
A SIMPLE THEORETICAL MODEL FOR PREDICTING 
THE EFFECTS OF BENZANNELATION AND 

BISMETHYLENATION ON THE RATES OF FOUR-MEMBERED 
RING-OPENING REACTIONS 

CruRLBs F. W~LCO& JR. aad BARRY K. CARPENIXR’ 
Deputment of Chcmhy, Cord hive&y, Ithrcs, NY 14853, U.S.A. 

and 

WILUAM R DOLWR, JR. 
Deputmmt of cbemhlry. Ulliveraity of Florida, Ohvilk, FL 32611, U.S.A. 

uhdlwd k USA i6 Mly 1978) 

Abdd-AddbWdOOdpkIil&lMOtbeayic&i.dtotIlCrispqKaines af 8cvcral cycbbutaw 
&iv&a *and their b6~~ aud bia-m@W. The c&&tat cbange3 iu activatbn enthalpy upon 
-0 8Dd bismetbyknmtba 8re fd to be in ql&rdihve accord with expaimcnral fc3ulta. Applimhn of 
t& modal to Dawu beaw~~ ad bicydo[4.2.OJocra-2,4,7-triene ring+pcning ia diacmd. 

The concept of themmdyaamic driving force has bag 
been used to iaterpret rate3 of chemical rcactioas. Thus 
itisaaempi&alobservatioPthat,wi&aajeriesof 
similar reactioas, the most exotlEnnic proWa! win usu- 
ally have the lowest activation entkdpy. However tbae 
arc aotabk exceptbas to this Nk, perhaps the most 
hportaat bciag lwdoas that arc exothmic but 
forbidden by tbc phciplc of orbital symmetry cooser- 
vatha.’ Ia such cases the lack of direct correlatioa 
between clectroaic grouadstatc!3 of tile rcactaat ad 
productresultsiaaspecilddes~aofthetraa- 
sitba state. For cxampb, the thermal convu~ioo of 
bicycb[2.2Ojbex-2+ae to cycbhexa-1,3-d& occurs 
withaasctivatioaeathatp~rthautlmtforthetiq- 
openins of cycbbutene, deqlitetbefactthattbe 
former reaction is nmre exothc&c by about 
27 kcal/mol.” 

Inthiscoonectiooitisintaestingtocompantbe 
activatioa altbatpba for the Wf the p!sell- 
doiadcnc 1 aad bicycb[2.1.0lpeateae (2). 

I D-0 26.2 kcallmol 

2 

ThehmdyahcdliviugforceagMmtleadsto 
the coaciusioo that the a~~nmtic s-n knit by 
rbg-openinlof1shoaldrelmltiarhighL?XactiW.bn 
eathalpy than for the comspoad& transfornmtba of 2. 
Iaf8ctthecoaveraeiafolmdexpe&mlWy”Iathis 
-itianotckarhowtoresolvethe&byorbital 

symmetry llrguments, since bdh reaclbas arc fomlaIIy 
fofbi&lea 4a electron disrotatory procxsses. 

The purpose of the present work is to descrii a 
simpkmodelthatcanbeuscdtoratioaalixethiansult 
aad to predict the effect of benxanaelatioa or timethy- 
lea&on 00 the rates of other Cmembered ringqning 
reactioas. 

Ia the belief that the phenomeooa mny have a topolo- 
gical basis? we have employed a technique which relies 
almost exclusively on orbital topobgy for its pndic- 
tioas-simpk Httckel MO theory. Tbc model transition 
state employed for cakulations 00 the disrotatory riag- 
opeaing is the n-isocoajugnte~ hydrocarbon of Httckel 
topobgy~ while for tbc coarotatory process the cor- 
reapondiag MbbiuJ to&# ia used. This type of 
made1 has recently been shown to be of use ia the 
analysis of substitueat effects 00 the rates of pcricyclic 
reactjoos.’ 

Applicatioo of the techa@ to the spcdic probkm of 
&teraGng the effect of beaumelatioa OII cycbbutene 
riogqWliagsi!3showniaFii 1. 

For each reactioa the dit&reace ia ~-ekctroa energy 
(calculated by the HMO mtbod) between the model 
nWaatandrnodcltraasitbntateisrecordedasAE, 
(ia abaobte fl uaits). Where the cycbbuteae is moaocy- 
clic (not couatiag aay benzene rioga) we have presumed 
that tk fcactioo will follow a conrotatory pathway, ia 
accord witb experiaEatd resultsk, and the rules of 
conservation of orbital symmetry.’ Ia addition one ntity 
notethatthisisthcpathvaywiththcmorencgativcA&, 
as expected.- For the bicyclic systems we aasune that 
gcometricd constraints will force a di8rotatory riag 
open& !Such aa aasnmptba may aot always be valid 
wheatbcaatntatriagisfive-mmbuedorbrger,butis 
probably secure for the 3- aad Qmembered riag8 coaxi- 
dered ia the present work. 

Tbc Mi%iua cycbbutadbne aad M&ius beaxocycb-. 
buWeneuscdasmodelafortbec4mrotatbntnaaitb0 
stata~ 8tt identical with their more familiar Htkkel 
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Disrotatory openings: 

C I? WIUOX JJI. dd. 

- Traneitlon State - 

Model: 

Model: 

0 - @ AE.=-231 

D v TransItion State - 

11 - q AE,--2.000 

Conrotatory openings: 

- Transition State -. 

Model: 

Model: 

0 - .m BE,=-3295 

ItI - TransitionStab - 

II - c? 
AE. = -3.657 

pzzzq 

mabIgsexcepttlmttbclwcakhgboad(aobondinthe 
reactmt)ispivcnafeao~iutcgralofoppositesignto 
tbtMedforthelmlmlin-pbMcovaiap. 

rocrtaya 
tbc acthtbll catltdpy for cxMlmta!oly riu#gg 
@sitiveME.).AsabowninTabk1,oncfindstlmtt&ia 
lKcdidh ruxivcd expcddal suppod ad is, 
fIlr&mm, dkctcd even more sbmgly ill t&e 
biM&ll*ycbbueaaas. 

For the pmllt amnocyclic timcthyltaecyclo~ 
t&e HlkkcUMabius procsdure shows a ckar preference 

mahaprc&thlowiugtotbcorbiEal~yoftke 
tc.tmdl~biredicp1~T&8~anuota- 
tiooappcamtoN!cciveexperimntalaalpportintbework 
of chjew&i.’ 

nlcratioafM?PtoAAEi8foImdtobclMlMawy 
conatant(Tabk1)aadwitbintherangcofvahlesof 
j/?l = 15-55 kcaumol conrmonlyUdtocomlpttCbCllk 
icslmdphylicalplBmop1c11&“1tianotclsrrrwbstbsr 
tbi8rpprorimrtdyliaearrelatioashipbCtWCUl~aod 
ME,isformitoiuor~tbclno&lMedinour 

C8lC~Misintactsntecientty~tOpDoW8C~ 

quantitative e&imtim of di&mce8 ill activatbo 
elltbalpy. we are cinlcatly iuva this qmdoll. 

ItisimmK%ivcto6iowi&rtbe~ectofpnndation 
withpolyamminphaofa8impkbcnmcr&For 
examp~,ancanaa8lyzethediL3why~of 
the Ilap- of p8cmedene 1 very simply. 
si.mt&Heckelrckctroa~of3and4afc 
ilhtid,tbeit~nLtiVCntgOfriag-opening 

willdl?pmdontyont&a~n~ofthetlall- 
sitioostatcm&kSad6. 



m I Die-0 -0.738 -14.7 

El 0.353 - 6.SC 

'aE in am &ff8rulc8 ill &kel S-eb ene%p pa dmolute B unltaf forrat remtat axl model trmuiuoo awe. AAE* 18 tb8 differaloe 0 
AE, for lb8 two mol8oulee ebown in each line. 

bAd 18 the dlffeimce tn obeerved ai2tdv.W eutbdpy for tb8 ring 
opalbIg r88ctm8 @mite are koal/mol). Data from references 28, 2b 
md m-c. 

A gmcral method far &term&g the relative stabili- 
tksof4llmemberedrkgsofthistypebas~alreadybcerl 
descni”Intbeparticukrexempkcronssdmdberea 
lower energy is expected for &lee& to the prediction 
ofaoKlre~~~for4~for3(~pitethc 
fact that 4 probably lead5 to tbe less stable product). 

Appli&cm of the model to the @rumed disretatory~ 
rieg-openiag of benzaanelated ~~~4~0~ 
result5 in a number of interesting predictions, sum- 
rnuizui in Table 2. It is is intrigukg to lid that the 
activation edmlpy for the ring+&g of bicy- 
clo[4.2.Olocta&~ is predicted to increase upon hen- 
zaMektionoftheWXnberalringbutto&creaseupon 
belummektion of the 4-membered ring. If the 
~~~~VC currektkn between AA& and AAH+ 
outlined in Table 1 is genuine tbn the AA&, values 

cskuhtd for compotlndF4 8-u can be convcrcul to 
~+~~d~,~~~~~ti~a 
parameten for the rhg-openkg of the parent 0,” to 
AH+ values. These ace listed in Tabk 2. To oar know- 
I~~~no~~ve~on~~~~ 
opening of s-1. in the literature, llowevcr tbc qtlaliuve 
observations that 10 can be. isokted as a stabk 
compound from tbc dim&z&on of benzo~yclo- 
butadkne” wlwreas 9 appears to St&r facile ring open- 
ingat4Y1’afccertaklyioaccordwitbourpraiictkns, 
altbougb we emphasize that our calctins apply only 
tothedisrotatoryma&. 

A~~nof~~~~~~~- 
ing0fDewar~isallill~prospectiavkw0f 

the recent intense interest in the me&e&m of this 
reactiorl.‘-~ In particular, there is compdhg experi- 
mental evidence for the involvement of elcctmk cx- 
cited states, ‘k alth@ their tJtlanti*e impormm ’ 
the 0vCanll tran5formatkn is not yet known.‘” z 
can antkipate that our groundstate model would be unabk 
to predict the &ects of beruumelation or bis-methykna- 
tion USI the activetim cnthalpy for ring~nillg if, in fact, 
theexcitedstatepathwayweresignificant.~isfound~ 
~~~.F~e~k~~~ta~er 
activatian enthdpy for the riag+peIking of 5,~is-mcthy- 
knebicyclo@.20lhex-2eae than for Dcwar buuene, 
whereas the converse is obs~cd experimentally.‘6 
Remarkably, however, if we use an excited state model in 
which the tnmsition state for each reaction is presumed to 
possessapairofsiqglyoccupicdmolecularorbitalsagood 
qualithe correlation Mwecn ME, and AAH+ is 
ob!wvai (Table 3). 

&ain one must rccoghe tbat the correlation betweea 
AAWLS.) and AAH+ could be fortuitous, especially 
since attempts to detect excited state antbraccne from 
tbc ther195is of it5 Dewar valea* isomer were un- 
successful.* ’ Neverthekss, the feikre of the &round- 
s* m&l t41 even qualitatively predict the result.5 is 
CeRainly suggcdive of the incursion of some other 
mechanism. 

Looking ahead, we see no mason to believe that the 
contrastiug effects of benzamlelatkn on the rates of 
allowed and forwdea reactkns should be restricted to 
cyclolmteae rillg-opdngs. It is possible tbat the effects 
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Tablc2. Prcdided &xx of be- on the ntc of the bicyc~4_rLOl-ocwr& to cyclooctptstnene 
COW& 

00 c 
10 

\ C 

0.938 

-0. l?A 

as 

16 

0. loa 23 

%Mferewe in AE for dlerc4atorp opemi’q of Um bdlorbd aompound 
& the pllrant bpLyulo(4.2. qoatatrima. 

bEntbdpy of Mtlvation (kod/mol) pradioted from Ml8 L 20.4 AAE 
and fkom Ali* for tka par& oomptnmd, 1 (cdcuhted from the dati 
in refermice 12). 

Tabk 3. 

-,(a 8. )’ Mqp. 8. lb AAHTw” 
ml 0. 611 -O.lal -1. 8 

ml CD =I 1 0.362 o.Or4 -0 
d 



discussed in this paper arc just nwtife&tions of a atore 
general phenomenon which applies to pcricyclic rcx- 
tions as a whok. 
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