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Molecular recognition is the foundation of many important 
biological processes, especially those that involve enzyme-
catalyzed chemical reactions, as well as the interaction of a 
specific sequence of nucleobases with drugs, spectroscopic 
probes, and cleavage agents, which also may contain metal ions.2 

Recently, we were able to characterize several (?75-pentameth-
ylcyclopentadienyl)rhodium (Cp*Rh)—cyclic trimer structures3 

with 9-methyladenine, 9-ethylhypoxanthine, adenosine, adeno
sine 3'-, methyl-5'-, and 5'-monophosphates and, in this process, 
discovered the first examples of molecular recognition by several 
bioorganometallic Cp*Rh—cyclic trimer nucleobase, nucleoside, 
and nucleotide hosts with aromatic amino acid guests in H2O 
at pH 7.0.3e 

We now extend our bioorganometallic/molecular recognition 
studies to the nucleobase 1-methylthymine (1-MTH) and 
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describe the synthesis and structural characterization of the first 
example of a novel, linear, two-coordinate Rh(I) anionic amide 
complex [Rh(j7',iv*3-1-MT)2]~ (1-MT - was deprotonated at N3) 
(1), from the reaction of 1-MTH with in situ generated 
[(Cp*Rh)2(w-OH)3]

+ (2) performed at pH 10. This unusual 
coordination around the Rh(I) complex is presumed to be 
stabilized by three factors: an organometallic hydrophobic 
cavity, generated from 1.5 molecules of 2,4 to provide the 
interaction of two 1-MT ligands with the adjacent Cp* groups 
by a classical n—n molecular recognition process; an electro
static interaction of anionic 1 with cationic 2; and a possible 
shielding of the Rh(I) center to nucleophilic attack by four sets 
of oxygen lone pair electrons contained in the 1-MT ligands. 

Reaction of [Cp*Rh(H20)3] (OTf)2 (3) with 1 equiv of 1-MTH 
in H2O (degassed once) at pH 10 afforded a yellow solution; 
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Figure 1. Structure of 1. Selected bond lengths (A) and angles 
(deg): Rh4-N3, 2.087(7); Rh4-Nl, 2.095(7); N3-C37, 1.371(12); 
N3-C40, 1.363(11); N1-C31, 1.375(13); N1-C34, 1.340(13); 0 9 -
C37, 1.223(11); O10-C40, 1.257(11); 07-C31, 1.234(13); 08-C34, 
1.249(13); Nl-Rh4-N3, 178.2(3); C34-Nl-Rh4, 118.9(7); C31-
Nl-Rh4, 117.4(7); C34-N1-C31, 123.3(8); C37-N3-Rh4, 
118.6(6); C40-N3-Rh4, 119.4(6); C40-N3-C37, 122.0(7). The 
C=O groups of the two 1-MT" ligands are at a distance to Rh4 of 
3.072, 3.075, 3.073, and 3.093 A for 07, 08, 09, and O10, respectively. 
Please note that the atom numbering schemes for the structure of 
1-MTH and the structure of 1 are different, 
the rapid formation of 2 from 3 at pH 10 has recently been 
extensively studied.5 After being stirred at 25 0C overnight and 
at 60 0C for 2 h to drive the reaction mixture to completion, 
the solution turned orange, and upon reducing the volume of 
this reaction mixture, complex 1 was crystallized with 1.5 equiv 
of 2 at 4 0C to form the adduct [l2-23](OH) as orange plates 
(20%).6 A small amount (<5%) of the complex 2, whose 
structure had been reported previously,4 was also crystallized 
separately as yellow needles. 

Figure 1 shows the X-ray crystal structure of the anionic 
component, 1, and a key feature is the unexpected linear, Nl-
Rh4—N3 grouping, with a bond angle of 178.2(3)°, and a near-
staggered (98.8°) configuration of two thymine planes with 
respect to one another.1 Similar stoichiometry and metrical 
parameters are seen in Hg(I-MT)2,8 but the two thymine planes 
of 1 are eclipsed, as required by its inversion symmetry. The 
perpendicular geometry of the two thymine rings gives rise to 
an interesting stacking arrangement where the two thymine 
planes are jr-stacked to either a Cp* ring (three such interactions) 
or to a centrosymmetrically related thymine ring of another anion 
of 1 which, among other things, allows the Rh4 center to be 
shielded by a hydrophobic cavity generated from the five Cp* 
Me hydrogens (Rh4* • -H distances range from 2.93 to 3.16 A). 

Shielding by the carbonyl oxygen lone pair electrons of the 
1-MT ligands may also be of some importance; however, the 
four carbonyl oxygen atoms are hydrogen-bonded to H2O 
molecules, and none of these interactions all near the Rh4 atom.9 

Moreover, the distances between the least-squared adjacent 
planes of the Cp* groups and the 1-MT ligands range from 3.45 
to 3.58 A, and the angles from 0.0 to 2.9°, which agrees well 
with the reported value of 3.35 A by Loeb and co-workers for 
a TT-TT guanine—aromatic ring molecular recognition 
interaction.103 A view of this unique set of Tr-stacking arrange
ments is presented in Figure 2. 
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Figure 2. Structure of [12'23]+ and the -̂stacking arrangement. 

While the formula [l2-23](OH) dictates one OH- to balance 
the overall charge and is consistent with the previously reported 
complexes, 2 and its Ir analog, which are isolated at high pH,4-1' 
it is our supposition, in this particular case, that the electrostatic 
interaction between I - and I+ further stabilizes adduct forma
tion. The total absence of EPR signals at 77 K verified the 
diamagnetic nature of the presumed Rh(I) center. More 
importantly, the 1H NMR spectrum of [l2-23](OH) in CD3OD 
exhibited upfield shifts of 0.15 ppm for the thymine's ring proton 
(C6-H), consistent with classical it—Ti interactions3610 between 
the parallel 1-MT ligands and the adjacent Cp* groups, and 
supports the existence of the adduct in solution.6 An 1H NMR 
study (CD3OD) of the concentration dependency of the upfield 
chemical shifts of C6-H revealed only slight changes (0.03 ppm) 
and further supports the presumed n—n interactions in solution 
(supporting information). 

It is interesting to note that two-coordinate, open-shell 
(d°—d9) transition metal amide complexes are a very esoteric 
class of molecules.12 In fact, the small number of well-
characterized examples are restricted to the first row metals, 
Cr-Ni, and all of these compounds were isolated from strictly 
anhydrous and anaerobic conditions by using sterically and 
electronically demanding ligands;1213 until now, the second and 
third row transition metal analogs were virtually unknown. 
Moreover, the Rh(I) center of 1 is highly coordinatively 
unsaturated, since the overall electron count is 12 (8 from 
Rh(I) d8 and 4 from two 1-MT ligands). This is reminiscent of 
the above-mentioned Cr-Ni (d4-d8) series of two coordinate 
amide structures that have electron counts from 8 to 12 electrons 
around the metal centers.12 

In the case of the [Rh(^1 ,NM-MT)2]" component, 1, the 1-MT 
ligand is not bulky; therefore, the unusual local environment 
generated by cationic 2 is essential for the stabilization of the 
linear two-coordination of 1. The role of the Cp* groups of 2, 
in the stabilization of 1, was supported by a control experiment 
that featured the reaction of the Rh3+ aqua cation, obtained in 
situ from RhCl3'3H20 and 3 equiv of AgOTf in H2O, with 2 
equiv of 1-MTH at pH 10 to afford a yellow precipitate, which 
was consistent with Rh(OH)3 by elemental analysis; no indica
tion of the formation of 1 was found.14 

The mechanism for the formation of [l2«23](OH) can be 
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Figure 3. Hydrophobic cavity with possible weak Rh-"H agostic 
interactions and steric shielding effects. 

tentatively rationalized by the following observations. The 
distillate of the reaction mixture was analyzed by GC/MS 
techniques15 and provided information that Cp*OH16 was 
formed (mlz = 151 and 135 for [M - H]+ and [M - OH]+) 
during the reaction, clear evidence for the loss of the Cp* ligand 
from Rh3+. Thus, we speculate the reductive elimination of 
Cp*OH from the putative mononuclear [Cp*Rh(l -MT)2(OH)] ~ 
complex provided 1. This former complex, [Cp*Rh(l-MT)2-
(OH)]-, was thought to form via nucleophilic substitution of 
1-MT- (p/jfa = 9.7)17 on the plausible and similarly precedented 
intermediate franj-[Cp*Rh(w-OH)(7l^/3-l-MT)]2, the presumed 
initial product from the reaction of 1-MT- with 2.3bf 

Thus, in this logical sequence of plausible reactions, 1 was 
trapped in a cavity formed by the ^-donating Cp* groups of 2 
(scheme in the supporting information). While reductive 
elimination of the very inert Cp* ligand from the coordination 
sphere of a Rh3+ metal center is a rare occurrence, it has been 
observed in a facile reaction of Cp*RhH3(SiEt3) with excess 
Me3P to provide Cp*H and a Rh(I) complex.18 

Although the Rh4« • -H distances of 2.93-3.16 A are slightly 
long for any dominant agostic interactions,19 it is reasonable to 
speculate that weak Rh4* • -H interactions/steric shielding effects 
may also be of some importance in the stabilization/protection 
of complex 1 (Figure 3). Future experiments with [l2*23](OH) 
will be concentrated on its reactions with small molecules such 
as CH4, CO, and H2, with the focus on the coordinatively 
unsaturated Rh(I) center in order to provide evidence for 
potential chemical reactivity by this novel molecule. It is 
interesting to note that the Cp*Ir-l-MT analog was also 
synthesized using the same procedure. 
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