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Abdmd-Tbc applicability of the cycw Wakh orbital model to a sceries of t&u-bomobcnzencs is 
invati@cd by mans of pbotoekctroa CPE) spcctro~y and mokculu o&ii (MO) theory, with particular 
emphasis OII an uadasa of t& conformational dependence of the conjttgativc interaction between Walsh 
orbit& of linked 3-membcnd rings. Tbc shifta of the Bnt three PE brads in the wrier diadcmane (1). 
rmrupcatrycb(3.32.ds.Oc’qd7deaac (2). fmnJ-bisw-hom (31 and its 33,649,9-bcxamctbyl dcriva- 
tivc (4) are well described in terms of a “Limr Combination of Walsh &bit&” (LCWO) model. provided 
“radially” oriented coatriiutions to tbc cycbpropanc Walsh orbiis arc included. The resulta imply that the 
t&at occupied MO in L 3 amI 4 is balixed in tbc s-cis-bkyclopropyl fragment of these specks. 

The interaction bchvcen Walsh orbitals of “conjug- 
ated” cyclopropane rings in diademane 1 (hexacy- 
clo[4.4.0.dA.ds.dj.09decanc) and tmwpcntacy- 
clo[3.3.2.~.O’=‘“.~&cane 2 has been investigated 
some time ago by Heilbronncr et rJ.’ by means of pho- 
tockctron (PE) spectroscopy and simple Hiickel type 
theory. The value of the resonance integral between 
linked “tangential” 2p atomic orbit& (AOs) of adjacent 
eclipsed cyclopropane rings was found to be - 1.73 eV.t 
In connection with recent studies of the rearrangement 
of trisu-bomobenxcncs” and PE spectroscopic in- 
vestigations of homocycloheptatrienes,s it became of in- 
terest to extend the above mentioned investigation to 
rronr-his-o-homobcnzem 
[6.1 .O.~.~‘]nonane) and 
derivative 4.‘ 

3 (do, eUetracyc1~ 
its 3$,6,6,!&9,-hexamethyI 

The aim of tbis undertaking is to estimate the ap 
plicability of the cyclop~~pane Walsh orbital model to 
systems with linked cyclopropyl groups. A nccnt in- 
vestigation indicates that a model based on purely “tan- 
gential” 2p AOs is an overaimplifkation and that “r&i” 
contributions should be considered in order to dcscrii 
the measured trends.’ As discussed below, d&&al 
angles between linked t&c-membered rings in the series 

t 1 cV - 96.478 kJ/mok. 

1-4 range from (P to 120”. which provides an excellent 
opportunity for a sensitive test of the predictions in Ref. 
5. 

lkL.cw0mode1 
The Walsh-type molecular orbit& (MIS) of molecules 

with linked 3-membered rings may be dcscriad in terms 
of a “Linear Combination of Walsh Orbit&” (LCWO) 
model introduced recently.’ This model and its ap 
plication within Koopmans’ theorem (cyo = -I.)’ to the 
PE spectra of cyclopropyl compounds have been dis- 
cussed in detail:’ only a brief outline is given here. The 
basis orbitals are the e’ Walsh-type orbitals of cyclo- 
propane, w(S) and w(A).’ In the present case of tris-u- 
homobcnxcms we choose the phases of the “tangen- 
tially” oriented contributions as indicated below. 

*i IS1 w$Al izl.2.3 

This is the usual representation of cyclopropane Walsh 
orbit& which is sutlicient for most qualitative ap- 
plications.’ In contrast to the case of cycbbutane? it is 
not necessary to involve “radial” contributions in order 
to obtain net bonding Walsh orbitals. The admixture of 
“radii” components, however, is essential to the inter- 
action between Walsh orbitals of linked fmcmbcrcd 
rings, particularly for torsional angles close to 9lF. when 
the conjugative interaction between purely “tangential” 
Walsh orbitals is minimal. In the present model, this 
admixture is introduced formally as a HOMO-LUMO 
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mixing in cyclopropane, end the degree of 8dmixture is 
specitlai by the paremeter x: per cent ‘hdial” 
sdmix~=1OO~.uaillgtbemodelintroducectinRef. 
5, the interaction integnlr between tbc Walsh orbit& 
Scated above take the following form: 

= *ZST(l-2x~Caa~+~x~(l-x~~~e”].B 
[ 

(1) 

Here~isthedibahlanglebetweentberingsiladj, 
where e, = (P refers to the eclipsed confornMtion. 8Dd fi 
ia the resonulcc integral between linked’Ul#en,,. 2p 
AOs of adjecent cycbprope~ ringa for B - 0’. 

For x = 0 the expresaioaa (1) refer to the intcnction 
bdwcen purely 'all,., wahll orbit&. AN 
exphinedin&railprc~;'the‘~thl"WPlsh 
orbihl model ia e good model for the eclipsed con- 
formation of bicyclopropyl becau8e for dihedml englea 8 
closetotY,tlleinlhlceof’~“um~teadrto 
cancelwithtbeeffectoftbcintaactionwithu,aadufs 
orbithoftbecentmlboadThi8ianottbecasefor8 
deviatiq~ signiihntly fnnn OD, when ‘hdhl” contrii 
tions buxxne wsentiel and 8 x-value of l/v5 -0.45 
wrresponding to 20% uhhture of ‘hdial” corilpoln!n~ 
hbeenfoundqproprh.‘Tbe8eargumentscanbe 
extended to the c8se of three linkal cyclogropyl gllNpll 
a8 in l-4. Consequentty, we take x=x =0 for the 
interacth between c&-relatal and x = x- = l/V5 for 
rl:terhon between rm~~-rehted cyclopmpyl groups 

la order to obtain qu8atitative results, it ia fmthrmore 
necess8rytoobtainemp~estimatesoftbequantities 
% , ar and jl entering (1). In the case of 1, rll dihhl 
au&s0,,are~tozerobyaymmetry.‘Tkecom- 
polmda 2-4 can be assumed to have c.-aymmetry,” 
whicbmeu8ath8ttbedibahl8n&betwecntbecis- 
oriented cychpropyl groups is equal to zero, i.e. e* = 
ha = OD. hpection of molecuhr models iodhtea tbat 
tkangkbctwcenrmnsrrktcdcycbpropylsrwpsis 
c~to~intbecue0fE’ie.e-=elr=-8r,=~. 
lntbeca8eof3,thisaDgkcanbeexpectedtobecloseto 
9(p, e buNDo/3’ chlhth yields the v8luc e we 
sballconsider3as8mo&lcompouadforthealse 
8”“=90”.Thestericioterecthbetweent&geminal 
Mepouprin4culbeexpectedto iMTWCthiSV~t0 

about l#)L; this is consistent witb the results of Nl x-ny 
d&act@~ investigltion.m Tbe dibedfd angles can be 
wmmaclztd 8a follows. 

ar = -103 eV. 

B = -1x(1 -x3-’ ev. 

These values are con&tent with those employed in Ref. 
5.The~~toftbcrlLylOroupsia1.2andIcanbe 
expectal to destabilh w,(A) relative to w,(s) for each 
NhtiMed riD#t’ beause of the large dilTerencc in ampli- 
tudeintbcsub&utalposith.Werllalladoptrcrude 
scheme for the approxhmth of this effect: the substit- 
utionofaaalkylgroupisauuunaitodeatabilhew~A)by 
0.5 ev, lcaviog w&l un8uected. In the case of 1, ar is 
~~~nas_98eVfortbethreewl(A)orbitalr,aad 
as -10.3 ev for the three wr(S) orbit&. In the case of 2 
we have a-= -9.8 cV for w,(A) end w,(A). and a., = 
-103 eV for the remaining besis orbitals. The effect of 
twoelkylgroups~in4istekenaatwicetbeeffectof 
one, i.e. (I- = -9.3 eV for wdA) and a,. = -103 eV for 
w,(S).TherimpIicityofthiascbcmeisinkecpingwitb 
the besii timplicity of the LCWO model and keeps the 
numbaofdhpoaUcpPrametersataminimum. 

lnthisaecthtbegcn&featuresandp8ramehization 
of the model b8ve been m. It is rmw straightfor- 
wudtoretupandaolvethe6x6aecuhrproblemaad 
ol_hintbeLCWOMOsandtbeireocqicscfor1~.The 
epplicathtotbePEapecbaofthesecompoundsia 
diacua8al in the fdb* 8ection. 

ThePEspectracif3and48reslhvninPii1end 
rmsured verticrl ionihoo energies I, for the series l-1 
ere+ainTeb!eltgdberwithcakuhedMOener- 
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eaer&!3 I. Iwl akulI&4 MO amgics c for IA. I. for3mdZuetienfromRef. I 

L 

‘C 

caqound 8md I, 
LWa) L’=(b) WINDo/ 

@ 8-5 

@ 9.0 

8.84(e) 

A(‘,,) 
@ 9.4 9.22(a2) 

0 10.6 

0 11.1 > 
10.69(c) 

8.74(&) 

8.80(2r2) 

10.18( 7~) 

@ 11.4 lb.87(6e) 

12.03(q) l0.%(7q) 

@ 8.8 8.%(P) 8.73(P) 

@ 9.2 9.47(a’) 9.39(P) 

Z(Cs) @ g*6 
9.72(P) 9.74(r’) 

0 10.4 10.54(a’) lO.O4(a’) 

0 10.9 10.57(P) 11.13(P) 

@ 11.2 11.54(8’) 11.78(a’) 

@ 9.0 9.15(P) 8.79(rm) 8.83(lOsi’) 

J(C,) @ g-4 
lO.jO(r’) 9.%(r’) 9.48(%.) 

@ 9.9 10.30(r.) lO.W(e’) 9.48(141’) 

0 10.5 loJO ld.88(rm) 9.97(13a’) 

0 11.3 10.30(r’) 10.88(1”) l0.%(8P) 

11.45(1’) 11.63(r’) ll.rn(lh’) 

0 8.5 8.68(am) 8.36(a”) 

@ 8.8 9.07(C) 8.66(a’ 

f&s) @ g-6 9.18(a’) 9.53(r” 

@ 9.8 lO.OO(r’) 9.86(r’ 

0 10.3 10.34(a’) 10.87(r’ 

11.53(a’) 11.52(r’ 

1 

‘1 

‘1 

1 

I ,- 

(a) ps . xtrans . o. 

(b) xCis I O,xt’rns - l//3! In the case of 1, the results are identical to those 

under (a) because no trrns interactlons are present. 

Before turning to the mutts for the indivi&ai specks 
1-4, it is instructive to consider some pencnl resulta for 
his-v-homo~a. In Fii 2 8fe SbDwn tk lwllt8 of 
the LCWO model for c. cxmfofm8tioM 88 a fuoctioo of 

&lsh orbitah, i.e. x = 0. It is see0 that for 8- = W 
- under the assumption of purely %ngentW 

the four intermediate kvels are ac&kotany dcgcneratd 
With~COOUBO~eaerlyU,TthSihI8tbOOCCurSbeaure 
tbccxmju&veintenctioabetwcentbcrro,aro~~ 
PwYl f-t md fk akl CYclopropYl oopp 
mishcs for 8-=W and tbc MO8 carerpond to 

h.w of s-cbbicyckpropyl and cyckpropaw bee FM. 
3). For ? deviating slightly from W, the levels arc 
split accodiq to the intarctioa dia@am in Fii. 3. 
Howevex, this pichtre is cw wbea tbc intluencc of 
‘hdhl” contrii~ is coosidul!d. Fii 4 shows the 
Ixwo rcsulta for e- =&Wasofunctiooof~.i.e.ur 
fun&a of the admixwe of “mdid ” componenb. The 
oderif@ rod relative sp8cing of the four illtee 
kvds depend ~tnn@y 011 x. &darly for small values 
of~.Itbevidentrb8trpfopcrrcpnxent8tiotlof”radirl” 
Mdrd8tcdcontriiiccritkalinthk~ 
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Fii 1. Orbital encrgks X - (a.- c)f/J obtained by tbc LCWO 
node1 for c, c0nformstiulu of uis-u-bomobcllxene as 8 fud00 
of e-. The redts refer to the intcr8ctioo betweeo purely 

*‘~~IQMU W&b orbiis k = 0. ace text). 

Fig. 3, Qu&iitive lint order in~ll d&am of the Yu@cll- 
tic WJldl orbit& of r-c&-bicy&pr0pyl Md cyrhpmgam 
ykldii tk wxkll 0rbimla of triw~lwbcnxe0c for e- 

wmew&t kla than 90’. 

The treads of Fig. 4 can be rationalixed by a con- 
sidcration of the shape of the orbitak in Fig. 3, but we 
&all not further discuss this point. It should be noted, 
however, tbat the approximate ~~~n~n of “Xadk# 
terms in the LCWO model kads to general consistency 
withtbeord&gofthebigIkstoccupkdMOsobtaked 
by a MIND013 cakulatioa, as sbown in Fig. 4. Ia- 
spection of the wavefunctions indicates thst the UWO 
and MfNLXY3 results are quite simikr witb respect to 
the shape of the three to four higbest occupkd MOs, 
wbib are reasonably well represented by the diagram in 
Fi 3. unfortunately, &is does not appear to be the case 
for the lower I& bfOa which are pdctal by 
~~/3~~~~~~~~n~~~~ 
&air ckss&atbn as Wakb orbitak becomes prob 
kmatic. This observation is probabIy sign&ant: a 
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Fi 4. Lcwo enwgkr x = (a.- t)@ of uis-u-homobelu.ene 
forBA”=~~x~~oOftbC~~Of’~COlb 
poncats (see text). MINDOl3 rmhs for 1 (P = s23’ xrc 

#b0wIltotberigllt. 

similar situatbn applies to the case of 1 (Table I), and 
the existence of “u-type’* orbitals in the region of the 
most bonding Walsh orbitak bas been indicated in the 
case of ~~~y~10~~e~s.~ As a consequence, 
the folIowing application of the LCWO model concerns 
primarily the three bigbest MOs of l-4 which can be 
expected to be of predominantly Walsh orbital character. 

The conformational dependence of the results of the 
LCWO model with inclusion of “radii contributions 
Ly-, t/dS) for conformations close to tbe one des- 
cni by #““’ = 90” is shown in Fu. 5. As anticipated, 
the results deviate strongly from those in Fe. 2. The 
symmetry of tbc diagram in F-I 2 is compktely lost in 
Fu. S, and this is mainly due to the fact that the 
“avoided ctoasing” of the a’curves takes place for a 
e- -value Mow 90”, wbilc tbc corresponding event for 
the a”-curves occurs for a oh”-value oboue 90”. Tbe 
ordering of the four intermedia& levels is thus a”, a’, a’, 
a* for e- = 60”, and a’, a”, a”, a’ for P”’ m 120”. Apart 
from tbc conjugative conformational dependence, the 
MOs of I, 2 and 4 arc further infbrenced by the inductive 
effects of the aikyl moieties, which are not considered in 
the results in Fm. 2 and 5. Rcdts with inclusion of this 
effect as discussed in tbc previous section are given in 

Vl 
h 
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Fii. 6. Comlah of the rhrec bigbest occupiaa kvds in the 
series t-1: (a) LCWO eacrgks for punty ‘+tangentisI” Wskb 
orbilak. (b) Lcwo lesultl with inclusion of ‘hdi” conbii- 
tions. (c) Ion* encfgks sssigned according to rcsulls 09. 

Table 1 and displayed in Fig. 6, without (a) as well as 
with (b) cons~~tion of “lad% con~~ons. The 
results for 1 and 2 without %dial” contriitions (a) are 
consistent with those obtained by Heilbroaner d ol.’ on 
the basis of simple Htickel-type theory, when it is 
recogni& that in Ref. 1 symmetry designations for 2 are 
in error by a reversal of a’ and a”. However, the cor- 
relation of results in Fi. 6 clearly indicates that cxperi- 
mental trends in the series l-4 are not well describbd 
unless “radid” cuntributions arc conskkred. In parti- 
cular, the variation and relative spacing of the second 
and the third ionization energy are not well predicted by 
results (a), while results (b) are in excellent agreement 
with the observed trends. Reversal of the order of these 
levels is predicted when passing from 1 to 2 and from 2 
to 3: the origin of these crossings is apparent from 
inspection of Fii. 5. 

The general agreement between cdktdated and 
measured results obtained by inclusion of %diai” terms 
in the Walsh orbital model appears ~nv~c~. only the 
highest occupied a’ kvel is about equaUy weU de&i 
by both sets of results (a) and (b). This can be explained 
by the tendency of this orbital to localize in the s-cij- 
bicyclopropyl fragment Vii. 3). which mczms that the 
conformational dependence is small (Pi. 2 and 5) and 
that the energy shifts in the series l-4 are due lrgely to 
the variation of the inductive effects of the alkyl groups. 
This fact may be taken to indicate, that the lower activa- 
tion energy for the thermal isom&ation of 4 with 
respect to that of 3 is mainly due to the inductive effect 
of the six Me groups rather than the conformational 
diflerences between 3 and 4.’ The LCWO model predicts 
that about 8096 of the density of the highest occupied 
MO in 2, 3 and 4 is bcalizd in the s-ci.9 fragment: the 
MINDO/3 calculation on 3 predicts a localiz&n of 
more than 9036 with almost 4096 on the central bridge- 

s 

# 
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head atoms, in agreement with the shape indicated in Fa 
3. These results are consistent with the observation that 
tk fwst ion&ion energy of 3 is identical to that of 
cis-tricyclo[S.l.O.d)octane 5,’ in agreement with the 
assumption that in both cases the highest occupied MO is 
essentially an s-&-bicyclopropyl orbital (the bicyclo- 
propyl unit in 5 has a torsional angle of 180”). 

The results of this and the previous’ investigation 
show that the highest occupied MOs of linked cyclo- 
propyl groups can be described in terms of the NW0 
model. This means that the simple Walsh orbital picture 
is appkabk to these systems (provided “radial” con- 
tributions are not mgkcted) and that the nature of these 
MOs can be discussed in relatively simple terms. 

The MO description in this study can be considered as 
an adaptation of Hall’s tineor C~rnb~~~ of Bond 
o?wds scilcInc.‘r’3 One may argue that the in- 
vestigation could just as well have been based on one of 
the standard all-valence MO procedures such as the 
extended Hlkkel method, etc. However, the drawback of 
these methods is that they give almost too much in- 
formation for our purpose and details may easily obscure 
the essential message. By constructing a simpliiied mode1 
we are able to concentrate on a few basic principks, 
leading to expknation of observed facts in terms of 
invade “‘effects” in the way which has been found so 
useful in organic chemistry. 

-AL 

The PE spectn of 1 md 2 have been reponed ~rc~iousIv.’ The 
compounfIs 3 and 4 were syntksii &ordingeto dim&n8 in 
the litenture” and their HdI) PE succtn were recorded at room 
temp. on a PS 18 iastrument~&&i~ E&r Ltd.). The PE spectn 
were crlibmted with ugoa; a resolution of about ZDmeV on the 
m Iii WY obtained. Each spcctnm was rem&d severpi 
times to ensure the repraducibitity of the mub. 
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