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ISOCYANIDE METAL COMPLEXES
I. REACTIONS OF HALOCARBONYLS WITH PHENYLISOCYANIDE
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Extensive studies of the reactions of halo-manganese and -1henium pentacarbonyls
(I) with a variety of ligands have been carried out, chiefly by Hieber and his co-
workers!—3. The results may be represented by tiie general expression:

XM(CO)s + L — XM(CO).L — XM(CO)L,
(I (11) {11
a: M=2\Mn; b: M=Re

For a given ligand (L), reaction appeared to stop at either stage (II) or (III). Similar
reactions® of the neutral carbonyls Fe(CO); and M{CO)q {(where M = Cr, Mo or W)
have likewise been reported to stop after partial replacemen: of carbon monoxide.
With monodentate ligands (L) at least three carbonyl groups were always left
attached to the metal atom. This apparent behaviour pattern has never beer: explainad
although it is recognised that replacement of CO by a ligand {L) which is less well
able to accept back-donation of elecirons will lead to a strengthening ot the remaining
metal-CO bonds. Nevertheless it =2emed probable that more extensive replecement
of carbon monoxide should be possible, especially with ligands which are known to
form stable complexes with these metals in low oxidation states.

We have therefore examined in dgctail the reaction of bromomanganese penta-
carbony! with phenyl isocvanide. Among the possible ligands, isocyvanides 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 manganese in the
+1 oxidation state?: {Mn(CXPh),i+ containing no other groups. Bat only mono-12
{IIa; X = Br; L = CXEt) and bis-isocyanidel® derivatives (IIla; X = Br; L =
$-CNXCgH OMle) had been reported to be formed from the coiresponding carbenyl
(Ia; X = Br). We have confirmed that the disubstituted compound (I1la; X = Br;
L = CNPh) is the oalv product with phenyl isocyanide under Hieber's conditions?!®,
using ethanol as solvent. However, in diglyme at 100° the reaction proceeded to the
next stage vielding bromodicarbonyltris(phenyl isocyanide)manganese (IV, X = Br).
This solvent is known to assist replacement of three carbonvi groups from molyb-
denum hexacarbeny! by forming an intermediate coriplex in which it acts as a
tridentate ligandS. The present result can probably be aszcribed to the formation of a
similar intermediate and not merely to the higher temperature emploved in this case.
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1n support of this view we have shown that three molecules of carbon monoxide are
evolved when bromomanganese pentacarbonyl is heated with diglyme alone.

Still more striking was the effect of using the strongly basic ethar tetrahvdro-
furan as solvent. Its ability to act as a ligand forming stable transition metal com-
plexes is well known. In the present work it was found that bremci.auganese penta-
carbenyvl (I2; X = Br) loses four molecules of carbon monoxide en refluxing in this
medium with the formation of a stable complex®. Accordingly re:ction with phenyl
isccyanide in  tetrahvdrofuran gave bromocarbonyltetrakis{phenyl isocyanide)
manganese (V; X = Br) as the main product accompanied by bromoepentakis-
(phienyl isocyanide)manganese (VI). The former complex (V; X = Br) was also ob-
tained by ths action of four molar equivalents of isocvanide on bromiotricarbonyibis-
(triphenyviphosphine)manganese (IIla; X = Br; L = PPhy;) in the same solvent. The
carbonyl group in trans position to the halogen would be expected to be the least
rezdily replaceable!? and we therefore believe (V) to be the correct stereochemical
formulation for our product. The precise stereochemistry of the tris-isocyanide
complex (IV} is at present unknown, but the bis-isocvanide comnplex (I1II; X = Br;
M = Mn; L = CXPh) mayv be assigned the cis configuration on the basis of the work
of Angelici, Basolo and Poe!! and the close resemblance of its infrared spectrum in
the carbonyi region to that of the phosphite cnalogue {III; M := Mn; X = Br;

= P(OPn);). To complete the series (I-VI) by preparing the mono-isocyanide

<
PhNC---f—-- CNPh
NG )
Mn{CXPh),(CO).X .\ P 3In(CNPh) br
DA
(Iv) PhNC- D omnr — CNPh (v
<o
V)

compiex (ITa; X = Br; L = CXPh), we have utilized the dimeric halocarbonyvi??,
4N (CD},;Br.. As expected the isocvanide caused cleavage of the halogen bridges in
thiz molecule under conditions too mild to result in replacement of carbon monoxide.

Farther differences in reactivity may be expected to result from variation of the
halogenr atoms in the halopentacarbonyls {1}. These differences have recently been
Investirated quantitativels by Basolo and coworkers, who find that both for carbon
monoxide exchange*® and for reaction with a variety of other ligands®3, the rates
fall in the order Cl >- Br > I. Both these results and the differences in the infrared
spectra®® can be correlated with the decreasing electronegativity of these halogens,
which wiil lead fo more efiective back-doration to CO in the iodide, i.e. to stronger
metai-carbon bonding. Qur own results, though qualitative, reveal equally striking
differcnces. Thus, under conditions where the bromide (Ia; X = Br) was partlyv
coaverted to the peniakis-isocvanide derivative (VI}, the iodide (Ia; X = 1) gave
cnly the tetrakis derivative (\"; X = I}, but the chloride gave 1onic hexakis(phenyl
isceyvaride) manganese{l} chloride, Mn(CNPh); CL

Similar results have been obtained with carboryl halides of molvbdenum and
iron: Pheny] isocyanide displaced three molecules of carbon monoxide from chloro-
tricarbonylevclopentadienyimoivbdenum (VII; X = Cl) and gave tris(phenyl iso-
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cyanide)cyclopentadienylmelybdenum chloride, C;H;Mo(CNPh),Cl. It reacted with
the corresponding iodide (VIi; X = I} by replacement of only one carbonyl group.
The analogous iron compounds (VIII; L = CO) were treated with the isocyanide in
benzene. The iodide (VIII; X = I; L = CO) afforded a mixture of mono- (VIII;
X = 1; L = XNPh) and bis(phenyl isocyanide) derivatives. The bromide gave only
the latter tvpe, and the chloride underwent addition and substitution to give the
ionic tris(phenyl isocyanide)cvclopentadienyliron chloride. These iron compounds

OO ERC

/Mo Fe Fa* »®=
oc” [\ >x oc”” > oz | Seen,
oCc co L : co
(Vi) {vin (1x)

show similar differences in their reactions with triphenyiphosphine. The chioride
(VIiI; X = CI; L = CO) has been shown?* to give mainly the jonic additicn product
(IX; X = Cl) whereas the iodide (VIII; X = I; L = CO)j gives a mixture of the
addition (IX; X = I) and substitution (VIII; X = I; L = PPh;} products®. The
latter compound was found to react with phenyl isocyanice in the same manner as
the corresponding dicarbonyvl (VIII; X = I; L = CO), but attempts to bring about
the reverse process, replacement of isocvanide (or CO) frora complex (VIII; X = I;
L == CNPh) by triphenviphosphine failed. Together with the abovementioned be-
haviour of bromotricarbonylbis(triphenyiphosphine)manganese, these experiments
show that replacement of the phosphine is easier than replacement of either carbon
monoxide or isocvanide from such mixed complexes.

\We have also examined the reactions of phenyl isocyanide with methyl- and
phenvipentacarbonylmanganese {3; R = Me or Phl. By analogy with their behaviour

RCOMn(CO; L

L-=CO or R'NH: .
(XD
RMn{CC),
. PhNC
O T o DR -
MM5.{COR(CNPh) + Mn,(COR{CXPh),
{XII) (IX15D)

with carbon monoxide® and with amines’3, we expected addition to occur with the
formation of acvl derivatives of the tvpe (XI; L = CNXPh). Instead, the only products
isolated, albeit in low yvield, were mono- (XII) and disubstitution products (XITI) of
dimanganese decacarbonyvi. The fate of the methvl and phenvl groups in these
reactions has nat been deterrined.

EXPERIMENTAL

All reactions were conducted under nitrogen.

Starting materials were prepared by the literature methods indicated:
BrMn(CO);33; PhNCH; Mn(CNPh)*I-7; C;H;Mo(CO);X15; C;H Fe(CO).X%; Me- andl
PhMn(CO}Y7; Br,Mn,{CO)32; Brin(CO},4(PPh,),13; C,H;Fe(CO)(PPh,)I°.

TText continrued p. 577
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Reactien conditions are indicated in Table 1; properties of the products in Table
2 and analyses in Table 3.

The mixtures were heated with stirring at the temperatures and for the times
indicated. The solvent and excess isocyanide (if any) were then remnoved by distillation
in vacuo and the products purified by chromatographyv and/or by recrystallisation as
indicated.
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SUMMARY

The reactions of phenyl isocvanide with various halomanganese carbonyls, methyl-
and phenylmanganese pentacarbonyls, halocyclopentadienyl-molybdenum and -iron
carbonyls are described. The dependence of the degree of substitution on the nature
of the halogen and the solvent is examined. As a result a number of new isccyanide
derivatives of these metals have been isolated and characterised.
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