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NUCLEAR MAGNETIC RESONANCE STUDY OF
ACETAMINOPHEN: A COMMON ANALGESIC
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A variety of analytical techniques such as, infra-red
(IR) spectroscopy, differential scanning calorimetry
(DSC), X-ray powder diffraction, and other such
methods are available for the study of solid state
chemistry of drugs. However, only a few of them
allow direct analysis in the tablet form. For exam-
ple, among the IR and DSC methods which have
been used to characterize crystalline forms, some
forms known to- be different show identical IR
spectra and DST properties. While, X-ray diffrac-
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tion is sensitive to differences in crystal packing it is
an averaging technique, not extremely useful for
solid solutions or for amorphous forms. On the
other hand, the high-resolution solid-state carbon-
13 NMR spectroscopy appears to offer significant
advantages over other techniques for the study of
solid drugs, but application of this powerful method
in this area is very limited"?.

Proton enhanced (PE) carbon-13 NMR®, com-
bined with high-power decoupling, and magic angle
spinning (MAS)* gives an enormous improvement
in the sensitivity and resolution of the solid state
spectrum comparable to that obtained in solution.
Consequently, *C NMR studies of molecules using
this technique, promises to give detailed informa-
tion about the electronic structure and moleculdr
dynamics of molecules in solids. In this paper, a
report on the solid-state *C NMR study of acetami-
nophen is presented. Acetaminophen is a white,
odourless crystalline powder, possessing a bitter
taste and is widely used as analgesic and antipyretic.
It has different generic names such as paracetamol,
acetophenum, etc.

The “*C CP/MAS NMR spectra were obtained at
75.47 MHz using a Bruker MSL300 spectrometer.
Spin-locked cross-polarization was established
through a matched Hartmann-Hahn condition’.
Contact time was carefully determined to obtain a
maximum signal-to-noise ratio. A single contact of
1 msec was adopted throughout for all the samples.
The acquisition time was usually 28 msec and a
repetition time of 5 sec was used between successive
pulsing. A phase alternation was used throughout to
eliminate base-line and intensity artifacts. Samples
were packed in an aluminium oxide cylindrical type
of rotors and were spun at 3.4 kHz. Non-quaternary
suppression (n.q.s.) experiment, which provides a
means for discriminating between resonances of
carbon atoms which bear protons from those which
do not, was carried out following the procedure of
Opella et al®. In doing this experiment, a delay time
of 50 usec was applied immediately after the proton
90° pulse and preceding the decoupling pulse. All
the chemical shifts were externally referenced with
respect to TMS. The solution *C NMR spectrum
of acetaminophen was obtained at 67.89 MHz using
a Bruker WH270 spectrometer in DMSO-dg solvent
at an ambient temperature. Two commercially
availdble acetaminophen tablets, Crocin (Dulphar-
Interfran Ltd., Vapi, Gujarat, India) and Tylenol
(McNeil Consumer Products Ltd., Guleph, Ontario,
Canada) were used in this investigation.

The *C NMR spectrum of acetaminophen in ds-
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Figure 1. Carbon-13 NMR spectra of acetami-
nophen. (a) In DMSO-d, solution at 67.89 MHz
(5000 scans) recorded on a Bruker WH270 spectro-
‘meter, (b) conventional solid-state CP/MAS spec-
trum at 75.47 MHz recorded on a Bruker MSL300
spectrometer with 1 msec contact time and 300
scans, and (c) using non-quaternary suppression
pulse scheme®; number of scans 300 with 1 msec
contact time.

dimethylsulphoxide solvent is shown in figure 1. For
assigning the different carbon lines, a proton-noise-
decoupled and single frequency off-resonance de-
coupled spectra were taken. The multiplicities
generated in off-resonance decoupled spectra en-
abled distinction between the different types of
carbons. The chemical shift values are as given in
table 1. The downfield resonance at 167.7 ppm is
assigned to the carbonyl carbon C7, while the C4
carbon is assigned to the line occurring at 130.9 ppm.
Carbon C1 attached to the nitrogen is assigr (0
the peak at 153.1 ppm. The carbon resonances C7
and C1 could also be assigned on the basis of the
solid-state *C NMR spectrum (figure 1c) which
shows an asymmetric splitting of these carbon
resonances due to nitrogen (see later). The electro-
nic effect of the oxygen atom attached to the phenyl
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Table 1 Carbon-13 chemical shifts in acetaminophen

Chemical shifts (ppm)

Solid

Numbering of

carbon atoms Solution  Conventional  n.g.s."
Cl 130.9 133.8% 133.8*
133.17 133.1"
2 121.0 120.8 —
c3 115.0 116.5* —
C4 153.1 152.5 152.5
G5 115.0 16.0" —
C6 121.0 123.6 —
C7 167.7 170.3* 170.3*
169.8% 169.8*
C8 23.5 24.0 24.0

* non-quarternary suppression (see ref.6); * splitting due
to MN (sce text); “assignment could be reversed.

ring produces an upfield shift of the ortho carbons
C3 and C5 and hence they are assigned to the
upfield resonance at 115 ppm. This leaves us with
the assignment of C2 and C6 carbon resonances to
the line at 121 ppm.

The conventional “C CP/MAS NMR spectrum
and that obtained by employing the n.q.s. pulse
scheme are also shown in figure 1. The immediate
interpretation of the dipelar dephasing experiment
is that the 1*C carbon resonances of carbons C1, C4,
C7 and C8 contribute to the lines at 133, 152.5,
170.3 and 24.0 ppm. We notice that the resonances
of carbons Cl1 and C7 are split into asymmetric
doublets characterstic of **C-'*N dipolar couplings
in high-resolution solid-state spectra. This unusual
line shape results from the failure of magic angle
spinning to completely average out the “C-"N
dipolar interaction. The split is defined as the center
of mass of the more intense component (corres-
ponding to the n = + 1 state of '“N) minus the
center of mass of the less intense component
(corresponding to the n = 0 state) of the asymmet-
ric doublet. The dipolar splits observed in this
molecule are approximately —54.9 and —42.7 Hz
respectively for the C1 and C7 carbons.

In solution, the ring carbon resonances C2 and Cé
overlap, whereas in the solid state they are clearly
well separated. X-ray structure’ indicates that this is
due to the fixed orientation of the group attached to
the C-N bond with respect to the ring. Whereas free
rotation of this group may occur in solution, the
molecule is locked in the crystalline state such that

C2 and C6 carbons are no longer equivalent. This
difference has been detected by solid-state NMR as
a doublet with a 2.8 ppm splitting. It is possible from
the structural details to assign the low-frequency
peak of the doublet to C2 (120.8 ppm) and the
high-frequency peak (123.6 ppm) to C6 carbons.
Similarly, the resonances of C3 and CS5 carbons are
found to overlap in solution but in the solid state
they occur as a sharp doublet. Again, this is due to
fact that these carbons are no longer equivalent in
the solid state and from the X-ray structure C3
carbon is assigned to the peak at 116.5 ppm, while
C5 carbon to the peak at 116.0 ppm.

There are reports that commercially available

drugs of the same kind have different absorption
and excreation values®®. In order to examine this
aspect w.r.t. acetaminophen-based drugs, solid-
state C NMR spectra of two commercially avail-
able paracetamol tablets, namely on Crocin and

Tylenol (extra- and regular strength) were re--

corded. No significant difference in their spectral
pattern was noticed, except for the different content
of the binder used in the tablet formation (figure 2).
These indicate that there were no interactions between
the drug and the binder components. This means
that the tablets examined must be formulated by dry
mixing of all the consitituents such as binders etc in
the solid form.

It is known that crystallization of acetaminophen
from a wide range of solvents ' gives different
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Figure 2. Solid-state *C NMR spectra of (a) Cro-
cin, and (b) Tylenol (extra-strength) tablets. About
300 scans were accumulated for each, with 1 msec
contact time.
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polymorphic forms'. Preliminary solid-state *C
NMR spectra run on two samples crystallized from
water and acetonitrile failed to show any significant
changes in the carbon signals. This result is in
accordance with the DSC, IR and X-ray diffraction
(powder) results'. Further work on these lines is in
progress.

The author wishes to thank Prof. C. N. R. Rao,
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