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Abstract: 2-FXE is a new psychoactive substances (NPS) of phencyclidine—type, which has disso-
ciative and psychoactive properties. The cases of its abuse has been reported in recent years. Howev-
er, no human metabolism data about 2-FXE have been reported. The metabolism knowledge of 2—
FXE is essential to help identify them in authentic forensic case samples. An understanding of 2-
FXE metabolism is needed to identify formed metabolites that may serve as biomarkers in forensic tox-
icology screening and for understanding the pharmacokinetics of the drugs. Urine is a good sample for
metabolite identification in forensic toxicology analysis because it can extend the detection window.
The present study aimed to identify the metabolites of 2—FXE in urine, via ultra performance liquid
chromatography—quadrupole time—of—flight mass spectrometry (UPLC-QTOF MS). The authentic
urine from drug abuser was diluted with acetonitrile, followed by centrifugation and filtration through
a 0.22 pm membrane. The metabolites were analyzed and structurally elucidated by UPLC-QTOF
MS, and the accurate masses of precursor ions and fragment ions, mass error(ppm), and chemical
formula were obtained for each metabolite. The metabolism of 2—FXE in urine observed were hydrox-
ylation, carbonyl reduction, dehydrogenation, dealkylation, oxidation as well as combined reac-
tions and glucuronide conjugation. A total of 23 phase I metabolites and 12 phase 1I metabolites were
identified, and the potential metabolic pathways were proposed. Among these metabolites, M32, a

metabolite generated through carbonyl reduction and glucuronide conjugation, was identified as a
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suitable target for the detection of 2—FXE abuse. In this study, the metabolic pathways and metabo-
lites of 2—=FXE in authentic urine were systematically investigated, and providing a theoretical basis
and technical support for the identification of 2—=FXE abuse cases. To the authors’ knowledge, this is
the first report of the identification of the metabolites of 2—FXE, in authentic human urine sample.

Key words: new psychoactive substances (NPS) ; 2-FXE; urine; ultra performance liquid chro-
matography—quadrupole time—of—flight mass spectrometry (UPLC-QTOF MS); metabolite
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Fig. 2 Secondary high resolution mass spectrum of 2-FXE
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Table 1 ~ Main metabolites of 2—-FXE

Retention  Theoretical ~ Experimental

Compound Biotransformation Formula i . Area Rank”
time/min  mass(m/z) mass(m/z)

P / ¢, H,,FNO 3.72 236.1445  236.1446  3.691x10°
M1 Jii ke R4l C,H,FNO 3.11 208.1132  208. 1131  1.437x10° 5
M2 Ak C,,H,,FNO 3.45 234.1289  234.1290  6.922x10° 19
M3 kRt AL C,H,FNO 2.81 206.0976  206.0974  3.277x10° 4
M4 B C,H,,FNO 4.26 238.1602  238.1604  1.546x10° 10
M5 BRI C,,H,,FNO 3.71 238.1602  238.1599 2.235¢5 25
M6 BRI A 5 C,H,FNO 3.21 210.1289  210.1288  4.183x10° 3
M7 BB AR 5 C,H,FNO 2.89 210.1289  210.1290  9.119x10° 15
M8 ARk C, HFNO,  2.78 252.1394  252.1397  2.234x10° 26
MO BikeAAb R AL C,H,FNO,  2.43 224.1081  224.1082  9.637x10° 14
MI0  BikedEfb+2IEfl C,H, FNO,  2.32 224.1081  224.1081  8.030x10° 18
MI1 ke fb+R il C,H,FNO,  2.06 224.108 1  224.1083  2.173x10° 27
MI2 BB iR s A C,H,FNO,  2.49 226.1238  226.1235  1.399x10’ 1
MI13 BBl R LI SR R AL C,H,FNO,  1.91 226.1238  226.1236  2.181x10°
M14  BEBEREL IR I+ TE AL C,H,FNO,  2.70 226.1238  226.1237  1.684x10°
MI5  BiBEREfb BB s+ kL C,H,FNO,  2.05 226.1238  226.1238  1.502x10° 11
M16  BBERE i+ BRI s+ AL C,H,FNO,  2.25 226.1238  226.1239  6.131x10° 20
M17 AL+l C, H,FNO,  2.59 254.1551  254.1553  2.866x10° 24
MI8  FRAEEL IR L C HFNO,  2.97 254.1551  254.1553  5.391x10° 21
M19  FREES AL C H,NO,  4.55 252.1394  252.1396  2.126x10° 28
M20 ARk AL c,HJFNO,  3.43 266. 1187  266.1192  1.127x10° 34
M2l BRFEEE IR A A C, HFNO,  3.17 268.1343  268.1347  3.543x10° 23
M22  BREES IR AL C H,FNO,  3.00 268.1343  268.1352  1.449x10° 32
M23  FREES RS AL Cc H,NO,  3.47 268.1343  268.1354  6.063x10* 35
M24 BB R A AT R IR A S CH,FNO,  3.78 400.1402  400.1405  1.667x10° 9
M25  BiBEIAL+SOEIR IR S AR R A S CHLFNOg 2,12 402.1559  402.1563  2.108x10° 29
M26  BEBEREALOEIA R R A A B R S & C (H,FNO,  2.20 402.1559  402.1562  4.651x10° 22
M27 BRI R RS A B R R AS 5 € H, FNO,  2.60 402. 1559 402. 156 1.937x10° 7
M28  FRESL RS A PR IR A S Cy H, FNO,  2.32 430.1872  430.1878  1.608x10° 31
M29  BRESE SRR A PR S S C, HFNO,  2.45 430.1872  430.1876  1.428x10° 33
M30  FREES ORI A PR SS & C, H, FNO,  2.60 430.1872  430.1876  1.402x10° 13
M31 BREEE AR RS & C, HFNO,  2.98 414.1923  414.1927  8.740x10° 16
M32  BRESC AR LS S Cy H, FNO,  3.17 414.1923  414.1920  7.610x10° 2
M33 R R S R A AR 4 C,H,FNO,  2.65 386.1610  386.1610  8.389x10° 17
M34 BRI R R A B RE R LS CH,,FNO,  2.91 386.1610  386.1612  1.831x10° 30
M35 BEBESEALH R I R R A A C,H,FNO,  3.00 386.1610  386.1613  1.480x10° 12

*metabolites were ranked by their peak areas (% [Q I I HTAUR/ NI THEIT s PRRRIRAR; 4R UL (kg 1R &%)
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Fig. 4 Secondary high resolution mass spectra of some metabolites of 2-FXE
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2.2.3 N-BiEELFBESAERETWHH M350 T M C,H,FNO, {EHE]2. 81 min, S
T W[ M+H 34 K m/z 206. 097 4, SHUSEMEL, FEMZEN-1.0 ppme M3 8 G K 3258
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PIARSAE I e b % AR B AR AR R 20 & R P24

2.2.4 HBEXFERG=WHH  MAFMS 514 C HLFENO, PREE BB 5734 4. 26, 3. 71 min,
WS> T8 W [ M+H 743 31k m/z 238. 160 4 F1238. 159 9, HFSMEARL, FiR M5 140. 8 ppm Al
-1.3 ppmo EAT GRS B B 3 BEARE & F B A AHE] , A m/z 46.065 0., 109. 044 8, 125.0399,
175.0922, 193.101 8%, Wi/ TES T8 5 2-FXEMLZ T 2 u, 454 2-FXE MZRMAE, HEPiE N
2-FXE &) v B 3 A SR e S A ) i 6 SR AR P2 o |l SCRRARGE > ol 0, B ULtk &
BB IEIRF = A RStk , PR B IR E, H 2% i E LA A [, B ey, M4 A
M5 A 2-FXE B ERFEL JFEAR G 24 .

M31FIM32 {53 1A C H FNO,, PREZB R 437004 2. 98 3. 16 min, #E5T& FUE[ M+H |43
Fimlz 414.192 7f1414. 1920, SHESEAMEL, FEMmZE2 34 1.0 ppm F1-0. 7 ppm. HHEHIHED T3
T 5HER R RB=PALLAEZZ 176 u, RHEIEEREIRL: SYIbREEZE R, RUNZRB = k% b
BEMRLE 5. PSRRI P2 ) T B AE 5 T2 AS A F] . £ %A m/z 46,065 3, 109. 044 7, 125.039 8,
175.092 0, 193. 102455, 5 M4 FIM5 ) FERHE S 24 —3. HIbfEill, M31 51 M32 A dtid )5
PRI P Ak S 5 1) 2 BERE R 25 45 A2 e T AR AR 7740 o
2.2.5 N-BiREXMBRETFEAEGREZWHH  MOF M7 #2134 CLH,FNO, (R IHE 5] h
3.21 min. 2.89 min, #E4>FEFUE[M+H] 2050 m/z 210. 128 8 F1210. 129 0, SHIS{EALL, Bt
2253 A A-0. 5 ppm A10. 5 ppm, SACEY M1 AHEL D2 u, DA N-BEEESE AR =1 M1 4k2 % A iS5
&, AR HT AR TR . M6 R M7 B 2 S R R AR A ), 3R B AE B A m/z 109,044 3,
125.0396, 175.091 7, 193.102 05, 5EEE A R AR =1 M4 FI M5 A EL 2D T & EERRAE & T m/z
46.065 0, HARHIES FHRAHMIFE, WiE—PESE 7 M6 F M7 A N-Biibe E b AR A R 4 & R =4
H TR AR = A R Ak, (R BT, RSk R A E, B AN M6 Fil M7
BRI, RS

M33, M34 1 M35 895 1R HK C,H,FNO,, {REHE)23542. 65, 2.90, 3.00 min, #5155 1%
[M+H 535} m/z 386. 161 0, 386. 161 2F1386. 161 3, SFIS(EAHLL, BrEmaE501470.2, 0.5F10. 8
ppmo HifES T BT 5 N-BEbe AL R R A (IR =L, AH2E 176 u, AR B HERERRZE S0 bR
SPEER, RUZREEY B AR 5. 3 MR 0 3 BURIE RS AR, B R m/z
109.044 9, 125.0399, 175.092 1, 193. 102 655, 5 N-Riibe3eAb A4 52 5 ARt =4 i) 3 SRR
B RA—E, [\ 5 M31FIM32 ML T miz 46. 065 3, BT ZESLMEIE S 1. B, M33,
M34 F1 M35 S N-iibe B R ELIA SR 20 5 AR P Ak 8 55 i e WERE IR 25 O A 1 TR AR =427
2.2.6 RELRBFWHHT MS8HL T CH,FNO,, fREEHEIA2. 78 min, WHEZ> T8 1% M+
H]"hymlz252.1397, SHISEME, FEMZEN 1.2 ppm. 2 FRE E b £ EERE S T8 m/z
46.0650, 109.0451, 123.0247. 146.0532, 161.0767. 179.087 2. 189.073 1, 234.148 4 %%  H
H B m/z 46. 065 0F1109. 045 1FFIEE T, R HAE PRI O 2R LA . SRS T2
TH2-FXEZ 16u, MU T % 1410, HEMFERLGERE L SRR BN, , AR oAE B i 8 A0 ARt 7=
Yy, H T E SR SE HRE i) OB RN A S ) 2% B A — 3
2.2.7 BRENXMBELAAREF=WHHT MO, MIOFI M1 T3 8 CLH FNO,, {8 E)Z3 5]
72,43, 2.32, 2.06 min, EST5FUEM+H 5050 mlz 224. 108 2., 224. 108 1 F1224. 108 3, EFit
EAHLL, FREmZE 0.4, 0. 0.9 ppmo H ik b 2 BUHAE &5 FAERL, 3898 m/z 109. 045 1,
123.024 4, 146.0528, 161.0762, 179.087 5, 189. 071 455, H A ARHE I m/z46.0650, BiHEA T
Fe SEAC AR SR, B m/z 109.045 1, BEBHIRR B R K AEABAL, [H I m/z 109. 045 1, 146.052 8,
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