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chlorq-9-ethylfmtllraceneledtotbeformatianofa . 
dimmx&ontypeof~‘The~~nceinp~ 
formatbncouldbcexplabdbythcassnmptiontbthitial 
ck&oph&attackof~isatC(lO)for9-ethy 
andatc(9)for1-cMoro-9-cth~.Itiswell 

a&&tu&mamlwethenfore~itofintaesttostQdy 
tlx! probath of the abovemaltionsd substrates. 

Tbcmlmbcrofstudksontheprotonknofanth- 
racenc and derivatives is limited- Recently Olah 

reporta? on the protoaation of 9-sabshtcd anbaccnes 
which an yielded C(10) prototi ilms. The only exanb 
ple of probation at C(9) was for 1,4JS$ - pen- 
tamethyhlti.’ 

Tbc 9-alkyhthKuXMs (l-16, see compouod sheet), 
9-propylanthcenc (17) and khbrantluaccne (18) have 
beenprobWedwithFS03Hin!Jo&IFascTo8olventat 
-78@.‘HNMRspcctraoftheabiocdmixturcswere 
recorded at -400. Tbc ‘H NMR parameters (Tabks 14) 
iukate that all iuves~ substrates (I) arc proton0tai 
at C(lO), kading to tbc his la 

l%elmbstnu9-ethyl-1o-methyl-(3), lb-dkhlore 
9-methyl-cI),l-chloro-9-etbyl-(1o)~lI$-~ 
9 - ethyl- (U), 1 - cldoro - 9 - isopropyl- (1s) and 15 - 
dichbro-9-isopropyl-anthccne(16)yicldinaddition 
ions ib result@ from proton&n at C(9). The ratios 
between the anthccnhm ions h and b, obtained from 
the latter five substrates, deaeases upon &casing the 
temperaWe from -40” to -2iP.* 
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Table 3. ‘H NMR perpmetas of %iaopropyCltk~~ ions 

MO MO 

>C’ 

oarbenitn ion chmhal ebist~* (p.p.r.) ad mlltiplioitisa 

Wlbstltuent a(1 lb H031b H(lO) H(ll) m3 

l!!c 9.09 9.00 4.89(r) 4.a6(r) 2.04(d,J-7Hs) 
l-cl 1s 9.05 4.99(a) 4.91 (I) 2.03(d.J=7Bc) 
1.5-1, ?6a 9.04 4.99(a) 4.93(r) 2.03(d.J=7Hs) 

a*b &e tti aorraqlomung m&roriptr OS Tab10 1. 

MOYCdCt8ikdStUdiCSOOt&temperatPredepeltdC~ 

llavebmlcarriedolltwiththcmixtunsresultingon 
prom of 7 ad 12. At temperatares below ca -40” 
exchivcly the hl h arc formed. upon cooling a mix- 
tureofhaadfbfrom-#pto+U’itappearedtbatat 
-Wnoreformat.ioaofhfromlbtakesphce.Itfurtk 
appeaf4tbatwitbeachoftbehvosub&atcsdilIerult 
ratioa of the ions h to lb were found for wferently 
prqmrarpro~mixtlm%., 

The protolution of 9-propyhnthracule (17) with 
Fso3H yieldal the C(10) pfotonatal all- ion 
(174 {‘H NMR E.Wd, J = 8H2, H(1.811, 8.5-7.8[m, 
H&3,4.5,6,7Il, 5.0% &CUOII, 4.0&, protons at CM, 
2.14m, protons at C(B)] and 1.4yt, I=7Hz, Me pro- 
tons]}. 00 lowering the kmpawre from -W to -850, 
the ring metbylcne abluwption of 178 (at 5.09ppm) 
bro&na, and remains unresolved, even in a 36OMHz 
SplXtnlm.ThiSbfOd~however,iSlpgerth8UtlIC 
bandwidtbbra&ningdnetotheiocreaaeofthevis- 
cosityoftbesolution,ascanbeseenbycomparingtbe 
baIf4dtlloftbisbandwitbtlnneoftbcotberab- 
8orptiona of tile same sample. 

1Xbbroantbraccne (18) on protwation yielded two 
ditkent ions, viz l& protonntal at C(10) {‘H NMRz 
1O.w~. H(9)], 5.21[s. HX(lO)], 8.8-8.o(m, otbcr aromatic 
protons)}, and Mb protonated at C(9) {10.06(s, H(lO)l, 
5.13[s, HE@)], 8.8-8.o(m, other aromatic protons)} in a 
ratio of cu. 0.11. Ttlese SS&lWltsSrebasedOlltbe 
atmrptiOn8 at 10.46 ” 10.06 wbicb on tbc basin of the 
pe&bkxoelkt(seeDwwion)areawribedtoH(9)of 
l& and H(lO) of la respedvdy. . 

The ‘H NMR data of the c&enmm ions obtain4 
from 9-mctbyl-, 9 - ethyl-, 940 - dktbyl- and 9 - ethyl - 
10 - methyl - antbracene (by proton&n ia HF) were 
rqnntaibyBruuwc~andthe’%!NMRdataoftbeion.s 
of the IInt two sub~~tratea (by protonation witb pso31) 
byOlab~Tbe’HNMRdataoftbesefourionshaveplso 

aswtaiaed in the presently employed solvent mix- 

‘NohtoBmtimmqortedinthbppainvkwofthe 
hrpv8fhthaiutkclDtobntiocob8efvcdbuthfor 
“difamtly prqmar potoartlsr &tme8 (which infera 
diue.matqtmitkaof~d~rFrcdntivetothemlrm- 
tic aubatrate) and for diheot tan$mmm. 

tureandbavebecninchxkdforcomparisonwitbtbe 
other presently invest sIlbstrates. 

PosltIon of plD1owdoa From a protiaktritiation 
shxlyonantbracaw’itappea&tbattbe%positionisfar 
morercactivetbanthe1-and2-posi&s,tbepaltialrate 
factors being 1.27x 10’. 7.900 and 1.135 respectively. 
Protonation of anthmceoe occur8 exclusively at C(9)> 
For the 9 - akyl- and 9.10 - dialkyl - ankaccnes elec- 
tmpbilicatta&iseJqnxtedtotakeplaceatc(1o)astbe 
then resulti c&&m ions are stabilized hypercon- 
jugatively by tbc !kalkyl group. In fact witb 9-metbyl-, 
9-etbyL 9-propyl- and %isoprqJyl - allulraccnc C(10) 
pfotonation is observed, and with 9,lO - dimethyl-, 9,1& 
dietbyl- and 9 - ethyl - 10 - methyl - anthacene ipso- 
protonatiolL 

Besides dfects of stabilization by akyl subs&e& 
steric&ctaafeofimportalKxill&temGngtbesiteof 
protonation. For example, protona& of 18 yields two 
both “_ carben& ions, viz for ca 90% 111). 
which results on protonation at C(9) and for ca. 10% Ma, 
which results on proton&n at C(10). Despite tbe 
mcsomeric stabilization of the positive charge in l& by 
the lcbbro substitMot wbicb is absent in l(lb, the ratio 
of l& to 18) is ca 0.11. The preference for the car- 
beniumion1Bbover1&iaascriitoapredominathg 
atericefkt,vizrcIiefofst&straiabetweenH(9)and 
thc-onf~ion1~(cjRcf.8).Ihus,tbe 
st&iotera&msofacblorosubstitumtatano-po&oo 
oftbeantbrylgrollpafeofgreaterimporhwtballita 
electmk elkcts in deWmin& the site of pMonation. 

At temperatnres above -40” 1J - dicbbro - 9 - etbyl- 
antbracene (12) yields two carbenium ions. viz 12& 
pmtonatal at C(lO), and 1zb protonatcd at C(9). The 
formation of both tksc ions is the result of competition 
betweentbemesomeficstabS&onoftkrcsulting 
carbenium ioqn ” “Yatiafy” aDd in 12b “secondary”) 
andthestabkawaasresultofr&?fofstericstrain 
(between cbloro ami ethyl on formfag l2b vs between 
cblofo and bydrogco on fob 12m). The formation of 
12b.deapitetkprefercnccofacarbeniumioabeii 
teltiaryratbcrtban.wcoI&y,illnstratestbeimportance 
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of the relief of stcric strain betwee the ethyl and the 
chbro substitucllt. 

From tbc study 00 the temperahue dependence 00 the 
composition of the protonatioo mixtures of 7 and 12 it 
follows that the forma&m of the ioos 7a and ti is 
kinetically cootrolled. but that 7b and I% a~ the thcr- 
modyMmkally most stable ions. The same applks in all 
likeliboodtotbeio0srkxdrhgfrom1.,15d16. 

For similar reasonsasjustgivenfor 12,l -chloro-9- 
cthykntllracw (10) also yields two carbcnium ions 
(101 and Mb). Tberc exists no steric strain bchveco tbc 
chloro-andtbeethyl-groupineand4J-di-chlon,-9- 
cthylanthnKelK (11 and 13 rcspcctively) and these sub 
stratcs do yield, just like 9-&ylanthracenc, exclusively 
the C(10) proton&d ion.9 118 and 13a. 

lx!hlonandlJ-dichloro-9-mcthylM~(4 
and 5 rcspwtively) yield, just like %mcthylanthracc~, 
only the t&iFiry [C(IO) protonatcd] carben& ions. Ap 
parcotly the relief of steric strain which would mult 00 
C(9) protoMtio0 of 4 and s (both having ooe peri methyl- 
chloro intcractioo) is not su5zkotly large to obtain the 
kss stable sccomlary [C(9) protowed] ion. This relkf of 
stericstraiobccomessulMeotlylafgcwith1~-dkhloro- 
9 - mcthylanthraceM (7), which has two pari methyl- 
chloro interactions as now in addition to the ion 7a tbc 
ion 7b is formed. In accwdancc with the bchwiour of 13. 
4$-dichloro-9-metbylanthraceac(~onlyyieldstbe 
C(10) protonated carbcnium ion 6a 

The two chlorinated !Gopropytaathracenes 15 and 16 
yield both the C(10) and the C(9) protoaatod ca&nium 
ioos, again as the result of relief of stcric strain bchvceo 
the Pisopropyl and l-chloro substitucnts. 

~InI~ntbenumbmofC(9)radC(10)areiaterc~ 
(tcpc&ntoatbcriteofprotonatiolL 

‘Forexamplethcdi&rew8ia’H&micalahiftaofberuene 
UJ&b&ClWWUeoalysmrOblXUtSCtbCchatdiR~ 
i&catbytbeindWiveand IwwmeecdYcctoftbechbriDc 
atamareillappoetcdirc&rwtbe0ti;!lw~-alldpwu- 
by_ of c- absorb at 7.2% 7.20 ad 7.15ppal 
leapcctively va tbo!x of bal7mc 8t 7.25 ppm.” 

‘IfrrllbrtiaDentPtC@~orU10)htwoneipbboPriap~ 

At very low temperatures the protonatioo of the % 
alkylantlmwlcs only takes place at C(10) ykldiag the. 
ioask.Thcoccurrcnccofthctwotypcsofiollstrandlb 
athighcrtcmpwmBistbercsultofthecoovemiooof 
hiotolb.TbevarSonintheratiooftbc3ctwoiousfor 
the “dilfercotly prepared” proton&g mixtures of a 
given substrate at a given temperaave isascriito 
diRefcoces in the Fso* coocelltratioo. Thin collvetsion 
isaccordin$yanintcrmolccularpracewandprouxdsby 
heI+H++tb. 

ok the gcomrtry of the aMhnlcaiMm ions. The sbuc- 
tureoftheanthraccniumionswillbcdiscussedastotbe 
@xlwryofthccelltralringoothcbasisoftlKtwo 
pwisiile structures, suggested for the +methylbwe&m 
ion from ‘H NMR studies,’ viz. a close to planar cyclo- 
hcxadknyl r& system, and hvo-cven at - 1lY rapidly 
cquiliitittg4ottpt cyclobexedienyls. As to the . 

tluacmm ions the former coaforms to a close to 
FLIES dibenzocyclohcxadkny1 system (I) with all its 
substitueots in the mL&cular plane with exceptioo of 
those at the sp’ C(l0) [or C(9)] which are above and 
bClOWthltphlC,8SShOWlliOI,‘Wkl?Uthelatta 

c!mf~WitbthccquiliiIIa=IIb. 

Inthc360MHz1HNMRspc&mof9-propy~th- 
raceneat-woolblcstrucbrreoftbcringmcthykoe 
absorpti0n was 0bscrvuJ; this in in agwllcot with both 
tbesesbucturalposaii. 

In the anthwadum ions under study there is a 
di&cnce in cbemkal shift bctwceo the proton [or the 
a-proton(s) of an alkyl substitucnt] at C(9) or C(l0) 
which has &we) a &lo* and which has (have) a 
hydrogco+lwitlEot at the &hboGlg a-positioo of 
the lulthryl group. This 8o called pe&hloro effcct’o is 
mainlyduetotheverysmalldiatancebctwecotbesub 
stimt and tbc pai Cl-atom,’ the distaw between C(9) 
and C( 1) in anthmccoc being oaly 2.40 A, i.e. equal to the 
sum of the van der waals rftdii of two hydKqtcos.‘2 The 
paf-chkxo &cts for the d&rent subatih8cnts arc 
eXpressedaStbe~- inthec&micalshiftsofthe 

appropriately chosen sulmtratcs. The prrichloro effects 
fortbeanthracenederivatives(cfTaMe5)amou 
for hydrogen,’ 31 Hz for methyl,’ 4OHz for the 
CHIofaaEtgroup,aadS7HzfortheCHofthei-R 
group.ItshouldbcrcalWthatinthisapproachtothe 
pai&loru effect all othcx effect8 of the sub&lent and 
anydwiationsfrompkoarityoftbcanthmceneringarc 
ovcrbokcd. 

The perfchloro &cts of the protoo of the sub- 
stitucnta at the uoprotonatcd mewca&oo of the anth- 

Pg 
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f&htUlliO0$,detaminedsimilrly,8UOftbeSameSi7A? 
aa tbac of the lJlbmc8, vi?” 33, 31 sod 35Hz for 
hy&ogen,MeeodtheCH~ofanRtoroaprespe&ely. 
HowevatbevPluefortbeCHofthci-ROroupisoaly 
6Hz.‘lbesim&ityofthevariouspe&hloroe&tsia 
t&esub&atesandtbea&aca&nimlsistlnwghttobe 
felatedtothech.megeomet&resemblaDceofthec(l)- 
CO [ot c(~(lOwuMokty of the substrates 
and the llnprotonated side of the an&acenNm ions? 
l%esepai&loroe&tsoftheanwaa&mionsafe 
exp&iaableiatermsofboththestrwtwesIandIIand 
do not discriminate between them. No p&&loro e&t 
isobservedontlKrin8methykneprotonsoftheanth- 
dUlDiOMaadtbiSiSiO~llKXltWiththClOllgCI 

clbrk-methykne hydrogen(s) distance. This is also in 
~ment with both the structures I and II. If pro- 
tonation of an !J-alkylanM occur8 at C(9) a pai- 
chloro e&t is found for the ring-methine proton (see 
hw. 

l%e spectra of the ions A, lob and lZb exhii just 
like the spe&mn of 3ap a number of remarkabk tea- 
tlues: (i) the Et-Me group!3 are ullMally strody shkl- 
~andsppearata&ldcuhiebescaO~ppmand(h~ 
the wupliql betmen the C(lO)H and the CHZ protons 
is ratheX weak (co. SHZ). These fea_ can be ac- 
umntedforbyassum@theconformatiouIII(shownia 
Newman projection along the MeCHrC(9)H bond) to be 
the strongly preferred one, as proposed by Brouwer for 
3a (for an extensive discus&n on this subject, see 
Ref.?. Bromver observed a umnpa&k shield& of 
tJ$~~~tons of “” +iplK+auy bonded Et grolljl 

ylbenzemummmasm3a.HeattrMedthts 
shielding primarily to the conjuga@l ackctron system 
ofthecentralriogratln2rthantothefingcurrentsoftbe 
adjaantriags.Chuobwva&ofatripktsplit&of 
theprotonsH(X)iatheions9a,l~audl2binfenequal 
values for Jut and Jsx, which iadicates that the two 
dibedmlangksnre(abcut)equal.Thistripktspliaiug 
pattern is expkinable in terms of conformation III; it 
thus supports Brouwers proposition that the shielding of 
the Et-Me protoas is attri&ed prhrwily to the con- 
jugatedar-ekctronsystemofthecentralriqg 

InthepreferredumfofmationIIIoftheions~9r, 
lObandl2bthejnWmH(X)wiObeiatheplanede&ed 

by the carbons C(1). C(8) and their subsWents and 
~apaMbroe&ctshouldbepossiifor 
H(X).Thisisinfactobservedasthechemkalshiftsof 
H(X) for 3a and 9a are at 5.1 and 5.16ppm respe&ely, 
wlweasinldbandl2btheyareat5.49aml5.56ppm 
respe&ely.Ap&hkroedect~H(X)isalsoap 
parentoncomlmriagthean~ion7bwith2s 
and~obtainedrespectivelyfromlWkhloro-9- 
methyl-, 9,lOdilDethyl- and 9 - ethyl - 10 - awhyl - 
an&racene,asH(X)of2nand3babsorbat4.98and5.1 
respectively vs for 7b at 5.69 ppm. 

The isopropyl methyls of the anthraiznium ions 1Sb 
and 16b appear quite unexpectedly as two doublets at co. 
1.55 and co. 0.08 ppm. The observed difference of 
1.47ppm is catainly not consi9tent with a simple dias- 
tereotropic relationship involving a freely rotating i-Pr 
group.” This observed d&ewe in shieldiug of the 
methyls may be explained in terms of the preferred 
conformation IV (shown in Newman projection along the 
MeXH-C(9)H bond). This conformation also explains 

the relative small coup@ constant (l~x=3Hz) as 
re&t of a d&e&al angk of co. W.” A comparabk 
preferred conf& is observed for cir-l&dimethyl- 
9,lO - di&propyl - 9,10 - dihymorrnthncene (for a 
compkte discussion on the cunformation of this hydro- 
carbonaadits’HNMRspe&umseeRef. 16). 

The observations of the prefelred conformations In 
andIVto@herwiththe~&loroeffectsonH(X) 
fendersmKtweIIfortheanthfawniumioIlsmorelikely 
thansbuctureI.TbeyfintherindkatethatforRz=alkyl 
IIa is preferred over IIb. For R’=H the equiWium 
IIa~IIbisfapid[withl7athuzisnofipestrpctpreof 
the I@ mcthykne absorption (not even at -8fl and no 
pui&loro e&t on the ring methykne hydrogens]. 

AfarelM: wlfethyl-, 9$hmtllyI-. 1 - cllbm - anhceoc, 
ouLm&mcriduld~~lvaecom- 
mcrciauy 8vaihbk rw#um. 9,l~Djctbyhnthnceae vu prc- 
pared fnm 9.1Odkthyl-9,10 - dihydmme by ructioa 

H(X) 

k: Iv-W-H; W-Ma 
#a: I?=#-H; R’=Et 

lob: R’-R’=H; R’=CI 
12b: w=H: R’=P=CI 
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Tabk 5. ‘H NhfK panwtasoftbsm~l-16incDCl, 

ooapa. Obexlaal rMftra (p.p.r.1 and multipliaitiro 

H(l) R(4) H(5) B(8) H(10) a-cq CE 
% -sb 

i 8.20(m) 7.97(m) 7.M(m) 8.20(m) 8.24(a) 3.oOw 

P 8.25(m) 8.25(m) 8.25(m) 8.25(m) 3.01(e) 

5 
8.28(m) 8.28(m) 8.28(m) 8.28(r) 3.04(e) 3=61(q) 1.42(t) 

7.79(d) 7.88(m) 8.26(m) 8.27 (a) 3.40(e) 
5 7.78(d) 8.05(d) 8.54(s) 3.27(e) 
z 8.11 (d) 8.11(d) 9.13(e) 3.00(e) 
? 7.73(d) 7.73(d) 

8.20(m) 7.90(m) 7.90(m) 

8.10(r) 3.32(r) 
s 8.20(m) 8.23(s) 3.55(q) 1 .Jwt) 

z 8.28(m) 8.28(a) 8.28(m) 8.28(m) 3.69(q) 1 S!(t) 

22 7.59(d) 7.71 b) 8.19(m) 8.00(s) 3.87(a) I .50(t) 

Ii 8.02(d) 7.93(m) 8.11 Cm) 8.67(a) 3.42(q) 1. jaw 

22 7.90(d) 8.25(d) 8-W(s) 3.99(q) 1.59(t) 

LIZ 7.97(d) 7.97(d) 9.06(s) 3.39(q) 1.28(t) 

22 8.41 Cm) 7.92(m) 7.92(m) 8.41(m) 8.25(e) 4.52(m) 1.70(d) 

2!2 7.75(d) 7.88(m) 8.52(m) 8.16(e) 5.10(a) 1.68(d) 

s 7.85(d) 8.45(d) 8.68(n) 5.OtNm) 1.68(d) 

l no protona EC2,3,6,7) e&tit =uItisUet mowtionr in bmtweei 7.0 ti a.0 p.p.8. 

b a- uxl B_Ca, represent the metl@n attaohsd to the ant-1 group and those of the et-l- 
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