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Phenanthreno-annelated anthracenes as well as their dianions are studied by means of
molecular-orbital theory (at the AMT1 level). The charge distribution in the dianions is
highly non-uniform: the anthracene fragment bears roughly 50% more negative charge
than the phenanthrene fragment(s). These findings point at the possibility to apply the
concepts of Clar aromatic sextet theory to benzenoid dianions. Within the framework of
this Clar-type model, phenanthreno-annelated anthracene dianions may be viewed as
charged analogs of all-benzenoid hydrocarbons.
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INTRODUCTION

The concept of all-benzenoid hydrocarbons [1, 2] represents the foun-
dation of the Clar aromatic sextet theory [3, 4]. All-benzenoid
hydrocarbons are characterized by a unique Clar formula, in which
all m-electrons are grouped into aromatic sextets (indicated by drawing
circles in the respective hexagons), and in which double bonds are
absent. Such Clar formulas are known to provide a reasonably good
description of the electronic structure, local aromaticity and physico-

*Corresponding author.

33



*SUOTUBIP 11911 JO
oM} Jo semurioj ad£3-re[) ay) pue ‘Juswfelj SUIDBIYIUE UL JO SPUI Y}0q 01 SHUN SUBIY]
-ueudyd Juigoeye Aq pauIeIqo SUOQIBOOIPAY PIOUSZUIQ DLISWOST 1n0j 3yl Z AANOILI

79 pue 1) Ul SPUOQ [QNOP JO DUISYE Y} 10U SUOIUEIP
eyl Jjo Ty ‘1) spmuuoy adf-re)) oyl pue ‘() ausskiyd(d ‘glozueqip pue (1) 2ud
-equydeu[s'vjozusqip Ajoweu ‘sauadeIyiue-ousryiuruayd otrowost om1 oy | HANOIA

5q suonos[a-L o sied om) Sururewal 2y} Jey) saimnbal e[nuioj e yong
“(1 "81,] 29s) s191xas onewote ojul padnoid are Ioj 1dadxs suosdR
-1 [ yoryMm ul ‘| Jo uomuerp 2y} jo uonejuasardal snbrun ayy st 1)
B[NULIOJ ‘PIapu] "S)[nsal [Brudwizodxa dA0qe dy) SZI[euoljel 0 pasn 3q
Aew 7 pue | Jo suotueip ay} 0} pardde Suruosear adA1-L10ayi-1e[) v
- Jensnun,, se Suipuy siy) 2q119sap [g] Jo s1oyne oy I, “judswdely
QUQOBIYIUR 3] UO PazI[e20] Suidq 31 Jo 1ied jurdoyiuss ¥ ‘wuIojun-uou
Aysy st a81eyo oY) Jo Suruonnied oyl 18yl punoj sem iy °[§ ‘2] vroads
YN H, 1Y) wolj PABWS? Sem SUOILEBIP 3S3Y) Ul UONNqLSIp
a81eyo oy L [§ ‘2] 7v 12 ZnAouIqRY KQ PIZISIYIUAS UI3q dARY ([ "S1f 995)
susoriyiue-ouanyiueusyd (7) Je[nSue pue (J) Jeaulj a2yl jo suoruei(J
([9] ur perrodal s1om ‘ploUDZURQ-UOU PUB PIOUIZUI] IO ‘SIMI[OW
pa1e3nluoo jo suoruep ur uonesnfuod dIdAd SuruIdA0Z so[nI Y} uo
suoneA1dsqo Areurwipid swog) "uonsanp sy olul jdwane ue oyew
am Yrom sty uj “sarads oruor 03 parjdde ussq jou—Iej 0s—sey pue
‘SuIa1sAs prouszudq padIeyd-uou Ioj paugdisop sem [Ppoul Ie[) ay]
[y —1] sprou
-0Zuaq ‘OLISWOSI ‘ISYI0 UBY) J[QEIS 2I0W yonw Ajediueuipouriayl
puUR SAIORII SSO UONUW A[[EOIWAYD I8 SUOQIBIOIPAY PIOUSZUI]-[|Y
[¢—-¢] so[nosjowr proudzudq 92A[D3ASaI JY) JO IOIABYQQ [BOIUIYD

WY)Wl wonnqLIsIp 931eys ay) SuIysIjqeIsd je paue
‘SUOIUBIP 119Y) JO pue 9—] SUOCQIBIOIPAY PIOUSZUI] d) JO SAPNIS
[31QI0-JR[NOJ[OW UIYBIIIPUN JABY IM [SPOW INO 183 0) I19pI0 U]
'Z 2In81q 998 ‘9 puk ¢ JO SUOIUBIP
oyl jo suoneiussardar ad£i-1e[D) 2y ale 9) pue £ ‘ddueisul 104
“JusWFeI) SUIDBIYIUE oY) JO uOTexay [BIIUID Y] UO PIIBOO[ SUOIIOID
- jo sired om) ylim pue ‘suofexay A1dws om) pue [[nJ XIs YlIm ‘spuoq
3[qNOoPp noyum enwioj adA1-18[D) anbiun © SBY WIY] JO YoBa asnedsq
PIOUSZUAG-[[E,, SB POomIIA 9q OS[B ABW SUOTUE 35 |, "7 9INJ1,] 938 ‘9—¢
SouadRIYIUR pIjeuUR-OUIYIUBUSYd 3Y) JO SUOIUBIP 2y} JO IsBD )
ur os[e pa1oadxa 9q pnoys Juaid eIy JUdRIYIUE ) U0 dFIeYD san1RIOU
Jo ss20xd snoZo[eue uay) ‘punos A[EIWAYD SI [apowl B yons J|
‘T Jo uoruerp ay) Jo uoneuasaidar adA1-1e1) 2 SI ¢ B[nu1oj ‘AJoeue
[0 uf Juswdesj JUIDEBIYIUE ) JO UOSEXIY [BIIUID ) UO P3IJELd0|

33 SNOINVIA ¥0d ALIYVINOTY ddAL-IVID V 4P 12 NVINLOD ‘T e



*§ UOQIBS0IPAY PIOUSZUdq ) Jo AndwosH ¢ FANDIA
/w :M. WI M

‘[eanjuapt Jsourje axe (¢ "SI 29s) S[NOJ[OW [BINSU 31 PUB UOIUBIP ) JO $IIJOW
-038 a1 ‘N ul uonnquUISIp 3F1LYD JY} PUB § JO UOIURIP Y] Jo AIPWoan  FYNOII

L SNOINVIA d0d ALIIVINODAY ddAL-AVIO V

"Anpuiwids “Iqq e Suissassod ‘reueld Anjosjrad aq 03 punoj are (p ‘31,4 29s) uoUEIp SUI
pue 3[NOS[OW [RIINSU 3} Y1OQ ‘f UOQIRDIOIPAY PIOUSZUSQ Y} JO AIjpWOaD) ¢ TANDIA

‘1] sondde war

-0ay) 3uwrred ay) YoIYM 0) ‘SUOQIBOOIPAY JUBUId)E JO saAneIuasardal

[eowd4y o1 9—f asneoaq ‘podedxd oq 01 SI 2Iniedy SIYL -a8IRYd

sane3dau [ews e Sulreaq (sjiuswSery suaryjueuayd 2y} Yum ‘uuojiun
Al[enIuassa 1 punoj uornqrIIsip a8Ieys aY) 9 — [ SI[NOJ[OW [BIINSU U]

"JudwsFelj 191)0 Y} 03 J{BY PUB ‘QUO 0] PIINquIie SI 3gIeyd

ay3 Jo jrey siuswidelj om) AQ paleys SWOJe UOGJIed Y] 10J ‘juswidelj

aAnoadsal ayy jo swole [ Jo safieyd oy} Funwrwns £q paurriqo

dJe 9S9yJ], suowuBIp Iyl pue 9—1 Jo sjudwdery Juaiyiueusyd

pue susdeIiyjue oyl jo sadieyd oyl pajussard aie | s[qel Uf

NOISSNIOSIAd ANV SL'INSATA

‘Jsanbar uodn sioyine oyl woij siqe[vAR
dIe s[rejap Jeuoneindwod Yo yim Ioy1e50] 9 PUB p ‘T ‘I SWISAS
3Y) I0J §)nsa1 snofo[euy ‘SUOIUBIP Y} Ul UONNQUISIP 331eYd 2Y)
SB [[oM SB ‘SUOIURIP II3Y] JO PUB § PUE ¢ SO[NIIOW Y] JO SOLIOWOF
pare[noed 8y) umoys are g—¢ saIngdry w ‘sasodind sanensny[l 10,]
‘suonemojed [eodweIwds [V 10) So|U DVJOIAN St POABS alam pue
[£1 ‘21] 0y THAOWDd Yya 3mq a1om spunodwod ay} jo $a1n1onis
YL -surensuod Answwis woud v ou Juisodwr pue uoneziundo
Answoagd [ny Sukojdws ‘[11-¢] (98exord oL DVJOIN ® Susn)
poyow [NV 2Y) AQ poUIWLI2}Op oM SUOIUBIP IIdY) Jo ‘Ajereredas
‘pue 9—J SI[NOI[OW 3} JO SUONINQLISIP 9FIBYD PUB S2UJOWO0T oY T,

NOILVINDTVI 40 STIVLAd

212 NVINLND 1 9¢



11 919B L
Ul USAIS oIe 9SoU] ‘suolueip oYl JO S[SAS] OINOH U} pPue suoqied
-0IPAY [ennau oY) Jo S[PAS] OJANT Y2 Jo Apnis oy} wolj SMo[[0]
suotuelp jJo [ppow ad£i-ref)y 2y Sunioddns juswmndie Isyjouy
"PAUIIEXS SUOIUB PIOUIZUI] dY] JO UONBINYUOD
UOI109[3 3y Jo saInjedj jueyrodur jsowr 3y} syutodurd [opowr 1e[0) 3Y)
1RY) suLrguod (sirun suaryyueusyd reroydirad ay) SPIBMO] 11 10311P PNOM
yomym uoisindal o118)$01399]9 0} AIB11U0J) JUSWSRIJ JUdRIYIUE Y] UO
saye[numosde Apueurwopald ag1eyd sanedau ay) 1Byl 108) oY) ‘AemAuy
(9 pue § ‘s8I "Jo) [[om Sk pagieyd AYSIy d1e SWO)E IO UILIID 1B}
1nq “a81eyo sanedou o) Jo uontod JULOYIUIIS B 18IQ SWOI. UOQIED 359Y)
‘SSO[AY1IAAU “BY) MOUS SUONEB[NO[ED INQ) Judswdely duadeIyiue aY) jo
SUIO)® UOQIBD [BIIUAD OM] 3] U0 Appueuiwopald 10 A]2[0S pa1edo] s19—|
Jo suotuerp 3y} ur 38reyo sanedau oy 1ey) 302dxs 0] uoneoyduwIsIaAo
ss0I18 ® aq pmom 1 ‘xenonted uf ([¢] papiedaisip A|nj d1e 109§
UOIOI[9-0 [PPOUW B[ SY} Ul JBY) [[B9Y) ‘I AQ pasned uonnquisip
o31eyo uonodP-r a3yl pue uonednluod O1OAd JO JpOoW juUpUIUIOp
ay) s1eoIpur A[uo A9y) :UOWUBIP 2A1IadSaI JY) JO SINIONIIS JIUOIIIID
ayy Jo uonduossp godwod e Suipiaoid se poolsIapun aq JoU Isnw (g
pue | "s81,J ut pajoidsp ssoys “3-9) se[nuiio]) [eInjonmns adAy-1e[) Sy,

695°0— 198°0— 9
1ysu ¥$$°0—
3ol 685°0— LL8 O~ S
Wsu £86°0—
pie| 09$°0— 1880~ ¥
€550~ $68°0— €
098°0— ovlI— ré
0€L°0— 0L 1— I
RQWRB.NE
$00'0— 800°0 + 9
Wysu $20'0—
1391 1€0°0— $S0'0+ S
y3u $00°0—
1391 LO00— 100+ 14
900°0— 1100+ £
$00°0— S00°0+ 4
010°0— 0100+ I
JuawuBnf Juauidpaf
auaaypuvusyd PUIIDAYIUD u0qIDI04pAYy
Z o3 w

pajordep sureaderp sy 01 siaga1 , 1YS,, pue 33|, SUOIURIP JISY1 PUB 9— | SUOQIBI0IpAY
prouazuaq a3 wi sjuswesy suargueusyd pue SusdBIYIUE dY) Jo sdByeyd [ IAVL

6t SNOINVIA 404 ALNVINOTY ddAL-AVIO V

‘Juawdery
suadeIyIuUE 9y} 01 adreyd sAnedau oY)  Junoenle,, ur JUSIDYS IOW
Alqesoniou s uomnepuue Jreaur ‘paipnis sojdwexs [fe uf ‘(1en3ue
ST UONB[OUUE ) UIYM) 2/, €€ JO (Jeaul| SI UOTIB[OUUR Y] UBYM) %/ SI
$890%3 SIY} payoelre sI juawdel] suasqjueuayd auo Ajuo J -(1un suary)
-ueuoyd auo 01 2Ane[AI) 9,09 —(0S SI SUIDBIYIUB UO IFIBYD JO SSA0XD
3} ‘PaYORIIE 21 SJUSWITBIJ SUIYIUBUIYd OM] USYM ISBO ) U] "[opowL
ad£3-1e1D Y3 ynm juoweaiSe ur A[[edsiseq si pue uouswouayd [eI1oudg ©
ST SaUAORIYIUE pIjepuue-ouaIyjueusyd Jo suorueIp ay) JO UONQLIISIP
o81eyo oyl jo ANuuojiun-uou Y} JBY) UWS SI [ J[qBL wWoig

-mpswwis-uou pue seuepd-uou
Apaounouoid are ‘uoruelp sy Ajjeadss pue ‘(¢ "SL] 235) ¢ anodow pagdreys-uou Ay}
Jey] 210U 1 Ul HoNNqUISIp aSILYD oyl puk § JO UOURIP 3Y) JO ANowoan 9 FYNOI]

w12 NVINLND T 8¢



40 [. GUTMAN er al.

TABLE 11 The lowest unoccupied molecular-orbital (LUMO) energy levels of
anthracene and of the benzenoid hydrocarbons 1-6, and the highest occupied
molecular-orbital (HOMO) energy levels of their dianions; all values are in eV

molecule LUMQO energy HOMQO energy
of hydrocarbon of dianion
anthracene -0.840 2.628
1 —1.158 1.386
2 —1.085 1.242
3 —1.370 0.359
4 —1.264 0.496
5 —1.167 0.558
6 —1.181 0.415

From Table II we see that both energy levels are significantly
lowered when a phenanthrene unit is attached to anthracene, and are
further decreased by means of a second phenanthrene unit. This
implies that the ease of the formation of the dianion (1.e., its stability)
increases by the introduction of phenanthrene side groups. Again,
linear annelation has a stronger effect than angular annelation.
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