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solvent systems in sequence to separate a total of
67 coumarins [22] and Vande Casteele et al. [23]
utilized a combination of isocratic and linear
gradient elution to separate 43 coumarins. How
ever, the previous HPLC methods could not be
easily applied to the simultaneously separation of
the nine coumarins selected.

A preliminary experiment was first conducted
with isocratic elution using 60% and 50% ace
tonitrile at a flow-rate of 0.6 ml/min. In both
instances, the nine compounds gave only eight
peaks, compounds 4 and 5 being completely
overlapped. At 60% acetonitrile, the analysis
could be accomplished within 20 min but the
peaks of 2 and 3 were too close together. With
50% acetonitrile, a good separation of 1-3 and
6-9 could be obtained; the elution time was 42
min and peaks 8 and 9 were broad. After a series
of experiments, it was found that linear-gradient
elution with the profile given in Section 2.2
separated all the coumarins well. Fig. 2a shows
the separation of the authentic coumarins with
the following retention times: 2, 17.8; 1,25.1; 3,
25.7; 4, 30.9; 5, 31.5; 6, 35.0; 7, 37.5; 8, 45.1 and
9, 46.0 min. It is noticeable that a marked

change in retention times was obtained with only
slight variations of mobile phase composition.
When the water-acetonitrile component of sol
vent B was changed to 1:9 and solvent A kept
constant, the retention times of the coumarins
were as follows: 2, 16.8; 3,23.5; 1, 23.7; 4, 28.2;
5, 28.6; 6, 31.2; 7, 33.4; 8, 40.3; and 9,41.5 min.
Thus not only was a much worse resolution of 4
and 5 obtained, but also a completely overlapped
peak for 1 and 3 was found.

3.2. MEKC method

All nine coumarins and 4-hydroxybenzoic acid
(internal standard) were successfully determined
in a single run by MEKC under suitable con
ditions. The separation was achieved by optimiz
ing the cartridge temperature, the applied volt
age and the concentrations of SDS, organic
modifier and buffer.

Cartridge temperatures of 20, 25, 28, 30, 35,
40 and 45°C and applied voltages of 15, 18, 20,
22, 25 and 28 kV were studied. Values of 30°C
and 20 kV were chosen, because longer migra
tion times and broader peak widths were ob-
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Fig. 2. HPLC of (a) a mixture of nine authentic coumarins and (b) an extract of Angelicae Tuhou Radix. Column: Cosmosil
5C ,8-AR (250 mm x 4.6 mm 1.0., particle size 5 JLm). Eluents: solvent A, H,O-CH3CN (8:2); solvent B, H,O-CH3 CN
CH30H (2:9:9). Elution profile: 0-40 min, 100-0% A (0-100% B); 40-50 min, 100% B. Detection: UVat 322 nm. Peak
numbers as in Fig. 1.
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sis were carried out at ambient temperature. The
measurements were performed in triplicate. The
precision of the determination for all derivatives
was calculated from seven replicated injections.
The dead time was determined by using water as
the non-retained compound. The capacity factor
was calculated as k' = (t R - to)/to where t R is the
retention time, to is the dead' time and the
resolution was given by the equation R s = (tR,j 
tR,J/2(rTi + rTj)' where tR.j and tR,i are the re
tention times of compounds i and j, and rTi and rTj
are the standard deviations of the peak for the
compounds i and j, respectively.

3. Results and discussion

3.1. NMR spectroscopy

The number of spectral lines, their relative
intensity, the position in the spectra and com
parison with the known spectra of N-alkyl-2
benzothiazolesulfenamide derivatives unambigu
ously proved the expected structure of the
alkylbisBS compounds presented in Fig. 1. As
signment of the l3C NMR chemical shifts was
done by comparison with spectra of N-alkyl-2
benzothiazolesulfenamide derivatives. In the
case of possible ambiguousity of the results, H,H
and H,C correlation experiments were exploited.
The starting points in the assignment were the
well-defined resonances of the quaternary car-

bons C 1 and C6 .. Based on the long-range 3
bond H,C correlations with these carbon
protons, H 3 and H 4 could be unambiguously
discriminated. IH multiplet resonances are se
verely overlapping. Using H,H-COSY and one
bond H,C-COSY all other proton and carbon
resonances of the aromatic ring were identified.
Whereas IH resonances of alkylbis(2-ben
zothiazolylsulfen)amides are severely overlap
ping, their l3C resonances are clearly distinguish
able. Carbon spectra proved to be useful for the
reliable and quick identification of alkylbisBS
compounds in the mixtures, also in the presence
of other benzothiazole derivatives such as N
alkyl-2-benzothiazole-sulfenamides, 2,2' -dithio
bisbenzothiazole and benzothiazole. Data are
shown in Table 1.

3.2. RP-HPLC

A reversed-phase HPLC technique was chosen
for the simultaneous determination of isopropyl-,
tert.-butyl-, tert.-amyl-, and cyclohexylbis(2-ben
zothiazolesulfen)amides. Two types of C I8 bon
ded-phase columns were used for the separation,
i.e. Nucleosil 120-3C18 with 7 JLm particle diam
eter and Separon SGX C l8 with 7 or 5 JLm

particle diameter .
Though all alkylbisBS derivatives are very well

soluble in diethyl ether and tetrahydrofuran,
these solvents are not suitable in our case. In the
presence of these solvents, the elution curves of

Table 1
l3c NMR chemical shifts (8/ppm) of alkylbis(2-benzothiazolylsulfen)amides

C;lalkyl Isopropyl tert.-Butyl tert.-Amyl Cyclohexyl

C-1 154.1 154.0 153.8 154.2
C-2 121.2 121.2 121.2 121.1
C-3 124.4 124.4 124.5 124.3
C-4 126.5 126.2 126.2 126.2
C-5 122.3 122.3 122.4 122.2
C-6 135.4 135.5 135.6 135.3
C-7 172.6 173.2 173.0 173.0
C-8 67.3(C-q) 69.3(C-q) n.3(C-q) 74.3(CH)
C-9 22.5(CH 3 ) 29.5(CH3 ) 34.0(CH,) 32.9(CH"o)
C-lO 29.8(CH 3-1) 25.6(CH"m)
C-ll 26.4(CH3-2) 25.0(CH"p)
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