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spectrometry , UPLC-HRMS/MS) 4% #% 2 3 (nuclear magnetic resonance, NMR) . & F & & Foff 2 v 4% #: 20 5
K,#E 3%k (Fourier transform infrared spectroscopy, FTIR) , SIS A P R A 0 LM REAT 5 R e 5F 2T
Z A4 4 f£ EI-MS 4= UPLC-HRMS/MS # & it #& 547 77 X T A M A7 & T oL MALH #1743, HR
i 3F AR A AL A 4§ L4 A EI-MS.GC-MS . ESI-HRMS #= UPLC-HRMS/MS %" #7 , 4 7 h K 4= ft. &4
HA-F-a-PVPOIZMEMM, TRKRIRP 2 T IATE, RIEHEEE LKA E("H-nuclear magnetic reso-
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Abstract: Objective To identify 1-(4-fluorophenyl)-2—(1-pyrrolidinyl) pentan—1-one (4-F-a-PVP)
analog 1-(4-fluoro-3-methyl phenyl)-2-(1-pyrrolidinyl) pentan-1-one (4-F-3-Methyl-a—PVP) hydro-
chloride without reference substance. Methods The direct—injection electron ionization—mass spectrometry
(EI-MS), GC-MS, electrospray ionization—high resolution mass spectrometry (ESI-HRMS), ultra—high
performance liquid chromatography—high resolution tandem mass spectrometry (UPLC—-HRMS/MS ), nuclear
magnetic resonance (NMR), ion chromatography and Fourier transform infrared spectroscopy (FTIR)
were integrated utilized to achieve the structural analysis and characterization of the unknown com-
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pound in the sample, and the cleavage mechanism of the fragment ions was deduced by EI-MS and
UPLC-HRMS/MS. Results By analyzing the direct-injection EI-MS, GC-MS, ESI-HRMS and UPLC-
HRMS/MS of the compound in the samples, it was concluded that the unknown compound was a struc-
tural analog of 4-F-a-PVP, possibly with one more methyl group in the benzene ring. According to
the analysis results of '"H-NMR and “C-NMR, it was further proved that the methyl group is located
at the 3-position of the benzene ring. Since the actual number of hydrogen in 'H-NMR analysis was
one more than 4-F-3-Methyl-a—-PVP neutral molecule, it was inferred that the compound existed in
the form of salt. Ton chromatography analysis results showed that the compound contained chlorine an-
ion (content 11.14%-11.16%), with the structural analysis of main functional group information by
FTIR, the unknown compound was finally determined to be 4-F-3-Methyl-a—PVP hydrochloride. Con-
clusion A comprehensive method using EI-MS, GC-MS, ESI-HRMS, UPLC-HRMS/MS, NMR, ion chro-
matography and FTIR to identify 4-F-3-Methyl-a—PVP hydrochloride in samples is established, which
will be helpful for the forensic science laboratory to identify this compound or other analog compounds.
Keywords: forensic medicine; toxicological analysis; new psychoactive substance; high resolution mass
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spectrometry; nuclear magnetic resonance; 4-F-3-Methyl-a—PVP hydrochloride; structural analysis
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Yy, o —EB 0 W2 i s 2 R B9, SRR R
Jo 1) B it AR L IR A NPS AR P A 3
AR A2 0 1 A B, 76 R S5 45 ) 58 52 PR it 2 9 22
o NPS R AE AW AL, Rl T A 7™,
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pentan—1-one,4-F-a-PVP; CAS 5k 850352-62-4] .
1= (4= SR OR I ) =2 - (NI Jo 35 ) — 1 =3B [ 1 (4~
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M i e L) —1- 1% B [ 1-phenyl-2— (1-pyrrolidinyl)
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a-PVP 4-F-3-Methyl-a-PVP hydrochloride

B 1 4-F-a-PVP &K KMty 494 5 45 #
Fig. 1 Chemical structures of 4-F-a-PVP and its analogs
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tive HF #t B 37 B 38 B 5 43 9F 5035 A (36 [§ Thermo
Fisher Scientific 2y & ) , Bt H % 28 & 7 & (electro-
spray ionization, ESI ) VanquishTM B T RO A 8 1
(ultra—high performance liquid chromatography, UPLC);
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AN (CDCL,, 99.8% ; IE [ ST [l 7 R 40 %) o
1.3 (SR &H
1.3.1 H#E#AHF 8 F 8 B -3 (electron ionization—
mass spectrometry , EI-MS) %7 4 44

FLHEFERE AR AR e TR E B TR, B T U
T REHR N 70 eV, B S VL m/z 35~500.
1.3.2 GC-MS % #7 44+

J&W DB-5ms £1 3¢ B 41 4 # (30 mx0.25 mm,
0.25 pm; 3 [F Agilent 22 7] ) o FHERFEJF - 140 CLREF
3 min, 20 ‘C/min F} % 300 °C,f&4F 13 min, #HANAR,
3% 1 mL/min, 539 LRy 201 1, W5 4E3R 3 min, JFFE
i 280 °C,ETJ L FREfE 70 eV, 25 IR 230 °C,
A 2R 250 °C, B AV ol m/z 35~500.
1.3.3 %“B}fﬁ%ﬁ;%%4&—%%\?)%)ﬁ‘i%(electrospray ionization—
high resolution mass spectrometry, ESI-HRMS) %47 &4+

B T W B R AT, TS A 0.19% H IR
I W, B AH B o F R, TE B 1 4 45 4 B AR R i
PV 5 W55 1k 3.5 KV, 55 IR 350 °CL %L U(N,)
35 Arb, 5 BY S (N,) 15 Arb; — 2% 3% 4115 96 [ Ky m/z
100~1000, 2% Jit i fill 15 fiE Bk 10~40 eV
1.3.4 A8 & Bk AR & 3% -3 9 H P B % (ultra-high
performance liquid chromatography—high resolution tan-
dem mass spectrometry , UPLC-HRMS/MS) 5 #7 &4

ACQUITY UPLC BEH C &35 (2.1 mmx100 mm,
1.7 wm; & E Waters A 7)) , 717 40 °C, R s A 5 0.1%
MR KIS W S A B M o B BE DR ERE 1 - 90 R
4 5%B, 0~8.0 min 5%B~90%B, 8.0~9.5 min 90%B,
9.5~9.6 min 90%B~5%B, 9.6~12 min 5%B. i # K
0.4 mL/min, JEFEEEN 1 wlo SR JH ESIES 4k 05 20, i
ZHL R 3.5kV, B IR 350 °C, Z AL (N,) 35 Arb,
R N,) 15 Arb; IE B 7 #3500 F940 , ep R 3%
flf 4 AE 40 eV
1.3.5 ##E3E 3% (nuclear magnetic resonance , NMR ) 2~
M &t

XA it 0 R A A% G e 4R &0 ('H-nuclear mag-
netic resonance, 'H-NMR; 500 MHz) . ¥ #f 2L ¥R % 1%
("“C-nuclear magnetic resonance, BC-NMR;126 MHz) .
A - LR T OC 3% ("H=-"C heteronuclear single
quantum correlation spectroscopy, 'H-"C HSQC) Fl 5+
¥ Z B ik A A 5% 3% ("H-"C heteronuclear multiple
bond correlation spectroscopy, '"H-"C HMBC) %3 #1. 'H
(0 1k 25 0 8% 2 25 T S s v 5k B B SR 05 U6 2 R 6=
7.26,“C RIS 2 % SRR B RE O 6=T77.16.
1.3.6 & T &k o4&t

i A Dionex™ TonPac™ AS14A(4 mmx250 mm)
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Thermo Fisher Scientific 2y 7)) s #E7E 30 °C, KPR R
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Fig. 2 EI-MS spectrum and GC-MS total ion

chromatogram of the unknown compound
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Tab. 1 Major ions of the unknown compound

in EI-MS spectrum

S 4% vk (m/z) HA % F B /%
220 1.80
137 7.49
126 100.00
109 10.04
96 5.94
84 5.66
55 6.25
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ST HENZ R AL G WA FTRE N AR L2 T 14>
H LY 4-F—a—PVP S5/ . Bl 5 XH 2R ik A T
T ESI-HRMS ., UPLC-HRMS/MS . NMR . FTIR A1 & F
IS BT R AT L METR S5 .
2.2 ESI-HRMS #1 UPLC-HRMS/MS 4 #7

fEOE B F AL BLCR  FE S 1Y ESI-HRMS i &
(B 3A) FH BN mk 264 095, W0 H 3 7208

NIST it % £ 4f Fe A6 2% #E 77 19 ] RE 45 48 2 4-
Methyl-a—PVP, % fk & ¥ E1I-MS 1% & bt & 45 m/z
126 fy JEUE" 2 3 85 F R AR o B SNy Rk
4-FH LR EESE B B B R 1T g 1- 31
i 1IE 85 m/z 126, X5 i 1Y 43§ =y CH  N™, T H. 4-
F—oa—-PVP [ EI-MS 3 & b (1) B 05 & m/z 126,
— 3 W B W : 4-Methyl-a—~PVP 7E EI-MS 1 & 2F o L

CH,, FNO™ AHXT 12 220 0 0.38x107°, X — &5 S it —
LTI AW R 4-F-a-PVP AR 2T 14
HIERYHED . m/z 264 2+ 7E UPLC-HRMS/MS 3% &
(K 3B) th EE Yy eg 11953 TR r g R (R 2)
AR HE . A5 A UPLC-HRMS/MS BB 7 @4
T P L P 3C, 35 A A A BE 15 TE] R 4.72 min

264.1759 100

A8 %} 5% JE /%
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B3 k4mit4-4 69 ESI-HRMS = UPLC-HRMS/MS 7 &
Fig. 3 ESI-HRMS and UPLC-HRMS/MS spectra of the unknown compound
R2 m/z 264 BFF UPLC-HRMS/MS i BRI T E =Y & F
Tab. 2 Major product ions of the ion at m/z 264 in UPLC-HRMS/MS spectrum
B F m/z B m/z SR VT fg 8 oy B m/z BF m/z SR VT A # o
. _ . X N _ . ¥
AL I T M RAL I T
264.1762 264.1758 C,H,,FNO* 1.51x107¢ 137.039 8 137.0397 CH,FO* 0.73x107¢
193.1027 193.1023 C,H, FO* 2.07x107° 126.127 8 126.1277 CH, ,N* 0.79%107¢
151.0555 151.0554 C,H,FO* 0.66x107° 123.060 6 123.060 5 C H F* 0.81x107°
2.3 NMR &3 #f Hh 05 7 XN B AORE R (D FIBR RO FD2E 20 a0 T

FE i B9 E1-MS 3% & (& 2A) F ESI-HRMS/MS i
B 3B)#R 2 B TIZAR AL A YT RE R IR A
HEW 4-F-a-PVP G521, A0 | P 0 80
() HAA A R — 2P A AT A A

FE &9 'H-NMR . "C-NMR , '"H-"C HMBC F1'H-
PC HSQCIEE 43 WL I8l 4, 33 845 7 i '"H-NMR
% & (&l 4A) F1PC-NMR 3% & (K 4B) Ak 24 00 78 1Y

==
= Pranye]

35 5 450 T 9 07 8 22 NMR 23 9745 2 T #3A
1£ 'H-"C HMBC & K (E 4C) h,C-16(8=195.25) 5
H-9(6=7.93) HI H-12(8=7.96) (M1 A5 5 K I B 3L 5
SR TFANTE C-9 I C—1210 . 7EC-NMR % & (& 4B)

C-14(6=165.40, J=257.4 Hz, f¥ 4 "C-"F [ WE ¥ &
0, Z=0k) ,C-13(5=126.48, J=17.9 Hz, Z=fif ) , C-11(8=
116.01,J=17.9 Hz, £k ) , C-9(5=132.84, J=7.0 Hz, §{
W) ,C-12(6=129.38,J=9.7 Hz, fl#% ) , C-15(6=131.40,
J=2.9 Hz, 2500k ) , R W S RN B A T X662 o RIS
TE£'"H-"C HMBC i & (& 4C) H , H(Me)-10(5=2.27)
5 C-14(6=165.40,J=257.4 Hz, 2% ) .C-13(6=126.48,
J=17.9 Hz, Z=8% ) 1 C-9(6=132.84, J=7.0 Hz, LTk ) i)
A5 5 ("H="C HMBC 3% & il K 5 38 4 ) 2 B
FEAb T RUE AR, 'H-"C HSQC % & (K 4D)
H-11(8=7.05)5 C-11(8=116.01,J=17.9 Hz) F A K5
5 22 B AR T A AR C-11 47
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£R3 KHLEY H-NMR 1 PC-NMR B F L % E
Tab. 3 'H-NMR and “"C-NMR chemical shift of the unknown compound
bE ik ER
o1
8(1PC)/x107° gl 8('H)/x107° FiF #% e A
1 14.06 3k 0.78 3 =&
2 18.76 3k 1.24~1.35 2 % ¥%
3 32.89 ok 2.03 2 % Fk
4 66.20 g 5.72 1 % i
5 52.60 EAS 3.36~3.81 2 - % Tk
6 23.80 3Pk 2.11~2.22 2 W — % Fik
7 23.65 3Pk 2.11~2.22 2 R - % Tk
8 52.40 Sk 3.36~3.81 2 B-% Tk
9 132.84(J=7.0 Hz) LI 7.93 1 e
10 14.56(J=3.2 Hz) bl 2.27 3 I E
11 116.01(J=17.9 Hz) AL 7.05 1 % &
12 129.38(J=9.7 Hz) AL 7.96 1 % Tk
13 126.48(J=17.9 Hz) I - - -
14 165.40(J=257.1 Hz) AL - - -
15 131.40(J=2.9 Hz) oo - - -
16 195.25 RS - - -
HC1 - 11.49 1 5 0k
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CoH (N*; B AR B FL A 78 4980 —3— FT 4% ik 3 ) =
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Fig. 5 FTIR spectrum of the unknown compound
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