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I. Introduction

In this theslis, two mohods of condensing phenols
with ortho chlorobensyl chloride are doscrived. By the
Claisen method, the phenocls were first :xde to form a
sodium salt which was suspended in a sultable wedium and
then treated with the benzyl chlorides According to former
investimtions, thls wethod glves only thie ortlho substituted
carbon cormpouads or tie etiers, depending upoen the nsture of

the moedium used.

By the Fuston method, the condensctlon was effected
by the catalytlec action of ailhiydrous a2luminum chloride.
The products formed were generally the para substituted
compounds, a small per cent of the ortiho derivatives biing

algso formed 1In sonre cuses.

Both tiese methods are discussod in detail in the
historical part &f tlils thesis.



II. Iistorical

1. The work of Claisen

Clalgen (Zer., 20,646) in 18C7 published hig first
serious contrihution to the thesory of the acetoacetic ester
synthesis. 'e explalned tiie metha:lum of the proce.s as
follows:

ota
cit (:/0 # Collgdiia ——s Cllz-CSO0Col
5 ~ocaig 3'-C\ocgus

lia i}
. / : t 3
Cl15-C{ 0ol { Cil3-CO-0Collg s zzs.g-cn-co-oczns
‘6
7 2Cangon

The formntion of an addition product as indieated
above wos proved by this fact that benzyl bonzoate unites

with sodlun methylate and methyl benzoate wilth: sodium ben-
zylate to form the same addition product whilch can be 1solated,
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Then sodioacetoacetlic ester 1s allowed to react with
alkyl halides, ths alkyl radical of tie latter replaces the
motal in the ester. An intermeciate anddition product is formed
previous to the eliminatlon of sodiuir halide. The methanism
of the substitution 1a represe:ted by tize following equation:
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That the substituent alltyl radi al attaches to the
carbon instead of to the oxyzen was explainoed by the theory
on enol-keto tautomerism., As soon as the sodium 1is reumoved
from the sodiocacetoacetic ester by acldifyling the derivative,
egetoancetlic ester 1s liberated 1in the ercl form, but 1t
rapidly chanres until 90 per cent of the enoi is chanced to
the keto form. The enulllbrium dbetween the two forms, however,
may be disturbed and one foem may be chansed to the otlier
agoording to the nature of the roasent uscd. If & reagoent
18 used that acts only with the enol form, the keto form is
gradunlly changed to the enol Ly the siiifting of the hydrogen
atom from carbon to oxyien. On the other hand, if a reagent
that removes ti.e keto 18 addud, the shift oocurs in the oppo-
site direction. There are other factors besides tlie nature

of the reagent, that deternmine the shift from one form to the
other,

The enol-keto tautomcrisin wau also found in many othar
organie compounis and reactl iis. For instunce,when benzyl
chloride is condensed with pherol, the resulting product may
be phenyl benzyl etl:ier, benzyl phenol, or both, de;ending

upon various foctors as will be discussed in later sections.
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Clalscn states thot vhile the ether 13 the product one
would expact to be formed, the ben:zil plienol formed ig the
result of "anounlous netal substiiutlon”, or, es he otherwilse
expresses 1t, i result of riang alkylotion.

To exploin tle foruation of the corion delvatlve,
theee differ:ent vlews bave besn advanced and were discussed
by K. Von hAuwers, C. Yegoner, and The Lakr (Chem. Tentr., I,
2.547-8, 192(), nonely:

(1) "The 1nitial fornation of adiition products with

subse~uent splitting.

¢2) "The initial formation of normal oxygen derivatives

with rearrangement of these into cari.on derivatives.

(3) "The sepnration of tlie me'al ss unetalle halide,

formatlion of free alkyl and encl redieala,
-gzcif -C-c

TR

—g
0- 0



and with the s3lisht reactivity of the alkyl group
partial or complete srian e.;ent of the enol to keto
radleal, and finally union of the radicals.”
The flrst hopotheslis w's baced on ilichael's theory of
the reoctlion betuween silver cyznicde ord methyl ifodide (Je. pre

37, 4803 40, 109) which may be reproeacnted by the following

scheliot
Ag
C-Ag el Ce=
m /i, ' — fpgl
I II—CHS H—CITb

It c:n bo seun that the mothiyl readlenl of Cllzl attaches
to tie nigroren, instead of to the carbon as we mislit expect.
As appllad to tho recction of sodium phenolste and wn alk:yl
h1lide, e nechanisa may be 1lllustrated as follows:

-C-0la ¢t wiaf ~C=0 -cau

" T e ¢ 08— 1 e ®

«C-I1 ~CIIh -CI? -C-R

Thus, by tlie formaticn of an nduition, a shift of bonds
takes place wilch mnkes possible the final formmtion of a com-
pound with ihie alkyl radic:l attached to a carvon in ilhe ring,
instead of to tie oxygen atom, the eurbon having tie positlion
ortho to tiie oxyge:r. Tiiug, when 2lkyl or tenzyl phenols cre
condensed by usling Claisen's mstl.od, the resulti:; preduct
is of tiie orthio tyuo, that is, 11 tho pew compound thus Torned,
tha 21 zrcuys nud Lhe new substltuatt cocupy positions adjacent
to each other ia the ringe.

The second hynethesls, that of the renr ougrement from

the initial O-derlvatlives to the firal C-derlvutives, 1s



inade~urte, for 1t is 1incomy ehersible why en O-cerivatlve
should be transformcd 1into a C-derivative 1in benze:ne more
easily than 12 etlher,.

The third hypotliesis was proycsed by ¥Yislliceruse.
Agcordinz to this hypothesls, O-derivatives chould be formed
with allyl or benzyl rodicals because of their great reactlv-
1ty, but ti:1c 1s not the case, a3 sho n by the ex. riast of
Claisen {(“ni., 4.2, £10-45, 1925) on tiie alkylation of phrerols.
But rather tie opposite view is more pro.able. Since allyl and
benzyl radlenls are distinsuiched by thelr sli_ L.t vubence
remulrements and tlierefore Lold ox’zen only loosely, tiey
ghow a proefere.ce for combining, witii corion to forn a stable
combliztion. [ overtliieless tie formatlon of rodleals and the
1sonerization of encl to ieto rodicela is lecesoery to explain
the reoucticng oi' this ki.de

It was fourd that tie foruetion ot O- or C-dorlvontive
dere:.dd upcn a nomber of focters smonz vhich the followlng
onegs are ot importart,.

1. The rature of the sliivlizotlinn crent---K. Von Auwers

and The Zahr (ler., 0613, 408=-1G, 1923) state that the halides
of such rodicala as are charccterized by a sumll af{inlity
comsuuption, such as 2ll; 1l oud benzyl, yleld ciile:ly C-deriva-
tives; while thue aliyls lilie etiyl und proyyl, favor the
formation of O-derivotives. This is also a ~uostion of satura-
tion. Clalsen statos thnt tie looser ti:e boid between the
halogen end tho alkyl radical tre more smoothly the reaction
progresses. "e know that unsatuntion 1in the alkyl radicle on

the carbon atom adjacent to that one bearing thoe halogen



results in a cour + tively lensel; held Linlo_en.

e Buseh (7. Ancewe. Cheme .8, 1145-G, 1925) states
thot the tendency cof benzyl radleals tow:ord C-alkylotion of
phenols incronscs with tihe lncreusliy substlituticn of tio
hydrosen of mothmne carbon with aryl group. TRlle 1t is
possible to outrin ethors with C,UgCllaCl in non-dissoclatlrg
medla, {(C;lg)sC’Cl yields orly the corboen derivatives,

2. Tiie noture of tie scivent or tihe wedlunm In whilch

the roactio:: occcurs---3olvents such as water, alcohol, a:nd

other oxycen cempounis, tiet are charccterlzed Ly a teidency

to dissociute, cro culliud dlscccintll | cedla @i, wiesn enployed,
give J-lerivatives az the co.Ge.catior productse. On the othor
rand, 1f o non-disvoclatlag csdliun, such & . enzire, toluene,

or otlcr sulotanced whlcn contb b 1o el pLei, 1o used, C-deril-
vatives willl Le Bourued.

Claisen and Tletze (eres Sully 215, 1875 found that
wken alkall pheunclutes were trected i ion-dlssoclatlip
media with uissturated aliyl halldes, Licre wogs obtained
almost entirci; carbon derlvatives.

Clalsen, Iremcrs, Toth, ¢:d Tietze (Arui., 4.2, 210-45,
1925) found t:nt all;l bromice a:.d s>diluz p-ceresolite in
methiyl alesol 5vo 80 7 ol p-orescl @ 111 cticr, while in
bonzzene tiee roculted O & 2-pllyl < rivotives end GO ¢
C-allyl ceriv tivese.

"hila 1t is 10t e: 3y to explaln why dissociatin:
media yiéld O-cerlvutlives a.d ncn-dissoclating aedia yleld
C--eriv-tives, it 1s probably true thot reactlon medla such

a8 toluere exert o locseniiy c¢tiect on tiie voleiice beonds



between the ~liiyl or henzyl radical ond the halorer, thus
producing tha eirbon substltutlon,.

Accordlse to Ilchrel ('er., 41, 1080-1091, 1908),
thare 1s an iuteraction bstweun tha niolecules o tle solvent
and of the esolute ¢l this 1lavolven u coistant 1nterehn. e
between the froo ~nd bound mol-eiles of e golvent. Thus,

for example, if the transformmtio: of the complexes
(ato f coivent) s===z—= (.ncl f sclvent)

18 accomnlisred by an 1lncrease 1in enitrony, the solutlisan in
this particular golvent will result in iscucrization, the -
derec or igocrizatlion depenud .z upc:: tie reiuvtive increase
in entropy in any given cusee Bub thils i Lura dope:as
cnllectively upoun the Lobtel change suffercd Ly Liw varicud
physlenl s chendnnl forces taklig o part i the trose-
formation. it I3, thereiore, extrensly Liicd to esatadlisiy arny
sinple rcelatloiship between vy glven phiysicudl consta L of

a solient ad its power of igonerlz:ition,



2¢ Alvzinum Chlorids cg Condencing Asent

Siico the dlscovery of tho Triedel-Crofiz reactilon
11 1877 (Conve rondey 64, 1202-05; Dar., 10, 11890), aluznimm
chloride has found wide apglication in crganic syntiesise.
It s used in al ost overy typc of change whiech involves the
elimination of Lydrozen chleride, bra.lde, or lodlde. Its
mture in effoctling condcensaticns has not bisen definitely
knowne. It 13 zroLable that 1ts scticn may he explained by one
or a coublrticn of tiie fcllewing thoorles:

(1) Intermedinte compourxs.

(2) Cotelytic action,

(2) Dghydration.

The first view w's held by Loeseken ('ec. trave Chim,,
19, 19-25, 1900; 20, 102-100, 19013 22, 501-014, 12083 25,

98, 1904; 20, 147-159, 1911) vho reosrasant:d t'.e retion of
aluminum ci:lorlde by the followlng schernod
PeL £ ALl ——e TCOCLALCL S

PCALALCLy £ B — < FPCORY,A1015 £ 0L

where D'l re.uresents an cromrtie hydrocarton or one of ita
dorivativese.

The ¢l rbic action of alundnum ci.loride was advocrted
by Friedel and Crafts end supperted by Cust veon und Stecl,
Friedel and Cr:fte as:umed tixe formztlosn of an Intermeciate
coumpound which urnites with ths Malogea casound, reencrating
aluminum chlorlide, as sl:own below:

Collg # AlpCly ———e ColipplpCly £ 1°C1
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Colighlally # FCL = Cgilgh f 21,C1,

This tiioory wis for sometime doubted sirces 1t wos

found tiot tie coiunt of product incroessed when o lorse au
ruantity or aluminum chlorids was uged, rhich siowed tuat
aluninuw chlorids could nut e a true cotly3te Sustavson
{(“er., 11, 2151, 187Y3) lsolinted a runber of sizble coaprurds
forned by ti.e unlon of aluminum chlorids wiith hydrocirbons
and haWlng the formulas AlsCls,Cyll; and AlgCla.GBGHS, whico!
accounts for tie ngsassity of using large nucntities. 'rox
this, Sleele (Trans. Chene D0c., 1470, 1903) concludas t at
saluniaum chiloride i3 a true catalynt, difioring from other
catalysts only in 1ts teindenrncy to becowe luactlve throush
the formticn of steble commounds with cortaln suistasces
producad cutling the roaction,

lorris (Ind. nge Chieme, 1i, 184, 1924) also studied
the catalytic acticn of aluminum chilorice. Triphenyl methrl
ci.loride, et ry1 sthor axd sihilar crmrounis wera used in the
conianantlisn,

The dehvdrating action of aluninum ehloride is
11lustrated by the vork of ierz and Velth, and also by that
of Jaubsrt. lorz and Veith (ier,, 14, 137, 1381} treuted
phenol wilth alumlnus chlorlde ard obtained ishenyl etlier.

Jaubert (Cont. rond. 102, 184, 1901) jpreopared aniline and

p-toluidine from hydroryl amine-hydrochloride and benzere,
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Te fTenaonintion of Thenols

The wark of Tollaritz end etz fron 1072-1870
(7tackr, Chem., 1271, %053 ler., 6, 4°73 G, 4:0) moried
soe of the enrlicst work done on berrzlation of plhereols,.
Trhey preprred Ao eyl ketore, using phiosphorle ai rdrilde
as Cehrdratlin: acent,

In 1272 ratorrno (Cazz. Chem. itrl., I, 559; I, 1-6)

o

syniheslizad Lensyl phenol ard benzyl anisol raspectively by

-

the cetlon of Lennyl chloride on plwenol ord anlsecl in the
presence ¢f zl.¢ turnligs. In 1870 Palerno, in correction
with Filetti (ibic., 5, L1}, used a mirtiure of sectic cud
gulfuric «c.da noledd of nircy &4 the cairighic acents In
the preperaticn of benuyisted cr sol Lirce yuars later, zine
wvas ep~in uged Ly Peterno cnd lzzuars (CGoize, 8, T0U).

In 128% Liebrmann (Cer.; 156, 107) used zinc chlorice
i tle condens-ticn ol benuyl pleucl, wlilie zinc was used
in Patermo's exporlroni in 1877, incidenily Liehmann ralsed
tlie ~uestion as Lo whullier tie zlne or tie zirne chloride
w8 the ective cot 1lrst, s in Faterno's exyerimert zinc ¢
ochloride could be easily forued fron the zine ard the freoe
1C1l found 1n bomnzyl chloride. lte also sliowed from his own
observationg tunt a very smll cuantity of zinc chloride
could catalyze t:# reaction,

Perkins aid llou_kenson (J. C.S5., 7, 721, 1880)
prepared benzyl (.anyl acetrote by trenting Lonzyl chiloride

with phenyl accotote 1n the presence of alumliaum chloride.



i

The voru: on coudonn.tlens of wrabic «wleol.ols with
aromatlic com.ounds using &luminum clllorlde a3 a dehydriting
acent wea rol lmovn before 1010 whon Tuesdua vl bls Lelpers
Lony: Lrelir resecrcl. 21005 Whiis 1ine, vhileh chilll he tilien
un in Ca%a il 2n tie next scction, They obialrned falrly gced
results altlousy Trigdel cnd Crafts (7. Chiems Scel., 41, 118,

1687) stoted that thelr roccticn i3 usunlly iforcsgible in

the procence cf corpeundls corblning e greup 0 or (Fe
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4, The work of liuston

In 1916 lluston and I'rledeiann (J. Ae. Chem. $S00e, I8,
£527) condensed benzyl alcohol and benzene by the use of
anhydrous saluninum chloride as & dehydrating azent. They
odbtained diphonylmsthane as the nrineipal ocondensation pro-
duet besides a certain amount of ortho and para dibenzyl-
benzenes and other hydrocatbons among which was anthracere,

Two years later liuston and Iriedeimnn (J. A 'Chem.
S08.y 40, 788) appllied the same reacticn to the secondary
aromatic alcohols, tertiar; hydroearbons being the principal
products. With benzene the reaction is as follows:

ColigCii( BR o Cglig A1CL3 | CiligCimCgitg f HoO
They found that the yield could be increased by using a
larger quantity of benzene ard at low temperature. They
also stated that the yleld is better when R ia an aryl roup
then when 1t 1s a slkyl group such as methyl or ethyl, the
latter being more depressing.

In 17270 luston (Seclence, 52, 206-7) preyared p-benzyl
phenol by conde:nsing aromatic alcohols with phonols in the
presence of aluminum chloride at low temperature. As before
noted, benzylphe:.ol had previously Leen prepared by Faterno
and his helpers, and salso by Libhmann, although amuninum
chloride was aot used by thece investig:tors.

In 1924 Huston (J. A. Chem. So0o., 46, 2775) applied
the same reaction th the ocondensation of i:enzyl alecohol with
phenol, anisol and phenetol, nnd conolwuded that the plienolic

hydroxyl group does not intorfore wlth the substitution of
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the benzyl group 1in tire benzene ring.

Two years later luaston and Sazer (J. L. Chem. Soc.,

48, 1955) applied this renctien to saturated and unsaturated
aliphatic and aromtic alcohols with benzone and fourd that,

of the alcoholic derivetives of thio aromatic hydrocari-ong,

only thoses in whiceh thie hydroxyl 1s on the oarbon atom ad-
jacent to tho ring react, that unsatusated alijhatiec alcchols,
and saturated aliphatic alcohols up to and including amyl
aleohol do nst react, and thiat unsaturation onthe earbon aton,
adjeacent to the alcoholic group, 1noreased the renctivily of
the hydroxyl toward the dehydrating effect of aluminum chlorids.

In the same year (1920) iiuston ond Bartlett prepared
P-hydroxyl-1,1-diphenyl pentanre from phoiiyl butyl carbinel
and phenol dn the presence of aluminum chloride.

By the same method ifuston and Strickler 1In 1927 c6n-
densed propyl phenyl carbinol with phenol and obtained
P-hydroxyl-1,1-diphenyl butane.

Huston, Lewis and Crotemut (J. A. Cheme S00., 49,

1368, 1927) ugsed phenol this time fnstoad of bo:.ze:e in the
condornsation od sccondary alcohiocls. “hey fourd that tiie yisld
of ethylphon_ 1l corbinol and phenol wes J0-05 & while uorzhydrol
and phenol (nve a £0 % vielde. This gives further evidoice that
unsaturation o the alpha carbon atou lusreascs the recctivity
of the hydroxyl group, aud consenuciitly the yleld,

In the sums year 'ustoa aid Swartout carried out the
benzylation of O-eresol by the use of aluminuia chileride on
O-ares0l ond tenzyl aleonol and obtalned 2-meth:yle4-benzyl

phenol along with a smell amount of Z2-methyl-G-beinzyl phenole
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The yleld of 2-mothyl-4, 6-dibenzyl phonol w:s -~bout 19 4
of the thedry. In order to dilstinguish between the twc 1s50-
meric mono-benzyl derivatives, the Investi ntors benzylated
O-eresol by the method of Claisen,

In 1028 Huston and Louk benzylated meta cresol by the
sams method. Since in thils phenol both ortho positions are
open a3 well as the para, there is a _reater poasibility feor
substitution. Three coupounds were obtained from the cdnden-
sation: 3-methyl-4-benzyl phenol and o-me thyl-4,6-dibenzyl
phenol, and 3-methyl-G-benzyl ;henol.

Work on the condensation of para eresol was next
carried out by Nuston and lewis in the some Yyeare. Both
aluminum chlorids and Claisen's metlods were used in thelp
investizntion. Since in the pars cresol oenly the ortho posi-
tions to the hydroxyl ere open, both mothods shiould give a
momo- and a di-benzylated product. This ‘as borne out by the
production of £-benzyl-4-methyl phenol and 2,6~d1benzyl-4-
methyl phenol. It was found thnt uslrg the phenol and sleohol
in the molecular ratio of three to one incroased the yleld.

In 1929 I'uston and laxfield studlod the effect of
varying proportions of phornol and 2 1Cl5z on thoe yilelds of O-
and P-benzyl phanol. They found tiat the yield of the latter
was increased by inercasing the acount of phenol, but not
by 1ineoreasing the AlCl;e One mol of AlCly did not give higher
Yields than half a mol.

In 19.0 Nuston and fldridge obtained the ether as well
a8 the benzylated phenol from the econdonsation of 2,6-dicklor
phenol and Lenzyl alcohol. The ethor was 1dentified to be 25 6
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2,6-dichlor phenyl benzyl ether. It might be mentioned that
this was the first tins timat the ether had been identified
in any of tiie previous AlClz condensationa,.
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III. The Problem Pefindd

The object of this problem c¢an be stated as follows:

l. To prepere, identify, end study the properties of
ssme hydroxy derivatlives of chlorodiphenylmethane.

2. To prepara also benzoyl derivatives of the adbove
eompounds.

3s To establish definitely that O-substitution accom-
panies the P-substitution in condensations with Aluainum cli
chloride.

4. To deternine the pocitions of chlorine entering
into the following groups upon direct chlorination:

N>

) §

OCI{QOOXI



IV. Experimental
A. Condensation by the Claisen lethod

1. Preparation of 2-hydroxy-2'-chlorodiphenylethane

The chlorobenzyl chloride ussd in these experime:nts
was prepared by first making ortho chlorototuene according
to the method of Marvel and lMe. Elwain (Org. Syn. Vol. 3,
pPe 35-35, 1920), This was then chlorinated aecording to
the procedure used by Erdmann (A. 272, 151, 1892). The
product, a colorless oll, distilled over at 213-2149%,

The @dondensation of chlorobezyl ehlorids and phenol
by the Claisen method was carried out in the following
manner. 29.2 g. of phenol was flrst dissolved In 100 ce, of
totuens, to which 7 g of finely cut sodlum was then edded.
The mixture was allowed to stand over night under a refrex
eondenser. A wlilte cheesy masas was formed. This was sodiun
phenylate sccording to the followirng reactlon:

CellgOll # I8 wmmme Cgllgoim f & Hp
To this wag addéd 50 g. of vhlorobenzyl chloride and the
pesultant mixture heated at 150° for eight hours while con-
nected to a reflex condenser. This product was ghaken out
with two portions of water to remove thie salt, Diffliculty to
separatc J.he saqueous salt solution from the &1l product w:s

sometimes encountercd due to the nearly enmual densities of

the two. It was found that 1f a saall cuaatity of water was

taken for the first portion and a rather large quantity for
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the segord portlon, the difficulty could be easlly overcome.
After the salt had been éemoved from the oily product, the
totuene was thon dlstilled off and the reaidus treated with
Claisen's alcoholic potash {A. 412, 244, 1925) which dissolves
sny fres hydroxyl groups. This mixture was shaken out with
petroleum ether to remove any possible ethers and the extract
was saved for furtier investigation, The remainder was aci-
dified. The dxrk red oil which separated out was extracted
with ether and this was dried over anhydrous potassium
carbonate over night. The athef vas tiien distllled off and
the residue fractlonated.

Third fractionation

Telow 95° 15 mm. Phenol 8¢5 go
95-140° 3 mm, 4.5 g.
140-150¢ "~ * 11.0 g.
150-2200 " " 4.0 g.
Fesidue 10.0 g

The fractlon 140-1509, bolling at 148-151 (3mm.) was
8 1light green oil. It purned to deop padnk on long standinge.
From 1ts method of preparatlon this compound rust be 2-hydrosy-
el chlorodiphenylmethanes

ucngcl o cL  on
3 H4
S (U

A Parr Bomd deterhination for chlorine (J. A. Chem,
S06.s 39, 2069, 1017) carrisd out on this compound gave the



following results:

ecC
Sample % C1 detn, % Cl eale. a/N#) W
«4882 g. 16.€9 16.22 o X197
o5256 16.66 16.22 A4 67

The theor$tical percentace of chlorine was calculated
for ons atom of chlorine and the experimental result verifies
this statement.

5 g« of the 2-hydroxy-2*-chlorocdiphenylmethane was
woighed out and chlorinated eccording to the method given
by Houben (Dis Methoden Der Org. Chem., Vol., 11X, 799),
using chlorofosm as solvent. A ten per cent excess of the
theoretical amount of chlorine required to form the compound
2~hydroxy-3,5,2'-trichlorodiphenylme thana

COlcnggb ‘ca, _’ch % ci

was used. The product did not solt¢1fy before it was seeded
by S-hydroxy-s,5.2'-trichlorodlphoﬁ&lmathane crystals obtained
from condensation of calorol:enezyl chloride and 2,4-dichloro-
phenol 23 descrived below. The solidifled product was pressed
betwesn filter papers and recrya?allixad from aleochol, It
melted at 59.5-60,5%.

A Parr Bomb determination for chlorine was calculated
for three atoms of chlorine and the experimental datea eonfirms

this statoment as shown by the followins results: @
Sample ¢ C1 detn. £ C1 eale. 0/ NV ,‘?7 AC 5
1717 g. 36.64 37.01 17,72

.1876 36.86 37,01 [ 9.47
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2. Preparation of 2-hydrexy-3,5,2'-trichlerophenylmethane

The same procedure previously employed in the
preparation of 2-hydroxy-2'-chlorophenylmethane was used
in the oondensation of 2,4-dichlorophencl and chlorobenzyl
chlorids. The fraction 147-155° (2mm.) solidified to a light
grey mss during a few weeks®' standing. This was pressed
between filter papers and recrystallized in alcohol into
clusters of fine needles in the form 4f rosette, The
eompound has s melting point of §9.5-60.5% From its method
of preparation this compound must be 2-hydroxy-3,8,2'-tri-
chlorodiphenylmethane:

Cl _— c1 Cl 0 Cl
2 Lia H2
U ) 28 U“ -

Cl

The compound upon quantitative sanalysis gave the

following results for its chlorine contents o
Sample £ Cl1 detn, % Cl1 cale. O/ N # 28
2172 g. 35,91 37.01 21.98
.1813 36418 37.01 18,47

The theorotieai per cent of chlorine was calculated
for three atoms of chlorine and the experimental results
bear out this statoment.

I% is seen that thils compound checks exactly with
£-hydroxy-3,5,2%~-trichlorodiphenylmethane obtained by
chlorinating 2-hydroxy-2'-chlorodiphenylmethane. This is a
farther evidence that the substitution derivatives formed dy



Clalsen's condensation of phenol and ortho chlorobenzyl
chloride is 2-hydroxy-2'-chlorodiphenylmethane.

e2
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3. Preparation of 2-chlorobenzylphenylether

This ehheor was prepared b¥ condensing chlorobenzyl
chloride with phenol in a dissocilating medium of methyl
alochol instead of in non-dissoclating medium of toluene.

The mathod used was &lmost identical with the procedures
employed in the previous experiments except that the ¢on-
densed product was frectionated ri ht after the remowsl of
the salt. After two froctionntions a eclear 1light green oil
distilled over at 140-145° (2,56 mm.). This compound according
to the method of prenration must be 2-¢hlorobenzylphenyl-
ether:

c1 1
Ocnzu P cugo <>

That the moleculs contains one atom of chlorine wns

proved by the Parr Domb determination es follows:

€
Sample % C1 detn. % Cl eale. 0./ NAyhG
«3257 g 15.45 16.22 /4. /7
2333 15.57 15.22 )2, 42

The petroleum ether extroct from the preparstion of
2-hydroxy-2'-chlorodiphenylmethane was first distilled to
remove the petroleum ether and finslly fractionated. An oil
of the same color and same bolling point was obtained. A Parr
Bomb determination proved the compoind to eontain also one

aton of chlorine:
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Z <
=, “‘/(2
Sample % Cl detne Z Cl calc. D‘/)\///;;ﬂ %
4003 16.21 16.22 )& 27
2005 16.87 15.22 7 52

Therefore both ethers are ldentlcel, although the
ether formed in the non-dissoclating medlium was only a small
fraction of the condensation product, whereas the ether
formed Iin mothyl alcohicl was excluslively.
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4. Preparation of 2-chlorobenzyl-2,4-dlchilorophenylether

In the preparation of this etlier the following amounts

'iro useds:
2,4 dichloroghenol 25 g
chlorobengzyl chloride 25 g.
Soidum € e
Fefhyl slcohol 100 oce.

After eight hours' reflexing, the salt in the conden~
sation mixture was shaken out with two portions of water,
The o1l solidified instantly. It was fractionated at 2 mm.
The fraction between 150-175° ia pressed between filter
pepers and recrystallized in alcchol. 19 g of pure white
needles was obtained} m.p. 61-62%, The yleld was 43 %,

| The compound according to the method of preparation
must be 2-chlorovtenzyl-2,4-dichlorophenylether.

CHAC1 caa{b
02 # w0 o1 [ 72

A Parr lomb determination for chlorine gave the

following results: e
Semple & C1 dotn, % C1 ealec. 5'//*//7] /‘”{3
2001 55480 37401 2/ €7
.2285 25463 37,01 T4 5¢

The theoretlical per cent of chlorine was caleulated
for three atoms of ciiorlne and the expurimental result

verifies this assumption,



The sace ether was obiained by froctloneting tho
petroleum ether extrnet from the preporation of 2-hydroxy-
3,8,2'-tricliilorodiphenylicethana., It hes the same crystalline
form and also melted at 61-62%, A parr Bomb dotermination

also showed the three chillorine stomg in the molecule:

¢ <
Seuxple & C1 Cetn., £ C1l cales O/N ﬂ’/’ MQB
1975 g 3684 37.01 2049

J1071 76,72 77,01 R0.2¢



. Conduingetion by {lie I'ustoa { ethod

1, Preparation of 4-hydroxy-#'-chlorodiyhsnylmethane

The procedure used in this expsriment was similar to
that previously employed by ITuston in the preparation of
bensyl phenol (J. A. Chem. Soce, 46, 2775). 88 g. of chloro-
benszyl chdoride and 87 g. of phenol were placed in a glaas
sylinder which contaired 200 ec. of petroleum ether. The mix-
ture was vigorously stirred by means of a mechaniocal stirrer.
2l g. of freshly ground anhiy€rous aluminum chloride was added
in emall portions. The reaction was not as violent as in
other experiments of this tyre. The temperature did not rise
above 27%, Stirring was continusd for half an hour after all
the aluminum chloride had been added. The reaction mixture
was allowed to stand until all the hydrochlorice gas had been
given off. Two layers were formed with petroleus ether on
top and & pinkish grey oil at the bottom. The whole mass was
decomposed by pouming on eracked 1ce to which some hydrochloric
aeid (1:1) had been adied. The peiroleum ether lager wrs
separoted out and distilled, The weter and oil portion was
oxtracted with ether. To this extract was added the residue
obtained from distilling off the petroleum ether. The whole
wag dried over potassium carbonate and allowed ito stand over-
night. The ether wos then distilled off end the remained freo-
tionated at 2mm,
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Third fractiommtion

Below 75° (phenol) 48.5 g

75-140° 6.0 ge
140-150° 10.0 "
150-170° 13.0 "
170-220° 6.0 "
Fesldue 3.0 "

The fraction 160-170° sulidified aftur several hours
stending. It was pressed between filter papers and recrystal-
lized from lisrolne 10 ga 0 clustors of white siwrt needles
was obtained; m. p. 68-69%. A Parr Bomb determimation showed

that there la cne chlorine atom in the moleculet ce
Sample 7 C1 detn. % Cl cale. 0O/ /V/{’«/’/‘»/'L:"j,
+2170 15.85 18.22 g 6
2216 16404 16.22 /0.0)

The {ilier papors were extractod with ethor, from
which 4 g. of 0ii bo:ling at 140-1500 wvas obtained. This
was ccmbined with the orizinal 140-150° fraction and re-
fractiontted, clving 13 ge o a purer proiuct which resembled
the ortho coupound prepared by tiie Clalsen wethode The above
crystallized ccupcund, therefore, nust be the para compound,

4-hrdroxy-2'-chlorodiphenylonethanes

Ccl Cci

CliaCl ey cual_ >on






A bizzor ylsld of tue parn than the orihio compeound
was observed in suige-~uent condensatlons whien larger gquan-
tities wore usod. ituch raginocus material belliing between 170~
2200 (Zan.) wes slso cbtalned from ths coudonsation product.

To prove whotiher or not tho 140-152° (Zun.) fraction
was the »rtho coampcund, a Tarr Zomb detoralinitlion was ruie.

1% gave the follouwing results, snowing the compouud to con-

tain one chlorlite nton la the mdoleciles P
Semple 2 C1 deta. % 21 cale. O./M /‘//’ N,
R Celd 16.22 /O, 5/
3540 1G.40 1G.22 /6,25

Tor furtler evidence, 5 ge of tie product wus clilo-
rinated and the melting polint determined. It melted at 59.5-
60,59 which checked exactly with that of 2-hydroxy-3,5,2'-
trichlorodiphenylmethalie.

The siructére of the pera compound was proved by the
game methodd The followling were the results of the chlorine

detercination, ealcuvlated for cne etom of chiloriune in the

molecule:
Sample 2 Cl detn. Y Cl calce
#2170 - 15.85 7 1%6.22
216 - 16404 e <o 1G22

Theg}S ge 0f the compound wxs chlorinatsd. The pure
crystals molted at €G.5-87.50, which chiecks with the melting
point of the product prepercd by confensing 2,6~dichloro-
phenol with chloyodberz) l chloride, es cdescribed below. There-

fore, the chlorinated product must be 4-hydroxy-32,5,2'-tri-
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chlorodiphenylmethanes

Cl

c1 c1
O cipgl__ o £ ¢l — Ocnz QmOH
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2. Preparatlion of 4-hydroxy-:2,8,2'-trichloroéiphenylmethane

The procedure used was similar to the one described
above. The following amountas wsre used:
Chlorobenzyl ehloride 560 g.

2,6-dichloropnencl 154 ge
Aluminua chloride 21 g.
Petroleua ether 200 co.

Second fractionation gave the following results at

3 mm,
Delow 11029 Prencl 51 ge
110-160° ostly phencl 19 "
160-200° 27 "
200-220° Ze5 "
Fesldue 61 *

The fraction 180-200° was pressed betweon filier pepers
and reorystallized from lisroln. 15 ge. of white nesdles melt-
ing at 86.5-87.5°2 was obtained. From %he method of preparation
this compound must be 4-hydroxy-3,5,2'-trichlorophenylmethane:

c c1 c1
11oCl 1 Cl it
2 /C? o — O 2©C1
1

A Parr Bomb deicrmlination for chlorine gave the

followinyg resultss ac
Sample £ Clcetns 5 Gl oalo. 0N/ Vs
202 6«77 ST .01 A0 / 7

«2072 56484 57,01 70
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The theoretloal per cent of chlorine was calculated
for three atoms of chlorine and the experimental result

bears out this statement.



C. Eaterification

The benzoyl derivatives of (1) £2-hydroxy-2'-chloro-
diphenylmethane, (2) 4-hydroxy-2'-éhlorodiphenylmethane,
(3) 2-hydroxy-3,5,8'-trichlorodiphenylmethane, and (4)
4-hydroxy- 3, 5,2'-trichlorodiphenylmethane were prepared
by dissolvéng 2 g. of the phenols in 8 c¢o. of pyridine
ard adding caleulated amount of benzoyl chloride. The
following esters indicate the comp_ounds respectively formed:

(1) {:9% Q b+ Pe 173-176°
co

at 2,5 mm,

1
dcn@g< g De Po 6405‘65.50

-

(2)

(z) 1 c1
cn@l Dle Do 81"820

. 1
@ S <>  m.p.es-e7°



V. Summary

l. The following compounds were prepered and

identifled:
8. 2-hydroxy-2'-chlorodiphenylmetharne.
b. 4-hydroxy-2'-chlorodiphenylmethane.
6. 2-hydroxy-3,5,2'-trichlorodiphenylmethane.
d. 4-hydroxy-3,5,2'-trichlorodiphenylimethane,
o, Denzoyl derivatives of the above compounds.
f+ 2-chloropenzylphenyléther.
ge¢ 8-chlorobenzyl-2,4-dichlorophenylether.

2« In the alumlnum chlorlde cordensations both the
ortho and the para compourkis were formed, the bulk of which
was the para.

3. Yhen the following compounds were chlorinated,
chlorine was found to take the 3,5 (meta) position to
the connecting carbon in the ring containing the hydroxyl:

Cl 044
O""zQ
Ccl

cng__ o
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