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fused with artificial cerebrospinal fluid at a flow rate of 2.0 uL/min.
The artificial cerebrospinal fluid prepared with analytical grade re-
agents consisted of KCl 2.5 mM, NaCl 125 mM, MgCl-6H,0 1.0 mM,
NaHPO,4 2H,0 0.5 mM, NaH,P04 12H,0 2.5 mM, and CaCl, 1.2 mM.

Sampling was started 60 min after implantation of the probe for
stabilization. Samples were then collected twice at 10-min inter-
vals as baselines. Drugs were then administered to rats and sam-
ples were taken every 10 min until 3 h and then collected every
1 h for the next 7 h into a sampling tube containing 5 or 30 pL of
0.1 M phosphate buffer (pH 3.5) containing 0.1 M EDTA-2Na (dial-
ysate/phosphate buffer = 4:1 (v/v)).

The in vivo recoveries of the probe (R, vivo) were calculated from
three replicate measurements of in vitro recoveries (Ri, vitro), i1 VitT0
losses (Lin vimo), and in vivo losses (L vive), according to previous
reports (Sun et al., 2002; Wada et al., 2008). For these calculations,
we used artificial cerebrospinal fluid with the following substances
added to be: MDMA (100 ng/mL), MDA (50 ng/mL), methamphet-
amine (100 ng/mL), amphetamine (50 ng/mL), dopamine (25 nM),
and serotonin (25 nM). The relative Ry, vitro, Lin vitro» and Liy vivo Val-
ues were calculated to be 19.0 +4.9%, 41.7 £ 7.5%, and 26.6 + 4.1%
for MDMA; 16.6 £5.6%, 45.5+ 11.3%, and 26.2 +3.8% for MDA;
17.8 £6.2%, 41.9+7.6%, and 25.8 +3.6% for methamphetamine;
17.3+3.2%, 46.0+12.1%, and 29.0:x4.0% for amphetamine;
85+4.8%, 96.6+14% and 96.9:04% for dopamine; and
14.4 £2.5%,95.0 £ 1.6%, and 99.1 + 0.1% for serotonin, respectively.
The percent in vivo recoveries for MDMA, MDA, methamphet-
amine, amphetamine, dopamine, and serotonin were estimated
at 12.4%, 10.1%, 11.5%, 11.3%, 8.5%, and 15.0%, respectively.

2.5. Drug administration

MDMA (12 and 25 mg/kg) or methamphetamine (10 mg/kg) in
0.9% saline was i.p. administered to rats at 0.1 mL/100 g body
weight. For co-administration of the two drugs, methamphetamine
was given immediately following administration of MDMA. For
sole administration of MDMA or methamphetamine, saline was
injected immediately following administration of either drug to
remove the influence of second injection. According to interspecies
dose scales (McCann and Ricaurte, 2001), the dose of MDMA used
in this study (12 mg/ke) is equivalent to a dose of 164 mg in a 70~
kg human. Because the MDMA content of seized tablets ranges
from 1 to 245 mg/tablet (Makino et al.,, 2003; Teng et al.,, 2006;
Morefield et al.,, 2011), the dose of 12 mg/kg of MDMA is in the
range of being abused by humans. In the present study, an MDMA
dose of 25 mg/kg was used to determine whether MDMA risks in-
creased in a dose-dependent manner.

2.6. Determination of drugs by HPLC-fluorescence detection

Fluorescence derivatization was performed on 10 L of samples
using DIB-Cl (Tomita et al., 2007) with some modifications. As the
internal standard, we added 5 pL of MPPA in methanol to a vial and
evaporated the methanol with nitrogen gas. Next, 10 uL of sample,
5 uL of 0.1 M carbonate buffer (pH 10.0) and 90 pL of 0.1 mM DIB-
Cl in acetonitrile were added and let stand for 10 min at room tem-
perature. We then added 5 pL of 25% ammonia solution to stop the
reaction.

The HPLC-fluorescence system consisted of two chromato-
graphic pumps (LC-10ATyp and LC-10AS, Shimadzu, Kyoto, Japan).
One was used for analysis and the other for washing the column,
a Rheodyne 7725 injector with a 20 pL sample loop (Rheodyne,
CA, USA), a Wakopak Handy octadecylsilica (ODS) column
(150 x 4.6 mm, i.d., Wako Pure Chemical Inc.), and an RF-10Ax;
fluorescence detector set at 330nm (o) and 440nm (Jem)
(Shimadzu).

The drugs were separated with a mixture of 50 mM phosphate
buffer (pH 7.0)/acetonitrile/methanol/2-propanol (=50:45:5:2, v/v/
v/v). The flow rate of the mobile phase was set at 1.5 mL/min and
the column temperature was set at 30 °C.

2.7. Determination of dopamine and serotonin concentrations by
HPLC-ECD

Dopamine and serotonin levels in the rat striatum were deter-
mined by HPLC using an HTEC-500 system (Eicom, Kyoto)
equipped with ECD. Samples (10 pL) were injected and analytes
were separated on an Eicompak PP-ODS Il column (30 x 4.6 mm,
id.,, 2 um, Eicom) using a mixture of 0.1 M phosphate buffer
(pH 5.4)/methanol (=98.5:1.5, v/v) containing 500 mg/L sodium
1-decanesulfonate and 50 mg/L EDTA-2Na. The flow rate of the mo-
bile phase was set at 0.5 mL/min and the column temperature was
set at 25 °C. The working electrode was a WE-3G (graphite elec-
trode, Eicom). The applied voltage of the conditioning cell was
set at +400 mV.

2.8. Determination of drug and monoamines concentrations

MDMA and methamphetamine levels in dialysate were deter-
mined from calibration curves ranging from 2.50 to 1000 ng/mL.
MDA and amphetamine levels in dialysate were determined from
calibration curves ranging from 2.50 to 500 ng/mL. The limits of
detection for MDMA, MDA, methamphetamine, and amphetamine
were 1.63ng/mL, 1.19ng/mL, 1.84ng/mL, and 0.47 ng/ml,
respectively.

Dopamine and serotonin levels in dialysates were also deter-
mined from calibration curves ranging from 0.05nM to 500 nM.
The limits of detection for dopamine and serotonin were
0.008 nM and 0.006 nM, respectively.

2.9. Statistical analysis

The concentrations of drugs and monoamines measured in dial-
ysates were converted into extracellular concentrations using
in vivo recovery. These values were used to obtain the PK parame-
ters of these compounds.

All data are represented as mean + standard deviation of mean
(SD). PK parameters were calculated by moment analysis (Yamaoka
et al., 1987). Peak concentration (Cmax) and time to peak concentra-
tion (Tmax) Were obtained from observed data. The area under the
curve (AUC) for concentration vs. time was calculated using the
linear trapezoidal rule until 600 min after drug administration
(AUCo-ggo). The mean residence time (MRTy_goo) was calculated
from the equation for area under the moment curve/AUCq_ggo.

The moment parameters of drugs and monoamines were ana-
lyzed by one-way analysis of variance (ANOVA) followed by Sche-
ffe's post-test for more than three groups, and by Student’s t-test
for two groups. A P-value less than 0.05 was considered to be sta-
tistically significant. Statistical calculations were performed using
IBM SPSS® Statistics 17.0 (SPSS Japan Inc., Tokyo).

3. Results
3.1. Determination of drug profiles in dialysates

3.1.1. Monitoring of MDMA and MDA levels in the rat brain after sole
administration of MDMA and co-administration of MDMA with
methamphetamine

The profiles of extracellular MDMA and MDA concentrations
vs. time after i.p. administration of MDMA alone (12 and
25 mg/kg) and co-administration of MDMA (12 mg/kg) and
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methamphetamine (10 mg/kg) are shown in Fig. 1. Moment
parameters for these experiments are shown in Table 1.

When MDMA was administered alone, extracellular Cy.x and
AUCq_600 of MDMA were significantly increased for 25 mg/kg vs.
12 mg/kg (extracellular Cpax 1847.9 to 6077.7 ng/mL; AUCq_ggo
348.0 ugmin/L to 1490.9 pg min/L; P=0.01 for both, Scheffe's
post-hoc test). Moreover, Cmax of MDMA for the co-administration
group was 3308.1 ng/mL; a non-significant increase compared
with the sole MDMA (12 mg/kg) group. After sole administration
of MDMA (12 and 25 mg/kg), Crmax of MDA was 327.1 ng/mL and
1351.9ng/mlL, respectively, and AUCog0 of MDA was
107.9 pg min/L and 483.4 pug min/L, respectively. This represented
a non-significant increase in MDA levels in the 25 mg/kg MDMA
group compared with those in the 12 mg/kg group.

3.1.2. Monitoring of methamphetamine and amphetamine levels in the
rat brain after sole administration of methamphetamine and co-
administration of MDMA and methamphetamine

The profiles of extracellular methamphetamine and amphet-
amine concentrations vs. time after i.p. administration of metham-
phetamine alone (10 mg/kg) and co-administration of MDMA
(12 mg/kg) and methamphetamine (10 mg/kg) are shown in Fig. 2.
Moment parameters for these experiments are shown in Table 2.

The Cmax of methamphetamine did not differ significantly be-
tween the sole methamphetamine administration and MDMA-
methamphetamine co-administration groups (2757.1 ng/mL vs.
2675.1 ng/mL). However, the Tpax of methamphetamine was sig-
nificantly prolonged in the co-administration group compared
with the sole MP group (45.0 min to 110.0 min, P=0.01, Student’s
t-test). In addition, in the co-administration group, the MRTy_ggg of
methamphetamine was significantly prolonged from 123.0 min to
210.3 min when compared with the sole methamphetamine group
(P<0.05, Student’s t-test). The AUCo.gp0 Of methamphetamine
showed a non-significant tendency to increase in the co-adminis-
tration group compared with the sole methamphetamine group
(671.7 pg min/L vs. 401.8 pig min/L).

One of the major metabolites of methamphetamine, amphet-
amine, tended to show similar behavior to methamphetamine,
The MRTp_so0 of amphetamine was significantly prolonged in the
co-administration group compared with the sole methamphet-
amine group (187.4 min to 301.4 min; P=0.001, Student’s t-test).
The Cphax of amphetamine increased significantly in the co-admin-
istration group compared with the sole methamphetamine group
(580.5 ng/mL vs. 452.0 ng/mL; P<0.05, Student’s t-test), as did
the AUCq_ggo of amphetamine (217.4 pg min/L vs. 98.2 ug min/L;
P <0.05, Student’s t-test).

Table 1
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Fig. 1. Time-concentration profiles of extracellular 3,4-methylenedioxymetham-
phetamine (MDMA) (a) and 3,4-methylenedioxyamphetamine (MDA) (b) after sole
administration of MDMA (12 and 25 mg/kg, i.p.) and co-administration of MDMA
(12 mg/kg, i.p.) and methamphetamine (10 mg/kg, i.p.) as determined by microdi-
alysis in ethylcarbamate-anesthetized rats Each point represents the mean + stan-
dard deviation of mean (SD) (n =4).

Pharmacokinetic parameters of 3,4-methylenedioxymethamphetamine (MDMA) and 3,4-methylenedioxyamphetamine (MDA) after a sole administration of MDMA (12 and
25 mg/kg, i.p.) and co-administration of MDMA (12 mg/kg, i.p.) with methamphetamine (10 mg/kg, i.p.).

MDMA 12 mg/kg

MDMA 25 mg/kg

MDMA 12 mg/kg + methamphetamine 10 mg/kg

MDMA
Comax (ng/mL) 1847.9£599.8 6077.7 +2484.1 3308.1 +674.2
Tmax (miN) 85.0 % 55.1 85.0+30.0 95.0+44.3
Tij2 {min) 84.612.1 175.4%73.1 96.7+27.3
AUCq_0p (11g min/L) 348.0  120.3 1490.9 2 657.4° 689.8 129.4
MRTg_gg0 (min) 1709£31.7 205.2 £39.9 1713£32.6
CL (mL/min) 11.0£3.0 56%23° 53209

MDA

Crmax (ng/mL) 3271635 1351.9 £ 936.1 492.7 £90.2
Tinax (Min) 205.0 £79.0 290.0+116.6 230.0 £ 49.0
Tyj2 (min) 1502 £79.0 503.5 + 309.2 1825+ 111.7
AUCo_s00 (pig min/L) 107.9£27.7 483.4 £ 360.2 166.6£31.9
MRTg_e00 (min) 258.5 269 300.2 £ 32.7 271.9% 169

Data were represented as mean # standard deviation of mean (SD).
P-values were calculated by Scheffe’s post-hoc test for the three groups.
" P<0.05, vs. MDMA (12 mg/kg) group (Scheffe's post-hoc test).
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Fig. 2. Time-concentration profiles of extracellular methamphetamine (a) and
amphetamine (b) after sole administration of methamphetamine (10 mg/kg, i.p.)
and co-administration of 3,4-methylenedioxymethamphetamine (MDMA) (12 mg/
kg, i.p.) and methamphetamine (10 mg/kg, i.p.) as determined by microdialysis in
ethylcarbamate-anesthetized rats Each point represents the mean +standard
deviation of mean (SD) (n=4).

3.2. Determination of monoamine profiles in dialysates

3.2.1. Effects of MDMA with/without methamphetamine on dopamine
and serotonin levels in the rat brain

The profiles of extracellular dopamine and serotonin concentra-
tions vs. time after i.p. administration of MDMA alone (12 and
25 mg/kg), methamphetamine (10 mg/kg) alone or co-administra-
tion of MDMA (12 mg/kg) with methamphetamine (10 mg/kg) are
shown in Fig. 3. Moment parameters for these experiments are
shown in Table 3.

The Cax of dopamine increased in a dose-dependent manner
after sole administration of MDMA (12 mg/kg, 196.8 nM; 25 mg/
kg, 882.1 nM). The AUCq_goo of dopamine after sole administration
of MDMA was 29.9 uM min for 12 mg/kg and 123.4 pM min for
25 mg/kg. The Cnax of dopamine for the sole methamphetamine
administration group was 1687.3 nM, significantly higher than
that in the sole MDMA (12 mg/kg) administration group
(P <0.05, Scheffe's post-hoc test). The AUCq_ggp of dopamine after
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Table 2

61

Pharmacokinetic parameters of methamphetamine and amphetamine after a sole
administration of methamphetamine (10 mg/kg, i.p.) with/without 3,4-methylenedi-
oxymethamphetamine (MDMA) (12 mg/kg, i.p.).

MP 10 mg/kg

MDMA 12 mg/kg + methamphetamine
10 mg/kg

Methamphetamine
Cmax (ng/mL)

2757.1 £626.0

2675.1+594.3

Timax (mMin) 45.0+10.0 110.0 £ 36.5°

Ty (min) 70.4+20.8 1176 +34.6

AUCq_s00 401.8£213.6 671.7+151.2
(ng minfL)

MRTg.g00 {min) 123.0x174 2103 £6.5°

CL (mL/min) 8.8+4.0 46+ 1.1

Amphetamine

Crnax (ng/mL) 452.0+81.8 580.5+51.2°

Tmax (min) 115.0+ 443 270.0£0.0

Ty2 {min) 1093 £323 309.0 + 143.8°

AUCq.600 98.2£233 217442747
(1g min/L)

MRTo.g00 (Min)  187.4+£34.2 3014 +7.2°

Data were represented as mean # standard deviation of mean (SD).
P-values were calculated by Student's t-test for the two groups.
4 P<0.05, vs. methamphetamine (10 mg/kg) group (Student's t-test).

sole administration of methamphetamine was significantly higher
than that after sole administration of MDMA (12 mg/kg)
(159.9 uM min vs. 29.9 uM min; P < 0.05, Scheffe’'s post-hoc test).
Further, the AUCy_gop of dopamine in the co-administration group
was significantly increased compared with both sole MDMA
administration groups (243.4 M min vs. 29.9 pM min (12 mg/kg
MDMA) and 123.4 uM min (25 mg/kg MDMA); P<0.05 for both,
Scheffe’s post-hoc test).

On the other hand, the Cyax Of serotonin after co-administration
of MDMA and methamphetamine tended to be higher than in the
scle administration groups (183.3 nM vs. 50.7 nM (MDMA 12 mg/
kg), 43.2 nM (MDMA 25 mg/kg) and 36.9 nM (methamphetamine
10 mg/kg); P> 0.05, Scheffe’s post-hoc test). AUCq_goo of serotonin
tended to be highest in the co-administration group compared
with the sole administration groups (11.4 uM min vs. 4.9 M min
(MDMA 12mg/kg); 6.1 uMmin (MDMA 25mg/kg), and
2.6 uM min (methamphetamine 10 mg/kg)).

4, Discussion

Hyperthermia is a potentially lethal adverse reaction to MDMA
abuse (Greene et al., 2003; Sano et al.,, 2009), and its underlying
mechanism is thought to involve changes in monoamine levels
(Mechan et al., 2002; Cole and Sumnall, 2003; Lyles and Cadet,
2003; Docherty and Green, 2010). Therefore monitoring of brain
monocamine levels should be useful in evaluating the risks of
MDMA.

We investigated pharmacokinetic and pharmacodynamic
effects of the drugs simultaneously for each rat striatum. First,
we investigated pharmacokinetic and pharmacodynamic profiles
of MDMA at two dosages, 12 mg/kg and 25 mg/kg. Because
seized MDMA tablets are known to range widely in MDMA con-
tent, it is important to evaluate the in-vivo effect of MDMA at
different doses. Second, to clarify the risks of abusing both
MDMA with methamphetamine concurrently, we also evaluated
pharmacokinetic and pharmacodynamic profiles in the rat
striatum associated with co-administration of the two drugs.
To our knowledge, this is the first study that has taken into
account interactions of MDMA with methamphetamine when
evaluating pharmacokinetics and pharmacodynamics based on
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Fig. 3. Time-concentration profiles of extracellular dopamine (a) and serotonin (b)
after sole administration of 3,4-methylenedioxymethamphetamine (MDMA) (12
and 25 mg/kg, i.p.) or methamphetamine (10 mg/kg, i.p.) and co-administration of
MDMA (12 mg/kg, i.p.) with methamphetamine (10 mg/kg, i.p.) as determined by
microdialysis in ethylcarbamate-anesthetized rats Each point represents the
mean + standard deviation of mean (SD) (n=4).

the monitoring of drugs, metabolites, and monoamine levels in
the rat striatum over time.

Table 3

In the pharmacokinetic evaluation, Cpax and AUCq_goo of MDMA
after a sole administration of 25 mg/kg MDMA were significantly
increased compared with those for 12 mg/kg MDMA. This indicates
that MDMA ingestion influenced the brain in a dose-dependent
manner. Although the higher MDMA dose was approximately
twice the lower dose, these pharmacokinetic changes were greater
than anticipated from the dose difference. This results support the
hypothesis that MDMA shows a non-linear accumulation (Chu
et al.,, 1996; la de Torre et al., 2000; Kolbrich et al., 2008; Mueller
et al., 2008).

In the sole 25 mg/kg MDMA administration group, CL of MDMA
was significantly diminished compared with the sole 12 mg/kg
MDMA administration group, and leaded to increased AUCq_ggo Of
MDMA. Moreover, when 12 mg/kg MDMA was co-administered
with 10 mg/kg methamphetamine, Cpax and AUCq.e00 of MDMA
tended to increase compared with after sole administration of
MDMA at the same dose, but this was not significant. Similar to
the sole 25 mg/kg administration group, CL of MDMA in co-admin-
istration group was significantly diminished compared with the
sole 12 mg/kg MDMA administration group. In MDMA metabolism
to MDA, no significant change in the pharmacokinetic parameters
of MDA was found between a sole 12 mg/kg MDMA administration
and co-administration groups. So, the efflux step from the brain
thought to be prolonged by drug-drug interaction, and this caused
decreased CL of MDMA. Pal and Mitra (2006) suggested that
MDMA and amphetamine are potent substrates for P-glycoprotein,
an efflux protein, which is located in the brain and transports sub-
strates towards the blood compartment (Cordon-Cardo et al.,
1989; Mann et al,, 1997). Furthermore, Ketabi-Kiyanvash et al.
(2003) indicated MDMA at high concentration acts as an inhibitor
on P-glycoprotein. These data suggest saturation of efflux via
P-glycoprotein or inhibition of P-glycoprotein could be occurred
and leads to decreased CL of MDMA in higher dose of 25 mg/kg
MDMA group.

Increased Cpax of MDMA was observed in co-administration
group, whereas Cnax of methamphetamine did not change between
two groups. This may show the possibility of drug-drug interaction
between MDMA and methamphetamine in the influx steps into the
brain. Unfortunately, the details of influx of amphetamine-like
drug into brain have not been elucidated. Further study is needed
to be clear disposition of drugs into brain and drug-drug interac-
tion about that.

With regard to methamphetamine, Tyax and MRTg_goo after co-
administration of 12 mg/kg MDMA with 10 mg/kg methamphet-
amine were significantly prolonged compared with after sole
administration of the same dose of methamphetamine. These find-
ings indicate that the brain was exposed to methamphetamine for
longer when MDMA was taken concurrently than when metham-

Moment parameters of dopamine and serotonin levels after a sole administration of 3,4-methylenedioxymethamphetamine (MDMA) (12 and 25mg/kg, ip.) or
methamphetamine {10 mg/kg, i.p.) and a co-administration of MDMA (12 mg/kg, i.p.) with methamphetamine (10 mg/kg, ip.).

MDMA 12 mg/kg MDMA 25 mgfkg Methamphetamine 10 mg/kg MDMA 12 mg/kg + methamphetamine 10 mg/kg
Dopamine
Crax (NM) 196.8 + 100.6 882.1£421.7 1687.3 £584.5° 1823.5 + 5606
Tmax (min) 42.5+20.6 35.0+14.1 15.0+£0.0 17.5%£5.0
AUCo_g00 (1M min) 299175 123.4+47.3 159.9 £ 50.9° 24344657
MRTo_s00 (min) 15192415 150.4+28.8 123.0+£314 1719278
Serotonin
Cmax (nM) 50.7 £23.8 43.2%176 36.9+12.6 183.3+157.2
Tmax (min) 250+8.2 250+8.2 225+5.0 17.5+5.0
AUCq_gpo (M min) 4925 6132 2610 11484
MRTo_g0p (min) 1104 +17.2 1643 +73.4 80.2 £ 16.1 105.9 +30.2

Data were represented as mean + standard deviation of mean (SD).
P-values were calculated by Scheffe’s post-hoc test for the four groups.
* P<0.05, vs. MDMA (12 mg/kg) group (Scheffe’s post-hoc test).

™ P<0.05, vs. MDMA (25 mg/kg) group (Scheffe’s post-hoc test).
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phetamine was given alone. This may result from interactions at
uptake and excretion, but the detailed mechanisms remain
unclear.

In the evaluation of pharmacodynamics, we found a significant
increase of dopamine concentration after co-administration of
MDMA (12 mg/kg) with methamphetamine (10 mg/kg) compared
with sole administration of either 12 or 25 mg/kg MDMA. Further,
we found that methamphetamine contributed to this increase in
dopamine concentration more than did MDMA when the two drugs
were co-administered. This suggests that adverse events would be
more common when MDMA is taken with methamphetamine than
when it is ingested by itself, even at twice the dose. Serotonin con-
centration also tended to increase when MDMA and methamphet-
amine were given together. This may be another factor increasing
the risk of MDMA when ingested with methamphetamine.

As above, Cpnax and AUCq ggo of serotonin tended to increase
after co-administration of MDMA with methamphetamine,
although not significantly when compared with the sole adminis-
tration groups. A relatively large variation in these serotonin
parameters may account for this failure of the differences to reach
significance, and this could be caused by individual differences in
drug sensitivity among rats. Nonetheless, this finding still indicates
that serotonin release is increased by taking MDMA with metham-
phetamine, and that such co-ingestion accordingly increases the
risks of these drugs.

Our findings agree with those of Clemens et al. (2004, 2005),
who reported that MDMA and methamphetamine in combination
may have greater acute adverse effects than equivalent doses of
either drug alone. Gouzoulis-Mayfrank and Daumann (2009) also
suggested that multi-drug use may well potentiate the neurotoxic
effects of the drugs, and our present findings are again in line with
this report.

We could control for the differences between individual rats
and discuss the relationships between drugs and monoamines lev-
els in the rat brain because pharmacokinetic and pharmacody-
namic evaluations were performed the using same sample for
each individual. Regarding the pharmacokinetic assessment, there
was no significant difference in the changes in MRTy_gop between
drugs and monoamines (data not shown). This suggests that mono-
amine profiles directly reflect the pharmacokinetics of drugs dis-
tributed to the brain, indicating that monoamines are released in
response to the drug entering the brain.

Finally, we need to refer to several limitations in this study.
First, two different doses were used in this study, although several
doses were required to evaluate toxicity of MDMA. Second, our re-
sults obtained by single administration of drugs indicated acute ef-
fects of drugs. Their chronic effects by multiple administrations
should be also considered. So, we need further study to overcome
these limitations.

5. Conclusion

In conclusion, we compared pharmacokinetic and pharmacody-
namic profiles for sole administration of MDMA (12 and 25 mg/kg),
sole administration of methamphetamine (10 mg/kg), and co-
administration of MDMA (12 mg/kg) with methamphetamine
(10 mg/kg). Our findings suggest that the risks of MDMA ingestion
may be increased by co-administration of methamphetamine.
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Our continuous survey of illegal products in Japan revealed the new distribution of 15 designer drugs.
We identified four synthetic cannabinoids, i.e., NNEI (1), 5-fluoro-NNEI (2), 5-chloro-NNEI (3) and NNEI
indazole analog (4), and seven cathinone derivatives, i.e.,, MPHP (5), a-PHPP (8), «-POP (7), 3,4-
dimethoxy-a-PVP (8), 4-fluoro-a-PVP (8), a-ethylaminopentiophenone (10) and N-ethyl-4-methyl-

pentedrone (11). We also determined LY-2183240 (12) and its 2’-isomer (13), which were reported to
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inhibit endocannabinoid uptake, a methylphenidate analog, 3,4-dichloromethylphenidate (14), and an
MDA analog, 5-APDB (15). No chemical and pharmaceutical data for compounds 3, 4, 6 and 7 had been
reported, making this the first report on these compounds.

© 2014 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

A large number of new psychotropic substances continue to
emerge around the world {1.2]. A total of 251 new psychotropic
substances were identified by United Nations member states as of
mid-2012. Most of the substances reported globally between 2009
and 2012 were synthetic cannabinoids (60 substances), followed
by phenethylamines (58 substances) and synthetic cathinones (44
substances) |2|. We have been conducting an ongoing survey of
designer drugs in the illegal drug market in Japan {3-S|, and we
reported the identification of newly distributed designer drugs
among illegal products purchased in early 2013 that include the
two synthetic cannabinoids 5-fluoro-QUPIC (5-fluoro-PB-22) and
A-834735, a cathinone derivative, 4-methoxy-a-PVP, an opioid
receptor agonist, MT-45 (I-C6), and a synthetic peptide, Noopept
(GVS-111) {71. Here we describe the identification of 15 newly

* This paper is part of the special issue entitled “The 51st Annual Meeting of the
International Association of Forensic Toxicologists (TIAFT)". September 2-3, 2013,
Funchal, Medeira, Portugal. Guest edited by Professor Helena Teixeira, Professor
Duarte Nuno Vieira and Professor Francisco Corte Real.

* Corresponding author at: National Institute of Health Sciences, Division of
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Tokyo 158-8501, Japan. Tel.: +81 337 009 154; fax: +81 337 076 950.
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distributed designer drugs (1-15, Fig. 1) among illegal products
purchased in 2013.

2. Materials and methods
2.1. Samples for analyses

The analyzed samples were purchased on the Internet between
January and August 2013 as chemical-type or herbal-type products
A-L being sold in Japan. Each of the herbal-type products (A-C, })
contained about 3 g of mixed dried plants. Liquid-type products
called “liquid aroma” were each about 5 ml of an orange liquid (D),
ayellow liquid (F), a pale orange liquid (1) and a pale pink liquid (L).
The powder-type products called “fragrance powder” were each
about 400 mg of a brown powder (E), a white powder (G), a pale
pink powder (H) or a white solid (K).

2.2. Chemicals and reagents

NNEI, 5-fluoro-NNEI, MPHP, 3,4-dimethoxy-o-PVP, a-ethyla-
minopentiophenone, a-PVP, LY-2183240, LY-2183240 2'-isomer,
5-APDB and 5-fluoro-QUPIC (5-fluoro-PB-22) were purchased
from Cayman Chemicals (Ann Arbor, MI, USA). 8-Quinolinol was
purchased from Tokyo Chemical Industry (Tokyo, Japan). Com-
pounds 3, 4, and 8 were isolated from herbal or chemical products
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(N-Ethyl-4-methyl-pentedrone,
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3,4-Dichloromethyiphenidate (14)
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5-APDB (15)
C11H15N01 177

Fig. 1. Structures of the new detected compounds (1-15).

as described below. All other common chemicals and solvents were
of analytical reagent grade or HPLC grade. As solvents for the
nuclear magnetic resonance (NMR) analysis, CDCly (99.96%),
pyridine-ds (99.96%) and dimethyl sulfoxide (DMSQO)-dg (99.96%)
were purchased from the ISOTEC division of Sigma-Aldrich (St.
Louis, MO, USA).

2.3. Preparation of sample solutions

For the qualitative analyses, 10 mg of each herbal-type product
was crushed into powder and extracted with 1 ml of methanol
under ultrasonication for 10 min. A 2-mg portion of the powder-
type product was extracted with 1ml of methanol under

ultrasonication for 10 min. A 20-ul portion of the liquid-type
product was mixed with 1 ml of methanol under ultrasonication
for 10 min. After the centrifugation (5 min, 3,000 rpm) of each
extract, the supernatant solution was passed through a centrifugal
filter (Ultrafree-MC, 0.45-pm filter unit; Millipore, Bedford, MA,
USA) to serve as the sample solution for the analyses. If necessary,
the solution was diluted with methanol to a suitable concentration
before the instrumental analyses.

2.4. Analytical conditions

Each sample solution was analyzed by ultra-performance liquid
chromatography-electrospray ionization-mass spectrometry
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(UPLC-ESI-MS) and by gas chromatography-mass spectrometry
(GC-MS) in the electron ionization (EI) mode according to our
previous report [¢]. Three elution programs were used in the LC-
MS analysis. Program (1) was used for the synthetic cannabinoids,
and program (2) was used for the other compounds including
cathinone derivatives | © 1. The elution program (3) was: 0.1% formic
acid in water/0.1% formic acid in acetonitrile (80:20, v/v), 20-min
hold. In this study, products A, B and C were analyzed using
program (1), products E, F, G, H and | were analyzed using program
(2), and product D was analyzed using program (3). Two programs
were used in the GC-MS analysis, as follows. The oven temperature
program (1), 80 °C (1-min hold) and an increase at a rate of 5 °C/
min to 190 °C (15-min hold) followed by an increase at 10 “C/min
up to 310 °C(20-min hold), and the oven temperature program (2),
150 °C (1-min hold) and increase at a rate of 20 “C/min to 280 °C
(10-min hold) followed by an increase at 5 °C/minup to 310 °C(15-
min hold). Program (2) was used for the analysis of product B.
Other products were analyzed using program (1).

The obtained GC mass spectra were compared to those of an El-
MS library [Mass Spectra of Designer Drugs 2012 (Wiley-VCH,
Weinheim, Germany)]. We also used our in-house EI-MS library of
designer drugs obtained by our continuous survey of illegal
products and commercially available reagents for the structural
elucidation.

We measured the accurate mass numbers of the target
compounds by liquid - chromatography quadrupole-time-of-
flight-mass spectrometry (LC-Q-TOF-MS) in the ESI mode
according to our previous report {51,

For the isolation of each compound, we performed preparative
gel permeation liquid chromatography (GPLC) on a JAI (Japan
Analytical Industry, Tokyo, Japan) LC-9201 instrument with JAIGEL
GS-310 columns or 1H columns (JAI) and 0.5% triethylamine (TEA)
in methanol or chloroform as an eluent.

The NMR spectra were obtained on ECA-800 and 600
spectrometers (JEOL, Tokyo, Japan). Assignments were made via
'H NMR, 3C NMR, heteronuclear multiple quantum coherence
(HMQC), heteronuclear multiple-bond correlation (HMBC), °N
HMBC, double quantum filtered correlation spectroscopy (DQF-
C0OSY), and rotating frame nuclear Overhauser effect (ROE)
spectra.

2.5. Isolation of compound 3

A 3-g sample of mixed dried plants (product B) was extracted
with 250 ml of chloroform by ultrasonication for 30 min. The
extractions were repeated three times, and the supernatant
fractions were combined and evaporated to dryness. The extract
was loaded onto an ODS column (Bond Elute Mega Be-C18, 60 cm>,
10 g; Agilent Technologies, Santa Clara, CA, USA), which was then
eluted with a stepwise gradient of methanol-water (80:20-100:0).
Then the extract was dissolved in 0.5% TEA in chloroform and
purified by recycle GPLC (eluent: 0.5% TEA in chloroform) to give
compound 3 (14 mg) as a white solid.

2.6. Isolation of compound 4

A 3-g sample of mixed dried plants {product J) was extracted
with 250 ml of chloroform by ultrasonication for 30 min. The
extractions were repeated three times, and the supernatant
fractions were combined and evaporated to dryness. The extract
was loaded onto a silica gel column (Bond Elute Mega SI, 60 cm?,
10g, Agilent Technologies), which was then eluted with a
stepwise gradient of hexane-acetone. Then the extract was
dissolved in 0.5% TEA in chloroform and purified by recycle GPLC
(eluent: 0.5% TEAin chloroform)to give compound 4(274 mg)asa
yellow solid.

2.7. Isolation of compound 9

A 5-ml sample of liquid product L was evaporated to dryness,
and then the extract was dissolved in 0.5% TEA in methanol and
purified by recycle GPLC (eluent: 0.5% TEA in methanol) to give
compound 9 (114 mg) as a yellow oil.

Compounds 6, 7, 11, 14 were directly analyzed without the
isolation of products K, E, G and H.

3. Results and discussion
3.1. Identification of unknown peak 1

Unknown peak 1 was detected along with known 5-fluoro-
QUPIC (5-fluoro-PB-22) and 8-quinolinol peaks in the LC-MS and
GC-MS chromatograms for product A (Viz. Za, b,e, g jand k) 571
Based on the GC-MS and LC-MS data, the unknown peak 1 was
finally identified as a carboxamide derivative NNEI (¥i¢. 2c and h)
by direct comparison of the data to those of the purchased
authentic NNEI (Fig. 2d and 1). NNEI (1), which was reported as a
cannabinoid receptor agonist | 10}, was detected in illegal products
in Russia and European countries in 2012 | 1.1 1], This is the first
report of the detection of NNEI (1) as a newly distributed illegal
drug in Japan.

3.2. Identification of unknown peaks 2 and 3

In the LC-MS analysis, unknown peaks 2 and 3 were detected in
product B (Ii¢. 3a and b). However, in the GC-MS analysis using
program (1), unknown peak 3 was not detected (ii¢. >f). Based on
the GC-MS and LC-MS data, peak 2 was finally identified as 5-
fluoro-NNE! (Fie. “c and h) by direct comparison of the data to
those of the purchased authentic compound (Fa 2d and i)
Compound 2 has alsc been detected in illegal products in Russia
i1 11. This is the first report of the detection of 5-fluoro-NNEI (2) as
a newly distributed illegal drug in lapan.

Peak 3 at 27.6 min showed a putative molecular ion signal at m/
2390, and an isotopic ion signal at m/z 392 due to the presence of
chiorine atom revealed by the GC-MS analysis using program (2)
(Fie. %g and j). The LC-MS data also suggested the presence of the
chlorine atom in compound 3 due to the detected ion signals at m/z
391 [M+H"] and m/z 393 [M+2+H"] (g Se). After the isolation of
unknown compound 3, the accurate mass spectrum obtained by
LC~-Q-TOF-MS gave an ion peak at m/z 391.1573, suggesting that
the protonated molecular formulae of compound 3 was
C34H24CINO (caled. 319.1577).

The 3C NMR spectrum of compound 3 was very similar to that
of NNEI (1) except for the Cl-substituted moiety (C-5") of
compound 3, as shown in Tabie 1. On the basis of the mass
spectra and the observed DQF-COSY, HMBC and 1D-ROE correla-
tions shown in Figs. e and j and 4a, we identified the structure of
compound 3 as 5-chloro-NNEI (IUPAC: 1-(5-chloropentyl)-N-
(naphthalen-1-yi)-1H-indole-3-carboxamide) (Fig. ). Compound
3 is a novel cannabimimetic substance and its chemical and
pharmaceutical data have not been reported, although its structure
is similar to that of NNEI (3) {10,

3.3. Identification of unknown peaks 4, 6, 12 and 13

Four unknown peaks, 4, 6, 12 and 13, were detected in the LC-
MS and GC-MS chromatograms for product C (Fig. 5a, b and i). In
the LC-MS analysis, the unknown peak 4 at 13.1 min showed a
protonated molecular ion signal at m/z 358 ([M+H]") (Fie. 5¢). The
other unknown peak 6 at 2.2 min showed a major ion peak at m/z
260 ([M+H]") (Fig. 5d). The UV spectra of compounds 4 and 6
showed absorbance maxima at 309 and 253 nm (Fig. 5c and d).
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(e), authentic NNEI and 5-fluore-QUPIC (d and f, respectively). TIC (g) and El mass spectra of peaks 1 (h), 5-fluoro-QUPIC (j) and authentic NNEI and 5-fluoro-QUPIC (i and k,

respectively) obtained by GC-MS analysis.

The LC-MS and GC-MS analyses revealed that products ]
and K contained mostly compounds 4 and 6, respectively.
Therefore, product K was directly analyzed as compound 6,
though compound 4 was further purified from product J. The
accurate mass spectra of compounds 4 and 6 were measured by

LC-TOF-MS in the positive mode. The ion peaks observed at
m/z 358.1905 and 260.2020 suggested that the protonated
molecular formula of compounds 4 and 6 were C,3Ho4N30
(caled. 358.1919) and Cy7Hy6NO  (caled.  260.2014),
respectively.
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The structure of compound 4 was elucidated by NMR analysis
(Table 1, Fig. 4b and c). The '3C NMR spectra of compound 4 was
similar to that of NNEI (1), except for an indole moiety (position-2’
to 7’a) of NNEI (1) as shown in Table 1. The difference between the

molecular formula of compound 4 (Ca3H,3N30) and that of NNEI
(1) (C24H24N50) is the additional nitrogen atom in the place of the
absent C{H;. The comparison of 'H and '>C NMR data between
compounds 4 and 1 revealed the loss of the methine unit at the
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Table 1
NMR data of NNEI (1), 5-chloro-NNEI (3) and NNEI indazole analog (4).

International 243 (2014) 1-13

No. NNEI (1) 5-Chloro-NNEI (3) NNEI indazole analog (4)
IBC 13C \H IBC lH
1 164.0 163.9 - 160.9 -
2 1323 132.1 7.83, 1H, brs B -
3 1109 111.1 - 137.3 -
3a 125.5 125.6 - 123.0 -
4 122.7 122.8 7.34, 1H, m, overlapped 1229 8.92, 1H,d, J=8.3Hz
5 121.9 122.0 7.32, 1H, m, overlapped 1229 7.78, 1H, ddd, J=7.3, 6.9 Hz
6 120.1 1203 8.13, 1H, m, overlapped 126.9 7.91, 1H, td, j=7.3, 0.9 Hz
7 110.6 1105 7.43,1H, m 109.4 7.93, 1H, brd, J=8.3Hz
7'a 136.7 136.7 - 1411 -
1 47.0 46.8 4.20,2H, t, J=7.2Hz 496 4.93,2H,t,j=7.3Hz
2" 29.6 29.3 1.92,2H, ¢, /=7.2Hz 29.5 2.48,2H,q,J=7.3Hz
3 29.0 242 1.50, 2H, m 29.0 1.86, 2H, m, overlapped
47 223 320 1.80, 2H, q, J=6.9Hz 223 1.83, 2H, m, overlapped
57 13.9 44.6 3.51,2H, t,J=6.9Hz 14.0 1.37,3H,t,J=73Hz
1N 132.9 132.9 - 1324 -
2" 121.0 121.0 8.08, 1H,d, J=7.2Hz 1194 8.79,1H,d, /=73 Hz
3 125.9 125.9 7.52, 1H, m, overlapped 126.0 8.00, 1H,t,J=7.8Hz
4" 125.6 125.6 7.72, 1H,d, J=83Hz 125.0 8.16, 1H, d, J=8.3Hz
4"a 134.2 134.2 - 134.2 -
5 128.8 128.8 7.89, 1H, dd, J=7.6, 1.7Hz 128.8 8.35,1H,d,/=7.8Hz
6" 126.0 126.0 7.50, 1H, td, /=6.9, 1.4 Hz, overlapped 125.9 7.98, 1H, ddd, /=7.8, 7.3. 0.9 Hz
7 126.3 1264 7.53, 1H, td, J=6.9, 1.4 Hz, overlapped 126.2 8.03, 1H, ddd, /=8.9, 8.3, 1.4Hz
8" 120.8 1209 7.98,1H,d, J=8.3Hz 1205 8.52, 1H,d, J=83Hz
8”a 1274 1274 - 126.7 -
NH - - 8.12, 1H, brs, overlapped - 9.90, 1H, s

2 Recorded in CDCly at 800 MHz ('H) and 200 MHz ('3C), respectively; data in § ppm (J in Hz).
® Recorded in CDCls at 660 MHz (*H) and 150MHz (°C), respectively; data in § ppm (J in Hz).

2’-positon of the indole group of compound 1 in the structure of
compound4. Inaddition, the major fragmentionsatm/z 215 and 300
of peak4instead of thoseat mfz214 and 299 of peak 1 (Figs. 7i and 5j)
shown by the GC-MS analyses strongly suggested the replacement
of the methine unit with a nitrogen atom. On the basis of the mass
spectra and the observed DQF-COSY, HMBC, >N HMBC and 1D-ROE
correlations shown in Figs. 4b and ¢ and 5j, we identified the
structure of compound 4 as an NNEI indazole analog [IUPAC: N-
(naphthalen-1-y1)-1-pentyl-1H-indazole-3-carboxamide] (F'ig. 1).
The proposed fragment patterns and presumed structure of
compound & as revealed by the GC-MS analysis are also shown in
. 7k. The '*C NMR spectrum of compound & was very similar to
that of a cathinone derivative, a-PVP, except for the additional
CoHs of an n-alkyl moiety (position-6 to 7) of compound 6 as

DQF-COSY, HMBC and 1D-ROE correlations (data not shown)
revealed that the structure of compound 8 is a-Pyrrolidinohepta-
nophenone («-PHPP) as shown in Fig. 1. In addition, the fragment
ions at m/z 77, 105 and 154 of compound 6 in the GC-MS spectrum
as shown in Fiy. 5k further confirmed the structure. Compounds 4
and 6 were detected as novel substances and their chemical and
pharmaceutical data have not been reported.

The remaining unknown peaks 12 and 13 were identified as LY-
2183240 (Fie. 5e and 1) and LY-2183240 2'-isomer (Fiv. 5g and n),
respectively by a direct comparison of the data with those of the
purchased authentic compounds (I'i2. 5f and m; fig. h and o,
respectively). LY-2183240 (12) was reported to have a potent,
competitive inhibitory effect of endocannabinoid (anandamide)
uptake (iCsg=270pM; K;=540pM) and hydrolysis, and to

shown in Table 7. The observed 'H and 3C NMR (Tables 2 and 3), increase endocannabinoid (anandamide) levels in rat cerebelium

Table 2

3C NMR Data of compounds 6, 7, 9~ 11 and a-PVP.
No. «-PVP’ «-PHPP (8) ' «-POP (7) 4-Fluoro-a-PVP (9) «-EAPP (10) N-Ethyl-4-methyl-pentedrone (11)
1 198.9 198.7 198.7 198.9 196.4 195.8
2 66.8 66.8 66.8 69.3 60.5 603
3 32.1 30.1 30.1 315 31.8 31.9
4 19.7 25.9 26.2 19.9 17.2 17.2
5 14.2 31.9 29.5 14.3 13.6 13.7
6 - 22.5 31.6 - - -
7 - 14.0 227 - - -
8 - - 14.1 - - -
v 137.0 136.9 137.0 133.8,d, J=2.9Hz 133.9 1315
26 129.2 129.2 129.2 132.1,d, J=8.7Hz 128.7 1289
35 129.3 1293 129.3 115.8, d, J=21.7Hz" 129.2 129.8
& 134.1 134.2 1342 165.8, d, J=252.9Hz" 134.8 145.7
275" 51.2 51.3 51.3 50.6 - -
374" 24.0 24.0 24.0 238 - -
N-CH,CH3 - - - - 41.2 41.2
N-CH,CHs - - - - 112 11.2
4-Me - - - - - 213

2 Recorded at 600 MHz ('H) and 150 MHz ('*C), respectively; data in 8§ ppm (J in Hz).

b Recorded in pyridine-ds.
¢ Recorded in DMSO-dg.
4 Observed as double signals by coupling with fluorine.
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Fig. 4. DQF-COSY, selected HMBC, and selected ROE correlations (a) for compound 3 (5-chloro-NNEIL), and DQF-COSY, selected HMBC and selected ROE correlations for
compound 4 (NNE! indazole analog, b) and compound 14 (3,4-Dichloromethylphenidate, d). 'H-'>N HMBC correlation for compound 4 (NNEI indazole analog, c).

hydrolysis |
distributed deswner drugs.

3.4. Identification of unknown peaks 5 and 8

1121 LY-2183240 2'-isomer was reported to have a less potent
xr‘hlbxtory effect of endocannabinoid uptake (ICsg =998 nM) and
%, Compounds 12 and 13 were detected as newly

We detected two unknown peaks, 5 and 8, with «-PHPP (8) in
the LC-MS using elution program (3) and GC-MS chromatograms

Table 3

"H NMR data of compounds 6, 7, 8 and 11.

forproductD(tig. ta,bandg). PeaksSandSwere identified as the
cathinone derivatives MPHP (Fiv. Gc and h) and 3,4-dimethoxyl-
«-PVP (Fig. e and j), respectlvely, by direct comparison of the
data with those of the purchased authentic compounds (Vig. 4,1,
and k).

The appearance of MPHP (5) on the German illegal drug
market was reported |41, Saurer et al. reported that MPHP
intake can lead to ser;ous poisoning with toxic liver damage

and rhabdomyolysis |15]. Compound 8 was reported as a

No. «-PHPP (6)° «-POP (7) 4-Fluoro-a-PVP (9)" N-Ethyl-4-methylpentedrone (11)

1 —- - - -

2 5.02, 1H, brs 5.03, 1H, brs 4.88, 1H, brs 5.20, 1H, brs

3 2.09, 2H, m 2.11,2H, m 2.05,2H, m 1.85, 2H, m

4 1.35,2H, m 1.37,2H, m 1.36,2H, m 1.27, 1H, m, overlapped
1.05, 1H, m

5 1.09, 2H, m, overlapped 1.12, 2H, m, overlapped 0.77,3H, t.J=7.4Hz 0.76, 3H, t, J=7.2Hz

6 1.07, 2H, m, overlapped 1.02, 2H, m, overlapped - -

7 0.69, 3H,t, J=7.2Hz 1.08, 2H, m, overlapped - -

8 - 0.72, 3H, t, J=7.6Hz - -

1/ - - - -

2'16' 8.32,2H,t,/=7.6Hz 8.33, 2H, dd, j=8.6, 1.4Hz 8.35,2H,d, j=8.7Hz 7.97,2H, d, J=7.9Hz

3'/5 7.49, 2H,t, j=7.6Hz 7.50, 2H, t,J=8.6Hz 7.06,2H, d, J=8.7Hz 7.41,2H,d,J=7.9Hz

4 7.57,1H,t, /=7.6Hz 7.58, 1H, tt, J=8.6, 1.4Hz - -

2 (5" 3.27, 3.08, each 2H, brs 3.28, 3.10, each 2H, brs 3.23, 3.03, each 2H, brs -

3"14” 1.79,4H, m 1.80,4H, m 1.77,4H, m -

N-CH,CH3 - - - 2.99,2.89, each 1H, m

N-CH,CH3 - - - 1.22,3H,t,J=7.2Hz

4'-Me - - - . 2.40,3H,s

# Recorded at 600 MHz ('H) and 150 MHz (3C), respectively; data in § ppm (J in Hz)
b Recorded in pyridine-ds.
¢ Recorded in DMSO-ds.

— 161



8 N. Uchiyama et al./Forensic Science International 243 (2014) 1-13

a) PDA c) NNEI indazole analog {4) (13.1 min
(@ LY- 2133240 (12) LY2183240 NNE! indazole {c) g{d)( )
a- PHPP ®) 2-isomer (13) 7 alog (4) 38
/ g 100 [M+H]*\
/ % 1 éé 309
A
l""l"" "'l“'w""xl'ux(m'“) 0 miz nm
0.00 5.00 10.00 15.00 200 300 400
(b) TIC (ESI+) )
. 12 4 (d) a-PHPP (8) (2.2 min)
" 253
2 v / 13 100 20 [ty
& R P4
8 {min) 0 miz m
0.00 5.00 10.00 15.00 200 300 400 300 400
(e) LY-2183240 (12) (6.1 min) {g) LY-2183240 2-isomer (13) (6.5 min)
. 280 .
100 B0 M 53 100 V] 252
R 308 ES 308
U—‘mL‘m miz MWan g mfz nm
200 300 400 300 400 200 300 400 300 400
{f) Authentic LY-2183240 (6.1 min) {h) Authentic LY-2183240 2'-isomer (6.5 min)
280
1004 / (MeH” 253 100 / IM+H)* 282
LS 308 351
0- miz nm 0 mfz nm
200 300 400 300 400 200 300 400 300 400
i Tic LY-2183240 (12) LY-2183240 (1) LY-2183240 (12) (46.3 min)
\ /2'-xsomer (13)
a-PHEP (6) NNE! indazole
278
\ / analog (4)
152
i , . t | 2 58 I g102115 139 | ngmazoe i 2352?0254 231
b Lok mz 40 60 80“?[[38 120 140 ISO 1§3 200 220 240 280 280 300 32)

500 10.00 15.00 20.00 25,00 30.00 35.00 40,00 45.00 50.00 5500  (min)

. . ) {m) Authentic LY-2183240 (45.9 min)
(i) NNE!indazole analog {4) (53.1 min)

215‘ 273
215 ]
W '
7
300~...
145 _
M40 60 80 100 120 140 160 160 200 220 240 260 260 300 320
43 83 9}’, t 1885 20257, 282308329 3 - )
miz 30 60 80 100 120 140 160 160 200 220 240 280 250 300 330 340 360 380 400 {n) LY-2183240 2-isomer (13) (46.3 min)
y i 25
(k) a-PHPP (6) (26.7 min) iy 105, ool e
':- H ] N
e
X O e 187
167
108 72 222 250
485 g7 95\110 124143 | 167176198200 214 230 244 258 2 el 1381 2132 e 5
e L 2 5
oy At e gt TR A ATt A e miz 40 B0 80 100 120140 160 180 200 520240 260 260 300 32
{o) Authentic LY-2183240 2'-isomer (46.3 min}
278
187
72

18
2, | es ysaasl | P 20

mrz 40 60 80 1001207140160 180200 220240 260 280 300 320

Fig. 5. LC-MS and GC-MS analyses of product C. LC-UV~PDA chromatogram (a) and TIC (b). ESI mass and UV spectra of peaks 4 (c), 6 (d), 12 (e), 13 (g) and authentic LY-
2183240 and LY-2183240 2/-isomer (fand h), respectively. TIC (i) and El mass spectra of peaks 4 (i), 6 (k), 12 (1}, 13 (m) and authentic LY-2183240 and LY-2183240 2'-isomer
(n and o), respectively, obtained by the GC-MS analysis.
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