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Abstract: The method for 'H NMR determination of aspirin, phenacetin and caffeine
(APC) mixtures has been improved by the use of 1,3,5-trioxane as an internal standard.
The trioxane absorption occurs in a peak-free region of the spectrum and produces no
interferences with any of the analytes. Compared to the original method with caffeine as
an external standard, the present method appears to offer better accuracy and precision.
Average errors relative to the correct results were: aspirin, 1.0% ; phenacetin, 0.8%; and
caffeine 1.8%, for known standard mixtures. Coupling constants,'Jicy, were deter-
mined for the methyl groups of aspirin and caffeine and for the trioxane methylene group
to clarify potential 1*C satellite interferences.

Keywords: Aspirin; phenacetin; caffeine; quantitative analysis by NMR; 1,3,5-trioxane as
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Introduction

The elegant method of Hollis [1] reported in 1963 for the quantitative analysis of aspirin
(1), phenacetin (2) and caffeine (3) (APC) in mixtures represented one of the very early
and effective applications of 'H nuclear magnetic resonance (NMR) for pharmaceutical
analysis. Simple area integrations of selected resonances of the three compounds
provided a direct simultaneous determination of the APC components with a single
spectral scan of the mixture. Insoluble excipients, such as starch, did not interfere when
CHCI; or CDCl; was utilized as solvent. The presence of carbon-13 satellite peaks was
also partly taken into consideration.

However, although a single scan of the sample mixture sufficed for measuring relative
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amounts of the APC constituents, the requirement of an external standard meant that a
second scan and integration were also needed, and imposed the problems usually
associated with an external standard. Thus, run-to-run variation in the observed spectral
or integral amplitudes, the possibility of differences between NMR sample tubes for
standard and sample, the irreproducibility of instrument operating parameters, etc.
could all contribute to errors in accuracy and precision. Notwithstanding these
limitations, the method of Hollis appeared to be excellent.

Only a few assays for APC employing NMR appear to have been reported. Recently, a
'H NMR method was described [2] using an internal standard, piperonal (3,4-
methylenedioxybenzaldehyde), which had been redistilled. The integral of the methyl-
ene resonance near 63 was compared to the CHj-resonance of aspirin at 2.38, the CH;-
triplet of phenacetin at 1.38, and the caffeine singlet at 3.43. (The latter peak has been
assigned to the N,—CHj of caffeine in CDCl; [3]; other workers [4] have also attributed
the highest field CHj-resonance to the N;—CH;.) The workers in [2} reported no
interference with tablet excipients. Hollis has specifically proposed [1] the rejection of
the triplet at 1.38 as an analytical peak because several commercial APC preparations
contained an impurity that produced an absorption peak overlapping the high field
component of the triplet. The present results seem to support this. Some analyses of
generic APC tablets were found to contain absorptions (from excipients or binders)
which overlapped with the upfield branch of the methyl triplet of phenacetin, in
agreement with [1], and analytical use of this resonance would be ruled out for such
samples. Evidently different APC tablet compositions can account for differing
observations [2]. It should also be noted that at 60 MHz the aromatic proton absorptions
of piperonal between 6.70 and 7.473 (5] partly overlap absorptions of the aryl protons of
aspirin and phenacetin and come close to overlapping the caffeine peak near 7.518.
Although these regions are not used for quantitative purposes, use of piperonal would
obscure this area and interfere with qualitative analysis. This information, which could
be of importance for unknown analyses, as in forensic applications, would be lost.
Further, aromatic aldehydes tend to undergo facile air oxidation leading to impurities
which could require frequent purifications to avoid contaminants in the internal
standard. Finally, piperonal is a low melting solid, m.p. 37°C [6], leading to potential
difficulties in handling.

For an alternative APC assay, workers have employed carbon-13 NMR with anisole as
internal standard [7]; nonaqueous titration [8]; volumetric or titrimetric methods [9];
column separations and spectrophotometry [10]; computer-controlled ultraviolet (UV)
spectrophotometry [11]; gas chromatography (GC) [12]; automated or ion-exchange
high-performance liquid chromatography (HPLC) [13]; polystyrene gel micro-HPLC
[14]; thin-layer chromatography combined with ancillary methods [15]; and others. In
some cases, additional components may also be determined.

The possibility of finding a more suitable internal standard as a further improvement
to the 'H NMR assay method has been explored. Such an internal standard should be
cheap, readily available in satisfactory purity, with a proton resonance that would not
interfere with any of those of the APC components. It should also be relatively stable,
free from chemical interaction with the APC mixture or air, and should be solid for ease
in weighing. Selection of 1,3,5-trioxane appeared to fulfill these requirements. Its 'H
NMR spectrum in CDCIl; at 28° consists of a sharp singlet near 5.158, adequately
removed from the nearest APC resonances near 43 (the N;—methyl of caffeine and the
methylene of phenacetin).
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Experimental

Methodology

A number of APC determinations using 1,3,5-trioxane as internal standard were
carried out by simply weighing the trioxane to an accuracy of +0.1 mg directly into the
NMR sample tube. Alternatively, the trioxane could be prepared as a volumetric
solution and transferred to the APC sample with a syringe or micropipette. For smaller
samples, a microbalance would clearly prove useful (but was not used for this present
work). All spectra were obtained on a Varian EM-360A 60 MHz '"H NMR spectrometer
at a probe temperature of 28°C, using deutero-chloroform (99.8 atom % D, Aldrich
Chemical Co., Milwaukee, WI) as solvent with tetramethylsilane (TMS) as internal
standard for chemical shift. CDCl; and TMS were dried before use and stored over 3A
molecular sieves. Known standard mixtures of aspirin, phenacetin and caffeine were
prepared by directly weighing out the reagents to an accuracy of +0.1 mg. A standard
analytical balance was used. Analyte weights were determined by transfers using a
Teflon®-coated microspatula and are based on actual weight gain of the NMR sample
tube. This avoids weighing errors due to spillage or sample adherence to the
microspatula. Weight ranges of the analytes, as shown in Table 1, ran from about 28—-145
mg aspirin, 16-74 mg phenacetin, and 13-60 mg caffeine. Trioxane standard weights
ranged from about 21-55 mg. The samples were dissolved in about 0.5 ml CDCl;, as
required for solution. For tablet analysis, accurately weighed portions of tablet and
trioxane standard were triturated together with warm CDCl; (caution: cancer-suspect
agent) and the supernatant filtered through a small cotton plug in a Pasteur pipette into
the NMR sample tube.

Integrations were generally obtained as the average of three to five runs using a 10
ppm sweep width, 1 min sweep time, and approximately 0.1 mG radio frequency power
(the “auto Integrate” mode of the EM-360A). Since the sweep width and time
correspond to 10 Hz s !, delays between integral scans were not utilized [16] and no signs
of saturation problems were observed. Integral steps were quite clearly defined with
good reproducibility in measured step heights for successive integral steps. The
coefficients of variation for the set of integral step heights for each component in each
analytical mixture are included in Table 1.

In cases where relatively large amounts of trioxane internal standard were used, the
trioxane integral step could go offscale at amplitude settings that provided adequate step
heights for the APC constituents. In such cases, the trioxane peak could be scanned at a
lower amplitude. On the EM-360A, the ‘Coarse’ amplitude control provides accurate
and reproducible decade steps and can readily be used for this purpose. The
spectrometer employs 1% tolerance precision resistors in the coarse amplitude control.
Weighing out smaller amounts of trioxane would eliminate the need for any range
change corrections at the cost of greater relative weighing errors. The ‘Fine’ control has
no detents and must be left at a single setting for all the spectral scans of an individual
sample. Calculations were based on the integral step height of the aspirin CH; (near
2.33), the combined integral steps for the two upfield CH; singlets of caffeine (near
3.45 and 3.65 for the N;— and N3;—methyls, respectively), and the full integral step for
the acetyl CH; of phenacetin. This last absorption consists of a major singlet with a
small, broad, upfield shoulder. The temperature dependence of the shoulder’s
appearance led Hollis [1] to attribute this to two rotamers of phenacetin, reflecting
rotation about the O=C-N amide C-N single bond. Full integration of the main singlet



SUZANNE THOMSON EBERHART et al.

150

‘poylaut 3yl JO JUAWIBII)
[B2USHE}S Y} Ut PIpnpur jou aie ydwes siy) 10§ SIOLF “IdpuIq pue Juaidoxd I0] paioaiiod "IV T Uo paseq sanfea uonsodwos armxiw ‘13[qe ] ||
‘{zz] 301 295 210y pasn sjuouwneaa) [BIIISIEIS JO UOISSNISIP B 104 "an{ea
[eMIOE, 9y} uey) 191e313 dnjea ,puno, e saijiuis anfea sanisod e ‘sny ], ‘Sw [enjoe/(Sw [enjoe — Juwl punoj) x °,00] :Se 19y PIssaIdxa s1 10113 IN[OSqY §
'sasoyuared utl uaAId a1e (Inoj uey) 19Y1o Ji) suedss [esSaiul Jo s1aqUINU pue (°,) UOIIRLIRA JO SHUDNYJI00 YL
‘1j0 Suipunos SIyl woly }nsal s10113 pajeingel ur sauedadsip Juaredde (Fw 1-( 152182U 0] JJO PIpUNOY i
‘[12] 8w z'pF 01 91RINOOE Se PIISPISUOD 3G PNOYS A3 1BYL O ‘SOUSIDYJIP AQ PIUILLIIP d1am pue Suw [°() 01 P2INSEAW Iam SIYSIoM [ENIDE JeY) AON

16¢+

9T+

90—
98T+
L9 1~
0Cv+
91—
65 1—
8Y°0+

90+

‘JBO

(Lre) (99°0) (1rn
LLO- 09°C+ 6t L€ €pe 8y 6°¢€C vee
(9271) (8L1)
LT0- — L6F 6°€L — 9°8p 1'vL —
1) (8s'1)
¥9°0+ 9570+ — LT 7638 — €79 L'88
(85°0) 86'1) (')
SI0- 9¢°0+ TSy 9°¥9 706 09y LYY 668
’ (ze2) (sv2) (os'D)
LL'O+ 10— 6'vS 1°59 v ypl 6'€S 9°%9 Lybl
(080 (89'1) (62'1)
90— 6L T+ 86T 8Ly I'1y €0¢ 18t v oF
(ze'o) (bp€) Fo'1)
€TT+ $0°1— 6%l 091 €0L ¥l 961 01L
(€T6h) (€980 (£:81°7)
99°0+ o+ el 1'9¢ 86 vzl 65T £y
(steo'1) ($56°2) (s'1£°0)
86°0+ S0T— 765 SIg T 709 I 6°C€
(s:1°9) (S've't) (5°00°5)
6L°0— 651+ 9°¢l 9°1¢ L8t Sel 6°1€ €8
(s'e17¢) ('L
— ro- €€ — 0y 1'¢T — 1824
‘uayd dsy §1:9) uayg “dsy ‘JeD uayg dsy
§(,) 10110 21njosqy 14(8w) YIAN Aq punoq «(8ur) uonmisodwoo armxipy

1

01

I

gjdureg

S2IN)XIW D JV JO SISA[RUR AN

19lqeL



ASSAY OF APC MIXTURES BY QUANTITATIVE NMR 151

and the shoulder account for the 3H acetyl CHj intensity of phenacetin. Our use of the
combined integral step heights for two of the caffeine methyls (N;~CH; and N3;—CH3)
provides a larger integral intensity for more precise measurement than integration of a
single NCHj; (as was done by the authors of ref. [2]).

Analytes and trioxane were used as received from commercial sources without further
purification. Nominal purity was 98% for trioxane obtained from Aldrich Chemical Co.
U.S.P. grade aspirin, phenacetin and caffeine are 99.5-100.5, 98.0-101.0 and
98.5-101.0%, respectively.

Results and Discussion

The results are presented in Table 1. In all cases, both accuracy and precision appear
to be acceptable, and some improvement is seen relative to those reported earlier.
Indeed, improved integration accuracy could provide even better results and might be
fruitfully applied here using the technique of an external digital voltmeter, as reported by
Johnson and Shoolery [17] and discussed by Waters [18]. Since the trioxane singlet is well
separated from neighboring absorptions, spinning sideband intensity and position is
relatively non-critical (see below).

The trioxane has an appreciably higher melting point than piperonal, gives no
interferences with the proton absorptions of any of the substances being determined, and
is about 30 times cheaper than piperonal per integrated proton (by 1984 prices).

It was explicitly decided to make the correction to the N;—CHj integral intensity of
caffeine (near 3.48) for the contribution produced by the downfield *C satellite of
methyl in aspirin. This correction has been omitted by other investigators [2]. Clearly, the
importance of this correction will depend on the relative amounts of caffeine and aspirin
present in a particular sample, with high ratios of aspirin making the correction more
important. In any case, as in this present work, by simply using the combined integral
intensities of both the N;— and N;—methyls of caffeine instead of relying on the N;—
methyl alone was done previously [2], the '*C satellite contribution of aspirin to caffeine
becomes only half as important and measurement precision is improved. In practice, the
observed integral step heights for the analytes over the concentration ranges reported
here are such that the '°C satellite contribution is typically of the same order or less than
the small step height measurement errors due to instrument sensitivity, etc.

To elaborate further the question of the '*C satellites of aspirin, 'Jy; was measured for
the aspirin methyl (as a saturated solution in CDCl; at 28°) as 129.5 Hz £0.5 Hz. (Hollis
[1] had estimated the value as 120 Hz). This coupling constant value not only fortuitously
places the downfield satellite on the N;-CHj of caffeine but also puts the upfield satellite
on the upfield branch of the phenacetin triplet. However, the enhancement of the
phenacetin methyl triplet upfield branch which was observed in some APC samples far
exceeded that predicted solely from a '>C satellite contribution from methyl in aspirin. It
therefore seems distinctly preferable to avoid use of the phenacetin triplet for
calculations.

3o was also measured for trioxane as 167 Hz + 1 Hz to confirm that the internal
standard '3C satellites would not interfere with our analyte peaks. The measured '*CH
coupling constants for the aspirin methyl and the trioxane methylene in the present work
are consistent with reported values of 130 Hz for acetic acid and 161 Hz for
diethoxymethane [19]. Although Hollis had estimated similar *CH coupling constants
(of around 120 Hz) for both the aspirin CHj and the caffeine methyl (near 3.4 ppm), the
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coupling constants were found to be significantly different in the present work. Caffeine
displayed "*CH coupling constants for all three methyls of 142 + 1 Hz (CDCl, solution,
28°C). This means that although the satellite of the aspirin methyl contributes to N;—CHj,
of caffeine near 3.4 ppm, this caffeine methyl does not contribute to the aspirin CH;. The
assumption of Hollis that these proton satellites mutually contributed to each other
would have required identical '*CH coupling constants. However, the upfield satellite of
N;—-CH; of caffeine may be close to overlapping the aspirin CH; and would likely be
included in the integral of the latter. This coincidence results since the difference in
chemical shift between the N;~ and Ny—methyls of caffeine approximate the amount by
which the '*CH coupling constants of caffeine methyls exceed the '*CH coupling
constant of aspirin methyl. Our observed value for Jucy of the caffeine methyls is
consistent with the value of 133 Hz given for CH5NH, [19], and, perhaps a better
analogy, the value of 139 Hz for the methyl of N,N-dimethylformamide [20].

The present results indicate a bias in the errors of +0.2% for aspirin, +0.4% for
phenacetin and +0.3% for caffeine (based on ‘found’ minus ‘actual’ values). Other
workers reported consistently low values for aspirin and phenacetin and high values for
caffeine in tablets [2]. However, since their results were based on ‘claimed’ values
without independent assays, actual tablet compositions were not available for com-
parison with the values they found by NMR. Hollis [1] reported results for known APC
mixtures with mean errors of about —0.9% for aspirin, —1.2% for phenacetin and
—0.1% for caffeine; for APC tablets, ‘found’ values were high for phenacetin and low for
aspirin and caffeine (when compared with LABEL values). Ignoring **C contributions
between aspirin and caffeine should contribute to positive errors (if significant) for both
these components which is not totally consistent with the results of ref. [2]. While these
results are not readily explained, at least part of the differences noted could result from
slightly differing purities of reagent batches or consistent biases in integral step height
measurements by different workers. The present somewhat high values may reflect a
purity for trioxane of less than 100%, although the calculations were based on a nominal
100% purity.

The weights of each analyte in a sample were calculated as follows:

. step height, 6 mg,/mmol
= X ——— X — —_— -
Mg aspirift = Mgr step heighty 3 mgy/mmol
. step heightp 6 mgp/mmol
tin = X ————=—— X — X ————
mg phenacetin = mgr step heighty 3 mgr/mmol

y step heightsc —0.0055 step height 4 y 6 N mgc/mmol
step heighty 6 mgr/mmol

mg caffeine = mgyp

The subscripts A, P, C and T refer to aspirin, phenacetin, caffeine and trioxane,
respectively. Integral step heights used are discussed above. The numerical factors (6/3)
or (6/6) refer to relative numbers of protons being integrated in trioxane and the
analytes. The last terms are ratios of the molecular weights of the analytes and trioxane.
Only the caffeine integrals are corrected for contributions from the '>C satellite of
aspirin.
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Since the present results were determined for known mixtures over a broad range of
compositions, we have presented the coefficients of variation for each sample component
based on the integral variations within a set. The means of these coefficients of variation
for the eleven tabulated samples were 2.05% for aspirin, 2.35% for phenacetin, 2.94%
for caffeine and 1.82% for the trioxane standard. These values are essentially consistent
with the spectrometer manufacturer’s specification of 2.0% average deviation in total
integral reproducibility (of a 5% ethylbenzene sample, five scans). A slightly lower value
for trioxane could result from more accurate measurements of larger step heights and use
of reduced amplitude settings in measuring the standard’s integrals. A slightly higher
value for caffeine may result from the measurement of smaller integrals for (usually) the
minor component. For each sample mixture, the ‘found’ results reflect the means value
based on the averaged integral step heights (three to five scans). Signs are included in the
error tabulations, with a positive sign representing a ‘found’ value greater than the
actual. Absolute errors (%) are presented for comparison with Hollis’ results.

Based on the results in Table 1, average deviations from the true values were found to
be 1.0% for aspirin, 0.8% for phenacetin and 1.8% for caffeine. Hollis [1] had reported
corresponding values of 1.1, 2.2 and 3.2%, respectively. The standard deviations for the
present work (based on samples 1-10) were 1.24% for aspirin, 0.95% for phenacetin and
2.19% for caffeine. The use of the internal standard described here should facilitate 'H
NMR APC assays, and provide improved accuracy [4].

Acknowledgements: This project was made possible, in part, by supporting grants from the National Science
Foundation Instructional Scientific Equipment Program, award SER80-15293 and grant number 6-63225 from
the Professional Staff Congress—CUNY Research Award Program of the City University of New York. The
authors wish to thank Professor Bonnie Nelson for her assistance in computerized literature searching. The
suggestions of the referees, Drs A.F. Casy and A.G. Ferrige, were much appreciated.

References

[1] D. P. Hollis, Anal. Chem. 35, 1682-1684 (1963).

[2] A. A. Al-Badr and S. E. Ibrahim, Zentralbl. Pharm., Pharmakother. Laboratoriumsdiagn. 120,
1251-1254 (1981); Chem. Abstr. 96, 91737s (1982).

[3] T. G. Alexander and M. Maienthal, J. Pharm. Sci. 53, 962-963 (1964).

[4] T. G. Alexander and S. A. Koch, J. Assoc. Offic. Anal. Chem. 50, 676-678 (1967).

[5] C. J. Pouchert and J. R. Campbell, The Aldrich Library of NMR Spectra (Aldrich Chemical Co., Inc.,
Milwaukee, WI, 1974); piperonal: 6, 91A; caffeine: 8, 108A; trioxane: 1, 156A; aspirin: 7, 41B.

[6] M. Windholz, S. Budavari, L. Y. Stroumtsos and M. N. Fertig, Eds, The Merck Index, 9th edn, p. 973.
Merck, Rahway (1976).

[7] H. C. Chiang and M. Imanari, T"ai-wan Yao Hsueh Tsa Chih, 32, 83-87 (1981); Chem. Abstr. 96, 24862t
(1982).

[8] S.-L. Lin and M. L. Blake, Anal. Chem. 38, 549-552 (1966).

[9] P.S. Bouw, T. K. Kie and A. H. Kam, Suara Pharm. Madjalah, 8, 73-78 (1965); Chem. Abstr. 63, 14638a
(1965).

[10] P. Turi, J. Pharm. Sci. 53, 369-372 (1964).

[11] L. Ying and Y. Liu, Huadong Huagong Xueyuan Xuebao 71-78 (1982); Chem. Abstr. 97, 169003s (1982).

[12] A.J. Hoffman and H. 1. Mitchell, J. Pharm. Sci. 52, 305-306 (1963).

[13] P. P. Ascione and G. P. Chrekian, J. Pharm. Sci. 64, 1029-1033 (1975); R. J. Hamilton and P. A. Sewell,
Introduction to High Performance Liquid Chromatography, 2nd edn, p. 201. Chapman & Hall, New York
(1982).

[14] O. Ishii, Bunseki Kagaku Koshukai Tekisuto, 21st, 6-9-6-11 (1979); Chem. Abstr. 92, 203642h (1980).

[15] T. Constantinescu, S. Budrugeac, O. Boros and E. Popa, Rev. Chim. (Bucharest) 30, 1136-1142 (1979);
Chem. Abstr. 92, 153244g (1980).

[16] T. G. Alexander and S. A. Koch, Appl. Spectrosc. 21, 181-183 (1967).

[17] L. F. Johnson and J. N. Shoolery, Anal. Chem. 34, 1136-1139 (1962).

[18] W. L. Waters, Publication Number NMR-7, Sept. 1979, Varian Instruments, Palo Alto Applications Lab,
Palo Alto, CA.



154 SUZANNE THOMSON EBERHART et al.

[19] R. J. Abraham and P. Loftus, Proton and Carbon-13 NMR Spectroscopy, p. 53. Heyden, Philadelphia
(1978).

[20] P. C. Lauterbur, J. Chem. Phys. 26, 217 (1957) as quoted in J. A. Popie, W. G. Schneider and H. J.
Bernstein, High Resolution Nuclear Magnetic Resonance, p. 306. McGraw-Hill, New York (1959).

[21] R. A. Day, Jr and A. L. Underwood, Quantitative Analysis, 4th edn, p. 34. Prentice-Hall, Englewood
Cliffs (1980).

[22] R. A. Day, Jr and A. L. Underwood, Quantitative Analysis, 4th edn, pp. 12, 19, 20. Prentice-Hall,
Englewood Cliffs (1980).

[Received for review 22 February 1984; revised manuscript received 17 July 1984)



