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The observation that aromatio halogenation with moleoular 

halogen ie a lees eeleotive reaotion with polymetbylbeneenee then 

with monosubatituted benzenee, a~ based on the reaotion con&ante of 

the reaotione in eaoh individual eerie6 2,3 , aaggests that the two 

methyl group8 ortho to the attaoked position in the former moleoules 

may effeotively lower the eensitivity of the reagent to the ohanges 

of the eleotron density of the aromatio'eubetrate by hindering the 

approach of the attaoking entity. Presumably a sterio effeot of this 

kind may alter the detailed timing of the prooees and be accrompanied 

by a shift of the reaotion ooordinate for the rate-determining 

transition state toward increasing extents of C-E bond breaking, in the 

potential energy ourve of the reaotion. If bond breaking made enough 

progreee, a hydrogen isotope effeat would result in the aromatic 

halogenation of hindered polymethylbenzenee. 

1 Substitution in Polymethylbenzenee. XII. 

2 H.C.Broun and Y.Okamoto, J.Am.Chem.Soc.z?, 4979 (1958). 

' (a) G.Illuminati, J.Am.Chem.Soo. i,o, 4941 (1958); (b) E.~ioochi 
and G.Illuminati, Eio.Soi. 2!, 1159 (1958). 
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No.23 Aromatic halogenation of polyalkylbenzenee 31 

The poseible oonneotion of the speoifio sterio environment 

oharaotorietic of these system to the seleotitity of the reaction and 

to hydrogen isotope effeota ie being teeted in this Laboratory by 

extension of our studdee to more hindered polyalkylben5enee. The 

roeulfe ooncerning isotope effeate in the oaee of one of the 

polyalkylben5ene struoturee involving two ortho methyl groups flanking 

the ottaoked position (bromodurono) have been obtained recently in this 

Laboratory and the pery reoent report of a hydrogen isotope effect in 

the bromination of Slabolod 1,3,54ri-_+butylbeneene4 prompts us to 

oormrmnioate our preeent halogenation data with 3-bromo-d-deutero- 

durene and 3-bromodurene. 

Coneiietent syntheses of the two oompoonde were sffeoted etarting 

from the same stook of 3,6-dibromodurom and letting it to react with 

@utyl lithium in ether eolution 0.06 1 in each reaatant and under 

etandard conditions for the eyntheeie of deutorated compounds 5 . 

3-Bromoduryl lithium, uhiah wae formed quantitatively by halogen-metal 
interoonversion vithln tarelm minutee at room temperature, wae then 

hydrolyeed uith 96$ heavy water or vator to give 3-brom&-deuterodurenm 

and 30bromodurene,reepeotively.Th~ ooneietenoy in the eynthoeis of the 

two oompannde inaurod the validity of the oomparieon of the aubeequont 

rat* moaaurements. The latter ver0 aarried out aocording to the 

prooedu~ doeoribod pretiiauely for the study of bromination rith Bra 

4 
* 
P.C.J&hro, $ota Chom.Sou& 2, 219 (1960) l 

' see, for u~~fle, L.H.P.Weldon and C.L.Hil@o% J*Chr.S00*235 (1946)- 
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innitrmthul.6 andohlorinatic#nlrithC1*inglaoi8l aoetio aoid . 3b 

The results are oolleotod in Table 1. 

T-1 

Ealogenation Data at 30°C for the Hydrogen 

Isotope Bffeot in Bromodurene 

Aromatio oompund 
Bromination in HeE02 Chlorination in AoOE 

tlo( mine.)(a) k#,, k,lmwlemlxse~l k&, 

3-Bromodureno 22.921.2 0.098 
1.4 Wl 

3-Bromn-6-deut.r0- 
durene 32.79.8 0.107 

(a) Times for 16 maotion with solution6 0.01 I in each reactant. Data 
obtained tith a single &oak of nitromethaao~ for whioh relative 
rate8 of homixmtion were aaoertained to be identioal to thoee 
reported l;nreioualy3%6. 

The %h ratioa wore oaloulated by nogleoting axq mrolear 

hydrogen oontibnt in the deuterium oompound aud infrared an4818 in 

faot indioatad maoh a oontent to be low. Thuo, Tablo 1 shows that there 

6 O.Ill~nati aad O.Uriuo, J.Am.Chom.Soo. Ii, 4975 (19%). 



No.23 Aromatic halogen&ion of polyalkylbenzenee 33 

1D a doflaito, evmn thcqh mall, iootope offoot in the brominetion 

of bromalurone aad that, pro-bly, the oorreaponding k& value, 

1.4,i~rlolreroxperimual lidf. Inoantraettothia,ohlorinatian 

of the aamo q&or ahow no isotope effoot. 

Sinoo the demaolstratiar that isotope effeota wo absent in the 

brordnation of muoh simple aronutio hydzooarba8 am baseno 'r8, 8 

ISA&W of reoent paperr reports varying extent8 of muoh effootm in the 

halogenation of more perturbed or more oomplex~omatio moleouleo.Thu~, 

l 8ll to fairly larm l ffeota have been found in the halogenatiarr of 

aniaole9 , ulilino 10 10,ll and dimothylanilino , i.e., of 6ptem8 
oontaining strong l lootrum-releasing aubotituenta and a large l ffeot 

in the bromination of the highly bindend 1,3,5_tri-+~tylbenaene~~ 

Clearly, fkom the published data inotope l ffeoto depem not only on 
the isotope ured (T> D) but also on the type of the halogenation 
naotion (iodinatian>bromination> ohlorinatien) and on the struotura 

of the rrroutio mubhrrk. In the oue of the brominatio of 

monorrpb#tiWted bonsenem dth moleoular bromine, UI isotope effeot hu 
11 been oleazlyed8blimhdwith the dirthylmino &~GID but not with 

the leu l troqgly l leotron-roleming rtbw graap9. Ckr proaont 

1 t.me18ndaq &ka&g&&2;# 211 (l95a. 

* p.B.D.De u wro, T.M.lkrm aad J.%m, J.Chem.soO< 923 (19!57). 

9 %krlirur,m 177 (1960) 

lo I.mlov and F.lfohmkin, m 1s~ lW (199) 

l1 ~.o.hml~ ud s.hwa, m 3 , 2s~ (1959) 
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resulta with bromodurene now offer another oam of a bydmgen iaotops 

effeot for the brobmtion reaotlm with moleoular bromine. Bromodurene 
doe8 not oontaiu any strong eleotron-rolubsing grasp, but the seat of 
the rsaotionis hindered by two orthomethJlg.roupe : it is then 

probable that the small offoot fmnd belougs to the saae 018s~ of that 

shown by 1,3,~tri-4_bu~lbensene. The over-all aotivation does not 
10 11881 to bo alone a determining faotor snd, in any ease, on the bass 

of the additivie of the eleotronio effeote in polysubstituted 

rromatio oompaunds, the only availabls nuolear position of bromodurene 

is less aotivatvd than the ~position of anisole, for whioh no more 

than an effeot within expsrimental unoertainty was fazndg. Ths 

lnfluenoe of eterio hindranoe on hydrogen isotope effeots was well 

established by Zollingsr for the &Lam-otxqali~ of naphthalene systems; 

however, the announoed isotope effeor in the bromination of 2-naphthol- 

6,&disulphonio aoid12 might result from a oombination of eterio ana 

eleotronio effaotm beoause of the presenoe of the OH subetituent. 

From the above, it should be olear that further experimentation 

is needed to neatly distinguish among all possible oorrelatione of 

isotope effeok with the nature of the reagent and the struoture of the 

substrats in sromatio halogenation. Extentton of the present woAc to 

other moleouler in the polyalkylbensene area will be reported in due 

oaxse* 

!lb ruthora are grateful to the Itslian Rssearoh Ccnanoil (C.Z.R.) for 
finanoisl support whioh made this work possible. 

12 Eoh.Zollinger, Eanrientia U, 165 (1956). 


