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Abstract: Molecule that contains (Z)-7-sulfonyl-3-hexen-1,5-diyne functionalities undergoes base-catalyzed isomerization to (Z)-
eneyne-allene-sulfone and subsequent Myers cyclization to form aromatic products, presumably via a biradical intermediate. In the
presence of a nucleophile, (Z)-eneyne-allene-sulfone served as a good Michael acceplor.

Among the recent studies on the enediyne antitamor antibiotics! related to neocarzinostatin,2 esperamicin,3
calichemicin,? dynemicin,5 and most recent kedarcidin,b molecules that contain the (Z)-allene-ene-yne functional
group have been shown to undergo mild thermal reaction to form aromatic products? and exist DNA-cleaving
properties.8 Here, we demonstrate that a simple molecule that contains (Z)-7-sulfonyl-3-hexen-1,5-diyne
substructure undergoes Myers cyclization reaction to form biradical under alkaline conditions.

The rationale design of this new class of compounds is based on the base-isomerization of propargyl
sulfones to allenyl sulfones.? Thus, compound I would be converted to atlene-ene-yne II under an alkaline
condition. Structure IT was then expected to undergo either Myers cyclization reaction to form biradical III or
nucleophilic attack fron DNA to form IV and cause the cleavage of DNA as shown in scheme L.
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#Mechanistic rationale for ene-diyne-sulfones.
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The synthesis of the representative compound 5 is outlined in scheme II. The synthesis of the key
intermediate (Z)-enediyne 3 is readily achieved from commercial available (Z)-1,2-dichloroethylene 1 following
the precedent of Myers.”¢ Thus, reaction of propargyl alcohol (1 equiv) with (Z)-1,2-dichloroethylene (5 equiv),
bis(triphenylphosphine) paltadium (II) chloride (0.05 equiv) and cuprous iodide (0.15 equiv) in ethyl ether
containing n-butylamine (5 equiv) at 30 ©C for 6 h afforded, after isolation with flash column chromatography,
the (Z)-vinyl chloride 2 in 65 % yield.’¢ Subsequent coupling of 2 with protected propargyl alcohol (1.5 equiv)
using tetrakis(triphenylphosphine)palladium (0) (0.05 equiv) as the catalyst under the same condition gave the
(Z)-enediyne 3 in 50 % yield. Compound 3 was then converted into the corresponding mesylate by the standard
method (MsCl, EiN in CH2Clp). Subsequent reaction of the mesylate with thiophenol (1.0 equiv) under an
alkaline condition (NaOH (1.0 equiv) in aqueous THF) afforded sulfide 4 in 44 % yield. Finally, oxidation of
sulfide 4 with m-chloroperbenzoic acid (2.2 equiv) provided the sulfone 5 in 45 % yield along with 32 % of the
deprotected product 6.
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reagents and conditions: i) HCCCH,OH, Pd(PPh),Cl,, Et,O, Cul, BuNH,, 65 %;
ii) HCCCH,OTHP, Pd{PPhg),, Eto0, Cul, BUNH,, 50 %; iii) CH3SO.ClI, Et;N, CHyCly;
iv) HSPh, NaOH, THF-H,0, 44 %; v} mCPBA, CH,Cl,, 45 % of 5 and 32 % of 6.

In order to confirm whether the enediyne-sulfone 5 undergoes base-catalyzed conversion to eneyne-allene-
sulfone 7 and subsequent cyclization to generate biradical 8, the degased solution of § in benzene (0.01 M) in
the presence of 1,4-cyclohexadiene (1.5 M) was treated with Et3N (5 equiv) at 30 °C for 10 h. After extractive
isolation and flash column chromatography, the aromatized compound 9 was isolated in 45 % yield as a
colorless oil. These results strongly suggested that the eneyne-allene-sulfone 7 and biradical intermediate 8 are
actually involved in the transformation of enediyne § to aromatized compound 9. On the other hand, the reaction
of enediyne-sulfone § with methyl 3-mercaptopropionate (1 equiv) in the presence of Et3N (5 equiv) in benzene
(0.01 M) afforded the nucleophilic addition adduct 1010 in 53 % yield. These results also suggested that
encyae-allene-sulfone 7 serves as an excellent Michael acceptor and possibly posseses DNA-cleaving
properties.
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In conclusion, molecules with (Z)-7—sulfony]-3-hexen-1,5-d1yne functionalities proceeded base-catalyzed
conversion to (Z)-eneyne-allene-sulfones and subsequent Myers cyclization to form aromatized products or 1,2-
addition reaction with nucleophiles. These results might provide an opportunity to development of a new class
of DNA-cleaving antitumor agents.

Acknowledgment: We thank the National Sciences Council of Republic of China for generous support of this
program.

REFERENCES AND NOTES

1. For a review, see: Nicolaou, K. C.; Dai, W. M. Angew. Chem. Int. Ed. Engl. 1991, 30, 1387.

2. (a) Edo, K.; Mizugaki, M.; Koide, Y.; Seto, H.; Fuvihata, K.; Otake, N.; Ishida, N. Tetrahedron Lett.
198S, 26, 331. (b) Hasuda, K.; Kobayashi, H.; Kuroiwa, T.; Aoki, K.; Taniguchi, S.; Baba, T. Jpn. J.
Cancer Res. 1989, 80, 283. (c) Maeda, H.; Ueda, M.; Morinaga, T.; Matsumoto, T. J. Med. Chem.
1985, 28, 455. (d) Kohgo, Y.; Kondo, H.; Kato, J.; Sasaki, K.; Tsushima, N.; Nishisato, T.; Hirayama,
M.; Fujikawa, K. Jpn. J. Cancer Res. 1990, 81, 91.

3. (a) Golik, J.; Clardy, J.; Dubay, G.; Groenewold, G.; Kawaguchi, H.; Konishi, M.; Krishnan, B.; Okuma,
H.; Saitoh, K; Doyle, T. W. J. Am. Chem. Soc. 1987, 109, 3461. (b) Golik, J.; Dubay, G.;
Groenewold, G.; Kawaguchi, H.; Konishi, M.; Krishman, B.; Ohkuma, H.; Saitoh, K; Doyle, T. W. J.
Am. Chem. Soc. 1987, 109, 3462.

4. (a) Lee, M. D.; Dunne, T. S.; Siegel, M. M.; Chang, C. C.; Morton, G. O.; Borders, D. B. J. Am. Chem.
Soc. 1987, 109, 3464. (b) Lee, M. D.; Dunne, T. S,; Chang, C. C.; Ellestad, G. A.; Siegel, M. M.;
Morton, G. O.; McGahren, W, J.; Borders, D. B. J. Am. Chem. Soc. 1987, 109, 3466. (c¢) Wallace, R
E.; Hinman, L. H.; Hamann, P.; Upeslacis, J.; Dur, F. E. Proc. Amer. Assoc. Cancer Res. 1990, 31,
285.



1882

10.

Konishi, M.; Ohkuma, H.; Matsumoto, K.; Tsuno, T.; Kamei, H.; Miyaki, T.; Oki, T.; Kawaguchi, H.;
VanDuyne, G. D.; Clardy, J. J. Antibiot. 1989, 42, 1449,

Leet, J. E.; Schroeder, D. R.; Hofstead, S. J.; Golik, J.; Colson, K. L.; Huang, S.; Klohr, S. E.; Doyle,
T. W.; Matson, J. A. J. Am. Chem. Soc. 1992, 114, 7946. (b) Leet, J. E.; Schroeder, D. R.; Langley, D.
R.; Colson, K. L.; Huang, S.; Klohr, S. E.; Lee, M. S.; Golik, J.; Hofstead, S. J.; Doyle, T. W.; Matson,
J. A.J. Am. Chem. Soc. 1993, 115, 8432.

(a) Myers, A. G.; Kuo, E. Y.; Finney, N. S. J. Am. Chem. Soc. 1989, 111, 8057. (b) Myers, A. G.;
Dragovich, P. S. J. Am. Chem. Soc. 1989, 111, 9130. (c) Myers, A. G.; Dragovich, P. S.; Kuo, E. Y. J.
Am. Chem. Soc. 1992, 114, 9369.

(a) Nagata, R.; Yamanaka, H.; Okazaki, E.; Saito, I. Tetrahedron Lett. 1989, 30, 4995. (b) Nagata, R.;
Yamanaka, H.; Murahashi, E.; Saito, I. Tetrahedron Lett. 1990, 31, 2907. (c) Nicolaou, K. C.; Maligres,
P.; Shin, J.; deLeon, E.; Rideout, D. J. Am. Chem. Soc. 1990, 112, 7825. (d) Nicolaou, K. C.;
Skokotas, G.; Furuya, S.; Suemune, H.; Nicolaou, D. C. Angew. Chem. Int. Ed. Engl. 1990, 29, 1064.
(a) Nicolaon, K. C.; Skokotas, G.; Maligres, P.; Zuccarello, G.; Schweiger, E. J.; Toshima; K.;
‘Wendeborn, S. Angew. Chem. Int. Ed. Engl. 1989, 28, 1272. (b) Nicolaou, K. C.; Wendeborn, S.;
Maligres, P.; Isshiki, K.; Zein, N.; Elestad, G. Angew. Chem. Int. Ed. Engl. 1991, 30, 418.

Some physical properties of 3,4, 5, 6,9, and 10. 3: !H NMR (200 MHz, CDCl3) & 5.87 (s, 2H), 5.07
(t, 1 H,J=3.1 Hz), 447 (d, 2 H, J = 1.0 Hz), 443 (d, 2 H, J = 1.0 Hz), 3.78-3.90 (m, 1 H), 3.55-3.64
(m, 1 H), 1.53-1.84 (m, 6 H); 4: IH NMR (200 MHz, CDCl3) § 7.20-7.50 (m, 5 H), 5.82 (bs, 2 H), 4.88
(t,1H,J = 3.1 Hz),4.42 (1,2 H,J = 1.1 Hz), 3.80-3.89 (m, 3 H, including one set of doublet at 3.82 (d,
2 H,J = 1.4 Hz)), 3.51-3.59 (m, 2 H), 1.50-1.88 (m, 6 H); 5: |H NMR (200 MHz, CDCl3) & 7.96-8.08
(m, 2 H), 7.55-7.74 (m, 3 H), 591 (dt, 1 H, J = 11.0, 2.0 Hz), 5.76 (dt. 1 H, J = 11.0, 2.0 Hz), 4.84 (t,
1H, J=3.5Hz), 441-447 (m, 2 H), 4.17 (d, 2 H, J = 2.0 Hz), 3.78-3.90 (m, 1 H), 3.48-3.59 (m, 1 H),
1.49-1.88 (m, 6 H); 6: IH NMR (200 MHz, CDCl3) & 8.03-8.09 (m, 2 H), 7.55-8.00 (m, 3 H), 5.96 (dt,
1H,J=11.0,2.0Hz),5.76 (dt, 1 H,J = 11.0, 2.0 Hz), 446 (d,2 H,J=2.0Hz),417(d, 2 H,J =20
Hz), 2.16 (bs, 1 H); 9: IH NMR (200 MHz, CDCl3) § 6.95-7.96 (m, 9 H), 4.31-4.70 (m, 5 H), 3.79-3.88
(m, 1 H), 3.48-3.57 (m, 1 H), 1.46-1.82 (m, 6 H); 10: 1H NMR (200 MHz, CDCl3) § 7.49-7.91 (m, 5
H), 6.65(d, 1 H,J =11.4 Hz), 6.38 (t, 1 H,J = 11.4 Hz), 540 (bd, 1 H, J = 11.4 Hz), 4.83 (bs, 1 H),
4.40-4.48 (m, 2 H), 4.10 (s, 2 H), 3.76-3.92 (m, 1 H), 3.69 (s, 3 H), 3.48-5.10 (m, 1 H), 3.00 (t, 2 H,J
=7.0 Hz), 2.58 (t, 2 H, J = 7.0 Hz), 1.39-1.90 (m, 6 H).
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