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I N T R O D U C T I O N.

"Syntheses in the Di- and Tri-lsoPropyl- 
Naphthalene Series" embodies three main groups of work.
The first was the repetition of a large portion of the work 
by H. Meyer and K. Bernhauer on the isoPropylation of 
Naphthalene (Monatsh., 1929, ^  and 721), in an attempt 
to confirm the results obtained by these authors. Two of 
their compounds in particular were studied, one a di-iso- 
propyInaphthalene melting at 51^ and stated to be the 1:6 
compound and the other a similar hydrocarbon melting at 38*. 
The preparation of these two compounds yielded identical 
products melting at 51*, and the same compound was prepared 
by a third method of isopropylation of naphthalene and from 
di-i3opropy1tetralin. It has been concluded from the work 
on tetralin and from theoretical considerations that this 
compound is l;2-di-isopropyInaphthalene and not the 1:6- 
compound as stated by Meyer and Bernhauer.

The second part of this work was an attempt 
to discover a convenient method of synthesis for the ten 
di-isopropylnaphthalenes. In this we succeeded, for 1:5- 
di-isopropyInaphthalene was successfully synthesised by a 
Grignard reaction on naphthalene-l:5-dicarboxyllc acid.
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It is hoped that the syntheses of 1:2 and l:G-dl-lsopropyl- 
naphthalenes will be possible by this method in order to 
confirm the conclusion as to the constitution of the 
hydrocarbon melting at 51* •

The third part of this work was the preparation 
of di- and tri-isopropylnaphthols and naphthylamines to be 
examined by the Imperial Chemical Industries Ltd. as 
intermediates for general use in azo-colour work. The 
preparation of the naphthols met with failure due, it v;as 
believed, to the type of apparatus available for fusion. 
Nitration of the hydrocarbons gave in each case a mono-nitro- 
derivative but tliese on reduction gave rise to resins only. 
Small quantities of the acetyl derivatives of each base were 
isolated but these also on hydrolysis gave resins. It was 
concluded therefore that the isopropylnaphthylamines were 
unstable substances, easily converted into resins.



M O N O - A L K Y L A  T I 0_N___0_F__ N A P H T H A L E N E .

The alkylation of naphthalene has been 
successfully carried out by a number of different methods 
by many investigators.

^  A L K Y L A T I O N  O F  N A P H T H A L E N E
USING THE FITTIC- REACTION.

Alkylation of naphthalene was first attempted 
in 1882 when Leone prepared both ĉ - and ^/-isoamylnaphthalenes 
by the action of sodium on a mixture of isoamylhalide and 
a halogenonaphthalene. (Gazzetta, 1882, 3^, 209; 1890, 20,
719).

The synthesis of y-isopropyInaphthalene was 
therefore attempted using the Fittig reaction.

The ^-bromonaphthalene, Isopropylbromide and sodium 
were used in the proportions given by Fittig for the 
preparation of methyl- and ethyl-naphthalenes. (Anrialen., 
1870, 155, 112). One and a quarter molecules of isopropyl 
bromide was condensed with one molecule of bromonaphthalene 
using three atoms of sodium. The reaction took about thirty 
six hours to complete itself and on fractionation of the 
product, a yield of 14% of the theoretical of gc- isopropyl 
n^hthalene was obtained. The main bulk of the product was 
a thick black tar.



2.
T% I S O P R O P Y L A T I O N  OF ÎÎ A F P T PI A L E N E ' 

USING THE GHJOHARD REACTION.

In 1931 Eerzenberg and Wlnterfeld success
fully synthesised c<-isopropyInaphthalene by the action of 
methyl magnesium iocide on naph thy line thy Ike tone.
(Ber., 1931, 64, 1036). The (/-naphthyldimethylcarbinol 
obtained was dehydrated to pd-isopropenyInaphthalene by 
heating with acetic anhydride at 150^ for six hours.
These authors attempted to reduce the ethylenic compound 
using sodium and alcohol but they obtained a mixture of 
di- and tetra-hydro isopropenylnaphthalenes which they 
dehydrogenated catalytically with nickel-alumina at 360O.
The o<̂- isopropyInaphthalene obtained gave a picrate, 
m.p. 65-86^,

This synthesis was repeated by Cook using 
methyl magnesium iodide and ethyl (/-naphthoate . (J.,1932, 
456). Cook modified the reduction of the ethylenic bond, 
finding that a convenient method was to use hydriodic acid 
in boiling acetic acid.

It was decided to repeat the synthesis of 
oC' is opr opy Inaphthalene using modifications of the two 
methods quoted abo\e. oC-Bromonaphthalene in ethereal 
solution was converted into its Grignard reagent and acetone 
added to the solution. The product was decomposed with 
dilute hydrochloric acid and the carbinol extracted with
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ether. An attempt was made to convert the carbinol into 
/5-brortio - 1-nsphthylpropane by the action of phosphorus 
tribromice in carbon tetrachloride solution. It was 
intended to convert this bromide into its Grignard reagent, 
and decompose it with ice to give the required hydrocarbon, 
but the action of phosphorus tribromide on the carbinol was 
one of dehydration and not replacement of hydroxyl by bromine. 
The 1 s o - TJ r o r. ■ e n V 1 n a n h t i : a 1 e n e obtained gave a picrate m.p.89-90^, 

(Cook gives 88-90*(loc.cit), Grignard 91*(Bull.Soc.Chim.1876 
(ill) 25, 498) but hay and Morton 141* (J^,1914, 1 ^, 1561) ).

Reduction of the ethylenic compound was 
attempted in alcoholic solution with hydrogen under a 
pressure of 80-lbs / sq.inch using platinum black as catalyst. 
The product obtained after eight hours hydrogenation v/as 
found to be a mixture of reduced and unreduced hydrocarbon 
forming a picrate in.p.70-78*. This method of reduction was 
therefore considered unsatisfactory but it was thought 
probable that the catalyst might have become poisoned by 
traces of arsenic compounds present in the laboratory.

The partially reduced oil was subjected to a 
reduction with sodium and alcohol. The results obtained 
agreed with those both of Eerzenberg and Winterfeld, and of 
Cook. The product wus a colourless oil, b.p. 130/l6m.m. 
which formed no picrate and was probably a mixture of hydro- 
isopropyInaphthalenes.
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The 1 sopropenyInaphthalene was therefore 

red cod by Cook's method by boiling for ninety minutes with 
hydriodic acid in acetic acid solution. A yield of Zlfo of 
(X -isopropylnaphthalene was obtained as compared with Cook's 
yield of .40)1, The picrate v;as found to melt at 84-8G* (Cook 
gives 83'5-8G*, Eerzenberg and V/interieid 85-86*).

C. I S O P R O P Y L A T I O N  OF N A P H T H A L E N E  

BY THE FRIEIEL AND CRAFTS METEOR.

The isopropylation of naphthalene has been 
carried out several times by the Friedel and Crafts' 
synthesis when the i_sopropyl- group is found to enter the . 
naphthalene molecule in the ^-position.

In 1887, Roux synthesised ^ -isopropyl- 
naphthalene by the action of isopropyl bromide on naphthalene 
in the presence of aluminium chloride. (Ann.chim.phys.1887, 
(VI), 12, 315).

In 1932, Haworth, Letsky and Mavin obtained 
the same d) hydrocarbon in a 40)1 yield by heating the alkyl 
halide and naphthalenè together dn a water bath with the 
gradual addition of the alunlnium chloride. (J.,1932,1784).

It v/as decided to repeat this synthesis using 
the reactants in carbon bisulphide solution. There appeared 
to be no vigorous reaction at 0*, but on standing, for twelve 
hours at 18*, a heavy red oil separated. After working up
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in the usual manner, a yield of only 15p of pure /^-iso- 
propyl naphthalene was obtained. It appears best therefore, 
to carry out the synthesis according to the method of Haworth.

In 1879, it v/as shown by Balsohn that ethylene 
could be substituted for ethyl chloride in the Friedel and 
Crafts' synthesis (Bull.Soc.Chim. 1879, (ii), 31, 559),
The reaction was found by Milligan and Reid (J.Amer.Chem.Soc. 
1922, 206) to be facilitated by high speed stirring to
such an extent that this becomes a convenient method for the 
éthylation of benzene. Berry and Reid (J.Amer.Chem.Soc.1927 
49, 3142) extended Balsohn's method to the alkylation of 
benzene, toluene and naphthalene using both ethylene and 
propylene. They discovered that propylene is absorbed by 
benzene under tie same conditions as ethylene but at only 
4% of the rate. By this method, mono-, di-, tri-, and tetra- 
isopropyIbenzene3 were obtained. Isopropylation of 
naphthalene was attempted similarly by the transfer of 
isopropyl- groups from di-isopropyIbenzene. 217G. of
naphthalene and 132g. of di-isopropyIbenzene were stirred 
at 90* for four and a half hours in the presence of aluminium 
chloride, 15G.were obtained of a fraction which was 
probably isopropylnaphthalene (b.p. 264-266*). One third 
of the naphthalene was recovered unchanged and there were 
higiier boiling products which were not identified.
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En I S 0 P R 0 ? Y L A T I 0 N OF lî A P H ï H A L E  H -E 

£Y CCIIFENSATION OF THE ALCOHOL AND NAPHTHALENE 
LITE SULPHURIC ACTE.

This method was used by H.Meyer and K.Bernhauer 
in 1929 (Ihnatsh., 55 and 721). 450. of isopropyl-
alcolhol were condensed with 60g. of naphthalene in the 
presence of 5G0cc. of 70-SO/o sulphuric acid at 80* for tv;o 
and a half hours. The acid was then diluted to 60y and, 
after steam distillation, a number of mono-, di-, and tri-, 
isopropylnaphthalene were obtained. Fractionation of 
1046g. of oil at water pump pressure gave the following 
products :-
(i) hono-lsonropvlnaphthalene b.p. 144-149* 265g.
(ii) Li-i sopropvlnaphthalene b.p. 166-180* 407g.
(iii) Tri-1sopr0pyInaphtha1ene b.p, 188-201* 146g.

The first fraction was refractionated into
(a) Fraction b.p. 144-147*
(b) Fraction b.p. 147-149*

Tiie products obtained were identified by 
oxidation with 5)U nitric acid to the corresponding acids, 
when yields varying between 3 and 24% of the theoretical 
were obtained.

Oxidation of (a) gave -naphthoic acid, and
that of (b) (X -naphthoic acid. These were identified by 
their calcium salts.
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This method was applied by Miss Thompson 

(unpublished work) to the isopropylation of tetralin.
Both a mone-and a di-Isopropyltetralin were obtained which, 
on dehydrogenation with sulphur at 180* (Vesterberg Process) 
gave the corresponding mono- and di-isopropylnaphthalene.
The mono-isopropylnaphthalene gave a picrate, melting point 
91*, which appeared to be identical with that of the - 
isopro pyIn a ph thale re described by Roux (Ann.chim.phy s . 1887, 
(VI) 12, 315) and Cook ( J ^  1952, 465).

hiss Smith modified this method (unpublished 
work) and successfully mono-is opr opy la ted tetralin - -
sulphonic acid using 100;i sulphuric acid at 45*. She did 
not however, dehydrogenate the mono-isopropyltetralin obtained.

Her work was repeated and dehydrogenation 
effected using the Vesterberg process with sulphur at 180-200^ 
The resulting isopropylnaphthalene formed a picrate, m.p.89*, 
which did not depress the melting point of -isopropyl- 
naphthalene picrate. The melting point of a mixture of the

opicrate and -isopropylnaphthalene picrate was 77-81 .
The first isopropyl group therefore enters 

in the /^-position in the tetralin molecule.



D I - I S  O r R O P Y L A T T O N  OF N A P H T H A L E Y E .

^  BY coin ENSATIIN AT 45*.
Ei-i_sopropylnaphthalenes were first prepared 

by ll.i. eyer and E. Bernhauer (Monatsh., 1929, ^  and M  , 721) 
Their method was the one described previously, using iso- 
propyl alcohol and 80)1 sulphuric at 45*. From the fraction 
of oil b.p. 166-180* at water pump pressure, they claimed 
to have isolated three di-isopropylnaphthalenes which were 
identified by oxidation, to the dicarboxylic acids, by 
means of 5y nitric acid. The oil, b.p. 166-180*, v/as 
refractionated into two fractions,

O(a) b.p. 164-176 at water pump pressure
(b) b.p. 176-178*" " " "

(a) was obtained on cooling as a colourless solid; 
it crystallized from alcohol in leaflets, m.p. 52*. Oxidation 
of this hydrocarbon yielded an acid which was esterified to 
the methyl ester using methyl alcohol and sulphuric acid.
The ester obtained had a constant melting point of 98-98*5,* 
and v/as identical with the methjl ester m.p. 99* of naphth
alene-1 : o-dicarboxylic acid prepared by Weissgerber and 
hruber (Eer., 1919, 552).

Oxidation of (b) gave two acids which were 
separated by the difference in solubility in alcohol of 
their methyl esters. The ester difficultlysoluble in



alcohol was Identified as methyl naphthalene-2 ;6-dicarboxylate 
and the other as the 2:7 compound.

The three di-isopropylnaphthalenes isolated 
by Meyer and Bernhauer by this method of isopropylation 
were therefore the 1:6, 2:6, and 2:7 compounds.

^  BY CGNLYYSATION of the /f-SuLPRONATE at 120*.
A di-isopropylnaphthalene identical with 

their 1:6 compound was prepared by Meyer and Bernhauer by 
the isopropylation of naphthalene-^-sulphonic acid with iso- 
propyl alcohol and concentrated sulphuric acid at 120*.

They isolated the potassium salt of di-lso- 
propyInaphthalene -yj-sulphonic acid pure and prepared 
several derivatives. The o_-toluidide crystallized in 
colourless needles m.p. 215-216* and the sulphonyl chloride 
had m.p. 71*.

They then effected desulphonation of this 
salt by the usual process of distilling with phosphoric acid 
in superheated steam. The di-1sopropyInaphtha1ene obtained 
m.p. 52*, was identical with the 1:6 compound already 
described. On oxidation Meyer and Bernhauer obtained the 
expected dicarboxylic acid.

The di-3^s_opropylation of n a p h t h a l e n e s a l t  
at 120* was repeated . according to Meyer and Bernliauer's 
directions. A 17)1 yield of potassium di-isoeropyInaph11 lalene 
/^•sulphonate was obtained which formed a well-defined
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sulphonyl chloride, crystallizing in beautiful hexagonal 
prisms, m.p. 86*5-87^. The o-toluidide crystallized in 
plates , m.p.144*, and the nytoluidlde in needles m.p.154°.

hesulphonation of the potassium salt gave a 
solid di-isopropylnaphthalene crystallizing in hexagonal 
plates m.p. 51*. This was resulplionated at 45* when the 
sulpjionic acid group most probably enters the ^K-position. 
The sulpr,on-D-toluidide was prepared crystallizing in 
sle-.cer prisms m.p.144-145 *, and also the oytoluidide m.p. 
164-164'5*.

C. EY COhhl-hiriüN of the - SALT at 45*.
Li-isopropylation of naphthalene has been 

carried out by the Imperial Chemical Industries Ltd. by 
condensation of naphthalene-y^-sulpi:onic acid with Isopropyl 
alcohol in the presence of concentrated sulphuric acid at 
45*. (For details see Experimental). The crude oil was 
fractionated at Bedford College and two di-isopropyInaphth- 
alenes isolated. The following fractions were obtained:-

(i) Naphthalene b.p.l25-152yiGm.m 21*5g.
(ii) Mixed Iroduct , b.p. 157-145/^iem.m 7g

Keiractionated into naphthalene and an 
oil b.p. 152*/l5.m.m.

(iii) Li-i^propyInaphthalene b.p.l52-1567l8m.m 47*5g.
(iv) T r i-i s 0 nr onVIn a phtha1en e b .n .18C-1S 7^25m.m 3 8 *5g.
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Fraction (iii) v;as refractionatec into:-

(a ) Yellow oil b.p. 152*/l7m.m.
(b) 1 i - i s o p r o py In a pii t la lene b.p. 161-167*/l8m.m.

Analysis of (a) gave C, 91*55., II, 8*3.
Ii-2_sopropyInaphthalene requires C, 90-7., K, 9*3.
From tl'8 results of the analysis, it was thought that (a) 
might be a mixture of a mon o-i s o pr o pyIn a phthalene with the 
solid hydrocarbon. The oil was therefore refractionated 
from a Bennett flask at a pressure of 2m.m. but no further 
separation was effected. This liquid di-3_sop ropy Inaphth
alene B was later characterised by a nitro derivative.

An attempt was made to prepate the picrate 
of B, but although the colour of the picric acid solution 
changed to a very deep orange, no picrate crystallized.
On evaporation of the solution, the hydrocarbon separated, 
and picric acid crystallized. It appears therefore, that 
if this hydrocarbon does form a picrate It is only stable in 
solution or in the presence of excess of picric acid.

On cooling, fraction (b) became solid, and 
crystallized from alcohol in square plates m.p. 51*. There 
v/as no depression of tlie melting point v/hen mixed with the 
other solid di-isopropyIna ph thalene (hexagonal plates), 
Crystallization of a mixture of the two compounds gave the 
entire product as hexagonal plates. Inoculation of a 
solution of the square crystals with a hexagonal crystal
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Induced hexagonal crystallization, but square crystallization 
could not be induced by inoculation of a solution of 
hexagonal crystals with a square crystal. The solid di- 
isopropylnaphthalene A therefore appears to be dimorphous.

The identity of these two hydrocarbons was 
further confirmed by showing that their behaviour on sulphon
ation and their 6d-sulphonyl derivatives was the same.

As found by Miss Thompson, the hydrocarbon A 
did not form a stable picrate in alcoholic solution. The 
picric acid solution certainly deepened a little in colour 
when the hydrocarbon was added but not so considerably as 
the picric acid solution of B. The non-formation of these 
picrates is not altogether consistent with the view of 
Bennett and Willis (J., 1929, 256) that in these molecular 
compounds, the hydrocarbon acts as the donor and the nitro 
compound as the acceptor of electrons, since two isopropyl- 
groups would enhance the donor properties of naphthalene.
The non-formation of these picrates may however, be due to 
the sterlc effects of the two large Isopropyl- groups.
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D. BY CONIINIATION of the 0( - SULPIIONATE at 4 5 * .

By the isopropylation of naphthalene 
sulphonic acid at 45*, Meyer and Bernhauer state that they 
obtained a potassium di-isopropylnaphthalene sulphonate 
crystallizing from alcohol in small hard.crystals. 
oeveral derivatives of this salt were prepared, the _o-tol- 
uldjde melting at 214*, the sulplionyl chloride at 119*, and 
ti:e sulphbnamiae at 151*. Desulphonation gave a solid di- 
isopro pyIna phtha1ene melting at 38*. Resulphonation in the 

position gave a potassium salt different from the one 
which tliey had isolated previously. This salt gave rise to 
a sulphonyl chloride m.p.127*.

As these results appeared inconsistent, it 
was decided to investigate further the di-isopropylnaphthalene 
melting at 30*.

Potassium di-isopropylnaphthaleng-^sulphonate 
was therefore prepared according to the directions of Meyer 
and Bernhauer. Many attempts were made to obtain this salt 
in a fair state of purity so that derivatives could be made 
to compare with those of Meyer and Bernhauer. The potassium 
salt did not crystallize from the neutralized alkylation 
mixture and, on evaporation to dryness, a product was obtained 
contaminated with a large bulk of potassium sulphate. A
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purer substance v/as obtained by the method of salting out, 
but the potassium salt could not be extracted from the 
product, although Meyer and Bernhauer state that they 
crystallized the salt first from water and then from alcohol. 
The crude deliquescent mass v/as dried at 120* and attempts 
were made to prepare the sulphonyl chloride and sulphon- 
toluidides. The products were all deliquescent gummy 
substances.

The crude potassium ohsulphonate was desulph- 
onated and the oil obtained wus found to be a mixture of 28)1 
of a di-isopropylnaphthalene b.p. IGG^lTm.m. together with 
unchanged naphthalene and tri-isopropyInaphthalene.

The di-isopropylnaphthalene became solid on 
cooling, and after three recrystallizations from alcohol, 
it was obtained in hexagonal plates m.p. 51*. Both the 
hydrocarbon and its d-sulphon-p-toluidide gave no depression 
of the melting point when mixed with the corresponding 
compounds prepared by the other two methods.

Meyer and Bernhauer's di-isopropyInaphthalene 
melting at 38*is therefore the same as the di-isopropyInaphth- 
alene A prepared by the isopropylation of naphthalene 
sulphonic acid at 45*or 120*.
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E. -BY ÏI-IE ISOPROPYLATION OF TETRALIN.

Isopropylation of tetralin was carried out 
by Miss Thompson (impublished work) both by the Friedel and 
Crafts' reaction and by a condensation reaction using 10Q% 
sulphuric acid at 40°. An attempt to prepare mono-isopropyl- 
tetralin by a Friedel and Crafts' reaction failed, but 
di-isopropylation by the same method gave di-isopropyltetralin 
in a 50% yield. Dehydrogenation was effected by the 
Vesterberg process, and a solid di-isopropylnaphthalene 
obtained. Tills crystallized from alcohol in hexagonal plates,
m.p. 51^. The same hydrocarbon v/as obtained by the
condensation method and by a Friedel and Crafts' reaction on 
the isopropyltetralin described previously.

More of this hydrocarbon was prepared by the
Friedel and Craft's method according to Miss Thompson's
directions. The hydrocarbon obtained was sulphonated at 
45* and the a-sulphon-p-toluidide prepared. This crystall
ized in slender prisms, m.p.144*, and was identical with the 
corresponding compounds prepared previously.

To confirm the identity of the four solid 
di-isopropylnaphthalenes, a quadruple melting point was taken 
of the hydrocarbons themselves and of their cX-sulphon-_£- 
toluidides. In each case the melting point was very sharp 
and the same as that of each individual component of the 
mixture.
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KETi'OrS of PREPARATION of

I I - T S 0 P R 0 P Y L N A P H T H A L E !I E A .
S6jH ̂ >uA^cC ,wu6W.

a ir  iS-0 Q I ' ^  c t X - 4 0 *  ÇSSr*^CM»^cJiJ.

<03'- w<i5'
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C, / \
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0fc,Q%-̂CO ' Q<*,c«>£dc«:
I.e.I Av̂ Aodl \
cir 4.0

03"" 03r.:
A + 6 4 C  + P  rK.p.

/I, f-C,+3)j /v̂ .p.

CM
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T R I-I S 0 P R 0 F Y L A T I 0 N CF II A P H T E A L E II E.

From the condensation of isopropyl alcohol 
and naphthalene In the presence of 80/; sulphuric acid 
described previously, heyer and Bernhauer Isolated a tri- 
isopropylnaphthalene, b.p.188-201^at water pump pressure.
On oxidation and estérification this oil yielded two solid 
esters, one easily soluble in alcohol m.p. 132-154° , and one 
difficultly soluble in alcohol melting point 192* . The 
liquid product obtained on estérification was fractionally 
distilled and appeared to be a mixture of the methyl esters 
of di-isopropylnaphthalene-carboxylic acid, b.p. 200-240*.
One ester was obtained from the mixture distilling at 206*, 
which on treatment with alkali gave a carboxylic acid 
melting above 300^. On decarboxylation, a liquid di-iso- 
propyInaphthalene was obtained.

The tri-isopropylation of naphthalene was 
repeated in 1935 by hiss Thompson according to the directions 
given by the Imperial Chemical Industries Ltd, Sodium 
naphthalene-/^- sulphonate was condensed at 40* with tliree 
molecules of isopropyl alcohol in the presence of 100^ 
sulphuric acid, and from the exceedingly deliquescent and 
somewhat gummy mass of sodium salts, di- and tri-isopropyl- 
naphthalenes were obtained on desulphonation. Resulphon
ation of the tri-isopropylnaphthalene, at 10* gave two
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isomers, one of which yielded a crystalline potassium 
sulphonate and the other an amorphous substance. The 
crystalline salt formed a well defined sulphonyl chloride 
m.p. 128^.

hiss Smith then tri-isopropylated sodium 
naphthalene-oC-sulphonate and showed that as regards tri- 
isopropylation, the three isopropyl groups take up the same 
relative positions as in the series. The sodium tri- 
isopropyInaphthalene -.(X~ sulphonate formed a well defined ' 
sulphonyl chloride m.p.128^identical with that prepared by 
hiss Thompson.

Tri-isopropyInaphthalene was prepared by the 
Imperial Chemical Industries Ltd. by the condensation of 
three molecules of isonropyl alcohol with naphthalene in the 
presence of 100^ sulphuric acid at 40* (for details see 
Experimental). The crude oil after desulphonation, v/as 
fractionated at this College and found to consist of a 
mixture of 18;̂  of di-isopropylnaphthalene A and 82^ of tri- 
isppropylnaphthalene. The oil contained very little tarry 
matter and there was no trace of unchanged naphthalene or of 
di-isopropylnaphthalene B.
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C 0 T I T U T I O N  OF T--.F D I - AND T R I -

I S 0 P R 0 F Y L N A P H T H A L E N D S.

The 1s 0 pr opyla t i on of tetralin was first 
Investigated by hiss Thompson with a view to providing a 
cine to the constitution of Oi-isopropyInaphthalenes. The
mon 0-i s o pr opy11e tr a1i n obtained was thought to be the 
compound and this has since been confirmed (See Section One) 
The introduction of a second isopropyl group into /5-iso- 
propyltetralin using the Friedel and Crafts’ reaction gave 
a di-^sorropyltetralln which must be one of the compounds 
I, II, or III.

CH.
CM,
CM,

CM

I

c;: CK

II.

CHfie

Cli,

III.

According to the theoretical considerations 
of Mills and Nixon (J., 1950, 2510) and the work on the 
derivatives of -hydroxytetralin of Schroeter (Annalen.,
1922, 426, 83), the second isopropyl group will most likely 
enter the CC-position adjacent to the /^-position already 
occupied by an isopropyl group. The di-isopropyltetralin 
obtained is therefore probably the 1:2 compound. Dehydrogen
ation of this would yield 1:2 di-isopropylnaphthalene.
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CM'J. 
CM).

I'he hydrocarbon actually obtained on dehydrogenation v/as a
osolid melting at 51 ,

The course of the reaction is probably as
follows:-

 ^

CM,

CM ̂ *̂ 2. CHWC,.

cu.w &*s.
CĤ

Taking mixed melting points of the solid 
di-isopropylnaphthalenes and of their derivatives as proving 
identity, the conclusion of heyer and Bernhauer that the 
di-isopropylation of potassium naphthalene-/^-sulphonate gives

cHtie, SOjK.
o f

KSOj 
Me, CM

desulphonated to
CHMC}

m.p.51 .

appears false. The solid hydrocarbon seems actually to be 
the 1:2 di-isopropylnaphth<U-ene.. .

Considering the j^^propylation of naphthalene 
o(~ and /^-sulphonic acids, the isopropyl groups would be 
expected to enter the unsubstituted nucleus owing to the 
deactivating effect of the.sulphonic acid group,
Naphthalene-oC-su3-phonic acid v/ould be expected to give a
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compound I, II, III, IV, the second stage giving one of the 
corresponding a, h, or c compounds (excluding the 2:3 compound 
as improbable).

P - -S » "SOjH.

P

I

la.

->
P

a

r s

It-.

p s

11 tr.

JLc.

T  S P S

JJL H a . Mir. m

P

b L B T a
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p
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Similarly in the p  series

?  ?  ?  P
,s / N / N s

1 Ja I c

-CO'
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From these considerations, the di-isopropyl- 

naphthalenes A and B formed by condensation of naphthalene 
or yd-sulphonic acids with isopropyl alcohol, ore either 

the 1:2, 1:3 or 1:4, compounds. For the hydrocarbon A, the 
1:4 configuration is excluded since the substance can be 
synthesised from tetralin which isopropylates first in the 

position.. The isopropyl groups in A therefore occupy 
either the 1:2 or 1:3 positions. The 1:2 position seems 
the more likely according to the considerations already 
quoted.

Tlie hydrocarbon B is therefore probably 
either the 1:3 or 1:4 derivative, although there is a 
possibility that in this case the second isopropyl group 
might enter into the nucleus in which the sulphonic acid 
group is substituted. Consideration of the orientation 
of tri-isopropylnaphthalene tends however, to reject this 
possibility.

Since A and B are formed in approximately 
equal quantities together with tri-isopropylnaphthalene 
during condensation of either the or series, and since 
in tri-isopropylation, as in di-isopropylation, the iso- 
propyl groups take up the same relative positions in either 
the o(- or series, it is probable that compounds A and B 
are true precursors of the tri-isopropylnaphthalene C.
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'frl-lsopropylatlon would tlien proceed as follows

C< SKRIES.

P
p  cs; p . c s )

S  SERIES.

?
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Desulphonation of Q, followed by resulphon- 

atlon, would be expected to give P. This was actually 
observed by hiss Smith.

0 ,The tri-lsopropylnaphthalene b.p.176-180 /18m.m. 
therefore probably has the isopropyl groups in the 1:2:4
positions. cwMe,

CHrtê

An attempt was made to repeat the oxidation 
of A in order to Justify the conclusion of its constitution, 
heyer and Eernhauer carried out the oxidation by refluxing 
with. 5/ nitric acid for a hundred and forty four hours, 
when they obtained an acid which they identified as naphth- 
alene-1:6-dlcarboxylic acid through its dimethyl ester.

heyer and Eernhauer*s oxidation was repeated 
with the modification of using nitrobenzene as a solvent 
for the hydrocarbon. 0*05G. of a crude product was obtained 
from 6g. which could not be identified by its melting point 
of 206-210*, nor by results of its analysis. Attempts to 
prepare the methyl ester also failed and it was concluded 
that the constitution of this 1:2-di-ieopropylnaphthalerie 
would not be confirmed by this method of oxidation.

In 1952, Haworth, Eetslcy and havin oxidised 
6-is_opropyl-2-naphthoic acid to naphthalene-2:6-dicarboxylic
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acid (J.,1952,1734). Their method of oxidation was applied 
to the oxidation of the hydrocarbon A. The hydrocarbon 
v/as heated on a water bath for seventy hours with one 
hundred times its weight of potassium ferricyanide in 
caustic potash solution. In this case, about Ig. of crude 
oil together with 0*05g. of a solid was obtained from 4g, 
of hydrocarbon. The solid product was not the required 
acid.

From these results it appeats more likely 
that the constitutions of the di- and tri-isopropylnaphth- 
alenes will be settled by synthetical methods rather than 
by oxidation.
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S Y N T H E S E S  0 F

D I - I S 0 P R 0 F Y L H A P H T II A L E N E S,

The di-lsopropylatlon of naphthalene wns 
first carried out in 1929 by li.heyer and H.Eernhauer as 
described previously. During their work on the di- and 
tri-isopropylnaphthalenes these authors made no attempt to 
prepare any of their compounds by direct synthesis, nor can 
any reference be found in the literature for the preparation 
of di-isopropylnaphthalenes from naphthalene compounds of 
known constitution.

As none of the di-isopropylnaphthalenes had 
been prepared by direct synthesis,the synthesis of several 
di-isopropylnaphthalenes wns attempted with a view also to 
providing a key to the constitutions of the di-isopropyl- 
naphthalenes already Imown.

Two methods of synthesis were used (a) by 
a Fittig reaction, and (b) by a Grignard reaction. Of 
these two methods the latter proved successful; l:5-di- 
isopropylnaphthalene was prepared by a Grignard reaction 
on methyl naphthalene-1:5-di-carboxylate.
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A . ATTEMPTED EYHTilLSIP OF 1 : 4 -ri-IS 0P R 0P Y L lTA P K T I:A IhN E

USIPG THE FITTIG ' REACTION.

1:4-Dibromonaphtiialene was prepared in a 
30/ yeild by the action of bromine on naphthalene dissolved 
in chloroform at 0^, A Fittig reaction was then attempted 
using l:4-dibromonaphthalene, isopropyl bromide and sodium. 
The oil obtained v/as fractionated from a Bennett flask 
when 3g, (9p) of an oil distilling at 105°/l3m.m. v/as 
obtained. Analysis of this fraction showed that it was a 
mixture of naphthalene, p-bromo-isopropylnaphthalene and 
possibly a trace of the required 1;4-di-isopropylnaphth.alene.

This method of synthesis seemed unsatisfactory 
and was therefore not proceeded with.

ATTEhPTED SYNTHESId OF 1 :6- AND SYNTHESIS OF 
1: 5-DI-IEOFROPYLUAFIITHALEUE
USING THE GRIGNAHD REACTION.

An attempt was made to prepare l;G-naphth- 
alene-dicarboxylic acid by the nitration of naphthoic 
acid with subsequent reduction to the amine and Sandmeyer 
reaction to the nitrile. Nitration of naphthoic acid 
with nitric acid (d 1*42) at 80* was found by li.A.Karrison



29.
and Royle (J.,1926, 34) to give 40/ each of 5- and 8-nitro- 
2-naphthoic acids, which they separated through their ethyl 
estei's by fractional crystallization from light petroleum.

Repetition of this work according to the 
directions given by Harrison and Hoyle gave petroleum ether 
extracts of high impurity. It was thought that by repeated 
fractional crystallization each ester could be obtained pure 
but in too small a quantity to continue the synthesis of 
reduction, Sandmeyer reaction into the nitrile and subsequent 
Grignard of the ester of the di-acid.

Separation of tlie mixture of 5- and 8-nitro-2- 
naphthoic acids was tried by slow precipitation of a dilute 
solution of their sodium salts with the required amoiunt of 
acid. The first fraction precipitated was highly impure and 
even if this method of separation had proved satisfactory 
it would have been impractical on a large scale.

Ti.e most convenient method of preparing 
naplitholene dicarboxylic acids in sufficient quantity for 
subsequent Grignard reactions was found to be that described 
by Bradbrooh and Linstead in their paper on the "Preparation 
of Ten Iji-Cyanonaphtholenes" ( J ., 1956, 1759) .

Sodium-1 -cyanonaphthcxlene-5-sulphonate was 
fused in a stream of carbon dioxide with five equivalents of 
potassium ferrocyanide at a pressure of 100m.m. and dull red 
heat. The 1:5-dicyanonaphthalene sublimed in an almost pure
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condition in a 12/ yield. This yield as compared with the 
55/ obtained by Eradbrook and Linstead, was accounted for by 
the differences in the conditions of fusion. The pressure 
under which fusion was carried out by Eradbrook and Linstead 
was 40m.m. and consequently the temperature of fusion and 
sublimation was lower than that required at the pressure of 
100m.m. used by us, with our apparatus. At higher pressures 
Eradbrook and Linstead found that their yeild of di-cyano- 
naphthalene decreased and the results found at this College 
are in agreement.

Hydrolysis of 1:5-dicyanonaphthalene was 
effected using Eradbrook and Linstead’s method (loc.cit). of 
boiling under reflux with a mixture of acetic acid and 
diluted sulphuric acid. The di-acid obtained was converted 
into its methyl ester by way of its silver salts.

The Grignard reaction using methyl iodide 
v/as carried out on methyl naphthalene-1 ;5-dicarboxylate in 
the usual man 1er. The reaction proceeded very smoothly and 
58/ of pure naphthalene-1:5-dimethyl carbinol v;as obtained 
crystallizing from alcohol in beautiful hard hexagonal prisms, 
m.p. 216?

Naphthalene-1;5-dimethyl carbinol was 
dehydrated into 1:5 di-isopropenylnaphthalene by heating under 
reflux with acetic anhydride. This ethylenic compound was 
an oil and as there was such a small quantity,its physical
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properties were not determined. Hydrogenation was proceeded 
with immediately by the method of Cook (J.,1952, 456) using 
hydriodic acid in boiling acetic acid. The di-isopropenyl- 
naphthalene v/as refluxed with the mixture of acids for two 
hours. The liberated iodine was destroyed by pouring into 
a solution of sodium metabisulphite and on standing for 
twelve hours, a white solid separated. This solid 
crystallized from petroleum ether (b.p, 40-60*) in hard 
rhombohedra, m.p.104-104•5 *.

There was a possibility that this compound 
might be the dimeride of 1 ;5-di-isopropenylnaphthalene since 
reduction by the method used gives, in the case of o(-iso- 
propenylnaphthalene, its dimeride together with c<-isopropyl- 
naphthalene (Cook. J., 1952, 456). This possibility v/as 
however, rejected on analytical considerations, since the 
dimeride requires C, 91*53 and 1:5-di-isopropylnaphthalene 
C, 90*57. Tpe value found was C, 90*50.

Absolute confirmation of the identity of the 
new 1;5-di-isopropylnaphthalene by a molecular weight 
determination was not possible due to lack of time to prepare 
sufficient material.

This synthesis by a Grignard method of the 
first di-isopropylnaphthalene to be prepared from a naphtha
lene compound of knovm constitution, has opened the way to 
the syntheses of the entire series of the di-isopropyl-
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naphthalenes and possibly some of the trl-isopropylnaphth- 
alenes. It seems probable therefore, that the constitutions 
of the hydrocarbons A, B and C will shortly be determined 
and doubts upon previous work settled.
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I N V E S T I G A T I O N  OF THE I S O P R O P Y L -

N A P H T H 0 L S AND N A P H T H Y  L A M I N E S .

At the request of the Imperial Chemical 
Industries Ltd. attempts were made to prepare naphthols and 
naphthylamines from the di- and tri-isopropylnaphthalenes 
in order to obtain compounds which could be examined as 
intermediates for general use in azo colour work.

The simplest azo dyes, like those of other 
types dye a yellow colour, but by increasing the number of 
auxochrome groups present (i.e. groups such as -OH or -HHg 
capable of conferring acidic or basic character on the 
compound) the shade gradually deepens. An increase in the 
number of chromophores (i.e. the group -H-N- giving di- and 
tri azo- compounds etc.) alters the colour in the direction 
of blue and even black. The presence of a naphthalene 
nucleus inclines it towards red, and the co-existence of 
several of these nuclei enables one to arrive at violets 
and blues.

Coupling of naphthols, naphthylamines, amino- 
naphthols or their sulphonic acids (to confer solubility on 
the dye) occurs hoinonuclearly with diazotised bases. oC- 
Hydroxy- and oGaminonaphthalene couple in the para position 
or in the ortho position if the para is occupied. In t h e s e r i e s ,
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coupling occurs readily in the c(- position relative to the 
auxochrome group.

Coupled in the ortho position, naphthylamines, 
naphthols and their sulphonic acids furnish valuable dyes, 
fast to soap, but in the para position products are obtained 
which are useless as dyes as they change colour when brought 
into contact with acids and alkalis. In the preparation of 
the (/-naphthols it v/as therefore borne in mind that the 
para position would have to be blocked by a sulphonic acid 
group in order to furnish a good dye intermediate.

SULPHQNATICN OF LI- AND TRI-ISOPROPYLNAPHTHALENES.

DI-ISOPROPYLNAPHTHALENE A.
This hydrocarbon v/as sulphonated by dissolving 

in ten parts of concentrated sulphuric acid at 40*. The 
^-sulphonyl chloride prepared from the potassium salt 
melted at 120-124^ to an opaque wax. This melting point 
could not be raised by further crystallization, although 
Meyer and Eernhauer give the melting point as 127*.

_2̂  DI-ISOFROPYLNAFHÏHALENE E.
This oil was sulphonated by dissolving in ten 

parts of concentrated sulphuric acid at 60*. The diluted 
solution was neutralized with potassium hydroxide and on 
cooling It set to a clear gel. ' The gel was dried and an
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amorphous powder v/as obtained which could, not be separated 
from the large bulk of potassium sulphate present. The gel 
was reformed when the product was dissolved in water.

Attempts were made to prepare derivatives of 
this di-isopropylnaphthalene sulphonate in order to 
characterise it, but only oily pastes were obtained. It 
was thought that the non-formation of the sulphonyl chloride 
and sulphon-toluidides was. due to the impurity of the 
starting product.

^  ÏRI-ISOFROPYLNAFHTHALINS C.
This was sulphonated at 1C* when two isomers 

were obtained. The yield from 20g. of hydrocarbon was 13g. 
of a crystalline potassium ^<-sulphonate giving a sulphonyl 
chloride m.p. 128°, and lOg, of an amorphous Isomer,

The sulphonation was attempted at 160° when a 
certain amount of charring occurred. The potassium 
sulphonate obtained was completely Insoluble in alcohol and 
therefore not identical with the isomer obtained during the 
sulphonation at 10°. Although very soluble in water, the 
salt could not be crystallized from this solvent and it was 
found impossible to purify it from the potassium sulphate 
with which it was contaminated. No derivatives could be 
isolated.



36.

ALKALI FUSION of the SULPHONIC A C I T ^

The sulphonic acids were fused with three 
parts of potassium hydroxide in a nickel crucible at 280*.
The upper layer of oil in each case gave black oily tars 
which were soluble in most solvents but could not be 
crystallized.

The failure to prepare these naphthols was 
thought at first to be due to air oxidation during fusion.
The fusions were therefore repeated in a current of nitrogen, 
allowing the hot masses to cool also in an atmosphere of ' 
nitrogen. As similar tarry products were obtained, the 
preparation of these naphthols was abandoned. The failure 
v/as attributed to the type of apparatus available for 
fusion, as it was thought extremely likely that the naphthols 
could be obtained by digesting with caustic soda solution 
under pressure.
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NITRATION OF THE ISüPROIYLNAFHTHALLNÏ.S.

The nitration of the three hydrocarbons 
A, E and C v/as attempted using several different methods of 
which only two were successful. The first method v/as that 
used for nitration of naphthalene, nitrating with a mixture 
of 60/ nitric acid and 60/ sulphuric acid (Thorpe’s Dictionary 
of Applied Chemistry :- Article on Naphthalene). For 
naphthalene itself, nitration at 40* gives 95/ of dhnitro- 
naphthalene together with a small quantity of the compound. 
Applying the same method to the isopropylnaphtbalenes, the 
main product v/as a tar together with a little poly-nitro- 
compound. Repetition at a temperature of -10 to 0° gave 
the entire product as a mixture of mono- a.nd poly-nitro- 
coinpounds. This extreme ease of nitration of the di-and 
tri-isoproylnaphthalenes compared with that of naphthalene 
would be expected considering the fact that the introduction 
of alkyl groups into the aromatic molecule increases its 
reactivity and that isopropyl is the most effective of such 
groups (Robinson and Allan. J., 1926, 376).

A similar semi-solid mixture of nitro compounds 
v/as produced when nitration was attempted using ten parts 
of fuming nitric acid at -15^. The nitration ŵ as next 
attempted by dissolving the hydrocarbon in ten parts of 
concentrated sulphuric acid at 0° and adding one molecular
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proportion of potassium nitrate. A vigorous reaction 
occurred and the product v/as found to be a tar.

The method of Lîeisenheimer and Connerade for 
the preparation of 10-nitroanthracene (Annalen., 1904, 330,164) 
was next applied to the isopropylnaphtbalenes. The hydro
carbon was dissolved in glacial acetic acid at -15°, and a 
cold mixture of fuming nitric acid,acetic anhydride and 
glacial acetic acid v/as added very slowly with stirring.
The reaction occurred immediately, but was far less vigorous 
than in the other attempted nitrations. The product in the 
case of each hydrocarbon was a clean yellow paste which was 
dried and distilled in vacuo, when amber oils were obtained 
which became dark red on standing. The nitrated product 
of the tri-isopropylnaphthalene was an extremely viscous oil 
but could not be induced to go solid. In each case the
pure mono-nitro derivative v/as obtained in about a 60/ yeild, .

A further method of nitration was tried using 
that described by Witt for the manufacture of (/-nitronaphth- 
alene (Chemische Indusdrie., 1887, 3^, 216), One part of 
hydrocarbon was nitrated using four parts of a dilute mixture 
of acids. The acid mixture had the composition :-

12*5/ nitric acid (d 1*4)
58*0/ sulphuric acid (d 1*84)
29*5/ water.
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TTie hydrocarbon and acid were stirred together 
for about three hours when the reaction v/as found to be
complete. This is about half the time taken for the
nitration of naphthalene by the same process. In the case 
of di-isopropylnaphthalene A and tri-isopropylnaphthalene, 
it was found necessary to warm the mixture to 45° before
nitration occurred. The best then developed raised the
temperature of the mixture to 70*. For the di-isopropyl- 
naphthalene B, it was found necessary to cool the mixture 
as a vigorous reaction occurred immediately with evolution 
of oxides of nitrogen. The same mono-nitro compound v/as 
obtained with each hydrocarbon by this method as by the 
method of Meisenheimer and Connerade. The method of Witt 
was adopted for this work as it proved the easier to 
manipulate.



40.

REDUCTION OF THE NITRO-ISOFROFYLNAPHTHALSN5S.

The reduction of oC‘ nitronaphthalene to the 
amino- derivative is carried out commercially using iron 
filings and" hydrochloric acid. The reaction is very 
Vigorous and since there is a tendency towards elimination 
of the amino- group during reduction, the temperature is 
maintained at 50* only.

Tills method of wet-iron reduction was applied 
to the nitro-isouropyInaphthalenes. In each case there was 
no visible vigorous reduction but extraction of the mixture 
with alcohol gave black tars. These tars were shov/n to 
contain a trace of the amino- derivative by extracting with 
acid and diazotising. Coupling with alkaline ^-naphthol gave 
bright red colourations, but the bases themselves could not 
be Isolated.

Reduction of the nitro group was next tried 
using tin and hydrochloric acid. In this case no reduction 
occurred at all as the oil formed a protective coat over the 
tin and prevented attack by the acid.

As the reduction of many nitro compounds has 
been carried out catalytically giving in most cases amines in 
good yield, it was decided to attempt the reduction of the 
nitro-isopropylnaphthalenes with hydrogen under pressure , 
using a platinum catalyst prepared according to Adams’
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directions (Organic Syntheses VIII, 92). The solvent 
ciiosen was absolute ethyl olcoholsince it was found by Adams, 
Cohen and hees (J. Amer. Chem. Soc., 1927, 4^, 1093) that 
the reduction of aromatic nitro compounds proceeds quickly 
and in most cases quantitatively in this solvent. The 
amount of solvent used was a 150cc. per 0-1 mol of nitro 
cornpoui'd with 0*2g. of catalyst. The pressure of hydrogen 
was maintained at 2-3 atmospheres. The product obtained 
in the reduction of each of the three nitro-isopropyInaphth- 
alenes was a black oily tar containing, as before, only a 
trace of the amine. In no case v/as the required amount of 
hydrogen absorbed.

It was next decided to carry out the reduction 
catalytically in the presence of acetic anhydride in order 
to convert the amine into its acetyl derivative as soon as 
it v/as formed. The solvent chosen was glacial acetic acid 
although reduction of aromatic nitro compounds in this 
solvent was found by Adams, Cohen and Rees to take place 
nearly six times as slowly as with alcohol. The amount of 
hydrogen absorbed in this case was about twice as much as 
formerly but was only half of the theoretical value required 
for the reduction to the amine. After filtering off the 
catalyst, the acetic acid solution was poured into water.
In the case of the hydrocarbon A, a white solid was precip
itated immediately which was dried, and on crystallization
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from petroleum ether (b.p. 80-100*) proved to be the acetyl 
derivative in a 12/ yield. The hydrocarbons B and C gave 
greenish brown tars which were dried and extracted with 
petroleum ether when about 1/ of each solid acetyl derivative 
was obtained. Attempts to repeat thèse catalytic reductions 
failed to give any further acetyl derivative. The failure 
could not be attributed to poisoning of the catalyst as the 
reduction of cynitrotoluene was tried in the absence of 
acetic anhydride and p-toluidine obtained in an almost 
theoretical yield.

It was thougiit that the tar obtained might
possibly be a mixture of unreduced nitro compound, base and
acetyl derivative. It was therefore refluxed with concen
trated hydrochloric acid for half an hour, and on cooling 
a heavy black oil separated. The acid solution was tested 
for the presence of a base by diazotising. No coupling 
occurred with alkaline /^-naphthol showing that no base ŵ as
present. As the original tar had contained a trace of the
base, it was obvious that during the hydrolysis process 
this had resinified.

Hydrolysis of the small amounts of acetyl 
derivatives obtained was attempted using 75/ sulphuric acid, 
alcoholic potassium hydroxide and concentrated hydrochloric 
acid. In each case the product was a resin.
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From the results of these reductions and 
hydrolyses, it v/as concluded that the di- and tri-isopropyl- 
napii thy lamines are not stable products. They are very 
easily converted into resins.
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Preparation of ^-ISOPJiGFfLNA_PKTHALENE by a Grignard

Letbod.

_  ̂  * Na q>j_t hy Id line thy lea rb i n ql_._
C;H£j.rri

c< - Eroinonapr.thalene 1*2 mois. : used 69g.
Acetone 1 mol. : used 16*6g.
Magnesium turnings 2 atoms. : used 16g.

The magnesium turnings were placed in a litre 
flask under reflux and covered with ether dried over sodium 
wire. About a third of tne c/-bromonaphthalene was added 
and then a crystal of iodine to start the reaction. The 

bromonaphthalene was added in sufficient quantity to 
keep the liquid refluxing gently. The reaction had completed 
itself in about thirty minutes. Tlie ethereal solution was 
then filtered as quickly as possible through glass wool and 
again attached to the condenser fitted with a calcium chloride 
tube. The Grignard reagent crystallized out from the 
ethereal solution and more dried ether was added till-it 
was in solution again. The acetone, dried over potassium 
carbonate, was now added slowly down the condenser. A 
white gelatinous precipitate was produced. Excess of 
Grignard reagent was decomposed by adding a little crushed 
ice. The gelatinous precipitate wus decomposed by adding
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dilute hydrochloric acid until there was no further turbidity, 
More ether was found to be required to dissolve the carbinol 
as it was liberated. The ethereal extract v;as washed with 
sodium bicarbonate and sodium meta bisulphite solutions, and 
dried over potassium carbonate. After removal of the ether 
the crude white solid was distilled in vacuo, from a Claisen 
flask. Naphthalene and dinaphthyl collected in the first 
fraction. The fraction b.p. 150-160*/l3m.m, was refraction
ated from a Eennett flask. The whole product (45g.) 
distilled at 129-130®/iSm.m,

During vacuum distillation, the naphthyldi- 
methylcarbinol had dehydrated to give àhisopropenylnaphth- 
alene which distils at 125 /Sm.m. whereas the required 
carbinol distils at 159-161*^/9m.m.



ATTEMPTED CODkDDEIuN OP INTO
c.Kê f̂ r03

oi' Daphthyldimethylcarbinol (crude) 4Gg.
Phosphorus trl-bromido 22g.

The crude carbinol from the Grignard reaction 
was dissolved in a litre of carbon tetrachloride and placed 
in a flask under reflux. The phosphorus tri-bromide was 
dissolved in its ovm volume of carbon tetrachloride and added 
slowly down the condenser so that the mixture v/as kept 
refluxing gently. It was found necessary to warm gently on 
a water bath in order to complete the reaction. Excess of 
phosphorus tri-bromide v;as decomposed by shaking the solution 
with crushed ice. After washing with sodium bicarbonate 
solution and crying over sodium sulphate, the carbon tetra
chloride was removed by distillation at 76®. The residual 
oil v;as distilled in vacuo. Redistillation gave leg. of a 
pure yellow oil b.p. 129-131°/iSm.m. This gave no test for 
bromine and was obviously -isopropenyInaphtha 1 ene .

The reaction therefore, between ^-naphthyl 
dimethylcarbinol and phosphorus tribromide, is one of 
dehydration.
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- I80PHCÎ niYI.T; APIITUAT.LNE PICRATL.

HeQQ
Ig. o( - 1 s o D r o r e ny In a -ph t Iia 1 en e .
l*5g, picric acid.

The cold saturated alcoholic solutions of the 
two substances were mixed and on standing the isopropenyl- 
naphthalene picrate crystallized. Recrystallization from 
alcohol gave long yellow needle-shaped prisms m.p. 89-90°.

( Cook gives 88-90°(J., 1952, 466)
Grignard gives 91°(Bull.Soc.Chim.,1876,(lii) 25,

498)
but Kay and Morton^141°(J^, 1914,105,1581) ).
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Attempted REDUCTION of (K-ISOPROFENYLNAPHTHALER]
by a CATALYTIC PROCESS.

37g. #Klsopropenylnaphthalene.
50cc. alcohol.
O'lg. platinum oxide. (Adams’ Catalyst. Prepared by

method given in Organic Syntheses. Vol. VIII.Page 92).

The alcoholic solution of the hydrocarbon was 
placed in the bottle of the hydrogenator and the platinum 
catalyst added. The apparatus was evacuated and hydrogen 
under a pressure of 80-lbs per square inch, admitted. The 
bottle v;as shaken and after a time lag of about ten minutes 
during which the platinum oxide was converted into platinum 
black, the reduction of the unsaturated hydrocarbon commenced. 
The reduction was continued for about five hours until the 
required amount of hydrogen had been absorbed i.e. till the 
pressure of hydrogen had fallen to 76-lbs.

Tlie catalyst was filtered off and the alcoholic 
solution tested for unsaturation. A blood red solution 
was obtâined when a few drops of concentrated sulphuric acid 
v/as added to a test portion of the solution. This indicated 
the presence of cK-isppropenylnaphthalene as concentrated 
sulphuric acid causes polymerisation of this ethylenic 
compound to its dimeride.

As the reduction was not complete, hydrogen was
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again passed into the solution at a pressure of 96-lhyper 
square inch for a further six hours. After removal of the 
alcohol the oil was vacuum distilled from a Claisen flask.
A colourless oil (34g.) was obtâined, b.p. 127-12S°/l4m.m.

This oil formed a picrate, m.p. 70-78®and was 
obviously a mixture of reduced and unreduced hydrocarbon.

REDUCTION using SOBIUh and AhCCHOE.

20g. 2odium under benzene.
34g. Partially reduced oil.
5 Ü C C .  Alcohol.

The oil was dissolved in the alcohol in a. 
litre flask fitted with a side-arm. The mixture v̂ as boiled 
under reflux and the sodium added piece by piece down the 
side-arm. A vigorous reaction occurred. Vhen the reaction 
slackened a little, 25cc. more alcohol and mor^ sodium was 
added. This was continued until the solution gave no test 
for unsaturation.

The solution was cooled and sufficient water 
added to decompose the sodium ethoxide formed during the 
reaction. The alcohol was removed and the oil extracted 
from the residue with ether.

On distillation in vacuo, a colourless oil, 
b.p. 130*/lGm.m. was obtained which formed no picrate. This
is in agreement with the experimental results of both
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Herzenberg and V.interfeld (Ecr.1931., 64, 1043) and of 
Cook (J., 1032, 466).

(Cook J., 1952, 466)

16g , c<-IsopropenyInaphtka 1 ene .
18c.c, hycriodic acid (d=l*7).
21Cc.c. glacial acetic acid.

The substances were boiled under reflux for 
ninety minutes and then poured into sodium bisulphite 
solution to destroy liberated iodine. The product ?;as 
extracted with etner, and after removal of the ether by 
distillation, the residual oil was poured into ice-cold 
concentrated sulphuric acid to polymerise any ethylenic com
pound Y/hich had survived the hydriodic acid treatment. A 
blood red solution was obtained, indicating the formation of 
a dimeride of (X-isopropenylnaphthalene. The solution was 
poured into water and again extracted with ether. The X- 
isopropylnaphthalene was separated from its dimeride by vacuum 
distillation. 6G. (37/.-) of a colourless oil was obtained 
b.p. 150-132 °/lbra. 111.
The picrate crystallized as yellow prisms, m.p. 84-86
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Preparation _of by the FITTIG; REACTION.

C«Ke^

oC- bromon&phthalene 1 mol. ; used 34g.
ipppropyl bromic0 I;.- mol. : used 25g.
sodium 3 mois. : used 12g.

TP.e sodiiaa was cut into large but thin slices
and placed in a volume of dried ether twice that of the 
vol'jjr.e of bromides, contained in a litre bolthead flask under 
reflux. A crop of ethyl acetate v/as added to activate the 
sodium and the n;ixture of bromides, dissolved in their o m  

volume of dried ether, was added slowly. There was no 
vigorous reaction. After about half an hour, the surface 
of the sodium became brownish blue in colour and irridescent.
The reaction proceeded very slowly taking about thirty six 
hours to completoitself. Sodium bromide settled out and the 
ethereal solution was decanted off and washed with dilute 
hydrochloric acid, and dried. The ether was distilled off, 
and the residual oil distilled in vacuo. From a Bennett flask.

4G. (14;i') of pure K-isopropylnaphthalene was 
obtained b.p. 131-132^/12m.m.

The main bulk of the product was a tar.



52.

Preparation of ^SOI iCPYLNAPTlTkALhkhJpy^ FRIEDEL CRAFTS ’
KFTHOD.

CHK€̂ .

naphthalene 1 mol. : used 12'8g.
isopropyl bromice 1 mol. ; used 12-5g.
aluminium chloride l.| mol. ; used 19*7 g.

The aluminium chloride v/as covered with IGOcc. 
of carbon bisulphide in a litre flask under reflux. The 
mixture of naphthalene and isopropyl bromide dissolved in SOcc. 
of carbon bisulphide, was added slowly from a dropping funnel 
to the cobled flask. As there was no reaction in the cold, 
the flask was allowed to warm up to room temperature and 
left over night when a heavy red oil separated out. The 
carbon bisulphice was decanted off and the residue decomposed 
by pouring on to crushed ice and dilute hydrochloric acid.

The product v/as extracted with ether and washed 
with caustic soda solution. The dried ethereal solution 
showed a green fluorescence. The oil was distilled in vacuo 
from a Bennett flask. Naphthalene sublimed at 70-120* /iSimn. 
and 2'5g. (I5g) of pure liquid isopropylnaphthalene 
distilled at 128-133*/l3mm. The residue was a black tarry 
solid.

/^'Isopropylnaphthalene picrate crystallized from
oalcohol in yellow needle shaped prisms m.p.89-90 .
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T5üïkO: YI ATlu'.: of TLTItALIY.

% S'ü,

The experiment was carried out under the same 
conaitions as those used by hiss Smith.

( Tctralin 1 mol. ; used 132&.
(
( ICCh Sulphuric ecic iff mois. ; used 294g.

( |_sjpi'rouyl alcohol 2-y mois. : used 150g.
( ICO,':' Sulpj.uric acid 3 mois. : usee 530g.

132G. of tetralin was stirred with 294g. of
sulphuric acid for four hours. The calculated quantity
(12G,p.) of 20,. oleum was then added to compensate for the 
water present after tiie reaction and to bring the acid up 
to 100,0.

At the same time, 150g. of isopropyl alcohol 
was mixed' with 530g. of lOOp sulphuric acid keeping the 
temperature below 35^, This mixture was wanned to 40-45° 
and the solution of thè tetralin sulphonic acid run in during
one and a half hours. The solution v/as kept at 45° and
stirring continued for twenty hours. The dark syrupy mass 
was added to one and a half litres of hot water and neutralized 
with barium carbonate. The mixture was then heated to 
boiling point by passing steam in, and the hot solution
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stream-line filtered. This v/as repeated until all barium 
Isopropyltetralin sulphonate had been extracted. The 
extract v/as evaporat&dto dryness and the sticky barinm. salt 
finally dried in an air oven at 120® for half an hour.

Yield. 155g. (49^ of the theoretical).

Ihbul-f;iO::ATlLM of the BARIUM SULPHOhATS.

This v/as carried out by distilling the crude 
barium salt v;iti. three times its weight of phosphoric acid 
( d “ l-75) in superheated steam at 180-200®, The yellow oil 
which collected in the distillate was extracted v;ith 
chloroform and distilled in vacuo. On redistillation, 27g. 
(27/u) of pure isonropyltetralin v/as obtained, b.p. 134-137°/ 
23r;i.m. A small quantity (2g.) of di-isopropyltetralin 
b.p. 150-152Vsom.m. was also obtained.

of ISOBRChYlTETRALI

isoPropyltetralin 1 mol. : used 27g.
Sulphur 2*5 mois. ; used 15g.

The isopropyltetralin and sulphur were heated 
at 160-200® in a flask fitted with an air condenser. The
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heating was continued until the required amount of hydrogen 
sulphide (10'5g.) had been evolved as indicated by loss in 
weignt. The process required between eight and ten hours 
for completion.

After cooling, sufficient ether was added to 
precipitate the excess cf sulphur, and. the ethereal extract 
was filtered and dried. After removal of the ether, the 
residual oil was distilled in vacuo, and on redistillation 
log. (50,h) of a colourless oil was obtained, b.p. 133-134®/l9mm..

Tne picrate of this isopropylnaphthalene was 
prepared as before. It crystallized from alcohol in yellow 
needle sb.aped prisms, m.p.80-90° not raised by further 
recrystallizations.

This picrate gave no depression of the melting 
point when mixed with /^'isopropylnaphthalene picrate, but a 
large depression was recorded when mixed with the picrate of 
o<- isopropylnaphthalene.

The isopropyltetralin formed by this method 
of isopropylation is therefore the compound.
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Préparation of DI -1 SO PRO PYLl-l APHTHALEKE.
(i. eyer and Eernhauer*s 1 : 6  di-isopropylnaphthalene) .

Naphthalene-/^- sulphonic acid h mol. : used lOOg, 
j^s_oPropyl alcohol 3 mois. : used 180g.
Concentrated sulphuric acid : used 130g .

The reaction was carried out according to the 
directions of Meyer and liernhauer (Monatsh., 1929,55 and 54,721)

The acid and alcohol were mixed keeping the 
temperature below 35®. The naphthalene sulphonic acid 
v/as heated in a litre flask under reflux at 1 2 0 ® and the 
alcohol-acid mixture was added with frequent shaking over a 
period of about six hours. The mixture was then left heating 
at 1 2 0 * for sixteen hours,, when the black oily liquid produced 
was poured into two litres of water. The clear red solution 
was obtained. This was basified with 33/ potassium hydroxide 
solution and on cooling, white crystals of potassium di- 
iaopropyInaphthalene-/-sulphonate were precipated. The 
crystalline product was filtered off and the oily products 
mixed with it were removed by distillation in steam.

The potassium salt was purified by recrystall
ization from water. 28G. (17/) of the pure salt was 
obtained.
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DI-ISOPROPYLWAPHTIIALENE-  ̂ -SULPHONYL CHLORIDE.

3g. Potassium dl-isopropylnaphthalene- -sulphonate.
3g. Phosphorus pentachloride.

Ihe reagents were heated in a flask on a 
water bath and a fev/ drops of phosphorus oxychloride was 
added to start the reaction. The reaction was complete in 
half an hour. The paste produced was poured on to crushed 
ice to decompose excess phosphorus pentachloride.

The product was a cream solid v/hich was 
crystallized three times from methyl alcohol to give hard 
hexagonal prisms, m.p.86•5-87°,

(Meyer and Bernhauer give the melting point of 
their / ’•sulphonyl chloride as 71*).

This suphonyl chloride did not however, give 
good analytical results.

DI-ISOPROPYLNAPHT'ilALENE- -SULPHQR-PARA-TQLTJIDIPE.

3g, yf-sulphonyl chloride 
3g. £-toluidine.



The sulphonyl chloride was warmed with excess 
of JO-toluidine on a water bath. The reaction occurred 
immediately and the yellow oil obtained was extracted with 
hot dilute hydrochloric acid until it was free from excess of 
JO-toluiaine. The cream coloured solid obtained was washed 
with hot water and re crystallized from alcohol v/hen long 
slender prisms were obtained, m.p, 154*.

(hound ; C, 71*95 ; II, 7*0 ; h, 4*0 ; S, 8*0.
requires C, 72*4 ; H, 7• 1 ; N , 3* 7 ; S, 8« 4 /).

DI-:Sdi :-;ihYIi:A?hThALi:::L- /  -SULPhON-ORTHO-TCLUIDIBE.

NH-y  ̂ 'y

This was prepared as above. The solid 
obtained crystallized from aqueous alcohol in colourless 
plates, m.p. 144*.

(Meyer and Bernhauer give the melting point of 
their /-sulphon-£-toluidide as 215-216°).

(Found ; C, 72*9 ; h , 7'6 ; R , 3'8 ; • ^23^27^2^^
requires C, 72*4 ; H, 7*1 ; N,. 3 •'?/), '
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LLSLa.PHüMAïIüN of __ PO TAS SITJM DI-ISOPRO PYLN AF HTHALENE
/-SULPHONATE. _

The potassium sait was mixed with three parts 
by weight of phosphoric acid {d=l*75) and distilled in 
super heated steam at 190-220®. A colourless oil collected 
in the distillate which was extracted with ether. The 
ethereal solution was washed with alkali, dried, and the 
ether removed by distillation. The residual oil was then 
distilled in vacuo and on red!stillation from a Claisen flask 
a colourless oil was obtained, b.p. 155-163*/17mm.

Yield, 50/ of the theoretical.

After much cooling and scratchihg, the oil 
became a white pasty solid. This was crystallized several 
times from alcohol and colourless hexagonal plates were 
obtained, m.p. 50-51*.

About half of the original product only was 
obtained as the crystalline di-isopropylnaphthalene as the 
rest was converted back to an oil. This seems to indicate 
that the di-isopropylnaphthalene formed by this method might 
be a mixture of Isomers.
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PREPARAT ION of PI -1 SO PRO Af HTIiALEN
( Meyer and bernhauer'8 di-isopropylnaphthalene. m.p. 38*).

Method used by Meyer and Bernhauer. (Monatsh.,1929,55
and M .  749) .

Naphthalene 10 parts. * used 128g.
Sulphuric acid 40 parts. : used 513g,
isoPropyl alcohol 1 1 parts. ; used 141g.

The naphthalene and concentrated acid were 
mixed and gently warmed to 45-50® until the solution was 
clear. An extra twenty parts of acid gas now added keeping 
the solution at 45*. ? : . . ,

The isopropyl alcohol was run in very slowly 
to the naphthalene-oC-sulphonic acid solution over a period 
of two hours. During this time the solution was stirred and 
the temperature maintained at 46*. As the alcohol was 
added the mixture became very viscous and separated into two 
layers on standing, l The upper layer became splid and was 
removed and diseolved in three to four parte of water. A 
clear solution was obtained which was distilled in steam to 
purify it firom excess naphthalene and any oily products.
The liquid after steam distillation, was basified with 33/ 
potassium hydroxide solution and concentrated. A quantity
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of a very sticky doughy substance separated which was dried 
in the air* oven at 150 . It was found impossible to purify 
this substance by recrystallization, although Meyer and 
bernhauer state in their paper that they recrystallized this 
potassium salt first from water and then from alcohol.

A purer potassium di-isopropylnaphthalene 
sulphonate was obtained by the method of salting out. The 
crude product was dissolved in sufficient water to give a 
saturated solution, and a saturated solution of potassium 
chloride.was added. A white flocculent precipitate was 
produced which rapidly hydrated to give a doughy paste.
This was dried as before, in the air oven at 120®. The 
product could not be crystallized from any of the solvents 
tried, and appeared to be a mixture of ispmers.

An attempt was made to prepare the c?C-sulphonyl 
chloride from this crude potassium salt, but only a glassy 
product was obtained which could not be crystallized.
Conversion of this crude sulphonyl chloride into its sulphon- 
toluldides gave further glasses which could not be crystallized 
although Inoculated with the similar toluidides obtained from 
the other processes.
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i-TMM'i i j.Ji'AïI..,-; of POTASSIUM PI-ISüPRüPYLMPHTHALENE
X - s u l r h o h a t e .

Tne potassium sait was mixed with three parts 
by wei; :-t of phosphoric acid (a==l*75) and distilled in 
superheated steam at 190-200*. A colourless oil collected 
in the distillate which v/as extracted with.ether. The 
ethereal solution was washed with alkali, dried, and the 
ether removed by distillation. The residual oil was distilled 
in vacuo and ti.ree fractions were obtained ; -

(i) Naphthalene 12g.
(ii) Di-isopropylnaphthalene 60g. (28/)

b.p. 160*/l7mm.
(iii) Tri-isopro pyIna ph tha1 en e 8 g.

b.p. 177-182VlSmni.

On cooling and scratching, the di-isopropyl- 
naphthalene became solid. It was crystallized from alcohol 
in hexagonal platelets. After the first crystallization,a 
melting point of 41-44* was recorded but on further recrystall
izations a sharp melting point of 50-51 was obtained.

(Meyer and Bernhauer give the melting point of 
the di-isopropylnaphthalene which they obtained by this 
method of preparation as 38 ).

(Found : C, 90* 5 ; H, 9*6. 
Calc. : C, 90*6 ; H, 9-4 ^).
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DT-ISCFHCPYLNAPKTHALENE. —  METHOD of PREPARATICN 

by THE IMPERIAL CHEMICAL INDUSTRIES LTD.

” 37*8 oz. =0 63 oz. mol. Isopropyl alcohol 
are stirred and 203 oz. IOC/ sulphuric acid are added over 
a period of one hour at a temperature of 30-35*. The 
mixture is stirred for one hour, the temperature being 
maintained at 30-35®. The temperature is now raised to 
40 and 69 oz. = 0*3 oz.mol. dry unground / ’-salt are 
added over a period of one hour at a temperature of 40-45°. 
Stirring is continued for a period of sixteen hours, the 
temperature being maintained at 40-45°.

The mixture is now diluted, at a temperature 
of not greater than 50* by the addition of 156 oz.water, 
stirr?ng is continued for one hour add then the agitator 
is stopped and the mixture allowed to stand and separate 
fot a period of twenty hours.

The lower acid layer is now separated by 
syphoning and 180 oz. hot water are added to the remaining 
oil. After a few minutes stirring the oil dissolves and 
the solution is made faintly alkaline to Brilliant Yellow 
paper by the addition of 93 oz. 32/ - 29-8 oz. 100/ - 0*74 
oz. mol. caustic soda. Btirring is continued for half an 
hour and then the sodium salt solution is evaporated to a 
very thick paste and finally dried in a Passburg at a
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temperature of 1 0 0 * and vacuum of 2 0  Inch.
Weight of sodium salt =- 113 oz.

IfYDRCLYBiS and REPARATION.

113 oz. of the sodium salt are suspended In 
226 oz. of phosphoric acid and heated to ICO®. Steam at 200^
is passed into the mixture and the temperature of the 
mixture gradually raised to 2 0 0 ^when distillation commences. 
Distillation is continued until no more oil distils, the oil 
is separated from the water and dried for sixteen hours 
under vacuum at a temperature of ICO*.

Yield i 29-2 oz. - 45*8/ theory on / ’-salt. ”
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Preparation of DI-I5CFR0FYLKAPHTHALE1Œ from TETRALIN.
CH

Tetralin 1 mol. ; used 44g.
isoPropyl bromide 2 mois. ; used 82g.
Aluminium chloride 2\ mois. ; used lllg.

The aluminium chloride was placed in a litre 
bolthead flask under reflux and just covered with carbon 
bisulphide. The flask was cooled in ice and the mixture 
of tetralin and 1 sopropyl bromide dissolved in their own 
volume of carbon bisulphide, was added slowly down the 
condenser.

The reaction occurred immediately and a 
heavy dark red oil separated out at the bottom of the flask. 
The mixture was allowed to stand for twenty-four hours and 
then the carbon bisulphide was decanted off. The residue 
was poured on to crushed ice and the di»isopropyltetralin 
was extracted from the solution with ether and washed with 
alkali. The ether was removed by distillation, and the 
residual oil distilled in vacuo. On redistillation, 28g. 
of a yellow oil was obtained, b.p*145-147 /l7mm.

Yield of di-isopropyltetralin
=4 4 / of the theoretical value.
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DEHYDRCCENATIOlî o f DI-ISOPRCPYLTETRà LIN .

Dl-laopropyltetralln 1 mol. j used 28g.
Sulphur 2^ mois. ; used 16g.

The mixture of dl-isopropyltetralln and 
sulphur was heated at 180-200^ until the required weight 
of hydrogen sulphide i.e. 10*3g. had been evolved. The 
oxidation was complete in eight to ten hours.

The black pasty mass was cooled and treated
with sufficient ether to precipitate excess of sulphur.
The fluorescent ethereal solution was filtered and dried
over sodium sulphate and after the ether had been removed by
distillation, the red oil was vacuum distilled. On 
redistillation, 1 2 g. of a colourless oil was obtained, 
b.p. 162-164‘̂/22mm.

On cooling and scratching, this di-isopropyl- 
naphthalene became solid and the entire product was 
crystallized from alcohol to give hexagonal platelets

om.p, 50-51 ,
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General Method of SÏÏIPHGNATICN of the DI-ISCFRCPYL-

NAPHTHAIEÎŒS of . M.P. 50-51*.

3g. Dl-i sopropylnaphthalene. 
lOg. Concentrated sulphuric acid.

The naphthalene was dissolved in the acid 
at 0** and a yellow paste was produced. On warming, the 
mixture became redder and solution was complete at 45*.
This red-brown solution was poured in to 20cc. of cold 
water and thanneutralized with 40^ potassium hydroxide 
solution. On cooling, the potassium sulphonate 
crystallized in colourless plates which were recrystallized 
from hot water.

The same behaviour on sulphonation was 
observed with the solid di-isopropylnaphthalenes prepared 
f r om

(a) Tetralin.
(b) Naphthalenes'Jlphonic acid at 120*.

(Meyer and Bernhauer*s 1:6 compound)
(c) Naphthalene sulphonic acid at 45 .

(Meyer and Bernhauer *s compound m.p.38*)
( d )  N a p h t h a l e n e sulphonic a c i d  a t  45*.

(Prepared bj Imperial Chemical Industries Ltd )
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General Method of Preparation of the cK-SULPHCN-PARA- 
TOLUIDIDES of the DI-ISOPROPYLNAPHTHALEiîES.

3g. Potassium d 1-1 sopropylnaphthalene -(?(- sulphonate.
3g. Phosphorus pentachloride.
6 g. para-Toluldlne.

The potassium salt previously dried at 150*, 
was heated on a water bath with the phosphorus pentachloride. 
A few drops of phosphorus oxychloride was added to start 
the reaction. This was complets in about an hour.

The paste produced was poured on to crushed
ice to hydrolyse excess of phosphorus pentachloride. The 
crude sulphonyl chloride was washed repeatedly, but could 
not be induced to become a solid. The crude product was 
therefore converted straight to the para-toluldine derivative

The sulphonyl chloride was mixed with excess 
of para-toluidine. The reaction occurred in the cold but
the yellow oil was warmed for two minutes in order to
convert all the sulphonyl chloride into the para-toluldide. 
The product was extracted with hot dilute hydrochloric acid 
till free from para-toluidine and then washed withwarm water. 
The solid obtained was crystallized several times from 
alcohol.
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(a) From TETRALIN.
White needle-shaped prisms m.p. 144-145 .
(Found t C, 72-7 ; H, 7*3 ; N, 4-4 ; S, 8 * 6  ; C2 3 H2 7 O2 NS
requires; C, 72-4 ; H, 7*1 ; N, 3*7 ; S, 8-4^.).

(b) From NAPHTHALENE -4-SALT at 120*.
White needle-shaped prisms m.p. 144-145*.
(Found I C, 72-6 ; H, 7-2 ; N, 3-9 ; S;8-7^.).

(c) From N A P H T H A L E N E S A L T  at 45*.
IMilte needle-shaped prisms m.p. 144-145*.
(Found ; N, 4*1 ; S, 8*4^ ).

(d) From NAPHTrlALENE -/^-SALT at 45*.
White needle-shaped prisms m.p. 144-145*.
(Found t C, 72*3 ; H, 7*2 ; N, 4-5 ; S, 8*5^ ).

A melting point of all four dl-lsopropyl- 
naphthalenas mixed gave no depression.

A melting point of a mixture of all four 
di-isopropylnaphthalene -q(^sulphon-p-toluidides also gave no 
depression.

Therefore, the di-isopropylnaphthalenes. 
m.p. 50-51° formed by these four methods are Identical.
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Attempted OXIDATION of DT-ISOFROPYLNAPHTHALENE A.

6 g. Dl-lsopropylnaphthalene.
15cc. Nitrobenzene.
750cc. 5^ Nitric acid.

,, The substances were boiled under reflux for
two hundred hours. The nitrobenzene was distilled off in
steam and the oxidation product left in the residue was 
found to be a brown tarry mass. This was extracted with 
ether and dissolved in sodium carbonate solution. The 
filtered solution was precipitated with dilute hydrochloric 
acid and 0 *9g. of a crude yellow product obtained.

Repeated crystallization from alcohol (charcoal) 
gave ill-defined pale yellow needle shaped prisms, m.p.207-210* 
A sharp melting point could not be obtained by further 
recrystallization.

(Found : C, 70*9 ; H, 5*8 ; C1 2 H 8 O4
requires 0,66*7 ; H, 3*7^).

The analysis shows that the oxidation product 
of di-isoptopylnaphthalene by this process was a mixture and 
not the naphthalene-dicarboxylic acid obtained by Meyer and 
Baphhauer.

Repetition of the oxidation yielded a similar 
product from which no methyl ester could be isolated.
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Attempted OXIDATION usine ALKALINE POTASSIUM FERRICYANIDE.

4*5g. Dl-isopropylnaphthalene.
450g. Potassium ferricyanide.
90g. Potassium hydroxide.

360cc. Water.

The mixture v;as heated and stirred on a water 
hath for seventy hours, adding water as the reaction proceeded
in order to keep the solution at the same concentration.
The colour of the solution changed gradually from orange to 
green and finally brownish green.

The solution was cooled, made acid with dilute 
hydrochloric acid and then saturated with ether. The 
inorganic material was collected and washed with ether. The 
ethereal extract was dried over sodium sulphate and the solvent 
removed. The residue was one gram of a yellow oil together 
with 0 ’05g. of a white solid.

The solid was extracted with sodium carbonate 
solution in which it was practically all insoluble. Methyl 
sulphate was added to the carbonate extract but no ester was 
precipitated.

It was concluded therefore, that the solid 
product could have contained none of naphthalene-1 :2 -di- 
carboxylic acid.
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TRI-ISOPROFYLNAPHTHALENE. METHOD of PREPARATION 

by THE IMPERIAL CHEIuICAL INDUSTRIES LTD.

” 58*5 oz. =• 0*975 oz.mol. Isopropyl alcohol 
are stirred and 203 oz. 100^ sulphuric acid are added over a 
period of one hour at a temperature of 30-35*. The mixture 
is stirred for one hour, the temperature being maintained at 
30-35*. The temperature is now raised to 40* and 69 oz.=0*3 
oz.mol. dry unground yi-salt are added over a period of one 
hour at a temperature of 40-45 * . Stirring is continued for 
a period of 16 hours, the temperature being maintained at 40-45*.

The mixture is now diluted at a temperature of 
not greater than 50*by the addition of 156 oz. water, stirring 
is continued for one hour and then the agitator is stopped 
and tlie mixture allowed to stand and separate for a period 
of twenty hours.

The lower acid layer is now separated by 
syphoning and 180 oz. hot water are added to the remaining 
oil. After a few minutes stirring the oil dissolves and 
the solution is made faintly alkaline to Brilliant Yellow 
paper by the addition of 87 oz. 32^ = 27*8 oz. 100^ = 0*696 
oz.mol. caustic soda. Stirring is continued for half an 
hour and then the sodium salt solution is evaporated to a 
very thick paste and finally dried in a Passburg at a 
temperature of 1 0 0 * and vacuum of 2 0  in.

Weight of sodium salt = 113 oz.
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HYDROLYSIS and SEPARATION.

113 oz. of the sodium salts are suspended in 
226 oz. of phosphoric acid and heated to 2 0 0 ^ steam at 2 0 0  ̂

is passed into the mixture and distillation continued until 
no more oil distils. The oil is separated from the water 
and dried for sixteen hours under vacuum at a temperature of 
100* .

Yield : 52oz.=68*3^ theory on y^-salt."

SULPHQNATION of TRI-ISOPROPYLNAPHTHALENS.

Tri-isopropylnaphthalene 1 part : used 20g.
Concentrated sulphuric acid 10 parts : used 200g.

The acid was cooled to 0* and the hydrocarbon 
added slowly with stirring. It was found necessary to 
warm the mixture to 10* before sulphonation occurred. The 
dark red brown solution was left standing over night when it 
settled in two layers. The under acid layer was decanted 
off, and the upper paste dissolved in sufficient water to 
give a clear amber solution. This was neutralized with 33^ 
caustic potash solution and evaporated considerably until the 
potassium sulphonate separated. The crude product was
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extracted with boiling alcohol and on cooling clusters of 
colourless microscopic needles crystallized.

Yield 13g.- 40^ of the theoretical.
(Found ; C, 58-3 ; H, 6 * 8  ; K, 9-6. C1 9 H 2 5 O3 SK, lEgO 
requires C,58*4 ; H, 6*4 ; K,10*0 % ).

The mother liquor was evaporated to dryness 
and the residue, a brownish glue, was dried in the air oven 
at 120*• This yielded lOg. of an amorphous powder which 
could not be crystallized from any of the solvents In which 
it was soluble.

Attempted SULPHONATION at 160°

5g. Tri-isopropylnaphthalene.
50g.Concentrated sulphuric acid.

The mixture was heated and stirred. At 160- 
170* a violent reaction occurred with considerable frothing. 
The dark brown mixture was codied and poured into water.
This black solution was then neutralized with 40^ caustic 
potash solution and evaporated until a very dirty solid was 
precipitated. The solid was completely insoluble in alcohol 
butteadily soluble in water. It could not however, be 
crystallized from water and it was found impossible to 
separate it from excess of potassium sulphate.
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SULPHONATION of DI-ISQPRQPYLNAFHTHALENE__

3g. Dl-isopropylnaphthalene b.p. 152°/l7mm,
20g. Concentrated sulphuric acid.

The oil was added to the acid cooled to 0*. 
There was no reaction at this temperature so the mixture was 
warmed and solution was found to be complete at 60*. The
sulphonated mixture was cooled and poured into water. A
red solution was obtained which was beutralized with 33% 
caustic potash solution. On cooling, the mixture set to a 
clear gel containing a small quantity of a white solid.
This v/as filtered and recrystallized from water, but analysis 
showed that it was mainly potassium sulphate.

The gel was evaporated to dryness but it was 
found impossible to purify the potassium sulphonate from 
the large amount of potassium sulphate present. On the 
addition of water to this amorphous powder^ a gel was again 
formed.

Attempts weie made to prepare (a) the sulphonyl 
chloride and (b) the sulphon-toluidides from the crude salt. 
In each case however, oily pastes were produced which could 
not be crystallized.
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Attempted PREPARATION of PI- and TRI-ISOPROPYLNAPHTHQLS.
oH

Potassium di-isopropylnaphthalene-pC- sulphonate 1 part : 5g. 
Potassium hydroxide 3 parts :15g.

The potash was dissolved in 3cc. water and 
heated in a nickel crucible to a temperature of 250* . The 
potassium sulphonate was then added gradually with stirring 
to the fused mass, and the temperature raised slightly till 
the reaction commenced. This was at 280* . At 300®, the 
reaction was complete, and the mixture separated into two 
layers. The lower layer was a pàle straw coloured liquid, 
and the upper layer a very dark oil.

On cooling, ÿhe mass set to a solid which was 
dissolved in a mixture of equal volumes of concentrated 
hydrochloric acid and water. A black oily tar was liberated 
which was soluble in most organic solvents but could not be 
obtained crystalline. The naphthol could not be extracted 
from the tar with sodium carbonate solution, and attempts 
to prepare the acetyl and benzoyl derivatives met with no 
success.

Repetition of the experiment carrying out the 
fusion in an iron pot in an atmosphere of nitrogen gave 
similar tarry products.

The preparation of these naphthols was therefore
abandoned.
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METHODS used In the NITRATION of PI- and TRI-
ISOPROPYLNAPHTEALENES.

A. 1 mol. Hydrocarbon. : used lOg.
lOOg. 60% Nitric acid. : used 4g.
300g. 80% Sulphuric acid. : used 12g.

The mixture was stirred at 40* for about half 
an hour. A very vigorous reaction occurred and after pouring 
the resulting mixture on to ice,the main product was found to 
be a tar together with a very small quantity of a yellow sticky 
nitrated substance.

The experiment was repeated at a temperature 
of -10 to 0* • The whole of the product was a sticky, deep 
orange substance which was well washed in sodium carbonate 
solution and in water. The ethereal solution was dried over 
potassium carbonate and evaporated, when a clear brown glass 
was obtained. This was very soluble in many organic solvents 
e.g. ethyl alcohol, methyl alcohol and benzene but no 
crystalline nitro compound could be obtained.

It was assumed, that owing to the ease of 
nitration, a mixture of mono- and polynitro compounds had 
been obtained.
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C . Hydrocarbon. 1 part. : used 5g.
Fuming Nitric acid. 10 parts. : used 50g.

The hydrocarbon was added gradually with 
stirring to the fuming acid keeping the temperature between 
-15 and -1 0 *. The reaction was exceedingly vigorous, and 
a dark red solution was obtained. This was poured on to 
crushed ice and a yellow sticky semi-solid substance produced* 
This again appeared to be a mixture of mono- and polynitro
compounds .

D. Hydrocarbon 5g.
Fuming Nitric acid 15cc. )

) at -15®.
Glacial Acetic acid 15cc. )

The reaction was carried out as above and a 
similar product was obtained.

E. Hydrocarbon 1 mol. ; used Ig*
Potassium Nitrate 1 mol. ; used 0*4g.

The potassium nitrate was dissolved in lOg. of 
concentrated sulphuric acid at 0 *. The hydrocarbon was added 
very slowly at this temperature with stirring. The reaction 
occurred immediately to give a dark brown solution. The 
mixture was poured on to crushed ice and the product was found 
to be a dirty black tar.
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NITRATION of TRI-ISOPROPYLNAPHTHALENE,

N O H$.H «ej

Method of Melsenhelmer and Connerade. 
(Annalen., 330, 164).

5g. Trl-lgppropylnaphthalene. )
) at - 15°.

20cc.Glacial Acetic acid, )

5cc. Fuming Nitric acid# )
3cc. Acetic anhydride. ) at - 15°.

)15cc.Glacial Acetic acid. )

The cold mixture of acids was added slowly 
with stirring to the hydrocarbon keeping the temperature as 
low as possible. The reaction occurred immediately but was 
less vigorous than in the otheroitempted nitrations. A 
clear orange colured solution was produced which v;as allowed 
to stand for an hour at room temperature and was then poured 
on to crushed ice. A clean yellow paste was precipitated. 
This was well washed with alkali and water, and extracted 
with ether. The ether was removed by distillation, and the 
residual oil distilled in vacuo.

A red viscous oil b.p. 200-206°/l2mm. was 
obtained which on redistillation gave an oil (3g.) b.p.
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(Found : C, 76*6 ; H, 7*9 ; N, 4-8 . CigHggOgN
requires ; C, 76*3 ; H, 8*3 ; N, 4*7 % ).

GENERAL METHOD adopted for the NITRATION of PI- and TRI-

ISOPROPYLNAPHTHALENES.

Method of Witt, (Chemlsche Industrie., 1887, 10, 216).

Hydrocarbon 1 part. : used 50g.
Dilute acid 4 parts : used 200g,

Composition of dilute acid :- 
Nitric acid 12*5%.
Sulphuric acid 58*0%.
Water 29-5%.

The hydrocarbon and acid were mixed and heated
on a water bath with stirring to a temperature of 45*.
Heating was now discontinued because the nitrating reaction 
set in and the temperature rose rapidly to 70*. Stirring was 
continued for a further period of four hours in order to 
complete the nitration and then the mixture v/as allowed to 
settle. The lower layer of spent acid was decanted from the 
upper layer of clean yellow semi-solid products. This 
product was washed with sodium carbonate solution and then 
with hot water. The ethereal solution was dried over potassium 
carbonate and the oily nitrated product purified by vacuum 
distillation.
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A. TRI-ISOPROPYLNAF ETHALENE.

Yield. 60% of pure mono-nitrotri-isopropyInaphthalene 
b.p. 196-199*/l4mm.

B. DI-ISOFROPYLNAPKTHALENE A.

Yield. 64% of a red oil b.p. 200-201°/27mra.

(Found : C, 75-1 ; H, 7-6 ; N, 6-0. CigEigOgN 
requires : C, 74*7 ; H, 7*4 ; N, 5*5% ).

0. DI-ISOPROPYLNAPHTHALENE B.

Nitration of this hydrocarbon occurred more 
easily than with the other isopropylnaphthalenes. It was 
found necessary to cool the mixture of hydrocarbon and acid 
considerably, as the reaction occurred immediately with a 
rise of temperature to 75* and evolution of oxides of nitrogen.

Yield. 44% of a pure amber oil, darkening rapidly in colour, 
b.p. 205-208* /l9mm.

i

(Faimd Î C, 74-7 ; H, 7-2 ; N, 5-9. CigHigOgN 
requires ; C, 74-7 ; H, 7-4 ; N, 5-5^ ).
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Attempted REDUCTION of NITRO- PI- and TRI-ISOPROPYL-
NAPHTHAEENES.

^  WET IRON PROCESS.

15g. Nitro compound.
I5g. Iron filings.

The iron filings were mixed with sufficient 
water to form a sludge, and then heated on a water bath.
A few cc. glacial acetic acid was added to activate the iron 
and then the nitro compound was poured in with vigorous 
stirring. No reduction occurred.

It was decided therefore, to activate the mixture 
with concentrated hydrochloric acid. Accordingly, 5cc. acid 
was added and the reduction started and proceeded very mildly. 
When complete, the residue was made alkaline with ammonia and 
heated until excess had been expelled. black product
was extracted repeatedly with boiling alcohol, and the extract 
evaporated to dryness. A black tar was obtained which was 
practically all insoluble in hydrochloric acid.

A small quantity of the acid solution was 
diazotised with sodium nitrite and coupled with, alkaline /6- 
naphthol. A red colouration was produced indicating the 
presence of a base. The minute quantity of base present in 
the tar could not be obtained either from the acid extracts
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or by extracting the tar with solvents, even in an impure 
condition.

Similar resins were obtained with the reduction 
of all three nitro-compounds by this method and therefore the 
Wet Iron Process was abandoned.

Attempted REDUCTION by a CATALYTIC PROCESS.

lOg. Tri-isopropylnaphthalene ( Nitro derivative).
0 07g. Platinum oxide.
76cc. Ethyl alcohol.

The reduction was carried out as before in the
catalytic hydrogenator using hydrogen under a pressure of
80-lbs per square inch. %hen there was no further absorption
of hydrogen as indicated by the pressure gauge, the catalyst
was filtered off and the alcohol removed by distillation.

The product was a brown viscous oil which was
found to be mainly a mixture of unchanged nitro-compound and
a tar. The presence of a trace of base was shown by diazot-
isation in hydrochloric acid solution and subsequent coupling
with alkaline naphthol solution when a red colouration
was produced. Tĵ q very small quantity of base present could
not however, be separated from the mixture.

Similar results were obtained in attempts to
reduce by this method the nitro-compounds prepared from 
di-isopropyInaphthalenes A and B.
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REDUCTION CATALYTICALLY In the PRESENCE of ACETIC
ANHYDRIDE.

6g. Nitro tri-isopropylnaphthalene.
0*05g.Platinum Oxide.
2g. Acetic anhydride.
20cc. Glacial acetic acid.

The experiment was carried out as before, using 
tlie theoretical amount of acetic anhydride. After shaking 
with hydrogen under a pressure of 80-lbs per square inch for 
two hours, the catalyst was filtered off and the acetic 
solution poured into a litre of cold water. The mixture was 
left to stand over night and a green tar, together with a 
small quantity of a white solid, separated out. This was 
filtered off, washed, dried and recrystallized several times 
from petroleum ether (b.p.80-100°).

0*4g. of acetotri-isopropylnaphthalide was
obtained, crystallizing in needle shaped prisms m.p.l93°.

(Found : C, 80*7; H, 9*2 ; GgqHggON
requires : 0, 81*1; H, 9*3 % ).

Répétition of this experiment gave a resin only 
and this process was therefore abandoned.
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B. ^HeCOMff

7g. NItro-dl-ldopropyInaphthalene A.
0*05g. Platinum oxide.
2*9 g. Acetic anhydride.
20cc. Glacial acetic acid.

A cream coloured precipitate was produced 
when the hydrogenated solution was poured into water. This 
precipitate was washed, dried and recrystallized from 
petroleum ether (b.p. 80-100*). Vwhite needles were obtained 
m.p. 200-201*. Yield 12%.

(Found : 0, 79*9 ; H, 8-4 . CigHg^ON
requires : C , 80*3 ; H, 8*5 % ).

h.

16g Nitro di-isopropyInaphthalene B.
6-8g. Acetic anhydride.
50cc. Glacial acetic acid.

The product in this case was a green tar which 
was well washed and thoroughly dried. Three recrystallizations 
from petroleum ether (b.p. 80-100*) gave 0*4g. of pure acetyl- 
naphthalide. This crystallized in rosettes of pink irregular 
plates, m.p. 193* with softening at 191°.
(Found : C, 79*2 ; H,’7*5 .. CigHg^ON
requires : C, 80*3 ; H, 8*5 % ).
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HYDROLYSIS of PRODUCT from CATALYTIC REDUCTION.

The product was thought to he a mixture of 
unreduced nitro-compound, base and acetyl derivative of the 
base.

The crude product from the reduction of 16g. 
of nitro compound was dissolved in a small quantity of 
alcohol and boiled under reflux with moderately concentrated 
hydrochloric acid for three hours. A heavy dark brown oil 
separated which when cold, was extracted with chloroform in 
which it was very soluble. The acid solution was evaporated 
considerably but no hydrochloride separated. Diazotisation 
of the solution and subsequent coupling with alkaline y/- 
naphthol showed only a trace of base to be present.

It was concluded that the isopropylnaphthalenes 
easily resinify.

HYDROLYSIS of the ACETYL DERIVATIVES.

4g. Aceto-tri-isopropylnaphthallde. 
lOcc. 75% Sulphuric acid.

The acetyl derivative wasw armed with the acid 
until solution was complete. The cool solution was neutral
ized with 0*88 ammonia when a black tarry solid was 
precipitated. This was extracted with ether and dried. The
product was found to be very soluble in most solvents but
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could not be obtained crystalline.

The product was shown to contain no base by 
attempting to extract it with hydrochloric acid and diazotise . 
This method of hydrolysis is therefore a failure.

3g. Acetodi-isopropylnaphthalide (A).
50cc. Concentrated hydrochloric acid.

The acetyl derivative was heated under teflux 
with the acid for three hours. On cooling, crystals separated 
together with a small amount of tar. These were filtered off 
and dissolved in warm dilute ammonia solution. A red brovm. 
oil was obtained which was extracted with ether and dried.
The product was a clear brown glass, soluble in petroleum 
ether and benzene. It could not however be crystallized and 
again proved to be a resin and not a base.

£_l 0-5g. Acetodi-isopropylnaphthalide (B).
50cc. Alcoholic potassium hydroxide.

The substances were heated under r eflux for 
one hour. The product again after hydrolysis, was a brown 
resin.
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SYNTHESES of DI-ISQFROPYLNAPHTHALENES.

Attempted Synthesis of 1; 4-DI-ISO PRO PYENAPHTHAEENE.

Preparation of 1;4-DI-BR0M0NAPHTHAEENE.

Naphthalene 1 Mol ; used 64g.
Bromine 2 Mois : used 160g.

Tlie naphthalene was dissolved in chloroform 
and cooled in a freezing mixture. The bromine dissolved in 
its own volume of chloroform,was added drop by drop to the 
cold solution with vigorous shaking and cooling. The 
solution was left until all evolution of hydrobromic acid had 
ceased, the reaction taking about forty eight hours to 
complete itself.

The chloroform was evaporated off from a 
water bath, and the brown oily residue was cooled until a 
dirty impure solid separated. This was repeatedly crystall
ized from alcohol until beautiful white needles of 1:4 -di- 
bromonaphthalene were obtained, m.p. 81-82*.
Yield - about 30%

(Found ; Br, 54*9 ; Calc. Br, 56*8 % ).
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Attempted Preparation of 1;4-DI-IS0PR0PYLNAFHTHALENE.
cw

cHHe

l:4^Di-bromonaplithalene. 1 mol : used 28*6g.
IsoPropyl bromide. 2^ mois : used 14*5g.
Sodium. 6 mois ; used 14g.

The reaction was carried out as in the other 
Flttig reaction, using a volume of dried ether twice that of 
the volume of bromides.

The oil obtained v;as distilled In vacuo from 
a Bennett flask, Naphthalene rublimed from 80-100°/l3mm. 
and a small quantity (5g) of a yellow oil distilled at 105° 
/iSinra. The maint bulk of the product was a tar.

Analysis of the fraction b.p. lOS'^/lSmm gave
Br, 21'9.

p-Bromo-lsopropylnaphthalene requires
Br, 32'2.

The oil obtained v/as therefore a mixture of 
p-bromo-lsopropylnaphthalene and naphthalene, ^here was 
insufficient oil to refractlonate.

The synthesis of l!4-dl»IsopropyInaphthalene 
by this method was therefore abandoned.
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Attempted SYNTHESIS of 1;6-DI-IS0PR0FYLMAPHTHALENE,

Attempted Preparation of 5-WITR0-2-SAPHTHYLAMroE.

p -Naphthylajnlne 
Potasslu2n Nitrate 
Sulphuric acid

1 mol 
1 mol

: used 14‘3g, 
! used lO'lg 
: used 40g,

The yXf ' naph thy lamine was dissolved in the acid 
and cooled to -10°. The dried potassium nitrate was then 
added very slowly with stirring keeping the mixture at this 
temperature. After the addition, the mixture was allowed to 
warm up to room temperature and was left over night.

The dark coloured solution was poured into 
cold water and a black charred precipitate was produced.
The precipitate was basified with ammonia but on extraction 
with boiling alcohol no 2:5-aminonitronaphthalene could be 
obtained from charred product.

Preparation of NAPHTHOIC ACID.

/S- Naphthylamine 
Hydrochloric acid 
Sodium nitrite

1 mol : used 20g.
2j- mois : used 36cc.in 50cc water.
1 mol ; used lOg. in 20cc water.
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Copper sulphate 1 mol : used 35g. in lOOcc.water.
Potassium cyanide 4 mois : used 40g, in lOOcc.water.

The naphthy lamine was dissolved in the 
diluted hydrochloric acid and cooled to -5^. The nitrite 
solution was added slowly with stirring keeping the temperature 
between -5 and +5^, until sufficient had been added to 
diazotise the whole of the base as shown by testing with 
starch iodide paper.

At the same time, the copper sulphate was 
dissolved in the water at 50° and the cyanide solution added 
slowly with stirring. When all effervescence of cyanogen 
had ceased, the filtered diazo solution was added slowly 
with stirring to the cuprous cyanide solution at 50-60*.
The solution was maintained at this temperature until all 
effervescence had ceased.

The ^-naphthonitrile was extracted from this 
solution by distillation in steam. The nltrile crystallized 
from hot water in needles, m.p.63-64*.

HYDROLYSIS of NAPHTKONITRILE.

The naphthonitrile was boiled under reflux 
with 40^ alcoholic potassium hydroxide solution for two hours. 
The resulting solution of potassium ^-napfthoate was 
neutralized with dilute hydrochloric acid when ^-naphthoic 
acid was precipitated. The acid crystallized from benzene
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in needles, m.p. 181*.
Overall Yield from naphthylamine - 30^.

NITRATION of /-NAPHTHOIC ACID.
NO,QO'” - CO"

6g. - Naphthoic acid.
20cc. Nitric acid (d=l*42).

The substances were warmed 6t 60-80* until 
all evolution of red fumes had ceased. The product was 
poured into water when a yellow substance was precipitated.

The mixture of acids ŵ a» purified by dissolving 
in sodium bicarbonate solution and reprecipitating with acid.

Separation of the nitro acids from benzene, 
petroleum ether or alcohol proved ineffective. Mixed products 
only were obtained.

Attempted Separation by Slow Precipitation.

lOg. of the mixture of nitro acids vas 
dissolved in the equivalent amount of sodium carbonate solution 
and the solution diluted to about one litre. The equivalent 
amount of sulphuric acid was made up, bo a litre with water 
and run into the sodium salt through a very fine nozzle with
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rapid stirring.
The gelatinous nitronap#tholc acid precipitated 

by the first 200cc. of acid was filtered off and recrystallized 
from alcohol. This fraction was obviously very impure 
having a melting point of 240-260*.

This method of separation was therefore abandoned

Attempted Separation through the ETHYL ESTERS.

lOg. Nitronaphthoic acids.
2g. Concentrated sulphuric acid.

50g. Absolute alcohol.

The mixture was boiled under reflux for three 
hours until the solution was complete. The solution was 
poured into water and the yellow precipitated esters extracted 
with ether, and washed with sodium bicarbonate solution.
The ether was removed by distillation and the solid residue 
extracted withpetroleum ether (b.p. 40-60*) and the residue 
recrystallized from alcohol. Both extracts crystallized in 
small yellow needles but were obviously still mixtures.

Petroleum ether extract m.p, 83-93°.
Alcoholic extract m.p. 72-87*.

The preparation of 5-nitro- 2-naphthoic acid 
in a considerable quantity by this method was abandonéd.
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SYNTHESIS of 1;5-DI-IS0PR0PYLNAPETHALENE.

Purification of l-naphthylamlne-5-sulphonlc acid (Laurent*s acid)

250g. of acid was dissolved in two litres of 
hot water and neutralized with sodium carbonate. The 
solution was filtered and acidified. The precipitated acèd 
was filtered off, washed with hot water, suspended in cold, 
and just neutralized with caustic soda solution. A small 
amount of sodium-1-naphthylamine-8-sulphonate was removed by 
filtration, and the filtrate was boiled with charcoal and 
evaporated to dryness.

Preparation of SQLIUTi-l-CYANONAPHTEALENE-S-SULPHONATE.
CN

Method of Erdmann. (Anralen., 1888, 247, 329).

Sodium-l-naphthylamine-5-sulphonate. yog. in fJZOcc. vjoJrer.
Concentrated hydrochloric acid. 30cc. in 45cc. water.
Sodium nitrite. 8 ‘4g. in 180cc.water.
Copper sulphate. 31g.)

) in 220cc.water.
Potassium cyanide. 34g.)

The cold solutions of sodium sulphonate and
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sodium nitrite at -10^ were run in a very slow stream with 
stirring to the diluted acid at -10°, over a period of one 
hour. A pink solid diazo-compound was precipitated which 
was filtered off and while still moist was added during forty 
five minutes to the stirred solution of copper sulphate and 
cyanide at 50-60^. After a further thirty minutes at this 
temperature, 15g. of sodium chloride was added and the solution 
allowed to cool. The crude red sodium-l-cyanohaphthalene-5- 
sulphonate which separated out, was filtered off and dried.
It crystallized in colourless needles from alcohol.

Yield. 26g. of crude salt.

Prenaration of 1:5-DI-CYAN0NAPHTHALE!'IE.

CrJ.

Method of Bradbrook and Linstead (J«,1936, 1739)

25g. crude Cyano-sulphonate.
40g. (about 5 equivs.) Potassium ferrocyanide dehydrated at 200°,

The mixture was contained in the central portion 
of a pyrex tube 24 inches by Ij inches, enclosed in a gas 
furnace. One end of the tube was connected to a source of 
carbon dioxide and the other to a receiver, manometer and 
water pump. The tube sloped very slightly towards the receiver

A slow stream of carbon dioxide, obtained from
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a Kipp and washed with sodium bicarbonate solution, was 
passed and the pressure reduced to about 100mm. The 
temperature was raised slowly to a dull red heat until a 
white sublimate of di-cyanonaphthalene appeared on the cold 
part of the tube. The temperature was gradually raised as 
the rate of formation of the product decreased. The process 
was complete in one to two hours. The di-cyanonaphthalene 
sublimed in an almost pure condition and no more could be 
isolated by reheating the residue or extracting it with 
benzene•

The l:5-di-cyanonaphthalene was purified from 
a small amount of phthalocyanine by crystallization from 
glacial acetic acid. The product was colourless needle- 
shaped prisms, m.p.265°.

Yield. 4g. pure di-cyanonaphthalene from 25g. 
crude sulphonate.

Overall yield from sodium-l-naphthylamine-5- 
sulphonate - 12^,
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HYDROLYSIS of 1;5-DIGYANONAPHTHALENE.

CÔ U.

COCÔ H.
5g. l;5-Dlcyanonaphthalene.
VOcc. Glacial acetic acid,
60cc, Concentrated sulphuric acid.
40cc. Water.

The dicyanonaphthalene was heated with the 
mixture of acids under reflux for one and a half hours.

The hydrolysed acid separated as a fine yellow 
powder. The mixture was poured into water and the dicarboxylic 
acid filtered off. It was purified by dissolution in sodium 
bicarbonate solution with subsequent precipitation with 
dilute hydrochloric acid. The dicarboxylic acid on drying, 
was found to be insoluble in all the solvents tried. It had 
a melting point above 300°,

Attempted Preparation of the DIMETHYL ESTER.

CQ,̂ e.
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5g. Naphthalene-1:5-dlcarboxylic acid,
50g, Methyl alcohol,
2*5g, Concentrated sulphuric acid,

Tlie substances were heated under reflux for 
four hours, but even after this period no méthylation at all 
had occurred; the dicarboxylic acid remained insoluble in 
the methyl alcohol and v;as recovered by filtration.

Preparation of the ESTER through the SILVER SALT.

lOg Naphthalene-1:5-dicarboxylic acid,
6cc. 0*88 Ammonia in 2 litres of water,
20g. Silver nitrate.
25g, Methyl iodide.

The naphthalene l:5-dicarboxylic acid was 
converted into its ammonium salt by boiling with a slight 
excess of the theoretical ammount of ammonia solution. The 
mixture was filtered and the filtrate boiled until all excess 
of ammonia had been expelled, A slight excess of silver 
nitrate solution was now added and an immediate precipitate 
of the fine yellow silver salt was produced. This was 
filtered off, washed thoroughly with water, and partially 
dried on a porous tile in a dessicator.

To obtain- the methyl ester, the damp silver 
dalt was covered with methyl alcohol and boiled gently under



99.

reflux on a water bath with the methyl* iodide for two hours. 
Excess methyl alcohol and iodide was then distilled off and 
the residue extracted several times with boiling alcohol.
A large bulk of water was added to the alcoholic solution 
until the di-methyl ester just began to crystallize.

A melting point determination of the product 
showed it to be a mixture of the mono- and di-methyl ester 
with unchanged dicarboxylic acid. The product was therefore 
dissolved in anaesthetic ether and shaken with weak sodium 
bicarbonate solution. The ethereal solution of di-methyl 
ester was well washed and the ether distilled off. The 
product was recrystallized twice from dilute alcohol in long 
white needles, m.p. 118-119*.

Yield.from l:5-dicyanonaphthalene .—  18^ 
of the theoretical.

Grignard Re action on I>!ETHYL KAPHTHALENE-l;5-riCARB0XYLATE.

oU.

Di-methyl ester. 1 mol. : used 5g.
Methyl iodide. 6*8 mois. : used 24g.
Magnesium turnings. 13*6 mois. : used 6*6g.

The magnesium turnings, dried previously at 
100*, was covered with 75cc. dried ether in a round bottomed
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flask attached to a double surface condenser fitted with a 
calcium chloride tube. The methyl iodide dissolved in 25cc. 
ether was now added. There was an immediate vigorous reaction 
which was complete in twenty minutes. The ethereal solution 
of Grignard reagent was quickly filtered free from unchanged 
magnesium through glass wool, and again attached to the 
condenser.

The di-methyl ester was dissolved in ether and 
added gradually to the Grignard reagent. There v;as an 
immediate white precipitate. The mixture was refluxed 
gently on a water bath for an hour, and was then left to stand 
over night. Excess Grignard reagent was decomposed by the 
addition of a little crushed ice. The white gelatinous 
precipitate was then decomposed with dilute hydrochloric acid, 
and the ethereal solution separated, washed and dried over 
potassium carbonate. The ether was removed by distillation 
when 0*2g. of a yellow solid product was obtained. 
Recrystallization from alcohol gave colourless hexagonal 
prisms, m.p. 216° with decomposition.

The main product of the reaction appeared to 
be a white solid suspended in the acid solution. This was 
found to be only very slightly soluble in ether, and was 
therefore just filtered off and dried. Recrystallization 
from alcohol gave a product identical with the small amount 
obtained from the ethereal solution.
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The total yield was 2*5g. of. pure naphthalene- 
IjS-dimethyl carbinol, this being 58^ of the theoretical 
value.

(Found : C, 78*6 ; H, 8*1 ; - ^16^20^2
requires : C, 78*7 ; H, 8*2 ^).

DEHYrRATION of the CARBINOL into 1:5-DI-I80PR0PENYL-
NAPKTIiALENE.

2'5g. Naphthalene-1:5-dimethyl carbinol.
15g. Acetic anhydride.

The substances were heated together under 
reflux for one hour. The resulting solution was poured into
500cc. hot water, A colourless oil separated which was 
extracted with ether, washed with water and dried over 
potassium carbonate. The ether was distilled off and the 
residual amber oil was used in the crude state as there was 
insufficient to purify by vacuum distillation.
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HYDROGENATION of 1:5-DI-ISOFROPEI'îYLKAPHTHALEîIE.

CH Htr-
Crude oil from the above dehydration.

4cc. Ilydriodic acid (d 1*7 ).
42cc. Glacial acetic acid.

The substances were heated together under 
reflux for two hours. The solution was then cooled and 
poured into sodium metabisulphite solution to destroy liberated 
iodine.

After standing over night, it was found that 
a white solid had separated. This was extracted with ether, 
washed with dilute sodium carbonate solution, then with water 
and dried over potassium carbonate. The ether was removed 
by distillation and the residue was found to be a brown solid. 
This was purified by boiling in alcoholic solution with blood 
charcoal. The solid could not be induced to crystallize 
from the filtrate and v/as therefore thrown out of solution by 
the addition of water, as a clean white solid.

The dried product was crystallized from 
petroleum ether (b.p. 40-60^). The solid was exceedingly 
soluble in this solvent and it was found necessary to remove 
nearly all of the solvent before crystallization occurred.
The substance crystallized in beautiful hard rhombohedra, 
m.p. 104-104-5°. Yield 0-25g.
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(Pound : C, 90*50 ^16^20 (l:5-dl-isopropylnaphthalene)
requires ; C, 90*57 %),

The possibility that this new compound is the 
dimeride of l:5-di-isopropenylnaphthalene was rejected on 
analytical considerations as requires C, 91*33%.

Confirmation of this newr l;5-di-isopropyl- 
naphthalene (the first of its series to be synthesised) by 
a molecular weight determination was not possible due to lack 
of time to prepare sufficient material.

The 1;5-di-isopropylnaphthalene in common 
with the other knovm isopropylnaphthalenes did not form a 
picrate.
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