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The search for less toxic and more effective anticancer
agents has involved a detailed mechanistic investigation of
the cell cycle and possible critica enzymes as rationa
targets. Recently, the observation that Cdc25A and Cdc25B
as important cell cycle regulators are proto-oncogenes' and
are overexpressed in many cancer cells’ has made them as
attractive drug targets. Among the Cdc25 inhibitors,® several
quinoid compounds,* including Compound 5 (Cpd 5, or 2-
(2-mercaptoethanol)-3-methyl-1,4-naphthoquinone),  was
found to be a selective and partia-competitive inhibitor of
Cdc25, and was markedly less active against PTP1B, VHR
and MKP-1.%> More recently, computer docking studies of
Cpd 5 to Cdc25A showed that the sulfur atom of Cpd 5 is
close to the cysteine of the enzyme active site in the best
conformation.®
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The redox properties of the naphthoquinones can also
generate toxic oxygen species,” which may cause toxicity to
normal tissues and thus reduce their therapeutic attractive-
ness? In present study, Cpd 5 analogs with the sulfone as an
isostatic group of one of the carbonyl group were
synthesized as illugtrated in Scheme 1. Acylation of the
addition product of thiophenol and methyl crotonate in
polyphosphoric acid (PPA) yielded 2. After oxidation of 2
with H,O; in acetic acid at 100 °C, the resulting 3 was
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Scheme 1. Reagents: () i. piperdine, ii. PPT, 90%; (b) 30% H.O,, acetic acid, 100 °C, 84%; (C) i. Bra, CH.Cl,, ii. triethylamine, #

mercaptoethanol, 76%; (d) Br,, CH.Cl,, 95%; (e) triethylamine, CH.Cl>,

93%; (f) f-mercaptoethanol, THF, 92%.
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Table 1. Inhibition of Cdc25A and cell cytotoxicity of Hep3B by
sulfone ana ogues of naphthoquinone

[Cso (UM)
Compounds
Cdc25A Hep3B
Cpd 5 (1) 50+0.4 5.6
3 121+09 ~10
4 72+06 ~10
5 > 20 >10
7 > 20 >10
6 21+02 25
8 > 20 >10
- 1 4 8 7 6
B8 - = .| < p-ERK
-— ERK

Figure 1. Effects of Cpd 5 and sulfone analogs on ERK
phosphorylation. Cells were treated with these compounds at 10
UM for 24 h. The cells were lysed and whole cell proteins (40 ug/
lane) were resolved by 10% SDS-PAGE. Western blotting was
performed with anti-phospho-ERK.

converted to 4 by bromination, followed by addition of £
mercaptoethanol  in the presence of trimethylamine.
Compound 8 was also prepared from the readily available 5°
by the same procedure of syntheses of compound 4.

These compounds were then tested for their inhibitory
activity againgt Cdc25A and in vitro anti-proliferative activity.
Although Cpd 5 is known to inhibit the dephosphorylation
of O-methyl fluorescein phosphate (OMFP) with an 1Csp of
0.8 1M ,*° ICsp value for the GST-fusion Cdc25A using the
substrate  p-nitrophenylphosphate (p-NPP) was 5 uM.
Because the choice of substrate can affect the kinetics of
enzyme inhibitions, as can the domains of the eynzyme
used,® 1Cs values of the newly synthesized compounds
were compared with that of Cpd 5 in the same assay
condition. As shown in Table 1, the sulfone analog of Cpd 5
(4) exhibited Cdc25A inhibition with reasonable activity
(ICso = 7.5 uM), while its regioisomer 8 did not inhibit
Cdc25 up to 20 uM. Consistent with enzyme inhibition, 4
showed inhibitory activity of Hep3B cell growth.

We aso observed among analogs, the unexpected result
that compound 6 had strong inhibition activity against
Cdc25A. Since compound 6 can undergo to 7 under mild
basic conditions, we tested the possible intermediate 7
againgt Cdc25A activity. However, the result showed no
inhibition, indicating that 6 was the inhibitor of the enzyme.
Compound 6 also showed stronger antitumor activity in
Hep3B cellsthan Cpd 5.

It has been reported that Cdc25A regulates endogenous
ERK phosphorylation status in cells, providing a method to
quickly and quantitatively probe for Cdc25A inhibition in
intact cells and also an index to determine the degree of
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growth inhibition.** We measured the amount of phospho-
ERK (p-ERK) on Western blots of lysates from treated cells,
using phospho-ERK antibody. As shown in Figure 1,
phospho-ERK was strongly induced after treatment with
compound 6 on Hep3B cells.

We here describe a new type of non-quinone Cdc25
inhibitors. Compound 6 acts with lower 1Cso values for
inhibition of both Cdc25A enzyme and Hep3B cell growth.
Currently, we are investigating the detail mechanisms of
inhibitory actions with potent 6 against Cdc25 and tumor
cells, as well as investing its selectivity against other
phosphatases.

References and Notes

1. () Galaktionov, K.; Lee, A. K.; Eckstein, J.; Dregtta, G; Meckler,
J; Loda, M.; Beach, D. Science 1995, 269, 1575. (b) Galaktionov,
K.; Chen, X.; Beach, D. Nature 1996, 382, 511.

2. (a) Kudo, Y.; Yasui, W.; Ue, T.; Yamamoto, S.; Yokozaki, H.;
Nikai, H.; Tahara, E. Jpn. J. Cancer Res. 1997, 88, 9947. (b) Wu,
W. G; Fan, Y. H.; Kemp, B. L.; Walsh, G; Mao, L. Cancer Res.
1998, 58, 4082. (c) Cangi, M. G; Cukor, B.; Soung, P; Signoretti,
S.; Moreira, G, Jr.; Ranashinge, M.; Cady, B.; Pagano, M.; Loda,
M. J. Clin. Invest. 2000, 106, 753. (d) Broggini, M.; Buraggi, G;
Brenna, A.; Riva, L.; Codegoni, A. M.; Torri, V.; Lissoni, A. A.;
Mangioni, C.; DIncalci, M. Anticancer Res. 2000, 20, 4835. (€)
Herndndez, S.; Bessa, X.; Hernandez, L.; Nadd, A.; Malofré, C.;
Muntane, J.; Castells, A.; Fernandez, P. L.; Cardesa, A.; Campo,
E. Lab. Invest. 2001, 81, 465. (f) Nishioka, K.; Doki, Y.; Shiozaki,
H.; Yamamoto, H.; Tamura, S.; Yasuda, T.; Fujiwara, Y.; Yano,
M.; Miyata, H.; Kishi, K.; Nakagawa, H.; Shamma, A.; Monden,
M. Br. J. Cancer 2001, 85, 412. (g) Ito, Y.; Yoshida, H.; Nakano,
K.; Kobayashi, K.; Yokozawa, T.; Hira, K.; Matsuzuka, F;
Matsuura, N.; Kakudo, K.; Kuma, K.; Miyauchi, A. Br. J. Cancer.
2002, 86, 1909. (h) Ngan, E. S.; Hashimoto, Y.; Ma, Z. Q.; Tsai,
M. J; Tsa, S. Y. Oncogene 2003, 22, 734.

3. (a) Eckgtein, J. W. Invest. New Drugs 2000, 18, 149. (b) Pesttell,
K. E.; Ducruet, A. P; Wipf, P; Lazo, J. S. Oncogene 2002, 19,
6607. (c) Lyon, M. A.; Ducruet, A. P; Wipf, P; Lazo, J. S. Nat.
Rev. Drug Discov. 2002, 1, 961.

4. (a) Nishikawa, Y.; Carr, B. |.; Wang, M.; Kar, S,; Finn, F.; Dowd,
P; Zheng, Z. B.; Kerns, J.; Naganathan, S. J. Biol. Chem. 1995,
270, 28304. (b) Ham, S. W.; Park, H. J.; Lim, D. H. Bioorg. Chem.
1997, 25, 33. (¢) Ham, S. W.; Park, J.; Lee, S. J; Kim, W.; Kang,
K.; Chai, K. H. Bioorg. Med. Chem. Lett. 1998, 8, 2507. (d) Lazo,
J. S.; Adan, D. C,; Southwick, E. C.; Cooley, K. A.; Ducruet, A.
P; Joo, B.; Vogt, A.; Wipf, P. J. Med. Chem. 2001, 44, 4042. ()
Lazo, J. S.; Nemoto, K.; Pestell, K. E.; Cooley, K.; Southwick, E.
C.; Mitchdll, D. A.; Furey, W.; Gussio, R.; Zaharevitz, D. W.; Joo,
B.; Wipf, P Mol. Pharmacol. 2002, 61, 720. (f) Sohn, J.; Kiburz,
B.; Li, Z.; Deng, L.; S&fi, A.; Pirrung, M. C.; Rudolph, J. J. Med.
Chem. 2003, 46, 2580.

5. Tamura, K.; Southwick, E. C.; Kerns, J;; Ros, K.; Carr, B. |;
Wilcox, C.; Lazo, J. S. Cancer Res. 2000, 60, 1317.

6. Markovits, J;; Wang, Z.; Carr, B. I.; Sun, T. P; Mintz, P; Le Bret,
M.; Wu, C. W.; Wu, F. Y. Life Sci. 2003, 72, 2769.

7. Biochemistry of Quinones, Morton, R. A., Ed.; Academic Press:
New York, 1965.

8. Wardman, P. Curr. Med. Chem. 2001, 8, 739.

9. Potonay, T.; Adam, W.; Levai, A.; Koever, P; Nemeth, M.; Peters,
E.-M.; Peters, K. J. Org. Chem. 2001, 66, 2275.

10. Tamura, K.; Southwick, E. C.; Kerns, J.; Ros, K.; Carr, B. |
Wilcox, C.; Lazo, J. S. Cancer Res. 2000, 60, 1317.

11. Vogt, A.; Adachi, T.; Ducruet, A. P; Chesebrough, J.; Nemoto, K .;
Carr, B. |.; Lazo, J. S. J. Biol. Chem. 2001, 276, 20544.



