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a b s t r a c t

Variety of butyl [2-arylamino-4,4-dimethyl-6-oxo-cyclohex-1-ene]carbodithioates (3a–c), 2-thioxo-6,7-
dihydro-1H-benzo[d][1,3]thiazin-5(2H)-one derivatives (5a–c), and the glucosyl carbodithioates 6a–c
as well as galactosyl carbodithioates 7a–c have been synthesized from the reaction of enaminone deriv-
atives 1a–c with carbon disulfide followed by the alkylation with n-butyl bromide and a-D-glycosyl bro-
mides, respectively. The amount of carbon disulfide plays a great role in the mode of reaction. The
structures of the synthesized compounds were elucidated by spectral data and X-ray crystallography.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

Much attention has been focused on compounds functionalized
with the – CSS-group because of their diversity as represented by
industrial chemicals, such as rodent repellents, vulcanization addi-
tives in rubber manufacturing, lubricants, and polymers in addition
to their metal chelating properties, which are used in analytical
chemistry and waste management. These compounds exhibit a
wide spectrum of biological activities1–4 and are used as fungicides
in pesticides and fumigants.4,5 They modulate the function of a
number of key proteins involved in apoptosis, oxidative stress,
transcription, and proteosome function.6 Thus, they are of poten-
tial therapeutic value for cancer,7–10 viral infection,11 antitumor
activity,12 inflammation,13 immunosuppressive agents,14 and anti-
oxidants, as well as inhibition of the replication of rhinovirus, influ-
enza virus, and polio virus.11–15 Their biological effects are
dependent on their structural characteristics that influence the sta-
bility decomposition and their metabolic products in vivo.16–20

A great demand for significant amounts of oligosaccharides and
glycoconjugates for biological, medicinal, and pharmacological
studies has been generated because of the important roles played
ll rights reserved.
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by these compounds in biological processes.21 Therefore, tremen-
dous effort has been made to develop new procedures for the syn-
thesis of glycosides and developing strategies for the formation of
glycosidic bonds.21–24 However, efforts are still directed toward the
synthesis of glycosidic bonds, particularly in a stereoselective man-
ner. Glycosyl sulfanyl heterocycles have been regarded as good gly-
cosyl donors in addition to their biological activities such as the
inhibition of enzyme activity.25 Having the above aspects in mind
and in addition to the paucity of work that has been reported on
the glycosyl carbodithioates and their biological value26–28 as well
as their value as glycosyl donors for glycosyl bond formation, we
became interested in the synthesis of new members in this class
of compounds. We are also investigating their spectra and X-ray
crystallographic data as a continuation of our work,23,24 and our
interest29–32 in elucidating structures by X-ray crystallography.

2. Results and discussion

The reactivity of enaminones toward some electrophilic re-
agents was investigated in order to synthesize carbodithioates
and benzothiazine derivatives. Thus, the reaction of 1a–c33 with
carbon disulfide in dimethyl sulfoxide (DMSO) containing sodium
hydroxide followed by addition of n-butyl bromide afforded butyl
[2-arylamino-4,4-dimethyl-6-oxo-cyclohex-1-ene]carbodithioates

http://dx.doi.org/10.1016/j.carres.2010.11.005
mailto:eelashry60@hotmail.com
http://dx.doi.org/10.1016/j.carres.2010.11.005
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(3a–c) via the loss of a molecule of HBr from the nonisolable inter-
mediates 2a–c.

On the other hand, the reaction of enaminones 1a–c with an ex-
cess of carbon disulfide in DMSO containing a catalytic amount of
NaOH followed by addition of n-butyl bromide furnished benzothi-
azine derivatives 5a–c, (Scheme 1). These thiazinones have been
presumably formed via the heterocyclization of the nonisolable
intermediates 4a–c. The conditions for the reactions are critical,
probably due to the ready loss of carbon disulfide from the reaction
mixture whose amount has a great role in the formation of an
intermediate such as 4a–c. The introduction of a carbodithioate
on the nitrogen of 2 before alkylation may be unlikely. The re-
ported34 methylation of similar analogs did not give good results
in our hands. The structural assignments of the butyl derivatives
-

2

2

2

H+

Scheme
have been considered as model study to be used in assigning the
glycosyl derivatives as alkylating agents.

The structures of 3 or 5 can be readily differentiated by their 1H
NMR spectra where 3 shows a signal at the low-field region at d
14.73–15.44 that is exchangeable with D2O and is due to the NH
proton. Such a signal at low field does not appear in the spectra
of compounds 5. On the other hand, the 13C NMR spectra of 3
showed a C@S resonance at dc 191.3, whereas the C@S of 5
appeared at dc 182.5–183.6. Moreover the H-8 appeared at dc

4.49–4.55, which is in agreement with an olefinic proton rather
than a methylene group.

Applying the above synthetic scheme, we further explored the
synthesis of thioglycoside analogs from the enaminones. Thus,
the reaction of enaminones 1a–c with carbon disulfide in the
1.
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presence of sodium hydroxide and then glycosylation with a-D-gly-
cosyl bromides, namely 20,30,40,60-tetra-O-acetyl-a-D-glucopyrano-
syl bromide and 20,30,40,60-tetra-O-acetyl-a-D-galactopyranosyl
bromide, gave (20,30,40,60-tetra-O-acetyl-b-D-glucopyranosyl) [2-
(arylamino)-4,4-dimethyl-6-oxocyclohex-1-ene]carbodithioates
6a–c and (20,30,40,60-tetra-O-acetyl-b-D-galactopyranosyl) [2-(aryla-
mino)-4,4-dimethyl-6-oxocyclohex-1-ene]carbodithioates (7a–c),
respectively. No products could be isolated having structure 8
(Scheme 2). The 1H NMR spectra of the glycosyl derivatives showed
signals in the range of d 15.23–16.02 indicating that the products
have structures 6 and 7 rather than 8. The anomeric protons ap-
peared in the range of d 5.72–5.76 with large coupling constants
(J10 ,20 = 10.5–10.8 Hz) confirming the diaxial orientation of H-1 and
H-2 and indicating that the reaction of the donor with the acceptor
gave the b-glycoside.

The structures of 5a and 7a were confirmed by X-ray crystallog-
raphy as it will be shown in the following section.

3. X-ray analysis

Generally, calculated positions (C–H 0.93–0.99 Å) were adopted
for carbon-bound H-atoms and were included in the refinement in
the riding model approximation, with U(H) set to 1.2–1.5 U(C). The
amino H-atom was refined by keeping a distance restraint of N–H
at 0.88 ± 0.01 Å; its temperature factor was freely refined and was
located in a difference Fourier map. All esds (except the esd in the
dihedral angle between two l.s. planes) are estimated using the full
covariance matrix. The cell esds are taken into account individually
in the estimation of esds in distances, angles, and torsion angles;
correlations between esds in cell parameters are only used when
NaOH/CS2

Scheme
they are defined by crystal symmetry. An approximate (isotropic)
treatment of cell esds is used for estimating esds involving l.s.
planes refinement of F2 against all reflections. The weighted R-fac-
tor wR and goodness of fit S are based on F2, conventional R-factors
R are based on F, with F set to zero for negative F2. The threshold
expression of F2 2sigma (F2) is used only for calculating R-factors
(gt) etc. and is not relevant to the choice of reflections for refine-
ment. R-Factors based on F2 are statistically about twice as large
as those based on F and R-factors based on all data will be even lar-
ger.35–38

The single-crystal diffraction analysis of 5a showed the com-
pound has a bicyclic structure (Fig. 1, Table 1 and Supplementary
data Tables S1–S5) rather than the expected monocyclic structure
3a. The crystal data revealed that the C11–S3 bond length
(1.817(3) Å) is typical of a single bond, while the other C9–S1 bond
length (1.753(3) Å), suggesting a degree of conjugation in the 4-
(butylsulfanyl)-1-(4-chlorophenyl)-7,7-dimethyl-2-thioxo-6,7-
dihydro-1H-benzo[d][1,3]thiazin-5(2H)-one.

On the other hand, C10–S2 displayed a bond length of 1.658 Å,
reflecting double bond character. The bond lengths C4–C5 and C6–
C9 are 1.361(7) Å and 1.358(5) Å, respectively, which revealed the
presence of unsaturation. A deviation of the methyl group C7 from
the mean path of benzothiazin-5-one was observed having torsion
angle of 83.0(4)� (C5–C4–C3–C7). The cyclohexene ring has an
envelope conformation, with atom C3 deviating from the plane of
the remaining five ring atoms (Fig. 1). The deviation of C3 from the
plane of the rest of the molecule caused reduction in the angle
formed between C2, C3, and C4 (C4–C3–C2, 108.4 (3)�). Intermo-
lecular S–S interactions link the molecules into a two-dimensional
network as shown in Figure 2.
NaOH/CS2

2.



Figure 1. Displacement ellipsoids of 5a at the 50% probability level are shown along with labeling.

Table 1
Crystal data, collection and refinement for 5a

C20H22ClNOS3 F000 = 444
Mr = 424.02 Dx = 1.360 Mg m�3

Monoclinic, P21 Mo Ka radiation, k = 0.71073 Å
Hall symbol: P 2yb Cell parameters from 2674 reflections
a = 12.0457 (3) Å h = 2.6–26.2�
b = 6.4534 (2) Å l = 0.50 mm�1

c = 13.7375 (3) Å T = 100 K
b = 104.198 (2)� Prism, yellowish orange
V = 1035.27 (5) Å3 0.30 � 0.03 � 0.03 mm
Z = 2
Bruker SMART APEX diffractometer 4730 Independent reflections
Radiation source: fine-focus sealed tube 4065 Reflections with I > 2r(I)
Monochromator: graphite Rint = 0.035
T = 100 K hmax = 27.5�
x Scans hmin = 1.5�
Absorption correction: Multi-scan SADABS (Sheldrick, 1996) h = �15?15
Tmin = 0.776, Tmax = 0.985 k = �8?8
9856 Measured reflections l = �17?17
Refinement on F2 Hydrogen site location: inferred from neighboring sites
Least-squares matrix: full H-atom parameters constrained
R[F2 > 2r(F2)] = 0.041 w = 1/[r2(F2

o) + (0.0578P)2] where P = (F2
o þ 2F2

c )/3
wR(F2) = 0.106 (D/r)max = 0.001
S = 1.05 Dqmax = 0.44 e Å�3

4730 Reflections Dqmin = �0.29 e Å�3

239 Parameters Extinction correction: none
1 Restraint Absolute structure: Flack (Flack, 1983) parameter from 2133 Friedel pairs
Primary atom site location: structure-invariant direct methods Flack parameter: 0.26 (8)
Secondary atom site location: difference Fourier map
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The crystallographic analysis revealed that the sugar molecule
in (20,30,40,60-tetra-O-acetyl-b-D-galactopyranosyl) [2-(4-chloroani-
lino)-4,4-dimethyl-6-oxocyclohex-1-ene]carbodithioate exists in
galactopyranose form Table 2. Examinations of bond lengths, an-
gles, and torsion angles demonstrate that the values conform to
those observed in other galactopyranose and carbodithioate ana-
logs.29–32 Intramolecular bond angles, lengths, and torsion angles
indicated that the galactopyranose ring is in the usual 4C1 confor-
mation, and the anomeric center of the sugar has b configuration.
No significant hydrogen bonds exist in the crystal except intermo-
lecular hydrogen bonding between NH–S. The acetyl group at-
tached to the primary hydroxyl group in the title compound is in
the gt position, which is known to be the favored orientation for
pyranose with the galacto configuration. The cyclohexene ring of
(20,30,40,60-tetra-O-acetyl-b-D-galactopyranosyl) [2-(4-chloroanili-
no)-4,4-dimethyl-6-oxocyclohex-1-ene]carbodithioate adopts an
envelope conformation, with the C-9 atom bearing the two methyl
groups representing the flap. The acetoxymethyl group is equatori-
ally bonded to the C17 ring atom by making a torsion angle of O3–
C17–C21–O4, of 60.6(4)�. The acetoxymethyl group was found to
be running parallel with respect to cyclohexene ring as shown in
Figure 3. The acetyl group bonded to C18 was found to be axially
oriented with a torsion angle of 131.5(4)�, C17–C18–O6–C24 with
respect to sugar moiety. The acetyl groups attached to C19 and C20
are equatorially oriented bearing torsion angles C18–C19–O8–C26
136.9(4)� and C19–C20–O10–C28, �139.3(4)�, respectively. The 2-
(4-chloroanilino)-4,4-dimethyl-6-oxocyclohex-1-enecarbodithio-
ate group is axially bonded to C16 atom of the galactose sugar with
a torsion angle O3–C16–S1–C15, of �78.6(3)�. The 4-chloroaniline
ring is experiencing a torsion angle of 3.7(7)�, for C8–C7–N1–C1,
thus indicating a slight deviation in planarity with respect to the
cyclohexene ring (Tables S6–S9).



Table 2
Crystal data, collection, and refinement for 7a

C29H33ClNO10S2 V = 1616.05 (16) Å3

Mr = 655.13 Z = 2
a = 13.4331 (8) Å Dx = 1.346 Mg m�3

b = 8.6843 (5) Å Mo Ka radiation, k = 0.71073 Å
c = 13.9745 (8) Å l = 0.30 mm�1

a = 90� T = 123 K
b = 97.560 (3)� 0.36 � 0.04 � 0.04 mm
c = 90�
Radiation source: fine-focus sealed tube Rint = 0.075
Monochromator: graphite hmax = 27.5�
T = 123 K hmin = 1.5�

h = �17?17
11,306 Measured reflections k = �11?11
6693 Independent reflections l = �18?17
4129 Reflections with I > 2r(I)
Refinement on F2 Hydrogen site location: inferred from neighboring sites
Least-squares matrix: full H atoms treated by a mixture of independent and constrained refinement
R[F2 > 2r(F2)] = 0.062 w = 1/[r2(F2

o) + (0.038P)2] where P = (F2
o þ 2F2

c )/3
wR (F2) = 0.131 (D/r)max = 0.001
S = 0.96 Dqmax = 0.39 e Å�3

6693 Reflections Dqmin = �0.37 e Å�3

394 Parameters Extinction correction: none
1 restraint Absolute structure: Flack, H. D., Acta Crystallogr., Sect. A 1983, 39, 876–881
Primary atom site location: structure-invariant direct methods Flack parameter: 0.03 (9)
Secondary atom site location: difference Fourier map

Figure 2. Packing diagram of 5a showing S–S connectivities.

El Sayed H. El Ashry et al. / Carbohydrate Research 346 (2011) 169–176 173
4. Experimental

4.1. General methods and materials

Melting points were determined with a Mel-Temp apparatus
(SMP10) in open capillaries and are uncorrected. TLC was per-
formed on E. Merck Silica Gel 60 F254 with detection by UV light
absorption. 1H NMR spectra were recorded on Bruker Avance AV
NMR spectrometer at 300 or 400 MHz, whereas the 13C NMR were
recorded on the same instrument at 75 or 100 MHz, respectively,
with TMS as the internal standard. Mass spectra were recorded
on a Finnigan (MAT312) or Jeol (JMS.600H) instrument, HRMS
were recorded with a Thermo Finnegan (MAT 95XP) instrument.
Solvents used were purified by simple distillation.
4.2. General procedure for preparation the carbodithioates 3a–c

To a cooled solution of enaminones 1a–c (0.01 mol) and NaOH
(0.4 g, 0.01 mol) in a mixture of DMSO (20 mL) and water (1 mL)
was added CS2 (0.03 mol). The reaction mixture was stirred for
20 min at room temperature and then n-butyl bromide (0.012
mol) was added. The reaction mixture was stirred for 24 h at room
temperature, then poured onto cold water (100 mL), and acidified
with 10% HCl. The product that separated out was filtered off,
dried, and purified by silica gel column chromatography (3:7
EtOAc–n-hexane) and recrystallized from MeOH to give 3a–c.

4.2.1. n-Butyl [2-(4-chlorophenylamino)-4,4-dimethyl-6-
oxocyclohex-1-ene]carbodithioate (3a)

Yield (52.5%, yellow crystals), mp 162–164 �C, TLC (8:2 n-hex-
ane–EtOAc): Rf 0.42, 1H NMR (CDCl3, 300 MHz) : d 0.93 (t, 3H,
J = 7.2 Hz, CH3-40), 1.01 (s, 6H, 2CH3), 1.44–1.51 (m, 2H, CH2-30),
1.66–1.74 (m, 2H, CH2-20), 2.14 (s, 2H, CH2-5), 2.45 (s, 2H, CH2-
3), 3.13 (t, 2H, J = 7.5 Hz, SCH2), 7.08 (d, 2H, ArH), 7.39 (d, 2H,
ArH), 15.44 (s, 1H, NH). FABMS: m/z = 382 [M++1], ESIMS: Calcd
for C19H25ClNOS2 (M++H), m/z 382.1066, Found 382.1067.

4.2.2. n-Butyl [2-(4-bromophenylamino)-4,4-dimethyl-6-
oxocyclohex-1-ene]carbodithioate (3b)

Yield (49%, yellow crystals), mp 130–132 �C, TLC (6:4 n-hexane–
EtOAc): Rf 0.77, 1H NMR (CDCl3, 300 MHz): d 0.95 (t, 3H, J = 7.5 Hz,



Figure 3. Displacement ellipsoid of 7a at 50% probability level are shown along with labeling.
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CH3-40), 1.00 (s, 6H, 2CH3), 1.44–1.54 (m, 2H, CH2-30), 1.66–1.74
(m, 2H, CH2-20), 2.41 (s, 2H, CH2-5), 2.45 (s, 2H, CH2-3), 3.12 (t,
2H, SCH2), 7.02 (d, 2H, ArH), 7.54 (d, 2H, ArH), 15.40 (s, 1H, NH).
EIMS: m/z (%) = 425 (2), 370 (47), 338 (24), 306 (4), 55 (100).
ESIMS: Calcd for C19H24BrNOS2 (M++H), m/z 426.0561, Found
426.0558.

4.2.3. n-Butyl [2-(2,4-dichlorophenylamino)-4,4-dimethyl-6-
oxocyclohex-1-ene]carbodithioate (3c)

Yield (34.5%, yellow crystals), mp 128–130 �C, TLC (8:2 n-hex-
ane–EtOAc): Rf 0.41, 1H NMR (CDCl3, 400 MHz): d 0.93 (t, 3H,
J = 7.2 Hz, CH3-40), 1.01 (s, 6H, 2CH3), 1.45–1.56 (m, 2H, CH2-30),
1.67–1.75 (m, 2H, CH2-20), 2.31 (s, 2H, CH2-5), 2.40 (s, 2H, CH2-
3), 3.14 (t, 2H, J = 7.6 Hz, SCH2), 7.51(d, 1H, J = 8.4 Hz, ArH), 7.31
(m, 1H, ArH), 7.51 (d, 1H, ArH), 14.73 (s, 1H, NH).13C NMR
(DMSO-d6, 125 MHz): d 13.5 (CH3-40), 21.9 (CH2-30), 27.3 (2CH3),
28.5 (CH2-20), 30.9 (C-4), 35.7 (SCH2), 41.2 (C-5), 50.8 (C-3), 118.4
(C-1), 128.1, 129.4, 130.5, 131.5, 132.5, 133.9 (ArH), 162.7 (C-2),
191.3 (C@S), 223.0 (C@O). EIMS: m/z (%) = 415 (12), 358 (100),
326 (12), 291 (20), 186 (6), 145 (6). HREIMS (M+): Calcd for
C19H23Cl2NOS2: m/z 415.0598, Found 415.0556.

4.3. General procedure for the preparation of benzothiazine
derivatives 5a–c

To a cooled solution of enaminones 1a–c (0.01 mol) and NaOH
(0.8 g, 0.02 mol) in a mixture of DMSO (20 mL) and water (2 mL)
was added CS2 (0.06 mol). The reaction mixture was stirred for
20 min at room temperature, and then n-butyl bromide (0.012
mol) was added. The reaction mixture was stirred for 24 h at room
temperature, then poured into cold water (100 mL), and acidified
with 10% HCl. The product that separated out was filtered off,
dried, and purified on silica gel column chromatography (3:7
EtOAc–n-hexane) and recrystallized from EtOH to give 5a–c.

4.3.1. 4-(Butylthio)-1-(4-chlorophenyl)-7,7-dimethyl-2-thioxo-
6,7-dihydro-1H-benzo[d][1,3]thiazin-5(2H)-one (5a)

Yield (29%, yellow crystals), mp 178–180 �C, TLC (n-hexane–
EtOAc 8:2): Rf 0.38, 1H NMR (DMSO-d6, 300 MHz): d 0.91 (m, 9H,
3CH3), 1.38–1.45 (m, 2H, CH2-30), 1.56–1.63 (m, 2H, CH2-20), 2.33
(s, 2H, CH2-6), 3.01 (t, 2H, SCH2), 4.55 (s, 1H, CH-8), 7.36 (d, 2H,
ArH), 7.61 (d, 2H, ArH).13C NMR (DMSO-d6, 75 MHz) :d13.4 (CH3-
40), 21.4 (C-30), 28.2 (2CH3), 29.9 (C-20), 30.8 (SCH2), 32.1 (C-7),
50.7 (C-6), 116.4 (C-8), 122.1, 130.4, 130.5, 133.6 (ArH), 133.5 (C-
10), 139.4 (C-9), 145.1 (C-S), 182.6 (C@S), 193.8 (C@O). EIMS: m/z
(%) = 423 (10), 408 (100), 366 (3), 276 (13), 170 (20), 123 (18), 57
(46). HREIMS (M+): Calcd for C20H22ClNOS3: m/z 423.0552, Found
423.0559.
4.3.2. 4-(Butylthio)-1-(4-bromophenyl)-7,7-dimethyl-2-thioxo-
6,7-dihydro-1H-benzo[d][1,3]thiazin-5(2H)-one (5b)

Yield (35%, yellowish crystals), mp 173–175 �C, TLC (6:4 n-hex-
ane–EtOAc): Rf 0.75, 1H NMR (CDCl3, 300 MHz): d 0.92 (t, 9H,
3CH3), 1.40–1.50 (m, 2H, CH2-30), 1.63–1.73 (m, 2H, CH2-20), 2.34
(s, 2H, CH2-6), 2.99 (t, 2H, J = 7.5 Hz, SCH2), 4.55 (s, 1H, CH-8),
7.03–7.08 (m, 2H, ArH), 7.63–7.68 (m, 2H, ArH). 13C NMR
(DMSO-d6, 100 MHz): d 13.4 (CH3-40), 21.3 (CH2-30), 28.1 (2CH3),
29.9 (CH2-20), 30.8 (SCH2), 32.0 (C-7), 50.6 (C-6), 116.4 (C-8),
122.1, 130.8, 133.3, 139.8 (ArH), 136.7 (C-10), 141.8 (C-9), 145.1
(C-S), 182.5 (C@S), 193.8 (C@O). EIMS: m/z (%) = 467 (22), 452
(66), 412 (4), 320 (11), 214 (13), 123 (21), 57 (100). HREIMS
(M+): Calcd for C20H22BrNOS3: m/z 467.0047, Found 467.0027.
Anal. Calcd for C20H22BrNOS3: C, 51.27; H, 4.73; N, 2.99. Found:
C, 51.77; H, 4.64; N, 3.0.
4.3.3. 4-(Butylthio)-1-(2,4-dichlorophenyl)-7,7-dimethyl-2-
thioxo-6,7-dihydro-1H-benzo[d][1,3]thiazin-5(2H)-one (5c)

Yield (25%, yellow crystals), mp 183–185 �C, TLC (8:2 n-hex-
ane–EtOAc): Rf 0.35, 1H NMR (CDCl3, 300 MHz): d 0.93 (t, 3H,
J = 7.5 Hz, CH3-40), 0.97 (s, 6H, 2CH3), 1.43–1.54 (m, 2H, CH2-
30), 1.63–1.73 (m, 2H, CH2-20), 2.35 (d, 2H, J = 1.5 Hz, CH2-6),
2.99 (t, 2H, J = 7.5 Hz, SCH2), 4.49 (s, 1H, CH-8), 7.19–7.24 (m,
1H, ArH), 7.38–7.42 (m, 1H, ArH), 7.57 (d, 1H, J = 2.1 Hz, ArH).
13C NMR (CDCl3, 75 MHz): d 13.6 (C-40), 22.0 (C-30), 28.6, 28.9
(2CH3), 30.9 (C-20), 31.0 (SCH2), 32.4 (C-7), 51.4 (C-6), 115.9
(C-8), 120.3, 128.9, 131.2, 131.5, 132.9, 135.6 (ArH), 135.8 (C-
10), 136.5 (C-9), 147.6 (C-S) 183.6 (C@S), 194.2 (C@O). EIMS:
m/z (%) 457 (44), 442 (50), 400(2), 366 (8), 334 (4), 185 (5).
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HREIMS (M+): Calcd for C20H21Cl2NOS3: m/z 457.0162, Found
457.0174.

4.4. General procedure for the preparation of thioglycosides 6a–
c and 7a–c

To a cooled solution of enaminones 1a–c (0.01 mol) and NaOH
(0.4 g, 0.01 mol) in mixture of DMSO (20 mL) and water (1 mL)
was added CS2 (0.03 mol). The reaction mixture was stirred for
20 min at room temperature and then a-D-glycosyl bromides
(0.012 mol) were added. The reaction mixture was stirred for
24 h at room temperature, then poured onto cold water
(100 mL), and acidified with 10% HCl. The product that separated
out was filtered off, dried, and purified by silica gel column chro-
matography (3:7 EtOAc–n-hexane) and recrystallized from EtOH
to give 6a–c and 7a–c.

4.4.1. (20,30,40,60-Tetra-O-acetyl-b-D-glucopyranosyl) [2-(4-
chlorophenylamino)-4,4-dimethyl-6-oxocyclohex-1-ene]-
carbodithioate (6a)

Yield (30%, yellow crystals), mp 119–121 �C, TLC (6:4 n-hexane–
EtOAc): Rf 0.28, 1H NMR (DMSO-d6, 300 MHz): d 0.91, 0.92 (2s, 6H,
2CH3), 1.94, 1.95, 1.98 (3s, 12H, 4OAc), 2.35 (s, 2H, CH2-5), 2.67 (s,
2H, CH2-3), 3.92 (dd, 1H, H-600), 3.96–4.0 (m, 1H, H-50), 4.11 (dd, 1H,
H-60), 4.94 (t, 1H, J40 ,30 = J40 ,50 = 9.6 Hz, H-40), 5.11 (t, 1H, J20 ,30 =
9.2 Hz, J20 ,10 = 10.5 Hz, H-20), 5.41 (t, 1H, H-30), 5.76 (d, 1H,
J10 ,20 = 10.5 Hz, H-10), 7.40 (d, 2H, ArH), 7.57 (s, 2H, ArH), 15.60 (s,
1H, NH). 13C NMR (DMSO-d6, 125 MHz): d 20.2, 20.3, 20.5 (4Ac),
27.3 (2CH3), 30.5 (C-4), 41.9 (C-5), 50.8 (C-3), 61.5 (C-60), 68.0 (C-
20), 68.4 (C-40), 73.7 (C-30),74.5 (C-50), 81.6 (C-10), 118.0 (C-1),
127.7, 129.6, 132.5, 134.6 (ArH), 168.9 (C-2), 169.0, 169.2, 169.5,
169.8 (4C@O), 192.9 (C@S), 210.5 (C@O). FABMS: m/z = 656
[M++1], ESIMS: Calcd for C29H35ClNO10S2 (M++H) m/z 656.1391,
Found 656.1357.

4.4.2. (20,30,40,60-Tetra-O-acetyl-b-D-glucopyranosyl) [2-(4-
bromophenylamino)-4,4-dimethyl-6-oxocyclohex-1-ene]-
carbodithioate (6b)

Yield (29%, yellow crystals), mp 125–127 �C, TLC (7:3 n-hexane–
EtOAc): Rf 0.45, 1H NMR (DMSO-d6, 300 MHz): d 0.92 (s, 6H, 2CH3),
1.94, 1.95, 1.98 (3s, 12H, 4OAc), 2.35 (s, 2H, CH2-5), 2.67 (s, 2H,
CH2-3), 3.93 (dd, 1H, H-600), 4.0–4.03 (m, 1H, H-50), 4.12 (dd, 1H,
H-60), 4.94 (t, 1H, J40 ,30 = J40 ,50 = 9.6 Hz, H-40), 5.11 (t, 1H, H-20),
5.41 (t, 1H, H-30), 5.76 (d, 1H, J 10 ,20 = 10.5 Hz, H-10), 7.32 (d, 2H,
ArH), 7.70 (d, 2H, ArH), 15.50 (s, 1H, NH). 13C NMR (DMSO-d6,

125 MHz): d 20.2, 20.3, 20.4 (4Ac), 27.3 (2CH3), 30.5 (C-4), 41.9
(C-5), 50.8 (C-3), 61.6 (C-60), 68.1 (C-20), 68.4 (C-40), 73.7 (C-
30),74.6 (C-50), 81.7 (C-10), 118.0 (C-1), 120.9, 127.9, 132.6, 135.1
(ArH), 168.9 (C-2), 169.2, 169.5, 169.9 (4C@O), 192.9 (C@S),
210.6 (C@O). FABMS: m/z = 700 [M++1], ESIMS: Calcd for C29H35

BrNO10S2 (M++H), m/z 700.0886, Found 700.0870.

4.4.3. (20,30,40,60-Tetra-O-acetyl-b-D-glucopyranosyl) [2-(2,4-
dichlorophenylamino)-4,4-dimethyl-6-oxocyclohex-1-ene]-
carbodithioate (6c)

Yield (32%, yellow crystals), mp 202–204 �C, TLC (6:4 n-hexane–
EtOAc): Rf 0.61, 1H NMR (DMSO-d6, 300 MHz): d 0.91 (s, 6H, 2CH3),
1.95, 1.96, 1.97, 1.98 (4s, 12H, 4OAc), 1.98 (s, 2H, CH2-5), 2.35 (s,
2H, CH2-3), 4.93 (d, 1H, H-600), 4.0–4.05 (m, 1H, H-50), 4.13 (dd,
1H, H-60), 4.94 (t, 1H, J40 ,30 = J40 ,50 = 9.6 Hz, H-40), 5.12 (t, 1H, H-20),
5.41 (t, 1H, H-30), 5.74 (d, 1H, J10 ,20 = 10.5 Hz, H-10), 7.53–7.60 (m,
2H, ArH), 7.89 (s, 1H, ArH), 15.23 (s, 1H, NH). 13C NMR (CDCl3,

75 MHz): d 20.6, 20.63, 20.7, 20.8 (4Ac), 27.9, 28.0 (2CH3), 30.8
(C-4), 42.9 (C-5), 51.6 (C-3), 62.0 (C-60), 68.4, 68.7 (C-20, C-40),
74.9 (C-30), 75.7 (C-50), 82.4 (C-10), 118.5 (C-1), 128.4, 129.1,
130.6, 132.2, 132.8, 135.1 (ArH), 169.2 (C-2), 169.4, 169.44,
170.3, 170.7 (4C@O), 193.2 (C@S), 213.2 (C@O). FABMS: m/z 690
[M++1]. Anal. Calcd for C29H33Cl2NO10S2: C, 50.44; H, 4.82; N,
2.03. Found: C, 50.43; H, 4.77; N, 2.09.

4.4.4. (20,30,40,60-Tetra-O-acetyl-b-D-galactopyranosyl) [2-(4-
chlorophenylamino)-4,4-dimethyl-6-oxocyclohex-1-ene]-
carbodithioate (7a)

Yield (30%, yellow crystals), mp 211–213 �C, TLC (6:4 n-hexane–
EtOAc): Rf 0.20, 1H NMR (CDCl3, 300 MHz): d 0.98, 0.99 (2s, 6H,
2CH3), 1.97, 1.99, 2.01, 2.12 (4s, 12H, 4OAc), 2.39 (s, 2H, CH2-5),
2.47 (s, 2H, CH2-3), 4.03–4.10 (m, 3H, H-600, H-50, H-60), 5.16 (dd,
1H, H-30), 5.46 (d, 1H, H-40), 5.56 (t, 1H, H-20), 5.72 (d, 1H,
J10 ,20 = 10.5 Hz, H-10), 7.11 (dd, 2H, ArH), 7.42 (d, 2H, ArH), 16.02
(s, 1H, NH). FABMS: m/z 654 [M+�1], ESIMS: Calcd for
C29H35ClNO10S2 (M++H): m/z 656.1391, Found 656.1380.

4.4.5. (20,30,40,60-Tetra-O-acetyl-b-D-galactopyranosyl) [2-(4-
bromophenylamino)-4,4-dimethyl-6-oxocyclohex-1-ene]-
carbodithioate (7b)

Yield (38%, yellow crystals), mp 209–211 �C, TLC (6:4 n-hexane–
EtOAc): Rf 0.22, 1H NMR (CDCl3, 400 MHz): d 0.99, 1.0 (2s, 6H,
2CH3), 1.97, 1.99, 2.00, 2.13 (4s, 12H, 4OAc), 2.39 (s, 2H, CH2-5),
2.47 (s, 2H, CH2-3), 4.03–4.09 (m, 3H, H-600, H-50, H-60), 5.16 (dd,
1H, H-30), 5.45 (d, 1H, H-40), 5.54 (t, 1H, H-20), 5.73 (d, 1H,
J10 ,20 = 10.8 Hz, H-10), 7.10 (dd, 2H, ArH), 7.42 (d, 2H, ArH), 16.00
(s, 1H, NH). FABMS: m/z 700 [M++1], ESIMS: Calcd for
C29H35BrNO10S2 (M++H) m/z 700.0886, Found 700.0960.

4.4.6. (20,30,40,60-Tetra-O-acetyl-b-D-galactopyranosyl) [2-(2,4-
dichlorophenylamino)-4,4-dimethyl-6-oxocyclohex-1-ene]-
carbodithioate (7c)

Yield (28%, yellowish crystals), mp 207–209 �C, TLC (6:4 n-hex-
ane–EtOAc): Rf 0.61, 1H NMR (CDCl3, 300 MHz): d 1.52 (s, 6H,
2CH3), 1.97, 1.99, 2.01, 2.12 (4s, 12H, 4OAc), 2.33 (s, 2H, CH2-5),
2.40 (s, 2H, CH2-3), 4.05–4.11 (m, 3H, H-600, H-50, H-60), 5.16 (dd,
1H, H-30), 5.45 (d, 1H, H-40), 5.41 (t, 1H, J20 ,10 = 10.5 Hz, J
20 ,30 = 9.9 Hz, H-20), 5.74 (d, 1H, J10 ,20 = 10.5 Hz, H-10),7.14 (d, 1H,
ArH), 7.36 (dd, 1H, ArH), 7.56 (m, 1H, ArH), 15.77 (s, 1H, NH). FAB-
MS: m/z 688 [M+�1]. ESIMS: Calcd for C29H34Cl2NO10S2 (M++H) m/z
690.1001, Found 690.0940.
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