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ABSTRACT
Cycloaddition reactinn hetween C30 and buta-1, 3-diene was studied within the frimework of AMI (RHF)
level. The reaction involving the douhle hond hewwcen two hexagons and a hexagon and a pentagon, as well
a5 the cyclnaddition preducts fullpwed by distotatory o2s + nd § efectrocyelic ring openings were considered.
Thermodynamics parameters and stability cnergy and transation state are cvabuated in three valence isnmers.
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INTRODUCTION

It is kaown that Cg undergoes varicus types of
eycloaddition reactions, of these [4+2], [3+2], [2+2]
and [2+1] are to be mentioned [1-9]. The synthesis and
characterizatinns of the products of cyclnaditions of
Ceo greatly mereased the knowiedge of fullerene
chemistry. In addition, these chemucal transformations
also provide a very powerful (ool for the fullerene
funetionalization. Almaost any fuoctional group can be
covalently linked to Cgy by the eyeloaddition reactions
of suitahle addends with Cs. Some typez of the
cycloadduets were found to he remarkably stable even
at high temperatures [10].

The double bonds betwesn two hexagoas in Ca
structure are diennphilic, which cnable the maolecule tn
undergo o vanety of Diels-Alder reactions ([4+2]
cycloaddition} [ 1, 12]. The conditinns for cveloadduct
formation strongly depencd on the reactivity of the
dicne, Most [4+2] reactions with arc Cgy accomplished
under thermal conditions, but photochemical
reactiin have also been reported, and in vartons
additinns microwave irradiation can efficiently be
used as source of energy [13] Equimolar amounts of
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a cyclopentadiens and C. rcact ar room
temperature to  give  the monpaddoet in
comparatively high yreld [14. 15).

Fullerene and us denvatives are the most popular
structural units 1n orgame chemistry. Collisioa of
fullerene under laser rdiaten pr paralyse cause
o preparatinn of same derivatives of fullerene
such as C53, C;g, C33, Ca:. O E:g. C:.;. ng and
Ca. The C3p is the nteresting  derivative
molecules from Cey. The symmetrical structural
of the Cyp molecules and differgnt position for
cycloaddition cause choosing  for  these
caleulations. In this calculation cycinadditinn
reaction on some different position Bf double
bond in Cyp with butadiene (fig. 1} carred out
and simufated by ab initio caleulations, The
stahility of encrgy, rcaction pathwny and
transitton state and thermodynamics propertics
for this additinn for all situations caleolated.
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Fig. 1, Structures of £y and Buta- 1, 3 -dizae.

METHODS

Im the present treatise, the geometry
gptimizations of all the stmuctures leadog to
cocrgy minima were achicved by using AMI
self-consistent fields molecular orbital (SCF
MO} [11] method at the restricted Hartree-Fock
(RHF) level [12]. The initial geomerry of hua-
diene and C.; structures was excerpted from
Gauss  View. All these calcutations were
performed by using Gaussian 98,

Csq bave three struetures and per each of
structures to be three valence 1somers that we
calculated reacuon pathway and wansition state
and mtcrmediate  structure m cyvelaadditioo
reaction for cach different position of douhle
hond in cach three valance isomer reactioo
pathway scancd step hy addredundant key words.

Frequency calcutations have been performed
for the all reactants, TS5 and products mentiotbcd
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above in order to determine thetr stahilities.
Intrinsic reaction  coordinates  wers 'also
calculated to coofirm the accuracy of the TSs.
and their thermodymamic genmctry parameters
arc listed in Tahle 1. ' r

RESULTS AND DISCUSSION

Presently considered cveloaddition products of

Cyo structures and buta diene are shown in fig. 2.
|
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Fig, 2. Three structures of Cyy ane buita 1, 3 diene,
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Table 1. Seme thermodynamic paraneters at
T=298.15K, P=latm tor three structhmre of oy
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In further phase smdied cycloaddition
reactinn at threg situanions of double bonds nf
Cant, Cooz and €y 1. For example @ result of
C30-1 is shown in fig. 3 and Table 2.

Fig. 5 AMI optinizaion geometry structures of proxduct
1, 2 and 3 of the additivn of CyH; to the Cy g bomds,

Table 2. Some thermodyaamic parameters and Ts at
T=298.15K. p=latm for double bonds between [6, 6]
i[l Cjn_] sltucinre
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Table 1 shows that the interaction between
C4H, and C-C bond nf structure 2 is stronger
than that between CyHp and C-C bond of
structures 1 und 3. The heat of reaction for
adding C;H; and C-C bond of structurcs |, 2 and
3 m the T= 298k, P= latm are -151.711, -
584 85% and -118.854 kecal/mnl.,

So for the three statuscs of reactinns between
CiHp and C-C bond of struchtre 2 is more
cxoihermic than C-C hond of structure 1 and 3.
Among the three structures, strocture 2 scems o
be the mnst stabie one,

CONCLUSION

There are three status of double bond in structure
of Cjﬂ_], C3{h.2 and Cip3 that arc GUII]PIEtEl}’
different from cach other, Cycloaddition 15
selected as a main part of reactinn and addition
process  for sinpgle stage s considered.
Thermodynamics parameters, stability cergy
and trapsition state arc cvaluated in  tree
structises. The new cycle that prodeced after
cv¢loaddition reaction was opened and created a
new cycle with large size. Three positions of
douvble bond that lead to threc prducts are
strongly different. The structure that contain
much resonatice loop and the most dovhle bond
i resonance form was stahle than that others, in
the other hand thesc results completely
confirmed thermodyvoamies results that obtained
from calculations,

Whea Cyll is added to the C-C bond of Csy
stmcture, our investigation results show that the
reaction mechanism is prohably as below:
Reactants — Transition state 1 {Ts 1) — Closed
Isomer — Transition state 2 (Ts 2) —» products
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