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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,
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with content ranged of 482-2 707 mg/kg. This method could provide a technical reference for the effi-
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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K, AR HCRAIMERE R, ATER AR P AR TR N R B SRR D38 5 I 45 1T A= M BLR Bt
TR, RESI AT A Y E I W S D B A R B RE R A, B Z IR, A
R RES GRS AR, TS A ARG

SCHRAIE H B AR AR DR ERAZ b O- L FEAZ Ay O-HIFE/0- Py LS WRWERR | N-ZFEAZ A N-FR L
AT SR, T S PR PGE R O SR AT R, IR IS RE S PRI AT I
TR ZE R BE QDA I IE . R0, i SR T & s AR I IR A BT B IR ™, X T
SRMEMIRALEY), i S BTSRRI AR SRR, (S AR LI 1]
A% G L PR TEAE TR BRSSO TE 0L T, B AT I i BE RO SR AN, HAEBZ bw
YA i B A B BOR BIE R R AR R RS . Pk, FERIRF=YIfAT 710, 381d DeepMass AR
OO TS . B R R SR L A B A RBE AR, AT hna AL SRR . R, TRE
B> THA LM A TR RN, FAEEE R o B A e (e E S AR RIR . B,
AE IS ZEARIE - AHLYIE] B bR AR S R 5 8 53 2 M BRUE A T P R m Rt

ARG i 2 T ) 0 ot P E D R o i, AE i I R BLS R, B o A i A,
AT RO T A Y . ARRIGE AT Bon iz b S YT REAF RIS et o i s i A 21 401
3, 254 Chemspider 803, HRZAE 32 Fhoy - FCAHIE] 19 25 44 i 128 1 3 RO AIBIERT A, bRiERE
FR BN H A R HARAERT AR KD-027 [l PR R, 2544 55 1A B o0s I 5% ZR UL 1 BAE Y 45 P
Yo PFAl KD-027 ZE & S BO TR MR-, A bR Sl 7. 1 8 i G - PR Rl i e i 7
L, JFE 3R S PR IR BHPEZ 2R . %7 AR Chemspider £ 42 43 150K & DT BC 45 44 AR ifEAT:
it U SR RS HERRAT 1T AR AN KD-027, W] A B R IR A 0 i e S 2%

1 Xkl

1.1 E;5IKH

Triple TOF 5600+ 15 R4 A 14,38 — DU A AT K A7 B 18] 52 3% (UPLC-Q-TOF/MS) 8% F 4L . Triple Quad
4500 8 ¥ R ROR €0 — B BT S (X (UPLC-MS/MS,  S4[E| SCIEX 24 #)) ; Bruker Avance Il HD 600 MHz &8
SRR I A (P2 Bruker 22 1)) ; Hei—VAP Core & R 7& KA (2] Heidolph I8N 2045C-02
PN 25 52 (8] Welch 28 W] ) 5 ZF-7A FHEIRE AT (P FAAE AR TTELAF]) ;. MultiVortex
ZAESIR R A2 (T NSRS PH A R A T ) ;. IM=-30-45/80 7 i XU RS P P i YA (O 2 ik A e
SO ABRZE]) 5 CLTSS AR 3 i 25 0L GO e A B AR R A A PR ) ) ;5 ME2002E HLF- K- Ok
[ mg, Tt Metiler Toledo A ] ) ; Milli-Q Bl KA (EH Millipore SNE]D

HPLC 2% LB . WRE AL BB A R AR AR A F]) 5 LC-MS K H R (1 i 22 s kb 20 A IR 2
A SRR OER . A (EZERL A FER AR ; U H I (DMSO-D,, D: 99%;
Sigma—Aldrich PR A ) 5 ARHABIERTAE Y KD-027 (HPLC 45 99. 55%, b HEFEALE Y RHR B A PR 25
m)) s ARHUARIENT A SLX-2101 (HPLC 455 99. 5%, REEFT/RIEFHEAR AT ; 2 ChLEE .
300~400 H, H ST ) ) HZZHTRERAR (Silica gel 60 Fy,, b iEvuAK S B flE B 25 57 B A TR
o)) 5 mm AL (SR Wilmad 245] ) 5 BCHIE . FE R B R B ok 55 2 diole B ISl
1.2 HMmETAbIE
1.2.1 RIERNERATRE  FEMHIS: BEARFESEIEE T MRS WA, TR,

FEEFREE AN 1 g(RETRZE 0. 001 o) BRIEAAAES: 2 mL B F 50 mL Z.08H, M 20 mL 50% H %
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KW, TEERZ es EIR 15 min, A ZEE 1S min 5, 7EEOHL ELL3 700 /min #5005 min, E&
250 mL, &%), B EERGEMILIERE, A SRR SRS, REIRRE, RIESEPREE H 50%
H RS KRR B IO, A

1.2.2 ZEENESETAAE  FREBHERE S 2 E T 250 mLIEREHH, NI 100 mL BHEE, WRER
A 15 min JG B FYRY 10 min, fHUE, WEALHEE, ORI S, DU EY IR B0
(AL L 8 0 4)MYEBERI, 43 B4 B & M IR, 20080 78 08 A L 25 A5 310 1 4 ] (e ot
FESME T DMSO-D H,  BEF A% i L4 I8 i i ik

1.3 tREB RS

FRUERE S FEBEFREL 5. 00 mg fRHIARAERTAE Y KD-027 F 50 mL A &Hi Y, M AW ERE
50 mL, PCHIF3E]100 wg/mLAFRIERE &, T-18 CIRFE, ARIN3ANH.

PR )i . WERPRIERE B 0. | mL, FEHEARMERE SIS 7k, BB EWE N 0. 1 ng/mL 1)
PR, T-18 CffE, AR3INH,

PR TAEW: FEZWELO. 1 peg/mL BYbRIEH B 10, 20, 50, 100, 200, 500 plL, HI50% HFEK
BRMBIPER R 1 mLAERMY, &2, BAFERERK L, 2. 5. 10, 20, 50 ng/mL I,
LI R 5 B2 100 ng/m L AR R TAF B 51
1.4 UHF&EH
1.4.1 UPLC-Q-TOF/MS & UPLC §ff: WATERS ACQUITY UPLC® BEH C, &% #E (2. 1 mmx
100 mm, 1.7 pm), FshtH: 0. 1% B EEKER (A) R FE(B), BEEBEHARF: 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; 12.1~15.0 min, 95% A;
WME: 0.3 mL/min, ¥R 2 pl, HE: 35°C,

Q-TOF/MS 5. RAIZE S FIR(ESLIF) , 1EE PR ; SIS A (IS): 5500 V;
SHAESI(CUR): 241 325 Pa; AL SR S1(GST) RSB IIFTE F1(GS2) ¥4 344 750 Pa; 85 1R
JE(TEM) : 450 'C; 23—k (MS) F 2% i (MS/MS ) SRAE T [ ¥4 4 50~1 100 Da, il 48 HL HE
(CE)Z32h 10 VAI(35+15) V; ZFEHE(DP)¥1 460 V.

157 PR K5 180 Analyst TF 1. 8. TR, BUSEHEITECE M Library View H1 i) B 24040 %
) /A S ) S P SRS Peak View® 2. 2 0 FEA T
1.4.2 BEMTHRZELIRIEIE(FT-NMR) &4 'H NMR F1°C NMR kb 55 (PULPROG) 43 71 4
230 Fll zgpg30, "HFI"C NMR A TAESZ 23514 600. 13, 150. 95 MHz, SEIGIEEE A 25 °C, #5670 A
7200, 27 171 Hzo 5% FAHOC (HSQC) Rl A% 248 AH ¢ (HMBC) 5555 43 1R | HSQCEDETGPSISP2. 3
FIHMBCGPLPNDQF brifEfknh R )% . AZ%HE—4EAl —4E 5 1E Mestrenova 14. 0844204t
1.4.3 UPLC-MS/MS &# il stf. f@ifit:: ACQUITY@BEH C, 4%+ (2. 1 mmx100 mm, 1.7
pm); R 35°C; s : 0.3 mL/min; #EFEEFR. 2 uL; WBIAHA M 0. 1% B IRKEWR, B AHEE,
PREEVENIREF . 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,

Frnk St SRESITE . RS FHEE . 2 5OV 551 WS I (MRM ) 8l BE1 750 R 42 i s v,
JE(IS): 5500 V; SAVRIEII(CUR): 310 275 Pa; ZZALSE J1 (GS1) M4 B INPE J1(GS2) #)h
379 225 Pa; B TURIREE(TEM) : 500 °C. 3#id MultiQuant 3. 0. 25 4EBEF T € BAHE /M7 .

2 HREITR

2.1 EMENE

2.1.1 BOYBUERE LR 1217 WRTEHEEAR ‘1417 IREAE, X 45tk R A
B PR T RE RO ARG 1 R T e ) AR ) TR A . AE 2 AR o SR 1R BT A O H ] B )
FIPR A BF18] 7. 846 min A HHIUHH LAY S i (R 1A) o 3 — 35 W7 73 TR B T K (B 1B)
[ 7 2R A (B 1C) TR 4> T F 06 m/z 562. 246 9 [M+H' ], 3T Peak View® 2. 2 X RLIIE %
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B FARE, HNZ S5k CHN,0,S, 7 H 5T (8 1D) v =B E 58k miz
377.126 8., 312.158 0, 311.1499, 283.118 4, 151.085 6, FHIIZILE W MKHIBIERALEY, (B4
DT BAThRIE . R 7 OCERARGE o AN T SE AT SRR G I AR 4R L R A I A R L
FANEE, RIEIS B N-C IR N- R SR AR 155, %A &0 B 8 1 HLARHIABE (m/z 489. 219 9
[M+H"])3401173. 027 0 Da. B THEIIA R T ANERI A T- 250k, BT T BURIE 2 SR 00 ifiiE

AVGIAERE o AU 25 25 h e, JES ARG IRAEAT HLA5 1) .

A 7.846 TIC B 154 7.846 FIC
” o 12
S 207 =
E ERg
£ 10- £ 6]
£ ;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 F 10 12 14
t/min t/min
C 15622469 wst D107 N 5622419 MS2
154 2 s
N 2 08 L1490 6y 5171853
% 104 = 0.6+ 418.153 5
£ S 563.249 8 £ 0.4 283.118 4 415;93695120
= 54 = 5
L 564.2477 565.247 8 0.2 129.101 3]]51.085 6 06. 54]4 |
0+ A 0 ! 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 e P AREME S0 S TR (A) | SIS TR (B)  [RIAL R0 18 (C) i i 11 (D)
Fig. 1 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 HEMEREESF R <1227 Tk g REARIAk HRME S (A6, 2950 mg), HX
2915 mghEin, FZHR “1.4.27 iR ARG 2L BRI S . "H NMR 35 (18 2A) BoR & HAR IR R &
(NH) . B8 g3k, I3, wRmiER B EIRI 5 AES, RSB MR IERT Y ; 3,
4.3~4.0f13.0~2. 74 BB PO A5 R 880 T30 T 45 M fgdr s (HELL L 3 0 LAY ER IR BB, H "C
NMR i (1 2B ) P S -t oo that, e BEfRAe i fh . B, LGl = 7 ok 2 R EoR Ik
B TR

= B = SqQoooo ooy
(42] v 2} 0 o —en 1 antTnooowny [sg]=dse] selnsele)N o els ol a)
R e DR o T ST RG Lo b SIS P e P S Lty S Dl
— l\l\l\l\!\l\l\??#?ﬂﬂNNNNNNNNNNN—'———'—:'/—/O/O’_’O EEEQEEF‘HSQQQSZ:: Fv@@@@p'@@gﬂ&c\ngiiﬂﬁ
N e A A SN Se——
(=i
28582
IS SFF S

X | JJM
g e
= T T T o |‘_‘ T T T T T T T T T 1] T 'l’, T T T T T T T T T 1
105 95 85 75 65 55 45 35 25 15 05 170 150 130 110 90 80 70 60 50 40 30 20 10 0
o/ppm d/ppm

2 ARHHBIEATAE YA 'H NMR (A)F °C NMR(B)i%[#
Fig.2 '"H NMR spectrum(A) and *C NMR spectrum(B) of vardenafil derivative
2.1.3 Chemspider ##EEXR R/AREMIET BB S FEMEHIE 2. 1. 17 BHERTEW5 7,
F 5 AL Chemspider B iR 2 23 130K C,H N0 S BOZEM) , K BUA 32 Fha) /3 et fk, Hodr 3Fhh
MR AERTA Y (1 3A) o B I} BT A5 RSB A T [ 9 23 B O E S hn it i [ buoeh, BRIEIZ AL
B ARHABAERTAE Y KD-027 . H PSS S e il M) “ e BUR Y S 0HIELs A4 o B
—8, 5L, BT BIEMEE TR, RIS Y C—N SRR AT, RS T AR R
S EEE, SEBRE T ERBREERL G A, AL WAE . A, BT R B
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Wiy, SR b S AT K Ceis ) A BUREEAZE LB RGN s T 548040 T K (rans ) B HUREEALZA L RS A2

FU NMR A7 ERH, KD-027 89 trans :

cis L2170 1.3 - 1(1813B), HAFEPIDMERIEIZAEH) . e, @

I 'HNMR B, "C NMR i, HSQC i & HMBC HEH44 7 KD-027 B9 R FIHB MR R (£ 1),

I

11

% 19 >0 12
13

h§
2

1

N-Me: trans to oxygen

trans: cis=1.3:1

N-Me: cis to oxygen

21

3 3PMRMISIERT AR Z5H)50(A) 5 KD-027 ) 734544 B A 1R (B)

Fig. 3 The structures of 3 vardenafil derivatives(A); molecular structure and its isomerism of KD-027(B)

A1 KD-027 B ARIEE Kt SV I
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. '"H(8,/ppm) C(8 /ppm) '"H(5, /ppm) 13C(Bc/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-138

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 HI/RILEHMMELMT  KD-027 HHES T2 T M+H | m/z 4 562. 244 2, Zhii1%15 S
2 (CID) B OS2 m s, HARE g R e 4. ST bRt e, %S 75 F A0 3
SRR BRI AR C—CREIR, A im/z 129. 065 91 g 15 552 KRl L H
i, AR BRI m/z 517. 186 4TF 15 4 3 SR BEAR K AEARNE C—NEEWT L, A2 plim/z 448. 164 91
FEFo mlz517.186 4 #E—pilid 2 5. B, Ed Rt C—N RS 5] m/z 406. 154 4, {H
W7 AT REVERS /S, BRI = F AN s IR, Wi COFH 3 m/z 489.191 5, BHGARAEN, N-HIJLH
B f% (DMF) i E A8 5] miz 418. 154 4, SF— B W I3 m/z 377. 127 8, 4k i 2 SO,15.5) m/z
312.158 18, H HEERH &+ m/z 311. 150 3, B R AELEIEN L KtFE]m/z 283. 119 0, & =WEHIF
IFFE m/z 151. 086 6. m/z 448. 164 9 WRI LA 5 m/z 517. 186 4155 m/z 418. 154 4 J5E:54ip 7 3 AH R Y
J7 AR O BB 1o TR A, SN R AT RESRUE T R AR R I B RS, Wm/z 151. 086 6
B BERUE T B m/z 129. 065 9 AMAAEATHE 25 F o AW 5 I RFAE 5 Jr 88 F m/z 377. 127 8, 312. 158 1,
283. 119 0F1 151. 086 6 M 73 M 28 I o3 F P it T HEARME R, Chemspider 73 FAAG FR B — 5 45
ANT THEAETEE, NMR RAELE A bk il LB (% 100 TS5 b A e A s 1 .

(0]

OH*
H 0 HNMN
N ¢ Su N
\N/\(N\\\ N o
b 0 1 OK

Chemical formula: C;H)N,0,*

Exact mass: 129.065 9

Chemical formula: C ;H,,N,0,5*

187724 574

Exact mass: 406.154 4

N
\l‘{)\vo K 07/\/0 K

Chemical formula: C,.H, /N O S*

2377296 6

Exact mass: 517.186 4

Chemical formula: C, H,N,0,S*

v R . B

Exact mass: 448.164 9

Chemical formula: C, H, N.O S*

257736 7 6"

Exact mass: 562.244 2

: I
0 HN =
o0 M TNy 0 HNM Osg N
S \N,N Y N N
. ' ;
(0]

K (0]

Chemical formula: C,_H, N,0,S* Chemical formula: C H N0, S*

1777217 7474 197724574

Exact mass: 377.127 8 Exact mass: 418.154 4

Chemical formula: C,,H N OS*

792906175

Exact mass: 489.191 5

Chemical formula: C _H N 0 *

1777200 472

Exact mass: 312.158 1

Chemical formula: C,_H /N0

177719742

Exact mass: 311.150 3

Chemical formula: C,_ H N,0;

1577157 472

Exact mass: 283.119 0

Chemical formula: CH N O*

87112

Exact mass: 151.086 6

4 KD-027 B STl R MU AT
Fig. 4  Analysis of mass spectrometry cleavage patterns of KD-027
2.2 EENE
221 HMXR RHREEETR KM “1.2.17, “1.37 # “1.4.37 WGBS E J7

1, Lhm/z 562.2/311. 2 FE BB TN, mlz 562. 2/283. 2 FPETEESF-XF, UL H WP TG00 57 (1) %5 &
WP (o) HEA TN, A AMPRIE A BHPERE g 7 B . KD-027 7 1. 0~100 ng/mLyEH P HA K IF26
PERR, IR y=282 847x+36 919, MK REL(?) 40.999 6, LL3£5(S/N=3)F1 10 f5{E 0L (S/N=>
10) 554 57 B IR Sk HE AR 23 SR b 07 v B0 U PR (LOD) FlE & F R (LOQ) , 4531 KD-027 s H B Al



1052 TR AR (http://www.fxesxb.com) 545 %

TR TIRIHIH20. 50 pg/kgo
2.2.2 ERHME RHZAEFONRT R, 8 THEE BB bR 25 1 0 bR i th 2w
FEAE PP BE IR o 25 SR AEHE, I AR FobE SR 0 S BN AE£109% LA, BEBTRON R AN K, ] i
IS FIbRE M 2T T BT R YORH S TRV R 18. 2%, FE RN () 2 AE 2SR Y, T idE
T FIbRIE 201 T o b, AT 1 YRS SR T PRI RN, P A e . X T
BT E RS, WARYESCPRENL, SRR bRt 2 T =

2.2.3 EWXRSHEMIRERE FERHIE. a5 Quantitative ion pair 562.2/3112 3.1 Solid beverage 1
JEFbE SR AR O 3 Bhas 36 e, T3

2 0.88
ANASIF A BE 1) KD-027 bRk i i, 20 il ke % 044
0.05. 0.15. 0.5 mg/kg MUBLDIELSEFES,, @~ °
. T o ST e A b o . ek e 2, 8.10 Quantitative ion pair 562.2/311.2 3.10 Pressed candy 2
3K 6 AT AE L INERMEE 5SS 5,0
B R BRI Ty 86. 2%~115%, é 2.70-
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