J. Phys. Chem. R001,105, 7281-7286 7281

A Jahn—Teller Geometric Distortion Effect on the Woodward—Hoffmann Rule in Thermal
Decompositions of Diazetines
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N, extrusion paths of the smallest monocyclic azoalkane, diazetine, its tetramethyl-substituted derivative,
and their three-membered cyclic isomers were investigated by ab initio calculations. Systematic considerations
of the orbital correlation diagram predicted that the routes conservirgsihaint group are symmetry allowed.
CASSCF(2,2)/6-31G*, CASSCF(4,4)/6-31G*, and CASSCF(2,2)/6+&(Rd,p) geometry optimizations were
carried out and showed that the decomposition paths of the isomers followed the Woetieérdann

rule. However, the paths of diazetines did not follow it. The dual orbital-mixing rule proposed here correctly
explained the JahnTeller effect. Reaction enthalpy and activation energy were satisfactorily reproduced by
the BCCD(T)/6-31G*//CASSCF(2,2)/6-31G* energies.

. Introduction a1 /&
Cyclic and bicyclic azoalkanes (e.d.;-3) are known to be NN 2 t—=c &+ = eq. 2
decomposed thermally a_nd stere_ospecificelryhe simplest R i \H
speciesl affords the olefin and nitrogen molecule in ed 1. H
V4 —
N
N=N N=N N X H | H H
N
1 2 3 ? N \C_C/ VRN
3,3 4,4-tetramethyl  3,3,6,6-tctramethyl- 2,3-diazabicyclo[2.2.2]octene N=N / \
diazetine 1,2-diazacyclohex-1-ene H 7 Y H H H

HaC CH5 HaC CH3
He€ cHa \ — / — species (e.g4) might exist during the elimination. Geometries
e C-—C\ + N=N cq. 1
N—N " r./ ong
1 AH® = =50.06 keal/mol N
AHE =31.7 + 03 keal/mol N
ASF=03=08eu. | .

Although the reaction releases the large ring-strain instability
of 1, the observed activation enerdy, = 32 kcal/mol, is large. 7

Despite accumulation of thermochemical and spectroscopic data f both d6 h heC. . d eliminati h
of those azoalkanes, the mechanism of the nitrogen extrusion®f POth5 and6 have theC,, point group, and elimination paths
reactions is still unclear. may be controlled by the symmetry conservation (Woodword

On the other hand, a three-membered intermediate wasHOﬁmam’ W_H) _rule.4 .
reported to undergo theNelimination stereospecifically (eq DeSP'te simplicity of the decompesed products in eq 3, no
2).2 A decomposition path of the tetramethyl-substituted inter- theoretical approaches to the reaction have been made S0 far.
mediate4 is considered here. Parent specieslaind 4 are On the other hand, there are some computational studies of

structural isomers; (diazetine) and (eq 3), respectively. It is strluctural and electroénic p;]ropertiss of qiazetﬁ\ﬁsd ftheir
tempting to investigate Nextrusion paths 05 and6 theoreti- related azo compoun s this work, reaction paths of eqs !
cally. Are those paths independent or depend&nt+(6 — and 3 are investigated by the use of ab initio calculations. The

ethylene+ N,)? The N elimination involves the homolytic ~ following three problems are considered. .
cleavage of two &N bonds of5 and 6 and some biradical (1) Are those paths controlled by the-¥i rule? Systematic
analyses of the symmetry imposed on them are needed. (2) Is

t Department of Chemistry. the isomerization route&y — 6, present or absent? (3) Do any
* Institute for Natural Science. biradical intermediates such @dntervene in the elimination?
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It will be shown that the “least-motion path” regulated by } |

the W—H rule is affected by the JahiTeller effect through Cyplane Coy |21 2 By Dy |[Gplane
the orbital mixing. The W-H rule is based on the idea that ta 5 14 2 4 10 N
reactions should proceed without needless geometric distortions| . wll s 16 2 4 8

and should take the least-motion path. In other words, the 3 Product | 18 2 4 6 ”m'*
symmetry imposed on the system should be conserved during I I

a reaction. When the electron assignment to respective ireduc- P Cs plane

ible representations in the reactant is different from that in the |=N!

product, the reaction cannot take the least-motion path and is
called “symmetry forbidden”. The JahiTeller effect states that

in a high symmetric geometry two independent wave functions
composed of different electron assignments may be degenerate

Symmetry | Lowering

and the geometry may be unstable. The symmetry relaxation | 1
Iegds to the energy lowering. Appgrently, the e.ffect. is in conflict Cpy — Cq Cpy — Cq Coy = Cp
with the idea of the W-H rule. It is of theoretical interest to ap,by > apby > ap a2
examine the effect in a “symmetry-allowed” path. Equations 1 l“z’ by —»a" laz’ by —»a" b1’b2-'bl
and 3 will be investigated in this respect.
C

; C, i

Il. Method of Calculations NN =N N%DN
As stated in Introduction, biradical intermediates might exist ’JJ_& H-H H M

in reaction of eqs 1 and 3. Even without them, the biradical H H L
character is strong in transition states (TS) of those eliminations. '

Hartree-Fock and its perturbation methods are inapplicable to Cy

this work. Density functional theory (DF¥)nethods were tested

first. The hybrid functional B3LYP was found to fail in forbidden Allowed forbidden
determining the TS structure due to Hartrdeck mixing. Cy a’  a" Cs a' __a" ) a_ b
Second, pure DFT methods, BL¥Pand B3PW91! were 5 18 12 5 24 6 5 16 14
employed and were found to be also unsuccessful. Third, the | ¢ 20 10 6 24 6 6 18 12
completely active space SCF(CASS&Rpethod was adopted Product | 22 8 Product | 24 6 Product| 20 10

for geometry optimizations. ] ) ] . -
. . Figure 1. Electron assignment equivalent to orbital correlation diagram
CASSCF accounts for nondynamic electron correlations and for the diazetine decomposition under t8g, symmetry, and three

was indeed found to be appropriate for the optimizations. symmetry relaxations and the resultant mixed electron assignment.
CASSCF(2,2) and CASSCF(4,4) were used. The initial orbitals “Product” is a (HC=CH, and N) system.

for CASSCF are the natural orbitals generated from the
unrestricted HartreeFock wave functions. Energies must be
evaluated including the dynamic electron correlations. CASPT2,
which is a variant of CASSCF and includes Mgttd?lesset
perburbation theory® was tested. But, the calculated results ~ The parent diazatind and its isome6 have geometries of
were unreasonable (e.g., negative activation energies). This isCz2, point group. First, the orbital correlation diagram between
probably related to the fact that CASPT2 suffers from sytematic 5and the products (ethylene ang)ié drawn, and the resultant
errors either when the number of unpaired electrons changeselectron assignment is shown in Figure 1. Thirty electrons of
along the reaction pathor when the system size is large and the reacting system$ are classified as four irreducible
the size-consistency problem of “the Cl ans#tzZbecomes representations: 1a14; &, 2; by, 4; by, 10, respectively. For
significant. Coupled-clus'ger theories utilize excitations from a the product, they are;a18; a, 2; by, 4; and b, 6. The electron
Hartree-Fock wave function and account for a greater pgrt of assignments are different betwegmnd the product. ThE,,

the total correlations enerd§ But the solution of those theories conserved path is, therefore, symmetry forbidden. AlsoCthe

may suffer from the instability in low-symmetry biradicals. . . . ; ;
Instead of the CCSD(T) approach, the Brueckner orbital based path fromé .(al’ 16; 3, 2 by, 4; b, 8) to the prgduct is forbidden.
The C,, point group imposed on the reacting system must be

on coupled-cluster calculatidi Brueckner doubles with a triples . . ) .
contribution BCCD(T), is thought to give reliable single-point educed to its three partial groups so as to find a likely
energiedd At the fifth order of perburbation, BCCD incorporates €limination path. Figure 1 exhihits the three ways of symmetry
more terms than CCSD and QCISD. Thus, the BCCD(T)/ relaxations. Among the three, tlie-symmetry conserving path
CASSCF single-point calculations were carried out here. The Was found to be symmetry allowed. That is, a plane composed
basis sets used are mainly 6-31G(d) and 6-3%{2d,p) for of two carbon and two nitrogen atoms should be a mirror plane
parent systems. Thermochemical dateH{ and AS’) were throughout the reaction of eq 3.

obtained by the CASSCF(2,2)/6-31G* vibrational analysis. In . _
the enthalp);/, the CASSCF((Z,Z;/G-SlG* electronic energ?les were . The Gy, — Cs symmetry lowering for the ready reaction

replaced to the BCCD(T)/6-31G* ones. The temperature was initiation may be predicted by the second-order perturbation
set to T = 420 K, which is an average of experimental theory by Bader and MacDougafl.The theory states that the

conditionst All the calculations were performed by the use of @ntisymmetric stretching vibration brings about the mixing with
the GAUSSIAN94 program packalfeinstalled both at the  the lowest excited state and leads to the lowering of the energy
Compaq ES40 computer (The information Processing Center, barrier toward the geometric distortion. The favorable relaxation
Nara University of Education) and at the HP SPP1600 XA of the electron density through the vibrational mode corresponds
computer (Computer Center, Nara University). to our symmetry lowering model.

[Il. Orbital Correlation Diagram
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311+G(2d,p) data are shown. Even by these examinations, the
contrast betweerC;-symmetry TS1la an€s-symmetry TS2a
was confirmed. In Figure 2, the energy®fs higher than that

of TS1a, which demonstrates that the diazeBrdiecomposes

to the product without the isomerization &

Figure 3 shows geometries concerned with eqs 1 and 2. The
substituent effect of four methyl groups on those geometries
was investingated. In TS1b, tieéN—N—C—C dihedral angle
is 19.5, which shows again that the YAH rule is broken down.
Geometries of TS1b and TS2b are close to those of TS1a and
TS2a (Figure 2), respectively.

Energy and entropy changes are shown in square brackets of
Figures 2 and 3. The experimentally available data are shown
in eq 1. The calculated reaction eneyii® = —51.3 kcal/mol
(Figure 3) is in excellent agreement with the experimental one,
—50.1 kcal/moF The calculated activation enthalpyH* = 35.3
kcal/mol is slightly larger than the experimental oneil* =

Not Found

Cs 31.7+ 0.3 kcal/mol* The calculated activation entrogysF =
[+31.0, +6.59] [+45.8, +4.90] +0.94 cal/(molK) is in fair agreement with the experimental
TS1a TS2a one,AS = 0.3 £ 0.8 cal/(moiK).!
Energies in Figure 2 are compared with those in Figure 3.
v¥ (in-plane) = 342.2icm~" Q Q Methyl substituents were found to enlarge relative energies. That

v (out-of-plane) = 217.5icm=1

is, the tetramethyl-substituted diazetiheés more stable than
ethylene
+
nitrogen molecule

[-61.6, +40.13]
Cs
[+33.1, +2.39]
TS1a'
hyperconjugation
Figure 2. CASSCF(2,2)/6-31G(d) geometries in eq 3. For TSs, sole 1

imaginary frequencies corresponding to the reaction-coordinate vectors
are shown. Geometric parameters-§ are shown in Table 1 along ; ; ; o _
with those of CASSCF(4,4)/6-31G(d) and CASSCF(2,2)/6-861d,p) L':Zmpﬁéfgé cr;r;]ess. .[:]'aglet.'r?esthgaz\g\l '%rgebl'gséit:gty F%f . f?h“é
calculations. Both TS1a and TS2a are notSer 6 isomerization but Ir 9 INVolvI 9 . gou ’

for the dissociation to the products. In square brackets, enthalpy and€tramethyl diazetind, the ring strain is somewhat relaxed
entropy changes are shown in kcal/mol and cal/¢iplrespectively through the elongated-€C distanced = 1.572 A (Figure 3).

atT = 420 K. The elongation comes from the slight diffusion of the® sp
o-orbital component via hyperconjugation. The elongation has
IV. Calculated Results of Geometries a negative effect on the-&C covalent bond but has a positive

effect on the relaxation of the ring strain for stability. TheC
distanceg, is hardly affected by the computational methadls,

= 1.572 A (1.538 A) by CASSCF(2,2)/6-31Gt,= 1.573 A
(1.538 A) by RHF/6-31G*d = 1.587 A (1.545 A) by B3LYP/
6-31G*, andd = 1.571 A (1.537 A) by MP2/6-31G*. Here,
distances in parentheses are of the parent diazéiir@n the
other hand, reaction energies (without thermal corrections) differ
appreciably due to the opposing (negative and positive) effects.
Those energies in kcal/mol are48.3 (—58.9) by BCCD(T)/
6-31G*, —63.5 (—67.6) by RHF/6-31G*—49.4 (-50.4) by
B3LYP/6-31G*, and—51.8 (—60.0) by MP2/6-31G*.

According to the prediction of the WH rule, C-symmetry
reaction routes in eq 3 were traced and are shown in Figure 2.
The geometric parameters are shown in Table 1. As a result of
calculations, any biradical intermediates (e.g), were not
obtained. Also, the isomerization channelsof> 6 was found
to be absent. The diazetireis decomposed concertedly. A
striking result is that the transition state TS1la does not have
the Cs symmetry. TheCs-symmetry constrained TS geometry,
TS14d, was also obtained but has two imaginary frequencies,
342.2i and 217.5i cmi! One frequency corresponds to the
expected &N bond scission vibrational mode, and the other
to the out-of-plane bending mode. Following the second mode, . . . .
we obtained the correct TS, TS1a, with an imaginary frequency, V. Discussions of the Orbital Mixing
361.8i cm: ! The Cs symmetry is slightly broken with theN— In Figure 2, while TS2a has followed the symmetry conserva-
N—C—C dihedral angle= 14.9 (Table 1). That is, the \WH tion rule, TS1a has not done so. The contrast is examined here
rule is broken. On the other hand, the decomposition paéhy of in terms of the orbital mixing rulé! Scheme 1 explains the
TS2a, hasCs symmetry, according to the WH rule. TS1a and contrast. In general, when two occupied orbitals @r=d 14,
TS2a are of the strong biradical character with the natural orbital irreducible representations @ point group) mix with each
occupations, (1.5006, 0.4994) and (1.5325, 0.4675), respectively.other by symmetry relaxation, an energy splitting is brought
The breakdown of the WH rule for TSla is a significant  about. The energy chang¥g, is larger thanAE.. Therefore,
problem, and then further computational examinations were in the framework of the one electron configuration (RHF
made. One is the set of active electrons and orbitals in the method), the mixing of orbitals of different irreducible repre-
CASSCF space. CASSCF(4,4)/6-31G* data are shown in Table sentations leads merely to instability of the systexk (> 0O,

1. The other is the basis set dependence. CASSCF(2,2)/6-our RHF/6-31G* calculation gives the TS withs symmetry
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TABLE 1: Geometric Parameters of the Parent System GH4N, Shown in Figure 2

method class species a(C—N)2 b(N—N)?2 c(C—N)a d(C-Cyp ON—N—C—CP
reactant diazeting 1.471 1.229 1.471 1.538
isomer6 1.425 1.202 1.425 1.528
CAS(2,2)/6-31G* TS TSla 2.289 1.184 1.453 1.522 14.9
TS14d 2.385 1.182 1.453 1.527 0
TS2a 2.279 1.146 1418 1.502 0
product ethylene 1.317
2 1.079
CAS(4,4)/6-31G* TSla 2.348 1.208 1.456 1.517 18.0
TS2a 2.280 1.163 1.420 1.501 0
CAS(2,2)/6-31#G(d,p) TSla 2.281 1.176 1.451 1.519 14.4
TS2a 2.262 1.133 1418 1.500 0

aa—d are in angstroms. The dihedral anglé&IN—N—C—C is in degrees, and the zero value correspondss®ymmetry.

SCHEME 1: (a'—a") Orbital Mixing Caused by the (Cs
— C;) Symmetry Lowering, Which Leads Either to
Stabilization (AE < 0) or to Destabilization (AE > 0)

RHF Method CASSCF Method

> R

10 keai/mol, 0 cal/(mol+K)] [+42.5, +7.19] ~ 2a" % 2a"
1 4 i ’ /

v y

vi=202.9icm™ / vF =584 5icm™1

. ¢
1479 )7y £NN-CC=195 x1 150
N N
- . 1a" AE . 1a"
k S\ '—O—O— ————————— S :;:‘—O—O—
) 7 rCatalytic” ‘- " Catalytic”
orbitals orbitals
S
1 e
S AE = 2'AEb—2'AEC>0 AE=”1°AEb—2'AEC—/72'AEa
[+35.3, +0.94] [+51.4, +6.23]
TS1b TS2b Always, the (Cg — C;) symmetry One can not say whether
lowering destabilizes the system. the (Cg — Cy) symmetry lowering
destabilizes (AE > 0) or stabilizes
2,3-dimethyl-2-butene (AE < 0) the system.

+

nitrogen molecule = 0) in the RHF model. As in the standard one-configration

[-51.3, +40.13] case, the Ia-1d' mixing destabilizes the system. On the
Figure 3. CASSCF(2,2)/6-31G(d) geometries of tetramethyl-substituted contrary, the 2a-2d' mixing stabilizes the system. Therefore,
diazetine ), its isomer, and decomposition transition states, TS1b and in biradical electronic states one cannot say generally that the
TS2b. Distances are in angstroms. ad—a' Jahn-Teller typ&? mixing stabilizes or destabilizes the

system. One criterion is the energy level of four orbitals. The

corresponding to TS1a The symmetry of the system tends to larger 1&-1d' energy gap and the smaller'2&2d’ one leads
be conserved. However, when two electron configurations to stabilization (vice versa). The other criterion is the extent of
contribute to the electronic structure of the system, the orbital effective mixing spatially. Even if the 2a2d' energy gap is
mixing rule must be extended to the following double mixing. small, large orbital components at the mixing point are required
By the “double mixing”, both 1a-1d' and 2&-24d" interactions to stabilize the mixed orbital.
must be considered, while in the RHF model only the-Tla" In the present case, another factor contributes to the''a
one is treated. Two'eorbitals are natural orbitals, and their Jahn-Teller type mixing. A remarkable difference between
occupation numbers are not integers (total is 2). In fact, TS1a and TS2a geometries is the position of two right-side
CASSCF(4,4)/6-31G* occupation numbers in TS1a areé=ta methylene groups (see Figure 2). While the methylene groups
1.90, 14= 1.46, 24= 0.54, and 2a= 0.10, respectively. 1a in TS1& are almost eclipsed (downward), they are staggered
and 24 are antisymmetric orbitals with respect to the molecular (upward) in TS2a. Now, let us consider the rotation of one
plane, and 1aand 2&are symmetric orbitals. Xeand 24 have methylene group (right-side in Figure 2) around thebond.
C—H bonding and antibonding characters, respectivelyatd This rotation gives the symmetry relaxation. Thé babital is
2d have C-N (breaking C-N) bonding and antibonding localized on the two methylene groups. The rotation from the
characters, respectively. Approximately,”land 24 are staggered form (TS2a) raises the' babital energy level, while
“catalytic” orbitals, and the electrons of the' babital flow out that from the eclipsed form (TS%dowers the energy level as
to the 2&orbital at the transition state (the biradical character). Scheme 2 shows. As the result, thé-15d' orbital mixing in
In the “catalytic orbital”, occupation numbers (1& 1.90 and TS14d gives largeAE; in Scheme 1, while that in TS2a does
2d' = 0.10) are not so different from those (1= 2 and 24 not so much.
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SCHEME 2: Changes of the 14 Orbital Energy Level
Caused by the Rotation of the Methylene Group

4 N
TS1a'
The antibonding phase is
relaxed by the rotation
1a"
. —O——
s C,
Rotation
-
25
4 N
TS2a The distant antibonding relation
N N is reinforced to be closer via the
] \ rotation
N N
1a"
S oo Cq
vf) Staggered Cs Rotation
g /

The orbital energy change caused by the rotation of the
methylene group is examined by RHF/6-31G* method using
the TS1laand TS2a geometries. The energy chande,defined
in Scheme 1 is also calculated. Table 2 shows the result. While
the orbital energy of ain TS14 is lowered markedly (60—~
29 — 116), that in TS2a is not done so much-06 — 19).
The energy chang&E in TS14d becomes negative (6 —20.5
— —90.5) as the angle is enlarged, which means the
stabilization of the TS by the symmetry relaxation. However,
that in TS2a is positive (6> 52.5— 214), and the methylene
group rotation leads to destabilizing the system. That is, the
geometry of TS2a is kept i@s symmetry.

Both the 1d—1d and 2&—2d' orbital mixings are a kind of
the geminals bond participations proposed by Inagaki etal.
They disclosed the significant participationimbonds geminal
to the reacting center at the TSs. In the present systenantia
2d are the reacting-center orbitals, and’land 24 are the
geminalo bond orbitals. The symmetry relaxation causes the
participation of thes bond to the reacting center.

Now, we examine the geminal bond participation at the TS
of the decomposition of a model diazetine, dicyanodiazetine,
8. The orbital energy of the occupied geminal bonds-(IN)
is expected to be low and the geminal bond participation is

N—/N

HHCN

H ¢ CN
small. The TS search fro@was carried out by the CAS(2,2)/
6-31G* method. The TS structure obtained, TS1lc, Kas
symmetry as the following figure shows.

C, plane

2303 A

TS1a from diazetine, 5

TS1c from dicyanodiazetine, 8

The energy changé\E, of TS1c by theCs — C; symmetry
relaxation is also examined by the RHF/6-31G* method as those

J. Phys. Chem. A, Vol. 105, No. 30, 2002285

TABLE 2: Changes (AE,) of Orbital Energies by the
Rotation of Methylene Group Calculated by the RHF/
6-31G* Method in au (x 1(P)ab

(1) TS1a

orbital (occupation) 6 = 0° (TS1d) 6 =10° (AE) 6 =20° (AEy)
2d' (0) 15561 15544 15492
2d (n,=0.5f 3533 3467 (66) 3270 (263)
1d (, = 1.5¥ —25918 —25871 (47) —25736 (182)
1d' (2) —50441 —50470 (29) —50557 (116)
AEY 0 —20.5 —90.5

(2) TS2a

orbital (occupation) 6§ = 0° (TS2a) 6 =10° (AEy) 6 =20° (AE)
2d' (0) 8784 8739 8602
2d (n, = 0.5y 7896 7839 (57) 7668 (228)
1d (n, = 1.5¥ —22591 —22529 (62) —22347 (244)
1d' (2) —48720 —48726 (6) —48739 (19)
AE? 0 52.5 214

(3) TS1c (Dicyanodiazetine)

orbital (occupation) 6§ =0° (TS) 6 =10°(AE) 6 =20 (AEy
2d' (0) 5146 5073 4857
2d (n, = 0.5y —-5014 —5070 (56) —5233(219)
1d (n, = 1.5¥ —32643  —32600(43) —32473(170)
1d'-2 (2¢ —71150 —71138¢12) —71105 (-45)
1d'-1 (2F —80699 —80725(26) —80805 (106)

d 0 8.5 235

a0 is the rotation angle around the olefinic-C bond. 0 means
the Cs symmetry of TS1aand TS2a.

theta N
WaSY
JoUN T

/

b AE,is the orbital energy difference betweénr= 0° andd = 10° and

20°. For instance, in the third and fourth columns of the upper table,
(1) TS14, (66) = 3533-3467 and (263)= 3533-3270.°n; andn

are assumed occupation numbérAE is calculated by the equation
in Scheme 1AE = mAE;, — 2AE; — m,AE,. The negative value means
the stabilization of the systerfiln dicyanodiazetine, two'aorbitals
participate in the orbital mixing caused by the rotation.

of

Ny

of TS14 and TS2a. The result is shown in Table 2. The
dicyanodiazetine8 has two occupied geminal bond orbitals,
1d'—1 and 14—2. 1d'—1 is the bonding orbital between the

2p orbital of the methylene carbon and the 2s orbital of the
cyano carbon, and a2 is that between the 2p orbitals of the
methylene and cyano carbons. The energy change is calculated
by the following equation.

AE = nAE(1d) — 2AE(1d'—1) — 2AE(1d'—2) —
n,AE,

As the anglef is enlarged, the orbital energy of 'Ial is
lowered (0— 26 — 106), while that of 14—2 is raised (0—
—12— —45). Totally, the 14 type orbitals, 14—1 and 14—

2, do not contribute to the stabilization of TS1c effectively. As
the result, the energy changé is positive (0— 8.5— 23.5).

This energy increase means that the geometry of TS1c is kept
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in Cs symmetry and the geminal bond participation is small.
The reason for the small geminal bond participation is the larg
energy gap between 'land 1aorbitals. In TS1g the energy
gap is 24 523« 107° au, while in TS1c, the gaps are 48 0%6
1075[1a — (1d'—1)] and 38 507x 10°°[1la — (1d'—2)] au.

VI. Concluding Remarks.

In this work, decomposition paths of the smallest cyclic
azoalkane, diazetinel (and5) and its isomer4 and 6), have
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an olefin and a nitrogen molecul€,,-symmetry paths are
symmetry forbidden, an@s-symmetry paths become allowed
through (2 + b, — &) and (a + b; — a’) orbital mixing. The
isomer decomposition path (TS2a or TS2b) follows the-MV

symmetry conservation rule, but the diazetine path (TSla or
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basically resorts to the one-configuration description. When g

multiple electron configurations are concerned with the orbital
mixing, Jahr-Teller type geometric distortions may be brought
about during the reaction.
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