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Introduction

The purpose of this experiment is fto study the reaction
between secondary butyl sleohol and phenol in the vapor phase,
The effect of temperature upon the formation of different
butyl phencls and butyl phenyl ethers was observed,

Historieal

The principle products of the reaction between an alkyl
aleohol and phenol over an activated alumina catalyst comsist
of mono-substituted alkyl phenols, alkyl phenyl ethers, and
higher boiling fractions, comsisting of polysubstituted elkyl
phenols end ethers.

The mechanism of this reaction has not been conclusively
proven, however it is supposed that all of the reaction products
result from the rearrangement of an alkyl phenyl ether. This

is in accordence with the activeted complex theory of Hyring "
and may come about in this way:
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where the reacting molecules arrenge themselves for reaction
by meams of a catalyst thru hydrogen bonding. From this
phenyl ether the reaction ean supposedly go in two ways:

First by an rearrangement where the alkyl group
shifts to the rinmg and secondly., by an intermolecular rearrangé-
ment where the alkyl group of the ether reacts with another
phenyl nueleus to give substituted alkyl phenols, The latter
proposal hes gained wider accepitance. It may be explained
by the following Mﬁzms:
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Perryl™® reports thet inereasing the temperature of the
resction results in en increase in alkyl phenocls and & dacrease
in phenolie ethers, This would be in support of the inter-
molecular rearrangement theory. Quite a bit is known about the
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resrrengsment of slkyl phenyl ethers, Claisen’™ found that
sllyl phenyl ethers rearremge intremoleculerly to ellyl phemols,
But smithi®e also motived that ime, secondary, end tertiery
phenol when aluminum chloride is used aff a resrrenging agent. :
Tais indicates thet the renction is intermoleoular inspead of

A third possibility was proposed
resrrengement, but are produced by result of & reaction between
two molecules of en ether, They prepersd various dutyl phenyl
ethers in optically active forme and studied thelr rearrangements
under various conditions. In esch case the elkyl phemols formed
ment proposed WW and Wallis iss
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catalytie vapor phese alkylstion of phenol; and moreover the
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rate is controlied by meens of & glyeol pressure regulator
foed solutio mazsxmmmm,mw thru @ oap-
munmmwtummmm&mm
stainless stesl tube, 3.5 feet long (figure two) , waporize
211 hented end carefully controlled by mesns of two variacs
and & rheostat, The temperaturs messured by meends of ¢ chromel
remction chember in & tube concentric with it, The TP,
Geveloped by this system is measured by a Leeds-Northrup
entiometer set up, The temperature may be controlled ;
mwmumwmm mﬂm&%&v&mm
grems of astivated alumine catalyst gre used for & six hour
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run , this fills the catalyst bed to a depth of Tour inches
mmtsMxmuumm‘WWa,am.
518 milliliters of fesd wore used for the yun at an average
temperature of 2687 sentigrede, The temperature is messured
ot one inch intervals alomg the Tesetion tube and then eve

Wmmmmmmaxﬁum. he gases formed
mmmummmamnmwm

WWBW“MﬂWMm. w‘MMM
layer is then washed four separete times with 50cs. of ethyl
ethor $o remove any remnining phenolie ethers, These extractions
are then combined with the origimal phemolic ether layer,

The phenolic ethers are now trested with SDce. of 204 sodium

The phenclic ethers are now dried with anhydrous sodium
sulfete, The elkeline leyer is now scidifisd with concen~
trated hydroehloric acid (85Uce.). After cooling the phenolie
and agueous layers are sepsratod, The aguewus laysr &s

The ethyl ether snd bengene are roughly distilled from
the ether and phenolic layers respestively, snd the two are
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FIGURE 1T
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_After the phenols are seperated from the phenolie
ethers they erve fractionslly distilled., 4 columm of hirty
theoretical pletes is used (figure four), It is approx-
1s packsd with 3/32 of an ineh stainless steel helices.
for fractiopation & refiux retio of 15:1 ie used; this
means that for every fifteon dvops condensing
of the column, ome iz mithdrawn, mmMmmm

v tﬂ W !‘!:111'-

pot to Lneuve mxm raotlonati
rephs snd the date of this run are found In the wz.

Mistillation of Phemolic Rthoxs

The ethers comtain water and must be azeotropioally
sodium sulfete wes not effective, I this is not dome the
phenolie ethers form & constent bolling mizture with thelr
wator and froaoticpnation could not be atlempied.

Since the emount of ethers formed are small o smell



three bubble cayder colwmn is used, %This corresponds to
thres theovetical plates end hes no hold up, {figure 5)

“he colusn is wrepped in ssbostos paper sinee the ethers
are very high bolling. 4 good sepesyotiom is cbtained,
Grephe ond dnte of this distillation sppesr in the uww.

butylenos, ODince 1% ocomen over miwed with nitropen, 1t
in carbon tetvechloride to rid it of its nitrogen, The nit-
mmmm:aammhwﬂmmaw

Wmmmmﬂm

Identificntion of Produchs

Depivitives were made from the cuts obtained during
the fractionsl 4istilletion, Since po litersture veluse for
dorivitives of sec.-butyl phenols wers found, it wes found
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necessary to prepare Serivitives of pure ortho and pare
secondary butyl phencl, and thenm compare theme with those
sads of the ouls, Iuch Giffieulty wes encountered in
inding 2 solid m&ﬂm«ﬁﬁmmﬁ%m&
howaver, it was found thet the p-nitrophenylurethan 4
producible resulie., These devivitives were

BOCOTOL R “‘
mwrumsmmmmxumwww#m-
idine during the synthesis greatly incressed the yield of
derivitive, mmwwmmmm

mwmiﬁmmwmmm,mmm

points elone, 2,4-d1~800.~butyl phenol, emd ortho and
para sec.~batyl phenyl~ses.-butyl ether were shown to be
present,

e resction between sec.-butyl alechol and phenol in
the waper phase over an ectivated slunina catalyst et
& temperature of 28790, wae studied.
ﬁmmﬁwtmmxmmﬁﬁ; this in
1n agrosmms with PerryiSe; Lamteux® ", ant Putwes’®:

mmem&wmwmmuwmm,mm
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arger percentege of proe
duets formed consisted of sbstituted butyl phenols,
Sinee & large percentage of tutyl phenols formed were
high boiling end probably polyeubstituted; it is veo-
commended thet for grester yields of momosubstituted
butyl phemols a lower tempsrature should be used for the







&mum clumine is used o8 & catalyed; and a 1:1 molsy
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%. welght of produet at finish

4. volume of produet at finlsh

5. volume of ges coliseted at finish
6, welght of eatalyst used

7o volume of cotalyst used

&5 ee.

226 groms
21.8 liters
32,0 grems
56,0 ce.
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the reastion tube, Since thiz is & typicel set there is mo
mwm&mmaxum
mﬁﬁwﬁﬁnmmmmwm%&ﬂwmmumpanmmmuﬂammmnz_
ﬂmm&nnumﬁiu%Mmﬁiﬂ&%ym& The rheostet read 5,5
inehos throughout the run.
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Fractionation of Phenolic Ethers
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I. From pure compounds:




(22}

Mo

V=800,

228=31
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818
86,9

1,845
1,8
1,8,8

thesis,5,7,8,9

558,10,11
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Code for derivitives:

Pl e G D

A1l densities are taken at m"n. with vespeet to water at 4°¢.
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