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a b s t r a c t

Emtricitabine (FTC) is an antiretroviral compound that inhibits the HIV-1 reverse transcriptase. For the
quantification of FTC related substances, a liquid chromatography (LC) method coupled with ultraviolet
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(UV) detection was developed earlier in our laboratory. Several unknown compounds were detected
during the analysis of a commercial sample. However, most of these impurities were not characterized.
In this study, impurity profiling in a selected FTC sample was done using LC–mass spectrometry (MS).
Due to the presence of a non-volatile buffer, a desalting procedure was carried out before sending the
impurity into the MS. Totally, nine peaks were studied and most of them could be characterized.
C/MSn

mpurity profiling

. Introduction

Emtricitabine (FTC) or 5-fluoro-1-[(2R,5S)-2-(hydroxymethyl)-
,3-oxathiolan-5-yl] cytosine (see Fig. 1a) is an HIV-1 reverse
ranscriptase inhibitor. Due to lack of a 3-hydroxyl group, it does
ot support continued synthesis of the newly made DNA strand and
hus terminates or aborts the polymerization process catalyzed by
he HIV reverse transcriptase [1].

Enantiomers of FTC could be separated by LC using an amylose-
ased chiral stationary phase under polar organic elution mode
2]. Unnam et al. developed a LC–UV method for the determina-
ion of FTC related substances using an Inertsil ODS-3V column.
hey performed forced degradation experiments and the degrada-
ion products were well separated [3]. Rebiere et al. developed two
C–UV methods for the determination of 19 antiretroviral agents in
harmaceuticals. The method using YMC-Pack ODS-AM allows the
etermination of FTC along with eight other antiretrovirals [4]. In
ddition, several LC methods using UV [5,6] and MS [7–9] were pub-
ished to quantify FTC in biological samples. As per our knowledge,
o literature is available on the MS characterization of FTC related
ubstances. Recently, Mamade et al. proposed a gradient LC–UV

ethod to the International Pharmacopoeia for the quantification

f FTC and its related substances [10]. It was developed on a Hyper-
il BDS column using 0.2 M phosphate buffer, acetonitrile (ACN) and
ater as mobile phase constituents. However, several peaks in the

∗ Corresponding author. Tel.: +32 16323444; fax: +32 16323448.
E-mail addresses: Erwin.Adams@pharm.kuleuven.be,

rwin.Adams@pharm.kuleuven.ac.be (E. Adams).

039-9140/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.talanta.2010.04.004
© 2010 Elsevier B.V. All rights reserved.

chromatogram could not be attributed to a structure. Direct trans-
fer of this method to MS is not possible due to the non-volatile
buffer. For erythromycin and its related substances, Pendela et al.
have described a desalting procedure to couple a LC method with
a non-volatile mobile phase to MS [11]. As per our knowledge, no
literature is available on the characterization of FTC related sub-
stances by LC–MS. This is important since impurities present in
bulk drugs may often be toxic. The aim of this study was to apply
the desalting procedure described by Pendela et al. to characterize
the FTC related substances by LC–MS.

2. Experimental

2.1. Reagents and samples

Acetonitrile MS grade and formic acid were purchased from Bio-
solve LTD (Valkenswaard, The Netherlands). Potassium dihydrogen
phosphate was purchased from Acros Organics (Geel, Belgium). A
Milli-Q water purification system (Millipore, Bedford, MA, USA)
was used to further purify demineralised water. A commercial FTC
sample was obtained from the World Health Organization (Geneva,
Switzerland). For tuning of the MS, a solution of FTC was prepared in
methanol–water (4:6, v/v) at 0.01 mg/mL. 0.5 mg/mL sample solu-
tion in water was injected into the non-volatile system.
2.2. LC instrumentation and chromatographic conditions

Non-volatile system for LC–UV: the LC system from Dionex (Ger-
mering, Germany) consisted of a P680 HPLC pump, an ASI-100
automated sample injector and a UVD 170U detector. Chromeleon
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Fig. 1. Chemical structures of (a) FTC and (b) lamivudine.

Table 1
Gradient program for the analysis of FTC and its related substances.

Time (min) Mobile phase
A (%, V/V)

Mobile phase
B (%, V/V)

0–9 93 7 Isocratic
9–15 93–0 7–100 Linear gradient

s
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to each other due to the presence of an extra oxygen attached

F

15–19 0 100 Isocratic
19–19.1 0–93 100–7 Linear gradient

19.1–30 93 7 Isocratic re-equilibration

oftware (Dionex) was connected to the detector to record the sig-
als.

A gradient LC method containing mobile phase A: 0.2 M
otassium dihydrogen phosphate and water (5/95, v/v) and B:
.2 M potassium dihydrogen phosphate, ACN and water (5/70/25,
/v/v) was used at a flow rate of 1.0 mL/min. Hypersil BDS C18
250 mm × 4.6 mm) 5 �m, 120 Å (Thermo Electron Corporation,
leinostheim, Germany) was immersed in a water bath, main-

aining the temperature at 35 ◦C using a Julabo heating circulator
Seelbach, Germany). The injection volume was 20 �L. The gradient
rogram used is shown in Table 1.

Desalting system for LC–MS: the desalting LC system consisted
f a P680 HPLC pump from Dionex Corporation (Sunnyvale, CA,
SA), a switching valve (VICI AG International, Schenkon, Switzer-
and) equipped with a 500 �L loop and a variable wavelength TSP
pectra 100 UV–Vis detector (San Jose, CA, USA) set at 280 nm.
hromPerfect 4.4.23 software (Justice Laboratory Software, Fife,
K) was connected to the detector to record the signals. The LCQ

ig. 2. CID MS2 [M+H]+ CID spectrum acquired for FTC ([M+H]+ m/z 248); the result of iso
82 (2010) 125–128

(Thermo Finnigan, San Jose, CA, USA) ion trap mass spectrometer
was equipped with an electro spray ionisation (ESI) source operated
in the positive ion mode. As stationary phase, an XTerra RP C18,
5 �m, 250 mm × 4.6 mm column was kept at room temperature.

Each peak eluted in the LC–UV non-volatile system was collected
and injected into the desalting system for the LC–MS investigation.
In this system, mobile phases A and B consist of 0.1% formic acid
and ACN respectively. Until 5 min, a mixture of 95% mobile phase
A and 5% mobile phase B was pumped at a flow rate of 1.0 mL/min.
This was done to remove the salts and it was sent to waste. After
that, the flow rate was decreased from 1.0 mL/min to 0.2 mL/min
while mobile phase B was increased to 12% in order to decrease the
elution time and obtain a better ESI spray. For early eluted peaks
(before 5 min) in the non-volatile system, mobile phase A only was
used up to 5 min, to avoid elution of the impurity along with the
salts.

3. Results and discussion

3.1. Study of the fragmentation behavior of emtricitabine

Tuning and MS investigation of the reference substance was
carried out as described by Pendela et al. [11]. The [M+H]+ 248
precursor ion was isolated with an isolation width of 3 u and col-
lisionally activated at 35% collision energy level (CEL). The [M+H]+

CID spectrum of FTC is shown in Fig. 2. Most fragmentation involves
a cleavage of the bond between the six (5-fluoro cytosine) and five
(2′-hydroxymethyl-1′3′-oxathiolan) membered rings. After a loss
of 118 u, a characteristic ion at m/z 130 corresponding to 5-fluoro
cytosine was observed.

3.2. Investigation of impurities present in the emtricitabine
sample

A typical chromatogram of a commercial FTC sample is shown
in Fig. 3. The peaks are numbered according to their elution order
in the chromatogram. For the characterization of peaks, the proce-
dure described in Section 2.2 was carried out. The identity of the
FTC was established from its m/z ratio and MS2 data in compari-
son with its known structure. The unknown (UNK) impurities were
characterized by comparing their MS2 spectra with that of FTC.

3.2.1. Peak 1 (UNK1 [M+H]+ m/z 262), Peak 2 (UNK2 [M+H]+ m/z
264) and Peak 8 (UNK8 [M+H]+ m/z 265)

Peak 1 (UNK1), Peak 2 (UNK2) and Peak 8 (UNK8) are related
to sulphur at C-3′ position. Peak 8 is composed of two impurities
UNK8 (m/z 265) and UNK9 (m/z 248). UNK9 is described in Section
3.2.6. UNK1, UNK2 and UNK8 are 14, 16 and 17 u higher respec-
tively than FTC. MS2 investigation of the protonated molecules

lation and collisional activation of the precursor ions in the ion trap at 35% CE.
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ig. 3. UV chromatogram of a FTC sample using the non-volatile eluent LC system.

f UNK1, UNK2 and UNK8 showed losses of 132, 134 and 134 u
espectively instead of 118 u to yield product ions m/z 130, 130
nd 131 respectively (data not shown). The yielded spectra showed
hat UNK1 and UNK2 have a non-modified 5-fluorocytosine moi-
ty while UNK8 has a modified one (m/z 131 instead of m/z 130).
owever, initial losses suggested that these impurities have a pecu-

iar 2′-hydroxymethyl-1′,3′oxathiolan ring. For UNK2 and UNK8
he difference compared to FTC is 16 u, suggesting that an extra
xygen atom is attached to the 5-membered ring. Unnam et al.
escribed a FTC-sulphoxide impurity, which was formed due to
cid degradation [3]. The same degradation procedure was carried
ut in our lab. The degradation product found showed the same
/z and when the FTC sample was spiked with this degradation
roduct, it was eluted along with UNK2. So, UNK2 was identified
s 3′-sulphoxo FTC. Similar to this, UNK1 and UNK8 also have an
xtra oxygen. However, the 5-membered ring of UNK1 is 2 u less
han this of UNK2. For the characterization of this impurity three
ossibilities could be considered: (1) presence of a hydroxyethyl

nstead of hydroxymethyl group in the C-2′ position of FTC, (2)
ttachment of a carboxylic acid group in the C-2′ position of FTC and
3) a formyl substituent instead of a hydroxymethyl group in the
′-sulphoxo FTC. Hence, three compounds, 2′-dehydroxymethyl-
′-hydroxyethyl FTC, 2′-dehydroxymethyl-2′-carboxylic acid FTC
acid form) and 2′-dehydroxymethyl-2′-formyl-3′-sulphoxo FTC
aldehyde form) can be considered. NMR experiments are neces-
ary to confirm the structure. However, on the basis of retention
ime (polarity), the latter two compounds are somewhat more

avorable. Further, the collected fraction of the UNK1 was injected
sing the non-volatile mobile phase with pH 1.5. The elution time
f the impurity was increased and it evidences that UNK1 could
ave an acidic functional group rather than an aldehyde. So, UNK1

s proposed to be 2′-dehydroxymethyl-2′-carboxylic acid FTC.

ig. 4. CID MS2 spectra of [M+H]+ acquired for UNK6 and UNK7 ([M+H]+ m/z 364); the res
E.
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UNK8, with an extra oxygen at the S-3′ position, contains a
6-membered ring which is 1 u higher than 5-fluorocytosine, prob-
ably due to the presence of a hydroxyl group instead of an amino
substituent at the C-4 position. This thus suggested UNK8 as 4-
desamino-4-hydroxy-3′-sulphoxo FTC.

3.2.2. Peak 3 (UNK3 [M+H]+ m/z 246)
The full mass spectrum showed that [M+H]+ of UNK3 is 2 u lower

than FTC. The MS2 CID experiment on the protonated molecule
showed a typical loss of 118 u (5-membered ring) to yield a char-
acteristic ion at m/z 128 (data not shown). It indicates the presence
of an aberrant 5-fluorocytosine group (128 u instead of 130 u). A
difference of 2 u could be attributed to the replacement of the fluo-
rine atom at the C-5 position by a hydroxyl group. Thus, UNK3 was
assigned as 5-desfluoro-5-hydroxy FTC.

3.2.3. Peak 4 (UNK4 [M+H]+ m/z 230)
Compound UNK4 has an [M+H]+ which is 18 u lower than FTC.

MS2 investigation of the protonated molecule showed a loss of
118 u (data not shown), corresponding to the 2′-hydroxymethyl-
1′,3′-oxathiolan moiety. This yielded a product ion at m/z 112,
indicating a modified 5-fluorocytosine. A difference of 18 u is due
to the absence of the fluorine atom at the C-5 position as is the case
in lamivudine (see Fig. 1b). So, UNK4 was identified as lamivudine.

3.2.4. Peak 5 (UNK5 [M+H]+ m/z 249)
The full mass spectrum showed that UNK5 is 1 u higher than

FTC. Further CID investigation on this protonated molecule, yielded
a product ion at m/z 131 with a loss of 118 u. It indicates that it has
a modified 5-fluorocytosine group with 1 u extra. Similar to UNK8,
UNK5 could have a hydroxyl group at the C-4 position instead of an
amino group. This suggested that UNK5 is 4-desamino-4-hydroxy
FTC. The retention time of UNK5 is similar to the degradation prod-
uct, which was formed due to alkaline treatment [10]. When the
degradation product was introduced in the MS, it showed the same
fragmentation pattern as UNK5. Hence, it was confirmed that UNK5
and the degradation product are the same. However, desamino FTC
impurity formed due to alkaline treatment [3,10] was not found in
the sample and also in the degradation product.

3.2.5. Peak 6 (UNK6 [M+H]+ m/z 364) and Peak 7 (UNK7 [M+H]+

m/z 364)
Compounds corresponding to Peak 6 ([M+H]+ m/z 364) and
Peak 7 (M+H] m/z 364) were identified as isomers of 4-N-(2 -
dehydroxymethyl-2′′-formyl-1′′,3′′-oxathiolan) FTC. The MS2 CID
spectra of these compounds show the initial losses of 116 u to yield
a characteristic ion at m/z 248 which was further confirmed as FTC
(see Fig. 4). It evidences that a 2′′-dehydroxymethyl-2′′-formyl-

ult of isolation and collisional activation of the precursor ions in the ion trap at 35%
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Fig. 5. Proposed structures for the unknown

Table 2
Overview of the compounds present in the FTC sample according to their elution
order (see Fig. 3) and some proposed names for the unknown compounds.

Peak no. Proposed name for unknowns (UNK)

1 UNK1 (m/z 262): 2′-dehydroxymethyl-2′-carboxylic FTC
2 UNK2 (m/z 264): 3′-sulphoxo FTC
3 UNK3 (m/z 246): 5-desfluoro-5-hydroxy FTC
4 UNK4 (m/z 230): Lamivudine
5 UNK5 (m/z 249): 4-desamino-4-hydroxy FTC
6 and 7 UNK6 and 7 (m/z 364): 4-N-(2′′-dehydroxymethyl-2′′-

′′ ′′
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[9] T. Le Saux, S. Chhun, E. Rey, O. Launay, L. Weiss, J.P. Viard, G. Pons, V. Jullien, J.
formyl-1 ,3 -oxathiolan) FTC
8 UNK8 (m/z 265): 4-desamino-4-hydroxy-3′-sulphoxo FTC

UNK9 (m/z 248): isomer of FTC
9 UNK10 (m/z 248): isomer of FTC

′′,3′′-oxathiolan group is attached to FTC. The most probable
osition is the amino group on C-4. UNK6 and UNK7 are identified as

somers of 4-N-(2′′-dehydroxymethyl-2′′-formyl-1′′,3′′-oxathiolan)
TC.

.2.6. Peak 8 (UNK9 [M+H]+ m/z 248) and Peak 9 (UNK10 [M+H]+

/z 248)
Based on their full mass spectrum, Peaks 8 and 9 were found

o have a m/z value of 248. Careful investigation of the spectrum
f Peak 8 shows a high abundant ion at m/z 248 (UNK9) and a low
bundant at m/z 265 (UNK8). UNK8 (m/z 265) has already been
escribed in 3.2.1. In the MS2 spectra of UNK9 and UNK10 (data not
hown), the product ion m/z 130 was observed after a loss of the
′-hydroxymethyl-1′,3′-oxathiolan moiety. This shows that UNK9

nd UNK10 are isomers of FTC. NMR experiments are necessary for
urther confirmation.

An overview of the compounds present in the FTC sample and
roposed names for the UNKs are given in Fig. 5 and Table 2 respec-
ively.

[

[

impurities present in the FTC sample.

4. Conclusion

Structure characterization of FTC related substances was carried
out. Most of the impurities are due to modifications at the C-4 and
S-3′ positions. Among nine peaks studied, six new compounds were
identified. A peak corresponding to lamivudine which is an other
antiretroviral drug was also identified. Due to the limitation of mass
spectrometry, two peaks corresponding to isomers of FTC could not
be fully characterized.
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