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Abstract-Synthesis of novel arylsulfonylimidazolidinones 3 and 4 containing sulfonylurea pharmacophore and
evaluation of their in vitro cytotoxicity against human cell lines were investigated. As a result, a series of 4-
phenyl-1(N)-arylsulfonylimidazolidinones have been found to be the potential anticancer agent.
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The diarylsulfonylureas are well known for their herbicidal activities'’ and hypoglycemic propc:rties2 ) A
series of these compounds have been recently proved to have antineoplastic activity3‘4]. Especially, remarkable
effectiveness of LY186641 (1, sulofenur) and LY295501 (2) has been demonstrated against various solid
tumors” and xenograﬂs3‘5'9) .
they do not exhibit the inhibition of DNA, RNA, or protein synthesis3’5'm). These agents are not the cell cycle
specific and do not show cross resistance in multidrug resistance cell lines*”. Such unique characteristics of

these diarylsulfonylureas led to the introduction of diarylsulfonylureas into the clinical trials' 1. However, the

Although the mechanism of action of these compounds has not been identified,

development of these agents has been seriously hampered due to the unexpected occurrence of anemia,
methemoglobinemia, and the poor effectiveness at the optimum dose without the serious side effects in the
clinical trials'’"'>.  The peculiar mode of action and the drawbacks of the diarylsulfonylureas led us to
investigate the new structural entity. The novel arylsulfonylimidazolidinones 3 and 4 (Figure 1) containing
sulfonylurea pharmacophore of diarylsulfonylurea have been designed, synthesized, and tested against various
human soild tumor, murine leukemia cell lines in vitro, and murine mammary ardrenocarcinoma (MM48) in vivo.
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Figure 1. Design of novel arylsulfonylimidazolidinones

Synthesis-The arylsulfonylimidazolidinones 3 and 4 were synthesized as shown in Scheme 1.
Intermediates 7 were prepared from styrenes § according to Jung and Kohn's procedurel(’). Reaction of 7 with
corresponding arylsulfonyl chlorides in the presence of sodium bicarbonate in acetone-water (1:1) produced 8

and 9 in an approximate ratio of 5:1 m

These regioisomers were separated by flash column chromatography.
Structures of these regioisomers 8 and 9 were assigned based on the variation of chemical shifts of the
imidazoline ring protons compared to those of 78 Sulfonylation on the nitrogen of imidazolines 7 causes larger
down field shift on the imidazoline ring protons at near site of sulfonylated nitrogen. In case of 8, the chemical
shift for the protons at 5-position of the imidazoline ring moves to down field by about 0.3 ppm, but the
chemical shift of the proton at 4-position has almost not been changed compared to the signals for the
corresponding protons of the imidazoline ring of compound 7. In case of the regioisomer 9, larger down field
shift of the chemical shift (about 0.3ppm) for the proton at 4-position has been experienced on the sulfonylation.
Therefore the major products were assigned as 4-phenyl-1-arylsulfonyl-2-methoxyimidazolines 8, while the
minor products as 3-arylsulfonylated regioisomers 9. Removal of O-methyl group of 8 and 9 in the final step

was quantitatively accomplished by treatment with anhydrous hydrochloride in ether.

Structure Activity Relationship - Cytotoxicity of 3 and 4 were measured against human lung cairgc)inoma
A549 and human melanoma SK-MEL-2 cell lines in vitro using sulforhodamine B (SRB) assay . The
cytotoxicity of these compounds are shown as ICso value in Table 1 and 2. As shown in Table 1, most of
compounds 3 exhibit the potent cytotoxicity against both A549 and SK-Mel-2 cell lines. Especially compounds
3b, 3¢, and 3d possess the remarkable activity against both cell lines. These ICs, values indicate that these
compounds are 10 to 1000 times more potent than LY 186641 (1). Compound 3d exhibits very strong activity
against human ovarian (SK-OV-3, IC50 = 0.08 pM/mL), brain (XF498, ICs50 = 1.08 pM/mL ), and colon
(HCT-15, IC50 = 0.13 uM/mL ) cancer cell lines. This compound even shows very powerful activity against
murine leukemia (L1210, ICso = 0.0058 uM/mL; P388, ICs¢ = 0.0029 puM/mL) cell lines unlike LY 186641
(1)3)4 Such IC5¢ values certainly indicate that spectrum of these imidazolones 3 is very broad. The most potent
compound 3d was evaluated for antitumor activity in mice (C3H/He) bearing murine mammary adrenocarcinoma
(MM48)20)4 Compound 3d showed 80-90% suppression of tumor growth at the dose of 300mg/kg/day.
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Scheme 1. Synthesis of Novel Arylsulfonylimidazolidinones
(Substituents R, and R, for compounds 8, 9, 3, and 4 are found in Table 1).

Comparison of the cytotoxicity of 3b, 3e, and 3j indicate that a phenyl group at 4-position of the
imidazolone ring is much better for the activity than the para substituted phenyl group. This trend can be also
found in the series of 3c, 3f and 3k or 3d, 3g, 3h, and 31. This fact might reflect that the bulky substituents on
the phenyl ring at the 4-position of 3 reduce the activity. Compounds 3d, 3g, 3h, and 31, which bore 5-
indanesulfonyl group at the 1-position, show more potent activity than the corresponding compounds containing
other benzenesulfonyl groups. A series of 3-arylsulfonyl analogues 4 show dramatically reduced activity
compared to the corresponding 3 as shown in Table 2. Therefore, the more effective regioisomer is the 1-
arylsulfonyl-4-phenylimidazolidinones 3.

Fixation of urea moiety into the five member ring in 3 led to two aryl groups farther away each other
unlike in 4. Conformation of 3 certainly resembles the linear conformer of the diarylsulfonylurea. This might

indicate that the more effective conformer of diarylsulfonylureas 1 and 2 for their activity is linear one?",
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Table 1. Cytotoxicity of 1-Arylsulfonylimidazolidinones 3°%’

Compd.  Substituent molecular IC502
No.3 formular A549 SK-MEL-2
Rl R uM uM
a H H C15H14N2038 144.54 11639
b H Me C16H]6N203S 12.45 2.53
c H C1sH)3N2Cl038 9.47 1.43
d H indane® CygH1gN203S 0.91 0.002
e Br Me C16H15N2BrO38 >253.00 >253.00
f Br Cl C15H12N2BIrClO3S 160.53 111.31
g Br indane® CjgH{7NBrO3S 33.92 32.61
h Cl indaned CjgH;7N,ClO3S 86.34 64.32
i Me H C16H16N203S >316.08 >316.08
i Me Me C17H18N2038 >302.66 >302.66
k Me Cl C16H15N2ClO3S 158.26 123.48
| Me indane® CjgHyoN203S 99.23 72.50
LY186641 (1) C16H15N2CI03S 11.34 12.91

ACs values are the mean value of three times measurement. bindane is represented for
5-indanyl group connected to sulfonyl function as a substituted phenyl.

Table 2. Cytotoxicity of 3-Arylsulfonylimidazolidinones e

Compd.  Substituent molecular IC502
No. 4 formular AS549 SK-MEL-2
Ri R uM uM
b H Me C16H16N2038 >316.09 >316.09
d H indane® CygH;gN203S 58.50 38.99
e Br Me C16H15N2BrO3S 67.04 79.97
f Br Cl C15H12N,BrClO3S 83.96 106.23
g  Br indane® C;gHj7N,BrO3S >237.35 119.17
h  Cl indane® CjgH;7N,ClO3S >265.35 161.12
i Me H C16H16N203S 156.78 143.85
j Me Me C17H18N203S >302.66 234.44
k Me CI C16H15N2ClO3S 265.64 255.40
1 Me indaned’ CjgHyoN203S 90.34 88.63
LY186641 (1) C16H15N2CI03S 11.34 12.91

3IC5( values are the mean value of three times measurement. bIndane is represented for
S-indanyl group connected to sulfonyl function as a substituted phenyl.
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These novel 1-arylsulfonyl-4-phenylimidazolidinones could be the potential lead compounds for the
development of anticancer agent containing sulfonylurea pharmacophore.

Acknowledgment: This work was supported by the grant from the Research Center of the New Drug
Development of Seoul National University. We thank Dr. M. Saito at Chugai Pharmaceutical Co., Ltd. in
Japan for measuring of preliminary antitumor acivity.

References and Notes:

1. Grindey, G. B. Cancer Cells, 1990, 2, 163-171.

2. Davis, S. N.; Granner, D. K. "The Pharmacological Basis of Therapeutics, 9th edition" edited by Hardman,
J. G.; Limbird, L. E.; Molinoff, P. B.; Ruddon, R. W_; Gilman, A. G., McGraw-Hill, New York, 1996,
pp1507-1510.

3. Howbert, J. J.: Grossman, C. S.; Crowell, T. A, Rieder, B. J.; Harper, R. W_; Kramer, K. E; Tao, E. V;
Aikens, J.; Poore, G. A,; Rinzel, S. M.; Grindey, G. B.; Shaw, W. N.; Todd, G. C. J. Med. Chem. 1990, 33,
2393-2407.

. Mohamadi, F.; Spees, M. M,; Grindey, G. B. J. Med. Chem. 1992, 35, 3012-3015.

. Howbert, J. J. Drug of Future, 1991, 16, 517-520.

6. Houghton, P. J.; Houghton, J. A.; Meyers, L.; Cheshire, P.; Howbert, J. J.; Grindey, G. B. Cancer

Chemother. Pharmacol. 1989, 25, 84-88.

7. Houghton, P. J.; Bailey, F. C.; Germain, G. S.; Grindey, G. B.; Witt, B. C.; Houghton, J. A. Cancer Res.
1990, 50, 318-322.

. Houghton, P. J.; Bailey, F. C.; Houghton, J. A.; Murti, K. G.; Howbert, J. J.; Grindey, G. B. Cancer Res.
1990, 50, 664-668.

9. Houghton, P. J.; Bailey, F. C.; Germain, G. S.; Grindey, G. B.; Howbert, J. J.; Houghton, J. A. Biochem.

Pharmacol. 1990, 39, 1187-1192.

10. Boder, G. B.; Beasley, F. W.; Grindey, G. B. Proc. Amer. Assoc. Cancer Res. 1989, 30, abstr. 2203.

11. Munshi, N. C;; Seitz, D. E.; Fossella, F; Lippman, S. M.; Einhom, L. H. Proc. Amer. Assoc. Cancer Res.
1991, 32, 189.

12. Hainworth, J. D; Hande, K. R ; Satterlee, W. G.; Kuttesch, J.; Johnson, D. H.; Grindey, G. B.; Jackson, L.
E.; Greco, F. A. Cancer Res. 1989, 49, 5217-5220.

13. Talbot, D. C.; Smith, I. E.; Nicolson, M. C.; Powles, T. J.; Button, D.; Walling, J. Cancer Chemother.
Pharmacol. 1993, 31, 419-422.

14. Taylor, C. W; Albert, D. S.; Peng, Y. M.; McCloskey, T. M; Metzner, M.; Roe, D. J; Plezia, P. M,
Grindey, G. B. J. National Cancer Inst. 1992, 84, 1798-1802.

15. Kamthan, A ; Scarffe, J. H.; Walling, J ; Hatty, S.; Peters, B.; Coleman, R.; Smyth, J. F.; Anti-Cancer Drugs
1992, 3, 331-335.

16. Jung, S. H.; Kohn, H. J. Amer. Chem. Soc. 1985, 107, 2931-2943.

The treatment of styrene or styrenes substituted at para position with one equivalent of N-bromosuccinimide

(7 N

-

and two equivalent of cyanamide in dichloromethane at room temperature gave the corresponding 2-bromo-
1-phenylethyl cyanamides 6 (6a 64%; 6b 69%; 6¢ 70%; 6d 76% isolated yield after flash column
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chromatography). The cyanamides 6 were then reacted with methanol containing 5% hydrochloride at 35-40
OC for 6-8 hours and the resulting reaction mixture was stirred with three equivalent of sodium carbonate at
room temperature overnight. After the insoluble material was filtered off, the solvent was evaporated under
vacuum. The residue was stirred in dichloromethane and the insoluble material was removed by the filtration.
The filtrate was concentrated under vacuum and the residue was recrystallized from ethyl acetate to give
white solid 7 (7a 74%; 7b 73%, 7¢ 60%; 7d 71%).
Yield and ratio for the formation of compounds 8 and 9 were calculated after flash column chromatographic
separation: compounds number, % yield combined for 8 and 9 (ratio of 8 and 9) - 8a+9a 79 (78:22), 8b+9b
78 (85:15); 8c+9¢ 73 (85:15); 8d+9d 77 ( 88:12); 8e+9e 67 (74: 26); 8£+9f 57 (86:14); 8g+9g 78 (72:28);
8h-+9h 69 (80:20); 8i+9i 60 (82:18); 8j+9j 55 (83:17); 8k+9k 66 (82:18); 8H+91 71 (85:15).
The variation of the chemical shifts for the protons at 4,5-position of imidazoline ring of 7a on the
sulfonylation provides the basis for the structural assignment of the series of regioisomers 8 and 9. The
following chemical shifts for the illustration are only listed for 7a and the products 8a and 9a from the
sulfonylation of 7a with benzenesulfonyl chloride measured by the JEOL JNM-EX 90 FT-NMR
spectrometer(89.45MHz) from the resonance of tetramethylsilane. NMR for 7a (CDCl;) § 3.45 (dd, /= 7.9,
10.8Hz, 1H), 3.90(s, 3H), 4.01 (dd, J = 9.2, 10.8Hz, 1H), 4.93 (dd, /= 7.9, 9.2Hz, 1H), 7.31(m, SH);
NMR for 8a (CDCl;) & 3.72 (dd, J=7.3, 9.5Hz, 1H), 3.96 (s, 3H), 4.33 (dd, J= 9.2, 9.5Hz, 1H), 4.91
(dd, J = 7.3, 9.2Hz, 1H), 7.20-7.70 (m, 10H); NMR for 9a (CDCh) & 3.57 (dd, J = 5.3, 13.4Hz, 1H),
3.94 (s, 3H), 4.11 (dd, /= 9.9, 13.4Hz, 1H), 5.37 (dd, J=5.3, 9.9Hz, 1H), 7.20-7.70 (m, 10H).
a)Skehan, P.; Storeng, R.; Scudiero, D. A.; Monks, A.; McMahon, J.; Vistica, D. T.; Warren, J. T ;
Bokesch, H.; Kenny, F.; Boyd, M. R. J. Natl. Cancer Inst. 1990, 82, 1107-1112. b) Rubinstein, L. V ;
Shoemaker, R. H.; Paull, K. D.; Simon, R. M.; Toshini, S.; Skehan, P.; Scudiero, D. A.; Monks, A.; Boyd,
M. R. J. Natl. Cancer Inst. 1990, 82, 1113-1118.
Mammary adrenocarcinoma (MM48) cells were implanted intradermally (i. d.) into the right inguinal flank of
mice. The compounds 3d and 1 suspended in 0.5% carboxymethylcellulose (CMC) were administered
perorally (p. 0.) to the mice on 1, 2, 3, 4, and 5 days after implantation. Tumor size [(length x width)"? mm]
was measured day 4, 7, 11, 14, and 18. LY 186641 (1) was administered at the dose 300mg/kg/day that
was most effective dose in the previous report3) and showed 80-90% suppression at this dose.
The linear conformation of sulfonylurea herbicides has been predicted as the most stable and effective one in
water™).

All new copmpounds gave analytical and spectroscopical results consistent with the assigned strucutre.
Kang, Y. K.; Kim, D. W. Bull. Korean Chem. Soc. 1990, 11, 144-149,
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