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Iron-Catalyzed Aminative Cyclization/Intermolecular Homolytic
Aromatic Substitution Using Oxime Esters and Simple Arenes

*[a]

Takuya Shimbayashi, Kazuhiro Okamoto* and Kouichi Ohe

Abstract: Intermolecular C-H alkylation of simple arenes in the
presence of an iron catalyst has been achieved in a cascade manner
with an aminative cyclization triggered by N-O bond cleavage of an
alkene-tethered oxime ester. Various arenes, including electron-rich
and electron-poor arenes, and heteroarenes can be employed in the
reaction system. Regioselectivity and radical trapping experiments
support the involvement of alkyl radical species, which undergo a

homolytic aromatic substitution (HAS) to afford the arylation products.

Radical-based aromatic C—H functionalization such as homo-
lytic aromatic substitution (HAS) reactions has emerged as an
atom-efficient and direct route to substituted arenes because
less functionalized starting materials can be employed." HAS
reactions often involve intramolecular reactions because the
slow rate of radical addition to simple arenes, in particular with
alkyl radicals,? means that radical quenching is difficult to avoid.
In contrast to the intramolecular reactions, the number of
intermolecular variants of HAS that take advantage of elect
transfer induced by strong base, transition-metal catalysts
photoredox catalysts, has grown significantly,> and ‘many
successful examples, such as biaryl coupling,* fluoroal
or alkylation®® have been developed (Scheme 1a).
these alkylation reactions are typically limited to h
Furthermore, intermolecular HAS reactions invol
radical generated through atom transfer radical
to alkenes in a cascade manner are scarce (Sc
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Our research interests have focused on N-O bond cleavage
of Qxime derivatives with a variety of transition metals for new
rmations involving reactive species, such as nitrene or
ido complexes, and catalytic synthesis of N-containing
rocycles' and isolation of Rh(lll)-imine and Ru(1V)-ketimido
mplexes' have been described. The Ru(IV)-ketimido complex
ould be a key intermediate for aminochlorination of tethered
alkenes or alkynes,™® which prompted us to explore their
catalytic aminative transformation. In the course of many trials,
we found that oxime esters undergo N-O bond cleavage with a
cationic Fe(ll)-bipyridine complex followed by 5-exo-trig
cyclization with a tethered alkene to give an intermediate’® that
is applicable to the intermolecular HAS reactions (Scheme 2b).
Here, we report catalyst screening, substrate scope, and
mechanistic insight on this transformation.

During our development of an aminative transformation
reaction of oxime ester 1a-t-Bu in benzene solvent under
Fe(OTf), catalysis (Table 1), we were surprised to observe the
formation of phenylated product 3aa together with a small
amount of hydrogen atom adduct 4a and acyloxylated product
5a-t-Bu (entry 1). Intense efforts were then made to optimize the
conditions for the phenylation reaction. Various ligands for the
iron catalyst were examined.” The use of bipyridyl ligands
slightly improved the yield of 3aa (entries 2—4). Among the
ligands tested, L1 was found to give the best result (entry 2).
Raising the reaction temperature to 120 °C gave 3aa in the
highest yield (entry 5). The reaction was also catalyzed by
Fe(OTf)s, albeit in lower yield (entry 6). The substituent R on the
carboxyl group had a significant effect on the results. When
acetyl ester (1a-Me) was used, the yield of 3aa decreased (entry
7). The use of picolinoyl ester (1a-2-Py) afforded 3aa in an
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identical yield to that obtained with a t-butyl group (1a-t-Bu)
without forming acyloxylated product 5a-2-Py (entry 8).
Interestingly, pentafluorobenzoyl ester (1a-CsFs), having an
electron-withdrawing nature, prohibited the formation of 3aa,
affording acyloxylated product 5a-C¢Fs in high yield (entry 9)."

Table 1. Optimization of reaction conditions.”!

R Fe(OTf),
(10 mol% OCOR
Ligand
/Sg/ _(10mor)
CgHg (2a)
Me Me (1(?8 gquw) Me Me
1a-x temp, time 3aa 4a 5ax
Entry Ligand R Temp (°C) Time (h) 3aa (%) 4a (%) 5ax (%)
1 none t-Bu (1a-t-Bu) 100 20 38 11 14
2 L1 t-Bu 100 20 51 12 10
3 L2 t-Bu 100 20 45 9 17
4 L3 t-Bu 100 20 47 11 13
5 L1 t-Bu 120 12 54(52)b 11 11
6° L1 t-Bu 120 12 33 11 10
7 L1 Me (1a-Me) 120 12 30 6 45
8 L1 2-Py (1a-2-Py) 120 12 54(52)b 13 0
9 L1 CsFs (1a-CgFs) 100 20 9 0 79(68)b

[a] Reaction conditions: 1a-x (0.20 mmol), Fe(OTf), (0.020 mmol),
(0.020 mmol), C¢Hs (3.0 mL, 33.7 mmol). Yields were determined by H Y
[b] Isolated yield. [c] Fe(OTf); was used instead of Fe(OTf),.

_ / A = Me Me
=N N N\
Me Me =N N
L3

With the optimized reaction conditions in hand,
the reaction with various arenes was explored (S
substituted arenes, picolinoyl ester (1a-2-Py)
results than pivaloyl ester (1a-t-Bu).
chlorobenzene 2b afforded the product 3ab in good yi
with low regioselectivity (o/m/p = 68:24:8) which is in g
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addition of trifluoroacetic acid, probably because of protonation
of the nitrogen atom of pyridine. Thiophenes 2s or 2t afforded
3as or 3at, respectively, in good yi ith high C-2 selectivity.

R_O
\Ié Fe(OTf), (10 mol%)
O‘N = 01%)
|
Ph A
Me’ Me 120 °C, 1

o
1a-t-Bu, 1a-2-Py conv 100%

Ph
N‘ equiv
3ac of arene
Ph
we’ Me PP Me
3aa 31% 150
52%3ab 55% 50
44% 20

CO,Me
Ph \ Ne
Me Me Me Me Me Ph
3af 3ag Me' Me
60%2 46%32 3ah
(50 equiv of arene) (75 equiv of arene)  58%3(7.3:1)

OPh

N
|

3ak
670A)a,0
(2.2:1)

(75 equiv of arene)

Me Me N

3aj

70%2 Me Me
(0:m:p=51:39:10)

Me Me
3al 3al' N
61%2 11%2 X-ray
58%3a.d 13%3ad

(50 equiv of arene)

Ph I
Me  Me  3am + 3am’ 60%°
76%b.¢ Me Me (C-2:C-3+C-4 = 60:40)
(3.8:1) 62%b.°
Ve (C-2.C-3+C-4 = 88:12)

(75 equiv of arene)
t-Bu

Me Me
3as (X = H): 71%2
3at (X = Cl): 69%2
(C-2:.C-4:C-3 =1:0.09:trace)

(C-4:C-2:C-5 = 59:31:10)

Scheme 3. Scope of arenes. Reaction conditions: 1a-t-Bu or 1a-2-Py (0.20
mmol), Fe(OTf), (0.020 mmol), L1 (0.020 mmol), arene (30 mmol). Isolated
yields are shown. Major regioisomer were shown. The ratio were shown in
parentheses. ® 1a-2-Py was used. ® 1a-t-Bu was used. ° Reaction at 150 °C. ¢
Reaction at 1.5 mmol scale. ° Trifluoroacetic acid (1.8 mmol) was added.
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Based on the scope of the reaction with respect to arenes, the
substituent effect on oxime esters 1 was then examined using
thiophene as a reaction partner because of its high reactivity and
regioselectivity (Scheme 4). Oxime esters bearing sterically
hindered alkene moieties (1b-2-Py, 1c-2-Py) were applicable to
the reaction system, giving 3bs and 3cs in good yields. It is
noteworthy that arylation on the secondary carbon was possible
(3cs). Substituents such as R® or R* at the a-position to the
oxime were not necessary for the reaction to occur, with 3ds
being obtained. Spirocyclic product 3es was also successfully
obtained. The substituent R® was altered to other aromatic
groups such as 2-pyridyl (3fs) and 2-naphthyl group (3gs).
Tricyclic compound 3hs could also be obtained. The reaction
was also applicable to oxime ester 1i-2-Py, having an alkyl
substituent at Rs, to afford the product 3is.

X S
2Py \(O R? Fe(OTf), (10 mol%) R2 i
O. R'_~ L1 (10 mol%) Ri
N —_— N
5‘ Thiophene 2s (150 equiv) |
R 120 °C,12 h
R8 R4 conv 100%
1x-2-Py
S S
Me
N\ \ \\\\ \ﬁ\x
Me Me
i i i i
Ph P
e Me e’ Me Ph Ph
3bs 3cs 3ds 3es
48% 59% (dr =1.2:1.0) 64% 64%
S
\ | \
X \ X
N
N ! N
| K | |
Ph
SO
3gs 3hs 3is
59% 62% (dr = 2.7:1.0) 48%

Scheme 4. Scope of oxime esters. Reaction conditions: 1
Fe(OTf), (0.020 mmol), L1 (0.020 mmol), thiophen (30 mmol)¥
are shown. dr = diastereomer ratio. Diastereomer ratio was deter
NMR.
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have a tertiary alkyl center (R’ = H), the reactive center of C
adds to arenes to give arenyl radical D, which readily under-
goes deprotonation to form arene. cal anion E. Finally, back
electron transfer from radical anion releases product 3,
thereby regenerating iron catalyst A.
On the other hand, when C has a
Me), addition of C to aren
other reaction pathway. Inste
oxidation to form stable i

(R’ =R’ =

Me Me Me Me
6j 7j
10% 8%
Y Yo Fe(OTf), (10 mol%) Ph H
0. L1 (10 mol%) N N
n-BuzSn-H (1.5 equiv) | |
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120 °C,12h 3aa 4a
0% 67%
Me 7@
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Scheme 5. Preliminary mechanistic studies.
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In summary, we have demonstrated the iron-catalyzed direct

alkylation of unactivated arenes, which takes place through HAS
in a cascade manner with aminative cyclization of alkene-
tethered oxime esters. C—H alkylation of both electron-rich and
electron-poor arenes has been achieved, albeit with the
requirement for an excess amount of arene. Mechanistic studies
support the involvement of radical intermediates. The present
transformation involving intermolecular HAS reaction will find
synthetic application in the construction of intricate molecules
when combined with atom transfer radical addition.
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Directly come in!: Iron-catalyzed intermolecular homolytic aromatic substitution
(HAS) employing simple arenes was achieved in cascade manner with aminative

cyclization of alkene-tethered oxime esters ignited by N-O bond cleavage. This
system will open a path to application of intermolecular HAS reaction into
construction of intricate molecules.
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