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AHFE y=H + AHPxopy=F > AHPyoyop + AHfx y_F
AH Y F yah + AH o v=on < AHFxoyon + AH Y CF veon

To identify the reasons for the very low barrier that has been measured for ring inversion of 1,4,5,5-
tetrafluorobicyclo[2.1.0]pentan&AG* = 6.8 + 0.2 kcal/mol), CASSCF and CASPT2 calculations have
been performed on ring inversion in this and other bicyclo[2.1.0]pentanes. The results of the calculations
show that a cooperative interaction between the geminal fluorines at C2 and the fluorines at C1 and C3
in the singlet cyclopentane-1,3-diyl transition structure (TS) contributes 3.7 kcal/mol to lowering the
barrier to ring inversion in the tetrafluoro compound. In contrast, a competitive substituent effect in the
TS for ring inversion of 1,4-dicyano-5,5-difluorobicyclo[2.1.0]pentane is predicted to raise the barrier
height by 6.1 kcal/mol. The origin of these cooperative and competitive substituent effects is discussed.

Introduction

Although cyclopentane-1,3-diyl2@) has a triplet ground
statel2 ab initio calculations predicted 2,2-difluorocyclopentane-
1,3-diyl (2b) would be found to have a singlet ground state.
This prediction was confirmed by subsequent experimehts.

Y@Y . Y\é/v Ya + Y
1 2 1

a,X=Y=H;b X=F,Y=Hc,X=H,Y=F

dX=Y=F.e X=H Y=CN:f,X=F,Y=CN

Hyperconjugation with the €F bonds? which stabilizes
singlet diradicalb relative to the triplet, was also predicted to

(1) (a) Buchwalter, S. L.; Closs, G. 0. Am. Chem. So&975 97, 3857.
(b) Buchwalter, S. L.; Closs, G. L1. Am. Chem. S0d.979 101, 4688.

(2) (a) Conrad, M. P.; Pitzer, R. M.; Schaefer, H. F., 81.Am. Chem.
So0c.1979 101, 2245. (b) Sherrill, C. D.; Seidl, E. T.; Schaefer, H. F., Ill.
J. Phys. Cheml1992 96, 3712.

(3) Xu, J. D.; Hrovat, D. A.; Borden, W. TJ. Am. Chem. Sod 994
116 5425.

(4) Adam, W.; Borden, W. T.; Burda, C.; Foster, H.; Heidenfelder, T.;
Heubes, M.; Hrovat, D. A.; Kita, F.; Lewis, S. B.; Scheutzow, D.; Wirz, J.
J. Am. Chem. S0d.998 120, 593.
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make the energy difference between singkt and 5,5-
difluorobicyclo[2.1.0]pentanelfp) 15.2 kcal/mol smaller than
the energy difference betwee?a and 1a2 If this energy
lowering is equated with the lowering of the barrier to ring
inversion of 1b, relative tola, the barrier of 36.8 kcal/mol
measured for ring inversion dfa’ leads to an expected barrier
of about 22 kcal/mol for interconversion &b and1b'.

Recently, Lemal and co-workers have measured the barrier
to ring inversion of 1,4,5,5-tetrafluorobicyclo[2.1.0]pentahd) (
and foundAG* = 6.8 kcal/mol at— 55° C.8 Because entropy

(5) The experiments were actually performed on 3,3-difluoro-2,4-
diphenyl-bicyclo[3.3.0]octan-2,4,-diyl. Subsequent experiments showed 3,3-
dialkoxy derivatives of this diyl also have singlet ground states. (a) Abe,
M.; Adam, W.; Heidenfelder, T.; Nau, W. M.; Zhang, 3. Am. Chem.
Soc.200Q 122 2019. (b) Abe, M.; Adam, W.; Hara, M.; Hattori, M.;
Majima, T.; Nojima, M.; Taschibana, K.; Tojo, 3. Am. Chem. So2002
124, 6540. (c) Abe, M.; Adam, W.; Borden, W. T.; Hattori, M.; Hrovat, D.
A.; Nojima, M.; Nozaki, K.; Wirz, J.J. Am. Chem. So@004 126, 574.

(6) Reviews: (a) Getty, S. J.; Hrovat, D. A.; Xu, J. D.; Barker, S. A,;
Borden, W. T.J. Chem. Soc., Faraday Trank994 90, 1689. (b) Borden,

W. T. Chem. Commuril998 1919.

(7) Baldwin, J. E.; Ollerenshaw, J. Org. Chem1981 46, 2116.

(8) Wei, Y.; Liu, Y.; Wong, T.; Lemal, D. MJ. Fluorine Chem.in
press. We thank Professor Lemal for informing us of his results and
providing us with a preprint of his manuscript.
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Effects of Substituents at C1 and C4 on Ringehsion

TABLE 1. Calculated Effects of Substituents on Lowering the Enthalpy
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Differences(kcal/mol) between Substituted Bicyclo[2.1.0]pentanes (1)

and the Singlet Cyclopentane-1,3-diyl Transition Structures for Ring Inversion (TS 2) and Also between 1 and the Corresponding Triplet

Cyclopentane-1,3-diyls (Triplet 2¥

CASSCF/6-31G*

CASPT2/6-31G* CASPT2/6-311G**

bicyclopentanel) TS2 triplet 2 TS2 triplet 2 TS2 triplet 2

a(X=Y=H) 25.9 233 33.7 325 32.0 31.2
b(X=F, Y=H) 134 4.3 155 4.1 17.0 5.3
c(X=H,Y=F) 3.2 4.7 6.1 6.8 5.5 6.6

dX=Y=F) 15.6 7.8 24.8 10.9 26.2 11.2
e(X=H,Y=CN) 10.3 10.8 14.4 15.0 14.8 15.4
f(X=F,Y=CN) 20.6 13.4 25.9 18.9 25.7 18.8

a All calculations were performed at CASSCF/6-31G* optimized geometries. Energies were converted to enthalpies at 298 K, using the results of CASSCF/

6-31G* vibrational analyse$.Calculated values akH* for ring inversion ofLaand of the enthalpy difference betwetmand the triplet state of cyclopentane-

1,3-diyl (2a) are given in the first row of the table in italics. Subsequent rows provide the amount by which each set of substituents is computed to reduce

the enthalpy differences given in the first rowl'he amount by which the enthalpy difference betwéarand TS2a s lowered by substituents SAH*.

is not expected to make a large contribution AG* for
interconversion ofld and 1d" at this temperature, it appears
that the four fluorines irid lower the barrier to ring inversion
by ca. 30 kcal/mol, relative to the barrierla If it is assumed
that the geminal fluorines at C5 ibd contribute 15 kcal/mol

of this energy lowering (the amount predicted for the geminal
fluorines at C5 inlb), then it also appears that the fluorines at
C1 and C4 lower the barrier to ring inversionaf by about as
much as the geminal fluorines at C5.

active space consisted of the bonding and antibonding MOs of the
C1-C4 o bond, which correlate with, respectively, the in-phase
and out-of-phase combinations of the 2pA0s at C1 and C3 in
2a—d. The calculations on these molecules are designated (2/2)-
CASSCF. For the calculations d&/2e and 1f/2f, az andz* MO
and a pair ofr electrons on each cyano group were added to the
active space, making the calculations on these molecules (6/6)-
CASSCF.

The (2/2)- and (6/6)CASSCEF vibrational analyses were used to
characterize each stationary point as a minimum, transition structure

There are several possible contributors to the large effect of (TS), or hill top. The unscaled vibrational frequencies were used

the fluoro substituents at C1 and C4laf A fluorine substituent

to obtain the zero-point energies and heat capacities that were

does provide a small amount of stabilization for a radical center necessary to convert both the CASSCF and CASPT2 differences

at the carbon to which the fluorine is attached, and fluorine

in electronic energies into differences in enthalpies at 298 K.

substituents are also known to increase the strain in cyclopropane  Single-point CASPT2 calculatiofswere performed at each of
rings? Both of these effects should reduce the energy difference the CASSCF stationary points, to provide correlation for the

between not only the singlet but also the triplet state of diradical
2d, relative told. However, fluorine is also a electron dono®,
and there is both experimeritahnd computation&t evidence
that 7 donors provide stabilization for the singlet states of
cyclopentane-1,3-diyls which are geminally substituted at C2
with fluoro or alkoxyl substituents.

To investigate the contributions of these different possible
effects of the fluorines at C1 and C4 to reducing the barrier to
ring inversion inl1d, we have performed ab initio calculations
on bicyclo[2.1.0]pentanesa—d and on the singlet and triplet
states of cyclopentane-1,3-diyda—d. Our calculations indicate
that the four fluorines irLd provide synergistic stabilization of
the singlet diradicalZd) that serves as the transition structure
(TS) for ring inversion.

We have also performed calculations on ring inversiohen
and 1f, which have cyano substituents at C1 and C4. Our
computational results show that, unlike thelectron-donating
fluoro substituents at C1 and C3 in singlet, the = electron-
accepting cyano substituents at these two carbons in sipfglet
actually compete with ther electron-accepting pair of €~
bonds at C2 in providing stabilization of the TS for ring
inversion of1f.

Computational Methodology

Geometry optimizations and vibrational analyses were performed,

using complete active space self-consistent-field (CASSCF) calcula-

tions'! with the 6-31G* basis sét For 1a—d, the orbitals in the

(9) Review: Lemal, D. M.J. Org. Chem.2004 69, 1. Many other
reviews of fluorocarbon chemistry have been written, and they are cited in
this review.

(10) Zhang, D. Y.; Hrovat, D. A.; Abe, D.; Borden, W. J. Am. Chem.
Soc.2003 125, 12823.

electrons in the strained-cC bonds ofl and to include the effects
of dynamic electron correlatiolf. The single-point CASPT2
calculations were carried out with both the 6-31&#nd 6-311G**
basis set$> The CASSCF and CASPT2 calculations were per-
formed with, respectively, the Gaussiant®a8nd MOLCAS 6.27
suites of electronic structure programs.

Results and Discussion

Table 1 shows the results of our calculations. The first line
of the table gives the calculated enthalpies of activation at 298
K for interconversion oflaand1d via a TS that corresponds
to the singlet state of diradic&la. Also provided in the first
line of Table 1 are the enthalpy differences computed between
1 and the lowest energy conformation of the triplet state of
diradical2a.1®

As shown in the first row of Table 1, the CASPT2 enthalpies
of activation for interconversion ofa and 1a at 298 K are
somewhat lower than the experimental valueAdi* = 36.6
kcal/mol, which was measured around 480 Khis is the case
with both the 6-31G* and 6-311G** basis sets. Recomputing
the (2/2)CASSCF thermal corrections fba and for TS2a at

(11) (a) Roos, B. OAdv. Chem. Phys1987, 69, 339. (b) Roos, B. O.
Int. J. Quantum Chem. Symp98Q 14, 175.

(12) Hariharan, P. C.; Pople, J. Ahear. Chim. Actal973 28, 213.

(13) (a) Andersson, K.; Malmqvist, P.zARoos, B. O.; Sadlej, A. J.;
Wolinski, K. J. Phys. Chenl99Q 94,5483. (b) Andersson, K.; Malmaqvist,
P.-A;; Roos, B. OJ. Chem. Phys1992 96, 1218.

(14) Borden, W. T.; Davidson, E. RAcc. Chem. Red.996 29, 67.

(15) Krishnan, R.; Binkley, J. S.; Seeger, R.; Pople, 1.AChem. Phys.
198Q 72, 650.

(16) Frisch, M. J. et alGaussian 03revision C.02; Gaussian, Inc.:
Wallingford, CT, 2004.

(17) Karlstran, G. et alMOLCAS version 6.2Computational Material
Science2003,28, 222.
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FIGURE 1. Schematic orbital interaction diagrams for cyclopentane-1,3-@g)l &nd 2,2-difluorocyclopentane-1,3-diy2ig).

480 K increases the calculated enthalpies of activation, but only

by 0.2 kcal/mol.
The entries forlb—f in Table 1 are the amounts by which

the fluoro and cyano substituents in these compounds reduce

the enthalpy differences betweé&b—f and singlet and triplet
2b—f from the corresponding enthalpy differences between
unsubstitutedla and unsubstituted singlet and trip2a For
example, the entries for T2d mean that the four fluoro
substituents irLd are calculated to lower the CASPT2 enthalpy
of activation for ring inversion bAAH* = 24.8 kcal/mol with
the 6-31G* basis set and bYyAH* = 26.2 kcal/mol with the
6-311G** basis set. Thus, at 298 K, the enthalpy of activation
for interconversion ofld and1d' is computed to beH* = 8.9
kcal/mol by CASPT2/6-31G* and\H* = 5.8 kcal/mol by
CASPT2/6-311G**.

The results of the CASSCF/6-31G* vibrational analyses give
AS = 3.0 cal/mol K, so at 298 K, the CASPT2 free energies
of activation are computed to k&G* = 8.0 kcal/mol with the
6-31G* basis set andG* = 4.9 kcal/mol with 6-311G**. These
calculated values bracket the experimental valuAGf = 6.8
+ 0.2 kcal/mol®

Inspection of Table 1 shows that the CASPT2 substituent

effects that are calculated with both basis sets are quite similar.

For simplicity, we will only discuss the quantitative results

(18) (a) The CASSCF geometries bd—f and of the singlet and triplet
states oRa—f are available as Supporting Information. Also available are

E F

~&

FIGURE 2. Schematic depiction of the stabilization of singlet diradical
TS 2b by hyperconjugation of the geminaHF bonds at C2 with the
2p-t AOs at C1 and C3.

obtained with the 6-311G** basis set, but the qualitative features
of the CASPT2 results, obtained with both basis sets, are
identical.

Effects of the Fluoro Substituents in 1b-d and 2b—d. Ring
strain in1b presumably accounts for most of the effect of the
geminal fluorines on making the enthalpy difference between
1b and triplet diradicakb 5.3 kcal/mol smaller than the enthalpy
difference betweeria and triplet2a. However, as discussed
previously? the geminal fluorines at C2 stabilize singlet 28
by ca. 11 kcal/mol more than tripl@b.

The selective stabilization of the singlet diradical is attributed
to the ability of the out-of-phase combination of the-E o*
orbitals at C2 to accept electrons from the in-pha$g (
combination of 2pr AOs at C1 and C3% As shown schemati-
cally in the diagram in Figure 1, this is the dominant orbital
interaction in2b. The effects of this type of orbital interaction
can be represented by the hyperconjugated resonance structure

the optimized geometries and energies of the singlet diradical intermediatesin Figure 2°

that were located faka,c, ande. (b) These intermediates hae symmetry,

with radical centers, especially those2n, that are more highly pyrami-
dalized than the radical centers in the diradical TSs for ring inversion. The
energies of the singlet diradical intermediate and the TSs differ most for
2c, for which the CASPT2/6-311G* energy difference is 2.0 kcal/mol.
Because of the one fewer real vibrational frequency in the TS than in the

intermediate, the CASPT2/6-311G* enthalpies of these two species differ

by only 1.3 kcal/mol.
2984 J. Org. Chem.Vol. 71, No. 8, 2006

Table 1 shows that substitution of fluorines at C1 and C4 of
la has a much smaller effect on lowering the barrier to ring
inversion than substituting a pair of fluorines at C51at In
fact, fluorine substitution at C1 and C4 & is calculated to
provide 1.1 kcal/mol more stabilization for tripl2t than for
singlet TS2c.



Effects of Substituents at C1 and C4 on Ringehsion

The reason for the very modest stabilization of singlet
diradical2c by the fluorines at C1 and C3 is that, in contrast to
the C—F bonds at C2 ir2b, the C—H bonds at C2 irRaand2c
act as weak, hyperconjugative, electron donors to $he
combination of 2pr AOs at C1 and C82 As shown schemati-
cally in the diagram in Figure 1, this is the dominant orbital
interaction in2a. The lone pair orbitals on the fluorines that
are attached to C1 and C3 2t are alsar donors, so that the
C—H bonds at C2 and the fluorines at C1 and C3 compete with
each other to donate electrons into theombination of 2pz
AOs at C1 and C3 ir2c.

The 7 lone pair orbitals on the fluorines iAc can donate
electrons into not only th& but also theA nonbonding (NB)
MO. However, in the singlet state dfc, the A NBMO is
effectively doubly occupied? so that donation ofr electrons
into the A NBMO provides little net stabilization for singlet
2c. In contrast, in the triplet state @, the A NBMO is singly
occupied, so that donation af electrons into theA NBMO
does provide net stabilization of tripl&t. It is for this reason
that addition of fluorine substituents to C1 and C2afprovides
more stabilization for tripleRc than for singlet2c.

With electron-accepting €F bonds at C2, as ib, rather
than electron-donating-€H bonds, as ir2a, one would expect
the addition ofr-donating, fluoro substituents at C1 and C3 to
provide more stabilization for the singlet than for the triplet
diradical. Inspection of the results in Table 1 confirms that this
is, in fact, the case. Addition of fluorines to C1 and C32bf
forming 2d, stabilizes the singlet state by 9.2 kcal/mol but
stablizes the triplet state by only 5.9 kcal/mol.

The 11.2 kcal/mol stabilization of triple&td, relative told,
by four fluorines is 0.7 kcal/mol less than the sum of the 5.3
and 6.6 kcal/mol stabilization energies of, respectively, triplets
2b and2c. In contrast, the 26.2 kcal/mol stabilization of singlet
TS 2d, relative told, by four fluorines is actually 3.7 kcal/mol
greater than the sum of the 17.0 and 5.5 kcal/mol stabilization
energies of, respectively, singlet T3k and2c.

Clearly, the fluorines at C1 and C3 are acting cooperatively
with the geminal fluorines at C2 to stabilize P8. In terms of

the orbitals shown in Figure 1, the presence of the electron-

accepting G-F bonds at C2 makes donation of the 2pene
pair electrons on the fluorines at C1 and C3 into AhBlBMO
in TS 2d more favorable than donation into tBeorbital in TS
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FIGURE 3. Selected GC and C-F bond lengths (A) in the (2/2)-
CASSCF/6-31G* geometries of singlet and triplet di- and tetrafluoro-
cyclopentane-1,3-diyls2p—d).?*

triplet 2d can be used as a reference to judge the effect of
cooperativity on the C1(C3)F bond lengths in T&d.

As shown in Figure 3, the C1(C3} bonds in triple2d are
0.014 A shorter than those in tripl€c, suggesting that the
geminal C-F bonds at C2 actually do have an inductive effect
on the bond lengths i@d. However, the C1(C3)F bonds in
singlet2d are 0.025 A shorter than those in sindtetand 0.009
A shorter than those in tripléd. The shorter C1(C3)F bond
lengths in singleRd are consistent with stabilization of the TS
for ring inversion ofld by donation of 2px lone pair electrons
from the fluorines at C1 and C3, in synergy with hyperconju-
gation by the electron-accepting pair of-€ bonds at C2.

Effects of the Cyano Substituents in 1e,f and 2e,Although
cyano is a better radical stabilizing substituent than fluorine,
unlike fluorine, cyano is ar acceptor rather than a donor.
Therefore, using either Figure 1 or Figure 2, it is easy to predict
that the cyano substituents at C1 and C3 in singfethould
compete, rather than cooperate, with the geminal fluorines at
C2 in stabilizing the TS for ring inversion df. Consequently,
the net stabilization of TS2f by the fluorine and cyano
substituents should be less than the sum of the stabilization
enthalpies of TS2b and2e

To test this prediction, we carried out (6/6)CASSCF and
CASPT2 calculations oheand2eand onlf and2f. The results,
which are given in Table 1, support the existence of a
competitive substituent effect on the stabilization of 2fS

Because cyano is strongly radical stabilizing, the cyano groups

2c. In terms of the resonance structures in Figure 2, the presenceyt C1 and C3 irRe are computed to make the barrier to ring

of the r electron-donating fluorines at C1 and C3 results in a
greater contribution from the ionic resonance structure in TS
2d than from that in TS2b.20

This type of cooperativity between the geminal fluorines at
C2 and the fluorines at C1 and C3 in 28 should manifest
itself in the bond lengths in this singlet diradical. In particular,
the C1(C3)-F bond lengths should be shorter in 2&than in
TS 2c. However, this comparison is complicated by the possible
inductive effects of the geminal fluorines at C2 on the
C1(C3)-F bond lengths in TRd.

In contrast to TS2d, the enthalpy of tripleRd shows no

inversion 14.8 kcal/mol smaller ibethan inla. However, this
stabilization is not unique to T8e Table 1 shows that the
enthalpy difference betweele and triplet2eis also computed

to be smaller by 15.4 kcal/mol than the enthalpy difference
betweenla and triplet2a.

If the lowering of the barriers to ring inversion by the
fluorines at C2 in T2b and the cyano groups at C1 and C3 in
TS 2e were additive in TS2f, the lowering of the barrier to
ring inversion in1f would be 17.0+ 14.8 = 31.8 kcal/mol.
However, the lowering of the barrier is actually calculated to
be only 25.7 kcal/mol, 6.1 kcal/mol less than that predicted by

evidence of a cooperative substituent effect. Indeed, as alreadyadditivity.

noted, the stabilization of triple2d, relative to1d, by four
fluorines is 0.7 kcal/mol less than the sum of the stabilizations
of triplets2b and2c. Therefore, the C1(C3)F bond lengths in

(19) The dominant configuration in the CASSCF wave function has the
A NBMO doubly occupied; however, there is a second configuration, of
smaller weight, in which th& NBMO is doubly occupied.

On the other hand, if the stabilization enthalpies of triplet
and triplet2e are added, the sum is 5:8 15.4 = 20.7 kcal/
mol. Therefore, the 18.8 kcal/mol, by which the cyano and
fluoro substituents actually do make the enthalpy difference
between triple2f and 1f smaller than that between triplga
and 1a, is just 1.9 kcal/mol less than the reduction expected
from additivity.

J. Org. ChemVol. 71, No. 8, 2006 2985
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1508 X X 1508 X X . 2.21 in singlet2f compared toc;?/c,? = 2.35 in singlet2b
1.492 E‘-.L1.343 1.504 ";ZL 1339 confirms the hypothesis th&f has more diradical character
2 C, than2b.
NC?\C:)/ \C/CN NC?\C> \C/CN On the other hand, the finding that the substituent effects in
4 b3 i} b3 singlet 2d are cooperative means that the presence ofathe
1.405 1.405 . .
1410 / 1403 \ / electron-donating fluorines at C1 and C3 should make the
Cs—Cy Cs—Cy diradical character of singl@d smaller than that of singlé&b.
Singlet 2 Triplet 2 This conjecture too is confirmed by the ratio@f/c,* = 3.60
e, X=H in TS 2d, which is more than 50% larger than the ratiocg¥
f X=F c2 = 2.35in TS2b.

1

FIGURE 4. Selected GC and C-F bond lengths (A) in the (6/6)- .
CASSCF/6-31G* geometries of singlet and triplet 1,3-dicyanocyclo- Conclusions
pentane-1,3-diyl4e) and its 2,2-difluoro derivative2f). . . . .
The addition of fluorine substituents to C1 and C41dfis
The competition between the fluorines at C2 and the cyano computed to make the barrier to_ring inversiorl'uhlower than
groups at C1 and C3 in T& should manifest itself in the bond ~ that in 1b by 9.2 kcal/mol. Of this energy lowering, 3.7 kcal/

lengths in this singlet diradical. In particular, the-CN bond mol is attributable to the cooperative interaction betweentthe
lengths should be longer in singtthan in singleRe Figure electron-donating fluorines at C1 and C3 and the electron-
4 shows that this expectation is borne out. accepting G-F bonds at C2 in TS2d. This cooperative

substituent effect contributes to the low barrier to ring inversion

Because the substituent effects on the enthalpy of triflet
by ki in 2d, measured by Lemal and co-workérs.

are nearly additive, one would not expect the-@N bond i i ) )
lengths in triplef to be significantly different from the €CN . Our calculations also confirm thg conjecture that the interac-
bond lengths in tripleRe However, the competition between  tion between ther electron-accepting cyano groups at C1 and
the geminal G-F bonds at C2 and the cyano groups at C1 and €3 and the electron-accepting-€ bonds at C2 in T2f is
C3 in TS2f should result in the €CN bond lengths in triplet ~ competitive. Although the barrier to ring inversion ki is
2f being shorter than those in this singlet diradical. Figure 3 computed to be about the same size as the barriédjrthe

shows that these expectations regarding th€® bond lengths lowering of the barrier height idf, relative tola, is 6.1 kcal/
in triplet 2e and triplet2f are also borne out. mol less than the sum of the lowering of the barrier heights by

Another consequence of the competition between the fluoro the geminal fluoro sub_sﬂtuents at C21b and by the cyano

and cyano substituents in T8 is that its diradical character groups at C1 and C4 ifie

should be greater than the diradical character in2bSIf the We hope that experimental verification of our predictions of

ratio of the square of the coefficients of the first two configura- the effects of substituents on the barriers to ring inversion in

tions in the CASSCF wave function is used as a measure of Picyclo[2.1.0]pentanesb, 1c, 1e and1f will be forthcoming.

diradical character (the smaller the ratio, the larger the amount
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