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JELRODUCTION

Por the most part, the methods recorded in the literature
m- the preparatien of those halogensted phenels in whieh the
| halogens coour adjsvent to the Wd&pﬁwl group are unsatisfectory.
| Rither the preparation requires the use of expensive chemicals
or the method is tee invelved or laborfocus and quite often the
' yhm.m extremely lowe
This inventigation was undertaken with the view of devele
u.ping & more convenlient efficlent procedure for the production of
- tlﬁmc sompounds , tegether with & study of the properties and
strusture of the less well known ones«

BISBRORICAL

A ruview of the literature reveals a great many methoeds
for the preparation of orthe-mons- and dihalogenated phenols. A
brief resums of this material follows:

0 BROMOPHENOL o
1 Direst bromination of phencl in various solvents.
Hibner, Brenken, Ber., §, 171.
Gordun, Proe., (1891), 64.
Halleman, Rinkes, Chem. Zentr., 1910 IX
Neldola, Streatfield, J.« Chems Soe., 73, 601 (1895).
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Diowiddie, Festle C. A+ §, 482 (1912).
Baines, J. Chem. Soc., 181, 2818 (1922),
Skyaup, Beffuss, Bul. Soc. Shim., 48, 809 (1927).
2+ Boating of SebromoeSehydroxy bensole m!.d' in the presence
of water nt 1809 for several hours.
S8ellman, Grothmen, Ber., 17, 2726.
3+ Replacement of the enine graup in néﬁrmmﬂim' with
hydrexyl by mesnn of a dlasonnium intermedinte.
KSrnex, Gass. ohim, ital., &, 368,
Fotblg, Mager, Ner. B, 362.
Holloman, Riikes, Heo. trev. shim, 30, 5l.
4+ Roplacement of the amino group in Z<amine phenel with
bremine by the Sandmeyer reaction.
Meldola, Styreatfield, J« Choms Boc., 78, 68E.
5¢ Passing of bromine vepor throuzh phenol at & temperature
of 180.180°.
Merek DeR+Ps 76597 Ber. 27, R 967,
Holleman, Ribkes, Rec. trav, chim., 30, 77.
6, Bromination of phencl sulfonic asid and carboxylliie
acid with a mixbure sedlum bremide and sodium hypobromite.
bhumilhr, Ber., 42, 4361,
7. 8low bromination of & weter solutien of the sodium salt
of phenpldisulfonic aoid at room temperature and subsequent
ncid hydrelysis at high temperature.
Pakagl, Eutani, Je¢ Pharm. Boc. Japan, BT, 247 (1928),

 Takngi, Kutand, C+ A» &3. 2669«
Pallard, Organies Syntheses, Vol., XIV, page 1é.
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8¢ m-mmmn of phtml. with a mixture of pntuﬂum bro-
nide ua ﬁwmsmu.
I.ikhuhuutw. J. Ma.; mn elumc Sve., 81, 1@19.
(1939}. Cs As 2&. ass«

2, S~DIBROMOPHINGL..
1+ Beplasement of the nmi.m grewp in 2,6-dibremcaniline
with hydrexyl threugh a. diasonnium intermediste.
‘Hlentehen, aun., 255, 281.
Qrten, Coates, mdn%. J+ Chems Sovs 81, 514
'z.. mmmnt of the aming group of a,smbmwm»
phonol with hydregen thrsugh a dlasennium intermedimte.
Mohlen, Ber., 15, 2404.
8+ Disbillation of tetra brm»hml@#hllm with conoen
4rated sulfuric seid.
Buayer, Aone, £02, 1¥8.
4« mﬂng of twn bromocyelohexane to 120-130#.
mmeh, Chems Zentr., 1908 11, 676.
”5« Kuﬂ.ng or a,ﬁwdlbrmdnw&mw benzoie meld to 166% in
the presence of HaOH.
Pope, Wood, J. Chem: Soew, 301, 18RY.

‘a..cmaérm.
14 Direet ohlorination of phenel in verious selvents.
rmm, mlln, Alifie g Aﬁn 503.
Varnhelt, J« prakt. Chem.(2) 38, 22,
Losseny DuR+Ps 188681, Chen, Zentr., 1904 11, 1486,
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£e Treatment mt phmol with sodium hyposhlorite aaluthn.
Chandelon, Huh. ;g,, zm.
S. Heatlng of Ssehlore<phensl sulfenic eidwd in an auboeclaves
Basard, Plamand DeRePs 141TBL, Chem. Zenmtr., 1908 I, 1324,
4« Replaeemant of the wmino group &m vwshloroaniline by an
hydroxyl group.
Beilstelin, Xlatow, Anne, 178, 80,
84 Replacement of the amino group in o-aminophenel with
ehlerine,
Bandmeywr, Ber,, gz.xaau
6. Passing of chlorine through molten phenol at 1850-160°,
Horek, DeRePs, TEEIT,
7. Chlorination of an 2,4-phenol disulfonic acid with sub-
sequent hydrolysis of the sulfonie groups at 200°,
Takegi, Kutani, Jo Pharm. Soc. Japan, 517, 247.
Ce A BQ, 2668,

Z,MWWRWEWL.

1. mm nhurlnaﬁm of melbed phenole
mnmn. m, tm; ahhﬂu 37, 97.
Yisoher, Ann. (spl.), T, 28l.

£+ Beplacement of the aminoe greup in 2,6-dlohlere-t.amine-

phenel with hydrogen by means of & dlasonninm fntermediate,
Beifert, Ann. (sple), T, 208.

8. Treatment of phenmol with sodium hypechlorite.
Chandelon, Ber., 18, L7628,
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&, Beating of 3,6-dishloro-d-hydrexy benseis aeid with
valeiun iﬂdﬂﬁ .'

Zineke, Ann., 261, 251.

' 6+ Chlorination in aliline molution of the sodium salt of
pepheno] suifonic seid and the removal of the sulfonie group
W W&ﬁmfta st & htgh tnmpémﬁurm

 Teneki, Kutani, J. Pharm. Sos. Jepan, 541, 196 (1987).
Ce Ae 21, 2068,

s.,mmwmen.
1+ Heabing Mrmmwarm«amam bensois meld with
| 112“4. |
" pobertsen, J Chem, swu. 93, 789,
mmmd.wm
1. mwking the pebmstrm ne.lt of Mhlom—»aubwvm toluene
sulfonis acid (5) with dilube sulfurie seid te abeut 130°.
. Pahlberg, List & Co., DeRePo 266345, Chem. Zentr.

2018 3, see.
mﬁhig; ﬂaﬂt?ﬁ 1&%0" Chema mt’*‘ % ;, 1448,

‘aawmwmm.
by ‘. 1 mdmthn of 2-nitrosmeeresol to the corranpand&ng amino
| &m& nphmmm of th«a m&n« group with bromine.
Bedgeon, Board, Js Chem. Soee, 127, 498 (1925).
2. Direet bromination of mesresol in four volumes of fuming
sulfuric aeld and removing the sulfonie groups by hydrolysis
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with steam st 180.200°,
Buston, Peterson, J. Any Cheme Seo., 55, 5380 (1088).

4~BROM)-M-CRESOL »
1. Blvest brominabisn 6f m-orescl in earben tetrachloride
at <6° ta <10°. The compound melted st €3%. Ho preof of
l*&tsaWi m givene
" Walther, Zipper, Je. prs Chem. 91, S64-414e
%+« Replasenent of the smine group of d-aminp-m-cresel with
bromine by diasptisations A melting point of $6° was ob-
talned.
_ Hedgson, MNoore, Ja. Chems Soe., {1906) 2086,
%+ Dlrect drominetion of mecresel in chloroform at «10%,
Huston and Hutohinson, J+ Ams Chem. Soe. B&, 1504, (1932).
4. Bronination scetwmetoluidine in soetlo aeid to form
2-bromo-B-aninotoluens, falimd by the replaeemsnt of the
amine group wwh thydrexyl by the dimzonnium reset s.un-
Mcn, Buatohinsan, J. Ams Chem, sw‘, 54, 1804 (1938).
5+ Divest bromination of mecressl in glaeial apetic acid
in +the mlﬂ(l'.& melting point of 68° is reperted.
Darense and Levey, Compte. rend., 193, 292 (1931).
6 BEOM) « .C REGOL. o
1+ Along with d-bromo-m-cresol by bromination of m-crescl
in chlereform at =10% The product did not melieify.
Huston, ‘Ratehinson, Je Ams Chem, Boe., B4, 1504 (1032),



Be w replasemsnt of the wwsinoe group in the lwavwhloﬂ«
of Geaminpemmeresol with hrml.m by the Sandmeyer resvtion.
Huston, Peterson, J« Ame Chems Soc,, 68, 38680 (1933).

2,8.DIBROM).M.CRESOL wag reported from this laboratory by Huston
and Peterson. It was obtained as an oil,
Huston, Peterson, J« Ame« Chem. Sec., BS, 3880 (1933).

RoCHLORDwM<C RESOL ,
1« Along with 4wshloro~ and S-ohlero«m~orescl by the
ehlerination of mecresol in carbon titra chloride with o
gaturated solutien of chlerine in oarbon tetra ohloride.
Gibaon, J« Chems S06e, JA26 (1926 )
2. Replacament of the amine group in Zeamineemesresol with
ehlerine by the dlazonnium resstion. |
Baston, Chen, J« Ame Chems Soe., 55, 4214 (1938).
8. Direvt ehlerinsbion of the sodium salt of 4,6-phens)
disulfonie acld with subsequent hydralysis of the sulpenie
groups at 2O0°.
Haston, Chen, Js Ame Chems Soc., B8, 4214 (195%5).

#~CHLORQ.M-C RESOL o
1. Diraset ehlorinstion of m«tresel in the vepor state.
Bredermann, Ber.s §, 326 (1878).
B uhmrmm&m of meerasol in a cold solution of glacial
acetis acid. Meps 56%.
Exlle and Cos, DeRePs 90B47; 93604,
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8¢ dstion of sulfuryl chleride on mxnol; Meps BR-55%.
~_Peratoner and Conderells, Gass. ohim, ital., 28 I,
215 (1898 ),
&, Ohlerination #f s teehniscal mixture of m- and p-eresols
with sulfupyl chloride. Only the m-oresel was found to be
attacked.
Baaehig, DeRePs, 232071, ,
6+ Chlorination of mixed eresels followed by sulfonation.
Only the 4«chlorown~eressl is sulfonated and can be readily
separated,
Siebreoht, D.RePs, 238118,
64 Along with Ewohlora~ and S~shloro-m-cresol by chlerinat-
ing & ocarbon telra emﬂn solution ¢f meeresol with a
ssturated selution ef chlorine in carbon tetya chloride.
Gibson, Je Chom: Soe. J424 (1926),
7+ Treatment of mecresol with & Mﬁrﬁ arf aulfuryl chlo~
ride and chlorine. |
Lasehinger, M. B4 1847586
8, Nitration of o-chlorstoluens tp form s=chlore-S-nitrotol-
wenss Redustion of this eompound and replasement of the
anine group by hydroxyl by means of a dlasonnium intermediate,
Huston, Chen, J« Ams Chem. Soc. 58, 4214 (1933).

£ ;4-DIC HLORQ~M~C RES QL »
) Mﬂng a caloulated ameund of shlorine fate a warm
solubion of d«chlare-m-oressl in squeous sgdiuwm hydrogen
carbonate. Mepe 4646,
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Walther, Sipper, J. prakb. shem., 81, 574 (1864).

%+ Chlorination eé mv«nlk in emrbon tetra chloride in the

eold,

Tanakl, Worakewa, Sakamgto, J« Chem, Socs Japan,
. Bls R76 (1980). C. A+ 26, 708,

3. Dirveed ohlorination of 2-ohlorg-m-oresel with a calculated

ampunt of chlorine in chloreform in the cold. M. p. 68°,

| Baton, Chon, Je Ame Cheme Seas, 65, 4217 (1933).

4+ Direcs. nmrlmﬂun of &«-«hmrmmal with a calouw

lated amount of ahhrm in ehlamﬁm in the anxd, Mepe 88°.

Huston, Chen, Jo Ame Chems Sooa, 88, 4217 (1933).
MIXED m&mm-wmm.

1+ Heplacement of mn group in 2«ohloro~d-bromo-G.anings

miuﬁ with :uhluriﬁe yielded 2 y6+dichloyg-d-bromo-mwsresoly

‘melting st 66%, |

Eniford, Lesvell, J« Ams Chems Soc., 38, 1509,
2. m:ml bromination ua? d-chlore-n-aresel in glacial acetis
acid gave 2,8-didrome-d~chlorgsm-cresol melting at 70-75.8%,
‘Walther, Zippez, J. pr. Chemd(2) 91, 378,
SULFQUATION OF PHENOLS .

Investigations imto the wae of pulfonic eoid groups as pro~
teobing agents in halegenation and nitration of phenols haa been
exrried sut by a nusber of workerss It is well known thet replese-
ments of sulfonic soid groups by halegen take place with more or
lots ess¢ in the presense of aqueous weld.

Datike (Je Ame Cheme Soos, 43, 305 (19R1)) reported quanti-
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Sative yield of 2,4,6-tribromsphenel when an aquesus solutien of
phanel wone-. and d-sulfuniec acids are treated with bromine;
2, 4, S«trishlorephensl when they sre shlerinated, He feund that
the ring was astivated in the pesition wooupied by the sulfonie
group, allowing the hminc to enter with greater ease than in the
uwacocupled positions. The ehlosination ef 2,6-mworessl desulfonie
sold in aqueous selution (Datta, Kitter, Ju An. Chems Sec., &1,
£OS3 (1919)) yielded & compsund melbing at 45% which was sssumed
0 be 2,6-dichlorgeneoresol.

on the other hand it has been found that if the sulfenie
groups are in the form of thou mﬁium salte, ﬁh.y are net readily
rqplamd by halogen end serve as afﬂe&mﬁ blecking agents. Tanaki
and Kutend (J. Phavm. Sov. Japen, 541, 196 (1827); C. A« 21, R265)
obtained goed ylelds of 2,6dichloro phenol by shlorineting the
sodlum salt of pphensl sulfonie ascid in slkaline solution end ye-
meving the sulfenie group by hydrolysis st high texperature in the
prosence of seid. By s modificetion of this method, Teksgi and
ratani (J Pharm. Soc. Jupan, BIT, 260 (1928); €. A. 20, 2669)
have prepsred Z-shlo#u phenol in good yield and 2-brems phenel in
somewhat lower yield.

Ballard (Organie Sywtheses, Vel. XIV, p. 34) has developed
4 teehnique for the efficlent produstion of E<bremophenol .

Joddfying & method developed ly EKauffmann and DoPay (Ber.,
87, 726 (1904)) for the preparation of Z-nitroresoreinel, Gisen
(J« Chem. Bov., ARS, lﬂﬁﬂ? (1923 )) and later Hodgson and Beard (J.



w 1)l

Chem, Sou. ;&_,,. 498 (ms)) used fuming sulfuric seid te proteed
the four and six puitiam of m-ornal dnring nitration,

am yields at a-brmmmmﬂ (mstm, Poterson, J. Ams
Chem: See., 58, 3880 (1983)) and Zeshloro-u-evesol (Huston, Chem,
BB, 4234 (1955)) were obtained in this \eboratory by brominating
or ohloginating meeresol directly with one msl of halogen in four
volumes of fuming sulfurie seid and then removing the sulfonie acid
gryuya' r‘by hydrolysis with superhested steam at 1804200%

EXPERIMENTAL

. Bumerous attempts to Mw& this methed to *shc pupnmttm
of a ,M&hrmphmal and 2~hr¢mph¢ml failed bo give uaﬁht&chﬁy
‘ u_mmu Tt was found that $f enough sulfuric asid was used to
MP the piaenﬁh in gelution during the bromination, that sulfons.
tion took place to tee great en extent and the phencle would react
with anh & nml pordion of tho ealwlated bromine, If en'.ly engugh
mlMl.e mm was used to sulfonste une position, the phenols would
ﬁiﬂtty afier a small amount of bremine had been added and further
qdﬂ&iiun §£ brontne would resuld in the formatien of tribremephencl.
Finally, however, a small asount of 2,6@;&:«;&@0@1 wan emima'
by tm. Pollowing procedure:
81 grame of phenel was treated with 68 grams of aemmt_nted
sulfuric seid at 100° for 3 hours, covled, snd a mixture of 46 grams
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.: m&ag m}.mu wold (48%) and 25 grams of cono. sulfurie meid
nddeds 86 grams of bromine was added befors the mass selidified.
Bromination was discontiinued and the mass subjected te steam distil-
lation et 200°, 20 grams of 2,6~dibromephenel was obbained, bokling
ot 80-90% (4 mm.)s

This roaotion indﬁuﬁod that the sulfonie aeid groups were
effeotivaly blesking the para position of the phenel and that the
halogenation might take place as desired if carried out in an inert
anhydrous mivmh aowrawm, s punber of runs wers made in
vavious selvents, ineluding petroleum, ether, gaeoline, kerosens
and nitrobensene. It wes found that freshly distilled nitrobensene
was very well suited to the purpass and the fellowing procedure
wax develepsd whish gave wxwellent yields of £,6+«dibremephensl .
811&% modifications gave satisfactory yields of 2.bromophensl,
a,mmmnphmx. E«thlorephenal, 6-bromp-gwsyesel, and E-shloro-

pwcPresnl.

2 ,6-DIBROMOFHENOL AND R-BHOMOPHENOL: A mimbure of Sl.3
grem (1/5 mi) of phenol and B0 grems of concentrabed sulfuris
acid (d. 1.84) was hembed with stirriog at 100-110° for two hours
on an ol bath. I% was cooled snd 100 graus of freshly distilled
nﬂmw:xaonu sdded, Cooling wes continued while 16 grams of fuming
sulfuric asid (49%) was added at such a rate thet the temperature
did not ﬂ#q sbove 10% 107 grams (R/5 mol) of bromine dissolved
in B0 greve of nitrobensens was added dropwise over a period of
2 heurs, and uﬂwm was econtinued for an hour te complete bromina-
tion, One liter a!‘ mtn in which 5«10 grams of sodium bisulfite
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M bun ammvw wes sdded, The water and resction mixture was
thwmm wmca for 15 minutes to facilitate extrection of the
m:utmttd pmu). sulfonie aaida- For tht most part the tribrome-
phanal rmw.md in tm nt‘ambmnem. This wes drawn off by means
of sepurating Mu&l and ﬁhﬂ eolubion of sulfenic acids wa» evapo-
reted from a £-liter flask, suttably equipped for steam distillation,
on an oil bath matntained at 200°, The distillate sbtained during
the mpvmﬂm sontained s small amount of nitrobensens and was
dumrdﬁd- When ﬁhe tm&uﬁw& af the aulfonie aelid solubion
reached ua“, stemn, superheated in & capper ceil, was passed through
it, Tha tampommn of the oll hath e minhaimé at 200°, while
tha 'hamyeuww or the contents of the nuk eentinmd ‘@m rise tn
1?5~W mxring ﬁm hydrolyais. m brominated phm:u were ox-
‘tamta& t‘rm the distlllate with ather snd the phsnﬁl residue, after
s‘vupeutian M‘ the qther, was distilled under reduced pressure (4 mm.)
'fﬂm a m&ifuﬁ Claisen flask having a 35 em, column. Under these
con&ifki.um;u'-iﬂ&% yield of 2-bromephenel boiling at 55-60° (4 mm.)~
190-391 (740 mms )+ mnd & 72.7% yleld of 2,6-dibromophensl (M.p. 65~
35!) bolling st 80-00% (4 mm.)-255-256° (740 uﬁs.)..;. were obtained.
Anelyeiss Oalo. for CyNgOBrp: Br, 85.4. Pound: Br, 62.9.
. in arder to dstermine the effect of the amount ef sulfurie
‘_g.ciﬁ on the yields of 2,6<dibrome~ and B«bromophencl, a number of
mnﬁ wavre made using the above procedure with the emception that
1n§rm.ing amounts of sulfuric aeld were used in succeeding runs,
starting with 45 grams. As would be expected, the mmount of bromine
can be gradually reduced, without reduoing the yleld, as the emount
of sulfuris aoid is inereased.



I. BrILOPUDNOLS

Qrder Graugs of Yield of figld ot

of runs 5804 ussd 2,8-Dibromophenol 2~Bromophenol
) (#)

1 45 60.0 10.0

2 60 727 10.4

3 585 65,5 14.0

4 60 64 .8 18.2

5 65 54.9 25,4

g 70 51,4 29.3

7 75 40,0 2.6

8 80 35,0 34,8

e 85 32 .8 36,0

1C 20 29,6 45.0

il 28 9.5 &8 ,5

12 100 8.5 46.0

2 ,5=-DICHLOROPHENOL 2-CHLIROPHENGL: Resctants were usmsd
in the same guantities and under the saue conditions as in the
preparation of the bromophenels except that Z00 grams of nitrohen=
zanz and the nibrobenzene soclubtion of sulfonic acids was rainteinsgd
ak 550 while chlorine was passed untll no furthey reaction tosk place.
The following table gives the ylelds resulting from the ussg

of lnereasing acounts of sulfuiic acid:
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ii. CHIOROPHENOLS

Ordey Grams of Yield of Tiold of
of yame H80, wed iﬁ*mm-npnomx ?;Smnphmi

1 s 6 19
2 5% o5 20

s - o 18
.4 68 70,3 17

s n 66.8 18

6 80 80 39

7 a8 89 6248
8 %0 59 58.3

9 95 31 &9
10 100 24 ™
1n 208 274 668
1 10 20 o4
18 118 55 62

A maxd Yield of T0.8% of a.s«diehuwphtml {Mups 66«
e'r“) bm,ing ot BO-B5® (4 mm.)e219-220° (740 mm.) and 72,08 of
Zwchlergphens) boiling at B0-55% (& mm, )«177+178% (740 mn.) were
a&a&ma@
 sysis. Cale. for CgH,0C1gt C1, 45,6, Pound; ©1, 43.4.

S-BROMD-0-CREBOL: Bromination of 836 grams of owcresol atb
5-10%, using 56 grams of sonoentrsted sulfurie asid, 100 grams of
pitrebensene and 60 grame of Dromine in 5O grams of nitrobensene
gave & 60X yleld of erude Sebromowgworessl boliling st 5666 (4 ma.)
which contained sbout 8% owcresol, When redistilled through a
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o0 eme wolium {(surrounded b.v an evasuated Jacket) a pure preduct
wan obbained. Be p. 2064207 (740 mme)s
Apalysis, Caled, for CoH,0Brs Br, 42.77. Found: Br, 42.3.
A small amount of 4,G6-dibyeougev+cresol was obtained boiling
at 105° (4 mme).

§-0HIOBD0-CHBS0L: 86 grams of gseresol ohlorinsted at
65°, using 60 grame of concentrated sulfurie seld and 200 grems of
nitrebensene, yieldsd 30X Geshlere-o-oressl boiling at 45.80% (4 mm,)e
188-189° (740 mm, Joand 12X 4,6-dichloresomaressl boiling at 73787
(& mme)s

2«BROMDH-CREBOL, 4wBROMO~M-CRESOL, G+BROM)-M-.CMESOL and
R, 8-DIBROM).N-CHESOLY Seweral runs were carried out using 36 grams
of meeresol, 36 grams of concentrated sulfurie asid, (Ber., 2O,

3089 (1867)) and other resgents in the emounts given in the procedure
for bromophenols. It was found nevessary to brominste at 56.80%

o prevent precipitation of the sulfonie acids before the resction

ﬁ‘n completed. Two fractions weye obtained. The first, boliling
_ot 60-66° (¢ mm.) « 234.216° (743 mm,) « was fdontified as B-bromo-

meeyesols Ib was obbtained in sn average of 7% and solidified en
“atanding in the receiver. When crystalliged rapidly from a small
ampunt of petroleum ether, it formed a sheaf of tetragenal erystals.
Slower eyystallisation from a greater amount of selvent gave large
solid priems, m« p» 61w62%,
Asalymis, Celod. for C,HOBR: Br, 42.77. Found: Br, 42.4.
The sesond fraetion, boiling at 102-105° (4 mm.) slso
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so1idifled in the receiver, However, toward the end of the dis-
$111ati0n & small amount of materlal seme over at about the same
terporeturs which did not solidify. (This was sssumed to be due
%0 the presence of & small amount ef d<dromp-m-cresel and 2,4-di-
brompemecrenal, whieh have epproximately the same boiling poimt.)
This sellid fraction was shown by snalysis and the following series
of reactions to be 2,6«dibromowmeoressls Yield 28%. It crystale
iized from petreleum ether in clusters of needles whioh melted at
86.5-8745° and formed & petoluene sulfonyl ester (Einhown and
Holland, Anne, 301, 86 (1898)) melting at 151-132%,

-Anelysis, Caled. far C,HOBrp: Br, 60.16, Found: Br, 85.7.

PROGF OF STRWCTURE OF 2,6.DIBROMO-MLRESOL: Pure 4-nityos
mecresel; prepered by the methed of ftwedel and Kele (aAnns, 259,
210 (1890)) was brominated with two mols of bromine in glecial
acetie meid (Claus, J, prakb. Chem«(R) 39, 61 (1888)) at 16.20°
and the resulting 2,8w-dibromo-d-nitrpem-cresol was reduced by means
of stannous phluride and hydroehlorie edid (Resford, Am. Chem. J4,
48, 419 (1911)).

The hydrovehlgride of 2,6~dibromg-dvamino-meorescl was
alasotized Wy {;ho. procedure of Bigelow, Johnson and Sandborn
(Organie Syntheses, Vol. VI, p« 16) and an unsuccessful atbempt
wns made to prepare 2,6~dibromo-mecresol by reducing the diasonnium
group with sleohel in the presence of finely divided ecopper. (Husten
and peterson, J. Ame Chems Soo., 6 3881 (1935)). The first frac
tion obbained by the ateam dlstillaiion of the reaction mixbure rew



T, .

mained an oil, while subsequent fractions solidified in the re-
ceiver and were shown by anelysis to be 2,8«dibromo~4-chlore-m-cresol.
Recrystallization from petroleum ether gave needle clusters ml-b'lng
at 683-663"., Analysis of the liquid frection coming over in the
first stages of the steam distilletion for halegen indicated & mix-
ture of Z2,6~dibromoem-cresnl and 2,6-~dibromo~4~chloro-mecresol.
Direot chlorination of this fraction in ohlorvform, after repeated
attempts to purlfy it had failed, gave 2,8-dibromo-4-~chloro-me
cresol melting at 683-693°. fThe petoluene sulfonyl ester (Einhorn
and Holland, Ann., 301, 96, (1898)) recrystallized from alcohol
melted at 108-108°,

Conclusive proof of the atructure of the 2,8-dibromo-m=
cresol was cbtained by chlorinating it directly in chloroform to
the 2,6~dibromo-4«chloro«m-cresol which was also prepared by the
bromination of 4~chloro-m-ecresol with two mole of bromine. In all
cases the identity of the produets was checked by ester formation
and analysis.

An attempt to prepare 2-bromo~ and G-bromo-m~crescl was
made by brominating 36 grams of mecresel (1/5 mol) and 36 grams
of concentrated sulfuric acid in nitrobensens at 5-10°. However,
the reaction was found %o yield s mixture of 25 grams (40%) of
2-bromo-m-cresel Wmiling at 67-70° (4 mms) and 5 grams (8%) of
;:;;;;oAMncresul boiling at 105-1055'(4 ﬁﬁ.). The latter formed a
mags 0f very fine needles when recrystallized from petroleum ether
which melted at 58%-59%“. I¥s p-toluene sulfonyl ester melted at

1121139, Reeryatallisation of 4~bromoem-creseol, prepared by Huston
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«nd mﬁahﬁlmm (h Ams Chams Soe., B4, 1508 (1982)) gave the same
ml*h!.n; ;M.at z‘rm the same solvent, and Mt prteoluene sulfenyl
ntw also ml%d at 11&118“ To tuﬂ:tm' prove the structure of
the 1081069 trwﬂm, 4-nitro-mecresol wea redused by $in and
wdnhrm mm& in ._mmm solution, the method used being
‘adapbed fvom that of Baifard, (Am. Chame Je, 46, 419 (1911))s The
hwdrmhm@“n- of d-anmino-meeresol was diagotized in hydrobromie acid
nluﬁbiam Repleeenent of the dimsonnium group with bromine by the
smij resstion (Organio Syntheses, Coll. Vols I, pe 131.) yielded
&-brﬁwmrnﬁl, which was identified by the melting peint and thet
of its p~toluens sulfonyl ester.

In order %o prove the strwiure of ﬁ.&-ﬁhhlvwmarunl
u%uimd in the ahlarimtimx of m-crosol wlrenu neldw8, Gebromp.
'Mrual wes prmnﬁ by the m:.lzeﬁng seguence of resctlone:

S-nitro~-m~cresul, the velabile fraction obtained in the
nitzation of mecresol by the method of Stieded and Xsib (Anne,

258, 219 (1890)) was reduced to the eerresponding smine omyaunén‘
wii'.h sodium hwdvnulﬁﬁa (Arwers , Borsche and Weller, Ber, 54,

1315 (1923))5&3:15%:: lmd ?ﬂanm, ~d+ Ane Cheme So0., 88, 3680
(1%3))- m l&minémrowl thus abfkainw. was diazotized in
sulﬁﬁe acid mlui;’tm and the diaéanninm group replmaced by bromine
in ﬁhsv presence of euprous bromide end hydrebromic acid eceording

4 1 -Qhe rmethod reported by Bigelow (Organie Syhtheses, Coll. Vol. I,
Pe ﬁ;). The produet was obtained as an oil by extractlien with
ather and m w;iﬁ-i by distillation under reduced pressure (4 mm.)
B. P T0-75% (4 mm.) - 210-812° (745 mm.), Upon sbtanding in the



receiver the S-bremo-m~craesol solidified.
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angular prisms when reerystalllzed from petroleum ether.

tie pPo B383-393°.

It formed in solid

Its p-toluene sulfonyl ester melted at 85.5-90.5 when

crystallized from alcohol.

Analysis. Calcd. for G?H,OBr: Br 42.77.
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Found: Br, £2.8,

CH,



w Bl »

2-CHIORD-}-C RESOL, 2 ,4-DIC BLORO-M-C RESOL, 2,6-DICHLORD-
M-CRESOL AND 4-CHIOBO-M-CEESOL: A nuubor of chlerinations of me
oFesol sulfonic aeid were carried cut by & procedure similar to
that used Pfoy the bromowi-eresels. 86 grams of meeresol, 36 grams
of concentrated sulfuric¢ aoid and 200 grams of nitro benzsne were
useds Chlorinabtion was carried on to saturation at room temperaw
ture.

In this oase three fractions were obtained frem esrefull
distillation under reduced pressure in a modified Claisen flesk
heving a 66 ome column (2 oms bore), the first fraction boiling at
55+57° (4 mm.) - 195<196° (740 mm.) - solidified in the receiver
and upon rapid erystalliszation from a small ampunt of petreleum
sther gave a sheaf of fine tetragonal erystals melting at 49-50°,
Prom & greater mmount of solvent large \solid prisms were obtalned.
Analysis and properties of this compound identifies it as Z-chlore-
mesresol, Yield -~ 14X,

Analvais. Caled. for c7n‘,,aﬂlz tl, 24,91, Pound: C1, 24.8.

The second fraction, coming over at 75-80" (4 mm.) - 255
2369 (746 mm.) = alsp eolidified in the receiver and crystallised
from petroleun ether in clusters of needles melting at B58-58°, Iis
p~toluene sulfonyl ester formed in small platelets from alcochel
which melted at 101-102°. These conatents and the gequences of
reactions below show it to be 2,4<dichloro-m-dresol. Yield - 254,

Analysis. Calcd. for C,H,001,: C1, 40.1%., Found: C1, 39.35.

The third fraetion boiling at 80-85% (4 mm,) = 239.5-240.5
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(746 mm,) « gemimd an il at room temperature. Analysis and the
reaetions given below show it to be 2,6-dichloro-m-cresol. Yield ~ 6X.

PROOF OF STRUCTURE OF 2,4-DICHLORO-M-CREBOL: 2,4-dichlore-
meoressl obtained in the chlorinetion of m-cresel sulfonic acid-6
in nitro benzene was brominated with one mel of bromine in ehloro-
form at 0. Clusters of fenthery erystals crystallized frem petro-
loum ether whioch melted at 58-89%, the p~tolusne sulfonyl ester of
which melted at 956-96%. Anslysis of the compound showed it to be
a monobromo~dishlero-mweresol.

Analysis, Caled. for GTHsG‘BMlg: halogen, 58,98,

Found; halogen, 89.6.

S=broms-mwcrescl ;}reparad from Genitro-m-orescl by the
reactions discussed above, wes direetly chlorinsted in chlorgeform at
0° with an amount of chlorine celculated to oscupy two posit'iam.
{Houben Die Metheden der organischen Chemrie, Vel. III, p. 799;
Ber,, 35, 4%u, 2764 (1902))s The compound obbained was shown by
nelting peint, analysis and ester formation te be the same as the
one obtained by brominating 2,4«dichloro-m-cresol,

PROOF OF STRUCTURE OF 2,6~DICHLORO-N-CRESOL; 2,6-dishloro-
megresol was isolated mlong with 2,4~dichloro-m-cresol in the re-
actions described above., It wae brominated directly with one mol
of bromine in chloroform at \ﬁo to 4~bromo~2,6«dichloro-mwcresol
which crystalliszed in needle clusters from petroleum ether msiting
at 64-65°, The patoluene sulfonyl ester of 4-bremo.2,6-dichloro-
mecrosol formed in needles from alcohol which melted at 1058-1063°.

Analysiss Caled. for 0755081'8133 halogen, 68,98,

Pound: balogen, 55,8,



4-nitro-mworessl (Staedel, Kolb, Ann., 258, 210 (1890))
was chlorinated with twe mols of chlorine in glacial acetic acid
(Huston, Chen, J« Ame Chem, Soo., 56, 4217 (1933))s The 4-nitre-
2,6-dichloro-mecrasol thus obtained was reduced with tin and hydre-
bromic acid. (136 grams of 4-nitro-2,6-dichloro-m-cresel was dise
selved in 600 ees of alcolwl and 108 grame of mussy tin added.
45@ ooy of 48X hydrobromic soid was added to the beiling mixture
dropwise, with centimued refluxing. After reduetion was complete
the hot solution wes powrsd in an equal velums of 484 hydrebromle
acid. The oryetals of the hydrobremide formed in fine needles upen
eooling overnight in a refrigerater, and were removed by filtration.)
Replacement of the amine with bromine was accomplished by the precedure
of Bigelow (Organic Syntheses, Coll. Vel. I, p+ 131) and the eil
obtained wen fractionated at & mm. to remove the underchlorinated
poriion. The desired 4-byomo-B,6-dichlero-m-erescl came over at
110-120° (& mms)e It erystalliszed from petroleum ether in needls
clusters melting at 64~66" and 148 pwtoluene sulfonyl estor melted at

1083-1062",
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Mecresol was chlorineted Ly the procedure used for the pre-
paration of 2,4-dichloro-mecrescl, 2,6-dichlorc-m-oresol and 2-chloro-
mecresel with the exeeption that 45 grams of sulfurie acid was used
for 36 grame of meeresol end chlorination wes earried oub st 80°. At
this temperature absut &L of tlu; mesyrescl was chlorinated in the 4
position,the greater part being recovered unchlorinated, The 4-chloro-
meoressl bolled at 83-36° {4 mm.) and formsd e mass of fine needles
from petroleun ether which melted at BS5-56°,

puring the shlerination of mecresol st 25%, & mass of yellow
leafliets precipitated from the nitrabentene which were remsved by
f£iltrations They were slightly soluble in alevhel and ether, but
insoluble in petroleum wther, hot webter, and cold contentrated sule
furie aeid. They dissolved in hot concentrated sodium hydroxide, the
solution darkening to green-blesck.

Qualitative analysis for elements showed carben, hydrogen and
ehlorine to be present; sulfuy to be absent. Saponification tests
indlcated chlorination of the side chain, Decomposition cccurred
at 196° when crystellized from aleohol. It is possible the compound
may be mehydroxy-benso-trichloride.



DIBCUSSION

It is reported by Claus and Krauss (Ber., 20, 3089 (1887))
that sulfonation of me~cresol with an equal amount of sulfuric acid
at 110-120° for 2 to $ hours produces a 5/6 yield of meoresol sul-
fonle acid-4+ Since simllar conditions yield p-phenel sulfonic
scid, bromination and chlorinetion of m-eresgol sulfonie scid in an-
hydrous nitro bengene was expected to yleld mainly 2,6-dibromo- and
2,6«dichloro-m~cresols. This was true in the bromination reactions
although & small amount of oll was obteined along with the 2,6
dibromo-m-oresol fraction which would not solidify. 1In the chlor-
ination reactions 2,4~dlchloro~m-cresol wae obtained in greatest
yield aleng with an oil whieh was shown to be 2,6-dichloro-phenol.
Under modified conditions both 4~bromo~ and 4-chloro~-m-crescl were
obtained. It would seem in the light of these results that m-cresol
gulfonie acid is not formed in the amounts reported by Claus and
Krauss but that a mixture of the ¢ and 6 sulfonic acids 1s formed.
This conclusion is supported by the work of Haworth and Lapworth (J.
Chem, Soc., 126, 1299 (1924)), who studied the action of concentrated
sulfuric acid on m-cresol at various temperatures. Treatment for one
hour at 30-35° gave the 4 and € sulfonie aeids in a ratio of 1 to 2.7;
1 to 2 at 100°, while at 120° the produst was mainly m-cresol sulfoniec
acid-6. That 2,6-dibromo~, 4-bromo~ and 2,4~-dibromo~m«eresel could come
over in the same fraction, and 2,6-dichloro-, 2,4~diehloro- and 4-chloro-
meeresol conld come over at approximately the same temperature is shown

by the following boiling points for these substances:



4+bromo-necrssol

2 4~dibrong-meoreoscl
2 ,6«dibromo-mmoresnl
4-thlorg-nweyesol

2 yd«diehloro-uesrescl
2,6-dichlorp-n~aresol
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138-140° (16 mm,)
130-140° (16 mm,)
140~146° (16 mm.)
231-235% (746 mm,)
255.286° (7486 mm.)
239.5-240.6° (748 mm,)

SUMMARTY

I - Bromination and ohlerinatiien of pephens) sulfonie acid in ane

hydrous nitre bensene gave excellent yields of 2,6~dibromo-,

2,6+4%0hlore«, R-bromp« and Rechleyephensls,

IT « Bromination and shlorination of the para sulfonic scld of g-

erﬁal in aphydrous nitro henzene gave S«bromo-p-cresvl and

S«chlorg-t-crenol.

111 « Bromination and chlorination of a mixture of m-oreso) sulfonic

acid~4 and meoresol aulfoniec acid-6 in anhydrous nitro bensene

under various conditions gave 2-bromo-meoresol, ‘4~bnm~h-

eresol, 2,6-dihfomp-mecrespl, 2-ohloro-meorescl, 4-ehlorc-me

eyesol, 2,4-dichloro-me-oresel and 2,6«dichloro-m~cressl .

IV « Gebromp~m~cresol was prepared in erystalline foym from G«nitro

mecresol«

Vv « Sulfonie acid groups on the benzene ring of phenol and phenol

darivatives were shown to be stable toward halogenstion if

carriesd out in an inert anhydrous s@g.unﬁ,



