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Observed phase I metabolites of 2-methyl AP-237 
detected using high mass accuracy fragments 
generated by LC-MS/MS. 

Need a Reference Standard for a 
Specific Metabolite? 
Have a Request for Future Studies?
Contact Us at sales@caymanchem.com

2-methyl AP-237
Item No. 26485
Synthetic Opioid Analgesic
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2-methyl AP-237 was originally synthesized 
and reported in Japan in the 1970s.1 Related 
analogs have been used for pain management 
internationally but never in the US. This 
compound has appeared on the dark web 
and illicit research chemical websites, and 
it has been identified by forensic chemists 
and toxicologists in seized samples and drug 
screens. The goal of this monograph is to 
identify the probable metabolites of this newly 
emerging synthetic opioid using human liver 
microsome (HLM) assays and computational 
simulations. By using high-resolution Orbitrap 
mass spectrometry, we aim to provide forensic 
toxicologists with the key mass spectrometry 
fragments and ions needed to identify the 
novel synthetic opioid, 2-methyl AP-237.
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The parent compound 2-methyl AP-237 was incubated with HLM to form phase I metabolites. An aliquot 
from the incubation was injected onto the Ultra-High Performance Liquid Chromatograph (UHPLC) and 
then fragments of eluted metabolites were detected using a high-resolution Orbitrap mass spectrometer. 
The total ion chromatogram (TIC) along with extracted ion chromatograms (EIC) were used to identify 
expected metabolites that formed from HLM incubation with 2-methyl AP-237 (Figure 2). The TIC 
(in black) shows potential metabolites at 4.79 min and 5.62 min retention times (RT), as well as the parent, 
2-methyl AP-237, at 5.42 min. Based on the EIC (in red), four main metabolites eluted at retention times of 
4.67 (M1), 4.80 (M2), 5.22 (M3), and 5.62 min (M4). The stacked chromatograms show the TIC in black 
(representing both parent compound and metabolites) and the EIC in red (showing the four main phase I 
metabolites formed from HLM incubation). All four phase I metabolites displayed a molecular ion mass of 
303.2067 m/z (± 3 ppm), which is indicative of monohydroxylation.

It should be noted that after one hour of microsomal incubation and prior to addition of NADPH cofactor, 
a minor peak appears at 4.59 min. This peak had the same fragmentation profile and relative ion intensities 
as 2-methyl AP-237, which seems to indicate that some minor cofactor-independent 
transformation or isomerization took place.

Mass Spectrum of 2-methyl AP-237

2-methyl AP-237 Metabolite Formation and Detection
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117.0699 m/z

287.2118 m/z (M+H+)

Figure 1. Structure and high-resolution mass spectrum of the parent compound 2-methyl AP-237.
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The first eluting metabolite (4.67 min) yielded the mass spectrum below with major fragments of 
133.0647 m/z and 171.1491 m/z. The presence of the unmodified acyl/piperazine fragment at 
171.1491 m/z and the presence of the hydroxylated cinnamyl chain seems to help narrow down the 
location of oxidation. Instead, monohydroxylation appears to have occurred on the cinnamyl tail chain 
at the allylic position or on the benzene ring (133.0647 m/z).

Metabolite 1 (M1)

Figure 2. TIC (top, black) and EIC (bottom, red) of 2-methyl AP-237 post-incubation.
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Figure 3. EIC and high-resolution mass spectrum of M1.
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Potential Metabolite of 2-methyl AP-237
para-hydroxy 2-methyl AP-237 (hydrochloride)
Item No. 34456
Suspected as the first eluting metabolite of 
2-methyl AP-237 based on data presented in 
this monograph
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https://www.caymanchem.com/product/34456/para-hydroxy-2-methyl-ap-237-(hydrochloride)?utm_source=marketing&utm_campaign=monograph&utm_term=opioids
https://www.caymanchem.com/product/34456/para-hydroxy-2-methyl-ap-237-(hydrochloride)?utm_source=marketing&utm_campaign=monograph&utm_term=opioids
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Figure 4. EIC and high-resolution mass spectrum of M2, M3, and M4.

The lack of characterisitic fragment ions in the MS/MS data for M2-M4 prevented us from narrowing the 
structures down further. Therefore, we turned to a metabolism QSAR model and molecular dynamics to 
help predict more specifically where monohydroxylation was likely to occur.

The second, third, and fourth eluting metabolites had retention times of 4.80 min, 5.22 min, and 5.62 min, 
respectively. All three metabolites yielded the same fragments of 117.0698 m/z (or 117.0699 m/z) and 
303.2061 m/z (or 303.2062 m/z), indicating that monohydroxylation took place on the piperazine ring 
or acyl chain instead of the cinnamyl chain. Only M2 yielded an additional fragment of 185.1285 m/z, 
giving further indication that the position of hydroxylation is on the acyl chain or piperazine ring. 
Metabolite M4 appears to be the major metabolite based on the EIC (in red).

Metabolite 2, 3, and 4 (M2, M3, and M4)
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A quantitative structure activity relationship (QSAR) model was used to predict the intrinsic reactivity of 
2-methyl AP-237 to metabolism by CYP3A4. The Schrödinger QSAR model is based on the known 
reactivity of 384 small molecules and scores empirically by evaluating reactivity of specific functional 
groups.2 This model helps to identify which sites on 2-methyl AP-237 will potentially be hydroxylated 
during phase I metabolism. The most probable sites for metabolic oxidation were found to be the allylic 
position (tα) illustrated with a red circle and the piperazine ring positions (2, 3, 5, and 6) illustrated with 
orange circles. The size of the circles indicates differences in probability of oxidation, with tα having the 
highest probability. As stated previously, the first eluting metabolite M1 (4.67 min) yielded a mass spectrum 
with fragments of 133.0647 m/z and 171.1491 m/z. Based on the QSAR model, hydroxylation at the 
allylic position (tα) is the most probable oxidative site. Metabolites M2, M3, and M4 all had fragments 
of 117.0698 m/z (or 117.0699 m/z) and 303.2061 m/z (or 303.2062 m/z), which indicated oxidation 
at either the acyl chain or piperazine ring. Between the acyl chain and piperazine ring, the QSAR model 
predicted the most probable sites for oxidation were on the piperazine carbons.

Surprisingly, the primary metabolite M4 displayed an increased hydrophobic footprint relative to the 
parent molecule based on a longer retention time (5.62 min). A molecular dynamics simulation within a 
water solvent model was used to predict the probability of intramolecular H-bonding for hydroxylated 
metabolites at positions on the piperazine ring and on acyl chain positions (α, β, γ).3 A molecular dynamics 
simulation is an explicitly stated computational experiment for studying the physical movements of 
atoms and molecules over time. It was postulated that intramolecular hydrogen bonding may reduce the 
polarity of one of the unknown hydroxylated metabolites relative to the parent 2-methyl AP-237. In 
addition to being one of the sites predicted to be oxidized by the QSAR model, monohydroxylation at 
the 6 position is most probable for having an intramolecular H-bond which would make the compound 
overall less polar in solution than 2-methyl AP-237.

Site of Metabolism Prediction (QSAR Model)

Intramolecular Hydrogen Bonding Potential (Molecular Dynamics)
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Incubation of 2-methyl AP-237 with HLM resulted in four monohydroxylated 
phase I metabolites (M1, M2, M3, and M4). Based on MS/MS fragmentation 
data, we can conclude that one of the metabolites is hydroxylated on the 
cinnamyl chain region and the other three are hydroxylated on either the acyl 
chain or the piperazine ring. Using QSAR predictions, followed by molecular 
dynamics simulations, we can further narrow down that the most likely site 
for hydroxylation on the piperazine ring is carbon C6 with C6-OH (M4) being 
the predicted major metabolite.

The compound 2-methyl AP-237 was diluted to necessary concentration by preparing a 50 mM stock 
DMSO solution and further diluting with phosphate buffer (pH 7.4). The compound solution was then 
incubated for one hour at 37ºC, with HLM and the added cofactor NADPH. At one hour the reaction 
was quenched with acetonitrile, spun down on a centrifuge, and an aliquot of the mixture was injected 
onto the UHPLC. Mass fragments were detected using an Orbitrap mass spectrometer. 

In vitro metabolism studies

Computational Studies 

Conclusion

Methodology and Instrumentation

	· Microsomes: 50-pool mixed-gender human liver microsomes, 20 mg/ml protein conc. 
(Sekisui XenoTech, H0610)  

	· Analyte: 2-methyl AP-237 (hydrochloride) (Cayman Chemical, Item No. 26485) 

	· Instrumentation and analysis LC-MS/MS:

–  Dionex™ UltiMate™ 3000 UHPLC (Thermo Scientific™)

–  Acquity UPLC™ BEH C8 column, 1.7 μm, length 2.1 x 100 mm (Waters™)

–  Q Exactive™ Hybrid Quadrupole-Orbitrap™ Mass Spectrometer (Thermo Scientific™)

–  Xcalibur™ software v. 4.0 (Thermo Scientific™)

	· QSAR CYP3A4 intrinsic reactivity model. (Schrödinger Release 2018-3: P450 Site of Metabolism, 
Schrödinger, LLC, New York, NY, 2018)

	· 10 ns molecular dynamics simulation performed within explicit water solvent model. (Schrödinger 
Release 2018-3: Desmond Molecular Dynamics System, D. E. Shaw Research, New York, NY, 2018. 
Maestro-Desmond Interoperability Tools, Schrödinger, New York, NY, 2018)
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1.	 Nishimura, N., Kiuchi, M., Kanetake, Y., et al. Clinical evaluation of a new analgesic agent Ap-237. Masui 19(6), 653-656 (1970).
2.	 Feng, S. and Friesner, R.A. Prediction of cytochrome P450-mediated metabolism using a combination of QSAR derived reactivity and induced fit 

docking. arXiv q-bio 1811.09366, (2018). 
3.	 Bowers, K.J., Chow, D.E., Xu, H., et al. Scalable algorithms for molecular dynamics simulations on commodity clusters. Proceedings of the 2006 ACM/IEEE 
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Want in silico analysis of your compound using Schrӧdinger Maestro 11 software?
Cayman Scientists offer:
  ·  In silico drug design and selectivity assessment
  ·  High-throughput virtual screening
  ·  Induced fit docking and molecular dynamics simulations 
  ·  QSAR and pharmacophore modeling
  ·  Protein-protein docking studies
  ·  P450 metabolism predictions
Contact Us at contractresearch@caymanchem.com 

Drug ID, Naming, & Metabolism Posters

Includes common MS fragments, tips for interpretation of mass spectrums, major predictive patterns, 
and typical phase I and/or phase II metabolites.
Request free copies for your lab at www.caymanchem.com/posters

Utopioid Lab Guide

Laboratory Guide for

UTOPIOID
Identification, Naming,

and Metabolism

Defining Utopioids 

Learn more about the need for standardized naming at www.caymanchem.com/utopioids
© 2019 Cayman Chemical

Halogen Isotope PatternsCommon EI-GC-MS
Utopioid Fragments

Utopioid Metabolism
Common Substitutions

Mass Spectrum of U-47700
and Tips for Interpretation

Tips for GC-MS Interpretation:
   · The 84 and 125 ions are indicative of the 
     trimethylcyclohexane-1,2-diamine moiety (right)

   · Isotope patterns can help identify chlorine or 
     bromine substituents on the phenyl ring

   · The molecular ion (or the M-1 ion) is usually 
     present but very minor

U-type opioids, also known as 
U-drugs or U-compounds, and their 
metabolites are characterized by a

trans-cyclohexanediamine moiety and 
their substituted phenyl ring, linked 

together by an amide carbonyl group.  

Commonly detected utopioids:
U-47700, U-48800, U-49900, U-51754, 

3,4-Methylenedioxy U-47700,
Isopropyl U-47700 

· Groups R₁-R₃ and R₅ denote cyclic or acyclic alkyl group substitutions

· R₄ denotes one or more substitutions on the phenyl ring
  (halides, alkoxy groups, alkyl/aryl groups, etc.)

· Utopioids can undergo dealkylation at both the amine and the amide

· Hydroxylation can occur at several positions on the cyclohexane ring

· U-47700 and U-49900 share a common metabolite,
  N-(2-aminocyclohexyl)-3,4-dichloro-N-methylbenzamide

References
Krotulski, A.J., Mohr, A.L.A., Papsun, D.M., et al. Drug Test Anal. 10(1), 127-136 (2018).
Fleming, S.W., Cooley, J.C., Johnson, L., et al. J. Anal. Toxicol. 41(3), 173-180 (2017).

Biotransformation Pathway:
A) N-Demethylation B) Hydroxylation C) N-Deethylation
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The high natural abundance of 
37Cl gives characteristic ions in 
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Compounds with 2 chlorines exhibit ions with a 3:2 
peak height ratio of M:M+2 (145/147, 173/175). 
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The high natural abundance of 
81Br gives characteristic ions in 
the spectra with a 1:1 peak 
height ratio of M:M+2 
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Benzodiazepine Metabolism Lab Guide

BENZODIAZEPINE
METABOLISM  LAB GUIDE

Biotransformation Pathway

H

OH

Hydroxylation 
(MW plus 16)

Demethylation 
(MW minus 14)

Decarboxylation
(MW minus 44)

Hydrolysis

Reduction 
(MW minus 30)

Sulfation 
(MW plus 80)

Glucuronidation 
(MW plus 176)

Acetylation 
(MW plus 42)

CH3

H

CO2H

H

CO2R

CO2H

NO2

NH2

N

H
N

Cl

O

H
CO2H

N

N

Cl

O

H
H

N

N

Cl

O

N

H
N

Cl

O

F

H
CO2Et

N

H
N

Cl

O

F

H
H

N

H
N

Cl

O

F

H
CO2H

N

N

Cl

O

OH

HH

A

A

G

B

B

C

C

D

D

F

F

E

E

H

H

Drug

Phase I Metabolite

Phase II Metabolite

HO2C
O

O
OH

OH
OH

O
H3C

NH

G

7-Halogenated-1,4-Benzodiazepines 7-Nitro-1,4-Benzodiazepines

View a complete list of parent compounds, metabolites, 
and labeled standards at www.caymanchem.com

*The primary metabolite of diazepam is nordiazepam 
  via phase I demethylation.
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8-Nitrotriazolobenzodiazepines can also undergo 
reduction to 8-aminotriazolobenzodiazepines.

What is a Prodrug?
A prodrug is a drug substance that needs to be 
converted into the pharmacologically active agent 
by metabolic or physiochemical transformation.1
1. Drago, D., Pacifici, E., and Bain, S. Chapter 3 Drugs. An overview of FDA regulated products: From Drugs  
    and cosmetics to food and tobacco. Pacifici, E. and Bain, S., editors, 1st edition, Academic Press (2018).

Thienodiazepines contain a thiophene ring in place of the 
benzene ring of a standard benzodiazepine but exhibit 
similar activity and pharmacological effects.
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+ Approximate half-life data adapted from Greenblatt, D.J., Shader, R.I., Divoll, M., et al. Br. J. Clin. Pharmacol.  
 11 (Suppl 1), 11S-16S (1981) and Manchester, K.R., Lomas, E.C., Waters, L., et al. Drug Test Anal. 10(1), 37-53 (2018).

*Indicates prodrugs or drug precursors that do not reach the systemic circulation in clinically important amounts. 

Drug (Brand Name) Half-Life (hr)+

Long Half-Life (effective >24 hr)

Diazepam (Valium) 20-100

Chlordiazepoxide (Librium) 5-30

Clorazepate (Tranxene) *

Prazepam (Centrax) *

Flurazepam (Dalmane) *

Intermediate to Short Half-Life (effective 5-24 hr)

Nitrazepam (Alodorm) 15-38

Flunitrazepam (Rohypnol) 20-30

Temazepam (Restoril) 8-22

Bromazepam (Lectopam) 10-20

Lorazepam (Ativan) 10-20

Alprazolam (Xanax) 6-20

Oxazepam (Serax) 4-15

Etizolam (Etizest) 3.4-7.1

Ultra-Short Half-Life (effective <5 hr)

Midazolam (Versed) <5

Triazolam (Halcion) <5

C

C

C

C

C

Drug (Brand Name) Half-Life (h)+ Primary Metabolite (half-life, h)+

Long Half-Life (effective >24 h)

Diazepam (Valium) 20-100 Nordiazepam (36-200)

Chlordiazepoxide (Librium) 5-30 Nordiazepam (36-200)

Clorazepate (Tranxene) * Nordiazepam (36-200)

Prazepam (Centrax) * Nordiazepam (36-200)

Flurazepam (Dalmane) * Desalkylflurazepam (40-250)

Intermediate to Short Half-Life (effective 5-24 h)

Nitrazepam (Alodorm) 15-38 7-Aminonitrazepam

Flunitrazepam (Rohypnol) 20-30 7-Aminoflunitrazepam

Temazepam (Restoril) 8-22 Oxazepam (4-15)

Bromazepam (Lectopam) 10-20 3-hydroxy Bromazepam

Lorazepam (Ativan) 10-20 Lorazepam Glucuronide

Alprazolam (Xanax) 6-20 α-hydroxy Alprazolam

Oxazepam (Serax) 4-15 Oxazepam Glucuronide

Etizolam (Etizest) 3.4-7.1 α-hydroxy Etizolam

Ultra-Short Half-Life (effective <5 h)

Midazolam (Versed) <5 α-hydroxy Midazolam

Triazolam (Halcion) <5 α-hydroxy Triazolam
Diazepam* Diclazepam PhenazepamFludiazepam

Nordiazepam Lorazepam TemazepamOxazepam

E

E

E
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Biotransformation Pathway
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· All regions (head/core/tail) of classic synthetic cannabinoids can undergo metabolism.

· All hydroxylated metabolites can be further oxidized.
 - Internal secondary alcohols can oxidize to their corresponding ketones.
 - Terminal hydroxy metabolites can oxidize to the carboxylic acid.

· The nature of amide-linked head groups (terminal amide vs. terminal ester) dictates metabolic fate.

· All indole/indazole cores can be hydroxylated, although these are minor products.

· All synthetic cannabinoids containing N-alkyl chains can undergo hydroxylation on the chain.

· The 4-fluorobenzyl tail does not undergo metabolism.

· 5-Fluoropentyl tails can be hydroxylated at the ω-1 site. They can also undergo oxidative defluorination  
  to form the same 5-hydroxypentyl metabolite as N-pentyl tail synthetic cannabinoids.

· All initial metabolites can undergo further biotransformations.

All ester-linked synthetic cannabinoids predominantly 
undergo hydrolysis to cleave the head group.

Amide-linked head groups with the t-butyl group are 
metabolized similarly to MMB-FUBINACA.

View primary resources used to collate this guide  
at www.caymanchem.com/SCmetabolism
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Fentanyl Lab Guide

www.caymanchem.com

Laboratory Guide for

FENTANYL
Identification, Naming,

and Metabolism

Standardized Naming
 of Substituted Fentanyls

Search hundreds of fentanyl standards using our Spectral Library and GC-MS Search Tool at www.caymanchem.com/forensics
© 2018 Cayman Chemical · Revised September 2018

Major Fentanyl Predictive Patterns Common Fentanyl MS Fragments 

Fentanyl Metabolism:
Typical Phase I Metabolites 

Mass Spectrum of Fentanyl and
Tips for Interpretation

Tips for GC-MS Interpretation:
   Here are some common substituents to replace an H (such as where R₁ and R₂ are 
    noted in the Common MS Fragments section above):
  R₁ (aniline ring):
  · If R₁ = CH₃, the m/z is +14
  · If R₁ = F, the m/z is +18
  · If R₁ = OCH₃, the m/z is +30
  · If R₁ = Cl, the m/z is +34
   · If R₁ = CH(CH₃)₂, the m/z is +42

Simple substituents on the fentanyl skeleton (by region):
   · Amide group substituents occur at either the α’ or β’ position.
   · Aniline ring substituents occur at the ortho, meta, and/or para positions.
   · Piperidine ring substituents occur at the 2, 3, and/or 4 positions.
   · N-alkyl chain substituents occur at either the α or β points on the carbon
     chain linker and/or the 2’, 3’, or 4’ position of the associated phenyl ring.

Pattern 1: Fentanyl-like compounds cleave between the α and β carbons of the ethyl 
heterocyclic linker, which results in the base peak (BP) ion.
   · Fentanyls with a hydroxyl group in the β position observe a MW minus 18 (M-18) fragment for 
     the loss of H₂O.

Pattern 2: Additional cleavage of the BP ion occurs along the piperidine ring and 
at the amide C-N bond.

Pattern 3: Subsequent cleavage at either the piperidine ring or the amide C-N 
bond of the secondary fragments results in a third characteristic fragment.

Pattern 4: Cleavage at the amide C-N bond will generate the BP if a 
highly stabilized or highly substituted group is in the acyl region.

· The known routes of fentanyl metabolism include N-dealkylation to form norfentanyl (1),
   hydrolysis to form 4-ANPP (2), and numerous sites for hydroxylation.

· Many of these phase I metabolites undergo phase II metabolism to form the 
  corresponding glucuronides or sulfates.

· Coincidentally, norfentanyl and 4-ANPP can also be considered 
  synthetic precursors.

Read more about our standardized naming convention and explore 
examples and exceptions at www.caymanchem.com/fentanylnaming

Learn more about what is known about the metabolism of fentanyls
at www.caymanchem.com/fentanylmetabolism

Learn more about our predictive patterns for identifying unknown 
fentanyls at www.caymanchem.com/fentanylpatternsN
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