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O 2 N- (Gy-O- P(OC6H5J2 

formation). Varying the ratio of 2 to 6 from 10/1 to 1/1 to 1/2 
to 1/5 led to two important observations: (1) Substrate is com
pletely hydrolyzed even when present in excess over the catalyst. 
(2) The second-order rate constant k01i

 ls identical for all four 
runs (600 M - 1 s"1). These results can only be explained by a 
rate-determining acylation of the surfactant followed by rapid 
deacylation and regeneration of the original catalytic species. 

Since the CH 2 CHO unit can be attached easily to any molecule 
bearing an amino group (e.g., an aminocyclodextrin), the prospects 
seem good for creating additional biomimetic catalysts. 
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Recently there has been increased attention focused on the 
binding of metal complexes to nucleic acids and nucleic acid 
constituents.1 This interest stems in large part from the successful 
application of cis-dichlorodiammineplatinum(II) (cw-DDP) as 
an antitumor drug.2 Our laboratory has utilized chiral transi
tion-metal complexes in designing specific probes for nucleic acid 
structure. The tris(phenanthroline) complexes of zinc(II)3 and 
ruthenium(II)4 display enantiomeric selectivity in binding to D N A 
by intercalation. Because of their high specificity in noncovalent 
binding to right- or left-handed DNAs, enantiomers of tris(4,7-
diphenylphenanthroline)ruthenium(II) and -cobalt(IH) provide 
respectively spectroscopic probes5 and cleaving agents6 that are 
DNA conformation-specific. We became interested in developing 
a covalent analogue of this series in order to incorporate some 
stereospecificity into new drug design. We report here that 
bis( 1,10-phenanthroline)dichlororuthenium(II) ((PhCn)2RuCl2) 
binds covalently to the D N A duplex and exhibits striking enan
tiomeric selectivity different from that seen on intercalation. 

In buffer containing 10% ethanol, 50 mM NaNO 3 , 5 mM Tris 
at pH 7.1, n3c-Ru(phen)2Cl2

7 (50 /uM) was incubated either at 
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Figure 1. Plot of (phen)2RuCl2 binding to calf thymus DNA as a 
function of time; r is the ratio of bound ruthenium to nucleotide con
centrations. 
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Figure 2. Circular dichromism of the supernatant after ethanol precip
itation of the ruthenium complex bound to B-DNA. Binding to B-DNA 
is stereoselective and leads to enrichment of the supernatant in the un
bound A isomer (inset). 

ambient temperatures or 37 0 C for variable amounts of time with 
calf thymus DNA 8 (500 iiM nucleotide). Following incubation, 
NaCl and 95% ethanol were added to quench the reaction and 
precipitate the DNA, with unbound ruthenium remaining in so
lution. After centrifugation, the supernatant was assayed spec-
trometrically, compared to controls lacking ruthenium or DNA, 
and levels of bound and free metal complex were determined. This 
experiment measures only covalent binding to the DNA. We 
repeated the procedure using the coordinatively saturated tris-
(phenanthroline)ruthenium cation, Ru(phen)3

2 + , which binds by 
intercalation;4 under these assay conditions no binding to DNA 
was observed.9 A plot of the extent of coordination to DNA by 
the (phen)2Ru2 + cation as a function of time is shown in Figure 
1. A maximum binding ratio of 0.045, or one (phen)2Ru2+ moiety 
for every 11 base pairs, is obtained at about 3.5 h. This dependence 
on time is consistent with kinetics of ligand substitution in ru-
thenium(II) complexes.10 

(7) The preparation of this compound was analogous to the synthesis of 
ci'j-bis(2,2'-bipyridine)ruthenium(II) dichloride by: Sullivan, B. P.; Salmon, 
D. J.; Meyer, T. J. Inorg. Chem. 1978,17, 3334. Spectroscopic data in EtOH 
were as follows: c 1.08 X 10" M-1 cm"1 at 496 nm, e 7.25 X 10" M-1 cm"1 at 
267 nm. In aqueous solution the complex may be considered a mixture of 
hydrolyzed species. 

(8) Supplied by Sigma and purified by phenol extraction as in: Barton, 
J. K.; Lippard, S. J. Biochemistry 1979, 12, 2661. 

(9) Subsequent precipitation of the resuspended (phen)2Ru2+-DNA pellet 
released no free ruthenium. This observation is also consistent with covalent 
binding. 

(10) Isied, S. S.; Taube, H. Inorg. Chem. 1976, 15, 3070. 
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Significant enantiomeric discrimination accompanies this co-
valent binding. The circular dichroism of the supernatant, the 
unbound fraction, is shown in Figure 2. Optically enriched 
Ru(phen)2Cl2 solutions have not been obtained previously by using 
more conventional methods." The magnitude of the rotation in 
the ultraviolet region is approximately 5 times larger than that 
seen earlier for (phen)3Ru2+ solutions at comparable levels of 
intercalative binding. Hence the degree of chiral selectivity for 
this covalent adduct appears substantially greater than for 
(phen)3Ru2+.12 The absolute configuration may be assigned by 
derivatization to the tris(phenanthroline)ruthenium(II) species.14 

Consistent with simple exciton theory, we assign the CD in the 
ultraviolet region given in Figure 2 as that for the A isomer. In 
contrast to earlier observations concerning (phen)3Ru2+ binding 
to DNA, here it is A-(phen)2Ru2+ that binds preferentially to the 
B-DNA helix. 

The enantiomeric discrimination of the bis(phenanthroline)-
ruthenium complex in binding to B-DNA must differ from the 
tris(phenanthroline) cation not only in degree but also in the 
structural basis for the stereoselectivity. Ruthenium(II) complexes 
have a high affinity for the heterocyclic bases of DNA.16 A likely 
site of metalation would be the N-7 of guanine, which is readily 
accessible in the major groove. Initial intercalation is probable; 
immediate hypochromic changes in the ruthenium charge transfer 
band accompany the addition of DNA. However, additional 
spectroscopic changes become evident on a time scale that cor
relates to the covalent binding given in Figure 1. Model building 
shows that from an initially intercalated position the A isomer 
is well oriented for covalent binding to base positions above and 
below. The A isomer cannot be similarly aligned for covalent 
binding, since the other nonstacked phenanthroline ligand is 
considerably crowded by the right-handed helical column (base 
and sugar phosphate groups). A bifunctional coordination oriented 
by initial intercalation could account for the high stereoselectivity 
we observe. It is interesting that for intercalation by (phen)3Ru2+ 

the A isomer, which has the same helical screw sense as the 
right-handed B-DNA, is preferred, while here metalation of base 
positions seems to require the A configuration, that is a structure 
complementary to the B-DNA helix. 

The stereoselective covalent binding of Ru(phen)2Cl2 to DNA 
could have significant biological consequences. The neutral 
Ru(phen)2Cl2 may be considered an octahedral analogue for 
c;'s-Pt(NH3)2Cl2.

17 Recent reports of antitumor activities and 
toxicities of various ruthenium complexes,1,18 the possible simi-
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known.15 The sign and position of the ultraviolet CD for (phen)2Ru2+ is 
identical with that for (phen)3Ru2+. 
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M. Inorg. Chim. Acta 1978, 27, L87. (d) Clarke, M. J. Inorg. Chem. 1980, 
19, 1103. (e) Graves, B. J.; Hodgson, D. J. / . Am. Chem. Soc. 1974, 101, 
5608. 

(17) The bite size for c;>DDP is 3.35 A and for bis(diimine)dichloro-
ruthenium(II) complexes is 3.49 A. See, respectively: Milburn, G. H. W.; 
Truter, M. R. J. Chem. Soc. A 1966, 1609. Pank, V.; Klaus, J.; von Veuton, 
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Ger.) 1981, 6, 185. 
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T.; Sawa, G.; Berloli, G.; Mestroni, G.; Zassinovich, G. Cancer Res. 1977, 37, 
2662. (c) Yasbin, R. E.; Matthews, C. R.; Clarke, M. J. Chem.-Biol. Interact. 
1983, 45, 1. Tsuruo, T.; Iida, H.; Tsukagoshi, S.; Sakurai, Y. Jpn. J. Cancer 
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larities between Ru(phen):Cl2 and cis-DDF in interactions with 
DNA, and the striking stereoselectivity that we observe all suggest 
a potential chemotherapeutic application of chiral bis(amine)-
ruthenium(II) complexes. 
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The formation of bridging alkylidene ligands from alkene lig-
ands has been reported recently in three binuclear transition-metal 
complexes,1 and isomerization of terminal alkylidene ligands to 
alkenes by a 1,2-hydride shift is well established, particularly for 
electrophilic transition-metal complexes,2 but there have been no 
examples to date of the formation of a terminal alkylidene ligand 
from an alkene. This is a potentially important process which 
could be involved in the activation of metathesis catalysts,3 and 
we now wish to report the first example of such a reaction by a 
route that apparently involves alkene insertion into a cis tung
sten-hydride bond. 

Treatment of the alkene complex [W(J7-C5Hs)2(C2H4)H]PF6
4 

(1-PF6) with I2 in polar organic solvents such as acetone, aceto-
nitrile, or tetrahydrofuran (THF) results in formation of the 
ethylidene complex [W(T)-C5Hj)2(CHCH3)I]

+ (2+) (eq 1). Pure 

[W(r,-C5H5)2(C2H4)H]+ + I 2 - * 
[W(„-C5H5)2(CHCH3)I]+ + HI (1) 

salts of 2+ can only be isolated under carefully controlled con
ditions, since the I" generated tends to complex I2,

5 leading to 
mixed PF6

-/13" salts which cannot be readily purified. Pure 2-PF6 

was, however, obtained by adding 2.4 molar equiv of 0.073 M I2 

in THF dropwise to a suspension of 1-PF6 in THF (0.90 mmol 
in 150 DiL). After 3.5 h the filtered red solution was concentrated 
to dryness and the black crystals obtained were washed with THF. 
Extraction with acetonitrile gava a green solution from which 
microcrystalline green 2-PF6

6 (55% yield) was precipitated by slow 
addition of diethyl ether. 
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