
Coordination Chemistry Reviews, 18 (1976) 327-352 327 
0 Elsevier Scientific Publishing Company, Amsterdam - Printed in The Netherlands 

CYCLOMETALLATED COMPOUNDS 

J. DEHAND and M. PFEFFER 

Laboiatoire de Chimie de Coordination, UniuersitB Louis Pasteur, 4. rue Blaise Pascal, 
67008 Strasbourg (France) 

(Received 2 September 1975) 

CONTENTS 

k Introduction _ _ . _ _ _ _ _ _ _ _ . _ . . . . . . 
B. Cyclometallsted compounds in which Y = nitrogen . _ . _ . . 

(i) M = Ni, Pd. Pi _ . . . . . . . . _ . . _ _ . _ . 
(ii) Compounds with other transition metals _ _ . _ _ . . . . 

C. Cyclometallated compounds in which Y = phosphorus . . . . . 
(i) Phosphines . . . . _ _ . . _ . . . . _ . _ _ . 

(ii) Triphenylphosphite . . . . . . . . . _ _ . . _ _ . 
D. Cyclometallated compounds in which Y = arsenic, oxygen or sulphur 

(i)Arsines . . _ _ . . _ . . . . . . . . . . . _ _ 
(ii) Ligands with oxygen and sulphur donors _ _ _ _ _ _ _ _ _ 

E. Mechanism of cyclometellation . . . . . . . . . . . . - 
F. Chemical reactions of cyclometallated compounds _ _ . . . . . 

(i) Reactivities of the metal-halogen and metal-Y bonds . . . . 
(ii) Reactivity of the metal-carbon bond . l . . . . _ . . . . 

References _ _ . _ . _ _ _ . _ . . . . . . . . . . . 

. . . . 327 

. . . _ 328 
- . . . 328 
. . . . 329 
. . . . 338 
- _ . . 338 
- _ _ _ 34i 
. . _ . 341 
. . . . 342 
. _ _ . 343 
. . . . 344 
. . . . 346 
. . . . 346 
. . . . 347 
. . . . 350 

A. INTRODUCTION 

Recently, there has been some considerable interest shown in a new class 
of organometallic compounds of she “cyclometallated” type. These are so called 

because they contain the ring system _=I] with a coordination bond between 

a transition metal “M” and a Group V (N, P, As) or Group VI (0, S) donor 
atom “Y”, and a covalent metal-carbon bond. The M-C bond is formed by 
intramolecular rupture of a C-H bond from an M+Y coordination complex, thus 

‘t/ ‘1 - ‘Md 
Y 

/ lx CH 3 ’ ‘c 
t HX 

where “X” is a halogen or alkyl group. This method of formation of the M-C u 
bond is more convenient than the classical approach using organomagnesium or 
organolithium reagents. Their formation by the cyclometallation reaction, to- 
gether with their potential catalytic properties, has prompted the current inter- 
est in these compounds. The study of these complexes is rapidly increasing; it is 



therefore our purpose to complete and develop the general articles already 
known [l-3] with the following review. 

B. CYCLOMETALLATED COMPOUNDS IN WHICH Y = NITROGEN 

(i) M = Ni, Pd. Pt 

In 1963, Kleinmann and Dubeck [4] reported the first cyclcmetallated com- 
pound formed by the reaction of azobenzene on nickelocene (I) 

(II 

This compound was found to be monomeric, soluble in organic solvents, and 
stable in air. Azobenzene has been extensively employed in the formation of 
other metal-dry1 a bonds. Thus, with platinum and palladium chlorides Cope 
and Siekman 151 described the dimer (II) 

m = Pd. Pt (II) 

and the analogues formed from N,N-dimethylbenzylamine (II) [S] . 

Q ‘> m/c’ 
H2C / 

4 

M= Pd, Pt cm1 

i 
‘l-4 /\ 

Me me 
L 2 

Using the ligands CBH,(CH2),NH,(CHa)2_-n (m = O-3; n = O-2) Cope and 
Friedrich [S] determined the conditions for a donor nitrogen atom ligand to 
perform the cyclometallation reaction. These were found to be: 

(I) The mdN 
‘c 1 

ring must contain 5 atoms 

Where the ligands L have m = 0,2,3; n = 0 which could give a 4, 6 or 7- 
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membered ring by substitution of an ortho-hydrogen of the phenyl group, 
only the compounds of typ: ML&la (where L is only coordinated by the ni- 
trogen to the metal) were obtained. 

(2) The nitrogen atom must be tertiary 
Eenzyiamine tid N-monoalkylbenzylamine (n = 1 or 2) also only form 

ML&Is compounds. 

(3) The carbon atom mxst be substituted by eiectrophilic attack 
The para nitro-N,N-dimethylbenzylamine (in which the carbon atom ortho 

to the CHs-N(CH;)s group is deactivated) yields a compound containing 
only a coordinated amine group, where no M-C (T bond is formed. There ap- 
pear to be no exceptions to the first “rule”. To the second, it would be more 
true to say that the nitrogen atom coordinated to the metal must be sterically 
hindered, since Table 1 contains two compouncs not containing tertiary nitro- 
gen (triphenylmethylamine and N-methyltriphenylmethylamine). For the 
third “rule”, nucleophilic attack can take place on the carbon atom when the 
metal is other than platinum or palladium. 

All the compounds listed in Tables 1 and 2 are obtained after substitution 
of a hydrogen atom of the ligand by the metal. Other compounds of the type 

MdY 
‘c 3 

exist, but they are not formed by the cyclometallation reaction. 

Cope et al. [27] reported reaction (IV) 

H,C=CHCH2 NKH,), + Le2PdCL, 

In this case, the Pd-C bond is formed by the addition of OMe and Pd across 
the double bond. Another such example [90] is discussed below. 

(ii) Compounds with other transition metals 

Table 3 lists some of the known cyclometallated compounds formed from 
transition metals other than Ni, Pd, Pt. We have not mentioned in this table 
the very numerous complexes which may be obtained from those here cited 
by reactions such as nucleophilic substitutions or halide bridge cleavage. Ex- 
amples of these reactions are given on page 346. 

The compound (z> COKO), K-N = azobenrene) WZIS not formed by the 

action of azobenzene on Co2(CO)s but rather by the reaction (V) [31] 

CL P\ .N 
NPd, NPd, + 2 NaCoKO), -2 CoKO), + 2 CO + 2Pd0 + 2 NaCl (Y) 

N Cl C 

Thus, there has been a transfer of azobenzene from the palladium to the 
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TABLE 1 

Nitrogen donor iigands giving compounds of the type 

Ligands a M Refer- 
ence 

N,N-dimethyl a-naphthylamine 

1-phenylpyrazole Pd 

azoxybenzene 

N,N-dinethyl owaphthylmethylamine 

H2c, / 
NKH,), 

R’=Ph, Me, H; R2 = H 

benzophenone-acetophenone- 
benzatdehyde-phenylhydrazones 

R1 = Me; R2 = Ph, Me 

acetophenone-diphenylhydrazone 
acetophenone-N methyl, N phenyl- 
hydrazone 

N-benzyl-4-piperidinone 

N,N-dimethyl-l-phenyl cyclo- 
hexylamine 

Pd 163 

c71 

Pd 131 

Pd WI 

Pd 19,101 

Pd VOI 

Pd 191 

Pd 191 
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TABLE 1 (continued) 

Ligands a M Refer- 
ence 

Q--p 

/ 1 
/ -N 

@ 

\ 

/ \ 

- / \ Q - OH 

CCN’ 

0 
\ / \ 
/ 

,C=N 
Y-3= 'OH 

N-methyltriphenylmethylamine 
or triphenylmethylamine 

SCBIFF’S bases 
R1 - H; R2 = C,H, 
R1 = H. CH,, C,H,; R2 = CH,. C,H, 

P-phenyl pyridine Pd iI31 

2-phenyl quinoline Pd 1131 

R=H,Me 
8-methyl quinoline 
8-ethyl quinoline 

benzo(h)quinoline Pd. Pt [14,9] 

benzophenone oxime Pd :!S] 

acetophenone oxime Pd tl61 

Pd [91 

Pd 
1111 
1121 

Pd,Pt [14] 
Pd 1151 



TABLE 1 (continued) 

Ligands a M Refer- 
ence 

N-( 1-pyridinio)benzamidate Pd [17,181 

=-, P OR -N 
I 

'N 
I-+’ I’CH3 

CH3 

N-(trimethyiamino)benzamidate Pd 

a Substituted phenyls are not kcluded in this table. 

TABLE 2 

Other cyclometallated compounds containing the r.~/~ 1 ‘C 
ring (M = Ni, Pd, Pt) a 

Ligand Complex Reference 

beczylidene alkylamine 

2,3,4,5,6-pentafluoro-azobenzene 

benzylidene aniline 

[7,191 

1201 

[211 
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TABLE z (continued) 

Ligand Complex Reference 

3,3-dimethyl-2-phenylindoleamine 

N-(1-pyridinio)benzamidate (L) I 
I 

I 

1211 

KH,)2C 

2 Hz0 M = Pt. Pd [18] 

diacctyl-bis-(N-methyl,N-phenyl) hydrazone 

Cl 
N,N,N’,N’-tetraethyl cy,o!-diamino,p-xylene ! ‘955’2 
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TABLE 2 (continued) 

Ligand Compiex Reference 

Cl Cl 
.-_A \ . 

; 

/,Cy,N(c2”5)2 (C2”5VJ r71 

“2 “2 

N,N,N’,N’-tetraethyl &,a’-diamino m-xylene 

N,N’-dibenzyl N,N’-dimethyl-1,2 diaminoethane &I= Pd,Pt 

N,N’-dibezzyl N,N’-dimethyl-1,3 diaminopropane 

1231 

1231 

w31 

azobenzene 

v41 

= CH3, OCH, 
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Ligand Complex Reference 

N,N-dial kyl benzylamine 

R = CH, . C2HEi 
M = Ni, Pcf, Pt 

C26J I 

a Monomers derived from Table 1 compounds by bridge breaking are not listed. 
* The X-ray crystallographic structure is reported. 

** ~h~~~~ed fromf;he dimersfPd(~-~)CIZ2inthepresenceofFe(C0)42"-, 
LI 

*** Prepared from 

from oxidation s 
nd), ~~~1st the paIt 

new and rhenium analogues mrry also be pre ared jit: tGs man- 
~ternat~v~~y be synthes~ed from a~~~enzen and ~*(C~)~~ or 

CH3M(C0)5 (M = Mn, Re). 
The actkm of the 1 ondition above, d~~cr~b~~ by 

e fo~~t~u~ of complexe 
which the ligands h n. For example, azohenz 
tii;h or ~~(C~)~~ (M = Fe, Ru) gives ~~~usern ine complexes 
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TAELE. 3 

Cyclometallated complexes cith a nitrogen donor ligand (M f Pt., Pd, Ni) 
- 

Complexes Ref. 

C\ 
Nfl 

MKO), M=Mn.Re 

MVZOXrl-C5H5) M = Fe,Ru 

C- Ru -PPhp 

sobenzene 
Smethylquinoline 
benzo(h)quinoline 

azobenzene 

bersco(h)quinoline 
benzilidene aniline (M=Mn) * 
benzilidene metky!amine 
N,N-dimethylbenzylamine (M=Mn) * 
2,3,4,5,6-pentafluoroazobenzene - 
2H nonafluoroazobenzene _I 

;29”; 
t301 

[26,311 
1301 
[ 19,32,33] 
1191 
[341 

1201 

azobenzene c351 

4,4_dimethoxyazobenzene 1251 

azobenzene 1281 

azobenzene 

benzylidene aniline 
benzylidene methylamine 
benzo(h)quinoline 

azobenzene 

decafluoroazobenzene * 

WI 

;:“9; 
[301 

I371 

1361 
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TABLE 3 (continued) 

Complexes 

Ph\ Iph 
cl N=,J cl 

c, 
CQ_-___>& 

‘I I ‘C 
CL CL 

N;; /co 

c+c, 
LN 

=\ 

NN 

azobenzene 

benzo(h)quinoline 

Ref. 

WI 

t301 

(a) azobenzene 1311 

RhCL, (b) 

Ye 

Smethylquinoline [451 

O-methjrl>enzopbenone oxime 
O-methyl p-tertiobutylacetophenone 1 1421 

oxime 

c/t kl’ ‘co 
L-N 

” -Bu,P 

a’\ ‘Pn-B”:, 
CL 

atr;benzene * 
benzylidene-aniline 
benzo(h)quinoline 

,2.3,4,5,6-pentafluoroazobenzene 

2-vinylpyridine 

[40,4? -461 

119,401 
L301 
1201 

r471 

[RhK-N),(H,Ol,]CL N-(1-pyridinio)benzamidate 2181 

~~c--N),(H~O)CLJ, 3 H.p N-(1-pyridinio)benzxmidate 1131 

azobenzene 
benzo-, aceto-, propio and n-butyro 

phenone oximes 
2-phenylpyridine 
benzo(h)quinoline 
1-phenylpyrazole 

140,411 
1421 

1431 
1431 
1441 

I-phenylpyrazole [441 



338 

TABLE 3 (continued) 

Complexes Ref. 

(4-fluorophenyl)-di-imide * 1431 

azobenzene [42,501 
benzylidene methylamine 
benzylidene aniline ,C’43 

-N\\ 
N 

, 2-methylazo propene ‘c=c’ 

1 

1501 

kl’ \ 
=H3 

(a) See text for synthesis. 
(b) Unknown stereochemistry. 
* The X-ray cry&allographic &cucture is reported. 

Azobenzene is also rearranged to orthosemidine when reacting with cobalt 

[ 511, rhodium [ 521 and molybdenum [ 281 complexes. With RhCls and (Rh- 
(CO),Cl)s, the N=N bond is broken, and the aniline complexes ((PhNH& 
RhCls), and (PhNH2)Rh(C0)sC1 respectively are isolated. The C=N bond of 
benxylidene aniline (PhCH=NPh) is broken in the presence of palladium, plat- 
inum (II) or rhodium (III) salts, yielding free benzaldehyde and aniline-metal 
complexes [9,53]. The mechanism is, as yet, unclear. 

C. CYCLOMETALLATED COMPOUNDS IN WHICH Y = PHOSPHORUS 

(i) Phosphines 

In the case of phosphines, the Cope rules for ligands of donor nitrogen ars 
not applicable, since 4 atom rings are found. There are several compounds o’i 
this type of triphenylphosphine with manganese, ruthenium, rhodium, iridi- 
um and platinum (VII) 
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t 
3 

IrHCI(PPh3)z 

PPh, 

Shaw and co-workers [62] have demonstrated that phosphines hindered by 
t-butyl groups are required for the cyclometallation reaction with platinum, 
for example (VIII), (IX) 

a ‘, 1 %g x - CL,Ex-,I 

b 

&.I’ Php bPhf3u; 

(ILUI) (lx) 

In such compounds the 4 atom ring is very strained, and in case (VIII) where 
X = NOa, the P-Pt-C angle Is 68” [Zr, and CO is easily inserted in the M-C 
bond [I]. In fact, a 5 atom ring is formed preferentially, as with l-dimethyl 
naphthylphosphine (L) (X). 

RuCL(P-C)(CO)Lp 
osc12(P-c) L, 

> 

1641 

OS (P-C),(CO) L 

I631 and (X) 

Rh’&,(P-C)L, 
IrCL2(P-C)L* 

Iv3 (P-C),L 
Ir (P-C), 

(651 

When the phenyl ring is Q’ alkyl substituted, a five atom ring is formed, the 
metal being linked to the alkyl group as follows (XI) 
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o- to1y1 
X=CL,Er.I 

b:sil 

(XI) 

C6’31 
M = Pt.Pd 

or with dipropyl-tert-butylphosphine (XII) [62] 

(XII) 

With the latter compound, Shaw and co-workers have isolated a further 4- 
membered ring (XIII) [62] 

am) 

The tendency for a hindered chosphine to giv-? 3 cyclometallated ring is so 
strong that platinum complexes were isolated with two cyclometallated phos- 
phines (XIV) 

and @=<L) when P-C I 
PEu.j (O-to:yt> 

I361 (XLW 
PBut Co- tolYl)2 
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The analogous compound (XV) was formed by the pyrolysis 

P(O-tolyl)p 
(xp) 

/ \ /=Y 
Of (XVI) (C&)3 Pt 

Wt0;;p 

with the evolution of methane [23]. 

(x?u) 
There are reports [70] of analogous compounds formed with nickel, palla- 

dium or platinum and phosphine previously metallated by potassium.(XVII) 

CH2K 

With 2-alkoxy phenylphosphine it is possible to isolate cyclometallated com- 
pounds containing 6 atom rings (XVIII) [71] 

(ii) Triphenylphosphite 

Table 4 lists the known cyclometallated compounds of triphenylphosphite 
and group VIII metals. 

As in the case of the phosphines, it appears that the C-H bond is activated 
via an oxidative addition on the metal followed by the reductive elimination 
of HX. The appearance of a PtiV intermediate may explain why more plati- 
num than palladium compounds are known, the latter being more difficult to 
oxidise. 

D. CYCLOMETALLATED COMPOUNDS IN WHICH Y = ARSENIC, OXYGEN OR SUL- 

PHUR 

Several attempts have been made at cyclometallation with benzyldimethyl- 
amine [ 91, methylthio-benzyl [ 7,9], phenylthiobenzyl 1871 and Pd” salts, 
but only PdL2C12 compounds resulted. 
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TABLE 4 

Cyclotnetallated compounds of tripheaylphosphite * 
-- 

Complexes Ref. Complexes Ref. 

p\ 
C’ 

Ru L&L 172,731 1741 

W 

1751 Ru(CO),(P-C), 1761 

OsL2(P-c),, Os(P-C)LPPh,(CO)H 1771 

( FkRhL, 

C’ 

F\ 
C’ 

IrhCt L, 

w-3, 

1791 

[80--821 <3-z\, (a) x = H, Cl [82-841 

t’x 
L 

I821 
M = Pt, Pd 
X = Cl, Br, I [85*861 

L = P(OPh), 

- 

P-C = 

* (a) The X-ray crystallographic structure is reported. 

(i) A r-sines 

Only the following arsenic-donor ligand cyclometallated compounds have 

heen reported (XIX) 

[=I 
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These “hindered” arsines cyclometallate in a similar, but slower, manner to 
their phosphine analogues. 

Dehalogenation of (Q-C~H~)MO(CO)~I {C1(CH2)3AsMe2} by sodium amal- 
gam yields (XX) [89] 

MoKO),~VC,H,) 

w.&’ b-’ 2 
(xx) 

‘cl-L+4: 

Nyholm and co-workers [90 ] have isolated a cyclometallated compound 
whose ligand contained an arsenic donor atom. It was formed by addition 
across a double bond, similar to the case of NN-dimethylalkylamine discussed 
above. 

(ii) Ligands with oxygen and sulphur donors 

Few examples of this type of compound are known (XXI) 

0 --.MKOL, 

M = Mn, Re 

C93j 

0’ 

Et 

axi) 

cw 

M = Pd. Pt 
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Recently, Alper [97] reported the first cyclometallated compound to contain 
a metallated carbon atom from a cyclopentadienyl moiety, synthesized from 
thiopivaloylferrocene and sodium t.etracNoropalladite (XXII) 

r CMe 1 

I : Q? 'S 

Fe 
/ 

@ 

PI? 
? 

Cl 

2 

(xm) 

E. MECHANISM OF CYCLOMETALLATION 

The pathway of the cyclometallation reaction depends on the nature of the 
atom Y. 

When the ligand contains nitrogen as a donor atom, and the metal is palla- 
dium or platinum, the reaction is by way of an electrophilic substitution of 
the metal on the carbon. For paramonosubstituted azobenzene, the metal 
binds to the substituted ring in the order of ease: OCH, > CH3 > H > Cl [98]. 
For the methoxy moiety, the most electron donating, only the substituted 
ring is attacked by the metal, whereas in the case of the chloride the unsubsti- 
tuted ring is preferentially attacked. Parshall [l] has proposed the following 
mechanism for cyclopalladation with azobenzene (XXIII) 

PdCL;- + PhN=NPh 

+ Cl - 
PhN=N 

/ - 

PhN=N’ 

.Ht 

+H’ 

I- -l- 

-a- - Q r= c(_ _- 
+a- I 4 N\N 

7’ 
Al 2 

The reaction proceeds with the evolution of hydrogen chloride, and hence is 
often accelerated by the addition of a base to the medium, although there are 
excepticns here, like: (CeHsPz). In this case it appears that acid is necessary 
to replace one of the ligands (by protonation) from Pd(C6H5Pz)2C12 to 
[(CeH5Pz)PdC12] which forms the required dimer 171. 
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Stone and co-workers [99] have shown that, for certain electron-rich metals, 
it is more convenient to postulate -a mechanism in which the first step is a nu- 
cleophilic attack of the metal on the aromatic ring. 

In meta fluoroazobenzene the ortho position of the substituted ring is the 
most deactivated and least susceptible to electrophilic attack. It is this carbon 
atom which binds to the manganese atom when the ligand reacts with methyl 
manganese pentacarbonyl. (With palladium, Stone and co-workers have dem- 
onstrated the preferential attack on the ortho carbon atom of the unsubstitut- 
ed ring, this being the most favourable to electrophilic attack.) 

Most of the examples’discussed so far are formed by the substitution of a 
hydrogen atom by the metal, although several cases are known in which a 
halogen atom on a carbon atom is substituted. Orthochloroazobenzene [ 1001 
and nickelocene form the complex of Kleinmann and Dubeck [ 43 by this 
method, and cycloruthenated complexes are formed by the breaking of a 
C-F bond of decafluoroazobenzene 1381 (Table 3). These examples also illu- 
strate the nucleophilic attack of the metal on the aromatic ring. 

The mechanism of formation of complexes containing a donor phosphorus 
ligand is somewhat different. The key step is an oxidative addition on the 
metal, followed by a reductive elimination. Parshall [l] postulatts the follow- 
ing pathway for the ruthenium cyclometallation of triphenylphosphite (XXIV) 

( ( CBH5013 P),RuHCL 
-L_ 
-+L ( K6H50& P&RuHCL 

e ((C6H50$P12 Ru 

+L 
- K,H,O),P),Rti 

--L 

(C6H,0), P- 0 

A different mechanism is proposed by Duff and Shaw [65] for the hexacoor- 
dinated iridium (III) compounds where oxidative addition cannot occur. The 
iridium is here an electrophile (XXV) 
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HH 

It is thus evident that the moxe the donor atom Y is hindered, the more the 
cyclometallation is favoured. If the substituents on this atom are small, there 
is a large rotational entropy, and rotation about the M-Y bond is possible. 
When the ligands are bulky, no rotation can occur and the rotational entropy 
islow [Z]. 

F. CHEMICAL RE~.CTIONS OF CYCLOMETALLATED COMPOUNDS 

These compounds have some interesting properties because of different types 
of bonds, which may further react. 

(i) Reactivities of the metal-halogen and metal-Y bonds 

Jn the case of the metal-halogen bond, several examples of breaking of the 
halogen bridges in dimers by neutral ligands (CO, pyridine, phosphine, diphos- 
phine, ethylene diarnine) or anionic ligands (thiocyanate, acetyl acetonate. 

haiides) are known. 
For example (XXV:) [3,7,9,101-1041 

=\ 
( 

#XL lWdN\ 
C L 

N 
YPdYX, \ 

c) 

+2L --2 ( ;Pd( 

N X 

C X N 

‘Pd/ --NY + 4L 

Nf \Xp \C 

C X 
‘Pd# i PdJ + 2R,NX -2 

-2 

=\ A- I 1 + 
( JPd\L 

t 2x- 

- R=n-h.Et + 2RIN+ 

X=CL. f3r.1 

It is also possibJe to cleave the coordination bond N-tPd (XXVII) 
103,105,106] 

[ 12,101, 



347 

L X 
L = phosphine 

A similar reaction is reported 1363 for the dimer (Ru(C-N)(CO)&l), where 
the reaction with.NaC5H5 and. TlC,H, gives $2,H,Ru(C-N)(CO) and 
q-C,H,Ru(C-N)(CO)s respectively. The cyclopentadiene anion breaks the 
chlorine bridges, substitutes a chlorine atom and a CO in the first case, and 
displaces the N+Ru bond in the latter, so that the azobenzene is only bonded 
to the metal by a Ru-C bond. 

The complex (Rh(C-N)sCl), where C-N = azobenzene undergoes an un- 
usual reaction [40,107] with a dimer of rhodium (I), yielding the asymmetric 
dimer (XXVIII) 

PC C-h 
N\ dh/C’ \dhJN 

C’t ‘CL-r I vc 
LN Nd 

/\ 

(RhCL(CO), I2 (RhCl(PF3 j2 j2 ecxx3.x) 

TC 

N\‘./k 

f-C 

lRfhlc, ,’ 
Rh-- 

CO N\kh/C’\R,/PF3 

C -CO 
‘UN 

C’f ‘Cl/ =..PF3 
LN 

(ii) Reactivity of the metal-carbon bond 

The lability of the metal-carbon bond may be of interest in organic syn- 
thesis. For example, one of the first known reactions of cyclometallated com- 
pounds was the formation of indazolone from an azobenzene cyclopallatated 
compound (XXIX) [9S] 

CO 150 atm 

Eta-l 100 “C PdO 

The indazolone obtained was probably formed by the insertion of CO in the 
C-Pd bond, followed by breaking of the N+Pd bond. Before this reaction 
using cyclometallated compounds, indazolone had been synthesized from 
azobenzene in the presence of COAX [108], probably hy way of a cyclo- 
cobaltated ktermediate [ 311. 

Alper and Chan [93], and Alper et al. [ 1091 have reported a similar reac- 
tion involving donor sulphur ligands and have isolated an intermediate com- 
pound in which the carbonyl is inserted in the C-M bond (XXX) 
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a 

Stone and co-workers [llO] obtained a substituted N-anilinoquinolone and 
a 7r-acryloyl complex of .cobalt from the reaction of hexafluorobut-2-yne on 
phenylazophenyl2C,N cobalt tricarbonyl (XxX1). 

Q I ’ / 
N*Nj0(co)3 

F~~;~2 + &y (_) + F3C-C~C-_c~ - 3 

l&l 
5= ‘b NHPh 

Here, there has been an insertion of the alkyne and the carbonyl into the co- 
balt-phenyl bond. 

Qrtho-chloroazobenzene reacts with q-C,H,Ni(PhN= N&H,) to yield 4-4H- 
phenylcyclopental [c] cinnoline (XxX11) [ 1001 

by virtue of the condensation of the cornplexed azobenzene with the cyclo- 
pentadienyl group. A metal-carbon bond, where t$e carbon belongs to an 
aromatic ring, may also be used in the synthesis of disubstituted ortho phenyls. 
Fahey [ill] has described the chlorination of azobenzene in the pres- 
ence of PdClz, and reports the product as being a mixture of 2-chloro-(12%), 
2,6-dichloro-(22%), 2,2’-dichloro-(30%), 2,6,2’-trichloro-(33%) and 2,6,2’,6’- 
tetrachloro-( 3%j-azobenzene. 

It is also possible to cleave the metal-carbon bond reductively with LiAlD4 
to yield an ortho-deuterated aromatic ring (XxX111) [5] 

LI Al Dd + Pd” (xxxn) 
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Similarly, an aromatic riig may be substituted at the ortho position by a vi- 
nylic group (XXXIV) [112] 

+ 2 PhCU =CH, - 2 (?cxxIsr) 

Furthermore, in the case of olefin hydrogenation, ths; existence of similar 
cyclometallated complexes has been proposed to explain the catalytic reac- 
tion mechanism [1,113]. The following catalytic cycle using a ruthenium 
complex may be postulated (XXXV) 

(1) -PPh3 PPh, 

11 

(PPh,13RuHCI 
C2b_ 

(b) 

-zi-- 
(PPh3),RUHCl- C2H4 E ~PPh3~xR”<Cp5 

CL 

(x=2 or 3) 
H2 cc’) 

I 

(PPh3),RuHCl + C&+6 

Step (XXXV) (b), in the presence of hydrogen, would liberate ethane and re- 
generate (PPhs),RuHCl (XXXV) (c’). Ethane may equally be liberated in the 
absence of hydrogen assuming the cyclometallation of a phenyi group of a 
phosphine (oxidative addition) followed by the release of ethane (reductive 
elimination). Hence the hydrogen would serve only to regenerate the depart- 
ing (PPh,),RuHCl. An analogous scheme has been proposed for the hydride 
complexes of cobalt with triphenylphosphite [114]. Recently, the following 
reaction under stoichiometric conditions has been determined (XXXVI) [ 551: 

HXuCl(PPhjL,+ RCH=CHR - + RCH2CHZR + PPhj Cxzxm) 

It was reported that the departing compound HRuCl(PPhs)s may be regen- 
erated by the action of hydrogen followed by triphenylphosphine on the cy- 
cloruthenium compound. 
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