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SYNTHESIS AND IMP DEHYDROGENASE (TYPE 1 AND TYPE II)
INHIBITORY ACTIVITY OF ISOSTERIC NAD ANALOGS DERIVED
FROM THIOPHENFURIN AND FURANFURIN

P. Franchetti,” L. Cappellacci, G. Abu Sheikha, H. N. Jayaram,* B. P. Schneider,* T.
Sint,¥ V. V. Gurudutt,} F. R. Collart,# E. Huberman,# and M. Grifantini

Dipartimento di Scienze Chimiche, Universita di Camerino, 62032 Camerino, Italy;
tLaboratory for Experimental Oncology, Indiana University School of Medicine,

Indianapolis, Indiana 46202 U.S.A.; #Argonne National Laboratory, Argonne, IL
60439, U.S.A.

ABSTRACT: Thiophene-3-carboxamide adenine dinucleotide (TFAD), and furan-3-
carboxamide adenine dinucleotide (FFAD), two NAD analogs, were synthesized and
evaluated as inhibitors of inosine monophosphate dehydrogenase type I and type II.

Thiophenfurin (5-B-D-ribofuranosylthiophene-3-carboxamide, 1) and furanfurin (5-3-
D-ribofuranosylfuran-3-carboxamide, 2) are two isosters of tiazofurin, a C-glycosylthiazole
nucleoside with potent antineoplastic activity in human tumor systems. While thiophenfurin
was found to be active as an antitumor agent both in vitro and in vivo, furanfurin proved to
be inactive.! The mechanism of action of both tiazofurin and thiophenfurin appears to be
inhibition of inosine monophosphate dehydrogenase (IMPDH), the enzyme which catalyzes
the nicotinamide adenine dinucleotide (NAD)-dependent oxidation of inosine 5'-
monophosphate (IMP) to xanthosine 5'-monophosphate (XMP).23-C The resulting decrease
in GTP and dGTP biosynthesis produces the inhibition of tumor cell proliferation. In
sensitive cells, tiazofurin is metabolized to nicotinamide adenine dinucleotide (NAD) analog
TAD, which is a strong inhibitor of IMPDH.3a.b

It has recently been discovered that IMPDH exists as two isoforms, type I and type 11.43:b
Type 1 is expressed and is the prevalent species in normal cell, while type II isoform is up-
regulated and predominates in neoplastic and replicating cells.>-7 Thus, the selective
inhibition of type II IMPDH may provide improved selectivity against target cells in
anticancer chemotherapy.

In a recent paper, we reported that thiophenfurin was more easily converted to the NAD

analog thiophene-3-carboxamide adenine dinucleotide (TFAD) than tiazofurin in
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myelogenous leukemia K562 cells, whereas furanfurin was converted with difficulty to
furan-3-carboxamide adenine dinucleotide, FFAD. Thus, the inactivity of furanfurin may
be due to its inability to be converted to the dinucleotide in target cells or to the failure of
the dinucleotide to inhibit the enzyme.

In order to check these hypotheses, we synthesized the NAD analogs of thiophenfurin
and furanfurin and examined their inhibitory effects against IMP dehydrogenase type I and
type IL
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The NAD analogs of thiophenfurin (7, TFAD), and furanfurin (8, FFAD) were
synthesized by the imidazole-catalyzed coupling of the corresponding 5'-monophosphates
3 and 4 with AMP, as shown in Scheme 1.

Compounds 3 and 4 were prepared by phosphorylation of the C-nucleosides 1 and 2
with POCI3 in (MeO)3PO, followed by addition of aqueous triethylammonium bicarbonate.
The 5'-monophosphates were purified as triethylammonium salts by chromatography of the
reaction mixture on a silica gel RP-18 column, Triethylammonium salts of 3 and 4 were
converted into free acid by passing a water solution of the salts through a column of Dowex
50x8 (H* form). Activation of nucleotides 3 and 4 with carbonyldiimidazole, and reflction
of the in situ formed imidazolidates 5 and 6 with AMP gave the desired dinucleotides TFAD

and FFAD, which were purified as diammonium salts.

BIOLOGICAL RESULTS

The inhibitory effects of TFAD and FFAD against recombinant human IMP
dehydrogenase type I and type II8 were examined using TAD as reference compound. The
Kj values of these compounds for each isoform of IMPDH were determined as described by
Magasanik et al.9

Among the NAD analogs, TFAD was the most potent inhibitor of both enzymes'
isoforms. TFAD inhibited human type I IMPDH (Kj towards IMP and NAD utilization of
0.37 uM and 0.47 uM, respectively), and type II IMPDH (K; towards IMP and NAD
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SCHEME 1

utilization of 0.43 uM and 0.44 uM, respectively). FFAD proved to be a weak inhibitor of
type I IMPDH (K; towards IMP and NAD utilization of 37.9 uM and 135.1 uM,
respectively), and type II IMPDH (K| towards IMP and NAD utilization of 57.9 uM and
99.1 uM, respectively). TAD was found to be slightly less potent than TFAD against both
types of IMPDH (Kj towards IMP and NAD utilization of 0.91 pM and 0.47 uM,
respectively) and type II IMPDH (K;j towards IMP and NAD utilization of 0.43 uM and
0.44 uM, respectively). These results demonstrate that the inactivity of furanfurin as
antitumor agent is due, not only to its poor ability to be converted to the anabolite FFAD in
target cells,! but also to the low potency of this anabolite as IMPDH inhibitor.

Acknowledgements. Work supported by CNR, Italy, and by the Project Development
Program, Research and Sponsored Programs, Indiana University at Indianapolis, U.S.A.

REFERENCES

1. Franchetti, P.; Cappellacci, L.; Grifantini, M.; Barzi, A.; Nocentini, G.; Yang, H.;
O'Connor, A.; Jayaram, H. N.; Carrell, C.; Goldstein B. M. J. Med. Chem. 1995, 38,
3829.

2. (a)Jayaram, H. N.; Smith, A. L.; Glazer, R. L; Johns, D. G.; Cooney, D. A. Biochem.
Pharmacol. 1982, 31, 3839. (b) Jayaram, H. N.; Ahluwalia, G. S.; Dion, R. L,
Gebeyehu, G.; Marquez, V. E.; Kelley, J. A.; Robins, R. K.; Cooney, D. A.; Johns, D.
G. Biochem. Pharmacol. 1983, 32, 2633. (¢) Jayaram, H. N.; Dion, R. L.; Glazer, R.



15:56 26 January 2011

Downl oaded At:

1418 FRANCHETTI ET AL.

L; Johns, D. G.; Robins, R. K.; Srivastava, P. C.; Cooney, D. A. Biochem. Pharmacol.
1982, 37, 2371.

3. (a) Cooney, D. A.; Jayaram, H. N.; Gebeyehu, G.; Betts, C. R.; Kelley, J. A.; Marquez,
V. E.; Johns, D. G. Biochem. Pharmacol. 1982, 31, 2133, (b) Kuttan, R.; Robins, R.
K.; Saunders, P. P. Biochem. Biophys. Res. Commun. 1982, 107, 862.

4. (a) Natsumeda, Y.; Ohno, S.; Kawasaki, H.; Konno, Y.; Weber, G.; Suzuki, K. J. Biol.
Chem. 1990, 265, 5292. (b) Carr, S. F.; Papp, E.; Wu, J. C.; Natsumeda, Y. J. Biol.
Chem. 1993, 268, 27286.

5. Konno, Y.; Natsumeda, Y.; Nagai, M.; Yamaji, Y.; Ohno, S.; Suzuki, K.; Weber, G. J.
Biol. Chem. 1991, 266, 506.

6. Nagai, M.; Natsumeda, Y.; Konno,Y.; Hoffman, R.; Irino, S.; Weber, G. Cancer Res.
1991, 51, 3886.

7. Nagai, M.; Natsumeda, Y.; Weber, G. Cancer Res. 1992, 52, 258.

8. Hager, P. W.; Collart, F. R.; Huberman, E.; Mitchell, B. S. Biochem. Pharmacol. 1995,
49, 1323.

9. Magasanik, B.; Moyed, H. S.; Gehring, L. B. J. Biol. Chem. 1957, 226, 339.



