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HISTORICAL INTRODUCTION

The conjugated diolefinic hydrocarbons have
formed the subject of many investigations during the past
forty years, This has been on account of the increasing
commercial importance of a few such compounds in the manu-
facture of synthetic rubbers and similar polymers, and the
utilization of by-products of the petroleum and coal-tar
industries, In this way much information about the properties
and reactions of 1,3-butadiene, isoprene, chloroprene, 2,3~
dimethylbutadiene-1,3 and 1,4-diphenylbutadiene-1,3 has been
accumulated,

The subject of this thesis, 2,3-diphenylbutadiene-
1,3, has not been studied to any great extent; but, before
dealing with this compound in detail, the general reactions

of the conjugated dienes will be considered (4,5).

Occurrence and Preparation.

While some of these hydrocarbons, such as the
terpenes ocimene and myrcene, (CH3)30=CHCH20H=?-CH=CH2
ocimene CHgz

( CH3 ) 2C =CHCHQCHZC ’CH-"—'CHz
[

myrcene CHo



and the carotenoid hydrocarbons (6), occur in nature, and
while several of the simpler members can be prepared by the
pyrolysis of oils and petroleum, most members of this group
must be prepared synthetically. The methods used are generally
special cases of those elimination reactions used to prepare
ethylenic compounds,

A common method is to eliminate the elements of
water from a suitable glycol or unsaturated alcohol, This
is usually carried out by heating in the presence of a de-
hydrating agent or catalyst., This method of preparation is
often the most convenient, as the starting materials are
generally easy to synthesise. In many cases eliminatiama can
take place in more than one way and a mixture of isomers is
obtained,

Similar methods inclhide the removal of the elements
of hydrogen halide from suitable dihalides or unsaturated mono-
halides by basic reagents; and elimination, by means of zinc,
of two atoms of halogen from suitable tetrahalides or unsaturated
dihalides, Exhaustive methylation of suitable dialkylamino
compounds will also yield conjugated hydrocarbons,

Dienes are also formed by pyrolytic decompositions
of hydrocarbons and alcohols., The yields from these methods
are low, but the cheapmess of the starting products makes some
of them commercially important., Turpentine, fusel oil and

the lower aliphatic alcohols can be used in these processes.



Most conjugated systems, especially the longer
polyenes (1), can be obtained by a suitable aldol condensation.

For example (1,2):

COOH
CgHgCH=CHCH=0 + | —> CgHs-CH=CH-CH=CH-CgH5 + Hp0 + COp
CHCgHs

n(CHzCH=CHCHO) —> CchH(=CHCHﬁCHCH=)n CH-CHO.

Properties

Double bonds which are conjugated do not always
behave like single ethylenic bonds in chemical reactions;
in unconjugated dienes, however, both ethylenic double bonds
react independently in the expected manner.

Conjugated systems show characteristic physical
properties, Dienes, when conjugated, exhibit absorption
bands of greater intensity, and at a lower frequency, than
when unconjugated. The absorption bands of hydrocarbons con-
taining short conjugated systems are in the ultra-violet, but
as the conjugation increases in length, the absorption moves
further into the visible range, Kuhn (3) has shown this to
be the case with the terminally phenylated polyenes; as the
chain lengthens, the colour passes from yellow to orange, red,
blue, and finally black,

The most striking difference, however, between con-

jugated and unconjugated unsaturated hydrocarbons is in their



addition reactions, While in many cases conjugated double
bonds add ethylenic reagents in the normal manner by 1,2-
addition, many instances are also known where both bonds are
involved., Here addition is to the 1- and 4-carbon atoms while
the double bond has shifted so that it is between the 2- and 3-

carbon atoms.
CHg=CH-CH=CHg + Xg —> CHpX-CH=CH-CHgX

It was this phenomenon of 1l,4-addition that Thiele
accounted for by his theory of partial valence (7). This
theory did not, however, account for the many cases of 1,2-
addition which are now known to occur, but which were mostly
unknown in Thiele's time. As evidence of 1,2-additiom accumu-
lated, his theory had ;o be abandoned.

No other general theory can be séid to have taken
its place, although it is now possible to give a fairly satis-
factory électronic explanation of most addition reactions.
These modern mechanisms of addition have been described by
Johnson (8) and others, and will not be dealt with here.

Specific examples of addition reactions to con-

jugated hydrocarbons will now be considered.

Reduction.

On catalytic reduction these dienes usually take up

four atoms of hydrogen to form the corresponding butanes.



Measurements of the reaction rates seemed to indicate that
dihydro compounds were also formed (5:82,157), but careful
identification of the reaction products showed that such
compounds, if formed at all, were only present in very small
amounts (138).

Conjugated diynes of the type R-C=C-C=C-R add
hydrogen catalytically by l,4-addition to give R-CH=C=C=CH-R
and R-CHz-CsC-CHz-R (10).

Diphenylpolyenes are completely reduced (11) by
catalytic methods; one equivaient of hydrogen yields com-
pletely reduced product and unchanged polyene.

Reduction of dienes or polyenes with sodium or
aluminium amalgams, sodium in alcohol or zinc in acetic acid
always takes place at the ends of the conjugated system;
isolated ethylenic bonds are not further reduced, unless
they are in such a position as to be conjugated with the
bonds of an aromatic ring. Klages (12) attempted to reduce
many dienes and styrenes in this way. He found only one case
where there might be a possibility of 1,2-addition to a con-

jugated system.

Na in alcohol

C6H5-CH=CH~?=CH2 CgHs=CHgCH~-C=CHg
I
CHsz CHz
but the nature of the reduced product was uncertain. ‘He

found that compounds of the type ArCH=CH-CH=CHz were reduced



to ArCHz-CH=CH-CHz, and that, in general, the double bonds

in compounds of these types,

CeH5CH=CHz, CgHg-C=CH-CgHs,
|

CHg

CeHsCH=CHCHz, (CgHg)2C=CHz

CeHsC=CHz,  CgHs-C=CHCHz,
{ l
CH3 CHz

CgH5CH=CHCgH5, CgHg~CHp~C=CH-CgHs
[ '
CeHs

were reducible by metal combinations, . On the other hand,
compounds of the type ArCHoCH=CHCHz and ArCH,;CHsCH=CHs are

not reducible by these methods, nor are the following styrenes:

CgHsCH=C-CH3z , CoHg-C===C-CHsz
| n |
CHg CgHy CHz

C6H5‘CH=C (C 2H5 ) 2, C6H5(I} ?"CHS

CzHp CHgz

Hydration

Dienes are not hydrated directly by treatment with

water, but mixtures of acetic acid and sulphuric acid give



rise in some cases, (isoprene and 2,3-cimethylbutadiene),

to esters of alcohols formed from the dimeric and trimeric

hydrocarbons (13,14).

Bromination

In the presence of excess bromine, butadiene I'orms
two stereoisomeric tetrabromides (15,16). If, however, one
equivalent of bromine is used, it is found that it, apparently,
has added in both the 1,2- and 1l,4-positions to give a liquid
1,2-dibromide and a solid 1,4-dibromide. (Griner (17) claimed
he obtained two 1,4-dibromides; the solid trans form and a
liquid cis-dibromide, but this has not been confirmed). It
was found (18,19,20) that if either the 1,2- or solid 1,4-
dibromide was heated at 100° an equilibrium mixture was ormed
which contained 20% 1,2- and 80% 1,4- compound. At -15° 37%
of the product was found to be 1,2-dibromide., The yield of
1,4- addition product obtained from the bromination reaction
was found to vary with the solvent used, In chloroform at
-15°, 63% of the product was 1l,4-dibromide; in hexane 38.5%
in acetic acid 70%, and in carbon disulphide (at a higher
temperature) 65.9%. During bromination there is always an
evolution of hydrogen bromide, and hydrogen bromide catalyses
the rearrangement of the dibromides. It has been shown (21)
that thgzggggiﬁgn takes place on a unimolecular layer of the

1,4-dibromide on the walls of the reaction vessel., The 1,2-



dibromide cannot be the primary product since the change to
the 1l,4-compound is too slow to account for the amount of
1,4-dibromide formed (18).

Isoprene forms a tetrabromide with excess bromine,
but, when one equivalent is used, addition is 1,4- (20,22,23).
Bromine has also been found to add principally 1,4- to 1,4-
dimethylbutadiene, 2,3-dimethylbutadiene (1%9) and 1,3-
dimethylbutadiene (24). However, l1,2- bromination has been
found to take place with 1l,4-diphenylbutadiene, and with
l-phenylbutadiene to give CgHg-CH=CH-CHBrCHzBr (25,26).
Ingold (27) reported that l-bromobutadiene added bromine in
the 3,4-positions, but Muskat (28) claimed that 1,4 addition
took place,

cis-Hexatriene adds bromine in the 1,2- and trans-
in the 1,6- positions (29) but the presence or absence of
hydrogen bromide seems to be the deciding factor in this
reaction., Butadiynes of the type RC=C-CZCR add bromine as
they do hydrogen, that is, in the 1,4- positions (10).
Cyclohexadiene and cyclopentadiene add bromine in both
1,2- and 1,4- positions, the products are in a mobile equi-

librium (18).

Chlorination

Butadiene adds chlorine to give a 1,2- and a 1,4-

dichloride; with 2 equivalents of chlorine, the two stereo-



isomeric tetrachlorides are obtained, The dichlorides, unlike
the corresponding dibromides, are stable at 90°. In this case,
therefore, the 1,2-dichloride cannot be an intermediate com-
pound which later rearranges to yield the 1l,4-dichloride.
The 1,4-addition product must be formed directly (30).
Chlorination of l-phenylbutadiene yields only the
3,4-dichloride under widely differing temperature conditions,
and in various solvents. ZExcess chlorine results in two

stereoisomeric tetrachlorides (26).

Jodine Monochloride

Inéold (26,31) added iodine monochloride to ethylenic
compounds, which were substituted in such a way that the mole-
cules would be definitely polar. It was found that the iodine
atom added predominantly to the negative pole of the molecule.
This addition of I* was expected to take place before Cl~ added.
to the other end of the double bond. Ingold then added iodine
monochloride to butadiene (%2). In methylenechloride at -35°
the products were 80% 1,4- and 20% 1,2- addition product; thus
in each case the iodine had gone to a terminal carbon atam,
This suggests that the first stage of an addition reaction to

a conjugated system is co-ordination between I* and a negatively

polarized terminal carbon atom.

Hydrogen Halides

Butadiene has been reported by several workers

(33, 34, 35) to add hydrogen bromide and hydrogen chloride to
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give 1,4- addition prouucts, but the amount of each formed
has been in doubt. Kharasch (36), however, has shown that
air or peroxides have a very distinct effect on the mode of
ad@ition. In the presence of air or peroxides hydrogen
bromide adds mostly 1,4 to butadiene, but in the absence of
air and in the presence of antioxidants it adds mostly 1,2
in accordance with Markownikoff's rule. The change from

the 1,2- to the 1,4-hydrobromide

CHaCHgBr-CH=CHg —> CHzCH=CH~-CHgBr

XXVI XXVII

is catalysed by hydrogen bromide in the presence of oxygen
or peroxides., Kharasch suggests that here 1,4- addition of
hydrogen bromide to butadiene at low temperatures is due to
a peroxide effect, and that 1,4- addition proceeds by way of
1,2- addition, followed by fhe catalysed rearrangement§¥

The reaction between hydrogen halides and isoprene
has been the subject of several investigations, but conflict-
ing results have been reported (37,38,39,40,41). Apparently
both 1,4- and 1,2- addition take place; 1,2 addition yielded

the tertiary bromide (XXVIII)

CHz

|
CHz—C—CH=CHgp

|

Br

*In a recent paper (148), however, Kharasch states that

initial addition of hydrogen halides to butadiene is both
1,2 and 1,4.



which was unstable, changing on standing to the primary 1,4-
additim product (XXIX) (CHz)gC=CH-CHsBr (41). If excess
hydrogen bromide was used, the product was found to be the
l,4-hydrobromide, Isoprene a.ac bromine in acetic acid at
0° yielded 74% of 1,4- addition product (CHsz)2C=CH-CHoBr
(XXIX) after two days (42). Aqueous hydrochloric acid added
to isoprene in the cold to form an unsaturated hydrochloride;
the location of the groups has not been determined (43).

The primary l,4-monohydrobromide (XXIX) is very
easily hydrolysed to the tertiary "isoprene alcohol" (XXX)
(39). The corresponding primary alcohol cannot be an inter-
mediate, as it has been prepared, and shows no tendency to
isomerize under similar experimental conditions (44). This
reaction can be reversed by treating the tertiary alcohol with
hydrogen bromide.,

CHz

(
(CHsz ) 2C=CHCHaBr 1_1_2_% CHz—C==CH=CH,
B a

OH
XXIX XXX

The introduction of negative groups into the buta-
diene chain has a marked influence on the mode of addition
of these halogen hydrides. Thus they add 3,4 to cis- or

trans-l-phenylbutadieneﬁ to yield CgHsCH=CHCHX-CHz (45,46).

x These results have not been confirmed, nor have the cis

and trans forms of l-phenylbutadiene been isolated,
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Muskat (28) showed that l-bromobutadiene added hydrogen
bromide in the 1l,4-positions to give BrpoCH-CH=CH-CHz and not
in the 3,4- as previously reported (27).

Vinylacetylene has been found to add hydrogen

halides in the 1,4- positions (47).
CH2=CH-C§CH + HX —> CH2XCH=C=CHg

This 2,3-diene changes irreversibly to the conjugated compound,
which, in turn, will add hydrogen halide again to the ends

of the conjugated system,
CHgXCH=C=CHg —— CHp=CXCH=CHgz —— CHaCX=CHCHpX

The fact that the change from 2,3- to 1,3- diene is irreversible
shows that the primary reaction in this case must be 1,4-
addition, and that the apparent 1,2- addition product is only
produced by a subsequent rearrangement.

2,3-Dimethylbutadiene (40) adds two molecules of

hydrogen bromide to form the 2,4-dibromo-compound,

CHg”?BT’%H‘CHzBr
CHz CHgz

as well as about 30 per cent of the 2,3-dibromo-isomer,
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Addition of one molecule of hydrogen halide to
2,3-dimethylbutadiene was considered by Bergmann (40) to
yield 30 per cent of 1,4- addition product (XXXI), but the
main product was thought to be the 1,2-hydrobromide.
Claisen (41), however, found that the main product was the

l,4-addition compound;

CHz-C===C-CHoBr
) l
CHs CHg
XXXI

he also found some evidence of the tertiary product

CHz CHg

| f
CHz-C CH=CH»

J

Br

The 1,4-hydrobromide (XXXI) boiled at 51-54° at 20 mm., but,

on immediate distillation of the reaction mixture, it was

found to boil at 27-50° at 20 mm, This lowering of the
boiiing point was especially noticeable if there was less

than one equivalent of hydrogen bromide present, and was in-
terpreted as indicating primary 1,2-addition oI hydrogen
bromide to the diene, followed by a slow rearrangement to

the 1,4-hydrobromide (XXXI), this rearrangement being cat alysed

by hydrogen bromide.
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Farmer (24) repeated these investigations. He
used ozonolysis and permanganate oxidation inethods .for
structure determination, and pointed out that Bergmann's
results were doubtful,’since he had identified his products
by way of the alcohols, without taking into account the fact
that such a reaction involves a rearrangement such as was
noted with isoprene derivatives. The 1l,4-hydrobromide of
2,3-dimethylbutadiene (XXXI) is hydrolysed to a tertiary

alcohol by aqueous sodium carbonate.

CHz CHgz CHzs CHga
| | | (
CHz-C=—==C-CHzBr —> CHz-C——C=CHp
|

OH
XXXT

Farmer (48) found that the product of the reaction
between 2,3-dimethylbutadiene and hydrogen bromide was almost
exclusively the 1,4-hydrobromide (XXXI). He found that the
boiling point could be depressed, in the manner observed by
Claisen, by adding some diene to the hydrobromide; and con-
cluded that there was no evidence for 1,2-addition taking
place first.

1,4-Dimethylbutadiene, on the other hand, yielded
90% 1,2- and 10% 1,4- addition products with hydrogen bromide
(48), again with no evidence as to which was the primary

product, This may indicate, however, that there is less
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tendency for a double bond in the middle of the carbon chain

to rearrange, than there is for one at a terminal carbon atom,
2,5,5-Trimethyl-1,3-hexadiene adds hydrogen bromide

1,2 to form (CHz)3CCH=CH-C(CHz)2Br which does not rearrange

to a 1,4-product, (71).

Br
|

(CH3)36-0H=CH—?=CH2 + Brg —> (CHjz)3C-CH=CH-C-CHg
l
CHs CHz

Hypohalous Acids

Halogens, in the presence of water, add to dienes
to form halohydrins. Ingold (32) examined these acdition
reactions in a few cases, his object being to obtain an in-
sight into the mechanism of addition reactions. He considered
that Brt would rirst add to a negatively polarized part of
the molecule. There would then be a competition between Br~
and OH to add to the positively polarized atom. In these
cases 1lnvestigated it was the hydroxyl group which added.

By determining the structure of the bromohydrin, the position
of attack was found to be the carbon atom occupied by bromine,
and this was assumed to be the position of attack in non-
aqueous bromination reactions. In such reactions the second

bromine atom would be expected to add to the carbon atom

corresponding to the one which had previously added the
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hydroxyl group in the reaction with hypobromous acid, The
results Ingold obtained from these rea&tions were in agree-
ment with those that he had already obtained by adding iodine
monochloride to dienes, and pointed to the oL- and §&- carbon
atoms as the positions of attack,

Both mono- and di-halohydrins of dienes may be pre-
pared. Isoprene adds two molecules of hypochlorous acid to
form a crystalline dichlorohydrin (49). Cold bromine water

yields a mixture of mono-bromohydrins (32).

47% CH2Br-C=CHCHZ0H
{

CHs

at least 16% OH
|
CHoBr-C-CHg=CHg
|

CHs
and in small quantities,

CHe=C=CHCHgBr -
| |
OH CHg

Muskat and Grimsley (50) reported that hypohalous

acids gave 3,4- addition with l-phenylbutadiene, yielding
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CH=CH-CH-CHoX
| | ’
CgHg OH

These compounds are unstable, and can be converted, by
treatment with potassium hydroxide, into the corresponding
ethylene oxides. Abragam and Deux (51) claim, however, that
‘the ethylene oxide obtained is that corresponding to one or
both of the two possible 1,2-chlorhydrins of l-phenylbutadiene.
Muskat (28) also found that hypobromous acid added in the

1,4- positions to l-bromobutadiene.

CHBr=CH-CH=CHz + HOBr —— CHBr-CH=CH-CHzBr
[
OH

Muskat (140) reported that hypohalous acids added 1,2 to

vinylacrylic acid to form a §&-hydroxy acid.

CHg=CH.CH=CH.COOH —> CH20H,CHC1l.CH=CH.COOH

Farmer, however, showed that this was incorrect and that
the chlorine went to the §-carbon atom (141). This in-
validated the theoretical arguments on which Muskat's work
was based (30).

Griner (17) treated the two geometrically isomeric

dibromides of butadiene with permanganate, and obtained two



stereoisomeric dibromhydrins, which were converted into two

stereoisaneric oxides by caustic alkali,

H CHgBr

| |

C==C

{ l
BrCHgs H

|

CHgBr-CHOH-CHOH-CHgBr

Vo
/ N\
CH—CH,

CHs—CH
\\O/

Phosphorus Pentachlori

{ \
BrCHg CHgoBr

CHoBr-CHOH-CHOH-CHzBr

!

CHp —CH~————CH—CH,
No” No”

de.

Phosphorus p

unsubstituted double b

CgHsCH=CH-CH=CH2

1,4-Diphenylbutadiene

react with phosphorus

Todo-silver benzoate.

Prévost (53)

(CgH5CO00) 2AgT, with ex

entachloride adds to the terminally

ond of l-phenylbutadiene.

+ PCly —> CgHgCH=CH-CHC1lCHgPClgs

HzO, CgHs=CHCH=CHPO3H

and l-phenyl-4-methylbutadiene do not

pentachloride,

found that iodosilver benzoate,

cess butadiene seems to add mainly
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in the 1,2- positions giving

CHo==CH—CH—CHzI
|
O—S—CGHS'
0

Sulphur compounds.

While sulphur dioxide i1s most often used to produce
resinous polymers from dienes - especially from butadiene,
piperylene, isoprene and 2,3-dimethylbutadiene, - monomeric
crystalline sulphones have also been obtained in many cases
(54), Both polymer and monomer may be formed simultaneocusly,
but the monomeric sulphones cannot be transformed into the
polymers, and are not, therefore, intermediates. Anti-oxidants
increase the yield of the monomeric sulphones (55). The
following butadiene derivatives have been found by Backer (56)

to yield cerystalline sulphones:

l,2,3,4-tetramethylbutadiene,
1,4-dimethylbutadiene,
2,3-diethylbutadiene,
2-t-butylbutadiene,
2,3-di-t-butylbutadiene,
2-phenylbutadiens,

2,3-diphenylbutadiens.



He also found (57) that many of these dienes yielded selenones
with Se0z., The structures of these compounds have been deter-

mined and they are found to be thiophene derivatives (or the

selenium analogues).

CHsz CHga
| I
CH=C-CH=CH — ? CH
\
052 _CHz
S0g

These sulphones can be decomposed by heat to re-
generate the dienes, and in some cases this is a useful method
of purification., The addition of SOg is always caajugéte,

The SOg can be added directly as a liquid, or in
ether solution at 100°, It can also be made to add in the
form of sulphurous acid or ammonium bisulphite (58).

Certain dienes will react with sulphur dichloride

to form reduced thiophene derivatives (59).

CHs CHs
CH2=(IJ-CH=CH2 + SCly —> 01-c:; l01-101
CH\zs/CHg
CHz CHz CHz CHs
CH2=(‘3—f—(‘)=CH2 + SCly —> 01-¢ <'3-01
clzﬁz clmg

~_/

S
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In the case of butadiene however, chlorination takes place.
CHo=CH-CH=CHp; + SClp —p> CHCl-CHC1l-CHC1-CH2Cl

When butadiene is treated with hydrogen sulphide
at 600° in thé presence of a pyrite catalyst it reacts to
form thiophene in yields of 30-60% (60). Thiophene deriva-
tives have also been prepared by pouring dienes, such as
butadiene, isoprene, 2,3-dimethylbutadiene and 3,4-dimethyl-
butadiene, onto molten sulphur (61).

Bruson (62) reported that thiocyanogen added to
isoprene and 2,3-dimethylbutadiene to form crystalline
dithiocyano-compounds. M#ller (63) has since shown that
butadiene gives 1,4-dithiocyanobutene in 80% yield. This
would be exected, as thiocyanogen adds to ethylenic bonds

in much the same way as do the halogeuns.

CHp=CH-CH=CHz + (SCN)z —> ?H2—0H=CH-CH2
[
SCN SCN

Nitrogen Compounds.

Oxides of nitrogen add to l,4-diphenylbutadiene in

the 1,4- positions (64,142).

CgHsCH=CHCH=CHCgHg + Ng0s — C6H5C|3H-CH=CH'(;)H’C6H5
NO2 NOg
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Nitrogen trioxide has been found (65) to add 1,2

to terpinene.

NO2
ON 4
\t NgOz —>

In the case of 2,3-dimethylbutadiene however, 1l,4-addition

has been found to. take place (66).

CHz CHs CHz CHg
) ! | \
CHg=C C=CHg ——m CHg-C=—==C-CHg
l [
NO NOg

Wieland believed that nitrogen trioxice added to cyclo-

pentadiene to form bimolecular compound (142).

CHg CHp
\ VAN
CH CH--(Ng0g)—CH CH
! | 1 \l
CH — CH CH — CH
| |
NOg NOg

1,3-Cyclohexadiene has recently been shown %o add nitrogen

trioxide in the 1l,4-positions (143).



Meyer (67) found that diazonium salts of p-nitro-
aniline and 2,4-dinitroaniline coupled with butadiene, isoprene,
piperylene and 2,3-dimethylbutadiene in acetic acid or alcohol

to give colored crystalline azo compounds.

(NOz) 2CgHaN=NOH (NOz) 2CHaN=NCHCH=CHCH0H
N or
* 7 OH
:
CHz=CH-CH=CHz (NOg) 2CeHzN=NCHCHCH=CHz
— (NOg ) 2CqHaN=NCH=CH-CH=CHz + HzO

Terentiev (68) and Fieser (69) have used this reaction as

a qualitative colour test for conjugated compounds. Those
dienes tested included butadiene, l-methylbutadiene, 2,3~
dimethylbutadiene, l,4-dimethylbutadiene,l,l,4,4-tetramethy1-
butadiene, and 1l,4-diphenylbutadiene. Terentiev used diazo-
tized P-nitroaniline, 2,4-dinitroaniline and p-phenylene-
diamine in phosphoric aéid, while Fieser used diazotized

p -nitroaniline in acetic acid and in dioxane-acetic acid
mixtures. Arbuzov (70) has pointed out that some dinitro-
diazoaminobenzene is always formed, making the method un-

reliable. He treated the product obtained by coupling
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butadiene to diazotized p-nitroaniline, with stannous
chloride in hydrochloric acid and obtained p-phenylene-

diamine and pyrroline.

N
NOgCﬁH%:NCHECHCH=CH2 e p-C6H4(NH2)2

CH===CH
+ I |
CH CH
\2/ 2
NH

Conjugated dienes have been reported (72) to add
ammonia and amines in the presence of an alkali metal,
alumina, magnesia or barium chloride, to form unsaturated
organic bases - probably butenylamines.,

Butadiene and ammonia at 550°, in the presence of
a catalyst made from cadmium and aluminium nitrates on
silica gel, yield 4% pyrrole (60).

Aniline hydrochloride was found to add to butadiene,

giving complex amines, among which were

CHz-CH=CH-CHz and CHg-CH=CH-CH3
\ |
NHCgHg CeHgNHz

p-Toluidine gave

CHp-CH=CH-CHz

\
NHCg H, CH3
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and
CHz CHs

CHg
NH

as well as other butenylamines (73).
Butadiene will add one or two moles of diazomethane

to give 5-vinylpyrazoline and 5,5'-dipyrazoline (74).

CHg=CH~-CH-CHg CHg—CH—CH—CHjy
\ o \
/sz CHe \ ‘ CHs

This means that two 5-membered rings have been formed by
l1,2-addition, rather than a 7-membered ring by 1l,4-addition.
Diazoacetic ester adds in a similar manner to l-phenyl-

butadiene (144).

C6H5-CH=CH-CH=CH3 + NgCHCOOR —> C6H5-CH=CH-?H-—?H2
N CH-COOR
U

N

CgHg-CH=CH-CH—CHz
\ 7/
CH + Ng
|
COOR



Hydrocarbons,

It has been claimed that toluene will add to
butadiene and 2,3-dimethylbutadiene, in the presence of
sodium in an autoclave at 160°, to give 1l,4-addition pro-

duects (75).

CHsz CHs

| !
06H5 "CHz"CHg‘CH-”CH‘CHg and C6H5 "CHchg"C ==(C ‘CHg

Unsaturated hydrocarbons such as amylene, pinene,
trimethylethylene, isopinene, dipentene and sylvestrene
condense with isoprene, in the presence of aluminium chloride,
to form compounds which are usually resinous 1in nature (108).

Two moles of triphenylmethyl add 1,4 %o isopfene

and 2,3-dimethylbutadiene (76).

CHz [CHS
[
CHo=C-CH=CHg + 2(C6H5) aC—- —> (C6H5) 3C —C?igq‘=CHfT3H2‘C(C6H5)3

Other Addition Reactions.

cis-1-Phenylbutadiene reacts with perbenzoic
acid in chloroform at 0° to form what is probably the

1,2- addition product.

06H5 "CH=CH"CH"CH20H
(
00CCgHs



At 25° two mols of perbenzoic acid are added (77).

CeH5-?H-CH-CH-CH20H
| |
CeHsCO0 OH 00C-CgHsg

2,3-Dimethylbutadiene can be oxidized in the

1,2- positions to the 1,2-diol by lead tetracetate (78).

CHz CHgz CHas CHgz
{ | . l s
CHg=C — C=CHg —_— CHg=C—C-CH20H
|
OH

1,4-Dimethylbutadiene yields the diacetate of a hexenediol.

Mercuric acetate in methyl alcohol (79) adds the
elements of methoxymercuric acetate to l-phenylbutadiene.
The addend first formed is probably a 3,4- addition product.

Diphenylketene has been reported (80) to add to
piperylene and 2,3-dimethylbutadiene, The crystalline
addition compounds seem to contain four-carbon rings.

Dienes have been shown to form molecular compounds
with ferric chloride and antimony trichloride (81), with
iron carbonyl (92), and with cuprous chloride (93). Kuhn
(84) found that his polyenes, including 1,4-diphenylbutadiene,
formed coloured molecular compounds when melted with the

following substances: gquinone, maleic anhydride, phthalic
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anhydride, tetrachlorophthalic acid, oxalyl chloride, fumaryl
chloride, phthalyl chloride, thionyl chloride, sulphuryl
chloride, 1,3,5-trinitrobenzene, picric acid and styphnic

acid.

Polymerization

This subject is too extensive to be covered here;
it mmay be mentioned, however, that conjugated butadienes tend
to polymerize very easily, forming either cyclic dimerides,
or rubber-like polymers of high molecular weight., Polymeriza-
tion can be induced by a very large number of reagents and
catalysts. In the air, many of the dienes slowly change to
gums and tars. This change is believed to be brought about
by the addition of oxygen to form gum-like peroxides (85).
Monozonides are easily obtained from these dienes, but diozon-
ides are only formed slowly.

Ziegler (86) has shown that alkali metals add to
dienes, apparently both 1,2 and 1,4. He considers that such
addition is the slow first step in the polymerization reactions
which these compounds undergo in the presence of alkali metals.
The alkali-organic addition productsadd to the dienes with
extraordinary rapidity. Midgléy also studied polymerizatim
of isoprene by alkali metals (87);vhe succeeded in adding
sodium to isoprene in liquid ammonia. The 60% yield of 2-methyl-

o-putene obtained on adding water indicated that the sodaium
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had added 1,4. In the presence of alkvlhalides and carbon
dioxide such compounds are alkylated and carboxylated re-

spectively (88).

CHsz
!
CHp=C-CH=CHg

CHg
|
NaCHp-C=CH-CHpNa

H20 COg RX
¥
CHgz CHsz CHs
CHS—E=CH-CH3 CHg-é=CH—CH2 CHg—b=CH-CHg
éOOH éOOH % é

Some of the oily products of polymerization are found
to be cyclic dimers, probably formed by a Diels-Alder reaction

between two diene molecules (145).

CH CH
Vi RN
CH CH—CH CH CH—CH
1 + I \ — | | N
CH CHg CHp CH CHp CHp
Q /

CHg CHg
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All the cyclic dimers are cyclohexene derivatives of this
type (141). 1In the case of unsymmetrical dienes there is a
possibility of structural isomerism in the products (89).
Bergmann (90) has shown that l-phenylbutadiene can dimerize

to form a cyclopentadiene derivative (141).
2 CgHgCH=CH-CH=CHgz — [06H5CH=CH-CH=CHfCH2-CH=CHCHgC6H%
— [06H5=CH-CH=CH-CH=CH-CH2-CH3C6H5]

—? CgHg-CH=CH-CH——CHp
{ |

CgHg-CILCH _CH
~ CH

While dimers and polymers are obtained together,
the dimers alone cannot be made to form the rubber-like
polymers. This indicates that the first step in the forma-
tion of these polymers cannot be the formation of cyclic
dimers. The yields of polymers are very sensitive to reaction
conditions, and vary greatly with the diene used. It has been
found (91) that dienes with methyl substituents on the end
of the chain have:;igree%ey tendency to polymerize than those
with methyl groups on the central carbon atoms. Phenyl sub-
stitution, as far as 1,4- and 2,3-diphenylbutadienes are con-

Saawe
cerned, seems to have just the peverse effect.
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The Diene Synthesis.

The diene synthesis is the most characteristic
reaction of conjugated dienes. Von Euler and Josephson in
1920 (92) found that isoprene could be condensed with benzo-
quinone to yield a white crystalline solid. To this they

assigned the provisional formula

0
I
CHz-C CH cE~ CH
\ | | It
CH CH CH C-CHa
~cH, ~c¢” Cis
I
0

since it could be brominated to form a tetrabromide, and
would form a dioxime,

Diels and Alder in 1928 (93) reported a com-
prehensive investigation of this reaction, in which they had
succeeded in adding many active ethylenic compounds to a wide
variety of dienes. The reaction always involved 1l,4- addition

of active ethylenic compounds to the diene to form cyclic com-

pounds.

CHg CHz R
Vi R 7N\ W
CH ] CH CH—CH
l + CH~—CH —> /
CH 1 — c¢H CHs
A\ CHg AN /

CHg CHz
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The activation of an ethylenic or acetylenic bond
can result from the presence of an unsaturated group which
is &, P with respect to the double or triple bond. These
activating groups may be C=0, CN, C=C or, probably, NOg (95).
Certain bridged compounds, already formed by the diene
syntheses, possess such active ethylenic linkages, although

here the activation must be due to steric effects (96).

CHp
V4 _CH__ _CHg _-CH_
CH CH | CH-C=0 CH “CH | CH-C=0
. + I cHp ! 0 =2 | CHz ! D
CH CH | CH-C=0 CH _CH | _CH-C=0
Q NCcH” ~CHe ~™CH

CHp

Alder (94) has shown that the diene adds to the active

ethylenic linkage in the cis- positiom.

/

<

/
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The addition of maleic anhydride to dienes leads
to the formation of tetrahydrophthal-ic anhydrides, which

are often useful derivatives for purposes of identification.

CeHs CeHs
] {
~CH _CH
CH CH-C=0 CH CH-G=0
l oD L
CH_ CH-C=0 CH CcH-C=0
S CH ~ c -~
! L
CeHs Cels

These anhydrides, or the sodium salts of the acids, can be
catalytically reduced to the cyclohexane dicarboxylic acids
(95), or oxidized by permanganate to butane-1,2,3,4-tetra-
carboxylic acids (97). Dehydrogenation with nitric acid
gives the corresponding phthalic acid (98). When l-phenyl-
butadiene or 1l,4-diphenylbutadiene reacts with maleic
anhydride, the products may be degraded to diphenyl or
terphenyl respectively by distilling the calcium salt of
the acids with lime and zinc dust (99). Potassium ferri-
cyénide in alkaline solution has also been used to dehydro-
genate and decarboxylate these acids to the corresponding
aromatic hydrocarbons (100). |

Many quinones have been found to add to dienes.
Benzoquinone can add one or two molecules of a diene. The
resulting compounds are easily dehydrogenated in alkaline

solution by the oxygen of the air to yield naphthoquinone

and anthraquinone derivatives.



Acetylenedicarboxylic ester is another compound
which is frequently used in the diene synthesis. Diels (101)
added the dimethyl ester of acetylene dicarboxylic acid to

2,3-dimethylbutadiene and obtained, on hydrolysis, a dihydro-

phthalic acid.

CHeg
CHs COOH

CHg ~CO0H
CHs

A geometrical isomer of this acid was formed by addinc the
diene to the anhydride prepared from a diene synthesis be-

tween anthracene and the acetylenic ester, and distilling.

C‘H
C-CO0CHg ?COOC 3
oW ’ CCO0CH
C-CO0CHgZ I
CH

CHg

CHz- -¢=0
CHg



Dilthey (102) has added a number of substances, some of

which might not be considered as having very active ethylenic
linkages, to active dienes, like tetraphenylcyclopentadienone.
These include acetylene, phenylacetylene, phenyl propiolic
acid ethyl ester, the acetal of phenyl propionaldehyde, di-

phenylacetylene, benzonitrile and diphenylethylene.

Celg CgHs
[
l G
CeHs-C=C,_ CH CeHs-C~ | CH
| Jc=0 + i — I c=00
CgHs-C=C CH CgHs-C _ | CH
) C
|
CgHs CgHs

Isoprene and 2,3-dimethylbutadiene react in a similar manner

with dibenzoylacetylene (32).

CH3-C” C-C0.CeHs CHz-C~  SC-C0.CgHs
I + |l = [ {
CH C-C0.CgHs. CH _C-C0.CgHs
NCHp ~CHpg

These compounds lose carbon monoxide on heating, and are
easily dehydrogenated to aromatic substances (103).
Aroyl acrylic acids add to some dienes, subsequent

dehydrogenation and ring-closure yield anthraquinones (104).
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C6H5 0
CHz-C CH-C=0 CHs-C ~CH-C -Cglsg
| + fl g:::::é 1] (
CH;:;"'CQ CH-COOH CHz-C _CH-COOH
CHp N CHp

Polyenes add one mole of maleic anhydride for
each pair of conjugated double bonds in the chain (100).

Addition even in the case of hexatrienes, is always 1,4,

CeHsCH=CH-CH CgHsCH=CH-CH
1 7\
?H %H-q;o CH ?H-Q;o
+ = l 0
CH CH-C=0 ° CH  CH-C=0
I N
CqHg-CH CH
{
CgHsg

The diene synthesis 1s a reversible reaction, and
maXimum yields are only obtained under the proper conditions
of concentration, temperature and time (105). Except in
industrial applications, catalysts have seldom been used.

Two exceptions to the generality of the diene
synthesis may be mentioned. Diphenylketene adds 1,2 to cyclo-

pentadiene (146),

et Sem CH “¢gg—C(CeHs)2
I Il + (CgHg)2C=C=0 — |! |
CH —CH CH —(¢p-C=0
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and l-phenylbutadiene has been shown to dimerize in the

following manner, (90).

2 CgHsCH=CH-CH=CHz —3 CgHg-CH=CH-CH—CH-CHzCgHs
| |

CH, ,CH
~NcH

Phenylbutadienes

It can be seen, from the reactions already con-
sidered, that phenyl groups do not have any very marked
effect on the properties of the dienes., Phenyl groups
are considered to be "negative groups™, and will tend to
repel electrons. These groups greatly increase the con-
jugation of the system, and Fieser (107) has shown that
such phenylated conjugated systems closely resemble aromatic
systems in many respects. He points out that no one has
succeeded in adding hydrogen bromide to 1l,4-diphenylbutadiene,
and that, during catalytic hydrogenation of the &£ ,W -diphenyl-
polyenes, the intermediate reduction products, like those of
benzene, seem to be more rapidly reduced than the starting

material,

2-Phenylbutadiene, and 2,3-diphenylbutadiene seem
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to be the only conjugated hydrocarbons which have been made
whose phenyl groups are not attached to one or both of the

end carbon atoms, Compounds of this type would be expected

to resemble the styrenes. The terminal hydrogen atoms would
be activated to some extent by the phenyl groups; coupling

and polymerization would probably be easy. On the other hand,
when 1,4- addition had taken place, the resulting 2,3- double
bond would be expected to be rather inactive, as in the extreme
case of tetraphenylethylene, where bromine does not add to the

ethylenic bond, but enters the phenyl groups (108).

(06H5)2C=C(C6H5)2 + 4Brs —_—> (C6H4BI‘)2C=C(C6H4BI')2 + 4HBr

2,3-Diphenylbutadiene

2,%3-Diphenylbutadiene was first prepared in 1880
by ThB8rner and Zincke (1L09). These investicators were study-
ing the properties of pinacols and pinacolones. They found

that, while acetophenonepinacol was cleaved by heat alme,

CH5 CHg
i |

C6H5’IC—"’?"CGH5 —> 06H53‘0H3 + 06H5‘?H"CH3
OH OH 0 OH
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and underwent rearrangement by the action of acids or alkalis,

?Hg ?Hg ‘CHg 0
H
06H5-§3——-C-06H5 —_ 06H5-?~—C-CH3
\

OH OH CgHs

heating the pinacol with acetic anhydride in a sealed tube at
180-200°, produced a hydrocarbon, CigHia. This differs from
the behawiour of benzo- and tolylphenonepinacols with acetic
anhydride, which were found to be unaltered at moderate tem-
peratures, and split to the corresponding ketones and alcohols
at high temperatures. Apparently acetophenonepinacol was de-

hydrated under these conditions.

CHz CHgz
! {
Cefly~0 0 -0ghg >  CHe=C C=CHe
OH OH CgHs CgHs
Iv v

The hydrocarbon was obtained as an oily liquid,
and was accompanied by é large quantity of resin, from which
it was separated by steam distillation., After standing a
long time, the oil solidified, and was then crystallized
from alcohol into long, colourless prisms melting at 49-49,5°,
Analytical values for carbon were low; calculated, C, 93.2;

H, 6.8%; found C, 90.96; H, 7.08%, Further attempts at
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purification of the diene were useless however, as 1t rapidly
polymerized into a resinous mass, apparently under the in-
fluence of light.

Beschke prepared Wpat was apparently 2,3-diphenyl-
butadiene in 1912 (see below),

No more work was done on this compound until 1917,
when Johlin repeated Th8rner and Zincke's work (110). He
heated acetophenonepiﬁacol with excess acetic anhydride in a
sealed tube for three hours at 180°, The reaction mixture
was diluted with water, neutralized with sodium carbonate,
and steam distilled., The hydrocarbon was carried over and
readily crystallized. It was easily recrystallized from
alcohol, and melted at 49°,

Johlin mentioned however, that this sealed tube
reaction gave varying results. He stated that a brown liquid
was generally the reaction product, but that in one instance
a viscous, somewhat elastic, ribbon was formed in the glass
tube. This material was insoluble in many of the solvents
which will dissolve 2,3-diphenylbutadiene; such as ether,
acetone and petroleum ether. It was quite soluble in benzene
and chloroform. It oould not be prepared a second time, and
Johlin considered that it was probably 'a product of polymer-
ization of the diene. He also mentioned that the diene
spontaneously changed into a resinous material; He considered

that there was no dsubt as to the identity of this diene with
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2,3-diphenylbutadiene, although he could prepare no character-
istic derivatives. He attempted to brominate the diene, but
was unsuccessful, attributing this to the proximity of the
phenyl groups to the unsaturated carbon atoms.

Beschke (111) brominated an aqueous solution of the
sodium salt of 2,3-diphenylbutene-l,4-dicarboxylic acid and
obtained two products: a lactone, soluble in alkali, and
The latter

another compound which was insoluble in alkali,

was recrystallized from glacial acetic acid in well-formed,

lancet-shaped crystals, melting at 152°.

Analysis indicated

a formula of CygHygBrgz; he wrote the substance as XII,.

f6H5 CoHs
CHg‘? C-CHz
|
Br Br
XII
CeHs CeHs
l \
Na00C-CHg -C C-CHz-COONa
|18re
C6H5 C6H5
t {
NaOOC-CHg—C-——~———?~CH3000Na
‘ \
Br Br
\\\\Es "~ Br  (COOH
) EHa
CeHs CgHs C6H5”? ?"06H5
| !
CHz-C C-CHz + 2C04 CE 0 + NaBr
[ : :

Br Br
XIT

CO
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He attempted, unsuccessfully, to reduce the dibromide to the
known 2,3-cdiphenylbutane (IX). Heating with zinc acetate or
zinc dust in glacial acetic acid produced a colourless, water-
insoluble o0il, which slowly solidified. The halogen-free
crystals melted at 48-9°, Beschke could not recrystallize
this solid, and so conecluded that it was the same compound as
that obtained by Th8rner and Zincke, which they also had not
been able to recrystallize without polymerization. This would

involve elimination of hydrogen bromide,

CeHls Cefls Cots $6H5
CHz-C——C-CHj >  CHp=C——C=CHp
lB.I' lBI‘
XII v

Levy (112) prepared 2,2-diphenylbutanol-3 and
2,%3-diphenylbutanol-2 (XI) by the action of methyl-magnesium
iodide on the appropriate carbonyl compounds. Both these
butanols, on distillation, yielded 2,3-diphenylbutene-2 (xX),
which added bromine readily to form 2,3-diphenyl-2,3-dibromo-

butane (XII). This compound melted at 150-5°,
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CHs

CHaMeI . '
2 > (CgHg) 2C-CH-0H ~

]
CHg \\\N
Cels Cglls

\ |
CHz-C C-CHg

e

(CgHs ) 2C-CHO
|

CHs

OH
|
CHgz CHz CHg 675 /675
CH5-C C-CHz
XI ! [
Br Br
XII

Stobbe (113), in the course of his work on distyrenes,
wished to synthesise this same saturated dibromide. He first
prepared acetophenonepinacol (IV) by reduction of acetophenone
with sodium amalgem. He stated that he had great dirficulty
in transforming the pinacol to the corresponding dibromide;
but that, after many fruitless attempts, he succeeded by
using acetyl bromide, followed by phosphorus pentabromide.

The pinacol was treated with a large excess of acetyl bramide,
A vigorous reaction occurred, and hydrogen bromide was evolved.
When this reaction was over, phosphorus pentabromide was

added to the cold yellow solution. More hydrogen bromide

was then evolved, and the solution became a deep red, which
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changed to green after twelve hours standing. On pouring
into dilute sodium carbonate solution a green oil separated,
which soon set into a half-solid mass. Recrystallization
from alcohol yielded Cine needles with a silky lustre.
Bromine analysis indicated CygHjgBrz, (calculated 43.46;
found 43.28%). The dibromide melted at 140-5° with decompo-
sition,.

0tt (114) recorded that he had reduced 2,3-diphenyl-
butadiene, using one equivalent of hydrogen and a palladium-
charcoal catalyst, and had obtained an oil which he considered
to be a mixture of cis-dimethylstilbene (X)) and 2,3-diphenyl-

butene-1l.

?SHS V65 ?6H5 Cets
CHp=C C=CHz + Hg —» CHz-C===C-CHgs
\' Xao

and

?6H5 Celg
CHz-CH—C=CHp

He stated that he would report later on this reductim,
but no such report has appeared up to the present.
Backer (56) prepared 2,3-diphenylbutadiene by

Johlin's method, He then dissolved it in a saturated
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etheriagl solution of sulphur dioxide, and heated the mixture
at 100°. The solvent was evaporated, leaving the solid
sulphone, which was recrystallized from alcohol. It melted

at 184°, and the yield was 90%,

CgHs CgH
?6H5 ?GHB \ 5 16 o
CHg=C———C=CHg + SO —> ? ?
CHe CHg
\
v SO0g

He found that selenium dioxide also added to the
diene in a similar manner (57). Equivalent quantities of
selenous acid and the diene were dissolved in chloroform,
and shaken for five hours. The solvent was evaporated
leaving a syrup. The selenone was separated from the un-
reacted diene by crystallization from a chloroform-petroleum
ether mixture. The yield of selenone was only 4%. It melted
at 89-90° with decomposition, forming a brown mass; was
insolublé in water, and only slightly soluble in petroleum

ether, ether,or benzene. It was comparatively unstable,

beginning to decompose in a few days.
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OUTLINE OF THE WORK, AND DISCUSSION OF RESULTS

2,3-Diphenylbutadiene

The first problem to be encountered in this work
was the preparation of 2,3-diphenylbutadiene. The only
procedure which had been previously described was that of
Th8rner and Zincke (109,110), but this method was found to
give very unsatisfactory results,

All the procedures which were investigated involved
the dehydration of acetophenonspinacol (IV) to 2,3-diphenyl-

butadiene (V).

?H
06H5—?—CH3 N 06H5—?=CH2
CgHy-C-CHg CgHs-C=CHg + 2 HgzO0
o
IV v
Acetyl bromide was found to give better results than any of
the other dehydrating agents tried. The crystalline diene
was not obtained directly from this reaction, which yielded,
as a primary product, a crude creasy material, which could
be purified to obtain a small amount of the diene in the fomm

of an oil, and, as the main product, an unstable bromide;

this was shown to pe identical with the product obtained by
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adding hydrogen bromide to 2,3-diphenylbutadiene. Since
this compound was a monobromide, and had the properties of
a tertiary bromide, it was considered to be 2,3-diphenyl-

2-bromobutene-3 (VI).
Br
CgHs-C-CHgz
C 6H5 "'C =CH2

VI

The diene was prepared from the bromide (VI) by boiling the

latter with dilute alcohol.

OH CHz CHz
I I !
CgHs-C-CHz CgHg~C CgHs-C-Br
6157 CHzCOBr, 6357 . 6557
CgHs-C-CHgz CgHg-C CgHy-C
{ i\ I
OH CHg CHe
v v VI
CHz
|
CaHr-C-Br CgHr~C=CH
6 EtO0H 655 2
0 ~ HBr’ ;
CgH5-C=CHz < CgHg-C=CHz

vIi \i
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Dehydration with acetic anhydride (Zincke's method)
was carried out in a sealed tube (109,110), but, while the
diene was usually obtained as an oil, the main crystalline

product was the pinacolone (VII).

CeHs

l
CHz~C-CO-CHg

z

CeHsy

VII
The yield of crystalline diene was greatly increased if

antioxidants, such as phenyljﬁ—naphthylamine and copper

acetate, were added to the reaction mixture.
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Reduction

2,3-Diphenylbutadiene could not be reduced with
sodium amalgam in alcohol., A faint anise-like odour was
noted, but the diene was recovered almost quantitatively.

The diene was treated with sodium in liquid ammonia,
and the product was extracted with boiling alcohol. On cooling,
an insoluble solid was obtained., Analysis indicated that this
was a bimolecular product. The alcoholic solution, on dilu-
tion, yielded another solid, which was purified and shown to
be meso-2,3-diphenylbutane (IX) by comparison with an authentic
sample. The o0ily residue from the evaporation of the filtrate
possessed an anise-like odour.

Catalytic reduction using Adams'platinum catalyst
(128) and excess hydrogen under pressure, yielded as the main
product, 2,3-adiphenylbutane (IX). This hydrocarbon was identical

with that synthesised from oX-bromoethylbenzene by the Wirtz

reaction (123).

Cets Cells $6H5 ?6H5
CHp=C ——C=CHp —282% (CHz-CH—CH-CHj
v X
TZn
CgHs O CoHs

‘ X By l
2CHz~CH—0-C-CHz —— 2CH5-CHBT
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The other reaction product was an o0il which did not crystallize,
and which possessed a very strong anise-like odour. Radziszewski
(123) mentioned that his diphenylbutane had a pleasant odour,

and on account of this it had been suggested as a constituent

of insecticides (8). The oii may have been a mixture; contain-
ing the low melting isomeric butane (m.p.8°), the dienes and

the butenes, in any proportions., The o0il was completely vola-
tile with steam, but the small amounts available prevented an
extensive investigation.

The diene was also hydrogenated catalytically using
one equivalent of hydrogen. Almost half the diene was recovered
unchanged, The remaining product was a steam distillable oil
from which no solid could be isolated. The same odour was
noticed again. Ott (11l4) mentioned that he had reduced 2,3-
diphenylbutadiene with one equivalen?t of hydrogen and a
palladium-charcoal catalyst. He obtained an oil which he con-
sidered to be a mixture of cis-dimethylstilbene and 2,3-
diphenylbutene-1, He stated that he intended to report more
fully on this reaction. Such a report has not yet appeared,
although 0tt provided.the samples of 2,3-diphenylbutadiene which
yon Auwers used for his determination of physical constants
(115). 1In order to avoid possible duplication of effort in
this particular field, these hydrogenation reactions were not

investigated further.
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Bromination

Until this work was started, no derivatives of
2,3-diphenylbutadiene had beeh prepared, starting from the
hydrocarbon. Johlin (110) had attempted to prepare some of
them, but had been unsuccessful. In particular, he stated
that the diene was not attacked by bromine (page 41); he
attributed this inactivity to the position of the phenyl
groups.

It has been found, however, that bromine will add
readily to the diene at room temperature in a variety of
solvents. Hydrogen bromide was always evolved, being especilally
noticeable towards the end of the reaction; this fact had
already been noted during the bromination of other dienes
(page 7). The crystalline product could be recrystallized
from alcohol or acetone, and melted with decomposition at
145-7°; analysis showed that 1t was a dibromide. No evidence
of a tetrabromide was ever secured.

It seems probable that the compound which Johlin
attempted to brominate was not the diene, but was the ketone
(VII), which is so readily obtained from the dehydration
reaction with. acetic anhydride, if no antloxidants are present.
This ketone will not add bromine at room temperature, and its

melting point is only a few degrees lower than that of the

diene,
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In warm acetone solution the dibromide slowly
decolorized permanganate., When subjeoted to ozonolysis the
only decomposition product which could be identified was &}-
bromoacetophenone, Formaldehyde could not be detected. This
seems to indicate that the dibromide is 2,3-diphenyl-1,4-

dibromobutene-2 (VIII).

Cetls Cefls Cells Cells
| | |
CHo=C C=CHg + Brp —> CHBr-C===C-CH BT
v VIII
Cglls ?6H5 Br

\
CHgBr-C

[
C-CHgBr —> 2 CHp-C0.CgHs

VIII

The dibromide (VIII) is not very useful for
purposes of identification as 1t decomposes at its melting
point. Its instability is also shown by the lowering in
melting point of samples which have remained for some time
exposed to moist air, and by the fact that when it is dis-
solved in ethyl alcohol, on addition of alcoholic silver
nitrate, the éolution will give an immediate precipitate of
silver bromide.

The diene could be regenerated from the dibromide
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(VIII) by treating it with zinc dust in acetone or acetic
acid. It was very convenient to prepare the relatively
stable dibromide from the unstable diene, and then, by zinc
dust treatment, to regenerate the diene as required.

Two dibromides have already been prepared with
properties somewhat similar to those of the 1l,4-dibromide of
2,3-diphenylbutadiene (VIII). Both these compounds were con-
sidered to be 2,3-dibromo-2,3-diphenylbutane (XII) by the
workers who made them, although their properties were mot
very similar., The first to be prepared was a compound melting
at 140-145° with decomposition (fine needles, silky lustre).
This was made by Stobbe (113 and page 43) who proposed the

following series of reactions to account for its preparation,.

CeHs CgHs CeHs ?6H5
) , AcBr |
CH=-C C-CHz ———> CH;;—C—(\)—CH;:,
n \ |
OH OH OAc OAc
Iv C.Hs C.H
‘65 65
PBr CHe~C C-CH
____Jia 3 I l 3
Br Br
XII

The second compound to be prepared was that described by
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Beschke (111 and page 41), and later by Lévy (112 and

page 42),
T6fl5 Colls “6ts CgHs
NaOOC-CHg~-C===C-CHz-COONa CHz-C===C-CH3z
Brg Brg X
-CO2
Cefls f6H5
CHz=—C C—CHs
| |
Br Br
XII

This solid was obtained in lancet-shaped crystals melting
at 152°, Beschke was unsuccessful in reducing this compound
(XII) to the known 2,3-diphenylbutane (IX), but, on heating
with zinc dust or zinc acetate in glacial acetic acid, he
obtained an oil from which halogen-free crystals slowly formed;
these melted at 48-9°., When he attempted to recrystallize
this compound he obtained an oil.

When the dibromide (VIII) was compared with the
compounds just described, it was found to resemble Stobbe's

compound much more closely than it did the dibromide made by
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Beschke and Lé%y. Since ozonolysis had shown that the di-

bromide (VIII) was unsaturated and had the formula,

%efls Cells
CHgBr~C====C -CHpBr

VIII

it seemed certain that the formula (XII), ascribed to this
compound by Stobbe, was incorrect.
In order to identify these dibromides with greater
certainty, both Stobbe's and Beschke's work Was‘repeated,
"and the melting points of the three dibromides were compared.
They were all recrystallized from acetone and formed white
crystals, all of which appeared to be similar (although no

microscopic investigation was carried out).

Dibromide Melting Point Condition of Product
A From diene 142-146° ,
(also 145-147°) Brown liquid
B Beschke's 142-144° Brown liquid with
evolution of bubbles.
C Stobbe's 145-147° Brown liquid
A + B 139-141°
A + C 142-146°
B + C 138-142°
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The melting point values for A are for the freshly prepared
cbmpound. Unless it was kept in a vacuum dessicator this
dibromide underwent some change which lowered its melting
point somewhat - in some cases as much as ten degrees.

Since decompositidn occurs so readily, these melt-
ing point values are not of much significance but, if they
indicate anything, it is that A and C are identical, and
differ from B,

The identity of A and C was shown by treating them
both with zine dust in acetone, and obtaining 2,3-diphenyl- |
butadiene in each case, Beschke's dibromide, B, when treated
in this manner, formed an oil from which no crystals could be
obtained. While zinc in acetic acid might remove hydrogen
bromide to form 2,3-diphenylbutadiene, as Beschke considered
it did (page 42); it is more likely that bromine only would

be removed,

CegHs CgHs CeHs CplHs

! t ! I
CHz-C——C-CHz —> CHz-C==C-CHgz

[ |

Br Br

XIT X

Ott's work (114) on the preparation of all three

possible isameric 2,3-diphenylbutenes,
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T6H5 Cefls UeH5 ?635
CHz-C==C-CHz  and  CHp=C——CH-CHj
X XL

cis and trans

indicates that mixtures of such 2,3-diphenylbutenes may be
oils, and that crystals of crude cis-2,3-diphenylbutene-2;
melting over a range starting at 50°, might be obtained from
such mixtures. Ott did not isolate the 1,2-butene (XL), so
its pr-sence in such oils is not certain,
it must élso be remembered that, in the case of the

dibramides, isomers are possible. 2,3-Diphenyl-1,4-dibromo-
butene-2 (VIII) can exist in either the cis or trans form.
This may account for the changes in the melting point of di-
bromide A on standing. 2,5—DiphenYl-2,B-dibromobutane can
also exist in two stereoisomeric forms; one of these is
Beschke's dibromide (XIIb),.

| These two stereoisomeric dibromides were synthesised
by brominating cis- and trans-dimethylstilbene (Xa and Xb).
They differed from the unsaturated dibromide (VII), prepared
from the diene, or by Stobbe's method, iﬁ being unstable in
hot alcoholic solution; attempts to recrystallize these com-
pounds from alcohol resulted in the formation of cis-dimethyl-
stilbene (Xa)Min each case, The crude product melted at

46-48°, This indicates that Beschke's dibromide was the 2,3-
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diphenyl-2,3-dibromobutane (XIIb), m.p. 149-152°, formed by
brominating trans-dimethylstilbene (Xb) . |

Since Stobbe's dibromide is actually the unsaturated
1,4-dibromide (VIII), his mechanism for the reaction of aéetyl
bromide and phosphorus pentabromide with the diene is incorrect.
Hé suggested a diacetate as an intermediate (page 53), but it
is now known (145) that tertiary alcohols react with acyl
halides at room temperature to yield tertiary halides rather
than esters. The tertiary bromides (XIIa and XIIb), which
might be formed heré, however, were found to be unstable to
treatment with acetyl bromide, and were never isolated from
the reaction product. In this reaction, therefore, dehydra-

tion must have occurred.

Cells CgHsy CeHg Cglly
N AcBr -
CHz-C C-CHz ————» CHz=C C=CHg

| |
OH OH
Iv v

Since phosphorus pentabromide always acis as PBrs + Brg,
the second step in the reaction, addition of bromine to the
diene would be expected to give the 1,4- addition product

(VIII), while Beschke's dibromide (XIIb) would not Be formed

CaHs CeHs CeHs CgHs
| l

— I l
- = +
c=cH, TBEs = FBIs*BIay p pr-C===C-CHgBr

CHg=C

v VIII
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This step was confirmed by carrying out the same reaction,

but substituting bromine for phosphorus pentabromide. 4

solid dibromide was formed, which was identical with that
obtained from the diene, or from Stobbe's preparation (VIII);
debromination with zinc dust in acetone yielded the diene

(V). In order to get further insight into the mechanism

of Stobbe's reaction, the process was stopped at the end of
the first stage, after the pinacol (IV) had been treated with
excess acetyl bromide. Copious fumes of hydrogen bromide

were evolved, and the greasy product was recrystallized from
petroleum ether. Crystals of the hydrogen bromide addition
product (VI) were obtained as the main product. On evapora-
tion of the filtrate,an oil remained,which was shown to con-
tain the diene (V) by bromination to form the dibromide (VIII).
These reactions seem to indicate that acetyl bromide dehydrates
the pinacol,and the resulting diene reacts with the hydrogen
bromide formed during the reaction,to form the monobromide (VI).
If bromine is present however, the dibromide (VIII) is the

addition product.



_60_

Hydrogen Bromide

The preparation and properties of the hydrogen
bromide addition product (VI) have already been discussed
in some detail, This compound was shown to be a mono-
bromide, and its reactions suggest that it is a tertiary
bromide, 2,3-diphenyl-2-bromobutene-3, It was most
easily prepared by treating acetophenonepinacol with acetyl
bromide, but was also formed by the direct addition of
hydrogen bromide to a chloroform solution of the diene.
Treatment of tre monobromide (VI) with zinc dust in acetone
gave an oil, from which a solid was separated by addition
of acetone, This solid melted at 204° and contained no

halogen. Analysis indicated that it was the bimolecular

compound.,
CgHs Cglis
; I
CgHs CeH5 CHpo=C C-CHg
| f !
2 CHp=C——C-CHz —223 CHp=C——C-CHj

| { |
Br CGH5 06H5

The reactions involving the bromides are summarized

below.



OH
|

CgHs-C-CHgz
[

C 6H5 "([: "‘CHs
OH

v

meso and 4.1,

AcBr
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) %fls Cells
CHpBr-C===C-CHoBr
VIII
Both cis and trans possible.
M.p. 145-147° (dec.).
N

Brso Zn

%Hl5 Cslls
CH2=C "“"""C“—"CHg

A
M.P. 45-47°

EtOH HBr

Cells ?6H5
CHp=C ——C~-CHsz
Br

VI

M.p. 78°



cis

Mopo 62-640

Brs Zn

Cells Cplls
Br-C——C-Br
{

I
CHz CHz

XITa

M.p. 130-138°(dec).
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?6H5 Uetls
CHz-CH———C-CH5
[

OH
XT
B.p. 183-135°/18-20 mm.
distill with
HoSO4
C6H5 CHsz
% | |
and C====C
| ]
CHz CgHg
X‘b,
trans
M op . 102—104:0
Zn

J/Brz

ol 9

Br-C- ?—Br
|
CHz CgHgy
XITIb

M.p., 149-152°

Bro
-CO»

?6H5 ?6H5

NaOOC-CHgp~C====C-CH2~COONa
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The Diene Synthesis

2,3-Diphenylbutadiene reacted readily with maleic
anhydride and with X-naphthoquinone, Other diene synthesis
addends which were used either 3id not react at all, or
did so with diffi~ulty. Since the course of the diene
syntresis depends to a large extent on the conditions
employed, it is quite possible that under different con-
ditions, the diene may react ricre readily with these other
compounds.

Since none of the addition products had been syn-
thesised before, it was necessary to prove their structure.
In the case of the most thoroughly studied reaction - that
vith maleic anhydride, this involved considerable difficulty.

The diene, on treatment with maleic anhydride and
subsequent hydrolysis, formed an acid, which was insoluble
in water, and which analysed for a dighenyltetrahydrophthaliec
acid. This compound would be expected to be 4,5-diphenyl-1,

2,3,6-tetrahydrophthalic acid (I).

CH CHz CHp
7 RN /N
CgHs =C CH-%=0 CeHs -C CH-G= CeHs-C CH-COOH
1 +10 . —> 1l [0 il
CeH5-C CH-C=0 CgHs-C CH-7=0 CgHg-C CH-COOH
N\ N\ 7 \N 7
CHso CHp CHe
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The acid melts at 172-3°, and seems to be much more stable
than the other tetrahydrophthalic acids -whiich have been re-
ported. This may be due to the stability of the stilbene
system, which lessens the tendency to become conjugated by
dehydrogenation,

The usual methods for degrading such acids to the
corresponding aromatic hydrocarbons are either treatment
with potassium ferricyanide (100), or distillation of the
calcium salt with lime and zinc dust (99). Both these methods
were unsatisfactory in this case; distillation with lime and
zinc dust seemed to decompose the adid, and only resinous
products were obtained. The diene synthesis was probably
reversed by this treatment., No trace of o-diphenylbenzene
(III) was found in either case,

Very small quantities of o-diphenylbenzene were
occasionally produced by fusing the acid (I) with potassium
hydroxide., The main product of this reaction, however, was
always the acid (II) considered to be 4,5-diphenylphthalic
acid.

The acid (I) from the diene synthesis was not

attacked by permanganate, and as the degradation product

C6H5’ff -CHp
0 CH~COOH
!
0 CH-COOH
(l /“

06H5 -C "CHz
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is unknown, further oxidation reactions were not investigated.
Decarboxylation with copper powder in quinoline (124),

by fusion with sodamide, or by zinc dust distillation was in
each case unsuccessful. Heating the sodium salt of the éeid (1)
with soda lime decomposed the acid, and no products could be
isolated,

| This acid, and those formed from it by fusion with
potassium hydroxide, formed dyes when fused with resorcinol and
a drop of concentrated sulphuric acid (125). Like fluorescein,
these dyes could be brominated and iodinated to give dyes with a
deeper colour. These new dyes had a browner shade than their
unphenylated analogues, ranging from pale orange to tans and rust
reds., A few were fairly fast to washing, but they were not fast
to prolonged exposure to sunlight. They were not further in-

vestigated.

Acetylenedicarboxylic ester (XVII) added to the diene,
but the yields were very low. The product, when boiled with
hydrochloric acid, gave small amounts of an acid which proved

to be identical with that isolated from the alkaline fusion.

CH
Vs
Aoetophenonepinacol) _ o CeHy-C 2bH-Qf0

4+ acetic anhydride ) CeHs-C_ _CH-C=0
CHg
pA'S
OH
CgHy Cpls \G‘"COOCHS HC1 Celsg COOH CgHs
\ | + N R
CHpg=C——C=CHgz C-COOCHgz CgHs Z COOH Cgls

\'J XVII IT IIT
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The aromatic acid (II) was also synthesised from
3,4-diphenylfuran (XVIII) and maleic ankydride. 3,4-Diphenyl-
furan was prepared by decarboxylation of the acid obtained

from the condensation of benzil with diglycolic ester (XIX).

2CH2C1C00H + Ba(O0H)z —> HOOCCHZOCHgCOOH —> ethyl ester.

CHs-COOEt CeHs-C———C-CgH
rote 65 655
0 + CgHg.C0.C0 ,CaHs— 2R TR
NCH-COOEtL HOOC-C_ C-COOH
0
XIX XX
CpHr-C—C-CgH , , , CaHe~C——C-CaHe CpHz-C——C-CgH
675 [l (l 65 Cu in qulnollnq% 65 I If 65 ¥6-5 I \l 655
HOOC-C  C-COOH CH CH and CH C-COOH
~o” ~0 N0
XX XVIIT XXI
CH /,CH\
Celg-C | CHG=0 CgHs-C” | CH-C=0
| 0 + h 0 _ Mo 0
CaHr-C_ ! CHC=0 CgHs-C_ | ,CH-C=0
655"\ oq o’
XVIII XXIT
HBr
in HOAc
\ 4

- CH

C~Hs-C C-COOH

675 |

CgHs-C_ . C-COOH
> "Nof

IT
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These reactions all seemed to indicate that the acid
produced by alkaline fusion was the aromatic acid. This was
also confirmed by the fact that it was unchanged when heated
with selenium for 3-1/2 hours at 325°, The original acid (I)
obtained from the diene synthesis might have been either cis-
or frans- 4,5-diphenyl-1,2,3,6-tetrahydrophthalic acid, Unless
recrystallized many times from acetic acid, it melted over a
range - anywhere between 160° and 170°, As originally isolated,
it generally melted about 160°, although considerable shrinkage
took place before that. This low-melting acid dissolved in
alkali to form a yellow solution. Samples which had been re-
crystallized from acetic acid formed a colourless solution when

dissolved in aqueous sodium hydroxideﬁ. In the case of the

ﬁ R
Adams (126) pointed out that cis-9,10-dicarboxy-9,10-dihydro-

phenanthrene (XXIII) formed an orange solution in dilute sodium
hydroxide, while the trans form XVI gave no colour when dissolved
in alkaline solution. Adams' cis-dihydro acid fused at 196°,
solidified, and then melted completely at 235-240°, The trans-
acid, when pure, melted over a range, 235-242°, with decomposition.
Adams explained the yellow colour of the sodium salt of the cis-
acid as being due to enolization. Warming the cis-acid in dilute
alkali, or heating with glacial acetic acid, converted it to the

trans form.

(—-—f?
OONa
H COONa
OH
40Na

Cégﬁa H ‘COONa
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diphenyltetrahydrophthalic acids (I) there was not any
definite evidence of a cis form. The aeid was preoipitated
by pouring a solution of its sodium salt into concentrated
hydrochloric acid, Boiling was generally required to coagu-
late the acid. This would be expected to convert the cis-
acid into the trans form. The low melting pdint, and yellow
sodium salt might be due to small guantities of cis-acid, but
they might also be due to some other impurity.
2,3-Diphenylbutadiene reacted with el-naphthoquinone
in boiling xylene to give a product which, when dissolved in

hot acetone, yielded a yellow quinone (XXIV).

CHg 0
V4
CeHs~C
| +
CgHg-C
W
CHs 0

0
: CgH
air 3 6145
CgHs

0

XXIV

This quinone dissolved in concentrated sulphuric

acid to form a browh solution from which it could be recovered
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by dilution., Reduction with sodium hydrosulphite in dilute
methyl alcohol produced a green compound, which was soluble
in water. Oxidation of this green solution with sodium
perborate regenerated the yellow quinone. Reduction of‘the
quinone with zinc in aqueous sodium hydroxide produced a red
solution. The yellow quinone was slowly regénerated by
passing air through the acidified solution,

This quinone (XXIV) was not the ouly product of the
reaction with the diene. A dark red-brown solid was also
formed, which dissolved in ethyl alcohol to form a crimson
solution. Addition of alcoholic alkali turned this to a
brilliant blue, which became greenish on standing. On
oxidation by the air, and acidification with concentrated
hydrochloric acid, a red-purple precipitate was fommed which
was recrystallized from cilute acetic acid,

This compound dissolved in concentrated sulphuric
acid to form a brown solution from which it was regenerated
by dilution. Sodium hydrosulphite in ¢ilute methyl alcohol
yielded a yellow-brown compound which was soluble in water.
Oxidation with sodium perborate produced a turbid solution
from which no crystals could be obtained. Zinc in alkali
gave a red solution from which the original red solid was
precipitated on acidification.

This red compound seemed to have the properties

of a hydroxy-quinone. Analytical figures incdicated a formula
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CogH1405, but the sample may not have been pure. It was very
difficult to recrystallize, and, when it” did come down, was
an amorphous powder. The melting points of different samples
varied greatly, and decomposition was always fbund to occur.
Preliminary investigations seemed to show that 1,4-diphenyl-
butadiene forms a similar red compound with o{-naphthoquinone.

Benzoquinone yielded complex tarry mixtures with
the diene, from which no pure compounds could be isolated.

ﬁ -Benzoylacrylic acid seemed to polymerize, rather than add
to the diene.

Acetylene did not add to the diene in boiling
naphﬁhalene - nor did benzoylphenylacetylene in boiling
xylene. An attempt was made to add phenylacetylene, and in
one instance, oh vacuum distillation of the reaction prodwt,
a fraction, b.p. 270-80° at 20 mm., was obtained, from which
separated a few crystals which melted at 140-155°. No more

of this solid could be prepared.
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Miscellaneous Reactions

An attempt was made to synthesise an o-benzoyl-
benzoic acid by treating the anhydride of the aromatic

acid (II) with benzene and aluminium chloride.

O
CgHsg G=0 CgHs
0 + CgHg + AlCls —>
CegHs =0 CeHs COOH
IT XXV

No such acidic compound co:1d be isolated however. This
compound (XXV) had already been prepared by Allen and

Spanagel (103).

The diene (V) coupled with diazotized 2,4-dinitro-

aniline to give a red-brovn solid,

CeHs CgHs
I i

CHo=C C=CHz + HO-N=N-CgHz(NOgz)2
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Backer and Strating reported adding sulphur
dioxide to 2,3-diphenylbutadiene (56, =27. page 45). They
heated the diene with a saturated ethereal solution of
sulphur diocxide at 100°., This work vas repeated; the
solution wvas heated in a sealed tube at 100° for one hour,
but, under these conditions, the diene was recovered un-
changed,

The ribbon of polymerized material, which was
often formed during the preparation of the diene by the
sealed tube reaction, was dGistilled under reduced pressure.
Azetophenone and an oil, which coutained trans-dimethyl-
stilbene (b)), were orozuced. Trans-dimethylstilbene yields
no acetophenone under siiilar conditions, so the ketone must
have been produced from the polymer, possibly from the ends
of the chain. The production of dimethylstilbene seems to

indicate that the polymer is a linear type,

CeHy CgHsg Cgly CgHsy
l [ | |
-CHg-C===C-CHg-CHg-C===C-CHz-

but the course of decomposition of such a polymer is not

clear,



EXPERIMENTAL PART

Introduction

There are two reactions for securing the necessary
pinacol (IV); use of the Grignard reagent with benzil (110,
118, 120),
OH
CgHs-C0.C0.CgHg + 2Mg + 2CHzI —> Ceﬂs-é-CHs
06H5-%-CH3

OH
Iv

and bimolecular reduction, using isopropyl alcohol in the

sunlight (119).

OH

]

J + CHz.C0.CHs
CGHS-?-CHS

OH

In both instances the desired product crystallized slowly fram
the yellow oil which was first formed. It was thought that
the residual o0il might be & ketone formed by dehydration and

rearrangement of the pinacol.
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U6Hs ?Hz
Csﬂs'f'CHs CH3<C-CgHs
or |
CH3-C=0 CgHg-C=0

The oil however, would not form an oxime or semicarbazone,
and was unchanged when treated with sodium hypobromite.
Its nature is still undetermined,

The pinacol obtained was a mixture of the two
stereoisomers, which melted at 83-114°; the two isomers are
reported to melt at 116-7° and 122° respectively when pure.
The second method required four months' exposure to the sun-
light in the summer, and about eight months' in the other
seasons; but it was found to be more convenient than the
Grignard reaction, because of the inexpensive starting

materials and the small amount of attention required.

Acetophenonepinacol (IV).

A mixture of the two stereoisomers,m.p. 83-114S was
obtained in 56% yield by the action of methyl magnesium iodide
on benzil, Benzil (6 g.) was added to a solution of 2.2 g,
of magnesium and 15 g, of methyl iodide in dry ether. The
mixture was stirred mechanically and cooled, then gradually
warmed and reflnxed for 1-1/2 hours. After allowing it to
stand over night, the mixture was decomposed in the usual

manner and the product extracted with ether, Crystals



separated from the brownish oil in about 24 hours., These
were recrystallized from petroleum ether and benzene.

A second, and more satisfactory method for the
preparation of acetophenonepinacol was by sunlight reduction
of acetophenone. The procedure followed was similar to that
used by Bachmann in the preparation of benzopinacol (127).

In a pyrex l-liter flask were placed 90 g, of acetophenon.et
and 850 cc, of isopropyl alcohol; one drop of glacial acetic
acid was usually added to neutralize any basic impurities,

The flask was stoppered with a rubber stopper containing a
glass tube that almost reached to the bottom of the flask.

The other end of the tube was drawn to a capillary. This

tube was necessary in order to allow the pressure in the

flask to remain atmospheric in spite of temperature changes.
The flask was placed upside-down in the sun for four months

in the summer. A longer period was required in the winter.
After exposure, the volatile solvents were distilled off under
reduced pressure. A yellow oil remained, from which crystals
of acetophenonepinacol slowly formed. They were recrystallized
as before. Yield 66%.

The o0il whiech remained would not form an oxime or
semicarbazone. It was not attacked by sodium hypobramite, but

reacted with bromine, with evolution of hydrogen bromide, to

form a brown oil,

¥ ) gift from Compagnie Parento, Ltd.
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Preparation of the Diene

The first dehydration reaction which was carried
out was that with acetic anhydride, which had already been
described by ThB8rner and Zincke (109) and by Johlin (110).

The pinacol (IV) was treated with acetic anhydride in a
sealed tube after which any diene produced was removed from
the neutralized reaction mixture by steam distillation. This
method only yielded the diene occasionally and the yields were
always low; on the whole the reaction was very unreliable,

The most frequent product of the above steam distilla-
tion was a ketone (VII) melting at 42-43°, This ketone formed
an oxime; m.p. 149°. It seems probable that this is the

pinacolone,

?sﬂs o
il
CgHg-C~——C~-CH3
{
CHa

deseribed as melting at 40-41° and forming an oxime, m.p. 151°
(120). However, while the pinacolone has been reported to
give «,«-diphenylpropionic &cid in the haloform reaction
(121), this substance was unchanged by sodium hypobromite and
by sodium hypoiodite. It could not be brominated by bromine

in glacial acetic acid at room temperature. It crystallized
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very readily on steam distillation and was very easily re-
crystallized from dilute alcohol: This is in marked contrast
$0 2,3-diphenylbutadiene which added bromine readily, but

which crystallized very slowly from the steam distillation
product, and which was comparatively difficult to recrystallize,
as ThBrner and Zincke noted (109).

The ketone (VII) was always accompanied by an oil,
‘which, when first produced was colourless and had a strmg
odour resembling acetophenone; on standing the colour changed
to a bright yellow. No acetophenone could be detected in the
oil, however, while bromination indicated that it contained
some 2,3-diphenylbutadiene. Parry (122) mentioned an oil
accompanying the pinacolone which turned yellow and which
also possessed an odour like acetophenone.

A large amount of gummy polymer was always formed
during the dehydration in the sealed tube. This remained
behind during steam distillation, and hardened to a dark
wax-like substance which softened about 40°, Vacuum dis-
tillation of the polymer yielded acetophenone and an oil
which added bromine to form & dibromide melting at 149-151°,
like the dibromide of trans-dimethylstilbene (Xb), this di-
bromide reacted with alcoholic potash to give a compound
melting over a range 73-85°,

The addition of antioxidants to the dehydration

reaction mixture hindered polymer formation and inhibited
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the production of the ketone. Phenyl-fg-naphthylamine and
copper acetate were added to the £§action.mixture before de-
hydration, and the product, on steam distillation, was a colair-
less o0il which, on chilling, formed crystals whose properties
agreed in every way with those described for 2,3-diphenyl-
butadiens; the melting point was 47-48°. Thus, by adding

these antioxidants, the sealed tube reaction gave fairly
reproducible results, and yielded about 30% 2,3-diphenyl-
butadiene., As steam distillation proceeded, the oil which

came over failed to solidify., It still contained the diene
however, since, like the oil accompanying the ketame,.it canld
be easily brominated. The dibromide formed (VIII) was identified
with that obtained by brominating crystalline 2,3-diphenyl-
butadiene.

In an attempt to use up the diene as soon as it was
formed, and so avoid loss through polymerization, maleic anhydride
was added to the reaction mixture before dehydration in the
sealed tube, No antioxidants were used with this reaction; a
small amount of 4,5-diphenyltetrahydrophthalic acid (I) was
obtained, but the main product was the ketone (VII), The
pinacol was not dehydrated by maleic anhydride alone at 200°,
but was slowly dehydrated at room temperature, in a solution
of maleic anhydride in acetic anhydride. After four months,
about 20% 4,5-diphenyltetrahydrophthalic acid (I) was obtaied.

Acetophenonspinacol (IV), when treated with chloroacetic
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anhydride at 180°, was not dehydrated to 2,3-diphenylbutadiene
(V), but underwent a rearrangement to form the same ketme (VII)
as was encountered before,

2,3-Diphenylbutadiene polymerized to a yellow greasy
substance in a few days, unless it was kept in the dark under

nitrogen, in which case it was stable for two or three weeks.

The Ketone (VII),m.p. 42-43°

Acetophenonepinacol(Iv)was dehydrated by heating
10 g, of the pinacol with 27 cc, of acetic anhydride in a
sealed tube at 180-200° for three hours. The reaction product
was a brown liquid, which was separated from any polymer formed,
made alkaline with sodium carbonate and steam distilled. The
0il which came over was clear but quickly became yellow, it
was shown to contain a small amount of the diene by bromination
to the dibromide (VIII). The odour of acetophenone was detected
but no 2,4-dinitrophenylhydrazone (129) could be prepared. The
sodium nitroprusside test did not indicate acetophenone; in
alkaline solution, a stable bright yellow colour was formed,
which disappeared, leaving a cloudy solution, when a drop of
geetic acid was added. Sometimes the ketone would crystallize
out of the oil at once, or it might take some days. The yield
of oil (before crystallization) was about 2 g. The erystals

were recrystallized several times from methyl alcohol, after

which they melted at 42-43°. They formed an oxime, m.p. 149°.
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Anal, Calcd., for CigHg0: C, 85.7; H, 7.1. Found: C, 86.6;
H, 7.2.

The same reaction was also carried out in an auto-
clave, but the yield was lower. In order to prevent the walls
of the autoclave from being attacked by the acetic acid which
was formed during the reaction, the reagents were contained
in a stoppered bottle, which was placed in the autoclave with
some cellosolve, which had only a slightly higher vapour
pressure than the acetic anhydride under the reaction con-
ditions,

Chloroacetic anhydride was also used as a dehydrating
agent: 44 cc, of acetic anhydride and 38 g. of chloroacetic
acid were refluxed for 2 hours and the excess acetic anhydride
was distilled off, The residue was used to dehydrate the
pinacol by heating at 180° and atmospheric pressure. The
product of this dehydration, however, was almost all crystal-
line ketone (VII).

The ketone would not &dd bromine, maleic anhydride,

or sulphur dioxide in ether solution,

2,3-Diphenylbutadiene (V).
2,3-Diphenylbutadiene was prepared most easily, and

in the largest quantities, by adding 18 cc. of acetyl bromide

to 6 g. of acetophenonepinacol containing a trace of antioxidant

(phenyl—ﬁ?-naphthylamine). When the vigorous reaction was
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over, the solution was warmed on a water bath to remove excess
acetyl bromide. The cold reaction mixture was then cautiously
made alkaline with sodium carbonate solution. The greasy
precipitate (VI), m.p. 69-73°, was filtered and dissolved

in hot dilute alcohol. On cooling the diene (V) crystallized.
M.p. 45-47°, 7Yield 30%. Bromination of the remaining oils
yielded a further amount of the 1,4-dibromide (VII).

A sealed tube containing 20 g, acetophenonepinacol
(IV), 54 cc, of acetic anhydride, 1 g. phenyl-}%-naphthylamine
and two crystals of copper acetate was heated at 180-200° for
three hours, The reaction product was poured into water,
made alkaline and steam distilled., The receiving flask was
chilled in an ice bath and 4.6 g. solid hydrocarbm was obtained,
m.p. 47-48°, Later 6 g. of an oil came over which yielded 2 g.
of dibromide (VIII) on bromination., The total yield of diene
was 34%. A resin (7 g.) would not steam distill, this resin
adhered very firmly to aluminium,.

When acetyl chloride was used for dehydration instead
of acetyl bromide, the pinacol would only dissolve on warming,
and there was no sign of an immediate reaction. Most of the
acetyl chloride was recovered unchanged, and the residual oil,
when worked up as before, yielded no crystalline product., This

agrees with Zincke's observations (109).
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Addition Reaetions

Attempted reduction with sodium amalgam.

An alcoholic solution of 1,3 g, of 2,3-diphenyl -
butadiene (V) was treated with 5 g. of 3% sodium emelgam and
left to stand at room temperature for 24 hours, after which
it was refluxed for 5 hours. On evaporation of the solvent
and removal of sodium hydroxide by filtration, the diene was

recovered unchanged,

Reduction with sodium in liquid ammonia.

2,3-Diphenylbutadiene (0.3 g.) was dissolved in a
mixture of 40 cc. of ether and 30 cc, of liquid ammonia. To
this solution was added 0.5 g. of sodium dissolved in 30 cc.
of liquid ammonia, The sodium solution was added very slowly;
on stirring a gas was evolved, the deep blue colour got lighter,
and a liquid tended to separate out. The solution was evaporated
at room temperature with intermittent stirring. The blue colour
disappeared suddenly, leaving a slight whitish precipitate in
a pale green solution, Complete evaporation of the solvents
left a jelly-like mass, which was boiled with alcohol, setting
free considerable ether. Sodium hydroxide was filtered from
the hot solution which was then evaporated to dryness. The

residue was boiled with methyl alcohol, and more insoluble
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alkali filtered from the hot solution. On cooling crystals

formed, which, when recrystallized fram dilute acetone, formed

needles which melted at 169°, This compound, when dissolved

in carbon tetrachloride, would not decolourize bromine. It

was thought to be a bimolecular product.

Anal. Calcd, for CgsgHazs: C, 91.9; H, 8.13, Found C, 91.9; H, 8,4,
The remaining solution yielded a solid, whicHh on re-

erystallization from dilute methyl alcohol, formed crystals of

meso-2,3-diphenylbutane. M.P., 116-119 °; mixed melting point

with authentic meso-2,3-diphenylbutane (IX) 115-117°.

Catalytic reduction with excess hydrogen was carried out using

.75 g. diene in 70 c¢c. of ethyl alcohol and .2 g. catalyst
(Pt02.Hg0) (128). The pressure fell 0.7 units in the first

two minutes, then remained constant. After 2-1/2 hours the
shaking was stopped and the catalyst filtered off. On evapora-
tion of the alcohol, crystals (plates) appeared;

Anal, Calecd. for CygHygq: C, 91.9; H, 8,1, Found: C,91.4; H,8,.6%.
This melting point was raised when the crystals were mixed

with some 2,3-diphenylbutane (IX), m.p. 119°, made by the

Wurtz reaction (123)., Yield 55%. The remaining oil would not

crystallize,

Catalytic hydrogenation with one equivalent of hydrogen was

carried out at 23°C. and 759 mm., using .18 g. catalyst (PtOz.HgO)
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in alecohol, which required 40.8 cc. of hydrogen for its
reduction to platinum, (calculated 36 cc,)., Then .70 g. diene
was added and 85,1 cc., of hydrogen was used up in 2 minutes,

(1 equivalent is 83 cc,). The product was worked up as before,
and the only crystalline solid recovered was .3 g. unchanged
diene. The yellow o0il remaining was insoluble in methyl

alcohol, and had a strong anise-like odour.

2,3-Diphenylbutane (IX).

o{~-Bromoethylbenzene was prepared by treating 10 g.
of phenylmethylcarbinyl acetatet with excess hydrogen bromide
dissolved in glacial acetic acid. After standing 12 hours
fumes of hydrogen bromide were still present, and the solution
was poured into water; the oily layer was separated and dried
with calcium chloride. It was then dissolved in acetone and
treated with zinc dust. A vigorous reaction took place, after
which the zinc was filtered and the solvent evaporated.
Crystals of 2,3-diphenylbutane slowly separated from the re-
maining oil; they melted at 119° and were probably a mixture
of the meso- and d,1- isomers, Reorystallization from dilute

alcohol raised the melting point to 122°. Yield lg.or 26%.

x
A gift from Compagnie Parento, Ltd.
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2,3-Diphenyl-l,4-dibromobutene-2 (VIII), m.p. 145-7°,

A chloroformm solution of 2,3-diphenylbutadiene was
treated with bromine in chlorofomm until the colour of bromine
was no longer removed on shaking., Heat was evolved, and,
towards the end of the addition of the bromine solution, fumes
of hydrogen bromide were given off. The solvent was evaporated
and the product recrystallized from acetone, It formed long
prisms, m.,p. 145-7° with decomposition, It could be recrystal-
lized fram alcohol without appreciable decompositiom. Other
solvents used for the bramination reaction were glacial acetic
acid and carbon disulphide.

Anal. Calecd., for CygHy4Bre: C, 52.5; H, 3.85; Br, 43.7.
Found: C, 52.5; H, 3.82; Br, 43.9.

The dibromide was dissolved in hot acetone and re-
fluxed with excess zinc for two hours. The zinc was filtered,
and, on cooling, 2,3-diphenylbutadiene crystallized almost
quantitatively.

An alcoholic solution of the dibromide reacted with
alecoholic silver nitrate to form an immediate precipitate of
silver bromide. In warm acetons, permanganate was only very
slowly decolorized by the dibromide, while in acetic acid
solution it liberated iodine from potassium iodide very slowly.
It readily dissolved in cold acetyl bromide, and was recovered

unchanged when the solvent was distilled.
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The 2,3-diphenyl-2,3-dibromobutanes (XIIa and XIIb).

A. Beschke's Method (111).

Trans-2,3-diphenylbutene-l,4-dicarboxylic acidk
(1.0 g.) was dissolved in dilute potassium hydroxide solution.
Bromine water was added until the white turbid liquid became
coloured by bromine. The mixture was heated to boiling: m
cooling, the tarry precipitate was filtered and recrystallized
from glacial acetic acid, m.p. 146-152°, and from acetone,
m.p. 142-4°; gas bubbles were given off at 144°., A mixed
melting point with the dibromide (VIII) from the diene was
depressed to 139-141°, Treatmeht of the dibromide (XII) with
zinc in acetone yielded an oil. In one instance only were
erystals obtained, but they melted when they touched the
filter paper.
B. Lévy's Method (112,114),

Both the cis and trans isomers (Xa and Xb) of 2,3-

diphenylbutene-2 (dimethylstilbene) were prepared and brominated.

Kindly prepared by Mr. H. B. Yuen.
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&-Methyldesoxybenzoin (XLII) (147).

Sodium (1.2 g.) was dissolved in 12 cc. of absolute

alcohol and 10 g. of finely powdered desoxybenzoin (XLI) was



added. The mixture was heated on a steam bath for a few
minutes to obtain a clear red-brown solution., To this was
added 7.1 g. of methyl iodide and the mixture was heated on

the steam bath for 15 mimutes. ZExcess methyl iodide and
alcohol was evaporated; then the residue was extracted with
ether, dried over calcium chloride and distilled under reduced
pressure to yield a product which solidified in the cold. This
was recrystallized from alcohol, m.p. 45-8°, mixed melting point

with desoxybenzoin (XLI) 35-40°. Yield 8 g.

2,3-Diphenylbutanol-2 (XI) (112).

An ethereal solution of methyl magnesium iodide was
prepared from 32 g. of methyl iodide, 4 g. of magnesium and
150 cc. of dry ether; to this was added 28 g, of methyldesoxy-
benzoin (XLII), The product was worked up in the usual manner
and the alcohol was distilled. B.p. 183-185° at 18-20 mm.
Yield 25.5 g.

Dimethylstilbenes (Xa and Xb).

The 25 g. of 2,3-diphenylbutanol-2 (XI) was distilled
under 5 mm, pressure with 5 drops of concentrated sulphuriec
acid. On cooling the distillate, a solid separated and was
filtered fron the oil., Repeated crystallizations from methyl
alcohol and hexane separated the product into two fractions;

the more insoluble trans-2,3-diphenyl-2,3-dibromobutane (Xb),
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m.p. 102-104°, and the less insoluble cis isomer (Xa),

m.,p., 62-64°,

Bromination of trans-dimethylstilbene (Xb).

A solution of 1 g. of the dimethylstilbene in 10 cc.
of chloroform was cooled with ice and 1.6 g. of bromine in
10 cc. of chloroform was slowly added. After standing, the
solvent was evaporated and the product (XIIb) was crystallized
from hexane (in which it was very insoluble). It separated

in long needles, m.p. 149-152°, Yield 1.2 g.

Bromination of cis. dimethylstilbene (Xa).

The cis-dimethylstilbene (1 g.) was brominated as
above. The product (XIIa) crystallized in diamond shaped
prisms m,p. 130-138° with decomposition. When mixed with the
dibromide from the trans form (XIIb), the melting point was de-
pressed to 120-127°,

Both dibromides when boiled with ethyl alcohol gave
only very soluble oils on evaporation of the solvent. The di-
bromide (XIIb), from the trans-stilbene, when boiled with

alcoholic potash, yielded a product which melted over a range,

75-8500

Removal of Bromine from the Dibromides (XIIa and XIIb).

A solution of 0.5 g. of the dibramide (XIIb), from

the trans-dimethylstilbene, in 10 cc. of acetone was refluxed
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with 3 g. of zinc dust for 1/2 hour. The solution was filtered
and evaporation of the solvent yielded a crystalline residue,
m.p. 43.5-50°, Recrystallization from methyl alcohol raised
the melting point to 52-54°., This melting point showed no
depression when mixed with cis-dimethylstilbene (Xa).

The dibromide (XIIa) from the cis-dimethylstilbene
was treated as above., The crude product obtained melted at
58-61°, A mixture of this and cis-dimethylstilbene (Xa)
melted at 61-62°,

Stobbe's dibromide (113).

Acetophenonepinacol (IV), (4 g.) was treated with
20 g. of acetyl bromide, in which it dissolved with evolution
of hydrogen bromide. The solution became very hot. On cooling,
16 g. of phosphorus pentabromide was added; a slow reactiom
took place over a period of about 2-1/2 hours, when all the
phosphorus pentabromide had dissolved. The solution stood over
night and was then poured into a solution of sodium carbonate;
the oil was extracted with chloroform. After evaporating the
solvent, the dibramide was crystallized from methyl alcohol, and
recrystallized from acetone: m.p. 145-147° with decompositiaom.
A mixed melting point with the dibramide (VIII) from the diene
was depressed very slightly, while one with Beschke's dibromide

was depressed to 138-142°,

The preparation just outlined was repeated, replacing
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the phosphorus pentabromide by 1 g. of bromine, which was
added very slowly to the chille&rsolution; this was then
slowly wermed until it was refluxing. It was cooled again
and made alkaline with sodium carbonate solution. The solid
dibromide which separated was recrystallized from acetone,
m,p. 144-146°, A mixed melting point with the dibromide (VIII)
from the diene was depressed very slightly.

An acetone solution of this dibromide was refluxed
with zinec dust for one hour and left to stand for 16 hours,
The solution was then warmed and filtered; the solid diene

was obtained on evaporation of the filtrate, m.p. 46-48°,

Ozonolysis of the dibromide (VIII).

The dibromide (2 g.) was ozonized in carbon tetra-
chloride solution for three hours at 0°, The ozonide was
decomposed with cold water, and a solid (.2g.) was obtained
which was a lachrymator; m.p. 44-7°, and mixed melting point
with a sample of Ww-bromoacetophenone, 44-9°. The bulk of the
product was an oil from which no known compound could be iso-
lated, It did not yield a sharply melting 2,4-dinitrophenyl-
hydrazone (129,130), Formaldehyde could not be detected by
this method nor by the formation of a dimedon or ammonia deri-

vative; the resorcinol colour test was negative (131).
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The Monobromide (VI), m.p. 78°

When a chloroform solution of 2,3-diphenylbutadiene
was treated with dry hydrogen bromide, crystals of an addition
product separated on evaporation.

This compound, however, was more conveniently pre-
pared from acetophenonepinacol (IV), by treatment with acetyl-
bromide., A quantitative yield was obtained of a crude product
melting at 69-73° (page 81). This was recrystallized several
times from Skelly Solve C, care being taken not to heat the
solution more than was necessary, as the addition compound is
easily decomposed. The residual oil from these crystallizations
was brominated and the dibromide (VIII) was formed, showing
that the diene was present in the oil. The addition product
(VI) erystallized in prisms which melted at 78°, but after
gstanding for a few days, yellowish oil began to appear, and
the melting point was lowered to 65-69°.

An alcoholic solution of this compound reacted with
alcoholic silver nitrate to give silver bromide. Quantitative
determination of the silver bromide showed that the addition
compound (VI) was a monobromide.

Anal, Caled, for 016H15Br: Br,27.9. Found: Br,27.9.
2,3-Diphenylbutadiene (V) was found to be the only

product when a hotl alcoholic solution of the bromide (VI) was

diluted and cooled. Alcoholic potash gave an instant precipitate

of potassium bromide and the oil remaining was shown to be
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2,3-diphenylbutadiene by bromination to the dibromide (virz),
m,p. 145-7°,

The bromide (VI) was boiled with excess zinec in
acetone for one hour, The hot solution was filtered and
cooled. Crystals were obtained, which, when recrystallized
from acetone, melted at 204°, This was probably a product of
a Wurtz reaction.

Anal, Calecd., for CzgHzz: C,92.3; H,7.6. Calcd., for CagHzg:
c,92.7; H,7.3. Found: C,92.9; H,7.5.

The acetone solution, on evaporation of the solvent, yielded
an oil, which added bromine in carbon tetrachloride to form
another oil from which a few erystals melting at 138-151°
separated.

In the course of one experiment the bromide (VI)
was treated with phenylacetylene., A orystalline solid was
obtained which proved to be identical with the 2,3-diphenyl-
butane (IX) that was synthesised by catalytic hydrogenation
of the diene (page 83).

The bromide (VI) was relatively stable to hot aqueous
sodium carbonate, or sodium hydroxide, probably owing to its
insolubility. It decomposed slowly on standing in the air, but

was unchanged by boiling acetyl bromide,
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The Diene Synthesis

4,5-Diphenyltetrahydrophthalic acid (I).

This was formed by heating 1 g. of the diene with
& slight excess of maleic anhydride. After an hour on a steam
bath, aqueous alkali was added, and the unreacted oil separated,.
On pouring into concentrated hydrochloric acid, an acid, in-
soluble in water, but soluble in ether, was precipitated; it
was recrystallized several times from dilute alcochol and dilute
acetic acid, m.p. 172-3°, Yield 66%, based on acetophenone-
pinacol (IV) as starting material, On further evaporation and
cooling the aqueous solution gave another acid, insoluble in
ether; it was recrystallized from water, melted at 118°, then
gave off gas at 121° and resolidified to give a new solid which
melted at 224°, The nature of this compound is unknown.

This substance, m.p. 165-170°, was also obtained, in
smaller yields, by adding excess maleic anhydride to the sealed
tube reaction used in the preparation of 2,3-diphenylbutadiene.
No antioxidants were used. The main product of this reaction,
however, was the ketone, m.p. 42-43°, The silver salt of the
acid was formed and analysed for silver.,

Anal, Calcd. for CgoHyg04485: Ag, 40.3. Found: Ag, 40.4
Calecd, for CpooHygO4: C, 74,53 H, 5.63., Found: C, 73.5; H, 5.98
When 6 g. of acetophenonepinacol (IV), 11 g. of maleic

anhydride and 16 cc, of acetic anhydride were left in a bottle
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at room temperature for four months, 4,5-diphenyltetrahydro-
phthalic acid was formed in about 20% yleld, Maleic anhydride

alone at 200° did not dehydrate the pinacol.

Attempted decarboxylation reactions.

This acid (I) was recovered unchanged when treated
with copper powder in boiling quinoline for several hours.

Only tarry products could be isolated when the acid was dis-
tilled with zinc dust or when its sodium salt was heated with
soda lime,

The acid (3.5 g.) was dissolved in an aqueous solution
of 1 g. of socdium hydroxide. Excess lime (2 g.) was added and
the solution was boiled for 1/2 hour. The white precipitate
was filtered and the clear filtrate was evaporated to dryness.
The white solid obtained on evaporation was mixed with the
filtered precipitate and the mixture was dried for three days
in a vacuum desiceator, before being ground up with 10 g. of
lime and 7.5 g. of zinc dust to form a fine grey powder (99).
Distillation of a portion of this mixture yielded a few drops
of a yellow oil,and & gas,which could be ignited (yellow flame).
No o-diphenylbenzene (III) could be obtained by seeding, and
the oil was soluble in cold methyl alcohol, whereas o-diphenyl-
benzene is not.

The acid (I), (1.1 g.) was dissolved in & solution

of 1.5 g. of potassium hydroxide in 8 cc. of water. To this
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was added a solution of 2.6 g, of potassium ferricyanide in

8 cc, of water. The mixture was heated on a steam bath for
2-1/2 hours (126). On cooling, crystals appeared which were
dissolved in more water. The yellow sediment was removed by
filtration, and on addition of hydrochloric acid a white to
greenish precipitate came down (0.5 g.). This was recrystallized
from methyl alcohol and melted at 208-212°. A mixed melting
point with 4,5-diphenylphthalic acid (II) was depressed to
187-190°, Repetition of this procedure, however, always led

to the recovery of unchanged 4,5-diphenyltetrahydrophthalic

acid (I)., The acid melting at 208-212° was fused with resorcinol
and sulphuric acid, but only a very faint fluorescence was pro-
duced in the fluorescein test. Since this test, when positive,
indicates two ortho-carboxyl groups (125), it seemed probable
that this acid was 4,5-diphenylbenzoic acid., Adams (126) found
that potassium ferricyanide removed one carboxyl group in the

case of trans-9,10-dicarboxy-9,10-dihydrophenanthrene (XVI).

The Anhydride (XV) m.,p. 165-170°.

When the diene synthesis with maleic anhydride and
2,3-diphenylbutadiene was carried out in xylene for three days
at room temperature, a solid anhydride (XV) separated, This
compound was also prepared by heating the acid (I), from the
diene synthesis, just above its melting poimt until no more

water was evolved. The ligquid turned light brown and solidified
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on cooling; m.p. 165-170°, mixed melting point with the acid
(I), 150-165°. No crystalline anhydride could be isolated
when the acid was treated with acetic anhydride, or acetyl

chloride.

Dyes.

The fluorescein-like dyes were made by treating
0.5 g. of the acid (I or II) with 1 g. of resorcinol and a
little zinc ohloride or concentrated sulphuric acid. The
mixture was heated for two hours at 210°. The cold solid
was broken up and dissolved in aqueous sodium hydroxide to
form a fluorescein-like solution. On acidification, the dye
was precipitated as the acid,filtered, and redissolved in 40 cc.
of alcohol, On addition of bromine, a whitish precipitate
formed but dissolved again as more bromine was added. The
solution was filtered, made alkaline, and then neutralized with
hydrochloric acid and filtered again. The solid dissolved in

alkalis to form a red-brown dye.

4,5~Diphenylphthalic acid (II).

This acid, m.p. 205-207°, was prepared from 4,5-
diphenyltetrahydrophthalic acid and 5 g. moist potassium,
which were fused at 310° until no more gas was evolved. The
melt was dissolved in water and extracted with benzene. On

acidification of the agqueous layer crude 4,5-diphenylphthalic
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acid separated, m.p. 195°. Recrystallization fran dilute
acetic acid and dilute methyl alcohol raised the melting
point to 205-207°.

Anal, Calecd, for CzoH1404: C, 75.4; H, 4,40, Found: C,75.2;
H, 5.6.

Other acids with higher melting points were some-
times obtained, depending on the conditions maintained during
the fusion. Kuhn noted a similar uncertainty in melting points
in the case of 3,6-diphenylphthalic acid derivatives (100). It
was thought that the acid melting at 205-7° would probably be
the aromatic acid - 4,5-diphenylphthalic acid (II), but some
doubt was cast on this assumption by the fact that, in one in-
stance, aluminium chloride seemed to convert the acid (II) to
the one which melted at 172-3° (I). This reaction could not
be repeated, however, and the acid (I) might have been present
originally as an impurity due to incomplete fusion. The acid
used for the aluminium chloride reaction melted at 190-95°,
so was obviously impure.

The aromatic acid (II) was recovered unchanged after
heating 2 g. with 1 g. of selenium for 3-1/2 hours at 325°.
Fusion with sodium smide under nitrogen destroyed the acid,
but yielded a chloroform soluble compound, which, when re-
crystallized from dilute methyl alcohol, was a tarry solid
melting at 105°.

The benzene layer from the alkaline fusion reaction



and the remaining solid was boiled with methyl alcohol and
filtered. On cooling, orystals of o-diphenylbenzene (III)
formed; a mixed melting point with Eastman o-diphenylbenzene

was not depressed.

Methyl acetylenedicarboxylate (XVII), (133).

The ester was prepared as shown in the outline (127).
This method was found to be superlior to one involving methyla-

tion with dimethyl sulphate.

CH-C=0 CHBr-C=0 CHBr-COOH
If 0 + Brg —7 | 0 + H0 —2 }

CH-C=0 CHBr-C=0 CHBr-COO0H
CHBr-COOH C-COOK

| + 4KOH —> 1l + 2KBr + 4Hs0
CHBr-COOH C-COOK

C-COOK C-CO0K C-COO0CH3z

1l HaS04qy 4 Foasls )

C-CO0K C=CO0H *=2°Y4"  (C-Co0CHS

Bromine (160 g.) was added to 98 g, of maleic an-
hydride in 100 cc, of chloroform. After standing for 48 hours
the chloroform was distilled under reduced pressure, and the
remaining liquid poured upon ice. The mixture containing the
dibromosucecinic acid was then poured into 2 liters of water

containing 225 g. of potassium hydroxide, heated at 80° for
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30 minutes, with mechanical stirring, then cooled to 12°,

A solution of 103 g. of concentrated sulphuric acid in 150 cc,
of water was then added, and the acid potassium salt came down
on stirring. After standing over night, the salt was filtered
and dried, Esterification was brought about by refluxing with
4 parts methyl alcohol and 2 parts concentrated sulphuric acid
for 3 hours. The mixture was poured into water and the yellow
0il washed with dilute sodium carbonate and with water, extracted
with ether, and dried over calcium chloride. The ether was
distilled, and the ester distilled over at 195-198° with con-
siderable decomposition; this was avoided by distilling under

reduced pressure.

4,5-Diphenylphthalic acid (II) was prepared by heating the

acetylenedicarboxylic ester (XVII) with the oil containing
2,3-diphenylbutadiene at 180-190° until the colour deepened to
a red-brown. Agueous alkali was added and unreacted hydro-
carbon removed by steam distillation. The alkaline solutim
was then poured into concentrated hydrochloric acid and the
mixture boiled to coagulate the 4 ,5-diphenylphthalic acid,
m.p. 192-195°; no depression of melting point when mixed with

’

the acid (II), m.p. 195°, from the alkaline fusion of 4,5-

diphenyltetrahydrophth&lic acid.,

Diglycolic ester (x1X) (134).

The acid was prepared by dissolving 910 g. of barium
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hydroxide octahydrate (free of barium carbonate) in 2.5 liters
of water heated to 50°, and adding 272 g. of chloroacetic acid,
The mixture was heated to boiling, when a vigorous reaction
took place., It was boiled for one hour, cooled in an ice bath,
and the barium salt of the diglycolic acid filtered. Dilute
sulphuric acid was added until the solution was slightly acid
to litmus, and the barium sulphate was filtered. The water
was evaporated on a steam bath, leaving white crystals of
diglycolic acid, m.p. 120-136°. The diethyl ester was made

by treating the acid with 1500 cc. of dry ethyl alcohol
saturated with dry hydrogen chloride., The mixture stood at
room temperature for 36 hours, when the ethyl alcohol was dis-
tilled and the ester purified in the usual way. The ester

boiled at 32-35° at 15 mm. The yield was 15%.

3,4-Diphenylfuran-2,4-dicarboxylic acid (XX).
This acid, m.p. 213-215°, was made by the method

suggested by Hinsberg (135), who prepared only the corresponding
thiophene compounds, Benzil was recrystallized, and 5 g, dis-
solved in 70 cec. of dry methyl alcohol with 5 g, of the di-
glycolic ester. To this solution was added 1 g. of sodium
dissolved in 20 cc, of dry methyl alcohol, and the whole
mixture was refluxed until it became almost black. Lomger
heating did not improve the yield. The solution was poured

into water, almost all the alcohol removed by distillation,

and the cold liquid was filtered and poured into concentrated
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hydrochloric acid to precipitate the 3,4-diphenylfuran-2,5-
dicarboxylic acid, This acid geve a bright red colour when
dissolved in cold concentrated sulphuric acid; on heating,

this solution showed a very deep blue fluorescence.

3,4-Diphenylfuran (XVIII).

The furan, m.p. 110°, was also prepared by the
method suggested by Hinsberg (135), by heating the dicarboxylic
acid (XX) just above its melting point until no more gas was
evolved, extracting with chloroform and recrystallizing from
dilute methyl alcohol. It gave a bright yellow colour in cold
concentrated sulphuric acid.

It could also be prepared by decarboxylation of the
acid (XX) with copper powder in quinoline at 210°, but in this
case an unidentified non-acidic compound, which crystallized
from ethyl alcohol, m.p. 200-203°, was obtained as well as
the 3,4-diphenylfuran. An acidic product (XXI) was always
recovered, When purified by crystallization from dilute
acetic acid, a solid was obtained: M.p. 221-255° with decam-
position. This seems to be the monocarboxylic acid.

Anal, Calcd, for CyrH1003: C, 77.2; H, 4,5, Found: C, 76.5, H, 4.8.

4,5-Diphenylphthalic acid (11).

The aromatic acid was obtained in very poor yield

and in an impure condition by subjecting the 3,4-diphenylfuran
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(XVIII) to a Diels-Alder reaction with maleic anhydride. The
two compounds were dissolved in benzene and the mixture boiled
for a few minutes, then left to stand for 24 hours. A water-
insoluble acid (XXII), m.p. 231-235°, was isolated, This acid
gave a green fluorescent dye when fused with resorcinol and a
drop of concentrated sulphuric acid, and made alkaline.

The acid was dehydrated by Johnson's method for re-
moving endo-oxygen bridges from furan-maleic anhydride addition
compounds (136). The acid was dissolved in glacial acetic
acid saturated with hydrogen bromide, and left to stand over
night. The mixture was then diluted, filtered, and the solild
re-precipitated, It melted at 195-205° and the melting point
was not depressed when it was mixed with 4,5-diphenylphthalic

acid, m.p. 192-195°,

Diene synthesis with ol -naphthoquinone,

The reaction was carried out by dissolving 6 g.
of o(-naphthoquinone in 100 cc. of xylene and adding 8 g.
of 2,3-diphenylbutadiene. The mixture was refluxed for 2
hours when it had become very dark, and was then left to
stand for 12 hours. The dark red-brown precipitate was re-
moved by filtration and dissolved in ethyl alcohol to form
@ crimson solution. Addition of alcoholic alkalil gave a
brilliant blue solution which soon became greenish, This
solution was oxidized by bubbling air through it for 1/2

hour; on addition of concentrated hydrochloric acid, a red-
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purple precipitate was formed, which was recrystallized frau
dilute acetic acid, M.p. 200° with decomposition to form a tar,
but no evolution of gas.
Analysis, Found: C, 76.9; H, 3,7%.
Possible empirical formula; 02681405’ c, 76,63 H, 3.5
The xylene solution was distilled, and the remain-
ing tar was extracted with boiling acetone. An insoluble residue
remained which resembled the polymerized diene. A light-coloured
ecrystalline solid was obtained from the acetone, and was re-
crystallized several times from glacial acetic acid to give a
yellow compound (XXIV), m.p. 205-206°.
Anal. Caled, for CogHyig0g: €,86.2; H,4.97. Found: C,87.1; H,4.4.
Phis yellow quinone (XXIV) dissolved in cold con-
centrated sulphuric acid to give a brown solution. Dilution
of this solution gave a yellow solid, which was shown by mixed
melting points to be the original quinone. When treated with
sodium hydrosulphite in very dilute methyl alcohol, a green
compound is formed which dissolves when more water is added.
No oxidation was observed when air was bubbled through the
solution, but sodium perborate or acidification regenerated
the quinone., Zinc in sodium hydroxide solution gave a red
colour with the quinone. Acidificat ion turned the solutiom
yellow, and the quinone was slowly regenerated by bubbling air

through the acid solution for several hours.
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The red compound was treated in a similar manner.
It also gave a brown solution with sulphuric acid and was
regenerated by dilution. It gave a yellow-brown compound
with sodium hydrosulphite in dilute methyl alcohol but the
original compound could not be isolated from the colloidal
solution obtained on acidification and oxidation. Zinc in
aqueous alkali gave a red solution from which the original
solid was regenerated on acidification. The compound was
fused with moist potassium hydroxide in a nickel crucible
for one hour and the melt dissolved in water. The aqueous
solution was extracted with chloroform and a small amount
of brown tar was obtained, The aqueous layer was poured
into concentrated hydrochloric acid and a small amount of
tarry acid was obtained which melted over a range, 215-225°.
The filtrate was extracted with ether, but only a very slight
amount of yellow tar was obtained, which was insoluble in
boiling water,

The red compound did not melt sharply but decomposed
to form a tar, although no gas was evolved., Vacuum distilla-
tion of the red compound yielded a tarry product which did not

seem to be produced at a definite temperature, but to be the

result of decomposition.

Attempted diene synthesis reactions.

When the diene (V) was heated for three hours
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with slightly more than two equivalents of benzoquinone in
methyl alecohol solution, a brown solid was formed, which was
recrystallized from tetrachloroethane and Skelly Solve B.

The solid obtained was light red-brown and melted over a
range, 145-165°, It dissolved in aqueous sodium hydroxide

to form a light brown solution, which changed to black on
bubbling air through it for two hours. No precipitate formed
however, even on acidification. Extraction with benzene
yielded the original product.

The diene was heated witk{ /Q-benzoylacrylic acid
for two hours in alcohol., The only product isolated was the
red polymer, m.p. 270° (146). No better results were obtained
when the reaction was carried out in a sealed tube heated
eight hours at 100°. A trace of hydroquinone was added as
an antioxidant and no red compound was formed, but the only
product was a tar.

Acetylene was prepared by dropping water on calcium
carbide, and was bubbled through a solution of 0.5 g. of the
diene in liquid naphthalene for about fifteen minutes. The
solution was allowed to cool as slowly as possible, in con-
tact with an atmosphere of acetylene. The mixture was dis-
solved in hot alcohol and a few drops of water added. An
oil separated, which on recrystallization from dilute alcohol
yielded 0.2 g. of the diene, but no o-diphenylbenzene (III).

Crude 2,3-diphenyl-2-bromobutene-3 (VI), m.p. 69-73°
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(22 g.) was dissolved in 10 g. of phenylacetylene and heated
at 100° for 8-1/2 hours, then left to stand at room tempera-
ture for four days. The mixture was distilled,but very
little phenylacetylene was recovered (b.p. 143°); hydrogen-
bromide was evolved, The mixture was treated with excess
aqueous sodium carbonate and left to stand for 12 hours.
Steam distillation yielded a pungent yellow oil and a smell
eamount of a crystalline solid which was recrystallized fram
methyl alcohol, dilute ethyl alcohol and finally dilute
acetic acid, which raised the melting point to 102-3°, When
mixed with 2,3-diphenylbutane (IX), prepared by catalytic
hydrogenation of the diene (page 83), m.p. 116-7°, the melt-
ing point was raised to 116°. The oil obtained by steam
distillation was distilled under reduced pressure. A colour-
less liquid came over at 60° and 20 mm, A% 270-280° and

20 mm., & yellow oil was obtained from which a few crystals
melting at 140-155° separated. They could not be further
purified.

When the same reaction was repeated using the pure
diene (V) instead of the crude monobromide (VI), an oil was
obtained as before, but no crystalline compound could be
jsolated. Similar negative results were obtained when 5 g.
of the diene was heated with 1.5 g. of crude phenylbenzoyl-
acetylene in Xylene. The mixture was refluxed for six hours

and left to stand for three days. No crystalline product

could be isolated from the reaction mixture.
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Miscellaneous Reactions

Sulphur dioxide.

Sulphur dioxide was bubbled through a solution of
0.5 g. of the diene in 20 cc. of ether for two hours. The
solution was then placed in a sealed tube and heated for one
hour at 100°, After 12 hours the tube was opened, and the
solvent evaporated., The unchanged diene was recovered in

crystalline form,

Friedel-Crafts Reaction.

The anhydride of 4,5-diphenylphthalic acid was
prepared by refluxing 0.5 g. of the acid for 3-1/2 hours
with acetic anhydride, The excess acetic anhydride was re-
moved by distillation and the residual oil was dissolved in
4 cc, of dry benzene and poured slowly into a mixture of 1 g.
of aluminium chloride in 3 cec. of dry benzene, which was
cooled with an ice-salt mixture. No reaction occurred until
the solution was warmed until gently refluxing. This reflux-
ing was continued for 3/4 hour, then the reactiom mixture was
left to stand for 12 hours. It was decomposed in the usual
manner and steam distilled to remove benzene and acetophenone.
The remaining tar was boiled with sodium carbonate, filtered,
and the filtrate acidified with acetic acid, Only a slight
turbidity appeared. The o-benzoyl acid (XXV) m.p. 250 , if

formed, should have precipitated under these conditions (103).
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None of the starting material (II) was recovered.

Coupling Reaction (67,132).

A solution of 30 cc. of concentrated sulphuric
acid in 10.5 cc., of water was cooled below 10°, and 1.5 g.
of sodium nitrite was added. The solution was warmed
gently to 70°, when it became clear, then cooled again
below 10° in an ice-salt mixture. The solution was stirred
mechanically while 1.8 g. of freshly recrystallized 2,4~
dinitroaniline in 15 cc., of pyridine was added dropwise.
The solution was stirred for 2 hours after addition was com-
plete; 1 g. of urea was then added. A solution of 2 g. of
2,3-diphenylbutadiene in pyridine was added next; this caused
the solution to turn red: after a few minutes ice was added,
and finally water. The mixture stood for 12 hours, and was
then extracted with chloroform. Addition of Skelly Solve C.
to the chloroform solution precipitated a dark red solid.
The product from the first run melted at 100-110°, while

that from a later run melted at 167°,

Degradation of the Polymer.

The ribbon of polymerized material (1 g.) which
was often formed during the sealed tube reaction, was dis-
tilled under reduced pressure. At 140-170° and 20 mm, an

oil (0.5 g.) was collected which was shown to contain aceto-
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phenone by preparation of a 2,4-dinitrophenylhydrazone (129),
m.p. 228°, mixed melting point with an authentic sample
229-231°, The remaining oil (0.3 g.) would not crystallize,
but bromination in carbon tetrachloride yielded the dibromide
(XIIb), m.p. 149-151°, which was formed by brominating trans-
dimethylstilbene (Xb). A black tar remained in the flask

after distillation.



-111-

SUMMARY

The preparations and reactions of 2,3-diphenyl-
butadiene have been investigated. It is most conveniently
prepared from acetophenonepinacol by dehydration with acetyl
bromide.,

The diene has been reduced with hydrogen in the
presence of a platinum catalyst; 2,3-diphenylbutane was iso-
lated, Th?s same butane was also formed when the diene was
reduced by sodium in liquid ammonia,

Contrary to the literature, the diene readily formed
a solid dibromide under the proper conditions. This compound
decomposed at its melting point, and seemed to decompose
slightly on standing in moist atmosphere. The diene was
readily regenerated by treatment with zinc dust. Ozoniza-
tion indicated that the compound was 2,3-diphenyl-1l,4-dibromo-
butene-2, It was shown that this must be the compound pre-
pared by Stobbe and considered by him to be 2,3-diphenyl-2,3-
dibromobutane.

The two isomeric 2,3-diphenyl-2,3-dibromobutanes
were synthesised in order to identif'y one of them with the
dibromide described by Beschke.

The diene added one mole of hydrogen bromide to
form the monobromide, 2,3-diphenyl-2-bromobutene-3.

In the diene synthesis 2,3-diphenylbutadiene reacted
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with maleic anhydride to give 4,5-diphenyltetrahydrophthalic
acid; on fusion of the latter with potassium hydroxide, 4,5-
diphenylphthalic acid was produced. This aromatic acid was
obtained (a) from 2,3-diphenylbutadiene and methyl acetylene-
dicarboxylate, and (b) by dehydration of the additiom product
of maleic anhydride and 3,4-diphenylfuran. o-Diphenylbenzene,
arising from decarboxylation during the alkaline fusion, was
also isolated; its occurrence proves the formation of a six-
membered ring in the addition reactions., The diene also re-
acted with ol -naphthoquinone to yield, on oxidation, 2,3-diphenyl-
anthraquinone and an unidentified compound. It did not appear
to react with benzoquinone, ﬂ?-benzoylacrylic acid, acetylene,
phenylacetylene and phenylbenzoylacetylene.

No sulphone was formed when the diene was treated
with sulphur dioxide, but it coupled with diazotized 2,4-

dinitroaniline in pyridine solution.
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