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Study of methods for identifying regioisomers of controlled drugs

Yasuhiko NISHIMURA*, Satoshi TANAKA*, Hideki IKEDA* and Yukihiko YAMAZAKI*
*Yokohama Customs Laboratory
2-1-10, Shin-urashima-cho, Kanagawa-ku, Yokohama, Kanagawa 221-0031 Japan

Controlled drugs have many regioisomers. Since some regioisomers are controlled under various regulations but others
are not, it is necessary to accurately identify these regioisomers. In general, infrared spectroscopy (IR) and nuclear magnetic
resonance spectroscopy (NMR) are commonly used for the identification of regioisomers, but often these methods are not
appropriate for mixtures. Accordingly, in this study, for five types of controlled drugs which have regioisomers
(Methoxyphenylpiperazine (MPP), 2-Aminopropyl-2,3-dihydrobenzofuran (APDB), Methylmethcathinone (MMC),
Fluoroamphetamine (FMP) and 2-Aminopropylbenzofuran (APB)), we studied whether it is possible to identify these
regioisomers by using gas chromatography/mass spectrometry (GC/MS), liquid chromatography/photodiode array/mass
spectrometry (LC/PDA/MS) and liquid chromatography/tandem mass spectrometry (LC/MS/MS). As a result, for MPP,
APDB and MMC, it was found to be possible to identify regioisomers by a comparison of combined analysis data obtained
by GC/MS, LC/PDA/MS and LC/MS/MS. On the other hand, for FMP and APB, it was not possible to identify their
regioisomers even using GC/MS, LC/PDA/MS and LC/MS/MS, and thus for these latter cases, it is considered necessary to
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use standard reference materials for their identification.
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Fig.1 Chemical structure of samples
(a) 2-MPP, (b) 3-MPP, (c) 4-MPP , (d) 4-APDB , (¢) 5-APDB, (f) 6-APDB, (g) 2-MMC, (h) 3-MMC,,
(i) 4-MMC, (j) 2-FMP, (k) 3-FMP, (1) 4-FMP, (m) 4-APB, (n) 5-APB , (0) 6-APB, (p) 7-APB
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Fig.2 MS spectra of free bases and TFA derivatives of MPP by GC/MS
() 2-MPP, (b) 3-MPP, (c) 4-MPP, (d) 2-MPP TFA, (e) 3-MPP TFA, (f) 4-MPP TFA
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Fig.3 MS spectra of free bases and TFA derivatives of APDB by GC/MS
(a) 4-APDB, (b) 5-APDB,, (c) 6-APDB, (d) 4-APDB TFA, (e) 5-APDB TFA, (f) 6-APDB TFA

69



70 BRI 5E O [ AR T 1L O

(a) 2-MMC (d) 2-MMC TFA
58 119
o o Oy _CF
xhw)\ru'k -"J"Q?_-"LH,-"NH
= ﬂ"‘u..':-"""’
o1
154
o 65 ‘
i m\mé@ 774108 MOazs  aaa m‘w ““7‘7”‘” 19?"”‘ 131143 | | 174188 204 221 242254 213
3‘0 6‘0 7‘0 B‘Q 9‘0 100 110 120 130 140 150 160 170 180 190 ‘ 6‘0 8‘0 100 120 lA’O 1‘60 180 260 2£0 240 zéo zéo
(b) 3-MMC (e) 3-MMC TFA
58 119
o O, CF,
) "
— I “H 'f'
H"i j# HT’E ) o i M.
S __"L o |
154
9
o1 42 |

ol T g aes Mownss sar aez azy) | s M 80 105 [1a1 | 175188 204 273

P o
30 40 50 60 70 80 90 lOO llO 120 130 140 150 160 170 180 190

60 80 100 120 140 160 180 200 220 240 260 280

(c) 4-MMC (f) 4-MMC TFA
58 119

4} o CF

™ o Y

s ol .
J o gl e T
W (! xl |
91
154
91
el T oz ] a0s M s i m M | 105 | 133 | 176188 204 221 254 213

80 100 120 140 160 180 200 220 240 260 280

30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190

Fig.4 MS spectra of free bases and TFA derivatives of MMC by GC/MS
(a) 2-MMC, (b) 3-MMC, (c) 4-MMC , (d) 2-MMC TFA, (e) 3-MMC TFA, (f) 4-MMC TFA
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Fig.5 MS spectra of free bases and TFA derivatives of FMP by GC/MS
(a) 2-FMP, (b) 3- FMP, (c) 4- FMP, (d) 2- FMP TFA, (e) 3- FMP TFA, (f) 4- FMP TFA
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Fig.6 MS spectra of free bases and TFA derivatives of APB by GC/MS
(a) 4-APB, (b) 5-APB, (c) 6-APB , (d) 7-APB, (e) 4-APB TFA, (f) 5-APB TFA, (g) 6-APB TFA, (h) 7-APB TFA
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Fig.7 UV spectra of MPP by LC/PDA/MS
(a) 2-MPP, (b) 3-MPP, (c) 4-MPP

220 240 260 280 300 320 340 360 380 400 420 440

Fig.8 UV spectra of APDB by LC/PDA/MS
(a) 4-APDB, (b) 5-APDB, (c) 6-APDB



74 S5 S 55 > (L A TR D B

(a) 2-MMC
251 nm

220 240 260 280 300 320 340 360 380 400 420 440
(b) 3-MMC

255 nm

K

(a) 4-APB

247 nm

d

220 240 260 280 300 320 340 360 380 400 420 440

(c) 4-MMC 263 nm

-

220 240 260 280 300 320 340 360 380 400 420

(b) 5-APB

245 nm

d

440

220 240 260 280 300 320 340 360 380 400 420
(c) 6-APB
246 nm

v

440

220 240 260 280 300 320 340 360 380 400 420 440

Fig.9 UV spectra of MMC by LC/PDA/MS
(a) 2-MMC, (b) 3-MMC, (c) 4-MMC
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Fig.10 UV spectra of FMP by LC/PDA/MS
(a) 2-FMP, (b) 3-FMP, (c) 4-FMP
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Fig. 11 UV spectra of APB by LC/PDA/MS
(a) 4-APB, (b) 5-APB, (c) 6-APB, (d) 7-APB
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Fig.12 MS spectra of MPP by LC/PDA/MS
(a) 2-MPP, (b) 3-MPP, (c) 4-MPP
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Fig.13 MS spectra of APDB by LC/PDA/MS
(a) 4-APDB, (b) 5-APDB,, (c) 6-APDB
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Fig.14 MS spectra of MMC by LC/PDA/MS
(@) 2-MMC, (b) 3-MMC , (c) 4-MMC
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Fig.15 MS spectra of FMP by LC/PDA/MS
(@) 2-FMP, (b) 3-FMP, (c) 4-FMP
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Fig.16 MS spectra of APB by LC/PDA/MS
(a) 4-APB, (b) 5-APB, (c) 6-APB, (d) 7-APB



3.3 LC/MS/MS
3.3.1

7V F—P—A FNZOWTIL, LCIPDAMS Tl S ii=~
o kAL TFA Ay (BUF, [[M+H]] EIEET5,) ROV 7
AU N AU BRI LT,

331 1 [M+H]*
ZREHZ W T, [M+H]" (MPP : m/z 193, APDB : m/z 178,

MMC : m/z 178, FMP : m/z 154, APB : m/z176) %7V H—¥—
AF LT, 2Pz FBEE 10, 20, 30 K40V ITHREL
7

FELD MSIMS A7 kL% Fig.l7—21 IR,

MPP [ZDWTCIE, =Y ¥ a VEEN 0V KTV OEEICE
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m/z 77, 91, 105 RN 133 DT 0 &7 N A A OFREEHIZ E R ) e
RBENTZT=0, AEG U722 TONE BRI WD TEBIAS AT
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Fig.17 MS/MS spectra of MPP by LC/MS/MS (Precursor ion: m/z 193)

(1) 2-MPP, (2) 3-MPP, (3) 4-MPP

Collision energy was set at (a) 10V, (b) 20V, (c) 30V, (d) 40 V.
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Fig.18 MS/MS spectra of APDB by LC/MS/MS (Precursor ion: m/z 178)
(1) 4-APDB, (2) 5-APDB, (3) 6-APDB
Collision energy was set at (a) 10V, (b) 20V, (c) 30V, (d) 40 V.
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Fig.19 MS/MS spectra of MMC by LC/MS/MS (Precursor ion: m/z 178)

(1) 2-MMC, (2) 3-MMC, (3) 4-MMC
Collision energy was set at (a) 10 V, (b) 20 V, (c) 30 V, (d) 40 V.
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Fig.20 MS/MS spectra of FMP by LC/MS/MS (Precursor ion: m/z 154)
(1) 2-FMP, (2) 3-FMP, (3) 4-FMP
Collision energy was set at (a) 10 V, (b) 20 V, (c) 30 V, (d) 40 V.
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Fig.21 MS/MS spectra of APB by LC/MS/MS (Precursor ion: m/z 176)
(1) 4-APB, (2) 5-APB, (3) 6-APB, (4) 7-APB
Collision energy was set at (a) 10 V, (b) 20V, (c) 30 V, (d) 40 V.
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Fig.22 MS/MS spectra of APB by LC/MS/MS (Precursor ion: m/z 176)
(1) 4-APB, (2) 5-APB, (3) 6-APB, (4) 7-APB
Collision energy was set at (a) 50 V, (b) 60V, (c) 70 V, (d) 80 V.
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Fig.23 MS/MS spectra of APDB by LC/MS/MS (Precursor ion: m/z 161)
(1) 4-APDB, (2) 5-APDB, (3) 6-APDB
Collision energy was set at (a) 10 V, (b) 20 V, (c) 30 V, (d) 40 V.
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Fig.24 MS/MS spectra of APB by LC/MS/MS (Precursor ion: m/z 159)
(1) 4-APB, (2) 5-APB, (3) 6-APB, (4) 7-APB
Collision energy was set at (a) 10V, (b) 20V, (c) 30V, (d) 40 V.
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3.3.2 MS/MS

YT a VEELRT Y A=Y —A F L OBREI L VRO
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Table 2  Suitability of identification of regioisomers by each analysis method

GC/MS

LC/PDA/MS

sample — LC/MS/MS
free base TFA delivative uv MS

2-MPP

3-MPP JAN O O X O
4-MPP (3-MPP only)
4-APDB
5-APDB A O A AN O
6-APDB (4-APDB only) (5-APDB only) (5-APDB only)

2-MMC

3-MMC X X O X X
4-MMC

2-FMP

3-FMP X X X X X
4-FMP

4-APB

5-APB

A X X X X A
7-APB (7-APB only)

O : All identifiable /\ : Some identifiable

4. =H K
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DATBEEERIGA Td o T HALE BAEROFR DS FTRE/ R T IED
KDL TNDZ LD, GCIMS, LC/PDAMS K TX LC/MS/MS
ERWT, MERMEAPFEIET 53 (5 i : MPP, APDB,
MMC, APB KX FMP) (Z2OWTHHT 21TV, E ONLE B ARD
RIS ATRE IS A& BT L7z,

X : ldentification difficult

ZOFER, MPP, APDB KUY MMC 122\ TiX, GC/MS,
LC/PDAIMS %721 LCIMSIMS DWFNDSHHEIC LY | [
BMRICBWTERDHER SN2 L0, BN FETHD Z
LR ST,

FMP } O} APB {25\ Tld, GCIMS DARFFEERE IS 2p
BBHEBR I NI o 722 E0vd | AN GCIMS 1T L HIEHE,
DOURFFIRE & O LA EE & R ST,
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