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M.sc. 

Irena Zuzanna Eiger 

TEE SYl\ITHESIS OF 

UNSYivlMETRICALLY DISUBSTITUTED ETH~ES 

Chemistry 

The condensation of acetaldehyde with a variety of aro­

matic and heterocyclic ring compounds in the presence of sul­

phuric acid has been studied to determine its versatility as 

a method for the synthesis of unsymmetrically 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, alkyl­

and alkoxyl-substituted benzenes give satisfactory yields of 

eth anes, whereas the more reactive phenols, amines, and hetero­

cyclic compounds give only resinous products, and the less 

reactive halogenated benzenes, nitrobenzene, benzoic acid, and 

fused-ring aromatics fail to react. 

Some preliminary work has been carried out with cata­

lysts other than sulphuric acid. 



INTROWCTION 

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 announced the successful conversion of such 

ethanes into vinyl compounds, suitable for synthetic rubber and 

plastic manufacture, by pyrolysis in the vapour phase over clay 

catalysts. This discovery was confirmed and its limits ex­

tended by further work carried out by members of this Depart­

ment, using bentonite catalysts. 

During the months following this announcement, particular 

attention was given to the development of a satisfactory method 

for the synthesis of 1,1-diphenylethane, which on pyrolysis 

yields styrene. 1,1-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 Departnent, directed their attention to its 

synthesis from benzene and acetaldehyde, and Winkler and 

Douglas to its synthesis from benzene and acetylene. 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 limits. Concerning this questi~ 

little information is available in the literature. Accordingly, 

a number of condensations were carried out ustng 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 

CONDENSATION REACTIONS OF ACETALDEHYDE 

I Aromatic Hydrocarbons 

1. Benzene 

2. 

One of the first reports or a condensation of an aromatic 

hydrocarbon with acetaldehyde to yield a 1,1-diarylethane can."" 

p9und was that of Bayer(l) who succeeded in condensing paralde­

hyde with benzene at low tanperature using concentrated sul­

phuric acid as the catalyst 

CHaOHO + 2CsHs ___.,. CHaCH( CsHa;) 2 + H20 

The product of the above reaction, 1,1-diphenylethane, was a 

colourless liquid, b.p. 268-?o•c. The yield was very low and 

a large amount of tar was fcrmed. 

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°0. and heating it with acetaldehyde, 

a 48 per cent yield of 1 ,1-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'­

dihydroanthracene. 

Further investigations with a view to improve the yield 
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of the reaction based on Bayer's method were recently carried 

out by Dr. Boyer and his eo-workers in this department(3). 

Changes in relative quantities of reagents and catalyst used, 

as well as in technical 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. 

The main product, l,l•di(4'~ethylphenyl)ethane, was a colour• 

less liquid, b.p. 295-298°0. A higher boiling compound was 

also formed, having the empirical formula, C26H28 

2CHzCHO + 3CeHtiCHz __ .., 

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 preoise(6) analysis of the condensation products showed 

that besides the main product, l,lwd1(4'~ethylphenyl)ethane, 

a large amount of l,l-(4'~ethylphenyl-2'~ethylphenyl)ethane. 

was formed. 
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3. 2,4,5-Trbnethylbenzene 

Low-~emperature condensation(?) of paraldehyde and 2,4,5-

tr~ethylbenzene, using concentrated sulphuric acid as catalyst, 

gave a crystalline product soluble in all organic solvents. No 

properties of this compound were reported. 

II Phenolic Compounds 

Condensation of an aliphatic alcohol and aldehyde leads 

to the formation of acetals(8 to 12}. In phenol-aldehyde con­

densation, such links are not formed. Two crystalline pro­

ducts of this condensation were found to be fonned 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 react ion 

conditions bring about resinification. 

1. Phenol 

The first one to work in this field was again Bayer(l3). 

By condensing acetaldehyde and phenol in the presence of con­

centrated sulphuric acid, he obtained a white cement-like 

product, which he classified as a phenyl dye. Condensation 

reactions with naphtho~,resorcinol and pyrogallol were also 



attempted but no products were identified. 

It was Claus and Trainer(8) who first assigned a structure 

to the condensation pro duct and showed it not to be a phenyl 

dye. The compound synthesised in ether solution using hydrogen 

chloride as a catalyst, separated in the fonn of a hard brittle 

resin but could be converted into one of crystalline fonn by 

heating the resin with alkali. 

CHzCHO if. 

l,l-Di(4'~hydroxyphenyl)ethane was slightly soluble in water, 

benzene, soluble in.alcohol,ether, chloroform and acetone. 

An identical crystalline product( 14) was obtaire d by 

condensing acetaldehyde and 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 contir.med 

Trainer's solubility observations, while Braun(l6) deter.mined 

the boiling points, obtaining b.p. 265°C,(l2 mm.) and b.p. 

218 °C. ( 1 mm. ) 

Fabinyi(l?) obtained the compound b.p. 225-230°C.(5-l0 

mm.) by condensing at low temperature paraldehyde and melted 

phenol by dropwise addition of tin chloride. 

The sane(l8) product was obtained when condensation took 

place in alcohol solution in the presence or dilute sulphuric 

acid. 



2. NaphthO~s -
The analysis of condensation products or acetaldehyde 

and~ wand ~-nap~hOl reactions(8) showed a definite dif­

ference in the mode or 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(l9, 20).of ~nap~ condensa­

tions lead to the deter.mination of the mechanism 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. 

OH 

CHaCHO + 2co/ / 
CH 3CH 

8 
Q/ 

'o 

' 8 

Depending on reaction conditions the condensation can give 

6. 



the final or the initial product. The final product was ob• 

tained by heating the starting material to 200°0. in acetic 

acid. It crystallized in colourless prisms, m.p. 173°0., 

soluble in chlorofo~ and carbon disulphide. The initial 

procuct formed on condensation of paraldehyde and an excess 

of ~p~thol in acetic acid at 80-90°0. This acetal, m.p. 

200-201°0., 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. pyrasallol (1,2,3-Trihydroxybenzens) 

7. 

Acetaldehyde and pyrogallol in water solution at 80-loo•c., 

using sulphuric acid as catalyst(22) gave a crystalline pro­

duct of acetal structure. 

CHaCHO + CsHa(OH)a 

OH 

0 -0-...CHCHa + HeO 
-o--

Kahl(23), using concentrated hydrochloric acid as catalyst, 

obtained two products depending on the amount or aldehyde 

used. With e~al quantities of reagents a crystalline can­

pound was fonned, which, on analysis, showed that two mole-

cules of acetaldehyde had reacted with two molecules of pyra­

gallol with loss of two molecules or water. The author sug­

gested a fluorene structure for that compound. When an 

excess or aldehyde was used in the reaction, an amorphous 

substance was produced. 

Condensations of paraldehyde and pyro.gallol( 24) gave a 
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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-Dihydroxybenzene) 

Condensation of acetaldehyde and resorcinol is the most 

interesting from the theoretical point of view, as it gives 

a good indication of the structure of 1,1-diphenylethanes, 

substituted on the benzene ring, showing that the acetal de-

hyde-phenyl link forms in the para position to the substi-

tuted group on the ring, i.e., 

CHaCHO + 2RCslj:s ---• 

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. 

CHaCH + 2 



However, already the early work(27) on condensation of 

aldehydes and phenolic compounds showed that oxyrluorones 

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 residue. 

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 fluorene. 

That theory was confirmed in more recent years by other 

workers(28) who succeeded in condensing the acetaldehyde and 

re·.;orcinol in the presence of concentrated sulphuric acid 

and in determining the mechanimn of this reaction. The first 

step Of 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 one hydroxyl group 

and in para position m the other, with the aldehydic oxygen. 

The second step caused the formation of xanthene by the eli-

mination of a second molecule of water through interaction 

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

cmne oxidized by sulphuric acid and a fluorene was obtained. 
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This gave the final product by loss of a molecule of water. 

HOOOH HOOOH HOOOH 
CHaCHO + 2 __ __,.. \_ / ---• 

CH 
I 
CH a 

The product, a quinoid compound, was obtained in the form of 

black microcrystalline powder, which did not melt or decom­

pose below 290°0., was soluble in alcohol, giving an orange 

solution, insoluble in etber, 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-resorcinol condensation, 

caused a revision of the mechani~ showing vinyl recorcinol 

to be the primary condensation product. The following 

equation shows how the authors explained the products obtained 



OH 

The vinyl recorcinol was separated and identified. 

6. Orcinol (l~ethyl-3,5-dihydroxybenzene) 

Condensation of acetaldehyde and orcinol was first in­

vestigated by Michael and Com.ey(30) who wrongly assumed a 

reaction between two molecules of acetaldehyde and two of 

the orcinol. Claisen{31) was the one who showed that the 

condensation took place in the same manner as resorcinol, 

i.e., between one molecule or the aldehyde and two of the 

phenolic compound. This was confirmed by Mohl and Koch(27) 

who, on analysis or the product, obtained the formula 

7 • Thymol ( 1 ~vlethyl-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. 

CH;sCHO + 2 

11. 



1,1-Dithy.molylethane was found to have a melting point 

of 185°0 in contrast to J!ger's determination of 180°0.; 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 obtaineQ.. 

8. Phloroglucinol (1,3,5-Trihydro:x:ybenzene) 

12. 

The product of acetaldehyde and phloroglucinol{33) con­

densation in alcohol solution and, using hydrogen chloride 

as catalyst, was found to have the composition C22H2209 but 

the structure was not determine d. 

2CHaCHO + CsHa( OH) 3 

9. Hydro:zyguinol ( 1,2 ,4-Trihydro:x:ybenzene) 

Condensation reactions of hydroxyquinol can be compared 

to those of resorcinol. A series of condensation reactions 

ot acetaldehyde or paraldehyde with this trihydric phenol(34) 

carried out in 90 per cent alcohol solution,using different 

concentrations of sulphuric acid as condensing agent,lead 

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

OH 0 

OOH 
CH 3CHO + 2 :ccxx: 

c OH 
I 
CH a 
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The 9~ethyl-2,3,7-trihydroxyfluorone separated as dark red 

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

10. 2-Hydro;ynaphthaguinone 

The condensation of 2-hydroxynaphthaquinone and acetal­

dehyde(35) was found to take place in the usual fashion to 

fonn the unsymmetrical disubstituted ethane, m.p. 19o•c. 

0 0 0 

11 11 11 

2~0H CHzCHO + ~ ___ ,.. 

11 

~OH HO~ 

VJ--cH-~ 
11 JH:i 11 

0 0 0 

Some difficulty was encountered in purifying the compound. 

11. 1,3-Dihydro;ynaphthalene 

The condensation of acetaldehyde and a derivative of 

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

to the above condensation. 

OH 

CHzCHO + 2CQ 
OH 

N•NCsHs 

12. Resin-forming Reactions 

CH a 
OH I IJO 

~-CH-co 
VvJoH HO 

N N 
I ~ 

CaHoN NCaH5 

The discovery of the industrial value of phenol-formaldehyde 

resins led to an extensive investigation of similar condensation 



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 make them almost as useful as the 

formaldehyde resins. 

14. 

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 xylQls, 

gave resins on condensation with acetaldehyde. Condensation 

of acetaldehyde and phenols, carried out at roam 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 obtained. Paraldehyde, as well as technical phenol and 

cresol, could be substituted for pure reagents. Light­

coloured, oil-soluble resins(41) were also obtained when 
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phenolic compounds, phenol, cresol, and xylenol were heated 

with oxalic acid and treated with gaseous acetaldehyde, and 

then heat washed at 180°0. 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 naphthalene sulphonic acid(4?) 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 acid, in the presence of such 

chloride at a temperature of 130-140°0. 

III 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, 

/O OCHa 

+O OCHa 
CHaCH 

'-Cl 

/O OCH:.; 
115°0. 

_p_yr_i_d_i_n_e..,. CHaCH + HCl 

\QocHa 

An 1! per cent yield of 1,1-di(~ethoxyphenyl)ethane m.p. 

72°0. was obtained. The crude product had a boiling point 

of 203-4°0.(10 mm.) Nearly quantitative yi€lds of 1,1-di 

(3',4'-dimethoxyphenyl)ethane, m.p. 77-77.5°0., were ob­

tained(49) by condensing acetaldehyde and veratrol at o•c., 

using concentrated sulphuric acid as catalyst. 

CHaCHO + 2CaH4.(0CH:.;)2 • CH:.;CH [caH;.;(OCH 3 )· 2 ] 2 

IV Aminophenols 

Aminophenols, a group of compounds,having properties 

of both phenols and ar.cmatic amines, 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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CH3CHO + 2-,3- or 4-HOCsH4.NH2 ____,. 2-,3- or 4-HOCsH4,N=CHCH3 

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(51) of 2-dimethylmninophenol with acetalde-

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

sti tuted ethane compound 

CH3CHO + 2 

OH 

ON(CHal. 

/
o'N(CHa)2 

OH 
CHaCH 

\
OH 0 1N(CHa)2 

The structure of 1,1-di(4'-dimethylamino•2'-hydroxyphenyl) 

ethane, m.p. 140°0., was determined by conversion of the 

compound to a fluorene under the influence of concentra.ted 

sulphuric acid. 
CH3 
I 

/Q'N(CHa)e acD 
CHzCH OH __,_ (CH3)2N ... N(CH3)2 

\. OH /N(CH3)2 \ 0 
~o OH 

A special case would be worth noting here(52), acetal­

dehyde or paraldehyde with a derivative of 4-aminophenol, 

phenacetin, 

0 
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gave, in the presence of concentrated sulphuric acid, a 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 am.ines 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 tbe complexity of 

the amine molecule. 

In the non-resinous products, distinction between three 

types of compounds could be made: 

(1) 1,1-dieminoethane molecule in which the acetaldehyde 

and amine are condensed by the interaction of the aldehydio 

o~gen and the hydrogens of the amino group. The only excep­

tion in this case was. the one in which no amin~ hydrogen 

was available, i.e., 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 Eckstein'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. 

1. Aniline 

RN=CHCHz 

RN+CHCH2-cH ... NHR 
""-cHz 

Schiff( 53) obtained two products when condensing pure 

acetaldehyde and aniline,an oil, which on analysis showed 

composition corresponding to a 1 ,1-disubsti tuted ethane, 

and a crystalline product of composition corresponding to a 

combination of two molecules of aldehyde with two molecules 

of the amine. 

Aniline(54) dissolved in 90 per cent alcohol and,condensed 

with acet~ldehyde below l0°C., gave a dark yellow oil, which 

turned red on standing. If dissolved in ether, a white crys­

talline powder, m.p. 126°0., b.p. 300°0., slightly soluble 

in benzene and alcohol, and soluble in ether, could be sepa­

rated. Eckstein suggested two structures for this product. 

CsH6N=CH2CB(CHz)HNCsHe 

C sHfJlliCH {CH z )C sH4.1\fCHCH z 

Addition of acetic acid or hydrochloric acid gave a 20 per 

cent yield of quinaldine. 
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__ .,... CsHDN- CH -CH 

I I I 
H CsH4 CHCH~ 

'\NH/ 

CH 

I + 2H C(
~CH 

;,;?C-GH~ 

Eibner's and Koch's work(55) showed that the condensation 

or acetaldehyde and aniline chloride at 0°C gave, when the pro­

duct was neutralised ilmnediately, a white resin, which, when 

recrystallized from ether, showed to be a crystalline compound, 

m..p·. 126°0., and identical with Eckstein's base. If, however, 

the reaction mixture was allav-ed to stand, a resin was fonued 

whian, on acidification with hydrochloric acid, gave quinal­

dine but no Eckstein base. 

Condensation of an excess or paraldehyde and aniline{56} 

in the presence or sulphuric or hydrochloric acid, gave quin• 

aldine and also some trtmetbyl quinoline. 

C sH c;NH 2 + 3CH ~CHO 

c:x:)cH~ 
N 

CH~ 
(YlCH~ 

~..)CH~ 
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T. Braun( fR) olJtained quinoline rinc OCIIlpounda iy uatnc 

other aoida and theretore stated that, in seneral, the oondea.,. 

aa,ion ot an aliphatic aldehyde with a prtmar.r aromatic maine 

i~ tlie · p;-eebce ot an acicl aa condensing agent, would lead to 

JU.i.noline rins compound. 

!hat general atatement waa in qreement w1 th exper1mental 

re$ults obtained/by other 1fOrkers. Condenaation ot aoetalde­

ll}"de or paraldehyb( f.5S) with aniline at 1&0•-ilo•c., uaiq 

al~in1um ox~4e •• oon••~·i~ agent, save lepidine, 4~e~yl-., ~ .· . -; . •' ::. -

~tnol~ne, as product. Higher tem.p~rature condensation gav• 

a$Ja,ilar · reeu~·te. 

'--

The itr~t one k ··~u~te and identitY the l ,l .. di(p~}"l'"" 
.amino)e.than~ ~ail Jibner(~t) who obtained the product, m•P• 

51•c., b;vtreat1ng:the water solution ot aniline with acetal• 

4eb7de at roa.a t•pera ture. 

The. product was :rouncl to be veey soluble in aloohol, ether, 

benzene and dklorotorm. 

The 1,1 .. 4isubatitute4 eth-.ne.oampoun4, ••P• 49•c., CO.t!ll' 
. ' 

dense cl later again b)" Miller and l'aper( 60) at low tem.perature, 

usins verr pUJ>e reagents, was ahown to be stable at low t•• 

perature only, higlter temperature condensation pro4uoiq oil•• 

Stu~ o:r ·the mechanism o:r the aniline.-aoetaldeh:yde 



sa. 

condensation led Miller and Pl!chl( 51) to tl:IJ conclusion tbat 
.. 

1R'imar7 oondenaation products or neutral-medius, high ... tem.perature 

condensation were azom.ethinea, CsHBN.CBB, which changed ~nto 

dimerio molecules. due to aloohol•like condensation, givinc 

u Bo!Qstein baae. 

-Miller's ant Wagner'a(60) extensive work showe4,:towever. ne 

evidence tor intermediate torma.t ion ot azome'th~~. 'l'he high• 
: . :: . 

t•perat·ure eondensatioA gave s<>O:..oalltd loltatein'il )asea, ~-
. . . . 

-the -41 ~im.tJ1e -~ 1Jhi~, _on s_tan41nc _ at_ :rfr)Gm_- tEmP.e:ratl1r•, 11Cf.ltf-
. " . ' ~ " .. . ·."" 

tie! ~4. b~o._,. oo1,oure:d, · pre~;~wiably obanget gradu•lly ;t~ · ...,.. 

Killer. and .Pllohl "dmer".• However, e'Yer,- ertort to toroe 

azomethine tarmation was u~ooesstul;- the product beiJ:l.l·in 

eve17 case the di~im.iae ~·:reported pre"!iOllaly bJ' 1Ubner(6af. 

!he authors concluded, theretore, that ~oet=aldehyde an.4 -oni.., 

line did not yield isolab~·.azomethine ...... r as moncmer ~r 

aa ,... polJD1er. "D.1mers• were products tormed by secondary. 
' 

changes, 'tibe pri:Duiry product being the unstable 41-1mine; 

1,1-di(phenylamino)ethane. 

Resinous prodncta ot aoetaldehy4e•aniline condensation 

were :round. to have a variety ot use a,· Condensation at o•c • 
in anhydroua medium.( 63) gave a reainoua product~ a rubber 

preaerver ~' any vulcanization aooelerat1ns properties. 

Condensation at 135•140•0. in very alightlt acid mediwa(64) 

produced a rubber nlcanization accelerator • .l rubber "fUl• 

canization aooelerator(65) under the ~· "K ... l" was also 



':-'";; 

obtained by condensing three moleeulea o~ acetaldehyde with 

two o~ aniline at rOam tanperature. 

Condensation at ao•-1oo•c. in varnish sol Tents( &I) w1 t1l 

subsequent treatm.ent with oxalic acid gaYe Tarnishes ot Te7:'y 

cood dr.fing propertiea, bright aurtace and stability to water 

an4 al:Qli. linally, condensation in aqueous solution in the 

presence ot •odium acetate and glacial acetic aci4{6') at a 
temperature ot 40•50•0. ga1re an indu.str1allF-aae4 resin• 

a. SUbati ttitf4 .taiilip ~ 

... ,,(a) IJI)sti t •• ta: t~,-un• ... l,ue '"· . eh . 

. ~ :eroa•ota .• t-~oa·~~.:~·eond~~~ii·oa .ot .~.t~*ith7de 
. , r·· ·. 

t. . . . . 
ani ohlorow; and niuo-aubstitutecl aniline were in"'e:fltigated 

-- ...... .,.,_,. . 

by Eibner( 62) • !hey· ••~• ~eu~ to be crystalline caapounda 

·ot dttinite melt4'C toint8~ • 
. · I 

•• 
CllaOHO ··0 

Cl 

BRa 

CH,OHO +a 0 
HO a 

l ,l•Dlf..t<iiitohlorophenylamiJlo}ethane, m•p. 64•&5•c,, 4eoanpoae4 . . 

on recryatallization, while l,l-41(-i'~itl"ophenJ"lamino)ethane, 



m..p. 16'1•o.' was more stable' aelu'ble in benzene' ahil<..:ohlol"e, 

tora, but inseluble -1n e'Oller • 

JJ.ql sub.st11iate4 inilinea were not touacl 1e tep. 11one• 

merio etb.u.e derivative•• · lfon.,.catalytio ooncte:o.aatien ot 

•!taldellJde u4 4-.etJ17lu.111:ae( 68) gaTe warty enst&la o.t 
""' . 

melting point around •o•c,. to which SOhitt ascribed the aao~ 
aethi~~•t•~.-.•es 

......... 
··0·'·.·· ~ '. 

CB a 

. . 

watet solution oond~~~:t,io:a ·ot ac&'j;alc!lehyde and a x;rli4ine 
·~ ' ~ . ..... . 

gave a d.imoleoular l,_~"'ftixylid!~yle~b.e.J:le, m.p. 14'1•c. ~-u 

Eokatein'a base. 

/(OHa)a yua . 
ICHaCHO + 20aHa•NHa .--.,.,. (CBa).OaH.OwCH-..cH1CB•H<laHa(CHa)a 

'l'hia t:elhllt .was comparable with the o:ae obtaillecl duriq 

aniline 4ondesation in neutral mecU.a. 

Cend~aat!on in acid mediua was reported inoor.reotl7 

to give two ia•erio etraight oh$in compounds ot m.p, loa•o:. 
and 131•o. 

8CHaOBD + (Ol:ta)aCeRaNHs ---...• (CHa)aCaHaD..iCHWCK8CHO . .· Jn. 



Kdwarcls, Garro4 ud 1onea( 70) proved the structure o~ t• 

aboTe O()nden.sation prodnct to be a quinoline ring oompoun4. 

They iaolated the two cis and trana forms in the caae ot 

4~ethylaniline condensation. 

OR.ORO • 2 (OS: a )0 eR.mls __ ...,.,. · I OS:OCOBa. 
...,.CHCHa 

NH 

These resul-ts are again comparable to the ones obtained in 
. . . ' 

aniline .ctiridensa1i1on and. conti~ Bra~' a( 5'1) : generaliza tiOll• 

The only reported resin torm.ation(66) took place at SO•lOO•c. 
I . . • 

·in. 110lventa like· benzea• .u.d ita homologues. 

'l'Wo special cases are noted also in the litera-ture. 

Condensation ot acetaldehyde with 4'-amino•lwphenyl ... 5"'11lethyl• 

benzothiozole( '11) was tound to take place by interact.ion ot 

tbe hydrogen& . ot tile amino group!~ with the ald.hydie oxygen 

to torm an unaJD11Uetrioal ethanf!. derivative. 

The poduc:t separated. in the tom ot l>roniah J8llow crrstal•· 

No analy'Cioal data or physical properties ot the compound were 

given. In the oondensation o~ acetaldehyde and (4-.:m:iao-phen,.l) 

glJcine(~8) tlle primary amino group to·ok part in the reaction, 

giving a product ot a structure s~ilar to Sohitt's ba•••• 



86. 

fhe condensation took plaoe on heattng !£ uains concentrated 

hydrochloric acid all a catalyst. lfhe pl.'Oc!llot waa a browa 

powder, which 4eeom.pose4 at aao•e. Without m.eltiq. 

('D} Substituted ia the •iu sroup 

Replacement or one ani no hyd.rogen( '11) dill u.ot ch&ll.8• the 
' ' . 

mode ot reaction and an una,..etr1oa1 ethane oom.poua4 ••• 

tome~ through loss .ot the availe.ble hyctrosea in two amino 

groupa. 

·. 

!'he rep'lac•e~t ;Ot both lt,-4r.ogena in the DlinO srottp('l-') did 
' ' . .. . .. ' ' 

not •• liowever, pemi t · the :rorma t1 ()n ot the u8ual link . u.4. it 

W&B tou.lld that tb8 cod.aatiOD.· teol place through the. 1a,1;er ..... 
' "~ .'" '. ,:· ···_' . ~ . . . 

action or· the h;r~8ea• ·~·the b.Upe ring w1 tb. tbe ua.ayd1o · 

O:Q'pD., giving a product· ot similar structure to tha ~ ot 

alkylbenzeae condensation. 

'l'he condensation was carried out at low temperature, in 

al.oohol medium au4 tresbly prepared acetaldehyde waa uae4. 

'!'he product t 1 ,1•41 ( 4' ""4imethylaminophenyl )etha:ae • m.p • 18•69.•o., 

separated in Wbite crystals, insoluble in water, but seluble 

in ethyl alcohol, ether and carbon tetrachloride. Identical 



resu.lt s were obta1ne d bJ' T. Braun( l.s) b7 using 20 per oea t 

sulphuric aoid as catalyst. 

1. lapllt~ylaminea 

., . 

Condensation ot acet&l.dehyde anc1 oc. -- o~ ~-aaphtltyl"" 

am.inea was tcnnd to lead to the torm.ation ot resina. Geaan 

pateata(l6,t'15) save an industrial prooe4ure :ror'Ooneleuatioa 

ot acetaldehyde an4 fJ "" e:r a mixture ot t(. • ani ~ -.a:phthJ'l .. 

ainea in solvents like benzene and its hom.olope•• "c tom 

res.!U similar tO natural balaamw, e .g • ; us 1ng an equimole• 

o•lar :m.ixture, .. pt both. am.1nea a product. res • ._l.i:o&< .. ca.d& 

balsam We.s · ~"btainet~: 

.Acetaldehyde w1 th an equi:m.oleoular mixture ot both aaines 

in the presen.oe ot a,-:droohlorio aoid, gaTe a res1:a Whioll, 

when acldecl in •al,l ·f.J.Uantitfea to rubber compcu:a4a, .iaparted. 
. :::...;_·~'-- . . 

sood ageing proper~! ea • ·Also condensation ot teo molecules 

ot acetaldehyde With one·lll()leoule ot tx., iliU&phthylamine( '1'1) 

in inert solveni~:~ gave a resin whioh was tound to protect 

rubber against heat-induced oxidation. 

Paraldehyde and p-naphthylam1ne h7droohlori4e( ?8 ). save 

7•llowis1l bro• o17'atala, -.hioh, h~wever, were not identitied. 

4. DiPillea 

Condensation o't acetaldehyie or paral~ehyde an.4 1,1• 

4i•inobenzine( ?9) in· alcohol aeltitioll, in the presence ot a 

tew dr~s ot concentrated h;ydroohlorio acid, gave a tluore•cent 

·product of un&JlDDletrioall7 substituted ethane structure • 



Condensation ot acetaldeh7de with l,l•aminotoluene(SO) gave 

a yellow resin Whioh ooul4 be converted into paint. 

VI .Aromatic .Amidea 

Conde:nsation. ot acetaldehyde an.d em.idell na -...n4 te 

•• 

take place in a similar manner to amine-aldehyde condensation, 

i~e., b7 tbe tormation ot a link through tbe am.ino group• 

~·· ., .. Condena .. tion:··o:r aoetald.htde' q4-~ benzam14e('11), us1na 
:~ . ' . - -

dilute hydr.oohlor1o aoid as condensing agent, gave 1 ,1•41• 

: ·.p:h.j~l~t~ttlt"~ i.li.•P•; iea•o; ,'·sitshtiy .. ,J&l:uble· 'tn: hOt water, 
.. , ·' ' ·-.:~· ·~ ~· . '· 

· ..•. t .. "<.. • ..:~ • ...... : •• -~ • ' - ,. • 

. · ·soluble ·in ether and hot alcohol. 

S~ilar results were obiatned when benz7lic &aide was uaed 

instead ot benaam1de(62). 

. . . 

Ol!aOHO·•.fal;eH.CBaCOima ---+• OHaOH(BBOOCH~eHe) a 

n, prod\tot, m.p. 28'1•aaa•c,, was t~nd ·to be sligbtly soJ.ttl)l• 

1n ether and hot water, aolu'ble in· 'bo1~1ng alcohol• 



VI.I lulph!l£!"'eonta1nina Aromat:to· Compounds 

Oono.,nsat.ion or aoetal4ehyde and benzyl meroap11an(BS) 

in aoetio aoid 4olution, ua~.nc hydrogen ohlor1.4e as coil4enai:a.g 

agent, was tound te take plaoe ·b:y the interaction ot the al­

dehydio o:xygen 1f1 th the hyil'ogeQ. ot the thio SZ'OJlP • 

OBaCB(SOH.CtBI) 1 

1 ,l ... Dibenzylm~roaptylethue • b •P • 100105•c • ( filllrl.), was also 

obtained USing z:tno Ohloiide in hydroohlol'iC acid as condensing 

agEin t ( e4.) • 

' ··\ 
Oonde~at:ton. ot aoe'taldehyde and the •terooyolio ooa• . 

pounda i~ a vuievy et •lveD.ta, and under ditter•nt t•pera .. 

ture and. oatal7tio oon41tions; leads, in the great m.ajor1ty 
·, 

ot oases to un•JD.etrioally suosti tute4 ethane ocmpounda, 

which torm through the elimination ot a moleoule ot water 

by the intera~tion ot the aldehy46o o~sen an4 two hydrogena 

trcm two moleoulea ot the starting material• It would sed. 

that the hy4rogen adjacent to the nonwoa:rbon ataa has the 

greatest tendency to be ranoved. 

In the case or tuae4 rings, 11he arau.atio ring does not 

take part in the reaction. 



l• li~e,•bere tl. IU.yt 

1'11£all! Bi!ll 

30. 

Oon4ea.lt1o~_ot paraldeh7de and a a-.ubat1tute4 tar..-(85) 

at· OlfO., udq concentrated a\\ljhur1c aoi4 aa oondena1na 

agent, gave a 1,1 .. 41tur,.ltthue 'by elim1ut1on ot a watezo 
. . . 

molecule throup the illteraotioa ot the aldeby'd1o O::Q"gea u.4 

the hydrogen. in the tree ! po•it1on. 

a 

The p:ro~ct ~a .. pale 7-llow viacou···liciui41 b.p• aio•o. 
(l·mm..)t 

Oondenaation ot ruturai an4 aoetaldehy4e(B6) 1Jl th• 
. . 

presence Or hyctros••r ehl~r1de, g~ve a rea1n, insoluble 1Jt. 
.· '· . . -. . . . . ,, 

common solvent a. Howev•r, u•ins a 40 per cent solution ~t 

aoetaldehyde; a very pure· turtural. u4 sodium hyQ'ozicJ.e aa 

oat&lyat, an.4 Jmeping the .~reaotion m1:rture at o•o., t'U1"ur• 

acrolein was obtained. 

OH-CH 
OHaOD + H 11 

CB · c-cmo 'O,.... . 

;rxrrole lliy 

.. 

Oondell8ation ot acetaldehyde and pyrrolea(8'1) W&l carried 

out in ethyl alcohol, uing a tew cb."opa ot oo•oea tre:ted hydro­

chloric acid aa oatalyat. 



' £11 attenpta to condense 8-unsu,atituted pyrrele• tailed; 

the a .. auba:t1tuted ospounda gave unsJIDIIletr1oall7 •ubat1tute4 

·et bane a w1 tJJ. f.O. per ceat solu t1on ot acetaldehyde, but tar a 

only when a pure reagent was used. 

caaeoc-c~aHa · . -· csaeoo-o-caBa OaHa--o- o-oooBa · 
a I If + CHaOBO --+ . I ' I . . I I + HsO 

OBaC · CB OBaQ · C -QH C a a_ Ha 
\ I · . . . \I I \I · . · 
N N OHa N 
H B . B 

:a.~11l ,·~cm9-enal!ltion.' p:roclriota. wawe . •n•t~lline: 1,1•41( -· -..~epy1• 
8' ,-4'•cliulethJ'lp,.r:rp1)ethu.e, ••P• lto•o., and 1,1 .. 41(3'-aoetyl• 

a•-.etllfl-4'-.thylJWrJl)eth._, ••P-~·'a.a•c. 

l'araldehyde. ant a ,4•c1.1methJ'l•S•bens•t1 p,.rrol(88) oon• 

. 4811&e4 on uaiJas zino chloride aa oatal.yst, giving similar 

2!'eault8• 

CH a 
I 

BC-C-cBa OH.q-c- OB-e-o- CHa 
I 11 ' 11 + OBaCHO __,.. I I • I ' ' 

OH.C COOO&Be OeHeCOC CCHa OHaC CCOOeB1 
\1 \1 \I 
N N N 
H H B 

Oondensa.t ton ot :paraldehyde and "ll.lllep;vrroloarbeaae._.t"t 
. - . ' ' 

(SO) in a.cetio ac14,. uaing h7drogen br<lll14e as :oondensin& 
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qeai, gave a crystallille prodU.ot which m.el te4 W1'h u•apo-. 

. attiea at ass•c. .&ne.lya1a ot th1e eom.pound led tll.e author 

to deter.aination ot ita to~ula ae 

bu.t the strueture waa not 4etera1ne4• 

Pnawl! Biy 

Oan4emsation ot antipyr1ne (l~henJl•a,s·~ethyl~yrazo• 

lone) with acetaltehy4e(a4.•· to) at .lao•o .• took place throup 

eltm1nat1on ot the only availab~e hydrocen on the riDS• 

ft1e :procl.uot, l,la~fl ': .... llQ7lt B'-J' •tim.etJQ'~ppazolO:Q"l)etha:ae, 

••lH 151•0 •• .was tov.nd·te l»e' soluble in alcohol, ether, ohlo.ro­

tom, an4 insoluble in water. 

'fll10Jhene Binc 

Paraldehyde an4 thiophene( tl) in ohlorotom aolt~.tioa, 

condensed by phoaphotu• onde , save a pro4uot similar Jo the 

turanea. 

HO-QH 
OBaOHO + 8 0 I 

BC OH 
\I 
s 

HC-9H · HO-CB 
I 11 . I I 

HO C-OB-C CH 
\1 r \/ 
S ORa S 



•••• 
1 ,l•Bi. thio:phenylethaae • I •J. a?o•190•o., a :rellcnr oil; waa 

tou.n4 to bt soluble in ether·, benzene and alcohol. 

a. atz-.sberet RiDI 

'Pnl41!! 

liea-oatalytio condensation ot aoetal4th74e ud a. amino 

derivative ot pJr141ne(~8) took place b7 el:lm.ination ot a 

water meleoule throuSb the interaction ot the aldehydio oX7· 

gea W1"h the hydrogen of the 8111.1110 croup (see amine a) • 

. oa:, . 

0 ..... , .. o·· e-CJJ-:-lm. · .· .. li . . ' .. < 

~ pro~ott a.p.lla.e•c., .,aa tol'JD.e4 in nearly.quantitative 

yiel&. 

Piptri.Y,y 

._tttd$ an4 Davida•n(.9S). tdtini that, when an altleh7dtt 

18 brought together Wi tb. a aeoondary amine in the p:reaenoe 

ot aol14 potassium carbonate, at ln t•perature, a ti•ine 

with both aminea rea141DS on the aam.e oe.rbon ataa n.a reatily 

termed. When the aldehyde had at_ least one hydregea atca on 

"lie. carbon atom. adjacent to the ald.ehyiio greup, an en•i:u 
· .• 

ROR.OB!me was formed aubsequentlJ• 

In the oase of aoetal4ehyde and piperidine, the re.••tioa 

stopped on the first step. 



34. 

l,l~Dip1per1dinoethalle, b.p. 58-&o•c.(s mm.), could be dia­

.tilled at Tery low pressures; on distillation at higher press-
. •' ' ' . . . .. 

urea, piperidine and Tinylpiperidine f'ormad, but they 41st1llec!l. 
. . . . 

together and recombined in the receiver to the ethane compound 

ag8.1n. 

s. J'ttsed liDS Compounds 
.. -
Oarbqzol!S ( 41benzop~D$Jl•) 

•" '" • ·~ <' ro 

·Condensation ot ao~taldeh;rde and monO or poi:falkilated 

oarbozoles in the presence or sulphuric or hydroohlorio aoicl 
. . . 

gave transparent resina. 

Dlciole ( benzop;rrrole ) 
A "·- 0 0 • 0;; .~ .. 

Paraldehyde and 2"'Dleth,lindcl8( ~5, 96) in the presence ot . 
zinc chloride at ao-leo•o. gave a crystalline prodnot. 

OHaCHO +. d Q CH 

.,.c-eRa 
H 

'!'he_ l,l-U{2'""Dleth:rl1ndol1l)ethane, lll•P• l9l•.c., was torm$4 

in the saou~ way ~~ 2,4,5-substi~ted p;yrrol-aoetaldehtde con­

densation product.. The b~nzene ring di4 not take part in 

the condensation_reaotion. 

Jlurther work by :rreund ancl Leubaoh( 97) ahowe.d that in 
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general two proctu.ots were t'orm.ed simultaneously, the trimeric• 

l,l-41-indolylethane, 

and at the same time also a dim.eric inclol'fl derivative 

;Bo1ih. the . above comp_ounds were t'ound to' .. h&l'e appii~a't'ion as 

dyes. 

Cwaar!,D. 
} . . 

Condensation .~f ac.etal.d&h¥de with 8-hydrox,-oum.ar1n(98,99) 

in hot water soltitt~n,·'·,ga.;.~, l,l~(2'-hydrQxyoum.arino)eth.-, 
m.p. ll5•c. 

OH OH OB 
I I ORa I c · . c I c 

0: "-cH o:~-c-o'XJ QB:,CHO + 2 . I __..... ( . . I . . r.-o ..1'!-..'-o-c . o' · ,.., · 'o 
+ H.O· 

Oondensat ion ot acetaldehyde and 5' -methyl-2' -hydroQ'cllJU.l"ta 
. ' ~ ·_, ·' . ~· 

(lOO) in hot methyl aloohol solution gave a similar compow;i•, 
-~ ' - . 

m.p. soe•c., to which the authors ascribed two alternative 

structures. 



1&. 

!b.eae tw structures, were suggested ror all compounda ot that 

tne•: 



1. Ch};pral 

Con.densat ion reactions ot·~tr1ohloroaoetal4ehyde wt tl:l 

arematic hJdrocarboa, phenola, am.ines and other similar ..._ .. 
' ' 

pounds, was much e:aaier 1o lftir 'b.t.a the alclehyde oondeua-­

tion; due to the ~act that eaaily purified, or7stalline pro~ 

ducts could, in most cases, be obtaiJied• As the meohani• ot 

the reaction was identical with .that .. or the aoetalclehyde con""' 

densation a large number or valuable experinlents was oonlaottt4• 

It should also be noted that maay condensations whioh retused 

to take place with acetaldehyde, took place smoothly with tba 

chloral:. 

The tollowiDI table. gives a list ot the .l,l•tisuiat·itute4 

triohloroethanea obtained bl". the wo~~era '"in ·thie tie¥. 



CBLOBAL CONDINSATIOH lllOD10'1'8 

Start1J: ••'•gal lfl oarlio .· 

benzene 0 

Cl 

toluene oOHa 

CB.a .. 

xrlene 
(l,S) OCR, 

Olla 

:q-1••·· 0 (1,4) 
CB a 

OB a 
'· QOHa pan .. • 

.. 0\JD. ... 

ORa 

catalz!:a Pto4uct 

oono.HaiO•. CCl-<8 ..&l.Ola 

:a: .so. .-QoHa COlaOH . 
.UGla 'Qcs:a 

: :. 

. c(} 
oono ·•H.SO• 

~~laC~· .. OBa . 

'Qc:a:, 
Cll1 

·J,!J.t.. 
F' 

Bet. 
·,r 

101 
.H.• l.tJt~. 

loa.ro3 

104 
at• 

102 

roe• 105,106 

101 

106 





OH 

phenol 0 
'·· 

thJ'Il01 

OH 
·l~naph- ~. 
·U.l_.-~ 

,~. " 

Catalut 

Al.Ola 

o•~ooa: •· 
o•n• .Ha804. 

BaO 

CHaOOOI+ 
•,so4.' 

Pro4uot 

oh1oral ethera at 
4- position 

m. • Ret• 

110 

aoa• 111,112 

113 

116 

1'1 



Startiif Mate£~~ 
Pieao io. ether• 

OOHa 
an1eole 0 

OOsH• 

phenatol 0 

.• -·- ·oca~~. 

Oatalret 

OH,OOOH + 
llsSO• 

cono.HsSO• 

llOla 

CH,OOOH + 
Ha804 . 

; 

llCla 
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II· Benzaldehyde 

Benzaldehyde was found to behave similarly 

to acetaldehyde in presence of concentrated sulphuric acid (128) 

but only wi.th homologous of benzene containing. ei&ht or more 

carbon:, atoms to the molecule. Condensations reactions of 

benzaldehyde with phenols, amines (25,129,130,131) and more 

complex aromatic molecules (126,132, 133) as well as when using 

catalysts Obher than sulphuric acid show close resemblance to 

the acetaldehyde condensations. 

rrr. OyclohexanonEt 

The saq1e ·pl:t:enomenon was observed in cyclohexa­

none condens.ations 'using cyclohei:anone.itself as well as 

substituted compoumds and·condensing them with phenols, {134 • 

136) aromatic amin.es (137, 138). 



CONDENSATION REACTIONS OF ACETYLENE 

The easy fot:tlllititcntn of acetaldehyde from 

acet~~ne in~ presence of conae~trated sulphuric acid and a· 

t:race o:.f mercuric ions led some workers to the belief tha'lt 

subs~1.tution of acetaldehyde by ace:tw;lJne in col!ldensation 

reactions when using above mentioned catalyst should lead to 

parallel results.· That belief was co~irmed by experimental 

data obtaineq by Niewland and his coworkers, although some Qf 

his results seem to be doubtful in view of the recent 

experiments in thiB department. 

Th~!simplest pict\J,re of the ace~l,-ne~acet-
~; 

alde~itJ.e transformation would be represented by the follc>w~ng 

eq.ut.tien: 

Proof was also foumf 'that ao-etylen~ forms first complex inter-
' ' : . . l .: ' 

mediate comPQ.unds \d a water· and the, mercuriQ salt, with 
. ~ ~ . . 

simultaneous forma.tion~-:q£ acids. Acetaldehyde is formed by 

reac1iiom of that int·ermediate -with acid. As however some 

reactions were carried out in anhydrous media, Niewla.nd sugg~st­

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

It was also found that condensations catalysed 

by other reagents than concentrated sulphuric acid led to 

products iden:ttica.l with the products of the acetaldehyde 

condensation. 

. ,. 



I. Aromatic Hydrocarbons 

1. Benzene. 

According to Niewland (141) condensation of 

acetylene and benzene in the presence of concentrated 
0 sulphuric acid and mercuric sulphate aarried out at 10-20 c. 

gave 40 -~so per cent yield of 1,1-diphenylethane. These 

results, however, were not duplicated when identical condens­

ation was recently carried out (142). Under various condit­

ions using the highest commercially obtainable puri.ty of · 

acetylene the condensations gave very low yields, tbe highest 

being 16 per c~~t, gS.nerally about 6 to lOper cent with 

large amount of solid by-products and tar. A series of 

ca~alyst _promot~rs. was added but the yields kept in the above · 

r~;~.nge~ 

Condensation,c>:f'· aeetylene and benzene in 

presence of a.luminum ohlo:x;ide was also" tried by some. workers. 

Varet and Vienna (143). :obtai·ned Q.n .89 per cent yield of styrene 
: ' -- .. ~. -· . :··' . : . 

and 15 per cent yield of 1·,1-di-phenylet~ne, while Oook, and 
. .,li· - ._ ... .: ' . 

Chambers. (144) found only traces ·or abo·ve products, the main 
' • ' J 

.product being mesidometll.yldihydroa.nthracene, which was-probably 

· formed by the reaction between the 1,1-diphenylethane and an 

excess of acetylene. Boeseken and ACller (145) obtained results 

similar to Cook•s, when amalgamated aluminum was used. With 

alllminum chloride, however, he ·assumed formation of a compound 

which he called polyprostJrene , formed from a very reactive 

primary·product prostyrene Calfa· 



The la'bes"t work in this field (146) gave 

again different results: a 30 per cent yield ofl,l-diphenyl­

ethane and a 20 per cent of ethylbenzene was obtained. 

2. Alkyl Benzene$ 

The condensation of a series of substituted 

benzenes was investigated using sulphuric acid and mercuric 

sulphate as catalysts. It was found that mono- and dimethyl· 

substitution aids the condensation reaction, while polysubstit­

ution and monosubstitution with larger groups inhibits it 
. . .. . 0 

mar~edly. l,l: ... D1tolyletra.ne~ b.p. 295-300 c., l,l~di(4Lethyl-
phenyl) 

• . ;o . . .' . • . . . 0 
ethane, 1,1-dixylylethane, b.p. 322-26 c., 1,1-dimeeit~j;-
b~p. 344..;.348~C. (.141) were synthEt8ised.. All compounds 

· bo-iled without decoxliposition and the last tw~ were. found to be 

fluorescent. Also a series of 1,1-di(monoalkylsubstitutedphenyl) 

ethanss was synthesised (147), 

. R symbolizing a propyl, isopropyl, butyl or isobutyl group. All 

produats were viscous, amber-coloured liquids, of high boiiing 

point, besa distilled under reduced pressure. PC!alynuclear hydro­

carbons, such as diphenyl, diphenylmethane, triphenylmethane 

and naphthalene did not react with acetylene under these condit­

ions. 

1,1-Ditolylethane was also obtained usi,ng 

aluminum chloride as catalyst (144). By the same method 

l,l-di(4 1 -chlorophenyl) ethane, b.p. 319-2l~c. was synthesised, 

while nitrobenzene refused to react. 



II. Phenolic Compounds 

Similarly to acetaldehyde, acetyleQe has been 

shown to condense with alipha.tic alcohols (139) to form acetals, 

and w~th phenolic compounds to form unsymetrically-substituted 

ethanes or resins. 

Phenol and cresols condensed to giye m.1xtures 

of :products, which were found impossible to purify; ~-naphthol 

gave seme acetal and some l,l-di(2'-hydroxyna.phthyl) ethane (148): 

H oo .... OH + HC !Ei CH _ __,...,. ccrO·~::'(X) 

+ 
cobH 

I OH . g~~g 
The l,:J,.-di(2'-hydroxyna.phthyJ..) ethaile,ll.p. 

through loss .of a molecule of water into an internal ether: 

ethylidine di-P-naphthol;l oxide., ,Di.p. i 73°C. That mechanism . 

is different than the one given by Claisen (1920) for the 

acetaldehyde-~naphthol condensation. 

OH 

00 HC=:CH 

.• 
a -naph~dl gave the. 1 ,1-di( lt..hydroxynaphthyl) ethane only (.139) 

Pyraga.llol and phloroglucinol reacted even more r~dily tb&n 



did phenol,. giving products soluble in alkali. 

A great amount of work has been done on the 

acetylene-resorcinol 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) 

ated. toda new mechanism. Vinylre~orcinol, which was isolated .5 

from the reaction mixture, was given as a primary product: 

HO 0 ...,0 .... 0·. OH 
-eH 
~H3: 

HOOOH ,. . OH=OH2 

Thi·a·' mechanism is the one accepted nowadays. 

No products were obtained when 2- or 4 ... n1 tro­

phenol were used (148). The authors explained that by the 

fact that the nitro group is 3- directing, while the tendency 

of' the ethylidine group is to enter the 4- position. Instead 

of ~ccupying a position 3• to the side chain the-acetylene did 

not react at all. The lack of results in phenatol, ethylphenyl­

ether, condensatiom was explained by the inhibiting influence 

of the replacement of a hydroxyl group by an &lk9XY~8FOPP• 
I -~' 

Resins were obtatned when phenol and aa~~ylene 

·condensed in glacial acetic acid solution ( 148) using .sulphuric 

acid and mercuric sulphate. 



.·· 

· III. Aromatic Amines 

crmdensation of aromatic amines and acet~lene 

has been carried ou~ with a variety of catalysts. With a 

sulphuric acid - mercuric sulphate catalyst .(141.) quinaldine 

and 2,3,4-trimethylquinoline were obtaine~. The optimum 

results were obtained with 40 per cent sulphuric acid·and a. 

tempera.tua:-e of 60°0. When perchloric acid and mercuric 

perchlorate were used only trimethylquinoline was formed. Wita 

aluminum chloride as catalyst (144), aniline united with the 

catalyst and did not react further. Dimethylaniline gave a 

small yield.of 1,1-di(4'-dimethylaminophenyl) ethane. 

A new catalyst,copper chloride' (150} or better 

cuprous chlb~ide, were found to cause quinaldine fo;rma.tion from 

aniline and acetN-lene. Condensation of 2-,3- or 4-toluidine 

(15l) inr,toluene with excess of aceiiylene using the same catalyst 

gave also a quinaldine ring compound as final produc~. use of 

cuprous.bromid~ (152) as wail as mercuric chloride in alcohol 

solUtion. (152, 153) led to 'compounds of identical structure, 

4-ni troaniline g1 ving a 50 ·1!11' cent yield of 4-ni troquinaldine 

.·and~- and {3-na.phthylami:n;es giving naph,thoquina.ldines. 

In the above historical introduction, the main 

methods for the synthesis of 1,1-disubstituted etha.nes 1ter.e;.; 

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 

ta'ble of all the 1,1-disubstituted ethanes so far reported follows: 
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60. 

THEORETICAL DISCUSSION' 

The synthesis of a series of unsymetrically 

substituted ethanes was att.empted by collldellJSiDig; acetaldehyde, 

in~ the form o;f paraldehyde, with the corresponding hydrocarbon 

using concentrated sulphuric acid as catalyst, with a. view of 

det.e:rmimng the limits of the reaction. The workins; oond1t1ons · 

of all the reactions were identical, the optimum.conditioDS for 

be:rtzene - acetaldehyde.condensation, as determined by other 
', ; ' ·:· . 

workers 1n this Depai'ttment (3) being used. A few attempts with 

d!:ffe~ent qate.lysts ·and difft;tren.t t.em.perat.ure conditions wel'e 
'' ' . ' '• 

made .in the 'cas~·'' of: the simpler aromatic hyd~carbons. 

The :mechanism of tha condensation reaction to 

fo~an unsymetrically substituted ethane ~sa Yery straight 

forward ome. Im the s~plee1t cal:!e, .this 1-s the benzene ... 
- "t.... . - . 

acetaldehyde;condensa(ion.~ the product is formed through- elimina-

t.iom of a mrileoule of watter' by. imt:erac.tion of the aldehydi"d G 

oxygen and two hydrogens on two aroma~c rings, 

C6H -"'~~~..cl~CH ...,.,._ · S 
. ' C6H5 

+ H 0 2 

However, in substituted banzene compo~ __ th~_qu~~-~=o~--~~is_e.~ 1 f w.k . 
which hydrogens are going to take place 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 amil!lo 
hydrogen free, react according to the fi:rst mechanism: 



In the case of the second mechanism three possibilities 

have to be considered. From the examination of all the 

61. 

syntheses up to date it is found that in mono-substituted 
... ., 

benzenes, such as toluene and phenol, the ethylidene group 

is assumed by all workers to enter the 4-position in the 

ring, sometimes with a small amount of the 2-substituted 

compound as by-product (6). The only experimental proof 

of th1fi hypothesis is the formation of a xanthane in 

condensation of resorcinol and acetaldehyde (see page 8 to 

10). The formation of such a product shows clearly that 

no addition in the 3-position takes place. Also the improved 

yields, as compared to benzene, of the monosubstituted benzenes 

with 2,4-d.irecting groups ( with the exception of halogens) 
0 '-- is in agreeme~t with the above hypothesis as well as strictly 
--.~ 

in.conf1rmity with other aromatic substitution reactions. 

The fact that no products form in attempted condensations of 

substituted benzenes with 3-directing groups is noteworthy. 

At this point it his to be noted that the structure of 

products obtained in condensation reactions of mono- and 

;poly-substituted benzenes will aiways depend, just as in all 

other substitution reactions, not only on the directing 

influence of the substituent group but ~lso.on the inhibiting 

or activating power of this group. Therefore, the lack of 
•• -.-< 

products in the condensations of benzenes with 3-directing 



groups can also b.e explain~d by the inhibiting influence 

of this group and the good yields of most.benzenes with 
. - • .. 

2,4-directing groups as due to their activating power. 

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

group is assumed to enter the 2-position, in 1,3-di-substituted 

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

determined. 

The method of synthesis employed by this 

worker was essentially that of Jsayer (1,13) but ohanges·in the 
. 

wor~ing,cond1t1ons, .such as order and rate of addition of 

reagent~:f, method of neutralization of the reaction mixture led 

to· a marked improvement of yields, . as compai"ed with the ones 
' . :~ . .. ·t .· 

obta~nes:t by earlier workers. use o£: ~P.~raldeh~de instead of 

pure acetaldehyde was not found to influence the reaction, which 

is understandable if we consider the fact ·that acetaldehyde, 

when heated with .sulphur~c acid., changes to more stable· para­

aldehyde. 

· The same prooedure was used throughout the 

whole series of experiments, the optimum conditions for benzene­

acetaldehyde condensation ·being used. In all the successfully 

completed synthesis a large amount of high boiling dark residue 

was present; in the unsuccessful ones the starting materials 

with a small amount of nonedistillable resinous product, or 

a large amount of the resinous product only, were obtained. 

The results obtained with each hydrocarbon will be discus~ed 

separately. 



! .. Aromatic Hydrocarbons 

1. Benzene and Toluene 

The synthesis of 1,1-diphenylethane and 

1,1-ditolylethane were repeated and 40-50 per cent and 

6d-70 per cent yields respectively were obtained. This' is 

a marked improvement over Fisher's and Bayer's results (l,4) 
1 

().J...J ' ~~t is comparable with the yields obtained in the aluminum 

chloride o~talysed acetaldehyde and in the acetylene reactions. 

In both cases a large a~unt of tar was formed. 

2. Xylene ·. 

J 

1icntdl'r1:o 1, 2.-, 1, 3-,1, 4-xylenes) gii\ve a product ~dentical with. the 

one obtained by Niewland, the yi:eld being comparable with that 

obtained with toluene. The product is probably a miXtlll_'e of 

several unsymetrical etJ?.anes, . 

C~3Cf---.orr3 QH3 · 
I 

. CH
3 

·or 

the two forms obtained from the 1,3-.Jylene, the second being 

less probable due to the steric hindrance of the two methyl 

groups. The 1,4-xylene will give one product, 

while 1,2-xylene will probably give two ethanes again, the 

ethylidene group entering tbe 4- and 5-positions. 
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3. Mesitylene 

Mesitylene reacted to give a poor yield of 

the unsymetrically substituted ethane, which·can be explained 

by the hindering effect ot the three symetrical methyl groups. 

The product waszidentical with the 1,1-dimesitylethane obtain­

ed from acetylene. 

4. Ethylbenzene 

Ethylbenzene gave lower y+eld when compared 

with that of toluen~.~ ... which , 1 s difficult to explain considering 

the similarity of $tructure of both compounds. The above 

result would indicate a.tendency lfio a decrease in yields with 

an: increase of molecular weight. The only previous preparation 
··~· 

of 1,1~(4'-ethylphenyl) ethane was the acetylene synthesis, 
" . ,,' 

but no boiling polnt data were given in the report (141). 

'5• p-Gymene (l-Methyl~4-isQproptlbenzeme) 

Synthesis c;;r 1,1-dicymylethanewas successfully 

completed. ·NO refe~ence in literature to the p::repa1;ation of 

this compound was fou:md. The small yields obtained in this 

condensation would indicate the tendency to a decrease of 

yields not only with an increase in molecular weight but also 

with an increase in complexity of the molecule. The ethylidene 

group is assumed to enter the 2-position to the methyl group. 

6. Naphthalene, 1-Methylnaphthalene, Anthracene, Phenanthrene 

Naphthalene, 1-methylnaphthalene, anthracene, 

~henanthr~ne were found to resist condensation, starting materials 

and a small amount of tar were obt..ained, which is in agreement 

with the negative results obtained by Niewland (147) when 



:· .. 
~ondensing naphthalene. 1-Methylnaphthalene gave a small 

amount of dark brown brittle resin. 

7. Diphenyl 

Diphenyl, when dissolved in carbon tetra­

chloride and condensed in the usual way with paraldehyde 

.gave a new compound, presumably 1,1-di(diphenyl) ethane, in 

contrast to the negative result of the diphenyl - acetylene 

condensation (147). such ·reaction seems, however, very 

acceptable if we compare the two structures of d1phenyl and 

tolu~ne, 
: ,' '• ~ ' 

., . . ~ 

in which both side-chains are 1,3-directing and both are 

activating. The etbyl*d$ne group is assumed to enter the 

4-position tQ the link between the two phenyl groups. 
J 

~ .. 
8. Indene 

A product of,~the reaction was isolated and 
.. "" 

it's properties indicated, that the indene polymerized under 

the influence of sulphuric acid to paraindene (19l).earaindene 

corresponds to a combination of twelve to twenty..;two molecules 
• 

of indene. 

9· Fluorene (diph~nylenemethane) 

Fluorene did·not react and the starting 

material was recovered. 

10. Tetralin 

Condensation of paraldehyde and tetralin led 

to the formation, in small yields, of 1,1-di(tetrahydronaphthyl) 
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ethane, tetrahydronaphthalene reacting like a dialkyl benzene. 

The ethylidene group was assumed 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 rea()tion, of meltingpoint around 150°c. could not 

be purified and no definite results were obtained. 

II. Substituted Benzene .compounds 

. Starting m·a,t~r~als were obtained when chloro-

benzene, 1,4-dichlorobenzene, technical mixture of the iSOJileric · 

trichlorobenzenes and bromoben~Etz1e' we~ ~treatea ,with paraldehyd.Eh 
., .,. - - ' - ' -, .- -· ~~-- .· 

This fact is not surprising if ·we note.' that the chlorine ~up 

although 2,4-di~eo:ti~g has an inhibiting influence on the incoming 

groups. Niew~and's experimental results seem ~owever to contradict 
. ~ . . . . ' 

the above argwD.ent;, :tte obta~ned l,l-di{4-chlorophenyl) ethane 

when condensing acetylene,lalfd:' chlorcibenzene. 

Nitrobenzene did not give any product either, but 

that can be easily expla,.ned by the inhibiting property of the 

ni tro . group. 

III· Phenolic Compounds 

As noted .in the first part of this work (see 

page 4) strong catalysts cause resinification in the acetaldehyde­

phenol condensation. That was certainly found to be the case 

when concentrated sulphuric acid was used. 



The ph~nol condensation product was a dark 

·no.n.:.d,.stillable oil, while o-cresol gave a viscous brown 

. liquid, m-cresol a soft yellow resin and p-cresol a hard 

brown resin. Thymol gave a soft dark resin. A~l.attempts 

to obtain crystalline products from these compounds failed 

c911lpletely. 

IV·Aromatic Acids 

. Benzoic acid did. no.t . condense with aci~ 

aldehyde and start+ng", ll~te:r:-1• .waa .. recovered... A& an eXJ)la.n-
,,_ ', ·' ' : .. ' .:. ·:, - "'· -~: -~- '""'··~:. -

·ation the inhibiting property of.the carboxylic grot+p can be 

no.ted; 

v. Phenolic Ethers 

This group of compo~ds, contrary. to Niewland' s 

'statement that subst.i tution ql' th~' phenolic hydrogen impeded 
; "'!'" 

the reaction, was fo~d t~- gi.ve ... a· !:Ser~es ot crystallirua 

products, of well defined meltip.g,p~int. The ease of formation "'- . ":- ' ., 

of. that group of compc;>und.s ·can be'' again:explain~ by. the 

activating influenee of the 4-directing ether groups. 

Anisole (meth;ylphenylether) and veratrole 

(1,2-dimeth91ybenzene) gave 1,1-dianisylethane and 1~1-divera-

trylethane respectively. 
. . . 

Both these compounds were syhthesized 

by other workers before (see page 16). In the present Qase 

good yields of easily PUrified products were obtained, 

comparable to Oliverio~ s (.49) yields in veratrole cond~~sation. 

·This method of synthesis· .seems to have an advantage ove:r' the 

hydrochloric acid condensation (48) as shown by the twoanlsole 

condensations. 
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condensation of phenatol (ethylphenylethar) 

with paraldehyde lda to a new compound l,l-di(4-etoxyphenyl) 

ethane. No reference to this compound was found in literature. 

The yield wasslower than that of the first two ethanes in 

this group. 

In the reaction of diphenylether a small 

···yield of solid product, melting at 150 ... 160°0., was obtained. 

All attempts.to purify the product failed and· a dark green 

viscous oil was the only final·; product~· 

VI. Aromatic Amines 

The instability of 1,1-df(phenylamino) ethane 

at higher temperatures showed upclearly in this condensation. 
,, i .~ .·· 1.: 

At the low temperature af the reaction as well as in the ic.e­

water ~elution a white -precipitate was observed, .. ·which 'changed 
. ' " . ._ - ·:· . .. ~ .' . 

however, into a 'dark heavy oil when separat1.on of produ."cts at 

room temperature was attempted. Judging from. the 11 terature 
·.- " f . 

;.· 1- ·-,·" 

survey, it is suggested that the initial product of condensation, 
. . - ·_ . I 

the unsymetrically substituted ethane, change~ to tne.well-

known dimeric, or even a polymeric.Eckstein's base. 

When using dimethylaniline, and taking great care to keep the 
\ 

·temperature of the reaction mixture low, a small yield of 

l,l-di(4-dimethylam1nophenyl) ethane and a large amount of 

highly oolouz-ed non-distilla.bla by-product were formed • 
. ··: 



VII. Heterocyclic and Aliphatic Ring compounds 

The experiments with simple five and six 

member heterocyclic as well as benzoheterocyclic compounds 

d.id not lead to any separable products, the latter fact 

being in agreement with Hmewland's observations, that 

benzene derivatives with unsaturation in the side-chain do 

not condense with acetylene. From the, described on page \ 

experiments we could have, however, expected the formation 

ofunsymetrically substituted ethanes in the case of mono­

benzoheterocyclic compo~s by int~rac~ion of the hydrogens 

from the heterocyclic part of the molecule. 

The aliphatio cyclic compounds, cyc~ohex4ne 
~ . ·.- ' 

and decalin, did hot ~.eact and the starting materials oouid 

. be completely recovered. 

1. oxygen containing cgmpounds 

Furan~wa~sresin~fied py the strong acid, in 
,. 

the. case of ooumSirone th.e,sulphdr1:c :acid, caused the fotomation 

of paracoumarone, 'abd.~nsolu&~e·and 1nfus~ble resin of l. 

composition (CaH60)n wheBe n:is·four, eight or twelve. 

Distillation depolymerizes somewhat the resin(l92). :01-

benzofurane did not react and the starting material was 

recovered. 

2. Nitrosen containins compounds 

All nitrogen containing compounds were found 

to form tars even at the low temperature of the reaction. 

Pyrrole, indole, carbazole, pyridine, quiholine and iso­

qutn~line gave dark solid insoluble in any solvent residues. 
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Attempts to condense benzene or toluene and 

acetaldehyde, using other than concentrated sulphuric 

catalysts, d~d not lead to any positive results. 

concentrated hydrochloric acid was used at different 

temperatures and in different quantitie~ also using nlgrosin 
\ 

bla.ck and zinc chloride as catalysts promoters. Phosphoric 

and benzenesulphonic acid in dilute sulphuric acid were 

experimented with. Alao tin chloride in carbon tetrachloride 

solution proved unsuccessful. -

The·inf'luen.ce of,cha.nge in concentration of 

sulphuric acid was .studiea but· other workers of this / 1 
. 6 ( I Department and the conc;entrated acid, 95.9 per cent acid 1 

was found t.o give the best results. 

In general, the des~ribed method proved to be 

.not very versatile:, to l:>e used as a stfl,ndard procedure of 

·syn·thesis of i,l-disubstituted e'th~ries. It gave positive 

resul.ts ,in e~.'se of alkyl subfJtd. tuted and alkoxyl benzenes 
" '', '- ;_ : 

on~y, and only in few cases satisfactory yields could be 

obtained. The catalyst was found to be too potent for 

phenolic arid amino compounds, and gave unsatisfactory: 

·results in the case of heterocyclic compounds. 

I 
f 
m-~ 
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EXPERIMENTAL 

Ea~h condensation was carried out three times 

according to the following prodedures. 

standard procedure for the sulphuric acid catalysed reaction: 

Concentrated, 95.96 per cent, sulphuric acid, 

769.8cc., corresponding to 15.4 D.v.s., was placed in a 21. 
0 three-neck, -pound bottomed flask and coi>led to 0-5 C. by 

means of a ice-salt bath. Acebaldehyde , 0.5 moles, in hhe 

form of paraldehyde and 5 moles of the r~agent were.used in 

a se~aratory funnel and added slow~y w1th cons~ant strong 

stirring of the mixture, the temperature of the reaction 
. 0 . 
being maintained at 0-5 c. Stirring was continued for 

another half an hour after all the starting materials were 

added. Then the contents of the flask was poured on ice and 

left standing until all the ice had melted. 
' 

The sulphuric-acid layer was separated and discard­

ed, as it was found by other workers in the case of benzene 

and by this worker in the case of toluene, xylene and ethyl­

benzene that further washing of the inorganic layer with 

ether or choroform does not yield any noticable amount of 

product. 

The 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 



with anhydrous calcium chloride, or sodium sulphate, and 

fractionally distilled, the first run under normal pressure, 

the second under reduced pressure and the third under the 

more favorable of the two. 
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If a precipa te separated after the ice has me-l:ted, cJ 
/ 

it was filtered, purified by washing successively with sodium 

bicarbonate solution and with water, with subsequent 

recrystallization and identification of the product. The 

remaining liquid was treated as described above and the 

precipate left. after distillation of the excess of starting 

material was combined with the initially obt&!lned one. 

When solid reagents were used as starting material, 

they were dissolved in just sufficient quantity of carbon 

tetrachlortde that the re&gent would not separate at the 

temperature of the reaction. Acetaldehyde, 0.5 moles, in the 

form of paraldehyde and one mole of the dissmdved reagent and 

769.8 cc. of suiphUric acid were used, the procedure being 

identical with the one described above • . 
Ether was found to be an unsatisfactory solvent due 

to its great solubility in the acid. 

The liquid reagents were all distilled before used, 

the solid, if of technical quality, recrystallized; the par­

aldehyde used was a Marek's reagent. 

In some cases half or a qua:bter of the above mentioned 

quantities were used. 

The crystalline products were recrystallized to constant 
' 

melting point from methyl alcohol and from ethyl alcohol. 



The following table and a few addittonal data will 

give the :fulllist.of experiments conducted and the 

description of products. The starting materials are listed 

in the same order as discuss~ in the previous parts of this 

t~esis. 
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' 
EXperimental Results 

Starting mat. Product 

Benzene 1,1-diphenylethane 

Toluene 1,1-dito1ylethane 

Xylene 1,1-dixyly1ethane 

Mesite1ene 1,1-dimesitylethane 

Ethyl- l,l-di(4'-ethylphenyl) ethane 
Benzene1 

Paracymene2 1,1-dicymy1etha.ne 

Naphthalene starting material · 

Anthracene starting material 

Phenanthrene starting material 

1-Methyl- starting material and dark 
benzene brown brittle resin 

Diphenyl3 

Indene4 

Fluorllime 

l,l-di(dipheny1) ethane 

paraindene 

starting material 
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B.p. or m.p. Yield 
in °c. ~ 

bp.268-272 40-50 

bp.295-300 60-70 

bp.3;\92~326 60-70 

bp.344-348 15-20 

bp.Jae-J32 30-40 
I . ) \ 

bp.l53-154 15-20 
(9mm.) 

mp.ll3-114 20-30 

mp.210 

Tetralin 1,1-di(tetrahydronaphthyl)etha.ne bp.384-385 lQ-12 

Acenaphthene5 not identified 

Ch1oro­
benzene 

l,l-dichloro-
benzene 

Trichloro-
b_enzene 

Nitrobenzene 

Phenol6 

a-cresol 

p-Cresol 

starting material 

starting material 

starting material 

starting material 

dark non-disti1lable 

viscous brown liquid 

hard brown resin 

mp. 150. 

oil 

~,:,~ ~ 



Starting mat. 

m-cresol 

Thymol 

Benzoic acid 

Product 

soft yellow r.e.s·in 

soft dark re-sin 

starting ma~eri~l 

Anisole7 1,1-dianisylethane 

veratro~~ 1,1-diveratrylethane 

Phenatol8 1,1-diphenatylethane 

Diphenylether9 dark coloured precipitate 
changing·to oil on recryst. 

Aniline 1,1-d~henylamino) ethane oil 
L O 1 • ' ' • 

Dimethyl:.· 
aniline 

1, l-df(4!-d11Dethylam1n6phenyl:.) 
ethane.and large amt. of tar . . 

Cyclohexane sta.:rting material: 
' Decalin starting material 

Furane resin 
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B.p. or m.p. Yield 
in °C. % 

m.p.70-71 70-80 

m.p.77-77·5 60-70 
• ,.,. !t (. '• 

m._p.l41-42 60-70 

m.p.(crude 
prod.) ~50-60 

'f::.' 

m.p.68-69 3-8 . 

doumaronelO: ·' m.p.l07-09 paracoumarone 

Dibenzofurarie 

Pyrrole 

Indole 

carbazole 

Pyridine 

Quinoline 

I so-quinoline 

·starting~mate;:i.at' 

tar, insoluble iri a.rtj solvent 

insoluble 
'. 

tar, ifi. any solvent 

tar, insoluble in any solvent 

tar, insoluble in any solvent 

tar, insoluble ·in any solvent 

tar, insoluble in any solvent 



Footnotes 

1. 1,1-di(ethylphenyl) ethane, b.p. 196-200 {19mm.pressure) 

n20 1.5533 D 

Anal. CalcA. for c1aH22: 
Founa:.: 

heavy colourless liquid. 
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0 2. l,,l-di(l~-meth;yl-4'-isopropyl) ethane, b.p. 153•54 c. (9mm.pr.) 

Anal. calcd. for c12H3o: 
FoUfid: 

c,89.05; a,10.95; 
C,88.87; H,l0.54; 

heayy yellow oil, distills with decomposition under normal 
press:u~e. 

3· l,l.:.di(diphenyl) ethane, m.p. ll3-ll4°c. 

was reerystall1zed from (af ethyl alcohol,· (b) benzene. 

Anal. Ca.lcd. for C26H22l 
Found: 

very fine, colourless crystals. 

4. paraingtme 

0,93.41; H,6.59; 
0,93.30; H,6.08; 

When the product, aftenc;pouring on ice, was left to 

stand a pink resinous solid separated. After thorough washing 

with alkali and water SOJne 'white precipitate, insoluble in ether., 

separated, with physical constants corresponding to pa.raindene. 
< ' 

5. acenaphthene 

The condensation product,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 it, 

but gave on partial evaporation of the solvent the initial ~e 

product of melting point aroHUd 15oo0 • 
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~ .. ~ , 6. phenolic compounds 
\-/ ,' 

f The products could not be washed with sodium 
V I 
, "i --> hydroxide as the hydrocarbons, as sodium salts of the 

':;/ \' 

~t compounds would be formed, sodium bicarbonate was therefore 

used instead. 

7• 1,1-dianisylethane 

crystallized from ethyl and methyl alcohol •. 

% OCH3 for C14H12(0CH3)2 :' 
Found : · 

well shaPed colourless crystals .. 

8. l,l~d1J2henatylethane 

0,79-34; H,7.44; 
0,79.46; H,7.4o; 

25'!62 
25.t15 

crystallized from ethyl-and methyl alcohol. 

c,ao.ol; H,8.14; 
0,79.85; H,7.99; 

flake-like colourless crystals. 

9. diphenylether product 

When the product was poured on ice some 

precipitate separated, but recrystallization from benzene, 

ethylether, ethyl alcohol, methyl alcohol was attempted, only 

a dark green oil was obtained. When the solvent, carbon 

tetrachloride, was distilled off from the liquid portion of 

the product an oil was also obtained. 

10. paracoumarone 

· ·'· . A large amount of heat was generated during 

the reaction. The resin formed, when washed and dried, was 
. 0 

insoluble in usual organic solvents, when powdered a m.p. 107-9 c. 
was obtained. 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 also attempted, 

all giving a small amount of tar and starting materials. 

Each condensation was attempted with benzene 

and toluen~ using one mole of the reagent and 0.5 mole of 

acetaldehyde in the form of paraldehyde. The only change from 

the sulphuric acid condensation procedure lies in the catalyst 

and the temperature of the reaction. 

Catalyst 

Trace ~f concentrated HCl 

30 cc. of cone. HCl 

lOOcc. of ·cone. HCl 

lOOcc. of cone. HCl and 5g. znc12 

0 Temperature in c. 
0 

o, 20, 30 

lOOoo. of oono. HCl and trace of nigrosin 

30 

30 

30 

lOOcc. of 

200cc. of 

20g. of 

cone. H3P04 

cone. H3P04 

SnCl4 in CCl4 0, 

0 

0, 20 

10, 20. 



.. §!14lMRJ 

l• l,l .. ~iaubatitu'iecl ethaJ:te-. •eu -'be .fo:I'JIU~d by condenaation 

ot tha aromatic hydl'ooubo• or heterocyolio compound~ 

with acetal4ehJde in tbl ~···~oe or ab8enoe ot different 

oa-.&lyata,: clepeu.d.ins .on .,.:t. ccmpouncll use4. 

a. The 0».1.7 aab,t1tu.te4'Densenea which giTe tlle etb$• OOJil• 

pounq are "llo11e in which the aubatitueat pe,u,p 11 ot a 

-.ot1Tati.lls nat'tll'e; i.e •, the 4 ,a-ii:reo'iia& ·••••, w1 ill the 

exteptien·•f the halosen•• 

a •· 1'lle l'fl •diau.'b•ti tutet ethan" toa >;:.tlu'eucll illterae·U,oll :o:r 

the aldahytict •~Q"gen with the hydrogena o:r two aromatic 

groups, With the •••tption ot the aromatic amine conden­

sations, in which the amino•hydrogen ia inTolTed., and the 

\t- benzo-heterooyo!!_ oompou:ncls in whi oh the h)"drogen o:r the 
I 

heterocyolio ring takea part in thB reaction. 

'· Benzene and alkyl benzenes tor.m 1,1-diaubatituted ethanea 

when condensed in the presence of concentrated sulphuric 

acid or aluminium chloride. 

CS • Phenolic compounds torm. l,l .. disu bat i tu te d ethane a in the 

presence of dilute hydrochloric acid or tin chloride; 

stronger catalysts cause reainitioation. Polyhydroxy coa• 

pounda haYe the tendency to tom internal ethera throUSh 

the interaction ot the hydroXY group•• 

&. Phenolic •"h.era condense to gi Te 1 ,l•4iaubat1 tuted ethane a 

in the presence ot concentrated sulphuric acid• 

7 • 1 ,l•Di (phenylam.ino )ethane, stable at low tempera'ture only, 
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can be oon.dei18ed at such temperature and in slightly acta 

solution. SUbstituted anilines give 1,1-din.bsti tuted 

ethanea, when condensed in acid media. 

a. Only substituted heterocyclic and benzoheterooyolic com­

pounds condense to give l ,1-diaubsti tuted ethanea. The 

reaotiona are, in most oases, non~oatalytic. 

9. Paraldehyde oan be used in all condensations. Acetylene 

in the presence o~ concentrated sulphuric aoid and mer­

curic salts give• parallel results to acetaldehyde and 

paraldehyd.e • 

10. Chloral, benzaldehfde and oyclo:Hxaaene react similarly 

to aoetaldehJ'de. 

' : ~ : 
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