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Chapter l 

!n thiS chapter, a brier ~urvey on the area ,Jt Cl aryl l-H bond activation fol\(lwing 

cyclometallation route has been made with an emphasis on recent advances. The 

-;cope and purpose of the present mvestigation is cast against this background. 

hapter I i 

r·hapter If deal-; \Vtth the ((naphthvll-H bond act!\ alton ot '-alkvbui!-mvlphcmla;u-

l-methnxv ! nanhthalenes!HLll:n, pal!adium(ll\ 1\t mom temperature. regwselectt\c 

h· ll!1111li \'(: 

111 presence,, Ft,\. On the :l!her hand. the regJp-.;pcutl~_ ildl\atiun ut t 'X(naptt1\i 1-H 

hond ~" achlc\ L:d pailad1U111( ll l lll \lfi.:Sl'llCC ,J! dCcti>.: actd fhc charactet'l/UtlPl! P 1 

.rvstal X-ra\ 

nccupicd h\ :1 ,·hlnnde tnn Roth the onhn-palladates and flt'n-paliada!Cc, cuntatn ll"~~· 

<1h'mhcrvd ,:arhopall:!dacvclc" !('. '\! when.:;t~ thL· i\. \!chelate nng:-- :~n.: il\l: 

membered in the ortho-isomer and ..;tx:-mcmbered tn rwri .. tsomLT l'hc crvstal packtn~ 

'lltl'nlc11Pns l'hc t11nc-depcndent denstt\ luncrt~mal thc(ln i ID-DF! i calculatt(ln ha, 

been undertaken t()r better understanchng uf the clectromc structure and nature ut the 

-;pectral transition-;. The TD-DFT calculations rc\ cal that the high energy and low 

energy absorptions are predominantly due to intraligand rr-n:* and metal-to-ligand 

charge-transfer transitions. The simulated electronic spectra of the cvclopalladates are 

also presented 
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Chapter III 

Stoichiometric and catalytic oxygen insertion into the C(aryl)-metal bond 

(metaloxy/ation) of cyclopalladates is the core issue of Chapter III. At room 

temperature, regiospeci tic oxygen insertion into C(naphthyi)-Pd bonds of 

cyclopalladated thioazonaphthalenes and alkylsultinylazonaphthalenes has been 

achieved by m-chloroperbenzoic acid (m-CPBA) with high yield. The molecular 

structure of a representative metaloxylated palladium(II) product has been elucidated 

by single crystal X-ray crystallography. Catalytic oxygen insertion into the Pd­

C(naphthyl) bonds of the two sets of substrates has also been achieved by 'mild' 

hydrogen peroxide (H20 2 ) or tert-butylhydroperoxide (TBHP) with vanadyl 

acetylacetonate, [VO(acac):d as catalyst. In case of the cyclopalladated 

thioazonaphthalenes ( 1 a', 1 b'), both metaloxylation (Ar-Pd-----+ Ar-OPd) and 

sulf()xidation (S -----+ S=O) has been observed. On the other hand, only regiospecitic 

metaloxylation (Ar-Pd-----+ Ar-OPd) Js observed for cyclopalladates of 

sultinylazonaphthalenes. Kinetics of oxygen insertion into Pd-C bonds has been 

examined by U V -vis spectroscopy. Moreover, the optical absorption spectra of 

oxygenated palladium(ll) complexes in dichloromethane have been simulated using 

time dependent density functional study (TDDFT). Solvent effects in the oxygen 

insertion process have also been examined and reported. 

Chapter IV 

This chapter deals with the regiospecitic activation of C(naphthyi)-H bond present in 

a group of substrates, 2' -alkylsultinylphenylazo-4-mcthoxy-1-naphthalenes (HL), by 

platinum( II) complexes. Di-f.l-chloro-bis(T]3 -2-methylallyl)platinum(ll) or 

tetrachloroplatinate has been used as metal precursor. The resulting cycloplatinates 

[Pt(II)LCl)] have been isolated and well characterized. Structures of the 

cycloplatinates of platinum(Il) have been established by single crystal X-ray 

crystallography. It was observed that platinum(II) centers are surrounded by 

C(naphthyl), N(diazene), S(sulfinyl) donor set as terdentate ligand frame (L) and 

chloride ion in a distorted square planar fashion. Extensive intennolecular association 

due to C-H ... . n and 1r .... 1r interactions is also observed in solid state. These 

platinum(II) cycloplatinates have been found to react with molecular halogens 



undergOing metal centered t\vo electron llXH1ation affording platinum(IV) 

,:vdoplatinates. \Vith alkyl halides ( RXL the dtvalcnt cydoplatinates have been t<..mnd 

tP undergo oxidation follo\vcd hy reductive elimination. The chloride in the 

cvclometallate 1Pt( l!)LCl] geh replaced hy X from RX leading to the fonnation ot 

iPt(li)LX]. The molecular structure of cvcloplatmates !Pt(li)LXJ have been 

determined by single crystal X-ray crystallography. Time dependent density 

functional study of both the platinum(ll) cyclometallate has been done. Optical 

'ibsoq1t10n -.;pectra ot the l·vc!oplatmatcs 1.11 d!chlornmcthanl· 

u smg I D- D F f mcthud 

( haptcr 

ltlil> il lllliil( li/ !l 

hecn "imtdated 

ln i l 

present m <~ 1_!WUp of 1 -alkvlsul finvlphenvla;:n-4-methtlX v- !-naphthalenes 1 H L 

honds 1r1 f!,WUp 11f 2 ·alkylsultinvl-phenyiazo-4-methoxy· i naphthalene (Hi 1 ha-.. 

been achJc\cd \\tth Ru(PPh,)JCl·i m retluxmg ethanul and resulting ,_:yclonH:tallatt> 

tRu 11 ! (PPh H'l! c been hnlated. The higher \alc:n! ruthcmum (!Ill (RuCl \fJ.fh 

d SP rc!!ln:-.pecliical h act t\ atcs {, 2( naphthvl i-H hnnd pf alb 1 su l fin\ !<l!.onaphthakm'" 

! IIi 1 m presence •)I execs:-. tnphenvlphosphmc I PPh, 1 ;ml! a!tords dl\ ah:T!I 

.. ·yclorutltc!wtt's i Ru 11
[ .( PPh, ).Cll Smg.k cn..;tal '\-rav crvstallograph\ 'll 

1 Ru 11 l.( PPh ;)!( i 1 ..,flm\ s that substrak. alkybultlny IMun<!phthaknc, hmd.., 

ruth em urn( Ill '·iu C 2( naphthyl). 1\ ( diazcnc) & S( sui tl n vi) don• )rs m terdentatc 

cvcloruthenates \vith a general formula I Ru( L),j. vvhcre each rutht.:mum(! !1 ls hound 

to t\vo C2(naphthyl) from two substrate molecules. All the cycloruthenates have been 

successfully isolated in pure f(mn and characterized hy spectroscopic techniques. In 

the case of Hl'. two rotamers have been isolated. The structures of both the rotamcrs 

have been contirmcd hy X-ray crystallographic techniques. \Veak mtcrmolccular 

association due t(l ( -H i1 and R . . rr interactions \\as nhscnL~d 111 solid -;tate Time 

dependent denstty functiOnal study of the ruthenium( II) cycloruthenates has been 

done. Optical ahsorption spectra of the cycloruthenates m eli chloromethane hct\ c hccn 
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simulated usmg TD-DFT method and the excitation-simulated spectra were m 

agreement with the observed experimental data. 

Chapter VI 

Chapter VI deals with the C(naphthyi)-H bond activation by rhodium(! & III) and 

iridium(!). Rhodium(!) or iridium(!) precursors viz. [Rh(PPh3)3CI] or [Ir(PPh3)3CIJ 

activates C(naphthyi)-H bonds present in a group of alkylsultinylazonaphthalenes 

(H L) in ret1uxing toluene or dioxane leading to the formation of cyclometallates 

[ML(PPh3 ) Ch] where M is rhodium(III) or iridium(III). Thus both the 

cyclomctallation reactions are accompanied with metal centered two-electron 

oxidation. The representative members of cyclorhodates and cycloiridates have been 

characterized by single crystal X-ray crystallography. The substrates, i­
alkylsultinylphenylazo-4-mcthoxy-1-naphthalencs (H L) arc t<.mnd to coordinate 

rhodium(III) or iridium(lll) in a tridentate tashion 1iu C2(naphthyl), N, S donors. The 

reactions of the substrates (HL) with Rhodium(lll) chloride (RhCh x lbO) reacts 

with the substrates (HL) in rct1uxing ethanol and aff(mls novel rhodium(lll) 

complexes of the general t<.mnula [Rh(L)(L')] where L' is phenylazo-4-mcthoxy-1-

naphthalene (HL') resulting from C(aryi)-S bond cleavage. The X-ray 

crystallographic analysis of one representative cyclorhodate has been done. The HL 

fragment is t<.mnd to coordinate in a monoanionic tcrdentate C(naphthyl), N( diazene), 

S(sultinyl) fashion, whereas HL binds the same rhodium center in monoanionic 

bidentate C(phenyl), N(diazene) mode. The electronic structures of the representative 

cyclometallates have been examined using time-dependent density functional theory 

(TD-DFT). The simulated absorption spectra have been compared with the observed 

electronic spectra. 


