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Abstract.- Plash vacuum pyrolysis of die- and tris~(pyrszol-1-
yl) wethane was carried out. Alpha, gamma and radical
eliminations were coneidered. The products aectually formed
correspond to a redicsl reaction. In the case of bis-(pyrazol-
1-yl)methane, working at higher tesperatures, pyrimidine wvae
obtained., Thie compound 1s formed by rearrangement of a P:CRZ'
radical.

Introduction.-During previous sptudies on the PVP of pyrazoles, we (J.D.P, & G.I.Y.)
found that N-sustituents have larger influence than C-substituents om the reaction
course. Thus, in the case of NH-pyrazoles, nitrogen extcusion and formation of
hydcocarbons wvere observed (1). Changing the H- by CqHeg-leads to pyrazole {isomers,
inidazole and nitrile, depending on ring substitution (2). Pinally, when the N-
subastituent is an alkyl group with o and P hydrogens, the reaction products are
pyrazole and alkenes, formed by a concerted elimination (3). To scheme 1 are
sumanr{zed the different possibilities described above.
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Scheme 1

Searching for new reactions in the pyrazole series, trimn-(pyrazol-l-yl)methane
la and bis(pyrazol-l1-yl)methane lb vere selected. Taking into account the results
of Scheme 1| and other literature reports (4,5) on FVP of pyrazoles different
behaviors are possible for la and 1b : x-elimination of a pyrazole molecule to forn
a carbene; Y -elimination involving an aromatic C-H bond, and homolytic cleavage to
form different radicals.

Results and discussion,.-Reactions of la and 1b were carried out in a FVP systeam
previously described (6) at 450-500°C for la and 600-750°C for 1b. The reaction
products were trapped at liquid air temperature and then submitted to the usual
analytical techniques (GLC, lg NMR, MS). In both cases préssures vwvecre about
10'2 an, giving contact times between 10'1 and 10’2 sec.

Pyrolysis of tris(pyrazol-l-yl)methane (la). Starting material (ls), 1H-pyrazole
(2) as well as bis(pyrazol-l-yl)methane (1b) were found in all reactions. The
presence of these compounds was checked by comparison with authentic samples by TLC
and GLC. Besides the MS of the reaction crudes shoved oth~r signals, one of these
peaks, n/g=134, was assigned to a bipyrazolyl derivative (3) (Table 1).

Pyrolysis of bis(pyrazol-l-yl)msethane (1lb). In this case (Table 2), besides
starting mnatervial (1b), pyrazole (2), tris(pyrazol-l-yl)methane (la) and 1-
methylpyrazole (4) wvere identified by mass spectrometry. The NMR analysis of the
reaction crude does not show the pyrazole signals, since this pyrolysis was carried
out at temperatures high enough to decompose 2 fnto nitrogen and propyne (1). At
higher temperatures (750-850°C) pyrimidine (3) was formed and 1identified (M3 and
NMR) by comparison with an authentic sample,

The relative percentages of Tables 1 and 2 were determined by GLC, using
authentic samples of la, 1b, 2 and & as standards. This prevented the quantitative
determination of the relative amount of compound 3,
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Table 1 Table 2
MS of PVP of compound la M8 of PVP of compound 1bd
n/z Compound b 4 a/z Compound b 4
68 (M) 2 11.8 68 (M) 2 25.2
134 (M) 3 n.d, 82 (M) 4 10,0
148 (M) 1d } 21.1 134 (M) 3 n.d.
149 (M+1) 1b 148 (M) 1b } 34.0
214 (M) la 67.1 149 (Me1) 1b
214 (M) la 30.8
80 (M)® b]

8 pormed at ~ 800°C

In order to obtain additional information, ttla-(pyrnzol-l-yl)nethene-dl(lu d)
and bis —(pyrazol-l-yl)nethano-dz (1b d,) vere synthesized and their PVP reactions
vere studied. In the reactions of la d only pyrazole (2) (m/z=68) was detected and
no pyrazole-d; (2d) (m/z=69); besides only monodeuterated bis(pyrazel-l1-yl)methane
(1b d) vas detected (a/z=149). On the other hand, in reactions of 1b d, both 2 and

2d and 4 d; (w/z=85) were found.

All these experiments are only consistent with a radical amechanisa. In
addition, it 1is necessary to assume that the hydrogen abstraction by radical 7
involves an heterocyclic C-B bond and not the central wmethine hydrogen, 1in
reactions of la, and both possibilities in reactions of 1b. An additional evidence
for the radical mechanism was obtained when the pyrolysis of 1b was carried out
using toluene as carriecr. Pragments m/z 91 and 182 were found in the MS, a strong
evidence of the presence of bibenzyl. Scheme 2 summarizes the origin of the
different products formed in the PVP experiments,.

The 1,1'-bipyrazolyl structure (3) is only tentatively assigned. As this
compound 1s unknowvn and by no means easy to synthesize (7), alternative structures,
N,C= or C,C— bonded, cannot be excluded. The presence of 2 d could be evidence
for the a-elimination (scheme 3). Pyrimidine (5) formation may he explained by this
pathwvay, since in all probability carbene 9 vill insert into the N-N bond and not
into the C-N bond (formation of pyridazine 10); finsertion of nitrenes into the
pyrazolic N-N bond {s well documented (8). However, since Wentrup et al. (5) have
found a pyrimidine in a reaction where a carbene (similar to 9 but with 3,5~
dimethyl substituents on the pyrazole ring) 1s highly {improbable, we prefer to
consider that 5 is formed by rearrangement of 8, but the d-elimination cammot be
ctejected since 2 d was formed in the reactions of 1b gz.

Conceraing the reason why the hydrogen abetractton involves an aromatic C-H
instead of -the C(ap3)-R bond in 1a and in certain extent in 1b, soms coneiderations
could be of interest. The radical 6 is not stebilized by conjugation; the C-N dond
prevents the typical delocalization of polyarylmethane radicals, and the C-H proton
is vell protected dby the three rings (in la) against an attack by radticals 6 end 7.
The pyrolysis of triphanylmethane (9, 10) has been reported; the suthors found
benzene and diphenylmethane, indicating that the C~C bond is broken as well as the



6432 J. D. PtREZ et al.

C-H bond, perhaps due to the bulky substituents. In the reactions of 1b d,, the
presence of 2, 2 4 and & d3 could be evidence of hydrogen abestraction by the
central carbon froa radicals 7 and 8, In the case of 7, the hydrogen abstraction
only takes place froa the heterocyclic rings.

Scheme 2

The results depicted in Scheme 2 correspond to e different bdehaviour for
compounds la and 1b. In the case of tris(pyrazol-l-yl)methane only the C-N bond
cleavage was necessary to explain the products formed. On the other hand, the
products obtained in the FVP of 1b, correspond to cleavages of both the C-N
(formation of 6 and 7 ) and the C-H bonds (formation of H and 8).

Since the radical 7 43 a ¢ and not a N rcadical (11, 12) the lower C-N
dissociation energy in la can be attributed to a higher steric hindrance which is
relieved vhen the C-N cleavage occurs.
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Scheme 3

EXPERIMENTAL

lg o spectra were recordedy in C1,C ueing a Varian T-60 NMR Spectrometer
(8§ values). Mass spectrs were recorded on a Pinnigan 3300 equiped with a 1500 Incos
data systea. Silica gel was used for TLC and column chromatography. Analytical GLC
conditions vere: column, 1.3 = SEg, 4% chromosorb B; linear temperature program-
ming: 2°/min betveen 90 and 150°C; nitrogen flow rate: 0.7 ml/sec.

Tris(pyrazol-l-yl)methane la and bis(pyrazol-l-yl)methane 1lb were synthesized
as previously described (13, 14).

Tris(pyrazol-1-yl)aethane-d (la d) and bis(pyrazol-1-yl)methaned-d, (1b
d;)were prepsred according to the litersture (13, 14) changing CHCl3 to CDCly and
CHC1; to CDCl,; purification vas achieved by column chromatography. These compounds
wvere identified by their lg NMR and MS (m/z 215 and 150 N*).
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