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Abstract: A number of novel enediyne compounds such as 3 equipped with a 2-
(phenylsulfonyl)ethoxycarbonyl protecting group on the nitrogen atom have demonstrated
selective cytotoxicity against a variety of cancer cell lines. Compounds 4-6 possessing one
or two methyl group(s) at the C2 position of the sulfone residue have been synthesized and
tested, showing reduced cytotoxity as compared to 3, suggesting that a B-elimination
mechanism as the main initial step for the activation of these cytotoxic agents. The
differential in the cytotoxicity of compounds 4 and 5 with opposite chirality at C2 suggests
the possible existence of tumor-associated factors in certain tumor cells that may activate
these systems selectively.

The rapidly growing interest in the chemistry and biology of enediyne anticancer
antibiotics] has stimulated extensive research activities in both the areas of mechanism of
action and synthesis of model systems to mimic the action of the naturally occurring
compounds. Dynemicin A (1) isolated from the fermentation broth of Micromonospora
chersina is the most recent addition to this family of natural products.2 Its unique
molecular  architecture  features a hybrid structure of anthraquinone and enediyne
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moieties, and a mode of action 1nvolving bioreduction followed by Bergman
cycloaromatization has been proposed.3 Reports from these laboratories include the
synthesis of model compounds of dynemicin A4 (such as 2); the simulation of the
dynemicin A reaction cascade,3¢ and biological studies of designed enediynes with various
initiators and tethering groups.> Among the compounds studied, those bearing a 2-
(phenylsulfonyl)ethoxycarbonyl protecting group on the nitrogen atom, such as 3,
demonstrated selective cytotoxicity in cell cultures.3 Preliminary studies supported a B-
elimination® of phenyl vinyl sulfone accompanied by release of CO2 served as the initial
steps of activation.3 In this article we disclose the synthesis and biological activity of
compounds 4-6 possessing one or two methyl group(s) at the C2 position of the sulfone
residue and provide further support for the P-elimination mechanism and the possibility of
the involvement of tumor-associated factors or receptors in the mechanism of activation of
these systems.
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The requisite optically active 2-phenylthio-1-propanols 11 and 12 were prepared
by an asymmetric resolution method based on the chemistry of chiral 1,3-thiazolidine-2-
thione 8 (Scheme 1).7 Coupling of the racemic acid 78 with 89 in the presence of DCC-
DMAP afforded chiral imides 910 and 1010 which were easily separated by flash column
chromatography. Reduction of 9 and 10 with LiAlH4 in THF at 0 °C provided 1111 and
1211 in 73 and 79% yield, respectively. Scheme 2 depicts the synthesis of compounds 4-6.
Thus, treatment of the known enediyne (z)—24a’b with a THF solution of sodium alkoxide
prepared from 11 or 12 and NaH, furnished, afiter oxidation with mCPBA, an inseparable
diastereomeric mixture of sulfone 4 or 5 in 79% overall yield. The racemic compound 6
was obtained from 1312 and (2)-2 in a similar manner in 66% yield (Scheme 2).

With compounds 4-6 in hand, we first examined their DNA cleaving properties and
compared them with the parent system 3 (Figure 1). ®X174 DNA (50 yM per base pair) was
incubated with 3 (1.0 mM) and 4-6 (5.0 mM each) in different buffers at 37 °C for 48 h.
As shown in Figure 1, compounds 4 and 5 (lanes 3 and 4) exhibited greatly reduced
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a Reagents and conditions: (a) 1.2 equiv. of 11-13, 1.0 equiv. of 2, 1.2 equiv. of NaH, THF, 25 °C, 0.5 h;
then 2.5 equiv. of mCPBA, CH,Cl,, 0 °C, 30 min, 4, 79% from 11, or 5, 79% from 12, or 6, 66% from 13.

Figure 1. Supercoiled DNA inter- A
action with synthesized enediynes
and related compounds. ®X174

DNA was incubated for 48 h at 37 Form i
°C with the indicated compounds Form il
[1.0 mM for 3 and 5.0 mM for 4-6, Form |
14, 15, and phenylvinyl sulfone]

in buffers (A: 50 mM Tris-HCI, pH B

8.5 and B: 50 mM Tris-HCI, pH

9.0) and analyzed by electropho-

resis (1% agarose gel, ethidium Form Il
bromide stain). Lane1: DNA con- Form 1l
trol; Lane 2: 3+DNA; Lane 3:4+ Form |

DNA; Lane 4: 5+DNA; Lane 5: 6+
DNA; Lane 6: 15+DNA; Lane 7: 14+DNA; Lane 8: phenyl vinyl sulfone (16)+DNA. Key: Form |,
supercoiled DNA; Form ll, nicked DNA; Form llI, linear DNA.

DNA cleaving ability at basic pHs as compared with 3, while 2,2-dimethyl sulfone 6 (lane
5) lost its DNA cleaving activity. Phenyl isopropenyl sulfone 1513 and 2-
(phenylsulfonyl)propanol 1413 were also tested for controls (lanes 6 and 7), confirming
that the DNA cleavage by compounds 4 and § was a result of damage caused by benzenoid
diradicals generated from the enediyne core 17 (Scheme 3). Since phenyl vinyl sulfone
(16) is an alkylating agent, it is not surprising to see the Form II DNA formation in these
experiments at high concentration (lane 8), but no DNA cleavage was observed at 1.0 mM
(data not shown). The increased DNA damage observed for compounds 4 and § at higher
pH (Figure 1B) supported the notion that stronger basic conditions will facilitate the PB-
elimination generating the damaging species.

Cytotoxicity assays were then performed with compounds 3-6 against a number of
cancer and normal cell lines (Table 1). The reduced potency in cell killing by compounds 4-
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Table 1. Cytotoxicity (ICsp) of designed enediynes containing f-sulfone triggers.

cell line cell type 3 4 5 6
NHDF normal 6.3x10° <10 <10 non toxic
CHO normal 6.3x10¢ <10 <107* non toxic
Molt-4 T cell feukemia 10712 107° 10°® 107
HL-60 promyeocytic leukemia | 9.8x10°  7.8x107  1.6x10°  2.5x107°
Capan-1 pancreatic carcinoma 7.8x10%  3.1x10°  6.3x10°  5.0x107°
P-388 mouse leukemia 9.8x10°%  1.6x10°%  1.6x10°  1.3x10°
Ovcar-3 ovarian carcinoma 7.8x107  3.1x10% 1.3x10°  s5.0x10°
HT-29 colon carcinoma 3.9x107  7.8x1077  1.3x10° 2.5x10°°
UCLA-P3 lung carcinoma 7.8x107  3.1x10°  1.3x10° 5.0x10°°
MCF-7 breast carcinoma 3.1x10°%  2.5x10° <10 2.5x10°°
H-322 lung carcinoma 3.1x10°%  1.3x10°  nontoxic 5.0x10°°
SK-Mel-28 | melanoma 6.3x10°  5.0x10° <10 <10

6 again reflected that the C2 methyl group(s) attached next to the sulfone residue hindered
the activation of these agents via a P-elimination process. As shown in Table 1, significant
differences were obtained with the most sensitive Molt-4 leukemia cell line (103- 1o 106-
fold less active by attaching a methyl group at the C2 position; 108-fold less active by
attaching two methyl groups at the same position). The differential in cytotoxicities for
compounds 4 and § was intriguing in that it suggested the involvement of chiral molecules
in the activation of these agents in living cells. The reduced cytotoxicity of compound 4
against normal cell lines while maintaining considerable activity against cancer cell lines is
noteworthy in the context of selective therapeutic agents.

In summary, enediynes of dynemicin A type possessing a triggering device on the
nitrogen atom and C2 substituents on the triggering device have been synthesized and
exhibited interesting biological properties. Specifically, the substituent effects at the C2
position of the sulfone residue on the biological behavior of these systems strongly suggest
a B-elimination step in their mechanism of activation. The cancer cell selectivity of these
sulfone-bearing enediynes may arise from the different rates by which different cells
activate them. The results obtained in this study on structure-activity relationships may
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serve as the basis tor further advances in drug design and development.
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13.  2-(Phenylsulfonyl)propanol 14 and phenyl isopropenyl sulfone 15 were prepared
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