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ABSTRACT

Hexahydrocannabiphorol (HHCP) is an emerging semisynthetic cannabinoid, which has been known since 1942 from research of
tetrahydrocannabinol (THC) analogs and homologs. After the ban of hexahydrocannabinol (HHC) in many European Countries
HHCP emerged as a replacement among other similar compounds. First countries already placed HHCP under their narcotic
substance law. The aim of this research was to identify human Phase I and IT metabolites in urine after oral HHCP consumption.
Enzymatic immunoassays of urine samples were tested negative for cannabinoids after a single oral consumption of 4-mg HHCP
from a A°-THC abstinent volunteer. The HHCP sample consumed in the self-experiment was purchased from an online store
and analyzed beforehand using GC-MS. LC-HR-MS/MS and GC-MS after derivatization were used for the identification of
metabolites. Hydroxylated metabolites were found with hydroxylation on the side chain or on the alicyclic part of the molecule.
Bishydroxylated HHCP metabolites were found in similar abundance as the monohydroxy metabolites. All of the bishydroxy-
lated metabolites besides a minor metabolite had a hydroxyl group on the side chain and another hydroxyl group on the alicyclic
part of the molecule. In addition, the corresponding glucuronides were identified by LC-HR-MS/MS. The exact positions and
stereochemistry of the hydroxylation sites could not be determined. Due to the extensive metabolism of HHCP and the lacking
cross-reactivity of urine samples after consumption in A°-THC specific immunoassays, it is recommended to include HHCP
metabolites in routine screening methods. Monohydroxylated and bishydroxylated metabolites of HHCP and their respective
glucuronides are suggested as forensic targets.

1 | Introduction One of this synthetically made cannabinoids is hexahydrocan-

nabiphorol (HHCP), which is found as an epimeric mixture of

In 2022, a new class of new psychoactive substances with can-
nabimimetic effects emerged on the recreational market. These
compounds are structurally related to A%-tetrahydrocannabinol,
the main psychoactive compound found in Cannabis sativa L.
The first entries were synthesized from THC or cannabidiol
(CBD), and these class of NPS are therefore known as semisyn-
thetic cannabinoids. This terminology also remained for canna-
bimimetics, which are not synthesized from THC or CBD but
share structural features with them [1, 2].

© 2025 John Wiley & Sons Ltd.

(9R)-HHCP and (9S)-HHCP in recreational products. As other
semisynthetic cannabinoids, HHCP is sold as a legal and psy-
choactive alternative in countries that placed Cannabis and its
psychoactive component THC under their narcotic substance
law. Until the ban of hexahydrocannabinol (HHC) on March 31,
2023, HHCP was not widely used in Switzerland. This changed
immediately after HHC was banned. In response to the mar-
ket, a class wide ban on dibenzopyran cannabinoids, including
HHCP, was enacted on October 9, 2023 [3].
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According to anecdotal reports from users, HHCP is more po-
tent and longer lasting than HHC or THC. Two recent cases
from HHCP intoxications were reported but no fatalities. In
both cases, the patients were hospitalized for several days after
intoxication [4, 5]. The strong and enduring intoxication poses a
safety risk for the consumers. The potency of the HHCP epimers
were just recently investigated. Janssens et al. used a 3-arrestin2
recruitment assay and Persson et al. used a G-protein coupled
receptor functional assay [6, 7]. They reported that (9R)-HHCP
is the more active epimer.

In contrast to HHC, HHCP cannot be synthesized from CBD
even though various vendors from online shops claim that.
GC-MS analysis of recreationally used HHCP shows many
substances with the same molecular ion and fragment ions as
HHCP. Probably resulting from stereoisomers and regioisomers
during synthesis [2, 8, 9]. The poor manufacturing process and
lacking quality standard of HHCP and similar semisynthetic
cannabinoids, which do not derive from CBD poses a further
risk to consumers.

To date, no method has been published that can detect HHCP
and in particular its metabolites. Urine samples are usu-
ally measured beforehand using enzymatic immunoassay.
From urine samples after the consumption of HHC is known
that they show false positive signals for THC, probably due
to structural similarities of the HHC and THC metabolites
[10-15]. A study that evaluated cross-reactivity of 24 diben-
zopyran cannabinoids in whole blood showed that the cross-
reactivity of THC derivatives decline with the chain length.
(9R)-HHCP and (9S)-HHCP were tested positive at 500 ng/mL
but not at the next lower concentration of 20 ng/mL or below.
An ELISA test kit from Immunalysis for THC and metabolites
was used [16]. Another study compared the cross-reactivity of
THC derivatives with different immunological screening tests
in various biological matrices and showed no positive results
for the HHCP epimers at a concentration of 250ng/mL. In
both studies, potential HHCP metabolites were not included
[11, 16]. To the authors knowledge, no potential metabolites of
the HHCP epimers are commercially available.

As to date, only a single study reported potential metabolites
of (OR)-HHCP and (9R)-HHCP-O (HHCP acetate) from incuba-
tion experiments with human hepatocytes. They concluded that
differentiation between HHCP and HHCP-O consumption is
unlikely because ester hydrolysis of HHCP-O to HHCP occurs
rapidly. Reported metabolic reactions of (9R)-HHCP in the in-
cubation experiments were monohydroxylation, bishydroxyl-
ation, bishydroxylation with dehydrogenation (oxo-alcohols and
carboxylic acids), trihydroxylation with dehydrogenation, and
subsequent glucuronidation [17]. These reported HHCP metab-
olites are likely found in in vivo samples after the consumption
of HHCP.

The presented study aimed to identify the metabolites of the
semisynthetic cannabinoid HHCP in urine. A routine LC-
QqTOF screening method was used for the determination of
the metabolites and their fragments. With this routine method,
not all of the isomeric metabolites could be resolved; therefore,
a LC-QqLIT was developed for the separation. Additionally, a
GC-MS method was developed for the identification of potential

metabolic markers after derivatization with N-methyl-N-trimet
hylsilyltrifluoroacetamide (MSTFA).

1.1 | Chemicals and Reagents

HHCP was bought from a German online shop (47% (9R)-HHCP
and 15% (9S)-HHCP, quantified by GC-MS (see Figure S1).
Deionized water (18.2MQ-cm) was produced with a Milli-Q
IQ 7000 system from Millipore (Billerica, MA, United States).
Methanol (MeOH) (>99.9%) was purchased from Carl Roth
(Karlsruhe, Germany). Acetic acid (AcOH) (Reag. Ph. Eur.)
and formic acid (50%, in water) were purchased from Grogg
Chemie (Stettlen, Switzerland); N-methyl-N-trimethylsilyltrifl
uoroacetamide (MSTFA) (>98.5%), n-butyl acetate (n-BuOAc)
(>99.7%), the alkane standard (C7-C40, 1000ug/mL), and
ammonium formate (> 99.0%) were purchased from Sigma-
Aldrich (Buchs, Switzerland). Acetonitrile (MeCN) (>99.9%)
was purchased from Thermo Fisher Scientific (Reinach,
Switzerland). Chromabond C18 SPE cartridges (3mL, 500 mg)
were from Macherey-Nagel (Onsingen, Switzerland). The in-
ternal standards (ISTDs) (-)-A°-trans-tetrahydrocannabinol-
D, (THC-D,), (+)-11-hydroxy-A°-trans-tetrahydrocannabinol
-D, (11-OH-THC-D,), and (%)-11-nor-9-carboxy-A°-trans-tetr
ahydrocannabinol-D, (THC-COOH-D,) were purchased from
Cerilliant (Round Rock, TX, United States). The reference stan-
dards (9R)-HHCP and (9S)-HHCP were purchased from Cayman
Chemical (Ann Arbor, MI, United States). Instant buffer I and
B-glucuronidase (BGTurbo) from Finden KURA was used. A
homogenous enzyme immunoassay (HEIA) testkit 305UR for
cannabinoids in urine from Immunalysis was used. The buffer
solution, the B-glucuronidase, and the HEIA testkit 305UR were
provided by Specialty Diagnostix (Passau, Germany). For the
LC-QqLIT analysis, an ISTD solution was used which consisted
of 0.1-ug/mL THC-D,, 0.1-ug/mL 11-OH-THC-D,, and 0.5-ug/
mL THC-COOH-D, in MeOH. A solution of MeCN in water
(60%V) containing formic acid (0.1%V) was used for the sample
reconstitution for LC-QqLIT and LC-QqTOF analysis.

1.1.1 | Recreational HHCP Product

The HHCP product for recreational use used in this study was
analyzed in a previous study. Besides (9R)-HHCP and (9S)-
HHCEP, this sample contained unnatural regioisomers, unnat-
ural stereoisomers, synthesis intermediates, and disubstituted
heptylresorcinols from overalkylation. Five of the impurities
and (9R)-HHCP were isolated, and their structure was eluci-
dated with various NMR experiments. It was found that the
(9R)-HHCP and (9S)-HHCP in this specific sample were enan-
tiopure [9]. Both HHCP epimers were quantified in this recre-
ational product using THC-D, as ISTD. The GC-MS method and
instrument described in a previous publication was used [18].
This recreational HHCP product contained 47% (9R)-HHCP and
15% (95)-HHCP by weight (see Figure S1).

1.1.2 | Self-Administration Experiment

In a self-experiment, a A°-THC abstinent volunteer ingested 4 mg
of a well-characterized HHCP sample by dissolving it in olive oil
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on an evening. Cannabimimetic effects started approximately
1h after ingestion and lasted for approx. 10 h. Drowsiness, dizzi-
ness, and uncomfortable sleep were experienced. Full recovery
was achieved 14 h after ingestion. An approval by an ethics com-
mittee is not required for self-experiments. Urine samples were
collected before administration and for up to three days after
ingestion. The metabolites were analyzed in the urine samples
10 and 15h after ingestion. The first urine sample was collected
10h after the HHCP ingestion.

1.2 | LC-QqTOF Analysis

The sample pretreatment was performed according to Schirmer
et al. with slight modifications to the deglucuronidation step [10].
Briefly, 800-uL urine, 20-uL ISTD, 100-uL instant buffer I, and
40-pL B-glucuronidase solution were incubated at 50°C for 10min.
One-milliliter n-BuOAc was added; the mixture was shaken for
10min and centrifuged for 10min (13,000rpm [17,190xg], 8°C).
Afterwards, the organic phase was transferred to an autosampler
vial, evaporated to dryness under a stream of nitrogen at 50°C
and reconstituted with 200-uL reconstitution solution for further
LC-MS analysis. For the analysis of the glucuronides, 800-pL
urine and 100-uL ammonium formate solution (10M, aq.) were
mixed. The solution was extracted using 1 mL of cold MeCN. The
organic phase was separated, evaporated to dryness, and the res-
idue was dissolved in 200-pL reconstitution solution. The same
screening method with an LC-QqTOF instrument was used for
the analysis as described previously. A Dionex Ultimate 3000
HPLC system (Thermo Fisher Scientific, Reinach, Switzerland)
coupled to a TripleTOF 5600 mass spectrometer was used (Sciex,
Toronto, Canada). Analyst TF software (Version 1.7) and Peak
View (Version 1.2.0.3) (Sciex, Toronto, Canada) were used for data
acquisition and processing. Mass spectra were measured in pos-
itive ionization mode with an IonDrive Turbo V ion source with
TurbolonSpray probe. The curtain gas was set to 55.0 arbitrary
units, the ion spray voltage floating was 5500V, and the source
temperature was 650°C. Ion Source Gases 1 and 2 were set to 55.0
arbitrary units. Chromatographic separation was performed on
a Kinetex C8 column, 50x2.1mm, 2.6um, 100A (Phenomenex,
Basel, Switzerland). A gradient method was used consisting of
Mobile Phase A (0.1% aqueous formic acid [%V]) and Mobile
Phase B (MeCN with 0.1% formic acid [%V]) with the following
gradient: 2.5% B, 1-7min: 2.5%-97.5% B, 7-11min: 97.5% B, 11-
11.1min: 97.5%-2.5% B, 11.1-14min: 2.5% B. The injection volume
was 2.5uL, and the flow rate was 0.35mL/min. The LC-QqTOF
instrument was operated in information-dependent data acquisi-
tion (IDA) and in SWATH mode (sequential window acquisition of
all theoretical mass spectra). For IDA a survey scan from m/z 100
to 950 was applied which triggered the acquisition of product ion
mass spectra from m/z 50 to 950. For SWATH mode, a mass range
from m/z 100 to 950 was scanned acquiring product ion spectra in
windows of 35Da from m/z 50 to 950. Collision energy with colli-
sion energy spread of 35+ 15V was applied for IDA and SWATH
acquisition.

1.3 | LC-QqLIT Analysis

Reference solutions were prepared by mixing 2L of a 1-ug/mL
solution and 20-uL ISTD. The solution was evaporated to dryness

and reconstituted in 200-uL reconstitution solution. The extracts
after deglucuronidation as described above were measured.
A slightly changed protocol was used as described previously
[10]. A Dionex Ultimate 3000 HPLC system (Thermo Fisher
Scientific, Reinach, Switzerland) was used, coupled to a QTrap
4500 mass spectrometer (Sciex, Toronto, Canada) equipped with
an IonDrive Turbo V ion source with TurbolonSpray probe.
The curtain gas was set to 35.0 arbitrary units, the ion spray
voltage was 4500V, and the source temperature was 600°C.
Ion Source Gases 1 and 2 were set to 40.0 arbitrary units. Data
were acquired and processed with Analyst TF software (Version
1.7) and visualized with Sciex OS (Version 2.0.0.45330) (Sciex,
Toronto, Canada). Chromatographic separation was performed
on a Luna Omega PS C18 column, 100 x 2.1 mm, 1.6 um, 100 A
(Phenomenex, Basel, Switzerland). A gradient method was used
consisting of Mobile Phase A (0.1% aqueous formic acid [%V])
and Mobile Phase B (MeCN with 0.1% formic acid [%V]) with
the following gradient: 0-25 min: 35%-60% B, 25.1-39 min: 70%
B, 39.1%-41 min: 97.5% B, 41-41.1min: 35% B. A flow rate of
0.4mL/min and a column oven temperature of 40°C were ap-
plied. The injection volume was 1 L. Spectra were acquired in
positive ionization mode with a multiexperimental method in-
volving multiple reaction monitoring (MRM) and two product
ion scans in “enhanced product ion” (EPI) mode. The product
ion scans of the precursors ion with m/z 361.2 and 377.3 were
acquired from m/z 50 to 380 with a scan rate of 10,000Da/s, a
declustering potential of 120V, an entry potential of 10V, and a
collision energy of 35V were applied. The relevant transitions
with corresponding potentials of the MRM method are shown
in Table 1

1.4 | GC-MS Analysis

For measurement of the reference spectra, 50 uL of reference
solutions (y=10ug/mL) was evaporated to dryness under
a stream of nitrogen. The residue was dissolved in 25-uL
MSTFA and 25-uL EtOAc. The mixture was then heated to
90°C for 40 min; 1 uL of this solution was injected for GC-MS
analysis. For measurement of sample solutions 1-mL urine,
200-pL instant buffer I and 50-pL B-glucuronidase (BGTurbo)
were mixed and heated at 50°C for 15min. The mixture was
extracted with 500-puL n-BuOAc by shaking for 10min and
centrifuging for 10min (13,000rpm [17,190x g], 8°C). After
separation, the organic phase was collected, and the ex-
traction of the aqueous phase was repeated with 500-uL n-
BuOAc. The organic phases were combined and evaporated to
dryness under a stream of nitrogen at 50°C. The residue was
dissolved in 1-mL MeCN and diluted with 2-mL water. The
residue was further purified by solid-phase extraction on a
VacMaster 20 (Biotage, Uppsala, Sweden). Conditioning of the
C18 SPE cartridges was achieved with 2-mL MeOH and 2-mL
AcOH (0.1 M) prior to loading the sample solution (3 mL) onto
the C18 cartridges. After loading, the cartridges were washed
with 1-mL AcOH (0.1 M), 1-mL aqueous MeCN (40%V), and
1-mL aqueous MeCN (70%V). The samples were eluted using
1.5-mL MeCN. The eluate was transferred to an autosampler
vial, evaporated to dryness under a stream of nitrogen at 70°C,
redissolved in 25-uL EtOAc and 25-uL MSTFA and heated at
90°C for 40 min. One microliter of this solution was injected
for GC-MS analysis.
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TABLE1 | MRM transitions of the LC-QqLIT method.

DP CE CXP

Ql(Pa) Q3(Da) (V) V) V) Name
334.2 316.2 87 21 12 11-OH-
THC-D,
MRM1
334.2 196.2 90 35 7 11-OH-
THC-D,
MRM2
348.2 330.2 93 23 12 THC-
COOH-D,
MRM1
348.2 302.2 102 28 12 THC-
COOH-D,
MRM2
318.2 196.3 88 32 7 THC-D,
MRM 1
318.2 123.0 100 43 8 THC-D,
MRM 2
345.3 221.2 88 32 7 HHCP
MRM 1
345.3 123.0 100 43 8 HHCP
MRM 2
361.3 343.3 87 21 12 OH-HHCP
MRM1
361.3 221.2 90 35 7 OH-HHCP
MRM2
361.3 219.1 90 35 7 OH-HHCP
MRM3
377.3 359.3 87 21 12 20H-HHCP
MRM1
377.3 341.3 90 35 7 20H-HHCP
MRM2
377.3 219.1 90 35 7 20H-HHCP
MRM3

Note: A dwell time of 20 ms for every transition was applied.
Abbreviations: CE: collision energy, CXP: cell exit potential, DP: declustering
potential.

The samples were analyzed on an 8890 gas chromatograph
with a 7693A autosampler coupled to a 5977B mass selective
detector (Agilent, Basel, Switzerland). Data were acquired
with MassHunter Workstation GC/MS Data Acquisition
(Version 10.1.49) and analyzed with Enhanced ChemStation
(F.01.03.2357) (Agilent). Chromatographic separation was per-
formed on a 5% phenylmethylsiloxane column (HP-5ms Ultra
Inert, 30m, 250 um i.d., 0.25-um film thickness; Agilent J&W).
Helium with a constant flow of 1 mL/min was used as a carrier
gas. Chromatography occurred in pulsed splitless mode; injec-
tion volume was 1uL. The oven temperature was set to 80°C
at the beginning and was ramped with 10°C/min to 300°C and
held for 1min, resulting in a total separation time of 23 min.
The quadrupole temperature was set to 150°C, and the source

temperature to 230°C. The mass spectra (electron impact) were
obtained with an ionization energy of 70eV. The scan range was
from m/z 40 to 650 with a scan speed of 1.562s7%.

1.5 | Fragmentation Behavior of HHCP
and Metabolites

The product ion spectrum of HHCP shows fragment ions, which
are characteristic for cannabinoids. Figure 1 shows the MS/
MS spectrum of (9R)-HHCP. The epimer (95)-HHCP shows the
same spectrum (spectrum found in Figure S2).

The fragments can be divided into those that originate from
the alicyclic part or from the aromatic part of the molecule.
Hydroxylated HHCP show similar fragment ions to HHCP,
which are shifted by +16 Da. Often only the dehydrated fragment
ion is visible in the spectrum (shifted by —2Da). Occurrence of
the shifted fragments allows the determination of the hydroxyl-
ation position.

1.5.1 | Fragment Ions From the Alicyclic Part

The fragment ions m/z 137, m/z 95, and m/z 81 originate from
the alicyclic moiety as shown in Figure 1. Hydroxylation on this
part leads to the fragment ions m/z 153 and m/z 135.

1.5.2 | Fragment Ions From the Aromatic Part

The fragment ion m/z 289 is formed after elimination of iso-
butene, it is barely visible. The dihydrochromenylium ion m/z
261 is low abundant as well. An ion with the same m/z (m/z
261) might also result from the McLafferty rearrangement on
the side chain. The fragment m/z 221 is the main fragment ion
of HHCP. The resulting benzylium/tropylium ion is very stable.
Occurrence of the ion m/z 219 in similar abundance is an indi-
cator for side-chain substitution, especially when its hydrate, the
ion m/z 237, is still visible. Absence of the ion m/z 123 and the
simultaneous presence of m/z 139 allows determining hydroxyl-
ations on the aromatic positions.

2 | Results

Urine samples of a volunteer who orally ingested 4 mg of HHCP
were negative in immunoassays for THC and metabolites. This
could be explained by poor cross-reactivity for longer alkyl
chain dibenzopyran cannabinoids and their metabolites in im-
munoassays designed for THC and THC metabolites.

LC-QqTOF, LC-QqLIT, and GC-MS were used for metabolite
identification. For the rapid in-house LC-QqTOF screening
method, the urine samples were measured after and prior deglu-
curonidation for the identification of Phase I and Phase II me-
tabolites. Phase I metabolites were bishydroxylated metabolites
of HHCP (M1-M4) and monohydroxylated metabolites (M5 and
M6). Phase II metabolites consisted of HHCP glucuronide, the
glucuronides of bishydroxylated HHCP (M7-M10), and the glu-
curonides of bishydroxylated HHCP (M11-M13). Fragmentation
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FIGURE1 | Production spectrum of (9R)-HHCP.

patterns were elucidated from the exact masses of the molecular
ions and fragments. They are similar to the patterns found in
HHC and its respective metabolites. Metabolite coelution was
an issue with this rapid screening method and therefore a LC-
QqLIT method with a slower gradient was developed to separate
Phase I metabolites.

In the LC-QqLIT method, bishydroxylated metabolites (M14-
M17), monohydroxylated metabolites (M18-M21), and slight
amounts of HHCP were detected. No carboxylated metabolites
were found. Product ion spectra were acquired in EPI mode, and
an MRM method was used for sensitive detection.

Additionally, a GC-MS method after derivatization of the me-
tabolites was developed. The fragmentation mechanisms of
dibenzopyran cannabinoids and their trimethylsilyl ethers with
a similar structure to HHCP have been investigated thoroughly.
HHCP and carboxylated metabolites were not detected. A mono-
hydroxylated metabolite of HHCP was detected, which was
tentatively identified as (9R)-11-OH-HHCP. Additionally, two
bishydroxylated metabolites were detected.

The monohydroxylated metabolites were either hydroxylated
on the alicyclic part or on the heptyl chain of HHCP. The bishy-
droxylated metabolites were hydroxylated once on the alicyclic
part and once on the heptyl chain of HHCP, the minor metab-
olite M9 was an exception, and this bishydroxylated metabo-
lite had two hydroxylation positions on the alicyclic moiety of
HHCP. Their fragmentational behavior is explained later in
the text.

2.1 | LC-QqTOF: Phase I Metabolites

After deglucuronidation of the urine samples, monohydrox-
ylated and bishydroxylated metabolites of HHCP were found.
HHCP was detected as well, but only in small quantities, which
indicates a strong metabolization of HHCP. The chromatogram
of a deglucuronidated urine sample is shown in Figure 2. A

290D210 220 230 240 250 260 270 280 290 300 310 320 330 340 350
m/z, Da

chromatogram of a deglucuronidated urine sample before the
ingestion of HHCP is found in Figure S3. Bishydroxylated HHCP
(M1-M4) and hydroxylated HHCP (M5 and M6) were found in
the sample but no carboxylated metabolites. The spectra of the
metabolites M1-M6 are found in Figures S4-S8.

Three bishydroxylated metabolites of HHCP were identified
with LC-QqTOF. The mass spectrum of metabolite M1 shows the
protonated molecular ion [M +H*]* at m/z 377.2686 (C,,H,,0,™,
—13.3ppm). The base peak is formed after loss of H,O at m/z
359.2581 (C,,H,.,0,*, —1.4ppm), a second loss of H,O can be
observed at m/z 341.2475 (C,,H,,0,*, —0.3ppm). The pheno-
lic hydroxy group remains intact. The hydroxylated tropylium
ion at m/z 237.1485 (C,,H,,0,*, 1.7 ppm) is present and so is the
ion after dehydratization at m/z 219.1380 (C,,H,,0,", 2.7 ppm).
The presence of these tropylium ions show that this metabolite
is monohydroxylated at the side chain, the fragment ions are
shown in Figure S37.

An ion with m/z 285.1849 (C,,H,,O,*, —2.8ppm) is present
which forms after the loss of iso-butene and two H,O, the re-
spective hydrates (m/z 303.1955 [C,,H,,0,*] and m/z 321.2060
[C,oH,,0,*]) are not observed. The chromenylium ion m/z
2571536 (C;,H,,0,*, 7.0ppm) and its hydrate m/z 275.1642
(C,,H,;0,*, —7.3ppm) are characteristic ions. The presence of

thgioifs m/z 135.1168 (C, H,.*, —11.8 ppm) and its hydrate m/z
153.1274 (C, H,,0*, —12.4ppm), which originate from the ali-
cyclic part, indicates a hydroxylation on that part. The ion m/z
93.0699 (C,Hy*, —12.9ppm), which originates from the alicy-
clic part, supports this. However, its hydrate (m/z 111.0804

[C,H,,0*]) was not detected.

Mass spectrum of metabolite M2 shows the same fragment ions
but with different relative intensities, indicating that M2 is hy-
droxylated on the alicyclic part and on the heptyl group. The
same is true for metabolite M3, which shows a similar mass
spectrum. The bishydroxylated HHCP are all hydroxylated on
the chain and the alicyclic moiety of the molecule. A mass spec-
trum for the metabolite M4 was only obtained from the SWATH
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FIGURE 2 | Extracted ion chromatograms of a deglucuronidated urine sample, 10h after oral ingestion of 4-mg HHCP. HHCP (blue), monohy-

droxylated HHCP (red), and bishydroxylated HHCP (green).

acquisition, the spectrum shows the same fragment ions as de-
scribed for M1.

In the mass spectrum of the metabolite M5 a protonated molec-
ular ion of m/z 361.2737 (C,,H,,0,*, —5.0 ppm) can be observed.
Loss of H,O forms the base peak of this spectrum m/z 343.2632
(C;H,0,%, 1.2ppm). An ion of m/z 287.2006 (C,,H,,0,%,
4.5ppm) is present which is formed after the loss of iso-butene
and H,O. The ion at m/z 259.1693 (C,,H,,0,*, —15.0 ppm) might
be a dihydrochromenylium ion with an unsaturated side chain
or the product after McLafferty rearrangement and loss of H,O.
The respective hydrates (m/z 277.1789 [C,,H,.0,*]) are not
observed. The ion m/z 123.0441 (C,H,0,*, —8.1ppm) is also
seen for HHCP. The ions m/z 221.1536 (C,,H,,0,*, —21.3 ppm),
m/z 135.1168 (C,,H,.*, —21.5ppm), and m/z 93.0699 (C,H,*,
—24.7ppm) are observed which might be the fragments of a me-
tabolite which is hydroxylated on the alicyclic moiety. In addi-
tion, the ions m/z 219.1380 (C,,H,,0,*, —5.9 ppm), m/z 137.1325
(C,oH,,* 1.5ppm), and m/z 95.0855 (C,H,;+, 0.0ppm) can be
observed in the mass spectrum. These are likely fragments of a
metabolite, which is hydroxylated on the side chain. The char-
acteristic fragment ions are shown in Figure S38. Coelution of
side-chain hydroxylated and alicyclic hydroxylated metabolites
would explain the presence of all the ions observed in this mass
spectrum. The chromatogram shown in Figure 2 does not show
well-separated peaks, and coelution of several monohydroxyl-
ated and bishydroxylated metabolites is assumed.

The mass spectrum of M6 shows the protonated molecular ion of
m/z 361.2737 (C,,H,,0,*, —1.1ppm). Loss of H,O leads to an ion

of m/z 343.2632 (C,,H,,0,*, 0.6ppm). An ion of m/z 287.2006
(C,,H,,0,*, —3.5ppm) is observed which forms after fragmen-
tation of iso-butene and H,0. The dihydrochromenylium ion of
m/z 261.1849 (C,,H,.0,%, —=13.4ppm) is observable. Base peak
of this spectrum is the tropylium ion m/z 221.1536 (C ,H,,0,%,
—3.2ppm). It indicates that this molecule has no hydroxyl group

on the side chain. This can also be seen from the fragments

resulting from the fragmentation of the alicyclic part m/z93.0699
(C,Hy*, 0.0ppm) and m/z 135.1168 (C,,H,;*, —9.6 ppm); the re-
spective hydrates (m/z 111.0804 [C,H,,0*] and m/z 153.1274
[C,,H;,0,*]) are not observed. The dihydrochromenylium ion of
m/z 261.1849 (C,,H,.0,*) allows determining the hydroxylation
position of this molecule even narrower at positions Céa, C7, or
C8. Positions C7 and C8 seem more likely. The characteristic
ions are shown in Figure S39. Metabolic hydroxylation at the
gem-dimethyl carbons (C12 or C13) of similar compounds were
only observed for abnormal cannabinoids. Brown and Harvey
found hydroxylation at these positions in mouse liver after ap-
plication of abn-A3-THC-C1 [19].

2.2 | LC-QqTOF: Phase II Metabolites

Extracted ion chromatograms of a urine sample 10h after
the ingestion of 4-mg HHCP, which was not treated with (8-
glucuronidase shows HHCP, four bishydroxylated HHCP
(M7-M10), and three hydroxylated HHCP (M11-M13) as their
glucuronides as seen in Figure 3. A chromatogram with the
same traces from a urine sample before the self-experiment is
found in Figure S9.

Protonated HHCP glucuronide m/z 521.3109 (C,,H,.O.*,
—5.0ppm) is detected at 7.05min. The elimination of two H,0
molecules can be observed (m/z 485.2898 [C, H,,0,*], 7.6 ppm),
which is probably due to the dehydration of the glucuronide
moiety. Base peak of this spectrum is the protonated HHCP
of m/z 345.2788 (C,;H,,0,*, —3.5ppm), which forms after loss
of dehydrated glucuronide. The same fragments with low m/z
values as in HHCP are present but of lower abundancy. These
are the tropylium ion of m/z 221.1536 (C,,H,,0,*, —14.5ppm),
the methyl-isopropenyl disubstituted cyclohexylium ion (m/z
137.1325 [C, H,,*], =11.7 ppm), and the methylcyclohexenylium
ion (m/z 95.0855 [C,H,,*], —12.6 ppm). The corresponding spec-
trum is found in Figure S10.
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FIGURE 3 | Extracted ion chromatograms in an untreated urine sample, 10h after oral consumption of 4-mg HHCP. HHCP (blue), HHCP glucu-
ronide (purple, HHCP Glu), monohydroxylated HHCP (red, HHCP OH), monohydroxylated HHCP glucuronide (yellow, HHCP OGlu), bishydroxyl-
ated HHCP (green, HHCP 20H), and bishydroxylated HHCP glucuronide (pink, HHCP OGlu OH). Peaks at 5.18 (purple), 5.58 (blue), and 5.98 min

(green) also appear in a urine sample before the ingestion of HHCP.

Four metabolites (M7-M10) were detected that are likely bishy-
droxylated HHCP glucuronides (spectra found in Figures S11-
S14). The mass spectrum of M7 shows a very abundant molecular
ion as base peak (m/z 553.3007 [C,gH,.O,,*], —9.4ppm). After
loss of the glucuronide moiety, a protonated bishydroxylated
HHCP (m/z 377.2686 [C,,H,,0,*], —=51.4ppm) remains. Its an-
hydrate m/z 359.2581 (C,,H,,0,*, —24.2ppm) is also present,
resulting from the loss of H,0. The tropylium ion m/z 219.1380
(C,,H,4,0,%, 18.7ppm) is the only indicator that this metabolite is

hydroxylated on the side chain and the alicyclic part.

A mass spectrum of the metabolite M8 was only obtained by
SWATH acquisition mode. The characteristic ions are the mo-
lecular ion m/z 553.3007 (C,,H,O,,*, 11.4 ppm), loss of glucuro-
nide m/z 377.2686 (C,,H,,0,*, 4.2 ppm), loss of glucuronide and
H,0 m/z 359.2581 (C,,H,,0,*, —7.5 ppm), and the tropylium ion
m/z 219.1380 (C,,H,,0,%, —11.9ppm), indicating that this me-

tabolite is hydroxylated on the side chain and the alicyclic part.

The mass spectrum of the minor metabolite M9 shows the mo-
lecular ion m/z 553.3007 (C,,H,,0,*, 58.4 ppm), loss of glucuro-
nide m/z 377.2686 (C,,H,,0,*, 0.0 ppm), loss of glucuronide and
H,0 m/z 359.2581 (C,,;H,.0,*, —14.2 ppm), further loss of H,O
m/z 341.2475 (C,,H,,0,*, 48.6 ppm), and the tropylium ion m/z
221.1536 (C,,H,,0,*, —1.8 ppm). This metabolite is bishydroxyl-
ated on the alicyclic part.

The mass spectrum of the minor metabolite M10 shows the mo-
lecular ion m/z 553.3007 (C,,H,,0,*, —19.5ppm). Base peak of
the spectrum is a protonated bishydroxy-HHCP of m/z 377.2686
(C,3H,,0,*,2.9ppm). Dehydration of the base peak might be pres-
ent, an ion of m/z 359.2581 (C,,H,.0,*, —26.7ppm) is observed.
The tropylium ion with a hydroxyl group on the side chain is
observable (m/z 237.1485 [C ,H,,0,*], —=10.1 ppm). Interestingly,
the dehydrated tropylium ion m/z 219.1380 (C,,H,,0,*) was not
observed. This metabolite possesses a hydroxy group on the side

chain and another one on the alicyclic moiety of the molecule.

The hydroxylated HHCP glucuronides are found at retention
times of 5.94 (M11), 6.20 (M12), and 6.33min (M13) (spectra
are found in Figures S15-S18). Mass spectrum of the metab-
olite M12 shows a quite intensive protonated molecular ion of
m/z 537.3058 (C,,H,,O,*, —6.7 ppm). Three losses of H,O are

29774579 2

observed (m/z 519.2952 [C, H,,0,*], 3.5ppm; m/z 501.2831

[C,,H,0,"], —3.2ppm; and m/z 483.2774 [C,H,,0."],
6.8ppm). Protonated monohydroxy HHCP (m/z 361.2737
[C,;H,,0,*], —6.6ppm) and its anhydrate (m/z 343.2632
[C,;H,.0,"], —0.9ppm) are present, the latter forms the base
peak of the spectrum. The ions m/z 287.2006 (C,,H,,0,*,
0.0ppm), m/z 259.1693 (C,,H,,0,*, ~7.3ppm), m/z 221.1536
(C,,H,,0,%, =5.0ppm), and m/z 135.1168 (C, H,;*, —=3.7 ppm)
indicate a metabolite with hydroxylation on the alicyclic moi-
ety. But the ions m/z 261.1849 (C,;H,.0,*, 16.5ppm), m/z
219.1380 (C,,H,,0,*, —4.6ppm), and m/z 137.1325 (C, H,,",
4.4ppm), which indicate a side-chain hydroxylated metabolite,
are also present. Coelution of metabolites would explain this

finding.

Mass spectrum of the metabolite M13 shows the protonated mo-
lecular ion of m/z 537.3058 (C,,H,,O,*, 11.9ppm). Protonated
monohydroxy HHCP (m/z 361.2737 [C,;H,,0,*], —6.4ppm)
forms the base peak of this spectrum. The tropylium ion (m/z
221.1536 [C,,H,,0,*], 8.1 ppm), the hydroxycyclohexylium ion
(m/z 153.1274 [C, ,H,,O0%], —4.6ppm), and its anhydrate (m/z
135.1168 [C, H,.*], 14.1ppm) indicate that this metabolite is
hydroxylated on the alicyclic part of the molecule. The ion m/z
287.2006 (C,4H,,0,*, 2.8 ppm), which forms after the elimina-
tion of iso-butene and H,0, is of quite high intensity compared
to the similar ion m/z 289.2162 (C, H,,0,*) from the fragmenta-
tion of HHCP which indicates high stability due to conjugation
of the ion.

The mass spectrum of the metabolite M10 also consists of
coelution of side-chain hydroxylated and alicyclic hydroxyl-
ated HHCPs.
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2.3 | LC-QqLIT Analysis

A chromatogram from the deglucuronidated urine sample 15h
after oral ingestion of 4-mg HHCP is shown in Figure 4. The
chromatograms of the urine sample before and 10h after the in-
gestion of HHCP are found in Figures S19 and S20. HHCP was
barely detected after deglucuronidation (30.2min). An intense
metabolite with the transitions m/z 361.3 - m/z 343.3 and m/z
361.3 - m/z 221.2 is detected at 20.4min. This compound is a
monohydroxylated HHCP, which is hydroxylated at the alicyclic
part. Several compounds with the transitions m/z 361.3 - m/z
343.3 and either m/z 361.3 = m/z 221.2 or m/z 361.3 - m/z 219.1
are detected between 16.5 and 19.0min, which are not baseline
separated, indicating that several monohydroxylated species
are formed during metabolism. Two intense metabolites with
characteristic mass transitions of m/z 377.3 - m/z 359.3 and
m/z 377.3—m/z 219.1 are seen at 6.4 and 6.7 min, respectively.
These correspond to bishydroxylated species. EPI spectra of the
precursor m/z 377.3 show the same ions as described in the LC-
QqTOF analysis part.

2.4 | LC-QqLIT Bishydroxylated Metabolites

Four bishydroxylated metabolites (M14-M17) are found in the
chromatogram at 4.9, 5.2, 6.4, and 6.8 min (mass spectra are in-
cluded in Figures S21-S24). In addition, several minor metabo-
lites are present, which might result from isomeric impurities of
the ingested HHCP sample. The peak at 9.0 min results from the
matrix, as it is also present in the urine sample collected before
the self-administration of HHCP.

The product ion spectrum of M14 shows fragment ions, which
seem to be not characteristic for bishydroxylated HHCP, this
might be a bishydroxylated metabolite of an HHCP isomer
which are present in the ingested HHCP sample. M15 shows
a few characteristic ions but might also result from an isomer,
the tropylium ion (m/z 219) is also of a quite low abundance.
The product ion spectra of the major metabolite M16 shows

2 OH-HHCP
5500
M17
5000 6.78
Matrix

4500 9,02
4000 M16

M14 o5
3500 490 OH-HHCP

the molecular ion (m/z 377.13) as base peak. Two losses of H,0
can be observed (m/z 359.22 and 341.25) which are the intro-
duced hydroxyl groups. A very abundant tropylium ion with an
unsaturated side chain is seen at m/z 219.09. In addition, the
chromenylium ion with an unsaturated side chain (m/z 257.14)
and its hydrate (m/z 275.11) are present, confirming that a hy-
droxylation position is present on the side chain and another one
on the alicyclic moiety of the metabolite. A product ion spectrum
of M16 is depicted on Figure 5.

The product ion spectrum of M17 shows the molecular ion (m/z
377.17). The tropylium ion (m/z 219.19) indicates a hydrox-
ylation position on the side chain and the fragment ion (m/z
134.98) indicates a hydroxylation position on the alicyclic part
of the molecule.

2.5 | LC-QqLIT Monohydroxylated Metabolites

The product ion spectrum of the metabolite M18 shows the ion
m/z 219 indicating a side-chain hydroxylated HHCP. In the
product ion spectra of M19 and M20, no characteristic ions were
identified; instead, other ions are found. These compounds are
not found in the blank urine chromatogram and are therefore
likely metabolites of HHCP isomers, which were present in the
ingested sample. The product ion spectrum of M21 (Figure 6)
shows a very abundant ion of m/z 221. The metabolite M21 is
likely (9RS)-11-OH-HHCP, as it shows a similar chromato-
graphic behavior to the homologs (9RS)-11-OH-HHC [10]. It
elutes after side-chain hydroxylated metabolites in similar
chromatographic conditions. The major fragment ion is the
tropylium ion m/z 221 (m/z 193 for the homolog (9RS)-11-OH-
HHC), and the fragment ion after loss of water m/z 343 (m/z
315 for the homolog) is barely visible. The product ion spectrum
is similar to the homolog (9R)-11-OH-HHC; the molecular ion
(m/z 361) and main fragment ions (m/z 287, m/z 235 and m/z
221) are shifted by the mass of ethylene (C,H,, +28 Da). The
product ion spectra of the metabolites M18-M21 are included
in Figures S25-S28.

@ +MRM: 11-OH-THC-D3 MRM 1 (334.2/ 316.2)
@ +MRM: 11-OH-THC-D3 MRM 2 (334.2 / 196.2)
@ +MRM: THC-COOH-D3 MRM 1 (348.2/ 330.2)
@ +MRM: THC-COOH-D3 MRM 2 (348.2 / 302.2)
@ +MRM: THC-D3 MRM 1 (318.2 / 196.3)

@ +MRM: THC-D3 MRM 2 (318.2/ 123.0)
@+MRM : HHCP MRM 1 (345.3 / 221.2)
O+MRM: HHCP MRM 2 (345.3 / 123.0)

2 ©+MRM: OH-HHCP MRM1 (361.3 / 343.3)
© 3000 @ +MRM: OH-HHCP MRM2 (361.3/221.2)
z @ +MRM: OH-HHCP MRM3 (361.3/219.1)
S 2500 M15 O +MRM: 20H-HHCP MRM1 (377.3 / 359.3)
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FIGURE4 |

Extracted ion chromatograms for characteristic mass transitions of HHCP (yellow, orange), monohydroxylated HHCP (green shades)

and dihydroxylated HHCP (cyan, blue). Chromatogram shows a deglucuronidated urine sample collected 15h after oral ingestion of 4-mg HHCP.
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FIGURES5 | Production spectrum of the metabolite M16. A bishydroxylated metabolite of HHCP.
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FIGURE 6 | Production spectrum of the metabolite M21. Tentatively identified as (9R)-11-OH-HHCP.

2.6 | GC-MS of HHCP-TMS

The mass spectra of (9R)-HHCP and (9S)-HHCP are identical.
Formation of the relevant ions were discussed previously [9].
Major ions are the molecular ion ([M]*, m/z 344), loss of a propyl
radical ([M-C,H,']*, m/z 301), and the tropylium ion ([M-123']*,
m/z 221). Loss of n-hexene from a McLafferty rearrangement
(IM-C.H,,|*, m/z 260) is the base peak of their spectra. The un-
natural diastereomer cis-HHCP ((6aS,9R,10aR)-configuration)
shows the same mass spectrum [9].

Mass spectra of the trimethylsilylated (9R)- and (9S)-HHCP are
indistinguishable. They show similar fragments with similar in-
tensities as the underivatized samples but shifted by 72Da (-H,
+Si(CH,),). The base peak is a radical cation with m/z 332, which

results from the loss of n-hexene after McLafferty rearrange-
ment. Loss of the methyl radical ([M-CH,’]*, m/z 401) is more
prominent than in the fragmentation of underivatized HHCP.
The same fragmentation pathways are suggested as for under-
ivatized HHCP and other well-characterized cannabinoids and
their trimethylsilyl ethers [9, 20-23]. Figure 7 shows an EI mass
spectrum of trimethylsilylated (9S)-HHCP. Spectra and XIC (m/z
416) of (9R)- and (9S)-HHCP-TMS are included in Figures S29
and S30.

No HHCP-TMS was detected in the urine samples using this
GC-MS method, indicating excessive metabolization of the par-
ent compounds. Figure 8 shows that the derivatized urine sam-
ple, which was taken 10 h after oral ingestion of 4-mg HHCP, has
no detectable amount of HHCP.
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2.7 | GC-MS of Monohydroxylated Metabolites

Extracted ion chromatogram of m/z 504 showed an intense peak
at 21.83min (see Figure S31). The corresponding spectrum is
found in Figure S32. This molecule is presumably a hydroxylated
HHCP (2xTMS). The mass spectrum shows characteristic frag-
ments, which are shown in Figure S40. The molecular ion (m/z
504) forms the base peak. Elimination of a methyl radical (m/z
489) is present but of low intensity. The ion resulting from the
McLafferty rearrangement is of a quite high abundance (m/z 420).
A chromenylium ion (m/z 371) and a tropylium ion (m/z 293) with
high intensity are present. The tropylium ion shows that the mole-
cule had no hydroxyl group at the side chain. These fragments can
be tentatively assigned to a structure using the spectra of monohy-
droxylated HHC TMS derivatives [21]. The ions and their relative
abundances are similar to the respective ions of the TMS derivative
of (9R)-11-OH-HHC. The ion from the McLafferty rearrangement
remains the same (m/z 420). The other ions are shifted by m/z 28
due to a longer alkyl chain. This metabolite is therefore tentatively
identified as (9R)-11-OH-HHCP.

2.8 | GC-MS of Bishydroxylated Metabolites

In contrast to HHC, a significant amount of HHCP is bishydrox-
ylated. Two metabolites were identified that are likely bishydrox-
ylated HHCP as shown in Figure S33 (their spectra are found in
Figures S34 and S35). These two compounds show the ions m/z
420 from the McLafferty rearrangement indicating that the alicy-
clic moiety is monohydroxylated. In addition, the tropylium ions
m/z 381 and its fragment ion m/z 291, which forms after the loss of
TMSOH, are present. This indicates that there is a hydroxylation
position on the side chain as well. The formation of the ions m/z
449 and m/z 562 is unknown. Extracted ion chromatograms of the
appearing ions show that these ions coelute with the characteristic
ions. The characteristic ions of the trimethylsilyl ethers of bishy-
droxylated HHCP are shown in Figure S41.

Retention times, Kovats indices, and the relevant ions of the
trimethylsilyl ethers of HHCP and their detected metabolites
are summarized in Table 2. A chromatogram of the n-alkane

TABLE 2 | Chromatographic data and relevant ions of the TMS
derivatives of HHCP and their metabolites.

RT Relevant
Name (min) RRI ions (Da)
(9R)-HHCP-TMS 19.58 2546 416, 401, 373,
332,293
(9S)-HHCP-TMS 20.08 2610 416, 401, 373,
332,293

HHCP-OH 2xTMS 21.82 2850 504,420, 371, 293

HHCP-2xOH 23.15 3029 592, 562, 420, 291
3xTMS

HHCP-2xOH 23.51 3072 592, 449, 420,
3xTMS 381, 291

Abbreviations: RRI: relative retention index (Kovats index), RT: retention time.

standard (C7-C40) used for the calculation of the Kovats indices
is found in Figure S36.

3 | Discussion

No cross-reactivities were observed from the urinary metabo-
lites in the immunoassay for A°>~THC-COOH. This is in contrast
to the human metabolites of HHC which show positive results
in urine [10-15], whole blood [24], serum [11], and saliva [11].
(9S)-HHCP and (9R)-HHCP were only found in small amounts
in urine after consumption, which indicates a strong metabolic
degradation. It is however unlikely that the small amount of
HHCP epimers are responsible for the negative immunoassay
results. Their cross-reactivity in THC immunoassays is rather
weak [13, 16, 25].

The HHCP sample, which was consumed in this study, was pre-
viously characterized, and it was found that in addition to (9R)-
HHCP and (9S)-HHCP, other regioisomers and stereoisomers
were present [9]. These isomeric compounds are probably metab-
olized in a similar way. It is therefore not clear whether any of the
metabolites described originate from the metabolism of an impu-
rity in the recreational HHCP product. However, most of the im-
purities in the HHCP product are present in very small quantities.

No carboxylic metabolites were found in urine after a single con-
sumption of 4-mg HHCP. This is in accordance with the very low
amount of 11-nor-9-carboxy-HHC in urine found after a single
oral dose of 20-mg HHC [10]. This is also consistent with a study
in which the hepatic metabolites of A°-tetrahydrocannabiphorol
(A°-THCP) were analyzed in mice. The study showed that he-
patic metabolites of A°THCP in mice were mainly hydroxylated
compounds containing one to four hydroxyl groups. In contrast
to A°-THC, carboxy metabolites of A>THCP were present only
in small amounts, although THCP has allylic positions that can
be easily hydroxylated in vivo [26].

Polyhydroxylated metabolites of A°THC in human are known,
but they are only found in small amounts [27, 28]. Only recently,
Lindbom et al. reported on bishydroxylated metabolites of HHC
in urine samples and in incubation experiments with HHCP
using human hepatocytes [17].

The excessive metabolism of HHCP makes it difficult to prove
consumption as the parent drug might not be present in urine
samples. It is assumed that HHCP (LC-QqTOF and LC-QqLIT)
and HHCP-TMS (GC-MS) have a low sensitivity under the mea-
surement conditions used. The same observation was made in
a similar experiment in which HHC was consumed. HHC glu-
curonide was easily detectable using LC-MS, but after deglucu-
ronidation of the urine sample, HHC was barely detected [10].
No forensic markers for HHCP are established yet. Side-chain
hydroxylated metabolites seem to be important forensic markers
for saturated semisynthetic cannabinoids like HHC and HHCP
[10, 14, 17].

In comparison to the recent study on the metabolites of (9R)-
HHCP from incubation experiments with human hepatocytes,
only monohydroxylated and bishydroxylated metabolites or their
glucuronides were observed in the urine samples [17]. Differences
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between in vitro and in vivo experiments are to be expected. A
single small dose of HHCP would also lead to a different metabolic
profile than a regular intake of HHCP. This was seen in a similar
experiment with HHC where the respective carboxylic acids were
only detected at a small level in urine [10]. Whereas urine samples
of regular users from other studies have shown positive results for
11-nor-(9R)-carboxy-HHC or 11-nor-(9S)-carboxy-HHC [29, 30].
The carboxy metabolites of HHC were also found in human blood
[24, 31]. It was recently shown that the carboxy metabolites of
HHC are minor metabolites of A°-tetrahydrocannabinol [32].

4 | Conclusions

At this stage, it is unclear which of the identified metabolites
originate from (9R)-HHCP and (9S)-HHCP. The isomers and
unreacted intermediates, which are present in the synthetic
sample, are also excreted from the body after metabolism.
One can expect that the metabolites of cis-HHCP are similar
to the metabolites of (9R)-HHCP and (9S)-HHCP. Some of the
identified metabolites might also originate from cis-HHCP.
Composition of isomeric substance are highly dependent on
the synthetic route, measures for stereochemical control, and
for purification of the HHCP before sale. In order to maximize
profit in an unregulated market, it can be expected that these
control measures are rather low.

Monohydroxylated and bishydroxylated HHCP and their glucu-
ronides are recommended as forensic markers for HHCP con-
sumption. (9R)-11-OH-HHCP was the only tentatively identified
metabolite but not the most abundant. The same metabolites
were recommended as forensic markers for HHCP consumption
after incubation experiments with human hepatocytes [17]. In
addition, it should be noted that due to low cross-reactivity, sam-
ples from real cases might show negative results for cannabi-
noids when tested with immunoassays.
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