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Table 1 Inhibitory effects and ICso values of test substances on a radioligand binding to the cannabinoid CB; (Human) receptor

Substance concentration (mol/L)

Substrates 3310 1x10°_ 3x10°_ 1100 3100 1x107 3107 1x10° 3x10° <100 o0
Inhibition (%) (M)
JWH-018* - ) 151 22.06 3545 4584 5073 63.09 _ 78.66 _ 88.43 169
(R)-(1)-WIN55212-2* 3.05 0 19.04 2395 5055  75.06  81.65 _ 89.12 ; ; 32
5F-AMB 638 2334 4409 6752 7837 894 9982 100 - ; 5.49
MMB2201 431 1043 2718 441 6837  77.62 9465  97.23 - ; 13
5F-ADBICA 743 2782 3874 4511 6594  81.65 9424  97.69 ; ; 8.16
AB-CHMINACA 1234 342 6607  8.54  91.94  99.15 9345  96.85 ; ; 1.97
THJ-018 - - 206 3195 5665  69.5 8586 943 9549 9611 237
FDU-PB-22 124 3301 533 7287 8831 9171 90.85  99.02 - - 2.86
(R)-(+)-WIN55212-2 1.03 0 1322 23.45 4862 7525  88.64  97.26 ; - 30.1
FDU-NNEI 109 217 2444 4085 5954 7951  87.15 100 - - 16.3
5C1-AB-PINACA 0 3.86 2572 5327 7276 9248  96.87 100 ; ; 9.09
5F-ABICA 0.7 4.78 16.3 2 4856 5875 7242 8475 - ; 53.8
SDB-005 0 1058 1082 3521 6339 8046 9493  96.89 ; ; 18.3
5F-SDB-005 , 13.35 1597 3654 4825 8042  88.93 9634 100 ; ; 6.43
5F-ADB 1929 452 73.04 8159 9715 9858 100  93.27 ; ; 1.36
NM2201 1.01 188 3137 5144 8329 8682 9444 100 ; ; 7.12
AMB 5.1 11.08 2688 4273 7503 8335 9131  95.83 - ; 12
FUB-AMB 218 37.97 5774 7745 9731 99.9 100 100 ; ; 1.87
EG-018 242 438 151 4334 6826 7825  90.52  98.53 ) } 18
(R)-(+)-WIN55212-2 538 2223 2997 60.95 6618  86.66 100 100 ; ; 7.48
PX-1 0 0 0 0 23.67 3615 6949 822 - - 114
PX-2 6.31 1.38 0 0 1405  44.04 753  82.84 ; - 149
'5F-ADB-PINACA 28.84 5534 6556  89.98 100 100 100 100 ; - 0.91
FUB-APINACA 142 3507 5179 67.29  90.06  99.94 100 9825 ; - 2.55
ﬂjjg‘jj;b‘f chloropentyl)-1E-indazple-3- -0 0 0 0.39 0 0 11.06 2755  >10,000
5F-SDB-006 1615 337 4273 7221 9168 100 100 99.56 - - 2.62
'NNEI 2H-indazole analog 0 o0 0 344 831 3601 73.62 - - 485
(R)-()-WIN55212-2 1.46 1.19 3.8 1581 4515 619 7036 90.59 - ; 62.3
MDMB-CHMICA 0 1628 376 668  8.92 9199 9632 986 ; ; 5.09
MDMB-CHMINACA 619 1643 4732 7879 9034 9859  98.67  95.93 - ; 3.64
MDMB-FUBINACA 16.64 3296 5934 7981  97.95 100 9846 100 - - 2.04
(R)-(+)-WIN55212-2 3.39 0 531 9.81 3116 64.23 _ 85.17 9535 ; ; 60.4

*TWH-018 {122\ CHX AL 23 EEHE S THE L IEE A FH



Table 2 Inhibitory effects and ICso values of test substances on a radioligand binding to the cannabinoid CB, (Human) receptor

Substance concentration (mol/L)

Substrates 3x10"°  1x10° 0 3x10”  1x10® 0 3x10®  ix107 0 3x107 0 ix10®  3x10° ¢ 1x10” ﬁ
‘ Inhibition (%) (M)
JWH-018* 0 0 0 0 13.19 2156 3477 = 60.66 7143  89.41 593
(R)-(+)-WIN55212-2 0.86 1098 3455  61.87 7264  81.07  91.61 100 . - 951
SF-AMB 17.04 4225 6407 8168 8484 9059  97.62 100 R - 1.88
MMB2201 0.59 0 1271 2873 4287  60.15 8637  90.69 - - 10.3
5F-ADBICA 6.44 2997 5699 7531  86.93 100 100 100 - - 3.16
AB-CHMINACA 19.7 35.84 5477 7635 9054  97.29 97.1 100 - - 2.02
THI-018 - . 4.97 1078 1976 4348 7339 9454 100 100 96.1
FDU-PB-22 3.09 7.42 2496 3979 6696 8598  91.07  99.88 - - 14.4
(R)-(+)-WIN55212-2 1296  30.67 4815 6931 8623  96.12 100 97.51 - - 3.18
FDU-NNEI1 0 0 937 22.55 4257 5248 74.9 95.01 - . 64.8
5CLAB-PINACA 2.78 5.62 2522 64.67  82.28 90.9 9249 100 - - 10.6
5F-ABICA 0 439 4.9 257 5063 6434  80.52  90.04 - - 38.4
SDB-005 0 0 2289 4526 694 89.08  91.94 100 - - 118
5F-SDB-005 1.47 0 13.44 4675 6501  71.01 8536  95.98 - - 22.1
5F-ADB 1526 5175 7141  91.69 100 99.37 100 100 - - 1.16
NM2201 8.93 18.44  43.25 738  87.05 99.2 99 97.88 - - 3.92
AMB 0 508 2044 3982 7281 8437 100 99.01 = - - 13.5
FUB-AMB 2299  44.9 67.76  80.34  98.57 100 100 100 - - 1.36
EG-018 1645  37.94  56.07 67.5 87.4 9578  99.46 100 - - 2.47
(R)-(+)-WIN55212-2 13.77 3507  73.54  81.67 9714 100 99.35 100 - - 1.74
PX-1 1.88 0 054 7.54 2512 403 83.42 94.5 . R 87
PX-2 3.8 0 2163 4611 7371 8929 100 100 - - 113
SF-ADB-PINACA 3042 72.19 839 9039  96.09 100 100 100 - - 0.54
FUB-APINACA 29.87 6726 . 8474  94.78 100 100 98.75 100 - - 0.6
Methy! -G chloropentyl)-IEbindazple- - 0.24 0 8.21 0 3.89 1.56 1532 4459 >10,000
3-carboxylate ) . ; ’
5F-SDB-006 9.12 2288 3407 5847  88.57 100 100 100 - - 482
NNEI 2H-indazole analog 1.66 0 0 0 0 16.96 39.98 73.35 - - 411
(R)-(+)-WIN55212-2 13.68 2733 6237  71.56 83 95.6 100 100 - - 2.92
"MDMB-CHMICA 63 = 355 76,5 8734  97.06 98.9 99.92 100 R - 1.8
MDMB-CHMINACA 1293 23.62 5035  80.07  92.67 9935  99.88  99.56 - - 2.58
MDMB-FUBINACA 1292 5515 8357 9139  99.87  96.99 100 98.99 - - 1.08
(R)-(+)-WIN55212-2 1336 3833 53.05  77.19  94.33 98.9 100 100 - - 2.09




(1) Indole/indazole-carbonyl-napthyl type

JWH-018 THJ-018 X=H JWH-122 JWH-122 AM2201
X=F MAM-2201 N-{4-pentenyl) analog benzimidazole analog
(2) Indolefindazole-carbonyl-benzyl type (3} Indolefindazole-carbonyl-adamantyl type

JWH-250 Cannabipiperidiethanone X=H AB-001
X =F 5F-AB-001

(4) Indolefindazole-carboxamide-naphthyl type

X=H NNEt X
X=F X

H MN-18 FDU-NNE1 NNEI 2H-indazole analog
5F-NNE1 F

SF-MN-18

(5) indolef/indazole-carboxamide-adamantyl type

X=H APICA X=H APINACA FUB-APINACA
X=F 5F-APICA X=F GbF-APINACA

Fig. 1-1 54 Test substances for the measurement of the binding affinities (1)



{6) Indole/indazole-carboxamide-3-methylbutanamide type

5-Fluoro ABICA =H AB-PINACA AB-CHMINACA
=F BF-AB-PINACA

X
X
X=Cl BCI-AB-PINACA

(7} Indolefindazole-carboxamide-3,3-dimethylbutanamide type

X F
A =H ADBICA 5F-ADB-PINACA
X=F

5F-ADBICA

(8) Indolefindazole-carboxamide-methyl 3-methylbutanoate type

27
e \if“"“““?%/;i‘“ Ty
R@V\V/ \N"‘N O
L
{
F i\\.F
MMB2201 X=H AMB FUB-AMB
X=F 5F-AMB

(9) Indolefindazole-carboxamide-methyl 3,3-dimethylbutancater type

o) \{ i .
. O 2 9 \k
~ 3‘ i i A PNy O P NN N
N5 N LY N T N
l;} O &\v /%‘N'N fo)
S )
z [Ny \// '\\V,
L
F
5F-ADB MDMB-CHMICA MDMB-CHMINACA MDMB-FUBINACA

Fig. 1-2 54 Test substances for the measurement of the binding affinities (2)



(10) Indolefindazole-carboxylate ester-naphthyl type

NM2201 X-H SDB-005 FDU-PB-22
X=F 5F-SDB-005

(11) Indolefindazole-carboxylate ester-quinclinyl type

=H QUPIC QUCHIC FUB-PB-22 QUPIC carboxylic acid
=F

RCS-4 5-Fluoropentyl-3-pyridinoylindole  MEPIRAPIM

EG-018 5F-SDB-006 °F
PX-1 PX-2

Fig. 1-3 54 Test substances for the measurement of the binding affinities (3)
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Table 3 RICso values of the synthetic cannabinoids having an indole or indazole structure on a
labeled ligand binding to the cannabinoid CB; receptor
Structures indole RICso0 indazole RICso
™ JWH-618 5.28 | THJ-018 0.79
NNEI 0.74 |NNEI! indazole analog | 0.92
@ 5F-NNEI 0.52 Z;':)';E' indazole 0.3
APICA 5.47 | APINACA 25.75
© 5F-APICA 5.81 | 5F-APINACA 15.15
) 5F-ABICA 7.19 | 5F-AB-PINACA 0.23
§F-ADBICA 0.27 | 5F-ADB-PINACA 0.01
- MMB2201 0.43 | 5F-AMB 0.18
MDMB-CHMICA 0.08 |MDMB-CHMINACA 0.08
(10) NM2201 0.95 |5F-SDB-005 0.86

(R)-(+)-WIN55212-2 = 1

Table 4 RICso values of the N-fluoroalkyl/N-methylcyclohexyl/4-fluorobenzyl analogs of an

indole/indazole moieties of synthetic cannabinoids on a labeled ligand binding to the cannabinoid CB,

receptor
Structures N-penty! RICso N-5—ﬂuor6pentyl RICs0 {methylcyclohexyl RICs0 |4-fluorobenzy! RICs0
() SWH-122 6.51 | MAM-2201 0.7
3) AB-001 28.97 | 5F-AB-001 4,98
NNEI 0.74 | 5F-NNEI 0.52 FDU-NNE/ 2.18
@ NNE! indazole analog 0.92 Ziﬁoﬁa indazole 0.3
) APICA 5.47 | 5F-APICA 5.81
APINACA 25.75 | 5F-APINACA 15.15 FUB-APINACA 0.04
© AB-PINACA 46.77 | SF-AB-PINACA 0.23 | AB-CHMINACA 0.07
ADBICA 21.23 | 5F-ADBICA 0.27
®) AMB 1.6 | 5F-AMB 0.18 FUB-AMB 0.25
5F-ADB 0.18 |MDMB-CHMINACA 0.06 |MDMB-FUBINACA 0.03
(10) 8DB-005 2.45 |5F-SDB-005 0.86
NM2201 0.95 FDU-PB-22 0.1
(11) QUPIC 12.69 | 5F-QUPIC 0.02 | QUCHIC 0.14 | FUB-PB-22 0.07

(R)-(+)-WIN55212-2 = 1
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B D 3-methyl
o ¢ butanamide
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Fig.4 Chemical structures of typical synthetic cannabinoids detected in herbal-type products distributed in Japan after 2012

The structures mainly consist of a combination of four moieties (A, B, C and D).



0§

Table 5 RICso values of the typical synthetic cannabinoids shown in Fig. 4, on a labeled ligand binding to the cannabinoid CB; receptor

A B naphtyl quinolinyl adamanty! 3-methylbutanamide 3,3-dimethylbutanamide methy! 3-methylbutanoate methyl 3,3-dimethylbutanoate
N-pentyl JWH-018 5.28 AB-001 28.97
N-5-fluoropentyl 5F-AB-001 4.98
carbonyl
methylcyclohexyl
4-fluorobenzyl
N-pentyl NNEL 0.74 APICA 5.47 ADBICA 21.23
R _ N-5-fluoropentyl 5F-NNEI 0.52 5F-APICA 5.81 |5F-ABICA 7.19 | 5F-ADBICA 0.27 | MMB2201 0.43
indole carboxamide
methylcyciohexyl MDMB-CHMICA 0.08
4-fluorobenzy! FDU-NNE! 2.18
N-penty! QUPIC 12.69
carboxylate | N-5-fluoropentyl NM2201 0.95 | 5F-QUPIC 0.02
ester methylcyclohexyl QUCHIC 0.14
4-fiuorobenzyl FDU-PB-22 0.1 | FUB-PB-22 0.07
N-pentyl THJ-018 0.79
N-5-fluoropentyl
carbonyl
methylcyclohexyl
4-fluorobenzyl
N-pentyl NNEI indazole analog 0.92 APINACA 25.75 | AB-PINACA 46.77 AMB 1.6
N-5-fluoropenty! 5F-NNEI indazole analog| 0.3 SF-APINACA 15.15 | 5F-AB-PINACA 0.23 | 5F-ADB-PINACA| 0.01 | 5F-AMB 0.18 |5F-ADB 0.18
indazole carboxamide |N-5-chloropentyl 5CI-AB-PINACA 1.22
methylcyclohexyl AB-CHMINACA | 0.07 MDMB-CHMINACA | 0.06
4-fluorobenzyl FUB-APINACA | 0.04 FUB-AMB 0.25 |MDMB-FUBINACA | 0.03
N-pentyl SDB-005 2.45
carboxylate |N-5-fluoropentyl 5F-SDB-005 0.86
ester methylcyclohexyl
4-fluorobenzyl
2H-indazole | carboxamide JN-penty! NNEI 2H-indazole analog 7.78

(R)-(+)-WIN55212-2 =
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Table 6 RICso values of the typical synthetic cannabinoids shown in Fig. 4, on a labeled ligand binding to the cannabinoid CB, receptor

A B naphtyl quinolinyl adamanty! 3-methylbutanamide 3,3-dimethylbutanamide methyl 3-methyibutanoate methy! 3,3-dimethylbutanocate
N-pentyl JWH-018 62 AB-001 95
N-&-fluoropentyl 5F-AB-001 87
carbony!
methylcyclohexy!
4-fluorobenzyl
N-penty! NNEI 733 APICA 19 ADBICA 7.6
. . N-5-fluoropenty! 5F-NNEI 18.4 5F-APICA 4.1 |5F-ABICA 22.1 | BF-ADBICA 0.99 | MMB2201 3.24
indole carboxamide
methylcyclohexyl MDMB-CHMICA 0.86
4-fluorobenzyt FDU-NNE| 67.2
N-pentyl NM2201 225 | QUPIC 31
carboxylate  |N-5-fluoropentyl 5F-QUPIC 0.55
ester methylcyclohexyl QUCHIC 4.35
4-flucrobenzy! FDU-PB-22 4.53 | FUB-PB-22 0.93
N-pentyl THJ-018 30.2
N-5-fluoropenty!
carbonyl
methylcyclohexy!
4-fluorobenzy!
N-pentyl NNELI indazole analog 3.31 APINACA 45 AB-PINACA 36 AMB 7.76
N-5-fluoropentyt 5F-NNEI indazole analog 8.6 SF-APINACA 52 | 5F.AB-PINACA 0.82 | 5F-ADB-PINACA 0.18 | 5F-ANIB 0.59 |5F-ADB 0.67
indazole carboxamide IN-5-chloropentyl 5CI-AB-PINACA 6.1
methylcyclohexyl AB-CHMINACA 0.64 MDMB-CHMINACA 1.23
4-fluorobenzyt FUB-APINACA 0.21 FUB-AMB 0.78 MDMB-FUBINACA 0.52
N-pentyl SDB-005 6.78
carboxylate | N-5-fluoropenty! 5F-SDB-005 12.7
ester methylcyclohexy!
4-fluorobenzyt
2H-indazole | carboxamide [N-pentyl NNEI 2H-indazole analog 140.8

(R)-(+)-WIN55212-2 = 1




FAFBRFMRE M & (ERL  EFREEEL X278 — A= ZBURITEF %)

o OB R % EE

i

YRR  EIEN T o 7 R DO ITIED B, BT, SRR O
SRR AL ST ESLERA SRS R

=]

— ik 26 FEEATFERRE Ty 7 B OF B ARRE Ty 7 /sy O FRIE (1)
BRI E JAR 2H-indazole isomers il —

WREE BES, WOWHIHEN—T |[RNFyRT o~ | 28 LTINS ERI T v 7 B O jiRiE A
HILTEY, ZNBERRT Yy ZICER T26B 2 bNABEHEESCZBERELBBEL 2> T
D, Fex L, BRIy 7B OuEERTRE A HEBRYICIT > TRY, ZILETIC 100 FEEM Eofk
EMEfERNT v 7 sy ELTRIEL TV S,

AT, ok 26 FEEICAFLERIN T2 241 B FLHHTEERE T Y7 5y KO
FOREEYELT 8 {LEMEREL. ZONRELTIL, 4 DDOAEFAFE /(K :FDU-PB-
22 (1), FDU-NNEI (2), AB-CHMINACA 2H-indazole analog (3), NNEI 2H-indazole analog (4), 7 =%
FNT I RAGEY : N-OH-EDMA (7), 7F /2 3R bAE ) : dimethoxy-a-PHP (8)ZRIFEL . IHIT,
ERA T e JAREEEL & E LT, 2-methylpropyl N-(naphthalen-1-yl) carbamate (5)} O isobutyl
1-pentyl-1H-indazole-3-carboxylate (6)% L7z, (L& 6 1%, 1-pentyl-1H-indazole S{LE#) 5 )
b NNEI indazole analog & LT DBRDBIZERMEE 2 bz, S EIRRHIN 8 (LEWDIL, 2
{b& % (FDU-PB-22 (1), dimethoxy-a-PHP (8)) 1%, ik 26 ‘EEEIZHE EFMEL THlls Iz, Fie,
VAT =G THDHA, EWRD ThHD 1H-indazole BOEH DT /ARDRMEFRELT 2H-
indazole B! D {b&4 : AB-CHMINACA 2H-indazole analog (3), NNEI 2H-indazole analog (4) #3717~
SN, 6T, SBROFTLVEREZE T2ERINTy 7 OIENBEINDTZD, ike7s
KREFAEEZITV, BN Ty /GO S LOREBLELE LN,

SN YA 3 TENL, FEHRA L CIERR Ty | Lotz
] 57 = 3E 5 A S R AR T SR T AR SR Tz, BRE Ty 7 8GO FiE E R L
ks B BEHNZAT>THRY, THVETIZ 100 FEELL Eofb
EWERBERTY 7By ELTRIEL TS [1-8].
A. FFFERERY BTG EE TIL, ZbRBORDLNILE

TR, WhRATPLEAN—T |RUF YR T a
PRE LIS ERE Ty B OFE AL
T, #7112, FERL 26 4F 6 AICHREMR TRAE
LIcfale K2 » 7R ENC L 2 fEEREE
e Y, INBEBR Ty ZITRRETAEE LN
HIEFEHECRBERENBELL-> TV,
(723, R 26 7 B, BERT Y, BUERT Y

MNZoWT, B EEME L THEL TRY,
R 24 FEICHITSNIZERATFTE/ARD
BERHRTE (7159 L&) 108 &, TRk 25 4E 11
Ao AF I RAEEWIT OV THEAEREE
(474 (LEW) BFATS AL, Rk 27 4 2 ARER
T, 1454 L&MW+ HEMPTEES L. UL,
RIREL THT AL BB ERR T TRy e L



THRHSNAZEREEINS.

AFFFETIE, FNTHRL 26 FEAFLIERE
w7 241 BEIZ-OWT GC-MS, LC-MS, HR-
MS LT NMR S &fTo7z. £ OfER, Hii
TIBERRN Ty 7 sy B OV OBE b &L
TRELEE MR T Y /AR 2H-indazole
isomers ftfl 8 (LB DOWTHRE T 5.

B. Wt%r7ik

FNTTERL 26 FE AL F =20 ML TAF
LTfEBRR T2 241 BLEIZ-DUNT GC-MS, LC-
MS ST a Tolz. ZOWN, RENOBS TS
Wi ENOBALEME BB, REZTT o7
CF 7, BRSSO OV TIIE L,
FEL.

FIZFER 26 FEEIA A —Ro ML THEA
LTfaBi Ty 7 Sl anBp BE Al i, #oR, R
T —MRE) ZafTicLe. Zo5h, R
BEZ T, 5 BEORS (A-E) F 0 8 {LEY
(compounds 1-8) DF —Z DWW a7z, B
dh A-D ITECEREY F, Bdn E1IXKsRTH -7
LC-MS O EHIZAV T =R /1% HPLC
TV —REFERAL. O ORI IRER
fh%fFE A L7=. FDU-PB-22 (1), FUB-PB-22, AB-
CHMINACA, 5-fluoro-AMB, AM-2201 indazole
analog (THJ-2201), NNEI indazole analog (MN-
18), 4-methylbuphedrone, DL-4662, and 3,4-
EDMA L Cayman Chemicals (Ann Arbor, MI,
USA) X ¥, 2-methylpropyl N-(naphthalen-1-yl)
carbamate (5)% O diphenidine &, Otava Stock
Chemicals (Toronto, Canada) & (% Tocris
Bioscience (Bristol, UK) LVIEA L. fHIERIR
DIEAIBIZIE, Ultrafree-MC (0.45 pm filter unit,
Merck MILLIPORE #t84) & v 7z
2. MS RAIEHFREIOFRRE

TR I3~ —THRIEL T 10 mg, ¥
FEIE 1 me, TRIAEUEHE 20 L AL,
MeOH 1 mL Z /1A CEEH T 10 SRHMHET

ol th, EOITEABZITY, NEWEZ VRN
THRIERBE L. F7z, FUBHIEEARLTH
Wz

3. GC-MS &gttt

L& : Agilent #-3 6890N GC K N 5975 MSD,
A5 25 HP-IMS (30 m x 0.25 mm i.d., FEE 0.25
um, Agilent fL8), VU7 —H R :He, 0.7
mL/min, FEAE ATV X, FEAE T L,
EADRE:220°C, 77 AEE :80°C (1 min
hold) — 5°C/min—190°C (15 min hold) —10°C
/min—310°C (15 min hold) , /A 1LIE:EL I&,
FGUART =T AR 280°C, scan range: m/z
40-550

4. LC-MS Z3Hrdett

$EE : [UPLC] Waters ACQUITY UPLC, [MS]
Waters Single Quadrupole Detector(SQD), 7
2 ACQUITY HSS T3 (2.1 mm i.d. x 100 mm, 1.8
pm, Waters), 7 —R U5 A Van Guard column
(2.1 mmi.d. x 5 mm, 1.8 pm, Waters), BBEITH A:
0.1% FE/KIEHE, BEME B:0.1 % M7 &k
=hv, 7TV MR (1) A/B 65/35 (4-min
hold)-35/65 to 25/75 (4-16 min)-10/90 (16-17 min,
6 min hold), (2) A/B 95/5-80/20 (20 min)-20/30
(30 min, 10 min hold) ; BIE# &K :210-450 nm,
P :0.3 mL/min, #7AIRE 40°C, HEAE: 1
uL, M 7+ A A — R T LA #i i 2% (PDA)
BIOEER NS

AR TE ARG (1), EORMITSA (2)
TRIEZIToTZ.

BEATRNE

AF A = I ba ATV —A Ak (BSD) 15,
Positive and negative mode , Desolvation gas
flow:Nz 650 L/h, Desolvation gas temp.:350°C,
Cone voltage:30 V, Capillary voltage:2500 V,
scan range : m/z 120-650

5. BoyfREEE MS ZoHT

(1) DART-TOFMS

& [ A4 Y& ] Direct Analysis in Real Time
(DART) /[ & & 53 7 & ] AccuTOF JMS-T100




(JEOL #4)

DART 4514 : Positive mode, gas flow : He 2.0
I/min, gas temp.:250°C, needle voltage:3200 V,
electrode 1:100 V, electrode 2:250 V

TOF-MS &4 : Positive mode, ion guide: 500 V,
reflectron voltage : 950 V, orifice 1 voltage : 15
V, orifice 2 voltage : 5V, ring lens voltage : 5V,
orifice 1 temp. : 80°C, massrange : m/z 100-1000
21X 1E :PEG600,

PN BB 1E ¥ % & : diphenhydramine (Ci7H21NO),
verapamil (C27H3sN204)

(2)LC-Q-TOF-MS

$E1E : Acquity UPLC and Xevo QTOFMS (Waters,
Milford, MA, USA), 77 .5 : ACQUITY UPLC
HSS C18 column (150 mm x 2.1 mm i.d., particle
size 1.8 um; Waters), BEIfH A:5 mM ST
E=ULKEHR, pH 3.0), BEIE B:0.1 % X
TEr=NIV, FTVZNEE 8% A/13% B
(0.5-min hold) to 50% A/50% B (0.5—10 min), and
up to 10% A/90% B (10-15 min, 5 min hold).
TE W F :210-400 nm, i :0.4 mL/min, 77 A
BE:50°C, IEAE: 1 ul, BH: 74 A4 —
R7 L AR SR (PDA) BLUVE EM S

BB &M

AF AL =L IR T L — A4 A (BST) 1%,

Positive

and negative mode; lIon source
temperature, 120°C; desolvation gas, nitrogen at a
flow rate of 800 L/h at 400°C; capillary and cone
voltages, 3000 and 30 V, respectively; collision
energy, 27 V; mass spectral range, m/z 50—1000.
Leucine enkephalin (m/z 278.1141 and 508.20783
([M+H]+)): a substance for lock mass ions during
the measurements.
6. NMR JHIE
NMR #£7& : JEOL & ECA-600 ¥£7-/X ECA800
B E Rz ], PC, I E B : chloroform-ds
(99.96%), methanol-d; (99.96%), methanol-ds
(99%), pyridine-ds (99.96%) and dimethyl
sulfoxide (DMSO)-ds (99.96%) (ISOTEC #L%Y) .

T NMR ("H-NMR, *C-NMR, heteronuclear
multiple quantum coherence (HMQC),
heteronuclear multiple-bond correlation (HMBC),
SN-HMBC, HH correlation spectroscopy (HH-
COSY), nuclear Overhauser effect (NOE), and
incredible natural abundance double-quantum
transfer experiment INADEQUATE)) H| E&1T >
7.

7. Recycle HPLC 43 #r4:ft

g VA7V B HPLC A AT TER LC-
9201, frii UV BRHHZR LU R HIZR,

717 2 1:JALGEL-GS310, # &) 8 : 0.5%
triethylamine (TEA) in MeOH, Jiti# : 5 mL/min

" HF 2 2:JALGEL-1H, %81 : 0.5% TEA in

CHCl;, i3 :3.5 mL/min

8. 4yEL HPLC S3#rdeft

4 & : Isorela One (Biotage, Stockholm,
Sweden), #H UV f#HIZR, 77 L SNAPKP-sil
column (particle size: 50 um), SNAP Ultra column
(particle size: 25 pm) K T8 SNAP KP-C18-HS
column (particle size: 50 pm) (Biotage).

C. MR- BE

AW EIT BRI Ty 7 8BS ORN, RADRL
SRS DFTRE{L A E LTS
{bEM%ERELRE (Fig. 1a). Z095b, 6 L&YW
(2—4, 6-8) ZHEEL, NMR KUY HR-MS (29
FEL. £, 2 k&8 1, 5) 2\, 4
FrAEELREOEZELRICIVREIELL. 4H
[FE Lz fb& %, BEa iR A b& 4 Kk OB E L
EoEE Fig. la-1c [IRL, fARRNT /8
it (A-E) © MeOH FIHHEEID GC-MS, LC-MS
F—E Rk OEALEYD 2 R TTNMR 7 —4# % Fig.
2-11 ITRL, BALEHD NMR AT LT —&
% Table 1-7 IR LTz,
L. REERRTY 7S (2-4, 6-8) O BB
L1 k& 2 DERE

TS Rk (B B, 3 g) 12 CHCL; (250 ml) &
Iz, 30 =R CEERMEET 7. il



BlEx 3 [EfTo71%, Mtz IR, FCREL, &
ST =% 2% Silica gel 772 (SNAP KP-
sil, 25 g; Biotage) |24 L, FEBHYALE hexane/ethyl
acetate (100:0—75:25) (stepwise) T B4, &5
Az E43% ODS #7174 (SNAPKP-C18-HS, 12 g;
Biotage ) IZ ff L, & B ¥ £ water/methanol
(30:70-0:100) (stepwise) THrBEETTo72. EBIZ,
ethyl acetate/hexane JRGVEIRE AV CHERE
170, EAREELTLEY 228 mg) 21572,
1.2. {bEW 3 DHEE '

TP ekt (U5 C, 2.8 @) 12 CHCL (250 ml)
ZINZ, 30 Sy =R CHRERMHZIT 7. #
HEEZ 3 [EfT o7k, MR, S2EL,
BT =% 2% Silica gel 774 (SNAP
KP-sil, 50 g; Biotage ) |2 £ L, & BH ¥ 1%
hexane/ethyl acetate (50:50) THHE%, Hoiz
B 4r% ODS # 7. (SNAP KP-C18-HS, 12 g;
Biotage ) I L, BB X water/methanol
(35:65) THrBEEITV, BEBELLTLEY 3
(8 mg) 157
1.3. {bEW 4 U 6 DEBE

FEW Frafh (B8 D, 5.6 g) 12 CHCl; (250 ml)
Mz, 30 HMER CBERMHEITo7.
HiEEE 3 BT o7, PIHREIRMNE, FoEL,
Silica gel 77 . (SNAP KP-sil, 25 g; Biotage) (2
U, BB ¥ I hexane/ethyl acetate (87:13—
0:100) (stepwise) T4 L, Fr. 1 X" Fr. 2 245
7-. IBIZ, Fr. 1 % silica gel #7 (SNAP KP-
sil, 50 g; Biotage)tZ L, EBAYAHE hexane/ethyl
acetate (90:10) THBEZTTV, BEEMGEEL T
& 4(5 mg) #4572, Fr.2 1, CHCL I[ZIF S,
T4 E —RiE %, Recycle HPLC (BT A 2:
JALGEL-1H, B8 : CHCl) 1L, AfAaE G
LLTEE D 6 (1 mg) 24572
14, (L& 7 RO 8 D HBE

B (B E, B3R, 600 mg) &, 2.5% TEA
hexane/ethyl acetate (50:50) ([ZIFfES -, silica
gel 77 . (SNAPKP-sil, 50 g; Biotage) (2L, B
BR¥SHE 2.5% TEA in hexane/2.5% TEA in ethyl

acetate (90:10—-0:100) (stepwise) THEEL, €4
ETNEEFANELT, LEW 7 (73 mg) KT
&% 8 (302 mg) BT,

2. REEBRRZ 7 s OFIE
2.1. REERN T 7 By (1) OFE
fEfRRZ o7 85 A O MeOH fiHFRELD GC-
MS KO LC-MS S DA ILT—4(X Fig.
2 \ZRLTe. Wi o R, BBy —2LLC,
diphenidine (Fig. 1b) A, SHITRME
—7 1 BRHEhT (Fig 2abe). B —7 1 13,
GC-MS BLULC-MS AT MLT — &) biEiE
EHEL, o HESREOBEELKRIZLY,
carboxyester ZLDE LT T /AR FDU-PB-22
ERIE LT (Figs. 1a, 2c, fand 2d, g). FDU-PB-22
(DX, BATOFRMBCAEW ThoT. Fiz,
FAGEWNTIFRL 26 4F 8 HIZHESFEMEL TR
=i,
2.2. RAERRT Y7 5y (2) DRE
fERRR Ty 7 85 B © MeOH fhHEEID GC-
MS KO LC-MS S DARZ VT —413 Fig.
3 TRz, MgHToRER, BEabameL Ta
AH e AR FUB-PB-22, = DAY 8-
quinolinol & " Hh F /2 v % b & W 4-
methylbuphedrone 23 HHE N AIEIZ, 1-DDREN
v —7 (2) rH N7z (Figs. 1b, 3a, b, d, ). 5k
HE—27 21%, GC-MS ZHrB LU LC-MS 4
DFER, T2, m/z m/z 109, 252, 394 ([M*])
KO m/z 395 ((MHH]) [2A4 42— 3Bl s
7= (Fig. 3g, 3¢,e). LC-Q-TOF-MS IZL2{bLE%
2 O HR-MS 5#H7 Tl m/z 395.1565 |Z[M+H]"
DY —IBERIEI, HEEMRFUT CisHaoN2OF
(calcd. 395.1560) Th-oiz.

WIZ, NMR ST IO bE8 2 OWEERITZ
1T-7=(Fig. 4, Table 1). 'H and '*C NMR, HH-
COSY, HMQC, HMBC, *N-HMBC, 1D-NOE *
X7 MG, LAY 21%, 2 O HEE  1-
(4-fluorobenzyl)-1H-indole (positions—1’ to 7’a
and positions—1” to 7”) % ON N-(naphthalen-1-yl1)-




carboxamide (position—1 and positions—1”" to
8 )k F T H I LI (Fig.4a, b).
LL, Z02 >0 &R O HMBC 18R
DEH SR hoToZ &b, 2B
deuterium isotope shift ZBI7E L7z (Fig.4c). &
D fE R, NH amide proton (2 L 5 C-3°D
deuterium shift (0.024 ppm) 2 &, 1-(4-
fluorobenzyl)-1H-indole ® C-3’{if}& carboxamide
(I-CONH) @ C-1 fiiefEa L TtnadEE 26
iz, SbIZ, 2 kI NMR 7 —Z K UEFE MS
T B EE DTN, LEW 2 1% 1-(4-
fluorobenzyl)-N-(naphthalen-1-yl)-1 H-indole-3-
carboxamide & [RI%E L7=(Fig. 1a).. {L&® 2 1%
FHLEMTh o7z, AMEEWIL FDU-PB-22
()& NNEI OFo#EEEZH LTV iz [1-
(4-fluorobenzyl)-1H-indolyl]carbonyl moiety }2 T
(naphthalen-1-yl)amino moiety], {b&# 2 %
FDU-NNEI & fii4 L7= (Fig. la—c). 7235, NMR
FEANTE DOFEMII AR EZ TITRNE T 508, 5
FEFR [1] ICFEL TS,
2.3. REERKNT 7 55 (3) DRIE
fERR Y7 85 C O MeOH HIH{EXEI D GC-
MS KO LC-MS HFr DA VT —4 (% Fig.
5 \RLTC. T ofER, BEbEmEL T 5
DDERHI T E /AR (AB-CHMINACA, 5-
fluoro-AMB, FUBFPB—22, AM-2201 indazole
analog, NNEI indazole analog), % ./ > &{b&
) DL-4662, & 512, 8-quinolinol 23 & H =5
LI, 1 DORME 7 (3) RS (Fig.
Sa,b, ). KA —27 31, GC-MS 2B LULC-
MS ST OFER, TN E, miz m/z 356 ([M'])
T O m/z 357 (IMHH]) IZA A e — 7 RIS
7= (Fig. 5¢, 5f). LC-Q-TOF-MS (2XA{t&% 3
@ HR-MS 4347 Tl m/z357.2282 IZ[M+H]" @
E— 7 3B Sd, HEEM AL EUT CaoHaoN4O,
(caled. 357.2291) THh-oiz. #->T, {LEW 3 D
e E AR X (CooHasN4O2: 356) 1%, AB-
CHMINACA &R U ThH o7 (Fig. 1b). L2 L,
LC-MS, GC-MS A~ VR OERFF R

H 72 o T (Fig. 3¢, d, f, g).

KIZ, NMR ST E0b a4 3 OHEERET%
fT-7=. '"H and *C NMR, HH-COSY, HMQC,
HMBC, “N-HMBC and 1D-NOE A~XZ hJL»
5, k& 3 1, 2 >2EHoEE N
cyclohexylmethyl-indazole } Y N-(1-amino-3-
methyl-1-oxobutan-2-yl)-carboxamide moieties %
BT 5 LRI (Fig. 6a, b). S HIT,
2D-INADEQUATE #HE82> &, cyclohexylmethyl-
indazole @ C-3’{iL1% carboxamide @ C-1""fif &
EELTWAZ e REhk (Fig 6a). Lo
L, {tA% 3 @ BC-NMR chemical shift [C-3’ (8¢
129.1), C-7’ (8¢ 117.4) and C-7’a (8¢ 146.4)] I,
AB-CHMINACA ODfE[C-3’ (8¢ 136.4), C-7’ (8¢
110.6) and C-7’a (8¢ 141.2)] &£ B2 > Tz

(Table 2). RIZ, {L&4# 3 & 1H-indazole 7%
BR 0 N-NMR chemical shift % i L 7=
(Table 3). L&YW 3 @ indazole ¥4 D N
chemical shift [N-1" (& —85.5) and N-2° (dn
—153.9)] ¥, I1-methyl-1H-indazole @ 1H-
indazole #%47 [N-1° (8 —202.8) and N-2° (dn
-56.6)] &Y AB-CHMINACA @ 1H-indazole
4y [N-1° (3n—191.4) and N-2° (5 —62.8)] & H
72> T\ 7= (Table 3, Fig. 1¢). —77, 2-methyl-2H-
indazole ™ indazole ¥4 [N-1°(8n—91.2) and N-
2’ (3n —161.0)] &A1& 3 @ indazole ¥4y D
>N chemical shift [Z#E{El L TV 7=(Table 3, Fig.
le) 9]. W~ T, k& 3 OHEEIL, AB-
CHMINACA 2H-indazole analog [N-(1-amino-3-
methyl-1-oxobutan-2-yl)-2-(cyclohexylmethyl)-
2H-indazole-3-carboxamide] & [F] & L 7= (Fig. 1a).

= b efbEH D EEREMEAL (tautomerism) X
Z < H|E SN TEY, indazole DIFA, —i%HY
\Z 1H-tautomer D HFRLZETH H 5, BEEIZ
& T 2H-tautomer D FNLERGE bHRE
INTVB]. #E->T, AT —HHThHD
{4 3 (AB-CHMINACA 2H-indazole analog)
1%, AB-CHMINACA (1H-indazole) > .25 B it
fBIZ XV EREhZbDeEZ bz, Fix



DEBIRY, B R v TR E LT, ALY
¥ A RO 2H-indazole K& # O TRHE L
7. 72%, NMR FEATEOFEMITAHREE Tl
FIZT D, HFRFEE (1] [TREHLTHD.
24, REEBRNT v 7 15y (4-6) DEIE
fERRR T 7 85 D O MeOH B D GC-
MS } O LC-MS S3#r DA~Z LT — 41T Fig.
7 ARLTZ. BT OR R, BEabamiLTE
A8 /AR NNEI indazole analog 73& H &
na &k, 3 2ORME—7 (4-6) BRRHE
7o(Figs. 7a, b, i and 1b).7RFEIL"—72 4 X, GC-MS
SITBEIY LC-MS ST OfER, 2 e, m/z
m/z 357 ([M*]) B O m/z 358 ((MAH]) (A4
— 7 RIS (Fig. 7c, d) . LC-Q-TOF-MS (2
LB{bEY 4 © HR-MS 43#7 Tl m/z 358.1916
IZIMHH]T O — 7 03 8RIE L, HEEMBET
Co3H24N30 (caled. 358.1919) Thoiz. #-T,
{b&H 4 OHEEMRRI (C23HsN30: 357) 1%

NNEI indazole analog &8 U T o7z (Fig. 1b).

LA L, LC-MS, GC-MS A7 LR UEAR
BREFRL R 2 - TV e (Fig. 7d, &, §, k).

I, NMR SHTic &b & 4 OREf#T =
iT-7. 'H and “C NMR, HH-COSY, HMQC,
HMBC, PN-HMBC and 1D-NOE A7 R/l
5, LAWY 41, 2 DB HE5E : N-pentyl-indazole
KO’ N-(naphthalen-1-yl)carboxamide % &9 2
T LRI T=(Fig. 8a, b). LirL, Z?d2
DO EER O HMBC BB & e ds
o7 LaL, {L&% 4 ® PC-NMR chemical
shift [C-3 (5¢ 127.1), C-7’ (8¢ 119.0) and C-7’a (8¢
147.3)] 1%, NNEI indazole analog DfE[C-3’ (8¢
137.3), C-7° (8¢ 109.4) and C-7’a (8¢ 141.1)] & &
725 TNz (Table 4). &iZ, k&4 & 1H-
indazole FEE AR D PN-NMR chemical shift %
#: L7 (Table 3). {b&¥ 4 @ indazole Fsr D
5N chemical shift [N-1° (§n —82.7) and N-2’ (8n
-1474)] X, 1-methyl-1H-indazole ¢ 1H-
indazole #84> [N-1° (5 —202.8) and N-2’ (Sn
—56.6)] & U8 NNEI indazole analog @ 1H-

indazole #F4y [[N-1° (8n —187.8) and N-2° (8
—62.0)] & E72 - TV /= (Table 3, Fig. 1b, 1c). —
7#5, 2-methyl-2H-indazole ® indazole ¥4y [N-1°
(8x —91.2) and N-2° (6x —161.0)] &ibEH 4 D
indazole #43? "N chemical shift IFZE{EL L T
V) 72 (Table 3, Fig. 1c) [9]. & 5 T deuterium
isotope shift ZJHIE L7z (Fig. 8c). * D#EE,
NH amide proton (Z X% C-3’D deuterium shift

(0.029 ppm) 285, 2H-indazole @ C-3"ALiZ
carboxamide (I-CONH) @ C-1 i L#EE LT
HEEZLNE. 6o T, LAY 4 OfEEIR
NNEI 2H-indazole analog [N-(naphthalen-1-y1)-2-
pentyl-2H-indazole-3-carboxamide] & [FlE L 7=
(Fig. 1a). REE—7 5 1%, GC-MS BXLO LC-
MS ATV T —ZhbiEEEHEEL, 53T
T & DOEFE B IZ LY, 2-methylpropyl N-
(naphthalen-1-yl) carbamate &[F7E L7=(Fig. 7£, 1;
7g, m). AALAW (5) IZOWTIX, BT AR
BRIEASCEELEMEL TOREIT R,

REE—2 6 1%, GC-MS HHTILV LC-MS
ITORER, T, miz m/z 288 ((M*]) KO
m/z 289 ([M+H]) 1A & — 7 BNl E N T
(Fig. 7h, n). LC-Q-TOF-MS (2X2{t&% 6 ©
HR-MS 7387 ClX, m/z 289.1906 [Z[M+H]" O
— 7B EEIE, HEEM AT CiyHsN2O;
(caled. 289.1916) Toh -7z, WIZ, NMR HTIZ
DILEW 6 DREERITZAT o7, 1 oL, 2 Rt
NMR 7 —# R OETE MS 7 — X% &7 fiftT

M5, {bE%) 61X, isobutyl 1-pentyl-1H-indazole-
3-carboxylate &[F7E L7z (Fig. 1a, 8d, e, Table 3, 5).
2%, NMR AT & ORI AR E S TI3HIZ
THH, WFFEFEE (1] ICRHLTOD. F, K
L& 6 1XFTHRILEM Th-oT-.

BLED XSz, 85 D 235, 2 DOEKS
NNEI indazole analog ,
(naphthalene-1-yl) carbamate (5)XT* 3 DD~ A
F— B
carboxylate (6), NNEI 2H-indazole analog (4), 1-
pentyl-1H-indazole (GC-MS 7 —# JVHEFE, data

2-methylpropyl N-

isobutyl 1-pentyl-1H-indazole-3-




not shown) P&z, Zb~A T —E5IZ
FHDWNWT, FERSr THhD NNEI indazole analog D
ARBREEHTELR (Fig. 9). (LAY 5 1% 1-
pentyl-1H-indazole & X & L, 3 Ak 47 NNEI
indazole analog (path a) &K UN<A 7T —fk4% 6
(path b) BERSNDEE 2 D2, SHIZ, H3
JFRNEII RIS ARD O 1H- KON 2H-indazole
DHERMEIZEVAT — LT 2H-
indazole product (4) MAEKIINDEHERIS L.
2.5. REAERNT Y7 /L5y (7, 8) DEIE
fERN Ty 7 85 (B) D GC-MS D BLO

LC-MS ST OfER, 2 DORMBERET VI B
5 (7, 8) B3 HIE7- (Fig. 10a, b, e) . LC-Q-
TOF-MS 1ZL2{b&% 7 @ HR-MS 5#Hr Tid,
m/z 224.1280 IZ[M+H]" O —Z 2 BLllSh, HE
TEMEE T C1oH1sNO; (caled. 224.1287) Th-
72, WKIZ, NMR SHric b et 7 orgiE i
Z17o7z. 1 KTT, 2 IRJt NMR 7 —4& R U&-f&
MS F—ZEEOTfENNG, {bEW 7 1%, N-
hydroxy-3,4-ethylenedioxy-N-
methylamphetamine (V-OH-EDMA) LRIELT.
(Fig. 1a, 11a, Table 6) . F£7z, Noggle et al. [10]i%
N-hydroxy-3,4-methylenedioxyamphetamine (N-
OH-MDA), an analog of N-OH-EDMA (7) 7% GC-
MS 728 OFIREH TIZBWTAREE ThH
Y, N-OH-MDA (Fig. 1¢c) 134 fi#Xi MDA (Fig.
L) HENLZEAFREL TV D [10]. B —2
7 (N-OH-EDMA) DHFAEIZDVThH, GC-MS 47
eS8 — 2 3B RSN~ T (Fig
10e). L2>L, E—7Z 7 (N-OH-EDMA) D55
3,4-ethylenedioxy-N-methylamphetamine  (3,4-
EDMA, Fig. 1b) ¢E XL AL =7 EN
(Fig. 10g), ¥R DEFELE T 3,4-EDMA &
FEL (Fig. 10e, f). N-OH-EDMA (7) D3R
ZHEEIL20 DY, 3,4-EDMA X, Ty MEDE
JT v (Brb=, RS0 il IC LD B 1
FARHEINTHB[11]. Fz2, AMLEDITETR
L& Thotz.

LC-Q-TOF-MS 2L 51t& % 8 ® HR-MS 54T

TIE, m/z 306.2072 IZ[M+H]T O —2 8IS
i, HEEMALET CisHsNO; (caled. 306.2069)
Toh-oTz. WIT, NMR SHTIZEN{EEY 8 D
ERRNTEAT o7, 1 T, 2 Kot NMR 7 —4# &
UFTE MS 7 — 25 BTG, (L&Y 8
X, B F %k ib & ¥  dimethoxy-o-
pyrrolidinohexanophenone (dimethoxy-a-PHP) &
EELT-. (Fig. 1a, 10d, 10h, 11b, Table 7). 728,
NMR fENTEOFEMITAIMEETITHIE T,
FFEFE [1] KREL WD RILEWITEAR
TOFHRIMBLEY ThoT. T/, RLEW
LR 26 4 11 A IR EE M LU THREIShZ.

D. #&wm

ARBFFETIE, Tk 26 FEICAFLIZERINT
v 241 BEn T LFTRBTEMERN T v 7 5 K&
CZDOBELAHEL T ILEMEREL:. £
DHFRELTIE, 4 DDOERI T E /AR FDU-
PB-22 (1), FDU-NNEI (2), AB-CHMINACA 2H-
indazole analog (3), NNEI 2H-indazole analog (4),
7= X F VT I RAGEY : N-OH-EDMA (7), 7
F /7 bEY) : dimethoxy-a-PHP (8)% [RIELT.
BT, BRI TE A NREEEMELT, 2-
methylpropyl N-(naphthalen-1-yl) carbamate (5)%
UVisobutyl 1-pentyl-1H-indazole-3-carboxylate (6)
EHRHLEZ. ALE® 6 1%, 1-pentyl-1H-indazole
LibE%) 5 55 NNEI indazole analog &A% T
DERDBIERMEE 2 Bivic. SEBHShE 8
&M D5%H, 2 {ba ¥ (FDU-PB22 (1),
dimethoxy-a-PHP (8)) 1%, K 26 EE | HEH
MEUTHRBEIENTZ. $T, ~AF—STHHR,
RS THD 1H-indazole BIDEFA L FE /A
RO BEMAE LT 2H-indazole BLO{LE ) : AB-
CHMINACA 2H-indazole analog (3), NNEI 2H-
indazole analog (4)3FT7-IRH S, E- T,
SBRLFTLVVERZE THERENT 7 OFt@EH
Bashsd. B, ABFZER R, BRI O#H
RIGRN Ty 7 2§ 208/ A28 %07
—ZThHEEZBND.



