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Abstract: It is noted that illegal hazardous foods containing unauthorized drugs or synthetic drung analogues
are increasing. Especidly, reported are unknown compounds that have the modified chemica structures of the anti-
impotence drugs such as sldendfil, vardendfil, and tataafil. In addition, it is very reserved, since illegd synthetic
compounds having smilar chemica structures modified from anti-impotence drug to avoid the government ingpection
are not proved ther sfety at dl. This review in ulation to food safety, lists the illegad compounds added to foods
and describes about the analytica methods to chanacterize 16 anti-impotence drug analogues such as homosildendfil,
hongdendfil, pseudovardenafil, aminotadafil, hydroxyhomosildendfil, hydroxyhongdenafil, dimethylsldendfil, xan-
thoanthrafil, hydroxyvardendfil, norneosildendfil, demethylhongdenfil, piperidinohongdendfil, carbodenfil, thiosil-
dendfil, dimethylthiosildenafil, and acetylvardenafil.
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Table 1. The gpproved drugs for the trestment of erectile dysfunction in man by KFDA

ED Drug Component Dose (mg) Common Side effect Date
Viagra® Sildendil 25, 50, 100 Headache 1998.08.04
Dyspepsia 2004.05.03
- . 20 Back pain 2001.10.31

Cidis® Tadal il P

10 Facial flushing 2003.07.29
Levitra® Vardendfil 5, 10, 20 Visua disturbance 2001.09.15
Zydena® Uden&fil 100, 200 Muscle ache 2005.11.29
M-vix® Mirodenfil 100 and etc. 2007.07.18
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(a) Sildenafil (b) Tadalafil (¢) Vardenafil
2 OH
) /
\
\\// Ny /
MK, L}
/(‘ T ho \) \Oi 0CH
\_/ OCH,
(d) Udenafil (e) Mirodenafil (f) Xanthoanthrafil

Fig. 1. Chemicd structures of the ED drugs and others.

Table 2. The IUPAC name, molecular formular, and molecular weight of ED drugs.

Component IUPAC name, molecular formular, and molecular weight

1-[[3-(4,7-dihydro-1-methyl-7-oxo-3-propyl-1H-pyrazol o[ 4,3-d] pyrimidine-5-yl)-4-ethoxyphenyl] sulfonyl]-4-
Sildenafil  methyl-piperazine

CyoHzoNeO4S (mW 47458)

(6R,12aR)-6-(1,3-benzodioxol-5-yl)-2,3,6,7,12,12a-hexahydro-2-methylpyrazino[ 1',2": 1,6] pyrido[ 3,4-b]indole-
Tedal&fil 1,4-dione

CyoH1gN30, (mW 38940)

1-{[3-(1,4-dihydro-5-methyl-4-oxo-7-propylimidazo[ 5,1-f][ 1,2,4] triazin-2-yl)-4-ethoxy-phenyl] sulfonyl] -4-ethyl-pi p-
Vardendfil  erazine

Co3HzoNeO4S (mW 48860)

3-(4,7-dihydro-1-methyl-7-oxo-3-propyl-1H-pyrazol o[ 4,3-d] pyrimidine-5-yl)-N-[ 2-(1-methyl-2-pyrrolidinyl )ethyl]-4-
Udendfil propoxy-benzenesulfonamide

CosHasNeO4S (mW 51667)

5-ethyl-2-{ 5-[4-(2-hydroxy-ethyl)-piperazine-1-sulfonyl]-2-propoxy-phenyl} - 7-propyl-3,5-dihydro-pyrrol o[ 3,2-d]
Mirodenafil pyrimidin-4-one
CoeH3z7/N50sS (mw 53167)

L (Vardenafli; Vd), 8112 (Udendfil; Ud) 2 w28
2 (Mirodendfil; Md)ol] th &t zHzte] +224], IUPACH
3leba @ BAE-S Fig 1 2 Table 29} 24oh,

HA| A A7 el 2]3] w7 == nitric oxide (NO)<}
22k AAWANA] cGMPel| ]3] &7 HA 2] HE
o] o]¢E o] o]FolRt}, WA EA = &7

Y cGMPE E3|A7]= PDE A58 < Melxo=

22, WREMR|ENC ZHE HIIEF AA T 2N SAW cGMPE F7/HAA W75 A
A F Al E2] cAMP (cydic adenosine monophosp- 71t} 1214
hate)2} cGMP (cyclic guanosine monaophosphate) = Ty A7 AR EA = obHER WAAE,

PDE (phosphodiesterasg)2h= @40l 9]3] 2d 5=
°]F PDE A|53 o] &7 W7)d FE #As= A
o2 d#A Yk Wr1E el AFe s S8

Vol. 21, No. 2, 2008

Fo) HApgo] Y, lAke] Ayl sy

R
© - B e Folat

_4

gk AR RFOIE 9

ofof gkt



68 #H F 7
Table 3. The ED drug anadogues eucidated in food.

Name Mother Compound Year/Nation Notification(date)
Homosildenafil Sildenafil 2002/K orea 2004-48(040716)
Hongdenafil Sildenafil 2003/Korea 2004-48(040716)
Hydroxyhomosildenafil Sildenafil 2004/K orea 2004-48(040716)
Aminotadal &fil Tada &fil 2004/K orea 2004-81(041022)
Pseudovardenafil Vardenafil 2005/Korea 2005-32(050622)
Hydroxyhongdenafil Sildendfil 2005/K orea 2006-01(060118)
Dimethylsildengfil Sildendfil 2006/Korea 2007-11(070228)
Xanthoanthrafil - 2006/Japan 2007-11(070228)
Hydroxyvardenafil Vardenafil 2006/K orea 2007-26(070507)
Norneosildenafil Sildenafil 2006/Japan 2007-26(070507)
Demethylhongdenafil Sildenafil 2007/Korea 2007-63(070906)
Piperidinohongdenafil Sildendfil 2007/USA 2007-84(071224)
Carbodenafil Sildenafil 2007/Japan 2007-84(071224)
Thiosildenafil Sildenafil 2007/Korea 2007-84(071224)
Dimethylthiosildenafil Sildenafil 2007/K orea 2007-84(071224)
Acetylvardenafil Vardenafil 2007/Korea 2007-84(071224)

i j N/ OE/O HNJ
O/\S//O HN O>\S//O HN\ ‘ /\N N/\ 4 S,
O O Cﬁig e
SN 0 I P, Y o
(a) Homosildenafil (b) Hydroxyhomosildenafil (c) Dimethylsildenafil
J Jy J
s L I L S LIy
SAve: spoeaiNen soqi
WA ~ SN ~ A NN
(d) Norneosildenafil (e) Carbodenafil (f) Thiosildenafil
o P HNJK‘/N/\ /\N/w j ey ) {
ey W ., OQ\@? o
HN\‘) uo/\ . A
(g) Dimethylthiosildenafil ~ (h) Hongdenafil (i) Hydroxyhongdenafil
\Nﬂ Q HN)I\ N/\ O o HN
e veathaase
™ AN
(3) Demethylhongdenafil (k) Piperidinohongdenafil

R N A
P S A
O SN L

Ho N WS

(m) Hydroxyvardenafil (n) Acetylvardenafil (0) Aminotadalafil

Fig. 2. Chemical structures of the ED drug analogues.
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Table 4. The IUPAC name, molecular formular, and molecular weight of sildenafil analogues.

Component

IUPAC name, molecular formular, and molecular weight

1-[[3-(4,7-dihydro-1-methyl-7-oxo-3-propyl-1H-pyrazol o[ 4,3-d] pyrimidine-5-yl)-4-ethoxyphenyl] sulfonyl]-4-

Homo-silden&fil ethyl-piperazine

C3HxNgO4S (mW 438. 62)

Hydroxy-homo

-S| dendfil piperazineethanol

C3H3NgOsS (mW 50462)

1-[[3-(4,7-dihydro-1-methyl-7-oxo-3-propyl-1H-pyrazol o[ 4,3-d] pyrimidine-5-yl)-4-ethoxyphenyl] sulfonyl] - 1-

1-[[3-(4,7-dihydro-1-methyl-7-oxo-3-propyl - 1H-pyrazol o[ 4,3-d] pyrimidine-5-yl)-4-ethoxyphenyl] sulfo-

Dimethyl-sildenafil nyl]-3,5-dimethyl-piperazine
CusH3NsO4S (mw 488.60)

1-[[3-(4,7-dihydro-1-methyl-7-0xo-3-propyl-1H-pyrazol o[ 4,3-d] pyrimidine-5-yl)-4-ethoxyphenyl] sul fo-

Norneo-sildenafil  nyl]-4-piperidine

CaH2oNs0,S (mw 459.56)

5-[2-ethoxy-5-[4-ethyl-pi perazine-1-carbonyl]-phenyl]-1-methyl-3-propyl-1,6-dihydro-pyrazol o[ 4,3-

Carbo-dendfil d]pyrimidine-7-one

CosHNeO3 (mW 45255)

5-[2-ethoxy-5-(4-methyl piperazine-1-sulfonyl) phenyl] - 1-methyl-3-propyl - 1,6-dihydropyrazol o[ 4,3-

Thio-sildendfil d]pyrimidine-7-thione

Dimethyl-thio

sildendfil d]pyrimidine-7-thione

CyH3NgO3S, (mW 50467)

5-[2-ethoxy-5-(4-dimethyl piperazine-1-sulfonyl) phenyl]-1-methyl-3-propyl-1,6-dihydropyrazol o[ 4,3-

5-[2-ethoxy-5-[ 2-(4-ethyl piperazine-1-yl)acetyl] phenyl]-1-methyl-3-propyl-1,6-dihydropyrazol o[ 4,3

Hong-denafil d]pyrimidine-7-one

CoxsHuNgO3 (mW 46658)

Hydroxy-hong zolo[4,3-d]pyrimidine-7-one

5-[2-ethoxy-5-[ 2-(4-hydroxyethyl pi perazine-1-yl)acetyl | phenyl]-1-methyl-3-propyl-1,6-dihydropyra-

-dendfil CasHauNeO, (mw 482.58)
Demethvl-hon 5-[2-ethoxy-5-[2-(4-methyl-piperazine-1-yl)acetyl] phenyl]-1-methyl-3-propyl-1,6-dihydropyrazol o[ 4,3-
~den afily 9 d]pyrimidine-7-one

CosHoNeO3 (mW 45255)
L 5-ethyl-2-[5-4-(2-hydroxy-ethyl)-piperazine-1-sulfonyl]-2-propoxy-phenyl]-7-propyl -3,5-dihydro-pyr-
F:jgzc;}fill no-hong rolo[3,2-d] pyrimidin-4-one

Cy4H31N505 (mW 43753)

23. WI|SHMRIEN |AEHE R

vlolaglrt Al#E o] F 2001 = HE A E, E3]
FH oA Aduge] A&l b - H7] F
BERAE sk AF FolA A EH] HE
st ed oy vAELS ddud §
AXNEA Q2o shetrx2E 7 IS fA=2
2 A=A Aoy e methyl71E ethyl7]2 ¥
FT sRAdUZ] S ARE &t HZol=
vhel v ] sulfonyl”1 S acetyl”] 2 ¥ 3 opyEn}
duZe] 3= =, 2002~2003d & 2+ 1)
o] fAIEH o] A& ALY 20049 ~2005 90 = 7}
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FAlolth, £ H8l 22 Table 39 Vel %ol
ZF 165242 Auvd §A1=4 100, vidvd &
AFEE N, B fAREE U 2 VTR DIE
T2 & dom, zhzhe] x4, IUPACH, 31514
2 Bl Fig 1~2 2 Table 4~59} 7},

M

231 SEAMHLHE  (Homosidenafi; HSd)
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Table 5. The IUPAC name, molecular formular, and molecular weight of vardenafil analogue, tadaafil analogue and others.

Component IUPAC name, molecular formular, and molecular weight
Pseudo 1-[[3-(1,4-dihydro-5-methyl-4-oxo-7-propylimidazo[ 5,1-f][ 1,2,4] triazin-2-yl)-4-ethoxy-phenyl ] sulfonyl]-piperidine
-vardenafil Cx3HogN504S (mw 459.57)
4-[[3-(1,4-dihydro-5-methyl-4-oxo-7-propylimidazo[ 5,1-f][ 1,2,4]triazin-2-yl)-4-ethoxy-phenyl] sulfonyl]-1-
Hydroxy . .
-vardenfil piperazineethanol
C3HNgOsS (mW 50460)
Acetyl 2-[2-ethoxy-5-(2-4-ethyl piperazin-1-yl)acetyl) phenyl]-5-methyl-7-propylimidazo[ 5,1-f] triazin-4(3H)-one
-vardendfil CsH3yNgO5 (mW 46658)
Amino 2-amino-6-(1,3-benzodioxol-5-y1)-2,3,6,7,12,12a-hexahydro-(6R,12aR)-pyrazinol [ 1',2":1,6] pyrido[ 3,4-b]indole-1,4-
-tadalafil dione
CxH1sN4O4 (mw 390.39)
Xantho N-(3,4-dimethylbenzyl)-2-{ [ (1R)-2-hydroxy-1-methylethyl]amino} -5-nitrobenzamide
-anthrafil C19H23N304 (mW 38940)

g7 A Ego|r 158
232 E0LHE  (Hongdenafi; Hd)
AP ¢ aufonyl”]| S acetyl”] £, methyl-piperazine
< ethyl-piperazine®. 2 MPA71 3153 A EH o]

T;]- 17-20

233. Sl0|EEA|S2AIH|ILIE  (Hydroxyhomoside-
nafi;, HHSd)

Ao methyl-piperazine  hydroxy-ethyl-pipe-
rezine®. = HYPAIZ] sHotE FPPEA R ARl
yot Eo|r

234. ofo|=ElCt2fE (Aminotadalafi; ATd)
7| R AXEA AgE] 29 FAE Erhetd

methyl7] S amino7] & WP A|7] 51514 A Ed ot

235, FFEHIHLE  (Pseudovardenafi;, PVd)

L7 FAXEAR] HREge] 421 vhe v 9
ethyl-piperazine$- piperidinee. 2 W& A7 3}stg
AJ%XE]O]E]—_ZLZZ

236. Sl0|E2A|SHILHE (Hydroxyhongdenafi;, HHd)
Adu= 9] qifonyl 7] S acetyl 7] 2, methyl-piperazine
< piperazineethand 2 A1) 81812 FAEZ ol ®

237. C|HEAHLIZ (Dimethylsidenafi;, DSd)
AeluZ o] methyl-piperazines 35-dimethyl-pipera:
Zine® & W A7) 3182 S E Aol 4%

238. XAOIEZHE! (Xanthoanthrafl, Xan)
Ay} FARE gg-o] ot Hu - oA =
7T R] ke oJokE AR o R RN I &

Aol

239. SI0|=SAHIHILIE  (Hydroxyvardenafi; HVd)
vel U2 9] ethyl-piperazineS  piperazine-ethanol =
HEAIZ 3}8H] A EH |t B2

2310. =2H|QAIHILIE  (Nomneosidenafi; NSd)
AU 9] methyl-piperazines piperidine®. = H &
A7 3kerE FAEA R B 753 EFo|t} s

23.11. HHZEHL}E (Demethyhongdenafi; DHd)
A o] methyl-piperazineS piperidine®. & #3
A7l glshe A EF otk ®

2312, I fZ|C|=EH|L}E
PHd)

A o] methyl-piperazine piperidine®. & #3
A7l 8lshe FAAEZ R v)=tol|A] et Eolnh ¥

(Piperidinohongdenafil;

2313, FH20H|LHE  (Carbodenafi; Cd)

A U= 2] methyl-piperazine- ethyl-piperazine. =,
sulfony”] S carbonyl 71 2 W& A7 3187 A =R
2 BN S FHolr}b

23.14. X AMHILIE (Thioosidenafi; TSd)
2™ v 9] carbonyl 7] thio-carbonyl 7] 2 HH & A]
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Fig. 3. PDA gpectra of sildenafil, homosildenafil and hongdenafil.

oI afre] A Aol B F4EE gL A4 FE T F v Y9A2EF S chromophorestal 3hH
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IR spectra of vardendfil, hydroxyvardendfil, sildenafil and thiosildendfil.
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Table 6. *H-NMR data of vardenafil, pseudovardendfil, hydroxyvardenafil and acetylvardenafil.

H Vardenafil Pseudovardenafil Hydroxyvardenafil Acetylvardenafil
10 250(3H, ) 2.48(3H, 5) 2.50(3H, m) 2.62(3H, 5

11 2.86(2H, t, J=7.4) 2.82(2H, t, J=7.5) 2.82(2H, t, J=7.5) 3.01(2H, t, J=7.6)
12 1.76(2H, m) 1.73(2H, m) 1.74(2H, q, J=7.5) 2.09(2H, m)

13 0.94(3H, t, J=7.4) 0.92(3H, t, J=7.4) 0.94(3H, t, J=7.5) 1.04(3H, t, J=7.4)
15 7.95(2H, m) 7.86(2H, m) 7.85(2H, m) 8.74(1H, d, J=2.3)
17 7.95(2H, m) 7.86(2H, m) 7.85(2H, m) 8.21(1H,dd,J=8.8, 2.3)
18 7.45(1H) 7.37(1H, d, J=8.8) 7.38(1H, d, J=85) 7.11(1H, d, J=8.8)
20 4.24(2H, g, J=6.9) 4.20(2H, g, =7.0) 4.21(2H, g, J=7.0) 4.32(2H, q, J=7.0)
21 1.35(3H, t, J=6.9) 1.32(3H, t, J=7.0) 1.35(3H, t) 1.56(3H, t, J=7.0)
22-1 3.78(2H, 9

ig gggg: E;: m; 2.90(4H, br, m) 2.88(4H, br, m) 2.64(4H, br)

25 3.10(4H, br, m) 1.53(4H, br, m) 2.50(4H, br, m) 2.55(4H, br)

27 3.10(4H, br, m) 1.53(4H, br, m) 2.50(4H, br, m) 2.55(4H, br)

26 1.36(2H, br, m)

29 2.90(2H, br, m) 2.36(2H, g, J=6.0) 2.44(2H, g, I=7.2)
30 1.23(3H, t, J=7.2) 3.42(2H, t, J=6.0) 1.09(3H, t, J=7.2)
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Table 7. ®°C-NMR data of vardenafil, pseudovardendfil, hydroxyvardenafil and acetylvardenfil.

C Vardenafil Pseudovardenafil Hydroxyvardenafil Acetylvardendfil
1 144.4 144.4 144.2 146.3
3 137.6 137.6 137.3 140.1
4 155.0 155.1 1553 1553
6 146.1 146.1 146.4 145.6
9 113.7 113.7 1151 113.8
10 141 14.2 14.2 14.7
1 271 27.2 271 281
12 20.2 20.2 20.2 211
13 143 143 141 141
14 126.4 127.0 1258 118.3
15 130.3 129.9 1301 1315
16 1209 120.7 1211 129.7
17 132.2 131.9 132.1 1334
18 113.6 113.2 113.2 112.6
19 160.7 160.1 160.2 160.5
20 65.1 64.9 64.9 65.7
21 13.7 13.7 13.7 14.6
22 194.7
22-1 64.8
24 43.0 46.6 459 53.6
28 43.0 46.6 459 53.6
25 494 24.6 52.0 52.7
27 494 24.6 52.0 52.7
26 229

29 50.6 59.5 52.4
30 87 58.5 120
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Table 8. The detected status for the ED drugs and their analogues in foods.

Name 2001 2002 2003 2004 2005 2006 Total
Sildendfil 21 10 2 6 - 7 46
Tadalafil - 3 - 8 1 12 24
Vardenefil - - 1 1 - 3 6
Udenafil - - - - - - -
Mirodenafil - - - - - -
Homosildenafil - 6 7 2 - 5 20
Hongdendfil - - 7 4 1 - 13
HO-homosildenafil - - - 3 2 4 8
Aminotadalafil - - - 2 1 2
Pseudovardendfil - - - - 1 3 4
HO-hongdendfil - - - - - 1 1
Dimethylsildenafil - - - - 2 2
Xanthoanthrafil - - - - - - -
HO-vardendfil - - - - - 1
Norneosildendfil - - - - -
Sum 21 19 17 24 7 39 127
544 =2 7 ESE2W S 11-1470000-001167 -24), 2] & <] ok
<3, 2006.
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FHE =EHE AS WAL AFe) A 3 A 5. 21F Y, BAEA L (2005.7).
AL R Y38t A1 EWE wlds] 9 6. HA JFA54 (htp:/mhiw.go.jp).
3lolu}, 7. US FDA (http://fdagov)
AZoX AZEHE v|R e BEHIAIsEED] B 8. Hedth Canada (http://www.hc-sc.gc.ca)
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15. M. Shin, M. Hong, W. Kim, Y. Lee, Y. Jeoung, Food
25 Addit. Contam., 20, 793-796(2003).
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