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EISTORICAL:

Tris raper desls »ith condersations vith ¢lu-
minum enlnaride, ireronus eonlensatinon rezctinns have
Yren hromekt ghaont by osueh rearents gs sulavmrie eeid,
choshorons nertaride, dilvte v econnertreate? Tvdrg-

crlori@ ecid, cecetic @eid, &rsalnte alenkol, »ioe Torie

acii, zine chloride, vhrsHharons nentsehloride end ¢lu-

minrm echlaride,

I = .- 3 3 ey ! 3
Fogton en’t Triedvenn (J. A, « DOre,y 79,

elcoYols vl crorctic eodnmmounds, it ervlnethoine voos
famd +o he tre nraneinzl orodnet 5F the rezctisn be-

tveen renzrl wleohdl an? renzene in the nresence Hf ln-

pinem e¥lori‘e,

Cl=
T AT Ot o : TEa VWO AN T T A
CC- 5ol oCY + C PC Ce 5C ~Cy¢ tTJ LR C, 30

It mev he noted Yere vVt if ecnui-mdieculcr

v . ‘v'
cmourys 01 the »eoetine suhst nnes zre need, chomt 2,

of *re vield 15 dishenylmethene enl the rercinder secon-
Avry pr3tfucts, Tyrever, 17 tne henzene is nsed in ex-

cess (F:l) tre vield of Ainvenvimetbane is rreatly in-



- - ~ - - s, B . L7
SJC-. an 705 lh]) n"ﬂ.'?»‘C'.’. tiot seear oo crar st ic wien-

¥2ls conlenss »i*l. henzene accordinge to the rraetions

H5Cg H5Cq
'C - HOH + Cg Hg ALCLy, “CHCgHg + FnO

R~ R~
with R beings a methyl, ethyl, or phenyl, Yhen R is
a phenyl gronp, the reaction is smoother and a larger
yield of condensation produect is obteined.
Huston fonnd that triohenyl carbinol will
not-condense with benzene to form the exnected tetra-
ptenyl mettrane., Rather, triphenyl methane is obtained.

The reaction iss

(CgHg)aCOH » Cgig —ALCla,  (cumg)acn »

Seeminely, the oxygen is opulled ont of the cer-
binol but wvhat hevvens to it is not known.

Huston, Wilsey and Hradel found tkrat diaryl-
alkyl carbinols undergo dehydration rzther than condensa-

tion with benzene,



(CeHs)o H5Ce
N
v

 HgCo HsCg
Later Huston and lMfacomrher showe® the sare ef-

fect in workine with di-alkyl-aryl carbinols.

HeC

576
N

/ \
c ~cp, ~ —ACla, C - CHCH, +F,0

Euston and Sape- (J. Am. Chem. Soc., 48,
1655, 1926) reported that the saturatei slishatic alco-
hols (methyvl, ethyl, prosyl, iso prouyl, bhutyl, iso-
butyl, end iso amyl) do nnt coiniense with henzene. Fow-
ever, they foumnd that unsatursted elcohoal (gllyl alco-

hol) will condense ™ith henzene.
AlCla — -Ar 5
HoC - CHCHoOH + CgMg -21U12 , CHy = CECHoCgHA + HpO

%ith & slirert chznge in »rocednre, ¥rston and Fsieh
(Doctorts tresis) were able to co'dense alivratic al-
cohols with henzene. It wes fownd that »nrirary al-
cholas do not recct at alls secondary alcohols reczct

very slirhtly and tertiary &zlcohols react very readily






to form thre correspondines alkrl henzene.

Hsu N HSC\
H.C ; C - 0E « CgHg AC12, 0> ¢ - CgHg + HoO
HzC HzC -

Hnston &nd Fox (Master's thesis) condensed
tert-butyl alcohnl and tert-amvl alecohol with benzene
to obtain tert-bityl henzene and tert-zmyl henzene.
Dimethyl-n butyl cerhinol, dimethyl iso-
bntyl carhinol and dimethyvl secondary butyl carbinol
were successfrlly condensed with bhenzene tn obtain the
eorresnoniing £lkvl henzerne (¥uston end Rinder.) The
yield oroadnced bv condensinge dimethyl tert-hutvl car-
binol with benzene was disconraringe on the first run ani

no fartrer cordensetions were atter - ted.

Surrarys--

1. Primary and seconary araormetie clcohols
conden=ed with henzere in the »“resence »f gluminnum echloride,.

2 liixed tertiery zlioretic-zromatic zlecohols
did not econdense with hrenzene. Tehydration resulted.

z Unsetnregted nrirurv zlcohols, with the

dontle hond adjacent to the hydroxyl carbon,condensed

with henzene.



4, The »rirery clinshatie elecohols did nnt
condense with henzene: the secondery reacted only
slightly, vhile the tertiary reacted readil-r,

S Branching of the tertisry alinhetic
czlcohols intibited condensation with henzene. Es-

pecielly was this true as the hranching occurred near

the tertiary group.
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MATERILLS

Aryl bromide and secondary-amyl bromide and
active &@myl bromide were »rencred hy treztinc the resoec-
tive alcohols vith nhosohorous tribromide.

Phosphorous trihromide was obtained by treatine
red pnhosnhorous with bromine.

Iso &ryl bromide was obtzined from the stock-
roon suponly.

Tertiery &mvl chloride was »repared hy trestinc
the resnective 2lcohols with concentrated hy-roechloric
acid.

Acetone was C. P. grade.

Yarnesinm (turnines), esnecizlly nsrenared for
Grignard reactions, was used.

The benzene was C. P. thiovhene-free,

Tre aliminumcloride was a hirh pgrzde commer-

ciel orodnuct.



Preparation of Carbinols

Dimethyl n-am-1l carbinnl.

From n-amyl bromide and acetone. Grignard's
reaction (Vhitmore and Chnrch) J. Am. Chem. Soc.,

Ve 55, pt. 1, p. 1561,

B. P. 65° to 656° / 15 mm.

ng0 1.4°25

Aooroximate yield -- 40

Dimethyl isoamyl carbinol,

From iso ¢riyl bromide &nd acetone, Griecnerd's
reactions

B. P. 154° - 1550

Compt. rendu 19012, 156, 1l674.

Asoroximete yield -- 157

Dimethyl ective amyl carbinol,

From active emvl bromide and azcetone, Grig-
nard's reaction.

B. P. 15093 64°/ 20 mm,

J. Bio, Chem, 1771, ©1, 405,



Dimethyl-secondary emyl carbinol,

From secondary anryl bromide end acetone. Gric-
nard's reesction,

B. P, 150° - 151°

J. Clearke, J. Am, Chem, Soc., 1°211, 27, K29,
Yield -- 157

Dimethvl tert-amyl cerbinol,

From tert-arvl chloride and acetone, Grignard's
reaction,

B. P. 150° - 151°

Not found in literatnre,.

Yield -- sbhout 5%,



-CONDENSATIONS

A. Dimethyl n-aryvl carhinol, benzene &nd AlCl=,

Trisl I
Carhinol - 1 eq. - 22
Benzene - 5 eq., = 97
AlC1, -1 eq. - 17
A 500 ml, three-necked

Fle

gm,

Fme

- 1/4 mol.
- 5/4 mol,

- 1/8 mol.

flask was nrovided

vith a mecheniczl mercury-sealed stirrer, & dropning

funnel and a condenser. A thermometer was introduced

into the flask from the condenser and was susnended

from the lctter with & copper wvire.

placed 2t tre top of the condenser.

A drying tube was

The benzene was introduced into the flask, &and

the stirrer started. The entire earount of AlClz was

adied to the benzene. Tre cerhinnl was then added drop

by drop (ahout a drop every trree seconds),

cednre required about three honrs,

This oro-

Tre temvere trre wes

easily mci ntained helow 20° C. ¢nd cooline vith vater

was herdly necesssry, The mixtnure

was stirred

ditional two honurs, During the addition of the

the mixture chenred from a yellow to & derk red.

the AlClz seered to disappear but later a coapnrlate epoeared

for an ad-
cserbhinol,

All of

>

/o



which wes dark brown in zonearance. The mixture was
allovel to stand for twentyfour hours: then decomposed
with ice and hydrochloric &"cid. The bhenzene layer
was separated snd the ac.ueous »oirtion extrected ceversl
times with ethrer, A little HC1l was added in extractinge
vith etrer, to break u»n the water-ether emulsion trat
forrned. The combined ether snd henzene extracts were
washed with dAilnte sodinm cerbonate snlntion to remove
any rereinine HC1, The mixtnre vas dried en? the ether
distilled off. The following fractione were obtzined
from the residue et 15 rmr.e

1. 40° - 1°0° - 4 pm,

2. 170% - 1220 .19 em.

Z. Above 1922° - 5 gm.

The fraction boiline from 17°0°% - 1220 was di-

methyl-n-amyl phenyl methane,

Facuation of the Rezctions

CH=

Pt AlCl,
CH1CH‘CHQCH20H? 9 - OH -+CGH5 _—

CHq

‘ CHq
CH2CHCHoCHACH, C = CgHp + FoO

CHa



Trial II:
The senpe nrocednre was foallowve? a8 in Trial I.
Carbinnl - 1 eq, - 64 Fm. -3 mol,
Benzene - 5 eqe. - 194 pm, =2 mol.
AlCl= - % ec, =~ %4 pm, - 4 mol,
The following frections were obtained at 15 mm.:
1. 40°2 - 170° - 7
2. 1209 - 1220 . 21
7. Above 122° - 10
TrialAIII:
The seme amonnts and »nrocedure were used as in
Trial I. The To0llovine frections were nhtzined at 15 mm.:
1. 40°% - 1°0° - 4
2. 120°% - 122° . o9

Z, Above 1°2° - 5

Anslysis of TFractions
The fraction 40° - 1°0° / 15 mm. was found to

contzin a small amount »f chloride. Furtrer froectionetion

vielded &n unsaturzted orodnct between 40° - 490. A satura-

ted chloride wes ohtained between 4009 - R20 znd is believed

/R



to be 2 chlor-? rmethvl hepntane,

3

The fraction betveen 17°0° - 17°2° is dimethyl-

n-amyl prenyl methene end its bhoiline point was found to

te 242,50 zt 740 mm, This compound wss not recorded in v

the literature,

Carbon-Fydrogen Determinations

Wt. Sample wt. CO, % C Wt. HoO
.127n dAT0D 88,71 .17792
e1712 « D545 es,.”"7 .1774

Caleculeted for Cl4H22 88,25

Yolecnlar Weirht Dete-rincetions

"t. Samole Temn, Dif”, "t. Benzene
e 7401 266 75.16

Calculated for CjsHo»

c?
% H,

11.56
11,59

11.65

:”) ]. . va"t .
185

190



B. Direthyl isoemvl ce~hinonl, henzene and AlCI?
Triel I

Carbinnl - 1 ec, - 27 Fm, - 1/4 mol,

Penzene - 5 egq. - 97 em, - 5/4 mol.

AlC1- -3 eq. - 17 pm. - 1/8 mol,

The stre nrocednre nced in the nrevious con-
densations ves followe . The cerbinol was slovly added
to the suspension of AlCl:z in benzene vhile the temperu-

o)

ture vas kent hetveen °5 and 20°, The »rocednure took

abont three houre, S*irrine vas continmed for an addi-

tionsl two h»onrs, Tre mixture was gllomed to s'&anil over

nicht and was decomnosed with HC1l and ice water,
Fractions at 15 mm,:
I. 40°% - 110° - 2 om,
II. 110° - 114° - 6 pm.
III. Above 114° - 4 pem,

Egqretion of Rezction:

HaC B H CHa
NaC = C - C - C - ¢ - on FCgHg — —A1Clz |
¥ B H cn,
CHzx H H ' ClH,
N.C - C-c-c-¢C - C.Hy + Ho0

74



The fractinon hoilines 2t

condersatinon prodnet direthyl-isn
Trial II.
Carbinol - 1 eg. = 64
Brnzene - 5 eq. - 194
AlCl- -3 eg. - 74

The followine fractions

15 mm,
I. 40°- 110° -
II. 1100- 1140 -
I1I, Above 114° -

Triel III:

Carbinol - 1 eq, = 22 ¢
Benzene - 5 eq. - 97 ¢
AlCl- -4 eq. - 17 ¢
The followine fractions
I. 40° - 110°
II. 1109 - 1149°
I1I. Above 114°

110 - 114° was *he

-aryl orenvl methane,
em. - <+ mol.
Fm. - 24 mol,
P‘mo - % mO]-.

were obtained at

5 rm.
11 ¢om.

7 Fm.

m, 1/4 mol,

m. 5/4 mol.

1/8 mol.

M.

were obteined at 15 mm,:

7,

-

FMe
- 7 rm,

- 4 om,



Analvsis of Frections

Refractionztion »f the frec*ion hetween
0% - 110° yielded a orodnct w»ich condensed between
499 . 520, It was scturzted and contzinel & chloride
end vss helieved to be 2 chlor, 2-5 di-rethyl hexane.
This commound is not recorded in the literatnure and no
check vas rade on the condensatiosn »oro'nct,

The fraction hetween 110° - 114° contzined
the dimethyl iso amyl ohenyl methzne &nd after re-
peated refractiona’ion wes found to boil at 2229 gt
740 mm. Tris compound is nnt recorded in the litera-

/
ture. |

Carbon-Hydroren Determinations

Wt. Semple  Wt. CO» % C Wt. H,0 % Ho
.1895 .6122 88,74 .1960 11.57
.1318 .5887 88,73 .1372 11,55

Calculated for Cy,H,, 88,25~ 11,65

HMolecnlar Weicht Determination:

Wt. Seample Temo, Diff, wt. Benzene Mol, Wt.

7004 N.6°1 z5.16 182

Calenulated for C14H2? 190







C. Direthvl Active Amyl Carbinol, Benzene, znd AlCl,,

Trial I

Cerbinol -1 eg. - 22 em., - 1/4 mol.
Senzene - 5 eq. - 97 gem, - 5/4 mol,
AlCl, -3 eq. - 17 em, - 1/8 mol,

The szme HIrocednre used in »nrevinas coindensa-
tions was followed. Tre corhinol wzs zdded to a svspnen-
sion of AlCla in bhenzene, The temerature w.s kept
netween 25 - ?Oo. Addition of the rarhingl regairedl tharee
hours. 21 g3 wasg evolved freely, 3tirrin~ was con-
tinnel for twn Woimrs, snd the mixtnure zlloved to stsnd
over nighrt, It was decomposed and extracted. The ex-
tricts were fractionated,

The following fractions were obtained at 15 mm.:

I. 40 - 108° - 5 fm,

II. 103 - 111° - 7 pm.

I1I. Above 111° - 4 em,
The frection bniline at 129 - 111° conteins

the condensetion vproduct dimethyl zactive emrvyl vhenyl

methene,




Faguation of reactions
H CH? q
. - C - . '; cC -
H H H
H CHE
E.C - C =~ é
v ¥
Triel II1:
Curhinol - 1 eg.
Benzene - D €eqg.
AlCl= - % egq.

The follovine fractions were obtzined at 1

I

II

The fraction between 108 - 111° was refrec-

I. 40 - 1
I. 108 -1
I. Above 1

080
110

110

Q

H

an

17

Fl.

e

Fite

- 1/4 mol,
- 5/4 mol.

- 1/8 rol,

5 £Me
6 pm.

4 pm,

Analysis of Frsctions,

tionated severzl times &nd yielded s »rodnet which

boiled 2t 109,2° st 15 mm. and a2t 220.5 &t 740 mm.

Tre prodnet vas the exnected di rethyl active amyl

rhenyl metheane,

rm, 2

7F






Carbon-Eyvdrogren Determinations

wt. Sample Wt COp 5 C "t. Fal
1615 5270 23,70 .1601
J1Ee07 .5911 88,95 .1896

Calculated for CyyHoo 882,75



D. Dimethyl secordery emvl carhinsl, »enzene, cni

.AlCl.'l..

Cerb'nol - 1 €6. - 77 pm. - 1/4 mol,

Fenzene - 5 ec. - ©7 fri, - 574 mol.,

AlCl? - 1 €q. - 17 Fm, 1/8 mol.

The s&me nrocednre nsedl in the »nreviins con-
dencsetizne ~rs fallover”, The carhinol wee slowly added

to the stirred susnension 2% Al1Cl-. in benzene vhile the

ternerztnre ves kent tetween P75 and ?Oo. The procednre

regnired ¢h nt three horrs, Stirrine vas eontinuel for
an edditioncl tvo hours, The mixtare wves asllorei 1o
gtend over nirht, deconmosed with ¥C1 e¢nd icro veter,
Froe*tions et 15 mm,
I. 4H - 1110 - 2
IT. 111 - 1140 - 7
TTT. Ahove 12249 . o
Eaquation >f resctiov:
CiizClla
e AlC1
C”';xC'TpC’YnC”? - JF + Tyl viz
Cla
E E F-C Ha,C
. Lo o7
r I~ ~ 17 T
& 19 - C - |V - - C-ucsf—_r\

-t
)
2]
]
4
“
RS
o |



R



—- . . eq s . o)
Ve Freptign R3ildvs T pdeeeg 11 - 217

e sordencntian v 9dnet A1 red el seon o crv]

[=5

nrenyl niethrne,

Tric) ITs

Tovvinsl - 1 eq. - €4 mm, o7,
Teovyre - 5 ec. - 107 e, 01 1

a1cl -1 ec, - 24 pem, ) ool

THe f9llnwinm frictisns were ohtrired ot

158 mnm.:

4
0
In
2
'
[o]
-
-4
(@]
1
)
™
3
L)

b
4
i

IT, 111 - 11249 - ¢ pm,

Arnelynis of Trae'inns,

Nefrentisaution nf +he Triectimnetreen 40 -1

yiclded & radaet erier eomderard hetreeen BN - 570. I+
ras saturetced sn’ oecontoined chiloarivie, T+ vz helieved

Y ia egmeannd is 1o

recairded in e literetare 22 ) evec —oe proie oon o tée

The Srretisy hetrern 111 - 1142 cantrdne? the

2iretl Y ceedndery s2mr) vwherw)l methine 3 cFfter refrie-

o



tisretion wes Fourd 45 Wil ot 2789 ot 740 i, Towr-
ever, “Ane ta tre ere1l viell 57 *o »oinet mnd dn olew

Af the weiec:l Agvret: 2. Fyogn 1

exnented ~apgtor b, the oraduet vis helleved vy oantein
LYY e L . e~ B T RS LIS
sLisht dmoaritics, cig oeNmonanl L3 )? cosriel i
re -r -
e 'q':) J A{f)
Al ] Ty =
* 4 "1 ‘_.L. J s
~ ]
177 11.51
o
ll.b)
wre ~N e e 1 [dal - —~3$ o very ~ - - B | Raad 8
.- e 2 hod s € . At T . - Y ter . Jie VIS

«H711 N.476 75,16 151,4

Celemleted fox» C0 T, 1777
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TYe seme cracedure nnsed {q the
denzetiong vz glihered *+5, Tre enyhiins)
ediel to the stirred sus.ension 37 AlC1, |
thne bemoerctore vog e nt hetreen °F - 200
cednre recu’red shont t¥ree sy, Stirr
tinted For an afditionel tean bBoanre, Ve

&1lloved to gt A

metbter,

bidche

"N~ PR
n*~7% &na

571

aradnet

Trictinnuts i, :
The mixtare reve evilence thet & suell
nreceit ht mever ves there (v oecouatint n

n koo
™.

J RN

s -
il W.Y“ v
3

va

tven hvdralrze

rn

e

ey ions

:l"_\i

ard the reed

N -

oy

crere v

or* D -

~Tr

e

-
)

—te

a7onnt rist 4t he

ile

ne mradnaet,

_3



-~

Determinatisn of Thirsiral Chretents,

TDerns*te deter-ivieting rore tde wt
cunercl to vater «t 47 C,

Tndes 27 ryefrietinon 17 guresend were rede
with the Arbe refrichometer,

Surfece tercinn vos deteriived vt Yve TniTour

Censinretor " T by Fartise? dros-voi-0t netbhoad,
Tre Tmllony tensismreter cives ¢ 27101 recdine
Vi Tel el ke omlbinlied ke Ave stendard 5f fre conerets

in ordey to o4l e mnrfoce *ernsion,

in vhich: )/ - m
v - Ty Inre
I - ress 2 Aron

]4/A' ) - freetion f 1decl droy o 10
% < =
3 fells
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its density,
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rm - 1¢.°7,. - 7.N°
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Boiling Points, Densities and lolecular Volumes

(See table of compntetion on orecedines pere.)

The difference bhetween the calculated end found
rnolecular volume was prohebly due to chain branching.,
The formula for calcnlatins Vm held only for straight
chein comrpounds, o that the calculeted valve vovnld be,
in this case, that of n-octyl bhenzene. It vill be
noticed that tt'e Vm increased as *the eurorens were
heaned except in tre case of *the di-methyl secondary
amyl phenyl mrethane where the Vm decreased. This mey
be due to the heepine of eurorens on adjacent cearhon
atoms,

Kauffrenn stautes tret a decrease of molecular
volume is effected by the heepine of eurorens on adja-
cent carbon atoms. This accounts for the difference
between the calcnlated and found mrolecular volume and
also exnlzins the decresse of the molecular volume as
noticed in the case 0f Aimethyl secondary-amyl ohenyl
methene.

Kauffmenn coes on to sey thet heazning of euro-
gens on other than edjacent carbon atoms increases the
molecular volume and decreases thke boiling point. The

experimentsl evidence above entirely aprees with this






statement. The moleculer volumes of di-methyl n-
amyl phenyl mettane, dimethryl iso amyl ophenyl methane
and dimethyl active amyl ohenyl methane gradually
increased while their boiling points decreased.

It wonld be exvected that the boiling
point of di methyl secondarv amyl phenyl methane wonld
be hirtrer than the othere since it has a prester
density. This did not hold in a8ll ceses as the di-
methyl n-amyl phenyl methane was found to bhoil hirher
but *his may be due to the impurity of the dimethyl

secondary amyl phenyl methene.
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Surface Tension and Parachors

(See table on precedins pare.)

The varachors were calculated by using the
atomic and strrctural constants of Mumford and Phil-

lips (J. Chem, Soc. 1929 - 2112), These constants

were:

C 2.2

H 15.4

Douhle bond 19,0

6 memb., ring 0.8
Chain branching -3
Branching on phenyl ring -3

The surface tension valnes determined by the
drop-weight differed from those determined by the Du-
Nuoy method. The parachors, as a result, also differed.
The varachor, as determined by the DuNuoy method, check
with the parachors as calculated using the values of
Mumford and Phillips. A new set of constants mist be
calculated for the drop-weirht method in order thet the

two methods apgree on this series of comvounds.,



Summarys --

1. The tertiary di methyl amyl carbinols
(n-amyl, iso smyl, active amyl and secondary amyl)
were condensed with henzene in the nresence of alu-
minum chloride.

2. The di rethyl tert-amyl carbinol
showed 1little tendence to condense with benzene in
the presence of alnminum chloride.

e Tre branched chain cerbinols showed
decreasings readiness to condense with the benzene
as the branchineg aporoached the carbinol gronv,

4, The phvsical constants, such as boil-
ing points, densities, indices »f refraction, molecu-
lar refractions, molecular volumes, surface tension,
and parachors, were determined for each comonound.

5. The relation hetween structure and

ohysical oroverties was shown.
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