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The thermal decomposition of benzoxazole diluted in argon was studied behind reflected shock waves in a
2 in. i.d. single-pulse shock tube over the temperature range-1T8ED K and at overall densities 6f3 x

10°° mol/c®. Two major products,0-hydroxybenzonitrile at high concentration and cyclopentadiene
carbonitrile (accompanied by carbon monoxide) at much lower concentration, and four minor fragmentation
products resulting from the decomposition were found in the postshock samples. They were, in order of
decreasing abundance, benzonitrile, acetylene, HCN, arrd@HCN and comprised of only a few percent

of the overall product distribution. Quantum chemical calculations were carried out to determine the sequence
of the unimolecular reactions that led to the formation-tfydroxybenzonitrile and cyclopentadiene carbonitrile,

the major products of the thermal reactions of benzoxazole. A potential energy surface leading directly from
benzoxazole to cyclopentadiene carbonitrile could not be found, and it was shown that the latter is formed
from the producb-hydroxybenzonitrile. In order that cyclopentadiene carbonitrile be produced, CO elimination
and ring contraction from a six- to a five-membered ring must take place. A surface where CO elimination
occurs prior to ring contraction was found to have very high barriers compared to the ones where ring
contraction occurs prior to CO elimination and was not considered in our discussion. Rates for all the steps
on the various surfaces were evaluated, kinetic schemes containing these steps were constructed, and multiwell
calculations were performed to evaluate the mole percent of the two major products as a function of temperature.
The agreement between the experimental results and these calculations, as shown graphically, is very good.

I. Introduction formation of cyclopentadienecarbonitrile and carbon monoxide
and (2) formation of phenylnitrene, which was identified by its

Benzoxazole is a five-membered ring compound containing formation of aniline upon absorption of two hydrogen atoms.

both nitrogen and oxygen fused to a benzene ring. It differs
from its two isomers 1,2-benzisoxazole and 2,1-benzisoxazole c ) .
'yelopentadiene carbonitrile

in the location of the nitrogen relative to the carbon/oxygen
atoms in the five-membered oxazole ring. " @Lﬁ: co
N . _ <
©: \> ©j\/N ©:\/O 2,1-Benzisoxazole (Anthranil) ©\N + CO +_2H> ©\N
o ) N H,
Phenylnitrene Aniline

benzoxazole 1,2-benzisoxazole 2,1-benzisoxazole

(anthranil) It did not isomerize t@-hydroxybenzonitrile, as the distance

_ between the oxygen atom and the six-membered ring does not
Benzoxazole does not have a weak® bond and contains allow such an isomerization process to take p|ace_
those of its two benzisoxazole isomers under the same condi-experimental shock tube results and quantum chemical calcula-
tions. The heats of formation of these three isomers are 10.8tions on the isomerization and the CO elimination from
kcal/mol for benZOXaZOIéSS.S kcallmol for 1,2-be.nZIsovaCﬁe, benzoxazole to form_hydroxybenzonitr”e and Cyc|0pentadi_
and 41.2 kcal/mol for 2,1-benzisoxazdl@nthranil) at 298.15 enecarbonitrile.
K.
We have recently publishée detailed investigation on the . Experimental Section
thermal decomposition and isomerization of 2,1-benzisoxazole ) )
both experimentally and by quantum chemical calculations over 1. Shock Tube, Materials and Analysis.The thermal
the temperature range 823000 K. It was shown that, in decomposmo_n of benzoxazole_was s_tut_jled _behlnd reflected
addition to very minute fragmentation, 2,1-benzisoxazole un- Shock waves in a pressurized driver, 2 in. i.d. single pulse shock
dergoes two main reactions: (1) ring contraction with the tube. The driven section wa4 m long and the driver had a
variable length up to a maximum of 2.7 m and could be varied
* Corresponding author. Office: 972-2-658 5865. Fax: 972-2-561 7812. IN Small steps in order to tune for the best cooling conditions.
E-mail: Assa@vms.huji.ac.il. A 36-L dump tank was connected to the driven section near
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the diaphragm holder in order to quench transmitted shocks.
The tube, the gas handling system, the reaction mixture bulbs, g

Lifshitz et al.

Benzoxazole, T=1320K,

0 [FID/Porapak N (2m)

and the transfer tubes were all maintained at 1ZOwith an
accuracy oft2 °C. The shock tube and the mode of its operation
were described in the pabt.

Reflected shock temperatures were determined from the exten
of decomposition of 1,1,1-trifluoroethane (@EFs;) that was o
added in small quantities to the reaction mixtures to serve as
an internal standard. Its decomposition to £&4€F, + HF is a
first-order unimolecular reaction that under the temperature and

CH,CF,
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pressure of this investigation has a rate constak.gf= 101485 500 £ onzoxazole, T-1320K, on
exp(—74.05 x 10%RT) s'1, whereR is expressed in units of & 400 [NPD/Tenax (2m) @:0
cal/(K mol) > Reflected shock temperatures were then calculated E : "
from the relation c 300 \ @@ /
1 E 200 HeN CH=CCN /
T = —~(ERn{ 5 @) Sl |

oA N
wheret is the reaction dwell time, approximately 2 ndsand 5 10 15 20 25 a0 a5
E are the Arrhenius parameters of the standard reactiony and t (min)

is the extent of decomposition defined as Figure 1. A gas chromatograph showing the products of benzoxazole
decomposition. Top: C¥F; and CH=CF,, from the ratio of which
the temperature behind the reflected shock is calculated. Bottom: NPD

spectrum of the fragmentation products.

2 = [CH,=CF,]/([CH,=CF,], + [CH,CF;],)

Density ratios were calculated from the measured incident
shock velocities using the three conservation equations and the
ideal gas equation of state. Total densities behind the reflected
shock, G, in all the experiments were around>310~2 mol/
cm?. Cooling rates were approximately>6 10° K/s.

After pumping down a 12-L glass bulb t8107° Torr, an
amount of liquid corresponding to 0.5% benzoxazole was
injected into the evacuated bulb that was then filled to 1 atm
with argon containing 0.08% of the internal standard sCR.

The bulb served as storage for the reaction mixture.

Two gas chromatographic analyses for each postshock
mixture provided the product distribution and the temperature.
A flame ionization detector (FID) with a 2-m temperature-
programmed Porapak N column was used to determine the ratio
[CH=CF,]J/([CH~CF,]; + [CH3CF;]) for the temperature
calculation. A nitrogen phosphorus detector (NPD) with a 2-m
temperature-programmed Tenax column was used to determine
the nitrogen-containing species. The concentration of carbon
monoxide was evaluated from nitrogeaxygen mass balance
considerations assuming that there was a minimal loss of
material if at all. A typical chromatogram showing traces
obtained on the two detectors is given in Figure 1.

2. Experimental Results.To determine the distribution of
reaction products, some 60 tests were run, covering the
temperature range 106A350 K. Figure 2 shows the general
product distribution over the entire temperature range. As can
be seenp-hydroxybenzonitrile is of the highest concentration,
followed by cyclopentadiene carbonitrile and carbon monoxide
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Figure 2. General distribution of the reaction products in the
decomposition of benzoxazole.

synchronous transit-guided quasi-Newton (STQN) metffod.

The higher level calculations were done using these geometries.
All the calculations were performed on singlet surfaces

without symmetry restrictiond/ibrational analyses were done

at the same level of theory to characterize the optimized

structures as local minima or transition states. Calculated

vibrational frequencies and entropies (at the B3LYP level) were

. . . used to evaluate pre-exponential factors of the reactions under
(that is formed in parallel), and at lower concentrations are the ¢, qiqeration. All the calculated frequencies, the zero point

four fragmentation products beqzonitrile, acetylene, hydrogen energies, and the thermal energies are of harmonic oscillators.
cyanide, and cyanoacetylene. Figure 3 shows the experimentalrye caiculations of the intrinsic reaction coordinate (IRC), to

mole percent for each one of the products. check whether the transition states under consideration connect
the expected reactants and products, were done at the B3LYP
level of theory with the same basis set as was used for the
stationary point optimizatianThese calculations were done on

all the transition states.

Ill. Computational Details

1. Quantum Chemical Calculations We used the Becke
three-parameter hybrid metHodith Lee—Yang—Parr correla-
tion functional approximation (B3LYP)and the Dunning Each optimized B3LYP structure was recalculated at a single-
correlation consistent polarized valence doublécc-pVDZ) point quadratic Cl including single and double substitutions with
basis set. Structure optimization of the reactants and products a triple contribution to the energyQCISD(T)1! All of the
was done using the Berny geometry optimization algorithm. reported relative energies include zero-point energy (ZPE)
For determining transition state structures, we used the combinedcorrection.
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Figure 3. A detailed distribution of the reaction products in the

decomposition of benzoxazole.

The DFT and QCISD(T) computations were carried out using
the Gaussian 98 program pack&gand were done on a DEC

Alpha XP1000 1/667 professional workstation.

2. Rate Constant Calculations. To evaluate the high-
pressure-limit first-order rate constants from the quantum

chemical calculations, the relation

k, = [(Mo (KT/h) exp(ASTR) exp(~AH*/RT)

was used34whereh is Planck’s constank is the Boltzmann
factor, o is the degeneracy of the reaction coordinate (one in
all the calculations)AH* andAS' are the temperature dependent

enthalpy and entropy of activation, respectively, did) is

the tunneling correction. Since we deal with unimolecular
reactions,AH* = AE*, where AE* is the energy difference
between the transition state and the reactAf®’ is equal to
AE®ota + AEthermas Where AEC is obtained by taking the
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Figure 4. Reaction pathway of benzoxazole isomerization. Relative
energies (in kcal/mol) are calculated at the uQCISD(T)//uB3LYP/cc-
pVDZ level of theory.

difference between the total energies of the transition state and
the reactant and Eqnermalis the difference between the thermal
energies of these species.

The tunneling effectI'(T), was estimated using Wigner's
inverted harmonic modép, where

kT

rm =1+, (I

andv is the imaginary frequency of the reaction coordinate in
Cmfl_16,17

IV. Results of the Quantum Chemical Calculations

1. Formation of o-Hydroxybenzonitrile. The potential
energy surface of benzoxazete o-hydroxybenzonitrile isomer-
ization is shown in Figure 4 with the atom numbering. The
energetics and other parameters relevant to this surface are
shown in Table 1. Selected structural parameters of the species
on the surface are shown in Table 2.

The surface contains two transition states and one intermedi-
ate. The first step is C(2)O(3) bond breaking together with
1,5-H-atom migration from C(2) to O(3) in what used to be the
five-membered ring. The C(2H(1) bond in the transition state
TS1 becomes longer (1.130 A compared to 1.088 A in the
reactant) and atoms O(3) and H(1) come closer, to a distance
of 1.612 A as compared to 2.087 A, in the reactant, toward the
formation of the O(3)}H(1) bond. The C(2)0O(3) bond
breaking results in the formation of a C£9p(3) double bond
instead of a single bond in benzoxazole. This process is
accompanied by some loss of resonance in the benzene ring
that is later restored in the formation ofhydroxyisobenzoni-
trile. The energy level of the transition state TS1 is 62 kcal/
mol at the QCISD(T)//B3LYP/cc-pVDZ level of theory and it
is the highest energy level on the surface. The second step is
the isomerization frono-hydroxyisobenzonitrile t@-hydroxy-
benzonitrile with a barrier of-34 kcal/mol. This barrier is very
similar to the barrier in the same process with aszGffoup
(instead of OH), which is 35.2 kcal/méi.

It is interesting to note, as can be seen in Figure 2, that the
concentration ob-hydroxybenzonitrile exceeds that of benzox-
azole already at 1150 K, although the heat of formation of these
two compounds are practically identical. The driving force for
this isomerization is the relatively large entropy chang& (
cal/mol, Table 1) in the process. This entropy change means
that the back reaction of the isomerization would be considerably
slower than the forward reaction.

o-Hydroxybenzonitrile is the main product in the postshock
mixture of heated benzoxazole. There is, however, an additional
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TABLE 1: Total Energies Eyy (in au), Zero Point Energies, Relative EnergiesAE,2 Imaginary FrequenciesP and Entropies® of
the Species on the Benzoxazote- o-Hydroxybenzonitrile Potential Energy Surface

B3LYP QCISD(T)
species Etotal AE?2 ZPE S yo Etotal AE2
benzoxazole —399.749615 0.0 66.4 77.32 —398.657612 0.0
TS1 —399.647214 59.2 61.3 82.46 (i1011) —398.550788 62.0
o-hydroxyisobenzonitrile —399.708132 24.1 64.4 84.07 —398.619664 21.8
TS2 —399.649200 59.9 63.0 83.58 «i400) —398.562992 55.9
o-hydroxybenzonitrile —399.742953 2.7 64.9 83.57 —398.655963 —-0.4

aRelative energies in kcal/maAE = AE.a + A(ZPE).? Imaginary frequency in cni ¢ Entropies at 298 K in cal/(K mol).

TABLE 2: Several Structural Parameters of the Species
Involved in the Reaction Benzoxazole—
o-Hydroxybenzonitrile Calculated at the B3LYP/cc-pvVDZ
Level of Theory

o-hydroxy- o-hydroxy-
parameté¥® benzoxazole TSlisobenzonitrile TS2 benzonitrile
N(1)—C(2) 1291 1.194 1.184 1.202 1.166
C(2)-0(3) 1.372 2.119 3.347 - -
0O(3)—C(9) 1374 1.294 1.353 1.349 1.353
C(9)-C(4) 1.390 1.424 1.400 1.402 1.401
C(4)-C(5) 1.398  1.389 1.394 1.394 1.392
C(5)—-C(6) 1.410 1.408 1.402 1.403 1.403
C(6)—C(7) 1.396  1.390 1.392 1.392 1.390
C(7)-C(8) 1.400  1.395 1.402 1.401  1.415
C(8)—C(9) 1403 1.444 1412 1.410 1.415
C(8)-N(1) 1.401  1.406 1.398 1.861 —
C(2-H(1) 1.088 1.130 2.696 — -
O(3)—H(1) 2.087 1.612 0.972 0.973 0.973
C(2)—C(8) - - 2.572 1.619 1.432

aDistances are in angstronfsThe atom numbering is shown in
Figure 4.

product, cyclopentadienecarbonitrile. It is a main product,
although its concentration is considerably lower than that of
o-hydroxybenzonitrile.

2. Formation of Cyclopentadienecarbonitrile.We searched
for a potential energy surface that would lead directly from

benzoxazole to cyclopentadienecarbonitrile. Despite many ef-

concentration of cyclopentadienecarbonitrile was much lower
than that ofo-hydroxybenzonitrile.

Two potential energy surfaces for the formation of cyclo-
pentadienecarbonitrile frono-hydroxybenzonitrile that were
found are shown in Figures 5 and 6 with the atom numbering.
The difference between the two surfaces is that one leads to
the formation of 1,3-cyclopentadiene-1-carbonitrile as the final
product (Figure 5) and the second one to 1,3-cyclopentadiene-
2-carbonitrile as the final product (Figure 6). There are also
some differences in the exact pathways. The energetics and other
parameters relevant to these surfaces are shown in Table 3.
Selected structural parameters of the species on the surfaces
are shown in Tables 4 and 5.

In order that cyclopentadienecarbonitrile be formed, both
contraction of the six- to a five-membered ring and elimination
of CO must take place. This process of CO elimination in phenol
was observed by Horn et &P ,where, in addition to phenol,
cyclopentadiene was the main product. We found out that CO
elimination from the six-membered ring prior to ring contraction
has a very high barrier~95 kcal/mol), whereas the overall
barrier for the reaction-hydroxybenzonitrile—~ cyclopentadi-
enecarbonitrilet CO is some 20 kcal/mol lower when ring
contraction occurs prior to CO elimination. We have thus
decided to examine only the latter.

The first step on both surfaces is 1,3-H atom migration from
oxygen O(9) to the nearest carbon atom in the benzene ring:

forts, we could not find such a surface. We therefore concluded to C(1) via transition state TS3a (Figure 5) and to C(3) via

that cyclopentadienecarbonitrile is formed freamydroxyben-
zonitrile rather than directly from benzoxazole. This conclusion

transition states TS3b (Figure 6). The migration to C(3) is
preceded by a very fast rotation of the OH group toward C(3)

was also supported, to some extent, by the fact that the with a barrier of~5 kcal/mol.
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Figure 5. Reaction pathway of-hydroxybenzonitrile decomposition to form 1,3-cyclopentadiene-1-carbonitrile. The first step is a H-atom shift
from O(9) to C(1). Relative energies (in kcal/mol) are calculated at the uQCISD(T)//uB3LYP/cc-pVDZ level of theory.
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Figure 6. Reaction pathway of-hydroxybenzonitrile decomposition to form 1,3-cyclopentadiene-2-carbonitrile. The first step is a H-atom shift
from O(9) to C(3). Relative energies (in kcal/mol) are calculated at the uQCISD(T)//uB3LYP/cc-pVDZ level of theory.

TABLE 3: Total Energies Ey (in au), Zero Point Energies, Relative EnergiesAE,2 Imaginary Frequencies? and Entropies® of
the Species on thed-Hydroxybenzonitrile — Cyclopentadienecarbonitrile + CO Potential Energy Surface

B3LYP QCISD(T)
species Etotal AE2 ZPE S o Etotal AE2
o-hydroxybenzonitrile —399.742953 0.0 64.9 83.57 —398.655963 0.0
Pathway 1 (Figure 5)
TS3a —399.620561 72.6 60.7 83.68 «i2080) —398.533505 72.6
INT2a —399.696777 27.9 63.8 86.40 —398.618762 22.2
TS4a —399.636574 63.1 61.2 84.43 {i1012) —398.547216 64.5
INT3a —399.650128 55.6 62.3 87.97 —398.564267 54.9
TS5a —399.636446 64.1 62.2 83.97 «i257) —398.555821 60.1
INT4a —399.648592 57.0 63.0 85.40 —398.573647 49.8
TS6a —399.612292 78.8 61.7 87.72 i 478) —398.532063 74.6
1,3-cyclopentadiene-1-carbonitrite CO —399.689121 29.2 60.4 123.58 —398.622599 16.4
Pathway 2 (Figure 6)

TS3b —399.627968 67.7 60.5 83.46 +i2088) —398.537374 70.0
INT2b —399.707655 20.9 63.7 87.53 —398.626513 17.3
TS4b —399.639835 61.1 61.3 84.53 «i795) —398.550827 62.3
INT3b —399.645561 58.1 62.0 88.05 —398.560298 57.1
TS5b —399.634581 65.2 62.1 83.76 +i216) —398.554107 61.1
INT4b —399.649123 57.0 63.1 85.38 —398.574003 49.6
TS6b —399.620676 73.6 61.8 86.69 «i 446) —398.540141 69.6
1,3-cyclopentadiene-2-carbonitrite CO —399.685932 31.0 60.2 123.68 —398.620671 17.4

1,3-Cyclopentadiene-2-carbonitrite 1,3-Cyclopentadiene-1-carbonitrile Isomerization

1,3-cyclopentadiene-2-carbonitrile —286.364563 0.0 57.0 76.43 —285.565204 0.0
TS7 —286.324266 23.3 55.1 75.15 «1187) —285.519225 26.9
1,3-cyclopentadiene-1-carbonitrile —286.367752 -18 57.2 76.33 —285.567132 -1.0

aRelative energies in kcal/mahE = AEqa + A(ZPE).? Imaginary frequency in cni € Entropies at 298 K in cal/(K mol).

The energy level of the transition states TS3a and TS3b areand TS4b are at relatively high energy level (64.5 and 62.3 kcal/
rather high, 72.6 kcal/mol for TS3a and 70.0 kcal/mol for TS3b. mol, respectively). This is due to the fact that INT3a and INT3b
These high levels are due, to some extent, to the loss ofare unstable. Their instability is caused by the transition from
resonance in the benzene ring. The intermediates INT2a anda sg hybridization of the carbon atoms C(6) (Figure 5) and
INT2b, on the other hand, are much more stable in view of the C(4) (Figure 6) to a sphybridization that destroys the three
formation of new very strong€0 bonds. Their energy levels  double bond conjugation that exists in INT2a and INT2b.
are only 22.2 kcal/mol for INT2a and 17.3 for INT2b above The transition states TS5a and TS5b that follow lead to the
that of o-hydroxybenzonitrile. formation of fused three- and five-membered rings. These two

The next step toward the ring contraction is an additional rings are shown in the intermediates INT4a and INT4b that,
H-atom shift, that is, 1,2 H-atom shift from each one of the via transition states TS6a and TS6b, produce 1,3-cyclopenta-
carbon atoms C(1) (Figure 5) and C(3) (Figure 6). These shifts diene-1-carbonitrile- CO (Figure 6) and 1,3-cyclopentadiene-
will facilitate the formation of fused three- and five-membered 2-carbonitrile+ CO (Figure 6). The formation of cyclopenta-
rings toward the ring contraction. The transition states TS4a dienecarbonitrile via transition states TS6a and TS6b involves
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TABLE 4: Several Structural Parameters of the Species Involved in the Reactiom-Hydroxybenzonitrile —
1,3-Cyclopentadiene-1-carbonitrile+ CO Calculated at the B3LYP/cc-pVDZ Level of Theory

1,3-cyclopenta-

o-hydroxy- diene-1-
parametef® benzonitrile TS3a INT2a TS4a INT3a TS5a INT5a TS6a  carbonitrile
C(1)-C(2) 1.415 1.482 1.558 1.483 1.459 1.468 1.507 2.145 -
C(2-C(3) 1.401 1.422 1.470 1.462 1.469 1.456 1.471 1.478 -
C(3)-C(4) 1.392 1.379 1.355 1.382 1.402 1.452 1.500 1.526 1.461
C(4)-C(5) 1.403 1.438 1.459 1.407 1.379 1.347 1.340 1.340 1.355
C(5)-C(6) 1.390 1.368 1.345 1.412 1.467 1.468 1.511 1.508 1.501
C(6)-C(1) 1.415 1.457 1512 1.483 1.481 1.510 1.543 1.518 1512
C(6)—-C(7) 1.432 1.447 1.467 1.423 1.413 1.422 1.437 1.400 1.421
C(7)—-N(8) 1.166 1.165 1.161 1.166 1.169 1.167 1.164 1.174 1.166
C(2)-0(9) 1.353 1.277 1.215 1.230 1.233 1211 1.195 1.160 -
O(9)-H(1) 0.973 1.383 2.777 - - - - - -
C(1)-H(5) 2.458 1.424 1.112 1.483 - - - - -
C(6)—H(5) - - 2.654 1.210 1.113 - - - -
C(1)-C@3) - - 2,572 1.619 2.429 2.040 1.612 1.489 1.363

a Distances are in angstronfsThe atom numbering is shown in Figure 5.

TABLE 5: Several Structural Parameters of the Species Involved in the Reactiowm-Hydroxybenzonitrile —
1,3-Cyclopentadiene-2-carbonitrile+ CO Calculated at the B3LYP/cc-pVDZ Level of Theory

1,3-cyclopenta-

o-hydroxy- diene-2-
parameter® benzonitrile TS3b INT2b TS4b INT3b TS5b INT5b TS6b carbonitrile
C(1)-C(2) 1.413 1.432 1.490 1.474 1.483 1.474 1.437 2.074 —
C(2)-C(3) 1.401 1.455 1.529 1.459 1.439 1.448 1.466 1.465 —
C(3)-C4) 1.395 1431 1.495 1.398 1.463 1.491 1.532 1.545 1.501
C(4)-C(5) 1.400 1.382 1.349 1.434 1.470 1.495 1.513 1.523 1.505
C(5)—C(6) 1.393 1421 1.450 1.388 1.370 1.345 1.340 1.357 1.350
C(6)-C(1) 1.407 1.397 1.366 1.407 1421 1.464 1.505 1.455 1.478
C(6)—C(7) 1.434 1.429 1.433 1.429 1.425 1.427 1.437 1.403 1.430
C(7)—N(8) 1.164 1.165 1.164 1.166 1.167 1.166 1.164 1.172 1.165
C(2)-0(9) 1.355 1.280 1.216 1.234 1.236 1.213 1.194 1.157 —
O(9)—H(1) 0.970 1.406 2.676 - - - - - -
C(3)—H(5) 2.456 1.411 1.107 1598 — - - - -
C(4)-H(5) - - 2.569 1.183 1.115 - - - -
C(1)-C(3) - - - - 2.419 2.082 1.608 1.513 1.360

a Distances are in angstronfsThe atom numbering is shown in Figure 6.

two steps that occur simultaneously: destruction of the three- corrections were done only for steps 3 and 7 (Table 6), where
membered ring and elimination of CO. Note that the €&(2) the imaginary frequency of their transition states were higher
C(3) distance in both TS6a and TS6b are long, 1.478 and 1.465than 1200 cm! (Tables 1 and 3). These rate constants together
A, respectively. with the calculated thermodynamic properties of the species

The two isomers of cyclopentadienecarbonitrile that are involved (reactant and intermediates) were introduced into each
produced fromo-hydroxybenzonitrile interisomerize by H-atom one of the kinetic schemes, and computer modeling was
shift only, without the involvement of the CN group. A similar  performed. From the extent of the conversion to the products
process in other cyclopentadiene derivatives was observed intheir production rate constant were calculated. The values
the past®23 The barrier for the isomerization is onty28 kcal/ obtained are
mol, suggesting that the two isomers are at equilibrium at the .
very early stages of the-hydroxybenzonitrile decomposition, ~ K(P€nzoxazole= o-hydroxybenzonitrile)=

3. Multiwell Calculations and Kinetic Modeling on the 7.12x 10 exp(-63.5x 10YRT) s *
Potential' Energy Surfaces.‘!’o evaluate a global rate constant k(o-hydroxybenzonitrile~ cyclopentadienecarbonitrile)
ki of a given process that is composed of several elementary 5 21
steps, a kinetic scheme has to be constructed, containing all 9.20x 10" exp(~67.8x 107RT) s
the elementary steps on the surface. To Ob'.[a'n a forward rate It is interesting to note that the reason for the higher pre-
constant, both the forward and the back reactions of all the steps

h be included for the back i fthe | exponential factor of the first reaction by almost 2 orders of
stae\;:)e to be included, except for the back reaction of the last magnitude is that in the first reaction a ring is broken.

. ) To compare the mole percents of the products obtained in
Two reaction schemes, one for the reaction benzoxazole

2 X the shock tube experiment and in the calculations, a reaction
o-hyd_roxybenzomtnle and one for_th_e reactiothydroxyben- scheme for the system
zonitrile— cyclopentadienecarbonitrile, have been constructed
and are shown in Table 6. The rate constants of the elementary benzoxazole~ o-hydroxybenzonitrile (1)
steps in_ the scheme were evaluated by the quantum Cher_nicab-hydroxybenzonitrile—>
calculations at several temperatures as previously described,
covering the temperature range at which the single pulse shock-
tube experiments were carried out. These were then plotted asvas constructed using the two rate constants obtained and the
In k vs 1/T to obtain Arrhenius-type rate constants. Tunneling thermodynamic properties of the three molecules involved, and

cyclopentadienecarbonitrile (2)
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TABLE 6: Arrhenius Parameters of the Elementary Steps on Benzoxazole> o-Hydroxybenzonitrile and o-Hydroxybenzonitrile
— Cyclopentadienecarbonitrile Potential Energy Surfaces

A2 Eab
PES of Benzoxazole- o-Hydroxybenzonitrile (Figure 4)

1. benzoxazole> o-hydroxyisobenzonitrile 1.7% 10'° 65.46
2. 0-hydroxyisobenzonitrile> o-hydroxybenzonitrile 2.15 101 32.49
PES ofo-Hydroxybenzonitrile— 1,3-Cyclopentadiene-1-carbonitr#eCO (Figure 5)

3. o-hydroxybenzonitrile—~ INT2a 7.99x 10% 69.68
4. INT2a— INT3a 6.01x 10% 41.97
5. INT3a— INT4a 2.39x 10% 5.44
6. INT4a— 1,3-cyclopentadiene-1-carbonitrite CO 5.63x 104 25.79
PES ofo-Hydroxybenzonitrile— 1,3-Cyclopentadiene-2-carbonitrieCO (Figure 6)

7. 0-hydroxybenzonitrile—~ INT2b 3.81x 101 71.66
8. INT2b— INT3b 1.67x 101 46.36
9. INT3b— INT4b 1.90x 10¥? 4.80
10. INT4b— 1,3-cyclopentadiene-2-carbonitrile CO 5.08x 108 21.16

PES of 1,3-Cyclopentadiene-2-carbonitritel,3-Cyclopentadiene-1-carbonitrile
11. 1,3-cyclopentadiene-2-carbonitrite 2,3-cyclopentadiene-1-carbonitrile 2.80101 27.84

a Pre-exponential factor in units of s P Activation energy in kcal/mol.

(c) A very good agreement between the experimental and

102 L ©-hydroxy '
the calculated data was obtained.

£ benzonitrile
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