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The (isocyanide)cobalt compounds [C5H5Co(CNCH2Ph)(PMe3)l (2) and [CsMe&o(CNMe)- 
(PMe3)] (5), which are prepared from the bis(phosphine) derivatives [C5H&o(PMe&] or [C5- 
Me5Co(PMe3)21 and isocyanide, react with phenyl or 4-tolyl azide RN3 to give the q2-carbodiimide 
complexes [C5H5Co(q2(Cfl(Ph))-PhCH2N=C=NPh)(PMe3)1 (3) and [C5Me5Co(q2(Cfl(R))- 
MeN=C=NR)(PMes)l (6, 7), respectively. The reaction is regiospecific with respect to  
coordination of the unsymmetrical carbodiimide ligand. Treatment of 6 and 7 with methyl 
iodide produces, after reprecipitation with NH~PFG,  the ionic complexes [C5Me&o(q2(Cfl(R))- 
Me2N=C=NR)(PMe3)]PFs (8, 9) in 80% yield. Compound 8 (R = Ph) crystallizes in the 
triclinic space groupPi  (No. 2) witha = 8.786(1) A, b = 9.067(1) A, c = 17.938(3) A, a = 79.73(1)O, 
f l  = 75.82 (1)O, y = 77.56(1)’, V = 1341.2A3, a n d 2  = 2. The structure of 8 confirms the bidentate 
bonding of the amidinyl ligand in which the positive charge is partially delocalized. The complexes 
3 and 6 react with iodine in ether/benzene to give the free carbodiimide together with [C5R5- 
Co(PMe3)121 (R = H, Me). 

Introduction 
The recent discovery that (is0cyanide)cobalt compounds 

of the general composition [C~H~CO(CNR)(PM~~) ]  react 
not only with 1,2- or 1,3-dipoles to give four- or five- 
membered metallaheterocycles1,2 but also with diazoal- 
kanes to produce ketenimine cobalt complexes3 prompted 
us to study the reactivity of the same half-sandwich type 
compounds toward azides. Most recently, Hessell and 
Jones have shown4 that on treatment of the bis(isocyanide)- 
rhodium derivatives [Tp’Rh(CNR)zI and [CsMesRh- 
(CNR)2] (Tp’ = hydrotris(3,5-dimethylpyrazolyl)borate) 
with phenyl or 2,4-xylyl azide the corresponding carbo- 
diimide complexes are formed. Although no intermediates 
could be observed, the authors assumed that the first step 
in the reaction is a 1,3-dipolar cycloaddition of the azide 
to the Rh=CNR bond which is followed by the expulsion 
of nitrogen from the highly labile, five-membered ring 
~ys t em.~  A similar mechanism has been proposed by us 
for the addition of tosyl and 2-nitrophenyl azide to the 
rhodium-carbon double bond of the vinylidene complexes 
[C5H5Rh(=C----CHR)(PiPrs)] which leads to the forma- 
tion of both N,C- and C,C-bonded ketenimine rhodium 
 derivative^.^ 

Here we report the synthesis of (carbodiimide)cobalt 
complexes in which the metal is linked either to a 
cyclopentadienyl or a pentamethylcyclopentadienyl ring. 
These are, to our knowledge, the first stable (carbodi- 
imide)cobalt complexes in which the heterocumulene 
RN=C=NR’ is coordinated to cobalt as a dihapto-bonded 

(1) Review: Werner, H. In Organometallics in Organic Synthesis; de 
Meijere, A., tom Dieck, H., Eds.; Springer Verlag: Berlin, 1987; pp 51-67. 

(2) Recent papers: (a) Strecker, B.; Zeier, B.; Schulz, M.; Wolf, J.; 
Werner, H. Chem. Ber. 1990,123,1787-1793. (b) Werner, H.; Strecker, 
B. J. Organomet. Chem. 1991,413, 379-397. 

(3) (a) Strecker, B.; Werner, H. Angew. Chem. 1990, 102, 310-311; 
Angew. Chem.,Znt. Ed. Engl. 1990,29,275-276. (b) Strecker, B.; Hdrlin, 
G.; Schulz, M.; Werner, H. Chem. Ber. 1991,124, 285-294. 

(4) Hessell, E. T.; Jones, W. D. Organometallics 1992,11,1496-1505. 
(5) Werner, H.; Brekau, U.; Dziallas, M. J .  Organomet. Chem. 1991, 

406,237-260. 

0276-7333/93/2312-1775$04.00/0 

ligand. We note that, from the heavier elements in the 
cobalt triad, compounds of the general type [L,M(+ 
RN=C=NR’)l are already known. In addition to Jones’s 
work: van Gaal and Verlaan6 prepared the square-planar 
rhodium(1) complex tram- [RhCl($-RN=C=NR) (PCy3)21 
(R = 4-tolyl) whereas Bergman et al.’ reported the 
synthesis of [C5Me51r(q2-RN=C=NR)(CNR)l (R = tBu); 
the latter is formed by addition of two molecules of CNtBu 
to the iridium nitrene complex [CsMesIr(=NtBu)]. We 
also report the methylation of the compounds [CsMe,=,- 
Co(q2-RN=C=NR’)(PMe3)1 to give cationic amidinyl- 
metal derivatives and the expulsion of the carbodiimide 
ligands from the cobalt complexes under mild conditions 
on treatment with iodine. 

Results 

Preparation and Reactivity of Carbodiimide Com- 
plexes 3, 6, and 7. Following earlier work from our 
laboratory on the synthesis of the carbonyl compounds 
[C5H5Co(CO)(PMe3)I8 and [C5Me5Co(CO)(PMe3)19, the 
reaction of [C5H&o(PMe3)21 (1) and [C5MesCo(PMe3)21 
(4) with benzyl or methyl isocyanide gives the (isocyanide)- 
(trimethy1phosphine)cobalt complexes 2 and 6 in almost 
quantitative yield (Scheme I). Both compounds are 
orange-red low-melting substances which are extremely 
air-sensitive and soluble in all common organic solvents. 
The C r N  stretching frequency of 2 and 6 appears at 
relatively low wavenumbers which is in agreement with 
the presence of an electron-rich metal center. 

Addition of phenyl azide to an ether solution of 2 at -78 
OC results in the immediate evolution of nitrogen gas and 

(6) van Gaal, H. L. M.; Verlaan, J. P. J. J.  Organomet. Chem. 1977, 

(7) Glueck, D. S.; Hollander, F. J.; Bergman, R. G. J. Am. Chem. Soc. 

(8) Spencer, A.; Werner, H. J .  Organomet. Chem. 1979,171,219-228. 
(9) Wemer,H.; Heiser,B.; Klingert, B.; Dblfe1,R. J.  Organomet. Chem. 

133,93-106. 

1989,111, 2719-2721. 

1982,240, 179-190. 
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Scheme I 
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a characteristic change of color from orange-red to green. 
Warming of the solution to room temperature and removal 
of the solvent gives, after extraction and recrystallization 
from ether, green crystals which analyze as [C5H5Co(q2- 
PhCH2N=C=NPh)(PMe3)1 (3). Attempts to obtain 
analogous carbodiimide complexes from [CsHaCo(CNR)- 
(PMe3)l (R = Me, t B u P  and phenyl azide failed. 

The pentamethylcyclopentadienyl compounds 6 and 7 
were prepared from 5 and phenyl or 4-tolyl azide in 60% 
yield. In contrast to 3, they are red-brown solids which 
are much less air-sensitive than the (isocyanide)cobalt 
precursors. Both 3 as well as 6 and 7 have been fully 
characterized by elemental analysis and IR and lH and 
13C NMR spectroscopy. The dihapto coordination of the 
carbodiimide ligand is already indicated by the IR spectra 
which display a strong N=C=N stretching frequency at  
ca. 1700 cm-l. This absorption is significantly shifted to 
alower energy relative to both that of the free carbodiimide 
(2120-2140 cm-l) and that expected for a N-bonded 
1igand.ll It should be mentioned that the decrease in 
frequency of more than 400 cm-l is of a magnitude similar 
to that observed for the Tp'Rh and C5Meah carbodiimide 
c~mplexes.~ 

Further evidence for the presence of a q2-RN=C=NR' 
unit in 3,6 and 7 comes from the 13C(lH) NMR spectra 
which possess a doublet at  ca. 6 161 assigned to the central 
carbon of the heterocumulene ligand. The PC coupling 
constant of 14-15 Hz strongly suggests that the carbon of 
the carbodiimide is directly bonded to the metal. We note 
that in the 13C(lHJ NMR spectrum of the related phenyl 
isocyanate derivative [C5Me5Co(q2-C,N-PhN=C=O)- 
(PMe3)] the signal of the isocyanate carbon is observed at  
6 170.6 with a zJ(31P, l3C) of 19 Hz.12 

If the CsMe&o complexes 6 and 7 react with methyl 
iodide, the attack of the electrophile is directed to the 
exocyclic =NR group. Treatment of 6 or 7 in ether at  
room temperature with a 2-fold excess of CH31 leads to 
the formation of a crude reaction product which, after 
addition of NH4PF6 and reprecipitation, gives green, 
moderately air-sensitive crystals which analyze as [C5- 
Me5Co(q2-Me2N=C=NPh)(PMe3)lPF6 (8) and [C5Me5- 
Co(q2-Me2N=C=NTol)(PMe3)lPFs (9), respectively. The 
ionic structure (Scheme 11) is shown by conductivity 
measurements (in CH3N02) which are consistent with the 
presence of 1:l electrolytes. As in the IR spectra of 8 and 
9 the N=C=N stretching frequency is only shifted by 

(10) Werner, H.; Lotz, S.; Heiser, B. J.  Organomet. Chem. 1981,209, 

(11) Bycroft, B. M.; Cotton, J. D. J.  Chem. SOC., Dalton Trans. 1973, 

(12) Werner, H.; Brekau, U.; Niunberg, 0.; Zeier, B. J.  Organomet. 

197-210. 

1867-1870. 

Chem. 1992,440, 389-399. 

Figure 1. ORTEP drawing of complex 8. 

Scheme I1 
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10-25 cm-l to lower wavenumbers compared with the 
(carbodiimide)metal precursors, we conclude that despite 
the addition of the metal cation the coordination mode of 
the N-C-N unit is only slightly changed. The 1H NMR 
spectraof8and9showtwosignalsfor theN(CH3)2protons 
of equal intensity which we assign to the exo and endo 
position of the methyl groups and thus indicate a strictly 
hindered rotation around the C-NMe2 bond. In the 13C 
NMR spectra of 8 and 9, the resonance of the cobalt- 
bound carbon of the CoCN three-membered ring appears 
at  6 171-172 and is split due to PC coupling into a doublet. 
The shift by ca. 10 ppm to lower field compared with 6 
and 7 is attributed to a somewhat reduced electron density 
at the N=C=N carbon and is consistent with the positive 
charge of the complexes. 

Molecular Structure  of 8. A single-crystal X-ray 
structure analysis of compound 8 confirms the structural 
proposal shown in Scheme 11. The ORTEP drawing 
(Figure 1) reveals that the amidinyl ligand is bonded via 
carbon and nitrogen to cobalt and that the bending of the 
C4, N1, C1, N2 unit [with bond angles C4-Nl-Cl = 
139.3(5)* and Nl-Cl-N2 = 136.5(5)"1 is very similar to 
that found in alkyne-metal complexes.l3 The nitrogen 
atom N2 and the atoms Co, C1, and N1 of the three- 
membered ring lie in the same plane which is only slightly 
twisted (by ca. 6") to the plane N2, C1, C2, C3. 

(13) Review: Otauka, S.; Nakamura, A. In Advances in Organometallic 
Chemistry; Stone, F. G. A., West, R., Eds.; Academic Press: New York, 
1976; Vol. 14, pp 246-283. 
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Reactiom of Isocyanide Co Complexes with Azides 

Table I. Selected Bond Distances and Angles with 
Esd’s for 8 

co-PI 
Co-N 1 
co-c 1 
C d 1 3  
C 4 1 5  
Co-C 17 
C 4 1 9  

P1-C+N1 
Pl-Co-cl 
Nl-Co-Cl 
Co-Nl-C1 

C 1-N 1-C4 
Co-Nl-C4 

Bond Distances (A) 

1.953(4) N I X 1  
1.854(6) N 1 4 4  
2.090(6) N2-Cl 

2.076(6) N2-C3 
2.08 l(5) 

Bond Angles (deg) 

2.197(2) c 4 2  1 

2.089(6) N2-C2 

93.0(2) Cl-N2-C2 
91.2(2) Cl-N2-C3 
38.8( 2) C2-N 2-C 3 
66.4(3) CO-C 1-N 1 

145.0(4) Co-Cl-NZ 
139.3(5) Nl-Cl-N2 

2.080(5) 
1.267(7) 
1.389(7) 
1.328(7) 
1.467(7) 
1.455(7) 

122.8(5) 
121.0(5) 
115.7(5) 
74.8(3) 

148.6(5) 
136.5(5) 

The Co-C1 distance (1.854(6) A) is significantly shorter 
than that expected for a Co-C single bond (cf. Co-CH3 
in [(C~H~CF~)COCH~(PM~~)~I+: 2.014(6) A)14 and com- 
parable to that found in the related ketenimine cobalt 
derivative [C~H~CO(~-C,C-RN~CIC(~C~H~C~)~)(PM~~)~ 
(R = (S ) -CH(P~)CHS) .~~  A partial r-bond contribution 
is not only indicated in the Co-C1 but also in the Cl-N2 
distance (1.328(7) A) which is slightly longer than the 
N1-C1 distance (1.267(7) A); it is however much shorter 
than the N2-C2 and N2-C3 bond lengths (1.467(7) and 
1.455 (7) A). The N1-C1 distance exactly corresponds 
to that for a C=N double bond15 and is almost identical 
to that found in the MCN three-membered ring of [C5H5- 
Co(q2-C,N-CyN=C<(ClzHa))(PMe3)1 (Cy = C ~ H I I ) , ~ ~  
[Tp’Rh(q2-C,N-RN=C=NR’)(CNR’)] (R = 2,4-~ylyl, R’ 
= 2-tolyl) ,4 and [(C5H&V( q2-C,N-R( CH3)N<=NR)] 13 
(R = 4-tol~l).’~ 

Finally, it is interesting to note that whereas the C5 ring 
of the pentamethylcyclopentadienyl ligand is planar, the 
carbon atoms C16, C20, and in particular C18 of the methyl 
substituents stick out of the ring and point away from the 
metal. That the bending is more distinct for C16, C18, 
and C20 than for C14 and C22 is poesibly due to some 
steric hindrance between the CH3 groups of the cyclo- 
pentadienyl and the phosphine ligand. The distances 
between the metal and the Cg ring carbons differ only 
slightly which could be seen as an indication of a similar 
degree of back-bonding from the cobalt to the phosphorus 
and the amidinyl unit. 

Concluding Remarks 

This work has shown that the ability of the isocyanide 
compounds [Cp’Co(CNR)(PMe3)1 (Cp’ = C5H5, CsMe5) 
to undergo [2 + 11, [2 + 21, and [2 + 31 cycloaddition 
reactions can also be used for the synthesis of the first 
(carbodiimide)cobalt complexes. Although compounds of 
the general type [L,M(q2-RN=C=NR’)] have already 
been described for various other transition metals16J1J6J7 
only the complexes 3, 6, and 7, the related rhodium 
derivatives reported by Jones+ and the (carbodiimidel- 

(14) Schulz, M. Dissertation, UniversitAt Whzburg, 1991. 
(15) Huelinger, G. Chem. Ber. 1970, 103, 2902-2921 and references 

cited therein. 
(16) Pasquali, M.; Gambarotta, S.; Floriani, C.; Chiesi-Villa, A.; 

Guastini, C. Inorg. Chem. 1981,20, 165-171. 
(17) (a) Hoberg, H.; Korff, J. J. Organomet. Chem. 1978, 150, C20- 

C22. (b) Hoberg,H.;Burkhart, G.; Kriiger,C.;Tsay,Y.-H.J. Organomet. 
Chem. 1981,222,343-352. (c) Brunner, H.; Hoffmann, B.; Wachter, J. 
J. Orgammet. Chem. 1983,252, C35-C38. (d) Cotton, F. A.; Schwotzer, 
W.; Shamshoum; E. S. Organometallics 1986,4,461-465. (e) Okuda, J.; 
Herberich, G. E. J. Organomet. Chem. 1987, 320, C35438. 
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iridium compounds prepared by Bergman7 have been 
obtained by a template route. The reaction of the azide 
RN3 with the isocyanide ligand CNR’ is strictly regiospe- 
cific and leads only to one isomer with the unsymmetrical 
carbodiimide ligand. The methylation of the complexes 
[C5Me5Co(q2-RN=C=NR’) (PMe3)I (6,7) gives the cor- 
responding cationic amidinylmetal derivatives 8 and 9 in 
which, as shown by the X-ray crystal structure of 8, the 
CoCN three-membered ring still contains a C=N double 
bond. As metal-bonded carbodiimidea have been discussed 
as unstable intermediates in both catalytic and stoichi- 
ometric reactions,18 it is important to note that the 
unsymmetrical carbodiimides PhCH2N=C=NPh (10) 
and MeN=C=NPh (1 1) can be liberated from the cobalt 
complexes 3 and 6 under mild conditions on treatment 
with iodine a t  room temperature. The yield is 80-85 9%. 
We have already reported3 that from the organometallic 
byproducts [Cp’Co(PMe&l the cyclopentadienyl deriv- 
ative [C5H&o(PMe3)1~1 is transformed into the starting 
isocyanide cobalt compounds [C5H&o(CNR)(PMe3)] in 
two steps. Therefore the template synthesis of 
RN<=NR’ may become useful for those carbodiimides 
which are difficult to prepare on a classical organic route. 

Experimental Section 

All experiments were carried out under an atmosphere of argon 
by using Schlenk tube techniques. The starting materials l , l S  
and 4: were prepared by published methods. Melting points 
were determined by DTA; conductivity measurements were done 
in nitromethane. NMR spectra were recorded on Varian EM 
360 L, JEOL FX 90 Q, and Bruker AMX 400 instruments; IR 
spectra, on a Perkin-Elmer 1420 infrared spectrophotometer. 

Preparation of [C&l&o(CNCHzPh)(PMe3)] (2). A solution 
of 1 (248 mg, 0.90 mmol) in 10 mL of benzene was treated at  room 
temperature with an equimolar amount of CNCHZPh, dissolved 
in 2 mL of benzene. An immediate color change from dark- 
brown to red occurred. After the solution was stirred for a few 
minutes, the solvent was removed in vacuo, and the oily residue 
was extracted with 10 mL of pentane. Cooling the extract to -78 
“C led to the formation of orange-red, extremely air-sensitive 
crystals which at room temperature gave an oil: yield 243 mg 
(85%); mp 20 “c dec. Anal. Calcd for C~,&CONP: c, 60.57; 
H, 6.67; N, 4.42. Found: c ,  60.38; H, 6.71; N, 4.44. IR (C&): 
u(C=N) 1860 cm-l. ‘H NMR (CsDs, 60 MHz): 6 7.30-6.88 (m, 
5 H, CaH5), 4.75 (d, J(PH) = 0.8 Hz, 5 H, C5H5), 4.32 (d, J(PH) 
= 1.4 Hz, 2 H, CH2), 1.03 (d, J(PH) = 9.0 Hz, 9 H, PMe3). 

Preparation of [C5H~Co($(C,iV(Ph))-PhCH2N==C=NPh)- 
(PMes)] (3). A solution of 2 (279 mg, 0.88 mmol) in 20 mL of 
ether was treated at  -78 “C with phenyl azide (96 pL, 0.88 mmol). 
An immediate color change from orange-red to green occurred, 
accompanied by gas evolution. After the reaction mixture was 
warmed to room temperature, the solvent was removed in vacuo, 
the residue was repeatedly washed with pentane and then 
extracted with 30 mL of ether. The ether solution was concen- 
trated to ca. 15 mL in vacuo, and the concentrate was cooled to 
-78 OC. Green crystals precipitated which were recrystallized 
from ether: yield 75 mg (21 %); mp 77 OC dec. Anal. Calcd for 
C2zH26CoN2P C, 64.71; H, 6.42; N, 6.86. Found C, 64.99; H, 

90 MHz): 6 7.86-6.74 (m, 10 H, C6H5), 5.39 (8, 2 H, CHz), 4.42 
(9, 5 H, C5H5), 0.60 (d, J(PH) = 9.9 Hz, 9 H, PMe3). 13C NMR 

150.1, 143.9, 128.8, 128.6, 127.8, 126.5, 122.0, and 119.6 (all s, 

6.21; N, 6.62. IR ( cas ) :  v(N=C=N) 1705cm-l. ‘H NMR (c& 

(C&, 100.6 MHz): 6 161.6 (d, J(PC) = 14.1 Hz, N-C-N), 

(18) (a) Saegusa, T.; Ito, Y.; Shimizu, T. J. Org. Chem. 1970,35,3995- 
3996. (b) Otsuka, S.; Aotani, Y.; Tatauno, Y.; Yoshida, T. Znorg. Chem. 
1976,15,656-660. (c) Dickson,R.S.;Nesbit,R. J.;Pateras,H.;Baimbridge, 
W.; Patrick, J. M.; White, A. H. Organometallics 1986, 4 ,  2128-2134. 

(19) Werner, H.; Hofmann, W. Chem. Ber. 1977,110, 3481-3493. 
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C6H5), 82.2 (d, J(PC) = 1.8 Hz, C5H5), 60.1 (d, J(PC) = 2.7 Hz, 
CHz), 17.6 (d, J(PC) = 27.7 Hz, PMe3). 

Preparation of [C5Me&o(CNMe)(PMe3)] (5). A solution 
of 4 (554 mg, 1.60 mmol) in 20 mL of ether was treated at -78 
"C with methyl isocyanide (90 pL, 1.60 mmol). An immediate 
color change from brown to orange-red occurred. After the 
reaction mixture was warmed to room temperature, the solvent 
was removed, and the oily residue was extracted with 15 mL of 
pentane. The extract was brought to dryness in vacuo to give, 
even after storing at -78 "C for 2 days, an orange-red oil: yield 
473 mg (95% 1. IR (CsHs): v(CEN) 1854 cm-l. 'H NMR (C&, 
90 MHz): 6 2.81 (d, J(PH) = 2.1 Hz, 3 H, NCH3), 1.95 (d, J(PH) 
= 1.0 Hz, 15 H, CsMes), 1.12 (d, J(PH) = 8.2 Hz, 9 H, PMe3). 13C 
NMR ( c a s ,  100.6 MHz): 6 212.1 (d, br,J(PC) = 56.3Hz, CNCHd, 

J(PC) = 25.2 Hz, PMe3), 11.6 (8, Cs(CH3)s). 
Preparation of [ C5Me&o ($( C,N( P h) )- MeN=C=NP h) - 

(PMe3)] (6). A solution of 5 (479 mg, 1.54 mmol) in 15 mL of 
etherwastreatedat-78"Cwithphenylazide (286pL, 2.62mmol). 
An immediate color change from orange-red to red-brown 
occurred, accompanied by gas evolution. After the reaction 
mixture was warmed to room temperature, the solvent was 
removed in vacuo. The oily residue was washed twice with 5 mL 
of cold (-78 "C) pentane and then dissolved in 10 mL of ether. 
The ethereal solution was filtered, and the filtrate was concen- 
trated to ca. 6 mL and cooled to -78 "C. A red-brown 
microcrystalline solid precipitated, which was filtered off, washed 
with pentane, and dried in vacuo: yield 366 mg (59%); mp 38 
"C dec. Anal. Calcd for C21H&oN2P: C, 62.68; H, 8.02; N, 6.96. 
Found: C, 62.99; H, 8.28; N, 7.11. IR (KBr): v(N=C=N) 1700 

(8 ,  3 H, NCH3), 1.57 (d, J(PH) = 1.4 Hz, 15 H, CsMeb), 0.58 (d, 

160.6 (d, J(PC) = 15.6 Hz, N=C=N), 148.2 (d, J(PC) = 1.0 Hz, 
ipso-C of C&), 128.6, 120.9, and 118.2 (all 8, C & , ) ,  92.7 (d, 

(d, J(PC) = 24.8 Hz, PMe3), 10.5 (e, Cs(CH3)s). 
Preparation of [CSMe&o( qz( C,N( Tol))-MeN<=NTol)- 

(PMe3)] (7) was analogous to that described for 6, using 5 (480 
mg, 1.54 mmol) and 1.5 mL of a 1.74 M solution of p-tolyl azide 
(2.62 mmol) in ether as starting materials. A red-brown solid 
was obtained: yield 372 mg (58%); mp 25 "C dec. Anal. Calcd 
for C22H34C~N2P: C, 63.45; H, 8.23; N, 6.73. Found: C, 63.64; 
H, 8.37; N, 6.70. IR (KBr): v(N=C=N) 1701 cm-l. 'H NMR 
(C6D6,90 MHz): 6 7.55 and 6.99 (both d, AB pattern, J(HH) = 

1.60 (d, J(PH) = 1.2 Hz, 15 H, CsMes), 0.62 (d, J(PH) = 8.9 Hz, 
9 H, PMe3). 13C NMR (CsD,3,100.6 MHz): 6 161.0 (d, J(PC) = 

90.7 (8, C5(CH3)5), 29.0 (d, J(PC) = 4.0 Hz, CNCHs), 20.6 (d, 

cm-l. 'H NMR (Cas ,  90 MHz): 6 7.64-6.63 (m, 5 H, CsH5), 3.77 

J(PH) = 8.8 Hz, 9 H, PMe3). l3C NMR 100.6 MHz): 6 

J(PC) = 2.2 Hz, Cs(CH3)5), 41.0 (d, J(PC) = 2.3 Hz, NCHX), 17.1 

8.2 Hz, 4 H, CsH4), 3.80 (8,  3 H, NCH3), 2.12 (8,  3 H, C6H&H3), 

15.4 Hz, N=C=N), 145.5, 129.4, 127.0, and 120.9 (all 8, CsH4), 
92.7 (d, J(PC) = 1.5 Hz, Cb(CH3)5), 41.0 (d, J(PC) = 1.5 Hz, 
NCH3), 20.9 (8 ,  Cs&CH3), 17.1 (d,J(PC) = 24.6 Hz, PMe& 10.5 
(8, Cs(CHs)s). 

Preparation of [CsMe&o(+( C,N(Ph))-MeZN=C=NPh)- 
(PMe3)]PF6 (8). A solution of 6 (157 mg, 0.39 mmol) in 10 mL 
of ether was treated at room temperature with excess methyl 
iodide (50 pL, 0.80mmol). After the reaction mixture was stirred 
for 2 h, the mother liquor was removed and the green precipitate 
washed three times with 5 mL of ether. The solid together with 
NHdPF6 (65 mg, 0.40 mmol) was dissolved in 3 mL of methanol, 
and the solution was stirred for 30 min at  25 "C. The volatile8 
were distilled off, and the residue was extracted with 5 mL of 
CHZC12. After the extract was brought to dryness in vacuo, the 
residue was recrystallized from methanol/ether (1:lO) to give green 
crystals: yield 178 mg (81%), dec 166 "C, A 77 cm2 Q-l mol-'. 
Anal. Calcd for CZZH&OF~NZPZ: C, 46.98; H, 6.27; N, 4.98. 
Found C, 47.12; H, 6.16; N, 5.00. IR (KBr): v(N=C=N) 1696 
cm-l. 'H NMR (CD3N02,90 MHz): 6 7.44-6.94 (m, 5 H, C6H5), 
3.90 and 3.26 (both s, 3 H each, NCH3), 1.68 (d, J(PH) = 1.8 Hz, 
15 H, CsMes), 1.28 (d, J(PH) = 9.8 Hz, 9 H, PMe3). 13C NMR 

138.2, 130.8, 126.3, and 125.2 (all s, C(&), 95.4 (d, J(PC) = 2.1 
(CD3N02,100.6 MHz): 6 172.1 (d, J(PC) = 23.7 Hz, N=C=N), 

H6rlin et al. 

Table II. Crysta"aobic Data for 8 
formula 
fw 
cryst size, mm 
cryst syst 
space group 
cell dimens determn 
a, A 
b, 8, 
C, A 
a, deg 
0, deg 

Z 
dca~cd, g Cm-3 
diffractometer 
radiation (graphite monochromated) 
temp, "C 
w ,  cm-I 
scan method 
2B(max), deg 
tot. no. of reflcns scanned 
no. ofunique reflcns 
no. of obsd reflcns (Fo > 3a(F0)) 
no. of params refined 
R 
R W  
reflexlparam ratio 
resid electron density, e k3 

0.2 X 0.15 X 0.075 
triclinic 
Pi (No. 2) 
23 reflcns, 12" < 0 < 14" 
8.786(1) 
9.067( 1) 
17.938(3) 
79.73(1) 
75.82(1) 
77.56( 1) 
1341.2 
2 
1.392 
Enraf-Nonius CAD 4 
Mo Ka (0.709 30 A) 
20* 1 
8.1 

2 
3984 
3699 
2437 
336 
0.047 
0.05 1 
7.25 
+0.565/4).257 

Hz, Cs(CH3)5), 45.0 and 42.2 (both 8 ,  NCHs), 16.0 (d, J(PC) = 
28.4 Hz, PMe3), 10.1 (8, Cs(CH3)b). 

Preparation of [CsMe&o(+( C,N(Tol))-Me~N=C=NTol)- 
(PMe3)]PF6 (9) was analogous to that described for 8, using 6 
(162 mg, 0.39 mmol), methyl iodide (50 pL, 0.80 mmol), and NH4- 
PF6 (65 mg, 0.40 mmol) as starting materials. After recrystal- 
lization from methanol/ether (1: lO) a green crystalline solid was 
obtained: yield 178 mg (79%), dec 171 "C, A 79 cm2 Q-l mol-'. 
Anal. Calcd for C23H37CoFsNzP~: C, 47.92; H, 6.47; N, 4.86. 
Found: C, 47.50; H, 6.45; N, 4.77. IR (KBr): v(N=C=N) 1677 
cm-I. lH NMR (CD3N02,90 MHz): 6 7.14 and 6.89 (both d, AB 
pattern, J(HH) = 8.3 Hz, 4 H, C&), 3.88 and 3.23 (both s ,3  H 
each, NCH3), 2.25 (8,  3 H, C&&&), 1.67 (d, J(PH) = 2.0 Hz, 
15 H, CsMes), 1.27 (d, J(PH) = 9.8 Hz, 9 H, PMe3). NMR 
(CD3N02,100.6 MHz): 6 170.9 (d, J(PC) = 24.1 Hz, N=C=N), 
135.4, 135.0, 131.4, and 126.4 (all 8, CsHd), 95.3 (d, J(PC) = 2.3 
Hz, C&(CH3)5), 45.0 and 41.9 (both 8, NCH3), 21.1 (8,  CsH4C&), 
16.0 (d, J(PC) = 28.2 Hz, PMe3), 10.1 (e, Cs(CH3)5). 

Preparation of PhN=C=NCH*Ph (10) from 3. A solution 
of 3 (98 mg, 0.24 mmol) in 15 mL of ethedbenzene (2:l) was 
treated at room temperature with a solution of 1 2  (61 mg, 0.24 
mmol) in 5 mL of ether. A dark solid of [C5H5Co(PMe3)12] 
precipitated which after 15 min was filtered off and washed with 
ether. The filtrate was evaporated to dryness in vacuo, and the 
oily residue was extracted with 10 mL of pentane. After the 
solvent was removed, 10 was obtained as an almost colorless oil: 
yield 40 mg (80%). Compound 10 was described in the 
literature,20 but no spectroscopic data were given. MS (70 eV): 
m/z 208 (11, M+), 91 (100, C&,CHz+/C&N+). IR (C&): 
v(N=C=N) 2128 cm-l. 'H NMR (C&, 60 MHz): 6 7.15-6.83 
(m, 10 H, C&5),  4.03 (8,  2 H, CH2). 

Preparation of MeN=C=NPh (1  1) from 6 was analogous 
to that described for 10, using 6 (95 mg, 0.24 mmol) and an 
equimolar amount of 12 as starting materials. A colorless oil was 
obtained: yield 26 mg (84% ). A procedure for compound 11 was 
already reported.21 MS (70 eV): m/z 132 (100, M+), 117 (5, M+ 
-CH3), 103 (6, C6H5NC+). IR (pentane): v(N=C=N) 2142cm-l. 
'H NMR (CDC13,60 MHz): 6 7.50-7.00 (m, 5 H, C6H5), 3.23 (s, 
3 H, CH3). 

(20) (a) Lacey, R. N.; Ward, W. R. J. Chem. SOC. 1968,2134-2141. (b) 

(21) Fischer, S.; Wentrup, C. J. Chem. Soc., Chem. Commun. 1980, 
Boyer, J. H.; Frints, P. J. A. J. Org. Chem. 1970, 35, 2449-2450. 

502-503. 

D
ow

nl
oa

de
d 

by
 N

A
T

 L
IB

 U
K

R
A

IN
E

 o
n 

A
ug

us
t 2

8,
 2

00
9 

| h
ttp

://
pu

bs
.a

cs
.o

rg
 

 P
ub

lic
at

io
n 

D
at

e:
 M

ay
 1

, 1
99

3 
| d

oi
: 1

0.
10

21
/o

m
00

02
9a

03
8



Reactions of Isocyanide Co Complexes with Azides Organometallics, Vol. 12, No. 5, 1993 1779 

c o  
P1 
P2 
P2* 
F1 
F2 
F3 
F4 
F5 
F6 
N1 
N2 
c1 
c 2  
c 3  
c 4  
c 5  
c 7  
C8 
c 9  
c10 
c11 
c12 
C13 
C14 
C15 
C16 
C17 
C18 
c19 
c20 
c2 1 
c22 

Table III. Positional Parameters and Ed's for 8 Crystal data collection parameters are summarized in Table 11. 
Intensity data were corrected for Lorentz and polarization effects. 
An empirical absorption correction (+-scan method) was applied; 
the minimal transmission was 94.17 % . The structure was solved 

-0.500 0'3992(2) 0.500 Oa2' 12(2) 0.500 0'1386(1) ::::I:{ by the Patterson method (SHELXS-86). Atomic coordinates 
(see Table III) and anisotropic thermal parameters of the non- 

z Bqa ( ~ 2 )  

0.2024(1) 0.29629(9) 0.23126(4) 3.04(2) 
atom X Y 

O.OO0 O.OO0 O.Oo0 4.79(6) 
-0.5344( 5 )  
4.6181 (6) 
4.6409(5) 
0.1670(5) 
0.0799(7) 
0.0389(7) 
0.1662(6) 
0.3604(6) 
0.2690(7) 
0.3686(9) 
0.4739(8) 
0.0532(7) 

4).0019(8) 
-0.1678(9) 
-0.1199(9) 
4.0109(8) 
0.465(1) 
0.370(1) 
0.5822(9) 

-0.03 11 (7) 
-0.1794(8) 
0.0385(7) 

-0.0329(9) 
0.1771 (8) 
0.272( 1) 
0.1902(7) 
0.3091 (8) 
0.0637(7) 
0.025( 1) 

0.4357(5) 
0.6503(5) 
0.4294(6) 

-O.0447( 6) 
0.0929(8) 

-0.1422(6) 
0.0916(5) 
0.0799(6) 
0.1362(7) 

4.0761(8) 
0.1646(8) 

-0.0027(6) 
-0.0530(7) 
-0.1941 (9) 
4.1433(9) 
-0.0453(8) 
0.0066(9) 
0.246( 1) 
0.2800(9) 
0.4148(7) 
0.3501(9) 
0.4668(7) 
0.475(1) 
0.5242(7) 
0.6123(8) 
0.5093(6) 
0.5728(7) 
0.4409(7) 
0.4063(9) 

0.5896(2) 
0.5 199(3) 
0.491 5(3) 
0.0237(3) 

-0.0744(3) 
-0.041 5(4) 
0.2777(3) 
0.3540(3) 
0.3029(3) 
0.3946( 5) 
0.3656(4) 
0.3031 (4) 
0.2471(4) 
0.345 l(5) 
0.4014(5) 
0.3802(4) 
0.1506(5) 
0.0394(4) 
0.1284(5) 
0.2610(4) 
0.2871 ( 5 )  
0.1837( 3) 
0.1 135(4) 
0.1840(4) 
0.1 17 1 (4) 
0.2627(4) 
0.2896(4) 
0.3099(3) 
0.3976(4) 

6.3(i) 

9.0(1) 
9.0(1) 

12.1 (2) 
12.3(2) 
4.1(1) 
4.6( 1) 
3.8(1) 
7.0(2) 
6.3(2) 
3.8(1) 
6.1(2) 
7.0(2) 
7.0(2) 
5.3(2) 
8.3(3) 
8.1(3) 
7.7(2) 
4.0(2) 
6.2(2) 
4.1(1) 
7.2(2) 
4.3(2) 
6.8(2) 
4.0( 1) 
6.6(2) 
3.9( 1) 
6.3(2) 

8.3(1) 
hydrogen atoms were refined by full-matrix least squares (unit 
weights). The positions of all hydrogen atoms were calculated 
according to ideal geometry and were refined by the riding 
method. All calculations were performed on a Micro-VAX 
computer using the program package SDP22 from Enraf-Nonius. 
For other details, see Table 11. 
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Supplementary Material Available: An ORTEP drawing 
of complex 8, showing the atom-numbering scheme, and tables 
of crystal data, bond distances, bond angles, least-squares planes, 
positional parameters, and general displacement expressions (12 
pages). Ordering information is given on any current masthead 
Page. 
0 ~ 9 2 0 8 3 4 ~  

a B values for anisotropically refined atoms are given in the form of 
the isotropic equivalent displacement parameter defined as Bq = (4/ 
3)[a2B(1,1) + b2B(2,2) +c2B(3,3) +ab(cosy)B(1,2) +ac(cosfi)B(1,3) 
+ bc(cos a)B(2,3)]. 

(22) Frenz, B. A. The Enraf-Noniue CAD4 SDP-a real time system 
for concurrent X-ray data collection and structure determination. 
Computing in Crystallography; Delft University Press: Delft, Holland, 
1978; pp 64-71. 

x-ray Structural Analysis of& Single W~ were 
by diffusion of ether into a saturated solution of 8 in methanol. 
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