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Evaluation of an On-site Drug-testing Device for the Detection of
Synthetic Cannabinoids in Illegal Herbal Products

Nahoko Uchiyama,* Ruri Kikura-Hanajiri, and Takashi Hakamatsuka
National Institute of Health Sciences (NIHS); 1-18-1 Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan.
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Recently, illegal herbal or liquid products containing psychoactive compounds have been a serious problem damag-
ing human health and causing numerous traffic accidents. Reports indicate that most of those herbal products contain
various types of synthetic cannabinoids. There are many on-site drug-testing devices; however, synthetic cannabinoids
are not targeted compounds for such devices. In this study, we evaluated the on-site drug-testing device ‘‘K2/Spice Test’’
for the detection of 12 different types of 38 synthetic cannabinoids (including 13 naphthoylindole-type synthetic can-
nabinoids) and a natural cannabinoid (4°-tetrahydrocannabinol) . Although this device is primarily used for the detec-
tion of metabolites of naphthoylindole-type synthetic cannabinoids in urine samples, we applied it to detect synthetic
cannabinoids in illegal herbal products for rapid screening analyses. As a result of the on-site examination of synthetic
cannabinoids, 10 naphthoylindole-type synthetic cannabinoids [five narcotics (JWH-018, JWH-073, AM-2201,
MAM-2201, and JWH-122) ; five designated substances (JWH-015, JWH-200, AM-1220, JWH-019, and JWH-020)],
and two other types of synthetic cannabinoid [designated substances (a benzoylindole AM-694 and a naphthoyl-
naphthalene CB-13)] showed positive results (the limit of detection ranged from 50 to 250 ug/mL). Furthermore,
MeOH extracts of illegal herbal products containing naphthoylindole-type synthetic cannabinoids also showed positive
results (the limit of detection ranged from 2.5 to 10 mg herbal products/mL) . Therefore, we found that this device may
be useful for the on-site examination of some naphthoylindole-type synthetic cannabinoids not only in urine samples but
also in illegal herbal products.

Key words synthetic cannabinoid; drug-screening device; illegal drug; naphthoylindole; immune assay; designer
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EpgHEIN TS 2 2055, JWH-018 %214
8 & L 7= naphthoylindole B#D{LEWIZ DT
FTOTPREBEINT NS, RO EEMRLS T
& 5 FRFE A%-tetrahydrocannabinol (4°%-THC) & &
BRAKRESBBDIZHMDLT, B2FE/AR
BRIEAZETHZEMARESINTNDS, D iz,
INo{bEhoL <, BREXIBTEEY &L TR
BEBIENTHED, 04FE9IAEZTREBOERK
F1>¥ /4 K (cannabicyclohexanol, JWH-018,
JWH-073, JWH-122, AM-2201, MAM-2201,
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XLR-11, 5-Fluoro-QUPIC) A & L THAIZH
TWwWa, IEEEHEL T, 201449 ARFHET,
2013 48 5 A I ®IEHE € X #17% naphthoylindole #8
759 B R ED 828 MEO BRI > FE /1 KA
flEnTns FEEEY St44APEDDBE). L
WL, RREL THRERIEEMNRL LBERES Y
TEEBNSBREINTRD, INsSLEMORER
HHEDNLETHD EEZLND.
BREEREETIE, HENICELHED EHBT
BRI, EREMA L)~ Fy MR I
T, ERFHEFOEY RS ERH T 572
DIz, BEHEDF v b & L TFEIZ Triage DOA (&
A 7 Z2%k) % INSTANT-VIEW M-1 (TFB #)
BREBMERINEN, WTNbERIFE/ TR
AR Em o TWARW, . —F, BF, #HiL, E

naphthoylindole &7 >+ /1 K (JWH-018,

JWH-073 %) ORBYZRUSREY S L-ES
A7) —=>72%Fw bk DrugCheck® K2/Spice Test
(Express Diagnostics t£) 2R ND K174
7=, &F v I, JWH-018 KU JWH-073 @ E 4L
BCERNRE ) JO—F kR R W1 L/
TotAFy bTHD, FRREEHOHFREY D
REYOBRHEZENE L THEAT2HOTHB. &
Fv hOF—F T~ MNIEBREINTWERBYOK
HI# BRI 25-5000 ng/mL Tdh 5. 45z, JWH-018
KO JWH-073 @ £/ #H ¥ TdH 2 JWH-018 pen-
tanoic acid & f JWH-073 4-butanoic acid D5 v k
F 7, FNFN S0ng/mL R 25ng/mL &
2o TWaH, KRB IWH-018, IWH-073 /=
FOMERENT 2 FTE A RIZOWTORBERDR
wid7Zawn, 2IT, AHATIE, BRRT v 7EER
BERDOEBEA 7Y —Z Tk EF y FIMERTE
RN ERNT S0, REBEEORRIERED
BRI TEL R 3BILEY (FRE : 8 LAY,
EEEY  28{kEY, KAH 2{EW, 5B
naphthoylindole & : 13 {b &%) KRUKMD EIEHE
B> A-THC (FF#) DOFF39{be#zERELT
¥y hEBWEBRIEZFHMET 5L &b, W
W5 BHEN-T" RICEENSERAICFE A
RoBHBIEAL, ZoFAEERF L.

£ R F5 &

1. BHRURE FEALEEWE, 8RS
>FE/ A R3BIEY FRE:8{LeW, HEE
284t EW, RBH  2{EY) KU 4°-THC
DEF391LEHTH S, L&MW, Cayman Chemi-
cal &, HLUKREINEZERZEBREENERITT
HEXIEBBRL/-H0%2H 1, 4°%-THC X
Cerilliant #H8lZH W=, /1, BRERS v 7HEG
WZDWTIE, 1> —%y hEBUTAFLEZEY
REBET VT 10 85 (BB KT v ZlRa AR
28 BRACFE /A REE 8B KU,
FEREEEYE L THBL TWS 3277 1
MEERWE, BT Y -2 T Fy M3,
DrugCheck® K2/Spice Test (Express Diagnostics #1)
ZHWE,

2. RHBAROFR

2-1. kEPEHORAN  BILEWE MeOH
IR L /=%, FEA A MR EE A Emulphor®
EL-620 (GAF Chemical, Wayne, NJ) Z¥#inLig#
L7, SsickzmAacaRBiEkelz [10%
MeOH/2% Emulphor/88% water (v/v)]. FEHE
WIHEERRL, SEEYIREZ 1000, 500, 250,
100, 50, 25, 10 ug/mL & L/=. F£7z, {b&WREM
DBEREZT S>> ELTHGWE, i, SRE
(1000, 500 X% 250 ug/mL) TEHKETH>~2HD
12, LV{EBETORFITDRN .

222, WEYRFORAR  LEEYHA S0mg iz
MeOH (500uL) Z#@HEmML, BHEHET 10 57 HEHH
%fTo> 78, MeOH #itH¥#& (50 L) IZ Emulphor®
(10uL) ZEHmMUBBHRLAE. 51Tk @40ul) %
Iz CEEANKR & L7 [10% MeOH/2% Emulphor/
88% water (v/v)]. BB RS v I BaRBHD 2
BERGE (¥37F) EUTAFELRZ 1 #HRIR,
JWH-018 I REEI MeOH 1AK% Fi\y T
Z1To 7. BEEYIEEZ 1000, 500, 250, 100, 50,
25ug/mL & L7, F/=, JWH-018 RiFINDOHEDR
BHERE T 57 E L TRV, £k, BRI F
/1 REEFEBRRI v BRI DONTIE, Rkl
HBE% 10, 5, 2.5, 1.25mg/mL & L7

3. BERIV—=5Fy FOBRERUEYY
F BEEHAKR (So0uL) 12, EEALEFY
DEmEELUAGRERERISS. HEZEESELL
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Table 1. Analytical Conditions of the K2/Spice Test Kit

Condition Compound (conc.) Solvent

1 JWH-018(1 mg/mL) 100% MeOH
2 JWH-018 (1 mg/mL) 100% DMSO
3 JWH-018 (1 mg/mL) 50% MeOH/50% water
4 JWH-018(1 mg/mL) 50% DMSQ/50% water

5 JWH-018(1 mg/mL) fgf%“’v’fa?g/ 2% Emulphor

9 Q
6  JWH-018(1 mg/mL) }‘7)6/"%1‘6:3;1/ 4% Emulphor

Q 0,
7 IWH.018(1 mg/mL) 906 MCOH/2% Emulphor

%, HEITBHZENROoBFEEZHHAMEL . Con-
trol /N>R (BB H 5o, test N R (FED)
MHESLNBNWEEEZBEEHEL, N RS
S5hN3Ea3EEEHELRZ. Y TUDIZ, &1k
BYNTD W T RALEMIREE 1000, 500 K& T8 250 ug/
mL TRNZ{To7/. ZhoBETESEZRLED
DX, = 517 100, 50, 25 0K 10 ug/mL F THE
7Y, BEEZRLAREKBEZREBERELUE.
T BRI FE A RERERE R v VHREI
DT, BRERERE 10, 5, 2.5, 1.25mg/mL T
BEEfTY, BE2RLEBEREZBREBEREL
7z,

WRRUEE

1. REBFROEGKRE  AFv MI, KRR
B KA 2RRELTNEHN, 2 OARKY
DFE /A RIZBERENE WD, KizEOmERE
EICETE#W, F 2T, FHEBREZE AR EHAK
MR AIREN E D M AR L7z (Table 1). &5&H
IZBWT, JWH-018 (BH&BE  1mg/mL) &M
W7z, 100%MeOH X it DMSO I AR = B 7= 7k
BRIZDOWTH, HABZ2REIT I &N TERND
7= (&1, 2). KIT 50%MeOH Xit DMSO /K&
WRICHEBER-E2EBRRIIOVWTIE, Lz ER
RIETAM%, KERMLUZZBIESHHHL,
BREL~ £/, RABRORERBEIXTE/ZA, control
EQtest D2 DDON R osbi, BEEZRL
72 (&3, 4. Lo T, BEEEDOAR, X,
HHIRE KD B DRETERITHENAR & L TRE
THDIENGMMoT-. FIT, BEEHEOWE
fBICAWS NS REEERZRNTS I L2 A
7o, SE, BiciR5 T 5EEHAWRIC, Gl

E /1 RORELAl FALAD & U ToOEANRE
IR TWBHEAF > 57 EE %A Emulphor®
EL-620 ((RUFFI )L -35 b ) 2HVTHR
9B &EULE D £, B TO Emulphor @
BEHRIISHTHo20,Y BELEE SKLUT
LU THRHZTo7~. 20% MeOH/2% Emulphor/
78% water IR TIE, {LEWNEFHHLZHDD
BICEML, ABEREIBEEZRLE (&H5).
F7/-, 20% MeOH/4% Emulphor/76% water /&K
T, HT test DN RAlA SNz (EF6). &
517, 10% MeOH/2% Emulphor/88% water {5
TiX, control N> KD AAEERIZH 5o, RAE
BB E R L (R8T, £, RLHETT
T2 (LEYRBIAR 13REERT I 2K
AL/ Lin-oT, £Fv MM, Rapmoile
WREZ4MH7T THEL, BT ZLELE £
7=, ARHEEIX, BKE 200uL TRIEMNAIFET
Horh, SENTS00uL &L= HECETSE
Bd3-5s RBETH -~

2. BEYRRBZREAVIBRE #HiElLE
fteoEERX% Fg. 1l T RxLAE. R2EE
(Group A-L) ORRZEROERAIFTE/ AR
38 1kEW (W @ 8{LEa, f8EEY @ 28 {baW,
KBH : 2LEY) KU 4%-THC (Group M) DEF
9 k& E AN TR %2>/~ (Table 2: No. 1-
39, Fig. 1).

FD%EHR naphthoylindole B 10 k&4, = Dfth
2B 2L EMRBETH - 2 (BRIHRR
B 50250 ug/mL) (Table 2: No. 1-8, 12-14, 16).

Naphthoylindole # (Group A) 13 k& D> 5,
10 b &MABIETH> 7= (Table2: No. 1-8, 12,
13), 2056, 04F9 AREMRETH S
naphthoylindole # @ 5 1t & #% [ JWH-018,
JWH-073, AM-2201, MAM-2201 (8115 =250 ug/
mL), JWH-122 (2100ug/mL)] 139 X THRHA
BETdH o7z (Table 2: No. 1-5), HEEMICONT
1%, naphtoylindole D BEH#E R, 23 /=)L 7 )V F
VST & 5 JTWH-015, IWH-019 (T $H =50 ug/
mL), JWH-020 (=100 ug/mL), morpholinoethyl
ETHB IWH-200, %7 (1-methylpiperidin-2-yl)
methyl T 2% AM-1220 (WFNH =50 ug/mL)
BFBEETHD, Ry=H XL CH; (JWH-015) TlZ
B TH -7~ (Table 2: No. 6-8,12,13). —H, R,
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(A) Naphthoylindoles

(B) Benzoylindoles

Uy

Ry
£
Naphthoylindoles JWH-200 AM-1220 AM-694 RCS-4
[Narcotics]
JWH-018: Ry=CsHyq, Ry=H, Ra=H (C) Naphthoylnaphthalenes (D) Phenylacetylindoles

JWH-073: Ry=C4Hg, Rz=H, Rz=H

JWH-122: Ry=CsHj1, Ry=H, R3=CHj O o}

AM--2201: Ry=CsH1oF, Rp=H, Ry=H

MAM-2201: R4=CsH1qF, Ro=H, R3=CH3 O

[Designated substances)

JWH-015: Ry=C3Hy, Rp=CHj, Rg=H

JWH-200: Ry=morpholinoethyl, R2=H; Ra=H

AM-1220: Ry=1-methylpiperidin-2-yl)methyl, R;=H, Rz=H
EAM-2201: R1=CsH1oF, Rz=H, Rg=CoHs

JWH-213: Ry=CsHy1. R;=CHj, Ra=C,Hs

JWH-182: Ry=CgHay, Rp=H, R3=C3H;

JWH-019: Ry=CgHy3, Rp=H, Ry=H

JWH-020: Ri=C7H;5, Ro=H, Ry=H

CB-13

I (¢]

(E) Cyclopropylindoles

JWH-250

Fig. 1. Structures of Tested Compounds

Cannabipiperidiethanone

(F) Naphthoylpyrroles

JWH-307

XLR-11 A-834,735
(G) Naphthoylindazoles (H) Naphthoylbenzimidazoles () Carboxyindoles
0 o
o
N
0 N ~ N
R F
JWH-018 indazole analog (THJ-018): R = CH3 .
. i g ‘R= AM-2201 benzimidazole analog MEPIRAPIM AB-001
AM-2201 indazole analog {THJ-2201): R = CH,F (FUBIMINA)
(J) Carboxyamide derivatives
9 o} o o o
Wﬁ@ N e TN e vy 1 N et
I
N N o] N s] o Hol NN o]
F I\©\F H\R
APICA
AB-PINACA AB-FUBINACA ADB-FUBINACA AMB: R = CH,
5Fluoro-AMB:R = CH,F
(J) Carboxyamide derivatives (K) Quinoliny! carboxylates (L) Cyclohexylphenals (M) Natural cannabinoids
e} O 0 O o OH CHs
o
N OH OH
@*W@**@* | .
N N” N X Ny i 0
N
hq a
F o 9
R Cannabicyciohexanol A’-THC
NNE! (MN-24) NNE! indazole analog QUPIC (PB-22): R = CH; FUB-PB-22
(MN-18) 5Fluoro-QUPIC (5FIuoro-PB-22)R = CH,F
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Table 2. Screening of Synthetic and Natural Cannabinoids Using the K2/Spice Test Kit
No. | Group Type Legislation® Compound Limit of detected conc.®
1 Narcotic JWH-018 + (=50 ug/mL)
T2 Narcotic JWH-073 + (=50 ug/mL)
EEN Narcotic JWH-122 + (=100 ug/mL)
T4 Narcotic AM-2201 + (=50 ug/mL)
5 Narcotic MAM-2201 + (=50 ug/mL)
T Designated substance JWH-015 + (=50 ug/mL)
7 A Naphthoylindoles Designated substance JWH-200 + (=50 ug/mL)
T8 | Designated substance AM-1220 + (=50 ug/mL)
T Designated substance EAM-2201 — (1000 ug/mL)
10 | Designated substance JWH-213 — (1000 ug/mL)
11| Designated substance JWH-182 — (1000 ug/mL)
12 | Designated substance JWH-019 + (=50 ug/mL)
13 Designated substance JWH-020 + (=100 ug/mL)
14 . Designated substance AM-694 + (=50 ug/mL)
— B Benzoylindoles -
15 Designated substance RCS-4 — (1000 ug/mL)
16 C Naphthoylnaphthalenes Designated substance CB-13 + (=250 ug/mL)
17 . Designated substance JWH-250 — (1000 ug/mL)
—— D Phenylacetylindoles -
18 Designated substance Cannabipiperidiethanone — (1000 ug/mL)
19 . Narcotic XLR-11 — (1000 ug/mL)
— E Cyclopropylindoles -
20 Designated substance A-834735 — (1000 ug/mL)
21 F Naphthoylpyrroles Designated substance JWH-307 — (1000 ug/mL)
22 . Designated substance { (:Z I—(I%(%_i?_i)nlc;t)lzole ana- — (1000 ug/mL)
— G. | Naphthoylindazoles -
23 Designated substance ?%%?;;dﬁdazme analog — (1000 pg/mL)
24 H Naphthoylbenzimidazoles | Designated substance aAnI;ll-:gZO(lF%?Iz&rg\c}zz)ole — (1000 ug/mL)
25 ) — Mepirapim — (1000 ug/mL)
— I Carboxyindoles -
26 Designated substance AB-001 — (1000 pg/mL)
27 Designated substance APICA — (1000 ug/mL)
7 Designated substance AB-PINACA — (1000 ug/mL)
“79— Designated substance AB-FUBINACA — (1000 pug/mL)
T30 | Designated substance ADB-FUBINACA — (1000 ug/mL)
31 J Carboxyamide derivatives — AMB — (1000 ug/mL)
—52_ Designated substance 5Fluoro-AMB — (1000 ug/mL)
33| Designated substance NNEI (MN-24) — (1000 ug/mL)
34 Designated substance ?&E}lig)dazole analog — (1000 ug/ml.)
35 Designated substance QUPIC (PB-22) — (1000 pug/mL)
36 K Quinolinyl carboxylates | Narcotic %ggig;?{;%%?;% — (1000 pg/mL)
37 | Designated substance FUB-PB-22 — (1000 ug/mL)
38 L Cyclohexylphenols Narcotic Cannabicyclohexanotl — (1000 pug/mL)
39 M | Natural cannabinoids Narcotic A%-THC — (1000 ug/mL)
“ D S | i bt | 0mnt)
4 tion of any povehosciive swbstance) | (prodsct onlv: negativey |+ (250/mL)
: e | S, | -G

2 As of September 2014. ® + and — indicate positive and negative, respectively.
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=CH; LA ETiRB#% T > /- (EAM-2201,
JWH-213, JWH-182 (Table 2: No. 9-11)). L7=4>
T, BREIZDODWTIE, R=CH,~C;H;s, CsH(F,
morpholinoethyl £ & U8 ( I-methylpiperidin-2-y1)
methyl EIZBEHETH D, R, KU R 1E, ThFN
HX&XU CH; £ THBHETH o/~ (Fig. 1, Table 2,
Group A: No. 1-8, 12, 13)). Z®DIFMNIiZ, benzoyl-
indole B D AM-694 XEMET H o 7248 (250 ug/
mL), F# O RCS-4 IEMHTH > 7/~ (Table 2,
Group B: No. 14, 15). 7z, naphthoylnaphthalene
BMOCB-B3IZDODWTHBEHERLE (=250ug/
mL) (Table 2, Group C: No. 16).

F D IF » 2 #¥ 5 L 7= phenylacetylindole
(Group D: No. 17, 18), XLR-11 (Fk#) Z D cy-
clopropylindole # (Group E: No.19, 20),
naphthoylpyrrole # (Group F: No. 21), carbox-
yamide derivative B¢ [7 X Al ! GroupJ (No. 27-
34) 1, quinolinyl carboxylate # [T X 5 )V B :
Group K (No. 35-37)] IZWwFnsvlETH- /-,
% /-, naphthoylindole B¢ (Group A) & #&EE N
{&® naphthoylindazole B¢ (Group G): JIWH-018 in-
dazole analog (THJ-018), AM-2201 indazole ana-
log (THJ-2201), J% Uf naphthoylbenzimidazole &
(Group H) : AM-2201 benzimidazole analog (FUBI-
MINA) 13, WinbR#ETH o= (No. 22-24).
Carboxyindole # ( Groupl) T D W T,
naphthyl 2 (Group A) @ ¥ D |2, piperazinyl

# % adamantyl E A% £ 0 U /= AB-001 %
MEPIRAPIM (3f&tE T & - 7= (No. 25, 26). /-,
cyclohexylphenol # (Group L: No. 38): cannabicy-
clohexanol (FRE) RO EIF{EMRIT TH 5 MHE
A%THC (Group M: No. 39) HfEMTH-~ (Ta-
ble 2).

UEDHEM»S, AFv b2A0nE—FOD
naphthoylindole & A > 7B /1 ROBRHIZR]
BETH A Z EpRaniz. MESFREEEY ORI
HLWwboo, HERELL THHE I TWS
naphthoylindole # 5 (L &E#IZT DN TIX TN TR
TRETH o7z, Larl, BEEENCIEEEY DO
TH, BHREOEE (FICR) KXOBERAO
&M AH > /- (Fig. 1and Table2) . F /=,
naphthoylindole B L4} TliZ, 2 k& (AM-694,
CB-13) B THokM, IR, TXFI, 7
FIFIN, AT =), XA IF)— )5
2HT5{EaMIEHETH o7 (Table 2).

3. BERT v /ERKRABBREZRBOVIRE

WHHREBE RS v 7 288 (BB ARUTB, W
THHEER RS v RS RBEE) KU RHEHEEE
W T¥27F) LUTAFULZEYR 1 85 (&
C, BB RSy RRaARBE) 12 JWH-018 2N
%, MeOH #ith L 2 BHAREZRA L& 25,
WTFNLEMTH o~ (250ug/mL, RFEMTIE
Wi HEEM) (Table 2, No. 40-42) . ABRHER
BE (50ug/mL) 1%, HEHODIWHOIS EHE

Table 3. List of Detected Compounds in the Herbal Products?

Product gggé‘;;;a’ JWH-0182 JWH-2502 JWH-0732 JWH-0152 JWH-200* Oleamide?  Other  Product®
No. (mg/g) (mg/g) (mg/g) (mg/g) (mg/g) (mg/g) (mg/g) compounds? (mg/mL)
1 ‘?gftfir‘fgﬁf n.db  35.90£1.05  n.d. n.d. n.d. n.d. n.d. nd.  +(=2.5
2 oot aedl 4.1120.12 16375075 nd. n.d. n.d. n.d. nd.  oTocopherol + (=10)
3 ]?C'fﬁfi]ﬂe;f nd.  13.54£0.50  n.d. n.d. n.d. n.d. 141.58 a-Tocophero! + (=10)
4 ‘?;ft‘g;fg%f n.d. n.d. nd. 3731325  nd n.d. n.d. nd.  +(=25)
5 ]?gft‘tih‘l"'g‘;f n.d. nd.  23.59+1.52 45.15+4.42 9.56£0.55  n.d. n.d. nd.  +(=5.0)
6 ‘%;ffft‘hl]‘gf n.d. nd.  41.74%075  n.d. nd. 21654047 n.d. nd. +(22.9
7 ?;Li‘giéeg‘if n.d. nd. 56624036 n.d.  19.46+0.04  n.d. n.d. nd.  +(=10)
8 ]%C‘ift‘fh‘fg%f n.d. nd. 51474288  n.d. n.d. n.d. n.d. nd.  —(10)

4 Data given as mean£=S.D., n=3. Partial modification of Refs. 6) and 7). ® n.d.: Not detected. ¢ + and — indicate positive and negative, respectively.
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0.5% (5mg/g) WHHEL~. BHEETIX, BIER
Sy 23 BB RO JWH-018 DEHE1L, 2.0-60.0
mg/g (FH22.0mg/g) THhozI &hn,9 B
B T8BIZH L THERFE Y ML 2 HIER
RRETH B EEZEZLNZ. KRIT, EFSHBEIC LC-
UV MRIC X D EBZTW, S SFEENBRAITH D
BRACFTE 1 REASERBIIDVWTRNZT>
7= (Table 3). % D #EHE, JWH-018, JIWH-073,
JWH-015 X113 JWH-200 2587 % 7 &8 F1E, »
TNHEMHETH >/~ (Table 3: No. 1-7) (BHER
B 5B EE 2 5-10 mg herbal product/mL). — 75,
JWH-250 ({ba#BFidkeE) 02588 (Ta-
ble 3: No. 8) B THo/7. LidioT, &
Fv M, EBREBRRS vY BEN-T) B
HMHEBRRPOERTIFE 1 FORBHEEETH
B EMREINT

Triage DOA R EDA L/ T vEAiERZHWET
ROBHAA 7 ) —=>7F v M, BB (AR
ERIZEDBHMEINTNR I ENS, FOMHEEE
ERBULELTHERTAILENRDESEEZ NS
W0 MAEERREORBIIBWT, "Bl FE
AR GREE)” 2EBRNTERT 2 M 7a0n
BRIZBWT, &xFv MNE, BBEAI V-0
D—EREEERVBDEEZOSNS.

ik, ARRBBHOERER A ) —Z2TFy
r&RWT, —¥8®D naphthoylindole B&FL >+
EJA4 REZBEENsdH00, {b&WwaEk REL
) X3EB RSy 7B RTDOIa ORE A IEE
THBZEEHLMILE 5%, HAEEERER
ERXBIZEYBHR IV -0 TFED 1 DEL
T, AFv FOEROTREEASTRE S NE.

B AR BEFHEEERBEESER
TRRUVEEFBRFHRAE#HDES (EERL - BEE
WBREL T2 NP1 I AREMASE
H25-E#-—%-019) ORI E DIThNzH DT,
BREALICEST 5.

FZEMR BRI REFZHERITRWN,
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ENEET ARAENBTEERL Lidh, 1 ANFEE
6 ANBEBEEEE T, BIRFEOET (BEN—T)
EFHALTEEILTWED, ZOBEHEE > M IChE
N—TEORBE~NOELSEEY, EENS DAEC
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BT, TEERENRRELTND, ABTE, hb0
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BRESYIONME

B R 0

TG REZEITHEEEADORIVBREBEIN5EF/ARIBZL
<7V,
EATERBRES y VAL T BE L LT legal
highs (&5 - RAEY) % designer drugs (FREY
DH) DEMESHVWLNTRY, FECRERLIC
> Tnew (F J=1Xnovel) psychoactive substances
(NPS) OEBHEAINDZI LIRS, ITNEDEN
EQHFADMBA LI RBEETMILTLEHE T
TRV, BETEHEMREREZEZENTNWD
MDMA ® LSD & D TIRFBRFEBEN TH o 729,
EREYILFEERF (UNODC) HEHEOHEZEEL T
NPS (Nidnew) DEZEZEL T3, ZOHEHMEITII,
HBETIHERRS v O E L TEESNIIS WSS
IVRI-RUYDIERST DY (WTFNHER) bEE
NTWBM, 28, new F£/713 novel DFERFBHEEMITER
RETHo I LE2HTLUHERET, MO TEERBE
WYBELLU THRASNHEENFT LI NEYESOBERA
THBHEEHENY,

AT, BAENTEBRRES v hoitiahicE
BODDYELSERHINDEREENHS2PEETD
LT, BAERE, O EER EREESBSFORE,
BHUERVCEE2EOREARSICET EE (B BEER
EfEgas, BEER ) 0 HBEEEY) KEEINRT
NWaH0, QW/EINEZIENSEDHD (TOBIRE
RS, @ BN THRENRE SN TWARERY
ETH5, BB, 7z3xFNTIVE QCTU—-X -
TMA 3 —X - MDMA 21 — X - HEEZEE L) -
MNITHIVE -ERSUVE - BREBIATIVE -V
JWEJ U ADOHFIZDWTHEAS ORFVESRS
iz,

2 NMOBRE

2-1 FRYEORE EH&H
BRRS v TICEBESNAPWEITKL EELLTAL
e, ZOSWEHFHEMEORENSHEED. BRR

Sy T OREREE, LERESHE ON—7) KaRt

FYEENBELIDRASEL LD - K - BEETD
%, INHEDSNMRICIERT 2 EEX 5NDHD = B
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U, BEHRILBARY MLVEE (NMR) - RADEAE
# (R - BEEEST (HR-MS) S00Fkz M
WTLEREZHSNTT 2, BRORSEZEET5E
BiRZw 7ndH 0, fHxOWEOERICREENHED HE
BH 5, EER u%ﬁ%@%ﬂﬁ%ﬁﬁsﬁ?—&ll’ﬂ BT
FEENBRINDEHDL NI,

2-2 BEMyEOS (E&E

EINFE =3 CHBA R S N, FIRERRENDIE

RAE2ETHEAENENEOESFEHN-LEMER, B
HRERE IR OB EEYPHETROSHIC L 2ME
EEEIREIND, BEEYOPTHEEENLOH
ST D f2 b O R OV WSE B R D IREEIC#
EiFaha, 201641 H 5 BBIfE, EHBEERBE
OEEEYIZ 4T MER T LENTH D, TONHR
1%, ERICIIEEINTWS 0N 173 YWHE, TOFEE
(#ik) OERHTE 1 RBTI0WE, aiFEED
FF ) EN A E, FLUTHESTIVET S 1Y/
SLTHDD, ZNETITEEEYD S MEICK BT
EhEb0, BLIZRLEZIBWETH . IBEEY
BUORREICDWTIE, FifFvREEROMHEES DD
Wi s,

BEEDOITIRL, BEFHEEERRBEHE
€. pREE GRS CUF, SEEmEE) S UTH
E%%@“ifETE%LLﬂémeao_mﬁﬂm
ESTESE B RAEETEFICBIT AMEERICEDNT
%méMTbb,%w¢5Eu@®T%&émtmo
F O, HisEEEYORE T SICEMOBARFEH

%1 #‘éﬁ%ﬁ%bx%ﬁi%t:%ﬁ L7=#E (201564 1 B 5 BI87)

TNTWVD, L LUEYOBIAE HREREY OHHTE
[ZDWT) THolks, 2010E9 AW hS [HEES
YIORIERBESEICDONT) KEBEEN TS,
FORIUIIRTIRZ2ITEEDREEBOTHD, A¥
J=VEBiEE UTHBE U EEENEE, TR0 RNTS
74~g§ﬁﬁ(a>M$ kO 574 —
----- B (LC-MS) £ 3REI/ 0T TS 74— T 7
1\574'%' B7 L #H (LC-PDA) ZBAWTHIFT
%, BEEHNCZ 2007 ED SBRECES £ TR—OM
ELEHETOREEREY (AFEEOWEIC DN TIIEE
BMAFETERDLODH) OFEEFRE - v XAXT b
= UV ARG MIVHEEN TS, EEAETRT
DIEEREYL Z OFHETHILTRETSH 505, H—OHst
& U TBIPICANA (B41, 1) i3 GC-MS T — 7 2t}
HE9W, BEBAICD LC OEBEROANEEINT
(/3515)0

REEIMEZ STIRBIEVERE D v VG DARY b
T —FERRETIMEL DT £ T 5o MOVIBHN L
DhHEBREINTVWDS, £z, Z2HODHE %R
GC-MS10, LC~-MS019~2D  T,C-PDAW2D gk - 4
BTAHENREINTNDS, BRI vITRSELT
B BIAOBRICH 2B OMENHE > TH2HE
WHYD, TNHIETAANRT MUHZEBERNENIZL
otz L, UV ARY MVABEE I RS > THBNCE
MOEENH B,

2.3 HEAEEEOBR RSy SEENE DS
RO MR R & £ B K 5 v F R &

A GERD)

2C T2 = 2007/ 2/28» i 2007/12/19

- 2C-T-4 47I$?»7: 2007/ 2/28 . 2007/12/19
2c-T \  TIRFNTR 2007/ 2/28 . 2007/12/19
5-MeO-DALT ~ ipg79~>§ - Coaorams a0 a0
PMMA 5 7:*?_7‘>%3_N?*f2mvaus*~”1”Imm/ym“;
bk-MDEA 1Pr,**rﬁjja=,fw/£a S 2007/12/12 2013/12/20

 MDPY BRI Cooz008/1217 2012/ 7/ 4
IRAFIY : ﬁﬁ?//% 2008/12/17° 2013/ 1/80
- JWH-018(2) » Vﬁﬁmﬁyﬁtjfyw o 2009/10/21 o 2012/ 7/°4 -
HIFELrOANFY )L BEAYFE /AR C02009/10/21 o 2012/ 7/4 0
4=AFWANIF ) > BRAT ) B o 2009/10721 o 2012/°7/4 .
JWH-073 . BEAYFE/ AR 2010/ 825 - 2013/ 1/30
JWH-122 CEBRHXFESAR 2011/ 4'/1”4,,,,:' p - 2018/.1/30 -
AM2201 BRAVFEIAE o 2011/9/20 2018/ 4/26
a-PVP (14) BENTF 7 R LU 2012/10/17 0 2013/.1/30

- MAM-2201 BERAFE AL | 2012/10/17 . 2013/.4/26
 XLR-11 BEAYTE /1R 2012/10/17 2013/12/20

'5FQUHM%) CERHIFEI AR . 2013/10/21 2014/ 7/ 2
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2 BEBMOCHUDEEENESELRROMLLSE

(EWB T XTIEZR)
B oW |ReEmERUHE 0 momE
BRINS | RESTHRIEL b | H R B IR D

@ 100 mg By, A&/ —)b2mL
; £, 5 AMBERT
xR |S0me HHE 5>, KETHN

W, BEE (f

AL DBIA| 10 mg Ulfrafree-MC, 0.45 pm

Wtk 50 uL % /EiErAs |- [filter unit, MILLIPORE
L DE TR R ) R, T
—— F O RV - R
| ASTYR RO~ BREKRET 5, - DRl
; ELZZRB S0mg mier A5 ) —)L THE
HTENA |PEY 50 mg R, s @;«gt@“%i,
ATL—H |\ NERERREAIC
WAL, Wefhatel s
Ak ‘

T OREW OIS BITON TS, FOXEERZEKN
i, OhFEREBEZ LAEBHOEREMEFEL TH
FOTEEMBICRI TS, QOfRERS DILIEDEEEH
MEYOEETICH = E2HETS, OEEEYOD
HSE (20144 4 HICHH) 2T 2, @FPER
FEoTHEB RIS v TRy ORBOEEIEMAZHHET
5, ThHd, ,

AARE O THIRICET 2HREIZ VO
WTH DD, £2< 0BG, MEPITE, BEERLZE
YO RBAAERORBD SR E NS, FILEEELT
IR P B HATh N, LC-MS TR L&
TRHHENEN, HEMEHNISY >F L8 (MS/MS)
RO HENLZ WY, EERTRME (TOF-MS)
FROMEE-RTERE (QTOF-MS) 0FHHEAT
Wa, BREI Y ZEmME, MRIHERLZBEOREN
BEAEDLD > TOIRWYETHY, EOLSRHD
NEL SN, KRECFECRBEYOMPRERZEDL D7
L OVINESDITEORE E8HT U TEHI NS5
20, BEES Yy IITBERORR TS > hEd %
HETDHDOROEEE, RMEINZRENERIC
EEREZBLNNTHOIENENOFHHELEETH .,

RIZME LD BT WRETH B, Sl >
FEARDOEDI, BROSREMENFEAERIBS
NEVWHONH 5, INHIZDWTIERBYOBRENS
EODNERD B, T, KEWSREMENT VIO
CBEEHDNVEMEBEREIN TR EANS 2, RE
B~ 0y —ETAEE, BRI THEZEL, LC-
TOF-MSTIBE W EBD 27T Y EE2 A7 ) =227
THHEPHREIN TN,

mig - ROUADOEERFEB & LT, BEO9, B
%, & MR b |EMN S S, b FIFHEAEIE,
HEEHHS EQL I BRBINELC D0 2HBENT
BRADHHBREDOAEICHN SN S,
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3 BRRESVIMRNER

3.1 BHAVFE/ AR

BB TE A ROWF, KHEDORS &R
WHATACBLERUCB2 LTy —~OEEELEZE
DERILFEYNEDBHTH B, &I T 1 RO
oMM, JWH-018 2) 2¥]H & 9557 1L
A R=NVEREHE>Z, TDD, 201342 H
12, TOERBEHEETHLEYNAEEREE (3)%2&
e LOLFT BAILA > R=) VRS B IEHITIE
IRNHEE DR HE > T D, BN - kG
#HWE>v— (EMCDDA) WamA>TE/ T K%
Core, Link, Ring, Tail @ 4 Az (M 2) 2o TEDH
BEDEBCEI > THBERRTESZ Y T %
BHELTWS, fAATRESNZERI FE /4
K5 5-Fluoro—AMB (4)9 KT8 A-836339 (5)30 0%
HBERXEFRLUZ. 2~8 T RTEHEREANFTE/ART
H 0, Core, Link, Ring, Tail iz Z8TH 5 Z E8¥H»n
%, 728, 113 NNE1 (34 NNEL 6) &5 255
MokiiEh, NNEL OBIERM EEZ SN TN B,
BN FE A RBER RS v TRy OF TR
R FEMRKENEZD, BEEBHND TRMEORS &1T
Hizd GCERULCLHEMRENTVWS, iz, —H0
EHRAFE A R BREFICHMBTIEEND
%5, FE, Link 45T 257 ThD QUPIC (314
PB-22,7a) &, A¥/—INEiWlIHy / —I)VEEZE
GC-MSIZAT Uy ML ABEAT B EE8NETBM, &
PIEADBEZ250°C LTS RAT—) )V 25Dk
WRIEEME S A F—2EHT D, BLIEAT Yy

FEAKTBIETHASND EORENH DD, &

7=, Ring OF7ic ZBR#EE LD UR-144(8) B GC-
MS Iz BWTEGRASTE Z 539,
EFRBOSFFICBWTE, WPOEEI>FE/ 1
R 46 #8 % LC-MS/MS TEEESH T 2 HHENHEX
NTWaY, BEFAE T THERIVTE /1
RO BEIZEWEENE L, FAAEFECHIZBITS
5F-QUPIC (54 5F-PB-22, Th) it iz i
H~15ng/mL ThHo/=®, £, RNLIXERA>
FE A ROKREENEEAERBENT, KB
mHEN5S, REDEIBCEDONTNNDOMBITKE
ENMIILA#ERZEDLD, HHWE, SHITHILR
CEANEBEEINAEDD, FRSSTIN IO CBEEE
Niz®OENH D00, WEDERIFE /AR
NEBORBYEALECD2BEDH B0, FEARAH
MESHTHIEREST, WENEERLENENT
BHERRE SN TN 5042,

EREA T E 1 REHEYRICBEASINSHENZN
N, BABICEEEROIXSDENEL D, INMBEE
RE2BLEEO—DTHBuEENEHEINLTY
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(A ()
s )
L0 O N
N N R?: 2%
\/\/‘N D ' \\K\ R RS 137858
1 BiPICANA 2 JWH-018 3 BEEECERAZTE/ AL
—) ) .
o]
aw: 0 o A OJKE@
o] S
i\ O NW P .
N{l JYLNAN\\ | N ‘ \\xR
b L \\H
7a (QUPIC) : R=H

4 5-Fluoro-AMB 5 A-836339

7b (5F-QUPIC) : R=F

6 NNE1 7 QUPIC%

o]
o)
o) 4 o] 1 Q
2 3 Rl: 378
NR'R
N NH NRZR® : 7 FH8R
1 4 . 3
SF R RY: 24 fEEE
R
8 UR-144 9 hF/T 10 AEEEOESRITF /) VE 11 o-POP
Q Q
/@/U\‘/NH /@)kr'o “D
12 Benzedrone 13 FARTIFiEanLor 14 o-PVP
o 15a (25C-NBOMe) : R=Cl
NH 15b (25H-NBOMe) : R=H f |
i 15¢ (25B-NBOMe) : R=Br o N N
R ™~ 15d (251-NBOMe) : R=I
oL 15e (2C-N-NBOMe) : R=NO; of '
16 AH-7921

15 NBOMe 21 —X

1 BYEOBEN

29, Fi-, BEBORFECI D EEZOBEROEE
g;hwcmé%)zﬂo
3-2 BRAHTF/UER

HF )2 (9 BH—hEEENLEEEREZETD
WMBETHOYW, FECEEINTWS, IF /LM
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CEABKEBEDAHAENED N2 VIVR FEU
THE->THBY, THALRERIF/ VEIIFIN
BWE, T XFINT IO - HINRZINETE
MENE BT R IFFINTIVEOEL TasIN
250HHD, IS5l bk-MBDB % bk-MDDMA 4,
bk 2 L2 BIFEERF D,
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17 MT-45

s 0D
NH
/ R2 \R‘]

21 2-EAPB 22 FR/)AYEE

-\/O o]
O
Jo o0
O~

24 IFNTz=F—k 25 ARFEII

1 (=)

Tail

2 EMCDDA [Ck2EBA VT E/ 1 FOSEEDERE

BB TFEDNIWERAF /7 VB DWTIE,
2013 4F 12 RicaiEisE (10) Mfrbhiz. SIEEE
DBV, EEREPAFTETIAARY FIVHHS
MTIRNSDONEKELEDD, IF/ VEIFEIYZR
NI FIZBWTEHEEWRE — 7 0307z < BEHENEE
L, BENY - hoEHEEERN LR

BN DMHEIN TN, GFEBERICEZYT
BREEOWEIETEERH L, %@?‘ﬁ%&%é‘é@%
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18 TEFNTIZIN

19 5-APB 20 6-APB

22a(2-AD : Ri=H, R®=H

22b (5-IAD : Rl=H, R?=1 <
22¢ (N-methyl-2-AD : Rl=CHj, ki
RQ_
23 MDAI

26a (Diphenidine) : R=H
26b (Methoxphenidine) : R=0CH;3

26 VUxZIrE 27 4,4-DMAR

EMEOBER

DHEHRERAF ) VEPHERELURET TW3Y, £0OF
121 «—POP (B4 PVY, 10D LS I EFEICEWTH
2EDOHDHH S, Benzedrone (12) L 16 EDEE
B, TLC, GC-MS oF — ¥ Mgt N T 3%, &
=, BRIy JEEMN GC-MS, LCERU 7 O—7
P arMS/MSicLDFRIFIEONLDO
> (314 4-MPPP, 13) S 10EZRHELEBRENDH

5%, o~PVP (14) @ GC-MS iz B W T—5&5y
BRI D ZENHEEINTNDED, IF /) VEZR

IR Z N D509, RETHS a-PVP D
KEWIT O W TRFRBRENH D5,

BB, BEATF VEBAERRETEED, HFER
HEEMTREDERAERTYED, FIL0HFBTD0
TN B0,

3-3 NBOMe U —X

NBOMe ) —Xid 7 22 FIT I 0OT I VA
0= A RFIARUVANEDPREELZBETHD, FIZ
Bk TRBEIC S T3S, HATIE25C-NBOMe
(15a), 25H-NBOMe (15b), 25B-NBOMe (15¢), 251-
NBOMe (15d) ASEEEMICHEEIN TS, BDT
WETHERAL, BFCRIAZTTHRETL2D00H
%508, 25C~-NBOMe ¢ 1 EfE &I 50~200 pg BE
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TH0, (aELSD) &6MFh, LSD &®EL T
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ABSTRACT: Three types of racemic [S]helicenyl acetates
(1a, 2, and 3a) were synthesized. The synthesis of 2 was
achieved by regioselective oxidation using o-iodoxybenzoic

acid. The enzymatic kinetic resolution of la—3a was studied. ;iizgfgg

The conversion with the highest rate and ee was obtained using  posiitons |

1a as the substrate and lipase Amano PS-IM as the enzyme. :zg:ﬁc -----------

The two enantiomers of 1-[S]helicenol 3b were separated

using (1S)-10-camphorsulfonyl chloride as the chiral resolving agent.
[n]Helicene derivatives are ortho-annulated aromatic rings quantitative yield. The subsequent oxidative aromatization of
showing helical chirality. Enantiopure [n]helicenes with n > 6 6 with dichlorodicyanobenzoquinone (DDQ) gave compound
and [4]- and [S]-helicenes with a substituent on the interior 7 in quantitative yield. Finally, the Ohira-Bestmann mod-
side of the helical aromatic framework can be isolated at room ification of the Seyferth-Gilbert method afforded 8 in 93% yield.
temperature because of their high configurational stability.' Cycloisomerization of 8 with § mol % PtCl, at 85 °C in toluene
Therefore, chiral-functionalized helicenes have received con- resulted in the formation of ()-2-methoxy[5helicene (rac-1c)
siderable attention for applications in chiral materials, as the sole product. Its bromide, rac-1d, was characterized by X-
asymmetric catalysis, and chiral recognition of biomolecules.” ray crystallography to confirm its structure (Figure 1). Rac-lc
For these purposes, the preparation of enantiomerically pure was then readily converted by demethylation using BBr; to
helicenes is required. (£)-2-[S]helicenol (rac-1b) in quantitative yield. This

The enzymatic transformation of organic substrates is well- procedure may be employed to afford rac-1b in 63% overall
known as a method for the preparation of optically active vield from 4.
compounds. Enzymes efficiently catalyze a broad range of For the synthesis of (&)-1,2-[S]helicenyl diacetate (rac-2),
chemical reactions under mild and environmentally friendly rac-1b was treated with o-iodoxybenzoic acid (IBX) in DMF to
conditions, often with very high enantioselectivity. Although afford the desired [S]helicene o-quinone (mc—9),6 which was
several studies have investigated the lipase-catalyzed acylation converted to rac-2 in 68% yield by a sequence of reduction and

of thiaheterohelicenes with primary alcohols,® lipase-catalyzed acetylation reactions (Scheme 2). The structure of rac-9 was
direct deacylation of phenolic acetates has been reported only confirmed by COSY, HMBC, and NOESY spectra. A
. . . 4 . ] 3 .
when [S]helicene-like 4-acetate is used asa substrate.. In _thls computational DFT study was performed for the regioselective
context, we recently reported the synthesis of 1-functionalized IBX oxidation of rac-1b (Figure 2). Based on previous studies,”
[S]helicenes and the separation of the enantiomers using chiral rac-1b reacts with IBX to produce aryloxy-A5-iodane
HPLC', . . intermediates IM1a/1b, which transfer oxygen to the ortho-
In this work, we focused on the synthesis of [5]helicenes site via a sigmatropiclike [2,3]-rearrangement. During this
ith functional groups on the sterically hindered 1- and/or 2- I8TAtroP Y & 3. &=
w process, the iodine(V) atom is reduced to the 4*-iodanyl species

position of the 'hehx and .the development of pro tocols for ! heir IM2a/2b, forming o-quinone. Thus, the regioselectivity in this
optical resolution. Herein, we report a concise synthesis of i uld be determined by the tranciti tate of th
[S]helicenyl acetates (rac-la—3a), their lipase-catalyzed kinetic r;ac 1on €0 e e e?rmme I 3’ de }:‘ang}l}oTn s ale ° ht €
resolution, and the optical resolution of (+)-1-[Slhelicenol Eh,3];;learr;ngement process. n ej,r’ t §M1 bresu flsl ds ow
(3b) using a resolving agent. Furthermore, to gain a deeper at eb[ .,3]—rearran§e'menlt .step om b 'a/ 1 fwo dglve
insight into the reactivity of lipase, we conducted computational IM2a/2 _1\71 a TSI“./ 1b, involving ENeIgy barriers o 24 and 4.0
keal mol™, respectively. Thus, the difference in the computed

modeling studies using [S]helicenes. . c . Pt
Initially, (+)-2-[5]helicenyl acetate (rac-1a) was synthesized free energy barriers (1.6 kcal mol™") for the internal positions
of the oxidation processes is in good agreement with the

via the route shown in Scheme 1. Synthesis of alkyne 8, a ) 3
precursor of rac-la, proceeded via the Vilsmeier—Haack experimental result.
reaction of 7-methoxy-1-tetralone 4 to afford S-chloroacrolein '

S in 91% yield.5 Suzuki-Miyaura cross-coupling of § with 1- Received: April 7, 2015
naphthylboronic acid afforded coupling product 6 in Published: May 28, 2015
ACS Publications  © 2015 American Chemical Society 6502 DO 10.1021/acs joc.5b00759
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Scheme 1. Synthesis of 2—[5]Heliceny1 Acetate la

MeO 1-naphtylboronic acid MeO O MeO O
POCl, Pd(OAG)p, KoCOj, Bu,NBr DDQ Q
DMF, 0-90 °C H,0, 45 °C toluene, 60 °C

——*—-—————“» e e
quant.

91% quant. CO
7

EtO.

o o RO MeO
FA e
EtO Q 5 mol % PICl, Q HBr, AcOH O Br

toluene, 85 °C DMSO, rt

—
K3PO4, MeOH rt C \\ 75% 26% O 0
&) 1,
rac-1d

BBr3, CH,Cl,, -10 °C, quant.
I Acs0, TEA, CH,Cly, 1t, quant.

rac-1c R=Me
rac-lb R=H
rac-la R=Ac

@\,.,%

75

1d

Figure 1. ORTEP, drawing of 1d with 50% ellipsoid probability.

Scheme 2. Synthesis of 1,2-[S]Helicenyl Diacetate 2

AcO
NaBHy,, Ac,O Q

—H NaHCO3, DMF, 1t acq
e 3.

®,
e COSY OO
s HMBC
rac® ., NOESY rac-2

(£)-1-[S]Helicenyl acetate (rac-3a) was synthe51zed by our
previous procedure (see the Supporting Informatlon)
Next, we examined the hydrolysis of rac-1a—3a using several AG rel = 2.4 keal mol”? . AG rel = 4.0 keal mol™!
different enzymes in tert-butylmethyl ether (MTBE) containing

. . . Figure 2. Computational investigation of the [2,3]rearrangement
. Th hydrol f rac-1 o d gu p g s 8
water e enzymatic hydrolysis of rac-1a was performed using pathway. The relative free energies (kcal mol™!, at 298 K) for the

. o . .
hﬁ.a ZTS at 30 °C, ‘anld th}f, ri:actlon lcourse Wlis monlltoreg Ey stationary points were calculated using B3LYP with the 6-31G* basis
chiral HPLC (Daicel, Chiral IA column). The results of the set for O, C, and H, and LANL2DZ for jodine. Most of the hydrogen

kinetic resolutions are summarized in Table 1. atoms have been omitted for clarity. IM = intermediate, TS =
Hydrolysis of rac-1a in the presence of Amano PS proceeded transition state.

to give (+)-(P)-1b with 38% ee in 59% vyield, and (=)-(M)-1a
of 35% ee was recovered in 41% yield (entry 1).” Furthermore,
Amano PS IM (where IM indicates that the lipase is barriers for racemization (AG*) were found to be 23.0 keal

immobilized on diatomaceous earth) showed higher reactivity mol™ (k=52 x 1073 min"l, t1/, = 133 min at 303 K) and 23.2
than Amano PS. Other lipases such as Amano M, F-Ap1S, CAL, keal mol™ (k = 3.5 X 10" min~', t,,, = 198 min at 303 K) for
Amano AK, and Amano AYS showed low reactivity and/or low 1a and 1b, respectively.'’ In order to avoid racemization, we
enantioselectivity when rac-1a was used as a substrate (entries changed the amount of lipase used and the reaction
3—7). Although rac-1a showed good conversion yield at 30 °C temperature. As a result, racemization was suppressed, and la
with Amano PS IM, its enantioselectivity was low (entry 2), and 1b were obtained with good enantioselectivity (entries 8—
probably because of the racemization of the product under the 10). The hydrolysis of the configurationally stable diacetate rac-
reaction conditions employed. In fact, the Gibbs’s free energy 2 gave inseparable mixtures (Figure S2), and these compounds

6503 DO#: 10.1021/acs.joc.5b00759

J. Org. Chem. 2015, 80, 6502—-6508



