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of the hydrogen molecule has been spectacularly enhanced 
by coordination to the metal. 

The interconversion of 2a and 2b was probed by spin 
saturation transfer experiments at 190 K. Saturation of 
the methyl resonance of 2b causes an intensity decrease 
in the methyl resonance due to 2a. From these observa- 
tions, an approximate rate constant of 2.5 s-l was calcu- 
lated for the conversion of 2b to 2a.27 Thus the observed 
product ratio is clearly a reflection of an equilibrium be- 
tween 2a and 2b, not a kinetic selectivity in the protona- 
tion. From the observed product ratio and the spin sat- 
uration transfer data, a semiquantitative free energy dia- 
gram for the isomers of 2 can be constructed (see Scheme 
I). 

These observations are in marked contrast to the recent 
report by Gladysz and Fern6ndez18 that protonation of 
(v-C,H5)Re(PPh3)(NO)H affords only cationic dihydride 
complexes, as both cis and trans isomers (with the trans:cis 
ratio of 60:40 a t  room temperature). These complexes 
presumably adopt a distorted capped square pyramid 
geometry, with the cyclopentadienyl group capping. In this 
coordination geometry, the terms cis and trans are only 
approximate descriptors. In the rhenium system described 
here the replacement of a g-donor PPh3 ligand with an 
effective r-acceptor such as CO presumably renders the 
metal center much less electron rich, reducing the tendency 
to oxidative addition. The dihydrogen complex 2a is thus 
favored over the dihydride 2b. An ambiguity remains as 
to the stereochemistry of the dihydride 2b. Complex 2b 
exhibits only one hydride resonance in the ‘H NMR 
spectrum. This is consistent with a trans structure or with 
a highly fluxional cis geometry. The latter possibility is 
considered less likely since the related cis dihydride [ ( a -  
C5H5)Re(PPh3)(NO)H2]BF4 exhibits two hydride reso- 
nances in the ‘H NMR, which coalesce only a t  high tem- 
perature = 13 kcal 

Complex 2a is the first well-characterized example of 
dihydrogen coordination to a metal center with a nitrosyl 
coligand. The extraordinary activation of dihydrogen to- 
ward heterolysis upon coordination in 1 and 2a is under- 
standable, since the metal centers involved are strong 
Lewis acids. Although H2 is bound only weakly by these 
acidic metal centers, dihydrogen coordination is still 
thermodynamically favored over oxidative addition, in 
contrast to the more basic PPh3-containing complexes of 
Re reported by Gladysz. where oxidative addition is fa- 
vored.ls We are continuing to investigate the chemistry 
of H, coordination to Lewis acid metal centers, with 
particular emphasis on catalysis of isotopic exchange re- 
actions between hydrogen and basic substrates such as 
water. 

Acknowledgment is made to  the donors of the Petro- 
leum Research Fund, administered by the American 
Chemical Society, for support of this research. A generous 
loan of ruthenium trichloride by the Johnson-Matthey Co. 
is gratefully acknowledged. 

(27) Proton TI values for 2 were determined by using a 18C-r-90 pulse 
sequence. At 190 K, T I  values for the hydride resonances in 2a and 2b 
are 5 and 500 ms, respectively. The methyl resonances for both species 
give a T I  value of 760 ms. Saturation of the methyl resonance of 2b 
causes a decrease in the intensity of the methyl resonance due to 2a of 
ca. 15%. The rate constant was calculated as previously outlined for a 
two-site exchange process.** 

(28) Faller, J. W. In Determination of Organic Structures by Physical 
Methods; Nachod, F. C., Zuckerman, J. J., Eds.; Academic Press: New 
York, 1973; Vol. 5 ,  Chapter 2 
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Summary: Addition of 4 equiv of 2,6-Me,C6H,NC to K- 
[Co(C,H,),] in THF results in ethylene displacement and 
formation of the homoleptic isonitrilate [Co(2,6- 
Me,C,H,NC),]- (23, isolated as K2, [K(DME)]2, and [K- 
(1 8-crown-6)] 2, and formulated as a complex of Co( 1 -) 
with terminal isonitrile ligands. Addition of Ph,SnCI to 2- 
in THF gave [Co(2,6-Me,C,H,NC),SnPh,] (4). 

Isonitriles, like carbon monoxide, interact synergistically 
with transition-metal centers, balancing u donation to the 
metal from a carbon-based orbital with ir back-donation 
into an antibonding orbital of the isonitrile ligand,’ and 
there is an extensive chemistry of transition-metal isonitrile 
complexes.2 It is, however, generally believed, largely on 
the basis of spectroscopic3 and electrochemical4 studies, 
that isonitriles are better a donors and poorer ir acceptors 
than CO, consistent with the observation that typical 
homoleptic isonitrile complexes of many metals are in 
higher oxidation states than the typical carbonyl complexes 
of the same metals. In the case of cobalt, for example, a 
range of stable homoleptic isonitrile complexes of Co(1) 
have been known for years,5 and there is a t  least one re- 
liable early report of a homoleptic complex of Co(II),G but 
the first homoleptic Co(0) isonitrile complexes, isoelec- 
tronic with [CO,(CO)~], were not reported until 1977,’ and 
there are no reports of isonitrile analogues of [Co(CO),]- 
nor indeed of any other transition-metal isonitrilates.8 

The mild description of Co(0) isonitrile complexes as 
“air-sensitive even in the solid state”’lc and the accessibility 
of Co carbonyls in oxidation states as low as -39 suggested 
that cobalt isonitrilates should be synthetically accessible. 

(1) Collman, J. P.; Hegedus, L. S.; Norton, J. R.; Finke, R. G. Prin- 
ciples and Applications of Organotransition Metal Chemistty; Univer- 
sity Science Books: Mill Valley, CA, 1987: v 148. 

(2) This has been systematically reviewed at several stages of devel- 
opment: (a) Malatesta, L. h o g .  Inorg. Chem. 1959,1,283. (b) Malatesta, 
L.; Bonati, F. Isocyanide Complexes of Transition Metals; Wiley: New 
York, 1969. (c) Treichel, P. M. Adu. Organomet. Chem. 1973,11,21. (d) 
Yamamoto, Y. Coord. Chem. Rev. 1980,32, 193. (e) Singleton, E.; Oos- 
thuizen, M. E.  Adu. Organomet. Chem. 1983,22, 209. 

(3) Seminal papers include: Bigorgne, M.; Bouquet, A. J .  Organomet. 
Chem. 1963,1,101. (b) Horrocks, W. D.; Taylor, R. C. Inorg. Chem. 1963, 
2,723. (c) Cotton, F. A. Inorg. Chem. 1964,3, 702. (d) van Ecke, G. R.; 
Horrocks, W. D. Inorg. Chem. 1966,5,1960. (e)  Horrocks, W. D.; Taylor, 
R. C. Inorg. Chem. 1965,4,584. (0 Strohmeier, W.; Hellmann, H. Chem. 
Eer. 1964, 97, 1877. (9) Kruck, Th. Angew. Chem. 1967, 79, 27. 

(4) (a) Treichel, P. M.; Firsich, D. W.; Essenmacher, G. P. Inorg. 
Chem. 1979,18, 2405. (b) Triechel, P. M.; Dirren, G. E.; Mueh, H. J. J .  
Organomet. Chem. 1972,44, 339. 

(5) (a) Malatesta, L.; Sacco, A. 2. Anorg. Chem. 1953, 273, 247. (b) 
Malatesta, L.; Sacco, A. Ann. Chim. (Rome) 1954,43, 617. (c) Sacco, A.; 
Freni, M. Angew. Chem. 1958, 70, 599. 

(6) Pratt,  J. M.; Silverman, P. R. Chem. Commun. 1967, 117. 
(7) (a) Barker, G. K.; Galas, A. M. R.; Green, M.; Howard, J. A.  K.; 

Stone, F. G. A,; Turney, T. W.; Welch, A. J.; Woodward, P. J .  Chem. Soc., 
Chem. Commun. 1977, 256. (b) Yamamoto, Y.; Yamazaki, H. J .  Orga- 
nomet. Chem. 1977, 137, C31. (c) Yamamoto, Y.; Yamazaki, H. Inorg. 
Chem. 1978, 17, 3111. (d) Carroll, W. E.; Green, M.; Galas, A. M. R.; 
Murray, M.; Turney, T. W.; Welch, A. J.; Woodward, P. J .  Chem. SOC., 
Dalton Trans. 1980, 80. 

(8) We propose that homoleptic isonitrile complexes of metals in 
negative oxidation states be termed “isonitrilates“ by analogy with metal 
carbonylates. 

(9) Ellis, J. E.; Barger, P. T.; Winzenburg, M. L. J .  Chem. SOC., Chem. 
Commun. 1977, 686. 
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Communications 

The lack of reactivity of [ C O ~ ( ~ , ~ - M ~ ~ C ~ H , N C ) ~ ]  (1) toward 
sodium amalgam7b*c and of [CO,(~-BUNC)~] toward po- 
tassium amalgam7ayd indicated, however, that  reduction of 
a zerovalent isonitrile complex was unlikely to provide a 
successful approach to Co isonitrilates, and ligand sub- 
stitution within a preformed complex of Co in a negative 
oxidation state provided the most obvious alternative 
strategy. The remarkable ethylene complex of Co( 1-) 
reported by Jonas'O seemed to be an ideal substrate for 
such an experiment, and we now wish to report the syn- 
thesis and characterization of K[Co(2,6-Me2C6H3NC),] 
(K2), an unprecedented transition-metal isonitrilate, by 
ethylene displacement from K[CO(C,H,),]'~ (K3): 
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half-height of the absorptions from 180 to 120 cm-' 
(without a significant shift in position) when 1 equiv of 
18-crown-6 (18-C-6) was added to a T H F  solution of K2 
to form [K(18-C-6)]2.'5 The low frequencies of the vC=N 
absorptions in all these salts are consistent with marked 
bending of the isonitrile ligands similar to that observed 
for the radial ligands of [Fe(CN(t-B~)],1'~-it has been 
suggested that  the radial ligands are responsible for the 
unusually low 1830 cm-' bands of this complex and that 
such bending reflects extensive back-bonding from the 
electron-rich metal.16 The single chemical environment 
observed for the isonitrile ligands is consistent with the 
proposed formulation. 

Addition of Ph3SnC1 provided chemical characterization 
of K P 7  and established that derivatives of 2- can be pre- 
pared by reaction with electrophiles. When a solution of 
Ph3SnCl (0.62 g, 1.61 mmol) in T H F  (30 mL) was added 
dropwise to a solution of K2 (1.0 g, 1.61 mmol) in T H F  
(35 mL) a t  -78 "C a transient green color changed to bright 
yellow as the solution was allowed to warm to room tem- 
perature. The solvent was removed under reduced pres- 
sure and the product extracted into diethyl ether (200 mL). 
After filtration the ether was removed under reduced 
pressure, and the yellow glass solidified by scraping under 
pentane. The solvent was again removed under reduced 
pressure to give 1.20 g, 1.28 mmol (E 80%) of crude 
[ Co(2,6-Me,C6H,NC),SnPh3] (4). Recrystallization from 
ether (0.8 g in 8 mL) by addition of pentane (24 mL) and 
cooling to -30 "C gave analytically pure 4'* (0.55 g, 0.59 
mmol) in 69% yield (two crops). 

We have unsuccessfully attempted to circumvent the 
need to prepare the intermediate ethylene complex K3 by 
a direct synthesis of K2 in which 1 is reduced with K/Hg. 
We have also examined the reduction of cobaltocene with 
potassium in the presence of 2,6-Me2C6H3NC (reduction 
to K2 would be analogous to the preparation of K3'O) but 
have been unable to obtain tractable products from this 
reaction and see no IR evidence for the formation of K2 
in THF. 

The accessibility of stable, crystalline salts of [C0(2,6- 
Me2C6H3NC),]- indicates that  the ability of isonitriles to 
stabilize metals in negative oxidation states has probably 
been underestimated and that  isonitrilates may have a 
chemistry as rich as that  of metal carbonylates. Substi- 
tution of highly reduced precursors with labile alkene 
ligands offers a high yield and convenient route to such 
complexes, and we are currently exploring the extension 
of this approach to the synthesis of other cobalt isonitr- 
ilates and of isonitrilates of other transition metals. 

Ph,SnCI - [Co(2,6-Me2CGH3NC),SnPh3] (1) 

In a typical preparation 4 molar equiv of 2,6- 
Me2C6H3NC'' (1.35 g, 10.27 mmol) in T H F  (30 mL) were 
added to a gray sample of solid K[Co(C2H,),] (0.54 g, 2.57 
mmol) a t  room temperature. Effervescence indicated im- 
mediate reaction and within 5 min a deep orange-red so- 
lution had formed. IR spectra indicated complete con- 
sumption of the free isonitrile (vCN = 2116 cm-' in THF),  
and formation of a complex characterized by an intense, 
broad absorption centered a t  1815 cm-'. This suggested 
that all of the ethylenes had been displaced to form the 
potassium salt of the tetrakis isonitrilate (eq l), and this 
was isolated by concentration under reduced pressure to 
ca. 5 mL and addition of pentane (20 mL) to the stirred 
solution to precipitate K[Co(2,6-Me2CGH3NC),] (K2)12 
(1.17 g, 1.85 mmol = 73%) as an orange powder. In this 
form the material is extremely air-sensitive, and the pow- 
der turns black in seconds following exposure to air, but 
recrystallization from 1,2-dimethoxyethane (DME, 5 mL) 
by addition of diethyl ether (50 mL) gave a 61% yield 
(based on K3) of dark crimson parallelepipeds of a 
mono-DME solvate [K(DME)] [ C O ( ~ , ~ - M ~ ~ C ~ H ~ N C ) , ] ' ~  
which, although they still decomposed in air in minutes, 
were significantly easier to handle than the unsolvated 
powder. 

Formulation of K2 as an isonitrilate containing terminal 
isonitrile ligands, although awaiting structural confirma- 
tion, is strongly supported by IR spectra of K2 in THF,  
which are dominated by broad absorptions centered a t  
1890 (sh) and 1815 (vs) cm-'. These bands are ca. 200 cm-' 
below the frequency of the terminal v ~ N  stretch in 17c but 
over 150 cm-' above the bridging vC=N stretch in l,7c con- 
sistent with assignment to a stretching absorption of a 
terminal C=N bond which has been dramatically weak- 
ened by back-donation from the electron-rich metal center 
in 2-. The broadening probably reflects ion pairing effects 
analogous to those often observed for ~arbonylmetalates,'~ 
and this is supported by the reduction in the width a t  

4 

(10) Jonas, K.; Schieferstein, L.; Kruger, C.; Tsay, H. Y. Angew. 
Chem.. Int. Ed. 1979. 18. 550. 

( l l j  Weber, W. P.: Gokel, G. W.; Ugi, I. K. Angew. Chem., Int. Ed.  
Enel. 1972. 11. 530. - ~- ~ ~~ - - -  ~ 

(12) IR INujol, uCN):  2005 (vw) 1890 (sh), 1770 (vs) cm-'; 'H NMR 
(CD,CN) 6 9.55 (t,  J = 7.4 Hz, 4 H, para H of C&), 9.68 (d, J = 7.4 Hz, 
8 H, meta H of CBH3), 2.37 (s,24 H, CH3). Anal. Calcd for CSsHSsCoKN4: 
C, 69.43; H, 5.83. Found (Dornis u. Kolbe, Mulheim a.d. Ruhr): C, 68.78; 
H, 5.93. 

(13) IR (Nujol, U C N ) :  2005 (vw), 1880 (sh), 1815 (vs) cm-'. 'H NMR 
spectra in CD,CN are identical with those of K2, except for the presence 
of 1.0 k 0.1 molecules of DME for every 4 isonitrile ligands. Anal. Calcd 
for CaHMCoKN402: C, 67.40; H, 6.50. Found (Dornis u. Kolbe, Mulheim 
a.d. Ruhr): C, 67.28; H, 6.60. 

(14) Darensbourg, M. Y. Prog. Inorg. Chem. 1985,33, 221. 
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(15) Analytically pure dark crimson crystals of [K(18-C-6)]2 could be 
obtained in 80% yield (from K2) by recrystallization from T H F  by ad- 
dition of diethyl ether, and 'H NMR spectra in CD3CN confirmed the 
presence of 1.0 f 0.1 molecules of 18-C-6 for every 4 isonitrile ligands. 
IR (Nujol, U C N ) :  2005 (w), 1890 (sh), 1815 (vs) cm-'. Anal. Calcd for 
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(16) (a) Bassett, J. M.; Green, M.; Howard, J. A. K.; Stone, F. G. A. 
J. Chem. Soc., Chem. Commun. 1977, 853. (b) Bassett, J. M.; Berry, D. 
E.; Barker, G. K.; Green, M.; Howard, J. A. K. J. Chem. Soc., Dalton 
Trans. 1979, 1003. 

(17) For leading references on this procedure, including the pioneering 
studies by Ellis, see: Leong, V. S.; Cooper, N. J. Organometallics 1987, 
f i  2nnn. - , - - - - . 

(18) IR (Nujol mull, u C N ) :  2110 (w), 2035 (sh), 1992 (s, br) cm-'. 'H 
NMR (CD30CD2CDz0CD3) 6 7.9-6.7 (m, 27 H, C6H3+C6H5), 2.12 (s, 24 
H, CHJ. Anal. Calcd for CyH51C~N4Sn: C, 69.47; H, 5.51; N, 6.00. 
Found (Dornis u. Kolbe, Mulheim a.d. Ruhr): C, 69.32; H, 5.46; N, 5.91. 
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