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Abstract  0 Aspirin and four salicylate impurities of aspirin (salicylic 
acid, acetylsalicylsalicylic acid, acetylsalicylic anhydride, and salicyl- 
salicylic acid) were resolved by silica gel TLC and by high-pressure liquid 
chromatography (HPLC) on a reversed-phase CIS column. Care was 
necessary in the choice of a column because a similar column failed to 
resolve these five compounds. Salicylsalicylic acid was isolated from as- 
pirin tablets by extraction, followed by reversed-phase CIS HPLC. The 
structure of this compound was confirmed by comparison with an au- 
thentic sample of salicylsalicylic acid by HPLC, TLC, IR and UV spec- 
trophotometry, and mass spectrometry. Two other compounds, acetyl- 
salicylic anhydride and acetylsalicylsalicylic acid, which had been pre- 
viously identified by chromatography as impurities in aspirin, were iso- 
lated and further characterized. 
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In recent years, two salicylate derivatives, acetylsalicylic 
anhydride (I) (1) and acetylsalicylsalicylic acid (11) (2), 
have been detected as impurities in aspirin tablets. These 
two compounds were reported (1 ,3 ,4)  to be immunogenic 
substances capable of inducing the formation of acetyl- 
salicyloyl- or salicyloyl-specific antibodies. According to 
these reports, allergic reactions to commercial aspirin 
preparations are due to these antibodies and, therefore, 
are caused by the aspirin impurities rather than by aspirin 
itself'. The clinical significance of these in uiuo findings 
has been disputed (6). Demonstration of the potential 
immunogenic activity of these salicylate derivatives has 
emphasized the significance of their presence in pharma- 
ceutical aspirin preparations even a t  low concentrations. 
Two papers (7,8) reported the use of high-pressure liquid 
chromatography (HPLC) in the determination of salicylic 
acid, I, and I1 in aspirin. 

A third salicylate derivative, salicylsalicylic acid (III), 
was found to undergo aminolysis to N-salicyloyl deriva- 
tives by reaction with amino acids (4) and to be an inter- 
mediate in the aminolysis of 11, an alleged immunogenic 
agent (3). In uiuo tests demonstrated the immunogenicity 
of 1-111 in guinea pigs (4). Although Bundgaard and 
DeWeck (4) did not find I11 in various aspirin samples, 111 
was detected in most of the commercial aspirin tablets 
analyzed by HPLC in the present studies. 

This paper reports the detection and identification of 
I11 as an impurity in aspirin and aspirin tablets. Methods 
for separation of aspirin and four salicylate impurities by 

I An alternative theory is that aspirin itself is responsible for the formation of 
an antigenic determinant by initially undergoing an intramolecular rearrangement 
LO a mixed anhydride, which, in turn, reacts with a protein amino function (5). 
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TLC and HPLC are described. The isolation of 1-111 from 
aspirin tablets by extraction and HPLC and the possible 
confusion of I11 with I in reversed-phase HPLC are dis- 
cussed. 

EXPERIMENTAL 
Instruments-All samples for IR spectral analysis were prepared as 

potassium bromide pellets, and the spectra were recorded on a grating 
IR spectrophotometer2. Melting points were taken in a capillary melt- 
ing-point apparatus3 and are uncorrected. NMR spectra were recorded 
on a 60-MHz spectrometer4 with tetramethylsilane as an internal refer- 
ence standard. UV spectra were recorded on a double-beam UV-visible 
~pectrophotometer~. A high-pressure liquid chromatograph6 with a UV 
detector set at 254 nm was used. 

Reagents and  Chemicals-Acetylsalicylic anhydride was synthesized 
according to a literature procedure (9). Recrystallization (95% ethanol) 
provided a white crystalline solid, mp 83.5-84.~5~; I R  v 1790, 1765, and 
1730 cm-' (ester and anhydride carbonyl stretching frequencies), iden- 
tical to a published I spectrum (10); NMR (CDCIs): 6 8.05 (d of d, J = 7.5 
and 2 Hz, 2H, protons ortho to each anhydride carbonyl), 7.83-7.02 (m, 
6H, aromatic protons other than the protons ortho to the anhydride 
carbonyl), and 2.27 (s,6H, methyl protons). This compound is referred 
to throughout as reference standard I. 

Acetylsalicylsalicylic acid was prepared by acetylation of salicylsalicylic 
acid7 with acetic anhydride in cold aqueous sodium hydroxide according 
to a literature procedure (1 1). Recrystallization (twice) from aqueous 
ethanol (charcoal) gave white crystals, mp 163.5-164.5'; IR: Y 1748 with 
a shoulder a t  1752 (two ester carbonyl stretching frequencies) and 1690 
(acid carbonyl stretching frequency) cm-'; NMR (CDaOD): 6 8.36-7.84 
(m, 2H, aromatic protons ortho to the carbonyl groups), 7.84-7.02 (m, 
6H, aromatic protons other than those ortho to the carbonyl groups), and 
2.22 (s, 3H, methyl protons). This compound is referred to throughout 
as reference standard 11. 

* Model 337, Perkin-Elmer Corp., Norwalk, Conn. 
Thomas-Hoover, Arthur H. Thomas Co., Philadelphia, Pa. 
Model T-60A. Varian Associates, Palo Alto, Calif. 
Cary model 219, Varian Associates, Palo Alto, Calif. 
Chromatronix model 35008, Spectra-Physics, Santa Clara, Calif. 
K & K Laboratories, Plainview, N.Y. 
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Acetylsalicylic acids, salicylic acids, salicylsalicylic acid', and meth- 
ylacetylsalicylate~ were used as ohtained. Glass-distilled benzenelo, 
methanol'l, and cyclohexane" were used. All other chemicals and re- 
agents were LISP, ACS, or chromatographic grade. Deionized water was 
used for preparation of aqueous solutions. 

Phosphate buffer (0.5 M, pH 8) was prepared from 2 N NaOH (120 ml), 
monobasic potassium phosphate (34 g), and water (to 500 ml). Phosphate 
huffer (0.5 M, pH 11.3) was prepared from 2 N NaOH (380 ml), mono- 
basic potassium phosphate (68 g), and water (to 1000 ml). 

tr-Benzamidocinnamate-pyridine reagent, used in the spectrophoto- 
metric analysis of I, was prepared according to Bundgaard and Bund- 
gaard (9). Sodium n-benzamidocinnamate was synthesized by the fol- 
lowing route: henzaldehyde t hippuric acid - 4-benzylidene-2-phen- 
yloxazoline-5-one (12) - tu-benzamidocinnamic acid (12) --t sodium 
tr-henzamidocinnamate (9). 

HPLC Parameters-The analytical HPLC system was operated with 
a flow rate nf 1.6 ml/min and a chart speed of 30.48 cm (12 in.)/hr. The 
mobile phase was prepared by adding 12.5 ml of acetic acid to 450 ml of 
water and diluting with methanol to 1000 ml. This solvent mixture was 
filtered through a 0.6-flm filter12 before use. Two different analytical 
reversed-phase Clt, columns, A'" and B14, were used. 

For the isolation of aspirin impurities, a semipreparative HPLC system 
was used with the following parameters: an 8-mm (i.d.) X 250-mm 
(length) stainless steel column packed with a reversed-phase CIS sta- 
tionary phaseIs; a I -ml loop injector; a chart speed of 30.48 cm/hr; a flow 
rate of 7 ml/min; and a mobile phase of acetic acid (11.5 ml), water (540 
ml) ,  and methanol (to 1000 ml). 

Qualitative TLC-A single T1,C system, one that has been employed 
siiccesslully in separating I from aspirin (1, 13), separated aspirin and 
its lour salicylate impurities. Samples were spotted on silica gel plates 
containing a fluorescent indicatoP and developed in 2-butanone-cy- 
clohexane (1:1) by ascending chromatography. Due to the instability of 
I on silica gel, the chromatogram was developed immediately after this 
cwnpound was spotted. The compounds were detected by a UV hand 
lamp (254 nm). The Rf values for salicylic acid, aspirin, 11, Il l ,  and I were 
0.2'7, 0.34, 0.38, 0.44, and 0.51, respectively. Salicylic acid was fluo- 
rescent. 

Isolation of 1-111 f rom Aspirin Tablets-One hundred 324-mg (5 
gr) aspirin tablets were triturated in a mortar and pestle, and the powder 
was added to a cold hiphasic mixture of benzene (130 ml) and phosphate 
huller solution (650 ml, 0.5 M, pH 11.3). The mixture was stirred with 
ii magnetic stirrer for 5 min and poured into a separator. The benzene 
layer was separated, dried over magnesium sulfate, and saved for isolation 
of' I .  The aqueous solution, pH 8 following neutralization of the original 
buffer solution with aspirin, was acidified with 2 N HCI (-300 ml) to pH 
I -  2 and filtered to remove the excipients and precipitated aspirin. The 
filtrate was extracted with 300 ml of benzene. 

At this point, after all o f  the salicylates were in benzene solution, at- 
tention was directed toward the final isolation of I, since this compound 
undergoes decomposition. The first henzene extract (containing I)  was 
filtered and concentrated to -3 ml under reduced pressure a t  a bath 
temperature not exceeding 35'. Since TLC showed the presence of aspirin 
as well as I,  the henzene solution was extracted with an equal amount of 
phosphate buffer (0.5 M ,  pH 8). The henzene solution, which now showed 
iinly I ,  was dried over magnesium sulfate, filtered, and evaporated under 
a dry nitrogen stream. This isolated I sample was compared to the ref- 
erence standard I by UV (cyclohexane), 'I'IL, and the n-benzamidocin- 
namate-pyridine test (9). 

The second benzene extract, containing all salicylates except I, was 
extracted with four 100-ml portions of 0.1 N HCI to concentrate the re- 
maining salicylate impurities relative to aspirin. Solvent henzene was 
removed under reduced pressure. The residue was dissolved in 4 ml of 
methanol, and an equal volume of water containing 1% acetic acid was 
added. This solution was passed through a 0.6-pm fiIterl2 before injection 
onto the semipreparative HPLC column. Fractions corresponding in 
retention times to 11 and I11 were collected. Solvents were evaporated 

A 

L 

"Sigma Chemical Co., Sl. Lnuis, MI). 
!I Aldrich (:hemica1 Co., Milwaukee. Wis. 
lo Nanograde. Mallinckrodt, St.  Louis, Mo. 

i 13urdic.k & Jackson Laboratories. Muskegon. Mich. 

I:! 1,iChrw)rb IW 18, 10-pm particle size. 250 mm (length) X 4.6 mm (i.d.), EM 

I4 pHondapak Cis ,  10-pm particle size, 30 cm (length) X 3.9 mm (i.d.), Waters 

I s  ('cimsil. 37 $0 pm, Waters Associates, Milford, Mass. 
Ifi hecoated T1,C plates, silica gel 60 F-254, EM Laboratories Inc., Elmsford, 

Type HI). O.6-pm pore size, Millipore Corp., Hedfmd, Mass. 

l , ~ ~ l ~ ~ i r a t ~ i r i e s  Inc., Elmsfurd, N.Y. 

Associate\, Milford. Mass. 

N.Y. 

D 

E 
w 

!- 
2 
4 
LU a 

i 
15 10 5 0 

MINUTES 

Figure I-HPIX on Column A of a synthet ic  mixture of aspirin ( A )  
containing 1 %  each of salicy[ic acid (H) ,  acr t~lsn~icy / . sa~icy / ic  ocid (C), 
acetylsalicylic anhydride (I)), and salicylsalicylic acid fE ) .  Fur the 
mobile phase,  12.5 ml of acetic acid was added t o  450 ml of water and 
dilutpd to  1000 ml with methanol. 

under reduced pressure a t  35'. with last traces heing removed with a 
vacuum pump. Benzene ( 1  ml) was added to the isolated I1 sample; the 
solution was filtered and evaporated. The isolated I1 and I11 samples were 
compared to their reference standards by HPLC, IH, UV (95% ethanol), 
and TLC. 

To demonstrate that I11 did not result from hydrolysis of I1 during the 
extraction procedure, reference standard 11 was subjected to the described 
extraction process; no evidence of' 111 was found. 

RESULTS AND DISCUSSION 

Aspirin and four salicylate impurities were adequately resolved hy 
HPLC on Column A (Fig. 1 ) .  However, on Column B, another reversed- 
phase CIS column, 1 and 111 had almost identical retention times. Changes 
in the methanol-water ratio of the mobile phase or changes in the flow 
rate did not significantly change the difference between the retention 
times of these two compounds on Column €3. The lack of  resolution of' 
these two compounds on one column emphasizes the precautions that 
must be taken in the HPLC analysis ot'aspirin tor these compounds and 
the uncertainty of identifying them by H P I X  alone. 

HPLC of solutions ohtained by extraction of aspirin or aspirin tablets 
with the mobile phase showed 11,111, and salicylic acid in most samples 
tested. Although I generally was present in the aspirin samples and could 
be quantitated by the n-henzamidocinnamate-pyridine reagent" (9), 

We have determined that aspirin itsell' will react with the ti-henzamidocin- 
nnmate-pyridine reagent. although at a slower rate than 1. When present in the 
lietizene extract at a cuncentration even as low as that uf I ,  aspirin will intprl'ere 
wrioiisly with the analysis of I .  The presence of interfering amounts of  aspirin in 
this analysis can be determined by following the reactiun over time. Absor1)ance 
resulting from I reaches a plateau in 20-:!O min, whereas it continues to show a 
gradual increase past 30 min when aspirin is present. 
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detection and quantitation of I by HPLC was difficult because of its in- 
stability in the mobile phase and its presence in low concentration. 

One feature that distinguishes I from 111 and the other salicylates 
mentioned is its high susceptibility to solvolysis. When reference standard 
I was dissolved in mobile phase (1 mg/ml) and examined by successive 
injection on Column A, the compound underwent solvolysis at room 
temperature to give rise to two new compounds with retention times 
corresponding to aspirin and methyl acetylsalicylate1s. After 4 hr, <5% 
of the anhydride remained. The observed rate constant for the anhydride 
hydrolysis in 10% dioxane-90% water containing 0.57 M acetic acid at 
pH 2.59 and 25.1’ has been reported as 6.0 X sec-l(14), from which 
the half-life is calculated to be 19 min. This rate was much faster than 
the rate of aspirin hydrolysis and was in general agreement with our ob- 
servations. The salicylates other than acetylsalicylic anhydride were 
relatively stable in the mobile phase and showed no decomposition under 
the analytical conditions. 

In a recent report (15) on aspirin impurities, it was tentatively assumed 
that I11 was present as an impurity in some aspirin samples based on its 
retention time by silica gel HPLC. The present study confirmed the 
presence of 111 in aspirin samples by isolation and identification of the 
compound; i t  is recognized that this compound is a commonly occurring 
impurity in aspirin and commercial aspirin preparations. The isolation 
of this compound from aspirin tablets by extraction and HPLC, as de- 
scribed, provided a sample that was identical to the reference standard 
Ill7 by TLC and by HPLC on Columns A and B. 

The UV spectrum (A,,, relative absorbance) in 95% ethanol of the 
isolated 111 sample (234 nm, 1; 308 nm, 0.313) was comparable to that of 
reference standard 111 (234 nm, 1; 308 nm, 0.310). The IR spectrum of 
the isolated I11 showed maximum absorbance at frequencies of 3455 
(phenolic OH stretching) and 1740 and 1690 (carbonyl stretching) cm-’; 
this spectrum, including the fingerprint region, was identical to an IR 
spectrum of the reference standard. The structure was confirmed by an 
electron-impact mass spe~ t rum’~ ,  which provided a parent ion (m/e 258) 
and gave a breakdown pattern similar to that of the reference standard 
111. 

Two other salicylate impurities found in aspirin, I and 11, whose 
characterization by chromatographic methods was previously reported 
(1,2,7,8), were isolated by extraction and HPLC and were characterized 
further. The isolated I 1  sample was identical to its reference standard 
by HPLC, TLC, IR, and UV (95% ethanol). The isolated I gave a positive 

test for I with the a-benzamidocinnamate-pyridine reagent. ‘I’he UV 
(cyclohexane) and TLC characteristics were the same as those for the 
reference standard I. When dissolved in mobile phase and monitored by 
HPLC on Column A, the isolated anhydride, like the reference standard, 
underwent hydrolysis and methanolysis at ambient temperature to give 
aspirin and methyl acetylsalicylate. 

In the analysis of 176 samples of commercial aspirin tablets, the I11 
concentration varied from below detectable limits (0.001%) to 0.25% of 
the amount of aspirin present. Of the samples tested, 70% contained levels 
that were detectable by HPLC (20.001%). Details of the quantitative 
analysis of aspirin impurities in aspirin and aspirin tablets will be the 
subject of a future report. 

REFERENCES 

(1) A. L. DeWeck, Int. Arch. Allergy Appl. Immunoi., 41, 393 

(2) S. Patel, J. H. Perrin, and J. J. Windheuser, J. fharm.  Sci.,  61, 

(3) H. Bundgaard, J. fharm.  Pharmacol., 26,18 (1974). 
(4) H. Bundgaard and A. L. DeWeck, Int. Arch. Allergy Appl. Im- 

( 5 )  M. A. Schwartz and G. L. Amidon, J. Pharm. Sci., 55, 1464 

(6) P. Kallos and H. D. Schlumberger, J. Pharm. fharmacol., 30.67 

(7) S. L. Ali, J.  Chromatogr., 126,651 (1976). 
(8) S. 0. Jansson and I. Anderson, Acta fharm.  Suec., 14, 161 

(9) H. Bundgaard and C. Bundgaard, J. fharm. fharmacol.. 25,593 

(10) 0. R. Sammul, W. L. Brannon, and A. L. Hayden, J. Assoc. O//. 

(11)  F. D. Chattaway, J .  Chem. SOC., 1931,2495. 
(12) H. B. Gillespie and H. R. Snyder, in “Organic Synthesis Collective 

(13) H. D. Spitz, J.  Chromatogr., 140,131 (1977). 
(14) E. R. Garrett,.J. Am. Chem. Soc.. 82,711 (1960). 
(15) H. Bundgaard, Arch. fharm.  Chem. Sci. Ed., 4,103 (1976). 

(1971). 

1794 (1972). 

munol., 49, 119 (1975). 

(1966). 

(1978). 

(1977). 

(1973). 

Anal. Chem., 47,932 (1964). 

Volume 11.” A. H. Blatt, Ed., Wiley, New York, N.Y., 1943, p. 489. 

The retention time of methyl acetylsalicylate was similar to that of salicylic 
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tration. 
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