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Introduction
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• Fentanyl analogs (fentalogs)
• Synthetic opioids 
• µ (mu) receptor agonists
• Cause severe respiratory depression

• Several fentalogs have legitimate anesthetic/analgesic use

Pharmacology 
• Fentanyl 

• Vd = 3-8 L/kg
• t1/2 = 3-12 h

• pKas range from 7.5 (alfentanil) - 9.08 ((+)-Cis-3-methylfentanyl)



Opioid Surveillance

• Surveillance Systems

• UNODC

• EMCDDA

• NFLIS

• Casework frequency increased since 2014

4

NFLIS Snapshot September 2019 (3rd Quarter)



Statement of the Problem

• Rapid emergence of fentalogs has led to large gaps in knowledge, yet forensic 
laboratories are tasked with the identification of these substances in biological 
matrices

• Lipophilicity plays an important role in terms of separation and analytical 
determination, as well as overall pharmacology of the drug (ADME)

• Volumes of distribution (Vd) are not known for all fentalogs; Log P values may 
provide insight into the distribution/redistribution throughout the 
compartments in the body both ante and postmortem

• These physiochemical characteristics are largely uncharacterized for emerging 
novel psychoactive substances
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History

• 1900 → oldest correlation of lipophilicity to drug potency

• 1997 → Lipinski’s Rule of 5
• MW<500, LogP<5, HBD<5, HBA<10

• 1990’s → explosion of methodological publications for 
predictive software
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Partition Coefficient, P Distribution Coefficient, D

Neutral species Ionizable species

𝐿𝑜𝑔𝑃=log(
[𝑑𝑟𝑢𝑔]𝑜𝑐𝑡𝑎𝑛𝑜𝑙

[𝑑𝑟𝑢𝑔]𝑢𝑛𝑖𝑜𝑛𝑖𝑧𝑒𝑑
𝑎𝑞𝑢𝑒𝑜𝑢𝑠

) 𝐿𝑜𝑔𝐷=log(
[𝑑𝑟𝑢𝑔]𝑜𝑐𝑡𝑎𝑛𝑜𝑙

[𝑑𝑟𝑢𝑔]𝑢𝑛𝑖𝑜𝑛𝑖𝑧𝑒𝑑
𝑎𝑞𝑢𝑒𝑜𝑢𝑠

+[𝑑𝑟𝑢𝑔]𝒊𝒐𝒏𝒊𝒛𝒆𝒅
𝑎𝑞𝑢𝑒𝑜𝑢𝑠

)

Lipophilicity

• Differential solubility in two immiscible solvents

• Log P and Log D are descriptors of lipophilicity
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Lipophilicity
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4-ANPP

β-Hydroxythiofentanyl

Furanylfentanyl

Isobutyrylfentanyl

o-Fluorofentanyl

p-Fluorobutyrylfentanyl

p-Fluoroisobutyrylfentanyl

Norfentanyl

Norcarfentanil

Valerylfentanyl

(+)-Cis-3-methylfentanyl

Alfentanil

Butyrylfentanyl

Carfentanil

Fentanyl

p-Fluorofentanyl

Remifentanil

Sufentanil

Unknown pKa Known pKa

𝐿𝑜𝑔𝑃=𝐿𝑜𝑔𝐷+log(1+10𝑝𝐾𝑎−𝑝𝐻)

9.08

7.5

8.77

8.05

8.4

8.74

7.51

8.01



Lipophilicity
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Experimental Design

• Investigate the lipophilicity (Log P) for nineteen fentalogs
• Shake-flask method

• Traditional 1-octanol/water (Kow) system 

• 1-octanol/0.01 M NH4OH system

• Agilent Technologies 1290 Infinity Binary LC System & 
6470 Triple Quadrupole Mass Spectrometer
• Poroshell EC-C18 column (2.1 x 100 mm, 2.7 µm)

• Poroshell EC-C18 guard (2.1 x 5 mm, 2.7 µm)

• Electrospray Ionization in Positive Mode
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Time %A %B

0 90 10

1 90 10

7 74 26

8 74 26

11.1 65 35

12.4 60 40

13.4 10 90

14 90 10

16 90 10
%A: 0.1% Formic Acid in H2O
%B: 0.1% Formic Acid in Acetonitrile
Post-time: 1 minute
Flow: 0.4 mL/min



Total Ion Chromatogram + EIC
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Shake-Flask Method – Known pKa
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0.5 mL diH2O

0.5 mL diH2O 

0.5 mL octanol

• Evaporate 250 ng Fentalog Mix

• Add organic and aqueous fractions

• Vortex 60 seconds

• Rotary mix 25 min at 40 rpm

• Centrifuge 10 min at 4500 rpm

• Transfer 25 µL aqueous fraction to LC vial

• Log P = Log D + Log(1+10(pKa-pH))

Controls

Samples



Shake-Flask Method – Unknown pKa
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0.5 mL NH4OH

0.5 mL NH4OH

0.5 mL octanol

• Evaporate 250 ng Fentalog mix

• Add organic and aqueous fractions

• Vortex 60 seconds

• Rotary mix 25 min at 40 rpm

• Centrifuge 10 min at 4500 rpm

• Transfer 25 µL aqueous fraction to LC vial

• Dilution with 90:10 Mobile Phase

Controls

Samples



Experimental Design

• Compare experimental and theoretical values to determine 
which mathematical algorithms produce the most reliable 
estimates

• Theoretical Predictions (n=4)
• ACD Labs

• ALogPS 2.1

• Log KOWWIN V. 1.67

• XLOGP 3.0
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Theoretical Predictions

Software Calculation Method Approach

ACD
Fragmental

SubstructureKOWWIN

XLOGP3 Atomic Values

ALOGPS
Electrotopological

Contributions & Artificial
Neural Networks

Whole
Molecule

15

Increasing 
Complexity
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Correlation & Residuals – Known pKa 

y = 1.0062x + 0.3495
R² = 0.9383
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Method R2
Residuals

Slope Intercept

ACD 0.938 -0.006 -0.350

ALogPS 0.943 0.045 -0.170

KOWWIN 0.960 0.041 -0.568

XLOGP3 0.943 0.026 -0.328

y = 0.9548x - 0.1703
R² = 0.9432
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Correlation & Residuals – Unknown pKa

Method R2
Residuals

Slope Intercept

ACD 0.938 0.152 -0.325

ALogPS 0.942 0.155 -0.267

KOWWIN 0.951 0.140 -0.277

XLOGP3 0.975 0.122 -0.0023

𝑦=𝑥

y = 0.8451x + 0.2665
R² = 0.9416
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Correlation & Residuals – All Compounds

Method R2
Residuals

Slope Intercept

ACD 0.860 0.116 -0.439

ALogPS 0.851 0.129 -0.437

KOWWIN 0.863 0.126 -0.494

XLOGP3 0.879 0.054 -0.0122

𝑦=𝑥

y = 0.8706x + 0.4369
R² = 0.8514
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Discussion

• All programs compared provided excellent correlation with 
experimental values for the fentalogs

• Other programs tested included:
• OsirisP (R2 = 0.929, R2 = 0.921, R2 = 0.848)
• miLogP (R2 = 0.854, R2 = 0.967, R2 = 0.778)

• Predictive software are developed and trained with different subsets of 
molecules and analogs
• Theoretical lipophilicity characteristics for other classes of NPS      

(i.e. synthetic benzos, cathinones, cannabinoids etc.), may produce 
varied results
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22Log P
1 542 3

Norcarfentanil
Norfentanyl

Remifentanil

o-Fluorofentanyl
Sufentanil
Furanylfentanyl
4-ANPP
Carfentanil
Fentanyl
p-Fluoroisobutyrylfentanyl
p-Fluorobutyrylfentanyl
Valerylfentanyl

β-Hydroxythiofentanyl
Alfentanil

Acetylfentanyl

Isobutyrylfentanyl

Butyrylfentanyl
p-Fluorofentanyl

(+)-cis-3-methylfentanyl



Discussion
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Fentalog
C/P ratio

mean
range 

(sample size)

Acetylfentanyl 1.43
0.33-3.30 

(n=13)

Butyrylfentanyl 1.32
0.40-2.49 

(n=6)

Carfentanil 3.17
1.14-5.20

(n=2)

Fentanyl 2.15
0.70-11 
(n=93)

Furanylfentanyl 2.94
1.5-4.37

(n=2)

Norfentanyl 1.79
0.38-2.50 

(n=7)

• Factors affecting PMR are 
numerous and complex:
• Lipophilicity

• Protein binding

• Acid/base properties

• Postmortem interval

• Putrefactive processes or trauma

• Sampling
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Conclusion

• Experimental Log P data correlate well with theoretical Log P data
• Structural variety

• Reliability between programs

• Predictive software may be underutilized for analyzing NPS
• LogD/P

• Ionization

• Solubility

• Oral Absorption/Bioavailability

• Passage through skin and barriers

• Brain uptake

• Interactions with transporters

• Drug metabolism
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