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Synthesis of 2 0-b-C-methyl toyocamycin and
sangivamycin analogues as potential HCV inhibitors
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Abstract—Coupling reaction of 2-b-C-methyl-1,2,3,4-tetra-O-benzoyl-DD-ribofuranose with 4-amino-6-bromo-5-cyanopyrrolo[2,3-
d]pyrimidine, followed by debromination and debenzoylation, gave the 2 0-b-C-methyl toyocamycin in high yield. Based on this
result, a series of 2 0-b-C-methyl-4-substituted toyocamycin and sangivamycin analogues were synthesized for biological screening
as potential inhibitors of HCV RNA replication.
� 2004 Elsevier Ltd. All rights reserved.
Heptatitis C virus is the most common blood-borne
infection and a major cause of chronic liver disease
and liver transplantation in industrialized countries.
The prevalence of HCV infection is estimated to be five-
fold greater than HIV infection and ranges from 1% to
5% in most developed countries.1 Current therapy is
both poorly tolerated and has limited efficacy, with less
than 50% response rates among patients infected with
the most prevalent virus genotype. Therefore, there is
a need for more efficient and better tolerated anti-
HCV agent.

Screens of available nucleosides for HCV inhibitors in
the cell-based bicistronic replicon assay have identified
2 0-b-C-methyl adenosine, which inhibit HCV RNA rep-
lication in the absence of cytotoxicity.2 Toyocamycin
and sangivamycin are naturally occurring nucleoside
antibiotics.3 A lot of their derivatives were chemi-
cally synthesized to try to increase their biological and
chemotherapeutic activity.4 In view of these interesting
results, we initiated a study to design and synthesize
2 0-b-C-methyl toyocamycin and sangivamycin ana-
logues to look for HCV inhibitors.

2 0-b-C-Methyl toyocamycin and sangivamycin were syn-
thesized by Takamasa�s group in 1992.5 However, their
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synthetic strategy was not very practical. The overall
yields for both compounds were very low, and the puri-
fication of the key intermediate was very difficult. Their
coupling reaction gave a mixture of a- and b-anomers,
and the structures of the final compounds were con-
firmed by X-ray analysis. So, it appears that there was
need for a more efficient method to synthesize a series
of 2 0-b-C-methyl toyocamycin and sangivamycin deriva-
tives for biological screening. Here, we want to report a
new synthetic strategy for the synthesis of 2 0-C-methyl
toyocamycin and sangivamycin, and several of their
analogues.

The syntheses of 2 0-b-C-methyl toyocamycin and san-
givamycin derivatives are summarized in Scheme 1.
The coupling reaction between 2-b-C-methyl-1,2,3,5-
tetra-O-benzoyl-b-DD-ribofuranose (1)6 and 4-amino-6-
bromo-5-cyanopyrrolo[2,3-d]-pyrimidine (2)7 gave the
key intermediate 3 in high yield in 5g scale. A similar ap-
proach for the synthesis of compound 3 was reported re-
cently,8 however, that paper did not provided any solid
evidence to support the structure of compound 3. Dur-
ing our studies, we found that, even starting from com-
pounds 1 and 2 under different conditions, an isomer of
compound 3 was isolated from the reaction mixture as a
major product. Therefore, it is necessary to report the
exact procedure for the synthesis of compound 3 with
solid evidence.

Compound 2 was first silylated with 2 equiv of N,O-
bis(trimethylsilyl)acetamide (BSA) in anhydrous aceto-
nitrile under argon atmosphere at room temperature,
and then reacted with 1equiv of compound 1 in the
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Scheme 1. Reagents and conditions: (a) BSA, CH3CN, TMSOTf,

80�C, 3h, 75%; (b) Pb/C, H2, CH3OH, 90%; (c) NH3/MeOH, 85%; (d)

NaNO2, CH3CO2H/H2O, 65%; (e) NH4OH, H2O2, room temperature,

5h; or NaOMe/MeOH, room temperature, 10h, or NH2OH, ethanol,

room temperature, 10h; (f) NH4OH, H2O2, room temperature, 5h, or

NaOMe/MeOH, room temperature, 10h, or NH2OH, ethanol, room

temperature, 10h.
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Scheme 2. Reagents and conditions: (a) (i) (Ac)2O, pyridine; (ii)

POCl3, 70�C, 1h, 90%; (b) CH3NH2 or (CH3)2NH or CH3ONH2 or

NH2OH or NaOMe in ethanol, 10h; (c) NH4OH, H2O2, ethanol, 10h;

(d) CH3NH2, MeOH, room temperature, 10h, 75%; (e) NH2OH,

ethanol, room temperature, 10h; (f) NaOMe, MeOH, room temper-

ature, 10h, 67%.
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presence of 3equiv of trimethylsilyl trifluoromethane-
sulfonate at 80 �C for 3h. After a simple workup,
4-amino-6-bromo-5-cyano-7-(2-b-C-methyl-2,3,5-tri-O-
benzoyl-b-DD-ribofuranosyl)-pyrrolo[2,3-d]-pyrimidine (3)
was obtained in 75% yield. Debromination of 3 was
accomplished by hydrogenation with 10% Pd/C to
afford 4-amino-5-cyano-7-(2-b-C-methyl-2,3,5-tri-O-
benzoyl-b-DD-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (4)
in 90% yield. Compound 4 was deprotected with sat-
urated methanolic ammonia to give 2 0-b-C-methyl toyo-
camycin 5 in 85% yield. Its structure was confirmed by
comparing its NMR spectrum with the same compound
reported in the literature,5 which was confirmed by
X-ray analysis.

By using this synthetic strategy, we were able to obtain
compound 5 in large scale, and to synthesize a series
of 2 0-b-C-methyl toyocamycin and sangivamycin ana-
logues for biological screening. Oxidation of compound
5 with sodium nitrite in a 4:1 mixture of acetic acid and
water gave compound 6 in 65% yield. Conversion of the
cyano group of compounds 5 and 6 to an amide group
(H2O2, concentrated NH4OH) afforded 2 0-b-C-methyl
sangivamycin 8 and its derivative 7. Treatment of com-
pounds 5 and 6 with sodium methoxide in methanol
gave the 2 0-b-C-methyl sangivamycin derivatives 9 and
10. Treatment of compounds 5 and 6 with an excess of
hydroxylamine furnished the 5-carboxamide oxime
derivatives 11 and 12.

Compound 6 was then treated with acetic anhydride and
pyridine, and the resulting product was refluxed in
POCl3 to give the corresponding 4-chloro derivative 13
in 90% yield. The nucleophilic displacement of a chloro
group at C-4, followed by the modification of cyano
group at C-5, gave the 4,5-disubstituted 2 0-b-C-methyl
sangivamycin derivatives (Scheme 2). Treatment of com-
pound 13 with methylamine, dimethylamine, methoxide,
methoxyamine, and hydroxylamine gave the 2 0-b-C-
methyl toyocamycin derivatives 14, 15, 16, 17, and
18, respectively. Compounds 14, 15, and 16 were then
treated with concentrated NH4OH and H2O2, gave
2 0-b-C-methyl sangivamycin derivatives 19, 20, and 21,
respectively. When compounds 14, 15, 16, and 18 were
treated with hydroxylamine, 2 0-b-C-methyl 5-carboxa-
mide oxime derivatives 22, 23, 24 and 25 were obtained,
respectively.

Treatment of compound 14 with methylamine in a mix-
ture of methanol and water (10:1) afforded 2 0-b-C-
methyl sangivamycin derivatives 26 in 75% yield. Treat-
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ment of compound 17 with sodium methoxide in meth-
anol gave 4-hydroxylamine of sangivamycin derivative
27 in 67% yield.9

Compounds 5–12, 14–27 were used for screening in the
cell-based bicistronic replicon assay, and some of the
compounds showed excellent anti-HCV activities (0.5–
100lM for EC50), and the SAR studies of 2 0-b-C-methyl
related nucleosides for HCV will be reported in due
course.

In conclusion, through an efficient synthetic strategy, 2 0-
b-C-methyl toyocamycin was synthesized in high yield,
and based on this results, a series of 2 0-b-C-methyl-4-
substituted toyocamycin and 4,5-disubstituted sangiva-
mycin analogues were obtained for biological screening
for HCV inhibitors.
References and notes

1. Liang, J. T.; Hoofnagle, J. H. Hepatitis C Biomedical
Research Reports; Academic: London, UK, 2000; pp 185–
203.

2. Carroll, S. S.; Tomassini, J. E.; Bosserman, M.; Getty, K.;
Stahlhut, M. W.; Eldrup, A. B.; Bhat, B.; Hall, D.; Simcoe,
A. L.; Lafemina, R.; Rutkowski, C. A.; Wolanski, B.;
Yang, Z.; Migliaccio, G.; De Francesco, R.; Kuo, L. C.;
MacCoss, M.; Olsen, D. B. J. Biol. Chem. 2003, 278, 11979.

3. Tolman, R. L.; Robins, R. K.; Townsend, L. B. J.
Heterocycl. Chem. 1967, 4, 230; Schram, K. H.; Townsend,
L. B. Tetrahedron Lett. 1971, 4757.

4. Rao, K. V.; Renn, O. W. Antimicrob. Agents Chemother.
1963, 77; Ohkuma, K. Antimicrob. Agents Chemother. 1960,
361.

5. Murai, Y.; Shiroto, H.; Ishizaki, T.; Limori, T.; Kodama,
Y.; Ohtsuka, Y.; Oishi, T. Heterocycles 1992, 33, 391.

6. Franchetti, P.; Cappellacci, L.; Marchetti, S.; Trincavelli,
L.; Martini, C.; Mazzoni, M. R.; Lucacchini, A.; Grfantini,
M. J. Med. Chem. 1998, 41, 1708.

7. Tolman, R. L.; Robins, R. K.; Townsend, L. B. J. Am.
Chem. Soc. 1969, 91, 2102.

8. Smith, K. L.; Lai, V. C. H.; Prigaro, B. J.; Ding, Y.; Gunic,
E.; Girardet, J.-L.; Zhong, W.; Hong, Z.; Lang, S.; An, H.
Bioorg. Med. Chem. Lett. 2004, 14, 3517.

9. Spectral data for some new compounds: 7 1H NMR
(CD3OD, 300MHz): d 8.18 (s, 1H), 8.01 (s, 1H), 6.29 (s,
1H), 4.05 (m, 3H), 3.87 (dd, 1H, J = 13.5, 1.8Hz); MS: 325
[M+1]+. Compound 8 1H NMR (CD3OD, 300MHz): d 8.09
(s, 1H), 8.09 (s, 1H), 6.26 (s, 1H), 4.04 (m, 3H), 3.90 (dd,
1H, J = 12.6, 2.7Hz), 0.85 (s, 3H); MS: 324 [M+1]+.
Compound 9 1H NMR (CD3OD, 300MHz): d 8.44 (s, 1H),
8.12 (s, 1H), 6.26 (s, 1H), 4.13 (d, 1H, J = 10.8Hz), 4.04 (m,
2H), 3.88 (s, 3H), 3.84 (m, 1H), 0.86 (s, 3H); MS: 339
[M+1]+. Compound 10 1H NMR (CD3OD, 300MHz): d
8.36 (s, 1H), 7.97 (s, 1H), 6.28 (s, 1H), 4.10 (d, 1H,
J = 8.7Hz), 4.03 (m, 2H), 3.83 (m, 1H), 3.84 (s, 3H), 0.87 (s,
3H); MS: 338 [M+1]+. Compound 11 1H NMR (CD3OD,
300MHz): d 7.99 (s, 1H), 7.93 (s, 1H), 6.30 (s, 1H), 4.01 (m,
3H), 3.86 (m, 1H), 0.88 (s, 3H); MS: 340 [M+1]+.
Compound 12 1H NMR (DMSO-d6, 300MHz): d 8.06 (s,
1H), 7.88 (s, 1H), 6.26 (s, 1H), 4.10 (d, 1H, J = 9.6Hz), 4.04
(m, 2H), 3.87 (m, 1H), 0.88 (s, 3H); MS: 339 [M+1]+.
Compound 14 1H NMR (CD3OD, 300MHz): d 8.40 (s,
1H), 8.27 (s, 1H), 6.25 (s, 1H), 4.09 (d, 1H, J = 9.0Hz), 4.04
(m, 2H), 3.86 (dd, 1H, J = 12.6, 2.7Hz), 3.12 (s, 3H), 0.86
(s, 3H); MS: 320 [M+1]+. Compound 16 1H NMR
(CD3OD, 300MHz): d 8.15 (s, 1H), 7.61 (s, 1H), 6.11 (s,
1H), 4.25 (m, 2H), 4.03 (m, 1H), 3.85 (s, 3H), 3.82 (dd, 1H),
0.89 (s, 3H); MS: 336 [M+1]+. Compound 18 1H NMR
(CD3OD, 300MHz): d 8.60 (s, 1H), 8.51 (s, 1H), 6.34 (s,
1H), 4.18 (s, 3H), 4.13 (d, 1H, J = 9.7Hz), 4.06 (m, 1H),
4.03 (m, 1H), 3.86 (dd, 1H, J = 12.9, 3.0Hz), 0.85 (s, 3H);
MS: 320 [M+1]+. Compound 19 1H NMR (CD3OD,
300MHz): d 8.16 (s, 1H), 8.05 (s, 1H), 6.25 (s, 1H), 4.03
(m, 3H), 3.91 (m, 1H), 3.07 (s, 3H), 0.87 (s, 3H); MS: 338
[M+1]+. Compound 20 1H NMR (CD3OD, 300MHz): d
8.21 (s, 1H), 8.03 (s, 1H), 6.30 (s, 1H), 4.12 (d, 1H,
J = 8.7Hz), 4.03 (m, 2H), 3.86 (dd, 1H, J = 12.6, 3.6Hz),
0.88 (s, 3H); MS: 352 [M+1]+. Compound 21 1H NMR
(CD3OD, 300MHz): d 7.95 (s, 1H), 7.55 (s, 1H), 6.16 (s,
1H), 4.01 (m, 2H), 3.86 (s, 2H), 3.64 (m, 2H), 0.88 (s, 3H);
MS: 354 [M+1]+. Compound 22 1H NMR (CD3OD,
300MHz): d 8.11 (s, 1H), 7.80 (s, 1H), 6.23 (s, 1H), 4.09
(d, 1H, J = 9.3Hz), 4.03 (m, 2H), 3.88 (dd, 1H, J = 12.6,
2.8Hz), 3.05 (s, 3H), 0.86 (s, 3H); MS: 353 [M+1]+.
Compound 23 1H NMR (CD3OD, 300MHz): d 8.17 (s,
1H), 7.76 (s, 1H), 6.30 (s, 1H), 4.12 (d, 1H, J = 8.7Hz), 4.01
(m, 2H), 3.83 (dd, 1H, J = 12.6, 3.6Hz), 3.19 (s, 6H), 0.87
(s, 3H); MS: 367 [M+1]+. Compound 24 1H NMR
(CD3OD, 300MHz): d 7.80 (s, 2H), 6.24 (s, 1H), 4.02 (m,
3H), 3.89 (m, 1H), 3.86 (s, 3H), 0.89 (s, 3H); MS: 369
[M+1]+. Compound 25 1H NMR (CD3OD, 300MHz): d
8.43 (s, 1H), 7.99 (s, 1H), 6.78 (s, 1H), 4.16 (s, 3H), 4.13 (d,
1H, J = 12.6Hz), 4.03 (m, 2H), 3.83 (dd, 1H, J = 13.2,
3.6Hz), 0.85 (s, 3H); MS: 354 [M+1]+. Compound 26 1H
NMR (CD3OD, 300MHz): d 8.16 (s, 1H), 7.93 (s, 1H), 6.24
(s, 1H), 4.04 (m, 3H), 3.89 (dd, 1H), 3.08 (s, 3H), 2.90 (s,
3H), 0.86 (s, 3H); MS: 352 [M+1]+. Compound 27 1H
NMR (CD3OD, 300MHz): d 8.47 (s, 1H), 8.25 (s, 1H), 6.28
(s, 1H), 4.11 (d, 1H), J = 9.7Hz), 4.04 (m, 2H), 3.88 (s, 3H),
3.84 (dd, 1H, J = 12.6, 2.4Hz), 0.85 (s, 3H); MS: 354 [M+1]+.


	Synthesis of 2 prime - beta -C-methyl toyocamycin and sangivamycin analogues as potential HCV inhibitors
	References and notes


