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Abstract: A novel compound was screened out in 3 batches of food products by high resolution mass
spectrometry, and the mass spectrometry data of the compound showed that it was a vardenafil deriva-
tive. NMR spectroscopic characterization demonstrated the evidence of coexisting cis—trans tautomer-
ism of the compound, which resulted in the molecular structure of the compound difficult to identify.
Subsequently, according to combining with molecular formula search of Chemspider database, 3 var-
denafil analogs were finally locked among 32 isomers. Further compared the data of the suspected
compound with commercial standard, it was finally confirmed as vardenafil derivative KD-027. The
results of quantitative analysis by ultra-high performance liquid chromatography—tandem mass spec-
trometry revealed that KD-027 was well regressed with the mass concentration, and correlation coef-
ficient () was 0. 999 6 in the range of 1. 0-100 ng/mL. The limit of detection and limit of quantita-
tion were 20 pg/kg and 50 pg/kg, respectively. An average recoveries of 86. 2%—-115% at low, medi-
um and high spiked levels in the matrix of liquor, pressed candy and solid beverage were obtained,
with relative standard deviations (RSDs) of 2. 7%-7. 3%. The method was used to detect actual sam-
ples, and KD-027 was detected in two batches of pressed candies and one batch of solid beverage,
with content ranged of 482-2 707 mg/kg. This method could provide a technical reference for the effi-
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cient detection of exogenous illegal additives in food.
Key words: vardenafil structural derivatives; structure identification; molecular formula search;

Chemspider database; quantitative analysis
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B, IRRES AT A il S W B A D S BAZ A M S B RE T AS, B TR Z IR, A
AR ATRES DR AR SR, TG A AR

SCHRATGE B AR HIAR AR D R B | O- LR A O-HIFE/0-PI B LU RZWRIE 3R b N-LFEAE ) N-2 4
AT S, T A PR PGE R R B SR A SRR, IR ARG S PRI AT I
TR ZE R RE QDA ELIE . R0, i SR T & s AR AN BT B IR ™, X T
SORMBHRAL Y, IS BRSSO R ML S 2R, (S AR LI 1]
I A% L PR AT BAEE A S BO T OL T, BB AT i BE RO TN S N2, HARBZ bR
(AT i S HAB S B HORBRIE R R SR AN . VR RR, TER IR =Wt J7 T, ijd DeepMass BIAR
OO TS . B R R BRI L A A R AR R, el hna AL SRR e R, TRE
B> TA LR A TR I, AR o B A e (SRS AR RIR . B,
AE BRI . AL ] AR b R 8 43— A8 A T E ) PR B P A T et

ARG 2 B A I B et T PR A E D B i, RS R BRI, O AT A
DT R HOIAERTAE Y . REHRIGE 0T Bos iz b S YT REAFENS et o i ol i 2 21 401
A, 454 Chemspider f 3R, HZAE 32 F 53 XAR IR W 2544 vh i 18t 3 P ARIERTAE Y, ZEbrifEt il
FE XA A AR AR AT AR KD-027 [l #1042 W , S 55 1A (0 08 7 5% R LE A 1 A AE F) 5
Yo JgiFAl KD-027 7E & B0 TR MR-, A AR et . 1 8 i G (i - R R i € ' e i 7
W, IFE 3R S PR I BHPE 2 2R . %7 7E R Chemspider 504 2 43 120K 22 DU AL 45 44 AR A
it GO SR RS AT T B ARIR A I KD-027, ] i AR TR I A i A S (46 2%

1 SCIGERSY

1.1 UFE5iLF

Triple TOF 5600+ pa % B AH 10, 1% — DU AR AT & AT I 18] 3% (UPLC-Q-TOF/MS ) B 4 . Triple Quad
4500 18 55 20 €8 3% — H e BT HEA (UPLC-MS/MS, 228 SCIEX 23] ) ; Bruker Avance I HD 600 MHz
SR 724 (2 E Bruker 23 6] ) ; Hei—VAP Core & RUEHE7E & AN (12 [E] Heidolph I8N 2045C-02
PN 25 52 (T8l Welch 28 W] ) 5 ZF-TA FHERE AT (P FAAE AR TTELF]) ;. MultiVortex
AR A () MR B AR A ) 5 IM-30-45/80 7t RUIRE 75 I8 i DA O AR it i
SOl ABRZAE] ) 5 CLTSS AR i 25 O G e A SR e AR T R A R W) ) ;5 ME2002E HLF-RF Ok
FE 1 mg, %t Mettler Toledo 2V H] ) ;3 Milli—Q A8 2l /KA (3E [ Millipore 237 ) .

HPLC 2% 206 . WEECGHALIBIRF AR AR AR A 7)) 5 LC-MS R H R (1 il 22 e kb 2= R IR 2
H)) s MR LTRLHR . Ak (E 25 E R RAFER A A 5 U HIEM(DMSO-D,, D: 99%;
Sigma—Aldrich G AR ) ; ARHARIERTA 4 KD-027 (HPLC 42 99. 55%, b i AR AR HE B A B 25
")) ARHUIBIERTAE Y SLX-2101 (HPLC 45 99. 5%, REFEFT/REEFHEAIR AT ) ; FE2MT iRl CBLE .
300~400 H, FSIGEEATS 20T )5 HZZEHTHEEAR (Silica gel 60 F,y,, b iEvHA% IS S 5 25 57 5 A PR
250)) s S mmAZHER (SEE Wilmad 23 7)) 5 FCHVE . HE B8R S SR OB S & fl ok B Il
1.2 HmETabiE
1.2.1 RIGENERBLE FEada: BEAREHREEE G 7R WIAREE, TR,

R FRIUE AR S 1 gCRETRZE 0. 001 o) BRI IARFRS 2 mL B F 50 mL Z.08 1, JIN 20 mL 50% H %
KW, TENER T 2% FAR 15 min, #B7EAEEU1S min )5, 7EE5.0HL ELL3 700 t/min .00 5 min, EZ
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250mL, &5, W ETERE LIS, FH. ARy il e, IR, MR8 SEPRKE H 50%
H RS K R B B i, R .

1.2.2 1N RBTAAIE  FRECGHPER: Sl &5 T 250 mLIRERE . IO 100 mL B EE, el
A 15 min @A PR 10 min, IS, WUEALWEE, FEWE THEEEN 8, DR YOI B8 hEE
(RARLG 1 2 8 2 4) S MYEBERI, 43 B4 B S M I, 0080 75 03 A L 25 A5 31 1 £ ] (A ot
FERET DMSO-D H, BEA TR G IE 4RI S i

1.3 tREB KRB

FRUERE 25U . RSB FRELS. 00 mg e ABIEATAE Y KD-027 F 50 mLEF 2, HHEEMIFERE
50 mL, PCHIF3E]100 wg/mLAFPRIERE &, T-18 CIR1E, A3 H.

PR . WEPRIERE 251 0. 1 mL, FEHEbRIESE B 7 i, BRIFTRIRE R 0. 1 pg/mL i)
FrREHR I, T-18 CIAE, A3 H,

FRUE TAEWE : K5 0. 1 pg/mL B bRIES ) 10, 20, 50, 100, 200, 500 wL, I 50% HIfigEK
WIRMFIFE R 2 | mLAESMY, 82, BEWRERKCY 1, 2. 5. 10, 20, 50 ng/mL, LIHRT|K
100 ng/mL W EERAE R TAE M 285
1.4 &K H
1.4.1 UPLC-Q-TOF/MS &% UPLC 5c#F: WATERS ACQUITY UPLC® BEH C,, {4 3% £ (2. 1 mmx
100 mm, 1.7 pm), #aHAH: 0. 1% HER/KE W (A) RIHEE(B), BREEVEILFR)F : 0~1.0 min, 95% A;
1.0~8. 0 min, 95%~5% A; 8.0~12.0min, 5% A; 12.0~12.1 min, 5%~95% A; 12.1~15.0min, 95% A;
JiE: 0.3 mL/min, BFFEE: 2 pL, HR: 35 °C.

Q-TOF/MS 55t SRATHUBEZE 8 IR (ESTR) , 1E&S TR S miss i (1S): 5500 V;
S AESI(CUR): 241 325 Pa; AL SRS (GST) MBI IIFE F1(GS2) 3141 344 750 Pa; B F-Ii
JE(TEM) : 450 °C; 22— iE (MS) A "5t ik (MS/MS) SR AU 344 50~1 100 Da, filf 5 HL
(CE)4ral24 10 VAFI(35+15) Vi BB (DP)YA60 V.

1 S BRI A I Analyst TF 1. 8. 13RPFEREE, BUEEHEICIECE ] Library View W i) B AR )%
0 ] /AR i) RE PR T A 5 Peak View®) 2. 2 4414 T -

1.4.2 BHEMNTHZEEREE(FT-NMR) &% 'H NMRFI"C NMR fkit)F 5] (PULPROG) 43 4 A
2830 Fll zgpg30, "HHIC NMR A TR 53504 600. 13, 150. 95 MHz, SEEGIEEE 25 °C, T840
7200, 27 171 Hzo SAZETHIE (HSQC) Fl A% 2 BAH G (HMBC) 525543 71 R F HSQCEDETGPSISP2. 3
FIHMBCGPLPNDQF bRifEFK P REF . WML —4E A B8 AE Mestrenova 14. 04K 7047

1.4.3 UPLC-MS/MS &# il s&tF: f@ift:: ACQUITY@BEH C it (2. 1 mmx100 mm, 1.7
pm); FEE: 35 °C; HiE: 0.3 mL/min; FEAEIRTR. 2 pl; WZIAHA 50, 1% HER/KIER, B HHEE,
FREEVR AR F . 0~1.0 min, 10% B; 1.0~2.5 min, 10%~95% B; 2.5~4.0 min, 95% B; 4.0~4. 1 min,
95%~10% B; 4.1~5.0 min, 10% B,

i st RAESHIE . IEE FHEEE . 2 00 85 1 WE I (MRM ) i 1 A0 R 48 i s
JE(IS): 5500 V; KAVSIEII(CUR): 310 275 Pa; ZALSE S (GS1) A4 B INPIE J1 (GS2) #)4
379 225 Pa; & FUREE (TEM) : 500 “Co @i MultiQuant 3. 0. 2 FAFE4 7 B4 047

2 HRSHE

2.1 EHNE

2.1.1 BOPRILHE I 1217 MR REm “1 417 BIat:, w45 itikms R B
B P T RE A0 AR 1 A T e e A ) GRS . AE 2 AR R SRR 1 A ek v ] B ARG )
FR ] 7. 846 min AL BIBH B A Sibs (1A, B2 e s> T8 TR B0 TR (B 1B) ,
)4y Z AR E ([ 1C) R ES> F 25 FU S miz 562. 246 9 [M+H' ], )T Peak View® 2. 2 B AR 3013F %
BT, NS Tk CHN,0,S, 78 H & & (B 1D) v 3 BAE 6% F 85 T K mlz
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377.126 8., 312.158 0, 311.1499, 283.118 4, 151.085 6, FHHIZILE W MKHIBIERALEY), (B
LT BAThRUE . RS 7 OSCERARGE o AN T SE A SRR G I AR AR L R I S .
ANEL, WRIEIS b N-C B0 N-FR G RE AR 745 ) , AL B Wi BEES 7 HL AR MBI AE (m/z 489. 219 9
[M+H"])3E173. 027 0 Da, B PR FAMERLE A FREER, BRI T BURIEA SN TfiE

AR N R T - P
ARG E . DAl AUt 85 225 M, B AL LR AR AT FL25 4 o
A 7.846 TIC B 154 7.846 FIC
” o 12
S 207 =
E ERg
£ 10- £ 6
E ;N
0_ T T T T T T T G T T T T T T T
2 4 6 8, 10 12 14 2 4 8, 10 12 14
t/min t/min
C 15622469 mst D107 N 5622419 MS2
154 J s
5 2 08 L1490 6y 5171853
ESUE }o.()— 418.153 5
2 S 5632498 £ 0.4+ 283.118 4 489.191 0
E 7 E .| 448.165 2
L 642477 sesurg 0.2 129.101 3]]51.085 = ‘ o6 lsals |
0+ A 0k ! .| s oL ul | M
T T T 1 T T T T T 1
562 563 564 565 566 100 200 300 400 500 600
mlz mlz
B A gERR P AREME S0 S TIRIE (A) - SRIGE TR (B) | IR ER A0 18 (C) i i 1 (D)
Fig. I Total ion chromatogram(A ), extracted ion chromatogram(B), isotope distribution pattern(C) and fragment ion
chromatograph(D) of the unknown compound in suspected samples
2.1.2

B IR IE S I 12,27 MRS R Rk H ik A (A @, 950 mg), HL
2915 mghthn, FEH “1.4.27 W AT SEIRIE SN, "H NMR & (& 2A) B AR EE R &
(NH) . By sk, I3, kiR EHILRIRIR 5 R EGS, BSOS h IR A4 3,
4.3~4. 0F13. 0~2. 7 A0 B VU 20 3% 26 244> 40 T 25 fiAr; HEELL 1.3 1Bl thal, H°C
NMR i (& 2B ) PR -t e thBL, el v RefrfE et i, R, Ab & il S 75 R H 2 B R B
B BT L .

=
A 2 83ITISARRTFeTRERS!

) 0 IQ —cn B R3S 8LCLR SREEE atnown = nononn

................. RRREEERUN LRI AmRET £=335e '§ﬁ§§32£:&§Wﬁﬁ@.wwgguqmeQﬁwv—.m\q
—— — — [N Y el Al al Al el a) =Tein} onen

- oSSt Y Foraiaiaiaiaiaiaiciaiaiai~ irabrebeaboal=toted OO NI I AN ——— T RFRERRRRAIRRINSII
Ao e st e e e e i e St

X [ | JJM
g e PR
= T T T oL |‘_‘ T T O(\llvd'_‘O T T T T T /F I T T T T T T T T 1
105 95 85 75 65 55 45 35 25 15 0. 170 150 130 110 90 80 70 60 50 40 30 20 10 O
olppm Olppm
B2 ARHABAERTAEY A0 H NMR(A)F°C NMR(B) i l&l
Fig. 2 'H NMR spectrum(A) and "C NMR spectrum(B) of vardenafil derivative

2.1.3 Chemspider ##E E R/AREMIEIT BB FEMHIE 2. 1. 17 BT EW S 1,
F H # Ak Chemspider B8 2K 2570 TR0 CL,H N0 S I LK), RIUA 32 fhla] 2y St ik, Hodr 35k
FRHABAENTA Y (B 3A) o I 0 T RS A B ARG BEA T L P 2 AT O S hmife il S [ b, BiiE Ak
BB AENT A Y KD-027 o H 5t il R SAZ PR S I S IR S HRiELs 14 &
—3. gL, HFBREAEUE IR, A S A A C—N s LA XU T, JFRRLAS T AR EEUR
FEMENE, SBEE T ENBRREEAZERTE AR, =0 BmARE . Ah, BT ERE TR R
M, R T 5 RTINS (cis) B RIEALFALRL RN s T 548U T R (trans ) B BUREEAL AL FE 4L
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Ko NMR T, KD-027 W trans : cis b2 1.3 < 1(1813B), HAFTEPIANBRIEIA ) . e, @
I 'HNMR %, "C NMR i, HSQC i K HMBC {944 7 KD-027 R TR MR R (£ 1) .
A (0] (0]
\T IL\”AT}/ Sy~ i \T/W(ILWIAIFQ// SN /
T T
0
o
0 hN>§/ NN
HOMNQ 0
H L
B
g~
h 19 >0 12 trans: cis=1.3:1
ZOK 13
21
N-Me: trans to oxygen N—Me: cis to oxygen 21
3 3FMRHARIERTAEY (A ) 5 KD-027 B2 H) b H 544 (B)
Fig. 3 The structure of 3 vardenafil derivatives(A); structure and its isomerism of KD-027(B)
1 KD-027 BRI E IR 1 il K IR
Table 1 NMR data and assignment of KD-027
Carbon  KD-027(N-Me: trans to oxygen) KD-027(N-Me: cis to oxygen)
No. lH(BH/ppm) 13C(Bc/ppm) ]H(ﬁH/ppm) ]3C(5C/ppm) HSQC HMBC
1 / 144. 36 / 144. 36 / H-11/H-12
3 / 137.58 / 137.58 / H-10
4 / 155. 03 / 155.03 / H-10(weak)
5 11.67(1H, brs) / 11.67 (1H, brs) / / /
6 / 146. 16 / 146. 16 / H-5/H-15/H-18(weak)
9 / 113. 07 / 113. 04 / H-10
10 2.48(3H, s)/14.25 H10-C10 /
11 2.83(2H, m, overlapping)/27. 07 H-11/C-11 H-12/H-13
12 1. 74(2H, sextet, J=7.44 Hz)/20. 19 H-12/C-12 H-11/H-13
13 0.92(3H, t, J=7.38 Hz)/13. 65 H-13/C-13 H-11/H-12
14 / 120. 57 / 120. 53 / H-18
15 8.01-7.86(1H, m) 129. 80 8.01-7.86(1H, m) 129. 82 H-15/C-15 H-18
16 / 128.99 / 129.09 / H-18/H-15(weak )/H-17(weak)
17 8.01-7.86(1H, m) 131. 84 8.01-7.86(1H, m) 131.78 H-17/C-17 H-15
18 7.34(1H, d, J=8.64 Hz)/113. 62 H-18/C-18 H-17(weak)
19 / 159. 94 / 159.92 / H-17/H-18(weak)/H-15/H-20
20 4.20(2H, q, J=6.96 Hz)/64.83 H-20/C-20 H-21
21 1.32(2H, t, J=6.84 Hz)/14.16 H-21/H-21 H-20
24 2.71(1. 69H, s) 35.26 2.66(1.31H, s) 35.25 H-24/C-24 H-25
25 4.04(1.13H, s) 50. 13 4.30(0. 87H, s) 49.15 H-25/C-25 H-24
26 / 167. 04 / 167.29 / H-25/H-28/H-29
28 2.79(1. 69H, s) 34.93 2.76(1.31H, s) 35.01 H-28/C-28 H-29
29 4.13(1.13H, s) 51. 14 3.85(0.87H, s) 51.23 H-30/C-30 H-28
30 / 167. 14 / 167.71 / H-29/H-32/H-33
32 2.96(1.69H, s) 35.55 2.93(1.31H, s) 35.60 H-32/C-32 H-33
33 2.92(1.69H, s) 35.58 2.84(1.31H, m, overlapping) 35.23 H-33/C-33 H-33

*no atom (hydrogen or carbon) signal on the corresponding atom
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2.1.4 KD-027 RIS HBMESM  KD-027 i T3 F [ M+H ]| "m/z 41 562. 244 2, L4155 fiF
% (CID) A3 B O 2 s, HA ML T 45 R R 4. %8 ilid 3 R 01 Rkt
Ve C—C R, Al miz 129.065 9 1% Fr &5 ¥ SR 2 SR B 25 W e, AR 3 R BT ) mlz
517. 186 4 R 51 453 SIRAR R AR C—NBET 2L, A2 b m/z 448. 164 9T T 5. mlz 517. 186 4
Ml 2 PSR L, EIIARYE C—N RS2 m/z 406. 154 4, {HIE I X0TREMERN, I
W R F A HIK, BiXCOMEIm/iz489. 1915, FHEAAEN, N-HEH B (DMEF) Pk R KR5S
B mlz 418. 154 4, FE— Wi WIS 3] m/z 377.127 8, 4k i 2 SO, 453 m/z 312. 158 1 5% 5 I 5LFH &5
T mlz311.150 3, H—HRAECEIEBCHEE m/z 283. 1190, A =ZEHRIFIEE] m/z 151. 086 6,
milz 448. 164 9 W] KAz Y m/z 517. 186 4153 m/z 418. 154 4 J5 2L 24w 7 20 B0 N I8 1y i85 -, S
i, B /NER A T RE SR IR T30 AR I B RS, iz 151. 086 6 A BESRIE T m/z 129. 065 9 4 AFfif
WER BT o AR ST 10 S50 i R A AT (S T 3R 45 45 SEBR R A T A BRI i RE . RRAE R 5 F m/z
377.127 8. 312.158 1., 283. 119 0FI 151. 086 6 A #fi i /AT B 22 I o T3 3RME THASF B, Chemspi-
der 53 FRIGTR LM R BE— S A5/N T TEATEH . NMR RAEZS S PR S L TR R T 45 2546 b P B i
R

Chemical formula: C;H)N,0,* Chemical formula: C,_H N.0,S*

187724 574

Exact mass: 129.065 9 Exact mass: 406.154 4

T !

OH* b 0
0., HNMN 0, 0 HN //N 0, 0 HNMN
S SNt A \N,N S \N'N %
~N~ N _-— N P N
¢ S ! Ny ?
0 N)\\/ 4
- 2
b L o ~ 77N <
Chemical formula: C,H,N,0,S* Chemical formula: C,;H, N.OS* Chemical formula: C,,H,,N 0 S*
Exact mass: 448.164 9 Exact mass: 562.244 2 Exact mass: 517.186 4
OH* o l (0]
0N /0 HN - 0 HN = O\\ //0 HY s

0, L S SNt

S SN N N N \<\\
=N \ S

\ /\\<\\ NTX o

(0)
N ‘0
Chemical formula: (:,71‘12[1\J4045+ Chemical formula: C19H24N504s+ Chemical formula: CZZHZQNEOSS‘r
Exact mass: 377.127 8 Exact mass: 418.154 4 Exact mass: 489.191 5

OH* 0

M M 9 ?
HN™ = HN™ = HN)% +H4<
X \N’N // . X N /) « /N - HN /N
or N - +d\N,N
0 0 H
L L 0

Chemical formula: C H,N,0,* Chemical formula: CH )N,0; Chemical formula: C ;H /N,0; Chemical formula: C,H, N,0*
Exact mass: 312.158 1 Exact mass: 311.150 3 Exact mass: 283.119 0 Exact mass: 151.086 6

4 KD-027 i) 5t i 2 A
Fig. 4  Analysis of mass spectrometry cleavage patterns of KD-027
2.2 EEME
2.2.1 ZMX*ZE, KHEREEE TR FMH “1.2.17, “1.37 Hl “1.4.37 WHTCHEF{L 20 E J7
e, Lhmlz 562.2/311. 2 F5E BES TR, miz 562. 2/283. 2 A EPEEST-xF, LU H BRI BT ni )57 (y ) %5
W (o) BEA TR, B AMRTE O BHPERE S T8 B . KD-027 7E 1. 0~100 ng/mL i [l N BAT R IF4k
PERZR, VAR =282 847x+36 919, MK ZREL(F)40.999 6, LL3£5(S/IN=3)FI 10 f5{EMe L (S/N=>
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10) X557 B IR AR StAS: H 43 A A J7 12 A R BR (LOD) FlE =2 R R (LOQ) , 1531 KD-027 A4S H R Al
FEE FRR23420, 50 we/kgo

2.2.2 ERHMM SRHEARFINFRT, @52 05T Ibebs ik th 28 5 % R bn i th Zan 2
POABLPRAN BE RN . 45203800, BB A b SR A B R B AE£10% LAY, BERCRON se e A K, vl
T RIbRE I 2P 17 AT WA TIORH I S OO A 18. 2%, BE A 1) s2 e ZE 25 VREIE Y, WTE
T FIbR D 2T AT, AT 1 YRS A T PRI AN, S A I . T
ST EARES, aARESCPRE L, SRS 2t TE

2.2. 3 IEI LBI K 5 ;FE XTJ- *’j_-\- }E {ﬁ % T:E@d ﬂ?l] {@ N 1 Quantitative ion pair 562.2/311.2 3.10

Solid beverage 1
FEJ M SR PR 3 Fh2 Lok, RIS 2 o] g
AR IR e JEE B KD—-027 R UEVE WL, 2 BIBIR 2 oad
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