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lron

Hull-Rust Mine in Hibbling, Mn is the
largest open pit iron mine in the world

Iron oxide is produced by every car in New
England everyday

Oxygen is brought to you today by the
element iron

USA used 60 million metric tons of iron ore
Tap40]0)%




lron vs. Palladium

* Extensive work has been conducted on Pd
chemistry

» Cross coupling reactions are extremely
effective but have their disadvantages

_igands needed to create reactive species

High cost

Reaction times




lron vs. Palladium

 Cost Difference
— 6.0 kg of FeCl, (97%) = $85.90
— 6.0 kg of PdCl, (99%) =  ?

$69,632.00




The Chemistry

 Fe literature I1s extensive

* Selected chemistry of Fe (-Il), Fe(0), Fe(ll),
Fe(lll) oxidation states




Inorganic Primer

18 e” Rule: Stability is found, but does not require, a full compliment of
electrons surrounding the metal center.

3d1°4s24p5=18¢"

Hund's Rule of Maximum Multiplicity: Lowest energy electron
arrangement desired

Hapticity




Fe (0) and Fp

Synthesis of Dicarbonyl(cyclopentadienyl)ferrate
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Ohisishi, T.; Shiotani, Y.; Yamashita, M. J. Org. Chem. 1994, 59, 250




Fe (0) and Fp

Genco, N.; Morton, D.; Rajhu, 5.; Rosenblum, M. J. Am. Chem. Soc. 1976, 98, 848




Fe (0) and Fp

Heterocycles
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Ce(NH4)2(NO3)g
1 atm CO, EtOH
(48-72%)

Welker, M. E. Chem. Rev. 1992, 92, 97




Fe (0) and Fp

Heterocycles: Lactones and Lactams

1) Fpl, PACI»(CH;CN), 8 mol%

THF, RT, 12 h CH;3
- 7

Fp OH

2) iBUCHO, BF; -EtO,
y

3} ME:;NO, CHEC |2

1 Pot !!!

Chandrasekharam, M.; Chang, S.-T.; Liang, K.-W.; Li, W.-T.; Liu, R.-S. Tet. Lett. 1998, 39, 643




Fe (0) and Fp




Fe (0) and Fp

Heterocycles: Cycloaddition to SO,

~_

(R = Bn, 48%) (R = CHj, 72%)
(R = H, 48%)

Ng=0

(R = Ph, 90%)
—— (R = CH3, 81%)

Fp

Hurrley, A. L.; Welker, M. E.; Day, C. S. Organometallics, 1998, 17, 2832




Fe (0) and Fp

Mechanism of SO, Addition




Fe (0) and Fp

Synthesis of a — Fp Alkynes

NaFp
TsO N _ Fp/\
/\R (R = Me, 64%) N

(R =Ph, 66%)

R

Synthesis of Fp Allenes and 1,1-Alkoxy-Fp Allenes

NaFp

R
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T 0)\ (R=H, 60%) R Cw kP
s A (R = Me, 75%)

RO

NaFp
-
(R =H, 60%) C

Fp

OR (R = Me, 75%) AN

Hurrley, A. L.; Welker, M. E.; Day, C. S. Organometallics, 1998, 17, 2832



Fe (0) and Fp

Heterocycles: Lactones and Lactams
X

0

DMF, POCI; or PBrj NaFp
o) - VY -
-78 °C -RT
} n 76%, 52%

O

H,NR
TiCly, NEt;
-

RT, 24h, CH,Cl,
)n

Hyq, 56%
S)-CH(CH;)Ph, 61%

Braun-Ruck, K.; Martin, T.; Mikulas, M. Chem. Eur. J., 1999, 5, 1028-1037




Fe (0) and Fp

TiCl,
0

H,NR

-

TiCly, NEt;

Braun-Ruck, K.; Martin, T.; Mikulas, M. Chem. Eur. J., 1999, 5, 1028-1037




Fe (ll) and Fr

Heterocycles

Fr = (Ph;P)(Cp)(OC)Fe*

Barrett, A. G. M.; Sturgess, M. A. Tetrahedron Lett. 1986, 33, 3811 - 3814




Fe (ll) and Fr

Heterocycles
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Fe (0) and Fp

C-H Bond Insertion: Cationic Carbenes

1) MeL.i, EtO,, 0 - 25 °C, 1h
-
2) THF, -78 °C to -30 °C, 1h

R

® S
Fp’f\sph PFg

3 eq. Me;O'BF

T~
CH,Cly, 0 - 25°C, 3h

Ishii, S.; Helquist, P. Synlett. 1997, Sup 1, 508




Fe (ll), Fe(0), Fo and Fp

OTMS

Fp/\ . @ 1) n-Bu,BOTf, -78 °C, 3h
- ®
®

2) Heat (OC)sFe
(23%)

(OC)sFe

Me,Culi
e

(82%)

Rosenblum, M.; Watkins, J.C. J. Am. Chem. Soc. 1990, 112, 6316-6322




Fe (0) and Fp

Cyclopropanation

Z R )>__R.

R
Major Product

20- 80% yields with 50/1 to all cis product

Ishii, S.; Helquist, P. Synlett. 1997, Sup 1, 508




Fe (0) and Fp

Cyclopropanation

Seitz, W. J; Hossain, M. M. Tetrahedron Lett. 1994, 35, 7561




Fe (-ll)

Iron Catalyzed Cross Coupling

Fe(acac);

Furstner, A., Leitner, A.; Mendez, M.; Krause, H. J. Am. Chem. Soc. 2002, 124, 13856-13863




Fe (-ll)

Amazing Iron Catalyzed Cross Coupling

n- C14H29MgBr
-
Fe(acac)s, (72%)

Furstner, A., Leitner, A.; Mendez, M.; Krause, H. J. Am. Chem. Soc. 2002, 124, 13856-13863




Fe (-ll)

Amazing Iron Catalyzed Cross Coupling

n - C4H,9MgBr

Fe(acac)s, (72%)

NO Acyl Addition

Furstner, A., Leitner, A.; Mendez, M.; Krause, H. J. Am. Chem. Soc. 2002, 124, 13856-13863




Fe (lll)

Stereoselective Ring Opening

cat. FeCl,
RMgX

TMEDA
THF, RT, 3h

Nakamura, M.; Matsuo, K.; Inoue, T.; Nakamura, E. Org. Lett. 2003, 5(8), 1373-1375




Fe (lll)

Stereoselective Ring Opening: Grignards

MeO
O, O O -~
MgBr MgBr

MgBr
3h, (69%) 5h, (72%) 1h, (75%) 13h, (41%)

MgBr
\l'/\MgBr /\\MgBr 1] 014H29MgBr \(

5h, (40%) 1h, (24%) 1h, (54%) 1h, (92%)

Nakamura, M.; Matsuo, K.; Inoue, T.; Nakamura, E. Org. Lett. 2003, 5(8), 1373-1375




Summary

Fe-alkene, allene, alkyne chemistry
Fe is cheap with respect to Pd

18 e” Rule

Hapticity

Simplicity of Use

Fe keeps you alive




