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Whep assiguing BMB lines of complex organic compounds there ofter occur so- 

me difficulties. The inclusion of an organic molecule in the first coordination 

sphere of a paramagnetic ion results in considerable changes in its B'MB spectrum. 

These changes are due to additional local magnetic fields generated by the unpei- 

red electrons of the central ion. Eaton (I) took adventage of EEB spectra pecul- 

iarities of paramagnetic complexes to measure spin-spin coupling constants in 

condensed aromatic and polyenic hydrocarbons, which were introduced as substitue 

ents to nitrogen atoms of Ei(II) aminotroponeimineate. At the semetime many orga- 

nic substances (heterocyclic compounds, aminea, elcoholes, ethers etc.) sre capab- 

le of forming complexes with parsmagnetic salts directly. Kluiber snd Eorrocks 

(2,3) made use of this to assign lines in the EKB spectra of pyridine - and qui- 

noline-B-oxides. For this purpose they studied the dependence of line positions 

on the amount of El(II> or Co(I1) acetylacetonates, added to the solutions. A simp- 

le method based on complex formation for the determination of organic compound 

structures and for the assignment of lines in their BEB spectra is proposed here. 

On the condition that molecule exchen@ between the first coordination sphere 

of the ion snd the bulk medium is sufficiently fast the obaerved spectrum is the 

average of the paremagnetic and diemaepretic enviromentst 
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where 6, &, and 6d are the shifts in the averaged spectrum, in the spec- 

trum of complex and that of the diamagnetio compound respectively; X, and xa 

-being the mole frastions of the substance in complex apd in solution. Un- 

der these conditions the line width IEI given by a similer equation (4): 

uhere A\), A$ 
A‘3= &xP +h\)lXd 

and c\& are line whidths in the averaged spectrum, in the 

spectrum of complex and that of the diamagnetic comgound respectively. As a 

rule, the line width in a complex is much greater than in a diamagnetic com- 

pound. If the electronic relation time of an ion ia very short (Ni'+) A. Is 

given by 

Here r is the distance between the resonating proton and the parsmagnetic ion, 

As=8jcr& - the proton contact shift, A end B are constants for the 

particular complex at a constant temperature. 

In accordance with the equations given above one can easily and unambi- 

guously assign NMR line6 by mesuring the additional line shifts and broadening8 

and by estimating the distances r , if the structure of a paramagnetic com- 

plex remains unchanged at different ligand concentrations. 

This method has been applied to assign EMR lines and to determine the struc- 

tures of some substituted pyrazoles. To avoid pseudocontact contributions in the 

observed additional shifts, BiBr2 l 3H20 was chosen as a complexing agent (3) 

(the anhydrous salt does not give any complexes). The mole fraction of the salt 

in the solutions under investigation did not exceed 5 I low3 with regsrd to py- 

razole. NMR spectra were recorded on the JHM-4&100 spectrometer at room tem- 

perature with TMS as an internal reference. Ccl4 and CHC13 were used as solvents 

The spectra of 1.3.5 -trimethylpyrazole solutions without (a) and with 

NIB+* 3H20 (b) are shown in Fig.1. Here the main difficulty is to assign the 

proton line of the methyl groups in the positions 3 and 5, the shifts being 

different by 0.03 ppm (CC14). As is seen from Fig.lb, the complex formation 

leads to the displacement of these lines in opposite directions and to their 
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showing different broadenings. The comparison of the contact shifts, the line 

widths and the dietanoes from the central ion for the protons of 3-and 5-CH3 

and 4-H shows that the broadening of the CH3 lines is determined by dipole-di- 

pole interaotion. Therefore it is obvious that the most narrow line in the spec- 

trum corresponds to the remotest 5-CH3 group. Thus, in the diamagnetic compo- 

und the 3-CH3 resonates in a higher field than the 5-CH3. 

In a similar way the lines at 7.46 and 7.24 ppm (in CHC13) in the spectrum 

of l-methylpyrazole were referred to 3- and 5-H resPeotively. Indeed, the comp- 

lex formation results in a smaller additional shift and in a greater enlerge- 

ment of the line at 7.46 pp~l and hence it should be referred to 3-H. 

It is known, that the structure determination of unsymmetrioally substitu- 

ted pyrazoles involves great difficulties even for I?'@ spectroscopy (5). We ha- 

ve checked on the efficiency of the proposed method by the WMR identifleation 

of the following isomers: 1,3-end 1,5-dimethylpyrazole, l-methyl-3-ethynyl-end 

l-methyl-5-ethynilpyrazole. The spectra of dimethylpyrmzeles are shown in Fig.2 

and Pi5.3. The additional shift of the 4H proton il practically equal or slight- 

ly greater than that of another pgrazole ring proton end hencre the contact con- 

tribution in the line width for the &E is equal or more than the same contribu- 

tion for the 3- or 5-H. In the spectrun! of one of the isomers (Fig.2) the line 

broadening for the 4-H is much smaller than that for the other Proton. This is 

only realized in the 1,5-isomer, for which &<< r$ . Slmiler consldera- 

tions for the methyl groups lead to the 88108 conclusion independently. Thus, 

Our results confirm that the low-boiling isomer (b.p.138'C) is actually the 

1,3-isomer (6). 

Unfortunately not all of the pyrazole derivatives form complexes with WiBr2. 

Of the two isomers I-methyl-3-ethynylpyrazele and l-methyl-5-ethynulPyrazole 

(b.P.50-51' C/l3 mm: 88-89' C/l3 mm), synthesized by us, only the low-boiling 

Isomer formed the complex, and could be identified as the l-methyl+-ethynyl- 

-pyrazole. We found that the chemioal shifts of the aeethylenic protons in the 

Positions 3 and 5 differed noticebly and had the values 3.07 and 3.57 ppm (in 

CHC13) respectively. On this basis we could assign the lines of the acetylenic 
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protons in l-methyl-3,5_diethynylpgrazole (Fig.4). 

The methylderivatives of pyrazole were obtained by methods described in the 

literature. The py-razolylaoetylene syntheses will be described in another paper. 

The isomericpurity was controlled by means of gas-liquid chromatography. 
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