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The results confirm the structure of #-pyrromycinone () and also the carbon skele-
tons of g&-pyrromycinone (V),” {-pyrromycinone (V),* g-isorhodomycinone (I)® and &-
isorhodomycinone (VI),” since these anthracyclinones have been related to II.

The authors are grateful to Professors H. Brockmann, V. Prelog, W.D. Ollis, and Dr. Keller-Schier-

lein for providing #-pyrromycinone, n-pyrromycinonic acid and their infrared spectra.
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Gas Chromatography of Aromatic Acids

Gas chromatographic separation of aromatic acids usually requires conversion of
the acids to suitable volatile derivatives. This has been carried out by treating the
acids with diazomethane, and thus, a number of methyl esters of aromatic acids have
been chromatographed satisfactorily.»® However, the application of this method to
determination of acids with two phenolic hydroxyl groups such as protocatechuic acid
was unsuccessful because of the conversion by diazomethane to a mixture of deriva-
tives.» In order to solve this problem, an improved method® which involves acetyla-
tion of phenolic groups, followed by methylation, has been devised, but the method
is tedious and time consuming. »

We have now developed a rapid and convenient method which is widely applicable
to separation and determination of a variety of aromatic acids including phenolic acids.
This development has stemmed from our recent finding® that carboxylic acids can be
readily and quantitatively converted to their trimethylsilyl (TMS) esters by the use of
the convenient silylation procedure.%® '

The aromatic acids were converted to their TMS derivatives in the following man-
ner : 1~5mg. of the acid was placed into a small stoppered vial and dissolved in 0.8
ml, of dry pyridine. To this solution was added 0.1 ml. of trimethylchlorosilane, fol-
lowed by 0.1 ml. of hexamethyldisilazane. The reaction sequence may be written as
follows :

COOSi(CHs)s

_/CO0H .
R + (CHy)sSi-Py*Cl- R/ + Py.HCl
(\OH) - (NOSi(CHs)s)

Py-HCl + (CHs);SiNHSi(CH;); ——  (CHy)Si-Py*Cl- + NH,Cl |
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The formation of the TMS derivatives occurred very rapidly at room temperature,
and within a few minutes the entire reaction mixture could be injected directly into
the chromatograph. The TMS derivatives thus prepared were generally stable and
volatile enough for gas chromatography. Identification of the reaction product from
4-hydroxybenzoic acid with the authentic trimethylsilyl 4-trimethylsiloxybenzoate pre-
pared by the method of Burkhard” indicated that both carboxyl and hydroxyl groups
were silylated and the yield was virtually quantitative.

TasLe 1. Relative Retention Times of Trimethylsilyl Derivatives
of Aromatic Acids on Silicone Column®

Relative retention time
Aromatic acid

120° 140° 160°
Benzoic 0.22 0.15
4-Hydroxybenzoic 1.91 1.009 1.00%
4-Methoxybenzoic (anisic) 1.00® 0.57
3,4-Dihydroxybenzoic (protocatechuic) 2.80 2.42
3-Methoxy-4-hydroxybenzoic (vanillic) 2.03 1.85
3,4-Dimethoxybenzoic (veratric) 1.55 1.42
3,4,5-Trihydroxybenzoic (gallic) 4.80
Phenylacetic 0.29 0.19
Mandelic 0.84 0.48
Cinnamic 1.14 0.65
Phenylpyruvic 1.51 1.44
Phthalic 1.40 1.33
Indoleacetic 3.44

Hippuric 2.53

a) Column size, 1/8in.x6 ft. Column packing, 3% SE-52 on 60~80 mesh silanized
Chromosorb W. N, flow rate, 30 ml. per min. Instrument, Perkin-Elmer
Model 800.

b) Retention time for 4-methoxybenzoic acid at 120° 16.8 min,

¢) Retention time for 4-hydroxybenzoic acid at 140°% 12.4min.

d) Retention time for 4-hydroxybenzoic acid at 160°% 5.1 min.

For separations of these TMS deri-
vatives, we used preferentially silicone
columns (SE-52 and XE-60). Polyester
columns such as a diethylene glycol-
succinate column were unsatisfactory
for this purpose. While separations
within a narrow range of molecular
weight were effectively carried out

Detector response

under isothermal conditions, linear tem- 0 10 20 30 40 50min.
perature-programmed procedure was 100 120 Temlpaf)("C) 160 170

successfully used for separations of mix-

tures with components of widely differ- Fig. 1. Linear Temperature-Programmed

Separation of Trimethylsilyl Derivatives

ing molecular weight. of Hydroxy-substituted Benzoic Acids

Separanons of nearly 40 aromatic Column and instrument as in Table I.

acids were investigated in this study, Column temperature, programmed from 100°
d with t of th id . 1 to 170° at a rate of 2° per min. Peaks: A,
and with most o € acids singlc, sym- benzoic acid; B, 2-hydroxy-; C, 3-hydroxy-;
metrical peaks were obtained. Reten- D, 4-hydroxy-; E, 2,3-dihydroxy-; F, 2,6-di-
A . . hydroxy-; G, 2,5~dihydroxy-; H, 3,4-dihydro-
tion data of the acids having key struc- XY, 2,4-dihydroxy-; I, 3,4,5-trihydroxy-.
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tures on a SE-52 column are shown in Table I. Phenolic acids and the corresponding
methoxy acids (for example, protocatechuic and veratric) were well separated (Table TI).
Separation of positional isomers in hydroxy-substituted benzoic acids on silicone col-
umns were generally satisfactory (Fig. 1).

It is anticipated that this extremely simple and rapid method for gas chromato-
graphy of aromatic acids will find extensive applications in biochemical and clinical
research,
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