Organometallic Compounds

Definition: Compounds having at least one metal-carbon bond and the carbon moiety should belongs
to the organic molecules.

Important points:

= Depending on the type of M-C bond, molecules should
be covalent, partially covalent, ionic, delocalized or
localized in nature.

» Metal should belongs to the main group, transition or
lanthanide or actinide atoms.

» MNow a days, carbenyl, nitrosyl and cyanide complexes
can also be considered as nr'gunnume.mllft c-::-mpnundﬁ.



Classification of Organometallic Compounds

o-bended organometallic complexes: Formed mainly by the
main group metal with 2¢-2e bond.
E.g. CH3MgBr, Zn(CzHs)z, Mg(CHs):

o-donor, m-acceptor organometallic complexes: Involves
the o-donation of ligand followed by w-acceptance of the
ligand. E.g. metal carbonyls, metal nitrosyls.




T1-donor, m-acceptor organometallic

complexes: Involves n-denation of organic H~ o mH @
carbocyclic. Acyclic unsaturated ligand |

(alkene, benzene) from their respective

b-undfng M.O followed by m-acceptance of HJ"C‘HH K e Cr
the ligands. ‘ N

MNote: m-acceptor organometallic complexes N @

are more stable than the o-donor ——d ]

cnmpiexe:s. Feiuy ualt Farmorana Drhenzene choommium
K[ it —CH, || Felf ~CH|  Crjnf —CH,|

MNon-classically bonded organometallic
complexes: In this case the alkyl groups
may act as the bridging groups between the
metal centers. Instead of normal 2c-2e
bond, electron deficient multicentered M-C
bonds are formed. Eg. Liy(CH;)..

Tr*this chapter we will mainly consider the"tratistfign fmetal organometallic complexes !



Heptacity of ligand: The number of carbon atom gets bound to the metal centers is expressed in

terms of 'hap’ to the nomenclature (n<).
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18-electron rule:

Thermodynamically stable organometallic complexes are formed when the sum of
metal d-electrons and electrons donated by the ligands are equals to 18.

Note: Metals in low oxidation state and good m-acceptor ligands are favoured.
Ligands and their electron contributions:

There are two methods of calculating the contribution: ene is neutral method and
the rest one is oxidation state method.



Ligand Neutral atom Oxidation state method Ligand Neutral atom method Oxidation state method
ihnd Electron  Formal Electron Formal
contribution charge contribution charge
Carbonyl (M-CO) 2 2 o Halogen { M-X) I 2 =1
Phosphine (M-PR ) 2 2 o Alkyl (M-R) I 2 -1
Amine (M-NR) 2 2 0 Aryl (M-Ar) 1 2 -1
Amide (M-NR, ) 1 2 33 Acyl [M-C(O)-R] 1 2 -1
Hydrogen (M-H) i 2 -1 n'-Cyclopentadienyl 1 2 -1
Alkene (sidewise) n'- 1 2 0 n'-Allyl 1 2 =1
Alkyne (sidewise) n'- 2 1 0 n'-Allyl 3 4 -1
nC,, 2 2 0 n*-Cyclopentadienyl 5 6 =l
Mitrosyl bent 1 2 -1 n'-Benzene & & 0
Nitrosyl linear L] 2 +1 n'-Cycloheptatrienyl 7 & +1
Carbene (M=CR,) 2 4 -2 Carbyne (M=CR) 3 6 -3,
Alkexide (M-OR) 1 2 o | Thiolate {(M-5R) 1 2 =1
p-C0 [M-{CO)-M) 2 2 0 u-H 1 2 -1
w-Alkyne 1 4 0 WX (M=-X-M) 3 4 -1
X = Halogen

p-Alkyl i 2 -1 pu-Amido [M-(NR)-M] 3 4 =1
u-Phosphido (M-(PR )-M] 3 4 - VR RIkexide TM-(OR)-M] 3 4 '




Metal d-electrons counting:

27 8
43 46
78
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Some examples of 18-electron rule:

Cr(CO), : Cr(O) :6e
6CO :2x6 =12

Total : 18 electron

Cr(n®-C¢Hy), ;. [LrlO) z6e
2M"CHy):2x6=12

Total : 18 electron
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[Fe(CO),(NO),] ; Fe : 8¢
2xCO :2x2=4e

2xXxNO :2x3=06e

assuming NO*

Total : 18 electron
(calculation was done through neutral method)

R,P, EF3 & CO Re (+I) : d°(6e7) Re (O) : 7¢”
% Re® : 2PR, : de° Or. 2PR, :de
x‘*{ | "’Pﬂj 2CO :4e” 2C0O :4ei
Co CH; :2e CH, : le
HC=CH,2e H,C=CH,:2¢"

Total : 18 electron Total : 18 electron

(Oxidation state method) (Neutral method)

Py e | L. BYano) Sapmemoder



Mn(CO),(n’-C;H;)] : Mn : - 7e
4CO :2x4=8¢
: 18 electron

(n°-CsHs)Fe(CO),Cl - Fe(O) :8e”
2CO (terminal) :4e”
Cl :1e

Total : 18 electron
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Mo(O)
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: 18 electron

- 6e
- 5%2=10e"

Total :18 electron
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: 18 electron




N Fe : 8e”
]!?e; T . (n’-pentadienyl) A : 5e”
oc”} “Co 3x CO :3x2=6e

Total : 19 electron

¢ Fe (O) : 8e”

@] = -Gy 15
2xCO :2x2=4e

One negative charge : 1e”

Total

: 18 electron




L L, For each Mo—
@ o, A Mo (1) :
/MU*\ ;’h‘[ : L, :
“~ 2xCl
L}J&- Cl D@Ll

: 6e”
12X 2e =4de
- 3¢

S5e”

: 18 electron

co €O y Cr (O) : 6e”
DCF; I H I ;“"CO ' o _
oc—cr” ‘”“Cr\—:co] , 5x CE :?; 2e” = 10e
o o co <© Negative charge : le”
Total : 18 electron




CO Co(0) :9e”
3xCO :3x2e =6e

NO (linear) :3e”

Total : 18 electron

L For each Ru (I1) : 6e”
' L,
Cl\Ru/Cl @ L; :6e”
. u - L, 227
@ Na” Na 2L, :2 x 2 = 4¢”

L, 2
Ly Total : 18 electron




[ @ + Ru (0) : 8e”
Ph:\ {L]} L1 :6E_

PRy, : L, :1e”

/ upC 2
Py }‘{ LSS L, :2e
s (L,) a L, :2¢

: 19 electron

For each Mo(o) : 6e”

p Ph 2C0 :2x2 = 4e”
oc 5?( CO : 56"
\rﬂﬂ'—MD ] ( 5_ }
" @ N =%
CO CO One Mo-Mo and

Py

two Mo-C bond 12
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For each Co(O) : 9e”
S W il c\ /0 3CO :3x2e = 6¢
DC Co Co “'—CD .
oc/ \co 2Co-Cobond _, _
0 and 1Co-C bond *
|
UO’C‘(\]CD Total : 18 electron

For each Mo(o) : 6e”

Ll@ _ph 2CO : 2x2¢™ = 4e”
H.f ﬂf"P : Ll. :S'E_
cﬁ% LI I“E 1 2e”

O H :1le

Total : 18 electron
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For each Fe(Q) : 8¢~
(n-C,) :5¢
3 FE'—FE bond + 3p”
3 py-binding mode
of CO bond : 3}{% =2e
Total : 18 electron

Ru(o) : 8e”
B : 6e”
L, :4e
Total : 18 electron




For each Fe (O) : 8e

L ‘l-l : E

Y - 2 x p,CO :2e
OC C ;EEO) One Fe-Fe bond : le

Total : 18 electron



