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Further computational studies of SOC in substituted olefins 
are underway, as are experimental studies of constrained olefins 
which the present calculations point out as good tests. In particular 
the role of pyramidalizations deserves more scrutiny than it has 
hitherto received. 
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Hydrogen bonding frequently plays a central role in the process 
of molecular recognition. This is evidenced in numerous bio­
chemical systems as well as in attempts by synthetic chemists to 
elucidate the molecular basis for recognition.1 The design of new 
types of receptors has largely involved organic molecules2 although 
literature reports noting the occurrence of hydrogen bonding in 
transition-metal coordination3 and organometallic compounds4 

have appeared. Herein we report that the bifunctional hydrogen 
bonding capabilities of a series of tungsten(II) os-amino halides 
provide a binding site for complementary organic substrates such 
as lactams and nucleosides. The interactions of metal complexes 
with biological molecules are important in the design and elu­
cidation of the chemotherapeutic action of selective metal-based 
drugs.5 

We have previously reported the preparation of seven-coordinate 
tungsten(II) complexes by chelate assisted oxidative addition of 
aromatic C-X (X = F, Cl, Br, I) bonds to tungsten(O).6 
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Spectroscopic and crystallographic analysis of 1 suggested that 
the coordinated fluoride could function as a hydrogen bond ac­
ceptor and that the relatively acidic hydrogens on the primary 
amine could act as hydrogen bond donors. This is evidenced in 
the head-to-tail dimerization observed in the solid-state structure 
of 1-THF.6" 

We have investigated the ability of 1 to bind complementary 
organic substrates in solution by recording 1H and 19F NMR 
spectra as a function of substrate concentration. For solubility 
reasons, experiments were conducted in the relatively polar solvent 
acetone. The concentration independent chemical shifts of 1 in 
acetone indicate that 1 is monomeric in solution. Upon addition 
of o-valerolactam (val),7 the NH protons of 1 and val shift 
downfield and the 19F NMR resonance of the fluoride bound to 
tungsten shifts upfield as the val concentration is increased and 
1-val is formed (Scheme I). Binding constants were calculated 
from 19F NMR titration data by using an iterative nonlinear 
least-squares procedure.8 Linear Scatchard plots9 for the fluorine 
resonance and for the proton resonance Ha covering the observable 
(ca. 80%) portion of the binding isotherm are consistent with the 
formation of a 1:1 adduct with Kx = 4.5 M"1 at 25 0 C. Variable 
temperature equilibrium measurements96 gave AH = -2 .1 ± 0.4 
kcal/mol and AS = -3.9 ± 0.2 eu. This simple model is un­
doubtedly perturbed by interaction of free val with Hb and by val 
self-association.7 However, the related iV-phenyl-substituted 
complex 210 shown below exhibits similar binding parameters. The 
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Figure 1. ORTEP representation of 3. Hydrogen bonds are indicated by 
open bonds, and the disordered THF solvate which is not involved in the 
hydrogen bonding is omitted. 

1H NMR shifts for a titration of 3 , " which contains a chloride 
bound to tungsten, with val were similar although the binding 
constant (K1 = 1.3 ± 0.5 M"1) is smaller. The more electro­
negative fluoride appears to be a better hydrogen bond acceptor 
than chloride when coordinated to tungsten(II). 

The solution NMR data for the interaction of 1-3 with val 
suggest the chelating structure depicted in Scheme I. Solid-state 
structural studies of 3 provide support for this formulation.12 Like 
the tungsten fluoride 1, the chloride 3 crystallizes as a head-to-tail 
dimer. Relevant metrical parameters are given in Scheme I; the 
NH-Cl distance is consistent with hydrogen bonding in the solid 
state.13 The Et2O solvate is tightly bound to H(In). 

Cocrystallization of 3-Et2O with 5 equiv of val in THF by vapor 
diffusion of Et2O affords single crystals of the adduct 4 as il­
lustrated in Figure I.14 Dimers of 4 related by a center of 
inversion generate the tetrameric structure. Hydrogen bonding 
between 3 and val is clearly evident as depicted in Scheme I (lower 
half)- Note that the NH(3n)—Cl distance in 4 is shorter than 
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nonaromatic 1H NMR S 9.596 (VWH = 7.7 Hz), « 6.60 (d, / - 11.8 Hz), S 
6.15(4/= 11.8Hz). Anal for 2-Et2O. CaICdC20H21N2ClO4W: C, 41.95; 
H, 3.70; N, 4.89. Found: C, 42.05; H, 3.55; N, 5.02. (b) Binding constant 
determined by averaging K3 for each proton. 
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the related interval in the homomolecular dimer 3. This suggests 
that stronger hydrogen-bonding interactions exist in the hetero-
dimer 4 relative to the parent compound 3. Solid-state IR spectra 
show that the amide carbonyl stretching frequency of val is reduced 
by 42 cm"1 upon complex formation; the NH bands broaden and 
shift to lower frequency (vNH = 3278 (m), 3235 (m), 3125 (m) 
cm"1) compared to free val.7 

Preliminary experiments show that 1 also interacts with pro­
tected nucleosides in nonaqueous solution. The binding constant 
for 2',3'-0-isopropylidene-5'-0-acetyl uridine15 in acetone is 3.6 
M"1 at 25 0 C. Although the strength of the binding is modest, 
these studies show that transition-metal complexes possessing 
«5-amino halide ligands can act as ditopic molecular receptors 
for biologically relevant molecules. This property should be general 
and most evident for coordination complexes containing fluoride. 
Elimination of HF16 from hydrogen-bonded complexes such as 
these may enable a covalent host-guest linkage to be formed. We 
are continuing to investigate the chemistry of this new class of 
receptors. 
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We report the photochemical activation of CO2 by a ligand-
centered charge-transfer excited state of a binuclear Ni(O) com­
plex. The activation and reduction of carbon dioxide are areas 
of considerable interest and potential importance for artificially 
recycling the products of combustion and respiration.2"16 Among 
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