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A. INTRODUCTION
Isocyanides are among the few substances with a lone electron pair on a carbon
atom. Their structure is 1soelectronic with carbon monoxide and can be considered
as a hybnd of the three resonance forms I, Il and III (eqns. (1) and (2)).
- + - - .. _
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The presence of a lone pair on the terminal carbon atom enables i1socyanides to act as
carbon higands 1 coordination compounds! and to behave as Lewis bases similar to
carbon monoxide and phosphines. A charactenstic property of 1socyanides as ligands
is the capacity to function as stronger 7-acceptors than phosphines and as weaker
m-acceptors than carbon monoxide?. An important advantage of the use of 1socyamdes
as higands is the possibility of varymng the substituent bonded to the nitrogen. Accordingly,
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we can vary the properties of the 1socyanides in the same manner as phosphine higands
can be altered.

The nsertion reaction is one of the most important reactions in organometallic
chemustry and 1s thought to be an intermediate step mn organic syntheses catalyzed by
transition metal complexes and in catalytic polymenzation reactions.

Several simple molecules, such as carbon monoxide, sulfur dioxide and olefins are
known to insert mnto metal—carbon o-bonds®. Among them, the insertion of carbon
monoxide 1s the best studied and most firmly established. Similar insertion reactions
would be expected with 1socyanides, since they are i1soelectronic with carbon monoxide,
but they have received little attention.

Reactions which may be formally considered as the insertion of 1socyanides into
cobalt—carbon ¢-bonds have been reported by Johnson et al.5 . Thus, the treatment of
2-, 3- and 4-pyndomethylpentacyanocobaltate(Ill) 1ons with base gives the corresponding
pyrnidylacetonitrile. The insertion of hydrogen 1socyanide into cobalt—carbon g-bonds
has been suggested 1n the mechanism proposed. However, intermediate complexes could
not be 1solated 1n the reactions.

The authors have found that 1socyamdes msert mto carbon—nickel o-bonds to give
the corresponding 1mino complexes when reacted with w-cyclopentadienyl(tniphenyl-
phosphine)nickel alkyls® . These compounds were the first isocyamde nsertion products
to be 1solated. Studies of this type of reaction have since been conducted 1n several
laboratories.

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

Thus review includes recent developments in the insertion reactions of 1socyanides
mnto transition metal—carbon o-bonds and related reactions.

B. INSERTION OI ISOCYANIDE
(1) Reactions with carbon—metal g-bonded complexes

{a) Insertion mnto carbon—molybdenum o-bonds.

It 1s well known that tricarbonyl-m-cyclopentadienylmolybdenum alkyls undergo
carbonyl insertion to give the corresponding acyl complexes when reacted with Lewis
bases such as carbon monoxide? or phosphorus hgands®.

#-CsHsMo(CO);R + L - 7-C5HsMo(CO), LCOR 3)

Isocyanides react with complexes of the type n-C5 HsMo(CO); R under a vanety of
conditions to afford either the carbonyl or 1socyanide insertion products, depending
on the nature of the isocyanides and the alkyl—molybdenum complexes®:!?. The reac-
tion of 7-CsHsMo(CO); CH; with cyclohexyl or trert-butyl isocyamde 1n benzene at



room temperature results 1n carbonyl insertion, affording the corresponding acyl
complexes, viz.
w-CsHsMo(CO);CH; + RNC - 7-CsHsMo(CO), (CNR)COCH; @
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7-CsHsMo(CO)3; R (R = CH, Ph, p-CH,C
hexyl 1socyanide at room temperature and undergo competitive carbonyl and 1socyamde

insertion, yielding both the corresponding acyl and imno complexes. The relative yield
7-CcH:Mo(CO):p-CH,C.H, X + C;H,,NC >
w-CsHsMo(CO); [C(p-CH, CsH; X)=NCsHy, ]
+ -Cs Hs Mo(CO); (CNCgH,,)COp-CH,CeHy X )

of the two 1somers depends on the nature of the p-substituted benzyl group (Table 1).

TABLE 1

The relative vield of the two 1somers 4

The relative yield of the twoe 1somers

X NMR Imino Acyl
TCH, complex complex

(%) (%)

Ci 7.16 72

H 7.12 51 4

p-OCH3 7.06 40 13

3 [solated vield.

Two mechamsms concerning the 1socyanide msertion are considered. The first results
from imtial formation of the acyl complex 7-CsH;Mo(CO), (CNC¢H,; JCOp-CH,CsH, X,
followed by a rapid migration of the benzy! group to the coordinated 1socyanide hgand
(Path A). The second path 1nvolves direct actack of 1socyanide on molybderium, accompanied
by a transfer of the alkyl group to the 1socyanide hgand (Path B). All attempts to re-
arrange the acyl complex to the imino complex have been unsuccessful. This speaks
1n favor of direct isocyamde nsertion (Path B).

CeHiNC
(Y Motcorsp-ctycgrgx  —SEHNE ) g (cOENC L) COp-CH,Cat X
— Path A = : 2CeHa
*
CehyNC l
Path 8

'

/™ -
T {_J Mo(CON,[Cp-CHCH M I=NCH ]
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It 1s deduced from the NMR spectra that the benzylic methylene protons of the
starting materials, 7-CsHsMo(CO); p-CH, CsH, X, are shuelded 1n the order OCHj3, H, Cl,
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 high electron density of the
methylene group facilitates 4 transfer of alkyl group to isocyanide ligand. One reason for
this 1s connected with the higher contribution of resonance form IV than that of V.,

R—N=C-M <+ R—-N=C=M
v A\
The benzyhic methylene protons of the 1mino complexes prepared show two peaks m

the NMR spectra, suggesting the presence of two 1somers They can be interpreted as
syn (V1) and anti (VII) forms.

:!—~C5H5(C0)3Mo\c/p—CH2C5H4x F-CgH5(CO), Mo\c/o—c HoCgH X
1 1
N N
VI v

Treatment of CgH;; NC with alkyl-molybdenum 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 carbon—molybdenum o-bond. The same trend has been observed 1n
the reactions of complexes containing M—CH, CN hnkages with carbon monoxide . The reac-
tion of m-Cs Hs Mo(CO), (7-C3 Hs ) with CgHj; NC leads to an unexpected result'?, the
reaction at room temperature occurs readily, affording the poly-cyclohexyl isocyamde.

2n CgH{NC ——= _(-ﬁ_.'cl_),_, )

CN) CN)
However, no reaction occurred with zert-butyl isocyanide, both starting materals bemng
recovered,indicating the steric effect of 1socyanide

(b) Insertion into carbon—iron sigma-bonds

Dicarbonyl-r-cyclopentadienyliron alkyls, in a manner similar to 7-CsHs Mo(CO); R,
react with carbon monoxide!® and phosphorus ligands'*- 1€ to afford the acyl complexes.
Thus reaction is often reversible.

The reaction of n-C5H; Fe(CO), CH; with CcH,, NC or (CH3)3:CNC 1n refluxing THF
for 20 h gves the corresponding acyl complex, viz.

A-CgHgFe(CO),CH; + RNC

G Fe(CO) (CNR)COCH;, (7)

The treatment of 7-Cs H; Fe(CO), CH, Ph with fert-butyl 1socyamide gives

7-Cs Hs Fe(CO)(CNC(CHj3 )3 )CH; Ph without producing the acyl complex?. The complex,
7-Cs Hs Fe(CO)(CNR)CH, Ph (R = C4H,; or (CH;3);C) can also be prepared from

7-C5H; Fe(COY(CNR)I and PhCH, MgCl.
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The treatment of 7-C;Hg Fe(CO)YCNC4 H,; JCH, Ph with 20—25 atm of carbon monoxide
in THF or benzene at room temperature for several days gives the 1socyamde mnsertion
product!® | 7-CsH; Fe(CO), [C(CH, Ph)=NC4H,, ]. It 1s interesting to note that the reaction
of #-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 n-CsHs Fe(CO), COCHj; . Although difficult to accomplish
thermally the decarbonylation of this acyl complex goes at ambient temperature when UV
hght 1s used.

Sitmlarly, the ultraviolet irradiation of 7-CsHs Fe(CO), [C(CH, Ph)=NC¢H;, ] in THF for
21 h brings about a decarbonylation reaction'®, producing n-C;Hs Fe(COY(CNC¢H,, )CH, Ph.

+CO 20-25 atm
G Fe(COYNCNCgH; ) CHPh o —————= Fe(CO), [C(CHPRI=NCgH ]

-CO, hv
IPPh_-,

OFe(CO)(PPh3)CHaPh

After treatment of 7-C5H; Fe(CO)(CNC(CH;);)CH, Ph with CO, only the starting material
1s recovered, an observation explicable in terms of stenic hindrance of the bulky 1socyanide
The reaction of 7-CsHs Fe(CO)(CNR)CH, Ph (R = CgH;; or (CH3);C) with PPh; undergoes
a substitution reaction to produce 7-CsHs Fe(CO)(PPh;)CH, Ph.

Multiple insertion of isocyanide molecules into an Fe—C bond has also been reported!”.
Treatment of benzyl derivatives of dicarbonyl-n-cyclopentadienyhron with an excess of
cyclohexyl 1socyanide 1n refluxing THF results 1n a successive insertion of three isocyamde
molecules, yielding the tnis-imino complex (reaction (8)). The structure has been confirmed
by IR, NMR and mass spectroscopy The mass spectra exhibited metastable 1ons which

CeHpNC

x-CgHgFelCO),R — T O co (8)
-
Fe
PN
CGHﬂll\: C=NCgHy,,
RC C=NCgH,

R=CH,Ph or p-CHyCgH,Cl

permit a partial elucidation of the fragmentation scheme The spectra indicated the successive
loss of carbon monoxide and cyclohexyl 1socyanide molecules.

+ =<0, r +
Q<o F
,F‘e e

~ =fe _

CeHnll G=NCeHn CGHﬂ“ C=NCeHh,

RC —— C=NCgH,, RC C=NCgH,y
~CgHyNC +

CH. N,Fe\C‘NC H
6" 1T Pt 61
Ner

All attempts to 1solate this type of mono- or bis-imino complex (VIII or X) which may
be considered as an intermediate were unsuccessful. A similar tris-imino complex can also
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~c0 OFe/Co
Fel ~
A \CCHZPh CGH“N/ C=NCgH,
N
CGH11N CCH2Ph

VI IX

be prepared from the reaction between w-Cs Hs Fe(CO)(CNCq H,, JCH, Ph and an excess of
CsHi; NC 1n refluxing THF. However, after treatment of #-CsHs Fe(CO), [C(CH,Ph)=NCsHj; ]
with C¢H;,;NC in refluxing THF, the starting material is recovered without producing a tris-

immo complex.

(¢) Insertion into carbor—nickel sigma-bonds

Triphenylphosphine—n-cyclopentadienylmickel alkyls (R = CHj, n-C;Hg , Ph,
p-CsH,Cl or C=CC, H ) react® with cyclohexyl isocyamide at room temperature,
undergoing 1socyanide insertion to yield the imino complex. The IR spectra of

ON:: + 2 CgHyNC ——= ON.\ (9
R G=NCgHy
R

these imino complexes show two charactenistic bands 1n the ranges 2130—-2140 cm™!

and 1580—1620 cm™?!, the former band 1s due to the coordinated i1socyanmde group
and the latter to a carbon—nitrogen double bond. No complexes of the type X and

X1, which may be considered as intermediates in the formation of 1mino complexes,
can be 1solated under a variety of conditions. The insertion reaction probably proceeds
as follows.

 C=NCgHyy O FPh3
N
O g \C NCgH4
X XI

CNR CNR
ONl/pphg 2RN=C_ [ON'—CNR:I —— ON.: o
N “BPhy C=NR
R 3 i
Rl
Simular 1immo complexes can also be prepared from the reactions of Grignard reagents with

mckel halides contaiming coordinated 1socyanides, viz.

[ON:(PPh;)(CNR)]I + PhMgBr —e ON:(CNR)[C(Ph):NR] +

ON:(PPhg)Ph + MgBri1 “an

[GN«(CNR)ZJI + PnMgBr —= ON.(CNR)[C(Ph):NR:] + MgBrl (12)

No reaction occurs between nickel alkyls having o-methyl substituents (o-tolyl or
mesityl) and cyclohexyl isocyamde, due to stenic hindrance of the bulky substituents
The reaction of 7-CsHs Ni(PPh; )Ph with bulky ferr-butyl 1socyanide gives
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Ni(PPh3; )}(CNC(CHj3 )3 ), and biphenyl as main products and a small amount of
7-Cs Hs Ni(CNC(CH3 )3) [C(Ph)=NC(CH3):] On the other hand, it 1s known that

PPn H
ON': 3 [CHLONC  Ni(PPh(CNCICHy),), + Biphenyl + GN',CNC(CHa)a s
Ph TC=NC(CH3),
Ph

Ni(PPh;)(CO); and l-phenyl-1,3-cyclopentadiene were obtained when
7-C s Hs Ni(PPh; )Ph reacted with 80 atm of carbon monoxide for several days at
room temperature?®.

(d} Insertion inio carbon—palladium sigma-bonds

It 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 1socyanide mto metal—carbon o-bonds
in these square planar complexes has also been observed??:23.
trans-Pd(PR3); X(CHs) (PR; = PPh;, PPhMe,, PMe;, PBu”;, or PPh, CsH,; ;
X = Br or I) reacts with an equimolar amount of R'NC (R’ = C¢H,;, (CH;3);C. Phor
PhCH, ) at low temperature to give the corresponding mono-imino complex, viz

. x PR,
trans-Pa(PRy),X(CHy) SN Spal (14)
RyP C~CHj
NR'

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

ehs
PPhyMeP 1 C=NR
Spal Tral
RN:? 1 PPhMe
CHj,
X1

two 1somers. No reactions occur between alky! palladium complexes and 1socyanides having
a bulky group such as 2,4-dimethylphenyl, and treatment of the o-tolyl complex with
tert-butyl or 2,4-dimethylphenyl isocyamde recovers both starting materals, explicable
1n terms of steric hindrance of the 1socyamde or alkyl group, respectively

The mono-imino complex, trans-Pd(PR;), [[C(CH;3)=NC¢H,, | (PR; = PPhMe,. PMe;
or PBuf,) reacts readily with cyclohexyl 1socyanide to yield the bis-imino complex (eqn. (15)).
No further wnsertion of ters-butyl isocyanide nto trans-Pd(PR;3), [C(CH3)=NC(CH;);]
occurs, which s interpreted to result from the steric hindrance ot uninoacyl towards
ICOMINg groups

CgHyNC ! PR3
trans - PA(PRy),1[C(CHy)=NCgH, ] —&-1—t ~pal (15)
R,P \Ccl:l)ECHg
NCgH1y

Coord. Chem. Rev. 8 (1972)
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The bisamino complex, frans-Pd(PPh, Me), I[CH3 (C=NCsH;, ), ] induces reaction with
CsH,; NC, giving the tris-imino complex with a five-membered chelate structure (reaction (16)).

NCgHy
I _PPhsMe NG Ph,MeP_  _C—C=NCgH,,
AFd -PPhyM DL l (16)
PhoMeP \C('ZI}Z-CH 2Me 1 N==C~CHjy
NCgHjq CeHiq

The mechamsm by which the 1socyanide molecule inserts stepwise into the palladium—
carbon sigma bonds 1s probably similar to one proposed for the insertion mto platinum—carbon
o-bonds (see sect. B(1)(e), below).

It has been reported by Kajimoto et al.>® that the reaction between m-allylpalladium
chloride and cyclohexyl isocyamde 1nvolves an 1socyamde msertion, affording the imino
complex. [r-C3HsPdCl], reacts with CgH;y NC to give bis[u-chloro(cyclohexyl 1socyamde)-
(1-cyclohexylimmo-3-butenylpalladium] (XHI). When XIII 1s allowed to stand overnight,
mugration of the allyhic double bond takes place, producing bis[u-chloro(cyclohexyl 1so-

cyanide)(1-cyclohexylhimino-2-butenylpalladium] (XIV).
The mechanism of this reaction deduced from the NMR spectra 1s as follows

Hy Hp,

—H: CeHuNC —He _CNCgHyy

Ha—{! Pal_ U e H,{ Pa’

—He = Hc, Ct
Hg 2 Hp,

[ CgHyNC \Pd/cq [ CGH,,NC\pd/Cl an

-~ -
CHp=CH-CHC ~ Jz CHy-CH=CH-C ~d,
NCgHy; NCgHyq
X111 XIiv

(e} Insertion into carbon—platinum sigma bonds

Insertion of isocyamde mto Pt—C bonds has been studied by Treichel and Hess*® and
by us®’.

trans-Pt(L), X(R) (R = CH; or Ph, L = PPh; or PPhMe, , X = Br or I) reacts with
R'NC 1n a 1-1 molar ratio at room temperature to give the 1onic four-coordmate complex,
[trans-Pt(L), (CNR")R] X. When [rrans--Pt(PPh;), (CNR")R] X 1s refluxed in benzene,
mugration of the alkyl group to the coordinated 1socyanide hgand takes place, affording
trans-Pt(PPh;), X[C(R)=NR'}]. No nsertion reaction occurs when
[trans-Pt(PPhMe, ), (CNC¢H,; JCH3 ]I 15 treated in a similar fashion to that in the above-
mentioned reaction. However, on refluxing in toluene, an insertion does proceed,
affording the corresponding mono-immo complex. trans-Pt(PPh; ), Br[C(Ph)=NCH; ]
further reacts with methyl isocyanide to give the 1.1 adduct,
Pt(PPh;), [C(Ph)=NCH; ] Br-CH;NC.

Square-planar palladium complexes are usually more labile than the platinum
analogs, and 1n agreement with this trend 1socyamde insertion mnto the platinum alkyls
will occur more readily than that into the platinum dernivatives. In fact, an nsertion of
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isocyanide into Pd—C bonds occurs even at 0°C. The imtial formation of a salt-hke complex,
accompanied by insertion of the isocyanide into the Pt—C bonds at an elevated
temperature, is in complete agreement with the result.

The mechanism proposed by Treichel and Hess 1s

R'NC
P X P cnr'*
\P/ ~pt” x= (18)
R” Np R~ >p
p)
+
[=] CNR ] R P X
~pt” — [x-pPt{ )] 1] P 9
R e L TCne! R-C e
11
NR

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

Interestingly, the reaction of zrans-Pt(PPhj ), Br(Cg Fs) with CH3CN 1n refluxing benzene
mnvolves®® dealkylation to give Pt(PPh3),(Cg F5)CN The dealkylation reaction also occurs,
affording trans-Pt(PPhMe, ), I(CN), when [Pt(PPhMe, ), (CNC(CH;);3;)CH;]11 1s refluxed 1n
toluene®?. Although the detailed mechamsm of the dealkylation 1s unknown, 1t probably
mnvolves the elimination of CHj; Br or tetramethylmethane, respectively.

(1) Reactions with carbene complexes®®
An unusual insertion reaction occurs when 1socyantde reacts with a metal carbene complex.

Reaction of Cr(C0O); C(COCH;3)CH; with an equivalent amount of cyclohexyl isocyanide
gives a 1.1 adduct (XV) 1n lugh yield. It was suggested from spectral and chemical

(CO),Cr(COCH;)CH; + CgHyyNC

‘ OCH;
c-cH
(coerell 2
N—CgHy,
Xv
o l ocH; oCH;
il I
C—CHj C~OCH; C=CH,
(coycrel] (corgcre] CH, tcorere’
NHCgHq NHCgH;, NHCgry,
XV Xvi XVI

evidence that the structure has an azindine ring. Complex XV reacts with benzoyl
peroxide to give XVI, which can also be prepared from the reaction of XV with HCl and
triethylamine, Treatment of XV with methanol results in an addition reaction, affording
XVIL. The complex XV reacts with acid 1n aqueous THF to yield XVIII. These reactions
also suggest an azinidine structure for XV,

Coord. Chem. Rev., 8 (1972)
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{ui) Reactions with metal azides

Recently, an insertion of 1socyamide into a metal—nitrogen bond to give tetrazole com-
plexes with a metal—carbon bond was reported by Beck et al.2 Azide complexes of Au react with
1socyanides 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 sumilar to
those which give 1-substituted tetrazoles by a-addition reactions of organic azides to iso-

cyanides?? .

R
N
~
PhyAs[Au(N;),] RNC_ Ph4As[Au(—C\\/N_:N4N)n] (20)

n=20r 4, R=CHj,1-C4Hg, CgH,qy PhCHp, Ph or p~CH;OCgH,

C1s=Pt(PPh3),(Ny), + 4 CHNC — CIS—Pt(CNCH3)2(—C\\/N_ ZN)a 2m

e
t:ls—M(PPha)z(N3)2 + 3 RNC —_— CIS~M(PPh3)(CNR)—C§N_N,,N)2 (22)

R=CgH,;, PhCH, or Ph M=Pd or Pt

The pathway postulated involves imitial coordination of the 1socyanide to the metal,
accompaiued by the formation of a tetrazole ring derived from insertion of a coordinated
isocyanide into a metal-azide bond and subsequent cychization, as follows

NR
i

v
M

A bridged tetrazole complex of Pt can be prepared from the reaction of dichlorobis-
(cyclohexyl 1socyanide)platinum with hydrazoic acid.
HN3 CGH"NC\ _Ci

Pt
O ~ ~
C6H11N4C Ct CNC6H11

t/CN4C6H‘I‘I

PH(CNCgH,,),Cl, (23)

\N/

C. REACTIONS OF COORDINATED ISOCYANIDES

(1) Reactions of cationic isocyanide complexes with alkyHithum?° and Gngnard

reagents®>3!

[7-CsH; Fe(CO)(CNCH;), 1 PFg reacts with Cg F5Li1 to give
7m-CsHsFe{CNCH;),Cs F5 (8.9%), m-CsH;s Fe(CO)(CNCH;)[C(C¢ F5)=NCHj3 ]
(m.p.93-94°C, 15.4%), XIX and 7-C; H; Fe(CO)(CNCH;3)[C(C¢F5)=NCH3] (m p 90-91°C,
13 6%), XX. The structures were confirmed by spectroscopic studies In the two 1somers
of the imino complexes, the methyl group can assume either a cis or a trans onientation
to the iron group with respect to the C=N double bond.
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Reaction of [7-CsHs Fe(CO), (CNCH,; )] PF, with C¢ Fs L1 gives many products, among
which 7-Cs Hs Fe{(CO)(CNCH;)CsF5 and n- Cs Hs Fe(CO), [C(CsF5 )=NCH; ]| were 1solated.
The reactions probably proceed via a cationic intermediate XXI.

[O Fe(CO),(CNCHZ),_ JCoFy

XXI
n=2or1

The attempted carbonylaticn of 7-C5Hz Fe(CNCH;), Cg Fs (60°C n ni-hexane, 10 atm
carbon monoxude pressure) 1s unsuccessful. Decarbonylation takes place, affording
7-C5Hs Fe(CNCH;), C¢ Fs, when complex XIX 1s refluxed in THF for 18 h Analogously,
the complex gives 71-C5Hg Fe(CNCH;),Cs F5 and complex XIX.

T
C) Fe(CO)(CNCH,)[C(CgF,)=NCH,] —PCO_ O Fe(CNGH;),C Fs (24)

As mentioned briefly (see sect. B(1)(¢)),m-CsHs Ni(L)I (L. = PPh; or PEt, ) reacts with
1socyanide to afford the cationic complex [7-CsHs Ni(LY(CNR)] I in high yield However,
in the case of L = P(OPh); or AsPhs, the reaction produces [7-CsHsNi(CNR),]1 The
reactions of these cationic complexes with phenylmagnesium bromide give the corresponding
1mmino complexes, 7-Cs Hs Ni(CNR)[C(Ph)=NR].

(i1} Oxidative addition reactions of alky!l halides to zero-valent isocyanmde 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 7-Cs Hs Rh(CO)(PPhMe, ) with alkyl halides to yield the acyl complex
7-Cs H; Ph(PPhMe, J(COR)X is very interesting®?. The reaction proceeds via an 1onic
mtermediate [7-CsH; Rh(CO)(PPhMe, )R] X

Attempts to prepare imino complexes by the oxidative addition of alkyl hahdes to
1socyanide complexes of Ni° or Pd® have been conducted by Otsuka et al.>*. The
reaction of PA(CNC(CH3)3), with CH31 in n2-hexane at 0°C produces
trans-PA(CNC(CH3)5), I(CH;), XXII This complex reacts with rerr-butyl 1socyanide
or triphenylphosphine to give the corresponding imino complex XXIII.

1. _CNC{(CH,),

PA(CNC(CH,),), e “pal —_—
(CH3),CNC CHy
&3
[(CH3)3CNC\p ,1] L 1_- _CNC(CHy),
d — Pg
cHy—-¢” N\ Ja " Te-cH, @
NC(CHj3), NC(CH;),
XXIV XXt
a L= (CH3),CNC
b L= PPh,

Temperature-dependent NMR studies showed that the reactions proceed via an unstable
mtermediate XX1V. The phosphine analog of this dimer has been 1solated (see sect. BG}{(d)).
Coord Chen. Rev, 8 (1972)
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Treatment of PA(CNC(CH;)3), with CgHsCQOC] 1n n-hexane at 0°C affords
Pd(CNC(CH;)3), CI{COPh) 1n high yield.

An attempt to prepare a nickel analog of XXII from Ni(CNC(CHj;)s), was unsuccessful.
On the other hand, reaction of Ni(CNC(CH3)1)s with alkyl halide leads to very inter-
esting results. A multiple successive insertion of three 1socyanide molecules takes place,
affording a new imino complex XXV when Ni(CNC(CH;);), reacts with CH31. The

NC(CH,),
(CH3)3CN=(I: —C._  _CNC(CH3),
N
CH—C == r‘q’ >~
C(CHy),
XXV

structure was supported by spectral data (vn=c =2172 cmi™!,vc=N = 1667, 1634 and

1610cnr)and physical properties The same compounds can also be prepared from

Ni(CNC(CH3)3)s and RI (R=C,H;,n-C3H,, and 1-C3H,) 1n high yield®*. The

mechamsm of these multiple successive insertions remains undecided at present.
Treatment of isocyamide at 30—60°C 1n the presence of a catalytic amount of

XXV produces poly-1socyamde with a repeating umt3%:3% suggesting that complex XXV

1s an intermediate 1n the catalytic polymerization of 1socyanide.

C—C
NR N

The proposed polymerization 15>

2/C3=NC(CH3)3
(CH3),CN=C N | ~CANC(CH3), (CH3),CNC®

l\
R—C! 1
SNC(CH3),
NC(CH,),
&3 CSNC(CH3)3 < NC(CH3;3
(cHaen=CT \'l C4NC(CH3), (CH3),CN= c -------- ni LETNC(CH),
R-C . 1 1/C
Snéieny, R—C SNC(CHgly
NC(CH3)4
NC(CH3)3
ct 5 CH3),CNC
—— (CH3)3CN=(I:3/ \N./C NC(CH3)5 (—33—> Polymer (26)
2 ~
1/C\ !
R-C NC(CH3)4
NC(CH3)3

{ur) Reactions w:th armunes and alcohols

Many attempts to prepare carbene complexes from metal carbonyl denivatives have
been conducted®”. Formation of analogous carbene complexes from isocyamde
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derivatives should also be possible.
cis-Pt(CNR)}PEt; )Cl, reacts with alcohols or amines to give carbene complexes®®>3° | viz.

cis-Pt(CNR)Y(PEt;)Cl, + HQ - cis-Pt[C(NHR)Q](PEt;)Cl, Q@7

(R=CH; or Ph, Q=0OCH;.OC,H;, O—Pr, NHPh, NHCH;, NHC, Hs or NHBusec)
The structure 1s confirmed by IR spectroscopy and X-ray analysis. Similar carbene complexes
of palladium can also be prepared from the reaction of ¢is-Pd(CNPh)(L)Cl, (L = PhNC or
PPh3) with methanol or p-toluidine®®, viz.

CH30H L. ¢

Pd (28)
PhNH—(I.‘./ et
OCH3
c1s~-Pd(CNPh)}(L)Clp
P—CH3CgHNH, Lo @
Pl (29)
PhNH—(l: (od]

NH-p—CgHsCH;

Reaction of a carbene complex with base leads to a very interesting result*! . The complex
XXVI reacts with a stoichiometric amount of alcoholic KOH at room temperature to afford
bis [u-chloro(triphenylphosphine)(phenyhiminomethoxymethyl)palladium] (XXVII) 1n high
yield. This reaction can be easily reversed. If the complex XXVII 1s refluxed with methanol
contaiming HCI, XXVI is obtained 1n a 90% yield . The complex XXVII reacts smoothly
with PPh; to give a quantitative yield of XXVIII.

OCH;3
Ph3P\ /Cl KOH Pn3P\ /Cl\ /C=NPh PPh3 F'Ph-_,P\ /Cl
<~ "¢y THCT UL _Pal (30
PhNH—([: Cct PhN:? [of} PPhy cﬁao—-(l:l PPhgy
OCH3 OCH3 NPh
XXVI XXVII XXviil

When Pt(PPh;), 1[C(Ph)=NCH;] 1s treated with NH, PF¢ 1n (CH;), CO—CHCl;,
protonation occurs*2, affording [Pt(PPh;), I (C(Ph)(NHCH,)) ] PF.

Recently, soluble cationic carbene complexes have been prepared and charactenized by
NMR. Treatment of frans-[Pt{CNR)(PEt; ), X] Cl10; with alcohol or amines (QH) yzelds
trans- [Pt (C(NHR)Q) (PEt3),X] ClO, , where*® R = Ph or CHj, Q = PhNH, C, H;NH or
C,H;50, and X = Cl or Br. NMR studies show restricted rotation about the C—N or C—O
bonds of the carbene ligand, stmilar to the carbene complexes of chromum?®*>*S | Analogously,
trans- [Pt(CNC, Hs), (PPhMe, ), ] (PF¢), reacts with QH (Q = p-CH; C¢H, NH, PhNH,
C,H5O or PhCH,; S) under prolonged reflux conditions to give the corresponding carbene
complexes?% frans- [Pt (C(NHC, Hs)Q) (CNC, Hs)(PPhMe, ), ] (PF¢), . The ease of
preparation decreases 1n the order RNH,; > RSH > ROH. The NMR spectra indicate four non-
equivalent phosphine methyls caused by the absence of a g-plane of symmetry along the
C—Pt—C axus and restricted rotation of the carbene about the Pt—C bond. The most

likely structures are
Coord. Chem. Rev., 8 (1972)
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Pt et ',:t
] t
C2H5\N/_§_ N/H CZHS\N/_E\Q C2Ms N’/,E\s
2 7= | 3
bR H  CyHg H R

Thus results from a 1,2-cis-addition of the nucleophile across the C—N triple bond. Further-
more, the carbene plane 1s perpendicular to the plane of the complex.

Carbene complexes of iron can be prepared® from the reactions of
fr-CsHg Fe(p-CNCg Hs OCH; )3 1 T with CH;NH, , viz.

[7-CsHsFe(p-CNCsHsOCHa )31 " + CH;NH, - {7-CsH;Fe(p-CNC4H,OCH;),-
(C(NHCH;)NH-p-C.H,OCH;) 1 (31)

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

Fe l;‘e
/_C_\
) -~‘rlq—H H~NZ>"""N~-CHj

p"CHgOCS H4 h 1
CH; p—CHZOCgH, H

It has been suggested that the mechanism for carbene formation from isocyanide complexes
probably involves nucleophilic attack by alkoxy or alkylamino groups at the electron-
defictent 1socyanide carbon?*,

This review summarizes the fundamental reactions which have been reported recently
concermng the insertion of 1socyanide into transition metal—carbon sigma-bonds and
the reactions of the transition metal 1socyamide complexes so produced. Sigmficant devel-
opments in their reactions and mechanisms can be expected n the future.
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