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Iransition metal alkyl and -aryl complexes 

1. Ionic 

Organometallic Compounds are Organic Compounds of metals, with metal-carbon bond. Their 
chemistry functions as a bridge between organic and inorganic chemistry. They possess ionic or 
cOvalent, localised or delocal1sed bondng between one or mnore carbon atoms of organic group 
Of molecule and transition metals or lantbanides or actinides or main group mctal atoms. Organic 
cOmpounds are hy drocarbons or their derivatives, hence or zanometallic compounds are generally 
hose compounds which have one or more hydrocarbon group(s /radical(s) directly linked to 
metal atom Therefore, metal-carbides, metal-carbonales, netal-cyanides, metal-carboxylates, 
metal-carbonyls, should not be included in organometallic compounds. Metal carbonates and 
metal carboxylates are not organometallic compounds, as they do not bave metal-carbon bond. 

While. although metal-carbides and metal-cyanides have metal-cartbon bond, they are not organic 
compounds. 

Compounds of metals with alkyl radicals are called 'Metal-alkyls', while those with aryl radicals 
are known 'Metal-aryls 

M.Se. Senestes (Y) 

Nomenclature: Names of metal-alkyls and metal-aryls are derived as, first naming the ligands in 
alphabetic order followed by the name of the metal with oxidation state in parenthesis, in 
reterence to Werner's and IUPAC rules of naming. For example: [Zn(CH2] will be Diethyl 
Zinc(Il) and [Me:PtCI] is Chloro trimethyl Platinum(IV). 

2. G-Bonded covalent 

Classification and Types: On the basis of nature, bonding and structure, organo-transition metal 
compounds are classified into following three groups: 

3. T-Bonded covalent compounds 

lonic Organometallic compounds are generally formed by strongly electropositive s-block 
metals, though alkyl and aryl compounds of Mn, Zn and Eu also show sufficient ionic property. 

Here hydrocarbon radical is present in the forn of carbo-anion and is bond with non-directional 
electrostatic forces. These compounds resemble with alkali and alkaline carth halide and 
ydrides. 

Transition metal organometallic complexes can be divided into two broad groups, for 
onvenience: 

(a) o-bonded organometallics (o-hydrocarbyls): Here, one single carbon atom of the ligand 
is linked directly to the metal through o-bond. 

(b) T-bonded organometallics: These are formed between metal atom and ligands such as 
CO, RNC, :CRRI, CR, RC=CR and other unsaturated types. 



Co 

\Metals having 18 cletrons oH nearly 18 clectrons sub-shell (d-block metals of group\-12 and 

Is)94ioy Metal. Aryl and 4Iky! Cowiplk 

pblock metals of op 2. lb) foun stable o-bonded coValent organometalli. 

Compounds,. whercas n honded Oanometallcs of transtion metals with incomplete A-orbitals are generaly 

unstable Iranstton metals wth unsaturated sub-shclls torm I-bonded covalens 

organomnetallic Compounds with hy drocarbon radicals 

Iypes of Organo Iransition Metal Alkys and Aryls: 

In alk\l and arv l denvatives of transition metal complexes, metal atom and alkyl or aryl radical 
share onc clotron cach to ive nomal 2-clectron-2-center M-C o-bonded 

organornetalic, Alkvl or ar l rad1cals arc monohapto n) igands (one elcctron donors), 

Organo-transition metal 
dIk\ Is and arvls arc classificd on several bases. Such as: 

1. Types of ligands present: (a) Homoleptic [MR,[: Metal hydrocarbyls. where all the Organic groups ligands on the metal atom are same. EXampie. |11Mes], |i{CH(SiMe 
|Ph.] ete. (b) Heteroleptic [MR,X,: Metal hydrocarbyls, where the groups attached to the central metal atom are of more than one type. Example: |I1MesxLx), [ZrMe,(nce 

|ZrMe{OPh)4] etc. 
2. Nature of ligands: (a) Alkyl Organometallics: Complexes with alkyl radicals are called metal-alkyls. Example: [Ti(Me)a], [HI(CH, Bu),], [WMes] etc. (b) Aryl Organometallics: Complexes with aryl I radicals are termed as metal-aryls. Example: (Sc(Ph)s], [L LaPha].[V(Ph)a [H{CH;Ph)a] etc. Further these can be classified into ()) Symmetrical: Similar alkyi o ligands present. Example: [TiMea], [Sc(Ph):] etc. (ii) Unsymmetrical: Two or more types of either alkyl or aryl ligands present. Example: [Ti(Me):(Bu)] etc. (ii) Mixed: Both alkyl and anl ligands are present in the complex. Example: [WMea(CH,Ph)A] etc. 3. Number of metal atoms: (a) Mononuclear: One metal centre is there. (b) Polynuclear More than one metal centre is present. Here, metal atoms are linked together by either bridging 

alkyl or aryl groups or direct M-M single/multiple bonds or by both M-M bond and bridging 
alkyl or aryl. Examples: 

HRH 

HH H 
(Cp:Yy-CH)XCp] 

Me, Si H H 

HHH Me, Si H H 

Me,Si H,0 

[Maxqu-CH:StMe:))}a 

Me,Si H, C 
Mo,Si H;C 

Mo Mo: 
CH SIMa 

Mox(CH:S0Mes)"] 

CH, SiMo, 

Synthesis Paths: Alkyl and aryl derivatives of transition metals are difficult to prepare aue 

CH SiMa, 

high instability compared to their main group metal analogues as they tend to decompose 

through various pathways, such as p-hy drogen elimination. Hence, Large number of alkyls of 

various transition metals was synthesized using alkyl radicals having no B-bydrogen [Example: 

PhCH3, CH,C(CHs)h etc.). (M(CH3)] are abundant. Thus, stability of metal benzyls 



Tannsitoy Metal . Avyl and 

|MCHCHol and metal ncopentyls |MCHCCHO can be explained. Comparative 
stabil1ty of dervatIves hke |CCH)tl can be explancd by the influence of steric hindrance 
in nhibting the approach fo B hydrogen in crowded tert-butyl/isopropyl groups to the central 
metal atom |MH SMe) denvative are more stable than analogous neopentyls 
|MHO Mevl as substtuton of ß carbon atom in ligand by silicon precludes possibility of 

-hv drogen elm1nalon as thc fomation ofC Sianalogue of the alkene is rather unl1ikely. Other 

similar eamples of this tvpc are CH;GcRi. CLSnR, etc as well as l-norbornyl, (where the 
resulting bndge head alkene is hiphly unstable) 

R, 

H----M 

R 
Decomposition of metal alkyls through p-hydrogen elimination involves formation of 
intermediate hvdridoalkene complex, where coordination number of the metal increases. If 
coordination sites of the metal are already saturated by other ligands, then formation of 
hy dridoalkene complex would be difficult. Examples: [Mo(CH,CH,XCO),(n'-CsH;)], 
[Mn(CH;CH:XCO)%|, [Fe(n'-CsHs)XCO)2(n'-CsHs)] etc. These stabilizing ligands are generally 
of 7-bonding/7-acid type, but they could also be lewis bases, like ammonia in 

[Rh( C;Hs XNH3)s](CIO4)2 or bis-salicylaldehyde-ethylenediimine (salen) in (Co(C;H;\ salen)]), 
Hence, for synthesis of transition metal alkyls and aryl complexes by stabilizing them, following 
measures need to be taken off: 

(a) Use of alkyl (or aryl) radicals with no B-hydrogen. 

(d) Use of stabilizing ligands 

(b) Use of radicals like t-butyl or isopropyl having crowded B-hydrogen atoms (where reach 
of metal atom is difficult to B-hydrogen). 

(c) In place of B-carbon, use of radicals, with silicon, germanium and tin atoms (where no 
tendency of hydrogen elimination is present). 

4|Kyt Conmplenes 

Now, below are categorical representations of synthesis methods for transition metals of 

different groups. 
1. Group 3 -d' Metals: Sc [Oxidation Number +3: Coordination Number: 3(sp") Example: 

Sc(Ph)s], Y [Oxidation Number +3: Coordination Number: 3(sp Example: Y(Ph)s, 4(sp') 
Example: Y(Bu)a], Lanthanides [Oxidation Number +3: Coordination Number: 3(sp') Example: 
[M(CH,PMes)]", 4(sp') Example: [MBua] (M = Sm, Er, Yb or Lu), 6(d'sp') Example: 
[MMe]' and actinides [Oxidation Number +4: Coordination Number: 4(sp) Example: 
Th(CH,Ph)4, 6(dsp') Example: [UMel'] elements are present in this group. General methods 
for synthesis are: 

THF 

(i) Halide-Carbanion exchange: Substitution of halide ion from metal halides by 

Carbanion ion. Example: 
M CI, +3 Li CH, Si Me, ’[M (CH, Si Me,)] (thf)x + 3 Li CI 

(M= Sc, Y, Tb, Er, Tm, Yb, Lu. x =0, 2, or 3) 

M Cl, +3Li CH (Si Mes)’ [M {CH (Si Mes)}3]+3 Li Ci 
MCI, +6LiMe + 3TMEDA B MMe 
M =Lanthanide metal 

(31 

LI(TMEDA)], " +3L0CI 

AKP. 



() ide snthesis 
mpotant camplc C Is he use of 

MCI,+3 Me, P=CH, M(CH, P M,s 3CI 1- Lanhanide) 

(1) 

Group 4 - d² Metals: 

S(dsp`) Example: TiCLRPY)» (R 

Chelaung Iigxands stabilizes transitiOn 
phosphorous vlide Example: 

Halide exchange: 
re present in this group. General methods for synthesis are: 

M Cl, +4 Li Me ROR 

M CI, + Mg (CH, Ph)¡ ROR 
80°C 

Ti Cl;(n-Cs hs)+3 Li Me 

Ti Ci, (dmpe), +2 Li Me 

Ti CL4 t Al Mes 

3 Li Bu 

Ti(CH-Ph). ONidation Number +3: Coordination Number: 3(sp´) Example: 

Ti(CH,SiMe). 4(sp ) Example: TiN 1es. 4(dsp) Exanple: TÈMez(DMPE)2, 5(dsp') Example: [TiMes]]. Zr 
Me, Ph): Oxidation Number +4: Coordination Number: IONidation Numnber +4: oordination Number: 4(sp) Example: ZrMe4] and Hf (Oxidation Number +4: Coordination Number: 4(sp) Example: Hf(CH2 Bu)4, 6(d´sp) Example: 

[HfMe.I 
M (Mes) + 4 Li C1 (M = Ti Or Zr) 

M 

Ti JOxidation Nunber +2: Coordination Number: 

ROR 

M CI, + 4 Li CH Si Mes 
Py 

Ti Cl, + Mg (R) Br 30° Ti Cl, (R) (Py)z + Mg Br) Cl (R= Me, Ph) 

metal-alkv 

60-(CH,Ph)4 + MgCk (M= Ti, Zr Or H) 

Etz0 >M (CH,SiMe, ), + 4LiCi (M=Ti, Zr Or H) 

30°CTi Mes (nCs H),+ 3 LiCi 

2 TiC, +Zn Mez 2 Ti CI, Me + Zn Cl, 

CH, 

CH, 

Ti Cla + Pb RË -> Ti Cl, R+ Pb (R), CI (R= Me Or Et) 

(iü) Metal hydride alkane insertion: 

ROR , Trans Ti Mez (dmpe), + 2 LiCl 

P Me 

bond 

Zr (H)CI(n-Cs Hs), t LiPh ’ Zr(C)(Ph)nCs H,)a + LiH 

One 

+ 

such 

(ii) Transmetallation: These reactions are opposite to halide exchange reactions giving 
heteroleptic alkyls or aryls. 

3C,H +3 Li CI 

2(sp) Example: 

3. Group 5 - d Metals: y [Oxidation Number +2: Coordination Number: 4(dsp°) 
Example: Trans-VMez(dmpe)2, 6(d»sp') Example: [VPh6j; Oxidation Number +3: Coordination 
Number: 3(sp´) Example: V(CH;SiMes)3; Oxidation Number +3: Coordination Number: 6(d'sp) 
Example: VPh3(THF)}:; Oxidation Number +4: Coordination Number: 4(dsp²) Example: VMea]. 
Nb [Öxidation Number +4:Coordination Number: 4(sp') Example: Nb(CoFs)ai Oxidation 

Number +5: Coordination Number: S(dsp') Example: NbMes: Oxidation Number +5: 
Coordination Number: 6(d»sp') Example: [NbPh]] and Ta [Oxidation Number +5: Coordination 

Number 

Example 
(i) 

VCI 
VCI 
VC 
VC 

VO 
VO 

I 

Ex 

Co 
Ex 

6( 

Ex 
M 

> Ti C1, Me + Al Me, CI 



Number Sidsp v ample laMe, Ovdation Nuntber 

I \ample |lalh |l are present n the group General methods for synthesis are 

Halide echange 

VCh dmpc), Lime ROR, Trans-V(Me), (dmpe), +2 LiCI 

TCTH, LPh VPh(HE,3LiCI 

T +41iR VR, t 4LiCl(R Me, Ph) 
TC,(NMe),+3lcll (SMe),V|Cl(SMe)t3LiCH 2NMe, 

TU,4 Mg(H Ph) v(HPb, 4MuXCI 
V(CL, SIMe), t 4|iCT VC, + 41lcl, SMe) 

laCl, Me: 'i Me 

() 

Nb Cl, + ZnR, 
2TaCl, + 3ZnR, 

() 

Transmetallation: 

ROR 

+78° 

Pentane, NbCI,R, + ZnCl, 
Pentane 

IaMe, 

Coordinaton Number 6d'sp') 

Halide exchange method: 

4. Group 6 - d Metals: Cr [Oxidation Number +2: Coordination Number: 4(dsp') 

Example: Trans-CrMe;(dmpe)2, 6(d'sp') Example: Cr,MesT; Oxidation Number +3: 

Coordination Number: 3(sp) Example: Cr(CH,Ph), 4(sp') Example: [CrPh4), 6(d'sp') 

Example: CrPh:(THF ):: Oxidation Number +4: Coordination Number: 4(sp')) Example: CrMe,. 

6(dsp') Example: [CrMe.]], Mo [Oxidation Number +2: Coordination Number: 5(dsp) 

Example: Mo(CH,PhXCO):(n'-cH); Oxidation Number +3: Coordination Number: 6(dsp') 

Example: (Mo;Meo)*; Oxidation Number +4: Coordination Number: 4(sp')) Example: 

Mo(CH,Ph)4] and W [Oxidation Number +3: Coordination Number: 6(d»sp) Example: W,Mex 

:Oxidation Number +4: Coordination Number: 4(sp') Example: W(CH,Ph)4, 6(d'sp') Example: 

WPh,: Oxidation Number +5: Coordination Number: 5/dsp') Example: W(Ph)s; Oxidation 

Number +6: Coordination Number: 6(d'sp') Example: WMeo] are present in the group. General 
methods for synthesis are: 

’2TaCl,R, +3ZnCl, 
(R=Me, CH,, Si Me) 

ROR + Trans-Cr Me, (dmpe), + 2 Li CI CrCl; (dmpe): + 2 Li Me 
CrCl, +3 Li CH (Si Mes)Cr {CH (Si Me:)>}+ 3LiCI 

Dioxane CrCl, + 6 Li Me 
-18°c 

WCl, + 6AIMe,’ WMe, + 6 AICIMe; 

Li, |Cr Mcec]3 + 3LiCI 

[51 
AKP 



(ii) 

(LH),AIR. ,GRCL (THE, AIRCI (R me, Et, Pror Bu) 

n) 

W MR W0R MR IIg Me, (L the). 

(iv) 

Iransmetallation: 

Vlide synthesis: 
CT(CO(PPh) + PhP=CH, 

Reaction of Anionic Metal Complexes with Organic Halides: Sodium 

carbon1late : are generally uscd n the synthesis of molybdenum hydrocarbyls 

Example. Na |Mo ((0). Cl) +Ph CH, CT Mo (CH, Ph) (CO), (n -C,H,) + NaC] 

CTCTHF);- 3Li(CH, PMes) -

/n Ph, ( Lther) 

Sn Me, n llexane) 

(i) 
General methods for synthesis are: 

Halide exchange: 
MnCl, + 4LiMe 

MnCl, + 2LiMe 

(i) 

Example: Mn(CF:XC0)5; Oxidation Number +2: Coordination Number: 4(sp') Example: 

(iii) 

Strong Base 

5. Group 7- d Metals: Mn [Oxidation Number +1: Coordination 

ROR 

MnMe;( dmpe .: Oxidation Number +3: Coordination Number: 4(sp' 

R Me 

Cr(CH PPh) (CO), + PPh, 

H, 

[Mn(CH,CMe,PPhs)al2] | and Re [Oxidation Number +3: Coordination Number: 4(sp') Example: Reu-SiMes)h(CH;SiMe)4, 6(d'sp') Example: Re,Mes; Oxidation Number +4: Coordination 

dmpe 

R= Ph 

R= Me 

Number: 6(d'sp') Example: Re(CH,SiMes)12; Oxidation Number +6: Coordination Numk 6(d'sp') Example: ReMes] are present in the group. 

’Li [Mn Me,] + 2LiCI 

+3LiCI 

ROR 

MnCl, + 4LiCH, Si Me, ’Li [Mn (CH, Si Me;)a] +2 LiCI 2MnCl;+4MgCl|CH;C(Ph)Me,] 3Re Cl, (THF), +6MgRz Re, R:+6MgCl; 

+Trans- MnMe,(dmpe), + 2LiCI 

Number: 6dso') 

’[Mn{CH, C(Ph) Me:})2+4MgCl, 
Reactions of anionic metal complexes with organic halides: Na |Mn (CO): ] + CH;l MnCH; (CO)% + Nal NalMn (CO), ]+ CF;COCI ’Mn (COCF;) (CO)s + NaCl Insertion of unsaturated compounds in M-C bond: Mn Ph (CO);+ PPh; 

’Mn{(C0)Ph}(CO)(PPh) Mn CH,(C0);+ C0 ’ Mn{CO)CHCO); 

Example. 

Ake 



(IV) 

Mn (COC, H, Me) (CO): Energy 

(i) 

Elimination of CO from acyl-compounds: 

6. Group 8, 9, 10 - d, d, Metals, respectively: Fe [Oxidation Number +2: 
Coordination Number 2(sp) Exanple Fe(Mes)> MeS Mesitylene, 4(sp') Example: 
FePh(Co):n'-CH). Co [Oxidation Number +1: Coordination Number: 5(dsp') Example: 
CoCE;CE;HXCO, Oxidation Number 2: Coordination Number: 4(sp') Example: 

CoPh:( dipv). Oxidation Number +3: Coordination Number: 3(sp') Example: [CoPhzn' 
CaH,Me)]. 6,d'sp') Example: [Co(C-CR).i; Oxidation Number +4: Coordination Number: 
4( sp) Example: CoR4. 6d'sp') Example: [Co(CH,PhXCN)s]], Ni [Oxidation Number +2: 
Coordination Number: 2(sp) Exan1ple: NiBuz, 4(sp') Example: NiMe,; Oxidation Number +3: 
Coordination Number: 3(sp') Example: NiPh(n°-CoH,Me), Oxidation Number +4: Coordination 
Number: 6d sp') Example: Ni(CH,PhXCN)s1], Ru [Oxidation Number +2: Coordination 
Number: 6(d'sp') Example: Ru(CH;XLX CO):(PPhs)>], Rh [Oxidation Number +3: Coordination 
Number: 3(sp) Example: Rh(Mes)s. 6(dsp') Example: [Rh(Et)(NH;)51"1, Pd [Oxidation 
Number +2: Coordination Number: 4(sp') Example: Pd(>CH,SPh2)4], Ir [Oxidation Number +3: Coordination Number: 6(d'sp') Example: IrMe(CI\1)(CO\(PPh:)2], Pt [Oxidation Number +2: Coordination Number: 4(dsp) Example: PtMe,(PPhs)2] etc. are present here. General methods for synthesis are: 

Tsansitio4 Metal Aryt Alkyl Complexes 

(ii) 

Halide exchange: 

(iü) 

Ni Cl, (PEt, ), + 2Mg Br (Mes) ’2 MgBrCl +Ni (Mes), (PEt,) Ni (Mes), + 2 PEt; 
Ni Cl, (Py), + 2Mg (CH, Si Me,)Cl ’Ni (CH, Si Mes), (Py)+2 MgCl, 

Rh Cl, (SC,H) + 3Mg (Mes)Br ’ Rh (Mes); + SC, H, + 3 Mg BrCl 

Fe Cl; (dmpe), +2 Li Me Fe Me; (dnpe), + 2LiCI 

Transmetallation: 

4 Pd Cl, (PhCN)2 + 8Li(CH;S Ph)’ Pd (CH,S Ph)2}4 + 8 LiCl +t 8 Ph CN Pt Clk (PEt,), + 2 Li Me ’ Pt Me, (PEt,)2 t 2 Li CI 

P Cl, (PR)+ Hg Ph, EtOH 

Mn (C,H, Mc) (CO), + CO 

ROR 

Pt Cl, (1,5-Cod)+SnMe4 C,H,CI, 
100°C 

’trans-Pt (Ph) Cl (PR:} + Hg (Ph)Ci 

Vacuum 

-Pt Me Cl(1,5-Cod)+Sn C1 Me, 
Pt (0,CCF;)> (PMe,Ph), + Sn Mc, ’trans-Pt Me (O; CCF;) (PMe, Ph), 

Reaction of anionic metal complexes with organic halides: 
Na [Fe (CO): (n'-CH,)]+PhF ’[Fe (Ph) (CO); (n°-CçH)+NaF 

Na, [CO (CN)] + Ph CH, Br ’Na, [Co (CH, Ph) (CN),] + NaBr Na |Co(CO),}+CH,-CH-CH,Br- Co (CH,-CH-CH,) (CO), + NaBr 

C71 

+Sn(O; CCF:) Me, 

Co (CO); (n'-C;Hs)+CO 

Pd Cl, (L, + 2 Li Ph >Pd Ph, (L), +2 Li CI; (L- Bidentate) 



(v) 

(iv) 

(vii) 

Insertion: 

Insetion of Multiple Bonded molecule in M-H Bond: 

teH (C0), ,'CH;) CH, = CHCN ’fc CH(CH)CN}(CO:n' 
’ Co (CF; CF; H) (CO), 

Co H(CO), + CF, 

|RhH (NH)+ CzH, »|Rh (CH%) (NH), ( 

Insertion ofUnsaturated nnolccules in M-M Bond: 

Co (CO)% + CE, -(CO), Co-CF;CF-Co (CO). 

Insertion ofUnsaturated Molccule in M-C Bond: 

Trans Pt Cl(CH) (PEt:), + CO -’ Trans 

Elimination Reaction: 
Elimination of CO from Acyl Compound: 

Li [CoCO)] + F:C COCI ’Co (CO CF3) (CO4 ’ CO (CF:)CO). 
+LiCI 

Elimination CO, from Carboxylates: 
Ni(CO,Ph), (biby) Heat Heat, Ni Ph; (biby) + CO, 

K, Pt Cl, +2 TIO,C Ph + 2Py ’ Trans-Pt (Ph)> (Py)>+t2KCI+2TICHCO 

Elimination of SO, from Sulphonate: 

Fe (SO,R) (CO} n-CçH_ feat , FeR (CO): n-CçH; + SO, 

Heat, PICI (Ph)( PR:), + SO:] [Pt (SO,Ph) Cl (PR): 
IIC, (SO,CçH,Me) (CO) (PR:) 

rans PLCI(COCH)(PEt), 

(vi) 
Halides with Metal Vapour. 

Oxidative addition/ Metal-Atom Reactions: Co-condensation of Organic 

PhMe M(C Hs) (nC, HËMe) 2M +2 CGH, Br 196M (CGHs),+MBr, 
(M=Co or Ni) 

LIrCl;(CH,MeXCO) (PR;),+ SO, 

-CH) 

2M +2 C% Hs X + 2PEt;-’ M(C,Hs)½ (PE:), + M X, 
M= Reactive Metal Powder (Fe, Co, Ni, Pd Or Pt) 

Pd + CsHl + bipy ’ Pd (CoHs) (Bipy) () 

FeClh (PMes); + PMes 

Cyclic Metallation: Alkyl groups linked with Nor P-coordinated ligands show Cyclic Metallation by oxidative addition involving breaking of sp'-hybridised C-H bOnd @ formation of M-C bond. 

NaHg ’[FeH{CH,PMe>} (PMes)s}+ 2 NaCl 

[CuR]4 (R-Ph, Me,CoH3), Coordination Number: 2(sp) Example: [CuMez]: Oxidation Number 
+2: Coordination Number: 2(sp) Example: CuR2 (R-CH,CH,PMes), Coordination Number: 

7. Group 11 - d Metals: Cu [Oxidation Number +1: Coordination Number: 1 Example 

3(sp) Example: Cu(Mes):], Ag [Oxidation Number +1: Coordination Number: I Example 
JAg(Mes)]5, Coordination Number: 2(sp) Example: [Ag{C(SiMes)32l! and Au [ 

Coordination 

1 

[Oxidation 
Number +l: Coordination Number: 1 Example: [Au(Mes)]5, Number 2/sp) 



Example |AuMe, : OxIdation Number 2: Coordination Number: 2(sp) Example: Au[CH(Si 

Me):](L): ONidation Number 3 Coordination Number: 3(sp´) Example: AuPh, Coordination 

Number 4(sp) Example |AuMel| are present in this group. The general method of their 

SVnthesiS arc 
(1) Halide Exchange reaction 

(11) 

2 CuCl + ZnR, 
Cul 2Li Me 

4 Cul + 4 Li(CH, Si Me)Cu (CH, Si Mc:)l4 +t 4 Li I 

Aul(L) + Mg RCIAuR(L) + MgCh (R=(SiMci): L -Me,Ph,Pr ) 

lide synthesis: 

SAu C\CO) + SMg Br(Mes) 

2 Ag' +2 Me:P-CH,’Me, PS 

MCDCc 

ROR 

10°C 2(CuR}, + ZnCl; 

Stability of Transition Metal Hydrocarbyls: Transition metal G-analogues are generally much 

less stable compared to main group hydrocarbyls. Alkyl and aryl groups are one electron donor 

monohapto-ligands similar to hydrogen and halogens, which combine with metal atom sharing 

their unpaired electron to form metal-alkyl or metal-aryl complexes. 

MCDDc 

Nature of the bond may vary from purely ionic to purely covalent on the basis of 

electronegativity of the metal. 

H 

o Ionic: Alkyls and aryls of Mn, Zn and Eu-hydrocarbons are anions or specifically 

crarbanions, formed by transfer of electron from valence shell of strongly electropositive metal 
to valence shell of carbon, pairing the unpaired electron present in alkyl or aryl radical. 

-H 

H 

Methyl Free Radical 

H 

’|Au (Mes)Js + 5 Mg BrCl + 5CO 

H 
H 

Methyl Free Radical 

CH,Ag-CH, 

�H,Ag-CH, 

PMe? 

o Covalent: Covalent alkyls or aryls are formed by overlapping of metal orbital having 
unpaired electron with the valence orbital of alkyl or aryl radicals containing unpaired electron. 

M1 

H 

H 

H 

Methyl Carbanion 

H 

-H or 
H 

M 

H 

-H 
H 

In hydrocarbyls of transition metals, carbon is always negative compared to metal atom, due to 
its higher electronegativity, making M-C bond polar. This polarity depends on the nature of the 
hydrocarbon radical also in addition to electronegativity of metal atom. Electronegativity of 

AkP. 

ROR ,Li(Cu Me,) + LiCI 



Indoc bm radcal depend. m the 
presence 

ahbsence of 
hydrogen 

atoms in that group. Presence 

of ecess of hydoyen om Ihe gronp 
makes t 

rather mnore 
positi ve. 

while 
absence of hydrogen or 

presemCof cle tonegative I 
ln0atom makes 

hydrocarbon 
radical more negative increasing 

alkk H fuoo arIs have higher 
stab1hty 

IxAmple 
CECoCO; is far more stable than 

the stabulty of M bod lhus m 
smnary. n 

comparison to 
alkyl or arvl compounds, fluoro 

o O luonne makes A1 bond more polar by 
attracting 

clectrons 
towards it increasing 

Ion Contnbutton m that bond 
Ipon 

ncrease of 
positive 

charge on metal d-orbitals get 

conttalcd whh helps In 
InTCAsng better overlap 

between 
bond1ng metal 

d-orbitals and ligand 

orbitals 

One important phenomenon takes place during 
synthesis of 

transition metal hydrocarbyls, which 

Is the hange of the naturc of alkyl (or aryl) carbon from 
electrophilic to 

nucleophilic. Increase in 

M back-bond1ng (7-bondmg) 
tendency is feasible with the 

increase in electroneutrality. This 

eventuallN increases stabil1ty of these compounds. Presence of C0, CN, pyridene etc. ligands 

(which hclp M’L 7-bond1ng in transition metal alkyls or aryls) increases their stability, for 

Chample 
MnCH;CH:XCO%, 

MoCH:CHCO):n'-CsHs) etc. are quite stable. 

Most important characteristic of transition metal 
-hydrocarbyls is their coordinative 

unsaturation, lead1ng to instability through facile decomposition paths. On the other hand, thi-

un saturation also explains their tendency to act as Lewis acids with a variety of donors. Presenc 

of these ancillary ligands adds extra comparative stability on these derivatives. Examples 

TiMea(biby ): TaMes(dme): CoMe(diphos. fdiphos = 1,2-bis (diphenylphosphino) ethane 

MMe dmpe, [M-Ti, V, Ct, Mn and Fe, dmpe = 1,2-bis (dimethylphosphino) ethane 

NiEt,(bipy) and Ln(CH,SiMes);(THF , Ln = lanthanide metal., n = 2 or 3] are more stable th 

uncoordinated o-hydrocarbyls. 

Chelating hydrocarbyls e.g. o-CH;CçH,NMe, etc. tends to provide stability to o-bonde 

derivatives by blocking the available coordination sites. 

Col! 

3 
Metal-alkylaryls tend to satisfy their coordination environment by forming polynuclear spec via alkyl or other bridging ligands or via multiple M-M bonding too. Association thro bridging would obviously be hindered by sterically crowded ligands, resulting in mononuc species. Though these complexes would formally be coordinatively unsaturated, still they wil thermally stable, due to steric crowding of the ligands which will inhibit any approach of reac species. Example: (Ti{CH(S0Me;b}3)., [Cr{CH(SiMesh}3] etc. 



(Oordinative unsaturation incrcases upon lowering of tlhe oxidation state of the metal, leading to 

Teater associative tendencv For example, conmpared to the monomeric character of Ti(CGHs)4, 

the polvnmeric nature of TCH0, are cited more. 

Iransition metalo-hvdrocarbyls are of thrce types in nature: neutral, anionic and cationic. 

Stability of anome species of the types |TiCH,)sl and [Zr(C%H;.] can be explained as the 

central metal atons are coordinatively less unsaturated than in their corresponding neutral 

species [TiCH04 and |Zr(CHl. respectively. With samne logic, cationic species are expected 

to form not so casil. These often require a clhelating hydrocarbyl of the type Me;P-CH, for 

example. which provides stability on cationic species of the types: 

Toansiiou Mital -Alkyl 4 Aryl Comp enes 

�H, 

Decomposition Pathways: Transition metals o-hydrocarbyls, due to their coordinative 

unsaturation are not kinetically stable and this origins several facile pathways for their 

decomposition and strong reactivity. These paths can be classified as; (1) migration of a 

substituent (generally hydrogen) from a o-bonded hydrocarbyl to the metal, (2) intermolecular 

reductive elimination and (3 ) homolytic fission of M-C bond. 

H M 

1. Migration of a substituent from a G-bonded hydrocarbyl to the metal: It occurs via 3 

types of mechanism: 

R3 

i. B-elimination: The most facile route for decomposition, preferred by transition 

metal alkyls is through the so called hydride transfer accompanied with alkene elimination. This 
type of reaction involves transfer of one hydrogen atom from the second or B-carbon atom of the 
alkyl chain to the metal, increasing its coordination number. Resulting intermediate hydrido 
alkene complex tends to lose alkene upon formation of metal-hy dride, which in some cases may 
decompose to metal and hydrogen too. 

R. 

H M 

PMe 
CH, 

R R3 

R4 

H---M 

R2 

7 
-H 

R. 

Ry 

M-H 

H 

R3 

ii. a-elimination: o-Elimination pathways are much less observed for transition 
metal hydrocarbyls and main examples involve metal-methyls. However, these are of 
considerable synthetic utility in main group hydrocarbyls and involve the transfer of a substituent 
'R' ffom the d-carbon atom to the metal. Binary permethyls, example: TaMes, WMe, and ReMes 
are unstable and decompose explosively with the formation of methane via four-centred 

A-k P. 

transition state. This plays a key role towards synthesis of alkyidene complexes. Several metal 



ennk and neynty Is especallh of otanun and tantalum are known to decompose by this 

mhannNm 

Tonsiicn 

(CO,0 

ii. 

H. 

Another mochan1sm of -clmnation nvoles "agnostre hydrogens (C-H-M), which are 

aatuall Ovalenth bonded both to acarbon atom and a trans1tion metal atom 

4(000s 

-H 

OCO), 

Me2 
P 

Me2 

ChstallogTaphic analysis shows that. when a methvl group is attached to a d'-metal centre. 

having less than l8-electron environment. one of the C-H bonds of that methyl gOup gets 

�istoned to the extent that it gets into the bonding distance with the metal. Such strong 

tnterachons between metal and C-H group are known to play key role towards cvclometallation 

and alkene polymerization reactions. 

CI 

X 

C 

Y 

M=CH, CH, 

(CO),0: 

-elimination: It has been observed for some main group hydrocarbyls. but it' s 

rare in transition metal chemistry. 

Examples: AuMe(PPh;) ’ AuPPhs) + C,H, 

H 

CI 

2. Intermolecular reductive elimination: It is reverse of oxidative addition reaction. Both 

the oxidation state and coordination number of the central metal are reduced by two units. 
Hence. this pathway would be confined to metals with stable oxidation states differing by two 
units, which is more commnon for the later transition metals. 

Oxidative Addiion 

PtH(RXPPhsh ’ P(PPhs + RH 

Reducion Eliminaton 

S0C0% 

Ij2) 

-H 

OsCO, 

LM2 
Y 

AuCH;SiMe;X PPh;) + Mel ’ AulMe(CH;SiMe; XPPh:) -’ Aul PPh:) + SiEtMes 

A-kP 



3. Homolvtic fission of M-C bond: These are common pathways for decomposition of 

main grOup alkyls, but several transition metal alkyls also follow it. 

Iansi4ao y Meto 

Zr(CH,Ph), ’ Zr + 2Ph CH,CH,Ph 

Characteristic Reactions: Reactivity of o-bonded transition metal organometallics depend upon 

the nature of the metal as well as on the other ligands present. 

1. Metal-Carbon Bond Cleavage: Transition metal alkyls are weakly nucleophilic and 

decompose in presence of proton. Nucleophilic reaction on alkyls in oxidative conditions will 

also come in this category. Example: 

i. 

Ti Me, +4 MeCOOH KORTi (0,CMe), +4CH, 

Zr(CH, Si Me;),t4 2,6-C6 H, Pr,OH’Zr (2,6-Pr, CeH,O)4 + 4 Si Me4 

Cr Ph; (THF), +Acetyl Acetone ’ Cr (Acac); +3 CoH6t nTHF 

2HCI 
CisPtCl(PEt3)2) -2CH, 
MnMe(CO), + Br; ’ MeBr + MnBr (CO)s 

Ti Me, + 41, ’4 Mel + Ti L, 

CoMe, (PMes), + X, ’ CoX (Me) (PMe;), + MeX 

2. Elimination of alkene with proton transfer (-Decomposition): 

3. Replacement reactions: 

Cis-Pt Mez (PEt3)2 CH 

Pt Cl (CH, CH;) (PEt;) ’Pt H CI (PEt;), + CH, 

Cu(CH,CH,CH,CH,)(PBu") C,H; CH =CH, +Cu H (PBu'3) 

MnCH,CH{CO); + Ph;C�BFPh,CH + [(CO); Mn (C;H)J(BF4) 

4. Adduct Formation: 

[Pd Me, (bipy] + 2 C;H, I ’[Pd (C,H; (bipy)] +2 CH I 

M (CH,Ph), + 2 EtOH ’M (CH, Ph)> (OEt), +2 PhCH; (M=Ti or Zr) 

Zr Me> (nCH.), + MeOH ’ Zr Me (0Me) (nC,H,), +CH, 

HCI, CisPt Cl (Me)(PEt)2] 

(Mn R2),+TMEDA’MnR(TMEDA) R=CH;CMe,CH,Si Me;orCH,(Me, Ph) 

Ti Me, + dmpe ’ TÈ Me, (dmpe)2 

5. Redistribution: 

Ta Mes + dme ’Ta Mes (dme) 

[Mn (CH, Si Me,)] +2 Li CH, Si Me;-’Li, [Mn (CH, Si Me,)a] 

CO insertion: 

CisPt Me, (PEt;),+Cis Pt Ch(PEt,),-’2 CisPt Cl (Me) (PEt;) 

6. Insertion Reactions: Unsaturated ligands insert itself into M-C bond giving new 

products. 

L,M 

CO 

R 
L,M LM 

R 

Akp 



ii. 

OC---yJn-CH, 

OC 

CO 

OC 

CO 

PPh, 
Ru. 

optcally 
ac tve 

PPh 

H 

R 

CH, 

Transitio4 Metal 

Et 

+ CO 

CO 

0C 

OC 

CO 

HMPA 

CO 

Ti Mez(n-c,H,), 

OC 

CO;, S0; Or CS, insertion: 

Cu Me(PPhs); CO 
Cu Me (Et,0) (PPh;)h 
Au Me (PMes), 
Au Me; (PMes) 

-

CH, 

EtNO2 

-78°C 

oc I 

4 LiCH; + Cuzl; -’2 Li[Cu(CH;)]+2 Lil 

PPh, 

Ru' 

PPh, 

Mn. 
co 

CO 

R 

CH, 

AlKyl ay4 4ry loyexes 

Cu (0,C Me)(PPh:): 

0C 

CO 

(14] 

L 

retention on Fe! 

CO migra ted! 

R 

CH 

SOh, Cis-Au Me, (SO,Me) (PMes) 
2S0:, Ti (-0, SMc): (n-CsHs): 

+CO 

OCu(O,C Me)(Et,OXPPhs): 
SO, Au(SO, Me)(PMe:), 

OC. 

Co 
co 

82% yie ld 
95%e.e 

nVe rsion on Fe! 
Et migrated! 

PC 

Co 

CH, 

Organo-Copper in Organic Synthesis: Most important organocopper reagent is lithium 
dimethyl cuprate, Li[Cu(CH)2], prepared by the action of methyl lithium with cuprous iodide: 

-CO 

R 



Tnical characteristics of lithium dimethyl cuprate, Li[Cu(CHi)2] are: 
1. Strong nucleophilicity towards carbon atom and very high affnity for reaction at alkene or halide sites compared to carbonyl groups. 2. Inertness tow ards groups like cyano- or ester- ctc. 

TTansit'oy Metal - AKy ayd Aryl Coy plexes 

3. In, a,ß- unsaturated carbonyl systems. it selectively attaches with B-Carbon atom. 4. 
5. 

It has special ability to replace various types of halogen atoms by methyl groups. It reacts with allylic acetates by SN mechanism. 6. Reacts with epoxides to form open ring alkylated alcohols. 7, It adds to acetylene-esters. 
In adaition, there are examples of similar reactions involving branched alkyl, phenyl and vinyl 
copper reagents. 

o Halogen Substitution: 
Trans-PhCH-CHBr+ LiCuMe’ Trans-PhCH= CHMe 

CeHsl + LiCuMe ’ CçH;Me 
CsH1|Br + Li[Cu'Bu2]-’ 'Bu(CH))4CH3 

Br LiCu(Me), 

Br 

o Conjugated Additions: 

CH, 

1,4-addition of a. B-unsalurated carbonyl compounds 

Conjugate addition: How t Works 

the nucleophile is the 
pair of electrons in the 
Cu-CH, bond 

+ 

LiCu(Me)½ 

OH 

R,Culi 

Li 

"enolate" 

HC 

(resonance forms shown) 

R 

acid 
Workup 

HC 

Cu-CH, 

Product 

(conjugate addition 
product) 

OH 



Toansitio n Meta 4\k| 

o Alkvlation of Allyl Acetate 

o Alkylation of Epoxides: 

LuMc): 

C 

LiCuMez 

LiCu(Me), 

LiCu(Me)2 

o Formation Ketone from Acid- Chloride: 

LiCu'Pr) 

I|6] 

C 

HO. 

OH 

LiCu(Me)z 

iP 

AkP 
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