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Abstract—The preparation and purification of the nine benzene carboxylic acids giving solid, neutral
methyl esters and of these esters are described. By acid hydrolysis of these esters the corresponding
benzene carboxylic acids are prepared in a high state of purity and in quantitative yields. The purities
of the acids which have no definite melting-points were checked by reference to the material balances
of the hydrolyses of the esters in conjunction with the elementary analyses of the acids. Corrected
melting-points are given for the esters. Data in the literature are also examined and criticised in the
light of the present results. '

’

INTRODUCTION

BENZENE carboxylic acids appear frequently in structural studies as degradation
products from the oxidation of many aromatic substances, both natural and synthetic.
It is well known, for example, that oxidation of coals, lignins, rosin, and similar
materials results in the production of mixtures of these acids.»2 Although the struc-
tures of these acids were definitely established at an early date, there has been some
confusion between those of the 1-2-3-4-and 1-2-3-5-isomers. Baeyer, who discovered
these two acids,® named them ‘‘mellophanic acid” for the 1-2-3-4-isomer and “preh-
nitic acid” for the 1-2-3- 5—compound Due to the fact that the accepted name for
the 1-2-3-4- tetramethylbenzcne is “‘prehnitene” this nomenclature was unfortunate
and was the origin of several contradictory investigations for establishing the true
structures of these two acids. Bamford and Simonsen,* Freund and Fleischer,® and
more recently Smith and co-workers®? conclusively established the constitution of
both acids, confirming Baeyer’s structures and refuting the objections of Jacobsen.®
Smith and Birkyt® proposed reversing the original assignments in order to use the
name ‘prehnitic” for the acid derived from prehnitene” (1-2-3-4-tetramethyl-
benzene). Roy and Howard® have supported this proposal which is also favoured
here. Read and Purves'® have suggested discontinuing the use of both trivial names.

In spite of the laboratory importance of these acids in structural studies and of
the commercial importance of some of them, particularly the lower members, very

* Presented at the XIV International Congress of Pure and Applied Chemistry (Organic Chemistry),
Zurich, July 21-27 1955.
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little is known about the properties of this series of acids as a whole. This lack of
data on the benzene carboxylic acids became apparent to the author during the
course of an investigation dealing with the study of the acid mixtures obtained by
oxidation of coal.l’ While there are already methods for the preparation of these
acids in a crude condition, no systematic work describing their preparation and
purification to a high degree of purity can be found, except in connection with the
lowest members. This may be due partly to the fact that with the exclusion of the
benzoic acid, the remaining eleven benzene carboxylic acids have no true melting
points. The acids form anhydrides, and decompose or sublime near or at the melting
temperatures. Reported m.p.s. vary therefore widely as shown in Table 1, which is
a representative compilation of recorded m.p.s of these acids and their neutral,
methyl esters. Because of this, it is impossible to follow by the rise in m.p. the
purification of these acids by crystallisation. The neutral, methyl esters of benzoic,
o-phthalic and trimellitic (1-2-4) acids are liquid. The remaining nine esters of the
benzene carboxylic acids are solid. Small variations are found in the m.p.s reported
by different authors (Table 1). _

Under these circumstances, it did appear convenient to undertake a study to
develop methods of preparation and purification of the benzene carboxylic acids and

TaBLe 1. M.P. OF THE BENZENE CARBOXYLIC ACIDS
AND THEIR NEUTRAL, METHYL ESTERS

‘Acid, m.p., °C Ester, m.p., °C

Benzoic 122:43°; 122-305¢; 122-375%; 122-45’ | Liq.

Phthalic (1-2)° Subl. 200-208¢ Lig.

Isophthalic (1-3) Subl. without melting, 348 7 67-687; 68"; 64-65¢; 66-67v;

: 71
Terephthalic (1-4) Subl. without meiting 1407; 140-1417"; 141-142""; 140%';
, 140-8°; 140-5-141*"
Hemimellitic (1-2-3) 190 dec.*4; 197¢; 190% 100%-<"; 101-102¢"
Trimellitic (1-2-4)® 216-219*; 221™; 215-217 o.c., 229- | Lig.

234 c.c.t; 2350 228°4r; 228
dec.t¥; 215%; 220-2357; 210%;

217-220°

Trimesic (1-3-5) 345-350v; 375-380%; 380" ; 360 <’ ; | 143¢"; 143-144"7"9"; 14274’
379¢

Prehnitic (1-2-3-4) ‘1 215 soft-238'; 241 dec.’’; 238 | 133-135"; 129¢""; 129-130¢";

dec.”’; 238-242 dec. o.c., 264- 130-131¢";  131-133%; 132¢
267 dec. c.c.?’; 236-238%'; 241-

2447

Metlophanic (1-2-3-5) 240 soft.h<"r»; 250%; 253-262¢; | 108-109; 107-109*"; 110-111%";
2527°; 238-253; 263-266; 243 111-116" .
247

Pyromellitic (1-2-4-5) 264'; 265-268™; 273-275""; 275°"; | 138%; 141:5°; 141="; 142%"; 143-
260 s0ft.—279%"; 270-272%"; 276V ; 144¢"9 0"
281-283¢

Benzene pentacarboxylic 228-230¢; 238*."; 220-234 anh. | 146-147""; 148-2*"; 149-150¢ 7"

’ or dec.” .
Mellitic (exa) 288 c.c.”’; 288-292¢ 1877"; 187-188Y; 182-184°;

188¢; 186-187¢

11 F. Gonzhlez-Sénchez Combustibles (Zaragoza) 15, 273, 361 (1955).
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hitherto unknown or not well defined, which could be used in the future for a better
~ characterisation of these compounds. In the present paper, which is the first of a
series dealing with the above objectives, the preparation and purification of the

benzene carboxylic acids giving solid, neutral methyl esters and of these esters are
described. Corrected m.p.g are also given for these nine solid esters
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Starting materials for the preparation of the nine solid esters were the impure
esters or the corresponding acids. When acids were used, they were dissolved in
anhydrous methanol or ether or mixtures of both and esterified totally with an excess
of ethereal diazomethane. Purification of the esters was accomplished by repeated:
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m.p. and then, at least, three times more. Special precautions were taken to. prevent
contamination of samples or solutions by dust or other impurities. Elementary
analyses are shown in Table 2.

Benzene carboxylic acids giving solid, neutral methyl esters

The nine benzene carboxylic acids which give solid, neutral methyl esters were
prepared from the corresponding esters by acid hydrolysis, as follows: To 100 ml
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Chem. Soc. 39; 2671 (1917). % Sodi-Pallares, Martinez-Garza, Arch. Inst. Cardiol. Mex. 17, 833 (1947).
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of 2-3N hydrochleric acid in a 250 ml round bottom, necked flask, amounts of about
0-3-06 g of the purified esters, exactly weighed to the nearest 0-1 mg, were added,
and the mixture boiled gently under reflux for 24 hr. Prior to removing the condenser,
this was washed internally with small portions of distilled water. The contents of the
flask were filtered quantitatively to a weighed 150 ml beaker. The flask was washed
several times with small amounts of hot distilled water and the washings added to
the beaker. The hydrochloric acid was removed on the steam bath, with addition
of small portions of water to prevent concentration. After evaporation to dryness,
the beaker and its content were dried to constant weight at 105°C and the amount
of ‘acid determined. No special precautions had to be taken and the acids were
further purified by several recrystallisations from water or 1 : 1 hydrochloric acid.
Elementary analyses of the acids are shown in Table 2.

TABLE 2. MICROANALYSES OF THE PURIFIED HENZENE CARBOXYLIC ACIDS
AND NEUTRAL METHYL ESTERS

Acid Ester

Compound Carbon, % Hydrogen, % Carbon, % Hydrogen, %

Calc. Found Calc. Found Calc. Found Calc. Found
1-2 57-83 5790 364 | 367 61-85 61-81 519 522-
1-3 57-83 57-80 3-64 370 61-85 61-83 5-19 526
1-2-3 51-44 51-46 288 289 5714 5719 4-80 479
1-3-5 51-44 51-38 2-88 2:95 5714 5711 4-80 474
1-2-3-4 47-26 4729 2:38 244 54-20 54-25 455 '4-58
1-2-3-5 47-26 47-32 2-38 2:35 54-20 54-21 455 4-54
1-2-4-5 41-39* 41249 3474 3:55¢ 5420 54-13 455 4-58
Penta 44-31 4426 203 2-:04 52-18 5221 4-38 4-34
Exa 42-12 42:16 1-77 1-83 50-71 50-81 4-26 421

¢ Analysed as hydrate (+2H,0).

Melting points

These were determined in a modified Hershberg apparatus.’? The apparatus was
provided with a mechanical stirrer mounted on a ball-bearing assembly to keep the
liquid moving at a rapid rate and with a Bureau of Standards, certified, total-immer-
sion thermometer. Corrected m.p.s for the nine purified solid esters were calculated
from the uncorrected ones by means of the usual formula, A = K.n. (Tpps — fstom)-
Uncorrected and corrected m.p.s were determined on the purified samples and are
shown in Table 3. The m.p.s observed are in general somewhat higher than those
previously reported (Table 1). In particular, the m.p. of the 1-2-3-5-ester was raised
from 107-111° to 115-6-116-4° (cor.), confirming recent observations of Read and
Purves® who quoted 111-116°. Comparison of the m.p. of benzoic acid (compare

13 E, B. Hersberg Industr. Engng. Chem. (Anal.) 8, 312 (1936).
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this with most exact values reported in Table 1) and the esters suggests that the lower
temperatures starting the melting ranges found for the latter may possibly be the
absolute m.p.s of these esters.

TABLE 3. M.P.S OF THE SOLID, NEUTRAL METHYL ESTERS

Ester M.p., °C (uncorr.) M.p., °C (corr.)
1-3 '67-6-681 67-8-68-3
14 139-1-139-9 141-0-141-8
1-2-3 100-9-101-4 101-6-102-1
1-3-5 143-3-144-0 145-3-146-0
1-2-3-4 129-6-130-3 131-1-131-8
1-2-3-5 114-5-115-3 115-6-116-4
1-2-4-5 141-7-142-5 143-6-144-4
Penta 147-8-148-6 149-8-150-6
Exa ’ 186-1-186-9 189-7-190-5
Benzoic acid® 121-2-1219 122-4-123-1

¢ Bureau of Standards certified benzoic acid, for comparison.

As already indicated the nine benzene carboxylic acids studied have no true
m.p.s. It is therefore impossible to check their purity or to follow their purification
by crystallisation, by means of the melting characteristics.

In Table 4, material balances of the hydrolyses of eight of the nine esters are

TABLE 4. BALANCES OF THE HYDROLYSES

Acid
. Ester
Acid hydrolysed
g Calc. Recovd.
g g
1-3 02628 02248 02248
1-2-3 04419 0-3682 0-3679
1-3-5 0-5665 04720 04718
1-2-3-4 0-3370 0-2761 02759
1-2-3-5 03118 02554 0-2549
1-2-4-5 -0-5964 0-4886 0-4892
Penta® 0-9275 0-7509 0-7504
Exa 0-5492 0-4408 0-4404
@ Prepared in two batches.

shown. Due to the low solubility of the terephthalic acid, the amount of ester
hydrolysed was too small to permit a reliable balance; the hydrolysis was otherwise
normal. Although it was difficult to visualise at first the hydrolysis of insoluble
esters with m.p.s higher than the temperatures of boiling of the aqueous solutions,
in practice the method developed worked out satisfactorily. Hydrolyses were com-
plete, no side reactions, such as decarboxylation, were found and no impurities are
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introduced. On examination of Table 4, it is easily seen that the differences bstween
the amounts of acid calculated and recovered are very small and the mean deviation
for the eight cases is only 4-0-08 9, referred to calc. acid.

Microanalyses of both the purified acids and esters are shown in Table 2. These
analyses were performed by an independent laboratory. An examination of the
elementary analyses of carbon and hydrogen of eighteen closely related compounds,
shows that values found for both carbon and hydrogen are within 4-0-08% of the
calc. ones, except carbon for mellitic ester and hydrogen for pyromellitic acid
which deviate, respectively, by 0-11 and —0-15%,. Mean deviations among the
values found and calculated are: Esters: C, +0-046% and H, +0-037%,; Acids:
C, +-0-057% and H, 4-0-046%, giving an overall mean deviation of about +4-0-05%.
These statistical results point to a high degree of purity of the esters and acids pre-
pared, particularly, when they are considered in conjunction with the results of the
hydrolyses and with the m.p.s found. In addition to these quantitative checks, the
purified products were further examined quahtatlvely for impurities by means of the
polarizing and stereoscopic microscopes. No impurities were found. On the basis
of method used, of experimental resuits, and of the foregoing discussion it is believed
that the prepared samples of the above nine acids and their esters are of a high purity,
of the order of 99-5-99-99,.

Some errors have appeared in the literature in connection with the 1-2-3-4- and
1-2-3-5-benzene carboxylic acids. Huntress and Mulliken'® describe the 1-2-3-4-
benzene tetracarboxylic acid as having a hydrate. This acid does not form any
hydrate; it is the 1-2-3-5-isomer which gives a hydrate,* so that the four hydrates
of this series of acids are those of the 1-2-3, 1-2-3-5, 1-2-4-5 and penta compounds.
If other hydrates, such as a mono attributed to the 1-3-S-acid, exist they must be very
unstable under normal conditions. This was checked by several means including
infra-red and X-ray work. The benzene pentacarboxylic hydrate is a pentahydrate;
the other three are dihydrates. The stability of these hydrates, except that of the
pyromellitic acid and to some extent that of the hemimellitic acid, islow. Itis therefore
strongly recommended that the acids be examined in an anhydrous condition, except
the pyromellitic-acid which is difficult to dehydrate. Smith and Carlson’ and more
recently Read and Purves!® have pointed out that the neutral, methyl ester of 1-2-3-4-
benzene carboxylic acid or the acid itself develop a purple colour when exposed to
light. This property has also been mentioned by Huntress and Mulliken.!® Highly
purified samples of this acid and its ester prepared from coal have been exposed to
light for several years by the author without developing a purple colour. The change
in colour observed by those workers may probably be caused by some impurity
being produced in their particular synthesis and which is difficult to eliminate on
purification.
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