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Fransition metal-alkyland -aryl complexes

Organometallic ( ompounds are Orpanic Compounds of metals, with metal-carbon bond. Their
Chemistry functions as bridge between orgamce and morganic chemmstry. They possess tonic or
Covalent, Tocahised or delocahised bonding between one or more carbon atoms of organic group
Or molecule and transiion metals or lanthamdes or actinides or main group metal atoms. Organic
compounds are hy drocarbons or their derivatives, hence organometallic compounds are generally
those compounds which have one or more hydrocarbon group(s)/radical(s) directly linked to
metal-carbides. metal-carbonates, metal-cyanides, metal-carboxylates,

metal atom ['heretore
not be mcluded m organometallic compounds. Metal carbonates and

metal-carbonyls. should
metal carboxylates are not organometallic compounds, as they do not have metal-carbon bond.

While. although metal-carbides and metal-cvanides have metal-carbon 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'.

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
reference to Wemner's and IUPAC rules of naming. For example: [Zn(C;Hs),] will be Diethyl

Zme(11) and [Me;PtCl] is Chloro trimethyl Platinum(IV).

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

I. lonic
2. o-Bonded covalent
3. m-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 form of carbo-anion and is bond with non-directional
clectrostatic forces. These compounds resemble with alkali and alkaline earth halide and

1ydrides.
‘ransition 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 c—bond.
(b) m-bonded organometallics: These are formed between metal atom and ligands such as

CO, RNC, :CRR/, CR, RC=CR and other unsaturated types.

[11
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alkvIs and anvls are classified on several

- . Metal hydrocarbyls, whe,
f ligands present: (a) Homoleptic [MR,J: Metal by C all 4,
I. Types of ligands present:

: . . e
are same. Example: [TiMe], [TI{CH(SiMe?)2}~]
Vreanic groupsligands on the metal a-t(l)\lfl;etal hydrocarbyls, where the groups atacheq ¢, thé
P et (b) Heteroleptic [MRyoXal: type. Example: [TiMey. (L], [ZrMez(T]S-Cquz]
central metal atom are of more than one type. shi,
l/r\1e\{0Ph) .\] etc. - t.h al ] radi
2. Nature of ligands: (a) Alkyl Organometallics: Complexes with alkyl radicas 47, Calleg
e : ‘Bu)s], [WMes] etc. (b) Aryl Organometan' :
metal-alkyls. Example: [Ti(Me)], [HfCH,Bu)i],  [SoPhL [Lapr ics:
Complexes with aryl radicals are termed as metal-aryls. Ex.ample. [SC(. )], [ aPh4] , [V(Ph)()]*‘
(RfCHPh).] etc. Further these can be classified into (i) Symlnemcalz Similar alkyl o ary|
ligands present. Example: [TiMe,], [Sc(Ph)s] etc. (ii) Unsymm§§{1cali Two or more types of
either alkyl or aryl ligands present. Example: [Ti(Me)s(Bu)] etc. (iii) Mixed: Both alky] apg ary|
ligands are present in the complex. Example: [WMez(CHzPh)4] etc.

3. Number of meta] atoms: (a) Mononuclear: One metal centre ig there. (b) Polynuclear;
More than One metal centre

is present. Here, metal atoms are linked together by cither bridging
alkyl or ary| groups or direct M-M single/multiple bonds or by both M-M bond ang bridgin
alkyl or aryl. Examples: ging
HHy , .
. \I Masi
c’\y/ Y/ Cp Y / /\!/\ ) o IH;L\ / CHSiMg
y 7 My “ Masig
s \/f\ \CD “ N\

C\/ '\ /M.\ = MoT— oy,

Masi
HH K /| i \ CHsi
[('p:Y(p-('H.v):Y('p:] HH H MESI/H H * Mq
e Mox(CHosiMes)
Synthesis Pathg. ), | e

high instabiliy o> 19 AV deriygyeg of trangj;
through variq ath?vzrye: ;ﬁ |t1he‘r . oup mest;t;on Metals are difficult ¢, prepare due to
lY’aﬁ‘Ous transitiop metasv:/as (s:ynatllsl Wdrogep elimination e they tenq to decompose
CH;, CHyC(C Hy), et ] M((,?Slzed USing alky] ra dicai encte, Large number of alkyls of
Ha) are bundan Tsh :Vm% g(; B-hydrogen [Example:
' > Stability of metal benzyls
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“Taansition Metal . Avyl and Ayl Complenes

[M(CH-C Ho, ] and metal neopentyls [MICTLO(CH )] can be explained. Comparative
stabihiy of dervatives hike [C1C(CH) b a) can be explamed by the influence of steric hindrance
m mhibiting the approach tor |3 hydrogen in crowded tert-butyl |wp|np\| groups to the central
metal atom (Mo SIMen, ] denvative are more  stable  than  analogous neopentyls
NCCTECN e, as substitution of [3-carbon atom in ligand by silicon precludes possihility of
I drogen elimimation as the formation of € St analogue of the alkene is rather unhkely. Other
amitlar examples of this type are CHGeRw CHLSnRy ete as well as |-norbornyl, (where the
| Yy
esulting bridge head alkene 1s hiphly unstable)
H-=-M
)
|
(: '(|/
R—C— ;\
Ra

Decomposition of metal alkyls through f-hydrogen elimination involves formation of
mtermediate hvdridoalkene complex, where coordination number of the metal increases. If
coordination sites of the metal are already saturated by other ligands, then formation of
hvdridoalkene complex would be difficult. Examples: [Mo(CH;CH;)(COh(nS-C5H5)],
[Mn(CH.CH;)XCO)s]. [Fe(n’-C sHs)(CO)(n’-CsHs)] etc. These stabilizing ligands are generally
of n-bondingn-acid type, but they could also be lewis bases, like ammonia in
[Rh(C;H:s)(NH;3)s](ClO4)2 or bis-salicylaldehyde-ethylenediimine (salen) in [Co(C,Hs)(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 -hydrogen.

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

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

(d) Use of stabilizing ligands
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:
S¢(Ph)s], Y [Oxidation Number +3: Coordination Number: 3(sp2) Example: Y(Ph)s, 4(sp’)
Example: Y( lBug,i], Lanthanides [Oxidation Number +3: Coordination Number: 3(sp’) Example:
[M(CH,PMes)s]™", 4(sp’) Example: [MBw] (M = Sm, Er, Yb or Lu), 6(d’sp’) Example:
[MMe6]3'] and actinides [Oxidation Number +4: Coordination Number: 4(sp3) Example:
Th(CH,Ph)s, 6(d*sp’) Example: [UMes]”] elements are present in this group. General methods
for synthesis are:

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

M Cl; + 3 Li CH, Si Me; — > [M (CH, Si Me;);] (th)x +3 LiCl
(M = Sc, Y, Tb, Er, Tm, Yb, Lu. x =0, 2, or 3)

M Cl, + 3Li CH (Si Mes); —» [M {CH (Si Mes)2}s] +3 Li Cl

MCI, + 6LiMe + 3TMEDA— 2 5{MMe, ] [Li(TMEDA))," +3LiCl
M = Lanthanide metal ’

AKP.
(3]
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O11a CNxample i< the use of phosphorous vihide | xample “ € s‘lc},
CH,
MCy, - I N % . 3 1.1 Bu M/ \P *3¢
. i P = CH, —w M (CH, P Me,), 3CI- —> ~— Me, <h,
1 I anthanide) CIL /
2

*3Lin

Group 4 - a° A e N idation Number +2- (‘()nrdlna‘l)l()nrNurnber: 2(s ) Ex

f, b H-Ph). :)\l\f.‘lll\\ll"“\‘l'l'l:l‘hgl‘l' If,z\"( “oordination Number: 3(sp”) hf(ar-np]e:.T'.(_CstiameD]ez
~(dsp Example TiCLR(Pv): (R Me., Ph); Oxidation ANumbe‘r 1‘4' _(oordmauo_n Num 3)3?
FXampic  TiNe.. 4(dsp”) Example: TiMex(DMPE)2. 5(dsp ) Example: [TiMe) -
[Oxidation Number +4: Coordination Number: 4(sp’) Ele;rnple. ZEM?'J and Hf [O’dda’tior
Number +4 Coordination Number: 4(sp”) Example: Hf(CHz Bu)a, 6(d"sp”) Example: [HfM%]z%
@< present in this group. General methods for synthesis are:

(1) Halide exchange:

d(sp

M CL + 4 Li Me 2225 nf (Mey) +4 Li C1 (M = Ti Or Zr)

M CL +Mg (CH: Ph), 2R 2rcm, Pry, + Megcir M = Ti, Zr Or HD
—60°C

M Cl. + 4 Li CH: Si Me; -E29 , n1 (CH,SiMe;), + 4LiCl (M =Ti, Zr Or Hf)
. Py _
T: Cl: + Mg (R) Br 30°c TiCl (R) (Py): + Mg (Br) C1 (R = Me, Ph)
. ROR 5 .
T1 Cl:(n~ — Cs hs)+3 Li Me 30°C > Ti Me; (n°-Cs Hs)>+ 3 LiCl

Ti Cl. (dmpe), + 2 Li Me L2, Trans Ti Me, (dmpe), + 2 LiCl

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

2TiCl, + Zn Me, —» 2 Ti Cl; Me + Zn Cl,
T:1 Cl, + Al Me; -»>Ti Cl; Me + Al Me, ClI
11 Cl;, + Pb R, »>TiCIl; R+ Pb(R); Cl1 (R=Me Or Et)
(iii) Metal hydride alkane insertion:
Zr (H)CI(—Cs Hs)> + LiPh —> Zr(CI)(Ph)(n~Cs Hs), + LiH

3. Group 5 - d’ Metals: V ngidation Number +2: Coordination Number: 4(dsp’)
Example: 7rans-VMex(dmpe),, 6(d°sp’) Example: [VPhs]*; Oxidation Number +3- Coordin:«zlti03n
Number: 3(sp?) Example: V(CH;SiMe3)s; Oxidation Number +3- Coordination Number: 6(d”sp’)

Example: VPhs(THF)3; Oxidation Number +4: Coordination Number: 4(dsp?) Example: VM¢4]~
Nb [Oxidation Number +4: Coordination Number: 4(sp>) Example: Nb(CsFs)s; Oxidation
Number +5: Coordination Number: 5(dsp?) Example: NbMes; Oxidation Number *5:

Coordination Number: 6(d’sp?) Example: [NbPhs]] and Ta [Oxidation Number +5: Coordination

Number

Exampl
1)

VCl
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Number  Sidsp ) Eavample  Talk Oadation Number 0 Coordination Number  6(d7sp)

I nample W *h e present i the proup Greneral methods for synthesisare

Halide exchange

VOl (dmpe)s  Lime RORS Trans=V(Me), (dmpe), 2 LaCl
\CLoCTHEY - T Ph ‘\I‘h,(llll)."ll(l

VOL + 411 R VR, + 4 L1CHR ~ Me, Ph
VO (NMed-+ 3 T CHESIMey)s = VG (S Me )t Ead I+ 2NMe,

ROR | '
VOl S A Me (P e Y CTRPI IMp Xl
VO + 4T (O SIMey) WV (CHL SiMey, Al
1O

la Cl: Me: + 2 L Me —:\— LaMe

() Transmetallation

Nb Cl. + ZnR, —Fenane y NbCLR , +ZnCl,

STaCl. + 3ZnR. —PeM€ 5 OT4ClLR , +3ZnCl,
(R=Me, CH,, S1 Mey)

4 Group 6 - d' Metals: Cr [Oxidation Number +2: Coordination Number: A(dsp’)
Example:  Trans-CrMex(dmpe),, b(dzsp“) Example: lCrzMegI"; Oxidation Number ~+3:
Coordination Number: 3(sp’) Example: Cr(CHaPh), 4(sp3 ) Example: [CrPha], 6(d'sp‘)
Example: CrPhy(THF)s: Oxidation Number +4: Coordination Number: 4(sp" ) Example: CrMey,
6(d°sp’) Example: [C ™Meg]*], Mo [Oxidation Number +2: Coordination Number: 5(dsp’)
Example: Mo(CH,Ph)YC 0)s(n'-CsHs); Oxidation Number +3: Coordination Number: 6(d’sp))
Example: (Mo:Mej)"; Oxidation Number +4: Coordination Number: 4(sp" ) Example:
Mo(CH:Ph),] and W [Oxidation Number +3: Coordination Number: 6(d’sp’) Example: WaMex™
. Oxidation Number +4: Coordination Number: 4(sp) Example: W(CHzPh)s, 6(d’sp’) Example:
WPh>: Oxidation Number +5: Coordination Number: S(clsp3 ) Example: W(Ph)s; Oxidation
Number +6: Coordination Number: 6(d’sp”) Example: WMe| are present in the group. General
methods for synthesis are:

(i) Halide exchange method:

CrCl, (dmpe); + 2 Li Me ROR, Trans—Cr Me; (dmpe) + 2 Li C!
CrCl; + 3 Li CH (Si Me;)y——Cr {CH (Si Mes)} + 3LiCl
CrCl: + 6 Li Me D“;’;ﬁ“e Li; [Cr Megls+ 3LiCl

¢

WCls + 6AIMe; > WMeg + 6 AlCIMe;

(51
AP
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HEy AR, T CRE Mo (1 ther) M
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il SR %K Mo (CH Clomt
/n M - Ph
/n Phy (m | ther) | Y
t= Me
o Me, (n [exane) '
Wi | ith Organic Halides: Sodiyy,
’ Jexes with arbyls, oy, ' Sy,
nic Metal Comp hdenum lly(lmwr’y - Exampe.
o Reaction of Anionic | hesis of molyb , i =C i f
"”!h”M‘\"‘.,:“;‘&"”"'I”\ used |||Il'lllt‘(j};lll(lgll ,”Mu (CH, Phy (€ 0),(n'-C Hs) + Na(#]
Na [Mo (CO) ' -Cillg) + Ph U |
(V) Ylide synthesis: ey Cr(CIL PPhy) (CO)s PPhy
CrCOY(PPhy) + Phil = CHs “3 -
3 PMCZ +’;I,|(,l
CICHTHE) = 3L1(CH, PMe;) ——C l
L Strong Base .
o +1: Coordination Number- ¢,
3 Group 7 - d* Metals: Mn [Oxidation Number +1: ( Number a2 6(d )
. +2: Coordination Number: Asp’) By _
v M(CFXCO); Oridaton Numl})gr Coordination  Number: 4(Sp§; xélmple
MnMey(dmpe),;  Oxidation Number. +3. : o . ;. EXampe
(M CH.CAe P} and Re [Onidtion Normber +3: Coordination Number. 4(sp?) Examp),
Rex(k-SiMes)y(CH,SiMes)s, 6(d’sp’) Example: Re;Mes™; Oxidation N}lmber 4 _Coordimm-on
Number: 6(d%sp’) Example: Re;(CH,SiMes)1y; Oxidation Number +6: Coordinatiop Number
6(d’sp’) Example: ReMeg] are present in the group.
General methods for synthesis are;
(1) Halide exchange: ‘
MnC]g +4LiMe 'W-)ng [Mn Me4] +2LiCl
MnCl; + 2LiMe dmpe, MnMe(dmpe), + 2LiC]
MnCl, + 4LiCH, S Me, =Liz [Mn (CH, Si Mey),] + 2 Licy
2MnC‘lg+4MgCll CH:C(Ph)MeZ]i’L,[Mn{CH2 C(Ph) Me, b, + 4MgCl,
(i) Reactiong of anionic metg] Complexes witp organic halides
Na [Mn (CO)s |

ke
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() Elimination of CO from acyl-compounds
Mn (COC, H,Me) (COY . "™, Mp (CoHyMe) (CO)5 + CO

Group 8 9010 - d", d’ , d" Metals, respectively: Fe [Oxidation zNumber T2
Coordination Number 2(sp) Example: Fe(Mes), MeS Mesitylene, 4(sp’3) Examplei
FePheCo0n -CHO L Co [Oxidation Number +1: Coordination Number: S(dsg)) Example:
COCECEHYCO),, Oxidation Number 20 Coordination  Number: 4(sp”) Examplf:
CoPha(dipy). Oxidation Number 3 Coordination Number: 3(sp2) Example:‘ [CoPhy(n’-
CoHMeI ordsp) Example: [Co(C-CR)]": Oxidation Number +4: Coordination Number:
4(sp’) Example: CoR,. (»(d:sp“) Example: [(‘o(CHzPh)((‘N)_s]z'], Ni2[0x1Qat|9n Number +2:
Coordimation Number 2(sp) Example: NiBu, 4(sp”) Example: NiMe4*; Oxidation Numl?er .+3:
Coordination Number: 3(sp?) Example: NiPhy(n°-CsHsMe), Oxidation Number +4: Coord!nat!on
Number: 6(d*sp’) Example: [Ni(CHPh)(CN)sJ], Ru [Oxidation Number +2: Coordination
Number: 6(d"sp") Example: Ru(CH;)(1)(CO)y(PPhs),], Rh [Oxidation Numbgf +3: Coordination
Number: 3(sp”) Example: Rh(Mes)s, 6(d’sp’) Example: [Rh(Et)(NH;)s]”"], Pd [Oxidation
Number +2: Coordination Number: 4(sp3) Example: [Pd(>CH,SPh),]], Ir [Oxidation Number
+3: Coordination Number: 6(d’sp*) Example: IrMe(CI)(I)(CO)(PPhs),], Pt [Oxidation Number
+2: Coordination Number: 4(dsp?) Example: PtMe(PPh;),] etc. are present here. General
methods for synthesis are:

(i) Halide exchange:

Fe Cl; (dmpe), +2 Li Me —2R, Fe Me, (dmpe), + 2LiC

Ni Cl, (PEt; > + 2Mg Br (Mes) —2 MgBrCl +Ni (Mes), (PEt;)y " Ni (Mes), + 2 PEt,

Ni Cl, (Py), + 2Mg (CH, Si Me;)Cl —Ni (CH; Si Me;), (Py),+2 MgCl,
Rh Cl; (SC,Hy) + 3Mg (Mes)Br —» Rh (Mes); + SC, He + 3 Mg BrCl
PdCl, (L), +2 LiPh »Pd Ph, (L), +2 Li CL; (L - Bidentate)
4Pd Cl, (PhCN), + 8Li(CH,S Ph)—» {Pd (CH,S Ph),}, + 8 LiCl + 8§ Ph CN

Pt Cl, (PEt;), + 2 Li Me — Pt Me, (PEt;), + 2 Li Cl

(ii)  Transmetallation:
PtCly (PRy)>+ Hg Phy %, trans Pt (Ph) CI (PR,), + Hg (Ph)Cl

PLCl, (1, 5-Cod)+SnMe, —C;:)-%Pt Me CI(1.5-Cod)+Sn Cl Me;

Pt (03CCF3)3 (PMCgph)z + Sn MC4 —trans-Pt Me (03 CCF]) (PMC: Ph):
+Sn(03 CCF;)Me_;

(iii)  Reaction of anionic metal complexes with organic halides:
Na [Fe (CO)] (nS-C5H5)]+PhF —>[Fe (Ph) (CO)g (Y] S"CSI'IS)]"'I\IEIF

Na; [CO (CN)s] + Ph CH, Br —Na; [Co (CH, Ph) (CN)s] + NaBr
Na|C o(CO)J+CH,-CH=CH,Br—» Co (CH»-CH=CH,) (CO), + NaBr
A

Co (CO)t (n ;-C3H5)+CO
L7



olecule in M-H Bond:

(iv) Insertion: o
. lnscmnnnf‘:\lnlnplcHnm cdm | ) ‘ N
FeH (CO) SCHs) + CH2 " CHCN ke "(‘_”_((’ _H.’z)(N;{(_'O)J('IS-- CsH

cH (C > (1) (._ ‘”‘(‘()) . CF )(‘Ol( Fa( F» H) (COy, sHj)

) 4 - . 24

thu(NH;),«I"H’;H. ,|Rh (C2Hs) (NH3)s]
e Inscrtion of'l msaturated molecules in M-M B()fu']: - o
Cor (COX + CoFi L (COY Co-CFxX F>-Co (CO)q
Bond:

d Mnlcculc in M-C

pEL)s + CO = Trans PLCI(COCH;)(PE,),

e [nsertion of Unsaturate

Trans Pt C1 (CH3) (

(v) Elimination Reaction:
e  Elimination of CO from Acyl Compogg-'CF | (CON - CO(
Li [Co(CO)y] + FsC COCT €0 (A 4 (CF3)CO),+Co

e Elimination CO; from C arboxylates:
Ni (CO-Ph): (biby) _Heat , Nj Phs (biby) + CO:

K. Pt Cl; + 2 TIO,C Ph + 2Py — TransPt (Ph)> (Py)>+2KCI+2TICHCQO

e Elimination of SO, from Sulphonate:
Fe (SO,R) (CO), n°-CsHs =% FeR (CO)2 1 5.CsHs + SO,
[Pt (SO:Ph) CI (PR3), 2> PiCl(Ph )(PR:)>+ SO-]

IrCl> (SO-CsH;Me) (CO) (PR}):——HEL)IIC]_, (C.H,Me)(CO) (PR;): + SO,

(vi) Oxidati iti B i
O I Vap‘:uréddltwn/ Metal-Atom Reactions: Co-condensation of Organ
2M +2 C4Hs Br —25 3 M (C4¢H;s PhMe
(M = Co or Ni) (CeHs):*MBr; M (C4 Hs)y (1" - Cs HyMe)
2M 2 Co H X + 2PEti> M (CeHg)z (PE): + M X:
active Metal Powder (Fe, Co, Ni, P d Or Pt)~

Pd + CsHsl + bipy — Pd (CsHs) (Bipy)(I)

(vii) Cyclic Metallati Iky
Cyclic Metallation b . Alkyl groups linked wi ' '
formation of M-C bcm}:i oxidative addition involving breawkii]ﬂg1 I(;If c;;fgség{na;edchﬂgagds; %

: - ised C-H bon
FeCl, (PMes); + PMe;

7. Group 11 -

M_) [FeH
{CH_‘;PMC:} (PMe;s); |+2 NaCl

d’ Metals: Cu [Oxidati
1on Number +1: Coordination Number: 1 pamp®

) CeH;), C =t
+2: Coordination N 3), Coordination Number-
umber: er: 2 . N St
€r: 2(sp) Example: CuR, ((Sgigleggebg u;w%]; ?“d?ngnﬁﬂr
' 2 e3), Coordination *

[Ag(Mes)]s, Coordinai 31, Ag [Oxidation Num am
nation N on Number +1: Coordination Number: 1 Ex P";
[Oxidatl®

Number +1: Coordinat; umber: (s
p) E -
Nation Number: | fy Xample: [Ag{C(SiMe;);},]] and Au |
ample: [Au(Mes)]s, Coordination Number 207

™~ "



ordination Number: 2(sp) f:xample: Au[CH2(Si

> (o . {
) Example: AuPhs, (oordination

Oxidation Numbet

Example [AuMe:| ‘
' or 13 linatton Number: 3(sp .

Me): (1) Oxidation Number (001 De:

\umllw f(sp ) Ixample [AuMeq] | are present in this group I'he general method of their
(S <

svnthesis arg

(1) Halide Fxchange reaction
ROR > . .
CuCl+ ZnRy 0o 2[CuR], + ZnCl,
CuCl 21 Me ROR [ (Cu Me,) + LiCl

»|Cu (CH> S Me)|s + 4 Li ]
MgCl, (R (SiMcy)s: L =Me,Ph.Pr)
|, + 5 Mg BrCl + 5CO

1 Cul + 4 Li (CH> S1 Mey)
AuCl(1.)+Mg RCl->AuR(L)

SAuCICO) + SMg Br(Mes) —"—[Au (Mcs)

(1) Y lide synthesis:

2 Ag +2 Me;:P=CH, ?Mc:P% PMe;
NHg—'ﬂkg"‘-cl}‘lg

Stability of Transition Metal Hydrocarbyls: Transition metal c—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.

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

electronegativity of the metal.
o Tonic: 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.
A : 2
M CY—H — M C—H
D E>eH O ADLE
Methyl Free Radical Methyl Carbanion
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.

Methyl Free Radical

.In hydrocarbyls of transition metals, carbon is always negative compared to metal atom, due to
its higher electropegatmty, 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
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. 1

unsaturation also explains their tendency 0 @ s h
o stability on these derivatives. Examples

of these ancillary ligands adds extra comparative . . :

| Meubiby ). TaMes(dme); CoMe(diphos) [diphos = 1,2-b}s (d'lphenylphosph}no) ethane
MMe(dmpe), [M=Ti, V, Cr, Mn and Fe, dmpe = 1,2-bis (dimethylphosphino) ethane
NiLt(bipy) and Ln(CHySiMes)s(THF)a [Ln = \anthanide metal, n = 2 or 3] are more stable th

uncoordinated g-hydrocarbyls.

Chelating hydrocarbyls e.g. 0-CH,CeHsNMe, etc. tends to provide stability to o—bond
derivatives by blocking the available coordination sites.

N 1]
e
/N
Metal-alkyl/aryls tend to sati ' \d ;
’ . atisfy their coordination envi

. . . e
via alkyl or other bridging ligands or via multi o MM b

bridging would obviously be hindered by sterical

species. Though these com
’ plexes would
thermally stable, due to steric crowdin ol

species. Example: [Ti{CH(SiMe;), }5]

| :
y crowded ligands, resulting in mononuc

be coordinat

g of the liganfi:gv(;ril; :lne ly unsaturated, still they wil
ill inhibi

 [Cr{CH(SiMe;), 4] etc. inhibit any approach of reac
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‘ H\Nt:‘:‘o‘; o casiiv. These often require a chelating hydrocarbyl of the type 3

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

[ 3]

Transition metals -hydrocarbyls, due to their coordinativ<e
ally 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.

Decomposition Pathways:
unsaturation are not Kinetic

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

i,  P—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 p—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-hydride, which in some cases may
decompose to metal and hydrogen too.

Ho M H M He-=-M M—H
1 7
| | || |/ _R O+ A
R T—IC H R1—(|)-—(|)—H —_— R,—(l:_—_’:cls——H
R, Rs Ry Rs Ry Rs
Ry 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' from the a—carbon atom to the metal. Binary permethyls, example: TaMes, WMe and ReMe;
are unstable and decompose explosively with the formation of methane via four-centred
transition state. This plays a key role towards synthesis of alkylidene complexes. Several metal

il
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f the C-H bonds of that methyl group 288
distance with the metal. Such strogg
play key role towards cyclometallation

. . 1 eroup 18 attach
Crvstallographic analysis shows that, when a methyl group

having less than 18-clectron environment. one ©
distorted o the extent that it gets into the bonding
interactions between metal and C-H group are known 0
and alkene polymerization reactions.

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

rare 1n transition metal chemistry.
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 common for the later transition metals.

X
xxomawm x{2
LM =L

Y
Examples: AuMe(PPh;) - Au(PPhs;) + CsHs
PtH(R)PPh:), — Pt(PPh;), + RH

Au(CH,SiMe; XPPh;) + Mel — AulMe(CH;SiMe;)(PPh;) — Aul(PPh:) ~ SiEt\Mes

012]
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3 fie fissi : . 4 ition of
3. Homolytic fission of M-C bond: These are common pathways for decompOs

main group alkyls, but several transition metal alkyls also follow it.
Zr(CH,Ph)y — Zr + 2Ph-CHyCl 1,Ph

g i end upon

ity of o-bonded transition metal organometallics dep

sent. .
| alkyls are weakly nucleop! <
e conditions wi

Characteristic Reactions: Reactiv
the nature of the metal as well as on the other ligands pre

1. Metal-Carbon Bond Cleavage: Transition meta /
philic reaction on alkyls in oxidativ

¢ and

decompose in presence of proton. Nucleo
also come in this category. Example:

Ti Mes + 4 MeCOOH-ROR, Ti (0,CMe) +4CH:
Pr,OH—Zr (2,6-Pr, C «Hs0)

r ((‘H: Si MC3)4+4 2,6"C6 H5
+3 C&l‘I6+ nTHF

Cr Ph; (THF), + Acetyl Acetone — Cr (Acac)s

Cis{PCL(PEL:).] 2HCL o pt Me; (PEt) _HCL, ¢js{PtCl (Me)(PED:2]
2CH —cH,

MnMe(CO)s + Br, > MeBr + MnBr (CO)s

Ti Mey + 41; >4 Mel + Tily
COMC; (PMC_;)_; + X2 4 COX (Me) (PMC3)3 + MCX

4+ 4 Sl Med

Elimination of alkene with proton transfer (B—Decomposition):
H,

Pt C1 (CH, CHs) (PEt;)2 Pt HCl (PEt): + G2 )
CU(CHZCH:CH]CH})(PBUD_}) —)CgHs CH= CH)_ +Cu H (PBU 3)
MnCH-CH(CO)s + PhsC"BFs—~Ph;CH + [(CO)sMn (C:H)}(BE.)

3. Replacement reactions:
[Pd Me> (bipy] + 2 GsH [ »[Pd (CsH7): (bipy)] +2 CH; 1
M (CH-Ph); + 2 EtOH —»M (CH- Ph): (OE1): +2PhCH;M=Ti or Zr)
Zr Me> (n<C.H.),+ MeOH — Zr Me (OMe) (nC H,),+CHy

4 Adduct Formation:
[Mn Rg]n+TMEDA—+MnR3(TMEDA) R=CH,CMe¢;.,CH,Si Me;orCH-(Me- Ph)

Ti Me> + dmpe — Ti Me; (dmpe)2
Ta Mes + dme —Ta Mes (dme)

[Mn (CH2 Si Me3)'_)] +2 L1 CH: Si Me;;—-)Li‘_) [Mn (CH] Si Me;).“]

5. Redistribution:
Cis-Pt Me, (PEt;),+Cis Pt Clz(PEt3)2—>2 CisPt C1 (Me) (PEt;)>

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

products.
. : . 0 o]
1. CO insertion: - “C i\
LnM ~— LnM R LnM
& AN
T

AP
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Transuirov Me
0 CH
: Q ’ 3 /('H \C /CO
| N/
; \\< | ,, O «(0 | # o
D g | & ,_,,,..:::_—:__ - f‘—"
II(‘.\\\(‘(" ; %, ' CH f - O !n (0 )
OC ==\ == et | QC = DN [ ,.0
= \i’ , ¢ = { (_"v_)f oc coO
o CC L Coco L
o ~ []\ L OCI,M’ /)J
ocC | C OC/,' , __.————’ n
N — Mg oc” | Yco
oc” | >co oc é co 0
0 (0]
(=7 ] —
_-—-:’_“:‘\’*—— -C:} —
actve _Fe.., EtNO.. —F e"".’lpphs — - \/: FPFPhs
Et- \-.fpph 2 - =0
(o8] / QEO //
| Ef ] Et
¢ 82% yield
o lHMPA o5 %ee.
inversion on Fe!
Ft migrated!
Pl
\ﬂ' ”{/pphg —_— \ﬂf \"llpphs
retention on Fe!
CO migrated!
PPh, PPh,
oc- ! H oc- | co C R Cp R
Sul sco = O S Sal ovco = Pou(
OC/, R R- % I R CP/ \R pC ‘ /C—
PPh, o Prhy o

ii. CO,, SO, or CS; insertion:

Cu Me(PPh;); -£21, Cy (O C Me)(PPhs);
Cu Me (E,0) (PPh;)o co. —5 Cu(O,C Me)(ELO)(PPh;),
Au Me (PMe;), 5%, Au(SO, Me)(PMe; )

Au Me; (PMe;) 22, Cis-Au Me; (SO-Me) (PMes)

Ti Mex(n*-C,H,), ==> ';g: Ti (1]-01 SMe), (n -C\Hz)

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

4 LiCH; + Cuzly -2 Li[Cu(CHs),] + 2 Lil

1141
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Typical characteristics of lithjum dimethyl cuprate, | [Cu(CHy), ) ar
A s L )| are;

1. Strong nucleophilicity

towards carbon ' i -
| . s atom é ks
or halide sites compared to ¢ HEE GG S

arbonyl groups.

9 | a . : N

2 SIS fowandS groups like cyano- or ester- etc

3. In. o,B~ unsatur . ‘

4 1t k lll‘\satm.a t.ed carbonyl systems, it selectively attaches with p— Carbon atom.
q. 1as special ability to replace various types of halogen atoms by methyl groups.

It reacts with allylic acetates by SN” mechanism.

Reacts with epoxides to form open ring alkylated alcohols.
7. It adds to acetylene-esters.

In addition, there are examples of similar reactions involving branched alkyl, pheny! and viny}
copper reagents.

o Halogen Substitution:
Trans-PhCH=CHBr + LiCuMe; — Trans-PhCH= CHMe
CeHsI + LiCuMez — CgHsMe
CsH;Br + Li[Cu'Bu2] — ‘Bu(CH,)sCH3
Br LiCu(Me),

.

Br

LiCu(Me),
\ kel S \ OH

OH

o Conjugated Additions:
1.4-addition of ¢ f-unsalurated carbonyl compounds

10 0
+ RCuli ——»
) 1
. L
- - - 4 ~ - v R
Conjugate addition: How it Works _ 5 T i\ Cu—CH,
Li
Q
(0] D 0 ~ 0 0
Li - acid
P © workup
L e e Em—— -~ —
H3C H3C H,C
H,c/ \CH, 3 ]
the nucleaphile is the " "enolate” Product
pair of electrons in the (resonance forms shown)
Cu-CH; bond (conjugate addition

product)
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Alkyiation of AllVE Acetate

LiCuMe;

—0,

>_

Alkylation of Epoxldes

\A S \)\/
\/

LiCu(Me), - \y)\“/ \/

Formation Ketone from Acid- Chloride:

N/\/\/\/\/\/\”/ ¢ LiCuMe),
o}
N%\/\/\/\/\/\”/
0
LiCu(Pr), Pr
—.
0 0
[16]
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