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Synthesis of new 20-b-C-methyl related triciribine analogues as
anti-HCV agents
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Abstract—Ten new b-DD-ribofuranosyl and 20-b-C-methyl-b-DD-ribofuranosyl triciribine derivatives 4–13 with various N4 and 6-N
substituents on the tricyclic ring were synthesized from the corresponding toyocamycin and new 20-b-C-methyl toyocamycin
derivatives. The inhibitory studies of these compounds in the HCV replicon assay reveal that some of them possess interesting anti-
HCV properties with low cytotoxicity.
� 2004 Elsevier Ltd. All rights reserved.
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Hepatitis C virus (HCV) infection is an important public
health problem worldwide and is recognized as the
major cause of non-A, non-B hepatitis. HCV is an
enveloped positive-sense single-stranded RNA virus
belonging to the Flaviviridae family.1 HCV is a major
human pathogen, and infects an estimated 170 million
people worldwide. The virus establishes chronic infec-
tion in up to 80% of infected individuals and persists for
decades with a substantial risk of developing liver cirr-
hosis and hepatocellular carcinoma (HCC).2 There is no
vaccine available against HCV. Monotherapy using
interferon-a (IFN-a) has 8–10% sustained virological
response (SVR).3 Combination therapy of IFN-a-2b, or
pegylated IFN, and ribavirin, a nucleoside analogue,
improves the overall SVR to 41–55%.4 However, com-
bination therapy shows a low response in patients with
HCV genotypes 4–11, and a majority of patients
infected with HCV genotype 1, the predominant genotype
in the western world, are not responsive to the current
treatments.5 A large number of HCV patients are still
waiting for novel direct anti-HCV agents. Clearly, more
efficacious therapies are urgently needed to combat this
important viral disease.

Toyocamycin 1 and sangivamycin 2 are 7-deazaadeno-
sine nucleoside analogues that show interesting
biological properties.6 6-Amino-4-methyl-8-(b-DD-ribo-
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furanosyl)-(4H,8H)-pyrrolo[4,3,2-d]pyrimido[4,5-c]py-
ridazine (triciribine, TCN, 3) (Fig. 1), a cyclic sangiva-
mycin analogue, exhibits anti-cancer and anti-viral
activity.7 Triciribine 50-monophosphate (TCN-P), hav-
ing higher water solubility, has been extensively studied
as a prodrug of TCN and advanced to phase II clinical
studies as a potential anti-neoplastic agent.8 Acyclic9

and various deoxy10 modified triciribine analogues have
been reported without obvious anti-viral and anti-cancer
activity. However, a couple of 6-N-acylated triciribine
analogues showed improved cell permeability with anti-
viral activity but higher cytotoxicity.11 We anticipated
that a 20-alkyl modification would reduce cytotoxicity
and improve both pharmacological and biological
activities based on the fact that 20-b-C-methyl-b-DD-
ribonucleosides have a high population of the anti-30-
endo (3T2) ‘northern’ sugar conformation.12 It has been
1 R = CN
2 R1 = CONH2 3

Figure 1. Structure of toyocamycin 1, sangivamycin 2, and triciribine 3.
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demonstrated that 20-b-C-methyl derivatives are efficient
chain terminators to inhibit HCV genome replication.13

In order to study direct anti-hepatitis C activity of
triciribine derivatives, we designed and synthesized b-DD-
ribofuranosyl triciribine analogues 4–6 with different N4
substitutions (Fig. 2). We further designed and synthe-
sized 20-b-C-methyl-b-DD-ribofuranosyl triciribine deriv-
atives 7–13 with N4 and 6-Nsubstitutions. New
triciribine derivatives 4–13 were studied for their ability
to inhibit hepatitis C viral RNA replication in Huh-7
replicon cell culture.14

We first explored b-DD-ribofuranosyl triciribine deriva-
tives 4–6 (Scheme 1). The tri-O-benzoyl-protected pyr-
rolopyrimidine nucleoside derivative 14, synthesized by
mimicking the literature procedure,15 was reacted with
different N-substituted hydrazines at room temperature
(Scheme 1). The resulted 4-hydrazino derivatives were
cyclized with the cyano group at the 5-position of the
pyrrolopyrimidine ring at the refluxing temperature to
provide the corresponding tri-O-benzoylated triciribine
derivatives 15–17 in 70–90% yields. Deprotection of 15–
17 with ammonia solution in methanol generated N4-
substituted triciribine analogues 4–6 in high yields.
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Scheme 1. Synthesis of b-DD-ribofuranosyl triciribines 4–6. Reagents

and conditions: (a) R1NHNH2, CHCl3, EtOH, 25 �C; (b) EtOH, HCl,

reflux; (c) NH3, MeOH, rt 18 h.
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Figure 2. New b-DD-ribofuranosyl and 20-b-C-methyl-b-DD-ribofurano-

syl triciribine derivatives 4–13.
There has been increasing interest in C-methyl-ribo-
nucleosides, such as the reported synthesis of 30-C and
50-C-methylsangivamycins, as well as 40-C and 50-C
b-methyltoyocamycins in searching for anti-viral and anti-
cancer agents.12;16 However, there exists no efficient and
practical route for the synthesis of the corresponding 20-
b-C-methyl analogues. Murai and co-workers12 reported
the glycosylation of chloro-ribose 18 with a 4-amino-5-
cyanopyrrolo[2,3-d]pyrimidine derivative resulting in a
mixture of a- and b-anomers and the 1-glycosylated
isomers. To obtain the key intermediate, we investigated
the coupling of the 20-C-b-methyl ribose derivative 19
with 4-amino-5-cyanopyrrolo[2,3-d]pyrimidine deriva-
tive 20. Different protected ribose sugars 1812 and 19
were reacted with 20, and the couplings were explored in
different combinations under various conditions, for
example, NaH, HMDS/TMSCl/TMSOTf, and BSA/
TMSOTs (Scheme 2). It was anticipated that by modi-
fying either the protecting groups of ribofuranose, or the
base substituents, we might be able to better understand
the steric and electrophilic requirements necessary to
facilitate the desired coupling. However, these ap-
proaches proved to be low yielding, and the resulting
mixtures of isomers for the synthesis of compounds 21
(X¼ acetyl or XX¼ dimethylketal) were difficult to be
separated. We then utilized the 6-bromo-5-cyanopyr-
rolo[2,3-d]pyrimidine (22)16 and the tetra-O-benzoyl-
protected 20-b-C-methyl-b-DD-ribofuranose 2317 for glyco-
sylation studies (Scheme 3). The bromo base 22 was
first silylated with N,O-bis(trimethylsilyl)acetamide
(BSA) and then coupled with 23, mediated by TMSOTf,
at 65 �C for 18 h. The desired b-coupled product 24 was
obtained in 50–70% yields as the only observed anomer.
Apparently, the coupling reaction favors the use of a
ribose containing a 20-a-benzoyl protecting group to
assist in the cleavage of the labile 10-ester, in order to
generate sufficiently electrophilic species and to guide
the 10-b-glycosylation. Although one additional reaction
step is needed to prepare the desired intermediate 21, the
high-yielding and efficient glycosylation overcame many
of the hurdles for the coupling between other ribose and
heterocyclic bases. This proved to be an excellent way
for the synthesis of difficult pyrrolopyrimidine nucleo-
side derivatives.

The bromo derivative 24 was hydrogenated over 10%
Pd/C to afford the corresponding debrominated benzoyl
protected 20-b-C-methyl toyocamycin 21 in 90–97%
yields. The 4-amino group was then oxidized by treat-
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Table 1. Inhibitory potency and cytotoxicity of 3–13 in HCV replicon

assay

O N

HO OH

R2
HO

N

N

N N
H
N R1

R3

3 - 11, R3 = H
12, 13, R3 = CH3CO

No. R2 R1 EC50
a/CC50

b (lM)

3 H CH3 2/>300

4 H CH2CH3 1/150

5 H CH2C6H5 125/>300

6 H CH2CH2OH 20/>300

7 CH3 CH3 18/>300

8 CH3 CH2CH3 15/>200

9 CH3 CH2CH2CH3 100/>300

10 CH3 CH2CH2CH2CH3 100/>300

11 CH3 CH2CH2OH 200/>300

12 CH3 CH3 150/300

13 CH3 CH2CH2OH 100/200

a Compounds were incubated in cell culture for 72 h prior to deter-

mination of the relative amount of HCV replicon RNA using a

luciferase reporter assay.
b Compound cytotoxicity was determined by MTS assay on parallel

samples.
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ment with sodium nitrite in a 4:1 mixture of acetic acid
and water to afford 25 in 90% yield. Compound 25 was
successfully converted to its corresponding 4-chloro
derivative 26 in 90% yield by refluxing in POCl3. After
treatment of 26 with methyl hydrazine at room tem-
perature for 4 h, the intramolecular nucleophilic cycli-
zation of the amino and cyano groups of the resultant
intermediate 27a afforded the corresponding triciribine
derivative 28 by refluxing in ethanol and a catalytic
amount of hydrochloric acid. The benzoyl groups of 28
were then removed by treatment with ammonia solution
in methanol to afford the desired 20-b-C-methyl triciri-
bine 7 in 78% overall yield from 26. Utilizing this
strategy, we were also able to synthesize other N4
substituted TCN analogues 8–11, by the reaction of 26
with the corresponding substituted hydrazines in place
of methyl hydrazine. The resulting intermediates 27b–g
were cyclized to give the corresponding protected tri-
ciribine derivatives 29–32, which were deprotected to
give 20-b-C-methyl-b-DD-ribofuranosyl triciribines 8–11.

In order to improve cell permeability and oral bio-
availability of the triciribine derivatives, we further
synthesized the 6-N-acetylated triciribine analogues 12
and 13 (Scheme 4). Tri-benzoyl-protected triciribines 28
and 32 were acetylated with acetic anhydride or acetyl
chloride in pyridine. The resulting tri-ester 33 and tetra-
ester 34 were deprotected at room temperature with
ammonia solution in methanol. The ester-based pro-
tecting groups of 33 and 34 were selectively removed
without affecting the amide group affording the desired
20-b-C-methyl-b-DD-ribofuranosyl triciribine amides 12
and 13.18

The new triciribine analogues 4–13, synthesized herein,
were assayed for their ability to inhibit hepatitis C viral
RNA replication in Huh-7 cells.14 The inhibitory
potency of these compounds in HCV replicon assay is
expressed as EC50. The MTS19 assay was utilized to test
the associated cytotoxicity (CC50). Table 1 lists the HCV
replicon activity and cytotoxicity of compounds 3–13.
Compound 4 exhibits the highest potency with an EC50

of 1.0 lM. Compounds 6–8 show modest inhibitory
activity. Compounds 4, 7, and 8 with smaller substitu-
ents at the N4 position exhibit higher potency than the
related compounds 5, 9, and 10 with bigger substituents.
The 6-N acetylation, compound 12 and 13, decreases
potency comparing to the un-acetylated derivative 7.
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Most compounds show low cytotoxicity with an excep-
tion of 4, which nonetheless still shows a reasonably
high selectivity index (CC50/EC50).

In summary, N4 substituted b-DD-ribofuranosyl triciri-
bines 4–6 were synthesized. We have established an
efficient coupling of a 20-b-C-methyl-b-DD-ribofuranose
with 4-amino-7-bromo-5-cyanopyrrolo[2,3-d]pyrimi-
dine.

Employing this strategy, new N4 and 6-N substituted 20-
b-C-methyl-b-DD-ribofuranosyl triciribines 7–13 were
synthesized as potential anti-HCV agents. Some of them
were found to exhibit anti-viral activity in HCV replicon
cell culture with minimal cytotoxicity. These results
should promote the synthetic studies of other 20-b-C-
methyl nucleosides, such as the biologically active toy-
ocamycin and sangivamycin, as potential therapeutics
against human diseases.
Acknowledgements

The authors thank Jeffrey Abt and Jenny Song for the
synthesis of 25.
References and notes

1. (a) Choo, Q. L.; Kuo, G.; Weiner, A. J.; Overby, L. R.;
Bradley, D. W.; Houghton, M. Science 1989, 244, 359; (b)
Kuo, G.; Choo, Q. L.; Alter, H. J.; Gitnick, G. L.;
Redeker, A. G.; Purcell, R. H.; Miyamura, T.; Dienstag, J.
L.; Alter, M. J.; Stevens, C. E. Science 1989, 244, 362; (c)
Choo, Q. L.; Richman, K. H.; Han, J. H.; Berger, K.; Lee,
C.; Dong, C.; Gallegos, C.; Coit, D.; Medina-Selby, A.;
Barr, P. J.; Weiner, A. J.; Bradley, D. W.; Kuo, G.;
Houghton, M. Proc. Natl. Acad. Sci. U.S.A. 1991, 88,
2451.

2. (a) World Health Organization. J. Viral. Hepatitis 1999, 6,
35; (b) National Institutes of Health Consensus Develop-
ment Conference Statement: Management of Hepatitis C,
2002.

3. Davis, G. L.; Balart, L. A.; Schiff, E. R.; Kindsay, K.;
Bodenheimer, H. C., Jr.; Perrillo, R. P.; Carey, W.;
Jacobson, I. M.; Payne, J.; Dienstag, J. L. N. Eng. J. Med.
1989, 321, 1501.

4. (a) McHutchison, J. Am. J. Med. 1999, 107, 56S; (b)
McHutchison, J. G.; Gordon, S. C.; Schiff, E. R.;
Shiffman, M. L.; Lee, W. M.; Rustgi, V. K.; Goodman,
Z. D.; Ling, M. H.; Cort, S.; Albrecht, J. K. N. Engl. J.
Med. 1998, 339, 1485; (c) Poynard, T.; Marcellin, P.; Lee,
S. S.; Niederau, C.; Minuk, G. S.; Ideo, G.; Vain, V.;
Heathcote, J.; Zeuzem, S.; Trepo, C.; Albrecht, J. K.
Lancet 1998, 352, 1426.
5. Charles, S. A.; Harris, J. M.; Pedder, S.; Kumar, S.
Modern Drug Discovery 2000, 5, 59.

6. (a) Hovi, T. Med. Biol. 1983, 61, 196; (b) Moyer, S. A.;
Holmes, K. S. Virology 1979, 98, 99; (c) Larsen, C. J.;
Mauchauffe, M.; Hamelin, R.; Peraudeau, L.; Fedele, L.;
Traitian, A. Nucleic Acids Res. 1979, 6, 1547; (d)
Bergstorm, D. E.; Brattesami, A. J.; Ogawa, M. K.;
Reddy, A.; Schweickert, M. J.; Balzarini, J.; De Clercq, E.
J. Med. Chem. 1984, 27, 285; (e) De Clercq, E.; Balzarini,
J.; Madej, D.; Hansske, F.; Robins, M. J. J. Med. Chem.
1987, 30, 481; (f) Schneller, S. W.; Thompson, R. D.;
Cory, J. G.; Olsson, R. A.; De Clercq, E.; Kim, I. K.;
Chiang, P. K. J. Med. Chem. 1984, 27, 924.

7. Kucera, L. S.; Iyer, N. P.; Puckett, S. H.; Buckheit, R. W.,
Jr.; Westbrook, L.; Toyer, B. R.; White, E. L.; Germany-
Decker, J. M.; Shannon, W. M.; Chem, R. C.; Nassiri, M.
R.; Shipman, C.; Townsend, L. B.; Drach, J. C. AIDS Res.
Hum. Retroviruses 1993, 9, 307.

8. (a) Feun, L. G.; Blessing, J. A.; Barrett, R. J.; Hanjani, P.
Am. J. Clin. Oncol. 1993, 16, 506; (b) O’Connell, M. J.;
Rubin, J.; Hahn, R. G.; Kvols, L. K.; Moertel, C. G.
Cancer Treat. Rep. 1987, 71, 333.

9. Porcari, A. R.; Borysko, K. Z.; Ptak, R. G.; Breitenbach,
J. M.; Wotring, L. L.; Drach, J. C.; Townsend, L. B.
Nucleos. Nucleot. 1999, 11, 2475.

10. Porcari, A. R.; Ptak, R. G.; Borysko, K. Z.; Breitenbach,
J. M.; Vittori, S.; Wotring, L. L.; Drach, J. C.; Townsend,
L. B. J. Med. Chem. 2000, 43, 2438.

11. Porcari, A. R.; Ptak, R. G.; Borysko, K. Z.; Breitenbach,
J. M.; Drach, J. C.; Townsend, L. B. J. Med. Chem. 2000,
43, 2457.

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

13. Migliaccio, G.; Tomassini, J. E.; Carroll, S. S.; Tomei, L.;
Altamura, S.; Bhat, B.; Bartholomew, L.; Rosserman, M.
R.; Ceccacci, A.; Colwell, L. F.; Cortese, R.; De France-
sco, R.; Eldrup, A. B.; Gethy, K. L.; Hou, X. S.;
LaFemina, R. L.; Ludmerer, S. W.; MacCoss, M.;
McMasters, D. R.; Stahlhut, M. W.; Olsen, D. B.;
Hazuda, D. J.; Flores, O. A. J. Biol. Chem. 2003, 278,
49164.

14. (a) Lohmann, V.; K€orner, F.; Koch, J. O.; Herian, U.;
Theilmann, L.; Bartenschlager, R. Science 1999, 285, 110;
(b) Bartenschlager, R.; Lohmann, V. J. Gen. Virol. 2000,
81, 1631; (c) Bartenschlager, R.; Lohmann, V. Antiviral
Res. 2001, 52, 1; (d) Bartenschlager, R. Nat. Rev.––Drug
Discovery 2002, 1, 911.

15. Hinshaw, B. C.; Leonoudakis, O.; Schram, K. H.;
Towsend, L. B. J. Chem. Soc., Perkin Trans. 1: Org.
Bioorg. Chem. 1975, 1248.

16. Gunic, E.; Girardet, J.-L.; Pietrzkowski, Z.; Esler, C.;
Wang, G. Bioorg. Med. Chem. 2001, 9, 163.

17. (a) Wolfe, M. S.; Harry-O’kuru, R. E. Tetrahedron Lett.
1995, 36, 7611; (b) Franchetti, P. F.; Cappellacci, S. M.;
Trincavelli, L.; Martini, C.; Mazzoni, M. R.; Lucacchini,
A.; Grifantini, M. J. Med. Chem. 1998, 41, 1708.

18. All compounds in this study were characterized by 1H
NMR and MS spectroscopic analyses, and the purity was
assessed by HPLC.

19. Barltrop, J. A.; Owen, T. C.; Cory, A. H.; Cory, J. G.
Bioorg. Med. Chem. Lett. 1991, 1, 611.


	Synthesis of new 2prime-beta-C-methyl related triciribine analogues as anti-HCV agents
	Acknowledgements
	References


