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AL INTROBUCTICON

Isocyanides are among the few substances with a lone electron pair ona carbon
atom. Therr structure is 1soelectronte with carbon monoxide and can be considered
as a hybnd of the three resonance forms I, 11 and III {eqns. (1) and (2})).

0=0. » C=0. » :6— O_ (1)
C=N-R © .C=N_R o :C=N=R )
i i HI

The presence of a lone pair on the terminal carbon atom enables isocyanides to act as
carbon ligands 1n coordination compounds! and to behave as Lewss bases simular to
carbon monoxide and phosphines, A charactenstic property of 1socyanides as higands
is the capacity to function as stronger m-acceptors than phosphines and as weaker
m-acceptors than carbon monoxide® . An important advantage of the use of 15ocyanides
as ligands is the possibility of varying the substituent bonded to the nitrogen. Accordingly,

Coord. Chem. Rev,, 8 (1972}



226 . Y. YAMAMOTO, H. YAMAZAKI
we can vary the properties of the 1socyandes in the sarne manner as phosphine hgands
can be altered.

The insertion reaction is one of the most important reactions in organormnetallie
chemastry and is thought to be an intermediate step in orgamc syntheses catalyzed by
transition metal complexes and in catalytic polymernization reactions.

Several stmple molecules, such as carbon monoxde, sulfur dioxide and olefins are
known to insert into metal—carbon g-bonds? . Among them, the msertron of carbon
monoxide 1s the best studied and most firmly estabhshed. Stmilar insertion reactions
would be expected with 1socyamdes, since they are 1soelectronic with carbon monoxade,
but they have recerved hittle attention.

Reactions which may be [ormally considered as the nsertion of 1socyanides into
cobalt—carbon o-bonds have been reported by Johnson et al.5 . Thus, the treatment of
2-, 3- and 4-pyndomethylpentacyanocobaltate(I1F) 1ons with base gives the corresponding
pyndylacetomitnle. The msertion of hydrogen 1socyamide into cobalt—carbon a-bonds
has been suggested in the mechanism proposed. However, intermediate complexes could
not be 1solated 1n the reactions.

The authors have found that 1socyanides msert into carbon—nckel o-honds to give
the corresponding imino complexes when reacted with n-cyclopentadienyi(triphenyl-
phosphine)nickel alkyls®. These compounds were the first isocyamde msertion products
to be 1solated. Studies of this type of reaction have since been conducted 1n several
laboratories.

Recently the reactions of nucleophiles with coordinated 1socyantdes have been
studied extensively. Among them, the coordinated 1socyanide complexes of palladium,
platinum and ron are known to react with arnines or alcohols, affording the corresponding
carbene complexes

Thus review 1nciudes recent developments in the mnserfion reactions of 1socyantdes
mto transition metal—carbon a-bonds and related reactions.

B. INSERTION OT 1SOCY ANIDE
{1) Reacrions with carbon—metal a-bonded complexes

{a) Insertion mro carbon—molybdenun: o-bonds,

It 1s well known that tricarbonyl-n-cyclopentadienyimolybdenum alkyls undergo
carbonyl nsertion to give the corresponding acyl complexes when reacted with Lewis
bases such as carbon monoxide? or phosphorus ligands®.

7-CsHsMo(CO), R + L - 7-CoHsMo(CO), LCOR (3)

Isocyamdes react with complexes of the type a-C; HsMo{CO), R under a vanety of
conditions to afford either the carbonyl or 1socyanide insertion products, depending
on the nature of the 1socyarudes and the alkyl—molybdenum complexes®1%, The reac-
tion of 7-CsHsMo(CO); CH, with cyclohexy! or terr-butyl ;socyanude n benzene at
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room temperature results 1n carbonyl insertion, affording the correspondmng acyl
complexes, viz.

7-CsHsMa(CO), CH, + RNC — 7-CsHsMo(CO), (CNR)COCH, @

A strmular result is also obtained by the reaction of 71-CsHsMo(CO)a CH,; Ph with rers-
butyl or 2,6-dimethylphenyl isocyarude, However, the benzyl denvatives,

#-CsH Mo(CO)3 R (R = CH, Ph, p-CH, C;Hy OCH;, or p-CH, C H4 CY), react with cyclo-
hexyl tsocyanide at room temperature and undergo competitive carhonyl and 1socyande
insertion, yielding both the cofresponding acyl and wnmno complexes. The relative yield

7-CsHsMo({CO),p-CH, CoH X + CoHy NC
m-LCsHsMo(CO); [Clp-CH, Cs Hy X)=NCsHy, |
+71-Cs Hs Mo(CO); (CNCsH;, )JCOpCH2 CsHy X ()
of the two 1somers depends on the nature of the p-substituted benzyl group (Table 1).

TABLE 1

The relauve yield of the two 1somers 2

X NMR Imino Acyl
TCH, complex complex
(75} (%}
Ct 7.16 72
H 7.12 51 4
p-OCH4 7.06 40 13

2 Isolated yield.

Two mechamisms concerming the 1socyamde insertion are conadered, The first results
from imtial formation of the acyl complex 7-CsHsMo(CO), (CNCyHy JCOp-CH,C H X,
followed by a rapid migration of the benzyl group to the coordinated 1socyanide Ligand
(Path A). The second path involves direct actack of 150cyanide on molybdenum, accompanied
by a transfer of the alkyl group to the 1socyanide ligand (Path B). All attempts to re-
arrange the acyl complex to the imine complex have been unsuccessful. This speaks
in favor of direct isocyanide insertion (Path B).

CgHiNC
O MO(CO)3 0-CH, CaHgX  —Bfi=e O MO(COI{CNCgH, ) CO p-CH,CeH X
L ]
CgHyNC
Path B
PCHZCgH X
O (oMol S O Mo{CON,[CLD-CHIC gH Y Y=NE gHy (]
CENCgHy4
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228 Y. YAMAMOTO, H. YAMAZAKL

It 15 deduced from the NMR spectra that the benzyhc methylene protons of the
starting materials, 7-CsHsMo(CO); p~-CH, C H,y X, are shielded 1n the order OCH,, H, Ci,
suggesting a transfer of an electron from molybdenum to the methylene group by an induc-
tive effect of the para substituent. Table 1 indicates that the lugh electron density of the
methylene group facihtates a transfer of alkyt aroup to isocyanide hgand. One reason for
this 13 connected with the higher contribution of resonance form IV than that of V,

R—-N=C-M + R-N=C=M
v A
The benzylhic methylene protons of the imine complexes prepared show two peaks in

the NMR spectra, suggesting the presence of two isomers They can be interpreted as
syn (V1) and anti (V11) forms.

:I—C5H5(CO)3Mo\c/p— CHy CgHy % A-CgHICOI, Ma\C/D—CHECGqu
i it
N N
VI Vil

Treatrent of CgsH;; NC wath alkylmolybdenum derivatives having strong electron-
attracting groups such as CH, Cl and CH,CN does not yield an insertion product, because
of the greater strength of the casbon—molybdenum o-bond. The same trend has been observed in
the reactions of complexes contamnmg M—CH, CN Lnkages with carbon monoxide! . The reac-
tion of 1-Cs Hs Mo(CO), (1-C3 Hg ) with CgHj; NC leads to an unexpected result'?, the
feaction at room temperature occurs readily, affording the poly-cyclohexyl 1socyamde.

2n CgH NG ——= ¢ —C3, 5)

ll"’

offe

However, no reaction accurred with rerr-butyl isocyamde, both starting materials bemg
recovered,mdicating the steric effect of 1socyanide

{ b} fnsertion into carbon—iron sigma-bonds

Dicarbonyl-n-cyclopentadienyliron alkyls, in a manner similar to 1-CsHsMo(CO); R
react with carbon monoxide'? and phosphorus ligands**—'® to afford the acyl complexes.
Thus reaction is often reversible.

The reaction of 7-C;H; Fe(CO), CHy with CoHy; NC or (CH;3)3; CNC mn refluxing THF
for 20 h gves the corresponding acyl complex, viz.

A-CgHy FelCOLCHy + RNC Ore{concnmcocna (7}

The treatment of 7-C5 Hs Fe(CO), CH, Ph with tert-butyl 1socyamde gives

71-Cs Hs Fe{COXCNC{CH, }3 ) CH; Ph without producing the acyl complex'”. The complex,
1-CsHs Fe(CO)(CNRYCH, Ph (R = C.H,, or (CH;)3C) can also be prepared from

m-CsHg Fe(COYCNR)I and PhCH,; MgCl.
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The treatment of 7-C3Hg Fe(COYCNC,H,, JCH, Ph with 20—25 atm of carbon monoxide
in THF or benzene at room temperature for several days gives the 1socyamde msertion
product!®, 7-CsHFe(CO), [C(CH, Ph)=NC,H,, ]. it 1s interesting to note that the reaction
of m-C5Hs Fe(CO}, CH, and CO 1s known'!? to require a temperature of 125°C and a CO
pressure of 200 p.s.1. to produce 7-C5H; Fe(CO); COCH; . Although difficult to accomplish
thermally the decarbonylation of this acyl complex goes at ambient temperature when UV
Light 15 used.

Simmlarly, the ultraviolet irradiation of 7-CHs Fe(CO),; [C{CH, Ph)=NC¢H,; | 1n THF for
21 h bongs about a decarbonylation reaction'®, produemg 7-CsHs Fe(CO)}CNCH, )CH,Ph.

+CO 20-25 atm
O Fe(COMCNCgH, g CH PR op——————= Fe({CO, [C{CH PRI=NCgHy.]

—-CO, hv
jPPh3

O Fe(CO)(PPh3)CH2F'h

After treatment of #-C4H; Fe(CO}CNC(CH, )5 YCH, Ph with CO, only the starting material
1s recovered, an observation explicable in terms of steric hindrance of the bulky 1socyamde
The reaction of m-C3H; Fe(COYWCNR)CH, Ph (R = C4H;; or (CH3);C) with PPhy undergoes
a substitution reaction to produce 7-CsH, Fe(CO)PPh;YCH, Ph.

Muitiple 1nsertion of 1socyantde molecules mto an Fe—C bond has also been reported?,
Treatment of benzyl denivatives of dicarbonyl-n-cyclopentadienyliron with an excess of
cyclohexyl isocyanide 1n refluxing THF results in a successtve insertion of three 1socyanide
molecules, yielding the tris-imino complex (reaction (8)). The structure has been confirmed
by IR, NMR and mass spectroscopy The mass spectra extubited metastable 1ons which

HoNC
Z-CgHoFalcO),r —EHoNC {a)
510K ] co
Fel
CeHy ™™ “‘c;.:NCEH,,
"
RC C=NCgH,4

R=CH.Ph or p-CHaCgH, (1

permut a partial efucidation of the fragmeniation scheme The spectra mdicated the successive
loss of carbon monoxide and cyclohexyl socyanide molecules.

== @ +
(3, c0 2.
,Fe

~ e
Cs”u?{ (I-':NC M cang‘I' ‘-'I-'—'Ncan
RE —— C=NCg Hy, RC

—CgHyNC ]_
CoH N"Fe\C—NC H
6HaN =NCgHqy
Ser”

All attempis to 1s0late this type of mono- or bis-imino complex {(VHI or X} which may
be considered as an intermedtate were unsuccessful. A stmilar tris-imino complex can also

Coord. Chent, Rer., 8 (1972)
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{ )} _co
Q__e/co ~Fe

-
~
L1 Pl CePNG, S C=NCgHn
CeHyN CCHaPh
Vit IX

be prepared from the reaction between 7-Cg Hg Fe(COXCNCsH;; JCH; Ph 2nd an excess of
CgHi1 NC 1n refluxang THF. However, afier treatment of 7-Cs HsFe(CO), [C(CH,Ph)=NCsH,, |
with CzH,, NC in refluxing THF, ihe starting material is recovered without producing a tris-
imuno complex.

{¢) Insertion mto carbor—nickel sigma-bonds

Triphenylphosphine—m-cyclopentadienylnickel alkyls (R = CHy, n-C4Hs, Ph,
p-CsH,Cl or C=CC,H, ) react® with cyclohexyl isocyamide at room temperature,
undergoing 1socyanide inserfion to yield the unino complex. The IR spectra of

CEMCgHy

PFPhy .
—

N + 2 CoH NG ———- ON: 9y
Cl . st S e=negHy,

c};
these imino complexes show two characteristic bands 1n the ranges 21302140 cm™*
and 1580—1620 em™ !, the former band 1s due to the coordmnated 1socyamide group
and the latter to a carbon—nitrogen double bond. No complexes of the type X and

XI, which may be considered as intermediates in the formation of imino complexes,
can be 1solated under a vartety of conditions. The insertion reaction probably proceeds
as follows,

L CENCgHY, Cl PPha
Ny
O ~R “c NCgHqq
b'd x;

CHNR
NP 2 RNS=C Ou'icr’m - Cl o)
""'“-Rl -PPhy “"R' C NR
Stmular mmino complexes can also be prepared from the reéactions of Grignard reagents with

nickel habides containing coordinated 1socyanides, viz,

[ONt(PPn3}{CNR}]I + PhMgBr — Om{cmm[ccpn):mnj +

Om(PPn3)Pn + MgB@rl {11

[Ou.tcrum,jl + PhMgAr — = ON.(CNR}[C(PM:NQ] + MgPBrt {12}

No reaction occurs between nickel alkyls having o-methyl substituents {o-tolyl or
mesityl) and cyclohexyl isocyanide, due to stenc hindrance of the bulky substituents
The reaction of 7-C;Hg Ni(PPh; YPh with bulky rere-butyl socyanide gives
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Ni{PPh; XCNC(CHj5)3)s and biphenyl as main products and a small amount of
7-CHs NI(CNC(CH,3 )3 [C(Ph)=NC(CH1)3z] On the other hand, 1t 1s known that

PPh HyL,CNC CNC{CH,
GN( a {CH3LCNC NiPPha}(CNCICH, L), + Bipheny! + GN’/ {CHy), am
fh ‘<]:=NC(CH3)3
Bh

Ni(PPh; XCO); and i-phenyl-1,3-cyciopentadiene were obtamed when
71-C s He NY(PPh3)Ph reacted with 80 atm of carbon monoxide for several days at

room temperature®.

(d) Insertion invo carbon—palladuum sigma-bonds

{t 1s known that the square planar complexes, M(PEt3); X(R), where M = Pd or
Pt, X = halogen and R = alkyl, are directly carbonylated to give acyl complexes when
reacted with carbon monoxide®! Insertion of 1socyantde into metal-—-carbon o-bonds
1in these square planar complexes has also been observed??:23
trans-Pd(PR, ), X(CH3 )} (PR, = PPh,, PPhMe,, PMes, PBu™;, or PPha CsH,y; s
X = Br or [) reacts with an equimotar amount of R'NC (R’ = C4H,;, (CH3);C. Phor
PhCH, ) at low temperature to give the corresponding mono-imino complex, viz

' x PRy
trans-PalPR )X(CHy BNE ral L, aay
R3 it 3
MR

A frans structure was confirmed by the NMR spectrum, which revealed wvirtual coupling
of the P—CH, proton resonances On the other hand, reaction of trans-Pd(PPh, Me), I{CH3)
with Cg Hyy NC or (CH; )s CNC produces the dimer The NMR data show the presence of

s
PPhter_ | 1. ~C=NR
RN=CT ~17 TephyMe
CHy
XII

two 1somers. No reactions occur between alkyl palladium complexes and 1socyantdes having
a bulky group such as 2 4-dimethylpheny!, and treatment of the o-tolyl complex with
tert-butyl or 2 4-dimethylphenyl 1socyanide recovers both starting matenals, explicable
in terms of steric hindrance of the 1socyanide or aikyl group, respectively

The mono-timino complex, trans-Pd(PR, ), [{C{(CH;3)=NCsH;, | (PRy = PPiMe, . PMe,
or PBuM, ) reacts readily with cyclohexy! isocyanide to yield the bis-imuno complex (eqn. (15)).
No further nsertion of rers-butyl isocyanide wtnto trans-PA(PR4 )2 [C(CH3)}=NC(CH3); ]
occurs, which 15 interpreted to result from the steric hindrance of uninoacyl towards
INCOMINgG groups

CgHyNC 1 PRy
trans - Pa(PRyL,1[C(CH =N gH, ] —5 % “pol (153
RyP T%}ECH:‘
NCgH,,

Coord. Chemt Rev. & {1972}
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The bis-imino complex, frans-Pd(PPh, Me), I[CH; (C=NC;H,;), ] induces reaction with
CsH,; NC, giving the tris-imino complex with a five-membered chelate structure (reaction (16)).

NC gt
I\_Pd/PPnzMe CeHpNC thMeP\‘Pd/C__?:NCSH” 18
FhoMep” ‘fﬁ-}ECH -PPhyie 17 S N=C~cH,
NCgH, CeHas

The mechanism by which the 1socyamide molecule inserts stepwise tnto the palladium—
carbon sigma bonds 1s probably similar to ore proposed for the insertion into pfatinum-carbon
a-bonds (see sect. B(i)(e), below).

It has been reported by Kajimoto et al.?® that the reaction between m-allylpalladium
chloride and cyclohexy! socyanide involves an 1socyamde msertion, affording the imino
complex. [x-C3H;sPdCl], reacts with CgH,; NC to mve bisfu-chloro(cyclohexyl 1socyanide)-
(1-cyclohexylimino-3-butenylpalladium] (XIH). When XII 15 allowed to stand overnsght,
rugration of the allylic double bond takes place, producing bis[u-chloro(cyclohexyl 1s0-

cyanide)(1-cyclohexylimmao-2-butenylpalladgium] (XIV).
The mechanism of this reaction deduced from the NMR spectra s as foliows

Hy, He
—H. CHING —He _CNCgHy,
Ha" Pal_ e s P’
= He =-Hc, Zl
Hae 2 Hs,
CeHyNC i CeHyNE c
— [ ~pal | R— ~pal a7
CH=CH—CHz~C ~ Chy-CH=CH-C .,
NCgHy, NCgHyy
X Xiv

{e} Inserrion mnto carbon—platinum sigma bonds

Insertion of isocyanide into Pt—C bonds has been studted by Treichel and Hess** and
by us*?.

trans-Pt{L), X(R) (R = CH; or Ph, L = PPh; or PPhMe, , X = Br or [) reacts wrth
R'NC :n a 1-1 molar ratio at room temperature to give the 1omc four-coordmate complex,
[trans-Pt(L), (CNRIR] X. When [trans--Pt(PPh; ). (CNR IR} X 15 refluxed m benzene,
mugation of the alkyl group to the coordinated 1socyamide higand takes place, affording
trans-Pt(PPh, }, X [C(R)=NR']. No nsertion reaction occurs when
[trans-Pt(PPhMe, ), (CNCgH,; YCH3 | [ 15 treated 1n a similar fashion to that in the above-
mentioned reaction. However, on refluxing m toluene, an msertion does proceed,
affording the corresponding mono-tmmo complex. trans-Pt(PPh, ), Br [C(Ph)=NCH, ]
further reacts with methyl 1socyanide to give the 1.1 adduct,
P1(PPh,), [C(Ph)}=NCH; ] Br-CH,NC.

Square-planar paltadium complexes are usually more labile than the platinum
analogs, and m agreement with this trend socyamde mnsertion into the platinum alkyls
will occur more readily than that into the platinum dervatives. In fact, an insertion of
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isocyanide into Pd—C bondsoccurseven at 0°C. The mutial formation of a sali-hke complex,
accompanied by msertion of the isocyanide into the Pt—C bonds at an elevated
temperature, is in complete apreement with the result.

The mechamusm proposed by Treichel and Hess 1s

R'NC

+
x .
P“‘PL o P‘\Pt,CNR - 18)
R ~p R ~p
<
P
P} cnr* 1 R P, x
~ f — - [x-PtZ ) ] — el ciay
- ™p ] CHR? R—C/ P
ii
NR

In the reaction of cis-Pt(PPh;y ). R, (R = CHj; or Ph) with CH, NC, the only product
1solated 15 ers-Pt(PPh, J(CNCH, )R, ; there 1s no evidence that an intermediate 1.1 adduct
1s produced.

Interestingly, the reaction of trans-Py(PPh,); Br(Cs Fo) with CHCN in refluxang benzene
involves® dealkylation to give Pt(PPh3),(Cs F5)CN The dealkylation reaction also occurs,
affording trans-Pt(PPhMe, ), [{CN), when [Pt{(PPhMe, },(CNC(CH;)3;)YCH;3 11 1s refluxed 1n
toluene®”. Although the detailed mechanism of the dealkylation 1s unknown, 1t probably
mnvolves the eimination of CH, Br or tetramethylmethane, respectively.

(1) Reactions with carbene complexes®®

An unusual msertion reaction occurs when 1socyanide reacts with a metal carbene complex.
Reaction of Cr{CO); C(COCH,YCH, with an equivalent amount of cyclohexyl 1socyanide
gves 2 1.1 adduct (XV) 11 hagh yield. It was suggested from spectral and chem:cal

{CO),Cr{COCHZICH, + CgHyyNC

1 OCHy
3
~C~CHjy
(corercd
N-Celtyy

xv
o 1 ocH; OCH,
I

H

C—CHy C—OCH; C=CH,
tcorcre “CHy coerel

NMCgH;, NHRCgHy NHC gy,

MVII X\ XVI

(coperel,

evidence that the structure has an azindine ning. Complex XV reacts with benzoyl
peroxude to give XVI, which can also be prepared from the reaction of XV with HCl and
tricthylamine, Treatment of XV with methanol results in an addition reaction, affording
XVIL The complex XV reacts with acid in aqueous THF to yield XVII. These reactions
also suggest an aziridine structure for XV,

Coord. Chem Rev., 8 (1971}
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{ni} Reactions with metal azides

Recently, an insertion of 1socyamde into a metal--nitrogen bond to give tetrazole com-
plexes with a metal—carbon bond was reported by Beck et al.?® Aaide complexes of Aureact with
1socyanides in methylene chloride to produce stable tetrazole complexes (eqn. (20)). The tetrazole
comple xes of Pd or Pt can also be prepared (eqns. (21), (22)). These reactions are simular to
those which give }-substituted tetrazoles by a-addition reactions of organic azides to iso-
cyanides®?,

7

M
N .
PhyAas[AUlN, YT R C_-_ PhyAs [AU{—C_‘-:./N_-'N/,N inl (20)

n=206r 4, R=CHz, 1-CaHg, CgHyyn PRCHy, Ph OF p—CHyOCH,

CHy
¥
~Na
c:S-Pt(PPh3}2(N3}2 + 4 CHyNC ——= CJS-—Pt(CNCHg)zf—CQN"NgNJQ (-3}
R
1
N
-
CJS_M(ppha}z{Nz}z + 3 RNC —_— ":IS_M(pPhB}{CNR)_CQN_N’/N>2 2a)

Ra=CeH . PRCH, of Ph M=Pd or Pt

The pathway postulated invoives inrtial coordinatior: of the 1socyamide to the metal,
accomparied by the formation of a tetrazole ring derived from mmsertion of a coordinated
1socyamde to a metal-azide bond and subsequent cyclization, as follows

NE
1k ?
a N
S
™ N=N=N ———= M—C( =N
IEN

A bridged tetrazole complex of Pt can be prepared from the reaction of dichlorobis-
(cyclohexyl 1socyanide)platinum with hydrazoic acid.
CH,NC 1 CNCH
PHENCEH 3,0, — 2 6 1T g S gy a6 (23)

a2 e e A
CH,MC <1 CNCgH,

C. REACTIONS OF COORDINATED ISOCY ANIDES

I} Reacnons of cationic isocyamide COnIpféXéS with alkvllfz'kmm” and Gngnard
34 2
reagems""’"

[m-CsHs Fe(CO}CNCH ), | PFy reacts with CgFsLito give
m-CsHsFe{CNCH;),Cs Fs (8.9%), 7-CsHs Fe(COWCNCH; ) [C(Cs Fs)=INCH, |
(m.p.93-94°C, 15.4%), XI1X and 7-C¢ Hs Fe(CO)(CNCH3)[C{CsF5)™NCH3 ] (m p 90-9 1°C,
13 6%), XX. The structures were confirmed by spectroscopic studies In the two isomers
of the imino complexes, the methyl group can assume erther a ¢is or a ¢rans orentation
1o the iron group with respect to the C=N double bond.
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Reaction of [m-CsH Fe(CO), (CNCH,)] PF, with C Fs Lt gives many products, among
which 7-Cs Hs Fe(CO}YCNCH 3 )YC4F5 and - Cs Hs Fe(CO); {C(Cs Fs )=NCH, | were 1solated,
The reactions probably proceed via a catiomic intermedate XXI.

[<:| Fe{COJ(CNCHy),  JC.Fy

XXI
fn=2o0r1

The attemnpted carbonylation of #-C5H Fe(CNCH;3)3C; Fs (60°C 1n ni-hexane, 10 atm
carbon monoxide pressure) s unsuccessful. Decarbonylation takes place, affording
m-C5Hs Fe(CNCH;),C¢ F5, when complex XIX 1s refluxed in THF for 18 h Analogousty,
the complex gives m-C; Hg Fe(CNCH3 ), C4 F5 and complex XIX.

THF,-CO
OFe(CO}(CNCH3)[C(CGFS)zNCHB] IHR<o_ OFetCNCHa)acﬁFs (2a)

As mentioned bniefly (see sect. B(1}(¢)),m-Cs Hs Ni(L)E (L. = PPh, or PEt,) reacts with
1socyamde to afford the cationic complex [a-CoH; Ni{LYCNR)] I in high yield However,
in the case of L = P{OPh), or AsPhs, the reaction produces [m-CsHsNif CNR), |1 The
reactions of these cationic complexes with phenylmagnesium bromide give the corresponding
imino complexes, 7-C Hs Ni(CNR)Y[C(Ph)=NR].

(it) Oxidative additton reactions of alky! halides to zero-valent isocyanide complexes

Many attempts have been made to prepare metal alkyls by means of oxidative addition
reactions of low-valent transition metal complexes with alkyl halides Among them, the
reaction of m-Cs Hg Rh{COYPPhMe, )} with alkyl halides to y:eld the acyl complex
m-CsHs Ph{PPhMe, J(COR)X is very interesting®?. The reaction proceeds via an ionic
ntermediate [n-CsH;Rh({(CO)PPhMe, )R] X

Attempts to prepare imuno complexes by the oxidative addition of alkyl halides to
1socyamde complexes of Ni° or Pd® have been conducted by Otsuka et al.>*. The
reaction of PA{CNC(CH,); ), with CH;31I:in n-hexane at 0°C produces
trans-PA(CNC(CH,)5), {CH; ), XXII This complex reacts with rers-butyl 1socyanide
or triphenylphosphine to give the corresponding imino complex XXIIL,

T _CNCICH,),

PAICNCICH, )Y, — P “Pa’ R
(CH3),CNC CHy
XX
(CHalCNC T L 1 - _CNC{CH),
/F-‘-u —am /F-"a 5
CHy- ¢ ~ da L “g-cn, @33
RC{CH,), NC{CHy),
XXV XXiit
2 L={CH3}CNC
b L= PPhy

Temperature-dependent NMR studies showed that the reactions proceed via an unstable

miermediate XXIV. The phosphine analog of this dimer has been 1solated (see sect. B(}{(d)).
Coord Cherm. Rev, 8 (1972)
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Treatment of PA(CNC{CHj)3), with C¢HsCOCI 1n n-hexane at 0°C affords
Pd(CNC{CH;)3), C{COPh) 1 high yield.

An attempt to prepare a nickel analog of XXII from Ni(CNC{CH3 )3 ), was unsuccessful.
On the other hand, reaction of Ni(CNC(CH3)3 )4 with alkyl halide feads to very inter-
esting results. A multiple successive nsertion of three 1socyamde molecules takes place,
affording a new imino complex XXV when Ni{CNC{CHj3)3 ). reacts with CH,y1. The

NC(CH,),
[CH3},CN=C —C, _CNCI{CH3),
Ny
CH—C=n" 1
CicHy),
XXV

structure was supported by spectral data (pn=c = 2172 cr™!, vo=n = 1667, 1634 and

1610 et yand physical properties The same compounds can also be prepared from

Ni{CNC(CH3)5); and RI (R =C,H;,n-CyH,, and 1-C3H,) in high yield* . The

mechanism of these multiple successive mnsertions remains undecided at present.
Treatment of isocyanmde at 30—60°C 1n the presence of a catalytic amount of

XXV produces poly-1socyanide with a repeating unit?$>3% suggesting that complex XXV

1s an intermechate 1n the catalytic polymenzaiion of 1socyamde.

IC—-C

NRN

The proposed polymerization 1s*

VC3=NC(CH3)3
(CH;}ZCN—(I: N LCANC(CHal,  (CH3),CNC®
———————————

R—Ch. ‘1
*nEieH,),
NC(CH), .
23 CONCICH3, ALjceHal,
(CH;)BCN:(% \!‘ _CANC{CH,), (CHyKCN= c ~~~~~~~~ ne LS NC{CHal,
t
R-C : /C\
SnéicHy, R=C T SNC(CH1),
NC(CHj),
NC(CH3),
c4
R s (CH31,CNC
e (CHy),CN=C T N\ CTNCICH,), m3E Ce Polymer (28>
la /N"-..I
!/c-}_-
R—C NC(CHY),
NC(CHy),

{rr} Reactions wath armnes and alcohols

Many attempts to prepare carhene complexes from metal carbonyl denivatives have
been conducted®?. Formation of analogous carbene complexes from isocyanide
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derivatives should also be possible.
cis-Pt{CNRYXPEt; YCl; reacts with alcohols or amines to give carbene complexes

cis-PCNR}PEt; YCl; + HQ ~ cis-Pt [C(NHR)Q] (PEt;)Cl, 27

(R = CHj; or Ph, Q= OCH, . OC,H;, O—Pr, NHPh, NHCH;, NHC, Hs or NHBus2¢)
The structure 1s confirmed by IR spectroscopy and X-ray analysis. Similar carbene complexes
of palladium can also be prepared from the reaction of cis-Pd(CNPh)(L)Cl, (L = PhNC or
PPh,) with methanol or p-toluidine®?, viz.

368,39 viz.

CHa0OH L. ..ao
Pd c2a)

e1s~P4{CNPRI{LYICl

D ~CH3CeHNH L. ¢t
- Pa_ (29)

PhNH—C]‘/ cl
NH-p-CgH,4CH,

Reaction of a carbene complex with base leads to a very interesting result®! . The complex
XXVI reacts wath a stoichiometric amount of alcoholic KOH at room temperature to afford
bis{p-chloro(triphenylphosphme}{phenylimmomethoxymethyDpalladium] (XXVII} m high
yield. Thus reaction can be easiy reversed. If the complex XXVII 15 refluxed with methanol
contaiming HCl, XXVTI is obtained m a 90% yield . The complex XXVII reacts smoothly
with PPh; to give a quantitative yield of XXVHI.

OCH3
Phapxpdlct KOH EnyP  Ci _CSNPh  pppy PPhaP.\P Lt
- ~hel AP TN — AN e
PhNH-—C'Z < PRN=C c1 PPhy CHaC~C EPny
I 1
OCH, QCH3 Hfh
XXv1 XXVl KIVIT

When Pt(PPh; ), I{C(Ph)=NCH, ] 1s treated with NH,PF; m (CH3)}, CO—CHCl;,
protonation occurs*?, affording [Pt{PPh; ), I {C(Ph)}(NHCH,)) ] PFs.

Recently, soluble cationic carbene complexes have been prepared and charactesnized by
NMR. Treatment of frans- [Pt(CNRNWPEt, ), X} C10, with alcohol or amines (QH) yields
trans- [Pt (C(NHR)Q) (PEt5).X] ClO,, where*® R =Ph or CH,, Q = PhNH, C.H;NH or
C,H;0,and X = Cl or Br. NMR studies show restricted rotation about the C—N or C—O
bonds of the carbene hgand, sumiar to the carbene complexes of chromuum®>*% | Analogously,
trans- [Pt(CNC; H ), (PPhMe, ), ] (PFg ), reacts with QH (Q = p-CH,CqH, NH, PhNH,
C3H¢ O or PhCH; S) under prolonged reflux conditions to give the corresponding carbene
complexes? ¥, mrans- [Pt (CANHC, H;)Q) (CNC, Hs Y(PPhMe, ), 1 (PF), . The ease of
preparation decreases mn the order RNH; > RSH » ROH. The NMR spectra indicate four non-
equivalent phosphine methyls caused by the absence of a o-plane of symmetry along the
C—Pt—C axis and restricted rotation of the carbene about the Pt—C bond. The most

Ikely structures are
Coard, Chem. Rev., 8 {1972)
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Py Pt Pt

| ' i

CoHs G- CaMs 250 C2Ms~ ySag
77 17 i i Tl
H R M CpHg H R

Thus resulis from a 1,2-¢1s-addition of the nucleophule across the C—N tniple bond. Further-
mose, the carbene plane is perpendicular to the piane of the complex.

Carbene complexes of 1ron can be prepared® from the reactions of
[mr-CsHs Fe(p-CNCgH,; OCH; )4 ] + with CH3NH,, wiz.

[m-C;HsFe(p-CNCsHsOCHa )31 "+ CH3NH, —~ jn-CsH;Fe(p-CNCgH,OCH;),-
(CONHCH; )NHp-CsHs OCH3) 17 (31)

These complexes are ssolated as PF;~ and BF; salts. NMR studies show the presence of
the two 1somers The postulated structures are

Fe Fe
] i
Loy s
P~CHOCs Hg =N H-trs 7 nN—CH
H CHy - CHAOCH, H

It has been suggested that the mechamsm for carbene formation from 1socyamde complexes
probably mvolves nucleophilic attack by alkoxy or alkylamino groups at the electron-
deficient 1socyanide carbon??,

This review summarizes the fundamenta! reactions which have been reported recently
concerning the 1nsertion of 1socyanide into transition metal—carbon sigma-bonds and
the reactions of the transition metal 1socyamde complexes so produced. Significant devel-
opments i their reactions and mechanisms can be expected in the future,
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