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Iron-Catalyzed Selective Cross-Coupling Reactions: Fundamentals to Application

Masaharu NAKAMURA

0 Using combinations of an iron salt with either bisphosphine ligand or NHC (N-Heterocyclic Carbene) ligand

as a catalyst allows for highly selective cross-coupling reactions of alkyl chloride, aryl chloride and other such

electrophilic substrate and various organometallic reagents. The unique reactivity and selectivity exhibited by

the catalyst towards alkyl halide can be understood with the reaction mechanism based on the formation of alkyl

radical intermediate. Furthermore, cross-coupling reactions of aryl chlorides also proceed with aryl and alkyl

Grignard reagents devoid of B hydrogen, and magnesium amides, providing the corresponding biaryl compounds

and triarylamine compounds. These reactions are thought to be new reactions proceeding via an iron(I1V)

intermediate. This paper accounts the authors’ fundamental reaction development aiming at' precise control of

organometallic reactions using iron catalysts” mainly with a particular emphasis on application-oriented research.
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E. J. Corey et al., J. Am. Chem. Soc., 113, 729 (1991).

Schemel 00 Corey’s Iron-Catalyzed Enantioselective Diels-Alder Reaction
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M. Nakamura and E. Nakamura et al., J. Am. Chem. Soc., 122, 978 (2000).

Schemel] O Iron-Catalyzed Enantioselective Carbometalation Reaction
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FeCl; (5 mol%) GV
—X o+ ArMgBr TMEDA (5 equiv) N Ar Me,N NMe,
slow addition! _—
up to 99% yield TMEDA

X =Cl, Br, |

M. Nakamura and E. Nakamura et al., J. Am. Chem. Soc., 126, 3686 (2004).

Scheme 3 0 Iron-Catalyzed Alkyl Halide Coupling Reaction
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M. Nakamura et al., Synlett, 1794 (2005).

SchemeO O Iron-Catalyzed Alkyl Halide Coupling with Organozinc Reagent
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Etogc\(\/)) + iz . EoOC MeN  NMep
) CN 87% yield 5 CN

1.2 equiv 96% Z IMEDA
96% Z

'Zn" = ZnCH,SiMeg T. Hatakeyama et al., Org. Lett., 11, 4496 (2009).

Schemel [ Iron-Catalyzed Stereospecific Coupling of Alkenylzinc Reagent
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hex. OTs COzMe TMEDA (1.2 equiv) COMe P
\r . /©/ Mgl (1.2 equiv) hex Me,N NMe,
7 -

) 71% yield TMEDA
1.2 equiv

S. lto et al., Org. Lett., 11, 4306 (2009).

Scheme O Iron-Catalyzed Cross Coupling of Alkyl Tosylate with Arylzinc Reagent
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F /@\ MgCl slow addition

CH3

Fe(acac); (3.4 kg, 1 mol%)
Br\/\/\CI TMEDA (112.3 kg, 1 equiv.)

THF (ca. 570 L)
40-50 °C
[in 6000-L GL Reactor]

CH3

117 kg, 69% yield
(94% GLC pure)

COpH

Gemilukast (ONO-6950)

Scheme 7 O Industrial Application to Gemilukast Synthesis
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Scheme O Radical Probe Experiment: Reaction of Fe''Mes:(tmeda) with Cyclopropylmethyl Bromide
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R = Bu: FeCly(SciOPP)
R = TMS: FeCly(TMS-SciOPP) space filling model of FeCly(SciOPP)

FigureO O ScioPP O OO0 0DOOOOOOOO XOOOOOOOOOD
ooooooooo
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N (0.5-1 mol%) \
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THF, rt to 40 °C
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X=Cl, Br slow addition! up to 98% yield
F Me
F Me Br OMe
X =Br; 98% X=1,93% X =Br; 81% X =Br; 78%

T. Hatakeyama et al., Chem. Lett., 40, 1030 (2011)

SchemeO O Iron-Bisphosphine Complex-Catalyzed Cross Coupling of Alkyl Halides
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C(sp?) selective!

T. Hatakeyama et al., Angew. Chem., Int. Ed., 50, 10973 (2011)
T. Hatakeyama et al., Org. Lett., 10, 5541 (2008)

Scheme 100 Iron-Bisphosphine Complex-Catalyzed Sonogashira” Coupling
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THF, 251040 °C, 3-24 h

\ R 7 N .
<::>*_X " repd o . <::;’_R“pq

X=Cl,Br | (1.4-1.9 equiv)
R = Bu, t-Bu, Et
M = Li or Mg
arylation alkenylation
M/\@\/\ o Me y 3OTBS
OiPr Ph 7t / Ph NC. .
X = Br; 96% X =Cl: 86% X = Br; 83% X = Br; 83%

(>99% E) (>99% 2)

T. Hatakeyama, et al., J. Am. Chem. Soc., 132, 10674 (2010)
T. Hashimoto, et al., J. Org. Chem., 77, 1168 (2012)

alkynylation (from trimethoxyalkynylborate)

@_\—Suﬁg LSIIPI’3 @Eé _\—SlEt3

X = Br; 98% O x=1;67%
N. Nakagawa, et al., Chem. Lett., 44, 486 (2015)

X =Br; 83%

Schemel110 Iron-Bisphosphine Complex-Catalyzed Suzuki-Miyaura” Coupling
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60-120°C <4% yield

up to 98% vyield

i-Pr

M = Fe, Co, Ni ﬁ 'mi\\b
i-Pr " i-Pr

SIPr or IPr

T. Hatakeyama, et al., J. Am. Chem. Soc., 131, 11949 (2009)
T. Hatakeyama, et al., J. Am. Chem. Soc., 129, 9844 (2007)

Schemel12[] Iron Group Metal-Catalyzed Selective Biaryl Cross Coupling
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Schemel130 Iron Catalyzed Aryl-C-Glycosylation
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Schemel14[] Radical Probe Experiment
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- @ O O 0
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M. Jin, et al., J. Am. Chem. Soc., 137, 7128 (2015)

Scheme!150 Iron-Catalyzed Enantioselective Cross Coupling
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Schemel160] Iron-Catalyzed Buchwald-Hartwig” Amination

R
{ \ . R D | "
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5 BrCHCH,Br _BrCH,CHoBr ] 7 Agp
Y N
R

up to 99% yield
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up to 39% yield
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Y. Aoki, et al., Heterocycles 90, 893 (2015)
FAtt, $5EE2016-046085, 2017-039277

Schemell170 Iron-Catalyzed C—H Amination for Aromatic Amine Synthesis
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