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dioxazolone represents a newly developed "CO" precursor (new chemistry)

ABSTRACT: A novel metal-free C—H [S + 1] carbonylative annulation of 2-alkenyl/pyrrolylanilines with dioxazolones has been
established for the assembly of the privileged quinolinones and pyrrolyl-fused quinoxalinones. Entirely differing from the existing
reports, the dioxazolones herein behave with an innovative chemistry and first emerge as carbonylating reagents to participate in
annulation reactions. Moreover, this process features exceedingly simple operation (only solvent) and tolerates both vinyl and aryl
substrates. Comprehensive mechanistic studies indicate that the formed isocyanate intermediate plays a crucial role in enabling the

carbonylation annulation.

he carbonylation process comprises one of the most

fundamental and promising tactics for building up the
privileged carbonyl-containing organic molecules and deriva-
tives, which has greatly benefited both academia and industry
application." Meanwhile, CO gas as the most direct C1 source
in organic syntheses has been extensively exploited for over a
half century, especially with respect to the transition-metal
catalyzed version, and has gained remarkable achievements,”
even benefiting the total synthesis of a myriad of natural
products.” Notwithstanding its robustness, this conversion still
encounters several non-negligible restraints such as a difficult
system (toxicity, flammability, and high pressure)” as well as
aspects affecting reaction efficacy (poison metal catalyst).’
Again, in recent years, seeking new carbonylating agent
candidates in lieu of gaseous CO has been gaining increasing
focus in the organic community.” The current CO surrogates
predominantly encompass the matured M(CO), and CO,
reagents as well as the evolving (CH,0),, CHCl;, TFBen,
COCl,, HCO,R, CH;NO,, and so forth (Scheme 1A),” each
of which is practically applied as CO alternatives through the
specific reaction fashion. Nonetheless, consistent with the
model of CO gas transformation, inevitably capitalizing on the
transition metals combined with external oxidants appears
imperative in the majority of these cases. Thus, exploring more
CO substitutions and new carbonylation tactics will continue
to be highly demanded.

Alternatively, the chemical reactivity of dioxazolone has
more recently increasingly captured substantial attention,®
largely due to its phenomenal reaction performance in
constructing new C—N bonds. This blooming reagent,
featuring concise preparation, easy handling, as well as
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environmental friendliness by generating only CO, and H,O
as chemical wastes, typically applies to homogeneous catalysis
systems as quite a “smart” nitrene transfer agent. In this arena,
Chang,9 Li'® Bolm,"' and others'
successes associated with implementing a plethora of intriguing
amidating reactions (Scheme 1B, left). As a dramatic
comparison, the other chemical properties of dioxazolones
are scarcely documented, and only two studies described that
the dioxazolones were capable of coupling with amines to
access ureas without metal catalysts,'* which selectively formed
a challenging N—C(O) bond by means of the Curtius-type
rearrangement (Scheme 1B, right). Inspired by these seminal
works, we speculate whether the further intramolecular
transformation could take place to construct complicated and
value-added cyclic carbonyl molecules by installing an
appropriate nucleophilic unit on the urea species.

In this paper, in line with our ongoing interest in
heterocyclic chemistry,"* we communicate a novel [ + 1]
cycloaddition example of 2-alkenyl/pyrrolylanilines with
dioxazolones (Scheme 1C), thus resulting in a broad collection
of ubiquitous quinolinone and pyrrolyl-fused quinoxalinone
derivatives frequently found in pharmaceutical chemistry
(Scheme 1D)."® Most strikingly, the dioxazolone herein

have had numerous
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Scheme 1. Carbonylation Reaction and Dioxazolone
Chemistry
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behaves with a new chemistry and represents a CO surrogate
to participate in cyclization transformation for the first time via
simultaneously constructing C—C(O) and N—C(O)bonds.
Initially, the reaction was optimized by employing 2-(1-
phenylvinyl)aniline 1a to react with phenyl-ligated dioxazolone
2a as a potential carbonyl source. Some representative
experiments are summarized in Table 1. A comprehensive
screening of reaction solvents was first conducted (entries 1—
8). Although cases such as HFIP, EtOH, TFE, 14-dioxane,

Table 1. Optimization of the Reaction Conditions”

Ph 0

CL 9wt GO
NH, /C:N solvent, T (°C), 15 h N.C\\o
1a o 2a 3a H
entry solvent 2a (mmol) T (°C) y1eldb (%)
1 HFIP 0.4 120 65
2 EtOH 0.4 120 30
3 TFE 0.4 120 68
4 1,4-dioxane 0.4 120 49
S MeCN 0.4 120 67
6 toluene 0.4 120 73
7 DCE 0.4 120 66
8 DMF 0.4 120 38
9 toluene 0.4 110 64
10 toluene 0.4 130 69
11 toluene 0.3 120 68
12 toluene 0.24 120 73
13° toluene 0.24 120 S5

“Reaction conditions: 1a (0.2 mmol) and 2a in solvent (1.5 mL) were
stirred for 15 h under Ar atmosphere. “Isolated yield. “Air instead of
Ar.
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MeCN, toluene, DCE, and DMF were all feasible to perform
this titled [S + 1] conversion, the toluene solvent was
identified as the better choice and delivered the anticipated
product 3a in 73% yield (entry 6). Further adjusting the
temperature to higher or lower level proved to be ineffective
for higher productivity (entries 9 and 10). In the end, it was
found that the ratio of reaction substrates could affect the
reaction performance (entries 11 and 12), improving the yield
of 3a to 73% when modifying the ratio of 1a:2a to 1:1.2 (entry
12). In addition, the air atmosphere resulted in a diminished
outcome (entry 13).

To further harness this modest synthetic methodology at
this stage, we proceeded to optimize transformation efliciency
by tuning the C3-substituent of carbonylation agent 2a. A
sequence of differentially substituted dioxazolones was
prepared, including electronically or sterically diverse aromatic
(2b—k) and aliphatic (21) reagents, to react with substrate la
for executing this [S + 1] annulation according to the
aforementioned reaction conditions (Scheme 2). All of these

el
O

Scheme 2. Optimization of the Dioxazolones”
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“Isolated yield of 3a (reacting 0.2 mmol la with 0.24 mmol 2).

cases took place properly to furnish the target 3a in 54—85%
yields, and the electronic effect on the reaction productivity
appeared inconspicuous, in which adapting 2d as the
carbonylation reagent presented a comparatively preferential
reaction performance (85% isolated yield).

Having established the optimal conditions, the generality
and scope of this novel [S + 1] reaction was next investigated.
As depicted in Scheme 3, with substrate 2d as the
carbonylating reagent, a broad range of 2-alkenylanilines
(la—w) participated quite well in this protocol, constructing
the corresponding products (3a—w) in moderate to good
yields. First, with regard to the alkenyl segment, it
accommodated diversified organic functionalities such as
substituted phenyl with distinct electron traits (3b—d),
naphthyl (3e), thienyl (3f), methyl (3g), ethyl (3h), phenyl-
methyl (3i), and even fused-cyclohexyl (3j) groups, rapidly
assembling the respective quinolinone derivatives in 70—87%
yields. Subsequently, studies on decorating the phenylamine
ring were also performed. Satisfyingly, a large number of
functional groups was able to be introduced and capable of
resulting in the titled [S + 1] carbonylation issue smoothly,
encompassing electron-donating groups such as methyl (3k),
methoxyl (31), thiomethyl (3m), methylenedioxyl (3u), and
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Scheme 3. Substrate Scope of 2-Alkenylanilines

Scheme 4. Substrate Scope of 2-Pyrrolylanilines
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cyclohexyl (3v) and electron-withdrawing moieties such as
phenyl (3n), fluoro (30), bromo (3p), trifloromethyloxyl (3q),
nitro (3r), ester (3s), and chloro (3t) groups. Furthermore,
the 7m-system-expanded 3w could be readily obtained.
Unfortunately, the simplest substrate 1x failed to run in this
protocol.

Inspired by the success of this new carbonylation reagent in
the [S + 1] annulation reaction, we set out to survey the
feasibility of using this tactic to execute 2-arylaniline derivatives
(Scheme 4). After slightly modifying the reaction parameters
(replacing toluene with TFE as solvent, see details in the
Supporting Information), we observed that the 2-(1H-pyrrol-1-
yl)aniline 4a remained in this carbonylation procedure and
potently generated the pyrrolo[1,2-a]quinoxalin-4(SH)-one
Sa, which has generally served as a core skeleton in numerous
bioactive molecules such as the PARP-1 inhibitor (Scheme
1D). By coupling with 2d, various 2-pyrrolylanilines (4b—o)
performed smoothly to provide the anticipated products (5b—
0) in 65—92% yields. A multitude of substituents appended to
the possible sites of the aniline ring were all tolerated properly,
including methoxyl (5b and Sn), bromo (Sc and i), methyl
(5d, Se and Sm), tert-butyl (5f), fluoro (5g), chloro (Sh and
51), trifluomethyl (5j), and ester (Sk) groups, wherein the
electron-rich compounds expressed relatively preferential
outcomes. In this theme, incorporating dimethyl into the
pyrrolyl portion was allowable. Additionally, replacing pyrrolyl
with imidazo[1,2-a]pyridine was also subjected to this
envisioned [S + 1] lactamization reaction and led to the
formation of polyheterocycle Sp in 91% yield.

Afterward, we embarked on assessing the potential utility of
this established methodology. The larger scale experiments
with the aforementioned two types of representative reaction
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precursors (1a and 4a) in a 2.0 mmol amount were carried out,
respectively, in which the two runs were both able to
accomplish the desired transformation with good vyields
(Scheme SA and B). In addition, the reaction with 2-
pyrrolylaniline 4k was also amenable to perform scale-up
conversion, resulting in Sk with comparable yield and
efficiency (Scheme SC). To our delight, exposed to the adduct
Sk, the late-stage functionalization of estrone ran smoothly to

Scheme 5. Gram-Scale Reaction and Synthetic Utilization
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build a new type of complicated ester 6 in 58% yield (Scheme
SD). Moreover, when Sa was treated with POCI; reagent, the
4-chloropyrrolo[ 1,2-a]quinoxaline 7 was accessed in 80% yield
(Scheme SE). Next, the C—Cl bond could be further
functionalized to furnish product 8 by Suzuki—Miyaura
cross-coupling (Scheme SF).

To gain more insights into the mechanistic rationality,
additional experiments were undertaken. In view of the verified
fact that the dioxazolones could readily decompose into CO,,
we introduced CO, gas, another typical CO resource, into the
reaction system in the absence or catalytic amount of 2d,
respectively. Both of these cases failed to generate the titled
product smoothly, which unequivocally obviated the involve-
ment of CO, as the carbonylation source (Scheme 6A). The

Scheme 6. Mechanistic Studies
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reaction with 2m still delivered the wanted 3a, but no 4-
phenylquinoline-2(1H)-thione 9 was made (Scheme 6B).
Furthermore, the isotope-labeling experiment with diaxazolone
80-2a led to the formation of product *0-3a in 72% yield
(Scheme 6C). These findings provided solid evidence for the
viewpoint that the carbonyl group appended to the product
arose from the C3—0O4 fragment. Subsequently, urea
compound 10a was synthesized to execute the reaction, in
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which product 3a could be generated properly (Scheme 6D).
This result supported that the urea species were involved in
this cyclization procedure.

On the basis of these findings, the reaction mechanism was
then put forward (Scheme 6E). The thermal decomposition of
dioxazolones initially takes place to generate 1socyanate
accompanied by dislodging the CO, molecule,">'® followed
by reacting with 2-alkenylaniline via nucleophilic addition to
access the key intermediate urea 10b. At this stage, two
pathways might be employed, involving a direct cyclization
(path a) or sequential forming isocyanate species/Prins-type
reaction (path b). To further probe the exact reaction path, the
Me-protected 2-alkenylaniline 11 or its corresponding urea 10c
was used to undergo this issue. Notably, the envisioned
quinolinone 12 failed to occur (Scheme 6F), which proved
that the urea species was futile to enable this reaction by one-
step cyclization. Alternatively, to affirm the feasibility with
respect to isocynate, the reaction between substrate la with
bis(trichloromethyl) carbonate agent, which is able to in situ
generate the relevant isocyanate smoothly, was carried out and
indeed released quinolione product 3a (Scheme 6G), so the
path b was rational.

In summary, we discovered a class of new carbonylating
agents resulting from the dioxazolones, by which the metal-free
[S + 1] carbonylation of 2-alkenylanilines or 2-pyrrolylanilines
with dioxazolones is accomplished, leading to a variety of
quinolinones (23 examples) and pyrrolyl-fused quinoxalinones
(16 examples) in good yields with excellent functionality
tolerance. This study represents an unprecedented chemistry
reactivity with dioxazolones via simultaneously constructing
new N—C(O) and C(O)—C bonds. Mechanistic investigations
clearly illustrate that the generated double isocyanate species
are pivotal in this carbonylation conversion. Extensive studies
into the scope of the carbonylation reaction generated from
dioxazolones are currently ongoing in our laboratory and will
be presented in due course.

B ASSOCIATED CONTENT
® Supporting Information

The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acs.orglett.1c01147.

Experimental procedures and spectral data (PDF)

B AUTHOR INFORMATION
Corresponding Author

Jiang Nan — Shaanxi Key Laboratory of Chemical Additives
for Industry, College of Chemistry and Chemical Engineering,
Shaanxi University of Science and Technology, Xi'an 710021,
China; ® orcid.org/0000-0001-5570-6834;

Email: nanjiang@sust.edu.cn

Authors

Pu Chen — Shaanxi Key Laboratory of Chemical Additives for
Industry, College of Chemistry and Chemical Engineering,
Shaanxi University of Science and Technology, Xi'an 710021,
China

Xue Gong — College of Bioresources Chemical and Materials
Engineering, Shaanxi University of Science and Technology,
Xi'an 710021, China

Yan Hu — Shaanxi Key Laboratory of Chemical Additives for
Industry, College of Chemistry and Chemical Engineering,

https://doi.org/10.1021/acs.orglett.1c01147
Org. Lett. 2021, 23, 3761-3766


https://pubs.acs.org/doi/10.1021/acs.orglett.1c01147?goto=supporting-info
http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.1c01147/suppl_file/ol1c01147_si_001.pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Jiang+Nan"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
http://orcid.org/0000-0001-5570-6834
mailto:nanjiang@sust.edu.cn
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Pu+Chen"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Xue+Gong"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Yan+Hu"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.1c01147?fig=sch6&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.1c01147?fig=sch6&ref=pdf
pubs.acs.org/OrgLett?ref=pdf
https://doi.org/10.1021/acs.orglett.1c01147?rel=cite-as&ref=PDF&jav=VoR

Organic Letters

pubs.acs.org/OrgLett

Shaanxi University of Science and Technology, Xi'an 710021,
China

Qiong Ma — Shaanxi Key Laboratory of Chemical Additives
for Industry, College of Chemistry and Chemical Engineering,
Shaanxi University of Science and Technology, Xi'an 710021,
China

Bo Wang — Shaanxi Key Laboratory of Chemical Additives for
Industry, College of Chemistry and Chemical Engineering,
Shaanxi University of Science and Technology, Xi'an 710021,
China

Yangmin Ma — Shaanxi Key Laboratory of Chemical
Additives for Industry, College of Chemistry and Chemical
Engineering, Shaanxi University of Science and Technology,
Xi'an 710021, China

Complete contact information is available at:
https://pubs.acs.org/10.1021/acs.orglett.1c01147

Notes

The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

This work was financially supported by the NSFC (21801159),
the China Postdoctoral Science Foundation (2018M640944),
and the Natural Science Foundation of Shaanxi Province of
China (2019JQ-776, 2020]Q-705).

B REFERENCES

(1) For selected reviews and examples: (a) Li, Y.; Hu, Y.; Wu, X. F.
Non-Noble Metal-Catalysed Carbonylative Transformations. Chem.
Soc. Rev. 2018, 47, 172. (b) Peng, J. B.; Geng, H. Q.; Wu, X. F. The
Chemistry of CO: Carbonylation. Chem. 2019, S, 526. (c) Zhu, C;
Liu, J; Li, M.-B,; Backvall, J.-E. Palladium-Catalyzed Oxidative
Dehydrogenative Carbonylation Reactions Using Carbon Monoxide
and Mechanistic Overviews. Chem. Soc. Rev. 2020, 49, 341.
(d) Zhang, S. K; Neumann, H.; Beller, M. Synthesis of a, f-
Unsaturated Carbonyl Compounds by Carbonylation Reactions.
Chem. Soc. Rev. 2020, 49, 3187. (e) Dekleva, T. W.; Forster, D.
The Rhodium-Catalyzed Carbonylation of Linear Primary Alcohols. J.
Am. Chem. Soc. 1985, 107, 3565. (f) Dong, K. W.; Fang, X. J;
Jackstell, R;; Laurenczy, G.; Li, Y. H.; Beller, M. Rh(I)-Catalyzed
Hydroamidation of Olefins via Selective Activation of N—H Bonds in
Aliphatic Amines. J. Am. Chem. Soc. 2015, 137, 6053. (g) Zhang, G.
Y.; Gao, B,; Huang, H. M. Palladium-Catalyzed Hydroaminocarbo-
nylation of Alkenes with Amines: A Strategy to Overcome the Basicity
Barrier Imparted by Aliphatic Amines. Angew. Chem., Int. Ed. 20185,
54, 7657.

(2) For selected reviews and examples: (a) Parenty, A.; Moreau, X.;
Niel, G.; Campagne, J. Update 1 of: Macrolactonizations in the Total
Synthesis of Natural Products. Chem. Rev. 2013, 113, 1. (b) Sumino,
S.; Fusano, A.; Fukuyama, T.; Ryu, I. Carbonylation Reactions of
Alkyl Iodides through the Interplay of Carbon Radicals and Pd
Catalysts. Acc. Chem. Res. 2014, 47, 1563. (c) Peng, J. B; Wy, F. P;
Wu, X. F. First-Row Transition-Metal-Catalyzed Carbonylative
Transformations of Carbon Electrophiles. Chem. Rev. 2019, 119,
2090. (d) Cheng, L. J; Islam, S. M,; Mankad, N. P. Synthesis of
Allylic Alcohols via Cu-Catalyzed Hydrocarbonylative Coupling of
Alkynes with Alkyl Halides. J. Am. Chem. Soc. 2018, 140, 1159.
(e) Huy, H. Z; Teng, F; Liu, J; Hu, W. M,; Luo, S; Zhu, Q.
Enantioselective Synthesis of 2-Oxindole Spirofused Lactones and
Lactams by Heck/Carbonylative Cylization Sequences: Method
Development and Applications. Angew. Chem., Int. Ed. 2019, S8,
9225. (f) Cheng, L. J; Mankad, N. P. Cu-Catalyzed Carbonylative
Silylation of Alkyl Halides: Efficient Access to Acylsilanes. J. Am.
Chem. Soc. 2020, 142, 80. (g) Torres, G. M.; Liu, Y.; Arndtsen, B. A. A

3765

Dual Light-Driven Palladium Catalyst: Breaking the Barriers in
Carbonylation Reactions. Science 2020, 368, 318.

(3) (a) Wang, Y,; Yu, Z. X. Rhodium-Catalyzed [S + 2 + 1]
Cycloaddition of Ene-Vinylcyclopropanes and CO: Reaction Design,
Development, Application in Natural Product Synthesis, and
Inspiration for Developing New Reactions for Synthesis of Eight-
Membered Carbocycles. Acc. Chem. Res. 20185, 48, 2288. (b) Ji, X. Y.;
Wang, B. H. Strategies toward Organic Carbon Monoxide Prodrugs.
Acc. Chem. Res. 2018, S1, 1377. (c) Willcox, D.; Chappell, B. G. N.;
Hogg, K. F,; Calleja, J; Smalley, A. P,; Gaunt, M. J. A General
Catalytic #-C—H Carbonylation of Aliphatic Amines to f-Lactams.
Science 2016, 354, 851. (d) Tian, Z. Y.; Cui, Q; Liu, C. H,; Yu, Z. X.
Rhodium-Catalyzed [4 + 2+1] Cycloaddition of In Situ Generated
Ene/Yne-Ene-Allenes and CO. Angew. Chem. Int. Ed. 2018, 57,
15544. (e) Wu, L. J; Song, R. J; Luo, S. L; Li, J. H. Palladium-
Catalyzed Reductive [S + 1] Cycloaddition of 3-Acetoxy-1,4-enynes
with CO: Access to Phenols Enabled by Hydrosilanes. Angew. Chem.,
Int. Ed. 2018, 57, 13308.

(4) (a) Van den Hoven, B. G; Alper, H. Innovative Synthesis of 4-
Carbaldehydepyrrolin-2-ones by Zwitterionic Rhodium Catalyzed
Chemo- and Regioselective Tandem Cyclohydrocarbonylation/CO
Insertion of a-Imino Alkynes. J. Am. Chem. Soc. 2001, 123, 10214.
(b) Inoue, S.; Shiota, H.; Fukumoto, Y.; Chatani, N. Ruthenium-
Catalyzed Carbonylation at Ortho C—H Bonds in Aromatic Amides
Leading to Phthalimides: C—H Bond Activation Utilizing a Bidentate
System. J. Am. Chem. Soc. 2009, 131, 6898. (c) Hasegawa, N.; Charra,
V.; Inoue, S.; Fukumoto, Y.; Chatani, N. Highly Regioselective
Carbonylation of Unactivated C(sp*)—H Bonds by Ruthenium
Carbonyl. J. Am. Chem. Soc. 2011, 133, 8070. (d) Yu, H.; Zhang,
G. Y,; Huang, H. M. Palladium-Catalyzed Dearomative Cyclo-
carbonylation by C—N Bond Activation. Angew. Chem., Int. Ed.
2015, 54, 10912. (e) Barsu, N.; Bolli, S. K.; Sundararaju, B. Cobalt
catalyzed carbonylation of unactivated C(sp*)—H bonds. Chem. Sci.
2017, 8, 2431. (f) Heins, S. P.; Wolczanski, P. T.; Cundari, T. R;
MacMillan, S. N. Redox non-innocence permits catalytic nitrene
carbonylation by (dadi) TiNAd (Ad = adamantyl). Chem. Sci. 2017, 8,
3410.

(5) (a) O'Brien, C. P; Lee, . C. CO Poisoning and CO
Hydrogenation on the Surface of Pd Hydrogen Separation
Membranes. J. Phys. Chem. C 2017, 121, 16864. (b) Wu, X; Zhao,
L. L,; Jiang, D. D.; Fernandez, L; Berger, R.; Zhou, M. F.; Frenking, G.
Barium as Honorary Transition Metal in Action: Experimental and
Theoretical Study of Ba(CO)* and Ba(CO)~. Angew. Chem., Int. Ed.
2018, 57, 3974. (c) Xu, S. S.; Chansai, S.; Xu, S. J.; Stere, C. E.; Jiao,
Y. L; Yang, S. H,; Hardacre, C.; Fan, X. L. CO Poisoning of Ru
Catalysts in CO, Hydrogenation under Thermal and Plasma
Conditions: A Combined Kinetic and Diffuse Reflectance Infrared
Fourier Transform Spectroscopy-Mass Spectrometry Study. ACS
Catal. 2020, 10, 12828.

(6) (a) Morimoto, T.; Kakiuchi, K. Evolution of Carbonylation
Catalysis: No Need for Carbon Monoxide. Angew. Chem., Int. Ed.
2004, 43, 5580. (b) Wu, L. P; Liu, Q; Jackstell, R; Beller, M.
Carbonylations of Alkenes with CO Surrogates. Angew. Chem., Int. Ed.
2014, 53, 6310. (c) Geitner, R.; Gurinov, A.; Huang, T. B.; Kupfer, S.;
Grafe, S.; Weckhuysen, B. M. Reaction Mechanism of Pd-Catalyzed
“CO-Free” Carbonylation Reaction Uncovered by In Situ Spectros-
copy: The Formyl Mechanism. Angew. Chem., Int. Ed. 2021, 60, 3422.

(7) (a) Cacchi, S.; Fabrizi, G.; Goggiamani, A. Palladium-Catalyzed
Hydroxycarbonylation of Aryl and Vinyl Halides or Triflates by Acetic
Anhydride and Formate Anions. Org. Lett. 2003, S, 4269. (b) Odell,
L. R; Russo, F.; Larhed, M. Molybdenum Hexacarbonyl Mediated
CO Gas-Free Carbonylative Reactions. Synlett 2012, 23, 685. (c) Wu,
X. S.; Zhao, Y.; Ge, H. B. Direct Aerobic Carbonylation of C(spz) —-H
and C(sp*)—H Bonds through Ni/Cu Synergistic Catalysis with DMF
as the Carbonyl Source. ]J. Am. Chem. Soc. 2015, 137, 4924.
(d) Hansen, S. V. F; Ulven, T. Oxalyl Chloride as a Practical
Carbon Monoxide Source for Carbonylation Reactions. Org. Lett.
2015, 17, 2832. (e) Gockel, S. N.; Hull, K. L. Chloroform as a Carbon
Monoxide Precursor: In or Ex Situ Generation of CO for Pd-

https://doi.org/10.1021/acs.orglett.1c01147
Org. Lett. 2021, 23, 3761-3766


https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Qiong+Ma"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Bo+Wang"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Yangmin+Ma"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.1c01147?ref=pdf
https://doi.org/10.1039/C7CS00529F
https://doi.org/10.1016/j.chempr.2018.11.006
https://doi.org/10.1016/j.chempr.2018.11.006
https://doi.org/10.1039/C9CS00397E
https://doi.org/10.1039/C9CS00397E
https://doi.org/10.1039/C9CS00397E
https://doi.org/10.1039/C9CS00615J
https://doi.org/10.1039/C9CS00615J
https://doi.org/10.1021/ja00298a027
https://doi.org/10.1021/jacs.5b02218
https://doi.org/10.1021/jacs.5b02218
https://doi.org/10.1021/jacs.5b02218
https://doi.org/10.1002/anie.201502405
https://doi.org/10.1002/anie.201502405
https://doi.org/10.1002/anie.201502405
https://doi.org/10.1021/cr300129n
https://doi.org/10.1021/cr300129n
https://doi.org/10.1021/ar500035q
https://doi.org/10.1021/ar500035q
https://doi.org/10.1021/ar500035q
https://doi.org/10.1021/acs.chemrev.8b00068
https://doi.org/10.1021/acs.chemrev.8b00068
https://doi.org/10.1021/jacs.7b12582
https://doi.org/10.1021/jacs.7b12582
https://doi.org/10.1021/jacs.7b12582
https://doi.org/10.1002/anie.201904838
https://doi.org/10.1002/anie.201904838
https://doi.org/10.1002/anie.201904838
https://doi.org/10.1021/jacs.9b12043
https://doi.org/10.1021/jacs.9b12043
https://doi.org/10.1126/science.aba5901
https://doi.org/10.1126/science.aba5901
https://doi.org/10.1126/science.aba5901
https://doi.org/10.1021/acs.accounts.5b00037
https://doi.org/10.1021/acs.accounts.5b00037
https://doi.org/10.1021/acs.accounts.5b00037
https://doi.org/10.1021/acs.accounts.5b00037
https://doi.org/10.1021/acs.accounts.5b00037
https://doi.org/10.1021/acs.accounts.8b00019
https://doi.org/10.1126/science.aaf9621
https://doi.org/10.1126/science.aaf9621
https://doi.org/10.1002/anie.201805908
https://doi.org/10.1002/anie.201805908
https://doi.org/10.1002/anie.201808388
https://doi.org/10.1002/anie.201808388
https://doi.org/10.1002/anie.201808388
https://doi.org/10.1021/ja011710n
https://doi.org/10.1021/ja011710n
https://doi.org/10.1021/ja011710n
https://doi.org/10.1021/ja011710n
https://doi.org/10.1021/ja900046z
https://doi.org/10.1021/ja900046z
https://doi.org/10.1021/ja900046z
https://doi.org/10.1021/ja900046z
https://doi.org/10.1021/ja2001709
https://doi.org/10.1021/ja2001709
https://doi.org/10.1021/ja2001709
https://doi.org/10.1002/anie.201504805
https://doi.org/10.1002/anie.201504805
https://doi.org/10.1039/C6SC05026C
https://doi.org/10.1039/C6SC05026C
https://doi.org/10.1039/C6SC05610E
https://doi.org/10.1039/C6SC05610E
https://doi.org/10.1021/acs.jpcc.7b05046
https://doi.org/10.1021/acs.jpcc.7b05046
https://doi.org/10.1021/acs.jpcc.7b05046
https://doi.org/10.1002/anie.201713002
https://doi.org/10.1002/anie.201713002
https://doi.org/10.1021/acscatal.0c03620
https://doi.org/10.1021/acscatal.0c03620
https://doi.org/10.1021/acscatal.0c03620
https://doi.org/10.1021/acscatal.0c03620
https://doi.org/10.1002/anie.200301736
https://doi.org/10.1002/anie.200301736
https://doi.org/10.1002/anie.201400793
https://doi.org/10.1002/anie.202011152
https://doi.org/10.1002/anie.202011152
https://doi.org/10.1002/anie.202011152
https://doi.org/10.1021/ol0354371
https://doi.org/10.1021/ol0354371
https://doi.org/10.1021/ol0354371
https://doi.org/10.1055/s-0031-1290350
https://doi.org/10.1055/s-0031-1290350
https://doi.org/10.1021/jacs.5b01671
https://doi.org/10.1021/jacs.5b01671
https://doi.org/10.1021/jacs.5b01671
https://doi.org/10.1021/acs.orglett.5b01252
https://doi.org/10.1021/acs.orglett.5b01252
https://doi.org/10.1021/acs.orglett.5b01385
https://doi.org/10.1021/acs.orglett.5b01385
pubs.acs.org/OrgLett?ref=pdf
https://doi.org/10.1021/acs.orglett.1c01147?rel=cite-as&ref=PDF&jav=VoR

Organic Letters

pubs.acs.org/OrgLett

Catalyzed Aminocarbonylations. Org. Lett. 2015, 17, 3236. (f) Zhang,
Z.; Liao, L. L.; Yan, S. S,; Wang, L.; He, Y. Q; Ye, J. H,; Li, J.; Zhi, Y.
G.; Yu, D. G. Lactamization of sp> C—H Bonds with CO,: Transition-
Metal-Free and Redox-Neutral. Angew. Chem., Int. Ed. 2016, S5, 7068.
(g) Ying, J; Fu, L. Y;; Zhong, G. Q; Wu, X. F. Cobalt-Catalyzed
Direct Carbonylative Synthesis of Free (NH)-Benzo[cd]indol-2(1H)-
ones from Naphthylamides. Org. Lett. 2019, 21, 5694. (h) Wang, S.;
Shao, P.; Du, G; Xi, C. MeOTf{- and TBD-Mediated Carbonylation of
ortho-Arylanilines with CO, Leading to Phenanthridinones. J. Org.
Chem. 2016, 81, 6672. (i) Gao, Y.; Cai, Z.; Li, S.; Li, G. Rhodium(I)-
Catalyzed Aryl C—H Carboxylation of 2-Arylanilines with CO,. Org.
Lett. 2019, 21, 3663.

(8) (a) Park, Y;; Jee, S.; Kim, J. G.; Chang, S. Study of Sustainability
and Scalability in the Cp*Rh(III)-Catalyzed Direct C—H Amidation
with 1,4,2-Dioxazol-S-ones. Org. Process Res. Dev. 2018, 19, 1024.
(b) van Vliet, K. M.; de Bruin, B. Dioxazolones: Stable Substrates for
the Catalytic Transfer of Acyl Nitrenes. ACS Catal. 2020, 10, 4751.

(9) (a) Park, Y.,; Park, K. T.; Kim, J. G; Chang, S. Mechanistic
Studies on the Rh(III)-Mediated Amido Transfer Process Leading to
Robust C—H Amination with a New Type of Amidating Reagent. J.
Am. Chem. Soc. 2018, 137, 4534. (b) 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. (c) 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.

(10) (a) Wang, H; Tang, G.; Li, X. W. Rhodium(III)-Catalyzed
Amidation of Unactivated C(sp*)—H Bonds. Angew. Chem., Int. Ed.
2015, 54, 13049. (b) Liu, Y.; Xie, F.; Jia, A. Q; Li, X. W. Cp*Co(III)-
Catalyzed Amidation of Olefinic and Aryl C—H Bonds: Highly
Selective Synthesis of Enamides and Pyrimidines. Chem. Commun.
2018, 54, 434S.

(11) (a) Bizet, V.; Buglioni, L.; Bolm, C. Light-Induced Ruthenium-
Catalyzed Nitrene Transfer Reactions: A Photochemical Approach
towards N-Acyl Sulfimides and Sulfoximines. Angew. Chem., Int. Ed.
2014, 53, 5639. (b) Hermann, G. N.; Bolm, C. Mechanochemical
Rhodium(IIT)-Catalyzed C—H Bond Amidation of Arenes with
Dioxazolones under Solventless Conditions in a Ball Mill. ACS
Catal. 2017, 7, 4592.

(12) For selected examples: (a) Shi, H.; Dixon, D. J. Dithiane-
Directed Rh(III)-Catalyzed Amidation of Unactivated C(sp3)—H
Bonds. Chem. Sci. 2019, 10, 3733. (b) Lei, H.; Rovis, T. Ir-Catalyzed
Intermolecular Branch-Selective Allylic C—H Amidation of Unac-
tivated Terminal Olefins. J. Am. Chem. Soc. 2019, 141, 2268. (c) Xing,
Q.; Chan, C. M,; Yeung, Y. W.; Yu, W. Y. Ruthenium(II)-Catalyzed
Enantioselective y-Lactams Formation by Intramolecular C—H
Amidation of 1,4,2-Dioxazol-S-ones. J. Am. Chem. Soc. 2019, 141,
3849. (d) Wang, X. G,; Zhang, J.; Chen, D.; Wang, B; Yang, X. F,;
Ma, Y. M,; Szostak, M. Rh(III)-Catalyzed C—H Amidation of 2-
Arylindoles with Dioxazolones: A Route to Indolo[1,2-c]quinazolines.
Org. Lett. 2019, 21, 7038.

(13) (a) Dubé, P.; Nathel, N. F. F.; Vetelino, M.; Couturier, M.;
Aboussafy, C. L. Pichette, S.; Jorgensen, M. L.; Hardink, M.
Carbonyldiimidazole-Mediated Lossen Rearrangement. Org. Lett.
2009, 11, 5622. (b) Chamni, S.; Zhang, J. Q.; Zou, H. B. Benign
Synthesis of Unsymmetrical Arylurea Derivatives Using 3-Substituted
Dioxazolones as Isocyanate Surrogates. Green Chem. Lett. Rev. 2020,
13, 246.

(14) (a) Nan, J.; Hu, Y; Chen, P.; Ma, Y. M. Metal-Free Synthesis of
2-Fluoroalkylated Quinolines Using Polyfluoroalkanoic Acids as
Direct Fluorine Sources. Org. Lett. 2019, 21, 1984. (b) Chen, P,;
Nan, J; Hu, Y; Ma, Q; Ma, Y. M. RuH—Catalyzed/NHz—Assisted
Selective Alkenyl C—H [S + 1] Annulation of Alkenylanilines with
Sulfoxonium Ylides to Quinolines. Org. Lett. 2019, 21, 4812. (c) Nan,
J.; Chen, P.; Zhang, Y. Y,; Yin, Y.; Wang, B.; Ma, Y. M. Metal-Free
Synthesis of 2-Substituted Quinolines via High Chemoselective
Domino Condensation/Aza-Prins Cyclization/Retro-Aldol between
2-Alkenylanilines with p-Ketoesters. J. Org. Chem. 2020, 85, 14042.

3766

(d) Chen, P; Nan, J; Hu, Y,; Kang, Y. F; Wang, B,; Ma, Y. M;
Szostak, M. Metal-Free Tandem Carbene N—H Insertions and C—C
Bond Cleavages. Chem. Sci. 2021, 12, 803.

(15) (a) Godard, A; Fourquez, J. M,; Tamion, R; Marsais, F.;
Queguiner, G. New Synthesis of the Streptonigrin Quinoline-5,8-
quinone Moiety and Aromatic Cross-Coupling. Synlett 1994, 1994,
23S. (b) Cheng, P.; Zhang, Q.; Ma, Y. B; Jiang, Z. Y.; Zhang, X. M,;
Zhang, F. X.; Chen, J. J. Synthesis and In Vitro Anti-hepatitis B Virus
Activities of 4-aryl-6-chloro-quinolin-2-one and S-Aryl-7-chloro-1,4-
benzodiazepine Derivatives. Bioorg. Med. Chem. Lett. 2008, 18, 3787.
(c) Kraus, J. M,; Verlinde, C. L. M. J.; Karimi, M.; Lepesheva, G. L;
Gelb, M. H.; Buckner, F. S. Rational Modification of a Candidate
Cancer Drug for Use Against Chagas Disease. ]. Med. Chem. 2009, 52,
1639.

(16) Wolgemuth, L. G.; Burk, E. H. Polyurethanes from the
Reaction of §,5'-Tetramethy Lenedi-(1,3,4-dioxazol-zdne) with
Glycols. J. Polym. Sci, Polym. Lett. Ed. 1973, 11, 28S.

https://doi.org/10.1021/acs.orglett.1c01147
Org. Lett. 2021, 23, 3761-3766


https://doi.org/10.1021/acs.orglett.5b01385
https://doi.org/10.1002/anie.201602095
https://doi.org/10.1002/anie.201602095
https://doi.org/10.1021/acs.orglett.9b02037
https://doi.org/10.1021/acs.orglett.9b02037
https://doi.org/10.1021/acs.orglett.9b02037
https://doi.org/10.1021/acs.joc.6b01318
https://doi.org/10.1021/acs.joc.6b01318
https://doi.org/10.1021/acs.orglett.9b01105
https://doi.org/10.1021/acs.orglett.9b01105
https://doi.org/10.1021/acs.oprd.5b00164
https://doi.org/10.1021/acs.oprd.5b00164
https://doi.org/10.1021/acs.oprd.5b00164
https://doi.org/10.1021/acscatal.0c00961
https://doi.org/10.1021/acscatal.0c00961
https://doi.org/10.1021/jacs.5b01324
https://doi.org/10.1021/jacs.5b01324
https://doi.org/10.1021/jacs.5b01324
https://doi.org/10.1126/science.aap7503
https://doi.org/10.1126/science.aap7503
https://doi.org/10.1021/jacs.9b07795
https://doi.org/10.1021/jacs.9b07795
https://doi.org/10.1021/jacs.9b07795
https://doi.org/10.1002/anie.201506323
https://doi.org/10.1002/anie.201506323
https://doi.org/10.1039/C8CC01447G
https://doi.org/10.1039/C8CC01447G
https://doi.org/10.1039/C8CC01447G
https://doi.org/10.1002/anie.201310790
https://doi.org/10.1002/anie.201310790
https://doi.org/10.1002/anie.201310790
https://doi.org/10.1021/acscatal.7b00582
https://doi.org/10.1021/acscatal.7b00582
https://doi.org/10.1021/acscatal.7b00582
https://doi.org/10.1039/C8SC05225E
https://doi.org/10.1039/C8SC05225E
https://doi.org/10.1039/C8SC05225E
https://doi.org/10.1021/jacs.9b00237
https://doi.org/10.1021/jacs.9b00237
https://doi.org/10.1021/jacs.9b00237
https://doi.org/10.1021/jacs.9b00535
https://doi.org/10.1021/jacs.9b00535
https://doi.org/10.1021/jacs.9b00535
https://doi.org/10.1021/acs.orglett.9b02615
https://doi.org/10.1021/acs.orglett.9b02615
https://doi.org/10.1021/ol9023387
https://doi.org/10.1080/17518253.2020.1807616
https://doi.org/10.1080/17518253.2020.1807616
https://doi.org/10.1080/17518253.2020.1807616
https://doi.org/10.1021/acs.orglett.9b00039
https://doi.org/10.1021/acs.orglett.9b00039
https://doi.org/10.1021/acs.orglett.9b00039
https://doi.org/10.1021/acs.orglett.9b01702
https://doi.org/10.1021/acs.orglett.9b01702
https://doi.org/10.1021/acs.orglett.9b01702
https://doi.org/10.1021/acs.joc.0c02063
https://doi.org/10.1021/acs.joc.0c02063
https://doi.org/10.1021/acs.joc.0c02063
https://doi.org/10.1021/acs.joc.0c02063
https://doi.org/10.1039/D0SC05763K
https://doi.org/10.1039/D0SC05763K
https://doi.org/10.1055/s-1994-22807
https://doi.org/10.1055/s-1994-22807
https://doi.org/10.1016/j.bmcl.2008.05.065
https://doi.org/10.1016/j.bmcl.2008.05.065
https://doi.org/10.1016/j.bmcl.2008.05.065
https://doi.org/10.1021/jm801313t
https://doi.org/10.1021/jm801313t
https://doi.org/10.1002/pol.1973.130110415
https://doi.org/10.1002/pol.1973.130110415
https://doi.org/10.1002/pol.1973.130110415
pubs.acs.org/OrgLett?ref=pdf
https://doi.org/10.1021/acs.orglett.1c01147?rel=cite-as&ref=PDF&jav=VoR

