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Organemetallic Compoeunads

Preparation and reactions of organemetallic
COMpoURNGS.

Reference: Chapters 10

Textbook: B. Douglas, D. H. McDaniel, & J. J.
Alexander, Concepts & Models of Inerganic
Chemistry, 219 edition, Wiley, New York




Wihat IS Organometallic?
Organometallic is the: chemistiy/ of: M-C hona
fermation; and reactivity.

Altheughr Zn-alkyls: eig: Zn(CH5 )5 Were
prepared By Frankiand i 1827,

elganemetallic chemistry has Undergene: a
[enaissance In the last 50 years due to the
Importance ofi many: erganometallic
COMPEUNGS In many Iimpoeriant chemical
PreCESSES that Include catalysis, Sensors and
ethers.




Metal Carpbenyl Compounds

=acidl Ligands.
Wiat: are i-acid ligands?

Liganads with' &' pailr off electrons, availanie
o donaten tor the metall centerr anad
Vacant: erpital p, 7, e diavallanle for
acecepting electron density frem: the: metal:

e.g. CO, and PPhs where Ph = C.Hx.
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M.O. Diagram; for CO C

Empty O-@ ™ LUMO
=1 -@— 0.,© HOMO




Sketches of the M.O. for CO




Metall Carlbenyl Compeunads

Reguirements

s Metallsheuld e in low! oxidation state 0, 1 or
2: 1.e. electron rich.

s Ligandisheulda n-aceceptor igand, /é. 6-
doner or electron; aceceptor threugh empiy. 9,
= or d erbitals:




Bending

Seguence: o bending

A pair of electrons Is denated frem) the: 7i-
acld te the metal center;

The excess electroni density around the
metali center Isi denated! back torthe enmpLy.
eIvItals on the ligand:




Synergic Bending

UG- (+ XL ot :{}—{

Ligand—Metal o bonding Metal— ligand m=back bonding
(one of a mutual L is shown)

The back donation to the 1t* orbitals should strongly
affect the bond order of C=0.
IR data can be correlated C-O bond order.




n=acid Ligands

Examples) off 2-e's denors & have empty orbitals
off =symmetny  include 1secyanides CNR anad
carenes :COIY) have empiy: 2L erbital.

-acids without €, NO (Iseelectronic with CO)),
-phesphines PRs , arsines AsRs, Stibenes ShR,
pIpyridine (bipy) and phenanthreline (Phen)

Bipy: & phen possess it* orbital - molecular
plane:;




The Effective Atomic # Rule or
the 18e- Rule

herule predicts the stabllity’ off erganemetallic
compounds and simply’ states; that stability IS
attainedor gained when allof the honding and
AeN-BeNdinglorkitals are eceupled.

The rule is useful 1 predicting the: steichiometry
Of stable species and alse reactivity: patterns.

CO donates 2er to the system from| the 6y,
orbitals on C.




Metal Carbonyl Compoeunds

M-C=0rs are Important e thel rneh
PrePErties; anad applicatiens 1R many.
Industial Precesses that Include: cataly/sis,
medicall diagnestics and melecular
SEnsors.

Mend Pprocess, 1890
Ni(CO), — NI + 4C0O
Fe(CO):. — Ee’+ 5C0




Monenuclear Metal Carbenyls

M(CO)x —hyarephoebic (Jacking| affinity. fiox
Wwater, I.e. Water lnsoelulle); volatie, selukle
I NeN-PelalKk SeIVEnRts.

e.g. V(CO), O,
Cr(CO),

Mo(CO);
W(CO);
Ee(CO)x:
U[(®0))
NI(CO),




Moenonuclear Metal Carboenyls

Stable hemoleptic canoenyls of transition metal
elements can e predicted using the EAN rule.

Vanadium- 22V 1is? 2s22pb 3s2spf3de 452
\/0 5 e

6xCO 12 e

1x1e- e

Total 18e-

Stable V(CO)g




Metal carenyis

M = Cr, Mo, & W — 3d44s?2

Stable MI(CO), —stable

Mn, Tc, Re
\/10) v/
Need 11 e-
PoessibIlrties
1. M(CO)s"
2. M(CO)s"
3. (CO)-M-M(CO)> Metal metal bond donates
1le to each metal




Mn,(CO);




C0,(CO)g

CO CO CO All C=0 terminal
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oc—Co-Co —CO

Bridging C=0)

oc—Co-Co —CO

co i




Metal Carenyls
O

/N

7

I.LR. v(C=0) ~ 2150 -1850 cm-1
v(C=0) -1850-1750 cm-’
v(C-0) ~ <1600 cm-1







V5(CO)s

hv, CH,COOH

EE(CO): . Fe,(CO),
3-bridging CO’s| (D5,

hv, heptane, -40

M(CO): . M;(CO)q
1-bridgingl CO’s

VI= RU, ©s




Vz(CO)1,

IHIgGher nucieanity

A
3M(CO)5 > M(CO);,
M = Fe, Ruj, Os
3M=24e
12 CO = 24 e
Need 3x18 = 54e- for EAN

6e- short, then need 3 (IVI-M) bends




V,(CO)1,

AXNI = 36 e3
12 CO = 24 e
Total = 60 e-

Need 4x18 = 72 e
1 need 6(M=V) lsends

— ~ = bridging CO (CO),

O




G = 54
16xC0O = 32
Jiotall 86

618 = 108, then
need 22 electrons, I.e.
11 M-M hends




Preparation off metal carbenyl Compounds

TWo procedures are used

s Direct reaction of a metal with €O
e.g. Ee(CO): andiNI(CO),.
Fe +%S. CO— le(CO)x
Ni + xs. CO — Ni(CO),

Note only N1 & IFe are prepared thisiway, xs. =
€XCess.

x Reductive Carboenylatien eff metall salts using a
reducting agent or CO asia reducing agent.

e.g.




Reductive Carpbenylation
2Co(H,0),(0,CCH;), + 8 (CH,;CO),0 + 8 CO + 2H,
— C0,(CO)g + 20CH,CO,H

55 1S the reducing agent
CoCO; + H, + 8 CO — Co, (CO)4 + 2CO, + 2H,0
55 1S the reducing agent

CrCl; + Al + 6 CO — Cr (CO),4
AlIs the ' reducing agent
VCl, + Na(xs) + CO — Na[V/ (CO)]

Re, O, + 17 CO — Re, (CO),, + 7 CO,
CO Is the reducing agent




Polynuclear Carlbonyls

IHIgher carbenyls canibe prepared
from the thermolysis or phoetolysis of
lewWer carbenyls

3050, + CO(XS) — 0s,(CO),, + 12 CO,

30s(COY. 2 Os, (CO).»

2Fe(C0O). — Fe,(CO),




Substituted Carbonyls & Carbenylate Anions

The carbbenyl greup: In netal carkonyls are
jaldilerand can e replaced withr el other
liganas.

The EAN rele can be used te predict the
stabllity’ of the substitution: product.

e.g.

Cr(CO), + CNR — Cr(CO)(CNPh) + CO
Ir,(CO),, + 2 PPh; — Ir,(CO),,(PPh;), + 2 CO
Mo(CO); + Brr — Mo(CO):Br - + CO




L ewis Bases & # of valence e’s

H-, X, NCS-, CN- where X = halide = 2e- donor

CO, CNR, NO*, PR;, P(OR);, AsR;, NR;, SbR;, SR,,
CXY

= 2 e doner ligands
R-, C(O)R-, Ar = 2e- donor
igands
NO = 3er donor Ligand




Metal Carbonyls Reactions 1

1. Direct Supstitution
2e-=1CO
e.g.

Cr(CO), + CNPh Cr(CO)=(CNPh) + CO

H
Ir,(CO);, + 2PPh,; — 11, (CO),,(PPh,), + 2 CO
H

Mo(CO),; + Br Mo(CO):Br - + CO




Metal Carbonyl Reactions 2

2. Oxidation
Mn°,(CO),, + Cl, — Mn!(CO)CI
Fe®(CO): + Br, — Fe!'{(CO),Br,

Co%,(CO)4 + H, —» H[Co(CO),]"




Substitution Reactions 3

5. Rearrangements

2RhCI, + 4 CO ~5° [Rh(CO),(u-CH], + 2CL,

OC Cl: N\ CO

Seh?” Rh~
oc.”~” \:Cl.” \CO

Bridging chiloride im this case Is 3'e” donor,
explain? And predict If EAN IS satisfied!




Reactivity of Organemetallics

A, -CO

2Mn(CO).Cl 2 Mn,(CO)s(U-Biry)

+CO, pressure

Re,(CO)y4 + Cl; — Rey)(CO)g(U-Cly)

[Rh(CO),(U-CH] + 2 PPh, —
trans-Rh(PPh,),(CO)CI + CO




Carboenylate Aniens

Synthesis
Reaction: ofi metall caronyls With} Dase.
e.g.
13Mn,(CO),, + 40 OH" — Mn(CO); + 2
Mn4* + 20 H,O

Fe,(CO)g + 4 OH" — Fe,(CO)g* + CO4z* +
20 H,0
C0,(CO); + 5 RNC — [Co'(CNR):]* [Co
(CNR),]- + 4CO




Reaction oft Metal Carbonyls with a reducing agent

NH (1)

Fe(CO). + 2 Na —  Na,Fe(CO), + CO

THF

Cr(CO); + Na/Hg — Na,[Cr(CO):] + CO

NH (1)

Cr(CO), + NaBH, —  Na,[Cr(CO).] + CO

THF

Co,(CO)g + 2Li[HB(C,H.),] —
Li[Co(CO),] + B(C.H)s + H

THF

Mn,(CO),o + 2KH — KMn(CO). + H,




Reactions of Metal Carbonyls with Anions

Mn(CO). + Re(CO).Cl —
(CO):Re-Mn(CO). + CI-

Re(CO)-Cl + 2 KCN —

K[Re(CO),(CN),] + KCI + 2 CO
Reactions with' alky, acyl halides
Re(CO); + CH;l — (CO):Re-CH, + |-
Mn(CO);~ + CH,C(=0)CI —

(CO):Mn-C(=0)CH,, + CIF




Protonation of Carlbonylate anions

Mn(CO).- + H* — H-Re(CO).

Fe(CO),~ + H* — H-Fe(CO),

H-Fe(CO), + H* — H,-Fe(CO),




Oxidation States

Always censider the metal 19| Its) Zzere
exidatien state.

e.g.

H=-Mn(CO):

Br-Mn(CO).

CH.-Mn(CO):

Mn iR oxidation state of Zero,
0= CH,, Brr all denate 1. .




Reactivity: off pelynuclear Carbonyls

1 CO=2e-; If 1 CO is removed then
VOUI nEEd o ieplace It withrtwe 1. e-
doners such as H, CHHs, B

e.g. 0s;(CO)4,

A
0s;(CO)y, + Hy, — H,0s,(CO),,

A
H,0s;(CO),;




H, +CO
Os;(CO),, —> H,0s,(CO),, —/—— H,0s,(CO),,

-CO




Bonding

Cl,
Os3(CO);;, — 0s;3(C0O),Cl,

Ci/}/\ /&6
b ol
’@ At

2 e- donor 3 e-donor




Boending

2 Mn(CO).Br — Mn,(CO)¢Br, +2 CO

\Mg \|\)| 7 Kinetic product

[ e
Br\

% Z o e
~Mn I\/In
/ I\Br/ \

Thermodymanic product Observed




Nitric Oxide Ligand

NO has a very: similar M.O. diagram, to
that eff CO, except that It contalns ene
extra electron In the i orbital.

3 e are donated

\ 42 NEO to the M.O. scheme
. " of the complex by NO.
e In this case L-N-O bond
I ~ 170 -180 ©°.

NO is 3 e- donor;
[INO™* I1s 2 e- donor
[17.e. NO* = CQO, I.e. i1soelectronic




Compoeunds of NO©

Co(CO),NO; Mn(CO),NO; Fe(CO),(NO)s,.
EAN 2 Check.

Bent M-NG, withr M-N-0Orbond angle oif 110-
120°, then NO Is 1 e denor.




Boending off Organic LLigands to Metals

Olifinr Compounds
Zelses” Salt

K,PtCl, + H,C=CH, — K[PtCl,(H,C=CH,)]

The bonding s best described by, the IDewer-Chatt
Mode. Thie oletin here 1s a total off 2 e- donor to
thie metal center.

metallocyclopropane




Acetylene

AS| il the case of olefins, acetylene cami use
ORE Of IS pP-eRds or Beth to) coerdinate: to

metal atems, Notereach i=pond s, 2e:
donor.

L
N
/O

M 1
\

®)
L
N

Note: this type of bonding is not common




Acetylene (ac) Bonding

Bridging acetylene hending Is mere commen

e.g.
Co,(CO)g; + HC =CH — Co,(CO),(ac)

HC - CH

W




Conjugated Olefin Systems

Eerrocene
EeCl, + 2 NaCp ™ — EcCp,

— Cp-

IS 5e- donor

Staggered=sandwich




Reactions ofi C, -compounds

With Organemetallics

BuLi cole+

@ .
& & g




Reactions ofi C, -compounds

THF
Mo(CO)s + NaC,  —  Cp-Mo(CO);

°-Cp-MoH(CO); 12-Cp-Mo(CH,)(CO),

l A, _H2

A
[1°-Cp-Mo(CO);], ;O[HS'CP'MO(CO)zlz




Reactions ofi C,-compounds

Nucleephilic Addition
CoCp, + CH;Br — Co(n>Cp)(n*-C:H:R) + Br-

7

Co




Reactions ofi C, -compounds

Addition reactiens |2 + 2] cycloaddition
NICp, + F,C=CE, — Ni(>Cp)(n>-C;H,C,E,)




Other systems

Allyls

NaMn(CO). + H,C=CH-CH,Br —
Min(CO)x(n!-CH,-CH=CH,) —
Min(CO)4(n2-CH,-CH=CH,)

(CO)y




Other systems




Reactions ]
H H

@ + Fe(CO), —

Fe(CO),

O J'CO

C C
: 2 CO A
\Fe/- Fe~  ~—— nC,FeH(CO),

oc” T~ e i
(@)




Other ring systems

Cycleputadiene 4 n4-

o
Fe,(CO)g + 2 £ +3 CO + 2Cl,

o8

Fe(CO),

Fe(CO),
CH,COCI/AICI,
COCH,




Other ring systems

Benzene

Et,0/H,0
PhMgBr + 2 CrCl; ———ee—e—ep  [Cr(PhH), "]




