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Abstract: Analysis of the photoelectron spectra of nortriquinacene (6), 2-methylenenortriquinacene (4), 2-isopropylidenenor-
triquinacene (5), and their tetrahydro derivatives has confirmed that the exocyclic double bond does not interact with the endo-
cyclic = bonds. Additionally, it has been possible to demonstrate that the order of the latter orbitals is normal (A over S), in
agreement with ab initio STO-3G calculations, but not with MINDO/2 and -3 calculations. These findings agree well with
existing chemical and spectroscopic evidence as to the lack of homoaromaticity in these compounds and analogous trishomocy-

clopentadienides.

Recently, Paquette and co-workers successfully synthe-
sized several precursors to the trishomocyclocyclopentadienide
anion 1, but found no evidence for homoaromaticity in these

systems.’ Similarly, attempts to generate the trishomotropy-
lium ion 26 and trishomocyclooctatraenide dianion 37 showed
homoaromatic stabilization to be lacking in these species.
Calculations are also in agreement with the absence of sig-
nificant conjugation in such systems. For example, 1 is pre-
dicted by MINDOY/3 to have a pyramidal rather than trigonal
anionic carbon.’ Furthermore, exomethylene derivatives of
nortriquinacene show no chemical or 13C spectroscopic evi-
dence for homoconjugative interaction.’

We have now used a sensitive probe of orbital interactions,
photoelectron (PE) spectroscopy, as well as ab initio molecular
orbital (MO) calculations, to investigate the orbital interac-
tions present, or absent, in the methylenenortriquinacenes 4
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and §. In particular, the main question to be answered in this
study was whether the apparent lack of interaction in these
systems is due only to poor overlap of component = orbitals
with each other, or whether some combination of conjugative
(through-space) and hyperconjugative (through-bond) in-
teractions present in the particular carbon skeletons studied
cancels stabilizing interactions which might otherwise take
place.

Photoelectron Investigations of 7 Ionizations. Photoelectron
spectroscopy is a sensitive probe of interaction between =
systems. For example, three ethylenic = orbitals unite in the
benzene molecule to form the familiar degenerate HOMOs
and a lower energy = orbital; the PE spectrum shows that there
is a 3-eV difference between the energies required to remove
electrons from these two types of orbitals. Thus, ionization
potentials (IPs) of 9.24 and 12.3 eV are observed in the benzene
molecule,® and these can be equated to the negatives of the
orbital energies of the molecule, using Koopmans’ theorem.®
Using a linear combination of bonding orbitals (LCBO) model
in which three isolated 7 orbitals interact to form the orbitals
of benzene, and neglecting overlap, the 3-eV split translates
into a resonance integral of 1 eV resulting from = interactions
of ethylene units separated by 1.397 A.

In 1,4,7-cyclononatriene (trishomobenzene), a 0.9-eV split
between the degenerate highest occupied molecular orbitals
(HOMO:s) and the lowest 7 orbital!® indicates a resonance
integral of 0.3 eV, resulting from the mixed ¢ and = interac-
tions of ethylenic units separated by 2.46 A.!! In triquinacene
(a trishomobenzene), a split of only 0.35-0.4 eV!2 Jeads to a
lower limit of 0.1 eV for the resonance integral between the =
orbitals of ethylene units separated by 2.533 A.!3 This is a
lower limit, since hyperconjugative interactions are believed
to destabilize the lowest & orbital in this molecule,!? making
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Table L. Tonization Potentials of Nortriquinacenes and Analogues?

First Second Third o
Compd 1P 1P 1P onset Ref
11 9.00 9.35 10.70 26
12 9.0 9.5 10.4 12
9.2-9.3
6  876(A)  9.26(V) 10.4  This work
8.83 (V)
7 887(A) 10.0  This work
9.13 (V)
4 8.80 (V) 9.23(V) 947(A) 10.7  This work
9.63 (V)
10 8.19 (A) 9.7 This work
8.35 (V)
5  8.15(A) 871(V) 9.28(V) 105 Thiswork
8.31 (V)

4 A = adiabatic IP; V = vertical IP.

the split smaller than it would be if only through-space con-
jugative interactions were operative.

The extent of interaction measured by PE spectroscopy does
not, however, directly reflect the extent of stabilization con-
ferred upon a molecule by interaction. In fact, the interaction
of filled orbitals leads to destabilization (closed-shell repul-
sion),'* which increases as the overlap between filled orbitals
increases. The extent of stabilization attending interaction of
several 7 orbitals is related to the magnitude of mixing of filled
orbitals on one fragment with vacant orbitals on the other.
While photoelectron spectroscopy could, in principle, detect
this mixing by providing a measure of the difference between
an actual IP and one that the system would have without
filled-vacant interactions, the latter can only be estimated or
calculated. The difficulty in choosing appropriate models is
reflected in the following example: benzene and fulvene are
isomers, the 7 systems of which can be formally derived from
those of butadiene and ethylene. It is well known experimen-
tally that benzene is highly stabilized (aromatic), but that
fulvene is a normal, if polarized, polyolefin. Nevertheless, the
sums of the 7 orbital energies as measured by PE spectroscopy
for benzene (9.24 + 9.24 + 12.3 = 30.8 eV)8 and for fulvene
(8.55+9.54 + 12.8 = 30.9 eV)'? are nearly identical and quite
similar to the sum of the 7 orbital energies of butadiene and
ethylene (9.07 + 11.47 + 10.51 = 31.0eV).!5 In spite of this
limitation of PE spectroscopy in detecting aromaticity, the tool
is a powerful one for determining the interaction of occupied
orbitals from which inferences about stabilization can be
made.

Synthetic Considerations. Hydrocarbons 4-7 were available
from the earlier study.’ The isopropylidene derivative 10 was
elaborated by treatment of carboxylic acid 85 with 2 equiv of
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lithium diethylamide and acetone, followed by benzenesulfonyl
chloride in pyridine.'® When heated to 120 °C, the 8-lactone
so produced (9) underwent smooth decarboxylation with
specific introduction of the desired double bond.

Photoelectron Intensity

1 | 1 i 1 i

6 8 io 12 14 16

Ionization Potential
Figure 1. Photoelectron spectra of 10, 5, 6, 4, and 7.

Photoelectron Spectra of the Nortriquinacenes and Model
Alkenes. The photoelectron spectra were measured with a
Perkin-Elmer PS-18 photoelectron spectrometer using an
He(I) source and Xe and Ar as internal calibrants. The spectra
of the molecules studied here are shown in Figure 1 and the
values of vertical ionization potentials are given in Table I,
along with those of the related compounds dihydrotriquinacene
(11) and triquinacene (12) studied earlier by others.

11 12

In both of the monoalkenes 7 and 10, the lowest IP shows
vibrational structure characteristic of ionization from an alkene
m orbital. The vibrational energy spacing of 0.16 eV is the same
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as that observed in a variety of monoalkenes,'”-'8 as are the
similar intensities of 0-0 and 0-1 vibrational bands, and the
rapid decrease in the intensity of the 0-2 and 0-3 bands.'8 The
vibration excited is the CC stretching in the radical cation
state.!’

Methylenetetrahydronortriquinacene (7) has a vertical
(0-1) IP of 9.13 eV, somewhat lower than those of isobutene
(0-0at9.23 eV, 0-1 at 9.41 eV)'? and methylenecyclobutane
(0-0 at 9.18 eV, 0-1 at 9.35 eV).!? Isopropylidenetetrahy-
dronortriquinacene (10) has a vertical (0-1) band at 8.35 eV,
which corresponds closely to that of 2,3-dimethyl-2-butene
(0-0at 8.31eV, 0-1at 8.47 eV).20 In both of the monoalkenes,
the tetrahydronortriquinacene framework causes a small
(0.12-0.28 eV) destabilization of the 7 orbital as compared
to the dimethyl analogues.

The photoelectron spectrum of nortriquinacene (6, Figure
1) shows two resolved bands. The first has an adiabatic tran-
sition at 8.76 eV, which is nearly the same in intensity as the
second prominent maximum at 8.83 eV. The second band has
some vibrational structure with a definite maximum, the ver-
tical IP, at 9.26 eV. The 0.5-eV difference in the first and
second IPs as well as the shapes of the two bands are uncannily
similar to the corresponding features in the photoelectron
spectra of 1,4-pentadiene, 1,5-hexadiene, and 1,6-heptadiene.?’
These compounds have separations of 0.34, ~0.4, and 0.41 eV,
respectively, between their first and second IPs. Biinzli and
co-workers concluded on the basis of calculations, as well as
the small increase in IP separations along this series, that the
through-space bonding combination (S) of orbitals was lower
in energy than the through-space antibonding (A) combina-
tion.2! If through-bond coupling were more important than
through-space coupling, then the S over A order would hold,
but a decrease in split along the series would have been ex-
pected as through-bond coupling decreased.

In nortriquinacene (6), the first band has a vibrational
spacing of 0.15 eV, and the second band has spacings of 0.08
and 0.17 eV, similar to those of 0.15 eV in the first bands, and
0.17-0.20 eV in the second bands of Biinzli et al.’s acyclic
compounds.?! Assuming their conclusion to be correct, the
similarity in vibrational spacing suggests that the through-
space antibonding combination (A) of = orbitals in 6 is higher
in energy than the bonding (S) combination.

The IP values of 6 unfortunately do not provide clear-cut
evidence on the order of orbital energies. The average of the
first two (9.01 eV) is quite similar to the IP expected for
dihydronortriquinacene (8.9 ¢V). The last estimate was made
in the following way: the conversion of 1-butene to I-pentene
(B-methylation) causes a 0.10-¢V decrease in IP, while con-
version of 1-butene to 3-methyl-1-butene (a-methylation)
causes a 0.09-eV decrease in IP.22 Cyclopentene has a vertical
IP of 9.18 ¢V23 (or 9.20 eV),?4 and two « and one § substituents
are expected to decrease this IP by about 2(0.10) + 0.09 =~ 0.3
eV. Thus, dihydronortriquinacene should have an IP of ap-
proximately 9.2 — 0.3 = 89 eV.

If there were an unusually large hyperconjugative
(through-bond) destabilization of the S orbital in 6, the average
IP might be expected to be lower than that of the monoalkene,
whereas experimentally, the average IP is higher. Unfortu-
nately, this argument is not supported by experimental data
on molecules with the A over S, or the S over A, order of orbital
energies. Thus, norbornadiene, which has the S orbital below
the A, hasan average = [P of 9.12 eV, 0.15 eV higher than that
of norbornene (8.97 eV),2425 while 1,4-cyclohexadiene, which
has the A orbital below the S, has an average = IP0of9.30 eV,
0.18 eV higher than that of cyclohexene (9.12 eV).25

The difference in energy between the 7 orbitals of 6 is con-
sistent with the A over S order of orbitals. Thus, the 0.5-eV split
is smaller than that in norbornadiene (0.9 eV),24 consistent
with the poorer overlap in 6. The 7 orbitals in norbornadiene

are separated by 2.5 A, while the separation of the nearest
termini in 6 should be close to the 2.53-A separation in tri-
quinacene.'? The other termini of the nortriquinacene double
bonds should be separated by about 3.78 A.

Dihydrotriquinacene (11) has a somewhat smaller split (0.35
€V)?6 than that in 6, and has been assigned the A over S order.
The smaller split in this homologue may be due to somewhat
poorer overlap than in 6, where the deletion of a methylene
group may bring the 7 orbitals into closer proximity. As shown
below, there may be additional destabilization of the A orbital
due to interaction with a Walsh cyclobutane orbital of A
symmetry.

The most compelling evidence for the order of orbital
energies comes from the observation of orbital energy changes
which occur upon substitution of an exocyclic double bond on
the four-membered ring. Such an orbital can interact through
space with the S orbital of nortriquinacene, but not with the
A. Similar symmetry-imposed selective interactions have been
used to prove the order of orbital energies in norbornadiene.

As concerns 4, three maxima are seen at 8.80, 9.23, and 9.63
eV. The first band has vibrational spacings of 0.06 and 0.16
eV, like that of the first band of 6. The second band is relatively
featureless. The third band has a maximum at 9.63 eV, but a
barely discernible maximum at 9.47 eV is at the correct posi-
tion and the proper relative intensity to be the 0-0 (adiabatic)
transition of the third band. This interpretation implies a close
correspondence between the third IP of the triene and the =
IP of the monoene model. Accepting the correspondences
gleaned here from vibrational structure implies that the first
band of 4 arises from an orbital essentially identical with the
antibonding combination of endocyclic 7 orbitals. The intro-
duction of the exocyclic double bonds causes only a 0.04-eV
stabilization of this orbital. The bonding combination of en-
docyclic double bonds is also affected to a small extent, in-
creasing in energy by 0.02 eV, smaller than experimental
error.

The exocyclic 7 orbital, which we interpret as having a 0-1
component at 9.63 eV in the triene, is stabilized by 0.50 eV as
compared to the 0-1 band in the monoene model. This stabi-
lization compares to the 0.4-eV stabilization of the = orbital
of 1-pentene by introduction of a A*® double bond, as mea-
sured by the difference between the IP of 1-pentene (9.54 V)
and the average of the 1,4-pentadiene IPs (9.55 eV).2!

There is a very small conjugative interaction, at best, be-
tween the exocyclic and endocyclic double bonds. The 0.5-eV
stabilization of the exocyclic « orbital is due in part to inductive
stabilization resulting from conversion of four sp? centers to
four sp? centers, but there may be a small (~0.1 eV) stabili-
zation resulting from mixing with the higher energy endocyclic
S orbital. The changes in both endocyclic orbital energies are
small, but the lowest IP is detectably stabilized with respect
to the second. Both endocyclic orbitals of 6 should be stabilized
inductively by introduction of the exocyclic double bond. For
reference, the S orbital of norbornadiene is stabilized by 0.1
eV by introduction of an exocyclic double bond at C-7.27 The
small decrease in the second IP of 6 upon introduction of the
exocyclic double bond is consistent with the assignment of the
second IP as that arising from the S orbital, which is stabilized
by inductive interaction and destabilized by conjugative in-
teraction with the exocyclic double bond.

Isopropylidenenortriquinacene (8) has one richly complex
band encompassing two ionizations, and a-third, relatively
sharp ionization band. The first band has a sharp peak at 8.13
eV, separated from the first distinct maximum at 8.31 eV by
the 0.16-eV separation observed in the monoalkene model. The
8.31-eV maximum thus appears to be the 0-1 band of the ex-
ocyclic 7 orbital, essentially unchanged from its position in 10
(8.35 eV). The second maximum at 8.71 eV is slightly lower
than the first IP of 6 (8.83 eV), while the third is similar in
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Tabie II. 7 Tonization Potentials (Negatives of Orbital Energies)
Obtained from Calculations?

Molecule STO-3G MINDO/2 MINDO/3
6 7.51 (A) 9.06 (S) 9.16 (S)
7.78 (S) 9.33 (A) 9.18 (A)
4 7.49 (A) 9.01 (A) 9.01 (A)
7.90 (S) 9.03 (S) 9.14 (S)
8.02 (X) 9.57 (X) 9.51 (X)
5 7.08 (X) 8.74 (X) 8.70 (X)
7.38 (A) 8.86 (A) 8.94 (A)
782 (S) 9.01 (S) 9.24 (S)

4 A = orbital which is predominantly the antibonding combination
of endocyclic double bonds; S = orbital which is predominantly the
bonding combination of endocyclic double bonds; X = orbital which
is predominantly the exocyclic double bond.

shape and at essentially the same position (9.28 eV) to the
second band of 6 (9.26 eV).

In§, like 4, there are very small interactions at best between
the exocyclic and endocyclic double bonds.

When an isopropylidene group is substituted at C-7 of
norbornadiene, the S orbital energy is unchanged. Conversion
of 6 to S should cause only small inductive changes. The sim-
ilarity in the exocyclic IP to that of the monoalkene model
could arise from inductive stabilization counteracted exactly
by conjugative destabilization. However, there is little evidence
that the endocyclic orbital energies are changed. This is,
however, consistent with the assignment of orbital energies (A
over S) made for 6. In 4, some small interaction between the
exocyclic and endocyclic S orbital occurs, whereas in 8 the
exocyclic and endocyclic S orbitals are farther apart in energy,
and the interaction is negligible. The opposite trend in inter-
action would be expected if S were above A in 6.

The assignments made empirically are further supported
by calculations described in the next section.

Calculations in the Nortriquinacenes. Calculations were
carried out on 4-6 by ab initio calculations using the STO-3G
basis set,”® and by the semiempirical MINDO/2% and
MINDO/33% techniques. Geometries for calculations by all
these techniques were obtained in the following way: a trial
geometry was obtained by using the x-ray crystallographic
structure of 12.'3 Substitution of a methylene group for the
ethylene group was made, and the resulting trial structure was
optimized by MINDQO/3. The distance between the closest
double bond termini in 6 obtained in this way is 2.60 A,
somewhat larger than that in 12. These geometries were then
used to perform MINDO/2 and ab initio calculations, using
the STO-3G basis set in the latter instance.

The results of these calculations are given in Table II. The
STO-3G calculations agree completely with the empirical
assignments given in the previous section. A least-squares
correlation between the eight calculated 7 orbital energies and
the corresponding IPs gives the correlation

IP (eV) = 1.28 (—est0.36) — 0.72

with a correlation coefficient (r) of 0.978. For comparison, the
correlation between STO-3G orbital energies and the = IPs of
ten simple acyclic alkenes (ethylene and all methylated de-
rivatives through tetramethylethylene, and monosubstituted
alkenes through tert-butylethylene) is3!

IP (CV) =1.39 (_fSTO-3G) -1.79

which has an r of 0.996. The MINDO/2 and MINDO/3
calculations give quite different results from the STO-3G. For
6, both MINDO/2 and MINDO/3 place the S orbital above
the A orbital in energy, although, in the case of MINDO/3,
the energy gap is very small (0.02 eV). For 4 and 5, MINDO/2

PES 83l
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826 223 928
963 -
STO-36 83
8 86 884 870
22 _ 9.36_ _§_2§_
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8988 8.4 .-
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910, — 207
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.9:65
Figure 2. Experimental and calculated 1Ps of nortriquinacene and the
alkylidenenortriquinacenes (—, A orbitals; - - -, S orbitals; -, exo = or-
bitals).

and MINDO/3 give the same orbital orderings as STO-3G.
Least-squares correlations between the calculated = orbital
energies and the corresponding IPs give the following corre-
lations: for MINDO/2, with empirical assignments, IP = 1.05
(—eminpoy/2) — 0.49 ( = 0.67), or, assuming that MINDO/2
assignments are correct, IP = 1.33 (~eminpo/2) — 3.04 (r =
0.85). For MINDO/3, with empirical assignments of IPs, IP
= 1.57 (—eminpoy3) — 5.25 (r = 0.89), or without assignments
of IPs IP = 1.59 (—eminpo/3) — 549 (r = 0.91). The different
treatment of various types of interactions by the different
calculational techniques is best seen in Figure 2, which com-
pares the PE results and empirical assignments with those from
the various types of calculations, corrected to give IPs ac-
cording to the correlation equations given above.

Qualitative trends in photoelectron IPs are reliably repro-
duced by STO-3G, but not by MINDO/2 and MINDO/ 3,
both of which predict a strong destabilization of the A orbital
across the series, in contrast to PE IPs, Consistent with the PE
results, MINDO predicts that the S diene orbital will remain
approximately at the same energy. The tendency of MINDO/2
and MINDOY/3 to overestimate through-bond interactions in
comparison to through-space interactions results in an S over
A orbital order in 6. Gordon and co-workers have found that
in MINDO resonance integrals fall off too rapidly with dis-
tance which leads to an underestimation of through-space ef-
fects.32 Both MINDO/2 and MINDO/3 are plagued by
high-lying ¢ orbitals which leads to further exaggeration of o/x
mixing (through-bond interactions) and renders MINDQO
unreliable for small ring compounds.33 In their analysis of
through-bond and through-space effects in MINDO/2,
SPINDOQO, and CNDOQ/2, Heilbronner and Schmelzer em-
phasized that correct orbital orderings for close-lying molec-
ular orbitals by semiempirical methods is probably a fortuitous
result of sums and differences of comparatively large simul-
taneous through-space and through-bond interactions.33

Because the ab initio results seem to correspond more closely
to the experimental results than the other types of calculations,
we turn to an analysis of the STO-3G eigenvectors in order to
see what the calculations say about the-extent and types of
interactions present in these molecules.
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Table III. Summary of STO-3G Eigenvectors?
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6 4 5
Orbital symmetry? A ) A ) ) ) A )
Orbital energy, eV -7.51 =778 —7.49 -790 -8.02 -7.08 -7.38 -7.82
Diene: 1(m) 0.43 0.40 0.42 0.39 0.28 -0.16 0.42 0.41
2(=) 0.45 0.43 0.44 0.42 0.13 -0.02 0.44 0.43
g framework 5(CHwr) -0.29 -0.28 -0.29
6(CHr) 0.21 0.16 -0.20
7(CHm) -0.12 -0.09 -0.14
9(CHr) 0.24
Walsh cyclobutane: 6(CHp) 0.06 0.07 0.06
7(CHp) -0.18 -0.20 -0.21
9(Cp) 0.22 0.24 0.24
Exo alkene: 9(x) -0.27 0.55 0.60 0.22
10(7r) =0.24 0.60 0.50 0.03
Methyl: 11(CHjn) -0.20 -0.04

2 The numbers given are the square root of the sum of the squares of the coefficients of atomic orbitals at a given center. The signs indicate
whether the orbitals on adjacent centers are bonding or antibonding. In all cases there is considerable delocalization in the molecular orbitals
so that only coefficients for the major contributing centers are noted. # With respect to the plane of symmetry containing C-5, C-6, C-9, and

C-10.

The STO-3G eigenvectors are summarized in Table 111, The
densities at various atoms or groups in various orbitals are
shown. For 6, the two high-lying occupied orbitals are the
antibonding (A, HOMO) and bonding (S, SHOMO) combi-
nations of the two homoconjugated = orbitals. This is the ex-
pected orbital order if interactions are predominantly through
space. The A orbital is further destabilized by through-bond
interactions with a lower energy Walsh cyclobutane A orbital.
The extent of this interaction increases slightly across the se-
ries, pushing the A orbital up in energy. This increasing in-
teraction results from increasing hyperconjugative interactions
between the Walsh cyclobutane A orbital and the methylene
and isopropylidene groups. Symmetry restrictions preclude
interaction between the A diene orbital and the exocyclic
double bond.

The behavior of the S endocyclic diene orbital is more
complex: it is destabilized by hyperconjugative interactions
with the nortriquinacene ¢ framework (particularly the
methine CH orbitals), and is stabilized in 4 but destabilized
in § by the exocyclic double bond. In the case of 4, there is
considerable mixing of the S diene orbital and the lower energy
exocyclic 7 orbital; however, the presence of the methylene
group perturbs the ¢ framework, resulting in decreased hy-
perconjugative interactions with the S diene orbital, as indi-
cated by the smaller coefficients at the non-7 carbons in the
S orbital. The net effect of these interactions is a lowering of
the S diene orbital energy in 4 relative to 6. In §, the exocyclic
double bond is strongly destabilized by hyperconjugative in-
teractions with its methyl substituents so that it is pushed above
both the S and A diene orbitals. The large S diene-exocyclic
w orbital energy gap results in decreased through-space in-
teraction, as indicated by the magnitudes of the coefficients.
The S diene orbital of § is similar in energy and composition
to that of 6 itself. The calculations indicate that the isopropy-
lidene group perturbs the hyperconjugating ¢ framework to
a much smaller extent than does the simpler methylene moi-
ety.

Finally, we note that the very small interactions between the
endocyclic and exocyclic double bonds in the alkylidenenor-
triquinacenes are fully compatible with the small polarization
of the exocyclic double bond found in the 13C NMR spectra
of these compounds. Dramatic polarization is observed in the
exocyclic double bond in methylenenorbornadiene (the dif-
ference in 13C chemical shifts, A613C, is 99 ppm as compared
toa A8'3C of 61 in methylenenorbornane).2” This polarization
will occur by mixing of the = and =* orbitals of the exocyclic
double bond induced by overlap with the norbornadiene en-

docyclic orbitals. The PE spectrum indicates a 0.2-0.5-eV
interaction between the exocyclic and endocyclic double bonds.
In 4, A813C is only 42 ppm, actually less than that in 7.° This
is compatible with the very small (0.0-0.1 eV) interaction, and
the dominant importance of inductive effects, or, more rigor-
ously, the change in hyperconjugative abilities of the ¢ bonding
orbitals as double bonds are introduced into the o frame-
work.

Experimental Section

Isopropylidenetetrahydronortriquinacene (10). Carboxylic acid 8
was prepared by catalytic hydrogenation of nortriquinacenecarboxylic
acid. A solution of 8 (200 mg, 1.20 mmol) in 2 mL of dry tetrahy-
drofuran was added to one containing lithium diisopropylamide
[prepared from 268 mg (2.65 mmol) of the amine and 1.27 mL of 2.08
M n-butyllithium in hexane (2.65 mmol)} in 3 mL of the same solvent.
The mixture was allowed to warm to room temperature and then
heated at 50 °C for 2 h. After cooling to —78 °C, acetone (70 mg, 1.20
mmol) was introduced via syringe and the mixture was kept at —23
°C for 2 h and at room temperature for 30 min before being poured
onto ice (40 g). The mixture was extracted four times with ether; the
aqueous phase was acidified with 3 N hydrochloric acid and reex-
tracted with ether (4 X 25 mL). The latter organic layers were com-
bined, dried, and evaporated to give 260 mg (96.3%) of hydroxy acid
as a viscous yellowish oil which was used without further purification:
vmax (neat) 3020, 2900, and 1690 cm™}; dpe,si (CDCl3) (60 MHz)
8.69 (brs, 2), 2.97-2.38 (m, 3), 2.06-1.40 (m, 9), and 1.30 (s, 6).

A cold (=5 °C) solution of the hydroxy acid (250 mg, 1.11 mmol)
in dry pyridine (10 mL) was treated with benzenesulfinyl chloride (787
mg, 4.46 mmol) and stored at 0 °C for 23 h. The mixture was poured
onto ice (40 g) and extracted with ether (5 X 25 mL). The combined
organic layers were washed with saturated sodium bicarbonate so-
lution, dried, and concentrated. Residual pyridine was removed at 0.5
mm. There was obtained 180 mg (78.3%) of 9: vmax (neat) 2940, 2870,
and 1810 em~1; m/e 206.1310 (caled for Cy3H 305, 206.1307).

The unpurified g-lactone (150 mg, 0.727 mmol) was heated to 120
°C in a 25-mL round-bottomed flask fitted with a short-path con-
denser and maintained at this temperature for 10 min. NMR analysis
indicated approximately 80% reaction. The material was vacuum
transferred and subjected to preparative VPC purification (6 ft X 0.25
in. 129 Carbowax 20M, 110 °C). The hydrocarbon was isolated as
a clear colorless liquid: dme,si (CDCl3) (90 MHz) 3.13-2.65 (m, 3),
2.58-2.33 (br s, 1), 1.82-1.55 (m, 8), and 1.55-1.52 (s with fine
splitting, 6); m/e 162.1405 (caled for C 2Hys, 162.1408).
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Photoelectron Spectra of 3-Substituted
Cyclopentenes. Correlations between Ionization
Potentials and Cycloaddition Regioselectivity
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Abstract: The photoelectron spectra of 3-X-cyclopentenes, where X = methyl, ethyl, isopropyl, cyclohexyl, hydroxy, methoxy,
acetoxy, dimethylamino, and phenyl, have been measured. The trend in ionization potentials is similar to that found for 3-X-
propenes, but the changes are considerably smaller in the cyclopentenes. A simple model is developed relating the HOMO and
LUMO coefficients of the substituted cyclopentene to the change in ionization potential caused by the substituent. A reason-
able correlation is found between the regioselectivities of benzonitrile oxide cycloadditions to these cyclopentenes and a theo-
retical function of ionization potentials, (9.18 — IP)(IP — 4.5)~1, which relates orbital coefficients and energies to ionization

potentials.

Recently, Caramella and Cellerino reported a study of
the products of cycloadditions of benzonitrile oxide to 3-sub-
stituted cyclopentenes (X-CP).2 As shown in Scheme I, four

Scheme 1
H H X H H
+ - T, ——
Ph—C=N—0 r{ %
+ — P Ph—°

X-anti=(2)
Q HH_x -
= :
R O\N/ Ph O, 2 —Ph
X-onti-(e) X-syn- (e}

products can be obtained as a result of (1) cycloaddition to the
same side of the cyclopentene ring as the substituent (syn ad-
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dition) or to the opposite side (anti addition), and (2) cy-
cloaddition with the oxygen of the nitrile oxide nearest the
substituent (z addition) or furthest from the substituent (e
addition).? The products will be discussed here in terms of the
nomenclature shown in Scheme 1.

Caramella and Cellerino made the reasonable assumption
that the ratio of z and e anti adducts would be a reflection of
the electronic effect of the substituent, X, upon the double
bond. That is, X does not interact through space with benzo-
nitrile oxide when attacking from the anti side, so that the in-
fluence of the substituent on the ratio of isomers should result
from alteration of the orbital energies and coefficients of the
double bond.* However, a plot of the ratio of isomers vs. Taft’s
polar substituent constant, ¢* (Figure 1), a commonly accepted
measure of electron-donor or -acceptor potency of a substitu-
ent,3 shows some notable deviations from linearity, particularly
for the phenyl, dimethylamino, and acetoxy substituents. A
linear relationship might have been expected if the regiose-
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