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Introtnction

This thesis describes two methods of condensing phenols with melda
chlorobensyl chloride.

The Clasien method in which the phenols were converted to a sodium
salt which was suspended in a suitable medium and then treated with the
bensyl chloride, Fermer investigators showed that this method gave only
the ortho substituted phemols or the ocorresponding ethers, the yields of
each depending on the nature of the medium used.

The Huston method in which the eomdensation was effected by the eata=
lytio action of anhydrous aluminum chloride. The prodncois deing para sube
stituted phenols and a small per ocont of the ortho derivatives in some

oases.
The above methods will be discussed in detail in Section 1I (His~-

torical) of shis thesis.



2.
Ristorioal Data
1. Early Bensylation & Phenol

he earliest work en denaylation of phenols might be considered to be
by Mllarits asd Merts from 1671 ~ 1873 (Aschr. Chem, 1871, 7083 Br., 5,
4473 6, 446) vham they prepared diphenyl ketons, using phosphorie acid as a
Genytrating sgent. |

About this ssme $ime E. Paterme {Oass. Ohim, i%al., 2, 1 = &; 1872)
prepared bensyl phemol by gemtly heating & mixturs of Fhenol and bensyl
shleride in the presence of sins dnst., 7The compound had a melting point
of 64° C., orystallised in silky white needles and was soluble in ethyl
ether, aloshol, bensens, chloveform, or in alkaline solutions, Substitu=
tisn produsts were formed with nitric asid and a sulphonic acid was pre-
pared on treatment with sulphuwris acid., This same dDensyl phenol was pre-
pared by densylating anisole and treating the mixtwre with HI.

three years later (1875) Paterno end FPiledi (Cass. chim, ital., 8,
8§81} pudlished an article desoridbing the eondemsation of phensl and benzyl
aleghol using a mixture of sulphuric and acetis acids as a dehydrating
agent, This time erystals and an 0il were Obtained., These orystals were
said %0 be the bemsyl phenol and the o0il an isomer prodadbly an isomeris
bensyl phemol. |

Perking and Hodgkinson (J. Chem, Soc, 1880, 7243 1880) reported the
isolation of bemsyl phemnol. They heated a mixtwre of phenyl acetate amd
densyl chloride odtaining & compound which showed by analysis t0 possess
the formula oun“o, and upon treatment with alcoholic ROH ylelded an eil
which when purified gave crystals (m. p. 39% C) analysing o have the
formmla cmnm o Aclaification and purification of the alkaline solution
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Yielded a orystalline compound (m, p. 80 « 8190) which had the formula
0138120, AlAheugh there was a differemce in melting point of 3° they
assuned their oompound was the same bensyl phemol as prepared by Paterns
and the lewer melting point wes due %0 impurities.

Besides the above work $he same two men prepared bensyl phenyl acetate
by treating bdemayl chlowide with phenmyl asetate in the presence of alwmie
num chloride (J. Chem, 808., 57, Y21, 1880). This is the first werk with
aluminmm chleoride in eondensations as a dehydrating agent, Its wse in
this eomnestion will be discussed later in this thesis.

In 1881 Liebwama (Br., 15, 152) wsed molten Znl, se & dehydrading
agent in the ocondensation ef bensyl alechol and phamol and obiained a
erystalline produst M.P.80 = 81° C and B.P. 330 - 322° ¢,

Reanie {n 1862 (J. Chem, Sos., 53, 2B0) showed tha$ the sompound
melting ad 84° C obtained by Paterno and Fileti was parabensyl phenol and
the 01l was ortho benasyl phemol.

By use of sulphuric acid &% boiling temperatures J. V. Brequn (Be,, 43,
15303 1910) prepared bensyl methyl ether, bensylethyl ether, oxylyl ethyl
ether and benzyl allyl ether by condensation of the oorr»poming aromatic
bromine derivatives and the respeetive alcohols.

Johnson and Hodges (J. Ame Chem. Sos., 35, 10143 1913) prepared sud=
stituted phenols and ethers (by reduwotion with Sn amalgenm epd HO1) of
mixed ketones eontaining hydroxyl or ether radicsls in the bensens nucleus,
Bxemple; jwreparation of methyl ether of 4 'otml phenol by redustion of
P = acetyl anisole.
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11, The Work of Claisen

In 1928, L, Claisen (2, Angew, Chem., 36, 478) published his first
article on %he eardon alkylation of phenols. 7The results of his investi-
gation showed definitely that when the sodium derivative of monohydries
phenols was heated with an alkyl halide in a "mon dissooiating® medium
such as toluene, earbon alkylation took place mainly in the position ortlo
t0 the hydroxyl group while in a "dissociating® medimm as methyl aloohol
the alkylation took place on the oxygen, formming the corresponding sther,

Claisen gave the following reactionsg

0(¥a) R

"~ (methyl alcohol)
1) O + ECHgCd ~> O + ¥l

ona OcRgR 0 oH
B
(2) O+ RORgE) iR o —— Omgn_____) Ocnz‘ﬂ
@

This mechanisa was buils on Michael's theory (J. pr., 37, 4863 46, 189)
for the vrmtiou between silver oyanide and methyl 1odide,.

’ AG, "
Geig ¢ CHgl=——> CI —> 0 + Agk
KCHy = N~CHg

To explain the formation of the sardbon derivagive three different
views have bdesn advansed and were discussed by K. von Auwers, G. Vegener,
and Th, Bahr {Chem. Ventr.j I, 2547 « 8, 1926) nanely:

(a) The {nitial formatiom of addition rodusts with subssquent

splitting.
(b) T™he inisial formetion of normel axyzen derivatives with subge=

quent rearrangement int%o the caordon daerivatives.
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(s) The separation of the metal ag metallic halides, forming free

L}
? SR Y *“ - 9‘
- 0
and with the slighs reastivity of the alkyl group partial or somplete res
arrangeamt of the ensl $o0 the keto radical and finally the wnion of

alkyl snd enol radicals

redicals,
Of the above the first was formulated originally by Claisen and 1

mo8t gonerally accepted. %This mechanisn ¢an be written;

«Q~0m 4 gy ) ] |
-3-1! > w0 m “0HR " e0en

in which after addition a shift of bonds $akes place making possidle the
final formation of a compound with the alkyl radisal astached to the ortho
position of the ring instead of the oxygen atom,

Claisen 1isted the factors which effest the reaction as follows,

1. The kind of phenols Gondensations of eomplex phenols were carried
vub with greater difficulty than the more simple ones.

2, The kind of redioal attached to halogen; Unsaturated, saturated,
aliphatic or aromatic. It was found that saturated alkyl halides promoted
the formation of oxygen-dsrivatives, while unsaturated alkyl halides pro-
moted the formation of carbon-derivetives,

8¢ The kind of halogen.

4. The kind of metal in the mastal phenolate.

8. The temperature
6. The reaction mediwmm; Dissocolating media such as waber and aloohol

give oxyzen-derivatives as condensation produsts bdbut in non~disseslating
media such as bensens, toluene and substances lacking in oxygen then carbone

dorivatives will de formed.
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Related somewha$ S0 the work of Olaisen was the rearrangement of
phenyl demnsyl sther $o give a bensylated phenol, J. Vou Alphen (Reo.
trev, chim. Yol 46, 7993 1927). Ho heated beusyl phemyl ether with
o 160° ¢ for one hour end fomd thab §% yielded 4 hydroxy €iphenyl

mothans and a dyestuff,

1T+ Almwninmm Chloride as Condensing Agent

(a) Barly work
In 1876 Priedel and Crafts condensed amyl alsohol and various hydro-
earbons (Comps. red., 84, 1392 « 955 Bes., 10, 1100}, They worked ouly
with aliphatie compounds but saluminum chloride has found a far wider use
in organic chemistry in that 1% may bde utilised in almosts any case where
the elimination of hydrogen chloride, bromide or $odide is %0 de asoom=
phished,
The action is not well explained but three thesories have been
evolved, |
(1) Intermediate compounds.
(2) Casalysio action

(3) Dehydration
Theory (1) was supported by Boeseken (Rod. trave ohim,, 19, 19 = 26,

1900; 20, 102 ~ 106, 19013 22, SO1 = 314, 19033 23, 98, 19043 30, 148 =
150, 1911) and the reaction represented as;

ROOC1,AlC1lg 4 B'H ———>  ROOR?,Al01lg $ FC1

HOORY ,A1C1y 4 Thg0 ROOR? 4 A101y 4 X Hn0
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Gustavoson (Der., 13, 1573 1660) and Buttgenback (J. Prakt, Chem,, 180,
86583 1923) supported somewhat the same idea of instadle aluminum-organie
eompounds, '

Sines Gustcveom (Ber., 11, 21851, 1878) isolated ssveral stablo com=
pounds of alwminum ehlorile with hydrocarbons formulas AlpgClg=CgHg and
AlpClg.60gHg which might acoount for the large amounts of AlOly used.
Steele (Trans. Chem. S00., 1470, 1203) formlated the theory that aluminum
chloride wes & frue catalyst differing from other eatalysts only in ite
tendency $0 become imastive dus to the formation of stable eompownds with
eertain sudstaness produced during the reastion,

The dehyiration theory was upheld by the work of Mers and Weith (Ber.,
14, 187, 1881) {n treating phenol with aluminum chloride and obtaining di-
phenyl ether and later by Jaudbers (Compt. remd,, 132, 8413 1901) in the
preparation of analine and p=tolindine, The astion of HpROH.HC1 with the
hydroesrboa in the presence of Al7lg apparently indicates s dehydration
reastion,

(b} The work of Nuston

Using alm clﬁorido the condensation of bensens end bensyl al=
cohol was oarried out by Ituston and Friedeman (J. Ame Chem, S00., 38, 2527
1916). The produsts were diphenyl methans, some p-bensyl benzens amd
anthracens, However, a% low tomperatures and in a large exosss of bensens
the yleld of dipﬁmyl methans was high and that of the by-produot lower,

Later in 1918 the same investigators extended their work to various
secondary alcohols {Je. Am, Chem, S06., 40, 7883 1918}. 0004 yields were
obtained wsing diphanyl ocarbdinol but mach jower ylelds whem ethyl phenyl
oardbinol snd methyl phenyl car®inol were used ajthough the retarding



effeat of the ethyl group appeared to be greater than that of the methyl.
The mechanisn was given as;

B "
OgHg=C~0H # CgHgH A1z | °sﬁa-g-°sﬂa + B0
R | |

Mthonol'mwu‘unaatuytt.. .

Huston (Soi., S8, 8063 1920) condensed bensyl alcohol and phanel in

' the presence of AlClg and obtained p~bensyl phenol, Later he extendsd his

work using phenyl methyl ether, phenyl ethyl ether amd densyl chloride in-
stead of benayl alcohol (J. Ane Chem. S0c., 46, 27753 1924) and from the
respective yields proved that bensyl alcohol was not converted into denayl
chloride defore the roaction took place,

w0 years later Ituston and Sager (J. Ae Chem, So00. 48, 1926) applying
she ncz, reastion to oaturated and uncaturated aliphatic snd aromatis ale
oohols with bensene found that, in aro.ﬁnﬁc alooholis derivatives only
vhose with the hydroxyl on the earbon atom adjacent to the ring react, thag
unsaturated ali{phatic aloohols uwp to and ineluling anyl 4o not reast, and
that unsaturation on the carbon stom adjecent to the alaocholic group in~
oreased the reactivitye .

In the same year Huston snd Bartlett obteined P=hydroxylel, ) = die-
phenyl pentane by Sondensing phenol and phényl butyl earbinol and in 1927
Huston ard Strickler prepared P-hydroxy = 1, 1 « diphenyl butans in the
same manner by usc of propyl phenyl carbinel and phanol.

Fuston, lewis ani Grotemut (J. 4. Chem, Soce, 49, 1368, 1327) son~
denseld gaconidary alcchols and phemol coneluding thot wnsaturation on the
alpha carbon atom inareesed the reectirvrity of the hydroxyl group,.

About this ¢time the benzylation of arescls was attempted and acoome
plished by means of the ncx, condengsation, Huston and Swartout worked
on the bensylation of o-cresol, Huston and Hank on the bensylation of
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Mesresol and Ruston and Lewis on & similar bensylation of r-oresol, %his
werk is oontained in Masters theses as is mush of the following.

In 1929 Huston and Maxfield studied the effect of varying proportions
of phenol and nczs on the yields of o~ anxd p= bensyl phenols. TYields
were increassd by increasinz the amount of phenol but not the amount of
Alclso .

Huston and ElMlridge (J. Am, Chem, Soce 53, 28260, 1951) condensed £,
é~dichlorophenol ond benzyl aloohol by the AlCly method isolating for the
first $imo an ether produwoed along with the substituted phenol in an alu-
nimm chloride sondensatisn,

Olosely related to the investigntion to be outlined in thie thesis
is the work done in this labaratory by Chen (Imster*s Thesis, 1930) and
Headley (Masterts Thosis, 1929),

Chen carried out the eondensation of o=chlorobensyl chloride and
phenol by both the A)l.(:).a and the Mlaisen methods., Using Alcls he pupard
and ldentified 4 hydroxy wSghl! chlorediphenyl methane and ahma that
some 8 hydroxy 2¢ shlorodiphenyl methane was also formed. With Claisens
he prepared 2 hydroxy 2¢ chlorodiphenyl methans and identified 1%, Chlore
ination of either 4 hydroxy B* chlorodiphenyl methane or 2 hydroxy 2¢
chlorodiphenyl methans he found to $ake plase only in the undesupiled
ortho and para positions of the phenolie ring.

Headley working with p=chlorodensyl ehloride and phenol in a eimilar
manner as described for the work of Chen drew prastically the same eonslu~
sions and prepared analogous compounds with the chlorine in the 4' posi-
4ion, However, mo ortho substitution was demonstirated to assompany pare
sustitution in H1Cly oondensations,



Statenent of the Problom

the objast of this predlen is as follows,
1s 70 propere, ldentify, nod stuly the propertios of scrs
hydroxy dorientives of chlorcdiphemyl methane.
a) 8 hydroxy 8¢ ¢ichlewe Alphenyl methane
v) & htroxy 8¢ dteniore d{rheny) nethane
8) 2 hytrexy 8, 8, 3% trichloro dirhenyl mothenwe
d) ¢ hydrosy 3, 8, 3* triohlcro diphenyl methane
8+ Tv incronse the yiolds of the sbeve comnounda.
e PO prorewe *helr sater derivatives
4e¢ TO Qstaminea tha positions chlorine will $ake on entering

the povys

Mma=x
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Souree, Preparation and Purifieasion

of imtorials

1. M=shlorebenryl e¢hloride
{a) Preparation of meta~chlorotoluens

M=ohlorotolusne way prepered by & nmethod enalogoug to that deseribed
far orthe and para @lorotolusns page 163, volume I of Organic Syntheses «
04lman, starting with meta toléndine instoad of artho rr para~toddadine,
A frastion doiling at 161 to 165° was considared $o de pure lf-chlorotoluens
snd was used in the rqllovmg preparation,

(v) Chlorination of kK=~chlorotolusne

A weighed anount of mechlorotoluwsns vsually abeut 100 grams was placed
in & round Yottomed three necked flask fitted with a reflux condenser and &
Sudbe for the introdustion of ¢hlorine. Chlorine washed with sulphurie
anid was pmesed at the rete of a duddle per ssoond inso the liquid, & small
piece of phosphorus pentachloride was added 48 A eatelyst and & renstion
Serpernture of 186° was maintained by use of an oil bath.

¥he flask plus the mechlorotoluene wns weighed &t the deginmning of
the chlorination and et intervals throngh out the proosss until about 904
of the thearetiscal amomt of chlorino had bdeen added, Then the contemte of
the flask were fractionally distilled, The frastion distilling over between
RIAC « 217° was the mechlorobensyl chloride used in the following eondensee
tions. lowar fraotions were returned to the flask with fresh me=ghloros
toluane ayd further ehlorinated while hicher fraotions undoudtly a dishloro=
produst were disearded.

Il.Fhenol
Ordinary phenol was used withous repurifieation.

e
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I3 8, & dichlerophenol

The teshniesl 2, 4 dichlorephenol was twisce redistilled under re-
dused pressure until a nearly white orystalling product was obtained.
Mlting point of repurified produst was 44.5° to 48° c.

IV, 8, 6 dichlorephenol

I8 was prepared by the method of M, Tanaka amd K. Kntani (0. 4.,
81, 22888) but the yields were very low so variations in #he methed were
mde and many trials were run in which $ime of reastion, amouns of sul~
phurie asid, amount of sedium hydroxide, and preceedure were changed,
However, no more than seven grams eould de odbtained for each mole of
phenol used and s0 the R, 6 dichlorepheno)l used in the eondensations re~
presonts the eomdined produst of many reactions., In general the procee~
ure was as follews; 1.5 moles of phenol was Sreated with 220 grams of
conoentrated sulphuric acid in a 3 necked 8 1iter flask equipped with a
mechanical stirrer and a tube for the introdustion of ehlorine,

the nmixture was heated for four hours om & boiling water bath to ine
swe complete sulphonation and then made alkaline with 40% sodiwus hydroxide.
The resulting solid was entirely dissolved by 500 68 of water and whem
the mixture had cooled the theoretical amount of washed shlorine was added
by weighing the flask and reaction mixture bdefore bduddling chlorine int¢
1% and then weighing at intervals until the proper amount ef ehlorine as
ealoulated had been $aken up dy the reaction. The nixture was then divided
into two portions and steam distilled to remove the trlehlli whiech
had Deen formed to some extent. Affer i$ stopped eoming over the mixture
Was evaporated to dryness, 8500 es of consentrated sulphurie aq!.d added and
stean distillation continued, the flask being heated to 2002 « 210° 0 on
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an @il bath, The 2, § dichlorophencl eame over as an 0il which solidified
and was redistilled unier redused pressure. The purified produst had a
melting point of 67 = 67.2° 0.
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Rxperimental Data

1. Preparation of £ hydroxy S' chloredirhenyl methane and 8 chloro-
verayl phewyl ether by Clasien condansation

, OH c1
on(m) a O % ()
O + C1CHg <:> toluane * mx_—- o
(Come (
One=half mole of fresh sodium was suspendsd in 150 « 200 eo of
solumms in & three necked ens liter round bottomsd flask, equipped with
a reflux osndenser and & mercury sealed stirrer. The contents of the
flask was hosted wntil the $olusne deiled and the sodium melted rising
%0 the surfage of the liguid, Them ths stirrer was started and the
sodivm reduged t0 dird shot sise by stirring. All flames were removed
from the vicinity of the reacting mixture and one half mele of phemol in
solusns was added. A vigorous reastion osourred with the evolution of
hydrogen and the formation 0f a white mags of sodiwm phenolate,
The reastion was brought %o sompletion dy heating the flask en an
o{l dath at 100° for about four hours stirring eoniimmlly. To the ho
solution one half mole of mechlorobensyl chloride and in these sondensa~
sions descrided a definite amount of 3 ehlorobensyl phenyl ether was
added, Previous work en a Master's Thesis by L. S. Baur and work by mye
self had given very poor yields of 2 hydroxy 3'chlorodiphenyl methane
reaging from 2.4 %0 6 grams where no 5 chlorobensyl phenyl ether was adde
ed, Following the work ef Arthur Neeley “Some Bromo Derivatives of Ortho
and Para Bensyphenols”, Iaster's Thesis, an equilidrium was assumed %0
exist betwoan the formation of £ hydroxy S* chlorodiphenyl methane and 8



AB

chloro benayl phenyl ethey and i% was thought the add{tion of 3 chloro~
bensyl phernyl ether would resuld in &zn inoreased yisld of 2 hydrexy $'
chlorodiphenyl methane.

The condensation after the addition of the m=chloro beansyl chloride
and 8 chlorobenayl phenyl ether was oarried ows by heating the flask for
eight to ten hours om an 01l bath at a temperature of 180° - 188° ¢
stirring ocontinually. After the specified time the mixture wes cooled,
washed twice with water to remove the NaCl and distilled under atmos-
pheric pressure %0 125% 0 to remove the tolusne and trases of water. The
resulting o1l was treated with 3500 e¢ of Clasien's reagents (380 grams of
KOH dissolved in 400 o0 of water and made up %0 one liter with methyl
aloohol) to form the potassium salt of the phanol derivative which is in-
soludble in petroleum ether. The mixture was then extrasctod with three
100 oo portions of petroleum ether %0 remove the 8 chlorobensyl phenyl
other and the residus was made acid with consentrated LCl and 1ce 1 ;¢ )
aftor which it was extracted with three separate 100 o0 portsions of die
ethyl ether. The solvents were distilled off in the case of both the
petroleum ether amd diethyl ether extracts and the 0f{ls that resulted
from both extractions were fractiomated under reduced pressure, The re-

sults were as follows;

Firet Condensation (16 grams 8 chlorobenayl phenyl ether)
Kthyl ether extract

10,1 grams {mostly phemol) Upto 1800 @ ot 14/mm
11,6 grams, 8 hyaroxy ' chlere i
phenyl methans 1800-210° at 14/mm

8.2 grsas, tar Above 210° at 14/mm
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Petrolem ether extrach
84,7 grams (Mostly m~chloro bensyl ehloride) Up to 160° at l4/m
16.88 groms § chlorobensyl phenyl ether 155°-190° a% 14/m

1.6 grams Ve ‘above 1909 at 14/mn

Seeond Ovndensasion (20 grsms S chlorodensyl phenyl other)
Ethyl ether exiract
8.3 graas -Qm: phenol Up %o 1809¢ at 14/m
10,7 grems 2 hyroxy 5° chlorodirhenyl methane 1809-210° 0 at 14/me

7.5 grems *%ar Above 21000 st 14/ma
Potrolowm ethor extrast

42,8 grams mostly mechlorobeasyl chlaride Up to 1539C at 14/m
20-10,3 grems 3 chlorobensyl phenyl ether 185%-1900 G as 14/ma
4.2 grans  Tar Above 190°C at 14/m

#hird Gondensasion (50,0 grams 3 chlorobensyl phenyl ether)
Ethy)l sther extract

7 grems most phenmol Up to 180°C at 14/m
22.8 grams 8 hydroxy 3¢ chlorediphenyl methans 1809+210° C at 14/m
8,3 grams  tar sbove 21000 et 1¢/mn

Petroleum ether extract

16 grams mostly m=chlorobensyl chloride Up to 165°C at 14/mm
80=10.9 grams 3 chlorocbensyl phenyl ether 155%-190° 0 ad 14/m
2.1 gress Tar ‘ Above 19000 at 14/m

Pourth Condensasion (47 grams 3 chlorobemsyl phenyl ether)
Ethyl ether extraot
8.4 grams mostly phenol | Up %o 180°C at }4/m
23,2 grams 2 hydroxy 3 chlorodiphenyl methans 1800-2100 C at 14/mm

2.8 grams o Above 210 ¢ as 14/m
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Petroleum osther extrach

88,6 grems mostly m=chlorodensyl chlorids Up to 183°C a% 14/mm
47-15,.2 grams 3 chlorobensyl phenyl ether 1830«190° ¢ at 1¢/mm
9.8 grams tar Above 190°0 at 14/m

Pifth Ovndensation (60 grams 8 chlorobensyl phenyl ether)
Ethyl ether extract
5.5 grams mostly phenol Up %o 180°C &t 14/m
30,1 grems 2 hyiroxy 8¢ chlorediphenyl methsne 180°-210° 0 at 14/m
4.8 groms tar Above 210°C at 14/ma
Petroleum ether extract
42,5 grems mostly m~chlorebensyl chloride Up to 155°C at 14/m
60+13.6 grams 3 chlorobvensyl phenyl sther 163°9-190° ¢ at 14/m
2.1 grams tar Above 190°C at 14/mm

_ Prom these asondensations aesuning the average yield of 2 hydroxy 8
chlore diphenyl methane where no 3 ehlero bensyl phenyl ether 1s added at
the beglmning of the reaction %o be 4.2 greus, the aversge of the ylelds
2.4 %0 6 grams alrealy mentioned, it ssn be seen tmat adding 18 grams of
$ chlorobensyl phenyl ether increases the yleld of R hydroxy 3* chloro di-
phenyl methane about S times, 30 grams inoreasing 1t about 8 times, 47
groms avout O times and 60 grams & 1liStle more than twice,

These frots seem %0 indicate that there is some sort of an equili~
brium estahlished betweon the substituted phenol and the corresponding
sther formed as a result of the reaction and they also point to the fact
that perhaps %00 much ether if present may interfere with the produstion
of the substituted phenol, Purther work would be nscessary to demonstrate
this and £ind the equilibrium point,
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The five 1600 = 210° 0 fracticns of 2 hydroxy 3¢ chioro diphenyl
wthans were oembined amd re-fractionated twice at 14 mm pressure, oome
ing over quite censtantly at 192° « 194° 0 as & styew colorved oil, A
total yield 32 48,5 grams of the purified product was obsained for the
five sondensations. This represemts an average yield of 7.78% based on
the amownt of phenol used.

The 3 ehlorobensyl phenyl ether fractions om re-distillation oams
over at a constant temperatuwre of 179° = 180° 0 at U4 mm pressure yield-
ing 89.5 grams of the purified ether., IS orystallised on standing end
after re-orystallisation several times from aloohol formed in translue
cent plates having a eonstant melting point of 8569 « 56,4° C. The aver-
age yield of ether dased on the amount of phenol used was 10,83,
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11, Precof of strusture of £ hydroxy 3' shlore diphenyl methans.

This preef depemds upor the preparation of 8 § 3* trichloro diphenyl
mothane by eondensing 2, 4 dichloro p&anol and 8 chloro bdensyl chloride
and checking the oompound thus prepared with the 8 8§ S* trishloro diphenyl
methane fermed by direst chlorimation of 2 hydroxy 3* chlore diphenyl
methane .

(a) Preparation of & hydroxy 8 8 &' trichlore diphanyl methans and

3 ehlorobensyl 8, 4 dichlore phenyl ether,

Clasien condsnsaiions similar to the ones already ocutlined exgsept
for the adding of excess ether were sarrisd out with 3 chloro densyl
chloride amd 3, 4 daichloro phenol., The reaction was oonsidered to take

Place as followss

m 0 a @ o ;ﬂ
a1 O+ At ) ——— a ( ooz jem 01 Umﬂ ;
0 c1

One=half wmole quantities were used and the following results were odtained,

Pirast Condensation
Ethyl ether extract
18.8 graus 2, 4 dichlorophenol

12 grams 2 hydroxy 3,80 3* trichloro
diphenyl methane 22002280 a$ M/m

Up to 100°C at 14/m

4 graas tar /bove 2289C at JA/mm

PAroleun othey extract
81.3 grams 3 chlerodbenayl chloride
2,8 grams 3 chlarodbensyl 2, 4 dichloro
214°.220° 0 at 14/mn

phenyl ether
Above 22090 at 14/mm

Up %0 110°C at 14/m

3.6 grems tar



second Condshsation
Bthyl Ether Extraot
26.3 grams 8, 4 dichlorophenol

7.8 grams 8 hydroxy 3,5 3* trichlero
diphenyl methane

4.1 grens tar

Petrolomm other extract
36,1 grams 8 shierodensyl chloride

2.1 grams 8 chlorobensyl 2, & dichlero
phenyl ether

4,) groms tar

Third Condensation
Bthyl ether extracs
19.8 granms 8, & dichlorphenol

11,9 grams 2 hydroxy 8 8§ 3* 4richlore
d{phenyl methane

2 groms tar
Petreleum other extract
29,8 grams 3 chlorobensyl chloride

8.8 grams S chlercbensyl 2, 4 dichloro
phenyl ethar

1.2 grans dar

up to 100°C a¢ 14/m

2200~ 228%C at 14/mm
Above 228°C at 14/mm

Up to 11090 at 14/mm

21492200 ¢ at 14/mm
Avove 280°C at 14/m

Up %0 100°0 at 14/m
2200 226°C at 34/m
Avove 228°C at 14/mm
Up %0 110°C ab 34/mm

214% 220°C at 14/m
Above 2209C at 14/pn

Both the 2 hydroxy 8 § 5' trichloro diphenyl methane and ‘he 3 chlore
bensyl 2, 4 aichlorephenyl ether being orystalline they were repurified by

tha$ method,

Prom the three condensations 19.7 grams of 2 hydroxy 3 § 8¢ trichlore
diphenyl methans wers obtained as emall reddish ysllow needles which upon
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repcated recrystallisation from petroleum ether had A comstant meléing
peint of 89,4° » 80® O, DBased em the amewunt of 2, 4 dichlorephancl used
the aversge yield wng ¢,56K of the theoretical.

The 3 chlorodbensyl 2, 4 dishlorophanyl ether upon' repeated reorys=
sallisatfon from alochol came down as long white needles with a constant
melting point ef 42° « 42,8% 0. The total yleld of 5 chlorcbemsyl 2, 4
dichlorophenyl ether from the threo pondemationn waJ 6.3 grams or an
average yigld of 1.46% dased on the amown$ of phenol used.

{b) Direct chlorination of 2 hydroxy 8¢ chloro diphenyl methane,

Ten grams of £ hydroxy §' shlorediphanyl msthane was diseolved in
about 78 o8 of ohloroforn in a 500 66 thres mecked round bottomed flask
f1i4%e8 with a mochanical s$irrer and & delivery ¢ube for the introdustion
of ehlorine, The mixture was cooled in an ioce and sclt bath and gaseouns
chlorine added with stirring wmtil the theorsetieal anount for substituw~
sion of dwo atoms of chlorine in the phenol had reasted as shown dy the
changs in weight of the flask and its contents,

Yhen this point was reached the reastion mixture was poured into a
beaker and the chloroform evaporated off leaving an 01l which crystallise
ed on standing.

Sinoe Chen, Varren and Headley had been wnable %0 introduse chlore
ind in any posisions dut She ortho and para of the phenolio ring the re-
action was considered %0 deg

-

oH a o a
rjmg< ¢ Olg ey chmg< ) ¢ zm0
AN

a



The erystals were pressed between filter paper %0 remove the oil and
recrysiallised six $imes from petrolewn ether. After which they had &
melting poins of 58.8° ~ 59,20 ¢,

{o) Cemparisom of substituted phenols from (a) and (b)

The R hydroxy 3 § 8' trichloro diphenyl methane prepared by the

Claisen esondensation of 2, 4 df{chlore phenol and mechlore bensyl chloride
236.¥5

had & melting point of 59.4° = 60% ¢, analysed S6===881{ chlorine, yielded
a bensoyl ester with melting point 62.5°% « 6359 ¢ anslysis 27.17% chlorine,

and orystallised in fine brownish tinged needles.

The eompound prepared by the direct chlorinmation of the agsumed 2
hydrexy 3* shlore diphenyl methane had & melting point of 88.8° - 59,20 ¢,
analysed 38.72% chlorine, yielded a bensoyl ester with melting point 62.5%
65° ¢, analysis 2708{ chiorine ani erystallised in fine brownish needles.

FProm this data 1% was assumed that the compound prepared by direct
ohlthhn of the supposed 2 hydroxy 3 chloro diphenyl methane was 2
hydroxy 3 8 3°* tri chloro diphenyl methane and thus the substituted phenol
from the Claisen condensation of phenol snd m—chloro bensyl chloride was as
expected 2 hydroxy 3' chlore diphenyl methane, ‘



I11. Proof of Strustwe 0f 8 chlorodensyl phenyl ether,
williamsen's Syn.

A eondemsation of rhemol and 8 chlore bensyl chloride was rm in
methyl alechol i{m oxder to prove the .trnch_ro of 3 chlore bansyl phenyl
ether formed by the Olaisen condensation (in toluens) of phenol and 8
chlere densyl chloride.

Po 78 ¢s of methyl alcchol in a 500 o8 Shree necked flask fitted
with & stirrer and condenser was added 2,76 grams of sodium. After the
reastion had nblido& 11.8 grams of phenol was added, the stirrer started
and after oight hours of heasing to 100° to 110° ¢ on an o1l bath with
oontinual stirring the mixture was poured inte a beaker and the alsohol
evaporated off on a gteam bath, Then tho residual oil was washed with
water to 'rm the NaCl formed and then extracted with 200 ¢8 of ethyl
ether in 60 ¢o portions. The ether was driven off and the remaining o1l
was vaguun distilled, 14 grams of 3 chloro densyl phenyl ether was od~
tained eoming over in the fraction 168° = 180° at 14/mm,

‘™is fraction eolidified and alter repeated cry-ta.niut_ton melted
ad 86.2° = 36,8° C & melting poins which corresponded elosely %o 36%-36.,4°
C given by the supposed § chloro benayl ether obtained in the Claisen
(Yoluens) condensation of phenol and m=chloro bemsyl chloride. Chlorine
analyses of the two ocompounds checked very closely.

1. 5 ehlexo bensyl phenyl ether (Chasien)

Amalysis
Sample Weight o6 .1 X £ ohlorine % ehlorine
AgOg Pomd Caloulated ,
) 2176 9.87 16,08 16,23
8 +R080 .50 16.21

16.820



8, § chlore bdensyl phenyl ether {Villismson'’s Syn)

Analysis
Ssmple  Veight o 1 X £ ohlorine £ ehlorine
Agnog Found Caloulated
1 259 10,97 16.20 1623
2 2698 12.3 16.16

IV Proof ef Strusture of 3 ehloro dbasyl 2, 4 dichloro
phenyl ether

A eondensation in msthyl aloochol (Willimmsom®s 5yn.) similar to the
one desaridbed for the preparation of S chlore bensyl phenyl ether (above)
was made using 8, 4 dichloro phenol and m-chloro bensyl chloride. A
yisld of 13.2 grams was odtained which upon recrystallisation from alecohol
melted at 42° = 42,50 0 & melting point corresponding to that of 3 chlore
bensyl 2, 4 dichloro phenyl ether obtained in the Clasien condensation of
2, 4 dichloro phenol and me=chloro bdensyl chloride. Chlorine analyses of
the two oonponnds are as followsg

1. 8 chloro densyl 2, 4 dichloro phenyl ether
(Clasien) Analysis

Ssaple veight o AN £ ohlorine % chlorine

AgHOy Yound Caloulated
1 «2656 27.86 7.2 $7.01
2 <2640 27,69 57,19

Average -y o!

. 3 chloro bdensyl 2, 4 dichlore phenyl ether
(williamson®s Syn.) Analysis

Sample Veight 60 JA XN 4 ohlorine £ ehlorine
AgHOy Fomd Osloulated

1 +2310 24,01 36,08 37,02
2 «2120 22,1 36,96



Y Preparation of 4 hydroxy 3 shlero diphenyl methans
O ({Xa) |

O-& o108, C>uax; 2'_—_)% C}ox + ¥l

One and ane half moles of phenol were suspended in 400 c0 of petro-
lem other in a condensation cylinder fitted with a meshanical stirrer
and immersed in & water bath wsed to regulate the temperature of the re-
astion, To this solution of phenol oms=half mole of 8§ chloro dbensyl
shloride was added. The stirrer was gtarted and when the dosired temper-
ature had been obtained by use of the water bath ome~fowrth mole of AIOls
wag addod with oentinual stirring over a period of ene and a half % wo
hours, During the addiiionm of Alcla large amounts of HACl were evolved,
The mixture was then stirred for two hours more and allowed %o stand over
night,

I% was then decomposed by pouring 1% into ice and hydrochloris agid
1 3 1 and extractcd three times with 78 0o portions of ethyl ether, Af-
ter distilling off she ether the remaining oil was treated with 600 e
of Clasien's reagent and extrasted throe times with 78 oo portions of
pet>oleun ether, %he residus from this extrastion was them nsutralised
with sonsentrated hydrochloric and $0e )} 3 1 and extracted with dlethyl
ether wntil all the oil was removed leaving & clear solution,

The solvents were driven off from both ths petroleum ether and the

diethyl ether extracts and the remaining oils from each solvent were

fractionally distilled.
Four condunsations were earried out at different temperatures %0

determine the effect of tsemperatuwre on the yisld of 4 hydroxy 3* ehlore
diphenyl methanse, The results were as follows.



yirst Condansation 8° - 10° ¢

Bthyl ether extraos

115.2 grems 8, 4 dichloreopheno) " % 110% at W/
18 grens 4 hydroxy 3'chlorodiphenyl
methane 199° <218% at 14/m

4.2 graas tar Above 215°C at 14/m

Ssoond Oondensation 10° - 12° ¢

Bthyl ether extracs

09,7 grame 2, ¢ dichlorophenol Up $0 110°0 as 14/mm
27 groms 4 hydroxy $*chlorodiphenyl
methene 199° «218°C at 14/mm

S.1 grans  tar Above 215°C at 14/m

Third Condensation 15° « 18° 0
Ethyl ether extract

95.3 groao 2, 4 Aichlorophonol Uy te 110% at 14 /o

20 grams 4 hydroxy B'chlored{phenyl
mothane 1990 «218°C at 14/m

1.2 grams tar Lbove 218°C at 14/mam

Pourth Condensation 28° «» 24° ¢
Bthyl ether extract

76 grams 2, 4 dichlerophenol Up to 110°C at 14/mm

'u.s grems 4‘ hydrexy S*ohlorediphenyl
. methans 199% 215°0 at 14/m

8.8 gcrams tar Above 218°C at 14/mm

The peirolewm ether extracts 4id nos Yield eny sompound exsept wn=-

reacted $ ahlore bensyl ehloride. The amounts recovered were, first
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oondensation 49.2 grams, secand B84 grams, third 47,6 grams, and fourth
41.2 groms,

From previeous work in this laberatory by rhilip Stanley Chem on the
almimm chloride condensation of phenol with 2 chlore bemayl chloride
bosh the ortho amd ths para sustituted ph.nbll were formed, Arthwr
House Neeley reports alee using mmalogous bromine compounds t0 the chlore
ing compounds used in this work that there is evidence of ortho substitu~
tion,

Following these ideas the fractions of the ethyl ether extracts be-
tween 110° and 1999 0 at 14/m were combined and refractionated with the
ebject o7 obtaining ® hydroxy 5¢ chlore diphenyl methsns boiling as 198°-
194° 0 at l4/me. Moot af the o1) came over batween 194%- 195 C at 14/mm
showing it to be impure 4 hydroxy S*chlore diphenyl mothane, Its ester
(benzoyl) melted at 5% ¢ o melting point of the bensoyl eeter prepared
by use of pure A hydroxy 3* chloro diphenyl methane. Xo% enocugh substance
was obtained between 192° = 194% 0 to prepare en ester and so no definite
proef of ortho substitution was established although it might have ossurred
to a slight ettont and was not detected.

The four 1999 = 2100 ¢ at 14/mm fractions from the above condensa-
tions weve combined and refractionsted twice at 14/ms pressure, coming
over quite constantly at 200° « 202° 0 as & strav colored oil. A total
Yield of 69.4 grams of the pwifisd 4 hydroxy S'chlere 4iphenyl methane
was obiained. This represents aa average yiold ¢? 185.84% based on the
amount of 8 chloroe beamsyl chlorids used.

From the data it appeses that & temperciure of 22° « 24% ¢ is pre-
ferable to lower %emperztures for the production of 4 hydroxy Zfchlore



diphenyl methane, VWhat would be the effect of even a highsr temperature
was not clearly determined, but from an earlier condensation at 28°-28%
Ahe fractiom 199%~ 206°C at M/m yielded 6.3 grems and the fraction
208° ~ 280°C at 14/mn yislded 2.9 grams.
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V1. Preof of 3tructure of 4 hydroxy 3* chlore diphenyl methane

The method adopted for the proof was similay to that employed for
$he proof of the compoumd formed inr the Clasien condensation of phemol
and 8 chloro bmmsyl chloride. Tt consisted of preparing 4 hydroxy 3, 8
8° trichlore diphenyl methone by an AlClg condensation of 2, 6 dichlere
phenol and 3 ehloro bentyl ohleride smd checking this sudstituted phenmol
with the compownd prodused by the direct chlorinatiom of the supposed 4
hydroxy 8' chlore diphenyl methane, |

(a) Preparation of 4 hydroxy 5 8§ 3* trichloro diphenyl methane,

Two ucx, eondensations as already desoribed in this thesis under the
preparation of £ hydroxy 8 8§ 3' trichloro diphenyl methane were run using
20 grems of 2, 6 dichlore phanol, 20 grams of me=chlore benayl chloride snd

grams 0f anhydreous mn,. The temperatwre of the first condemsation was
kopt at 89 « 100 C and the second at 18° = 18° C. A reactiom was to take

place according to the following equation,
oH
°IE|“+ clcHg dl-——--» A \cl
cl

g )
However none of the 4 hydroxy 8 8 3* trichloro diphenyl methane was faormed
but the original 2, 6 dichlore phorol and the 3 chloro bengyl chloride were
returned almost quantitatively. ™wo more condonsations were oarried out
at 25° < 28° Cp the f1rst using 20 grams and the second 10 grams of 2, 6
dichlore phenol with the corresponding smounts of 3 chloro dmmayl chlordde
and anhydrous Aml'. The resulis wore as foilowsy



First Condensation
Ethyl ether extrast
4.5 grams 2, 8 dichlerophencl
¥+3 grems 4 hydroxy 8 8 8$'srichlorediphenyl
mothane

13.2 grams tar

Petrolewm ether extract
No produst isolated

Sesond Cendensation
Ethyl ether extract
4.l grans 2, 6 dichlorephenol

2,0 grams 4 hydroxy 8 5 S*'trichlorediphenyl
methane

9.1 grams tar

Petroleum ether extracst
No product {solated

Up %o 120°C at 14/m

1900 «220%C at 14/mm
Above 22000 as 14/ma

Up to 120°C at 14/mn

190° «220%0 at M /mn
Above 220°C at 14/mm

The fraction of the ethyl ether extrast coming over at 190° < 280° ¢

at J4/m orystallised immediately. It formed white needle like erystals

from petroleum ether and had after several recrystallizations a constant

melting point of 79° - 80° C. The total yleld of the purified product

wag 6.1 grams representing & 11.52% yield based on the amount of 8, 6 di~

ehlero phenol used,

None of the corresponding ether was isolated in these condensations,
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(v) Direst chlorination of 4 hydroxy S chlore diphenyl methans,

This chlorination was earried out as desoribed for the chlorination
of ® hydroxy 8¢ ehloro diphenyl methans uwsing 10 grams of 4 hydroxy 8¢
chloro diphenyl methane, The reaction was supposed to0 Sake place aseord-
ing % the follewing squation,

i X . 1
0 {_)m, ¢ c>+ 201, — nobcn,dq. 2HCL
ol

¥hen the chloroform was evaporated a substance orystallised out which
was assumed to be 4 hydroxy 3 B 8' trichloro diphenyl methane, After
pressing out the oil from the orystals with filter paper and recrystallis-
ing some seven $imes from pesroleum ether a melting point of 78.l° -
79.2° ¢ was obtained,

(e) Comparison of 4 hydroxy 3 B 8* trichloro diphenyl methane as
prepared in (a) and in (b)

The 4 hydroxy 8 8 8* trichloro diphenyl methane as prepared by the
AlOls ocondensation of 2, 6§ dichloro phenol and S chloro bensyl chloride
had & melting point 79° « 80° ¢, analysed 56.95% chlorine, ylelded a
benaoyl ester with melting point 150° = 130,4° ¢, analysis 27,464 chlor-
ine and orystallised in fine white needles from petroleum ether,

The ocompound prepared by the direct chlorimtim of 4 hydroxy 3*chlore
diphenyl methane had & melting point 78.8° = 79.8° ¢, analysed $us4d chlore
tne, ylelded a bensoyl ester with melting point 129%= 129.8°C analyeis
27.20% chlorine and erystallised in fine white needles.



The adove data apparemntly offered proof that the oompound prepared
by the direct chlaorination of the assumed 4 hydroxy 3¢ chlore diphenyl
was 4 hydroxy 83 § 3°* srichlore diphanyl methane and hense the sudbstituted
phanol fram the AlClg condensation of phemol and 3 chlore bensyl chloride
was the expected 4 hydroxy 3' chlore diphenyl methans,



Y. Esterificstiom

™e dansoyl esters of the substituted phenols were prepared by the
method of Einhora and Holland (A., 3501, 983 1698) (Method of Orgmnie Chem.
Porter, Stewars, and Branchj page 181 - 182) as follows; &2 grams of the
subgtanse was dissolved in B grams ofdryp&ridimmdnl%omu of the
oaloulated amount of densoyl chloride was added. After standing over
night an equal volume of water was slowly added and the mixture shaken wn=-

%11 no odor of densoyl chloride oculd be detected. The mixture was then
poured into oold dilute sulphuric asid and extracted with ether, After be-
ing washed with 00ld dilute sodium earbonate the ether was distilled off
and the ester allowed to0 erystallise. Reorystallisation from alcohol was
then resorted to0 until a constant melting point was obtained.

For the preparation of the pare tolyl sulfonyl and the bengene sule
fonyl esters, para %0lyl sulfonyl chloride and bensene sulfonyl chloride
were substituted respectively in place of the densoyl chloride in the
above proosedure.

The bensoyl esters of 2 hydroxy 3*chloro diphenyl methans, 4 hydroxy
8¢ ohlore diphenyl methane, 2 hydroxy 3 8 3' trichloro diphenyl methane
and 4 hydroxy 8 6 3' trichlore diphenyl methanes the benzene sulfonyl ester
of % hydroxy 8 6 8* trichlore diphenyl methane, and the para tolyl sulfonyl
esters of 8 hydroxy 3 6 3' triohlore diphenyl methane and 4 hydroxy 3 B 8¢
tr1 chloro diphenyl methans were prepared,

the bensene sulfonyl esters and the para $olyl sulfonyl esters of 2
hydroxy 8' chloro and 4 hydroxy 3* chloro diphenyl methane failed %0 orystallize.
Yor further information regaxrding the melting points, chlorine analy-
sis, orystalline structures and formulae of the adbove esters refer to the
General Table of Compounds under the heading of Esters.



1.

Sample

Sample

1
2

¥I. Genara)l Tadle of Compouwds

Phenols
2 hydroxy S chlore diphenyl methans
Struostural formala

Orystalline formg Straw colored liquid
Bolling pointg 192% 194°0 at 14/m

Yield, 7,784
Analysis
Weicht es A ¥ £ chlorine € chlorine
AgNO4 Powd Caloulated
2182 . 16.31 16,23
2276 10.88 16.44 16.23
Average 16,38

4 hydroxy 3* ohloro diphenyl methans
Strustural formmla

o {__ )odg C}m

Crystalline formg Straw colored 1liquid
Bo{ling point, 200° « 202° ¢ at 14/m

Yield; 18.844
Analysis
veight cC JA N £ ohlorine £ chlorine
AgNOy rowd Caleuwlated
oBA74 11.17 16,01 16,83
«2140 9.68 18,99

Average 16,00



8. % hydroxy 8, §, 8* tsrichloro diphenyl methans (from Clasien condensation)

structural formula
o cl

TO™©
C1

Crystalline form; Small needles from petroleum ether
Melting point 4 59.4° = 60° ¢

Yield 1 4,864
Analysis
Sample Weight 60 JA X £ chlorine £ ohlorine
MO' Found Calculated
1 «1999 20,68 36,99 37.01
2 «2339 24.16 36,89
Average 56489
4. 4 hydroxy 3, 8, 8¢ trichlore diphenyl methane

Structural formula
() cl
0
Orystaliine form; White small needles from petroleum ether
Melting point 3 ¥9° = 80°0

Yield s 11.824
Analysis
Sample Yeight e AN £ ehlorine £ ohlorine
AN Oy Fomd Caloulated
1 «2234 23,29 86.98 37.01
2 «1986 20,67 56,91

Averaga 36.98



.

Sample

1
2

Sample

Ethers
3 ohlero bensyl phenyl ether
Strustwal formmla

O omy O

Crystalline form;
Melting point ; 262 « 35.4° @

Yield [ § 10099%
Analysis
Veight os Jd X Lchlorine £ ehlorine
lGIO' Found Ca) culated
*2176 9.67 16.00 16.23
«2080 9.51 16.21
Average 16.20

3 chloro bensyl 2, 4 diochlore phenyl ether
Structural formmls

a o1
@ O

Orystalline form;
Melting point ; 42 . 42.8° ¢

Tiela ¢ 14464
Analysis
Veight Go JA X £ ehlorine % chlorine
AgROg Found Caloculated
«2658 27,868 7.2 87.01
«2640 27,69 37.19

Average 7.2
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37
Esters
Bensoyl ester of R hydroxy 3' ehlore diphenyl methane
Strustural forsula

o-g%

Crystalline farmg; white flakes from alcchol
Mel$ing poind ¢ 67° = 67.4° 0

Analysis
Sample veight o AN £ ehlorine £ chlorine
‘8’05 Found Caloculated
1 2234 4 11.17 10,99
2 « 2046 6.4 11,09

Aversge  11.13

Bensoyl ester of 4 hydroxy 3' chloro diphenyl methmne
Structural formula

Ogo OmC

Crystalline form ;3 Pine white needles from aleohol
Wlting polnt ¢ 57.5° - 88° ¢

Amalysis
Sample Waighs 08 JA X ¢ ehlorine £ chlorine
Agiog Found Caloulated
b § +2018 6.28 11.03 10,99
2 +2088 6,41 10.89

Average 10,96



4.

38

Benaoyl ester of 8 hydroxy Sy B, 3%richlore diphenyl methane
Structural formmla

O
0RO
c2

Orystalline form; Long white nosdles from aloohol
Melting point 3 63.8° » 64°0

Analyeis
Sample veight 0 Wi XN € shlorins £ chlorine
Agno, Pound Oalonlated
1 «2038 18.88 27,13 27.17
2 «1998 18.3 27.18
Average 27.14

Bennayl oster of 4 hydroxy S, 8, S* trichloro diphenyl methane
Structural formula

QO:O
c écl
o (S

Orystalline formg white small flakes from alochol
Melting pointe 130° « 130.4° ¢

Analywnis
Sample Veoicht 3 .1 ¥ % ohlorine € ohlorine
AS!UO8 Found Caloculated
1 «2064 15.94 27.81 27.17
2 2030 18.78 27.38

Average 27.46



8. Para tolyl sulfonyl estar of 2 hydroxy 3, 8, 3' trichloro diphenyl
methane

Struotural formmla

P
nOr
)
¢l

Crystalline formgy Broad white blunt needles from alsohol
Welting point ¢ 128,4° « 1260 ¢

Anelysis
Sample Weight 00 L1 XN % chlarine %4 chlorine
AZNOg Fownd Caloulated
1 » 2038 15.71 £3.92 24,09
2 »2086 13.97 24,09

Averere 24,01

6. Pura tolyl sulfounvl eater of 4 hydroxy 3, 8, 8* trichloro diphenyl
me thane

Strustural formmla

s o
0
c 01
(1) §
Vs

Criz D
Cryotelline fomie Jong vhite nsedles from alechol
Yelting point : 104.5° = 105%

Analysis
Sarple Veicht ec .1 K 4 chlorine 4 chlorine
AgTiO, Pound Calculated
1 2174 14,71 24,01 24,09
2 o 2418 16.39 24,00

Average 24,01



7. Benssns sulfonyl ester of 2 bydroxy 8, 8, 3¢ trichlore diphanyl
methane

Struotwrel formla

a

:0

O L0

Crystalline form: wiiite Sransluwcent rectilincar
orys$als from aloohol

Molting point g 114.5° = 1150 ¢

Analysis
Seaple voisht 60 JA N 4 chlorine £ chlorine
ACl0g Mound Caloulatsd
b «2100 14.7M1 24,84 £4,08
8 »2078 14.57 24.86

Averase 24,08
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¥il. Summry

1. 2 hy@rexy 8' ohloro diphenyl methane end ¢ hydroxy 3' ahloro die
phonyl methane and derivatives heve been prepared and identified.

2, Ho evidance of ortho substitution in the aluwaimm chlor ide sonden=
sation of 8 chlore bensyl chloride and phenol was ebtained,

S. Temperatures above 20° C wore found to favor the formation of the
phenol derivative by the aliminwm chloride method.

4, Chlorine was found to eator the unoscupied ortho ani para poste
tions of %he phenolie ring of 2 hydroxy 8' ahloro diphenyl methane and ¢
hydroxy 8* chloro diphanyl methane,

8. Ho ethers ware 1s0lated fronm any of the alumimum chloride bcoum-
sations,

6. A relationship was demonstrated %o oxist between the formation of
2 hydroxy 3°* ehloro diphenyl methane and the amount of the S ehloro bdbenszyl

phenyl ether present in the renction mixture.



SCHEME OF CONDENSATION
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14MM
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[} A hate
MP 36-364
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8P 192194
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