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Fentanyl- Analogs

Fentanyl Analogs

e Introduction into illicit drug market ’ 1 O
as cutting agents for heroin 0PNy ;
* Up to 10,000x potency of morphine |
1. phenylethyl piperidine @

2. propanamide

3. phenyl groups
* Temporarily placed under Schedule |
* Increase in opioid related deaths




Previous Research
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Gergov et al. (2009)
» Simultaneous detection and quantification of 25 opioids (9 fentalogs) using LC-MS/MS

Verplaetse et al. (2010)
* Detection of fentanyl and metabolite using UHPLC-MS/MS
e Use of SPE

Viaene et al. (2016)
* Quantification of 16 opioids in plasma using LC-QQQ & LC-QTOF

Shoff et al. (2017)
» Screening method for 44 opioids (13 fentalogs) using LC- lon trap MS

Need for...

(1) advanced screening methods to distinguish similar structure
fentanyl analogs using high resolution mass spectrometry

(2) an optimized solid phase extraction protocol



Objectives

* Develop a method for the comprehensive screening of 14
fentalogs using LC-QTOF

* Optimize an SPE extraction for fentalogs from whole blood

* Validate the method according to SWGTOX guidelines for
screening methods

* Apply validated method to authentic case samples previously
testing positive for fentanyl or analogs
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LCOF Cnditions

Agilent Technologies 1290 Infinity LC

Column Poroshell 120 EC-C18
(2.1 x 100mm x 2.7 um)
Mobile Phase A: 0.1% Formic Acid in water
B: 0.1% Formic Acid in ACN
Flow Rate 0.400 mL/min

Agilent Technologies 6530 Accurate Mass time-of-flight MS

lonization Type Electrospray ionization (ESI)-
positive
Collision Energies TOF Mode: 0 eV
All lons: 0, 10, 20 eV
Injection Volume 5 uL

Mass Range 100-1000 m/z



Method Development: Extraction

T S — E——— e —

* Blood volume:
e 0.25 mLvs. 0.50 mL

e Reconstitution volume:
* 50, 100, 200 pulL

* Injection volume:
2 uLvs. 5L

* Assessment: analyte response & peak shape



Method Development: Extraction

>
e
(<))
>
O
S
Q
oc
X

Norfentanyl Acetyl fentanyl Fentanyl Carfentanil Valeryl fentanyl
M EA with 5% ammonium hydroxide M EA with 2% ammonium hydroxide
m DCM:IPA (80:20) with 2 % ammonium hydroxide B DCM:IPA (90:10) with 2% ammonium hydroxide




Extractlon procedure

250 pL blood + ISTD (12.5 L) & |

standard mixes + 2.5 mL
phosphate buffer (pH 6)

e Centrifuge at 2500 rpm for 5
minutes

e Sample to column
(CEREX® Clin II)

e D| water wash

e 1M acetic acid wash

e Under vacuum for 5 mins

\N
¢

Hexane wash

Ethyl Acetate wash

Methanol wash

DCM wash

Elute basic drugs 5% ammonium
hydroxide in Ethyl Acetate

Dry down; Recon 50 pL of 50:50
MP




Personal Compound Database and Library (PCDL)

. . RT , Num
Compound Name Mass Anion Cation frin) CAS ChemSpider |UPAC Name Spectra
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Personal Compound Database and Library (PCDL)

Single Search Batch Search Batch Summary Edit Compounds Spectral Search

Mass

Precursor ion: - [M) ']

Tolerance: 200 @) ppm @ mDa lonization mode: [(Pny) v]
Collision energy

Tolerance: 20 eV

Spectra for compound: Fentanyl
Precursor lon Colision

337.22784




Personal Compound Database and Library (PCDL)

 Fentanyl mass spectrum produced from 20 eV

Browse Spectra Edt Spectra ‘
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Data Acquisition Modes

Time of Flight

* Presumptive

* Allows all ions to pass to the
detector- no collision energies
applied

* Precursor lon determination

* “Qualify” based on:
* Formula matching parameters:
e + 0.35 min from RT
* +15 ppm Mass

* Abs peak area >10,000
counts

All lons Fragmentation
* Confirmatory

* Three collision energies applied

e Software pairs fragment ions to
precursor ions
e “Qualify” based on:
* Formula matching parameters:
* Abs peak area >5,000
* lon confirmation parameters:
* Co-elution Score >60
e S/N>3
* Minimum number of ions: 2
e £ 0.15 min from RT



All lons Fragmentation

Best 4+ Formula R miz ¢ &8 Mass + Mass (Tgt) ¥ Ciff (ppm) B Score (Tgt) &= RT #| RT]
e 4H2E6 N2 02| 3'.-’5.21]?3! 3?4.1998-! 3?4.1994@ -1.11 EE.EE! 4.411]
miz 4 CE# FV+4| Co :

Coslution Score = Flags(Fls)+  Height += SNR -+ BT 4= RT Diff # Compound Name 4=
i 184067 4 ! =| 4402 0.005 Furany! fentamyl
245067 6725 4402 0.009 Furanyl fentamyl
y e 655352 2055 4402 0.009 Furanyl fentanyl
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43 Qualified ! 111706 69| 4402 0009 Furanyl fentamyl
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Method Validation: Limit of Detection

Analyte TOF Mode AIF Mode

* LOD determined based on  Norfentanyl - 0.5 >1.0

qualification parameters ~ Norcarfentanil - Ll

in MassHunter Remifentanil 0.25 1.0

. Acetyl Fentanyl 0.25 1.0

Includes S/N >3 Alfentanil 0.1 0.5

4-ANPP 0.1 >1.0

e TOF LODs: 0.1-0.5 ng/mL  Fentanyl 0.1 1.0

Furanyl fentanyl 0.25 0.5

Carfentanil 0.1 0.25

AIF LODs: 0.1-1.0ng/mL Cis-methyl fentanyl 0.25 0.1
Butyryl/Isobutyryl

¢ Overa”, TOF mOde haS fentanyl 0.25 0.1

lower LOD than AIF mode  sufentanil 0.1 0.25

Valeryl fentanyl 0.1 0.1



* Method validated according to SWGTOX guidelines for a qualitative analysis

24 hr 24 hr
Autosampler Refrigeration
Stability (% Bias)| Stability (% Bias)

Matrix Effects |Interferences/
Carryover

Recovery (%)

-35.2-14.4

57.2-103.0 Without nor- None -1.16-3.69 -10.46-18.10
analytes:
1.0-14.4



Expansion of PCDL

e Additional fentanyl analogs
* 138 commercially available compounds
* Unknown estimation based on mass

* Additional drugs of abuse
* 93 compounds

* Unknown determination based on mass, RT, and spectral
information



Fentanyl Analog

Number of Samples
Detected

Other Drugs of Abuse

n=32

Number of Samples
Detected

Furanyl fentanyl
4-ANPP
Cis-methyl fentanyl

Fentanyl
Norfentanyl

Valeryl fentanyl

U-47700
Morphine

Alprazolam
Cocaine
Etizolam

Oxycodone
Mitragynine
Cyclobenzaprine
6-MAM
Hydrocodone
Codeine
Methamphetamine
Buprenorphine
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Authentic Case Sample- Central Blood (TOF)

\L _

-

wejozii3

wejozed|y ==

(4LSI) @ |lueuape)

|Aueiluad Il
(aLsl) sa |Auejuay |ﬂ_ﬂw@
ddNV-¥

auIed0) |

(a1sl1) @ |AueyuagioN {

12 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2 21 22 23 24 25 26 27 28 29 32 31

e
65 66

432 44 45 46 47 48 49 S5 51 52 53 54 55 56 57 58 59 6 6.1 6.2 63 6.4

&

=1

32 33 34 35 36 37 38 39 4

o8 1 1.3

v [

_J 1

& !

: 1PN |

Q

o ﬁ“(]||\|\ {

0

-

I

[ INVIN-9

0

£

w

£

i

Iy

3 JuUIlpPO0) -

~ . e SR

g T

o .F/ {

v A

u .

i )

0 {

w N

' \

[ )

L3

£ 3

R

3

&

- aulyduo

7

i

U

6 FONNORAORDERRNINNANDFOrDAOOONDOA LN NHND DO
N ] N0 o+ N -

O NG Dpe@pe @il YN 2O 90.30,7.0,6050«0,5020100

ﬂ N s e e e e e s e e © 0 0 0 0 0 0 © 0 O

Counts vs. Acquisition Time (min)

e- Femoral Blood (TOF)

Authentic Case Samp

ag=150.0V 009.d

anil: +ESI EIC(400.2643) Scan Fr.

%105 Cpd 15: DS-Carfent:

—

I

we|ozi13

wejozedd|y—

K
i

(Q1S1) s@ jlueluspied

|Aueiluad

(aLSl) sa jAueauay

auIe’0)

(a1s1) sa |AuerusgioN A

||||I|l||\.lll\\.

22 2’3 2'a 2's 2’6 277 2’8 2@ 3 371 32 373 32 3’5 36 37 38 35 4 a1 42 24’3 42 245 26 47 48 49 5 51 52 53 52 55 56 57 58 59 & 61 62 63 64 65 66 6.7

A rei

1’2 13 1’4 15 176 177 1’8 19 3

Counts vs. Acquisition Time (min)

o9

i

INVIN-9

\

\

Al

9UI=apP0O)
| |-
=
wC_F\_QLO_\/_ .
.

_______________________________________
CHANBOINONOINVOUIANYTIUINMOOINNDOYNFROSNO
KRN QOO wuBL ddde Oddn NNNN - oo



* Fentanyl analogs not detected by the submitting laboratory:
* Valeryl fentanyl
* Norfentanyl (presumptive)
* 4-ANPP

* Some analytes not detected by present method

* Presumptive detection based on mass in Expanded
Fentalog PCDL

* Addition of emerging analogs to PCDL



Conclusions

* This research represents a valid method for:
* Extracting fentanyl analogs from whole blood using SPE
* Screening for fentanyl analogs using LC-QTOF
* Application to authentic postmortem case samples

* PCDL is beneficial for screening toxicological samples
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