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ABSTRACT

A sibutramine analogue was detected and added illegally in known as the healthy food that can reduce weight. The structure
was determined as N-1-[1-(4-chlorophenyl) cyclobutyl]-3-methylbutyl-N-methylamine with the molecular formula C;gH,4NCI and
molecular weight 265 Da. The sample was desalted and extracted with water, further purified by a liquid-liquid partition method.
The structure was identified with a series of 1-D and 2-D NMR techniques, IR and FAB mass. Comparing with the structure of
sibutramine, a tertiary amine was substituted as a secondary amine. This is one of the active metabolite of sibutramine. Basic
on the law, foods with any illegal additive such as synthetic chemical compound shall not be sold, manufactured, imported,
processed, used, prepared, stored or transported. Therefore, this sibutramine analogue has been included in the inspection list of

illegal adulterants in Taiwan.
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INTRODUCTION

The prevalence of obesity has reached epidemic
dimension in industrialized countries and it is known
that obesity is associated with increased risk of cardio-
vascular morbidity and mortality). Sibutramine (Figure
1) was the currently approved medication for long-
term management of obesity. Although the benefit-
risk profiles of sibutramine appear positive, sibutramine
continues to be monitored because of long-term safety
concerns®),

Studies in healthy subjects suggested that sibutra-
mine might have opposing effects on peripheral and
central sympathetic activity, an increase in blood pressure
has been claimed>). Other reports suggesting arrhyth-
mias associated with sibutramine were assessed®.

Since January 2006, the list of prohibited substances
established by the World Anti-Doping Agency includes
the antidepressant / anti-obesity drug sibutramine.
Due to its rapid degradation to its active metabolites
N-desmethyl and N-bisdesmethyl sibutramine, refer-
ence compounds had been synthesized and monitored
by liquid chromatography/tandem mass spectrometry(7).
Other documents of organic synthesis, called this
N-desmethyl sibutramine as desmethylsibutramine®-10),

In our laboratory we have found sibutramine adul-
terated with many dietary supplements. A sample from
mainland China was detained and sent to our laboratory
by the Customs Bureau of Treasury Department. An
unknown compound was detected by thin layer chro-
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Figure 1. Structure of sibutramine.

matography (TLC). Although its molecular weight was
different from that of sibutramine, the data of NMR indi-
cated a sibutramine analogue was inferred.

MATERIALS AND METHODS
1. Equipments

The NMR spectra were recorded on a BRUKER
AVANCE-500MHz FT-NMR (500MHy for 'H, 125MH;
for 13C) with chloroform-d as solvent. The FAB mass
was acquired on a JEOL JMS-700. The UV spectrum
was determined on a Varian CARY 50 Conc UV-Visible
spectrophotometer. The infrared (IR) spectrum was
recorded in the 400 ~ 4000 cm™! range using a Jasco
FT-IR-480 plus spectrometer and KBr pellets. All chem-
icals used were of analytical grade.

I1. Extraction and Isolation

The powder sample (521.2 mg) was dissolved in
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Table 1. NMR correlation of sibutramine analogue (A)
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No. B¢ (60) "H (o) DEPT COSY HMBC
1,2 22.0,24.0 083 (3H, 4. IS66Hz) 33 H-3 H-4
0.87 (3H, d, J= 6.5 Hy)
3 25.4 1.60 (1H, m) 1 H-1,2/H-4 H-1,2/H-4/H-5
4 41.4 0.66 (1H, m), 1.06 (1H, m) 2 H-5 H-1,2/H-5
5 65.6 2.64 (1H, m) 1 H-4 H-4 /H-7/H-9 / H-10
6 - 1.38 (1H, br.) - - -
7 37.4 2.50 (3H, s) 3 - H-5
8 51.8 - 0 - H-5/H-9 /H-10/H-11/ H-13, 14
9 33.7 2.27 (2H, m), 2.40 (1H, m) 2 H-11 H-5/H-10/H-11
10 323 2.17 (1H, m), 2.27 (2H, m) 2 H-11 H-9 / H-11
11 16.3 1.75 (1H, m), 1.87 (1H, m) 2 H-9 / H-10 H-9 / H-10
12 144.8 - 0 - H-5/H-9 /H-10/H-15,16
13, 14 129.1 7.17 (2H, d, J = 6.8 Hy) 1,1 H-15, 16 H-14, 13
15,16 127.5 7.25 (2H, d, J = 6.5 Hy) 1,1 H-13, 14 H-16, 15
17 1313 - 0 - H-13, 14/ H-15, 16

d ppm in CDCly , J in Hz, 125 MHy, for 13C, 500 MH, for 'H.
DEPT is the number of attached protons.
The oy 2.27 (2H, m) signal belongs to the 9th and the 10th.

water (100 mL) and alkalized with sodium hydroxide to
pH 8~9. The filtrate was extracted with dichlorometh-
ane (100 mL) twice. The dichloromethane layers were
combined, washed with water (300 mL) two times and
dehydrated by anhydrous magnesium sulfate. The solu-
tion was evaporated to dryness in vacuum oven and
yielded the pale yellow liquid compound A (366.0 mg).

III. NMR Correlation Data of Compound A

The purified compound A was identified with a
series of 1-D and 2-D NMR spectroscopic techniques,
including 'H, '3C, DEPT, COSY, HMQC and HMBC.
The data are showed in Table 1.

RESULTS AND DISCUSSION

Table 1 showed the '"H-NMR, '*C-NMR, DEPT,
"H-'H COSY and HMBC spectral data of compound A,
which were similar to that of sibutramine, except the two
methyl groups connected on the nitrogen was replaced
with one methyl group. The DEPT, 'H-'H COSY,
HMQC and HMBC spectra of sibutramine analogue (A)
were shown in Figures 2, 3, 4, 5, 6, 7 and 8, respectively.
The spectroscopic numbering used is given in Figure 9.
All signals were assigned unequivocally according to the
various NMR spectroscopic data.

The "H-NMR spectrum showed characteristics of an
amine at oy 1.38 (1H, br.) was obviously different from
sibutramine (Figure 1). Four aromatic protons at oy 7.17
(2H, d, J=6.8 Hy), 7.25 2H, d, J = 6.5 Hz). One singlet
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Figure 2. DEPT spectrum of sibutramine analogue (A).

peak at dyy 2.50 was assigned as the methyl group attend-
ed to nitrogen for H3-7. Two doublet peaks at oy 0.83
and dg 0.87 were assigned as the methyl group for Hs-1
and H3-2. Five multiple peaks at dy 2.40, oy 2.27, oy 2.17,
oy 1.75 and dy 1.87 were assigned as the methylene for
H,-9, H,-10 and H,-11, respectively. Two multiple peaks
at oy 0.66 (1H, m) and dy 1.06 (1H, m), further proved
with 2D NMR data, was assigned as the methylene for
H,-4. One methine proton for H-5 was shown at dy 2.64
(1H, m).

The "*C-NMR and DEPT (Figure 2) spectra indi-
cated three primary carbons, which was one less than
sibutramine, together with four secondary carbons,
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six tertiary carbons and three quaternary carbons, the  500MHzHSQC COCLS sib-aniog

same as that of sibutramine. Three methylene signals of e ‘
cyclobutyl were shown at d¢ 16.3, d¢ 33.7 and d¢ 32.3. 50" &F G
Two peaks at ¢ 129.1 and d¢ 127.5 were assigned as the e T L— T
aromatic carbons for C-13,14 and C-15,16, respectively. c11_| . ]

In the HMQC (Figure 5) and HMBC (Figures 6,7, 8) 43 = =
spectra, the correlation between H-1,2 (dy 0.83,0.87) and Eig%sgf —
C-3 (0¢ 25.4) (Figure 6) suggested that one methyl group os
linked to the butyl group. The correlation of H-13, 14/C-8 os ] ‘l | "

(Figure 7) and H-9, H-10/C-12 (Figure 8) indicated that
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Figure 6. Partial HMBC spectrum 1 of sibutramine analogue (A).
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(A). Figure 7. Partial HMBC spectrum 2 of sibutramine analogue (A).
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the chlorophenyl is attached to a quaternary carbon (C-8)
of the cyclobutyl. The correlation of H-5/C-8 (Figure
6) exhibited the attachment of the cyclobutyl carbon (d¢
51.8) to the butyl group (dy 2.63). The correlation of H-7/
C-5 (Figure 6) showed the linkage of the methylamine
group (dg 2.50) to the butyl carbon (d¢ 65.6).

The FAB [M+H] of compound A found at m/z 266,
corresponding to the molecular formula C;¢H,4NCI, 14
a.m.u. less than sibutramine referred to CH, loss (Figure
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Figure 8. Partial HMBC spectrum 3 of sibutramine analogue (A).

Figure 9. Structure of sibutramine analogue (A).

[ Mass Spectrum |
Data : 950214039
Sample : sibutramine (free)

Date : 16-Feb-2006 11:08

Note : NBA

Inlet : Direct lon Mode : FAB+
Spectrum Type : Normal lon [ MF-Linear]

RT : 0.58 min Scan# : 3

BP : m/z 114.0000 Int. : 1599.98

Output m/z range : 30.000 to 350.0000 Cut Level : 0.00%
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10). Its UV spectrum shape (Figure 11) was similar to
that of sibutramine, but was different in A, ,, absorption
at 224.9 nm.

The IR spectrum showed absorption bands with
the characteristics of an amine at 2959 cm™! and a para-
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Figure 11. UV spectra of sibutramine and sibutramine analogue
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[ Mass Spectrum ]
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Figure 10. The FAB fragmentation of sibutramine and sibutramine analogue (A).
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substituted phenyl at 1492, 1466, 826 cm™.

Based on the mass, infrared spectrum and NMR

spectroscopic data, the structure of compound A was
determined as N-1-[1-(4-chlorophenyl) cyclobutyl]-3-meth-
ylbutyl-N-methylamine, a sibutramine analogue (Figure 9),
of which two methyl groups connected on the nitrogen in
sibutramine was changed into one methyl group.
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