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Abstract: A series of S-glycosyl N-substituted dithiocarbamate and
S-glycosyl S'’-substituted trithiocarbonate derivatives have been
synthesized under solvent-free conditions. Three-component reac-
tion of glycosyl bromides with carbon disulfide and thiols or amines
in the presence or absence of triethylamine furnished excellent
yields of the target compounds in a short reaction time.
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Dithiocarbamate derivatives are an important class of
molecules having wide applications as pharmaceuticals'
and agrochemicals.? They have been used as intermedi-
ates in the synthesis of different classes of organic mole-
cules.? Several reports can be found in the literature for the
synthesis of dithiocarbamate derivatives in organic*® and
aqueous media’ as well as under solvent-free conditions.?®
Similar to dithiocarbamate derivatives, organic trithiocar-
bonate derivatives have significant applications in organic
synthesis,” pharmaceutics,'® and materials science.!!
Numbers of reports are also available for the synthesis of
trithiocarbonate derivatives in organic solvents.'*"'> How-
ever, most of the reported methods for the synthesis of
these compounds suffer from serious shortcomings, such
as use of toxic and sensitive reagents, use of organic sol-
vents, extended reaction times, tedious workup, or unsat-
isfactory yield.

We required S-glycosyl N-substituted dithiocarbamate
and S-glycosyl S'-substituted trithiocarbonate derivatives
as synthetic precursors. Syntheses of S-glycosyl N-substi-
tuted dithiocarbamate derivatives'¢ have been reported by
the reaction of glycosyl halide derivatives with amine car-
bodithioate salts in organic solvents or under phase-trans-
fer conditions or reaction of glycal derivatives'®" with in
situ generated amine carbodithioate salts. However, re-
ports on the synthesis of S-glycosyl S’-substituted trithio-
carbonate derivatives are limited.!” Previously, S-glycosyl
N-substituted dithiocarbamate derivatives have been used
as glycosyl donors in stereoselective glycosylations for
the synthesis of oligosaccharides.!%¢" We envisaged that a
multicomponent one-pot reaction of glycosyl halides, car-
bon disulfide, and amines or thiols without organic sol-
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vent, and preferably, in the absence of a catalyst, could
furnish the desired compounds. Herein, we report our
findings on the solvent-free synthesis of S-glycosyl N-
substituted dithiocarbamate and S-glycosyl S'-substituted
trithiocarbonate derivatives by such three-component re-
actions (Scheme 1 and Scheme 2).
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Scheme 1 Solvent-free and catalyst-free three-component reaction
of glycosyl halide, carbon disulfide, and amine
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Scheme 2 Triethylamine-catalyzed solvent-free three-component
reaction of glycosyl halide, carbon disulfide, and thiol

Initially, stirring equimolar mixture of piperidine, carbon
disulfide, and 2,3,4,6-tetra-O-acetyl-o-D-glucopyranosyl
bromide (1) at room temperature resulted in the exclusive
formation of 2,3,4,6-tetra-O-acetyl-B-D-glucopyranosyl
1-piperidine carbodithioate (4) in 75% yield as a white
solid in 30 minutes. After a series of experimentation it
was observed that yield of compound 4 can be raised to
90% under optimized reaction conditions.'® A scaled-up
preparation of compound 4 was also carried out on a 5.0
gram scale, and the yield was comparable to the smaller
scale (0.5 g) reaction. Previously, compound 4 has been
prepared in 82% yield by the treatment of compound 1
with piperidine and carbon disulfide in the presence of so-
dium hydride in DMF at 0 °C to room temperature for one
hour.!®¢ In order to generalize the reaction conditions, a
series of primary and secondary amines was allowed to re-
act with a mixture of carbon disulfide and various glyco-
pyranosyl bromides (mono- and disaccharides) at room
temperature to give the corresponding S-glycosyl N-sub-
stituted dithiocarbamate derivatives (Table 1). Excellent
yields of solid products were obtained in all reactions. Pri-
mary amines were also effective to furnish S-glycosyl N-
substituted dithiocarbamate products (Table 1, entries 5
and 6).
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Table 1 Solvent-Free Reaction of Glycosyl Bromides, Carbon Disulfide, and Amines at Room Temperature for the Synthesis of S-Glycosyl
N-Substituted Dithiocarbamate Derivatives

Entry  Glycosyl bromide Amine S-Glycosyl N-substituted dithiocarbamate Time (min) Yield (%)*
OAc OAc s
AcO 0} AcO o}
o © i 30 90
1 c AcO SN 10b a8
AcO g, NH OAc
1 46¢
OAc

30 92

v
.
J

6
OAc
s
HN AcO 0
4 1 Q AcO S/U\Q 30 86
Bn OAc Bn
7
OAc
S
AcO o]
~
5 1 et AcO S/U\H 25 82
OAc
8
OAc
s
HaN 0 AcO 0 J\N o
6 1 \C[> AcO SN y 2 85
(0] OAc
9
AcO _OAc AcO OAc s
S:o o)
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AcO OAc
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Table 1 Solvent-Free Reaction of Glycosyl Bromides, Carbon Disulfide, and Amines at Room Temperature for the Synthesis of S-Glycosyl

N-Substituted Dithiocarbamate Derivatives (continued)

Entry  Glycosyl bromide Amine

S-Glycosyl N-substituted dithiocarbamate

Time (min) Yield (%)*

AcO OAc
s
o)
10 2 O@ Aco%sj\r@@ 30 80
HN OAc
13
AcO _OAc AcO OAc
0 o %
AcO o AcO o g
11 AcO AcO NH AcO AcO S N 45 85
AcO Br OAc
3 14
AcO _OAc
o OAc
S

AcO 0 0

12 3 e 45 80
HN

15
2 Isolated yield.
> Scale =5.0 g.

After successful preparation of S-glycosyl N-substituted
dithiocarbamate derivatives, the same solvent-free reac-
tion conditions were applied to the preparation of S-glyco-
syl S’-substituted trithiocarbonate derivatives. A mixture
of p-methylthiophenol (1.2 mmol), carbon disulfide (1.5
mmol), and compound 1 (1.0 mmol) was allowed to stir at
room temperature. Unfortunately, the reaction did not
proceed even after five hours at room temperature. In or-
der to activate the reaction, a catalytic amount of triethyl-
amine was added to the reaction mixture and, gratifyingly,
the product, S-(2,3,4,6-tetra-O-acetyl-B-D-glucopyrano-
syl)-§'-(p-methylphenyl)trithio carbonate (16) was
formed immediately (2 min) on addition of the base. After
optimization, it was observed that the addition of 0.1
equivalent of triethylamine to the three-component sol-
vent-free reaction with the above-mentioned ratio of the
substrates furnished 16 in excellent yield (92%)."” Use of
other commonly used solid bases such as Na,COs;,
NaHCO,, K,CO;, NaOH, KOH, and Cs,CO; was found to

be ineffective to catalyze the reaction, maybe due to their
insolubility in the reaction medium. However, a very low
yield of product formation (ca. 15%) was observed using
NaOH or KOH together with the formation of unwanted
byproducts over a longer reaction time. The reaction con-
ditions were further extended to the synthesis of a series
of S-glycosyl S'-substituted trithiocarbonate derivatives
by the reaction of a series of aryl and heteroaryl thiols with
carbon disulfide and glycosyl halides (mono- and disac-
charides; Table 2). Compound 16 was also prepared on a
5.0 gram scale, and its yield was similar to that obtained
from smaller scale (0.5 g scale) synthesis. A noteworthy
point of the two sets of reaction conditions is the exclusive
formation of B-glycosidic products, with no trace of a-
product being detected. It is also worth stressing that the
reactions did not require any organic solvent. All products
were unambiguously characterized by their melting point,
NMR spectroscopic, and mass spectrometric analysis.

Table 2 Triethylamine-Catalyzed Solvent-Free Reaction of Glycosyl Bromides, Carbon Disulfide, and Thiols for the Preparation of S-Glyco-

syl S’-Substituted Trithiocarbonate Derivatives

Entry  Glycosyl bromide Thiol S-Glycosyl S'-substituted trithiocarbonate Time Yield
(min) (%)
1 OAc CHs OAc 2 92

b b
AcO o AcO o S 5 90
AcO J]\
AcO Br AcO S S
OAc
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Table 2 Triethylamine-Catalyzed Solvent-Free Reaction of Glycosyl Bromides, Carbon Disulfide, and Thiols for the Preparation of S-Glyco-

syl S’-Substituted Trithiocarbonate Derivatives (continued)

Entry  Glycosyl bromide

Thiol

S-Glycosyl S’-substituted trithiocarbonate Time Yield

(min)  (%)"

aVa
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AcO o S
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AcO OAc AcO OAc
ENe ey O
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C
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OAc
25
2 Isolated yield.
>Scale =5.0 g.
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In summary, a three-component reaction of glycosyl ha-
lides, carbon disulfide, and amines or thiols has been car-
ried out under solvent-free conditions to furnish S-
glycosyl N-substituted dithiocarbamate or S-glycosyl S'-
substituted trithiocarbonate derivatives in excellent yield.
The preparation of dithiocarbamates was achieved with-
out using any catalyst, while preparation of trithiocarbon-
ate derivatives required triethylamine as the catalyst. The
advantageous features of the present methodology over
the earlier reported preparations of S-glycosyl N-substi-
tuted dithiocarbamate or S-glycosyl S’-substituted trithio-
carbonate derivatives are that it is an operationally simple,
exceptionally high-yielding, and highly stereoselective
conversion with no requirement for organic solvents. Fur-
ther utilization of these compounds in glycosylation reac-
tions is in progress in our laboratory.
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General Experimental Conditions for the Synthesis of S-
Glycosyl N-Substituted Dithiocarbamate Derivatives

A mixture of amine (1.2 mmol), CS, (1.5 mmol) was
allowed to stir for 5 min at r.t. To the reaction mixture was
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added glycosyl bromide (1.0 mmol), and the reaction
mixture was allowed to stir at r.t. for the appropriate time as
mentioned in Table 1. Excess reagents were removed under
reduced pressure. H,O was added to the crude product, and
the mixture was stirred at r.t. The solid product, which
precipitated out immediately, was filtered, washed with H,O
dried, and recrystallized from EtOH. Representative
spectroscopic data of selected products are as follows.
2,3,4,6-Tetra-0-acetyl-p-D-glucopyranosyl 4-
Morpholine Carbodithioate (5)

White solid; mp 132—-133 °C; [a]p +26.3 (¢ 0.5, CHCl;). IR
(KBr): 2966, 1747, 1469, 1426, 1377, 1219, 1112, 1057,
1030, 996, 922, 825,610 cm™. 'H NMR (500 MHz, CDCl,):
§=5.86(d,/=10.5Hz, 1 H,H-1),5.34 (t,/=9.5Hz, 1 H,
H-2),5.29 (t,/J=9.5Hz, 1 H, H-3),5.11 (t,/=10.0Hz, 1 H,
H-4),4.28 (dd, /= 13.0, 5.0 Hz, 1 H, H-6,), 4.12 (dd, 12,5,
2.0 Hz, 1 H, H-6,), 3.89-3,85 (m, | H, H-5), 3.80-3.70 (m,
4 H, CH,), 2.07,2.04,2.03,2.01 (4 s, 12 H, 4 COCH,). 3C
NMR (125 MHz, CDCI;): 6 = 192.4 (C=S), 170.4, 169.8,
169.4, 169.3 (4 COCHy), 86.7 (C-1), 76.3 (C-5), 74.3 (C-3),
68.5 (C-4), 68.0 (C-2), 66.2 (CH,), 65.9 (CH,), 61.6 (C-6),
51.6 (CH,), 50.7 (CH,), 20.8, 20.7, 20.6 (2 C, 4 COCHj,).
ESI-MS: m/z=516.1 [M + Na]". Anal. Calcd for
CoH,,NO,(S, (493.10): C, 46.24; H, 5.51. Found: C, 46.10;
H, 5.70.

(2,3,4,6-Tetra-O-acetyl-p-D-glucopyranosyl)-/V-
cyclopropylmethyl-NV-propyl Dithiocarbamate (6)
White solid; mp 78-80 °C. [a], +12.5 (¢ 0.5, CHCl;). IR
(KBr): 2940, 1747, 1478, 1382, 1243, 1222, 1079, 1036,
913, 830, 606 cm™'. '"H NMR (500 MHz, CDCl,): § = 5.87
(d,J=10.0Hz, 1 H,H-1),5.35(t,/=9.0Hz, 1 H,H-3),5.27
(t,J=9.5Hz, 1 H,H-2), 5.11 (t,/=9.0 Hz, 1 H, H-4), 4.29
(dd, J=12.5,4.5Hz, 1 H, H-6,), 4.12 (d,J=12.0 Hz, 1 H,
H-6,), 4.03-3.96 (m, 1 H), 3.92-3.87 (m, 2 H, H-5, CH,),
3.86-3.72 (m, 1 H), 3.65-3.51 (m, 2 H), 2.07, 2.03, 2.01, (3
s, 12 H, 4 COCHj,), 1.80-1.65 (m, 2 H), 1.35-1.25 (m, 1 H),
0.98-0.90 (m, 3 H), 0.63-0.57 (m, 2 H), 0.35-0.32 (m, 2 H).
BCNMR (125 MHz, CDCly): §=192.0 (C=S), 170.5, 169.8,
169.3, (2 C, 4 COCH,), 87.2 (C-1), 76.2 (C-5), 74.5 (C-3),
68.6 (C-4), 68.1 (C-2), 61.6 (C-6), 59.4 (CH,), 57.0 (CH,),
19.3 (CH,), 20.8, 20.7, 20.6, 20.5 (4 COCHj,), 11.3 (CHj),
8.9 (CH), 4.3, 4.0 (CH,). ESI-MS: m/z = 542.1 [M + Na]".
Anal. Caled for C,,H;3NO,S, (519.16): C, 50.85; H, 6.40.
Found: C, 50.70; H, 6.60.
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(19) General Experimental Conditions for the Synthesis of S-

Glycosyl S’-Substituted Trithiocarbonate Derivative

To a mixture of thiol (1.2 mmol), CS, (1.5 mmol) and
glycosyl bromide (1.0 mmol) was added Et;N (0.1 mmol),
and the reaction mixture was allowed to stir at r.t. for the
appropriate time as mentioned in Table 2. Excess reagents
were removed under reduced pressure. H,O was added to the
crude product, and the mixture was stirred at r.t. The solid
product which precipitated out immediately was filtered,
washed with H,O, dried, and recrystallized from EtOH.
Representative spectroscopic data of selected products are as
follows.
5-(2,3,4,6-Tetra-O-acetyl-p-p-glucopyranosyl)-S'-(p-
methylphenyl) Trithiocarbonate (16)

White solid; mp 107-108 °C. [a], —17.2 (¢ 0.5, CHCL,). IR
(KBr): 2939, 1747, 1382, 1224, 1039, 918, 809, 604 cm™'. 'H
NMR (500 MHz, CDCl,): $=7.37 (d,J=9.0 Hz, 2 H, ArH),
7.08 (d,/=9.0Hz, 2 H, ArH), 5.16 (t,/=9.5 Hz, 1 H, H-3),
498 (t,J=9.5Hz, 1 H, H-2),4.89 (t, J=9.5 Hz, | H, H-4),
4.60 (d, /=10.0 Hz, 1 H, H-1),4.21-4.13 (m, 2 H, H-6,,),
3.68-3.64 (m, 1 H, H-5),2.34 (s, 3 H, CHj;), 2.09, 2.07, 2.02,
1.99 (45, 12 H, 4 COCHj,). 3C NMR (125 MHz, CDCl,): §
=194.7 (C=8), 170.3, 170.0, 169.2, 169.0 (4 COCH,),
138.7-127.4 (ArC), 85.7 (C-1), 75.8 (C-5), 74.0 (C-3), 69.9
(C-2), 68.1 (C-4), 62.0 (C-6), 21.2 (CH3), 20.7, 20.6 (2 C),
20.5 (4 COCHj). ESI-MS: m/z = 553.0 [M + Na]*. Anal.
Calcd for C,,H,404S5 (530.07): C, 49.80; H, 4.94. Found: C,
49.64; H, 5.14.
$-(2,3,4,6-Tetra-O-acetyl-p-D-glucopyranosyl)-S’-(p-
methoxylphenyl) Trithiocarbonate (17)

White solid; mp 88-90 °C. [a], —20.4 (¢ 0.5, CHCL,). IR
(KBr): 2940, 1747, 1494, 1383, 1226, 1038, 831 cm™'. 'H
NMR (500 MHz, CDCl,): $=7.45 (d, J=9.0 Hz, 2 H, ArH),
6.84 (d,/=9.0Hz,2 H, ArH), 5.19 (t,/=9.5 Hz, 1 H, H-3),
4.99 (t,J=9.5Hz, 1 H, H-2),4.88 (t, J=9.5 Hz, | H, H-3),
4.56 (d, /=10.0 Hz, 1 H, H-1), 4.22-4.16 (m, 2 H, H-6,,),
3.81 (s, 3 H, OCH3;), 3.69-3.66 (m, 1 H, H-5), 2.10, 2.07,
2.01,1.98 (4 s, 12 H, 4 COCH,). '*C NMR (125 MHz,
CDCl;): 6 =195.3 (C=S), 170.6, 170.2, 169.4, 169.2 (4
COCH,;), 160.4-114.4 (ArC), 85.6 (C-1), 75.7 (C-5), 74.0
(C-3),69.9 (C-2), 68.1 (C-4), 62.0 (C-6), 55.3 (OCH,), 20.8,
20.7, 20.6, 20.5 (4 COCHj;). ESI-MS: m/z = 569.0 [M +
Na]". Anal. Calcd for C,,H,c0,,S; (546.06): C, 48.34; H,
4.79. Found: C, 48.17; H, 4.95.
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