
AspaftofacollthuiQchttoas¶essthc&ctsof 
subshentsupoostabilitksofstniDed~mok- 
alk&‘-’ an illv~ of &rivatives of the bcaEne 
vakncei~l-5isofspccialintcfcst.Tbacann- 
pauedatmvenioculGquecarboacnviroameotxMdthc 
sulixhgorda~dYectxofurbQtinwatxrttbebc 
poaitiouscanbeeahmtafthfa@dhctcanparisanof 
tbccncr&aoftbciunnuic 
dchativca. FWtblnWrc, 

(CHh and tie rnrloeous 
tbc 7 of 

bcaxeactoother(CH),(dbdtinverybwykld~thdr 
~tbUCMlstAlitk&yMdPSdyMmrtiMth 
intbCprescaccdwcrlC&dyStS’ORXAIWUICdtbC 
dhuacthrics of tight storqc-ktatt btrt coovcfhl 
S@CillS.““~ Tllus.thed?cczaofMlbQtitueottupoathc 
rdative stauitks of (CH)r may hi evanl8l applhth 
itlstudksofohrmorcdWultlightstor@elndech 
syntems. 

I 2 b 

cussed later. Ma~~~ubstimtal speciu were gcmatcd by 
simply rcpkciq H by various substitucnts (Ii, BHz, 
CHz*, F, OLii lmviug spccitW stnrnval parameters” 
and kaviilg the ccubocyclic framework illvariaot. &ml- 
p6uiXM of the clurgks of subAtutaJ derivatives and 
thdAydKNXhl*~ill&toobcainthCcOV 

~thcnefgksisanhksmicpap 
~lnQdYFlaahindsq~incakuhtans 
d strain cncrgks and the ahence of ekctroa cof- 
rdxth 

Benzcncmla¶ceiumurs. Tabk I lists total cnmgia 
(hutnxs) and relative cnergia (kcdhok) of I-4 
obthcd by Newtoo et al. at both tbc STWG” and 
C31G” kvds. Addithally, tbc total energies aDd nle- 
tive cncfgks caluhtai for 3J’-bicycbpqenyi (5) ill its 
ufi (s& d=lsrrX tyn (sb, b=WX and gawclv (SC, 
6 - 4r) catfWmathu3” are tabulated. The guXWly of 
tbccydopfoFcDc*illshastXcntakcaascqualtotk9t 
ahktcd” for cycbpmpcnc itself, tbc Cu33’ bond is 
fcundtobcequaltol.51hdtbcH,C,C,‘an&cqual 
to 114.7” (assumed to be bisected by the appropriate 
cvdopooeae ohokcuhr phe) folkwing a limital 
gcoa&y search employing tbc rtportcd geometries of 
bicycbpaqyl as a starting point. Bicycbpropyl is itsdf a 
compkxcodormatbualproMemknowntocahtof 
almost equal fr&cths of two coIlfonncrs:‘em an Mri 
strWurc(~toSa)lmv&arotathdamplindc 
dabout+WandagoyclvsENcntrr(anhgoustoSc) 
having a rotational amplit& of about el(P. 

fn Tabk I an listat expcrimcotd cnthalpy ditheoca 
tutweta 1-J (actuafly the hexamctbyl derivatives) as 
wdl as an &hate for the rdative cnthalpy d 5. An 
amusingfcatureisthatthcsTWGanqiuarcin 
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e STO-36 4-316 Ral. Energy 
TOtrl 
-WY 
(hwtmes) !iii$j iii-iL$t :i?y I:~;tmt~'l 

Benmm QJ -227A912~ 0 -230.3?74b 0 0 

Ibuet Benme(2)227.7656@ 78.7 -230.214Sb 102.2 s9sc 

lknzvelen(~~ -22?.7024&' 69.2 -230.210Eb 104.5 67.5' 

Prirmne(4J -227.14379' 92.3 -230.1383b 149.9 91.2c 

3‘3'~Bicycle- 
P~pcnYl 119 d 

bntl ccdor- 
- rr(W -227.66341 142.9 -230.1312 164.4 

s confor- 
@-@.I -227.66093 144.4 

PIti (4S0) 
conforar(&) -227.66251 143.4 

b. see ~fSrencS 13 

b. See mfemcs 14 

C. Thfs rcturlly refers to the heurthyl reties; See J.F.M. 0th. 

~npa. Chew. tnt, Ed. Ensl-, & 646 (1968). 

d. Ertirted es follm: 

2 A~;(cyclopmpsn) l AH;(bicyclos'ropyl)- 2A+'cloPropl+ 



3 -l25.Y9199 0 -252wrC 0 lm.Y206 0 
I(Dl4W) 

n.7 I-252.?0961 61.4 

75.5 ; -232.71w3 76.7 &9.4226s 74.9 

70.9 '-252.74290 62.5 .m.42948 ?0.6 

70.5 , -252.7221 75.1 -~.42?lO 72.1 

67.6 ,-252.74013 64.0 -m9.4lx)? 66.3 

92.6 ; -252.7Rx)l 69.1 -x9.)9299 93.5 

141.8 I-252.62209 lB.O t?06.316?0 141.3 

1 -234.x042 lW.9 -325.12452 141.1 I-252.60161 150.7 ' m.31414 
r 

142.9 
X 

B+Wl -265.65231i 0 

1-04uw bmzmrmbin 1 
(94uCha 3 

-265.47171 103.5 

1-Dnw beuenecrrbfnyl -265.46462 117.7 
(bisW.ed) 

P-04u4r brnrrnecrrbIny1 -265.51087 89.7 
(wi~li)con.ju- 

2-Cuwr bwuemcrrtdnyl -265.52139 82.1 
(conj rllyllc) 

I-btnrvrlenecrrbtn 1 
(prucha 3 

-265.50935 89.3 

l-tm’vJ~~~m’m~y1 -265.47396 111.8 

2-b8nzvrlenaurbfnyl -265.46657 116.5 

3-bmzvrlmeurblnyl -265.53534 73.4 
(Idcrllzed) 

3-benzvrlewcrtifnyl -265.55352 62.0 
(4llylic) 

Prisuwcrrbinyl -265.47417 111.7 

3,3'-blcyclopqenyl- -265.38671 166.6 

L=," 

4. Y.J. Mhm. hthods of Electrdc Scructum lhrory. H.F. Schufer. I11 

(od.). Plefw Publlshlng Corp.. Mu York. 1977, pg. 277-331. 

. . . 
tahbtmiotklattcfmakc5tbcaromaticspccie rcscmbltocetoadistibcazylcation.pc~s :uhstan~y--reinti”ctotbcDcwafbeazeac reqlliringnobarYiclatan.sbouldthatbcthtcasc, 

isomcrtlmistbeca3cforthc(CH)rmokuks.Attbc sdvdysisdl-tkwafbcnzeoccarbinyitosyhte~(ofthe 
Mnlctimc&~ofthcpositivechgcmigilt like)ahddbc momrbudynpidduetof~ofa 
pro*l-lkwrrbeamaahylcatioawithsubstrntkl beIuymcsctintedcanpkx(schcwl).Attheo(her 



extnlnc, ooe mi&t antici slow formatioa of P pfi- 
marycarboaiumionfolbwcdbyfwumgmottobut- 
zyicatkminthcmamcrofSchmc2.Here,anintms- 
ting factor arises. W&k, the gmmd-state hoak&oo 
of Dewar benzene is ‘@mlWly fo&iddaP,= exaak- 
tion of Fw 1, tbc comhthn diagram for f-&war beb 
zrncwbinylcationaDdbcIuyl~showstbattbc 
latter is “symmetry-allowal.” This doe4 not w to us 
tobcanartifactofmtucatsymmetryintbeisowric 
#KHZ’ r&the to isomeric C& Thus, t!mnal . . 

-of I-Dewarbenteaecarbm + ylc.Aoasllouki 
~f~~~~-~x~~~~of 
DcwarBclume.~questioaoftbcrmalacccsstoekc- 
tronicallycxcitcd bmzyl catioa caters at thir point. 
Flptrr1sbowstbatatramitioafmmgrwad-state1- 

)‘n 

$21 

Sib 

lr24 

(I22 

I22 

ili 
-A 

~ 
-s 

bammxa&yl cation is symmetry forbidden 
whik calvmioa to the doublycxcikd state (occupy 
of h) is rymmtry-aIbwcd. Given the cnef@.ics of the 
vt, otbc? pathways to excited-state bcazyl 
~~t~f~~*lt~~~~~e~t 
other worker8 have retxWtc!d the phochcmistry of 
tripbenykarbinyl (trityl) cations.” similarly me woodcrs 
about tbc ability d bicyclo(3~2~O]bcptatrieptatricnyl cathns to 
@merate ekctmaiallly*xcited tropylium cation. 

Aadbtr possiity must also be imskknd. Given the 
propensity of 1~~~2.2~~~~1 derivatives 
to I#rrrap to form l-norbomyl compounds,y oat! must 
alsocWi&rttJcpossiis~hschcau3. 
ooewouidthinkth?utbcl~cnylcationshould 
be even less stabk thm the horbmyl cation due to 

S- 
A- 

S- 



k;stabilitingwtuctiVC8ff~iDtbCfOtQClJllldthattbC 

st&ilityofbcazylcathshouMsurclymaLethisspecics 
more acces.slMe. 

Tabk 3 providts some additiod notcwortby features. 
The rotathnl barrier cakulatai for l-bcazvakaecrar- 
binyl cath is 22.5 k&no&, some 9.3 kcal kss than for 
1-bicycbbut~yl CathQ. The cause of tbis effect is 
the my bigbfy puckered gcmctry of tbc 
bicycl&utanc ring in bcnzvaknt. txculatkms on 
“mo&l bicyclobutaDc” having this gWmctry indicate 
that (a) it is h&hex in cocrgy than l%cycMutanc in its 
reported smJchtrc,” and fb) the bi&st ocaqd mok- 
cular orbital, which is s-like and kwdized bctwc.en the 
bridgebead carboas” is of lower ClleTgy for the highly 
puckered “mo&l bicyckhrtad represcntiPg tbc unit in 
bcnzvaltnc than for bicyclobutane itself. Thus, the 
stabilizhg interaction of the a-like HOMO with the 
CHt’ substitucnt in its most favorable govehe con- 
formation’ is ksscnai for the highly pucked “model 
bicycltWtaWandtberotatbnalbarrkrbwcrd.Ano- 
tha manifestah of tbc pucker& of the bicycb&~tanc 
~~~~~is~~s~~~~ 
from an i&did 3huvakxhinyl catioa KHz’ 
sul?stitlJcnt, co-planar with tbc okhlic lilhgc, CJ-G = 
1.3SA; CCC,= 1.47A) to a m 
having sn all*, system (C&L = CCC, = ,.S!$E 
calculatd &d&&on is I I.4 kcalhnok, which may be 
compnrcd with either tbc 4.9kca4mok stabi&& on 
p~ing from planar ‘%propcnyl catioa” to ally1 cation’ or 
the stabilhation of 6.6 kcalhnok in @irrs from planar 
“3-propcnyl” to dlyl cation ShucnDes of ZDewar Ben- 
zenecarbmyl cation (%bic 3). The extra stab&& in- 
crement in the transftio to allytic IbeaMlknyl 
cdubinylcathisattnhtabktosomcQattenipOofthc 
bicycbbutanc ring thus producing a geometry closer to 
that of free bicyclobutpne. The rotatjorlal bnrrkr Cal- 
culated for l&war bcnzWc&inyl cat&l is only 
8.3 kcdmok, rclkcting the low p&racer of tbc G-C, 
bond in Dcwar benzene relative to tbc G-C, bead of 
bkydobutanc or t&c c,c, bond of beWakne. 

summary. substitlJcnts can have draldc t!t?ects 
upon the relative energ& of bcn?Eac valence isomers. 
These effects are prcdchbk through reference to 
smalkr model compods such as llwrocthyknc, 
ti~~y~* etc. substituents shod pray an 
ailahourokin~taapynttioashipsbe- 
twccn otbcr isomeric systems such as quadrkycbnc- 
rudmrditoc. 
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