
&Mechanistic Investigation

Rhodium(III)-Catalyzed Annulative Carbooxygenation of
1,1-Disubstituted Alkenes Triggered by CˇH Activation
Yang Li,*[a] Yuhai Tang,[a] Xin He,[b] Dandan Shi,[a] Jun Wu,[a] and Silong Xu*[a]

Abstract: A Cp*RhIII-catalyzed annulative carbooxygena-
tion of challenging 1,1-disubstituted alkenes triggered by
CˇH activation of N-aryloxyacetamides has been estab-
lished, which affords 2,3-dihydrobenzofuran derivatives
with a quaternary carbon center in good to excellent
yields under mild redox-neutral conditions. An amide
group on the alkenes is essential for the process, and may
inhibit the b-H elimination from C(sp3)̌ Rh species by sat-
urating the rhodium center through coordination. Further-
more, mechanistic insights obtained from control experi-
ments suggest a mechanism involving a RhIII-RhV-RhIII cata-
lytic cycle.

Transition-metal-catalyzed CˇH functionalization has been de-
veloped as an economical and straightforward synthetic ap-
proach for the synthesis of a variety of complex core structures
that occur in natural products, bioactive compounds, and
pharmaceuticals.[1] Among a wide range of synthetic methods
involving CˇH functionalization, alkenes are widely used as
a coupling partner in Heck-type reactions.[2] However, difunc-
tionalization of alkenes triggered by transition-metal-catalyzed
CˇH activation is still a challenge due to the competitive b-H-
elimination from the resulting C(sp3)̌ metal-species.[2, 3] Recent-
ly, CˇH functionalization employing a redox-neutral strategy
with oxidizing directing groups has been elegantly demonstra-
ted.[1h, 4] Rhodium(III)-catalyzed intra- and intermolecular car-
boamination of alkenes or allenes triggered by CˇH activation,
in particular using oxidizing directing groups (NˇOR), has been
developed for the synthesis of N-heterocyclic compounds.[5] In
2015, Rovis’ group[6] published the first Cp*tBuRhIII-catalyzed car-
boamination of 1,2-disubstituted alkenes with N-enoxy-
phthalimides, affording acyclic products with excellent syn-se-
lectivities. The b-H-elimination was able to be inhibited by sat-

urating the C(sp3)̌ rhodium intermediate through coordina-
tion with an in situ-generated bidentate directing group
(Scheme 1 a). Using a similar strategy by employing N-aryloxya-

cetamides as precursors, Liu and co-workers[7] reported the
Cp*RhIII-catalyzed carboamination of N-alkoxyacrylamides
(Scheme 1 b). Subsequently, Glorius’ group[8] developed the
carboamination of acrylates with N-aryloxyacetamides, and
they found that the Cp*CoIII catalyst demonstrated unique re-
activity compared with Cp*RhIII in the transformation
(Scheme 1 c). In contrast to the carboamination strategies, the
corresponding carbooxygenation of alkenes triggered by CˇH
activation has rarely been investigated.[9] Consequently, devel-
oping new and efficient carbooxygenations of alkenes through
CˇH activation remains an important objective, and provides
a promising approach for difunctionalization of alkenes with
CˇO bond formation.[10] Herein, we report a Cp*RhIII-catalyzed
carbooxygenation of 1,1-disubstituted alkenes with N-aryloxy-
acetamides, to afford 2,3-dihydrobenzofuran derivatives with
a quaternary carbon center in good to excellent yields under
mild redox-neutral conditions (Scheme 1 d).

Inspired by the fact that a coordinating functional group on
alkenes is essential to obtain high enantioselectivities in RhI-
catalyzed asymmetric hydrogenation of functionalized alkenes
through chelation with the rhodium center,[11] we proposed
that a coordinative functional group on alkenes may also be

Scheme 1. Transition-metal-catalyzed difunctionalization of alkenes triggered
by CˇH activaton.
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helpful to inhibit the b-H-elimination in the transition-metal-
catalyzed difunctionalization of alkenes by saturating the
C(sp3)̌ metal intermediate. We were also interested in employ-
ing 1,1-disubstituted alkenes as substrates for the difunctionali-
zation, which are expected to generate a quaternary carbon
center in the products. It is worth noting that 1,1-disubstituted
alkenes represent a challenging and rarely applied coupling
partner for CˇH functionalizations.[5g, 4j, 12] To test the proposed
strategy, methyl 2-acetamidoacrylate (2 a) was employed as
a coupling alkene in the transition-metal-catalyzed CˇH func-
tionalization of N-phenoxyacetamide (1 a, Table 1). After an ini-

tial screening of catalysts, to our delight, [Cp*RhCl2]2 afforded
the annulative carbooxygenation product 2,3-dihydrobenzo-
furan[13] (3 aa) in 72 % yield, without any b-H-elimination prod-
ucts detected (Table 1, entries 1–3). Screening of several bases
revealed CsOAc as the optimal choice, giving 3 aa in 83 % yield
(entries 3–5). However, a higher temperature exerted no effect
on the reaction (entry 6). Solvents dramatically affected the
yields, and DCE emerged as the best solvent affording the
product 3 aa in 91 % yield (entries 7–10). Further optimization
of the reaction conditions demonstrated that the carbooxyge-
nation reaction was best performed in DCE in the presence of
50 mol % CsOAc, with 2.5 mol % [Cp*RhCl2]2 as the catalyst at
room temperature for 16 hours (entry 10).

With the optimized reaction conditions in hand, we investi-
gated the scope of the Cp*RhIII-catalyzed annulative carbooxy-
genation of 1,1-disubstituted functionalized alkenes
(Scheme 2). Various N-aryloxyacetamides were tested in the re-
action with 2-acetamidoacrylate (2 a) and the corresponding
products could be isolated in good to excellent yields (3 aa–la,
68–92 %). Aryloxyacetamides with para-electron-donating
groups gave the 2,3-dihydrobenzofuran products in excellent
yields (3 ba, 3 ca), whereas those with para-electron-withdraw-

ing groups could not drive the reaction, probably due to their
poor solubility in DCE. However, using MeOH instead of DCE
as the solvent, the reaction occurred smoothly affording the
corresponding products in 80–87 % yields (3 da–ga). Meta-sub-
stituted aryloxyacetamides delivered the corresponding prod-
ucts in good yields as a single regioisomer (3 ha–ja), since the
CˇH activation takes place at the less-hindered CˇH bond of
aryloxyacetamides. The ortho-methylphenoxyacetamide afford-
ed product 3 ka in a good yield of 70 % under standard condi-
tions, whereas using MeOH as the solvent increased the yield
to 92 %. For N-(naphthalen-1-yloxy)acetamide, the correspond-
ing product was isolated in 82 % yield (3 la). To assess the effi-
ciency and potential for applications of this method, we car-
ried out a scale-up experiment, which gave products 3 aa and
3 ba in 89 % and 92 % yield, respectively. The absolute molecu-
lar structures for 3 ea and 3 la were confirmed by X-ray crystal-
lography (see Scheme 2 and the Supporting Information). Fur-
thermore, acetyl-substituted N-vinylacetamide (2 b) was investi-
gated in the reaction, resulting in the corresponding carbooxy-
genation products (3 ab, 3 bb), albeit with moderate yields.
However, trisubstituted alkene 2 c was incompatible under the
optimized conditions, probably due to the bulkiness that im-
pedes binding to the Rh center.

Table 1. Optimization of the reaction conditions.
[a]

Entry Catalyst Solvent Additive Yield [%][b]

1 [Cp*IrCl2]2 MeOH NaOAc trace
2 [RuCl2(p-cymene)]2 MeOH NaOAc n.r
3 [Cp*RhCl2]2 MeOH NaOAc 72
4 [Cp*RhCl2]2 MeOH KOAc 60
5 [Cp*RhCl2]2 MeOH CsOAc 83
6[c] [Cp*RhCl2]2 MeOH CsOAc 82
7 [Cp*RhCl2]2 CF3CH2OH CsOAc trace
8 [Cp*RhCl2]2 dioxane CsOAc 42
9 [Cp*RhCl2]2 THF CsOAc 26
10 [Cp*RhCl2]2 DCE CsOAc 91
11[d] [Cp*RhCl2]2 DCE CsOAc 91

[a] Unless specified, the reactions were carried out using catalyst
(2.5 mol %), additive (50 mol %), N-phenoxyacetamide 1 a (1.0 equiv. ,
0.2 mmol) and methyl 2-acetamidoacrylate 2 a (1.2 equiv. , 0.24 mmol) in
solvent (2 mL) at rt under N2 for 16 h. [b] Isolated yield. [c] 60 8C.
[d] 1.5 equiv. of 2 a. n.r = no reaction.

Scheme 2. The scope of the carbooxygenation reaction. Isolated yields are
given. Reaction conditions: 1 (0.2 mmol, 1.0 equiv.), 2 (0.24 mmol, 1.2 equiv.),
[Cp*RhCl2]2 (2.5 mol %), CsOAc (0.1 mmol, 0.5 equiv.) and DCE (2 mL) were
sealed in a 25 mL Schlenk tube at rt for 16 h under N2. [a] MeOH (2 mL) was
used as solvent. [b] Both 1 a and 2 c were recovered. [c] 1 mmol scale. Dis-
placement ellipsoids of 3ea and 3la were drawn at the 30% probability
level.
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To further demonstrate the scope, and at the same time clar-
ify the source of the amide group in products, reactants with
different amide groups were employed. Under standard reac-
tion conditions, N-phenoxypivalamide (1 a’) was tested in the
reaction with alkene 2 a, generating product 3 aa in 80 % yield
without the incorporation of the pivalamido group (PivNH-)
(Scheme 3 a). On the other hand, the reaction of methyl 2-pro-

pionamidoacrylate 2 d with N-phenoxyacetamide 1 a produced
3 ad with a propionamido group (EtCONH-) in 79 % yield
(Scheme 3 b). These results indicate that the amide group in
annulative products comes from the alkenes rather than the N-
aryloxyamides, which intriguingly also provides important evi-
dence for the reaction mechanism (vide infra).

To further shed light on the mechanism of the reaction,
a deuterium labeling study was conducted by performing the
reaction of 1 a and 2 a in CD3OD under otherwise identical con-
ditions. The deuterated product 3 aa-D was obtained in 78 %
yield, with 57 % deuterium incorporated on the benzene ring
at the ortho-position of the directing group, and 24 % deuteri-
um on the methyl group by transesterfication (Scheme 4 a).

This result indicates that the CˇH activation step is reversible
under the reaction conditions. The absence of deuterium at
the b-position of the 2,3-dihydrobenzofuran product (3 aa-D)
also implies that b-H elimination is not involved in the reaction
mechanism. In addition, methyl methacrylate (2 e) was applied
in the reaction with 1 a under standard conditions, but no
product was detected (Scheme 4 b). This suggests that the
amide group in alkenes is crucial for the carbooxygenation,
and is believed to coordinate with the rhodium center in the
reaction.

Based on the above results, the generally-accepted CˇH
functionalization mechanism involving a RhIII-RhI-RhIII catalytic

cycle[1–5] is supposed to be unlikely for the Cp*RhIII-catalyzed
annulative carbooxygenation. Through this mechanism, the re-
actants bearing two different amide groups would deliver
either mixed products or a single product with an amide
group derived from N-aryloxyamides through a reductive elimi-
nation/oxidative addition pathway.[14] However, this is contra-
dicted by the observation that single products are obtained
featuring the amide groups originating from the coupling al-
kenes (Scheme 3). Taking into consideration the above results,
a likely RhIII-RhV-RhIII catalytic cycle (path a) is proposed in
Scheme 5. The catalytically-active species Cp*Rh(OAc)2 is gen-

erated by anion exchange with CsOAc, then a facile and rever-
sible CˇH activation of N-aryloxyacetamides 1 affords a 5-
membered rhodacycle intermediate A, which is followed by
alkene insertion, forming a 7-membered rhodacycle intermedi-
ate B with a C(sp3)̌ Rh bond. In the C(sp3)̌ Rh species, the
rhodium center could be saturated by coordinating the
oxygen atom of the amide group on the alkene.[5, 6, 4e] As
a result, b-H elimination is suppressed, thereby avoiding CˇH
olefination products. This is followed by an oxidative addition
step, which breaks the OˇN bond and forms a high oxidation-
state RhV-nitrenoid intermediate C, which then is coordinated
by a molecule of HOAc to generate the RhV-intermediate D.
The formation of the RhV-intermediate is supported by recent
computational studies by Houk and Wu,[14] which showed that
the oxidative addition to the OˇN bond of the oxidizing direct-
ing group is much more favorable than the reductive elimina-
tion.[15] This RhV-intermediate D subsequently undergoes a CˇO
bond reductive elimination to give intermediate E, which af-
fords the products 3, and regenerates the catalyst by ligand
exchange with HOAc. An alternative path (path b) also cannot
be ruled out, in which intermediate B undergoes an intramo-
lecular substitution to give product 3,[4s] however this type of
cleavage of the OˇN bond in N-aryloxyacetamides usually pro-
ceeds under acidic conditions.[4e]

Scheme 3. Carbooxygenation of alkenes with N-aryloxyamides bearing dif-
ferent amide groups.

Scheme 4. Mechanistic studies.

Scheme 5. Proposed mechanism for the carbooxygenation.
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In conclusion, an efficient intermolecular Cp*RhIII-catalyzed
annulative carbooxygenation of 1,1-disubstituted functional-
ized alkenes with N-aryloxyacetamides has been established.
This affords 2,3-dihydrobenzofuran derivatives with a quaterna-
ry carbon center in good to excellent yields under mild redox-
neutral conditions. By strategically installing an amide group
on the alkenes, the b-H elimination of the C(sp3)̌ Rh species
has been avoided, most likely since the amide coordinates to,
and saturates, the rhodium center. In contrast with the gener-
ally accepted RhIII-RhI-RhIII mechanism, a probable RhIII-RhV-RhIII

catalytic cycle is proposed, based on mechanistic studies for
the annulative carbooxygenation. Further studies to elucidate
the mechanism and exploit these new transformations trig-
gered by transition-metal-catalyzed CˇH activations are ongo-
ing in this lab.

Acknowledgements

We thank the National Natural Science Foundation of China
(Nos. 21602167, 21402149), the Natural Science Basic Research
Plan in Shaanxi Province of China (Nos. 2016JQ2019,
2015JQ2050), the China Postdoctoral Science Foundation (Nos.
2015M580830, 2014M550484, 2015T81013), and the Funda-
mental Research Funds for the Central Universities.

Conflict of interest

The authors declare no conflict of interest.

Keywords: 1,1-disubstituted alkenes · annulation ·
carbooxygenation · CˇH activation · Cp*RhIII catalysis

[1] For selected recent reviews: a) T. Gensch, M. N. Hopkinson, F. Glorius, J.
Wencel-Delord, Chem. Soc. Rev. 2016, 45, 2900; b) T. Cernak, K. D. Dyk-
stra, S. Tyagarajan, P. Vachal, S. W. Krska, Chem. Soc. Rev. 2016, 45, 546;
c) F. Wang, S. Yu, X. Li, Chem. Soc. Rev. 2016, 45, 6462; d) Z. Chen, B.
Wang, J. Zhang, W. Yu, Z. Liu, Y. Zhang, Org. Chem. Front. 2015, 2, 1107;
e) J. Mo, L. Wang, Y. Liu, X. Cui, Synthesis 2015, 439; f) X.-X. Guo, D.-W.
Gu, Z. Wu, W. Zhang, Chem. Rev. 2015, 115, 1622; g) G. Song, X. Li, Acc.
Chem. Res. 2015, 48, 1007; h) H. Huang, X. Ji, W. Wua, H. Jiang, Chem.
Soc. Rev. 2015, 44, 1155; i) L. Ackermann, Acc. Chem. Res. 2014, 47, 281;
j) N. Kuhl, N. Schrçder, F. Glorius, Adv. Synth. Catal. 2014, 356, 1443; k) A.
Ros, R. Fernµndez, J. M. Lassaletta, Chem. Soc. Rev. 2014, 43, 3229; l) B.
Li, P. H. Dixneuf, Chem. Soc. Rev. 2013, 42, 5744; m) J. Yamaguchi, A. D.
Yamaguchi, K. Itami, Angew. Chem. Int. Ed. 2012, 51, 8960; Angew.
Chem. 2012, 124, 9092.

[2] a) C. S. Yeung, V. M. Dong, Chem. Rev. 2011, 111, 1215. For selected
recent examples: b) H.-J. Xu, Y. Lu, M. E. Farmer, H.-W. Wang, D. Zhao, Y.-
S. Kang, W.-Y. Sun, J.-Q. Yu, J. Am. Chem. Soc. 2017, 139, 2200; c) H. Dai,
C. Yu, Z. Wang, H. Yan, C. Lu, Org. Lett. 2016, 18, 3410; d) S. E. Korkis,
D. J. Burns, H. W. Lam, J. Am. Chem. Soc. 2016, 138, 12252; e) H. Jiang, J.
He, T. Liu, J.-Q. Yu, J. Am. Chem. Soc. 2016, 138, 2055; f) N. Y. P. Kumar, A.
Bechtoldt, K. Raghuvanshi, L. Ackermann, Angew. Chem. Int. Ed. 2016,
55, 6929; Angew. Chem. 2016, 128, 7043; g) S. Zhou, J. Wang, F. Zhang,
C. Song, J. Zhu, Org. Lett. 2016, 18, 2427; h) K. D. Otley, J. A. Ellman, Org.
Lett. 2015, 17, 1332; i) J. Wen, A. Wu, P. Chen, J. Zhu, Tetrahedron Lett.
2015, 56, 5282; j) X. Huang, J. Huang, C. Du, X. Zhang, F. Song, J. You,
Angew. Chem. Int. Ed. 2013, 52, 12970; Angew. Chem. 2013, 125, 13208;
k) W. Zhen, F. Wang, M. Zhao, Z. Du, X. Li, Angew. Chem. Int. Ed. 2012,
51, 11819; Angew. Chem. 2012, 124, 11989; l) L. Ackermann, L. Wang, R.
Wolfram, A. V. Lygin, Org. Lett. 2012, 14, 728; m) F. W. Patureau, T.

Besset, F. Glorius, Angew. Chem. Int. Ed. 2011, 50, 1064; Angew. Chem.
2011, 123, 1096.

[3] a) K. H. Jensen, M. S. Sigman, Org. Biomol. Chem. 2008, 6, 4083; b) R. I.
McDonald, G. Liu, S. S. Stahl, Chem. Rev. 2011, 111, 2981. For selected
examples: c) D. Kalsi, R. A. Laskar, N. Barsu, J. R. Premkumarand, B. Sun-
dararaju, Org. Lett. 2016, 18, 4198; d) F. Rekhroukh, L. Estevez, S. Mallet-
Ladeira, K. Miqueu, A. Amgouneand, D. Bourissou, J. Am. Chem. Soc.
2016, 138, 11920; e) B. Sam, T. Luong, M. J. Krische, Angew. Chem. Int.
Ed. 2015, 54, 5465; Angew. Chem. 2015, 127, 5555; f) I. T. Crouch, R. K.
Neffand, D. E. Frantz, J. Am. Chem. Soc. 2013, 135, 4970; g) F.-Q. Shi,
Org. Lett. 2011, 13, 736.

[4] a) J. Mo, L. Wang, Y. Liu, X. Cui, Synthesis 2015, 439; b) Z. Hu, X. Tong, G.
Liu, Youji Huaxue 2015, 35, 539; c) G. Song, F. Wang, X. Li, Chem. Soc.
Rev. 2012, 41, 3651. For selected examples: d) X. Wang, A. Lerchen, T.
Gensch, T. Knecht, C. G. Daniliuc, F. Glorius, Angew. Chem. Int. Ed. 2017,
56, 1381; Angew. Chem. 2017, 129, 1401; e) Z. Zhou, G. Liu, Y. Chen, X.
Lu, Org. Lett. 2015, 17, 5874; f) F. Romanov-Michailidis, K. F. Sedillo, J. M.
Neely, T. Rovis, J. Am. Chem. Soc. 2015, 137, 8892; g) J. M. Neely, T.
Rovis, J. Am. Chem. Soc. 2014, 136, 2735; h) D. Zhao, F. Lied, F. Glorius,
Chem. Sci. 2014, 5, 2869; i) Z. Shi, M. Boultadakis-Arapinis, D. C. Koester,
F. Glorius, Chem. Commun. 2014, 50, 2650; j) X. Zhang, Z. Qi, X. Li,
Angew. Chem. Int. Ed. 2014, 53, 10794; Angew. Chem. 2014, 126, 10970;
k) W. Han, G. Zhang, G. Li, H. Huang, Org. Lett. 2014, 16, 3532; l) B.
Zhou, J. Du, Y. Yang, Y. Li, Chem. Eur. J. 2014, 20, 12768; m) B. Liu, Y.
Fan, Y. Gao, C. Sun, C. Xu, J. Zhu, J. Am. Chem. Soc. 2013, 135, 468; n) B.
Liu, C. Song, C. Sun, S. Zhou, J. Zhu, J. Am. Chem. Soc. 2013, 135, 16625;
o) C. Wang, Y. Huang, Org. Lett. 2013, 15, 5294; p) J. M. Neely, T. Rovis, J.
Am. Chem. Soc. 2013, 135, 66; q) Y. Shen, G. Liu, Z. Zhou, X. Lu, Org.
Lett. 2013, 15, 3366; r) G. Liu, Y. Shen, Z. Zhou, X. Lu, Angew. Chem. Int.
Ed. 2013, 52, 6033; Angew. Chem. 2013, 125, 6149; s) D. Zhao, Z. Shi, F.
Glorius, Angew. Chem. Int. Ed. 2013, 52, 12426; Angew. Chem. 2013, 125,
12652; t) R. Zeng, S. Wu, C. Fu, S. Ma, J. Am. Chem. Soc. 2013, 135,
18284; u) T. K. Hyster, K. E. Ruhl, T. Rovis, J. Am. Chem. Soc. 2013, 135,
5364; v) Z. Shi, D. C. Koester, M. Boultadakis-Arapinis, F. Glorius, J. Am.
Chem. Soc. 2013, 135, 12204; w) S. Cui, Y. Zhang, Q. Wu, Chem. Sci.
2013, 4, 3421; x) X. Xu, Y. Liu, C.-M. Park, Angew. Chem. Int. Ed. 2012, 51,
9372; Angew. Chem. 2012, 124, 9506; y) X. Zhang, D. Chen, M. Zhao, J.
Zhao, A. Jia, X. Li, Adv. Synth. Catal. 2011, 353, 719.

[5] For selected examples of intermolecular carboaminations: a) D. Zhao, S.
Vµsquez-Cÿspedes, F. Glorius, Angew. Chem. Int. Ed. 2015, 54, 1657;
Angew. Chem. 2015, 127, 1677; b) H. Wang, F. Glorius, Angew. Chem. Int.
Ed. 2012, 51, 7318; Angew. Chem. 2012, 124, 7430; c) B. Ye, N. Cramer,
Science 2012, 338, 504; d) N. Guimond, S. I. Gorelsky, K. Fagnou, J. Am.
Chem. Soc. 2011, 133, 6449; e) S. Rakshit, C. Grohmann, T. Besset, F. Glo-
rius, J. Am. Chem. Soc. 2011, 133, 2350. For selected intramolecular car-
boaminations: f) T. A. Davis, T. K. Hyster, T. Rovis, Angew. Chem. Int. Ed.
2013, 52, 14181; Angew. Chem. 2013, 125, 14431.

[6] T. Piou, T. Rovis, Nature 2015, 527, 86.
[7] Z. Hu, X. Tong, G. Liu, Org. Lett. 2016, 18, 1702.
[8] A. Lerchen, T. Knecht, C. G. Daniliuc, F. Glorius, Angew. Chem. Int. Ed.

2016, 55, 15166; Angew. Chem. 2016, 128, 15391.
[9] A PdII-catalyzed carbooxygenation of allenes with indole-2-carboxylic

acids by oxidative CˇH functionalization was reported, see: R. R. Suresh,
K. C. K. Swamy, J. Org. Chem. 2012, 77, 6959.

[10] R. K. Quinn, V. A. Schmidt, E. J. Alexanian, Chem. Sci. 2013, 4, 4030.
[11] For selected works: a) Z. Zhang, Q. Hu, Y. Wang, J. Chen, W. Zhang, Org.

Lett. 2015, 17, 5380; b) J. Z. Zhang, Y. Li, Z. Wang, K. Ding, Angew. Chem.
Int. Ed. 2011, 50, 11743; Angew. Chem. 2011, 123, 11947; c) A. J. Min-
naard, B. L. Feringa, L. Lefort, J. G. de Vries, Acc. Chem. Res. 2007, 40,
1267; d) Y. Liu, C. A. Sandoval, Y. Yamaguchi, X. Zhang, Z. Wang, K. Kato,
K. Ding, J. Am. Chem. Soc. 2006, 128, 14212; e) Y. Liu, K. Ding, J. Am.
Chem. Soc. 2005, 127, 10488.

[12] a) K. Ghosh, R. K. Rit, E. Ramesh, A. K. Sahoo, Angew. Chem. Int. Ed. 2016,
55, 7821; Angew. Chem. 2016, 128, 7952; b) B. Ye, P. A. Donets, N.
Cramer, Angew. Chem. Int. Ed. 2014, 53, 507; Angew. Chem. 2014, 126,
517; c) S. J. O’Malley, K. L. Tan, A. Watzke, R. G. Bergman, J. A. Ellman, J.
Am. Chem. Soc. 2005, 127, 13496; d) R. M. Wilson, R. K. Thalji, R. G. Berg-
man, J. A. Ellman, Org. Lett. 2006, 8, 1745.

[13] G. Zammit, M. Erman, S. Wang-Weigand, S. Sainati, J. Zhang, T. Roth, J.
Clin. Sleep Med. 2007, 3, 495.

Chem. Eur. J. 2017, 23, 7453 – 7457 www.chemeurj.org ⌫ 2017 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim7456

Communication

https://doi.org/10.1039/C6CS00075D
https://doi.org/10.1039/C5CS00628G
https://doi.org/10.1039/C6CS00371K
https://doi.org/10.1039/C5QO00004A
https://doi.org/10.1021/cr500410y
https://doi.org/10.1021/acs.accounts.5b00077
https://doi.org/10.1021/acs.accounts.5b00077
https://doi.org/10.1039/C4CS00288A
https://doi.org/10.1039/C4CS00288A
https://doi.org/10.1021/ar3002798
https://doi.org/10.1002/adsc.201400197
https://doi.org/10.1039/c3cs60418g
https://doi.org/10.1039/c3cs60020c
https://doi.org/10.1002/anie.201201666
https://doi.org/10.1002/ange.201201666
https://doi.org/10.1002/ange.201201666
https://doi.org/10.1021/cr100280d
https://doi.org/10.1021/jacs.6b13269
https://doi.org/10.1021/acs.orglett.6b01566
https://doi.org/10.1021/jacs.6b06884
https://doi.org/10.1021/jacs.5b13462
https://doi.org/10.1002/anie.201600490
https://doi.org/10.1002/anie.201600490
https://doi.org/10.1002/ange.201600490
https://doi.org/10.1021/acs.orglett.6b00949
https://doi.org/10.1021/acs.orglett.5b00340
https://doi.org/10.1021/acs.orglett.5b00340
https://doi.org/10.1016/j.tetlet.2015.07.070
https://doi.org/10.1016/j.tetlet.2015.07.070
https://doi.org/10.1002/anie.201307174
https://doi.org/10.1002/ange.201307174
https://doi.org/10.1002/anie.201207204
https://doi.org/10.1002/anie.201207204
https://doi.org/10.1002/ange.201207204
https://doi.org/10.1021/ol203251s
https://doi.org/10.1002/anie.201006222
https://doi.org/10.1002/ange.201006222
https://doi.org/10.1002/ange.201006222
https://doi.org/10.1039/b813246a
https://doi.org/10.1021/cr100371y
https://doi.org/10.1021/acs.orglett.6b01845
https://doi.org/10.1021/jacs.6b07035
https://doi.org/10.1021/jacs.6b07035
https://doi.org/10.1002/anie.201500238
https://doi.org/10.1002/anie.201500238
https://doi.org/10.1002/ange.201500238
https://doi.org/10.1021/ja401606e
https://doi.org/10.1021/ol102974k
https://doi.org/10.1039/c2cs15281a
https://doi.org/10.1039/c2cs15281a
https://doi.org/10.1002/anie.201610117
https://doi.org/10.1002/anie.201610117
https://doi.org/10.1002/ange.201610117
https://doi.org/10.1021/acs.orglett.5b03060
https://doi.org/10.1021/jacs.5b04946
https://doi.org/10.1021/ja412444d
https://doi.org/10.1039/c4sc00628c
https://doi.org/10.1039/c4cc00029c
https://doi.org/10.1002/anie.201406747
https://doi.org/10.1002/ange.201406747
https://doi.org/10.1021/ol501483k
https://doi.org/10.1002/chem.201403973
https://doi.org/10.1021/ja3099245
https://doi.org/10.1021/ja408541c
https://doi.org/10.1021/ol402523x
https://doi.org/10.1021/ja3104389
https://doi.org/10.1021/ja3104389
https://doi.org/10.1021/ol4014188
https://doi.org/10.1021/ol4014188
https://doi.org/10.1002/anie.201300881
https://doi.org/10.1002/anie.201300881
https://doi.org/10.1002/ange.201300881
https://doi.org/10.1002/anie.201306098
https://doi.org/10.1002/ange.201306098
https://doi.org/10.1002/ange.201306098
https://doi.org/10.1021/ja409861s
https://doi.org/10.1021/ja409861s
https://doi.org/10.1021/ja402274g
https://doi.org/10.1021/ja402274g
https://doi.org/10.1021/ja406338r
https://doi.org/10.1021/ja406338r
https://doi.org/10.1039/c3sc51424b
https://doi.org/10.1039/c3sc51424b
https://doi.org/10.1002/anie.201204970
https://doi.org/10.1002/anie.201204970
https://doi.org/10.1002/ange.201204970
https://doi.org/10.1002/adsc.201000887
https://doi.org/10.1002/anie.201410342
https://doi.org/10.1002/ange.201410342
https://doi.org/10.1002/anie.201201273
https://doi.org/10.1002/anie.201201273
https://doi.org/10.1002/ange.201201273
https://doi.org/10.1126/science.1226938
https://doi.org/10.1021/ja201143v
https://doi.org/10.1021/ja201143v
https://doi.org/10.1021/ja109676d
https://doi.org/10.1002/anie.201307631
https://doi.org/10.1002/anie.201307631
https://doi.org/10.1002/ange.201307631
https://doi.org/10.1038/nature15691
https://doi.org/10.1021/acs.orglett.6b00616
https://doi.org/10.1002/anie.201608729
https://doi.org/10.1002/anie.201608729
https://doi.org/10.1002/ange.201608729
https://doi.org/10.1021/jo301149s
https://doi.org/10.1039/c3sc51466h
https://doi.org/10.1021/acs.orglett.5b02733
https://doi.org/10.1021/acs.orglett.5b02733
https://doi.org/10.1002/anie.201104912
https://doi.org/10.1002/anie.201104912
https://doi.org/10.1002/ange.201104912
https://doi.org/10.1021/ar7001107
https://doi.org/10.1021/ar7001107
https://doi.org/10.1021/ja063350f
https://doi.org/10.1021/ja052749l
https://doi.org/10.1021/ja052749l
https://doi.org/10.1002/anie.201600649
https://doi.org/10.1002/anie.201600649
https://doi.org/10.1002/ange.201600649
https://doi.org/10.1002/anie.201309207
https://doi.org/10.1002/ange.201309207
https://doi.org/10.1002/ange.201309207
https://doi.org/10.1021/ja052680h
https://doi.org/10.1021/ja052680h
https://doi.org/10.1021/ol060485h
http://www.chemeurj.org


[14] For the RhIII-RhI-RhIII catalytic cycle, a RhIII-interemediate D’ is formed,
which leads to either mixed products or a single product featuring the
amide group derived from N-aryloxyamides. For details, see the Sup-
porting Information.

[15] Y.-F. Yang, K. N. Houk, Y.-D. Wu, J. Am. Chem. Soc. 2016, 138, 6861.

Manuscript received: April 17, 2017

Accepted manuscript online: April 25, 2017

Version of record online: May 17, 2017

Chem. Eur. J. 2017, 23, 7453 – 7457 www.chemeurj.org ⌫ 2017 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim7457

Communication

https://doi.org/10.1021/jacs.6b03424
http://www.chemeurj.org

