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MECHANISM OF DEHYDRODIMERIZATION 
OF AROMATIC SUBSTRATES BY 

ALUMINIUM CHLORIDE-CUPRIC CHLORIDE’ 

TbcmlXhismofoxidrtvecauplingofuQmuicwcki 
to biuyh in atdyst~xidaot systems lms not yet been 
amlp&tdydlKaed Fortheractioaintbcpnscnu 
ofr~xcidlad’oxidult,tbucurthrettypcaof 
illiaiq speciea which have been propoaLc nxmdy. 
c&oo*r&icalcation.Mrxlic8l.Tbcationictype0f . . . . 
mttmbm invdva formation of 1 s&m compkx which 
antibysimpkprcmhadtbc ummtktubstr8tc. 

Cmcerniq~tbc mdial catim &way, gamtion of 
suchintamahtahsbuaobacrvd(ESR)inthcrac- 
tkl of aromuics with coo UMl Tl(IrI) 
t&WOWW”NykrR’*wbocompUCdthCcoup 
ti=ti’=‘darphtbrLrvWW=Wf+ 
?Jcou(fticbbridtoxidmt)totbcdectrocbemrr 
route.~tbrt~~proct#er -yrJephcebya 
caamoamedmka. 

Radkdiniti&a~ttifromdeptotonrtiooofan 
iuitidly~rulkalatioa.upropoacdbyMano 
ubdAha~rtraasfommtimwhicblmbeonotcdintk 

prioc litaulm”-‘” 
TwodiUercntmo&sd pCO+iOObrVCbetaW 

fortbcuinithnyf~in~:rrdialorationic. 
Ropuathbyamkakypemechuhmigbtrtsuit 
eitbafrocatbtrrbial(B[eqn(l)loctberrdialcuion(3) 
[asn (31. 

3 4 

RJ&Ja&hextadoowitll4wouldinvdveIbcrrdial 
eadofthcspccia.Tbeidudpropa@hbyradial 
p&way! WY put foab by Maw and Alva’ for bcnxcnc 
v by A~CI&IC’&. Norman d d.” pro- 
po&invdvcmcntofthemdialpartioodtbeintcr- 
mcdi8tcfadial&iotbeoxldrtivecolrpliplofbcll- 
tcnoid compouads by k&o uctatc. 

Pqquion by a ationic p&way, invd- dtbu a 
&lMcompkxQ[eqo0)Jactbcmdialcuioaactingu 
a c&a [cqn @I, hu been pomhted. Tbc cukmic 

nxchah [cqn (311 was dvaaced for tbc polymer&- 
tioa of uomuics” in the prucncc of Lewis acid catalyst 
andoxidantEvi&aces~tsthxtsuchacourscis 
likdy being foIlowed in the polymchmth d thb 
p&De.” 

Altemuivdy, a radial cation mechism with cation- 
like mn [cqa (2)] hu been pram& pnd is 
cummtly favoral: A rimihr Kbew wu wtai by 
Nybap’O.” WX), and apparently by Taylor and 
McKitbp” m(IIl)] for rdatal systems. Recently, 
patiDmt evihcc amce+t!ismrlbubeenrepart- 

al foe -Dclgdymcnntloa 
by MCl,4&‘ These 

dxtqtgeterwi tbcrdath&pbetwccnarturroftbc 
umnomcr and &ree of pmpa&oa,‘4’c” all s-t 
thttbcpolymcri&onbucocirtedwithrtnktivd~ 
charged propaga& speck?s, not a rulial type. 
However, the possibility existx t&t Nm’s system” 
may be an exception to tbc general ruk (ddr hfm). 7%~ 
mo&bywhicbradicalcationsracteka#&allyto 
form c * 
&taiL4 

products has been discus4 in some 

Athirdtmdcntity,amIymarylcuim.rppeurt,, 
puticipue ia the UK of COU& which invdva M 
uylkad specia.y 

Napld&ne-mm- Tbc cuupkd product from 
exposure d tbc aromatics to AKWhCh coosirtai of a 
mixtulc of five componenta rcordinl to TLC. scparn- 
tioawaanotattcqWd,tbayidd(l~)bchgdctmnhdby 

‘GIX with autbefltic 5 88 tbc rcfercace standard, which 
was prepared according to the mctbod of Nybcrg.” The 
m.p.wasinagrcelwatwitbtbctitcnturenhw,mdtbc 
NMR dua were cottaisteat with structue 5. 

homu-ma&* A mixturt of harene 8nd a&- 
tykncwxstrcataiinrsimhrfaslh.Incontruttotbc 
result frwl the napbthrkac~itykac system, tbc ma- 

usignment was hsed on IR 
sod mass spAra_ in uldition to comparison with tit- 
cmture dxtLaa 
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Tbc motbcr liquor from recryrtalliitioa. when xub 
jcctcd to TLC. was shown to contain an appreciable 
number of components. Tbe rmtd spedrum (10 ev) ex- 
hiUalionatm/r416$01,330.298UKi284.Mhau#l 
these minor product8 were not isohted for structural 
&erminations. mass sffctnl data 8nd compuiron with 
other, 8imilar rcacths ruggent tbc pRscncX of mixal 
debydrodhrxand&lJydrotrima8.joiDaieithuthrW#J 
tbcnu&usorsi&cInin. 

The coupliq reactions were carrkd out rt room teatp. 
in chk&cnzenc. Monomer ratioa were v8haI in or&r 
to obtain optimum condhns for formation of prodtbcta 
from mixed coupling Crabk I). 

-Rleykklfmdap$Wane oftbccrudeprohctrwcre 
quite insensitive to the mdar ratio Of fbmK to UK&- 

knc. Decreasing tbe xrnount of solvent aho did not &cr 
tbc yield. Tie major product. rcgardh of co-, 
was 6 (-40%) with only minor amounts of mixed 
“rJimtrs*’ pnd “wimers” (-5%). When tbc 8mount of 
mesityknc was incrasal. tbc yield of tbc?c bypfodua, 
inceual slighdy. but 6 still pcdomtartbd It h 
ingtlmtthep8hvayk&ingto6stiUprhmGd.Itb 
swprixitg that tbc pathway kulins to 6 Vu favod 

evcnwtlalrhrgeexccssofmcsityIW(mohrntioof 
mesityknc/lluorcnc - 12/l) wxx usal. 

Ruomrc Flwnnc, on mnt with AlClx 8nd CuCll 
in&lorobau#le,dfonjal6hotihdoatbcbuh0f 
m.p.. mixture m.p., IR and mus spccln. Tbc racti0n 
wu invmtiptad under several different CothdithU itI 
order to optimize tbc yield crxbk 2). 

A7l%ykldofproductwa8dJhim?dwbeatbcaKhr 
ratio of horene/CuCIJAICl, wu l/3/6. Since hexpee- 
Jve,rWlilyW8ihbksWingaW!rht8,mihdcmMMolu 
and rchtiveIy urKXlmpIiatal tc&liqW arc involved: 
this provibe, 8 very convenkrlt, onestep synt!bais of 6. 
Prevhtsprcp8rativeprc&rainc~~d2- 
iododuonae by t+ UIhna con&auooa. or reduc- 
tion d V-bhomam prepred fnw 2- 
lodoaMcnonc.- Tbc prcunt: or c.oIely nhtcd. nletIlad 
ha4 been invatiptcd ark? (S2% ykid: horae 
MlrcuChii,o md fhmcn&IkCl~~). we ju$c 
thCCuCkAlCl,tCChll&urpaioctOOtbCfOrrpurtm 
mttbodl. 

AkdfykWbcomcsilykrbewuanJpkdincbloro- 
km soivmt, tbc praIuct mixture VU quite c4Xtlp& 
catalWXd&tof3LCarmlysiB.TbetMjorWmpoWot 
tyu 3$‘dich&Wsityl(-15% yidd haJ 00 muity- 
kne),~bytiuwuaudtbcmowmd 
aiclhOrarlop,WXdillgtothC~,IRUNlNMR 
~uwcIlum.p.TbeIRspccmmli8clseothIiytbc 
saaIcUtbcoacreportuIfor3s~,” 
except for UI dditioorl suopl bnd at MSOcm-‘. 

Howcva, wIKn w metitykne vu treeA with 
AlCb and CuCb tbe nujoc pmduct vu lhcshyl 
(-ro96 yield bwul on cup& chbridc). ihtithl by 
m.p.,NMR,IRurdmuss+zctn.TheliqtGdbyproht, 
which dis$hycd four p&x in GIX ?lMlysh, ir qh 
puentlyrmixtureofbimeGtylladchhWaImUhl. 
Evihtly. the com& puhmys ut quite sensitive to 
fUChVrrirbler.TbC~tioowUaniadOUtaada 

tllredilIereotanMUonsino&rtoexaalinctbccffccts 
of sohcnt rod time (-r&k 3). 

TbcreAoaccuruwucrithllyindueacedbytbc 
sohIlt. It wu shown thu 3s’hhhbh&l wax the 
mjorpmdwt.withnobu.ityLiothcpmcnczd 
cl&mAmme In tbc nmt system. huityl wri the 
mrpr product with no cnce of 3s’+Wh&h&t 

Plwraba 
(ml) 

0.1 

0.1 

0.1 

0.1 

0.1 

mmitylun 
(ml) 

0.1 

0.1 

0.2 

0.6 

1.2 

chlordaaaw 
(4) 

120 

60 

120 

120 

es 

cram Prottuot~ 
ts1 

9.5 

9.s 

9.6 

9.7 

9.3 

%W12 (0.1 ml), NC12 (0.2 ml), roa M, 2 br. 

batAra oolorad a0lldwhlahturnd ooitoo-bramutma dr1.d at 
110. wd8r v.cuII. 

7abk?"FtlKlmct~' 

-12 
AlCl, Cru4oPr0dlba 2,2-Bitlmruu YlolAE 

0.1 0.2 1 29.6 

0.2 0.6 16.2 98.6 

0.3 0.6 16.S 71.3 

$hmram (0.1 ml), ohlo~a~ (120 tile roQI tge 

2 hr. btud 00lord -lib wboa &id at 110. W Vums 

$m~.t,alll,.d ~tul~l, ylold baa4 ar lDoQIr. 



MDmitylam ol10rcbmsa. Crud0 Pro&act CkLraityl YiOl4 
(WU (II) (9) (9) 

0.1 120 3.5 __ 

0.b 9 30 

0.G __ lb.2 40 

*12 (0.2 wl), AX13 (0.4 wl)t roa M, 1.5 hr. b-3 hr. 

wbtntbcructjootialcansiaatrsediotbcDutsy8tan. 
the ykId of bimcsityl was eabancat. but not runuhbly. 
IO a prevhu invati&m of muityknc and ferric 
&Xi&, the principal pralucts were biwrityl, and 
chbromaityknc. accompankd by +IW agents of 
lMtaialbdkvaltobc3s’~ 

Mahnh. fhsed on p~iou.~ work. it wA assumed 
thattheoxidativccQup~rcactiominthirstlldywcrc 
ahoocculTin#viarradicalcatio4lintamedhte.Anim- 
pormn!conW?qWlKe0fthismachrnisticrpprorhiatbrt 
the oxhthl potential of an aronmhc substrate 8houId 
be a mab factor povemilQ the rtrtioo calrse. Milk% u 
al. lmve repad a simp&. compnhcosive correlation of 
or@c oxihtjoa, effectal by various reagents, rad iOn- 
i7AonpotcotiaL2,~datainTable4arccoDcarred 

Trbk 4. Ionintion and polMonphic odatkm poleatids 

XPfi 
‘l/lb- 

DmllaaLlold oapould (OT) (VI 

P1uoraa. 7.9s 1.25 

lIa&JhthAl~O 8.12 1.34 

BiphnYl 8.27 1.4B 

noity1one 0.39 1.53 

Balaoln 9.24 '2.04 

hf. 32. hf. 29. hi. 33. 

withlwosuCbpoCcMes:ga9~bnintioapoteotklr 

~g~~;~g&~,~ 

taerOylbrorptinmaximaMdfisWihoocomtmb for 
charge-trutsfer or doaor-eeptor complexes. T&k 5 

inchKks fclaIivc rue data for ckctrophilic s&lbxtitutioa 
aad hicity constants. The case of rtt~k by M tkc- 
tmphilic species is detamincd by the ouckophilicity 01 
baGcity of the xromatk substrate (-r&k 5). PI well ld 
tbc tmture of tbc intamodiote u compkx. Tabk 6 lists 
relative ruu of hnolytic phcnyhtioo of aromatic 
compounds. 

Naphthalenc-mait* Nybao pcopored a 
mechanistic s&me based on his mulu with ferric 

w capolmd Rmlatim ItAt& 

BW-Yl 4.0 
IaptwhAl.wo 24 

BbdtylUU 6.2 

ser. 37, p. 57. bL,.rro - 1. 

cUxidt.'o Prom tbc dihcncc in oxidation potcnti9L9 

oaccmaxbchxkth9trmphth9kncOwdbcmon 

redly oxidhd to radkd don (7')tbaa mcsityknc. 
Tbc nhive rachity aed basicity (Tabk 5) show mai- 
tykeetobcaboutIdrnoreaWeptiitockctrqMi 
rttrl;thMlUphh8kDC.TbelllBymIlletricJbipryl(S)h 
tbcn formed by atak of tbc positive portioo of the 
nrpbtftxkae rDdial cation on m&tyklu echcme I). 

a 0 
-8 

-2 

sckw I. 

co 00 
6 

SilKz similar reMIts were OthoaJ with aJumbuun 
chkrdGarpricc&loridc.itisreuon8bktousumetht 
both rystum follow tbc WIR pathways. Tabk 6 
dcmoastnta that lmphthkne is more prone to homdy- 

adativm aat2 
s tie subatratr Brmiaatiw b 

z 

ra#eba1wa 6.6 x 10' 1.19 x 109 4.0 

niphuly1 422 1.0&i 10 e 5.5 

naityhaa __ 1.89 x 10' 0.4 
Pluorum 1.13 x 109 2.11 x 10 sl! __ 

BUb- 1.00 1.00 9.2 

hf. 34 ama 35. hf. 31. %of 36. 
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tiCSUbhtthtbra~.H~ifthCbypotbUb 
iscorrcctthuthcradialcatioOumcksviatherada 
portion, one would expect apprcciabk aahouatr of 
binaphthyl.NybcrgrcpoealWkastban2%yiddsctftbe 
napbthaleac bomo “diner” in all M with thh rystcm 
O!Ul% Of mixed d&r). 

Ruorme+WJirylenc IO this rystem. tbc ritu8tioo i8 
mire puzzling. Tbc IP and E,,z v&es (Tabk 4) oad 
usochtioo coOataats~” i0dkatcth8th0renticm0re 
susceptibk to one&won loas. Once the 9uorcae radi- 
CddOOi8fonaed,it~dn#y~citba 

llumne or mcsitykne vi8 an ckctm@k rcacth. 
Tabk 5 abows that the relative rate for ekctqhilic 
attack of mcsitykne is about Id timer greata thut 
lluorcOeforbrOmihOn.Tbesc&tJurgprttIlatooeof 
tbc principrl pathway8 of the couplii react& 8buukl be 
formath of unsymmetrical biuyb. However, we found 
6 to be the m8* product, ratbcr than unsytnmcthl 
bhryls or bimerityl, even wbcn twelvefo4d excess Of 
mcsitykac wna used. 

Because of bifuOctioMlity. ruihl CatiQaa are qmbk 
of u~dcrgoiug a wide vtity of rcactioa. UnfWunatdy. 
rdativdy littk ia known COBXU& tbcir cbcmicrl 
bdhorincomparis0awithtbcbetterhbownrcactive 
intumcdhta Tbaearexthttltrccraaormbkrouta 
for ouckar ciupliq vi8 cd00 rm.tiah:- (I) cuDbin& 
tion (ECE reach) with an aromatk tDOkcuk (ea. 
Scbcmc I). (2) phiog by rmikd c~qIin& e.u. Scbemc 2. 
withnuLleWtadkalatioa(8’),~(3)coavcrsioOtor 
dication foIbwaJ by attxk oa an uoatd adaxk. 
The ECE pathway seems to be the one usually 
followed.” However, for tbc formatioo of 6, the evi- 
dencedoaaot&outScbcnuZIathebdutirof 
ulKurcoo~ Mmat.ic radical c&a8 toward ekc- 
trO0 doWing ~.kinctkdBtaurgprtinitidcOe- 
version to a dkatioo.n Tbc rath rigid cqhhy Of 
fhblXeOcaOdfrvO&kckhJahhm8ybcimporUnt 
factors. IO cootrast, tbc major product from bipbcnyl and 
mttityknc b 2.46~.4-.6--bcx.amcW-~~- 
PIJM.= 

N~~clew chlo~ Axmthcr pnxxu which omy 
compctcvith~bo~lubrtitutiorLTbe 
mecbrnwc fcatrel have been WataL- In tk 
pmxctltau.ouckuc-dloocclrmd,parti- 
cuhrlyiotbcmcsityknccaac.Thhtypcofrac&mhu 
ken observed ptwioully with aikybnm and 
vuioul rcdox meld hdidcl.nA’ 

side chain comp~. A cQmpcting ractioo in tbc 
ouckar~ofalkylbctucouirsic&bainrtuckto 
fom diwyhhm Tbc palbmy for this type of 

ormrtiontbUbenblrctUlCdmrinlyiarrhtioat0 
ekdm&ma prOces.-a Exam&8 of ride chiu 
purkipdnin~ UerscorQdiIlthClit- 
cnturc.nThisrwteincrcucsinhpataneiathe 
CWSiOWhiCbthCWXllUiCrrdialatioOhU~~ 

~itiVt CM dearity i0 8 8UbStitlttd ripr poritioo.” 

thereby facilirrninp convarioa iuto bcnzykafioas. lo tbc 
couplinlreactiooofbiphatyhaitykMaadmwrcob 
mcsitykae, sInall unoulltr of prodlKtJ were formed 
which were taltativdy uaigncd dhryImctkuK aruc- 
turcs.Ihirf0rma&mcadd~fr0mj0iiof 
biphenyl with bcazyl-typc cuhta derived from mesity- 
kDerrdialc&m.Inthi8radkalcathl,howeva,onty 
37%oft&pO5itivechrgci#lOc8taIiotbcrubrtiMed 
pMitiona.” AsrruuIttbaediuyhhzproduar 
would be expcctaJ to be formed in oaty vay m&x 
amounts. a9 was observed. 



~dw~.b#rccr~d(.O.UI.o.p.30C30T~n 
ULD. XI77: IR (KBrl: 1445 (m. db I400 (m. d). 94S (w). 8SS (w). 

0.15. 0.09 rd O.OS; Ys (m/r) (100): 416. ro2. 3%. 39t 
m4. 

coatiwcd lbuim&a u 19&m (O.I~.osmmmm) pvc d- 
dkiOEd&&UWb&colid.0.46&whicbUpo~~ 
hoabCDCofChbrobtattDc pnditC.-tpktdtu 

Tbc m.p.+ ad qeln (ms8 aad lR) were i&Dlkal to tbow of 

m!bmtiC 6. 
Rvwar A portkID of &id CTu& pcdtlu (O.Wr) wu 

0.23&WbkbWU~ 
vcry,yk&g*ihAelkNwalphtdrtrof6(0214G,71%yidd 
hued on mommcf). The m.p. ud Ipccn rm Md mu) were 
ideatkaltotboudubmic(. 
Muirybt(r)Tbeau&pmiuc!wrrmaum ailkdIEpl0 

w(zsmm)lomovcubc&fhbcokrrtmr,aml- 
m&ykac.Upoacoot&rpotthdlhepolRlidPr- 
A bmmid mlid (IJI) vu cdkcfeJ by Utruim. e oo . . 
~boma-popyiJcobol.yiddcdrrhitrcotid 
(1.6r). 1.D. 137-p (he” ULD. 130~13ls3; NMR 6 l.TI (& 6). 
l.fi(r. 6236 b. 6). 6.97 (; 2h M!J (m/r): 342 (20). 341 (6.1). 3y) 
ra0). 310 (IS). 30!3 (17). MO (67X 307 (7.3). 306 (100). 271 (10) . ..~ 
(IOcv); Id (ii&): Sic). I& is), Iti (i). 1% (& I I90 iwi, 
lodo (1). 1045 (I). la00 (a). 960 (m), 870 (a), 720 (WI. 70s (w), 660 
(I). A m n8mc wn otmuval in cbr Rcibt& (01. 

Tbc liquid portioa d tbr pot rukbe (1.71) bowal 6ve 
componata 00 olx dyIis (oven temp. 2lQ. lh luc 
~mlhb); TI: (mb) 1.0. 1.4. 4.7, 8.4. 14.0. No bhakyi wu 
kectediamydtbehactiom 
(b)lBcuamatimeritylsorwurrmovedbyvacuumdir- 

tUiOOUW(2J~).ThCpJtfUifhCprrtiroyvlridikdOa 
amtkuAemrtyrhitr10U(7~rucdkuaibylhntion. . . 
ibxydb&Irom MeOH p& kocsityi (6.31. m). m.p. 
90.M9.Y ma’ mp. 1O&lOO.S’?: NW: I I.00 (I, IL orrho-Ya). 
w (1.6 w-w, d 6.85 (1.4. (CHlbGijr); III (CC&I: 16Lw 
(ml, 1430 (a). 1010 (ml. SO (I); tdS (m/e): 238 (IOev). 239 (21). 
238 Ip9). 224 (24). 223 (100). m (43). 193 (391 in (18). 163 (12). 
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