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ABSTRACT: Herein we report the additive-controlled divergent synthesis of tetrasubstituted 1,3-enynes and alkynylated 3H-

pyrrolo[1,2-a]indol-3-ones through rhodium-catalyzed C–H alkenylation/DG migration and [3+2] annulation, respectively. This 

protocol features rare directing group migration in 1,3-diyne-involved C–H activation, excellent regio- and stereoselectivity, excel-

lent monofunctionalization over difunctionalization, broad substrate scope, moderate to high yields, good functional group 

compatibility and mild redox-neutral conditions. 

Transition-metal-catalyzed C–H functionalization with vari-

ous coupling partners assisted by directing groups (DGs) has 

contributed significantly to the synthesis of numerous valuable 

molecules in recent decades.1 Among them, alkynes, as a ver-

satile coupling partner, have been broadly used in C–H activa-

tion such as C–H alkenylation and C–H annulation for prepar-

ing alkenes and hetero-/carbocyclic compounds, respectively.2-

4 By contrast, 1,3-diynes which contain two adjacent alkyne 

moieties were less explored in the field of C–H functionaliza-

tion, mainly because of the encompassing challenges of 

achieving high chemo-, regio- and stereoselectivity in the step 

of the migratory insertion of the organometallic species into 

1,3-diynes, as well as the selectivity between mono- and di-

functionalization of the two carbon–carbon triple bonds.5 Nev-

ertheless, several research groups have made their efforts in 

C–H functionalization with 1,3-diynes, and the reported reac-

tions could be mainly divided into two categories. (a) C–H 

alkenylation for synthesizing 1,3-enynes: only few examples 

employing a pyridyl, pyrimidyl or amide substituent as the DG 

were reported, however, only trisubstituted rather than 

tetrasubstituted 1,3-enynes were obtained (Scheme 1a).6 (b) 

C–H annulation for the assembly of alkynylated heterocycles 

which could undergo a second annulation at the alkyne moiety: 

only a handful of examples using an amide, 8-aminoquinoline, 

oxime, thiocarbamate, hydrazide, 1,2,4-oxadiazolone, 2H-

imidazole or 2-aminopyridine group as the DG were disclosed 

(Scheme 1b).5,7 Despite the remarkable achievements made, 

however, it should be noted the DGs only display as auxiliary 

groups which help to improve site selectivity and reactivity in 

the abovementioned two types of reactions, and stay still at the 

original position (or detach in individual cases) when the  

Scheme 1. C–H functionalization with 1,3-diynes. 

 

reactions finish. Apparently, it is quite appealing but also chal-

lenging to realize the further use of the DGs like intramolecu-

lar transfer in 1,3-diyne-involved C–H activation, making DGs 

as functional reagents and the construction of an extra carbon–

carbon/heteroatom bond possible. Recently, C–H functionali-

zation involving DG migration via Co,8 Rh,9 Mn10, Ru11 and 

Ir12 catalysis provides a unique strategy to generate multiple 



 

C–X (X = C, N, O) bonds, while this type of reactions still 

remain limited over the past decade. To the best of our 

knowledge, there is no precedent involving DG migration in 

the reported C–H functionalization with 1,3-diynes to date. 

Based on our experience in functional group migration13 and 

rhodium(III)-catalyzed C–H activation,9i,14 and inspired by the 

recent DG transfer strategy,8-12 we herein disclose a C–H 

alkenylation/DG migration cascade between indoles and 1,3-

diynes for the synthesis of more challenging tetrasubstituted 

1,3-enynes with the catalytic system of [Cp*RhCl2]2/NaOAc 

(Scheme 1c). Unexpectedly, when CsOAc is used instead of 

NaOAc as the additive, the initial C–H alkenylation/DG mi-

gration products undergo an intramolecular cyclization in situ 

to give the [3+2] annulation products, namely C2-alkynylated 

3H-pyrrolo[1,2-a]indol-3-ones. Despite the elegant synthesis 

of 3H-pyrrolo[1,2-a]indol-3-ones via Co15 and Ru14b catalysis, 

this work presents an unprecedented example of rhodium-

catalyzed synthesis of C2-alkynylated 3H-pyrrolo[1,2-a]indol-

3-ones. In this paper, the carbamoyl directing group16 works as 

an internal acylation reagent that migrates onto the alkene unit 

of the products after the step of C–H alkenylation. In view of 

the large occurrence of the 1,3-enyne and 3H-pyrrolo[1,2-

a]indol-3-one motifs in bioactive compounds (Figure S1),17 

our method is quite attractive as it presents an additive-

controlled divergent synthesis of the challenging tetrasubsti-

tuted 1,3-enynes and alkynylated 3H-pyrrolo[1,2-a]indol-3-

ones via rhodium catalysis. 

Model substrates indole 1aa and deca-4,6-diyne 2aa were 

used to optimize the reaction parameters including catalysts, 

additives and solvents (Table 1). Initially, substrates 1aa and 

2aa were treated with a series of metal catalysts in 1,4-dioxane 

at 40 oC for 4 h employing NaOAc as the additive (entries 1-7). 

Pleasingly, [Cp*RhCl2]2 was found to be able to catalyze the 

C–H alkenylation/DG migration cascade highly regio- and 

stereoselectively (entry 7), delivering the cis-adduct 3aa with 

the indole moiety exclusively located at the less hindered posi-

tion as the only isomer in a high yield (85%). Subsequent sol-

vent screening showed that 1,4-dioxane is the optimal (entries 

8-13). But interestingly, a trace amount of [3+2] annulation 

product 4aa was observed in THF, acetone, CH3CN and EtOH. 

Next, various additives were investigated (entries 14-18). 

KOAc, Zn(OAc)2, Na2CO3 and K2CO3 could also display as 

the additive (entries 15-18), with which the desired C–H 

alkenylation/DG migration product 3aa was obtained in 30-84% 

yields. Surprisingly, when CsOAc was employed as the addi-

tive (entry 14), the [3+2] annulation product 4aa instead of the 

C–H alkenylation/DG migration product 3aa was selectively 

afforded as the only product in a highly regioselective manner 

with 78% yield. Acid additives, such as CH3CO2H, CF3CO2H 

and pivalic acid, were proved to be ineffective but with the 

recovery of the starting materials (entries 1-3, Table S1). Be-

sides, a further reduction in the amount of the catalyst or addi-

tive resulted in incomplete consumption of the starting materi-

als, thus leading to lower yields of products 3aa or 4aa  

Table 1. Optimization of the reaction conditionsa 

 

Entry Catalyst Additive Solvent Yield of 3aa (%)b Yield of 4aa (%)b 

1 MnBr(CO)5 NaOAc 1,4-dioxane 0 0 

2 [Cp*IrCl2]2 NaOAc 1,4-dioxane trace 0 

3 [RuCl2(p-cym)]2 NaOAc 1,4-dioxane <5 0 

4 CoCp2*PF6 NaOAc 1,4-dioxane 0 0 

5 Pd(OAc)2 NaOAc 1,4-dioxane 0 0 

6 Ni(OTf)2 NaOAc 1,4-dioxane 0 0 

7 [Cp*RhCl2]2 NaOAc 1,4-dioxane 85 0 

8 [Cp*RhCl2]2 NaOAc Toluene 60 0 

9 [Cp*RhCl2]2 NaOAc DCE 56 0 

10 [Cp*RhCl2]2 NaOAc THF 75 trace 

11 [Cp*RhCl2]2 NaOAc Acetone 72 <5 

12 [Cp*RhCl2]2 NaOAc CH3CN 60 <5 

13 [Cp*RhCl2]2 NaOAc EtOH 69 trace 

14 [Cp*RhCl2]2 CsOAc 1,4-dioxane trace 78 

15 [Cp*RhCl2]2 KOAc 1,4-dioxane 63 8 

16 [Cp*RhCl2]2 Zn(OAc)2 1,4-dioxane 84 trace 

17 [Cp*RhCl2]2 Na2CO3 1,4-dioxane 42 trace 

18 [Cp*RhCl2]2 K2CO3 1,4-dioxane 30 6 

19 - NaOAc/CsOAc 1,4-dioxane 0/0 0/0 

20 [Cp*RhCl2]2 - 1,4-dioxane 0 0 

aReaction conditions: 1aa (0.25 mmol), 2aa (0.275 mmol), catalyst (5 mol%), additive (0.25 mmol), solvent (4.0 mL), 40 oC, 4 h. 
bIsolated yields.  



 

(entries 4-7, Table S1). At last, blank experiments were con-

ducted (entries 19 and 20). The results showed no formation of 

product 3aa or 4aa was observed with single catalyst or  

Scheme 2. Substrate scope of the Rh(III)-catalyzed C–H 

alkenylation/DG migration. a,b 

 
aReaction conditions: 1 (0.25 mmol), 2 (0.275 mmol), 

[Cp*RhCl2]2 (5 mol%), NaOAc (0.25 mmol), 1,4-dioxane (4.0 

mL), 40 oC, 4 h. bIsolated yields. c[Cp*RhCl2]2 (10 mol%) and 

NaOAc (0.5 mmol) were used. dThe annulation product 4am 

was obtained in 15% yield. eThe annulation product 4an was 

obtained in 10% yield. fThe annulation product 4ap was ob-

tained in 7% yield. 

additive but with the materials untouched. Notably, no further 

functionalization of the alkyne moiety in 3aa or 4aa was ob-

served during condition optimization, thus an excellent mono-

functionalization over difunctionalization was achieved. This 

may be because the steric hindrance of the tetrasubstituted 

alkene unit in 3aa or 4aa prevents the alkyne moiety from the 

second functionalization. In this way, Rh(III)-catalyzed addi-

tive-controlled divergent synthesis of 3aa and 4aa through C–

H alkenylation/DG migration and [3+2] annulation, respec-

tively, was realized in excellent regio- and stereoselectivity, 

and monofunctionalization selectivity. 

Subsequently, the general applicability of Rh(III)-catalyzed 

C–H alkenylation/DG migration was checked (Scheme 2). 

Overall, a variety of indoles possessing diverse substituents at 

R1, R2, R3 and 1,3-diynes carrying various substituents at R4, 

R5 were well tolerated to construct the 1,3-enynes 3 in moder-

ate to high yields and excellent regio- and stereoselectivity. At 

first, the scope of indoles was explored with 2aa as the model 

coupling partner. For example, halogen-substituted indoles 

reacted well to yield the 1,3-enynes 3ab-3al in 76-88% yields. 

The addition of electron-donating group substituted indoles to 

2aa happened successfully to deliver products 3am-3au in 50-

88% yields. The reactions of indoles substituted with electron-

withdrawing groups went smoothly to produce adducts 3av-

3aw in 77-80% yields. Indoles having functional groups at C3 

position could also add to 2aa to provide products 3ax-3ay, 

albeit with lower yields (47-68%). This result is justified by 

the steric hindrance caused by the C3 substituents. To our 

delight, the introduction of different alkyl groups at R3 posi-

tion of the indole was allowed, and products 3az-3bc were 

prepared in 51-95% yields. In addition, pyrrole substrates were 

also tolerated, affording products 3bd-3be in 58-59% yields. 

Then, the scope of 1,3-diynes was investigated with 1aa as the 

reaction partner. For instance, the reactions of symmetrical 

1,3-diynes bearing various alkyl groups underwent smoothly 

to prepare products 3bf-3bh in 72-87% yields. Likewise, this 

process could also be applicable to symmetrical 1,3-diynes 

having various aryl groups, which interacted with 1aa to as-

semble products 3bi-3bm in 24-51% yields. Representative 

unsymmetrical 1,3-diynes were also tolerated, affording the 

desired products 3bn-3bp in 24-74% yields with the indole 

moiety dominantly located at the less hindered carbon of the 

alkyne units. Notably, all the indicated products listed in 

Scheme 2 were obtained as single isomers, confirming the 

exclusive regio- and stereoselectivity of this Rh(III)-catalyzed 

C–H alkenylation/DG migration. 

Next, the scope of Rh(III)-catalyzed [3+2] annulation was 

examined (Scheme 3). In general, a diversity of indoles substi-

tuted at R1, R2 and 1,3-diynes carrying various substituents at 

R3, R4 were suitable substrates, and the desired 3H-

pyrrolo[1,2-a]indol-3-ones 4 were synthesized with moderate 

to high yields and excellent regioselectivity. For example, 

halogenated indoles reacted well with 2aa to furnish products 

4ab-4ah in 56-76% yields. The [3+2] annulation reactions of 

electron-rich or electron-deficient indoles with 2aa underwent 

uneventfully to give products 4ai-4an in 53-70% yields. The 

reactions of indoles bearing substituents at C3 position with 

2aa worked to provide products 4ao-4ap in 37-71% yields, 

although harsher reaction conditions were required. With re-

spect to the scope of 1,3-diynes, alkyl substituted symmetrical 

1,3-diynes were converted into the desired products 4aq-4as 

in 55-81% yields. Similarly, this annulation process was also 

compatible with symmetrical 1,3-diynes carrying aryl groups,  



 

Scheme 3. Substrate scope of Rh(III)-catalyzed [3+2] annula-

tion. a,b 

 
aReaction conditions: 1 (0.25 mmol), 2 (0.275 mmol), 

[Cp*RhCl2]2 (5 mol%), CsOAc (0.25 mmol), 1,4-dioxane (4.0 

mL), 40 oC, 4 h. bIsolated yields. 

which reacted successfully to assemble products 4at-4av in 

40-60% yields. Representative unsymmetrical 1,3-diynes such 

as octa-1,3-diyn-1-ylbenzene could be converted into the de-

sired product 4aw in 87% yield, while the reaction of 5-

phenylpenta-2,4-diyn-1-yl acetate gave a complex mixture. To 

our delight, pyrrole substrates could also undergo this [3+2] 

annulation, albeit with moderate yields of the desired products 

4ay-4az. Impressively, all the indicated products listed in 

Scheme 3 were obtained as single regioisomers, demonstrating 

the excellent regioselectivity of this Rh(III)-catalyzed [3+2] 

annulation. 

To further prove the synthetic utility of the methodology, 

the Rh(III)-catalyzed C–H alkenylation/DG migration between 

1aa and 2aa was carried out at gram scale (Scheme S1a). The 

result shows the reaction could be easily scaled up with a high 

yield (81%). Additionally, a study on various directing groups 

disclosed the substituents on the amide nitrogen had a crucial 

impact on the reaction results, and the free hydrogen and 

alkoxy groups like MeO are both indispensable (Scheme S1b). 

In addition, a deuterium incorporation experiment was per-

formed by treating 1aa in CD3OD under standard conditions, 

and the result shows that 80%, 42% and 44% deuteration was 

observed at C2, C3, C7 position of 1aa, respectively (Scheme 

4a). This suggests the C−H bond cleavage is reversible. The 

results of KIE experiments suggested that the step of C−H 

bond cleavage could not be rate-limiting (Scheme 4b). Be-

sides, we speculated that the stronger alkalinity of CsOAc than 

that of NaOAc could be responsible for the final cyclization of 

the C–H alkenylation/DG migration products 3 to give the 

[3+2] annulation products 4. Therefore, control experiments 

were carried out with 3aa (Table S2). Expectedly, treatment of 

3aa with CsOAc (20 mol%) in 1,4-dioxane at 40 oC for 19 h 

produced the desired product 4aa with 94% yield. 

Scheme 4. Mechanistic studies. 

 

On the basis of mechanistic study and previous reports,8b,15 a 

possible reaction mechanism was proposed (Scheme 5). Ini-

tially, directing group assisted C−H activation of 1aa with the 

active rhodium complex gives the rhodacycle A. Next, inter-

mediate B is formed by regioselective coordination and migra-

tory insertion of 1,3-diynes into the Rh–C bond of intermedi-

ate A. Intermediate B then undergoes an intramolecular nucle-

ophilic addition to give intermediate C. C−N bond cleavage 

and following protodemetalation of intermediate C afford 1,3-

enynes 3 and regenerate the active rhodium catalyst. When 

CsOAc is used as the additive, compounds 3 undergo a further 

cyclization to give pyrrolo[1,2-a]indoles 4 under the catalysis 

of CsOAc (Scheme S2). 

Scheme 5. Proposed reaction mechanism. 

 



 

In conclusion, we have developed an additive-controlled di-

vergent synthesis of tetrasubstituted 1,3-enynes and alkynylat-

ed 3H-pyrrolo[1,2-a]indol-3-ones via rhodium-catalyzed C–H 

alkenylation/DG migration and [3+2] annulation, respectively. 

Our protocol features rare directing group migration in 1,3-

diyne-involved C–H functionalization, excellent regio- and 

stereoselectivity, excellent monofunctionalization over difunc-

tionalization, broad substrate scope, good tolerance of 

functional groups, moderate to high yields and mild redox-

neutral conditions, thus affording an efficient approach for the 

assembly of the challenging tetrasubstituted 1,3-enyne and 

alkynylated 3H-pyrrolo[1,2-a]indol-3-one scaffolds. Bioactivi-

ty studies of the indole-containing compounds are undergoing 

in our laboratory, and we anticipate these molecules embedded 

with privileged 1,3-enyne or 3H-pyrrolo[1,2-a]indol-3-one 

motif will find their pharmaceutical applications. 
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Mascareñas, J. L. Angew. Chem. Int. Ed. 2016, 55, 11000–11019. (p) 

Minami, Y.; Hiyama, T. Tetrahedron Lett. 2018, 59, 781–788. (q) 

Duarah, G.; Kaishap, P. P.; Begum, T.; Gogoi, S. Adv. Synth. Catal. 

2019, 361, 654–672. 

(3). For selected examples on C–H alkenylation with alkynes, see: 

(a) Nakao, Y.; Kanyiva, K. S.; Oda, S.; Hiyama, T. J. Am. Chem. Soc. 

2006, 128, 8146–8147. (b) Gao, K.; Lee, P. S.; Fujita, T.; Yoshikai, N. 

J. Am. Chem. Soc. 2010, 132, 12249–12251. (c) Schipper, D. J.; 

Hutchinson, M.; Fagnou, K. J. Am. Chem. Soc. 2010, 132, 6910–6911. 

(d) Ding, Z.; Yoshikai, N. Angew. Chem. Int. Ed. 2012, 51, 4698–

4701. (e) Hashimoto, Y.; Hirano, K.; Satoh, T.; Kakiuchi, F.; Miura, 

M. Org. Lett. 2012, 14, 2058–2061. (f) Castaing, M.; Wason, S. L.; 

Estepa, B.; Hooper, J. F.; Willis, M. C. Angew. Chem. Int. Ed. 2013, 

52, 13280–13283. (g) Zhou, B.; Chen, H.; Wang, C. J. Am. Chem. Soc. 

2013, 135, 1264–1267. (h) Reddy, M. C.; Jeganmohan, M. Chem. 

Commun. 2013, 49, 481–483. (i) Sharma, S.; Han, S.; Shin, Y.; Mish-

ra, N. K.; Oh, H.; Park, J.; Kwak, J. H.; Shin, B. S.; Jung, Y. H.; Kim, 

I. S. Tetrahedron Lett. 2014, 55, 3104–3107. (j) Liang, L.; Fu, S.; Lin, 

D.; Zhang, X.-Q.; Deng, Y., Jiang, H.; Zeng, W. J. Org. Chem. 2014, 

79, 9472–9480. (k) Padala, K.; Jeganmohan, M. Chem. Commun. 

2014, 50, 14573–14576. (l) Shi, L.; Zhong, X.; She, H.; Lei, Z.; Li, F. 

Chem. Commun. 2015, 51, 7136–7139. (m) Zhang, W.; Wei, J.; Fu, S.; 

Lin, D.; Jiang, H.; Zeng, W. Org. Lett. 2015, 17, 1349–1352. (n) 

Tanaka, R.; Ikemoto, H.; Kanai, M.; Yoshino, T.; Matsunaga, S. Org. 

Lett. 2016, 18, 5732–5735. (o) Wang, S.; Hou, J.-T.; Feng, M.-L.; 

Zhang, X.-Z.; Chen, S.-Y.; Yu, X.-Q. Chem. Commun. 2016, 52, 

2709–2712. (p) Huang, L.; Biafora, A.; Zhang, G.; Bragoni, V.; 

Gooßen, L. J. Angew. Chem. Int. Ed. 2016, 55, 6933–6937. (q) Zhang, 

J.; Shrestha, R.; Hartwig, J. F.; Zhao, P. Nat. Chem. 2016, 8, 1144–

1151. (r) Zhou, X.; Luo, Y.; Kong, L.; Xu, Y.; Zheng, G.; Lan, Y.; Li, 

X. ACS Catal. 2017, 7, 7296–7304. (s) Petrini, M. Chem. Eur. J. 2017, 

23, 16115−16151. (t) Liu, B.; Li, J.; Hu, P.; Zhou, X.; Bai, D.; Li, X. 

ACS Catal. 2018, 8, 9463–9470. (u) Fei, X.; Li, C.; Yu, X.; Liu, H. J. 

Org. Chem. 2019, 84, 6840−6850. (v) Li, T.; Wang, Z.; Chen, C.; Zhu, 

B. Adv. Synth. Catal. 2019, 361, 2855–2863. (w) Kona, C. N.; Nishii, 

Y.; Miura, M. Angew. Chem. Int. Ed. 2019, 58, 9856 –9860. 



 

(4). For selected examples on C–H annulation with alkynes, see: (a) 

Umeda, N.; Tsurugi, H.; Satoh, T.; Miura, M. Angew. Chem. Int. Ed. 

2008, 47, 4019−4022. (b) Guimond, N.; Gouliaras, C.; Fagnou, K. J. 

Am. Chem. Soc. 2010, 132, 6908−6909. (c) Hyster, T. K.; Rovis, T. J. 

Am. Chem. Soc. 2010, 132, 10565−10569. (d) Shi, Z.; Tang, C.; Jiao, 

N. Adv. Synth. Catal. 2012, 354, 2695−2700. (e) Zhang, G.; Yang, L.; 

Wang, Y.; Xie, Y.; Huang, H. J. Am. Chem. Soc. 2013, 135, 

8850−8853. (f) Wang, C.; Sun, H.; Fang, Y.; Huang, Y. Angew. Chem. 

Int. Ed. 2013, 52, 5795−5798. (g) Liu, B.; Song, C.; Sun, C.; Zhou, S.; 

Zhu, J. J. Am. Chem. Soc. 2013, 135, 16625−16631. (h) Zheng, J.; 

You, S.-L. Chem. Commun. 2014, 50, 8204− 8207. (i) Li, S.; Wang, 

C.; Lin, H.; Zhang, X.; Dong, L. Org. Lett. 2015, 17, 3018−3021. (j) 

Warratz, S.; Kornhaaβ, C.; Cajaraville, A.; Niepötter, B.; Stalke, D.; 

Ackermann, L. Angew. Chem. Int. Ed. 2015, 54, 5513−5517. (k) 

Ghorai, D.; Dutta, C.; Choudhury, J. ACS Catal. 2016, 6, 709−713. (l) 

Prakash, S.; Muralirajan, K.; Cheng, C.-H. Angew. Chem. Int. Ed. 

2016, 55, 1844−1848. (m) Li, X.; Yang, X.; Qi, Z. ACS Catal. 2016, 6, 

6372−6376. (n) Li, Y.; Qi, Z.; Wang, H.; Yang, X.; Li, X. Angew. 

Chem. Int. Ed. 2016, 55, 11877−11881. (o) Li, B.; Xu, H.; Wang, H.; 

Wang, B. ACS Catal. 2016, 6, 3856−3862. (p) Wang, L.; Yu, Y.; 

Yang, M.; Kuai, C.; Cai, D.; Yu, J.; Cui, X. Adv. Synth. Catal. 2017, 

359, 3818−3825. (q) Li, J.; Yang, Y.; Wang, Z.; Feng, B.; You, J. Org. 

Lett. 2017, 19, 3083−3086. (r) Wang, C.-Q.; Ye, L.; Feng, C.; Loh, 

T.-P. J. Am. Chem. Soc. 2017, 139, 1762−1765. (s) Qiu, Y.; Tian, C.; 

Massignan, L.; Rogge, T.; Ackermann, L. Angew. Chem. Int. Ed. 

2018, 57, 5818−5822. (t) Xu, X.; Zhao, H.; Xu, J.; Chen, C.; Pan, Y.; 

Luo, Z.; Zhang, Z.; Li, H.; Xu, L. Org. Lett. 2018, 20, 3843−3847. (u) 

Gong, W.; Zhou, Z.; Shi, J.; Wu, B.; Huang, B.; Yi, W. Org. 

Lett. 2018, 20, 182–185. (v) Lu, H.; Fan, Z.; Xiong, C.; Zhang, A. 

Org. Lett. 2018, 20, 3065–3069. (w) Liu, G.; Kuang, G.; Zhang, X.; 

Lu, N.; Fu, Y.; Peng, Y.; Zhou, Y. Org. Lett. 2019, 21, 3043−3047. (x) 

Wu, M.; Wang, R.; Chen, F.; Chen, W.; Zhou, Z.; Yi, W. Org. Lett. 

2020, 22, 7152–7157. 

(5). Yu, D.-G.; de Azambuja, F.; Gensch, T.; Daniliuc, C. G.; Glo-

rius, F. Angew. Chem. Int. Ed. 2014, 53, 9650−9654. 

(6). (a) Shibata, Y.; Otake, Y.; Hirano, M.; Tanaka, K. Org. Lett. 

2009, 11, 689–692. (b) Liang, L.; Fu, S.; Lin, D.; Zhang, X.-Q.; Deng, 

Y.; Jiang, H.; Zeng, W. J. Org. Chem. 2014, 79, 9472−9480. (c) 

Chang, Y.-C.; Prakash, S.; Cheng, C.-H. Org. Chem. Front. 2019, 6, 

432–436. (d) Cembellín, S.; Dalton, T.; Pinkert, T.; Schäfers, F.; Glo-
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