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Abstract: Metal-ligand K interactions in group VI model compounds containing oxo, carbyne, and carbonyl ligands are probed 
with use of the extended Htickel method. The interplay between M=O ir bonding optimization and the metal <r framework 
geometry in [MoO2H4]

2" is examined first. The importance of oxygen's electronegativity for housing lone pairs in monomers 
containing terminal oxygens is noted and later contrasted with similar model compounds containing carbyne ligands. Calculations 
on [W(CH)2H4]

4" confirm the qualitative expectation that a nonbonding carbon 2p orbital combination exists for both cis 
and trans isomers. Even though this orbital is not at particularly high energy for a filled frontier orbital, we anticipate that 
these carbyne carbons will be very nucleophilic if filled or very electrophilic if vacant; i.e., they will resemble a carbanion or 
a carbonium ion. A mixed oxocarbyne complex, such as [W(CH)(O)H4]

3", will exhibit a dir conflict with the covalency 
requirements of the carbyne causing electron density to build up on the terminal oxygen. Competition for dir orbitals also 
results when ir-acid ligands are trans to ir-donor ligands. Recognition of ir-acid/ir-donor dir conflicts rationalizes the cis geometry 
of W(O)(CO) in d2 M(O)(CO)L4 octahedra. 

Few theoretical studies address the electronic structure of metal 
carbyne complexes. Excellent papers by Kostic and Fenske have 
established the binding modes of carbynes in many coordination 
environments.1 They conclude that CR+ is a stronger ir-acid than 
carbon monoxide and that the frontier orbitals dictate reactions 
of transition-metal carbyne complexes. Hoffmann, Wilker, and 
Eisenstein have examined biscarbyne model complexes as part 
of a ligand coupling study.2 Employing the neutral CR formalism 
for assigning metal configurations they found that melding ad
jacent carbyne ligands into an alkyne was forbidden at d6 metal 
centers, allowed but energetically unfavorable in d4 complexes, 
and both allowed and energetically favorable in d2 monomers. 
Experimentally numerous octahedral d4 and several d2 alkyne 
complexes are known,3 while stable mononuclear octahedral 
biscarbynes of any electron count are rare.4 

In contrast the d0 MO2 moiety is omnipresent for Mo and W 
and has been thoroughly characterized experimentally5 and an
alyzed theoretically.6 Tatsumi and Hoffmann have studied this 
fragment using the extended Htickel method and found that 
MoO2

2+ displays a strong preference for a bent geometry with 
an optimal angle near HO0.7 This conclusion is in agreement 
with observed angles in octahedral Mo(VI) complexes (Table I) 
as well as the 105° O - M - 0 angle in the d0 tetrahedral CrO2Cl2 

molecule.8 The dir orbital utilization rationale for a cis preference 
in d0 L4MO2 octahedra and a trans preference in d2 L4MO2 has 
been discussed by Mingos using MoO2(PH3V+ (« = 2, O).9 

Dioxo derivatives represent one end of a continuum in which 
anionic ligands with lone pair electrons, in this case O2", bond to 
a metal center through both filled <r-donor and ir-donor orbitals. 
Kubacek and Hoffmann have examined octahedral distortions in 
complexes containing linearly ligating IT ligands at the other end 
of the spectrum: carbonyl groups with vacant ir* orbitals.10 There 
is a middle ground, dominated by metal ligand covalency and 
typified by the carbyne moiety, in which the energies of the ligand 
ir functions are approximately equal to the metal dir orbital en
ergies (Figure 1). Metal carbyne complexes have been prepared 
for a variety of metals and d electron configurations," as typified 
by the Fischer and Schrock examples, Cr=CPh(CO)4Br12 and 
(7r-C5Me5)(PMe3)2Ta=CPh(Cl),13 respectively. The carbyne 
moiety has been considered a strong ir-acceptor when counted as 
a cationic analogue of CO, [:CR]+, or as a ir-donor when counted 
as a trianion analogous to O2", [:C-R]3"- Hoffmann has avoided 
the oxidation state formalism by considering the neutral carbyne 
as a building block, :C-R, with two electrons arbitrarily assigned 
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Table I. Structural Parameters for d0 MO2
2+ Complexes 

M 

V 
V 
V 
Mo 
Mo 
Mo 
Mo 
Mo 
Mo 
Mo 
Mo 
Mo 
Mo 
Mo 
Mo 
Mo 
Mo 
Mo 

X / L / 

edta 
edtaH2 

ox 
F F 
Br Me2SO 
Br dmf 
Br OPPh3 

Cl OPPh3 

Br bipyr 
CH3 bipyr 

PhacPhac 
bu 

Het 
bz 

Sbz 
salen 
dprtc 
detc 

M-O, A 

1.65 
1.64 
1.64 
1.71 
1.65 
1.68 
1.71 
1.71 
1.73 
1.71 
1.70 
1.66 
1.72 
1.73 
1.71 
1.71 
1.70 
1.63 

a 

107 
107 
104 
95 

102 
102 
103 
103 
103 
110 
105 
105 
106 
103 
104 
103 
106 
114 

/3 

76 
75 
78 
79 
77 
76 
77 
78 
67 
68 
75 
79 
77 
79 
78 
80 
82 
80 

7 

202 
201 
208 
194 
198 
200 
193 
195 
200 
211 
200 
215 
208 
204 
202 
204 
209 
211 

ref 

5e 
5d 
5c 
a 
b 
C 

20 
20 
d 
5a 
e 
20 

/ 
g 
h 
i 

J 
k 

"Grandjean, D.; Weiss, R. Bull. Soc. CMm. Fr. 1967, 3052. 
'Floriani, L. R. Diss. Abstr. 3OB, 3078. cFloriani, L. R.; Corey, E. R. 
Inorg. Chem. 1968, 7, 722. ''Fenn, R. H. J. Chem. Soc. A 1969, 1764. 
"Kojic-Prodic, B.; Ruzic-Toros, Z.; Grdenic, D.; Golic, L. Acta Crys-
tallogr. 1974, B30, 300. 'Schroder, F. A.; Scherle, J.; Hazel, R. G. 
Acta Crystallogr. 1975, B31, 531. «Wieghardt, K.; Holzbach, W.; 
Hofer, E.; Weiss, J. Inorg. Chem. 1981, 20, 343. 'Cliff, C. A.; Fallon, 
G. D.; Gatehouse, B. M.; Murray, K. S.; Newman, P. J. Inorg. Chem. 
1980, 19, 773. 'Villa, A. C; Coghi, L.; Manfredotti, A. G.; Gaustini, 
C. Cryst. Struct. Commun. 1974, 3, 551. JRicard, L.; Estienne, J.; 
Karagiannidis, P.; Toledano, P.; Fischer, J.; Mitschler, A.; Weiss, R. J. 
Coord. Chem. 1974, 3, 277. kKopwillem, A. Acta Chem. Scand. 1972, 
26, 2941. 'X is cis to oxo and L is trans to oxo. edta = ethylenedi-
aminetetraacetate; edtaH2 = dihydrogenethylenediaminetetraacetate; 
ox2 = oxalate; PhacPhac = 1,3-diphenylpropanedionate; bu = butane-
2,4-diolate; Het = l-hydroxy-2-oxoethane; Me2SO = dimethyl sulf
oxide; dmf = A'.yV-dimethylformamide; bipyr = 2,2'-bipyridine; bz = 
benzohydroxamate; Sbz = TV-methyl-p-tolylthiohydroxamate; salen = 
bis(salicylaldehyde)trimethylenediiminate; dprtc = diisopropyldithio-
carbamate; detc = diethyldithiocarbamate. 

to the cr-donor orbital and the remaining electron assigned to the 
two orthogonal carbon p7r orbitals.2 Other formalisms are 

(1) (a) Kostic, N. M.; Fenske, R. F. J. Am. Chem. Soc. 1981, 103, 4677. 
(b) Kostic, N. M.; Fenske, R. F. Organometallics 1982, 1, 489. 

(2) (a) Hoffmann, R.; Wilker, C. N.; Eisenstein, O. J. Am. Chem. Soc. 
1982, 104, 632. (b) Wilker, C. N.; Hoffmann, R.; Eisenstein, O. Nouv. J. 
Chim. 1983, 7, 535. (c) Formation of a d4 alkyne monomer by coupling 
carbyne fragments has recently been reported: McDermott, G. A.; Mayr, A. 
J. Am. Chem. Soc. 1987, 109, 580. 
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Figure 1. Atomic and molecular orbital energies. 

Table II. Bond Lengths Used 

linkage 

M-O (dioxo) 
M-H 
M-CO 

distance, 

1.70 
1.70 
1.90 

n MO Calculations 

A linkage 

M-CH 
C-O 
C-H 

distance, A 

1.90 
1.20 
1.00 

available which stress yet other aspects of M = C R binding: 1C-R 
is primed for formation of three covalent bonds and [:C-R]~ can 
be considered to be crudely isolobal with RC=CR, ^ -CH=CH 2 " 
and 772-C=CO-.14 

This variety of formalisms regarding a sensible oxidation state 
convention reflects the range of metal d7r orbital energies available 
relative to the carbyne ir orbitals: high oxidation state metals 
present low energy contracted Aw orbitals and encourage the CR 
moiety to function as a 7r-donor while low oxidation state, electron 
rich metals promote carbyne 7r-acid character.15 

In earlier work we discussed the role of single-faced ir-donor 
ligands in formally electron deficient octahedral group VI com
plexes containing 7r-acid ligands.16 We now explore the electronic 
structure of biscarbyne complexes with the dioxo moiety serving 
as a useful point of departure. Conflicts apparent in the met-
al-ligand 7r-framework of biscarbynes have direct implications 
for octahedral monomers which bind both ?r-donor (O2") and 
7r-acceptor (CO) ligands. 

These results are relevant to synthetic strategies designed to 

(3) (a) McDonald, J. W.; Newton, W. E.; Creedy, C. T. C; Corbin, J. L. 
J. Organomet. Chem. 1975, 92, C25. (b) Davidson, J. L.; Vasapollo, G. J. 
Chem. Soc, Dalton Trans. 1985, 2239. (c) Bennett, M. A.; Boyd, I. W. J. 
Organomet. Chem. 1985, 290, 165. (d) Templeton, J. L.; Herrick, R. S.; 
Morrow, J. R. Organometallics 1984, 3, 535. (e) Davidson, J. L.; Green, M.; 
Stone, F. G. A.; Welch, A. J. /. Chem. Soc, Dalton Trans. 1976, 738. 

(4) (a) Chatt, J.; Pombeiro, A. J. L.; Richards, R. L.; Royston, G. H. D.; 
Muir, K. W.; Walker, R. J. Chem. Soc, Chem. Commun. 1975, 708. (b) 
Chatt, J.; Pombeiro, A. J. L.; Richards, R. L. J. Chem. Soc, Dalton Trans. 
1980, 492. 

(5) (a) Schrauzer, G. N.; Hughes, L. A.; Strampach, N.; Robinson, P. R.; 
Schlemper, E. O. Organometallics 1982, /, 44. (b) Stiefel, E. I. Prog. Inorg. 
Chem. 1977, 22, 1. (c) Scheidt, W. R.; Tsai, Chun-che, Hoard, J. L. J. Am. 
Chem. Soc. 1971, 93, 3867. (d) Scheidt, W. R.; Collins, D. M.; Hoard, J. 
L. J. Am. Chem. Soc. 1971, 93, 3873. (e) Scheidt, W. R.; Countryman, R.; 
Hoard, J. L. J. Am. Chem. Soc. 1971, 93, 3878. 

(6) (a) Griffith, W. P.; Wickins, T. D. J. Chem. Soc A 1968, 400. (b) 
Griffith, W. P. Coord. Chem. Rev. 1970, 5, 459. 

(7) Tatsumi, K.; Hoffmann, R. Inorg. Chem. 1980, 19, 2656. 
(8) Palmer, K. J. J. Am. Chem. Soc. 1938, 60, 2360. 
(9) Mingos, D. M. P. J. Organomet. Chem. 1979, 179, C29. 
(10) Kubacek, P.; Hoffmann, R. J. Am. Chem. Soc. 1981, 103, 4320. 
(11) (a) Fischer, E. O. Adv. Organomet. Chem. 1976,14, 1. (b) Schubert, 

U. Chemistry of the Metal-Carbon Bond; Hartley, F. R., Patai, S., Eds.; 
Wiley: New York, 1982; Vol. 1, Chapter 5. (c) Brown, F. J. Prog. Inorg. 
Chem. 1980,27, 1. 

(12) Fischer, E. O.; Schubert, U. J. Organomet. Chem. 1975, 100, 59. 
(13) McLain, S. J.; Wood, C. D.; Messerle, L. W.; Schrock, R. R.; Hol

lander, F. J.; Youngs, W. J.; Churchill, M. R. J. Am. Chem. Soc. 1978, 100, 
5962. 

(14) Brower, D. C; Birdwhistell, K. R.; Templeton, J. L. Organometallics 
1986, 5, 94. 

(15) Mayr, A.; McDermott, G. A. J. Am. Chem. Soc. 1986, 108, 548. 
(16) Templeton, J. L.; Winston, P. B.; Ward, B. C. J. Am. Chem. Soc. 

1981, 103, 7713. 

1 2-

b) 
Y= CH3," m 4 -

Y= O2", n = 3-

c) 
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Figure 2. Models and coordinate systems employed in the calculations. 
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Figure 3. Total energy of cis- [MoO2H4]
2" as a function of a, 0, y. 

zero of energy is arbitrary. 
The 

cleave triple bonds in small molecules such as RO=CR, RC=N, 
and N = N with mononuclear metal reagents. Microscopic re
versibility addresses coupling reactions simultaneously. Some 
related coupling reactions have been achieved at single metal 
centers.17 Although our considerations are limited to monomers 
we note that elegant dinuclear chemistry has succeeded in ac
complishing direct alkyne and nitrile cleavage.18 

Calculational Details. The extended Hiickel molecular orbital 
program developed by Hoffmann was employed.19 The metal-oxo 

(17) (a) Bianconi, P. A.; Williams, I. D.; Engeler, M. P.; Lippard, S. J. 
J. Am. Chem. Soc. 1986,108, 311. (b) Warner, S.; Lippard, S. J. Organo
metallics 1986, 5, 1716. (c) Kreissl, F. R.; Sieber, W. J.; Alt, H. G. Chem. 
Ber. 1984, 117, 2527. 

(18) (a) Schrock, R. R.; Listemann, M. L.; Sturgeoff, L. G. J. Am. Chem. 
Soc. 1982, 104, 4291. (b) Chisholm, M. H.; Folting, K.; Hoffman, D. M.; 
Huffman, J. C. J. Am. Chem. Soc. 1984, 106, 6794. 
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Table III. Degree of Bonding" as a Function of a, 0, y 

a 

90 
100 
100 
100 

/3 

90 
80 
80 
80 

7 

180 
160 
180 
200 

Hto, 

0.853 
0.857 
0.860 
0.863 

# a x 

0.849 
0.833 
0.847 
0.884 

O 

1.319 
1.272 
1.331 
1.342 

rel energy, eV 

0.000 
+0.206 
-0.110 
-0.395 

"Armstrong, D. R.; Perkins, P. G.; Stewart, J. J. P. /. Chem. Soc, 
Dalton Trans. 1973, 838. 

distance for MoO2H4
2" was fixed at 1.70 A (see Table I). The 

angles (a, 8, y) in MoO2H4
2" were varied from (70, 70, 160) to 

(120, 110, 210), and the electronic structure was obtained for 
selected points in this space. Bond lengths for biscarbyne and 
oxo-carbyne calculations are collected in Table II. Coordinate 
systems employed in the calculations are shown in Figure 2. 

Results and Discussion 
Dioxo Complexes. Before considering carbyne complexes we 

will establish a framework for three-center ligand 7r-metal d-ir 
interactions in octahedral complexes with two oxo ligands. Ex
tensive rules governing ligand site occupation in d0 MO2X2L2 

monomers have been published.20 Weak ir-donors occupy sites 
trans to terminal oxygens to minimize competition for d-n- orbitals. 
The CW-MO2 unit allows all three metal dir orbitals to accept O2" 
7r-donation and is favored for d0 configurations. trans-M02 

moieties are favored for d2 configurations (the metal electron pair 
can reside in the lone dir orbital which is not destabilized by O2" 
7r-donation9). In addition to these basic dir bonding concepts we 
need to consider angular distortions prior to analyzing the carbyne 
complexes of interest. 

The total energy of CZJ-MOO2H4
2" as a function of a, B, and 

y is depicted in Figure 3. As 8 decreases, the minimum moves 
to lower energy and larger a. Making y larger (moving the axial 
hydrides away from the oxo ligands) dramatically stabilizes the 
model complex. The global minimum in our calculations lies at 
(a, 8, y) = (101, 80, 200). Thus, despite the simplifications used 
to assemble the model, the calculations successfully mimic dis
tortions evident in experimentally determined structures (see Table 
D-

The Walsh diagrams in Figure 4a,b track the frontier orbitals 
as 8 and y are varied, respectively, for a = 100°. The d^ orbital 
is restricted to purely IT interactions when y = 180°. Overlap 
between the axial hydrides and the dyz orbital increases equally 
whether y is increased or decreased from 180°. From this point 
of view there should be no energetic preference for y > 180°, but 
substantial stabilization occurs as y increases from 160° to 200°. 
The crucial factor is the d^ orbital distribution among several 
s-p-d hybrids, and this set of interactions favors 7 > 180°. These 
orbitals are sketched in Figure 4b for (a, 8, y) = (100, 80, 200). 
The 2b2 orbital is strongly hybridized toward the axial hydrides 
in a bonding fashion, and this interaction is enhanced as 7 in
creases. The 3b2 orbital (chiefly d r̂) is hybridized so that its nodes 
lie along the Mo-axial hydride vectors. The lobes of this dyz 

function balloon toward the oxygen pz orbitals as y increases and 
this enhances Mo-O IT bonding. Note the increased degree of 
metal-ligand bonding as y increases (Table III). For y < 180°, 
the phase of mixing between Mo pz and dyz is reversed, the Mo-O 
•K interaction in 3b2 is diminished, and the molybdenum bonds 
to the axial hydrides are weakened. 

The optimal value of a and the total energy are both sensitive 
to 8. Figure 4a shows that the effect of varying 8 is concentrated 
in one filled orbital, 3a]. This orbital is Mo-H bonding and good 
overlap between molybdenum and the equatorial hydrides occurs 
for small values of /3. Hybridization of dxi_yi occurs into Ia1 as 
8 decreases. This distortion increases the TT interaction with the 
oxygens only slightly as Ia1 drops by less than 0.05 eV as 8 
decreases from 100° to 80°. At (B, y) = (100, 180), the dxi.yi 

(19) We thank Professor Hoffmann for providing us with a copy of FOR-
TICON. 

(20) Butcher, R. J.; Penfold, B. R.; Sinn, E. J. Chem. Soc, Dalton Trans. 
1979, 668. 

(21) Bennett, M. J.; Mason, R. Nature {Lqndon) 1965, 205, 760. 
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Figure 4. (a) Walsh diagram for [MoO2H4]
2" as a function of /3. a is 

fixed at 100° and y at 180°. The orbital marked with an asterisk is the 
nonbonding 2p orbital combination, (b) Walsh diagram for [MoO2H4]

2" 
as a function of 7. a is fixed at 100° and 0 at 80°. The orbital marked 
with an asterisk is the nonbonding O 2p orbital combination. 

IT interaction with oxygens is diminished by a destructive admixture 
of py. However, the phase of mixing reverses when 0 passes 
through 90° and closes to 80°, once again allowing optimal IT 
bonding between this orbital and the oxygens. 
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Figure 5. (a) Orbital energy diagram for OWs-[W(CH)2H4]
4". Some low-lying functions (-14 to -15 eV) have been omitted for clarity, (b) Orbital 

energy diagram for CU-[W(CH)2H4]
4". Some low-lying functions (-12 to -14 eV) have been omitted for clarity. 

The obtuse O-M-O angle in concert with distortions of the 
remaining ligand positions reflect an interplay between a and x 
interactions. In very qualitative terms the observed distortions 
provide more "metal orbitals" for the two ir-bonding oxo ligands 
at the expense of the four tr-only ligands. 

Biscarbyne Complexes, cis- and ^nS-[W(CH)2H4]4" were 
assigned a net charge consistent with a d0 metal configuration, 
formally W6+, with CH arbitrarily assigned as CH3" analogous 
to O2". Energy level diagrams for the two biscarbyne isomers are 
shown in Figure 5. The ^(7HS-[W(CH)2H4]

4" diagram contains 
three nonbonding orbitals: dxy dominates the LUMO and de
generate carbon 2p combinations constitute the HOMO. The 
trans isomer is thermodynamically favored for a d2 metal which 
fills the dxy level; the rationale is the same as in the dioxo d2 case. 
Regardless of configuration, however, the crucial issue is the 
reactivity anticipated for the strictly nonbonding carbon based 
orbitals near -11 eV. Although a nonbonding metal d orbital in 
this energy range is acceptable for modelling a real molecule, the 
inherent potential for exothermic reaction associated with a carbon 
2p orbital indicates that isolation of a trans-W(CR)2L4 complex, 
either d0 or d2, is unlikely. When filled this degenerate 2e set will 
be nucleophilic, crudely resembling a carbanion. Furthermore 
no perturbation of the four equatorial ligands enhances the stability 
of the axial carbynes. As a referee noted the plus combination 
of trans ir ligand orbitals simply has no metal orbital mate. A 
carbon with only three bonds is not a viable chemical option. 

A similar orbital deficiency at the metal, now three d?r orbitals 
to satisfy four carbyne 2p orbitals, characterizes the Cw-[W-
(CH)2H4]4" isomer. Here the minus combination of ligand TT 
orbitals is isolated with no suitable metal dx mate. Thus the cis 
case is also subject to electrophilic attack at the carbon based 
HOMO. Related arguments apply regardless of electron count; 
removal of electrons from the carbyne based HOMO of either 
the cis or trans isomer generates an electrophilic reagent, crudely 
resembling a carbonium ion. 

Note that similar ligand based orbital combinations exist for 
ci's-dioxo and n's-dicarbonyl complexes, but the functions either 
lie very low in energy and are happily filled (the oxo case) or are 
high in energy and remain empty (the carbonyl case). 

Oxo-Carbyne Complexes. The electronic structure of trans-
[W(CH)(O)H4]3" is shown in Figure 6. The HOMO-LUMO 
gap, 1.44 eV, is adequate for a stable complex, but the presence 
of a vacant metal-localized nonbonding level, d^, indicates that 
the full binding potential of the metal has not been exploited. The 

Q ^ ? 787 

Figure 6. Orbital energy diagram for ZzWU-[W(CH)(O)H4]
3". Some 

low-lying functions have been omitted for clarity. 

Table IV. Energy Partitioning and HOMO Energy for Equatorial 
Distortion of iranj-[W(CH)(0)H4]3" (eV) 

distortion, deg 

inter- toward carbyne 
action 20 10 5 0 5 

Mo-H -4.96 -4.99 -5.01 -5.02 -5.02 
Mo-C -8.00 -10.02 -10.67 -11.16 -11.52 
Mo-oxo -9.71 -9.37 -9.20 -9.02 -8.81 
HOMO -10.64 -11.36 -11.62 -11.82 -11.96 

toward oxo 
10 20 

-5.00 -4.89 
-11.77 -12.02 

-8.56 -7.82 
-12.05 -12.13 

degenerate HOMO pair at -11.81 eV results from competition 
between the oxo ligand and the carbyne for 7r bonding. In contrast 
to the biscarbyne case, however, it is possible to stabilize this 
ligand-based p-orbital combination. Moving the hydrides toward 
the oxo ligand causes the metal d orbital contribution in this 
degenerate e set to balloon toward the carbyne ligand and enhances 
M = C H bonding. This stabilization, predicted by Bennett and 
Mason21 and by Elian and Hoffmann22 for distortions of equatorial 

(22) Elian, M.; Hoffmann, R. Inorg. Chem. 1975, 14, 1058. 
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Table V. Relative Total Energies and Energies of Frontier Orbitals 
of CW-[W(CH)(O)H4]

3-(eV) 

Figure 7. Total energy of ^aHs-[W(CH)(O)H4]
3" as a function of dis

tortions in the equatorial positions. 

eV 

HOMO 

Figure 8. Orbital energy diagram for CW-[W(CH)(O)H4]
3". Some low-

lying orbitals have been omitted for clarity. 

carbonyl groups, is confirmed for small deformations as shown 
in Figure 7. As expected, the degenerate HOMO set is chiefly 
responsible for the decline in total energy which occurs as the 
hydrides are moved toward the oxygen (Table IV). In contrast 
the total energy rises sharply when the hydrides are bent toward 
the carbyne ligand as this distortion diminishes the W = C H IT 
interaction. 

The electronic structure of cis-[W(CH)(O)H4]
3" is shown in 

Figure 8. The undistorted d0 cis isomer (-398.2 eV) is favored 
relative to the undistorted d0 trans isomer (-398.0 eV). Utilization 
of all three d7r orbitals is possible in the cis case while the 
equatorial d7r orbital is ir-innocent in the trans complex. The large 
HOMO-LUMO gap, 2.18 eV, and the absence of nonbonding 
orbitals suggest that the cis model could represent a stable 
molecule. The LUMOl and LUM02 orbitals are W-O and W-C 
7T* functions, respectively. The greater covalency of the car-
byne-metal interaction is evident in the much greater ligand 
component in LUM02. The HOMO orbitals, also O and C 2p 
combinations, lie near -12 eV, and ligand distortions could further 
stabilize them. In the Mo(VI) dioxo calculations, the natural 
distortion coordinates retained the C10 symmetry of the model. 

distortion 

none, octahedral 
axial hydrides 

10° away from CH 
10° toward CH 
10° away from O 
10° toward O 

equatorial hydrides 
100° 

Scheme I 
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rel energy 

0.00 

-0.24 
+0.76 
-0.15 
+0.35 

+0.21 

R 
C: ~ 
Il . 

— - M = O 

LUMO 

-9.57 

-9.57 
-9.58 
-9.30 
-9.66 

-9.57 

HOMOl 

-11.75 

-11.75 
-11.63 
-11.75 
-11.75 

-11.70 

R 2 
C:2 

M = 0 : + 

HOM02 

-12.11 

-12.27 
-11.75 
-12.13 
-12.12 

-12.12 

In this case the symmetry is much lower (Cs), but we chose to 
explore only two axial hydride modes: (1) movement in the 
metal-oxo plane and (2) movement in the metal-carbyne plane. 
Since the HOMO consists of a tungsten-carbyne dxr-p7r inter
action, it will be sensitive to motion in the xz plane. The metal-oxo 
interaction will be less sensitive to changes in molecular geometry; 
the bonding is less covalent. As shown in Table V, the total energy 
of the complex is reduced by 0.24 eV when the axial hydrides bend 
10° away from the carbyne ligand in the xz plane, largely due 
to stabilization of the HOM02. A smaller reduction in the total 
energy, 0.15 eV, results when the hydrides are bent away from 
the oxo ligand in the yz plane. The behavior of the LUMO orbital, 
which is destabilized by 0.27 eV, shows that the trend in total 
energy along the second distortion mode derives chiefly from 
changes in W-O w bonding. Stabilization occurs along both 
distortion coordinates because interactions among filled orbitals 
are enhanced when the axial hydrides bend away from either the 
carbyne or oxo ligand. 

Moving the equatorial hydrides together, as in the dioxo case, 
reduces the total energy as expected by analogy (Table V). The 
stabilization of 0.07 eV that results at an equatorial hydride angle 
of 80° can be traced to a lower energy HOMO. Ballooning the 
metal dxy orbital toward the carbyne ligand enhances both TT 
bonding to CH and IT antibonding to O; for small deformations 
the bonding effect dominates. 

The calculations suggest that c«-(oxo-carbyne) complexes may 
be preparable. They indicate that a d0 configuration will be 
optimal, again counting the carbyne as CR3- (or alternatively a 
d4 configuration with CR+), since all filled orbitals are net bonding. 
Some weakening of the metal-oxo interaction occurs due to oc
cupation of the HOMOl which has an antibonding admixture 
of an oxygen p7r function. However, the carbyne-metal bond is 
substantially weakened if these electrons are removed. In the dioxo 
case a similar conflict is resolved by retaining the lone pair 
character of oxygen p electrons as a filled, nonbonding O 2p orbital 
combination at low energy (see Figure 4). For two carbynes the 
inherent reactivity of the free carbon 2p orbitals makes 3-center 
interactions unattractive whether the nonbonding ligand-based 
level is filled or vacant as discussed above. For the intermediate 
oxo-carbyne case the resolution of the conflict may be framed 
qualitatively from simple resonance arguments (Scheme I). 
Oxygen will tolerate localization of electron pairs and sacrifice 
some of the shared dir orbital to meet the covalent needs of the 
adjacent carbyne. 

Distant analogues of the model M=CR(O)L 4 complexes 
proposed here are the XM(CO)4(CR) complexes prepared by 
Fischer and co-workers,I2 all containing //-aw-halide-carbyne 
arrangements. Calculations by Kostic and Fenskelb show that 
the halide is a negligible contributor to TT bonding. Counting the 
carbyne moiety as [CR]3" gives the metal center a formal 4+ 
charge in the Fischer complexes, a d2 configuration. We wish 
to assess the properties of oxo-carbyne complexes which place 
different demands on the energy and occupancy of the Air orbitals. 
The high degree of covalency in the carbyne-metal interaction 
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limits the utility of conventional oxidation state descriptions in 
any case. Nonetheless it is accurate to depict the proposed d0 

cw-(oxo-carbyne) (02~,CR3") complexes as electron rich at oxygen. 
One attractive reaction path available to such a monomer is dimer 
formation as shown in Scheme II. This removes the ir-bonding 
requirement of the oxo ligand and cancels the d7r-orbital conflict 
responsible for excessive electron density on the terminal oxygen 
in the monomer. 

Oxo-Carbonyl Complexes. A d2 octahedral oxocarbonyl de
rivative, W(O)(CO)(PPh2Me)2Cl2, has recently been reported by 
Rheingold, Mayer, and co-workers.23 Given that the conflict 

The understanding of nuclear relaxation induced by para
magnetic metal ions can, in principle, provide information on the 
structure of (Figure 1), under investigation and on the time-de
pendent phenomena concerning the resonating nucleus.1"4 A 
theoretical description of the coupling between the nucleus and 
the unpaired electron has been proposed under a variety of con
ditions.5"16 The contributions to nuclear relaxation have been 
identified and their magnitudes predicted on the basis of appro
priate spin Hamiltonians.12"16 Such treatments pertain, however, 
to isolated paramagnetic metal ions or to two magnetically coupled 
S = 1Z2 ions.17a No theory and almost no experimental data are 

f University of Florence. 
'University of Florida. 
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characterizing identical n ligands trans to one another (either 
7r-acidic or ir-basic) can be eliminated by replacing one with a 
7r-innocent ligand, what is the effect of a strong 7r-donor trans 
to a strong ir-acceptor? 

The isolated dir orbital energies (Scheme III) for cis and trans 
d2 [M(O)(CO)H4]2" model compounds answer this question and 
also reveal why the cis isomer is favored. Clearly 7r-acid and 
7r-base ligands prefer to avoid sharing dir orbitals. In terms of 
three-center d7r-ligand tr interactions, the shared dir orbital is 
pushed up by 7r-donation and down by 7r-acceptance. The two 
effects nearly cancel one another in the M(O)(CO) case, and this 
cancellation leads to a net nonbonding result. 

The trans O=M—CO arrangement produces three nearly 
degenerate dir orbitals. The dxy orbital is 7r-innocent and con
flicting oxygen 2p donation and CO tr* acceptance leave dxz and 
dyz near their original energies. The c»-M(0)(CO) moiety allows 
for two constructive 2-center 2-electron -w bonds: stabilization 
of the lone filled d7r level by CO w*x and destabilization of the 
vacant dxz by O p^. The remaining d7r orbital is shared by O2" 
and CO and is nearly nonbonding. It is vacant in the d2 tungsten 
monomer which has been isolated. A d4 configuration would bind 
the CO more tightly but the confrontation of the oxide py with 
a filled dyz would weaken the M = O bond and create a nucleophilic 
terminal oxygen analogous to the M(CO)(CR)L4 d0 monomer 
discussed above. 
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Abstract: The 1H NMR spectra of CoM(PMK)3
4+, where M is Zn2+, Co2+, Ni2+, or Cu2+, and PMK = 2,5-bis(2-

pyridyl)-3,4-diazahexa-2,4-diene, have been analyzed with the aim of understanding nuclear and electron relaxation rates. 
Very short electron relaxation rates have been found for CoZn(PMK)3

4+ and Co2(PMK)3
4+. The cobalt(II) has a significant 

influence on the electronic relaxation times of copper and nickel in the CoCu(PMK)3
4+ and CoNi(PMK)3

4+ complexes, thereby 
dramatically sharpening their 1H NMR peaks as compared to those of the ZnCu(PMK)3

4+ and ZnNi(PMK)3
4+ complexes. 

Modifications of the Solomon equations are proposed to interpret the relaxation rates in magnetically coupled equations. We 
find that a magnetic coupling constant slightly larger than the maximum dipolar coupling between Cu(II) and Co(II) is capable 
of making the signals of protons on ligands bound to Cu(II) essentially as sharp as those bound to the high-spin, six-coordinate, 
cobalt(II). Supporting magnetic and variable-temperature T1 data are included. 


