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Outline

 Challenge for complex matrix characterization

¢ GC-HR-MS instrumentation

e Linear retention index (LRI) modeling

« Compound identification in complex matrices

* |n silico prediction (use of fragmentation software)
e Improvement in compound identification

e Conclusion

R 7scence
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Chemical Characterization of Diverse Samples is Challenging

» More than 6’000 chemicals reported as present in tobacco plant and smoke 1!
» Many possible flavor compounds used in e-liquids or smoking products 2-3

—C/§< ; Degradation product
[e] . i E/i

heat not burn technoio;Y

o

Maillard reaction Stability study

1 The Chemical Components of Tobacco and Tobacco Smoke, A. Rodgman, T.A. Perfetti, 2013, 2"? Ed. CRC press.
2 Leffingwell, J. C.; Young, H. J.; Bernasek, E. Tobacco flavoring for Smoking Products, R. J. Reynolds Tobacco Company, Winston-Salem, 1972.
3 EFSA flavoring substances database 0
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Analytical Technigue: GC-High Resolution (GC-HR-MS)

GC-HR-MS_2

GC-HR-MS_1 (7200B Agilent Q-TOF-MS)

(7200A Agilent Q-TOF-MS)

Apolar and polar

Volatiles and semi- LRI from 1’000 to 3’000

volatiles
LRI from 500 to 1’900

> Goal is to screen the broadest range of smoke constituents

Non-Targeted Screening 0 PMI SCIENCE
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Volatile, Semi-volatile and Polar Compound Library

o 822 reference compounds were analyzed by GC-HR-MS
 Accurate mass spectra associated with their Linear Retention Indices were
registered in the Personal Compound Database Library

o File Edit  ‘iew PCDL  Links  Help

’FindSpectra S d| 0 = ﬂﬁ%] @ |

| Single Search | Batch Search | Batch Summary | Edit Compounds | Spectral Search Browse Spectra | Edit Spectra |
Mass . Graphic | pass List
Precursor ion: lon polarky: [Any) i Library spectrum
[ 1104
Tolerance: 200 ) ppm @ mDa lonization mode: [&ary) - E H?DEEI SSU
g 100
. 5
Caollizion energy 2 a0
a0
Tolerance: 20 e
70
0
Spectra for compound: Furfural
o PR 0
Compound Mame lon Species Precursar lan CE ) Polarity lanization Instrument
40
a0
204
E7.0n8a0
104 39£§$EU 7.49 -
R T T S An accurate LRI calculation
20 il 40 80 B0 70 an 90 100 110 120
miz
and high quality spectra is
Compound Mame Farmula Mazs Anion Catian RT [min) Cas ChemS pider IUPALC Mame Spectra
1.2-dichloro-ethene C2H2C12 95.95336 3710 540-53-0 4901 264 1 key I ' I
- = .
1.1-dichloro-ethene C2H2C12 9595336 2.840 | 75-35-4 4301 264 1
b | Fufural2-Furancaboxaldehydefurfural2-furaldehy... | CBH402 96.02113 10171 | 98011 13863629 furan-2-carbaldehyde 1
4-Cyclopentene-1,3-dione2-Cyclopentene-1.4-dio... | CBH402 9602113 11.283 | 930-60-9 3443 cyclopent-4-ene-1,3-dione 1
2H-Pyran-2-one2-pyrancnePyranone_MP--51 CEH402 9602113 13.269 | 504-31-4 E1462 2H-pyran-2-one 1
2 B-dimethylfuranFuran, 2,5-dimethyl2 5-DIMETH... | CEHE0 9. 05751 E.B57 | B25-86.5 7B 2 B-dimethylfuran 1
2-Cyclopenten-1-one, 2-methyl2-Cyclopenten-1-o... | CEHEO 96.05751 11.463 | 1120-73-6 13628 2-methyleyclopent-2-en-1-one 1
A-dimnethulfuran CRHAN AR NA7A1 (=l [F1 A 7RO SF10-43-8 18339 4-dimethulfiran P M | S{ | E N ( E

PHILIP MORRIS INTERNATIONAL
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LRI Model Creation

e To predict LRI, two software combination were used:
1. RapidMiner-Dragon _
2. ACD/Labs ChromGenius AcD/Labs

* To build a relevant LRI prediction system 552 molecules were used:
1. Experimental LRI
2. Quantitative Structure-Property Relationship (QSPR) and structure similarities

» The experimental linear retention indices were randomly split as training (n=401) and test

(n=151) sets
» Validation set (n=23) confirmed the great performance of both prediction models

» Discrepancy between two LRI predictions can highlight possible errors in the predicted values

g PMI SCIENCE
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Assessment of the Prediction Models (Test & Validation Sets)

. . 2.
[ ] VS ) o A
.
10 BAS€d ON structural PR 1600 Based on structure :;g-’m
3 descriptors (QSPR) ¥ 3 similarity s’ e
g 1,200 * ) .. _?'i; 1,200 L) .‘&
E ® ¢ & ' * 5 W
gt vl
JAY
800 #., 800 .
° L]
L
800 1,200 1,600 800 1,200 1,600
LRI experimental LRI experimental
180% i = 180%
S 160% RapidMiner values = 160% ACD/ChromGenius values
g 140% 2 140%
> @ > o °
L 120%_ . % agy g A — Q¢ 120%_ . _ e, ...
S 3 0 ol il ;% @ .. A 59 0 OH&&M ’éé..A.
g5 oo JSWRLIWEERTwgms L g§ v & FRWTT i A DN
< é 80% e < % 80%
S eo% 5 60%
x a
40% Q@  40%
® n=151 reference standards (test set)
800 1,200 1,600 L 800 1,200 1,600
A n=23 reference standards (validation set)
LRI experimental LRI experimgnt
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Presenter
Presentation Notes
Here we plot the 174 standards used for the test and validation of the 2 models. On the left we ploted the experimental LRI against the predictided value for Rapid Miner. This modelisation is based on structural descriptors. On the right for the evaluation of Chromgenius we plot the same set of compounds. This software use basic physical properties and the structure similarity to create a prediction. The more similar is the structure, the more similar the retention mechanism should be.
The accuracy is + or - 125 index of retention for 95% of the molecules.


Unique Compound & Spectra Database (UCSD)

Search Molecules. Maolecules Maolecule Details

UCSD i1s our in-house database that contains:
If?:mde:FMIUGDDQQE Thiophens Ref. OR: Ref. BP:  Ref. MP: > 11,567 mOIeCUIeS
= » 1’013 accurate mass spectra and LRI,

»
/(—2 ||| e The 2 models were used to predict the LRI

2/ha-4H, 1-ZH3 Drug-like: Yes

InChl: - .
50w =1 values of UCSD database (suspect list)
o e 2, 4-dimethylthiophene Predicted ADN Propertie
(eten st T e S
Each level of this izt corresponds fo ene entify: Plasma Pmtein-Bindinq;; Mon binder

- maiecuie (neutral compound, e.g. FMIGO0000T) CYP2D6 Inhibitor: Mo

| — | ST Our GC-MS conditions are suitable to
analyze potentially 6’053 molecules

BCO0000T4). I T S
3.4-Dimethyithiophene
Click on 5 bafch code to see itz detailz. i )
Batches matched by the search query are marked with 3.4-dimethylthiophens
a*

Thiophene, 3. 4-dimathyl-

4 | | PMIDODERS2 1-3
4 || PMIDODBES2-A [ C—
Ir-- |~ BCODDO14260 832-15-5

Of these 6’053 molecules, 3’646 have an
available nominal EI Mass Spectra (NIST or

Wiley)
O PMI SCIENCE
DORRIS 1M Em'-l-':'-.TI'l_J:::\O.-'-'\L

- || BCOOD014291(SPRODIO0ZE4T) 1.1
* || BCOODDMS408




Creation of the Suspected Compound Library

B, Library Editor - Converted_All_UCSD_LRLmslibrarysenl | Rl Prediction =N EeR ==
File  Edit  Taoaols  Help
NEH %GR~ || P “
Caormpound Table |
Compound I Compound Mame Alternate Mames CAsH Farmula b olecular Weight fF!etentiu:un Inde:-:\ kolFile Last Edit i
9 | propyldithio propane PMIO00S753 E23-19-6 CEH14 52 1500536918 T126.1477) Accelys03.. | | 3415/2016 4:5EI—|
12 | Thiophene, tetrahydro-2-methyl- PHMI000S7EE 1795-09-1 CEH10S 102.050221 9256817 Accelys03.. | | 315/2016 4:51
17 | [2)-2-1"-PROPENYLITOLUEME PMI000301E 2077330 C10H12 132093300385 'IEI?E.EFEEI' Accelws03.. | | 352016 451
18 | Furfuryl formate PrI0002313 13493-97 5 CEHEDZ 126.0316340R3 'IEI4B.EE!EIEI Accelw:03.. | | 352016 451
| b I Y e N N ) Y PN PR i e B ey | DeAINONEDQC 100N0 7 o | mrc U410 N 1 AN0ORNE7T0 | Mo A 1D r_| MBI A-FA E
4 M P
|Speu:trum Wiew Properties
Max, # of panes: 1 - Abundance Values  [[] 2010705013205 =
— - Acquired Retention Time o
+ Scan Disulfide, dipropyl [623-19-6] e Base Peak Abundance E
a -
w10+ | 43.0 L4 Basze Peak Mz
:3 Collizion Energy
05 - 102.0 (H 150.0 E-.:umpnund D 1
[ L E'-EI.EI 740 | | Highest Mz
I:I_l T T “| T —— T T : T . I| T T | T T T |II T Instrument T_'r'FIE
m 20 an an 50 B0 il a0 a0 100 10 120 1300 1400 150 160 - e Polaity Positiee i

LRI prediction values were associated with the 3’646 nominal ElI mass
spectra extracted from commercial libraries

PMI SCIENCE
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3R4F_Rep 4 (160323_3R4F_004_duplicate.D)
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Compound Identification in Complex Matrices
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Compound Name

378 2,5-Pyrrolidinedione (CAS)
379 3-Hydroxypyridine

380 |4-Ethylphenol

381|3-Ethyl phenol

352 |4-Fluorobenzoic acid, hex-4-yn-3-yl ester
383 Butanoic acid, 3-methyl-, 3-methyl-3-butenyl ester

324|Phenol, 3-amino-

385 | Sarcosylsarcosine, N-methoxycarbonyl-, heptyl ester

386 | Tridecane
387 3,4-Dimethylphencol
388 4-Methyl-1,2-dihydronaphthalene

389 Pentanedioic acid, 2-oxo-, dimethyl ester [{CAS)

390 Monanoic acid (CAS)
391 | Cyclohexasiloxane, dodecamethyl-
392 Phenol, 2,3 4-trimethyl

393 | Succinic acid, 2,5-dimethylphenyl ethyl ester

>

e Stop when identified:
=>» Accurate Mass Library
(In house PMI Library=800 spectra)

e Export .cef and review
Purchase of ref std if available

=> NIST 14

394 MNaphthalene, 1,2-dihydro-3-methyl- {CAS)
395|1,4:3,6-Dianhydro-.alpha.-d-glucopyranose

395 4-isopropylphenol
3497 | Divinylmethyl{chloromethyl)silane

393 |1H-Pyrrole-2,5-dione, 3-ethyl-4-methyl- (CAS)

o

Formula

CAHSNOZ
CSHENO
CBH100
CEBH100
C13H13FO2
Cl0H1802
CBH7NO
C15H28N205
C13H28
CBH100
C1iH12
C7H1005
Co9H1802
C12H36065i6
CO9H120
Cl4H1804
C1iH12
CeHEO4
CO9H120
CEHI11CISi
CTHINDOZ2

L

CASH

123-56-3
1039-00-2
123-07-9
620-17-7
1000299-15-3
54410-34-5
591-27-5
1000314-33-0
629-50-5
95-65-8
4373-13-1
13192-04-6
112-05-0
540-97-6
526-85-2
1000323-36-0
2717-44-4
1000098-14-3
99-89-8
25202-02-2
20189-42-8

ey

RT

16.309
16.367
16.536
16.605
16.759
16.862
16.8594
16.914
16.916
16.934
17.044
17.057
17.061
17.158
17.193
17.243
17.347
17.363
17.385
17.433
17.446

Ly

Match
Factor

Library File

67.5 UCSD

52.8 FingerprintingDBb24
76.4 FingerprintingDBo24
66.3 FingerprintingDB624
61.1 NIST14

65.5 NIST14

60.7 NIST14

66.4 NIST14

74.0 FingerprintingDB624
60.3 FingerprintingDB624
76.8 UCSD

49.4 UCSD

34.4 UCSD

60.7 NIST14

46.4 FingerprintingDBo24
56.4 NIST14

65.5 UCSD

77.8 NIST14

47.4 FingerprintingDBo24
56.1 NIST14

53.3 UCSD 12




Reviewing Step

Component Library Match | ]
Compound Name Formula CASH ARI Library File
Rl Rl Factor

CAHSNOZ2 123-56-8 1260.70 1249.71 -10.99  67.5 UCSD

378|2,5-Pyrrolidinedione (CAS)

379
= 380
© 381
~ 382 |4-Fluorobenzoic acid, hex-4-yn-3-yl ester C13H13FO2  1000299-15-3 1289.82 61.1 NIST14
©
™ ‘J‘\‘ 383 |Butanoic acid, 3-methyl-, 3-methyl-3-butenyl ester CL0H1802 54410-34-5 1296.49 65.5 MIST14
= ‘\“‘ 384|Phenol, 3-amino- CBH7NO 591-27-5 1298.61 60.7 MIST14
A ‘\ \ 385 Sarcosylsarcosine, N-methoxycarbonyl-, heptyl ester C15H28N205 1000314-83-0 1299.86 66.4 NIST14
i \
I - | 386
[l ©o ||
H ® “ \ 387
‘\ \ 8 - ‘ 358 4-Methyl-1,2-dihydronaphthalene C11H12 4373-13-1 130940 1311.61 2.21  76.8 UCSD
‘\ ‘\‘ g 8 339 Pentanedioic acid, 2-oxo-, dimethyl ester (CAS) C7H1005 13192-04-6 131040 1279.05 -31.34  45.4 UCSD
“ ‘\‘ - ™ g : 390 |Nonanoic acid (CAS) CI9H1802 112-05-0 1310.71 1323.04 12.33 54.4 UCSD
‘\‘ ‘\ . o 2 S - 391 |Cyclohexasiloxane, dodecamethyl- C12H36065i6 540-97-6 1317.81 60.7 MIST14
| \ R = 392
[ [ ; o
| \\ ,ﬂ' \ = A I 393 |Succinic acid, 2,5-dimethylphenyl ethyl ester C14H1804 1000323-86-0 1324.09 56.4 MIST14
I N/ \& aN A~ (\ 394 Naphthalene, 1,2-dihydro-3-methyl- (CAS) C11H12 2717-44-4 1331.73 132244 -9.29  65.5 UCSD
‘ ‘ ‘ ‘ ‘ ‘ 395|1,4:3,6-Dianhydro-.alpha.-d-glucopyranose CEHBO4A 1000098-14-8 1332.95 77.8 NIST14
16.40 16.60 16.80 17.00 17.20 17.40 306
397 | Divinylmethyl{chloromethyl)silane CEH11CISI 25202-02-2 1338.12 56.1 MIST14
398 |1H-Pyrrole-2,5-dione, 3-ethyl-4-methyl- {CAS) C7HANO2 20189-42-8 1335.08 1364.74 25.606 53.3 UCSD

B Identified with PMI Accurate Mass Library (n=7 out of 21)

Suspect compound library (n=6 out of 21)

B NisT | (n=8 out of 21
proposal (n=8 out o ) PMI SCIENCE
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Level of Confidence for Commercial Library

oroposals

(

\

-

~

e Stop when identified:

=>» Accurate Mass Library
Acquisition > Unknown Analysis >
(+EI) Software => NIST 14
\_ Y, \_ Y, * Export .cef and review
. ; ) 5 - £ G y e Purchase of ref std if available

Compound Mame Formula CASH Component Library ARI Match Library File

) Rl RI Factor
78
379 Pred LRI Pred LRI
380 Rapid Miner Chrom Genius
381 - - -
382 4-Fluorobenzoic acid, hex-4-yn-3-yl ester C13H13FO2  1000299-15-3 1289.82 61.1 NIST14 1627.9 1776.“ Very different A = 412
383 Butanoic acid, 3-methyl-, 3-methyl-3-butenyl ester C10H1802  54410-94-5 1296.49 65.5 NIST14 1164.0 1253.9 In agreement with exp A = 87
334 Phenol, 3-amino- C6HTNO 591-27-5 1208.61 60.7 NIST14 1502.9 1477.3 Very different A = 191
385 |Sarcosylsarcosine, N-methoxycarbonyl-, heptyl ester C15H28N205 1000314-83-0 1299.86 66.4 NIST14 2304.4 2279.2 Very different A = 992

386

288

390

= 1 he identification confidence
= Filter out false positive resul

s low to medium with
S proposed by existir

391 |Cyclohexasiloxane, dodecamethyl-
392

393 |Succinic acid, 2,5-dimethylphenyl ethyl ester

394 ) ) o _
395/1,4:3,6-Dianhydro-.alpha.-d-glucopyranose
396 o

397 | Divinylmethyl{chloromethyl)silane

398

C12H36065i6 540-97-6

C14H1804

CoH204

CoH11Clsi

1000329-86-0

1000098-14-8

25202-02-2

1317.81

1324.09

1332.95

1338.12

60.7 NIST14
56.4 NIST14
77.8 NI5T14

56.1 NIST14

4054.1

19144

a commercial
g MS libraries

1635.9

19344

library search

Very different A = 1677
Very different A = 600

In agreement with exp A =120

Very different A = 371




Case Study: Compound with a Poor Match Factor

A B C D E F G H

‘ 1/muumﬂ Name Formula CAS} E:}mponent :Ihrary ARI ::;tt;: Library File Data. AchiSition
385 Butanoic acid, 3-methyl-, 3-methyl-3-butenyl ester C10H1802  54410-94\5 1296.49 65.5)NIST14 Cl full scan MS
5 LRI:1,296 Pred LRI Pred LRI L A
© Rapid Miner Chrom Genius
1164.0 1253.9
) In agreement with exp A = 87 Data ACqUiSition
% . MetFrag El full scan MS
- 0o O LRI prediction in silico
2 A fragmentation software
O /\ SN

1640 1680 1680 1700 1730 1740 ( GFusl
> In silico

fragmentation software

A 4

v

M

Final Score j

Purchase of reference
standards if available




x10

GC-HR-MS In Chemical lonization Mode & MS/MS

GC-HR-MS (Full Scan MS)
Positive Chemical lonization (PCI)

+Cl Scan (rt: 16.822-16.851 min, 7 scans) 160922_3R4F_3880007_001.D Subtract

86.0239
LRI
1,296 [|\/|+H]+
CsH,NO
-1.65ppm
98.0602
[M+C2H5]*
CsH,NO
11.52ppm
126.0899
AL CEPRTUTINY TR G et AP e 1 oL A

60 65 70 75 80 85 90 95 100 105 110 115 120 125
Counts vs. Mass-to-Charge (m/z)

Determination of
elemental formula
(adduct ion species)

M: C¢H,NO

GC-HR-MS (Full Scan MS/MS)
PCl data acquisition CID of 98.08004

> |+Cl Product lon:12 (rt: 16.825-16.861 min, 5 scans) CID@20.0 (98.0800[z=1) 160930_PCI_MSMS_3R

1 30.0338

x10

08 41.0389 69.0323 98.0603
0.6

lon threshold
. 55.0187

above 10% (n=13|ions)

0.2 l \

oLt il o |l|l|||| -[|| il ||-||| Lall o N T I

25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105
Counts (%) vs. Mass-to-Charge (m/z)

MS/MS data processed using
0 PMI SCIENCE
16

a larger chemical database
with in silico predicted
fragmentation software



Compound Identification with In Silico Fragmentation Software

MetFrag

f: rag In silico fragmentation for computer assisted identification of metabolite
mass spectra

3 | +Cl Product lon:12 (rt: 16.825-16.861 min, 5 scans) CID@20.0
x10° 1 (98.08004[z=1] -> **) 160930_PCI_MSMS_3R4F
30.0338

Database Settings

Database: [ChemSpider | 7 Pt | [ | =)
Neutral Mass: Search ppm:

Formula: [ CEHTND ]
|dentifiers: [ ]
[ Retrieve Candidates ] @ 178 Candidates [ Download Candidates ]

¢+ Candidate Filter & Score Settings

Fragmentation Settings & Processing

Mzppm: MS/MS Peak list
Mzabs: ~
Mode: n

W

PMI SCIENCE

PHILIP MORRIS INTERNATIONAL
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C. Ruttkies, E4~Schymanski, S. Wolf, J. Hollender, S. N
Process Candidates lo 178 Candidates processed [ Download Parameters ] emOinfOI'm. 2016, 8, i, 16'115.




Metfrag Results

N E———————. | FmgmemsView

W ratched
Select area to zoom in. Double click to return.
Click on apex of explained pesk to select fragment. I rot matched
W excluded
1000 |
750 4
=y
E 500 -
E
250 | Il
(P s . ol —— 1l
(TN SCN SN ST RPN SN SR RPN RPN SN RN
1 t|:H InChiKeyBlock1 = | 9705277 | CeHNO 1.0 o 0 P pT T 9P 9P T $% P ®% W
3 _m
VHGGRTWHRJRQKU m/z
3-Pyrrolin-2-one, Er———
1-methyl =
& » Peaks: 12/13 /2 Fragment 1
o st e
| Peak m/z: 30.0338
2 97 05277 CsHyNO 0.9913
CH, InChlKeyBlock1 = (0] Fragment Mass:  30.03383 Da
1-Methyl-1.3-dih VIETUFSZPCIVAL
LUz y - +
el @ Fragment Formula: [CHzN]+H
one
Je! J/~ Fragment 2
cH Peaks: 12/13
=t
45531574 E Peak m/z: 39.0234
(0] Fragment Mass:  39.02293 Da
3 0 InChiKeyBlockl = 97.06277 CsHNO 09758 N a
2 Methyl2- SYIPZAVVNRAIEY i) Fragment Formula: [CaHs-H]"
azabicyclo[2.1.0] @
pentan-3-one /' Fragment 3
o e |
" eaks: 10/13 Peak m/z: 41.0389
= M
O/\E> 32989542 E N (@] Fragment Mass:  41.03858 Da
—
¢ InChiKeyBlockt = | 9705277 | CaHNO | osses | |V Fragment Formula: [CHs}+H® | SCIENCE

e JIORRIS INTERNATIONAL
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Compound Identification with Fragmentation Modeling Software

MetFrag

F rag In silico fragmentation for computer assisted identification of metabolite
mass spectra Compound Identification

Database Settlngs Determines the compounds that most closely match to a given spactra. The specira for each candidate compound (in the peovided list) are predicted using a pre-trained madel and compared fo the input spectra. The top candidales are
ranked according to how closely they match and returned in a list

Database: ChemSpider | = Candidate Compounds

ETLELLLELAY OR | Find Candidates |

49‘56336 Imh:[:llll.r’c SH?NU;{E?—S—E—l—z—d—E—Sflﬂ , 3|_| , 2 ,-l'-"'|2, (H . ﬁ . ?) :nh:‘c:‘m’?j::mb:::p:m:;:liiafcompumdsin!hclumat'lDSMlE.ES_m‘_lnCM'oneac!\hm The list can have a f 100 ¢ individual
10681140 InChI=1,/C5H7NO/c7-5-1-3-6-4-2-5/h1,3,6H,2,4H2 e

21377662 InChI=1/C5H7NO/C6-4-1-2-5(7)3-4,/h1-2,4H,3,6H2 The El Spectra of each
14294945 InchI=1/C5H7NO/c7-5-4-1-3(4)2-6-5/h3-4H,1-2H2, (H,6,7) e candidate are

13986409 InChI=1,/CS5H7NO/CH-5-3-1-2-4-7-5/h1-5H,6H2 . : . . i . .

21786394 InChI=1/C5H7NO/C1-3-4-5(7)6-2/h1H,4H2,2H3, (H,6,7) . — . predlcted using CFM-ID

| @ 178 Cancidates | Download Candidates |
lon Mode Positive w
Spectra UETRES OR | Load aFile [

X102 +E| Scan (rt: 16_828 m|n) 160921_3R4F_3880007_001.D Subtract :;m:l:mmﬁrxn::a;::::;mamwunll\eMrrnm'maasausnwuﬂeﬂcnI|ne_nm:anheemerﬁuﬂlreclmmnlhe:mmngemrgylemlmmmm Multiple

1 4 68.C273 Input Spectra Text

T0eV Energy
0.8
0-6’ W
Number of Results The: number of results to return. Leave blank to retum all results

0.4 1

02 40.0310 97.0526 o

: Seering Function DatPraduct w

50.0152 78.0382 -
" .l ||| 1. . .1 A Y P |t s ——

LIP MCOE "‘3 NTERMATIONA

30 35 40 45 50 55 éO 65 70 75 80 85 90 95 100 PHI
Counts (%) vs. Mass-to-Charge (m/z) F. Allen, R. Greiner, D. Wishart Metabolomics. ZOM 1, 98-110. 19



CFM-ID Results

Results:

Input spectra are shown below in blue. If a database was queried, candidate spectra are overlayed on top for comparison. The top ranking candidate spectra is shown by default; to compare other database
candidates use the "Compare" buttons on the list of ranked candidate compounds that follow the spectra.

Candidate Rankings

Rank Score Structure ID Chemical Formula InChI/SMILES Compare
=]
1 0.27059567 {( 45531574 GEHTNO INChI=1/CEHTNOIC 1-6-4-2-3(4)5(6)7/3-4H,2H2, 1H3
\cm
W o
2 0.23287233 32990381 CSHTNO INChI=1/CEHTNO/CT-5-2-6-4-1-3(4)5/h3-4,6H, 1-2H2/t3- 4+/m0/s1
Pl
3 021118675 % 10340193 CEHTNO INChI=1/CSHTNO/c 1-4-2-5(7)3-6-4/h2 B6H,3H2 1H3
s
o,
4 0.19719996 2 27268507 CEHTNO INChI=1/C5HTNGIC 1-4-2-5(8)7-3-4/h2-3H,6H2, 1H3
Nn
o
5 0.19212561 Hic\N& 466735 CEHTNG INChI=1/CSH7NO/c 1-6-4-2-3-5(8)7/h2-3H,4H2,1H3
OH
& 0.18070942 ey 4956336 CEHTNO INChI=1/CEHTNO/c7-5-3-12.4 6 5/1,3H.2 4H2 (H.6.7)

7 01824996 14395305 CEHTNO InChI=1/C5H7NO/c7-5-2-1-3.6.-4 5/m1-2,6H 3-4H2

PMI SCIENCE
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Final Score (MetFrag / CFM-ID)

InChl

c1-6-4-2-3(4)5(6)7/h3-4H,2H2, 1H3

1-6-4-2-3-5(6)7/h2-3H,4H2, 1H3

¢7-5-2-6-4-1-3(4)5/h3-4,6H,1-2H2/t3-
,4+/m0/s1

c1-4-2-5(7)3-6-4/h2,6H,3H2,1H3

1-6-4-2-3-5(6)7/h2,4H,3H2, 1H3

€7-5-3-1-2-4-6-5/h1,3H,2,4H2,(H,6,7)

€7-5-2-1-3-6-4-5/h1-2,6H,3-4H2

c7-5-4-1-3(4)2-6-5/h3-4H,1-2H2,(H,6,7)

¢1-2-5-6-3-4(1)7-5/h1-2,4-6H,3H2

Rank

Molecular - Score Rank
CompoundName Formula Identifier ~ Structure Me;l;rlag MetFrag PCI CFM-ID
o
2-Methyl-2-azabicyclo[2.1.0]pentan-3-one. C5H7NO 45531574 <|:I// 3 0.9758 1
\CH3 —
o
3-Pyrrolin-2-one, 1-methyl- C5H7NO 466735 M, 1 1.0 5
Y/ ——
H o
(1R,5S)-2-Azabicyclo[3.1.0]hexan-4-one = C5H7NO 32990381 %:JS 16 0.9089 2
H
5-Methyl-1,2-dihydro-3H-pyrrol-3-one C5H7NO 10340193 T 15 0.915 3
o
1-Methyl-1,3-dihydro-2H-pyrrol-2-one C5H7NO 4483194 HJcHNi\ 2 0.9913 11
5,6-Dihydro-2(1H)-pyridinone C5H7NO 4956336 bH 5 0.9354 6
Q
1,6-Dihydro-3(2H)-pyridinone C5H7NO 14395305 H\j 8 0.9294 7
HN,
N
3-Azabicyclo[3.1.0]hexan-2-one C5H7NO 14294945 @ 12 0.9173 8
QH
7-Oxa-2-azabicyclo[2.2.1]hept-5-ene C5H7NO 29542634 22 0.8925 9

@
=
b o

Score CFM-
ID

0.271

0.192

0.233

0.211

0.167

0.191

0.182

0.182

0.181
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Final Score (MetFrag / CFM-ID / LRI Predictions)

Rank
Molecular . Score Rank Score CFM-
InChl CompoundName Formula Identifier ~ Structure Me;l(::rlag MetFrag PCI CFM-ID D
+ t t o
c1-6-4-2-3(4)5(6)7/h3-4H,2H2,1H3  2-Methyl-2-azabicyclo[2.1.0]pentan-3-one  C5H7NO 45531574 <]:N( 3 0.9758 1 0.271
\CH3 —
¥ i i H
c1-6-4-2-3-5(6)7/h2-3H,4H2,1H3 3-Pyrrolin-2-one, 1-methyl- C5H7NO 466735 M, 1 1.0 5 0.192
J —
a
H
7-5-2-6-4-1-3(4)5/h3-4,6H,1-2H2/t3-
c7-5-2:6 34(14,)/5,:10:75;{6 ' 3 (1R,5S)-2-Azabicyclo[3.1.0]hexan-4-one  C5H7NO 32990381 %\/lg 16 0.9089 2 0.233
! NH
H
c1-4-2-5(7)3-6-4/h2,6H,3H2,1H3 5-Methyl-1,2-dihydro-3H-pyrrol-3-one C5H7NO 10340193 -m: \g 15 0.915 3 0.211
Y
c1-6-4-2-3-5(6)7/h2,4H,3H2,1H3 1-Methyl-1,3-dihydro-2H-pyrrol-2-one C5H7NO 4483194 HJC-“HN& 2 0.9913 11 0.167
c7-5-3-1-2-4-6-5/h1,3H,2,4H2,(H,6,7) 5,6-Dihydro-2(1H)-pyridinone C5H7NO 4956336 NH 5 0.9354 6 0.191
| — —
€7-52-1-3-6-4-5/h1-2,6H,3-0H2 1) We use Inchi information to draw the compound and

LRI values were predicted for all 178 proposals
croalsmzeshsanlaizten 3 2) Final SCORE was calculated using:

Unknown Peak
LRIeXp:1,296

v' MetF rag Score (MetFrag x 0.66 + CFM — ID,,__ x 0.33) X LRI,,, X LRI,,,
¢1-2-5-6-3-4(1)7-5/h1-2,4-6H,3H2 7-0 v Final,,, =
CFM-ID Score [me+ V(LRI,- LRI, ) ]x [LRJE,DW' (LRI - LRI, )? ]

V" LRIy, against LRIgy,
v LRI, against LRI ...

p

Final Score

PMI SCIENCE
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Final Confirmation

x«10= +El EIC(40.0308, 68.0257, 57.0522) Scan 161201_EI_3R4F_Centraid_001.D «10 I+El Scan (rt: 16.828 min)160921_3R4F.D Subtract

4] *16.977 1 68.0273
0.8

74
0.6 1

Smoke sample
-1 041
14 02 40.0310 97.0526
) .] |, 50.0152 78.10382 |
{:|_ i t P I U N I P T .1 . Lala L . | I

30 35 40 45 50 55 60 65 70 75 80 85 90 95100
Counts (%) vs. Mass-to-Charge (m/z)

+EI Scan (rt: 16.964-16.983 min, 5 scans)
x10 170106_5,6-Dihydro-2(1H)-pyridinone.D Subtract

x«10= +El EIC(40.0308, 63.0257, 37.05622) Scan 170106_5,6-Dihydro-2(1H)-pynidinone. D

N

*16.573 1 68.0261
154 5,6-Dihydro-2(1H)-Pyridinone 081
Commercial
14 \ NH 0.6
0.4
' | | 53.0366 |
0 ‘ ‘ |‘I.‘ ..‘....‘.. ‘ ‘.I‘. ‘.I.‘ ‘ = :I.‘ ‘
0- 3035 40 45 50 55 60 65 70 75 80 85 90 95100
-|EI-II|' -IEIB 15‘9 -II-IIr -I-II|!-| -I-II|!2 -I-I||!3 Counts (%) VS. Mass-to-Charge (m/z)

Counts vs. Acguisition Time (min)
Same RT

5,6-Dihydro-2(1H)-Pyridinone v’

Similar El Mass Spectra

SMIESCIE

)
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Conclusion

"N

"N

Existing MS libraries are not exhaustive; the implementation of
chemoinformatic tools Is needed to postulate compounds that are not
registered in any library

The combined use of MetFrag and CFM-ID software has been demonstrated to
be a good complementary tool to propose reliable compound hits

Addition of LRI predictions demonstrated the ability to correctly rank putative
hits proposed by in silico fragmentation software

g PMI SCIENCE
25



PMI SCIENCE

PHILIP MRRIS IMTERKATHIMAL

.dossin@pmi.com

Eric Dossin, Elyette Ma /

p Morris International R&D, Philip Morris Products S.A.,
(part of Philip Morris International group of companies)




	High-Resolution Mass Spectrometry in Combination with In Silico Prediction Tools to Improve Accuracy for Compound Identification
	Slide Number 2
	Slide Number 3
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Thank You

