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BENZYLATIOR OF THYMOL

PREVIOUS WORK AND GENTRAL PRINCIPLFS

Introduotion

Among the thousands of organic syntheses which have
been effeoted during the past decade, not the least inter-
esting are those in which hydrogens of the benzene ring
have been replaced by aliphatic or aromatic radicals.
Every ocase of substitution is preceded by an elementary
addition reaction, that in the couree of subsequent de-
oompoeition forms a new compound. The new group may
oooupy the position of the atom or group replaced or ma&
assume a different position. In most condensation re=
actions, especially those of Claisen either an acid or
salt 18 eplit off, anl the substituted alkyl or aryl
group ocoupying a different position than thet which the
metal took before. A satisfaotory theoretical explana-
tion for this is still wanted, end new points of wview can
be expected only from the yield of new experimental facts.

In the bensylation of thymol we have constituente
present which exert an influence on the entering group;
ite final position being determined by the group or atom
whose influence predominates. Holleman quotes Belletein's
rule: "If a substituent C enters into a compound C H),AB,

both A and B exert an influence; but the group whose in-



fluence predominates direots C to the place it will occupy.®
He then lists the groups whioh direct to para and ortho
positions in order of their diminishing velocities.

2
substitution.

OH7¥YH_>1 »Br »C1 7CH_5 and CooH 7803H >N02 for meta

Catalyets used in Organic Condi=nctions

Organioc condensations have always been of great
historical interest, and suoh condensations Lave been
effeoted since 1870, There are numercus types of con-
densations, likewise, numerous catalysts have been used
to effect such condensations. Some of these catalyste
are sulpuurioc and acetic acid, phosphorio anhydride, zino
chloride, hydrochloric acid and aluminum chloride. In
most ocondensations either & halogen acid or water ie split
off. It is, therefore, easy to see why dehydrating agents
or catalysts have often rroved neceseary in effeoting such
syntieses.

A mixture of sulrhuric and mcetic acids wss used in
18?3 by Meyer & Wuster (Ber. 6, 963) in condensing benzyl
aloohol with benzene to form dirhenylmethane. Two years
later the same catalytic mixture was used by Paterno &
Fileti (Gazz. Chim. Ital. 5,381) in ocondensing benzyl
aloohol with phenol to form a benzyl rhenol.

In 1€¢1 Liebman (Ber. 14, 1242) prepared p- ienzyl

rhenol from benzyl alcchol and phenol by using zinoc chloride



as catalyst. He aleo prepared butyl phenol oondensing
isobutyl aloohol and phenol with molten Zn 012. Propyl
and amyl rhenols were similarly prepsred. Other condensa-
tions using Zn Cl, were performed by Mers & Weith (Ber. 14,
1¢7 seq;) Auer (Ber. 17, 669); Dennstedt (Ber. 23, 2569)
and by Baur (Ber. 27, 1614).

Phosphoric anhydride was used in 17¢6 by Hemilian
(Ber. 16, 2360) in forming diphenyl =p- xylylmethone from
benghydrol and p=- xylene.

Hydrochlorio acid was used in condensing phenols with
cauphorquinone, by Dey end Sen Gupsta (Proc. Chem. Soc. 29,
155)s It was aleo used by Dionin (J. Russ. Ch. Soc. 46,
1310; 1914%) in condensing rhenols with unsaturated ketonss,
such as mesityl oxide.

Stannioc chloride was uscd by Bistrzyeki (Ber. 37,

659; 1904) in condensing benzhydrol with toluene to form
dipnenyl =p= tolylmethane.

S8wall quantities of fodine were used as catalyst by
Enoll & Go;, (Ger. 250, 236, Apr. 23, 1911) in condensing
organic compounda with alcohols or ketones. It was found
to act as a dehydrating agent.

Magnesium chloride was shown by Kazzara (Gazz. 12, 5C5;
1€€2) to have a catalytic effeot in condensing M- cresol

with proply alcohol.



Alkylation of Phenols

In 12£9-90 Gatterman, Ehrhardt snd Kaish (Ber. 22, 1199)
prepared oondensation producte of anisol, pienetol, etc., by
treating them with various acyl chlorides and with benszoyl
ohloride in the presence of 51013. They expressed their
belief that the constitution of the oondensation product
of anisol and acetyl cLloride ist

He >,

Their proof is the faoct that the oxidation of this cowmpound
gives anisic acid, or p- methoxy benzoic aoid. The other
oondensation products which tliey prepared gave analogous
oxidation produots, ani on these grounds they repeatedly
stated (Ber. 23, 1203, 1205, 1208, 1210) that the acyl or
benzoyl groups regularly entecred the ring in the p= posi-
tion.

 In 1881 Liebmsn (Ber. 14.«18u2) rrepared a butyl phenol
by ocondoneing :henol and isobutyl alcohol with the aid of
molten Zn C1 . He also prepared propyl phenol and amyl
yhenol by the same methods The next year Maszara (Gazz.
12, 505) ocondensed propyl alcohol and M- oresol with Kg Ccl,,
and a year later (Ber. 16, 242) he used the same catalyst
in preparing methyl butyl phenol. | |

In 1891 Lenkowski (Ber. 24, 2974) reported that Le had
succeeded in alkylating aniline and some other aromatioc
compounds. He stated that in such reactions the new sub-
stituent eslways takes the p- position, and that the sane is

true of the higher homologues of rhenol, which are prepared



by treating a mixture of rlencl and the aprroprizte aloohol
with Zn 012. He thus extended ani cénfirmed the theory that
was suggested by GCatterman and his helpers,

In 1794 Bauer (Ber. 27, 151%) conisnsed isobutyl
aloohol and O- oresol with iue aid of Zn Cl, and heat
preparatory to the synthesis of nitrated ieobutyl O~ crescl.
In 1S5 Anechutz and Beckerhoff (Ber. 28, U4CZ) prepared
smyl rhenol by condensing toth isoamyl eslcohol and tertiary
wmyl slcchol with phenols The concluded that the two producte
wzre the same, Oiting similarity of meltin; points, of bolile
;1nglpoints. and of benzoyl derivatives as proof of ideantity.

In 1904 Clemuenson (Ber. 37, 5S4 Seq.) prepsred ethyl
resorcinol, ethyl hydroguinone, ethyl pyrocsteonol, and
goth mono—ethyl snd di-ethyl pyropallol by recducing the
ap;ropriate ketones with zino amalgsm and 131 or 1:2 HCL.

In 1507 Eerzig ani Yenzel (Monatsch 27, 781) etated that
they had methylated rhenols by treating them with nethyl
foidide 4in alkaline solution. In 1913 Johnson and Fodres
(J. Am. Ch. Scc. 35, ldlk) used Clemmenson's generol
rmethod to prepzre & few alkyl phenols. They worked vith
etners &s well us ketones. The next year Jolinson and
Kohrnan (Jeo Ame Che Soc. 35, 1259) o:ntinued this line of
regcarch and succeeded in preparins alkyl rhencls with

long aliphatio side cliains.



Benzylation of Phenols

Sore of the earlieat work which hes = bearing on the
benzylation of phenols was done by Koliaritz and Mertz
from 1€71-73. (Ztechr. Chem. 1271, 705; Ber. 5,447; 6,
446) They succecded in syn*hesizing diphenyl ketone, and
they stated thst they had worked according to principles
governing the condensation of aldehydes, ketones, and yhenols,
using plosprorio anhydride as a dehyirating sgent.

In 1872 E. Paterno prepared benzyl phenocl, appzrently
the firet to do so. (Gszz. Chem. Ital. 2, 1-6). ke Leated
gently a mixture of benzyl ohloride and phenol in the jre~-
sence of zinc dust. It was noted that & rezotion sturted
and hydrochlorio ecid was given off; the liquid entered
into ebulli*ion. Later a brown liquid or oil was sepcrated
from the unchenred zine, and distilled.

The ungombined benzyl chloride &and pienol were dis-
tilled off below 26C . The remnining msse was distilled
at 6 mm. The rain fraotion came over at 1£0 - 19° . Thie
benzyl rhenol was soluable in salkaline solutions, but was
reprecipitated by acide. It was insoluable in ammonia.
¥uen treated with nitric acid it would form substitution
produots.‘ When-treated with aulpnur;o acid 1t'produoed a
sulphonic 2a0id with the phencl, the barium ealt wiich was
scluable in water.

They also found that benzylated anisole treated with
hydroiodic acid, rnd boiled for 8 hours at 170 gave

methyl lodide, snd the sume benzyl phenol &8s just described.



Two years later in 1874 E. Puterno and M. Filetti
(Gasz. 3, 121-129, 251-254) gave a further desoription of
poseible derivatives of the same benzyl rhenol. The action
of bromine on benzylated phenol in acetioc acid solution
fave rise to an unstable oily compound. But they also des—
oribed a compound preprred by adiing excess bromine to a
solution of benzyl phenol in carbon disulrhide wiiich melts
at 175 « This rermained an amor;horus substrnoe, soluable
in ohloroform and carbon disulphide, bu* insoluable in
aloohol and ether. Tuey said it "appesrs® to be a %di-
brownidc”. However, later workers have uestioned tiie
compound.

In 1€¢0 0. Fiaher (Ann. 26, 113) ocndenced benzyl
aloohol &nd dimethyl sniline with Zn Clp , also benzhyldrol
nd dimethyl aniline. He found that Le could used either
Zn Clp or piosphoric wnhyaride to aseiet in the reaction.
¥hile tuis wss nct a orse of Lenzylating a plLenol, it is
of interes® becuuse of the ocnstitutional analogy betvecn
eniline and phenol.

Lietrman (Ber. 14, 1£44, 15, 152) prepared a benzyl
rrnenols Incidentally the queetion was railsed as to vhetkher
the zinc used by Paterno was the active catalyst; or
whether it was Zn 012 formed from zinc and free HCL zlways
found in benzyl chloride. I'e referred to eome of his own
experimental observations as evidence that & very small

quanity of Zn Cl, ¢ uld catalyze the reaction.



In 1221 Merz ani Weith (Ber. 14, 187 seq.) tried
the effeot of botn Zn C1 and A1C1 on rhenol. The result
was not a benzyl phenol, but a diphenyl etiher., Their work
i8 of interest, for it marks cne of the first uses of AlCl
as a catalyet or dehydrating agent in reactions concerning
phenol, beiny eitlier yesrs in advance.of the work of
Gatterman and his aseociatse, who ueed tiis catalyst in
effeot the syntheses already mentioned in connection with
their names. |

In 1909 Kiotinsky and Patzewitch (Ber. 42, 310#)
called sttention to the fuct that aromatic teritary
carbinols may be eesily condensed with msny eubstrnoes, in-
cluding rhenol, by the aid of acetic acid to wi.ich a 1lit*‘le
Hasou or 7n 012 hae been added.

The Work of Clsisen and His Followers.

In 1923 S. Claisen publiehed work on the carbon
aliylaticn of rhenoles in the ring. (2. Angew. Chem. 36,
L72-479). He found thut Loth oxygen and carbon alkylation
of Lenols took plrce, when the resction between alkyl
halldes and the sodium derivatives of monohydric phenols of
the benzene and napthalene series took rl<ce. This was due
to the medium in whioh the resction was carried out wi.icu
is the inportant factore Then a dissocisting medium was
usvd such as methyl or ethyl alocchol or ecetone, we

generally have more oxygen 6lkylation; w.ile in & non-



dissoclating medium such as benzene and toluene more ocarbon
alkylation ie produced.

He further noted that the unsaturat:d alkyle effect
the carbon alkylation to a greater extent than do eaturated

alkyls. The use of the hsalile of the unsaturated alkyl

peruits the carbon alkyletion of phencls that could not

otherwise be alkylat-d, The tendenoy toward oarbon
alkylation 18 etill further increased if alkyl rhencls be
used. The substituent enters into ortho rosition to thLe
hydroxyl, provided t:is 1s unsubetituted. 8Since the work
of Claicen 18 of great importance in comnection with t.ls
problem, I will give a rather comprehensive review of tis
work in (Ann. L41=Li2; 210-245).

®Among the irreguler reactions, i.e., thuse wu.ch
run contrery to the theory and analogous cases, the
irregular metal pubstitutions claim especial intereet.
Thus those cames when an organic hLalide reacts in such a
way with an inorganic or orgnnic metzl compocund, the alkyl
or a0yl tukes & different roeition than that which the
mctal took before. The intercst concerning this proceas
may te explained on the one hand by ¢he importznt roll
whicn they have played, &nd waich will further rlay in the
history of tautcmerism, and on the other hand thet a
tenarully aprnrov:d theoretical exrlsnation for it is still
vunted, It can nct te prediect-d when 1t oc~ouras or indiocated
with any certrinty the mechaniem by which it takes rlooge.

Atten; ting to ex lain is not necencary since tiiece were



brought together and discussed a suort time az0 without
results. (Wislienus) One has the feeling that sll that
can be sald on the brsis of previous material facts has
been eaid and that new roints of view ocnn be exyzcted
only from the yield of ne= facts.

In the cnee of rienols, we have as excertions
rescorcinol, orcin, phloroglucinol, anthranol #nd oxy=-
anthranol from which we receive instead of the ex;peccted
rhenol ether the isomer C-elkylphencl.

The devicting bohavior of the above mentioned phenols
cen be exylaincd without tro ble Ly tautoueriem wp. earing
in these caeses. The double nature of theese compcunds
(i.2e1f rhenol and helf ketol) aprears slso in the alkali
salts and causcs these to form by reuction with ailyl Lalides
botih xinds of alkyl derivativcs at the same tine elnce tuey
r.semble st the #~n3 time the alkyl yhenolate and the Na
ketonee.

All other ;kenvls, however, especlally pihenols of
benzene and nupthylene aseries were su;.0osed to recct in
the normsal way for sure, thus ccnstantly and exoclueively
piving ti.e O=alkyl derivatives. ¥hen this work waa begun
not a sinfle oontradictory case was known. However, this
material, as extensive ss it is, has yet its deficlenoy.

A%t firat peo;le ccnsidered, in ti.e fewer caeece when
alkyl :rhen.:l ether waa_produoed as a atap in the production
of the alkall phenclat. s; especislly +the pcsaivbility of
simultunecus resulting of kernal-derivatives. However,

where this hap ens the investigetion being epecially
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directcd to determine in the casse of & phencl, the ;ossi-
Dility of forming the C-alkyl derivatives, we hauve as a
rule only emprloyed methylation and alkylation end other
alkylations only rarely. Ve sssurcd, as a retter of course
that the deficit of the renctiona deend mninly on the
kind of rhenol end much lesa on the kind of alkyl. How=
aver, alrecady the # rks of Hertzipg and Zcisel, referring
to the aiove uentioned phenols, show tihat there, even he=
tween 80 nearly releted substunces as rethyl and its higher
norologues, sipn.ficant differcncess Kaufter who likewiese
i.as worked on tiiis subject, summarirel it in this way$--
tuat the tendency to enter the nucleus decrezses constuntly
vitu dncrecelng size and crenching of alijphctic alkyls. In
the cese of benzyl 4t 1s scld by the seame eutlior, nct tb
exist et sll. It is etrenge that the hurt thus given has
remained unourerved. If there are #ilyls, in the tuou Lt we
are ocnsidering, one wuuld have to believe thet therc
must be among the grezt numuver of alkyls, esi:ccislly
smons those poor in H, , some thrt excecd the methyl in
thieir tendenocy to pecnetrate the nucleus.

There are also other ocnditions to be ¢ nsidered.
If we put torether all the factors that sre favorabls to
a transformation of influence, we have the folloWing, in-
oluding those already mentionedt—— (1) the kind of phenol
(2) tuLe kind of alkyl (3) the kind of halogen or otn.r
couponent t0 which the alkyl is bound (for examrle 804)
(4) the Xxind of retal in the corresronding metal rhenclate,

particulariy ligit and heavy metz21l (5) the medium in waich



the trensformntion is being attempted (6) temperature.
" Although there hus b n wany interesting and important
yoints in former researohes along tuis line, es;eclally
those of Herziz and Zeieel and their pupils, neverthie-
less the actunl, systematic procedure, step for step, to
prove each seprarate one of the above mentioned {infiuvences
is not to be had (or is not given). How prufoundly theee
latter factors, in some Vvery 58 yet uncontrolladle way
effect the result is eecn in Herzigse remarki-- "That the
slightest change in the concentration and tempcrature is
of the greatcst importance in regurd to the nature of the
bodies heing formed, in spite of the greatest care to'pre-
serve identical corditicns, nct cne ezrerin:nﬁ turned «ut
like any other one.® That the medium is of very great
conBeyuernce ay; ear from the fant, established by Barzig'
and Erthol, that in &n aquecus solution (made etrougly
slksaline) the nucleer alkylization ie more strongly
etimulated tusn in an alcounolic solution. Many othér
observaticne of the sawe kind can be umunde, but they do not
‘enable us to form a clear idea of the dependence of the
trensformation uron the ocnditions. A complete under-
stunding of the vholezmat'er can only be acguired by a
careful and minute rcaéazl'cb .;t.nto the above mentioned ’
facts. |

An excuse for our closer exami:antion of this mat‘er
'exiate in previous studies in tlie rearrangement of the

rhienolallylather, by Claiscn, and Claisen & Eielevb, wiich

12



are also & yuesticn of nuolear alxylizstion, but that
licre, in contradiction from lierzig & Zeisel reactiors,
it is soccom;-1ishied not dir.ctly, but in two sepurate

stepgl==

L4
0C3’5~ oc.’” _
(",fl,~0K -C!.!.f.f—g_t.,. U _— O

Now it wes obscrved even then +that in the first of thcce
steps, in the productions of the yrhenclallylather according
to the Claigen~Fieleb met:od, by beilins the phencls in
ncetone solu*tion with alky1l bromiie and KgCOB, almost al-
ways forred some of the corres-onding #llylrierocl. At
first it was acrumed thet this allyl rhenol was due to

an insufficient rearrsn_ crent. However, vhen it ap;cared
tliat the phen.l ethecr ¢id not change in the rmallest
rarticul: r eft:r boiling in an azetcne sclition, no* evin
if one adled to the solution those sul.rt-ncees with wiich
the ether 18 in conteet with, one could aveil the ides

thet tiere was teking place Lcre a dircot nuclesr elkylization.

oH
CHsOK ¢ CaHs Br —> eb//‘l <c3,/,- + KBr

If tuig is 80, weé have won a very fundumental sipnificance,
K bec&us; it sinowe élﬁo that the non;tautomeric phenol at
least in solution with tle alkyl halogeus, are capavle of
a wetal replacement.

In the hope of being able to ralec t is low percent



of alkyl rhenol the reaction conditions were altc-ed in
many ways. Instead of mizxture of phenol and CaCO3, a
readily soclutvle K prhenolate or Na phenolate waus taken

«nd hected in an acetone solution as vell #8 4in alccncl
soluticn with allyl bromile to various terperatures Lut
without desired result~. After many at*evpts it appeared
that tlL= solvent is of grest importsnce for the production
of t..ie substitution. When instcud of the discociatiiy
(used up to the present) uedia, non dissociating mediu
(venzol and toluene) were used the smount of nuclear alkyl
derivative inorca:ed from the former 1-3% to 60-70%. The
aswount of allyl etuer sank from 95 to 30%. In thie wiy t.ue
former secondary reacticn therefore bacema th2 principal
reaction. An inveetigation of the phenol portion indicated
that it consisted princirally of O-allyl rhenol end partly
of o - 0 d4allyl phenol. Theirefore the allylization has

proceailed as followgi-=

on
oN
oN st G Cy My
—_— _—>
/O’
2 CHyoK 4 2 C3 My B ————» (’,,/I’_—(.,,,_.;. CHyo0F + 2 Kar
¢
)’;‘

Accovrdinzly there are two ways of arriving at the
#llyl rhenol. The indireot over the rhenyl allyl ether
and the direct oy transform:tion of the alkalil plienclateaa
with allyl bromide. ™ith vLoth tne allyl oocured in tne

0- poaition.l‘

l. Becuauee by unusuil troneformstion of ulkali
phenolsates, the residue occurs mostly in tue psru-position.

L



For exacple in the benzol &zclation:

oM ~N=pN-c) L
o e

N=w~;- (5"5

In the present eimpliest case one would naturally
prefer the firet procedure, becaure it proceeds compiletely
quantitatively anl gives only the mo.c=-2llyl derivrtive.
"hile with the seocnd method the separation of the diallyl
rhenol, that always arrives, gives some difficulty. On
the contrary in cany other cases whure the rearran ement
£ots on -ore sroi'i:ly, the latter metiod is a very wele
come one,

The rarticulsr tendency of the allyl bromide to
unusual metal excheange in tiile rearrangement whioh we are
discussing, is obviously connected with the fact that tLne
halogen in 13 is very loosely held, much more loosely
tuun in the halogenids of the sulurated alkyls The great
differcnce wes recognized first in 1850 by Conrzd, HeoLt,
'and Bucliner in oonneotloh with their exhaustive resesarches
on the reactivity of organic halogenids and were laid dovn
Qith the foliowing numbers which show that the allyl
bromide in its readiness to exchange ia surpasscd only

by benzyl bromide.

Proryl Ethyl Allyl Bengyl
Bromid 1 3.24 61.34 120.1

.y
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The cruse of this loose connection of tiie Br is naturally
the doulkle bond conteinvd in allyls. [ﬁr(CHz-'CH:CHz]or as

ve express it more recently the strong attraction of the
BrCH,- by the connectcd vinyl, whioh tukes away 80 wmuch

of the bonding prower from the neighboring carbon atow tueat
very little power remains for its connecéion with the
bromine. TWhy now the loosenees of the halogen connection
should act in just this direotion, that ies in the 1n-
creased tendency to formntion of the nuclear alkyl deriva-
tive is not at present clear. It might ex;rees iteelf
eimply in an incressed rayidity of tranaformation to the

0- alkyl derivative. Perhaps for the rezson that in tiis
"way the halide (in the sense of the Michaclson Addition
Lhypothesis) is renderéd capable of an easier connection
with -CH=C(O Me). Even though the reason for this reaction
or relationship 48 not clear at’preaent. we are surec the
relationship existss It shows itself plainly‘in the fact
thet with halides of allyl, methyl, ethyl and ethyl
Lowologues, the tendenoy to the formation of nuclear deriva-
tives lpwera in proportion ss tihe firmnese of the oconnection
of the halides rises.

If tiie is the cuce tien the Lalides in which the
halogen is less firmly fixed than in allyl bromide rust be
even more inclined to nuclear alkylaticn. A bromide of thls

5 FNo importasnt difference is to be exbected betveen
alkyl with a remote rosition of double bond and the satu-
rated alkyl. For exarplei=- '

~CH,~CH,~CH=CH,



Br-cn2~cn=0ﬁ(033)2-YY dimethyl allyl bromide in which
as before mentioned, the brorine is so loo=ely hLeld that
when shaken with water it is ropl:ced se¢veral hunired times
®Ore uickly than the browmine in allyl bromide witn Lydroexy.
Correeyondingly this brinide unites with alkull rienolat.s
even in a dissociating redium {wmcetone) quite resadily,
according to ocnditions, up to from 3c%-50%. Also the A-Y
dimetryl allyl bromide out of wiich one gets in an acetone
solution at the most 4C% of an O-slkyl derivative, while the
residue eprears in the form of nuclesr alkylation jroductas.
Betwe:n these higuly unstable howo=-allyl browldes and
the compuratively stcble wllyl bromide is the cinawmyl
bromide from which therefore we might expect that tie in-
fluence of the different solvents would be most pluainly
discernible, Ti.is is aleo the case in un arlcohol or acetine
solution, there is alacet nc pure O-glkylaticn to rlenol
cinamyl ether and in benzol solution almoet rure nuclear

alkylaticn to O-cinacyl phenol.
on
- e eH=CH-CHs

The nature of the resulting product as an ortho-derivative
can as in all eimilar cases be easily reoognized by tne
fact that with treatment with acids it goes cver into an
alkali insoluable isomer. It is of in*erest to ncte tlLe
"activity of the benzyl chloride as compured %o tiie previous
mentioned Lalides.
Proryl Allyl Benzyl
Chloride 1 65=70 126.5
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Kaufler found that out of the phlorglucin so greatly dis-
posed to nuclear alkylization only benzyl ether waa ob-
tained but no C-benzyl derivstive. However, many revctions
show that the effort of benzyl when brought in ccnnection
with oxygen and carbon to unite with latter 1e very great,
much greater than ti.at of the saturated alkyl. Frow this
roint of view, 1t is to be understood thLat tlie €fiect of
Na ujon acetio benzyl ester is different than uron the
acetic ethyl ester, in the latte: case as the ocuLicf re-
action the formation of Ra acetic ester side by seiide with
CBé=O(OCZH5)2; in the firat case on the contrary carbton
benzylation of the benzyl ea*er with ocontem=paraneons
formation of sodium scetute. Aecuming that the O-sodium
rcetate benzyl ester erises as the primary proiuct of the
reaction, then with re¢gard to the further trensformation
of this ester with the etill unexhmusted Lenzyl acetate
these three reacticons have the same two possibilities as
witi the effeot of bLenzyl chloride ujpon alkaline phenolates
i.8., eitlier O-tenzylastion to keten dibenzyl acetate II or

C ktenzelation to benzyl acetic benzyl ester III.

_ oNVa R ¢1“1 :1/’1
He=¢€ Ne =e” °
A3 ~ ’ CH — C—‘
\ 067”? ac.'% 4 -~ 6(7 ”7
I Ir w1

As & matter of fact the latter is the case, to supjort
tl.iis we have the suto benzylation of tne N-vengyl prenyl
methyl pyrvzolons observed by Jacobson & Jost in wiioh
under tihe influence of aiccholic KOH the benzyl i sses

from N to C. Additionsl researches in regrard to benzyletion
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of phenol therefore seemed to Le necessery.

Tuey have indicated that with benzyl clhloride tae
conijitions are the sare &8s with allyl bromide i.e., in
benzol or toluene solution 1t transforms itself with the
alkall rhenolatzs into nuclear benzyl rhencl, and in
alcoholic and acetone solution on the contrary, chiefly
to phenol benzyl eth:=r. There is hLerc an agreement ti.at
the benzyl enters into the O-poaifion 80 that the O-benzyl
rhenol from whiich up to now only one reprresentative, O-
Benzyl B- napthol was known are now easily obtained. It

is of interest to obssrve that the O-=benzyl derivative
ON

of the ordinary phenol (]cm<:::>

ooours in two different forms Mp. 21° and Mp. 527, which
change easil: into _zch other are the-efore prowubly only
physiocal 1sowc ra.

The tendency to unite with the C is even strunger with
the diphenyl methyl -CH(C6H5)2 then with benzyl whose
browide tranaforme {trelf with Na phenclste in a banzol
susiension even at room tenmperature to diphenyl methyl
rhenol (C6H5)2—OH-06H5-OH. Even in alcoholic susrension
aoccording to Von Puech the trrnsformaticn trkes plzce
principally in tiis way; the O- deriviative, CBHS 0. Ch(CGHS)z.
According to some authors it cen be ottzined only by shutting
out of £11 soclv-nts and melting tOgethef the dry matcrials.

In an aijueous alknli it is comrletely insoluable. It can
be renoved frem benzene solution only by K O H of Claieen,

tut cannot Le removed from ether soluticn at all.
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One difference remains between benzyl and allyl i.e.,
ti:e phenocl allyl ethers do rearrange themselvcs with heat
but jhenol bengyl ethers do not. Therefore while cne Lae
t#0 ways t0 nuclear alkylation of «n allyl bromide;- the
direot method déscribed Lere and t.e indirect with the
consequent of phenyl allyl ether and the transforumation
of them to o-allyl phenol, one hus with Lenzyl chloride only
one. It is noticeable that when ae we formerly asrumed the
rearrangement of the al}yl ether derends entirely upon
looseness of bond between allyl and oxyren. Then this
transformation might be obtained slmo with hkenzyl etier.
The difference might be explained if one szssumed that
with the rearrsngement of rhenol ellyl ether the sllyl
united not with a carbon atom but =it B carbon etom in

nucleus. As examrlet-- -,
— 0 f”r.

'f,s Q. » cH
g _ da,
c‘gy
Thie assumption has recently be n published by Claisen &
Tietze and is sujpyorted by proof that with phenol cinamyl

ether the arrrngerent takes place like tiist=—

/ol

~N uf(’,,/(‘.).cn. ch,
It 48 [ lain thet a eimilar proceses is not poseitle with

CoH,0.-CH-cH-enen, —> Coty

phenyl btenzyl ether or at least that it can not lerd to
an o-ibrnzyl rhenols It ought to be dircusced whetier the
explanation up to present for t+le mechenism for the

anoralous exchanre agree with frctn., There ex:-lenetions



may be divided into two groupse. Thcse which only refer

to thie one r:action component the metallio connection, and
those that refer to two components the metallic and alkyl
halide. As an example of first group the view is offered
wi:ich Y. ¥islicenus considers the most proballe. He
sssumed that rerovel of metal by haloren an unicn of alkyl
wvith oxygen and oarbon are not ccnteriporaneous processes.
During the short intervals the residue No. 1 arising from
rexcval of metzl oen rewnin consistent and will tihen tske

ur- the alkyl with tlie oxygen valence.

—e-06 —> —C —oH
/ W
T — €eH . T —

It cun however immediately rearrunge itself in II. The
alkyl will ti.en enter the carbcn, in either cssec wnlatever
happens derends ujon nature c¢f the combini:tion unier
discussion, whioch zs ¥islicenus exyrcsses it derende upon
conatit%ent influcnce and partiy ujon environcental
conditicns. (Tempt. éolvunt end dilgtion) At the soue
time, howe ver, this ie also true of all explanations of

the first method. The destiny of the outcome of the re-
action is transferred entirely i:.to the one reaction
OOmbonent and the alkyl Lazlide 1s left out of coneideration.
Of course one unierstands according to this view that of
-two different ptenola, both treatecd with erme alkyl halide
thiat one forms a pr:dominateély o-alkyl derivative angﬁgther
a carbon, but it 48 ncot to be understocd wny one and the

sawe rhenol when treuted with two dif+-rent alkyl halides
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unider exnctly tic srre conditions sometiues produces the O-
and ecmetigen the C allylitione Tiis and many sirdlar facts
ere exrleined only by $hic explenaticn of Mecheal which
ssrumes B8 & Primery procese & union of elkyl hallde with

double bond obLteined in metzl eriv-tive.

— C—~oNa --—c':- ONa —-—C=® _ c_(ol)
l + g3 — — ' — |
-~C¢—-H
— CHR —~CHR - ¢-0onR

Here Loth factors are taken into consideration the ortirum
for ti.a ocourance of analomous tranaformation rmust be ob-
tained on the one hand from a netal derivative wlicse
douvle Lond reanders such o union very eccy, and on the
other hand if :n alkyl Lelide wiidch on ac:cunt cf very
looes unicn of its halogen 1a pertiocularly ino.incd to
+uet sucli a unions The confirmaticn of this lat'er st=zte-
nent by the present work mu-t in fict Le crneidered se &
etrong arcurent in favor o; ¥Yichesl theory. (K. H. ¥eycr
confirms) At all events the C alkylation ig a prccess in
iteelf snd does not st nd in any casgual relaticn with tic
o=alkylstion that oftin t-kes plice at the evnre tlae.
Tasefore dn no cuee rust & curvon alkyl derliv. tive ©. &c umed
@8 neoez-urlly following an o-alkyl derivative,

In eodium picenolute, we find the group — C-own

"
—C-H

and benzyl cliloride ie analogceue to an alkyl haliie. "¢
slioull expzet *%ien jucs* such & s8i-ift of bonds, a split*ting

of benzyl chlorilde into p:rts which e4t:ch thenselve to
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diff-rent curvon atoiwe, the elt:iuution of Na Cl, =2nd the
final formation of a compounl! with O ree*ir.d and benzyl
radical attached to carbon atom of ring. Probzbly such &
sulift oculd come about only in the casz2 of two +ij-cent
carvon stoms whlich would diregt the ieonzyl grougs to e
poeition o=~ to the CH gruupe Tihua we are re-aconeily certain
c¢f oiLtaining a cindeneation product =ith the OH grcup and
cntering censtitusnt aljacent to erch other. Ye zlc0 nctice
tiat pure p- comrounde are not to be expected &s Cattrernman
ané‘gthere ssum to think, but are likely to rroduce mixtures
of 0 and P corpounle, &8 amight bLe expectsd frum Holiemzn'e
discuscion of gereral prinoiples governing cucstitution in
benzene ringe. (Cuewm. Reve July 1924-187 sey.)

it was estavlished of a number of sodium phienolates
(phenol, p crescl, A=-B nepthal, quaicol) in checklhf over
the data on hand that the conversicn with chlorids in
nethuyl and ethyl alcohol soluticu produces almoap exclusively
tLo benzyl e*thcers and a very little or none of nuclear
banayl derivaiivis. Phenyl bensyl ether 1as entirely un-
decomposed in spite of high B. p 286° - 2?8’,'that is it 1is
distillable without rearrangements The distillzte does not

leave any alizli hydroxide.



Nuclear Benzylation

*The experiments were performed uyon five ahove men-
tioned phenols and all were capatle ¢f nuclear benzylation.
It could be proved for phenol and A and B naptiiol that the
bensyl occured in ortho position. (Tiis 18 a matter of
course in p- cresol, but there 18 no proof in regarde to
quaiool). The ortho derivative (phenol) up to time of
our researches was nct known in jure state. Accoriing to
atatewent vy Remmie it arisea as a Ly=product of the cone
densution of phenol and benzyl chloride oy means of zing,
tut could not be separated completely from the p- deriva-
tive occuring es olief product. Not until a suort time
vgo did the dye manufzoturcrs F. Byer & Co., succecd in
separating the 0- beasyl phenol from the 011 avsorwed in
'cryatallina P- Othound in the following munneri=— The
0oil is boiled with Ba(OH)z. The P derivative is ppte.
partly while still hot and coupletely uion cocling as & Bu
8~lt, Frowm the filtrate the O- derivative separztes in
pure state by addition of acid.

The sodiunm rh.nolate was suspended in 1 liter of
toluene, and benzyl chloride was ad#ed anid a2llowed to ot nd
over n.ghts The-e was evidence of a vigorous resction,
tie stopper was found blown out the next morning. It was
tien heatod on sn oil bath at 168° for five hours. Ueing
aqueous alkall « get mono benzyl and very lit‘le or no di-
renzyl compound. After esererating and redistillings at

171° -13 m¥m. the oil crystallized, w.ioh after pre- ing
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out oil proved %o be & pure monc-benzyl phenol. G, H 0.

By trcatment with Ba(OH), 1t wre estnbiished that there

ved no trcce of an isom r. The rhencl hciled in the

H,00, decompored at 312°. The r.p. 21°= For. 18", The m.p.
end b.p. of p. compound wes £L° and 305 - 320° resnectively.
The methyl e*Ler obtained by a 24 hr. heating of rhencl in
acetone with CH,I and CaCo; in a tube to 1CO° boils at
155-16¢ a4 12 m.n.

After the m.p. of our product A. hne been detsrudnet
to be 21°C. we were surrrised to hexr that the m.p. of the
~roduct B oLtaincd at Edler Field dye worke by tie cth:r
rethed wag found to e ruch higher. (52°) There wns no
Gueation of an imrurity in our coxrounds so we nsked for
a snmple of é end were atle to deter=ine very reedily that
1% wus nerely a queetion of two forna of sare substance
wuich readily ohunge into each other. Form A is ncre
encergetio and the-efore a mcdification erising ingsdiately
in thc melted state, wiich as eoon ce the chan e is once
atarted, epontenecusly and exothermically coes over to
fical form B which is of lower energy potenisl. Outwardly
B presented the ap:esr:nce of beautifully glittering
crystals mor: tisn 1 om. in eize melting quite sharply at
52°. ®ien a little piece of it wss put into our form A
which has rermained unchanged for a ye'r, there beg'n a
%ranatorm;tion proceeding from of contact and exother:io,
tut without eny liquidation of aubetance'tnis change be-

san from A to B involving finally tue entire amount. The

progreses of the clhange was easily recognized by a dunming
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of orystalline mres eomathing like en effloreacence.
If s*tahle form B is on hend then it is not diffiocult to
get unatable form A since srallest portion of B will
initiate change. While formerly as long #s we did not
rosseas B only A wns obtained from melted masa therve
crystallized now in lavoratory traces of B on corling to
rbout 70 .

In gencral one hes the imprescicn that we have here

. chenioal isomer. : Ve
A
(1’7 , t,'[_'

Only we have Lere not a cuerical isomer cut only a paysiccl
crystallogra;hioc lesomcr, scmewhat like tns cinamic acids,
the benzo;lencne and thhe anino krotoucid esters. No o:se
of this latter kind has Lecn oLserved zmong phenols up

to present. In connection with benzylation of ghcnol an
effort was made to obtain the corr“epond}ng traneforma=
tion with N-benzyl halides, but this weae imroseitle. By
treating ps Kitro benzyl chloride with Na phenclste a
chenge to resin occured, with the effect of N-nitro benzyl
bromide almoet nothing was obtained from an alkaline
solution. The chief product (#0%) w=s a thick yellow oll
219=221 =13 mm. whose insolubility in alkeli we first
ascribed to covering up of its phenol like charactcrs.
fince this 01l was cour-letely insoluable, not only in
Clsiesn KOH but even in abeolute methyl alcchol KOH, ani
since furthcr it did not unitc with diszo saltes it could

only of been probsbly prhenol M-nitro benzyl ether
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GGHSO CH2'06HQ'N02‘ It seers therefore that the nitro
group pr<sent in benzyl render:d very difficult or entirely
prevents the entrice of the rosidue into nucleus."*

M. Busoh in 1575 working on alkylation of rhencls
published a very interesting item in 2. Angew. Chea. 38,
1145-1146). He stated that the tendency of benzyl redicals
toward cerbon alkylation of phenéls increased with the
inor:asing substitution of the meti.ane carbon. It wss
(oesivle ¢o cbtain ethors with benzyl chiloride in non-
dissuolating wedia, but diphenylmethyl chloride yielded
only tne oarbon derivatives. Busch hud fouid tiet dijphenyl
vrom wetlLune with pheno{. vwith or without a soivent; in
tlie presence of heat gave parwn hyar-oxy triphenyl wet.ane
aod with sodium phenolate it gave the ortio-hLylroxy tri-
ruenylmethane isomer. .

M. Busch and Knoll (Ber. 6GB. 2243,2257) have bLeun
aiyle to isolate some of these long sought for additicu
rroluots; olaiuing the resction between qsnsoﬁ RX
(x=ohlorine) to proceed as follows:

0635 OH+RX — = RCH) OH+RX

wita C6H50Na :

COHbONafRX —r 0~ RC,HL{OH+RX
Ia diessociating solvints partly mccording to the latter
eclies® and partiy according to the scneas:

-OR+NaX

CgligO RatRX—» C, kg

he (Anno l#*l"’u"'ap 210.2)45)






They also rercrted tha% the acoumuletion of alkyl grcurs,
es recially those of hich rolecular weipght, on the pirenol
nucleus mwaterially diminished the ether formation.

K. Von Auwers, G. Vegener, and Th. Baln exrlained the
formation of ocarbon constituents from the salts of keto-
enols and alkyl halides by three hypothesis which had been
rreviously advenced. (Chems Zentr. I, 2347-2348 (1926)

(1) The in:tial formation of adlition products with

subsequent srlitting. (Micheal)

(2) "The initial forwation of norsal oxygen durivztives,

witn rearrangenent of these into carbon derivetivea,®
(3) "The scparating of the wetal &s & metuliio halide,

fornaticn of free alkyl and emol radiocals,

| > N
0- V]

snd with the slight reactivity of tue alkyl group partiul

or oconplete rearrangerent of the enol to keto radiocal,

and finally union of the radionls.® (Tislicenus) Some
regen® investigations havwe shown $hnt the course of the
alkylization of a katc-enol denenis uron its charncter and
upen the alkylization agent,

The second hypothesis is inadejuate, for it is not
gomprehensible why an oxyzen ether should be trsnaformed
into a onrvon derivative in benzane rors ensily tian in
ethyl alcohol.

The third hyrothecsis stuatei, that the oxyren deriva-
tive should be formad with allyl end with btenzyl radicale

because of their great reactivity, but this is not thLe case.

a8
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However, the formation of radicals and the isomerization
of enol to keto radioals is necessary to explain the re-
actione. ¥e onn assume that the greater reactivity indi-
cates a large reqguircment for valenoce, and visa versz, siuce
allyl and benzyl radiocals are diet guilsned by tueir siight
valence requirements and therefore hold oxygen only loosely,
they show a preference for combining with carbon to form
stable combinations. Claisen hase confirmed theee views
as already noted {Ann. 4U1-442), when he etated that un-
saturation results in a compraratively loosely held halogen,
and furthermore the reaction medium, such s toluene and
benzenc exert a loosening effeot on valence bonds between
the alkyl or benzyl radical and the halogen.

®. F. Short reported (J. Chem. Soc. I, 528 (1y28)
that when benzyl phenyl ether is heated to 225° in the
presence of ZnCla. or to 180°in a strcam of HC1l, a
vigorous reastion ccocuzed. The produst, on distillation
under reduced . ;r<ssure, yilelded phenol, o-hydroxdirhenyl-
mathane M.P, 54°; phenylurethane M.P. 180° ; also p-
hydroxydiphenylmethane M.P. 84" -g€4.5°., The para compound
was 2dentified by converesion in p=- methoxy benzophenone,
M.P. 61 - 62°. 8inoe phenol was formed, it is probe.ble,
that the reaotion followed a course similar to the Hofmann
rearrangement of alkyl-anilines, benzyl chlofido being
formed as an intermediate.

G. Vavon and N. Zaharia (Compt. Rerd. 1€7, 346-48)
recomend:d that petroleun ether be used for extracting of

oxygen deriv:tives and that an excees of alkali be e-ployed.






Phenols may be partially extracted from theii alkali

solutions by means of ethyl ether. The proportion extracted
depends on the structure of the phenol. TFith the introduction
of radicals into phenol, the rroportion extr-cted inoreases,
and is greater for ortho-subhstituted phenols than for the

meta- Oor para- isom-rs.

The ¥York of Frielel and Craft

Friedel and Crafts (Compt. rend. 84-1392-1395) in
1€76 disoovered a new syntheticel method of producing
hydrocarbons: They noted when ain;1 chloride was treated
with small qﬁantities of aluminum onloride tihere occured
a brisk disengegenent of hydrochloric aold gas, accompunicd
by hydrocarbons which are not absorbed by bromine. WThen
tnis reaofion was made to take place in the presence of
a hydrocarbon, 1% war €r8y to obtcin & oconbination of tlLe
radicle of the organic ciiloride with the hydrocarbon, less
the hydrogen replaced. 7This they were able to cordense
amyl ohloride with an excess of benzene, and having addied
aluminum chloride by small quantities at a time they ob-
tained by fractionstion, & iiuid boiling at 185°~ 19C°
and having the composition and properties of snmyl benzene
063505311. The other halogen salts of alurminum gave re-
actions analogous to those of the chloride. They stated
(J. Chem. Soc. 41, 115-116) ®"we found in general that
compounds containing tie group OH or OR i.e., &alcchols,

rhenols, acids and their es‘*ers underpo decomposition with



aluninum chloride.

For further references concerning this rezction see
articles by J. Boeseken: (Reo. Trav. Chim. 19, 19-25; 20,
102-106; 22, 301-304; 22, 315-317; 23, <€ (1904). Boesck:n
statcd, (Rco. Trav. Chim. 15, 1¢-26 (15C0) thet in the
syntheels of uromatio ketoncs and suljphones by means of
Friedel and Crafts' reaction, the condensation takes place
in three stagesgl=- ,

{1) R. CoC1 x Alely —— R - CoCl, A1C1y

(2) R. CoC1, Alcl3+ﬂR ——— R = COR , 51013+Hol

(3) R. COR , AlCl anaO — R CORfAlClB,nYaO

The HR reprecesented an azomatio hydirocarbon or cne of its
derivitives,

Analogous &dditive comjounds can be isolated wiien
ferric chloriie is uzed instead of aluminum chloride wiich
has been shown by M. Neneki (Ber. 30, 1766-1768; 32, 24lk-
2L419) Boeseken admit‘ed the similarity in (Rev. Trav. Cuim.
22, 315-317). |

. J. Boeseken (Reve Trav. Chem. 30, 148-150) stated
that in the case of a typlcél Priedel and Crafts® rezotion,
1n.every cose the initial rerction is the simple addition
of two moleculecs. Three molécules rust be presents

(a) sn unsaturated moleculs

(b) & molecule wnich can be eo activsted that it can

combine with the unsaturated molecule.

(c) & cutulyst which ec*ivites the molecules (&) &nd

(o).

31
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The [ose8lbility of the reaction is determined by the loss
of free energy. The initial reaction is due to t.e en=~
counter of the two molecules with & catalyst; in the case
of benzene and other unsaturated cyclic systeme the initiel
additive product, & derivative of dilLydrovenzene, etoc.,
cannot bve isolated, because by eliminztion of hydrogen
chloride or the like it is converted into a system oon-
taining less free energy.

Schaarschmidt (2. Ancew. Chem. 37, 286-288) based
i.is theory of the mechaniem of Friedel and Crafts re-
aotion on thhe fact that the aromatic hydrocarton was
activated by aluminum chloride or ferric chloride wilch
i.e olaimed apreared 1oseible in producing a simulteneous
®loosening® of the bonds of the organic halogin couicund.
A primury couplex was formed, coneisting of retallio
¢hlorlide, hydrocervon, «nd addend, in which the metallic
‘ohloride wss held vy suxillory valencies and the éddend
by ordinury valencies, thus

_ - - R.

-

c{_’,/q‘ :—: : - - - c"ﬂ‘\:‘

The stzbility of this coaplex depended upon the division
of the inner valences; and according to thé asuthor may
pursue cne of two courses, a "molecule couree® ani the
®catalytio course®, of the syntheais. The synthesis may
Le hindered by substituente in the benzene ring which de-
compose the metallic chloride.

Ot:cr autiors who c¢rufirm tae theory of additive com=
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pounds of alusinum chloride are Gustaveon, (Ber. 11, 2151)
(Comp. rend; 1356, 10355 (1903) 14%c, 94o (1505). Schleislen
(J. Pr. Chem. II-105, 355 (1¢2”), Kronberg, (J. Pr. Cueu;
11, 61, L494-496 (19CC), and Menschutkin, (J. Russ. Pmys.
Ci.em. Soc. 4l, 1053-1089 (150%).

In 1914, Frunkforter and hel;crs (J. Am. Cuew. Soc.
36, 1511-1529; 37, 385) ccundensed ohloral, chloral hyirute,
bromal and trioxymethylene with various organic compounds,
with the elimination of water. He believed that aluminunm
ohloride, while a catalyst, acts at the same t.me us a de-

uydrating agcnt.'a theory which is now gecnerally accepted.

The Theory of the Aotion of Aluminum Chloride.

Friedel & Crafte reaction is connected more partic.-
larly with tue union of aromatic hyirocarbons and tueir
derivatives with & varlety of other organic cosrounds,
such as alkyl helides, acid chlorides, etoc., (Orp. Chem.=-
Coiien I, 22Z4)., Coucn stated (Orgon. Chem.=Cohen I, 3470
tiuat the.reaulta are bust explained by assuwsing the forumi=-
tion of a compound betwe:n one or both: of the reacting suo—
stances and the aluminua chloride, and by the removal of
tihe latter from the syastem in ocouwbination with the ketone
formed. It muy Le obeervied that the union etseen solcecules Or
rarts ~f 8 molecule is nearly alwaye determined by un=—
saturation and by a conrejuent tendency for the unsa*urated
to satur-te taemselves. Thus Cohen (Org. Chem. - Concn, I,

155) Jdividel the condieneation rrocesc~s rourhly into two



groups:

(1) Those in which the comhinirg rolecules are induced
to unite by being rendered, e£s it were, ertifi-
cially unscturazted as tte result of withdrewing
certain elerments.

(2) Those which, being alrezdy une:turated, comb .ne
either ercntrneously or with the help of &
reagent or catalyst,

Sabutier etuted (Catalysis in Organic Chemistry, 173)
tue cuatalytic activity of annhydrous aluminum chloride in
ti.e Friedel & Crafts® reaction can be explzined by the
rroducticn of a tzaorary comiination between tuhe culoride
snd the orgznic materislse Thus with aromatio Lydrocar.ouse,
we would hovet=-—

‘ el
Colstr + Aledy —— Hel + HI<
CoH, -
The latter ocomiound would rerct immediately on thie halogen

derivative precent end we would havete=

/C-"t

A= r Rl — & Hlcly + R=Cuty
G%_
The regenerated aluminum chloride would react agnin with

tiis hydrocarbon ani the same rezction would be rerewted.
Tue reality of t.i.e formation of addition produots of the
aluminum chloride witi the orranio compounde hns been
estbiished by Custav:ison (Ber. II, 2151 (187%) wno kas
Lcen able to isolate wun suidi*ion jroduct with benzene, &n
organic colored oil, A1013-3C6H6, Jdecomjosable by watcr,

tnd in tue oase of the nmixture of benzene and ethyl crnloiide,
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- . i ;.t + € T} %
AlClB(CZH“)2 3C;Hg, whioh heat dissocirtes into bLenzene
and |

R

Cotye),
vhioh is stablec and servees as a catalyst for tiue tranefor-
wation of the wixture. (Compt. rend. 135, 1C55 (1973; 140,

9o (1928).
Ti.e Works c¢f Huston

liuston & Frieiwenn (J. Am. Cuem. Soc. 3¢, 2527)
puvlished the first of a series of papers cn the sup:osed
denhydrating effect of AlCI} on arcomitic aleohole end
aromatic compcu .dse The experincnt wias performed on
benzene &nd benzyl wlcoiicl in tie precscnce of AlClB. giv~
ing mostly dijlLenyl-mctinane.s Thuir work showed the formae—
tion of an interucdiate produot which rescumbles thot formed
in Friedel & Crefte® re:otion. A large portion of AlCl3
is neoessexry for the production of a good yield of di-
phenylictiizne. (also excess benzene) Primcry elcolols
were the principsl ones uced here.

Huston & Friediann (J. Am. Chem. Soc. 4O, 7¢5). 1In
tiiis prarer works arc described using eecondary alcohcl,
venzene &nd AlCla. Three mslochols were used narely
methylihenyl carvinol, etiiylyhenyl curtinol, and s true
eromatic seoondary slcclh.ol, benziyiicl, the otlhers being
mixel aromatic=eli,i.etic alcciiclse The etiiyl and methiyl

- zroupe were shown to interfere to some extent with con-

dens»tion of alocholis znd benzene; tie reteriing effect



of the ethyl group being greater. The precence of the
seoord phenyl group on the other Lend from experiscentel
evidence appears to accelerate the reaction. An excess
of benzene and a low tempcreture (beiow 10 ) giving from
65%-70% of triphenylmetlane.

Huston & Sager on the effect of unsaturaticn cn tli.e
uctivity of alcoholic hydroxyl, (J. Am. Ciiem. Soc. 48,
1955) found that of the alcoholic derivatives of asrom:tic
hydrocarbone, only tliose in which the Lydroxyl is on the
carbon atom adjacent to ring ccniense with benzene in tie
presence of AlCl}. The saturated aliphatic elcohcls up
to and inciuding amyl alconol do not react with benzene in
ti.e presence of AlCl3 to form alkylbenzene. Allyl siccacl
(cnésca-cﬁoa) reacte with benzene to give a falr yield of
allylbenzene. (16%). As compared to 67% for benzyl alcoiol.
The hydroxyl in C adjacent to ring, were only aroumuatic
aloohols found to react.

Fusten, Lewis & Grotewmut (J. Am. Chem. Soc. 49, 13065)
worked on condensation of methylphenyl carbinol, ethyl
rhenyl oarﬁinol and benzhydrol with phenol and A1013 o They
give additional proof of the effect of unsaturation of
the alpha C on the reactivity of alooholio hydroxyl group.
Benzhydrol in wiich both alpha carbon are members of the
unsaturated benzene ring gave a much larger yield of tue
condensaticn produot. There was also shown the strong
tendenoy of the entering group to bs directed para to the
hydroxyl. The o~ compround was not precluded, ho-ever,

the amounts formed were t00 small for isolation.



R. C. Huston & E. F. Fldridge, (J. A. C., S. 53, 2260)
rrinted the firet paper desnling with chlorinstion ani the
cl.lorine derivatives of the benzylated phenole.s Sentinis
riade & chlorovenzylyhenol Ly treeting (Peratoner & Vitaeid
Gazz. Chewm. Ital. 2&, 1G7) benzyl phcnol with 802012.
Investijator stated chlorine rrelauiy entered in ortho
poeition but gave no proof of etructure,

An attempt by Huston to anbatituté xore than two
chlorine into ortho and pura benzyl phenols proved un-~

successful, The AlCl c¢ondensation of

efd el
+ O HCH OH

gave the ether as well as the benzilated phenol. This te-
ing of considerable interest--the first time an ether has
beesn isolated from A10¥’ oondensation,

Huston & Lewis (J. Am. Chem. Soo. 53, 2379), ocndensed
Para oresol and benzyl alcohol by both Claisen and AlCl
methode. An inorease in prorortion used (phenol) was

found to increase mono=-benzylated product.



The Prouler Stated

There are 4mwo generel methods by which bernsyluted
thymol may be prepared. Claisen's mectihiod should give
an o- rroduct, whioh micht prorerly be called l-methyl,
2-benzyl, 3-oxy, M-isoproryl benzol. The product of
the AlClB oconidensetion, according to Gattarmen ernd
oti,era %1l1ll be a p- produect, Lut if Claisen and
Hollenmann are rizht, 1t ehould be a mixture of p =nd o
eonpounisa.

Our probleun, therefore, has been to benzylate
taywol by two methods mesntioned asbove, end deterndne

froduoté formed by rrorer msans of ldentificetion.



Conlenantion by the Clidson Netuold
In the firet trial the following ;ortions were uscdi—==

TOLliuClBesenccssocsns 250 CCe
Thy&iOl...‘..--....o 150 EMe
Benzyl ChiloriiGeses 12605 gne

¥e1al110 Naceeooenn 23 £

Intc & cone liter 3-way ballon flusk fitfed with a

reflux oondeneef and an appropirate mercury seal were |
rlaced téluene and smuall pieces of sodium. This mixture
was heated, and bLefore the toluene began to boil the stirrer
was started in order to bezd the sodium. Thymol wa3s edded
over a period of on§ hour, and stirring continued ovcr a
moderatelﬁ warm 0il bath. Benzyl chloride w:e aidcd to a
weru solution (cautiously), and heated over an oil bath at
150-160C for 8 hours. The temperature was brousht to the de-
sired point very slowly. It was thought that the eddition of
the benzyl ochloride to &.hot aolutién would decrease the
amount of residue, however, little variation was notioced.

Yot my results can not be considered as oonclusive, beczuse
| of the varying factors. The salt wae washed out, ard toluene
and water were distilled off. I then added 350cc. of Claises:
reagent. (Ann. 442, 224) Any derivatives with & fres
;henolic hydroxyl group woull diasoive leaving the etler free
’ to be extracted with petroleum ether., The salt wns tien

acidified with 1:1 HCL to liberate the benzylat«<d thyrol.



During tuis recaction KCL was precipitoated. The benzylated
compound was extract-d with ethyl ether using 50 c¢. portions.
From the ethyl ether e<tract the folliowing fractions
were obtained at Yim, ==
EC" = G5 cenanccesaes 25 gm.
120" = 130%ecaecccacce £5e2 phie
170" = 160%ececcacesee 6le] im»
160" = 175%eccecaccess 4.3 (me
residue.. 36 gnm.
The fraction £0-95° crystsllized upon distilli ¢
over,and uron re—=cryaetsllization was found to be tuymol.
Fraotions 120™-130" «ni 130=160" also crystallized uron
31atilling over. After recrystallization it cane dovn in
white, needle like orystals having a melting roint of
56.5" = 57.5° and boiling at 157° at Lmm. (189°at 1limm.)
Beiling point was det-rmined also at atmosypiieric preasurs
(74Cma.), and found to Le 333=336°. (without decowm,o0si=-
tion)s Tiuis compound was assumed to be the benzylated

rroiuct, and unon analysis tals assump:tion was verified.

Arizlysiss (0173200)
«2223 gme. gave L6532 guse CO &nd 1665 gree HO
02185 . .b8C3 * ® ® L1625 * .
Calc. Cesovonsce 83:{' ) ¢ 803),,71

FO\.UIJ c.-..ooon 85002 H-ooo..oooo 8.‘:9
. COOtootct 8’4.85 B...Q...Qc. 803“’

The yield of ortho product wrs 367 of theory. The



asount of 0ll recgovered from crystale was very small, but
wos Seund 46 Lound to increaee with increased time of
heating.
Froin the petroleum ether extract the following

fractions were obtained at Lwm:.

C0% = €0% cosverses 1 gm,

120°= 130%¢eeecces 9

130°= 160%ccceccees 4 ®
Frection 120-130° was found to be the benzyl thyagl etier,
as proven by runuing a Claisen in metnyl alcohuls Tas poil=-
ing point was found to be 127° ut 4mu. Soloninu ,re,ared
'tnia etiher by tne acticn of wenzyl chlorive on tihymoli in
the prescnoe of modium ethoxide, and the bolling point was
221%223° at 35mum. This pressure was duplicsted &8 neur us
roesible, however, the boiling ~oint wes nuoh lower then
that given by Solonina, being 205%:02' at I6um.
(Solonina Jr. Russ. Chem. Soc. 1207, 39)

" Il The scue rortions were used as in preceding ex-

pcrirent. Beazyl chloride was added to a cold soluticn
and alloxed to s*and over night before placing on oil bath.

The foliowing fractions were collected at 3Juum.

Fthyl Fther Extract
0%« 120 ceccnsesncasesancas 30  gme
120°= 1U5% cccecacnvcsacncsacss 266 ®
145%= 160% ceesaccascascascacs T35 ®
160% = 175% cececscccccnccnsase 22,7 ®

receiduceceee 34 .



Pegtroleum Etlier Extruot (Jmm.)

100" = 125" teveecnceccncracescas 3 e
124 = 13C% cecesecevcccascrcass 123 .
130%= 140% ceevevecccscsnconsoe " "
160° = 185  cevoesvescascaccanes 6.4 '

Yield of ortho compound was 397 of theory. Thcre wus
an increage of ortho dompound. wihiile the residue remsined
about the same whether the benzyl ohloride wrg added to a
hot or cold solution. The retroleum ether fraotiona wers
mirkedly larger.

III The sare portions were used as in pracedins ex—
perinents 100 cce Of toluens 7us useds Thymol wrg adled
over a 2 hr. jeriod. The rix%ure wias heated on o0il buth
nt 150™=160" C. for ten nours. The following fraotions weve

colleoted at ldmu. from tne ethyl ether extract.

100"~ 130% eecereccccnes 25 gm.
130" = 170% icceencncess 5 O
180° = 195% c0ececcccses 30 @
185°= 195%ccecccenccece 34 ®
195°= 210 csasscrncaces 15 @
210°%= 240%.ceeracesvees 11 O

residue... 35 b

Fraotion 155=21C did not cryetallize upon etending
in refrigerator, and Lad a boiling point much higher thon
ortho or para btenzyl thymol. It wns therefore assumad to

be the diounzyl product.



The test =ith FeCl} further confirmed tliin belief, howe
ever, this is not conclusive for even rmintuec quantities of
the ortlio or para comround wsuld give a positive toat. A
bonzoyl ester wx: prepared with » melting voint of 1022

122.5°. (su-restinc benzoic acid) A conbustion =ns run on

this eaxrle with tle followinz results.

c .
Cual. 85071 6-90
Found 70,0 7.1

(Berzcic scid) Cel. 68.85 k.95

It «will be secn thet hycrogen cliecke with the calculated
azount for ditenzyl compound, Lut the carbon checks very
olose with that cf bernzoio acid, The eeter was eoluckle
in dilute NaOH, Th '8 teat for eolubility wne mrde before
running comtustion, hewever, the reltine point for the
ea*ter was higher thun tlLat for benzeic scid, z2nd the com=-

vustion was mude for further co-firmati n.

Petroleun Ether Extrsct (1brmma,)

ISO.- 190. everceccceacesesctce e 29 Eile

‘o- 2140. 6eessdocscscvcectosaccbotee 11 »

8]
()

N
\v4

regidud.... g °

Notet— It will be noticed that most of my benzoyl
€sters turned cut tc be Lerzcic acid. However, Porr Bonb
snd in some cazsce combustions were made to further prove
the solucility teet exd in pore caccs FeCl; test.



It will be notined thut retroleum sther extr-cts weora
lirgar. Upron ory=*allizin~ the ortho ccmpounl a consilerable
arount of 01l wng noticed after eva orating *ha yetroleus
etliare Thia 0il wus found to =eizh &¢ gme Th: ortho cox=
round (aftor being crystnllized) veivied 48 gm. Tiia cil
“ra rofractionsd and found to Lave & boiling point of 19%

&t 14 m&.; a boiling roint which ccrresionda very cloeuly to
what 13 suproscd %0 be the para benzyl thymol. (125‘ gt 13mm.)
The yisld of ortho coum;ouni wua cut Joun to 257. Attcupts
have been mede to prapare eztcrs of thiis 011 unl coujnre

with pera comycund, however, scme Jdiffioulty vwus enceuntcred
in oryetallizations (They hive not crystallized, oo yetl)

The ortho ccmpound is scluntle in retroleum etier,
¢tlhiyl etlier, alkall, ond eraringly esolurble in etiyl aic:iiol.

Sfolonina's tce* for Lenzyl thyrol ether was tricd ond

found t0 be rcsitive.

Ethyl anl Methyl Ftihers of 0= ocmpcund.

The ethyl end methyl ethers were prepared ae fcl.0:-88=-
Using 1/24 mol. quantitlese The sodium was diseolv.d in
etnyl alcohol snd benzyl thymol sdded slowly. Aft:r it has
een adled ethyl iodide is adied from a sep ratory funnel
with etirriﬁg. (An ade .unte mechanicsl stirrer anl refiux
conuenser are uscd throughout, with a 500 cce 3J=neck wvillion
flaek.) Teuperature 75°C.

The ethyl benzyl etlier wua a struw colored 1i uid

bodling at 185=i€6° 1bno.



The metiuyl benzyl eth+r is & 1liguid boiling at 186-
1¢7° ihmm.

The methyl thymyl ether was prepared by Paterno
(Gazz. 5-15) from thymol and methyl iodide. Behsl end
Tiffinesn (Bl. 43, 732) rrerarel this ether by the reduction
of tiiymol with Na anl alcchol. Boilinr roint was nct siven
in Belletein.

The ethyl ether was orepured from thywol, C2H51 and

alootiolic KOH. (Bemhuger B. 19, 1£20)

Claicen'’s Ether

Using Claisen'®s method tie thynyl benzyl etinr wae
prepured using mwethyl alcoliol as the dizvociating wed.unie
Caue &pp.Tatus used &g in precedin. experimenta w.t¢:e
Clzisen's recotion was weda uee of. 1/10 mol. cuantities

'_‘
usede Temperature €5-0C°C. Hez*ed 7 hLours.
o
1:5.-130 @S ow b es e o0 15 gm. 3"11:0
r-\Slki\leo.o. 3 .
~ o ”~

I1 Sare quantiticas ss above. Temprranture ©5-102°C.

Fers*:d for 5 honurs.
e’ g )
120 -130 Cesccscsce 12 f'hte 32.’1‘!‘1.

rosidue. 2 *



Prepix: tion of % Brom Tuymol

For furtuer proof of tne ortho ccapound, 1t wiu
bremins-ed and then 4=Brom thiywol was condensed with Genzyl
chloride. By such & procedure it was hoped to procur. the
same compounds, nrrely 2 Benzyl, 4-Brom thymol.

The L-Brom thymol wa~ prepared by Maz -ara's me-thod.
(Cazze, 18, 516) taken from Beilstein's Handbuch 7, 540
‘aseries L99-00%. The ten‘peraturé waa kert arcuni 0°C. dur-
in: the brominotion. Uron tiie adiition of brominctcd mixe
ture to a saturated eolution of (NH&)2003. there wae formod
a heavy reldisii=brown cil wi ich sinkas to bottem of ccutsiner,
Yield about €°¢ of theory. Boilizg ~cint wae 117°Ce st Yime

An oil =ra coutained from 2rystela probably 2-8 dibrom tiymwols

Condensation of 4=Brom Thymol and Benszyi Cu.icride.
(Claisen Metiod)
A Cluisen resction wae now tried uring 1/5 mol.
guisntitics.

61.8 gm. k-Brom ThLymol

25,3 * Benzyl chloride
L,6 ® Metallic Na
€5 co. Toluene

Brom thymol was adled over an hour period, and stirring
continured for 2 honrs. Benzyl chloride wrs sdded to a
hot solution and the mixture w~na heated on an oil b-th for

7 bhours.at 145=150°GC.

Petroleum Fther Extrect (3om.)

155"" 165.0000000o-o.oooooo..oool. 507 gme.



Ethyl Ether Extract (3mm.)
G0 = 125% sieesecccncaceacses 19.6 gm.
140% = 160% eveeccccccrncsncees 25.4 @

The fraction 140-160" of the ethyl ether extract does
not orystallize upon standing or u;on plreing in refricer-
etor. The third fractionstion gow the following results
at 3Jumme

0% = 125 ceeeerenenn.. 19.6 grme.
145° = 167 ceeevencscees 7 W
160" = 170" eevessicssoes 16.5 ®

Fruotion 160-170° cume over mostly at 166°, and
corges onde to the product given by bromination of the
ortho compound. It refractioncted at limr. and found to
have a briling point of 2°1-223°C.

Tr~ retroleum ether extrrct orystallized upon being
rlaced in refrigerator, and was found to have a melting
roint of 4&.5-49°, A Parr Bomb determination for bromine

wag made on this ether with the following results.

Sample .2019
CalBecesccsecncees 25.CH.
Foundececeasesaceees 24,73
®  teeesrccecess 24,69
This 4-Brom benzyl thymyl ether was &lso prepured in a

diecociating medium (alcohol), ueing Claisen's method.

47

The sane compound was OLtéincd. Temperature wue kept ercund

901106'0.. andi was heated on cil bath for only 3 hrs. It
bulled mostly at 157°. (3mm.)



Bromination of o= Compound

The ortho compcund was now brosinated using the
method of Maz:ara. Results probably would have beecn nore
uacu;éte using a oalculated amount of bromine instead of
adherihg to Mazzuara's method for preparation of 4-brom
thywol, wiiich undoubtcdly was figured out on the basis of
thymol. The following are the results of the second
bromination of the ortho compound.

25 gm. of ortho compound was diesoclwd in 50 gm. of
glacial acetic acid and placed in a 500 oc. round bottom
3-neck ballon flask fitted with an sdequate mechanical
stirrer., To tils mixture waes adied 26 gm. bromine in
26 gm. glacical acetic acid. The temperature was maintained
eroung 0°Ce The mixture was poured in a sesturated solution
of (NHI) ,‘po, » extracted with ethyl ether and fractioned at
Jmume

Ethyl Fther Extract
140°= 160° veevoeseee 3.2 gm.
160°= 170" cevveeeees 15 ®

Frection 160-170'cume over mostly at 167°= Zmm. At
13mm. the boiling point wae 223-225°, corres;onuiing very
olosely to the compound obtained by condensation of 4-irom
thyrol and benzyl chloride, which boiled at 2212223 at lbmm.
This ocomround was eomevhat darker in spjearance surgesting
excess bromine.

The‘PQ tdlyl eﬁlfonyl.ester was msde of these compounds
wiiich resulted from coﬁdenéation and bromination namely,

4-Brom, 2-benzyl thymol. They bo*lL had a melting reoint of
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126=126.5°C. Parr Bomb de*er~inations for Br gave the
following results.
C2lCeescees 106.93
Foundeeesse 16.68

Preparation of 4-Chloro-Thymol

It was then decided to att:ck this problem from a
difierent angle, namely by chlorination. 4-Chloro-thymol
was made by metiod given in J.C.8. T4:641. Booohi (G. 26
I1 403) gives m.p. 58%60°. Condorelli gives a m.p. 62=Ghe
I found it to be 59.5=60" C. Better yields were obtained
t a temperature of £0~¢5°C. As in the cese of the prep-
aration of 4-Brom thymol an oil wes obteined. No work
wag done on tiis 0il in eithecr care. It wes probably the
di or tri subs*titution product. A 500 cc. roung bottom 3=
neck ballon flask was used fitted with a mechenical stirrer,
nc rcury eeal, sepsratory funnel and a trap to catch 80,
evolved. After S80,CL, has been added water was edded and

product was extracted with ethyl ether.

Benzyl~rtion of 4-Chloro-Thymol**

The same apparatus used as in preceding Cluisen's
reuctions. One=fourtr rol quantities used. Heated for 6
hrs. at 150=160" C.

Ethyl EtLer Extraot (3rd Feactionation)
105°= 145% cccierccecese 6 gme Hmm.
145" = 2170% ceiieescnncees 26 ® W
170 = 195% cceeiicieeces 6 @



Fruction 145%1,0° bolled mostly st 155 = Bmm. It
refractioned at ldmm, e&nd the largest fraction (200-210°)

cume over mostly at 205=206° (14wm.). It did not orystillize.

Chlorination of O-= Benzyl Thymol

One-tenti. wol yuantities used. The temperzturc was
kept around £0=90° C. A very copious evoiution of 80o was
noticed.

Etnyl Ether Extrect (15mm.)
190° = 200" cevseoce.anees 3 gm.
200 = 215° ceieetenecccee 18.7
Fraction 200-215° came over mostly at 206=208° 15rm.

Benzéyl estars were prersred of Y4-chloro, 2-benzyl
thymol, ani uron znalysis wea found to be benzoic acid,
however, the P- t0lyl esters hrd a melting 1oint of 11&-
118.8. Parr Bomb deteruminations confirmed content of
chlorins. |

Benzoyl, P-tolyl sulfonyl, and benzrne sulfonyl esters
were prepéred of ortio benzyl tnymol. The P=tolyl ester
melted at 11£-118.&°, the benzoyl ester turned out to be
benzolo acid; the benzene s.lfonyl es*ter did not

crystallize.
Aluminum Ciiloride Condensation

The Bollowing quantities were usedi=-
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33.3 gme AlCly eevvevenees § mol

150.1 gm. ThymoOleceoeesoces 1 ®

300 cc. Petroleum Fther

63.2 gm. Benzyl Chloride =} mol

A 500 oc. condensstion jar fit*ed with a mechenical
stirrer was uced. The thymol wre suspended in the petroleum
ether, xal to ti'is susyrension is adied *he benzyl chloride
followed by A1C1 . Upon tre addition of A1Cl tie solution
guiokly changed 13 aprearcznce to a dark brown color followed
vy fre> evoltuion of HCL gas:r AlCl wss adied over &an
nour period, and stirring continued for 3 hre. It was
tien alloved to stand for 3 deys. The temperature during
t..e addition of AlCl3 wee meintained at 18=23 C.
The complex molecule was tuen cured with etirring

into a sixture of 5C0 gm. ice and 500 cc. conoce. HCL to
acconplisn decoupos:tion, eftir which 4t wus extrscted with
etuyl ethicrs The ethyl etncr was dietilled off and 350 cc.
of Claisen's reagent weas added to the residue. Extract with
éetroleum ethier to femove any ethcrs formed; the mixture
la tien trested with 1:1 HCL until neutral and extricted
«ith eti.yl ether. Bo*h extr-ctions were distilled unier

reduced pressure when eth: r was removed,

Ethyl Etler Extract (3mm.)
€5 = 105%cesccerccees 97.6 gme
130" = 155%cececceccsee 287 ®
155° = 165% cevececccees 12,7 ®
residue.... 15 b

Fraction 130%<155° came over mostly &t 1h5°, and wos



thougi.t to ve thie pare benzyl thymol. It Lis a ouiling
goint of 196' at l%uw.. The boiling [oint could not Le tiken
at atmos;Leric presrcure, being nigher then the thermometer
availsble.

From fractions 130-155°and 155-165°wes isolsted a
oryetalline compound, whi&ﬂf?éorystulllzafion wvae focund to
have a melting point corresronding to the ortho compound.}
They wers also similar in oryetalline structure. Upon final
fractionation of there fractio s, it cume over rortly at
196° at 13mm, The ortho compound was isolated from sll
coniensationa using AlCl3 in a v ry small guantity. -

The benzoyl, and P-tolyl eater were prejr-red of the
rera compo-.nd, but Lawvwe not crystsllized as yet. In cc. ing
tiie benzoyl es er the first time benzoic acid was ob'eireds

Petroieum E‘Ler Extractees 3 gme
It does not crystallize,

II Tie following yunntities were used for tie sccouid

cgornuens: tiong |

112 gme thymoles.e..ees 2 moOd

35 * Alclz....;..... 1/3.5 mol
63.2 * Benzyl chloride. gmol
300 oc. Petroleum ether
¢*Notet-- The petrole.m e*hLer extract obtaincd from

thiis condensaticn wis to0 amnll to werk with. As will be
noticed there is & m-rked prrollelism betwecn the bcaling
r-inte of product obt:iined by two methodss

Notet== All esters were prepnred by metiod given in
Porter-Ste-urt=Brinch Metiuods of Orranic C.emistry. (P. 121)
Caloulatcd amounts of reegent used for ecterificstion.

*During the addition of AlCl; to tihe condensutiocn

mixture & 80lid muse was formed of unknuwn compcsiticn ine
soluable in ethyl ether, retroleum etier, acid and slkeli.



Texnrerature was meintained from 25330°Q. Alcl3 was
ad.ied over a 12 nour period.
Ftl.yl Etier Fxtract (3am.)
90° = 105 cescccnscesce 63 gma
115% = 145%ceiecccecnces 6.7
160° = 175 eeecoccensess 22  ®
res.iduBeees U .

Ae before a gumy mies wus formed. Frection 16¢%175°
wes refractioned at Aldgpe and found to have & beiling point
corr:s onding to the pura co:pound in the preceding con-
Jensation. I have no plausivle re: son wiy it should coue
over at a higher teﬁperature using the e:ize preerure (3mam.)
unles- it wis super-hected. The lower b .iling frecticns in
soth onsce, namely 895=-105" and 90%105 , were found to be
thymol. The structure of para comround wes yroven Dby
browmination. Mazzara probibly outi-ined a different com;ound
tuen para benzyl tuymol by his method using zino filiings.
He outuined a product boiling at 255 E&un. (Berlstein
Hundbueh 7, 690)

Prepe:rition of 2=Bromothymol

2=-Brom thymol wuas muude using metuod of Engleicrdt cnd
Lotsohiinoff (J.C.S. 60, £99) witl. some deviation frum their

procedure.
The following quuntities were uscdie-
2 mol IKOH
1 * Thymol
1t * (cono.) H,8q,

l] * Bronmine
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Sulfuric ncid was edded to thymol and allowed to stand
on water batn for 23 hrs. One mol KOH was sdied eas zliouwtd
to g2tand on the water bati for 6 nrs. Anot.er mol of KOH
was adied to m=ke elkaline before brorincting., Brorine
was adied to the mixture ke .ring tlie temprrature around
~5°C. This mixture was allowed to e*tend until next norring
snl then stesm distillel over zn oil b:th up tec 173°C. 3CO ec.
of ccno. nasou w2 then adled and terrernture woe 4:ken up
to 1%7° during distiliation. More ecid war =iled and dis-
tillation contimwd. No* much more was recov:irecd u on
addition of more acid.

(1) Before adding acidsee ...e0e... 33 gm oil
() Aiter adding 8Cld.c.c..vveecee 106 ® @

Pregtionstion (1)

110'(1-];6)120. teeescecssven 35«&- 2& Eltle

Fructionation (2)
0 ( lon o
G5 = 115 cececeseces 3 s (9 gie

(143)
12(). - 1450 essso0cssses b b 76 .
After refrsction, and Parr Boub determinations the

brominsted products were as follovpt——

Thyu;ol......... .. 2605 gte
Dibron . osecessvcee 7707 *

Nono=brom tiymOlececssee 65 .



The rcuctlon may L3 rupreeented as followss

) o
3 s
nse, o KsS
——-—-—-"' e
+ H.S9, oN oK
oW o
s L4
(")
Gy ™
s CN,
S
K3yl ) B-
Lt S50 »
oKX ow
Ca¥q C1H,

The dibrom product wes found to have & boiling point of

1¢6=187" at F4mum. Corresponding very olosely to the boil-
~ ing point given by Clans-Krause {J. Pr. 2 43, 345) whioh
wae 187=186° 3Lam. The product distilled over beforc moke

ing acld wce found to be dibrom thymol.

11013 Condensation of 2=Brom Thyrnol

This 2~brom thymol was condenced with benzyl chloride

using Huston's method. Ths fcllowing quantities were usedt=-

1/5 mol 2«-Brom Thymol
/8 ¢ Benzyl ohloride
1/12 ¢ A1C15

The rcaction approschee violence with ruch HCL given off.



Petroieum etuer extract was very small.
Ethyl Ether Extract (l4om.)
115% = 135% eencascoccecee 17.6 gme
135°= 170" ceeerccsccsees 9 ®
170°= 205 eeevcescnecess 6 "
Fraction 1701205' was assumed to be deair:d product,

for para oompound itself hes a boiling point above 190° at

the same pressure used here.

Bromination of p- benzyl Thymol

25 gm. 1= benzyl Shymol
10.6 * Bromine

Glacial acetic acid used zs a rmodium.
Fraotionation (13mnm.)

170°« 200% essessceces 3 gme
200"« 210 ecsecesccee 22 ®
The fraotion 2C¢3W-210° waavassumed to Le desired
products. Thia fraction and fréotion 170-205° of prececd-
i:1g condensation were used %o make esters. The benzoyl
es*ers wers mede but turned out to be benzoio acid in
both cares no product was left to rermit the raking cf

this ester agaln,
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1. Thymcl was condensed with benzyl ohloride by the
Huston method, forming an ortho and para mono benzylated
product. The structure of thie ortho compound veing defi-
nitely proven. Although tue para isomer is tie expected
predominating product to be isolated from this cundenea=
tion, I have cited no conoclusive evidence for this feoct.
However, test for phenolic groups were positive. Esters
have not orystallized as yet.

2. Thymol was condensed with benzyl chloride Ly the
Clajisen method, forming ortho and psra mono benzylated rro=-
ducts. The para compcund being favored Ly longer heating
and less vigorous etirring. Altlough giving a teet with
Fecl3 and having a boiling point similar to the para lecnmer
obtained from Huston condensution, evidence is not of such
a nanture as to estublish or assign definitely *he para
etructure to ti.is cil. Thocse esters prerared turned out

to be benzoioc acid, otlLers Leve not crystallized ss yet.

3. The ®*Claisen Ether® was iasolsted in small amounts
using a non dissociating medium, but in ruch larger aounts
using & dissociating sedium. (CH;OH) A suall asount of
vtheP was isolated from Huston condensation, however, to
small to conveniently handle.

L. In the condsnsation of 4-Bromothymol and b: nzyl
chloride by the Clalsen method an etiier was imolated w ichn

proved to ts the 4-BromoLenzyl thyayl ether. This ether



was produced also by Clalzen'a nethod using a dissociating
wedlum. Althouph not nenticncd in the crurse ¢f tue theels,
an attempt was mode to brominatc Clalsen's benzyl tiymol
ether in an effort to obvtain 4~brom=-bonzyl thywol ether.

Tue ether wnus evidentiy s;;1it, for the prescnce of Lenzyl
bromide was 0bvlioude. Docause c¢f ovnoxjous odor ti.ie ex-

periment was abandoned.












