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HISTOKICAL INTRODUCTION

The objective of this investigrtion was to determine
the spplicabllity =nd scope of un szeotropic method for the
alkylation of sromatic compounds by alcohols und ethsrs,

The genersl reactions involved sre shown in the following

ecustionst
e o
ROH + ArH —B—> ER-ir + H,0
+
HOR + 227H —H > 2ZReair + HoO

& collateral objective was the study of the effect of changes
in structure of Loth the aromestiec compound znd the zlecohol
or ether on reactivity., By the azeotroplc procedure, one
ghould also be able to study the kinetics of the resctions
and thus galn further insight into the mechanism of theze
alkylations, Improvement in the ylelds of Friedel and
Crafts type reasctions ig likewise very desirsble from &
purely synthetlec point of view,

In the szeotropic method studled here the resctions
were carried out in boliling benzene or a2 similar solvent
in the presence of p-toluene zulfonic «cld as & getealyst.
The water formed in the rescition was distilled off with
the solventj the water was colleected in &n automatice liquid
separator while the solvent wes returned to the reaction
mixture, PRy reading the incrsase in volume of wster with
time the resctions could be readily followed.

The current mechsnlise of Friedel and Crafts typs

alkylations using aleohols snd ethers involves the forma-



tion of & cazrbonium ion, The acld catalyst produces the
ezrboniuxw lon which then sttacks the point of nighest
electron density on the arometic ring (1), (&), (38).

Luder and Zuffanti {(2) point out thuat the older theory

of olefiln formation &g an essentiasl part of the mechanlism
for slcohol alkylation iz not satisfactory beczuse of its
inebility to explain zlzylstiong by benzyl sleohol which
of coursge cin not form sn olefin. The preferred mechanism

for an alcohnl 1z z¢ followss

H
‘_l) R :g}:: H + ol ﬁ R :::: g*
H
(2] Rrew:E = —2 3* 4+ H,O
X X

5] =& + . + H

R
While that for an ether isg
s e " -+ “ }'i -
¢l R0t B + H —= R :0; K
H
o + 4 ,
[5Y R 20! R ——=R& + ROH
Y W

In this case the R’ may resct as shown in eguation [3]
while R 0 H mey proceed as in equatisns[i], &ﬂ, and {3] ,
or the B O H may react with ®* formed from eznother molecule
of the alcohol a&s in equastion [l] and {ﬁ] t0 regsnerste

s molecule of ether,

(6] &* + BOH =™ FOR + H'



The most common acid cwteslysts eretr aluminum chloride,
alunminue browmide, stannle chloride, titaniurw chloride, zine
chloride, boron trifluorids, phosphorous pentoxide, hydroe
gen fluoride, phosphoric acid, and p-toluenesulfonic aecid,
Eseh of Bhe szltz znd gnhydrides hes, like the protons from
the asclds, & strong tendency to sceept & shere in sn un-
shared palr of eslectrons sueh zs those found on the oxygen
atoms of sleohols and ethers. ¥%ith boron triflucride for

example the eguations zrey

H F
(7] ®R:6: 85 + BF, T= R:0: B!
F
H ¥
f8) ®:0:E:F ——= r* + [ﬁ 20 BF;]'
F -

Friedel and Crafte type w«lkylations, of sromatic com=-
pounds by alcohols end ethers hss begw'rsther exhsustively
reviewed by Thomas in his classlie, "inhydrous Aluminum
Chloride in Organie Cnemistry" (4). More recent reviews
are given by Price (1) and by Grogzins (%), Reviews by
Caellowey =znd one by Hightingele should sis0 be eonsulted
(8), (7). 1Im the following discussion the alcohols will
generally be asonsidered in order of daére&siﬁg number of
phenyl groups, il.e, first the triphenylcerblnols then di-
phenylearbincls and monophenylearbinols end finally the
aliphatic alcohbols. The important ethers will be discusced
along with the corresponding zleohols.

Triphenylcsrbinol has been condensed with: phenols in

yields of 80% to 90% in zcetic seid with a trace of sulfurle



acid =8 the catalyst (8). Under these same conditions tri-
phenylesrbinoel was econdensged with seversal cresols: in excel-
lent yields (9). Using similar conditions much poorer
vields =2nd multiple nroduets heve selzo been reported, With
p-cresol the major product was triphenylmethane (10).

Welsh end Drske were able to conden:ze triphenyvliecirbinol
with phenol in 95% yleld by using sluminum chloride as the
custalyst and an excess of the phenol as the solvent (11).
Dimethylphenylcarblnol end diphenylmethylcsrbinol werse

also condensed with phencl in 70% to 80% yields by this
method, The resction proceeded more readily sg the aryl
content of the carbinol increased. Trigh@nyicarbinsl has
also been condensed with aniline in acetic se¢id solution
using hydrogen chloride us th&'caﬁalyst‘(lﬁ};

Benzhydrol has been condensed with phenol using alumi-
num chloride ss cstalyst to give a 40 yield of p~hydroxy-
trirhenylmethane (135). Methyl- znd ethylphenyleerbinols
gave even lower ylelds under these conditionsz., ¥hen benz-
hydrol wss reacted below 10° with benzene using sluminum
chloride as the catclyst s 65% to 70% yield of triphenyl-
methsne along with about 10% to 15% of dipnenylmethane wss
found (14), ﬁﬁﬁer these conditions meﬁhyl— anvi ethylohenyl-
carbinols geve mixtures containing diphenylmethines in amoults
corresponding to ylelds of 7% to 20%. Very excellent yields
heve been reported when benzghydrol was condensed with o-
and p~ cregol in escetlic seid golution using sulfuric acid
as the catslyst. With phenol under these conditlons there

was obtslned a”quantitativa yvield of 2,4,8~tribenzhydry-



phenol (10), Dibenzhydrylether has been used to slkylute
benzene in 60% ylelds using phosphorous pentoxide azs the
catalyst st 09 {15).

Benzene has been slkylated with benzyl sleochol in 70%
yields using hydrogen fluoride as & catulyst (16). With
phiegphorous 9emtmiiﬁe or aluminur chloride the ylelds were
only about half as goos (15)., Huston and co-workers have
done considersble work with aluminum chloride by the ususl
Friedel and Crafts procedure, When they condensed bheniyl
alceohol with benzene st 55“, poor yields of diphenylmethane,
p-dibengyibenrene, o-dibenzylbengene, snthracene, :nd the s
ugual ters znd polymerized productsz were cobtalined (l?).
Phenol, anisole, snd phenetole were alkylated by benzyl
aleconol in 454 to 58% yields to give the corresponding
p=benzyl product under these conditions, Creszols were also
condensed with benzyl ulecohol using petroleum ether &s =&
solvent &nd sluminum chloride as the catalyst (19), (z0),
(£1). The yields of the monoalkylation products renged
from 19% to 85%, sg elso did the yield of dislkylated
product. Benzyl slcohol wes c¢ondensed with £,6-dichloro-
phenol to give & low yield of 3,8~dicnloro-«4-hydroxydinhenyls
methane (££), Haphthslens has been zlkyl:sted with bensgyl
alcohol at £5° using boron trifluoride 8 ecatalyst (£3). ﬁ'
£68% yield of ««~benzylns; hthalene and only a £% yield of the
beta isomer was obteined. There was z2lso obteined a 1Bd
yleld of dibenzylnaphthelene and a E0S% yleld of tribenzyl-

naphthalene, “hen benzyl slcohol was renlsced by cyclo=



hexyl, tertiary butyl, or isopropyl slcohol it wes found
that the bets isomer predominated., This wes obtsined in
yields of 354 to 85%. Here sgain there was considersble
di- and tri-glkylation of the naphthulene,

Benzyl &lcohol has been condensed with benzene using
berylliur chloride &s the eatalyst in yields of 35% to uvdb
(24). Toluene gave about 58% of p-benzyltoluene slong with
& trace of & dislkylated product. It hzs been recently
reported thet benzyl alcohol alkylated toluene in £8% yield
using chlorosulfonic acid as & catalyst (25), There was
als0o obtained s smell yleld of = disubstituted toluene.
Benzene and toluene were alkylsted in low yields with iso~
propyl sleochol and tertiary butyl aleochol (25),

Yhen Russisn workers (28) sttempted to condense activated
alcohols wlth benzene, toluene and phenol in the presence of
ferrie chloride, they obtained very poor ylelds. Benzyl
aleohol gauve & B8%S yleld of the monoalkyluted product while
allyl azlcohol geve even lower ylelds,

Benzene has been alkylsted with dibenzyl ether to give a
23% yleld of diphenylmethane, & £6% yield of dibenzylbenzene
and & 51% ylield of polymerized products (£87). The molar
ratio of benzene to ether wes two to one and the cstelyst
wes boron trifluoride,

Benzyl n-propyl ether has been condsnsed with benzene,
nephthelene, and phenol at 85° using boron trifluoride (£3).
%ith benzene the yield of diphenylmethene varied from 20%
to 48% depending upon the ratle of boron trifluoride to

benzene. Eimilar yields of dibenzylbenzene were also found,



Phenol geve a 48% yield of p-beazyiphenol whlle nephlhe lene
geve & 48% yield of °(~t::@m:y},msy?atmmn&.

Tzuzervaniy and co-workers hovs condensed szeveril tertie
ery siiphatie slcohols witn benzere and toluene (29), (30),
They used »lusinus ebloride s the catelyst and obleined
yields of BO% to 70% in nost emses, With other than tertie
ery sicohols poorer vields wers ususlly obtzined (1) but
an excellent wield of p-cymene rezuited from the condense-
tien of legopropanol with toluene, Theze workers huve slso
elkylited benzene and toluene with cyelohexasnol:, menthol,
and borneol by thnis  ethod (12), (32)s The ylelds veried
Crom %525 to 88b,

Cyclobutyl, eyeclopentyl, &nd cyclohexyl e rbinels hove
besn oondensed with benzesne wsing sluminus ¢ehioride s the
eatelyst (88)., Ihe eyelogentylesrbinol geve the highest
vielid whileh was 456,

Other gleschols hsve been used, zuch sz »1liyl (34), (58);
virisus tertisry sliphstie slechols (3&}; pricary and ssconde
&Ty cloohals €37), (38), (39)3 and xenthydrol (40)3 end
bornsol (31). In genercl yields wilth these alecobhuls were
well below B0% and miztures of sroduets %&?Qiﬁﬁ%@iﬁﬁﬁ-

The use of o fer dislygyl etihers hes bien revorted in the
Litersture (4), Dietnyl ether nac boen used to zluylate
benzene in 38% yield by eondensing one-hzlf mole of ethwr
with thrse moles of bengens in the vresencey of one moale
sluminus chloride, HResction groceeded through intersedlste

forwation of the solesuler comround, (CeBy)ae0-21C1l,. Mono-



alkyl benzenes were obteined in 205 to 48% yield: by condens-
ing diisopropyl ether und di-n-butyl ether with benzens by
means of aluminum chloride (4),

It is evident from the loregoling discussion thet there
is room for consider:ble improvement in the methods for the
alrylation of sromatiec compounds by sleochols asnd ethers.

In poerticuler none of the methods in the litersture hss been
applled or are readily cpolicable to the sccurste determlina-
tion of resction reates for use in kinetic studies and for use
in studles of relative resctivities., Indeed the occurrence
of side resctions such &s polyalkylstion snd golymerizstion
with the conecomitant low yilelds of desgired -sraduct would
inv:.1lidate rete studies by meny of these methods. So far

s we have been able to determine the sgeotropic method has

not been previously sonlied,



DISCUELION

PRELIMIHNARY ETUDY OF THE AC -LLICABILITY
AND SCOPE OF TiHE AZEOTROPIC WETHOD

¥While studying the etherifiecstion of benzyl alcohol with
n=butyl alecohol in benzene solution by an azeotropic method in
these leboritories, Draper (41), found thut almost azs large
& yleld of benzylbenzene ss of benzyl butyl ether was obt:ined.
fhenn he attempted to etherify benszyl slecohol with itself in
benzene solution a 885 yield of dishenylmethane wasz obtsined.
An 83% yield of the same produet wss obtained when dibenzyl
ether waz rescted with benzene,

In the vsusl procedure for studying alkyletion, one-
eighth mole of the zloohol or one-sixteenth mole of the ether
together with the cataelyst and & sultable smount of the
arometic compound to be zlikylsted (if diffsrent from the
solvent) is dissolved in sufficient benzene or simlilar sol-
vaﬁt, to give & total volume of 500 ml, The rate of the
resction lg determined by taking freguent rerdings of the
volume of wuter produeed &3 the reaction progresses. This
ig accomplicshed by refluxing the solutlon and sllowling the
water which is formed to azectrouicelly distill ovsr and
collect in & water separstor. 4As the reaction mixture 1s
refluxed one mole of water 1s csrried into the water separstor
for each mole of mono-alkylated produect formed (equstions
[} to (3] of preceding section),

Eince this appesred Lo be & very desirsble method of

effecting aivylations, & systemstic study of its suplication
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was insugursted. A prelimlinary study of the types of com-
pounds for szlxylation snd the types of aslkylsting asgents
sultable formactlons by Lhis method wss first made.

Using the generszl procedure, benzyl alecohol wsg rescted
wlth phencl in benzene solution. When 0,128 mole of Lenzyl
gloohol was resclted with 0,173 mole of phenol in the pressnce
of 0,03Z mole cf p-toluene salfonic acid as the catelyst &
50#% yield of dijhenylmethsne wnd & 28% vield of p-benzyl-
phenol we: found., One-third of the starting phenol wes re-
covered, It wieg apperent thet even though phenol is wmuch
more easlly slkyleted than benzene, this zlkylstion could not
be resdlily studied in benzene solution. Similar results were
obteined using 1005 phospheric zcld as the estalyst.

The resction of benzyi alcohol with mesitylene under
ldentic.l conditions except that the cstalyst was twice &s
concentrated, likewlise gave a mixture. Here a 84% yield of
diphenylmethzne was obtalned with only a £1% yleld of benzyle-
mesitylene, This agaln demonstrated thet the use of bengene
as & solvent wus undesirable unless benzene itselfl was the
compound to be a&likylated,

When benzyl alcohol wer rescted with enisole in toluene
solution in the nresence of 100% phosphorie acid both the
anisole and the toluene were alkylated. In this case the
yield of p~benzylanisole wus only 353,

Thus it may be concluded from the foregoing experiments
that since the solvent is present in such large excess it Ls

slikviated to & large extent even though & amall smount of &
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second much more esslly glkylsted zromatic compound ls crew-
sent,

In one csse, however, eﬁiy slight =lkylstion of the sol-
vent occurred, W®hen triphenyl carbinol wes rescted with &
threefold excess of phenol in & benzene solution whien wes
0.0008% molar in p-toluene sgulfonie acid, a 7354 yiéld of
p~triphenylmethyl :henol wae obtzined, 1In this c¢sse, how-
ever, only 75% of the theorstical smount of wster wa: obtsined
end furthermore the product 3@9&%&%&& out of soliution during
the course of the reaction,

It was declided &t this point to use the zromstiec comuvound
whieh wes to be glhkylated ss the golvent end inthls wey svoid
multipl@ products end yet be able to keep the product &g well
£8 the eatslyst in scolution. In comparison to wmost of
Dreper's etherificztions (41), & considerably grester concen-
tration of cetslyst wss necessary for these alkylstions,
p~Toluene sulfonic zecid wes chosen as the catalyst in prefer-
ence to 100% phosphoric acid becsuse of the ease with which
the sulfonic seid is handled and because of 1lts strong cata-
lytic effect and its hish solubllity in sromatic eompounds,

It waz found that sliphatie slcohols did net resct
nearly so readlly or cleanly as the phenyl carbinols. ¥hen
en asttempt wse made to slkylsate anisole with n~-butyl sleohol
using excess snisole =5 the solvent, some dehydrstion of the
butyl alcohol cecurred and only & 6% yield of pw-n-butylanisole
wss obtained, £ higher boiling fraction gmounting to about

five times the butyl snisole {rsetion waes recovered, dbut it



has not yet been 1ldentified. It wasz surprising %o find thst
this material contained only 85% of carbon. Reaction with
the cstelyst was ruleéraut a8 & possible czuse of the low
carbon content by therneg&tiva results obtained upon gusli-
tative znalysis for sulfur. Further worx on the characteri-
zetion of this wmaterlisl will be done in these laboratories.

*hen octanol-f was reacted w;tﬁ &nisale under these sqme
eonditions using 0.008 mole of p~talﬁ@ﬁe'anlfanie scid,
there was obtained an almost guantitative yield of octene.

On the basis of this prelimlnary work certaln alrylating
agants and compounds for alkylatlon were selected for more
extensive and accurate investigstion. Benzyl slcohol and
benzhydrol and thelr symmetricel ethers spreared to be of
particular interest. Triphenyl carbincl snd seversl para
substituted benzyl alcoﬁala were to be studled ¢lso, Eenzene,
toluene, and anisole were gelected as typlceal, important
sromatic compounds to be alkylated but certain additionzl
aromatlc compounds were 1o be studied in order to better
determine the scoue of the method,

In order to fecilitete this further study, & standard
appuratus and procedure wus adopted, The apparstus used
wus ldentiesl to thot of Draper (41). 1t consisted of & one
liter flssk with two standard teper necks fitted with & ther-
mometer well and a water separstor which wes calibrated in
tenths of a milliliter, The top of the water separztor helcd
& reflux condenser eculpped with & caleiuxm chloride drying

tube. This drying tube wses used throughout the course of the
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resction. A "Glee~Col™ heater was usedwth standard voltuges
for eaeh gubstrete. Thisz voltage was determined for eseh
solvent and wes the highest voltage which ecould conveniently
be used without causing flooding. The "Variscs" used were
calibrated sgeinst & voltmeter., These gtandard volteges veret
70 volts for benzene, 80 volts for toluene, 100 volts for
enisole, and 10% volts for phenetole, Test runs vere mede

to make sure thet 1n &ll cases the wster was removed as fost
ag 1t was produeed, The thermometers used wmere checred against
Buregu of Stundards thermometers for esch of the temperstures
used. Barometer readings were taken, but usually veristions
in atmospheric pressure did not significantly effect the
reflux tempersture. Resdings of the separsted weter volume
were taken st every 0.1 ml, or wmore frequently zs the cose
regulred.

This stendard apparstus and the following stendsard pro-
cedure wis used in all experiments except where noted other-
wise, To 4BO ml,., of the dry substrate w:s added the necessary
arount of p-toluene =ulfonic acid monohydrete, The water
separ.tor was filled with solvent snd the solutlion was then
refluxed to remove the weter from the cetilyst, At the end
of this period one-eighth of & mole of the alkylating slecohol
or one-sixteenth of & mole of the ether was dlssolved 1o
sufficient substrste to zive B0 ml. of solution and tunils wes
added to the hot solution of dehydrsted caztalyst. Upon re-
newad reflux the gero time wss recorded, HKeflux was contin-

ued until no more water apjpesred in the weter sepsraztor over
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severzl hours,

Upon comonletion of the refluxing, the solution wes
washed with & satursted acueous solubion of sodius bicarbon-
ate to, remove the acid and then with water until it becsme
neutral., Most of the solvent wes then distlilled off at st~
mospheric pres:zure and the oroduct was usuwally isolated by
éiﬁtillgtisn under reduced pressure, &l stenderd runs which
guve good yields were checked st lesst once,

Standard amounts of catzlyst were used., It was desired
to use that concentration of eatalyst which would give a
rete of wuter elimination which could be conveniently followed,
¥henever possible = concentration of ecetslyst wes chosen
whiceh would enable a compurison with other rezctions. The
amount of the ecatilyst was varied zccording to the following

Emcle, 2(6.85 x lﬂ's)mola, 4(6.85 x

progressicnt 6,86 x 10
10~%)mole, ete. up to end including 4096(8.85 x 19’5)mole.
This highest concentrztion is close to the limit of solu-
bility of p-toluene sulfonic acild in bhenzene., Hastmanrs
white lebel p-toluene sulfonle seid monohydrate w:=s8 shown to
be of high purity and therefore wass not further purified,

Thiz method possesses certain limpitations and sources
of error which must be kept in mind. The solvent used must
be sufficiently lirhter than water 50 thet the wsoter sepaw
rate: reedily and the solvent should dissolve very little
wzter. The catszlyst used must not react with the water so
thet it can not be removed as it is formed. It is interesting

that p~toluene sulfoniec scid fits this requlirsment so well.
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The resctants and products must not be both highly vol:ztile
end water soluble so thet they eupeur in the witer layer and
elter the volume rewding=. The alechocls must not dehydrate
under these rezction conditions. The reflux temperstiure
varies to & certualn extent s the recwction progresces, but
it was generslly constant teo within I 0.5° over the 15%
to 90% portion of the reaction and often the variation wss
not more then 20,2%, Solvents whict boil between 60? and 175°
mey be used without & speclal condenser system,

There sre numerous adventages to this method. The pro-
cedure avolds polymerizztion, polyelicylation, and mixtures

£ ortno and pera products so thet & single product 1s

usually obtained in high yleld, The constent removal of
the wuater forces the reaction to completion gnd prevents in-
activation of the catslyst. There is no time lag between
taking & sample &nd analyzing it &s thers is in so meny
methods for determining reaction rates zsnd the osrocess 1o
sinple and rsacid.

Tar ALKYLATION OF SEHZENRK BY PHeNYL
CARBIHOLE AND THE{R SYMMETHICAL BTHELE

Following the previousliy outlined standard procedure
benzene was alkyluted with benzyl alcohol in a 78% yield
using 0,064 mole of catalyst (see Table I). £ 6% yield of
m-dibenzyl benzene was zlso lsolated. Previous work (41)
with twice zs much castalyst gave & 68% yield of the expected
diphenylmethane and ¢ 17% yleld of m-dibenzyl benzene. In
all of the work reported in thls sectlion the reaction tempers-

ture was 83,0 0,99, Within = given experiment the tempera-



Alkylating
Agent

CH,CHy OF
(CyHyCH, )40
(C,H, )sCHOR
(C4H, ) 4CHOR®
(C,H, ),CHOR?
[te.B,) 40t .0

CAtalyst
(Moles)

0.064
0.084
0.084
0.128
0.256
0.128

TABLE I

Hslf~Time
{(Minutes)

82
&

1. These rung not cheeked.

2. 557 yield of sym-dibenzhydryl ether isoclated,
3., 00,0885 mole of benzhydrol used instead of the

standard 0.125 mole,

Yield of Water
(Percent)

100

100
712
45
as
iz

Yield of Product
(Percent)

78

83
9

19
52
54

91
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ture geldom vuried more than 0.4° from its median vslue,

Examination of the rate curve obtzined (see Figure I,
Curve I} shows that the reaction rate graduslly decressed,
from the beginning to & point near 50% comnletlion. From here
on the rgte incresczed until the final flattening to the
horizontzl at 10056 completion., Since it is nossible for
benzyl sleohol to etherify with itself under these conditions,
Draper (41) renested the resction «t a higher concentration of
alecohol but stopped 1t when only one~-fifth of the theoretical
volume of water for etherificstion was given off. £ 48%
vield of the dibenzylether and sbout & 40% yield of dishenyl=-
methene, based on the smount of water »nroduced, wss obtained.
Draper also found (41), and his observation wss confirmed
in this investigation, (Table I end Curve II, Figure I) that
under the standsard conditiong and with the same amount of
cetalyst used with bengyl alcohol, dibenzvl ether sluylated
benzene to give sn 83% yleld of dishenylmethane, It is
apparent from this work that a conslidersble part of the
slkylation of benzene by benzyl aleohol proceeds via the
intermediste formastlon of the ether,

Since both etherification end alkylstion sre cccuring
concurrently znd in different provortions es the rezctions
proceed it iz, perheps, not surprising that the curves
of Figure I do not show & constently decreasszing rate. Lnother
factor, however, may be chiefly responsible for the inflec-
tion pointe in the rate curves. This fsctor 1s the vasrig-

tion in the "activity" of the cestolyst sam the reactions
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proceed. It 1s ressonable to zssume that the nrotous from
the catalyst coordinate with the unshered electron pairs of
the oxygen atoms of the alcohol anid ether to give C.H,Cﬁ,oﬁ.*
and C;§50§,§CH.8.E.*. During the esrlier psrt of the reac-
tion more azleohoelic and ethereal oxygen stoms than protons
gre present In the resction mizxture so thet all of the . ro-
tons can be coordinsted with oxygen stomsy during the lzter
part of the resction, however, more protons {(or molecules
of unionized catulyst) than oxygen stoms are present. .8
& result the "gcotivity" of the catslyst mirht be expected to
incresse znd this in tuwrn may cezuse the inecresse in reszetion
rete in splte of & decreessing concentration of rezctunts.,
Vhen benzhydrol wes used in vlasce of benzyl slcohol
under these standard conditions using 0,004 mole of catilyst,
the resction came to & complete stop when only silghtly more
then 71% of the theoreticsl amount of water for zlkylstion
had been obtzined. A& 9% yleld of triphenylmethazne and z 555
yield of dibenzhydryl ether was isoleted (See Table I).
¥hen the reaction was repested at twice the &bove estalyst
concentration and one hﬁir the benzhydrol concentration
there wss obtained & 195 yield of triohenylmethsne and ¢ 504
erude yield of the symmetrical ether. These yields sccounted
for all of the water separated., 4 standsrd run wos then
made using O.£56 mole of cwtalyst and this gave & 52% yleld
of alkylsted product alomg with 4% of p-dibenzhydryl benzene,
There wsas no ether isolated st this high catelyst concentrsa-

tion. These runs sre summarized in Table I.
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A ressongble but not complete explanstion of this in-
eregesing extent of slkylation with inerecsing eatslyst con-
centrations is that all the benzhydrol formed by clesvaege
of its symmetrical ether becomes tled up sz the oxonlum ion
¢36HGH.* so that 1t cennot coordinate with &nyﬁ@pﬁ}* ions
and therefore slkylation is favored over etherificstion.

When dibenzhydryl ether wes used with 0,128 mole of
catalyst only 78% of the theoreticsl water for alkylation
wes obtalned, A B4% yield of triphemylmethsne and a 65.2%
vield of p~dibenzhydryl benzene were found. These results
compare Tovorably with the zforementioned alcohol run &t
twice this catalyst concentration. As yelt a zstisfuctory
explanation of why in two of the experiments with benzhydrol
the resction stopred completely even though & large amount
of dibenzhydryl ether was present for further alhylation
has not been obtalned,

Sinece benghydrol will rapidly form dibenvhydryl etner
st & 10°% molar concentration of the cetilyst in 90% yields
(41), it is anparent that 1t iz chiefly the ether that is
doing the slkylating snd thet we never have & large prooor-
tion of the alcohol secting directly as the slkylating sgzent.
When benzhydrol was used a&s zlkylating sgent (0.£258 mole
of catalyst) 50% of the water which is the smount for etheri~
ficstion, was given off in the first ten to fifteen minutes
while the subsequent alkylaztion of the benzene by this ether
proceeded much more slowly,

When triphenylesrbinel was rescted in benzene solutlon



using 0.084 mole of catelyst ¢ 3854 yleld of trivhenylimethane
was found (41). 4 mixture of solids was mlso obtzined which
decomposed around 250°., It resisted separation and wes

in guantity . three times that of the triphenylmethsne.

§:3

The theoreticel volume of wster was evolved., The time for

3

50% completion of reaction wes three hours,
)

THE ALEKYLATIOHN OF TOLUERE BY PHERYL
CALEBINOLS AND THEIR SYMMETHRIC:L ETHERS

Toluene was alkyleted by the standard procedure with
benzyl alcohol, using 0.030 mole of ecatzliyst, to give & 905
yield of p-benzyltoluene (See Table II &nd Curve I of Fig-
ure II)., The temperiture of this and sll of the other rezc-
tions of this section was 113%0,.5% unless otherwise noted,
Usually within & given experiment the tempersture did not
vary more then %0,3% from the medlan value.

In order to compare the ease of =zlkylstion of toluene
and benzene, the foregoing run was repexted 2t & pressure
{330 to 340 mm) which gave & resction temperzture of 85,59
$0,5°, which 1s close te the 83° found for benzene (See
Table I), The same emo.nt of cutalyst (0,084 pole) was used
for the two experiments, A& 92% yleld of product wes 1isonlsted
from the toluene resction mixture. The half resction time
here was forty-two minutes which 1s only szbout half «= long
&8s thst for the bengzene experiment, It is apparent that
toluene slkylutes neerly twice as reapldly as benzene although
fide comparisons sre not valid since the influence of the

self-etherification of the benzyl sleohol would not be



TaBLE 11

Alxylating Catalyst Half~Time Yieid of Water Yield of Product
igent {Moles) (#inutes) {Percent) {Percent)

ColyCH,08 0.03% B2 100 90
ColigCH,O0H 0.064 1L 100 --

Co g CH,OH 0.064 a2l 99 92
(CoHygClly )0 0,080 80 98 30

(CyHy ) 4 CHOH 0.016 -- 59 B
(CqHe ) sCHOH 0.0%: - 100 89
[(C.H,},CE} .0 0.0 525 99 90

1. Run under reduced pressure to give resction
tempersture of $5,5%0,5Y

£. One to two grams.



expected to bz the same 12 boith cares, This result demon-
strates very poimt@diy the effect of the methyl grous on the
bengzene ring in producing & center of high electron denuity
in the pare position.

& standard run of benzyl slcohol in toluene wss zlso
rode using 0.064 mole of catulyst. Its roate is shown in
Fizure 11, Curve III, By comparirg Curve II %to I1I one can
see thet by incressing the tempersture 289 the helf-reaction
tine was decreased from forty-two minutes to spproximately
eleven minutes, £ comparison of Curves I and cutalyst con-
centration the half-rezction time is deoreazssd frow eighty-
twe minutes to eleven minutes. The inflection toints dis-
cuszed for Figure I sre found aszain in the curves of Figure II.

When toluerne wus alkylated with dibenszyl ether &t the
same catalyst concentration ss was used faor the benzyl sleohel
(0,084 mole, Curve I, Figure II) a 902 yleld of the expected
product was obtrined., The ordinate valuves of the rete ecurve
did not vary st any point more than 10% from the esurve for the
benzyl alcohol andi for the last 69£'of the reaction this
variastion was less than 4%, The close similarity of th
curves may indlcste that the ether Lls the chiefl alkylating
sgent for the last psrt of the reactlon in Loth cases.

When an attempt wes msde to alkylate toluene with benz-
hydrol in the presence of 0,00064 mole of eatzlyst only the
theoreticsl amount of water for etheriflieation was collected,
When to the refluxing solutlon there was added 0.064 mole more

catelyst the thaoretlcsl volume of water for alkylation ap-
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peared very ravidly. This finel resction mixture gave an 835%
vield of p=dibenzhydryl toluene, When the reaction wus re-
pested using 0.016 mole of catslyst (See Table II) a 913
yield of the dibenzhydryl ether and only one to two grems of
alkylated produets wzs obteined. This shows sgsin the extreme
tendency of benzhydrol to form the ether very rapidly in the
presance of &ci@ catelysts, When the catalyst concentration
was doubled to 0,032 mole there was & very repid eliminstion
of the theoreticszl smount of wster for ether farmaﬁian end
then & very slow production of water until the thegreticsl

| volume of water for alkyleation had been obtuined, Half-reanc-
tion times mesn little here sinee the ether formution pro-
ceeds so rapldliy, but the time for completed rezction was
sbout thirty-two hours. Agzin the expected product wass iso-
l:ted in high yield (Table II1).

It was found thet dibenzhydryl ether tliyleted toluene
in 90% yield in the presence of 0,032 mole of cataly:t. The
rete curve is shown in Figure 11X, This curve demonstrates
the effect of the chsnges in the asetivity of the cztolyst s
the recsctlion proceeds. Up to sbout the half-rezction point
there 1s enough oxygen present for coordination with the
protons of the catulyst but beyond that point the acld be-
comes successively nore active und the rate increases until
the reaction is zlmost comnlete, Fifteen hours were regulred
for the conmplete reasction. It is dirfieultl to understand
why the chinges in rate here should be so muchgrester thun

those found for dibenzyl ether with either benzene or toluene,
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Possibly steric hindrsnce is the complicating fector. ¥hen the
cetalyst concentration was doubled the water wes formed faster
thaen 1t could be completely removed znd colliected so the

curve was mezningless,

Compared to benzene it iz seen that toluene is much wore
readily alkylated, ¥Eveun with toluene, however, most of the
slkylation with benzhydrol proeecds through intermadiate ether
formation, Toluene is more resdily =liyloted end in far
better yields by eithsr benghydrol or benzhydryl ether (Tazble
II) then is benzene. Dibenzyl ether slkyluted either benzene
or toluene »t about the seme rate gs does benzyl slcohol,
Benzhydrol and 1lte symmetrical ether might be expected on
the basls of relastive esse of carbonium lon form:tion to
slkylate toluens more rapidly then bensyl alecohol or its
ether, but the converse was found to be the cese if the times
for complete recction are taken zs t® basizs of comperison.

¥hen an sttempi was mede to alkylste toluene with tri-
phenyl carbinol, there was obtained & mixture of unidentified
products and only 87% of the theoreticsl smount of water for
alikylation wss sroduced. More work is to be done in theve
lzboratories on these products as well &2 on those from

the azlitylation of benzene by trishenyl cazrbinol.

THE ALEYLaTIOH OF ANIZOLE BY YHERYL
CARBINOLS AND THEIR SYMMETRICAL ETHERS

Since anlisole has two unshared peirs of electrons on the
oxygen atom 1t 1s culte different from Lengzene or toluene,

Thus if alkyletions were carried out in snisole the large
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changes in catelyst zetivity whieh were found szbove in tol-
uene &nd benzepe would not be expected to sccur. This was
shown to be the case,

Followling the standard progedure snisocle weg reccted
with benzyl alcohol using 0,016 mole of catalyst. 4&n B9%
yield of p-bensylenisole was obtalned as the only product
{Teble III)., The rezction gzve good first order dats over
the 30% to 80% portion; the kinetics will be discussed in
more detsil in the next section., The resction tempersture
for this snd =11 the cother experiments listed in Tuble III
wes within the rsnge 157,5%:0,5°,

The alkylation of anigole with dibenzyl ether pro-
ceeded smoothly to give & 974 yleld of product (Teble IIIL),
The rate curve (Flgure IV) does not follow firsi order
kineties which 1s, perhaps, not surprising since as was
pointed out in the Historical Introduction, the mechanism
for sikylation wiith etners mey be considerably more compli-
gated than that for slikylstion with slcohols. This may
maear that in those cases wnere the glwylestlon with slcohols
follows first order kinetics the procesz doez not proeceed
with intermediste ether formetion to aeny significant extent,
This sesms reasonzble since sprsrently an alcoficl molecule
and an snisole molecule zmre comreting for the carbonium ion

* .
(9) CeHsCHy + CoHyCHyaOH = CyHCHa0CHTHy + '

(10) CoH,CHs + QOCH.epr.ﬂ;CH,@OCH.

and 1t might be expected that the ease of slkylstion of
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anisole together with the fact thut the anisole 1s present
in such large excess would ceuse reaction ilO) to predomine
ate over resction [9].

¥hen benzhydrol was rescted in this solvent in the
presence of 0,00085 mole of catalyst, a 90% yleld of p-meth-
oxytriphenylmethane was obtained (Table III). The percent
reaction versus time curve (Figure V) is interesting. There
wes & very fest resction for the first 50% which indicated,
ag in the case of benzene and toluene, & repld formstion of
dibenzhydryl ether., The curve then grsduslly increaged to
completion. In contrsst to toluene there was no sudden in-
crease in rate due to changes in the activity of the eatalyst.
This agein clearly demonstrztes the "leveling effect" of the
aniscle. As in the ecase of toluene there was & long resction
time required beyond the 50% point and obviously the ecurve
does not correspond to one wvhich would ssatisfy the ecuation
for sany integral order,

Yhen =nisgole wae slkylated with dibenzhydryl ether at
four times (0.002 mole) the catalyst concentration reguired
for benzhydrol, there wns obtained & 93.5% erude ylield
(Table III) of ihe p~-dibenzhydrylaniscle. The reaction
time required in this eczce was three hours while with benz-~
hydrol the z2lkylation of anisole tegulred almest twenty-five
hours (See Figure IV, Curve II znd see also Figure V). The
rate curve hac the shape of en elongsted "8" whieh obviously
dces not represent a resetion of any integral order. These

curves for alkylation of aniscle with Aibenzyl &nd dibenz-
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hydryl ethers have considersble regemblance to the curves
obtuined by Draper (41) for the transetherificstion of di-
benghydryl ether with butyl and benzxyl alcohols,

It is spparent that in contrast to the experiments
with benzene and toluene much lower catzlyst concentrations
are reqguired for benszhydrol and its ether than for benzyl
aleohol and its ether,

When an attempt was made to slkylate snisole with tri-
phenylearbinol there wes obtzined several gproducts and fur-
ther rate studles were discontinued,

The difficulties encountered in attemnting to slkylate
benrene, toluene, or anlsole with triphenyl carbinol end
the similer diffilculties found in attempting to alkyl:te
benzene with bensghydrol may be relsted to the poor results
obtained by Draper (41) in attempting to etherify triphenyl
csrbinol with itself or with benzhydrol.

THeE ALEYLATIOH OF IfKISOLL BY PARE
SUBETITUTED BEKIZYL ALCOHOLE

It was of interest to determine the effect on the rate
of alitylation of anisole of substituting & ehlorine atow or
a methyl, methoxy, or nitro group in the para position of
benzyl slcohol.

The p-chlorobenzyl aleohol wes the only one whien could
be conveniently run at the catalyst concentrztion used with
benzyl alcohol (0.016 mole)., A 91.5% yleld of p-chloro=
phenyl-p-methoxyshenylmethane wss lsolated., The very szatis-

factory reate constants are shown in Table IV, %When benzyl
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alechol was used under there conditions the average valne of
k wes 5,54 x 1@’3 recioreceal minutes with sn averege devia~
tion of 0,06 x 107>,

All the vslues used in calculstionsg were read from the
experimental curve., Zero time wacs taken when the re:ction
was 15% complete in order to give the system time to estab-
lish complete equilibrium, Csleulations were not extended
beyond the 80% point because mark:d devistions appear during
the last stages of the neaction,

The constant found for the p-chlorocbenzyl alecohol run
at the same catalyst concentration ae with benzyl alechol
(0,016 mole), wius 2.35 x 10'3 reciprgeai minutes with an
average devistion of 0,04 x 10-3,

¥hen benzyl alechol waz run st twice this ecatalyst con-
centration (Table IV), fairly satlsfsctory first order con-
stants were obtained., The constant in this ecase wss 23,9 x
10”5 reciproesl minutes «ith an aversge deviation of 1.7 x
10'5. Thus doubling the eatalyst concentration in this system
inereases the rezetion rate by ap roximately four times., A4
similar effect in toluene was mentloned in the preceding
sectisn., 1In gsolvents of this tyse ineressing the concem-
tration of an aeld catalyst usually produces a grester than
proportional inerease in the resetion rate (42)., On the basis
of these results with benzyl aleohol snd vith p-chlorobenzyl
aleohol reasction rate constants could be predicted for the
parz methyl, methoxy, &nd nitro groups (run st the sane

catalyst conecentration) by Hammetts method (48). The czlcu-
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leted half-time are seventy-seven, fifty-thres, snd ninetcen
hundred and twenty minutes respectively but the setual velues
found were far from these,

Since the alkylation with p-methylbenzyl alecohol pro-
ceeded too raplidly in the presence of 0,018 moles of catalyst
to measure 1t was run with oﬁe*half this amount of catelyst.
The helf-time In this case wzs thirty-nine minutes. These
conditions geve quite satisfectory first order congtants
which averaged £3.3 x 1072 reciprocal minutes with an average
devistion of 1.3 x 10“3. This rezction gave & 775 yield of
p~tolylanisole (Table IV),

It was slso found thet pe-methoxybenzyl alcohnocl alkylzted
entirely teo repidiy at this catzlyst coneentretion, It
wes necessary to use only one hundredth &s much cetalyst
(0,000125 mole) and even under these conditions the helf-
time wez only twenty seven minutes, The first order constant
is 25,3 x 10~9 recliorocsl minutes with an sversge devigtion
of 1.5 x 1073, This resction gave an 855 yield of di-(p-
methoxyphenyl)methane. Diffieculty was experienced in getting
reproducible rate curves in this ecase for some &s yet not
established reasson,

It will be noted that reverzl of the rate constants
shown in Table IV for the later stages of the rezctions
show an ap» recisble variaticn from those for the earlier
steges, The csuse of this l1s not yet known, but much of it
mey be due to unsvoldaeble experimental errors,

The predicted half-time for the p-nitrobenzyl alcohol
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was nineteen-hundred and twerty minutes) however, the rezetion
would only progceed bt four times the catalyst concentration
required for benzyl alcochol and the half-time wes three hun-
dred minutes. The reaction mixture turned very black and

gave & smell yield of an unidentifiable product which d4id not
contain nitrogen., Thus eny k¥inetic studies would hasve little
value,

From the study of these five systems we can see thut
although the results did not fit ir with Hemmett's theory,
they do show very pointedly the effect of altering the parse
substituents on the rate of the rezction. ¥%hen arranged in
the order of decreasing rates we havey CHyQ~, Cdp~-, H-, Cl=-,
Hi0g=, Here the methoxy group hass the grestest slectron re-
lessing &bllity so thet the electrons on the hydroxylic
oxygen have grester atirsction for the proton of the catrlyst.
A8 & result the cerbeonium ion is formed more ripldly snd the
rate of resction is inereszsed., The methyl, hydrogen, &nd
chlorine sre close together but very definitely in that order
&8 to relative electron releasing cbilities which of course
mezns the relative rete of carboniun fon formetion and in
turn the relative rate of slikylation,.

The fsct thet the resciion ls fir:t order with respect
to thhe benzyl sleohols 1ls In ggreesuent with the postulated

mechanisms

@i E~®-—CH,€3H v H = R«Q-Cﬁigﬂﬁ;



+ g 3 3
(<] a@ca.ga. p——t R—Q—cﬁ,* + Ha0

It is epsarent that eitier equations (11] or equation (12)
could be raie controlling on the basis of Lhese first order
kinetics, L cholce between these Lwo steps cannot be def=
initely nade bul ejuation [lé] might be especteo to reguire
tne gre:zter sbsorptlion of energy and hence 1t would be the
favored cholce.

ihe proton shown in equ&tiﬁn.[iil most ﬁrsbab;§ &Cct-
ually exlsts in coordinstion with the oxyien atoms of the
benzyl alcohols or with the oxyzen atowms of the anisolie,
Since the alcohollc hydroxyls are all removed when the
resctiocn is complete we mey have significunt changes In
catalyst activity auring sbout the last 10% to £0%5 of the
reaction,

Thne kinetics of eguation {l&_‘ i3 not amencble to study
by this method. In order for eguaticn flé) to Le rete con~
trolliing, however, it would have 1o proceed &t ¢ much lower
rate than the rete at which the water was found to be pro-
duced. This would recguire thet & hign concentration of tne
p»RC;ﬁ‘Gﬁ,* ions be buillt up. This in itselfl seems unlikely

since carbonium ions sre in general £0 resctive, 1t would be
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expected, furthermore, thet when the reaction mixture 1is
washed with water ﬁay'péEG.H*CHg* remaining would be con-
verted beck to the starting alcohol and the yield of pro-
duct would be considerzble lower then that sctuslly obtained.
It wees hoped that it could be whown whether varistions in
structure of the compound to be aslkylsted had sny effect on
the rate of resction by élkyiating phenetole =t & pressure
reduced sufficiently to give the same reflux tempersture as
anisole. This wuas not possible because of the anomelous
behavior of phenetole as described in the next section.

It is felt that this kinetics work offers considerzble
support for the proposed mechaniszr, but that further work
will be reoulred before it can be considered that the mechan=-
ism hes been proved, It is planned to do further work in
these laborstories in &n attempt to find & guitable inert
golvent for carrying out the reaction 80 that the effect of
verying the ratio of reactants ¢«:n be determined., In eny
case 1t appesrs that the alkylation of snisole by these
various benzyl alcohols proceeds by the seme mechanism and
therefore the determinetion of their relative resctivity
rests on & sound foundation.

It must be emchasized that the reactlon order for the
alkylastion of benzene snd toluene hss not been determined.
45 mentioned sbhove under the conditions used here toluene
alkylates much more resdily than benzene snd henece in these
cases the compound to be slkylated appears to be involved in

the rzte controlling step or steps.
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The suthor wishes to thank Dr, Willise J. Evirbely for
helpiful discussions on the kinetic aspeets of this invesw

tigetion.

THE ALKYLATION OF PARA XYLENE,

MECITYLENE, AND PLENETOLE BY BEKZYL ALCOHOL

In order to study the scope of this method of &lkyla-
tion more completely, p~xXylene, mesitylens snd phenetole
were slkylated by benzyl sleohol,

Following the standard prgcedura p~xylene was slkylated
by benzyl aleohol in 84% yield using 0.03Z mole of cstalyst
(Teble V). The resction temperature in this csse was 140Y%0.2,
The half-reaction time wes sixteen minutes. When this
reaction wsz repeated =t 88%22% under 125 to 135 mm pressure,
g 77% yield of benzyl-p-xylene was obtuined,(See Table V),
S8ince in this case some of the water wes lost in the reduced
pressure system, the rste curve is not given.

Since pe~xylene has four eculvezlent positions for slkyla-
tion while toluene wes slkylated only in the one pars position,
close compsrison may not be Justifisble., Intermedicte ether
formation may also be involved to different extents here,

It msy, nevertheless, be pointed out thet in the slkylation
of p-xylene at 88° the time for complete resction was spprox-
imstely the same a3 required for couplete alkylstion of
toluene under the same genersl conditions.

The rate curve for the alkylation st stmospherie sressure
had the same general shape as Curve I, Figure I. 4is in the
case of benzene &nd toluene there was a definite inflection

point near the B0% reaction complete point due to the change



ALRYLATED
COMPOURD

p-Xylene
p=Xylene
ilesitylene
Phenetole

Pheneatole

CATALYST
(MOLES)

0.032
0.0ux
0.032
0.000
0,000125

1.

ILBLE V

HELF =1 TH5 YIELD OF WaTiR
(MINUTES) (PKRCENT)
16 100
o 100
35 100
49 100

Eun =t 86°%2° under reduced pressure.

YIELD OF “RODUCT
(PERCENT)

77
84
a9
87

—r

j &4
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in catelyst sctivity &5 the benzyl sleohol was used up in
the resction,

Hesitylene was nlkylated wlth benzyl alcohol using
0,038 mole of catulyst. The resction temperzture was 185,59
¥1.5°, The resction went so fast st this cetzlyst concentra-
tion that the rate meusurements made had little significance,
¢t 98% crude yield (89% pure) of the benzyl mesitylene was
found (Table IV), Here the three methyl groups reinforce
each other snd the alkylation is there~by facllitated,

Phenetole was zlkylated by benzyl slecohol in 87% yield,
The half reaction time was 33 minutes (Taeble V), The z2lky-
lation of this particular substrate uncovered some very
interesting anomaliesg, First thé alkylation nroceeded with
no cetzlyst st all} secondly it did not give good order
dete s did snigole} thirdly there was & very noticable
induction period with and without "estalyst¥; and fourthly
the addition of "esatslyst®™ appesred to slow the resction,
There 1s no ready a3§1anatién for #ll of this znd more
work is to be done on this resction in these laborstories.
The curves obtained &are shown on Figure VI znd some dats for
these experiments sre sumuerized in Table V. The recction
temperi.ture here was 173%0.5%, It is noteworthy thst even
at this high tempersture the water formed, condensed znd

collected in the liculd sepsrstor setisfectorily.
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EXPERTMENTALY

PRELIMINARY STUDY OF THE ApvPLICLZBILITY AND
SCOPE OF THE AZEQTROPIC HETHOD

Alikylation of vhenol in benzene. One-hzlf mole of

benzyl slcohol, 0.75 mole of shenol, sndé 250 ml., of benzene
were plsced in & 500 ml, two-neck flssk fitted with an suto=-
matice liculd sepsretor whieh in turn held & reflux condenser.,
Heat was spplied by & "Glae~Col®™ mantle snd controlled by =&
verize, The sbove mixture was hested to bolling and 0,18 mole
of 100% phosgphoric asecid was added, This mixture wss refluxed
for twenty-four hours &t which time the water volume was con~
stznt. The solution wes washed with saturated =odium blear-
bonate solution and then with water until neutrel, ZApproxi-
mately 90% of the benzene was removed by distillation at at-
mospheric pressure. The residue was then vacuum distilled at
20 to 30 mm pressure. A gheﬂclvfr@etien boiling at 852 to
879 wae collected, It welghed 40.0 grams. A second frzetion,
collected st 1 mm pressure; bolled over & large renge snd
welghed 46 grams. This materisl was washed with 20% agueous
sodiur hydroxide. The non-phenclic portiocn oroved to be dben-
zyl zlcohol end weighed 11.0 grems. The phenollic layer
smounted to 34 grams #nd boiled &t 140-148° 2t 1 mn pressure

and wes sssumed to be benzyl phenol, The literature gives

lMieraanaiyses were by Mrs, Mary Aldridge, Mr. Byron
Baer snd Missz Elesnor Werble,
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the bolling point as 143° 2t 4 mm. pressure, 7This represents
& 37% yleld, The remsining frzctions were not worked up.,

The reasction wes repected in 450 wl. of benrzene using
Q.32 mole (B.05 g.) of p~toluene sulfonic zcld monohydrets as
g catalyst., The wster in the ecstslyst was removed by uvrelim~
lnary refluxing. To this benzene solution was then zdied
0.128 mole of benzyl wlcohol end 0.1£8 mole of henol both
dissolved in 50 al,., of bensene solution. This totazl mizture
was then refluxed nine hours until no more water apueared in
the water separstor, The resction mixture was weashed with
s+ turated agueous sodlium blearbonate snd then with weter until
neutrzl., HMost of the solvent wss distilled off &t aetmos-
pheric pressure and tne residue wes distiiled under vacuum,
There was obt:zlned 3.7 g. of phenol (%1.4%) boiling at 909
at 2 mm. pressure. £ second fraction,which boiled at 1I4-
1259 st 1.0 mm. pressure wes diphenylmethane., This repre-
sented & 50h yield., 4 third frsetion which boiled zt 191-
193° under the sume pressure amounted to 6.5 graws (284),
This proved to be benzyl ohenol, The theoretiecsl amount of
wubter wss produced in botn of these resctions,

Alkylation of snisole in toluene. When 0.0 mole of

bvenzyl a«leohol and 0.78 mole of anisole were reccted in 250
ml. of toluene using 0.15 mole of 1004 phosphoric acid cata-
lyst the theoreticsl volume of water wos collected. Upon
working up the resction mixture in the general fashion des-~
cribed sbove, & 35» yleld (34 g.) of p-benzyl snisole wes

found s=long with some p-benzyl toluene.
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Alkylation of meelitvlene in benzene., tvhen 0,084 mole

cf p=toluenesulfonic zcid monohydrate wos dissolved znd de-
hydraeted in 400 ml, of benrene and 0,125 mole of mesitylene
along with 0,185 mole of benzyl aleohol (both dissolved in

100 ml, of benzene solution) were zdded &nd the totul solu-

]

tion wes refliuxed, the theoreticel smount of water for clky-

f

lation wos obteined in szix hnours. Upon working ur as desg-
¢ribed above two fri.octionsg were obtained. One fraction
boiled at 153%-1849 under 25 mm. pressure, This was diphenyl-
methene and amounted to 11.5 g. (645), nf® 1,8708 (1it.,

ngﬁ 1.5783), The second frsction (4.0 g.) doiling &t 1189~
116% 2t 1 mm. wes benzylmesiiylene, m.p. 34%-38% (1it., 359
289).

Alkylstion of phenol by triphenvl carbinol in benzene,

When 0.07 mole of triphenyl ecerbinol (m.p. 181%-1829; 1it.,
M.p, 182.5°%) was recected with 0.20 mole of phenol in 250 ml.
of benzene using 0.0002f mole of p~toluene sulionic scid &s
& catulyst, & considereble cusntily of solid meterliul sepu-
reted during the rerluxing which wus econtinued for twenty-
four hours. Sufficient benzens to dissolwvwe the solid wes
added snd then the tot:l solution was extrected with sstura-
ted agueous sodium bicarbonste and then with waeter until
neutral. The benzene was removed under vecuum end the resi-
due dissolved in end recrystallized three times from 953
ethanol., The product wes p-~triphenylmethyl phenol and it
amounted to 17.1 g. (73%); m.p. £31-282°% (1it., m.p. 288°),

The rate dute sre given bslowt
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TIEE} VOLIUME Ti&&) VOLUKE
(2in Ha0 {(#in) Ha0
(ml) (mL)
5 0.10 120 0.860
20 0.£0 150 0.69
30 0.20 180 0,78
80 0.39 1440 0.90

30 3,49

Llkylation of anisole by n-butyl alechol. YWhen 0.1285

mole of n-butyl alccohol was rescted in 8500 ml., 0f snisole
solution in the presence of 0.123 mole of p-toluene sulfonic
2e¢id there was obtuined 734 of the theoretical volume of
weter for complete alkylation, 4 dry ice trap wes plsced
between the system and the atmosphere and there wos condensed
therein 20#% of the starting butyl alcohol as butene. Upon
working up the product after washing with eodium blcarbonate
and then dlstiliing, there wes obtained 2.7 g, of p-n-butyl
snisole, b.p. 70-72% at 1.1 mm. pressure, ng> 1.5005 (lit.,
ni® 1.5027).

Ansl, Caled, for Cu,Hye0: C, 80.25; H, 9.88; Found:
C, 80.,94; H, 9.84., There wez also obtzined 18,0 g. of &
nigher boiling fraction, b.p. 1%6-138°% 2zt 1.5 mm. pressure,
ngo 1,809,

fhel. Found: C, 5b.693 H, 6.,61.

Elkvlation of snisole with ocetanol-2, The octanol-?

used here hsd b.p. 177-178° st 764 mm. pressure (lit., b.p.
173%-179%), VWhen 0.0625 mole of octznol=Z was rezcted in
250 ml. of anisole solution in the presence of 0.084 mole of
cetalyst there wos obtained upon working up, as in the case

of n~butyl alcohol-anisole reaction, 10 to 1£ ml. of octene,
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bepe 126-1342 (1it., b.p. 122%), =nd no othsr product except
P P P »
snisole, Thae product dacolorized =z twelvafold volume of

bromine wester,

THE ALNYLATION OF bBARIZEME BY ShaNYL ConlliuLd
AND THEIR BYMSRTRICAL ETHERS

The standard procedure described in the discussion was
used for this snd 21l subseocuent experiments unless other-
wise noted.

Alkylation by benzyl slcohol. The benzyl slcohol used

boiled at 100° at 20 mm. oressure, nﬁa 1.5402 (1it,, n%a
1.5400)., The benzene was dried by azeotronle distillation,
The first 15% of the weter and benzene mlxture was discarded,
the next 705 of the distillste was collected for use, snd the
lest 1656 discerded (nf’ 1.4969; 1it., nf® 1,4981). For this
alkylation 0,084 mole of catalyst was used. The resction
mixture was refluzed for spproximstely five howurs s¢nd the
reaction temgersture was 83%°%0,29, By working up the pro-
duct in the usual fashion there was obtained & 77% yleld
(18.2 g.) of diphenyimethsne., This product boiled at 1185°

to 118% at 4.5 mm. pressurej f.p. 25-24°, nt® 1,5784 (11t.,
ngﬂ 1.5788), In the resldue there wss found 2.1 g. (8% to
7%) of m-dibenzyl benzene (41)}. The rzte dat. for this run
sre given in Table VI, 4 repest run gave & rate curve for
which the ordinste values were alwsys within 20,5% of those

for the original run (8ee Curve I of Figure I).



TLBLE VI

TIME  VOLUEE TIEE VOLUME

(sin.) (He0 mi,) (Min.,) (HeaO ml.)
10 0.17 118 1,47
15 0.26 131 1.84
20 0.54 145 1.66
85 0.41 188 1,88
35 0,587 17¢ 1.97
40 0,85 183 2,08
55 0.84 195 E.18
70 0.97 2x0 2,256
£ 1.13 290 .25
100 1.27 350 2.56

lkyletion by dibvenszyl ether, The dibenzyl ether had

the following ohysicsl constentst b.p. 159-160° 2t 11 mu,
pressvre (1it., b,p. 180 st 11 ©r pregsure), n§51.5592
(1it., nZP1,8507), When 0.0625 mole of Jibepzyl ether wes
refluxed with 0,084 =mele of cstslyst the following rate
dsta vere foind (The product we: not issloted (41)):  (Sea

Curve II of Figure I)

TABLE VII
TIME VOLUKE PINE VOLUNE
(Min.) (#,0 mi.) (in,) (Hg0 mi.’
a 0.08 91 0.74
17 0,14 104 0.83
6 0,524 120 U.91
59 0.99 1%2 0,95
48 0,56 150 1.0
83 0,46 184 1.08
74 0.60 177 1.06
76 0.62 199 1.12
a6 0.72 £50 1.13

Alikyietion by benzhydrol. The benzhydrol melted at

66-87° {(1lit., m.p.67-68Y), Here 0,064 mole of cautalyst
was used; only V1% of the theoretieal water for slkylation

wuas Obtained when the resetion stopped after twelve hours

Fen
W



of refivzing., The rate dste are given In Table VIII. Upon

working up the nroduct, there wopo obtainea £.7 g. (8.55)

of triphepnylmethene; DJp. 125-1589 =t 2 mm, presgurae; oryB—
2865 alluunol gave m.p. 95.5-98% (Lit.,

m.p. 93-94%). Theve wse slizo found 10 2. (B35) of dibenzhydryl

ether {crvstallized three tlmes from 95% ethanol) M.p. 108~-

109° (1it., m.p. 109~110°).

TABLE VIIT

TIEE VOL UMD TLLEL VOLUME
(Min.) (Hp0 ml.) (Min.) (HaO m1.)
5 0.89 45 1.49
10 1.0% 70 1.54
15 1,28 109 1.57
£0 1.34 293 1.50
A0 1,44 533 1.5%

When the recction was repested using one~hslf thils concen-
tration of benrhydrol (0.0825 mole) and uslng twice ss mueh
catalyst (0.128 mole) there was found & 19% yleld of Bri-
phenylmethane. By erystsllizing the residues from 555 eth-
anol 56% yield of dibenzyl ether wee lsolgted, A third
run {standard procedure) using 0.256 mole of catzlyst gave
15.8 g. (52%) of triphenylmethene (See Teble L). (See Tuble
IX for rste dzta). By adding escetone to the residue from
the distilletion and allowing the solution to stand for
seversl days there wap obtained 1.9 g. (4%) of s-dibenzhydryl
bengsne, m,p. 167-169°%, (1lit,, m.p. 170-171°),. There was

no dibvenshvdryl ether isolizted from thiz reszction.
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TiBLE IX

Time Volums Time Volumne
(Min,\ (H,0 ml1.) (Min.,) (H,0 mi.)

8 0.028 40 1.40
10 0.18 48 1.80
18 0.49 55 1.80
18 0,68 70 1,70
&0 0,72 100 1.80
28 0.21 120 i.82
£5 1.00 240 1.89
30 1.17 270G 1,90
35 1.9 1170 1.20

Alkylstion by dibenghydryl ether. The ether used

melted at 109,5-110.5° (lite, m.p. 109-110%). It was reacted
with benzene in the presence of 0,128 mole of estalyst,

Only 78% of the theoretical smount of water for elkylation
wag collected., Lfter recrystaliizing the erude distillate

a 545 yield of triphenylmethzne wias obtzined (m.p. 92%-939),
By working the residue as in the sboverun with benzhydrol
there was obtained 2.0 g, (8.25) of p-dibenzhydryl benzene,
m.p., 167-169°,

TEBLE X

Time Volume Time Volune
(Min,) (3g0 ml.) (¥in.) (Fy0 m1.)

5 0480 0 0.68

7 0.3%0 30 Q.77

10 0.43 45 Q.79

12 0.49 138 0.80

15 0.58 1185 Q.87

THE ALEYLATION OF TOLUENE BY pHENYL
CARBINOLE #HD THEIR CYMHETRICLL ETHERD

Llkyletion by benzyl alcohol. The toluene wus zzeo-

tropleally dried by exectly the seme procedure s weos dese
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eribed for tenzene (niv l1.49828; 1it., nﬁs 1,4938)., The ben-
zy¥y1l alcohol wes re&ctéd in toluene with 0,087 mole of catalyst
to give & 904 yileld of p-benzyltoluene; b.p. 187-158° &t

L2 mm pressurs, ngg 1.5688, (1it., n%g 1.5692)., The reaction
temperazture of &ll toluene runs wes 1159%0,5° unless other=
wise noted., The rate deate are given in Teble XI. (Bse Table
LI and Curve I of Figure I1)., 4 reve:t run gave & Curve for
which the ordincte vslues were always within 20.5% of theose for
the originel run,

TLBLE XI

TIME VOLUME TIME VOLUME
(¥in,) (H,0 ml.) (#1in.) (Ha0 ml.)

5 0.08 100 1.31
10 0,20 110 1.47
15 0.30 120 1.60
20 0.39 130 1.80
£5 0.45 136 1.90
35 0.580 140 1.98
50 0,76 180 2,11
80 0.89 175 2,19
70 0.99 190 2.24
885 1.1 2850 £.26
95 1.24

Benzyl aleohol wes 2l=zo run 1in toluene using 0.084 mole
of cat:lyst (See Curve III of Figure II)., The product wes
not isolated but the rete deti are glven in Tsble XII. Pos-
sibly this rsaction went too fast for high seccuraey, but &

smooth eurve w:3s obtalned.



TAaBLE XIX

TIME VOLUME TIME VOLUKE
(#¥in,) (H,0 m1,) (Bin.) (He0 m1.)
3 0.51 18 1.82
5 0.50 17 1.71
8 0.80 18 1.81
7 0.71 15 1.91
8 0.82 20 1.83
2 0,92 es 2,08
10 1,02 £5 2,08
11 1.10 30 2.1z
12 1.21 40 2,19
13 1.38 50 2.28
14 1,41 100 2.24
15 1.82 150 £.25

Benzyl slcohol wag also run in toluene under reduced
pressure in the presence of 0,084 mole of cztaliyst. Here the
water separator was replmced by s two foot ssbestos wrapped
tube (1 em. 1.4,) fitted with a female ball jsint, To this
was fitted one end of &n areh shaped tube eight inches wide
fitted with male bell Jjoints, This wzs connected st the other
end to the ton of a condenser. The lower end of the conden-
gser entered s wazter geparztor which returned the toluene to
the reaction mixture through the second neck, DBetween this
circulsting system &nd an oil pump was placed in secuence
from the pump, & dry ice trap, msnometer, and s five liter
flask.to gerve &8 a reservolr in order to szmooth out fluct-
vetions in the pressure, A 92% yield of p-benzyltoluene was
obteined; ng® 1.5690 (1it., nE' 1,5711). The rate dats is
given in Table XIII, (See Curve II of Figure I1).
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TARLE XIT1I

TIME  VOLUME TINE VO UME
(iin,) (H,0 ml.) (¥in.) (Hs0 m1,)
5 0.19 68 1,95
10 0.3 75 2,05
20 0.50 90 £410
£5 0.60 95 2.15
35 0.95 100 2,18
45 1,20 110 £.29
50 1,48 125 2,02
a0 1.88 155 2,22

Alkylation by dibenzyl ether. When this ether wes

reacted with toluene using 0,037 mole of czteliyst following
the standsrd procedure, a 90% yleld of p-benzyltoluene was
obtuined; b.p. lﬁ§~lllﬁ et 1.2 mm, pressure, “he rate data
are given in Table XIV, (iee Table II). 4 repezt run gave
a curve for wnich the ordinate vilues weére alwsys within
25 of those for the originsl run.

TABLE XIV

TIME VOLUKE TIRE VOLUME
(#in.) (3.0 m1.) Gain.)  (Ha0 mi.)
£0 0.05 1£1 0.82
37 0.20 128 0.90
49 0.30 1561 © Q.95
54 0.38 186 1.00
89 Q43 131 1.04
81 0.53 201 1.09
91 0.62 216 1.11
101 0.71 231 1.12
111 0.79 251 1.12

Alkylstion by benzhydrol. When benzhydrol wes used

with 00,0064 mole of cutalyst, only half of the theoretlical
water for slkylation was obtained; this indiesting ether

formaetion. 4%t this polnt there wss sdded 0,064 mole more of
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the estalyst and the reflux wss continued untll no more wster
senarated. This took only ten to fifteen minutes. Upon
distillation 23.5 g. of p-benzhydryl toluene was oblained,
Thils represents an 289% yield of msterizl boiling =t 193-194°
&t £ mm, pressure., Thils solidified snd was rocrystallized
froxm 955 ethsnol %o glve a product of m.p. 70-71°, (1it.,
mep. 70-71%)., Wnen this experiment waes repertad in the
arezence of 0,018 mole of cetalyst Lthere wee found one tn two
grams of bthe above alkylutéﬁ ?réduct‘an& 20 g, of dibenzhydryl
ether, m.p. 109-111°, (1it,, 108-110°). 4 taird run with
0.038 mole of datulyst gave s %O% yiéld of the szpge parsa
substituted toluene., The rate dets for these iaét two runs

are given in Table XV and XVI respectively (tee slso Teble II).

TrHLEL XV Tible XVI
Tisk VOLUME TIUE VOLUHEE
(Min.) (HeO mli.) (Hin,) (Hg0 ml,)
° 0.8 5 0.27
8 1.16 156 1.37
13 1.80 25 1.47
28 1.27 55 1.59
88 1.29 310 1.83
£33 1.%3 448 1.87
538 1.33 1880 2,20
£720 2,28

Alkyletion by dibenzhydrylether., This ether was reccted

with toluene in the presence of 0,035 mole of catalyst to
give & 90% yield of p-~benzhydryl toluene, m.p. 70-71°, The
rate dats are miven in Table XVII. (See slso Table II),

This rate curve is plotted in Figure 111, & reneut run gave
2 rete curve for which the ordinste values were always wlthin

41l% of those for the originsl run.
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TTHE VOLUKE L VO Ll
(Min,) (1,0 m1.) (¥in.) (H#.0 ml.)
3 0.12 840 0.89
5 Q.81 748 0,76
10 0.7 780 0.81
. 0,55 E05 Q.84
40 0.38 az0 0.87
150 0.41 BLS 0.94
190 0.4 860 1.01
280 0. 44 875 1,06
350 0.50 6595 1.09
440 0.b3 310 1.10
480 0.57 980 1.18
580 0.63

dlxylstion by trishenylcsrbinol. The triphenyl cab-

binol wused had & m.p. of 161-188%, {(1it., m.p. 182,.89),

Hhen this cerbinmol wes rsseted wlith toluene in the presence

of 0.01% mole of cat&lyét foliowing tre siorementioned proe-
gedure, thers wes obtained a fraction boiling «t 170-183%% at
Z.5 mm., pressure. A& second frection toiling &% 193-220% st
this sressure and & third fractisn bolling at 250-224° were
obtzined. Attemptszs et recrystellizstion wers wmsuccessful,
Further work with trighenyl carbinol snd toluene was absndoned.
The rete dote found ere given in Tedie XVIIL,

Tibuk XVIII

T L VOLUKE TidE VOLHNEE
(¥in.,) (H,0 m1.,) (in,) (HgD ml,)
£0 0.18 1356 158
35 0,38 148 1.88
40 0,48 1E€ 1.77
45 0.55 168 1.83
&0 .64 05 1,90
5 0.86 295 1.97
78 V,96 S8 1.97
85 1.16 718 1.97
108 1.38 14358 1.97

128 1.48
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AR ST T N1 AR A P LI ¥ Rl TV & I X R r DTITENNT
Tial ALEZGAT LU OF LNLL0LE SY 2HbNY.L Crnlzin0Lb

AND THEIR SYMMETAICAL BETHZES

Alkyletion by benzyl &lachég& The anisznsle used in 11

ceses was freshly distilled b.p, 153-1854%, (1it,, 153-1849);
Py . l N~

24 1.5178 (11t., n5° 1.5179). The snlsole wis slkyleted by

L)

bengyl alconhol in the »rosence oif 0.0186 mole »f catalyst to

n

give sn 895 yield of p-henzyl anisole (See Tawblz III) b.p.
121~-1283% at 1.5 mm precsure, ﬁga 1.87233; the rsaction temp-
ersture wes 157.5%+0,5°9,

fnel. Coled, for Cyu HyeD: C, 84,813 #H, 7.1&., Found:
C, 84,703 H, 7.45,

First order constanits culeulated from the dets in Teble
FIX nre given in Table IV, A repect Tun gaeve . curve for
which the ordinste values were sglwuys within 1% of those for
the originel run,

TLBLE XIX

TiME  VOLUME TTHF, VOLUKE TIMe VOLUME
(idin.) (Ho0 =mi.) (Min,) (Eg0 mi.) (Bin.) (0 =1.)
10 0.05 180 0.99 231 1.75
£5 0.14 155 1,09 340 1.89
35 0.84 150 1.18 330 1.87
80 0.47 185 1,29 420 2,00
85 .65 166 1,33 B20 £.10
73 2,50 211 1.50 620 2,18
33 0.7%2 241 1.61 800 2,20

101 0.83 281 1.87 1480 L. E5

Llkyvleavlion by dibenzvi ether, This ether wes condenzed

with aniscle in the gresence of 0,084 mole of cutelyst. There
was obteined £24.0 graxs (¢7#%) of p-benryl snisole, b.p. 1289%-
1309 st 2 mm pressure, The ruie data are given in Table XX,

A repest run gave & rate curve for which the ordinate values



68

were alwsys within +2% of those for the originsl run.

TLBLE XX
TIME  VOLUKE TIKE VORLUME TINE VOLUME
(Min.) (Hs0 ml.) (¥in,) (H O ml,) (din.) (Hg0 ml.)
3 0,03 29 0,51 54 0.97
8 0.12 33 0.63 100 1.03
4 0.23 44 0.7& 184 1.086
18 0,33 54 0.88 159 1,11
24 0,42 69 0.92 190 1.18

Alikylotion by benzhydrol. This aleohol wes reacted in

the usresence of 0,000% mole of catalyst in the ztandsrd pro=-
cedure to glve @ 984 (32 g.) crude yield of p-benzhydryl ani-
sole, b.p. £30-245° st 10 mm pressure. Upon recrystslliza-
tion twice from 95% ethanol, there wus obtained z 905 yield
(30 g.) m.p. 62-63°, (1lit., m.p. 64-65%) (See Table III).

Tha rate date are glvern in Teble XXI. £ repest run gzve &
curve for which the ordinate velues were always within 20,55
of thosge for the originsl rumn,

TABLE XXI

TI¥E  VOLUME TIME VOLUKE TIvk VOLUEE
(Min.,) (H,0 mi,) (in,) (HO =ml1.) (Bin.) (H,0 mi,)
5 0,29 99 1,09 418 1.58
10 0.50 130 1.11 480 1.88
15 0.689 185 1.18 540 1.75
£0 0.79 265 1.82 85E 1.89
51 0.89 £80 1.28 715 1.98
4z 0.97 265 1.31 765 £.08
82 0.9% £80 1.38 790 2,04
77 1,06 340 1,47 1495 2,20

Alxylation by dibenzhydryl ether. Thls ether was resszcted

with snlsole in the presence of 0.00Z mole of the catalyst
to give an 85% yleld of p-benzhydryl anisole, m.p. 8£-863°,
The rute date are given in Tuble XXII. 4 renest run gave a

rate curve for which the ordinute valueg were slways within



tG;Bé of those for the originsl run.

TIME
(¥in.)

&
11
16
20
£9
37

VOLUME
(ﬁ,ﬁ iﬁlt )

0.01
0,086
0.13
0,186
0.28
0,38

TiBLe XXIT
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TIRE VOLUME TIHE VOLUME
(Min.) (Hz0 w1.) (Min.) _(H,0 ml.)
4z 0,57 80 0.75
47 0.41 95 0.82
51 0,48 110 0.97
81 0.58 125 1,07
66 0.81 182 1.10
73 0,87 190 1.11

Alkyls=tion by triphenylesrbinol. This alecohol wes resc~

ted in znisole in the presence of 0,008 mole of ecatalyst.

Upon working up the re:.ction mixture there wes obtulned

seversl froctions znd further work on this resction was dis-

continued,

TIHE
(¥in.)

£2
47
52
6%
7
87

The rete data sre given in Table XXIIIL,

TaBLE XXIIXI

VOLUME TIME VOLUNE
0.17 99 1.356
0.62 109 1,45
0,72 114 1.8E
0.87 127 1.68

1.07 14z 1.77
1.17 15z 1,90

THE ALEKYLATION OF ANICTOLE BY PARE
SUBSTITUTED BENZYL ALCOHOLE

TIkn

1z
178
192
290
380
410

VOLUME
(ﬁga ml.)

1.98
2,02
2 ;Q%
2,08
£,09
2,09

The pars chloro-, methoxy-, methyl-, and nitrobenzyl

alcohols were each condenced with asnlisole according te the

standard prodedure,

The kinetic dste, moles of catelyst, and

percent yleld are given in the dlscussion (See Table IV), The

physicel date of both stzrting materisl and produect as well es

anzlyses for new products are summsrized in Table XXIV, In

Table XAV are given the observed Fute duta,

fepeat runs for



ALKYLATING PHYS1CLL CONSTANTS
AGENT OF THE

ALEYLATING AGERT
p—Cl c‘KCCﬁ‘QE E.P. 70“’719
(litag m.}), 96'71{9)

p= CHgOC H CH,0H b,p, 107-8% &t 1.5
my, pressure

1.54
??1t.. n g 1.5428)

p=CHaCyHeCH,0H  m.p, 59-60°

(lit., m.o. 59-809)
p=NOaCoH CH,0H  map. 97-98°

(1it., m.p. 93-94°)

TABLE XXIV

PHISICAL COUHBTANTE ANALYRIE
QF THE

PHODUCT

b.p. 170«175° at &

n pressure
igﬁ 1.5820

Caled. for Cyp.h,4C103 C, 72,283
H, 5.26, Found: C, 72,263
H, 5,71

b.p. 166-1872 st 0.9
mm pressure m.p. 49.5
50,5° (1it., m.p. 50-
51“} (from 95% etha-
nol

b.p. 140-143% st 2.7 Cealed for C,,0.40: C, 84,88;

m@ pressure H, 7.60. Fcund: C, 84.85;
ng° 1.5671 H, 7.65

bep. 109«111°% st 0.5 Calcd for Cy Hyo0.H: C, 69.14;
B, pressure H, D.35. Fe&mﬁzlc, 83.443

np” 1.5219 H, 5.73

1. Contiined no nitrogen

09



M iﬁ;

13
17
20
53
26
29
34
39
44

80
70
a0
90
108
120
158
1986
£38
265

(p*Ci‘ﬁa{}*‘}

0.19
0.38
0.53
0.76
0.83
0.93
1.10
1.19
1.31
1.40
1.48
1.54
1.68
1.78
1.80
1.87
1.91
2,00
2,10
2,17
£.20

© € 2
K:Qﬁ;si

TABLE XXV

(p=-C1l~)

Min.

20 0,07
40 0.14
80 0.20
80 0,29
110 0,48
130 0.54
150 0,62
170 0.70
£00 0.81
o230 0.91
280 1,00
3085 1,13
BAE 1.8¢
380 1.31
450 1.48
530 1.69
8620 1.69
730 1.79
8E85 1.87
B&0 1.83%
1010 1,94
1105 1.9%
13485 £.00

(P ~CHg~)

ﬁl.ﬁg() Min,

8
10
12
14
17
£1
24
z5
28
&3
37
40
43
48
50
&6
62
65
76
85
95
11g
130

2h.=Ha0

0.07
0.17
0.20
0.36
0.47
0,58
0.38
0.72
0.858
0.93
1.07
3.17

27
1.36
1.42
1.55
1.67
1.74
}-.B?
1.987
£.03
£.11
£.13

61

(p~NO,z=~)
ﬁinc gla"ﬁ’ﬁ
10 0.08
£0 0.10
50 0.16
80 Q.FE
125 0,38
£00 0.47
£48 0.51
320 0,89
BZ0 0.72
520 0.78
850 0.80
1310 0.96
1370 0,99
1440 1,00
1820 1.02
2790 1.20

the pechlorobenzyl zlcohol give 5 rate curve for which the

ordinate vilues were alweys within 20.25 of those for the

originsl run while & repneat run for the p-methylbensyl &ale

cohol gueve & rate curve for which the ordinste vslues were

within #0.5% of those for the originsl run,

tempersture in all of these runs wes 157,8° 30.59.

The recction

In Teble XXVI are given the kinetic deuta which were

obtiined frowm the alkylstion of snisecle by benzyl sloshol

in the crassnce of 0.03% mole of catelyst (fee -1l:zo Table

1v),
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TABLE XXVI

Min. #l. HgO Min. M1, Ha0 Kin., Ml. H,O
4 0.07 “8 0.90 53 1.61
7 C.ES 28 0.95 80 1.77
10 0.3 31 1.0 &3 1.80
13 0.48 33 1.10 63 1.90
is 0.5% 38 1,20 77 £.00
i8 0.65 38 1.25 82 £.06
£0 0.70 41 1,33 87 £.10
22 0.79 44 1.40 @9 2.186
123 0.80 43 1.80 11z Z.22

THE ALKYLATION OF PARSs XYLENE,
MESITILEN:, AND PHENETOLE BY BREZYL ALCOLOL

Alxylation of pexylene, The xylene used hed b.p. 136~

1379, (11t., bep. 138.6%) It wes olkyleted by benzyl aleohol
in the presence of 0,032 mole of catalyst to give am B4%
yieid of benzyvl xylene, b,p. 12 4»135“ ¢t 1 mz pressure
ng" 1.5694,

“nel, Caled. for CggHyeet €, 21,84; H, 8,16. Founds
C, 91.91; B, 8.80,

The resction temper:ture weas 1409%0,1°9 (See Toble V)
The rate data for this run are given in Table XXVII

TLBLE XEVIL

TIZE VOLUME TI¥E VOLUME TIKE VOLUsE
(Min.) (H:0 ml.) (Min.) (HR0 =i,) (Hin,) (H,0 =l.)
1 0.1% 14 1.00 &8 1.91
£ 0.29 18 1.13 30 £.00
4 0.41 13 1.87 &5 2,09
8 0.54 20 1.29 40 £.14
8 0,63 £ 1.851 &0 .ﬁU

10 .79 24 1.88 80 2.2
12 0.858 £8 1.81 78 5.32



This recetion was repested ¢t 85-86% using the pre-
viousgly mentioned reduced sreszurse system. The pressure
reculred was 125-185 mm. Since woter wes lost in the system
there wes no messure of the rate, It took a proximetely

three hours for complete recetion., This gave & 774 yield,

bep. 185=182Y -t 24 mm pressure, nge 1.5710 (8se Table V).

Alkvlation of mesltylene, Mesitylene was slkyloted

with benzyl alcobol using 0,082 mole of cntalyst to give
12+8 g. (985 crude yleld) of product, b.p. 126-1£7° st 5 mm,
pressure, ‘“he recction tempercture waes 165,59+1.8%, Upon
recrystellizz=tion from 95% ethanol there was obteine: an
995 (11.8 g.) yield of benzyvl mesitylene, m.p. 54-35° (1ite,
m.p. 238=37°Y,

2lkvistion of phenetolse., This aromstle ether was

viated 1in usual mpaaner witﬁyhﬁﬂzyl glcohol but using no
catalvst, There wes obtained 23 grems (873%), (The resction
tempersture wes 173%+0,.59),p-benzyl vhenetole, b.p. 1£8°
st 1.5 mm oressure, ﬁ& 1.5654,

Anel. Celed., for Ci,H,408 C, 84,863 H, 7,80, Foundt
c, B4,81; H, 7,61,

The rete dubts are given in Table XXVIII, In Tsble
XXIX there are given the kinetiec dats for the run med+ using
0.00012%5 mole of catslyst., 4 repeat run gave & rute curve
for which the ordinste vilues were always within £45h of those

for the original run,
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PART II
ALKYLATION BY O-CHLOROETHYL METHYL ETHER
HISTORICAL INTRODUCTION

It was the objective of this investigatio-nto study the
Q-chlorocethylation of aromstic nuclel using &~ehloroethyl
methyl ether. By cerrying out the sghlorcethylation with
this chlorosther it wzz hoped thst the use of strong ascid
catulyst: could be avoided snd consecuently the formstion
cf the unsymmeiricel disryl ethanes znd resinous by-pro-
duet eould be decreased; ir the znzlogous resction with
chlcreﬁethyl ethér no straﬁg scid eaﬁalyst i= reéuired (43),

The &-chlorcethyls tion of meny sromstic nuelel has been
reportes in the literature (4), (5), (¢3). In sll of tnese
cases same‘form of acetasldehyde erd an acid cotslyvst wes
used (44)-(49). GCuelet resctsé snisole, paraldenyde, and
hydrogen chloricde et 56, using snhydrous zince chloride ns
the eatzlyst, to give & 504 yield of the p~olchloroethyl
anisole., He reported thet & lerge pronortion of the by~
product 1-di-{(p-methoxyphenyl)ethene wes formed (44), The
ochloro derivative dehydrohalogenated upon vacuum distlle
lation to give the corresponding p-vinyl enisole. Various
crescls when rescted under thece conditions geve 405 to 604
yields of the vinyl derivetives (45), (46). Homologues of
anlsole have &l:0 been rescted to give similar yields of the

p=vinyl ecompounds (49). Aniscle has ulso bsen™=-chloropropy=



)

-

lated and K-chlorobutyl:ted by this procedure using resvect-

ively provioneldenyde and butyraidehyde in place of paralde-~

i}

hyde. These ylelds wers reported to be around 30s (47), (48),
(49), Phoasphoric ascid hss also been used as a cabtelyst in
these condensuclons (48), (49). 3ccent workers hsve revorted
rezctions of various cresouls by this procedure to give the
corresponding styrenes (£0),

Chlorosthylatlion vis zcetaloehyde or 1ts homologues has
proved Lo be more limited in scope then chloromethylstion by
the Blanc and related methods (43), The sttempted O(-ezhlora*
ethylation ol o=, m-, ano p-chloroanisciej m-,and p-browoan~
isole; dimethylaniline; snd p-dimethoxybenzene vwuas UNBUCCESS-
ful (50). The following styrenes have been jprep:=red in 4%
to 49 ylelds by Lhis meilodt 4-methoxy-3-methylsiyrene, Z-
methory-S—-pethylstyrensg, snd S-isopropyi-4~methoxy-2-methyl-
styrene.

Chiorometbtinyi ether hass been used to c¢hiorometizylute
aromatic rings in good yields (B1)-(84)., Vavon, Bolis, and
Caelin (&E) were sble to introduce the chlorometnyl group by
using cnlorcomethyl ether in ascetic aclid es the solvent without
any strong ecla estelysts., They followed the resction by
hydrolyzing the remsining chloromeihyl ether and titrsting
the {ree hydrochloric acid. The rate, &s would be expected,
varied grestly as the groups sgubstituted on the aromatic
ring were vuried (43)., Alkyl end slkoxy groups faellitzted
the condensation, while hslogen atoms, and halomethyl znd

carboxylic groups inhibited it. Vavon, Bolle, and Csalin
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give the following order of deereusing resctivity of the sub-
strates: anlisole, mesitylens, m-zylene, toluene, benzene,
nitrobensene., It wes found thet bromonethyl ether ro. . cted
ten times fustor than tne chlorowethyl ether, Variations

of the solvents produced varlesilons of the resction rite;
niztrobenzens, sym~tetrseinloroetincne, and i,f~-dichloroethene
guve slow rote of ressetion shere ws might have been predicted

0 formic zeld iu acetic seld or dizhloroacetic seld guve

& much ineressed rote of resction (H0).
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DISCUSBION

When bengene, toluene, or mesityleue wrg trested at 0Y
to 15Y with d—chloroethyl methyl ether 1n the zbsence of &
catalyst, the sterting ualerlals were recovsred gusnititstive-
ly. There #was no resction even with anisole in the vresence
of glecisl acewic ucld; under theze condltions the chloro-
methyl ether reacte. readily (85).

# preliminary study of possible ¢l telysves showed that
meny of thew deuydroliclogensted wad posymeriged the chloro-
ether., 4 seml-guentitetive study of thiz dehydrohzlogenation

Ry
.

at 0% showed thal the asctivity decrcaseld in the following
order: stannle chloride, sluminuxn chloride, zluminum bromide,
sulfuric zeld, phosyhorous pentoxide, zine chiorice, 10092
phosphoriec scid. The last two catalysts were the onily ones
which cid not convert {hne culoro-~ether to & biascek ter almost
ipmediately {(B7)., The steunic chulioride recected with slimost
explosive viclence,

Phosphoyle aeid wes ineifective as ¢ caveliyst for the
condensation of anisole and thne chloro-ether, Lut zine chlo-
ride wes culte active., The chiel preoduct was t.e unsympetrie
ceily disubstituﬁe&lethane, however, insteca oif the inter-
mediate chlorocethylatel compound. & 67% yleid of this ethane
wis ocbtained when eguimoleculsr amounts of znisole andof-chlo-
roethyl methyl ether wnere rescted at O to +8Y une the same

yleld resulted when the proportion of anlsole wes doubled.
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H e
CH,CHC10CH, + C¢HgOCH, —)ca.o@-c*ca. _ColisOCHs
c1

ClOH + HCL + E:i@.@@»]gcmzi,

kone of the interxediste p4K~ch10?eetby1 enigole wes isoluted
in eltrer cree. When thie regction war rillowed to proceed

for oniy cne-third of the recctivn tire of the shove conden~
setion, there woe obtained e 155 ylelc of ihe digubstituted
ethane as the only wroduet. £ recsonchle pechenism 1s the

fellowing fé&}:

H H ZnClg
% sy - o - 13 ?nCl ¥ L )y [ e
i] Clig=C a0 CHig —_———ts CHe={ 02 Chg
[ Cl L1 4 <—-——-' {‘_l oo

(£ ciu-C 20 Oy, = cayuinl ¥, [CH, 10! ’;sncl;]”
Cl éﬁ.
Q OCH,
i * a .
[5] cuscHer ~ « + bt
HC-C1
CH,
(&)
+ ‘ ~
(¢) 8" + [cH,-0-znci, ] T —>ci,0d + Zncl,
The eomvound (A) is the expected o*chioroethyl derivas
tive reported by other workers (49). ¥hen compared to the
chloromethyl derivative prepsrec vie the monochloromethyl

ether (51), the essentizl differsmce is the presence of the

methyl group in slsce ©f & hydrogen &tom.
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gave a 62% yield while the m-eresyl ether gave only & 195
vield of its disrylethane derivative, 4 very smell yield
of crystalline product was obtained when the condensstion
was run with o~nzphthyl methyl ether. The few crystals
separsted out of & black tarry mass after standing for
geveral weeks in the refrigerstor,

The structuresg proposed in Table XXX are besed upon
information and analogueg in the literature. The product
from anisole has been previously prepared by relsted methods
and its structure extablished (50), (58), p-Methyl snisole
would be expected to slkylste ortho to the methoxy group
and the corresponding chloromethyl and chlorvethyl compounds
have been prepsred (45), (49), (50)., The erystzlline pro-
duct obtained in this investigstion wes prepared es & licuid
by Meldrum and Lonkar (88) by condensation of p-methyl ani-
sole with chlorsl followed by hydrogenation. The other
ﬁhrea compounds are new, FPhenetole would be expectz=d to
react like snisole especilelly =ince the chloromethylation of
phenetole occurs chiefly &t the para position (54). The
structure proposed for the product fraﬁ'momethyl.aniscle
is based upon the closely related chloroethyl and chloro-
methyl comnounds prepared by Quelet (458), (49). The para
alkylstion of &-naphthyl methyl ether is oroposed since
para subzstitution predominstes with the monocyclic ethers,
It is not improbeble, however, that both ortho and psra sub-
stitution oeccurred, for only & smell fraetion of the total

erude product was obtained sz erystals.



TABLE XXX

KaCHCH, COMPOUNDS PREPARED
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b
Anslyses
Caleulated Found
_R _Yield, % M.P,, %C,% "'."%; — € B
ca. 67  71.2-71,5  79.31 7,49 79,40 7.82
c,ﬁ.o-<<i:::>,. 65 30.9-32.4  79.96 8,02 79,92 8.28
cg,e.<:::::>>- 20 Below £5 79.96 8.02 79,89 8.08
CH,
CH,
<<:;;;>,‘ 70 59.4-39,9 79,96 8,00 79.Y5 85.06
0CH,

CHq0 -- 126,8-128,3 84.18 6,48 B4.41 6,49

0

A1l melting polints corrected,

Microanalyses by Elesnor Werble.

¢ Only & small amount of solld crystsllized from crude
product corresponding to an 864 yleld,
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EXPERIMENTAL

Okﬁhloraathyl methyl gther. Attempts to prepare this

ether in ylelds as high ss those nreviocusly revorted (59)
were unsuccessful, The procedure bhelow was found, however,
to give 70% ylelds of distilled ether consistently.

Dry hydrogen chleride was forced through a2 sintered
glass disk into & one to three molesr mixture of paraldehyde
gnd methanol cooled in sn ice-szlt bath, The hydrogen chlo=
ride wae introduced slowly over four to flve deys while keep-
ing thne tempersture below 102, It is essentirl that the mixe
ture be kept cold and thet enough hydrogen chloride be added
for thorough ssturstion. After seperating the eolorless
leyers the lower layer was extrzcted with etherji cslceium chlo-
ride was used sz & salting—out sgent, The original uprer
layer waz added to the ether exiract and the solution was
dried over caleium chloride, Upon distillstion at 155-180 sm,
prescure the product was collected =t B3£-34Y, It should be
stored In the refrigerstor.

ittempted condensstion with anigele in scetic zcid.

Sixty milliliters of glescizl scetlic acld wos added to =
mixture of 0.09 mole of the chloroether and 0,075 mole of
anlsole while holding the tempersture =t 109, The mixture
wes then plezeed 1in e constent temperature bath arnd held at
359 for about twenty hours. The clear, homogeneous solution

wes poured into lce water snd the zeid formed wss neutralized
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with dilute potassium hydroxide, Upon extrzetion and alstil-
lation at 13 mm. pressure 75% of the starting anisole wa: re-
covered (b.p. 43-45°9, nﬁﬁ 1.512). No other products were iso-
lated.

Helative dehvdrcehlorinstion aetivity of nossible

cabalysts., Dry alr wes persed at & constant rete over a mlx-

ture of 0,033 mole of Ofchloroethyl methyl ether znd 0.008
mole of cstalyst at 0° €, The pir contsining only hydrogen
chloride and traces of the chloroether wss absorbed in 2 gas
weshing bottle containing 100 ml. of 0.01 N, sodiun hydroxide
(80)., £ piece of congo red paper placed in the solution of
alkall served ss the Indilestor. In & control run witnh no
catalyst added the time reculred to change the c¢olor of the
indicetor was £.93 minutes, With cetslysts present the
times varied as followst 100% H,PO,, 1.8 min.; ZnCL,, 1,%
min.g PClg, 1.2 min.; HeB80,, 1.1 min.; A1Br,, 0.5 min.}
£1Cl,y, 0.2 min,

1,1-Di-(p-methoxyphenyl) ethene. 4 suspension of 0,2

mole of pulverlized anhydrous zinc ehloride in 0.32 mole of
enlsole wes well stirred with coollng in sn ice bath while
0,33 mole of Okchloroethyl methyl ether wrs zdded drop-wise

&t such a2 rete ss to hold the tempersture tbelow 5%, is the
addltlion proceeded over & period 0f>twa hours the color changed
from yellow through pink and red to derk brown or blecx,

After stirring {or an additlonsal helf hour the resction mixe
twre was poured into ice wrter. The product was isolated

by extresction with ether end recrystallized from 965 ethyl

alecohol. 4 87% yield of colorless ecrystals, which melted st
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71.,2-71,.8°, wes obtained (reported 70-72° (58)),

¥hen this resction wes repeatsd but only allowed to run
for one-third of ths resction time of the sbove condensation,
there w:s obtalned only = 15% vield of the same product.

In & similar experiment, in which 0.4 mele anisole,

0.7 mole chlorovethar, aznd 0,2 mole zinc chloride sas uszed,
the szome yleld ol the same product wes obltained.

In another similsr run the resctents were used in 0.18
molar smounts ond the estalyst was 0.09 mole of 100% phos-
phoric acld (61)., Thers was nm_ﬁpﬁarent chang= gz the chloro-
ether wos 2d4ded excent & slight vellowing of the ecatulyst.

ceventy-five per cent of the sniscle ¥:s recovered,

1,1-Di~{p-ethoxyphenyl) ethens., This remetion wis ecarried

out 1n the genersl manner Jjust deseribed. One~fifth mole of
ezah of the rezectents and 0.07 mole of zinc chloride wiz used,
Upon distilliation at £ mm. pressure 26 g, of erude product

wz5 collected st 170-1809, The distillete, which erystsilized
upon eooliing, wes recrysteliized frow gleecl:z:l secetlc acid to
give 14.2 z. of colorless crystals; m.p. 30,9-32.49,

1,1-Di-(p-methoxy-o-methyl-phenyl)ethane. Fhe reuc-

tents wers uzed in 0.7% wolasr zwounts with 0,028 mole of zine
chloride and the condensatlion was carvied out us described
sbove for sunlsole, The producet wes lsolsted as ¢ lightly
yellow, viscous licuid by distilletion st 178-1809 2t & pres-
sure of 2.0 nm. Jttempte 2zt erystellizetion were unsuccess-
fui,

1,1-Di~{o~-methoxy-sm-methyl-vchenyl) ethene, This com-
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pound was prepared es just dezeribed except that the methyl
ether of p-crescl wes used in zlace of the methyl ether of
o=eresol., The product distilled =zt 165-89 at 3 mm~ pressure.
(reported 185° at 10 mm. (62))}. This compound wes obtained
as white erystels frow glacial scetic eid) m.D. T9.4-39.p%.

1,1-Di-(%p-methoxy-nsphthyl) ethene, In this prepe-

rotion Q.8% mole of ®~naplithyl meihyl ether, 0.12 mole of
Okcchloroethyl methyl ether, and 0,085 molé of suhydrous sine
cixloride were used, The chloroether was added over a one &nd
one-neslf hour period, U?Gﬁ diétiil&tiuﬁ in & von Ureun flssk
at 1-2 wm., pressure, 6.0 g. of & dark amber, viscous liguid
was obtelned. After siunding in the refrigerator seversal
weess & smeil swmount of so0lid sepirstved. Colorless c¢rysials
were obtelned for snalysis by reerystaellizing the solld twice
from gleeiul scelic wclg ara three tlimes frow acelonej m.p.

16 ,8-148,3°,
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SUMKARY

An zzeotropic method for the slkylation of aromatic
rings by phenyl carbinols and thelr symuetricazl ethers has
been investigateds

ROH + C,H,R* —S8%- 5 L RC,HR' + H,0

ROR + 2C,HgR® _C8Ye 5 25 RC,HR’ + HGO

In this study, the sromstic compound we: used in excess
as the solvent snd the catelyst was petoluene sulfonie seid,
The resctions were followed by measuring the rate st whick
the water collected when the solution wes refluxed in an
ap aretus equip?ed with an sutometic weter separator,

Mono- or diphenylcarbinol or their symmetrical ethers
were found to elkylate toluene and anisole in yields of about
90%. DBenzyl alcohol snd its symmetrical ether alkylated ben-
zene in sbout B804 yield, but benzhydrol and its wether gsve
only 80% to 555 ylelds. Very little disliylation or zlkyla-
tion at other than the pers position occurred,

Alkylation of benzene snd toluene by benzyl slcohol was
found to proceed, &t least in part, viz the formstion of the
symmetrical ethers as intermediate. There was, however,
little if zny ether formetion in the azlkylatlion of anisole by
benzyl alcohol &nd verious pers substituted benzyl slcohols,
In every csse the benzhydrol appeared to be rapldly converted
to the dibenzhydryl ether which then acted &s the alkylating

sgent. 4n interesting but as yet not completely explained
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rE® shaped rete curve was obtained for the slkylation of
toluene by dibenzhydryl ether,

Phenetole, mesitylene, and p~Xylene weéere resdlly slky-
lated in yields of 80% to 90% by benzyl aleohol. No estalyst
wzs required with ghenetole and there was sn induction period,
the cause of which is &s yet unknown., With n~butyl alcohol
end snisole thers was found only & 8% yield of p-n-butylani-
sole slong with a felir yleld of unldentified product wiith =
surprising low carbon content. This meterizl will be further
investigeted in these laboraztories.

£ study was moede of the kinetles of the slxylstion of
anisole by benryl zlcohols substituted in the pare position
by hydrogen znd chlorine stoums and by methoxy, methyl, and
nitro groups, Satisfactory first order constants were obtalned
in all cases except that of the p-nltrobenczyl alcohol., The
order of incressing rate of resction was p-nitro, p-chloro,
p~hydrogen, p-methyl and p-methoxy ss vwould be predicted on
the basis of the relative electron~-relezsing sabllity of theso
groups, These results on the kineties sand relstive resc-
tivities are¢ shown to be in zgreement with the esarbonium ion
mechanism whienh has been proposed for this resction. Except
for p-nitrobenzyl slcohol the yields of alkylatlon products
were 80% to 20%. Concurrent etherification znd slkylotion
and changes 1in the asctivity of the catalyst as the rezction
proceeded made 1t impossible to obtain valld kinetie dats
when an aromatic hydrocarbon is slkylsted.

The method discussed here would be the preferred one

f RO
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for prap&fing moet compounds of the types described because of
the generzlly high yields &nd the simplicity of the procedure,

The condensation of X-chloroethyl mthyl ether with aro-
matie rings wes slso investig:ted,

CHe=0-CH-CH, + 2C¢H,R —S&Ys> (p.RC.H,),CHCH, +

¢ CHa0H + HC1

The alkylation of aromatic rings by this chloroether heas
been shown to give 1,1-dlaryl ethanes in every case., In the
pregence of anhydrous zinc chloride at gero degrees the cone
densation with anisole, phenetole, m-cresyl methylether,
p-eresyl methylether, and with o{=naphthyl methyl ether oceccurred
rezdily to give the correszponding disrylethasnesz in 20% to 70%
yvields. HNo condensatlions were effected with benzene or

mesitylene under these conditions.
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