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Abstract
Purpose Recently, the opioid epidemic has become a serious problem, particularly in North America and Europe. The aim 
of this study was to clarifyQuery the metabolic fate of a new synthetic opioid furanylfentanyl.
Methods The metabolism of furanylfentanyl was investigated by incubating fresh human hepatocytes with 10 µM furanylfen-
tanyl at 37 °C for 48 h in an atmosphere of 5%  CO2. After incubation, the culture medium was deproteinized and analyzed 
by liquid chromatography/mass spectrometry.
Results On the chromatogram, four metabolites of furanylfentanyl were presumably detected: 4´-hydroxy-furanylfentanyl, 
β-hydroxy-furanylfentanyl, 4´-hydroxy-3´-methoxy-furanylfentanyl, and a ring-opened carboxylic acid metabolite. These 
newly found metabolites of furanylfentanyl were then definitely identified using chemically synthesized authentic standards.
Conclusions Four metabolites of furanylfentanyl were newly identified. Although it has been proposed over recent years that 
a dihydrodiol metabolite, which has the same molecular weight as the ring-opened carboxylic acid metabolite, is formed 
from furanylfentanyl, this study demonstrated that the ring-opened carboxylic acid metabolite, rather than the dihydrodiol 
metabolite, is formed from furanylfentanyl.
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Introduction

Recently, the opioid epidemic has become a serious prob-
lem, particularly in the United States, causing many opioid-
related deaths. According to the annual report of the United 
Nations Office on Drugs and Crime (UNODC), 47,600 peo-
ple died from opioid use in 2017 in the United States [1]. 
Among the opioids, fentanyl analogs have gained popularity 
in the drug market in recent years [2]. Furanylfentanyl is a 
new fentanyl analog that has a furan ring in its structure 
(Fig. 1), and is said to be pharmacologically more active 
than fentanyl [3]. Furanylfentanyl appeared in the United 
States in 2015 for the first time, and from December 2015 to 
September 2016, a total of 494 cases relevant to furanylfen-
tanyl were reported [4]. In addition, acute intoxication cases 
associated with furanylfentanyl were reported by several 

European countries [5]. According to the increasing public 
health concern caused by this drug, furanylfentanyl has been 
controlled under the United Nations Single Convention on 
Narcotic Drugs of 1961.

Several reports of the metabolism of furanylfentanyl 
have been published. Goggin et al. analyzed urine samples 
obtained from furanylfentanyl users and detected 4-anilino-
N-phenethylpiperidine (4-ANPP), 4-ANPP-sulfate, and a 
unique dihydrodiol metabolite as the metabolites of fura-
nylfentanyl (Fig. 2) [6]. In addition, Watanabe et al. reported 
that 4-ANPP and the dihydrodiol metabolite were formed 
from furanylfentanyl in human hepatocytes [7]. However, in 
the reports mentioned above, the metabolites were merely 
presumed based on their product ion spectra and/or their 
behavior in liquid chromatography/mass spectrometry (LC/
MS), and were never confirmed using authentic standards.

In this study, furanylfentanyl was metabolized by fresh 
human hepatocytes isolated from human liver chimeric 
mice [8] and its metabolites were definitely identified using 
authentic standards of the presumed metabolites, which were 
chemically synthesized here.
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Materials and methods

Chemicals and reagents

Fresh human hepatocytes (PXB-cells™, seeded in a 24-well 
plate, 2.1 × 105 cells/cm2) and the culture medium for these 
cells were purchased from PhoenixBio (Higashihiroshima, 
Japan). Helix pomatia β-glucuronidase/aryl sulfatase 
(β-glucuronidase, 32 units/mL; aryl sulfatase, 102 units/mL) 
was purchased from Merck (Darmstadt, Germany). All other 
reagents used here were of analytical grade.

Synthesis of authentic standards 
of the furanylfentanyl metabolites

All synthesized standards were confirmed by high-reso-
lution (HR) positive electrospray ionization (ESI) mass 
spectrometry (MS) and nuclear magnetic resonance (NMR) 
spectroscopy. HR-ESI mass spectra were obtained using a 
time-of-flight mass spectrometer (6530 Q-TOF, mass reso-
lution in excess of 14,000 (FWHM) at m/z 322.0481, Agi-
lent Technologies, Santa Clara, CA, USA). Mass accura-
cies were < 5 ppm for all compounds. NMR spectra were 

recorded on an NMR spectrometer (JNM-ECA600; JEOL, 
Akishima, Japan). Tetramethylsilane was used as an internal 
standard.

N‑Phenyl‑N‑[1‑(2‑phenylethyl)piperidin‑4‑yl]
furan‑2‑carboxamide (Furanylfentanyl)

Furanylfentanyl was synthesized in our laboratory as 
reported previously [9].

N‑Phenyl‑N‑(piperidin‑4‑yl)furan‑2‑carboxamide 
(Nor‑furanylfentanyl)

1-Benzyl-4-piperidone was condensed with aniline, and the 
resulting imine was reduced using sodium borohydride, as 
reported previously, to obtain N-phenyl-1-benzyl-4-piperid-
inamine [10]. A mixture of 300 mg of N-phenyl-1-benzyl-
4-piperidinamine (1.1 mmol), 300 mg of 2-furoyl chloride 
(2.3 mmol), and 300 μL of pyridine in 10 mL of tetrahydro-
furan was heated at 90 °C for 20 h. Water was added to the 
reaction mixture and the solution was acidified with 3 M 
hydrochloric acid and extracted with chloroform. The sol-
vent was evaporated to dryness under vacuum, and the resi-
due was dissolved in a small amount of methanol, followed 
by the addition of water. The solution was made basic with 
ammonium hydroxide, then extracted with chloroform. The 
solvent was evaporated to dryness under vacuum, and the 
residue was purified by flash chromatography (column, silica 
gel; solvent, chloroform/ethyl acetate) to obtain 275 mg of 
N-phenyl-N-[1-benzylpiperidin-4-yl]furan-2-carboxamide 
(0.76 mmol, 69%).

To the solution of 170 mg of N-phenyl-N-[1-benzylpi-
peridin-4-yl]furan-2-carboxamide (0.47 mmol) in 6 mL of 
dichloromethane that was cooled in an ice bath, 135 mg of 
1-chloroethyl-chloroformate (0.94 mmol) was added and the 
mixture was stirred for 60 min at room temperature. The 
solvent was evaporated to dryness under vacuum and the 
residue was dissolved in 5 mL of methanol and refluxed 

Fig. 1  Chemical structure of furanylfentanyl

Fig. 2  Metabolic pathway of 
furanylfentanyl proposed previ-
ously
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for 30 min. The solvent was evaporated to dryness under 
vacuum and the residue was purified by flash chromatog-
raphy (column, silica gel; solvent, chloroform/methanol). 
The residue was dissolved in chloroform and back-extracted 
using 3 M hydrochloric acid. The aqueous layer was basified 
with 10 M sodium hydroxide solution, then extracted with 
chloroform. The solvent was evaporated to dryness under 
vacuum to obtain 117 mg of N-phenyl-N-(piperidin-4-yl)
furan-2-carboxamide (nor-furanylfentanyl) as a white solid 
(0.43 mmol, 91%).

Nor-furanylfentanyl (free base)—measured accurate mass 
of protonated molecule: 271.1430 (exact mass, 271.1441; 
mass accuracy, 4.1 ppm). 1H-NMR  (CD3OD) δ: 1.43 (2H, 
qd, J = 4.2 Hz, 12.4 Hz), 1.91 (2H, br d, J = 12.0 Hz), 2.72 
(2H, td, J = 2.6 Hz, 12.6 Hz), 3.04–3.09 (2H, m), 4.78 
(1H, tt, J = 3.9 Hz, 12.1 Hz), 5.52 (1H, br s), 6.24 (1H, dd, 
J = 1.2 Hz, 3.6 Hz), 7.23–7.28 (2H, m), 7.46 (1H, br s), 
7.47–7.52 (3H, m).

N‑Phenyl‑N‑[1‑[2‑(4‑hydroxyphenyl)
ethyl]piperidin‑4‑yl]furan‑2‑carboxamide 
(4´‑Hydroxy‑furanylfentanyl)

A mixture of 40 mg of nor-furanylfentanyl (0.15 mmol), 
90 mg of 2-(4-benzyloxyphenyl)-ethyl methanesulfonate 
(0.29 mmol, prepared from 2-(4-benzyloxyphenyl)-ethanol) 
[11], and 80 mg of potassium carbonate in 6 mL of etha-
nol was heated at 90 °C for 20 h. Water was added to the 
reaction mixture; subsequently, the solution was basified 
with ammonium hydroxide and extracted with chloroform. 
The solvent was evaporated to dryness under vacuum and 
the residue was purified by flash chromatography (column, 
silica gel; solvent, chloroform/methanol), to obtain 37 mg 
of 4-benzyloxy-furanylfentanyl (0.077 mmol, 51%). This 
37 mg sample of 4-benzyloxy-furanylfentanyl (0.077 mmol) 
was dissolved in the mixture of 0.31 mL of thioanisole and 
1.03 mL of trifluoro acetic acid, which was then stirred at 
room temperature for 3 h. Water was added to the reac-
tion mixture, the pH of the solution was adjusted to 9 with 
ammonium hydroxide, and the mixture was extracted with 
chloroform/2-propanol (3:1). The solvent was evaporated to 
dryness under vacuum and the residue was purified by flash 
chromatography (column, silica gel; solvent, chloroform/
methanol). The residue obtained was converted to hydro-
chloride salt by the addition of concentrated hydrochloric 
acid/methanol (1:9), and the hydrochloride salt was precipi-
tated by adding diethylether, to obtain 17 mg of N-phenyl-
N-[1-[2-(4-hydroxyphenyl)ethyl]piperidin-4-yl]furan-2-car-
boxamide (4´-hydroxy-furanylfentanyl) hydrochloride as a 
white powder (0.040 mmol, 52%).

4´-Hydroxy-furanylfentanyl hydrochloride—measured 
accurate mass of protonated molecule: 391.2009 (exact 
mass, 391.2016; mass accuracy, 1.8  ppm). 1H-NMR 

 (CD3OD) δ: 1.83 (2H, br q, J = 11.4 Hz), 2.24 (2H, br d, 
J = 13.2 Hz), 2.87–2.91 (2H, m), 3.16–3.26 (4H, m), 3.66 
(2H, br d, J = 10.8  Hz), 5.63 (1H, br s), 6.27 (1H, dd, 
J = 1.5 Hz, 3.3 Hz), 6.74 (2H, d, J = 8.4 Hz), 7.07 (2H, d, 
J = 9.0 Hz), 7.31–7.34 (2H, m), 7.49 (1H, br s), 7.52–7.56 
(3H, m). A proton signal (4.9 ppm) was overlapped with the 
signal derived from the solvent.

N‑Phenyl‑N‑[1‑(2‑hydroxy‑2‑phenylethyl)
piperidin‑4‑yl]furan‑2‑carboxamide 
(β‑Hydroxy‑furanylfentanyl)

A mixture of 20 mg of nor-furanylfentanyl (0.074 mmol), 
23 mg of phenacyl chloride (0.15 mmol), and 10 mg of 
sodium bicarbonate in 2 mL of ethanol was heated at 90 °C 
for 3 h. After cooling the reaction mixture to room tem-
perature, 26 mg of sodium borohydride (0.69 mmol) was 
added and the solution was stirred for 30 min. Water was 
added to the reaction mixture, which was then basified with 
ammonium hydroxide and extracted with chloroform/2-pro-
panol (3:1). The solvent was evaporated to dryness under 
vacuum and the residue was purified by preparative thin-
layer chromatography (plate, silica gel; solvent, chloroform/
ethyl acetate (1:1)). The purified product was converted to 
hydrochloride salt as described above, to obtain 17 mg of 
N-phenyl-N-[1-(2-hydroxy-2-phenylethyl)piperidin-4-yl]
furan-2-carboxamide (β-hydroxy-furanylfentanyl) hydro-
chloride as a white powder (0.040 mmol, 54%).

β-Hydroxy-furanylfentanyl hydrochloride—measured 
accurate mass of protonated molecule: 391.2007 (exact 
mass, 391.2016; mass accuracy, 2.3  ppm). 1H-NMR 
 (CD3OD) δ: 1.89 (1H, br q, J = 13.6 Hz), 1.96 (1H, br q, 
J = 12.8 Hz), 2.20 (1H, br d, J = 12.6 Hz), 2.28 (1H, br d, 
J = 12.6 Hz), 3.17–3.30 (4H, m), 3.69 (1H, br d, J = 11.4 Hz), 
3.86 (1H, br d, J = 9.6 Hz), 4.90–4.98 (1H, m), 5.06 (1H, 
br d, J = 9.0 Hz), 5.62 (1H, br s), 6.27 (1H, dd, J = 2.1 Hz, 
3.3 Hz), 7.30–7.35 (3H, m), 7.36–7.44 (4H, m), 7.49 (1H, 
br s), 7.52–7.57 (3H, m).

N‑Phenyl‑N‑[1‑[2‑(4‑hydroxy‑3‑methoxyphenyl)
ethyl]piperidin‑4‑yl]furan‑2‑carboxamide (4´‑Hydro
xy‑3´‑methoxy‑furanylfentanyl)

A 10 mg sample of 4´-hydroxy-3´-methoxy-furanylfentanyl 
hydrochloride (0.022 mmol, 15%) was prepared from 40 mg 
of nor-furanylfentanyl (0.15 mmol) via the method used for 
the synthesis of 4´-hydroxy-furanylfentanyl.

4´-Hydroxy-3´-methoxy-furanylfentanyl hydrochloride—
measured accurate mass of protonated molecule: 421.2122 
(exact mass, 421.2122; mass accuracy, 0 ppm). 1H-NMR 
 (CD3OD) δ: 1.84 (2H, br q, J = 13.2 Hz), 2.26 (2H, br d, 
J = 12.6 Hz), 2.88–2.93 (2H, m), 3.32 (2H, br t, J = 13.2 Hz), 
3.25–3.30 (2H, m), 3.68 (2H, br d, J = 11.4 Hz), 3.84 (3H, s), 
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4.90–4.97 (1H, m), 5.63 (1H, br s), 6.27 (1H, dd, J = 2.1 Hz, 
3.3 Hz), 6.68 (1H, dd, J = 1.8 Hz, 7.8 Hz), 6.74 (1H, d, 
J = 8.4 Hz), 6.83 (1H, d, J = 1.8 Hz), 7.30–7.34 (2H, m), 
7.49 (1H, br s), 7.51–7.56 (3H, m).

N‑Phenyl‑N‑[1‑(2‑phenylethyl)
piperidin‑4‑yl]‑2‑oxo‑4‑carboxybutanamide 
(Ring‑opened carboxylic acid metabolite, 
ring‑opened‑CBA)

A 95 mg sample of N-phenyl-N-[1-(2-phenylethyl)piperi-
dine-4-yl]-2-hydroxy-4-carboxybutanamide (0.23 mmol, 
68%) was prepared from a 94 mg sample of 1-phenethyl-
N-phenylpiperidin-4-amine (4-ANPP, 0.34 mmol) using a 
method reported previously [9]. To the solution of 40 mg of 
N-phenyl-N-[1-(2-phenylethyl)piperidine-4-yl]-2-hydroxy-
4-carboxybutanamide (0.097 mmol) in 4 mL of acetone 
that was cooled in an ice bath, 0.1 mL of the Jones rea-
gent was added. The solution was then sonicated at room 
temperature for 30 min. The Jones reagent was prepared as 
follows: to 1 mL of water that was cooled in an ice bath, 
0.5 mL of concentrated sulfuric acid was added, followed 
by the incorporation of 0.5 g of chromium (VI) oxide and 
1.2 mL of water. The reaction mixture was extracted with 
chloroform/2-propanol (3:1). The solvent was evaporated 
to dryness under vacuum and the residue was purified by 
flash chromatography (column, silica gel; solvent, chloro-
form/methanol), to obtain 15 mg of N-phenyl-N-[1-(2-phe-
nylethyl)piperidin-4-yl]-2-oxo-4-carboxybutanamide (ring-
opened carboxylic acid metabolite (ring-opened CBA)) as a 
clear oil (0.037 mmol, 38%).

Ring-opened CBA (free base)—measured accurate mass 
of protonated molecule: 409.2120 (exact mass, 409.2122; 
mass accuracy, 0.5 ppm). 1H-NMR (DMSO-d6) δ: 1.33 (2H, 
qd, J = 3.4 Hz, 12.2 Hz), 1.78 (2H, br d, J = 12.0 Hz), 2.05 
(2H, t, J = 11.7 Hz), 2.16 (2H, t, J = 6.6 Hz), 2.45 (2H, t, 
J = 7.5 Hz), 2.65 (2H, t, J = 7.8 Hz), 2.81 (2H, t, J = 6.6 Hz), 
2.95 (2H, br d, J = 12.0  Hz), 4.32 (1H, tt, J = 3.7  Hz, 
11.9 Hz), 7.11–7.18 (3H, m), 7.21–7.29 (4H, m), 7.37–7.42 
(3H, m).

Incubation of PXB‑cells with furanylfentanyl

PXB-cells seeded in a 24-well plate were incubated for 
11 days at 37 °C and 5%  CO2 before the addition of the drug. 
The culture medium was replaced every 2 days. Furanylfen-
tanyl hydrochloride (1 mM, dissolved in dimethylsulfoxide) 
was added to the cells at a final concentration of 10 μM, 
followed by continuous incubation of the cells. The medium 
was sampled 48 h after the addition of the drug and stored 
at − 20 °C until analysis.

LC/MS analysis for the identification 
of the metabolites of furanylfentanyl

To identify the metabolites of furanylfentanyl, the cul-
ture medium was hydrolyzed, deproteinized, and analyzed 
by LC/MS. The culture medium (25 μL) was incubated 
with 15 μL of 0.25 M acetate buffer (pH 5.0) containing 
β-glucuronidase/aryl sulfatase (β-glucuronidase, 0.01 unit) 
at 60  °C for 1.5 h. Acetonitrile (250 μL) was added to 
the hydrolyzed sample and the mixture was vortexed and 
centrifuged at 10,000 × g for 5 min. The supernatant was 
evaporated to dryness under a gentle stream of nitrogen and 
the residue was dissolved in the initial mobile phase (100 
μL) for LC/MS analysis. LC/MS analyses were carried out 
using an Exion LC system connected to a QTRAP 4500 
mass spectrometer (SCIEX, Framingham, MA, USA). The 
conditions were as follows: column, XBridge BEH C18 
(2.1 × 150 mm; particle diameter, 3.5 μm; Waters, Milford, 
MA, USA) maintained at 40 °C; mobile phase composition, 
10 mM ammonium acetate (A) and methanol (B); linear 
gradient mode, 20% to 90% B over 15 min, 90% B for 5 min, 
and 90% to 20% B over 0.1 min; flow rate, 0.2 mL/min; MS 
interface, ESI (positive and negative); analysis mode, scan 
(m/z 100–650), and product ion analysis (ESI-positive mode; 
collision energy 40 eV; precursor ions, protonated molecule 
of each compound).

Results

Synthesis of the metabolites of furanylfentanyl

Five putative metabolites of furanylfentanyl were chemi-
cally synthesized in this study. Nor-furanylfentanyl was 
synthesized by N-debenzylation of the precursor com-
pound. Catalytic hydrogenation is preferably used for 
N-debenzylation, because the procedure is simple and easy 
and the product is usually pure. However, in the present 
case, catalytic hydrogenation was not applicable, because 
the hydrogenation of the furan ring occurs at the same 
time. 1-Chloroethyl-chloroformate is a useful reagent 
for N-dealkylation [12]; therefore, it was used success-
fully for N-debenzylation in this study. On the other hand, 
4´-hydroxy-furanylfentanyl and 4´-hydroxy-3´-methoxy-
furanylfentanyl were synthesized by O-debenzylation 
of the precursor compounds. For the reason detailed 
above, catalytic hydrogenation was not applicable for 
these reactions; however, 4´-hydroxy-furanylfentanyl and 
4´-hydroxy-3´-methoxy-furanylfentanyl were successfully 
synthesized by O-debenzylation using thioanisole/trif-
luoroacetic acid [13]. Ring-opened CBA was synthesized 
by oxidation of the precursor compound, which contains 
a 2-hydroxy-4-carboxy-butanamide moiety. The oxidation 
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of the hydroxyl group of 2-hydroxy-4-carboxy-butanamide 
moiety to 2-oxo-4-carboxy-butanamide moiety was suc-
cessfully achieved using the Jones reagent.

Detection and identification of the metabolites 
of furanylfentanyl

The total ion chromatogram (TIC) and extracted ion chro-
matograms (EICs) under positive ESI mode obtained from 
the culture medium of human hepatocytes incubated with 
furanylfentanyl are shown in Fig. 3. Peaks correspond-
ing to the unchanged furanylfentanyl (peak 1) and its 
four metabolites (peaks 3–6) were detected on the EICs. 
Peaks 3–6 were presumed to be 4´-hydroxy-furanylfenta-
nyl, β-hydroxy-furanylfentanyl, 4´-hydroxy-3´-methoxy-
furanylfentanyl, and ring-opened CBA, respectively. The 
EICs obtained from the authentic standards are depicted 
in Fig. 4. The retention times of peaks 1 and 3–6 presented 
in Fig. 3 were coincident with those presented in Fig. 4. 
Figures 5 and 6 depict the product ion spectra of the peaks 
illustrated in Figs. 3 and 4, respectively. The product ion 
spectra of the metabolites in the culture medium (peaks 
3–6, Fig. 5) were coincident well with those of authentic 
standards (Fig. 6). In Fig. 3, the intensity of peak 6 was 
extremely high, whereas peaks 3–5 were detected at trace 
levels, indicating that ring-opened CBA was the main 
metabolite of furanylfentanyl. Nor-furanylfentanyl (peak 
2), which is a desphenethylated metabolite of furanylfen-
tanyl, was not detected in the culture medium (Fig. 3).

Fig. 3  Total ion chromatogram (TIC) and extracted ion chromato-
grams (EICs) of the culture medium, as acquired using liquid chro-
matography/mass spectrometry (LC/MS)

Fig. 4  EICs of the authentic 
standards of the furanylfentanyl 
metabolites, as acquired using 
LC/MS
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Discussion

The proposed metabolic pathway of furanylfentanyl is 
shown in Fig. 7. The present study identified 4´-hydroxy-
furanylfentanyl, β-hydroxy-furanylfentanyl, 4´-hydroxy-
3´-methoxy-furanylfentanyl, and ring-opened CBA as the 
metabolites of furanylfentanyl. Ring-opened CBA was con-
sidered as the main metabolite of furanylfentanyl, based on 
the peak intensities of the metabolites. In case of fentanyl, 
the desphenethylated metabolite (nor-fentanyl) is a main 
metabolite in vivo [14] and in vitro [15]; however, here, this 
type of metabolite was not formed from furanylfentanyl. In 
addition, the deamide metabolite 4-ANPP was not detected, 
although it had been detected in previous studies [6, 7]. It is 
unclear why 4-ANPP was not detected in our study; 4-ANPP 
is thought to be formed by amide-hydrolysis of furanylfenta-
nyl, catalyzed by a certain kind of amidase. PXB-cells, fresh 
human hepatocytes used in this study, may lack the activity 
of amidase involved in the formation of 4-ANPP.

In previous studies, a dihydrodiol metabolite was detected 
in in vivo and in vitro samples [6, 7]. Goggin et al. detected 
a metabolite of m/z 409 (protonated molecular) in a urine 

sample, and suggested three compounds, i.e. dihydrodiol 
metabolite, dihydrodiol metabolite isomer, and ring-opened 
CBA, as candidates for this peak [6]. Those authors ruled out 
ring-opened CBA based on the behavior of the peak in LC/
MS, and concluded that the peak corresponded to the dihydro-
diol metabolite. However, definite identification of this metab-
olite using an authentic standard was not performed, and this 
meant that the exact structure of this metabolite remained 
obscure. In this study, ring-opened-CBA was definitely iden-
tified in the culture medium of hepatocytes using a synthe-
sized authentic standard. The retention time and the product 
ion spectrum of the peak detected on the EIC of m/z 409 of 
the culture medium were identical to those of the authentic 
standard of ring-opened CBA. In addition, the above peak 
was detectable in a negative ESI mode (data not shown), cor-
roborating the presence of a carboxyl group in this compound. 
Dihydrodiol metabolite is not thought to be detectable in a 
negative mode, because it does not have a functional group 
which can be an anion in the mobile phase. Other peaks were 
not detected on the EIC of m/z 409; therefore, we concluded 
that ring-opened CBA, rather than the dihydrodiol metabolite, 
was formed from furanylfentanyl in hepatocytes. It might be 

Fig. 5  Product ion spectra of furanylfentanyl metabolites detected in the culture medium of fresh human hepatocytes
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possible that the authors of the previous study [6, 7] misi-
dentified the ring-opened CBA as the dihydrodiol metabolite, 
because they did not use an authentic standard to identify 
this metabolite. Needless to say, our above assertion would 
be distinctly verified if the authentic standard of dihydrodiol 
metabolite was available; however, the standard could not be 
obtained due to the difficulty in synthesizing this compound. 

On the other hand, several studies have reported the forma-
tion of ring-opened CBAs from furan-ring-containing drugs. 
Erve et al. reported that a ring-opened-CBA metabolite (M7) 
of prazosin, which is a α1-blocker, was formed by human and 
animal liver microsomes, as well as human and rat hepato-
cytes (Fig. 8) [16]. However, those authors did not confirm 
the identity of the metabolite using an authentic standard. 

Fig. 6  Product ion spectra of the authentic standards of furanylfentanyl metabolites
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Fig. 7  Newly proposed metabolic pathway of furanylfentanyl

Fig. 8  Formation of ring-
opened carboxylic acid metabo-
lites from furan-ring-containing 
drugs
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Williams et al. detected a ring-opened CBA (γ-ketocarboxylic 
acid) of furosemide, which is a loop diuretic, in the bile sam-
ple of a rat that was administered furosemide (Fig. 8) [17]. It 
should be noted that those authors confirmed the structure of 
the ring-opened CBA by NMR spectra. These reports cor-
roborate our finding that ring-opened-CBA is a metabolite of 
the furan-ring-containing drug furanylfentanyl.

Conclusions

The metabolism of a new synthetic opioid, furanylfenta-
nyl, was investigated using fresh human hepatocytes; four 
new metabolites of furanylfentanyl were identified using 
authentic standards. The findings of this study revealed that 
the ring-opened carboxylic acid metabolite, rather than the 
dihydrodiol metabolite, was formed from furanylfentanyl. 
This is consistent with that observed for the other furan-
ring-containing drugs.
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