THE CONDENSATION OF SOME SECONDARY ALIPHATIC
ALCOHOLS WITH BENZERE IN THE PRESENCE OF
ALUMINUM CHEHLORIDE

by
IRVING ALLAN KAYE

A THESIS
Submitted to the Graduate School of Michigan
State College of Agriculture and Applied
Science in partiel fulfilment of the
requirements for the degree of

DOGCTOR OF PHILOSOPHY

Department of Chemistry
1942



ProQuest Number: 10008346

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript

and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

ProQuest.

ProQuest 10008346
Published by ProQuest LLC (2016). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLC.

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, MI 48106 - 1346



ACKNOWLEDGMENT

The author wishes to express hils spprecistion for the
guidance and helpful counsel given him in this work by
Dr. Re C« Huston.

331644



1.

INTRODUCTION

The reaction of saturated alliphatic and mixed aliphatic-
aromatic alcohols with benzene and other aromatie eompounds,
using aluminum chloride as catalyst, has been the subject of
an intensive investigation in this laboratory since 1916
when Huston and Friedemann (1) reported the condensation of
benzyl alcchol with benzene.

In the case of the saturated aliphatic alcohols it has
been shown that the tertiary alcohols, up to sand including
those eontaining eight carbon atoms, condense readily, and
in good yield for the most part, with benzene to give the
éxpected products.

The secondary alechols in this series have not been
studied as thoroughly. Isopropyl, secondary butyl, the
secondary amyl and four of the secondary hexyl alecohols have
been condensed with benzene by Huaton snd Hsieh (2), Thompson
(3), end Applegate (4). However the yields of alkylbenzenes
were rather poor and the nature of the products was not
ascertained.

It 1s the purpose of the present investigation to fur-
ther the work begun by these men with a view to improving
their ylelds snd determining the nature of the products.
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HISTORICAL

Numerous methods have been used to prepare alkylben=-
zenes. As a rule these methods have been restricted to the
preparastion of the lower members, but in most cases they can,
and in some cases haove been, extended to the higher homologues.

The simplest secondary alkylbenzene, cumene, was first
prepared by the distillation of para cumic acid with cal-
eium or barium oxides (5-6). It was thought to bs normal
propylbenzene until Liebmann (7) showed it to have the second-
ary structure by preparing it from benzal diechloride and
dimethyl zinc. Sabatier end coworkers (8-9) prepared it by
passing the vapors of various terpenes with hydrogen over
nickel at 350-360 degrees centigrade.

Decarboxylation by the distillation of an sromatie acld
in the presence of e strong base hes been used, too, to
prepare & higher alkylbenzene. Pulvermacher {1l0) ocbtalned
Z2«phenylpentane by distilling e mixture of alphas, alpha
diethylhomophthallc acid anhydride, calclum oxide and socdium
hydroxide.

Liebmsnn's method, involving the reaction of g#inec alkyls
with phenylmethyl halides, has been used toc prepare other
alkylbenzenes. Diethyl zinc and benzyl chloride have yielded
n-propylbenzene (11-12) and 2-phenylpentene (13). The
latter compound has also been prepared by the action of
diethyl zinc on trichlorophenylmethane (14), though in
poorer yield. Sec.-butylbenzene haa been prepared by react-

ing diethyl zine with alphs phenylethyl bromide (15).
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The Wurtz resction and some of 1ts modifications have
also been used. Cumene has been prepared by reacting sodium
with a2 bolling ether or benzene solution of bromocbenzene
and 1sopropyl bromide (16). Sec.-butylbenzene has been
prepared in similar fashion from ethyl ilodide and alpha
phenylethyl bromide (17)« Sodium benzyl gave n-phenylhexane
on trestment with neamyl chloride (18). The Grignard resc-
tion has been used similarly for the preparation of 3
phenylpentane from ethylmagnesium bromide and l=brom-l-
phenylpropane {19) as well as from phenyl magnesium bromide
and 3-bromopentane {(20).

Alkylbenzenes bave been prepared by the reduction of
their halogen substituted derivatives, sec.-butylbenzene
being formed by reduecling the 3-chloro or 3-~bromo derivative
with sodium (21), whille nephenylhexane and n~phenylheptane
have been prepared similarly from their corresponding 6-
and 7-chloro derlvatives (22).

Other compounds that have been reduced to alkylbenzenes
are ketcnes, acids and ketoscids. Hydrogen, in the presence
of nickel has been used to reduce n-amyl and n-hexylphenyl
ketones to the corresponding hydrocarbons (23). This is an
excellent method for the preparation of the normal slkyle
benzenes since the ketones are easlly prepered by condensing
acyl halides (24) or mecld anhydrides (25) with aromatic
mwcleli. In place of nickel and hydrogen, sodamide has effected
the reduction of seec.~amylphenyl ketone (26) and 3-benzoyl-
hexane (27). Phosphorus and hydriodic acid have been used

to reduce 2-methyl-S-~phenylpentanone-3 (28). The ethyl ester
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of Z2-phenylbutyric acld gave a fair yield of sec.-butyl-

benzene on reduction with a copper-chromium oxide catalyst
(29). Electrolytic reduction has produced the hydrocarbon
from the ethyl easter of methylbenzylacetomcetic acid (30).

Perhaps one of the hest methods available for the prep-
arstion of a pure, unrearranged alkylbenzene 1z that in-
volving the Grignerd reagent. Xormal propylbenzene can be
prepared in excellent yield by the action of diethyl sulfate

{(31) or para ethyl toluene sulfonate with benzylmagnesium
j‘c:ltxlcn.'-ich'.a (32)« Propyl sulfate and phenylmagnesium bromide
gave a ten per cent yield of cumene (33). The product
formed by the resction of phsnylmagnasiﬁm bromide with
n-heptaldehyde on reduction gave n-phenylheptane (34),
while di-isopropyl ketone, treated in the same fashion, gave
2,4 dimethyl-3-phenylpentane (35).

Klages has prepsred many alkylbengenes by a synthesis
involving the use of the Grignard reagent. He treated a
ketone, as acetophenone, with the appropriate alkylmsgnesium
halide to férm a tertiary alcohol which split out water
easily to yield an unsaturated compound. The olefin, on
reduction with sodlum and absolute alcohol, gave the alkyl-
benzene in good yield. In this fashion were prepared
n-propylbenzene (36), cumene (37), sec.-butylbenzene (38),
the 2 and 3-phenylpentanes (37-39), 2-methyl-3-phenylbutane
(39), 2-methyl-4-phenylpentane {40), 3~methyl=-l-phenylpen-
tane (41), and 2-methyl-5-phenylhexane (38).
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In the course of their studies on the relationship
between molecular structure and opticsl esctivity, Levene and
Marker syntheslzed quite a few alkylbenzenes. Thelr syn-
theses usually consisted of the replacement of the hydroxyl
group of a primery phenyl substituted aleohol by a carbinol
group. This was sccomplished by replecing the hydroxyl
-group first by bromine, forming the Grignard reagent of the
halide and condensing it with formaldehyde to give an alcohol
eontaining one more carbon atom than the original starting
compounds This wss then converted to the corresponding
bromide, the Grignard reagent of this ecompound formed, and
subsequently treated with a substance contalning active
hydrogen to yield the eslkylbenzene. Using ithis procedure,
they prepared 3-phenylpentane (42}, the 2~ and 3-phenyl~
hexanes (43) and 3~phenylheptane (43).

More popular than any of the preceding reactions for
the preparation of slkylbenzenes is the condensaticn reac-
tion wherein an elkyl halide, ether, alcohol, ester, olefin
or naphthene 1s combined directly with an aromatic nucleus
in the presence of some catalytlc agent. The latter is
usually a strong dehydrating agent, as zinc chloride, sul-
furic acid, sluminum chlorde, hydrogen fluoride or boron
flooride.

This method is far more direct and rapid and gives much
better ylelds of alkylbenzenes. The ehief disadvantage,
however, lies in the faet that rearrangement frequently

accompanies the reaction, glving an eltogether different
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product from theat expected, or a mixture of several products,
difficult to separate.
| ¥ormal propyl and isopropyl halides both give cumene
on eondensing with benzene (44,45,72). Condensing agents
used in this resction have been alumimum chloride (46€),
(72), aluminum bromide (47), aluminum turnings and hydrogen
chloride gas (48), and hydrogen fluoride (45). Simons and
Archer (45) reported that their product, when nepropyl
chloride was condensed in the presence of hydrogen fluoride,
consisted of the rearranged secondery produet to the extent
of eighty eight per cent. Ipstieff, using sluminum ehloride
(72), obtained a mized product of similar composition.

Normal or secondary butyl ehloride, in condensing with
benzene in the presence of aluminum turnings and mercurle
chloride (49), or aluminum chloride alone (50}, gave only
the secondary produet. Konovalov and Jegorov (51) found
that iscamyl and tertiary amylbenzenes are formed 1in addl-
tion to the secondary product when 2-methyl-3~thlorobutane
was condensed with benzene in the presence of aluminum
chloride. Curiously enough, no rearrangement was reported
in the condensation of 1,l~dichlorcheptane with benzens,
aluminum chloride a¢ting es catelyst. The product formed
was normal phenylheptane (52-53). Tertiary alkyl halides
and benzene give the expected product iln the presence of
aluminum chloride. In this manner were 3-methyled-
phenylhexane (54), 2,5-dimethyl-2-phenylhexane (55), and
3~ethyl-3~phenylpentane {55) prepared.

i
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Olefins, too, have been condensed with benzene to form
alkylbenszenes. The catalysts used have been aluminum c¢hlor-
ide and hydrogen chloride gas (46), sulfuric acid, either
alone (67,72) or in conjunction with phosphoric acid (56),
hydrogen fluoride (58) and boron fluoride (59). Propene
gave cumene {56,59), butene sec.-butylbenzene (57), 1so-
propylethylene tert.-amylbenzene in the presence of sulfuric
acid (60,72) and 3-methyle-2-phenylbutene in the presence
of aluminum chloride (72), and hexene-l gave 2-phenylhexane
(61l). Ipatieff (72) considers sulfuric acid a stronger
isomerizing egent than eluminum chloride in the eondensa-
tion of olefins.

Compounds other then olefins, whieh slsc exhibit strain,
ean be condensed. Some naphthenes, of which eyeclopropane
is the simplest, have been condensed with benzene. Ipatieff
and coworkers (72) found that the sluminum chloride-catalyzed
reaction, whether carried out at zero or seventy one degrees
centigrade, gave the same product, normal propylbenzens.

The use of sulfuric¢ acid, on the contrary, results in the
. formation of cumene.

In similar fashion and with similar rearrangements have
esters (62,101-102) and ethers (103) been condensed with
benzene. In the case of the esters some anomalous results
have been reported. DBowden (62) reported that n-propyl
esters of formie, acetic snd sulfuric acids gave normsal
propylbenzene when aluminum chloride was used as catalyst.

The corresponding n-butyl esters gave sec.-butylbenzene
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and the isobutyl esters tert.-butylbenzene. Contrast this
with the work of lMcKenne and Sowa (63) who found that n-
propyl formate gave isopropylbenzene in the presence of
boron fluoride.

More recently have the alcohols achleved prominence
in this condensation reaction with benzene and other aromatle
nuclei. Condensations in the presence of zinc chloride (64),
sulfuric acid (65), aluminum chloride (66) (76, 100), boron
fluoride (67), and hydrogen fluoride (68) have been reported.
In general it has been found that tertiary alcohols give
no rearrangement, ithough fragmentation has been found to
oceur with the higher highly branched members (69, 70).
Toussaint and Hennlon (71) found that primary slecohols gave
the secondary alkylbensgzene exelusively when boron fluoride
was the catalyst. On the other hand, Ipatieff (72) reported
that n-propyl alcohol gave n-propylbenzene exclusively in
the presence of aluminum chlorlde. While seemingly in cone
fliect, these results are in harmony with those of others
using the corresponding esters. In keeping with the find-
ings of Toussaint and Hennion, Neyer and Bernhauer (44)
cbtalned secs.-butylbenzene from both normsl and secondsry
butyl alechols in the presence of sulfuric acid. Isopropyl
alcohiol has been found to give only the secondary slkyle
bengene in the presence of sluminum chloride (73=74).

The Chemical laboretories of Michigan State College have
witnessed considerable progress in the condensation of wvarious=

alcchols with aromatlie nuclel in the presence of aluminum



Qe
echloride. This catalyst was first used in the condensation
of slecchols with aromatic nuclei by Nef {75) who, in 1897,
prepared diphenylmethane by allowing benzyl aleohol to react
with benzene in its presence. Thils work was repeated in
1916 by Huston and Friedemann {1) and a thirty per cent
yield of diphenylmethane was reported.

This was followed up by the condensation of mixed
aliphatic~aromatic and true aromatic secondary alechols
with benzene (76). Huston (77) later used phenocl and its
methyl and ethyl ethers in place of benzene and found that
benzyl alcohol gave yields of 45«50 per cent of alkylated
products.

In 1926 Hueton and Sager (78) investigated the reaction
of primary alcohols with benzene but were unsucessful in
eondensing methyl, ethyl, propyl, isopropyl, n-butyl,
isobutyl, iscamyl, phenylethyl and phenylpropyl alcochols.
They Aid succeed in gstting & 16 per cent yileld of allyl-
bengene from allyl slcochol. This alcohol was later condensed
with phenol by Huston and Newmpnn (79). The conelusion was
then drawn that aluminum chlorlde favored condensation only
when the alpha carbon of the alcohol was double bonded or
the member of a benzene ring.

Confirmation of this theory was obtained in the work
of Huston, Lewlis and Grotemut (80) who condensed phenol with
benzhydrol, methylphenylearbinel and ethylphenylearbinol.
Bengzhydrol, in whieh both carbon atoms adjacent the carbinol

group are members of a benzene ring, gave a much larger
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vield of alkylated product than benzyl alcohcel under the
same conditions. This was pointed out as definite evidence
that aromatic unsaturation has a pronounced effeet on the
sotivity of the hydroxyl groupe.

In 1933 Huston and Davis (8l) found that the tertiary
alcohol, triphenyl carbinol, reacted with bengene to give
triphenyl methane instesd of the expected tetraphenylmethane.

Huston end coworkers (82-84) condensed benzyl and
halogenated benzyl alcohols with phenol and halogenated
phenols and with the cresols and thelir halogenated deriva-
tives. In each case, two monosubstituted snd one disubstituted
derivatives were obtained.

To investigate the effect of unsaturation of the alpha
carbon atom on condensation, Huston and Goodemoot (85) com~
pared the reactivities of eyclohexyl, eyclopentyl and cyclo-
butyl earbinols with benzene. They found a progressive
incresse in activity as the rnumber of carbon atoms of the
ring was reduced from six to four.

Investigation of several diaryl-alkyl and dialkyl-sryl
earbinols by Huston and Wilsey (86), Huston and Hradel (87),
eand Huston and MaocComber (88) showed thst they did not con-
dense with benzene but were dehydrated ylelding the
corresponding wnsaturated products.

All these experiments indicate that unsaturation of
the alpha carbon atom, whether it be that of an ordinary
double bond or that of a benzene :ing, favors c¢ondensation

reaeactions of sliphatic and aromatic alecchols with sromatic
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hydrocarbons and phenols in the presence of aluminum chlor-
ide.

The groundwork for the condensation of saturated all-
phetic alcohols with bengene and phenol was laid by Huston
and Hsieh (2) in 1936+ They prepared cumene in fair yield
by reacting 1szopropyl alcohol with bengene and followed up
this work with the condenaétien of simple aliphatiec primary,
secondery, and tertiary alcchols with benzene and phenol.

It was found thet under the conditions of their experiment,
primery alecohols would not condense with either phenol or
benzene while secondary and tertiary alcohols reacted with
both benzene and phenol. They also condensed some tertisry
alcohels with toluene, meta oresyl methyl ether and gnisole.

In 1934 Huston and Fox (89) condensed tertiary butyl,
tertiary emyl and the three tertiary hexyl alcohols with
benzene. These slcohols had already been condensed with
phencl by Huston and Hsieh (2). Tsukervanik (73«74, 100)
condensed some simple secondary and tertiary alcohols with
benzene and toluene and obtalned results similar to those
of Huston and Hsieh (2) and Huston and Pox (89).

Since the tertlary alliphstiec alcohols condsnsed readily
with both benzene and phenol, the condemsation of the higher
tertiary aliphstic aleohols was studied. Huston end Binder
{90) condensed the tertiary heptyl alcchols with benzene
and Huston and Hedrick (91) condensed the same alcohols
with phenol.

The condensation of the tertiary octyl alechols with
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benzene and phencl was investigated by several later workers.
Huston and Anderson (92) condensed methylethyl-n~butyl and
methylethyl-tert.~butylearbinols with benzene and phenol.
Huston and Sculati (93) reacted some of the dimethylamyle-
carbinols with dbenzenes. Huston and Cline (94) end Huston
and Breining (95) worked with the methyldipropyl and propyl-
diethyl carbinols respectively. In 1940 Huston and Wasson
(69) condensed some dimethylamylearbinols with benzéne, and
Huston and Guile (70) condensed the dimethylamylearbinols
with phenol. TFregmentation of the ecarbon chaln was found
to occur when ﬁhé amyl radicsl was highly branched. As a
result of this fragmentstion, some alkylphenols of lower
molecular welight were obtalned.

In 1940 Huston and Jackson (96) reported the condensa-
tion of some diphenylalkylcarbinols with phenol and Huston
and Hughes (27) continued the investigation of the reaction
of dialkylarylecarbinols with phencle.

In the same year Huston and Esterdahl (98) econdensed
the sgeccndary amyl alcohols with phenol and found that a
mixture of products was formed as though a dehydration of
the alcohol had occurred in the reaction followed by the
condensation of the phenol with the olefin formed. Similar
results were found by Huston and Curtis (99) the next year
wvhen they studied the reaction of the secondary hexyl
alecochols with phenol, and by Tsukervanik end Nazsranova
{100) who obtained a mixture of the 2- and 3-p-hydroxy-
phenylpentanes when methylpropylearbinol was condensed
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with phenol in the presence of sluminum chloride.

This investigation is 2 continuation of the work begun
in thile laboratory on the condensation of the secondary
elcohole. The propyl, butyl, emyl, hexyl, and some of the
heptyl secondary alcohols were condensed with benzene under
the influénee of aluminum chloride and the nature of the
products was studied.
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THEORETICAL

It will be shown later that the results of this study,
in agreement with those of other wbrkera at this lsboratory
and elsewhere, would indicate that the condensation of s
secondary aliphatlic alcochol with benzens, in the presence
of aluminum chloride, tekes place with the splitting out
of water and the condensation of the resulting olefin.

Tsukervanik and Hazaranova (100) have suggested as &
mechanism for the condensation of the tertilary alcohols,
the formation of an intermediste compound from the alcohol
and the sluminum chloride, hydrogen chloride being eliminated
aimultaneously. An olefin is then thought to be formed by
the secission of this compound. The olefin can then combine
with the hydrogen chlorlde that has been eliminated to form
an 2lkyl halide which then condenses with the aromatic
nucleus in true Iriedel-Crafts style. The reaction may be
represented as follows:

(1) (CHg)aCOH + A1Cly —> AlC1g0C(CHg)s + HOL

(2) ALC150C(CHg)sy — (CHy)a~C=CH; + A1C1,0H

(3) (CHg)aC=CHg + HC1 — (CHg)sC~Cl

(4) (CHz)a=C=Cl + Cgy —> (CHgz)a=-C-CgHg + HC1

Bowever, it 1is difficult to cconeceive of the formation
of the intermediate asluminate by the replacement of the
hydrogen atom of the tertiary hydroxyl grouping. The theory,
too, confliets with work of Huston and Hedrick (91) who
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found that hydrogen chloride is evolved when aluminum chlor-
ide is treated with a petroleum ether solution of a tertlery
alcohol. According to the above mechanism, no hydrogen
chloride should be evolved until the aromatic nucleus has
been introduced and condensation taken place.

Tsukervanik's mechanism for the condensation of second-
ary alcohols with benzene (73) is supported by Ipatieff (72),
but falls to explain the rearrangement cbtained in thie
[present study. The intermedliate aluminum alkoxy compound
1s thought to react direectly with benzene without prior
gplitting and formation of the olefin. Cumene may be plc-
tured as being formed from isopropyl alcohol and benzene
in the following fashion:

(1) sec.~CgHyO0H + AlCly — sec.~CgH,0AlCly + HC1

(2) sec.-CzH,0A1CL; + CoHg A10la  gec.=CyH,CqH, + HOALCI,

McEenna and Sowa (67) propose as a mechanism for the
condensation of alcohols, with boron trifluoride as catalyst,
the formation of an alkene by the dehydration of the slechol.
Sec.~butylbenzene may be formed from n~butyl aleohel in this
manners

(1) CHywCHg=CHg=CHgOH BFa_ (HywCHg=CH=CHp + Hg0

(2) CHy~CHg-CH=CHg + CoHy —» CHpCHa=CH-CeHs

CHg

The condensation of unsaturated hydroca;bons with
aluminum chloride as catalyst (72) gives support to this
theorye.

An excellent discussion of the catinoid theory of



16.
condensation may be found in a review by Price (134). An
ionic type of machaniém is postulasted for all aecylations
with acid chlorides, anhydrides and esters, and alkylations
with alkyl halides, aleohols, ethers, esters or olefins
using such compounds as boron, slumlinum or iron halides,
as well as, sulfuric, phosphoric, or hydrofluoric acids as
catalysts.

An ionic complex between aluminum chloride and the
alcohol 18 flrat asgumed to be formed.

CHp~CHg=GH=CHy + AlClg ~ 7 CHy=CHa-GH~CHg
OH 0-H

l
Cl=Al-Cl

Ccl
In this complex the carbon~oxygen bond 1s weakened, probably
due to the greater attraction of aluminum for the electrons
of the oxygen, and the compound dilssociates into an electron-
deficient carbonium ion and a negatively charged aluminum
complex.

CHg~CHg=CH-CHg —— (ca,-ca,-ea-ca,\ (BO=A1-Clg) "™

O-ﬂ
d
Cl-Al-Cl

Ci
The carbonlium lon can then complete its octet of electrons

by association with & palr of electrons from a double bond

of the aromatic nucleus.
H CHg

CHy=CHg=GH-CHg + @ O -czi.cﬁ.-ch,

cna
@-CB..GH.-GH, + gt
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d-8ec.-butyl aleohol, in the presence of boron fluoride,
was found to yileld a sec.-butylbenzene product, 25 per cent
of which was 8 racemic mixture, the remainder being the .
laevo form. This phenomenon was explained on the basis of
the 1life period of the cation. If the asymmetric alkyl
- cation reacts almost simultanecusly with the process of
 ionlzation, the only avenus of approach is at the face
opposite that belng vacated by the anlon. Complets inver-
sion of the configuration would then oceur. The longer the
life of the c¢ation, however, the more extensive wouid be
its racemization before subsequent reactlon.

If the catinoid thsor? were correct, the results of
this present investigation might indicate a further change
occurving in the carbonium ion formed in the reaction,
possibly a dynamic equilibrium involving the shift of a
hydrogen from an sdjacent atom to the carbon containing
the positive charge. The result would be a shift of the
positive charge, too, to the adjacent carbon atom.

(HoC~CHg-Clg~GH~CHs) or (H,G-Gﬁg & o8, ca,>*’
(1) B
(5150-Cita 26
= -
(Hac-cﬁg 8 :?}‘ 1CHy + Y)Y — H,G—Cﬁa-g-ié-czia)
(11)
A mixture of cerbonlum ions I and II would result whieh,

on condensation with benzene, would give a mixture of the

2 and 3 phenylpentanes.
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In like fashion, the formation of a tert.-alkylbenzene
from an aleohol having sn adjacent branched methyl group

might be explained.
Clis Og
(GH,-GH—G-GE@) — > [CHg=CHg~=C=C
+ +
H
What the correct mechanism for the condensation of
secondary alcohols with benzene is eannot be ventured to
be said at present. JSuffice 1t tc say that the reaction
appears to proceed with the elimination of water followed

by the subsequent condensation of the olefin formed.
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EXPERIMENTAL

I, Prelimina
The problem of condensing secondary aliphatic alcohols

with benzene first necesaltated en improvement in the yields
of alkylasted products obtained by previous workers in this
laboratory. Thelr studies were quite extensive, involving
condensations in petroleum ether solution using a slight
exceas of benzene and one-sighth to one~half mole of
aluminrum chloride.

In order to improve the ylelds, the preparation of cumene
was studled. A much gre@ter excess of bengZene was used,
petroleum ether was omitted, more sluminum chloride was
employed and dry hydrogen chloride gas was bubbled through
the reaction mixture in an attempt to remove the water
formed in the reaction. All these fectors, it was hoped,

would make the reaction,

H H
R-C-R' + CqHg 21Cla, g c_r' + He0
CH CeoHs

go more to completion.

The first fector atudled was the amount of aluminum
chloride to be added. The proportions of reactants used
are shown in Table I. It was found that poor yields resulted
when much sluminum echloride was used, many side-reactions
teking place. This is in accordence with the observation
of Tsukervanik (100) who reported that an excess of aluminum
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Table I
Yield of
Isopropyl Alcohol Benzene AlClg Cumene
30 grams (0.5 mole) 450 ml.(5 moles) 100 grams 13.7 grems
30 grams 450 ml. 256 grams 0.0 grems

30 grams 450 ml. 850 grams 35.0 grams

chloride resulted in the formation of polyalkyl compounds.
Toe little catalyst gave no yleld st all. Good resulta were
obtained with 50 grams of aluminum chloride. It is to be
noted that these reactions were carried ocut, unlike later
experiments, at, or below, room temperature. It was found
in later work, under conditions finally worked out, that
the amount of catalyst could be reduced to 35 grams with
no deereass in yield.

Smaller amounts of benzene were next tried but given
up after a few attempts. Viscous gels were formed, when
the aluminum chloride dissolved, which wers difficult to
stir and decreased the yields considerably. It was found
that when a ratio of ten moles of benzene to one of alecohol
was used, the aluminum chloride dissolved easily to give &
clear, nom-viscous, yellow, orange or brown solution.

Another factor studied was the influence of temperature
upon the yield. It was found that the suspension of aluminum
chloride in benzene should be kept cold when the alcohol
was being introduc¢ed. This fact 1s borne out by g reaction
carried out at two different temperatures. When the alcohol

was added to the bolling suspension, a 36 per cent yield of
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cumene resulted. The yield rose to 53 per cent when the
same experiment was repeated at zero degrees centigrade.
Later experiments, using the higher homologues, diethyl,
methyl isobutyl, methyl seéondary butyl, methyl isoamyl,
methyl tertisry and ethyl tertiary butyl carbinols, showed
that the resctlon could be carried out without external
cooling with no decrease in yield. The alcohol was added,
in these latter reactions, at such a rate that the tempers-
ture of the system was maintained at about 50 degrees centi-
grade. The nature of the products was shown to be ldentical
with thet carried out at the lower tempersture. In fact,
in almost 8ll cases these higher alcohols gave slightly
better ylelds of alkylbenzene at the higher temperature.

After the alcohol had been added, the resction mixture
was allowed to remain at room temperature for verious perlods
of time. Standing for four or sixty four hours made little
difference in the yleld. A shorter period of time did re-
duce the yield consideravly. Under final conditions, the
reactlion mixture was permitted to stand overnlght, usually
for a period of eight hours.

After standing a few hours, better ylelds were obtalned
if the reaction mixture was refluxed. In one experiment,
the reaction mixture after standing forty eight hours, was
divided into two equal parts. One was refluxed for three
hours and the other allowed to stand at room temperature
for the same length of time. The latter gave a fifty seven
per cent yleld whille the other procedure gave a sixty six
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per cent yield. The yields were even better when the reac-
tion mixture was refluxed seven to eight hours. Under these
conditions, the yleld rose to seventy one per cent and was
not improved by longer refluxing. Thir period of reflux-
ing wes later abandoned in the condensation of the branched
chain elcochols, sinee ylelds were not improved and in some
cases actuelly decreased.

The hydrogen chloride gas was found to have & beneficlal
effect upon the reaction for in one experiment where it was
omitted the yleld dropped from sixty six to sixty ver cent.
These conditicns were used in all subsequent c¢ondensations
with the higher alcochols: namely,

(1) using fifty grams of aluminum chloride for a half

mole run,

(2) using a ratio of ten moles of bengene to cne of
aleohol,

(3) adding the alcochol to a suspension of aluminum
chloride in benzene kept in an lce bath with hy-
drogen ¢hloride gas bubbling through the resction
mixture,

(4) permitting the reaction mixture to stand at room
temperature for about eight hours after the sddi-
tion of the asleohol, and

(5) refluxing the reaction mixture for eight hours
longer while bubbling in hydrogen chloride gas
(in the case of slcohols having no branehing).
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II. Preparation of Alcohols

In a dry, three liter, three neck, round bottom flesk,
fitted with a separatory funnel and soda-lime tube, reflux
condenser and soda-lime tube, and mechanical stirrer with
glyecerol seal, were placed 49 grams of magnesium turnings,

g few corystals of iodline and about 100 ml. of anhydrous
ether. A few grams of the alkyl halide was added and the
solution stlrred. If necessary, the flask was warmed by
means of a water bath to start the reaction. After the re-
action began, the externsl heating was removed and the re-
mainder of the two molea of elkyl hslide, disscolved in en
equal volume of anhydrous ether, was added with stirring.
The addition was dropwise, at a rate just sufficient to
cause mlld refluxing. -Stirring was continued for slmost
15 mimutes after the addition of the slkyl halide.

To the CGrignard reagent was added dropwise, with coole
ing and stirring, two moles of the sldehyde dissolved in
an equal volume of anhydrous ether. Acetaldehyde was pre-
pared by the depclymerization of paraldehyde (104).

The reactlon mixture wes decomposed with ice and suffi-
cient concentrated hydrochloric acid was added to barely
dissolve the bmsic magnesium salts that were formed. The
ether layer was then separated and the aqueous layer extracted
twice with ether. The combined ether extracts were washed
once with water, ther with s dilute sodilum bicarbonste solu-
tion and then dried over anhydrous sodium sulfate. 7The ether
was removed on & steam bath and the alcohol distilled at

atmospheric pressure.
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With the exception of methyl isopropyl carbinol, which
was prepared by Mr. Wesson using the Grignard reaction,
the following alcohols were obtained from Eastmen Kodak

Companry and redistilled over sodium.

(1) Propanole2 BePte = B2~8B3°C.
(2) Butanole2 BsPt. = 99°C.

(3) Pentanol-2 BePts = 117-118°C.
(4) Pentanol=3 BePhe = 115=116%C.
(5) 2«Methylbutanol~3 BePte = 112-114°C.,
(6} Hexanol-2 BePte = 156=1389C.
(7) 2-Methylpentanol-4 BaPt. = 130-132°C.

(8) Hexanol=3 (105~107)
By the Grignard reaction using ethyl bromide (108)
and n-butyraldehydes
Yield = 65 per cent
Bureaz = 133«135%C,
D22 = 0,8227
2 = 1.4167
Surface Tension at 25°C. = 27.30 dynes
(9) S-Methylpentanol-2 (109)
By the Grignard reaction using sec.~butyl bromide (108)
and acetaldehyde (104).
Yield = 48 per cent
Brgg = 133°C.
DE? = 0.8305
oyt = 1.4213
Surface Tension at 25%C. = 28,60 dynes
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(10) 2-¥ethylpentanol-3 (110)
By the Grignard reaction using isopropyl bromide (108)
and proplonsldehyde.
Yield = 42 per cent
Byen = 125-128%C.
De® = 0.8269
np* = 1.4193
Surface Tension at 25°C. = 28.60 dynes
(11) 2,2-Dimethylbutanol-3 (Pinacolyl Aleohol) (111)
By the Urignard reaction using tert.=butyl bromide’ (108)
and scetaldehyde.
Yield = 24 per cent
Byss = 120-124°C.
(12) Heptanol-2 (112)
By the Grignard reaction using n-amyl bromide (108)
and scetaldehyde«
Yield = 75 per cent
Brea = 157-158°C.
D3} = 0.8187
np* = 1.4212
Surface Tension at 25°C. = 28.70 dynes
(13) Heptsnol«3 (107)
By the Grignard reaction using n~butyl bromide (108)
and propionaldehyde.
Yield = 62 per cent
Bres = 154-156°C.
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pi* = 0.8225

np® = 1.421¢
Surface Tension at 25°C. = 28.80 dynes
(14) Heptanol-4 (113-117)
By the Grignard reaction using nepropyl bromide (108)
and n-butyraldehyde.
Yield = 73 per cent
Byes = 154-155°C,.
D3t = 0.8192

Surface Tension at 25°C. = 27.80 dynes
{15) 2-Methylhexanol-=3 (118-119)
By the Grignard resction using isopropyl bromide (108)
and n-butyraldehyde.
Yield = 54 per cent
Bres = 146-147°C.
D' = 0.8234
n* = 1.4218
Surface Tension et 25%°C. = 27.40 dynes
(18) 3-Methylhexanol-4 (120)
By the Grignsrd reaction using sec.-butyl bromide (108)
and proplionaldehyde.
Yield = 42 per cent
Bygs = 147-148°C.
De* = 0.8355
np® = 1.4250
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Surface Tension at 25°C. = 28.60 dynes
(17) 2-Methylhexenol-4 (121)
By the Grignard resction using !sobutyl bromide (108)
and propionaldehyde.
Yield = 33 per cent
Bres = 144-146°C.
DR® = 0.8164
np* = 1.4167
Surface Tension at 25°C. = 27.10 dynes
(18) 2-Methylhexanol~5 (122)
By the Grignard reaction using isoemyl bromide (108)
and acetaldehyde.
Yield = 73 per cent
Brea = 150.5-152%C.
DE® = 0.8156
n3* = 1.4200
Surface Tension at 25°C. = 27,00 dynes
{19) 3-Methylhexanol~2 (123)
By the Crigrnard reasction using Z-chloropentane (124)
and acetaldehyde.
Yield = 57 per cent
Bygs = 150.5-181.5°C.
De® = 0.8201
np* = 1.4266
Surface Tension at 25°C. = 28.50 dynes
(20) 2,2-Dimethylpentanol-3 (1285)
By the Grignard resction using tert.-butyl chloride (108)
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and propionaldsehyde.
Yield = 22 por cent
Prga = 135-138°C.

IIT. Condensstion of the Secondary Aliphatic Alcohols with
Benzene. :

In a dry, one liter, three neck, flask equipped with

& mercury sealed stirrer, dropping funnel and calcium
chloride tube, and inlet tube were placed 50 grams of alumi-
num chloride (C.FP. anhydrous) and 400 ml. of bengene (enhy-
drous, thiophene-free). The stirrer was set in motion and
hydrogen chloride gas was bubbled through the reaction mix-
ture at such a rate that the bubbles could jJust be eounted.
The reaction mixture was then surrcunded by an ice bath and
after 10-15 minutes, a solution of one-half mole of the
alcohol in 50 ml. of benzene was added dropwise and with
stirring over a period of about one and a hslf hours.
Stirring was contlnued for ebout ons hour longer and then
the reaction mixture was permitted to s tand for about eight
hours. In the case of the straight-chain alcohols, the
reaction mixture was then refluxed for eight hours more, the
dropping funnel 5@1&%& replaced by & reflux condenser and
ealeium c¢hloride tube. An oll bath was used in the heating
snd hydrogen chloride gas was kept bubbling through the
reaction mixture.

The reaction mixture was then poured onto ice snd con-
centrated hydrochloric acid was added to dlssolve any basic
aluminum salts that sepsrated. The resulting mixture was

shaken well in a separstory funmel, the aqueous layer
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soeperated and extrascted twice with smsll amounts of benszene
or ether. The combined benzene or benzene-ether extracts
wvere washed once with water, then with & dllute scdium bi-
carbonate solutlion and finally once more with water.

After drying over anhydrous sodium sulfate, the benzene
and ether were removed by vecuum distillation. The residual
liquid was distilled at atmospheric pressure using a short
colum.

(1) Condensation of Propanol-2 with benzene.
Yield of monoslkylbenzens = 71 per cent
Byge = 151°C.

D% = 0.8600

np* = 1.4956, np® = 1.4858

Surface Tension at 25°C. = 27.78 dynes (Drop Welght)
= 20.28 dynes (Du douy)
Parachor = 320.6 (Drop Weight), calculated® = 319.8
= 32448 (Du Nouy)

X311 ecalculated values are those of the expected
secondary monomlkylbenzene. The molecular volumes were cal-
culated by the formulae developed by Keuffmann for unbrianched
homologues of benzens. Kauffmann, "Beziehungen Zwischen
Physikalischen Eigenscheften und Chemisher Konstitution,"
Verlag F. Enke, Stuttgart, Germany, 1920, p. 98 « Holecular
volumes were corrected to 20°C. by subtracting O.11 for
each degree above this temperature.

Parachor values are calculated using the constants
of ¥umford and Phillips (J. Chem. Soc. 33, 2112 (1929)).
Decrements of 3.0 for branched groups of the type ~CHRg
and double this value for the group -CR; were subtracted.
A similer decrement was used for the attachment of an alkyl
group to a benzene ring.

Indlces of refraction were observed using an Abbe' re-
fractometer. Molecular refractions were calculated from
the Lorentz-lLoreng formuls.
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Molecular Refraction = 40.28, calculated = 40.24
Molecular Volume at 20°C. = 138.88, calculated = 139.41
¥onoacetamino derivative, Ne.Pt.= 105°C.
Diacetamino derivative, V«Pt. = 213-214%C.
{2) Condensation of Butanol-2 with bengzene.
Yleld of monoalkylbenzene = 81 per cent
Brss = 171°C.
D2% = 0,859%
nj* = 1.4936, nj° = 1.4878
Surface Tension at 25°C. = 28.20 dynes (Drop Weight)
= 29.40 dynes (Du Nouy)
Parachor = 359.5 (Drop Weight), celculated = 359.4
= 363.2 (Du Nouy)
Molecular Hefractinn = 44.93, calculated 44.858
Holecular Volume at 20°C. = 15b6.14, calculated = 155,68
Honoacetamino derivative, E.Ps. = 126°C.
{3) Condensation of Pentanol-2 with bensene.
Yield of monoalkylbenzene = 83 per cent
Bysg = 1809C.
8¢ = 88.89 per cent, H = 10.98 per cent
D§e = 0.8599
ni* = 1.4921, nj* = 1.4867
Surface Tension at 25°C. = 28.49 dynes (Drop Weight)
= 29.72 dynes (Du XNouy)

8ggleulated, C = 89.12 per cent
H = 10.88 per cent
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. Parachor = 397.0 (Drop Weight), calculated = 399.4
= 402.2 (Du Nouy)
Nolecular Refraction = 49.19, calculated = 49.456
¥olecular Volume at 20°C. = 171.32, calculated = 171.95
Monogcetsmino derivative, M.Pt. = 118-118°C,
Alpha naphthylurethane, MePt. = 95-99,5°C.
(4) Condensation of Pentanol-3 with benzene.
Yield of meonosikylbenzene = 65 per cent
Byge = 189-100.5°C.
8C = 88.97 per cent, H = 10.83 per cont
DR = 0.8605
ny® = 1.4952, n}}® = 1.4877
Surface Tension at 25%° . = 28.51 dynes (Drop Weight)
= 29.65 dynos (Du Nouy)
Parachor = 397.4 (Drop Welght), calculated = 399.4
= 401.7 (Du Houy)
¥Molecular Refrgetion = 40.57, caleunlatsd = 49.456
Molecnlar Volume at 20°C. = 171.17, calculated = 171.95
Moncascetaminoe derivative, M.Pt. = 121-122°C,
Alpha naphthylurethane, MePt. = 97.5-98.5%C.
(5) Condensation of 2-Methylbutanol-3 with benzene.
Yield of monoalkylbenzene = 54 per cent
Brao = 188.5~190°C.
8¢ = 89.23 per cent, H = 10.79 per cent
De” = 0.8634
np* = 1.4952, nf® = 1.4908
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Surface Tension at 25% . = 28.60 dynes (Drop Welght)
= 29.92 dynes (Du Nouy)
Parachor = 394.5 (Drop Weight), calculated = 396.4
= 3991 (Du YNouy)
Molecular Refraction = 49.38, calculated = 40.45

Holecular Volume = 171.95, calculated = 169.63
at 20°C.

Monoacetamino derivative, Me.Pt. = 137-138°C.
Para hydroxy derivative, M.Pt. = 89.20°C,
Alpha naphthyiurethana, HePte = 125-126%C.
| {6) Condensation of Hexanol-2 with benzene
Yield of moncalkylbenzene = 72 per cent
Breo = 208-210°C. *
bC = 88.86 per cent, H = 11.06 per cent
D3® = 0.8608
ni¢ = 1.4909, n3® = 1.4866
Surface Tension at 25°C. = 28.79 dynes (Drop Welght)
= 30.16 dynes (Du Nouy)
Parachor = 436.3 (Drop Welght), calculated = 439.4
= 441.5 (Du Nouy)
Molecular Refraction = 54.15, calculated = 54.,05
Molecular Volume at 20°C. = 187.33, calculated = 188.22
Alpha naphthylurethane, M.Pt. = 95-96.5%C.

(7) Condensation of 2-Methylpentanol-4 with benzene.

bealculated, C = BB8.82 per cent
H = 1l.18 per cent



Yield of monoslkylbenzene = 50 per cent
Breo = 205-206°C.
be = 85.55 per cent, ¥ = 11.31 ner cent
DE® = 0.8754
np* = 1.4988, np" = 1.4932
Surface Tension at 256°C. = 28,79 dynes (Drop Weight)
= 20.84 dynes (Du Houy)
Parachor = 431.6 (Drop Welght), calculated = 436.4
= 4329 (Du Nouy)
lolecular Refraection = 53.85, caleculated = 54.08
Molecular Volume at 20°C. = 184.20, calculated = 188.22
Alpha naphthylurethene, M.Pt. = 108-112°C.
(8) Condensation of Hexanole3d with benzene.
Yleld of monoalkylbenzene = 65 per cent
Brsg = 209-211°C.
bG = BB.67 per cent, H = 11.11 per cent
De® = 0.8580
np* = 1.4894, nf® = 1.4845
Surface Tenalon at 25°C. = 28,93 dynes {Drop Weight)
= 29.84 dynes (Du Nouy)
Parachor = 438.1 (Drop Weight), celculated = 439.4
= 441.7 (Du Touy)
Holecular Refraction = 54.11, calculated = 54.05
Kolecular Volume at 20°C. = 187.93, calculated = 188.22
Alpha naphthylurethane, M.Pte = 55-36°C.
(2) Condensation of 3=Methylpentanol-2 with bengene

Yield of moncalkylbenzene = 56 per ceut
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Bree = 207-208°C.
b = 89,17 per cent, H = 10.94 per cent
DR® = 0.8760
np = 1.4990, nf® = 1.4951
Surface YTension at 25°C. = 29.28 dynes {Drop Weight)
= 30.55 dynes (Du KNouy)
Parachor = 430.6 {Drop Weight), c¢alculated = 436.4
= 435.1 (Du Nouy)
Molecular Refraction = 535.99, caloulated = 54.04
Molecular Volume at 209C. = 184.07, calculeted = 188.22
Alphe naphthylurethane, M.Pt. = 103.5=105.5°C.
(10) Condensation of 2-Methylpentanol-3 with benzene.
Yield of monoalkylbenzene = 66 per cent
Byrse = 208-209°C.
be = 89,00 per cent, H = 11.04 per cent
De® = 0.8702
nd* = 1.4047, ny)" = 1.4900
Surfece Tension at 25° . = 28.96 dynes {Drop Weight)
= 20.78 dynes {Du HNouy)
Parachor = 432.3 (Drop Weight), caleculated = 436.4
= 435.3 (Du Nouy)
Molecular Hefrmetion = 53.88, calculated 54.05
Kolecular Volume at 20°C. = 185.31, calculated = 188.22
Alphas naphthylurethane, M.Pt. = 123.5-125°C.
(11) Condensstion of 2,2«Dimethylbutanol-3 with benzene.
Yield of monoalkilbenzene = 62 per cent
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Byeo = 205~207°C.
be= g8.96 per cent, B = 10.99 per cent
De® = 0.8763
n;* = 1.4985, np° = 1.4942
Surface Tension at 25°C. = 28.92 dynes (Drop Weight)
= 30.16 (Du Nouy)
Parachor = 429.1 {Drop Weight), caleulated = 433.4
= 43346 (Du Nouy)
Molscular Refraction = 53.89, caleulated 54.05
Holecular Volume at 20°C. = 184.01, caleculated = 188.22
Alpha naphthylurethane, M.Pt. = 109-110°C.
{(12) Condensation of Heptanol-2 with benzens.
Yield of monoalkylbenzene = 72 per cent
Brao = 226-227°C.
©C = 88.47 per cent, H = 11.40 per cent
De® = 0.8585
ny* = 1.4882, np® = 1.4837
Surface Tension st 25°C. = 28.94 dynes (Drop VWeight)
= 29.72 dynes (Du Nouy)
Parachor = 475.9 {Drop Weight), calculated = 479.4
= 47%.1 (Du Bouy)
Molecular Refraction = 58.68, calculated = 58.66
Molecular Volume at 20°C. = 204.47, celculated = 204.49
Alpha naphthylurethane, MePt. = 94.5-96.5%C,.

Cealculated, C = 88.56 per cent
H = 11.44 per coent
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(13) Condensation of Heptanol-3 with benzene
Yield of monoaslkylbenzene = €7 per cent
Byge = 227-228°C.
®¢ = 88.55 per cent, E = 11,59 per cent
DE® = 0.8569
np* = 1.4873, nd® = 1.4828
Surface Tension at 25%°C. = 28.73 dynes (Drop Feight)
= 30,03 (Du Nouy)
Parachor = 475.9 (Drop Welight), calculated = 473.4
= 481.,2 (Du Fouy)

Holecular Refraction = £8.89, calculated = 58,66
Molecular Volume at 20%C. = 204.45, ealculated = 204.49

Alpha naphthylurethane, M.Pt. = 95.5-97.5°C.
{14) Condensation of Heptanol-4 with benzene.
Yield of moncslkylbenzene = €3 per cent
Bygo = B26-220°C.
CC = B88.29 per cent, H = 11.62 per cent
De® = 0.8613
np* = 1.4899, n;“ = 1.4847
Surface Tension at 25°C. = 20.03 dynes (Drop Weight)
= 29.78 dynez (Du Nouy)
Parachor = 474.7 (Drop Weight), calculated = 479.4
= 477.8 (Dun Nouy)
Molecular Refraction = 58.59, calculated = 58.66
Molecular Volume at 20°C. = 203.38, calculated = 204.49
Alpha naphthylurethane, M.Pt. = 93.5-04°C.
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(15) Condensation of 2«Methylhexanol-3 with benzene.

Yield of moncalkylbengzene = 62 per cent
Bres = 225-226°C.
Sc = 88,19 per cent, H = 11.56 per cent
Da? = 0.8688
np* = 1.4935, n5° = 1.4893
Surface Tension at 25%C. = £9.08 dynes {Drop Weight)
= 30.09 dynes (Du Houy)
Parachor = 470.9 (Drop Welght), cﬁlcnlated = 476.4
= 474.9 {Du Nouy)
Molecular Refraction = 88.5655, calculated = 58.65
Molecular Volume at 25°C. = 201.65, calculated = 204.49
Alpha naphthylurethane, M.Pt, = 125-127°C.
{16) Condensation of 3«Methylhexanol-4 with benzene.
Yield of monoalkylbenzene = 60 per cent
Bres = 224-226°C.
CC = 88427 per cent, H = 11.63 per cent
D3® = 0.8727
np* = 1.4952, n° = 1.4913
Surface Tenslon at 25°C. = 29.88 dynea (Drop Weight)
= 30.91 4ynee (Du Nouy)
Parachor = 470.0 (Drop Welght), celculated = 476.4
= 476.0 {Du Nouy)
¥olecular Refraction = 58.49, ealeulated = 5B8.66
Koleeular Volume at 20°C. = 20C.75, calculated = 204.49
Alpha naphthylurethane, M.Pt. = 101-103°C.



{17) Condensation of 2«Methylhexanol-4 with benzene.

Yield of monoslkylbenzene = 54 per cent

Dyez = 224-2259C,

€C = 88.13 per cent, H = 11.40 per cent

DR¥ = 0.8654

np* = 1.4911, nB® = 1.4875

Surface Tension at 25°C. = 28474 dynes (Drop Welght)

= 29.84 dynes (Du Nouy)

Parachor = 471.3 (Drop Weight), calculated = 476.4
= 475.8 (Du Nouy)

Molecular Refraction = 58.58, calculated = 584686

Molecular Volume at 20°C. = 202.45, calculated = 204.49

Alpha naphthylurethane, KsPt. = 119-1219C.

(18) Condensation of Z«Methylhexanol-5 with bengene

Yield of monoalkylbenzene = 44 per cent

Breo = 223-226°C.

€0 = 88443 per cent, H = 11.31 per cent

D2% = 0.8777

np* = 1.4973, nf® = 1.4929

Surface Tension at 25%Ce. = 29.06 dynes (Drop Weight)

= 20,97 dynes (Du HNouy)

Parachor = 466.0 {(Drop Weight), calculated = 476.4
= 469.0 (Du Nouy)

Molecular Refraction = 58.33, calculated = 58466

Holecular Volume at 20°C. = 199,59, calculated = 204.49

Alpha raphthylurethane, M.Pt. = 119-121°C.

(19) Condensation of 3eilethylhexanol-2 with benzene.
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Yield of monoalkylbenzene = 58 per cent
Brez = 224-225.5%C.
C = 88+99 per cent, H = 11«52 per cent
De® = 0.8767
nf* = 1.4976, n° = 1.4939
sSurface Tenslon at 25%C. = 22.14 dynes (Drop Weight)
= 30.09 dynes (Du Nouy)
Parachor = 466.8 (Drop Weight), calculated = 476.4
= 470.6 (Du Nouy)
Holecular Hefraction = 58.48, calculated = 58.66
Kolecular Volume at 20°C. = 199.82, calculated = 204.49
Alpha naphthylurethane, He.Pt. = 106~108°C,
(20) Condensation of 2,2«Dimethylpentancl=-3 with bengzene
Yield of monoalkylbenzene = 58 per cent
Brga = 221-223°C.
®C = 88.63 per cent, H = 11.30 per cent
De® = 0.8720
ny' = 1.4947, np° = 1.4912
Surface Tenslon at 25%C. = 28.67 dynes (Drop VWeight)
= 29.65 dynes (Du XNouy)
Parachor = 467.56 (Drop Weight), eslculated = 473.4
= 471.4 (Du Nouy)
Molecular Eefraction = 58.53, calculated = 58.66
Holecular Volume at 20°C. = 200.90, calculsted = 204.49
Alpha naphthylurethene, lePt. = 114=115°C.
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IV. Derivatives
(1) Acetamino Derivatives

These compounds were prepared by the method of
Ipatieff and Schmerling (126-127).
(2) Alpha naphthylurethanes

These compounds were prepared by a modificstion

of the methods given in Fisher's text (104) and is almost
the ssme as Malherbe's procedure used by Cuile (70).
{(a) Preparation of the mononitro aslkylbenzenes.

To one-tenth of a mole of alkylbenzene was added
dropwise and with shaking, twenty four ml. of a mixture
consisting of concentrated sulfuric and nitric scids in
equal parts by volume. The tomperaiture.of the reaetion
mixture was kept below 50°C. by immersion in an iece bath
when this temperature was approdched. The reaction mixture
was then placed in a waier bath at 50°C. and kept there,
with frequent shaking for one-~hali to two hours. It was
then poured onto ice and extracted with ether. The ether
layér was washed three times with a saturated salt solution
and the ether removed on a steam bath. lhe residue was
distilled in wvacuo using a hyvac oil pumpe.

{v) Reduection of the nitro compound to the amine.

To the nitro compound, plesced in a flask fitted
with a reflux condenser was added 30 grams of mossy tin
for each one-~tenth mole of compound. Eighty ml. of cone

ecentrated hydrochloric aeid (for each 1/10 mole of compound)

Note: The para position of the entering nitro group has been
well gstabliahed by previous workers in this laboratory
(2’98 *
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wes added in small portions through the mouth of the con-
denser, the flasgk being shaken after each addition. After
the vigorous resction had subsided, the flask was heated
on a steam bath for one~hal{ houre

lce and sufficient concentrated sodium hydroxide to
dissolve most of the tin hydroxide that precipitated were
then added. The solution was “hen extracted three times
with ether and the comblned ether extracts washed til clear
with a saturated salt solution. The ether was evaporated
on & steam bath and the residue distilled under reduced
pressure.

(e) Conversion of the amine to phanol.

Por esch one-tenth mole of amine, placed in a beaker,
wes added a hot solution of 11 ml. of concentrated sulfurie
acid dissolved in 50 ml. of water. The solution was stirred
well with a thermometer and plasced in an ice-salt bath. Ice
was added to the solution and when the temperature of the
latter had dropped below zero degrees centigrade, a saturated
agquecus solution of eight grams of sodium nitrite was added
slowly and with stirring. The temperature was maintained
at or below zero degrees centigrade durirg this eddition.
%hen all the sodium nltrite had been added, the solution
was stirred until all the suspended =20li4d amlne sulfate
dlesolvede. When sll, or nearly all, the s0lid had dlssolved,
two grams of urea (for each 1/1C mole of compound), dissolved
in a minimum of water, was slowly added. The sclution was

then permitted to atand for about ten minutes and then
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steam~distilled by alleowing it to drop slowly on a boiling,
dilute, sulfuric acid solutlion through which steam was
being passed. The reaction mixture was steam-distilled
until noe mors phenol came over. The distillate was saturated
with salt, cooled, and extracted twice with ether. The
ather was evaporated on a steawm bath and the residue dis-

t1lled in vacuo.

{d) Preparation of the Alpha naphthylurethane of the
phenol (128). ‘

1-2 grams of the phenol was treated with half its
volume of Alpha naphthylisocyasnate. The reaction was
catalyzed by the addition of a few drops of an anhydrous
ether solution of trimethyl amine (kept anhydrous over
sodium sulfate). The mixture was shaken well, stoppered
with a cork to which was attached & drying-. tube, and
placed on a steam bath for five to fifteen minutes. On
eooling, the solution solidified completely and the solid
was recryatallized to constant melting polnt from skellysolve
(B.Pt. 60-70 degrees Centigrade)(a higher boiling petroleum
ether portion) or ligroin.



Table II

Para Nitro Derivetives of the Monoalkylbenzenes

Aleohol Condensed
with Benzene

Pentanol-2

Pentanol-3
2«Nethylbutanol-3
Hexanol-2
2«¥ethylpentancl-4
Hexanol-3
3-Methylpentanol-2
2«Methylpentanol«3
2,2«-Dimethylbutanole3%
Heptanol-2

Heptanol~3

AHeptsnol-é
2«NMethylhexanol«3
S-¥ethylhexanol-4
2-lMethylhexanol-4
2-Methylhexanol-5
3=Nethylhexanol«2
2,2-Dimethylpentanol.3

Be Pte Of .
Nitro Compd.

112-114°C.
111-117°C,
113-118°C.
133-141°C.
134-1389C.
122.5-124°C,
124-127°%C,
123.5-127°C.
117-123°C,
154-156%°C,
143-149°C.
146-150°C,
140-146°%C,
143-148°C,
136-143°C,
139-142°C,

- 135«139°C.

139-141°C.

At.

Pressure

i

0

e

Niille

Yifll e

N W N

e

W

INtie

DiMe

MMe

e

TiMe

Hiile

MMe

HMe

(e B R T B 7 I I - TR B

mMie

]

Dine
3 MMe

3 mme

Xpnale. for Kitrogen: Found, N = 5,68 per cent
Calculated, N = 6.73 per cent
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Table III

Para Amino Derivatives of the Monoalkylbengenes

Alcohol Condensed
wlth benzene

Pentanol-2

Pentanol-3
Z«Methylbutenol-3
Hexanol-3
2«Nethylpentanol-4
Hexanol-3
S-NMethylpentanol-2
2-NMethylpentancl«3
2,2-Dimethylbutanol-3*
Heptanol-2

Heptanol-3

Heptancl-4
2-Methylhexanol-3
d-Methylhexanol-4
2~-Methylhexanol-4
2~Methylhexanol~5
S=-Netbylhexanol-2
2,2-Dimethylpentanol«3

xnnal. for Nitrogen:

Be Pt. of
Amine

101~ 102"6 .

103-105.5°C.

99-103%C.
111-114°C,.
124°C.
121.5°C.
112-~113°C.
111-113°C.
115-118°C.
124.127°C.
124-126°C,
129-130°C.
127-129°C.
124-.126°C.
120-124°C.
123-127°C.
120-125%C.
120-126°C.

-

L, 2 1 T - SR IR o R - A - I - R - D - T N 7 R I A . T -

Pressure

Bliie

pici:: 89

mie

e

Me

Mitle

mm.'

Hillle

e

e

MMte

MMe

NiNe

Hiflle

e

Mte

Found, N = 7.74 per cent

Calculated, ¥ = 7.87 per cent
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Para Hydroxy Derivetives of the Monoalkylbenzenes

Alcohol Condensed
with Benszsene

Pentanol«2

Fentanol=-3
2-lethylbutanol~3J
Hexanocl-2
2-Methylpentanol-4
Hexanole3
S-Hethylpentanol-2
2«=Nethylpentanol-3
2,2-Dimethylbutancle3%
Heptsnol-2

Heptanol-3

Heptanol=4
2=-Methylhexanol-3
3-Methylhexanol-4
2-¥Methylhexanol-4
2-¥ethylhexanol=-3
3-Methylhexanol-2
2,2«~Dimethylpentanol~-3

Xanale for C and H:

Be Pt. of
Phenol

100-104°C.
100°C,

110-111°C.
108-113°C.
115-119°C.
117-119°C.
117-121°C.
116-119°C.
115-118°C.
120-122°C.
125127°C.
117-121°C.
123-127°C.
128-131°C.
122-129°C.
123-126°C.
121-125°C.
131-133°C.

Pressure

2 mme.

2 mm.

L]

e
Hifle
e
e
mile
mme
mMite
MMe
% .
Nle
moe
MNe
bisiis P8
M

mm.

G G B O o DN oM G BN

Bl%e

¥ePto

89-90°C,

122°C.

Found, C = 80.63 per cent, H = 10.35 per cent

Caleulated, ¢ = 80.85 per cent,

H = ]10.18 per cent
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Table V

Alphe Faphthylurethanes from the Monoaslkylbenzenes

Alcohol Condensed M. Pt. of % N
wlth Benzene Urethane
Pentanol-2 99-99.5°C. 4.13%
Pentanol-3 97.5-99.5% . 4.18%
2~VWethylbutanol=3 125-126.5%C. 4.172
Hexanol-2 05-96.5%°C.  B.99P
2-Methylpentancle4 108-112°C. 3,970
Hexanol-3 95-96°C. 4,03P
3.Methylpentanol-2 103-105.5%C. 3.99P
2-Fethylpentanocl-3 123.5-126°C. 1.00P

2,2«Dimethylbutancl«3 109-110°C. 3.98°

Heptanol-2 94.5-96.5%C, 3.82°
Heptanol~3 IE5e597.5%C. 3,86
Heptanol-4 93+5-94°C. 3.82°
2~Hethylhexanol-3 125.126°C. 3.83°
3-Methylhexanol«4 101-103°C. 3.87¢
2-Methylhexanole4 119-121°C. 3.79¢
2-Nethylhexanol«5 119=-121°C. '5.863
3-Methylhexanole2 106-108°%C. 3.83¢

2,2«Dimethylpentencl-3 114-115°. 3.79¢

Calculated: (a) ¥ = 4.12 per cent
(b) K = 4,03 per cent
{c) ¥ = 3.87 per cent
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Ve Determination of the Hature of the Nonocalkylbenzenes

The monoalkylbenzenes obtained in these condensations

may be divided roughly into three classes:

(2) pure monozlkylbenzenes chtained from the secondary
alcohol without rezrrangement,

(p) tertiary alkylbenzenes, with the possibility of a
small amount of secondary alkylbenzene as impurity,
obtained from a secondery alechol with branching
adJacent the hydroxyl group,

(c) mixtures of two or ﬁore alkylbengzenes obteined from
secondary slechols which may or may not have branch-
ing in thelr molecules.

Two members of the first class, cumene and sec.-butyl-
bengzene, were shown to be formed without reerrangement from
their corresponding seeondary alcohols by comperison of
the melting points of thelr monoacetamino derivatives with
those in the literature (126-127).

The'structure of the tertisry alkylbenzenes was proven
by converting these eompounds to thelr corresponding para
hydroxy derivatives. Alpha naphthylurethanéa were prepared
from the latter and mixed melting points were tsken with
the alpha naphthylurethanes prepared from the tertilary
alkylphenols obtained by previous workers in this laboratory
by the condensation of tertiary aslcohols with phenol in
the presence of aluminum chloride. Curtis (99) prepared

the alpha naphthylurethanes of the tertiary hexyl phenols
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condensed by Haieh (2). The author prepared the alpha
naphthylurethanes of Hsish's para tert.-amylphenol and
Hedrick's methylethyl-n-propyl-para-hydroxyphenylmethane,
dimethylen-butyl-para«hydroxyphenylmethane and methylethyl-
isopropyl-para-hydroxyphenylmethane. The last three deriva-
tives were found to have higher melting points than those
reported by Hedrick and are listed, together with the afore-
mentioned data in Tables VI. and VIII.

To get some 1dea of the nature of those alkylbenzenses
which werse ﬁixtnrea, the moncalkylbenzenes which would have
been obtained from the secondary alcoholz 1f no rearrange-
ment occurred, were prepared by independent synthesis.

This was done by a modification of the method of Klages (37)
which consisted of tresating an alkyl CGrignerd compound with
acetophenone or its homologues, forming a tertiary alecobol.
The alechol was reduced to tga hydrocarbon by first forming
an olefin by splitting out water, and then reducing the
unsaturated compound with sodium and absolute ethyl alcohol.
This procedure (Procedure I) gave a purs alkylbenzene which
was converted to the para hydroxy derivative by the procedure
already outlined (see 3ection IV under Experimental). The
alpha naphthylurethanes of these phenols were then prepared
and comparsd with those obtained in the condensation, mixed
melting points being performed wherever feasible. A more
convenient method (Procedure II) for obtzining the alpha
naphthylurethanes of the para hydroxyphenylalkanes consisted
in using the para methoxy derlivatives of acetophencne and
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1ts homeclogues, propiophencne and butyrophenone. These
ecompounds, when treated with the Grignard reagent, reduced
and demethylated, gave the alkylphenol directly, avoiding
the lenghthy nitration, reduction and diazotization acheme.

Procedure 1I.

The Urignard reagent was prepared by the technigue
previously deseribed (Section II under Experimental). The
erude product was converted into the olefin, without isoclat-
éying the tertisry alcohol formed, by refluxing, using a
Dean and Stark moisture trap (129) until no more water
collected. This usumlly tock but a few minutes. The
product was then distllled.

~The unsaturated compound was reduced by dissolving
0,25 mole of olefin in 375 ml. of absolute ethyl alcohol and
treating the boiling solution with 40 grems of sedium,
added in several large pleces at intervals. The solution
was refluxed gently on a steam bath, using anhydrous pre-
cautione, during the treatment with scdlum. ¥hen arll the
sodium had dlssolved, water was added in great excess, and
the mixture extracted three times with ether. The ether
layer was then washed free of alcohol repeatedly with a
saturated salt solution until its volume remained constant.
The ether was then removed on s steam bath and the residue,
after cooling, shaken thoroughly with s saturated potassium
permanganate solution. The excess permanganate was then
reduced by the sddition of solld sodium bisulfite and the

alkylbenzene extrscted with ether. After evaporation of
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the ether on a steam bath, the residue was distlilled at

etmospheric pressure. The alkylbenzene was then converted

to the phencl by the procedure in Section IV under Experi-

mental and the glpha naphthylurethane of the latter wes

‘prepared.

{1} 3-Phenylpentane (39), Bgga = 189~-191°C.

Prepareﬁ“from dlethylphenylecarbinol (prepared by Hughes
(27) )«

(a)
(b}

(e)

(d)

{e)

(£)

Intermediete unsaturated compound (39), B,ei = 199-201°C.
Para Fitro derivative, Bg = 110-115°C.

Pound: HNitrogen = 7.18 per cent

Caleulated: HNitrogen = 7.25 per cent

Para Amino derivative, By = 107~116°C.

Found: HNitrogen = 8.43 per cent

Caleulated: Nitrogen = 8,58 per cent

Para Hydrory derivative, B, = 108-117°C.

H.Pt. = 75.5°C. This compound has beern reported as
melting at 79-80°C. {(133).

Honoacetamino derivative of the alkylbenzene

M.Pt. = 144°C. Ipatleff and Sehmerling (127) report
e melting point of 145-146°C.

Alphe nephthylurethane, M.Pt.= 114°C,

Found: HNitrogen = 4.07 per cent

Calculsted: Nitrogem = 4.12 per cent

(2) 2-Phenylpentane (37), Bygs = 191~-193°C.

Prepared from propyl bromide and acetophenone.

(a)

Intermediete unsaturated compound (37)

Bres = 202-204°C.
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(b) Para Nitro derivative, Bz = 112-118°C.
Found: Nitrogen = 7.21 per cent
Caleulated: HNitrogen = 7.25 per cent
{(c) Para Amino derivative, By = 101-104°C.
Found: Nitrogen = 8.49 per cent
Caleculated: Nitrogen = 8.58 per cent
(d) Para Hydroxy derivative, By = 101°C.
Found: € = 80.83 per cent, H = 10.33 per cent
Caleulated: C = 81.19 per cent, H = 10.48 per cent
(e) Alpha naphthylurethane, M.Ft. = 100-101°C.
Found: Witrogen = 4.09 per cent
Caleulated: Nitrogen = 4.12 per eent
(3) 2-Phenylhexane (43}, Bgze = 210°C.
Prepsred from n-butyl bromide and scetophencne.
{a) Interwediate olefin, Bgyrs = 219-224°C.
{(b) Para Nitro derivative, By = 120-128°C.
Founds WNitrogen = 6.62 per cent
Caloculateds ®iltrogen = 6.73 per cent
(c) Para Amino derivative, Bp = 112-116°C.
Found: HNitrogen = 7.78 per cent
Calculated: ¥itrogen = 7.82 per cent
(d) Para Eydroxy derivative (134), By = 110-112°C.
(e) Alpha naphthylurethane, ¥.Pte. = 108«109°C.
Found: FNitrogen = 3.898 per cent
Calculated: Nitrogen = 4.03 psr cent
(4) 4-Phenylheptane, Brgo = 221-224°C.
Prepared from n-propyl bromide and ethyl benzoate.
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Found: C = 88.37 per cent, H = 11.51 per cent
Calculated: € = 88.56 per cent, H = 11.44 per cent
{a) Intermediate olefin, By = 80~95°C.
(b) Pare Nitro derivative, By = 140«143°C.

Pound: Nitrogen = 6.29 per cent

Calculated: Nitrogen = 6.33 per cent
(¢} Para Amino derivative, Bg = 128.132°C,.

Found: Nitrogen = 7.25 per cent

Calculated: TWitrogen = 7.32 per cent
{d) Pars Hydroxy derivative, B, = 121.123°C.

Found: C = B0.78 per cent, H = 10.27 per cent

Caleculated: C = 81l.19 per cent, H = 10.48 per cent
(e) Alpha naphthylurethane, M.Pt. = 104~-1056%C.

Found: UNitrogen = 3.88 per cent

Calculated:s Witrogen = 3.87 per cent

(5) Z«Methyl~4-phenylpentane (40), Bgzs = 197«198°C.

Prepared from isobutyl bromide and ecetophenone.
(g) Intermediate olefin (40), Bszs = 213-225%C.
{(b) Para Witro derivatlive, By, = 132°C,

FPound: Nlitrogen = €6.66 per cent

Caleculated: Nitrogen = 6,73 per cent
{c) Para Amino derivative, Bg = 113-115°C.

Pound: Niltrogen = 7.83 per cent

Calculated: Kitrogen = 7.87 per cent
(4) Para Hydroxy derlvative, Bg = 108~110%C.

Found: C = 80.37 per cent, H = 10.18 per cent
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Calculated: ¢ = 80.85 per cent, H = 10,18 per cent
(e) Alpha naphthylurethane, M.Pt. = 107°C.
Found: HNitrogen = 3.96 per cent
Calculated: Yitrogen = 4.03 per cent
Procedure II.

The method was the same as the preceeding but instead
of asetophenone, para methoxyacetophenone (25), para meth-
oxyprocplophenone (24,130), and pars methoxybutyrophenone
were used and the para hydroxyphenylalkanes prepared withe
out preparing the intermediary produets. After the reduc-
tion with sodium and alcohol, the product was demethylated
without isolating the ether. In the hydrolysis of theether,
10 grams of the product was refluxed with B0 grams of phenol
snd 100 ml. of 48 per cent hydrobromiec acid for 4 hours
(131). The mixture wes then extracted with ether, the
sthereal layer washed three times with water to remove any
acid snd the ether removed on a steam bathe. The product
was then vacuum-dlatilled, discarding the lower bolling
phenol. The alphe naphthylurethane of the phenol was then
prepared.

(1) 3-Pare-hydroxyphenylhexane, By = 133°C.
Prepared from nepropyl bromide and para methoxypropio-
phenone.
Pound: C = B0.67 per cent, H = 10.11 per cent
Calculated: C = B085 per cent, H = 10,18 per cent
Alpha naphthylurethane, M.Pt. = 95«95.5%C,
Found: Nitrogen = 3.99 per cent
Caleulated: Hitrogen = 4.03 per cent



(2)

(3)

(4)

(5)

b4,
3«Pars hydroxyphenylheptane, By = 117°C.
Prepered from n-butyl bromide and para methoxypropio-
phenone.
Found: C = 8l.07 per cent, ¥ = 10.31 per cent
Caleulated: C = 8l.19 per cent, H = 10.48 per cent
Alpha naphthylurethans, M.Pt. = 100%C.
Fovnd: MNitrogen = 3.79 per cent
Caloulated: Nitrogen = 3.87 per cent
2,2«Dimethyl-3-pars hydroxyphenylpentane, By = 108°C,
Prepared from tert.~butyl chloride and para methoxy=-
proplophenone.
Found: C = 8C.87 per cent, H = 10.64 per cent
Calculated: C = £1.19 per cent, H = 10.48 per cent
Alpha naphthylurcthane, H.Pt. = 118«119°C.
Found: Witrogen = 3.82 per cent
Caleulated: Nitrogen = 3.87 per cent
zumetﬁyl-éupara hydroxyphenylhexane, Bg = 111°C.
Prepared from isobutyl bromide and para methoxypropio-
phenons.,
Found: C = 81.49 per cent, H = 10.20 per cent
Calculated: C = 81.19 per cent, E = 10.48 per cent
Alpha naphthylurethene, M.Pt. = 117-117.5°C.
Found: Nitrogen = 3.31 per cent
Calculated: Nitrogen = 3.87 per cent
z-Methyl=2-para nydroxyphenylpentane, B; = 120-123.5°C.
Prepared from sec.-butyl bromide and para methoxyaceto-

phenones
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Found: C = 80.71 per cent, H = 9.99 per cent
Caleulated: C = 80.85 per cent, H = 10.18 per cent
Alpha naphthylurethsne, M.Pt. = 100-101°C.
Found: Nitrogen = 35.95 per cent
Caloulated: Nitrogen = 4.03 per cent

(6) 2-Para hydroxyphenylheptane, B, = 140°C.
Prepared from n«gmyl bromide and para methoxyaceto-
rhenone. |
Found: C = 80.78 per cent, H = 10.53 per cent
Calculated: © = 8l.19 per eent, H = 10.48 per cent
Alpha naphthylurethane, ¥.Pt. = 115-116°C.
Pound: KFitrogen = 3.8% per cent
Calculated: Nitrogen = 3.87 per cent

(7) 2-Methyl-56- para hydroxyphenylhexane, Bg = 123.5°C.
Prepared from isosamyl bromide snd para methoxyaceto-
phenone.
Found: C = 80.79 per cent, H = 10.20 per cent
Calculated: C = 8l.19 per cent, H = 10.48 per cent
Alpha naphthylurethane, M.Pt. = 125°C.
Found: HNitrogen = 3.81 per cent
Calculs ted: Nitrogen = 3.87 per cent

(8) 3-Methyl-2-pars hydroxyphenylhexane, Bg = 123-125°C,
Prepared from sec.-amyl chloride and para methoxyaceto-
phenone.
Found: € = 80.77 per cent, H = 10.37 per cent
Calculated: C = B8l.19 per cent, H = 10.48 per cent
Alpha naphthylurethane, M.Pt. = 110-111°C.



(9)

Pound: Hitrogen = 3.82 per cent

Caleulated: Kltrogen = 3.87 per cent
2,2«Dimethyl-3-paras hydroxyphenyl butane, B, = 123°C.
MePte = 120=~-121°C. |

Prepared from tertlary butyl echloride and pars methoxy-

acetophenone.

Founds C = 80.94 per cent, H = 10.64 per cent
Caleulated: € = 81l.19 per eent, H = 10.48 per cent
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DISCUSSION

The results of this investigation can be reconciled
with the ceatinoid mechanism (134) of Fridel-Crafts condensa-
tions or the olefin mechanlism of McKenna and Sowa (67).
Either path would yield the same product, assuming the
addition of the phenyl group to be in accordance with
Markownikoff's rule.

This work is in direet contrast with the statement by
Ipatieff (72) that aluminum chloride causes no rearrsngement
in the condensation of secondary elcohols with benzene.

He based this conclusion on only one reaction, the formation
of n-propylbenzene in the condensation of n-propyl alcohol
with bengene. It is interesting, in this connection to
point out once again thé work of Bowden (62) who found that
n-propyl esters formed n-propylbenzene while n-butyl esters
gave sec.~butylbenzenes This work is in agreement with

that of the Author's who used alcohols instead of esters.

In harmony with the present reaults is the work of
Esterdahl {(98) who condensed the secondsry amyl alcohols
with phenol in the presence of aluminum chloride. With
either pentanol-2 or pentanol~3, he cbtained a mixture of
the 2« gnd 3-para hydroxyphenylpentanes. With Z2-methyl-
putancl-3 he, too, obtained rearrangement to the tert.-
amylaryl compound.

curtis' (99) work, also is in agreement with this work.

With hexanol~-2 and hexancle3, he obtained, in his condensations
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with phenol in the presence of aluminum chloride, mixtures
of the 2. and 3-pars hydroxyphenylhexanes. With Z2-methyl-
pentanol-3, he obtained the tertiary phenol, 2-methyl-2-
pars hydroxyphenyljentane. He, too, obtained a mixture
in the condensation of Z2-methylpentanol~4, though the
composition of his mixture must be somewhat different from
that of the Author's because the melting point of his alpha
naphthylurethene is a few degrees higher. These results
ars In sgreement with those presented here where bengene
was used in place of phenol.

However, where Curtls got rearrangement to the tertiary
phenol in the case of 3~methylpentanol«2, the present work
yielded a mixture, probably of the secondary and tertiary
alkylbenzenes. In addition, where Curtis got migration of
2 methyl group and formation of a tertiary phenol, using
pinacolyl alechol, the author obtained the sec.-alkylbenzene
with no rearrangement.* This diserepsncy probably is due
to the difference in reactivity of benzene and phenel in
econdensations, esch reacting by e different mechanism.

Although the temperature in the condensations run by
Curtis and Esterdahl was mueh higher than that in the present
work, this faetor is not responsible for the difference in
results. 7This was shown by condensing pentanol-3, 3-methyl-
pentanol~2, 3-methylhexancle2, 4-methylpentanol-2, 3,3
dimethydbutanol-2, and 2,2-dimethylpentancl-3 with benszene

XRepetition of this reaction of Curtis' by the author, using
his conditions and resctants, gave the sszme product as he
obtalnede.



63
at §0°C. The alpha naphthylurethanes, prepared from the
eslkylbenzenes obtained in these condensations, melted at
exactly the seme temperatures as the urethenes from the
products obtained at the lower tempersture. This would
seem to indicate that, under the conditions of this experi-
ment, temperature plays no, or very little, role in deter-
~mining the nature of the products.

Tsukervanik's (100) condensation of isocamyl alcohol
with phenol to give teriiary amyl phenol among other produects,
would Indicate thet an olefin might be the intermediate in
the condensation. In this ecase, however, the double bond,
if it were formed, shifted to a new position in order to
glve the tertlary product. This migration of = double
bond during a condensation reaction has been observed by
Ipatieff (72), too, when sulfuric acld was the condensing
asgent. The migration may sctually have occurred in some
of the condensatlions described in this paper. Where branch~
ing ococurs at & poslition remote from the carbinol group,
some tert.-slkylbenzene may be sdmixed with the mixture of
secondary alkylbenzenes. ZThe great similarity in the
physical and chemical properties of the alkylbenzenes ren-
ders remote the chances of separating the comnstituents of
these mixturese.

Using a different condensing agent, boron fluorlde,
Toussaint and Hennion (71) came to the same conclusion when
they alkylated benzene with primary alcohols. They obtained

sec.-alkylbenzenes only and concluded, "Snile the reaction
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mechanism is in doubt, the products sre those which would
be formed by dehydration of the slcohol torclefin and addi-
tion of benzene according to Markownikoff's rule."

Simons and Archer (58) dehydrated sec.-amyl alcohol
to get a mixture of pentene-l and pentenc~2 which was con-
densed with benzene, hydrogen fluoride acting as catalyst.
The monogcetamino derivative of the alkylbenzene mixture
which they obtained melted at 119~-120°C. In the present
work, pentanol-2 gave a product whose monoacetamino deriva-
tive melted st 118-119%C., while the product from pentenol-3
had a monoacetamino derivstive that melted at 121-122°C.
The pure alkylbenzenes, 2~ and 3=phenylpentanes have monoe
acetamino derivatives that melt st 107°C. aend 145-146°C,
respectively (127). Simons and Archer concluded then that
their product was probably "a mixture of the beta and gamma
phenylpentanes."” |

Ipatieff (72) has recently published an article which
containg 8 temperature-composition gravh. The melting
points of veriocus mlxtures of the 2- and 3-phenylpentanes
were plotted egainst the pereentage composition of these two
1somers in the mixture. The melting points of these mix-
tures were shown to lie between the wvalues of the pure
alkylbenzenes. This 1s in agreement with the work of Simons
and Archer as well ms with that of the author. Aceording
to this graph, the alkylbenzene mixture from pentanol-2 and
bengene should consist of about €5 per cent of 2-phenylpen=-

tane and 35 per cent of 3-pvhenylpentane wkhile the product
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from pentanol«3 should be 55 per cent 2«-phenylpentane and
45 per eent 3~phenylpentene.

Ipatieff emd coworkers (60) have shown that when benzene
is alkylated, in the presence of sulfuric acid, with an
olefin having branching on one of the carbons in the double
bond, the product 1s exclusively the tertiary alkylbenzene.
This may not be so in the case of the mslcohols having branch-
ing on the carbon adjacent the carbinol group; J-methyle
pentanol-2 and 3-methylhexanol«2 gave mixtures of alkylbene
zenes whose alpha naphthylurethanes had melting points in-
termediate with those of the corresponding secondary and
tertiary compounds. That all the tert.-alkylbenzenes ob~
tained by the author from secondary alcohols were admixad
with a little sec.=alkylbenzene may be indicated by the re-
reated recrystallizations that were required before their
alrha naphthylurethanes gave constant melting points. Fure
thermore, the tertlary amylbenzene, prepared from 2,2«
dimethyi%gtanol-s gave a moncacetamino derivative (M.Pt. =
137-138°C.) thet melted a few degrees lower than that re-
ported in the literature {80) for the moncacetaminc derivae
tive of synthetic tert.-amylbenzene (l.FPt. = 141.142°C.).
This was probably due to the presence of S-methyl-Z-phenyl
butane in very small amounts. The latter's monocacetamino
derivative, while possessing a higher melting point (M.Pt. =
147-148°C.), if present in small enough amounts, could act
as an impurity and depress the melting point. Though the

formation of thils secondary product would not be In
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accordance with Markownikoff's rule, it frequently heppens
in addition reactions that a small amount of product is
formed 1n opposition to the rule. The same may hold true
in the condensation reszction.

It has already been menticned that in the case of
alcohols having extreme branching on the carbon atom adja-
cent the carbinel group, as in pinacolyl alcohol, migration
of a methyl group cecurs in the condensation with phenol,
and a tertiary alkylphencl results. 7This does not oceur
when benzene is used instead of phenocl. The phenyl group
replaces the hydroxy groups In the case of 2,2-dimethyl-
pentanol«3, a sinller situetion occurs, only here olefin
formation wlthout any rearrangement of methyl groups is
possible. The alphs naphthylurethane of the product has a
meltling point of. 114-115%C, while that of the urethane of
2,3~dimethyl-3-para hydroxyphenylpentane melts at 124-125.5%C.
and that of 2,3~dimethyl-2-para hydroxyphenylpentane melted
at 122-123°C., accordlng to Hedrick. It 1s possidble that
the product 1s a mixture of these rearranged alkylbenzenes,
possibly admixed with one or both of the two possible sec.-
alkylbenzenes which could be formed without migration of a
nethyl groupe In view of the fact that the lower homologue,
pinacolyl alcohol, underwent no change in condensing with
benzene, 1t seems more llkely that the product consists of
the sec.-alkylbenzenes f{ormed from an intermediary olefin,
namely 3~ and 4-phenyl-2,2-dimethylpentanes. This may be

suwrmerized by the fellowlng equations:
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(1) Curtis' Work

(B CHs CEHs
CHg = 0 = CH - CHy + Cglly — 7 CHg = C = C - CHs
L]
CHg OH CeHg H

{2) Author's Work

v ; AlC].g / !
(a) GH;. - ? - ?E - GH‘ + GGH‘ — CH3 - ? - ‘C - Cﬁa
CH, OH CHy CeHg
CH,
kg A1C1, B E
(b)CHa'?'?H“GHa’cEG _~___;(GH3)5~G-C‘-'-=C-C!§3
CHy OH
+ Collg
(cﬂa)a - c} GH - GBQ - GK‘ an& (Cﬂg); - GHZ"" 'CH - cﬂa
Ceols CeHe

a mixture (7)



(1)

(2)

(3)

(4)

(5)

é8.
SUKMARY

Conditions have been worked out for condensing isopropyl
aleohol with benzene in the presence of aluminum chlor-
ide to give 8 good yleld of cumene.

Using these conditions, the secondary butyl, amyl, hexyl

and some secondary heptyl alechols were condensed with

benzenee.

The alkylbenzenes obtained by these e¢ondensations were

converted to the corresponding para hydroxy derivatives

by nitration, reduection of the nitro group to smine, and
diazotigation. Alphe naphthylurethanes of the para
hydroxy compounds were élso prepared as well as some
acetamino derivatives.

A number of pure sec.-alkylbenzenes and sece.=-alkylphenols

were prepered by synthesis and their alpha naphthylure-

thanes made.

By compariscn of the melting polnts of the acetamino

derivatives of the alkylbenzenes, of the phenols and of

the alpha naphthylurethsnes with those synthesized and
with those of the prepared tertiary alkylphenols, the
following facts have been established:

(e} Isopropyl alcohol, sec.-~butyl alcohol and pinaceolyl
alecohol gave the corresponding secondary alkyl-
benzenes in pure forme.

(b) 2-Methylbutenol-3, 2-methylpentenol-3, Z2-methyl-
hexanol-3 and 3-methylhexanol-4 gave tertiary
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alkylbenzenes.

(¢) The straight chaln carbinols, as well as those hav-
ing a branched methyl group remote from the carbinol
group, gave mixtures of the secondary alkylbengenes.

(d) 3-lethylpentancl-2 end 3-methylhexanol-2 gave mix-
tures consisting probably of the sec«~ and tert.-

alkylbenzenese.
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