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ISOCYAXIDE 3fE-T~ COMPLE_XES 

I. BEKTIOXS OF H_ALOCARBOXYIS WITH PHENYLISOCPA&XDE 

K_ I<_ JOSHI. I=‘_ L. P_AUSON _kKD \V_ H. STIiBBS 
Chemidry Depar:ment. The Royal Colkgc of Science azd Technology. 

Glasgow (Gred Brifain) 

(Received May m, 1963) 

Estensive studies of the reactions of halo-manganese and -rhenium pentacarbonyls 
(I) with a variety of li,mds ha\-e been carried out, chiefly by Hieber and his co- 
worker&5_ The results may be represented b?- tire general expression: 

_WI(CO), + L - SJI(CO),L 4 S3I(CO!,L, 

(Ii (II) (II11 

a: M=JIn; b: JI=Re 

For a given ligand (L), reaction appeared to stop at either stage (II) cr (III). Similar 
reaction9 of the neutral carbon_v1s Fe(CO), and N(CO), (where 3i = Cr, 110 or ji’) 
haw likewise been reported to step after partial replacemen: of carbon monoxide. 
\Vith monodentate ligands (L) at least three carbonyl groups xere always left 
attached to the metal atom. This apparent beha\%our pattern has never been explained 
although it is reco,gnised that replacement of CO b_v a ligand (L) which is less well 
able to accept back-donation of electrons will lead to 2 strengthening of the remtiing 
metal-CO bonds._ Severtheless it zemed probable that more extensive replacement 
of carbon mono-side should be possible, especially with ligancls which are known to 
form stable complexes with these metals in low oxidation states. 

11-e have therefore esamined in detail the reaction of bromomanganese penta- 
carbonyl with pheq-1 isocyanide. _&non, = the possible l&nds, isocyanides may be 
considered to be most like carbon monoxide in structure and mode of bonding to a 
transition metal. They were known to form stable derivatives of man,o;aese in the 
+I osidation state:: [JIn(CXPh),3+ containing no other groups. But only rnonoaa 
(Ha; S = Br; L = CXEt) and bis-isocyanide lb derivatives (IIIa; S = Br; L = 
+-CSC,H,ONe) had been reported to be formed from the colrresponding carbcnyl 
(Ia; X = Br). \\‘e have confirmed that the disubstituted compound (IIIa; S = Br; 
L = CSPh) is the only product with phenyl isocyanide under Hieber’s conditionslb, 
using ethanol as solvent. However, in diglyme at xooc the reaction proceeded to the 
nest stage yielding bromodicarbonyltris(phenyl isocyanide)manganese (IV, X = Ea). 
This solvent is lmowr to assist replacement of three carbonyi groups from mol+- 
denum hesacarbcnyl hy fomtig an intermediate comples in which it acts as a 
tridentate ligands. The present result can probably be ascribed to the formation of a 
similar intermediate and not merely to the higher temperature employed in this case. 
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In support of this view we have shown that three molecules of carbon mono-tide are 
evolved x-hen bromomanganese pentacarbonyl is heated with diglyme alone. 

Still more striking was the ef%ct of using the strongly basic ether tetrahydro- 
filran as solvent. Its abilit_s- to act as a &and forming stable transition metal com- 
plexes is well ki-10~~. In the present work it was found that bro.m:z.~.znese penta- 
ca-bc+ (Ia; x = Br) loses four molecules of carbon mono_xide on reffuxing in this 
medi-urn with the formation of a stable compIesg_ Accordingly reaction with phenyl 
isecvanick in tetrah+rofuran gave 
ma&Use (v; s 

bromocarbonyItetrall(phenyl isocyanidej 
= Br} as the main product accompanied by bromopentakis- 

(phenyl i_wc!;anide)m-anganese (VI). The former complex (V; X = Br) u-as also ob- 
tained b_v the action of four molar equivalents of isocyanide on brxr;otricarbonyibis- 
(trlphens_iphosphinejmanganese (IIIa; S = Br; I-. = PPh,) in the same solvent. The 
cu-bony1 group in tram position to the halogen would be espected to be the least 
readily replaceabIer* and we therefore believe (Vj to be the correct stereochemical 
formmation for our product. The precise stereochemist~- of the tris-isocyanide 
compZes (II:) is at pr=ent unknown. but the bisisocyanide complex (III; S = Br; 
31 = XI-I; L = CXPh) may be assigned the cis configuration on the basis of the work 
of _Xngelici, Basolo and Poe11 and the close resemblance of its infrared spectrum in 
the carbonyi region to that of the phosphite analoguc: (III; 31 = Jln; S = Br; 
L = P(OPn)J. T o complete the series (I-VI) by preparing the mono-isocyanide 

t:cmp:es (Ha; S = Br; L = CSPh), we ha\-e utilized the dimeric i:alocarbonyi3~, 
Mn,(f=3j,Bri. -4s expected the isoc>-anide caused cleai-age of the halogen bridges ir, 
thk mo!ecu!e under conditions too mi:d to resuit in replacement of carbon monoxide. 

Further differences in reactivit>- ma!- be expected to result from variation of the 
halogen atoms in the halopentacarbonyls (1). These differences have recently been 
in\:esiinated quantitatively by Basolo and co\Vorkers, who find that both for carbon 
monoxide eschangedb and for reaction with a varktv of other ligand+. the rates 
fal: in thz order Cl ,‘- Br > I. Both these results and~th~ differences in the infrared 
s~wtra~ can be correIated with the decreasing electronegatix-ity of these halogens;. 
which ~3: lead to more efkctive back-dorration to CO in the iodide, i.e. to stronger 
met&carbon bonding. Our own results, though quaiitative. rei-eal equally striking 
difference.. Thu. under conditions where the bromide (Ia; S = Br) was part& 
converted to the perrtakis-isocyanide derivative (YI), the iodide (Ia; S = I) gave 
onI>- the te?_rakk derivative (I-; -3 = 1). but the chloride gave ionic hesakis(pheny1 
isc~yauidej manganese(I) chloride, Xn(CSPhj,-C!. 

Similar results have been obtained xith car bor_yl halides of molybdenum and 
ix-n: Phenyl isoc\;anide displaced three molecult of carbon monoside from chioro- 
t~~bon_vl~~-dopenta~~~~~o~~-~~.~ (VII ; S = Cl) and gave tris(phenF1 iso- 
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qanide)cyclopentadienyhnolybdenum chloride, C,HJMo(CNPh),Cl. It reacted with 
the corresponding iodide PIi; X = I) by replacement of on!y one carhonyl group. 
The analogous iron compounds [VIII; L = CO) were treated with the isocyanide in 
benzene. The iodide c\‘III; X = I ; L = CO) afforded a misture of mono- {VIII ; 
X = I ; I_. = SSPhj and bis@henyl isocyanide) derivatives. The bromide gave on& 
the Iatter type, and the chIcride underwent addition and substiution to give the 
ionic tris(phen_v1 isocyanide)cyclopentadien_\-liron chloride_ These iron compounds 

(VII) (VIID (IX) 

show similar diZferences in their reactions with tripheqdphosphine- The chloride 
(VIII; S = Cl; L = CC) has been shownl~ to gi\*e mainly the ionic addition product 
(IX; s = Cl) whereas the iodide (XXII ; S = I; L = CO) gives a mixture of -the 
addition (IS; S = I) and substitution (VIII; S = I ; L = PPh,) produck?. The 
latter compound was found to react with phenyl isocyanice in the same manner as 
the corresponding dicarbonyl (VIII ; X = I ; L = CO), but attempts to bring about 
the reverse process, replacement of isocyanide (or CO) from ccmples (VIII; X = I I 
L == CSPh) by triphenyIphosphine faiIed. Together with the abo\-ementioned be- 
haviour of bromotricarbon~-lbis(triphen~-lphosphine)mangmese. these experiments 
show that replacement of the phosphine is easier than replacement of either carbon 
monoxide or isoq-anide from such mised complexes. 

\\‘e ha\-e also esamined the reactions of phenyl &cyanide with m&\-l- and 
phenyIpentacarbon+nan~anese (S ; R = 3Ie or Ph) _ By analogy with their behxiour 

(XII) (XliI) 

with carbon monoside and with aminesia, we expected addition to occur with t!re 
formation of acl-I derix-atives of the t>-pe <XI; L = CSPh). Instead, the only products 
isolated, albeit in low yield, were mono- (XII) and disubstitution products (XIII) of 
dimanganese decacarbon>-1. Tht fate of the methyl and phenyl groups in these 
reactions has not been determined. 

-411 reactions were conducted under nitrogen. 
Starting materials were prepared b>- the literature methods indicated: 

Brl\In(CO),a; PhSCr*; ?iIn(CSPh),+I-r; CSH,Mo(CO),S1s; C,H,Fe(COj,S~6; Xe- and 
PhJIn(CO),lr; Br,l\In,(CO)s3a; Br?(In(CO) ,[PPhJzl”; C,H,Fe(COj (PPh,)IS. 

:rc.rt sotiizucl p. j:! 
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Reacticn conditions are indicated in Table I; properties of the products in TaXe 
z and arm&es in Table 3- 

The mixtures were heated with stirring at the temperatures and for tEe times 

indicated The solvent and excess isocyanide (if any) were then removed by distillation 
17: zzmo xd the products purified by chromato,gaphy and/or by recrystallisation as 
indicated_ 
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The reactions of pheq-I isoc\-snide with various haloman*gme;e carbonyls, methyl- 
and phenylmangauese pentacarbonyls. halocyclopentadienyl-m$Aybdenum and -iron 
carbon-k are described_ The dependence of the degree of substitution on the nature 
of the halogen and the solvent is examined. -1s a result a number of new isocyanide 
derivatives of these metals have been isolated and characterised. 
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