
W No 
Bntatn 

m 01 MS- Am RIS-(PruzOL-l-YL)HRTHARE. A UADICAL RuncTIo11 

Jotto b. ?krs*, Cforir I. Iran80 and NmtSm8 A. tmrrarla 
Inrtituto de fnverti~rclonea en tiricoqufmica da C6rdoba (INtIQC) 

?ecul tad da Cianciae Quimices, Dapertamanto de Quimice Orginica 
Unirarridad Ircional do C6rdoba, Sue. 16, 

Ca~illa de1 Cotreo, 16, SO16 Cbrdoba, Argentina 

Rama Il.. Clmr~murt* and Comcepcl6o Lbpoi 
Departrmcnto de Quf~iea Orglnica, tacultad de Cisnciar, ORSO 

28040 Mdrid, Spain 

rnd 

Inrtituto de Qufrica 
Jod tlgmoto 
n&die 1, csrc, 28006 Nmdrid, Spain 

( Rerriwd m L:K 5 ~ugwr 1988) 

Abmtrmct.- Flash vacuum pyrolfrir of bir- and tri#-(pyrarol-l- 
71) methane f@@ carried out. Alpha, #amm8 and radical 
l li8ilWtiOlb# v*re coneidared. The producta actually formad 
correrpond to m radical reaction. In the cmae of bir-(pyratol- 
l-fl)methenr, working at higher tsmperrtorrm, pyrimidine warn 
obtained. 
tadlC81. 

thim compound lr formed by reartaqement of l PtCR2’ 

Isttodrctioo.-During previous studims on the PVP of ppratolss, WC (J.D.P. 6 G.K.Y.) 

found that t-•urtltuents have lmrgct influence than s-eubstltuenta oa. tha reaction 

courmt . Thus, in the cam of NSI-pyretotes, nitrogan extrusion and forration of 

hydrocarbons were obatrocd (1). Changing the H- by QHj-leads to pyrrtole imometa, 

inidatolc and nittile, dependiqq on ring substitution (2). Finally, vhen the E- 

substitusnt ir rn alkyl group with a and p hydrogena, the reactton products are 

pyratols and 8Ikenea, formed by I concerted elimination (3). To l chemm 1 ate 

suwatited the different possibilities dsocribed above. 
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Searching for new reactions in the pyrazole eerier, trin-(pyrazol-1-gl)methane 

lm and bis(pyrazol-l-yl)osth~ne lb veto selected. Taking into account the results 

of Scheme 1 and other literrture reports (6,5) on FVP of pyrazolcs different 

behaviors are possible for 1m and lb : a-elimination of 0 pyrarole molecule to form 

a carbons; r-elioinat ion involving an aroma tic C-H bond, and homolytic cleavage to 

fern different radicals. 

Remltm mad di~cu~~ioo.-Reaction8 of la and lb vere carrted out in a PVP systes 

previously described (6) at 450-500.C for Ir and 600-75O.C for lb. The reaction 

products were trapped at liquid air temperature and then subolttsd to the usual 

analytical techniquea (GLC, III N?IR, MS). In both ca8ee pr&ssutes were about 

10’2 a, giving contact timer betveen 10-l and lo-* set + 

~olymlm of ttl~(pft~rol-1-yl)rstbrar (la). Starting material (Im), IH-pprrrole 

(2) a8 veil a8 bis(pyratol-1-yl)nethana (lb) vere found in sit react ions. The 

presence of these compounds vaa checked by comparison with authentic samples by TLC 

and GLC. Besides the MS of the reaction crudes shoved other signals, one of these 

peaka, a/t-134, ua8 assigned to a bipyrazolyl derivative (3) (Table 1). 

Pyrolymis of bi~(~~~ol-1-yl)rath~ne (lb). In this came (Table 21, besides 

starting natttlal (lb), pyrazole (21, ttfs(pyrarol-1-yllmethane (18) end I- 

methylpyratole (4) vere identified by ma18 spactroaetry. The WR analysis of the 

remctioa crude doss not show the pyrazols #ignals, since this pytolymis vue carried 

out at temperatures high enough to decompose 2 into nitrogen and ptopyne (1). At 

higher temperatures (750-950*C) pyriaidins (5) vaa formed and identified (HS and 

HnR) by coapariron with rn authentic aaapla, 

The relative pmccsntages of Table8 1 and 2 were daterained by CLC, using 

authentic 

determina t 
saapler of 18, lb, 2 and b aa standards. 

ion of t he relative amount of compound 3. 

This prevented the quantitative 
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Table 1 

ns of ?VP of carpalr?d lr 

Table 2 

MS of IVP of compound lb 

m/t Compound f 
----------- __________ ____ 

68 (HI 2 11.6 

136 (n) 3 n.d. 

148 (n) lb 21.1 
149 (Wl) lb 

214 (n) 18 67.1 

m/t Compound x 
~_--------- __________ _-mm 

68 (?I) 2 25.2 

82 (n) 4 10.0 

134 (n) 3 n.d. 

148 (HI lb 
149 (n*l) lb 1 

34.0 

214 (Ii> l& 30.8 
---~-~----- _------__ 

80 (n)a 5 

a ?orsed at N 800aC 

In order to obtain additional information, trls-(pyraaol-l-pl)met~ane-d~(l~ d) 

and bin -(Pyrarol-I-yl)scthsne-d2 (lb %I were synthesized and their PIP reactions 

vtre studtcd. In the reactions of la & only pyrarole (2) (m/t-68) vae detected and 

no pyratole-dl (24) (m/r-69); besides only monodeuteratcd bir(pyrarel-1-yllmethane 

(lb a> vau detected (m/t-149). On the other hand, in reactions of lb 5 both 2 and 

2 i and 4 & (m/r-85) were found. 

All theec experiments are only coasistent uith a radical mechanism. In 

addition, it is nece6mry to aeeune that the hydrogw’n abstraction by radical 7 

involves an heterocycl ic C-E bond and not the centrsl sethine hydrogen, in 

reactions of 18, and both possibilities in reactions of lb. An additional evidence 

for the radical mechanism use obtained when the pyrolysir of lb mae carried out 

using toluene 88 carrier. Fragments m/z 91 and 182 uere found in the MS, a atron 

evidence of the presence of bibenryl. Schene 2 euarizem the origin of the 

different products formed in the PVP experiments, 

The l,l’-bipyratolyl structure (3) is only tentatively assigned. As thie 

compound is unknovn and by no meane easy to synthesize (71, alternative atructurea, 

N,C- or C,C- bonded, cannot be excluded. The presence of 2 a could be evidence 

for the a-e\lmination (scheme 3). Pyrimidiqe (5) formation may be explained by thla 

pa t hvay , since in all probability catbene 9 vitl insert into the 10-N bond and not 

into the C-N bond (formation of pyridatine 10); insertion of nitrenes into the 

pyrazolic N-N bond is well docuaentsd (8). However, since Ventrup et al. (5) have 

found a pyrlnfdine in a reaction where a carbane (similar to 9 but vt th 3,5- 

dimethyl uubatituents on the pyrarole ring) la hfghly improbable, we prefer to 

conaider that f is formed by rearrangement of 8, but the a-elimination crnnot be 

rejected since 2 d wae foraed in the react ions of lb 3. 

Conceraing the ceaeon why the hydrogen abetractlon inrolvms an aromatic C-8 

instead of-the C(sp3)-A bond ia la end in certain extent in lb, mom cdbcidaratlonm 

could be of interart. The radical 4 1~ not l tabllized by conjugation; the C-W bond 

prevents the typical delocaliration of potyarylrethane radical@, and the C-H proton 

ir veil protected by the three rlngm (in la) agminet an attack by radicals 6 end 7. 

The pyrolymia of triphenylmetham (9, 10) her baan rrported; thr l uthors found 
benzene end diphenylsethene, indicating that the C-C boml im brokaa em me11 a8 the 



C-8 bond, parhapr due to the bulky mubmtitucntm. In the rrmctfoam of lb &, the 

pte8snce of 2, 2 i and 4 & could be evidence of h*roaan abmtraction by the 

central carbon from radicmlr 7 and 8. In the case of 7, the hydrogen rbmttactloa 

only takem place from the hateracyclic ringm. 
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The temuttm depicted la Scheme 2 cotrempond ta l different behariour fat 

colpoundm la and lb. In the case of tris(p~r~tol-l-yl)rethrna only the C-H bond 

charage um necemury to mxplain the ptoductm fomad. On the other hand, the 

ptoductr obtained in the FVP of lb, corrempond to cleavagmm of both the C-IO 

(formation of 6 and 7 ) and tha C-A bondm (formation of R’mnd 8). 

Since the radical 7 lm a Q l n4 not a x radical (11, 12) the lower C-M 

dlrmoclation energy in 1m can be attributed to a higher l torlc handrmnce which lm 

relieved rhea the C-N cleaveae occurma 
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lH !an spectra uere recordedain Cl&C usin& a Vsrian T-60 HnR Spectrometer 

(d values). I4rse spectra rote recorded on a Finnigan 3300 equiped with a 1500 Incas 

data sprtca. Silica gel tlab used for TLC and column chromatography. Analyttcal CM: 

conditions vere: column, 1.3 m SE54 4% chrorouorb B; linear temperature program- 

ming: 2./min between 90 and 1SO.C; nitrosen flor rate: 0.7 ml/set. 

Tris(pyrarol-1-yljmethane la and bis(pyrazol-l-yl)aethene lb were syntheuited 

aa prcviourly dercribed (13, 14). 

Trir(pyrazol-1-yl)methane-i (la i) and bis(pyrazol-1-yl)methanad-& (lb 

&lucre prepared according to the literature (13, It) changfng CRC13 to WC13 and 

CHC12 to cDC12; p urification vae achieved by cotuan chtoastography. These compounds 

were ident lfied by their ‘H N?4R and MS (m/t 215 and 150 P!*). 
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