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Summary: Native DNA is used in conformational studies of heterobiaryls. FEvidence is pre-
sented that the 4-(2'-furyl)pyrimidine and 4-(2‘-thienyl)-pyrimidine systems exist in solu-
tion in an essentially planar s-trans and s-cis conformation, respectively. The 5-methyl-4-
(2'-thienyl)pyrimidine system {s also s-cis.

The conformational study of heterobiaryls in solution is a difficult task. The methods
that have been used to estimate the torsional angle in these compounds are mainly analyses of
the infinite-dilution Kerr constants, Cotton-Mouton constants, and dipole moments, in addi-
tion to spectral methods and theoratical calcu1at1‘ons.1 In this communication we present a
new approach for studying conformations of heterobiaryls using native, double~helix DNA as a

stereochemical template for molecular conformations with low torsional angles.

Compounds to be studied must (i) intercalate with DNA and (ii) have protons or substi-
tuents with protons at the ortho and ortho' positions with respect to the torsional bond.
After the unfused heterobicyclic system slides (intercalates} between the sandwiches of NNA

base pairs, it is planar or only slightly deviated from co-planarity (<8°) in the resultant

DNA dintercalation comp]ex.2

The stereochemistry of the molecule (s-cis or s-trans) in the
complex is studied by the NOE effect for the ortho and ortho' protons. The equilibrium con-

formation of heterobiaryl free in solution is then evaluated throuah comparison of its MOE

difference spectrum with that for the molecule in the DNA intercalation complex.

An important structural feature in compounds to be studied is a basic side chain (or
cationic, see 2) attached to the heterobiaromatic system. The basic site becomes cationic in
D20, the solvent used for NMR werk with DNA, and as such interacts electrostatically with the
outer, anionic DNA backbone providing additional stabilization for the intercalator-DNA com-
plex. This often helps to obtain an intercalation complex for aromatics which without the
cationic group fail to intercalate with DNA.3 In addition, the cationic side chain increases
solubility of an organic compound in D,0.

The method has been successfully applied to estimate the planar s-trans conformation for
furylpyrimidine 1 and the planar §:£i§_conformation for three thieny'lpyrimidfnes4 2-4, and to
show low torsional angle in sterically hindered thienylpyrimidine 5. A1l these compounds bind
strongly to DNA through interca1at1‘on.5 Irradiation of H5 of the pyrimidine ring in 1 bound
to DNA resulted only in a strong NOE at H6 of the same ring. In the same way irradiation of
H3' of the furan ring gave a strong NOE to H' only, indicating the s-trans form of 1 in
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2. Rz I9M&EN-\_-S, R,:=R;:H

3. Ry;=Me;N“\_-S, R;=H, R;=Me

4. R,z MeS, Ry=H, R;:=NHA\_-NMe,
5 R;=Me,N“\_-S, R;=Me, Rg:=H

the intercalation compliex. The same results were obtained Jog 1 free in solution (Dp0 and
CDC13). These results together with the UV spectrum of 1 (Amg* 321 nm, e 17960 M'lcm'l) and
a substantial NMR deshielding effect for H5 in 1 in comparison to the MMR absorption of H5 1in
the respective pyrimidine without a furyl substituent (A8 0.34 ppm) indicate that the 4-{2'-

furyl)pyrimidine system must be in the essentially planar, s-trans conformation in solution.

Irradiation of H5 of the pyrimidine ring in 2 in the DNA intercalation complex resulted
in a strong NOE at H6 of the same ring and a strong NOE at H3' of the thiophene. Moreover,
irradiation of H3' of the thiophene ring gave a strong NOE to HA' of the same ring and an
even stronger NOE to H5 of the pyrimidine, which shows the s-cis stereochemistry for 2 in the
DNA intercalation complex. Since the same NOE difference spectra, with the same relative

enhancement intensities,6

were obtained for 2 free in solution (020), these results show that
the 4-(2'-thienyl)pyrimidine system exists in solution in the planar or only slightly skewed
s-cis conformation. 1In a similar way the s-cis conformation has been abtained for compounds
3 and 4, which indicates that the buttressing effect of the methyl group and the alkylamino
group, respectively, on H5 in the pyrimidine ring has no effect on the stereochemistry of the
4-(2'-thienyl)pyrimidine system. To our astonishment, however, the 5-methyl substituted
thienylpyrimidine 5 gave identical NOE difference spectra, for the NNA intercalation complex
and free in solution (Dy0 and CDC13}.  The spectra were in full agreement with the s-cis
stereochemistry with a small value of the torsional angle. This result was further supported
by the following comparative studies of structurally related compounds 3 and 5. Thus 3 and
sterically hindered 5 gave the same upfield shift for H3' of the thiophene (A& -0.61 ppm)
upon intercalation with DNA, under the same binding conditions. This indicates that the ring
current effect of the pyrimidine ring on H3' is similar for 3 and 5, in agreement with simi-
lar conformations for these compounds. Secondly, the UV spectra of 3 (Nngx 322 nm, ¢
15,300 M~lem™1) and § (a2,
heteroaromatic subunits in both compounds.

327 nm, ¢ 13,150 M-lem=1) show strong conjugation between the two
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Two major factors responsible for the equilibrium conformation of heterobiaryls in solu-
tion are the n-electron delocalization energy which reaches a maximum for co-planar rings,
and the interactions between groups ortho to the central bond. The conjugation factor is
especially important for compounds 1-5, which are combinations of m-electron deficient and
n-electron excessive heterocycles. These biaromatic systems are strongly polarized with the
electron density transfer to the electron-deficient pym'mfdine.7 The s-trans conformation of
1 can be understood in terms of favorable stereoelectronic interactions between electro-
positive H3' of the furan and electronegative N3 of the pyrimidine. In addition, the pre~
ferred oxygen environment is also in the plane of the aromatic |r'1'ng.8 The sugaested planar-
ity of system 1 is further supported by comparison of the r‘ﬂf‘ﬂlatedg distances H3'+**N3 and

H5***0 with those allowed using the respective van der Waals radii.l0

Similar analysis of
the 4-(2'-thienyl)pyrimidine system reveals a favorable N3*-*S interaction which offsets the
repulsive steric ortho-ortho' interaction between H5°-°H3' in compounds 2-4 and between
CH3"°H3' in compound 5. Nonbonded contacts of a nucleophile with sulfur are known to
greatly reduce the normally accepted van der Waals radius of sulfur, and are the basis of
some of the strongest intermolecular forces in crysta1s.11 The calculated values of inter-
atomic distances N3°-*S and H5°°*H3' in the planar s-cis conformation of 2-4 are 3.13R& and
2.17R, respectively. Since both values are not lower than the allowed minimum contact
distances between the respective atoms,g’11 we believe that compounds 2-4 are planar in solu-
tion. Sterically hindered compound 5 is apparently non-planar but, using the minimum contact
distances, 1its conformational model with the torsional angle lower than 8° has been com-
puted. It is quite remarkable that 5 has the highest DNA binding constant of all the com-

pounds tested in this work.5

The NOE experiments with bipyridine 6 in CDCl3 revealed the s-trans orientation in
agreement with the generally accepted v1'ew.1 This compound failed to intercalate with DNA
and, apparently, has the torsional angle higher than 8°, Similarly, biphenyls do not inter-
calate with DNA and are known to exist in a twisted form (30°) in solution.
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