 12:9 |
p-llethylbenzoin 11.5 119
m-llethoxybenzil 13-3 13.4
p-Methoxybenzil 13.3 15.4
p-Nitrobenzil 16-6 l6-1
Dimethylaminobenzil 16-2 16-2
Piperobenzil 12+9 13- 0

¥prepared by Brady
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| |
combustion tube, The latter is filled with o mixture

of equal parts of lead chromate and copper oxide wire

and at the end remote from the oxygen supply, a plug

of platinised asbestos packed so that the oxygen would|

| i . Ind -
iilow at a rate of about 4 ccs per minute when under a

total pressure of 80 mms water, The whole of this part

my

of the tube is heated to dull redness. The filling is

completed by a layer of lead peroxide on asbestos with

a short packing of silver wool on either side. "his

: i
The end of the combustion tube is attached to the |

absorption tubes by means of a capillary tube which is

formed

09

Hh

t the end. The absorption tubes which are

straight with 2 normal filling are finally connected

through a calcium chloride tube to a liariotte's bottle
|
which serves both to measure the volume of oxygen used,

end to regulate the pressure within the latter part of

and need not be described here except to say that the |

compound in 2 small boat, is volatilised by means of the
bn“per G which is regulated by the pressure within the

Epparatus a cting on the apparatus C, s0 t at the combus

automatically proceeds regularly and smnothly.

Lo

the apparatus., The procedure is carefully standardised

<

section of the tube is heated to 170° in a special oven.

1stion




Determinaticn of Nitrogen.

For the determinstion of
were used, These were the method of ter lienlen as
described by Thorpe and Thiteley in their book of
a, form of semi-micro Dumas
cctimation. The latter method was found to be the

speedy and satisfzctory, and in the present work

T > AL iy E¥acraal BT e (LY T P e
least 1T was ioundt Thav Tie apparavus red L.”l"Ol' was

0
=
o
I__i
'I__||
=
£o
mn
sy
ot
w

- RS R . e ] :
1y, DUT Wag passel b’foﬂ

+o collect water evolved in the reaction. The carbon

i

1ioxide was nassed over the boat containing the substance

I._
l..;
4]

s |

L]
s

covere snited copper oxide, over a column of

)
|

~

ne copper oxide (any other filling was found super-

o

flous), and finally into a nitrometer (1-5 ccs capacity)

The tube and filling were well roasted in an atmosphere

m

of dry carbon dioxide-free air, and then in an atmosphere

0f carbon dioxide till no more air was evolved from

W Lo
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| - . . . -y .
ithe filling. The boat was then inserted =s gquickly as
|

| possible and carbon dioxide passed through the tube |
| s ; , I | '
while the copper oxide filling was heated strongly.
Vhen it was found that all the gases evolved from the‘
' end of the tube could be sbsorbed in the potash Solution
'which filled the nitrometer (i.e, the tube was free from nitrogen)
| the boat was gently hested. Under these conditions
the combustion wag usually over in a2bout five minutes
|

|
|and the carbon dioxide was passed for a further fen
|

'minutes %11l all the nitrogen was carried over . Other-

wise the proceeding was exactly as in the ordinary

|

|

| 1 " -~ . % A - -
‘Bumas method of nitrogen determinztion,
|

|
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Fectors Governing the Reactivity of the

Unsyrmetrical Benzils,

1T, Discugsion, |

The choice of the mixed benzils for this work

g

is important for severzl reasons. IFirstly, the benzilT

are typically aromatic ketones, and study of them ghould

|

[ . : i : :
the aromatic series. The benzils are readily availeble
|

|
by way of the benzoins, and it should be quite possible

1

ouite clearly the reactivity of the carbonyl in

to show the influence of the substituents on the carbonyl.

An important factor influencing the choice of such a

| . _ A
series of compounds is that the Beclmana products of an

|

more easily identified than the corresponding compounds

i

aromatic ketone appear, from the literature, to be much

1
| ‘ A L) = =y e i
in the aliphatic series, and hence the structures of the

oximes are more readily available. In addition to these
! . em i 1
factors, it must be rembered that whereas several mixed

benzils have been prepared, the only other work on thenm

ig that of Buck and Ide and of Jenkins who have reduced

Yot

several of them. ' In consecuence, this thesig may be

regarded in the light of exploration of 2 new field.
The reactivity of & carbonyl group may be '

measured in two ways, chemically and by physical means,

and both methods were adopted in the course of this
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|
- |
| |
research. In the case of the estimation of reactivity!

by means of chemical reagents, the ultimate aim is, of

; i e : ol
course, to measure the reaction guantitatively, and this

is imnossible till the zenersl trend of the reaction

is understood., It would be ridiculous for example (%o

guote from the present work) to determine accurately
|

the rate of formation of p-dimethylaminobenzil monoxime
when, as has been shown above, the dioxime is formed
imnediately, even under very mild conditions of oximati

The aim of this thesis is to investigate

iﬁualitatively the zction of various chemical reagents
[
on several mixed benzils with a view to forming some |

conclusions as to the relative reactivity of the twe
carbonyl groups compared with these of simple benzil.

Though it was not intended to male the invest+
igation quantitative in nature, it was thought advisabl
to mzke the experiments with the various benzils compaxr

by verforming them under the same conditions irrespecti

L2

in the experimental section of this thesis, and are thd

found most convenient in the case of simple benzil.

carbonyl group can be correlated with the position and

Lo

intensity of the absorption band associated with this

group in the spectrum of the compound examined, the

As it has been stated that the reactivity of 3

on.

€

able

ve

of questions of yield etc. These conditions are described

S€e
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|
absorption spectra of the benzils described =bhove werei
|
determined by means of the roteting sector method znd

I’che regults are discussed in the light of previous wor}

L."

r1

in the field

At the outset it has been stated that the

n

object of this research is to study the effect of

various factors on the reactivity of the two ketonic

Eroupo in verious mixed benzils. In the course of an

| l
xamination of the previous work on a series of related

?eactions, it has been shown that even the most |

satisfactory of theories is far from representing the

vhole truth of the matter in any of the examples studied,
| . I

and that'a priori', no prediction can be made =s to how

the diketones will react. This is owing chiefly to our

lack of precise and comprehensive data about the
reactivity of the carboayl group even in simpler compounds

and under less complex circumstances.

The most important deduction from previous work

|
is that the reactivity of a carbonyl depends on its 1
environment. This influence mey be resolved info two
factors which depend on internal and outside circumstances

respectively. Now, in a mixed benzil, the internal

factors are evidently the presence in the molecule of

|
L

the two benzene rings, and of the second carbonyl, while

the external influence is due to the different reagent%
i
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employed, as well as the effect of solvent on the vario

reactions.
|

The effect on o carbonyl group of =n adjacent

-

J
benzene ring can best be studied in the case of the

el
subst

ituted benzaldehydes, but, as stated above, this

comparison is not possible in practice owing %o the lzg!

us

Ir

L

of data about the reactivity of these particular compoynds.

The influence of two adjacent carbonyls on ong
enother is seen in simple benzil which has been shown
to react in certain circumstances as a monoketone. Th
factor is not readily measured, except possibly by the
comparison of the reactivity of the substituted benzilg
with that of the corresponding benzophenones and of the
flesoxybenz Olﬂl and here too there is an almost complef
lack of data. It has heen found that in the case of

enzophenones, so little is lnown that in some cases,

|
|
the oximes have not yet been prepared. Similar remarks

apply also to the substituted (symmetrical) benzils.

The discussion falls naturally into several

. = i n |
divisions. The first deals with the preparation of the

sterting materials - the mixed benzils. Any previous

&he course of other investigations, and =z considerable
smount ef work was necessary in preparing the benzils

vsed in the research.

is

e

rk on these compounds has only been done casually in|
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The best way to approach the mixed benzils

|1;Weurcu to be the formation of the mixed benzoins by
\means of the benzoin condensation and oxidation of the
=nronrcts by one method or other to tﬁe benzils. low,

for the sake of simplicity it is advisal le, and for a

start quite imperstive, that the benzils used should

contain but one substituent in the benzene rings.

vaiously the introduction of a second substituent lead

|
|
o unmanageable complications.

ol d=

|
|
| At first sight, the experimental worlk in this

| section appeared relatively simple, yet from the start

considerable difficulty was encountered. The number
|

f mixed benzoins which contain but one substituent and

(=¥}

|are readily aveilsble in good yield,is strictly limite
and indeed the difficulty in the preparation of these
compounds is commented upon by Buck and Ide in several|
places in their series of papers.

Actually it was found that only three mixed

|benzoins could be prepared from readily svailable al-

dehydes in good yield and in a2 reasonably convenient

manner. These are the p-methoxy, p-dimethylamino, and|
piperobenzoins., o-llethoxy and m-methoxybenzoins were
slso obtainable, less readily, in the form of oils

which were oxidised directly to the benzils, One !

benzoin, the p-methyl compound was obtained by means
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|
|
|
;of e simple Grignard reaction in fair yield, and the
éacetyl derivative of p-nitrobenzoin was obtzined from
| |
‘benzoin by = special nitration method.

Repeated. but unsuccessful atteupts were made
'to prepare the new mixed benzoins from the condensation
of benzaldehyde and the followiﬁg substituted benzaldehydes
- the three isomeric mononitrobenzaldehydes, the three

hydroxybenzaldehydes and chlorobenzaldehyde.

lith one exception, the benzoins actually
|
| . . . . . . .
Iprepared were oxidised to give the benzils in fair yield
|

'but in most cases it was found necessary to sacrifice
|

la. considerable portion of the yield in order to obtain

|

| . .
la. really pure compound. In the case of p-methylbenzoin

it was found that Fehling's solution did not give

complete oxidation and when nitric acid was used, some1
nitration arpeared to take place, and the product was
an inseparasble mixture of isomers containing nitrogen
corresponding to about half a nitro group per molecule

of the benzil.

i It is evident that the work of this thesis is
| |
not directly connected with the mixed benzoins as no
nev mixed benzoins have been vrepared and only a few

negative results recorded. At the same time, it

emphasises in a manner hardly possible to the origiwal|
P

workers in this field %that the benzoin condensation is
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by no means so simple as might be expected. There
|
iseems no doubt that the mixed benzoins produced by the

condensation are not in general cuite pure, (they are

lueqer 11y obtained in the form of oils and gums which

rystallise only very uioxlj) and the other products

Q

T + 3 B D, SLI |
|

ne reaction have yet to be identified. No general

\conclusion has yet been drawn from their work by the

original researchers in this field, and as stated befor

the relstion of the henzoin condensation to the reactis

g ! = |

iof the aldehydes concerned hes still to be definitely

!"orked out.

|

i The theoretical interest of the condensation

|

is due %to the fact that the reaction is affected by th
épresence of substituents just as is the reactivity of

%the various benzaldehydes concerned, In fact from the

t“ oretical consideration it appears that the condenss

may be intimately related to the reactivity of the
|

arbonyl group in these compounds and possibly in the

of the vreparation of a number of mixed benzoins by
Buck and Ide was to ensble worth while deductiong to

From this point of view it is important to notice that

mixed benzils also. It has been stated that one object

be made as to the reactivity of the aldehydes concerned.

some mixed benzoins are formed only in very poor yields

=nd in an impure 3%atg. In the case of p-methoxybenzoin

vity

ps2)

tion

1]
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for exzmple, if the product is purified, the yield is

only zbout 4C pe, which is poor compered with the simp ole
|
penzoin condensation where yields of 90 pc are common.

| 3 - - - -
Until the mechanism of the simple benzoin

condensation is properly understood it is difficult to
heal with the mixed benzoins in = satisfactory manner.
The most promising basis on which this may be done is
e, consideraticn of the fact that the reasction includes
05 o first stage the formation of mandelonitrile, and
apparently the last stage is the formation of an addition
compound of benzoin and prussic acid, - in all probability

benzoin ecyanhydrin,

| How,obvionsly both these staoges are subject ¢
the influence of substituents in the benzene ring, and
it must =lso be remembsred that the various side reactions
sre involved.

It has been shown by Buclk and Ide that the
condensation is reversible, and, restricting the discugsion

to the main issue at stale, the reaction may be represented

by en eguilibrium scheme as follows -
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It may be remaried that this is only one of
[the possible mechanisme for the benzoin condensation,
IThis matter is fully dezlt with in the introduction,

| « Y
%

and the scheme given here may readily be adapted to

an alternative formulation such as thet of Horbye.

In a mized benzoin condensation the compositi

-

of the product will depend firstly on the extent to
vhich the mandelonitriles czre formed in the first step
of the reaction. If one of the aldehydes (say X.2,CHO
forms no cyanhydrin, then reactiong 2 and 1 will be

suppressed, snd only the benzoins D and B can he forme
By extendingz this form of discussion it may be seen

that the product in a general case will be A +B +0 +D

and the relative proportions will depend on the capzei

of the two zldehydes for addition of prussic acid. As

D1

.




the mechanism of 4he reaction t

(=

g not completely unde

T+ de 4w .ﬂl 3 1 L
1t 1s impossible to say whether there is znv reason

L 1 iy RN 3 3 A 3
but the reaction is evidently reversible, and the

T L me Ea 2 . A i) . N
rroportions of the two possible benzoin cyanhydrins

of the reaction - the decomposition of the cyanhydri

‘:

of the two benzoins formed,
It seems probsble thet there should be an i

relation between the simple benzoin condensation and

hydrin and the other none, and
one simple and one mixed benzoin e.g, B and D - the

formetion of all others is impossible. Now, within

of the two aldehydes to unite with the one possible
cyanhydin, end the simple and mixed benzoine are,
i ] g

this sense complementary.

In the case vhere neither aldehyde forms a

thy an o ; - w0y <
way an aldehyde X.@,CHO and a mandelonitrile Y., CHOH

that in the ideal case one benzaldehyde forms a cyan-

ry

should or should not react to fornm the benzoin cyanhvd:
L7 (%4

n

d 3
neiln

the mixed reaction, and it is evident from the diagram

the product may contain

and, obviously, the resulting mixture will depend on the

in

tood

CN

rin

will depend on individusl circumstsnces. The last stage

to the benzoin - will also affect the final proportions

this system there is still a network of reversible reactions

tendency of the two benzoin cyanhydrins to split up into

the benzoins and hydrocyanic acid, as well as the tendency




-

cyanhydrin ne reaction is possible, and if both form

this derivative the whole eguilibrium systen comes int

i

. '] o
.J_La.‘}r.

F

Por = start, it may be talken simply that all

benzaldehydes containing strongly polar groups give no
simple benzoin condensation. OSuch are p-dimethylamino
benzaldehyde azg well as nitro and hydroxy benzaldehyde
and in consideration of this matter it is unfortunate
that in the most interesting cases the substituents
have a strong tendency to enter into side reactions
which obsecure the main issue, chiefly by the formation
of oils and tars. Hurthermore, there is a variety of
sida&eaotions vhich have been dealt with by Lachmann;
these have only been fully investigated in the case
of simple benzaldehyde and benzoin, and apparently not
at all in the case of substituted benzaldehvdes. This
explaing to some extent tne formation of oils and tars
in benzoin formation, especially considering the
extraordinary reactivity of the aromatic sldehydes.
At the same time, such side issues seem hardl
adequate tc explain the fact that in some mixed benzoi
the yields are as small 2g 10-30 pc , This is probabl
primarily due to shift of the equilibria of the reacti
towards the benzaldehydes as shown in the scheme above
but for z complete proof of this complete equilibrium

data and reaction velocities for 21l the reactions

o

S

s

ons
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involved are necessary.
Bvidently then, the composition of the produdt
from a benzoin condensation in homogeneous solution willl
.

depend nrimerily on the eguilibrium constants and reaction
velocities of the various reactions invelved, and untill
ithese physical data are available for a large number of

(&)

benzaldehydes the matter cannot be profitably considered

o

at any greater length. The nature of the final produc
igolated from 2 benzoin condens-tion will however depend
on another factor about which very little is known
namely the solubility of the various possible products
in the reaction mixture. Thus , in the case of a system
where one possible benzoin is much more insoluble than

1

the others, on cooling, the benzoin will crystallise
out, and if the reactions involved are very rapid, the
whole scheme will be upset and = preponderant amcunt
of that benzoin will be formed. The least soluble of
the possibilities will not, of course,be formed unless
the corresponding cyanhydrin is stable, and indeed the
cuestion of solubility is entirely a secondary one
dependent on the equilibrium scheme given above.

A third factor influencing the product was
digcovered by Buck and Ide who found that in certain céses

eddition compounds of two benzoins could be formed, with,

of course, corresponding complication of the equilibrig.
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Consideration of the rezction diagram riven

above sugrests a possible explanation of the anomalous

effect of cubstituents on the condensation. In the

ag chown zbove, the resuling mixture, in solution, will

lra

reaction where both aldehydes form cyanhydri

contain the benzeins A+ B+ C + D in eguilibrivm with
the corresponding other compounds as illustrated. Toy,

4.1

in practice, the benzoin isolated from such a mixture

s always found to have the carbinol group dLJ”CBHi to

the unsubstituted phenyl, and apart from the solubilij

factor which cannot lead to any such regularities, thg

S

explanstion must be sought in the effect of substituents

on the benzaldehyde and benzoin cysnhydrins respectivg

J'T

These tvo effects are shovn in the diasgram
below, It will be noted that the influence of the
substituents is represented by 2 system of + and -
signs, which does not accord with the latest ideas of
Ingold and other theorists in this field. This has be
done for the sake of simplicity, as the theories of
todey are too complex to be applied properly here.
Such simplification is justified by the example of
Aarhenius, who, it is said, never made an exact

messurement lest it should obscure the general law by

its very exactitude,.

21y,

AHES
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While it is extremely difficult to predict

with certzinty the stability of a compound from a
considerztion of its structural formuls alone, yet if
is evident that the conditions in the molecule of
'benzaldehyde and benzoin cyanhydrins must be very |
similar. Thus, if the influence of an electronegative
substituent is to increase the stability of the
benzaldehyde cyanhydrin, then it must also stabilise
that of the corresponding benzoin, Now, these two
effects will immediately be followed by the promotioni
and inhibition respectively, of the benzoin condensation
as will be seen from the diagram (plee), lhile this
line of reasoning is too speculative to be carried
further without the backing of collateral evidence,
it at any rate shows that there is no reason why an
electronegative and an electropositive group should |
necessarily have the effect of causing the formation |

of benzoins of opposite structure,




#or the purposes of digcussion, the results of the

experimental part of this work are summarised in two
tables. One table contains descriptions of all the
ketonic derivatives prepared, while the other shows
various other rezctions of the benzils, along with
severzl reactions of the corres-onding benzaldehydes,

\which appear to be analogous to those of the benzils.

In addition, a section is annexed dezling

with absorption spectra in general snd especially those

-

| of aromatic cerbonyl compounds including particulerly

the mixed benzils. |
|

Benzil Oxime Hydrazone |Fhenyl-hydr |Semicarb.

p-lKethoxy |Cryst. in |One formed [Only one  |No data
icebox 11q a.v. 164 100-1

p-Nitro |0il by sp.[One compd. |7 Two No data

_ nethod 120-2 )

p-lllle, Dioxime ay lNone One only No data
once 157-8

Pipero lionoxime |n.p.unshary Oily m., p.106-7
148-52 (3) | 117-25 115~7 1mono-

o-liethoxy [Pioxime [No data lo data llo data
150-2

n-liethoxy Pioxime [One compd. [0il 149-55
210 115-5 ____|mono-

] Unless otherwise stated, the compound formed

vas the monosubstituted one. Dinitrophenylhydrazones |

were formed in each case except that of o-methoxybenzill

but are tabulated separately. The monoxime was first
formed in each case except p-dimethylaminobenzi

in the o~ and m~ methoxybenzils these were not isolated.



Benzil Benzilic |KCN oimple |Mixed
Aeid, Splitting | Benzoin| Benzoin

p-liethoxy |Only one |#.CHO + B, Formed |40 pe.
p=-llitro Cond.Pr. [Cond.Pr. [None Llone
p-llles lone llone one 86 pe
Fipero Only one 0.CHO + I.Formed {30 pe
o-lethoxy lio Dataq Inown Oily
m-lethoxy [0il w,CHO + Kn ovm 0il

From these results it is at once evident thaf

there is no simple relation between the results, and |
|

no obvious egreement with the sbsorpiion spectra of !
|

the benzils.
A

This may be due fo the fact that confusion

arises due to the various fazctors involved which have

¥,

heen mentioned above and which can be dealt with more‘
fully at this stage. %hus, to compare the effects ofi
' the reagent employed, it is necessary to consider the |
laction of various reagents on the benzil, and to show‘
the influence of substituents on the reactivity one ‘

must compare the reactions of one reagent with all the

neighbour, the properties of a benzil may be compared

benzils., To study the effect of a carbonyl on its ‘
|
|
|

generslly with those of the corresponding benzophenones
or desoxybenzoins, or alternutively the properties of
2. series of benzils in respect of one reagent may be

icompared with a series



of benzophenones under gimilar circumstances.

= i

It is evident thut the structures of

: ¢ & i A 5 y - . |
zive the key to those of the other ketonic aerlvatlve%
for their structure is readilydetermined by means of [

| the Beclmann Uransformation. Once the structure of th
|

|oximes is found it is possible, by means of the methods

of Aumwers and Siegfeld and of Forster (which have been

'described in the case of Dbenzil and p-methoxybenzil) |
l

It soon became evident that %this could not be

'done in the course of this resesrch, for it was found

that only a limited number of benzils gave monoximes

readily in a state of purity, and furthermore, these

e

|
loximes did not give the Beclmann reaction of the seoonﬁ

type. Invariably, they gave yellow solids which could

o
o )

not be identified, but were probably of the type

benzoyl formenilide. In every case attempts to hydrol

'benziloxime whose structure was already lnown. This
difficulty has been noted by Buck and Ide in treating
of the corresponding products from the oximes of the

mixed desoxybenzoins., As the synthesig of 2 compound

these products failed, exceptv in the case of p-methoxyi

he oximes

e

to obtain the structures of the other cerbonyl deriVaﬂives.

yse

like benzoyl formenilide is long =2nd difficult it was
not thought advisable to attempt it in the short time

available.

l
|
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4As the only satisfactory methods for the dete
mination of the structure of the ketonic derivatives
depends entirely on the structure of the oximes, it
was only possibie to apply it in one place. (see p-
methoxybenzil)

The only other method for the determination
of these structures which showed any promise was the

action of alkali and sodium ethoxide om the hydrazone

65}

and semicarbazones. This method was found to be of
little service, since 2o trial experiment showed that
it required modification to suit each derivative. In
the case of benzil hydrazone sodium ethoxide not only
expels the hydrazido residue, but also reduces the
desoxybenzoin so formed to benzyl phenyl carbinol

and dibenzyl. The first part of the reaction is a

general one for all hydrszones,. and desoxybenzoin

—

has been reduced by this method by Wolf (Ann., 1912,384

(g0

to yield the same products. It was not found possibl

to investigate the use of caustic alkali in a similar

reaction with a view to the preparation of the desox
prer g

benzoin

It must therefore regretfully be concluded
§ 4 ) = . 4 [
that until the monoximes of these bLenzils have been
|
nrepared and their structures determined, it will be |

difficult to determine the structure of the other
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ketonic derivstives,

| |
| group, the effect of the reagent employed is much more

L

than was at first suspected. This is most. strikingly

evident in the case of p-methoxybenzil in which it

has been shevn thet hydrazine and hydroxylamine and

hydr With p-dimethyl-

o

zine attaclk different groups.

aminobenzil, K hydroxylamine attacks both carbonyls while

| caustic sode or hydrazine resct at all. p-llitrobenzil

appears to give the two phenyl hydrazones, though it
has yet to be »roved that these are individuals and
'not dimeric forms, It has definitely been shown that
only one hydrazone is formed in this case and it seems
probable that the oxime which is an oil, contains two
isomeric forms, FPiperobenzil gives but one oxime,
while the m,p. of the hydrazone originslly formed is
unsharp, suggesting that here too there is at least

o trace of an isomeric form, and the'phenyl hydrazone

| has not been obtained in the solid form probably owing

phenyl hydrazine only avpears to attack one and neither

It appears that in the reactions of the carbonyl

|
'to the same cause. In all cases, the dinitrophenyl-

' hydrazones are formed by the reaction of only one ketonic

group of the parent benzil.



| These resmlts appear to suggest that under

certain circumstances a compound may react as a diketone

)y @ change of reagent it may become a monoketon
and the other curbonyl may be cuite unreactive. This

is evident in the case of cimple benzil which usually

reacts as 2 monoketone and in which the other carbonyl
can be caused to react only under more strenuous con-

ditions. In this connection it must be mentioned that
in view of the fact that the diketone is formed so

<]
L

readily, the failure of p-dimethylaminobenzil to give

'the benzilic acid change may be due to the fact that

|
In nearly all cases the m-compound reacts

differentl
|

2]

y from the o- amd p~ compounds, and the im-
portance of this is realised when it is stated that
this is the only instance in the present research in
which there is any resemblance to g correlation of the

J.

results with the alternating polarity type of theory,

It is interesting to note that p-nitrobenzil
l . . ; ; ; ;

and p~dimethylaminobenzil, which contain the most stro
polar grouns conéidered in the course of the present

research, though of opposite polerity give the dioxime

Ipotash adds on to both the ketonic groups (see later). |

nely

readily, In the first case however, the monoxime is

‘nrobably formed first, as a mixtureof the two possible
1= ;
Iforms (« and «i) while in the other case it is not



ns |

|
|
formed at all even under very mild conditions of ‘
oximation. l
The effect of substituents on the behaviour

| of different benzils to the same reagent shows similar
anomalies, For exsmple, as will be seen from the table,
p-nethoxybenzil and piperobenzil are similar in théir
behaviour to hydroxylamine in contrast to p-dimethyl-
artino and m-methoxy benzils which readily form the dioxime.
As a ma tter of fact m-methoxybenzil reacts first to
he monoxime, but the sbove classification is

justified by the ease with which the dioxime is formed
by the sction of excess hydroxylemine, Cwing to the
occurrence of a side reaction the case of p-nitrobenzil

4

is not cuite comparable, bul by the application of a

slightly different method it was found poscible to

prepare & monoxime in the form of a gummy oil from
which neither the benzil, nor the dioxime separated
on seeding with these compounds, The dioxime was formed
by the reaction with excess hydroxylamine as ic’ the
case with m-methoxybenzil,

This reaction shows no definite regularities

land it shoﬁld be noted that the benzils are associated

in groups different from these shown by the examina ticn

aminobenzil is entirely different from all the others

|
|
|
iof the spectra, except that in both cases p-dimethyl-
l
|

[
|
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The hydrazones show a similar type of

in ¢+111 o third nmenner. Here benzil nitrobenzil and

im-methoxybenzil are sinilar while piperobenzil and
|

P

p-dimethylaminobenzil are diffe
ezch other.

The case of the phenyl hydrazones is again
benzil ere similar while p-nitrobenzil and possibly
also piperobenzil end m-methoxybenzil give two phenyl
hydrazones.

As far as could be shown, the dinitrophenyl-
hydrazones of the benzils were all of the seme type.

Of the eight benzils studied, only benzil,

- in each case only one was formed and it was the

i“OﬂOQJbSultuted derivetive.

which demonstrates the fact that the result of these

0f all the reagents tabulated, only one gives similar

results with each benzil and in 2ll probebility this

Lo

L

eroup,

lanomaly and the benzils are sssociated with each other

rent froa these and from

|different for here p-methoxybenzil and p-dimethylamino

These results are sumnarised in a table (p.l2()

reactions is largely governed by the reagent employed.

reagent —dinitrophenylhydrazine - is the mogt suitable

one for the estimation of the reactivity of a carbonyl

|

\piperobenzil and w-methoxybenzil gave any semicarbazone,

i
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| f'rom this table it is evident
|

|reactivity of the two carbonyl groups of benzil is

affected by the presence of substifuents in the benzene

|

"_-'.' ) o s L L (4 ST A S S8 R Ak GA - 8 A ' ! s ded - |

LN N v Y e e s T e e N T A SCT—
react 1n Mmost cages a5 monocievioaes. AT The sanm tine |

ry important <faclt emerges, namely that it is
| impossible to define the reactivity of a2 chemical

radicael or group by reference to the formation of non+

formation of only one or two derivatives as was done |

by lme. Remart-Lucas in her discussion of the ahsorptlom

4 |

t 1g obviousg that ‘

h

organic compounds, snd 1

]
-t
=
wm
Q
Lty
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in consideration of such reactivity, not only the
| formation, but also the rate of formetion must be coni
sidered, Indeed it is possible that if all the rates|

‘ of reaction of benzils with the szbove resgents were



|

knovn, a comparison of them would show some genera’
| rule for the reactivity of the carboanyl sroup.

Obviously, this rule would not fi%t all the cases unless

- [= 8
|

allowance were made for the individusl peculiarities

of the reactions concerned,

Yhile the benzilic acid change can give no
information about the relative reactivities of the two
carbonyl groups in the molecule, since in all cases
the two vphenyl radicals are firmly attached to the same
carbon atom, it still yields some intercsting resulis

It is somewhat surprising to find that with

3

p~dimethylaminobenzil no benzilic acid is formed in

I e a

view of the fact that the dioxime is formed immediately

e nhenvlhydrazone, T!

1ig is however guite in
|
accordance with the fact that no semicarbszone, hydragzone

etc are formed, The same applies to m-methoxybenzil

4oL

4L

and in the case of p-methoxybenzil and piperobenzil
where there is but one monoxime, transformation talkes
place readily., It is possible to understand this if

the addition compounds of benzil with hydrocyanic acid

ere considered. It was shown by Lachmann that benzil

added two molecules of prussic acid to form the

dicyanhydrin, which would not split up into benzaldehyde

iz

1

and ethyl benzoate in alcohol solution, low, benzil




| 122

|1s readily split up by the action of cyanides and
‘Lachmann dedvuced that this was due to the momentary

(formation of the (unlmown) monocyanhydrin. By analogy

| . . . :
\with this, it appears that the failure of p-dimethyl-

aminobenzil to give the benzilic scid change may be due

' to the fact that this benzil adds on two molecules of

potash to form a complex which camnot undergo metakliny.
'This explanation presupposes that the mechanism of the
| .

formation of an oxime and of the alkali addition compound
| e

| ou . a . i 7 . i .« %
\is similar in nature, but if these are in fact dissimilar

the problem is much simpler, for in this case the
|
failure to react may be due to the fact that the benzip
does not 2dd on potash at all. In such a case, the |
metakliny of such compounds as readily form a monoxime
'is probably due to the addition of alkali to the carbonyl
'which remains unattacked by hydroxylamine.
The fact that p-methoxybenzil and piperobenzil

!form only one benzilic acid and that there is no tbace

of a2 mixture of the unsubstituted and disubstituted acids

shows that the original assumption of the benzilic acid

change taking place within a molecule, and not between

two molecules, is justified.

! It appears that some connection might be made

|
| |
'between the reactions of benzaldenhyde which were studied

iand which are probably related to the reactivity of the
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carbonyl groups in the aldehydes concerned, This was
|

'smﬁgestea by the fact that certain similarities of the
' benzoin condensation and of the Cannizzsro reaction
led Lechmann to postulzte a2 common mechanism for the
tvo reactions. [From the consideration of the table

.1 +

it appeers that this might to a certzin extent be

justified, though from other evidence it appears that
|this authors mechanism cannot be sustained. Between
the simple Cammizzaro reaction, and the simple and nmixed
benzoin condensations of any aldehyde there seems to
exist the following relation. If both the simple

benzoin condensation and the simple Cannizzaro reactiop
roceed readily, or not a2t all,then the aldehyde will|

!condense readily with benzeldehyde to give one mixed

|
benzoin.
|

| This is evident in the case of p-dimethyvlamino
| I

benzaldehyde vhich has neither the Cannizzaro reaction
nor benzoin condensation, yet gives a mixed benzoin
A1
L

with benzaldehyde. Fiperonal furnishes us withithe

complementary exemyle in which both simple reactions

go readily as well as the mixed benzoin condensation.

?
liith o- and m- methoxybenzaldehyde where the Uennizzarp

reaction proceeds readily, though the benzoin condens;ﬁion
is known, it gives very poor yields, and correspondingly

the mixed benzoin reaction results in an oil which is pbviously im




The cace of p-nitrobenzoin is complicated by

b |

5 . 2 : s ;5 |
side reactions prob-bly involving the nitro group, bui
|

it seems that the Cannizzaro reaction is possible, and

here the mixed benzoin reaction is not lmowm, though

0 such si

Ly

w

reactions as mentioned

There is no obvious connection with the mixed
Cannizzaro reaction, since in all cases the only produ
identified was ethyl benzoate, and in most cases the
other aldehyde vwes recovered unchanged,

The splitting of Dbenzil by the action of pote

cyanide, which hss been related by Lachmann to the

benzilic acid change was found to yield, in the case

1 10} ot !

of every benzil rxzmined, ths sams praducts, Vi
benzaldehyde and the ester of the substituted acid.
This appears to show that in these cases the same carl
is attacked by the reagent. Further, since the reacti
ig probably due to the addition of potassium cyanide
to the carbonyl group this goes to show that in this
reaction, in every case so far exsmined, the same
carbonyl is active, namely that remote from the un-

substituted benzene ring.

CT

ssiun

onyl

on




|are directly united, the specfrum of the molecn’e is

C

Absorption Spectra and Structure.

It has been shown by lime. Ramart-Lucazs (loc.

have the property of imparting = definite absorntion

spectrum to an aliphatic hydrocarhon radical (the

hydrocarbons have been shown to be gquite fransparent

' in the e&sily zccessible regions of the ultra-violet).

She has stated that though the position and strenzth

of the bands due fo such a combination of chromophore
and hydrocarbon residue have a characteristic value

for sach chromophore, they may be slightly altered by
the nature of neighbouring groups, This is true more
agpecially of a system containing two adjacent chromo-

114

phores, for it is found that if the two chromorvhores

1

to the sum of the spectra due to the two grouvs

the chromophores, the spectrum gradually reverts to

normzl, and when more than two carbon atoms are so
introduced, the spectrum cannot be distinguished from
that of a mixture of the two chromophores attached to

different hydrocarbon radicals.

cit) that several chemical groups, noteably those vwhig!

are associated with the chemical prorerties of a molec

due to combination of the two and mavy hear no resemblyg

seperately. UWhen carbon groups are introduced between

An illustration of this nrinciple compiled

5

nle

nce
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from the literature is shown below.
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The szpproach of the gpectra to that of benzene

with 2 maximum about 39004 is so marked as to pass
without comment. It has been shown by lime, Ramart-Lvgas
that the band in dibenzyl beiween 2C00 and Z=004 shonld
not be present, bul is due to a trace of stilbene, and

it is guite possible that the same also applies

to the
spectrun of diphenylmethane.

If it is desired to use the absorption spectra
of benzils to assess the reactivity of the carbonyl

eroup, it will first be necessary to show that one band

group. 4s the carbonyl band is always between the linits

%000 and 45008, in which region the svectra are readily
neagurable, the ultra-violet spectra of several relatgd

| compounds are shown in figures 2 2nd 3 in an endeavouny




L

to show that the mein bund of benzil, which appears at
|
|
about 4000 on the wave-number scale is substantially |

due to the ketonic group.

j— P . o n. o oot

Figure 2 shows in =2 most remarkable manner
5. totally unexpected feature., In it the spectra of
benzil, benzophenone, and diphenyl are seen to be very
similar, and in fact the position of the maximum of the
mein band is epproximately the same. At first sight,
this appears to indicate that the bhand is due chiefly

to the association of two tenzene rines, but on con-

=

sideration of diagrams 3,4, andf it is evident that

the effect is much more comnley,

4

In the first nlace it is important to notice

that the phenyl groups in benzil are no longer iirec%hy

joined, but are separate by two carbon atoms as in

i’1 'l

dibenzyl, and hence would be expectod to give typiecal

(u
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|
|
benzene bands such as are exhibited in th

¢ spectrum of
|
dibenzyl (see fig 1.). Similarly, it appears that
b

benzovhenone is comparable, not with

dithenyl, but with diphenylmethane. Figures 3, and 4|
ghow these comparisons, and it is easily =een how far

he spectra of the two ketones dif“er from those of

t
| the corresrondine hydroecarhon nuc’lens,

l
| 3
| "
|
| |
| |
|
|
|
|
|
| $ |
l 4
|
i Depuer | | )
FRom Scale
Foll l
DipuenyLMEriaNE

C t |

|
|
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Benzophenone and benzil contain subsiduary
hands at hetween 2500 and 35004, and the main hand

due to benzil is much wider than that of either dipheny]

or of henzovhenone. As the spectrum of benzil is due

1 & chain it

=t
ot

to five chromophores directly united
lwill not, accordine to Ramart-Lucas, show the spectrun

' characteristic of the sum of the ketonic and phenyl

[

bands, but will be more or less distotted by the mutug
influence of the chromophores. This effect is eo

complex that analysis of @t is impoesible =zt the

‘nresent time., It has been shown above that the influence

| of the two phenyl groups is not predominant and it isi

| therefore evident that the mutual effect of the phenyl
and carbonyl, and the two carbonyl grouns on each other

is important. This is illvstreted by diacrams 5 and 6

\
'\%y_l_zn PHLNENL

TOPMERGNL.
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figure 6 shows that the introdvnetion of one
benzene nucleus in place of methvl in 2cetone has =n
enormous ef7ect on the spectrum and that the effect

is not much different from that produced by the intro+

duction of two phenyl zroups to form benzornhenone,

£

(6]
i

ct ig seen in the comparison of

acetaldehyde and benzuldehyde, These two examples

=

show that the mutwal effeet of the phenyl and carbony

groups 1is comparable with that between two benzene ring

(s g

The other effec

1=
[P

referred to in connection
trum of henzil is the mutnal efect of
two carbonyl groups. This is seen in the comrarison
of =cetone and diacetyl, and in the spectrim of
benzil the only similar phenorenon is, the broadenine
of the main band which is evident in comparison with
benzophenone. In this connection it may be pointe
out that the most valid comparison in this copnection
is really that of benzil and desoxybenzoin. It has

been found hovever that the spectrum of desoxybenzoin

determined seversl years ago is identical with that
of benzophenone, within the exrerimental limits.
(J.C.S.,1912,1514)

It may be stated in summine up, that the |
spectrum of benzil is too comnlex to he handled
theoretically or by analogy. It is evident however

that, bearing in mind the principle, at least of the |

two main conclusions of Ramart-Lucas, a certain amount

(591
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)

of information about the mutunzsl influence of the

\vorious chromophores in this complex system may he
‘obtained from the consideration of the spectra of
related commounds.

| Pirstly, it is obvious e presence of g
phenyl group enormously increases the absorption of a
carbonyl grouvp and that this sbsorption is not much
affected by the presence of a second benzene ring (cf,
figure 5). Secondly, in benzil the mutval effect of
the phenyl groups is not enough to account for nearly
of benzeldehyde, acetophenone, and benzophenone (and
desoxybenzoin) are not much different from each other

and from thot of benzil. In these cases the common

factor is the presence of a phenyl and a carbtinol

of benzil is chiefly due to the association of these

two radicals. The introduction of a second carbinol

ad jacent to each other, and hence probably the svectrw

all the absorption (¢f. figure 3). Again, the absorpiions

to form benzil is accompanied by considerable broucenlng

of the main band, though there is but little change in
the position of the maximum, and apart from this the
influence of the two carbonyls on each other cannot be
detected.

L1 L
L

benzil is so compleyx it is nogsible to show

It seems therefore that though the spectrum of

N2.7% 0neE

|




of the chief
|dominant one
Cfu.uf. ;JC:,\.Y; .1.\..

ost lilkely fto be af:

of the carbonyl group due to
|

J- 1
| L

in the benzene ring.

The next two diagrams

snectrum of benzene itself

2

lintroduction of substituents.

simple correlation with the

5
|

ected by
173
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]

eresis if not the pre- |

phenyl and

this effect that is the |
variation of the reactiviity

() I
o

the efect of substituentis

show the effect on the
and of benzaldehyde, of the

There seems %o be no

spectra of 1

the mixed benziﬁs.
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It may be seen from the foregoine discussion

1
¥
"

s in interpreting

b
]

that some considerable difficulty exi

sxactly the absorption spectrum of benzil. In view

wae not thought advisable to work out

the subject fully, and the curves recorded for the

various benzils in zlcoholic solution are recorded

2

N

S —— e |

THEXY -

e

fag h




It should be emphasised tk
benzils was not investigated thoroughly, and it is
possible that their true specira are considerably difflerent
from those recorded. <The compounds used vere however,
‘the purest obtaineble by ordinery methods, and as the
‘the rigorous purification of these compounds would
involve the synthesis of each benzil by at least two
distinct methods and recrystallisation till e constant|
'spectrum was obtained in each case, for a cowpleté
|

examination of these spectra a separate investigation

would seem necessary. Incidentally it must again be

emphogised that the importence of such a purification |
|

as only recently been rcallsoa and in consequence any|
or all of the specira tuotea nere may be erroneous to
a greater or less extent. A specific example of this |
fact may be seen in the case of dibenzyl which hus |
clways been represented as having two bands in its spectrum
but was shown by lime, Ramart-Iucas to have only one

while the other was due to the presence of a trace of

|
!
stilbene. It must always be remembered that the curveT
D

i
s

given above were quoted from International Critical Table
and are by a variety of different authors, presumably
uaocr different conditions and hence they are not |

strictly couparable,
|



|
‘ In the zbove discussion, it will be noticed

|taut no comparison is made of the reactivity of the
'Jenalls with that of the substituted benzophenones or
ideso;ybenzoins or benzaldehydes., After an extensive
investigation of the literature relating to these
:compounds it was felt that the matter could not be
|adequately dealt with here. It was found that though
imany derivetives of the substituted benzaldehydes

|
'had been made in the past, the conditions of the reactions

were so divergent, and the data so scattered thet the
only possible method of comparison appeared to be 2

A

complete quantitative investigstion of various reactiohs

under identical conditions. The case of the benzonhenpnes
|
land desoxybenzoins vas slightly different for here

T

'the datz are simply non-existent, and in some instance

21

even the oximes have not been nrepared.

The data acquired in the course of this research
|
lare not yet sufficient to form a2 secure basis for any

ralisation, yet in spite of many difficulties,it
hes been shown that the origins! statement of Buck and
Ide that the two carbonyl groups of mixed benzils have

widely differing reactivities, is amply justified. It

has been shown that in the case of some reactions,(e.g.

the reactions with potassium cyanide and vwith hydrogen)
the same cerbonyl is attscked in 2 series of different
|
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‘benzils containing one substituvent. TFurther, it has

| been found that the effect of reagent employed is very

|

| * H - . .
|important, for a benzil nmay react to one keltonic resgent
i

]

as & diketone, while with snother it will not react af

all, (p.61 ) It has been d-monstrated that the spectre

(e ]

=iy
i
 Aeyad

on the introduction of

=y
(—_.“

ie benzils show & ghi
substituents, much greater than ithat produced in benzene,
hat the main band of benzil is probably as-
socizted with the combinaetion of carbonyl and phenyl |
chromophores, and hence is probably asscciated with tQE
reactivity of the benzils in guestion. |

On the other hsnd, as has been pointed out,

enough datz have not been obtained to found any sweeping

»

ceneralisation, and from a study of the results it is

strikingly evident that the future comparison.of such

reactions of zny carbonyl group can only be made by |

means of guentvitative data such as reaction velocities.
| Agezin, before such work can be fully appreciated it isg
absolutely imperative that the simplest carbonyl

compounds should be systematically exsmined. Though

this has been done to some extont in the aliphatic

| series, where the very simplest cerbonyl compounds are
7 ] .. -5 - R . I

situated, the data for aromatic compounds is strictly

limited. The inherent differences between the zliphatic

and aromatic hydrocarbon nucleus render the former
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series of compounds useless for the purpose of a basis

for investigations in the benzene carbonyl compounds.
' In the circumstances it is not advissble %o
ma'ze any attenpt to apply the current theories of
orgsnic reactions to the results, at least till some
idegree of generalisation is reached within the field

itself. It has been proved, over and over again that

o fit resulfs into a preconceived theory
is the surest way to unscientific reasoning, and this |

especially true of work dealing, as does this thesis

with the distribution of energy within the molecule,

#de problem is being attscked both from the side of the

4.1~

lchemist and the physicist and as yet the conaection
Ibet*:een the two sets of results is not precise enough
\for practical application,
| is Hockel points out in the closing parsy 1anhg
iof his 'Theoretische Grundlage der Organische, Chemie®
it 38 2 cnardcberlstlc of chemical theory that as time

coes on, the subject becomes more complex and less

satisfactory. In the early days of a theory a simple
po stulate suffices to explain all the known phenomena
associated with a reaction, but as investigation

|

progresses, anoualies and ulscrepancies are found, which

must be explained by modification of the theory, till

finally a new theory must be evolved . Hiickel points
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| out how necessary it is to realise the limits of our

(42 H—

knowledge in order to appreciate to the full the valu

5

of any new work, but on the other hand how essential
i a ; - ,
‘1t is not to stress these limits %too much lest wholly

destructive criticism should paralyse further progress

inte the fringes of the unknown.




oummary .

Several mixed benzils containing one substituent

in the benzens ring have been prepared, and their
reaction with various letonic reazagents considered. |
In addition the absorption spectrs of these
18ave been recorded. |

p-Nitro acetylbenzoin and p-nitrobenzil have

been prepared by a greatly improved method. |
- h |

Two methods for the determination of the structure

of ketonic derivatives of benzils heve been &escribed?
and the structure of p-methoxybenzil hydrazone determj
The action of potash and of alcoholic potassi
cyanide on the benzilg has been described.
The mixed benzoin condensation has been
discussed with the aid of a diagram and the importance
antit

of qu

,3

tztive worl: in this connection is emphasised

The reactivity of the mixed benzils vas con-

sidered, and itwas seen that though the effect of the

ey

| reagent employed was very important, in many cases it|

vas found that only one ketonic group reacted. |

ned,

wi

It was shown that the main band in the spectrum

of benzil is probably intimately coanectec. with the

effect of substituents on the reactivity of the carbonyl.

[a]

H 1 > fad | q |
The spectra of the Denzils werc found to show consider-

able shifts due to the substituents.



The femsgibility of chemical and eof physical

ol s (R 14

methods for the determinstion of the reactivity of a

' . |
carbonyl greup has been coacidered, and it has been

|shown that different methods give different values for

ithe reactivity.

i The laclk of accurate guantitetive data

lobtained under comparable conditions was felt in almogt

se of this work. |

fs‘.l

levery ph
|

1 was conclusively shown that the only reagent
which gave parallel results for all the benzils, was
dinitrophenylhydrazine, and that in consecvence it
‘thi most suitable reagent for the characterisation of

‘carbonyl commounds

In conclusion, the author wishes to express
‘his cordial anpreciation of the kindly and efficient
[ |

lsurervision of Dr. Meil Campbell and Dr.H. G, Rule l

throughout the period of this research, Thanis are also

due to the Department of Scientific and Industrial
l
\Research for a llaintenance Allowance during the years

11953-55.




