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dIST0RICAL

Sutfaric 2cid, rhosrytiorous rentowide, zive
eMl sride, hridracghloric scid, snlfaric rad asertic
nhte 2lco™n?, stanmic c™lorlle, =nd
acetic acil are the rearentc coonly used to

L

urine siont the condensation ol grounstic alcobols

]

it arcnntic commionnids to fora derivetives of
di- or ftrirhenyliethane.

in*ydrovs aiunziaun chloride nas teen used in
arocanic chemistry as a dehvirating arent by werz
~nd wieth (1); Wass (2); “rankforter and
Kritchensky (7); ~IFrenxforter andi Kolcrtinur (4);
and others,

The tyre of condensation descrited in this
raper is a modification of “he well Xnown IFriedel-
Crafts reaction. 23y this reaction the introduction
of an alkyl or acyl group by means of the corres-
pondine halide and aluminum cnloride is accomrlisheds:

A1C1,

Colig + CoFplr ——— 3 Cgl C,H. T Hir

In this reaction the hrdrozen halide is split off,

Althousgh anhydrous alwainuia chloride had been

used as a dehydratine acent to quite snme extent in

arcanic chenistry the wort of Huston 2nd co-#orkers
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s

wag the “irst canecevninT the dehyvAdrntins z2ction

aromatic 2lconols and nrowsafic courounds in Lue

presence of that arert,  In 1616 Hduston =awd Mrier

(7) reported o %05 vield of dirhenliethzre [roa

on

rexctinon of Yenzvl =zlcohal znd benzene in the pre-

- ¢ p
senes 0

that secondar;r arnnmatic ale~bals such =s rhenyl-

b

aluaurun chloavide, ThHer verorvitel lazter (0)

methyl =znd phenylethyl cerkinnls react with henzene

in the prrsence of aluainua chloride to cive the

corresponding hydrocartons in good yiald.

\

Huston (7) rryportel *hat benzyl alcolnl reacts

vith phenol in the rresnuce of aluminum chloride %o

cive a gond yield of p-benzyvlphenol according to
the ecquations

AlClgz

CgHo CHoCH + C H OH ———  C;HpCHoC H 0l +H,0

Later Huston and co-workers (8) rerorted that aromati

secondary alcohols such as henrzhydrol, phenyluethyl,

rhenylethyl and phenyl n-propyl carbinols react with

phenol inthe presence of aluminum chloride to give

the corresponding pera substituted rhenols.

In 1974 Huston and Goodemoot (9) reported the

condensations of some cyclo alkyl carbinols with

benzene in the presence of aluminum chloride.

In 1926 Huston and Sager (10) reported that



saturated aliphatic alcohols do not condense with
benzene, They found that unsaturated alcohols,
such as allyl alcohol, willcondense with benzene,
However, in 1936 Huston and Hsieh (11) reported
tmat aliphatic primary & cohols do not condense
with phenol or benzene inthe presence of aluminum
chloride, Alphatic secondary and tertiary alcohols
condense with benzene to give the correspondi ng
alkylbenzenes, Aliphatic tertiary alcohols condense
with phenol to give good yields of p-tertiary-alkyl
phenols.

In 1933 Klarmcinn, Shternow and Gates (13)
reported the preparation of para tertiary amyl
o-chlorophenol by the ether 'rearrancement. The

boiling point was reported as 1105-110°at 2mm.



EXPERIMTWTAL

Tertiary amrl and fertiary tutyl elcorls and
p-chlororhnencl were obtained frowm the Isstmni iinda:
Cce The o-chlororhierol was rrepared according to
the wethod of Huston and lieelev (12), The anhvdrous
ylusinum chloride was of cond orade,

(1) CONDELGATICN OF TWETIANY Awmll, ALCOWOL WITH
0-CHLORIPI™ 1. OL

Twenty-six grams (.2 mole) of o-chlorophenol and
eiohteen zvraws (.2 wole) of tert-aayl alcohol were
snusrended in 100cc. of metrnleus ether in a 500cc.
three necc flask fitted with a mercurv-sealed stirrer,
a reflux condenser and a thermometer, Twenty-six
crams (.2 mole) of anhvdrous aluminum chloride were
added slowly to the mixfure so that the temperature
did n»t rise above 30°C. Stirring was continued three
to four hours after all the aluminum chloride had
heen added. After standing over night the mixture,
dar< red in color, was treated with 100g. of ice and
100cc. conc. EC1l to effect hyvdrolysis. The ether-water
mixture was separated and the water layer was uashéd
three times with ethyl ether, The ether extracts were
combined and dried over anhydrous sodium sulfate.

The ether was removed by distillation and the residue



was fractionated., All fractionations were carried
out at 5mm, pressure. The first fraction £0-80° was
discarded since it contained ether and unreacted
reacents, The second fraction was colle cted from
80-1009, The residue was a dark cummy mass. The
fraction was purified ty reperated fractionation
until the boiling point was constant at 91-92°(C.

The sec nd fraction was then sutjected to distil-
lation at atmnspheric pressure in a distilling flask.
The final product boiled at 255-2556,5° at 73€6mm,

The equation of the reaction is as follows:

A1C1 .
FO®+ {08 CH ,CH ——3 uo@g c + 150
A

CPs

The mole equivalents of the alcohol, chloro-
phenol and aluminum chloride were varied, however,
the best yields were obtained when equal mole
equivalents of the three substances were used.
PROCF OF STRUCTURE OF P-TERT.AwYL O-CHLOROPHENOL

Five tenths mole of p-tert. amyl phenol, prepared
by the methnd of Huston and Hsieh (11), was suspended
in chloroform in a 500cc three necx flask and
chlorinated at room temperature until the theoretical
amount of chlorine had beern taken up. The contents
0f the flas% were stirred mechanically during the

chlorination, The chloroform was evarorated



0ff andl the resnulting oil was rarified br 4ictil-
latinn =45 mhans heric pressure,  Tne rurified oil
hailed at 274-°55°% at 72 4ma.

A3 nrtier rroof of structure btoth yroducts,
nttained Ly econdensztion and chlorinntion, were
treated with divhenyl curbtanine chlcoride to forn
the diphenvl nrethane devivotives, oth of the
resnltine urerthanes =1 2 mel”ing ~ciny of 11°.-117

1))

inth weremnnlvzed {or c¢lllavine content, “he

¢t enleted rmeresapntzice ig O, 01, Me rebual annant

o8 Aetorpined hvy the Tarr Tnrh methnd wrc Q070

in the case nf the product and 9.09% for the proof,

[}



(2) CONIERSATION OF TRHRTIARY sUTYL »LCONOL WITH
0-CHLOROTEENCL
The coniensation was carried out using the
same procedure 2s that outlined for #l. The method
of purification was also the same. The resulting
0il boiled at 271-242,5° at 74%mm pressure,

The equation of the reaction is as follows:

cH A1Clz CHz
}{OQ+H09—5CH3———> 10__D-C—CH, + H,0
C1 tu, cl CH, =

TROOF OF STRUCTIURE OF P-TERT.LUTYL O0-CILOROPIFLCL
18 grams of p-tert.amyl phenol were chlnorinated
in the same manner as #l. The resnltine o0il bailed

240-241.5% under 742mm pressnre,

ct

a
The dinhenyl urethane derivatives were prerered
from bhoth the products of condensation and chlorination.

Fach of the vesulting derivatives melted at 142-143°,

The calculated chlorine percentace is 2,35, The
percentace found was 9,241 for the derivative o0f the
rroduct ottained Yy condensation, and 9,42 for the
profrct obtained by chlorination,

The hnlnéon percentace of the products of con-

densation was deifrizined by the Carius methnd,

- ]
™e p-tertiary-alkyl prodiucis are hvoroscopic

anl tskXe uvn water verv reridly,
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(3) CONDENSATION OF TEITIARY AWYL AND BUIYL
ALCOHOLS WITH P-CHLOROPHENOL

These condensations were carried out using the
same procedure as civen under #1l. After the final
fractions were purified by fractionation and distil-
lation they solidified and were recrystallized from
petroleum ether, The crystals obtained from all of g
these condensations melted at 37°, The melting
point of p-chlorophenol given in the literature is
37°, The Parr Bomb determination of the halogen
content of the crystals showed that they were

p-chlorophenol,



Tahle 1,

CONT"NSATIONS OF TRRTIARY ALCOHOLS WITH C-CHLOROPHENOL

Reactants in iioles

Alcohol Phenol AlCl, Froduct B.P.°C__ Yield
Tert-amyl .6 .6 .6 p-tert-amvl 255-256,5° 379
alcohol o-chlorophennl 736mnm
Tert-butvl o
alcohol .6 .6 .6 p-tert-butyl 241-242,5 24%

o-chlororhenol 743mm

CONDWNSATIONS OF TERTIARY ALCO:OLS WITH P-CHLOROPIELCL

Tertiary alcohols do not condense with p-chlorophenol,

CONSTANTS

Chlorine%
Compound B.P. °C Calc. Found

P-tertiary-amyl ?55-256.50/736mm 17.85 17.4%
o-chloroohenol

P-tertiary-butyl  241-242,5°/74%mm  19.2% 18,51
o-chlorophenol



Table 2,

DERIVATIVES OF P-INRTIAPY-ALKYL C-CHLOROTHFENCLS

Diphenyl Urethanes
Chlorinej

Compound M.P.OC Celc. Found
P-tertiary-amyl 116-117° 9.01 9.07

o-chloropnhenol

P-tertiary-butyl 1/2-143° 9.75 9,314

o-chlororhenol

Nitro Terivatives

P-tertiary-amyl 10S+109° 14.58 15.20
o-chlorophenol
P-tertiary-butyl  114-115° 15.45  15.70

o-chlororhenol
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1. Tertiary amrl and butyl alcnhols condense
with o-chlornrhenol in the nresence of aAaluminun
cnloride to cive good yields of p-tertiarv-sl1'rvl

o-chlororhennls,

2 Tertiary al%ryl alcoknls do not condense

with p-chlorarneiinls in the yrescnce of zluainnm

Fal
-

9]

T Divhenyl urethans -nd nitro derivatives o

the p-tertiarvy-zl%rl o-chlornr»ennls were prevared,
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