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ABSTRACT

Thermal rearrangement of 7,7-dichloro-[a,c]-dibenzo-[4,1,0]-bicycloheptane (1) to 5,6-dichloro-5H-
dibenzo-[a,c]-cycloheptene (2) was studied in the solid phase and in solvents with different polarities. The
first-order constants at various temperatures for the rearrangement process were evaluated from the
absorption time data. The activation parameters for this rearrangement were obtained from the temperature
dependent of the rate constants. Variation of solvent polarity has no influence on Ea, but a marked
difference in AS" is observed. Abinitio investigation of the thermal ring-opening support the experimental
data. Solvating of R", X" ions in Transition State could explain the trend.
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INTRODUCTION

Addition of carben to aromatic and polyaromatic Hetrolytic ring-opening of mono and di-
compounds is a well-known reaction'>. One of the  substituted cyclopropyl ring with a carbocationic
simpelest way to producing of carben adducts is the  intermediate have been thoroughly studied. The
reaction of chloroform with conceterated aqueous  ring opening of known-stereochemical intermediate
Sodium hydroxide in the presence of a phase transfer  structure of dichlorocyclopropanes has been carried

catalyst. The cyclopropane ring thus formed, could be  out in ethanol at 80 °C with silver nitrate.'’

opened by heat.”® Olivella and coworkers who have Rabinovitz etal for evaluating the effect of the
published a paper on abinitio investigation of the  developed induced ring current resulting from
thermal ring-opening cyclopropyl radical to give an  homoaromatic overlap have detected the chemical

allyl radical, predicted a high nonsymmetric structure  shifts of the ring opened huckelid Cation 3.""
for the transition state.’
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In this paper we report the results of kinetic and
spectral studies concerning the thermal ring
opening of cyclopropyl in 7,7- dichloro-[a,c]-
dibenzo-[4,1,0]-bicyclopropane in solid state and
solution. Variation of solvent polarity has a marked
influence on AS" in addition the conversion path of
this transformation was simulated by abinitio
calculations.

RESULTS AND DISCUSSION

Compound 1 was prepared according to Joshi and
etal method.”” The experimental data shows that

Fig. 1. '"H-NMR spectra for the rearrangement
process in solid state at 140 °C in 1 to 2

rearrangement of 1 occurred both in solution and in
the solid state. Since there are different signals in
the 'H-NMR spectrum of 1 and 2 (rearranged
product of 1), this rearrangement could be followed
with respect to the decreasing of intensity in
cyclopropyl protons in 1 (singlet, 3. 32 ppm) and
increasing of intensity in vinyllic and allylic
protons in 2 (singlet, 6. 65 ppm and 5. 56 ppm).
The increasing of absorption at 5.56 ppm in 'H-
NMR were recorded as a function of time at
various temperatures.

Sample 'H-NMR spectra for the rearrangement
process in solid state at 140 °C are shown in Fig.1

In order to obtain further information about the
kinetics and mechanism of rearrangement process
of 1, in solid state, the intensity increasing at 5.56
ppm was monitored as a function of time at various
temperatures. Sample 'H-NMR intensity / time
plots at different temperatures are shown in Fig. 2

transformation.
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Fig.2. Intensity-time plots at 5.56
ppm for rearrangement process in
solid state at different temperatures
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All of the resulting rate constants in solid state
conversion at various temperatures are summarized
in table 1. Using the corresponding Arrhenius plots
and the Eyring transition state theory" the
activation parameters (Ea, AH", AS") were
calculated. The results are also included in table 1.

For detecting of thermal rearrangement process
in solution the electronic absorption spectra of
heated sample of 1 were recorded as a function of
time at various temperatures. Sample spectra for
this transformation in DMSO at 80 °C are shown in
Fig.3. In this case the decreasing in absorption
located at 310 nm was followed.

Table 2 shows the resulting rate constants at
various temperatures and activation parameters for
thermal rearrangement process in solution.
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Fig. 3. UV-VIS spectra of rearrangement process
in DMSO at 80 C, 310 nm, various time intervals

Table 1. Calculated rate constant at various temperatures and Arrehnius Parameters for
transformation in solid state

Temp /°C K/s! Ea / Kcal mol AH# / Kcal mol™ AS# / cal mol'K™
130 2.1 x10°
135 3.2 x107
s 31 +1 30 +1 47 +1
140 7.1 X10°
145 7.3 x107

Table 2. calculated rate constants at various temperatures and activation parameters for
transformation in solution

Temp / °C K/s' Ea/Kealmol' | AH" / Keal mol” | AS” / calmol'K"
60 1.1 x10°
65 1.7 x107
. 23 x10° 18 +1 15 +1 34.5 +1
7 3 %10
75 3.1 x107

The positive entropy of solid phase was predicted
because there were two constituents in transition
state in transformation process.

The activation entropy in solution (DMSO) is
negative (table 2), because there are two factors
which affect on determining of activation entropy
in solution:

A: The positive entropy of transformation,
according to increasing in constituents in transition
state.

B: The ionic character of transition state in this
rearrangement is better solvated by polar solvents
such as DMSO. The transition state would be more
ordered and there will be a negative entropy.

For detecting process of solvent polarity effects
on activation entropy the thermal rearrangement of
1 was studied in different mixtures of DMSO and
Xylene (table 3). Of course the mixing of solvents
is accompanied by mixing entropy which is
positive. The amount of mixing entropy is
dependent on the mole fraction of solvent in
mixture. Table 4 shows the dependence of AS;x to
mole fraction of Xylene (n xyiene)-

Data in table 3 and 4 shows that the mixing
entropies of solvents could be neglected.
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Table 3. Dependence of activation Entropy to

molefraction of Xylene Table 4. Mixing entropy

Nxylene S (cal/mol K) NxXylene Smix NxXylene Smix
0 -34.5 0 0 31.7 1.24
9.2 -31.8 2.9 0.15 36.2 1.29
15.9 -30.7 6.0 0.22 46.3 1.37
234 -24.2 9.2 0.53 57.3 1.35
36.2 -17.1 12.6 0.75 69.7 1.22
46.3 -11.2 15.9 0.87 83.8 0.87
63.3 9.4 19.5 0.98 91.6 0.57
83.8 -6.9 234 1.07 98.3 0.17
100 -5.8 27.4 1.16 100 0

Fig. 4 shows the energy diagram of thermal
rearrangement and table 5 shows the calculated
heats of formation, total and zero-point vibrational
energies, relative energies and structural
parameters for 1, 2, intermediate and transition
states.

TS1

58.5

Fig.4. thermal rearrangement of
7,7-dichloro-[a,c]-dibenzo-[4,1,0]-
bicycloheptane (1) to 5,6-dichloro-
5H-dibenzo-[a,c]-cycloheptene (2).

Intermediate
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Table 5. Calculated total and zero-point vibrational energies (Hartree; zero-point vibrational energy is scaled by
a factor of 0.9135 to eliminate known systematic errors in calculations), relative energy (including zero-point

energy, kcal mol™!) and structural parameters

Feature 1) TS1 Intermediate TS2 ?2)
HF/6-31G*//HF/6-31G*  -1492.794493 -1492.711387 -1492.786356 -1492.776312  -1492.807619
ZPE 0.219496 0.216355 0.219237 0.219572 0.219686
E, ot /kCal.mol™ 8.13 58.48 13.09 19.58 0.0
Ter 1.494 1.429 1.495 1.497 1.492
1513 1.490 1.384 1.485 1.543 1.508
1314 1.498 1.413 1.461 1.517 1.506
1415 1.498 1.415 1.320 1.321 1.319
T1416 1.763 1.750 1.763 1.759 1.479
Y1417 1.748 2.263 2.549

Y1317 1.829 1.817
Os67 121.9 119.7 117.3 117.5 118.2
075 121.9 118.9 117.1 114.5 118.2
011013 118.3 113.5 114.6 115.3 117.2
051314 121.9 128.9 120.6 119.1 112.1
0131415 60.3 114.9 131.5 130.6 126.0
031416 116.2 113.8 116.2 114.7 114.5
031417 121.6 27.3 118.9

051317 108.0 112.5
Pyss7 180.0 163.7 -173.6 174.7 -175.5
Pserg 0.0 7.0 354 -32.3 39.2
Ps750 180.0 169.3 -177.2 169.5 -178.7
Pro111213 180.0 170.1 -175.0 174.8 -177.4
Pr1121314 -111.6 171.7 141.7 -158.2 122.3
P12131415 -106.4 -47.5 27.1 -22.0 55.8
P12131416 147.0 178.9 -146.4 164.8 -124.1
Pr2131417 4.5 69.1 123.7

Pr1121317 -36.0 -111.6

9Relative energy with respect to the most stable conformation from HF/6-31G*//HF/6-31G* calculations.

of the equilibrium structures were obtained using
the optimized geometry of the equilibrium
structures according to procedure of Dewar etal'®
(keyword SADDLE).

CALCULATIONS

Semiempirical calculations were carried out using

AM1 method'* "* with the MOPAC 6.0 program
package'® ', Energy minimum geometries were
located by minimizing energy, with respect to all
geometrical coordinates, and without imposing any
symmetry constraints. The geometry of the
transition states for conformational interconversion

The AMI1 results were used as input for the
abinitio molecular orbital calculations, which were
carried out using the GAUSSIAN 98] program'’.
Geometries for all structures were fully optimized by
means of analytical energy gradients by Berny
optimizer with no geometrical constrain.®” *'. The
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restricted Hartiee-Fock calculation with the split- Shimadzu spectrophotometer equipped with a
valence 6-31 G basis set which include a set of d-type temperature controlled cell holder.

polarization function on all non-hydrogen atoms were In all experiments the temperature was kept
used in these calculation”. Single point energy constant at the desired temperature at 0.1 ° C using
calculations at MP2/6-31G" /HF/6-31G" level were an L-Temprol thermostat.

used to evaluate the electron correlation effect in the
energies and order of stability of conformers.
Vibrational frequencies were calculated at the

Spectra data of 1 and 2.

6-31G" level for all minimum energies and 7,7-1dichloro—[a,c]—dibenzo—[4,l,0]—bicycloheptane
transition states, which were confirmed to have (1) 'H-NMR (CDCl); 6 (ppm), 7.78 — 7.98 (m, 8H,
zero and one imaginary frequency, respectively. Ar), 332. (S, 2H, cyc}opropyl protons).

The frequencies were scaled by a factor of 1 5,6-dichloro-5H-dibenzo-[a,c]-cycloheptene  (2)
0.91%and used to compute the zero-point H-NMR (CDCL); &(ppm), 7.18-7.76 (m, 8H, Ar),
vibrational energies. 6.67 (S, 1H, Vinyl proton), 5.54 (S, 1H, Alyll proton).
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