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Introduction

In the course of a study of eromatic hyérocarbons
Ipatieff (1) found need of a simple method of the identi-
fication of alkylbenzenes. DBoilins points and other physical
constants would have been satisfactory for distinguishing
between homologous compounds but inadequate in the case of
isomers, oxidation could have been used to distinsulsh between
mono- and dialkylbenzenes, but of course, would have falled
to determine the configuration of the alkyl groupings.

Ipatieff and Schmerling (2) in an attempt to establish
a sultable means of identification of several alkyl benzenes,
studied the mono- and di-acetamino derivatives, lio previous
study of the nitration, reduction, and acylation of a series
of alkylbenzencs under a single set of conditions had been
attenpted.

A procedure for the quick and easy identification of
mono-alkyl benzenes was developed. Under the prescribed
conditions pure L-nitroalkylbenzenes mcy be obtained by use
of a nitratirn; mixture of equal volunes of concentrated
sulfuric and nitric acids. Ortho isomers are present in
only small amounts and do not interfere; and the dinitro
derivatives which may be present may be readily separated by
an ether extraction of the solution obtained on reducing
with tin and hydrochloric acid. The mono-amino coriplex for:s
an ether soluble salt with tin chloride in the presence of
tcid; the dlauino salt is ether~insoluble.

Ipatieff and Schmerling prepared both mono- and di-



acetamino derivatives of toluene, ethyl benzene, the propyl
benzenes, the butyl benzenes and the amyl benzenes., All
were white crystals, possessed sharp meltins points, and
were easily identified.

In this laboratory since 1934 hizher alkyl benzenes
heve been prepared by condensation of tertiary alcohols with
benzene in the presence of aluminum chloride. A fairly
satisfactory metuod of identificatlion of these hydrocarbons
has been effected in the preparation of the corresponding
alkyl phenols (end subsecuent preparation of urethans
derivatives) by nitration, reduction, diazotization, and
hydrolysis. Iiowever, the method 1s longz, and not entirely
gratifying with small amounts.

Since 1t was necessary, for a complete study of the
mechanics of condensation reaotions, to establish the identi-
fication of mixed fractions and split alkyl benzene products,
and since the acetamino derivatives of some alkyl benzenes
had been prepared, the preparation and identification of the
mono-acetamino derivatives of all the condensation products

(tertiary alkyl benzenes) was hishly desirable.



History

Huston and ZJox (3) 1in 1934 suceessfully coundensed
tertiary butyl aleohel, tertiory ayl =21l20ih:l, dimethyl
L=propyl cerbinol, cnd dimetiyl loo-pron,1 cartizol with
banzene to give the exnected procducts, tertiary tutyl
benzerne, tesrtiary enyl benzeone, dinethiyl n- ropyl phenyl
methene, end éliethyl 1so-propyl nethane, i» pool ylelds.

Fuston and Linder (4) in 1935 condensed dinethyl n-
butyl cerbinol, dimethyl iso-butyl cartliinol, dinethyl sec-
butyl carvinol, nmethyl etiyl n-propyl carblrol, umethyl
ethyl iso=-propyl carbinol, and trimctiiyyl carbinol to obtain
in good yields tha procucts, dimecthyl r~butyl phenyl methane,
dimethyl iso-butyl plenyl mcthane, Glmethyl sec-~butyl phenyl
methane, nethyl ethyl n-propyl phenyl methane, methyl ethyl
iso=-propyl phenyl methane, and triethyl cheryl methane. A
condensation with dimethyl tertlary butyl eccrbincl gove a
product in the expected ranse, but it was not idectified
with certainty.

Hustoa and fculatl (5) in 1936 condensel dlmethyl anyl
carbinols (n-anyl, ective anmyl, iso-anyl, ssc~amyl) with
benzene to form the alkyl benzenes dimethyl n-anmyl phenyl
methane, dimethyl active amyl phenyl methanz, di-methyl iso-
anyl rhenyl methane, and dimethyl sec-anyl nhenyl methane
in yields which decreascd with tihe approach of the branching
to the carbinol croupinze.

Fuston and rIreining: (6) in 1938 by condensation with

benzene prepared dlethyl n-propyl phenyl methane and di-



ethyl iso-propyl phenyl metliane in approximately 255 ylelds
from diethyl n=»nropyl carbinocl and diethyl iso-propyl carbinol
respectively.

Fuston aud €lire (7) in 1939 wvere cble to isclate netnyl
dien~-propyl phenyl methane and metiuyl n-pro.yl-iso=-propyl
phenyl methane in 377 end 138" yields respectively; and also
snall enounts (77) of methyl di-iso-propyl :henyl motlane
Troa the respective carvinols.

Il'uston and Cynder (8) in 1939 in treir rroof of structure
were successiul in icolatbtins and ilentilyin: the noracl pro-
ducts of concencation of n~Lubtyl iwthyl etliyzl carbinol, sec-
butyl mcthyl etiyl carbincl, and iso-btutyl motlyl ethyl car-
bipol, with bouvene.

Ifuston and V.asgson (9) in 1940 by reactlons of 2,4,4-tri-
rethyl pentanol-2, 2,3,3~trinethyl pentanol-2, and 2-nethyl-
J=ethyl-pentanol=2 vwita benzene, prenared t!.e corresponding
alkyl benzenes, 2,4,4-trimethyl-2-phenyl-pentane, 2,3,3-tri-
methyl-2-pnenyl-pentane, and 2-methyl-3-ctiiyl-Z-rhenyl-peuntane
(the later whici liustoa and Guile (10) had ecarlicr reported)

althouch in smzll yilelds.



Experinental

Llaterials
l. HN-anyl, sec-anyl, iso-amyl, active aumyl, n-propyl,
igo=propyl, and n-butyl bromices were prepared froa the
correspondins alcohols (fastman teciinical) by the action
of sulfurlc acid and hydrobromic acid (11).
2. Tertiary anyl bromide was prepared by shaking the
alcohol with 487 hydrohromic acid in the cold and
saltinz out wilth calciun chloride (12). Tvo degree
ranses were taken oa all bromides,
3. Deanzene was thiophene free, C. I'e and was dried
over sodiun before use.
L+ Dietiiyl ether was C. P. anhydrous, ard was dried
over sodium before use. During the last of the work it
was necessary to use U. 3. P ether which was first
washed with water to remnove the alcohol, chloroforn,
etc., dried over calciun chloride, distilled fron
godlun, and dried over sodiun.
5. Petroleu: ether was dried over sodiwa (B.F.30-65°).
6. Acetone was C.P. and was first dried over sodium
sulfate.
7. llagnesiun turnin-~s especially prepared for Criznard
reactions viere used after being dried in an oven at
50°,
8. Aluninum chkloride was Baker's Analyzed, special
for condeusations,

9. Acetic anhydride was Zast:nan,



10. Iso=-butyryl chloride was prepared for use by the
action of phosphorous trichloride on iso-butyric acid.
B.P. 90-91°at atmospheric pressure. (13)

11, Dimethyl iso-butyl carbinol was prepared by Dinder.
(4)

12. Dimethyl sec=-butyl carbinol vas prepared by Zinder.
()

13. Triethyl carbinol was prepared by Binder. (4)

14« Diethyl n-propvl carbinol was prenared by Lancdon.
(14)

15, Methyl di-iso-pronyl carbinol was prepared by
Meloy. (15)

16. 2,4,4=-trimethyl-pentanol=-2 was prepared by Cuile.
(10)



Carbinols

l. Dimethyl iso-propyl carbinol

This was prepared by the action of acetone on the
Grignard reagent, iso-propyl magnesium bronide. Yield-
35%.
2. Dimethyl n-butyl carbinol

This alcohol was prepared from n-butyl magnesiun
bromide an? acetone (16). Yield - 577,
3. 1lethyl ethyl iso-propyl cartinol

Trepared from nethyl iso-propyl kztone and an
ethyl Grignard reacgent. Yield - 63%.
Le l2thyl ethyl n-propyl carblinol

This was prepared by the method of “hitmore and
Badertacher, (17) from methyl ethyl ketone and n-propyl
magnesiun bromide. Yield - 607%.
5. Dimethyl ne-amyl carbinol

Prepared from n-anyl bromide and acetone.
Grignard's reaction (18). Yield - 40%.
6. Dinethyl sec~anyl carbinol

This was prepared by the above nicthod, substituting
sec-anyl bromide. Yield = 127,
7. Dimethyl iso-amyl carbinol

This alcohol was also prepared by the same method
using iso-anyl bromide. Yield - 417,
8. Dimethyl active-amyl carbinol

This was prepared from active-amyl brouide and

acetone by the above method. Yield - 137.
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9. Dimetlyl tert-anyl carbinol

2,3, 3=-trinethyl=-pentanol=2 was prepcared from
directions given by “hitmore and Radertscher (18),
and consisted of the preparation of thie ketone, 3,3-
dinethyl-pentanone-2 arnd reacting this with methyl
nagnesiwn iodide. Yield - 125.
10. Dietnyl iso-propyl carbinol

This was prepared from the interaction of one
nole of iso-butyryl ciiloride and two moles of ethyl

nagnesium bromide. Be Po 64=66° at 20zm. Yield = 257%.



Condensations

le Dimethyl iso-propyl phenyl methane

Run in an ice water bath, by tiae :iethod of Fox
(3). Yield - 207.
2. Dimethyl n-butyl phenyl methane

Run accordinz to that method used by Binder (4).
Yield = 40%.
3. Dimethyl iso-butyl phenyl methane

Run by Binder's technicue (4). Yield - 19%.
Le. Dimethyl sec-butyl phenyl methane

From benzene and dinethyl sec-butyl carbinol (4).
Yield - 28%.
5. liethyl ethyl n-propyl phenyl methane

From netihyl ethyl n-propyl carbinol by condeusation
with benzene (AlClB) (4). Yield - 347%.
6. lcthyl ethyl iso-propyl phenyl methene

Run by the Shaker method, the alwainua chloride
beinz slovwly added to the stirred mixture of carbinol
and benzene. The reaction mixture was cooled in a
salt-1ce bath, which was allowed to warm to room
temperature unon conpletion of the sddition. Yield =-
235. (4)
7. Triethyl phenyl methane

From triethyl carbinol by the method of Rinder
(4). Yield - 507.
8. Dimethyl n-anyl phenyl methane

Run in a cold water bath by tle Thsker method,

usinz dimethyl n-amyl earbinol and benzene in the
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presence of AlCl, (5)e Yield - 23%.
9. Dimethyl iso-amyl phenyl methane

Run by Sculati's technique (5). Yield = 24%.
10. Dimethyl sec-amyl phenyl methane

Run as above (5). Yield - 8.4%.
11. Dimethyl act-anyl phenyl methane

From dimethyl active-amyl carbinol using the
method of Sculati (5). Yield = 14%.
12, Diethyl n-propyl phenyl methane

Run according to the technique of Sreining (6).
Yield - 197%.
13. Diethyl iso-propyl phenyl methane

Run as above (6). Yield - 20%.
14. ¥ethyl di-iso-propyl phnenyl methane

This was prepared using a slightly modified
technique. Cline (8) prepared this product in small
amounts by first suspending the benzene and aluminun
chloride in petroleum ether, cooling to a minus 30°
and slowly addinz the carbinol. In this condensation,
the suspended benzene, aluminum chloride, and petroleun
ether, were stirred for twenty-four hours at roon
tenperature, cooled over-night in a refrigerator, and
then cooled to about a minus 24°., The carbdinol was
then slowly added so that there was no appreciable
change in temperature. This treatment gave a higher
yield of the desired product. Yield - 5%.
15. 2,3,3-trimethyl-2~phenyl pentane

From 2,3,3-trimethyl pentanol-2 by the technique
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evolved by ‘Yasson (9). Yield - 6.27%.
16. 2,4,4~-trinethyl-2-phenyl pentane

Run by the Shaker method, the aluminuma chloride
being slowly added to a stirred mixture of benzene,
petroleun ether, and carbinol, which was cooled in a

salt-ice bath. Yield = 7.45.
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Preparation of derivatives

In the technique evolved by Ipatieff and Schmerling (2)
ejther the nmono- or the di-acetamino derivatives may be pre=-
pared as the worker desires. By varyins the nitrating mixture
either one may be successfully isolated as the principal
product, or both may be obtained from the same small amount
of startins material required. The derivatives chosen here
are the mono-acetamino alkyl benzenes,

The directlions given are as follows:

"Procedure-- A mixture of 0.5 to 1.0 c.c. Of the
aromatic hydrocarbon and 5 c¢.0. 0f a nitrating mixture was
shaken for three to five minutes. The nitrating mixture con-
sisted of equal volumes of sulfuric acid (d-1,84) and nitriec
acid (d-l.42), when the mononitro compouhd weg desired as the
chief product, or of two volumes of the sulfuriec acid to one
of the nitric acid when it was the disubstituted derivative
which was to be obtained, Xo attempt was made to cool the
reaction mixture. ‘'hen the evolution of heat had ceased, the
mixture was poured upon a small amount of cracked 1ce, the
0ily nitro layer was taken up in ether, washed twice with
water, and the ether was evaporated on a water-bath., To the
residue was added five grams of granulated tin, 5 c.0. of
concentrated hydrochloric acid, and sufficient ethyl alcohol
to bring all of nearly all of the nitro compound into
solution. The mixture was shaken until reduction was comn-
Plete as was shown by the absence of marked turbidity on
pouring a test portion into water. This usually required

less than ten minutes., In those cases in which the reduction
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took place more slowly, the rsaction was hastened by heating
the mixture on the water-bath; usually, hovever, the re-
duction was very exotherniic and did not require the appli-
cation of external heat. ‘hen reducticin was comnplete, the
aqueous alcoholic sclutlon was decanted from the excess tin
into sbout 20 c.c. of water, Tiie solution wvas extracted with
ether and sufficient conceiitrated alkali was added to the
aqueous solutlon to discolve nost of the precipitate of tin
hydroxide which formed at first. The anino compound was
extracted with ether, washed with water, dried by shakins for
a few minutes with potassium carbonate, and the ether removed
by evaporation. To the residue was alded one c.c. of ecetioc
anhydride. 7The derivative usually crystallized almost irme=-
diately. The material was warmed with 5 c.c. of water to
hydrolyze the excess anhydride. Since some of the acetamino
derivatives are quite soluble in dilute acetic acid 1t was
occasionally necessary to evaporate aliost to dryness the
solution conteinins the hydrolyzed ascetic anhydride. The
crude derivative was filltered and then recrycstallized fron
hot water or dilute alcohol, yield A40-705."

This was found in general to be satisfactory, but a few
modifications were made, A4S the wono-derivatives were the
only ones desired, the nitratins mixture consisted of ecual
parts of sulfuric and nitric acids. The etiier extract of
the reduced product was evaporated, the complex broken by
neutralization with sodiun hydroxide, the pure smine ex-
tracted with ether, and the ether evaporated. It was also

found necessary with most of the amines, to reflux then with
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acetic anhydride for five or ten minutes. The resultant
solution was then cooled, hydrolyzed with 25 c.c. of water,
and then carefully neutralized with 10" sodium hydroxide.
The olly lisuid was freed of water by filtration and washed
with water several times.

YWith the exception of the octyl derivatives, recrystal-
lization from dilute alcohol was converient. Fexane and iso-
propyl aloohol diluted with water also worked very well.

Those derivatives which the author was unable to
crystallize as indicated in Table A refused to come down from
a great variety of solvents. All the coxmon solvents known =
water, alcohols, hexane, CTxellysolve, aclds, dloxans,
nitrobenzene, benzene and others, were tried with no success.

Some of the derivatives <rystallized from the oils on
long standinz (a year), but attempts to recrystallize then

from any solvents were of no avail,
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Discussion

The general procedurse for the preparation of the acet-
anino derivatives of tie alkyl benzsnes c¢escribed in this
worx consicted of nitration by means of a mixture of equal
parts of c-ncentrated sulfuric and nitric acids; reduction
of tie product with tin and hydrocilorie acid; and acylation

of the pure rono-amlne with acetie anhydride.

R R
g _Ha50 p
R'-gD + M0y — R R'-gQNOz-\- H,0

R R
R'-%sz + (Ci300) 20 ———> R'-G{( Hrmcoouy + g0

In a few cases, pure a:ines (rara), which had been pree
viously prepered in th: laboratory, were acylated., Llelting
points of thede derivatives chliecked with those made by the
above nmethod,

Fairly gnod yields resulted with all the nroducis,
averacing about 40%G.

Evidently those derivatives whiich this autiaor vvas unable
1o orystallizs nossess a latent lattice formatlon which
makes recrystaliization icpossible. This is the only method

of expleining tiie resultant crystallization from the oils on



long standing. The forces necessary to forn the lattice work
are not cufficiently strons to permit latticing 4in solvents,
o ceneralizations on the nmelting points can be made
aside from the fact that lencthenins the cliein lowers the
melting po'nt, and branching (Leazin~ of ecurogens) raises it

to a certala extent.






Sy iary

l. Some tertiary alcohols were syunthiesii2d and condensed
with berzeiue 1n the presence of aluninuwi clloride to form
the allkyl terzenes,

2. Iderntification oI tertiary alkxyl benzenes has been nads

tiiroush the preparation of the moro-acetaino derivetives.

The tecluique conulsts of nitration, reduction, and acylatioi,

and may ve arplied quickly to small amounts of the hydro-
carbon.

3¢ TFifteen of tliege derivatlves have beca successfully re-
crystallized., Ileltins polnts and crystal foras have been
recordec.,

4Le Various solvents, scratchinz, seedin;, cooclin;, &nd
other accepted methods of inducing crystallization (20) wers
utilized on tie remalninz derivatives wlhich were those of
the tertiary octyl benzenes. These wera not eguccessful.

5. OSome of thess on long stancing crystellized from the
olls. lowever, attempts to recrystallize fror solvents

failed.

—T T
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