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The rearrangements between the closed [6,6] and open [5,6] isomeggfds well as the closed [6,6],
closed [5,6], and open [5,6] isomers ofs§ have been studied using semiempirical AM1 and MNDO methods.
The results show that the interconversion of the two isomers;¢ @llows a two-step pathway involving

an intermediate and two transition states. The calculated activation barriers for the migration of oxygen from
[6,6]-bond to [5,6]-bond through an intermediate are 189.1 and 54.6 kJ/mespectively. In the opposite

way, the calculated activation barriers for the migration of oxygen from [5,6]-bond to [6,6]-bond through an
intermediate are 293.2 and 2.7 kJ miglrespectively. The interconversion of the closed [6,6] and the open
[5,6] isomers of GS also follows a stepwise pathway via a local energy minimum corresponding to the
closed [5,6] isomer. The calculated activation barriers for the migration of sulfur from [6,6]-bond to [5,6]-
bond (in open [5,6] isomer) through the closed [5,6] isomer are 233.2 and 1.2 k3, nesipectively. In the
opposite way, the calculated activation barriers for the migration of sulfur from [5,6]-bond (in open [5,6]
isomer) to [6,6]-bond via the closed [5,6] isomer are 82.0 and 150.5 kJymespectively. The large barriers
suggested that it should be possible to isolate the closed [6,6] and open [5,6] isome® citCoom
temperature. This is consistent with experimental results. In addition, it can be inferred from our results that
rearrangement between the two isomers gan take place under heating or lighting conditions. Meanwhile,

it can be deduced from our results that it should be possible to isolate both the closed [6,6] and the open [5,6]
isomers of S at room temperature and to convert one into the other when certain energy is offered. It
seems that the closed [5,6] isomer ah® may not be observed experimentally at room temperature.

Introduction and closed [5,6]-methano- and -iminofullerenes are less stable
than closed [6,6] and open [5,6] isomers, because open [6,6]
and closed [5,6] isomers require the introduction of three and
two unfavorable double bonds, respectively, in five-membered
rings; while the electronic basis for the experimentally preferred
formation of the closed [6,6]- and open [5,6]-methano- and
-iminofullerenes is the preservation of the bonding pattern within
Cso by these two structures and the relative stability of these
two isomers reflects the degree to which their electronic structure
matches that of £.29°31 It is worthwhile to note that the decay
productd® of open [5,6] isomer of g0 include the closed [6,6]
isomer of GoO. This incited us to investigate the rearrangement
f between the closed [6,6] and open [5,6] isomers @§CC
Diederich et af®29 suggested that thermal interconversion of
the open [5,6]- and closed [6,6]-methanofullerenes can occur
following a stepwise pathway through a shallow local minimum
corresponding to the closed [5,6] isomer; however, tksCH,
methanofullerene is an exceptional case for this interconversion
mechanism owing to the absence of its closed [5,6] isomer.

The fullerene oxide, §0O, is the simplest fullerene derivative
and the key fullerene oxidation prodict® that plays an
important role in the synthesis of various orgahfcl®
organometalli¢®-12 and polymerié3 fullerene derivatives. Many
methods have been used to produggdZincluding photooxy-
genationt? electrochemical oxidatiof,ozonization~ and
epoxidationt*~16 In 1992, detailed experimental work reported
by Creegan et &on the synthesis and characterization gf(@
suggested an epoxide structure with, &ymmetry (the closed
[6,6] pattern). In the same year, Elemes et“ateported
epoxidation of Gy with dimethyldioxirane to generate the
epoxide GuO. On the basis of the presence of two kinds o
bonds in Gy, results of theoretical investigatidris?? suggested
two stable isomers of 0O, namely, the closed [6,6] (epoxide)
and the open [5,6] (ether) isomers, while the open [6,6] and
closed [5,6] structures were not located in local energy minima.
In 1997, Hao et a2 provided an observation of two isomers
of CseO (the closed [6,6] and the open [5,6] isomers) in the )
prOdGLj)CtS(Of the ozon[izat]ion ofee ReF::entEy tr]ue synthe)sis of Rgcently_, Hall et a_?? have reported that the open [5,6] fgllermds
the open [5,6] isomer of O reported by Weisman et 4125 with radical stabilizing groups on the mgthano bridge can
has confirmed the long-standing computational predictions that rearrange both by a zero-order photoche.mlcallproce.ss and by a
the epoxide and ether isomers of,O are both isolable. higher energy unimolecular pathway |nv0.IV|ng disrotatory
Comparably, only the closed [6,6]- and open [5,6]-methano- closure to the closed [5,6] fullerene, Whlch sqbsgquently
and -iminofullerenes have been found so far, and the so-called'®aange to the closed [6,6] fullerene via a biradical-like
open [6,6] and closed [5,6] isomers have never been ob- mtermeqhate. Wlt_h respect toego_, Raghav_achdﬁ suggested
servec?s28 Computational studié&27.2°3show that open [6,6] that an intermediate should be mvolved in the process of the

rearrangement between the two isomers gf0Con the bases
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closed [6,6] TS1 M TS2 open [5,6]

Figure 1. AM1 optimized geometries of all the species in the pathway for the arrangement between the two isorggds BEC is the transition
state connecting the closed [6,6] isomer to the intermediate (M); TS2 is the transition state condetditige open [5,6] isomer.

. o TABLE 1: AM1 Calculated Bond Distances, Bond Angles,
obis\rfgggfzglgjésaouiﬁlﬁg hfl;ILlﬁer?rnfor?teerrll\tlaE\\ée;n Z?]\gleo bj:n and Dihedral Angles of All the Species Involved in the

f th Iélt' el e)I/I st d'e?i 60 the s'mple-st derivative gof Rearrangement between the Isomers of &O*
of the relatively w udi i ivativ
sulfur containing fullerene §S has not been synthesized. It is closed[6,6] TS1 M TS2  open[56]
believed to have potential applications. The calculations per- f1-o 0.1420  0.2207 0.2362 0.2470  0.2397
formed by Slanina and Lé&showed that S has three stable ~ c2-© 01420 01303 0.1278 01338  0.1401

isomers, namely closed [6,6], closed [5,6], and open [5,6] ;S‘:g 8:%222 8:%32; 8:3322 8:3%8 8:%22%
isomers. To date no report on the mechanisms of the rearranger.,_., 0.1546 0.1530 0.1562 0.1498 0.1382
ments between the three isomers gf¥has been found. eo—ca 0.1491 0.1563 0.1583 0.1550 0.2169

In the present work, we have performed semiempirical (AM1 Tca-c4 0.1491 0.1563 0.1583 0.1546  0.1453

and MNDO) calculations on the rearrangement between the ®o-cz-c1 57.0 102.1 112.2 121.0 118.9

lo-co-c3 125.2 120.1 117.8 89.9

closed [6,6] and open [5,6] isomers ofgO, as well as the three Ot oo 66.0

isomers of GoS. The detailed mechanisms of the arrangement ¢, . ., 101.4

between the isomers ofgO and GoS have been suggested. oo-cr-ca 125.2 120.1 117.8 119.1 115.7
@o-c2-c1-cza 116.1 127.0 128.8 102.6 42.0

Computational Details aBond distancer( in nm; bond angled) and dihedral angleg) in

The size of the system studied prevents the use of ab initio 9€grees.
molecular quantum mechanical methods. Therefore, we have
performed all calculations presented here with the AM1 and

MNDO semiempirical method as implemented in tBaussi- e

an94program3’ To confirm that each of the species is a local l ' \]
minimum or a first-order saddle point on the potential energy A /
surface, calculations of the vibrational frequencies were per- T \\’//

formed by the same method. IRGintrinsic reaction coordinate)
calculations were further carried out to confirm the reaction
mechanisms and to characterize the nature of the transition

states. The calculated results confirm that despite of SOMe£.0m one C-C bond to the next. Our calculations found that

g?gerenmla inlgegj\n/litriesa ﬂﬂDrglati\r/]e heathof_formatiog_ ? the rearrangement includes two steps. The first step is th@ C
hl erent levels t( N Sgn th AM)i t eﬂ:nzch anlsms st f'e ond broke and the migrating oxygen attached to one carbon
ere are consistent. since the method has been preterrety, g and that finally led to an intermediate (M), in which the

over ot_her semlemplrlcgl methods for_ the study of fullerene oxygen is attached to only one carbon with a relatively shorter
derivative such as 4d0,%! the mechanisms studied here are C—0 distance (0.1278 nm) and weakenee-@ bonds of
presented based on the results calculated at AM1 level. roughly equal length (0.1600 nm) at that carbon. This structure
implies that the intermediatd has some biradical charactér.
Vibrational analysis indicates that this is a local minimum.
Rearrangement of Closed [6,6] and Open [5,6] Isomers  However, it is significantly less stable than either of the two
of Ce0O. The experimentai*2325and theoretical 22 results bridged isomers. It is 186.5 kJ mdlless stable than the epoxide
have shown that &0 has two isomersthe closed [6,6] and  at the AM1 level. The second step is the migrating oxygen in
open [5,6] species. In this work, we have independently carried the intermediate moved toward another carbon atoms and
out AM1 and MNDO calculations indicating closed [6,6] and formed a new carbonoxygen bond, and that led to another
open [5,6] isomers of O are local energy minima and the isomer of GgO.
so-called open [6,6] and closed [5,6] structures are not found The AM1 optimized geometries of reactant, transition states,
on the energy profile. Meanwhile, our results agree with those intermediate and product are shown in Figure 1 and their main
of Raghavachat-18that the open [5,6] isomer is more stable geometric parameters are collected in Table 1. The numbering
than the closed [6,6] isomer ofs6D. The difference of heat of  of atoms in the reaction site is shown in Figure 2.
formation between them is 52.2 kJ mblkat AM1 level, while The TS1 that connected the closed [6,6] isomer with the
calculations at higher level of theory indicates a smaller energy intermediate (M) has an imaginary vibrational frequency of 259
difference between thefi Since the G-C bonds being bridged  icm™. In the TS1, the C+O bond (0.2207 nm) is substantially
in the two isomers of O are adjacent bonds ing; the broken and the length of C20 bond (0.1303 nm) is shortened
rearrangement process involves the migration of the oxygen significantly. The G-C2—C1 angle in the TS1, 102 lis quite

Figure 2. The numbering of the atoms in the reaction site of thgOC
sphere.

Results and Discussion
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Figure 3. The intrinsic reaction coordinate for the rearrangement between the two isomeggOof C

increased from the initial 57°0n the closed [6,6] isomer. These 3004 TS2
geometric changes indicate that the migrating oxygen moved Tt A
toward carbon atom of C2. In the intermediate (M), the-C2 2501 T T"

bond is shortened to 0.1278 nm and the bond angles- @& ®&- 200+ /

C3 (117.8), O—C2-C4 (117.8), and O-C2-C1 (112.2) S 1501

come to a rough equality. It can be seen from these geometric §

features that the intermediate (M) can be stabilized by the strong i 1001

bond of C2-0O and the equalization of the interactions between 50+ doa”[ee]

the oxygen and the carbon atoms (i.e., C1, C3, C4, etc.) around ol '
it. With the moving of the migrating oxygen in the intermediate open [5,6]

(M) toward carbon atom C3 we obtained the TS2. The TS2 Figyre 4. AM1 calculated energy profile for the rearrangement between
that connected the intermediate (M) and the open [5,6] isomer the isomers of 0.

has an imaginary vibrational frequency of 583n~%. In the )

TS2, the bond length of G30 is shortened significantly from ~ TABLE 2: AM1 Calculated Heats of Formation (AH;°) and

. . . Relative Heat of Formation (rAH¢°) of Reactant,
0.2454 nm in the intermediate (M) to 0.2046 nm, and the |ioimediate, Transition States, and Product for the

O—C2-C3 angle decreased from 117.B intermediate to  Rearrangement between the Isomers of €O, Together with
89.9°. The interaction between the oxygen and carbon atom C3 Activation Energy (E,) and Reverse Activation EnergyEx(r),
increased with the geometric changes. Finally, with the migrat- Heats of Reaction AH,), and Reverse Heats of Reaction

ing oxygen in TS2 moving toward carbon atom C3 the-cg  (AH:(1) (unit: kJ mol )

bond (0.1401 nm) formed and the €23 bond (0.2169 nm) closed [6,6] TS1 M TS2 open [5,6]
broke completely. This product is the open [5,6] isomer @OC AH° 4013.5 4202.6 4199.9 4254.5 3961.3
The breaking of the C2C3 bond between the five- and the  rAH¢ 52.2 241.3 2387 2932 0.0
six-membered rings keeps the characters of the three conjugateEa 189.1 54.6

double bonds#£0.1380 nm) in the six-membered ring and the Ed1) 2.7 293.2

characters of the single bonds=@.1460 nm) in the five- A::(r) 1864 1283%.47 —238.7

membered ring. Therefore, the structural and electronic proper-
ties of the original G have been mostly kept intact. It can be This fact indicates that the intermediate (M) is considerably
seen from bond lengths labeled in Figure 1 that in the processunstable. As shown in Figure 4, in the process of the migration
of the rearrangement between the closed [6,6] and open [5,6]of oxygen from [6,6]-bond to [5,6]-bond (assumed to be the
isomers of GgO the influence of interactions upon the geometry forward reaction) it need to overcome the activation barriers of
is limited to the local area where the reaction takes place. The 189.1 and 54.6 kJ mot in turn. In the opposite way, in the
single bonds and double bonds in thgy Gphere away from process of the migration of oxygen from the [5,6]-bond to [6,6]-
the reaction sites are not much distorted from their original bond (assumed to be the reverse reaction) the activation barriers
bonds of Go. are 293.2 and 2.7 kJ midl in turn. The first step of forward
Calculations following the intrinsic reaction coordinate (IRC) reaction and the reverse reaction are endothermic by 186.4 and
for TS1 and TS2 have shown a monotonic decrease in energy238.7 kJ mot?, respectively.
and resulted in the formation of the suggested products and From a kinetic point of view the interconversion between
reactants. No distinct intermediates or second transition struc-the two isomers is difficult to take place. This suggested that it
tures were found. This result confirmed our calculation is should be possible to isolate both isomers @jCCat room
correct. (See Figure 3). temperature, which has been confirmed by a recent experimental
The heats of the formation of the two isomers, transition result?> On the other hand, these results imply that rearrange-
states, and the intermediate (M) are collected in Table 2. The ment between the two isomers can take place under heating or
reaction pathway of rearrangement of [6,6] and [5,6] isomer lighting conditions.
obtained by the computational results is shown in Figure 4. Ce0S. CgoS has four possible isomers theoretically, namely
It can be found from Table 2 that the open [5,6] isomer the closed [6,6], open [6,6], closed [5,6], and open [5,6] isomers.
(geometry with @ symmetry) has the lower heat of formation However, the results of calculations onoS performed by
than that of the closed [6,6] isomer (geometry wi@, Slanina and Le¥ using semiempirical MNDO method indicated
symmetry) by 52.2 kJ mol at present level of calculation. It  that the open [6,6] isomer is not a local energy minimum.
is worthwhile to note that the heat of formation of the Therefore @S should have the closed [6,6], closed [5,6], and
intermediate (M) is only 2.7 kJ mot lower than that of TS1. open [5,6] isomers. The closed [6,6] isomer is most stable and
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closed [6,6] closed [5,6] open[5,6] ™1 T82

Figure 5. AM1 optimized geometries of all the species in the pathway for the arrangement between the three ison&s of C

1.68 TABLE 4: AM1 Calculated Bond Distances, Bond Angles,
TS and Dihedral Angles of All the Species Involved in the
1.66 4 Rearrangement between the Closed [6,6] and the Closed
' [5,6] Isomers of GgS*
1,54l closed [6,6] TS1 closed [5,6]
1 fci-s 0.1747 0.2575 0.2826
g 1.62 - fco-s 0.1747 0.1725 0.1748
é 1 fca-s 0.2882 0.2455 0.1748
1.60 4 closed [5.8] lcas 0.2882 0.2843 0.2810
| fci-c2 0.1550 0.1467 0.1445
158 4 fco—c3 0.1497 0.1526 0.1639
i 1osed [6 fc2-ca 0.1497 0.1515 0.1493
- closed [6.6] s czc1 63.7 107.3 1243
b T T T M ! Qls—c2-C3 125.2 97.9 62.0
-10 -5 mo 5 10 o1 s oo 52.7
s/amu’'“bohr Oco-s—c3 55.9
Figure 6. The intrinsic reaction coordinate for the rearrangement  Os-c2-ca 125.2 122.6 1201
between the closed [6,6] and the closed [5,6] isomerseeh.C Ps-ca-c1-cs3 118.2 106.0 72.2
a . ) . . .
TABLE 3: AM1 Calculated Heats of Formation of the degrBe%r;d distancer) in nm; bond angled) and dihedral angley) in
Three Isomers of GS and Their Relative Heats of '
Formation (unit: kJ mol ) TABLE 5: AM1 Calculated Bond Distances, Bond Angles,
closed [6,6] closed [5,6] open [5,6] and Dihedral Angles of All the Species Involved in the
S Rearrangement between the Closed [5,6] and the Open [5,6]
rAAH|_f| . 4133.01 428221.78 4lilél Isomers of GgoS?
f . . .
closed [5,6] TS2 open [5,6]
the closed [5,6] isomer is most unstable. The result of our present rci-s 0.2826 0.2802 0.2679
calculations on isomers of¢S at AM1 and MNDO levels is fca-s 0.1748 0.1733 0.1699
in agreement with that of Slanina nad L¥e. :03‘5 8'%‘1’3 g'ggf 8'%233
Our calculations on &S at AM1 level indicate that the closed /2 01445 01431 0.1380
[6,6] isomer has geometry wit8@,, symmetry, and the closed lcoc3 0.1639 0.1740 0.2287
[5,6] isomer as well as the open [5,6] one has geometry with  rcoca 0.1493 0.1484 0.1454
Cs symmetry (Figure 5). The heats of formation of the three  s-—c2-c1 1243 1244 120.6
isomers are listed in Table 3. It can be seen that the closed §&°H3 62.0
[6,6] and the open [5,6] isomers are essentially isoenergetic. = 55.9 60.3 84.6
The closed [5,6] one is 82_.7 kJ méligher in heat of formation Os-coca 120.1 120.1 117.4
than that of closed [6,6] isomer. @s-c2-c1-c3 72.2 68.8 —50.6

Similar to th_e rearrangement between _the closed [6,6] and  ap.q distancer] in nm; bond angled) and dihedral angleg() in
the open [5,6] isomers ofgdO, our calculations show that the  gegrees.
rearrangement of &S also include two steps. The first step is
the C1-S bond broke and the sulfur migrated to carbon atom transition state TS1 are listed in Table 4. In the transition
of C3, and that led to the closed [5,6] isomer. The second stepstructure of TS1, the C1S bond is quite elongated from 0.1747
is the C2-C3 bond in closed [5,6] isomer broke and that led to nm in the closed [6,6] isomer to 0.2575 nm, the-C3bond is
the open [5,6] isomer of £S. significantly shortened from 0.2882 nm in the closed [6,6]
Rearrangement between the Closed [6,6] and the Closed isomer to 0.2455 nm, the-8C2—C1 angle increased, and the
[5,6] Isomers. The optimized geometry of TS1 is shown in S—C2-C3 angle decreased.
Figure 5. TS1 is the transition structure that connects closed The calculated energy results are collected in Table 6. The
[6,6] and closed [5,6] isomers ofs65. The numbering of atoms  energy profile for the rearrangement is shown in Figure 8. The
in the reaction site is the same as that @§C (Figure 2). computed energy barrier for the migration of sulfur atom from
There is only one imaginary frequency of 913ichor TS1. the [6,6]-bond to the [5,6]-bond (assumed to be the forward
IRC calculations verify that TS1 lies on the pathway for the reaction) is 233.2 kJ mol, and the energy barrier of reverse
conversion of closed [6,6] and closed [5,6] isomers with no other reaction (from [5,6] isomer to [6,6] isomer) is 150.5 kJ ol
stationary points between the reactant and product (Figure 6).(Figure 8). The forward reaction is endothermic by 82.7 kJ
The main geometric parameters of the two isomers and the mol.
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Ts2 TABLE 7: Total Energy (Hartree) and Relative Energy (kJ
181+ mol~1) of All the Species Involved in the Rearrangement
closed [5,6] between the Isomers of GO and CgS Calculated at the ab
Initio B3LYP/6-31G//AM1 Level

1.60 CecO CeoS

relative relative

total energy energy  total energy energy

closed [6,6] —2360.723 38 25.6 —2683.710 25 0.0
TS1 —2360.67164 161.4 —2683.66820 110.4
M/closed [5,6] —2360.657 20 199.3 —2683.681 33 75.9

1.568 \ TS2 —2360.66196 186.8 —2683.677 45 86.1
open [5,6] open [5,6] —2360.733 12 0.0 —2683.709 87 1.0

-1 ] 1 2 3 (assumed to be the forward reaction) is only 1.2 kJthahd
s/amu'”bohr the process is exothermic by 80.8 kJ miolThis implies that
Figure 7. The intrinsic reaction coordinate for the rearrangement the closed [5,6] isomer of &S is considerable unstable. On
between the closed [5,6] and the open [5,6] isomers5C the other hand, we predict that at higher temperature this small
energy barrier may fade away due to energy increase of the
reaction system £S induced by molecular movement of
fann vibration and rotation, etc. In the opposite way, the activation
200 T barriers for the conversion of the open [5,6] to the closed [5,6]
/ k isomer (assumed to be the reverse reaction) is computed to be
82.0 kJ mot! and the reverse reaction is endothermic by 80.8
; | kJ moi,
1001 / LA Ts2 From the whole discussion it can be seen that there are two
closed [5,6] barriers for the interconversion between the closed [6,6] and
B open [5,6] isomers. The calculated energy barriers for the

1.59

EMartree

250 Ts1
Is1,

ey
(44
o

1

E(kJ mol")

504

— — conversion of the closed [6,6] isomer to the open [5,6] isomer
closed [6,6) open (5,61 (assumed to be the forward reaction) are 233.2 kJ frand
Figure 8. AM1 calculated energy profile for the rearrangement between 1.2 kJ mot™. The opposite conversion’s barriers from open [5,6]
the closed [6,6] and the open [5,6] isomers @h<C to closed [6,6] isomer are 82.0 and 150.5 kJ ThoThe large

TABLE 6: AM1 Calculated Heats of Formation (AH;°) and cnergy bamer? S“ggﬁSt that I't ST)O“'(? Ze podsi"b'e tt?] 'SO'ateltthe
Relative Heat of Formation (rAH;°) of Reactant, wo isomers of &sS. It can also be deduced from the results

04

Intermediate, Transition States, and Product for the that rearrangement between the closed [6,6] and the open [5,6]

Rearrangement between the Isomers of &S, Together with isomers can take place when certain energy is offered. However,

Activation Energy (E,) and Reverse Activation EnergyE(r), it seems impossible for the closed [5,6] isomer @f&to be

'('fﬁtr?r)c;f(ﬁﬁi?dﬁnn%" L)l)"’lnd Reverse Heats of Reaction observed in experiment at room temperature due to its instability.

From Figures 4 and 8 we can see that the two rearrangement

closed[6,6] TS1 closed[56] TS2 open[56] mechanisms of GO and GoS are similar. It is also interesting

AHe 4139.1 4372.3 4221.8 4223.0 41411 to compare the intermediate of rearrangementgB@nd GuO.

Ea 233.2 1.2 The interconversion between the two isomers gfinvolves

Ed(r) 1505 82.0 an intermediate where the oxygen is attached to only one carbon,

AH; 82.7 —80.8 . . . -

AHL(1) 827 80.8 however, thq intermediate ofg6S is the closed [5,6] isomer.

rAH° 0.0 233.2 82.7 83.9 1.9 Our calculations at AM1 and NMDO levels show that the

intermediateM is a shallow energy minimum. The energy

Rearrangement between the Closed [5,6] and the Open  barrier for the conversion of this intermediate into the more
[5,6] Isomers. The optimized geometry of TS2 that connects stable close [6,6] isomer ofggD is only 2.7 kJ mot! at AM1
closed [5,6] and open [5,6] isomers of4S is shown in Figure level. This indicates that the intermedidtkis very unstable.
5. The numbering of atoms in the reaction site is the same asMoreover, the AM1 method overestimates the stability of
that of GO (Figure 2). There is only one imaginary frequency fullerenes structures with open borfdg?-39So the intermediate
of 448cm™ for TS2. IRC calculations verify that TS2 lies on M, which has some biradical character, should be difficult to
the pathway for the conversion of closed [5,6] and open [5,6] isolate or even detect. Although our calculations support a
isomer with no other stationary points between the reactant andstepwise mechanism, it is not yet possible to draw a definite
product (Figure 7). conclusion on the mechanism that operates in the rearrangement

The main geometric parameters of the two starting isomers between the two stable isomers 0t0O. To explore this
and the transition state TS2 are collected in Table 5. We mechanism further, we performed B3LYP/6-31G//AM1 single-
observed very little change in the geometric parameters of TS2 point calculations for this system. The calculated results are
relative to closed [5,6] isomer. The only remarkable differences listed in Table 7. It can be seen from Table 7 that the
are an elongating by 0.0101 nm of the -©23 bond and an intermediateM has disappeared using ab initio density func-
increase of about 4?5n the C2-S—C3 angle. These results tional theory method, which indicates that maybe the intercon-
indicate that the conversion of the closed [5,6] isomer to the version of the two isomers ofddO follows a one-step pathway
open [5,6] isomer is mainly a process of the breaking of-C2  via a biradical-like transition state which is probably near the
C3 bond together with the shortening of the twe-& bonds intermediate on the energy profile, so the profile for the
and the increasing of the bridging bond angle of(&-C3. interconversion between closed [6,6] and open [5,6] isomers

Table 6 and Figure 8 show that the computed energy barrier for CsoO will become unimodal. On the other hand, the absence
for the conversion of the closed [5,6] to the open [5,6] isomer of the intermediaté probably implies the forbiddance of the
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