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Abstract: lodine(Ill) reagents are used in catalytic one-pot
reactions, first as both oxidants and substrates, then as cross-
coupling partners, to afford chiral polyfunctionalized amines.
The strategy relies on an initial catalytic auto C(sp’)—H
amination of the iodine(lll) oxidant, which delivers an
amine-derived iodine(l) product that is subsequently used in
palladium-catalyzed cross-couplings to afford a variety of
useful building blocks with high yields and excellent stereose-
lectivities. This study demonstrates the concept of self-amina-
tion of the hypervalent iodine reagents, which increases the
value of the aryl moiety.

Catalytic sequential reactions for the synthesis of complex
products are invaluable in modern organic chemistry.?
Equally important is the chemistry of hypervalent iodine
compounds, which has expanded in the last two decades.*
Accordingly, the design of new synthetic methods merging
these two research domains is a source of inspiration for the
organic chemists to address the issues of diversity and
sustainability. Trivalent iodine oxidants have become the
reagents of choice to perform selective transformations under
mild conditions. However, because they are often derived
from iodoarenes, their use in synthesis raises the problem of
the production of stoichiometric amount of aryl iodides. The
design of processes catalytic in iodine”’ and recyclable iodine
reagentsP™®! has allowed this issue to be addressed. More
recently, an alternate solution has emerged with the report of
synthetic strategies valuing the Arl group. The latter has been
used as a building block in condensation reactions,”) or for the
a-arylation of carbonyl compounds.’! More significantly,
Greaney has reported the tandem C—H/N—H arylation of
indoles based on the coupling of both aryl groups of diaryl-
iodonium salts (Scheme 1a)."*! At the same time, we designed
a sequence of Rh"-catalyzed C(sp’)—H amination/sila-Sono-
gashira—Hagihara coupling that recycled the Arl moiety of
iodine(III) oxidants generated in the first step of the nitrene
addition (Scheme 1b).l"
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Previous studies
a) C-H and N-H arylation of indoles with diaryliodonium salts(®2]

RI= cat. Cu(l) RI= Ar!
@_\) — @—\S 20-67% yield
N 1.1 equiv N
H o (Ard-Ar)*x- Ar2

b) One pot C(sp?)-H amination/Sila-Sonogashira-Hagihara coupling!!®]

H S*NH, 1, cat. Rh(ll) NHS* S*NH, 1
; 1.4 equiv Arl(OPiv), - o}
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/©/\ e = p-Tol ;\‘,, NH;
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This work
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Scheme 1. Background for the design of the self-amination of iodine-
(111) reagents.

These transformations highlight the value of the iodoar-
ene side-product that has been previously considered as
waste. However, they rely on the use of an excess of the
iodine(III) reagent, thereby limiting their atom-economy and
efficiency. Moreover, with the aim to increase the molecular
diversity accessible through one-pot reactions, we sought to
improve the variety of sequences combined with the C(sp*)—
H amination from a unique precursor. We hypothesized that
the iodine(IIT) oxidant could be used as both the oxidant and
the substrate for the C(sp*)—H amination reaction. This would
deliver a functionalized iodo compound that could, then, be
used for further cross-couplings. Such an unprecedented self-
reaction of iodine(IIT) oxidants should be optimal in terms of
sustainability and versatility, and increase the synthetic
potential of these reagents. Herein, we wish to report the
details of our investigations that have provided a proof of
concept and the application to the successful design of several
sequences of auto C(sp’)—H amination/Pd-catalyzed cou-
plings (Scheme 1c).

Our first aim was to demonstrate the ability of iodine(I1I)
oxidants to undergo a catalytic auto C(sp’)—H amination
under the conditions reported for the stereoselective amina-
tion of hydrocarbons.'"*?l This required the preparation of
(diacetoxyiodo)arenes that were obtained in good to excel-
lent yields after oxidation of the corresponding aryl iodides
with sodium perborate (Table 1).3 A screening of the
stoichiometry of the reagents then led us to find that the
sulfonimidamide 1 (1.0 equiv), in the presence of the chiral
Rh" complex 2, reacts with a slight excess (1.1 equiv) of the
hypervalent reagent 3a to afford the self-aminated product at
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Table 1: Catalytic auto-C(sp®)—H amination of iodine(lll) oxidants 3.1

(ACO)zl/\’ S*NH, 1 | S*Hl?\l O
A
NS, 3mol%2 K | L s nia)s O
Rh Rh
Entry 3 Yields 4 Yield
of 3 of 4
[9%] 1961
86
: % @y o %
(AcO),! |
(AcO),| | NHS*
2 ]@A 3b 63 D/\ 88
MeO MeO ™
(AcO),l | NHS*
3 D/\ 3 76 j@/\ 91
N3

CoL
\ 4e
NHS*
Br

f 86 85

64
MeO
Cl
l:\lHS"
$©A 34
4h
|
CR

90(fl

1(OAc),

[a] Reaction conditions: A mixture of 3 (0.22 mmol), 1 (0.2 mmol), and
the catalyst 2 (3 mol %) in 1,1,2,2-tetrachloroethane/MeOH 3:1 (1 mL) is
stirred at —35°C for 72 h. [b] Isolated after chromatography with a d.r.
>98:2. [c] On a 8 mmol scale. [d] After of 96 h of reaction. [e] Isolated
with a d.r. =9:1. [f] 4:1 mixture of regioisomers.

the benzylic position. Compound 4a was thus isolated in 90 %
yield as a single diastereoisomer (entry 1).[1>:16]

The self-amination was successfully extended to other
aromatic iodine(IIl) oxidants bearing a methoxy, an azido,
a phenyl, and a halo substituent (entries 2-7). The expected
products 4b—g were isolated with yields in the 64-91 % range.
We also investigated the reactions with compounds 3h and 3i
that raise the issue of regioselectivity. While product 4h
resulting from the auto C(sp*)—H amination at the meta-ethyl
group was exclusively obtained albeit with a modest yield of
34% (entry 8), indan derivative 3i led to a 4:1 mixture of
regioisomers with compound 4i isolated as the major product
(entry 9), a ratio that is in line with our previous results."!

We next turned our attention to combining this reaction
with one-pot metal-catalyzed cross-couplings. We first
decided to study the auto C(sp®)~H amination/Suzuki-
Miyaura reaction.!'"”) Early attempts with phenylpinacol
boronic ester in the presence of Pd(PPh;), generated the
expected product 5aa with a low yield of 10% (Table 2,
entry 1). This result was improved by screening the palladium
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Table 2: Screening of conditions for the catalytic one-pot auto-C(sp*)—H
amination/Suzuki-Miyaura cross-coupling.”!

Catalytic auto Suzuki-Miyaura

C(sp?)-H amination cross-coupling
3 mol% 1 ny equiv PhBX,,

1.2 equiv S*NH, 2 ny mol% Pd catalyst
3a q 2 4a | 2Mo% y: O

(1.1 equiv) (CI,CH),:MeOH 3:1
5aa

5 equiv ag. K,CO3
toluene, 90 °C, 15 h

Entry PhBX, Pd Catalyst Yield[%]"®
(n, equiv) (n, mol%)
1 PhBPin (2.0) d(PPh;), (10) 10
2 PhBPin (2.0) d(dppf),Cl, (10) 37
3 PhBF,K (2.0) P (dppf),Cl, (10) 70
4 PhBMIDA (2.0) Pd(dppf),Cl, (10) 86
5 PhBMIDA (2.0) Pd(dppf),Cl, (5) 85
6 PhBMIDA (1.5) Pd(dppf),Cl, (5) 85
7 PhBMIDA (1.5) Pd (dppf),Cl, (3) 82
8 PhBMIDA (1.2) Pd(dppf),Cl, (5) 75

[a] Reaction conditions: A mixture of 3a (0.22 mmol), 1 (0.2 mmol), and
2 (3 mol %) in 1,1,2,2-tetrachloroethane/MeOH 3:1 (1 mL) is stirred at
—35°C for 72 h. The palladium complex (3 to 10 mol %), aqueous K,CO,
(5 equiv), and the boron reagent (0.24 to 0.4 mmol) in toluene (1 mL)
are added. The mixture is stirred at 90°C for 15 h. [b] Isolated after
chromatography with a d.r.>98:2.

complex (entry 2), the base, the solvent (Supporting Infor-
mation, Table S1), and the boron reagent!" (entries 3 and 4).
We found that use of 2 equiv of the phenylboronic acid MIDA
ester!"” in the presence of 10 mol % Pd(dppf),Cl, in toluene
affords Saa in 86 % yield. Pleasingly, lowering the amount of
both the boron reagent and Pd(dppf),Cl, did not modify
significantly the yield (entries 5-8) and the product 5aa was
obtained in 85% yield using only 1.5 equiv of the MIDA
boronate ester and 5 mol % Pd(dppf),Cl, (entry 6).

The one-pot auto C(sp’)—H amination/Suzuki-Miyaura
reaction was then applied to several iodine oxidants (3) to
afford a small library of optically pure substituted benzylic
amines (Scheme 2). The yields were very good, being
generally greater than 75% over the two steps. The reaction
is compatible with various aromatic rings substituted at the
para, meta, or ortho position either by a chloro, an ether,
a cyano, an ester, or a nitro group. Moreover, the one-pot
reaction can be applied to the introduction of heterocycles
such as pyridine, quinoline, and furan ring, a result that
highlights the synthetic potential of the sequence. Com-
pounds Sad and Sae are indeed not accessible through the
application of the catalytic C(sp’)—H amination reaction to
the biaryl precursor, as the presence of a basic nitrogen
induces the deactivation of the Lewis acid dirhodium(II)
complex, while the presence of a furan (compound 5af)?” is
not compatible with the oxidizing conditions. Furthermore,
products 5fa and to a lesser extent Sga demonstrates that
a chemoselective coupling of the iodoarene can be performed
in the presence of other halogen substituents.

Finally, we found that the auto C(sp’)~H amination/
Suzuki-Miyaura reaction allows the efficient coupling of vinyl
groups in the presence of potassium vinyltrifluoroborate salts
and of Pd(dppf),Cl, (Scheme 3).”"! This led to the introduc-
tion of either a styrenyl side chain or a linear alken-2-yl
substituent.”” The one-pot reaction with vinyl boron reagents
provides a relevant solution to the issue of chemoselectivity
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Al @)\ with ArZBMIDA 2 (AcO)al TAM| e Uk ol \é@/\
3 Pd(dppf)Cl, 5 10 mol% Pd(PPhs),
T 3 30 mol% CuCl 6

NHS* NHS*

5ab
86% yield
dr.>982  © dr.>98:2 MeO dr. >98:2

NHS* NHS* NHS*

5ad 5ae 5af

N 80% yield N/ 87% yield o 82% yield
d.r. >98:2 d.r. >98:2 d.r. >98:2

OMe  (with 10 mol%

CN cl Pd(dppf)Cl)

NHs* NHS* NHS*

MeO

MeO 5ba MeO 5bb Ng 5ca
73% yield; d.r. >98:2 81% yield 83% yield
(with 10 mol% Pd(dppf)Cl d.r. >98:2 d.r. >98:2
and 2 equiv. ArPBMIDA)

NHs* NHS*

Br

O,N
5ea 5fa
75% vyield 77% yield
d.r. >98:2 Me0,C d.r. >98:2
NHS* NHS*
A O \ Amination at
\Slor the other
593 5ia regioisomer
Cl 57% yield 77% yield
d.r. 9:1 d.r. >98:2
(with 10 mol% Pd(dppf)Cl, regio 4:1
and 2 equiv. APBMIDA) OMe

Scheme 2. Scope of the catalytic one-pot auto-C(sp®)—H amination/
Suzuki cross-coupling with aryl boron reagents.

Catalytic Suzuki
NHS*
HH auto c(spy)-H Miyaura H
= amination li =
(AcO)! @)\ coupling _//@/\
N with g~y -BFsK R %
3 Pd(dppf)Cl, 5
NHS* NHS*
94 hseh
X 5ag MeO 5bci22
84% yield 70% yield
OMe d.r. >98:2 d.r. >98:2
MeO O NHS* NHS*
MeO 7z O Br
N3 5cb 5fb
46% yield 72% yield
d.r. >98:2 d.r. >98:2

Scheme 3. Scope of the catalytic one-pot auto-C(sp*)—H amination/
Suzuki cross-coupling with vinyl boron reagents.

that would be faced with a substrate bearing a benzylic site
and an alkene both likely to undergo the addition of the
rhodium-bound nitrene.

We, then decided to combine the catalytic auto C(sp’)—H
amination with other catalytic couplings to explore the
molecular diversity accessible with the self-oxidation of
iodine(IIT) reagents. Inspired by our previous study,'” the
one-pot auto C(sp’)—H amination/Sonogashira reaction was
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NEtz, THF, 70 °C, 15 h

. . NHS* HO — : NHS*

6aa 6ab
88% yield 70% vyield; d.r. >98:2
d.r. >98:2 (with 20 mol% Pd(PPhs) )

BnO NHs* NHs*
Rt < >ﬁ HO,C R : >ﬁ

6ac 6ad
69% yield 80% yield
d.r. >98:2 d.r. >98:2
MeO MeO

6ba 6bb
7N — 77% yield 73% vyield
=N d.r. >98:2 d.r. >98:2

~uNHS* ~NHS*

N3

Ph 6ca 6cb
_— 43% yield 73% yield
d.r. >98:2 d.r. >98:2

- iNHS* ~uNHS*

MeO 6ia
Moo o NHS o 86% yield
e - - d.r. >98:2
6da regio 4:1

MeO 75% yield cl “NHS*
d.r. >98:2

6ga D6ib_
53% yield 76% yield
dr 91 d.r. >98:2
. regio 4:1

~INHS NHS*

Scheme 4. Scope of the catalytic one-pot auto-C(sp*)—H amination/
Sonogashira cross-coupling.

successfully developed (Scheme 4). A rapid screening led us to
determine the optimal conditions for the coupling that include
the use of 1.5equiv of the alkyne, 10 mol% Pd(PPh;),,
30 mol % of CuCl, and 5 equiv of Et;N (Supporting Informa-
tion, Table S2). These were applied to various substrates 3 and
alkynes to afford the expected products 6, generally as
a single isomer with yields in the 43-88% range. A broad
range of functional groups is again well-tolerated by the
sequential reaction. The overall process also helps to address
the issue of chemoselectivity, for example in the case of the
3,4,5-trimethoxyarene derivative 6da. Such an electron-rich
aromatic substrate would indeed be oxidized by the iodine-
(IIT) reagent. Also worth mentioning is the sequence of auto
C(sp’)~H amination/Cu-catalyzed azide-alkyne cycloaddi-
tion/ Sonogashira reaction with phenylacetylene that leads to
the formation of compound 6 ¢b in 73 % yield over three steps.

Finally, we demonstrated that the auto C(sp®)~H amina-
tion can be combined with a Mirozoki-Heck coupling
(Scheme 5). Application of the optimal conditions (see
Table S3), thus, provides the functionalized cinnamoyl deriv-
atives 7 in good yields. This was compatible with the presence
of an ester, a cyano, and an amide functionality.

In conclusion, this study reveals the multiple facets of
iodine(III) reagents ArI(OAc),, which can be used as
oxidants, substrates, and coupling partners in multistep
sequences to afford optically pure amines with yields of up
to 88%. We have demonstrated that the hypervalent iodine

Angew. Chem. 2016, 128, 7656 —7659
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Scheme 5. Scope of the catalytic one-pot auto-C(sp*)—H amination/
Mizoroki-Heck cross-coupling.

reagent can undergo an efficient catalytic auto C(sp’)—H
amination that delivers a functionalized iodoarene. The latter
can be subsequently engaged in one-pot palladium-catalyzed
cross-couplings. Importantly, some of these compounds could
not be easily accessible through a reversed sequence of Pd-
catalyzed cross-couplings/auto C(sp®)—H amination for che-
moselectivity reasons. The overall strategy accordingly high-
lights the value of hypervalent iodine reagents as hitherto
underestimated useful building blocks in synthesis.
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