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yield. mp = 98-99 (Lit. mp = 98-100, Lit. yield 22, 63% (Kennedy et al., 1991)). "H NMR (300
MHZ, CDCls): & -0.32 (s,3H), 1.28 (s, 3H), 1.73 (s, 3H), 3.38 (s, 3H), 7.25-7.49 (m, 10H). Lit.

'H NMR (CDCls): -0.35 (s, 3H), 1.25 (s, 3H), 1.75 (s, 3H), 3.45 (s, 3H), 7.3 - 7.8 (m, 10H).

Ph Ph Ph Ph
150°C

-

Cl N=—N Pure Ethanol, 12h' EtO N=—N
3b 3d
Synthesis of 3-ethoxy-4, 4,5-trimethyl-3, 5-diphenyl-4,5-dihydro-3H-pyrazole (3d)

The following thermal decomposition procedure is representative to the synthesis of
compound 3d in higher yield. In a dried and argon flushed high pressure test tube, compound 3b
(100 mg, 0.335mmole), dried and distilled methanol (15ml) was added and the solution was
bubbled with argon gas. The tube was then sealed and placed in preheated oil bath at 130 + 2 °C
for 12 h. Removal of the solvent by reduced pressure resulted in a mixture of crude solid and
viscous liquid. Further purification of the crude product by the chromatotron, using hexane as a
mobile phase, resulted in a pure solid product 3d (70 mg, 0.23mmole) in 68 % yield. mp = 74-76
°C. '"H NMR (300 MHZ, CDCl): & -0.33 (s, 3H), 1.08-1.13 (t, 3H), 1.3 (s, 3H), 1.75 (s, 3H), 3.6-

3.7 (m, 2H), 7.25-7.49 (m, 10H). MS: M"/e = 309 (base), 310 (M" + 1), 311(M+2).
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Ph
P A Ph Ph P
——-——-—-—-———-—-» _I_
Dry Methanol
N—N MeO Ph

5h 5S¢

Thermal decomposition of 3b in dry methanol at 150°C.

In a dried high pressure tube, 3b (100mg, 0.335mmole) and distilled methanol (10 ml)
were mixed and an argon gas was bubbled into the solution. The tube was then placed in a
silicon oil bath at 150°C for 2 days. The solvent was then removed under reduced pressure giving
a crude products of cis/trans-1-methoxy-2,3-trimethyl-1,3-diphenyl-cyclopropane (Sb-c¢). Further
purification of the crude product with chromatotron ( using a 95:5 (pet-ether: ethyl acetate)
mobile phase) resulted in isomeric products, Sb and Se, that could not separate on a silica gel.
Pure compounds of Sb-¢ (90 mg, 0.34 mmole) were isolated in 97 % yield with a product ratio of
4:1 respectively based on 'H NMR integration. "H NMR of 5b (300 MHZ, CDCl3): 6 0.90 (s,
3H), 1.40 (s, 3H), 1.5 (s, 3H), 3.25 (s, 3H),7.1-7.5 (m, 10H). Lit. (Kennedy et al,, 1991) '"H NMR
(CDCl,): 1.01 (s, 3H), 1.42 (s, 3H), 1.54 (s, 3H), 3.23 (s, 3H), 7.15-7.35 (m, 10H); MS: 266
(M+), 251, 219, 204, 135, 105 (base), 91, 77,73. 5¢: 5 1.05 (s, 3H), 1.20 (s, 3H), 1.27 (s, 3H), 3.0

(s, 3H), 7.1-7.5 (m, 10H). MS: 266 (M+), 251, 219, 204, 135, 105 (base), 91, 77,73.
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Applied procedure for the thermal decomposition of 3b-c.

The kinetic experiment was performed using the procedure (Vasquez et al, 2000). A
25mg samples of pure compounds of the 3-halogenated-4,5-dihydro-3H-pyrazoles (either 3b or
3c) was weighed into 5mm NMR tubes followed by the addition of equal moles of 2-
bromoanisole (internal standard) and 0.5 ml of 1,3-dibromobenzene (b.p=218-219°C) or 1,2-
dichlorobenzene (n.d.=1.55). The NMR tube was cupped and sealed immediately. Then it was
heated at a constant temperature in a silicon oil bath (T £+ 1.0). A regular watch was used for
timing. Timing was handled very carefully (the initial and ending time was recorded correctly).
Thermolysis measurement at 150°C and 160°C was repeated to check the reproducibility of the
method as well as the accuracy of the measurements.

Immediately after the tubes were removed from the hot silicon oil bath, it was placed in
an ice bath to protect any further decomposition. The progress of the reaction was observed by
monitoring the disappearance (‘"H NMR electronic integration) of the most upfield methyl group
signal of the 3H-pyrazole derivatives vs. that of the methoxy group of the 2-bromoanisole
(internal standard). The discoloration of products was also observed. We found it very important
to keep the NMR sample in the fridge before and after NMR analysis to protect pre or post

decomposition by light or heat.
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Neat solid thermal decomposition of trans-3-chloro-4,4,5-trimethyl-3,5-diphenyl-3,4-
dihydro-3H-pyrazole (3b) .

A neat solid of 3b (80 mg, 0.27mmoles) was allowed to stand in a sealed high-pressure
tube at 150 °C for 22 h. After removal of the tube from a hot silicon oil bath, it was cooled in an
ice bath. A purification by a chromatotron (petroleum ether was used as a mobile phase) resulted
in a clear oil product which was identified as 2,3-diphenyl-4-methyl-1,3-pentadiene (8) (32 mg,
0.137mmoles) in 51% yield (This yield includes a non-separated isomeric products of 8). The
structure of the major product was proven based on comparing mass, IR and "H NMR data with
that of the literature (Padwa et al., 1983). IR (neat) 3100, 2900, 1600, 1440, 900cm™. ' H NMR
(300 MHz, Chloroform-d): ¢ 1.82 (s,3H), 1.84 (s,3H) 5.15(d,1H, J= 1.5Hz), 5.16(d,1H,
J=1.5Hz), 6.93-7.44 (m, 10H) ; MS, m/e 234 (M", base), 219,115,77.

In another experiment a neat solid of 3b (100 mg, 0.000335 mole) was heated in a hot
silicon oil bath at 200 °C for about three days. Then, excess HC1 gas was bubbled in the tube and
the heating was continued for a day. The thermally decomposed crude product was purified by
chromatotron using a 100 % hexane mobile phase. A pure product of 1,1,3-trimethyl-2-
phenylindene (9) was obtained in 96 % yield (97 mg, 0.4mmoles ) whose structure was later
verified by both 'H and '*C NMR and compared with the literature (Anke et al., 1985). 'H NMR
(300 MHz, Chloroform-d) o 1.25 (s,6H), 2.1 (s,3H), 8.1(m, 5H) ; °C NMR (CDCl): & , -0.02,
11.02, 24.3, 50.93, 119, 121.1, 125.1, 126.5, 126.9, 128.1, 129.4, 132.4, 137, 144, 151.8, 153,
MS, m/e 234 (M), 219 (base),204,178,141,101.

Thermal decomposition of trans-3-chloro-4,4,5-Trimethyl-3,5-Diphenyl-3,4-dihydro-3H-
pyrazole (3b) in 1,3-dibromobenzene solvent with or without the presence of a base.

In 5 mm NMR tube 25 mg of 3b, 0.5 ml of 1,3-dibromobenzene and excess (three drops

(~0.015 ml)) of quinoline was added together. In another tube, the same solution mixture as



67

above but with out the addition of quinoline was prepared. Both tubes were then capped and
sealed and placed in a hot silicone oil bath (150°C). The decomposition process was then
monitored by "H NMR spectrum by stopping the decomposition process at a randomly chosen
time frame. As some point in the thermal decomposition process it was observed by the 1H
NMR that there were a signal that indicated the formation of an intermediate product 8 and its
isomers as a minor product. However, as the decomposition continues for a longer time in the
same silicon oil bath, the tube that contained no quinoline showed signals on the 'H NMR
spectra, which is representative of the formation of (9). On the other hand, the tube which excess
quinoline was added remain to show a signal for 8 and not for 9 no matter how longer it was

heated at 150°C.
Formulas used to calculate rate constant values and activation parameters

The study of kinetics does not only deal with the rate and activation parameter
calculations. It also provides information, which is needed to arrive to a plausible mechanism of
a reaction. The type of reaction dealt in this kinetics experiment is unimolecular reaction.
Therefore, the rate of the reaction is considered to be first order and was verified by a straight-
line fit of the In (k) vs. 1/T plot. The change in enthalpy (AH%) was calculated from the slope
values of the In (k/T) vs. 1/T plot (Eyring plot) multiplied by a gas constant value (R = 1.9872cal
Mole'lK'l). The AH* value (almost same as E, under same solvent condition and constant
pressure) was used in the calculation of AG* and AS* parameters. The free energy of activation,
AG! values were calculated from the formula of AG* = AH* + TAS* at 150°C. The entropy of
activation (AS*) was calculated using the equation: AS* = 4.576 [log ki-10.753-log T + (AH*/

4.576T)]. Errors of the rate constants as well as enthalpy of activation (AHi) was calculated from
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PSI plot at a 95% confidence limit. Error on the entropy of activation was calculated by taking a

5% of error on the activation energy.
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