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LaTRSDUCTION

Phe reactlon of saturated allohatic tertiary slconols
Witn Denzene ana oheEnol In tne oresence o0 aluminum chloride
qag been investizated in tnls lacsoratory oy Proressor #Huston
sNA coworsers throusgh tas octyl alconols. The yleld oL the
uy>(cted condensation proauct nas ovazesn found Lo 2e, 1n zener-
2L, oetiEr wilo 2nenol tnan wlin osnzene
sesliming oLty Lod woiry 216 £uston and rriedemann (1) in
LJ1lb, all warsers sgve renparted lraxmsntatlion to zome desree,
'nis Irazasntation hae p=en 2r-stsr with nlonly oranchned al-
consls, witn & resultins Llow yield 0 the =2xoscled vertiary
aliylosnzeane.,
in recs=nt y=ars, an 2xritensive study ol tne odroducts
rormed during rasmentatlon nas ossn nade. HUuston and
wuanars (2) studied tae Iormatlion O ursaturated comoounds
and O ¢cnloride Ccompliexssd dur'ing tao@ condenzation o di-
isoprooylmetnyl and di-isovropyletnyl carvindis wltn benzene

in tne 9resencea of aluwinum cnlorice. Huston and sarrett (3)
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constructed a fractionating cotumn with swveciul vropertles

in order to oetier sedsrste and sludy thes comdounds Iormed

Jquring tne conaensation or dimethyl tertlary oviy: osvoloos
with benzens in the vresence 2f alumlinum chloride.
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with a varying deores of oranching on the carbon atom adja-
cent L0 the hydroxyl carbon, wera condensed wlth benzene in

the oresonce of alumirum chiosride.
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e de arsoxylation reaction was used by Pulvermacher

(10) to prepars “-ohnenylpentane by distillirg a wixture of
alona, olonn dlethylhomonhthalic acld sohydride, calcium
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The Jdurtz resction wss used by sSchramm (11) to drepar
secondary butylosnzene from ethyl 1odide and aloha bromo-
ethyl benzene. Ihe Arlgnard resction wasg used by Spath (12)
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Leoromo~l-ohenyl provane.
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200 ml. wide mouth bottles connected wiith dellivery tubes,
e firvst bottle was empty, serving as a trap, followed Dy
three bottles half full of 40 per cw=it codluam Liydroxide,

followed by another trao bottle, and this Iollowed by three

botileg nalf full of concentrateun sulvhuric acid, and final-
ly another emnty Lrap Doblile with o dclive oy Dibe leadine o

-

the reactinn flask. Thils delivery tube was Uitted with =

PO “n

threv-uuy stop-cosk to betoor control tie »aio o0 T of

s flesie esnecially at toe borilunine of
etitey aboorybed o oL uenl 0L sus

started and then would need cooling

Lalors more fas owas aciil

Toroerice sblrror and g roellix con-

van closed with oo e loebiin cirloriae

sluwm had clsapoaared, he rooront

o

e o R P e o~ a . s T e H i Ao, PR
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e Lhe addition hind been comnlotaod, the oroduet woan hydro-
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Tomeos LT ol oL onough concentrated nydrochloric acld
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{nsually 200 ml, rer mole) to dissolve tihie Lousle o000 The
X ! : , :

vioapvaratus were driea anag vrotecies
carbion dioxide of coair.




ctnor laser wes sepsrnted and the wot-r layer extracted at

least three ULines vilh =ther,  The combined ether lavers

-
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basic to

1

litms cnd then with dlsti’ eld woter, The produact wrs dried

over anfhiydrols sedlam sulfate for four hours or longer.  The
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vreparetion of this aslconcl was the same as the reaction in
Part A. This alcohol was prepared oy Binder (37) working

0

in this laboratory. The following constants checked closely

-

711 those obtained by hiim:

vield: 55-60¢t L)

.e

£6-5700,
Bryog 129-151°C.

4 : C.B05S

a4 ey
l P i’ir( E)

rart Ca Zy,d,0=Trimethylbutanci-<
?H3 CHz
] !
H-c=-C =-C =0H
°7 ooy, !
3 o
CHO

This alcohol was prepared by adding pinacolone to

me thylmagnesivmbronlde weoording 5y the above methods of add-

ing ketones to Grig

Plnacolone was vrepared according Lo Uhe method glven in

‘manic Syntheses (28) 29 follows: 4 five liter three-neck

-t

flask was fitted vwith a separator; TMunmel nd a long reflux

condanser (with o 1i2-15 mn. Lnne

—

» tube) closed at the iop

wilh o ca.clum chleride tube. Fighivy ane ol magnesium oo

20 e o of cry benzene were nlaced 1rn the flask., A nlxture

of 90 grems of mercuric chiovide and 9505 ml, of zcetone wore

v (RS 4

the senaratory Manecel,  About one-nulfl of this




.. . . . . i [
1 was aauged ane tne reaction aliowed to Stﬂyt\“).

reactlon was vlaorons ana toe Ulask wes cooled witio an lee

weter bathe  After all of the zoetone ord mevouric chlori e
had been aaced, o nilxtore of 257 ml. ol acetvone wnd Lou ml.
o benzene wus addea Deivre Lo reactlon stoos oo, Uhen oo
further roaction wos vieible the flasi was e Po

i i ori 2y yesction toow vloce, Losiesiian
FLnneola e e llad " wonryy Slle IARTS! P, HERTS |

e LTI Y IR oo Sliniern v L

wedll bt o, Mol O aBOSarT W L lucriod chrn il wiie crer Lo

contined one our.  Imon two minered ml. of weher we e

e LR el the cerarstoow Jonacl oand the mixtuve Denated

G Do oure  Phie miwitures won Lheo o Toecdono gl e n

, Ciopoae and Ulltered,  The sollc returied to the
Tloslke and heoated 10 minntes with vesthy SO0 wml. portlion of
benvene. This necond miviawve was [iltered, and the conrbined

#31trates vere distllled to one=hall tuelir original volume.

M e Pt BN SR o N R arpay A FOR e ? LT Y Y] - -
Tne renmaining benzene solution was treated with 200 ml. of

water and cooled to 10 degrecs centlpgrade, ‘The plnacol

Wvdrate was flltered witor o ml-mtes by suction, washed with

Bl

benzens, and slir dried at room temperature. This pinacol

hydrate was treeted wlth 750 grams of © N sulphurle acid for

every 250 grams of the hydrate and distilled untll no more

plnacolone came over with the water,
separated from the water and dried over celclum chleride,

filtered, and fractlonally distilled. The fractlon boilling

(2) A 30 minute induction period was requlred unless heated,
Featling was not desirable because of the rapld reactlon
once started.
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from 105-105 degreecs centigrade at 749 mm, wes used. The
vield was usvally £56-20 per cent bassd on lhc
The Grlgnard reagent was prevared as in Part A. The

alcohol formed a solid hydrets ii soccl=l ce o was rot used.

-

The wzdditlon product, formed during the preparation of lhe
alcohol, was hLydrolyeod, She ol e Teyer oaznarated, and the

roter layer exlracted three tiacs wlth eliiore ‘fhen the

b -

combined ether luyers vere washed w1l O per ceut codinm
cootonate ot oot followed by water washing. The ether

solutlon was dried over sodlum, the ether removod thireugh
a column, and the alcohol distilied over sodium at reduced
pressure. A short column and a short condenser, carefully
dried, were used. The containers of alcohol, after fis-
tiliation, wers sealed air tight. The alcohol was dig=-
tilled thereafter at atmosvlhivric orcuzuire over Lot oatd)e
vield: 75-00%(2)
Brag . 129-131°¢C.

Bog

49-52°C.,
The alcohol was prepared in this laboratcry by Binder

(37) and by Barrett (3). It was prepared first by Butlerow

-

(39) in 1875. ®Bdgar (36) also has prepared 1lte.

Part De 2,2,3-Trimethylpentanol=3

CHy Gl
H,C-C ~-C -OH
5 CGH. &n
< Gns
O

(1) wren used for condensaticns, benzene was added lmmedlzte-
lv upon breaking the sezl of the contalners,

lat]

(Z) Based upon the Grignard reagent.
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This alcohol wes vrepared by the use of the Grignard
reactlion, adding pinacolone to ethylmagnesiumbromicde. The
vinacolone snd the Grignard reagent wers prepared according
Lo the sbove procedures, and the resction for the alcohol

_ A1)

soe carried out as before, 3742:14E-14v C. Fleld:nih=ar, .

Part E, £,5,0~Trimethylrentanol-"

LT
-

Lyt i

I T

2

]
.
B ou
NS i

N :

H.0-00,C = R
~
A

3

[

5
The pest melhod for the rcreparation of this alcohiol was

tertiary amyl ketone to

-0 i ”
[N t
W «

me thylmagnesiumbromlide. The ketc. e was preparéed Ly wacling
toertlary amyl magneslum bronldc &JOp-wiée Lo aretyl chlorlde
according to tre Whitmore procedure (40), Then the alcohol
was prepared by the addition of the ketone to methylmsgnesi-
umbromide'aocording to the Edgar procedure (41), and was
similar to the reacticons for the alcohols prepared above.

-

The product was hydrolyzed and dried . wouai, Tus mothyl
Grigessd wes prepared ss in Part A, The Whitmor: and Lidgar
procedures were used by Doctor R.L. Guile (22) of thils 1abn
oratory and described by him in detsall,

Due to the difficulty of preparing tertlary Grigﬁards
in good ylelds, the procedure for tertiary amyl muinesium
bromide 1s described here 1n detall.

Phosphorous tribromide was prepared by the followlng
method; this 1s a modifiecation of the procedure found in
Organic Syntheses (42): Thirty-seven grams (1.2 gram atoms)

P

a4 e e o e e S SR . - v .. e |
TL) I TRRTTECT  Aropurea uy slavke anc Joncstovo,



of dried red phosphorous were suspended in 250 ml, of redis-
tilled carbon tetrachloride in z dry one liter three-neck
flask equipred with a condenser sealed with a calcium chlor-
ide tube, a glycerine stirrer, and a droppingqfunnel. The
flask was cooled with a mixture of ice and salt, and 342
grams (4.2 moles) of bromine were added drop-wise with stir-
ringe. The carbon tetrachloride and excess bromine werc dis-~
tilled from the mixture with the ald of a shart air con-
denser. The tribromide was distilled from the remaining
mixture into a Claisen distilling flask. The cruade
phosphorous tribromide was redistilled, and the fraction dis-
tilling from 168=-172 degrees centigrade a 750 mm, was used.
The yield was from 60-70 per cent, During each of the steps,
the system was protected from the moisture of the air with a
calcium chloride tube.

Then,vtertiary amyl bromide was prepared by placlng 2352
grams (0,87 moles) of the phosphorous Lribemlde in a ary
one liter three-neck flask equipped as in the preparation of
the tribromide und cooled with a mixture of ice and salt.
Then, 230 grams (2.81 moles) of redistilled tertisry anyl
alcohol (boiling from 101-1C2 degrcc: contigrade at 750 mm.)
woe added drop=wise over g perlod of three hours, Thc‘h:ﬁ—
sure was washed with fivé mle of saturated sodium bilsulflte
solution, the water layer separsnted, and the product was
washed twice with cold concentrated sulphuric acid. The
layers werc separated and the conde bromide washed with
weter, and then with 25 ml. of satursted sodium blcarbonute

solution, The layers were separated again snd the bromlde



washed with water, dried over anhydrous calcium chloride, and
distilied. The fraction boiling from 106-109 degrees centi-
crade at 746.2 mm. wes used., The yleld was usually from
TC=8C per cent.

The tertiary amyl bromide thus prepared wes uscd im-
medlately to prepare the Grignard reagent, since it was
necessary that the bromide be pure and frce from decom=-
positlon producte that Torm=d o0 50000

The bromlde was dlluted wlth an equal volume of ether
and added drop-wise to one mole of pure dry magnesium(l)
suspended in 400 ml. of enhydrous ether. Larger or smaller
runs were made with satisfactory results, The eiher and
tertiary emyl bromlde mixture was added very slowly, one
drop per two to three seconds, during ghe entire reaction,
and a larse excess of the bromide was avoided at first
before the reaction started. The yield was 50-60 per cent.

The alcohol has been prepared by Horton (43) and also

1ded Lo

r—

by Gulle (22), The physicsl constsnts correspo

those determined by these workers for the alcohol.

vield: 45-60%

[~ (@]
Br/45 . 155 15’7 Ce
B,.. 59-510¢C.
nkC 1.4397
pg0 0.8520

(1) Alloy magnesium was found to be unsatisfactory.. I'inely
divided magnesium gave lmproved yields, but it was
riecessary to add the bromide more slowly.
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ITI. The Condensatlon Apparatus

The following photograph and figure 1 show the con-
censation apparatus as it was developed and used in the last
of the condensations and as it was employed in repeating
some of the earlier condensations,

The purnose and size of each part wilill be described
here whille the general use in condensations will be gilven
in the Section IV under the general procedures for the
condensation of the slcoloels with benzens.

A-=p three-neck reaction flask, the sizec of which
varied according to the number of moles of alcohol
condensed.

P--An electric motor for stirring.

C-~-The glasc stirrer and glycerine seal, (& mercury
geal was not used becouse of the back pressure
created).

D--The alcohol addition tube with inner sealed tube
and connections for the purpose of equalization of
pressure. The size of this tube also varied accord-
ing to the number of moles of alcohol condensed.

T--The carbon dioxide generator (for solid carbon di-
oxide) of 125 ml. capacitye.

F--Drying trap for the carbon dioxide containing con-
centrated sulphuric acid, wilith a T-tube connecting
it to the addition tube in order to allow an opening
to the air. This trap was of 100 ml. capacity.

G--Safety valve to the air.
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H--The thermometer suspended inside the cond:nser.
I-~-Water condenser,
J==-Tce zalt cooled trap used to condense and hold

benzene and alcohol vapors. This tube was 2

4
B
]
-
]

lachies,

E--Carbon dioxide-acetone cooled trap used to condense
and hold any substance that did not toil lower than
-80°C, This tube was the same size as trap (J).

L~-Two-way stop-cock used to direct the gases through
trap (K) or directly to the nitrometer from trap (J).

M--One-way stor-cock operated in conjunc-ion with stop-
cock (L) from trap (K). This stop-cocsk was closed
when stop-cock (L) was opencd to allow gases to go
past trap (K), and opened when stop-cock (L) forced
gases through trap (K).

N--Mercury well connected to stop=-cocks (L) and (M) by
means of the Y~-connecting tube and 90 ml, of vartical
1 mm. capillary tubling. The well was of 100 ml. ca-
pacity and contained mercury to a height of 4 mm.

The capillary dipped 3 mm, into the mercury. This
capillary had the equlvalence of 760 i, of aercury.

O--mpty trap of 100 ml. capacity to hold liguids from

container (P) in case the m@rcury f{ailed to hold.

P--Container for a 5 per cent solution of bromine in
carbon tetrachloride. This conbtalner wus tazpered at
the end in order to concentrate the amount of liguid

having gases passed through it. IL coriwiél 10 il
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wvhen hslf full.

R--Dropping funnel of 25 ml., capacity, used to hold pure
bromine until ne=ded,

fi--The nitrometer was of 300 ml. capacity with a
dismeter of =5 mm, in the vertical sections and
10 mm. in the curved section, and had its head above

the level of the traps (K) and (J). Nercury was

placed in the bottom of the altromci v Lo seel it

-

from trap (0) and 50 per cent potsosiun hydroxide
filled the remaining space of the nltronelar,

U-~Nitrorneter leveling bulb of 250 ml. capacitye.

The Dewar flasks used to hold the bhath solutlions arudd
=aintain the traps (J) and (K) at their desired

temperatures are not shown.
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IV, [The G-oneral Procedure for the Condensation of the
Alcoholqcﬁith Fenzene

The alcohols prepared wers condensed with benzene in the
vresence of anhydrous aluminum chloride according to the
general methods by Kaye (4), and other workers in this lab-

Ay e T
oratory, for the first few condensatlions, and for the most

ke

arlt at = temperature between 40-4% degrees centlgrade in
¢ obtalr the maximum smount of fregmentation as de-
termined by RBarrett (3).

It was rnoticed esrly In the study of the conrdensation
nroducts; that gases and Jow botlive matrerdials uo e bl iacd
..ban the reaction. This was notlced,especially when the
products were hydrolyzed wilthout standing,by the scolubility

of thes

4]

gases and low bolling products in the solvenbts.

g

Tt was necossary to modify the oripginal procedarcs of Soi-
cdensation in order Lo determine 11 these proses woro onbl-

5

or unscturated or totiy, and thelr amounis.

u
o)

2
e

te

bl

For comparison-purnoses the origlinael and modifled
riethods are descrived 1 detall.

.

Te first few condensatbtions were cavyri-u ol ro o iDyvod-

3

T

pest flosie fPitied with a slvcerine stilrrer, a dropping fun-

nel with a calcium chloricde tube, and a water condenser
fitted with a calcium chloride tube. All of the reactions
were carried out in a molecular ratio of one mole of alcohol,
one~-third mole of aluminum chloride, and flve moles of ben-
zene., The benzene and the aluminum chloride were suspended

by stirring one hour or longer, end the alcohol added drop-

wise in such a mannsr that the temperature was malntained
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between 40-45 degrees centigrade. The rate varied with the
alcohols, but after the initial reaction, it usually was
necessary to control the rate at one drop per second. After
all the alcohol was added the reaction product was stirred
one hour or longer and hydrolyzed on ice with stirring.
Concentrated hydrochloric aclid (200 ml. per mole) was added
to‘dissolve the basic salts of aluminum. It was later dis-
covered that the acld was not necessary for the alcohols
used., The benzene layer was separated ana the water layer
extracted at least three times with benzene, ether, or
hexane depending upon the boiling point of suspected low
boiling fractions in the condensation~product. Both layers
were then dried over anhydrous sodium sulfate.

The ma jority of the condensatlons were run with the
modified equipment (see figure l)(l). The following de=
scription of the condensation procedure was general for all
the alcohols discussed and varied only slightly in detall
which will be discussed under the separation, analysis, and
identification of thé’fractions. | |

The aluminum chloride was suspended in the benzene and
heated to reflux temperature for one hour to drive off large
amounts of air dissolved in the benzene. Hydrogen chloride
was evolved in large amounts and the aluminum chloride final-
1y went into solution with a change 1n color similar to that
found in condensations, When the aluminum chloride was added

after the benzene was heated and cooled, there seemed to have

TE) The lmprovements and glass blowing for the condensation
apparatus were made by Doctor G.L. Goerner of this lab-
oratorye.
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been no change in the condensation products. Durling this
time the nltrometer was not connected to the system, con-
tainer (P) figure 1 contained no bromine, and the traps (K)
and (J) were not cooled, but the system was washed out with
carbon dioxide by placing solid carbon dioxide in the gen-
erator (E). The carbon dioxide was allowed to pass until
the benzene was cooled to room temperature, then the alco-
hol was measured into the dropping funnel (D) and marked at
each one-third portion. The container (P) was hglf filled
with a 5 per cent solution of bromine in carbon tetrachlor-
ide and then pure bromine was left in the funnel (R) in
case that more bromine was needed. The nitrometer was con=~
nected and gases allowed to flow through the system until
the bubbles in the nitrometer became micro-bubbles. Trap
(J) was cooled with a salt-ice mixture and trap (K) with
solid carbon dioxide-acstone mixtnwe, ™rec stop-coclkts (L)
and (M) were adjusted so that the gases passed into the trap
(K), and the addition of the alcohol was started, The re-
actlon began with’thevfirst drop with a change in color of
the reaction mixture and a rise in temperature. A tempera-
ture of 45°C., wss reached in about fifteen minutes and re-
mained at about that temperature for the rate of alcohol ad-
dition (about one drop per second). Hydrogen chloride was
evolved during the first one-third addition of the alcohol.
wiicn one-half of the alcohel wag added, back pressure was
created in the sistem and mercury from the trap (M) rose as

mich as 200-300 mm. in the caplllary. The evelution of guses
, PN . vy e o
beran to decrease when one-third ol Tne alcohol was added,
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of the alcohol was added, rapid addltlon of
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7. The Separation, Identiflcsation, and Analysis of Froducts

The general procedure for the condensation of the alco-
hols was discussed in Section IV. The products were stirred
in all cases one hour after the reactlion was completed as
shownn Dy the decrease of temperature to room temperature.

In some cases the stirring was continued several hours and
the reaction prgdﬁcts allowed to stand over night before

they were hydrolyzed. Both procedures were used several
times wlith each alcohol., No difference in the products iso-
lated was observed except in the amount of gas dissolved in
the solvent. Several moles of each of the alcohols were con-
densed until the amounts of the high boiling fractions of the
condensation products were large enough for fractlonation.
This was especlally true in the case of 2,2,5~trimethy17
pentanol-3 anc 2,3,3-trimethylpentanol-2 becasuse of the

small yield of the higher fractions. Whille the condensaticn
products were drylng, the gases collected 1in the nltrometer
(figure 1) and in the traps (K) and (J) were analyzed. The
gases which could not be liquified by the trap (K) were
analyzed with Hempel's gas analysls apparatus. The gases
gave an average value of 13-19 per cent oxygen when one-half
to threc-Tourths of a mole of alcohol was condensed. This
was interpreted to mean that air entered the system through
the glycerine stirrer after the back pressure from the reac-
tion had subsided.

Me thane, hydrogen, and ethane were suspected as being
present in the gases since they burned with a faint blue

flame. But if present, they were in too small concentrations



to be detected and separated with the apparatus. However,
the gases partly reduced cupric oxide in the case of 2,3,3-
trimethylbutanol-2 condensation. In another case, the
cupric oxide was charred to a carbon-like mass. Since these
gases were small in amount and could not be liquified under
the conditions(l), no further work was attempted with them.
One to two grams of benzene and small amounts of alcohol
were collected in trap (J) in each condensation. MWMethyl
chloride was liquified in trap (X) when 2,2,3-trimethyl-
pentanocl-3 and 2,3,3-trimethylpentanocl-2 were condensed. In
the case of 2;3-dlmethylbutanocl-~2, 2,3-dimethylpentanol-2,
and 2,3,3-trimethylbutanocl-2 no liguid was detected 1n trap
(K) but the gases from the nitrometer burned weakly with a
blue flame and a yellow to greenlsh fringe.

After drying, the solvents for the liquid fractions of
the condensation products were distilled at atmospheric
pressure with a modified Clalsen flask having a fourteen
inch column (44). The distillations were continued for most
of the condensations from this point with the speclal column
built by Barrett (3) until 1t was necessary for distillation
at reduced pressure for an extended period with small amounts
of material. The spinning band could not be used for long
~eriods and the splral gave too large a hold~ﬁﬁ. he frac-
tions wers dlstilled from this point with small modified

GClaisen flasks with columns of various lengths according to

(1) The concentration of gases was small because of the en-
trance of alr after the back pressure. Thls mixture of
s1r and hydrocarbons could not be satisfactorily ana-
lyzed with the Hempel apparatuse



the size of fractlons. Falrly good separations were made
with flasks holding 5 ml. of solution with six inch columns,
Distilla@ion difficulties were greatly reduced by re-
moving the alkyl chloride before distillation was continued
beyond the low boiling fractions., 'This was accomplished by
refluxing with stirring, the combined high fractions (those
bolling above 115-130 degrees centigrade) from two to four
hours wlth an equal volume of fifty per cent alcoholic po-
tassium.hydroxide(l). The layers were separated without
adding water and the organlc layer was washed several times
with water. The remaining emulsion was washed with water,
the organic layer separated and washed several times with
water., The combined organic layers were drlied with anhy-
drous potassium carbonate. Upon distlllation ﬁﬁé material
was found free from chloride as a rule. Sometimes it was
necessary tc repeat the procedure. Even a small amount of
the alkyl chloride made separation difficult with resulting
high values for the constants of each fraction. The above
treatment and careful distillation for fractions less than
twenty grams gave fractions sufficiently pure for the prep-
aration of derivatives after constants and qualltative tests
had indicated the class of compound involved, although some
fractions were more or less mixtures after final dilstilla-

tion. A small tarry resldue remained in each condensation.

(1) The alcoholic potassium hydroxide was made by adding di-
rectly to the reaction flask 50 grams of potassium hy-
droxide and 50 grams of alcohol for each 100 grams of
organic material. No water was used at this point,
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sometimes fractions boillng higher than the expected product

were obtalned in appreclable quantities and were suspected

of being di- and tri-substlituted alkylbenzenes,

Part A -~The condensation of 2,3-dimethylbutanol=2

wlth benzene in the presence of

aluminum chloride.

Fraction I 2,3-Dimethylbutene-1

Three to five grams of this material ner

cohol condensed was 1solated when the solvent

It gave an unsaturated lesl with & & per cont

anhydrous

mole of al-

was removed.

s Ty 3 s
S A N T AR Y

of

bromine in carbon tetrachloride and was free from chloride.

Larger amounts were 1isolated after the alcohollc potassium

hydroxlde treatment, and both portions were identlfled as

2,3=dimethylbutene-1 by preparing 2-chloro-2,3-dimethyl-

(1)

butane from the alcohol according to
holic potassium hydroxide.
cal with that obtalned from the condensatlion.,

checked

the me

with those reported in the literature

2thod given by

Shriner and Fuson (45) =nd treating this chloride with alco-

"The product obtalined was ldenti-

The constants

(51) [ The

wield<2) and constants were determined zs follows:

(1) See Fart 4 on »drool of structure,

(=) 411 vields for the condensations ware Luso lroenly
Qoon Sne sleconnl unlescss otherwises indicateo. Irnen-
tifiecd fracitions were ecslculateu in terms of er cunl,
wiille untaentiiied fractliong andd resiauss ware 'sn0riad

in

FTAINS o
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vield: 154(1)

Brgg ! 55-599C,

nf0 . 1.3915

pe0 0.6874
4

Fraction II 2-Chloro-2,3~dimethylbutane

This fraction dlstilled without difficulty after the
golvent was removed. It gave a heavy chloride test with
alcoholic sllver nltrate, and the same constants as the com-
pound prepared from the alcohol for the purposes of Fraction
T. The constants checked with those reported in the liter-

ature (59). It gave the following yileld and constants:

Yield: 18%
B1741 M 106"109000
20 .
ng : 1.4298
pe0 . 0.8772
4 o
MR : Calc. 34,67 Obs. 35,40

Fraction II1 2-Methyl-Z-phenylpropane

This fraction was isolated in small amounts when one
mole or more of the alcohol was condensed. It was ilden-

tified by means of the acetamino derivative(?) (46) which

(1) Two=thirds of this yleld came from the decomposition of
the chloro-compound by alcoholic potassium hydroxide.

» Molecular refraction data for all the calculstilons
were taken from Swietoslawski (58).

(2)See Part F for the preparation of derivatives.

wn



required many recrystallizations for purification. The
physical constants agreed with those reported by Hennion
and Auspos (52). Tae following constants, excepf the de-
rivative, were obtalned after combining several of these

fractions from sevsral condensations in order to purify the

fraction:

Yield: 0.9%

By 165-168°¢,

BlO : 52-54 C.

n20 . 1.4910

Dio : 0.8632

MR : Calec. 44.85 Obs, 43,95

M Pt.: 2=-Methyl=-2-p-acetaminophenyl propane
168-171°C,

Fraction IV 2,3-Dimethyl=-Z2-phenylbutane

This fraction was the expected condensation product and
was obtained in good ylelds. It was distilled with the
special column using the spilral coil (3)., Its identity was
verified by the acetamino derivative(l) and the constants
checked closely wilth those found by other workers in this
laboratory (47).

The following yleld and constants were determined:

(1) See Part F for the preparation of derivatives.
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Yield: 40%

Brgy ° 20%-205°¢C,

Bog 99-101%¢,

n§O : 1.4988

D50 o.3814

Mg : Calc, 54,05 Obs. 54.07

MePtes 2,5~Dime thyl-2~-p-acctamincphenyl butane 118-119 C.

Fraction V Tarry resldue

Yield: 1 gram

Part B --The condensation of 2,3-dimethylpentanol-2

)

Laa 4 A PR L BN o P oy e m ~ e ln s -
with benzene in the presence of anl ‘vdrou.‘.

aluminum chloride.

Fraction I 2,3-Dimethylpentene-~1

This fraction was separated from the benzene in small
amounts with difficulty. It was difficult to determine the
total amount that was formed during the condensation for
this reason. It was identified by comparison with the com-
pound preparcd from Z2-chloro-2,3-dimethylpentane according
to the procedures used in Part A, Fraction 1. The physical
constants checked with those reported in the literature (53).

The following yleld and constants were determined:

vield: 104(1)
. ") e O

Bigy 82-8400

20 ‘
ngo o 1.4025
p<0 0.7055

4
Mp Calc.,  34.98 Obs. 34,28

(1) Four-fifths of this yield was obtained from Fractlon TIT
of this condensation by the alcoholic votassium hydroxide

treatment,



Fraction II 2-Chloro-2,3-dimethylpentane
This fraction decomposed on attempts to distill it at
atmospheric pressure. It gave a heavy chloride test and was
compared with the chloride prepared from the alcohol as in
Part A, Fraction I. The constants proved that the compounds
were ldentical and they agreed with constants determined by

Binder (37). The following constants were determined:

. Yleld: 149
BlB : 39-429C
n20 . 1.4355
p50 . 0.8788
MR : Calce 39,27 Obs., 39.95
c1 Calc. 26.374  Found 26.99%(1)

Fraction III 2=Methyl-Z-phenylpropane

This fraction was not separated easily until one or
more moles of the alcohol was condensed. The acetamlino de-
rivative(z) for one condensation was purified with diffi-
culty; It gave thé samé constants as Fraction III, Part A.
Fractions from several condensations were saved and purl-

fied in order to determine the following constants:

(1) The analysis for the chlorine was by Pregl's mlcro-
technique.

(2) see Part F for the preparatlion of derivatlves.

56,



Yield:
Brap ¢
BlS
20
n4 s
20
D4 .
MR s
M. PL:
I'raction

1%

165-168°C,

57=-590cC.

1.4912

0.8631

Calc. 44.85 Obs. 45.95
B—Methyl-e-puacetaminophenyl propane

168-171°C,

1V 2,5=Dimethyl-2-phenylpentane

This fraction was the expected condensation product and

was easily purified from the alkyl chloride. IL was vers

ified by the acetamino derivative, and the constants checked

wlth those previously determined for thls compound in this

labvoratory (47)._

_ The following yileld and constants were de-

termined:
Yield: - 22%
Br40 219-221°C.
°
B25 : 105-1Q7 C.
ngo 1.4966
Dio 0.8801
MR Calc. 58,695 Obs. 08.43
M. Pt: 2,3-Dimethyl-2-p-acetaminophenyl pentane
85-86°C.
Fraction V Tarry residue
Yield: £ grams

37 .



Part C --The condensation of 2,3,3=trimethylbutanol-2

with benzene in the presence of anhydrous

aluminum chloride(l).

Fraction I 2-Chloro-propane

This fraction was very small and small amounts of the
derlvative wae isolated. The anilide was prepared in the
manner described by Shriner and Fuson (45). Small amounts
of the purified derivative were obtained. The ether so-
lution gave a strong chloride test after careful washing
with 10 per cent sodium carbonate solution. This indicated
that the chloride was not due to dissolved hydrogen chlor-
ide. The alkyl chloride was concentrated by carefully
fractionating the ethef solution from the condensation ex-
traction with the special column (3). The fraction coud rot
be completely separated from the ether because of the close
range of the boiling points of the two compounds. The ether
mixture bolliing from 35-36 degrees centigrade at 750 mm. was
used for the preparation of the derivetlve . Since the
isopropyl chloride was not completely separated and the pure

anilide obtained in small amounts, no yleld was calculated.

(1) This alcohol was investigated in detaill by Barrutt (3)
and was selected here 1In order to compare the gases and
unsaturated compounds with the alcohols 1n thls serles
under the same conditions and with the same techniques.
This alcohol was particularly diffilcult to handle and
condense. The alcohol formed a solid hydrate and a
solide chloride. They distilled together and were
separated by fractional crystallization.

38,
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MePLl.: B-Methyl-propionanilide<l)

105-108%¢,

Fraction II 1,2-Dibromo=-ethane

This fractlon was obtained in one to two gram vields
K219 Y

by means of the bromine trap (P) fipure 1, when threse-fourths

oi” o mole or more of the alcohol was condensed. The exces

w

bromine was destroyed with aqueouns sodium bisulphite. ‘the

mixture was extracted with ethe

e

'y, dried over anhydrous

socatnum sulphate, filtered, and distilied in a small moual=-

}_Jo

fied Clalsen flask., The compound was sufficlently pure Lo
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those listed in cnemistry handbooks. The Tollowing constants

. 2 et
Yield: QB35

5] 150=-15¢%0,

.
A ] *
{4
i D 4 3 00~
X’vl-?t.: 9.{:} {J.
lif [
. Jos [I PN
n-. : 1.5%404%

Praction 111 1,2=Dibromo=-nropane

Tnis fraction was obtalrned in small vield when one mole

L

Towss condonsed. It was collectod durior the

of the aloohaol

Alstillation of wraction IT zbove and its bolllup point de-

t 5 FR TR 4 Ry
dnnta o we e Qoualneds

i

derivative hins been reported by Underwood snd
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Yield: 0.5%
Br : Calc. 79.15% Found 78.37%

Fraction IV 2,3,3~Trimethylbutene-1

Small amounts of this fraction wore obtained when the
solvent was removed, but the greater portion csme from the
decomposition of the chloro-compound with 50 per cent alco-
holic potassium hydroxide. It was 1dentified by 1ts prepa-
ration from Z2-chloro-.,3,3~trimethyl butane which was pre-
pasred from the alcohol as in Part A, Fraction I. The
constants corresponded to those reported in the literaturse

(54). The following yield and constants were obtalned:

Yield: 59(1)
Bryz . 74-760C.
20
nZ0 1.4023
p0 . 0.7029
4
My Calc. 33.93 Obs. 33.48

Fraction V 2=Chloro-2,3,3~trimethylbutane

This fraction was a solid chloride and distilled over
with the solld hydrate of the alcohol. It was necessary to
separate them from the higher fractions and then determine
the amount of chlorine(l) from g mixture of the two. The
chlorine content was 8.38%. The alkyl chloride was identi-

fied by means of 1ts preparatlion from the alcohol as stated

(1) Based on the alkyl chloride from the condensatlon, which
in turn was calculated from a mixture of the hydrate of

the alcohol by a Carius analysis (49).



41.

in Fraction IV above. The freezing polnt and bolling point

checked with those obtained by Barrett (3). The following

constants were determined:

Yield: 2 (1)

. _ 0
Brye 129-131°C.
M.Pt.: 123°¢.

Fraction VI Hydrate of 2,3,3-trimethylbutanol-2

This compound was the alcohol with one molecule of
water which formed a solld as discussed in Fraction IV. It
was ldentlfled by exposing the alcohol (2,3,3-trimethyle-
butanol-2 to moist air. The crystals were separsted and
dried. This compound was identified by Binder (37). The

yield and the constants were determined as follows:

vield: 7 (1)

e -] 0
Bogo 120-124°¢,
Moptc: ‘ 80"82060

Fraction VII 2-Methyl-Z-phenylpropane

This compound was obtained after the solids were cleared
from the condensation products and ldentified as 1in Part A

and B. The following yleld and constants were obtalned:

(1) Based upon the mixture from the condensation. (See foot--
note page 40).



Yield:
Brgo ¢
B1a
220 .
D
p<0 .
4
Mg :
M.Pt.:
Fraction

4%

166-169°¢,

53%¢C.

1.4910

0.8632

Calc.  44.85 Obs. 43,95

2-Methyl-2~p-acetaminophenyl propane
168-170°¢,

VITII 2-Methyl-Z2-phenylbutane

This compound was identified by its acetamino de=

{1
/

rivative‘*+’/ gnd

the constants given by Fox (20). The

constants also corresponded to those gilven for the fraction

isolated by Barrett (3). The following yield and constants

were determined:

Yield:
Braj
B :
11
ﬁgo :
20 .,
DQ :
fi *
NR :
M.Pt.:
Fraction

2%

189-192°¢,

69-70°C,

1.4931

0.8735

Calc. 49.45 Obs. 49.11
2-Methyl=2-p~acetaminophenyl butane
139-142°¢C,

IX 2-Methyl-3~-phenylbutene-2

This fraction corresponded to the fractlon lsolated and

identified by Barrett (3) as trimethyl styrene and was ob-

(1) See Part F for the preparation of derlvatives.



tained in one to two gram yields per mole of alcohol con-

densed. The followlng constants were determined:

Yield: 1.3%
ngo : 1.5185
DzO : 0.8921
4
MR : Cale, 49.05 Obs. 49.60

Fraoction X 2,3,3-Trimethyl-2-phenylbutane

This was the expected alkyl benzene and was ldentified

v 1+ 1 1
by its no derivativa(l) The const

e . i ntes were de-

)
(R

termined as follows and corresponded to those obtained by

Barrett (3):

Yield: 9%
By 100-103°C.
5

ngo’ : 1.5014

D20 0.8665

MR : Calc, 58,65 Obs. 5977

MePto: 2,3,3=-Trimethyl-2~p-acetaminophenyl butane
142-143%;,

Fraction XI Tarry resldue

Yield: 3 grams

Part D --The condensation of 2,2,3-trimethylpentanol-3
with benzene in the presence of anhydrous

aluminum chloride.

(1) See Part F for the preparation of derivatlves
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Fraction I Methyl chloride

This fraction was 1solated as a liquld in trap (X),

figure 1. It was identifles by distilling from the con-
tainer in which 1t was collected into another tube the

same size., The two contalners were connected with a de-
livery tube. A low temperature toluene thermometer was
placed 1n the distilling tube by means of a two hole rubber
stopper. The other hole was used for the delivery tube.

The recelving tube was left free to the alr, Both tubes
were placed Iin baths of solid carbon dioxide and acetone.
The temperature was controlled by gradually 1lifting and
lowering the dlstilling tube in the bath. The liquid was
distilled and seﬁafated from small amounts of benzene that
formed a solid in this trap(l). Then the methyl chloride
was collected in a small sample tube having two side arms
with stop-cocks and one of the side arms was an inner sealed
tube running to the bottom of the sample tube. This allowed
for the methyl chloride to be retained as a gas and to be
forced out slowly by liqulds in ofder to burn if. The gas’
burned with a deep yellow flame with a green fringe. Known
methyl chloride was treated in the same manner and pgave the

same propertles and constants. This left no doubt as to its-

identity.

the vapor

1) This small amount of material resulted from

() left on the tube when the benzene vas heateq to drive
out all air, and was not the result of the inefficlency

of tne trap (J) flgure l.



Yield: 49

Brgs * -24 to -220¢,

Fraction II 3,4,4-Trimethylpentene-2

Thls fractlon corresponded to 5,4,4=trimethylpentene-2
as reported in the literature (55-56). However, the pres-
ence of 2~ethyl-3,3-dimethylbutene-1 was not excluded, since
the constants reported (57) for the latter also closely
agreed with the constants of thils fractlon. .This compound
was compared with that obtained from the alcoholic potas-
sium hydroxide treatment of the chloride prepared from the
alcohol as in Part A, Fraction I. The constanis oblained
from the two compounds were in close agreement. The carbon
and hydrogen were determined by Pregl'!s micro-technique.

The yield and following constants were determined:

Yield: 45%(1)
Brgs * 106-108°¢,
ng® 1.4211
D=0 0.7282
4
Moo Calc. 39.24 Obs. 39.58
c : Calc. 85.61% Found 85.55%
H : Calc. 14.38% Found 13.91%

Fraction III 3-Chloro-2,2,3=-trimethyipentane

This compound was identified by its preparation from
the alcohol as stated above for Fraction I and by the analy-

si{s of the chlorine content by Pregl's micro-method. This

)

(1) Based*gntirely upon the chloro-compound in Fractlon III.
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chloride was very stable, It could be distllled at atmos-
pheric pressure and it was necessary to repeat the alcoholic
treatment in order to completely convert the compound into
the unsaturated component. The constants for this compound

were not found in the literature. The following yield and

constants were determined:

Yield: 50%

Brgg ° 158-160°C.,

Bl6 : o7=58 C.

ngo : 1.4609

p20 0.8840

MR : Cale. 43.87 - Obs. 44.09
cl : Calc. 23.86% Found 23.63%

Fraction IV Z-Methyl-2-phenylpropane

This fraction which appeared in all the condensations,
was identified, as in Part A, Fraction III, by its acetamino

derivative. The constants were determined as follows:

Yield: 3%
. -590

B14 : 57-59°C.,
Brgo ¢ 166-169 C.
nZ0 . 1.4910

D

20 .
Dy 0.8632
MR : Calc. 44.85 Obs. 43.95
MePLo: 2-Me thyl-2-p-ace taminophenyl propane

168-170°¢C,



rated,
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Fraction V 2-Kethyl-3-phenylnentene-2

This compound was aromatic in niture and highly unsatu-~

The analysls and comparison of the physical con-

stants with the literature (61) indicated that it was a

styrene derivative. Oxidation with potassium permangnate

gave degradation products(l) which further supported the

evidence that this compound was 2-methyl-3-phenyl-pentene-2,

The followlng yleld and constants were obtained:

Yield:

Big
ng0

20
D20

Mg

C

H

8%

74=770¢,

1.4980

0.8738

Cale. 53.66 Obs. 53.86
Calc. 89.22% Found 88,99%

Calc. 10.07% Found 10.54%

Fraction VI 3-Methyl-Z-phenylpentane

An attempt was made to prove the structure of this com-

pound by its conversion into the benzoyl ester,(l) but due to

the small yield of material which was difficult to purify, no

satisfactory derivative was obtained. However, on the basis

of the demethylation that occurred in this condensation, and

on the basis of the physical constants (47) and analysis ob-

tained, the evidence was strongly in favor of S-methyl-3-

phenylpentane for this fraction. The following yield and

constants were obtained:

(1)

See Part G

on proof of structure.
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Yield: 5%

Byg 85-880¢,

AP0 .

g : 1.5015

DZO . 0.8873

MR : Calc., 54,08 Obs. 53.77
C : Calc. B88.81% Found 88.75%
H : Cale., 11.19% Found 11.64%

Fraction VII 2,2,3-Trimethyl-3-phenylpentane

This fraction was the expected alkyl benzene and was
analyzed for carbon and hydrogen by the Pregl micro~-technique.
The constants determined agreed with those determined by

other workers in this laboratory (48). The yield and con-

stants were determined as follows:

Yield: 10%

Bio 107-1100°¢.

n0 1.5031

pg°0 0.8901

LS. Calc. 63.26 Obs. 63.10
C : Calc. B88.34% Found 88.29%

H

-

Calc. 11.66% Found 11.73%

Fraction VIII Tarry resldue

Yield: 4 grams

Part E ~=The condensatlon of 2,3,%-trimethylpentanol-2 with

benzene in the presence of anhydrous aluminum chlor-

ide.



- i gy

49 .
Fraction I Methyl Chloride

This fraction was 1isolated in trap (K), figure 1, as

a liquid as described in Part D, Fraction I, and ldentified

In the same way.
Yield: 5%

Brao -24 to -220q,

Fraction I1 2,3,3-Trimethylpentene-1

This fraction was identified in the same way as the
similar fraction in Part D, Fractlon II. The constants
agreed with those gilven by Egloff (61). The following yleld

and constants were obtalined:

Yield: 50%(1)
Brgq 106-109 C.

20
n£0 1.4205

2
D 0 : 0.7366

4

s Cale. 38.05 Obs. 38.11

YR

Fraction III 2-Chloro-2,2,3-trimethylpentane

‘This compound was identified'by its preparation from the
alcohol by the procedure described in Part A, Fraction I (45).
The chloride formed in the condensation was analyzed for
chlorine by Pregl's micro-analysis. The chloride was found
to be just as stable as 3-chloro~2,3,3-trimethylpentane. The

following yield, analysis, and constants were obtalned:

(1) Based entirely upon the chloro-compound from Fractlon
I17. 7
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Yield: 55%
BVQO : 156-159°,
515 : 55-57 C.
20
n : .
o 1.4629
Dio : 0.8845
Mg : Calc. 43,87 Obs. 44.91
Cl : Calec. 23,86% Found 23,70%

Fraction IV 2-Methyl-2-phenylpropane
This fraction, as in the case of Part D, Fraction IV,
was formed in the condensation in sufficient quantity to be
easily purified. It was ldentified by the acetamino deriva-

tive and the following yield and constants were determined:

Yield: 2.5%
. -1680
3740 : 166-168°¢cC,
B : 60-63 C.
15
20
n. : 1.4909
2
D4O : 0.8587
MR : Calc., 44,85 Obs. 44,05
M.Pte: 2=Methyl-2-p-acetaminophenyl propane
168-169°%,

Fraction V 2-Phenyl=-3-methylpentene-=2

This compound was aromatic in nature and gave a positive
test for unsaturation with 5 per cent bromine in carbon
tetrachloride. The physical constants corresponded with the
suspected compound and oxldation with potassium permangnate

gave a degradation product(l) which supported the evidence

(1) See Part G on proof of structure.



for this compound as being 2-phenyl-3-methylpentene—z. This
compound has been reported by Doss (60). The following yield

and constants were determined:

Yield: 2.8%
n20 . -
1) . 1.49@1
20
Dy~ @ 0.8723
MR : Calc, 53.65 Obs, 53.:5

Fractlion VI 2-Hethyl-2-phenylpentane

This compound was saturated and aromatlc in nature.
Since demethylation also occurred in the condensation from
which this fraction was isolated and since the physical con-
stants (62) indicated that this compound was 2-methyl-
2-phenylpentane, an attempt was made to convert it into the
alpha naphthylurethane derivative (l). The derivative was ob-
tained in small amounts, very impure, and no absolute proof
e of the structure was offered. However, all evidence pointed
to the fact that this fraction was a mixture containing
mostly 2-methyl-2-phenylpentane. The following yleld and con-

stants were determined:

Yield: 3.1%
. ~aqQ0
Bl5 : g95-99Y%;,
20
: o4
ny 1.,4989
DZO : 0.8825
MR : Calc,. 54,07 Obs. 954.01

(1) see Part G on proof of structure.



Fraction VII 2,3,5-Trimethyl-z-phenylpentane
This. fraction was the expectad condensation product and
its constants corresponded to the product as prepared by
workers in thils laboratory (50). The acetamino derivative

was prepared for verification. The followlng constanﬁs and

yield were obtained:

Yield: 10%

Brso ¢ 230-233°¢,

BlB : 109-111 C.

n?0 1.5011

Dzo : 0.8868

MR : Cale. 63.26 Obs. 63.40

MePto: 2,3,3=-trimethyl-2-p~acetaminophenyl pentane
90-92°¢.

Fraction VIII

This fraction was not 1dentified but was suspected of
being a mixture of di- and tri-substituted alkyl benzenes,
Tt distilled above 129 depgreecs centigrade at 13 mm. but
over a wide range.

Yield: 5 grams

Fraction IX Tarry resltdue

Yield : 2 grams

52,
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Part F The Preparation of Derivatives

l. Acetamino derivatives

These compounds were prepared according to the method
of Ipatieff and Schmerling (46) in the following manner: A
mixture of one to two ml. of the aromatic hydrocarbon and
5 nml. of a nitrating mixture was shaken until the reaction
no longer evolved heat and had cooled nearly to room tem~
perature, The nitrating mixture consisted of equal volumes

£

of concentrated nitric and concentrated sulfuric acids.

The resulting mononitro-compound was poured upon cracked ice
and extracted three times wlith ether. The ether solution
was washed twice with water, and the ether evaporated on a
steam bath. The oll was dlssolved in alconhol and & grams of
granmular tin and 5 ml. of concentrated hydrochloric acid
added, The mixture was shaken until no turbidity was ob-
served when a few drops were added to water. Then the mix-
ture wés allowed to stand thirty minutes in order to assure
complete reduction. Sometimes it was necessary to heat on
the steam bath. The liquid was decanted from the excess tin
into 20 ml. of water, extracted with ether, and 40 per cent
sodium hydroxide added in order to free the amine. The al-
kali was added until the precipitate of tin hydroxide,

which first formed, was redlssolved., The mixture was ex-
tracted with ether, washed wilth water, and dried with anhy-
drous potassium carbonate. The ether solution was flltered
fyom the drylng agent, the ether evaporated, and one to two

ml. of acetlc anhydride added to the residue. Sometimes, at
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this point the derivative crystallized. The excess anhy-
dride was hydrolyzed by warming with 5 ml., of water, the
solutlon evaporated nearly to dryness, cooled, and filtered.
The impure derivatlive was washed free of acetic acid and
recrystallized from 50 per cent alcohol, Hexane or isopropyl
alcohol diluted with water was used satisfactorily for re-

crystallization.

2+« Alphsa naphthylurethanes
These compounds were prepared according to Walherbe's
procedure (63) which was used with some modlfications by
Guile (064) and also by Kaye {(4).
(a) Preparatlon of the mononltro-alkylbenzenes:
| Twenty=-four ml. of a mlxture of concentrated
nitrlic and sulfuric acids in equal parts by volume were added
drop-wise to one-tenth of a mole of the alkylbenzene with
shaking. The temperature was not zllowed to excevd 50
degress centigrude. Vihen the additlon of ﬁﬁe nitrating mix-
ture was complete, the reaction mixture wsas neabed on s
watar bath for two hours. Then 1t was pouved upon ice and
extracted with ether. The ether solution was washed three
times with a saturated salt solution and the ether removed
on a2 steam bath. The residue was dilstlliled unuer redque e
nressure.,
(v) The Teductlon of the nitro-compound:
The niiratsd alkylbenzene was converted into Lne

Tu+ie Wudrosenabt inr olstlaun oxiae as
amine by catalytlic nydrogenation, STy olatlnun oxia 5

- - ‘ing to Lhe D e given in ilman (GU)
thie catalyst, @2ccording 1O LHE nrocecure glvern Ln Gl (G0 .
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The apparatus was calibrated with a known compound at room
temperature. The compound to be reduced was placed in the
shaking bottle with 100 ml. of alcohol and 0,1 grem of
catalyst for each 15 grams of the nitro-compouna. The bottle

containing the mixture was exhausted of air, and hydrogen
under 5=10 atmospheres of pressurs was admitted until the
pressure ceased to fall., The mixture was filtered from the
platinum compound, the alcohol distilled from the amine, and
the amine distilled at 1-2 mm. of pressure. The catalyst was
prepared by Balley (66) according to the method glven by
Voorhees and Adams (67): Chloroplatinic acid was fused with
an excess of sodium nitrate at 550 degrees centigrade. The
melt was allowed to cool, dissolved in water, and the hy-
drated platinum dioxlide was removed by suction. It was
washed with a solution of 1 per cent sodium nitrate, dried,
and used in that form.

(c) Conversion of the amine into the phenol:

A hot solutlon of 11 ml. of concentrated sulfuric
aclid dissolved in 50 ml. of water was added to each one-
tenth mole of amine in a beaker. The solution was stirred
and placed in an ice=-salt bath. The mixture was maintained
at zero degrees centlgrade whil¢ a saturated agueous solution
of eight grams of sodium nitrite was added slowly with
stirring. The solution was stirred after the addition until
all the suspended amine sulfate dissolvced. Then two grams of
urea, dissolved in a minimum of water, was added slowly for
easch one-tenth mole of the amine., The solution was allowed

to stend for ten to fifteen minutes and then poured into a
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four liter beaker containing two liters of water and heated
cn the steam bath two hours., The solution was extracted
with ether and placed in a Claisen flask. The ether was
removed and water added to the residue. Then the mixture
was steam dlstilled, the distillate extracted with ether, and
dried over anhydrous sodium sulfate. The ether solution was
flltered, the ether removed, and the phenol distilled at
reduced pressure.,
(d) Preparation of the alpha naphthylurethane:
The phenol was treated with half its volume of
alpha naphthylisocyanate, and catalyzed by the addition of a
few drops of an anhydrous ether solution of trimethyl amine(l).
The mixture was shaken, stopped with a cork having a cal-
cium chloride drying tube and warmed five to fifteen mlinutes
on a steam bath. The derivative crystallized on ccoling and
was recrystallized from ligroin.
3. 2,4-Dinitrophenylhydrazones
‘These compounds were prepared accordlng to the procedure
given by Shriner and Fuson (68) in the followlng manner:
The unsaturated hydrocarbons were oxldlzed to a ketone(z)
and two ml. of the ketone mixed with 1.5 grams of 2,4-dinltro-
phenylhydrazine and 100 ml. of alcohol. This mixture was

brought to boiling on a steam bath and 2 ml. of concen-

trated hydrochloric acid added. The mixture was heated

(1) Kept anhydrous over anhydrous godium sulfate.

(2) See Part G on proof of structure.
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until all material was in solution (usually two, to five
minutes), and allowed to cool., “he precipitate was filtered
and washed with cold alcohol. The derivative was recrystal-
l1zed from hot alcohol, ethyl acetate, or chloroform.

4. Oximes

These compounds were prepared according to the pro-
cedure of Shriner and Fuson (69) in the following manner:
The unsaturated hydrocarbons were oxidized to ketones(l),
and 0.2 gram of the ketone mixed with 2 ml. of 10 per cent
sodium hydroxlde. Sometimes alcohol was added to gilve a
clear solution, Then 0.5 gram of hydroxylamine hydrochlor-
ide in 3 ml. of water was added to the ketone mixture,
warmed 10 minutes on a steam bath, and cooled in 1ce.
Crystalllzation was induced by scratching the walls of the
container or adding a small amount of water. 'he oxime was
recrystallized from water or dilute alcohol. It was neces-
sary to sdd a minimum of sclvent because of the solubility

of the oXimes,

Part ¢ Proof of Structure
l. 2,3-Dimethrlbutene~1 and 2-chloro-2,3~dimethyl-
butane(z)

(a) In order to prove the structure of 2,3-dimethyl-

butene-1 the structure of 2-chloro-2-3-dimethylbutane was

et At o O St e

(1) See Part G on proof of structure.

(2) Similar compounds were formed in each comdensation and
their structure proved as with these compounds. All
constants were listed under each fraction.
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: ¥y 1Fs preparation from 2,3-dimethylbutancl-=2

according to Shriner and Fuson (45) as follows: TFor eacn 1
ml. of alcohol, 10 ml. of a reagent consisting of hydro-
chlorlic acid, and zinc chloride, was added drop-wise with
stirring. The reagent was prepared by dissolving 136 grams
(1 mole) of anhydrous zine chloride in 105 grams (1 mole) of
concentrated hydrochloric acld. The mixture was cooled
during the addition., Concentrated hydrochloric zacid may be
nsed with the tertiary alcohiols without this reapent but

with reduced vields of thne chlorice. The lavers formed

L]
«t
5

{

cr this addition were senarated snd the ehlorlie laver

o
dried with anhvdrous sodium sulfate. The chlorlde wias

filtered and aistilled at rcduced pressure. The constants
were comparcd with those found in the literature =nud with
trose obitained from the cowmpount comwing from Lhe condenso-

Liorn. I the literature did not give =1l Thoe constrals
(dcairved, then the comroand wee converted inte the unssturated
compound (b) and the constants of the latter compared with
the literature. Chlorine analysis was made also on the com-
pound coming from the condensatlion when sufficient constants
were not giliven.

(b) The structure of the compound 2,3-dimethylbutene-1
waa proved by refluxing 2-chloro-2,3-dimethylbutane with its
volume of 50 per cent alcoholic potassium hydroxlde for a
periecd of two hours. Then the compound was lsolated and
rurified as described on page 31. The procedure was re-

neanted untll a complete conversion was obtainad. fisually
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oné treatment for the least branched compounads and two Lrest-
menls for the more highly branched compounds sufficed, If
the conversion was complete and the constants of the chloro~
compound agreed with the literature as well as with the
chloro—compoﬁnd from the condensation, then the structure
of the unsaturated compound was considered to be proven. If
any substance remained after the alkali treatment, the un-
saturated compound was treated with dry hydrogen chloride and
the resulting compound compared with the prepared‘chloro—
compound &s to constants,
2. 2=Methyl-3-phenylpentene on page 47

This compound was synthesized by Bailey (66) using
Klages!' procedure (70). Potassium dichromate and acetic
acld were tried first as an oxidizing mixture in oxidizing
this compound to the ketone., Thirteen grams of the com-
pound were refluxed two hours with 36 grams of potassium
dichromate and 30 grams of acetic acid. The reaction mix-
ture was poured upon ice and water and extracted with ether.
The ether solution was washed with water énd driéd with snhy-
drous sodium sulfate. The ether was removed from the fil-
tepred solution and the residue distilled under reduced
pressure. Most of the orlglnal 2-methyl-3~phenylpentene-2
was recovered and the residue gave no satisfactory deriva=
tive. The oxidation was repeated using the method of
Rarrett (3) which was a modification from Shriner end Fuson
(71). Ten grams of the known 2-methvl=-3-phenylpentene-«

g 2% g ngsl & ate and 535
were refluxed with 22 grams of potasslium permangnate and 25
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grams of concentrated sulfuric acid diluted in water., The
roaction was cooled in s2n ice bath unbil the rcaction sub-
slded and then was gently refluxed on s water bath one hour.
The refluxed mixture was treated as above in the case of
the dichromate oxidation and the distillation products were
used to prepare the 2,4-dinitrophenylhydrazone derivative,
Propiophenone was one of the expected degradation products.
It was synthesized from proplonyl chloride and benzene using
the PFriedel and Crafts-reaction (72). Then seven grams of
the suspected Z2-methyl-3-phenylpentene-C fron thoe condeaisa-
tion was treated with 16 grams of potassium permangnate and
24 grams of concentrated sulfuric acid diluted with water
and the product purified as in the case with the known com-
pounds above. The hydrazone was prepared as before. These
products gave the followlng data:

M.Pte of the derivative from known proplophenone: 195-197°C,
M. Pt. of derivative from oxidation products of
synthesized 2-methyl-3-phenylpentene-=2 ¢ 196-197°¢,
M.Pt. of derivative ffom oxidétion pfoducts of
the suspected 2-methyl-3-phenylpentene-2 196-198°C.
M.Pt. of mixed derivatives from synthesized
proplophenone and the derivaitive from the

oxidation of the suspected Z2-methyl-

.

2 : 195-1989C.,

S-phenylpoenicinae=o
M.Pt. of mixture of 2,4=-dinitrophenylhydrszine
and the hydrazone of the known propic-

phenone 172-180°C.
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ol,

FePTe 0f the oxime of

/

the known proplophenone Y

~540(0

I

*

The derivatives from the¢ oxidation vroduct coming from the
condensatlon were purified with difflculty by using mixed
solvents of alcohol, benzene, and ether. An unidentified
derivative was isolated which melted from 202-204°C. The
above data combined with the constants on page 47 gave
good assurance that the compound was 2-methyl-3phenyl-

pentene-2,

2

Se B~Methyl=3-phenylpentane on page 47
This fractlion was converted into the phenol as de-

A 2
scribed in Part ¥, 2 m

3y K

he yield of the phenol was too
small to purify by fractionation., an atﬁempt to prepare the
benzoyl ester resulted in an olly mass that would not crystal-
lize, A few impure crystals were isolated that melted from
110-115°¢c, Although no absolute proof for this fraction was
given; from the constants determined for the fraction and
from the fact that a phenolic compound was obtained, the
writer was certain that the compound was 3-methyl-~Zvhenyl-

nentane.

4, 2-Phenyl-3-methylpentene-2 on page 50
This fraction was oxidized by treating 2.7 grams of the

substance with 6.2 grams of potassium vermnangnale and 965
4

grams of concentrated sulfuric acid diluted with water in the
same manner as with o-methyl-3-phenylpentenc-z, Ace Lovhenone

the susnechod decradntion nroducta.,  “he 0,4

was one of

e o

dinitronhenvlhydrazone of Known acetoprenone e

=
Y
s

The following datn wele obtained:



M.Pt. of derivative from known acetophenone : 249-250°C,
ll.Pt., of derivative from oxldation products

of

suspected Z-phenyl-3-methyl-
pentene-2 :  248-251°C,
M.Pt. of mixed derivatives ;o ZDL-D53VC.

M skbove data combilned with the facts frol: “he constants

proved that the fraction was Z2-phenyl-3-methylpentene-2.

5. 2-Methyl-2-phenylpentane on page 51
This fraction also was converted into the phencl as de-
scribed in Part F, 2, The yleld was very small and a pure

= cpey v vy LY e R
ion was not obhlanined. An attempt te form the slphs

iract
naphthylurethane porduced an oil that would not crystallize.
No rigorous proof of structure was offered. However, a
phenolic compound was formed from this fraction. Demethyla-
tion occurred in the condensation from which this fraction
wa. 1solated and the physical constants corresponded to the
suspected compound in spite of the fact that the fraction was
known to be a mixture. It was certain, therefore, that the

majority of this fraction contalned 2-me thyl-2-phenylpentane.
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DISCUSSION

The amount of fvagmenéation, resulting from the action
of aluminum chloride used in this Investigation, was in
accord with other workers (3) who found that condensation at
higher temperatures produced more fragmentation than at low-
er temperatures, and that the yield of tnese fragﬁents was
greater at the higher temperatures. The comparison of the
selected carbinols showed further that more of these frag-
ments formed and in the greater yield as the branching on
the hydroxyl carbon was increased., The yleld of the ex-

ec

pected alkylbenzene was dec

3

{

4

aagsed as the number and vield of
fragments increased. Therefore the condensations at the
higher temperatures gave the best oyportunity to study a
mechanism for the condensation of tertiary carbinols in the
presence of anhydrous aluminum chloride,

Other workers have observad that catalysts of the type
of alumimm chloride have caused products to rearrange (73)
and to break the molecules (31). Whether the moleccule wos
cleaved, recarranred, or demcthylated by varlious catalysts
seemad to be dependent larsely upon b Varying comdltions
of temncrature, nressurse, anc electronic confiruration «s
well as the catalyst Ltself.

Tn tirls investipation one would e¥recth the cone tyne
of cotalytic nmeitlon of »lumimi chloride on o,%,n=trireton -
butanol-i, 2,2,5—trimkthy1:@ntangl—j, S i,y r=triret vl
nentanol=2, For the most marl Lhis wes tyue,  Howoooo, G

- ¢ o * -1 Y ey ey ey | - e YN *',E‘ &)
the cagse 0t 02 gy Oy Lrlme L}LL/ 1lou tanol-2 y BT 11 awounts f
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ethylené'and propylene were obtained and demethylation was
detected, While in the case of 2,2,3=-trimethylpentanol->3
and 2,3,3-trimethylpentanol=-2, relatively large amounts of
methyl chloride were obtained and no unsaturated compounds
comparable to ethylene or propylene were isolated.

Common to all the condensations, however, was the
rearranged product Z2-methyl-2-phenylpropane. The yield of
this product became larger as the branching of the alcohol
was increased. The form:stion of the alkyl chloride was
also common to all the condensations. The chloride proved
to be more stable in the case of the highly branched
carbinols where 1t was formed in large amounts. Here, the
speed of reaction seemed greater between the cation of the
carbinol and the chloride ion than between the carbinol
cation and the activated benzene micleus. The stability
of the alkyl chlorlde was shown in the case of the more
branched carbinols where the corresponding alkene was not
isolated from the reaction products, but was isolated in the
less branched carbinol coﬁdensations.

In the case of the more highly branched carbinols,
demethylation was definlte, with methyl chlorlde isolated in
two cases, and with ethylene and propylene 1solated in one
other case. The low bolling hydrocarbons that came over as
gases below -80°C, indicated in all cases a loss of alkyl
groups. The amounts were smaller in the less branched
carbinols as would be expected. It seemed important to

note that the greater the yield of methyl chloride, the

04.



smaller the yleld of ethylene and related products, and the
greater the yield of ethylene and related products, the

smaller the yleld of methyl chloride, Where the amounts of

products resulting from the loss of alkyl groups were large,
the higher fractions of the condensation products gave two
types of compounds that verified this loss of alkyl groups.
One type was the styrene derivative which was found in three
cases, The type wes the lower bolling saturated alkyl-
benzene found in the same three cases.

In light of the theory upon which this investigation
was based, a low bolling alkyl chloride was expected. For
2,3,3=-trimethylpentanol-2, secondary butyl chloride was ex-
pected as one of the products after the rearrangement in
which the tertlary butyl cation was formed. Although some
of the condensations were run at low temperatures in order
to investigate this fraction, it was not found., Thils ex-
pccted fraction was found in one case (2,3,5-trimethyl-
butenol-2) in the form of isopropyl chloride in small
amounts. The following equations illustfate the proposed
mechanism for all the condensations, using 2,3,3=-trimethyl-
pentanol~2 as the illustrative example:

The carbonium ion was belleved to have been formed ac-

cording to Price (21) in the follwing manrier:
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L GHg GHg CHy CHz B €1
CHz=CHp=C =C "-OH 4 AlCly; —p CHz=CHo=C -G -O=i1: Cl
CH. CHs CH CHa cl
H H
_ HCHHCH
(HOA1C1z) + CH,=CHo=C 3 Gt
” HCHHCIH
H H
™is cation then raacted wlth J' Cl-
a chloride ion from the EC1 H H

HCH HCH

formed in the reaction or from CHx-CHo-C =C: C1!

~

the

©

luminum complex to give

the alkyl chloride.

HCH HCH
H H

T ~HC1

+ HC1
The alkyl chloride then H
HCH H
lost HC1l to the AlClz complex CHz=CHp-C @ C'-CH
HCH HCH
to form the Alkene, or H H
T - HOH
the alcohol lost HOH because H H
HCH HCH -
of the dehydrating action of CH =CH-~C +Ct OH:
HCH HCH -
AlClg H H
The benzene was activated by
the AlCl3,
H H
- L3 C . R C -—
HC** " CH H G C:
. ' + AlCly —> . v
HC C H HC CH
.. C * C
H H
. . -+
and the carbonium ion from
H H
step two reacted. HCH HCH
+0 -C -CHxCHz
HCH HCH

H

(4)

(5)
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H H H
,C, HQH HCH
HC C -C -C =CHgCHz (7)
— 0 j HCH HCH
H H
HC\ C4Cn
H

Parallel wlith these reactions was the rearrangement of the

carbonium ion.

H H H H
HCH HCH HCH HCH
CH.-CH -G -C+ —> CH,=CH, =——C jL-é-CH~ —_
: 2 T "G 5= C 0~ CHz
’ (HCH) HCH © o e v [ utn
\ H; H H
GHs W H
CH =G+ -+ CHz=CHo:C { CH
CHs - * H (3)
The rearranged fragments reacted with the activated benzene
nucleus and the liberated chloride ion of the reaction or
one product formed an alkene,
H CHz H
oY C [y e ,C QHz) ( )
HC *° "¢ +C i CHy —s HGC = C-¢ =CHg 9
. ” + .- 5 T i CHg
HC , CH CH3 HC CH
- v - X ~ 7
-G - C
H H
CH.=C:CGuGrH 4+ HCL —>  CH=z-CHo-(-CH (10)
S f1 °

Qi

or H H H
CHzC : C:iC ' H (11)

When demethylation took place, the reaction may have followed

jas

two paths, one in which the clectrons formed a double bond,
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CHz CHgz

fre s G i CHp CHz —> @ —( ——CH,~CH,

CHB Ho

or one in which a proton from the reaction

HOL + CHy —> CHg0l + H®

reacted with the demethylated compound

CH, CH CH CH,
Lo I CHp CHo
@~c ! C ! CHgCH, —> @wz ! C {CH,-CHz +
o - - ' CHC1
CH- CH CH or
S ° 5 CH3-CH5
l 2t
CHa

v H
O -C: C =-CHp-CHg (14)
' H

CHyg



SUNMARY

1, The method of condensation of carbinols wlth benzene in
the presence of alumlnum chloride has been modified in such

a manner that the nature of all resction products could be

investigated.

Ze Five tertiary carbinols with increased branching on the
hydroxyl carbon have been condensed with benzene in the

presence of anhydrous aluminum chloride and the reaction

products studied.

Se Demethylation was found to be pronounced in the more

highly branched alcohols, and was evident in other cases.

4. Fragmentary products were isolated and identified

which verifiecd the demethylation process.

Se A procedure has been suggested for the removal of alkyl

chlorides whnich have prevented the separation of frectlons,

6. A mechanism for the condensation of tertiary carbinols
with benzene in the presence of anhydrous aluminum chloride

at elevated temperatures has been proposed.

[6}]

(<0
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