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The mechanisms of the photochemical isomerization reactions were investigated theoretically using a model
system of bicyclo[4,1,0]hept-2-ene (2-norcarene) 1 with the CASSCF (eight-electron/eight-orbital active space)
and MP2-CAS methods and the 6-311(d) basis set. The structures of the conical intersections and intersystem
crossings, which play a crucial role in such photoisomerization reactions, were obtained. The intermediates
and transition structures of the ground-state were also calculated to assist in providing a qualitative explanation
of the reaction pathways. Our model investigations suggest that the preferred singlet photoreaction route for
1 is as follows: singlet reactantf Franck-Condon regionf conical intersectionf intermediatef transition
statef photoproduct. On the other hand, our theoretical findings indicate that the preferred triplet photoreaction
route for 1 is as follows: singlet reactant f Franck-Condon region f triplet minimum f triplet transition
state f intersystem crossing f intermediate f singlet transition state f photoproduct. In particular, the
intersystem crossing mechanism found in this work gives a better explanation and supports the avail-
able experimental observations. Two kinds of reaction pathways, which can lead to final photoproducts, have
been identified: (paths I or III) ring-expansion to form a cycloheptene ring and (paths II or IV) ring-closure
to form a methylcyclohexene structure. Both exhibit biradical character. Also, our theoretical investigations
strongly indicate that substantial interaction occurs between the cyclopropane moiety and the isolated
carbon-carbon double bond in the excited state of (1).

I. Introduction

Intramolecular photochemical interaction between two chro-
mophoric units bridged by more than one bond has been of
great interest to both experimental and theoretical chemists.1

Many experimental studies concerning saturated mono-2 and
polycyclic3 derivatives as well as rigid4 and semirigid5 noncon-
jugated bichromophoric systems have demonstrated that some
interaction between the cyclopropane moiety and the isolated
carbon-carbon double bond is possible. However, in contrast
to the photochemistry generally observed in aliphatic cyclopro-
panes,2-5 or even in other vinylcyclopropane derivatives,1b the
product mixture observed upon direct irradiation of bicyclo-
[4,1,0]hept-2-ene6 (1, 2-norcarene) reveals that this system is
unusual as shown in Scheme 1.7 Also, it was pointed out that
the product distribution is independent of both solvent and
excitation wavelength and is unchanged by the addition of
naphthalene.6

It is these fascinating experimental results that have inspired
this study. The calculation of reaction pathways for such
photoisomerizations of 2-norcarene and the location and iden-
tification of the structures of the crucial points are therefore of
great academic interest. In fact, an understanding of the detailed
mechanism of such photoreactions is essential to the rationaliza-
tion of the mechanisms of intramolecular photochemical isomer-
izations, which are useful in synthetic chemistry. Theoretical

methods are the only techniques for determining the properties
of the various excited-state potential-energy surfaces. Neverthe-
less, to the best of our knowledge, until now no theoretical work
has been devoted to the study of the photochemistry of such a
vinylcyclopropane derivative (2-norcarene). We have thus
undertaken the theoretical investigation of the potential-energy
surfaces of the 2-norcarene system.
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The object of the present work is to gain an understanding
of the photochemical mechanism of the isomerization reactions
of 2-norcarene. As discussed below, the mechanisms of various
reactions were investigated by CASSCF and MP2-CAS calcula-
tions. Bicyclo[4,1,0]hept-2-ene (1) was therefore used as a model
system. It will be shown later that conical intersections and
intersystem crossings8 play a crucial role in the photoisomer-
ization of the vinylcyclopropane derivative (2-norcarene) system.
From these investigations, a better understanding of the
thermodynamic and kinetic aspects of such vinylcyclopropane
photoreactions may shed some light on the optimal design of
further related synthesis and catalytic processes.

II. Methodology

All of the geometries were fully optimized without imposing
any symmetry constraints, although in some instances the
resulting structures showed various elements of symmetry. The
complete-active-space SCF (CASSCF) calculations were per-
formed using the MCSCF program released in Gaussian 03.9

In the investigation of photochemical reaction pathways, the
stationary point structures on the S0, S1, and T1 surfaces were
optimized at the CASSCF level of calculation using the standard
6-311G(d) basis set.10 The active space for describing the
photoisomerizations of bicyclo[4,1,0]hept-2-ene (1) comprises
eight electrons in eight orbitals, that is, two p-π orbitals plus
three σ(C-C) and σ*(C-C) orbitals. In some cases (such as
the hydrogen migration reaction), an active space comprising
eight electrons in eight orbitals (π, σ, σ, π*, σ*, σ* in the
cycloheptene ring, and the σ, σ* orbitals in the C-H bond)
was used. Therefore, the state-averaged CASSCF(8,8) method
was used to determine geometry in the intersection space.

Every stationary point was characterized by its harmonic
frequencies computed analytically at the CASSCF level. The
harmonic vibrational frequencies of all stationary points were
computed analytically to characterize them as minima (all
frequencies are real) or transition states (only one imaginary
frequency). The optimization was terminated when the maxi-
mum force and its root mean square were less than 0.00045
and 0.00005 hartree/bohr, respectively. Localization of the
minima, transition states, and crossing minima have been
performed in Cartesian coordinates; therefore, the results are
independent of any specific choice of internal variables.

To correct the energetics for dynamic electron correlation,
we have used the multireference Møller-Plesset (MP2-CAS)

SCHEME 2
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Figure 1. Singlet-energy profiles for the photoisomerization modes
of bicyclo[4,1,0]hept-2-ene (1). The abbreviation FC stands for
Frank-Condon. The relative energies were obtained at the MP2-CAS-
(8,8)/6-311G(d)//CAS(8,8)/6-311G(d) and CAS(8,8)/6-311G(d) (in
parentheses) levels of theory. All energies (in kcal/mol) are given with
respect to the reactant (1). For the CASSCF optimized structures of
the crucial points, see Figures 2-4. For more information, see the
text.

Figure 2. CAS(8,8)/6-311G(d) geometries (in angstroms and degrees)
for path I and path II of bicyclo[4,1,0]hept-2-ene (1). These paths
include conical intersections (CI-1 and CI-2). The corresponding
CASSCF vectors are shown in the inset. For more information, see
the Supporting Information.
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algorithm11 as implemented in the program package Gaussian
03. Unless otherwise noted, the relative energies given in the
text are those determined at the MP2-CAS-(8,8)/6-311G(d) level
using the CAS(8,8)/6-311G(d) (hereafter designated MP2-CAS
and CASSCF, respectively) geometry.

III. General Consideration

As already illustrated in Scheme 1, the bicyclo[4,1,0]hept-
2-ene (1, 2-norcarene) photoisomerization reported experimen-
tally6 shows a wide variety of reaction types. However, it is
still possible to construct a certain consistency among these
reactions, which at least serves as a basis for discussion. In this
section, we describe possible excited-state reaction paths that
lead to conical intersections or intersystem crossings. A
schematic representation of the relationships between the
intersections and possible reaction routes are shown in Schemes
2 and 3.

In the case of the singlet photochemistry of bicyclo[4,1,0]hept-
2-ene (eq 1),6 the most reasonable pathway for the conversion
of 1 to 2, 3, 4, and 5 is via an internal bond (C1 and C6) cleavage
of the cyclopropane ring, which can be represented as shown
in 9. That is, one cyclopropane bond will be opened to form a

cyclic biradical species 9 (Scheme 2). It should be noted that
this mechanism implies that some interaction between the
isolated double bond and the cyclopropane chromophore should
occur.

Moreover, 2-norcarene, 1, displays an intriguing type of
reaction upon singlet photolysis, that is, photoisomerization to
products 6, 7, and 8 (eq 1).6 This experimental fact strongly
suggests the involvement of a 1,3-biradical species (10), which
subsequently undergoes conical intersection to give the singlet
ground-state products. At this point, two-ring closure or 1,2-
hydrogen migration provide straightforward routes to 6, 7, or
8, as seen in Scheme 3. Also, Scheme 2 (singlet) and Scheme
3 (singlet) display similar reaction patterns for triplet photo-
chemistry of bicyclo[4,1,0]hept-2-ene 1 (eq 2).6 That is to say,
the intersystem crossing of triplet photochemistry of bicyclo-
[4,1,0]hept-2-ene will follow similar mechanisms as the singlet
corresponding molecule.

We shall use the above mechanisms (Schemes 2 and 3) in
the following sections to locate the funnel from either the excited
singlet or triplet-state surfaces to the ground singlet-state surface
that corresponds to a conical intersection or an intersystem
crossing, respectively.

Figure 3. CAS(8,8)/6-311G(d) geometries (in angstroms and degrees) for paths I-1, I-2, I-3, and I-4 of bicyclo[4,1,0]hept-2-ene (1), intermediate
(Int-1), transition states (TS-3, TS-4, TS-5, and TS-6) and isomer products (2, 3, 4, and 5, respectively). The heavy arrows indicate the main
atomic motions in the transition-state normal modes. For more information, see the Supporting Information.
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IV. Results and Discussion

1. Singlet Reaction Mechanisms of Bicyclo[4,1,0]hept-2-
ene. Let us first consider the singlet reaction mechanisms of
bicyclo[4,1,0]hept-2-ene (1). Figure 1 displays the relative
energies on the singlet potential-energy surface along the
assumed photoisomerization pathways from 1 to various pho-
toproducts (2-8). Selected optimized geometrical parameters

for the critical points of eq 1 and their energies on the ground-
and excited singlet-state surfaces can be taken from Figures 2-4,
respectively. Cartesian coordinates calculated for the stationary
and crossing points at the CASSCF/6-311G(d) level are available
as Supporting Information.

In the first step, the reactant (1) is excited to its excited singlet
state (S1) by a vertical excitation. After the vertical excitation
process the molecule is situated on the singlet surface but still
possesses the ground-state (S0) geometry. This point on the
singlet surface is denoted as FC-S (S1 (S0 geometry)). The
computed singlet vertical excitation energy of 1 is 141 kcal/
mol (S0f S1 (S0 geometry)). Comparison with the correspond-
ing experimental value of 214 nm6 () 134 kcal/mol in energy)
indicates that the present calculations provide a good estimate
of the relative energies for the 2-norcarene system.

From the point reached by the vertical excitation (FC-S), the
molecule relaxes to reach an S1/S0 conical intersection where
the photoexcited system decays nonradiatively to S0. Namely,
the photochemically active relaxation path starting from the
S1

1(π f π*) excited-state of 1 leads to the S1/S0 CI-1 and CI-
2, which are shown on the right-hand (path I and path II) side
of Figure 1, respectively. Both CI-1 and CI-2 structures
optimized at the CASSCF/6-311G(d) level are shown in Figure
2. The derivative coupling and gradient difference vectors
obtained at the conical intersections are also given in Figure 2.

For path I, the system can access a biradical cycloheptene
intermediate Int-1 (Figure 1) via the CI-1 point. The optimized
structures (along with selected bond parameters) of singlet state
Int-1 are given in Figure 3. It should be emphasized that the
geometrical structure of Int-1 is consistent with the previously
proposed mechanism shown in Scheme 2, in which the
monocyclic intermediate (9) bears a double bond and has a
biradical character. Moreover, this monocyclic species (Int-1)
is expected to have a short lifetime before ring rearrangement
to the final photoproducts occurs. With regard to the structure

Figure 4. CAS(8,8)/6-311G(d) geometries (in angstroms and degrees) for paths II-1, II-2, and II-4 of bicyclo[4,1,0]hept-2-ene (1), intermediate
(Int-2), transition states (TS-7, TS-8, and TS-9) and isomer products (6, 7, and 8, respectively). The heavy arrows indicate the main atomic
motions in the transition-state normal modes. For more information, see the Supporting Information.

Figure 5. Triplet energy profiles for the photoisomerization modes of
bicyclo[4,1,0]hept-2-ene(1).TheabbreviationFCstandsforFrank-Condon.
The relative energies were obtained at the MP2-CAS-(8,8)/6-311G(d)//
CAS(8,8)/6-311G(d) and CAS(8,8)/6-311G(d) (in parentheses) levels
of theory. All energies (in kcal/mol) are given with respect to the
reactant (1). For the CASSCF optimized structures of the crucial points,
see Figures 6 and 7. For more information, see the text.
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of Int-1, the search for transition states on the S0 surface gives
TS-3, TS-4, TS-5, and TS-6 for reaction path I-1, path I-2, path
I-3, and path I-4, respectively. Our theoretical computations at
the CASSCF(8,8) level give imaginary frequencies of 1729i
(TS-3), 3180i (TS-4), 1727i (TS-5), and 1775i (TS-6) cm-1,
respectively. These connections (between Int-1 and correspond-
ing photoproducts) have been verified by moving in both
directions from transition states (TS-3, TS-4, TS-5, and TS-6;
Figure 1) along the intrinsic reaction coordinate.13

ForpathI-1,ringclosuretoabicyclicproduct,bicyclo[3.2.0]hept-
2-ene (2), will occur via an intramolecular carbon-carbon
closing (TS-3). Alternatively, a ring-opening isomerization leads
to 1,2,6-heptatriene (3) by way of an intramolecular 1,2-
hydrogen migration between two carbon atoms, accompanied
by a C-C bond breaking (TS-4). On the other hand, inspection
of the normal modes for TS-5 and TS-6 shows clearly that these
reactions proceed toward formation of monocyclic dienes (1,4-
cycloheptadiene 4 and 1,3-cycloheptadiene 5, respectively). Our
theoretical investigations indicate that the barrier heights for
these transition states decrease in the order TS-3 (52 kcal/mol)
> TS-4 (32 kcal/mol) > TS-6 (8.7 kcal/mol) > TS-5 (6.9 kcal/

mol). Accordingly, our theoretical investigations suggest that
paths I-1, I-2, I-3, and I-4 proceed as follows:

1(S0)+ hνf FC-SfCI-1f Int-1fTS-3f 2 (1)

1(S0)+ hνf FC-SfCI-1f Int-1fTS-4f 3 (2)

1(S0)+ hνf FC-SfCI-1f Int-1fTS-5f 4 (3)

1(S0)+ hνf FC-SfCI-1f Int-1fTS-6f 5 (4)

Alternatively, our computations suggest that the CI-2 point
can relax to the Int-2 point via a short energy relief as shown
in Figure 1. The fully optimized structure of the singlet state
(Int-2) is given in Figure 4. As one can see, the molecule at
the Int-2 point has a methylcycloheptene-like structure with two
unpaired electrons lying on two different carbon atoms (C1 and
C7). Again, the geometrical structure of Int-2 is consistent with
the previously proposed mechanism given in Scheme 3 (i.e 10).
Additionally, the calculated energy of Int-2 is given in Figure
1, from which one can see that its energy is lower than that of
the CI-2 species by 63 kcal/mol. From Int-2, isomerization to
the final photoproducts (6, 7, and 8) also involves three reaction
pathways (paths II-1, II-2, and II-3, respectively) as shown in
Figure 1. That is, the system may undergo a carbon-carbon
bond breaking between C1 and C6 atoms via a transition state
TS-7 (path II-1). On the other hand, the reaction could proceed
via a ring closure and 1,2-hydrogen shift through transition state
TS-8 (path II-2) or TS-9 (path II-3), respectively. Vibrational
frequency calculations show that TS-7, TS-8, and TS-9 are real
transition states, each with a single imaginary frequency on the
singlet potential-energy surface. That is, the single imaginary
frequency for each transition state (972i cm-1 for TS-7, 390i
cm-1 for TS-8, and 1802i cm-1 for TS-9) provides a confirma-
tion of an intramolecular isomerization process. The optimized
transition-state structures (TS-7, TS-8, and TS-9) along with
the calculated normal modes are shown in Figure 4. It is
apparent that these transition states connect the singlet local
minimum Int-2 to the corresponding photoproducts 6 (1,3,6-
heptatriene), 7 (norbornene), and 8 (4-methylenecyclohexene),
respectively. These connections (between Int-2 and correspond-
ing photoproducts) have been verified by moving in both
directions from transition states (TS-7, TS-8, and TS-9; Figure
1) along the intrinsic reaction coordinate.13 Moreover, our
computational findings suggest that these barrier heights de-
crease in the order TS-8 (60 kcal/mol) > TS-9 (18 kcal/mol)
> TS-7 (9.0 kcal/mol). In short, the path II mechanism of singlet
photoisomerization of bicyclo[4,1,0]hept-2-ene 1 can be rep-
resented as follows:

1(S0)+ hνf FC-SfCI-2f Int-2fTS-7f 6 (5)

1(S0)+ hνf FC-SfCI-2f Int-2fTS-8f 7 (6)

1(S0)+ hνf FC-SfCI-2f Int-2fTS-9f 8 (7)

Furthermore, from the computational data discussed above,
one can readily see that the barrier to path II-1 is the smallest
(only 3.8 kcal/mol) among all of the reaction pathways. This
finding suggests that path II-1 should be the most favorable from
a kinetic viewpoint. On the basis of the present theoretical
investigations as demonstrated in Figure 1, we thus predict that
the photoproduct (1,3,6-heptatriene, 6) produced by path II-1
should be in a larger quantum yield than the other photoproducts
(2-5, 7-8). This conclusion is in good agreement with the
available experimental observations.6

2. Triplet Reaction Mechanisms of Bicyclo[4,1,0]hept-2-
ene. Let us now turn to the triplet photoisomerization reactions
of 1 (eq 2 in Scheme 1). Figure 5 displays the relative energies

Figure 6. CAS(8,8)/6-311G(d) geometries (in angstroms and degrees)
for paths III and IV of bicyclo[4,1,0]hept-2-ene (1). These paths include
triplet transition states (TS-10 and TS-11) and intersystem crossings
(T1/S0-1 and T1/S0-2). The corresponding CASSCF vectors are
shown in the inset. For more information, see the Supporting Informa-
tion.
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on the triplet potential-energy surface along the assumed
photoisomerization pathways from 1 to various photoproducts
(2 and 6). Selected optimized geometrical parameters for the
critical points of eq 2 and their energies on the ground- and
lowest triplet-state surfaces can be taken from Figures 6 and 7,
respectively. Cartesian coordinates calculated for the stationary
and crossing points at the CASSCF/6-311G(d) level are available
as Supporting Information.

Leigh and Srinivasan reported that the photochemistry of
bicyclo[4,1,0]hept-2-ene 1 (2-norcarene) upon triplet-sensitized
photolysis has been investigated.6 They found that toluene-
sensitized photolysis of 1 in deoxygenated pentane solution
produced 2 and cis- and trans-6 in yields that varied with the
extent of photolysis. In the first step, the reactant (1) is excited
to its lowest-lying triplet state (T1) by a vertical excitation. After
the vertical excitation process, the molecule is situated on the
triplet surface but still possesses the ground-state (S0) geometry.
This point on the triplet surface is denoted as FC-T (T1 (S0

geometry)). The computed triplet vertical excitation energy of
1 is 95 kcal/mol (S0 f T1 (S0 geometry)). Comparison with
the corresponding toluene sensitization experiments (3.605 eV
≈ 83 kcal/mol in energy)6,12 indicates that the present calcula-
tions again provide a good estimate of the relative energies for
the 2-norcarene system.

From the Franck-Condon point (FC-T), the molecule relaxes
to a local minimum near to the S0 geometry. This local minimum
on the triplet surface is denoted T1-Rea-1 and is calculated to
be about 61 kcal/mol above the ground-state minimum as
demonstrated in Figure 5. The optimized geometrical parameters
of T1-Rea-1 are given in Figure 6. Comparing the T1-Rea-1
geometry (Figure 6) with that of its corresponding ground-state
minimum 1 (Figure 6), it is readily seen that the triplet state
has significantly greater bond distances (i.e., CdC and C-C)
than its closed-shell singlet state. The reason for this phenom-
enon can be understood simply by considering their respective
electronic structures.14

From T1-Rea-1, isomerization to the final photoproducts (2
and 6) involves two possible reaction pathways as demonstrated
in Figure 5. Namely, on one hand, the system may undergo a
cyclopropanic bond breaking between the C1 and C6 atoms via
a transition state TS-10 (path III). Alternatively, the reaction
may proceed via cyclopropanic bond breaking between the C1

and C7 atoms, through a transition state TS-11 (path IV).
Vibrational frequency calculations show that both TS-10 and
TS-11 are real transition states, each with a single imaginary
frequency, on the triplet potential-energy surface. The optimized
transition-state structures (TS-10 and TS-11) along with the
calculated normal modes are shown in Figure 6. It is apparent
that these transition states connect the triplet local minimum
T1-Rea-1 to the corresponding intersystem crossing points (T1/
S0-1 and T1/S0-2, respectively). The single imaginary frequency
for each transition state (765i cm-1 for TS-10 and 783i cm-1

for TS-11) provides a confirmation of a carbon-carbon bond
breaking process. Again, the connections (between T1-Rea-1
and corresponding intersystem crossings) have been verified by
moving in both directions from transition states (TS-10 and TS-
11; Figure 5) along the intrinsic reaction coordinate.13

Our MP2-CAS calculations suggest that formation of T1/S0-1
from T1-Rea-1 proceeds via a transition state TS-10 with a
barrier of 16 kcal/mol, whereas T1/S0-2 is formed through a
transition state TS-11 with a barrier of 12 kcal/mol. In
consequence, from the reaction profiles shown in Figure 5, it is
evident that this system has sufficient internal energy (34 kcal/
mol) to overcome the energy barriers between the T1-Rea-1
minimum and the T1/S0-1 (or T1/S0-2) intersection points after
photoexcitation to the T1 state (vide infra).

The optimized geometries and gradient difference vectors for
T1/S0-1 and T1/S0-2 are illustrated in Figure 6. Basically, the
structure of the T1/S0-1 intersection point possesses a cyclo-
heptene ring, with two unpaired electrons lying on the C1 and
C6 atoms. On the other hand, the T1/S0-2 intersection point has
a methylcyclohexene structure, with two unpaired electrons
located on the C1 and C7 atoms. It is obvious that these two
unpaired electrons are far enough apart that their singlet and
triplet states are degenerate. As a result, the T1 and S0 surfaces
can intersect. Our theoretical investigations indicate that the T1/
S0-1 crossing point is located 36 kcal/mol below the FC-T point
and 59 kcal/mol above the ground-state minimum, 1. On the
other hand, the T1/S0-2 crossing point is located 28 kcal/mol
below the FC-T point and 67 kcal/mol above the ground-state
minimum, 1. From these intersystem crossing points (T1/S0-1
and T1/S0-2), the 2-norcarene (1) molecule may follow two kinds
of reaction pathways (path III and path IV, respectively) as
demonstrated in Figures 5 and 6. Accordingly, from an energetic

Figure 7. CAS(8,8)/6-311G(d) geometries (in angstroms and deg) for paths III and IV of bicyclo[4,1,0]hept-2-ene (1), intermediates (Int-3 and
Int-4), transition states (TS-12 and TS-13) and isomer products (2 and 6, respectively). The heavy arrows indicate the main atomic motions in the
transition state normal modes. For more information, see the Supporting Information.

386 J. Phys. Chem. A, Vol. 113, No. 2, 2009 Su



viewpoint, once reactant 1 has populated the T1 state by
photoexcitation, it would relax to the T1-Rea-1 minimum with
sufficient internal energy to overcome barriers on the T1 surface
to reach one of the T1/S0 intersection points. From here, ring
closure and ring opening follow to yield the isomeric photo-
products (2 and 6). In short, the mechanisms of triplet photo-
isomerization of bicyclo[4,1,0]hept-2-ene 1 can be represented
as follows:

1(S0)+ hνf FC-TfT1-Rea-1fTS-10fT1 ⁄ S0-1f

Int-3fTS-12f 2 (8)

1(S0)+ hνf FC-TfT1-Rea-1fTS-11fT1 ⁄ S0-2f

Int-4fTS-13f 6 (9)

As seen in Figure 5, the activation barrier of TS-13 (via path
IV) is apparently larger than that of TS-12 (via path III). That
is, the MP2-CAS calculations show that TS-13 (20 kcal/mol)
> TS-12 (8.0 kcal/mol) with respect to the ground-state
minimum 1. Thus, our theoretical findings strongly suggest that
path III is preferred over path IV. Accordingly, on the basis of
the above computational results, one may then anticipate that,
in the triplet photoisomerization of 1, bicyclic 2 should be the
predominant photoproduct. Our theoretical findings are in good
accordance with the experimental observations as illustrated in
Scheme 1.6

V. Conclusion

The photochemical reaction mechanisms of bicyclo[4,1,0]hept-
2-ene 1 (2-norcarene) have been investigated in the present
work. From this study, we can elaborate on the standard model
of the photochemistry of 1. In the singlet state, 2-norcarene is
vertically excited to the S1 state. Then, radiationless decay from
S1 to S0 occurs via two conical intersections, which result in
intramolecular photorearrangements. It should be mentioned that
the variety of products formed has been grouped according to
the 1,3-biradical intermediates (Int-1 and Int-2) resulting from
cleavage of the internal (C1 and C6) and external (C1 and C7)
cyclopropane bonds. Starting from the conical intersection
points, the products of the photoisomerizations can be reached
on ground-state relaxation paths. These findings, based on the
conical intersection viewpoint, have helped us to better under-
stand the photochemical reactions and to support the experi-
mental observations.6 Also, we study the low-lying triplet
photochemistry of 1 in this work. As one can see from the
present study, the triplet mechanisms of 1 demonstrate similar
reaction patterns as the corresponding singlet reactant. Moreover,
our theoretical findings suggest that the computational results
are in good agreement with the available experimental observa-
tions.6

Besides this, the present theoretical study demonstrates that
substantial interaction occurs between nonconjugated olefin and
cyclopropane moieties in the excited bicyclo[4,1,0]hept-2-ene
(1) compound. That is, when this molecule absorbs light, it can
produce an intramolecular electronic energy transfer from the
double bond to the cyclopropane ring. The two chromophores
are strongly coupled in the excited-state of 1. Also, our
theoretical findings indicate that, once bicyclo[4,1,0]hept-2-ene
(1) absorbs light, it can undergo both cycloheptene ring
expansion (path I or path III) and cyclohexene ring contraction
(path II or path IV) mechanisms to obtain the various photo-
products. Both mechanisms involve an intramolecular electronic
energy transfer from the double bond to the cyclopropane ring
in the excited-state of 1. That is, it was found that the double

π bond absorbs the incident photon, whereas the reactions that
are observed are mostly those of the cyclopropane ring.

It is hoped that the present work will stimulate further research
into this subject.
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