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     Cyclopropyl fentanyl (CF) Methoxyacetyl fentanyl (MethF) 

 

      

     ortho-Fluorofentanyl (OFF) parafluoro butyrfentanyl (PFB) 
 

     
            paramethoxybutyrfentanyl (PMB)  
 
 
Fig. 1. ( Ⅳ) 
Chemical structures of Cyclopropyl fentanyl, Methoxyacetyl fentanyl, ortho-Fluorofentanyl, parafluoro 

butyrfentanyl and paramethoxybutyrfentanyl.  
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Fig. 2. ( )	
Effects of fentanyl analogues on intracellular Ca2+ in CHO-µ cells. (A) Changes in intracellular Ca2+ 

levels were deteced as changes in fluorescence in the FlexStation II. Fluorescence measurements 
corresponding to increases in intracellular Ca2+ levels following simultaneous activation by Cyclopropyl 
fentanyl (CF), Methoxyacetyl fentanyl (Meth F) , ortho-Fluorofentanyl (OFF) , parafluoro butyrfentanyl 
(PFB) , paramethoxybutyrfentanyl (PMB) or Fentanyl (FN). Each column represents the mean with S.E.M. 
of three independent experiments. Each plot represents the mean with S.E.M. of three independent 
experiments.  
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Fig. 3. ( µ ) 
Effect of pretreatment with µ opioid receptor antagonist β-funaltrexamine (FNA) on fentanyl 
analogues-induced elevation of intracellular Ca2+ levels in CHO-µ cells. Changes in intracellular Ca2+ levels 
were detected as changes in fluorescence in the Flexstation II. Each columun represents the mean with S.E.M. 
of three indepent experiments. *P<0.05 vs. ##P<0.05 vs. fentanyl analogues-treated group. 
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Fig. 4. (Cyclopropyl fentanyl : ) 
Effect of acute treatment with Cyclopropyl fentanyl on the locomotor activity in mice. (A) Time course 
changes after acute administration of Cyclopropyl fentanyl (CF, 0.25 or 0.5 mg/kg, i.p.)-induced 
hyperlocomotion in mice. Each point represents the mean activity counts with S.E.M. for 10 min (n=8 to 12). 
(B) Total locomotor activity changes after acute administration of CF (0.25 or 0.5 mg/kg)-treated in mice. 
Each column represents the mean total locomotor activity counts with S.E.M. for 120 min (n=8 to 12). 
Dunnet’s posttest was also applied on each graph. **P<0.01 vs. SAL-treated group.  

 
Fig. 5. (Cyclopropyl fentanyl ) 
(A)(Cyclopropyl fentanyl : ) 
Effect of pretreatment with a opioid receptor antagonist naloxone (NAL, 5 mg/kg, pre 30 min) on the CF (0.5 
mg/kg)-induced hyperlocomotion in mice. Each column represents the mean total locomotor activity counts 
with S.E.M. for 10 min (n=10 or 12). Dunnet’s posttest was also applied on each graph. **P<0.01 vs. 
SAL-treated group. ##P<0.01 vs. CF-treated group. 
(B) (Cyclopropyl fentanyl : ) 
Effect of pretreatment with a dopamine D1 receptor antagonist SCH23390 (SCH, 0.5 mg/kg, pre 30 min) or a 
dopamine D2 receptor antagonist racropride (RAC, 6 mg/kg, pre 30 min) on the CF (0.5 mg/kg)-induced 
hyperlocomotion in mice. Each column represents the mean total locomotor activity counts with S.E.M. for 
10 min (n=10 or 12). Dunnet’s posttest was also applied on each graph. **P<0.01 vs. SAL-treated group. 
##P<0.01 vs. CF-treated group. 
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Fig. 6. (Methoxyacetyl fentanyl : ) 
Effect of acute treatment with Methoxyacetyl fentanyl on the locomotor activity in mice. (A) Time course 
changes after acute administration of Methoxyacetyl fentanyl (MethF, 0.5 or 1 mg/kg, i.p.)-induced 
hyperlocomotion in mice. Each point represents the mean activity counts with S.E.M. for 10 min (n=8 to 12). 
(B) Total locomotor activity changes after acute administration of MethF (1 mg/kg)-treated in mice. Each 
column represents the mean total locomotor activity counts with S.E.M. for 120 min (n=8 to 12). Dunnet’s 
posttest was also applied on each graph. **P<0.01 vs. SAL-treated group.  

 
Fig. 7. (Methoxyacetyl fentanyl ) 
(A)(Methoxyacetyl fentanyl : ) 
Effect of pretreatment with a opioid receptor antagonist naloxone (NAL, 5 mg/kg, pre 30 min) on the MethF 
(1 mg/kg)-induced hyperlocomotion in mice. Each column represents the mean total locomotor activity 
counts with S.E.M. for 10 min (n=10 or 12). Dunnet’s posttest was also applied on each graph. **P<0.01 vs. 
SAL-treated group. ##P<0.01 vs. MethF-treated group. 
(B) (Methoxyacetyl fentanyl : ) 
Effect of pretreatment with a dopamine D1 receptor antagonist SCH23390 (SCH, 0.5 mg/kg, pre 30 min) or a 
dopamine D2 receptor antagonist racropride (RAC, 6 mg/kg, pre 30 min) on the MethF (1 mg/kg)-induced 
hyperlocomotion in mice. Each column represents the mean total locomotor activity counts with S.E.M. for 
10 min (n=10 or 12). Dunnet’s posttest was also applied on each graph. **P<0.01 vs. SAL-treated group. 
##P<0.01 vs. MethF-treated group. 
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Fig. 8. (ortho-Fluorofentanyl : ) 
Effect of acute treatment with ortho-Fluorofentanyl on the locomotor activity in mice. (A) Time course 
changes after acute administration of ortho-Fluorofentanyl (OFF, 0.0625 or 0.25 mg/kg, i.p.)-induced 
hyperlocomotion in mice. Each point represents the mean activity counts with S.E.M. for 10 min (n=8 to 12). 
(B) Total locomotor activity changes after acute administration of OFF (0.25 mg/kg)-treated in mice. Each 
column represents the mean total locomotor activity counts with S.E.M. for 120 min (n=8 to 12). Dunnet’s 
posttest was also applied on each graph. **P<0.01 vs. SAL-treated group.  

 
Fig. 9. (ortho-Fluorofentanyl ) 
(A)(ortho-Fluorofentanyl : ) 
Effect of pretreatment with a opioid receptor antagonist naloxone (NAL, 5 mg/kg, pre 30 min) on the OFF 
(0.25 mg/kg)-induced hyperlocomotion in mice. Each column represents the mean total locomotor activity 
counts with S.E.M. for 10 min (n=10 or 12). Dunnet’s posttest was also applied on each graph. **P<0.01 vs. 
SAL-treated group. ##P<0.01 vs. OFF-treated group. 
(B) (ortho-Fluorofentanyl : ) 
Effect of pretreatment with a dopamine D1 receptor antagonist SCH23390 (SCH, 0.5 mg/kg, pre 30 min) or a 
dopamine D2 receptor antagonist racropride (RAC, 6 mg/kg, pre 30 min) on the OFF (0.25 mg/kg)-induced 
hyperlocomotion in mice. Each column represents the mean total locomotor activity counts with S.E.M. for 
10 min (n=10 or 12). Dunnet’s posttest was also applied on each graph. **P<0.01 vs. SAL-treated group. 
##P<0.01 vs. OFF-treated group. 
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Fig. 10. (parafluoro butyrfentanyl : ) 
Effect of acute treatment with parafluoro butyrfentanyl on the locomotor activity in mice. (A) Time course 
changes after acute administration of parafluoro butyrfentanyl (PFB, 1 or 2 mg/kg, i.p.)-induced 
hyperlocomotion in mice. Each point represents the mean activity counts with S.E.M. for 10 min (n=8 to 12). 
(B) Total locomotor activity changes after acute administration of PFB (1 or 2 mg/kg)-treated in mice. Each 
column represents the mean total locomotor activity counts with S.E.M. for 120 min (n=8 to 12). Dunnet’s 
posttest was also applied on each graph. **P<0.01 vs. SAL-treated group.  

 
Fig. 11. (parafluoro butyrfentanyl ) 
(A)(parafluoro butyrfentanyl : ) 
Effect of pretreatment with a opioid receptor antagonist naloxone (NAL, 5 mg/kg, pre 30 min) on the PFB (2 
mg/kg)-induced hyperlocomotion in mice. Each column represents the mean total locomotor activity counts 
with S.E.M. for 10 min (n=10 or 12). Dunnet’s posttest was also applied on each graph. **P<0.01 vs. 
SAL-treated group. ##P<0.01 vs. PFB-treated group. 
(B) (parafluoro butyrfentanyl : ) 
Effect of pretreatment with a dopamine D1 receptor antagonist SCH23390 (SCH, 0.5 mg/kg, pre 30 min) or a 
dopamine D2 receptor antagonist racropride (RAC, 6 mg/kg, pre 30 min) on the PFB (2 mg/kg)-induced 
hyperlocomotion in mice. Each column represents the mean total locomotor activity counts with S.E.M. for 
10 min (n=10 or12). Dunnet’s posttest was also applied on each graph. **P<0.01 vs. SAL-treated group. 
##P<0.01 vs. PFB-treated group. 
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Fig. 12. (paramethoxybutyrfentanyl : ) 
Effect of acute treatment with paramethoxybutyrfentanyl on the locomotor activity in mice. (A) Time course 
changes after acute administration of paramethoxybutyrfentanyl (PMB, 5 or 10 mg/kg, i.p.)-induced 
hyperlocomotion in mice. Each point represents the mean activity counts with S.E.M. for 10 min (n=8 to 12). 
(B) Total locomotor activity changes after acute administration of PMB (10 mg/kg)-treated in mice. Each 
column represents the mean total locomotor activity counts with S.E.M. for 120 min (n=8 to 12). Dunnet’s 
posttest was also applied on each graph. **P<0.01 vs. SAL-treated group.  

 
Fig.13. (paramethoxybutyrfentanyl ) 
(A)(paramethoxybutyrfentanyl : ) 
Effect of pretreatment with a opioid receptor antagonist naloxone (NAL, 5 mg/kg, pre 30 min) on the PMB 
(10 mg/kg)-induced hyperlocomotion in mice. Each column represents the mean total locomotor activity 
counts with S.E.M. for 10 min (n=10 or 12). Dunnet’s posttest was also applied on each graph. **P<0.01 vs. 
SAL-treated group. ##P<0.01 vs. paramethoxybutyrfentanyl-treated group. 
(B) (paramethoxybutyrfentanyl : ) 
Effect of pretreatment with a dopamine D1 receptor antagonist SCH23390 (SCH, 0.5 mg/kg, pre 30 min) or a 
dopamine D2 receptor antagonist racropride (RAC, 6 mg/kg, pre 30 min) on the PMB (10 mg/kg)-induced 
hyperlocomotion in mice. Each column represents the mean total locomotor activity counts with S.E.M. for 
10 min (n=10 or 12). Dunnet’s posttest was also applied on each graph. **P<0.01 vs. SAL-treated group. 
##P<0.01 vs. paramethoxybutyrfentanyl-treated group. 
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Goodness of Fit �  

R square 0.9184 

Sy.x 1744 

�  �  

Is slope significantly non-zero? �  

F 90.09 

P value <0.0001 

Deviation from zero? Significant 

�  �  

Equation Y = 2945*X + 328.2 

 
 

Fig.14. ( ) 
Linear correlations of log EC50 vealues (nM) for fentanyl-analogs induced hyperlocomotipn in mice. 
The log (1/EC50) value was plotte against the corresponding locomotor activity (counts) for each 
fentanyl-analogs. The solid line in each plot represents the linearresion of that data set. The correlation 
coefficients for EC50 and locomotor activity counts was 0.9184. 
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Table 1 
  Ⅳ EC50 

1 N-(4-Fluorophenyl)-N-(1-phenethylpiperidin-4-yl)butyramide 

 

5.72 x 10-9 

2 N-(4-fluorophenyl)-N-(1-phenethylpiperidin-4-yl)isobutyramide 

 

6.43 X 10-9 

3 N-(1-phenethylpiperidin-4-yl)-N-phenylcyclopropanecarboxamide 

 

1.23 X 10-9 

4 N-phenyl-N-(1-(2-phenylethyl)piperidin-4-yl)furan-2-carboxamide 

 

6.45 X 10-10 

5 2-methoxy-N-(1-(2-phenethyl)piperidin-4-yl)-N-phenylacetamide 

 

1.81 X 10-8 

6 N-(2-Fluorophenyl)2-methoxy-N-(1-(2-phenylethyl)piperidin-4-yl)acetamide 

 

1.77 X 10-9 

7 N-(4-chlorophenyl)-N-(1-phenethylpiperidin-4-yl)isobutyramide 

 

4.63 X 10-8 

8 N-phenyl-N-(1-(2-phenylethyl)piperidin-4-yl)tetrahydrofuran-2-carboxamide 

 

3.29 X 10-9 

(S) 

9.09 X 10-9 

(R) 

9 Fentanyl 

 

2.88 X 10-8 
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1 METH  

saline 9 METH 1 1saline + PBS 
(n=5) saline+IgG (n=4) saline+HMGB1 Ab (n=4) METH+PBS (n=6) METH+IgG (n=6) METH+HMGB1 
Ab (n=6) *p<0.05 vs time-matched saline-treated group. (one-way ANOVA, post-hoc Tukey’s test) 
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A

 

B 

 

2 METH DAT HMGB1  
(A) 1saline+PBS (n=4) saline+IgG (n=4) saline+HMGB1 Ab (n=4) METH+P
BS (n=5) METH+IgG (n=6) METH+HMGB1 Ab (n=4) scale bar=500 µm  
(B) DAT 1**p<0.01 vs. saline+PBS-treated group. ##p<0.01 between 
indicated groups. (one-way ANOVA, post-hoc Tukey’s test) 
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A 

 

B 

 

 
3 METH × HMGB1  

(A) × Iba1 1saline+PBS (n=4) saline+IgG (n=4) saline+HMGB1 
Ab (n=4) METH+PBS (n=5) METH+IgG (n=6) METH+HMGB1 Ab (n=4) scale bar=100 µm  
(B) Iba1 × 1*p<0.05, ***p<0.001 vs. saline+PBS-treated group, 
#p<0.05, ##p<0.01 between indicated groups. (one-way ANOVA, post-hoc Tukey’s test) 
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A 

 
 
B 

4 METH HMGB1 HMGB1  
(A)NeuN( )0HMGB1( ) 1METH HMGB1 ( )0

(inset) 1saline+PBS (n=4) saline+IgG (n=4) saline+HMGB1 Ab (n=4) METH+PBS 
(n=5) METH+IgG (n=5) METH+HMGB1 Ab (n=5) scale bar=10 µm  
(B) HMGB1 1*p<0.05 vs. 
saline+PBS-treated group #p<0.05, ##p<0.01 between indicated groups. (one-way ANOVA, post-hoc Tukey’s 
test) 
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A 

 
B 
 

 

 
5 METH BBB HMGB1  

(A) 1saline+PBS (n=4) saline+IgG 
(n=4) saline+HMGB1 Ab (n=4) METH+PBS (n=5) METH+IgG (n=5) METH+HMGB1 Ab (n=5) scale 
bar=500 µm  
(B) 1*p<0.05, **p<0.01 vs. saline+PBS-treated group. 
(one-way ANOVA, post-hoc Tukey’s test). 
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Erratico.et al2)
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(0, 10, 20, 30, 40, 60, 120, 
180 ) 200 µL 0

×  0.01 µg/mL ( , 
) ×  (4˚C) 

1200 µL 0 1

0  (12,000 rpm, 10 min) 
0 045˚C 0

100 µL 50% ×

1 0  (12,000 rpm, 10 min) 
90 0

9 1 
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2. SCs  
Fig. 1

5F-CUMYL-PINACA
Ⅳ CUMYL-PINACA 0

2 Ⅳ

 (NMR) 
0

9 1 
 
3. 9 in vivo  

9 Wister-ST  (SLC, ) 
1

0 2 mL/hour 4%

1 0SCs 0

 1%, Tween80 5%

1 5F-CUMYL-PINACA  0.5 mg/kg, 
CUMYL-PINACA  0.3 mg/kg 

15F-CUMYL-PINACA 9

5, 15, 30, 45, 60, 90, 120 0

CUMYL-PINACA 9 180, 
240 0.5 mL

1 1 1

90

-80℃ 1 
9 00, 30, 50, 

100, 200, 300 ng/mL 1 
9 0Oasis HLB 1cc (30 

mg, Waters, Milford, MA, USA) 9 SPE
1 × 1 mL 2

90 2 mL
0 1

0 100 µL,  900 µL, 
× 600 µg/mL

 50 µL (5F-CUMYL-PINACA
CUMYL-PINACA), 

×

 50 µL 15% × 1 mL
9 3 01.2 mL

× × 045˚C
1 

β-Glucuronidaze (
15,000 Unit/mL) 9 37℃, 120

0 1 2
3 10

600 µg/mL  50 µL 
(5F-CUMYL-PINACA
CUMYL-PINACA) 0 10%NH3aq
pH=10 15 0  
(3600 rpm, 20 ) 50℃

1 

100 µL 50% × 1

0  (12,000 rpm, 10 ) 90

0 9 1 
 

4.  

0LCMS-IT-TOF (Shimadzu, 
Kyoto)0LC ZORBAX Eclipse Plus 
C8 2.1×150 mm, 3.5 µm 1 

0(A) 0.1% formic acid in water 
(B) 0.1% formic acid in acetonitrile

90 0(B) 0-2 min  10%0
2-40 min: 10→90%040-48 min  10% 0

48 1 0

40 ˚C0 0.18 mL/min 0

10 µL
1LCMS-IT-TOF 0

positive/negative electrospray ionization (ESI) 
90 m/z 100-700
1 0 40 msec.
1 0 ×

1 Da 0 45.0 kH0CID
100 % 1 

 
5.  

0

0

SCs
1 0

9 HLMs 9

1 0

 (Rt) 
0
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G 1 0

1 
,  9 
-  9 

 ×

5 ppm  
/ ×

Ⅳ  
0 9 SCs

9 1 
0

90 1 
in vivo

Phoenix PK 9 1 
 
6. LC-MS Ⅳ  
2 0

90Fig. 2 6
9 FUB-JWH-018 (3) 5

 (1, 2, 4-6)) 3)1  
(5ppm) 1 
LC-MS  
LC�MS 1100 Series LC/MSD Agilent 
Technologies, Santa Clara, USA)0
Discovery HS F5 2.1×150 mm03 µm0Supelco 
(PFP )0 0.1 %  / 0.1 % 

× 58 : 42 0 0.4 
mL/min0 40℃0 5 µL0

ESI (+)0Scan m/z 50-450 
LC�MS/MS 1200 Series / 6460 Triple 
Quadrupole MS Agilent Technologies 0

ZORBAX Eclipse Plus C8 2.1×150 mm0
3.5 µm0Agilent Technologies (C8 )0

0.1 %  / 0.1 % ×

20 : 80 0 0.18 mL/min0
LC-MS 1 

LC-IT-TOF-MS Prominence UFLC / 
IT-TOF Shimadzu, Kyoto, Japan 0

C8 LC-MS/MS0PFP
LC-MS 1 

9 0

 (ESI) 0

0 (LC-MS)
(LC-MS/MS, LC-IT-TOF-MS)

1 0  ([M+H]+ m/z 
380) × 0

2

1 
 

C.  
 

1. ATHPINACA
 

ATHPINACA isomer 1 isomer 2 0

Ⅳ 1

HLMs 9 in vitro 9

ATHPINACA isomer 1 14 0isomer 2
12 1Fig. 3
0

0isomer 1 34.5 0isomer 2
33.7 1 0

HLMs isomer 1 4.56 
± 0.85 0isomer 2 5.1 ± 0.51 
1

0

3 0ATHPINACA 
isomer 1 0ATHPINACA 
isomer 2 

1 (Fig. 4, 5) 0

9 0

isomer 1 0isomer 2
 

(Fig. 6) 1 
 

2. in vivo  
CUMYL-PINACA, 5F-CUMYL-PINACA

Ⅳ 1

0 0.3
0.5 mg/kg SCs Ⅱ

0

1 
PK 9
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01-
02-

90 2-
9 0

9

1 0

Fig. 7 1 2-

1

0

 (V1) 0

 (V2) 
CUMYL-PINACA: 

V1 = 1.1 ± 0.2 mL/kg, V2 = 2.9 ± 1.0 mL/kg; 
5F-CUMYL-PINACA: V1 = 0.5 ± 0.2 mL/kg, 
V2 = 1.5 ± 0.2 mL/kg 1 0 0

CUMYL-PINACA: 3.4 ± 1.5 h; 
5F-CUMYL-PINACA: 1.0 ± 0.2 h

1 

data not shown 1 
 
3. LC-MS Ⅳ  

FUB-JWH-018 (3) 
5  (1, 2, 4-6) LC-MS

0PFP 9

9  
(Fig. 8)1 

LC-MS/MS 9 0C8 90

m/z 380 [ M + H ]+ ×

Collision energy (CE) 10-80 eV
0

9 CE calbonyl α- m/z 
155 m/z 2520 9 CE fluorobenzyl 
cation m/z 109 m/z 830naphthalene 
cation m/z 127 m/z 77

1 0m/z 109
m/z 252 9 0

naphtyl
1 

LC-IT-TOF-MS 9 0

0m/z 252 9

1 0 meta-0ortho-
para-isomer 2 > 1 > 305 > 4 > 6

 (Fig. 9)1 
LC-MS/MS LC-IT-TOF-MS

9

0

1 
0 FUB-JWH-018
9

- 
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0

9 9
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9 1
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2 Ⅳ

0

0

1

9

GC-MS 9 5)0LC-MS
9 ATHPINACA

0

0 9

0

1 
in vivo 0

0

9

1 CUMYL-PINACA, 
5F-CUMYL-PINACA Ⅳ

9 9
6)1 
PK 9

0

0

0

1 SCs
90

0

Ⅳ

1 
0

05F-CUMYL-PINACA
CUMYL-PINACA 0

1

0

9 0

9 1 9

1 
0 SCs

1 0

0

1 HLMs

0 9 1 

0 9 0

9 SCs 0

9

0 μ

9 1 0

μ

μ 1 
0

90

SCs μ

9 9 9 1 

0 0

0 3, 

7-10)1FUB-JWH-018 AB-FUBINACA
1H- 1H-

N-1 4-
0

0 9 0

2- 3-
Ⅱ 0

1 0 Ⅱ

2 0GC
LC 9

1FUB-JWH-018  
(1−6) 9 GC-MS/MS Ⅳ

9 3)0 Ⅳ

LC-MS
1 PFP

9 0 0LC-IT-TOF-MS
LC-MS/MS 9 0

1

9

0 0
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Fig. 1 Synthetic scheme of 5F-CUMYL-PINACA 
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Fig. 2 Structures of FUB-JWH-018 (3) and five isomers (1, 2, 4-6) synthesized in this study. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 The extracted ion ion chromatograms of ATHPINACA isomer 1 (a) and isomer 2 (b) 
  



-59- 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 The production of the metabolites of ATHPINACA isomer 1 (a) and isomer 2 (b) using HLMs 
incubations. Data represents mean ± SD (N=3).  
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Fig. 5 The estimated major metabolic pathways of ATHPINACA isomers 
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Fig. 6 The product ion spectra and proposed fragmentation of ATHPINACA isomer 1 (a), M11 (b), isomer 2 
(c) and m12 (d) 
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Fig. 7 Mean observed and predicted plasma concentrations-time plots of CUMYL-PINACA and 
5F-CUMYL-PINACA following i.v. injection in male Wister-ST rats. Data represents mean ± SE. 
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Fig. 8 Total ion current chromatogram obtained by liquid chromatography–mass spectrometry of isomeric 
synthetic cannabinoids (1-6). 
  
 
 
 

 
Fig. 9 Mass spectra of FUB-JWH-018 and its regioisomers obtained by electrospray ionization ion trap 
time-of-flight mass spectrometry (Precursor ion: [M+H]+ m/z 380, CID energy: 100%). 
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