G Alkylidenes (Carbenes)

R

~

R
R = H, alkyl, aryl
Schrock alkylidene

True M=C, hindered rotation

ER - TER
M — M%
Ok R

E=0,S,N,P

Fischer carbene

Partial M=C, low barrier to rotation



Table 10-1 Fischer- and Schrock-Type Carbene Complexes

Typical metal
[ox. state]

Substituents
attached to Cgrbene

Typical ligands
also attached to
metal

Electron count

Typical chemical
behavior

Ligand type

Middle to late transition metal
[Fe(0), Mo(0), Cr(0)]

At least one electronegative
heteroatom, e.g., O or N

Good &t acceptor,
eg,CO

18 e

Nucleophile attacks at Cearbene

Early transition metal

[Ti(V), Ta(V)]

H or alkyl

Good o or T donor,
e.g., Cp, Cl, alkyl

10-18 e~

X3




Bonding picture

the free carbene:

. P
A N ¥
i +

pair N e ‘
Rin, | @C ""“2

~E /'C.
singlet carbene triplet carbene

(Fischer carbene case) (alkylidene case)



the metal complexes:
d , QM'
y ‘ D _1_
d22 ‘8’ —1—

R
4 + B
— ®c

I

alkylidene case

HOMO has more C character so this is the site of electrophilic attack

LUMO has more M character so this is the site of nucleophilic attack



N

d22 qg’ — . g"““?
R

4 4 o
4 -
Fischer carbene case

HOMO is mainly metal in character so electrophiles attack the metal

LUMO is mainly C in character so nucleophiles attack the C



Two related classes:

N-heterocyclic carbenes (NHC'’s)

oy
N
[ \FM Ln
N
\

Aryl

vinylidenes
R
LnM—C 7/
A\
R2



Synthesis

OLi OMe
Fischer carbenes W(CO); + RLi —= (CO),W —_— (CO)5W:<
Me,O*BF -
R = Me, Ph R
W(CO)s + 2KCg —— Ky[W(CO)s] O
R'/u\ ERnN
:\(BS”V'GQ, O
W
OO gy = OO~
- KOSiMes; / R Saol M R
- KCI
ERn
(OC)5W:< ERn = OR or NR,

Rl



Schrock alkylidenes

Np,Ta ——— Np,Ta —

Np = Me;CCH,

OsCI(NO)(PPh;); + RCHN, ——= CI(NO)(PPh;),0s=CHR + PPh; + N,
R = Me, Ph, H



Classic Schrock Alkylidene Catalyst

Cl But Cl

MeO.,, | +Cl 6CIMg”  Bu! r MeO,, | Cl
"y g R 3 HOl (W
Me0” | el g MeO OMe CI/ s
OMe But™ ~OMe

NHTMS

NAr NAr 10 mol % NHAr

I MeO,, || .Ci EN  MeO,, | O

W i MOR o t 3 W

RO*7/ Y U M=Li,K CI/ |\/Bu CI/ | =—pgt

RO H \\OMe \\OMe

More stable than anti geometry

R= f"BU, C(CH3)(CF3)2

Scheme 13.3



NHC Synthesis: from carbene precursors _CHs
e (\z I
i 'S
N A
S ®) - = . Pd
2 CH I° + PA(OAC)s” —gmrs G PO

' 9
CH3 &/N\

CHj
(cis/trans)
(H,CO),, HX
| R R -
the stable free carb 3 N - »
+ HNRZ — — . R? 2+ RIN,NR? X°
or the stable free carbene wHw 2 H1HH‘ rooEs PN NR? e HNYNR X
R = H H oer B4 M X=CPor
NaBH,
Na/NH; or
Rl R NaOBu!
R' R
HX R" R
—Goen RPN e NR?
HC(OEt & V—(
R2NH  HNR2 (OEts T xe =
X =Cl°orBF,° H RZN___NR?
H® CH,0 Na/NH,
—H,0 or NaOBu!

R’ R’ R'  R!



Vinylidene synthesis: terminal alkyne rearrangement

@ N

{ + H
PhMe P/ \ PhMe,p - MO=" :<
PhMo, BT “P 7\ Bu
C2 OC  PMe,Ph
\ / (‘3' N/ \P/ C‘” %
[ .. Re o HC=CR [ ‘e, Re o W
P | P P I p
/N
SN N, /N / \ )}\ / \
H™ "R
C|P Cp .
Ru. R—=—H, 40 °C-60 °C _ .
MesP o MeOH MegP ™ \ MeOH or MegP U
Me,P Me3P CH;CN MesP
R = Hor Me



