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a b s t r a c t

A PDE-5 inhibitor was detected and isolated from a health supplement claimed to be a preparation of
fresh oyster extracts and be able to promote and support healthy sexual function and endurance, etc.
The structure of this PDE-5 inhibitor was elucidated using LC–UV, LC–TOF-MS, MS–MS, IR spectroscopy,
and 2D NMR. It was characterized as 8-(2-(4-(hydroxymethyl)piperidin-1-yl)benzylamino)-3-ethyl-1H-
imidazo[4,5-g]quinazoline-2(3H)-thione, a compound reported to be a PDE-5 inhibitor.
eywords:
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. Introduction

Phosphodiesterase type 5 enzyme (PDE-5) inhibitors, namely
ildenafil (Viagra®), vardenafil (Levitra®), and tadalafil (Cialis®) are
rescription drugs approved by the U.S. Food and Drug Admin-

stration (FDA) to treat erectile dysfunction (ED). However, some
nalogues and other PDE-5 inhibitors have been found as adul-
erants in natural health supplement. In several laboratories as
ell as from the samples submitted to the Health Sciences
uthority (HSA) of Singapore for testing, compounds such as
omosildenafil [1,2], hydroxyhomosildenafil [2–4], acetildenafil
2,5], hydroxyacetildenafil [6,7], aminotadalafil [8], thiosildenafil
9] and thiohomosildenafil (homosildenafil thione) [9,10] had
een detected. Other new analogues, such as piperidenafil [7,11],
oracetildenafil [12], methisosildenafil [13], xanthoanthrafil [14]
nd imidazosagatriazinone [15], had also been reported. In this
tudy, an adulterant with different UV and MS profiles from

reviously isolated PDE-5 analogues was found in a health
upplement. 2D NMR, MS and IR were used to identify this com-
ound.

∗ Corresponding author. Tel.: +65 6516 7962; fax: +65 6779 1554.
E-mail address: phakohhl@nus.edu.sg (H.-L. Koh).
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. Experimental

.1. Materials

Dimethylsulfoxide-d6 (DMSO-d6) was purchased from Merck
Germany). HPLC grade methanol, AR grade ethyl acetate and hex-
ne were obtained from Labscan Asia Co., Ltd. Water was purified
o 18.2 m� cm using an ELGA Purelab Ultra system (Vivendi Water
ystem Ltd., USA). A health supplement sample claimed to be a
reparation of fresh oyster extracts and be able to promote and sup-
ort healthy sexual function and endurance, etc. was submitted by
client for testing.

.2. Extraction and isolation of unknown compound

The contents of the capsules in the form of yellow powder
14 g) were ultrasonically extracted with 200 ml methanol for
0 min. After filtration and solvent removal, 1 g of crude extract
as produced. 240 mg of crude extract dissolved in 5 ml methanol

nd 1 ml dichloromethane was adsorbed on normal phase silica

el by removing the solvent. The pre-loaded sample was separated
sing Teledyne Isco CombiFlash® CompanionTM 4× flash chro-
atography with a 4.3 g normal phase RediSep column. The eluant
as ethyl acetate:n-hexane (95:5) and fractions were collected

n 10 ml test tubes. Fractions with the same peak were combined

http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:phakohhl@nus.edu.sg
dx.doi.org/10.1016/j.jpba.2008.08.019
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Table 1
1H (500 MHz), HMBC and 13C (75 MHz) NMR data in DMSO-d6 (J in Hz in parentheses)

Position ıH (ppm) HMBC ıC (ppm)

2J 3J

1
2 172.9 C
3
4 7.58 (1H, s) C-11, C-12 C-10 102.8 CH
5
6 8.45 (1H, s) C-12 150.7 CH
7
8 160.8 C
9 8.12 (1H, s) C-10 C-8, C-11 99.3 CH

10 132.0 C
11 137.9 C
12 109.5 C
13 136.9 C
14 4.31 (2H, q, 6.5) C-15 C-2, C-11 38.9 CH2

15 1.27 (3H, m) C-14 12.8 CH3

16 9.08 Brs
17 4.87 (2H, d, 4.5) C-18 C-8, C-19, C-23 41.0 CH2

18 131.9 C
19 152.1 C
20 7.12 (1H, d, 7.0) C-21, C-19 C-18, C-22 120.3 CH
21 6.96 (1H, t, 7.0) C-20 C-19, C-23 123.7 CH
22 7.24 (1H, t, 7.0) C-21, C-23 C-18 128.4 CH
23 7.14 (1H, d, 7.0) C-18, C-22 C-17, C-19, C-21 127.8 CH
24
25 2.63 (1H, t, 10.9) C-26 C-27, C-29 53.0 CH2

3.06 (1H, d, 10.9)
26 1.27 (1H, m) C-25, C-27 C-28, C-30 29.6 CH2

1.74 (1H, d, 11.3)
27 1.47 (1H, m) C-26, C-28, C-30 C-25, C-29 38.2 CH
28 1.27 (1H, m) C-27, C-29 C-30 29.6 CH2
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nd produced 20 mg unknown compound in the form of yellow
owder after solvent removal.

.3. LC–UV analysis

The contents (0.4 g) of one capsule were dissolved in 10 ml
ethanol and ultrasonically extracted for 10 min followed by fil-

ration. The filtrate was diluted 100 times with methanol and
sed for LC–UV analysis. LC–UV analysis was conducted on Agi-

ent 1100 series chromatograph with a diode array detector in
he wavelength range of 200–400 nm. The UV signals were moni-
ored at 220 nm, 254 nm, and 280 nm. The LC analysis was carried
ut using a Hypersil C18 column (200 mm × 4.6 mm, 5 �m parti-
le size) with mobile phase A of 0.025 M sodium phosphate in
ater and mobile phase B of acetonitrile. The mobile phase com-
osition A was linearly ramped from 90% to 30% over 20 min and
ept at 30% for 5 min. After that it was linearly returned to 90%
n 5 min and kept at 90% for another 5 min. The flow rate was
ml/min.

.4. LC–MS/MS and LC–TOF-MS analysis

Isolated compound was dissolved in methanol. The LC analysis
as carried out using an Inertsil ODS-3 column (150 mm × 2.1 mm,
�m particle size) with mobile phase A of 0.1% formic acid in water
nd mobile phase B of 0.1% formic acid in acetonitrile. The mobile
hase composition A was linearly ramped from 80% to 20% over
0 min and kept at 20% for 5 min. After that it was linearly returned
o 80% in 5 min and kept at 80% for another 5 min. The flow rate was
.4 ml/min.

The MS/MS experiment was performed on the API 2000 triple
uadrupole LC–MS/MS system (Applied Biosystem, USA) controlled
y AnalystTM 1.4.2 software. The Turbo Spray ionization source was
perated in the positive ion mode with the flow rate and tempera-
ure of the curtain gas at 40 �l/min and 350 ◦C, respectively, the flow
ates of nebulizer gas and turbo gas at 40 �l/min and 60 �l/min,
espectively, ion spray voltage at 4500 V, declustering potential at
5 V, focusing potential at 400 V, and entrance potential at 10 V. The

on with m/z 449.1 was selected to produce MS2 spectrum with col-
ision energy at 50 V. High resolution MS analysis was conducted
sing Agilent 6210 Time of Flight (TOF) LC/MS system controlled by
gilent Masshunter Workstation Console. The data was processed

ith AnalystTM QC version 1.1 from Applied Biosystem. The electro-

pray ionization (ESI) source was operated in the positive ionization
ode with charging voltage 900 V, nebulizer gas 45 PSI, drying gas

0.0 l/min, gas temperature 300 ◦C, and capillary 4000 V. The frag-
entor voltage was set to 200 V. All masses were corrected by the
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3

Fig. 1. HPLC chromatogram of a methanol extract of the health supplement
1.74 (1H, d, 11.3)
9 2.63 (1H, t, 10.9) C-28 C-25, C-27 53.0 CH2

3.06 (1H, d, 10.9)
0 3.29 (2H, d, 6.0) C-27 C-28, C-26 66.2 CH2

nternal standards (Agilent G1969-85000) with m/z 121.0509 and
22.0098.

.5. NMR and IR analysis

About 10 mg of the isolated unknown compound was dissolved
n DMSO-d6 for NMR analysis. 1H, 13C, COSY, NOESY, HMQC, and
MBC spectra were obtained using Bruker DRX500 and AV500
500 MHz (1H) and 125 MHz (13C)] (Rheinstetten, Germany) NMR
pectrometers. DEPT-90 and DEPT-135 spectra were recorded on
ruker DPX300 [75 MHz (13C)] NMR spectrometer. The solvent
eak acted as the internal standard (DMSO-d6, ıH: 2.5 ppm, ıC:
9.5 ppm). Coupling constants (J) were measured in Hertz (Hz) and

at 220 nm. The insert shows the UV profile of the signal at 14.3 min.
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e unknown compound in KBr disk.
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Table 2
IR absorption range and types of vibration

Absorption range, � (cm−1) Types of vibration

3330–3060 O–H, N–H stretching
2936–2811 sp3 C–H stretching
1629 N–H bending
1591, 1486 Aromatic ring C C stretching
1400 C–H bending
1
1
7
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Fig. 2. Infrared spectrum of th

hemical shifts were in ppm. IR sample was prepared as a KBr disk
nd spectrum was measured over the range of 4000–400 cm−1 on
himadzu FTIR-8400s spectrometer (Nakagyo, Japan).

. Results and discussion

.1. LC–UV

The LC chromatogram of the health supplement and the UV
pectrum were shown in Fig. 1. The chromatogram had few peaks
ith an outstanding one at 14.3 min. The UV spectrum of this
nknown compound was totally different from those of previously

solated PDE-5 inhibitor analogues (Fig. 1).

.2. IR analysis

The infrared spectrum (Fig. 2) of the isolated compound was
ecorded. The IR spectrum revealed a pair of characteristic aromatic
ing stretching absorption (�C C) at 1593 cm−1 and 1486 cm−1. The
bsorption at 773 cm−1 corresponded to the ortho-disubstituted
romatic ring. The stretching absorptions of sp2 C–H, sp3 C–H,
–H, and hydrogen bonded O–H overlapped in the region of

000–3400 cm−1. Aliphatic C–H stretches were detected from 2800
o 3000 cm−1. The absence of strong absorptions from 1600 to
800 cm−1 also indicated that there was no carbonyl group in
his unknown compound. Meanwhile, the absorption in the range
269–1201 cm−1 suggests the presence of thiocarbonyl group C S.
he IR absorptions are tabulated in Table 2.

s
t
H
m
H
p

Fig. 3. High-resolution mass spectrum of unknow
362, 1347 C–N stretching
269–1201 C S stretching
73 Ortho-disubstituted benzene ring = C–H bending

.3. Structure elucidation of unknown compound with NMR

The unusual LC peak at 14.3 min and its different UV spectrum
rom those of other PDE-5 inhibitors led us to isolate and elucidate
he structure of this unknown compound. There were twenty-two
ignals in 13C NMR spectrum. DEPT 90 and DEPT 135 NMR spectra
ndicated that there were one methyl group, five methylene groups,
ight methine groups, and eight quaternary carbons. However in
he HMQC spectrum, each of the two methylenes at 29.6 ppm and
3.0 ppm corresponded to four protons, which meant two methy-

ene carbon signals were overlapped at 29.0 ppm and 53.0 ppm
eparately. Therefore, there were seven methylene groups and the
otal number of carbon atoms was 24 with 25 attached protons.

igh resolution MS showed that the pseudo-molecular ion was
/z 449.2123 [M+H]+ (see Fig. 3). The information from NMR and
R-MS suggested that the molecular formula of this unknown com-
ound was C24H28N6OS (Fig. 4).

n compound in positive ionisation mode.
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Fig. 4. Structure and subst

Fig. 5. ESI mass spectrum of unknown compound in positive MS analy
ructures of KF31327.

sis: (a) Q1 analysis; (b) MS2 analysis with parent ion m/z 449.1.
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HMQC correlations helped to establish the assignments of the
H signals to their attached carbons. In NMR experiments, if carbon
toms are connected to oxygen or nitrogen atoms, these carbons
nd the attached hydrogens will be much deshielded. The chem-
cal shifts of oxygenated sp3 carbons will be around 60 ppm in
3C NMR spectrum and the attached hydrogens will appear at
bove 3 ppm in 1H NMR spectrum. Therefore the chemical shifts
f the C-30 and the attached 1H [ıH 3.29 (2H, d, 6.0) and ıC 66.2]
ndicated this was an oxygenated methylene group. The chemi-
al shift of the much deshielded carbon at 172.9 ppm suggested

n ester or amide group. The absence of strong C O IR absorp-
ion and the presence of the characteristic C S in the IR spectrum
ndicated that this compound contained a thiolamide group with
he thiol carbonyl carbon at 172.9 ppm. In the 1H NMR spectrum,

C
b
n
m

Scheme 1. The fragmentation process o
medical Analysis 48 (2008) 1070–1075

here were four aromatic protons [ıH 7.12 (1H, d, 7.0), 6.69 (1H, t,
.0), 7.24 (1H, t, 7.0), and 7.14 (1H, d, 7.0)], which revealed a 1,2-
isubstituted benzene ring. There was also a symmetric structure
art because of two pairs of methylenes [ıC 29.6 (2CH2) and 53.0
2CH2)]. The chemical shifts of two methylenes at 53.0 ppm indi-
ated they were connected to a nitrogen atom. HMBC correlations
see Table 1) helped to establish the skeleton of this unknown com-
ound. HMBC correlations from H-25 to C-26 and C-27 gave the
tructure of piperidine. The position of the hydroxymethyl group
as determined by the correlations from H-30 to C-26, C-27 and

-28. The chemical shift of C-19 [ıC 152.1] and the NOESY effects
etween H-20 and H-25 suggested that C-19 was connected to the
itrogen atom of the piperidine ring. The position of C-17 was deter-
ined by the HMBC correlations from H-17 to C-18, C-19, and C-23.

f pseudo-molecular ion m/z 449.1.
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OSY effect from H-16 to H-17 helped to establish the connection
etween C-17 and N-16. HMBC also showed the correlation from
-17 to the much deshielded quaternary C-8, which may be con-
ected to another nitrogen atom because of its chemical shift [ıC
60.8]. Structure part 1 Fig. 4 was deduced from above informa-
ion. The chemical shifts of C-14 and its attached 1H indicated it
as connected to a nitrogen atom. HMBC correlations from methyl
rotons H-15 to C-14 suggested an ethyl group. The correlations
rom H-14 to thiol carbonyl carbon C-2 and another quaternary car-
on C-11 gave the structure part 2. Up to now, there were three
itrogens, three methine carbons, and four quaternary carbons
nassigned. The HMBC correlations could not provide further struc-
ural information. The literature search in Scifinder ScholarTM (CAS,
merican Chemical Society, Columbia, OH, US) with the molecu-

ar formula and known structural information led to the exclusive
andidate, 8-(2-(4-(hydroxymethyl)piperidin-1-yl)benzyl amino)-
-ethyl-1H-imidazo[4,5-g]quinazoline-2(3H)-thione with trivial
ame KF31327 [16,17]. The HMBC correlations from H-6 to C-12,

rom H-4 to C-10, C-11, and C-12, from C-9 to C-8, C-10, and C-11
lso supported this structure. Further MS/MS analysis also sup-
orted this structure. This compound was previously synthesized
nd found to be a PDE-5 inhibitor in 2001.

.4. MS/MS analysis

To confirm the structure of our compound deduced from NMR
nd database searching. MS and MS/MS analysis was carried out in
ositive ionisation mode. The spectrum was shown in Fig. 5. MS
nalysis indicated the pseudo-molecular ion [M+H]+ was at m/z
49.1. This result corresponded with the LC–TOF-MS result (m/z
49.2123). The parent ion m/z 449.1 was selected to be fragmented

n the MS2 system. It produced a fragment ion at m/z 204.1. The ion
/z 186.1 could be easily achieved with the neutral loss of one H2O
olecule. The fragmentation process was indicated at Scheme 1.
. Conclusion

This product was intended to be introduced into Singa-
ore market and sold over the Internet. Isolation and structural

[

[

[

medical Analysis 48 (2008) 1070–1075 1075

lucidation using NMR and MS revealed this to be a PDE-5
nhibitor 8-(2-(4-(hydroxymethyl)piperidin-1-yl)benzyl amino)-
-ethyl-1H-imidazo[4,5-g]quinazoline-2(3H)-thione with trivial
ame KF31327. As its structure is totally different from those of
ildenafil, vardenafil, tadalafil and their analogues, it will not be
asily identified in routine screening. The study will help the reg-
latory bodies to safeguard the quality of the natural supplements
nd public health more efficiently and effectively.
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