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yield route to these silyl enol ethers (5) in hand, procedures for
their smooth transformation to products of the type 6'' or 7! were
devised.

In the cyclocondensation reaction of the “parent” diene 1a with
saturated aliphatic aldehydes, endo selectivity is eroded. Aldehydes
8 react with 1a (eq 1) in the presence of 0.5-5 mol % of Eu(fod),!?
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in chloroform at room temperature. Methanolysis of the crude
reaction mixture afforded compounds 9'! in the indicated yields
as mixtures’? of methy! acetals. Where studied, it was shown that
the composition of the pyranosides reflects the ratio of their
precursor silyl enol ethers.

The power of the method for the stereospecific synthesis of
carbon-branched pyranose derivates is seen from the reaction of
the substituted diene 1b'* with aldehydes 4a, 8a, and 8b. Unlike
the case with unsubstituted diene 1a, virtually total endo specificity
is maintained in the reaction of 1b with a range (both aromatic
and aliphatic) of aldehydes, giving rise to enol ethers 10. Thus,
three chiral centers are established through this suprafacial®®?
endo-cycloaddition process. A fourth center at C, is controlled
through apparent axial protonation of the silyl enol ethers, which
gives rise to the methoxyketones 11 (Scheme III).!11*  Alter-
natively, the enol ethers 11 can be converted to cis-disubstituted
pyrones 12!! in the usual way. Of course, for strictly preparative
purposes, 11 and 12 could be obtained in higher yield by avoiding
purification of the very sensitive vinylogous ortho esters 10.

We have begun to explore the possibility that a Eu’* salt,
bearing chiral ligands, might exhibit topological biases as it or-
chestrates the cyclocondensation reaction. This proposition has
been reduced to practice. While the ultimate potentialities of this
method for asymmetric induction will only be revealed after the
sort of methodical investigations that are now in progress, the
following finding is suggestive:

7 120® 55,63 /55, 693 1iee z50%) )

The various results reported above have ramifications which
are of continuing interest to our laboratory.
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(11) The structure of this compound is consistent with its infrared, NMR,
and mass spectra. Spectral data for all new compounds are provided in the
supplementary material.

(12) As expected, increases in the amounts of Eu(fod); lead to an increased
reaction rate. In the case of aldehyde 8a, 0.5 mol % of catalyst was employed
for 14 h (room temperature); for aldehyde 8b, 5 mol % catalyst and 12 h
(room temperature) were used, while in the case of aldehyde 8¢ reaction was
carried out with 1 mol % of catalyst for 100 h (room temperature).

(13) The cis/trans ratios in compounds 9 were for 9a 2.8:1, for 9b 1.2:1,
and for 9¢ 1.5:1.

(14) Danishefsky, S.; Yan, C.-F; Singh, R. K.; Gammill, R. B.; McCurry,
P. M., Jr.; Fritsch, N,; Clardy, J. J. Am. Chem. Soc. 1979, 101, 7001.

(15) Traces of another isomer, too minor for isolation, are suggested in the
NMR spectra of compounds 12. It is not clear whether this isomer is that
arising from cycloaddition or from a-protonation.

(16) Silyl enol ether 1tc was obtained as a ca. 1:1 mixture with the di-
hydropyrone 13¢c. The latter was obtained as a pure compound on treatment
of “11¢” with trifluoroacetic acid (TFA) as shown.

(17) This is the trade name for tris[3-(heptafluoropropylhydroxy-
methylene)-d-camphoratojeuropium, which is commercially available from
Aldrich.

(18) 12a was degraded to methyl 2-methyl-3-phenyl-3-hydroxybutyrate as
previously*® described. The agreement of the optical rotation!” and NMR
(Eu(hfc);) measurements on this erythro ester serve to define both the sense
and magnitude of the asymmetric induction. Details of the NMR method will
be provided in the full paper.

(19) Cf.: Evans, D. A.; Bartoli, J.; Shih, T. L. J. Am. Chem. Soc. 1981,
103, 2127 and references therein.
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The major vs. minor groove binding specificity of substituents
on intercalating drugs is an important aspect of their interaction
with DNA, which is not well understood and for which methods
for systematic evaluation are not readily available.! With an-
titumor anthracycline drugs, adriamycin and daunorubicin, for
example, fiber diffraction,? model building, and drug analogue
activity® studies have led to proposals for binding of the nonar-
omatic A ring and its substituents in the major groove. An X-ray
crystallographic structure of daunorubicin intercalated into a
complementary double-helical nucleotide segment® and derivative
binding analysis® have resulted in proposals for minor groove
binding specificity for these drugs. We report here a method for
evaluating major vs. minor groove binding specificity for many
intercalators and use the method to establish that the A-ring
substituents to daunorubicin bind in the minor groove under the
solution conditions of these experiments.

Anthramycin (AM) is an antitumor antibiotic that reacts co-
valently with the 2-amino group of guanine in the minor groove
of DNA.%7 Work by Kohn and co-workers® and by Hurly and
co-workers’ has shown that AM is topologically matched to the
minor groove of DNA and covers approximately three base pairs
to produce an uncharged adduct with very little perturbation of
the double-helix structure. We prepared two samples with dif-
ferent AM to DNA-P ratio and conducted binding and viscometric
studies of the interaction of daunorubicin with these modified
DNA samples.®? The binding results, shown in Figure 1A, il-

(1) Wilson, W. D.; Jones, R. L. In “Intercalation Chemistry”: Academic
Press; New York, 1982; Chapter 14.

(2) Pigram, W. J; Fuller, W.; Hamilton, L. D. Nature (London) New Biol.
1972, 235, 17.

(3) Henry, D. W. In “Cancer Chemotherapy™; American Chemical So-
ciety: Washington, DC, 1976; pp 15-57.

(4) Quigley, G.; Wang, A.; Ughetto, G.; van der Marel, G.; van Boom, J.;
Rich, A. Proc. Natl. Acad. Sci. U.S.A4. 1980, 77, 7204,

(5) Gabbay, E. J; Grier, D.; Fingerle, R.; Reimer, R.; Levy, R.; Pearce,
S. W.; Wilson, W. D. Biochemistry 1976, 15, 2062.

(6) (a) Kohn, K. W.; Spears, C. L. J. Mol. Biol. 1970, 51, 551. (b) Kohn,
K. W.; Glaubiger, D.; Spears, C. L. Biochim. Biophys. Acta 1974, 361, 288.
(c) Glaubiger, D.; Kohn, K. W.; Charney, E. Biochim. Biophys. Acta 1974,
361, 303.

(7) (a) Petrusek, R. L.; Anderson, G. L.; Garner, T. F.; Fannin, Q. L
Kaplan, D. J.; Zimmer, S. G.; Hurley, L. H. Biochemistry 1981, 20, 1111.
(b) Kaplan, D. J.; Hurley, L. H. /bid. 1981, 20, 7572.

(8) Samples I and II were prepared by addition of 3.2 X 1073 and 2.3 X
1072 mmol, respectively, of anthramycin methyl ether to 7.6 X 102 mmol of
sonicated calf thymus DNA in 2.0 mL of PIPES buffer (0.01 M pipera-
zine-N,N’-bis(2-ethanesulfonic acid), 0.001 M EDTA, pH 7.0). The reaction
mixture was stirred at room temperature for 3 h and at 4 °C for 4 h, extracted
with octanol, and extensively dialyzed at 4 °C against the desired buffer. The
anthramycin to phosphate ratios, determined spectrophotometrically,” were
0.0352 and 0.106 for samples I and II, respectively. Samples were also
characterized by *'P NMR, Tm, and viscometric analysis. Binding studies
were conducted as previously described.’
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Figure 1. Scatchard plots for daunorubicin binding to several DNA samples. The symbols represent individual data points, and the lines are best fit
values from eq 1: (A) curves from top to bottom are for unmodified DNA and samples I and II, respectively; (B) data points for T4 DNA are shown
as squares while the nonglucosylated DNA results are shown as circles. The line in B is drawn with K = 3.8 X 10%, n = 2.8, and f = 1.0. This binding
constant for T4 DNA is lower, as expected, than for the more G-C rich calf thymus DNA.!! Experiments in A were conducted by using spectro-
photometric methods while B represents equilibrium dialysis measurements.® All experiments were conducted at 30 °C in PIPES buffer containing

0.2 M NaCl at pH 7.2.

lustrate a dramatic decrease in daunorubicin binding as the
fraction of AM-modified base pairs is increased. The binding
results were analyzed by using the neighbor exclusion model of
McGhee and von Hipple®!® modified to include blocking of sites
on DNA:

v/C =K1 = /N -m/H/A - (n= Dp/HI™ (1)

where p is the molar ratio of ligand bound per base pair, Cis the
unbound ligand concentration, K is the intrinsic binding constant,
n is the number of potential binding sites (base pairs) covered by
a bound ligand, and fis the fraction of sites that are available
for binding (e.g., not blocked with AM). For native DNA f =
1.0, K = 5.8 X 10% and n = 2.9 (Figure 1A) in agreement with
other studies under similar conditions.!! Binding results to the
AM-blocked DNA samples are also shown in Figure 1A. The
lines are drawn by using the same K and » values as for unmodified
DNA and f values of 0.62 for sample I and 0.05 for sample II.
The lines fit the binding results well at low » values, but there
is clear evidence for a second binding mode with a lower binding
constant at higher » values. We have investigated binding of a
range of intercalators to AM-blocked DNA and have found that
binding inhibition seems to be correlated with the size of the
intercalator groups that must fit into the minor groove. With
proflavine, for example, which has been proposed, on the basis
of X-ray diffraction experiments, to have only a small protrusion
of the acridine ring into the minor groove (reviewed in ref 12),

(9) Wilson, W. D.; Lopp, 1. G. Biopolymers 1979, 18, 3025.

(10) McGhee, J. D.; von Hipple, P. H. J. Mol. Biol. 1974, 86, 469.

(11) (a) Schitz, H.; Golimick, F. A.; Stutter, E. Stud. Biophys. 1979, 75,
147. (b) Chaires, J. B.; Dattagupta, N.; Crothers, D. M. Biochemistry 1982,
21, 3927,

the inhibition to binding is a factor of 25-30 times less than for
daunorubicin. With ethidium, which has substituents that are
of smaller size than daunorubicin but that have also been proposed
to lie in the minor groove,!>!3 the inhibition is still a factor of 10-15
times less than for daunorubicin. The inhibition obtained with
proflavine probably occurs due to a combination of a slight pro-
trusion of the acridine ring into the minor groove and some dis-
ruption of anthramycin—-DNA contacts,

Viscometric titrations (not shown) were used to calculate the
helix-length increase of the DNA samples on binding daunoru-
bicin.!*!> A dramatic reduction in the length increase was ob-
tained with the AM-modified DNA samples. A calculation of
the reduction in available base pairs using the ratio of the max-
imum viscosity increases of modified DNA divided by the viscosity
increase of unmodified DNA indicated reductions of approximately
15% for sample I and 80% for sample I1. The fvalues discussed
above indicate reductions of approximately 40% and 95% in
available binding sites for samples I and II, respectively. If AM
blocks three base pairs,’ reductions in available base-pair binding
sites of 21% and 63% are calculated for samples I and II, re-
spectively, if only direct blocking of base pairs is considered. The
difference between the viscosity and binding study calculations
probably occurs due to the secondary binding mode, which was
not considered in determining the fvalues but which apparently
can affect the maximum viscosity changes on daunorubicin
binding. Differing sensitivity to partial blocking of neighboring

(12) Berman, H. M,; Young, P. R. Ann. Rev. Biophys. Bioeng. 1981, 10,
87

(13) Jain, S. C.; Tsai, C.-C.; Sobell, H. M. J. Mol. Biol. 1977, 114, 317.

(14) Jones, R. L.; Lanier, A, C.; Keel, R. A.; Wilson, W. D. Nucleic Acids
Res. 1980, 8, 1613,

(15) Cohen, G.; Eisenberg, H. Biopolymers 1969, 8, 45.
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sites in the modified DNA may also contribute to these differences.
All of these results clearly show that AM modification of the DNA
minor groove greatly limits daunorubicin binding.

Wild type T4 DNA has glucose residues covalently attached
to cytosine in the major groove.!® The glucose adduct is un-
charged, does not significantly perturb the double-helix structure,
and should be a steric probe for the major groove. We have
isolated both this DNA!7 and a nonglucosylated sample.’® In
contrast to the results with AM-modified DNA samples, binding
of daunorubicin to the glucosylated DNA is quite similar to
binding to the nonglucosylated T4 mutant DNA (Figure 1B).
Viscometric titrations with the glucosylated DNA are not sig-
nificantly different than with the nonglucosylated DNA samples
(not shown), and it is clear that the glucose residue in the major
groove has a negligible effect on daunorubicin binding to DNA,
These results taken together demonstrate that daunorubicin
strongly prefers an intercalation complex in which the A-ring
substituents are located in the DNA minor groove.
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(16) Revel, H. R.: Luria, S. E. Annu. Rev. Genet. 1970, 4, 177.

(17) 14 DNA was isolated as previously described: Davidson, M. W ;
Griggs, B. G.; Lopp, L. G.; Boykin, D. W.; Wilson, W. D. Biochemistry 1978,
17, 4220.

(18) Snyder, L.; Gold, L.; Kutter, E. Proc. Natl. Acad. Sci. U.S.A. 1976,
73, 3098.
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In the present communication, evidence is presented demon-
strating that the bond strength and electronic structure of met-
al~oxygen bonds in supported metal oxides are dependent on the
kinds of carriers and contents, with V=0 double bonds in va-
nadium oxide as an example. Although much effort has so far
been made to clarify surface structures and properties of cata-
lytically active components supported on various carriers, results,
as reported in the present study, have never reported. The present
work will be useful for an understanding of catalytic reactions
including photocatalysis and for solid inorganic chemistry.

The absorption bands of V=0 double bonds in various sup-
ported vanadium oxides, which were changed along with the
carriers and contents, are summarized in Table I.! The bond
lengths listed in Table I were calculated on the basis of the
correlation between the wavenumbers of V=0 bonds and their
bond lengths.? Bystrdm et al.’ and Bachmann et al.* have reported

(1) Supported vanadium oxides were prepared by the following impreg-
nation method. Silica gel (Fuji Davison Chemical, ID type) or other supports
were soaked in an ammonia—aqueous solution of ammonium metavanadate,
and water was evaporated on a water bath. The sample obtained was then
calcined in air at 873 K for 5 h. The V,0; content was determined by an
atomic absorption spectroscopy after the sample was dissolved in a concen-
trated HCl + HNO; solution. Diffuse reflectance IR and photoluminescence
spectra were measured by using a Nicolet 7199C FTIR spectrometer at 300
K and a Hitachi 650-10s fluorescence spectrophotometer at 77 K, respectively.

(2) On the basis of bond lengths and wavenumbers of vanadyl groups in
VOCl,;, V,05, VOSO,5H,0, (NH,),[VO(NCS),-H,0]-4H,0, and V,0,
2H,0, one can obtain the following linear correlation, bond length (&) = 2,751
- 0.001 15 X wavenumber (¢cm™).
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Figure 1. Phosphorescence spectra of 3.3 wt % V,04/Si0, (a), 5.1 wt
% V,05/MgO (b), 5.3 wt % V,05/7-AL0; (c), and 5.1 wt % V,05/ -
Al,0; (d) at 77 K. The spectra were recorded at 77 K after evacuation
of the samples at 673 K. Excitation wavelengths were listed in Table I.
Slit widths for excitation and emission were 5.0 and 1.5 nm, respectively.
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1.58 A for the V=0 bond length in V,O; crystals by their X-ray
analyses, which is slightly longer than the present value determined
by the diffuse reflectance IR technique. As shown in Table I,
there are two kinds of V=0 species in supported vanadium oxides.
One has a length of 1.55-1.58 A, the other of 1.68-1.70 A. By
considering that lengths of V-O single bonds in V,0; crystals are
1.78-2.02 A 34 it follows that the latter V=0 species is weaker
in bond strength than that in the V,Ojs lattice but it still retains
the property of a double bond.

Generally, the strengths of metal-oxygen bonds decrease with
decreasing electronegativity of metal ions.* The addition of
electron-donating metals such as alkaline metals into pure V,05
has indeed been reported to cause a red shift of the stretching band
of V=0 groups.® A similar red shift has been observed in the
solid solutions of V,05,-Mo00O; because the charge of vanadium
ions has been changed in part of 4+ from the usual 5+ owing to
the presence of 6+ molybdenum ions in the V,Os lattice.
Therefore, the bands at 912-954 cm™ presumably result from
V==0 species in which the charges of vanadium ions are less than
5+. Magnesia is known to be a typical basic oxide,® and the V=0
stretching band appeared at 922 cm™ on the oxide. It is probable
that silica gel has both basic and acidic sites on the surface. The
V4* ions were confirmed in a separate ESR experiment to exist
in the V,0,/TiO, sample without any reduction treatment,” which
is the reason for the appearance of the V=0 band at 912 cm™.
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115,110,

(5) Clifford, A. F. J. Am. Chem. Soc. 1957, 79, 5404; J. Phys. Chem.
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(6) Kera, Y. Proc. 7th. Int. Congr. Catal. 1981, Part B, 1400. Akimoto,
M.; Usami, M.; Echigoya, E. Bull. Chem. Soc. Jpn. 1978, 51, 2195.

(7) Seiyama, T. “Kinzokusankabutsu To Sono Shokubaisayo”; Kodansha:
Tokyo, 1978; p 208. Takita, Y.; Yamazoe, N.; Seiyama, T., submitted for
publication.

(8) Tanabe, K. “Solid Acids and Bases”; Kodansha: Tokyo, 1970.

(9) Intimate interaction between V,0; and TiO, has widely been reported.
For example: Bond, G. C.; Sarkany, A. J; Parfitt, G. D. J. Catal. 1979, 57,
476. Cole, D. J.; Cullis, C. F.; Hucknall, D. J. J. Chem. Soc., Faraday Trans.
1, 1976, 72, 2185. Vejux, A.; Courtine, P. J. Solid State Chem. 1978, 23,
93. Roozeboom, F.; Mittelmeijer-Hazeleger, M. C.; Moulijn, J. A.; Medema,
J.; de Beer, V. H. J.; Gellings, P. J. J. Phys. Chem. 1980, 84, 2783. Inomata,
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