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» Metal carbonyl complexes

* Selected examples
Cr(CO)g Mn,(CO)4o Fe(CO)s C0,(CO)g Ni(CO),

o Preparation by direct synthesis

®__ O o _®
(CO)sCr=C-0 <—— (C0)sCr=C=0 <~— (CO0);Cr—C=0

o Preparation by photolysis of thermolysis

Ni + CO —— Ni(CO), Fe(CO); — Fe,(CO)g + CO

o Preparation by reductive carbonylation

WClg + CO + EtAl ~  W(CO)g
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» Metal carbonyl complexes
* Ni(CO), — Stoichiometric alkylations

/\% + N- CO <\ /BI’\N >
Br (CO). benzene, 50°C ( ) DMF

R/\%

L2

J. Am. Chem. Soc. 1967, 89, 2755
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» Metal carbonyl complexes

* Ni(CO), — Stoichiometric carbonylations

O\)Lsr Ni(CO),L, (2 eq) _ O~Jé(0
OH TEA, benzen, 50 °C o

96%

J. Org. Chem. 1981, 46, 1723
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» Metal carbonyl complexes

* Ni(CO), — Stoichiometric carbonylations

(o)
. \=s%
/
o (o)
_ _ Et,0 R
RLi + Ni(CO), 50 °C RJLI\?i(CO)n — O:C>25H
Oy_ Synthon for i
[Ni] Synthon for | Jk/\n/
K RO R

J. Am. Chem. Soc. 1969, 41, 4926
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» Metal carbonyl complexes

* Fe(CO), — Stoichiometric reactions (Collman’s reagent)

Na(H
Fe(CO)s % Na,Fe(CO),
red-yellow
N .
Fe(CO)s + PhCOPh dioxane?100 ol Na,Fe(CO),¢1.5 dioxane
white
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» Metal carbonyl complexes

* Fe(CO), — Stoichiometric reactions (Collman’s reagent)

Na,Fe(CO),
R))(/ scom

® T Oﬁ’ R ® O

H —_Fe—CO R'X_ H o]
T OC—FeZ LRXB e _£—-CO LI Synthon for

RH Felco JL OCFe<CH R}—[Fe] y s

CcO CO R
l 02\/ l ©2

o) o)

—OH —OH

R R

1. Na,Fe(CO),

THF, CO
ALNABr ’ > AU CHO
Cl 2. AcOH Cl

Acc. Chem. Res. 1975, 8, 342
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Metal Carbonyl and Metal Carbene complexes V%

» Fischer Carbene complexes

ML,
R11LR2
Fischer Carbene
complexes PhLi O
W(CO)e (0C) W~ Ph
©
* Low oxidation state metals (M = Fe, Mo, Cr, W)
» m-electron acceptors ligands (L = CO) on metals
* mn-donor ligands on carbene ligand (R! = RO, R,N, RS)
* Selected examples
Cr(CO)s Cr(CO)s
Ph” “NMe, Ph” ~Ph
Amino

* First complex was isolated in 1964

Q
i Me N> iNMe4
(OC)sW” Ph (OC)sW” Me
L
j)\H CH,N, iMe
(OC)sW” Ph (OC)sW” Ph

Angew. Chem. Int. Ed., 1964, 3, 580
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» Fischer carbene complexes

* Synthesis of Fischer carbene complexes

m(co). RL WM(CO)s Et;OBF, . WM(CO)s
(€O — R 0 g =~ R”ONRY),
M=Cr, Mo, W
M(CO)s
R” “SR'
M(CO)s AcBr M(CO)s5 R'OH M(CO)s
R 8 R” O R~ “OR!
OJ\Me

M=Cr, W
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» Fischer carbene complexes Cr(CO)s Cr(CO)s

-

* Reactivity of Fischer carbene complexes (C=Cr(CO). = C=0) R"OR R %R

Cr(CO)s pNp, Cr(CO)s Cr(CO)s
OMe ~ or NHR °F NR,
R,NH

Cr(CO)s

) Cr(CO)s OLi ’ o
R OMe + 5 > (o)
W ©)\/ THF, -80 °Crt v

50%

J. Chem. Soc., Chem. Commun. 1993, 1068
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Metal Carbonyl and Metal Carbene complexes

» Fischer carbene complexes

* Reactivity of Fischer carbene complexes (C=Cr(CO). = C=0)

Cr(CO)s 4 ,.BuLi T
Me” “OMe 2, o M’ 8""9
L>—Me ©
Me -
0 NMe 1. n-BulLi
/Y yame _2.PhCHO _
(OC)4C"§rN 3. AcOH/CeV)
Me Ph

|\O

Y
Cr(CO)s

Cr(CO)s
OR R"NOR
®

(0C)sCra._o
I)—Me

J. Am. Chem. Soc., 1993, 115, 4602

o 9

JLN.Me

N
Ph Me

60%, >96% de

J. Org. Chem., 1994, 6882
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» Fischer carbene complexes Cr(CO)s Cr(CO)s
* Reactivity of Fischer carbene complexes (C=Cr(CO). = C=0) OR R™OR
o [2+2] and [3+2] cycloadditions
OMe W(CO)s
W(C0)5 [2+2] MeO Me
-~ OMe ' MeO
Me
87%
J. Am. Chem. Soc. 1988, 110, 8727
OMe
H
W(CO)s N o H H
[3+2] (OC)sW . [3+2] MeO,C__ N Me N
/LOMG + TMSCHN, -5 ) | N /LOMe + TMSCHN; — ==~ )L/.N + LN
Me :’ Me 120 h Me MeO,C

35:65

J. Am. Chem. Soc. 1986, 108, 5229
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» Fischer carbene complexes Cr(CO)s Cr(CO)s

e S

* Reactivity of Fischer carbene complexes (C=Cr(CO). = C=0) OR R %R

o [4+2] cycloadditions

W(CO)s
SO0 st Ay - e
OMe 25 °C, 3 min 4 ﬁ OMe
7;-0Me
(OC)sW
93%, 93:7
(@)
o © 582 A7+
OMe 30°C,7.5h / Z
S—om o
e
O/‘
78:22

J. Am. Chem. Soc. 1986, 108, 5229
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» Fischer carbene complexes

* Reactivity of Fischer carbene complexes (C=Cr(CO). = C=0)

o Demetalation

reductive oxidative
H)ZI :demetalation M(CO)s demetalation:
R™ X NaBH, R™ X A
e,
r:l
(0]
©
Gr(CO)s [cu(MeCN),IBF, (10 mol%) Ph>=<°""e
Ph” “OMe DCM, 25 °C " MeO  Ph
90%
E/IZ10:1

0
N

R™ X

MeO
Ph

OMe

Ph

J. Organometal. Chem. 2004, 689, 3793
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» Fischer carbene complexes

* Reactivity of Fischer carbene complexes (C=Cr(CO). = C=0)

o Reaction with alkenes — Cyclopropanations

M(CO) M(CO), ﬁ)\ RO R
U J_ . (CO),

Cr
T _ —>

OR R” "OR [2+2]

R

C
R R

R

Z EWG > Alkyl%EWG > )\EWG > )\ )
R

R12 = Alkyl and aryl

0)s

OR

Cr(CO)s
R"NOR
®

e S

J. Organometal. Chem. 2004, 689, 3793
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S
» Fischer carbene complexes CO)s Cr(CO)s
.. . RT JOR R”SOR
* Reactivity of Fischer carbene complexes (C=Cr(CO). = C=0) ®
o Reaction with alkenes — Cyclopropanations
i Me H |
(OC)sCr oM < Me AMH Meo“\A""
+ > ) 7,
wd T T TS TuR 100°c Meot NS \ /%
559, i Cr(CO), |
J. Am. Chem. Soc. , 113, 23, 1991, 8916
v Intramolecular version
0 <0°C o N 140 °C N
Me Me
88% 88%

Organometallics 1990, 9, 3113
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» Fischer carbene complexes @Co)s
R

* Reactivity of Fischer carbene complexes (C=Cr(CO). = C=0) R

o Reaction with alkenes — Cyclopropanations

v' Reaction with electron-rich alkenes

RO
M(CO); M(CO), ~“EpG R
Jj\ > (CO)4CI"\& JL

JE—
_—

R” "OR R” "OR [2+2] R” "OR
EDG

metathesis product !

Cr(CO)s
R"NOR
®

OC):Cr Ph OEt MeO OEt
(0C)s VAV L \/

OMe + < _OEt - W WY
" Co(50bar)  MeO Ph
50 °C 76 : 24

Chem. Rev. 1987, 87, 411
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» Fischer carbene complexes @Co)s
RT JOR

* Reactivity of Fischer carbene complexes (C=Cr(CO). = C=0)

o Reaction with alkynes — D6tz reaction

OH OH
\)NJI\(CO)5 _ R oxidative R
X OoMe R—R demetalation
/ R R
(CO),Cr OMe OMe

e S

R

Cr(CO)s
OR
®
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» Fischer carbene complexes @Co)s
RT JOR

* Reactivity of Fischer carbene complexes (C=Cr(CO). = C=0)

o Reaction with alkynes — D6tz reaction

v" Proposed mechanism M(CO)s 1
I

e S

oxidative

(CO),Cr

M(CO _
MCOs  (oom=_ (CO)“CJ:L co_ (CO)@i}_R
R—R oW VS

O\ (-
\o )d OMe

R pE:
— —> HO N
¢ | ® { Rerco, N

Cr(CO), R Rcrco),

@
<

+ R—R — s | demetalation
/ R

Cr(CO)s
R"NOR
®

OH

}IR
R
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» Fischer carbene complexes CO)s Cr(CO)s

e S

* Reactivity of Fischer carbene complexes (C=Cr(CO). = C=0) R R R %R

o Reaction with alkynes — D6tz reaction

v Selected examples

(OC)sCrs,_OMe TBSO OCPh,
i ., — CPhs pcm,eo°c  Me Ve
A — <Me TBSCI, DIPEA @
Me
Qe
68 %
dr >96:4

J. Am. Chem. Soc,, 1994, 116, 6449

(OC)sCrs_OMe
. — 1. THF, 55 °C
Oe — < > 2. Ac,0, TEA

60 °C

o
79 A) J. Am. Chem. Soc. 1996, 118, 3392
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» Fischer carbene complexes

* Reactivity of Fischer carbene complexes (C=Cr(CO). = C=0)

o Reaction with alkynes — D6tz reaction

v Selected examples

OMe
R O\/©/

DDQ, MeCN

©
CO)s Cr(CO)s5
R R R “OR
@
MeO O OH
(LT
o) X
desired product 4 steps

(OC)sCrs_OMe LY y
o .\ Il 1. THF, 55 °C
e 2.CAN OH
O R
| 40%
(0C)sCray, O ~¢ MeO O 0
MeO 1. Et,0,37°C R
R \\ 2. PPh,, acetone OO
X OH &

68%

51%

Tetrahedron, 1985, 5803
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» Fischer carbene complexes

* Reactivity of Fischer carbene complexes (C=Cr(CO). = C=0)

o Photochemistry of Fischer carbene complexes — ketene elimination

o o)
CHCO)s | ]
Ny s R;\/CF(CO)4 ~— Jcrco,
X

o Lactams and cyclobutanones synthesis

Ph
Vo oY R
(OC)5CF§,N\) + R?’\rR2 hv %N HR R3
Z | [2+2]
H Ph N.o e

J. Am. Chem. Soc. 1990, 112, 1109

&

R

0)s

Cr(CO)s
R"NOR
®

R0 R* R

i

(0

J. Am. Chem. Soc. 1990, 112, 4364
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