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INTRODUCTION



In the subsequent investigation of the chloro derivatives of
o~gresol, it was noticed that there is seemingly some confusion in the
nomenelature of these derivatives. The 4 chloro-o-cresol is oftem label-
ed as 5 chloro-o-goresol} 3 chloro-o-cresol as 6 chloro-o=cresolj 3, 8
dichloro-o=cresol as 4, 6 dichloro-o-cresol, This is due to the faet that
sane investigators use the methyl group as number one, while others use

the hydroxyl group as number one in their system of nomenclature.

H

,ZCH\;

This work uses the hydroxyl group as the ordinal group in all of

the compounds listed, as shown above,



HISTORICAL



4 Chloro=-o=gresol

Sams of the early workers in this field were Claus and Jackson
(To prext. chem., (2) 38, 328 (1888) ) who prepared & chloro-o-cresol by
the astion of chlorine in an asetis acid solution {n the presence of irom.
They give the eampound a mel$ing point of 389 boiling point, 220°,

In 1898, Peratoner and Condorelll (Gazz. chem, Ital.,, 28 I, R11)
prepared the sompound by the astion of sulfuryl ehloride on ee-cresal,

It wos in 1919 that Datta and Mitter (J. Am. Chem. Soe., 41, 2088 -
38) again prepared it by chlorinating the aqueocus solution of the ¢ « sule
fonie acid derivative, They state that the ehlorine replaces the sulfonie
acid group with the formation of mineral acids. Their product melted a$
47°, (This will be discussed in detail in Sestion IXI (Discussion) of this
thesis.)

Morgan and Burstall (J. Chem. Soc., London 1928, 3260-70) obtain-
eod, by the interastion of selenium oxyshloride on o-cresocl in ehloroform
solution with progressive halogenation, this derivative as one of the many
and varied products. Their compound method at 48°,

Th, de Creauw (Res. Trav, Chem, Pays-Bas 80, 783-923 C. 1931, 47086)
prepared 4 ehloro-o=cresol by treating 2, - 5 dichlorotoluene with sodium~
methylat which gave an impure product along with its isamer, 3 - methyl -

4 chloro phonol._



8 Chloro-o-oresol

The literature reveals meager and conflieting information concern=
ing the preparation, properties, and proof of structure of this compound.
This derivative with the chlorine atom ortho to the hydroxyl group is oftea
eonfused with the derivative in which the chlorine atom is ortho to the
methyl group (3 chloro-o-eresol).

Two = methyl « 6 = chlorophenol was first prepared, and then
patented by Raschig (C, 1905 I, 1448: D. R. P. 160304), He states that by
drying at 100° the o-chor-o-cresol = p-sulfonic acid, the desired product
is obtained,

It was also prepared and patented by Fehlberg, List & Co.,

(D. Re Pe 2563453 C 1913 I, 8663 Frdl. 8, 132; 11, 191), They give a boil-
ing point of 185% (uncore.).

Bures (Chem, Litzy, 21-22, 103, 1423, 822, 261, (1927) ) stated that
ertho chloro and ortho bromo-o=- and meoresols are prepared by direet halogen-
ation a% 20°C, by slow addition of molar quantities of halogen %0 molar
quantities of the oresol., The reaction is cerried out without the aid of
e eatelyss. He, however, reports no properties or proof of structure of the
desired campound,

Other references are Th, de Crauw (loc, c¢it.) and Anwers and Wittig
(Ber., 567 B, 1270-5 (1924) ) « neither of which give the method of prepar-
ation or properties of the listed e-chlor-o-cresol,

Many of the references in the literature fortaining to the 8 ehloro-
o=gresol deal with the preparation of the 3-chloro-o-cresol. It can be seen

from the above that the information concerning the 6-ghloro-o-cresol is un-



satisfactory end incomplete, as revealed in the literature.



4, 6~dichloro=o~cresol

Zinke (A. 417, 208) prepared this compound by pessing chlorine in-
to a 60ld solution of o=crescl in ecarbon tetrachloride., He gives a melte-
ing point of 55° (out of benzene),

Claus and Rieman (Bers, 16, 160l) and Claus and Schweitzer (Ber.,
19, 927) prepared the 4, 6 dichloro derivative by passing chlorine gas
into a vigorous boiling solution of o-oresols Thelr product melted at
559,

Martini (Gazz. chem, Ital,, 29 II, 60) obtained the desired product
by the use of sulfuryl chloride on o=cresol,

Bures (loces c¢its) in his extensive survey of the ghloro- and bromo-
dorivatives of o= and P = m = gresol gives a yisld of 95 «» 97%; mp. of 889,
and bp. of 226,5°,

Morikawa and Sekamoto (Je Cheme S00., Japan 51, 275-7) (1930) 3
Ce Ae 26, 706 (1932) report thas they were able %0 prepare the 4, 6-dichloro
eampound by passing ohlorine into o=cresol in the presence of Pcl5 undey
direct sunlight and high temperature,

A recent patented prosedure, Farbenind, (Fr. 724, 779 (Oct. 80,
1981) : Ce A. 1932, 4827) stated that "eresols containing m ol atoms are
prepared by treating a mixture of shlorotoluenes eontaining (n = 1) Cl
atoms and ohlorotoluenes sontaining n Cl atoms (the former largely predam-
inating) with an aleoholie or aquecus alcoholi alkali hydroxide under
pressure and at a temperature at which only the (n ~ 1) « ehlorotoluens
reacts. The amount of alkali hydroxide is saloulated with respect to the

(n « 1) « shlorotoluene”,
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The Sulfonation of o-Cresol

During the last few years a great deal of work has been done in
this laboratory with the halogenation of phenol and phenolie¢ eampounds.
Some of this investigation has been done by the method of sulfonation.
However, some difficulty has been encountered in obtaining ortho halogen
substitution. In most cases this has been done dy protecting the para
position or the para and one ortho position with sulfoniec acid groups.
Same of the important papers related t$o this problem are those of Peterson
(Master's Thesis, 1933)§ Chen (J. Ame Chem. SoG., 55, 48214 (1933) )} Hut~
ehingon (J« Ame Chem, Soc., 54, 1504 (1932); and Ballard (Master's Thesis,
1932).,

The halogenation of sulfonated phenol has been quite thoroughly
discussed in Ballard's works Ko attempt will be made to review that phase
of sulphonation excopt inasmuch as it concerns o=scresol, The more impore
Sant reforences are M. Tanaka and K¢ Jutani (J. Pharm. Socs, Japen Bl17,
847-262} Co As 20, 2669)3 Datta and Bhoumiok (J« Am. Chem. Soc., 43, 303,
(1921) ); Obermiller (Ber., 40, 3631, 36840) and Merck (Ber., 87, R 987),

Carpbell (Je. Chem. Sods, 181, 847=57 (1922) ) stated in his study
on the sulfonation of o-oresol that the speed of sulfonation is retarded
by the methyl group to the hydroxyl group to the least extent at 20°
(epproximately one-third the degree of the para methyl group) and that as
she temperature of sulfonation inereases the retarding influence of the o=
methyl group diminishes samewhat rapidly up to about 60°. Above this teme
perature the influence is only very slightly progressive.

Datta and Mitter (loc. eit.) stated that echlorine replaces the



sulfonic acid group, wherein an aqueous solution, with the produstion of
aromatic halogen derivatives. Later Datta eand Bhoumick (loc. oit.) stated
that frequently halogens not only replace the sulfonis aocid groups, but
that usually more halogens enter the ring with the formation of hircher
halogen derivatives. They believed this to be a good general method of
preparetion of halogen derivatives of pheolis compounds eince they found
that replacement of the sulfonic asid groups ('SOSH) takes place readily at
ordinary temperatures in the case of compounds having one or more hydroxyl
groups attached to the nucleus,

Claus and Jackson (loc. cit.) found that by heating one part of
o=cresol with one and pne-halr parts of concentrated sulfuric asid for 8
to 8 hours on a steam bath that the p-sulfonic acid derivative was prepared,

Fngehardt and Latschinow (a. 1869, 621)j Heutke, (Ber., 20, 3810);
Neville and Winther (Ber., 13, 1948)} Gerver (Ann. 169, 386)}; Hayduek (Ann.
172, 813)§ BASF, (De Re Po 265, 4156; C. 1913 II 150; Frdl 11, 1689); and
Datta and Mitter (loc, eit.) have also prepared the p-sulfonie aoid derive
ative in similar ways.

The last two named authors stated thet they were able to separate
the insoluble o-sulfonic acid derivative from the soluble p-sulfonic aeid
derivative by pouring a 60ld sulfonated mixture of o-cresol into water.

In repetition of this work, an innumerable number of trials failed to
duplicate the results of these authors. To explain this discrepancy, it
was assumed that the o~oresol used by the author was more pure (i.e. less
eontamination with the p-isomer) or that same important condition of the
process as previously carried out had not been noticed or recorded,

The 4, 6-disulfonic acid derivative was prepared by the astion of



fuming sulfuric acid on o-cresol and henting on the steam bath by Claus

and Jackson (ibid p. 334).
Hease (Ann. 230, 293): and Zehenter (ionatsh., 33, 345) also pre=

pared the 4, 6-disulfonie acid derivatives fram similar related compounds,
Probably the most camplete discussion of sulfonation, in general, with
methods, examples, and procedures is given by lassar-Cohn (Arbeits Methoden

fur Organische Chemische Laborataorien, Sth ed., 919-980, (1923) ),



Nitro-o=gresols

The nitro derivatives of o-oresol have been studied by a number
of investigators, Those nitro derivatives especially reclated to this study
are the 4 - nitro -, 6 nitro -, and the 4, 6-dinitro-o=cresols, Of the
three mentioned nitro derivatives, the 4 nitro ecompound has a recorded
melting poin$ range of 79 to 95°, Some interesting facts were observed
ooncerning these nitro compounds as prepured as intermediates of the
chloro-o=cresols.

Scktulta (Ber., 19C7, 40, 4319) has rcported one of the best pro-
oedures for mononitr:tion, He records a 25 « 25% yield of the 6 nitro with
about 755 fomation of the 4 nitro~oewcresol by nitrating in the presence
of benzene at 20°,

Neville snd Winther (Ber., 1882, 156, £978) reported that the ¢
nisro derivative exists in eith:r the anhydrous or the momohydrate fomm.
They record she melting point of only the monohydrate es ranging from
50 - 40°,

Gibson (J. Chem. Soge., 127, 488) (1925) ) stated tha$ the 4 nitro
derivative, when formed by action of HNO3 on o=oresol in glacial acetie
asid at 1!5', and when recrystallised from hot dbengens solution was deposit-
ed in fine yellow needles, which when touched or pressed became a powder.
He gives a melting point of 96° of the anhydrous powder 4 -~ nitro derive
ative, stating that 1t melts as low as 75, but depends upon the rapidity
of heating. In repeating Gidson's work we obtained after xmmy recrystal~
lizations from hot dbenzene, the 4 nitro compound in 1li:-ht brown needles

without the formation of the powder, having & constant meltins point of



93 - 93,0°%

The 6 nitro-o-cresol used in the preparation of the 6 chloro-oe
ocresol was prepared by Clbson's method (loce ¢it.), having a boiling point
of 102 = 103°/9 mm, and melting point of 69,5 « 70°, He records a yield of
35% erude product,

Koetschet and Koetschet (Helv. Chemi. Acta 13, 474 - 82 (1940): C
1930 II, 1368) prepared it fram o-toluidine, They give their maximum yield
as 35%. p. 69 - 70°,

Veibel (Ber., 63, 2074=-82 (1930) ) hes reported an exhaustive
quantitative study of the preparation of the 6 nitro end 4 nitro compounds
by using a mixture of m:os and Imoz.

The 4, 6-dinitro=-o-cresol has been formed by the action of nitries
acid on related compounds by Ullman end Sane (Ber., 1911, 44, 4730)} Cain
and Simonsen (J., 1914, 105, 156) Spilegel, Munblit, end Kaufmann (Ber.,
1906, 39, 3240)j Hofmsnn and Millar (Ber., 1881, 14, 568)3 Rapp (Ann,, 1884,
824, 175)3 Wieland (Ber., 1921, 54, 1776)} Hesse (Ber., 52, 1173)} Ponzio
(Cey 46 1II, 60)3 Robinson (J. Chem, Soe., London, 109, 1086); Kehrmann (Ber.,
48, %086); Datta and Varma (J., Am. Chem. Soc., 41, £041); Frische (Ann,,
834, 138)3 Oliveri-Fortorie (G., 28 I, 307); Noelting and Kohn (Ber.,

17. 371) Noeltings snd De Salis (B., 14, 987); Claus and Jackson (loc. e¢it.)s

and Neville and ¥Winther (Ber., 13, 1946).



Statement of Problem

This problem may be briefly stated as follows:

1.

S
4.

To prepare, identify and estudy the propsrties of some
of the chloro derivatives of o-eresol,

a. 4 chloro-o=-cresol,

be 6 oh.loro‘-o-creaol.'

¢ 4, 6 dichloro-o=cresol,

To determine the properties and characteristies of
the campounds formed,

To increvase the yields of the 6 clloro-o=gresol,

To prepars their ester derivatives,
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The Preparation of 4 Chloro-oc-oresol

In the preliminary work with the ehloro-o-oresols, eonsider-
able 4iffioculty was encountered in repeating Datta and Mitter's work
(loce 6it.). They state that cold concentrated sulfuris acid was added
to the o-oresol, eare being taken to keep i% cold, and then allowed to
stand for "sometime", The whole of the syrupy liquid was then poured
into water and the soluble portion containing the 4-sulfonic acid was
soparated from the insoluble oily 6-sulfonic acid derivetive. The 4=
sulfonie acid derivative was then diluted "with water” and chlorinated un~
til the heavy oil which settles out was no longer formed, The o0il was
then separated by a separatory funnel and reorystallized from glaocial
acetiec acid. On ocoolings and stirring, it ylelded a white erystelline
product melting at 47°,

After many repeated failures to prepare the 4-chloro-o-cresol by
their method, it was decided to prepare it by Claus and Jackson's proced-
ure (loc. cit.) as modified by Milligan (Liaster's Thesis, 1933). One
modification was made in preparing the campound by his method; visz., the
solution was cooled to 0° and below, by an ice and salt bath mixture,
Milligan reported & yield never exceeding 30% while we obtained a yield
of 40 = 42%, Tha procedure is as follows:

One hundred grams of freshly distilled o=-cresol was dissolved in
300 grems of glacizl acetie acid in a 500 ml., three-necked flask fitted
with a mechanical stirrer, aspirator and thermometer. The solution was

cooled below 0° 1n a 1ce and salt mixture into which dry chlorine gas was
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admitted at such a rate that the temperature did not exceed 5° above zero.
When the theoretical amount of chlorine (by weight) was added, the acetis
acid was removed by distillation at atmospheric pressure, and the remainde
or fraotionated under reduced pressure, The product came over at
106-109/14 mm, pressure, and reerystallized from petroleum ether, It orystal-
11sed 1n the form of long, white needles, melting at 47.8° « 48.8°%,

Anal, Calods for Cg,O Cli Cl, 24489, Founds G, 24.13,

Since halogenated phenolie compounds had been prepered in $his
ladboratory by the fuming sulfuric acid method, it was suggested that this
method be applied to the chlorination of oe-cresols Many preliminary runs
wore attempted, using small quantities of o=oresol, with variations in pro-
portions of acid to o-crescl and conditions, in order to determine the
optimum procedure for preparing these chloro derivatives, Below are listed

the attempts as mades

o=Cresol Fuming Condition c Observation
Used HaS0, Used Added
20 oce. BO eoc. (20%) Room temp. Very little Viscous mass,
10 ec. 20 ecs (207) Room temp, None " »
18 ee. 72 6e. (20%) Room temp, Very little " "
18 ec. 72 ecs (207) 09(40 ce. Same " "

H_0)

2
100 ea, BO co. (207) O° Vory little " "
10 eo. 20 ec, (485) Room temp. None " "
B4 cc. 25 ec. (48%) 0° None » "
B4 eo. 25 e, (48%) 0°(50 ec. Theo. em't. Likely

Hg0)

From the results as observed ebove, it was noticed that in many
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cases sulfonation completely blocked halogenation. From the work of
Datta and Nitter (loce 0it.) sugresting that chlorination tckes place best
in the cold or at ordinary temperatures, no preliminary attempts were made
%0 determine the effect of heuting the sulfonated cresols befora clhlore
ination. However, $.is was attempted and will be described in a latter
pars of this paper,

It was noticed from the last preliminary atteript that dilution
by water undoubtedly decreased the soncentration of the acid enouch to
allow for ohlorination, On this basis other attampts were made using those
prop rtions and conditions, A typical run is as follows:

Fifty 66, of fuming sulfuriec seid (49% soa) was placed in a three
liter, three-necked flask fitted with s mechanical st rrer and thermameter
«nd coolel by an ice-salt mixture. To the acid was added 1 mole (108 gm:
103 80,) of n-oeresol through a seperatory funnel during 1 « 8 hours with
eonstant stirring. Care was taken to keep the reacting mixture as elose
to zero as possidle (allowiné 1t to rise to 30° for the initial reaction),
It was stirred for two more additicnal hours and then allowed to stand for
24 hours in the refrigerator. It was eagain placed in an ice-salt mixture
and to it added 100 g0, of water during 1 hour, keeping the temperature
below 10°%., After stirring the mixture for 5 hours at room temperature, it
was hydrolyzed by sup-r-heated steam on &n oil bath at 190 = 210% The
first portion of‘tho distillete crystallized which was later found to be the
4, 6 dichloro derivative. The last portion of the distillate came over es
a red 0il, which was extracted with ethyl ether. The oil after five or

more repeeated fractionations gave the following fractions:
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Up to 66%/9 mu. 2 e
66 = 72°/9 mm. 14,5 ¢n.
72 « 97°/9 mm, 29.0 gn.
97 - 102°/9 mm, 7.0 gn.

Residue about 3.0 gme

The fruotion between 66 « 72°/9 mm. was later found to be the
6 chloro isamer, while the 97 < 1029/9 mm, fraction, whon cooled and
sceded with 4 chloro needles prepared by the acetic ecid method, proved
to be 4 chloro producte The orystalline product (36 grems of crude
product) when redrystallized fram petroleum ether gave a constant melt-
ing point of 54,5 = 55 E, Bures (loce. cit.) glves & mp. of 58° for the
4, 6 dichloro derivative.

Onv similar run using twé mole quantities gave ean incrcased yield
of the 6 chloro fr-oction (19.0%) with prectically the same yisld of the
4 chloro product (7). No attempts were made to increase the yield of the
4 chloro product, for the main objective in usin:: this fuulng sulfuric

acid method was to prepare the o-chloro-o-cresol derivative,
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Preparation of @ Chloro-o=greaol from 8 Amino-o-gresol

The 6 chloro-o-cresol was prepered by the following series of
reactions:

oH
QN C H5 h‘zN CH5 f C”_g

_—> e

For the preparation of the 6-nitro-~oecresol, the mothiod of Gibe
son {loo. cit.) was useds A mixture of 107 ce. of unoz (de 1e42) and
300 cce. of glacial acetic aocid was placed in a thiree liter thre:-necked
flask, fitted with a mechanical stirrer and thermometer and cooled in an
fee-salt bath mixture to -15°, To this soluticn was added 100 grams of
o-éreaol dissolved in 100 ec. of glacizl acetie acid during & period of
swo hours. It was then allowed to stand for three hours in the freezing
mixture after which it was poﬁrod into B000 ec. of cold water and allowed
to stand overnight. The product was filtered off at the suction pump and
steam distilled, The distillate, while being collected in ice water,
orystallized in yellow plates which was the crude 6-nitro product. Upon
separation and frectionation 1t boiled at 102 ~ 5°/9 mm. end melted as
69 ~ 0%, Gibson reported a melting point of 70° and a yield of 354 of the
erude 8-nitro product,

By using doubls arounts of ths above and keeping the temperature
below 02 during the addition of the o-cresol-acetic acid mixture during
8 « 3 hours, an increased yield of the crude product was obtained. The

aversge ylelds with these modifications were 39 = 40% of the theoretical,
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An attemp$ was msde to prepare the 8 nitro product by using
Peterson's method for obtaining f2-nitro-m=oresol (J. Am. Chem. SoGs,

&s, 8879 (1933)3 Gidson, J. Chem. Soc., 123, 1269j Hodgson and Beard,
Je Chems Soce, 127, 498 (1925) ).

To a cold solution of 108 grams of oe=crescl in 400 eo, of fum
ing sulfurie acid (20% SOS)' a mixture of 100 ee. of fuming nzso‘ (20% sos)
and 46 e¢. of conc. nitric acid (4, 1.5) was gradually added during one
and one-half hours. The mixture was thus allowed to stand overnighs. (A
charaoteristic ysllow nitro eolor wes observed at the completion of the
addition of the nitric acid solution, bus a black colored solution was
observed in the mornines,) The liquid was diluted with 500 ec. of water and
then stean distilled with siper-heated steam. Only a smull amount of
produst wes e¢ollested in the distillate which when recrystellized from hot
gasaline had a melting point of 83.5 =« 96.800 That this product was the
4, 6 di-nitro-o-oresol was proven by a mixsd melting point with the 4, 6
di-aitro product produced by Gibson's method (pe 16). One other attempt was
made using & 1:1 ratio of o-gresol to fuming sto‘. but with similar ree
sults. It was deemed inmdvisable $o continue with this method for evidente
1y both of the sulfonic meid groups were replaced by the nitro groupse The
yields were too amall $o determine the presence of any of the 6 nitro
product,

Tue 6 nitro was reduced $o the 6 animo by the method of
Proskouriakoff end Titherington (J« Ame Chem. So0., B2, 3978 « 40 (1930) ).
PifSy grams of the 6 nis$rc produc$ was dissolved in 1000 ec. of 35 maH
solution and placed in a 8 1. three-necked flask equipped with a mechanical

stirrer and thermometer. The solution was heated to 90° wharcwith the



heat wes discontinued while about 190 grams of sodium hydrosulfite
(m‘sao‘) were added with constant stirring. (Care must be taken to keep
the tenmperature below 1000.) Innriably. tlie reduction was completed
when a straw~-colored solution was obtained on the addition of the sodium
hydrosulfite, Ton grams of norit were added and the tamperature maintaine
ed at 90 = 95%, The solution was filtered while hot end the filtrate
eooled at the tap, The orystallized product was filtered and dried in an
oven at 40% The erude dry product wus recrystallised from hot CCl, which
gave a constant melting point of 88 - 89°, (The yield aversged 40 = 42%
of the theoretical,)

The 6 anlio~o-cresol was treated with hydrochloric acid, diago-
tized and oconverted into the corresponding chlorine compound as modified
by Miarvel and leAlvein for the preparation of o- and pe chlorotoluene
(organic Syntheses, Wiley and onus, Vol. III, 83)e

The ouprous chloride solution wus provared by dissolving 166
grams of erystallized copper sulfate and 40.5 graus of sodium chloride in
800 60, of water to which was added a solutiun of 33 grams of sodium sule
fite and 21.8.grama of Na(H dissolved in 150 e¢o. of water. Tho mixture
was stirred continually during the sddition of the sodium sulfite solution
and was then allowed to cool $0 room temperature. The solution was dee
canted and washed several times with cold water, after w ich it was dis~
solved with 165 €6, of HOL (4. 1.14)e

Sixty-two and one-half grams of the 8~animo product was dise
solved in 200 ec. of HCl (d. 1.14), eare being tcken to insure complete
salt formation., The mixture was cooled %o 0° by adding cracked ice, to

which was added a solution of sodium nitrite (35 grams dissolved in 100 ce,.
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water) keepinz the S$amperature ag 0°. The diagotized souluti n was then
poured into the well stirred cold cuprous chloride solution (0°)s The
solution became samewhat thick due %0 the separation of the sddition
produetd between the diagonium salts and $he cuprous chloride. Stirring was
sontinued for two hours after which i% was ellowed to warm up to roam
temporﬁturo by standing overnight. (When warmed on the steam beth, no
esoaping nitrogen was ohserved,)

With the addition of steam, during steam distillation, an olly
layer separated on top which volatised with the steams, The light bpown
0il in the distillate wus extraated with petroleua ether and dried overy
anhydrous Gaclz. The etuver was diatilled off and the oil fraotionated
three times under reduced pressure. Tha fraction betwuen 66 « 68°/9 ma.
(3745 grams) was the desired produst. The almost eolorless oil failed %o
erystallize, The proof of its strusture wes identified by ehlorinating
this frestion of 6 chloro-o-gresol in a cold echloroform solution with one
mole of chlorine, mpo B4 » 55°. The analysis of the llquid was as follows:

Anal, Calod. for CpHnOCls Cl, 24.89, Founds Cl, 24.54.



8 Culornen=crenol by tha Fuadng Sulfurde jcid Mothod

It has beon roported (Peterson and Chen, loc, ecit,) that ortho
halogonated phenclie compounds cun be prepared directly by halocenation in
funing sulfuric acid. This method, previously mertioned (p. 13), had as
its objectivo tLe pireparation of this o-chlor-o-cresol,

By sulfonating end ohLlorinating in the cold (pe 13) a maxioum
yield of 19) was obtained for the 6 chloro derivutive, Sulfonation was
then atteupted at roum temperature with the subsequent procedurs the same
a3 in abave case. The yield of the o-chloro product was 21.0 graoams for the
one mole quaniity used (yield 14.8%)e. Another sidfonation carrisd out
%lis time Ly heatlng the o-oresol and fuming sulfuric acid (in the same
proporiicns as above) with the same subsequent proocdure gave a yisld of
only Se.0%e Ko duplicate rezulis were made as clecks since the procedure
was earefully adhersd to in sach trisl rmm.

It 1s senorally believed thet Ly Leatine a sulfonated mixture that
sone of the o-sulfonic acid is chinged tu the p-sulfonis isomer. If this
be true, then with heating there should be an increased azount of p= sule
fonie acid formed and an inoreased amount of the 8 chloro product formed,
However, it was noticed in the above runs that there was a decrease in the
smount of the 6 chloro formed by hecating the sulfonated mixtures and a
sorresponding increase in the emount of the 4, 6 dichloro product formed.
The explanation of this phenamenon 1s largely conjectural,

Chlorination of the 6 chloro frection (66 = 720/9 mm,) in a eold
ehloroform solution with one mole of chlorine gave a dichloro product

(mpe B4 « 856°) which gave a mixed relting point of the same with the 4,



8 dichloro product forned fron 6 anino o-cresol,

Anal, Celed. for 373503L2= Cl, 40.02, Trouxd : Cl, 39.91,
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Tho liotuod Zieportsd Ly Hustun and Bullewd

A series of attewpts were made to pruparc the 6 chloro derivae
tive by the method reported by Huston and Ballard (Organis Syntheses, Wiley
and Soms, Vol, XIV, 14) for the preparation of o-bramophenol. Since Claus
and Jaoksomn (los. ¢it.) meported that the pe sulfonic aeid derivative was
prepared by heating one par$ of eresol to one and cne-balf parts of cona.
sulfurie acid for 6 < 8 hours on the stecm bath, it seemed reasonable that
with the formation of the sodium salt of this p- sulfonic scid, that on
chlorination, chlorine should enter the ortho position, giving then on
neutralization, scidification and hydrolysis, the desired 6 chloro-o-eresol.

The above authors' method was followed rigoroualy using the above
method for the preparation of the p~ sulfonic acid derivative, The amount
of Na(H necessary for this method was ealcuiated to be four moles (Ballard,
Mauter's Thesis, 1932, pe 27)« It w:s necous:ry to omit ome step of their
procedurej vis., the eoncentration and evaporation of the solution on aa oil
dath, which greatly interfered with the subsequent @cidifying and steam
distillation, If the solution was e-ncentreted and evaported, there was
excessive fosming up and charring of the product during the steam distille
atione A typieal runm is a&as follows:

One part of o-cresol and one and one-half part of conc, sulfurie
aeid wero placed in a one liter three-uecked flask and heated on the steam
%ath for 6 hours., Vhen cooled to room temperature, the calculated amount
of Na(H was added with stirring and the Secperature kept below 400, The
solution was then chlorinated (below 40%) $111 ths theoretical amount, by

weighd, had been sbsorbed. (The solution must be alkmline after chlorine



asion.) The product wes thien trancferred to a 5 1, round bottomed flask
to which wos added 350 ee. of cone. mulfuric acid with frequent cooling and
shaking, (Txcessive acid gaused decomposition aud crarring.) The flask
was then fitted for steam distillaticn, which was carefully coutrolled to
prevent some foaming up due to an excess of the liberated hydrogen chloride,
Steam distillation required about an hour, after which the product was ex=
$racted with ethyl ether, The o0il obtained was then slowly fractionated in
& one and one-half foot small side arm Claisen flask, eollecting the frae-
tion between 66 « ?8°/9 mn. as the 6 ehloro product.

A series of such runs were made using varying percentage strength
of Na(H solution, with all otheor conditions remuining the sams. Tabulated
below are the results, using a 1l:1f ratioc of eresol to acid (heating on steam

dath for 6 hours) in one-half mole quantities of the eresol:

% RaGd Go. of Ra(i/ca. Praction: %4 Yield
Used of H0 66~72"/9 mm,
30 80 g/267 oac. 8.0 em. y
40* 80 g/200 ae. 10.0 " 14
50 80 g/160 ac, 10,0 " 14
60* 80 g/133 ec. 8.0 " 11,8
70 80 g/114 ae. 8.0 " 11,8
80 80 g/100 eec, 9.5 » 18.4

¥ Cheoks were made with praetically idontical yields,

A series of runs were also made using a 1:2 ratio of eresol to
oono, sulfuric aocid and heating on the stecm bath for 3 hours. 7The amoun$
of Na(H was caloulated to be 5 moles, The tabulated results are as follows:

(The yields are based on 1/2 mole quantities used.)



% Na& Gae Cf Liuli{/cca Preationy % Yisld
Used  _Of M0 66-727/9 wo,
40 100 g/250 ec, 5.5 gne 7.8
50 109 g/200 cc. 8,0 " 1.2
60 100 g/1868 ca. 6.0 " S.4
70* 100 g/143 cc. 5.5 " 7.8
80 100 ¢/128 co. S0lidified before corrplete

chlorination,

¥ fepeated with practically tue bemo yiolds

It appeers from the ebove results thet an excess of conc. sulfure
ie acid on sulfonation partielly blocks e .lorinstion, <hile with an ine
erease in tie concentratiocn of the Nalfl solution beyornd 50 causcs a de=-
orease in the amount of the 8 chloro formed, The Lest ylelds were obteine
ed by using a 111} ratio of oresol to acid, aud a 40 or =07 NaCH sclutiwm

for the formation of the sodium salt,



nexrlvattveg and fnelrang of DorivatiTag

L e o - S

4 hl-ro-g-craz)]

ssters Crystalline form Hpe . Chlorine
Cale Found
Henzoyl Snall white needles 71.5-72° 14.42 14,29
Renzene Snall  hite erystals 60.5=61.5° 12.67 12.62
sulfonyl
p~ tolyl silfonyl Short flas needlos 98 ,5=97,5° 11,98 11.19

6 Chloro-o-cresol

herzoyl Viscous liquid (bp) 131-133%1 mm, 14,42 13,91
Banzene Licht green eolored 70-72°/1 mm.  12.567 12.85
sulfonyl liguid (bp)

p* tolyl sulfonyl ©mwell flat needles 57 .5=51.59 11,08 11,27

4, 6 Dichlorv-o=cresol

Benzoyl 01ly liquid 1%30-135"/1 mm, 23,95 23,94

The eutors were preparad by the pethed of MNinborn sud Hollsnd (ime,
301, 95 (1898) ) und recrystal!ized frum ethyl celeohol,

Tue p- nitro benzyl either of the 6 ciloro derivative wrns prepared
according to Kamm ((ualitative Organic Analysis, 2nd ed., 1932, p. 1685; Reid
(To Ame Chem. Soce, 39, 304 (1917) )« It recrystallized frou ethyl aleohol
in fine needles, mpe 87 =~ 880.

Anal, Calcd. for Cl4H130§ Cl; Cl. 12,78, Found.; Cl, 12,806
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Chlorination of o-eresol in fumings sulfuric acid geve risc to the
4 chloro~, 6 chloro-, and 4, 6 édiculcro-o-eresols,

‘e structure orf the 8 chloro-o~eresol was dcfinitely estzblishec.
‘itre 6 chloro-o-crasol wus preparcd ty muth:od r:oported by Huston
and pPallerd,

e berzoyl, benzcne nulfonyl and p= tclyl sulfenyl estcrs of the
4 and 8 clhloro-o-oreeols were prepareds Th3 D= nitro banzyl ether

of the 6 clidloro dorivative was also preperead.
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