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arise from two diastereomers formed for each of two orientational 
isomers having the dansyl group located cis to the 3' or 5' gua-
nosine of the dinucleoside monophosphate.17 The absence of a 
significant intercalative interaction of the dansyl moiety with 
duplex DNA was demonstrated by unwinding titration experi
ments, which are sensitive to the mode of binding of platinum 
compounds.18 An unwinding angle of 13.5 ± 1.5° was obtained 
for [Pt(dansen)Cl2] bound to pUC19 plasmid DNA. This value 
is essentially identical to those observed for cisplatin and [Pt-
(en)Cl2], excluding [Pt(dansen)Cl2] from the class of complexes 
that exhibit both covalent and intercalative interactions. Together 
with the demonstration of bifunctional coordination to single-
stranded DNA described above, the results make it extremely 
unlikely that a combination of monofunctional and intercalative 
binding modes exists for [Pt(dansen)Cl2]. 

Further evidence for the structural similarity of [Pt(dansen)-
ClJ-DNA adducts to those formed by cisplatin was obtained from 
the ability of the protein HMGl to bind to restriction fragments 
modified by the fluorescent analogue. HMGl binds to DNA 
modified by platinum complexes that form 1,2-intrastrand d(GpG) 
or d(ApG) cross-links, as revealed by gel mobility shift assays.19 

Identical band shift studies of DNA modified with [Pt(dansen)Cl2] 
indicated that HMGl also recognizes its DNA adducts (Figure 
S2). 

The emission spectrum of [Pt(dansen)Cl2] is shown in Figure 
IA along with that of dansylamide for comparison. The electronic 
absorption (dansylamide, Xma, 328 nm,« 7060 M"1 cm"1; [Pt-
(dansen)Cl2], Xn̂ x 334 nm,«5220 M"1 cm"1) and emission spectra 
of the two compounds are not appreciably affected by the presence 
of a sulfone, rather than a sulfonamide, link in the dansyl moiety. 
The ratio of emission intensity maxima for dansylamide and 
[Pt(dansen)Cl2] at 344 nm, a wavelength where the extinction 
coefficients are identical, is 0.44. Apparently, the propylene tether 
prevents efficient quenching of the fluorescence by the platinum 
metal center. Moreover, the emission spectrum for [Pt(dan-
sen)Cl2] bound to calf thymus DNA is similar to that for the free 
complex, as expected in the absence of intercalative binding. 

The [Pt(dansen)Cl2] compound is taken up by bacterial cells 
in a similar fashion to cisplatin. Figure IB shows emission spectra 
for pUC19 plasmid DNA recovered from 100-mL cultures of 
XLl-Blue Escherichia coli treated with 5 X 10"5M solutions of 
the complex [Pt(dansen)Cl2] or with the free ligand dansen in 
phosphate-buffered saline. An emission band centered at 534 nm 
was observed for DNA recovered from cultures treated with 
[Pt(dansen)Cl2], but not for samples isolated from cultures treated 
with equimolar concentrations of dansen or cisplatin. In these 
latter two cases, only a weak background signal due to DNA was 
observed. Analysis by atomic absorption spectroscopy of pUC19 
DNA obtained from platinum-treated cells revealed ratios of 
bound drug to nucleotide (rb) of 10"4 for cisplatin and 10"5 for 
[Pt(dansen)Cl2]. Quantitation of [Pt(dansen)Cl2] in the latter 
samples by fluorescence spectroscopy agreed with the atomic 
absorption results, confirming that the ligand remains bound to 
the platinum center in vivo. 

The luminescence, cellular uptake, and DNA binding properties 
of [Pt(dansen)Cl2] should facilitate a variety of interesting ap
plications. In particular, this cisplatin analogue might be used 
to investigate its intracellular distribution, processing by DNA 
repair enzymes, recognition by HMG-box proteins, and other 
aspects of its biological chemistry in vivo.1'13,19 Compounds with 
similar optical properties, including the structurally uncharac-
terized compound cis-bis(6-aminoquinoline)dichloroplatinum(II),20 

have been employed to follow the compartmental localization of 
substrates within single cells.21'22 Applications requiring the 

(18) Keck, M. V.; Lippard, S. J. J. Am. Chem. Soc. 1992, 114, 3386. 
(19) PiI, P. M.; Lippard, S. J. Science 1992, 256, 243. 
(20) Lu, M.; Chang, J. C; Bergquist, B. L. J. lnorg. Biochem. 1991,42, 

231. 
(21) Martin, P. M.; Magdelenat, H. P.; Benyahia, B.; Rigaud, O.; Kat-

zenellenbogen, J. A. Cancer Res. 1983, 43, 4956. 
(22) Phuong, L. T.; Grouselle, M.; Georgescauld, D.; Brienne, M. J. Cell. 

Physiol. Biochem. 1991, 1, 31. 

analysis of a cisplatin analogue bound to cellular DNA at rb values 
considerably lower than those employed in this preliminary study 
should be possible with [Pt(dansen)Cl2] or a related compound 
by laser excitation and recently developed, highly sensitive de
tection systems.21,23 
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A number of key advances in transition-metal silicon chemistry 
have resulted from studies with the early transition metals.1 In 
particular, it has been observed that d0 M-Si a bonds readily 
participate in insertion2 and cr-bond metathesis3 reactions, which 
appear to proceed via four-center, concerted additions. This 
suggests that f-element metal-silicon bonds would also be reactive, 
since they should be electronically similar to early metal-silicon 

(1) Reviews: (a) Tilley, T. D. In The Chemistry of Organic Silicon 
Compounds; Patai, S., Rappoport, Z., Eds.; Wiley: New York, 1989; Chapter 
24, p 1415. (b) Tilley, T. D. In The Silicon-Heteroatom Bond; Patai, S., 
Rappoport, Z., Eds.; Wiley: New York, 1991; Chapters 9, 10, pp 245, 309. 

(2) (a) Campion, B. K.; Heyn, R. H.; Tilley, T. D. Inorg. Chem. 1990, 29, 
4355. (b) Woo, H.-G.; Tilley, T. D. J. Organomet. Chem. 1990, 393, C6. (c) 
Campion, B. K.; Heyn, R. H.; Tilley, T. D. J. Am. Chem. Soc. 1990, 112, 
2011. (d) Arnold, J.; Engeler, M. P.; Eisner, F. H.; Heyn, R. H.; Tilley, T. 
D. Organometallics 1989, 8, 2284. (e) Roddick, D. M.; Heyn, R. H.; Tilley, 
T. D. Organometallics 1989, 8, 324. (f) Arnold, J.; Tilley, T. D.; Rheingold, 
A. L.; Geib, S. J.; Arif, A. M. / . Am. Chem. Soc. 1989, / / ; , 149. (g) Eisner, 
F. H.; Tilley, T. D.; Rheingold, A. L.; Geib, S. J. J. Organomet. Chem. 1988, 
358, 169. (h) Arnold, J.; Tilley, T. D. / . Am. Chem. Soc. 1987, 109, 3318. 
(i) Campion, B. K.; FaIk, J.; Tilley, T. D. J. Am. Chem. Soc. 1987,109, 2049 
and references in the above. 

(3) (a) Woo, H.-G.; Tilley, T. D. / . Am. Chem. Soc. 1989, / ; / , 3757. (b) 
Woo, H.-G.; Tilley, T. D. / . Am. Chem. Soc. 1989, / / / , 8043. (c) Tilley, T. 
D. Comments Inorg. Chem. 1990, 10, 37. (d) Tilley, T. D.; Woo, H.-G. In 
Inorganic and Organometallic Oligomers and Polymers; Laine, R. M., 
Harrod, J. F., Eds.; Kluwer Publishers: Amsterdam, 1991; p 3. (e) Woo, 
H.-G.; Heyn, R. H.; Tilley, T. D. J. Am. Chem. Soc. 1992, 114, 5698. (f) 
Woo, H.-G.; Walzer, J. F.; Tilley, T. D. J. Am. Chem. Soc. 1992,114, 7047. 
(g) Harrod, J. F.; Mu, Y.; Samuel, E. Polyhedron 1991, / / , 1239. (h) Corey, 
J. In Advances in Silicon Chemistry; Larson, G., Ed.; JAI Press, Inc.: 
Greenwich, CT, 1991; Vol. 1, p 327. 
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bonds, and since four-center addition processes are closely asso
ciated with f-element chemistry.4 It has recently been reported 
that lanthanocene complexes are catalysts for the dehydrocoupling 
of primary silanes to polysilanes,5 possibly via a <r-bond metathesis 
mechanism involving four-center transition states.3 In order to 
explore the potentially rich chemistry of lanthanide-silicon-bonded 
compounds, we have attempted to develop general syntheses for 
silyl complexes that are amenable to detailed investigations. The 
only lanthanide silyl derivatives to be previously reported are of 
the type [Li(DME)3I

+[Cp2Ln(SiMe3);;]- and have been obtained 
by reaction of [Cp2LnCl2]

- complexes with LiSiMe3.
6 Here we 

describe the synthesis of neutral neodymium and samarium silyl 
complexes via a a-bond metathesis route. 

We have previously shown that group 4 transition-metal silyl 
complexes can be obtained via a-bond metathesis reactions in
volving hydrosilanes.3" Reactions of silanes with lanthanide alkyl 
complexes were therefore examined, in search of Ln-Si bond 
formation. In general, such reactions appear to be highly sensitive 
to steric effects. The yttrium complex Cp*2YMe(THF) converts 
PhSiH3 to PhMeSiH2, indicating that the primary <r-bond me
tathesis process involves a four-center transition state that transfers 
the silyl group to carbon, rather than to yttrium.7 To sterically 
direct transfer of the silyl group to the metal, the bulkier alkyl 
derivatives Cp*2LnCH(SiMe3)2 (Ln = Sm, Nd)*1 were employed. 
These complexes do not react with Ph3SiH or Ph2MeSiH (room 
temperature, 8 days), but do react with less hindered silanes such 
as MesSiH3 (Mes = mesityl; over 10 min at 70 0C) to produce 
CH2(SiMe3)2 (quantitatively), the corresponding hydrides 
[Cp^LnH]2,

4*1 and a disilane (e.g., MesH2SiSiH2Mes). Such 
reactions probably involve intermediate lanthanide silyls, which 
undergo rapid dehydrocoupling reactions (bimolecularly3b* or with 
the hydrosilane) that give the hydride and the disilane. It therefore 
appears that silanes with intermediate steric properties are re
quired, to allow reaction with Cp*2LnCH(SiMe3)2 to occur while 
providing steric protection from further <r-bond metathesis re
actions for the resulting silyl complex. 

The alkyls Cp*2LnCH(SiMe3)2 (Ln = Sm, Nd) react with neat 
SiH2(SiMe3)2 (ca. 5 equiv) at 85 0C to give the new silyl com
plexes Cp*2LnSiH(SiMe3)2 as red (1, Ln = Sm) or blue-green 
(2, Ln = Nd) crystals from pentane (eq 1). The high silane 

Cp* 2LnCH(SiMeJ)2 + SiH2(SiMeJ)2 —»• 

Cp*2LnSiH(SiMe3)2 + CH2(SiMe3)J (1) 
1, Ln = Sm 
2, Ln = Nd 

concentration is necessary to suppress the competing thermal 
decomposition of Cp*2LnCH(SiMe3)2. The infrared spectra for 
1 and 2 are essentially identical and display a low v(SiH) stretching 

(4) (a) Evans, W. J. Adv. Organomet. Chem. 1985, 24,131. (b) Watson, 
P. J.; Parshall, G. W. Ace. Chem. Res. 1985, /« ,51. (c) Watson, P. L. J. 
Chem. Soc, Chem. Commun. 1983, 276. (d) Jeske, G.; Lauke, H.; Mauer-
mann, H.; Swepston, P. N.; Schumann, H.; Marks, T. J. / . Am. Chem. Soc. 
1985, 107, 8091. (e) Jeske, G.; Schock, L. E.; Swepston, P. N.; Schumann, 
H.; Marks, T. J. J. Am. Chem. Soc. 1985, 107, 8103. (f) Watson, P. L. / . 
Am. Chem. Soc. 1985, 107, 8111. (g) Simpson, S. J.; Turner, H. W.; An
dersen, R. A. J. Am. Chem. Soc. 1979, 101, 7728. (h) Fendrick, C. M.; 
Marks, T. J. J. Am. Chem. Soc. 1986,108, 425. (i) Bruno, J. W.; Smith, G. 
M.; Marks, T. J.; Fair, C. K.; Schultz, A. J.; Williams, J. M. J. Am. Chem. 
Soc. 1986,108,40. (j) Fagan, P. J.; Manriquez, J. M.; Maatta, E. A.; Seyam, 
A. M.; Marks, T. J. J. Am. Chem. Soc. 1981,103, 6650. (k) Marks, T. J. 
In Fundamental and Technological Aspects of Organo-f-Element Chemistry, 
Marks, T. J., Fragala, I., Eds.; D. Reidel: Dordrecht, Holland, 1985. 

(5) (a) Sakakura, T.; Lautenschlager, H. J.; Nakajima, M.; Tanaka, M. 
Chem. Lett. 1991, 913. (b) Forsyth, C. M.; Nolan, S. P.; Marks, T. J. 
Organometallics 1991,10, 2543. (c) Watson, P. L.;Tebbe, F. N. U.S. Patent 
4,965,386. (d) Tilley, T. D.; Radu, N. S.; Walzer, J. F.; Woo, H.-G. Polym. 
Prepr. (Am. Chem. Soc, Div. Polym. Chem.) 1992, 33, 1237. (e) Radu, N. 
S.; Tilley, T. D. Unpublished results. 

(6) (a) Schumann, H.; Nickel, S.; Hahn, E.; Heeg, M. J. Organometallics 
1985, 4, 800. (b) Schumann, H.; Nickel, S.; Loebel, J.; Pickardt, J. Or
ganometallics 1988, 7, 2004. (c) Schumann, H.; Meese-Marktscheffel, J. A.; 
Hahn, F. E. / . Organomet. Chem. 1990, 390, 301. (d) Schumann, H.; Al-
brecht, 1.; Gallagher, M.; Hahn, E.; Janiak, C; Kolax, C; Loebel, J.; Graziani, 
R. Polyhedron 1988, 7, 2307. 

(7) Engeler, M. P.; Tilley, T. D. Unpublished results. 
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Figure 1. ORTEP view of 1. Important bond distances (A) and angles 
(deg): Sm-Si(I) 3.052 (8), Sma-C(12) 2.970 (22), Si(l)-Si(2) 2.214 
(11), Si(l)-Si(3) 2.375 (12), Si(2)-C(ll) 1.881 (37), Si(2)-C(12) 1.996 
(22), Si(2)-C(13) 1.937 (28), Sm-CNT 2.43 (1); Sm-Si(I )-Si(2) 131.0 
(4), Sm-Si(I)-Si(3) 124.2 (4), Si(2)-Si(l)-Si(3) 100.9 (4), Si(I)-Si-
(2)-C(ll) 108.2 (12), Si(l)-Si(2)-C(12) 109.4 (7), Si(l)-Si(2)-C(13) 
114.52 (8), Si(l)-Sm-C(12a) 88.1 (5), CNT-Sm-CNT 135.7 (2). CNT 
is the centroid of a Cp* ring. 

frequency (1960 cm"1; cf. 2085 cm"1 for the silane) that results 
from bonding of the silicon to an electropositive element. Pre
liminary mechanistic studies have shown that these reactions 
proceed according to a second-order rate law, but only after a 
pronounced, variable induction period. Therefore these «r-bond 
metathesis reactions appear to proceed via a relatively complex 
mechanism, which is currently under investigation. 

Dimers of 1 in the solid state form via intermolecular Sm-C-
H3-Si interactions (Figure I),8 which result in Sm-C(Me) dis
tances of 2.97 (2) A. A number of related compounds, containing 
intramolecular coordination of an SiMe3 group to a lanthanide 
metal center, are known.9 In particular, it is interesting to 
compare the structures of Cp*2LnCH(SiMe3)2 (Ln = Ce,9b Nd,4"1 

Y9c), which are monomeric in the solid state and contain one 
intramolecular Ln-CH3-Si interaction. Intermolecular inter
actions of this kind have also been found in complexes such as 
Cp*Be(M-Me)YbCp*2.

10 These interactions have been attributed 
to weak electrostatic attraction between the metal and the methyl 
carbon atom. The Sm-Si distance in 1, 3.052 (8) A, is longer 
than the Lu-Si distance of 2.888 (2) A in [Cp2Lu(SiMe3)J]-.

6"'0 

This difference (0.16 A) is somewhat more than can be attributed 
to the lanthanide contraction (ca. 0.10 A).11 

Both 1 and 2 are monomeric in pentane solution at room tem
perature (by isothermal distillation) and exhibit singlet Cp* 
resonances in their 1H NMR spectra, due to rapid rotation about 
the Ln-Si bond. As with other complexes that display Ln-CH3-Si 
interactions in the solid state, evidence for these interactions in 
solution is not observed in NMR spectra. The 1H NMR chemical 
shifts for 2 display Curie-Weiss behavior, indicating that 2 is 
monomeric down to -80 0C. The Cp* resonance for 2 decoalesces 
into two singlets at 10 0C, which corresponds to an activation 
barrier for rotation about the Nd-Si bond of 13.3 (1) kcal mol"1. 
For comparison, the analogous rotation about the Nd-C bond of 
Cp*2NdCH(SiMe)2 has a barrier of 19.9 (1) kcal mol"1. 

(8) For C54H94Si4Sm2: orthorhombic, Cmca, a = 15.301 (4) A, b = 16.690 
(5) A, c = 23.895 (5) A, V - 6102 (2) A3, Z = 4, T = 296 K, DaM = 1.294 
g cm"', R(F) = 6.83% for 2489 independent reflections (4° < 2» S 48°). Si(2) 
is disordered over two equivalent sites by the crystallographic mirror plane. 
Although this disorder is relieved in C2ma, chemically unreasonable distortions 
in the cyclopentadienyl rings resulted. An examination of the correlation for 
42 Friedel pairs strongly favored the centrosymmetric alternative. 

(9) (a) Tilley, T. D.; Andersen, R. A.; Zalkin, A. J. Am. Chem. Soc. 1982, 
104, 3725. (b) Heeres, H. J.; Renkema, J.; Booij, M.; Meetsma, A.; Teuben, 
J. H. Organometallics 1988, 7, 2495. (c) den Haan, K. H.; de Boer, J. L.; 
Teuben, J. H. Organometallics 1986, 5, 1726. (d) van der Heijden, H.; 
Schaverien, C. J.; Orpen, A. G. Organometallics 1989, 8, 255 and references 
in the above. 

(10) Burns, C. J.; Andersen, R. A. J. Am. Chem. Soc. 1987, 109, 5853. 
(11) Shannon, R. D. Acta Crystallogr., Sect. A 1976, 32, 751. 
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The silyl complexes reported here, and others prepared similarly, 
should prove to be valuable in the characterization of Ln-Si bond 
reactivity. Initial reactivity studies indicate that these bonds are 
quite reactive. Both 1 and 2 react rapidly (<5 min) with hydrogen 
(1 atm, benzene-</6) to produce [Cp*2LnH]2 and SiH2(SiMe3)2, 
and with ethylene (1 atm, benzene-</6) to produce polyethylene 
(by 1H NMR. spectroscopy). In the reactions with ethylene, all 
of 2 is consumed, but only 80% of 1. Finally, 1 and 2 react much 
more rapidly with silanes than do the corresponding alkyls. For 
example, 1 reacts with MesSiH3 (3 equiv, benzene-rf6) over 10 
min at room temperature to afford [Cp*2SmH]2, SiH2(SiMe3)2, 
and MesH2SiSiH2Mes, while the analogous reaction of 
Cp*2SmCH(SiMe3)2 requires 10 min at 70 0C. 
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The synthesis of well-designed chiral phosphine ligands has 
played a predominant role in the recent development of catalytic 
asymmetric synthesis promoted by transition metal complexes.1 

Recently, we designed and synthesized a trans-chelating chiral 
diphosphine ligand, 2,2"-bis[ 1 -(diphenylphosphino)ethyl] -1,1"-
biferrocene (abbreviated to TRAP), which possesses planar 
chiralities as well as stereogenic centers.2^4 Herein, we wish to 
report a successful application of "TRAP" to transition metal 
catalyzed asymmetric synthesis, in which the rhodium complex 

(1) For review, see: (a) Ojima, I.; Clos, N.; Bastos, C. Tetrahedron 1989, 
45, 6901. (b) Noyori, R.; Kitamura, M. In Modern Synthetic Methods; 
Scheffold, R., Ed.; Springer-Verlag: Berlin, 1989; Vol. 5, p 115. (c) Brunner, 
H. Synthesis 1988, 645. 

(2) Sawamura, M.; Hamashima, H.; Ito, Y. Tetrahedron: Asymmetry 
1991, 2, 593. 

(3) The trans geometry OfPdCl2(TRAP) and PtCl2(TRAP) was confirmed 
by the NMR and molecular weight studies (ref 2). Recently, the X-ray crystal 
structure of PdBr2(TRAP) has been determined, where TRAP chelates to the 
palladium in a P-Pd-P bite angle of 164.4°, and fraris-RhCl(CO)(TRAP) 
has been synthesized from [RhCl(CO)2J2 and TRAP (unpublished results: 
Sawamura, M.; Hamashima, H.; Ito, Y.). 

(4) It has been reported that a DIOXOP-rhodium complex can adopt trans 
geometry in the asymmetric hydrogenation of dehydroamino acids, but the 
ligand coordinates to Rh(III) as a tridentate ligand. See: (a) Brown, J. M.; 
Chaloner, P. A.; Descotes, G.; Glaser, R.; Lafont, D.; Sinou, D. / . Chem. Soc., 
Chem. Commun. 1979, 611. (b) Descotes, G.; Lafont, D.; Sinou, D.; Brown, 
J. M.; Chaloner, P. A.; Parker, D. Nouv. J. Chim. 1981, J, 167. Recently, 
Burk et al. have reported the synthesis of a series of multidentate chiral 
phosphorane ligands, some of which were shown to chelate to rhodium in a 
trans manner as tridentate ligands. See: (c) Burk, M. J.; Feaster, J. E.; 
Harlow, R, L. Tetrahedron: Asymmetry 1991, 2, 569. 

prepared in situ from RhH(CO)(PPh3)3 and TRAP (0.1-1 mol 
%) was an effective catalyst for asymmetric Michael addition of 
a-cyano carboxylates (1) with vinyl ketones or acrolein (2) 
(Scheme I).5 To the best of our knowledge, this is the first highly 
enantioselective Michael addition catalyzed by a chiral transition 
metal complex.6'7 

Results are summarized in Table I. Enantioselectivities ranging 
from 83 to 89% were obtained for the reaction of Ic with various 
vinyl ketones (2a-f) or acrolein (2g).8'9 The enantioselectivity 
depends slightly on the structure of the ester group of 1 (entries 
1-3, 5), with ispopropyl ester Ic giving the highest selectivity. 

(5) For the ruthenium-catalyzed aldol and Michael addition of activated 
nitriles, see: (a) Naota, T.; Taki, H.; Mizuno, M.; Murahashi, S.-I. / . Am. 
Chem. Soc. 1989, / / / , 5954. Recently, the Michael addition of cyanoacetate 
catalyzed by RhH(CO)(PPh3)3 has been reported. See: (b) Murahashi, S.-I.; 
Naota, T.; Maezaki, M. Presented at the 61th Annual Meeting of the 
Chemical Society of Japan, Yokohama, March 29-April 1, 1991, Paper 
1C940. (c) Paganelli, S.; Schionato, A.; Botteghi, C. Tetrahedron Lett. 1991, 
32, 2807. 

(6) For catalytic asymmetric Michael addition, see: (a) Brunner, H.; 
Hammer, B. Angew. Chem., Int. Ed. Engl. 1984, 23, 312. (b) Brunner, H.; 
Kraus, J. / . MoI. Catal. 1989, 49, 133. (c) Schionato, A.; Paganelli, S.; 
Botteghi, C; Chelucci, G. / . MoI. Catal. 1989, 50, 1. (d) Botteghi, C; 
Schionato, A.; Rosini, C; Salvadori, P. J. MoI. Catal. 1990, 63, 155. (e) 
Botteghi, C; Paganelli, S.; Schionato, A.; Boga, C; Fava, A. J. MoI. Catal. 
1991, 66, 7. (f) Desimoni, G.; Quadrelli, P.; Righetti, P. P. Tetrahedron 1990, 
46, 2927. (g) Cram, D. J.; Sogah, G. D. Y. J. Chem. Soc, Chem. Commun. 
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