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Abstract : T h e thermal d e c o m p o s i t i o n o f t r ans -3 -ch lo ro -4 ,4 ,5 - t r ime thy l -2 ,5 -d ipheny l -4 ,5 -d ihyd ro -3 / / -py razo l e 

(1 ) p r o d u c e d l , l , 3 - t r i m e t h y l - 2 - p h e n y l i n d e n e (2 ) in excel lent yield. A kinet ic ana lys i s s h o w e d that the reac t ion 

involved i so lable d iene in te rmedia te ( s ) and y ie lded act ivat ion pa rame te r s for t he rmolys i s o f 1 of: ΔΗ*= 32 .9 

kca l /mole ; A S J = -2 .4 eu; A G : = 3 3 . 9 kca l /mole ; k, ( 1 8 0 °C) ~ 1 . 3 x l 0 " V . 

In troduct ion 

Previous ly as a result of ou r interest in new o x y g e n - a t o m t rans fe r reagen ts , ' w e d e v e l o p e d m e t h o d o l o g y 2 fo r the 

synthes i s o f h ighly subs t i tu ted pyrazo l ines via 3 , 4 - d i h y d r o - 2 / / - p y r a z o l e in te rmedia tes . Subsequen t ly , 

the rmoly t ic decompos i t i on o f h ighly subst i tu ted hyd rope roxy and a c e t o x y / a l k o x y py razo l ine s w a s s h o w n to 

p rov ide synthet ica l ly useful rou tes to β ,γ-unsa tura ted ketones 3" and h ighly subs t i tu ted cyclopropanes,"" ' 

respec t ive ly . Recent ly , we have ach ieved 4 the synthes is o f t r ans -3 -ch lo ro-4 ,4 ,5 - t r ime thy l -3 ,5 -d ipheny l -3W-

pyrazo le via the unexpec ted C-ha logena t i on o f l i thio 3 ,4 ,4 - t r ime thy l -3 ,4 -d ihyd ro -3 ,5 -d ipheny l -2 / / -py razo le by 

tosyl ch lor ide . Limited s tud ies on the the rmolys i s o f ha losubs t i tu ted py razo l ine s h a v e been carr ied out . 5 W e 

repor t here a product and k ine t ics s tudy of the thermal decompos i t i on o f t r ans -3 -ch lo ro -4 ,4 ,5 - t r ime thy l -3 ,5 -

d iphenyl -3W-pyrazo le , I . 

Resul ts and Discuss ions 

T h e thermal decompos i t i on o f t r ans -3 -ch lo ro -4 ,4 ,5 - t r ime thy l -3 ,5 -d ipheny l -3W-pyrazo le , l , e i ther neat or in 1,3-

d i b r o m o b e n z e n e w a s carr ied out f r o m 150 °C to 2 0 0 °C. Evolut ion o f ga s (N 2 ) w a s o b s e r v e d . Upon c o m p l e t e 

d e c o m p o s i t i o n , no c y c l o p r o p a n e p roduc t s were obse rvab le ; instead, the f inal p r o d u c t was de te rmined to be 

l , l , 3 - t r i m e t h y l - 2 - p h e n y l i n d e n e (2) , isolated in 9 6 % yield (rxn 1). C o m p o u n d 2 w a s ident i f ied by compar i son o f 

phys ica l and spec t roscop ic da ta with publ i shed resul ts .6 

Δ /-HCl 

- n 2 

( 1 ) 

Analys i s o f react ion mix tu res at 150 °C and for those with partial d e c o m p o s i t i o n o f 1 at h igher 

t empera tu re s revea led that 2 w a s not the initial p roduc t . Format ion o f o le f in ic mate r ia l w a s noted which s lowly 

conve r t ed to the s table f inal p roduc t (2). The initial in termedia te m a j o r p roduc t w a s isola ted in 5 1 % yield and 

ident i f ied 7 as 2 , 3 - d i p h e n y l - 4 - m e t h y l - l , 3 - p e n t a d i e n e 3 (rxn 2) . React ion mix tu re s con ta in ing 3 or isolated 

s a m p l e s o f 3 t reated with HCl gas s lowly rear ranged upon p ro longed hea t ing to indene 2. 
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Δ/-Ν2 

Ph 

+ HCl (2) 
k, Ph 

3 (major product) 

The thermolysis of chloropyrazoline I in 1,3-dibromobenzene (monitored by 'H N M R spectroscopy) 

was carried out at constant temperature (oil bath ± 1 °C from 150 °C to 180 °C). Evolution of (N2) gas and 

discoloration of the solution were observed. The rate of disappearance of signals for the starting material was 

found to be identical to the rate of appearance of product signals. The disappearance of 1 was found to be of the 

first order. Values o f k , ranged from 7.3 ± 0.8 χ 1 0 V at 150 °C to 1.3 ± 0.1 χ 1 0 ' V at 180 °C. After complete 

destruction of I, the diene intermediate was observed to undergo a slow conversion (days) to indene 2 under the 

reaction conditions. A thermolysis reaction carried out in the presence of excess added quinoline (base) yielded 

k| values essentially unchanged from those in which the HCl was not neutralized.8 The activation parameters for 

thermolysis of I were determined by the Arrhenius method. The results were ΔΗ*= 32.9 ± 1.0 kcal/mole; AS*= -

2.4 eu: AG := 33.9 kcal/mol and k| (150 °C) = 7 . 3 x 1 0 ' V . The results are very similar to those for 5-acetoxy and 

5-methoxy pentasubstituted pyrazolines.'1b The results are summarized in Table-1. 

Tablc-1 : Summary of first order rate constants for the thermal decomposition of pyrazoline 1 in 1,3-
dibromobenzene at various temperatures. 

Temp ± 1 °C k, s'1 χ 10 t 5 kicl 

150 7.3 ± 0.8 1.0 

150" 7.9 ± 0.4" -

155 19 ± 2 2.6 

160 21.2 ± 0.7 2.9 

165 32 ± 1 4.4 

170 50 ± 3 6.8 

180 130 ± 6 17.8 

a) in presence of excess added quinoline 

Although no direct evidence for cyclopropane formation was obtained, the results can be interpreted 

assuming the initial formation of thermally unstable chlorocyclopropane intermediate via normal pyrazoline 

bond scission processes. Subsequent ionic cleavage of the chlorocyclopropane bond followed by electrocyclic 

ring opening would yield diene 3 (Scheme-1). A straightforward acid catalyzed process can be envisioned from 

the diene to the final product, indene 2. Reprotonization of the diene would regenerate the allylic cation which 

could undergo a straightforward slow intramolecular cyclization (Scheme-2) to yield the acid stable indene. 
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Θ 
electrocyclic 

3 (maior) 
Scheme-1: Postulated mechanism for formation of isolable diene intennediate(s) via an unstable 
chlorocyclopropane intermediate. 

II /time 

Scheme-2: Suggested mechanism for the acid-catalyzed conversion of diene 3 to indene 2. 

In conclusion, mechanistically the results are indicative of normal pyrazoline bond scission (loss of N2) 

to a diradical, closure of which presumably would yield a thermally labile chlorocyclopropane. The high thermal 

stability of this type of pyrazoline seems to preclude the isolation of chlorocyclopropanes under thermolytic 

conditions. Therefore, photolytic processes need to be explored. 

Experimental 

The synthesis of 1 with an X-ray structure has been previously reported.4 

P r o d u c t Studies : After complete decomposition of 25 mg of 1 at 150 °C, 'H N M R analysis showed the 

products to be 68% diene 3, 20% indene 2 and several minor olefinic compounds (not isolated, appeared to be 

isomeric dienes). From thermolysis of a 100 mg sample of I, diene 3 was isolated in 5 1 % yield via 

chromatotron (petroleum ether as eluant). Diene 3 (oil) was identified by MS and N M R data: 'H N M R (CDCI3); 

1.82 ( s , 3 H ) , 1.84 (s, 3H), 5.15 (d, J = l . 5 Hz, 1H),5 .68 (d , J=1 .5 Hz, IH), 7.20-7.60 (m, Ι0Η). 7 

Indene 2 was the only observable product after complete decomposition of 100 m g of ί at high 

temperatures (200 °C) neat or in solution or by prolonged heating at lower temperatures. The indene (oil) was 

isolated in 9 6 % yield (chromatotron). Indene 2 was identified by MS and NMR data: 'H N M R (CDCI3) ; 1.29 (s, 

6H), 1.95 (s, 6H), 7.22-7.55 (m, 9H) and " C N M R (CDCI3): 11.04, 24.35, 50.95, 119.13, 121.10, 125.09, 

126.48, 126.91, 128.11, 129.45, 132.48, 137.05, 143.99, 151.84, 153.09.6 

Kinetic Studies : A 25 mg sample of 1 was placed in a 5 mm N M R sample tube, followed by an equal molar 

amount of 2-bromoanisole (internal standard) and 0.500 mL of 1,3-dibromobenzene (Aldrich) as solvent. The 
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sample tube was capped and sealed with parafilm®. After obtaining an initial NMR spectrum, the sample was 

placed in a constant temperature silicone oil bath (± 1 °C). The sample was removed from the oil bath at varying 

intervals depending on the experimental temperature, and was immediately cooled by placing it in a water/ice 

bath. The progress of the reaction was monitored by 'H NMR integration of the upfleld-most signal (Me group) 

for I vs that for the internal standard. The sample was returned to the oil bath to continue the decomposition. 

Time was taken as the total spent in the oil bath for each point. 
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