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Table I. Rotational Correlation Times for 2H in AK-AMPPCP 
Complexes 

complex line width (Hz) rc (ns) 
AK-AMPPCD2P 367 ± 15 6.5 ± 0.5" 
AK-MgAMPPCD2P 660 ±50 16 ± T 
AK-[8-2H]AMPPCP 1250 ±150 27 ± 4" 
AK 75* 

"Calculated from line widths as described in ref 6 and 7. 
'Calculated from the Stokes-Einstein equation assuming that AK is a 
rigid sphere.10 

at the same magnetic field (46.1 MHz) and from line width 
measurements at a different magnetic field (78.7 MHz). 

The TC values reported in Table I indicate that the adenine ring 
of bound AMPPCP is motionally rigid9 and is close to the overall 
rc of AK.10 The (3-y region of the phosphonate chain possesses 
considerable local mobility.9 This motional freedom is greatly 
reduced upon the binding of Mg2+ (ATP and MgATP have been 
shown" to bind to the same site of AK). 

While it is difficult to quantitatively dissect the overall AK-ATP 
binding energy to contributions by the various local segments of 
ATP/MgATP212 qualitative observations can be made regarding 
the relationship between local binding energy and local motion. 
Mg2+ appears to make very little contribution to the overall binding 
energy since MgATP and ATP bind to AK with nearly equivalent 
affinities, as do MnPPPi and PPPi.13 However, our 2H NMR 
results with AMPPCP indicate that Mg2+ does induce a significant 
increase in the TC of the phosphate chain.3 Furthermore, the 
adenine ring of bound ATP is held rigidly compared to the tri
phosphate moiety, but the dissociation constant for adenosine 
binding to the ATP site of AK has been reported to be greater 
than 20 mM (compared to the value of 0.1 mM for ATP).14 

Thus, it appears that there is no correlation between local substrate 
dynamics and local binding energy. 

Our results suggest the following important points, (a) 
Thermodynamically "tight" local binding does not necessarily 
imply local motional rigidity for the bound substrate (and vice 
versa), (b) Since AK is known to be more specific for ATP in 
catalysis than in binding (based on the fcral and Km values of ATP 
and its analogues)13,15 and since the adenine ring is rigid at the 
ground state, the additional binding energy expressed at the 
transition state should be used primarily to increase the specificity 
not to rigidize the adenine ring, (c) Binding of Mg2+ may serve, 
among other functions, to immobilize and properly orient the 
7-phosphate in preparation for the transition state, (d) Although 
the relatively large local freedom of the triphosphate moiety of 
AK-ATP has been revealed qualitatively by 31P NMR (very 
narrow signals of bound ATP)16 and 17O NMR (relatively small 
increases in Av^2 upon binding),17 we have demonstrated that 2H 

(9) Although the T,. obtained from 2H NMR are only effective values 
(l/rc,eff = l/rc,over.u + 1/Tc,mte™i),24 differences in Tcetf determined for the 
various species can be used to compare the local, internal dynamics of the 
different groups since l/Tcoveran can be assumed to be similar for the three 
species since it is dictated by protein motion. 

(10) The calculated value of 75 ns presented in Table I is almost certainly 
a great overestimation of this value since the calculation does not take the 
dynamic nature of proteins into account. 

(11) Shyy, Y.-J.; Tian, G.; Tsai, M.-D. Biochemistry 1987, 26, 6411-6415. 
(12) Jencks, W. P. Proc. Natl. Acad. ScL U.S.A. 1981, 78, 4046-4050. 
(13) Price, N. C; Reed, G. H.; Cohn, M. Biochemistry 1973, 12, 

3322-3327. 
(14) Kappler, F.; Hai, T. T.; Abo, M.; Hampton, A. J. Med. Chem. 1982, 

25, 1179-1184. 
(15) O'Sullivan, W. J.; Noda, L. J. Biol. Chem. 1968, 243, 1424-1433. 
(16) Nageswara Rao, B. D.; Cohn, M.; Noda, L. J. Biol. Chem. 1978, 253, 

1149-1158. 
(17) Wisner, D. A.; Steginsky, C. A.; Shyy, Y.-J.; Tsai, M.-D. J. Am. 

Chem. Soc. 1985, 107, 2814-2815. 
(18) (a) Kishi, F.; Maruyama, M.; Tanizawa, Y.; Nakazawa, A. / . Biol. 

Chem. 1986, 261, 2942-2945. (b) Tanizawa, Y.; Kishi, F.; Kaneko, T.; 
Nakazawa, A. J. Biochem. 1987, 101, 1289-1296. 

(19) Fry, D. C; Kuby, S. A.; Mildvan, A. S. Biochemistry 1987, 26, 
1645-1655. 

(20) Moffatt, J. G.; Khorana, H. G. J. Am. Chem. Soc. 1961, 83, 649-658. 
(21) Roy, C. H. U.S. Patent 3 251 907, 1966. 
(22) Tsang, P.; Void, R. R.; Void, R. L. J. Magn. Reson. 1987, 71, 

276-282. 
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NMR can provide a comparison of relative local motional freedom 
in a straightforward way. 
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(23) Mantsch, H. M.; Saito, H.; Smith, I. C. P. Prog. NMR Spectrosc. 
1977, / / , 211-271. 

(24) (a) Lyerla, J. R.; Mclntyre, H. M.; Torchia, D. A. Macromolecules 
1974, 7, 11-14. (b) London, R. E. Magnetic Resonance in Biology; Cohen, 
J. S„ Ed.; J. Wiley and Sons: New York, 1980; Vol. I. 

(25) For MgAMPPCP, the points where the fraction bound exceeds 0.5 
were not shown since at such low concentrations AMPPCP may not be fully 
complexed with Mg2+, probably due to competition by other nonspecific 
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Coordination compounds of isopolyoxomolybdate anions are 
of fundamental chemical interest as models for the interactions 
of substrates with metal oxide surfaces.1 As a consequence of 
the development of polyoxoanions soluble in organic solvents, the 
synthetic chemistry of isopolyoxomolybdates has been extended 
beyond Bronsted acid-base chemistry to include a variety of 
complexes incorporating oxygen-2"7 or nitrogen-containing8"15 

organic ligands. However, the coordination chemistry of poly-
oxometalates in general with sulfur-containing ligands remains 
undeveloped,16 with the exceptions of a number of sulfido-poly-
oxometalate species1718 and a single example of a polyoxo
molybdate ligated to an organodisulfide group.19 

The notable absence of thiolate-containing isopolymolybdate 

(1) Day, V. W.; Klemperer, W. G. Science (Washington, D.C.) 1985, 228, 
533. 

(2) Adams, R. D.; Klemperer, W. G.; Liu, R.-S. J. Chem. Soc, Chem. 
Commun. 1979, 256. Adams, R. D.; Klemperer, W. G.; Liu, R.-S. J. Am. 
Chem. Soc. 1979, 101, 491. Day, V. W.; Thompson, M. R.; Day, C. S.; 
Klemperer, W. G.; Liu, R.-S. J. Am. Chem. Soc. 1980, 102, 5971. 

(3) McCarron, E. M., Ill, Harlow, R. L. J. Am. Chem. Soc. 1983, 105, 
6179. 

(4) McCarron, E. M., Ill; Staley, H. H.; Sleight, W. Inorg. Chem. 1984, 
23, 1043. 

(5) McCarron, E. M., Ill; Sleight, A. W. Polyhedron 1986, 5, 129. 
(6) Wilson, B. A.; Robinson, W. T.; Wilkins, C. J. Acta Crystallogr., Sect. 

C. Crysi. Struct. Commun. 1983, C39, 54. 
(7) Liu, S.; Shaikh, S. N.; Zubieta, J. Inorg. Chem. 1987, 26, 4303. 
(8) McCarron, E. M., Ill; Whitney, J. F.; Chase, D. B. Inorg. Chem. 1984, 

23, 3276. 
(9) Hsieh, T.-C; Zubieta, J. Inorg. Chem. 1985, 24, 1287. 
(10) Hsieh, T.-C; Zubieta, J. Polyhedron 1986, 5, 309. 
(11) Hsieh, T.-C; Zubieta, I Polyhedron 1986, 5, 1655. 
(12) Shaikh, S. N.; Zubieta, J. Inorg. Chem. 1986, 25, 4613. 
(13) Hsieh, T.-C; Zubieta, J. J. Chem. Soc, Chem. Commun. 1985, 1749. 
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Commun. 1987, 1469. 
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New York, 1983. 
(17) Do, Y.; Simhon, E. D.; Holm, R. H. Inorg. Chem. 1985, 24, 2827. 
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F. Polyhedron 1986, 5, 2122. 

© 1988 American Chemical Society 



Communications to the Editor 

Figure 1. ORTEP view of the structure of [MOi0O28(SCH2CH2O)2-
(HOCHj)2]

4" (I), showing the atom-labeling scheme. Selected bond 
lengths (A) and angles (°) are as follows: MoI-Sl, 2.495 (1); MoI-Ol, 
1.978 (3); Mol-02, 2.287 (3); Mo2-Sl, 2.467 (1); Mol-02, 2.199 (4); 
Mo2-08, 2.011 (3); Mo3-08, 2.055 (3); Mo3-013, 1.858 (4); Mo3-
017, 2.555 (4); Mo4-O13, 1.951 (4); Mo4-Ol7, 2.569 (4); Mo5-01, 
2.059 (4); Mol-Mo2, 2.693 (1); Sl-Mol-O14, 133.1 (1); S2-Mo2-08, 
113.0 (1); 03-Mo5-O14, 146.5 (2); Ol-Mo5-O16, 136.2(2). Average 
molybdenum-oxo distances: Mo-O(terminal), 1.676 (8); Mo-0(doubly 
bridging), 1.924 (8); Mo-O(triply bridging), 2.042 (9). 

species is a consequence of the tendency of thiolate ligands to 
reduce Mo(VI) to Mo(V) to yield thiolate-bridged oligomers of 
Mo(V), under the reaction conditions of large excess of thiolate 
to the [MoO4]2" precursor generally employed. However, in the 
course of our investigations of the chemistry of methanolic solu
tions of isopolymolybdate anions, we have found that under ap
propriate conditions thiolate complexes of mixed valence Mo-
(V)/Mo(VI) polyoxomolybdate anions may be isolated. In this 
paper, we describe the synthesis and structural characterization 
of the decanuclear polyoxomolybdate complex (NBu4)4-
[Mo10O28(SCH2CH2O)2(HOCH3)2]-2CH3OH (I) and the tet-
ranuclear molybdenum(V)-oxo species (NBu4J2[Mo4O6-
(SCH2CH2O)5] (II), isolated by acid decomposition of I. 

Reaction of 1 equiv of (NBu4)4 [Mo8O26]20 with 2 equiv of 
2-mercaptoethanol in rigorously dried" and degassed methanol 
yields a bright yellow solution from which large yellow rhomboids 
of (NBu4)4[Mo10O28(SCH2CH2O)2(HOCH3)2]-2CH3OH (I) 
crystallize upon standing for 3 weeks. The complexity of the 
infrared spectrum in the 750-950-cm"1 region indicated a number 
of unique terminal and bridging molybdenum-oxo units, while 
the elemental analysis confirmed the presence of the thiolate group 
in a ratio of 1 ligand to 5 Mo centers.21 

The structure of I, illustrated in Figure 1, is seen to consist of 
discrete decanuclear anionic units [Mo10O28(SCH2CH2O)2-
(HOCH3)2]4", with a center of symmetry at the midpoint of the 
Mo2-Mo2a vector relating the crystallographically unique halves 
of the tetraanion. The structure is a unique example of a poly
oxomolybdate incorporating a thiolate ligand and presents a 
number of unusual structural features. 

The Mo centers coordinated to the mercaptoethanolate ligands 
are clearly identified as reduced Mo(V), exhibiting a short 
Mol-Mo2 distance of 2.693 ( I )A and the triply bridged geometry 
through Sl and 0 2 of the mercaptoethanolate ligand and oxo 
group 05 , characteristic of binuclear Mo(V) species.22,23 Al
though a variety of mixed-valence isopolyoxomolybdate and 
heteropolyoxomolybdate anions have been structurally charac
terized,24,25 electron delocalization in these species prevents as-

(20) Filowitz, M.; Ho, R. K. C; Klemperer, W. G.; Shum, W. Inorg. 
Chem. 1979, 18, 93. 

(21) Elemental Analyses for I. Anal. Calcd for C72H168N4O34S2Mo10: C, 
32.5; H, 6.33; N, 2.11. Found: C, 32.2; H, 6.02; N, 2.31. Crystal data: 
monoclinic space group Pl\jn with a = 17.675 (3) A, b = 16.552 (3) A, c 
= 18.938 (3) A, /3 = 102.35 (I)0 , V - 5412.1 (10) A3, Z = 2 (based upon 
decanuclear formulation), Aaicd = 1-63 g cm"3. Structure solution and re
finement based on 9017 reflections with F0 > 2.Sa(F0) (Mo Ka, X = 0.71073 
A) converged at a discrepancy factor of 0.0464. 

(22) Hsieh, T.-C; Nicholson, T.; Zubieta, J. Inorg. Chem. 1988, 27, 241. 
(23) Buchanan, I.; Clegg, W.; Garner, C. D.; Sheldrick, G. M. Inorg. 

Chem. 1983, 22, 3657 and references therein. 
(24) Sanchez, C; Livage, J.; Launay, J. P.; Fournier, M.; Jeannin, Y. J. 

Am. Chem. Soc. 1982, 104, 3194. 
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Figure 2. ORTEP view of the structure of [Mo4O6(SCH2CH2O)5]
2" (II), 

showing the atom-labeling scheme. Selected bond lengths (A) and angles 
(deg) are as follows: Mol-Mo2, 2.681 (1); Mo3-Mo4, 2.640 (1); 
Mo2-Mo3, 3.110 (1); MoI-Sl, 2.304 (3); Mo-S2, 2.526 (2); MoI-Ol, 
2.099 (5); Mol-02, 2.206 (5); Mo2-S2, 2.460 (2); Mo2-3, 2.391 (2); 
Mo2-03, 2.053 (5); Mo3-S4, 2.470 (2); Mo3-03, 2.146 (5); Mo3-04, 
2.180 (4); Mo4-54, 2.496 (2); Mo4-S5, 2.431 (2)'; Mo4-04, 2.246 (4); 
Mo4-05, 2.020 (5); Sl-MoI-Ol, 81.4 (1); S2-Mol-02, 69.0 (1); S2-
Mo2-02, 70.9 (1); S3-Mo2-03, 80.4 (1); S4-Mo3-04, 70.4 (1); S4-
Mo4-04, 68.9 (1); S5-Mo4-05, 95.5 (1). Average molybdenum-oxo 
distances: Mo-O(terminal), 1.669 (10); Mo-0(doubly bridging), Mo-
0(doubly bridging), 1.868 (8); Mo-0(triply bridging), 2.027 (10). 

signment of unique Mo(V) centers. Ligand coordination in I 
localizes the reduced centers to the metal-thiolate coordination 
sites, as might be anticipated. The complex may thus be described 
as a class I mixed-valence compound with coupled binuclear 
Mo(V) centers.26 

Although a number of the "conventional" molybdenum-oxo 
sites display [MoO6] coordination geometry, the Mo5 and Mo5a 
centers exhibit five coordinate pseudosquare-pyramidal geometry, 
an unusual feature in polyoxomolybdate structural chemistry. 
Furthermore, the [MoO6] centers, Mo3, Mo4, Mo3a, and Mo4a, 
incorporate bridging methanol ligands, whose identity is confirmed 
by the unusually long Mo-O17 distances (2.56 A, av) and the 
charge requirements of the cluster. The Mo-O(methanol) dis
tances may be compared to Mo-O(methoxy) bridge distances in 
similar complexes of 2.10-2.20 A. 

The isolation of complex I depends critically upon reaction 
conditions and stoichiometry. Addition of excess ligand yields 
exclusively the triply-bridged binuclear species (NBu4) [Mo2O2-
( S C H 2 C H 2 O ) 3 ( S C H 2 C H 2 O H ) ] , while an insufficient amount of 
ligand precludes the required reduction to the Mo(V) state fol
lowed by complexation of the ligand equivalents not consumed 
in disulfide formation. In effect, the synthesis of I exploits the 
ability of [Mo1O,]"" units to function as chelating ligands and 
to aggregate in methanolic solution so as to bridge the pair of 
[Mo203(SCH2CH20)]2+ fragments. 

A common feature of the coordination complexes of polyoxo-
molybdates is the presence of weak Mo-bridging oxo-group in
teractions, allowing the extrusion of the Mo ligand core from the 
polyoxomolybdate framework.27 Thus, treatment of I with a small 
amount of chloroacetic acid in methanol, in the presence of 2 equiv 
of mercaptoethanol, yielded clear orange crystals of (NBu4)2-
[Mo4O6(SCH2CH2O)5] (II), whose structure is shown in Figure 
2.28 The tetranuclear dianion consists of two triple-bridged 
[Mo2O3(SCH2CH2O)2]0 units, sharing an edge defined by 0 3 of 

(25) Barrows, J. N.; Jameson, G. B.; Pope, M. T. / . Am. Chem. Soc. 1985, 
107, 1771. 

(26) Robin, M. B.; Day, P. Adv. Inorg. Chem. Radiochem. 1967, 10, 247. 
(27) Hsieh, T.-C; Zubieta, J. Inorg. Chim. Acta. 1987, 127, L31. 
(28) Elemental Analysis for II. Anal. CaICdTOrC42H92N2O11S5Mo4: C, 

37.5; H, 6.85; N, 2.08. Found: C, 37.1; H, 6.82; N, 2.14. Crystal data: 
orthorhombic space group Pbca, a = 17.885 (3) A, b = 19.351 (3) A, c = 
40.256 (6) A, V= 13932.4 (14) A3, Z = 8, D^00 = 1.31 g cm"3. Structure 
solution and refinement based on 10554 reflections with F0 > 2.Sa(F0) (Mo 
Ka, X = 0.71073 A) converged at a discrepancy value of 0.0556. 
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a mercaptoethanolate ligand and the triply bridging O10. The 
most unusual feature of the structure is the presence of three 
distinct ligand geometries for the mercaptoethanolate groups: two 
terminal chelating, two doubly bridging through both the sulfur 
and oxygen donors, and one with a terminal sulfur donor and a 
doubly bridging oxygen donor. Further treatment of II with acid 
or recrystallization from wet methanol yields the binuclear species 
(NBu4)4[Mo202(SCH2CH203)(SCH2CH2OH)].23 

The characterization of complexes I and II further demonstrates 
the ability of polyoxomolybdates to undergo chemical transfor
mations characteristic of metal-ligand coordination chemistry1 

and suggests a rich and previously unsuspected molybdenum-
oxo-thiolate cluster chemistry. 
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We have previously reported the synthesis of a Ni(O) macro-
cyclic complex (Ni(TBC))1 in which the nickel atom resides in 
the cavity of the 12-membered ring of TBC2 equally bound to all 
three alkynes. We now report the reduction of Ni(TBC) and the 
preparation of an n-doped metallomacrocycle conductor based 
upon Ni(TBC). Metallomacrocycles based on porphyrin and 

TBC 

phthalocyanine type ligands have been studied as precursors for 
one-dimensional conductors.3 The ligands of these molecules are 
planar, have an extended ir-system, bind the metal through rel-

(1) Ferrara, J. D.; Tessier-Youngs, C ; Youngs, W. J. J. Am. Chem. Soc. 
1985, /07,6719-6721. 

(2) (a) l,2:5,6:9,10-Tribenzocyclododeca-l,5,9-triene-3,7,ll-triyne. (b) 
Staab, H. A.; Graf, F. Tetrahedron Lett. 1966, 751-757. (c) Campbell, I. 
D.; Eglington, G.; Henderson, W.; Raphael, R. A. J. Chem. Soc, Chem. 
Commun. 1966, 87-89. (d) Irngartinger, H.; Leiserowitz, L.; Schmidt, M. 
J. Chem. Ber. 1970, 103, 1119-1131. 

(3) (a) Schramm, C. J.; Scaringe, R. P.; Stojakovic, D. R.; Hoffman, B. 
M.; Ibers, J. A.; Marks, T. J. J. Am. Chem. Soc. 1980, 102, 6702-6713. (b) 
Martinsen, J.; Stanton, J. L.; Greene, R. L.; Tanaka, J.; Hoffman, B. M.; 
Ibers, J. A. J. Am. Chem. Soc. 1985,107, 6915-6920. (c) Hanack, M. MoI. 
Cryst. Uq. Cryst. 1984,105, 133-149. (d) Moyer, T. J.; Schechtman, L. A.; 
Kenney, M. E. Polymn. Prepr. (Am. Chem. Soc, Div. Polym. Chem.) 1984, 
25, 234-235. (e) Dirk, C. W.; Mintz, E. A.; Schoch, K. F.; Marks, T. J. J. 
Macromol. Sci-Chem. 1981, A16, 275-298. (f) Le Moigne, J.; Even, R. J. 
Chem. Phys. 1985, S3, 6472-6479. (g) Wynne, K. J. Inorg. Chem. 1985, 24, 
1339-1343. 

atively hard nitrogen atoms, and have a formal negative charge. 
The resultant metallomacrocycle contains the metal in a positive 
oxidation state. The properties of Ni(TBC) parallel and contrast 
those of the nitrogen-based metallomacrocycles. The TBC ligand 
is also planar and has an extended x-system; however, TBC is 
neutral and can bind a metal via three soft, polarizable alkyne 
donors.1,4 This allows the formation of complexes with a formal 
zero oxidation state for the metal. 

The slipped stack arrangement of Ni(TBC)1 is similar to that 
observed in TTF, TCNQ, and unoxidized Ni(Pc) (Pc = 
phthalocyanato).5,3" Oxidative doping of nickel phthalocyanine 
results in metal-over-metal stacking.32 Experiments on doping 
Ni(TBC) with iodine give decomposition of the complex yielding 
TBC and probably NiI2. The cyclic voltammetry of Ni(TBC) 
in THF shows two consecutive quasi-reversible waves at strongly 
reducing potentials which suggests the consecutive formation of 
a monoanion and a dianion. An oxidizing potential gives de
composition, consistent with the experiments with I2.

6 The 
monoanion and the dianion are formed when Ni(TBC) is reduced 
with lithium, sodium, or potassium. As with the stoichiometric 
reductions of transition-metal alkene and alkyne complexes,7 

solvated complexes are produced in these solution phase reductions. 
Without the aid of chelating agents for the alkali metal cation 
the solids are unstable, especially to dissolution. Several com
binations of alkali metals and sequestering agents have been 
examined. Cryptand-(2.2.2) (C222) with potassium in THF gives 
the best yields of the dianion.8 The reduction of Ni(TBC) is 
sequential. Formation of the red-brown dianion from blue Ni-
(TBC) occurs via formation of the intermediate purple monoanion. 
A trace of the monoanion is usually present in the dianion. The 
alkyne stretching frequency in the IR spectrum decreases from 
1983 and 1957 cm-1 for Ni(TBC) (C1 symmetry in the solid state) 
to 1873 and 1834 cm"1 for the monoanion and dianion, respec
tively. The monoanion is EPR active (seven line spectra with giso 
= 2.001, OJS0 = 1.28 G), consistent with a planar monoanion. The 
diamagnetic dianion shows an NMR spectrum similar in pattern 
but slightly shifted downfield from that of Ni(TBC).1 

By combining Ni(TBC) and Ni(TBC)2- in various ratios n-
doped Ni(TBC) has been obtained.9 A two probe powder con
ductivity study of the resultant powders gave a conductivity of 
2 X 10"3 (fi-cm)"1 at 0.5 e-/Ni(TBC) (1:3 ratio of Ni(TBC)2" 
to Ni(TBC)). A plot of conductivity versus number of electrons 
per Ni(TBC) is shown in Figure 1. The insulator Ni(TBC) 
becomes conducting upon partial reduction. Upon further re
duction the conductivity again decreases. The results set a lower 
limit to the conductivity of n-doped Ni(TBC) since measurements 
by two-probe powder compaction methods typically yield values 
that are 102— 103 smaller than the corresponding four-probe 
values.10 We have examined only a limited number of doping levels 
and have not determined the ideal doping level. The intensity of 
the C=C band for Ni(TBC) decreases monotonically with in-

(4) Ferrarra, J. D.; Tessier-Youngs, C; Youngs, W. J. Organometallics 
1987, 6, 676-678. 

(5) Wudl, F. Ace Chem. Res. 1984, 17, 227-232. 
(6) Electrochemical and theoretical studies were done in conjunction with 

Auro Tanaka, Christian Fierro, and Daniel Scherson, manuscript in prepa
ration. 

(7) (a) Jonas, K. Adv. Organomet. Chem. 1981, 19, 97-122. (b) Wink, 
D. J.; Fox, J. R.; Cooper, N. J. / . Am. Chem. Soc. 1985, 107, 5012-5014. 
(c) Maher, J. M.; Fox, J. R.; Foxman, B. M.; Cooper, N. J. / . Am. Chem. 
Soc. 1984, 106, 2347-2353. 

(8) Reduction of Ni(TBC) with potassium and cryptand(C222): rigorous 
air sensitive procedures were used throughout.12 A mixture of Ni(TBC) (2.78 
x 10"4 mol), C222 (5.58 X IO"1 mol), potassium (6.90 X W mol), and THF 
(70 mL) was stirred for 24 h. The mixture was filtered and concentrated to 
3-4 mL. The precipitate was washed with THF and dried in vacuo: yield 
0.252 g (76%) of a black-brown solid, [K(C222)]2[Ni(TBC)]; IR (Nujol) 
1873 w, 1834 ms. 

(9) Doping of Ni(TBC) with (K(C222)]2[Ni(TBC)]: the quantities of 
Ni(TBC) and [K(C222)]2[Ni(TBC)] used were calculated based on ~50 mg 
of doped Ni(TBC). The mixture of solids was dissolved in 20 mL THF and 
stirred for 10-15 min, and THF was removed in vacuo at room temperature. 
Each sample was measured for conductivity and an IR (Nujol) spectrum 
recorded. A control sample of only [K(C222)]2[Ni(TBC)] indicated slight 
decomposition when treated as above. 
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