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A. INTRODUCTION 

Isocyanides are among the few substances with a lone electron pair on a carbon 

atom. Their structure is lsoelectromc with carbon monoxide and can be considered 
as a hybnd of the three resonance forms I, II and III (eqns. (1) and (2)). 

.c=d. f, : e- @- (1) 

+, _&j-R e. :&CR (2) 

I II III 

The presence of a lone pair on the termmal carbon atom enables lsocyanides to act as 

carbon hgands m coordmatlon compounds’ and to behave as Lewis bases slmdar to 

carbon monoxide and phosphmes. A charactenstlc property of lsocyanides as hgands 
is the capacity to function as stronger s-acceptors than phosphmes and as weaker 
a-acceptors than carbon monoxide * . An important advantage of the use of isocyarudes 

as hgands is the posslbdity of varymg the substltuent bonded to the nitrogen. Accord&y, 
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we Lan vary the properties of the rsocyamdes in the same manner as phosphme hgands 
can be altered_ 

The msertlon reaction is one of the most Important reactlons m organometalhc 
chermstry and IS thought to be an mtermedlate step m orgamc syntheses catalyzed by 

transItIon metal complexes and m catalytic polymerlzatlon reactlons. 

Several simple molecules, such as carbon monoxide, sulfur &oxide and olefins are 

known to insert mto metal-carbon m-bonds 3. Among them, the insertion of carbon 

monoxide 1s the best studled and most firmly establahed. Similar insertion reactlons 

would be expected with nocyamdes, since they are Isoelectronic with carbon monoxide, 

but they have received httle attention. 

Reactlons which may be formally considered as the insertion of lsocyamdes mto 

cobalt-carbon a-bonds have been reported by Johnson et al.’ _ Thus, the treatment of 

2-, 3- and 4-pyndomethylpentacyanocobaltate(III) ions with base @ves the correspondmg 

pyrldylacetomtnie. The Insertion of hydrogen lsocyamde into cobalt-carbon o-bonds 

has been suggested m the mechanism proposed_ However, mtermedrate complexes could 

not be isolated m the reactions. 
The authors have found that lsocyamdes insert mto carbon-mckel a-bonds to give 

the correspondmg ammo complexes when reacted with 7r-cyclopentadienyl(tnphenyl- 

phosphme)mckel allcyl@ _ These compounds were the first isocyamde msertlon products 

to be Isolated. Studies of this type of reaction have since been conducted m several 

laboratories. 

Recently the reactions of nucleophlles with coordiriated lsocyamdes have been 

studed extensively. Among them, the coordinated lsocyamde complexes of pdlladium, 

platinum and iron are known to react with ammes or alcohols, affording the correspondmg 

carbene complexes 

This review includes recent developments m the msertlon reactions of lsocyamdes 

into transition metal-carbon u-bonds and related reactions. 

B. INSERTION OI- ISOCYANIDE 

(I) Reactions wth carbon-metal a-bonded complexes 

(a) Insemon unto carborr-mol~,bdenunz a-bonds. 

It 1s well known that tncarbonyl-n-cyclopentadienyhnolybdenum alkyls undergo 

carbonyl msertron to gve the corresponlng acyl complexes when reacted with Lewis 
bases such as carbon monoxide’ or phosphorus hgands' . 

n-C,H,Mo(CO), R + L + ~F-C~H~MO(CO)~ LCOR (3) 

lsocyamdes react with complexes of the type n-C,H,Mo(CO), R under a variety of 

condltrons to afford either the carbonyl or lsocyamde insertlon products, depending 

on the nature of the lsocyamdes and the alkyl-molybdenum complexes9y10 _ The reac- 

tion of n-C5H5Mo(C0)3CHB with cyclohexyl or tert-butyl lsocyamde m benzene at 
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room temperature results m carbonyl insertion, affordmg the correspondtng acyl 
complexes, viz. 

z-C5 Hs Mo(CO), CH3 + RNC + n-C, Hs Mo(CO), (CNR)COCHs (4) 

A smnlar result is also obtamed by the reaction of rr-CsHsMo(CO)sCHaPh with rerf- 
butyl or 2,6-drmethylphenyl isocyaNde. However, the benzyl derivatives, 
a-C5HgMo(C0)3 R (R = CH2Ph,p-CHaCb& OCHs or gCHa C6H4Cl), react wtth cyclo- 
hexyl tsocyanide at room temperature and undergo competitive carbonyl and lsocyantde 
insertion, yielding both the corresponding acyl and ammo complexes. The relative yreld 

sr-C5HsMo(C0)3pCHaC,H4X + CeHrr NC + 

K5H5Mo(C0)3 [C(pCHzCsH4X)=NGH11 I 

+ r&s Hs Mo(CO)a (CNCCHr , )CO.p-CHz C6 Ha X 

of the two isomers depends on the nature of the p-substttuted benzyl group (Table 1). 

TABLE I 

The relative yield of the two ~somezs a 

X NMR 
7CH2 

lmmo 
complex 

(%I 

Acyl 
complex 

(%) 

Cl 7.16 72 
H 7.12 51 4 
P-OCHB 7.06 40 13 

(5) 

a Isolated yield. 

Two mechamsms concermng the lsocyamde msertron are conadered. The first results 
from imtial formation of the acyl complex rrCsH, Mo(CO), (CN& Hrr )COpCH2 C6H4X, 
followed by a rapid mrgratron of the benzyl group to the coordmated lsocyanide hgand 
(Path A). The second path mvolves direct attack of rsocyarude on molybdenum, accompamed 
by a transfer of the alkyl group to the rsocyanide hgand (Path B). All attempts to re- 
arrange the acyl complex to the imino complex have been unsuccessful. This speaks 
m favor of &rect isocyamde msertron (Path B). 

0 Mo(CO)~~-CH~C~H,,X ~&IN C 
Path A 

l 

I ‘6HllNC 
Path f3 

0 
P;C’-+Z=&X 

(CO),Mo:* : 
. . * 

CENC6H,, 

Ciwrd Chem Rev., 8 (1972) 



228 Y. YAhlAhfOTO, H. YAMAZAKI 

It 1s deduced from the NMR spectra that the benzyhc methylene protons of the 
starting materials, s-C5H5Mo(C0)3 @Hz C, H4 X, are sluelded 111 the order 0CH3, H, Cl, 
suggestmg a transfer of an electron from molybdenum to the methylene group by an mduc- 
tlve effect of thepara substltuent.Table 1 indicates that the h& electron denslty of the 
methylene group facihtates d transfer of alkyl group to nocyamde hgand. One reason for 

this 1s connected with the higher contribution of resonance form IV than that of V. 

A 
R-N=C--ti * R-N=C=M 

IV V 

The benzyhc methylene protons of the amino complexes prepared show two peaks m 

the NMR spectra, suggestmg the presence of two isomers They can be interpreted as 
SJW (Vi) and anti (VII) forms. 

n-C,H,(CO),Mo, ,P-c’+2c6H4x 

5 

n-C5H5(CO)~Mo\C,~-CH2CsH,X 

N s 

0 CI 

VI VII 

Treatment of C6 HI1 NC with alkyl-molybdenum derivatives havmg strong electron- 

attracting groups such as CH2 Cl and CH, CN does not yield an insertion product, because 
of the greater strength of the carbon-molybdenum u-bond. The same trend has been observed m 

the reactions of complexes contammg M-CH2 CN hnkages with carbon monoxide” . The reac- 
tion of r-C, I-I5 MOM (n-C3 H5 ) Hrlth C6 HI1 NC leads to an unexpected result”, the 

reactlon at room temperature occurs readily, affording the poly-cyclohexyl rsocyamde. 

2n C&,NC - +c--5% 
ii (6) 

N 

60 

However, no reaction occurred with tert-butyl isocyamde, both starting materials bemg 
recovered,m&catmg the sterlc effect of lsocyamde 

(b) Insertion into carbon-iron sigma-bonds 
Dlcarbonyl-rr-cyclopentadlenyhron alkyls, in a manner sixr~lar to x-&H5 Mo(CO)s R, 

react with carbon monoxlde13 and phosphorus hgands14-16 to afford the acyl complexes. 

Tlus reaction is often reversible. 
The reaction of n-C, H, Fe(CO),CH3 with C6Hll NC or (CH3)3CNC m refluxing THF 

for 20 h gwes the correspondmg acyl complex, viz. 

=C5HgFdCO12CH3 + RNC - 0 Fe(C0) (CNR)COCH3 (7) 

The treatment of a-& H5 Fe(CO)3 CHP Ph with terl-butyl lsocyarude gives 
wC~ Hs Fe(CO)(CNC(CH3)3)CHZPh wlthout producing the acyl complex”. The complex, 

n-&H5 Fe(CO)(CNR)CH,Ph (R = C6 HI1 or (CH,), C) can also be prepared from 
n-C5 H5 Fe(CO)(CNR)I and PhCHzMgC1. 
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The treatment of n-C, Ha Fe(CO)(CN&, Hrr )CH, Ph with 20-25 atm of carbon monoxrde 

in THF or benzene at room temperature for several days grves the lsocyamde msertlon 
productnr , a-C,H,Fe(CO), [C(CH2Ph)=NC6Hrr 1. It 1s mterestmg to note that the reactlon 
of n-Ca Ha Fe(C0)2CH3 and CO IS known’g to require a temperature of 125OC and a CO 

pressure of 200 p.s.1. to produce a-C5 Ha Fe(CO)a COCHa _ Although drffcult to accomplish 
thermally the decarbonylatlon of this acyl complex goes at ambient temperature when W 
hght IS used. 

Srmdarly, the ultravrolet rrradration of a-&H5 Fe(CO)2 [C(CH, Ph)=N& HII ] m THF for 
21 h brings about a decarbonylatron reaction”, producmgn-C,HSFe(CO)(CNC,Hrl)CH,Ph. 

0 
+ CO 20-25 atm 

Fe(CO)KNCgH,,)CHBPh - 
-co. /Iv 0 FdCO,,[CtCH,Ph,=NC,H,,] 

I 

J PPh, 

Cl 
FdCO)(PPh3)CHzPh 

After treatment of n-C, H, Fe(CO)(CNC(CH,),)CH, Ph with CO, only the startmg matenal 
IS recovered, an observatron exphcable in terms of stenc hindrance of the bulky rsocyamde 
The reaction of n-CsHs Fe(CO)(CNR)CHaPh (R = C6Hrl or (CHa)aC) with PPh3 undergoes 
a substrtutron reaction to produce n-C5 H, Fe(CO)(PPh3 )CHa Ph. 

Multrple msertron of rsocyamde molecules mto an Fe-C bond has also been reported” _ 

Treatment of benzyl derrvatlves of dicarbonyl-n-cyclopentadienyhron with an excess of 
cyclohexyl rsocyanide m refluxmg THF results m a successrve insertion of three rsocyamde 
molecules, yreldmg the trrs-ammo complex (reaction (8)). The structure has been-confirmed 
by IR, NMR and mass spectroscopy The mass spectra exhrbrted metastable Ions whrch 

X-C5H5FetC012R 
C6HnNC 

0 /co 
%%l F 

,=\ 
C=NCSHJ1 

RC- C=NCBH,, 

R=CH2Ph or D-CH$&~~CI 

(8) 

permrt a parttal elucidation of the fragmentation scheme The spectra mdrcated the successive 
loss of carbon monoxrde and cyclohexyl rsocyamde molecules. 

Ail attempts to Isolate thus type of mono- or bn-nnmo complex (VIII or X) which may 
be consrdered as an mtermedrate were unsuccessful. A srmrlar trrs-immo complex can also 

Gxwd Chem Rev.. 8 (1972) 
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0 Fe; 
co 

t CCli2Ph 

SHllN 
4 

0 /co 
/ Fe\ 

C$$,N\\ ,==NC&, 

CC H2Ph 

VIII IX 

be prepared from the reactron between rr-Cs HS Fe(CO)(CNC6H,, )CHaPh and an excess of 
C6HIINC m refluxmg THF. However, after treatment of n-C,H,Fe(CO), [C(CH2Ph)=NCsHII] 
with CBHllNC in refluxing THF, the startmg material is recovered without producing a trrs- 

immo complex. 

(c) Insertion uzto carbor-nickel sigma-bonds 
Triphenylphosphme-rr-cyclopentadrenylmckel alkyls (R = CHa , n-C4 H9, Ph, 

p-C6 H_,Cl or EC& H5) react6 with cyclohexyl isocyamde at room temperature, 
undergomg lsocyamde msertlon to yield the muno complex. The IR spectra of 

0 NI< 
PPh3 C=NCGH,, 

R 
+ 2 C,H,,NC - 0 NI; 

S=NC6H,, 
R 

(9) 

these immo complexes show two characterrstrc bands m the ranges 2 130-2 140 cm-r 

and 1580-l 620 cm-‘, the former band 1s due to the coordinated rsocyarude group 
and the latter to a carbon-mtrogen double bond. No complexes of the type X and 
XI, whrch may be considered as mtermedrates in the formatron of ammo complexes, 
can be Isolated under a varrety of conditrons. The msertron reaction probably proceeds 
as fohows. 

0 
, C=-NCSH,, PPh, 

NV\ 0 NI’ 

R ‘C=NCBH,, 

k 

X XI 

(101 

Srmdar memo complexes can also be prepared from the reactions of Grrgnard reagents wrth 
mckel hahdes contammg coordmated rsocyamdes, VIZ. 

CO NAPPh3)(CNRI]I + PhMgBr - 0 NKNR)[C(Ph)=NR] + 

0 NdPPh3)Ph + MgBrI (11) 

co NdCNR)2]1 + PhMgBr - 0 N,fCNR)[C(Ph)=NR] + MgBrl (12) 
_ 

No reaction occurs between mckel alkyls havmg o-methyl substrtuents (o-tolyl or 
mesrtyl) and cyclohexyl isocyarude, due to stenc hindrance of the bulky substrtuents 

The reaction of rr-CsHsNi(PPhs)Ph with bulky rert-butyl rsocyanide gnfes 
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N$PPh3)(CNC(CH3)3)3 and brphenyl as main products and a small amount of 
n-CSHsNl(CNC(CH3)3)[C(Ph)=NC(CH3)3] On the other hand, It IS known that 

0 NI' 
PPh3 (CH,&JNC 

‘Ph 
_ NI(PPh3)(CNC(CH3)3)3 + Whew * 0 NI 

,CNC(CH3)3 

‘C=NC(CH3)3 
(13) 

Nl(PPh3)(CO)J and l-phenyl-1,3-cyclopentadlene were obtained when 

sr-CsH,N1(PPh3)Ph reacted wrth 80 atm of carbon monoxide for several days at 
room temperature”. 

(d) Insertron inlo carbon-palladmm srgma-bonds 

It IS known that the square planar complexes, M(PEt,), X(R), where M = Pd or 

Pt, X = halogen and R = alkyl, are directly carbonylated to grve acyl complexes when 

reacted with carbon monoxide*’ Insertion of lsocyamde into metal-carbon a-bonds 

m these square planar complexes has also been observedn*23 _ 

trans-Pd(PR3)2 X(CHJ) (PR, = PPh3, PPhMe2, PMe3, PBu”~, or PPh2 &HI1 ; 

X = Br or I) reacts with an equlmolar amount of R’NC (R’ = C6 HI1, (CH3)3C. Ph or 

PhCH,) at low temperature to give the correspondmg mono-ammo complex, VIZ 

R’NC X PR3 
trans-Pd(PR3)2XKH31 - 

R3P 

;Pd’ 
‘C-CH, 

LRl 

(14) 

A tram structure was confirmed by the NMR spectrum, which revealed virtual coupling 

of the P-CHJ proton resonances On the other hand, reaction of trairs-Pd(PPhzMe)2 I(CH3) 

with C6Hll NC or (CH3)3CNC produces the dlmer The NMR data show the presence of 

$4 
PPh2MeP, .I. ,C=NR 

Pd 
‘I’ 

Pd 
RN+ ‘PPh2Me 

tH3 
XII 

t%o isomers. No reactlons occur between alkyl palladium complexes and lsocyamdes having 

a bulky group such as 2,4-drmethylphenyl, and treatment of the o-tolyl complex with 

tert-butyl or 2,4_dlmethylphenyl isocyamde recovers both starting mater&s, exphcable 

in terms of steric hindrance of the lsocyamde or alkyl group, respectively 

The mono-ammo complex, trails-Pd(PR,), I [C(CH,)=NC, H,, ] (PR, = PPhMe, . PMe, 

or PBu’$) reacts rea&ly with cyclohexyl lsocyamde to yield the bls-lmmo complex (eqn- (15)). 

No further msertlon of tert-butyl isocyarude into traIrs-Pd(PR3)2 [C(CH,)=NC(CH,), ] 

occurs, which 1s interpreted to result from the sterrc hindrance ot utttnoacyl towards 

incoming groups 

~~~~s-P~(PR~)~I[C(CH~)=NC~H,,] 
CsHlrNC 1, , PR3 

R3P’ pd7p$H, 

NCBH,, 

(15) 

Coord Chenr Rex 8 (1972) 
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The brs-rmmo complex, trans-Pd(PPh, Me), I [CHs (C=NCe Hrr)s ] induces reaction with 
C6 H,, NC, gwlng the tris-imino complex with a five-membered chelate structure (reactron (16)). 

y6Hll 

CGHnNC Ph,MeP, ,C -C=NC6H,, 
-PPh,Me I’ 

Pd I 
- N-C-CH3 

I 
N=s’% =sHll 

(16) 

The mecharusm by whrch the rsocyamde molecule Inserts stepwrse into the palladmm- 

carbon srgma bonds IS probably srmrlar to one proposed for the insertron mto platmum-carbon 

o-bonds (see sect. B(r)(e), below). 

It has been reported by KaJrmoto et al. *’ that the reaction between n-allylpalladrum 

chloride and cyclohexyl isocyamde mvolves an rsocyamde msertlon, affordmg the ammo 

complex. [n-C3 H5 PdCl] 2 reacts with C6 HII NC to grve bn[p-chloro(cyclohexy1 rsocyamde)- 

(l-cyclohexyhmrno-3-butenylpalladrum] (XIII). When XIII is allowed to stand overnght, 
mgratlon of the allyhc double bond takes place, producmg brs[~-chloro(cyclohexyl ISO- 
cyanide)(l-cyclohexyhmmo-2-butenylpalladlum] (XIV). 

The mecharnsm of thrs reactron deduced from the NMR spectra IS as follows 

-4 =s’-hN‘= , /=‘-I ‘%‘nN=, ,C’ 
- 

CH2=CH-CH2-C 
,Pd\ J II 2 CH3-CH=CH-C’ pd\ 2 1 II NW-‘,, ‘%+-‘~r 

XIII XIV 

(17) 

(e) Insertron Into carbon-platinum srgma bonds 
Insertron of isocyamde mto Pt-C bonds has been studred by Treichel and Hess26 and 

by us*‘_ 

trons-Pt(L)aX(R) (R = CHs or Ph, L = PPha or PPhMe, , X = Br or I) reacts wrth 

R’NC m a 1-l molar ratio at room temperature to grve the romc four-coordmate complex, 

[traizs-Pt(L),(CNR’)R] X. When [nans--Pt(PPh,)z (CNR’)R] X IS refluxed in benzene, 

mlgratron of the alkyl group to the coordinated rsocyamde &and takes place, affordmg 

rrarts-Pt(PPh,), X[C(R)=NR’] _ N o msertron reaction occurs when 

[trots-Pt(PPhMe,), (CN& HII )CH, ] I IS treated m a srmrlar fashron to that m the above- 

mentioned reactron. However, on refluxing m toluene, an msertron does proceed, 

affording the correspondmg mono-rmmo complex. trans-Pt(PPh,)+ Br [C(Ph)=NCH, ] 

further reacts wrth methyl rsocyamde to grve the 1.1 adduct, 

Pt(PPh,), [C(Ph)=NCH,] Br-CH,NC. 

Square-planar palladium complexes are usually more labile than the platmum 

analogs, and m agreement wrth this trend rsocyamde msertron mto the platmum alkYls 

wrll occur more readily than that mto the platmum derrvatrves. In fact, an msertron of 
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&cyanide into Pd-C bonds occurs even at O°C. The m&al formatron of a salt-hke complex, 

accompanied by Insertion of the isocyamde into the Pt-C bonds at an elevated 

temperature, is in complete agreement with the result. 
The mechanism proposed by Treichel and Hess is 

R’NC 

P-,)-X _ ePt/cNR’+ X_ 

R’ ‘P R’ ‘P 

(18) 

Cl91 

In the reactron of crs-Pt(PPh,), R2 (R = CH3 or Ph) with CH,NC, the only product 

Isolated is czs-Pt(PPhs)(CNCH,)R, ; there IS no evidence that an Intermediate 1.1 adduct 
1s produced_ 

Interestmgly, the reactron of trans-Pt(PPh3)2 Br(C, F5) with CH3CN m refIuxmg benzene 
involves26 dealkylation to give Pt(PPhs),(Ce Fs)CN The dealkylatron reaction also occurs, 
affording rrans-Pt(PPhMe,),I(CN), when [Pt(PPhMe,),(CNC(CH,)3)CH3] I is refluxed m 
toluene”. Although the detailed mechanism of the dealkylation is unknown, it probably 

involves the ehmmatlon of CHs Br or tetramethylmethane, respectively. 

(II) Reactions with carbene conzplexes2’ 

An unusual msertron reaction occurs when rsocyamde reacts with a metal carbene complex. 
Reactron of Cr(C0)sC(COCH3)CH3 with an equivalent amotint of cyclohexyl isocyamde 

gives a 1 _ 1 adduct (XV) m high yield. It was suggested from spectral and chemrcal 

(CO),C~C~CH,)CH~ + C~H,,NC 

,C-CH, 
(CO),CrC,_ I 

,e-CH3 k-OCHJ 
(COLpC~ CCO,,CrC.’ ‘CH3 tCOLCrC/ 

~=c!-s2 

NHcsHv ’ NHC6H,, 
2 

-SNHC6 41 
XVIII XVII XVI 

evidence that the structure has an azmdme rmg. Complex XV reacts with benzoyl 
peroxide to grve XVI, which can also be prepared from the reaction of XV wrth HCI and 
tnethylamine. Treatment of XV with methanol results in an addition reaction, affording 

XVII. The complex XV reacts with acid m aqueous THF to yield XVIII. These reactions 
also suggest an azirnhne structure for XV. 

Coord Chem Rev., 8 (1972) 
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(U&J Reactions wrth metal azldes 
Recently, an insertion of rsocyamde rnto a metal-mtrogen bond to grve tetrazole com- 

plexes with a metal-carbon bond was reported by Beck et al. ” Azrde complexes of Au react wtth 
nocyanides in methylene chloride to produce stable tetrazole complexes (eqn. (20)). The tetrazole 
compiexes of Pd or Pt can also be prepared (eqns. (21), (22)). These reactions are srmrlar to 
those winch grve l-substrtuted tetrazoles by a-addttron reactions of organic aztdes to iso- 
cyanides47 _ 

F;z 

RNC 
Ph,As[Au(N,),] - Ph,As [Ad-C,N_N,, ,, /NyNI ] (20) 

n=2 or 4. I?= CH3. I-C,H,. C,H,,. PhCH>. Ph or P-CH~OC~H~ 

CH3 

I: 
c/s-Pt(PPh,),(N3$ + 4 CH3NC - cePtKNCH3LJ-C,N_N5 ’ ‘N), (21) 

R 

ri 
crs-M(PPh3)ztN3)2 + 3 RNC - crs-MfPPh,l(CNR)-C’ ’ N), 

*N-N+ 

R = C&-l,, , PhCHa or Ph M=Pd or Pt 

(22) 

The pathway postulated involves nntral coordination of the rsocyamde to the metal, 
accompamed by the formatron of a tetrazole rm, 0 derived from insertion of a coordinated 
rsocyamde mto a metal-azrde bond and subsequent cychzatton, as follows 

NR 
III R 
C I 

/ 
M-N-NN~N M M-C’“\,N 

ON-N’ 

A bridged tetrazoie complex of Pt can be prepared from the reaction of drchlorobrs- 

(cyclohexyl rsocyamde)platmum with hydrazorc acrd. 

HN3 
Pt(CNCsH&CL, __c 

c6HllN=, 
Pt 

/ C’, 
Pt 

,C%%% 

CGH, IN& 
, 

‘Cl’ ‘CNC& 
(23) 

C. REACTIONS OF COORDINATED ISOCYANIDES 

(I) Reactrons of cattomc aoc_samde complexes with alk~~liifhunn30 atld Gngnard 
reagertts6s31 

[?r-Cs Hs Fe(CO)(CNCHs)s 3 PFe reacts with C6 Fs LI to grve 

n-C, Hs Fe(CNCH3),C6 Fs (8.9%), 5r-Cs Hs Fe(CO)(CNCHs)[C(Ce Fs)=NCHs I 

(m-p. 93-94”C, 15.4%), XIX and n-Cs Hs Fe(CO)(CJWHs) [C(C, Fs )=NCHs ] (m p 90-9 1 OC, 
13 6%), XX. The structures were confumed by spectroscoprc studtes In the two isomers 
of the ammo complexes, the methyl group can assume either a cis or a trans ortentation 
to the iron group with respect to the C=N double bond. 
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Reaction of [n-C, H, Fe(CO& (CNCH,)] PF6 wrth C6 Fs Lr grves many products, among 
which p-Cg_Hs Fe(CO)(CNCH3)C6 FS and x- C, HS Fe&O), [C(C, F5 )=NCH3 ] were Isolated. 

The reactrons probably proceed vra a catroruc intermediate XXI. 

10 FelCO),(CNCH3)3_n] CsFs 

XXI 
n=2 or? 

The attempted carbonylatron of si-Cs Hs Fe(CNCHs)*Cc Fs (60°C in n-hexane, 10 atm 
carbon monoxrde pressure) 1s unsuccessful. Decarbonylatron takes place, affording 
n-Cs Hs Fe(CNCH,), C6 Fs , when complex XIX 1s refluxed in THF for 18 h Analogously, 

the complex grves n-CsHs Fe(CNCH3)2C6 Fs and complex XIX. 

0 F~(CO) (CNCH~ I CCK~F~)=NCH~ 1 l-HF.-CO 0 Fe(CNCH31&& 

As mentioned briefly (see sect.B(l)(c)),n-C,H,Ni(L)I (L = PPh3 or PEt,) reacts wrth 
rsocyamde to afford the catroruc complex [n-C5 Hs Nr(L)(CNR) ] I m hrgh yield However, 

m the case of L = P(OPh)3 or AsPh3, The reaction produces [n-C5 Hs Nr( CNR)* ] I The 
reactions of these catroruc complexes with phenylmagnesrum bromide give the corresponding 

ammo complexes, n-Cs Hs Nr(CNR)[C(Ph)=NR] . 

(ir) Oxldative addltlon reactions of a&l hahdes to zero-valent isocyamde complexes 

Many attempts have been made to prepare metal alkyls by means of oxrdatrve addition 
reactrons of low-valent transition metal complexes with alkyl halides Among them, the 

reactron of a-C5 H5 Rh(CO)(PPhMe,) wrth alkyl halides to yreld the acyl complex 
n-C, H, Ph(PPhMe,)(COR)X is very mterestmg32 _ The reaction proceeds via an ionic 

mtermediate [?T-C,H, Rh(CO)(PPhMe,)R] X 
Attempts to prepare ammo complexes by the oxrdatrve additron of alkyl halides to 

rsocyarude complexes of NrO or Pd” have been conducted by Otsuka et aLJ3 _ The 
reaction of Pd(CNC(CH ) ) 3 3 2 wrth CH3 I m n-hexane at 0°C produces 

trans-Pd(CNC(CH3),),I(CH3), XXII Thus complex reacts with terf-butyl rsocyanrde 
or trrphenylphosphrne to give the corresponding ammo complex XXIII. 

Pd(CNCKH,),), = 
1. ,CNCKHJ, 

,Pd, - 
KH3)3CNC cH3 

XXII 

II 

KH3)3CNC, ,I 
Pd 

L l- I,- 
Pd 

,CNC(CH,), 

CH3--_’ 1 2 L’ ‘5-CH, (ZS) 

NC(CH313 NC< CH3,3 

XXIV xxttt 
a L = (CH313CNC 
b L= PPh3 

Temperature-dependent NMR studies showed that the reactions proceed via an unstable 
intermediate XXIV. The phosphme analog of this drmer has been isolated (see sect. B(l)(d)). 
Coord Chem Rev, 8 (1972) 
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Treatment of Pd(CNC(CHs)s)s wrth C6 Hs COCl m n-hexane at 0°C affords 

Pd(CNC(CH,),), CI(COPh) m hrgh yield. 
An attempt to prepare a nickel analog of XXII from NI(CNC(CH~)~)~ was unsuccessful. 

On the other hand, reaction of NI(CNC(CH ) ) 3 s 4 wrth alkyl halide leads to very mter- 

esting results. A multiple successive msertion of three lsocyamde molecules takes place, 
affording a new mnno complea XXV when NI(CNC(CH,&)~ reacts wrth CHB I. The 

NCKH,), 
II 

(CH313CN=C-C, 
I NI 

,CNC(CH,& 

CH3-C = N’ ’ I 
I 

CKH& 

xxv 

structure was supported by spectral data (YNZC = 2172 crK’ , vt-~=N = 1667,1634 and 
1610 ad) and physical properties The same compounds can also be prepared from 
Nr(CNC(CH,),), and Rl (R = C, H5, n-&H,, and I-C3H7) m hqgh yield% _ The 
mechanism of these multrple successrve msertrons remains undecrded at present. 

Treatment of isocyamde at 30-60°C m the presence of a catalytrc amount of 
x.xv produces poly-lsocyamde with a repeatmg umt35~36 suggestmg that complex Xxv 
IS an intermediate m the catalytic polymerlzatron of rsocyamde. 

The proposed polymerlzatlon I? 

_C’=NC(CH& 

KH&CN=C \ /C4NC(CH313 (CH,),CNC 
5 

R-C’,\ / 
NI.1 

NCKH313 

- (CH3 13CN=C 

3.= 
_C4NCKH& 

\ &‘NC(CH,), 
(CH313CN=C --------NI,~ 

‘2 

R-C” 
C 

“NCKH& 

:CKH3J3 

(CH313CNC 
- Polymer (26) 

I. 

NCtCH,), 

(IIZ) Reactions w:th ammes and alcohols 

Many attempts to prepare carbene complexes from metal carbonyl denvatives have 
been conducted3’ . Formation of analogous carbene complexes from isocyamde 
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derivatrves should also be possible. 

cis-Pt(CNR)(PEts)Cls reacts wrth alcohols or amines to grve carbene complexes38*3g, VIZ. 

cis-Pt(CNR)(PEt, )Cl, + HQ + cr.r-Pt[C(NHR)Q] (PEt,)Cl, (27) 

(R = CH3 or Ph, Q = OCHB . 0C2H5, O-r&, NHPh, NHCH3, NH&H5 or NHBurec) 
The structure rs confiied by IR spectroscopy and X-ray analysrs. Sunilar carbene complexes 

of palladmm can also be prepared from the reaction of cis-Pd(CNPh)(L)Cl, (L = PhNC or 

PPh,) wrth methanol or ptolurdme40, VIZ. 

CH3OH 

as-Pd(CNPh)(L)Clg 

1 P--CH&H4NH2_ L.pd,c’ 

PhNH-C’ ‘Cl 

(28) 

(29) 

Reactron of a carbene complex wrth base leads to a very interestmg result4r. The complex 
XXVI reacts wrth a stoichrometric amount of alcohohc KQH at room temperature to afford 

his [~chloro(tr~phenylphosphlne)(phenyl~mmomethoxymethyl)pa~a~um] (XXVII) m high 
yreld. Thrs reactron can be easrly reversed. If the complex XXVII 1s refluxed wrth methanol 

contammg HCl, XXVI is obtamed m a 90% yreld _ The complex XXVII reacts smoothly 
with PPh3 to grve a quantrtative yield of XXVIII. 

Ph3P Cl Ph3P 
c’\ 

5’C”3 

‘Pd’ t 
KOH. ,C=NPh PPh3 PPh3P, Cl 

PhNH-_C’ ‘Cl HCL 
‘Pd’ 

‘Cl’ 
Pd 

PhN=C’ ‘PPh3 
,Pd: (30) 

CH30-C PPh3 

6CH3 6CH3 iPh 

XXVI XXVII XXVIII 

When Pt(PPh,), I [C(Ph)=NCH, ] IS treated wrth NH4 PF6 m (CH,), CO-CHC13, 
protonation occurs4* , affordmg [Pt(PPh,), I (C(Ph)(NHCH,)) ] PF, _ 

Recently, soluble catromc carbene complexes have been prepared and characterrzed by 
NMR. Treatment of tram- [Pt(CNR)(PEts)sX] C104 wrth alcohol or ammes (QH) yrelds 
tram- [Ft (C(NHR)Q) (PEt,),X] C104, where 43 R=PhorCHs,Q=PhNH,C,HsNHor 
C2HS 0, and X = Cl or Br. NMR studres show restricted rotatron about the C-N or C-O 

bonds of the carbene hgand, srmrlar to the carbene complexes of chrom.mm44~45. Analogously, 

rrans- [Pt(CN& Hs)* (PPhMe,h ] (PFs)2 reacts with QH (Q = p-CH3 C6 H4 NH, PhNH, 
Cz Hs 0 or PhCHz S) under prolonged reflux condrtrons to grve the corresponlng carbene 

complexes24a46, trans- [Pt (C(NHC, H5)Q) (CNC2 H,)(PPhMe,), ] (PF,), _ The ease of 
preparatron decreases m the order RNHa > R!SH 3- ROH. The NMR spectra indicate four non- 

equivalent phosphine methyls caused by the absence of a u-plane of symmetry along the 

C-Pt-C axrs and restricted rotation of the carbene about the Pt-C bond. The most 
hkely structures are 
coord Cfrem Rev., 8 (1972) 
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Pt Pt Pt 

C2H5 6 
I I 

d -‘N/-b .N’ 
C2”5 bN& =2%l\ = N=‘--.bS 

zf k !I ’ C2’45 A ‘k 

This results from a 1,2cls-addltlon of the nucleophrle across the C-N triple bond. Further- 

more, the carbene plane IS perpendlcuIar to the plane of the complex. 
Carbene complexes of rron can be prepared4 from the reactlons of 

[n-Cs Hs Fe(pCN& H4 OCHs)s ] + with CH3 NH1, VIZ. 

[m-C5HS Fe(pCNG H40CH3 13 I+ + CHJ NH1 + jn-Cs Hs Fe@-CNC6H40CH3)2 - 

(C~HCH~ )m-pc6 H4 OCH~) I+ (31) 

These complexes are isorated as PF,- and BF; salts. NMR stu&es show the presence of 

the two isomers The postulated structures are 

?= 
Fe 
I 

P-CH,OC, H4 -7, -Z>N-H H -_N&,+CH 

H &Ha 
I I 3 

&J-CH,OC~H, H 

It has been suggested that the mechanism for carbene formatton from isocyanrde complexes 
probably mvolves nucleophlhc attack by alkoxy or alkylammo groups at the electron- 
deticlent isocyamde carbon24, 

This review summarizes the fundamental reactlons which have been reported recently 
concerning the msertion of lsocyamde mto transition metal-carbon sigma-bonds and 
the reactlons of the transltlon metal lsocyamde complexes so produced. Slgmflcant devel- 
opments m then reactlons and mechanisms can be expected m the future. 
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