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Tie purpose of this ressarch is to study the resction bstwesn ethyl
aloobol and phensl over a chesleally setivated alumina cstalyst st several
teaperatures, The reastion of rhensl end sthyl slechol s alse stedled
WWMMVMM:mmuMuwﬂumm
she eatalybie sctivity of the support, |

in attempt 1s also msde to sorrslate the data obtalned by previcus
workers st Unlon Gollege, who have stutled the resction botween phemsl
and methyl alochel and the reastion between phenel and ethyl alechel.



THHSTICAL

tion of various alkylated phenols. In spite of thds interest, no definite

The mast favored mechaniss todsy involves the formation of an alkyl
phenyl ether and the subssquent rearrangesent of the sSher b6 an aliyl
phencl. mv&uhﬁmmwhmmmsmm
othurs are produced 4a inersasing yields as the teapsrature is lowersd,
mMmummwmwxmxmumwz
phensl 4 stdil in dlspute. There are seversl proposed mechaniomss
(1) in intrassdecular resrrangement wherein the aliyl group sigrates to
the benuene ring, never losing ssntast with the moleeule to whieh 1%
was originally attaehedy (2) A elssocintionmrucombbinetion sechanius
wherein the sliyl group splits off the ether, probably es an cisfin, and
attocks the beneene ring. I this case the rearrangement would be interw
soleeular in asture; (3) The ethor scts as an alkylating agent toward
the sesond polesule. In this case thers would be ne pessibility for the
alkyi group to resain sttached %o the original melesuls.

The evidense for these possible neshaniess is eonflfeting but, on
the whole, sesms L6 favor e second of the above mechanisns. For &
further treatomnt of this evidence, see hef, 1. '



EAPES DONTAL
 fhe methed used by this worker is essentislly the same as thet uwed
by previous workers (1ef. 2,3,4)s The yeschion aixture, under o nitrogen
pressure asd & slight saetion offect from the gas collevtion bottle, is
foroed thvough » caplilary from whish it drops inte the proehester whave
16 is vaporised, s the vepers pass down the stainless stesl tube, they
enter the satalyst bed. In ssch three hour rFun, thirtyetwo grams of i-l
catalyst are used, wolen glves & eatalyst bed approwimately feuwr inehes
long. After ressblan oa $he catalysh bas asken plses, the Yapers pess
through the jost-hoater and the produste are salleoted in a tires nevk
The gaseous products (sostly sthylens) pass from the flask st are
eollected over vater in & gradested teanty Liter botble, The method
proviously wsed, L.e., sberption of the sthylens by silver nitrate
M.s),mtmﬂtoh-ﬂﬁumuﬁwnummumm
all of the ges prodesed during the rog. A pressurs egueliser was attached
to the collection bottle to misislse the sustion effect referred to sbeve.
 fhe teuparature 1s uossured by means of & ehromal-aluse) thersoe
oosple and & Lesds-tiorthrop Student Potestiosster. The thermoeouple
f1ts o stainiess stesl tube inside of snd consentric with the main resction
tube. fy moving the Shermocouple up and down in the tube, Uhe Sempere
ture may be deternined ab any desired position. The Lempersturs is
saintained in the praehester, catalyst bed, and posteheater by aeans of
4t the wnd of sach run, approximstely two iiters of nitvogen are
passed tirough the reastion ehusber, thus sweesping sny vapors down late
the colisetion flask. The nitrogen 1s sollested in the same bottie as
the sthylene in sase any geseous produsts are aleo swept Lhrough.



ETHYLANE OkS ANALYSLS

' as mentioned bafore, sll the ethylens produced n & uix hewr run
20 well as the nitrogen used for swaeping the estalyst bed, is eollected
over wator in & gradusted Swenty Liter bottle.

fhe sthylene preswnt is determined by sbsorption with brosine in
mmm the gas (or an aliquot) Se lsd from the large
ellootion bottle inte & Hilligen bottle containing the breineeesrbon -
mmmnwawmmmammumwmu
Mmmw he nuneresctive gases are led out af the
¥ilitgen bostle into a maller graduated sellsction bottle, and thus
the ssount of sthylene is detersined by subtrastion. To ineure complote
mummm,ummwummmmw
forth Shrough She Nililgan bettle several times,

Gare sust be taken to dnsure the absence of sny lesks threughout
the ayeton sisee he method of snslyels Gepends on the eollectisn of all
mmwmmm nis effect will be pointed out laver




ABATYSIS OF PROLOOT
with ether (see Hef. 2,3,4)s The sther extract, wiloh eontains the
phanoiie sthers, 1y dried, the ather distilled olf, and the phemalis
ethars distilled, Bocauss of the small suvunt of athers present, it
flelent, .
The alkaline layer of phencls s seloiffed with sold, the weter
lager extravied with bemzens, and the bensens roughly distilled off,
The phanols are sow freetionsily distilied im a solusn sbout four feet
Lomg, packed with stainless stesl helises, Under Sotal reflux, the
ooluen has approxtmately thirly theoretieal pistes. A plot of temperss=
Sure of dlstilietion versus voluse of distillats is made (ase section
on graphs) and seversl Iractions are ehosen fer identification,
and/or the phenyl urethane derivetives. Teis sxzpurimenter was sore
successful with the phenyl wrethese derivabives than with the phenvy=
acetio seld derivetives. Goth derivatives sre made secording %o diree-

tlons given du Hef, b




GRAPHS

phasnolie conpunents of Runs Vied and Pim3. The voluse of distillate
should not be interpreted ss the actusl valuse ol the product since some
banzens 1s present in both cases. The distillation af the bansens is
a6t shown oa either ourve. The surves start where the dletiliste
solidifiod sa coaling whish cosurved st apprexisately 170%C. The mushire
Pefer to the fraetions taken, I should be noted That the distilistien
was eontinued, 4o both onses, until diphenyl (which was added %o tbe
POt to insure oemdete distillation of the phencls) was distilled over,
The infermstion in the table of results is taken fres these graphs.
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awwmmmmmmmuwtwnwwmmm
o sddition to the tws rune shown in the table, 8 third rus was sade
ueing & satalyst whieh had been sctiveted by heating for eight hours ab
500%C, The resuits of this run are not bebulsted sinee bhe only product

| obtained was thres percent by seight of the foed of phenetele. ithylene

gas was also given off. uue to faulty sbserption by the silver nitrate,
1% wan nob ansiysed. Soarly all of the phensl wea recovered, MW
M.“WMMMM“&M&#“W“W&“MM“W
m‘wmaummnmmmﬂmm
mmmumw,uammmmm

Mmmmmmmwmmmmummm

m,umumumrmmmm. The smount of wela
lsomer incrasses with losreasing Lemperatura. The sctual increase is

. mmn‘wsumhmmmummum
. meta Lacmer by the pare Lsomer,

Mamm;mwmmfmamww

""mmummmmammmm“m

mwmma%wmmmmm

sther, it would be sxpected that less would be furmed ab the higher

Leuporatere. The decresse in amevnt of the higher phencls is discussed
sore fully in the peetion, Samsary of esults, It night be mentioned
hure Shat in Run Pie2, 2, 4-diethyl phencl was identified and the
MWMH-WWMWMWM“.W
stituenta of this jrowp.



", %

=




n

mewmwmmemmm#mma
wales of ethylatod products and sthylens prodused. The estisats is nade
wmmummw‘dlmmwmmmuwﬂ
meimmw»hmumwm

The water 4s sstimeted by making the assuspbion Shat & mole of
sater ia produced for every mole of ethyl slcchol that ressts. The
m-tmnwmxmwrmumumw
uwmm.'

the ansuat of sikons produced lneressss as Lhe lesparature
WMW~wWWWWtMMMn,
m,mmwummumunwmu
ammmmmummlmm. This euspicion is borne
mmmmumwﬁaﬁmwmmm

nmwmmmﬁmmmm'mm
polits of the yhenolie ethers Lodieates thet the mejority of this fractise
consisted of partially aliylated phemolic ethers, net phencials, in
both rens.

mutmnummummmsm»amm

the susnsry of Fesulbs.



fhe resetion botween phencl and wihyl mleshal over s shesiscally
astivated alumins catalyst ob 336°C. and 426°C. hes bown studied. The
 sain produshs are the ortho, aeta, and para etiyl phensls. Over 608
dmmm«wmumumxm'm«wmn@
Fusie mwmmwumhm.,am,
and highor phenolse |

fhe pesotion betwesn shencl and sthyl slgohol has alse bess studied
sver an Alusinn catalyst whish was activated by eight bours heatlag b
500, This ie the support used in preparing the chenlcally sctivated
catalyst used in the other yuns. Alaost oo eatalyile setivity was neted
ﬁhmmmmumnurMntmmth
setivity in the other runs is dus to the saterial on the alusiss.



SUMGARY OF BOSULTS OF WY BORN AND TRAY oF PROVIOUS WHREIRD AT
VRIGN Gl

In the fellowing tablo, the vesulte of provieus workers on his
mmmmtawﬂmﬁwmwmm:ma The data
appears here as 1% appears in the respsetive theals and vo atbeupt has
boan wade Lo ebangs 8 in any way.

sxamindng nusbers one, teo, thres, and four, it le hard te draw
sonclusions since the iosses in susbers teo, three, asd four are e
hdgh. Howsver, it will be sssumed bere that the iooses in bhess runs
are élstribetsd proportiorately smong the products. Alwo, since the
mmnmmxymw(mmmmg
nwsber ene), the effset of tusperature zan be shown.

oo amount of phensd sonverted insreasss 5s the Lapersture ineresses,
but the Lrevesse is not as great as Shat suted In subsequent rens. ‘The
amount of mene sikyl pheccls is corrsspondingly ineressed while the
 amount of bigher phencls is decressed, ca the temparature licrénses.
‘She genevally low yields of higher phesols here in cemparison with sube
m&mthumm&aMMhlmmm
& secund Kikylstion to lake place with theew low esabect tises, is
aight be expeoted, ihe asount of phenelie sthers desresses with ineressing
LRparabures The rotio of orthe alipl pbensl te mots and para aligl
phenol appears o decreuss silghtly as the tempersture is incrensed.

In essalnlog susbors five, seven, and eight (approsisstely squal
contant tises), the sffeat of texperaiure say be clesrly seen again.
The asoust of phenal esnverted ineresses and, cerrespondingly, the
amonnt of sene aliyl phenslis lnerouses, sspeclaily the meta loomsr. he
yiuld of sikene slse looresses with liercasisg tewperature, if we assume
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Mummummu»mummmamm“
mmmmmaﬁmm the swount of higher phenols
Wgtﬁmmmwmmmﬂmwwnm Mseﬂ‘nt

'imnanmummmmammaw.w

wwwamm-mmﬂummun
mwmmmmmmnmmmm
may be explained on the basie of the lewer sontact time, Thus the
mammwwumwhuxmmmm
seount of sone alkyl phenols would slse be less. As noted in ke
previcus runs, less highur phenols weuld be sxposted aloee thers would
Mhﬂmmmmﬂwmhmﬁm The grester apount
ﬂmumnanuhwmmmuxmm
for the resstion to take place. This might be csnsldwred wvidence for
mmmammm;»«Wm.wmmm
direct sliyistion of she ring by the alschel.
m‘mﬂwmuz‘mmummmmw
muummuwwummmmmmumm
soted in the previess runs, with the sxception of number seven. Foasible
Wmmmwnmmemma {1) sonw meia
Locusr may have bees distilled in the ortho Lacser rauge dus Lo the
amurmmxwmdmmmmmun{a)
precertionstely wove losses were inewrred in the mela and pars isasers
then in the ertho lwsser sinoe o lesk in the seel of he distillation
MMMWMWMMQWMmMMh
sstions that ean be dremu (1) Inoreasing the ecntash bime with the
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tenparature scastant, deeresses Lhe smounb of phanolie etiers and ineresses
Wdem.mmnhmm-mxm
This is to be sxpested sinve the lenger the mslesules are in evntact with
the oatalyet, the greater pessibilily there ls Jfer & resetisn of Ui
wmmumw&m:-um-mmumm
(2) an inerease in Vhe contavt time, comblned with us inreresse in tem
parature, ingresses the asount of phenol souverted and desreases Lie
M“MMMMMWWUQMMM
alone, (3) The ratio of oribo aliyl phensl to wets and para aliyl phensel
 appeave to decresse silghtly as the teaparature s ineresssd, showing
'mtmwmmwumumw The
reiztively high Locresse in seta isomer ebserved in nusbers seven and
sight is appurently sumeshat sffset by a relstively mallsr iseresre

in the pars lsomer sud snly & soderste increars in the ortbo lsomer.

{(4) The yislda of higher phencls swens &6 be rather sensitive te the

| contaet bime and the Sanperaturs, Ab the two lowsr Lempersturss studied,
a6 ingresse in contest time seesed Lo Lioresss the yleld of higher phenols
probably becsuse there is more Liae for Lhe second miiyletisn to tske
 phate. m,um&ww-:&,&mwmdfulm
to be were laportant and the yield is decressed. (5) In general, aleshols
" whioh sre eapsbie of forsing aliense over the estolyst used, will yield
xors slkene a8 the higher tesperature. (6) It ia fspertant te note that
apperestiy not sll She alesiwl Ls rescted, ss wns previcssly sssuneds The
smount of alechol rescbed appears 1o ieoresse wilh ineressing tesperature
and inervasing contsct Lime, as sight be supeeted,
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GHABLARY OF UkpIVATIVGS

idenbifying the products by sesns of derivatives, The procedurs for
preparing the derivebives cen be found in Sef, & while the Literasturs
valuss of the meiting pointe ous be found in Fefe 6,7,8,9. As nobed
in the esslyticsl seetion of thds thesis, tile worker wse more swcoessful
‘ ummmmmeMuﬁmmumm

| phensxysestie seld derivative,

In the sweend table the pields of the derivatives bafore recrystale
iiswbion, the Literature snd sbverves melting peinss, and tie fraction
taken for fdentiffestion are glven for this yusr's work. The selting
mwmw&&cwm“ummwmmm
itsation. The phenyl urethane derivadives wers oot reorystullised,



L
ﬂn&ﬁﬁ?ﬁn orT-oTt ToATe-Tpeyez
44 oY gg
Thrred
& 6 ]
™l ™t e
| ot susysean Tiuegy of
b | 1
T E R EREE o
. $ § £ » -



DERIVATIVES HANE THIS YO

Phanoxyasetic ieid
iun #fraction
P i9 (orthe)
Pl 28 (meta)
Fim3 6 (ortho)

Phongl Urethene
fun Frastion
PR 22 (orthe)
Piimd a8 (aeta)
Pimd 29 {pora)
Pimd B (2,4~)
Pin3 6 {orthe)
Fim3 12 (meta)

Fim3

15 (pare)

T6-T7

Li%e Bepe

EEETEGE

Obsse BePo
139-132

£ Yield
a

T 8B 83 § 4968
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