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Preparation, Structure, and Reactivity of the Nonbonded 
Organoditantalum(1V) Complexes 
(v-CSMe4R)zTaz(p-X)zX4 (R = Me, Et; X = CI, Br), 
Precursors to the Doubly Bonded Organoditantalum(II1) 
Complexes ( T J - C ~ M ~ ~ R ) ~ T ~ ~ (  P - X ) ~  
Sir: 

Organometallic and inorganic complexes with transition- 
metal-transition-metal bonds are prepared by a number of stra- 
tegies,' including (1) addition of nucleophilic metal anions to other 
metal complexes, (2) reductive dimerization of mononuclear, 
high-valent precursors, or (3) photoinduced or thermally induced 
elimination of ligands or small covalent molecules (e.g., methane, 
dihydrogen) from two mononuclear complexes. Method 2 has 
been used in a number of cases with the early transition metals2 
and constitutes the method of choice for the preparation of di- 
nuclear complexes with metal-metal single and double bonds. In 
in situ two-electron reduction of high-valent mononuclear com- 
plexes to compounds with metal-metal double bonds (eq l), there 

e- 
MXnLm - (MXn-lLm or M2X2n-2L2m) M2X2n-4L2m ( l )  
is often ambiguity as to the nuclearity of the intervening valency 
species. For example, the nuclearity of the intermediate Ta(1V) 
complex is unknown in the preparation3 of the doubly bonded 
ditantalum(II1) compound [TaC12(PMe3)2]2(p-C1)2 from Ta2Cllo 
(presumably TaC15(PMe3), in solution), PMe3, and sodium 
amalgam, although the singly bonded, possible intermediate di- 
tantalum(1V) complex [TaC12(PMe3)2]2(p-Cl)4 has been i~ola ted .~  

We have recently reported5 that the mononuclear6 (peralkyl- 
cyclopentadienyl)tantalum(V) complexes (7-C5Me4R)TaX4 (1, 
R = Me, Et; X = Cl, Br) can be reductively dimerized with 2 
equiv of sodium amalgam to the doubly bonded organodi- 
tantalum( 111) complexes (&Me4R)2Ta2(p-X)4 (3, Scheme I). 
These novel complexes are members of a new class of metal-metal 
double bonds and are highly reactive toward a diverse range of 
substrates (Scheme I), most significantly in activation of vinylic 
C-H7 and borohydride B-H bonds8 The several possible Ta(1V) 
intermediates in the preparation of 3 include mononuclear (7- 
C5Me4R)TaX3(solvent), and dinuclear (7-C5Me4R)2Ta2X6. There 
is no literature basis for deciding between mononuclear and di- 
nuclear Ta(1V) intermediates, as mid-valent (peralkylcyclo- 
pentadieny1)tantalum chemistry is underdevel~ped~~~-"' with most 
examples containing s-acid ligands such as COl2 or a l k y n e ~ . ' ~ " J ~  
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Figure 1. ORTEP drawing of the molecular structure of 
(C5Me4Et)2Ta2(p-Br)2Br4. 

Table I. Comparative Structure Data for (CsMe,Et)zTaz(p-Br)IBr4 and 
(CsMe~)~TaI(r-Br)4S 

(C~MelEt)~Ta~(r-Br)2Br4 ( C S M ~ J ) I T ~ ~ P - B ~ ) ~  
Ta. - STa, 8, 4.1230 (9) 2.748 (2) 
Ta-Ta bond order 0 2 
Ta-(Nu-Br)-Ta, deg 102.68 (5) 63.7 ( l ) ,  63.1 (1) 
(p-Br)-Ta-(p-Br), deg 77.32 (6) 116.2 (2) 
Ta-(p-Br), 8, 2.648 ( l ) ,  2.632 ( 1 )  2.589 (5)-2.631 (6) 
Ta-Brtermind, A 
magnetism (soh) paramagnetic diamagnetic 

2.517 ( l ) ,  2.534 (2) 

Table 11. Crystallographic Data for (C5Me4Et)2Ta2(p-Br)zBr4 

Ta2C22H34Br6 
fw 1139.81 
a = 8.566 (2) A 
b = 13.167 (6) A 
c = 12.854 (6) A 
6 = 94.04 (3)O 
V = 1449.71 A3 
z = 2  R,(F,) = 0.060 

space group P2,/n (No. 1014) 
T = 22 OC 
h = 0.71073 A 
paid = 2.245 g 
p = 258.5 cm-' 
transmission coeff 0.85-1 .OO 
R(FJ = 0.041 

We wish to report that a dinuclear organoditantalum(1V) complex 
is an isolable intermediate in the reductive dimerization of 1 to 
3, that the compound in solution is paramagnetic, and that this 
complex has a solid-state structure with two bridging halogen 
atoms and no tantalum-tantalum bonding interaction. 

Reduction of (q-C5Me4R)TaX4 with 1 equiv of sodium 
amalgam in toluene proceeds straightforwardly to (7- 
C5Me4R)2Ta2X6 (2) in 70% yieldI4 (eq 2). The moderately 

+ 2 Na/Hg - + 2 NaX 2 T a  
x' 1 L'X 

X X  

1 2 r  
( 2 )  

soluble green products are paramagnetic by 'H N M R  spectros- 
copy, with single, broad ( A Y ~ , ~  i= 250 Hz) resonances for the 
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Characterization data for (CsMe4Et)2Ta2C16 is a follows. Anal. Calcd 
for CIIHI,C13Ta: C, 30.24; H, 3.89; CI, 24.40. Found (combustion with 

50.1 and 48.2 (partially overlapped ring Me and CHI), 43.5 (ring Me), 
and 20.3 (ethyl Me). 'H NMR for (CsMe4Et)2Ta2Br4(~-Br)2 (6, C6D6. 
25 "C): 47.7 and 45.0 (partially overlapped ring Me and CHI), 42.0 
(ring Me), and 18.9 (ethyl Me). 

WO3/V,Os): C, 30.48; H, 3.93; CI, 22.69. 'H NMR (6, C6D6. 25 "C): 
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Scheme I 

Communications 

I 

H H  

equivalent C5Me5 (henceforth abbreviated Cp*) groups at 6 47.9 
for X = C1 and at  6 44.4 for X = Br; spectra of the C5Me4Et 
derivatives show that a plane of symmetry passes through the 
equivalent peralkylcyclopentadienyl groups. An Evans methodI5 
susceptibility determination shows a perf value for 
(C5Me4Et)zTazC16 of 2.92 pB consistent with two unpaired elec- 
trons per dimer, and the complex exhibits no EPR signal in frozen 
solution (8 K) as would be expected for a triplet-state complex. 
The above data suggest that the two Ta(1V) centers are not close 
enough for a bonding interaction and that two or more bridging 
halogen atoms must be present. 

A single-crystal X-ray diffraction study shows that 2d (R = 
Et, X = Br) exists in the solid state as a dinuclear complex (Figure 
1) with two bridging bromine atoms and a long, nonbonded 
tantalum-tantalum separation of 4.1230 (9) A. The obtuse 
Ta-(p-Br)-Ta and acute (p-Br)-Ta-(p-Br) angles are also 
consistent with a lack of bonding between the metal centers, as 
is emphasized by a comparison of structural parameters for 2d 
and the doubly bonded 3c (R = Me, X = Br) listed in Table I. 
Table I1 lists the relevant parameters for the crystallographic 
determination of 2d. 

The long, nonbonded tantalum-tantalum distance in 2d is 
striking when compared to the averaged Ta-Ta distance of 2.835 
A in the diamagnetic (C5Me4Et)2TazC1,Me(p-H)2, which has been 
assigned as a Ta(1V)-Ta(IV) single bond." However, metal- 
metal distances are usually if not always substantially shorter in 
hydrido-bridged dinuclear complexes when compared to those in 
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the corresponding halogen-bridged analogues. Examples of this 
trend of metal-metal distance shortening upon replacement of 
three-center, three-electron bonds with three-center, two-electron 
bonds include [Cp*IrC1]2(p-CI)z (3.769 (1)  A) versus 
[Cp*IrCl],(p-H)(p-Cl) (2.903 (1) A) and analogous dirhodium 
complexes.16 Hydride-related metal-metal bond shortening has 
also been noted in ditantalum complexes, such as [TaClz- 
(PMe3)z]2(p-Cl)2 (2.721 (1) A)3 compared to [TaC12- 
(PM~~)ZIZ(CL-H)Z (2.545 (1 1 & I 7  and [TaCl2(PMe3)~12(r-C1)4 
(2.830 (1 )  A)4b9c compared to [TaC12(PMe3)z]z(p-H)2(p-C1), 
(2.621 (1) A)'* and [TaC12(PMe3)z]z(p-H)4 (2.511 (2) A).17 

There are several reports of (cyclopentadienyl)niobium(IV) and 
-tantalum(IV) complexes in the literature. The compound 
CpNbBr3 has been obtained from the reaction of CpSnMe3 with 
NbBr5,l9 and CpNbC1, has been preparedz0 and attached to a 
polymer.21 A green, sparingly soluble compound to which was 
ascribed the formulation Cp*TaC13 was reportedgb as one product 
from thermolysis of Cp*TaC12(MeCH=CHz) in PhCl. 

Complex 2 is the probable intermediate in the reductive di- 
merization of 1 to 3 since it can be reduced directly to 3 in 
essentially quantitative yield (eq 3). Complex 2 reacts readily 
with a variety of small molecules, including CO, HZ, PMe3, and 

(16) Churchill, M. R.; Julis, S. A. Inorg. Chem. 1977, 16, 1488-1494 and 
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( 3 )  

N 2 0 ,  and product characterizations are in progress. The high 
reactivity of 2, as also noted for 3 ? 3 7 9 8  suggests that it should prove 
to be a useful synthon for the preparation of other Ta(1V) and, 
through oxidative addition, Ta(V) organometallics. 
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Structural Model for the Binding of Iron by Anthracycline 
Drugs 
Sir: 

The anthracycline drugs daunorubicin (R = H) and doxorubicin 
(R = OH) (structure 1) have been in clinical use for nearly 2 
decades in the treatment of various human cancers.14 Recently, 

0 HO 0 

1 

these drugs have also been found to inhibit the infectivity and 
replication of human immunodeficiency virus (HIV) in vitro and 
may find applicability as antiviral agents in the treatment of 
acquired immune deficiency syndrome (AIDS) and AIDS-related 
complex (ARC).s-7 The popularity of these drugs in cancer 
chemotherapy stems in part from their potency against a wide 
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range of maligancies, but is tempered by toxic side effects, which 
include cardiot~xicity.~ Despite the widespread use of the drugs 
and many years of intensive investigation, little information is 
available concerning their in vivo cytotoxicity. One possibility 
involves coordination of iron to form a catalyst for the production 
of reactive oxygen species including hydroxyl  radical^,'*^-'^ which 
could account for all of the known cytotoxic effects of the drugs 
(including damaging DNA1*'4-'8 and cell membranes's'"') as well 
as account for their cardiotoxicity. 

The drugs are recognized as good iron  chelator^,^^-^^ capable 
of acquiring iron from ferritinZS or from transferrin in acidic 
intracellular compartments.26 The hydroxyquinone groups found 
in both drugs have been shown by resonance Raman spectroscopic 
experiments to play a role in binding  metal^,^^-^^ yet no complex 
of this type has been structurally characterized. We wish to report 
the synthesis of complexes of daunorubicin and doxorubicin with 
Fe(~alen),~O their characterization in solution using spectroscopic 
techniques, and the structural characterization by single-crystal 
X-ray diffraction of a model of these complexes employing 1,4- 
dihydroxy-9,10-anthraquinone, or quinizarin (Qz) (structure 2), 

0 OH 

quinizarin (2) 

to model the interaction of the drugs with Fe(sa1en). The complex, 
[Fe(salen)12Qz, is the first structurally characterized complex with 
direct structural relevance to iron binding by anthracycline drugs. 

The combination of anaerobic solutions of daunorubicin hy- 
drochloride or doxorubicin hydrochloride in dry acetonitrile 
containing 1 mM Et,N with a solution of Fe(sa1en)OAc in the 
same solvent mixture, gives rise to spectra like that shown in Figure 
1. In addition to the strong absorbance near 480 nm present in 
the solution of the drug itself, new bands a t  593 and 643 nm are 
observed. These bands are assigned to ligand-to-metal charge- 
transfer (LMCT) transitions on the basis of resonance Raman 
data (using a 633-nm excitation) that reveal several peaks in the 
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