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HISTORICAL DATA
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Historical Data

Benzylphenol was first synthesised by E. Paterno (Gazz. chim. ital.,
2, 1-6; 1872) by gently heating a mixture of bensylchloride and phenol in
the presence of sinc dust, Silky white needles (m.p. 84°C.) were isolated
vhich were soluble in ethylether, alcohol, benzens or chloroforme. They were
also soluble in alkmline solutions but reprecipitated upon acidification,
¥hea the substance sas treated with nitric acid, substitution products were
formed, V¥ith sulphuric acid, it produced a sulphonic acid, the barium salt
of which was goluble in water., It was also found that when bensylated ani-
sole was treated with hydariodic acid and boiled for eizht hours &t 170° the
above mentioned bensyphenol and methyliodide were obiained.

Two years later further derivatives of benzyphenol were prepared dy
Paterno and Jileti. (GCazze chim. ital., 3, 121, 251; 1874). These were
bensyphenol acetate, prepared from acetylchloride in the cold; bemsylphenyl=-
bensoate, from benzoylchloride; and & "dibromo" derivative which was later
questioned by some investigators. (Zincke and Walter, Am,, 354, 367; 1904)
The bensylphenylbenzoate crystallized from alcohol in glistening needles which
melted at 86°C,

In 1875, Paterno and Fileti (Gazze chime 1tale, 5, 381) published an
article in which they described the condensation of phenol and benzylalcohol,
using a mixture of acetic and sulphuric acids as a dehydrating agents A mass
of crystal was obtained which proved to Ve bensylated phenol and a fluorescent
0il which appeared to be an isomeric benzylphenol.

Perkin and Hodgkinson (J. chem. soce, 1880, 724; 16880) obtained a fluore-
scent 1iquid (b.pe 510=320%) by heating a mixture of phenylacetate and bensyl=

chloride. By analysis it was shown {0 have the formula CogHo40ge This was
readily saponified with alcoholis K0H ylelding an 0il which rose to the surface.

Tais o1l, wpon further purification, gave crystals (mep. 39°) which analysis

showed t0 have the formula CypHyg0e TUpon acidification and purification of the
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remaining alkaline solution & crystalline compound was obtained (mep. 80-81°)
which had the formmula C;sH;50. Thia compound was thoucht to be the same oms
that was propared by Paterno using bemzylchloride and phenol with sinc dust,
the difference in melting point being due to impurities.

Using moliem ZnCly &8s & dehydrating agemt, Licbmarm (Ber., 15, 1523 1882)
(Ber., M, 1842; 1881) succeeded in comdensing phenol and benzylalcohol. They
obtained a crystalline product which melted at 84°C.

In 1882, Remnie {J. chemes So0ce., 33, 220) was able to show that the com=
pound melting at 64° was the parabenzylphsnol end the oil obtained by Paterno
and Fileti was the orthodbenzylphencl,

Bakunin (Cazs. chim, ital., 33, 4953 1903) prepared benzyl derivatives
of alpha and beta mapthol uwsing sinc as a catalyst,

Jo Vo Bram (Bers, 43, 13503 1910) prepsred bemsylmethylether, bensyl-
ethylether, o-xylylethylether and benzylallylethsr by boiling the correspond- .
ing aromatic bromine derivatives (as bensylbromide) with the respective alco-
hols in the presemce of sulphuric acid.

Johnson and Hodges (Je Ame Cheme S0Ge, 35, 10143 1913) prepared substitu-
ted phenols and ethers by reducing mixed ketones containing hydroxyl or ether
radicals in the bemzene rmcleous, by means of sinc amalgam and hydrochloric
acld. A great many alkyl derivatives were obtained, among which are methylether
of 4 ethylphenol by reduction of p-acetylanisole, ethylhydroquinons by reduction
of ethylquinone and ethylresorcinol by reduction of acetylresorcinol.

In an article published in 1504, Zincke and Walter (Amm., 334, S67-385)
describe their work on bromine substitution in phenols. Using the same method
as E. Paternc had used, they condensed bmylchlorigh and phenol, obitaining a
product of silky white needles which melted at 84°C. When this compound was
heated by the gradual addition of the calculated amount of bromine in the cold
h chloroform, two products were obtained; ome formed colorless needles and

melted at 44, while the other consisted of rhombic orystals which melted at 5§7°,
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The former crystals were unstable and changed readily into the latter at room
temperature, They atiributed the following formmla to this compound;

)
C-

As was poted &bove, this compound did not compare in properties with the di-
bromo compound obtainsd by Paterno.

By agitating thLe parabenszylphenol with a calculated excess of brominse,
Zincke and Walter were also sble to prepare a tridromo derivative, It was a
selid crystalline substance which formed needles melting at 88°C. It was
agsigned the following formulas

' H Br
SO RENL,

In 1876, the condensation of amyl alcohol and various hydrocarbons was
accomplished by Friedel and Crafis by means of anhydrous aluminum chloride
(Compt. rend., 84, 1392). They worked only with aliphatic compounds and were
of the opinion that aromatic substances would not condense by this means. They

explained the reaction eccording to the follow!ng mechanisme

c1
(1) CgHgH+ Al0l; —— 3  HIL  + Alfal
\CGHS

O,

(2) Csﬂsﬂ\CI R-21 —> AlCl3 + R-GCgHsg

. Custavson (Ber., 13, 1573 1830) and Buttgenbach (J. Prakt. Chem., 150,
3553 1923) supported the view of the forma’ion of an instable aluminm=-organic
conpound as an iutermediate product which subsequently dreaks down, regensrat—
ing the A10lge

‘Fie prepacation of analine and p-toluidine by Jawbert (Compt. remd., 182,
8413 1901) from the action of MoNONECl with the hydrocarbon in the presence

of AlClz, indicates a dchydration reaction.
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The addition product of e-chlorophenol and alumimum chloride was iso-
lated by Perrier (Compt. remd., 122, 195; 1896). I+ was & white crystalline
powder, melting at 207-210° and was given the formula, AlC1q (OCGH4CL) 26
 #he condensation of bensens and bensyl alochol was carried out by Huston
and Friedsman (J. Am. Chem. Soc., 38, 2527; 1916) by the use of AlClz as &
catalyst. They obtalned diphenylmethans, some p~bensylbensene and anthracene
as by-produsts., In this reaction the AlCly appeared to act as a dahyﬁmting
agent, Vhen the reaction was eu-rid out at a low temperature and a large ex~
csss of bensens was uwsed, tmmldcfuphm-thmﬁahmmth-ﬂon
of anthracens was much lower,

Iater in 1918, the same investigators published am accouwnt of the conden-
sation of demsene with various secondary alechols (J. Am. Chem. Soc., 40, 7883
1918), They fowund that the reastion prooceeded smoothly and with good yield im
the case of diphenylcarbimol while in the cases of ethylphenylcarbinol and
methylphenyloarbinol the yields were less, the retarding effest of the ethyl
growp being greater than that of the methyl group.

The mechanism for the reaction was givem as followss

cshs-g-on + ogngn  -ACla), cﬁns-g-cﬁns ¢ Hy0
R being a phenyl, ethyl or methyl group.

Huston (Sel., 52, 2065 1920) comlensed bensyl alcohol and phenol in the
preeence of AlClg -nd obtained p-bensylphemol. Later he studied the action of
phenol with bensyl alcohol, phenylmethylether, phenylethylether and bensyl-
ehloride, (J. im, Chem. Soc., 46, 27753 1924}, Uith bemsyl alcohol he obtained
s 457 yleld of p-bensylphensls with phenylmethylether a 464 yield of p-bensyl-
phanylmethylether and & 574 yield of p-benxylphenylethylether was obiained. The
results, together with the fact that a 3674 yield of p-bensylphenol was obtained
with bensylchloride, dars the possibility that the bemsyl alcohol is first con=-

verted into bensylchloride,
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In 1923, L. Claisen (Z. Angew. Chen,, 36, 478) published an accownt
of the earbem alkylation of phemels. He found thas when the sodiwm der-
ivative of momshydricphenols was heated with an alkyl halide in a "non-
dissociating™ medium such as tolusne, carbon alkylation took place mainly
in the pesitiem oxtho to the hydrexyl group. VWhen a "dissociating” medium
such as methyl alechol er ethyl alochol was used the alkylation took place
on the exygem, forming the corresponding ether,

The reactiens as repressnted by Claisen are as follows;

ONa: OCHoR
thyl al
(1 ) O + R2H201 (m-e_ll—-—c-z [\I + NaCl .
v

ONa

e N
(2) O . Rcﬂgé{coluene) — <_/ 0CH2R

.
L. &
CH,R
ﬁgﬂzﬂ ,) i CHZR

/ AN
The mechanism of the reaction was dased by Claisem on liichaels theory

{(Jo pre, 37, 4863 46,189) for the reaction between silver cyanide and
mothyl fodide;

C-Ag + CHI — cisg — ér" t Agl
i R-cny
Three possidilities fer this reaction are givem by K. von Ausvers,
Vegener aad Behr (Chem. Zemtr. 1, 2347 1926)
(a) The initial formation of addition products with subsequent splitting.
(b) The initial formation of mormal oxygen derivatives with subsequent
rearrengmment into the o-derivative,

(c) Separstion of metal as mstallic halide forming free enol and keto






radicals and with the slight reacsivity ef the alkyl group, partial or
eeuplete rearrangement of the emol to keto radical, and fimally wnion of
the radicals, The first hypothesis, formulated dy Claisem iz the ene
that is most generally acospted,

Claisen 1isted the factors which effect the reaction as followss

3¢ The kind of phenols The condensation ef complex phenols was
carried out with greater difficulty tham the more simple enes,

2o The kind of radical attached to halogen; Unsaturated, saturated,
aliphatic or aromatio, It was found that saturated alkyl halides promoted
the formation of e—derivatives, while wnsaturated alkyl halides promoted
the formation ef o-derivatives,

3. The kind of halogem.

4. T™he kind of metal in the metal phenolate,

8¢ The teuperature,

6 The reaction medium,

The rearrangeaent of phenylbensylether %o give densylated phenol has
besn studied by J. Von Alphea (Rec, trav, chim,, Vol. 46, 799; 1927).
Bensylphenylsther was hoated with sime chloride %o 160° fer eme hewr, yisld-
ing 4 hydrexydiphenylmothans (m.p. 84°) and a dyesture.

Closely related to the imvestigation $0 be outlined in this thesis is
the work done in this laderatory dy D*Arcy (Mnster's Thesis, 1930) and
Fayerweather (Master's Thesis, 1931).

DP'Arcy carried eut the condsnsatiom ef p-dromodenxzylchloride and
phemel by both the AlCls method and the Claisen method. By the former
mothod he prepared and identified 4 hydrexy 4'dromodiphenylmethane and dy
the latter 2 hydrexy 4'bromodirhsnylmethane, He failed to isolate any
2 hydroxy 4'bromodiphenylmsthans in the products of the AlCls cemdensation,
He alse found, as had Maxfield (Mnster*s Thesis, 1929), that bdromination
%00k place only in the wnoccupied ertho and para positions ef the phenolie ring.



T
Fayerweather prepared and identified 4*hydroxy 2'bromodiphenylmethane
snd 2 hydroxy 2'bromodiphenylmethans by the AlCl; end Claisen methods
respectively, He was able to isolate 2 hydroxy 2*bromodiphenylmethane
from the AlClg condemnsation products and also found that bromination
to0k place only in the wnoccupied ortho and para positions of the phenolic
ring,.
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The Preblem Defined

2 hydroxy S*dromodiphsnylmethad® and

4 hydroxy 3*bromodiphenylmethane are

to be prepared dy the Claisen and

AlClz methods respectively. The
structures are to be determined dy

the eomparison of physical constants

of products obtained by the directs
bromination of these compounds with

2 hydroxy $,6,3'tribromodiphenylmethans

end 4 hyiroxy 3,8,3'tribromodiphenylmethane.
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Experimental Date

I = Proliminary VWork,

M-dbromotoluene was prepared according to the method descrided om
pages 106 and 128, volume I, of Organic Syntheses = Gilman, M-bromo-
bensyl chloride was prepared by a modification of the method of Jacobs
and Heidelberger (J. Biel, Chem., 20, 6593 1915) as followsgy A weighed
amount of m-dromotoluene was placed in a round bottomed three neck flask,
fitted with a reflux condenser and a tube for the introduction of chlorine.
After having been washed in ocencentrated sulphuric acid, chlerins was
pessed slowly through the tube and allowed to budbble through the liquid.

A maall piece of phosphorous pentochloride was added as a catalyst, The
flask was weighed at intervals to determine the weight of chlarine added
snd to insure under-chlorination., Whem adbout 754 of the theoretical

amount of chlorine had reacted, the oontents of the flask were subjected

%0 fractional distillatiomn. The wnchlorinated m-bdromotolusne was recovered
{n the fraction coming over frem 70-76°C/15 m.m., while the m-dromobensyl
chleride was found $0 distill at 115-125°C/15 m.m. The intermediate fraction
which contained a mixture of the chlorinated and wnchlorinated product was
returned to the flask with fresh a-bromotoluene for further chlorination.
Three hunired c.s. of m=bromotolusne was found $0 be & convenient quantity
for chlorination in a 500 6.0 flask,

The 2-6 dibromophenocl was prepared dy the following method, adopted
from the method of M. Tanaka and K. Kutanil (Ce Ae, 21, 2256) for the pre=-
paration of 2-6 dichlorophencls 1.3 moles of phenol was treated with 220
grams of concentrated sulphuric acid in & 3 neck three liter flask equipped
with & mechanical stirrer and dropping fummel for addition of bdromine, The
mixture was hested for three hours with stirring to insure complete sulphon=
ation and made alkaline with S0{ sodium hydroxide. 500 c.G. Of water was
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added to the resulting crystalline mass and the mixture cooled. A
caloulated amount of bromine was then added throuch the fumel with stir-
ring. A light ysllow mass was obtained which was diviied into two portions
each of which was subjected to steam distillation to remove the tribromo=
phenol, After it had stopped coming over, 500 c.c. 0f concentrated sulphuric
acid was added and the steanm distillation continued.s During the last steanm
aistillation the flask was heated to 200-210°C in an o0il bath. An oily sub-
stance with a strong odor of SO, came over first, followed by the crystals
of 2-6 didbromophenol.

II -~ Preparation of 2 hydroxy 3'bromodiphenylmethane by the Claisen con-

densations
OH __Br
H (Ha) Br (11 _
+ ClCH, ouol 4 NaCl

One-half mol of freshly chipped sodium was suspended in 200-250 6.Ce
of tolusme in a three neck one liter round bottomed flask, equipped with a
reflux condenser and an efficient mercury sealed stirrer, The contents of
the flask was heated until the toluene reached its boiling point at which
time the melted sodium rose to the swface of the liquid, and stirred
vigorously wntil all the sodium was finely divided. During the first com-
densation the suspension wag allowed to cool before the addition of one-
half mol of phenol in small quantities, but the reaction betweem the sodium
snd phenol was often retarded so that in later condensations it was found
desiradble to very cautiously add the phenol dissolved in chloroform to the

hot suspension in =mall quantities, making sure that no open flames were
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present 1n the vicinity of the appuratus. A vigorous reaction occurred
between the sodiuwm and phenol in the hot solution with an active evolu=
tion of hydrogen which resulted in the formation of & white mass of sodium
phenolate, After the addition of the emtire quantity of phenol the reaction
nixture wes heated with stirring, on an oil baith at 106°C for several hours
to insure complete reaction and allowed to cool, One-half mol of m-bromo-
benzyl chloride was slowly and cautiously added through the reflux condsnser
to the cool mixture and the contents of the flask were slowly heated on the
0il bath mtil a temperature of 150-156°C was reached. The heating was con-
tinued at this temperature with stirring over a pericd of six to eight hours,

After cooling the mixture wes washed twice with water to remove the
¥aCl and distilled under atmospheric pressure to 125°C to remove water ama
toluene, The resulting oil was treated with S00 c.6, 0f Claisen's reagent
(350 grams of KCOH dissolved in 400 c.c. of water and made up to one liter
with methyl alcohol) to form the potassium salt of the phenol derivative
which 1s insoluble in petroleum ether. The mixture was then extracted with
three separate 100 c¢.c. portions of petroleum ether to remove any 3 dromo=-
benzylphenyl ether formed. 200 grams of ice were added to the residue which
was neutralized with concentrated hydrochloric acid, After cooling the
phenol derivative was removed by extraction with three 100 ce.ce portions of
diethylether,

The diethylether and water were removed by distilling the mixture to
125°C at atmospheric pressure and the resuliing mixture subjected to distil-
lation invacuo to pwrify the phenol derivative,

e sane proced.ure was followed for the peiroleum eth~ .¢ractse The
distillations were carried out wnder & pressure of 3 m.m., the product showing

no sizne of deconmposition.



Four condensations were made according to the above procedure which

resulted in the formation of very small ylelds (about 44) of 2 hydroxy

3'bromodiphenylmethane, The results are as followss
First Condensationg

Ethyl ether extract,

13 grams phenol
7 grams 2 hydroxy 3'bromodiphenylmethane
15 grams tar

Petroleum ether extract
15 grans m=bromobenzyl chloride
12 grans S bromobemzylphenylether

Yo tar

Second Condensationg

Ethyl ether extiract

10 grams phenol
b granms 2 hydroxy 3'bromodiphenylmethane
7 grams tar

Petroleum ether extract
30 grams m-bromobenzyl chloride
14,5 grams 3 bromobenzylphenylether

7 grams tar

Third Condensationg

Ethyl ether exiract

8 grans phenol
7«3 grang 2 hydroxy 3'bromodiphenylmetliane
2 grams tar

below 70°C/3 m.m.
150-180°C/3 m.m.

above 180°C/3 m.m,

95-105°C/3 m.m.
140~160°C/3 mom.

below 70°C/3 m.m.
150-180°C/3 m.m.
above 180°C/3 m.m,

96-105°C/3 m.n.
140-150°C/3 mem.
above 180°C/3 m.m.

below 70°C/3 m.m.
150-180°C/3 m.m,
above 120°C/3 m.m,
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Petroleum ether extract

27,8 grams m-bromotenzyl chloride 95-105°C/5 m.Me
15,2 grams 3§ bromobenzylphenylether 140-15000/3 MeNke
10 grems tar above 180°C/3 m.m.

Fourth Condensatilons
Ethyl ether extract
5 grams phenol m below 170°C/3 mem.
B grams 2 hydroxy 3'bromodiphenylmethane  150-180°C/3 m.me
2 grans tar above 180°C/3 m.m.

Petroleum ether extract

18 grams m-bromobensyl chloride 95-105°C/3 m.m,
20 grams 3 bromobensylphenylethar 340-150°0/3 m.m,
10 grams tar above 160°C/3 m.m.

The four 150~180°C fractions of 2 hydroxy 3'bromodiphenylmethsne were
combined and re=distilled twice at S m.m. pressure and during the second
distillation came over quite constanily at & teauparatwre of 1o7-163°Ce 4
total yield of 23 grams of the purified product wis obtained for ithe four
runs making & 3,74 average based on the phenol useds It remained a liquid
at room tenperature,

Upon re=-distillation the 3 bromobenzylpheinylether came over &b a
constant ternpceroture of 145°C at 3 m.me pressure, the averaze yleld being
11,94 based on the rhenols It crystallized uwpon standing end wes found to
have a constant meltinz point of ze-37°C efter several ro-crystallizations,
It formed flakcy white lerflets i{n elcohole 1In order to detcrmine whether
or not any equilibrium exists in the formation cf the 2 hmroxy S'bromo=
diphenylinethane and the 3 dromobenzylphenylether, four rurs were made in
the manner described sbove with the excertion thet in three cases, 3 bromo-

benzylphenylether was adced to the reaction mixtures The rcsults obtained

are as follows;
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Fifth Condensation = (15 gres 3 tromcberzylphenylethier added)
Ethyl ether extract
6.5 grams  phenol below 70°C/3 m.m.
16 grams 2 Lydroxy S'broaodiphenylocthene — 150-1809C/3 meme
Petroleum ether extiract

20 grams m-bromobenayl chloride 95-105°C/3 m.me
11 + 15 grams 3 bromobemzylphenylether 140-1550C/3 mem,

Sixth Condensation = (15 grams 3 bromobemnzylphenylether added)

Ethyl ether extract

4 grams phenol below 70°C/3 m.m.

15 grams 2 hydroxy 3'bromodiphenylumethans  150=180°C/S m.m.
Petroleum ether exiract

26 graus m=bromobenzyl chloride 95-105°C/3 meme

16 ¢ 15 grans 3 bromcbenzylphenyleiher 140~150°C/% m.m,

Seventh Condensation = {25 grams 3 bromobenzylphenylether added)
Ethyl ether extract
4 grams phenol below 70°C/3 m.m.
12 grams 2 hydroxy 3'bromodiphenylmethane  150~180°C/3 m.m.
Petroleum ether extract
25 grams m-bromobensyl chloride 95-105°C/3 m.nm.
25 + 6 grams 3 bromobenzylphenylether 140-150°0/3 m.m.

Eichth Condensation = (Lo 3 bromobenzylpherylether added)
Ethyl ether extract
6 grams  phemol below 70°C/S mem,
8 grams 2 hydroxy Stbromodiphenylmetiane  150=160°C/3 mem.
Petroleum ether extract
30 grams m=btromoberzyl chloride $5-105°C/3 mem,

15 grams 3 bromobanzylphenylether 140~150C/3 m.m,
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It will be noted thet in 4he first tvo runs (5th and ~61:}1 conden=-
sations) the addition of 15 groma o2 3 dromnhenzylphenylether resulted
in the formation of aporoximately three timos greater yield of 2 hydroxy
3*'hromodiphanylmethane than the average for the first four condensations
where no 3 bromobenzylphenylether was added.

In the 7th condensaticn, 25 grams of § bromobenzylphenylether wus
added and contrary to expcctations only 11 graus of 2 hydroiy S'bromo—
diphenylmethane wag obtained although this yield was considerably greater
than those obtained in the first four condensations and the 8th condensa-
tion where none of the ether was added.

It is apparent from the above data that the addition of J bromobenzyl-
phenyl ether to the reaction mixture substantially increased the amount of
2 hydroxy S'bromodiphenylmethane formed. fThese facts seem to indicate that
there is some sort of an equilibrium established between the substituted
phenol and the corresponding ether formed as a result of the reaction.

A condensation of phenol and J bromobentyl chloride was run in methyl
alcohol as an additional means of checking on the ether formed in the
previous ocondensations which were carried out in tolusne, one-eighth mol
quantities being usede A calculated amount of freshly chipped sodium was
carefully added in small amounts to 200 ¢.c. of methyl alcohol in the same
apparatus used for the Claisen condensations described above, To thla the
phenol was added, followed by a careful addition of the m—bromobenzyl
chloride, The mixture was heated for eight hours to & temperature of 100-
110°C. 48 no carbon=-alkylated compound was formed in a dissociating medium
guch as methyl alcohol it was unmmecessary t0 treat with Claisen's alcoholic
potashe The wmixture was heated on a steam bath to evaporate the alcohol,
treated with water to dissolve the NaCl formed and extracted with three
50 c.ce portions of ethylether. After evaporation of the ether the result-

ing 0il was subjected to distillation. 18 grams ({55.09) of 3 bromobenzyl=

' was obtained in the fraction coming over at 140-150° /% m_m.
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After saveral re-crystallizations it melted at a constant temperature

of 36-37°C as had that obtained in the toluene condensatioms.

III - 2roo® of Siruchtwe of 2 hyroxy Jthronodirhon;liethanca

As & means of proving the structwe of 2 hydrosy J'bromodiphenyl-
methane, znother Claisen condencation of 3 browovenzyl chlorila and
2,4 dibromophenol was carried out in the saume manner as outlined for the
first four condensations described above. The reaction was considered

to place as follows:

OH
B"Q + clcnzoar — 360(:3@ and B 0chz<jr
]
One~fourth mol quantities vere used and the following yield was oblialned;
9th Condensationg
Ethyl ether ext_ract
16,8 grams 2,4 dibromopherol 100-105°C/3 m.m.
12 grams 2 hydroxy 8,5,3*tribromodiphenylmethane 195-205°C/3 m.m.
74 grams tar above 205°C/3 m.m.
Petrolewna ether extract
20 grams m-bromobenzyl chloride 95-106°C/3 m.m.
10 grams 3 bromobansyl, 2,4 dibromophenylether  180-200°C/3 m.m.

8 grams tar ebove 200°C/3 m.m.

The 2 hydroxy 3,5,3'tribromodiphenylmethane immediately crystalliszed
and after several re-crystallizations from petroleum ether was obtained
es fine white needles which melted at a constant tempsrature of 76=77°C,
The 3 bromobenszyl 2,4 dAibromophenylether isolated from this condensatiom
wag re~-crystellized several times from alcohol, forminy fine white needles

which melted at 49-50°C,
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A condensation in methyl alcohol similiar to the one described above
for 3 bromobenzylphenylether was made using 1/20 mol quantities of 2,4
dibromophenol and benzyl chlorids,

A yield of 12,5 grams of 3 bromobenzyl 2,4 dibromophenylether was
obtained which also malted at 49-50°C whem re-crystalliszed from alcohol,
Nons of the corresponding 2 hydroxy 3,5,3'tribromodiphenylmethane was
isolated.

As the next stcp in the 1dentification of the 2 hydroxy 3'bromo-
diphenylmethane, five grams of the product was dissolved im 20 c.c, of
chloroform, contained in an erlemmeyer flask and placed in an {ceo salt
water bath, A ten per cent excess of the calculated amount of bromine
wag dissolved in chloroform which was allowed to drop slowly into the
solution of the phenol derivative from a funnel, The contents of the
erlenmeyer flask was subjected to cont irmual agitation during the dbromin-
ation while the flask was kept partially submerged in the ice salt water
bathe After all the bromine had been added the flask was allowed to re-
main in the bath for one hour or more to insure complete reaction. 4
vigorous evolution of hydrobromic acid took place throughout the emntire
bromination. The reaction mixture was than poured inte a beaker and the
chloroform evaporated off on a steam bath, The resulting oil immediately
crystallized upon coolinge.

Since Maxfield, D'Arcy, and Fayerweather had been wnadle to introduce
bromine into any position other than the wmoccupied ortho and para positions

- of the phenolic ring the reaction was considered to take place as followss

H ——Br OH r
CH \ Br -
@ "<_/ t 2Bry, — l IcH2< 5 ¢ 2 HBr
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The crystals thus secured were pressed between filter popers to
remove impurities and re-crystallized from petroleun ether. Difficulty
was encountered in the purification of the compound. After repeated re-
crystallizations a melting point, & degrees lower than that found for
2 hydroxy 3,5,3'tribromodiphenylmethane was procured. Accordingl&, 10
grams of the product were brominated and after fifteen subsequent re-
crystallizations from petroleun ether fine white needlss similiar to
those prepared in the Claisen condensation were obiained which melted at
75-7600. This difference in melting point was explained by assuming the
presence of a small quantity of 4 hydroxy 3'bromodiphenylmethane in the
2 hydroxy S'bromodiphenylmethans which could aot de removed by fractional
distillation as the two compounds have practically the sams boiling point,

To further prove the 2 hydroxy 3,5,3'tribromodiphenylmethane odtained
in the Claisen comlensation of 2,4 dibromophenol and m—-bromobenszyl chloride,
%0 the same compound as the product isolated from the direct bromination of
2 hydroxy 3'bromodiphenylmethane, the bensoyl derivative of each compound
was prepared by the method of Einhorn and Holland (A., 301, 953 1898)
{Method of Organic Chem.§ Porter, Stewart, and Branchj page 181-182) as
followss 2 grams of the substance was dissolved in § grams of dry pyridine
and a 104 excess of the calculsted amount of densoyl chloride added. After
sia.nding over night an equal volume of water was slowly added &nd the mix-
ture shaken wntil no odor of bensoyl chloride could be detected, The mix~
ture vwas poured into cold dilute sulphuric acid and extracted with ether.
Arter being washed wiih cold dilute scdium carbomate the ether was distilled
off. In both cases white noedle like crystals were obtained., ‘Fhe bensoyl
derivative of the 2 hydroxy 3,5,3'tribromodiphenylmethane, obtained dy the
Claisen condensation of 2,4 dibromophenol and m=bromobenzyl chloride, melted
at 90-91°C while those obtained from the product isolated from the direct

bromination of 2 hydroxy 5'bromodiphenylmethane melted at 89.5-31%C, In
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each case the compownds were re-crystallized from petroleum ether.

By the same method the benszoyl ester of 2 hydroxy J'bromodiphenyl=
methane wag prepared. It geve white plate 1like crystals when recrystal=-
1ised from petrolevm ether which had a constant melting pointv of 69-70°C,

Further verification of the identity of 2 hydroxy 3'bromodiphenyl=
mothane and its derivatives was accomplished by means of ithe Parr Boub
analysis for bromine content &described dy J. Lemp and He Broderson
{(Jo Am, Cheme SoCe, 39, 20693 1917), Following is a tabuletion of the
analysis cf the warious compounds tozether with their proposed strnctural

formulae and phiysical constartsg

l. 2 hydroxy 3'bromodiphenylmetihanc
OH B
Structural formulas r
~“NCH
| | 3\—
Crystalline forms Liquid &% room temperature
Boiling points 167-169%C/5 mom.

Analysis:

Saple  Vie of Sample cCw 4’0y  # Bromine fownd % Br. Calcds

b § 2207 9.00 31l.21 30639
2 «2303 8.90 30491
Ave. 3106

2¢ 3 bromobensylphenylether
Structural formula Br
<:>°°HZD
Crystalline forms Leaflets from alcohol
Boiling Point 3 145°C/3 m.m.
Melting point;  36-87°C



Analysis:
Sample Wt, of Sempls cc. .;'58. AZ10; ¢ Broulns Found % Broniue Calcde.
) 2577 9,90 50,73 30,39
2 2734 1046 31,01

Ave, 30,87

Se 2 hydroxr 3,5,3'tribronodiphenylmethane.

struciural formula From Claisen condensetion of
OH Br 2,4 dlvromophanol end m=bromo=

BrQ ca£ > benzylchloride.
(y

Crystalline forms Fine white needles from petroleum ether,
MWolting points  76-777¢
Analysiss

Semple Wt. of Sample cCe %)s. 4370, % Bromine Fowd % Brouine Calcd.

1 .1620 11.50 57.14 57.01
2 e1895 13,45 56,78
Aveo 56,96

4, 2 hyd.ron 3,53 tribronodiphenylmethane.

structuw-al formula OH From direct bromination of

Br
BQCHz/ > 2 hydroxy 3'hromodiphenyi-
mothanoe
r

Crystalline form; Fine white needles from peiroleum ethere
0

Mclting point: 73=75"C
Analysiss
Sample Wt. of Samplo  CCe .}01. Agﬁos ¢ Bromine Found ¢ Bromine Calcd.
1 #1807 13.00 b7 55 67.01
2 2112 15,00 56482

Ave. 57.18
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-l le
6+ 3 benzyl 2,4 dibromophenylether.

Structural formulsag

Br Br
Br<::::>ocnz<:::>
Cryetalline form: Keedles from alcohol
Melting points 45-50°¢
Analysiss _ _
Sample wt, of sample coc. .;.511. AZS0 5 ¢ Rromine Found ¢ Bromine Calcd.
1 2454 17 .46 56,92 57.01

2 o413 24.45 57,19

Ave, 57,06

6. Benzoyl ester of 2 hydroxy 3*bromodiphenylmaethane.
Structural formulas 0=8-< >

g

Crystalline formg Small white leaflets trom petroleum ether.
Nelting point: 69-70°C
Analysiss
Sample Wt. Oof Sample  CG. _:an. A0, % Bromine Fomd £ Bromine Calcd.
1 <1964 5.40 Z1.99 21.77

7. Benzoyl ester of 2 hydiroxy 3,5,3'tribromodiphenylmethane.
Structural formulas o:q-< > From a mixture of two samples

B 6 described above,
) of -
2

Crystalline forms Vﬂxit: needles from petroleun ether.
Melting points 90~-91°%C
Analysiss
Semple Wt. of Sample cG. {-68’. Agio, 4 Bromine Fomd % Bromine Calcd.
1 01373 7.95 m46 632 45,85
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IV = Preperation of 4 hydroxy 3'bromodiphenylmethane by the AlCls lethod,

A, DPrepxatvion;

Br
_OH (Na) o O CHZD or
| +  CCHL D (ﬂ}l—{ #NaCl

Br

One and ene-helf mols of phenol were suspenied in 400 cce of petrolemm
ethar in a condensction jar partially submerged in & waier bath and fitted
with an efficient mechanical stirrer. To this suspension one-half mol of
m-brounodbenzyl chloride wus &dded followed by ons=fourth mol of anhydrous
AlClg cdded ia smell poriions at regular intervals over & period of from
ons and ono-half $o two howrs time., Vigorous stirring took place during
the addition of the 4llly and wes cortinued for two hours after the last
portion of AlCl, ked Veen addede 7kre reaction mixiure was allowed to stand

3
over night to complets the reacticu. Durirg the addition of AlClz and for

a time afterwards, large volumes of H3r were evolved,

The complex mixtvrre was thenm poured with ecomstant stirring into a
mixture of 5CO0 grams of ice ad 8(0 co, of concentrated Lyirochloric acid
to accomplish decompesition after which it vas extrectad three times with
100 co. partions of ethylether. The extraction solution was heated to 125 € .
to drive off the ethor end water and the residue wes treated with Claisen's
reagent and exiracted three times with 100 cce portions of petroleum o ro-
move ox;rren~aliylated products,

The alkeline aixtuce was nsutrallzed with concentrated HCL (in the esare
mammar given for the Claisen condansuiion) and extracied three times with
100 cc, portions of ethylather. =Roth extractions were distilled under reduced

pressure after removal of the extraction solyents dy svaporatiion.
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Four condensations were carried out &% various temperatures to

detarmine the effect of the temparatwe em the yicld of the phenol deri-

vative and 3 bromodbensylphenyl .
%The resulis are as follows;
Firss Condensations Yesporature, 25°C
Ethyl ether extract
96 grams phenol
7 graas 4 hydrexy $*bromodiphenylmethans
15 grams tar
Petrelemm sthar extrect
68 grame m=bromobemsyl chloride
$ Sromobensylphenylether
residus

10 grams
¢ grams

Second Condensation Teupersture, 25°C
Ethyl ether extract
100 grams phenol
& hydrexy S*'bromodiphenylmethane
residue

3} grams
10 gramss
Potroloms ather extract

33 grans m=bromobengyl chloride
27 grams $ bromobensylphenylether
15 grams residus

below 70°C/S m.m.
150-180°C/3 mam.
above 180‘ 0/5 Wellle

95-105°C/S m.m.
340-150°C/3 m.a.
above 160°C/S m.m.

velow 70°C/3 m.n.
150-180°C/S m.m.
above 180°0/3 m.m.

$0~106C/5 m.m.
240-150°0/5 man.
above 160°C/S m.m.

below 70°C/S m.m.
150~150°C/3 meme
sbove 180°C/5 m.m.
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Petroloun ether extract

25 grams m~bromobenxyl chloride 90-105°C/3 m.m.
8 granms S bromobensylphenylether 140-150°C/5 m.m.
10 grams residune above 160°C/3 m.m.

Fourth Condemsation Temperature, below 12°C
Bthyl ether extract
93 grams phenol below 70°C/S m.m,
24 grams 4 hydroxy $*bromodiphenylmethane  150-~180°C/3 mem.
13 grams tar residue ~ above 180°C/S m.m.

Petrolomm ether extract

27 grems m-bromobenzyl chloride 20-105°C/3 m.m.
15 grams $ bromobensylphenylether 140-150°C/3 m.m.
B grams residue sbove 160°C/3 mm.

The four 150-180°C fractions eontaining the 4 hydroxy S*bromodiphenyl-
methane were combinsd and re~distilled several times under a reduced pressure
of 3 m.m. A oonstant boiling point of 169-171°C was cbtained for the product
which remined & liquid,

The fractions containing the 3 bromobensylphenylether which came over at
140-150°C/5 m.m. s0lidified and gave a constant melting poiunt of 36-S7°C when
crystallized several times eut ef alcohel, This compound was idemtical fn
crystalline form, boiling point and melting point with the S dromobensylphenyl-
ether isolated from the Claisen condensation and was, therefore, assumed to de
the same compownd,

Obgservatien of the above data will show that the temperature at which the
various AlClg condensations were rum had a very great effect om the yield of
4 hydroxy 3'bromodiphenylmethane and 3 bromobensylphenylether,
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In the first two runs at which the temperature was kept at 25°C the
yield of & hydroxy 3'bromodiphenylmethane was low, being T grams (5.4%)
and S} grams (2.7%) respectively while & yield of 3 bromobensylphenylether
was secured being 10 grams (74) and 27 grams (21%) respectively. In the
third and fourth runs where the teumperature was kept in the meighbarhood of
15°C the yleld of 4 hydrexy 3'bromodiphenylmethais was greatly increased,
deing 21 grams (174) and 24 grams (18{). The average yleld of 3 bromobenxyl-
phenylether 5 grams (3.8%) and 15 grams (11.3{) was lowsr than the average
yields of the sams produst in the first two condensations, It appears that
a low temperature (below 12°C) favors the production of 4 hydrexy S*dromo-
diphenylmethane snd that & higher temperature (near 25°C) retards its pro-
duction, increasing the yield of the eorresponding ether,

Y = Proof of Structure of 4 hydroxy S'bromodiphenylmethans.

The method adopted for the proof of structure of this phenol derivative
was similar to that employed for the compound produced in the Claisen con=-
densation. An AlClg condensation using $ mol of 2,6 dibromophencl, 1/8 mol
bensyl chloride and 1/16 mol of snhydrous AlClg was run in the same mammer
as the previous AlCly condensations, the temperature being kept near 18°C.
The following ylelds were obtained:

Pifth Condensation Temperature, 15°C
Ethyl ether extract

30 granms 2,6 d{bromophenol 100-115%¢/5 m.m,
15 grams 4 hyarexy $,5,5°tribromodiphenylmethans 200-210°C/3 m.m,
$6 grams tar residus above 210°0/3 m.m.

Potroloum ether extract

No product isolated,
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The fraction coming over at 200-210°0/3 m.m. immediately orystal-
i1ised and was assumed to be 4 hydroxy 3,5,3'tribvromodiphenylmsthanse,

It formed white needle liks crystals in petroleum ether, After several
re-crystallisations 1% was found o have & melting point of 106~107°C.
Hons of the corresponding ether was isolated in this condensation.

Assuning that upon direct dromination of 4 hydroxy 3*bromodiphenyl-
methane bromine would enter the %wo wmoccwpied ortho positions of the
phenolic ring, a direct dromination was carried out in the cold in chloro-
form in the same way as described in the previous section. It was expected
that 4 hydroxy 3,5,3"Wribromodiphenylmethane, the same compound that was
isolated in the AlClg condensation of 2,6 dibromophenol and m-bromobensyl
chloride, would de produced. The product immediately erystallised upon
evaporation of the chloroform and was re~crysztallized a number of times
from petroleum ether, ‘Lgain & great deal of difficulty was experienced in
purifying the comammd.lfter_thn fourth re-crystallization the product geve
a melting point of 100-106°C. Six sdaitiomel re-crystallizations were made,
care being sxercised to gelect the most perfestly formed crystals for each
subsequent re-—crystallisation, A constant melting point of 106-107°C was
ﬁn&lly attained, The compound had the sams crystalline form and melting
point as the 4 hydroxy $,5,3'tribromodiphenylmethane prepared in the AlClg
condensation and was assumed to be the same suvstance,

As Fayerweather {Masterts Yhesis, M.S.C., 1932) and Maxfield (Master's
Thesis, MeS.Cep, 1930) Bad boeen able to isolate a small amount of the ortho
substituted phenol from the para substituted compound i» his AlClg condemsation,
the difficulty encouniered in the purification of the 4 hydroxy 3,5,5*tribromo-

diphenylasthane was attributed to the presence ef a small amount of the ortho
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substituted phenol in the 4 hydroxy 3'bromodiphenylmethane used for
Yromimation, The ncarness of the boiling point of the two compounds
made their separation by fractional distillation impossible.

As & further check on the identity of the 4 hydroxy 3'bromodiphenyl-
methane and its phenolic derivatives the bensoyl esters of these compounds
were prepared and analyzed. The method used were the same as those em-
ployed for the compounds prepared by the Claisen reaction, 1.8. the method
of (Einhorn and Holland, A., 501, 953 1898) methods of (0Orz. Chem.j Porter,
Stewart and Branchj page 181-182) and the Parr Bomd analysis (J. Am. Chem,.
Soc.3 59, 20693 1917)., The tadulated results are as follows:

1l 4 hydroxy Stbromodiphenylmethanse,
St.mctm'll formmlag

B
O

Crystalline form:; IlLiquid
Boiling point: 169-171°¢/5 m.m.
Analysis;

Sample Wt. of Sample co. :o o A0, 4 Bromine Fowd £ Bromine Calcd.

1 «2824 10,95 51.02 50.59
2 o2629 10.12 50,79

Ave, 50.90
2. 4 hydroxy 3,5,3'tribromodiphenylmethane.
Structural formulas Br Br
/ >cu2 Qou
r

Crystalline forms White needles from petrolewm ether,
Bolting points 106-107°
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Analysiss
Sample Wt. of Sample co. 1N, AEEOS 4 Bromine Found ¢ Bromine Calcd.
10

) § «2902 20,88 57.47 57.01
2 2419 17 .42 57.65
Avo, 57,56

Se Benzoyl ester of 4 hydroxy 3J*bromodiphenylmethans,

Structuwral formalas
DcuZDO-g-D

Crystallinoe forms Yine white needles from petrolewm ether
Melting points 97-98°¢c
Analysiss
Sample Wt. of Sample cOe }ml. A0, % Bromine Found § Bromine Calcd.
1 1680 4.63 22,04 2,77

4, Benzayl ester of 4 hydroxy 3,5,3'tribromodiphenylmethans,.
Structural formulas

& eny Q¢.8<-_—>

Crystalline forms Elongated leaflets from petroleum ether,
Melting points 131.5-132.5°C
Analysiss
Sample W&, of Sample oo, .:_ol. A0, % Bromine Fomd £ Bromine Calcd.
1 «2095 12,29 46,93 45,85
2 «1914 11,19 46,68

Avee 46,85
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VI = Sumary

1.

4.

be

2 hydroxy S'bromodiphenylmethans and 4 hydroxy 3'bromo-
diphenylmethane and derivatives have been prepared and

identified.

Bromine was foumd t0 emnter only the unoccupied oriho and
para positions of the phenolic rinz of 2 hydroxy 3*bromo=-

diphenylnethane and 4 rydroxy 3'bromophenylmethnma,e

Evidence of ortho substitution in the aluminum chloride
condensation of $ dromobensyl chloride and phenol was

noted but the compound was not isolated.

Equilibrium was found %o exist between tne 2 hydroxy
3*'bromodiphenylmethane and the 3 bromobenszylphenylether
during their formation in the Claisen reaction,

Temperatures below 12°0 were found to favor the formation

of the phenol derivative by the alumimum chloride method,
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