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13-1 Historical Background
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13-1 Historical Background

Other examples of organometallic compounds
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13-1 Historical Background

Organometallic Compound

Organometallic chemistry is the study of chemical compounds
containing bonds between carbon and a metal.

Organometallic chemistry combines aspects of inorganic
chemistry and organic chemistry.

Organometallic compounds find practical use in stoichiometric
and catalytically active compounds.

Electron counting is key in understanding organometallic
chemistry. The 18-electron rule is helpful in predicting the
stabilities of organometallic compounds. Organometallic
compounds which have 18 electrons (filled s, p, and d orbitals)
are relatively stable. This suggests the compound is isolable, but
it can result in the compound being inert.




13-1 Historical Background

In attempt to synthesize fulvalene E>_<j

Fulvalene

Produced an orange solid (ferrocene)
f.*}-'crfr;-C5H5MgBr + FECI] aE— (C5H5]1Fﬂ
ferroceéne

Discovery of ferrocene began the era of modern organometallic

chemistry.
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13-2 Organic Ligands and Nomenclature

Write hydrocarbon ligands before the metal.

n
superscript

Bridging ligand - u

Subscript indicating the number of metal atoms bridged.

Ligand Name Ligand Name
CO Carbonyl =
s O Benzene
;C\ Carbene (alkylidene) Sy
—a _ S e o 1,5-cyclooctadiene (1,5-COD) (1,3-cyclooctadiene
=C Carbyne (alkylidyne) © complexes are also known)
v Cyclopropenyl (cyelo-C;H;) H,C=CH, Frhylene
HC=CH Acetylene
eI n-Allyl (C3Hs)
Cyclobutadiene (cyclo-C,H ’
O d cyeio-Cqtla) —CR,  Alkyl
| A
O Cyclopentadienyl (cyclo-C Hs)(Cp) —c\ Acyl
- R

FIGURE 13-7 Common Organic Ligands.




13-2 Organic Ligands and Nomenclature

Number of

Bonding Positions Formula Name
I n'-CsH; monohaptocyelopentadienyl M G
3 n-CsHg trihaplocyclopentadienyl M 4@
5 n’-CsHs pentahaptocyclopentadienyl M
Number of Atoms Bridged Formula
None (lerminal) CO
2 pa-CO

3 pa-CO




13-3 The 18-Electron Rule
; counting electrons

In main group chemistry, the octet rule

(11°-C5H5)Fe(CO),Cl

Donor Pair method

Fe(Il) 6 electrons
n°-Cslls™ 6 electrons
2(CO) 4 ¢lectrons
Cl™ 2 electrons

Total = 18 electrons

Neutral Ligand method

Fe atom
n°-CsHs
2 (CO)
Cl

8 electrons
3 electrons
4 electrons
1 electron
Total = 18 electrons




13-3 The 18-Electron Rule
; counting electrons

M-M single bond counts as

TABLE 13-1
Electron Counting Schemes for Common Ligands
Ligand Method A Method B

H 2(H) 1
Cl, Br, I 2(X7) 1
OII, OR 2(0OH,0R") |
CN 2(CN™) 1
CH3j, CR4 2(CHy ,CRy) |
NO (bent M—N—0) 2(NO7) 1
NO (linear M—N—0) 2 (NO™) 3
CO, PRy 2 2
NH3, H,0 2 2
= CRR' (carbene) 2 2
H,C==CH; (ethylene) 2 2
CNR 2 2
=0, =3§ 4(0%F, §%7) 2
7-C3Hs (w-allyl) 2 (CsHs™) 3
=CR (carbyne) 3 3
=N 6 (N*") 3
Ethylenediamine (en) 4 (2 per nitrogen) 4
Bipyridine (bipy) 4 (2 per nitrogen) 4
Butadiene 4 4
1°-CsHs (cyclopentadienyl) 6(CsHs") 5
1°-CgHy (benzene) 6 6
n'-C5H; (cycloheptatrienyl) 6 (C-H-™) 7




13-3 The 18-Electron Rule
; why 18 electrons?” .~

s2p6 vs s2pd10
Have to consider
types of ligand

Strong o—donor
ability of CO

Strong t—acceptor
ability of CO

Good for 18-
electron rule
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3-3 The 18-Electron Rule
why 18 electrons?

[Zn(en),]%* ; ?? Electron species

e, orbitals are not sufficiently
antibonding

TiFg% ; ?? Electron species
o-donor

What happen?

M ML

' = ¢, weakly antibonding; more

than 18 electrons possible

1, nonbonding; fewer than
T Iﬁ electrons possible

\ ‘H NN N Tla

%

-— Minimum of 12 electrons

6L




Ligand tield theory;
Pi-Bonding

metal-to-ligand 1t bonding
or 1t back-bonding
-Increase stability
-Low-spin configuration
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16 electron complexes

might be stable

Square-planar
complexes have
important catalytic
behavior

Why?

Bl 13-11
=71 Yosks g% =o

LAY 38e

13-3 The 18-Electron Rule
; square-planar complexes

H,
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13-4 Ligands in Organometallic Chemistry
; carbonyl (CO) complexes
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13-4 Ligands in Organometallic Chemistry
; carbonyl (CO) complexes
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13-4 Ligands in Organometallic Chemistry
; carbonyl (CO) complexes

Experimental evidence

Free CO vs M-CO
Infrared spectroscopy and X-ray crystallography

Free CO has a C-O stretch at 2143 cm-’
Cr(CO)4 has a C-O stretch at 2000 cm

C-O distance 112.8 pm
Metal complexes 115 pm




13-4 Ligands in Organometallic Chemistry
; carbonyl (CO) complexes

In general, the more negative the charge on the
organometallic species, the greater the tendency
of the metal to donate electrons to the 1t* orbitals
of CO and the lower the energy of the C-O
stretching vibrations.

Complex v(CO), em™!
[Ti(CO)s1*™ 1748
[V(CO)] 1859
Cr(CO), 2000
[Mn(CQO)s]" 2100
[Fe(CO)s)* 2204
3+ d— B+ 8-
C=0 M"" «— C=0

The consequence is that the electrons in the positively charged complex are more
equally shared hy the carbon and the oxygen, giving rise to a stronger bond and a higher

energy C— O stretch.



TABLE 13-2
Bridging Modes of CO

Approximate Kange
for v (CO) in Neutral
Complexes (cm ™)

Type of CO

Free CO 2143
1B50-2120
1 TO0—1860

Terminal M—CO
Symmetric® p,—CO

@

M7 M
Symmetric® p;—CO

O
C

M” \“M
M

Note: * Asymmetrically bridging ps- and pa-CO) are also

known.

13-4 Ligands in Organometallic Chemistry
; bridging modes of CO

T Acceptor

b Voo = 2082, 2019em™!




13-4 Ligands in Organometallic Chemistry
; bridging modes of CO

Terminal and bridging carbonyl ligands can be
considered 2-electron donors.

c’é ¢ D’
C
oo & § JC
Re Te
n’-CsHs . S5e”
2 CO (terminal) de”
/2(p2-CO) le
M—M bond | e~




13-4 Ligands in Organometallic Chemistry
; bridging modes of CO

A
[(°-CsHs5)Mo(CO)5], —— [(m°-CsHs)Mo(CO),], + 2 CO
19660, 1915 cm ! 1889, 1859 cm™

%7

Mo Mo




13-4 Ligands in Organometallic Chemistry
; binary carbonyl complexes

&3 [M(CO),] 0¥ [COE TEEA - 02 EAT
CC) .\ |'/l
L] ., [ ] .
I."!"I .. | Fﬂ__r,,...——/FG{’ 9 F /,.,'bm‘]{[f
Fe e » M
o€/ “Co oc” | *Fﬁi" | TN
C Y A A
O L - " 3
M = Ni, Pd Fe,(CO),, M,(CO),,
M =Ru, Os
17-e too small to permita 1 Jf
)8 My(CO)] seventh coordination site Nt Sl
0
% P Oc 2 ©
N | M
OC—Co—Co—CO -Co—Co.._
| 7 ™ oC¢ ~ . NCo
60 6 o0 ©
Co,(CO) (&) Co,(CO)g (22A))
0
0 Q 0 c 0% &
0 /o A N/
SRRl Co MM
/ N e \
OC \g/ CO OC C DC CQ
i 20 ML(CO) g *  More detail
[ it 5 P
20 M'=Mn, Tc, Re analysis is

Binary carbonyl complexes



13-4 Ligands in Organometallic Chemistry
; binary carbonyl complexes

Synthesis of binary carbonyl complexes

1. Direct reaction of a transition metal and CO; high T & P

Ni + 4 CO — Ni(CO),

2. Reductive carbonylations

CrCly + 6 CO + Al — Cr(CO)s + AICI,
REEO'}' + 17 C0O —— Rﬁj{C(}]]{j | ?CG’&

3. Thermal or photochemical reaction

2 Fe(CO)s > Fe(CO)y + CO

Exchange reaction

A
3 Fe(CO)s Fe1;(CO) 2 CO Cr(CO) + PPh, ﬁ; Cr(CO)s(PPh;) + CO

Re(CO)sBr + en ——> fac-Re(CO)s(en)Br + 2 CO



13-4 Ligands in Organometallic Chemistry
; oxygen-bonded cabonyls

W

= oC4
0 JE
0 | 0—AICHY),

(b)



13-4 Ligands in Organometallic Chemistry
; ligands similar to CO

CS, CSe
Similar to CO in their bonding modes
In terminal or bridging

CS usually functions as a stronger o donor and it acceptor
than CO

isoelectronic; CN-and N,

CN- is a stronger 0 donor and a somewhat 5t weaker
acceptor than CO

CN- bonds readily to metals having higher oxidation states

N, is a weaker donor and acceptor than CO
Nitrogen fixation




13-4 Ligands in Organometallic Chemistry
; ligands similar to CO; NO complexes

N' i .-—“‘0 j @ 7N ,f Qr?:
l Cls, | «PPhy Cr
S N "c 0"~ 0
0 3 0 0O
Linear Bent Bridging NS complex
Linear Bent
0 6,
I A
M M
M—N-—0 angle 165°—180° 119°—140°
v (N-O) in neutral molecules  1610—1830ecm™"  1520—1720 cm™!
Electron donor count 2 {as NO") 2 (as NO)

3 (as neutral NO) I (as neutral NO)



13-4 Ligands in Organometallic Chemistry
; hydride and dihydrogen complexes

Hydride complexes

Organic synthesis,
catalytic reaction

Co,(CO)g + Hy — 2 HCo(CO),
trans-Ir(CO)CI(PEt3); + Hy —— Ir(CO)CI(H),(PEt3),

Co,(CO)g + 2 Na — 2 Na'[Co(CO),]”
[Co(CO),]” + HY —— HCo(CO),



13-4 Ligands in Organometallic Chemistry
; hydride and dihydrogen complexes

Dinydrogen complexes

Organic synthesis,
catalytic reaction

- 11
M

@ donation T acceptance

Distance of H-H
the metal is electron rich and donate

strongly to the t* of H, — 7?77
with CO and NO — ?7?




13-4 Ligands in Organometallic Chemistry
; ligands having extended it systems

7t bonding within the ligands themselves-
linear systems

H 2 C=C.H2 p orbitals interacting Relative energy

]t*

H,(==CH==CH, p orbitals interacting Relutive energy

i,
) {::)
@ | O r
@ : % ]
D D 1y
O




13-4 Ligands in Organometallic Chemistry
; ligands having extended it systems

H,(C=CH—CH=CH, p orbitals interacring Relarive energy

@ OP
O@O@
. . . . @I@ C‘;‘ji@
T bonding within the ligands themselves O B
linear systems |
PO t
orbitals interacting Relative energy orbitals interactin Relative energy D Qm ijin)

UM PR — sses
88:8 —  felld —
gigid — el —
.88 —  Beeld -
elolot RnR otote 1 'L B
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13-4 Ligands in Organometallic Chemistry
; ligands having extended it systems

7t bonding within the ligands themselves-
cyclic systems

cvelo-C 1H; p orbitals interacting Relative energy

cee ¢
bQ \ /
L

Relative energy
One 2-node ©orbital

Two I-node m orbitals T T

One O-node T orbital T



13-4 Ligands in Organometallic Chemistry
; ligands having extended it systems

7t bonding within the ligands themselves-
cyclic systems

p Orbitals interacting Relative energy p Orbitals interacting Relative energy

cyclo-CgHg
{Benzene)

T4




13-4 Bonding between Metal Atoms and Organic 1t
Systems; linear 1t systems

Tt —ethylene complexes

1 \/ \/
!ﬁf’ ‘r 7 B y
] Ol =
S )\ Mol W),
i H i A
¢ Donation n Acceptance
Typically bent back
away from the metal st-bonding electron pair  the empty t*-orbital
Free ethylene 133.7 pm, 1623 cm-’

Coordinated ethylene 137.5 pm, 1516 cm-’




13-4 Bonding between Metal Atoms and Organic 1t
Systems; linear 1t systems

1t —allyl complexes

Other metal orbitals
of suitable symmetry

Py

"I'Ir_r:



13-4 Bonding between Metal Atoms and Organic 1t
Systems; linear 1t systems

7t —allyl complexes

Conversion between n' and n3
Catalytic reaction

[Mi(CO)s]- + C3HCl ——— (! C3H)Mn(CO); Aorhy, (n*-C3Hy)Mn(CO),
+ CI- + CO
H
(l'! L]
H,C= \ &;Lwln-:ﬂf:)hL
C—Mn(CO)s
Other linear 1t systems H H




13-4 Bonding between Metal Atoms and Organic 1t
Systems; cyclic it systems

Cyclopentadienyl (Cp) complexes

n', nand n?
C5(CHj;)5 Cp*

Gas phase and low-T P Qrbitgls interacting Relartive energy

0
00—
€

Fe Fe
@ @ ty t
‘qu D:'!h HS
d@d e g L k) v ED 1
T T 4

Most stable conformation



13-4 Bonding between Metal Atoms and Organic 1t
Systems; cyclic 1t systems

Orbital lobes of like Orbital lobes of opposite

sign poinied oward - sign pointed lumacm: ii AN 8 %Q_i 8‘5 | %8 %ﬁ e’ﬂ %ﬁg
W

0 Nells ol arbeiialy
L
Actual shape of bonding

orbital 1

I-Mewhe grvnpr orhitels



T toms and Organic 1t

ZetNode group orbitals
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13-4 Bonding between Metal Atoms and Organic 1t
Systems; cyclic it systems

U o

FIGURE 13-29 Molecular
Orbitals of Ferrocene Having
Greatest d Character.




13-4 Bonding between Metal Atoms and Organic 1t
Systems; cyclic it systems

Other metallocenes
# of electron — stability — reactivity

TABLE 13-3
Comparative Data for Selected Metallocenes
Electron AH for ME‘L-{TSH s Dissociarion
Complex Count M —C Distance (pm) (kJ/mol)
(n* CsHs)sFe 18 206.4 1470
(m°-CsHs),Co 19 211.9 1400
(m*-CsHs)sNi 20 219.6 1320

2 (m°-CsHs);Co + Iy —— 2 [(m’-CsHs),Col™ + 217

19e 18e
cobalticinium 1on

[ﬁS-Cf,-Hj}gNi + 4 PF; —— Ni(PF3)4 + organic products
20e I8 e



13-4 Bonding between Metal Atoms and Organic 1t
Systems; cyclic it systems

O 13-30 FYE|A T £ @
3 0|22 di8.

Fe  +[CH,CO]" —»  Te -H* —  Fe

(
@ ,
(

TIB13-31  HZAle| AFAR ORA X E EES.



Systems; cyclic it systems

13-4 Bonding between Metal Atoms and Organic 1t

Complexes Group 4 Group 3 Group & Group? Group 8
. ,{{; f;f =
- &
containing . ~ —-:::j @_w(m] Mo—C0 @7,&,.,.. co
cyclopentadienyl ) b+
H Similar structures Similar struciures Simila LT Similar struciure
and CO Ilgand fum &, HI [an MLy, T fim W [in T, R
Half-sandwich 7 7
X {«J ‘h('u
(g;:l ;} E} 8] (0]
i i - ;
> S '@ er -;":I f":n ﬁlu uf-"';- .ﬁzr ,chr_‘__t:“
Z R NG TN Y
-~ & T Iaes TR
_~Mo—Ru Mo
7 UC 4'( \L‘ C'“’ l "'C Similar sruEtargs Similar struct
-_H"j C C C U D C 0 I B, W for Bu
) 00 0 2 'L"-:' 5
( o 4
Uranocene j_ J _ -~
Mn Mu—*ll:] {_}.ﬁ—i}h\ -
Rofl (7
FIGURE 13-33 Examples of Mol- E}L Q
ecules Containing Cyclic w Systems, i
Eumilar girugrare
fior Ci

FIGURE 13-32 Complexes Containing CsHy and €O



13-5 Fullerene Complexes

Types of fullerene complexes
1. Adducts to the oxygens

2. As alignd

3. Encapsulated metals

4. Intercalation compounds of alkali metals

Adducts to the oxygens

FIGURE 13-34 Structure of
Cen(O0sOy)(4-t-butylpyridine)s.



13-5 Fullerene Complexes

As ligands
Dihapto, pentahepto, hexahapto

Displacement reaction

[(C¢H5)3P1oPt(m*-CoHy) + Cgp — [(CeHs)3PLoPt(m*Cep)

More than one metal

_-’.Pt "

Pt
700

Detail

T181 13-36  [(EtsP):Pt)Ce2 FZ=(G. O. Spessard and G. L. Miessler, Organometallic Chemistry, Prentice

Hall, Upper Saddle River, NJ, 1997, p. 511. Fig. 13-130]lA{ &{2F5toll HIAH).

Bi—



Ny,-Ny-N, and N

13-5 Fullerene Complexes

I8 13-37
(7*-Co)I(CO)CI(PPh;), 2] 2UH|=
(A. L. Balch, V. I. Catalano, J. W,
Lee, M. M. Olmstead, and S. R.
Parkin, J. Am. Chem. Soc., 1991,
113, 8953, @© 1991 American
Chemical Society Ol A 5210 Al
M.

(a)

T2 13-38  (a) Rus(COY(’ 1%, w2 *Can). (b) L (c) Fe(n-CsHe)(n’-Coo(CH:)3)2| ORTEP U Z245|
27| 2% (H. -F. Hsu and J. R. Shapley, J. Am. Chem. Soc., 1996, 118, 9192, and from M. Sawamura,
Y. Kuninobu, M. Toganoh, Y. Matsuo, M. Yamanaka, and E. Nakamura, J. Am. Chem. Soc., 2002, 124,
9354, © 1996 American Chemical Society.0l|A & 2H5Hol A A)).



13-5 Fullerene Complexes

Encapsulated metals

By laser-induced vapor phase reactions between carbon and the metal

U@Cygg contains U surrounded by Cgg

Sc3;@Cg, contains three atoms of Sc surrounded by Cg,”°

La@Cy,; Lad, Cg,%

18! 13-39  Sc;N@Cy,. H20
M oTE XA T AH| 25
o, SN2 1303° 1138° & 1159°
of Zgztg XY Luso|, 2
29| se2 F M2 684 T2|E
0lRE C—C Zgt 221 s
#e=ol Aok J9L, =2 25
HME SN 2% 3HEH20| 81T
L] SloflM ARE0| eItk




13-6 Complexes Containing M-C, M=C and M=C Bonc

TABLE 13-4
Complexes Containing M—C, M=C, and M=C Bonds
Ligand Formula Fxample
Alkyl —CR3 ~- __ W(CH3)g
OCH
OC)C C'/ :
Carbene (alkylidene) —CR; [ egeiel = E
0 0
C\ C
Carbyne (alkylidyne) =CR X—Cr= C—CgHs
4\ ‘
& G
O O
P(CH,),
C:H
Cumulene =C(=C),RR’ Cl—Ir= :C:C=CL‘ 6°'5
CeHs




13-6 Complexes Containing M-C, M=C and M=C Bonc
; alkyl and related complexes

M @—O CR, (R=H, alkyl, aryl)

sp? orbital

Synthetic route

1. Reaction of a transition metal halide with organolithium, organomagnesium, or
organoaluminum reagent,

Example: ZrCl; + 4 PhCH,MgCl — Zr(CH,Ph)4 (Ph = phenyl)

2. Reaction of a metal carbonyl anion with alkyl halide.
Example: Na[Mn(CO)s]” + CH3l —— CH;Mn(CO)s + Nal

Relatively rare: kinetically unstable and difficult to isolate
Enhancing the stability; By blocking pathways to decomposition

mtallacycle

S

R;P,
PICL,(PRy), + Li—~~—L —~ IPt\j +  2LiCl
ij

Metallacyclopentane

Proposed as intermediates in a variety catalytic processes



13-6 Complexes Containing M-C, M=C and M=C Bonc
; alkyl and related complexes

TABLE 13-5
Other Ligands Forming o Bonds to Metals

Ligand Formula Example

C@
H
,.f

28
N

R;P
i ‘\C_C’/ Cl P|‘I =L
Alkenyl (vinyl) AT e | %CH
R4P 2
R;IIJ
Alkynyl —C=C— Cl=—Pt—C=CPh

l
R;P




13-6 Complexes Containing M-C, M=C and M=C Bonc
; carbene complexes

TABLE 13-6
Fischer- and Schrock-type Carberie Complexes
Fischer-type Schrack-type
Characteristic Carbene Complex Carbene Complex
Typical metal Middle to late transition metal Early transition metal
[oxidation state) [Fe(D), Mo(0), Cr(0)] [Ti(IV), Ta(V)]
Substituents At least one highly electroncgative H or alkyl
attached to C.ybene heteroatom (such as O, N, or §)
Typical other Good T acceptors Good o or 7w donors
ligands in complex
Electron count 18 10-18

&
T1E13-40 I EHEm 279
Zg gl

d orbital p orbital



13-6 Complexes Containing M-C, M=C and M=C Bonc
; carbene complexes

2-electron donor

Highly electronegative atom can participate in the 1t bonding — stabilize

£ (:) Antibonding

C Nonbondin
H-., g

OQ &
VOO

FIGURE 13-41 Delocalized i (:) Ronding

Bonding in Carbene Complexes. )
E designates a highly electronegative

heteroatom such as O, N, or S.




13-6 Complexes Containing M-C, M=C and M=C Bonc
; carbene complexes Olefin metathesis

i T
Li*:CgHs + O=C— Cr(CO)s—> CgHs— C— Cr(CO)s <> C4Hs—C=Cr(CO)s + Li*

O

|I‘~f
Highly nucleophilic reagent CeHs — C—Cr(CO)s
(|1{ (I}CH3
CgHs— C~=Cr(CO)s + [(Cl13);0][BF ] - > CgHy —C =Cr(CO)s + B, + (CH;),0
C-O 143 pm
X-ray; Cr-C, C-O oo 11 6gm
NMR; RT (one signal), low T (two peak) g H,C
Why? Y
7
+
OCH (OC);Cr==C frans
’/,OCH’)} _ J;" 3 2 \C H
(0C)sCr=C « (00),Cr—C s 615
21 13-42 0—CH,
CH{CO)S|C(OCHy)CsHs] Off CHEH 2 , 4 C
o Pxof A2 Y EHL OME RIS cis
H. \ CH,

Highly electronegative atom can participate in the 1t bonding — stabilize




OCH,4
/ k

13-6 Complexes Containing M-C, M=C and M=C Bonc
; carbyne (alkylidyne) complexes | 3-electron donor

1 + X,BOCH;
Lewis acid
0 0

G ¢

\ .
[(CO)Cr=C—CgHs]*X~ — X—Cr=C—CgHs + CO

o donor

Jt acceptor

FIGURE 13-43 Bonding in
Carbyne Complexes.

(May also involve d orbital
or hybrid orbital on metal)




13-6 Spectral Analysis and Characterization of
Organometallic Complexes; IR spectra

X-ray, Mass spectrometry, elemental
analysis, conductivity measurement etc.

# of bands

Provide clues to the geometry or symmetry

Svimmetric Stretch

M

G
O+—C—M—C——>0 /C {_.\
O O
No change in dipole moment; Change in dipole moment:
IR inactive IR active
Antisymmetric Stretch
\% |
AN
Qe—C—M—Ce—0 /(.‘ Cr\
0 0
Change in dipole moment: Change in dipole moment;

IR active IR active
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13-6 Spectral Analysis and Characterization of
Organometallic Complexes; IR spectra

positions of bands

Provide clues to the electronic environment on the metal
The greater the electronic density on the metal — 7?77

In general, the more negative the charge on the
organometallic species, the greater the tendency
of the metal to donate electrons to the 1t* orbitals
of CO and the lower the energy of the C-O
stretching vibrations.

Complex v(CO), em ™’
[Ti(CO)g1>~ 1748
[V(CO)) 1859

Cr(CO) 2000
[Mn(CO)g]" 2100

[Fe(CO)s)* 2204




13-6 Spectral Analysis and Characterization of
Organometallic Complexes; IR spectra

terimunal CO = doubly bridging CO == triply bridging CO

TABLE 13-8

Examples of Carbonyl Stretching Bands: Molybdenum
Complexes

Complex v (CO), em ™!

fac-Mo(CO)3(PF3 )4 2090, 2055
fac-Mo(CO)3(PCl )3 2040, 1991
fac-Mo(CQ)3(PCIPh; )5 1977, 1885
fac-Mo(CO)3(PMes)s ~~ 1945, 1854

SOURCE: E. A, Cotton, Inorg. Chem., 1964, 3, 702.

What do you get from this data?

Other ligands also have similar correlation. (NO...)



13-6 Spectral Analysis and Characterization of
Organometallic Complexes; NMR spectra

H, 13C, 9F, 3P, metal nuclei etc.
Chemical shifts, splitting patterns, coupling constants

13C NMR
TABLE 13-9
13C Chemical Shifts for Organometallic Compounds
Ligand 3C Chemical Shift (Range)“

M—CH; 28.9 10 23.5

/
M=C_ 190 to 400
M=(— 235 10 401
M—CO 177 to 275
Neutral binary CO 183 10 223
M — (n’-CsHyg) -790 to 1430
Fe(n-CsHs)s 69.2
M Yo Cs C, and C;
U iatis) 91 10 129 461079
M—C.H M—C artho meta_ __para

L 130 to 193 132 to 141 127 to 130 121 to 131

NoTe: * Parts per million (ppm) relative to Si(CH 5)4

Chemical shift



13-6 Spectral Analysis and Characterization of
Organometallic Complexes; NMR spectra

"H NMR

TABLE 13-10
Examples of 'H Chemical Shifts for
Organometallic Compounds

Complex 'H Chemical Shift®
Mn(CO)sH -T75
W(CH)g 1.80
Ni(n*-CyHy)s 3.06
(1°-CsHs),Fe 4.04
(M®-CHg)2Cr 4.12
(1°-CsHs),Ta(CH;)(=CH,) 10.22

NOTE: ® Parts per million relative to Si(CH4),.

integration



Molecular rearrangement processes

Atlow T

13-6 Spectral Analysis and Characterization of
Organometallic Complexes; NMR spectra

Ring whizzer

M M M M
i < e S el e w
At RT:; 2 singlets 2o ey e e 2
e n'-Cs H; _‘-\‘
+30 k /\
-19 T~ ' _____
—25 —_— T | -
w7\ ’ _
= —56 _/\ Remains
E- constant —
R A at all
temperatures T T
—30
—mu} M k
1 [ | == I I I
6.5 6.0 5.5 4.0 3.5 3.0

Chemical Shift & (ppm)



!'- Homework

Exercise 13-1~13-12

Problem 1, 2, 4, 6, 13, 20, 33.




