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1. Concept of this research: hybrid radical/organometallic reactivity

Despite the abundance of aliphatic compounds in nature, direct introduction of functionality into
a C(sp®)-H framework is challenging, because of difficulties in controlling site-selectivity and
chemoselectivity during the C—H cleavage step, and in subsequent efficient creation of a new bond.
Transition-metal-catalyzed C—H bond activation has been widely employed for the activation of a
C(sp*-H bond, but the activation of a C(sp®)~H bond is more challenging, because of poor stabilizing
interactions with the metal center. On the other hand, the C—H bond of an alkane can be easily cleaved
in a radical manner, but the selectivity of these reactions is typically difficult to control. Organoiron
species are known! to exhibit a dual reactivity: this species can transfer both one and two electrons
during the same catalytic cycle. Thus, we scheme 1. Functionalization of C(sp®-H bonds using hybrid dual

organometallic/radical reactivity of organoiron

hypothesized that by combining the radical

’

Ar-X H-C-- los

and organometallic reactivity of organoiron, *Ar { A /
. . R-[Fe] —— R-{Fe] —" R-[Fe]. —= R-C--
we could achieve selective cleavage of a SET activation ArH X '
N HC Y
3 : Y Y
C(sp”)-H bond, followed by creation of a new radical reactivity =~ organometallic reactivity
C—C bond under mild conditions (Scheme 1). C-H cleavage under  C-C (C-X) bond formation

mild conditions

2. Iron-catalyzed remote functionalization of a C(sp*)-H bond

Regioselective functionalization of a C(sp*)—H in an alkane, where it is necessary to differentiate
between C—H bonds of similar electronic and steric environments is a formidable challenge. Inspired by
the concept “remote functionalization” pioneered by Breslow,> we envisioned that we could use the
hybrid radical/organometallic reactivity of organoiron species and regioselectively create a new C—C
bond at a remote, unactivated site. The working hypothesis is shown in Scheme 2: an organoiron
generated from an iron salt and an organometallic reagent transfers an electron to an aryl iodide to
generate an iron intermediate, which will show a radical reactivity and selectively transfer the y-H
though 1,5-permutation to generate a more stable alkyliron, followed by its reductive elimination to
create a new C—C bond. According to this scenario, 2-iodobutylbenzene reacted with diphenylzinc in

the presence of a catalytic amount of an iron salt and a N-heterocyclic carbene (NHC) ligand in
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fluorobenzene at 50 °C, to produce 1,3-diphenylbutane in 57% isolated yield.* No other regioisomers
were detected, and the only byproduct was a hydrodehalogenated product and biphenyl. The solvent was
important, and aromatic compounds such as benzene or fluorobenzene were the solvent of choice,
possibly because they stabilize low-valent organoiron. The NHC ligand slightly improved the catalytic
turnover, but the reaction also proceeded in its absence. Organometallics other than diorganozinc gave
poor results. A 2-bromoalkylarene could also be used as the starting material, but the reaction proceeded
with lower yield (31%). Under the optimized conditions, a variety of 2-haloalkylarenes gave the vy-
arylated product with high selectivity, several selected examples are shown in Scheme 2. The reaction
took place on both primary and

Scheme 2. Iron-catalyzed remote functionalization of a C(sp®)-H bond
secondary C—H bonds, but the latter H PhyzZn

cat. Fe(acac)s/ Ph H
gave higher yields in agreement with ligand @(\)\ ©\/\)\
+
. . |
a radical mechanism. Long alkyl f'”gg’?g"geh”e’ H H

57% 21%
chains could be arylated with high ‘Ph[Fe] / single isomer
Ph_ I e ‘

regioselectivity. Notably, the 1,5-

[Fel L
transfer dictates the regioselectivity, ©/\)\ -, (:(\/\ Q'l‘a'}‘@
[',:e]_l 1,5-hydrogen H -Pr i
Ph

overriding electronic effects: the vy ransior | ligand

position was selectively arylated over —---ww--rmmmmrrmmmrr s

NMez
benzylic C-H. An alkylarene
possessing a cyclohexyl group ©\/\)Vn CeH1s W @(\@
reacted well, but gave a mixture of
50% 54% 55% (dr = 3.6:1) H 31%

stereoisomers, in agreement with the

radical nature of the intermediate.

3. Conclusion and perspectives

We achieved the regioselective arylation of a remote aliphatic C—H bonds by taking advantage of the hybrid
radical/organometallic reactivity of organoiron species. This reaction demonstrated the feasibility of the
concept, but issues remain, such as low yield and limited reaction scope. Further studies will focus on
improvement of the reaction efficiency, and applications to the functionalization of a variety of molecules of

synthetic importance.
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B. ZHOU. H. SATO. L. LLIES*, E. NAKAMURA®* (THE UNIVERSITY OF TOKYO, JAPAN)
Metal-Mediated Iron-Catalyzed Remote Arylation of Aliphatic C-H Bond via 1.5-Hydrogen Shift
Synthesis ACS Catal. 2018, 8, 8-11

Iron-Catalyzed Remote Arylation

iron catalysis

remote arylation

zine R‘MgBr
(4.0 equiv)
R? ZnBr, TMEDA (2.0 equiv) R
Fe(acac)s (10 mol%) R4
Re L (20 mol°) R
R fluorobenzene, 50 °C, 2 h R
R1,RRE = H, various linear or cyclic alkyl chains up 10 60% yield

RY = substiluted aryl moieties

Significance: The authors report a y-selective Comment: To gain a deeper insight into the reac-

iron-catalyzed remote arylation of 2-iodoalkyl- tion mechanism, the reaction of 1-(but-3-en-1-yl)-

arenes with various diarylzinc reagents. The use of 2-iodobenzene with PhMgCl was performed using

the zinc species and its complexation with TMEDA the arylation reaction conditions described above,

proved to be essential to obtain arylated alkanes which leads exclusively to the cyclization product.

in medium yields. This may indicate the involvement of radicals
during the 1,5-hydrogen-shift step.

SYNFACTS Contributors: Paul Knochel, Ferdinand H. Lutter
Synfacts 2018, 14(02), 0184 Published online: 18.01.2018
DoI: 10.1055/5-0037-1609166; Reg-No.: P17917SF
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Science News from research organizations
Sphinx molecule to rescue African farmers from witchweed
Discovery of a hypersensitive suicide germination stimulant

Date:  December 17, 2018
Source: Institute of Transformative Bio-Molecules (ITbM), Nagoya University
Summary:  An interdisciplinary team has discovered a highly potent and selective molecule, SPL7,
that can lead seeds of the noxious parasitic weed Striga to suicide germination.
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