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Abstract: Methamphetamine is an amine-containing illegal drug and is distributed unlawfully in South Korea.
Finding a rapid, convenient and semi-quantitative determination method for methamphetamine is a very important
issue in the area of forensic drug testing. As an effort to develop new screening method, the reactions between
three organic compounds which are structurally similar to methamphetamine and N-(9-fluorenylmethoxycarbonyloxy)
succinimide (FMOC-NHS) were performed on silica gel (SiO,) TLC plates. Three reference compounds were
synthesized and used for the identification, comparison and study of the limit of detection (LOD) of the products
obtained from a direct reaction on a TLC plate. As a result, FMOC-NHS as a derivatization reagent generated
compounds containing highly UV-active functional groups on the TLC plate after reacting with primary- and
secondary amines. In the experiment 2D the LOD of amines was in the range of 0.045 and 0.01 mg/mL (2 pL/
spot), and in 1D the LOD was in the range of 0.002 and 0.007 mg/mL (2 plL/spot). The LODs of the compounds
tested were dependent on the concentration of the derivatizing reagent.
2 < oA B #5% IAY G853 JE methamphetamineS o}71S $hf-gt BERFERA 1
of thek A&atar Bolgh T4 2 AT 24 WS BHE HA] S48 olFrt Hojsith A=
& screening™IH-S A7) 98l methamphetamine®} 722 0.2 AR 3%2] §-7] IFES silica gel
(SiOz) TLC’3ollA N-(9-Fluorenylmethoxycarbonyloxy)succinimide (FMOC-NHS)$} WH8-2- A|F . TLCS
kS A ES Al §713H48 AERE A g Z2E-A T v - 3213 o), o] il A3 ](lelt
of detection)ys ZAFIATEH A4 A3 A|FeZ A3 FMOC-NHS= TLCAlA 12 2 23}
o}l 3} Wh-g-3te] UV-activedt SHHE-S A8A17]= A& gRIsISiTh 2D TLC AN 0.045-0.01 mg/
mL (2 pL per spot), ZZ2]2 1D co-spot TLC A&l A 0.002-0.007 mg/mL (2 pL per spot)e] HESHAI=
FEASE Aok ol tiek oEAS R
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TLC Tol 3tk ¥ &l B A% 48
2 FgdAdo] aFHERE R e AR 4
upg} B2 o] AFetA e s ej ok g}’

TLCE A& el 7ras wE2A 838 4 3l

= 24 71 T U, @AM A AT 5
ATk E9k, A 71AM GOMSE AHESH] A BE
AAGA NN =4 EFAE 7 AEoE EET
T Flste Wy o R S T [l FopellA &
WHeke VA, #4174, k] 9 e 5o
Aol o] AMGETHS e} TLCH S dnkd o=
#rst 5470] "ojzltks TS JHA L Ut o]
& 53171 ¢35k High Performance Thin-Layer

Chromatography (HPTLC), ©]54¢] W7, &3}
o vu ¥ Boldt Ak 58 A}
o2 xo NS A =Y F
I e e A v v d
I} &H(Forensics) woFA A = AFERI 7} o} =2 &
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FHZ, Al oA Bo] FEEE Al EHIE
ZE o}1-S $Hf-3F amphetamine, methamphetamine (2
ZE, “S|2%”, Fig 1), 34-methylenedioxymethamphe-
tamine (Ecstasy, MDMA)5©] $It}2B314 o] 52 o}yl
Z}-2-7](Amine Functional Group)E 7FA 3L $lof 338}
Hog |, 2 % 3zxkolylor FREL o5 udt
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phenyl isothiocyanate % -f-A} isothiocyanates ~Z&] 3L
dansyl chloride= HPLC % TLC, Z&] 3L 9-Fluorenyl-
methyl chloroformate (FMOC-Cl, Fig. 1) % naphtho-

A=4ye]

quinones 52 HPLCE A}$-3}% amphetamine %

A te d ARgE 2

|52 YHE WS F5E] g =2 Aol
kS 5 A EE FES 3717 S8 A
o] Gz & AHgEokstH, WS T Al 2Fe] P 0]
]9 F Q237 Hkg FabEo|u AloF BajatEo] it
& FeAe] 2o dES vXA @A FEAE ¢t
A Zolojol 3t} FMOC-ClE olql 31328 93 &
=23} Aleko A A ElTle) fluorenyl-7]7F AgE
Tha oA o] 2L UV-activedt =415 A= AloF
o2 dHA Jdovt AL o Bt g2 A7k

Methamphetamine FMOC-CI FMOC-NHS

Fig. 1. Chemical structures of methamphetamine and deriva-
tizing reagents 9-Fluorenymethyl chloroformate
(FMOC-CI) and N-(9-Fluorenylmethoxycarbonyl
oxy)succinimide (FMOC-NHS).
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ylamine(1) N y ine(2)  DL-alph y ylamine(3)

Fig. 2. Chemical structures of phenethylamines used in the
study.
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48 B B ok A8 s ol AlAF H o
25 ool ik A= 15—5{ “efeltt. B3k FMOC-
Clzt #+x B Fgx oz fAleh FEx3t AlF
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TLCE Fr=A st vh-gol] AR&® A9 FMOC-NHS
(Fig. 1)& Acros(USA)AN A 931 tetrahydrofuran
(°13} THR)Ol 5= 5o JF (1D co-spot) =&
spray"dH (2D)2. 2 TLC/el A -§3lAth AlEE AL
H 3% of1E{ 38E(1-3; Fig 2), phenethylamine,
N-methylphenethylamine, DL-o-methylbenzylamine
S Sigma-AldrichA ol A free base’dEl = T 3Fe] A}
g3tk B4 495w AR % FEAS Ao

(1D co-spot)> 2 pL (per spot)2] Fo 2 A3

Silica gel TLC plate (20 x 20 cm silica gel 60 F254,
Aluminium plate):== Merck(Germany)AFe] #| &0 2 3
FEA TAxH YA UV AL A et F3&
= A ES A3 Acetone €7+ Jin Chemical,
AN 2 AHE W EFZ 2 e eSS Burdick
& JacksonAl, o}H1S $]% HE AL E AFEE &
Zyo} &9(28%)2 Junsei (Japan)Atoll Al z+2h )
stdon BE AGEH SiES AES @ AES
FYste] F7HER1 AA §lo] AHg-E A=Al st
g A 5, ofvl st=d A=A TLCAY
A = 2] FelolE UV lamp (254 nm, Ultra-
Violet Product, USAYE AHE-3FITE &3S S8l A
¥ 4% 7]7]2+ Rotary Evaporator N-1000 (EYELA,
JAPAN), DOA-P704-AC/Vacuum & Pressure Pump
(GAST, US.A), 400 MHz FI-NMR (Akishima, Japan)-<
AHE3E T 2 E 'H NMR spectras CDCLE A3}
RE A5, W EFEZE tetramethylsilane (TMS)2]
3] =9 fo}oq 3 =9 (ppm)E &34 CD;0D
Suid] A|EEe ddtel= 330 ppm, LI ds
DMSO €152 AlgE0 tisted= 249 ppmellA]
Ehte 554 SAAE VISR st gk
ot #A & AFNELS hertz (Hz) S92 el
AgEA A28 EH(MS)S Waterse] ACQUITY UPLC,
Micromass Quattro micro™ API7]7] & AF&-3Fo] A
o). Column chromatography+ silica gel (Merck, grade
60, 230-400 mesh) A-&-3te] o] Foj Xt}
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chromatography®l] ¢]&te] GAslQ.om WAl w84
seteS Ak BE WA 100% 77he- 5
Hom TLC, 'HNMR % LC-MS(ESI) 59
=4 ?ﬂ—/ﬂ}] ;H_JZ_%;‘_%EO] o]—g:];(] g}?ﬂ. 4_
le]

11 SHAe

_I

[o

oo o
m[o ok o
m&

213 REAE ¥ LODZEH
371A1 9] o}l A& 8}3E(1-3)2 27 THF §-29
10 mgmLé] sE2 A48dS TE gl AAF

oo T1TE - i=]

=2 ZAAZl AlEE TLC plate(5x 10 cm, 1D;

Analytical Science & Technology



Screening method for amines by derivatization reaction on TLC 231

0

"
ooy O
T o o

o< T
FMOC-NHS R2

|
s
Py,

R3

Fig. 3. Synthetic scheme of reference compounds R1, R2
and R3.

10 x 10 cm, 2D)ell A& g F, THF| = #A|=H
A3t Al 5 mgmLe] AFEAS HH3 T
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T AAL EFE0] old GUAE AEolA HESA|
7 A8 RE TLC plate’de] 3L 33] o],
2ol Gmtol] Aasted spote] EA7F x2EAD F
o Rfgel A ElE 99 Fx(mg/mL, 2 pL per
spo)E AN spEtHom OhE 3% A8 f=
A st Aleel gk Al v S HESIIA &
e AElZE JH-3(S, 1D co-spot, Fig. 4) T2 £
932D spray, Fig. )& A FH T BlAE ¢35t
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2 THFol| Fo] wh-g-A12] Alg9}l 5ol zH7]
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Fig. 4. Photographs of actual silica gel 2D (left) and 1D
(right) TLCs showing spots of derivatized phenethyla-
mines (1-3) after reaction with derivatizing reagent
(FMOC-NHS, F) with spots of reference compounds
(R1, R2 and R3), F, S, co-spot of sample 1, 2, 3 and
F; 1st, first development; 2nd, second development.
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phenethylamines 3}8H&(Fig. 2)3 silica gel TLC”OH
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£ ¥ %(mg/mL, 2 pL per spot)E Table 19 % 2|3}
ok WA, 29 AlE= UV ZAF tellA 0.6 mg/
mL7bA] #Ze] 7Hs et =t | mg/mLe] FE7HX

A FAEg ot 3 ojste] FEolAE Fo Ze
Bo] apHAT > AW AV FEE

0.01~0.045 mg/mL= 1D A& A2 0.002~0.007 mg/
mLETH ARbH o2 22 FLoi ARE #ET
ATt o] AFes FEAS Wk Aol Hlste] 2D A
o] Aol 13 wjollA 60 Wi, 225l 1D AFe] A
ol 90 BiellA 300 el o2+ FdE AEAHAE
HolET) 2D A A& TR B2

=2 olfre

_l

Table 1. Lower limits (mg/mL) of detection® of phenethyla-
mines (1-3) chromatographed on silica gel TLC
before and after derivatization as co-spotted (1D) or
sprayed (2D) with derivatizing reagent (FMOC-

NHS)
2D 1D
No. 0.5" o 1259 259 5b
1 0.045 0.6 0003 0002 0.002
2 0.025 0.6 0007 0006 0.005
3 0.010 0.6 0007 0006 0.002

9 Determined visually under UV,s, (n=3)
® Concentration of FMOC-NHS in THF as mg/mL, 1D; 2 uL per
spot, 2D; spray method, absolute amount not available.
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12} 770 AL A& spote] T2 WHE (band)7} 7
FA e o] A3} vk & 23 A7} o] FojA =
Qrell spoto] 3|M =] YA HABRE A5 EHe
gelo] B7bse Zlog Wtk 2D A3 e Agd=
benzylamine (3)°], 223 ID 43¢ Sl 13-
o}9l phenethylamine (1)°] 2zt HA 9 HA&3A =
vreRf it

ID 239 4+
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2 HAEM w7
Hl LA Alofe] el o] 3
7V S TASE Ut v
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dob ol ot T
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HolA] ekgtort, dAje] W2 100~300 ol 717k

AZIAE RAZTE? w3k o] WhHS 7FH s
I

WaA 235 =5 4 A3 UV lamp ©]&]2] &)
£ Zax ¥k B2 dAo WHos dE A&
A Fee WEAHA HE w$ 2o E4EF
=AY TLCY #2l $ dx=d e Hus 53
EQAS OA BY I, 2AF 7|20 dEd o
2 fFEAE A S AAE PEoR weste A
= T/ F e 7HFs S AXEIE #H2 TLC
e T o8 7HA F79] ohde Alekate] ukg
< % A= 87149 S7k= o= TLCE AHE-
s o]l & FAEE 7 UEE HAF= o]
o3 S dAo A BAYe] Aoz Qste] A
9] amphetamine® A& E2-& AM-3HA] ZalH o,
°lE mIRE ALt AT A9 AHe A
Ao o SHth 2%, T 713 52l st AA
o}RIEH whekFol thet A Eo] WP Eojor

otk B3k EF=o FHE A AN TLCH 1t

(ID =& 2D)2 &3] 9ol A9 ook FARE
MO et oWl F g 8, 23hoplel v
ol s g 54T A

AMgrel 24 B frakedae] WS T
el Aol AAZ A7} o] FoiA ok stk
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33. stgfE9l Rt

Silica gel TLC plate’dell Al A7l o}¥1F A5 3}
FEED gz FEES AFFR|(RE
#HE UV 254 nmellx] §<F A28t A3t= Table 29}
7ot op¥l $Hf AR Ay, HFoF A
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Table 2. RfY values of phenethylamines (1-3) and reference
compounds (R1-R3) chromatographed on silica gel
TLC plate under UV,s4

No Phenethylamines Reference compounds
0.
1 2 3 R1 R2 R3
I 0.18 0.2 0.38 - - -
I - - - 042 043 049

¥ Determined visually under UV at 254 nm, other solvent systems
were not investigated

T; dichloromethane: methanol: ammonium hydroxide=9:1:0.1,
1I; hexane: ethyl acetate=3:1 as developing solvent system.

N ZAfeles B9 Il A, A8 §r¢
2491 ammonium hydroxide
Al VERETE 2B R of
A SeEed g Rf F2= 2 gk =4
1l o R Apgrojof ghtpi HAkE T
Silica gel TLC plate’del A= 12}, 2xF-olRI(1, 2y
AR SRR 7)o o] o]H % 24 benzylamine
(32 T wEA HsjEe] FHol 7HsatATh ol 9k
FAFSHAl 13}, 23F-otRle] FE=A iz 3= (R1,
R2)E A fARSE SR 2 ZA7iEo] Fito] ofzgle
U benzylamine®] F =3 thz 31¢E(R3)S thi wh
27 AN Ee] o] 7k thFig 4).
o]zt 7+ Azt wetA] 2F$-of = alumina TLC
o] ALg, AlokE=e] W3k Alofe] gujo] WA Bt
FrEA S A Ao mE JF Fol st
7He A% AFE BAstazt gt

=

o
oko
=1

S rlm

4.8 =

o}glS -5k wpekRol o st 803t screeningSH
o] e gk MY ZA silica gel TLC A
amphetamine+ 2} -F-AF3F phencthylaminef 3} 3} &(1-
3)F FEA43 A HEFEMOC-NHS)Z2] 2 H 2 ¢l w$
g o] E ol &g AEHE A AHZHE oy
3 e AL A9},

1. FMOC-NHSE o}l gh& 3}3HE 1-33F Aol A
W2 A 9H-8-3ko] 7F3kA| UV-activedt fluorenyl =
=2 AA 0}93 o Ur o] o] p:?ﬂ-%_,] "LEHE wre-s A
Folle A4S e 2= o7t d astelt.
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