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HISTORICAL DATA

As an hilt;)rteax background for this thesis the author has not
inoluded the history of sondemsation reactions brought about dy sush
catalysts as 2nClg, MgCly, BpSO4, PpOg, PClg, AlOlg, 6tse The his=
tory of sush condemsations has been amply sovered by former workers
4{n this ladoratory, for example, @, Warren, W, lLewis, B. Fayerweather,
and M, Ballard, 7hs writer feels thas since this material is already
available in good form, i% would be dettor to give a survey of the
n-muhmathubmdmonmdhempounu that have a direct beare
{ng on the probdlem investigated, In Sthis survey will be included the
allyl, propenyl and iso-propenyl derivatives of phenol and anisole tha$
were considered as possible constituents of the reastiomn mixture, In
all cases the phenolis fractions were converted into their methyl ethers,
as the literatures supplies much more data om the allyl, propenyl, and

iso=propenyl derivatives of anisole than i% does of phenol,

ALLYL PHENYL ETHER

Allyl phenyl ether, OgHgOCH2CH3CHg, was firs$ prepared by Claisen
and RBisled (Ann, 401, 2131915; Ann, 418, 78;1918), A mixture of phenol,
allyl bromide, potassium carbonate and acetons were boiled for eight
hours on & water bath under a reflux condenser,

The yield was very good, Purification must bde earried out under
diminished pressure becanse of a rearrangament which will take plaoce on
the application of t00 much heat,

Ally) phenyl ether is deseribed as an 04l with a rather pleasant
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odor, It has & sp. gre Of 4986 at 20°03 Doiling as 192.7%0 {corr),
85°C a% 19 mm, T4 cannot be erystallized even on extreme @ooling.

o=ALLYL PHENOR

0=-Allyl Fhenol (o=Chaviecol, lehydroxy 2-allyl bensene) was firs4
ensomtered by Claisen (Amm, 401, 73;1913) on descomposing S-allyl
salicylic acid by means of heat,

I% 18 Dest obtained dy the general method discovered by Claisen
(A, 418, 78;1918) for the conversion of the allyl ethers of phenols
into their corresponding o-allyl phenols,

Allyl phenyl ether was boiled under an air condenser wnsil the
temperature no longer rose (about six hours)., The gradual rise in
temperature from about 12090 to 220°C was @ue to a remarkable re-
arrangemen§, somewhat analogous $o that taking plaoce when alkyl ante
lines, in the form of salts, are heated $o0 high tomperatures, The
allyl group wandered to the o=position in the demsens ring,

o-allyl phenol is an oily substance with & guaiscol«like odor,
boiling &t 109-110°C under a pressure of 22 mm., and solidifying in
a freesing mixture %0 & mass of crystals melting a¥ -6°C, I reduces
D04 in an aquscus solution and produces & dlue to greenish brown
solor with FeClge The yleld of o-allyl phenol 4s almost quantitative
when prepared as dssorided adbove,



P=ALLYL PHEXOL

p=Allyl Phenol (Chavicol, l«hydroxy 4-allyl bensens) was first
{solated by Eykman from the fresh lesaves of the Betel Kul tree as
found in Java (B. 22, 27363 23, 839;1890). It has also been found
in 041 of bay. According $o all available information it has never
been synthesised, Chavieol is a eolorless, highly odorous liquid
having the following properties according to Eylmange 3. P, 237%,
Dys 1.033, Refractive Index 1.8441l. It produces an intense dlue
eolor with a solution of ferris ehloride, As proof of structure and
somposition, the following was given; molecular weigzht and analysis
doterminations checked with the ealoulated values for CgHjg0e The
methyl ether wag prepared by msans of potassium hydroxide and methyl
{odide, I8 is reparted by Rykman as having & B. P, of 226°C and pro-
dwoed on oxidation with potassium permsnganate in hot or eold solu=
tion, an acid with a melting point of 177-178°C, On titration, this
acid proved to have an equivalent welight equal %0 that of anisie asid
{p=methoxy demsois acid) and answered $o the description of this acid
both as $0 ehemical and physiocal properties,

0=ANOL

o=Anol (o~propenyl phenol, l-hydroxy 2-propenyl bensens) was pre-
pared by Pauly and Buttlar (Aun, 383, 280;1911) from Salicylis alde-
hyds and ethyl magnesium iodide in a diethyl ether solution, A com=
pound, possidly (c,nmoyz. of high boiling point was reported as forme
ing along with the propeny}l phenole Pauly and Buttlar described it as
& pale yellow, viscid oil, giving a yellow red solor with soncentrated
sulfuris asid and dissolving in sodium hydroxide.
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o=inol erystallises in silky needles from ligroin, has & melte
ing point of 54.8°0 and boiling poink of 229-251°C, %he odor and
$asto are similar to those of phenol,

o=inol may also be somveniently prepared by heating on sa ofl
bath o0-allyl phenol with three times its volume of methyl alocholie
potassium hydraxide for a period of %we hours,

P=AKOL

p~Anol (p-propenyl phenol, l-hydroxy 4=propenyl bensens)?
CHsCH3CHOgHy OHo |

ladendurg (A. Sple 8,88) prepared shis compound by heating %en
parts of anethol and eighé parts of alcoholis potassiunm dydroxide for
& period of twenty-four houwrs a$ a temperature of 200-230°0,

IS orystallises in leafs, melting at 93°C and boiling at 280°C.
Oon standing in the light 1% scquires the eolor of a brownish oil,.

IS is alse reparted prepared by Behal and Tiffensau (Bl. (4),
$, 303) from p-hydroxy bensadehyde and three moleoular weights of
othyl magnesiwm dbromide,

0=1SOFROPENYL PHENOL

o=Isoprepenyl Phenol (2-hydroxy ieisopropenyl Bemnsol)s
OaC (CHg) CeB 0. Behal and Tieffencau (Bls (4), 3, 515) report the
preparation of this sompound from the methyl ester of salicylie acid
and three molesular weights of methyl magnesium iodide,

IS i3 also reported yrepared frum 2, 1t'dioxy-ieisopropyl bensol
by distillation at atmospheric pressure, (Hoering and Baumm, D. R. P
208, 8363 O, 1909 Y, 1822),
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I% is reported as a eolorless liquid having an odor resembling
thymols boiling point of 204%0, as 760 mm., and 83°C at 10 m, T4
is somewhat goludble in water and polymerises easily on standing,

Neiderl, Smith and MaGreal (J. Ame Chem, Sos. 83, 339031931
ibid 88, 28441933) roport the preparation of o-isopropenyl phenol
by oondensing allyl alochol and phenol in the presence of sulphurie
acid,

METHYL ETHER OF p=-ALLYL PHENOL .

Methyl Bther of p-Allyl Phenol (Methyl chavisol, estragol, ise~
ansthol, p-allyl anisole, p-methoxy allyl bensens); CHgp3CHCHpCgHgOOHg

This sompound hag deen found $0 be a constituent of meny essen~
%4l oils such as tarragom, anise bark, bay, fennell, estragon, and
terpentine,

Eykman (B, 22, 2743) reparts the preparation of €ais compound
from p-allyl phenol by heating with methyl iodide in an aleoholis
solution of methyl alschol,

Tiffencaun (Ce 2. 139, 482) reparts that i% may be prepared dy
sreating 4-methoxy phenyl magnesiwa dromide in an ether solution with
allyl dromide,

Ekxyman reports this sarpound as having a boiling poiunt of 226°03
however, $he more recent workers repart boiling poiuts of 218-216°0C,
214-216%C, ana 2129,

By heating, for twenty-fowr hours with three to four volumes of
s saturated solution of alcoholis potassium hydroxide, it wus changed
into anethel (p-propenyl anisole)e {Grimaux, Bl. 3, 11, 543 Rykmmn,
Be 23, 8895 Tiffencau, C. r. 139, 482),
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Upon exidation with potassium permanganate in a cold acetie asid
solution there was woduced 4-methoxy phenyl acetis acid and anisie

soid, (Rylmen, B. 22, 2744} Bertram and walbawm, Ar. 235, 183)
I% was not redused by sodium and aleschol, (Klages, B. 32, 1439)

ANETHOL

Anethol (isoestragol, lemethoxy 4~propenyl bensene, p-propenyl
anisole)s CHxCHiCHOgH4OCHy is the prinsipal constituent of anise,
staranise, and fennell oils and has been reported present in these
oils by many investigators. It was first carefully studied dy Cahours
(Ann, ohem. phys. (S), 2, 274; 14, 489),

I$ has bdeen synthesiszed in several ways, Orimaux (Bl. (3), 11,
88), Eykmaa (B, 23, 889) report that by boiling p-allyl anisole with
aleoholie potgssium hydroxids it was converted into amethol, Hell
and A, Hoffwan (B, 38, 1680) repors that anethol may be prepared by
the dissillation of ethyl (4=methoxy phenyl) earbinol with sulphurie
asid, Behal and Piffeneau (0. r. 132, 5633 Bl. (4) 8, 304) report its
preparation from anisis aldehyde and ethyl magnesimm iodide dy heasing
the nixture on a water dath,

Anethol is descrided as an 0il with a pleasant odor of anise,
erystallising in plates from aloohol, which mels at 21,10, and boiling
st 233°0 at 751.1 mn,

On dromination {% produced first a dibromide melting at 67°C
(Rell and Carttner J, f. prakt, Chem, II, B2, {1898) 198) and also a
mono ¥rom snethol dfbromide melting at 107-108°C,

On fusion with potassium hydroxide, anethol formed p=propenyl
phenol sogether with gome p=hydroxy bensois acid, (Isdendburg snd
Leverkus, Ann, Chem. Suple Bd., 8, 88, and 141, 260).
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Anethol upon oxidation with pot assima permenganate, as well
as potassim d&ichromate, yielded as its cxidation produst pemethoxy
bansoie acid (Anisisc acid). (Rossel, A. 1851, 28; carelli, G. 20,
693) e
Mok addisional information was odtained on this mmch studied

substanoce; however, sinae it had no direct dearing on the investiga-
4ion being eondusted 1% is not inoluded here,

METHYL ETHER OF O«XSOPROPENYL PHENOL

Methyl Ether of e=Isopropenyl Phenol (l-msthoxy Zeisopropenyl
bensens) s mg:c(cnsicen4oon,. Behal and Tiffencau (Bl., S, S18)
report the preparation ¢f this eompound dy the methylation of o=
1sopropenyl phensl using dimethylsulphate in an alkaline potassiwm
hydroxide solution, It is also reported by the same investigators
as being prepared from the methyl ester of ocemethyoxy bensoie acid
and three molecular weights of methyl magnesium iodide, (0. r. 139,
3403 Bl, 4, 3, 515). They repork it as a colcrless liquid boiling
at 198-199°0, Upon oxidation with potassium permenganate in the oold
there is oduced 2-methoxy acetophenone (C. Re 141, 896)s The same
workers report that won redustion with sodium and aleohol o-isoproyl
anisole is farmed. (Bl., S, 516§ C. re 141, 597).



METHYL RTHER OF p-ISOPROPENYL PHENOL

Ipthyl Ether of p~Isopropenyl Phenol (4-methoxy leisopropenyl

bansens, p-isopropenyl anisole)s CHpiC(CHg)CgH,0CHge

Behal and Tiffensau repart (C. r. 132, 5613 139, 1403 Bl 4,

Se 517) obtaining this compownd as a dimer by heating on & water bath
the ethyl ester of anisis acid and two molecular weights of methyl
mgnesium fodide, The monomer was obtained by the distillation of she
dimer a% atmospherio wosmri. The monomer formed orystals with an
odor resembling anethol and estragol, melting at 52°C, and boiling at
220-222%, (Klages, B. 57, 39985 B.,%., 0o ro 132, 861)c It was ine
soluble in water and soluble in ethyl alsohol,

On oxidation with potassium permanganate in the eold it produced
4-mothoxy acetophenone (Be., %, C. Po 141, B97; B1, 4, S, 318),

Upon redustion with sodimm and ethyl alcohol, p=isopropyl anisole
resulted. The dimer mentioned above is reported by Behal and Tiffenean
(Ce »o 132, 861 B1, 4, 3, 320) to form odorless erystals, melting as
88°0 and bolling at 210-215°0, 18 ma. It was depolymerized by aistille
ing erdinary pressuwre, It 414 not add bromine or decolorise potassium

permanganate in the sold,



STATEMENT QF THE PROBLEM

To determins if phenol and allyl alcchol
ean be ouma.uoa by means of aluminum
ehlorids, To examine the condensation
mirxture for the presence of para ally}
phenol,



EXPERILERTAL DATA
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PART I

Preparation of Allyl Phenyl Ether: OgHyOCH,CH3CHp

As preliminary work, allyl phenyl ether and e-allyl phenol
were prepared, It was fel$s these eompounds might de obtained from
the eondensation mixture of phenol and allyl aleohol,

Allyl phenyl ether was prepared using the msthod described dy
Claisen, (Amn, 401, 213 1913).

Molar quantities of phenol, allyl dromide, and potassium cayre
bonate sogether with 150 grams of acetone were heated for eight
hours om the water bath wnder a reflux sondanser. Potassium bdromide
settled out and the reaction mixture becams a thick paste, On coole~
ing the mixture was treated with mter and extracted with petrolewm
ether, After washing the ethereal extract with sodium hydroxide
and water, it was dried over potassium carbonate and distilled in
vacuo, Yield was 120 gramsg boiling at 77°0 wnder a yressure of 10
m, 89¢ of theorstical,

Preparation of o=illyl Phenol
This eoupound was prepared using the method descrided by Claisen
and Eisled (Ann, 401, 21; 19135 418, 783 1918),
78 grame of allyl phenyl sther were boiled wnder an air condenser
wmtil there wag no further rise in the doiling point, This required

about six hours, the boiling point rising from 191°C to 2209, "his
rise in the bdoiling point was dus t0 the rearrangement of the allyl

phenyl ether (B. P. 191°C) into o-allyl phenol (B. P. 22190).
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The rearranged produst, after eooling, was 4issolved in
204 aqueous sod iua hydroxide and extracted with petroleum ether
t0 remove any unchanged allyl phenyl ether and suall amounts of
alpha methyl eoumarans which may have formed. The o=allyl phenol
was liberated from the allmline solution by acidification with
sulphuric acid, saimn up with diethyl ether, and dried over sodiwm
sulphate, After eoncentrating the ethereal extract 1% was distile
1ed in vacuo and produoed an oil boiling as 92-93°C at 10 mm,
Tield 638 grams, 91{ of theoretical. I% posressed all of the proper-
ties descrided by Claisen,
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PART I1
The Alumimmm Chloride Condensation, (Huston's licthod)

Mrterials and Quantitios Used,
188 g. phenol (2 moles)
59 ge allyl aleohol (2/3 mole)
44 g. aluminue ehlorids {1/5 mole)
_ 280 ¢e¢ petrolewm sther
The freshly distilled phenol was dissolved in the petrolewm
ether eontained in a three necked flask equipped with a mechanioal
stirrer, a reflux condmser, and a eark stopper equipped with a
thermometer, The latter sorved as a means of following the tempere
ature of the reastion mixtuwre, and by removing 1%, the materials
oould e ecnvenienily added. |
After thorouvghly mixing, the allyl alechol was added, followed
by the aluminwm chloride which was added in small amounts over a
period of ane hour, During the addition of the aluminum eshloride,
hydrochloric acid gas wag liberated in a generous amount and the ree
agtion mixture decams a dark red in color. During the condemsation

the Semperature never varied from S0 to 35°C. After the final addition
of the almminmm ehloride the mixtwe was stirred for about one hour

and then let staxd over nighs,

The alumimm chloride somplex molesule was then decomposed by
using a mixture of 150 g, of 1o and 40 ee. of concentrated hydree
chlories asid, The resulting nmixture was extrasted with sulphurie ether,
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After &rying the ether extract with anhydrous sodium sulphate,
1% wag goncentrated and on distillation produced the following;

3. P. Range Preasure Approximate Composision
Up to 88 743 mm, ether
88 « 110 743 e, allyl alechol
70 - 80 1920 mm, phenol
80 =« 160 19-20 mm, oondensed produst
160 « 240 20 mm, gondensed product
240 «» (residue)

Prom the fraction 70=80, wpon redistillation, there was obtained
109 go of pure phonol; 78 g. having takem pars in the reastion.

Analysis of Fraction 80=160 at 19-20 mm,

This fraction included the boiling points of allyl phenyl ether,
o~2llyl phenol, and p=allyl phenols I% was dissolved in an excess of
Claisen'’s alocholio potassiwm hydroxids which rendsred the phensiie
sompounds solubles The mixture was then extracted with petrolewm
ether, During this extrastion great care was taken to keep the mixe
ture ¢o0l as it is a common thing for allyl derivatives to shangs
into propenyl derivatives vhen heated in the prasences of AMI.

The petroleun ether extract produced, on soncentration and dise
$fllation, B g. of an alkali insoludle material boiling at 80-85° ¢
12 ma, This was assumed to de allyl phenyl ether. X% will be come
sidered later in this paper.

The alkeline Claisen solution, on asidificasion with hydrochloris
acid and extraction with sulphurie ether, produoed 8 g. of am oily
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11iquid afst111ing as 108-115° at 18 mm. The higher boiling point
fraction was t00 small %0 de of any ecnsequsnce.

Frastion 160-240%, which was by far the largest of the frace
tions, prednoed 30 g, of a strawecolored, viscid, semiw-solid material
that distilled for the most part at 208-216° at 6 mm.

The final fractionations produced the following;

3. P Range Pressure Composi tion Yeight
70 - 80 19«20 mm, Fhenol 109 g.
80 - 88 2 mm, Alk, insol, portiom S g

108 - 113 16 e, Condensed product 8 g,

115 -« 208 16 mm, Of no consequence

208 « 210 6 mm, Condensed product 26 ge

210 - 216 6 mm, Condensed product 38

216 = Tarry residus 15 g.

A tota] eight condensasions were carried ous with similar pro-
cedure and results, The various fractions wore eombined and ana

Yysed os desaribed on the following paces.



is.
EFFECT OF TEMPERATURE

The oondensation was repeated %0 notc the effest of Semper-
ature on the amounts of the various frastions. The oondensation
wag garried out in a freesing mixtwre of water, ice, axd salb,

A temperature bPetween O snd §°C was maintained during the $ime of
addision of the alumminum ehleorids. The reaction proceded as usual,
yielding the final fractions as follows;

B. P. Range Preossure Assumed Composition w.ig\;_t_
80-100°0 18-16 mu,  Pheuol 118 g.
108-115°0 4~ 6 w1, Condensed Prod. 4 g.
208~210%2 4= 6 m, Condensed Prod. 188 g,
210-216%0 4- 6 mx. Condmesd Prod. 2.8 &,

216~ 4~ 8 1, Tar 10,0 8o

The foregoing data gives evidence that the reduced tempsrature
docreases the amomnt of the high boiling point fraction as well as
the amom$ of tar, IS inoreases the amound of fraction 105-118°C.
From $he amown$ of phenol resoovered it follows thas the reduced
toupsrature deereases the total amomt of camdensation,
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ANALYSIS OF THE ETHEREAL FRACTICN

From the several condmsations there was obtained, dy extrace
%ion with Claisen's alsocholisc potassium hyiroxide, a total of 20.8 g,
of an oily product with & doiling point of 80-83%0 at 12 mm.; 68°C
st T=8 mmu,j insoludble in dilute alksli; soluble in sulphuris and
petroleum ethers, I% was assumed thas the frasction undsr considere
ation wes allyl phenyl ether since 1% answered fairly well to the
desorirtion of tha$ compomnd, Boiling points of allyl phanyl ather
given in the literaturs arey 85°C at 19 mm.j 191.7°C a8 760 mm,

{The dclling point ef the prodact in question waw not determined as
atmospheris pressure because cf its rearrmngement into owallyl phenel}
at that temporature).

In atteapiing to confirm the sssunption the following proaedure
was oarried out:

en grams O0f the swpposed ether were doiled under an air con=
densar for a period of six hows in an sttempt $0 dring abount its
resrremgement into o-allyl phenol, (Claisen, Amm, 418, 785 1918).
The initial Doiling point was 191°0. During the remaining refluxing
period 1% failed %0 rise further, (During the rearrmgement of allyl
phenyl other inte #~ally)l phenol there is always a marked rise in the
boiling point, frem 19190, the boiling point of the ether, to 220%0,
the boiling point ef e-allyl phenol. (Claisen, Ann. 418, 78§ this
presentd thesis, page )«

The resction mixture, after treaitment with aleocholic potassium
hydroxide, was extrastod with peirolevm ether to remove traces of wn=
shanged ether, From the petroleum ether there was obtained 9.3 g.
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of the mochanged ether, B. Po 196=198°C. The alikaline solwtion on
acidification and extraction with sulphuris ether failed to yleld
anything of any oonsequence, yet the rearransement of the allyl
ether of phenol into the o= substitution product is prastiocally
quantitative according to the literature and to the work done dy
the snthor, This gave evidence of an inoorrect assumption.

| The rearrangement wes attempted again, using 20 g of the ether
and refluxing the mixture for a period of twenty-four hours. The
voiling point failed to rise appreciadly and prastically all of the
alkali in soludble material was recovered, It boilod sharply a$ 196
19790 and 414 nod possess the odor of allyl phenyl ether as prepared
by Claisen's method (Ann, 401, 2131913),

Allyl phenyl ether is not an isolatadle produs$ in the condem~
sation mixture of allyl alechol and phenol by means of alminum ehlore
1de,

This investigator expects $0 examine further this ethereal frae-
tion, assming i% %0 be alpha methyl soumarans which is mowm %0 be
ene of the byeproducts produoed in the rearrangement of allyl phenyl
ether, Possidly the presemce of aluwminum chloride inflummced the
changing of the allyl ether into alpha methyl sowmarans,

It is reported in the literature that o-allyl phenol changes
readily into alpha methyl eoumarane by boiling in the presence of dry
pyridine hydrochloride., (COf. Ger. pat. 279,864).
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ANALYSIS OF FRACTION 105-118° at 16 mm,

FProm the several sondensations there was obsained a total of
28 grams of this fraction. Distillation at atmospherie pressure
proiused 18 grams of an almost eolorless oil distilling at 238«
257° B. P. of peallyl phenol 237°, (Rykman; Ber. d. Chem. Ger,
28, £736).

This phenolic substanoce possessed the following properties
vhich cheok with those given by p=allyl phenol by Eykman as adbove;
Soluble in &ilute alkmli, dlus solor with agusous ferric ahlorids,
einnanon~like odor.

Preparation of the Methyl Ether
Fiftecn grams of the supposed p=-allyl phenol were dissolved in
a 8light excess of 20% potassiuam hyiroxide, and with agitation, 18 g.
of dimethyl sulphate were added over a period of ons hour, A temper=
eture below £ifty degrees was maintained, The reaotion mixture was
heated on a water bath for thirty mimtes 40 remove the excess demethyl
sulphate. After being mads alkalins, with sodima hydroxide, the mixe
ture was extracted with petrolemm ether,
Distillation of the ether extrast mroduwed the two fractionsy
200224 S 8e
R24=230 9 &g.
Prastion 224-230 was oonsldered as the methyl ether of p-allyl
phenol (B, P. given by Eykman, 226°0).
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Six grans of the methyl ether, B. P. 224-230°, were oxidised
by using neutral potassium permanganate and warming on & water bath
for oms hour, The axidation was not very vigorous although there
was a rapid discoloration of the permanganate., The oxidation pro=
dust, after being rearystallised five times from hot water, was a
white, needlelike compound with a mslting point of 181.8 - 182°,

That giver for anisic soid 1s 184°,

These results check with the 4asta given by Eykman (Ber, &, Chem,
Ces, 22, 2736) for the proof of siructure for p-allyl phemnol,

Beritram and Walbaum (Arche 4. Pharme 235, 177:1897) repars thad
by careful oxidatian of methyl ahavisol in the e0ld, using potassimm
permanganate para methoxy phenyl, acetie acid resulted (M. P. 88-86 C)

Using thé method of Bertram and Walbaum, the remainder of the
methyl ether (S grams) was shalen with two grams of potassivm permane
ganate in 200 eo. of water, and £ co, Of acetis acid, During the oxie
dation a temperature below five degrees was maintained, The reastion
mixture after being made alkaline with sodium carbonate was filtered,
The filtrate after being made acid with sulphuris acid was extrached
with ether several times, The ether extract failed %o produse anythinmg
of conseqummce, The oxidation was not repeated as the supply of the
material was exhausted, Bertram and Walbawmm reports using 20 grams ef
the material in an oxidation,

On the basis of informatsion furnished by Eykuan and the above~dipe
cussed data, the conelusion 1s reached, that p-allyl phenol s produnced
fa & suall amowm$ by condensing allyl aleshol and phemol in the presense
of alunimwm chloride, There is every evidemce of para substitution,
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ANALYSIS QP FRACTION 208-210° at 6 mm.

This was Dy far the largust of tho Cractions obtained. From
the several condmsations apgroximasely 178 grems of this materia}
was obiained,

I8 possessed ﬁm following propersies;

(a) Soludble in dilute alkali, represipisated by
hydroghloris acid.

(b) Strawesolored, very viscous 1iquie, acquiring
& brownish eoler on standing.

(s} Bluilsh-brown eolor with aquecus ferris ehlerile,

{d) Absorbed bromine in chloroform solution withous
the liberation cf hydrobremie acid,

(o) cCave a negative test for halogens,
(f) Palled %0 erystallise from ether, alsohol, bensens,
Soluene, xylene, ets. It dia, however, form a
whitish amorphous powder by the evaparasion of a
bensens solution over a period of several days.
A search of the literature revealed no allyl, propenyl, or iso=
propeayl derivative of phenol that answered to this description,
especially with respect to the doiling poins,

Combus$ion Analysis,

¥$. of sample y X )34 Lo
o226 g, 79.8 7.28 13,88 {cale)
«231 g 78.76 6.98 28 =
Average 79.03 7.11 13,98
Cale. for CgHyn0 80.8 7.48 11.9

Although the agreement of experimental and caloulated data is
not & 6lose one, 1% 1is a4 loast an indisation thas the substance in
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question, sinoce 1% is not one of the allyl, propenyl, or iso=-

propenyl derivatives of phenol reported in the literature, is

& polymer of one or more of the afore-mentioned compounds,
Several investigators have reported thas in the synthesis

of at least scme of the above-mentioned oon;poumh ther; wag &

markesd tendency toward polymerisation, and in some cases the pre-

dust was actmlly odtained as & polymer, Eykman, however, in his

original article does no% mention any polymerising tendency of p=

(See Pauly and Buttlar, Arm, 383, 280;191}
Behal and Tiffenssu, Bulls S00, Chem. 4, S, 51831908
Neiderl Smith McGreal, J. Chem, Sos. 83, 339031931)
In the 1ight of the reports by previous investisators, it was
agsumed that the substance in question was & polymerised produst.
Nolescular weight determinations dy the boiling point method
gave the following results;

Solvent, bensene,

Grams Grams Observed Molecular

Solvent ‘Subs tance Blevation Welght Tound
12,64 +518 «272 402
12,64 1.2796 «68 398

Caleulated for CgHyo0, A34s
The molecular weigh$ found is approximntely three times thas of the
monomer, Therefore the eonclusion 15 that the substance in question
is & trimer,

(The author is imdebted to A. He Nesley for this molecular
weighs determination).
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On standing, in a nlnti.on of bensens, which was allowed $0
evaporate spontanecusly over a period of several wecks, the polye
morised produst formed a white amorphous powder that melted to &
senioriscous 1iquid ever a temperature rarge of 148-155°, On eoole
ing from a hot mixture of xylens and water 1% formed white, fluffy,
somevhat needlelikxs orystals a$ the jmotion of the two immiscidble
liquids, This semi-=grystallins sudbstance melted over a temperature
rmge of 145-188°,

DEPOLYMERIZATION

In all eases vwhere gompounds of the {ype bdeing considered were
edbtained as polymers, the monomers were secured by distillation ad
atmospherie pressure,

One hundred and fifty grams of the polymer were distilled ad
atmospherie pressure, During the distillation eonsideradle decom=
position Sook place, The distillate weighing adout 110 grams wap
a mobile, straweolored liquid, distilling over the wide range of
190-240° It was fomnd %o be soluble in alkali, gave an wnsaturae
tiom test with dromine, and yrodused a muddy blus color with aqueous
ferrie chloride.

After several refractionations were accomplished using a fifteen~
ineh frastionating colwm the following fractions were obtained,

Up o 198 8 &
198-200 10 g.
200-210 60 g.
210=220 15 ge
220240 12 g.

240~ residue (tar) 7 e.
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Niederl reports (J. Amer. Chem, Sos. 85, 3390; 1931) the pre=-
paration of o=iso=propenyl phenol dy eondensing phenol and allyl
aloohol in the presence of sulphuric acid, It was obtained as a
polymer which was depolymeriszed by distillation as atmosphoric pre=
ssure, It was felt at the time that the large fraction 200-210 might
possibly de o-isopropenyl phenol on ascownt of its boiling point, 205=-
206 (Behal and Tiffensau Bulle. Soc, Chsm, 3,515;1908), No other allyl,
propenyl, or sio-propenyl derivative of phenol has a reported bdoiling
point within ten degrees, No reastion mechanism, similar 40 the one
given dy Kiedosr}) for the formtion of 0-iso-propenyl phencl, could de
vorked out on the bYasis of almimm chloride as the condensing agent,

The fraotion 200=-210 was carefully fractiomated and the frastion
202-206 eollected, 7Tield, 48 grans,

The methyl ether was prepared dy using dimethyl sulphate as des~
cribed on page /£y of this thesis,

Practionation of the methylated product prodwsed the ronmi

B, Ps Renge Pressure _':_ig_x_t‘
175 « 198 748 ma. 4 g
198 « 200 745 m, 38 ge
200 « 210 748 mm, 6 ge

The boiling point given for iso-propenyl anisole is 198+199, The
large frastion 195200 was an indication of the presemnce of iso-propenyl
anisole,

Behal and Piffensau (0, »s 14}, B96) reports shat on oxidation with
potassiva permanganate in the c6old, o=iso-propenyl anisocle produces 2e

methoxy acetophenons M. P. 33.
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Ten grams 0f the methyl ether wore mixed with Y grams of
potassimm permanganate dissolved in 280 cs, of water, On standing
over night there was sons idarable discolaration of the permangae=
nate, After filtering, the filtrate on being acidified liberated
a vhite flaky precipitate. After deing resrystallised from hot water
six times there was obtained a white, monoclinis orystalline sompownd
(M. P 185,68 )o o=iso~propenyl anisole should yield on oxidation;

bensoic aonid Me Po 98,8

The orystalline produc$ was soluble in dilute sodium hydroxide and
reprecipitated by hydrochloric acid, Its melting point eorresponded
0 that of anisie acid. (p-methoxy bensoio acid M. P. 184°).

The oxidation was repeated with similar results, ouce as just
desorived and again by heating the reastion mixture in a water dath
for two hours, The varistion in temperature had no effees on the final}
resuld,

Equivalemt Veigh$ Determination;

There was evidenee that the axldation product was mniszic asid.
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Tritation Data;

#1178 g. were dissolved in 50 o, oOf water and 5O ca, of ethyl
alachel in a veluwmotrie flask, Three 2§ os, partions were titrated
using <1008 N. sodimm hydrexide and phenolthalein as an indicator,

Sample 4 iz 112
os, NaOH 1.98 1,98 2,00
Equivalent Weight 180,7 150,7 153.8
" Caleulated for Anisisc acid (663805) 152

Pound (Average) 181.7

The product odtained dy oxidising the fraction in question mush
Do anisis acid because of (a) 1ta molting poin%, (b} 1its likeness to
anisic acid, (¢) equivalant weight determinatiom,

o=iso-propenyl phenol 4{s not a constituent of the sondensation
mixtuwre of phenol and allyl alcohol, ”his 1s positive proof of pars
sabstitution {n this alwainum shloride condmsation, & faod which ex-
tends the scope of Hustom's Method in synthesising orgmie campowmds,

ANALYSIS OF FRACTIONS 210220° and 220-240°

Be J¢ Ryloman (Ber, 4. Chem, Ces. 22, 273631889) reporss thas the
methyl ether of p-allyl phemol bas & toiling point of £26°0, This,
however, does ot agres with dase furnished dy recent workers.

grimaux reports (Bull, 308, Chem (Paris) 3, 11, 38) the preparation
of Estragol by repeated fractionation of 011 of Eetragm, He gives a
boiling point ef 218-216%C (oorr.)s Estragol was proved o be the same
as mothyl chavicol, In 1892, some two years defore the work of Crimsux



26.
on estragol, Schimmel and Co, (Berich® d. Chem, Ges, 1892, 1Y)
fowmd that the ohief consiituent of cil of estragon wag methy}l
chavicol; mnd later their chemists, Berirsi and Walbawm {Areh,

d. Pharm, 238, 177;1897) estimated the amocunt of this sudbatanoce
in 01l of estragon %0 be 67,64, Om oxidation this substance pre-
duwed the smae oxidation products as those reparted dy Eykman,
pamely, parasmethoxyphenylacetic acid and anisic acid, It soems
highly probable that methy} chaviocol and estragol are idemtfcal.
T™his agsumption received conf irmation by the repar$ of Hell and
Gaad, (Ber, 4. Chem, Ces,, 29, 344) who found that methyl chavieol
from estragon 0il {isoamnetho}l, they ealled it) gave a monobram
dibromide OgsBr(OCHs) CHQCHBrCHBr when treated with bromine in
an ether solution, On oxidation it ylelded a ketone having the
formals OgHgRr (OCHg) COCHBrCE M«

Orndorff, Terrasee and Morton (Am, Chems Jowrn. 15, 845) re=
port the preparation of methyl chavieol from oil of estragon pure
chased from Fritssche Bros, They repord it as having a boiling point
of 210-212% (woorr.}. When heated with an alooholis solusion of
cawstie potash they repurd & rearrangement into anethol (pepropenyl
anisole}, Thay also report the preperation of anisie acid by oxie
datiom, weing the method civen bty Ladenburg and Frits {Ann, Cheme
(1iebig), 242, 248}, On brominasion in an ether solution they found
that 4% roadily absorbed me molesule of drominey however, it was
impossidble $o0 isolate the dfdromide, Hydrobromis acid wes liverated
after the addition of ons mole of bromine, The reastion mixture pro-
duoed the ®ri-bromide compound descrided by Hell and Cead (Ber, 4.
Chem, Ces. 29, 244),
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O0n the assumption that the doiling points reparted dy the
more recent workers are gorroct and tha$4 Ey'man had made an error
in his reported boiling points, the follaviny procedure was
followeds |

The fractions S10=220 and 220=240 wore eombined and the muthyl
ether prepared by using the method described on page /4 of this
thesis, The methyl ether was carefully fractionated snd the frastion
210216 oollected, 50 grams of the phemolisc fractions, on methylae
tion and framectionation, ylelded the following,

Up o 210 8 g.
210 « 216 28 g.
216 » 224 48
224 « 230 7 e
230 » 238 R ge

238 » residue, of no Jonsequmce,

Fifteon grams of the frastion 210«.216 were heated for & period
of thirty hours with three times its volume of saturated methyl aleoe
holie potassiwm hydroxide. This treatment is reportod to cause an
allyl group %0 ehange into the isomsric propenyl groupe Vhem methyl
chavieol is treated ip this way it is charged into its isumer anethel
(para prppeny} anisole),

After the period of heating, the mixture was d{luted with water,
extracted with petrolemm ethar, dried over sodius sulphate, and them
4is%illed with the following frastionss

210 = 237 12 g.
217 « 228 1.8 g.
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This gave evidanocs $hat no shif¥ing of the double band had ooeurred,
for 1f 1§ had the resulting produck, anothol, would have &istilled
at 253234,

A seoond atterpt wag made t0 rewrranie the the methyl ettier in
question bud with no susoess. _

Nell and Cand (Bers 4. Chome Gose 29, 84411896) repord thas by
bromination it was impcesidle $0 isdlate the dlibronids of methyl
ohaviool, bus they 414 susceed in obtaining a mono brom methyl chaviool
dibronide melting at 62.,4%C,

Five grams of the methyl ether B, Pe 210218 wore dissolved in 28
08e 0f chloroform and afber oooling in an i0e nixture, two moles of
broning wre added in a solutiom of dhloroform from a aropping funel.
AV £irss the color of the dronine dissappeared as onoe withous the
1{beration of hydrocen wremids,, After aboul ane half the bromine had
been added, hydrogen dromide was liderated in & large amounts

After standing over night, the mixture was takem up with petrolewm
ethaer, dried over caleiwmm chlorids, conocsntrated and distilled in
vaouo, ylelding a 1ighs strawegolored ofl distilling at 140-145%0 at
168-20 mu, The 01l fafled %o orystallise from petrolews ether, and would
not solidify in s freesing mixture of ice and sald or ad the Serperature
of solld carbom dioxide,

several distillations followed by intense cooling friled to bring
about the solidification of the oil.

The bromination wag repented and the resulting oil falled %o
s01i1dify or orystallise,
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A sample of oil of estragon, obtained from Fritsche Bros.,
was carefully fractionated by using a fractionating colum and the
fraotion 21£-£18 sollected, This fracstion acoording $o0 Walbaumm
and Bertram (Arch, 4, Pharm, 235, 17731897), Orndorff, Terrasse
and Morton (Am, Chem, Jowrn. 19, 848), is methyl chaviocol or estra=
gol, This fraction had more of a terpene odor than 4id methyl
ether of the corresponding fraction eollected by depolymerization
of the condensation produst,

Eight grams of oﬂ. of estragol, obtained dy the above mentioned
distillation, were divided into two partians and bromimmted in a
echloroform solution. To one portion was added one mole of bromine and
to the other two moles, On distillation in vaouo the former decom~
posed, The latter failed %o crystallise from the several solvents
4ried and would not s0l14ify in a freesing nixture, Acoording to the
1{terature (Hell and Gaab, Ber, 4. Chems Ges, 29, 344) methyl chavicol
obtained from 0il ¢f estragon formed on bromination a mono brom methyl
chavieo] 4&ibromide, which orystallised from petroleum ether and melted
st 62,4°, rurther attenpts are boing made $0 bring about the ocrystale
1isation of the drominated product, It was the intention $0 use the
erystallised bromide in seeding the dbrominated eondensation produst,
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OXIDATION OF METEYL ETHER 224+230°0

This ether resembled somevhat the methyl ether obtained from
the phenolic fraction 258-237°0 from the original smdensation
nixture,

Sevem grams of this ether frastion were heated on a water bath
for two hours together with 200 ce. of water and B grams of potage
siwm permanganate, Oxidation was indicated dy the ehange in eolor
of the permanganate., The oxidation mixture failed to yleld anything

of sonsequence,
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SUMMARY

The results of the vlu-k outlined in this thesis may de
sumarised as follows:

Allyl aloohol and phenol sondmsed in the presance of
aluminum chloride,

The sondmsation mixtwre produced the following;

{a) An alimli insoludble portion whieh eould not de
1detified as allyl phenyl ether. Tis material is still
uidemtiried.

(v} A phenolic frasction which if we accep$ the data
and proof of strusture as fumished by Rylman is pars
allyl phenol.

{e) A polymer which by analysis and molecular weight
determinations proved to be a trimer of the molesular
formula Ogltyo0.

Depelymerisation was effected by distillation as atmospherie
pressure, The depolymerized product has not bean definitely
1dentiried, but does contain a para substituted phenol,

By oxidation there is definite proof of para gubstitution,

fhe investigation of this sondemsation is %0 be oontinued,
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