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A Study of qualitative analysis methods for nootropics

Yoshitomo MINAMIDATE*, Tomonori IHARA*, Ryosuke SASAKI*, Takaya MATSUSHITA* and Masashi SHIBATA*
*Central Customs Laboratory, Ministry of Finance 6-3-5, Kashiwanoha, Kashiwa, Chiba 277-0882 Japan

‘Smart drugs’ (i.e.,nootropics) are the drugs, foods like supplements and other substances that are sold in many countries

claiming to boost cognitive functions such as memory, creativity and motivation. In recent years, many kinds of nootropics

have been imported as private cargo. However, the abuse of nootropics without a doctor’s prescription or instruction has the

potential to cause some health hazards. In addition, some nootropics have chemical structures similar to illegal drugs. For

that reason, the Japanese Ministry of Health, Labour and Welfare prohibited in principle 25 kinds of nootropics private

imports of as of January 1st, 2019. However, the analytical methods for these nootropics are not yet established. In this

study, out of these 25 restricted nootropics, we obtained 22 compounds and analyzed them using fourier-transform infrared

spectroscopy (FT-IR) and, gas chromatography-mass spectrometry (GC-MS).For some samples which were difficult to

measure by FT-IR or GC-MS, we also conducted structural analysis using nuclear magnetic resonance (NMR). As a result,

it was possible to qualitatively analyze 17 samples by FT-IR and GC-MS, and 4 samples by FT-IR and NMR. However, for

the last one, (dihydroergotoxinemesilate), it is necessary to confirm the structural components using other methods, such as

high-performance liquid chromatography (HPLC).
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Table 1  Nootropics used in this study

Common name

Chemical name

Distributor (manufacturer)

Tokyo Chemical Industry

Atenolol 2-(4-{(2RS)-2-hydroxy-3-[(1-methylethyl)amino]propyloxy } phenyl) acetamide Co. Ltd
o., Ltd.
At ti FUJIFILM Wako P
OmoXe "jle (3R)-N-methyl-3-(2-methylphenoxy)-3-phenylpropan-1-amine monohydrochloride . ako .ure
hydrochloride Chemical Corporation
FUJIFILM Wako P
Adrafinil 2-(henzhydrylsulfinyl)-N-hydroxyacetamide . axo .ure
Chemical Corporation
. . FUJIFILM Wako Pure
Aniracetam 1-(4-methoxybenzoyl)-2-pyrrolidinone . .
Chemical Corporation
Tokyo Chemical Ind
Etiracetam 2-(2-oxopyrrolidin-1-yl)butanamide okyo Chemical Industry
Co., Ltd.
Tokyo Chemical Ind
Oxiracetam 2-(4-hydroxy-2-oxo-1-pyrrolidinyl)acetamide okyo Chemical Industry
Co., Ltd.
Mixture of (5'S,10R)-12'-hydroxy-2',5"-bis(1-methylethyl)-9,10-dihydroergotaman-3',6',18-trione monomethanesulfonate,
Dihydroergotoxine (5'S,10R)-12"-hydroxy-2'-(1-methylethyl)-5'-(2-methylpropy!)-9,10-dihydroergotaman-3',6',18-trione monomethanesulfonate, Tokyo Chemical Industry
mesilate (5'S,10R)-12"-hydroxy-2'-(1-methylethyl)-5'-(1-methylpropyl)-9,10-dihydroergotaman-3',6',18-trione monomethanesulfonate and ~ Co., Ltd.
(5'S,10R)-5'-benzyl-12'-hydroxy-2'-(1-methylethyl)-9,10-dihydroergotaman-3',6',18-trione monomethanesulfonate
. . . . . . L. . . R Tokyo Chemical Industry
Tianeptine 7-[[(3-chloro-6,1 1-dihydro-6-methyldibenzo[c,f][ 1,2]thiazepine 5,5-dioxide)-11-ylJamino]heptanoic acid Co. L1d
o., Ltd.
. . Tokyo Chemical Industry
Dehydroepiandrosterone  (3S5,8R,9S,10R,13S,14S5)-3-hydroxy-10,13-dimethyl-1,2,3,4,7,8,9,11,12,14,15,16-dodecahydrocyclopenta[a]phenanthren-17-one Co. Ltd
o., Ltd.
Nadolol (2RS,3SR)-5-{(2RS )-3-[(1,1-dimethylethyl)amino]-2-hydroxypropyloxy } - 1,2,3,4-tetrahydronaphthalene-2,3-diol and Tokyo Chemical Industry
adolo!
(2RS,3SR)-5-{(2SR)-3-[(1,1-dimethylethyl)amino]-2-hydroxypropyloxy } - 1,2,3,4-tetrahydronaphthalene-2,3-diol Co., Ltd.
. . . . L FUJIFILM Wako Pure
Nicergoline [(8R,10S5)-10-methoxy-1,6-dimethylergolin-8-yl] methyl 5-bromopyridine-3-carboxylate R .
Chemical Corporation
Tokyo Chemical Ind
Nimodipine Isopropyl 2-methoxyethyl 1,4-dihydro-2,6-dimethyl-4-(3-nitrophenyl)-3,5-pyridinedicarboxylate CO y]i)td emical Industry
o., Ltd.
FUJIFILM Wako P
Nefiracetam N-(2,6-dimethylphenyl)-2-(2-oxopyrrolidin-1-yl)acetamide . o .ure
Chemical Corporation
Tokyo Chemical Ind
Vinpocetine apovincaminic acid ethyl ester oxyo Chemical Industry
Co., Ltd.
X L . ‘Wako Pure Chemical
Piracetam 2-ox0-1-pyrrolidineacetamide .
Industries, Ltd.
FUJIFILM Wako P
Furosemide 4-chloro-2-[(furan-2-ylmethyl)amino]-5-sulfamoylbenzoic acid ako Fure

Chemical Corporation

Bromocriptine mesilate

(5'S)-2-bromo-12'-hydroxy-2'-(1-methylethyl)-5'-(2-methylpropyl) ergotaman-3',6',18-trione monomethanesulfonate

Tokyo Chemical Industry
Co., Ltd.

. . . - . FUJIFILM Wako Pure
Pramiracetam N-(2-(bis(1-methylethyl)amino)ethyl)-2-oxo-1-pyrrolidineacetamide . .
Chemical Corporation
Tokyo Chemical Ind
Pregnenolone 3B-hydroxypregn-5-en-20-one oxyo Chemical Industry
Co., Ltd.
Tokyo Chemical Ind
Procaine hydrochloride ~ 2-(diethylamino)ethyl-4-aminobenzoate monohydrochloride CO yf[ d emical fndustry
0., Ltd.
Propranolol . . FUJIFILM Wako Pure
. (2RS)-1-(1-methylethyl) amino-3-(naphthalen-1-yloxy) propan-2-ol monohydrochloride . .
hydrochloride Chemical Corporation
R . R FUJIFILM Wako Pure
Levetiracetam (25)-2-(2-oxopyrrolidine-1-yl) butyramide

Chemical Corporation
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FA—7" B 100 °C (4 min hold) - F-IE[20 °C/min] - 320 °C
(15 min hold)
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27U v b 5000

HEAFREE : 320 °C
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Table 2 Measured results by GC-MS

Name of nootropic

Solvent

Chloroform

Methanol

Chloroform, NaOH"

Atenolol

Atomoxetine

Adrafinil

Aniracetam

Etiracetam

Oxiracetam
Dihydroergotoxine mesilate
Tianeptine
Dehydroepiandrosterone
Nadolol

Nicergoline

Nimodipine
Nefiracetam
Vinpocetine

Piracetam

Furosemide
Bromocriptine mesilate
Pramiracetam
Pregnenolone

Procaine hydrochloride
Propranolol hydrochloride
Levetiracetam

OCOPOOPXOOOOOOOXXXOOXOO0

OO0O0OPOXXOPOOXOOXXXO0OX0OO0

*Chloroform, NaOH: Chloroform solution extracted from sample aqueous solution containing sodium hydroxide.

O: Single peak chromatogram.

/\: More than one peak chromatogram and the MS spectrum of any peak matches up the Wiley Registry® 10th Edition/NIST 2014

Mass Spectral Library's one.

A : Single peak chromatogram but the sample solves little.

X: More than one peak chromatogram.

Table 3-1 Chemical shift of Adrafinil

GC-MS TEHEY AR ML ERLNRPSTEREO S, 7
RZT7 4=, XU TEHZ LG 7t REHIELTELR
72 'TH-NMR A7 FLJ N BC-NMR A7 kL& ZENZE Fig.
3-1-1 /5 Fig. 3-3-2 IR T. F£72, HNMR AX7 hLEY
BCNMR A7 "V DE > 7 FNDIRBERBRER LY 7 ME
% Table 3-1 7»5 Table 3-3 IZZNEHURT . fENT LTZRER, £
FNT KT 7 4=/, XU TEZLRVPT7 0w I ROEITT
JELZRWART MRS LT,

position 3C / ppm 'H/ppm Jun / Hz
1,1 137.2,135.0 -
2,6,2',6' 129.9, 128.7 7.51 m
3,5,3,5' 129.2, 128.7 7.41 m
44' 128.2 7.35 m
1" 69.2 5.38 S
2" 54.0 3.19 dd 885, 14
3" 161.3 -
4" - 10.76 S
5" - 9.12 S

(s: singlet, d: doublet, m: multiplet)

OH

5"
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Table 3-2  Chemical shift of Oxiracetam

Table 3-3 Chemical shift of Furosemide

position 13C / ppm 'H/ ppm Juu / Hz
1 176.4 -
2 41.5 2.51 dd,dd 230,17,6
3 65.3 445 m
4 585 3.54 dd,dd 234,11,5
5 46.0 3.97 dd 78, 16
6 172.8 -

(s: singlet, d: doublet, m: multiplet)

O

5 6

NH,

34 EE

TRI T 4=, XTI L, FTHXTF, 7B IR,
b Rpxz o MR A VEBEEDAO 17 X FT-IR KO
GC-MS CTHIEFFETHY, T KT 7 4=/, X T X LKD)
7ut I FIEFTIR KO'NMR CEMENRFRETHD. 2k, 7
FTF L NMR OHEE EIT > TR W ASEER I BT AT RE S
EREElIND.

Uk Frxba h % A DVEEEIZ OV CIE, HPLCY S5 &
D RERR Y TR T D B B 5.

position 3C / ppm 'H/ ppm Juu/Hz

1 109.8 -

2 154.4 -

3 114.6 6.99 s

4 138.3 7.45 d 2
5 127.6 -

6 1353 8.57 S

7 170.3 -

I 152.6 -

2' 108.5 6.32 d 3
3 111.4 6.37 m

4 143.7 -

5' 40.7 4.49 S

(s: singlet, d: doublet, m: multiplet)

ABFZETIE, 2019 4E 1 H 1 B 2SR RINIC I8 ABRA DR LR & 72
ST A—FRT7 v 7 DH5% 22 fli% FT-IR KON GC-MS (& & 0 ]
TE & kAT,

F72, FTHIR T GC-MS THIERHEET > 7o 3EHZ DN T,
NMR {2 & 0 HIE L.

ZOFER, 17 fBIZOWTIEL FTHIR XN GC-MS THIEFHETH
D, E7- GC-MS IZ K DHENHFEZR 4 FEIZOWTIL FTHIR KW
NMR (Z LD HEERENAREE B X bND. LnLaeRb, Yk
Frxba hF 0 A ABEIZOWTIRREEY TH Y, DM
b —ED DTN 28, HPLC %12 X 0 ERR RSy OHERR DS
VETHD.

X ®
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(https://www.mhlw.go.jp/web/t_doc?datald=00tc3785&dataType=1&pageNo=1)
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Fig. 1-20 IR spectrum of Procaine hydrochloride
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Fig. 2-1-1 GC-MS total ion chromatogram of Atenolol solved in methanol
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Fig. 2-1-2  GC-MS total ion chromatogram of Bromocriptine mesilate solved in chloroform
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Fig. 2-1-4  GC-MS total ion chromatogram of Furosemide solved in methanol
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Fig. 2-2-1 MS spectrum of Atenolol and its fragmentation patterns
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Fig. 2-2-2  MS spectrum of Atomoxetine and its fragmentation patterns
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Fig. 2-2-3  MS spectrum of Aniracetam and its fragmentation patterns
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Fig. 2-2-6  MS spectrum of Nadolol and its fragmentation patterns
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Fig. 2-2-9  MS spectrum of Nefiracetam and its fragmentation patterns
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Fig. 2-2-10 MS spectrum of Vinpocetine and its fragmentation patterns
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Fig. 2-2-12  MS spectrum of Bromocriptine and its fragmentation patterns
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Fig. 2-2-13  MS spectrum of Pramiracetam and its fragmentation patterns
43
Retention time —0
/\. _
91
316
283

119
67

[

40 60 80 100 120

=

180 200 220 240 260 280 300 320

m/z

Fig. 2-2-14 MS spectrum of Pregnenolone and its structural formula
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Fig. 2-2-15 MS spectrum of Procaine and its fragmentation patterns
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Fig. 2-2-17 MS spectrum of Levetiracetam and its fragmentation patterns
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Fig. 3-1-2  '3C-NMR spectrum of Adrafinil
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Fig. 3-2-2  '3C-NMR spectrum of Oxiracetam
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