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QUINONES-VII’ 

HALOGENATION AND OXIDATIVE HALOGENATION OF PHENOLS 
WITH HYDROGEN HALIDES/HYDROGEN PEROXIDE. 

SYNTHESIS OF p-CHLORANIL AND p-BROMANIL 
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Hydrogen peroxide oxidizes ItydroBen haiitks (HX. with 
the exception of bydroBen lluoruk) to the hak@=s= 

so&ted HX is invdved in reaction (I)! Hence we 
performed the chkrinations and bmminations with 

(reaction I). concentmted bydrogxn chkuitk or hydrogen bromide 

H&+2HXY-X2+2Hfi 

and 3096 bydrqgen peroxide. 

(I) Employ& 85% hydrogen peroxide have no better 
results. As we found, the yields could be raised or the 

XztH&Y-&tZHX (2) amount of ItydroBen peroxide dimii by addiv 
maBtrcsium chloride as a cataiyst. This is probabIy due to 

X=Ci.Br.I an effect of the magn&um cation. 
As can be seen from the tabk. chkrination and 

This reaction has aheady been used for the in situ bromination of phenol. hydrquinone and catechol is 
gmcdk-m of hak~etts in the synthesis of chkro-. 
bromo- and iodo-hydrines or L2di~ 

possibkwithnearIy stoichiometric amountsof hydtqtcn 

aIkenes,‘” 
from peroxide. Apparentiy the fast ha&&ion of the 

in the chiorination of ketoll~s~‘~ in the 
chioti&on and bromination of sub&t&d ad&s,” 

phenols competes effectivdy with reaction (2). . 
In contrast chiorination of 1 to 10, an interm&& 

in 

hydroxybmzoic acids” and h~dro~~&ttokts,” in the , tbc F of chkmnii from phenol, proceeds 
chkrinatkt! of 3-am~nopytidine.” arylisoxazoks,” 2- slowly. In this case more hydqen peroxide is iost by 
m&y-k and octaethylporghyrine,” in the 
bromination of nitrophenol,‘~ perykne 

reaction (2). Simikr conchtsions can be drawn in the case 
and bisphmol 

A’ and the kdkation of ~yrrok.~ 2.35-Tridk~i-plknois 
of the prepa&on of bromadi 7. Chkranii can be pre- 

with kdine/hydroBen peroxide yield 2J$$-biaRyM-iudo- 
pared without isolatitut 1 in an one-pot process. Starting 

benxoquiuones.” 
with phenol we obtained the best results (97% ykid of 
chkranii) in 40 hr (KKPC) with a fourfold molar excess of 

We &scribe experiments on the w of 
pheuolt and on the preparatkn of o- and pchbt’adi ami 

hydrogen peroxide and with maBrksium chkride as a 
cataiyat. The one-pot prepam& of bromanii 7 neakd a 

o-and~koarPnilfrompbewlorcotccbdandh~drotm twofold mokr excess of hydrogen peroxide. The 
magr,erim i&d& atsly& Oxifj&e &&&On d 

brof”utation of hydmquinonc, ykidittB 6 or 7, is again a 

In aqueoi solution the * are lkbk to oxidixe 
rqd process and only a small excess of hydropm 
pl!roxitkistu!akd.wticatechoitheraKtionstops 

hydroBenprroxuk(reactkn2). ~rateconstantrof nminlyatthestaBeofthetetrachior+orteu&omtM- 
t#ctloarImd2~ofcompurbbmplnitude~~~ hydroquinones4aud5evenusi~aBteatexcessof 
mtio~/raIulhencethesteady-shteconcentratilmofx2 hydrolar peroxide. The geat excess of hydroBen perox- 
i-withthedecnrsianuntntofwaterinthc i&nccdalintbeiodinrtionofpbeaolmaybe~by 
reaction mixture.9 The WAICS of Ic12+ Cl,? rt 2!W 
are,e.Bin2B4MHCI: lx104moUiaudin5.2SMHCI: 

tk low concentration of free hyQogen iodii in the 

7x lO~uloi/P (with smali concentMions of aydroBat 
reaction mixture (slow tea&on 1) and by skw kdination 

plwoxilkinbothcases).=Moreovarais@theconceu- 
trationofHXismon&ctivethanrais~thehydrqcn 
peroxi&cukentration?Thereuonkthatuu&- 
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of phenol in cotnparison to the dthwinhn and 
bronliartian. 

-AL 
w 4 fnwl PhtRd Hy&ogml pemxidt 00%. 12ml. 

O.I2fmtl) wu a&d dlupwiw to I sohlthl of mrlrrrhrar 
c&bride kxabydnte (27g. 0.014nmll Md pknol (l.7cl 
0.018 owl) ‘in cont. bydahbfic ecid (27O ml)., After nirin# the 
teeip. (ItWC) furthfs hydrogen peroxide (3O%. 38 ml. 0.38 mot) 
weseddedhfourpwthuhtehhof8hr.Sthi~ru 
corithed for 8lu et IOO’C. After llltntioo. vub% (metbend) 
aed 9 we obteined 4.31 (QIJb) 6. I&- by m.p. 
21g’c (lit. 29OY&IR end UV spectra. 

ChlomnU 6 from hydroqniaonr Hy&osn peroxide (3OmL 
0.3 mol) waa added within IS min to I bed. iceaokd mixture 
of hydRquinom (5.5 g. 0.05 rwll. mwwium cllb* be&Y- 
&UC (35 I. 0.17 mol) end couc. byhchlak acid (4OO ml). Afta 
batinlto9M:for2hr.Oltntionud~~weobtriaedl0.86 
(88%) 6. I&ntilkuion xx above. 

tbc extract yielded 1.31 (18596) 8 with a m.p. WC (lit.* 
l33.C). Idcatillution by IR ud UV specttu 

3A,SkkTumchb1~cettrhol4. Hydrogen peroxkle (3O%. 16 ml. 
0.164) vu added within 2hr et &WC to l mixture d 
atedml (4g. 0.036mdl. ghcial acetic acid (4Omll. Md cont. 
l@ochrk acid (22Oml). After llltrhn. wxshiag end dry& 
weobtained8.7g(99%)4. M.p. WC(~&cidxcedcrid 
lit.* WC). l&ntSkatioa by IR xod UV spectn 

2.4.6-Ttibma1pLiriol 2. Hydrolea puhb 00% IOn& 
0.4mollwuaddeddmpwisetomiceaokJrdutioadp4eool 
(9.6 6. 0.1 mol) in cow. bydrohmic rid (ISO ml). The tim 
wxxrtkedxt61K:for4hr.After6ltntbn.wasbipleeddryiq 
tbc yield of 2 vu 327s; m.p. 91- (lit.n 93.2-93X). 
I~ntihtioe by ‘H-NMR end IR spectn 

Bmmanil7 fmm ky&u&mr. Hy6gcn peroxide (M. 
20ml.o.2moowrraddcddropwitcto~mixtwedby&&mw 
(4.08. o.O36moh me#miwl chkridc heubydrue (lO.01. 
0.O5 mol) lpd cow. LyQokomic rid (#w) ml). After stir+ for 
3br et IOWC hation. nJui$ylpd dryhp 68ve 1456 (94%) 7. 
mp. 2WC (from tdueoe. ht. 3OK). IR(KBr): 1670 (CO). 
IS45 cm-’ (C-C). 

Bmmanil 7 fmm pkaw/. Hydrqea peroxide (3O%. I2ml. 
O.I2mol) was added sbwly to pknol (1.91. O.O2mol) a114 
mx#a&al cblorkk kxebydnte (lS.O& 0.065lmll) in coot. 
bydrobfolnk ecid (2#)nlll. After stiniug et IOOT for uhf 
firtha24ml(03$mol)d##bbydropnpforidcwaeddcdin 
tlweepor(iowethtenalsof6lu.Cool&lWratba.wu8ir# 
end dryip~ yiekkd 6.01(81%) bromenil. Identiecllion ea ebove. 
No optimmn reactba cooditbna were &term&d. 

wC’hb& 8. Hyhqen peroxide (3O%. 25 ml. 0.23 mall vu 
w&d &opwixe to an kcookd sol&n d &echo1 (531. 

BnmoriQ 7 from 2. Hm peroxide (@%. IS ml. 0.15 mol) 

O.OS mol) in cow. byhchic acid (2OOml). After tsepipr et 
mruida!dmpwhetoamixtwedem6aiumcWhexx- 

4S’CforZhr.(be~mcexbrctedwitbchbcotorm.~ 
bydnte (10.6 9, O.O3 mol). 2 (6, g. O.Oi8 mall sod cow. by&~ 

crystaUization from ghchl xcetic acid the eveporxth miduc Of 
bo~~(~mll.Tbe~p.mrtbeanbedtol~.At 
intcmbof6hrf~2Jml(O.25mol)d~bydrgcnpcrox- 



idcworoa&kdilltw0portb.AftcrLrccpialsltlat10QC. 
6ttntioo,wuhiu&Mddryingtheyiddof7w8s75g(98963. 
Mcntieation 88 above. 

3,4,5.6-Tumb~ocetehd 1. Within 30min at 0-1O’C 
h~pcroxide(#wb.l6ml.O.l6lad)wrrrddcddropwkto 
rttimdmixhueofatccbd(4.0~0.036mol).drirlraticrid 
(40 ml) ud co’x. byhbramii acid (22Onll). stiwiq was 
continued for 2hr. After Bhtion. wubir# aai dryiq we 
obtained Il.01 (73s) I: m.p. I!arc (froal gkckl acetic rid lit.n 
192-193’C). IdeUchoa by IR specmun. 

2ACTdiudophe~d 3. Hydropa paoxide (3096. I2ml. 
O.I2mol)mrddcddropvbctomicac4dedm~tuteofpbmd 
(2.46.0.025 moJ) and potah iodide (26.Og.O.15 mol) in #h&l 
ace& acid (7Oml). Afta raisin6 tbc tcmpenbac to 5&6CFC 
furtbcf 14 ml (0.14 moi) of m hydrogen pefoxi& were wJrkd in 
two’portiom at intanb of 2llr. Nta rtiHin# Jbf at 5trc. 
futmhaDdwuhiqwitbqleaulsodiumthioadfateandcfys 
tdlization from benzene we obtahed II.76 (99%) 3. M.p. I5fc 
(tkn IJ7’C). Idcntitkath by IR md ‘H-NMR specba. 
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