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HISTORICAL

A history of condensation reactions, brought about by
such catalysts as H;80,, Pp0g, 04, MgCly, %nCly, PClg,
AlClz, etc. has been amply covered by former workers in
this laboratory. This materizl is already available in
good form, however, i1t was felt necessary to include a
brief resume of research carried out in this laboratory
involving the reactions of alcohols with benzene in the
presence 6f aluminum chloride as a catalyst. The alcohols
include aromatics, aliphatics, and mixed aromatic aliphatics.

The first work in this field was started by Huston and
Friedmann (J. Am. Chem. Soc., 38, 2537, 1913). They found
that primary aromatic alcohols react with bLenzens in the
presence of aluminum chloride. Lenzyl alcohol and benzene

react to give dipghenylmethane as the principal product,
CeHsCHy0H + Cpily —ALC3L ConoCiCgly + Hp0
e Tt &'ls elisCiaCells + Hy

Later work by Huston end Friedmann (J. Am. Chem. Soc.,
40, 785, 1918), shows that secondary aromatic alcohols con-

dense with benzene according to the reaction:

Celis .\ Al1C1z  Cefls.
_CHOH + Cglly ————2» _CliCgHs + H0
R R

R may be methyl, ethyl, or phenyl. A better yield is ob=-
tained vhen R 1is phenyl,
Reactions with tertiary aromatic alcohols and benzene:
Huston®* found that trigohenyl carbinol will not condense
with benzene to form tetraphenyl methane as expected, Ine

* unpublished



stead, the product is tripheayl mecthane.
(CgHg)zCCH + CgHg AlCl (Ceig)gCd + =

Auparently, the oxygen is rexmoved frowm the carbinol.
Where thlis oxygen goes to, hus yet to be detcrmined.

HEuston, wilsey, and Hradel (!lastert's Theses)* found
that dlaryl-alkyl carbinols do not ccndense with benzene;

ingtead, dehydration occurs.

(Cgllg) CoH
6578 0om + Cane ALOL3. T67S~pogion. 4 H.O
Ca)qs/ 6 6 LAY 4 3 3

Cgiis

duston and Macomber®, in working with dialkyl-aryl
carbinols, observed no condensation but dehydration ine
stead.

ceﬂs:c\’czﬁs + CgHg —&1213»06}1530-03333 + Hp0
Cpllg” ~CH CzHg

Condensatiocn of aliphatic carbinols with benzene in
the presence of aluminum chloride:

Huston and Sager (J. Am. Chem. Soe., 43, 1955, 1926)
report that saturated aliphatic alcohols do no* condense
with benzene, Auong these are methyl, ethyl, propyl, iso-
propyl, butyl, iso-butyl, and iso-amyl, However, they
found thnt the undaturated aleohol, allyl alcohol, will

condensd with benzene.
CHg®CICH,0H + CgHg —ALCL3 5 CH MCHCH CgHs + HgO

Buston and Heleh (Doctor's Thesis)®, with slight

® unpublished



modifications in procedure, were uble to condense alipha=
tio alcohols with benzene and benzene derivatives, Pri-
mary alcohols do not react at all; secondary alcohols re-
act very slightly; tertiary zlcohols reuct very readily
to fcra the corresponding alkyl benzene.

C!‘.g
Ciiz ~C-CH + Cgiig —A1013, 0:13\0-% 15 + Eg0
C‘is L&S

Buston and Fox (laster's Thesis)® condensed tert-
butyl alcohol, tert-amyl alcohol, dimethyl n-prog;yl and
dimethyl iso-propyl carbinol with benzene to obtain tert-
butyl tencene, terteamyl benzene, dimethyl n-propyl phenyl
methane, and dimethyl 1so-propyl phenyl methane in good
ylelds,

Suniory-

1. Primary and secondary aromatic alcohols condense
with benzena in the presence of aluminum chloride to form
the corresponding benzene derivative,

2, Fixad tertiary aliphatic-arcmatic alcohols do not
condense with benzene., DUehydration of the carblnol occurs
to form the corresponding unsaturated hydrocarbon.

3. saturated aliphatie (primary) alcohols, with
the dcuble bond adjacent to the hydroxyl carbon, coidense
with benzene,

4. Tertizry aliphatic alcohols condense readily with
benzene, secondary alcohols react only slightly, while pri-
mary alcohols do not react at all,

®* ungublished



Cther lethods for Preparing the tert-Alkyl Benzenes

Direthyl igo-butyl phenyl methanew
From 2-chlor-3,4-dimethyl pentane and tonzene in the
presence of aluminum chloride (Zchreiner, J. pr. [2], 83,

294), B.P. 218°; a3 - 0.8741; nl6.5 . 11,4038,

Kethyl etbvl n-propyl phen
From 3-chlor-3-methyl hexzne and benzene in the pre-

sence of aluminum ckloride (Halse, J. pr. (3], 89, 452).
B.P. 110-112°/15 ma.; a° - 0.8819; nlS - 1,4005.

1xiethyl phenyl pethong=-
From triethyl chloromethane and benzene in the pre-
sence of aluminum chloride (gckreinsr, J. pr. [3], 82,

396). B.P. 220-222°; @°3 = 0.8656; n3d - 1.4021,
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MATERIALS

The butyl bromides were obtained from Eastman Kodak
Labeoratories. It was also necessary to prepare some of the
bromidce from the corresponding aleckol because the supply
on hand was not sufficlent to carry on satisfactory re-
search, The alechols were also obtcined from Fastman.

Tert-butyl chloride was prepared from tert-butyl
alcohol.

Xotlyl ethyl ketone and ethyl carbonate were obtained
from Eastman,

Ethyl bromide was prepared from commercial (95%4) ethyl
alecohol.

Lcetone was C.P,. grade.

n-lrc,.yl bromide and isc-propyl bromide were prepared
from th2 corresponding alcohols,

Lognceium (turnings), especially prepared for Grignard
reacticns, was used,

C.P. thiophene-free Lenzene was used in all condensa=-
tions.

Aluminum chloride was a high grade comnercial product.

[$:1



Preparation of Carbinols

Direthyl p-butyl cartinol or 2-imcthyl hexanol-3,
From n~butyl magnesium bromide and acetone (. Litmore

& Church, J. An. Chem. Sca., &5, 1113-34, 1333).
B.P., 133-142°

55«51° (25 mu:)

n30 - 1.417¢, 1.4175
A proximate yleld obtained - 605

Dimethyl iso-butyl carvinol or 2,4-dimethyl pentangl-3d,
From iso-butyl magnesium bromide and acetone (Zdgar,
Calinpgcert, and Larker, J., Am. Chexn, Soc., £1, 1483-81, 18:39)
| B.F,  137-123%
50=52° (50 ma)
030 - 1,4172

Approxinzte yield cbtained = 3Ck

Dirmethyl gec=butyl corbingl cxr 2,3-direthyl rentanpl-d

From sec~butyl magnesium bromide and acetoue (Zigar,

Colingoert, & Marker, J. An. Chem. Sog., £1, 1483-¢1, 1929)

B.&#’e 123-130,5°
52-53,57 (20 ma)
n?0 - 1,4270

Approxizate yleld cbtaiced - 250

Dimethyl tert-butyl carbi»ol or 2,2,3=trinstihyl butanol-3,
From tert-butyl magnesium chloride and acetone (I hit-

gaert, & lLarker, ibid., 51, 1433-91, 1832). Letter ylelis

o



are obtained when tert-butyl chloriie is used insteoad of
tert-butyl bromide. |
B.P, 13C° M P.. 170

The cari:inol is wvery hygroscogsic and forus a hydrate
vith melting point around 80-829., Then 1%t is distilled
in srall axcunts and withous gpecizl precautions, only the
hydrate is obtzined., Ythen larger gquantities are handled,
the distillate is a mixture of the liquid carbincl and acli-
cular crystals of its hydrate., The hydrate loses 1ts water
readily when kept in a dessicator over borium oxide (Z., C.,
& X.).
Approximate yield obtained - 15 to 0%

‘Lethyl ethyl n-yoropyl carbinol,
From nepropyl magnesium bromide and methyl ethyl ke-
tone (Jhitmore & Badertscher, J. Am. Chem, Soc., £5, 1659-
67, 1932).
B.P. 133-141°
56° (30 nm)
oyt = 1.4381
Approximate yield obtained = 610

Kethyl ethyl iso-orouyl carbinel,
From iso-propyl magnesium bromide and methyl ethyl ke-
tone (fhitore & “vers, J. Amu. Ches, Sce., 53, 813-16, 1233).
B.P., 138-140° (750 mm)
49-50° (20 mm)
n30 - 1.4287, 1.4380







Approximate yield obtained - 2675

Iriethyl carbinol,
From ethyl magnesium bromide and diethyl carbonate
(¥over & karvel, Organigc Synthegisg XI, 98-100, 1©31).
B.P. 140-142°
72=73° (53 mu)
n30 - 1,.4204
Approximate yield obtained = 825



CONDENSATIOCIS
A, Dimethy) n-butyl corbinol, benzene, and A1C1,,
Trial I,

Carbinol - 1 eq. = 30 g.
Benzene -« 5 " - 67 g.
Al1C1,4 -4 * <11,5 g,

A 500 rl, three-necked round-bottom flask was provi-
ded with a mercury sealed mechanical stirrer, a tuve to re-
move HC1l fumes, a ticrmometer, ani a separatory funnel,
Benzene was placed in the flask and the stirrer started.
The entire amount of AlTlz was then added to the benzene.
The Al1Clz is thus unifornly suspended in the benzene. By
this procedure, the temperature may easily be controlled
by the rate of addition of the carbinol. The carbinol was
then added drop by drop (avout a drop every five seconds),
Threes hours elapsed during the addition. Considierable HECl
was evolved during the reaction, The temperature was easi-
ly maintained between 25 and 30° C. and not allowed to go
above 300, Lo external cooling was necessary, The entire
mixture was stirred for an additlional two hours. During
the addition of the carblnol, the mixture changes from a
yellow to a dark red color, foruing a coagulate which breaks
up after more of the carbinol is added and later twining a
dark red-browm. Lixture was allowed to stand overnigat
(about 18-20 hours); then decomposed with ice and hydro-
chloric acid. The uvenzene layer was separated and the a=-

queous portion extracted several times with ether, In the



ether extraction, it was neceasary to 231 LC1l to destroy the
ether-water emzulsion whica formed., Tac ether and teazena
extracts should be washod with dilute sodium carbanate to
remove any remaialng ECl, It 1s than dried over axhydrous
calcium chloride. Ths etiaer and beacsne are distlllced off
and the residue distilled in a fractionatiagz coluwm at ra=
duced preasursa. The followlnz fractious wers oLtained at
20 ma,
I. (30 - 106°) = 2 g.
II. (105 = 103°) - 12 g.
III, Abcve 103° - 8 g
The iruction boiling at 106-102° ig dimethyl n-butyl
phenyl nethzns,
Equation ¢of Reactiont
Cii
CH5CH,CHCHAG-CH 4 Ce‘n-£l§l3>CH3"dg"H30“vwoésﬂs-+ Ha0
“J

Trial II.
The suie quantities, procedure, und conditions were
used a3 in trial I. Fractions at <O ma.:
I. (30 = 168°) - 2 g.
II. (108 =« 1039) - 12 g.
III, A4ocove 103° - 6 g.
Trial III.
The suie procedure was followed as in trial I & II.
Carbinol « 1 eq. = 20 ¢.
Lenrene = 4 "  « 54 g,

41813 - " < 11,5 ¢.

N
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The following fractions were obtained at 30 mz.:
I. (230 - 108°) = 1} g.
II. (106 - 109°) - 11 g.
III, Above 108° « B g.
An increase in the amount of Alllz secms to lower the
yleld of alkyl benzene,
Trial 1V,
Curvinol - 1 eq. - 20 g.
Benzene - 6 * = 81 g.
AlCl; -3 * =11.5 g,
The following fractions were obtzined at 20 mm,.:
I. (30 - 108°) - 3 g,
II, (106 = 102°) - 123 ¢.
III. Above 1020 - 5 g,
Trial Vv, ,
Carbinol - 1 eq. = 20 g.
Benzena - 7 " « ¢4 g,
AlCl, -3* 211.5 ¢g.
The following fractions were obtained at 30 mm,:
I. (30 - 106°) = 1} g.
II. (108 = 102°) - 13 g.
II1. 4Above 1099 - 5 g.

So far, in all trial runs cnly one-sixth of a mole of
the carblinol was used. It was thouzht that if largsr quan-

tities are used a better yleld of alkyl benzene is obtalned.
In the next trisl one-holf role of the carbincl is used,



Trial VI.
Carviiol - 1 ey, - £8 g.
Zenzene -5 * « 125 g.
AlClg -3 % - 33,4 ¢g.
Upon fractionation at S0 ma, cbteined

I. (106 = 108°) -~ 33 g.

Analysis of Fraictions

Fraction (30-106°) contalns a small amount of Z=-chlor-'
3-methyl hexane, B.P, 1329; 39-40°/20 mu.; n30 - 1.4310.

As a check, the ckhloride was prepared from the corres-
ponding carbinol by satureting with dry HCl gas. The pro-
duot boiled at 39-40°/30 ma.; n30 - 1,4208.

The boillng polint of the chloride, as recorded in the
literature, is 130-135°,

Fraction (106-108°) i3 the condensation product, di-
methyl n-butyl phenyl methane. After several fractiona-
tions, it boiled at 107-107,69/20 mz. This compound is

not recorded in the literature,

Carbon~Hydrogen Determinationt

wt. sample wt, COq % ¢ wt, H,0 % Hp
«2002 .6504 88.61 .2047 11.44
.2142 6362 88.35 .2203 11.47
Calculated for °15H20 83.63 11.36

Molecular f%eight Determination:
wt. sanple Temp. diff, %t. benzene lol., wt.
1.01356 e 335 43,4442 163
Calculated for 0y 382, 176



The following table shows the yields of dimethyl

n~-butyl phenyl éethane ottalned from the various trials,

: Feactants
Carbinol benzonag
g 83 S« 3.
20 1 e7 5
20 1 e7 5
20 1 54 4
20 1 81 8
20 1 94 7
58 1 ies 5

ger guantities are used,

Table of Results

£101
e\-;o

Ce
11.5
11,5
11.5
11.5
11.5
3344

o SN S e

Froducts
Act.Y1lis Theo.
ge ge

12 30.3
12 ed
11 3043
12 30.3
13 3043
39 83,0

vnly & light fnerease in yiosld is observed vhen lor-

Frootion boiling sbove 1089/20 mm. wes fractionated

$o yield a heavy yellom=colorsd oil boiling &t 135-1809/

20 Mile

‘alkyl venzene,

for scever:l months but no crystazllization w23 noted,

Probobly a polyner; it moy clso contain scme di-

It wes alloved to etznd in the ice-box

13
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B. Dimethyl iso-butyl corbingl, bensens, and ALCL,
) ’
Trial I.

Carbinol - 1 eg, - 10 g.
Benzene = 5 " = 34 g.
AlCl; «-%" = 6g.

The same procedure used in previous condensations was
followed. The carbinol wezs added, drop by droﬁ, to a sus-
pension of Alcl3 in benzene., HQl was evolved, The teum-
perature was kept between 35 and 30°, After about half
of the carbinol had been added, a black coagulate formed
which broke up as more c#rbinol'was added., The mixture
turned dark red-brown, Three hours elapaed during the
addition of the carbinol, Stirring was continued for two
more hours, Allowed to stand overnight. Decomposed with
HC1l and ice-water, eto. Distilled and fractiomted,

Recovered benzene - 24 g.

Fractions at 30 mm,.?

I, (33 « 40°9) « 4 g,
II. (40 = 99°) =« & g.
III. (99 « 103°) - 3 g.
IV, Above 103° = 4 g.
Equation of Reaction:

CH; H GCHz ¢Hz H CH
H.g.-*.c_z_en v Cgng AXC2E, g 88 8 TS L a0
Hz H CHy CHz H CHg

The fruction boiling at ©2-103% is the condensation
product, dimethyl iso=butyl phenyl methans,



Trial II
Carbinsl -

(=]
L2
.

{
<
(@]
cq
®

- .
Lelzens Lo

= B7 v
L1015 -

[N

" = 11,5 g
Thie Iolloming froctions —were c¢btiinsd ab 80 n.:
I. (23 « 479) -
II, (40 - 920) -
III. (22 = 103°) =

<

e
£e
ge- .
e

(2 I o

[02]

Te Aova 10739 =

Analysls of rreactions

Ir.ction (33-42°) when froctionated yizlizi a licuid
bollicng ot 33=349/30 i, It is saturated znd contains ha~ ‘
lide. :irooably the chloro congecund of the carbinol, 2-chlor-"
2,4~dietliyl pentane, niQ - 1,4339.

TLis comcund ig recorded in the literature with th
follcming progertiest 3B,P. 1if-1289; n£7 - 1,4202,.

A3 a &clizek, the chlere compound wae preparcd by satura-
ting dicetiiyl iso-butyl carbincl with dry HC1 gzs. The pro-
éuct had the folloming progertics:

BuP,. £2-329/20 e 030 = 1.4235

Ceterudinction of 1t3s bwolling polnt &t atiospheric pres-
sure w3 diflficult, The substance decunmpeses, liberating
ECl.

The crule fraetion (32-459420 m3) also contalns soie

unsaturatzi products as shown by the bromine toct.
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The fraction (40~S2°) is a mixture of the chloride and
ccndenscticn product,

Fraction (S9=103°) is the condensation product, dimethe
yl iso-butyl phenyl methzne., When fractionated several tiuzes
it yielded a fraction vith the properties:

B.P, 318=-217° (745.6 mn)
100-102¢ (20 rm)
- nl6.5 L 1,450
This corresponds to the properties of dimethyl iso-butyl
phenyl mcthane as recoried in the literature.

BJP. £13° n%5'5 - 1,433

Tue following table showa the yields obtalned from the
various ccndensations, dimethyl iso-butyl phenyl methane be-
ing the prcduct.

Table of Resultls

Reactants Product
Cartincl Benzene A1C13 Act.¥ld. Theo, g}d.
ge €3 Ee €J. g« ©le Ee 8. .4
10 1l 34 5 é 4 3 15.5 12.4
&0 1l 67 5 11,5 1 6 20,3 1.8
20 1l gl e 11.5 % 5 30.3 16.5
30 1 o8 5 18.7 % 8 44.0 13.4



C, Dimethyl seo~butyl carbinol, beszene, and AlClz,
Trial I. "
Carbinol = 1 egq, = 33,3 g.
Benzene « 5 " = %8 Se
AlCl; =3 " <13.7 g
The same procedure used in previous condensations was
followed, The carbinol was added to a suspension of AlClz
in benzene with oonstant stirring, The temperature was
kept at 25°, Addition of the carbinol required three hours.
HC1l was evolved freely. Stirring was continued for two
more hours and the mixture allowed to stand overnight.
It was decomposed, extracted, etc. The extracts were
distilled and fractionated.
Recovered benzene « 65 g.
The following fractions were obtained at 20 mm,:
I, (33 =« 43°) « 8 Bgo
II. (43 « 1029) = 1 g.
III, (103 =108°) - 5 g. (/O}.-puyﬂwV)
1V. Above 108° - 8 g.
Tiie fraction boiling at 102-108° contains the conden-
sation product, dimethyl sec-butyl phenyl methane,
Equation of Reaction:

C CoHg cH
033 CH3 c '3

Analysis of Fractions

Fraction (33-439) contains halogen and is unsaturated.

17



A fraction was isolated boiling at 28-29°/20 mm. This frac-
tion contains halogen vut shows no unsaturation.
n30 - 1.4264 |

This ccrresponds very closely to the chloro compound, -
2=chlor-2,3~dimethyl pentane. It has been previously shown
that the fraction obtained in the diuethyl iso-butyl conden-
sation is the chloro compound., ©Since these compounds are
isomeric, their bolling points are closely related.

Fraction (43-103°) is a mixture of the chloride, con~ .
densation .roduct, and unsaturated products.

Fraction (102-108°) was repeatedly fracticnated to yield
a2 liquid boiling at 105-107°/20 mm. It is saturated and does
not contain halide, It was assuaed to be the alkyl venzene,

Direthyl scc--butyl phenyl methane is not recorded in the

literature.

Carvoneliydrogen Deterzination:

Wt. sample wi. COy % c wt. Hz0 % Hy
.2063 .6359 83.03  .2082 11,33
Calculated for Cpzly, 88.63 11.38

Xolecular vielght Determination:

Yt sample. Temp, diff, %t. benzene Eol., wt.
1.0633 «351 44,000 187
Calculated for Cjzilpg 176

Tue following table shows the yields obtained from

various condensation trials, the product being dimethyl

18



iso-butyl phefnil methane.

Table of lesults

Reactants Products
Carbinol Hbenzene Al()l‘.’é Act.Y1ld., Theo., Y1d.
g eq. g. €3. g. eX. g. g. %
23.2 1 78 5 13.7 % 5 3.2 14.3
] 1 » [ " % 4%, ] 12.8
» 1 n 5 1] % 5 ') 14.2
30 1 ©8 5 17 3 8} 44,0 15.0

D. Dizethyl tert-butyl garbinol, benzene, and A1Cli,
Trial I.

Carbinol =« 1 eq. = 23.2 g

Benzens - 56 " « 78 g.

AlCly =31 * <« 13,7 g.

The carbinol was mixed with & .¢cut one~half of the qQuane
tity of benzene and then added from a dropping funnel to the
benzene-aluminum chloride suspenasion, Since the carbinol 1is
very hygroscopic and crystallizes, it was necessary to mix
it with some benzene to prevent crystallization. A calcium
chloride tube was attached to the funnel to exclude all
moisture. The reaction proceeded in the usual manner., Upon
distillation and fractionation, obtained the follewing:

Recovered benzene = 70 g,
Recovered carbinol - 12 g.

Fructionation at ?gsg@.uylpldegﬁ‘ T il
I, (104 - 109°) = 1 to 1} g, (77 -oibmid
II. Above 109° = 2 g. (% g



The fraction boiling at 104-102° has the characteris-
tio odor of the other butyl hydrocarbons, doecs not oontaln
halogen, but shows unsaturation. The boiling point core
responds to the boliling point of the other hydrocarbons.
Prob:bly 1t 38 the hydrocarbon with a 1little of unsatura=
ted iaterial,

Fue to the difficulty involved in working with the
carbinol, that is, purification and dehydration, work was

discontinuedl,

E, kcthyl ethyl p-propyl carbingl, benzene, and AlCla,
Trial I,
Carbinol = 1 eq. = 23,2 ge.
Denzene -5 % « 78 g.
AlCl; =% " 2 13.7 g
The same procedure used in previous condensations was
followed. DPistillation =nd fractionation yilelded:
Recovered benzene - 63 g.
Fractions at 15 mm.3
I. (25 - 289) « 1} g.
II. (938 = 101%) = 12.5 g.
III, Avove 101° - 4 g.

Equation of Reaction: .
:13 Cilz
Cotiz=C-CH. + CgHg —A18L3 5 oy ~53°-C‘H + Hz0

Crzh? 03n7
The fraction boiliny at ©8-101°9/15 mm. is methyl ethyl



n=propyl rhenyl retkane,
Trial II.
Carvinol « 1 eg. = <2 ge '
Eenzene « 5 " < 130 g.
£1C1ga -3" < 32 ¢g.
Distillation and fractionation ylelded the fcllowing
fractions.
Recovered benzene = 107 g.
Fractions at 15 ma,
I. (35 =93%) - 3 g,
IT. (99 ~ 102°%) - 24 .
III. Above 122° - 9 g,

Analysis of Fractions
Fraction (35-99°) when fractionated, yielded a 1liquid

boiling at 40-42%/20 mn. This fraction is saturated and
contains halogen. It corresponds to the chloro emmpound,
metkyl ethyl ne~propyl chloromethane., 7The chloro ecompound
was prepzred from the corresponiing carbirol by saturating
with dry EC1 gas. Its properties are

B.P. 419/30 ma, n20 - 1.4283
As recorded in the literature, its properties are

B.P. 39-40%/15 mm.  ni° - 1.4371
Only a very small amount of the chlorlde was obtained from
the condensation reaction; about two to three grams from
both condensctions.

Fraction (92-102°) when fractlonated several tines



ylelded a liquid boiling at 100°/15 mmu. and 106.5-107°9/
20 mm, It 18 assumed to be the condensatioa product,
methyl ethyl n-propyl phenyl methane, Its preperties are
020 « 1,496  nl5 - 11,4035

It is recorded in the llterature with the following pro-
perties:

B.P, 110-112%/15 mm, nl3 - 1.4225
The boiling poings'do not check very 6losely.

Carbon-Hydrogen Determinations

«3020 <6535 88.33 «30C5 11,44
Calculated for CyzHzg 88.63 11.36

The following table shows the yields of methyl ethyl
b~propyl phenyl methane obtained from variocus trials.

Table of Results

Peactants froducts
Carbinol Benzene AlCl. Act.Yld. Theo., Yld.
g. Q. g‘ €J. gn éq. gn g.

2.3 1 78 5 13.7 3% 13.5 35.8 35
33 1 130 5 23 i 24 59 40



F. Iriethy) corbinol, benzane, and AlCl,,
Trial I.

Carbinol = 1 eq. =~ 33,2 g.
Benzene - 5 “. - 73 g,
AlClg -3 % 213.7¢.
The same procedure used in previous coudsnsations was
followed,
Recovered benzene - 64 g,
Fractions at 20 mn,:
I. (33 - 105°) - 1 g,
II. (105 = 108°) - 13 g.
III. Above 108° = 5} g.
Ths frzetlon boiling at 103-103° is triethyl prenyl
methune,

Equation of Reactions

Alllgz

(CBHS):SC'-CEI + C6H6 (CZHS)SC-CGHS + Hgo

Trial II.
Carbinol = 1 eq. - 32 g.
Beuzens =« 5 * = 130 ¢.
ACl; - %" <33,
Fractiona at 20 ma,:
I. (33« 105°) -« 3 ¢,
II. (105 - 103°) - 24 ¢.
III, Above 1039 « 7 g



Analysis of Fractions
Fraction (33=105°) when fructiouuted yielded a liquid

boiling at 42-439/20 mn. It is assuied to Le the chloride

of the carbinol. As a check, triethyl chlorowmethane was
made from triethyl carbinol and dry Ll gus.

B.P. 43°/20 mu. n30 - 1,420
It i8 recorded in the literature with the following propere
ties:

B.P. 143-144° n3° - 1.4333
Very little of the chloro cdmpound wasg obtained; about one
gram from both trials,

Fraction (105-108°) was fractionated several times to

yield a fraction boiling at 107-108°/30 mm. It is assumed

to be the condensation product, triethyl pheayl methane,

B.P, 107.5°/20 wua,
225-226°/745.6 mn.
n30 « 1,4075 n2® - 1.4053

The following properties are recorded in the literatures

E.P. 220-2229 n=> o 1,423

Carboa-Eydrogen Determination:

vt. sumple wt, COp % C wt. H;;0 % Hy
.2021 .6531 83.37 <3071 11.41
Calculzted for CyzHzg 88.63 11.36

The fclloviing table shows the yields of triethyl

prhenyl methane obtained from various trials,
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Table of Results

Reactants Products
Carbinol Benzene AlCla Act.Y1ld. Thco. Yld.
Ee €e3. E. ©3. g. 64. Ee Eo %
23,2 1 78 5 13,7 3 13 35.3 35
33 1l 130 5 a2 % 24 59 40

G, Methyl ethyl iso-nropyl carbincl, benzere, and AlCls,
Triel I,

Carbincl = 1 eq, = 23,3 g.
Benzens -5 %" « 73 g.
A1613 -43" < 13.7 g.
The saud procedurd used in previcus oondensations was
followel, [Distillsed and fractioaated, at 20 ma.
Recovered beazene = 64 g.
I. (35 « 459) = 4 g,
II. (45 - 102°) - 5 g,
III, (103 -108°) = 5 g, (/z} o
IV, Above 108° - & g.

Four rore trials were rnadse using the same qguantities

as avove, The same results were ovtuined in each case.

Analysis of IFractiong
Fraction (25-45%) was fractionated to yield a liquid
boiling at 41-43°/30 ma. This was found to e the chloro !
compound, 3=chlor-3,4-dincthyl pentane.
Fraction (45-103°) probably is a mixture of the chloro

compound, unsaturated products, and sone rearrangenest pro-



ducts. Ho definite boiling fractions could be separated,
Fraction (103-108°) when fractionated several times

ylelded a liquid boiling at 105-107°/20 mu. This must ve

the condensation product, methyl ethyl iso-propyl phenyl

methane vhich is8 not recorded in the literzture,

Carbon=tlydrogen Determination:

Wt. sample wt. COp % ¢ wt. Hp0 % Hg
2113 .6838 88.26 .3153 11.42
Calculated for 013H30 83,63 11,36

liolecular Vel ht Determination:

Tt. saple Tenp. diff, wt., benzene Mol., wt,
1.06233 0352 44,00 165
Calculated for 0131120 176

The following table shows the yield of methyl ethyl

iso=-propyl phenyl methane obtained,

Table of Results

Reactants Products
Carbinol Benzene A1013 Act,.Y1ld Theo., Y1ld.
ge €l. g« ©d. E. €3, g €. %
23,2 1 78 5 13.7 4 4 35.2 1l.4

The higher bolling fractions of each group of conden-
sations hove not been separated. INo definite boiling fruce

tions could be isclated.



Determination of Fhysical Constants

Density determinations were made by means of a suall
pilcnometer devised by the author. All determinitions were
made at 30° C. compared to water at 4° C.

Index of refraction measurements were made with the
Abve' refractometer.

Surface tension measurements were made by :ieans of
the Harkxins' Drop-Weight method and by the Duliouy Tznsio-
meter methcd. |

For the drop=welght method, surface tenslon was cale-

culated by ths formulsa,

= -Qﬁg_.y

~ surface tension in dynes/cm.

-4
4]
W

mass of drop in grauns

- voluue of drop (§)

4 B o
|

- pull of gravity (©81)
radius of tip (.27158 ca)

COR
'

- a constant, cobtained frou
table corresponding to -ig
The Dullouy Tensiometer is a direct reading instrunent,
that is, values for surface tension are read directly on a
dial.
The observed molecular volume was czlculited by divi-

ding the molecular weight of the coumpound by its density.
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The observed parachor mas calculated by the formula,
Pw g&irz

where P - parachor of comgjound
M - molecular weight
4 - density

I - surface tension

Lolecular refractions were calculated by the foraula,

where :D - molecular refraction
I < molecular weight
d - density

n - index of refraction

Theoretical molecular voluses were calculated by the

formula,
Vm s 13,37 n - 7.02
n - nunber of carbon atoms
or Vm s 18.27 n + 16,03 ¢ 74,57

n - number of carbon atoms in
aliphatic side chain
16.03 = effect of one hydrogen
74.57 - effect of phenyl ring



Index of Refraction and Molecular Refractions

Substance

0113 H Chg
H—;-—»;-Q—x,f* 5
ChHz H Cig

T T
Calig. N C-ag, .
h-v-{;-v;"rs

/
ez Cig

P 3\ ~ ,.
c"’ hst— -C— o

CO“?

C: 3.‘.1
C A "‘C""J ?5
CoEs”

CHz, Cilz
R
czz S Cgrg

(~]

From this table, the conclusion may be made that heap=
ing of eurogens on adjacent carbon atoms increases the in-

dex of refraction.

20
15

© 1.4042

1 . 4928 Y

1,4965

 1,4364

- 1.,4275

1.4874

Calc,

68.€5

£8.65

58,65

58.65

58.65

58.65

Found

58.68

58.67

£8.48

58.53

58.53

58,54

Index of refraction is lowest when eu=-

rogens ars hecped, but not on adjacent carbon atons,



Bolling Points, Density, and lolecular Volumes

Substance

n-04h9-u-86F5
3

CHz H Gl
H-c-u-c-unzs

CH=z (.'a'“52
h~C—C—uﬂ15
02415 C:{O

Ciig
C- )}'1” -C‘-U( L.S‘

03..4.7

CEz Cuiim

B.P,

223,.5-324.5°
745.6 mn,
107-107.5°
30 mm.

216=2170
745.7 nm,
101-103°

20 rim,

[ ’
21¢-2321°
740 nmu,
105-107¢
aO Gliie

B X P
)

h\

7»'/~w

224-233°
745.6 mn.
1000
15 nm.

235=2260
45,8 mn.
107.5°
20 mm,

221=3220
740.,1 mm,
105-107°
20 mm,
(J ;T ‘;,‘-" \

7 [V EPRIPERTIN

(=7

N
e
oro

<8737

.8734

.838C1

.B786

.83803

Calc.

204.49

204.42

204.49

304,49

204,49

Found

201.44

201.74

189,87

200.32

1°02.85

120.¢3



Yolecular voluwies as determined experimentally are
lower than the calculated value, The formulae developed
for calculation of molecular volumes only hold for straight
-chain compounds. Therefore, the calculated molecular vole
ume would be the value for n-heptyl benzene, The difference
between the calculated and the observed molecular volume
must be the effect due to chain branching.

According to Kauffmann, a decrease in molecular vole
une is due to heaping of eurogens on adjacent carbon atous,
As shown in the table, dimethyl seo=butyl phenyl methane
and methyl ethyl iso=propyl phenyl methane have a low mo-
lecular volumse,

According to Kauffmann, the carbon atom in the benzene
ring, to which is attached an aliphatic side chaln, may
act as a heaping center, In compounds ﬁ%re heaping of
groups is on a ocarbon atom adjacent to a carbon in a ben-
zene ring, the difference in molecular volume must be due
to tha grouyns present, Cf the three isowmers having
straight chaln branching, dimethyl n-butyl phenyl methane
has the highest molecular volume; methyl ethyl n=propyl
phenyl methane is slightly lower, whlle triethyl phenyl
methane is still lower. It becomes agparent that heaping ”Jﬁ
of like groups on an adjacent carbon atom causes a grea=-
ter lowering of molecular volume than do unlike groups.

In triethyl phenyl methane, the three groups are exact-
ly salike and the molecular volune is lowest, Vhen the

three groups are slizhtly different, as in methyl ethyl
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n-propyl phenyl methane, molecular voluwme should be some-
what higher and it is. Dimethyl n~butyl phenyl methane
when considered as the normal compound in the series should
have the highest moleculur volume and it has,

Diznethyl iso-butyl phenyl methane has the greatest
molecular volume in the series., This increase in molecu~
lar volume occurs when eurogens are heaped on carbons not
adjacent to each other, Kauffmann states that heaping of
eurogens not on adjacent carbon atoms increases the mol-
ecular volume and decreases the boiling point.

It seems peculiar that dinethyl sec—~butyl phenyl me-
thane snd metiuyl ethyl iso-propyl phenyl methane have such
low boiliry points, Heaping of eurogens on adjacent car-
bon ctoms ordinarily increases the boiling point, however,
this was not found to be the case, Maybe the ethyl group
in the molecule has some influence on the boiling point,
Also, there may be some doubt as to the purity of these com~

pounds. o -



Surface Tension ani Parachors

Substancs curface Tension Parachors

Crop=Vt, Duliony Cale, Cro.~-wt., Dullouy

CHy
D-C4q9-0-u N5 39.45 31,53  478.4 462.4 476.5
C.L.sz
Cilz H ¢
H-V-C-u- gilg 23,63 30,80 473.4 453.6 470.3
C 3 H CLLO . -
~fA—
t./
C)Jmo Cv
hfy—C-uﬂns 23.38 31.52 472.4 465.3 472.23
CAA G.u.)
izl o
Cpliz=C-Cgi  22.80 31,93  475.4 433.6 4768.1
C3hin”
Can
Cw“Q—C—Csﬂs 33,56 332,13 476.4 4054,0 475.8
Cplis” '
CF cH ‘
H20-C-Cgly  29.47 31,83  473.4 465.8 474.8

CH"I C. 245

&

Sugden (J. Cheme. Sgc., 125, 1177, 1834) ctates that

"for isomerides of different structure only, psrachcrs are

identical within the linits of experimental error. Also,

position iscuerism scems to cause no ciznge in the parachor.”

[
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In calculating atomic and structural const=nts, ke did not
consider chain branching, For this reason, Sugdents cone-
stants were not considered in this work,

In calculating parachors, the atomic and structural
constonts of umford and Phillipe (J. Chem. Sos., 33, 2113,

1929) were used. These constants are as follows:

HS 15,4 Touble bond ® 18,0
c a. 9 ° a e.nlemb ° Iing = 0 ® 8

The parachor, when calculated from these constants is lare
ger than the observed parachor. This difference ﬁay bte dus
to chain branching.

Eumford and Phillips state that "chain branching in
aliphatic hydrocarbons and their derivatives 1s accompanied
by a slight, but definite diuinution of the parachor. The
cecrezent varies somevwhat according to the position and
length of the side chain, but within the linits of experi-
mental error a mean valus of -3,0 would appear to be ayyli-
cable to all branched groups of the type CiRjze and double
this value for CRze radicals and doubly-branched compounds

CilRge *CIRg."

“hen these decrements are uced, the cclculated para-
chor checks more olosely. I1f, however, a decrement of =3.0
is used for branching on a phenyl ring, a still closer
check is obtained., It is shown in the table that the cal-
culated parachor now checks very closely with the observed

parachor calculated from surface tension values determined
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by the Duliouy method.

Burface tension values determined by the Drop-iieight
method are lower than those determined by the Dullouy me-
thod. Consequently, the parachors calculated from Drop-
Weight surface tension values will be lower than those cal-
culated from surface ténsion values deterudned by the
DuNouy method. Sugden determined surf:cs tension by the
Bubble-Pressure method; also, Mumford and rhillips used
the saue ncthod., Parachors calcalated from Dullouy values
check very closely with parachoras calculated from the Mum-
ford and Pkillips constants., A parently, the Dulouy me-
thod &z, roximates very closély the Bubble-~fregssure method.
It agpears, therefore, that a new set of coustants must be
introduced for the Drop-vieight method for this series of

compoundis,
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Structure of Alkyl Eenzenes
In these condensation reactions, there may be a pos-
8iblility of rearrangement preducts to be formed. To de-
termine whether the condensation products have the struc-
tures as expected, several reactions were carried in an
attempt to prepare these products.

To prepare Dimethyl n=butyl phenyl methane:
By Burtz-Fittig Syhthesis:

CH CH
D—0439-c-51 + BI'CGHS i& n-C4H9-0— 6H5 * -
CHj CHg
This reaction is very reliavle, in preparing hydro-
carbons from alkyl halides. However, no dimethyl n-butyl

phenyl methane was obtalned. Some diphenyl is formed.

The formation of diphenyl may be due to the reactivi-

ty of the two reactants, bromobenzene being more reactive
than dimethyl n=butyl chloromethane., In place of bromo-
benzene, chlorobenzene was used. Unfortunately, the same
results were observed., It appears, therefore, that the
aromatic halldes are more reactive th:n aliphatic halides,

because in each case diphenyl is formed,

II. By the Crigna:rd Beaction:
CgligBr + Mg —»Cgligligbr

C "13
GH:5. Ciig
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The reaction did not proceed in this manner. The
original chloride was recovered and diphenyl was formed.
Clilcrotenzene would not react with magnesium to form the

Grignard reagent,

I1I. By Friedel-Crafts Synthesig:

CHz cH

n-C,H -C-C1 + Cgilg —21C13, p ¢, n By 4 —
479 ¢n, © s
- & 3

A fraction boiling st 1038-109°/20 mm. was isolated.
It is yery unsaturated but does not contain halogen., It
is not the expected product, dimethvl n=butyl phenyl me-

thane,

No other reaction was found by which these condensa-

tion products could be prepared.

It is shown that the physical constants for each com=
pound is different., If rearrangement takes place, two of

these corpounds should be exactly alike, Since each com=

pound has decidedly different physical constants, it is
safe to say that the hydrocarbons have the structure as

expected,
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SULLIAR Y-
1, Tertiary heptyl aliphatic alcohols condense with
benzene in the presence of aluminum chloridse according to

the rezction:

R* R
RC-CH ¢ GCgHg —21013, R-C-Cgly + Hgo
R R

where R' is methyl and R is n~butyl, iso-vutyl, or secon-
dary butyl. vhen the groups are all different, the reac-
tion i8 as follows:
R* R
R-C-ci  + Cgllg —;‘*-10—13->R.-§-:061~15 + EO

2. The straight chain carbinols, as dimethyl n-butyl
carbincl, nethyl ethyl n-propyl carbinol, and trietuyl
carbtinol condense very recllly with benzene to gilve good
yields of the corresponding hydrocarbon.

3. The branched chain carbinols, as dimethyl iso-bu-
tyl carbincl, dimethyl secebutyl carbinol, and methyl ethyl
iso-pronyl carbinol do not condense go readily with bene
zene a8 do the stralght chain carbinols. The ylelds of hy=-
drocarbons is small, Considerable amounts of the halogen
derivative of the carbinol are forned.

4. rhysical constants, as boiling points, densities,
index ¢f refraction, molecular refractions, molecular vol-
umes, surface tenslon, parachors, were determined for each
‘compound.,

5. The relationghip between structure and physical pro=

perties is shown,
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