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Preparation and physical properties of seventeen esters and ten amides of 2,2'-diphenic 
acid are described. Of these compounds, twelve of the esters and nine of the amides 
are new. The boiling point, specific gravity, and refractive index is given for each 
liquid, and the melting point for each solid. 

I n  a study of the use of derivatives of diphenic acid as 
high boiling solvents, a search of the literature revealed that 
only a few of the diesters had been prepared, and their 
characterization was incomplete. This search also revealed 
that only two diamides had been described. The purpose of 
the present work was to prepare more of the esters and 
amides so that complete characterizations could be made of 
these series. Underwood and Kochmann ( 3 )  prepared 
2,2'-diphenamide and the methyl and ethyl diesters of 
2,2'-diphenic acid; Dean and co-workers ( 2 )  also prepared 
these esters and the n-propyl, n-butyl, and n-decyl diesters. 
Roberts and Johnson ( 2 )  prepared diphenyl-2,2'-di- 
phenamide. 

In the present study, 12 new esters, eight new amides, 
and a few previously prepared esters and amides were 
prepared and characterized. All attempts to prepare the 
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tert-amyl ester failed. Our data on the previously prepared 
compounds agreed in some cases with published data. 
Where they disagreed, our data seemed to fit better into 
the general pattern of the physical constants. This can be 
seen by a study of the data in Table I. Physical properties 
and analyses of all compounds prepared are given in Tables 
I and 11. 

EXPERIMENTAL 

Preparation of Esters. The esters were prepared by one 
of three general methods. All of the esters were prepared 
by Method 1, with the exception of the cyclopentyl and the 
cyclohexyl, which were prepared by Method 2 ,  and the tert- 
butyl which was prepared by Method 3. 

METHOD 1. 2,2'-Diphenic acid (0.10 mole) was refluxed 
for 20 hours with 2.0 moles of alcohol in the presence of 
2 ml. of concentrated H?SO,. The refluxed mixture was 
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Previously described in literature ( I ,  3), but these data obtained in this laboratory. 
Data from Dean, White, McNeal (I). ' 
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Table II. Properties and Analyses of Amides 
of 2,2'-Diphenic Acid 
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*Previously described in literature (2 ,  3), but these date were 
obtained in this laboratory. 

neutralized by the addition of solid NarC03.  The alcohol 
was removed by distillation, the residue dissolved in ether 
and dried over anhydrous Na2S04. Further purification 
was either by vacuum distillation or recrystallization from 
petroleum ether. 

METHOD 3. Silver 2,2'-diphenate 0.04 mole), prepared 
by reacting the sodium salt with silver nitrate, was 
0.3 mole of pyridine. The pyridine hydrochloride was 

precipitated by the addition of ether and the ether and 
alcohol removed by distillation. The residue was dissolved 
in ether and dried over anhydrous Na?S04. The esters 
were recrystallized from petroleum ether. 

METHOD 3. Silver 2,2'-diphenate (0.14 mole), prepared 
by reacting the sodium salt with silver nitrate, was 
suspended in 200 ml. of absolute ether. The alkyl chloride 
(0.45 mole) was added and refluxed for 24 hours. The 
mixture was filtered and the ether removed by evaporation. 
The crude product was recrystallized from petroleum ether. 

Preparation of Amides. All of the amides were prepared 
by refluxing a mixture of 50 ml. of benzene, 0.04 mole of 
2,2'-diphenoyl chloride and 0.10 mole of the amine for 
15 minutes. 

The benzene solution was washed successively with 5 ml. 
of water, 5 ml. of 5% HC1, 5 ml. of 5 5  aqueous NaOH, 
and again with 5 ml. of water. The benzene solution was 
evaporated cautiously over a water bath. The residue was 
dissolved in 5 ml. of hot ethanol, decolorized with Norit, 
and filtered. The amide was recrystallized from an ethanol- 
water solution until a constant melting point was reached. 
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THE SOLUBILITY of benzamide in m-xylene has been 
determined, with the results shown in Table I .  

Table I. Solubilities of Benzamide in rn-Xylene 

Benzamide, Wt .  5 
of Total Solution 

0.5 
1.0 
5.0 

10 
20 
40 
50 

Temp., C 
57 
68 
95 

105 
108 
110 
112 

EXPERIMENTAL 

Benzamide was purified from Eastman benzamide by 
crystallizing from water after adjusting to pH8 with 
ammonia to dissolve acidic substances and decolorizing with 
active carbon. The purified benzamide had an acid number 
less than 0.05 and melted a t  125-127" C. 

m-Xylene from Oronite Division of California Chemical 
Co. contained 96% rn-xylene. The impurities were primarily 
isomeric xylenes, with a trace of ethylbenzene. 

Solubilities were determined by sealing weighed amounts 
of m-xylene and benzamide in glass ampoules and determ- 
ining the temperatures a t  which complete solution occurred. 
Solution temperatures were repeatedly determined during 
both heating and cooling cycles. 

RECEIVED for r e w w  October 17,1962. Accepted November 19,1962. 
~ 

234 JOURNAL OF CHEMICAL AND ENGINEERING DATA 


