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MASS SPECTROMETRIC INVESTIGATION OF SOME 

PYRONYLPYRAZOLE DERIVCITIVES 
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The e lec t ron  impact i o n i z a t i o n  mass spectra of 

some pyronylpyrazoles were invest igated. The 6- 

subs t i tu ted  4-hydroxy-2-pyrone r i n g  i n  a l l  compounds 

fragments according t o  the common mechanisms. The 

fragmentations of t he  3,s-disubst i tuted N- 

phenylpyrazole moiety are s t rong ly  dependent on the 

nature and pos i t ions  of the subst i tuents.  
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JNTRODUCTION 

BRBOT-SARANOVIC AND KATUSIN-RA~EM 

The condensation of unsymmetrical /j-difunctional 

compounds with a1 kyl- or aryl hydraz ine usual 1 y yields 

two isomeric pyrazole derivatives, structure assignment 

of which often demands serious ana1ysis.l The I H  and 

*=C NMR spectroscopy has been preferably employed f o r  

the distinction between such isomers.2-7 

The problems of identification of isomers are more 

pronounced in the case of condensation products of p - 
polyfunctional compound with alkyl- or arylhydrazines, 

since more than two isomers may be obtained. 

In our work we were dealing with such p - 
polyfunctional compound, ethyl 2-hydroxy-4-14-hydroxy- 

6-methyl-2-pyron-3-yl)-4-oxo-2-butenoate and 3,5- 

disubstituted N-phenylpyrasoles produced by its 

condensation with phenylhydrazine.e-9 The structure 

determination of resulting two pairs of pyrazole 

isomers ( 1,4 and 2,5) was achieved by 'H and *=C NMR 

spectroscopic and mass spectrometric data. Mass 

spectrometry has proven to be a specialy valuable 

method in this case. 

In this paper the electron impact mass spectra of  

recently described compounds (1-6)9 are compared and 

discussed with the aid of high resolution mass 

measurements and metastable peak analysis. 
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EXPERIMENTflL 
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Mass spectra were recorded on a Varian MAT CH-7 

mass spectrometer a t  70 eV ion i za t i on  energy, 3 k V  

accelerat ing vol tage and 100 PA i on i za t i on  current.  

High-resolut ion measurements data were obtained w i th  

EXTREL-FTMF-2001-DD mass spectrometer a t  70 e V .  f i l l  

samples were introduced i n t o  the i o n  source through the 

d i r e c t  i n s e r t i o n  probe. 

RESULTS C\ND DISCUSSION 

The mars spectra of  compounds 1-6 (Fig. 1 and 2) 

show an intense peak a t  m / z  340 (100-5074) corresponding 

t o  the  molecular i o n  f o r  1 and 4, t o  (M-H20)+ i on  f o r  2 

and 5, and t o  (M-CH&O)+ i o n  f o r  3 and 6. A l l  the 

fragmentation pat terns o r ig ina te  from t h i s  ion. 

Although the open r i n g  s t ruc tu re  o f  compounds 2 

and 5 was determined by IR and lH NMR spectroscopy 

data, M+ i ons  were not  observed i n  t h e i r  mass spectra 

and the  fragmentation pat terns are almost i d e n t i c a l  

w i th  those f o r  corresponding cyc l i sed  products 3 and 6. 

Loss of water from molecular ions  of  2 and 5 was not 

substant iated by metastable ion,  and i t  seems probabl ly 

t h a t  t h i s  i s  thermal ra the r  than e lect ron impact- 

induced process. Thus, both 2 and 5 begin t o  fragment 

as pyronylpyrazole der ivat ives.  
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F i g .  1. The 70 e V  mass spectra of  compounds 1 - 3 
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Fig. 2 .  The 70 e V  mass spectra of compounds 4 - 6 
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mlz 169 mlz  197 

Fig. 3. Charac ter is t i c  fragmentation modes of  1 - 3 

The most cha rac te r i s t i c  fragmentation modes are  

proposed and summarized i n  Fig. 3 and 4. I n  general, 

&-cleavage reac t ion  o f  2-pyrone r i n g  wi th  loss  of C-6 

subst i tuent  (ethoxycarbonyl) y ie ld ing  i o n  a t  m / z  267, 

i s  the i n i t i a l  fragmentation process f o r  compounds 1-3 

(Fig. 3). The i o n  m/z 267 fragments fu r the r  by loss of  

ketene to give m/z  225 (base peal:: in spectrum of 2).  

Expulsions o f  carbon monoxide mo1ec:ules from t h i s  i o n  

a f fo rd  m / z  197 and m/z  169. The a l t e r n a t i v e  pathway 

o r ig ina t i ng  from m/z 267 ion  i s  the  charge d i s t r i b u t i o n  

on the two fragments a t  m / z  198 and m/z  69. The 

formation of  t he  m/z 198 ion  may be ra t i ona l i zed  a lso 
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by a retro-Diels-Alder reaction (RDA) from m/z 340, but 

this process is not supported by-the appropriate 

metastable ion. 

A notable feature in the spectrum of compound 1 is 

an abundant peak at m/z 118, which may be assumed to 

have the CaH3 - N + G  C-CHJ structure. The inspection of 

the mass spectra of some N-phenylpyrazoles bearing a 

methyl group at C-5 reveals that m/z 1 1 8  has a 

significant abundance and reduces to a much smaller 

share in the case of 3-methyl-1-phenyl substituted 

pyrazoles.lo Thus the m/r 118 ion provides a supporting 

evidence f o r  the presence of 5-methyl-1-phenylpyrazole 

moiety in the molecule of compound 1. 

The characteristic fragmentation pathway of series 

4-6 is the retro-Diels-Mder reaction giving ion at m/z 

256 (Fig. 4 ) .  Retention of charge on the opposite 

fragment, formed by RDA mechanism with hydrogen 

transfer, results in an intense m/z 85 ion (base peak 

in spectrum of 5 ) .  Formation of m / t  85 ion provided an 

excellent support for the proposed structures of this 

series, since this is the common ion seen in the mass 

spectra of 4-hydro~y-6-rnethyl-2-pyrones.~~ 

A reason for a very lowly abundant RDA ion m/z 256 

in the spectrum of 5 (contrast to 4) may be a 

concomitant expulsion of COOC=HI, resulting in the 

formation of an abundant pyrazolyl-ketene radical ion 
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m l z  268 m l z  295 m l z  18L 

1 - HCN 
* only 1 5,6 

C H  

for 

mlz 15.4 

mlz 241 m t z  210 

Fig. 4. Characteristic fragmentation modes of 4 - b 

at m/r 184 (55%). The corresponding daughter ion 

amounts to 6% only in the spectrum of compound 4. 

It is obvious that expulsion of ethoxycarbonyl 

group is not a favored process +or compound 4. This  is 

a l so  in line with the fact that no peak (m/z 268, m/t 

267) occurs in the spectrum of 4 dire to the loss  of 

COOC,H+ or COOC2H3 from the molecular ion. Besides 

that, some other fragmentation patterns also clearly 

illustrate the different substituent position in the 

case of 4 and 5. 
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The characterizing difference between 

fragmentation pathways of compounds 4 and 5 is the 

formation o f  ion at m/z 241. Accurate mass measurement 

proved that these ions are isobaric. While in the case 

of 5 abundant ion at m/z 241 (C>~H*INOJ) is formed by 

sequential 1055 of COOCzH4 and then HCN from m / z  340 

ion, low intensity isobaric ion (m/z 241; ClJH9N203) in 

spectrum of 4 may be formed by two possible routes: 

340-3112-2269-241 and 340-3124284-241, 

That mass spectral fragmentation of pyrazole 

derivatives are strongly dependent on the nature and 

positions of the substituents has been already 
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