
I
f

A
a

b

a

A
R
R
A
A

K
H
P
A
A
N

1

p
t
h
d
t
[
b
f
a
f
c
(

2

2

A
u
w

0
d

Journal of Pharmaceutical and Biomedical Analysis 53 (2010) 24–28

Contents lists available at ScienceDirect

Journal of Pharmaceutical and Biomedical Analysis

journa l homepage: www.e lsev ier .com/ locate / jpba

solation and structure elucidation of an interaction product of aminotadalafil
ound in an illegal health food product

drian Häberli a, Philippe Girarda, Min-Yong Lowb, Xiaowei Geb,∗

Official Medicines Control Laboratory (OMCL), Swissmedic, Hallerstrasse 7, CH-3000 Berne 9, Switzerland
Pharmaceutical Laboratory, Applied Sciences Group, Health Sciences Authority, 11 Outram Road, Singapore 169078, Singapore

r t i c l e i n f o

rticle history:
eceived 22 December 2009
eceived in revised form 4 March 2010
ccepted 4 March 2010

a b s t r a c t

An interaction product of aminotadalafil was isolated from an illegal health food product. The structure
of the interaction product was elucidated by means of IR, NMR, and mass spectroscopy. The hitherto
unknown compound was characterized as condensation product of aminotadalafil and hydroxymethyl-
furaldehyde and is probably the result of a drug-excipient incompatibility.
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. Introduction

Tadalafil (Cialis®) was approved in 2003 by the FDA as the third
hosphodiesterase type 5 enzyme (PDE-5) inhibitor to treat erec-
ile dysfunction (ED) [1]. Since then, different tadalafil analogues
ave been found as adulterants in illegal products. Hasegawa et al.
etected an open chain molecule, probably the precursor of the syn-
hesis of tadalafil, and N-octylnortadalafil in dietary supplements
2,3]. The highly reactive hydrazide aminotadalafil (2) was isolated
y the laboratory of the Health Sciences Authority of Singapore
rom a herbal product [4]. Due to the lack of efficacy, toxicology
nd stability data, these illegal products are potentially dangerous
or the consumers [5]. In this study, the isolation and structure elu-
idation of a so far unknown interaction product of aminotadalafil
Fig. 1) as well as its possible origin are described.

. Experimental

.1. Materials
Dimethylsulfoxide-d6 (DMSO-d6) was purchased from Aldrich.
ll solvents were HPLC grade. Water was purified to 18.2 m� cm
sing an ELGA Purelab Ultra system. The illegal product “Mentalk”,
hich is sold worldwide as a purely natural health food consisted

∗ Corresponding author. Tel.: +65 6213 0715; fax: +65 6227 5341.
E-mail addresses: mossge@gmail.com, ge xiao wei@hsa.gov.sg (X. Ge).

731-7085/$ – see front matter © 2010 Published by Elsevier B.V.
oi:10.1016/j.jpba.2010.03.008
of boxes of individually wrapped dark brown candies of around 4 g
weight, was seized by the Singaporean authorities.

2.2. LC-UV screening

By sonication, one candy was disintegrated in 50 ml of methanol.
The suspension was filtered and the solution was analysed using an
Agilent 1200 series HPLC system equipped with a Hypersil BDS C18
column (5 �m, 200 × 4.6 mm). Mobile phase A consisted of 25 mM
sodium dihydrogen phosphate in water, adjusted to pH 3.2 with
phosphoric acid. Mobile phase B was acetonitrile. The mobile phase
composition A was linearly decreased from 90% to 30% over 30 min
and kept at 30% for 5 min. The flow rate was 1.0 ml/min and the UV
signals were monitored at 220, 254, and 280 nm [6].

2.3. Extraction

Five candies and 200 ml of water were stirred until the products
were disintegrated. The suspension was sonicated for 30 min and
125 ml of ethyl acetate were added. The mixture was stirred for
15 min, sonicated for another 5 min and stirring was continued for
10 min. The organic layer was separated and centrifuged to remove
remaining solids. The clear solution was evaporated to dryness.
2.4. Isolation of the unknown compound 3

The extract was dissolved in 2 ml of DMSO. The unknown
compound 3 was isolated by isocratic HPLC using a preparative

http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:mossge@gmail.com
mailto:ge_xiao_wei@hsa.gov.sg
dx.doi.org/10.1016/j.jpba.2010.03.008
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Fig. 1. Chemical structures of tadalafil (1, R = CH3), aminotad

himadzu system equipped with a Zorbax SB-C18 column (5 �m,
50 × 9.4 mm). The mobile phase was a mixture of methanol–water
65:35, v/v). The flow rate was 3.3 ml/min, and the injection
olume was 50 �l. The column temperature was maintained
t 40 ◦C. The photodiode array spectra were recorded from
00 to 400 nm. The fractions of the second main peak were

◦
ombined and methanol was evaporated at 30 C. The remain-
ng aqueous suspension was stored at 4 ◦C overnight. After
entrifugation at RCF 3026 × g (4 ◦C, 30 min), the clear super-
atant was removed and the white solid was dried in high
acuum.

Fig. 2. MS2 spectrum of compoun
(2, R = NH2) and the interaction product of aminotadalafil 3.

2.5. MS analysis of compound 3

The MS2 experiment was performed on the API 2000 triple
quadrupole LC–MS/MS system (Applied Biosystems, USA) con-
trolled by AnalystTM 1.4.2 software. The Turbo Spray ionization
source was operated in the positive ion mode with the flow rate

◦
and temperature of the curtain gas as 40 �l/min and 350 C, respec-
tively, the flow rates of nebulizer gas and turbo gas as 40 �l/min
and 60 �l/min, respectively, ion spray voltage as 4500 V, declus-
tering potential as 65 V, focusing potential as 400 V, and entrance
potential as 10 V. The ion with m/z 499 was selected to produce

d 3 with parent ion m/z 499.
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candy. During the whole process, the use of acid had to be avoided;
Scheme 1. The fragmentation proc

S2 spectrum with collision energy of 30 V. High resolution MS
nalysis was conducted using Agilent 6210 Time-of-flight (TOF)
C/MS system controlled by Agilent Masshunter Workstation Con-
ole. The data was processed with AnalystTM QC version 1.1 from
pplied Biosystems. The electrospray ionization (ESI) source was
perated in the positive ionization mode with charging voltage
00 V, nebulizer gas pressure 45 PSI, drying gas flow rate 10.0 l/min,
as temperature 300 ◦C, and capillary voltage 4000 V. The fragmen-
or voltage was set to 200 V. All masses were corrected by the
nternal standards (Agilent G1969-85000) with m/z 121.0509 and
22.0098.

.6. NMR and IR analyses of compound 3

About 10 mg of 3 was dissolved in DMSO-d6. 1H, 13C, DEPT
0, DEPT 135, COSY, ROESY, HMQC, 1H–13C HMBC, and 1H–15N
MBC spectra were recorded using a Bruker DRX500 NMR

pectrometer. The solvent peak acted as the internal standard

DMSO-d6, ıH: 2.49 ppm, ıC: 39.5 ppm). Coupling constants (J)
ere measured in Hertz (Hz) and chemical shifts in ppm. IR

amples were prepared as KBr discs and spectra were recorded
ver the range of 4000–400 cm−1 on a Shimadzu FTIR-8400s
nstrument.
the pseudo-molecular ion m/z 499.

3. Results and discussion

3.1. LC-UV screening

The LC-UV screening of the methanolic extract at 254 nm
showed two main peaks at 17.7 min and 20.3 min, respectively. The
first peak was identified as aminotadalafil (2) by means of reten-
tion time matching, UV spectrum overlay, and spiking with the
reference substance. The UV spectrum of the second peak had a sim-
ilar pattern as 2 with a bathochromic shift of 9 nm. The screening
method did not allow the identification of this peak.

3.2. Extraction and isolation of the unknown compound 3

After disintegration of the product in water, extraction with
ethyl acetate and isolation on a reversed phase C18 column, around
2–3 mg of the unknown compound 3 were isolated from each
it was noted, that when compound 3 was dissolved in aqueous
acidic solution, the substance was completely converted into 2 after
a few hours. This revealed that compound 3 had the same par-
ent structure as 2, plus an additional side chain, which was easily
cleaved in acidic solution.



A. Häberli et al. / Journal of Pharmaceutical and Biomedical Analysis 53 (2010) 24–28 27

Table 1
1H (500 MHz) and 13C (125 MHz) NMR data of aminotadaloafil (2) [4,7] and of the new compound 3 (ı ppm in DMSO-d6, J in Hz in parentheses, number in DEPT is the number
of attached protons).

Aminotadalafil (2) [4,7] New compound 3

1H (ıH) 13C (ıC) 1H (ıH) 13C (ıC) DEPT COSY HHe

1 – 166.2 – 165.9 0 –
3x 3.96 (1H, d, J = 17.1) 53.2 4.45 (1H, d, J = 17.0) 50.5 2 H-3y
3y 4.26 (1H, d, J = 17.1) – 4.50 (1H, d, J = 17.0) – – H-3x
4 – 164.5 – 164.1 0 –
6 6.09 (1H, s) 55.5 6.15 (1H, s) 56.0 1 H-2′ , H-6′

6a – 136.1 – 136.7 0 –
7 11.01 (1H, s) – 11.03 (1H, s) – – –
7a – 136.9 – 137.3 0 –
8 7.29 (1H, d, J = 7.9) 111.2 7.29 (1H, d, J = 8.0)c 111.8 1 H-9, H-10
9 6.99 (1H, dd, J = 7.9, 7.1)a 118.8 7.05 (1H, dd, J = 7.4, 7.4)c 121.8 1 H-8, H-10, H-11
10 7.06 (1H, dd, J = 7.5, 6.8)a 121.1 6.99 (1H, dd, J = 7.4, 7.4)c 119.4 1 H-8, H-9, H-11
11 7.55 (1H, d, J = 7.4) 118.0 7.56 (1H, d, J = 7.8)c 118.6 1 H-9, H-10
11a – 125.6 – 126.2 0 –
11b – 104.7 – 105.1 0 –
12x 2.98 (1H, dd, J = 15.6, 11.6) 23.3 3.09 (1H, dd, J = 15.5, 11.7) 23.8 2 H-12y, H-12a
12y 3.56 (1H, dd, J = 15.6, 4.0) – 3.59 (1H, dd, J = 15.5, 4.4) – – H-12x, H-12a
12a 4.43 (1H, dd, J = 11.6, 3.6) 55.3 4.61 (1H, dd, J = 11.7, 4.4) 56.5 1 H-12x, H-12y
13 5.11 (2H, s) – – – – –
1′ – 133.9 – 134.3 0 –
2′ 6.87 (1H, s) 106.8 6.91 (1H, d, J = 1.6) 107.4 1 H-6, H-6′

3′ – 146.9 – 147.6 0 –
4′ – 145.9 – 146.6d 0 –
5′ 6.78 (2H, dd, J = 9.4, 8.3, 2.2)b 107.9 6.77 (1H, d, J = 8.2) 108.5 1 H-6′

6′ – 119.2 6.83 (1H, dd, J = 8.2, 1.6) 119.9 1 H-2′ , H-5′ , H-6
7′ 5.92 (2H, s) 100.8 5.91 (2H, d, J = 3.1) 101.4 2 –
2′′ – – 8.29 (1H, s) 139.5 1 –
3′′ – – – 148.9 0 –
4′′ – – 6.88 (1H, d, J = 3.3) 117.0 1 H-5′′

5′′ – – 6.46 (1H, d, J = 3.3) 109.8 1 H-4′′

6′′ – – – 158.8 0 –
7′′ – – 4.46 (2H, d, J = 5.8) 56.2 2 H-8′′

8′′ – – 5.44 (1H, t, J = 5.8) – - H-7′′

a the signals of H-9 and H-10 as well as their corresponding C-signals were most likely inverted in Ref. [4]

ambi
tween

3

c

b signals of H-5′ and H-6′
c the signals of H-8, H-9, H-10 and H-11 and the corresponding C-signals were un
d the signal of C-4′ was unambiguously assigned with to the strong cross peak be
e in italics: weak cross peaks due to four-bond correlations
.3. MS analysis of compound 3

The high resolution mass of compound 3 of 499.1625 [M + H]+

orresponded to a molecular formula of C27H22N4O6 ([M + H]+:

Fig. 3. 1H–1H COSY spectr
guously assigned with the COSY HH, ROESY and HSQC data
H-6′ and C-4′ in the HMBC experiment
499.1612). The parent ion of m/z 499 was fragmented in the MS2

system. The main fragments were observed as shown in Fig. 2. The
spectrum showed the major fragments at m/z 135, 250, 262, and
377. The fragmentation process is indicated in Scheme 1.

um of compound 3.
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Owada, N. Ogo, M. Yamamoto, Identification of aminotadalafil and its stereoiso-
Scheme 2. Proposed origin of the new interaction product of a

.4. NMR analysis of 3

The 1H and 13C NMR data of the new compound 3 were com-
ared to the signals of aminotadalafil (2) [4,7] (Table 1). In the
pectra of 3, the protons of the hydrazide group of 2 (H2-13) were
issing, and some signals of the piperazinedione ring were slightly

hifted (H-12a: +0.2 ppm, H2-3: +0.2/ + 0.5 ppm, C-3: −3 ppm). All
ther 1H and 13C-signals of 2 were almost unchanged (±0.1 ppm for
H, and ±1 ppm for 13C, respectively). This proved that 3 had the
ame parent structure as 2, plus a side chain, which was attached
ia the hydrazide moiety. Five additional proton signals, among
hem a prominent singlet at 8.29 ppm, and six additional carbon
ignals were observed. DEPT 90 and DEPT 135 spectra indicated
hat these 13C-signals were one methylene group, three methine
roups and two quaternary carbons. Interpretation of the 1H–1H
OSY (Fig. 3), and 1H–13C HMQC spectra of the new compound and
H–13C HMBC correlations from H-2′′ to C-3′′, H-4′′ to C-2′′/C-3′′/C-
′′/C-6′′, H-5′′ to C-3′′/C-4′′/C-6′′, and H-7′′ to C-5′′/C-6′′ led to the
tructure of a hydroxymethylfuran moiety, which was connected
o 2 via an imine bond. ROESY, and 1H–15N HMBC correlation
xperiments were completely consistent with the proposed struc-
ure of 3. The strong cross peak between H-2′′ and H-3 in the
OESY spectrum showed the E-configuration of the new double
ond.

.5. IR analysis of compound 3

Infrared spectra of 2 and 3 were recorded and compared. Both
pectra exhibited a similar fingerprint. The double peak of the two
mide groups at 1671 cm−1 and 1654 cm−1 in the spectrum of 2,
urned into one broader peak at 1667 cm−1 in the spectrum of 3.

.6. Proposed origin of compound 3
According to the proposed origin, compound 3 is probably a
ondensation product of 2 and 5-hydroxymethylfuraldehyde 4
Scheme 2). The hydrazide group of 2 is known to be highly reac-
ive. The illegal health food product, presented as candy, consists

[

tadalafil 3 (2 = aminotadalafil, 4 = hydroxymethylfuraldehyde).

mainly of sugars. 5-Hydroxymethylfuraldehyde is one of the main
degradation products of sugars, formed in acidic solutions at high
temperatures [8].

4. Conclusion

The interaction product of aminotadalafil 3 isolated from an ille-
gal health food product was either intentionally synthesized by
the counterfeiter, or was, most likely, a result of a drug-excipient
incompatibility of 2 and 5-hydroxymethylfuraldehyde (4) during
production and/or storage of the candies. The current findings
underline once more, that the stability and other characteristics of
illegal drug analogues, which are often ordered via internet chan-
nels, are poorly investigated and that these products present a
serious health risk to the consumers.

References

1] K. Neumeyer, P. Kirkpatrick, Tadalafil and vardenafil, Nat. Rev. Drug Discovery 3
(2004) 295–296.

2] T. Hasegawa, M. Saijo, T. Ishii, T. Nagata, Y. Haishima, N. Kawahara, Y. Goda,
Structural elucidation of a tadalafil analogue found in a dietary supplement, J.
Food Hyg. Soc. Jpn. 49 (2008) 311–315.

3] T. Hasegawa, K. Takahashi, M. Saijo, T. Ishii, T. Nagata, M. Kurihara, Y. Haishima,
Y. Goda, N. Kawahara, Isolation and structural elucidation of cyclopentynafil and
N-octylnortadalafil found in a dietary supplement, Chem. Pharm. Bull. 57 (2009)
185–189.

4] P. Zou, P. Hou, M.-Y. Low, H.-L. Koh, Structural elucidation of a tadalafil ana-
logue found as an adulterant of a herbal product, Food Addit. Contam. 23 (2006)
446–451.

5] S. Oh, P. Zou, M.-Y. Low, H.-L. Koh, Detection of sildenafil analogues in herbal
products for erectile dysfunction, J. Toxicol. Environ. Health A 69 (2006)
1951–1958.

6] S.-Y. Liu, S.-O. Woo, H.-L. Koh, HPLC and GC–MS screening of Chinese proprietary
medicines for undeclared therapeutic substances, J. Pharm. Biomed. Anal. 24
(2001) 983–992.

7] H. Kurita, K. Mizuno, K. Kuromi, N. Suzuki, C. Ueno, M. Kamimura, A. Fujiwara, K.
mers contained in health foods using chiral liquid chromatography–mass
spectrometry, J. Health Sci. 54 (2008) 310–314.

8] A.-A. Akkan, Y. Özdemir, H.-L. Ekiz, Derivative spectrophotometric determina-
tion of 5-(hydroxymethyl)-2-furaldehyde (HMF) and furfural in Locust bean
extract, Food 45 (2001) 43–46.


	Isolation and structure elucidation of an interaction product of aminotadalafil found in an illegal health food product
	Introduction
	Experimental
	Materials
	LC-UV screening
	Extraction
	Isolation of the unknown compound 3
	MS analysis of compound 3
	NMR and IR analyses of compound 3

	Results and discussion
	LC-UV screening
	Extraction and isolation of the unknown compound 3
	MS analysis of compound 3
	NMR analysis of 3
	IR analysis of compound 3
	Proposed origin of compound 3

	Conclusion
	References


