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FORMAL SYNTHESIS OF CYTOSAMINE—

A COMPONENT OF NUCLEOSIDE

ANTIBIOTICS, THE AMICETIN FAMILY

Hideyuki Sugimura* and Ken-ichi Watanabe

The Noguchi Institute, Kaga 1-8-1, Itabashi-ku,
Tokyo 173, Japan

ABSTRACT

A facile route to a synthetic precursor of the nucleoside
antibiotics, amicetins, was investigated employing stable
phenyl thioglycosides as key building blocks.

Cytosamine is a common skeleton of the amicetin group of antibiotics
produced in the fermentation broth of various species of Streptomyces and
Aethrobacter.1 The structure features the presence of a unique deoxyhexo-
pyranosyl nucleoside in which the 40-hydroxyl group is glycosylated by an
amino sugar called amosamine.

Amicetin was isolated in the early 1950s by several groups,2–5 and the
correct structure was established in 1963 by Stevens et al.6 Totally about ten
disaccharide nucleosides having closely related structures have been found
to date.7–12 The latest example is the cytosaminomycins which were isolated
as anticoccidial agents from a species of Streptomyces obtained from a soil
sample.12
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The synthetic study of these antibiotics is significantly important in
order to not only elucidate their relation between the structures and biolo-
gical properties but also to design novel artificial molecules related to these
antibiotics. However, only one total synthesis of such a nucleoside anti-
biotic, plicacetin—one of the simplest disaccharide nucleosides of the
amicetin family, has been accomplished by Stevens et al. in 1972.13

Recently, we developed a stereoselective route to a trideoxyhexopyr-
anosyl nucleoside,14 which corresponds to the component of cytosamine, as
part of our ongoing search to establish intramolecular glycosylation for
nucleoside synthesis.15 Alternatively, the recent progress in methodologies
for the synthesis of complex oligosaccharides prompted us to develop more
facile routes to amicetin family antibiotics. In this paper, we describe a
formal synthesis of cytosamine via coupling of the above-obtained hexo-
pyranosyl nucleoside and an amosamine equivalent using stable thioglyco-
sides as key building blocks.

The route to thioglycoside 6, a synthetic equivalent of amosamine, is
shown in Scheme 1. Starting from commercially available penta-O-acetyl-b-
D-galactopyranose, phenyl 1-thiogalactopyranoside (2) was prepared accor-
ding to a reported procedure16 with slight modifications. Protection of the
4- and 6-hydroxyls with a benzylidene group was followed by benzylation of
the 2,3-hydroxyls to afford fully protected thioglycoside 3 in 83% overall
yield. The 4,6-O-benzylidene was removed under acidic conditions to pro-
vide diol 4, whose primary hydroxyl group underwent selective tosylation,
followed by reduction with lithium triethylborohydride,17 yielding 6-deoxy
derivative 5. Finally, substitution of the 4-hydroxyl with azide via a 4-O-
mesyl derivative was accomplished in a general manner to afford the requi-
site thioglycoside 6 in a total good yield.

Figure 1. Structure of the amicetin family antibiotics.
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With the amosamine-type glycosyl donor in hand, we next investigated
the glycosylation reaction of 20,30,60-trideoxy-b-D-erythro-hexopyranosyl
nucleoside 8.15 To date, numerous methods have been reported for glycoside
synthesis.18 However, selective formation of a-gluco-type glycosides using
thioglycosides as the glycosyl donor is still limited. Fukase et al. have
reported that the use of an NBS-LiClO4 combination for activation of thio-
glycosides furnished a-glycosides.19 However, when we employed this acti-
vation system for the coupling between nucleoside 8 and thioglycoside 6, the
reaction did not take place and only the starting materials were recovered.
Alternatively, treatment of 8 and 6 with Me2S(SMe)BF4 as the activator led
to the desired nucleoside disaccharide, although the yield and the selectivity
regarding the anomeric center were not satisfactory (16%, a/b¼ 2).

As is well-known, thioglycosides can be converted into glycosyl fluor-
ides, on treatment of NBS-DAST or NBS-HF�Py, which serve as powerful
glycosylating agents in the presence of a silver salt and tin(II) chloride. For
instance, reaction of a benzyl-protected D-galactopyranosyl fluoride acti-
vated by AgOTf-SnCl2 in Et2O gave an a-galactosylated product with
high selectivity.20 We therefore applied this system to the synthesis of the
disaccharide nucleoside. Treatment of thioglycoside 6 with NBS-HF�Py
afforded a glycosyl fluoride 7 in 95% yield (a/b¼ ca.2). Subsequently, the
reaction of the glycosyl fluoride 7 with nucleoside 8 was promoted by
AgOTf-SnCl2 (5 equiv.) in the presence of MS 4A in Et2O-dichloroethane
(9:1) at room temperature for 40 h to furnish the desired a-anomer of the

Scheme 1. Preparation of the glycosyl donor.
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disaccharide nucleoside 9 in 52% isolated yield along with its b-anomer
(11%) and recovery of unreacted nucleoside (11%). Both prolonged reac-
tion and increased amounts of activator did not lead to improvement in the
yield of the product or complete consumption of the starting nucleoside.

The anomeric configuration of the a-anomer 9 was confirmed by
1H NMR analysis. The anomeric proton appeared as a doublet at d 4.84
with J¼ 3.4Hz and indicated an equatorial proton. By contrast, that of the
b-anomer appeared at 4.42 ppm with J¼ 7.3Hz, indicating an axial proton.

The disaccharide nucleoside 9 has a closely related structure that has
been synthesized by Stevens et al. and could be converted into cytosamine
itself.13 Hence, we accomplished a formal synthesis of cytosamine here.

EXPERIMENTAL

1H and 13C NMR spectra were obtained on a JEOL JNM-EX400
spectrometer in CDCl3 with Me4Si as an internal standard. J Values are
given in Hz. IR spectra were recorded on a Perkin-Elmer Model 1600
spectrophotometer. TLC was performed on plates coated with silica gel
60 F254 (Merck). For column chromatography, Wakogel C-300 (Wako
Chemicals) was used. All solvents used in the reactions were distilled from
an appropriate drying agent and stored over molecular sieves.

Phenyl 1-thio-b-D-galactopyranoside (2). To a solution of 1,2,3,4,6-
penta-O-acetyl-D-galactose (1) (10.0 g, 25.6mmol) and PhSH (3.2ml,
31mmol) in CH2Cl2 (50mL) under Ar was added BF3�OEt2 (15.7mL,

Scheme 2. Synthesis of the disaccharide nucleoside.
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128mmol) at room temperature. The reaction mixture was stirred for 6 h
and then poured into saturated aqueous NaHCO3 solution. The organic
layer was separated, dried, and concentrated. The residue was purified by
flash chromatography (hexane-AcOEt, 2:1) to provide phenyl 2,3,4,6-tetra-
O-acetyl-1-thio-b-D-galactopyranoside (10.94 g, 97%). 1H NMR d 1.97 (s,
3H), 2.04 (s, 3H), 2.09 (s, 3H), 2.12 (s, 3H), 3.98 (dt, 1H, J¼ 5.9, 13.2), 4.21
(dd, 1H, J¼ 4.4, 11.2), 4.77 (dt, 1H, J¼ 5.9, 15.6), 5.08 (dd, 1H, J¼ 3.4,
15.6), 5.28 (dt, 1H, J¼ 4.4, 5.9, 15.6), 5.46 (d, 1H, J¼ 3.4), 7.11–7.36 (m,
5H). To a solution of this thiogalactoside (6.72 g, 15.3mmol) in MeOH
(100mL) was added 30% NaOMe solution (8.4mL) at 0�C. The reaction
mixture was stirred for 20min at the same temperature and then neutralized
with DOWEX 50W (Hþ-form). After removal of the resin by filtration,
concentration of the filtrate afforded phenyl 1-thio-b-D-galactopyranoside
(2) (3.85 g, 93%). 1H NMR d 2.05–2.17 (m, 1H), 2.48–2.49 (m, 1H),
2.68–2.80 (m, 1H), 3.49 (d, 1H, J¼ 15.6), 3.61–3.72 (m, 2H), 4.57 (d, 1H,
J¼ 9.3), 7.25–7.36 (m, 5H). Anal. Calcd. for C12H16O5S: C, 52.93; H, 5.92.
Found: C, 52.53; H, 6.07.

Phenyl 2,3-di-O-benzyl-4,6-O-benzylidene-1-thio-b-D-galactopyranoside
(3). According to the literature,21 thiogalactopyranoside (2) (3.85 g,
14.2mmol) was treated with benzaldehyde dimethylacetal (2.3mL,
15.3mmol) and tetrafluoroboric acid etherate (2.1mL, 14.3mmol) in
DMF (140mL) for 7 h at room temperature. After addition of Et3N
(2.0mL, 14.3mmol), the mixture was evaporated under reduced pressure.
The residue was purified by flash chromatography (hexane-AcOEt, 2:1) to
provide phenyl 4,6-O-benzylidene-1-thio-b-D-galactopyranoside (4.31 g,
84%). 1H NMR d 2.46–2.56 (m, 2H), 2.88 (d, 1H, J¼ 15.1), 2.99 (d, 1H,
J¼ 15.1), 3.70–3.72 (m, 3H), 4.24–4.54 (m, 4H), 5.53 (d, 1H, J¼ 15.1),
7.26–7.71 (m, 10H). To a solution of phenyl 4,6-O-benzylidene-1-thio-b-D-
galactopyranoside (4.31 g, 12.0mmol) in DMF (120mL) was added NaH
(60% in mineral oil, 1.43 g, 36.0mmol). After 1 h, benzyl bromide (3.6mL,
30mmol) was added to the reaction mixture, and stirring was continued
overnight. The reaction was quenched by addition of MeOH. The mixture
was neutralized with saturated aqueous NH4Cl solution and then extracted
with CHCl3. The organic layer was washed with water several times, dried,
and concentrated. The residue was purified by flash chromatography
(hexane/EtOAc, 2:1) to afford 3 (6.42 g, 99%). 1H NMR d 3.45 (d, 1H,
J¼ 1), 3.63 (dd, 1H, J¼ 3.4, 9.3), 3.90 (t, 1H, J¼ 9.3), 4.01 (dd, 1H,
J¼ 1.5, 10.7), 4.16 (d, 1H, J¼ 2.9), 4.38 (dd, 1H, J¼ 1.5, 10.7), 4.62 (d,
1H, J¼ 9.8), 4.65–4.76 (m, 4H), 5.49 (s, 1H), 7.15–7.45 (m, 16H), 7.50–
7.55 (m, 2H), 7.71 (d, 1H, J¼ 6.8); IR (KBr) 2864, 1453, 1367, 1168,
1092, 1058, 1027 cm–1. Anal. Calcd for C33H32O5S: C, 73.31; H, 5.97.
Found: C, 73.21; H, 5.93.
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Phenyl 2,3-di-O-benzyl-1-thio-b-D-galactopyranoside (4). According to
the literature,21 3 (322mg, 0.6mmol) was treated with tetrafluoroboric acid
(48%wt. in water, 0.09mL) in MeCN (12mL) at room temperature over-
night. After addition of Et3N (0.2mL), the mixture was evaporated under
reduced pressure. The residue was dissolved in CHCl3, which was washed
with saturated aqueous NaHCO3 solution. The organic layer was dried,
concentrated, and purified by flash chromatography (hexane/EtOAc, 1:1)
to afford 4 (244mg, 91%). 1HNMR d 2.85 (br, 1H), 2.96 (br, 1H), 3.43 (t, 1H,
J¼ 5.4), 3.54 (dd, 1H, J¼ 2.9, 8.8), 3.71–3.80 (m, 2H), 3.90 (dd, 1H, J¼ 6.4,
11.8), 4.03 (d, 1H, J¼ 2.9), 4.63 (d, 1H, J¼ 9.8), 4.64 (d, 1H, J¼ 11.7), 4.68 (d,
1H, J¼ 11.7), 4.72 (d, 1H, J¼ 10.3), 4.80 (d, 1H, J¼ 10.3), 7.15–7.45
(m, 13H), 7.50–7.58 (m, 2H); IR (KBr) 3406, 2870, 1454, 1363, 1078 cm–1.
Anal. Calcd for C26H28O5S: C, 69.00; H, 6.24. Found: C, 68.84; H, 6.24.

Phenyl 2,3-di-O-benzyl-6-deoxy-1-thio-b-D-galactopyranoside (5). To a
solution of 4 (1.02 g, 2.25mmol) in pyridine (20mL) was added p-toluene-
sulfonyl chloride (0.644 g, 3.38mmol) at 0�C. The reaction mixture was
stirred at room temperature overnight and then quenched with water. The
mixture was extracted with CHCl3 three times. The combined organic layer
was dried, concentrated, and purified by flash chromatography (hexane/
EtOAc, 2:1) to afford 6-O-tosyl ester (1.15 g, 85%). The tosylate (0.558 g,
0.92mmol) was dissolved in THF (2mL) under Ar. Lithium triethylboro-
hydride (1 M in THF, 3mL) was added, and stirring was continued for 3 h.
Hydrogen peroxide (30%, 3mL) was added dropwise at 0�C, and the mix-
ture was then allowed to warm to room temperature and was extracted with
CHCl3. After drying and concentration of the organic layer, the residue was
purified by flash chromatography (hexane/EtOAc, 4:1) to afford 5 (0.348 g,
87%) as a syrup. 1H NMR d 1.37 (d, 3H, J¼ 6.3), 2.28 (d, 1H, J¼ 2.6),
3.52–3.62 (m, 2H), 3.69 (t, 1H, J¼ 9.2), 3.81–3.86 (m, 1H), 4.60 (d, 1H,
J¼ 9.9), 4.71 (s, 2H), 4.74 (d, 1H, J¼ 10.2), 4.83 (d, 1H, J¼ 10.2), 7.15–7.45
(m, 13H), 7.50–7.59 (m, 2H); IR (KBr) 3430, 1365, 1130, 1085, 1057 cm–1.
Anal. Calcd for C26H28O4S: C, 71.53; H, 6.46. Found C, 71.54; H, 6.59.

Phenyl 4-C-azido-2,3-di-O-benzyl-4,6-dideoxy-1-thio-b-D-glucopyrano-
side (6). To a solution of 5 (0.254 g, 0.582mmol) in pyridine (3mL) was
added methanesulfonyl chloride (0.14mL, 1.75mmol) at 0�C. The reaction
mixture was stirred at the same temperature for 2 h and then quenched with
water. The mixture was extracted with ether several times and the combined
organic layer was washed with dil. HCl, water, and saturated aqueous
NaHCO3 solution. Drying and concentration of the organic layer gave the
crude 4-O-mesyl ester. This was dissolved in DMF (6mL), and sodium azide
(0.189 g, 2.91mmol) was then added to the solution. The reaction mixture
was stirred at 100�C for 7 h. After cooling, the mixture was diluted with
ether. The organic layer was washed with water, dried, and concentrated.
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The residue was purified by TLC (hexane/EtOAc, 19:1) to afford 6 (0.208 g,
77%). 1HNMR d 1.39 (d, 1H, J¼ 5.9), 3.15–3.27 (m, 2H), 3.44–3.58 (m, 2H),
4.62 (d, 1H, J¼ 9.2), 4.72 (d, 1H, J¼ 10.2), 4.83 (d, 1H, J¼ 10.6), 4.88 (d,
1H, J¼ 10.6), 4.92 (d, 1H, J¼ 10.2), 7.20–7.46 (m, 13H), 7.46–7.60 (m, 2H);
IR (KBr) 2108, 1454, 1358, 1274, 1129, 1094, 1043, 1028 cm�1. Anal. Calcd
for C26H27N3O3S: C, 67.66; H, 5.90. Found: C, 67.66; H, 5.96.

Disaccharide nucleoside 9. To a solution of thioglycoside 6 (73.0mg,
0.158mmol) in CH2Cl2 (2mL) was added an HF-pyridine complex
(0.16mL) followed by N-bromosuccinimide (31mg, 0.17mmol) at –35�C.
The mixture was allowed to warm to 0�C over 1 h. The reaction mixture was
diluted with EtOAc and poured into saturated aqueous NaHCO3 solution.
The organic layer was washed with saturated aqueous NaHCO3 solution
and brine, dried, and concentrated. The residue was purified by flash chro-
matography (hexane-EtOAc, 19:1) to afford glycosyl fluoride 7 (56.0mg,
95%). The fluoride was obtained as a 2:1 (a/b) mixture of anomers and
was used for the following step without separation.

To a suspension of AgOTf (167mg, 0.65mmol), SnCl2 (123mg,
0.65mmol), and crushed 4-A molecular sieves (200mg) in ether (4mL)
was added nucleoside 815 (31.2mg, 0.13mmol) in ether (2mL) and 1,2-
dichloroethane (1mL) at 0�C. After stirring for 5min, glycosyl fluoride 7
(72.6mg, 0.195mmol) in ether (2mL) was added, and stirring was continued
at room temperature for 40 h. The reaction mixture was diluted with EtOAc
and filtered through Celite. The filtrate was washed with aqueous NaHCO3

solution and brine. The organic layer was dried and concentrated. The
residue was purified by TLC (hexane-EtOAc, 1:1) to afford 9 (40.2mg,
52%), accompanied by its b-anomer (8.2mg, 11%) and the starting nucleo-
side 8 (11%). Compound 9: [a]25D þ 192� (c 1.26, CHCl3);

1H NMR d 1.26
(d, 3H, J¼ 6.4), 1.32 (d, 3H, J¼ 6.4), 1.34–1.45 (m, 1H), 1.57–1.71 (m, 1H),
2.13–2.21 (m, 1H), 2.26–2.33 (m, 1H), 3.10 (t, 1H, J¼ 9.8), 3.30 (ddd, 1H,
J¼ 2.9, 4.4, 10.7), 3.53–3.63 (m, 2H), 3.73–33.83 (m, 2H), 3.96 (s, 3H), 4.60
(d, 1H, J¼ 11.7), 4.75 (d, 1H, J¼ 11.7), 4.81 (d, 1H, J¼ 10.3), 4.84 (d, 1H,
J¼ 3.4), 4.95 (d, 1H, J¼ 10.3), 5.78 (dd, 1H, J¼ 2.0, 10.3), 5.92 (d, 1H,
J¼ 7.3), 7.25–7.45 (m, 10H), 7.69 (d, 1H, J¼ 7.3); 13C NMR d 18.4, 18.8,
26.5, 30.5, 54.5, 66.6, 67.9, 73.5, 73.9, 75.7, 76.8, 79.6, 89.8, 82.9, 92.9, 95.8,
127.9, 128.0, 128.2, 128.3, 128.4, 128.6, 137.7, 137.9, 142.2, 155.3, 171.6.
Anal Calcd for C31H37N5O7: C, 62.93; H, 6.30. Found: C, 62.92; H, 6.36.
b-Anomer of 9: 1H NMR d 1.30 (d, 3H, J¼ 6.4), 1.33 (d, 3H, J¼ 5.9),
1.41–1.65 (m, 1H), 1.83 (ddd, 1H, J¼ 3.9, 11.2, 13.2), 2.16–2.34 (m, 1H),
3.08–3.31 (m, 3H), 3.39–3.51 (m, 2H), 3.60–3.69 (m, 1H), 3.96 (s, 3H),
4.42 (d, 1H, J¼ 7.3), 4.73 (d, 1H, J¼ 10.7), 4.79 (d, 1H, J¼ 10.7), 4.88
(d, 1H, J¼ 10.7), 4.90 (d, 1H, J¼ 10.7), 5.77 (dd, 1H, J¼ 2.0, 10.3), 5.91
(d, 1H, J¼ 7.3), 7.22–7.40 (m, 10H), 7.66 (d, 1H, J¼ 7.3).

D
ow

nl
oa

de
d 

by
 [

G
az

i U
ni

ve
rs

ity
] 

at
 0

1:
41

 1
2 

Fe
br

ua
ry

 2
01

6 



ORDER                        REPRINTS

2320 SUGIMURA AND WATANABE

ACKNOWLEDGMENT

This work was supported by the Ajinomoto Award in Synthetic
Organic Chemistry, Japan.

REFERENCES

1. For a review; Lerner, L.M. ‘‘Chemistry of Nucleosides and
Nucleotides,’’ Vol. 2; Towensend, L.B., Ed. Pienum Press: New
York, 1991; pp. 27–79.

2. McCormick, M.H.; Hoehn, M.M. Antibiot. Chemother. 1953, 3, 718.
3. Hinman, J.W.; Caron, E.L.; DeBoer, C. J. Am. Chem. Soc. 1953,

75, 499.
4. Hinuma, Y.; Kuroya, M.; Yajima, T.; Ishihara, K.; Hanada, S.;

Watanabe, K.; Kikuchi, K. J. Antibiot. Ser. A 1955, 8, 148.
5. Tatsuoka, S.; Nakagawa, K.; Inoue, M.; Fujii, S. J. Pharm. Soc. Chem.

1955, 75, 1206.
6. Stevens, C.L.; Blumbergs, P.; Daniker, F.A. J. Am. Chem. Soc. 1963,

85, 1552.
7. Sensi, P.; Greco, A.M.; Gallo, G.G.; Rolland, G. Antibiot. Chemother.

1957, 7, 645.
8. Haskell, T.H.; Ryder, A.; Frohardt, R.P.; Fusari, S.A.; Jakubowski,

Z.L.; Bartz, Q.R. J. Am. Chem. Soc. 1958, 80, 743.
9. Konishi, M.; Kimeda, M.; Tsukiura, H.; Yamamoto, H.; Hoshiya, T.;

Miyaki, T.; Fujisawa, K.; Koshiyama, H.; Kawaguchi, H. J. Antibiot.
1973, 26, 752.

10. Evans, R.; Weare, G. J. Antibiot. 1977, 30, 604.
11. Itoh, J.; Miyadoh, S. J. Antibiot. 1992, 45, 846.
12. Haneda, K.; Shinose, M.; Seino, A.; Tabata, N.; Tomoda, H.; Iwai, Y.;

Omura, S. J. Antibiot. 1994, 47, 774.
13. Stevens, C.L.; Nemec, J.; Ransford, G.H. J. Am. Chem. Soc. 1972,

94, 3280.
14. Sugimura, H.; Sujino, K. Nucleosid. Nucleotid. 1998, 17, 53.
15. (a) Sujino, K.; Sugimura, H. Chem. Lett. 1993, 1187. (b) Sujino, K.;

Sugimura, H.; Tetrahedron Lett. 1994, 35, 1883. (c) Sugimura, H.;
Motegi, M.; Sujino, K. Nucleosid. Nucleotid. 1995, 14, 413. (d)
Sugimura, H.; Katoh, Y. Chem. Lett. 1999, 361.

16. Ferrier, R.J.; Furneaux, R.H. ‘‘Methods in Carbohydrate Chemistry,’’
Vol. VIII, Whistler, R.L.; Wolfrom, M.L. Ed., Academic Press:
New York, 1980; pp. 251–253.

17. Binkley, R.W. J. Carbohydr. Chem. 1985, 4, 227.

D
ow

nl
oa

de
d 

by
 [

G
az

i U
ni

ve
rs

ity
] 

at
 0

1:
41

 1
2 

Fe
br

ua
ry

 2
01

6 



ORDER                        REPRINTS

CYTOSAMINE AND AMICETIN 2321

18. Toshima, K.; Tatsuta, K. Chem. Rev. 1993, 93, 1503.
19. Fukase, K.; Hasuoka, A.; Kinoshita, I.; Aoki, Y.; Kusumoto, S.

Tetrahedron 1995, 51, 4923.
20. Nicolaou, K.C.; Caulfield, T.J.; Kataoka, H. Carbohydr. Res. 1990,

202, 177.
21. Albert, R.; Dax, K.; Pleschko, R.; Stütz, A.E. Carbohydr. Res. 1985,
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Dekker, Inc., or its licensors. All rights not expressly granted are reserved. 
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