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Abstract: Cytotoxic activity of newly synthesized trifluoromethyl ketones and related compounds was studied using
two human oral tumor cell lines (HSG and HSC-2). Among them, o-trifluoromethylacyloins (1 and 2) were found
to induce apoptotic cell death, as judged by the terminal deoxynucleotidyl transferase (TdT) dUTP nick end-
labeling (TUNEL) method which detects DNA nick or fragments. Furthermore, the cytoplasm of 1 or 2 treated
HSG cells was stained by M30 monoclonal antibody, which detects the product resulting from the cleavage of
cytokeratin 18 by activated caspase. © 1999 Elsevier Science Ltd. All rights reserved.

Apoptosis, or programmed cell death, is a selective process of physiological cell deletion.! Failure of cells
to undergo appropriate apoptotic cell death is involved in a variety of human diseases including autoimmune
disease, viral infections, and cancer.”? Thus, developing and identifying pharmaceutical agents that can
selectively modulate apoptotic pathways may provide an effective tactic for the treatment and the prevention of
many deseases. Therefore, there is a great deal of interest in cytotoxic agents that induce apoptotic cell death.’

Recently, certain cysteine proteases were discovered as key elements in apoptosis.* Biological changes
include the limited proteolysis of cellular proteins by the caspase family of cysteine proteases which leads the
activation of DNase by specific degradation of its inhibitor by caspase-3.°

Polarized carbonyls, such as trifluoromethyl ketones (TFMKs), are putative isosteric analogs of tetrahedral
intermediates formed during the hydrolysis of esters and amides.® Since these tetrahedral intermediates are
thought to be similar to the transition state along the reaction coordinate, TFMKs are strong inhibitors of
hydrolytic enzymes such as serine esterases, juvenile hormone esterase, or mammalian carboxylesterases.® In
this paper, we examined the cytotoxicity of newly synthesized TFMKs and related compounds against two human

oral tumor cell lines, such as human squamous cell carcinoma HSC-2 cells and salivary gland tumor HSG cells.

The most cytotoxic a-trifluoromethyled acyloins (TFACs) (1 and 2) were found to induce apoptotic cell death.
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Table Cytotoxic activity of trifluoromethyl ketones and related compounds

Compd Structure Cytotoxic activity (CCsq: pM)
HSC-2 HSG HGF
1 o R=Ph 36 240 1300
2 R=Bn 22 110 310
3 R‘g‘f“cﬁ* R=C¢H, 9 220 790
4 OH R=PhCONH(CH,); 31 400 420
o}
5 Ph—QCHz(I‘,HCFa 240 1500 1700
OH
[
6 CHoC~GHPh 1700 2900 3200
OH
00
7 Ph—g—HCFa 79 390 510
g ﬁ 9 R=Ph 150 420 1400
R=CH 2500 3200 >3200
10 CRCCHCR  p_gciy, 1300 1800 >2900
1" R-CHCF, R=Ph 1100 2100 2200
12 I R=Bn 460 1300 1700
OH
13 o R=Ph >2900 2700 >2900
14 p L, R=Bn 1400 1600 2200
15 R=2-Thienyl 1900 2700 >2800
16 R=2-Pyrrolyl 870 1800 2100
17 R=2-Benzoxazolyl 580 1700 2200
18 R=3-Indolyl 94 1300 2000
CHa N
19 I M—CH,COCF, <68 150 77
CHy” O
20 @ 620 1600 2100
7
N”  CH,COCF,
21 N X=0 43 79 630
22 ©: D—CH,COCF, X=S 150 390 430
23 X X=NH 53 340 200
24 COCF;  R=Ph 230 270 620
3 [ R=Allyl 110 240 140
26 N R=Fluorenyl-9-yl 140 180 230
CO,R

Doxorubicin*HCI 4.1 - -
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To our knowlédge, the present study is the first demonstration of the apoptosis induction by TFAC compounds.

Synthesis. TFACs (1-3) were synthesized by the reaction of the corresponding o-hydroxy acids with

trifluoroacetic anhydride (TFAA).” TFAC (4) was prepared by treatment of N-benzoylproline with TFAA.®
Compounds § and 6 were obtained by the catalytic reduction of the corresponding diketones. Compounds 11
and 12 were synthesized by the reduction of the corresponding ketones with NaBH, in MeOH. Compound 17
was obtained by the trifluoroacetylation of 2-lithiobenzoxazole, generated by lithiation of benzoxazole with LDA,
with ethyl trifluoroacetate. Compounds (19-23) were synthesized by treatment of the corresponding methyl-
substituted azines with TFAA in the presence of pyridine.” Compounds (24-26) were prepared by the reaction
of N-alkoxycarbonylprolines with TFAA.'® Other TFMKSs (7-10, 13-16, and 18) are commercially available.

Cytotoxic activity in vitro. The cytotoxic activity of 26 TFMKSs and related compounds against two human
oral tumor cell lines (HSC-2 and HSG) was quantified by MTT method (after incubation at 37 < for 24 h with
the test compounds in DMEM medium supplemented with 10% FBS in a humidified 5% CO, atmosphere)."'
The 50% cytotoxic concentration (CC,,) was determined from the dose-response curve (Table). Among them, 1
and 2 were the most active in both cell lines and their cytotoxities were slightly lower than that of doxorubicin.
All compounds showed the selective cytotoxicity against human oral tumor cell lines (HSC-2 and HSG), as
compared with human gingival fibroblasts (HGF)'*> between fifth and seventh passages of healthy gingival

biopsies and were more cytotoxic to HSC-2 cells than HSG cells.

Induction of apoptosis by TFACs (1 and 2). When HSG cells were incubated for 6 h with 1 or 2, the
nuclei of the cells were strongly stained with TUNEL reagent (Figure 1), indicating the production of DNA nicks
or fragments."?

Apoptosis requires specialized machinary, the central component of which is a proteolytic system involving a
family of proteases, called caspases.'* These enzymes participate in a cascade that is triggered by pro-apoptotic
signals and cleave a set of proteins and finally disassemble the cells. Since intercalated and striated duct luminal
cells in human salivary glands express cytokeratin (CK 7, 8, 18, and 19),'’ it was of great interest to investigate
whether TFACs (1 and 2) can activate caspase(s) so as to cleave the substrate cytokeratin(s).'® For this
purpose, M30 monoclonal antibody (mouse 1gG,,, Boehringer Mannheim) was used to detect the fragmented
cytokeratin 18.  M30 monoclonal antibody reacted with the cytoplasm of HSG cells for 6h after treatment with 1
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or 2, but not with that of control cells (Figure 2).'® These data, taken together, demonstrate that TFAC induces

apoptosis of HSG cells.  Activation of a specific proteolytic cascade is essential in most cell types to proceed the

apoptotic cell death induced by pharmacological agents.

Figure 1. Induction of apoptosis in HSG cells by TFACs (1 and 2). HSG cells were
treated for 6 h with none (A), 1 (0.12 mM)(B), or 2 (0.23 mM)(C). The cells were fixed with 10%
neutralized buffered formation and stained by TUNEL method.

Figure 2. Activation of caspase by TFACs (1 and 2) in HSG cells. HSG cells were
treated for 6 h with none (A), 1 (0.12 mM)(B), or 2 (0.23 mM)(C). The cells were fixed with a
mixture of 95% ethanol and 5% acetic acid, and then stained by immunocytochemical methods using
M30 monoclonal antibody.
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Discussion. We screened our in-house library of compounds to obtain possible lead structures bearing a
trifluoromethyl group. The compound exhibiting the highest cytotoxity was TFACs (1-4). A series of

structurally related compounds were tested, to further define the importance of TFAC moiety. TFMK
compounds tested were classified into four groups: (A) oi-hydroxy ketones (acyloins) (1-4), (B) a- (7) and B-
diketone (8), (C) aicohols (11 and 12), and (D) aromatic and heteroaromatic ketones (13-26). The potency of

cytotoxic activity was in the order of A> B > C > D. Non-fluorinated a-hydroxy ketone (6) and B-hydroxy
ketone (5) significantly diminished the cytotoxic activity, whereas o-diketone (7) exhibited cytotoxicity

comparable to those of TFACs. These data suggest the importance of o-hydroxy ketone moiety for cytotoxicity

induction. Among the D group, the heteroaromatic ketones were generally more cytotoxic than aromatic ketones
and oxazole derivatives (19 and 2 1) demonstrated significant cytotoxic activity.

Apoptosis was evident in cell cultured with 1 or 2 more frequently than in control cells, determined using
TUNEL method (Fig. 1). Furthermore, M30 monoclonal antibody detected the product resulting from the

cleavage of cytokeratin 18 by activated caspase (Fig. 2).

Conclusion. The present study demonstrated that newly synthesized TFACs (1 and 2) induce apoptosis of
human cancer cells. This is the first demonstration that TFMKs induce apoptosis of human cancer cells in vitro.
Induction of apoptosis by TFACs is mediated by the activation of caspase pathway. The results suggest that
TFACs (1 and 2) may be attractive lead compounds for further development as a chemotherapeutic agent for
cancer. Further investigations of the structure and activity relationship and the mechanism of apoptosis

induction are under way.

References and Notes

1. Kerm, J. E. R;; Winterford, C. M.; Harmon, B. V. Cancer 1994, 73, 2013.

2. Thompson, C. B. Science 1998, 267, 1456; Brown, J. M.; Wouters, B. G. Cancer Res. 1999, 59, 1391.

3. Zhu, J-W_; Hori, H.; Nojiri, H.; Tsukuda, T.; Taira, Z. Bioorg. Med. Chem. Lett. 1997, 7, 139; Roboz,
J.; Jiang, J.; Holland, J. F.; Bekesi, J. G. Cancer Res. 1997, 57, 4795; Miyamoto, D.; Endo, N.; Oku,
N.; Arima, Y.; Suzuki, T.; Suzuki, Y. Biol. Pharm. Bull. 1998, 21, 1258; Yu, R_; Mandlekar, S.;
Harvey, K. J.; Ucker, D. S.; Tony Kong, A-N. Cancer Res. 1998, 58, 402; Petak, L.; Mihalik, R.; Bauer,



3118

10.
11.

12.

13.
14.
15.
16.

M. Kawase et al. / Bioorg. Med. Chem. Lett. 9 (1999) 3113-3118

P. L; Suli-Vargha, H.; Sebestyen, A.; Kopper, L. Cancer Res. 1998, 58, 614; Jiang J-D.; Davis, A. S_;
Middleton, K.; Ling, Y-H.; Perez-Soler, R.; Holland, J. F.; Bekesi, J. G. Cancer Res. 1998, 58, 5389;
Sakaguchi, N.; Inoue, M.; Isuzugawa, K.; Ogihara, Y.; Hosaka, K. Biol. Pharm. Bull. 1999, 22, 471.
Zhivotovsky, B.; Burgess, D. H.; Vanags, D. M.; Orrenius, S. Biochem. Biophys. Res. Commun. 1997,
230, 481; Zhivotovsky, B.; Burgess, D. H.; Vanags, D. M,; Orrenius, S. Biochem. Biophys. Res.
Commun. 1997, 230, 481.

Enari, M.; Sakahira, H.; Yokoyama, H.; Okawa, K.; Iwamatsu, A.; Nagata, S. Nature 1998, 391, 43.
Begue, J. P.; Bonnet-Delpon, D. Tetrahedron 1991, 47, 3207; Walter, M. W.; Adlington, R. M.;
Baldwin, J. E.; Schofield, C. J. J. Org. Chem. 1998, 63, 5179; Abouabdellah, A.; Begue, J-P.;
Bonnet-Delpon, D.; Kornilov, A.; Rodrigues, L; Richard, C. J. Org. Chem. 1998, 63, 6529;

Boger, D. L.; Sato, H.; Lemer, A. E.; Austin, B. J.; Patterson, J. E.; Patricelli, M. P.; Cravatt, B. F.
Bioorg. Med. Chem. Lett. 1999, 9, 265.

Kawase, M.; Kurihara, T. Tetrahedron Lers. 1994, 35, 8209.

Kawase, M. Tetrahedron Lett. 1994, 35, 149.

Kawase, M.; Teshima, M.; Saito, S.; Tani, S. Heterocycles 1998, 48, 2103.

Kawase, M.; Hirabayashi, M.; Koiwai,vH.; Yamamoto, K.; Miyamae, H. Chem. Commun. 1998, 641.
Satoh, K.; Ida, Y.; Ishihara, M.; Sakagami, H. Anticancer Res. 1999, in press; Pauwels, R.; Balzarini, J.;
Baba, M.; Snoeck, R.; Schols, D.; Herdewijin, P.; Desmyter, J.; De Clercq, E. J. Virol. Methods 1988,
20, 309.

Fujisawa, S.; Kashiwagi, Y.; Atsumi, T.; Iwakura, I; Ueha, T.; Hibino, Y.; Yokoe, L. J. Dent. 1999, 27,
291.

Gavrieli, Y.; Sherman, Y.; Ben-Sasson, S. A. J. Cell. Biol. 1992, 119, 493-501.

Thomberry, N. A.; Lazebnik, Y. Science 1998, 281, 1312.

Berkovitz, B. K. B.; Barrett, A. W. Bull. Group Int. Rech. Sci. Stom. Odontol 1998, 40, 4.

Caulin, C.; Salvesen, G. S.; Oshima, R. G. J. Cell. Biol. 1997, 138, 1379; Leers, M. P. G.; Kolgen, W.;
Bjorklund, V.; Bergman, T.; Tribbick, G.; Persson, B.; Bjorklund, P.; Ramaekers, F. C. S.; Bjorklund,
B.; Nap. M,; Jornval, H.; Schutte, B. J. Pathology 1999, 187, 567.



