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Table 1
Analytical procedures used for impurity profiling of MA crystals by the NRIPS method and for impurity profiling of MA tablets by the ONCB method
NRIPS method ONCB method
Sample 0.05¢g 0lg
Reagents 0.1 M Phosphate buffer, pH 7 0.1 M Phosphate buffer, pH 7, 1 ml
—10% NayCOs, (4:1), 1 ml 10% Na,COs, 0.25 ml
Solvent Ethyl acetate, 0.5 ml Ethyl acetate, 0.4 ml
Internal standards n-Decane (C,0) n-Triacontane (Csg)*
n-Pentadecane (C,;s)
n-Eicosane (Cyg)
n-Octacosane (Cpg)
Column DB-5 (Agilent), 0.32 mm id. x 30m x 1.0 pm Ultra-2 (Agilent), 0.2 mm i.d. X 25 m x 0.33 pm
Oven temperature 50 °C (1 min), 10 °C/min to 300 °C (10 min) 50 °C (1 min), 10 °C/min to 300 °C (15 min)
Injection temperature 240 °C 280°C
Detection temperature 300 °C 280 °C
Carrier gas He, 2 ml/min (constant flow) He (constant pressure")
Injection volume 1 wl, splitless (1 min) 1 pl, splitless (1.2 min)

 The ethyl acetate solution containing n-tetradecane (C,4), Cyg and Cs3 was analyzed as the external standards for retention time correction before sample analysis.
® The pressure was adjusted so that the retention time of Cs was in the range of 26.0-27.0 min.
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Xz:::xll;tlical procedures used for impurity profiling of MA crystals by the NRIPS method and for impurity profiling of MA tablets by the ONCB method
NRIPS method ONCB method

Sample 0.05¢g 0lg

Reagents 0.1 M Phosphate buffer, pH 7 0.1 M Phosphate buffer, pH 7, 1 ml
—10% NayCOs, (4:1), 1 ml 10% Na,COs, 0.25 ml

Solvent Ethyl acetate, 0.5 ml Ethyl acetate, 0.4 ml

Internal standards n-Decane (C,0) n-Triacontane (Csg)*

n-Pentadecane (C,;s)
n-Eicosane (Cyg)
n-Octacosane (Cpg)

Column DB-5 (Agilent), 0.32 mm id. x 30m x 1.0 pm Ultra-2 (Agilent), 0.2 mm i.d. X 25 m x 0.33 pm
Oven temperature 50 °C (1 min), 10 °C/min to 300 °C (10 min) 50 °C (1 min), 10 °C/min to 300 °C (15 min)
Injection temperature 240 °C 280°C

Detection temperature 300 °C 280 °C

Carrier gas He, 2 ml/min (constant flow) He (constant pressure")

Injection volume 1 wl, splitless (1 min) 1 pl, splitless (1.2 min)

 The ethyl acetate solution containing n-tetradecane (C,4), Cyg and Cs3 was analyzed as the external standards for retention time correction before sample analysis.
® The pressure was adjusted so that the retention time of Cs was in the range of 26.0-27.0 min.
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Internal standard 61431 n-Alkanes ‘ﬁm : Tokyo Kasei Kogyo Co. (Tokyo, Japan)

Solvent llQi¢ reagent T4 analytical grade ‘ﬁm : Wako Pure Chemical Industries (Osaka,
Japan)

SPME holder 118 fiber coated 738 divinylbenzene / carboxen / polydimethylsiloxane (DVB
/ CAR / PDMS )

Inlet liner #1151 SPME 7111 Supelco (Bellefonte, PA, USA)
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2.4 Gas chromatographic analysis
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Table 2
Peaks selected for data processing in the NRIPS method
Peak no. Compound Retention time (min)
1 IS1 (Cyp) 9.500
2 cis-1,2-Dimethyl-3-phenylaziridine® 11.600
3 Dimethylamphetamine® 13.620
4 Ephedrine® (pseudoephedrine)” 15.370
5 152:4Cs0) 16.700
6 Unknown 19.460
7 Unknown 20.040
8 1S3 (Ca) 22.100
9 Unknown 23.070
10 1,3-Dimethyl-2-phenylnaphthalene® 23.188
11 1-Benzyl-3-methylnaphthalene® 23.396
12 MA dimer* 24.130
13 Unknown 24.290
14 Unknown 24.440
15 Unknown 24.610
16 Unknown 25.060
17 Unknown 25.600
18 1S4 (Cag) 29.700

2 Peaks identified by both retention times and mass spectra compared with
those of authentic standards.

® Ephedrine and pseudoephedrine were not separated by the NRIPS method.

© Peaks presumed from mass spectra as reported previously.
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Table 3
Peaks selected for data processing of SPME method

Selected peak Retention time (min) Number of occurrences® Major m/z Tentative or confirmed compound
2.85 15 43, 61, 70 Ethyl acetate
3.08 2 91, 61, 40
333 1 71, 45
420 2 91, 43
1 8.87 11 106, 105, 77 Benzaldehyde
8.96 14 281 Oct hylcyclotretrasiloxane
9.06 15 57, 43, 70
9.12 oE1s - 59,43,70
2 11.64 15 91, 43, 134 Benzyl methyl ketone
11.70 10 92, 45 1-Phenyl-2-propanol
IS1 11.73 15° 355, 267, 73 Dec: hylcyclop iloxane
3 12.12 13 105, 122, 77 Benzoic acid
4 12.22 12 105, 77, 43 1-Phenyl-1,2-propanedione
12.60 15 58,91 MA
13.25 15" 71, 89, 56
13.41 15" 113, 55, 85
5 13.57 15 72 Dimethylamphetamine
1S2 14.28 15° 341, 73, 325
1637 15° 71, 43, 83
1S3 16.58 15° 281, 147,73
6 16.93 15 86, 58, 118 N-Formyl MA
17.83 15° 149, 177 Diethyl phthalate
7 18.21 11 58, 100, 91 N-Acetyl MA
1S4 18.62 15° 355, 281, 221
19.52 14 147,73
20.09 15 43, 86
20.38 12° 73, 147, 355
21.04 15° 149 Dibutyl phthalate

2 Peaks with absolute areas over 100 were defined as occurrences.
b Also detected from a blank.
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3.2 Cluster analysis of samples seized in Japan and Thailand
MINIMIANEIEI9619 MA Tuginannivda laludszmagifu $1uiu 69 @10619 Loy
o (7 1 o a 4 a 1 ~
Yszne'lng 1121 42 d19613 Tai1n1531A512HA2075 NRIPS WU peak Nanunsouaas

@ £ g a A (Y A o °-’(1 o @ ' I
SnuaizmmeFaily peak voaaudoUulude19581191 14 peak 1azlu 11U 14 peak Aana1A

domnlFluvurumsdanguuislsznn dsiuaaslu ( Fig2 uag Table 2)

1 MA 5 8
e
I P 18
| E 16
|
‘ 7 13
5 ..
o H L
12 ii}
: . JI'I?
' 9
t ]
: -ft SO RN L ‘-JLLJ\«‘L..J‘J-L ﬂ_IJ A S

' & | |
L8 Lo 0y

0 : 10 20 30
Retention time (min)

Fig. 2. Typical chromatograms obtained from MA crystals using the NRIPS
method. MA crystals were analyzed using the NRIPS method as shown in
Table 1. Peaks 1-18 were selected for data processing as shown in Table 2.
Peaks 1, 5, 8 and 18 represent the IS peaks (Cyg, C;s, Ca9 and Cyg, respectively)
used for the retention time correction. Peaks 2, 3 and 4 were identified as cis-
1,2-dimethyl-3-phenylaziridine, dimethylamphetamine and ephedrine (pseu-
doephedrine), respectively, by both retention times and mass spectra compared
with those of authentic standards. Peaks 10, 11 and 12 were presumed to be 1,3-
dimethyl-2-phenylnaphthalene, 1-benzyl-3-methylnaphthalene and MA dimer,
respectively, from mass spectra as reported previously.
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Table 2
Peaks selected for data processing in the NRIPS method
Peak no. Compound Retention time (min)
1 IS1 (Cyo) 9.500
2 cis-1,2-Dimethyl-3-phenylaziridine® 11.600
3 Dimethylamphetamine® 13.620
4 Ephedrine® (pseudoephedrine)® 15.370
5 IS2 (Cy5) 16.700
6 Unknown 19.460
7 Unknown 20.040
8 1S3 (Cyp) 22.100
9 Unknown 23.070
10 1,3-Dimethyl-2-phenylnaphthalene® 23.188
11 1-Benzyl-3-methylnaphthalene® 23.396
12 MA dimer® 24.130
13 Unknown 24.290
14 Unknown 24.440
15 Unknown 24.610
16 Unknown 25.060
17 Unknown 25.600
18 184 (Cag) 29.700

2 Peaks identified by both retention times and mass spectra compared with
those of authentic standards. :

® Ephedrine and pseudoephedrine were not separated by the NRIPS method.

© Peaks presumed from mass spectra as reported previously.
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Fig. 3. Dendrogram obtained from a cluster analysis of MA crystals seized in
Japan and Thailand. Sixty-nine samples seized in Japan and 42 samples in
Thailand were classified into four groups (A-D). Open and solid bars represent
clusters formed by samples in Japan and Thailand, respectively. The numbers of
samples (Japan/Thailand) classified into each group are 15/19 for A, 25/0 for B,
17/15 for C and 12/8 for D.
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Fig. 4. Typical chromatograms of MA samples in each group using the NRIPS
method. Samples in groups A-D were analyzed using the NRIPS method as
shown in Table 1. Peak 1, 1,3-dimethyl-2-phenylnaphthalene; Peak 2, 1-benzyl-
3-methylnaphthalene; Peak 3, cis-1,2-dimethyl-3-phenylaziridine; Peak 4,
ephedrine (pseudoephedrine).
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3.3 Comparison and classification of sample in the high purity group by SPME
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Fig. 5. Typical chromatograms obtained from a blank and samples by the
SPME method. (A) An empty vial without MA was used. (B)~(D) A different
MA sample (10 mg) in the high-purity group was put into each vial. Each vial
was sealed with a screw cap. The SPME fiber was inserted into the vial and
exposed to the headspace as described elsewhere. Peaks 1-7 were selected for
data processing as shown in Table 3. ISs 1-4 represent the peaks that are not
derived from MA and are used for retention time correction.
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Table 3
Peaks selected for data processing of SPME method
Selected peak Retention time (min) Number of occurrences® Major miz Tentative or confirmed compound
2.85 15 43, 61, 70 Ethyl acetate
3.08 2 91, 61, 40
333 1 71, 45
420 2 91,43
1 8.87 11 106, 105, 77 Benzaldehyde
8.96 14 281 Octamethylcyclotretrasiloxane
9.06 15 57, 43,70
9.12 LIS - 59, 43,70
2 11.64 15 91, 43, 134 Benzyl methyl ketone
11.70 10 92, 45 1-Phenyl-2-propanol
IS1 11.73 15° 355, 267, 73 Decamethylcyclopentasiloxane
3 12.12 13 105, 122, 77 Benzoic acid
4 12,22 12 105, 77, 43 1-Phenyl-1,2-propanedione
12.60 15 58,91 MA
13.25 15° 71, 89, 56
13.41 15° 113, 55, 85
5 13.57 15 72 Dimethylamphetamine
152 14.28 15° 341, 73, 325
1637 15° 71,43, 83
1S3 16.58 15> 281, 147,73
6 16.93 15 86, 58, 118 N-Formyl MA
17.83 15° 149, 177 Diethyl phthalate
7 18.21 11 58, 100, 91 N-Acetyl MA
1S4 18.62 15° 355, 281, 221
19.52 14 147,73
20.09 15 43, 86
20.38 12° 73, 147, 355
21.04 15° 149 Dibutyl phthalate

2 Peaks with absolute areas over 100 were defined as occurrences.
® Also detected from a blank.
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Fig. 6. Dendrogram obtained from a cluster analysis of MA samples in the
high-purity group using the SPME method. Fifteen samples in the high-purity
group (group A in Fig. 3) were analyzed using the SPME method, and a cluster
analysis was performed using seven peaks as shown in Table 3. 5B, 5C and 5D
represent samples shown in Fig. SB-D, respectively.
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