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Mass Fragmentation Characteristics of Fentanyl Analogues
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Abstract: A recent feature of global drug markets is the unprecedented pace at which
new psychoactive substances (NPS) have been developed and emerged worldwide. Syn-
thetic opioids represent a class of NPS, which mostly consist of the prescription drug
fentanyl and its analogues. Use of illicitly manufactured fentanyl and its analogues
amplifies the hazards because lack of quality control for these products, which are not
portioned in precise doses, and can be deadly in minuscule amounts due to the extreme
potencies. The mass-spectral fragmentations of these compounds following electron
ionization (EI) and electrospray ionization (ESI) under collision-induced dissociation
(CID) mode were studied to obtain the fragmentation characteristics of fentanyl
analogues. Compounds were analyzed on Aglient DB-5MS column (30 m X 0. 25 mm X

0. 25 pm) with an initial temperature of 60 ‘C for gradient increased temperature by GC/
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MS, and Acquity UPLC CSH™ C18 column (10 emX 2.1 mm X 1.7 pym) with 0. 1%

formic acid aqueous solution (A)-acetonitrile (B) as mobile phase for gradient elution by

UPLC-Q-TOF MS. According to the structure and the typical fragmentations, these

compounds could be easily identified. The countless possibilities to create new fentanyl

analogues by small changes in chemical structures pose a growing challenge to forensic

analysts. So this work will be helpful to assist forensic laboratories in identifying these

kinds of compounds or other substances with similar structure in case work.

Key words: gas chromatography-mass spectrometry (GC/MS); ultra performance liquid

chromatography-quadrupole time-of-flight-mass spectrometry (UPLC-Q-TOF MS);

fentanyl; new psychoactive substance; fragmentation pathway
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fiff BT LK 0.5 g/ L FY AV PR 0,126
PR R B2 1 mg/ Ly B0 I TR
1.3 ZIEEH
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Fig.1 TIC chromatogram of NPS fentanyl analogues

2.2 UPLC-Q-TOF MS 4 R # 3 ML 2 #E i

T 1.3, 2 W4T . 8 Fh 25 K JE 25 7 65 i
T Ve S5 KT BE 3 A T 0y B HLRR EUES T
T ER TR 4.

TEHL 55 I B R0, 8 Rl 2F R e 28k
R 1 355 T 9 D — G RS 38 RO B 1 A i B
WEOY T8 T (UM HTT ). I 24 i 4%
N [MAH]" v N-2E 5L 36 4y 19 C— N e
KA o B R 1T A EEEE BRI AL IR
BERH N—C #Ef C—C gl 2, i [ M+
H] R NETFR G BT AL rHEN
BT BMC, MBI R, B AR BRI
ERECNT 2 By e AR, B AN
KOGEEWHENET B C, MBS K2 . OF
KJE IS K JE Mk 2F KJe. ®F Doy
KHEW R [M+H]" RbEAR S N-Z L
BRI & A, 15 5 B 7 EL . g A
hEERERE . 8 FIF R Y
F i B s TS HE DN A i 3R fe s T8 6, 4%
b5 W 1 A B A1) K — G 3 Hh 1 S A
TERI T % 2.



586

Hea J¥KRJEsb. ZWEIFKIE e THEZFKIE sd. JRBESF KJE se. 3-H L T LY K e 5
. IEESY KB s g 4-90 5 TIESY K2 she Bk 25 K Je
2 FREEFHMFEMRL E-MS RikE
Fig.2 Mass spectra of NPS fentanyl analogues by EI-MS
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Fig.3 Proposed fragmentation pathways of product ions for NPS fentanyl analogues by EI-MS
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Table 1 Characteristic ions of NPS fentanyl analogues obtained by EI-MS
&1 {5 52 B ] FEERAER F Characteristic ions (m/2)
Compounds {r/min A B C D E F G H
LBEIF R E 13. 87 231 189 188 146 158 132 105 77
R 14. 40 245 189 202 146 158 132 105 77
TR 15. 61 259 189 216 146 158 132 105 77
B 25 K e 15.98 273 189 230 146 158 132 105 77
3-HEE Tt 25 K e 16. 10 273 203 230 160 172 146 105 77
RN 14.50 243 189 200 146 158 132 105 77
455 T B K e 14. 00 277 207 234 164 176 150 105 77
U2 A 18. 89 283 189 240 146 158 132 105 77
100+ b 3 &t
elh jFed X GC/MS Ml UPLC-Q-TOF MS #: 4y
2 BT T 8 R A T ST R M PR IR L 1 T 2K
g o W AT A 6B 0 2 DL 43T 45 PR
2 BAAE E1 A ESICID B2 T 1 5 5 3% 72 1 1
201 HE T UEA S ERAEMYE, BT HATZFKE
0 RGBT W) B2 AR 5T L T 2 A5 A AR LY
3.0 35 40 45 5.0 Py 50 AT RE B JR I o E X AT BE R S AT 2
t/min

TE:a ¥ RJEsb. MY RIE e THESFKIE
d. B SY K JE se. 3-HUEE T BESY K s £ AR ESY KJE 5
g 4-FU5F T HESY KJE sh. BRI SF K e
4 UPLC-Q-TOF MS 53 #f 8 ﬂl?fit)?:?é%ﬁﬁ?ﬁi
EEDRMNRIBEFREILTE
Fig.4 XIC chromatogram of NPS fentanyl analogues
obtained by UPLC-Q-TOF MS
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Fig.5 MS/MS spectra of NPS fentanyl analogues obtained by UPLC-ESI-Q-TOF MS
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Fig. 6 Proposed fragmentation pathways of product ions for NPS fentanyl analogues by ESI-CID
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Table 2 Main fragment ions information for NPS fentanyl analogues by ESI-Q-TOF MS

o BRI AT 1&%3: I‘ﬁi@ﬁ %M{ﬁ ®E *FIX»J‘E”'E
Compounds e /min lons Chemical Theoretical Experimental Error/ Relative
formulas mass (m/z) mass (m/z) 106 intensity/ %

LR e 3.528 [M+H]* Cy1 Hyy N2 O 323.2118 323.2120 0.62 41.9
A — J— — J— J—

B CiHpiN 146. 0964 146. 0966 1.37 3.2

C CoHigNT 132. 0808 132. 0807 —0.76 4.0

D CsHo t 105. 0699 105. 0697 —1.90 6.5

E Cis Hig N 188. 1434 188.1435 0.53 100

CoH o N 134. 0964 134. 0963 —0.75 1.9

G CisHigNO+ 202.1226 202. 1227 0. 49 6.0

FFRIE 3.780 [M+H]*t Cap Hog N, O 337.2274 337. 2274 0 28.9
A — — — — J—

CroHp N 146. 0964 146. 0965 0.68 3.8

C CoH Nt 132. 0808 132. 0806 —1.51 5.9

D CsHo* 105. 0699 105. 0701 1. 90 16. 9

E CisHisN™ 188. 1434 188.1437 1.59 100

CoHoNT 134. 0964 134. 0965 0.75 4.0

G Ci HigNO+ 216. 1383 216. 1387 1.85 5.2

TR TE 3.967  [M+H]! Cos Hy N, OF 351. 2431 351. 2437 1.71 35.5
A CroHas N, T 281.2012 281. 2015 1.07 3.0

B CroHN* 146. 0964 146. 0966 1.37 3.4

C CoH; N 132. 0808 132. 0810 1.51 3.5

D CsHot 105. 0699 105. 0702 2. 86 19.6

E Ciy HigN* 188. 1434 188. 1431 —1.59 100

F CoHpoN* 134. 0964 134. 0962 —1. 49 3.1

G Ci5 Hzo NO™ 230. 1539 230. 1543 1.74 4.

21
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gx2
e REME R T 1%21%% I&i@ﬁ ‘s‘é@ﬂﬁ ﬁii *Hxﬂ?ﬂ%
Compounds 1n/min Tone Chemical Theoretical Experimental Error/ Relative
formulas mass (m/z) mass (m/z) 106 intensity/ %
SRR 2F K e 4.214  [M-+H]* Coys Hys N, O 365. 2587 365. 2594 1.92 41.7
A Cio Has Ny 281. 2012 281. 2015 1.07 3.6
B CioHpsN* 146. 0964 146. 0967 2.05 2.8
C CoH N T 132. 0808 132. 0810 1.51 3.9
D CsHo t 105. 0699 105. 0697 —1.90 14.8
E CisHigN* 188. 1434 188. 1437 1.59 100
F CoH ;2N T 134. 0964 134. 0966 1. 49 3.3
G C16 Hpy NO™ 244. 1696 244. 1694 —0.82 5.2
SSHIETEESFRE  4.131  [M+H]T Cyy Hys N, O 365. 2587 365. 2587 0 50. 4
Cao Hyy Ny 295. 2169 295. 2172 1.02 5.7
B CiwHpN 146. 0964 146. 0962 —1.37 6.5
C CoH o N* 132. 0808 132. 0810 1.51 2.5
D CyHo t 105. 0699 105. 0697 —1.90 17. 2
E CisHyyN* 202. 1590 202. 1594 1.98 100
F CoH N T 134. 0964 134. 0962 —1.49 10. 6
G Cis He NOT 244.1696 244. 1700 1. 64 9.9
T LSS K2 3.728 [M+H]*t Co Hyy N, OF 335.2118 335.2123 1. 49 35. 8
B CiHpN 146. 0964 146. 0964 0 4.2
C CyH N 132. 0808 132. 0806 —1.51 2.5
D CyHy ™ 105. 0699 105. 0700 0. 95 3.5
E Ciy HigN* 188. 1434 188. 1431 —1.59 100
F CoHaN* 134. 0964 134. 0962 —1.49 1.5
G Ci His NOt 214.1226 214.1229 1. 40 4.0
g5 T RS K e 4.000  [M+H]"  CuHyFN,OF 369. 2337 369. 2334 —0.81 67.9
A CioHa FN, + 299.1918 299. 1922 1.34 2.4
B CioHsN* 146. 0964 146. 0966 1.37 2.9
C CoH FN* 150. 0714 150. 0716 1.33 4.5
D CsHot 105. 0699 105. 0700 0.95 21.6
E Cis Hig N 188. 1434 188. 1437 1.59 100
F CyHy N 134. 0964 134. 0962 —1.49 4.2
G Cis Hyy ENO* 248. 1445 248. 1448 1.21 5.9
kI 25 K e 3.830 [M-+H]* Coy Hyy N2 Oy F 375. 2067 375. 2065 —0.53 33.8
B CioHpsN* 146. 0964 146. 0966 1.37 3.0
C — — — — —
D CsHo t 105. 0699 105. 0698 —0.95 22.1
E CisHigNT 188. 1434 188. 1435 0.53 100
F CoH,NT 134. 0964 134. 0963 —0.75 3.8

G
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