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solvent mixtures 
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(Received March 5, 1982) 

Solid complexes of bis(N-phenyl)-pyromellitic acid amide with equimolar binary 
mixtures of dimethylformamide, dimethylacetamide, dimethylsulfoxtde and N-methyl- 
pyrrolidone were prepare<'] and studied by evolved gas analysis using mass spectrometry, 
The activity sequence of these compounds in forming complexes with bis(N-phenyl)- 
pyromellitic acid amide was established. 

As reported earlier [ I ] ,  bis(N-phenyl)-pyromellitic acid amide (PMA) forms solid 
complexes with polar aprotic solvents, their composition depending on the mode of 
their precipitation from the solution. If precipitation is carried out in benzene, the 
structure of the complex corresponds to the ratio IPMA:2solvent (the solvents applied 
were dimethylformamide (DMFA), dimethylacetamide (DMAA),  dimethylsulfoxide 
(DMSO) and N-methylpyrrolidone (N-MP)) .  

This paper deals with the preparation, separation and study of solid complexes of 
PMA with solvent mixtures. PMA was synthetized in equimolar binary mixtures of 
DMFA and DMAA, DMFA and DMSO, DMFA and N-MP,  and DMAA and N-MP,  
respectively, and the complexes were prec ip i ta ted  with benzene. Evolved gas analysis 
using mass spectrometry was applied to study the complexes. The relative activity of 
each solvent in complex formation was evaluated by determining its relative content 
in the corresponding solid complex. 

Experimental 

The PMA+solvent complexes were synthetized in equimolar binary mixtures of 
DMFA, DMAA, DMSO and N-MP according to the method described in [ I ] .  The 
PMA solutions in the mixed solvents were poured into a large excess of benzene, the 
mixtures were filtered, and the precipitates were washed with benzene and dried to 
constant mass. The complexes were white crystalline products, stable for long storage 
periods in air. 

Evolved gas analysis by mass spectrometry was performed using the cell fitted with 
a flow-duct reported in [1]. 
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Discussion of the results 

The main difference between the PMA complexes formed with mixed solvents as 
compared to the complexes studied earlier [ 1] is the lower amount of solvent complex- 
ing with PMA. When pure solvents are used, the composition of the complexes is 
mainly 1PMA:2solvent, whereas in the case of mixed solvents about one mol of 
" to ta l "  solvent is usually bound to one mol of PMA, as shown in Table 1. Another 
particular feature of the discussed complexes is the substantially higher degree of PMA 
decomposition in the cyclodehydration process. This is clearly observable in Figs 1-4,  
curves 4. 

It is of interest to estimate the relative activity a of the studied solvents in the 
complexing process with PMA. The calculations were performed for mixtures with 
DMFA, the activity of DMFA being taken as unity. The activities of the other solvents 
were determined by calculating the molar ratio of the solvent in question to DMFA in 
the complex, uti l izing the coefficient of relative sensitivity of water to the correspond- 
ing solvent. By way of example, let us consider the solid complex obtained from the 
equimolar mixture of DMFA (Fig. 1). The mass spectroscopic curves ir~dicate that the 
evolution of 0.51 tool DMAA and 0.13 mol DMFA corresponds to one tool of water 
evolved in the cyclodehydration process of PMA, i.e. about 1 DMAA molecule corre- 
sponds to 1 PMA molecule, and the composition of the complex is close to 1PMA: 
1DMAA. It may therefore be stated that DMAA is more active than DMFA in 
complex formation with PMA. This activity a is quantitatively expressed by the ratio 

0.51 
a = = 3.9. The activity values a for the other solvents are presented in Table 1. 
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Fig. 1 Evolved gas analytical curves for the complex PMA--DMFA--DMAA 
1. m/e 87 (DMAA); 2. m/e 73 (DMFA); 3. m/e 17 (water); 4. m/e 93 (aniline) 
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Fig. 2 Evolved gas analytical curves for the complex DMA-DMFA-DMSO 
1, role 78 (DMSO); 2. m/e 73 (DMFA);  3. m/e 17 (water); 4. m/e 93 (aniline) 
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Fig. 3 Evolved gas analytical curves for the complex PMA-DMFA-N-MP 
1. m/e 93 (aniline); 2. m/e 73 (DM F A);3.  m/2 17 (water); 4. m/e 99 (N-MP) 
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Fig. 4 Evolved gas analytical curves for the complex PMDA-DMAA-N-MP 
1. m/e 99 (N-MP); 2. m/e 87 (DMAA); 3. m/e 17 (water); 4. m/e 93 (aniline) 

A comparison of the activities in complex formation for these solvents with their 
basicities indicates, in general, a parallel trend, i.e. the higher the basicity of the solvent, 
the higher its activity in complex formation. ThepK  a values reported in the literature 
[2] for DMAA, N-MP and DMSO are -0.19,  -0 .17 and 0 respectively, and the 
enthalpy values of complex formation of DMFA, DMAA and DMSO with SbCI3 
reported in [3] are 111.5, 116.9 and 125.5 k J/tool, respectively. As regards N-MP,  
contradictory data are to be found in the literature. In [4] for example a p K  a value of 
-0 .92 is reported. On the basis of our findings, the basicity of N -MP should be close 
to that of DMAA, so that the valuepK a = -0.17 appears more probable. 

The activity of N -MP (3.7) was found to be slightly lower than that of DMAA 
(3.9) in the relative activity sequence (DMFA = 1). However, a comparison of the 
amounts of N-MP and DMAA in the complex obtained directly from the mixture of 
these solvents indicates a somewhat higher activity of N-MP.  

Finally, it should be noted that solid complexes of acid amides cannot always be 
separated from binary solvent mixtures. For instance, no solid complex of PMA was 
obtained with the solvent pair N -MP-DMSO.  

To summarize the results of this study, it may be concluded that the activities of 
DMFA, DMAA, DMSO and N-MP in mixed complex formation with PMA show the 
same trend as their basicites. 
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Zusammenfassung - -  Feste Komplexe yon Bis(N-phenyl)-pyromelliths~ureamid mit ~quimolaren 
Mischungen von Dimethylformamid, Dimethylacetamid, Dimethylsulfoxid und N-Methylpyrrolidon 
wurden hergestellt und die daraus bei thermischer Analyse entwiekelten Gase massenspektro- 
metrisch untersucht. Die Aktivit~tsreihenfolge f~Jr die Bildung von Komplexen mit Bis-(N-phenyl)- 
pyromelliths~ureamid wurde ermittelt. 

P e 3 m M e  - -  C H H T e 3 H p O B a H b l  H HccNe/~OBaHbl MeTO~.OM Macc-cneKTt0OMeTpH~IeCKOrO TepMHqecKorO 
aHanH3a TBep~ble KOMnNeKCbl 6HC- (N-dpeHHn) "RHpOMennHTaMHAOKHCnOTbl C napaMH anpOTOH- 
HblX pacTBOpHTene~ THna ~M(bA, ~MAA,  ~MCO, N-MR. No pe3ynbTaTaM aHanH3a KOMrUleKCOB 
0bin nocTpoeH pR~. OTHOCHTerlbHO~I aKTHBHOCTH yKa3aHHblX pacTeopHTene~ K KOM~eKCOO6pa30- 
BaHHIO, KOTOpblH, KaK oKaaaNOCb, coBnaAaeY c pR/~OM OCHOBHOCTe~t aTHX pacTBOpHTene~. 
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