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htract--The first theoretical calculations that reproduce the observed UV spectrum of bar~clene are reported 
Absofptins abve 200 nm are as.+@ as 77 + u’ whik Ihe first excitation thaw is esvnIiaUy n + n* is predated MI 
co 180nm. These rcsuhs arc interprelcd in lerms of through-space W-U interaclion. which splits [he n.kvels. and 
through-bond interaction. which mixes o into the n, and MS in Ihe gap between the antibonding n-orbitals. lhc 
latter rnterac~~~~ is such that the o-framework. in each of the three bridges. couples the cthylenic moieties lhat are 
based on the other IWO 

Barrclene’ (bicyclo[!.?.2]octa-2.5,7-triene, 1) contains 

three double bonds, formally unconjugated but close 
enough to interact through space. In addition, each of the 
cthylcnic systems is close to u-bonds with which it is not 

orthogonal [e.g. 54~) to I-Z(o), etc.], so that ~tuough- 
bond s-z interactions can also be envisaged. Barrelene 

offers therefore an opportunity to examine an interplay 

of interactions between non-contiguous centers of un- 

saturation.’ 

6 

The near UV spectrum, in ethanol. has been dcs- 
cribed’ as comprising two peaks, 208nm (c 1.120) and 

239 nm (c 320). These do not shift significantly in cyclo- 

hexane,’ where it is revealed that the band near 200 is, in 
fact, complex, and that an additional feature occurs at 
296 nm (e < 2). The photoelectron spectrum has been 
taken, and vertical ionization potentials located at 8.23, 
9.65 (degenerate source orbital). I I.25, II%12.0 eV, and 
at higher energies.’ 

On the theoretical side. extensive attention has been 
accorded IO barrelenc. Gometrical parameters were 
estimated by molecular-mechanical force fields.‘” 
Numerous MO calculations have been reported, includ- 

Ing n-electronic,‘” ’ u-induction n-electronic,“ all 
valence-electron (hlINDt~/I.‘O MIKDO/Z.’ INDO.’ 

extended Huckel”) and all-electron’* treatments. II was 

found that, although ionization potentials could be 
assigned,’ none of those methods that aimed at the 
calculation of the spectrum led to agreement with 

experiment--even when results for cognate molecules 
were representative.’ Consequently, the structure- 
dependent roles of (I- and n-electrons, in determining 

the spectrum of barrelene, still await a quantitative 

analysis. 
We have recently described a semiempirical SCF-Cl 

MO scheme that is specifically oriented towards the 
computation of spectral quantities. “,“ Calculations by 

this method do reproduce the reported absorptions of 
barrelenc. and also predict that the first strong excitation 

would occur at around 180 nm--coinciding thus with the 

strong absorption observed” in norbornadienc. In 
what follows, we present our results and the analysis that 

depends thereof. 

Method 

The methods used are our r-electron scheme”’ and its 

extension to the complete C-H structure of 

hydrocarbons, “.” itself a gencraliration of our 

semiempirical SCF-CI MO treatment of molecular 
backbones.” Here. the basis-set comprises one Is-A0 

for each hydrogen. and four sp” hybrids at each carbon, 
with indices n (non-integer) derived from the geometry. 

The method is analogous. in a way, IO Sandorfy’s “H- 
approximation”,” but is very sensitive to structural 

detail. Hydrogen-parameters were derived by best-fitting 
to strong absorptions in the spectra of methane, ethane 

and propane.” 

Calcularion and resulfs 

Previous authors have most frequently assumed a 
geometry’withrGC) = 1.337,r(CX) = l.SOl,r(C,-H,) = 

1.095. r(CrHJ = 1.085 A, B(H,C,C,) = 113.y and 
r?(H,C$Z,) = 123.1”. We have examined this, and also an 
alternative geometry. closer to a one recently proposed.’ 
in which C-C distances are like in Dewar-benzene.” 
namely. r(C=C) = 1.345 and r(C-C) = 1.5?4 A. A force- 
field check, using Allinger’s constantsm yields indeed a 
somewhat lower energy for the second geometry 
(0.24 kcal mol-‘); in molecular-mechanical terms. the 
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diminished 1.4~repulsions, in the second geometry. out- 
weigh its enhanced bond-stretching strain. The computed 

heat of formation (70.2 kcal mol-‘1 is lower than the 
MINDOIl prediction”’ (78.0). and corresponds to a 
strain-energy of 19.3 kcal (previous estimate” 23-27). 

Still, these numbers do not take account of the con- 
sequences of n-n interaction. MO results are practically 

identical in the two geometries. 
In a preliminary calculation, only unsaturation orbitals 

(n-orbitals) were Included. The MO’s” had the followmg 
energies tin cV): 3.08 (a;), 2.02 (e’. LVMO). -8.72 (a;, 

HOMO). - Il.43 (e’). By the appropriate regression 
line,‘” these correspond to ionization potentials of 8.65 

and II.15 eV; of these. the second is appreciably m 

error.’ The first computed transitions are at 265 (E”) and 
I87 nm (A;). Clearly, o-orbitais alone do not account for 

the observed properties of barrelene. 

In the main calculation, all valence orbitals--un car- 
bons and hydrogcns-were included. The effect of in- 
cluding u is depicted in Fig. I, and data on relevant MO’s 

are given in Table I. A helpful feature of the com- 
putational method is that each element in the basis refers 
to a particular bond, so that each I40 can be ascribed to 

a ronc (or zones) within the molecule. These assignments 
also are marked in the Table: BH denotes a bridgehead 

carbon (C, and C,), B-a bridge carbon (C,. C,. C,, C,. 
C,. Cn), and H-hydrogen. so that, e.g. BH-B refers to 
(r-bonds I-2. l-6, l-7,4-3. CS and 4-8. 
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Fig. I. Fate of molecular orbitals on a-n mtcractron. &en: 
number (as in Table IL symmetry. energy (CL% type of k*el. 

Tabk I. Mokcular orbit& of barrclcne 

Energy (eV) 
and 

So. symmerry (D,) Mam conlrihl~ons 
- .-- -.- -.- 

I!. I3 3.4 (c’) 38% BH-R. 62% R-H 

I4 2.8 (a;) loockz 

15 2.7 tan UE? BH-H. ,P% B-H 
16 2.4 (a;) 36% BH-H. 61% B-H 
Ii. 18 2.2 (e’) 60% BH-H.40% B-H 
I9.2O~I.VMO) I .8 Cc’) 79% z. I%4 RH-H 
?I (HOMO) X.8 (a;) 100% 7 
22.23 - 10.0 (C’) 79% x. 21% W-B 
24 -I I.8 (a;) mixed 
Y - 12.9 (aa 71% HH-B. 23% HH-H 
26.27 13.0 (e3 54% BH-H. 44% B-H 

Computed absorption-wavelengths are listed in Table 
2. The two transitions, predicted in the preliminary n- 
electron work (265 and 187nm). are not affected much 
when (r-electrons are included. However, it is found now 

that they delimit a spectral range which contains I3 

additional excitations; among these, two are allowed 
n + n* (2 and 6. E’), very close to the experimental 
maxima. (‘omputed singlet-triplet transitions fall at 3661 

(I?), 340 (A;), 263 nm (E’) and shorter wavelengths. The 
spectral irregularity encountered’ at 2% nm fe < 2) rests 
thus unassigned. 

Table 2. Computed spectrum of barreknc 

A (nm) 

and 

SO. s) mmclf)’ 
- -_- 

I 265 E’, 
r 24: Kl 

3 231 (A;, 
4 21: (E’) 

_ 
204 I A:, 

n 203 (A;) 

Main 
contributior? 

21-19.~ 
21-117.18 
!I-~16 

mixed 
mined 

!I + I!. I3 

nU*Cd 

a+a’anda+CC’ 

z +CC’aml n +CH’ 
a+CH* 

mainly zf + u* (e’4 

I5 1x1 I&) mlxed. mainly 7r+ n’ (C’X’ 

24% ?I. 14 and a+3 

‘OnI) E’ and A; correspond IO allowed uansitions. 
‘Numcroration of Tabk I. 

“Allowed but very weak. Expr. max.’ 239 nm (f 320). 
“Allowed hug weak tf = 0 I I). EXPI. max. 208 nm (c 11200). 
‘Alloucd and strong i/ = 0 86). 01&c expcrimeatal~y-scan& 

range. 

In the rr-electronic calculation. the occupied molecular 

orbital5 arc not ah degenerate. nor are the virtual. This. 
in itself, indicates fhrough-space n-a interaction.” In 

our construction. the effect is overlapdependcnt, 

although transannular overlaps are comparatively small: 
2,3(n). 0.27. but 2&n). 0.06 and 2,5(n). 0.03 (in absolute 

value). Still. through-space interaction-that is. a model 
with n-orbitals alone-cannot, and does not account for 

the spectrum of barrclcne. In particular, the gap com- 
puted between occupied levels (2.7eV) is too high. as 

evidenced by confrontation with the ionization potentials, 
and with the value cited” for the corresponding gap in 

norbomadiene (0.8 cV). 
n-Orbital!, in barrelenc transform as a;, e”. a;, e’; 

a-orbitals-as 7a;. 5e’. 7a;, SC’. The sigma network is 

therefore in position to affect the degenerate, but not the 
non-dcgcncrate rr-levels. Calculation shows (Table I) 

that the former mix. to about 20%. with the bridgehead- 
bridge skeletal bonds fC,-C,, etc.). This provides a 
through-hand mechanism for a-n interaction: each pair 

of bridging bonds “relays” the two ethylenic moieties 
that are not based on it. e.g. C,-C, and C&Z, (a) couple 
C,-C, with CT<‘, (7). In fact, some of the u- u, 
overlaps exceed the corresponding n-a numbers: C,+ 

C+7). CJt) 0.14: C,+C,(o), C*(n), 0.07; c, +Cdo), 
C,(n), 0.02; C,+C,(o), C,(n). 0.02 (in absolute values). 

The interaction pushes up the e’ aurbitals. thus nar- 
rowing the split between n-levels to a value of l.ZeV. 

Also, anitbonding n-orbitals fill up the gap between the 
antibonding n-levels. One may remark parenthetically 
that this double pattern-raising of bonding n and gap- 




