Lecture: Overview of

Organometallic Reactions

Chapter 7 Meisler and Spessard



Table 7-1 Common Reactions of Organotransition Metal Complexes

Reacti it el A Oxidation A Coordination Ae” Text
CoSlEILITRe p state of M number of M count section
Ligand " . B i
substitution L' +LML —> LML +L 0 0 0 7-1
aod’ggfég’e LM + XY — LMX)XY) +2 59 +2 73
Reduetiye LMX)Y) — LM + X-Y -2 -2 -2 13
elimination
A v ,
- o [ [
1,1-Insertion® LM-X=7Z —» LM—-X-Y 0 =3 —2 8-1-1
| 1
Y
. | X
1,2-Insertion L,M—Il —» L.M—X—Z—=Y 0 -1 -2 8-1-1
- 732 1 2
' |
Nucleophili X - o ,
adlii(:it?ssh] 1€ LM—Il + Nuc:™ —— [L,M—X-Z—-Nuc] 0°¢ 0 0 8-2
Z
0] 0
Nucleophilic I I
Y L,M—CR + Nuc-H— L,M-H + Nuc—CR 0 0 0 8-3
Electrophilic I M—X=7 + i
e b nM—A=L + E — [LnM=X_Z_E] 0 0 0 8-4
addition
- 4
Electrophilic L,M-X-Z-Y + Et— L M'—| + E-Y 0 0 0 8-4
abstraction® 7z
) Bk
. C C X W R-C=C-R X—W
ke o L+ I & L) — + or 4 11-1 and 11-4
meta‘[heSlS CI: ? Y Z R!_c:c_Rv Y—7
R' R'

“The reverse reaction, called deinsertion or elimination, is also possible.

PThere is no one general reaction; several variations are possible.

“Depends upon change in hapticity; e.g., X=7 going from n? to 1) results in a 2 ¢~ reduction.

dA oxidation state, coordination number, and e~ count are not applicable here, especially in T-bond metathesis where the metal complex is a catalyst.
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7-1_Ligand Substitution

Seemand + Miessler

139
Table 7-1 Common Reactions of Organotransition Metal Complexes
ST T T T T odation ACoordination - Ae Text
Reaclon ype | . SchematicExample . SateofM  NumberofM Count Secton
Ligand
substitution L, +L, ML, —» L,ML, +L, 0 0 0 7-1
[ Oxidative
addition L,M+X-Y = L, M(X)(Y) +2 +2 +2 72
Reductive
elimination L, M(X)(Y)— L, M +X-Y 2 2 2 7-3
Y Z
- 1) I
lldnsertion® L, M-X=Z — L, M-X-Y 0 N 2 8-1-1
Y
I X!
|,2-Insertion* L, M? — L, M-X-Z-Y 0 -l -2 8-1-2
- Z 12
_Nucleophilic X c
addition ® L, M-% +Nuc:" = [L,M -X-Z-Nuc] ~ 0 0 0 8-2
0 0]
Nucleophilic Il It
abstraction® L, MCR + Nuc-H -L,M-H + Nuc-CR 0 0 0 8-3
-Electrophilic
addition b L,M-X=Z+E"' -[L,M=X-Z-E]" 0 0 0 8-4
Electrophilic X
abstraction® Ly M-X-Z-Y FE'>L,M' -1l +E-Y 0 0 0 84

2The reverse reaction, called deinsertion or elimination, is also possible.

bThere is no one general reaction; several variations are possible.

¢ Depends upon change in hapticity; e.g., X=Z going from n3—n2 results in a 2 e~ reduction.




Ligand Substitution Reactions

Associative (A):

L,LML'" + L" B LML - L,ML" + L
slow fast

Dissociative (D):

LH‘
LML = ~ LM - L,ML"
slow fast
+
Lt
lllustration from page 178
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Associative Process for Ligand Substitution

in Square Planar Complex

Square planar

Square planar

Y

\~ Square pyramid

Trigonal bipyramid

Question: What properties of T, X, Y facilitate this reaction??



Thermodynamic Trans Influence

225 pm 230 pm
229
EI3P~,,_) ‘.“\Cl Et3pu,,:) ‘\‘\\C] pm
/' Pt'\ - Pt‘v
Et;P KCI Cl PEt3
a 238 pm b
v (Pt-P) = 442 and 427 cm™! v (Pt-P) =415 cm™
v (Pt-Cl) = 303 and 281 cm™! v (Pt-Cl) = 341 cm™!
J (Pt-P) = 3520 Hz J (Pt-P) = 2400 Hz
Et;P., CHj
Pt
EtP”  Cl
C

J (Pt-P, PEt; trans to CH3) = 1719 Hz
J (Pt-P, PEt; trans to Cl) = 4179 Hz

Figure 7-1 Spectral and Structural Characteristics of Pt(ll) Complexes
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Kinetic Trans Effect

Table 7-2 Effect of trans Ligand on Rate at 25 °C for
the Reaction trans-Pt(Cl)(R)(PEt;), + Py — [trans- Pt(Py)
(R)(PEt,),]* + CI-

R k(M-'s™)

H- 4.2

CH,- 6.7 X 1072

Ph- 1.6 X 107

Cl- 4x10*
Organometallic Spessard

Chemistry Copyright © 2010 by Oxford

I Ininiarcityy Prace Ine



Trans Effect: Applications in Synthesis

20 +0
NH NH
Cl\ﬁ"t/(;‘ \C +H/a \C CI\I;,"/N@

t
Cl Cl R CI/ ““ H, \é@ T

2@ +0
3 \+||/Nﬂ H3N\+nt NH_‘ Cl\ﬁ’”t/N@
H, =

RN
H, N H, N NH, H3N Cl
—~ 2+ e
PE(; ITE[;; 1 Cl
Cl- Cl- |
Etz3P— Fi't_' PEt; > Cl —Iit— PEt; = Cl—Pt—PEt;
PEt; PEt; PEt;

(weak) F-, HO-, H,O <NH, < py < CI- < Br-< I, SCN-, NO,~, SC(NH,),, Ph~ <
SO, < PR; <AsR;, SR,, H;,C- < H-, NO, CO, NC-, C,H, (strong)



Trans Effect and Influence:
Reaction Profiles

Higher energy ground state Lower energy transition state

ffu
E
E.
Poor trans effect ¢ Bonding effect n Bonding effect
(trans influence) (kinetic trans effect)

Figure 7-2 Activation Energy and the trans Effect The depth of the energy
curve for the intermediate and the relative heights of the two maxima will vary
with the specific reactants.



Trans Effect and Influence:
Two Ways to affect rates as
shown by Reaction Profiles

/

Destabilize
" Ground state

Higher energy ground state

o Bonding effect
(rrans influence)

Lower energy transition state

N -
Stabilize the
Transition state

n Bonding effect
(kinetic rrans effect)



Figure 7-5 Intermediates in the Dissociative Substitution of
M(CO):X Complexes: cis- labilizing effect of X ligands

Favored!
m m
O 0]
N e ]
X . Oc. r~!4 ..... cO Y Oc..,,,h[I LLLL cO
@) - -
d 8 _| /OC” \X E "L\X
OCW“P\[’I """ co ) m
m
“ | T~ O O
0C (lj X ~ o C _| c —|
alL o \ PL‘N.C{) - Yo, 1\|,1"ch
oC” | Ny oC” | >y
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The importance of the transition state in H, oxidative addition

Ln,ll .CO
r
c” L

He—H

|
]

cff co

Favored!

H—=H

le':_lr.ncﬂ

L

Dis-favored!

.1

L.r,nll WCOo

[

cl* | H
L

-

What are the factors that favor the cis vs. trans-L,Ir(CO)CINH), isomers?



Associative Ligand Substitution Reactions in 18-
electron complexes: Does not use 20-e intermediates

PPh PPh;  OCu,, | PPh.
\ 5 - oc, |/ 3 . - Mo > 4+ PhH
Mo, o o [0 FEh oC” | TPphy
OC l Co oL C L
C 0
0
O
oc. 1
T + 2PMe; - C:RIE-:;M“-’
~~~~ C< Me-P PMe;
ON / Me 3 -
OC

PPhs,



Classic Dissociative Reaction

Dissociative Reactions: rate = kIM-COF

Table 7-3% Rates of Ligand (L) Replacement by CO at 70 °C

L Cone angle (°) Rate constant (sec™’) AH# (kcal/mol) AS* (eu)?
Phosphines

PMe,Ph 122 <1.0x10°

PMePh, 136 1.33x107

PPh, 145 3.16x 1073 29.7 14.4

PPhCy.* 162 6.40 x 1072 30.2 21.7
Phosphites

P(OPh), 128 <1.0x10°

P(O-o-tol);¢ 141 1.60x 10 31.9 14.4

2eu = cal/mol-K.
°Cy = cyclohexyl.
‘o-tol = ortho-toluyl (o-methylphenyl).
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Competing Dissociative and Interchange- Dissoc. Reaction Pathways

D
+L
ML
S <y,
kA £
ML = - MLsL'

k3

. Table 7-4* Activation Parameters for Ligand
Substitution of M(CO), with PBu,
M AH * AS * AH3* AS3*
cr 40.2 22 255 -15
Mo 31.6 6.7 21.7 -15
W 39.9 14 29.2 —-6.9
?R. J. Angelici and J. R. Graham, J. Am. Chem. Soc., 1966,
88,3658 and R. J. Angelici and J. R. Graham, Inorg. Chem.,
1967, 6, 2082.
bkcal/mol.
‘Entropy units (eu), cal/mol-K.
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Vaska's complex
PPh;

trans-IrCI(CO)[P(CgHs)sl,  © /w“‘ c=0

PhgP

Synthesis might be trans-effect directed: Ir(PR3),* + ?

Problems: PPh, ligand is too large; CONE ANGLE = 145°




Space-filling model of Vaska's Complex




Inorganic Chemistry Chapter 1: TR S

© 2009 W.H. Freeman




W. H.
B= FREEMAN

Cl, Et 102 PEt, 132
PF, 104 1°C.H.(Cp) 136
Br, Ph 105 PPh. 145
|, P(OCH.), 107 n°C.Me, (Cp*) 165
PMe, 118 2,4Me CH, 180

t-Butyl 126 P(t-Bu), 182

© 2009 W.H. Freeman




Vaska's complex
PP

trans-IrCI(CO)[P(CgHs)sl, Cl—Ir—C=0
Ph,P

Synthesis might be trans-effect directed: Ir(PRg),* + ?

Problems: PPh, ligand is too large; CONE ANGLE = 145°

Alternate way:

IrCI(CO)[P(CgHs)s], + [(CH3),NH,]CI + OP(CgHs); + [CeHsNH;|CI +
2 H,0

Why 3 PPh,?



4
Vaska's complex trans-irCI(CO)[P(C4Hs)dl, PPh;
Cl—Ir—C=0
Vaska's complex helped provide the PhsP
conceptual framework for homogeneous
catalysis.
SO
Sl g Qﬁ'c' 0L
s Ph4P——Ir—PPh;
Ph:i;c/l‘r PPhs oc F’hsp—hﬁ‘ PPhs
Cl ocC C|}|
Cl S0, }%
1 ¢l Ci 05
& & 0
PhP—Ir~—PPh, <—— PhP—I—PPh; s—te—= oh P_||\\\\ oph
OC/‘ HX oC ’ |r ’
X OC o
RN
CO
PPh.
d HgCl, CHy,
cl—iry &
|\co HaC Ph,P—Ir~—PPh,
PPh4 Cl oc
Ph,P—Ir~—PPh,
ocC

Cl



Vaska's complex trans-irCI(CO)[P(C4Hs)dl,

Vaska's complex helped provide the conceptual

framework for homogeneous catalysis.

Cl
B H,
Ph;P—Ir—PPh; = =
H
OC 2
Ir(1), 16 e
Cl O,
(CgHs)3P —Ir—P(CgHs)3 -
OC
Me +
RsB, ' Mol R3Ps, | ol
Ir "I I~
oc? PR co” VYRR,

PPhy

Cl—Ir>
PhaP

Ph,P—Ir—PPhs

OoC Cl

Ir(Ill), 18 e

20
or

(CeHs)3P—

Me

"
oo IF\PRE

—

C=0



Table 7-7 Oxidation Addition Pathways

Mechanism Species Adding Number Stereochemistry Stereochemistry of new
Type toML, of steps at carbon ligands on the metal
3-Center H-H, C-H, C-C, One Retention of cis
Concerted® Ar=X, Vinyl-X configuration
Polar X-X Two N/A trans
Sy2-like Me-X, Allyl-X, Two Inversion of trans
Benzyl-X configuration (usually)
Radical R-X (R#Ar, vinyl, Multiple Racemization Variable

Me, allyl, benzyl)

?0ther concerted mechanisms are possible (see Section 7-2-1).

Organometallic Chemistry Spessard
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John Stille: Oxidative Addition to Pd® Complexes

cO

(retention)

O
ph. C
3 L;PdCO |
X—C., inversi B RS
. R (inversion) |
H L
y i _
15
o Ph, O L
i ety
R/ | (retention) L
H L :

12
R =D or CH3; L = PPhy; L™ = PEty; X=Bror Cl

Scheme 7.7 Stereospecific Reactions of Palladium Complexes

Organometallic Chemistry Spessard Copyright © 2010
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Ddole 11diiolullllidiuiullo 111 \_}1'56:11 LOULLICLALLIIC C1ICLLLLS Ll'_y

1. ligand substitution

L ML — (LM + L dissociative
LML + L' S LML + L associative

2. external attack at ligands by nucleophiles and electrophiles

LMY92=X + Nu =—> LM¥2-X—NuJ
(X = CO, CNR, CR,, etc.; Nu =R, OR], etc;)

—_—

LMI=X + E* < L, MI-X—EJ*

(X = olefin, acetylene, oxo, etc; E* = HY, RY, etc)

L.M1—R + Nu —— [L,MI?]" + RNu

3. oxidative addition/reductive elimination * (X-Y = H,, R-H, H-Cl, R-Br, etc)

X
/

LMY + X—Y <= LnM‘<2

Y

(*involves change in electron count and valency at metal of 2) J E. Be



Basic Transformations in Organometallic Chemistry

4. o migratory insertion/elimination (X = CO, CNR, CR,, NR, O;
Y =H, R, OR, etc)

Lan /q-2= X aaenam o [Lan~2 —X
Y

L,M%/9?2
5. B migratory insertion/elimination (X = H, R; Y = Z = olefin, ketone, etc)

L MI1—X LMI X
—
v ==

Y—Z Y—Z
6. reversible 2+2 addition (X = CR,, NR, O; Y=Z = olefin, ketone, etc)

L MI=X L MI—X L M4
R _— | | — | + pages 324-325

:ﬁ Strem

Yoo Y—Z Y Z

J.E. Bercaw



Basic Transformations in Organometallic Chemistry
7. o bond metathesis (X,Y =H, R; Z = H)

L, MI—X LMI X
=

Y—2Z2 Y Z

8. "1,2 addition/elimination” (X = O, NR, CR,; Y-Z = RO-H, H,, R-H)
L,MI=X L MI—X
p -— |

Y—Z Y Z

J.E. Bercaw



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Vaska’s complex��trans-IrCl(CO)[P(C6H5)3]2
	Space-filling model of Vaska’s Complex
	Slide Number 18
	Slide Number 19
	Vaska’s complex��trans-IrCl(CO)[P(C6H5)3]2
	Vaska’s complex  trans-IrCl(CO)[P(C6H5)3]2
	Vaska’s complex  trans-IrCl(CO)[P(C6H5)3]2
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27

