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Isolation and Identification of an Unauthorized Tadalafil Analogue
in a Commercial Functional Food

Du-Jong Baek”
Department of Chemistry, College of Natural Sciences, Sangmyung University, Seoul 110-743, Korea

Abstract — High-performance liquid chromatography (HPLC) screening method revealed that a propolis product marketed
as a functional food contained an undeclared substance similar to tadalafil, the active ingredient of the prescription drug Cia-
lis® approved for the treatment of male erectile dysfunction. In order to identify the illegal additive, the propolis product
was extracted with methylene chloride, and the extract was purified further using semipreparative HPLC. The chemical
structure of the isolated substance was elucidated based on IR, LC/MS-ESI, and 'H- and *C-NMR spectroscopy, which
showed the characteristics similar to tadalafil. The only difference was the substitution of the methyl group at the pip-
erazinedione ring of tadalafil to the amino group of the identified illegal additive.
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chromatography(TLC):= E. Merck silica gel 60 F-254 T8
2]320.25 mm)S ARSI AL AFQ), 2 2= phosphomolybdic
acid, anisaldehyde® 'TA3to] ##3}¢Ith 552> Thomas-
Hoover AT €4 S4712 S43190aL HAsHA] sttt UV
2~HEZ-L Varian CARY 100 Spectrometer® Z743}3it}. IR
E4AHE Y2 KBr pellets AF8-5}¢] Perkin-Elmer FTIR
1750 Spectrometer® Z733lg10m £8 E5tlE cm'E %)
3R 1 A7)E oy o) o kE %7181t} s, strong; m,
medium; w, weak. NMR AFET L Bruker Avance 400
Spectrometer(‘H 2 C, z}7z} 400 MHz 2 100 MHz)oll A
DMSO-dge 87l= ARE3te] 57431912, chemical shift= §
HE2A ppmOE X711 T A= vhet o] ofkw
¥7]3F Y s, singlet; d, doublet; dd, doublet of doublets; t,
triplet; q, quartet; m, multiplet; bs, broad singlet. Electrospray
ionization mass spectrum(ESI-MS) dataz= VG Micromass
Autospecell &J3 L1, m/z(base peak= 100°.F 3t Al 4
7)) e 7183

=& A 22| ™M

TR EYA FAHAE 10 4600 mgF )] HEES
100 m/ol| *5°]3. methanol 350 miE 7}t Tk Z5vt XIT
= 5 ofFislth el 1% FEAER 89 5 miE 7lekal
methylene chloride 250 m/= 33] %3 ths 17155
Na,SO,= HAFAIZ]1T 743} 553130t XS methanol 15 ml
o] *50]3l membrane filter2 ©3 3t T3 o] IS semipre-
parative HPLCZ A5}tk A4 A7 © 2+ pBondapak
Cyg column(7.8x300 mm, 5um)S AHE-3FR L H7|Ewl=
acetonitrile-water-trifluoroacetic acid(90: 10:0.1)Z 5 m//min
o] £ ARSI dofxl #ES FAFsI] FAAA L]
=7 AEA 20mgs AUtk mp 272~278°C; UV A,
(Methanol) 285 nm; IR(KBr) 3436(s), 2896(w), 1655(s), 1499
(W), 1415(w), 1320(w), 1240(m), 1038(w), 925(w), 739(w); 'H
NMR(DMSO-dg) 8 3.00(1H, dd, /=154, 11.9Hz, C,,-H),
3.58(1H, dd, /=15.7, 42 Hz, C;,-H), 3.97(1H, d, /=17.1 Hz,
Cs-H), 4.27(1H, d, /=172 Hz, C4-H), 4.44(1H, dd, /=11.6,
35Hz, Cp,H), 5.13@H, s, NHy), 5932H, s, Cy,-H), 6.10
(1H, s, Cg-H), 6.78(1H, d, J=8.0 Hz, C,-H), 6.82(1H, dd, J=
82, 14Hz, C,yH), 6.88(1H, d, /=12 Hz, C,;-H), 7.02(1H, t,
J=84Hz, C,H), 7.06(1H, t, J=7.1Hz, Cy-H), 7.30(1H, d,
J=79Hz, CgH), 7.56(1H, d, J=7.7 Hz, C,,-H), 11.02(1H, bs,
N,-H); *C NMR(DMSO-dg) & 23.5(Cyy), 53.3(Cy), 55.4(Cyy,),
55.6(C;), 100.9(Cyy), 104.8(C,yy), 106.9(Cyy), 108.3(Cyp), 1113
(Cy), 118.1(C;y), 118.9(C4p), 119.3(Cyg), 121.2(Cy), 125.7(Cy1,),
134.0(Cy), 1362(C,,), 137.1(C;), 146.0(C,), 147.0(Cp),
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164.6(Cy), 166.3(C,); Mass m/z 391(M+1, 100), 289(12), 269
(30), 262(21), 204(12), 169(6).
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2] & TLC plateollA] F-5igt 44 vbdE Wl o] wX&
Ao BA7%E LC/MS-ESI 2 fragmentation patternolA 3=
7}2 X500 [M+H]7F m/z 391004 L% 31 fragment
269, 204, 169014 LoXith(Fig. 1). ©] A% AHEFS B}
o (M+H]' 390; fragment 268, 204, 169)3}F AL, 1
A &A1} ghrtepd o] zfoli= [M+H]T9) 391 of 390, 12|31
fragment 269 tf 2682] 1 mass unit X}]7} FLATE o] 1
mass unit x}0]&= Eltfeldel] £418H= methyl(CH-) group®]
v 2ol A] amino(NH,-) group® 2 X|3k=|ojA] fikel 2z}
2}l Y= SITh

o] ux] 3gHEe] 'H- 9l BC.NMR AFHEHS 9] o] 3}
o) 729 WS E Fg. 20 YERIICE TH-NMR AHEH
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bs), indole NH; & 5.93(2H, s), 3,4-methylenedioxyphenyl ring
©] methylene; & 6.10(1H, s), aromatic ring & 249} 49
C-6 methine; 3.97(1H, d, /=17.1Hz) ¥ 4.27(1H, d, J=17.2
Hz), piperazinedione ring®] C-3 methylene; & 3.00(1H, dd,
J=154, 119 Hz) ¥ 3.58(1H, dd, /=15.7, 4.2 Hz), indole ring
919] C-12 methylene, 37|14 15Hz2] coupling constant= *}
371 coupling]il 12 Hz 9 4 HzE= th&-9] § 4.44 peak}<]
coupling®]t}; § 4.44(1H, dd, /=11.6, 3.5 Hz), C-12a methine;
71E} & 6.78~7.56, aromatic proton. >C-NMR ~HEHL- 21/
9] o2} 22 ERAQ peakES ¥oli Ak § 1663 Y
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Fig. 1 - The LC/MS-ESI and fragmentation spectra of the unknown tadalafil analogue. The fragment peak at #/z 269 was assigned as indicated

in the structure shown.
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Fig. 2 - The chemical structure and numbering system of the
identified tadalafil analogue, (6R, 12aR)-2-amino-6-benzo
[1,3]dioxol-5-y1-2,3,6,7,12,12a-hexahydropyrazino[1',2':1,6]
pyrido[3,4-b]lindole-1,4-dione.

carbon; & 53.3 W 55.4, piperazinedione®| 4] carbonyl group¥}
ArZ A4dE0o] 9= C-3 2 C-12a carbon; § 55.6, aromatic
ring %! 249} ¢14%¥ C-6 carbon; & 23.5, indole ring &1¢] C-
12 carbon; & 100.9, 3,4-methylenedioxyphenyl ring® C-20
carbon; 7]E} & 104.8~147.0, 3,4-methylenedioxyphenyl !
indole ring®] 14 aromatic peak.
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