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The preparation of neutral, cationic and dicationic n-cyclopentadienyl- 
cobalt complexes which also contain isocyanide ligands is reported.- These 
include CpCo(CNR)12, [C~CO(CNR)~ 13 PFS and KpCo(CNRs I (PFs 12 

(Cp = m-cyclopentadienyl, R = Cs H4 OMe-p or Me), and the other-new com- 
plexes reported have been derived from these by replacement of one or more of 
the isocyanide groups with other carbon-, nitrogen- or phosphorus-donor 
ligands. The infrared and NMR spectra of these new compounds are reported 
and some of their reactions have been explored. 

Intraduction 

?r-cyclopentadienyl complexes of manganese, iron and nickel which also 
contain isocyanide ligands have been known for some time. Examples of such 
complexes include CpMn(CNPh), [l] , CpFe(CNPh)zI [2] and [CpNi- 
(CNFb)]a VI. H owever no cobalt complexes of this type have ever been 
reported*. 

More recently, the reactivity of. such complexes has been studied and-it 
has been shown, for‘.example, that CpFe(CNR)$ reacts with methylamine, 
giving the amidinium complex [3] CPF~(CNR)~ [C(NHMe)NHR]+ , awhile 
[CpFe(CO)(CNMe), 3-C reacts with the strong nucleophile CsFsLi giving the 
imino-metal complex [4] CpFe(CO)(CNMe)[C(CsFs)=NMe]. :-. 

It seemed -of interest’ therefore to attempt the preparation of.related .co- 
balt complexes for .comparative purposes, and in .-this paper Iwe report the 
synthesis of a variety of such complexes;-including neutral, monopositively and 
dipositively charged species. 

* Since the completion of.the expe&ent&work described &:nthii~6a&. the’pre&a&n~of CpCo- 

<CN&H&+bq alkytation of CpCoccN)3 has been repoited [183. 
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Results and discussion 

(a). Preparation of comple& 

The complex CpCo(CO)Ia reacts readily with ligands (L) such as PhaP or 
pyridine at. room temperature to give derivatives of the type CpCo(L)I,, in 

which the CO group has been replaced by the Iigand L [ 5,6]. We find that 
isocyanide ligands react similarly in dichloromethane solution giving the com- 
plexes CpCo(CNR)I, [R = C,H,OMe-p or Me] in high yield. These are 
brown, air-stable, crystalline compounds which we have used as starting mate- 
rials for the preparation of a range of cationic isocyanide-containing derivatives. 
Relative to the carbonyl ligand in CpCo(CO)Is , the isocyanide ligand in CpCo- 
(CNR)Ip is far less easily displaced by other neutral Z-electron donor ligands 
and, where reaction with such ligands takes place, it invariably leads to the 
displacement of one or both of the iodide ions rather than of the isocyanide 
group. Thus addition of an excess of RNC (R = p-MeOCsHA or Me) to CpCo- 

(CNRjI:! in dichloromethane solution leads to the formation of [CpCo- 
(CNR),I] I which crystallises out on partial evaporation of the solvent. The 
ionic nature of these complexes is confirmed by conductivity measurements in 
nitromethane solution. In general the reaction: 

CpCo(CNR)I, + L * [CpCo(CNR)(Ljf] I (1) 

reaches an equilibrium position in solution which, for L = organophosphine or 
isocyanide, lies well to the right (as shown by solution infrared spectra)..On the 
other hand for L = THF or MeCN the equilibrium lies well to the left and 
indeed no infrared bands which could be attributed to the species [CpCo- 
(CNR)(L)I]+ were observed. It should be noted in this context, however, that 
both THF and MeCN catalyse the reaction of CpCo(CNR)Is with AgPFs in 
dichloromethane solution (vide infra), and the formation of [CpCd(CNR)- 
(L)I] I (L = THF or MeCN) may well be the first step in this reaction. 

.Addition of a dichloromethane solution of AgPFs to solutions of the 
complexes CpCo(CNR)Is helps to displace the equilibrium (1) completely over 
to the right and, by this means, we have been able to prepare a wide range of 
complexes of the type [CpCo(CNR)(L)I] PF, (see Table 1). They are. dark 
brown or green crystalline materials which are quite stable in air in the solid 
state. All are moderately soluble in acetone, nitromethane and dichlorometha- 
ne (except [CpCo(CNMe)g I] I which. is only slightly soluble) and these solu- 
tions are stable in air for- long periods. The complexes are slightly soluble or 
insoluble in water. 

Although the complex cations [CpCo(CNR)(L)I]’ are, in general, the 
predominant species present in. solution, the ligands in these cations are quite 
labile. and can rearrange readily. Thus evaporation of a solution of [CpCo- 
(CNR)(PPhs)LlI (a complex which can be isolated 3 its PFC salt) leads to the 
crystallisation of [C&CO(CNR)~I]I, even though this latter complex cannot be 
detected in solution by infrared spectroscopy. 

In a few cases this rearrangement takes place to a significant extent even 
in solution and, e.g., the. attempted .preparation of [CpCo(CNMe)(CNCs H4 - 
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TABLE 1 

MICRO;ANALYTICAL DATA= 

C H N P 

30.77 
(30.56) 
39.40 

(39.16) 
37.91 

(38.09) 
46.97 

(47.05) 
43.04 

(42.82) 
31.45 

(37.80) 
35.46 

(35.55) 
30.56 

(30.19) 
43.09 

(42.82) 
49.75 

(49.70) 
49.61 

(49.54) 
38.92 

(39.28) 
38.86 

(38.30) 
20.33 

(20.07) 
23.65 
(23.50) 
22.69 
(22.60) 
42.93 
(42.94) 
37.18 
(37.70) 
28.19 
(27.93) 
20.89 
(20.67) 
24.80 
(24.60) 
42.84 
(42.76) 
46.18 
(46.44) 
33.30 
(33.41) 
45.24 
(45.47) 
19.18 
(20.15) 
21.18 
(22.08) 

2.35 
(2.37) 
3.25 

(2.97) 
3.08 

(2.89) 
3.71 
(3.44) 
3.36 
(3.46) 
3.29 
(3.47) 
2.82 
(2.82) 
2.49 
(2.17) 
3.32 
(3.22) 
3.81 
(3.64) 
3.89 
(3.84) 
2.94 
(2.87) 
3.29 
(3.07) 
1.86 
(1.93) 
2.42 
(2.41) 
2.62 
(2.32) 
3.38 
(3.32) 
3.29 
(3.32) 
2.64 
(2.54) 
1.82 
(1.73) 
2.91 
(2.63) 
3.59 
(3.46) 
3.72 
(3.78) 
2.58 
(2.64) 
3.38 

.(3.34) 
2.89 

(2.54) 
1.79 

(1.71) 

2.67 
(2.74) 
4.20 

(4.35) 
4.39 

(4.23) 
1.92 
(l-77> 
1.72 
(1.92) 
2.32 
(2.lOi 
4.88 
(4.61) 
2.89 
(2.51) 
5.09 
(5.17) 
2.86 
(2.97) 
1.44 
(1.48) 
6.06 
(5.97) 
6.77 
(5.83) 
3.73 
(3.34) 
5.77 
(6.09) 
6.14 
(5.86) 
2.06 
(2.00) 
2.23 
(2.20) 
5.53 
(5.43) 
3.19 
(3.01) 
7.40 
(7.82) 
3.82 
(3.69) 
1.61 
(1.64) 
7.05 
(6.88) 
6.53 
(6.63) 
10.52 
(11.75) 
1.70 
(1.98) 

4.50 
(4.63) 
7.85 

(7.83) 
8.25 

(8.49) 
8.93 

(9.28) 
5.25 

(5.09) 
5.43 

‘3~~ f ) 
(7:62) 
9.75 

(9.86) 
12.84 

(13.10) 
8.62 

(8.8i) 
8.00 

(8.59) 

6.69 
(6.48) 
8.91 

(8.86) 
9.48 

(9.72) 
6.22 

(6.00) 
6.79 

(6.66) 
11.36 

(11.53) 
12.32 

(12.25) 
14.29 

(14.52) 
10.00 

(10.14) 

=Found(calcd.)(%). 

OMe-p)I]+ in dichloromethane solution, by addition- of p-MeOC6H4NC to 
CpCo(CNMe)12, leads only to a- mixture of [CpCo(CNMe)21]+ and CpCo- 
( CNC6 H4 0Me-p)2 I] * being obtained. Of these twd complexes [CpCo- 
(CNMe),I]’ is the least soluble and crystsllises out as its PFC salt on concen- 
tration of the solution. The complex cations [C~CO(CNR)~I]+ (R = CsH4- 
OMe-p or Me) can also be crystallised from dichloromethane solutions of CpCo- 
(CNR)12 by addition of AgPF6 alone. 
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,Anot~~~' case 'in which .ti.e cpmplex LCpCo(CNR)(L)I]+ is unstable -in 
solut&&‘i;phen Li= CO; CO 10s. from this complexities place most readilg.‘in 
poiar: solvents; suggesting Perhaps -that ‘the. solvent -sctually particip@s- hi ‘the 
r&&on~ In ‘&et&e; for &tiple, the initially -green-sohrtion of -[CpCo(CNR)- 
(CO )I] PF, can be: observed.to : effervesce and, st the same time,-‘the formation 
of [CpCo(CNR)$]PP~ c& be monitqred by NMR Spectroscopy. However if a 
&l&ion of. [CpCo(CNR ji I] PFs -is saturated with CO ‘then, _as seen..froti &olu- 
tion infrared .-&&a, [CpCo(CN_R‘j(CC)I] PFe is generated. ‘The e&e With _._ :... . . 
v&i&. these mixed _carbdnyl&isocya&ide eomplexes’of coba& undergo ixafran- 
&,iient .may be: &nrasted with the relative stability pf similar complexes .of 
iron’aud m&ga+ese such +sCpFe(CNR)(CO)CN [7] ; [CpFe(CNR)s CO]+ 171 
and Mn(CNPh)s (CO)s Br [2] -which appear .not to rearrange- in solution. 

lVe ,h&e not investigated the-mechanism of these disproportionation reac- 
tions m-‘&y detaiI, but it is noteworthy that the equilibriq (2) is established 
rapidly -from either dire&ion. 

[CpCo(CNR)(PPh,)I]+ + RNC 5 CpCo(CNR),I+ + PPh, (2) 

This suggests that the presence .of low concentrations of f&e RNC could 
be responsible for the formation _of the cations ~CpCo(CNR)sI]+ from com- 
plex cations of the type [CpCo(CNR)(L)I] +. This free RNC could arise either 
by solvent attack on these latter complexes or via the formation of dimeric 
speci& with ColI<o bridges. No free isocyanide could, however, be detected 
in solution by either infrared or NMR spectroscopy. 

Naturally in &rrangemants of complexes of the type [CpCo(CNR)(L)I]+ 
.. aneth~r species- must be formed in solution apart from [CpCo(CNR), I] +, al- 

though -in no cz+ have_ we been able to isolate a second product. However, e.g. 
for. L.=CO, a n-eyclopentadienyl -‘H NMR resonance at r 4.1 ppm (deuterio- 
acetone. solution) due to this unidentified product appears simultaneously with 
that due to [CpCo(CNR)iI] +‘. as rearrangement takes place. 

Treatment of .acetone solutions of the complexes [CpCo(CNR)aI] PFs 
vvith .an ‘excess df &NC -does not cause any colour change, suggesting that the 
equilibrium (3)’ lies‘ well to the left-inthe absence of AgP.Fs _. 

.., 
.-._ 

[CpC~(CNR);I]+‘+ $R == [CpCoiCNR), 12+ + I- (3) : 

Op ‘addition -of a further mole. of Agl?P, , however, the colour of.the solutions. 
ch&g& from dtik:brown, to .orange-or yellow and, on addition of diethyl ether, 
the domplexes [CpCo(CNR)s ] [PI?6 ] & crystallise out. They may. alterhatively 
be prepare~d~..&r~tly ff.rkp. CpCd(CO)I, in di&lordmethaG solutiou- by &Ii- 
t.ion _f -RNC in a 3/l_mol& ratio .followed by. 2 moles -of AgP.Fs .-Although 
King c3]; has prevmuslyreptirted that addition ‘of 2,2’j2”:t&yridyl to’a-solu- 
titian- of CpCo(~.O)I,.~~@v+s an-or~ge-brow_~,precipitate which.-he_&irned to:be 
@.n -in@& ‘Sample ;of ; [CpCo(C, 6 Hi-i.Ns.)] Ia, -these isocy+ide +:&mplexes are, 
to -oti---ktiow&d&, +e., fib*:,.- weif-ch&aeterised di&tidnic. morionuclear &n- 
p&e6 dc&&ing~ a .\;yclopen~~ienj;l1ligpnd t& -h&e .been repo&$**. Their for- ‘. .Y_.__ -: : ; :_ : -.. _. .< :_ _ :. ..-. -. ,. 



TABLE 2 

MOLAR CONDUCTIVITIESa (ohm-’ - cm2 - mole’l) 

R = CeHaOMe-p R=Me 

CpCo(CNRX2 4 4 
WPCO<CNR)~III ~93. 
ECRCO<CNR)ZI]PF~ z68 96 
tCpCo(CNR)(PPh3)11PF5 84 87. 
[CpCo<CNR)~PPh2Me)IlPF5 89 94 
CCpCo<CNR)<PPhMe2XIPFg 86 
[CpCo(CNR)(CO)IIPF5 85 :39 
CCPCO<CNR)W~HSN)IIPF~ 93 
CCPCWXR)~KPF~I~ 187 205 
ICPC~(CNR)~(PP~~)~~F~)~ 174 197 
CCpCo(CNR)(DjPhos)3~F6~2 161 169 
CCpCo(CNR)(BiPY)l(PF6)2 160 214 

CCPCO(CNC~H~OM~-P)~<CNM~)I(PF~)~ 170 

aThe conductivities were mksured in nitromethane at about 10W3 molar concentratioas .tid the .vEdUes 
obtained cormspox& to those expected for 111 and 211 electrolytes [24]. Allowance was made for the 
conductivity of the solve&. 

mulation as dications is supported by the conductivity data given k Table 2. 
Their existence as relatively stable complexes is in accord ,with the known 
ability of isocyanide ligands, as compared to carbon monoxide, to stabilise 
relatively high as well as low oxidation states. of transition metals [S 1. By 
similar routes we have prepared from [C~CO(CNR)~I] PFs the mixed com- 
plexes [CpCo(CNR)sL] (PFs)z (RNC =p-MeOC,H,NC; L-= MeNC; Ph,P or 
CO; RNC = MeNC; L = PhsP), and from CpCo(CNR)12 the complexes [CpCo- 
(CNR)(Diphos)] (PF,), [Diphos =.1,2-bis(diphenylphosphino)ethane] (Table 1). 
The analogous 2,2’-bipyridine (Bipy) complexes could not be synthesized in 
this manner but were obtained from the reaction of [CpCo(Bipy)I] I [6] with 
one mole of RNC in the presence of -two moles of AgPFG : 1. 

Some of these dicationic complexes rearrange in solution and e.g. deu- 
terioacetone solutions of ]CpCo(CNC~.I-14 OMe-p), (CNMe)] 2 * show additional 
cyclopentadienyl resonances in their NMR spectra after only a few minutes, 
which may be assigned to the rearranged products [CpCo(CNCs H40Me-p)i ] 2? 
and [CpCo(CNMe)i ] 2+ _ Equilibrium is established rapidly and there is then no 
further change in the NMR spectra over a period of several hours; Surprisingly 
there is no evidence for the. formation of fCpCo(CNC6 H4 0Me-p)(CNMe)2 ] 2 + 
as a component -of the equilibrium mixture. The complek fCpCo(CNC, Ii4 - 
OMe-p), (CO)] 2 + rearranges. particularly rapidly,. and we were unable to pre- 
pare ti analytically ‘pure sGmple_ The crude yellok ‘product obtained by rapid 
eVapix&ion of’ the ‘reaction mixture. showed +n -infrared band- at 2161: crnr’ 
att&utable to the prisen’ce .of a CO group.. However, recr$stallisation of this 
crude produCi. frixix dichloromethane’ solution gave. Only [C$YX%(CN~:, H4‘; 
0Me-p)3 ] (PFs )i. .Izi the case of the analogous MeNC -complex not :eveti.:ti 
&pGTe’ ‘prOduct cou1c.I be tibtakied__,-This lo+ stability’ of - &_e carbon&on- 
t&nkg di+itio&c’~.sP;+ieS. i$ pi’etixnably... i? r$su+. -of Mi@ rather -low ‘&z&r& 
den&$ .a$ th’e cob&It ~&,0x+; which &&d not-favour bachdoiiation :from ‘the 
m&d ‘to’ the. CO group; 
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TABLE; 

INFRARED DATA0 

Nujol mull Dicbloromethane solution 

CpCo<CN&jH4OMe-p)X2 2144 2177 
[CPCO(CNC~H~OMP~)~III 2194.2180 2209.2197 
~CPCO(CNC~H~OM~P)~I~PF~ 2203.2191 2207.2198 
CCPCo(CNC6~OMPp)(PPh3)I]PF6 2198 2188 
[CpCo(CNC5H40Me_p)(PPh2Me)IIPFg 2187 2183 
~C~CO(CNC~H~OM~-~)(PP~M~Z)IIPF~ 2181 2180 
[C~CO(CNC~H~OM~-~)(C~HSN)I]PP~ 2184 2197 
rCpCO(CNC6H4OMe-p)(CO)l‘JPF6 2215.2126.2114 2217.2117 

cCPC0(CNC@40Me-P)31(PF& 2226(br) 2222(br) 
[C~C~(CNC~H~OM~-P)~(PP~~)](PF~)~ 2213.2202 2206 
cCpCo(CNCgHqOMe-p)<Diphos)l(PFS)2 2190 2191 
[CpCo(cNCL;H1OMe_p)(BIpY)](PF6)2 2212 2222 
[CPCo(CNC6H4OMe-p)2(CNMe)l(PF& 2276. 2225tbr) 2274.2224 
[CPC~(CNC~H~OM~-P)~(CO)I(PF~)? 2237.2161 
CpCo(CNMe)I2 2231.2218&b) 2224 
CCpCo(CNMe)2IJI 2248 2253.2246 
[CpCo(CNMe)2I]PFg 2255(br) 2253(br) 
CCpCo(CNMe)(PPh3)IIPF6 2226 2243.2236 
[CpCo(CNMe)(PPh2Me)IJPFg 2247 2234 
tCpCo(CNMe)(CgHgN)I]PF,-j 2238 2248 
ICpCo(CNMe)(CO)IJPFg 2275.2113.2102 2268.2114 
[CPCo(CNMe)3l(PF&? 2289.2279.2273 227ob 
CCpCo(CNMe)2(PPh3)1(PF6)2 2267.2261 2262.2255 
[CpCo(CNMe)(Diphos)J(PFg)2 2249 2245 
tCPCo(CNMe)(BiPy)l(PFg)2 2276 2268b 
CO(CNC,.jH40Me-p)& 2175 2179 
Co(CNMe)412 2228 2226 
CPCO(CNC&~OM~-P)(S~C~~)~ 2181 2173 
P-MeOCSH4NC 2128 
MeNC 2165 

OAiI vaiues are in cm-* : sh shoulder. b broad. bin nitromethaoe. 

(b). Infrared and NMR spectra 

Infrared data for- the new complexes in the 2000 cm-’ region are pre- 
sented in Table 3. The bands observ& may be assigned to v(NC) and are m&d 
in frequency by about 50 - 100 cm-’ from the free ligand value. 

Similar results have been obtained previously for e.g. the series of cationic 
platinum complexes [PtXL2 (CNR)] + (X = halogen, L = organophosphine) and 
were taken as indicating that the isocyanide. ligand is effective in reducing the 
positive charge on the platinum atom, this then leading to an increase in the CN 
bond order [9] . It might also be taken. as supporting the suggestion that back- 
donation from the d-orbitsls of the metal to the CNR group is relatively uriim- 
~c$ant compared to e.g. the series of cationic complexes [M(H)(CNR)(Depe)J+ 

= Fe; Ru or OS; R = C,H,OMe-p or CMe,) m which v(NC) is lowered by 
as much as 100 cm?-’ from .tbe free ligand value (in the && of the iron 
c&nplexes) [lo]..- .A comparison of the values for individual complexes is prob- 
ably not very informative in view of. -the varying sy&metry +nd number. of 
isocyanide ligands .present. It is noteworthy, however, that in any two closely 
related complexes. such as [CpCo(CNR)(CO)I] + and [CpCo(CNR)(PPh, )I] 7 
the value of Y(NC) reflects the relative n-acceptor abilities of the other ligands 
present (as deduced from other infrared studies [xl] ), and is &her for the CC 
than the Ph3 P complex in this .particular case. The dicationic species in general 
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TABLE 4 

NMR DATA* 

R = ChH40Me-p R=MfZ 

7C5HS ?MeO TCS% TI&SNC 

CPCO(CNR)I~ 4.40 6.13 
LCpCo(CNR)$]I 3.786 6.18b 
tmCo(CNR)2IleF6 3.70 6.15 
tCpCo(CNR>(PPhs)IIPF, 4.06 6.17 
CCpCo(CNR)(PPh2Me)I3PF& 4.03 6.14 
CCPCO(CNR)(PP~M~~>~IPF~ 4.22 6.15 
ICPCO(CNR)(C~HSN)IIPF~ 3.90 6.13 
ICPCO<CNR)(CO>IIPF~ 3.40 6.13 
CCpCoGNR)3KPF& 3.10 6.14 
[cPCo(CNR),<PPh,)l(PFg)2 3.46 6.18 
CCpCo<CNR)<Diphos)l(PF6)2 3.71 6.25 
KCpCocCNR)(Bipv)l(PF6)2 3.31 6.22 
[CpCo(CNCgHqOMe-p)2(CNMe)l(PF6)2 3.26 6.14 
CpCo(CNC~H4OMe_p)(SnC13)2 4.05 6.15 

4.55 
4.03 
3.94 
4.23 
4.21 

3.99 
3.53 
3.40 
3.76 
3.86 
3.36 

6.15 
6.22 
6.19 
6.52 
6.26 

6.04 
6.21 
‘6.21. 6.23. 6.26 
6.51 
6.94 
6.36. 6.38. 6.40 
6.22 

n@pmk AlI spectra were taken in (CD3)2CO unless otherwise stated. bCDc13 solution 

have higher values of v(NC) than the monocationic species, although there is 
some overlap between the two series. 

NMR data are presented in Table 4. The r-cyclopentadienyl proton reso- 
nances for the cationic and dicationic complexes occur at T values some of 
which are among the lowest which have been recorded for n-cyclopentadienyi 
complexes [12,18]. Such values seem only to occur in n-cyclopentadienyl 
complexes in which the metal atom is in a rather high oxidation state 1131, and 
probably reflect the high positive charge on the metal atom, although other 
factors may also be involved. Certainly for the complexes reported here &here is 
a general correlation with the infrared data, and those complexes which have 
the highest values of v(NC) give the lowest 7 values for the K-cyclopentadienyl 
protons. No coupling Was observed at 30” between these protons and the 
phosphorus atoms in those complexes containing organophosphine ligands. The 
related nickel complex .{CpNi(PPhe )[CNC(CHs )3 1 )I also fails to show such a 
couphng 1141. 

The complex [CpCofCNCa H4 OMe-p)(PPhMes )I] + .shows a proton reso- 
nance due to the phosphorus methyl groups consisting of 4 lines. This is caused 
by the asymmetric centre at the cobalt atom which leads to non-equivalence of 
the two methyl groups [IS]. By running spectra at 66 MHz as well as at 
100 MHz J(P-Me) was derived as 12.3 Hz with the chemical shift difference 
between the two methyl groups being 0.16 ppm at 30”. These values are 
comparable to those previously found for related rhodium complexes [lS]-. 

(c). Reactions 

(i). Reduction. The new-complexes described in this paper are all formally 
Cozs’ species. and they can be reduced either to .Co’r or Co’ complexes depend- 
ing on the reaction conditions.. Thus if [C~C.O(CNR)~ I] X ._(R- = ca H4 OMe-.p; 
X = -1 or PFG ) is. refmxed overnight in either ethanoi or methanol, Co(CN%), I,: 
can be crystallised on concentration of the -solution, and the same product :is 
formed if an excess of RNC is added to a dichloromethane solution qf ICpCo; 
fCNR),I] X at room temperature. 
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Hydrazine is a most versatile reducing agent for these complexes and gives 
either Co” or Co’ products depending upon the solvent used. Thus addition of 
an excess of hydrazine to an ethanolic solution of [CpCo(CNR)$ I] X (R = 
CsH40Me-p or CHs ; X = I or PFs ) produces an instant colour change from 
dark brown to orange, and the Co’ complex [Co(CNR& IX may then be iso- 
lated by concentration of the solution [8] . On the other hand if the reaction is 
carried out -in acetone a colour change to dark purple occurs and the Co” 
complex Co(CNR)& can be obtained. Even if a pure crystalline sample of this 
latter complex is dissolved in acetone and a further quantity of hydrazine is 
added no further reduction from Co I1 to Co’ takes place. This is presumably 
because the acetone reacts preferentially with the hydrazine to give acetone 
hydrazone, a reaction which does take place rapidly in the absence of the metal 
complex. 

In none of the above experiments was any evidence obtained for the 
addition of N-H bonds across the isocyanide ligands as has been observed for 
complexes of Pd, Pt and Fe [19,20]. 

(ii)_ FVith SnC& . There has been a report in the literature that the complex 
CpFe(CO),SnCl;I-MeOH may be prepared [21] by reaction of an excess of 
SnCla with CpFe(CO)2:I. Subsequent experiments failed to confirm this obser- 
vation, however [22 ] , and indicated that because of rapid exchange of halogen 
bound to tin, CpFe(CO)sSnCIs is formed by this means. To obtain further 
evidence on this point the reaction of CpCo(CNC6HqOMe-p)I, with an excess 
of SnCle was studied. No reaction takes place in either dichloromethane or 
acetone solution, even after refluxing for several days, and in refluxing ethanol 
all the isocyanide ligands were displaced. In chloroform however, the colour of 
the solution changed from dark brown to orange after several hours at room 
temperature, and the complex CpCo(CNCs HqOMe-p)(SnCla )s was obtained as 
a red-brown crystalline material on concentration of the solution. Microanalysis 
showed that no iodine was present in this compound. 

(iii). Reaction with methylamine. The complex [CpFe(CNCsH40Me-p)s]+ 
reacts with methylamine [3] to yield [CpFe(CNC,H,OMe-p),(C{NHMe)- 
NHCsH40Me-p) J’. The corresponding reaction of [ CpCo(CNCeH,OMe-p).J]’ 
with a concentrated solution of methylamine in ethanol does not give 
an isolable carbene complex of this type. Instead, all the isocyanide ligands 
are displaced from the metal and analytical data suggest that the complex 
obtained contains only methylamine and iodide as ligands. Similarly sodium 
methoxide, which sometimes reacts With coordinated isocyanide ligands to give 
carbene complexes 1231, does not give an isolable complex with any of the 
new cationic cobalt complexes described in this paper. 

Experimental 

Infrared spectra were recorded on a Perkin - Elmer 457 grating instrument 
using caesium bromide plates for Nujol mullspectra and sodium chloride plates 
for solution spectra. NMR spectra were recorded on a Varian HA 100 spectro- 
meter. Microanalyses were performed by the microanalytical department at 

-Cambridge and conductivity measurements were made using a Wayne - Kerr 
Universal Conductivity Bridge. 
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Starting materials were prepared by standard literature methods. CpCo- 
(CO)Is was synthesised by the method of King [6]. Methyl isocyanide was 
prepared by the method of Casanova fl6] and Cp-methoxyphenyl)isocyanide. 
by the method of Ugi and Meyr 117’1. The dichloromethane solvent was .dis- 
tilled from calcium chloride before use and all reactions were carried out under 
nitrogen. 

Preparations 

(a). CpCoiCNMe)12 _ A solution of methyl isocyanide (104 mg, 2.52 
mmole) in dichloromethane (5 ml) was added dropwise to a stirred solution of 
CpCo(CO)I, (1.025 g, 2.52 mmole) in dichloromethane (100 ml) at room tem- 
perature. After 24 h the solution was concentrated and then left overnight in 
the fridge, Yield 87%. It was recrystallised for analysis from dichloromethane/ 
diethyl ether. CpCo(CNCs H4 OMe-p)I, was similarly prepared. 

(b). [CpCo(CNcGH~OMe-p)z~31_ A solution of p-methoxyphenylisocy- 
anide (117 mg, 0.88 mmole) in dichloromethane (5 ml) was added drop- 
wise to a stirred solution of CpCo(CNCGHqOMe-p)12 (450 mg, 0.88 mmole) in 
dichloromethane (100 ml) at room temperature. After 24 h the solution was 
concentrated and left in the fridge overnight. Yield 85%. It was recrystallised 
for analysis from dichloromethane/diethyl ether. [CpCo(CNMe)s I] I was simi- 
larly prepared. 

(c). [CpCo(CNC&,OMe-p),I/pFs. A solution of p-metboxyphenyliso- 
cyanide (95 mg, 0.71 mmole) in dichloromethane (5 ml) was added drop- 
wise to a stirred solution of CpCo(CNCGHqOMe-p)Is (365 mg, 0.71 mmolej’in 
dichloromethane (100 ml) at room temperature. A solution of silver hexa- 
fluorophosphate (180 mg, 0.71 mmole) in dichIoromethane (‘5 ml) was then 
added to the stirred solution. After 24 h the silver iodide was filtered off, the 
solution concentrated, and then left overnight in the fridge. Yield 85%. A 
sample was recrystallised for analysis from dichloromethane/diethyl ether. 
[CpCo(CNMe), I] PFs was prepared similarly. 

(d). [CpCo(CNMe)(PPh,)I] PF, _ A solution of triphenylphosphine 
(138 mg, 0.53 mmole) in dichloromethane (5 ml) was added dropwise to a 
stirred solution of CpCo(CNMe)Is (220 mg, 0.53 mmole) in dichloromethane 
(50 mg, 0.53 mmole) at room temperature. A solution of silver hexafluoropho- 
sphate (133 mg, 0.53 mmole) in dichloromethane (5 ml) was then added drop- 
wise and the solution was stirred for 24 h. After filtering off the silver iodide 
the solution was concentrated and left overnight in the fridge -to crystallise. 
Yield 87%. A sample was recrystallised for analysis from dichIoromethane/ 
diethyl ether. The compounds [CpCo(CNR)(L)I] PFs (R = Cs HqOMe-p, 
L = MePhsP, MezPhP, Py; R = Me, L = PhsP, MePh2P, Py;) were all prepared 
similarly. The yields varied from 50 to 90%. All recrystallisations were carried 
out from dichloromethanejdiethyl ether. 

(e). [CpCo(CNC,&OMe-p)(CO)1]PF,. Carbon monoxide was rapidly 
bubbled through a stirred solution of CpCo(CNC,H, OMe-p)I, (218 mg, 0.43 
mmole) in dichloromethane (20 ml) held at room temperature in a water bath; 
and a solution of silver hexafluorophosphate (108 tig, 0.43 mmole) was quick- 
ly added. The solution was concentrated to about 5 ml by continuing ‘W bubble 
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carbon:monoxide..through the solution for.-a few minutes after the addition of 
the. silver hekfluorophosphate.. The silver iodide. was quickly removed by cen- 
trif&ing- and. diethyl ether. was .added dropwise until crystallisation began. The 
solution- was then left for 1 h in the bridge; the mother liquor quickly decanted, 
and.-the..product :washed and dried in vacua: Yield 30 - 40%~ [CpCo(CNMe)- 
(CO)1 J PFs was similarly prepared in 40 - 50% yield. The compounds could not 
be iecrystallised without decomposition. 

(fj. [CpCo(CNIMe)B] (PFs )z. A solution of’ methyl isocyanide (133 mg, 
3.24 mmole) in acetone (5 ml) was added to a solution of CpCo(CO)I2 
(439 mg,: 1.08 mmole) in acetone (100 ml) at room temperature and then a 
solution of silver hexafluorophosphate (547 mg, 2.16 mmole) in acetone (5 ml) 
was added. The solution was stirred for 24 h, centrifuged to remove the silver 
iodide, concentrated and left in the bridge. Yield 23%. It was recrystallised for 
analysis from’ acetone/diethyl ether. [CpC!o(CNCs H4 OMe-p)s ] (PF, )2 was 
prepared similarly. 

(g). ~CpCoICNcGH,OMe-p),(pph,)](pF,),. A solution of triphenylphos- 
phine (35 mg, 0.32 mmole) in dichloromethane (5 ml) was added to a 
solution of [CpCo(CNC, H4 OMe-p), I] PFs (214 mg, 0.32 mmole) in dichloro- 
methane (100 ml) at room temperature. A solution of silver hexafluorophos- 
phate (82 mg, 0.32 mmole) in dichloromethane (5 ml) was then added and the 
solution was stirred for 24 h. After filtering off the silver iodide the solution 
was concentrated and put in the fridge. Yield 95%. It was recrystallised from 
dichloromethane/diethyl- ether. [CpCo(CNMe)s (PPhs )] (PFs )2 was prepared 
similarly. [ CpCo(CNCsH,OMe-p)s(CNMe)] (PFs), was also prepared similarly 
but in poorer yield. This last complex could not be easily recrystallised. 

(h). [CpCo(CNMe)(Diphos)](PF&. A solution of Diphos (182 mg, 0.46 
mmole) in dichloromethane (5 ml) was added to a solution of CpCo(CNMe)Is 
(192 mg, 0.46 mmole) in dichloromethane (150 ml) at room temperature. A 
solution of silver hexafluorophosphate (232 mg, 0.92 mmole) in dichloro- 
methane (5 ml) was then added. After stirring for 24 h the silver iodide was 
filtered off and the solution concentrated and put in the fridge. Yield 97%. It 
was recrystallised for analysis from dichloromethane/diethyl ether. [CpCo- 
(CNCs Hd OMe-p)(Diphos)] (PFs )s was prepared similarly. 

(0. KZW(C~JW(Bipyll (PFs )2 . A solution of methyl isocyanide 
(23.4 mg, 0.57 mmole) in acetone (3 ml) was added to a solution of [CpCo- 
(Bipy)Il I (305 mg, 0.57 mmole) in acetone (50 ml) at room temperature. A 
solution of silver hexafluorophosphate (289 mg, 1.14 mmole) in acetone was 
added and the solution was stirred for 24 h. After filtering off the silver iodide 
the solution was concentrated and put in the bridge. Yield 60%. It was retry- 
stalked. for analysis. from acetone/diethyl ether. [CpCo(CNCe H4 - 
OMe-p)(Bipy)] (PFs )i was prepared similarly but using dichloromethane in- 
stead-of acetone as the solvent_ 

(j). CpCo(CNCGH4 OMe-p)(SnC13 Jz . A solution of CpCo(CNCiH, - 
OMe-p)Ie (200 mg, 0.39. mmole) in chloroform (30 ml) was stirred at room 
temperature With SnClz (430.mg, 2.25 mmole). After 15 h the solution was 
filtered, tioncentrated and put -in the fridge. Yield 15%. .The compound.decom- 

._ pose& ofi_attempted recrystallisation.. 
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