J ACS EXETER

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by the University of Exeter

Communication

Modular Tuning of Electrophilic Reactivity of Iridium Nitrenoids
for the Intermolecular Selective #-Amidation of #-Keto Esters
Minhan Lee, Hoimin Jung, Dongwook Kim, Jung-Woo Park, and Sukbok Chang

J. Am. Chem. Soc., Just Accepted Manuscript « DOI: 10.1021/jacs.0c04344 « Publication Date (Web): 30 Jun 2020
Downloaded from pubs.acs.org on July 1, 2020

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 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 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
consequences arising from the use of information contained in these “Just Accepted” manuscripts.

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.



Page 1 of 8

oNOYTULT D WN =

Journal of the American Chemical Society

Modular Tuning of Electrophilic Reactivity of Iridium Nitrenoids for
the Intermolecular Selective a-Amidation of B-Keto Esters

Minhan Lee,"* Hoimin Jung,"* Dongwook Kim," Jung-Woo Park,*** and Sukbok Chang™**

* Department of Chemistry, Korea Advanced Institute of Science and Technology (KAIST), Daejeon 34141, Korea
* Center for Catalytic Hydrocarbon Functionalization, Institute for Basic Science (IBS), Daejeon 34141, Korea

Supporting Information Placeholder

ABSTRACT: We report herein an Ir-catalyzed intermolecular amino
group transfer to B-keto esters (amides) to access a-aminocarbonyl
products with excellent chemoselectivity. The key strategy was to engi-
neer electrophilicity of the putative Ir-nitrenoids by tuning electronic
property of the ¥?-N,O chelating ligands, thus facilitating nucleophilic
addition of enol -bonds of 1,3-dicarbonyl substrates.

The a-amination of carbonyl compounds has received great interest in
synthetic and medicinal chemistry as a straightforward route to versatile
building units widely present in natural products and pharmaceuticals.!
Since the a-carbonyl carbon and amine reactants are electronically mis-
matched,? a polarity reversal of reaction components is required to ena-
ble a C-N bond formation at this a-position.** In this context, while
electrophilic amination has been well-established,® the currently availa-
ble a-amination relies on the use of pre-generated enolates, enamines, or
B-keto carbonyls bearing activated methylene sites to react with con-
trived N-electrophiles such as azodicarboxylates, nitroso reactants, or
sulfonyliminoiodinane.®* Meanwhile, a direct amino group transfer to
the a-position of carbonyls via metal-nitrenoid intermediacy can also be
considered as an attractive alternative.” In recent advances on the
nitrene transfer reactions,” several elegant examples of sulfonylamina-
tion were revealed to showcase notable selectivity toward a specific site
among benzylic, tertiary or allylic C-H bonds by designing a new cata-
lyst system or tuning the reaction parameters (Scheme 1A). For instance,
White explored benzylic C-H amidation by virtue of electron-deficient
Mn-porphyrin catalyst.!! Du Bois achieved a selective amidation at the
tertiary or benzylic C~-H bonds by the use of Rha(esp)s catalyst.*? Scho-
maker elegantly showcased a ligand-controlled divergent selectivity in
Ag catalysis, leading to allylic amidation or aziridination.'® Despite these
notable advances enabling selective amination at the electron-rich C-H
bonds, nitrene transfer at the a-carbonyl site remains less explored.'* A
rare example of an intermolecular sulfonylamidation at the a-carbonyl
site was revealed by Chan and Ohshima independently, wherein step-
wise pathway was proposed to involve a Cu-nitrenoid radical species to
form a transient aziridine intermediate.'S However, this type of open-
shell catalysis is known to often hamper a selective amidation of multi-
functional carbonyl substrates.”'¢

Continuing our efforts on utilizing the reactivity of metal-nitrenoids
toward challenging C-N bond-forming processes,'” we envisioned to
achieve selective a-amidation of 1,3-dicarbonyl compounds via an inter-
molecular carbonylnitrene transfer by modulating electrophilicity of the
key intermediate. To this end, we hypothesized that LUMO energy of

the presupposed Cp*Ir-nitrenoid can be tuned to enhance its electro-
philicity through the bidentate chelating ligand (Scheme 1B).!* In par-
ticular, when B-keto esters (amides) are of interest, we envisaged that
HOMO located at the C=C n-bond of an enol tautomer would effi-
ciently interact with the engineered LUMO of metal-nitrenoid to facili-
tate an intermolecular C-N bond formation. This closed-shell platform
was projected to offer distinctive chemoselectivity toward the a-car-
bonyl amidation even in the presence of competing reactive sites
(Scheme 1C). Herein, we describe a mechanistic approach to access a-
amino-1,3-dicarbonyl products.

Scheme 1. Selective Intermolecular Nitrene Transfer Reactions
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Scheme 2. Catalyst Evaluation for Intermolecular a-Amidation’
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CF4Ph, 35°C,24h 7
TrocNg, 2 3
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“1 (0.05 mmol), 2 (0.15 mmol), Ir catalysts (10 mol %), NaBAr"; (10 mol %),
and Phos (20 mol %) in CF3Ph (0.14 M) at 35 °C for 24 h. 'H NMRyields are
indicated. "Isolated yield in parenthesis.

We commenced our study with an intermolecular model reaction by
examining a range of tailored iridium catalysts (Scheme 2). f-Keto ester
1 was chosen as a test substrate given that it contains potentially com-
peting reactive sites (benzylic, allylic, and olefinic) in addition to the tar-
geted a-carbonyl C-H bond, thus serving as a chemoselectivity probe.
The amidation was attempted with 2,2,2-trichloroethoxycarbonyl azide
2 (TrocNs, 3.0 equiv), known as an efficient alkoxycarbonylnitrene pre-
cursor.'®? A catalytic amount of Bronsted acid additive (e.g., Phos) was
found to promote the tautomerization of 1,3-dicarbonyl substrate more
significantly (see Table S3 for NMR analysis). A parent iridium catalyst
[Cp*IrCL]. was totally ineffective in the presence of NaBAr", (see Table
S1). While a catalyst Ir1 bearing x*-N,N'-chelator gave 14% of the a-ami-
dated product 3, Ir2 bearing a S-methoxy substituent, the most optimal

17¢

catalyst in our previous intramolecular lactam formation,'’* was totally

ineffective.

Figure 1. Computational Analysis of the Catalytic System
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“See the Supporting Information for experimental details.

With these initial results in hand, we turned our attention to another
catalyst system bearing x”-N,O-ligands where electronically and/or ste-
rically modulating substituents can be easily introduced.?! A wide range
of Ir complexes bearing 8-hydroxyquinoline derivatives were prepared
(Ir3-Ir13, see SI) and examined for the a-amidation of 1. The reactivity
of these catalysts was found to be dependent on the electronic variation
at the «>-N,O-ligands; complexes bearing electron-withdrawing substit-
uents exhibited higher catalytic activity. Among those, Ir11 having a S-
nitro moiety was especially effective to afford 3 in high yield. Moderate
reactivity was observed with Ir12 having S,7-dichloro substituents,
which was previously employed in an intramolecular spirocyclization.'”®
Additional 2-methyl substituent improved the amidation performance
(Ir13).2 On the other hand, the reaction proceeded with slightly de-
creased efficiency in the absence of phosphoric acid additive (66% with
Ir11), and acids other than Phos were less effective (see Table S2). It
should be emphasized that the reaction occurred exclusively at the a-car-
bonylsite while benzylic C-H bond and olefinic double bond were com-
pletely intact.

B. FMOs of iridium nitrene and keto/enol tautomers, and their conceptual orbital interaction
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To rationalize the observed chemoselectivity, a series of control ex-
periments were conducted. Since 1,3-dicarbonyls equilibrate with their
enol tautomers (evidenced by ‘H NMR spectroscopy and X-ray crystal-
lographic analysis; see the SI), we first examined respective amidation
reactivity of keto and enol ether compounds. Whereas propiophenone
(4) was unreactive under the optimal conditions, its silyl enol ether §
underwent the amidation to give 6 (Scheme 3A). This result suggests
that the reaction proceeds via an electrophilic interaction of the putative
iridium nitrene with enol double bond. Along with this line, an ami-
dation occurred almost exclusively at B-keto ester 7 in the presence of
ethylbenzene (8) (Scheme 3B).? In addition, the current protocol was

not effective in rendering aziridination when isolated olefins such as sty-
rene (11) and a,B-unsaturated carbonyl 12 were subjected to the ami-
dation conditions (Scheme 3C). This outcome is in stark contrast to the
previous reports on the amino group transfer to olefins leading to aziri-
dines'2017,24726

To obtain further mechanistic information, we interrogated the reac-
tion system with density functional theory (DFT) studies. As illustrated
in Figure 1A, the nucleophilic attack of enol n-bond to the putative Ir-
nitrenoid intermediate was calculated to be kinetically feasible with a
barrier of 9.0 kcal/mol traversing the transition state TS-Nuc. In com-
parison, an alternative pathway involving an aziridine intermediate re-
quires higher barrier (TS-Azr, AG* = 15.2 kcal/mol, see Figure S9).

Scheme 4. Substrate Scope in the a-Amidation of 1,3-Dicarbonyl Compounds

IrX (5-10 mol %)
o o0 NaBAr, (5-10 mol %) 2 8
O)]\/U\O + TrocNs > 0e
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43, 53% 44, 59% 45, 49%° (1.5:1 d.r.) 46, 81% (X-ray of 46) 47, 64%

Conditions A: Ir11 (5-10 mol %), NaBAr¥s (5-10 mol %), and Phos (20 mol %) in CF3Ph at 35 °C for 24-72 h. "Conditions B: Ir11 (5-10 mol %), NaBArF4 (5-10 mol %),
HOAC (20 mol %), and Zn(OTf)> (20 mol %) in CF3Ph at 30 °C for 24 h. ‘Conditions C: Ir13 (10 mol %), NaBAr"4 (10 mol %), and Zn(OTf); (5-15 mol %) in CF:Ph
at 10~30 °C for 24-72 h. “Ir13 (5-10 mol %), NaBAr%; (5-10 mol %), and HOAc (20 mol %) in CF5Ph at 35~50 °C for 24-72 h. Diastereomeric ratio was determined by
'H NMR spectroscopy.
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We next conducted frontier molecular orbital (FMO) analysis of two
key components, p-keto ester and Ir-nitrenoid, to rationale the origin of
the current a-amidation reactivity (Figure 1B, left). In B-keto ester, while
HOMO of the keto form is located at the ketone moiety, that of enol
tautomer resides at the C=C bond, thus endowing the enol to serve as a
n-nucleophile. Next, FMO analysis on the iridium-nitrenoid intermedi-
ate I-11 (from the reaction of Ir11 and 2) revealed that the p-orbital of
the oxygen atom of the x*-N,O ligand effectively participates in con-
structing the three-centered, four-electron bonding system.'**” For all
iridium-nitrenoids examined, these O-Ir-N(7*) orbitals were found to
be LUMOs, thus receiving a direct influence from the electronic pertur-
bation of the 8-hydroxyquinoline ligand (see Figure S8).

Our observation that electron-withdrawing substituents at the x*-N,0
ligand led to higher catalytic activity can be rationalized by assuming that
thus lowering LUMO energy enhances the electrophilicity of the Ir-
nitrenoid to react with enolizable B-keto esters (Figure 1B, right). This
FMO interaction between C-centered enol w-orbital and LUMO of Ir-
nitrenoid is believed to be the key for the present intermolecular C-N
bond formation. Indeed, as illustrated in Figure 1C, the observed ami-
dation yields (cyan bar) correlates qualitatively with the LUMO level of
the presumed iridium-nitrenoids (red dash). Since the computational
studies suggest that the generation of iridium-nitrenoid via N extrusion
is kinetically competent, we premised that subsequent interaction of
iridium-nitrenoid with enol would be the major factor to affect the over-
all amidation efficiency (see Figure S9). It is worth mentioning that
while a strategy to control FMO was previously utilized to facilitate cy-
cloaddition reactions by Lewis acids,?® its application for the nitrenoid
transfer has been unexplored to our best knowledge.

Given the above promising chemoselectivity toward the a-carbonyl
amidation with theoretical rationale, the generality of our catalyst sys-
tem was next investigated for various types of 1,3-dicarbonyl com-
pounds by using Ir11 catalyst (5~10 mol %, Scheme 4). The reaction
was carried out at ambient temperature (30~35 °C) in a,a,a-trifluorotol-
uene solvent (24~72 h), and good to high product yields were obtained
in the presence of catalytic amounts of acid additives. First, we evaluated
aryl B-keto esters that contain potentially reactive multiple C-H bonds,
and the reaction was highly selective for the desired a-carbonyl ami-
dation leaving other C-H bonds at the benzylic (13-17) and tertiary
(18) position intact. Significantly, the styrenyl group was tolerated and
no aziridine side product was observed (18). Phenyl B-keto esters bear-
ing electron-neutral (19), withdrawing (20) and donating (21) substit-
uents smoothly underwent the desired amidation. While the reaction of
a substrate bearing an acetyl group was facile (22), product yields were
slightly decreased by the presence of cyano or nitro substituents (23~
24). B-Keto esters having thienyl (25) and fluorenonyl (26) moieties
were also amenable. A substrate derived from biorelevant probenecid
was successfully amidated (27). In addition, 1,3-diketone was applicable
as demonstrated in a reaction of Avobenzone (28).

When alkyl B-keto esters were examined, the reaction took place
smoothly even at 10 °C by Ir13 catalyst in the presence of Zn(OTf),
additive (S~15 mol %).”? Substrates having primary, secondary, or ter-
tiary alkyl moieties all underwent the desired a-amidation (29-35). Itis
noteworthy that bromide and olefinic double bond were compatible
with the current conditions (32-33). Substrates having stereodefined
cyclopropyl or cyclobutyl substituent were successfully applied (36-37).

Subsequently, it was observed that an array of esters such as methyl (38),

isopropyl (39), cyclohexyl (40), secondary benzyl (41) and allyl (42)
were all applicable. Moreover, p-keto amides derived from pyrrolidine
(43), morpholine (44), and Boc-protected proline (45) were smoothly
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reacted. A substrate containing acidic N-H bond was viable to give 46
in high yield. Amidation of an analogue bearing N-methyl-N-methoxy
group (Weinreb amide) proceeded without difficulty (47).

To further see whether the current amidation protocol could be ap-
plied to the late-stage functionalization, we tested complex p-keto esters
(Scheme SA). Compounds derived from amino acid (NPhth-Phe) and
dipeptide (Boc-Gly-Leu) were selectively amidated at the targeted a-po-
sition to give 48 and 49, respectively. p-Keto esters having ketal-pro-
tected B-D-ribofuranose or estrone reacted to afford 50 and $1, respec-
tively. A substrate derived from Adapalene also underwent the a-ami-
dation to form $2 in 81% yield. Finally, synthetic utility of the obtained
product was briefly examined (Scheme SB). a-Amino--keto ester 19
was readily decarboxylated by Me;SnOH to furnish a-aminoketone $3.
Asymmetric transfer hydrogenation of 19 took place to provide a-
amino-B-hydroxy ester 54 stereoselectively (X-ray structure of a major
diastereomer is shown).*

Scheme S. Synthetic Applications

A. Late-stage functionalization of complex 1,3-dicarbonyl compounds*

NPhth-Phe Boc-Gly-Leu B-D-l Fructopyranose

O
WU sy oA DM
O 2 NHTroc
fo) /@ NHTroc Me NHTroc

O

48, 46% (1.4:1 d.r) 49, 39% (1.4:1 d.r.) 50, 76% (1:1 d.r.)

o
Estrone Adapalene o] o]
o o OEt
NHTroc
O
NHTI M
Me roc eO
51, 64% 52,81%

O = potentially reactive C—H bonds for nitrene transfer reactions

B. Post-modifications of a-aminocarbonyl compound

[e]
Me;SnOH (2.0 equiv) /©)k,mmoc YA LA
DCE, 60 °C
Me /\‘/
53, 87% (X-ray of 53)
19 —<¢ 5
RuCI[(S,S)-FsDPEN](p-cymene) OH O
(1.5 mol %) H
OEt
HCO,H/NEt; (5:2) NHTroc
DCM, 35 °C Me
54,84% (>19:1 d.r. 86:14 e.r.) (X-ray of 54)

“See the Supporting Information for detailed procedures.

In summary, we have presented the first example of an intermolecular
a-amidation of 1,3-dicarbonyl compounds using TrocNs as the amino
source under mild conditions. Electrophilic nature of the key iridium-
nitrenoid intermediate was modulated by the electronic tuning of the x*-
N,0 ligand, thus enabling a concerted C-N bond formation by nucleo-
philic addition of enol n-bonds. It is anticipated that the current mecha-
nistic approach to enhance the reaction efficiency as well as chemoselec-
tivity in a nitrene transfer process would provide a platform for the future
development of amination reactions of high synthetic utility.

ASSOCIATED CONTENT

Supporting Information
The Supporting Information is available free of charge on the ACS Pub-
lications website.
Experimental procedures; characterization data; spectra for all
new compounds; crystallographic data; Cartesian coordinates

4

ACS Paragon Plus Environment



Page 5 of 8 Journal of the American Chemical Society

of all computed structures (PDF)

1 Crystallographic data for Ir11
2 Crystallographic data for Ir13
3 Crystallographic data for §3
4 Crystallographic data for 19
5 Crystallographic data for 26
6 Crystallographic data for 46
7 Crystallographic data for §3
8 Crystallographic data for 54
?O AUTHOR INFORMATION
1 Corresponding Author
12 *E-mail: jwpark84@kaist.ac kr
13 *E-mail: sbchang@kaist.ac.kr
14
15 ORCID:
16 Minhan Lee: 0000-0002-5036-1635
17 Hoimin Jung: 0000-0002-3026-6577
18 Dongwook Kim: 0000-0003-4432-371X

Jung-Woo Park: 0000-0002-4019-217X
;g Sukbok Chang: 0000-0001-9069-0946
21 Notes
;g The authors declare no competing financial interests.
24 ACKNOWLEDGMENT
2 This Communication is dedicated to Professor Mahn-Joo Kim
26 (POSTECH) for his honorable retirement. This research was supported
27 by the Institute for Basic Science (IBS-R010-D1 and IBS-R010-Y1) in
28 Korea. Single crystal X-ray diffraction experiments with synchrotron ra-
29 diation were performed at the BL2ZD-SMC in Pohang Accelerator La-
30 boratory. HJ. is grateful to the National Research Foundation of Korea
31 (NRF) for the global Ph.D. fellowship (NRF-2019H1A2A1076213).
32
33 REFERENCES
34 (1) (a) da Silva Gomes, R;; Corey, E. J. A Method for the Catalytic
35 Enantioselective Synthesis of Chiral a-Azido and a-Amino Ketones
36 from Racemic a-Bromo Ketones, and Its Generalization to the
37 Formation of Bonds to C, O, and S. J. Am. Chem. Soc. 2019, 141,20058-
38 20061. (b) Yang, X.; Toste, F. D. Direct Asymmetric Amination of a-
39 Branched Cyclic Ketones Catalyzed by a Chiral Phosphoric Acid. J. Am.
40 Chem. Soc. 2018, 137, 3205-3208. (c) Rottmann, M.; McNamara, C.;
41 Yeung, B. K. S.; Lee, M. C. S.; Zou, B.; Russell, B.; Seitz, P.; Plouffe, D.
42 M.; Dharia, N. V,; Tan, J.; Cohen, S. B.; Spencer, K. R.; Gonzilez-Piez,
43 G. E; Lakshminarayana, S. B.; Goh, A,; Suwanarusk, R.; Jegla, T ;
44 Schmitt, E. K.; Beck, H.-P.; Brun, R.; Nosten, F.; Renia, L.; Dartois, V.;
45 Keller, T. H; Fidock, D. A; Winzeler, E. A, Diagana, T. T.
46 Spiroindolones, a Potent Compound Class for the Treatment of Malaria.

Science 2010, 329, 1175-1180. (d) Carroll, F. L; Blough, B. E.; Abraham,
47 P.; Mills, A. C.; Holleman, J. A.; Wolckenhauer, S. A.; Decker, A. M;
48 Landavazo, A.; McElroy, K. T.; Navarro, H. A.; Gatch, M. B.; Forster, M.
49 J. Synthesis and Biological Evaluation of Bupropion Analogues as
50 Potential Pharmacotherapies for Cocaine Addiction. J. Med. Chem.
51 2009, 52, 6768-6781.
52 (2) Evans, R. W,; Zbieg, J. R; Zhu, S.; Li, W.; MacMillan, D. W. C.
53 Simple Catalytic Mechanism for the Direct Coupling of a-Carbonyls
54 with Functionalized Amines: A One-Step Synthesis of Plavix. J. Am.
55 Chem. Soc. 2013, 135, 16074-16077.
56
57
58
59

(3) For selected reviews, see: (a) de la Torre, A.; Tona, V.; Maulide,
N. Reversing Polarity: Carbonyl a-Aminations with Nitrogen
Nucleophiles. Angew. Chem. Int. Ed. 2017, 56, 12416-12423. (b) Smith,
A. M. R; Hii, K. K. Transition Metal Catalyzed Enantioselective a-
Heterofunctionalization of Carbonyl Compounds. Chem. Rev. 2011,
111,1637-1656.

(4) For selected examples on nucleophilic amidation, see: (a)
Gongalves, C. R;; Lemmerer, M.; Teskey, C. J.; Adler, P.; Kaiser, D.;
Maryasin, B.; Gonzélez, L.; Maulide, N. Unified Approach to the
Chemoselective a-Functionalization of Amides with Heteroatom
Nucleophiles. . Am. Chem. Soc. 2019, 141, 18437-18443. (b) He, Z.-T.;
Hartwig, J. F. Enantioselective a-Functionalizations of Ketones via
Allylic Substitution of Silyl Enol Ethers. Nat. Chem. 2019, 11, 177-183.
(c) Bartoszewicz, A,; Matier, C. D.; Fu, G. C. Enantioconvergent
Alkylations of Amines by Alkyl Electrophiles: Copper-Catalyzed
Nucleophilic Substitutions of Racemic a-Halolactams by Indoles. J. Am.
Chem. Soc. 2019, 141, 14864-14869. (d) Tona, V.; de la Torre, A,;
Padmanaban, M.; Ruider, S.; Gonzélez, L.; Maulide, N. Chemo- and
Stereoselective Transition-Metal-Free Amination of Amides with
Azides. J. Am. Chem. Soc. 2016, 138, 8348-8351. (e) Miles, D. H;
Guasch, J.; Toste, F. D. A Nucleophilic Strategy for Enantioselective
Intermolecular a-Amination: Access to Enantioenriched a-Arylamino
Ketones. J. Am. Chem. Soc. 2018, 137,7632-7635.

(5) For selected reviews, see: (a) Corpet, M.; Gosmini, C. Recent
Advances in Electrophilic Amination Reactions. Synthesis 2014, 46,
2258-2271. (b) Ciganek, E., Electrophilic Amination of Carbanions,
Enolates, and Their Surrogates. In Organic Reactions; Denmark, S. E.,
Ed.; John Wiley & Sons, Inc.: Hoboken, NJ, 2009; Vol. 72, pp 1-366. (c)
Janey, J. M. Recent Advances in Catalytic, Enantioselective a
Aminations and a Oxygenations of Carbonyl Compounds. Angew. Chem.
Int. Ed. 2005, 44, 4292-4300. (d) Erdik, E. Electrophilic a-Amination of
Carbonyl Compounds. Tetrahedron 2004, 60, 8747-8782.

(6) For selected examples on a-amidation utilizing enolates, see: (a)
Zhou, Z.; Cheng, Q.-Q.; Kiirti, L. Aza-Rubottom Oxidation: Synthetic
Access to Primary a-Aminoketones. J. Am. Chem. Soc. 2019, 141, 2242-
2246. (b) Goliszewska, K.; Rybicka-Jasiriska, K.; Szurmak, J.; Gryko, D.
Visible-Light-Mediated Amination of n-Nucleophiles with N-
Aminopyridinium Salts. J. Org. Chem. 2019, 84, 15834-15844. (c)
Sandoval, D.; Samoshin, A. V.; Read de Alaniz, J. Asymmetric
Electrophilic a-Amination of Silyl Enol Ether Derivatives via the
Nitrosocarbonyl Hetero-ene Reaction. Org. Lett. 2018, 17, 4514-4517.
(d) Matsuda, N.; Hirano, K; Satoh, T.; Miura, M. Copper-Catalyzed
Amination of Ketene Silyl Acetals with Hydroxylamines: Electrophilic
Amination Approach to a-Amino Acids. Angew. Chem. Int. Ed. 2012, 51,
11827-11831.

(7) For a selected example on a-amidation utilizing an enamine, see:
Cecere, G; Konig, C. M,; Alleva, J. L; MacMillan, D. W. C.
Enantioselective Direct a-Amination of Aldehydes via a Photoredox
Mechanism: A Strategy for Asymmetric Amine Fragment Coupling. J.
Am. Chem. Soc. 2013, 135,11521-11524.

(8) For selected examples on a-amidation utilizing N-electrophiles,
see: (a) Ohmatsu, K.; Ando, Y.; Nakashima, T.; Ooi, T. A Modular
Strategy for the Direct Catalytic Asymmetric a-Amination of Carbonyl
Compounds. Chem 2016, 1, 802-810. (b) Ramakrishna, 1; Sahoo, H.;
Baidya, M. Bronsted Acid Mediated N-O Bond Cleavage for a-
Amination of Ketones through the Aromatic Nitroso Aldol Reaction.
Chem. Commun. 2016, 52, 3215-3218. (c) Fisher, D. J.; Burnett, G. L.;
Velasco, R; Read de Alaniz, J. Synthesis of Hindered a-Amino
Carbonyls: Copper-Catalyzed Radical Addition with Nitroso

5

60 ACS Paragon Plus Environment



oNOYTULT D WN =

Journal of the American Chemical Society

Compounds. J. Am. Chem. Soc. 2018, 137, 11614-11617. (d) Sandoval,
D.; Frazier, C. P.; Bugarin, A,; Read de Alaniz, J. Electrophilic a-
Amination Reaction of B-Ketoesters Using N-Hydroxycarbamates:
Merging Aerobic Oxidation and Lewis Acid Catalysis. J. Am. Chem. Soc.
2012, 134, 18948-18951.

(9) For selected examples on a-amidation via nitrene transfer
utilizing pre-generated enolates, see: (a) Liang, J.-L.; Yu, X.-Q.; Che, C.-
M. Amidation of Silyl Enol Ethers and Cholesteryl Acetates with Chiral
Ruthenium(II) Schiff-Base Catalysts: Catalytic and Enantioselective
Studies. Chem. Commun. 2002, 124-125. (b) Evans, D. A.; Faul, M. M.;
Bilodeau, M. T. Copper-Catalyzed Aziridination of Olefins by (N-(p-
toluenesulfonyl)imino)phenyliodinane. J. Org. Chem. 1991, 56, 6744-
6746. (c) Nakanishi, M.; Salit, A.-F; Bolm, C. Iron-Catalyzed
Aziridination Reactions. Adv. Synth. Catal. 2008, 350, 1835-1840.

(10) (a) Park, Y.; Kim, Y.; Chang, S. Transition Metal-Catalyzed C~
H Amination: Scope, Mechanism, and Applications. Chem. Rev. 2017,
117,9247-9301. (b) Collet, F.; Dodd, R. H.; Dauban, P. Catalytic C-H
Amination: Recent Progress and Future Directions. Chem. Commun.
2009, 5061-5074. (c) Diaz-Requejo, M. M.; Pérez, P. J. Coinage Metal
Catalyzed C—H Bond Functionalization of Hydrocarbons. Chem. Rev.
2008, 108, 3379-3394. (d) Davies, H. M. L ; Manning, J. R. Catalytic C-
H Functionalization by Metal Carbenoid and Nitrenoid Insertion.
Nature 2008, 451, 417-424.

(11) Clark, J. R.; Feng, K.; Sookezian, A.; White, M. C. Manganese-
Catalysed Benzylic C(sp’)-H Amination for Late-Stage
Functionalization. Nat. Chem. 2018, 10, 583-591.

(12) (a) Bess, E. N.; DeLuca, R. J.; Tindall, D. J.; Oderinde, M. S.;
Roizen, J. L,; Du Bois, J.; Sigman, M. S. Analyzing Site Selectivity in
Rh;(esp)»-Catalyzed Intermolecular C~-H Amination Reactions. J. Am.
Chem. Soc. 2014, 136, 5783-5789. (b) Roizen, J. L.; Zalatan, D. N.; Du
Bois, J. Selective Intermolecular Amination of C-H Bonds at Tertiary
Carbon Centers. Angew. Chem. Int. Ed. 2013, 52, 11343-11346. (c) Fiori,
K. W.; Du Bois, J. Catalytic Intermolecular Amination of C—H Bonds:
Method Development and Mechanistic Insights. J. Am. Chem. Soc. 2007,
129, 562-568.

(13) Dolan, N. S.; Scamp, R. J.; Yang, T.; Berry, J. F.; Schomaker, J.
M. Catalyst-Controlled and Tunable, Chemoselective Silver-Catalyzed
Intermolecular Nitrene Transfer: Experimental and Computational
Studies. J. Am. Chem. Soc. 2016, 138, 14658-14667.

(14) Lu, H.; Hu, Y; Jiang, H.; Woijtas, L.; Zhang, X. P. Stereoselective
Radical Amination of Electron-Deficient C(sp*)-H Bonds by Co(II)-
Based Metalloradical Catalysis: Direct Synthesis of a-Amino Acid
Derivatives via a-C—H Amination. Org. Lett. 2012, 14, S158-S161.

(15) (a) Tokumasu, K; Yazaki, R.; Ohshima, T. Direct Catalytic
Chemoselective a-Amination of Acylpyrazoles: A Concise Route to
Unnatural a-Amino Acid Derivatives. J. Am. Chem. Soc. 2016, 138,2664-
2669. (b) Ton, T. M. U.; Himawan, F.; Chang, J. W.W.; Chan, P. W. H.
Copper(II) Triflate Catalyzed Amination of 1,3-Dicarbonyl
Compounds. Chem. - Eur. ]. 2012, 18, 12020-12027.

(16) Ton, T. M. U,; Tejo, C.; Tiong, D. L. Y.; Chan, P. W. H.
Copper(1I) Triflate Catalyzed Amination and Aziridination of 2-Alkyl
Substituted 1,3-Dicarbonyl Compounds. J. Am. Chem. Soc. 2012, 134,
7344-7350.

(17) (a) Park, Y.; Chang, S. Asymmetric Formation of y-Lactams via
C-H Amidation Enabled by Chiral Hydrogen-Bond-Donor Catalysts.
Nat. Catal. 2019, 2,219-227. (b) Jung, H.; Schrader, M.; Kim, D.; Baik,
M.-H,; Park, Y,; Chang, S. Harnessing Secondary Coordination Sphere
Interactions That Enable the Selective Amidation of Benzylic C-H
Bonds. J. Am. Chem. Soc. 2019, 141,15356-15366. (c) Hong, S. Y.; Park,

Y.; Hwang, Y.; Kim, Y. B.; Baik, M.-H.; Chang, S. Selective Formation of
y-Lactams via C-H Amidation Enabled by Tailored Iridium Catalysts.
Science 2018, 359, 1016-1021. (d) Hwang, Y.; Park, Y.; Kim, Y. B.; Kim,
D.; Chang, S. Revisiting Arene C(sp?)—H Amidation by Intramolecular
Transfer of Iridium Nitrenoids: Evidence for a Spirocyclization Pathway.
Angew. Chem. Int. Ed. 2018, 57, 13565-13569.

(18) Hong, S. Y,; Chang, S. Stereodefined Access to Lactams via
Olefin Difunctionalization: Iridium Nitrenoids as a Motif of LUMO-
Controlled Dipoles. . Am. Chem. Soc. 2019, 141, 10399-10408.

(19) Other types of nitrene precursors examined were less effective
for the amidation of carbonyl compounds (see the Supporting
Information).

(20) For recent examples utilizing TrocNs as a nitrene precursor: (a)
Zhang, T; Hu, X; Dong, X; Li, G; Lu, H. Iridium-Catalyzed
Unreactive C(sp®)-H Amination with 2,2,2-Trichloroethoxycarbonyl
Azide. Org. Lett. 2018, 20, 6260-6264. (b) Scholz, S. O.; Farney, E. P.;
Kim, S.; Bates, D. M.; Yoon, T. P. Spin-Selective Generation of Triplet
Nitrenes: Olefin Aziridination through Visible-Light Photosensitization
of Azidoformates. Angew. Chem. Int. Ed. 2016, §5,2239-2242. (c) Kim,
H.; Park, G.; Park, J.; Chang, S. A Facile Access to Primary Alkylamines
and Anilines via Ir(IlI)-Catalyzed C-H Amidation Using
Azidoformates. ACS Catal. 2016, 6, 5922-5929. (d) Lu, H.; Subbarayan,
V.; Tao, J.; Zhang, X. P. Cobalt(II)-Catalyzed Intermolecular Benzylic
C-H Amination with 2,2,2-Trichloroethoxycarbonyl Azide (TrocNs).
Organometallics 2010, 29, 389-393.

(21) Hwang, Y.; Jung, H,; Lee, E; Kim, D.; Chang, S. Quantitative
Analysis on Two-Point Ligand Modulation of Iridium Catalysts for
Chemodivergent C-H Amidation. J. Am. Chem. Soc. 2020, 142, 83880-
8889.

(22) An isolobal ruthenium catalyst prepared in-situ from
[CpRu(II)(MeCN)s](PFs) and S-nitro-1,10-phenanthroline ligand
was not effective for the a-amidation (see the Supporting Information
for details). See the reference 17b describing nitrene transfer using a Ru
catalyst.

(23) The reaction of ethylbenzene (8) with 2 under the standard
conditions furnished 12% of 10 (see Figure S4).

(24) (a) Lwowski, W.; Mattingly, T. W. The Decomposition of Ethyl
Azidoformate in Cyclohexene and in Cyclohexane. J. Am. Chem. Soc.
1965, 87, 1947-1958. (b) Lwowski, W.; Woerner, F. P.
Carbethoxynitrene. Control of Chemical Reactivity. J. Am. Chem. Soc.
1968, 87, 5491-5492.

(25) Cheng, Q.-Q.; Zhou, Z.; Jiang, H.; Siitonen, J. H.; Ess, D. H,;
Zhang, X.; Kiirti, L. Organocatalytic Nitrogen Transfer to Unactivated
Olefins via Transient Oxaziridines. Nat. Catal. 2020, 3, 386-392.

(26) For selected examples on aziridination via metallonitrene
transfer, see: (a) Olson, D.E.; Su,]. Y.; Roberts, D. A.; Du Bois, J. Vicinal
Diamination of Alkenes under Rh-Catalysis. J. Am. Chem. Soc. 2014, 136,
13506-13509. (b) Amisial, L. D.; Dai, X.; Kinney, R. A.; Krishnaswamy,
A.; Warren, T. H. Cu(I) p-Diketiminates for Alkene Aziridination:
Reversible Cu-Arene Binding and Catalytic Nitrene Transfer from
PhI=NTs. Inorg. Chem. 2004, 43, 6537-6539. (c) Guthikonda, K.; Du
Bois, J. A Unique and Highly Efficient Method for Catalytic Olefin
Aziridination. J. Am. Chem. Soc. 2002, 124, 13672-13673.

(27) (a) Berry, J. F. The Role of Three-Center/Four-Electron Bonds
in Superelectrophilic Dirhodium Carbene and Nitrene Catalytic
Intermediates. Dalton Trans. 2012, 41, 700-713. (b) Harcourt, R. D.
Four-Electron Three-Center Bonding: One-Electron and Concerted
Two-Electron Delocalizations into Bonding and Antibonding
Molecular Orbitals. J. Phys. Chem. A 1999, 103, 4293-4297.

ACS Paragon Plus Environment

Page 6 of 8



Page 7 of 8 Journal of the American Chemical Society

(28) Bednarski, M. D.; Lyssikatos, J. P., Reactions of Activated (30) Liu, Z.; Shultz, C. S.; Sherwood, C. A.; Krska, S.; Dormer, P. G.;
Dienes with Aldehydes. In Comprehensive Organic Synthesis, Trost, B. ML,; Desmond, R.; Lee, C.; Sherer, E. C.; Shpungin, J.; Cuff, J.; Xu, F. Highly
Fleming, I, Eds. Pergamon: Oxford, 1991; pp 661-705. Enantioselective Synthesis of Anti Aryl f-Hydroxy a-Amino Esters via

(29) While the use of Zn(OTf), additive gave improved product DKR Transfer Hydrogenation. Tetrahedron Lett. 2011, 52, 1685-1688.
yields, small amounts of side products resulting from overoxidation were
also observed along with unidentified side products in some cases.

oNOYTULT D WN =

60 ACS Paragon Plus Environment



oNOYTULT D WN =

Journal of the American Chemical Society

Page 8 of 8

Table of Content (TOC) Graphic

Chemoselective nitrene transfer to 1,3-dicarbonyls
Competing, but NOT reactive
o O e allylic & olefin

H H
(o] (o] [Ir], TrocN
o, Ay &AL A ey
(42 examples) H N .

® benzylic

NHTroc ,5\
/Q\ o= ~ e o-heteroatom

Nonproductive Productive ¢ Nbondformat:on .
via
) oMo jé__ Troc
i
. = | [lr]’N‘\
Q) R \ (). Troc
R= EWG - \
H

o LCHtCrCﬂ HOMO  C-centered HOMO

(keto) (enol tautomer) Lowering the LUMO energy of nitrene | Nucleophilic addition

ACS Paragon Plus Environment



