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Identification of structural analogs of methylphenidate by GC/MS

Masakazu KOBAYASHI*, Ken OKAMOTO*, Hideyuki OTAKE*, Toshinori ANDO**
*Nagoya Customs Laboratory 2-3-12, Irifune, Minato-ku, Nagoya, Aichi 455-8535 Japan

**Central Customs Laboratory, Ministry of Finance 6-3-5, Kashiwanoha, Kashiwa, Chiba 277-0882 Japan

Due to thermal decompositions, it is difficult to determine methylnaphthidate, ethylnaphthidate and 3,

4-dichloromethylphenidate, which are structural analogues of methylphenidates, by gas chromatography-mass spectrometry

(GC/MS). In this study, we analyzed the three substances using GC/MS by modifying the measurement conditions to

suppress their thermal decompositions and by TFA derivatization. As a result, the thermal decompositions of the three

substances were successfully suppressed by adjusting the column temperature programs and the injection port temperature

to proper conditions, and thereby mass spectra, providing detailed information about their chemical structures, were

obtained. The TFA derivatization method enabled us to analyze them with highly sensitive detection within the same time as

a conventional drug analysis method.
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Scheme 1  Thermal decomposition reaction of methylphenidate analogs.
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Fig. 1 Chemical structures of three methylphenidate analogs analyzed in this
study.
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and (c) 3, 4-dichloromethylphenidate under the GC-MS condition described
in2.2.1.
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Fig. 3 EI mass spectra of the detected peaks at (a) 11.8 min and (b) 14.4 min in

Fig. 2(a)
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Fig. 4 EI mass spectra of the detected peaks at (a) 12.3 min and (b) 14.6 min in

Fig. 2(b)
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Fig. 5 EI mass spectra of the detected peak at (a) 10.5 min and (b) 13.3 min in
Fig. 2(c)
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Fig. 6 Total ion chromatograms of Methylnaphthidate under the following
GC-MS conditions:
(a) Injection port: 280 °C, Column: 50 °C (1 min hold)-(15 *C/min)-210 °C
(20 min hold);
(b) Injection port: 280 “C, Column: 50 “C (1 min hold)-(15 *C/min)-170 °C
(80 min hold);(c) Injection port: 170 °C, Column: 50 °C (1 min hold)-(15
°C/min)-170 °C (80 min hold); and (d) Injection port: 160 °C, Column: 50 °C
(1 min hold)-(15 *C/min)-170 °C (80 min hold).
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Fig. 7 Total ion chromatograms of Ethylnaphthidate under the following
GC-MS conditions:
(a) Injection port: 160 °C, Column: 50 °C (1 min hold)-(15 “C/min)-170 °C
(90 min hold); and
(b) Injection port: 160 °C, Column: 50 °C (1 min hold)-(15 *C/min)-180 °C
(60 min hold).
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Table I GC/MS conditions for inhibition of thermal decomposition

@ = Sample name Injection Column temperature |Interface
port temperature
3 temperature
§ Methylnaphthidate 160 °C 50 °C(1min hold)— |170 °C
§ (15 °C/min)—170
= °C(80 min hold)
-
- | Ethylnaphthidate 160 °C 50 °C(1min hold)— |180°C
| (15 “C/min)—180
. I °C(60 min hold)
N . - o - - 3,4-dichloromethylphenidate |160 °C 50 °C(1min hold)— |150°C
3 i3 23 33 43 53 min (15 *C/min)—150
°C(90 min hold)
(b} *QOther GC/MS conditions (column, split rate, injection amount, ion source
i temperature, quadrupole temperature, carrier gas, ionization method) are
@ ! same as 2.2.1.
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Fig. 8 Total ion chromatograms of 3, 4-dichloromethylphenidate under the N *
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(a) Injection port: 160 °C, Column: 50 °C (1 min hold)-(15 “C/min)-170 °C | .
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Fig. 9 EI mass spectra of (a) Methylnaphthidate, (b) Ethylnaphthidate, and (c) 3,
4-dichloromethylphenidate.
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Fig. 11  Total ion chromatograms of TFA derivatives from (a) Methylnaphthidate,
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conditions described in 2.2.1.
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Fig. 12 EI mass spectra of TFA derivatives from (a) Methylnaphthidate, (b)
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