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a b s t r a c t

Rifaximin, a semisynthetic, rifamycin-based non-systemic antibiotic is used in the treatment of acute and
chronic gastrointestinal disorders. The aim of this study was the elucidation of the molecular structure of
the 802 Dalton impurity which was found in Rifaximin industrial batches and reported with an erroneous
structure in European Pharmacopoeia 6.5 (2009) [7] monograph as Rifaximin Impurity H. This impurity
was isolated from Rifaximin by preparative HPLC and purified by column chromatography. The molecular
structure was evidenced by means of 1H and 13C NMR spectroscopy, mass spectrometry and FT-IR.

© 2009 Published by Elsevier B.V.
uropean Pharmacopoeia
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. Introduction

Rifaximin is (2S,16Z,18E,20S,21S,22R,23R,24R,25S,26R,27S,28E)-
,6,21,23-tetrahydroxy-27-methoxy-2,4,11,16,20,22,24,26-octa-
ethyl-1,15-dioxo-1,2-dihydro-2,7-(epoxypentadeca [1,11,13]tri-

nimino)-benzofuro[4,5-e]pyrido[1,2-a]-benzimidazo-25-yl ace-
ate (Fig. 1). Structurally it is characterized by a cyclic structure
onsisting of an aromatic group and an aliphatic chain (“ansa
hain”) that forms a bridge between two non-adjacent positions
f the aromatic moiety. Rifaximin is a semisynthetic antibiotic
ot absorbed when administered orally [1]. It inhibits bacterial
NA synthesis, generating an irreversible complex with RNA-
olymerase; it is active against Gram-positive and Gram-negative
erobic and anaerobic bacteria [2] and is used in the prevention or
reatment of acute and chronic gastrointestinal disorders caused
y Escherichia coli [3], Shigella [4] and Clostridium difficile [2].
ifaximin is synthesized [5] by the reaction between Rifamycin

and 2-amino-4-methylpiridine. Rifamycin O is produced by
xidation of Rifamycin B carried out by Amycolatopsis mediter-
anei, a Gram-positive aerobic bacterium belonging to the order
ctinomycetales [6].
The complexity of Rifaximin biosynthetic process gives rise to
btain several impurities probably related to Rifamycin O. The HPLC
nalysis and the impurities’ structures are described in European
harmacopoeia [7]; the 802 Dalton (MW) impurity structure (Fig. 1)
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is reported as Rifaximin Impurity H but, to our knowledge, there is
no evidence in the literature for its structural elucidation. The aim
of this work was to isolate this impurity that was always present
in many industrial batches analysed in our laboratory in order to
evaluate their analytical profile. The 802 impurity was isolated
by preparative HPLC, purified by further chromatographic steps
and than structurally characterized using UV, FT-IR, NMR spectro-
scopies and mass spectrometry.

2. Experimental

2.1. Materials and methods

All reagents and spectroscopic solvents pure grade employed
for HPLC and LC/MS analyses and Chloroform-d for NMR were
purchased from Aldrich Chemical. The samples of Rifaximin were
gentle gift of Interquim SA DE CV (Avenida Antoine Lavoiser, 22,
Parque Industrial Cuatitlàn Izcalli – E.do de Mexico).

2.2. HPLC

The preparative HPLC system made up of a Waters Delta
PREP600E quaternary pump equipped with a manual injector (loop
1 ml), an online preparative degasser and a FCIII Waters fraction

collector. The detector was a Diode Array (Waters mod. 2996, MA,
USA).

For the isolation of the 802 impurity a Symmetry Shield RP18
(Waters, MA, USA), 150 mm × 19 mm i.d. (5 �m particle size)
was employed; acetonitrile–methanol–water (36:32:32, v/v/v) was

http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:riccardo.stradi@unimi.it
dx.doi.org/10.1016/j.jpba.2009.10.012
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Fig. 1. Molecular structure of Rifaximin, Rifaximin Impurity H as reported in Euro-
pean Pharmacopoeia and of 802 impurity.

Fig. 2. TIC and PDA chromatograms of Rifaximin (
Biomedical Analysis 51 (2010) 858–865 859

used at a flow rate of 8 ml/min at room temperature. Detector wave-
length was set at 276 nm.

2.3. Isolation and purification of 802 impurity

The impurity was isolated from Rifaximin by preparative HPLC,
following the experimental condition above described. The sample
solution (25 mg/ml) was prepared in mobile phase; 125 sepa-
ration cycles were carried out. 25.3 mg of crude 802 impurity
was obtained which was purified in two steps: (i) five cycles of
preparative HPLC were carried out modifying the mobile phase
(acetonitrile–methanol–water 30:20:50, v/v/v) in order to obtain
a better separation of the peaks; 10 mg of product was obtained
and (ii) purification by silica gel column chromatography using
chloroform/ethanol (90:10, v/v) as eluent. Almost pure (>95%) 802
impurity (6 mg) was thus obtained.

2.4. UV–vis spectroscopy

UV–vis spectra were scanned by a UV-Vis V-530 Jasco
spectrophotometer (Japan), in the 209–600 nm range. Samples
(0.017 mg/ml) dissolved in methanol were analysed in 1 ml quartz
cuvettes with a 1 cm optical pathway.
2.5. Mass spectrometry

LC/DAD/MS analyses were performed using a Thermo Finni-
gan (MA, USA) LCQ Advantage system equipped with a quaternary

a) and of isolated and purified impurity (b).
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Fig. 3. FT-IR spectra of Rifaximin (a) and 802 impurity (b).
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ump, Diode Array Detector (working wavelength 276 nm) and
S spectrometer with an electrospray ionisation source and an

Ion Trap” mass analyser. The LC column employed was a Symme-
ry Shield RP 18 (Waters, MA, USA), 250 mm × 4.6 mm i.d. (5 �m
article size), mobile phase was acetonitrile–methanol–water
30:20:50, v/v/v) eluted at 0.8 ml/min.

The LC–MS chromatograms and MS spectra were obtained
nder the following conditions: ionisation, ESI (+/−); source volt-
ge, 4.12 kV; source current, 80.76 �A; sheath gas flow rate, 19.09;
apillary temperature, 250 ◦C; capillary voltage, −27.45 V.

.6. FT-IR spectroscopy
FT-IR spectra were collected using a Perkin Elmer (MA, USA) FT-
R Spectrometer “Spectrum One” in the 4000 and 750 cm−1 spectral
egion. Samples, diluted with 100 �l of spectroscopy grade chloro-
orm, were analysed by transmittance technique with 32 scansions
nd 8 cm−1 resolution.
2.7. NMR spectroscopy

The 1H and 13C NMR and two-dimensional analyses, HMQC
and HMBC, were collected by a Bruker Avance 500 (Billerica, MA,
USA) operating at 500 MHz. Chemical shifts were expressed as ppm
(ı) from TMS. Samples of about 3 mg were dissolved in 0.7 ml of
CDCl3.

3. Results and discussion

The Rifaximin industrial batch used for this study shows the
HPLC chromatogram reported in Fig. 2a. The chromatographic
purity of the isolated and purified impurity (Fig. 2b) was >95%.
3.1. UV–vis spectroscopy

No significant differences were observed by comparing the
UV–vis spectra of 802 impurity (�max 220, 236, 293, 372, 442 nm)
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Scheme 1. (+) ESI fragmentation pathway of Rifaximin and 802 impurity. The molecular weights of impurity fragments are reported in brackets.
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nd Rifaximin (�max 219, 236, 293, 372, 453 nm). This shows that
he aromatic chromophore of the two compounds is the same and
herefore the 802 impurity is structurally related to Rifaximin: the
ifference between the two compounds is located on the “ansa”
hain.

.2. FT-IR

The infrared spectrum of the 802 impurity showed the main
bsorption bands at 3608, 3583, 3401, 1727, 1647 cm−1 sug-
esting a strong structural relation with Rifaximin. As shown
n Fig. 3, a remarkable and interesting difference was observed
n the Csp3–H stretching zone: the relative intensities of the
ands at 2924 cm−1 and 2963–2965 cm−1 are dramatically dif-
erent in the two compounds. Actually the increase of the

and intensity at 2924 cm−1, characteristic of the CH2 asym-
etric stretching [8], suggested the presence of a CH2 in the

02 impurity. The fingerprint region showed many differences
articularly in the Csp3–O stretching zone between 1020 and
100 cm−1.
3.3. Mass spectrometry

The ESI (+) fragmentation pattern of 802 impurity compared to
that of Rifaximin (Scheme 1) shows that all the significant frag-
ments possess a MW +16 with respect to the parent compound.
Only the 362 fragment is present in the mass spectra of both com-
pounds (Rifaximin and 802 impurity). This experimental evidence
confirms that the additional oxygen atom of the impurity is bonded
to the “ansa” chain. Taking into account the ESI (−) mass, the spectra
are very different from the ESI (+) ones and richer in informa-
tion. The 802 impurity undergoes a loss of formaldehyde (−30)
which takes place in three different fragmentation steps: (i) directly
from the ionised molecule; (ii) from the 498 fragment; and (iii)
from 740 (M-60) fragment (Scheme 2b). The fragmentation of 498
(482 + O) to 468 is particularly significant because it shows that

the oxygen atom is bonded (as CH2OH) to the C30 or C31. The 498
(482 + O) fragment is actually related to the 482 fragment of Rifax-
imin (Scheme 2a).

From the obtained evidences by ESI (+) and ESI (−)
mass spectrometries (Fig. 4) we could conclude that the 802
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Scheme 2. (a) (−) ESI fragmentation pathway of Rifa

mpurity structure is 31-hydroxy or 30-hydroxy Rifaximin
Fig. 1).

.4. NMR spectroscopy
In Table 1 the 1H NMR chemical shifts of Rifaximin [9] and
mpurity 802 are reported. These data highlight that in Rifaximin
pectrum four doublets are present corresponding to CH3 (31, 32,
3, 34) and six singlets corresponding to CH3 (8′, 13, 14, 30, 36,
7). The chemical shifts in 802 impurity are approximately the
. (b) (−) ESI fragmentation pathway of 802 impurity.

same as those of Rifaximin: all the four CH3 doublets and five
singlets corresponding to CH3 8′, 13, 14, 36, 37. Moreover an AB
system (ıA = 4.67 ppm; ıB = 4.73 ppm; JAB = 12.5 Hz) is present in the
deuterated spectrum of 802 impurity (Fig. 5). The lack of a CH3
singlet in comparison with Rifaximin spectrum and the spectro-

scopic properties of the above mentioned AB system agree with
the presence of a = C–CH2–OH group in the 802 Dalton impurity and
disagrees with the structure reported in European Pharmacopoeia
for Impurity H. All the other chemical shifts do not significantly
differ from those of Rifaximin, confirming that the only difference
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Fig. 4. Direct infusion mass analysis ESI (+) (a) and ESI (−) (b) of 802 impurity.
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Fig. 5. Partial 1H NMR spectrum (4.6–7.4 ppm) of 802 impurity and Rifaximin. In the box, the, CH2 (30) signal after deuteration is reported.

b
t
a
t

etween the two molecules is represented in the C30 position. Fur-
hermore APT 13C NMR (Fig. 6) of the 802 impurity confirms the
bsence of an odd peak in the methyl region, while it is clear that
he even peak at 64.65 ppm corresponds to the chemical shift of C30

Fig. 6. APT 13C NMR of 802 im
in the C–CH2–OH group. In the HMQC analysis this peak corre-
lated with the two hydrogens of the AB system. The HMBC analysis
showed a correlation between the CH3 (31) hydrogens and the C
(21) and C (20) signals and between the CH2 (30) and CO signal.

purity and Rifaximin.
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Table 1
1H NMR chemical shifts of 802 impurity and Rifaximin

.

802 impurity R OH Rifaximin R H [8]

Proton(s) ı (ppm) Proton(s) ı (ppm)

CH3 (13) 2.02 CH3 (13) 2.00
CH3 (14) 2.16 CH3 (14) 2.07
CH (17) 6.52 CH (17) 6.39
CH (18) 6.95 CH (18) 6.83
CH (19) 6.18 CH (19) 6.14
CH (20) 2.34 CH (20) 2.34
CH (21) 3.76 CH (21) 3.67
CH (22) 1.65 CH (22) 1.63
CH (23) 2.93 CH (23) 2.91
CH (24) 1.49 CH (24) 1.37
CH (25) 4.98 CH (25) 4.93
CH (26) 1.28 CH (26) 1.24
CH (27) 3.40 CH (27) 3.36
CH (28) 5.03 CH (28) 5.08
CH (29) 6.07 CH (29) 6.09
CH2 (30) 4.67–4.73 CH3 (30) 2.23
CH3 (31) 0.78 CH3 (31) 0.79
CH3 (32) 0.99 CH3 (32) 0.99
CH3 (33) 0.38 CH3 (33) 0.24
CH3 (34) −0.45 CH3 (34) −0.47
CH3 (36) 1.94 CH3 (36) 1.94
CH3 (37) 3.04 CH3 (37) 3.03
CH (2′) 8.77 CH (2′) 8.45
CH (3′) 7.15 CH (3′) 7.08
CH (5′) 7.45 CH (5′) 7.40
CH3 (8′) 2.65 CH3 (8′) 2.65

In bold the shits difference between C (30) hydrogens in Rifaximin and in Impurity
802 are evidenced.
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4. Conclusion

The structural elucidation by UV, FT-IR, MS and NMR spec-
troscopy of an impurity (impurity 802), isolated from Rifaximin
led to the conclusion that in this impurity a hydroxyl group is
bonded to C30 position (Fig. 1). This structure is in close relation but
does not fully agree with the structure reported in European Phar-
macopoeia for Impurity H in which the hydroxyl group (probably
erroneously) appears at C31 position. As the impurity 802 is struc-
turally closely related to Rifaximin, the possibility of epimers and
diastereoisomers was not investigated assuming that the formation
of the impurity has not affected any of the stereogenic centers.
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