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INTRODUCTICW

The condensation of tertiary alcohols with benzene in -
the presence of aluminum chloride has been extensively studied
in this laboratory. 1In the case of highly branched alcohols,
the yields of the expected tertiary alkyl benzene have dbeen
low, many other produsts being formed. ;fhe object of this
investigation is to separate and identify some of these pro-
ducts, In order to accomplish this, a fractionating column
with some special properties was essential, 0 that more
or less precise scparations of the variety of compounds

formed, could be made,



THis FRACTICNATILG COLULN

The design of any laboratory fractionating eolumn
must necessarily depemd upon ihe particular type of sep-
eration to be accomplighed. Of course, it is desireable
in any eolumn to have aa high a separating power, that is
rlate value, as possible. Thus with high plete values, a
mixture of two closely bbiling liquids can be separated
quite completely by one diatillétion. - However, the typé.‘-
of distillation, the character of the liquids to be eepaiated,
the amounts, and other practical congiderations greatly afe
fect fhe type of column te be chosen. ; ‘

From previous work it wes known that the liquid to be
distilled gonsisted of a mixture of hydrocarbons, some un-
saturated, and halogeﬁ containing ecompounds, -The smount
of liquid tq be distilled varied from ten to one hundred -
milliliters. The boiling tcmperature ranged from 35 to well
over 200 degrees., Vacuum fractionation was necessary sirce
there was s good possibility that some of the compounds
decomposed when distilled at atmospheric pressure, -

From the above characteristics it was seen that the
eolumn should be built for batch ﬁistillation,~that is the - .
whole amount of the liquid mixture to be distilled was placed
in the still pot at one time, the mixture slowly changing

composition as the more volatile componets were removed.
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This is in contrast to the type coluwun used industrially in
which a mixture of definite composition is slowly fed into
the column, It must be built for vacuum distillation and
deslrned so that there will be no heat loss from the column.
Since seriquantitative separations or swall amo.nts of liquid
ere to be made,the colum should have an overscll low holdup.
The term holdup is defined as the number of cec of licuid
retalned in the colium and head durings distillation. Tinally
the column should have a fairly high pl:ite valuc.

Before entering into a discussion of the morc comron
type laboratory fractionating colurme, some of the terms
generally used will be defincde.

The term "plate vzlue™ is frequently used in describ-

ing the abllity of a column to separate two liquids by
reans of their differences in vapor pressure. 1t is derived
from a consideration of a column which is comuosed of a
serles of theoretical plates each acting as a center of
- equilibrium distillation, the vapors passing from any plate
to the plate above to be partially revaporized. This
continuous redistillation and recondensation, tsried rectif-
feation, results in the concentrition of the mor: volatile
1iguid in the uprer portion of the colurm. Thus a theo-
reticnl plate is a hypothetical apparatus vhich fulfills
the requirement that the vapor rising from a plate is in
equilibrium with the liquid leaving the plate. These

considerations nake it necessary that there be no heat loss.



¥any laboratory fractionating columns are not composed
of actual distinct platea. The column may be packed with
¢lass rings, spirals, ect., or it may be a budble cap tyre,-
or unpacked, e.ge the Vigereux column. All of these devices
serve as plates snd the efficiency of the colunn is therefore
descridbed in terns of the rumber of thcoreticsl piates it
contains,

The expression H,Z,7.P. 18 comuonly used to indicate
the relationship of the number of plates to the height of
the column, the height equivalent for a theoretical plate,

The lower this value the more efficient is the type of packing,

A factor greatly affecting the separating power of any
is the reflux ratio. This is defined as the moles of 1liquid
returned to the column over the moles of liquid removed as
product. With hizh reflux retios the nunber of theoretiecal
plates apparently incresses but the tlme required to collect
a definite cuantity of licuid increases,

A large number of laboratory fractionating-gplumns .
have been described in the-litgrature. The bubble cap and
gauze plate type columns have extremely low I,I,T.P, but
the holdup of this type culumn 18 very considerable and they
are not sulted for vacuum fraotionation.

0f the packed colurins, the Podbielniak packirg, a close ‘
apiral extending the length of the colunn, is by far the best,
The holdup on this type pscking is not great. - It has been
criticised for vacuum work because of 1ts tendency to from

slugs of licuid in the coluun,



Ti¢ Vigereux typse columin hea a low Loldun and, if ;roe-
perly'conatructed, doea not ternd to slug. ilowever, thce I,
SeTePe 13 rather Lighe It i3 idc=l Tor microceworks

The column elosen for this work was of the spinniang
band tyre, similier to that descritbed by leseane and locite
(1)e Daler, Iarkenbua and Reoawell (Z) have alao descrided
a column of tiic tyve. The coliuu consistias of a steel band
apirnirs repidly in en insulated glass tube, The holdup
per plate is the lowest of ary of the above types and the
HeZeTePe 18 alao low, cowmparing favorsdly with the bubble
ced typee .

Fof tuis work, the head desigrned by Whitwore (3) appeared
"to be the wost gsutiafeactory of the types thiat could be con=
atructed with facility. 7The whitmore hend was modified to

allow for tlie extcoralon of tie band tiwougnh 1te This type

na

ne:zd contnins « astopeock by wihidch the reflux ratio ¢an be
regulated,

The irsulation of the coluran in quite asd fwportant as
thie packirg. Tor vepor tevperwlures velow 10C a silvered
vacuum Jacket 18 cuite sufficient. For higher tenperatures
ordinary pipe covering is used to supplemernt the vacuum
Jjacket., liowever, for best resulls, it was found rneccsasary
to install a econtrolled electrical Zeating element the
length of the colurm. The hesuting eleaent is controlled by
a smnll transforrwr,

Tecause of the extreme froagility of the head of the

colu:in, the take-off tube i3 supnorted by = metal connection



15 the upper purt of the colunn proper (not showr ip the
Glagraiije Iha i:ead §8 wrupued cxtensively with aabestios
eord to a paint two cm above tie entrance of the thermometer
well, to 2ngurec accur--te themaouzcter rendins. Arsehuts
thermometers sre used

Tha t90 stopcocka through which the orgarlec licuids
rass are lubricated with a Lydrocnrboen insoluble atopcock
CTCad8e

The glass Leariny at Uie top of the head taragi: whiceh
t:e end of tie band waa consitructed very earefully, so es
to £llow the band to be drivzen and 2t the Barie tine mrine

taining & vacuume ¥ith on oxdirary gless bearirg (A)

" A -To mofor

-8

1S

—-C- k{qd

Boand
the ruboer tute (3) which comnletea the vncuuu sezl 13 soon

worn througit vecnune of the hi h externsl pressurce, owever
iT the glerse tube (4] 13 tapered to the oxternal dimceler

of the gloso tuve froa tae he:d (C)

MmN A
B
=
TU
Uiy

the rulhir lasts mony times ng longe The rudbber to glass
moving Jeoipt is lubricated with very small aourts of &

graphite ocuspension in glycerine.
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reciever

Spinning Band Fractionating Column

Height of column ~ 80 em
Overall height - 135 em
Scale 5 mme 1l m




The snrinnin: band is made of stainless steel end is - -
95 cm long end 7 rm wide. It 1s tapered to T rmm &t its upper
end. ‘ .

- The distillztlon pot 1s filled withvglass wocl to
rrevent buupinz, It is heated by a hot plete, the temp-
erature of which is sccurately controlled by a § empe.
transforner,

Tre fraction cutter is designed so that the reciever
can be removed snd replaced by arother without disturbing
the vacuum of the system, To accomplish this the sysiem is
evacuated witn étopcock; C and D open and A and B closed, -
The fraction is collected and allowed to rum into the reciever
by opening B, VWith B closed air is allowed to enter the
reciever by sdjustirg D. Tiie rouciever 1s replaced with another,
C is closed and the recicver evacuatcd by adjusting D, until
the proper pressure is ettzired, C 1s then opered and in
this nonner the distillation proceeds without interruption.
Determination of Plate Yalue.

Several methods for determining the plate value of - .
fractionating columns have been described in the literature.
The Thiele=licCabe graphical method is one of the simplest. .
and most commonly used, - This method was derived for columns
which are actually made up of a series of plates but it can
be applied to eolumns of the spinning band type if we view
the column as a series of segcments each of which can be con-

sidered as a plate.

Certain assumptions and conditions of distillation are



necessary for the application of this methiods First, the
vapor passing up ihe column (V) on reaching the condenser
rust be all sondensed, one portion returned to the column
as reflux or overflow (0) and the reat being collected &s
product (I’)e <The letters V, 0, and P refer to moles per
unit times The column must be assumed to ect =dinbatically.
ve must also assume constant veporization and constant
overflow from any piate to the next, The colurnn muat operate
at.constant rete of distillation end constant reflux ratio.
Tne composition of the material in the still pot end that
of the product rust remain'cdnstant. This assunmption is
only approeched if the amourts of product are very spall as
conpared with tiie amount of residue,

A diagrem of a theoreticél coluin is shown below:

¥ condenser
P
1
2 Xp
3
X1 dya
n T




The eolumn is composed of rlates 1,2, 3, n, and (n+l); a -
condenser and reflux return. The term x refers to the mole
frastion of the more volatile componet in the 1iquid under
consideration: and, the term y refers to the mole fractionm
of the more volatlle componet in the wanor under consider-
ation. x, 1s the ocomnogition of the prodmet.

_ Por any plate the material leaving will equal that
entering 4t

(1) ‘ V S0+ 7P

In terms of the more volatile componet, for plate n

(2) V¥. ®=0x.+Pxp

Zliminating Vv . ' |

(3) Yo 4%) xat (CET) x5

and in terms of reflux ratio, R ®» 0/?

(4) Ypu = a+z.’ x + ({ T) x»

X« and Y., are the only veriables and so thc oquation (4)--
represents a straight line of elope (R/B+l), thie;line;bging
oslled the operating line. Since the slope can be obtained
from the reflux ratio the line can be determined by establ-
ishing a point om the line., - o

The x - y equilibrium eurve can be plotted from expe-
rimental data.




The composition of the reflux coming to the first plate
is the same as that of the product, x, = xp. The vapor
rising from this plate has the composition y . Trerefore

(5) y, 0= (R%) X, -f-'(ﬁ%—l-) X, ®xp
Since from this equation y, = x, the operating line must
intersect the x = y line at (xp,¥:)e The operating line
vC, is thus established,

Since y, is known, x, can be calculated from the

equation of the operating line, and from this we can cbtain

1c

y, » and from this x, ect, This procedure may be accomplished

graphically by merely drawing a series of horizontal and
vertical linés:between the operating line and the x-y equi-
librium curve, starting at x..

Lach of these steps represents one perfect distillation
and so the total number of s@eps represents the number of
perfect plates in the column,

Thus, for the determination of plate value it is nec-
essary to know the reflux ratio, the_comppgition of the
product and the composition.of the residue‘~

For this work, the binary system benzene-carbon-tetra-
chloride was used, The composition of these mixtures is
readlly established by—determining the refractive index..
The data for the x-y equilibrium curve and the refractive
index-composition curve was that given by zawidzki (4). -

The liquids used were Baker's C, P,, dried and care-
fully redistilled, a .1 decgree fraction being used.- - The

refractive indices were detcrmined by means of an Abbe'



refractometer at 25.2 C, The values determined on known
mixtures checked well with the values given by Zawidzki,

The x4 values in the table following refer to the com-
rosition of the residue. Samples of rcsidue were removed
during distillation by‘mgans of a capillary extending irto
the still pot. About .2 cec were collected as product,

The minimum reflux ratio was calculated from the slope
of the line intersecting the x ® y 1line at xp , and the
x-y equilibrium curve at xz, The actual reflux ratio was
determined by comparing the rate at which the drops of

product came off the take-off tube and the bottom of the

column, The graph for the firast determination is shown,
Table 1

Trial 1 2

Ref. Ind, 1,4930 1.4¢01

X5 - : «115 «187

Ref, Inde.p [1.,4719 1.,4682

R 2431 1831

min 1931 2:1

Plete Value| 25 24

}LE.T.P. 301 e 3.1 :

The holdup was determined by the method given by Iong=-

berg, Fenske, and Quiggle (5).

A known volume of a solution

11

of stearic acid in benzene of known concentration was refluxed

in the still, A sample was withdrawn from the still pot

and its composition determined, ¥rom the change in con-

centration the volume of benzcne in the ecolurin and head
could be calculated., The stearic acid was assumed to be

nonvolatile at 80 C, The concentration was determined by






pipetting a two cc sanple, evaporating off the benzene

and welghing the residual stenric acid.

Table II , .
Tefore After After
reflux reflux draining

wvelight stearic « 0605 « 0667 . 0618
acid in 2 cec « 0604 0664 « 0620
concentration » 0302 « 0332 « 0310
volume of 23,0 20,6 22,6
liquid in _

still pot :

lioldup _ 2.4 cc «d
Ioldup/plate <l co

XN

he voluco Joirl Tor oldup per plate agree well with
those found by _esccne and Zoci.tee The 1,114 Tel'sy l.OWCVEr
is somcwiat hi . her, probably because of the differcnt type

herd used,






DETZRIINATION OF COLPOSITION FROL REFRACTIVE INDiX

(Benzene and cCly)

« 7709

1.4667

Refractive
Index (t = 25,2) 0
1.494 | °
\\
1.492 —
—— ——
1.490 N\\ 1
\\ Add these
1.488 \5 ! values to
. —— } those read
'\L\ on the
abcissa
B~y .2
\
1.484 i
| F--~.___L-~4
1.4824'-\ \q-‘..s
\\
1,480 [ —
‘1#\‘
. \\
1.478\ =
1.476 T
| - gy
\\
' [ ]
.\1\ 1
1,470 F——] 6
\
1,468 B
.00 ,01 ,02 ,03 ,04 ,05 ,06 ,07 ,08 .09 ,10
Data Mole Fraction CCl,
« 07990 1,4936
¢ 1579 1,4913
02133 1,4891
« 3061 1,4854
« 4203 1,4808
D131 1,4771
+ 6000 1,4736
« 6831 1,4703
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DETERMINATION OF PLATE VALUE

llole fraction CCly

in vapor

7

A 4

6

o5

o4

«d

o2

%

-

BIER

Data for Equilibrium Curve
(Bensene and CCl,)

ix
l " #P

ol

b 4

«051
«117
«175
¢ 253
¢ 295
« 396
« 560
574
«765

.2

y

« 069
« 146
211
¢ 292
0 337
« 439
« 586
693
«779

«d

4 9 N o7
Mole fraction CCl,
in 1liquid - x
Data for Operating Line
Reflux ratio - 24:1

Slope - ,963
Xp 0642

Rumber of Plates - 25
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{3 storiecal

Tho allylation of arcnatic corpounds with alenhols
has been aeccauplisied bty warlsus condencing erontn, A
short revier of tho uco of alunlnmunm chlovide for tils
puUrpoLe will Collove

The greater portion of the work 1 n this field has

zon dono by Iuston and co-workerse

Huston and Fried:iann condensed benzyl elcohol (€},
‘methyl, phenyl earbinol, ethyl, phenrl carbincl wil benze
hydrol with benzenc. In additicon to the e meeted Sube

stituted benzene they found dl- and tri-substituted bten

cones and In the case of aryl-clkyl carblnols thox
found nhenyl alkanes which wers asswuied to fors b the
crlltting off of ono of the phenyl grouns of the nain
condensation product, the l,l-dinhenyl ulkenes. They
also found that the ratio of one mole aleohol, Tive ioles
benzene and ono-half mole of aluminum chloride wns op=
timun for the rroduction of the main condensatlion product.
Increasing the amrunts of aluminum ehloride did not
inerease the yields., ilgher tameratures gave mare of
the bry-droducts,

Huston and tager (7) attempted to condensc saxe prie
mary alcchols at roon teperiture and with one=holf nole

aluninua chloride to onrne nolas of al~o2ho0le, Undor tlhese

13
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conditions, methyl, ethyl, propyl, isopropyl, butyl, iso=-
butyl, and isoamyl alcohols did not give the alkrl benzenes.
411yl alcohol did give the allyl benuenc. [iuston and Good-
emoot (8) condensed three cycloalkyl carbinols (-hexyl,
-pentyl, =-Lutyl) and showed that the ease of condensation
was related to the strain in the ring: the greater strain
belng more conducive to condensation.

Huston and others (9) have condensed tert.-butyl,
tert,~amyl, the three tert.-hexyl, the seven tert.-heptyl
and all of the tert.,-octyl carbinols with benzene,

From these condensations 1t has been found that the
ratio of one molé of alcohol to one-half mole of aluzinun
chloride is optimum for the production of the corresponding
mono-alkyl benzene. 4As branching on the o< earbon increases
the ylelds of the expected alkyl benzene decrease and un-
saturated comvounds, halides und lower alkyl benzencs
form, Condensation at lower termperatures decreases the
amount of these side~products formed.. For example the
condensation of dimethyl n-butyl carbinol gave a 45 %
yield of 2-methyl, 2-phenyl-hexane while condensation of
dimethyl tert.-butyl carbinol gnve only a 7 % yield of
2,3, 3=trimethyl, 2-phenyl butane.

Condensation of dimethyl tert.-amyl carbinol g:ve,
in addition to the expected alkyl benzene, a 9 w yleld
of tert.-butyl benzene. Dimethyl neo-amyl carbinol at
10 gave a 42 % yield of tert.-butyl benzene.

Most of above alechols have also becn condensed

14



with phonol (10}, The reaction, in penersl, a=moars to
procoed enalorously. liovever two differcences cie Lo be
notede The condensation, itself, proceeds with tle fore
matioa of norc intenso eonlors, and tho ylelds of alicyl
phonols are uch hichere In no ci.se, has there becn re=
portcd the fornation of lower molecular welgsht =lk 1
phenols,

liuston and Jackson (11l) condensed several 1llyle
diphenyl carbinols with phenole “he privary alkyle
diphenyl carbinols gave the expected products, tho cece
ondary alikyl diphenyl carbinols gave p=-benzyvl phonocl and
Sacondary alXyl benzenes in addition to the exnoctcd pro-
ductse Terte=butyl diphenyl earbinol eondenced to sive

he rearrmnred producty 3,p=-hvdroxyphen -1 2,Z«-diphenyl,

T=rothyl butnna,

huches, (12) eondensinrs sore dialivlearyl carbinnls
with beszene rep:ried tihie formatlon of din of tin cour=
reﬂyondiﬁr unsaturited products of tie dalcohols, in addie
tlon to the cxpcoctodl dizhonyl ali:ese

Kaye, ari othoers, (135) have eondensed iy of the
sccond.ary alcshols »ith tenuance %Mo eondiilas uuad for
tno conleasation wore soacubhat different from thooo
mentionnd asbove, Fifty gra s (0.3 mole) of alw.inum
chiloride were nesded T.r one-half role of aleoshale i0re
alw:ine: ehlorida decreaged the ylelds of ono-=alityl
bornzenee 4o idltion of dry LCl throupshout the dition

of caleohiol ineroased the vields, Tho nleohol was added
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t2 tae suspomslion of aluninum chloride and benzene in on
1ce bathe The mixture, in some cases vas refluxed o7
gavaral hours, .In nany eases rearr:aced allzyl bengenos
wora forued,

Saveral condensutions of aleohnls wlth ovier Gro-
natie substances Lave been reported fro. this lubovwtory (14),

TouxervanlX (Tzoukerwanik) uad co-vorkers (1b) have
revarted the eosndensation of suie of the lower priii.ry,
sacondary and tertiary aleoinls Llﬁh benzene aild phonol,

The ratio of aluminwa chloride to «lcoiinl uced -
thiese workers has varlede In gonersl, led to 2 i:iiles
alw:lnun chloride per nole of »rinary alcohol; ou: ole
alwilnuwy ehlorids nar role of secomd ry Aleolnly (Ll O
half mole clwniinum ehloride per 1ole tertiury alenhol
has been usede The nixtures afior the nidition =2 the
olwriliaima ehloride have boen refluxed several hours before
hydrolycis, alkcnes and alkyl halldes have been isolatid
ac byproducts 4n ¢he eondensation of tcrilary alcohols
vith bonzcone. Secondary ulcohols gave no alkenes or allyl
halidos,

Several cyclio alcohols have also becn condunged with
benzeone by Ysukervanlk and co-vorkers (1G)e 1he allcnos
and elkyl halidos were arain isolated as byproductse

Wolsh and vralke (17) have condensed soue terilarye

aryl carbinols with benzene. Thoy, also, report tho formation

of the corrcsponding alkene of the earbinols and thelr sate

wt ed diI‘JGTs'
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Norris and co-workers (18) havs condcnsed scveral
primary alcohols under condltions simillar to those used
by Tsukervanik, They report the formation of syimetri-
cal tri-alkyl benzencse.

Ipatief and co-workers (19) have reported th.e con-
densation of n-propyl alcohol with several condensins
agents. With aluminum chloride the unrearransied product,
n-propyl benzene, was obtained. Neo-pentyl ulcohsl also

gave the unrearranged alk-l benzene,



TiLLORLTICAL

The discussion of the theoretical aspects of the alkyl-
ation of benzene with alcohols must be closely related to
its alkylation with alkenes and alkyl halides, since all
act in a similiar manner to give the alkyl benzene. The
alkylation reaction by any of the three above alkylating
agents has been proposed to have a common ionic intermediate.
Or, the reaction of alcohols has been proposed to involve
alkenes and/or alkyl halides as intermediates. Aluminum
chloride co;plexés with either the aromatic substance or
the alkylating agent have also been proposed as intermed-
iates.

The great activity of aluminum chloride with a wide
variety of substances has given data to support all of the
above t&pea of mechanisms,

The direct removal of water from the alcohol and ben-
sene by the dehydrating agent, sluminum chloride, does rot
explain the rezction characteristics, color, ect,, and the
rearranged mroducts obtained,

The formation of alkenes as intermediates has been
assumed to explain the rearrangement of the alkyl groups
of certain alcohols., Thus primary alcohols have given sec-
ondary alkyl benzenes, and some iso-alcohols give tertiary

alkyl benzenes, e.g. isodbutyl aleohol gives tert.-butyl

13



benzene, The work of Faye (13) with secondary aleohols,
in this laboratory has shown, that in every case where un-
saturation of the alcohol and subsequent addition of EC1
or benzene would, by the llarkonikow rule, lead to rearranged
products or mixtures of rearranged products, such products
have been found, Thus, butanol-2 gives the expected 2-phenyl
butane, while 2-methyl butanole3 gave the tertiary alkyl
benzene, 2-methyl, 2-phenyl butane., Ieptanol-3 gave mixtures
of the two secondary heptyl benzenes predicted by the above
concept.
lYcKenna and Sowa, using boron triflouride as a catalyst
have proposed such a mechanism on the basis of the above
type rearrangements and the isolation of small amounts of
the alkenes and their polymers from the products of the
reaction (20).
R=Clio=Clio0l: —DBZ3, R=CIH = Clig
R-ClI = Cllp + Celie — R=CH(CgH5)=-Cliz

‘ Welsh and Drake (17) condensing tert.~aryl carbinols
with phenol and benzene in the presence of alumunim chloride
have found analogous results, They have proposed a mech-
enism similiar to that above., Hughes (12)., in this labora-
tory, has condensed some dialkylaryl earbinols with bensene
and phenol and found, in addition to the expected diphenyl
alkanes, dimers of the corresponding alkene of the aleohol,
The reduction product of the alcnhol, 3-phenyl pentane in
thie case of diethylphenyl carbinol was also obtaine@.

Jackson (11), in this laboratory, condensing diaryle

13
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alkyl carbinols has also noted the formation of the reduc-
tion product with some alcohols. These reduction products -
might be explained by the addition of hydrogen to the alkene
formed from the alcohol.
Tsukervanik (Tzoukerwanik)(15) has proposed a mechanism
of the following type for tertiary alcohols,
t=Cpil110H + A1Cly—— t=CgH33CA1C1s + IC1
t=Cgly10A1C1; — CgHyo + AlC1,01

Csllg + ICL — t-CgH,,C1

t=CgHy1C1l + Cglig —A1813y ook, CoHg + ECL
The experimental evidence offered has been the isolation of
alkenes and alkyl halides as byproducts. Tsukervanik sug-
gests that the aluminum alcoholate is formed through the
preliminary addition of aluminum chloride to the alcohol with
the subsequent elimination of IC1l,

Complex formation of alcohols and aluminum chloride
has been investigated by several workers. Perrier and Pou-
get (21) hLave proposed two types of solid complexes 5etween
primary alcohols and aluminum chloride. The first, the .
*addition product" is formed at lower temperatures with an
excess of alcohol. The other, the "substitution product®,

is formed at higher temperatures with an excess of aluminum

chlofide and the eliminatiocn of IiCl

ReQ=H R=0=A1=C1
C1Al1Cl 1
cl

addition product substitution product

This work has been repeated and extended by l'petse (22)
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who arrived at the same conoclusions, The analytical data
hse shown that usually several molecules of elcolol are
associated with one molecule of sluminum chloride,

The ease of formation of an alcocholate would be pre=-
dicted to be primary) secondary ) tertiary, since the ease
of replacement of the iI of the aleccholic hydroxyl group is
in this order, This is, of course, in the reverse order of
the ease of condensation of alecohols, This criticism is
only valid if it is assumed (1), that the alcocholate fore
mation 1s the rate determining step in the overall reaction
and (2), that it is the O =« il bond which is broken in the
formation of the aluminate, That this, in the case of tert-

iary slcohols, may not be so is illustrated below:

R R . Cl— (1)
ReC=0 4 AlClz —— R«~C=0""A1=Cl
HeC=E HeCel]l [ Cl—,

H i (2)
addition complex

R
(1) H=C=0=A1Cl stable aluminate of
li=CeX Cl primery or secondary alcohol
B3
(2) R cl
ReC=C Al=Cl unstable aluminate of
li=C tertiary alcorol

-

The known stabllity of the complexcs of tertiary zlcohols
as compared with trose of primary alcohols agrees well with
this hypotheeis,

The decomposition of prepared aluminates gives varied

products, VWith primary aleohols the decomposition takes



Place at high temperatures giving the chloride. Xthers
alsoc have been reported as forming (22)., Aluminates of
tertiary alcohols decompose at room temperature or slightly
above glving alkenes (23).

The addition of HC1l to olefins, catalysed by aluminum
ochloride is well known, It takes place rapidly even at
very low temperatures (24)., At this point, all of the sub-
stances necessary for an ordinary Friedel-Crafts reaction
are present,

Tsukervanik (15) again proposes an aluminate as the
intermediate in the condensation of secondary alcohols '1fh
~ berzene.

s9C=ROH 4 A1Clz —) ROA1Cl, +- HC1

ROA1Cl, + Cglig -LCI-&-, R=CgHg + HOA1Cly
He found no chlorides or alkenes as byproducts.,  This mech-
anism would not explain the rearranged products found by
Kaye.

Tsukervanik (16) proposes the following mechanism for
cyclic alcohols, on the basic of the isolation of the 610-
fins and halides as byproducts, e.g. cyclohexanol

CgHy10H + AlCly — CgHyq + A1C150H + H( [
CgHyo + HC1 — CgHy;Cl

CelHyp + Cellg — CgHy1C6Hg

CeHy C1 +Cplt, ALlla, ¢ ;¢ + HCL

Gustavson (25) has prepared crystalline ternary complexes

at low temperatures, some containing a molecule of IICl.



These prodadly do not enter into the Friedel-Crafta reaction .
sinse they do not appear to form at higher temperatures.
Several ionie mechanisme have been suggested.  The
three to be discussed all involve a catanoid attack on the
benzeﬁe ring, Dougherty (26) suggests that the active ngents
are polarized or ionized addition compounds between the hal= -
ide and aluminum chloride and the benzeune and aluminum chloride
which exist in emall amounti with tﬁe ordinary molecules,
CgHg + AlC1ly 2 CoHgALCls (C4HgAlClz) = HY
RX+ AlClz = AXAlCl3 2 R'= (XA1Cl3)
(CgHsALC1) = H'+ R"= (XA1C15) 2 (CGH5A1013) - R+ H = (XA1C14)
(CgHsAlClz) = R'=2CgHgRALC15 == CgHsR + AlCly
H'= (XA1C13) = HXA1Cly 2HX + AlCly
This theory is supported by the work of Prins (27) which -
indicates that benzene ionizes to give phenyl and hydrogen
ions under the influence of aluminum chloride. On the basis
of the above mechanism Dougherty prredicted and demonst:atgd‘
the transference of halogen from one halide to another, e.g.
the formation of ethylene chlorobromide from ethylene brome
ide and ethylene chloride under the action of aluninum
chloride.. : o
Thomas (28) suggests a proton theory in which the proton
attacks the benzene.
HC1 + A1C1,o— FAIC1

4
HA1C1l, — H'% Aac1,”

* G 2-.0-‘.'
00 b K% s g R
XC, .CH HG. ..CH

‘. c.' . c .
H H



The hydrogenated benzene is now susceptible to subst-
itution dy any compound hgving an unshared pair of electrons
(olefin, halide, alcohol)e Addition of the proton to the
alcohol or halide with subsequent shifting to a more stable
;tate is proposed to account for the isomerization of the -
alkylating agent., This proton theory will explain the 9ction
of aluminum chloride in effecting eracking of paraffins,
dehydrogenation, isomerization,polymerization and alkylat-
ionm, S . . ‘ o .

The last mechanism to be discussed is the catenold theory
proposed by Price (29), The reversibility of the alkylation
of benzene is well known, Dialkyl benszenes are readily cone
verted to monoalkyl benzenes by refluxing them with benzene
and aluminum chloride. Ulich and Heyne (30) have found that
the rate of alkylation of benzene was directly proportional
to the concentration of the catalyste-aklyl halide complex
shown below. Wertyporoch (31) has shown that this compléx

is ionic,
R:X ﬁ c1 R* 4+ (:X ﬁ c1)”
R:X: A1:Cl — R+ (:X'AL
o Cl T C1
H H
. c.°. R- C,'-
RS I{c,j . C'H — HKC ’ gH
G, .ol c . .Co
c " toe

Alecohols would react analogously. Olefins would associate
with aluminun chloride to give a slightly different tpye

cation.
H

n-—ﬁ: + AlClg R-C-AlClg

E |
i-C-H E-C-II
+

o



The cis-trans isomerization of olefins by aluminum chloride
is easily explained by this type complex |

+
R-ﬁ-H + AlCls & R=C=H &2 R-ﬁ-H + AlCls

R=C=H ReC=H  H=CeR'
Clg

. The rearrangement of alkyl groups during alkylation, -
primary to seocondary, ect., is then due to the electron def-
icient carbon atom in the ecation. This is in accordance -
with the views expressed by Whitmore in his article on mol-

ecular rearrangements (32)

CHz Cip:Cilg 0 —)CH;sti(i:iC;-—) cns'.gzg: H

_ The rearrangements observed by Kaye can be easily
explained in the above manner, - In the case of boron tri-
fluoride as a catalyst, the alkylation with alcohols must -
be s0 rapid, in some cases that isomerization does not occur,
For example, d-sec.-butyl alcohol gives small amounts of 1=
sec.-butyl benzene in addition to the 4,l1-sec.-butyl bensene,
The asymmetric alkyl cation must have reacted simultaneously
with the process of 1its formation so that racemization was
not complete. The inversion was due to the approach of the
ring et the face of the asymmetric carbon opposite that be-
{nz vacated by the anion, CoHy

Collg : /
\ -
(O ip - Carer; — Q*“gC
Cliz - <3

Price has c;lculated from dipole moments and interatomic






distances the charge on the oCatom of various substituent
groups on the benzene ring., From these he has calculated
tne polarizing foree on the double bond of the ring. - And
from this he obtalns the degree of meta orientation of the
entering group on the basis of his catenoid theory. The
calculated values agree very well with the observed meta
orientation, _ \ , ,
The formation of olefins and halides, therefore, in

the eonderisation of alcohols with benzene is a side reaction,

CiI;_5 CH
R =C=CH + A1C1, & R-c+-|-nouc13
R
Cd Ci 3 loss of
oo -G - 1

In an earlier article Price (33) has siown that with
Br'y as & catalyst, the conditions for the alkylation of -
naphthalene witnu eyclohexanol are much less vigerous than
those for the formation of cyclohexene from the aleohol by
the actlion of B7,, |

In summery, and mechanism to be considered should be -
consistent with the observations made by Huston and eo-workers
that condensation is aided greatly by strain onithevocoarbon
atom of the entering group. In the case of saturated.ali-
phatic alcohols ths amount of etrain is in direct relation-
ship with the ease of dehydration., Iowever, in corsidering
other types of alcohols, it becomes apparent that scme
condense readily which cannot dehydrate easily, e.c. benzyl

aleohol, benzhydrol, and cyclybutyl carbinol, The relation-
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ship of this strain to the forzntior of carborium ions
is not well established,

- —_—
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Prevaration of Dimethyl Tert.-butyl Carbinol.

Butlerow first reported the synthesis of dinethyl
terte-butyl carbinol in 1875 (34). He preparcd it by the
laborious reaction of zinc dimethyl on trimethyl acetyl
chloridie, Ilie noted the striking property of the ease of
formation of a solld hydrate and showed by analysis that
it contained two molecules of carbinol per molecule of
water. lle prepared the corresponding chloride, iodide,
and alkene from the alcohol by the usual nethodes.

The carbinol was prepared in 1881, with difficulty,
bv the action of zine dimethyl on the acid chloride of
trichlor-scetic acid (35)., In the same yeur it was pre-
pared by Kaschirsky from o bromo isobutyryl broriide and
zinc dimethyl.(36)

Henry (37) isolated the carbinol as the main product
in the attenpt to make the monochlorhydrin of pinacol
by the action of methyl magnesium bromide on ethyl
chloro-isobutyrate. lienry surfested that the carbinol

wvas formed in the following manner (38):

‘Cﬁs)z‘gl" §=0CzHg + Cligighr — (CHS)z-gl- 8{2&%

'm (CHS)Z-C\B/G (CH3)2 C—HﬁgﬂB_r.) (Clls)s-c - &ggg;)z

Henry (39) prepared the intermedintes by sepurate

synthesis and showed that both were converted into the
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carbinol on trestient with cnsxgzr. lle also prepared the
carbincl frou acetone and tert.-dbutyl masnesium chloride
(4C)e - lie obtaincd very geod yiclds of the cartirol by the
sction of methyl mognesium dromide on pinacolone (41).

Several other methods, very similiar to the above,
rave been described,

All of the above mentioned workers have described the
peculiar esse with which the carbinol conmbines with water
to form a solid kydrate. Idgar (42) and Writmcre (43) have
slso described this property.

Vhile scverel other aliphatic alcohols form hydrstes
(terte=butyl, iscrroryl, ect.) the melting poirt of the
Lydrate in 211 ccses, is lower thon that of the pure aleokol.
Dry dirmethyl tert.-butyl cartirocl forams a rydrate instently
on contact with wricr or even moist cir, which has & melting
point sisty-five degrees Ligker than the carbinpl.itse;fn-

In this leboratory, &ll of the possible tert.--amyl, hexyl,
heptyl and octyl and some of the higher secondary nlcokols
have been prepared. All arc licuids =zt room temperature

and with the above exccption none form solid hydrctes (nome
has becn reported av foruing a liquid hydrate). This unique
cese of the formatlon of a wilte erystalline hydrzte by
dimethyl tert.-buiyl cnrbirol plore hac not been satisfact-
orily explaired.

Tutlerow ard Idgzr reported that the hydrated water

could be removed by sllowirg the crystals to stand over
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bariwa oxide. This worker, however, found that the anhy-
drous form was not obtained by this method even after
st:ndines a dessicator over barium oxide for sever-l months.
The alcohol was readlly dried by allowing an ether sole
ution to stand several days in the presence of met:llic
gsodium, the lattcer at rcecduced pressure.

The carbinol, itself, melts at 17 wnd boils at 128-
30, It has a camphor-like odor characteristic of the
tertiary heptyl and octyl alcohols. The hydrate rmclts
at 80 sublimes readily at room temperature, and distills‘
over as the solid at about 120-5,

Edgar (42) and Whituore (43) have prepared the car-
binol by the action of tert.-butyl magnesium chloride on
specially purified acetone. In this laboratory Binder
(44) prepared the csrbinol by the procedure of Vhitmore
obtalning yields o f 15-20 », MHedrick (45) also in this
laboratory prepared the carbinol from pinacolone and
methyl nugnesiun bromide obtaining 70 % yields based on
the pinacolone.

Severul methods were used by this worker. <The prep-
aration from pinacolone proved to be the most successful,
Pinncolone was prepared by the reduction of acectone with
nagnesium and rearrangenent of the resulting pinacol by
means of the procedure given in Organic Synthesis (46),

The carbinol was also prepared by the ecti.n c; two
moles of methyl mapnesium bromide on trimethyl ecetyl-
chloride. The latter was prepared from the acid by






means of thionyl chloride. Trimethyl acetic acid was
prepared from tert.-butyl magnesium chloride and e:zrbon
dioxide.

Another method of preparation wus again by use of
methyl magnesium bromide, this time five moles reucting
with one mole of the ethyl ester of tricholo-acetic acid.
The ester wuas prepared from the acid chloride, the lautter
belng prepared from the acid by means of phosphorous

pentachloride,.

Preparation of Pinacolone

Pinacol hydrate was prevared from acctone and mag-
nesium by the procedure riven in Organic Synthesis (46).
The pinacol hydrnte w.s converted into pinacolone by dis-
tilling from 6 N sulfuric acid (Org. Syn.). The pinacolone
was dried and fractionited. The fraction boiling at 103-7
was collected. Ylelds, based on magnesiun, are fron

30-35 %, In all about 1800 grams (20 runs) were prepared.

Preparation of iiethyl ~agnesium Bromide

The Grignard reagent was made by passing gabeous
methyl bromide into magnesium turnings suspended in ether
in a three-necked flask fitted with a reflux condenser,
motor stirrer, and inlet tube for the gas. Inough methyl
bromide for five moles of Grignard reacent was generated

by heating (sand bath) 320 g methyl elcohol, 750 g conc.



e . |



sulfuric acid, 50 cc water, and 1030 g sodium bromnide
in a three liter round-bottomed flask, The methyl
bromide was passed throuch a wash traln consisting of
three bottles of 40 % NaOH and three bottles of conce
sulfuric acld with three s:ftey bottles, Five and one
half moles of nmagnesiun and three litcrs of anhydrous
ether were used in a five liter three necked flack,

The methyl bromide was passed in until the magnesiuwa had

all disappearcd.

Reaction of llethyl Grignard Re:agente.

The pinacolone, or trimethyl acetyl chloride (see
below), was slovly dropped in, substituting the inlet
tube with a dropping funnel, snd the mixture stirred
for scveral hours after the carbonyl conpound hzd been
added, ©Soretines, 1t was necessary to add morc anhydrous
ether.

The nmixture was hydrolized on ice and enouch hydro=-
chloric acid to dlssolve the magnesium hydroxide. The
ether layver was scparated and ths water layer extracted
five or six times, with ether, to remove the hydrate,
which 1s falrly soluble in water. The ether extracts
vere washed with water and drled first with anhydrous
sodiunm sulfate and then with metallic sodium for several
days. <The alcohol was distilled from the sodlum under
reduced pressure, the fraction boiling at 48-51 (20 rm)

was collected, About ten moles of carbinol were prepared
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from pinacolone by this rethod, the yields beins 70-75 Y.

Preparation of Trimethyl Acetyl Chloride,

Tert.-butyl marnesium chloride wus provarcd ccord-
ing to the excellent procedure given by Wliitriore (22),
Details will not be given here,

Carbon dioxide w=s passed into 2,5 moles of the
Grignard reacent accordings to the directions given in
Orpanic Synthesis (47). Trimethyl acetic acida B P 164,
M P 35) was obtalned in 33 % yvield,

The :cid chloride was obtained by adding 60 g thi=-
onyl chloride to the acid in a 250 cc Vigereux colwmn,
The mixture was slowly distilled, HCl, 8505 and excess
thionyl chloride coming off first. Tiie acid chiloride was

collectad at 116, 80 g were obtained (69 % yield).

Preparation of Ethyl Ister of Trichlor-Acctic icid.

One hundred and eighty grams of PClg were slowly
added to 200 g trichlor-acetic acid (eomiercial vproduct)
in a 500 cc Vigereux column., The acid chloride, alone
with some phospherous oxychloride were slowly distilled
off (B P 115-20), The distillate was immediately pluced
in a 500 ec round-bottoned flask fitted with a rcflux
condenser. To the nixture wis added 1C0 cc absolute
ethyl alcohol with cooling. The mixture wus then refluxed
for two hours untll the evolution of HCl ceased. The
estor was then distilled (B P 168) and 170 g were obtained,

The percent yleld of ester, bused on the acid was 73 Y%,
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1is estor was added dropwlse with stirring to five
moles of methyl magnesium bromide, prepared as above,
Vhen the reaction had subsided the ethcr had cvapcrated
off and two litcrs of anhydrous toluene addeds The mix-
ture was refluxed for eight hours and glloved to stand
over night. It was then hydrolized, extracted, dried,
and distilled in the manner described atove. Twcnty-thrée
g of alcohol were obtained (20 % yield).
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Several preliuinery condensations were run to deter-
mire the conditions and amount of AlClz to be used. The -
following procedure was used with slight modifications for
all eondcnsations,.

Tre reaction was carried out in s three-necked flask
fitted with a mecranieal, glycerine stirrer, a reflux cond-
enser and a dropping'funnel. Thiophene frec benzere, dried
over sodium was used. The aluminum chloride was Daker's -

Ce Pe anhydrous resublimed. The aluminum chloride was added
to the bengene, the mixture stirred for two or three hourp,
and the alcohol slowly added dropwise with stirring. - After
all the alcohol was added the mixture was etirred scveral
hours more and tlien allowed to stand overnight, The;mixture.
was hydrolized on ice and small amounts of hydrochlorie acid.
Thie benzene layer was separated and the water layer extracted
geveral times with etlier. The coubired layers were washed
with dilute sodium cuarbonate and then dried with arhydrous
sodiwm sulfate. The ether and benzene wererdistillgd off
and tiie residue fractionated under reduced pressure, For

the first five condersations a Vigereux columxn was used. -
The products of the remaining condernsations were fractionated

with the spinning band colunr,

35
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Condensation 1

Aleohol + mole (61 g}
AlClx 1/3 " 44 &
Benzene 2 ¢ 270 cec)

The hydrated form of the carbinol waa used. 35lightly
larger amounts of AICIS were used to take up the water, The
alcohol wns dissoclved inp half of the benzene ard tre solution
added dropwise to tue mixture, The reaction temperature was

O, Only small amounts of product were formed,

Sondcneation II
Aleolol 1 mole (125 g)
AlCl + 570 s%
Eenzene 5 » 390 g)

7ke anhydrous aleolkol wns added to the mixture of bene
zene ard aluminum chloride., The reaction temperature was 0,
The following fractiors were obtzineds The weights listed
are not to be taken as those of pure frsctions since no

precise separation could be made.

1l 48=£1 20 mm - 25 ¢
2 €C=71 2Crma - l ¢
3 71=-74 2C m - 4 c
4 75-1C4 <20 - 3 €
5 104=10¢ 2C rma - < g
€ 115-13C c0m = 5 g
7 above 13C S0 mm = 4 g

Fraction 1 consisted mostly of the aleohol, a3 solid hydrate,
Fraction 3 was id-ntified as tert.-butyl benzenc,*

Condcngation II1

Alcolnl 1 zole 115 ¢)
ALC1; YR (62 g)
Benzene 5 = (3¢90 g)

The arhydrous alcohol wngs used. Tre temperature wns



40-45. The reaction mixture turned very dark. The follow=-
ing fractions were obtained. Again the separations are not
very accurate,

43«55 <0 mm

1l - 7 &
2 55-70 20mm - 2g
3 70=78 20 mm - 6 g
4 78-83 20mm - 1 g
5 83«93 20mm - 1 g
6 93-102 20m - 2¢g
7 102-108 20mm - 20 g
8 108-130" 20 mm - 78
9 108-155 l1lmm - 4¢g
10 above 155 llaum - 6 g
Fraction 1 consisted mostly of the alcohol. Fractions 3 and 7

were identified as tert.-butyl and tert.-heptyl benzenes, res-

pectively.*

Condensation IV
Alcohol 1 mole (130 g
AlClj3 1 " 133 g
Eenzene 5 " 390 g

The reaction temperature was 10«15, The mixture turned

very dark, The fractions weres;

H .
Qo -

43«50 20 mm

1 - [
2 £0-62 20 mm - 3 &g
3 64=70 2C mm - 12 €
4 70-78 2C mm - 4 8
5 78=83 <0 mm - 2 g
6 £3=93 2C mn - lg
7 03=-102 20 mnm - -7 8
8 103-107 <0 rm - 8 g
9 107-111 20 mn - 11 ¢
10 111-130 20 mn - 6 g
11 108«140 11 mm - 9 g
12 above 140 1l mm - 4 ¢

Fractions 3 and 4 were identified as tert.~butyl benzene,

rraction 8 was 1der.tified as tert.-heptyl benaene.



Table III
Condensation | recovered t.-but&l ihfermediaté f;Qheﬁfyl |
alcohol benzene |:0l. %t. 150 | benzene
1 30 % 1% 1 1
II 20 4 » 2 % 14
111 5 5 jo 4 12
v 7 8 7 6

From the results above it can be seen that the hydrated
form of the alechol is not very active in condensations.
Low temperatures give relatively higher amounts of the tert.-
heptyl benzene while higher temperatures give more of the
lower alkyl benzenes and also more of the very high boiling
compounds, larger quantities of aluminum chloride at about
room temperatures appéar to have little efect on the rroducts,

According;y a larger amount of the alcohol was con-
densed at 10-15 uging one mole of alcohol per half mole of

aluminum chloride,

Condengation V
Alecolol 4 moles 460 g
AlCl3 2 264 g
Benzene 20 1500 cc)

Tle renction temperature was 10-15. An 1% inch Viger-
eux column was used for the first fractionation, Large-
quantities of IIC1l were given off during the first part of -
the distillations Tre fractions below were subject to care=-
ful refractioration using the special column built for this

purpose,



80-110 760 mm

N 1l - 88 g (rC1 off
2 110-130 760 rm = ©3 g (1Cl off
3 50-64 20mm - 9 g
4 64-€9 20 pm - 17 g
5 69=-83 20 mm - 32 g
6 83-53 20 mm = - 7¢€
7 83-102 20 m - 40 g
8 1C3=106 Q0 om - 14 ¢
9 106-111 20 mm - 45 g

10 111=-130 20mm - 6 g
11 121-130 Sm - 60 ¢
12 above 180 8 mm - 30 g

Eractions 1, 2, and 3 consisted of a2 mixture of ben=-
sene, the solid hydrate and other ecompounds. -This mixture
could not be fractionated with the spinning band column
because of the solids. Accordingly a vacuum jacketed 20
inch Vigereux column with a large bore sidearm (10 mm) was
used. An ordinary Wurtz flask was used as a reciever, - It
was cooled with a stream of water. Iy this method of frac-
tionation three compounds were isolated. - One, boiling at
70-74 was identified as 243y3=trimethyl buteng-l. Another
was the venzene, boiling at 80-82, The third, boiling at
110-130 was the solid hydrate of the alcohol,. The hydrated
form of the adocohol, even when carefvlly purified, does not
boil sharply, small crystals first appearing on the sides
of the reciever at sbout 110, The majority of this third
fraction boiled at 124-128, GSmall amounts of chloride were
found mixed with 1it,

Fractions 4, 5, and 6 were fractionated under reduced

pressure with the spinning band column, Small amounts of
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the lower boiling compounds, above, were found, The greatest
portion boiled constartly at 52-52.5 (11 mm), This portion
was identified as tert.-butyl benzene, The residue was mixed
with fraetions 7, 8, and 9.

The separation of the compounds mixed in 7, 8, and 9
was accomplished only by ecarefull adJustﬁent of the different
variables of the column, With the column set at total reflux,
the temperature of the henter for the still pot was adjusted
so as to allow very gentle reflux., The jacket temperature
was adjusted to the temperature of the refluxing vapor(Ans-
chutz readirzs). Too slow refluxing caused the vapor tenmp-
erature to fluctuate and be markedly low, Too rapid refluxe
ing again csused toco low temperature readings and also caused
slugs of licuid to pass up and down the column, The large
volune of vapor rising into the reflux condenser gave rise
to aporeciable smounts of cold ligquid which were returned
to the column, This relatively cold 1liquid lowered the
temperature readings and, in addition, condensed more of the
vapor « which is at equilibrium temperature. This formed
a mass of liquid in the upper portion of the colurn com=
ﬁletely upsetting the equilibrium conditions,

After the lowest, constant, tempersture readings, with
refluxing, were obtaired, the stopgock A was partially opened
to allow the distillate to collect. The reflux ratlio was
set at about 10:1 or 15:1, If the temperature varied more -
than one-half degree, the stopcock was eclosed and the column

was operated at reflux until the temperature ccme back to
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normal, The distillate was then collected as before,

Vhen most of the lower boiling compound had beer romoved
the temperature readings were not constant., TFor example,
in the separation of tert.-butyl benzere from the next higher
boiling compound, tert.-amyl benzens (Z., P. 69 - 11 mm), when
only small amounts of tert.-butyl benzene were left the temp-
erature would drope The heat input at the bottom of the col-
umn, which was just sufficient to drive the tert,.-butyl ben-
zene vapor to the head of the column, was not cuite sufe
ficient to drive the tert.-amyl benzene wapor to the head
in sufficient quantities to give accurate temperature read-
ings. This difficulty was remedied by increasing slightiy
the heat input at the bottom of the column,

As the emount of tert.-butyl benzene in the vapor be-
¢ame very small the temperature readings rose rapidly. - The
colunn was then operated at total reflux until the tempere
ature readings dropped to the boiling point of tert.-dbutyl
benzene (53 = 11 mm). The stopcock was then opened and die-
tillato.colleoted, at a high reflux ratio, until the rcadings
again rose, By using this procg@ure}repeatedly a rather
precise separation could be mades Cnly a few drops were
ecollected between the boiling ranges of tert.-butyl and tert.-
amyl benzcnes.,

The tert.-auyl benzene was separated from the higher
boiling e¢-mnounds by this same procedure.-

The separation of highly boiling compourds by fraction-

ation under reduced ypressure e comes more difficuvlt as the



boiling point increases, With the above compounds the
boiling points of the pure compounds under reduced pressure
were very simply determined. Iliowever, the distillation of
fractions 7, 8 and 9 gave no sharp boiling temperatures,
ranging from 75 to 95 (11 mm) deperding upon the conditions
of distillation. These wvariations in vapor temperatures
were due tog first, the inherent difficulties found in -
fractionating high boiling compounds arnd; second, the fact
that three or more rather closely boiling compounds were
present in the vapor.

The boiling point of the first was known, 69 (11 mm) =

the tert.-smyl benzene. The highest boiling compound was.

the tert.-heptyl benzene. 1Its boiling range was approximately

xnown, 103 (12 mm),

The boiling point of the compound comprising the middle
portion of this fraction was, of course, unknown, Ior a .
good separation it was, however,necessary to know its boil-
ing point.

This intermediate compound showed poaitive tests for
unsaturations A series of fractions of this intermediate
compound differing in boiling point by atout one degree were
eut, licroe-iodine numbers were rum on each. - The.fraction
having the highest iodine number was assumed to have the - - -
boiling point of the pure unsaturated. compound,  The result-
are shown in the graph below, They indicate that 81 (11 )
is the Yoiling point of this eompound.
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Y

79 80 €1 82 83 B. P. 11l mm

Continued fractionation gave a fairly large portion
boiling at 80-83 (11 mm), This unsaturated fraction prob-
ably still contained some amounts of tert.-amyl and te;t.f;
heptyl bernzene. lowever, it was sufficiently pure for iden-
tification. ‘

Since relatively larze amounts of tert.-heptyl benzene
were formed its boiling point wes readily d¢< termined. The
separation of the tert.-heptyl benzene yasvattended‘vith no
special difficulties. Its boiling range was 103-106 (1lmn).

‘The rather large amount of material boiling above the
tert.-heptyl benzene was not tredistilled, The distillatiqn
with the Vigereux column had indicated no.sharp fractions,
the temperature readings rising steadily as tic distillation

proceeded,

Identification of Fractions
The fractionation of the lower boiling portions of -

later condensations has shown the existence of three more--
byproducts in addition to those mentioned above. Tre proof

of structure of these compounds will be discussed here,

Isoprovyl Chloride. The identification of this com=
pound is based on the following facts:

Ioillin oint : _a -
YQi¥is%rgng Beilstein test 55=6
e

ng point of the anilide 107=8
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The only possible halogen prescnt is chloride, The isopronyl
chloride was mixed with the ether (used in the extraetion]
from which it i3 very difficult to sepsrate, The differerce
ir boiling point is two degrees, The spinning band column
was used to obtain the chloride in sufficient concentration
so that identification was posaidble, Tho anilide was made
by the procedure given in Shriner and Tus:n (48) except that

no nore ether was neceded as a solvent,

2a3.3=Trimetiyl Tutene-le Tila compourd was idebtified
by peosing inm dry ICl which converted it to the chloride of
dimethyl tert.-butyl carbirole THis chloride haa a characte

erietic odor and melting point.

Boiling point 77=8 -
l'elting poirt of derivative 125«7
''elting point of known 126«7
kixed melting point 124-7

Details for the preparation of the knovn ere given on vage
The phenomenon obaerved during the dietillation of this
portion of the condersation products would indiecate that
ti:{s unsnturated cowmpourd hnd arisen from thc chloride.
During the distillation of the be nzcne (used in excess in
the condensation) no Tl is given offe, Lten the boiling
point reaches sbout €2, instczd of rising further, it guddenly
drops to about €7, Juring thc collection of this rortion
of the distillate the temperature runces between 67 and 70
and large cusntities of Tl are cvolved. Tris portion, when
washed with dilute sodiua enrbonete solution, dricd and dis-

tilled, boils at 7%, Tnese facts are interpreted to nmeon



that after the benzene {8 removed, the chloride - the next
higher boiling compound « i8 decomposing and eoming over as
the alkene and KECl, the mixture of which boils lower than
the alkene alone,

2.3.3-Trimethvl 2Chloro-butane. This compound was
identified by means of its meltirg point, 125-6.~ Only
small amounts are left from the distillation at atmospheriec
pressure, above, The solid chloride'and the hydrate of -
the aloohol distill over together. The mixture can be sep-
aratea by recrystallization from warm 70 < alcohol, The

chloride aublimes very readily.

Zerta=_utyl Fenzene. This compound was identified by

its acetamino derivative, - .
Boiling point S 165-6 (740 mn)
54 (11 J
Velting point of derivative 169=70
Jlelting point of known . 1G9=70
¥ixed melting point 169=7C

The acetamino derivatives were also used for the identifi. .
cation of the other alkyl benzenes found as byproducts. The
method used for their reparation was that given by Ipatieff
and Schmerling (49) with slight modifications.
The nitro compound was prepared bycarefully. treating

3«5 ¢c of the alkyl benzene with 5«10 cc-of a l:1 mixture ...
of econcentrated sulfuric and nitric ecids. Vhen the reaction
mixture had cooled down it was poured onto cracked ice and --

extracted several times with ether. The extracts were washked






with water and the ether evaporated,

The nitro compourd was dissolved in a few cc of alcohol
and 5 grams mossy tin added, About 5 cc concentrated IC1
was added dropwise, with ahakipg. The reaction mixture was
allowed to stand I «30 minutes, The liquid was decanted on
to water and the tin hydrochloride complex salt of the amine
extracted with ether., The ether was evaporated off and 40 %
sodium hydroxide was added to free the smine, With larger
amounts the amine was steom distilled at this point, - Othere
wise it was extrected with ether, - It was sometimes necessary
to centrifuge to dbreak the emulsions of ether and sodium . -
hrdroxide solution., The ether extracts were washed and dried
with potassiunm carbonate,.3-' :

After the ether was evaporated off the acetyl derivative
was made by adding two ec of acetic anhydride to the amino
compound, The excess anhydride was then hydrolized by warme-
ing with 30 oc water, The co1ut1on was then cooled and the
impure solid filtered off and washed free of acetic acid,

It was then reorystallized from 30-5C [ alcohol.

Tert.-Amyl Lenzenee This compound was identified by

means of its acetamino derivative,

Boiling point : . 190 (740 nm)
' 7C«20 (11 mm)

Melting point of derivative 137=8

Xelting point of known 138«9

iiixed melting point 137-9

Tert.=-anyl benzene was synthesiged by condenaing terte-amyl

chloride with benzene in the presence of esluminum chloride.

£

(0 )
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About 80 % ylelds were obtained, - The acetamino derivatives
were prepared dy the method descrided sbove,

Irimethyl Styrene. The identification was made by means
of the acetamino derivative of the hydrogenated compound,

Boiling point ' 88«90 (11 rm)
lelting point of derivative 139=40
lielting point of known 140-41

iixed melting point - 139=41

The oxidation of the unscturated alkyl benzene gives
acetophenone, identified by its semigarbazone,

Boiling point (oxidized product) 200-215
'’elting point of semicarbazone 192«4
lelting point of known 193=4
Mixed melting point - 192=4

The semicarbazone was made by the procedure given in Shriner
and Fuson (50). It was purified only with repeated recrys-
tallization. The fact that oxidation gave acetophenone
very strongly indicated that the unsaturation was on the
earbon of the alkyl benzene. ‘ .

Trimethyl styrene'ias made by Grignard syuti.esise Thenyl
magnesium bromide was ;reated with methyl,isop.'0o,yl kgto@e
to give, on Lydrolysis, methyl,isopropyl.phenylfcarbinol.
This elcohol wes distilled.from enhydrous oxalic acid to
form the alkene, B. P, 75=8 (12 mm),--

Another unsaturated alkyl benzene which might form in
the condensation, and which gives acetophenone on oxidatioq~
is octert.=dutyl styrene (51).-~This'compound.ﬁas~syntheﬂized
in a manner similfar to trat above except that pinacolone

was used as the ketone, B, P. 88-92 (15 mm )



The two above known compounds along with the unknown
frastion were hydrogenated using the procedure glven by - .
Kaye (13)s The resultin; alkyl benzenes (secondary isoamyl
benzene, pinacolyl bengene and the unknown) were converted
to the acetamino derivatives, The derivative of pinacoljl
benzene came down &8 an o0il, the otler two as crystalline
plates,

Proecedures

Onehalf mole bromobenzene was added dropwise to 12 g
magnesium turnings in 200 éc anhydrous ether in a three- :
necked flaske The reaction mixture was stirred and the halide
added at such a rate as to reflux the mixture gentiy, The
was added slowly to the Grignard reagent with stirring. The
mixture was hydrolized, extracted and dried‘in the usual man-
ner. Th§ eiher was distilled off and the carbinol placed
in a small Vigereux column, - About 10 g anhydrbus oxalie -
acld was added and the mixture distilled under reduced pres-
sure. The alkene was then redistilled. The yields vére
20-30 . _ |

- The alkenes were dissolved in 60 cc absolute éthyl -
alecohol and pieces of sodium added at 1ntervale;- About 12
grams was used for-each..~Tho mixture was kept at gentle
reflux for five hours. - The alcohol solutions were then - -
poured on e large volume of water and extracted several-times
with cthér. The ether,extradts-yere washed free of alcohol
with concentrated CaCl, solution, The ether was then evap-

orated off and the resulting product shaken with cold






saturated X1nO, soclution to remove the unreduced alkenes.
The excess IIin0, was destroyed with sodium bisulfite and -
the mixture again ether extracted, After the ether has been
extracted the resulting alkyl benzenes were used without
further purification for the preparation of the acetamino
derivatives.

The acetamino derivative of the unknown was purified
only with great difficulty. .

The range in atmospherie boiling point (190-9) and the
necessity for repeated ;ocrystallization show the lack of
purity of this fraction. The atmospheric boiling points
recorded in Deilstein's handbuok are only slightly above
those glven for tert.-amyl benszene, Any fraction containing
the former compound must also contain some of the latter,
The tert.-amyl benzene fraction fraction, however, did not
show a positive test for unsaturation. -

The faect tl.at the unsaturated fraetion boils much higher
than the tert.-amyl benzene fraction-(at reduced pressure)
certainly indicates that it must cortain compounds boiling
higher than trimethyl styrene. This again indicates the
presence of another unsaturated compound e.g. o< tert.~buty
styrene, This compound which has ralsed the boiling point
of the trimethyl styrene fraction must also be unsaturated,
it cannot be the tert.fheptylfhenzene-alonc,-;;nce-the-boil-
ing point was determined by determining the maximum unsatur-

ation,
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2ada%a=Trimethyvl,2llhenyl Butane. This is the expeoted
condensation product of the alcohol and benzene, -1t was
identified by means of its nitro compound which has been
previously prepared by liedrick (45). Of the pure para=-.
nitro alkyl benzenes which have been prepared in this lab-
oratory, which includes all of the tert.-sliphatie benzenes
up to the octyl group, this s tke only one that is solid
at roon temperature,

Boiling point ' 103«5 (12 mm) 220=5
Xelting point of derivative 108 S

This compound has only been synthesided by Friedel-
Crafts or related reactions, However, dimethyl tert.-
butyl earbinol, its chloride and its unsaturated derivative
all gave this seme product. This alkyl benzene converted
to the p-hydroxy compound is identiczl with the compound
obtained by the condensation of the above carbinol wit™
phenocl. These facts leave little doubt as to its identity.

| Thr reaction characteristics of a typical condensztion
are described below, The temperature of the condensation
has a marked effect.

Aluminum chloride in berzene has.a pale yellow color,
if refluxed or allowed to stand several-days it becomes - - -
darker yellow, The addition of. the alcohol immediately gives
a orange compound, During the addition of the first ralf
of the aleorol (ratio of alcohol to aluminum chloride is -
231) HC1 is given off and more of- this colored compound is-
formed, This compound st =10-is solid andAbecomesA&ark»redz
At 25=30 it is liquid and is also dark red, three layers are

therefore presents benzene, unreacted aluminum chloride, and






the above compound,

During the additlon of the seccond half of the alcohol
at =10 there i3 no more HC1l evolved, and more of the tarry -
red solid forms, making stirring difficult, Petroleunm ether
is added to keepn the benzene from freezing, At 30«40 HC1
is evolved throughout the addition of the aleohol. At the
end of the condensation (at 35) two layers are present, the

lower layer having formed at the expense of the AlCl: layer.

Discussion. -

The reaction characteristics agree well with the meche
anisn proposed by Tsukervanik, The large quasntities.ef HC1l
evolved during the addition of the first half of the alcohol
would be due to the formation of the alcoholate which is
stable gt «104 During the addition of the last half of the
alcohol, the alcoholate, for some reason, is broken down and
the resulting alkene takes up the HC1 as fast as it 1s formed
by the eddition of more alcohol. Therefore, at low temper-

atures, no HCl is evolwed during the latter portion of the

51

reaction. At higher temperatures, the aleoholate is decomposed

as soon es it is formed, the series of reactions proceeding
to the formation of the alkyl benzene and, consequently FCl
is liberated throughont the addition of the alcohol,.

The Tsukervanik mechanism, of cburae, does not explain
the mechanism of the actual formation of the alkyl dbenzene
from the halide.
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i PLRILGITAL « PALRT II

Some further condernsations were run to investigate
the poseibilities of the Tsukervanik mechanism ard to attempt
to explein the origin of the byproducts formed.

The alcohol was condersed et -10 and at 40, The alkene
formed by the dehydration ef the alcohol wes condensed with
and without the presence of large qguantities of HCl. Tke
chloride of the slcoohol was elso condensed, Some aluminum
chloride complexes of tert.-bityl elcdhol were glso invest-

igated. The results of these condensations are listed below,

Condensation VI

Alcolol + mole (55 g
AlCl, i " (33 g
Benzéne 1 " (50 ¢
Temperature ~10

Pet. ether . 65 g -

The reaction flask and contents were weighed before
and after the condersation, The loss in weight was 11 g.
About .15 moles IIC1 (5.5 g) were evolved during the reaction,
Another gas was given off which decolorized 5 % bromine in
carbon tetrachlroide. | _ -

A dark red, tarry mass formed in the flask., The liquid
and solid portions of the condensation products were hydrol=-

iged and distilled separately.






The liquid portion gave:
35«40 740 mm

1 - 5 g
2 60=80 740 mm - 60 g
3 125=30 740 mn - «d g
4 above 130 740 mm - 7¢
740 mm

The s0lid portion gaves
5 35«43 740 mm - S g
6 67-70 740 mm - 2,5 g
7 125=-30 740 pm - 19 ¢

The higher boilling portions were combined and fractionation

cave:
8 51 llmm - 2 g
S 69 11 mm - lg
10 88«93 11 mm - 4 g
11 95«103 1l mm - 10 g
12 above 103 11 mm - 7 &
Condensation VII
Alcohol 1 mele (59 ¢
AlCls i - {35. g
Denzene 1 " (79 g
Temperature 40

The refction flask and contents were weighed before

and after condensation, Tre loss in weight was 10 g. Again
a gas that decolorized bromine was evolved. At the end of
the reaction two layers were apparent, I[ydrolysis sand frace-

tionation gave:

35«40 740 mm

1 - 10 g
pa) - 740 mm - 16 g
3 125-30 740 mm - 8 g
4 53 11 mm - 2 g
6 £8-01 : 11 mm - 1.5 ¢
7 98-103 lrm - 8¢
8 above 103 11l mm - 10 g
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Condensation VIII

Alkene 3 mole (39 ¢
AlCls i " 2 34 ¢
Lenzens 1 80 g
Temperature 25«30

2,3,3=trinethyl butene-l was prepared by the method
used by Ldgar (42). TFifty-five g of the alcohol and 1 g
iodine were placed in a Vigereux column and the mixture
distilled slowly, the temperature of the vapor being maintained
at 68=70., The distillate was washed with ¥a.3.05 solution,
water, and dried over CaClz. The product was dietillgd, the
major portion coming over 77-79., Yield - 39 g (0 9)e The

fractions obtained from the condensation.

1 35«40 740 mn - 5 g

2 53 11 - 2z

3 70 11 om - g

4 g0 11 rm - 2 &

5 94-27 11l mm - lg

6 100103 llmm -« 2,5 g

7 above 103 - 5 g
Condena~tion IX

Alkene 1/3 wmole §34 €

AlClj3 1/6 " 24 g

Benzene /3 " (52 ¢

HCl + "

Temperature 2L=30-

Trhe alkene was prepared as sabove, The dry hydrogen
chloride was made frou sulfuric ncid and hydrochloric =cid

end wes passed in slowly throughout thie addition of the

alkene.
1 Heq0 740 mm - 5g>
2 53 - 11 rm - o5 g
S 69 - lilna = .3 g-
4 87=90 - llmm - . 1¢g
5 100-103 l1lmm = 2,5 g
6 above 103 1l rm = 8 g



gondensation X

Chloride < mole (30 g
AlCl 1/6 * (23 g
Benzene 1 * (s0g
Tenmperature 25«30

2,3¢3=trimethyl,2-chloro butane was prerarel from the
alcohol by treating with thioryl chloride and distilling.
It was also prepared by passing dry lIC1 into the slkene,
The chloride prepared by esch method was a solid, It wes
dissolved in half the benzene for this condensstion, The

fractions were:

p 35«40 TeC 11 = 5§ -
2 53 llom = 5 g
3 90=92 llem = 4,5 ¢
4 100«103 l1lam - 7 g

6 ebove 1C3 1l mm - S g

Condensation XI

Tert.~heptyl bcnzene I nole §42 g}

AlCl~ 8 « 15 ¢
Benzene 1 . 80 g
Temperature 25

The tert.-heptyl benzene obtzined from previous cone
densations was added in the usual manner to the benzene and

alunirun chloride: The mixture turned dark, Thec fractions

weres
1 35«40 740 rm = Sg
2 45«50 11 - l ;g
3 87«50 11 mnm - S ¢
4 100-103 11 - 34 ¢
< above 1C3 11 roa 3 &
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Condensation XII
Complex of tert.-butyl

alcohol and AlCl3 S0 o
Lienzene &6C g
Temperature <=0

Toth the addition and the substitution complexes as
reported by Ierrier znd Iouget (21) were prepareds ach
wos mixed with benzene and stirred severul hours. A dark
red tarry mass formed, in each case, whieh on hydrolyois
cave Ligh boiling aliphiatie coupounds, The gsubstitétion
complex wal also added to benzere while passing in iCl,
ilowever, in no case wus there any tert.-butyl berzene found
a3 a product.

The addition complex wns prevarcd by adding £4 g Alcly
slowly to 3C g tert.=butyl alcohol in 1CC ce CTpe Iittle
IIC1 wos evolved., A rcd tarry mass separstced and the e-rbon
disulfide was decarted off and fie comrlex dried in a vacuun
disiecatore It was ti:en ground to s rcd powders

The substitution comrlex wns prepared in tle 3mme pnnncr
except tant 20 ,'.1315 were used for 20 ¢ alecohol and the

wixture refluxede Large guantities of !'Z1 were iven off.

The results of these condcrsntions sre swownrizel in
taille IVe It nmuot be kept ir nind thnt the results sre
quantitative in only a rough scnze. T'e pcr cont yields are
c.leulnted on tiie assumntion thot one mole clcotol theoret-
fcelly forma onc mole of trc rroducte. 1o fijures sre glven
for isopropyl chloride ard 2,3,3=tricetiyl butcre=1l since

these compourds boil so ne~r to etler nnd binzere, ro3nectivelye.
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“here tlie anlkene 1s listed as being formed 1t mny be taken
that 2,5,0-tri_ctiyl 2-chloro butane wns also formed,

ihe per cent yieldn of tert.=butyl borzene ord tert,

c:tyl berzerne are lover thunr “he values reported in tle

prelimirary ccrdroztiona due to the fnet tiat more of these

substance. are lost durin. thie fractionztion,
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The condensation of dimethyl tert.-butyl carbinol at
at higher temperaturesvleads to larger quahtities of split
products than at lower temperatures, as is to be expected.

The condensation of the dehydration product of
this alcohol is greatly aided by the presence of large
quantities of iiICl, However, condensation of the alkene
does not give the chloride of the alcohol as a product iso-
lated at the end of the reaction, as is the case with the
condensation of the alecohol itself, This would indicate that
the mechanism suggested by Tsukecrvanik is not correct. Iis
mechanism is based on the formation of the chloride (and
alkene) as byproducts in the condersation of the alcohol
end would, of course, predict the isolation of the chloride
in the condensation of the alkene, The fact that aluminunm
chloride complexes with tert.-butyl alcohol give no tert.,-
butyl benzene when mixed with benzene i1s another eriticism
of this mechanism,

The formation of the split products by mixing tert.=-
heptyl benzene with aluminum chloride indicates the revere
8ibility of the alkylation reaction, - This reversibility
of alkylation, especially with tertiary alkyl groups has
been demonstrated by other worliers (£2). This is strong . .

evidence in favor of an ionic mechanism., This reversibility
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would not be expected if ar unsaturation mechanism is to

be taken as correct.

Cn the basis of the Irice ticory it would eprear t :at
the carbonium ion is forued either frox the alecohol, the
chloride, the alkene, or the tert,-heptyl benzene, This
cation partislly fragmentates as a result of the weakening
of the C-C bonds,

Cig Ciig” Cit g
Cl:soc - O —_ Cl.=C 3 + C_O rroton cr -C."°CH
e 14 3 ~nir SMIft e 3
(Jl‘s C- Chs VAJS

The terte=-butyl cation tien attacks benzene to form tert.-
butyl benzene, The propene adds on !iCl to form isopropyl
chloride, Z7he rcason w.y the isopropyl chloride does not
formn cumene in the presence of benzene is not clear. Cen=-
erally, however, secondary groups require more alumirun
chiloride than tertiary for the alkylaticn of benzene,

The results of table IV would also indicate that the
tert.=aryl group is formed from the tert.-heptyl cation of
the alkxene, which is somewhat different fronm that formed
directly fron the mlcorol, the chloride or the anlkyl benzene.
Since the alcbhol gives sunll quartities of the tert.-amyl
group it might be asswued thet the alcohol has partially
denydroted to give the intcrmediate alkere whlch subsecucntly
forms the ionic substorce with aluminum chloride.

1t would appear that the trimetiyl styrcre (found In
all condensations) is formed noneionicelly from the ‘ert.-

heptyl berzene. The loss of on alkyl group from the c¢arbon
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atom of highly branched alkyl benzenes has been observed by
other workers (6).‘ There 1s no reason to suppose that .
«-tert,-butyl styrene could not and did not form., 1Its for-
mation would be accounted for by the loss of only one methyl
group from the alkyl benzene.

The formation of trimethyl styrene and tert.-emyl ben-
zene can only be accounted for by the rupture of the 76"]
C-C bond of the alkyl group, Schmidt (53) has shown that
the enzymatic decomposition of carbohydrates and the cracking
of hydrocarbons is probably preceeded by the formation of
a double bond which so weakens theﬁ_-}/bon@ as to cause the
splitting at that point. If his double bond rule can be

applied here, the formation of these compounds could be readily

explained,
L AlCl CH,Al1C1 raed
: 3 S 2 3 — tert.-amyl
Js.guq‘g — 1 C;lz g}-{—s — benzene
¥ : H
Ciz Ciiz .C. Cig Cliy M. C..
Ciag=C = C+ 4—40 CH — Ciz=C=C=c cH
Cilg Clx . CH3 CHS" .
RV Q‘I +C, .CH
c H C"
H H
H . 131
Cilg .C.- Cliz CiIz . C.~
C -C‘- c=2¢C Cil logs of C”3-C = C = C * ol
é?es Of’ Cilz Ci'z . CHZ and ; N .-
iq -C, .cu shifting C. .CH
He- of double N
i bond I
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Cn the basis of the Price theory, an overall mechanism

for the reaction of the alcohol is suggested

CHg CH Cig Ciig|" -
Cilz=C = C Oii+AlClzs—" ClaC = C | + IOA1Clgy
0}13 CLs Cxls CILS
Hy Gln
\——) Cilx=C 2 8 -
CHa Clig
+ +
Cix Cliz Ciig Cilz Cliz Cliz
CHz=C = C | +Cqilg & Clizg=C = C = Cglig| &2 Cilz= C = C = Cgllg+ H
CHz CHz Cilz CEgz CHz Clz
»
- cigl? . Cig N Ci \
— Ci‘is-c'. cslxs(_. CHS- C - CGHG CJASO c "' r‘6 '5“"}1
Ciis Cilz Clig
C.iz Cii
— -C- +1IC1—) rccl
Cila Cilg .
above set of
Cilz Gllg Cilz ClipAlClg reactions
Cilz= C = 81- Al1Cl32 Cliz=C = C+ R .
Cllz Clig Ciig Cily I Cig
T Ciiz=C- C "[Cslg ect.
i Cllz
2Cl,
CHa Cilg
Ciz Cilg Clly CHag

The chloride of the alcohol then arises from the action of
Cl on the tert.-hentyl cation, The unsaturated gasses
evolved durirg the recaction may come from the methylene groups

liberated, the propene, or isobutene.
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An explanation of the facts on the basis of the thLcories
of Thomas or Dougherty would be similiar to that suggevvad
above since in both the alkyl group is converted into = pos-
itive ion.

The systew of ecuations above wis evolved to explain
the faocts observed, Its only wvalue lies in its ability to—

accomplisn this end,
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7.

SU_LAKY

A spinning band fractionating column designed for vacuum

distillation has been constructed

The plate value of this column has been determined to
be 25, and the holdup per plate to be .1 cc.

Dimethyl tert.-butyl cardbinol has VLeen prepared and
condensed with benzene,.

The products which have been isolated and identified
from this condensation ares; isopropyl chloride; <,2,3-
trimetkyl butene-l; 2,2,3-trimethyl 2-chloro butanes
tert,-butyl benzene; tert.-aryl benzene; trimethyl sty-
rene; and 2,2,3-trimethyl 2-phenyl butane,

All of these mroducts and theilr derivatives have been
synthesized,

The dehydration product and the chloride of the above
alcohol have been condensed and some of the products
identified.

Dimethyl tert.-butyl phenyl methane has been mixed with
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benzene and aluminum chloride to give some of the products

also isolated in the condensation of the alcohol,
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