MlCatalysis

Letter

Subscriber access provided by UNIV OF GEORGIA

Ketone-Assisted Ruthenium(ll)-Catalyzed C—H Imidation:
Access to Primary Aminoketones by Weak Coordination
Keshav Raghuvanshi, Daniel Zell, Karsten Rauch, and Lutz Ackermann

ACS Catal., Just Accepted Manuscript « DOI: 10.1021/acscatal.6b00711 « Publication Date (Web): 15 Apr 2016
Downloaded from http://pubs.acs.org on April 15, 2016

Just Accepted

“Just Accepted” manuscripts have been peer-reviewed and accepted for publication. They are posted
online prior to technical editing, formatting for publication and author proofing. The American Chemical
Society provides “Just Accepted” as a free service to the research community to expedite the
dissemination of scientific material as soon as possible after acceptance. “Just Accepted” manuscripts
appear in full in PDF format accompanied by an HTML abstract. “Just Accepted” manuscripts have been
fully peer reviewed, but should not be considered the official version of record. They are accessible to all
readers and citable by the Digital Object Identifier (DOI®). “Just Accepted” is an optional service offered
to authors. Therefore, the “Just Accepted” Web site may not include all articles that will be published
in the journal. After a manuscript is technically edited and formatted, it will be removed from the “Just
Accepted” Web site and published as an ASAP article. Note that technical editing may introduce minor
changes to the manuscript text and/or graphics which could affect content, and all legal disclaimers
and ethical guidelines that apply to the journal pertain. ACS cannot be held responsible for errors
or conseqguences arising from the use of information contained in these “Just Accepted” manuscripts.

ACS Catalysis is published by the American Chemical Society. 1155 Sixteenth Street
N.W., Washington, DC 20036

Published by American Chemical Society. Copyright © American Chemical Society.
However, no copyright claim is made to original U.S. Government works, or works
produced by employees of any Commonwealth realm Crown government in the course
of their duties.

N4 ACS Publications



Page 1 of 6

©CoO~NOUTA,WNPE

ACS Catalysis

Ketone-Assisted Ruthenium(ll)-Catalyzed C-H Imidation: Access to
Primary Aminoketones by Weak Coordination

Keshav Raghuvanshi, Daniel Zell, Karsten Rauch, and Lutz Ackermann*

Institut fiir Organische und Biomolekulare Chemie, Georg-August-Universitit,

Tammannstra3e 2, 37077 Gottingen, Germany
Supporting Information Placeholder

ABSTRACT: The ruthenium(Il)-catalyzed intermolecular C—H imidation with weakly-coordinating ketones provided step-

economical access to synthetically useful primary aminophenones. The azide-

Versatile C-H Imidation

R ( R
free C—H imidation strategy occurred with ample scope and excellent functional o o
group tolerance to efficiently deliver densely substituted aminophenones. + PhthN-OTs

H NH,

- Weakly coordinating ketone
- Cost-effective ruthenium
- Chemo- and site-selective
- Azide-free & Ample scope
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Aminophenones are key structural motifs in natural product
syntheses, medicinal chemistry, crop protection or material
sciences,’ and represent versatile intermediates in organic
synthesis.” As a consequence, methods that allow for the effi-
cient preparation of decorated aminophenones continue to be
in high demand.’ The development of new chemical transfor-
mations based on the catalytic functionalization of otherwise
inert C—H bonds has the potential to dramatically simplify the
synthesis of complex molecules.* For instance, transition
metal-catalyzed C—H amidations have emerged as an increas-
ingly viable alternative to the palladium-catalyzed® aminations
of aryl halides.® Particularly, ruthenium(II) complexes have in
recent years been identified as powerful tools for C—H nitro-
genations, largely exploiting strongly coordinating directing
groups that are difficult to remove’ or modify.® In spite of
major advances in ruthenium-catalyzed C—H nitrogenations by
inter alia Chang,g‘lo Jiao,11 Yu,12 Sahoo,13 Patureau'® and
Ackermann,'* ruthenium(Il)-catalyzed C—H amidations" with
weakly coordinating'® directing groups'”'™ continue to be
scarce, and limited to azide-based chemistry.® Within our
program on sustainable C—H functionalizations,” we have
now developed the first azide-free ruthenium(Il)-catalyzed™
C—H nitrogenation by weak ketone coordination, on which we
report herein (Figure 1). The successful use of challenging
ketones illustrates the beneficial features associated with ra-
ther inexpensive ruthenium(Il) catalysts. The transformative
nature of our C-H activation platform provided step-
economical access to primary aminophenones — key interme-
diates in the synthesis of various bioactive heteroarenes.

R R
0 0
+  PhthN—OTs
H NPhth

- Weakly coordinating ketone
- Versatile ruthenium
- Highly selective
- Primary Amines
- Azide-free

Figure 1. Azide-free C-H Imidation by weakly-
coordinating ketones

At the outset of our studies, we tested various reaction pa-
rameters for the envisioned ruthenium-catalyzed C-H ami-
dation of ketone 1a (Table 1).*' Among a variety of additives,
copper(Il) acetate proved most effective for the synthesis of
product 3a (entries 1-8). The dimeric complex [RuCly(p-
cymene)], outperformed [Ru,(hp),Cl] and [Ru,(OAc),Cl]
(entries 8—11). Typical cobalt, palladium or rhodium catalysts
failed short in delivering the desired product 3a (entries 12—
14), highlighting the challenging nature of the ketone-assisted
C—H nitrogenation.
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Table 1. Ruthenium(II)-Catalyzed C—H Imidation’

% [TM] (5.0 mol %) o
dkt-Bu*- Prinn-0Ts  —955Fe (20 mol %) ©\)kt-8u
H 1 Tg ilotl>\</:ne NPhth
1a 2 100 °C, 24 h 3a

entry  catalyst additive 3a [%]

1 [RuCly(p-cymene)], - -

2 [RuCl,(p-cymene)], NaOAc 14

3 [RuCl,(p-cymene)], KOPiv 23

4 [RuCl,(p-cymene)], CsOAc 19

5 [RuCl,(p-cymene)], LiOAc 21

6 [RuCl,(p-cymene)], Mn(OAc),*H,O -

7 [RuCl,(p-cymene)], Zn(OAc),*H,O 27

8 [RuCl,(p-cymene)], Cu(OAc),*H,0 78

9 [Ru,(hp)4C1] Cu(OAc),*H,0O 9

10 [Ruy(OAc)4Cl] Cu(OAc),*H,0 23

11 --- Cu(OAc),*H,0O ---

12 [Cp*Col(CO)] Cu(OAc),*H,0O 16

13 [Cp*RhCl;], Cu(OAc),*H,0 -—-

14 Pd(OAc), Cu(OAc),*H,0O ---

“ Reaction conditions: 1a (0.5 mmol), 2a (0.6 mmol), catalyst
(5.0 mol %), AgSbFs (20 mol %), additive (0.5 equiv), 1,4-
dioxane (2.0 mL), 100 °C, 24 h, yield of isolated product.

With the optimized catalytic system in hand, we tested its
versatility by probing the influence of the arene substitution
pattern on the C—H imidation regime. Pleasingly, a range of
ketones 1 with diverse electronic properties provided the im-
idophenones 3 by weak ketone assistance (Scheme 1). Hence,
para-substituted ketones 1b—1i were chemo-selectively con-
verted to the mono-imidated products 3. The robustness of the
versatile ruthenium(Il) C—H activation catalyst was reflected
by fully tolerating valuable functional groups, including fluo-
ro, chloro, bromo, and iodo substituents. These features should
prove instrumental for further post-synthetic diversification of
the thus obtained imidophenones 3. The C—H imidation strate-
gy was also found amenable to the gram-scale synthesis of
products 3a—c. C—H imidations with naphthalene derivatives
1j and 1Kk illustrated the excellent positional selectivity of the
C-H functionalization protocol, in that products 3j and 3k
were formed as the sole products, respectively. High levels of
site-selectivity were observed within intramolecular competi-
tion experiments with meta-substituted arenes 1l-1p as well.
Substitutions on the aromatic moiety of imidating reagents 2
were likewise tolerated under the optimized reaction condi-
tions (Scheme S1 in the Supporting Information).” In contrast,
the methyl-, iso-propyl- or phenyl-substituted phenones 1 thus
far failed to deliver the imidated products 3.7 Yet, the robust
ruthenium(II) catalyst was not limited to carbocyclic aromatic
compounds. Indeed, the C-H imidation of thiophene 1q
proved viable as well, occurring with excellent levels of posi-
tional control.

Scheme 1. Ruthenium(II)-Catalyzed C—H Imidation.

0 [RuClx(p-cymene)], 0
(5 mol %)
t-Bu AgSbFs (20 mol %) £Bu
+  PhthN-OTs Cu(OAC)H0
H i NPhth
1,4-dioxane
100°C, 24 h
1 2 3
2 9 t-Bu.__O
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R=H (3a):78% 3j: 69% 3k 56%

gram-scale: 72%
R=Me (3b): 74%
gram-scale: 75%
R = OMe (3c): 63%
gram-scale: 74%
R = t-Bu (3d): 63%
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R=F (3f): 66%

O
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NPhth
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R = OMe (3m): 56%

Q
t-Bu
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S

R=Cl (39): 68% R=CF5 (3n): 53% 39: 59%
R=Br (3h):71% R=F (30): 54%
R=I 3i): 53% R=Cl (3p): 58%

The synthetic utility of the ruthenium(II)-catalyzed imida-
tion protocol was illustrated by providing efficient access to
the valuable primary aminophenones 4 with synthetically
useful overall yields ranging from 56 to 74% for the two-step
procedure (Scheme 2).

Scheme 2. Facile Access to Primary Aminophenones 4.”'

t-Bu t-Bu

RT

H NH,
H (4a): 69%
Me  (4b): 72%
OMe (4c): 71%
F o (4f): 74%
Cl  (49):68%
Br  (4h): 56%
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The unique value of our C-H activation approach was
showcased by the chemo-divergent access to a wealth of bio-
active heterocyles, such as indoles 5,23 quinolines 6,24
quinazolines 7, and diazepines 8,”° in a step-economical
fashion (Scheme 3).
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Scheme 3. Diversification of products 4. (a) 4,
ArCOCH,Br, DMF, 100 °C, 16 h. (b) 4, ArC=CH, InCl;
(20 mol %), CH;CN, 90 °C, 24 h.*!
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In consideration of the unique selectivity features displayed
by the ketone-assisted ruthenium(Il)-catalyzed C—H imidation,
we performed mechanistic studies to delineate the catalyst's
mode of action. To this end, intermolecular competition exper-
iments between differently substituted arenes 1 indicated that
electron-rich arenes 1 reacted preferentially (Scheme 4a),
which was further illustrated by a Hammett value of p = -3.3
(Scheme 4b).21 This observation can be rationalized in terms
of a base-assisted, intermolecular electrophilic substitution
(BIES)-type C—H metalation event to be operative.”” C—H imida-
tions conducted in the presence of an isotopically labeled co-
solvent were suggestive of a reversible H/D-exchange (Scheme
4c). A kinetic isotope effect (KIE) of ky/kp = 1.8 was determined
by means of the initial rates for independent reactions of sub-
strates 1a and [D]s-1a (Scheme 4d).

ACS Catalysis

Scheme 4. Summary of Mechanistic Findings.

(a) intermolecular competition experiments
2
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(b) Hammett plot analysis 2
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Based on our mechanistic findings, we propose the rutheni-
um(I)-catalyzed C—H nitrogenation to commence by a facile
BIES-type’”” C—H ruthenation by the cationic ruthenium(II)
monocarboxylate complex 9 (Scheme 5). Hence, the
Cu(OAc), serves as an effective additive for the formation of
the cationic ruthenium(Il) carboxylate catalyst 9. The thus-
formed cyclometalated intermediate 10 is subsequently coor-
dinated by the imidating reagent 2. Thereafter, the N-O cleav-
age delivers the cationic complex 11, which finally regener-
ates the catalytically active species 9, thereby liberating the
desired product 3. While the exact working mode of the N-O
cleavage step awaits more detailed analysis, an oxidative
addition® pathway represents a viable alternative to an isohyp-
sic transformation.

Scheme 5. Proposed Catalytic Cycle
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In summary, we have reported on the first azide-free ruthe-
nium(Il)-catalyzed C—H amidation by weakly coordinating
ketone assistance. The synthetic utility of the C-H activation
protocol was reflected by giving expedient access to syntheti-
cally useful primary aminophenones, and enabling step-
economical late stage diversifications. The operationally sim-
ple protocol featured high catalytic efficacy and excellent
functional group tolerance, while detailed mechanistic studies
were indicative of a BIES-type’’ C—H ruthenation.
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