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The extent of alkylation of [ Cs HS COG I-, Cs H5 Co(CN), L (E = PPh, , 
etc.) and [C, H5 Fe(CO)(CN), J-, is shown to depend critically on the choice of 
alkylating agent and solvent. IR and NMR spectra of the products are reported 
and the ’ H NMR spectrum of Cs H5 Co(CN)(CNMe)(PMe,Ph) is used to demon- 
strate its chirality. 

Introduction 

Following our report [l] of the preparation and alkylation of the cyclo- 
pentadienyltricyanocobalt(II1) anion (I) we have continued the study of alkyla- 
tions of this and related complexes with a view to elucidating the factors which 
control the extent of these reactions. The results are now reported together with 
spectroscopic properties of the cyan0 and isocyanide complexes. 

Results and discussion 

‘I2ialkyloxonium salts are powerful alkylating agents and have been in- 
dependently used by %everai workers Cl-43 to alkylate metal cyanide to iso- 
cyanide complexes. In the case of the tricyano complex (I) we reported com- 
plete alkylation to the dication (IVc) with tiethyloxonium tetrafluoroborate 
and we now rep&t similar alkylations of the phosphine-substituted complex- 
(V: L = PPh, ) to the dication (VIIc: L = PPh3 ) and the anionic iron-cyanide 
complex (VIII) to the cation- with this reagent. 

On the -other hand, we had reported [l] monoalkylation of the tricyanide 
(I) to the neutral isocyanide complex (IIa) using methyl iodide in ecetonitrile 
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j +d h& ,I&$ u&b& to’ f&e the r&&ion to Pro&d beyo&&is step wnh .a 
-large’&c+s of r&e&,- Neve@beless &thy1 iodide rescted; albeit very -inefficiently,~ . 
_Mth. the m&ometh~lated-cotipotid @a). to give the ~methqil-&thyl-dgiv&ive 
(II+), E&ially- clean &onomethylation.wa$ observed.in the reactions of the 

.: pbospbine-substituted complexes (V: L = PPhs-) and (V: L_= PMe2 Ph) to yield 
.; the- eotiesponding cations (Via). -However the iron-cont+ining anion (VIII) is 

readily~dialkylated &repor%ed by Coffey [5] , by alkyl halides and we have 
obtain&d the cEm&hyl.(Z$a), &ethyl (Xc) and dibenzyl (Xd) co&&&es in &ii. _ 

:. tii: The greater nucleophilicity bf this anjon (VIII) may be attributed to the 
: grix&r electmix concentration- on Fe” than on Co?, phich is partially counter- 

2&d by the increased back-bonding to carbonyl comptiecl with cyanide ligands. 
Hence the dicarbonyl.cyanide Cg.H5 Fe(CO)* CN, unlike the isocyanide sub- 
stit@eci analogues (Ix), is comparable with the neutral cobalt(II1) complex (IQ 
in its lack of reactivity towards alkyl halides. (It is slowly 2IkyI2ted by iodo- 
methane but not by other. halides tried.) These reactivity differences correlate 
with the spectral variations discussed below. 
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&&.r tetrahydrofuran and dichloromethane caused .4&p di&nution ‘m-y& ’ 
of the dialkylatedproduct (Xa) (75, 5O.and 15% respectively), whereas in 
methanol solution only the ueutral ‘mon.oalkylated.product is fOrmed; Benzyl 1 
bromide similarly co&&s this cyanide (VHI) to &ct monobenzyl derivative 
(IXd) in methanol but to, the dibenzylated catiori (Xd) in acetonitrile as pre- 
viously described [S] . 

The importance of-the choice of solvent was also evident when the 
methylation of the cobalt--tricyanide complex (I), using dimetbyl sulphate, was 
compared in methanol and ethano1. In contrast to the apparently clean dimethyl- 
ation observed in the former solvent, the major product @Ha) was accompanied. 
by the unreacted (I), mono- (Ha) and tri-methylated compounds (IVa) under 
otherwise identical conditions in ethanol. It is noteworthy that the various ionic 
(and neutral) species so formed could readily be separated by column chromato- 
graphy on neutral alumina, a technique which we have employed extensively fox 
separation and purification of salts throughout this work. 

Expecting replacement of either a carbonyl or an isocyanide I&and we 
photolysed the cationic iron complex (Xa) .with pot&shun cyanide. No displace- 
ment could be detected, but with or without added cyanide photolysis in 
several solvents led ultimately to the cyclopentadienyltris(methy1 isocyanide)- 
iron cation, [C, H5 Fe(CNMe), I’, isolated as the iodide, together with some 
ferricinium ion. These are secondary products formed by the action of dichloro- 
methane on an intermediate oil of as yet unknown constitution- The details 
of this process are being studied further, but we describe the photolysis in 
dioxane as a convenient route to the cation, which has previously been prepared 
[6], apparently like the phenyl isocyanide analogue I’?] from dicarbonylcyclo- 
pentadienylchloroiron, CS H, Fe(CO& Cl, and the isocyanide, but has not been 
described in detail. 

Although as mentioned previously [I] we have failed to isolate cyclopenta- 
dienylcobalt(1) .cyanide or isocyanide complexes from reaction of the dicarbonyl, 
CS H, COG, or the carbonylphosphine compiex CS HS Co(CO)(PPhs ) with 
potassium cyanide (followed by triethyloxonium tetrafluoroborate), the reaction 
with cyanide in air provides a fairly efficient direct route to the cobalt(IH) com- 
plexes (I) and (V: L = PPh3 ). 

We have also examined briefly the possibility of displacing cyanide ligands 
from the anionic complex (I) by neutral ligands. Although triphenylphosphine 
converted the potassium salt of (I) slowly to the neutral substitution product 
(V: L = PPh, ) in boiling methanol, tiethyl phosphite failed to react under the 
same conditions. Phenylacetylene, tolane and maleic anhydride were also un- 
reactive under these conditions and when irradiated with methanol solutions of 
the cobalt complex. 

IR and NMR spectral data for the compounds prepared in this work are 
collected in Table 1. They show largely the expected trends as the overall charge 
or more.specifically the charge on the metal is varied. Thus the IR stretching 
frequencies of the CN, CNR and CO groups al1 increase slightly, but significantly 
with increasing positive charge;whiIe the proton resonance signals of both the 
Cyclopentadienyl and isocyanide groups show more marked downfield shift% 
due to decreased~shielding in the same order. For compounds Of the same net 
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charge the-z$CI%R) values ar@.consistently higherand the 7(QH;-) vahies lower>. 
i+thti cobalt than the iron series reflecting the greater positive-charg&ori the. 
metal coqesponding to the higher oxidation &ate of the cobal@I) c.gmp&& 
with the iron compounds. The increasing-positive Charge on iron that-accom- 
panies increasing back-bonding to carbdfiyl -is similarly evident from IR. arid 
NMR comparison of e.g. the monocations [C, HS Fe(CNMe), I’, [C, HS Fe( CO)- 
(CNMe)* 3’ and [C, HS Fe(CO),-(CNMe)]‘. 

Thci dimethylphenylphosphine -complex (Via: L = PM+ Ph) was prepared 
in order to demonstrate the chirality of this .type of molecule which possesses 
a pseudo-tetrahedral metal atom with f&r different groups attached. As in 
previous similar examples [Sj this feature is clearly evident from the non-equi- 
valence of the P-methyl groups in the NMR spectra (see Table 1) whereas they 
are of course equivalent in the precursor (V: L = PMe2 Ph). 

Experimental 

All reactions were conducted under nitrogen in carefully dried solvents. 
Light petroleum refers to the fraction of b-p. 40-60”. Column chromatography 
was carried out on neutral alumina prepared from Spencti’s grade ‘H’ by allow- 
ing it to stand under ethyl acetate for 3 days, washing with methanol and water 
and drying at 160-170” for 8 h. 

The potassium (50% yield) and benz$l triphenylphosphonium salts of the 
anion (I) were prepared as described previously [i] , as was the phosphine- 
substituted cyanide (V: L = PPh3 ); the yield of the latter from 1.0 g cyclopenta- 
dienyl(triphenylphosphine)diiodocobalt was typically 0.3 g (45%), not 9% as 
erroneously reported [l] . Alternative preparations of these products are de- 
scribed below. 

Potassium cyclopentadienyltricyanocobaltate(IlI1) (I) from cyclopentadienyl- 
dicarbonylcobalt(I) 

A solution of potassium cyanide (0.33 g, 5 mmol) in ethanol was added 
to cyclopentadienyldicarbonylcobalt(1) [lo] (0.45 g, 2.5 mmol) in ethanol 
(25 ml) and the mixture stirred at 0’ for 4 h. After filtration and evaporation 
under reduced pressure, the residue was chromatographed to yield the potas- 
sium salt of the tricyanide anion (I) [l] (0.35 g, 50%). A similar reaction con- 
ducted under nitrogen in carefully deaerated ethanol yielded, on evaporation 
of the reaction mixture, a very air-sensitive residue showing v(CN) at 2120 and 
2100 cm? ; no pure compound could be isolated from th+ directly, by addition 
of various cations, or following subsequent treatment wjth either ,berkyl br0:. ~.. 
mide or Xriethyloxonium tetrafluoroborate. 

Cyclopentadienyl(~iphenyl~hosphine)d~~yanocobalt(I~I) (V; L.= pph,‘) 
(a). From cyclopentadienyl(triph~nylphosphine)carbonylcobalt(I). Potas- 

sium cyanide (0.33 g, 5 mmol) in tiethanol.(lOO ml) was-added drop*se.t? 
cyclop~ntaffienyl(~phenylphosphine)~~nylcob~t(I)-[lI] (J,O+ g,- 2.5 mmol) 
in methanol (50.ml)and the mixture stirred at 0” _for 6-h..After fil!ratj?p,and.:, 
evaporation undo: reduced pressure, the residue ,was chromatogralijhe&to yield 
the complex (V: L = PPh,) tl] (0.22 g, 20%). As in the ~rec&ing_exper&-@%; . . 

. 



similar reactions conducted in strict absence of air yielded very air-sensitive. 
niaterialshowing cyanide absorption.in the.infYared (2118 and.2080 cm-’ ) but 

: no isolable products. 
(B). From the _tiicyanide (i); .The potassium salt of the anion (I) (bL.g, 

.2.1 mmol).and triphenylphosphine (1.65 g, 6.3 mmol) were refluxed.m metha- 
no1 (150.ml) for three days and the product worked up as in (a). Elution with 
ether/chloroform (l/l) changing gradually to.chloroform/methanol (l/l) led 
to successive isolation of triphenylphosphine (1.3 g, 5 mmol), the complex (V: 
L = PPh3 ) (0.37 g, 40% conversion) and unreacted potassium salt of (I) (0.25 g, 
50%). 

Cycfopentadienyl(dimethylphenylphosphine)diiodocobalt(II~), C,H, Co(PMe, - 
PhK 

To a solution of cyclopentadienylcarbonyldiiodocobalt(III) [lo] (8.9 g, 
22 mmol) in dichloromethane (200 ml) was added dropwise a solution of di- 
methylphenylphosphine (5 ml, 25.8 mmol) in dichloromethane (60 ml) and 
the solution stirred overnight at room temperature. It was then treated with 
charcoal, filtered through Kieselguhr, diluted with hexane (50 ml) and evapo- 
rated under reduced pressure until precipitation of dark green crystals appeared 
complete_ The product (11.2 g, 90%) was collected, washed with ether and 
pentane and recrystallised from dichloromethane/hexane, m-p. 105” (dec.). 
(Found: C, 29.9; H, 3.0; I, 49.4. C13H16 CoIz P calcd.: C, 30.2; H, 3.1; I, 
49.2%) 

Cy&pentadienyi(triethyl phosphite)diiodocobalt(III), C, H5 Co[P(OEt),] I2 
This product was obtained by the preceding method from cyclopentadi- 

enylcarbonyldiiodocobalt(II1) [lo] (8.12 g, 20 mmol) and Methyl phosphite 
(3.65 g, 22 mmol) as black crystals (8.7 g, 80%), m-p. 125” (dec.). (Found: 
C, 24_4;H, 3.8; I, 46.9. C11HzoCoI,03P calcd.: C, 24.3;H, 3.7;1,46.7%.) Its 
reaction with cyanide (cf. below) gave a product which could not be obtained 
pure and was therefore not studied further. 

Cyclopentadienyl(dimethylphenylphosphine)dicyanocobalt(III), (V: L = 
PMe2 Ph) 

2’0 a solution of cyclopentadienyl(dimethylphenylphosphine)diiodocobalt 
(1.0 g; 2 mmol) in methariol (50 ml) was added dropwise a methanol solution 
of potassium cyanide (0.33 g, 5 mmol). The mixture was stirred at room temper- 
atureovemight then filtered, evaporated under reduced pressure and the residue 
chromatographed using ether/methanol as eluant. The major fraction gave the 
product (0.38 g, 60%) as yellow crystals, m.p. 187” (dec.) (from methanol), 
soluble in alcohols, acetonitrile, benzene and chloroform. (Found: C, 57.5; 
H, 5-4; N, 8.7. ClSH16 CON, P calcd.: C, 57.3; H, 5.1; N, 8.9%) 

: 

-Cyclop&dienylpyridiraedicyan&obalt(lll), (V: L = C5 H; N) 
;‘This product was ob&ned similarly (40% yield) from cyclopentadienyl- 

pyridmediiodocobalt(III) [lo] as a rather unstable air-sensitive yellow solid, 
rn.& 19b- (d&;). (Fouud: C;56.4; I-I, 4.2; N, 16.2. &H1i CON, calcd.: 
C, 56:5 H, 3.9; N; 16:5%.) 

:. 
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Reaction of the tricyanide (I) with dimethylsulphtite ‘. .’ .. 
(a). In Methanol. -Dimethyl sulphate (1.5 g, 12 mmol) was added to a sOh_G 

tion of the potassium salt of the anion (I) (0.5 g, 2.1 mmol) in methanol (100 
ml) and the mixture was refluxed gently overnight. After filtration tid evapora- 
tion under reduced pressure, the residue was dissolved in chloroform, filtered; 
and cyclopentadienylbis(methy1 isocyanide)_cyanocobalt(III) sulphate (IIIa) 
(0.6 g, 60%) precipitated by addition of ether as a yellow solid, m-p. 210” (dec.), 
soluble in water and polar organic solvents. (Found: C, 43.1; H, 4.1; N, 14.8. 
Cz0Hz2 Co2 N6 O4 S calcd.: C, 42.8; H, 3.9; N, 15.0%) 

(b) In ethanol: The same procedure was repeated with ethanol in place of 
methanol. After evaporation of the initial reaction mixture, thin layer chroma- 
tography showed the product to be a mixture. It was therefore separated by 
column chromatography using ether/chloroform (l/l) and later chloroform, 
chloroform/methanol and finally methanol to elute in succession: cyclopenta- 
dienyl(methy1 isocyanide)dicyanocobalt(III) [l] (IIa) (92 mg, 20%), then the 
bis(methy1 isocyanide) complex (IIIa) (0.37 g, 48%), unreacted potassium salt 
of the tricyanide (I) (63 mg, 12.5%) and the orange-yellow cyclopentadienyl- 
trisfmethyl isocyanide)cobalt(III) sulphate, (IVa) (36 mg, 5%), m-p. 220” (dec.), 
soluble in water and alcohols. (Found: C, 38.7; H, 3.9; N, 12.5. Cl1 HI4 CON, - 
O4 S calcd.: C, 38.5; H, 4.1; N, ?.2.2%.) 

Cyclopentadienyl(ethy1 isocyanide)(methyl isocyanide)cyanocobalt(III), UIIb) 
Excess ethyl iodide (10 ml, 0.12 mol) was added to a solution of cyclo- 

pentadienyl(methy1 isocyanide)dicyanocobalt(III), (IIa) [I] (0.54 g, 2.5 mmol) 
in acetonitrile (100 ml) and the solution was refluxed gently overnight. After 
filtration and evaporation under reduced pressure, the residue was partly soluble 
in ether. This solution was filtered and evaporated to give unreacted starting 
material (IIa) (0.43 g, 88%). The ether-insoluble solid was crystallised from 
methanol giving the dialkylated iodide (IIIb) (95 mg, 10%) as an orange-brown 
solid, m-p. 170” (dec.), soluble in water, alcohols and chloroform. (Found: 
C, 35.5;H, 3.75;N, 11.5. C11H13C~INs calcd.: C, 35.4;H, 3.5;N, 11.3%) 

Cyclopentadienyl(methy1 isocyanide)(triphenyiphosphine)cyanocobalt(III) 
iodide, (Via: .L = PPh,) 

The dicyano complex (V: L = PPhJ ) (0.88 g, 2 mmol) was refluxed over- 
night in methyl iodide (100 ml), the solution filtered, and excess methyl iodide 
removed under reduced pressure. The residue was dissolved in dichloromethane, 
filtered, and the product (Via: L = PPhs ) (0.70 g, 60%) precipitated with light 
petroleum as an orange solid, m-p. 152” (dec.) soluble in water and in polar 
organic solvents. (Found: C, 54.1; H, 3.8; N, 5.0. Cz6 Hz3 COIN* P calcd.: 
C, 53.8; H, 4.0; N, 4.8%) 

Cyclopentadienyl(methy1 isocyanide)(dimethylphenylphosphine)cyanocobalt- 
(III) iodide, (Via: L = PMe2 Ph) 

This product was obtained in analogous manner to the preceding, corn- . . 
pound, in 52% yield, as an orange solid, m.p. 171” (dec.). (Found: C, 41.9; 
H, 4.3;N, 5.9. C1&H1&oIN2P c&d.: C; 42.1; H;4_2;N, 6.1%) .- : 
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--.Cy~~o~,t~~~~;ibi,(~,thyl ~~~yanide)(h-iphe~y~~ho~~i~e)_~~balt(lll) his-. 
(t@-a fluor@ora&), (V!&:_ L‘ = JW& ) -. 

.ee&& prepa+ tri&hyloxonium tetrafluoroborate (1.9 g, 10 mmol) was 
’ add&&t?. 9 sat&ateddichloromethane solution of the dicyano coikplex (Vi 

L =.Pph, ) (0.44 g, l mmol) &nd the &i&Fe refluxed for 6.h..The dark precipi- 
tated solid vqscolle&ed by filtration,- washed with dichlorqmethaue.and ether. 
and recrys@llised from chloroform to give the. brown salt of the die&ion (VIIc: 
L = PPh3) (0.34 g, 69%); m-p. 145” (dec.). (Found: C, 51.9; H, 4.2; N, 4.0. 
Cz9 H3,-, Bi CoF; N,P calcd.: C, 52.0; H, 4.5; N, 4.2%) 

Alkylations of po &&urn c&opentadienylcarbonyldicyano ft&ra te(II), (VIII) 
(a). N&~~Zr$ion. Methylation c&r.ied out in acetonitrile as described by 

Coffey 153, gaye the bis(methy1 isocyanide) derivative (Xa) as the iodide, m.p. 
220° (dec.). (Found: .C, .33.2; H, 2.9; N, 8.1%) in 75% yield. Identical proce- 
dures employing tetrahydrofuran or dichloromethane gave the same product in 
50 and 15% yield respectively. 

Reaction in methanol (= 30 ml) was conducted by refluxing the potassium 
salt (VIII) (0.48 g, 2 mmol) with a large excess of iodomethane (10 ml, 0.16 
mol) for four days. Evaporation of the filtered reaction mixture was followed 
by chromatography employing ether/chloroform mixtures as eluant. A 2/l 
mixture eluted the main fraction which on evaporation yielded cyclopentadi- 
enyl(methy1 isocyanide)carbonylcyanoirpn(II). (IXa) (0.18 g, 40% as an orange- 
yellow solid, m-p. 240” (dec.). (Found: C, 49.8; H, 4.0; N, 12.8. Cg H8 FeN2 0 
calcd,: C, 50.0; H, 3.7; N, 13.0%) Further elution yielded some unreacted 
potassium salt (VIII). 

(b). Benzylation, Repetition of the last procedure employing benzyl 
bromide (15 ml, 0.126 mol) in place of iodomethane gave cyclop++ienyl- 
(benzyl isoc~anide)carbonylcyanoiron(II) (IXd) (40%) as a yellow solid, m.p. 
162” (dec.). (Found: C, 61.4; H, 3.9; N, 9.3. Cl5 HI2 FeN2 0 calcd.: C, 61.7; 
.H, 4;l; N, 9.6%) This compound has previously been described [5] as a brown 
Oil. 

(c)-Ethyl&ion. The potassium salt (VIII) (0.48 g, 2 mmol) and triethyl- 
.oxonium tetrafluoroborate (1.9 g, 10 mmol) were refluxed in dichloromethane 
(50 ml) for 4 h-and the precipitated cyclopentadienylbis(ethy1 isocyanide)- 
carbonyliron(II) tetrafluoroborate (Xc) (0.52 g, 75%) collected by filtration 
and-washed with ether and light petroleum, m-p. 127” (dec.). (Found: C, 41.9; 
H, 4.6; N, 7.9. Clz Hrs BF, FeN2 0 &cd.: C, 41.6; H, 4.3; N, 8.l%.)~Its spectra 
corresponded with those (Table 1) of the known [l] iodide. 

Alkyiat[o-n of cjwlop&tadienyldicarbonylcyan~iron(II), C, H5 Fe(CO)2 CN 
Thti’cyqnide [12] (0.4 g, 2 mmol) and iodomethane (10 II& 0.16 mol) 

were refluxed in acktkitrile (50 ml) for 64 h. The solution was filtered, evap- 
orated-.to dryness. under-reduced pre+_rF aqd- the residue chroq_atqgrgph@. 
Ether/methakl (5/l) ‘eluted unreacted cyanide (0.2 g, 50%) tind -ether/metha- 
rioi_ t$$ til@ql cyclopentadienyl(mqthy1 isocyanide)~c~bonyliron(II) 

-_ iodide; CC, j!Ig Fe(C0.)2 (CP@le)] I, (0.27 g; 4p%), +. yellow solid, m-p.. 105O (dF_). 
s&ble i-n- water-and $c+r qrg&ic solvents. (Fotinc:.C, 31.1; H, 2.1; N, -4.3. _- 
c9 ?&FecO;: c+qd;; C, 31.3; H, 2.3; N, 4_l%.).Similar experiments.ti&g iddo- 

..~-y _... I .,. -- .: 
_i . . .:- 



ethane, 2- and 3-bromopropane or benzyl bromide in place of iodomethane 
failed to result in alkylation in up to 10 days reflux. 

Cyclopentadier,yltris(methyl isocyanide)iron(II) iodide, [C, H, Fe(CNMe)3]I 
A dioxane solution (500 ml) of cyclopentadienylbis(methy1 isocyanide)- 

carbonyliron(I1) iodide (Xa) (0.72 g, 2 mmol) was irradiated for 18 h in an 
annular apparatus employing a 500 W medium pressure mercury lamp (Hanovia 
509/12) in a water-cooled quartz tube. The resultant solution was filtered and 
evaporated to dryness under reduced pressure. The oily residue showed infrared 
peaks at 2164 and 2135 cm-’ (CNMe) and at 1750 and 1727 cm-’ (bridging 
CNR and/or CO ?) and apparently reacted on dissolution in dichloromethane. 
Immediate addition of light petroleum precipitated cyclopentadienyltris(methy1 
isocya.nide)iron(II) iodide (0.37 g, 78% based on available isocyanide), an 
orange-yellow solid, m-p. 185” (dec.), soluble in water and polar organic solvents. 
(Found: C, 35.8; H, 4.0; N, 11.1. Cl1 H14FeIN, calcd.: C, 35.6; H, 3.8; N, 
11.3%) 
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