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Abstract: The new anti-impotency analogue was identified in food source. Detection of this analogue was
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accomplished through screening of food samples by liquid chromatography/photodiode array detector. The spectrum
pattern of analogue compound was similar to that observed for hongdenafil which was analogue of sildenafil. This
new compound was isolated and purified using the liquid-liquid extraction, thin layer chromatography, column
chromatography and preparative HPLC. And then those structure were identified using analytical instruments such
as HPLC/PDA, LC/MS/MS and NMR. The compound was given a name to oxohongdenafil which was replaced
with acetyl oxoethylpiperazinyl residue instead of sulfonyl piperazine group of sildenafil. The regulation for the above-

mentioned analogue, oxohongdenafil, was established by Standard of Korean food code.
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Table 1. The status list of elucidation for illegal compounds in foreign country and Korea.

Compound name

Elucidation date

elucidation nation

Homosildenafil®
Hongdenafil®
Hydroxyhomosildenafil*
Aminotadalafil®
Pseudovardenafil®
Hydroxyhongdenafil®
Dimethylsildenafil”
Xanthoanthrafil®
Norneosildenafil®
Hydroxyvardenafil’
Demethylhongdenafil
Piperidinohongdenafil'’
Carbodenafil"
Thiosildenafil
Demethylthiosildenafil
Acetylvardenafil
Benzylsildenafil
Desmethylsibutramine'?

2002.04.
2003.07.
2004.02.
2005.04.
2005.06.
2005.12.
2006.06.
2006.06.
2006.07.
2006.08.
2007.04.
2006.05.
2007.04.
2007.07.
2007.07.
2007.07.
2007.10.
2007.10.

Korea (KFDA)

Korea (KFDA)

Japan (Ministry of Health, Labour and Welfare)
Korea (KFDA)

Korea (KFDA)

Korea (KFDA)

Korea (KFDA)

Japan (Ministry of Health, Labour and Welfare)
Japan (Ministry of Health, Labour and Welfare)
Korea (KFDA)

Korea (KFDA)

USA (FDA)

Japan (Ministry of Health, Labour and Welfare)
Korea (KFDA)

Korea (KFDA)

Korea (KFDA)

Korea (KFDA)

Korea (KFDA)
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21. Al 2 AlSF

B AFoMe AF AAE 71330 F2E F5kd
ARzl oHE AR o E= AlF dis
AE QAR FHE ot AFUER Y2 AF
sl AT 2 Ao i AlEE 54E o
T2 e AF 95 243 ARESITh Ad
A}-8-8t F-F4*= Nanopure Diamond water purification
system (Barnstead International Co., Dubuque, IOWA,
USA)l| elall AAE 32k S/F7E ARS8t Aok
2E oA EYEZMerck Co., USA, HPLCE), &2+
(Merck Co., USA, HPLC), ™| €F2-(Merck Co., USA,
HPLCE), U/ ZZ 21| E(Merck Co. USA, HPLCH), &
A AU EF(Wako Co., Japan, 55419, 3L EF
(Wako Co., Japan, 5+ A]<F), DMSO-d6 (Sigma Co.,
USA, 55 A]9F), sodium hexanesulfonate (Sigma Co.,
USA, 554 F), ammonium formate (Sigma Co., USA,

S, 7He K Fluka, USAYS AH8-511.

22, Aguhy

7| B AN EA FAFER S E2lsl] S8 A&y
Aol wEbA 250 mL AR | AR 10 g& F
oS 254 30 mL 2 HEE 70 mLE ol 30

A FE23QL FE2HS AR F 045
um AHAXZEHE o] 3}3}e] oL HPLC/PDAO F
Yateo] W7D EA FAREE S ERlEant €<l
T3] $18te] AlE 500 g& 250
ol 72k 20 g% FHFeH: wEE 100
mLZ 23] ¥ FE3ATH FE2IS 1L EIdA9F
o Y& o F7F4 170 mLe Y229 E 300
mLE ¥o] & £5o ZA AT 359 UFEE
e Z& A% o BT HEZ2WE 200
mLE Yo d.9 &3l tFE22We F& TH
40 °CollA Zstatoll 53 Th s5AS ohA] W'
< 50 mLell =91 Ut 38 HPLC FY3t] &
AR E Feld B FAIIALH

3
-
Ho,
i)
i
ALY
o o
=2
N

23. 7171

B RAARA FARAL Flalr] 9sho]
HPLC system (Nanospace SI-2, Shiseido Co. Japan)
S X839l ew HE7)= Photodiode array detector
(=200~400 nm), A H-E capcellpak UG120 Cy4, ©1 &

A& sodium hexanesulfonateE 7}t S/} o}
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Table 2. Instrumental condition for HPLC analysis

Shiseido capcellpak Cig
(4.6 mm IDx250 mm, 5 pm)

A : 0.1% phosphoric acid and
sodium-1-hexane sulfonate in water

Column

Mobile Phase
B : Acetonitrile

Time(min) B%

Init. 5

1.0 5

6.0 20

Gradient condition 21.0 55

29.0 100

35.0 100

36.0 5

40.0 5

Flow rate 1.0 mL/min

Column temperature 40 °C
Injection volume 10 pL

Detector UV 291 nm (210~400)

Table 3. Instrumental condition for preparative HPLC analysis

Shiseido capcellpak Cig

Column (20 mm TD*250 mm, 5 pm)

A : 0.1% formic acid in water
Mobile Phase
B : Acetonitrile

Time(min) B%
Isocratic condition Init. 30
30.0 30
Flow rate 20 mL/min
Column temperature 25 °C
Injection volume 900 pL

Detector UV 291 nm (210~400)

NEUEZS ALgslglon BAZAL Tuble 29} 7+
Attt A8 BAE 98t £F I ZutE 2 I HP
1100, Agilent Co, USA)E A}&3tth 3 & Z2H
£ capcellpak UG120 C ;32 AF&&Fom B2 %7
2 Table 33 ZESkth WA EH ] 224 &S 4
3le] LC/MS/MS (Finnigan EMR, Thermo, USA)E
ARt o 32 #2213 NMR (Avance 400,
Bruker, German)& A3}t
3. &1 9 0
3.1. HPLC/PDAE 0|28t D|X|E& &l

5
AR e EdHNSAcE A= At
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Fig. 1. HPLC-PDA chromatogram and PDA spectrum of sample containing unknown compound.
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Fig. 2. HPLC/PDA chromatogram and spectra of standard and sample containing unknown compound.
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Fig. 3. MS chromatogram and mass spectrum of sample containing unknown compounds.
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Table 4. Comparison on chemical shift of '"H-NMR and '*C-NMR for unknown compound, sildenafil and hongdenafil

Unknown compound (DMSO-dg)

Sildenafil( DMSO-dg)

Hongdenafil (DMSO-dy)

e d (°C) d ('H) d (°C) d ('H) d (°C) d ('H)
1 145.0 - 145.0 - 144.9 -

4 153.9 - 153.8 - 153.8 -

5 - 12.18(1H,NH) - 12.23(1H,b7; 5) - 12.14(1H, br; s)

6 149.0 - 148.2 - 148.9 -

8 138.0 - 137.8 - 1379 -

9 124.4 - 124.4 - 1243 -

10 38.0 4.14(3H,5) 379 4.16(3H, s) 37.8 4.16(3H,s)

11 272 2.76(4H,m) 272 2.77(2H,, J=7.5) 272 2.79(2H,t, J =7.5)

12 219 1.71(2H,m) 217 1.73(2H,m) 21.8 1.74(2H,m)

13 139 0.91(3H, 1, J=7.3) 13.9 0.93(3H,, J=7.3) 13.8 0.94(3H,1, J =7.4)

14 1280 - 126.1 - 1282 -

15 1308 8.13(H,d, J=4.6, 1.0) 130.0 7.86(1H,d, J=2.3) 1312 8.27(Hd, J =2.2)

16 123.1 - 123.8 - 122.8 -

17 1324 8.10(1HddJ=43,1.0)  131.6  7.84(1H,dd, J=8.8,2.4)  132.5 8.16(H,dd, J=8.8,2.2)

18 1125 721(Hd, J =8.6) 113.3 7.38(1H,d, J =8.8) 112.3 7.24(H.d, J =8.8)

19 1603 - 160.0 - 160.1 -

20 64.7 4.18(2H,m, J=6.8) 64.9 421(2H,q, J=6.9) 64.6 420(2H,q, J =7.0)

21 14.4 1.31(3H,1, J=6.9) 143 1.33(3H, 1, J=6.9) 143 1.34(3H,1, J =6.9)

22 1948 - - - 1953 -

23 62.0 3.94(2H, s) - - 64.3 3.74(2H, s)
gg;g 493 3.27(4H, br,m) 45.1 2.97(4H, br, m) 52.8 2.50(4H,br; m)
2527
26as 453 2.76(4H,br,m) 53.1 2.59(4H, br, m) 516 2.38(4H,br; m)

28 1654

29 56.7 3.13(2H, s) 445 2.29(3H, 5) - -

30 403 3.27(4H,br,m) - - 523 229(2H,q, J =7.1)

31 12.1 1.01(3H,1, J=7.3) - - 12,0 0.983H,, J=7.2)
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Fig. 5. '"H-NMR spectrum of unknown compound.
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Table 5. Distortionless enhancement by polarisation transfer 4. Japan Homepage (http://www.mhlw.go.jp/houdou/2004/
(DEPT), correlation spectroscopy (COSY) and 02/h0213-3 html),

heteronuclear multiple bond correlation (HMBC)

data for unknown compound 5. H. Kurita, K. Mizuno, K. Kuromi, N. Suzuki, C. Ueno,
Number DEPT COSY HMBC M. Kamimura, A. Fujiwara, K. Owada, N. Ogo and M.
1 C } H-11, H-12 Yamamoto, J. Health Sci., 54, 310-314(2008).
4 C - 6. D. Choi, S. Park, T. Yoon, H. Jeong, J. Pyo, J. Park, D.
6 C - H-15 Kim and S. Kwon, J. AOAC Int., 91, 580-588(2008).
8 C - H-11 7. H Park, H. Jeong, M. Chang, M. Im, J. Jeong, D. Choi,
o ¢ - H-5 K. Park, M. Hong, S. Han, D. Kim, J. Park and S. Kim,
1(1) ggz H—_l 5 H-12, Ho13 Food Addit. Contam., 24, 122-129(2007).
12 CH, H-11/H13 H-11, H-13 8. Japan Homepage (http://www.mhlw.go.jp/houdou/2006/
13 CH; H-12 H-11, H-12 05/h0522-3.html)
14 C - H-15, H-18 9. A. Hosogai, K. Hamada, M. Tomita, A. Magashima, T.
15 CH H-17 H-17, H-18 Takahashi, T. Sekizawa, T. Mizutani, Y. Urano, A.
16 ¢ - H-18 Kuroda, D. Sawada, T. Ozaki, J. Seki and T. Goto, N
i; gg H- :_1/1{7-18 H- 114511 121-18 European Journal of Pharmacology, 428, 295-302(2001).
19 c } H-15, H-17, H-20, H-18 10. S. Gratz, B Gamble and R. Flurer, Rapid commun.
20 CH, H-21 H-21 Mass. Spectrom., 20, 2317-2327(2006).
21 CH; H-20 H-20 11. Japan Homepage (http://www.mhlw.go.jp/houdou/2007/
22 C H-15, H-17, H-23 04/h0420-4 html)
= CH, H-21 12, 2)Ee]obEobAx ATRIA, 11, 426(2007).
25,29 CH; H-26 H-23 13. US, Homepage (http://www.fda.gov/oc/po/firmrecalls/
26 CH, H-25 H-30
28 c H-26, H-29 jackdistribution07_08.html)
30 CH, H-31 H-31 14. Japan Homepage (http://www-bm.mhlw.go.jp/houdou/
31 CH; H-30 H-30 2008/06/h0611-1.html)
15. Japan Homepage (http://www-bm.mhlw.go.jp/houdou/
2§ 2008/06/h0626-2.html)
16. 2Fo]oFFbAA, A1F33°, 2008.
1. 2F o oFEebda AFEIA, 6, 459(2002). 17. A FoFENAR 7MY, A F F FB=4 4,
2. M. Shin, M. Hong, W. Kim, J. Lee and Y. Jeong, Food (AR EFSHSF; 11-1470550-000001-14), 2009.
Addit. Contam., 20, 793-796(2003). 18. S. Singh, B. Prasad, A. A. Savaliya, R. P. Shah, V. M.
3. C Shin, M. Hong, D. Kim and Y. Lim, Magn. Res. Gohil and A. Kaur, Trends Anal. Chem., 28, 13-
Chem., 42, 1060-1062(2004). 28(2009).
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