NPS through a unique sof\tware
workflow in MetaboScapej

Abstract

The growing importance of identifying

drugs of abuse and new psychoactive
substances (NPS) requires advanced analytical
techniques. High-resolution tandem mass
spectrometry (HR-MS/MS) and innovative
data processing offer detailed insights into
known drug targets and the detection of
unexpected compounds. This study employs
MetaboScape, a specialized software, for non-
target processing of HR-MS/MS data,

Introduction

Identifying drugs of abuse and NPS is gaining
greater significance in terms of public health
and safety due to several reasons. The use of
these substances can lead to serious health
risks, including addiction, overdose, mental
health issues, and physical harm. Constant
innovation in the creation of NPS means

that new, potentially harmful substances are
frequently entering the market, making it
crucial to stay ahead in identification. Many
NPS are not yet regulated or controlled by
authorities, making them easily accessible,
but their safety is often unverified. High
resolution tandem mass spectrometry
(HR-MS/MS) measurements and
advancements in data processing can provide
detailed information for known drug targets in
a sample and provide mechanisms

facilitating the identification of NPS in seized
powders. MetaboScape's optimized workflow
covers elemental formula calculation

and structural confirmation, ensuring

robust compound identification. The study
showcases MetaboScape’s effectiveness in
identifying Modafiendz, a fluorinated analog
of the DEA Schedule IV* controlled substance
modafinil, in a seized powder.

to identify unexpected compounds.

A major component of the proposed workflow
for NPS identification in seized powders is
MetaboScape® - a software package designed
for non-target processing of HR-MS/MS

data. MetaboScape includes a complete set
of tools for the identification of unknowns.
Each step from the determination of the
elemental formula to structural confirmation
is supported by an optimized workflow
designed to generate full confidence in
compound identification. In this study
MetaboScape is used to identify Modafiendz
and a related oxidation product in a seized
powder. Modafiendz is a fluorinated analog

of modafinil which is a DEA Schedule IV
controlled substance intended to treat sleep
and alertness disorders.

*Drug Enforcement Administration (DEA) US; Schedule IV are drugs, substances, or chemicals that are defined as drugs

with a low potential for abuse and low risk of dependence; an example of a Schedule IV substance is: diazepam (Valium®).
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MetaboScape - The path from unknowns to identification

The MetaboScape based workflow is
a powerful tool for the characterization
of unknowns. The full integration of
SmartFormula, CompoundCrawler, and
MetFrag [1] enables reliable molecular

Hardware

formula determination, structure assignment
based on public database searching, and
verification through comprehensive in-silico
fragmentation for the confident identification
of new substances (Figure. 1).
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Figure 1. Analysis workflow including QTOF LC-MS/MS data acquisition and MetaboScape data processing to identify
unknowns, supported by SmartFormula, CompoundCrawler and MetFrag tools.

When routine screening fails

A major challenge for routine screening is the
constant appearance of new drugs of abuse in
the market. As a result, these new major
components may not be identified in routine
testing.

A seized powder sample serves as an
example. The MS Base Peak Chromatogram
(BPC) in Figure 2 shows two major
unidentified peaks at 723 min and 7.66 min, in
addition to some identified low-concentration
compounds.
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Figure 2. Base Peak Chromatogram (BPC) of a seized powder with unidentified compounds at 7.23 and 7.66 min.




MS and MS/MS spectra of the major peak time are cationized species of the same

at 7.23 min are shown in Figure 3. The signal compound. The signal at m/z 203.0678 is
at m/z 324.0868 represents the [M+H]* ion, possibly an in-source CID fragment of the
and the other MS signals at this retention main compound.
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Figure 3. MS and MS/MS spectra of m/z324.0868 at 7.23 min.




3-Step Workflow: MetaboScape identifies the unknowns

The 3-step workflow in MetaboScape was applied to identify
the unknown major peak at 7.23 min.

|:| Step 1: Determining the elemental composition

SmartFormula was used to calculate the The scoring of the results is based on two
elemental composition of the unknown criteria:

substance at m/z 324.0868. By default,

MetaboScape considers the elements C, H, 1. Mass accuracy of the precursor ion in
N, O, B and S. Furthermore, F, Cl, and Br were ppm or mDa

added as these elements are common in NPS. 2. Agreement of the isotope pattern
expressed as mSigma value
The results are filtered by even electron
configurations and according to the “Seven The hit #1 C,.H,.,F,NO,S provides the best
Golden Rules” by Fiehn and Kind [2] (Figure 4).  isotope pattern fit and an excellent mass
accuracy for the [M+H]* as well as for the
sodium and potassium adducts.

@ Results |Gl SmartFormula ]ﬁ Compound Crawler f: MetFrag |l MS/MS Library Search i‘ CCS-Predict = 0
(O Compound: [M+H]+ (324087, 5 isotopes, 1 features) 7]
© Collect Adducts 7] [M+H]+ [M+Na]+ [M+K]+
B Include MS/MS Information .
Elements:  CHNOPSFCIBr ]
Tolerance: 5 ppm +~ ] | . ,
L B B B N B L L L L B L A B B
325 330 335 340 345 350 355 360 m/z
Composition  Custom Adducts Element Ratios ~ Filters
Lower formula: (] Estimate carbon number
Upper formula: () Auto upper formula
C 0-c0, H 0-09, Br 0-c0, Cl 0-00, F 0-c0, N 0-c3, O 0-00, P 0-20, S 0-00
Note: for m < 2000 the elements C, H, N, and O are considered implicitly.
Generate @ Auto | — Open in SF3D a
L3 Neutral Formula lons lon Fermula Mecalc. lon m/z meas, m/zcale. |Am/z][mDa] |Am/z|[ppm] mSigma # Frag
w1 CigH1sFzNOZ5S L CygH1gFaND,S* 323.0792 [M+H]+ 324.0865 324.08643268 0.0961 0.30 4.29 1
C1gH15FaNNa0z5* [M+Na]+ 346.0680 346.06837693 0.2215 0.64 467 1
CygH3sFsKNO,S* [M+K]+ 362.0417 362.04231413 0.6020 1.66 2022 6
> 2 Ci4HgFsNs ome CyaHygFaNz* 323.0794 [M+H]+ 324.0865 324.08668442 0.1556 0.48 1219 1
3 C11H1oFN704 - Ci1H1gFKN7 04 323.0778 [M+K]+ 362.0417  362.04098790 0.7243 2.00 15.39 1
> 4 Cy5H14FNOg on CysHisFNOg* 323.0805 [M+H]+ 3240865 324.08779179 1.2630 3.90 17.87 0
> 5 CiaH1FzNO35S ome CiaHi7FaNO;S* 323.0803 [M+H]+ 324.0865 324.08757549 1.0467 3.23 1842 1
> 6 CyiHiaN7OsS omn C11H1aN7035% 323.0801 [M+H]+ 3240865 324.087334%4 0.8062 249 18.46 1
> 7 C1gH13NOs o= C1gH1aNOg* 323.0794 [M+H]+ 3240865 324.08664897 0.1202 0.37 19.15 0
5 8 CigHiFNOS aes CigHisFNOS® 323.0780 [M+H]+ 3240865 324.08528986 1.2389 3.82 19.82 0
9 C11H1sFeNOS - Ci1H1sFsKNOS* 323.0779 [M+K]+ 362.0417 362.04101216 0.7000 1.93 20,00 4
> 10 CyzHy3FsNOy ons CizH1aFsNOy~ 323.0781 [M+H]+ 3240865 324.08534700 1.1818 365 2513 1

Figure 4. Proposals for the elemental composition of the unknown peak at m/z324.0865.

The first hit shows the best combination of mass error and isotope pattern fit.




Step 2: Finding structural candidates

To identify possible structures for the
elemental composition C,;H,.F,NO,S, public
databases such as Chemspider, PubChem and
ChEBI are searched with CompoundCrawler.

The search yielded more than 1000 potential
structural candidates, 40 of which are listed in
Figure 5
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Figure 5. CompoundCrawler found more than 1000 potential structural candidates in the public databases of Chemspider,
PubChem and ChEBI which need to be further evaluated.

@ Results GH, SmartFormula | @ Compound Crawler [\l MS/MS Library Search CS-Pradict §o Metfrag
CrgHysFINOSS
Search for: € Molecular Formula (0 Name
Search/Filter Name -

Compound Compound ID Database Molecular Formuls  Reference Count
1 é-Fluore-1 2-methyl-1,2,3,4 2206542 ChemSpider CI6H1SFINO2S 17 I
2 2 2260116 ChemSpider CI6H1SF2NO2S 15
3 2 41302 ChemSpider CI6H1SFINO2S 15
4 2-|(4 2267592 ChemSpider CI6H15F2NO25 15
5 1 2267062 Chembpider CI6H1SF2NO2S i
5 N-(26-D) 2 B40543 ChemSpider CI6H15F2N02S 13
7 N4 4 06707 ChemSpider CI6H1SF2NO2S 13
B 1-(24-Di G-methyl-1.2.3, 12771096 ChemSpider CI6H15F2N025 13
9 24 114 13562399 ChemSpider CI6H15F2NO2S )
10 23 1[4 24753332 ChemSpider CI6H15F2NO25 9
1NN 4 1904061 ChemSpider CIGH15F2N02S )
12 [ cylphenyl]acetamide 1997397 ChemSpider CI6H15£2N025 ]
13 N 5.6.7-tetrahy g 1956576 ChemSpider CIGH15F2N02S )
LIE! 56,7, 1 3058433 ChemSpider CI6H15£2NO2S ]
15 N 56T 1843291 ChemSpider CIEH15FINOZS ]
16 2 1 13562338 ChemSpider CI6H15£2N025 8
17N B 26183279 ChemSpider CI6H15F2NO2S )
18 2-(5-Acetyl- % 22418295 ChemSpider CIBH1SF2NO2S 8
18N 7630739 Chempider CI6H15F2NO2S 8
20 @632 ¥ 30267095 ChemSpider CIBH1SF2N02S 8
21 NA{-((Di 2 1580161 ChemSpider CIEHISFZNOZS 7 |
2 N2 1878435 ChemSpider CIEHISFING2S 7
23 NI 1726345 ChemSpider CIBHISF2NO2S 7
24 N-{4-[(Di 1570276 ‘ChemSpider CIEH15F2NO2S 7
25 | 21 7336715 ChemSpider CIBH15F2NO2S 7
26 | N-(2 56,78 2 6798470 ChemSpider CIEH15F2NG2S 7
27 | 210 -5 7346050 ChemSpider CIBH15F2NO2S 7
28 | N-{2-[(Di 7202560 ChemSpider CIEH15FNG2S 7
2 ! yl 25 161970 ChemSpider CIBH15F2NO2S 7
30 (3 Jeth: 6048221 ChemSpider CIEH15FANC2S 7
EL Fl i 22536345 ChemSpider CIGHISFZNO2S 7

N-{C 3, 21708558 ChemSpider CIEH15F2NC2S 7
3 NG y 30741075 ChemSpider CIBHISF2NO2S 7
N3, )2 29505647 ChemSpider CIEH15F2NC2S 7
3/ N2 {f 18456247 ChemSpider CIEH15F2NO2S 7

N-(C 2 22106752 ChemSpider CIEH15F2NC2S 7
Lk it 35149891 ChemSpider CIEH15F2NO2S 7

2,5-Difluora-N-[(S)-(cis-3-hydroxycyclobutyl)(2-thienylj methyl|benzamide 35061501 ChemSpider CIEHISFANO2S 7

ChemSpider CIEH15FANC2S
Path

1 58951582 7q=58951582




Step 3: Confirming structures

The first 40 structure candidates of the list sulfinyl}-N-methylacetamide, a new

in CompoundCrawler were subjected to psychoactive substance also known as
in-silico fragmentation by MetFrag [1], and the ~ Modafiendz, shows by far the best agreement
calculated in-silico fragments were matched with the experimental data, resulting in the
with the experimental MS/MS peak list. maximum score of 1 (Figure 6). The score of

The top hit 2-{[bis(4-fluorophenyl)methyl] the second hit is significantly lower at 0.686.

@ Results GH, SmartFormula g Compound Crawier (L MS/MS Library Search (8, CCS-Predict [{: MetFragl = 8
MK+ [M=Nal+ ( [ )
Name Molecular Formula  Score RawValue #Frag  IntCov.[%] || lonFormula  m/zmeas. Am/z[mDa] Int. IntCov.[. actl” - - 3
2-{[Bis(4 N i CagHisFaNOS 10 664274147 2 94698 | [CT3HOF-HI=  183.061 [1H] 0.1 204467170 195 1]
2 N-[2 CigHisFzNO:S 0686 4300277755 3 1000 | {ICI3HGR2]x 203,067 02 790344.500 752
N-[2-(D e CaeHisFaNOS 0686 4300277755 3 1000
N-[4-(0 CagHisFaNOzS 0679 425520354 3 1000 12 4
N-[4-(D: i CaeH1sFaNO:S 0671 4204339836 3 1000
N-{d-[(D CreHisFNOS 0617 3&ATTER 3 1000 104 :
N-4-[(D 4 CasHisFaNOzS 0617 3GATTER 3 1000 203.067
N-4-((D CreH1sFaNO:S 0617 3E2ATTER2 3 1000 = s
N-[2-Cyclopropyl-2-hydroxy 3 CrgHisFaNOzS 0586 366069970 3 1000 £ o8
2,3-Difluora-N-{2-(methylsulfinyl)- 1-phenylethyllbenzamide CrHisFaNOS 0571 357550186 3 1000 =
(26)-3-(26-D N-[2-hydroxy-2 rylamide CreHisF2NOS 0558 3495096083 3 1000 06
N-[2-(0 A CrgHiFaNOS 0523 3277983116 3 1000
N-3,5-D: 1 CigHisFaNOsS 0433 27M4@614 2 80536
N-{4-(D 45,6 T-tetrahydro-1 2 CreHisF2NO:S 0413 2588001935 2 80536 04 4 183,061
3.(D: N-(2,3-dihydro-1H-inden-2-yl)-N-methyl-2- thi ide  CighisFaNOS 0306 2480216882 2 80536
N-{2-(0 45,6 7-tetrahydro-1 2 CigHisFaNOsS 0389 2438338299 2 80536 02 =
2-(5-Acetyl-3-thieny!)-N- (2, 3-difluoro-4 CrghisFaNOSS 0341 213485407 1 75235 =
N-{2-((Of 2 i CagHisFaNOS 0229 432TE 2 24765 ki
N-24-D @ CighisFaNO:S 0202 1265677376 2 24,765 00 T T T T 7 T T
N-{d-[(Di CreH1sFaNOZS 0137 850429897 1 19.464 W0 125 150 175 200 25 mfz
2,5-Difluoro-N-{(S)-(cis-3-hy 2 i CaeHisFNO;S 0134 830644817 1 19,464
N-24-D s CighisFaNO:S 0.106 663488776 1 5.302
2-((24-Di N-(d tarmid CagHisF2NOzS 0,006 5905837 1 5302
N-(2.6-D: (4 CieHisFaNO:S 0.006 5905087 1 5.302
N-(3,4-D] (i tamid CigHisFaNOsS 0.0%6 5995887 1 5302
N-(3,4-Di fydro- 2-furany)-2-this CagHisFaNOzS 0064 401797403 1 5302
1-(4-Acetyl-3,5-dimethyl-1H-pyrrol-2-yl)-2-[(3,4-difluoraphenyllsulfanyllethanane CigHisFaNO:S 0064 308205984 1 5.302 R
1-(4-Acetyl-3,5-dimethyl-1H-pyrrol-2-yl)-2-[(2,5-difluorephenylJsulfanyljethanone CigHisFaNOsS 0064 398295984 1 5302 1 |
N-[Cy 4 CagHisFNOS 00 [} 00
N-[Cy 4 CigHisFaNO:S 00 00 0 00 X
4-Fluoro-N-{[1-(4 y CigHisFaNOS 00 [} 00 |
2.((34-D N-(2-methoxy- CagHisFaNOzS 00 0w o 00 =
N-(2.6-D: 5,6,7,8-tetrahyd CigHisFaNOsS 00 00 0 00
N-{4-[(D CigHisFaNOS 00 [} 00 /|\ HN,
2.2 1[4 i CagHisF2NOzS 00 [} 00 =z s cH
34-Difluoro-N-(5,6,7.8-tetrahydro-1-naphthalenyilbenzenesulfonamide CigHisFzNO:S 00 00 0 00 \J ” 3
2034 1-[(4 CaeHisFNOS 00 0w o 00
24 11 i CrehlisFaNOzS 00 w o 00 P \ o O
(24D hyl-1,234 CigHisFzNOzS 00 00 0 00
6-Fluoro-1-[(4 hyl-12,3,4 CaeHisFNOS 00 0w o 00
Modafiendz

Figure 6. Matching the theoretical fragments of the potential structures with the experimental MS/MS
spectrum. Modafiendz, the top hit with the maximum score of 1, shows by far the best agreement with
the experimental data, compared to the second rank with a score of 0.686.

Annotation Quality (AQ) scoring

Tolerances and scoring limits for the annotation
can be customized according to individual needs
and conditions.

The settings for the seized powder analysis were:

Annotation Quality (AQ) scoring: Tolerances and Scorings
Each bar represents a different

quality attribute. miz ! 50 Y ppm

Retention time: . 05 [T] minutes

high confidence mSigma: 100 [r]

. not applicable for unknowns MS/MS score: g00 [v]




Intuitive Annotation Quality score for easy result assessment

The quality of the final identification result agreement, isotope pattern fit and MS/MS
is illustrated by the colorcoded Annotation spectra match. This is particularly useful for
Quality (AQ) score. Green squares indicate visualizing results for entire LC-MS/MS runs.

excellent mass accuracy, retention time

Annotated feature after calculation of the molecular formula: Perfect results in mass accuracy and isotope pattern matching.

RT [min] m/z meas. M meas. lons Amy/z [ppm] mSigma Molecular Formula Annotations> AQ MS/MS
723 32408653 323.07897 *°|* 0.297 43 CigH1sF2NOS (5F) HH I

Final result: Annotated feature after completion of the unknown identification workflow.

RT [min] milzmeas. M meas. lons Am/z [ppm] mSigma Molecular Formula Name Annotations ¥ ?{1 MS/MS
7.23 32408653 323.07897 :°|™* 0.297 43 CigH1sF2NO3S 2-{[Bis(4-fluorophenyl)methyl]sulfinyl}-N-methylacetamide m o

Identification of the oxidation product of Modafiendz

Using the same workflow, the second major peak at 7.66 min with m/z 340.0818 was
identified as 2-{[Bis(4-fluorophenylimethyllsulfonyl}-N-methylacetamide (C,;H,,F,NO,S),
which is an oxidation product of Modafiendz.

HN O F 2-{[Bis(4-fluorophenyl)methyllsulfonyl}-N-methylacetamide
(@) Molecular Formula C1eH15F2NO3S
/7 Average mass 339.357 Da
//S Monoisolopic mass  339.074066 Da
(@) ChemSpider ID 30059527

From http://www.chemspider.com

F
+MS, 7.57-7.80min, #1228-1268
x10°
2.0 -
———— HiNa
14
362.0637
1.5 1
>
2
g
= 1.0 -H+K + 0.0003
| -H+NH4 + 0.0007
05 - 1+
1+ 1+ 378.0379
340.0818 357.1091 \
0.0 1 . I . . :
330 340 350 360 370 380 m/z

Figure 7. Mass spectrum of the second major peak at 7.66 min and the identified compound information.

The application of the workflow shows the successful identification of both Modafiendz and its
oxidation product.
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Conclusion

The ability to confirm unknown chemical
identities quickly and accurately is critical for
law enforcement, security, and public safety.
The demonstrated workflow for analyzing
seized powders and processing HR-MS/MS
data through the software tools available in
MetaboScape successfully identified an NPS
that was not included in the initial screen
and would not have been found in a targeted
approach. The tools for identifying unknowns
are combined in an intuitive and automated
workflow and are fully integrated into the
MetaboScape software.

= SmartFormula allows for determination of
elemental composition.

= CompoundCrawler enables public
structural database search functions.

= MetFrag compares predicted MS/MS
fragments to experimental data.
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