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Figure 1. UV spectra of compounds 3b and 4d in cyclohexane.

of the rert-butyl groups for use as potential precursors to phos-
phocarbons 1 and 2.
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Molecules with DNA-cleaving properties! and new anticancer
agents? are of considerable current interest and value to molecular
biology and medicine. As part of our program in these areas, we
have designed, synthesized, and tested a series of compounds with
conjugated phosphine oxide—allene~cis-ene—~yne functionalities.
In this communication we report our results, which include both
of the above properties.

Scheme I depicts the mechanistic rationale for the formation
and action of this new class of compounds. Thus, it was hy-
pothesized that propargylic compounds of type I may be induced
to rearrange to the conjugated allenic systems III under the in-
fluence of PhSCI or Ph,PCl via intermediates II. Structures III
were then expected to undergo a Myers? cyclization reaction® to
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Figure 1. ®X174 form [ DNA (50 uM /base pair) was incubated for 48
h at the specified temperatures with various compounds (1 mM in 20%
ethanol in phosphate buffers, pH 8.5, 50 mM) and analyzed by gel
electrophoresis (1% agarose, ethidium bromide stain). Lane 1, DNA
alone; lanes 2-5, compounds 1b, 2b, 3b, and 4b, respectively. I: form
1 DNA. II: form 11 DNA. 1II: form III DNA.
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@Mechanistic rationale for the design of DNA-cleaving molecules
with, potentially, a dual mode of action: (a) radical mechanism; (b)
alkylation mechanism.
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?Compounds synthesized and studied in this work: (a) 0.01 M in
1,4-cyclohexadiene, 37 °C, 0.01 M; 1a, ti;2 = 8h; 2a, 1y, = 23 h; 3a,
ti;2 = 117 h; (b) 48% aqueous HF, acetonitrile, 20 °C, 15 min, quan-
titative,

form radicals IV (path a) or undergo nucleophilic attack origi-
nating from DNA to form species V (path b) as expected from
our recent results with propargylic and allenic sulfones.'® Either
pathway should cause cleavage of DNA. Sulfur compounds of

(4) For similar cyclizations involving conjugated ketenes, see: Foland, L.
D.; Karlsson, J. O.; Perri, S. T.; Schwabe, R.; Xu, S. L.; Patil, S.; Moore, H.
W. J. Am. Chem. Soc. 1989, 111, 975 and references cited therein.
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2Synthesis of compounds 1b, 2b, 3b, and 4b. Reagents and condi-
tions: (a) 1.1 equiv of RyC=CH, 0.04 equiv of Pd(PPh;),Cl,, 0.16
equiv of Cul, 1.5 equiv of Et,NH, benzene, 0 °C, | h; (b) excess
MnO,. benzene, 25 °C, 24 h; (c) 1.2 equiv of Me,'BuSiOCH,C=CH,
1.1 equiv of #-Buli, THF, =10 °C, 0.5 h, then 1.0 equiv of aldehyde.
THF, =20 °C, 1 h; (d) 1.0 equiv of Ph,PCl, 1.0 equiv of Et;N, CH,Cl,,
-78 °C. 1 h: (¢) 48% HF, MeCN, 25 °C, 15 min.

type ILI were found to be rather labile and not suitable for practical
DNA or antitumor activity studies. The phosphorus series,
however, proved to be easily prepared and handled and exhibited
the expected properties of DNA cleavage and antitumor activity
in the temperature range 37-47 °C.

Compounds 1a,b—4a,b (Scheme II) were designed and syn-
thesized as summarized in Scheme II1.° The key operations
involved (a) vinyl iodide—acetylene couplings via Pd(0)~-Cu(I)
catalysis (step a, Scheme III); (b) acetylide addition to aldehydes
(step ¢, Scheme I11); and (c) 2,3-sigmatropic rearrangements (step
d, Scheme IIT).

Compounds 1a, 2a, and 3a were sufficiently stable for isolation,
but smoothly cyclized to aromatic systems [16a (60%), 17a (75%).
and 18a (80%). respectively], presumably via diradicals, upon
warming in the presence of cyclohexadiene (Scheme I1).6 The
half-lives (¢, ,), of these systems at 37 °C (1a, 1), = 8 h; 2a, ¢y,
=23 h; 3a, 1,;; = 117 h) indicated that they or their derivatives’
may be good DNA and tumor cell damaging agents with pro-
longed periods of action. This expectation was reinforced when
it was realized that 1a—4a served as excellent acceptors of nu-
cleophiles (e.g., »-BuNH,;, Et,NH, HSCH,COOMe)® at ambient
temperatures, pointing to a possible nucleophilic scenario for
reaction with DNA. Indeed, compounds 1b—4b exhibited DNA-
cleaving properties at 37, 42, and 47 °C in the absence of any
additives. Thus incubation of compounds 1b-4b with supercoiled
DNA (form I) aerobically (or anaerobically)® at pH 8.5 and at
various temperatures caused DNA rupture, leading initially to
form II and finally to form IIT DNA as shown in Figure 1.
Compounds 19 and 20, which are incapable of undergoing the
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cyclization reaction, showed considerably weaker DN A -cleaving
properties than 1b and 2b, respectively,” supporting the notion of

(5) New compounds exhibited satisfactory spectral and/or analytical data.
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leading to the expected |.4-adducts. Selected data for one adduct of
HSCH,;COOMe (4¢) and one adduct of n-BuNH, (4d) with compound 4a
are given in the supplementary material. Details of these and related reactions
will be reported in due course.

(9) Photographs of electrophoresis gels supporting this statement are in-
cluded in the supplementary material.
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a dual mechanism of action for these compounds. On the other
hand, compounds 1b-4b exhibited lower potencies as DNA-
cleaving agents at pH 6 than at pH 8.5 (suppression of nucleophilic
mode of action), an observation also indicating a dual mode of
action. As expected, the cyclized products 16b—18b did not show
any DNA-cleaving properties in control experiments.’
Compounds 1b—4b exhibited potent, concentration-dependent
cytotoxicity against human carcinoma cells, thus fulfilling the
initial expectations that led to the design of these systems.!® The
reported results suggest new possibilities for the development of
useful biotechnology tools'! and novel therapeutic agents.
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(10) Although it is tempting to link DNA cleavage with cytotoxicity, proof
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Iodosylbenzene has been widely used as a source of oxygen
atoms in metal-catalyzed oxygenation reactions.! Until recently,
it has been widely assumed that such reactions proceed exclusively
via high-valent metal oxo intermediates. However, the recent
discovery that olefin epoxidations by iodosylbenzene may be
catalyzed by certain nonredox metal complexes incapable of
forming high-valent metal oxo complexes? indicates that additional
pathways for these oxygen-transfer reactions must exist. lod-
ine(IIT) compounds are known to react with olefins in the absence
of metal catalysts, although epoxides have never been reported
as products.> Nevertheless, the possibility, originally proposed
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