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MeSCe Chemistry

Irena Zuzanna Eiger

THE SYNTHESIS OF
UNSYMMETRICALLY DISUBSTITUTED ETHANES

The condensation cf acetaldehyde with a variety of aro-
matic and heterocyelic ring compounds in the presence of sul-
phuric acid has been studied to determine its versatility as
a method for the synthesis of unsymmetricaelly disubstituted
ethanes. Such ethanes are source materials for vinyl compounds,
useful for the manufacture of synthetic rubbers and plastics.

A number of new compounds have been reported and a number of
older syntheses have been improved.

In general, it has been found that benzene, élkyl-
and alkoxyl-substituted benzenes give satisfactory yields of
ethanes, whereas the more reactive phenols, amines, and hetero-
cyclic compounds give only resinous products, and the less
reactive halogenated benzenes, nitrobenzene, benzoic ac¢id, and
fused-ring aromatics fail to react.

Some preliminary work has been carried out with cata-

lysts other than sulphuric acid.



INTRODUCTION

There has occurred recently a renewed interest in the syn-
thesis of unsymmetrically disubstituted ethanes. This renewed
interest dates from 1941 when the Dominion Tar and Chemical
Company of Montreal amnounced the successful conversion of such
ethanes into vinyl compounds, suitable for synthetic rubber and
plastic manufacture, by pyrolysis in the vapour phase over clay
catalystse. This discovery was confirmed and its limits ex-
tended by further work carried out by members of this Depart~-
ment, using bentonite catalystse.

During the months following this announcement, particular
attention was given to the development of a satisfactory method
for the synthesis of 1,l-diphenylethane, which on pyrolysis
vields styrene. 1l,l1-Diphenylethane has been prepared by the
Dow Chemical Company of Midland by an undisclosed method and
is available in experimental quantities. Boyer and Gurd,
working in this Department, directed their attention to 1its
synthesis from benzene and acetaldehyde, and Winkler and
Douglas to its synthesis from benzene and acetylens. The work
described in this thesis was undertaken, not so much to find
ways and means of improving the yields of the acetaldehyde
reaction, but to determine its limite. Concerning this questim
little information is available in the literature. Accordingly,
a number of condensations were carried out using a variety of
unsubstituted and substituted aromatic and heterocyclic com-
pounds of types available in commercial quantities. Some of
these condensations were repetitions of and improvements on
those already reported in the literature; others have been

attempted for the first time.



HISTORICAL INTRODUCTION

CONDENSATICN REACTIONS OF ACETALDEHYDE

I Aromatic Hydrocerbons

l. Benzene

One of the first reports of a condensation of an aromatic
hydrocarbon with acetaldehyde to yield a l,l-diarylethane cam=-
pound was that of Bayer(l) who succeeded in condensing paralde=-
hyde with benzene at low temperature using concentrated sul~-
phuric acid as the catalyst

CHaCHO + 2CgHg —> CHzCH(CgHs)z + Hz0
The product of the above reaction, l,l-diphenylethane, was a
colourless liquid, b.p. 268-70°C. The yield was very low and
e large amount of tar was farmed.

The only other catalyst(2) reported in the literature to
be used in the condensation was aluminium chloride. By satu-
rating the mixture of benzene and aluminium chloride with
hydrogen chloride at 0°C. and heating it with acetaldehyde,

8 48 per cent yield of 1l,l1~diphenylethane was obtained., Other
identified products of this reaction were a 4 per cent yield

of ethylbenzene, and a 3 per cent yield of 9,10-dimethyl=9',10'~
dihydroenthracene.

Further investigations with a view to improve the yileld
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of the reaction based on Bayer's method were recently carried
out by Dr. Boyer and his co-workers in this department(3).
Changes in relative quantities of reagents and catalyst used,
as well as in technicel details of procedure, resulted in an

increase of yield up to 40 « 50 per cent.

2+« Toluene

Condensation(4) of toluene with acetaldehyde, using con=-
centrated sulphuric acid as catalyst, was the first success-
ful condensation of that type and gave much better yields that

of benzene.
CHg

/
CHzCHO + 2CegHsCHz —> CHzCH 4+ Ho0

\O‘CH 3

The main product, 1,1-di(4'-methylphenyl)ethane, was a colour-
less liquid, be.p. 295-298°C. A higher boiling compound was

also formed, having the empirical formula, CzgHog

Further work(5) on this condensation showed that optimum re=-
sults were obtained when 78 per cent sulphuric acid was used.
Paraldehyde was found to give the same results as acetaldehyde.
More precise(6) analysis of the condensation products showed
that besides the main product, 1,l1-di(4'-methylphenyl )ethane,

a large amount of l,l;(4'%methylphenyl~2'“methylphenyl)ethane,

was formed.
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3. 2,4,5~-Trimethylbenzene
Low-temperature condensation(7) of paraldehyde and 2,4,5-

trimethylbenzene, using concentrated sulphuric acid as catalyst,
gave a crystalline product soluble in all organic solvents. No

properties of this compound were reported.

TI Phenolic Compounds

Condensation of an aliphatic alcohol end aldehyde leads
to the formation of acetals(8 to 12). In phenol-~aldehyde con-
densation, such links are not formsd. Two crystalline pro-
ducts of this condensation were found to be formed in the same
way as the alkyl benzene condensation products, i.e., by inter-
action of the aldehydic oxygen and the para hydrogen on the
benzene ring.

Phenolic compounds condense with acetaldehyde under the
influence of much milder catalysts than the ones used in
acetaldehyde~hydrocarbon condensation. More drastic reaction

conditions bring ebout resinification.

l. Phenol

The first one to work in this field was again Bayer(13).
By condensing acetaldehyde and phenol in the presence of con-
centrated sulphuric acid, he obtained a white cement-like
produot, which he classified as a phenyl dye. Condensation

reactions with naphthol,resorcinol and pyrogallol were also
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attempted but no products were identified.

It was Claus and Trainer(8) who first assigned a structure
to the condensation product and showed it not to be a phenyl
dye. The compound synthesised in ether solution using hydrogen
chloride as a catalyst, separated in the form of a hard brittle
resin but could be converted into one of crystalline form by

heating the resin with alkali.

CH.
CHaCHO # 2 —>CHzCH + H20

N om

1,1-Di(4'~hydroxyphenyl Jethane was slightly soluble in water;
benzene, soluble in alcohol, ether, chloroform and acetone.

An identicel crystalline product(l4) was obtained by
condensing acetaldehyde end phenol in the proportion of one
to four at low temperature, using concentrated hydrochloric
acid as catalyst. The melting point was found to be 122°C.
and Zinke's investigation(l5) of the product confirmed
Trainer's solubility observations, while Braun(lﬁ) determined
the boiling points, obtaining b.p. 265°C.(12 mm.) and b.pe
218°C (1 mm.)

Fabinyi(17) obtained the compound b.p. 225-230°C.(5-10
mm.) by condensing at low temperature paraldehyde and melted
phenol by dropwise addition of tin chloride.

The same(18) product was obtained when condensation took
place in alcohol solution in the presence of dilute sulphuric

acid,
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2., Naphthols

The analyslis of condensation products of acetaldehyde
and « ~ and (b-naphthol reactions(8) showed a definite dif-
ference in the mode of reaction of both compounds, the first
one reacting like phenol itself, the second forming an acetal
link and thus showing its aliphatic nature.

Claisen's investigation(19, 20).of (~naphthol condensa-
tions lead to the determination of the meochanism of the reac-
tion, the first step being an acetal formation, followed by
a rearrangement to a di-hydroxy molecule, which in turn by

intermolecular loss of water gave an internal ether.

3

OH N~
/ O
CHzCHO + 2 @ —_— CHaCH -_
Mo
\8
OH P
CHaCH —_— CHzCH \0

O 8/

Depending on reaction conditions the condensation can give



the final or the initial product. The final product was ob-
tained by heating the starting material to 200°C. in acetic
acid., It crystallized in colourless prisms, m.p. 173°C.,
soluble in chloroform and carbon disulphide. The initial
product formed on condensation of paraldehyde and an excess
of (naphthol in acetic acid at 80-90°C. This acetal, m.p.
200-201°C., was insoluble in most solvents and rearranged
itself to the second intermediate only under the influence

of high temperature or addition of acid and mild heating.

4. Pyragallol (1,2,3-Trihydroxybenzene)

Acetaldehyde and pyrogallol in water solution at 80-100°C.,
using sulphuric acid as catalyst(22) gave a crystalline pro-

duct of acetal structure.

OH
_0
CHaCHO + CgHg(OH)3 — O ““CHCH3 + HeO
—o

Kehl(23), using concentrated hydrochloric acid as catalyst,
obtained two products depending on the smount of aldehyde
used. With equal quantities of reagents a crystalline cam~
pound was formed, which, on analysis, showed that two mole-
cules of acetéldehyde had reacted with two molecules of pyra-
gallol with loss of two molecules of water. The author sug-
gested a fluorone structure for that compound. When an
excess of aldehyde was used in the reaction, an amorphous
substance was produced.

Condensations of paraldehyde and pyrogallol(24) gave a



yellow syrup as product, which was found to possess thera-

peutic properties, but the structure of which was not deter-

mined.

5., Resorcinol (1,3-Dihydroxybenzense)

Condensation of acetaldehyde and re8orcinol is the most
interesting from the theoretical point of view, as it gives
a good indication of the structure of l,l-diphenylethanes,
substituted on the benzene ring, showing that the acetalde-
hyde-phenyl link forms in the para position to the substi-

tuted group on the ring, i.e.,

AO®

CHaCHO + 2RCgHy —— > CHaCH
\O R

Condensation reactions carried out by Michael and Comey
(25), in alcohol solution in the presence of hydrochloric
acid, gave a gelatinous product which could not be identified.
Condensation in water solution(26) using sulphuric acid as
catalyst gave a yellow crystalline product, which decomposed
at 300°C. without melting and was insoluble in water, ether,
chloroform and benzene, but soluble in alcohol. The author

assigned an acetal structure to the product.

HO
O
CHaCH + 2 — CHgCH



However, already the early work(27) on condensation of
aldehydes and phenolic‘ccmpounds showed that oxyfluorones
were obtained as final products in all the cases where the
primary condensation products had at least four hydroxyl
groups, two in the para and two in the ortho position, to
the aldehyde residus.

Carrying out a condensation in water solution using
hydrochloric acid as catalyst, acetaldehyde was shown to
combine with two molecules of resorcinol and the final pro-

duct was identified as a‘fluorone.

OH

That theory was confirmed in more recent years by other
workers(28) who succeeded in condensing the acetaldehyde and
renorcinol'in the presence of concentrated sulphuric acid
and in determining the mechanism of this reaction. The first
step 0f the condensation was found to be elimination of a
Water molecule by interaction of two hydrogen atoms of the
phenolic compound, in ortho position to ome hydroxyl group
and in para position to the other, with the aldehydic oxygen.

The second step caused the formation of xanthene by the eli-
mination of & second molecule of water through interaction

of the two ortho hydroxyl groups. The xanthene in turn bhe-

came oxldized by sulphuric acid and a fluorone was obtained.
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This gave the final product by loss of a molecule of water.

HO OH HO OH HO OH
CHzCHO + 2 O EE— \ / —_—

?H
CHjz
HO OH HO OH
—n —
I\\OH
CH3 CHz
0 0
HO[::[: Z
|
CHgz

The product, & quinold compound, was obtained in the form of
black microcrystalline powder, which did not melt or decom=-

pose below 290°C., was soluble in alcohol, giving an orange

solution, insoluble in ether, benzene and was found to be a

good orange-coloured dye for wool and silk.

Niewland's and Flood's(29) work, based on acetaldehyde-
resorcinol as well as acetylene-resSorcinol condensation,
caused a revision of the mechanism showing vinyl recorcinol
to be the primary condensation product. The following

equation shows how the authors explained the products obtained

2(HO)gCgHa + CH3ZCHO — (HO)2CeH3CH(CHz)CeH3(OH)z + Hz0 —*>
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(HO)2CeH3=6H(CHz)=CgHz(0H) 2 = (HO)zCsHaCH=CHz + (HO)oCeHa

0
HO EID OH
CH

CHz

The vinyl recorcinol was separated and identified.

6. Orcinol (l-Methyl-3,5-~dihydroxybenzense)

Condensation of acetaldehyde and orcinol was first in-
vestigated by Michael and Comey(30) who wrongly assuned a
reaction between two molecules of acetaldehyde‘and two of
the orcinol. Claisen(3l) was the one who showed that the
condensation took place in the same manner as resorcinol,
i.8., between one molecule of the aldehyde and two of the
phenolic¢ compound. This was confirmed by Mohl and Koch(27)

who, on analysis of the product, obtained the formula

CieH1804¢

7. Thymol (l-iethyl-4-isopropyl-2-hydroxybenzene)
Low~temperature condensation of paraldehyde(27) with

an excess of thymol(32) in chloroform medium using tin

chloride as catalyst gave a crystalline product of diaryl-

ethane structure.

CHg CH :l, CHz

OH
CHZCHO + 2 —_
\CH—/
CxHy CzHy | CgHy

CHg
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1,1-Dithymolylethane was found to have a melting point
of 185°C in contrast to J#ger's determination of 180°C.; it
was soluble in cold alcohol, ether and chloroform. Use of
sulphuric acid as catalyst was proved unsuccessful, as only

tar and resinous material were obtained.

8. Phloroglucinol (1,3,5~Trihydroxybenzene)

The product of acetaldehyde and phloroglucinol(33) con=-
densation in alcohol solution and, using hydrogen chloride
as catalyst, was found to have the composition CzgHgz209 but

the structure was not determined.

2CH3zCHO + CgHz(OH)3 —> CegHz20g + 2Hz0

9. Hydroxygquinol (1,2,4-Trihydroxybenzene)

Condensation reactions of hydroxyquinol can be campared
to those of resorcinol. A series of condensation reactions
of acetaldehyde or paraldehyde with this trihydric phenol(34)
carried out in 90 per cent alcohol solution,using different
concentrations of sulphuric acld as condensing agent,lead

in all cases to the formation of fluorones as final products.

OH OH
CHzCHO + 2 —_—
HO OH
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The 9-methyl=2,3,7=trihydroxyfluorone separated as dark red

needles, insoluble in water. It was found to be & dye.

10, 2=Hydroxynaphthaguinone

The condensation of 2«hydroxynaphthaquinone snd acetal-
dehyde(35) was found to teke place in the usual fashion to

form the unsymmetrical disubstituted ethane, m.p. 190°C,

0 0 0
“ | ||
OH OH HO
CHaCHO + 203 - (:O CO
II I de, |
0 o 0

Some difficulty was encountered in purifying the compound.

1ll., 1,3=Dihydroxynaphthslene

The condensation of acetaldehyde and a derivative of

1,3=dihydroxynaphthalene(36) took place in a similar manner

to the above condensation.

CHgz
OH OH | HO
CHaCHO + 2 e @
CH ~"0H HO
N=NCgHp ? ?
CeHeN NCgHp

12. Resin-forming Reactions

The discovery of the industrial value of phenol-formaldehyde

resins led to an extensive investigation of similar condensation
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reactions and their products. The many different forms of
phenol-acetaldehyde resins(37) were found to be of such im=-
portance that it was deemed advisable to discuss the reac=-
tions employed in these condensations separately. Their
innumerable applications meke them almost as useful as the
formaldehyde resinse.

As early as 1900(38) a method of condensation of paral-
dehyde and phenol in the presence of methyl alcohol was
patented as the resinous product of this condensation was
resistant to most chemical substances and adapted for elec-
trical insulations as well as for cells, boxes, etc. A
different product(39), a fusible and soluble resin for the
lacquer industry, was obtained by using an excess of phenol,
high temperature, and a trace of hydrochloric acid as cata~-
lyst.

Also other aromatic oxy-—compounds, as cresols.and xylels,
gave resins on condensation with acetaldehyde. Condensation
of ecetaldehyde and phenols, carried out at room temperature
in solvents(40) such as carbon tetrachloride, ethylene tri-
chloride and with condensing agents like hydrochloric acid,
sulphuric acid and sulphonyl chloride, gave yellow resins,
soluble in the usual organic solvents, insoluble in aqueous
sodium bicarbonate. Depending on the relative quantities of
phenols and acetaldehyde used, different hardnesses of resins
were obteined. Paraldehyde, as well as technical phenol and
cresol, could be substituted for pure reagents. Light-

coloured, oil=-soluble resins(4l) were also obtained when



15.

phenolic compounds, phenol, cresol, and xylenol were heated
with oxalic acid and treated with gaseous acetaldehyde, and
then heat washed at 180°C. The same product was obtained
(42, 43) by condensing acetaldehyde or paraldehyde with the
molecular equivalent quantity of the phenolic compounds at
low temperature and using doncentrated hydrochloric acid as
condensing agent. Thermoplastic resins (44, 45) were ob-
tained by condensation of acetaldehyde or paraldehyde with
phenol or cresol in the presence of sulphuric acid and with
or without the addition of small quantities of nigrosin
black or zinc chloride to speed up the reaction.

Non=-catalytic condensation of acetaldehyde and poly-
valent phenols(45) at normal or higher pressures, also gave
resinous products. Condensation of phenol and acetaldehyde
with nephthalene sulphonic acid(47) gave a "novo-lac" resin,
which could be converted into a "resol™ type of resin by
special treatment.

Resins were also obtained when acetaldehyde was condensed
with aromatic acids, as cresonic aéid, in the presence of such

chloride at a temperature of 130-140°C.

IIT Phenolic Ethers

Quelet(48) found that passage of dry hydrogen chloride
through a mixture of a phenolic ether and an aliphatic alde-
hyde,in the presence or absence of a dehydrating agent, gave

a chloroalkyl derivative by substitution in the para position
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to the ether group or in the ortho position in para substi-
tuted compounds. In the presence of dehydrating agents,
diarylethane compounds were formed by loss of hydrogen chlo-

ride from the condensation product and the unchanged ether,

‘ /Q ot

OCH3 5’60
CHzCHO + + HCl — CHzCHC1 + HgQ —»
Oens O
. C/ ) OCHz  115°C. /
—— P
Ha_g\ pyridine CHzCH 4+ HC1

Cl
O

An 18 per cent yield of 1,l-di(4*methoxyphenyl)ethane m.p.
72°C. was obtained. The crude product had a boiling point
of 203-4°C.(10 mm.) Nearly quantitative yields of 1l,1-di
(3',4'~dimethoxyphenyl Jethane, m.p. 77-77.5°C., were ob-
tained(49) by condensing acetaldehyde and veratrol at 0°C.,
using concentrated sulphuric acid as catalyst.

CHaCHO + 2CgH4(OCHz)s —— CHZCH [csﬁa(ocria).g] 2

IV Aminophenols

dminophenols, a group of compounds,having properties
of both phenols and armmatic emines, were found to condense
with acetaldehyde(50). Aminophenols or their hydrochlorides

were used, the latter with sodium acetate and acetic acid as

catalyst.
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CHZCHO + 2-,3- or 4-HOCgH4NHz — 2~,3~ or 4-HOCgH4N=CHCHjz

The products, brown, infusible powders, were probably polymers
of the above substituted azomethine compound and can be com-
pared with the 4-alkyl substituted aniline condensation pro-
ducts(68).

Condensation(5l) of 2-dimethyleaminophenol with acetalde-

hyde, using hydrochloric acid as catalyst, gave a 1,l-disub~-

stituted ethane compound

OH /Q‘N(CH;)z

CHzCHO + 2 O ——— CHzCH
N(CHz)2 OH

The structure of 1,1~di(4'-dimethylamino=2'~hydroxyphenyl)
ethene, m.p. 140°C., was determined by conversion of the

compound to a fluorone under the influence of concentrated

sulphuric acid.
CHg

|
O c
/ \N(CHz) 2
OH
CHaCH — (CHz) 2N “N(CHz) 2
OH K(CHz)g \™ 0
Y K

4 special case would be worth noting here(52), acetal~-

dehyde or paraldehyde with a derivative of 4-sminophenol,

phenacetin,

0
NHCOCH 3

O

OC 2Hs
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gave, in the presence of concentrated sulphuric acid, & cha-
racteristic, coloured compound. The formation of this com-

pound allows identification of acetaldehyde.

V Aromatic Amines

Similarly to the case of phenol compounds, the condensa-
tion of amines and acetaldehyde was found to lead to both
resinous and non-resinous products, the former being of great
importance in the rubber industry. The nature of the products
depends on conditions of reactions and catalyst used, resin
formation being favoured by high temperature and long dura-
tion of reaction, by excess of aldehyde, presence of a cata-
lyst, especially acid, and by increasing the complexity of
the amine molecule.

In the non-resinous products, distinction between three
types of compounds could be made:

(1) l,l-diaminoethane molecule in which the acetaldehyde
and emine are condensed by the interaction of the aldehydic
oxygen and the hydrogens of the amino group. The only excep-
tion in this case was: the one in which no amine hydrogen
was available, i.ee., in dialkylanilines. In this case, con-
densation took place in the same manner as in alkyl substi-
tuted benzenes.

(2) quinoline ring compounds formed in the presence of a
strong acid catalyst.

(3) so-called Bckstein's and Schiff's bases which formed
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in neutral or basic media, and were considered by some authors

as products of secondary changes only.

RN=CHCHz

RN+CHCH o~-CH~NHR
CHz

l. Aniline

Schiff(53) obtained two products when condensing pure
acetaldehyde and aniline,an oil, which on analysis showed

composition corresponding to a l,l-disubstituted ethane,
CH3CHO 4 2CgHgNHz — (2CgHs)(CgHa)(NgHg) + Hg0

end a crystalline product of composition corresponding to &
combination of two molecules of aldehyde with two molecules

of the aminee.
2CHzCHO 4 2CgHsCHz — (CgHs)2(CpeHp) 22N + 2HZ0

Aniline(54) dissolved in 90 per cent alcohol and,condensed
with acetgldehyde below 10°C., gave a dark yellow oil, which
turned red on standing. If dissolved in ether, a white crys~-
talline powder, m.p. 126°C., beps 300°C., slightly soluble
in benzene and alcohol, and soluble in ether, could be sepa-
rated. ZEcksteln suggested two structures for this product.
CeHsN=CH2CH(CHgz )HNCgHg
CgHsNHCH(CHz)CgH4NCHCH z

Addition of acetic acid or hydrochloric acid gave a 20 per

cent yield of quinaldine.
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CgHgN=CHoCH(CHz )HNCgHg —— CgHgN— CH —CH —

H CgHgq CHCHg3

g
c ' CH
H\‘i:H NCH
CeHsNHp + E—— | + 2H
_~CHCH3 ~#C—CHs
NA N

Eibner's and Koch's work(55) showed that the condensation
of acetaldehyde and aniline chloride at 0°C gave, when the pro-
duct was neutralised immediately, a white resin, which, when
recrystallized from ether, showed to be a crystalline compound,
m.p. 126°C., and identical with Eckstein's base. If, however,
the reaction mixture was allowed to stand, a resin was formed
which, on acidification with hydrochloric acid, gave quinal~
dine but no Eckstein base.

Condensation of an excess of paraldehyde and aniline(56)
in the presence of sulphuric or hydrochloric acid, gave quin-

aldine and also some trimethyl quinoline.

CeHgNHz + 2CHzCHO —_—
CHgz
N

CHs3
CHg

CeHgNHe + 3CH3zCHO —— q'j
CHa
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V. Breun(57) obtained quinoline ring compounds by using

other acids and therefore stated that, in gemeral, the conden~

. sation of an aliphatic aldehyde with a primary aromatic amine |

i‘p t?he' preiiineo of an acid ax condensing agent, would lead to
Ju&noline ring compound. | |

That general statement was in agreement with oxperimentnl
results obtained"by other workers. Condensation of acetalde~
hyde or paraldeh‘ydc"(sa) with aniline at aeo~4so’c., uéing
aluminium oxlﬁe as oondensing agent. gave lepidine, 4~methy1-
qninelino, as produet. Higher temperature condensation gav. :

agnilar _resu;-ts. o

CHZCHO + BCeHSNHy =~ —— Oij
: o - ,  N

'I'he rirst one to sepaxato and 1dentiry the 1, l-*di(phinyl-'

- ;.amine)ethaxw wai 31bner(59) who obtained the produet, m.p.

51° C., by ﬁeating the water solution of aniline with acetal~

dehyde at room temperature.
CHgOHO + 2CeHgNHs ——> CHyOH(NHOgHs)s + H20

The }pro'duct iras found to b'er very soluble in alocobol, éther,

o banzene and chloroform.

The 1,1-disubstituted ethane oempound, mepo 49° C., con~

densed later sagain by Miller and Iasnor(eo) at low tmperatnre,

using very pure reagents, was shown to be stable at low tem“

perature only, higher temperature condensation producing qila.

Study of the mechanism of the aniline~acetaldehyde



22.

condensation led Miller snd Pl8chl(51) to the oonclusion that
| = imary oondehéatién products éf’néutralqmediun, high=temperature
condensation were azamethinea, CeHsN=CHR, which'ohanged into
dimeric molecules due to alcohol~like condensat ion, giving

an Eokstein base.
C 6H sNHCH( CH 3 )CHaCH=NC ¢Hp

-Miller's and laénar’a(éo) extensive work showed,however, no
ovidence for intezmediate rormation ot azamothing. The high~ ‘
temperature condensation gave so-ealled Eekatein'a baseag Alao
the di*imine whieh, on standing at ream tamperature, 11qug“
fied aad ‘becanme’ eoloured, presumably changed gradually ta the
Millar and Plaehl "dimer' However, every errort to force
azamethina formation vas ungncceaarul, the produet beins‘in'
every cdse the di-imine aa:rééort¢d~ptevionaly bF Bibner(sz)
The authors conoluded, thororora, that aoetaldshydo and an1~ :
line did not yield isolablq azamethinsidtmhar as moncmer or'
as -Lwrde polymer.'nimers' were products rormed by secondary
ohangea, the prtmary produot being the unstable di-imine;
l,1¥di(phenylam1no)ethane.

Résinous produots of acetaldehyde~aniline condeﬁsgtion
were found to have a veriety of uses. Gbnﬁsnsatian at 0°C.
in anhydroul“modium(as) gave a resinous prodnot; a rubber
preserver illhout any Vulcaniiation acoelerating prcpeities.
condonsation at 135-140°C. in vory slightly acid medium(64)
produced a rubber vuloanization accelerator. A rubber vul-

canization accelerator(65) under the name "K~1" wes also
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obtained by condensing three mfelée'uies of acetaldehyde with
two of anivlino at room temperature.

Condensation at 80°~100°C. in varnish solvents(66) with
subsequent treatment with oxalic acid gave varnishes of very
good d:ying prép'e’rtiu , bright surface and stability to water
and alksli. Finally, condensation in aquecus solution in the
~ presence of sodium acetate and glacial scetio acid(6?) at a

temperature of 40-50°C. gave an industrially-used resin.

-

2 Subatitutg& Aaﬂ.ing_g
(‘) . e L

Products or non*mv uff‘: A

E 0 eondensaﬁioa or aottakdohydo |
and ohloro-' *and nitre“uubstituted anilino were 1nvestigated |
‘by Eibner(sa). They ure rouml to be orystalline canpounds
of definite melting pointa .

CHsCHO + 2 O | m cﬁ;cﬁ/ . Hg0
| c1 ) \NHOOI \

: ‘ EHOHOg
CHgO0HO + 2 —— CHtH
S m( s
NOg .
1,l*mﬂ'i-ohlorophony'lamino)ethane , MsDe 6465°C., d'ec'ompoaed
on reoiyitallizatmn, while 1,1-di( 4,'-"'nitroph'ehy1am1no)ethahc,
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m.p;‘lev’e., was more stablc,‘seluble.in'benzene;'chnuchléref
form, but »inaelubie 4n ether. , |

| Alkyl snbstituﬁed Qnilineu were not round te form mone~
merie ethane derivativoc. Ken—eatalytic eondanaatien.er
\qgotaldahyde nnd.&%mothylaniline(sa) gave warty erystals of
Hmolting point around 60’0.. to whioh Schiff ascribed tho azo“
" methime:strustnre:

: : . . > - “ T
.‘, - . =

GH;

EECRASE

TFurﬁhe: wnxk(&ﬂ) aheved that Sahtrf's btses wero ebtainod
during e@ndensatiens in alkalino er ether medium,only, a.g.,'k
water selutien oondensation et aeetaldehyde and a xylidino L

- gave a dimoleocular 1 1~aixy11d1nylethan9, meDe 147'0. -~an

: Eokstein's ‘base.

(CHS)S C : (I';Hz
3GH5030 4+ 205H3“NH3 _— (CH;)gC;HaNH“GH“CH;GH'HCsE:(CH;)g

This nesalt was cemparable with the one ebtained durins
aniline éondansation in nentral media. .

| Condensation in aeid:medium was reported incorteotly o
tqrgive tubfiéamer;o ptraight,ehsin compounds o:_m.paf1629cm‘;
end 181°C. o R :

8CH3CHO + (CH3)gCeH3NHp ——> (CH:)gC;H;NH“CH“GIgCHO
_ _ -
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Edwards, Garred and Jones(?O) proved the structure of the
above condensation prodnct to be a quineline ring oampound.
They isclated the two cis sand trans forms in the case of

4-methylaniline condensation.

- - ~ CH CHg
. CHgCHO + 2(CH3)CeHNHg —> | '

. : | _CHCH3

. V
- These rosults are again oomparable to the ones obtained in
aniline condansation and. ooﬂrlrm Braun's(57) generalizatian.
LTho only reported resin rannation(se) took place at ao-loo'c.
in. solvants like’ benzenc and 1ts hcmologues.' |
Two special cases arq noted elso in the literature.

Condensation of aeetaldehydé iiﬁh 4';amino*1ﬁphony1554methyl*
boﬁzothiozolé(?l) was found to teke place by interaction of
the hydrogensvof‘ﬁhefamina gronpg with the aldehydie oxygen

to form an unsymmetfioalfethgng,deiiﬁative.
VXN
(CH3CeHg C~CgH4NH)eCHCH3
\Nl » : |

The prodnét aéﬁaraﬁqd_in the form of brownish yellow o?ystals.
ﬁé analytidal data'er'physical properfiés~df the compound weré
given. In'the condensation of acetaldehyde and (4~amihe“phehy1)
. gijcine(ia) the primary amino group took part'in'ths reaction,
giving avprbduot of a étruoturo similar to Schirffs'baseé.

o H , E
CHsCHO + HH,ONGHBCOOH — OHscH-NO NCHgCOOH
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The condensation took place on heating or using éoncentrated
hydrochlorioc acid as a catalyst. The prodict was a brown
" powder, whioch decomposed at 280°C. without melting.

(b) Substituted in the emino group

" Replacement of one ﬁmihb‘hydrogen( 73) di4 not changb t.h'q
ngée of reaction and nn'unsyﬁmotrioal ethane compound igs ‘.
formed through loss of the a?éilable hydrogen in two amino

grbupb .

ol O
CH3CHO + 2CeHgN . —————» CHzCH

The rbpiaegmg;;t of both hydrogens in the emino group(74) aia
not, However, pemit the \*fémtion of the 'uimal-link'&ndvit
was found that the oonaonsauon took place through the inter~
aetion of the hydresons oh the benzcno ring vith tho aldohydic

oxygen, giving a product er similar structure to that of

alkylbenzene condsensation.

/O #‘Gﬂz)n

- CH3CHO + 2CgHgN(CH3)p ——>» OCH3CH |
| \O N (CHs)s |

The condensation was carried out at low temperature, in
aloohol medium and freshly prepared acetaldehyde wa§ used,
The product, 1,1-di(4’ *dimqthylminophenyl)ét'hano, m.p}o_ ée-ee.'c.,
separated in white orystals, insoluble in water, but soluble

N

in ethyl alcohol, ether and carbon tetraohlbride. Tdentical
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results were obtained by v. Br'a.nxi(is) by using 20 per cent
sulphuric acid as catalyst.

3. Naphthylamines
o condensation of acetaldehyde and oc = or ﬂ“no.phthyl-

aminu was found to lead to the formation of resins. Gemn
. patenta(s '75) gave an industrial procedure ror oondonsatioa
| or'acetaldohyda and )~ or a nixtare of X = and»-{f-“naphthylb
aninel in solvents like benzene and its homologml, %o fem
res&ns s:lmilar 6 natural balsami, e.g., using m oqnimolo*
cular mixture or both amines a product resemblin.g Gamda
tbalsam was obtained. ’ '

Lcetaldehydo with an equimaleoular mixture ef both mines
in the presence of hydroohlorio aocid, gave a resin which,
whcn added in small quantitiu to rubber componnds, mParfed
good ageing properties. Also oendensation of m molecules
of acetaldehyde wi»tjf: one’ ,molqcule of X maphthylamino(?'?)
in inert solvents gdy.e a resin which was found té pretect
rubber against heat-indueced oxidation. .

Paraldehyde and ﬁ*naphthylaminé hydrochloride(78) gave

yellowish brom‘ 6ryatali, which, however, ‘were not 1‘dent1ried. ‘

4. D;ginei 4
Condensation of acetaldohy:die or paraldehyde and 1,5?

- dieminobenzene(79) '1n'aleehél- solutioh, in the presence of a

few drops of concentrated hydroshlorie 'aoid,' gave a rluoroi_cent ‘

product of unsymmetrieally substituted ethane structure.



Condensation of acotaldehydo with 3 5~aminotoluone(80) gave

a yellow resin which could be converted inteo paint.

' VI Aromatio Amidea
' Condensation of acetaldehyde and amides has'!oand to

take place 1n e similar manner to amino-aldahydo oondensation,

1.0., by the formation of a link through the amino greup; .
condan:ation er aootaldﬁh?da tnd banztmido(?l), nsing

dilnte hydrochloric acld as oondansing agent, gave 1 1~di*

St jphanyxmuaqtnm, mepe’ 188 c., slightly seluble in het wator,

T 801ubl° 1n ether and hot alcohelo

 H
~N=CO0%QgHg

N*CO-CeHp
H o

‘ CH;GHO + zc.n.com, .—n .

Similar results were obfained when benzylic amide was used

instead of benztmido(az).
CH3CHO- men.cn,com, — cn,ca(mocnzcsn. )2

The. pmduet, m.p. zav~aaa'c., was found ‘to be: slightly aolublo :
in ether and hot water, soluble 1n boiling aloohol.. '
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VII Sulphur~eontaining Aramatie Gompounds ‘
cendansation of aoetaldahyde and benzyl moreaptan(as)

rin acetie acid solution, using hydrogen ehlcrido as eondonsing
egent, was found to take place by the interaction of the al-
‘dehydic oxygen with the hydrogen of the thio grepps

CH3CHO 4 2Ce¢HpCHpSH ——— OH3CH(SCHgCeHp)2

1 »lﬂnibonzylmeroaptylothano, bpe 200805°C ¢ (Enm.), was also
obtainod using zine ohloﬂida in hydroohloric acid as condensing
‘ agent(84). : o

- VIIT Egtgrcczglgg Gomgnungg

COndonsation of aoetaldohyde and the h;teroeyclio oam°
pounds 133: vurietyger-nelvgnta,‘and under different tempora“
ture and éétalytic oonditiéhs, l@ads, in the great majority
of cases:to ﬁnsymmetr;cdily substituted ethane campounds,
which form through the elimination of a molecule of water
by the interagtion of the aldehydéc oxygen and two hydrogens
from two molodulesior the Starting material. It would secﬁ
that the hydrogen adjacent to the nonwoarbon atam has.tho ,
greatest tendenoy to be removed. ‘

In the case of fused rings, the aramatio ring does not

take part in the reaction.
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Furane gggg
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OQndonnation of paraldphyda and a 8-substitutod rnrano(as)

at 0! G., nxﬁng conoentrated -salphurie aeid as oondensing

agont, gave a 1 l-dirurylothano by elimination of a vater :
moleeule through the 1nteraotion of the aldehydie oxygen and

»‘tho hydxogen in the free !_ponition..

HC—CH ' BHC—OCH CH—CH

" “-c och * ORaGEO— || cchn«c | cll,ooch‘
' e =czm‘emc\/l Ny ’
CHs

'Tho prodnct 'as a pale yollow visooua liquid,~ .p} aio‘c.
(5m.)y o
Qondsnggtion of fupfural and acetaldehyde(aﬁ)yiﬁ the
presence of hydrogeg}ohISridé, gave a resin, 1nséiuﬁla.1n
common selvonxa.'ﬁbwefbf;'ﬁiing§'40‘per cent aoiniian of
acetaldehyde, a vefy ﬁnrerfutiqril,and sodium hydroxido'ai
ogtilyst,'and kaeping th§@re§ction.mix#ure at 0‘6.,>rurur~

aerolein wes obtained.

CH—CH ~ CH—CH

CHzCHD + g I _— ﬁ I 4+ HgO
‘ H  C~CHO CH G-GH-GHCHO .
~07 . >~ 07
Pyrrole Ring

Condensation of'ieetaldshydo &nd pytrelea(BV) was eérried'

out in ethyl alcohol, using a few drops of eoncentrated hydro~

chlorioe aoid as oatalyst.
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All attempts to condense 2~unsubstituted pyrroiea failed;
the 2-substituted ocmpounds geve unsymmetrically substituted
ethanes with 40 per cent solution of acetaldehyds, but tars

only when a pure reagent was used.

?Ha ?Hz
cn,ca-cﬁe CoHeC-SC C—C-Cglly
2 di+on.cao—— adﬁ'll l i1 4 + Hel
& c-cﬂ, o ~ CHs0 OC=CH-C C-CHp
: \ / | N/ | \/
EN N CHsN
4 H H H
| cnac?c—s ,H, - . CHg00C— c-c,n; CgHp=C~ c-ucoca.
$ cHz0H0 —» o 1 + HgO
ca;c\ /cn | - cn,;;\-/c—Ta -———c\ /oa,
N L N OCHs N
H H | H

i!'Beth candonaation prodnets varo e:yatalline. 1l 1-41(5'fprapyl~
‘:z' 4'~d1mothylpyrry1)ethano, m.p. 180°C., and 1,1-di(3'~acetyl~
z'-mgthy1—4'~ethylpyrryl)ethans, mcp. 48‘0«

Paraldehyda and 2 y4»dimethyl~5~benzoyl pyrrol(88) con~
~ densed on usinsvzino ochloride as catalyst, giving snnilar

results.
CH3 _
HC —C-CHj CHz¢—C— CH—G—C— CH3
2 ] + CH3CHO —» I i [
CH;O 9&00535 05H500G CCH3 CHgC GCOGQH;
\/ \/ \/
N N - N
H H

H

Oandonsation of paraldohyde and "hlmepyrroloarbensemt!’*
(89) in acetio acid, using hydrogen bramids as condensing
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T »alsont, ‘gave a crystalline prednef‘ which melted with dbbeﬁpe* ,

‘sitiom at 383'0. Analys:ls of this ecmpound led the suthor |

to determination of its formula as
C32H48305
‘but the astruscture was not determined.
Pyrazole Ring
Condensation of antipyrine (l-‘-'phonyléz,3“d1méthylpyrizc~

lone) with acetaldehyde(84 5 sp); at 120°C. took place through
elimination of the only avaiiablo hydrogen on the ring,

., SE
» CHgC= CH CHgG= G~ CH— c-é?nfnz
CRsCEO szA te o T omsh bio ‘o0 mem
N/ TN/ N/
N X N
Ceis. - =~ CeHs OsHs

The product, '1,1541('1*;,515;h0ny;, 8'~%" <dinethylpyrazolonyl )ethane,
mepe 153°C., .ias rouna’:ta}b'e; soluble in aleohol, ether, chloro~

fom, end inscluble in water.

Thieghone Rix_:g
Para.ldehyde and thiepheno(@l) in chleroform selntion,

condensed by phosphorus oxide , gave a product simila;f to the

furanes.
- HG%EH Hc—,ifa- HC—CH
CH3CHO + 2 —> | ] |
HC CH HC C—CH~C CH
\s/ \S/ I \/

CHy S
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1,1énithiephonylbthane; B.§. 270°~280%C., a yellow oil; was

fenné to bo soluble in ether, benzene and alcohol.

2. Six-menbered Ring
Erridine |
Non-catalytic condensation of aoetaldohydo and anp amino
derivative of pyridino(%) took plaee by olimination or a.
water meloeulo through the interaction of the aldehydio oxy*"
gen with the hydrogen of the amino group (see emines).

- CHg0HO + 2 AN LN
’ HeNE J — LU NH‘-GE_—;’BH_Q .
| A | v | " LﬁN‘ ) K ' ' ‘ ' B ' ' . ’ 0

The product, m.p. llav.a'cc, was formed in nearly@uqntyitative
yield. R ‘

Pipgridigg . ,
Mn:a;ukh and Davidaon(ss) £ouné. that, when an aldohydo

is brousht together with a aecondm‘y amine in the prugnqo
-c_:f solid potassium carbonate, at low temperature, a dismine
with both qmines residing on the same carbon atcm was readily
formed. When the aldohyde had at least one hydrogem atcm, on
tlié;carbon atom adjacent to the aldehydie greup, an og_ahihg
RCH=CRNHg was formed subsequently. s |

In ‘the case of acataldehydo and piperidine, tho xuetion :
stepped, on the first step.

/Cﬁg CHe~_

on;cno + 3 CHp NH L —
~~~CHs—CHg— »
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CHg —CHg Hz . GHg'—CHg
CHg o N CH hﬂ . - CHg

N\

\CHg—cHg | CHg—CHg

1 1-Bipiper1dinoethana, b.p; 58-60'6.(3'mm.), could be dis-

.tilled at very low pressures; on distillation at higher press-

qreg, piperidine anﬁ 11nylp;peridipe_formed3Abut they gistilled

~ together and fedombined in the receiver to the ethane compound

aggin. . ; ‘

5 Fused. 1 Gam ounds

| arbezolgs (dibanzepyrvale) | 3
Gondensation of acetaldshyde and.mono or polyalkylated

carbozoles 1n the presence of sulphnrio or hydrodhlorie aoid

, gave transparent resins.'_'

lee (benzopyrrole) ‘
Paraldehyde and 2ﬂmethxlindole(95, 96) in the presence of

zine chloride at 80-100'0. gave a crystalline proaduoct .

e _ca—-c
CH3CHO + || _ex o
5 . —=Vi3
cfz\s

The 1,1-&1(32'-ﬂme_thyl_indolyl,)efhahe, m.p. 191°C., was formed
in the same way as 2,4,5-substitgted pyrrol-acetaldehyde*con-
densation product. The benzene ring did not take part in

the oondensation reaction.

Further work by Freund and Laubaoh(Q?) showed that in
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general.tyéwp;pduotg iere formed simulténéously, the trimerio-

l,1~di-indolylethane,

GH ‘
salilevERlevgave

and at the same tima also a dimerio 1ndoly1 derivative

" Both the sbove campounds were found to have application as

dyes.

Cumar; n

CQndsnsation of aoetaldehyde with 2-hydroxycumarin(98 99)
in hot water soluti@n, g&ve 1 l“ﬂi(2'-hydroxyoumarino)ethana,
mePe 115’0.

OH ’ © OH OH

; C, . 4 | C.
| e | v X-c~¢/ |
CH3CHO + 2 \ — I-ﬂ I + HgO-
S ' =0 C=Di-0=C A "

Condensation of acetgléépy@a and 5'-mbthyl-zf-hydroxy#u@é;i@"
(}00) in hot methyl aléqhol,sQ1utionrgave a similarvcampéqu,
m.p. 206°C., to which the authors ascribed two alternative =

structures.
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OE . OH OH
| | l ?ga N
| | \cn | NG —0—¢
cn,cne + z L | '
_ = Ha P =0 O'C\ ' CHjs

CHz |

'J.‘hen tw structures wore mggosted for all compounds of that

e 'bype. :
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CONDENSATION REACTIONS WITH OTHER ALDEHYDES

1. Chloral |

/ éondénsaf; ion reastions uf:trichlorcacetaldehyde with
t.mn}aatic hydrocarbons, phenoli, emines and other similay ,mé |

| pound;s', was much easier te study tham the aldehyde condensa~
tion, due to the fact that easily purified, orystalline pro=
duots could, in most cases, be c.>b‘taixliedo’ As the mechanism of
the reaction was idonticaﬁvii iith that of ‘th‘o acetaldehyde con-
densation a large number “or‘va;uablo Vexp,orinients was conduotbd,
It should also be noted that meny coz‘idezi's'ationa' whiok refused =
to take place with acetaldehyde, took place smoothly with the |
The following table. gives a 1ist of the.1,l-aisubstituted
triohloroethanéq_ cbtginéd by the llork;ers'uin;t_l‘ais’ Tield .



toluene

L)

CHLORAL CONDENSATION FRODUCTS

CHs

CH3

CHsz

E:jﬂﬁa

CH3

Catalyst

conc.He804
AlClgs

HeS04
41Cl3

ceﬂé%ﬁg30¢

conc .HeS04

conoc Hp80¢

oduct
ccladﬁ;ﬂ<::>
~0O
o CHg
cclchO
e
CClzCE
~ CHjz
CHs
CH3 CHz
/
CClzCH
CHg CHj3
. CHs
. CHg CHs
a—
CClsCH __

.GHaQOHz
Hg

89°*

| 106*

a7°

143°

38.

Rot *

101
k.

102,103

104
102

105,106

108

106




Startin, Ma_te rial
Ei!ieeéiEons

naphthalene - CO

cl
ohloro~ (:)
benzene A
. By
bremos= (:j_
bcnzenc .

Catalyst

Fuming
HeS0e

oencoﬂﬁﬂg s

Br
| | O
cone .HpS80. | C€13CH

39,

moEO Ref,c
o] -
136° | 107,108
8.ale.
ins. |107
ale.,
- 105° [ 109
139-41°| 109




Starting Material

. OH.
phenol 'E:j
N . OH
thymel - llPl
i,
HO -~ OH
redorei- [::]
nolr
_ ox
l-naph-
wa (0

Catalyst
KgCO03a
oone «HeS04-

CH3C00H

AlCl3

OBgGOOE +
oenc.Hgso4_

HgO»

GH;GOOK +
lz304 g

Product

4~ position

g GCJ.;GB
=~ C10H} 20H

OH

0 s.ﬁ**

COI;CH’
O=
€14Hg0g |

CeHe0g * 601 4000H
87e"% suc1

- [PC13CH(XCyoHe0H) ¢

chloral ethers at

/0 mHuGK -

202°

21z2°

chara
200"

40,
- Refs

110

111,112

102

113

|12¢

115

117




Starting Mate
Phenolic ethers
OCH3

anisole [::]

OCgHp
phenatol
e . . ‘0C gHg
ethyl
naphthyld(:j[:J
ether

"Aromatic amines and -
nf%rIIeg |

‘4~ghloro- ,(:j
aniline
cl
NHg
4~nitro~ ‘ O
aniline

NOg

Catalyst

CH3zCOOH +
HaS0¢

conoc.HeS0¢
AlClj3

CH3COOH +
Hp804

AiCl:

CH3COOH +
HeS0¢ .

cold - -

Product

.~ NH: Cl
CClsCH

N NH Cl

- OH

o8
78°

105°

198«

| CC1aCH(XC10Hs0CHs) 200°

145°

126°

41,

111
112
112

102,108

111

119

119



Starting Material
ines and

Aromatic.
nitriles -

. NHg
2=earboxy~
| aniline

NHe
| :cn

3=eyano~-
aniline

CHCN

“bengylio
cyanide

E:)GOOH

Catalyst

- heat

heat in

..bengene .

heat in
toluene

CH3COOH +
cono .Hz504

conc .HeS04¢

~NH NOg
CClzCH
™~ NOg
COOH

CH

CN

_~NHCOCHg
CClsCH .
- “NNHCOCHg

00

165°
(from
ether)
240°
(from
)

165-7¢

257°

42.

Ref,

119

120,121

(128

123

124

126



Starting Materi
Aromatic Acids

coo

benzoie ameid '[::],'-

. Hefaroc'elio'cm'd .

thiophoho:ﬁ'

cataixst

trace
conc . HeS0¢ -

" |oEa000m 4

HeS04¢

Product

CClzCH
~~0~COw

<]

CC1s0H
N

~0=C0~

S

O

78°

43.

Ref.

186

127



II.‘Benzaldehzde

Benzaldehyde was found to behave‘similarly
to acetaldehyde in presence of concentrated sulphﬁric acid (128)
but only with homologous of benzene containing eight or mpré
carbom atoms to the molecule. Condensations reactions of
benzaldehyde with.phenols, amines (25,129,130,131) and more
éomplex aromatic molecules (126,132, 133) as well as when using
catalysts okher than sulphurlc acid show close resemblanoe to

the acetaldehyde condensationse.

III. cyclohexanone o

The same phenomenon was observed in cyclohexa—
none condensatlons using cyclohexanone 1tse1f as well as
substituted compoumds and’ condensing them with phenols,(134 -
136) aromatic amines (137, 138)
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CONDENSATION REACTIONS OF ACETYLENE

The easy formétiéna of acetaldehyde from
acetﬁlqne in presence of concemtrated sulphuric acid and a -
trace of}mercuric ione led some workers to the belief that
substd tution of acetaldehyde by acetglgne in condensation
reactione when using above mentioned calalyst should lead to
perallel results. That‘beliefvwas confirmed by experimental
data obtained by Niewland and his coworkers, although some of |
his results seem to be doubtful in view of the recent
experiments in this deparhment. |

The simplest picture of the aceﬁplene-acet-
aldehyde transformation would be represented by the following
eqpﬁ&iun° »

 HC=CH + aago-jéb C‘Hch(OH)ﬁ;6H3CHO + Had

Proof was also foundﬁthat acetyleﬁe'forms first cohﬁlex‘inter-
mediate compuunds witﬁ water and the mercuric salt, with v
slmultaneous formation’ Qf‘acids.  Acetaldehyde is formed by
resctiom of that intermediate with aclid. As however some
reactions were carried out in anhydroua media, Niewland suggest-

ed that acetylene acted as anhydrous acetaldehyde (139,140).

It was also found that condensations catalysed
by other reagente than concentrated sulphuric acid led to
products 1dentical with the products of the acetaldehyde

condensation.
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I. Aromatic Hydrocarbons
1. Benzens- | _ R e
According to Niewland (141) condensation of
acetylene and benzene in the presence of concentrated |
sulphuric acid and mercuric'sulpnate earried out at lO-20°c.
gave 40 - 50 per cent yield ef>1,1-diphenylethane. These
results, however, were net dunlieated when 1dentical condens~
ation;Was'recently carried out (142). Under various eondit-
ions ueing the highest‘commercielly obtainable purity of -
acetylene'the eondenaations gave very low yields, the highest
being 16 per oent, generdlly aboqt,Sito 10 per cent with
large amount ef solid by-products and tar. A series of
'catalyst promoters was added but. the yields kept 1n ‘the aboveﬁ
range. ’ %
R Condensation of aeetylene and benzene in
presence of aluminum chloride wae also tried by eome workers.
) Varet and Vienne (143) obtained an. 80 per cent yield of styrene
and 15 per cent yleld of 1 l-diphenylethane, while Gook, and
Chambers. (144) found only traces of above products, the main
4product being mesidomethyldihydroanthracene, which was probably
" formed by the reaction between the l,l-diphenylethane and an
excess of acetylene. Boeseken and Adler (145) obtained'resnlts .
gsimilar to Geok's, when amalgamated aluminum was used. With
aluminum chloride, however, he assumed formation of a conpound.
whieh he called polyprostyreme , formed from a very reactive

brimary product prostyrene CgHg.
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The 1atest work in this field (146) gave
again different results: a 30 per cent yield of 1 1-dipheny1-

ethane and a 20 per cent of ethylbenzene was obtained.

2. Alkyl Benzenes
| The condensation of a series of substituted
| benienes was lnvestlgated using sulphuric acid and mercuric
nSulphate as catalysts. It was found that mono- and dimethyl
substitution;aids the qondensation‘reéction, while polysubstit-
ution and monosubstitution with larger groups inhibits it
markedly.fl l»Ditolylethane, b.p. 295- 300° G., 1,1-di(4%ethyl-
phenyl) ethane, '1,1-dixylylethane, b.p. 302-26%., 1 ,1-d1mesl ty}-
. ‘ethane, b.p. 344-348 C. (141) were synthesised. All compounds
'E;boiled without deoomposition and the last two were found to be
fluorescent. Also a series of 1 l-di(monoalkylsubstitutedphenyl)
ethanes was synthesised (147),

‘CH=CH + CgHsR — CH3CH(CGH,R) 2

»»»R:symbolizinéna;propyly 1é§propyl, butyl or'isobutyl group. All
pfnducté wére‘nfécqus,‘amber-cqloured liquids, of hish,boiiing
poinﬁ, best;dietillqd under reduced pfeésure. Palynuclear hydro-
carbons, such as diphenyl, diphenylmethane, triphenylmethane”.
and naphthalene did not react with acetylene under tnese‘conditn
ions.

| 1,1-Ditolylethane was also obtained using
aluminum chloride as catalyst (144). By the same method
1,1-4i(4'-chlorophenyl) ethane, b.p. 319'21=G. was synthesised,

while nitrobenzene refused to react.



II. Phenolic Gompounds

Similarly to acetaldehyde, acetylene hae been '
shown to condense with aliphatic alcohols (139) to form acetals,
and with phenolic compounds to form unsymetrically-substituted
etﬁanes or‘resins.
| | Phenel and cresols condensed to give mixtures
of products, which were found impossible to purify; a-naphthol
gave aeme acetal and some l,l-di(2'-hydroxynaph£hyi) ethaher(l48):

| ) »OH | 0= C -0
O™ mme— OO°L00
N CH3

OH "
H_ — H—
CH3- e CH3

The 1, 1-<11(2'-hydroxyné.phéhyi-) | ethair"i'e m.p. 168. 5°c. ichaﬁged
through- loss of a molecule of water into an internal ether:
ethylidine di- p naphtholyl oxide, m.p. 173 Ce+ That mechanism »
1s different than the one gilven by 01aiaen (1920) for the

acetaldehyde-ﬂ-naphthol condensation.

OH .
q

-naphthal gave the 1 l-di(thydroxynaphthyl) ethane only (139)

Pyragallol and phloroglucinol reacted even more re@dily than



did phenol, giving products eolublebin alkall.

A great amount of work has been done on the
acetylene-regorcinol condensation. The first mechanism (148)
suggested assumed the formation of the ethane compound as the
first step of the reaction, with subsequent spontaneous
change to dihydroxymethylxanthane. Later work, however, (29)
led tola new mechanism. Vinylre&prcinol, which was isolated S
from the reaction mixture, was glven as a primary product:

A ‘ .- - HO OH
HC=CH + 06H4-(QH)2 -——> CH=CHp

(HO) 20H3CH: CHp + 061-14(01-1)2 —_— HoO OH aooon —

¢H3

Jesel
~GH
S ¢H3$ R

, Tﬁiﬁlhecheniem is the one‘eecepted nouaueys.

No products were obtalned when 2- or 4-nitro-
phenol were used (148) The authors explained that by the
,feep that the nitro group is 3- directing, while the tendency
of_the ethylidine group is te enter the 4- position. -Ihstead
Z‘of occupying a positien 3= to the side chain the;acetylene did
not react at all. The lack of results in phenatol, ethylphenyl-‘
~ ether, condensation was explained by the 1nh1blting‘influeuce(
of the replacement of a hydroxyl group by an aleXyﬁgropp.~

Re81ns were obtamned when phenol and acetylene
2_‘econdensed in glaeial acatic acid solution (148) using sulphuric _

acid and mercuric sulphate.
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‘III. Aromatic Amines

| Candensation of aromatic amines and acetylene
‘has been carried out with a variety of catalysts. With a
sulphuric acid - mercuric sulphate catalyst .(141) quinaldine
and 2,3,4-trimethy1quinoline were obtalned. The optimun
results were obtained with 40 per cent sulphuric acid and a
temperature of 60°C. wWhen perchloric acid and mercuric
perchlorate were used only trimetnquuinoline was formed; With
aluminum chloride as catalyst (144), aniline united with the
catalyst and did not react farther. Dimethylaniline gave a
small yield of 1 l-di(4'-d1methylaminophenyl) ethane.

A new catalyst,copper chloride (150) or better
cuprous chloride were found to cause quinaldine formation from
aniline and acetylene. Condensation of 2-,3~ or 4—toluidine
| (152) inttoluene with. excess of acetylene using the same catalyst
gave also a quinaldineﬁring compound as final product. Use of
" cuprous bromiden(152)*asrwe&l as mercuric chloride in aloohol
solution (152, 153) led to- compounds of identical. structure,

" 4~nitroaniline giving a 501;5 cent yield of 4-nitroqu1nald1ne
. and o~ and/g—naphthylamines giving naphithoquinaldines.

In the above historical 1ntroduction, the main
methods for the synthesis of 1, l-disubstituted ethanes were.
described. There exists, however, a number of methods of minor
“importance, as well as a series of compounds synthesised through
them, some of which were never obtained by the main methods. A

oable of all the 1,l1-disubstituted ethanes so far reported follows:
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Hydroearbons

-CeHp

';Ggﬂgcﬂé

CHaCHRg
Reps Depe
of ompd. "C

- 268~70

136
(12 mm)

150

270%72

295<300

| TRICALLY SUBSTITUTED E ‘

Starti Materials
CeHe 4 'GH;CHO
CeHe + CHmCH

CeHe + CHsCHClg

CeHs + CHy=CHCL
GeHls + CHsCHErs

CgHs + CBre=CBry

CeHe + CHBrCHBrg
CeHg + CHBrCBrg

v Gaﬂsb“" CHg=CHBr -
| CeHg

GQHuOHBrGHz
CeHg + CeHpOHgC1CHj
CClsCH(C )Hg)e |
CHz'C(CsHs)s

+

. £SgoH
CHz<C~(CgHs )2

CH3CHg(CeH4COOH) 2

’ eHs
CeHe ¢ CHz~CHOH

CHgMgBr + (CeHs)2CHBr

(CgHg) 2C=CHe
CeHe ¢ CgHpCH=CHg
CeHgCH3 + CH3zCHO

5101 ’

152"3_'
this re~
port

- 141

|154,155,

169
156
156
157
158 -
159
158

{158,160

161
162,105
163

164
165

166
167
168
169,161
4,5,6,

this re~
port
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Hydrooarbons(cont. )
«4-0gHeCHg

~CeHa(CHa)e

8,4,6-C4He(CHs)s

| w4eCgH(C2Hp

4G gH(CHsCHLCH,
“4*chécH(Gﬂz)a

40l OHFCHACHIOH:
| ~4ncsn;cn(bﬂa)cnz¢58
~4~CQH¢G(CH3)3
“4w0gHsCH(CoHp ) g
| a4yc§H4GH(CH5)OH(GHz)z

o CH
8,5 eH3=0RICHZ) g

_?Eihpdfig-

Bad4m48

12627

94

153~56
(11 mm)

328-26

16972
(11 mm)

328-38

102«94
(12 nm)
24045
(37 mm)

£44~-28

(37 mm)
250-52
(18 mm)
212-14
(16 mm)
23436

(29 nm)
22528

(13 mm)

 153~-54
(9 mm)

-s%ggtigg‘nate;iala

CeHsCH3 + CHeCH
CeHeCHs + CH3CHClg
(CeHs) |

_(CeHsCH3) 2
CHz~C -COGH ‘

CeHsCHg + CH3CHO

CeHe(CH3)z + CHWCH

CeHe(CHz)g + CHZCHOlg

;5335(935); + CH3CHO

CeHs(CH3)3 + CHWCH

CeHs(CHz)s + CHaCHO
CC150H[CoHe(CHa) 3] 2

CBHSCSHS + CH3CHO
GgHsCzHS 4+ CHsCH

CeHsC3Hy + CHsCH
CeHeC gHy 4 CHiCH
CeHsC4Hy + CHiCH -
CeHsC4Hg + CHCH
CeHsCaHy + CH2CH
CeHsCeHi1 + CHsCE
CeHsCpeH1y + CHECH
C3Hy

P
CeHa~(CHz) ¢ CHaOHO

58 .
Ref.

141
170
171

172
this re-
port
141
i73

this reF
port

141

7
174
this re«

port
141

147
147
147
147
147

147
147

this re-

port
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"?gydrocg;bons (econt.)

cggﬁ 8
—GeH'

CH
\ cHz .

=G 1037 ’

Substi@gtog zg;ocarbgna

" . -4“(35}1401
~C1oHsBre _
| 61oHa(N0s)e

ngno;gz
~4~CgH4OH

~2,4“CeH3(0H) g

_(OH)g
“GgHg-CH3

_~-CH3

L =2,4 5‘Cng“OH
. "cgﬁq

Ho

136

215

| es8

122

185

384

261«63
(16 mm)

. 319-31 -

Sterting Materials

CioHie + OH;CHON
CipHiez + CH CH

cCl zcn( 1~C10Hy) 2

CeHsCL + *03;03
CHzCH(C 1QH'7 )g + Br

GH;GH(C}QHq)g + ocone,
‘ HENO3

CeHgOH + CH3CHO

COL30E(CeHeOH)

CgHe(OH)p + CHaCHO

»(OCH)z2
c eH;CHz + CH30H0

~CHs
CgHg~OH + CH;CHO
\Cgﬂv;

cc1 3(05Hg-OH ),?
Cgﬁq

1<C310H7OH + CH3CHO

| 1=C10ByOH + CH2CH =

53

Ref.

this ré~
port

147

108

144
108
107

8’14,15’

1l6,17,18

178
28,29
- 31

22

118

139
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L0

or
o
|
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Substituted Phepols |

. Br
o
s o

- 2 4
- OH
Br-

Br Br
wgon
r :
Br

- )OH
Op

Br B |
Oe
S
L O

N
] :

NCgHp

- o |

168.5

HO ‘ _
0

190

140%41

327478 -

73

£33

Starting Materials

2~C1,H,0H + CH3CHO
2<C10H,0H + CHECH

0
" OH

' /
Oi) + CH3CHO

|
o

cnﬁﬁ(cgﬁiqn);. ”
CHscH(CoHJ.QH)a -

| ,{éﬁscﬁ(cen.,om, )
CH3OH(0sHsBrs0H) s

- CH3CH(CgBreOH)2

Hg0. H

+ CH3CH
- H3CHO

- “ﬂ L
NCeHs

Ref.

13,20
148

35

176

176

176

176

176

36
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mspe . Dape | | L
R of ompd. °C. Starting Materiels  Refs
OH o | ~ _OH »
“(:::)N(CH;); ‘ 140 CgHg + CH3CHO 51
: | “N(CH3)e
Phenolic Ethers | ‘
-4-CgH(OCHz 72 2034 | CgHsOCH3 + CH3CHO 48,%his
: | (10 nm) | _ , ~report
50,4 358~4 | CHaCH(CeH(OH)g + CHsI | 14
~CgH3(0CHs) 2 77-77.5 CeHe(OCH3)2 + CHsCHO | 49
w4+C gH 400 gHs | 1418 | cemsOCsHS + CHzCHO ‘this re«
' S ) - port
s - : o L, . ;j/GH;-_ S
oo | ma .| cHz6H(CeHF“0H < )p#CsHeI. | 32
»0CgHs | 10 1406 | CgHOH + CHCHOlg | 1m
| | o o
“2=0C ¢HeCH3 q 12 ‘18Q~5 | 2~CeH{~0H # CHZCHCle | 178
| . - (27 zum) 1
v T ' /CHa _ "
©4-0CgH(CHs | 1817 8004 | 4~CeH{“OH + CHzCHOCl 179
“Qw : - 200~1 | | C10HpOH # CHaCHO 19,20
C1oH70H 4 CH3CHClg 178
C1oHyOH + CHaCH 178
FPhenolie Esters _
~4=CgHe0COCsH 152 CH3CH(CgH4OH)p +:BHsCOCL| 17
- Br S  CHaGO
«(__)0COCHs | 169=70 CHaCH(CeHzBrgOH)g+ 20| 176
, - CH3CO
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. ‘ ~CHsz
~2,4 5"0333"‘000053
' - NCefy -
© eHs
“244,5=CeHp+0C0CeHB

Azomatio Aoids and .
“Derivatives

=4CoH (CO0H

, "O“COG eHs

=4-CO“CgH(CH3

7/

Latic lminos
*‘HHC sHa ‘

_ %“NHQqu,Cl
=4-NHO gHoNO g

205~6

123

253%4

100

190

18

1982

51

64<5

167

840500
(20 mm)

Start ing Me.;er,ialn

CH3CO

CH3CH(CBreOH)p* >0
e 7 cH400
CH3CH(CeHBrg(NOg)OH) g
CH3CH(CgBrs(N0g)0H)s
k * GH; CH;GO
GR;GH(Cst-OH )z*

\C el CH500
,CH3
CH;CH(CQHg"QH

“C gy

_COOH

CH3C(CoH4COOH) ¢

GeHsCO_OAg + CHaCHBrg
CgHpCOOH + CH=CH

CgHsCHz + CH:GH(_CGOI);

CeHeNHg + CHs0HO
C1CeHaNHp + CHZCHO -
NOgCgH4NHpg # CH3CHO

Sol

56

Ref s

176

176

176

B2

) 2#CeHsCOC1 38

165

179
180

lsl

59,60,61

63
en
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Aromatic Amines(cont.)

~N(C ¢Hs )CeHs

| ~4GeHAN(CH3)s

«4~CgHoN(CHg)s

~NHCOGH gC qH 5

'ﬂlphug*cent aigigg .
- Cam noggda
-SCeHs

-SCHzCsHs

ngCch ¢fs
“S0¢CHeCsHs

Hetereoyelie and
All_'f-_—{_i——ﬁnphat ¢ Ring Cmpds,
CH— CH

|
—-C /c~coocgns

[

mM.Do bch‘
of empd. °C.
689
145
188
| 202=204
© 188 .
22778
22445 :
2800805
(6 mm)
176
101~
310
(6 mm)

;?fcongc001 + CH3CHO.

Sterting Meterials

CeHgNHCgHg + CH3CHO

CEEeiCHs) s 4 CHMIHO
CH3~CH(CgH4N(CHz)zg)e

CHg=C CeH4N(CgHs)p #

CeHgCONHp + CH3CHO
CeHgCN + CHCHO.

-ammonia
CeHsCHZCONHg + CHCHO
CeHsCHeCN + CH3CHO

CeHpSNa + CHaCHCRg
CegHsCHgSH + CH3zCHO
CH3CH(SCH2CeHs )2

CH3CH(SCH:CeHs) 2
'CH3zC(SCeHs ) 2COOH

G]"" (‘QH
GH G“GOOG;H; + OH;OHO

\/

57

73

198
188

183

8l
183,184
185

82
186

186
83,84
83
83,187 .
187

85

o 3




CHz%C — C-C gHy

T

—C C+~CH

TN/
NH

cHgGO? —?6835
—0 CCH3

\/
NH

=G Géﬁ; o |

cﬁ,ﬂ CCOC eHs
A/
- NH

N
CH3~C NH |
N/
N

HG~CH

150

248

[285 °  CcHiCH(COOC HS)e + NHaNH,

. 270+80

112.5

58+-60

(3 mm}

(191

Starting Materia

Bg (n;‘c + CHzCHO
5 CHs )
N/

NH

CH3C0C— C=CeHp

4 CH3CHO

HC C-CHg :
\/

NH

‘A0 —C-CHp
CHzC CCOCeHs
=\ / g
.o

HC —CH

I | + CHgCHO
HC CH :
\N/
8

' .
NH(CHz)s + CHzORO

—C
I + CH3CHO
N\ [CCHz
N

+ CH3CHO

87

87

188,189

91

o2

.93

95,6
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Heterocyclic and Ali~- |
-phatic Ring Cmpds.(cont.)

b.p.

MeDoe
Ofm s O

1156

| 208

- (2 mm)

11B

Starting Materials

Nee:
CHs 7C=0

‘CH3CH

OH

[
SN

(iH
+ CHZCHO
,o,c-o |

OH
[
¢
+ CHzCHO

0

' ‘ ‘.4./06311 o
CH3CH

ScéHs
/03351 '

- SCgHs

59.

Ref .

98,9

100

168

190

S ai’%
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THEORETICAL DISCUSSION

The synthesls of a seriles of unsymetrically
; substituted ethanes was attempted by condeneing acetaldehyde,
in the form of paraldehyde, with the corresponding hydrocarbon
‘using concentrated sulphuric acid as catalyst, with a view of
:detennining the limits of-the~reaotion. The workins;oonditions'
a'of all ﬁhe reactionefwere identical, the optimum conditionm for
benzene - acetaldehyde condensation, as. determined by other
workers in this Depantment (3) being used. A few attempts with
| dLﬁfegent.qatelyetsfand different,tempereture oonditionezwere&
medeiin:tneieeeefofethe simpler eronatic nydfooarbOns. |
The meohanism.of the condeneation reaction to
formJan unsymetrically substituted ethane 1is a very straight
forward ome. Im the eimplest caee, this 1s the benzene -
acetaldehyde eondenaation, the product is formed through elimina-
'tionxof a moleoule of weter by‘inmeraotion.of the aldehydﬁd‘
oxygen and two hydrogens an two aromatdc rings,
G6H5

CHzCHO + CgHg -—hGHBCH .
6Hs

/’

..... st e et 1 RS S e

.However, in substituted benzene compounds the question arises N pmge
- which hydrogene are going to take plaoe/in the'reaction as two
cases are possible, either the side-chain or the nuclear hydrogens
;may be eliminated. Aniline compounds with at least one amino

hydrogen free react acoording to the firet mechenism-
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R

o _ - N-CgHg:
CHzCHO + 2 CgHgNHR —» CH3CH
7 - ’N'CéH

R 5
' In the case of the second mechanism three‘possibilities
~ have to be oonsidered. From the examination of all the
syntheses up to ‘date it is found that 1n mono substituted
benzenes, such as toluene and phenol the ethylidene 5roup
‘18 assumed by all workers to enter the 4-position in the
ring, sometimes sith e small auount of the 2—substituted
compound as.by-pfoduct (6). The only experimental proof
' of this hypothesis 1s the formatlon of a xanthane in
condensation of resorcinol and acetaldehyde (see page 8 to
110). The formation of such a product shows clearly that
no addition in the 3-pos1tion takes place. Also the 1mproved
 ylelds, as compared to benzene, of the monosuhstitutedvbenzenes
A'with 2 4-d1recting groups ( with the exception of halogens)
v "is in agreement with the above hypothesis as well as strictly
,\"””—ﬁ
in confirmity with other aromatic substitution reactions.
The fact that no products form in attempted condensations of
substituted benzenes with 3-directing 5roups lg noteworthy.
At this point 1t has to be noted that the structure of
'products obtained in condensation reactions of mono- and
poly-substituted benzenes will always depend, just as 1n all
other substitution reactions, not only on the directing
influence of the substituent group but also,on the inhibiting
of activating power of this group. 'Therefore; the lack of

products in the condensations of benzenes with 3-directing
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groups can also be explained by the 1nhibiting influence

'of this group and the good yields of most benzenes with

4-directin5 groups as due to their activating power.

~ In the case of 1,4-di-substituted benzenes the ethylidene

group is assumed to enter the é-position, in 1,3-di-substituted

-the 4-position, in 1,2-di-substituted the position was never

determlned.
The method of synthesis employed by this
worker was essentially that of Bayer (1,13) but changes in the

working conditions, .8uch as order and rate of addition of

- reagents, method of neutralization of the reaction mixture led

to a marked improvement of. yields, as compared with the ones

~obta1ned by earlier workers. Use of paraldehyde 1nstead of

pure acetaldehyde,was.not found to influence the reaction, which

is understandable 1f’we consider the fact that acetaldehyde,

‘when heated with sulphurlc acid, changes to more stable para-

aldehyde. _
| vahefeame procedure was used thronghout the

whole series of experimentﬁ; the'optimum conditions for benzene-

V"acetaldehyderoondensation'being used. In all the sucoessfully

completed synthee}s & large amount of high bolling dark residue
was present; in the unsuoceseful ones the starting materials
with a small amount of nonedistillable resinous produet, or

a large amount of the resinous product only, were obt&ined.

The results obtained with each hydrocarbon will be discuseed

separately.'-
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I.Aromatlc Hydrocarbons

l. Benzene and Toluene

_ . The synthesis of 1,l—d1pheﬁylethane and

1,1-ditolylethane were repeated and 40-50 per cent and
60-70 per cent ylelds respectively were obtained.. This is
a marked improvement over Fisher's and Bayer's results (1A4)
but is comparable with the yields obtained iﬁ_the aluminum
chloride\cétalyaed acetaldehyde and in the acetylene reactions.
In both cases a large apoﬁﬁ£ Qf:far was formed.
2. Xylene . ﬁ' x

Condensation of technical Xylene (a mixture of
Eammwre 1,2-,1,3-,1, 4—xylenes) ggve a product identical with the
one obtained by Niewland, the yield being comparable with that
obtained with toluene. The product is probably a mixture of

several unsymetrical ethanes,,

GH CH CH ' AOr‘wE:j
3 i 3

| CH
the two forms obtained from the 1,3-gylene, the second being
less probable due to the steric hindrance of the bevmethyl
groups. The 1l,4-xylene will give one product, |

CH3 GH3

H OH OH

while 1 2-xylene will probably give two ethanes again, the
ethylidene group entering the 4~ and S-positions.
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3. Mesltylene

Mesitylene reacted to give a_poof yileld of
the unsymetrically substituted ethane, which can be-explained
by the‘hindering effect of the three symetrioallmethyl_groups.
The product wassidentical with the 1,1-dimeslitylethane obtain-
ed from acetylene.ﬁ

4. Ethylbenzene

Ethylbenzene gave lower yleld when compared
with that of toluene, whioh is difficult to explain considering
the similarity of etructure of both compounds. The above
result would'indioéte‘a_tendepoy t0 a decrease in ylelds with o
an increase of moleoulafkﬁeightt The only previous preparatioﬁ
of l,lf(4'-ethylphen§i) etoene was the acetylene synthesis,
but ho boiling pojnt data were given in the report (141). '
'?jB Q-meene (1-Methy1-4-1sopropylbenzeme)

| Synthesis of 1, 1 dicymylethane was suocessfully
completed. -No reference 1n literature to the preparation of
this comoound was found. The small yields obtained in this
condensation would indicate the tendency to a decrease of
Yields not only with an increase in molecular weiéht~but also
with an increase in complexity of the molecule. The ethylidene
group is assumed to enter the 2-poeition to the methyl group.

6. Naphthaglene, l-Methylnaphthalene, Anthracene, Phenanthrene

Naphthalene, l-methylhaphthalene, enthreoene,
phenanthrene were found to resist condensation, starting materials
and a small amount of tar were obtained which is iﬁ-agreement

with the negative results obtalned by Niewland (147)'when
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&ondensing néﬁhthalene. vl-Methylnaphthalene gave a small
amount of dark brown brittle resin.
7. Diphenyl _
‘Diphenyl, when dissolved in carbon tetra-
.chioride and condensed iq_the usual way with paraldehyde
gave a new compound, presumably 1,1-d4i(diphenyl) ethane, in
contréét,to the negativenrésult of the diphenyl - aceﬁylene
condensation (147). Suchrreaction éeems,hdwevef, very
acceptable if we bompére the two strucfures of diphenyl and
toluene,

g8

Ainfwhich both side-chalns are 1;3;directing and both are
actlvating. The ethYlédahe group is assumed to enter the
4ep031t16n‘tq thei;inkzbégween the two phenyligrsups.
8. Indene - | « | |

J A product of the reaction was 1solated and
it's properties indicated, that the indene polymerized under
the influence of sulphuric acid to paraindenek(lQl).paraindene'
corresgpnds‘tb a combination of twelvevio twenty-two moleculed
of indene.
9. Fluorene (diphenylenemethane)

| Fluorene did not react and the starting

material was reobvéred- | :
| 10. Tetralin | : . ,
, | 'Condensationjof paraldehyde/and tetralin led
~ to the formation, in small yi’elds', of 1,1-d1(tetrahydrona.phthyl )
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ethane, tetrahydronaphthalene reacting like a dielkyl benzene.
The ethyllidene group was aeaumed to enter the'5- or 6—position¢
Some resinous and'a large quantity of starting material were
obtained.

12. Acenaphthene

The highly coloured material obtained from the
acenaphthene reaction, of melting point around 150°¢. could not

be‘purified and‘no definite results were obtained.

II. Substituted Benzene Gompounds

" Starting materials were obtained when chloro-
benzene, 1, 4—dichlorobenzene, technical mixture of the isomeric
~ trichlorebenzenes and brOmobenzene were treated with paraldehyde.
| This fact is not surprising 1f we note that the chlorine 5roup
’ although 2 4-dibeo$inglhas an inhibiting influence on the incoming
groups. Niewland's experimental results seem however to contradict
~ the above argument, he obtained 1 l-di(4—chlorophenyl) ethane
when condensing acetylene*and chlorobenzene.

“ Nitrobenzene did not giwe any product either, but

that can be easily explained by the inhibiting property of the

'nitro,group.

IT Phenolic compounds

‘ A8 noted in the first part of this work (see
‘cpage 4)}strong catalysts cause resinification in the ecetaldehyde-
. phenol condensation. That was certainly found to be.the'case

when concentrated sulphuric acid was used.
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~ The pnenolicondensation-produot was a dark
1non;dietillable oil, Whiledoeoresol gave a viscous brown
liquid, m-cresol a soft yellow resin and p-cresol a hard
'rlbrOWn.resin. ‘Thymol gave a soft dark resin. All'attempte
/: to obtain crystalline products from these compounds failed

.oompletely.

IV. "Aromatle Aeclds

Benzoic acid did not condense with- aoid
"aldehyde and starting matenial waa recovered. Aswan explan-
A‘ation the inhibiting prOperty of the oarboxylic group can be

vnoted._

3

Ve Phenolic Ethé}é o

This ‘group of oompounds, contrary to . Niewland'
  statement that substitution of the phenolic hydrosen impeded
'?the reaction, was found to give & series of crystalline '
»products, of well defined melting point. The ease of formation '
fof that group of compounds oan be again explained by . the B
’activating influence of the 4—directing ether groups. - A
| Anisole (methylphenylether) and veratrole
'(1 2-dimethmxybenzene) gave 1, l-dianisylethane and 1, 1-divera-
‘trylethane respectively.. Both these compounds were syhthesized
A by other workers before (see page 16) In the present casge
good yields of easily purified products were obtained, ;‘lA
comparable to Oliverio 8 (49) yields in Veratrole condensation.f
~ This method of synthesis seems to have an advantage over the
hydrochlorio acid condensation (48) as shown by the two anisole‘“

condensations.‘
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Condensation of phenatol (ethylphenylether)
’with paraldehyde 164 to a new compound 1 1-di(4-etoxyphenyl)
ethane. No reference to this compound was found in literature.
The yield wasslower than that of the first two ethanes in
'thisrgroup. | |

In the reaction of diphenylether a ‘small

”vtf;yield of solid product melting at 150 - 160°¢., was obtained.

All attempts to purify the product failed end a dark green

viscous 0il was the only final product.&

VI Aromatic Amines "géﬁwf

The instability of 1, 1-di(phenylamino) ethane ’
at higher temperatures showed up clearly in this condensation.i
At the low. temperature af the reaction as well as in the ice-
water eolution a white precipitate was observed, whioh changed
however, into a«dark heavy oil when separation of produets at |
,room temperature was attempted. Judging from the literature
survey, it 1s- suggested ‘that the initial product of condensation.
the unsymetrically substituted ethane, changed to the well-

1;known dimeric, or even a polymeric Eckstein's base.
| CH3CHO + 2‘C5H5NH2-—»GH3CH(NH05H5)2-*-05H5N+CH20H(CH3)HNC6H5

When using dimethylaniline,eend teking great care to keepythe
v'temperature of the reaction mixture low, a small yield of

1 l-di(4-dimethylaminophenyl) ethane and a large amount of

highly coloured non-distillable by-product were formed.:~ '
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VII. Heterocyclic and Aliphati¢ Ring Compounds

| The experiments with»simple five and six
member heterocyclic as well as benzoheterocyclic'compoumdé
did not lead to any separable products, the latter fadt
béing in agreement with Mhewland's observations, that _
benzene derivétives'with unsaturation in the side-chain do
not condense with acetylene. From the, described on page g ’?
experiments we could have, however, expected the formation
of unsymetrically substituted ethanes in the case of mono-
"benzohetarocyclic compounds by interaction of the hydrogens

from the heterocyclic part of the molecule.

The aliphatic cyclie compounds, cyclohexane

. and decalin, did hot react and the starting materials could

. be completely recovered.

.l.'0xygen'containing compoﬁnds

Furanewas resinified by ‘the strong acid, in
the cagse of coumarone ‘the sulphuric acid caused the formation
of paracoumarone, anu 1nsoluhme and 1nfus¥ble reain of | % t
composition (CgHgO) 1, where n 1s~four, eight or twelve. |
Distillation depolymerizés'somewhaﬁ the resin(192)} Di-

benzofurane did not react and the starting material was

- recovered.

2. Nitrogen contaihing compounds

All nitrogen‘containing compoundé wére‘found
to form tars‘even at the léw-temperéture of the reaétion.
Pyrrole, 1ndole, carbuzole, pyridine, qulholine and iso-

quthIine gave dark solid insoluble in any solvent residues.
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Attenpts to condense benZene’orutoluene and
_ acetaldehyde, using other than concentrated sulphuric :
. catalysts, did not lead to any positive results.
~Concentrated hydrochloric acid was used at different
wtemperatures and in different qdantities also USiH§ nigrosin
:bleck and zinc chloride as catalysts promoters. Phosphoric
~ and benzenesulphonic acid in dilute sulphurie acid were
'experimented with._ Also tin chloride in carbon tetrachloride
/solution proved unsuccessful..;,‘
, The influence of change in concentration of
“sulphuric acid. wa.s studieé but other workers of this / 9
Department and the concentrated acid, 95. 96 per cent acid /

- was found to give the beet results..

In general the described method proved tc be

not very versatile, to be used as a standard procedure of {

lsynthesis of- 1 l-disubstituted ethanes.‘ It«gave positive
| hresults An case of alkyl substituted and alkoxyl benzenes
only, and only in few cases satisfactory yields could be
obteined. The catelyst;was found to be tpo potent;for
h‘phenolic and aminchompounds, and gave unsetisfactory{-

-results in the case of heterocyclic compounds.
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EXPERIMENTAL

Each condensation was carried out three times .
according to the following prodedures.

Standard procedure for the sulphuric acld catalysed reaction:

Goncentrated, 95.96 per cent, sulphuric'acid,l
769.8cc., corresponding to 15.4 D.V.S., wés placed in a 21.
three~neck,~round bottomed flask and codled to 0-500. by
means of a ice-éalt bath. Acebaldehyde , 0.5 moles, in khe
form of paraldehyde and 5 moles of the reagent were used in
a separatory funnel and added slowly'with constant'strong’
stirring of the mixture, the temperature of the reaction
being maintained at O-Soc; Stirring was continued for
another half an hour after all the starting materlals were
added. Then the contents of the flask was poured on ice and
left standing unﬁil all thg‘ice had melted.

The sulphuric-acid layer was separated and discard¥
ed, as 1t was found by other workers in the case of benzene
and by this worker in the case of toluene, xylene and ethyl- ‘
benzehe that further washing of the lnorganic layer with
ether or choroform does not yield any noticable amount of
product.

Thé organic layer was washed with a 5-per cent
solution of sodium hydroxide, or a 10-per cent solutioh of
sodium bicarbonate , depending on the starting material,

and then twice with water. The washed solution was dried
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with anhydrous calcium chloride, or sodium sulphate, and
fractionally distilled,}the first run undef normal pressure,
the second under reduced pressufe and the third under the
more favorable of the two.

If a preclpate séparated after the ice hag{melted, 54
it was filtered, purified by washing successlvely with sodium
'bicarbonate solution and with water, with subsequgnt
recrystallization and identification of the product. The
remalining liquid was treated as deécribed above and the
precipéte left after distillation of the excess of starting
material waé combined with the initlally obtained ons.

When solid reagents were used as startiﬁg material,
they wére disgsolved in just sufficient quantity of carbon
tetraéhlor;de that the reagent would not separate at the
tempefature of the reactlon.  Acétaldehyde, 0.5 moles, in the
form df para3dehyde and Qne'mole of the dissddved reagent and
769.8 cc. of sulphiuric acld were used, the procedure being
ldentical with the ohe described above.

Ether was found to be an unsatisfactory solvent due
to 1ts great solubiiity in the acid.

The liquid reagents were all distilled before used, wee
the solid, if of technical quaiity, recrystallized; the par-
aldehyde used was a Merck's reagent.

In some cases half or a quabter of the above mentioned
quantities were used. |

The crystalline products were recrystallized to constant

melting point from methyl alcohol and from ethyl alcohol.
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The following table and a few additional data will
give the full list of experiments conducted and the
description of products. The starting materlials are listed

in the same order as discussed in the previous parts of this
thesgls. |



Starting mat.

Benzene

Toluene
Xylene

Mesltelene

Ethyi-
Benzenel

Para.cymene2
Naphthalene
Anthracenna
Phenanthrene

l-Methyl-
benzene

Diphenyl3
Indene4
Fluordne
Tetralin
Acenaphthene5

Chloro-
benzene

1,3-dichloro-
benzene

Trichloro-
benzene

Nitrobenzene
Phenol6
o~-Cresol

 p-Cresol

V

Experimental Results

Product

l,1-diphenylethane

1,1-ditolylethane
1,1-dixylylethane
l,1-dimesitylethane
1,1-di(4'~ethylphenyl) ethane

1l,1-dicymylethane
starting material
starting material
startlns material

starﬁing material and dark
brown brittle resin

1,1-d1(diphenyl) ethane
paraindene

starting material
l,l-di(tetrahydronaphthyl)éthane
not identified |

starting material
starting material
starting material

starting material
dark non-dlstillable oil
viscous brown liquid

hard brown resin

Th.

B.p. Or m.p.|Yileld
in oCo _‘ o
bp.268-272 |40-50
bp.295-300 |60-70
bp.3228326 |60-TO
- bp.344-348 | 15-20
bp.§g§-§§2 30-40
mim. ) _
bp.153-154 | 15-20
(9mm.)
mp.113-114 | 20-30
mp.210
mp. 150



Starting mat.

m-Cresol

Thymol

Benzole aciad

Anisole7

Veratro;g
Phenatola,

Diphenyletherg'

Aniline

Dimethyk- -
aniline

Cyclohexane
Decalin

Furane

Cou.maronelo S

Dibenzofurane
Pyrrole
Indole
Carbazole
Pyridine
Quinoline

Iso-quinoline

soft dark resin

Product

starting material

1l,1-dianlisylethane

‘soft yellow resin -

1,1-diveratrylethane

1,1-diphenatylethane

dark coloured precipitate
changing ‘to oil on recryst.

1,1-dijphenylamino) ethane oil

' 1,1-di(4141methylaminéphenyl)

ethane and large amt. of,tar

starting material

starting materiél

resin

paracoumarone

| tar,

tar,
tar,
tar,

tar,

tar,

insoluble
‘insoluble

insoluble
insoluble
insoluble

"insoluble

‘starting material

in

in

in

in

‘in
in

any

any
any
any
any

any

‘solveént

solvent
solvent
solvent
solvent

solvent

75.

B.p. or m.p..Yield
in °c. %

‘m.p.70-71 | 70-80
me p 77“77 5 60-T70
m.p. 141"42 60" 70
m.p.(crude
prod9150-60
m.p.68-'69 3"8 '
m.p.lO7-09
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Footnotes
1. l,l-di(ethylphenyll ethane, b.p. 196-200 (1l9mm.pressure)
n20 1.5533

Anal. Calcfl. for CygHoo! C,90.76; H,9.24;
’ : %oungz 6,90.46; H,8.98;

heavy colourless liquid. _
2. 1,1-di(1%-methyl-4'-isopropyl) ethane, b.p. 153=54°C. (9mm.pr.)

: C, 89 05, H, 10. 95:
: ¢,88.87; H,10.54;

Anal. Caled. for CioH
| F5uad

fheavy yellow 011 distills with decomposltion under normal
pressure. :

3, 1, l-di(diphenyl) ethane,\m.p. 113-114°c.

was recrystallized. from (a) ethyl alcohol, (b) benzene.

Anal. Calcd. for 026H2 C, 93 41; H, 6. 59;
Foun C,93. 30 H,6.08;

very fine, colourless crystals.

4 paraindgne

when the’product, aftércpouring on ice, was left tb.
stand a pink resinous solid separated. After thorough;washing
with alkall and water same‘ﬁhite precipitate, insoluble’in ether,
separated, with physical constants correSponding‘to,paraindene.

5. acenaphthene g

The condensation produdt,obtained in the form of a
black precipitate, when washed with alkali and water, gave a-
fine brown powder which dissolved with difficulty in alcohol,
benzene, carbon tetrachloride and did not crystallize from 1t,
but gave on partlal evaporatlon of the solvent the initlial Dmpure

product of melting point around 15006
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6. phenolic compounds

The products could not be washed with sodium
hydroxide as the hydrocarbons, aé sodium salts of the
compounds would be formed, sodium bicarbonate was therefore
used instead.

T. 1 l-dianisylethane

crystallized from ethyl and methyl alcohol..

Anal. Calcd. for GqigH 800t C,79.34; H,T.44;

25.62

OCH3 for G14H1s(OCHZ)
% 3 14H13 3)2 22:52

Found

well shaped colourless crystals .

8. l,lfdiggenatylethéne_

crystallized from ethyl-and methyl alcohol.

Anal. Caled. for CigHonOn:  C,80.01; H,8.14;
" 188802 )79:85; H.7.99;

flake-1like colourless crystgls.
9. dlpheny;ether_product

When the product was poured on lce some
precipitate separated, but recrystalllzation from benzene,

ethylether, ethyl alcohol, methyl alcohol was attempted, only

‘& dark green oil was obtalned. When the solvent, carbon

tetrachloride, was distilled off from the liquid portion of
the product an oil was also obtained.

10. paracoumarone

e A large amount of heat was generated during
the reactton. The resin formed, when washed and dried, was
insoluble in usual organic solvents, when powdered a m.p. 107-9°C.

was obtalned. These specifications correspond to the infusible - -
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and insoluble type of paracoumarone, formed in the presence of

excess sulphuric acid.

The following condensations were élso}attempted,
all givihg a small amount 6f tar and starting materials.

Each condensation was attempted with benzene
and toluene, using one mole of the reagent and 0.5 mole of
acetaldehyde in the form of‘paraldehyde. The only change from
the sulphuric acid con&enéation procedure lies in the catalyst

and the temperature of the reaction.

Ccatalyst ‘ Temperature in °g.
Trace df concentrated HC1l - : 0
30 cc. of conc. HCL 0, 20, 30
- 100cc. of conec. HC1. ‘ 30
100¢c. of conc. HCL and 58. ZnCly 30
100cc. of conec. HCl and trace of nigrosin - 30
100cec . of conc. H3PO4 o 0
200cc. of cone. HzPOy 0, 20

20g. of SaCly in CCl, 0, 10, 20.
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4.

5.
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1,1#Disubstitutqd_ethanoq egn -be formed by condensation
of the aromatie hydrocarbons or heterocyolig compounds
with acetaldehyde in the presence or abgence of different
catalysts, depending on the campounds used.

The only substituted benzenes which give the ethane com~
pounds are those in whioch the substituent group is of an
activatihs~nature, i.04, the 4,3~directing ones, with the
exeeption of the halogens. ,

The li;l~-disubstituted ethanes foxm: through interaetion of
the aldshydic oxygen with the hydrogens of two aromatic
groups, with the axopption of the aromatic amine conden~
sations, in which the amino“hydrogen is involved, and the
benze~heterocyelo compounds in 1hioh the hydrogen of tha
heterocyelic ring takes part in the reaction.

Benzene and alkyl benzenes form l,l~disubstituted ethanes
when oondensed in the presence of concentrated sulphurie
ecid or aluminium chloride. | | |

Phenolic compounds form l1l,l1~-disubstituted ethanes in the
presence of dilute hydrochlorie acid or tin chloride;
stronger catalysts cause res;nirication. Polyhydroxy cam~
pounds have the tendency to form internal ethers through
the interaction of the hydroxy groups.

Phenolic ethers condense to give 1l,l~disubstituted ethanes
in the presence of concentrated sulphuric acid.

1,1+Di(phenylamino Jethane, stable at low temperature only,
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‘_oan bs condensed at such temperature and in slightly aqiﬁ
solution. Substituted anilines give l,l-diéubstitutedJ
‘ethanes, when condensed in acid media. |

‘8."Only substituted heférocyolio and benzohetéroeyolie com-
pounds condense to gtve 1, l-disubstituted ethanes., Thi
reactions are, in most cases, non-oatalytio. '

9. Parsldehyde can be used in all ocondensatiomns. Aoetylenov

_1n the presence of ooncentrated sulphuric acid and mer-
curio salts gives parallel results to acetaldehyde and
paraldehyde. : o _

‘10. Chloral benzaldehyde and oyclohexaneno reaot similarly

to acetaldehyde. e S
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