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Abstract-The decomrxxition mechanism of the title comwunds 8c and 81 is discussed. Dibenzylic 1,3-biradicals are 
suggested as intermediates. 

l-pyrazolines undergo thermal and photochemical decom- 
position presumably via the intermediacy of biradicals, 
whose detailed structure is still a matter of discussion. If 
both C-N-bonds in 1 are broken simultaneously (B), we 
obtain a nitrogen free intermediate, whereas the cleavage 
of only one bond would lead to products via the formation 
of diazenyl biradicals (A). 

of the activation enthalpy is in the order of 6-7 kcal/ 
mole! Earlier workers reported trons-3,5-diphenyl-l- 
pyrazoline (81) to be the only product from the I ,3-dipolar 
cycloaddition of phenyldiazomethane to styrene.’ Since 
there is no plausible reason for the formation of only one 
isomer in this reaction and cis - 3,5 - diphenyl - I - 
pyrazoline (8c) is essential for the study of the 
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Kinetic data have been extensively used to distinguish 
between possible mechanisms. The influence of alkyl 
substituents in the 3- and S-positions of 1 on the activation 
enthalpy of decomposition is very small, thus reducing the 
value of kinetic information in these systems. From 
stereochemical studies it is very likely that they decom- 
pose via pathway A. Kinetic data have been useful with 
vinyl substituted I-pyrazolines where the contribution 
towards the lowering of the activation enthalpy by the 
vinyl group amounts to 8-10 kcal/mole. This is close to the 
accepted delocalisation energy (rotational barrier) of an 
allylic radical. 

The decomposition reactionsI of the cis- and trans - 
3,5 - divinyl - 1 - pyrazolines (2c and 21) are the first 
examples for a concerted cleavage of both C-N-bonds, 
involving a highly stabilised diallylic biradical (3) with 
high rotational barrier and considerable life time.t 

One would expect, that systems capable of producing 
dibenzylic I ,3-biradicals would behave similarly, since 
the contribution by a phenyl group towards the lowering 

t2c and 2t produce only 5 and 6 in equal amounts, suggesting a 
common intermediate. No 4 and 7 is observed, whose formation 
would require rotations in 3 causing the loss of resonance energy 
of 12-14 kcal/mole and allylic bond.’ 

stereochemistry of the decomposition reactions, we 
decided to examine the system in detail. 

As expected, the 1,3dipolar cycloaddition (for modified 
conditions, see Experimental) produces a 60: 40 mixture 
of 8t:8c in practically quantitative yield. 

PhCH=CH2 l PhCHN2 - 
g$+ + ;*; 

81 tk 

Compounds 8c and 81 can be separated by fractional 
crystallisation, followed by column chromatography. The 
extreme difference in solubility between 8c and 81 and the 
thermolability of 8c probably prevented its earlier 
detection. Both 8c and 81 are air sensitive and are readily 
tautomerised to the 2-pyrazoline by traces of acid or base. 
All handling and purifications were carried out at room 
temp. under Nz. All solvents used were carefully 
degas&. 

The NMR of 81 consists of two triplets at S = 2.13 (2HJ 
and 5.83 (2HJ with the aromatic protons at 7.28 ppm. In 
the NMR of 8c the non equivalence of H. and H, causes 
the splitting with two sets of protons centered at 6 = 2.07 
(Hc.,J and 5.28 (H,,), the aromatic protons being at 
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7.49 ppm. The coupling constants J,, = IO.9 Hz and 
Ja.d = 8 Hz in the NMR of 8c suggest a puckering of the 
pyrazoline ring of ca 30” out of plane in agreement with 
models indicating this as conformation of choice to 
accommodate the phenyl groups. Compound 81 is almost 
planar (J,,c = 7.8 Hz), the ring puckering being less than IS”, 
also in agreement with model considerations. 

The only thermal and photochemical decomposition 
products of 8c and 8t are cis- and frans-I ,2- 
diphenylcyclopropanes (SC and 91) the proportions being 
listed in Table 1. 

These proportions are somewhat dependent on the 
temperature between 45” and 150” (Table 2). At 45”. 8t 

Table I. Decomposition products of 8c and 81 

Yield (%) 
Thermal 40-80°C” Photochemical 

9c 91 9c 91 

8c 45 55 51.5 48.5 
81 II 89 14.5 85.5 

“data are temperature dependent, see 
Table 2. 

Table 2. Temperature dependence in 
the thermolysis of 8c and 81 

Yield (%) 
8c 81 

T(‘C) 9c 91 9e 9t 

45 44 56 8 92 
60 45 55 9.5 90.5 
80 45.5 54.5 IO 90 

100 46.5 53.S I I 89 
120 47.5 52.5 II.5 88.5 
150 47.5 52.5 12.5 87.5 

tThe data are prelimmary, a detailed study of a series of 
I-pyrdzolines is in progress. 

ffn reference to I (AH$ = 41 kcallmole). 

produces 8% 9e and 92% 91, the ratio changing gradually 
to 13% !k and 87% 91 at 150“. A smaller effect is observed 
in 8c, the amount of !k increasing from 44% at 45” to 47% 
at 150” while the amount of 91 decreases proportionately. 
In all cases, especially the slower runs, it was carefully 
checked that all 8c and 81 was completely decomposed 
prior to analysis. Interconversion of 9e and 9t is negligible 
under the conditions used. If it did occur, more of the 
thermodynamically more stable !Jt would be produced at 
higher temperatures. This is in contrast to the observa- 
tions. 

The value originally reported for the activation energy 
in the decomposition of 81 was I I.6 kcal/mole. It has been 
corrected6 to 27.5 kcal/mole, and is identical with our 
check experiments. The activation parameterst of 8c 
(AH* = 25.0 rf: I kcal/mole; ASt = Ok 3 cal . Km’ mole ‘) 
show that it decomposes much faster than the trans- 
compound. From the kinetic data it seems that both 
phenyl substituents are contributing4 (up to 8 k&/mole 
per phenyl group) towards the decrease of activation 
enthalpy, suggesting the formation of stabilised dibenzylic 
l,3-biradicals via simultaneous cleavage of both C-N- 
bonds. 

The product proportions observed are quite different 
from those for 3.5 - dialkyl - I - pyrazolines? which yield 
different proportions in the photochemical and thermal 
reactions. The observed inversion in the thermal process 
could be attributed to a “two-step” mechanism. If we 
apply this scheme in the decomposition of 8c and 81, then 
we would expect 8c to produce mainly 9t and 8t would 
yield larger amounts of 9c (Scheme I). 

This is definitely not the case and all earlier claims of a 
stereospecific decomposition of 81 are unjustified.’ 

The product proportions together with the kinetic 
information are in agreement with Scheme 2. The 
decomposition of 8c and 8t produces primarily the two 
isomeric biradicals by simultaneous cleavage of both C- 
N-bonds. The product proportions are a result of the 
competition between ring closure (k and E) and the 
rotational isomerism (k, and k_,) of the intermediate 
biradicals. A simple steady state treatment of the product 
data (neglecting back rotations of ltk and lot) reveals that 
k/k, (responsible for the formation of 91) is roughly 5 
times larger than k-,/k: (which is leading to SC). The 
observed temperature dependence (producing more ther- 
modynamically less stable !k at higher temperatures) 
suggests, that at higher temperatures the rotational 
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isomerism is competing favorably with the ring closure 
reaction. 

Photochemical decompositions. 1% solns of 8c and 81 dissolved 
in 3-methylbutane were irradiated, after degassing at -5”. with a 
Hanau TQ 150 high pressure mercury lamp (Pyrex filter) in a 
Normag photochemical reactor. The decomposition was moni- 
tored by UV. Irradiations were also carried out directly at -50’ in 
CDCI, in NMR tubes with a lens-dewar assembly (Phillips HPK 
125 lamp and Schott UGI filter) or in the cavity of the NMR 
spectrometer. All samples were analysed by NMR and checked by 
VPC. 

The same type of intermediate is probably involved in 
the interconversion of 9c and 9t above 200”. This reaction, 
starting from both !k and 9t yields an identical ther- 
modynamic equilibrium mixture (K = 10). 3,5-Divinyl- and 
diphenyl-1-pyrazolines therefore decompose via simul- 
taneous cleavage of both C-N bonds, yielding highly 
stabihsed diallylic and dibenzyfic IS-biradicak as inter- 
mediates. 

EXPERIMENTAL 

Temperature dependence studies. 5 mg samples of 8c and 81 were 
sealed under vacuum in Pyrex tubes and thermolised at temps 
between 45” and 150” (cf Table 2). All decompositions were 
monitored carefully and extended to more than 10 half lifes. This 
is especially important in the low temp runs, since partial 
decomposition will cause incorrect results because the samples 
are then decomposed in the hot injection port of the VPC. 

Kinetic measurements. The decomposition reactions were 
followed manome~ic~ly in an apparatus already described’* by 
measuring the evolved N,. The reaction cell was immersed in a 
thermostated bath and all reactions were monitorc\l IO more than 
10 half lifes to determine infinite vnlume>. 

M.ps are uncorrected. NMR spectra were taken on Varian EM 
360, A6OA and Bruker XF 90; IR spectra in CCL on Perkin Elmer 
457 and 221; UV spectra on a Zeiss DMR 10; Mass spectra on a 
Varian MAT 711. Elementary analysis were carried out in the 
Microanalytical Labordtory of the University of Stuttgart. VPC 
analysis: Varian 1200 on 6’ x l/8” SE 30 column on Chromosorb 
W-AW-DMCS at 140“. 
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Forschungsgemeinschaft”. 

LITERATURE 

cis- and trans - 3.5 - ~phenyi - 1 - pyrazolines (& and 8t). 
Phenyldiazomethane was prepared by the usual procedure via 
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cis - I,2 - Diphenylcyclopropane (9~) and trans - I,2 - 
djphe~ylcyc~aprop~e (St). Reaction products from the ther- 
molysis and photolysis of & and 8t were identical with authentic 
samples.9 

Thermal decompositions. 2-5 mg portions of & and 81 were 
dissolved in benzene and sealed, after degassing under vacuum, in 
pyrex tubes. The tubes were thermoiised in a thermostated silicon 
oil bath and analysed by VPC. The complete decomposition was 
monitored by UV and NMR in parallel samples. All reactions were 
carried out with neat samples. 


