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HISTORICA AL DATA



I, Early work on alkylation of phenols,

Since B, Paterno, im 1878 (Gazz. Chim, ital,
1, 1668, (1872) prepared hig first denzyl phenol by
heating ben:zyl chloride with zimc dust and plenmel,
& great number of other experimenters have con-
gribntoa to the sciencs of chemistry a comprshen-
sive and more or less complete collection of labera-
tory procedures and theories conceraning the prepare
ation ef both the benzyl phenols =nd their related
products, The object of this historical review is
noet to give a complete resume of their work dut merely
20 trace the more important Adevelopments along this
line of organic condsnsations which have, innocente
ly emough, brought forth the experimentation covered
by this thesis.

Paterno's first work resulted ia his isolation
of bensyl phenol in the form of white silky meedles
(m.p. 84%.) He prepared varifous substitution pro-

ducts with HNO_, and a sulfonic acid with nzso‘.

3
In 1874, in conjunetion with M. Fileti (GCazs,

Chim, ital, 8, 121«=129, 251«-264) he prepared

further derivatives with acetyl chloride, benzeyl

chloride, and bromine, Their di-drem derivative

1l.



seems to have been held in some doubt by later
experimenters. (Zimcke and Valter. Ann. 334, 367--383,
(1904))

Agaim 1a 1878, Pastermo and Fileti (Gazs. Chim.
1tal., 5, 3681) prepared benzyl phenol. This time the
condensation was sffected by using boizyl alcohel
and phenol, aleng with a mixture of n,so‘ and acetic
acid to remove a molecule of water, Along with their
kmown compound was obtained an oil which did not
crystallize but was assumed to be an isomeric benzyl
rhenol,

It remained for Rennie 4n 1882 (J. Chem. Sosc.4l,
220, 1882) to prove the benzyl phenol which melted
at 84® the para compound. Ve also ows to him the
ijdentification of the oil, im Paterno and Fileti's
experiment, as the ertho compound,

Perkins and Hodglinson (J. C.S. 724, 1880) pre-
pared a benzyl phenol, prodadbly the para, from the
¥OH solution of a mixture of phenyl scetate and
benzyl cilorido. This compound had a melting peint
of 80--81°,

Purther condensations of this same nature were

made by Leidmana (Ber. 15, 152, 1882) using zine

2.



ehloride, Patermo and Mazzare (Gazz. Chim. ital. 8,
303--308, 1879) using zimc turnings, and Mazarro
(0asz. Chim. 1tal, 12, 508--511, 1883) using mag~
mesium chloride.

Bakuain {(Gazz. Chim,. ital. 33, 495--6, 1908)
ia the presence of zine prepared bemnzyl derivatives
of alpha and beta maphthol,

Braua (Ber. 43, 1350--52, 1910) prepared sthers
by boiling aromatic ﬁalogenoids in the presence eof
H,504 and alcohel., .

Johnson and Hodges prepared substituted pheneols
and ethers (J. Am. Chem. Soc. 35, 1014, 1913) by
reducing the corresponding mixed kstonss containing
the hydrexyl or alkyloxy radicals in the benzene

nucleus with zinc amalgam and hydrochloric acia.

ff. The work of Claisen.

To Claisen goes credit for the desvelopment eof
the most satisfactory method eof condensation of ths
alkyl halides yet deviseds A resune ;r his work
along this line is as follows (L. angew, chem, 36,
478--9, 1923)s An alkali phemolate was treated with

an alkyl halide in & non dissociating medium, such



as toluene, After heating, & preduct, principally
ring substituted phenol with some alkyl pheayl sther,
was oebtained. Ths other was removed by washing with
petroleum oether after ths mixture had desn treated
with algcohelic potash selution., The alcoholic potash
tied up the pheaols present in the form of the potas~
sium salty whicCh were insoludble im petroleum ether
‘and wore later droken down by acidifying with HC1,
The preductionr eof a quantity of the ortho phenel
gcame as a gurprise since only the sther was expested,
Bxplanation of this reaction is made by Claisen
efter the manner of Michael (J. pr. 31, 486; 48, 189)
1l‘connoction with silver cyanide and methyl iodide.

This is 1llustrated as follews:

Q/-OM
o-/V“—- . 7\ «@
gy + R —» ¢ cH —>
<’ e R
- |
- O _oH
C /C\\

N .
Nack + ¢ “ch—» o Ter

M } R I |
Claisen claims unsaturated groups substitute

in ths ring more roadily than do saturated znd that

once alkylated the ring is more essily substituted
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in than previeusly. PFurthermore hs states that in
dissociating media such as alcehol the entire yield
takes the etheresl form while in non~dissociating
media such as tolueme and bensens yield a prepom-
derance of the phemolic compound.

Clafsen does not note the formation of any but
the ertho compound ia his reacgion. Later investi-
gatores report traces of ths pera as well,

The fact that benzyl chloride im toluene forms
ethers with phenols while diphenyl chlor methane
gives onrly the cardbon alkylated derivatives 1s
held up by M. Busch (L. angew. chem. 38, 1145-6,
1928) te be indicative that the temdency of bonszyl
radicals toward cardbom alkylatiom im phenols im-
creases with the increasing substitutiom of the
methane carbon atom, |

Busch and Knoll (Br. 60 B, 2243--87, 1927)
working from phemnol imstead of the denzyl group
state that electro negative groups substitutel ia
the ring of phenols favor the cther formation.

They also corredborats Claisea®s statemsnt that the
presence of alkyl groups in the phenol ring reduces
ether and favors rhenol formatioca in future cenden-~

satiens.



¥Ye are indedted to Claisen for many other

comtributioas., In 1901 (Ann. 418, 69--120, 1901)
he rearranged allyl phenyl ether to o0-allyl phemol.
Shorigen (Ber. 68 B, 2038, 1925) also worked on a«
nalogeus rearrangements, Of particular iaterest

to us is the work of Van Alphen (Rec. Trav, Chim,
46, 799--812) and Short (J. Chem. Sec. 137, 528,
1928), The formsr heated benzyl phenyl ether with
ginc chloride to form the para phenol, the latter
prepared both orthe and para benzyl phenol, phemel,
and thz 41 benzyl compounds from the same reaction.

In 1926 Claisenm (Ann. 442, 210--45, 1928)

describes several condemsations along the same lines

a5 those of his earlier work. Most important of
these is nis work om allyl bromide and para cresel.
These most recent works of Claisen are an out-
growth and application of a previous systom of con-
densation employing socdium worked out by him in

1877 (Ber. 20, 646--660, 1877).

K. von Auwers (Chem. Zentr. I, 2347--8, 1928)

suggests three methods whereby carbdbon elkylation

may teke place.
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1. The method as outlined by Claisen.

2. The formeation of the ethor and later
rsarrangemont,

S¢ The sejaraticn of thc mestal as ; metallie
halide with the formatiocn of the free alkyl amd
enol radicalse The enol rearranges to the kete

and the radicals unite, The reaction is as follows,

- O~ . 7/ < oH
l '\"/ . { -
i —> I -3
N

The first hypothesis is that most generally
sccepted for this reaction., Its possibility seems
much more logical then the existence ef fres alkyl
and enol radicals, or the rearrangement eof ether

in one media and not {in anothere.

ITI. The work of Friedel ond Crafts and the 41Cl,
condensation,

Yhile Friedel a2nd Craft arc generally given
credit for being the first to utilize Alcl3 as &
catalytic agent in the condensing of the alkyl
halides, alcohols, and a:omatic hyareearhnns, the

tirst use of this condensing agent was Kuhlmasn




(Ann. 33«34, 97--204, 1840) who prepared sthers

from mixtures of alcohols thru its use,

ot until 1877 d14d Friedel end Craft publish
their obsorvations on this type of condensation,

(Bull, Soc. Chim. 27, 48, 1877s Compt. rend, 84,

1392-.-8, 1877)e¢ Their work at this tine was ene

tirely with aliphatic compounds and they go 8o fopr

as to stats that aromatic compounds snd especially

tiose conteining the NH or 0" group onn mnot de

eatisfactorily condensed by this methodes They

were very successful ian their work with the alie

phatice dbut 1t remainsd for later investigationa

$2 perfoct mothsds By which the rhenwnla, eronatic

alcohols, and benzyl halides might be ef’osciently

In 1851, Mers and vsit! (Ber, 17, 187) re=

ported huwing presared di shenyl sther from tho

action »f Alcl3 on rhsn-~1 and Iindicated that Alcla
here was acting as a Ashydrating agant,

Frielel and Creft (inne. Chis, Physes 1, 489,
1654) advansed the fn1llowinz theory of the reaciion

of A1Clg on an alkyl halide and benzsneas



Py Y,
CLHH AL, > Ak + 1)
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P r R Ty e Ca K
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The addition preduct of o-chlorophencl ama

aluminum chloride was 1solated in 1896 by Perrier

(Compt. read. 122, 195--198, 189¢). The preduct

was 41,C1, (oc‘n‘cz)z and was a white crystallime
Powder melting at zoiz-zzaP

Huston and Priedeman (1. a. c. s., 38, 2527)
in 1916 condensed benzene and benzyl alcohol te

obtain di-phenyl methane, some p-dibenzyl benzene,

a trace of the corresponding orthe isomer, anad

anthracene as a by-product., In this reaction the

Alcl, acted In the capacity of a dehydrating agent.,
It was found that the broportion of materials used
&8s well as the temperature effected the yolds of

differesmt products,

These same men published im 1918 (7. a.c.s.,

40, 7885--93) work om the condensation of denzene

with secondary alcohols., They used phenyl methyl

carbinol, phenyl ethyl earbinnil and 41 phenyl

earbinal for this work, They found that as the



10.

length of ths paraffia chaia grew, so its retard-

ing effect upoa the reactioa inereased while the

presence of the phenyl group 41id not hiander the

progress of the reactioa.
Huston (’0 A.C.8., 48, ”1"'". 1’3‘) studied

the action of 4101’ in the condeasing of pheaol
and denszyl alcohel to give p-denzyl plenel.
Benzyl Chloride and phenol in the presence

The reastioa

of 4101, gave 36{ of p-dexniyl phemol,

mixture was carefully regulated as to temperature.
It was found that optimum temperature varied with

the different compounds being condensed.

Huaston and Sager (J. A.C.50e. 48, 1955, 1928)
applied the dehydrating effeat of aluminum chloride
to saturated and umsaturated alfphatic and are-

matic alcoehols with dbenmzene, to form the fellewiag

sonclusions.
(1) That saturated aliphatic alcohols up te

and including amyl alcohol do mot resct.

(2) That unsaturated aliphatic alcohols, as

allyl, 4o react,
(3) That of ths alcoholic derivatives of the

aromatic hydrecarbons, only those haviag the hydrox-

A}



y1 group on the cardbom atom adjacent to the riag
resct.

In 1927 Busten, Lewis and Grotemut (J. A4.C.
30c. 49, 13656, 1937) extended the series of cen-
deasations of secomdary aleohels with bemnzeae to
inelude that of secondary alookels with plhenol,

im the presemce of Al1Clg, They also observed that
sudbstitution is abstted by unsaturation iam the
substituting molecule,

In 1929, Huston and Naxfield (Master's thesis)
determined the proportions of phenel, denzyl echle-
ride and AlClg from which maximum yield was to de
odtained in 4101y condensation., This was found %o
bs 8§ molar quantities phemol, 1 molar quantities
benzyl chloride, snd § molar quantities AlClge.

Fldridge (Master®s thosis 1930) reperts that
the presemce of two chlorine atoms en the phenel
eauses the formatioem of the ether ia the AlCl, coa-
don-ation.. He 1solates and 1dentifies the ether
from such a run for the first time. He suggoests
that perhaps the ether is formed first im all Alcl’
condensations and that rearrangement follews, He

delieved that the presemce of the halogen om the



phenol riang upset the valence equilidrium of the
riag causing a greater residuasl valence te be
sentralised ia the oxygen mothyl ( )“/
unien of the sther thus tending toward a more
stable cempound.

The aature of the way ias which Alcl, brings
about the many cendemsations of whioch it is adble
remsins somewhat of a mystery, Three possibilities
are allewed by the theorists oa the subdjeet,

(1) Catalytie actiem.
(2) 1Iatermediste compouands.
(3) Dehydratiean.

The iatermediate cempeunds of A1013 have beea

iso0lated, In some condemsations results preve 1t

to be merely & catalyst er a delhyadrating ageat.

IV. York with dDreminated phemols, and beazyl lhale-
genoids and alsehels,

The first work en the bdremimation of denzyl
phenol took place ia 1874 when Paterno and Fileti
(Gazz. Chim. $tal, 8, 121--129; 381--254, 1374)
prepared a 41 brem derivative eof the p-phenol by

'troatlng with an excess of bremime ia €34 solutim



They obtained an amerphous material m.p. 178d
This eempound has been questiensd dy Zimcke anmd
Yalter, of whem moere later.

Sintenis (Ann 161, 348) reports the prepara-
tion of bdemzyl bremo pheayl ether by passing
bremine into an aloehelic solution eof the other
to which some HgO has been added as & ocatalyst,

Rezanie (J. Chem. Sec. 49, 408) in 1886, pre-
pared 2, 4, 41 drem € benzyl phenol altho he aia
2ot kmew it, 4 white eompound uaideatified dy him
has been proven by Maxfield (1928 of this ladbera-
tery) to be the sbove mentiened eompeund, m.p. 91°

Auwers {Ana 387, 85--94, 1907) prepared tri-
brom pheayl bemzyl ether and two &i-brom derivatives.
In these experiments the tri or 4di brom phemol was
disselved in alcohol and treated with the denzyl
cempound and sedium ethexide.

The most netable contridution to this field
was made in 190% by Ziacke and Valters (Ann 334,
367--388, 1909%), They prepared and ideatified
41 and tri bromo derivatives of p denzyl phenel.
The method fellewed was that of adding the cale

oulated amount of dromine to a ¢eld chloroform



solution of the phenol anad stirring until all
bremine was in solutiem. They 1solated an un-
stadle compouad of colorless needles BeDe 42 whion
changoed to the stadle form ef rhombic crystals m.p.

o7 They gave this the formula:

- n
DAL G

The results here do not check with the work
of Paterno.
The tri brem compound was given the follewing

formulaj

4%
D T

In 1920 Powell and Adams (J.Am. Chem.Sec. 43,
646--88, 1920) prepared p brem pheayl bemsyl ether
by refluxing beazyl chloride, para drom phenel
and potassium carbonate in acetone solution.

Van Alphen (Rec. Trav. Chem. 46, 799--813,
1921) drominated 4, hydroxy tri phenyl methane and

obtained the di drom derivative.

S » )
(1Hk\g< , fi>0f(

e, 8

14.
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Maxfield (“aster's thesis 1939) reports
that Bromimation of phenel takes place im the
phemol ring rather than in the benrzyl radical,
He 1dentified the two forms of 2--6 41 brem 4
benzyl phenol foumd by Zincke and Walters.

Darcy, (Master®s thesis 1930) failed to
isolate the ortho substitutioa product when P~
brom bemzyl chloride was comdensed with phenol
imn presence of Alcl,. He alse checked and identi-
fied the structure of 4 hydroxy, 2--8--4' tri
brom 41 phenyl methane as prepared by Zincke anmd
Yalters (Ann 334, 367--388, 1904) His resulting
eompound 41d not agree im physical characteris-

tiae with that obtained by these men.



The Problem Defined,

Analysis and i1demtificatioam are to be made
of all mene-demzyl compounds resulting from the
Alcl, and Claisen cordensations of ortho drom
benzyl chloride and phenel,

As one step ia the i1dentification of the mono-
bonzyl phenols, & study is to be made eof the posi-
tions takem Dy the subdbstituting groups ia the tri

brem mone-hydrexyl 41 phenyl methanes which will

be prepared.



EXPERIMHEIENTAL DATA



I. Preliminary Vork

Chlorinatien of O-Brom Telueane

CgEBrCNy=Clg-=~CgH, BroNsCl-HC1

The method here followed is & modification
of that reported By Jacedbs and Heidelberger (J.
Biel. Chem, 20, 689--83 (1915).) They state that
they passed chlerine (mo amount stated) thru beil-
ing e~-bdrom toluene and distilled.

This method was attempted with indifferent
successs It was found that while a small yield
was obtained the chlorination had a temdency te
go too far amd introduce a second and a third
chlorine atom imto the methyl group thus spoiling
the reclaimed compound fer future usee

By a slight modification ef this method we
were able to reclaim all of the origimal cempound
which was not halegenated, fer a future run,

A weighed amouamt of e-brom toluens was placed
in & weighed flask fitted with a reflmux comdeaser
and a chlorinating tube. A fow crystals of PCly
wore added as & eatalyst. This flask was heated
to 180%--160° C. and chlorine bubbled slewly thru

the breme telueme. The flask and comtents were

17.



18,

weighed from time to time until the increase ia
woight was jJust short of the czlculated imcreass
due te the replacement of the hydrogen ia the
methyl group by the chlerine. The resulting mix-
ture was distilled under reduced pressure. The
o-brom tolusne beiling 110'—-11!’ at 18 an, is &
clear celorless cempound which, however, becomes
cloudy oa standing ia suanlight, Care must bde
takea to keep evea vapors of it from coming in
contact with the eyese.

A typical rus,

Veight of flask & teluene 349 . Tezmo .
Yeight of empty flask 249.%7¢zms,
Veight of toluene 100, gms.
Calgulated increass 30, gms.

Flask weight at end of chlorinatien 3867, gms.
Amount of o~brom bdemzyl chloride
bepe 120%°-2118%--18 mn. 93.5gms.

Yield 77.08{ theeretieal



II. Preparatioa ef 3'dreom 2 hydrexy 4i phenyl
methene by Claisea's methed, . _DIQ?;)
(SOH (S%Z,C?' %O [ :
VA I Joe
Bqn;;olar quantities ¢f e-brom bdeazyl chle~
ride, sodium, and phenol were used in this prepar-
atien. The sodium was cleaned of all corrosive
and oxidized matter aand beaded 1im dadry telueae eover
an 01l bath, This wes done by placing the sodium
and tolusne in a three neck flask fitted with re-
flux condenser and stirring the mixture very rapid-
1y just 2s the toluene began to beil, The sodium
{innediately droke up into tiny globules whioch hard.
sned as the flask was allowed teo cool and stirriag
continued, The phenol was added over a period ef
two hours with constant stirrings It was found
that the phenol and sedium woild react more coem=
pPletely with ome another if the phemol was added
in the form of a toluene solution, Im either cass
& white cheesy mass of sodium phenolate was formed.
This was heated to 180% for eme hour with stirring
and allewed to stand over nighte,

The freshly adistilled e-drem bdenzyl chleride

19,



was then added all at omce thru the condemser and
the reactiom mixture was heated to 180°--160° with
stirring en the 01l bath for eight hours and again
allewed to stand over night.

The NaCl formed, weaes removed by washimg with
water, whicﬁ in turn was removed thru a separatory
funnel. All remaining water and toluene was drivea
off by heating to 128° 1n a aistilling flask.

If all the toluene is not driven off, a com-
plete separationm between the ether and phenolie
products can not be sffected in the folleowimg step.

The toluenes free mixture was treated with anm
excess of Claisen®s alcoholic potash solutiem (the
amount varied with the size of the rum fr#nmloo to
500 ee.) ;hich tied up all fres hydroxyl groups
preseat and renderesd them fnsoluble im the petre-
lesum ether wﬁich wns now used to remove the ethers
present, Three washings with petroleum sther werse
meade and this extract reserved for further treatmeat.

The heavy oil remaiming was acidified with e
mixture of conocentrated HCl and ice and extractsd
with ethyl ether, The ether was driven off as far

as possible er a water bath after which the extract

20,

R L



21,

wags transferred to a Claisen’s flask and heated
to 138° te remove what ether and water might still
be preseat,.

The residual material was distilled uader
vacuum, It was found that results obtained at $ mm,
using & metor were much detter than those odtained
at 1l5mm, with a water ﬁunp. The distillates ia
the 6ace wore found to de much purer and to show
less sigas of docoipooition than in the latter.

Several runs using small amoumts were made
with comparatively unsatisfactory results., Dif-
ferent molar quantities of phenol and time of
heating were experimented with dDut the adove pree-
cess was found to be the most satisfactory. Per
eent yioid was not calculated for these first
four rums, Results of the first four Claisea'’s

and amounts of compounds used are dbelow:

30 gms, e=brem benszyl chloeride
3.6 ° sedfum

13.8 * phenol

78 oc. toluene

heated for seven heurs




Products from distilliang ethyl ether exiract

up te 180* 1.3 gms,
180°-210° 6.0 *
210%- up 4.1 *
residus 4, o

Second condensation
e-brem benzyl e¢hloride

3o gms.

18 . phenol
4.8 * sodium
76 oce toluene

heated for six hours,

Products from distilling ethyl ether extract

up to 180. 4.4 gus.
180°-210° 5.9 ¢
210'- up Se .
residue 6o s

Third condensation.
e-brom benzyl chloride

30 gme.
3.8 °¢ sodium
13.¢ ¢ phenol
78 eo. toluene

heated for eight hours,

22,



Products frem distillimg ethyl sther extract

ap te 180°
180°-210°
210°%- up
residue
Fourth scondensation
30 gnse
3.8 *
13.6 *
76 sc.

heated for

3.0 gmse
€2 *
5.9 *
3. *

e-brom bemzyl chloride
sodium

phenel

toluens

eight hourse.

Products from di1stilling ethyl ether extract

up to 180°

180%-210°
210%- up

residue

6.2 gmse
7. o
4.4 ¢
3. .

It was found that in mest cases the fractioa

from 180%°--210° either solidified or became very

viscous im nature. This

fractiom desired,

wes assuned to be the

The four fractiems were umited

and redistilled giviag about 18 grams of & celor-

less compound boiling detween 1$3°--300° whioh



selidiffed im the 1ce bex but returned te liquied
form at roem telporaturo; An attempt was made %o
purify by crystallizatienm but erystals obtainead
frem ligroin {a the cola rassed back into the
liquid state et room temperature. The compound
was returaed te ths dex and alloewed to stand,

The various fractions up to 180° were founmd
to de mostly phenol, while those above 210" were
asgumed to be the 41 denzyl compeumd. The resie
due was a high doiling tarlike compound which
solidified en standing, into a bdrittle cakelike
slag,

From the results of the above runs, it was
decided that eight ho :rs was the optimum time
of heating and that squi molecular quantities
were to be preferred to excesses of any of the

reacting substancese.

The petreleum ether extracts from thess four
condensations were combined, the ether drivenm off
on & water bath and the remainimg hsavy amdber eil

distilled &t 18 mm. The folleowing frastioas re-

sulted,

T o
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2be

75%- 125" 18 gmee
128°- 110. 9.8 ¢
170%- 198° 20.3 *
198%- wup 8.3 ¢

The tractien from 75%- 128° was found to e
o-bdrom benzyl chloride, that from 126° to 170° was
a mixture of the benzyl chloride and the ethers
The fraction from 170° = 195° was redistilled, the
fraction from 178% = 179: some 12 gms., coming ever
as a2 light yellow o0il and solidifying ia the re-
ceiveres uis solid was presesed between filter
papers and then waghed with cold alcohele The
s011d diminisbed by half im mass but dbecame color-
less &nd crystalline im n=turee Vher recrystal-
1i1z8d from hot alcohol, the white fluffy crystels
were obtained which melted at 34° to 30:

This wes agsumed to be the ether and analysis

dy the Parr sulphur bomb method gave the follewing

result,

¥ghte of sample TWght. of bromine { Br. Theoretical
«2368 « 07448 31,02 zsg:;
<2104 «05960 29,32 30.4

s 20,07
This is compound Number One (I) ®F 3-drem

beazyl phemyl ether.



Two more Claisea's were rum ia order te ob-
tain sufficient of the orthe compound to prepare
derivatives and esters, Ia these ruas half melar
quantities were used with the following results,

Fifth eondensation

Fthyl ether extract at 185 nnm,

90° - 138° 10 gmse
128° - 180° 7
180° - 198° S.3 °

198° - 203° 18.4 *

203® - up 10, *
residue 13. °*

Petreloum ether extract at 18 mm,

90° - 128° 23 gmse.
128°® - 170°® s °
170 - 198° Y S
198° - uwp 4

Again we found 4ia the phenelic fractionatioen
phenol coming over from QALISB', a mixture from
12!'--180’, and 180'--10.’ and the orthe, orthe
drom benzyl phemol from 198%°--203® The fractiox
from 203® up appeared to be di bensyl eempeund.

This time, however, the fractien frem 198°-

203° came dowm as & orystalline selid which re-






mained fairly eolid at reom temperature,

In an

agttempt te further purify it 18 was redistilled

with the corresponding fractiea from the aext cen-

densatien,

There were no solid products from: the petre~

leum sther extract distillation and it also was

1aid aside to be combined with corresponding frac-

tioms in the fellowing condensation.

g8ixth comdoemsation

Bthyl ether eoxtract

20° - 125°

138° - 180°

180° - 198°

198° -~ 209°
residue

Petreleum ether

90° - 138*

128° - 170°

170* - 198°

198* - up

extrast

13,2 gms.
2, b
3.6 °*

14, .

30,7 *

18 gmse.

s @
21.4°
T.3*

The results here were very amalegeus to these

of the preceding condensation, the same fractieas

solidiftying.

A larger amouat of oharred material

a7.
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was edtained, predably, the roesult of a small
amount of mercury from the mschanical stirrer have
ing worked down into the reasction mixture of the
flask, The presence of mercury seems to retard

the reactive adility of the sedium phenolate,
Yhether this 13 & catalytic or chemical reactioa 1is

not known but the fact remains that ths yield of

rhenol ia the prescnce of mercury is greatly re- i
duced.

The four rhenolic fractions 125° - 180: and
180° - 1!52 tron.tho lust two condensatiomns were
combined and distilled at 15 mme The diatillate
up to 198° was taken off and them the fractions
from 196° -~ 208° were 8dded. The majority of the
compound came over from 196% - 198% ana solidiffed
when seeded with a crystal from the original 198°-
803° fraction. Thirty grems of s white orystalline
phenol wers obtained which recrystallized from high
test gasoline ia small thick celorless plates hav-
ing a melting peint of a7° - 43% This yield rep-

resents 16f theorstical for the fifth coadensatiien

and 12¢ for the sixth.



Analysis for bromine coatent was as followss

Veight of Veight of { dromine theoretical
sample bromine by analysis
« 2439 « 07582 30.7 3$0.4
«3378 « 07264 80,88 30.4
pet 30 .Gy

This is eompound mumber twe (II) and represeats

a 187 yiela.

It 13 3* drom 8 hydrexy dipheayl methane.

The phenolic compound from the earlier coeadea-

sations was placed im solutioa im petreoleum ether

and seedesd with a crystal of the phemol just obtained,

The resulting white flaky plates were filtered in

the cold and dried between filter papers in the ice

boxe

A yield of 12,2 grams was obtained with & BR.pe

of 44° %0 48% Five grams of this compound was re-

erystallized slowly from gaseline and gave practi-

cally a quantitative
white plates melting
that thess two forms
from a difference in

of erystallization.

yield of heavy crystalline
at 45° to 47% It woula appear
are interchangeable and resuls

orystallizing media and speed

The petroleum ether extract fractieas frem

180° to 198° were cembimed and distilled at 10 mm,

with 42 grams ceming over between 184° - 1908

S~



This refused to so0lidify even when seeded with erthe
brem denzyl phenyl ether orystals, It was them re-
distilled at 8 nm, pressure, Thirty sevea grams
came over at 155'--188' end solidiffed in the ree-
cGeiver as distilled, This material was recrystal-
11204 twice out of hot ethyl alcohel, to give &
Yield of 30 grams of the same ether obtained 1ia a

previous run., {(m.p. 34‘~-3¢°)



IIXI Aluminum shloride comdoemsation.,

In the following condensatioa molar quane-

tities of benzyl ckloride and three molar qusm=-

tities of Phemel wore placed in selution in

petroleum ether and treated with } molar quan-

tities of Alcl'.

Froeshly 4istilled ortho drom bemzyl chlo-

ride and phenol were placed im solution ia d4ry

petreleun ether in a jar. The AIGI, was added

over a period of two hours with efficient stirring.

Care was exsrcised to keep the temnerature of the

reaction mixture down, This was accemplished,

aot by artificisl cooling, dut by a gradual addii=-

tiom of
cooling
made to
Most of

covered

the Alcl,. Itwas found that tee efficieat
was 2pt to spoil the rum. An attempt was
carry om & condenmsatien at 8° te 10° C.
the phenol and bemzyl chloride was re-

in this run and very 1ittle of the product



ebtained., A temperature from 20o - 30° seomed teo
give the maximum yield. After adding the A1Cl,
the reaction mixture was stirred vigorously for
two hourse Clouds of FEC1l were given off as the
reaction took place, The mixturs was then allewed
to stand over might,

The AlClg complex molecule was then decempesed
with 2 mixture of concentrated HCl and ice, and
the resulting mixture treated with an sxcess of
Claisen's alcoholic potash solutionm. This, as 1q
the Clalsen ccndensation, rendered the phenolises
compounds insoluble in petroleum ether and allewed
the extrastion of any ether comj;ounds present with
this solvent. 7This extract was handled im the
same fashion as that in ths Claisen reasctiom. The
ether was driven off cn 2 water bath and the re-
maining oil fractionated under vacuume

After éxtracting with petroleum ether, the
mixture wts acidified with ice and concentrated
H2Cl, washed with weteir to remove the salt that was
formed, and extracted with ethyl ether, Tho.cthyl
sther solution of the ortho and parsa phencls was

fragtionatsd under vacuum, the ether having first



been removed on water dath,

Ia the work of this exporimsent it was
possible to separate the ortho from the para by
pressing the mixturs of ofl and crystals result-
ing from fractionation, between filter papers.
The para being crystalline was obtained ia a
fairly pure form and reérystallized, The 01l was
extracted from the filter papers used im pressiag,
and upos redistf{llatioa also crystallized out and
was later showm to be the orthe compound,

Two runs using } melar quantities of o-brem
benzyl chleride were mmde with the follewing re-
sults,

Amounts used-

phenol 141 grans
@ drom benzyl chloride 102 .

[ ]
AlCl‘ 33

Results of fractionation of first run.

Lthyl ether extract = at 15 nn,

up to 188° 75 grans
186%~ 194° 10 @
194° - 208° 20 ®
208° - 218° 14
218° - 238° 12 *

Charred material 32.6 *



Petroleun ether extract - at 18 mme

up to 168° 27.8 grams
168° - 135° 24.6
185° - 195° 2.9 ¢
198° = up 101 ®

Results of fractionatiom of second rum.

Ethyl ether extract « 2t 1056 mm,

up to 185° 87,2 grams
186° - 194° 7.8 *
194° - 208° 17.7 ¢
206° - 218° 156.6
215° - 238° 10,0 ®
charred material 41.9 .

Petroleum ether extract ~ 18 mm,

up to 165° 30.3 grams
168° - 188° 11,1 *
188° - 195° 6.3 ¢
198° - up 2.1

Purification and separation of fractions from
AlClg condeasation.

The rhepolic fractions in amd around zo0®
became somi solids but it was comsidered best te

purify further by distillatioan, Ascordingly the



fractions were redistilled as fellews:

The fractions from both condensations fream
188° to 194° were a1stilled at 15 nm. and frac-
tions taken off up to 19':

The 1'4. te qu. fractioens were them added
'and the follewing fractions made) 19!‘ te 800’
and 200° te 204°

The 208° to 215° fractions were then added
to the distilling flask and fractions made from
204° - 207° ana 207° - 2129

The fimal result of the fractionation is as

fellows:

[+] o

1886 =~ 195 6.1 grams
(]

198 - 200° 10.7 *
o .

200 « 204 15.68 .

204° . 207° 16.7
9 [ ]

207 - 213 10.6 °*

212° - up 24,2 *

at 16 mm,

A1l of the above solidified except 188°-
198° fractiem which remained an eil aad that
fraction adbove 213° which was an amder semi-
resinous eil, assumed to be the a1 beazyl cem-

pound. The wvarious solidified freetions werse

ss.



pressed bdetwesn ohilled filter papers and the eild
roemeved from them, then recrystalliszed. The resuls
was 374 grams ef the para phenol, This was white
in eoler, leng needles in form, had a d,p. of sa®
to 206° at 18 mm, and a m, Pe of 7° . 73%

Parr bemd ananlysis of rarn eom;ound is as

fellews:s

Teight of sample Teight of bromine IBromime Theeretieal ‘
by enalysis ﬂ

3169 «08970 31,0 30.4

«2343 +07008 31.0 30.4

This is compound aumber three (III) and rep-
resents 18 £ yielde This compeund iz 2° brem 4
hydrexy diphenyl methane.

The filter papers used im the removal of the
oil were extracted with ethyl ether, added to the
fractios fron 18.’ « 198° and fractionatede This
gave us adbout 10 grams of a white solid boiling
at 194° « 195% This was reorystallized from gase
oline and petroleum ether to give a compound very
sinilar in tbpouranoo to our orthe compouade This
compound had a melting point of ‘l° - ll‘ when
orystallised from ether and Cl. o 461° from gase~
1ine as compared to that of e’ - 48° ana 47 - 42®

respectively showa by the orthe sompeund prepared
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by Claisen®s methed. The yield here is BY ef
theorstiesl and is later proved to bde compound
aumber II,

The fractiomns from petroleum ether extract

wore redistilled im the same manier with the

following results,

ap to 140. 582 grams,
140° - 188° 10,7 *
155° - 188° 29.9 @
188° - 180° 15,8 ¢
180° - up 4.4 *

rhe fractions 188° - 1680 ana 1858° - 160°

s0lidified when secded with a orystal of the knewn
ether and upoam recrystallizatioa from hot alcehel
some 23 grams ef the ether melting at 34° - 3¢°
wers obtained., This is compound mumbdber ens (1)

and is a yield of 10%.



IV. Preoof of identity ef the 2 drem denzyl
phenyl ether.

As & check omn the 2 brom fonxyl phenyl ether,
a condensation in alcohol between the o brom deazyl

chloride and phenol was made, Quantities used are

e
equi molar, oH g—& D"g<}
(21 H C@Ol{ [}
+ — roal
AN

The phenol wes put in solutiom im methyl al-
cohol and finally divided sodium was added slewly.
This gave a clear syrupy mixturs which was heated
and stirred one hour at 130° and allowed te stand
over night, The benzyl chloride was thea added
thru the condsnser and the mixture was stirred amd
heetsd to 130° for four hourse The remainiamg al-
cohol weg then driven off on a water bath and the
mixture then weshed with water to removs the salt,
It was them fractionated under vacuum.

Quantities used in run,.

12 groms phenol
25.7 ¢ o brom benzyl chleride
3. . sodium

Results of fractionetion, 8 mm,

up teo 125° 18 grans



°
128

153
188°
108°
160°

- 183°
- 156°
- 1s58°
- 180°

39q

decompesition

° ° ] °
The fractiomas from 152 « 188 , 186 -188,

ana 188° - 180. 80l1148if1ed and were corystallized

twice out of hot aleohel,

The result was 13 grams

of the ether, white and crystalline in form, hav-

ing meltimg poimt of 34° - 36%

This is esempsunmd

aumber one (I) and represents a yield ef 42%.



Ve Proof of 1deatity ef the 2' brom 3 hydrexy d4di-
pheayl methane (Compound II). |
Claisen sondensation was mde bstween ortho‘

brom benzyl chleride and $, 4, 41 brem phenol.

"U—"H Gu'cg D,Jb ”T\IO D
Yk

The quantities used were £38 follows,

80 grams 2,4, 41 brom phenol
42 . o brom dbenzyl chleride
4.8 ° sodium

This condoenzatiom was run in the usual manner
with the following resultse

Fthyl sther extract at 3 mnm.

up to go00* 33 grams
200° - 220° 8 *
230° - 280° ¢ o

350. « up (Charred) 15 U]

The fractiom up to 200% was found to de the
unreactsd phenol and the fraction zzo' - zso' was
mostly decompositionm product;.

The fraction 20°% - 220° was rediistilled at
3 mm, to give 4 grems of the 2, 4 41 brom, € orthe

brox benzyl phenol with a boiling point ef 204° - 206¢

49,



This did not qolidit: o2 long standinge Im an

attempt to produce orystallization, this phenel
was sesded with a small erystal ef 2, 4, 4°* trt
brom 8 hydroxy 41 phenyl methane. It was heped
thrt the similarity of the compounds might cause

3 3
cfystallization, Stuch was the case, for the £, &,

2
2* tr{ brom £ hydroxy di phenyl methene solidi-

———— .

fied over night, This compound was recrystallized
to give a yield of 3% grams of fine white erystal-
1ine phemols m.pe 413° - 4237

Perr sulphur bomb enalysis.

%¥ght. of Wghte of { Brem by £ Brom bdy
Sample bromine analysis calculatien
«2007 «11431 8.9 7.1

This is compound number four (IV).

Petroleum ether extract, 3 mm,
ap to 185. 30,3 grans
b °
128 - 180 2.7 .
g °
180 - 200 8.4 L
’00. - ap 2.8 .

The fractiom up to 138° was assumed to be
principally o-brom beomzyl chloride. That from
128° - 180® was found to be a mixture of e-brom
benizyl ehloride and 2 brom benzyl 2, 4, 41 drom

pienyl ether., That from 180° - 200° seliaifried
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in the flask and was assumed to be the ether,
This fractiean was redistilled and gave us six
grams boiling at 193° - 21¢5° at 3 mm. On the
third corystallizatioa from hot ethyl alcohel
this gave 4} grams of white meedles with a m,p.
of 63° - 64°

Parr apalysis follews,

¥ght, of ¥ght. of Z Br. dy £ Br. by
Sample Sromine analysis calculatiom
«3133 «1218 57.3 87.1

This is sempound mumber five (V).

Direct bremination of 2* brom 2 hydroxy d4i-

phenyl methanse.

ot oH .
geL ) N gC}
cn d ,
+lﬁujL” +2H I3

h
Pive grams o« the 2* brem 2 hydroxy di-pheayl

methane (ortho phemol) was dissolved im 230 ec. of
chloreforme To this was slowly added seven grams
of bromine im chloreform, The addition was made
ever a period of ome hour ia order that the tonpor#
ature might mot rise., Dense clouds of HBr were
given eff. This was sllewed to stand over night

then the excess CBCI' and lr‘ was driven off ea &



-

steam %ath, The phenol friledte solidify. The
mixturs wng distilled nt 8 mm, and gave 3% grams
of 3, 8, 3' %21 drom 2 hydroxy 41 phenyl methane,
having & De po of 308 « 2307% Partial decomposte
tion teek placs during distillatiom giving the
distillate a greenish tinges This distillate

wag seeded with a corystal of the 3, 5§, 2°¢ tri
drom £ hydroxy 41 phenyl methane and inredietely
solidifieds Uron recrystallization this compound
showed a melting point of &1}. - 42% This cope
responds to tho rhenol ob®ined dy the Claisenm oon-
densation of 3-4, 41 brom phemol and e-drom bene
syl ohloride., This is also compound numder foup
(IV) and proves the constructiom of the ortho sube
stituted phenol,

Comparison of the 2' brom 2 hydroxy die
phenyl methane prepared by Claisems with th-t from
the A1Clg condensation,

Ia each e¢ase a compound was odtained existe
iag in two forms, The first was & white flaky
orystalline material and the second & white thiek

plate formatiem. The boiling poimts of the ceme

". |
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pounds wers the smme, the moltinc points verys
ing by adout one degree, It was found that

thesa two forms viere (sr;en’ent unon the medis of
crystallizetion and were intorch ngeables The
light fleky form enme down out of petroleun ether,
while tho heavy piate fornation resulted from a

gasolire corysinllligetion,



VI. Check oa ideatity of the 2! bdrom 4 hydrexy
di phemyl methane,
Alcl‘ condensation of 2, 6 41 brom phenel

and o brom bonxyl chloride.
CH»({ -Dl-‘
V£.4 P

+ HL
"

The usual precedure for the 1101‘ condsnsa~

tion was here follewed, Quantities used were as

follews,
30 grams 2, 6, 41 drom phenel
28.8 * e drom benszyl ehloride
8.4 ° AlClg

In this rum squi molar quantities were used
instead of the usual excess of the phenol sinoce
there was no possibility of the formatiom of the
41 benziyl phenol due to the presences of the twe
bremine atoms iam the 3, €, position.

The result of the fractiomatiom of the esthyl

ether extract was as follews. 3 mn,

up %o 200° 18 gramse
200° - 208° 7 ®
208°® - 209° .8 °*
209® - up 4.0 *

cherred material 6.3 °*
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The frection up to 200° was mostly the une
reasted 3, 6, 41 drom phemol, Prom 200° to 208°
was & mixture of 8; 6 41 brom phenol and 2* 3, 8§,
tri brem 4 hydroxy d1 pheayl methame. The frac-
tiem from 208° - 209° solidified and was assumed
te be the compound desired, This was pressed de-
tween filter papers rnd fimally recrystallized

Y dray 3,5;;'
twice from ligreia to give 4,2 grams of 2, a1
Ane Tl e °
brom 4 o=brom beazyl phenoly me.p. 78 =~ 80% This
19 cempound numder six (VI).

Parr bomb amalysis.

Yght. of Wght. of £ Br.dy { Br.
sample bromine analysis theoretical
«2030 «11872 §7.4 7.1
«2087 11700 56.9 87.1

Ave 574

Insufficient material resulted frem the
petroleum ether extract to be of value.

Direct dbrominatiom ef the 2° brom 4 hydrexy

41 pheayl I!::?l.o oH
o ™\ P
T-ZB:_L —_ + 2 HBx
%
) A}
), 7

Five grams of the para compound were disselved
in ehloroform and treated with seven grams bromine

in ohleroform. Additiom was made over peried eof aa
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heur, to keep the temperature down, and the mixtare
was allewed to stamd over aight. V¥hea evolutiea
of the E By fu.ies had ceased the compound was placed
on the water bath aand the chloroform drivea off,
It 413 not soli1dify. It was disftllod coming over
at 208° - 2097 It st111 414 not selidify. It was
rebreminated ia chloreform and imuediately started
to form erystals around the edge of the beaker.
After the chleroform was again driven off, it came
down in & 5011d mass which om the second crystal-
lization from gasoline gave 3,8 grams of loag
yollew needles. m.p. 78% - 80% This 1s alse eson-

pound VI,



ViX. Preparatioa of esters.

The mothed follewed is belew (Stewert and
Bramnch, organioc analysis),

®Disselve 3 gramg of the substance ia 8§ grams
of &ry pyridine, add 1 gram deazoyl chloride and
allew it to stamd over anight, Add an equal volume
of water slowly, ceoling if mecessary, and shake
the mixture until there is no detectadle oder of
benzoyl chloride.

Pour the mixture into cold dilute sulphuris
acid, extract 1t with othoé. wash thes ether with
60ld dilute sodium sarbonate, and distill eff the
sther, The ester is orystalZized out of hot al-
cehol,.*

This procedure was modified to the extent ef
using § grams of the pusnol in starting aad pre-
portionately larger amounts of pyridine and benzeyl
chloride,

The following esters weres madee.

)
o- é'(v"'J

4

H fe

MePo = ”. - 40'

Bemseyl ester of 2' brom 2 hydrexy ai phenyl methane,

48,



Mme Pe @ 64° - 65°

Beazeyl ester of 2 brom 4 hydroxy 41 phenyl methane,

00.
o—C~C He
M

K/ MeDe
T

Bengoyl ester of 2* 3, 5, tri brom 4 hydrexy at-

(a1d not seliaity)

Phenyl methane,

49,
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