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The reaction of the aromatic azo or imine compounds PhX=NR (X=N 
or CH; R = alky! or aryl) and 2-( methylazo)propene, HzC=C(CH3)-N=NCHx, 
with &uns-IrCl(NI)(PPh,)z yields the (ortho) metallated compleses IrHCl- 
(C6H4X=NR)(PPha), and IrHCI[CH=C(CH,)-N=NCH,] (PPh3): respectively. 

The v(N=N) vibration in IrHCl(C,H4N=NPh)(PPh,), appears to be dras- 
tically lowered with respect to the free ligand vibration. Furthermore, Reson- 
ance Raman esperiments show that this vibration is strongly coupled to both 
of the electronic transitions of this compound at longer wavelengths, which 
therefore must be closely connected with the azo group. 

‘H and ‘% NMR spectroscopic data and crystallographic studies of IrHCI- 
(C,H4N=NPh)(PPh3)? give strong evidence about the nature of the mechanism 
of these (ortho) metallation reactions. 

Introduction 

Our investigation of u (fV)-coordinated aromatic azo or imine Pt”-corn- 
plexes revealed spectroscopic (NMR)[ 11 and structural [2] evidence for close 
range non-bonded interactions between the metal atom and the ortizo CH 
groups of the non-coordinated end of the ligand. This observation points to 
the possibility of subsequent intramolecular formation of a metal-carbon 
bond, i.e. ortho metallation [ 3-71, which might proceed via an osidative ad- 
dition of one of these ortho CH groups to the metal atom with subsequent 
reductive elimination, as was recently suggested by Stone et al. [8] for the 
ortho metallation reaction of azobenzene with Rh’. 

We now report the ortho metallation reactions of aromatic azo and imine 

+ For part I see ref. 1. 
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compounds with an Ir’ complex, which occur without reductive elimination 
and provide additional support to the proposed mechanism for low-valent me- 
tal complexes [S, 91. 

2-( ib~ethylazo)prGpene is shown to undergo a similar metallatiGn reaction 
which is new for this compound. Up to now, such reactions with olefinic li- 
gancis containing a hetero donor-atom have only been known for N,Ndimethyl- 
allylamines [ 10) and 2-vinylpyri&ne [ 111. 

In addition to the chemical aspects the spectroscopic properties of the new 
compounds are discussed and compared with those of known complexes of the 
type tmns-PdC1(C,H,N=NPh)(PEt,)l [ 121. 

Experimental 

The aromatic azo and imine !igands were prepared and purified according 
to iiterature methods. [i3,14]. 

2-{Methylazojpropene was obtained pure following the method of Matveeva 
et al. 1151. Pure samples of complexes of the type trans-(PdCl(C,H,N=NPh)- 
(PEt,)? were obtained according to the method of Crociani et al. [ 161. 

The compleses IrHCl(C,HJX=NR)(PPh,)2 (X = N or CH; R = alkyl or 
aryl) and IrHCl[CH=C(CH,)-N=NCH,] (PPhx): can be prepared by a slow (A) 
or a rapid (B) method as illllstrated below for IrHCl(C6HJCH=NPh)(PPhJ)l. 

nfethod .4 
Benzylidene aniline PhCH=NPh (60 mg, 0.33 mmol), was added to a sus- 

pension of the complex tians-IrCl(N~)(PPh3)2 [ 171 (246 mg, 0.32 mmol) in 15 ml 
of benzene with esclusion of oxygen. The reaction mixture, which was stirred 
continuofusiy at room temperature. gradually became clearer and orange-red 
in colour. 

After about three days the reaction was complete and the resulting sol- 
ution was orange-yellow in colour. After evaporation of part of the solvent, 
hexanr was added to the residual solution (5 ml) until complete precipitation 
had occurred. The yellow, airstable solid was washed with hexane and recry- 
stalked Tom a dichloromethane/hexane mixture (yield 55%). 

Method B 
Ti3e reaction mixture was refluxed for about two hours. After the solu- 

tion was cooled to room temperature the product was isolated in the same 
manner as described in method A (yield 70%). 

Analytical data for the new complexes are given in Table 1. The aroma- 
tic azo and imine complexes are wine-red and yellow respectively, while the 
complex IrHCl[CH=C(CH3j-N=NCH,] (PPh3): k greenish-yellow in colour. 

Attempted reactions with aliphatic azo compounds and azomesitylene, 
which has all its ortho protons substituted by a methyl group, afforded no 
metailated products. The results were also negative in reactions of the azo or 
imine ligands with RhC!l(PPh3), [ 181 and RhCl(N,)(PPh,),, which was pre- 
pared in situ as described by Maitlis et al [ 191. 

Spectra were recorded on a Varian HA-100 proton NMR apparatus, 
a Varian XL-100 with Fourier transform (‘H and ‘W), a Gary-14 (UV), and a 
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TABLE 1 

ANALYTICAL DATAa FOR lrHCI(L’)(PPh& 

L’b Analysis found (calcd.) (56) 

C H CI 

C,jH&HNCH-, 60.42 1.40 a.28 
(60.64) (4.48) (4.08) 

5-CH &H 3CH NCH 3 60.69 4.68 4.35 
(61.02) (4.63) (4.01) 

CbH$HNPb 62.60 4.32 3.68 
(63.02) (4.39) (3.81) 

~-CH~C~H)CHN--~~LOIYI 63.35 -1.61 3.85 
(63.68) (4.68) (3.70) 

C6HqNNPh 62.02 1.13 3.98 
(61.69) (4.28) (3.80) 

5CHjCdH,NN--p-tolrl 61.93 4.38 3.94 
(62.38) (4.58) (3.69) 

~.6.(CH3),CsH~NN-m-xyleoe 62.81 4.88 3.82 
(63.04) (4.85) (3.59) 

CH=CKHjkNNCH, 57.21 4.49 4.42 
(57.44) (4.55) (4.25) 

o The excess recryslalhzaton sol%eat (C.tl,Cl2) cootamed ID cbe crystals wa; removed uz boding bexane. 
b See Fig. 2 for numbermg of the carbon atoms oi Lhe meWk+Wd aromatic nng 

Beckman IR-18A (infrared). The Raman spectra were recorded with a Coderg 
PHl spectrometer. The Resonance Raman spectra [20, 211 were recorded on 
a 4 X 10m3 II! solution of IrHCI(C,FiJN=NPh)(PPh,), in CH,C& with a Car-y-81 
spectrophotometer. In this esperiment a CRL Ar’/Kr+ laser was used with es- 
citing lines ranging from 647 to 458 nm. The solvent CH,C12 was used as an in- 
ternal standard because it does not absorb in the visible or near UV regions and 
has a Raman band withm 75 cm-’ of the 1348 cm-’ band of the complex (at 
1422 cm-‘). Corrections for absorption and wavelength dependence of the de- 
tecting system have not been applied because the 1348 and 1422 cm-’ bands 
are so close together that the corrections can be neglected with respect to the 
esperimental errors (about 10%). 

Results 

Electronic absorption, infrared and Resonance Raman spectra 
Electronic absorption spectra. The energies and intensities of the absorp- 

tion bands of the azo compounds and their Ir”’ complexes are presented in 
Table 2, together with the results for tmns-PdC1(CdHJN=NPh)(PEtll)2. The 
spectra of the corresponding imine complexes are not discussed here because 
in the UV, they consist of a series of overlapping bands which are not easy to 
assign. 

tins-Azobenzene [ 223, trarzs-p,p’-azotoluene [ 221 and 2-( methylazo)- 
propene posses a strong absorption band which is assigned to the n + 7~* trans- 
sition (intramolecular charge transfer from the aromatic or olefinic group to 
the N=N group). At longer wavelengths they all show a much weaker band 
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ELECTRONIC ABSORPTION SPECTR.4 OF 50x1 E AZ0 LIGANDS L AND THE CORRESPONDING 

COXlPLESES !rHCI(L’)(PPhl)P . _ AND Ircns-PdCI(L’)PEt;): m CH,Cl2 (r’m,IN IO3 cm-’ . e-VALtiES 
IN P.\RENTHESES) 

tmns-PhNNPh (Lb 

C,HJliSPh (L’) 
‘. CbHdkSPh (L, 

Imns.p-tolvl-NN-p-tol~l (L) 
5-CH &H 3KN-p-tol> I (L ) 

CH,=C(CHJ+NNCH, (L) 
CH=CICH ,)-%NCH, (L’) 

Pd 
ir 

Ir 

ir 

39 j -_. (600): 31.-!(22000) 
21 5 (1900): 31.2(19000) 

18.9(5010). 111.6 14080); 29.4(12500) 

22.9 (400); 30.0(23000) 
19.4(18iO); 32.0 (3460); 28.-l(13000) 

25 3 (10). 42.6 (7850) 
2z.2 (4 IO); 24.7 (850)? 

u L’ = (orlllo) metalkted L. ’ Comctdrs with other bands. 

(E <lOOO) which is assigned to an tz - z* transition (the n level originates 
from the nrtrogen lone-pair orbitals). 

From the crystal structure of the square-planar comples trans-PdCI(C,H, 
N=NPh)(PEt,), [ 121 it 1s known that azsbenzene is coordinated to the me- 
tal atom by means of only an ortho carbon atom and retains its tratzs geometry. 
The bond lengths and angles do not differ significantly from those of trens- 
azobenzene itself;only the N=N bond distance isslightly elongated with respect to 
the (mean) distance in the corresponding free ligand. These structural similarities 
are reflected in the absorption spectrum of this comples, which closely resem- 
bles the spectrum of tmns-azobenzene. The rr - rr* transition is found at the 
same position with intensity nearly equal to that of the free ligand. The tz 4 7~* 
transition shows a small blue shalt presumably due to a drift of some negative 
charge from Pd to the azo ligand. 

In IrHCl(C,HAN=NPh)(PPh3)z azobenzene is coordinated to the metal 
atom by means of a metal-carbon and a metal-nitrogen o bond (see Fig. Li), 
resulting in more drastic structural changes within the azo ligand. The spectrum 
of this comples shows little resemblance to the spectrum of the free ligand. It 
shows a strong absorption band at about 89000 cm-’ which by analogy with 
the bvld of the Pd” comples is assigned to the ‘TT --c ?T* transition of the com- 
plesed ligand. In contrast to the results for the Pdi’ comples this band is now 
shifted to longer wavelengths with respect to the free ligand. 

At, longer wavelengths two bands are found, strongly shifted to the red 
with respect to the n, --, rr* transition of trcns-azobenzene. The same observa- 
tions are made for the corresponding azotoluene complex. In the spectrum of 
IrHCl[ CH=C(CH ,)-N=NCH,] (PPh ,): these bands are also present and are shif- 
ted in the same way with respect to the R -+ 7~~ transition of the free ligand. Ap- 
parently these bands are closely connected with the lone-pair or anti-bonding 
orbitals localized on the azo group. This conclusion is also drawn from the Re- 
sonance Raman spectra (see nest section) which show that both of the long 
wavelength transitions are strongly coupled to the u(N=N) of the azo group. 
Therefore, these bands may be assigned either to n h 5if transitions which have 
changed in character from the corresponding free ligand transition, or to charge 
transfer transitions tithin the metalIocyc!ic ring (Fig. 4). 



Infrared and Resonance Raman spectra. The disappearance of the N, li- 
gand is demonstrated by the absence of v(N-N) in the infrared and Raman 
spectra of the new Ir”’ compleses. Instead, another IR band which is assigned 
to the v(Lr-H) vibration (Table 3) occurs in the region 2000 to 2200 cm-‘. 
This band is also found when the reaction is carried out in a deuterated solvent 
(CDC!, or C,D,), showing that the hydrido ligand does not originate from a 
solvent molecule. 

From the IR spectra it 1s clear that the v(C=N) vibrations of the complexes 
IrHCl(C,H,CH=NRj(PPh,), should be shifted to lower frequency with respect 
to the free ligand vibrations, because no band is found at the free ligand pos- 
ition [l] or at higher frequency. On the basis of the same arguments and by 
comparison with the spectra of the other complexes it is concluded that the 
stretching vibrations of the (C=C-N=N) fragment of the free azopropene !i- 
gand [IS] at 1640 and 1510 cm-’ are shifted to lower frequency upon com- 
plesation. 

The strong, polarized band at 1412 cm-’ of trans-azobenzene which was 
used for t,he ortho-metallarion reaction, ha a!ready been assigned to the v(N=N) 
vibration [23]. Koide et a!_ [24] found that the Raman intensity of this vibra- 
tion is strongly enf.anced when the exciting laser line approaches the 5~ + 5~* ab- 
sorption band of the compound at 320 nm, while no rigorous Resonance Raman 
effect [24] was observed with escitation within the tz, - xw absorption band. 
From this Resonance Raman effect they concluded that v( N=N j is strongly 
coupled to the 7~ --F 7~* transition and not to the tz, - r* transition. 

For the compound IrHCI(C,H,N=NPh)(PPh3)z the same Resonance Ra- 
man technique was used. The Raman spectra are incomplete, showing only 
four bands at 1192,1348, 1538 and 1535 cm-’ respectively. The band at 1442 
cm-’ of free irans-azobenzene is not observed in the complex; instead a strong 
polarized band is found at 1348 cm-’ which shows a strong Resonance Raman 
effect, Like the 1442 cm-’ band of the free ligand. We therefore assign this band 
mainly to the v(N=N) vibration of azobenzene in the comples, which has been 
lowered by nearly 100 cm-’ with respect to the corresponding free ligand VI- 
bration. In comparison, the v(N=N) vibration of the azo !igand is much less affec- 

TABLE 3 

L~(N=N) A~‘D ti(1r.H) (~7 cm-l) FOR I~HcI(L’)(PP~~) .’ .AND Iran?-PdCI (L’)fPEt_r)2. DERIVED FROM 
IR (KBr DISC) AND RAMAN (CH:CI-, SOLUTION) D.\T.\ 

L’” bl rs(N=Njb u(lr-H)= 

C,HaCHNCH 3 
B-CH 3C6H 3CHNCH 3 
C,jH.$HNPb 
5-CH )C~H3CHN~~-tolrii 
C6HqNNPh 
5CH 3C6H3N N-p-Lolyl 
C6HaNNPh 
5-CH3C,$fjNN-p-:ol\I 
CH=C(CH3)-NNCH3 

Ir 
Ir 

It 
Ir 
It 

Ir 
Pd 

Pd 
Ir 

d 

d 

d 
d 

1348(1442)’ 
1362(1458)f 
1411(1 !-Ia)e 
1426(1458)e 
d 

2060 
2100 
2120 
21-10 
2180 
2140 

2080 

o See Fig. 2 for oumbenng of the carbon atoms of the meullated ring. ’ Ramao results. c I n C rare-d 
results. d Not assgned. see LeTt. e Values in parentheses are for the correspondmg free bgand vibmhon 
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TABLE 4 

RELATIVE Ih’TENSiTIES OF u(N=N) IN IrHCl(CgH4NNPb)(PPh3)2 (4 X 10-3M SOLUTION IN 
CHZCI~) WITH RESPECT TO THE 1422 cm- ’ BAND OF CHzCIz FOR DIFFERENT LASER LII’iEp 

I(1348 cm-‘)/I(1422 cm- ‘) Excitmg wavelength (A) 

0.14 6471 
0.63 5682 
0.95 5309 
1.1-d 5208 
0.88 5145 
0.64 5017 
O.iZ 4965 
1.29 4880 
1.32 4765 
1.30 1727 
1.19 4579 

ted in kzns-PdCI(C,H,N=NPh)(PEt,)2, where it does not act as a cheiate [12], 
and the vibration is only lowered to 1411 cm-‘. The same results are found for 
the corresponding ir”‘- and Pd”-azotoluene complexes (Table 3). 

Details of the Resonance Raman experiments were given in the Experi- 
mental, so that only the results are discussed here. The relative intensities of 
the 1348 cm-’ band of IrHCI(C,H,N=NPh)(PPh,), with respect to the 1422 
cm-’ band of CHzClz are collected in Table 4 and are plotted as a function 
of the exciting frequencies in Fig. 1 (excitation profile) [25] together with 
the absorption spectrum of the compound. 

I 
O- 

E 

I 
I f 

- A (in A) 
Fig 1. Absorption spectrum (- > and Reman excitation profile (- - - ) of IrHCl(C&4NNPh)(PPh$2. 
Numbax on the left ordinate belong ta the absorption spectmm. aad on the right to the rxci~ation 
protie. 
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It may be seen from Fig. 1 that the excitation profile follows the absorp- 
tion curve of the comples and that the intensity of v(N=N) is strongly en- 
hanced when the excitation line falls within an absorption band of the com- 
pound (an etiancement factor of 9 is found for the 488 nm line compared 
with the 647 nm laser line). 

Apparently, the ZJ(N=N) vibration at 1348 cm-’ is strongly coupled to 
both of the electronic transitions at longer wavelengths which, as a conse- 
quence must be localized on the azo !igand (n + n*) or are charge transfer 
transitions connected with the azo group. However, an assignment to pure 
n -, 7if transitions is not justified because the n, + K* transition of trans- 
azobenzene itself, does not show such coupling with v(N=N). 

‘H and ’ ‘C IVhlR spectra 
The ‘H and I ‘C NMR data of the compleses IrHCI(C,H,X=NR)(PPh,), 

and IrHCI[CH=C(CH,)-N=NCH,] (PPh3)> are llsted m Tables 5 to 8. 
Methyl substitution in the aromatic rings, variation of R, NMDR- and 

off-resonance experiments have assIsted in the assignment of the ‘H and ’ 3C 
NMR signals of the coordinated azo and imine ligands. The NMR spectra of 
the compleses IrHC1(5-CH3C,H3CH=NCH3)(PPh3)2 (I) and IrHCI[CH=C 
(CH,)-N=NCH,](PPh,), (II) are shown in Figs. 2 and 3 as typical examples. 

From the NMR data the following features of interest are obtained _ The 
proton spectra (see also Table 5) show high field triplets (relative intensities 
1/2/l) due to metal-hydride coupling with two equivalent phosphorus at- 
oms, which both should have a cis orientation relative to the hydrido ligand 
(J(“‘P-‘H) 17 Hz) [26]. The chemical shift of the hydrido signal indicates 
strongly that this ligand is tram to a ligand of low tram influence [26]. 

The phosphme groups are muhxlly tram 2s is clear from the observa- 
tion of four phosphine carbon signals, which (escept for the paru carbon 
signal) appear as triplets in the 13C NMR spectra [27]. 

In the 13C NMR spectra of both comples I and complex II the metailated 
carbon Cl, (see Figs. 2 and 3 for the numbering of the ligand carbon atoms) 
appears as a triplet signal, which shows a very large downfield shift compared 
with the corresponding free ligand signal (Table 8). This triplet changes to a 

TAELE 6 

‘H :.lETHYL RESONANCES OFTHE hlETALLATED RING OFTHE COXlPLEXES IrHCI(L’) 
(PPh3b2 AND Ironj-PdCI(L’)(PEt3)~ @pm FRO&l TMS) 

L’ hl CH,a A6b 

5-CH,C,H3CH NCH 3 Ir 1.49(5) -0.85 
54X-l 3CoH 3CHN-p-tolyl ir l-56(5) -0.81 
5CH3CbH3NN-p-tolvl Ir l-58(5) -0.79 
5CH3CtjH3NN-p-tolyl Pd 1.70(5) -0.67 
4.6-(CH3)~C&H,NN-m-XYkoe Ir 1.42(6). 2.16(a) -0.93. -0.19 
~.6-(CH3)?C6H?NN-m-~rSlene Pd 3.18(6). 2.28(4) +0.83. -0.07 

o Numbers -a parentl~eses represent tbe carbon atom to which Lbe methyl group IS attached (see Fg. 2 
for numbering of the carbon atoms of tbe metallai-3 ring). ‘A6 is tbe chermcal shift difference between 
the metbyl proton resonance of the metallated Mg and the corresponding free ligvld resonance. 
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(Al 

i 

3 6 

L I I 
800 700 600 

I NCti3 I CH3 

NCH-J 
1r.H 

i i i ii 
kCH, C”3 
I I 

Fig. 2. (IS) ‘El and cb) 13C NMR speck sf IrHCl(sCA3C6H3CHNCH3)(PPh3)2 in CDCI3 at room temp- 
erature_ The 6-vplues relative to TMS are given on each baseline. The vertical he?, above each spechum 
indicate the position of the comsponding free haand s&n8ls 
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NC”, 

C”3 
(A) 

CI 

I #P 
H--It'-N 

/““J 

/\ *H 
P CZC’ 

HI \ 
C”3 

Ill 

NCH3 
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Cl 

1 p CH3 
l-l-IiL-l-4' 

p’Ll(2p 
C=C 

Hf L 3 

I I I ,I I 

162 155 ’ ‘51 18 

Fig 3. (a) ‘H and (b) 13C NMR spectra of IxHCIICFI=C(CH~)-NNCH~](PP~~)~ in CDC)~ at room 
temperature. The &values relauve to TMS are given on eech basehe. 

singlet on going from L = PEts to L = AsEt in the complexes trans-PdCl- 
(C6HsN=NPh) L2, the spectra of which are also included in Table 7. This 
observation shows that ‘he triplet signal is due to the coupling of the metal- 
lated carbon with the two equivalent phosphorus atoms jJ(3’P-’ ‘C> 7.5 Hz]. 
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From the proton spectra of compleres I and II it is concluded that all 
the proton signals of the coordinated ligand (escept for the C-CH, protons 
of cornpies II) are shifted upfield with respect to the corresponding free ligand 
signals. ‘The largest upfield shift (more than 4 ppm) is experienced in comples 
II by the proton attached to the metallated carbon, which shows the largest 
downfield shift (about 10 ppm) in the 13C spectrum. The upfield proton shift 
decreases for hydrogens, which are further removed from the metal-carbon 
bond, as is clear from the methyi group resonances (Table 6) of the metallated 
ring of the azo complexes of Lr”‘. The methyl group at Cb resonates at the 
highest field, while those at Cj and CA are found to lower field than C,. In 
contrast, the methyl (C!,) group in the azo comples of Pd” shows a low field 
shift of similar magnitude to the upfield shift of the same protons in the cor- 
responding ir”’ comples. 

An important contribution to the remarkable shifts of the (CH), and 
methy (C,) protons and to the upfield shift of the coordinated N-CH, group 
is most probably the paramagnetic anisotropy centred at the metal-(carbon 
bond) region (see Discussion). 

The large upfield shift of the C, atoms in the “C NMR spectra of the 
aromatic azo and imine complexes might be an indication of increased elec- 
tron density in the metallated ring by analogy with the observed shifts of the 
pm-u carbon signals of substituted benzenes [ 281. 

Discussiofl 

From NMR spectroscopic data and the results of a single crystal X-ray 
investigation of I.rHCl(C,H,N=NPh)(PPh,), [29] it is concluded that the new 
Ir”’ complexes have a neariy octahedrai structure as shown in Fig. 4. 

A remarkable observation is the estra lowering of the u(N=N) vibration 
in the Lr’n complexes with respect to the corresponding Pd” compleses, in 
which the azo tigand is only bonded to the metal via an ortho carbon atom 
112). This might be brought about by a decrease of the N=N bond order as 
seen from the elongation of the N=N bond upon chelation [29] and by the 
coupling of this vibration with other vibrations of the metallocyclic ring. The 
v(N=N) vibration is strongly coupled to the two electronic transitions at longer 
wavelengths in IrHCI(C,H,N=NPh)(PPh,)? as shown by the Resonance Raman 
esperiment, which therefore appears to be a very useful tool for the assignment 
of the electronic absorption bands in this and related complexes. 

in I % NMR the metallated aromatic or olefinic carbon atom resonates 

Ci Cl 
I’P =H3 

“-_(r~-N’ 
I #P 

H-I;-14 
73 

P/\ ‘kH 1\ “N 
P &EC’ 

/ \ 
H CH3 

P,PPh3 

Fig 4. The struchue of the complexes LrHCl(L’)(PPh& (L’ = orlho-met.aUaled Lb 
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at very low field with respect to the corresponding free ligand signals. This 
phenomenon, which occurs both in the octahedral Ir”’ complexes and the 
square planar Pd” compleses, has also been observed for other metallated 
aromatic (Tit 30]- and Li[ 311 -aryl compounds) or olefimc carbons (Rh) [ 111. 
It may be explamed in terms of the paramagnetic shielding [32] contribution 
op, of which the main factors are charge polarization effects, variation of 7~- 
bond orders and the average escitation energy AZ? (up varies inversely with 
A_E). For both the Li-aryi and Ti-aryl compounds it has previously been argued 
that the shielding of C, is dominated by a decrease in the AE factor. This 
might indeed be the main factor contributing to the observed Cj shift of the 
Ir “I- and Pd”-compieses, although charge polarization effects cannot be ex- 
cluded, as might be concluded from the strikingly large upfield proton and 
downfield carbon shifts of the (CH), moiety of the complex LrHCI[CH=C- 
(CH,)-N=NCH,] (PPh,),. In this respect it is noteworthy that the NMR data 
which are available at present show a remarkable difference between the re- 
sonances of the metallated aromatic or olefinic carbons and those of tnethyl- 
metal carbons, which are usually found at very high field (to the right of TMS) 
[30,33]. 

The structural data can also espiain the anomalous methyl (C,) proton 
shifts in the Ir”‘-complexes and Pd”-complexes. Because the positionsortho 
to the metallated carbon C, of the square-planar complex trans-PdCl[ 4,6- 
(CH,),C,H,N=N-m-syiene] (PEt,)? are occupied by rather bulky groups 
[ methyi(& ) and NN-m-xylene] the metallated phenyl ring would be espec- 
ted to be rotated out of the bonding plane of the complex [ 121, so that the 
methyl (C,) protons are situated above (or below) this plane and rather close 
to the metal atom. In the octahedral Lr”’ complex the methyl (C,) group 
would be situated in the planar metaliocyclic ring and would also be quite 
close to the metal atom. These structural arguments indicate that the major 
cause of the observed downfield and upfieid shifts of the methyl (C,) protons 
in the Pd” and Ir”’ compleses respectively is probably the pararnagnetic an- 
isotropy of the metal (-carbon bond) centre [ 34]_ This phenomenon, which 
is only observed in a few other cases [ 1, 35, 361, causes changes in the chem- 
ical shifts which are apparently stereospecific. A similar situation occurs in 
the diethyldi-1-pyrazolylborato compieses of Ni (square-planar) [ 371 and MO 
(octahedral) [38], in which the methylene protons of the ethyl group esperi- 
ence a downfield shift in the Ni compies and an upfield shift of similar mag- 
nitude in the MO comples. The protons are located above and below the bond- 
ing plane of the Ni compies [ 371, while in the MO comples one methylene 
proton approaches very close to the metal atom through a coordination site 
of the octahedron, shown recently by direct structural evidence [ 391. 

The structural properties of the complexes IrHCl(C6HJX=NR)(PPh,)2 
and IrHCi(CH=C(CHz)-N=NCH,)(PPh3)2 provide strong evidence for the 
type of mechanism for the (ortho) metailation reactions mentioned in the 
Introduction. 

The first step should be o (N)-coordination of the azo or imine ligand, 
which would bring an ortho or olefinic CH group close to the metal atom, as 
has been observed for analogous aromatic azo or imine complexes of I%” [l, 21. 
This property and the extra charge density on the metal atom brought about 
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H$=ClCH31-N=NCH3 
pm3 

H-C 

/ 

X =C.H a N 

FIN 5. Reach03 scheme for metallation of tie eromabc and oletkic azo or LIPLne tikaads. 

by the N-donor ligand should promote the second step in the reaction sequence, 
name!y, the oxidative addition of the ortho or olefinic CH group to the metal 
atom (Fig. 5). 

No observable C-H bond cleavage occurs with the ahphatic azo com- 
pounds and aaomesitylene. Apparently the activation energy for cleavage of 
the ahpbatic C-H bond is too high for metal insertion to take place under the 
conditions used. The absence of reactivity of the CH groups of the axe or imine 
iigands towards analogous Rhi complexes (see Experimental) is similar to the 
behaviour of the complexes MCl(PPh3), (M = RhJr), where ortho-metallation 
has only been observed for M = Ir ]liO]. This parallels the increased difficulty 
of oxidative addition reactions on going from Ir’ to Rh’ [41, 421 and the 
greater basicity of Iri with respect to Rh’ [43]. 

Although from the point of view of the proposed reaction mechanism 
the analogous behaviour of olefinic and aromatic compounds is not surprising, 
it is very important to note that this met.aIiation is unique for a system such 
as 2-(methylazo)propene. Very little is known of the coordination chemistry 
of ene-azo compounds [ 441, and the corresponding enimines [ 19,451. 

Further studies on the properties of these compounds with respect to the 
corresponding aromatic compounds are in progress. 
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