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The intercalation of planar aromatic or heteroaromatic molecules 7
into the DNA/RNA is considered to be important for the therapeutic  +s-§
action of many antitumor agenmg.One of the widely studied 05
synthetic approaches to polycondensed aromatic compounds is the ol
photoinduced dehydrocyclization of the 1,2-arenyl ethérikise z ’
two most important differences between reactant and product are  *]
the small aromatic surface and nonplanarity of the former, neither 1
supporting intercalation into DNA, and the large, condensed, planar o]
structure of the latter being favorable for intercalative binding. 1.~
These differences offer an intriguing possibility for a new concept 20 a0 ’“;/“:“ M6
of antic_a neer the_rapy based Or.] the phptoassisted trapsformation c)fFigure 1. (A) Changes of UV/vis spectra of the aqueous solutiori,of
an nonintercalating molecule into an intercalator which could be 1) = 2.5 x 105 mol dm 3, ¢(HCI) = 1 x 10-% mol dm 3, irradiated by
realized by local irradiation of tumor tissue containing noninter- a high-pressure Hg lamp (400 W) immersed into a Pyrex coat (cut off light
calating acyclic reactant. This concept is essentially different from 4 < 300 nm). (B) Time-dependent increasélatx= 258 nm characteristic
the one used in photodynamic therapy (PB¥Y.o the best of our for 2.

knowledge, .the only prior Stde of non-covalent inter.actions Qf Scheme 1 Photoinduced Dehydrocyclization of 1 into 2 Occurring
photochromic compounds with DNA was performed in organic in Aqueous Media

solvent/water mixtures and focused on utilization of DNA as the  , yer NH XHCl NH
advanced matrix of functional materidls. N NP hv.h>300mm K~

As a model of the photoinduced dehydrocyclization that should )\ 84 T’ )\ s QQ
occur in aqueous media we have chosen the system presented in —

Scheme 1. According to our previous experience with the close
analogues oE-3-(5-N- isopropylamidinium-2-furyl)-2-phenylacryl-
ate (1), photoinduced transformation into methyl48-{sopropyl)-
amidinonaphtho[2,1-b]furan-5-carboxyla®) éhould be irreversible
and should proceed smoothly in protic solvents such as alcohols
or water? The amidinium group present in bothand2 not only
makes them readily soluble in water but also could actively
participate in DNA/RNA interaction%. Conversion of larger
amounts ofl into 2, necessary for a compound characterization,
was done by irradiation with a high-pressure mercury arc lamp
immersed into a Pyrex water-cooled coat (cut off light 300

COOCH, COOCH,

1 2

of the former Q(1) < 0.001; the value could be only estimated
because of optical absorbance of sample higher than 0.05).
Next, to prove that the photoinduced transformatior @fto 2
can occur under biologically relevant conditions, the air-saturated
aqueous solutions df (c = 2.5 x 10°°> mol dnm3) were irradiated
with a high-pressure Hg lamp (400 W) immersed into a Pyrex
water-cooled coat (cut off lighf < 300 nm). A significant
difference in the UV/vis spectra dfand2 (Amax = 258 nm specific

in ethanol due t . K f crud duct dt for 2) has offered a simple and sensitive method to follow the
nmy) in ethanol due to easier workup of crude product compare oprogress of the reaction. The changesiaix = 258 nm were

agueous solutlthtru_ctures of bOt.ii a_nd2 were ascertained by ._continuously followed using the through-flow quartz cell system
detailed spectroscopic characterization and elemental analysls(total volumeV = 2 mL). Reactions undertaken in pure water
(Supporting Information). The electronic absorption spectrd of - : oo S _

. acidic due to dissolving as HCI salt) and in diluted HCk(= 1
and 2 taken in water I: Ama/nm, (): 327, (26 540);2: 258, ( 4 ) (

X x 1073 mol dm~3) were successful, giving rise to the UV maximum
(17630); 321, (15 570); 342, (15 520)] were found to be linearly atA = 258 nm characteristic & (Figure 1A). The sharp maximum
concentration dependent up to<8L0~®> mol dn13, and the solutions of 1 at/ = 327 nm changed into two peaks, with maxima.at
were thermally stable up to 10€. In the pH range of 3:58.0, 321 and 342 nm, also agreeing well with the UV/vis spectrum of
.th? absorption spgctra 6iand2 do not change significantly, Wh'(,:h 2 (Figure 1A). In both solutions, cistrans isomerization of was
IS 1n ggreement with themvalues_ ofws—g reported for_ ar_omat!c the dominant reaction in the first 10 min (Figure 1B), followed by
amidines® Compoundsd and2 exhibit fluorescence emission with conversion of the cis isomer dfinto product?. The reaction was
maxima at 422 and 419 nm, respectively, emission of the latter

2) — 0.69) bei han 100 1 h =" completed in about 60 min (Figure 1B).
(Q(2) = 0.69) being more than times stronger than emission ., 'yhe next set of experiments, the interactions of acytlkmnd

cyclic 2 with ct-DNA, polyA—polyU, and polyG-polyC were

T University of Zagreb. . s i : - i
#Rutter Boovic Institute, Division of Organic Chemisty and Biochemistry. studied. Tltrat|0n§ of aqueous SOIUt'OnSZ_D_Mth ct-DNA and _ds
§ Rudter Bokovi¢ Institute, Division of Molecular Medicine. RNA polynucleotides resulted by significant batochromic and

1074 m J. AM. CHEM. SOC. 2005, 127, 1074—1075 10.1021/ja0438866 CCC: $30.25 © 2005 American Chemical Society



COMMUNICATIONS

Table 1. Binding Constants (log Ks) and Ratios n ([Bound

2]/[Polynucleotide Phosphate])? Calculated from the UV/Vis
Titrations of 2 with ds-Polynucleotides at pH = 7.0 (Buffer

Na—Cacodylate, / = 0.05 mol dm~3)

ct-DNA poly A—poly U poly G—poly C
log Ks 4.9 4.3 4.9
n 0.22 0.22 0.10
H/%°¢ 50 41 14
Azaz o 8nm 8nm 1nm

aAccuracy ofn + 10—30%; consequently, lo¢s values vary in the
same order of magnitud@ Titration data were processed according to the
Scatchard equatiofi. ¢ Hypochromic effectH = [Abs(2) — Abs(complex)]/
AbS(Z) x 100.d M342 nm= /1342 nn{z) — 1342 nn(complex).

Table 2. Melting Temperatures (ATy/°C) of ct-DNA and Poly
A—Poly U at Different Ratios r ([2])/[Polynucleotide Phosphate]), at
pH = 7.0 (Buffer Na—Cacodylate, / = 0.05 mol dm~3)

r= 01 0.2 03
ct-DNA 1.0 2.0 25
poly A—poly U 1.0 1.2 1.6

hypochromic effects at > 300 nm in the UV/vis spectra o

(Table 1), both observed changes being characteristic for intercala-

tion.? The appearance of isosbestic points in all UV/vis titrations
strongly supported the presence of only two spectroscopically active
species, namely, the fre2and only one type of th&/DNA or
2/RNA complex. Binding constant&{) and ratiom calculated from
titrations (Table 1) are also in good agreement with those previously
reported for a number of heteroaromatic small molecules that bind
to ds-DNA and RNA by intercalatiof?

Addition of all used polynucleotides efficiently quenched emis-
sion of 2, the resultant complexes being nonfluorescent. Since

Table 3. In Vitro Growth Inhibition of Tumor Cells and Normal
Human Fibroblasts (WI 38)

1Cso (eM)?
MiaPaCa-2 Hep-2 SW 620 Wi 38

52.6+ 0.9 60+27 43+45 50.3%+7
6+03 5+0.7 43+02 7.2+19

HelLa MCF-7

39+43 78+21
4.6+0.7 5.4+0.01

compd

1
2

2|Csp; concentration that causes a 50% reduction of cell growth.

Results of UV/vis, fluorescence titrations, and thermal melting
experiments strongly support intercalative bindin@ &6 ds-polynu-
cleotides. Additional support comes from the observation that ana-
logue 1 failed to give any measurable interactions with ds-DNA
and ds-RNA, thus pointing to the conclusion that the presence of
the large condensed aromatic surfac@ pfays the essential role in
binding to DNA/RNA. The differences in the interactionslodnd
2 with polynucleotides are also reflected in the significantly more
pronounced antiproliferative effects Bfcompared tdl (Table 3).

In conclusion, the described experiments taken together present
the conceptual basis for development of new photoinduced anti-
cancer therapy based on the photochemical transformation on an
nonintercalating molecule into the intercalating one. The conversion
lasts only 60 min and is irreversible, thus leaving intercalating
molecules of product to act further without outer excitation; this is
a significant difference compared to common PDT therapy. An
additional advantage of this concept lies in the fact that the
photoinduced dehydrocyclization of the 1,2-arenyl ethenes is the
widely studied reaction, offering thus access to a large number of
already known or new molecules with selected properties compat-
ible with physiologically relevant conditions. Studies of new
systems capable of undergoing photoinduced dehydrocyclizations
in water close to neutral pH and by visible light irradiation are in

fluorescence quenching can often happen for unexpected reasongyrggress

(e.g., traces of transition metals in the solution), it is advisable to
analyze emission changes in the complete spectra (fargé00—

500 nm) by the multivariate least-squares program SPECRST
see if any other process was present except the compex formatio
observed by UV/vis experiments. Because of technical limitations
of the SPECFIT program, the values of ratibad to be fixed; we
chose the values oh obtained in UV/vis titrations. Binding
constants calculated from fluorescence titrations were found to be
in the same order of magnitude as those obtained by UV/vis
titrations. In contrast, the addition of the studied DNA and RNA
ds-polynucleotides to the solutions of the opened analdégureler

n
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