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ABSTRACT: A photoinduced pericyclic cascade reaction has
been developed to afford oxabicyclo[4.2.0]octenes. Mechanistic
studies show that this reaction undergoes [2 + 2]-photo-
cycloaddition, base-promoted elimination, retro-4π-electrocycliza-
tion, [1,5]-H shift, and 4π-electrocyclization procedures. This
reaction features wide substrate scope, good functional group
tolerance, and excellent diastereoselectivity.

Pericyclic cascade reactions have a wide range of
applications in the synthesis of natural products and

biological molecules.1 For example, the tandem cyclization
strategy comprised of pericyclic reactions was adopted in the
syntheses of hirsutellone,2 artochamins,3 pleocarpenone,4

valparicine,5 parvineostemonine,6 and daphnilactone7 (Figure
1), reducing the synthesis steps. Pericyclic reactions mainly

include electrocyclic reactions, cycloadditions, and sigmatropic
rearrangements. The combination of these protocols will create
valuable cascade reactions that allow the formation of complex
molecules with simple steps.8

Over the past decade, a variety of photoreactions have been
reported due to the rapid development of visible light

photocatalysis.9 A large number of inorganic and organic
catalysts were widely employed in different photocatalytic
reactions, featuring either an electron-transfer or an energy-
transfer mechanism.10 [2 + 2]-Photocycloaddition is a
powerful tool that engenders the construction of four-
membered rings with high atom economy.11 Owing to the
high ring strain, the four-membered rings are prone to undergo
ring-opening reactions under proper reaction conditions.12

The product or intermediate obtained by the ring-opening
process can be further employed in subsequent trans-
formations to acquire more complex and valuable structures.
Therefore, [2 + 2]-photocycloaddition and its subsequent ring-
opening reaction are expected to be important steps in
pericyclic cascade reactions.13 Numerous cascade reactions
consisting of [2 + 2]-photocycloaddition and ring-opening
have been reported. Bach et al. reported a UV light-induced
cascade reaction in the total synthesis of sesquitpenes, wherein
the ring-opening of four-membered cyclobutane is the key step
(Scheme 1a).14 Glorius developed a visible light-promoted
cascade reaction for the synthesis of benzocyclobutenes. [2 +
2]-Photocycloaddition and vinyl cyclobutane rearrangement
were reported to be key steps (Scheme 1b).15 Clearly, the
unique features of [2 + 2]-photocycloadditions and subsequent
ring-opening reaction have made them versatile protocols in
organic synthesis. Developing tandem reactions on the ground
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Figure 1. Natural products and biological molecules synthesized by
pericyclic cascade reactions.
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of these transformations is rewarding. Recently, we reported a
cascade reaction that undergoes [2 + 2]-photocycloaddition,
hydrogen halide elimination, and retro-4π-electrocyclization to
construct seven-or eight-membered rings under visible light
catalysis (Scheme 1c).16 In the investigation of the
construction of the eight-membered ring, a rearrangement
product with an oxabicyclo[4.2.0]octene skeleton was found
after extended reaction time. We deduced that the reaction
undergoes a more complicated process, and the eight-
membered ring compound is a key intermediate in the further
transformation. Herein, a visible light-induced pericyclic
cascade reaction is introduced (Scheme 1d), which provides
a new way for the construction of polycyclic compounds with
oxabicyclo[4.2.0]octene skeletons.
Our previous study showed that irradiation of (E)-4-(((4-

bromo-3-methylbut-3-en-1-yl)oxy)methyl)-1-methylquinolin-
2(1H)-one (1a) in the present of 5 mol % of thioxanthone and
1.2 equiv of MeONa in acetonitrile within 4 h afforded 2a in
an 89% isolated yield (entry 1, Table 1). Upon further
investigation, we discovered that 2a could be converted into an
oxabicyclo[4.2.0]octene 3a slowly by extending the reaction
time (entry 2, Table 1). With this observation, we turned to
study the direct transformation from 1a to 3a. When the
amount of MeONa was increased, the efficiency of the reaction
was significantly improved, and 3a was obtained in a 71%
NMR yield (entry 3, Table 1). The reaction in dichloro-
methane or n-hexane gave 3a in a lower yield (entries 4 and 5,
Table 1). To improve the yield of 3a, the reaction was further
conducted using different bases, including KOH, Cs2CO3,
MeOK, and tBuONa (entries 6−9, Table 1). The results
showed that tBuONa exhibits the highest efficiency, affording
3a in an 88% NMR yield (entry 9, Table 1). Further
investigation showed that 1 equiv of tBuONa is sufficient
(entries 10 and 11, Table 1). Decreasing the catalyst loading to
5 mol % resulted in a negative impact on the efficiency of this
transformation (entry 12, Table 1). Control experiments
without light or thioxanthone led to no conversion, and >95%
of the starting material was recovered in both cases, indicating
that light and thioxanthone were essential (entries 13 and 14,
Table 1). Reaction in the absence of base turned out to be
complicated, and 3a could not be detected (entry 15, Table 1).

Therefore, violet LEDs, 10 mol % of thioxanthone, 1 equiv of
tBuONa, acetonitrile, and room temperature were chosen as
the standard conditions for this pericyclic cascade reaction.
With the standard reaction conditions in hand, we explored

the substrate scope of this pericyclic cascade reaction (Table
2). The reactivity of various N-substituted reactants was tested
at first. Methyl and n-butyl N-substituents were found to be
highly efficient, affording 3a and 3b in good yields. Allyl and
propargyl moieties that were potentially reactive in [2 + 2]-
photocycloaddition were also tolerated, yielding the corre-
sponding products 3c and 3d in 85 and 79% yield, respectively.
The N-benzyl group did not retard the reaction efficiency,
delivering 3e in an 82% yield. Then, the tolerance of the
functional groups was examined. Substrate with 4-methox-
ybenzyl showed good reactivity and gave 3f in an 89% yield. 4-
Methylbenzyl or 4-phenylbenzyl decorated reactants efficiently
participated in the cascade reaction, leading to 3g and 3h in 84
and 87% yield, respectively. 4-Bromobenzyl was also tolerated,
giving 3i in an 81% yield. Notably, 4-methoxycarbonylbenzyl,
4-cyanobenzyl, and 4-trifluoromethylbenzyl were also compat-
ible under the reaction conditions and formed the correspond-
ing products 3j−3l in moderate to good yields. To further
expand the scope at R1, a substrate with perfluorobenzyl was
applied, and 3m was obtained in 89% yield. Reactants
containing other R1 substitution, like 2-naphthylmethyl, also
worked well, affording the corresponding product 3n in a good
yield. Then, the scope of R2 was studied. Substrates with strong

Scheme 1. Pericyclic Cascade Reactions Comprised of [2 +
2]-Photocycloaddition

Table 1. Optimization of Reaction Conditions for the
Pericyclic Cascade Reactiona

entry base (equiv) solvent yield of 3ab (%)

1c MeONa (1.2) CH3CN 0 (89)d

2 MeONa (1.2) CH3CN 10e

3 MeONa (4) CH3CN 71e

4 MeONa (4) CH2Cl2 13e

5 MeONa (4) hexane 18e

6 KOH (4) CH3CN 5e

7 Cs2CO3(4) CH3CN 15e

8 MeOK (4) CH3CN 25e

9 tBuONa (4) CH3CN 88

10 tBuONa (2) CH3CN 87

11 tBuONa (1) CH3CN 87 (85)f

12g tBuONa (1) CH3CN 17e

13h tBuONa (1) CH3CN NR

14i tBuONa (1) CH3CN NR

15 − CH3CN 0
aA solution of 1a (0.1 mmol), thioxanthone (10 mol %), and base in
anhydrous solvent (10 mL) was irradiated by 30 W violet LEDs
(410−420 nm) at rt under argon atmosphere for 12 h. bYields were
determined by 1H NMR analysis of the crude reaction mixture using
CH2Br2 (0.1 mmol) as internal standard. cA solution of 1a (0.1
mmol), thioxanthone (5 mol %), and NaOMe (0.12 mmol) in
anhydrous MeCN (10 mL) was irradiated by 5 W violet LEDs (390−
410 nm) at rt under argon atmosphere for 4 h. dYield of 2a, ref 16.
eSome unidentified byproducts were formed. fIsolated yield of 3a. g5
mol % of thioxanthone was applied. hThe reaction was carried out
under exclusion of light. iNo thioxanthone was applied.
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electron-donating groups (EDG), such as methoxy, were tried
and gave 3o in a 72% yield. Weak EDG, such as methyl,
installed on R2 was also tolerated, and 3p was obtained in good
yield. Halogenated compounds were acquired in moderate to
good yields. The substrate with hydrogen on the nitrogen (1t)
was also tested but turned out to be complicated. Notably, the
leaving group (vide inf ra) was not limited to bromo, as
chlorine and iodine proved also to be feasible, affording the
desired products in 86 and 80% yield, respectively. The
practical utility of the method was illustrated by conducting a
gram-scale experiment of 1a, affording 3a in a 79% isolated
yield. The structure of 3 was confirmed by X-ray crystal
structure analysis of 3e, providing solid evidence for the
diastereoselectivity of the three stereocenters.
Control experiments were performed to explore the reaction

mechanism (Scheme 2). Subjecting 1a to condition A for 2 h
yielded 38% of the [2 + 2]-photocycloaddition product 4a
(A1, Scheme 2), whose structure was determined by X-ray
single-crystal diffraction analysis. Further application of 4a to
condition B for 10 h gave 82% of 3a (B, Scheme 2). These two
steps demonstrated that the [2 + 2]-photocycloaddition
product 4a was the key intermediate of the cascade reaction.
Next, application of 4a to condition C resulted in cyclobutene
product 5a (C, Scheme 2). It has been found that irradiating
5a under condition A for 10 h gave 88% of 3a (A2, Scheme 2).
These evidence showed that the cyclobutene compound 5a

was another important intermediate from 4a, formed by a base-
promoted elimination process. When reducing the irradiation
time of 5a to 2 h under condition A, the eight-membered ring
product 2a was formed and obtained in 63% isolated yield,
along with 21% of 3a (A3, Scheme 2). Subjecting 2a to
condition A for 8 h gave 83% of 3a (A4, Scheme 2). These
results demonstrated that the eight-membered ring compound
2a was an important intermediate and can be transformed from
the cyclobutene 5a via a retro-4π-electrocyclization process.
Direct irradiation of 1a or 5a without thioxanthone gave no
reaction at all (D1 and D2, Scheme 2). 2a was totally
decomposed under condition D (D3, Scheme 2). These
experiments indicated that the transformations of 1a, 2a, and
5a in the cascade reaction proceed through a thioxanthone
catalyzed photochemical pathway.
It was worthy to note that the triplet energy of thioxanthone

(265 kJ/mol)17 is higher than that of 1a (237 kJ/mol),18 which
indicated that the energy-transfer process occurring between
thioxanthone (T1) and substrate 1a (S0) might be possible.
Based on the above-described observations and previous

investigations, a plausible mechanism for this pericyclic cascade
reaction can be proposed (Scheme 3). Under visible light
irradiation, brominated cyclobutane 4a is formed via the first
energy transfer-based [2 + 2]-photocycloaddition. Subse-
quently base-promoted elimination of hydrogen bromide
afforded the cyclobutene intermediate 5a. A second energy
transfer leads to retro-4π-electrocyclization of 5a, forming
eight-membered ring product 2a. Then, 2a undergoes [1,5]-H
shift to form intermediate 6a.19 Considering that the hydrogen
atoms attached to C1 and C2 of 3a adopt a cis-conformation, a
photoinduced disrotatory 4π-electrocyclization is likely to
occur in the transformation of 6a to 3a, which is consistent
with the Woodward−Hoffmann rules.20

In summary, a visible light-induced pericyclic cascade
reaction has been developed. This reaction proceeds through
[2 + 2]-photocycloaddition, base-promoted elimination, retro-
4π-electrocyclization, [1,5]-H shift, and 4π-electrocyclization,
affording quinolinone derivatives with an oxabicyclo[4.2.0]-

Table 2. Substrate Scope Investigationsa

aA solution of 1 (0.2 mmol), thioxanthone (10 mol %), and tBuONa
(1 equiv) in anhydrous MeCN (20 mL) was irradiated by violet LED
(410−420 nm) at rt under argon atmosphere for 12 h. b1.108 g of 1a
was applied. cAn extended reaction time of 24 h was applied.

Scheme 2. Detailed Mechanism Studies

aThe reaction generated 2a in a 16% yield. Some unidentified
byproducts were formed. bThe reaction generated 3a in a 21% yield
as well.
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octene skeleton. This cascade reaction shows excellent
diastereoselectivity, which has potential applications in the
synthesis of complex nature products containing polycyclic
skeletons.
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Fritz E. Kühn − Molecular Catalysis, Catalysis Research
Center and Department of Chemistry, Technische Universität
München, 85747 Garching bei München, Germany;
orcid.org/0000-0002-4156-780X; Email: fritz.kuehn@

ch.tum.de

Authors

Guangxing Pan − Academy for Engineering and Technology,
Fudan University, Shanghai 200433, P.R. China

Shaoheng Qin − Molecular Catalysis, Catalysis Research
Center and Department of Chemistry, Technische Universität
München, 85747 Garching bei München, Germany

Dawen Xu − Department of Chemistry, Fudan University,
Shanghai 200438, P.R. China

Complete contact information is available at:
https://pubs.acs.org/10.1021/acs.orglett.1c00642

Notes

The authors declare no competing financial interest.

■ ACKNOWLEDGMENTS

We acknowledge the financial support from the Shanghai
Science and Technology Committee (18DZ1201605).

■ REFERENCES
(1) Jiang, Y.; McNamee, R. E.; Smith, P. J.; Sozanschi, A.; Tong, Z.;
Anderson, E. A. Advances in polycyclization cascades in natural
product synthesis. Chem. Soc. Rev. 2021, 50, 58−71.
(2) Tilley, S. D.; Reber, K. P.; Sorensen, E. J. A rapid, asymmetric
synthesis of the decahydrofluorene core of the hirsutellones. Org. Lett.
2009, 11, 701−703.
(3) Nicolaou, K. C.; Lister, T.; Denton, R. M.; Gelin, C. F. Cascade
reactions involving formal [2 + 2] thermal cycloadditions: total
synthesis of artochamins F, H, I, and J. Angew. Chem., Int. Ed. 2007,
46, 7501−7505.
(4) Williams, M. J.; Deak, H. L.; Snapper, M. L. Intramolecular
cyclobutadiene cycloaddition/cyclopropanation/thermal rearrange-
ment: an effective strategy for the asymmetric syntheses of
pleocarpenene and pleocarpenone. J. Am. Chem. Soc. 2007, 129,
486−487.
(5) Boonsombat, J.; Zhang, H.; Chughtai, M. J.; Hartung, J.; Padwa,
A. A general synthetic entry to the pentacyclic strychnos alkaloid
family, using a [4 + 2]-cycloaddition/rearrangement cascade
sequence. J. Org. Chem. 2008, 73, 3539−3550.
(6) Antoline, J. E.; Hsung, R. P.; Huang, J.; Song, Z.; Li, G. Highly
stereoselective [4 + 3] cycloadditions of nitrogen-stabilized oxyallyl
cations with pyrroles: an approach to parvineostemonine. Org. Lett.
2007, 9, 1275−1278.
(7) Denmark, S. E.; Baiazitov, R. Y. Tandem double-intramolecular
[4 + 2]/[3 + 2] cycloadditions of nitroalkenes. Studies toward a total
synthesis of daphnilactone B: piperidine ring construction. J. Org.
Chem. 2006, 71, 593−605.
(8) Lin, H.; Dong, L. One-Pot Synthesis of Decahydropyrene via
Tandem C-H Activation/Intramolecular Diels-Alder/1,3-Dipolar
Cycloaddition. Org. Lett. 2016, 18, 5524−5527. Quintela-Varela, H.;
Jamieson, C. S.; Shao, Q.; Houk, K. N.; Trauner, D. Bioinspired
Synthesis of (−)-PF-1018. Angew. Chem., Int. Ed. 2020, 59, 5263−
5267.
(9) (a) Ding, A.; Wang, Y.; Rios, R.; Sun, J.; Li, H.; Guo, H.
Catalyst-free photooxidation of triarylphosphines under aerobic
conditions. J. Saudi Chem. Soc. 2015, 19, 706−709. (b) Ding, A.;
Xie, R.; Gu, G.; Sun, J. Bromo-catalyzed photo esterification of
benzylsilanes with alcohols under aerobic conditions. J. Saudi Chem.
Soc. 2017, 21, 245−249. (c) Liu, W.; Ma, D.; Guo, H.; Gu, G. UV-
induced catalyst-free intramolecular formal Heck reaction. J. Saudi
Chem. Soc. 2019, 23, 718−724.
(10) (a) Narayanam, J. M.; Stephenson, C. R. Visible light
photoredox catalysis: applications in organic synthesis. Chem. Soc.
Rev. 2011, 40, 102−113. (b) Prier, C. K.; Rankic, D. A.; MacMillan,
D. W. Visible light photoredox catalysis with transition metal
complexes: applications in organic synthesis. Chem. Rev. 2013, 113,
5322−5363. (c) Zhou, Q. Q.; Zou, Y. Q.; Lu, L. Q.; Xiao, W. J.
Visible-Light-Induced Organic Photochemical Reactions through
Energy-Transfer Pathways. Angew. Chem., Int. Ed. 2019, 58, 1586−
1604.

Scheme 3. Possible Reaction Mechanism for This Pericyclic
Cascade Reaction

Organic Letters pubs.acs.org/OrgLett Letter

https://doi.org/10.1021/acs.orglett.1c00642
Org. Lett. 2021, 23, 2959−2963

2962

https://pubs.acs.org/doi/10.1021/acs.orglett.1c00642?goto=supporting-info
http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.1c00642/suppl_file/ol1c00642_si_001.pdf
http://www.ccdc.cam.ac.uk/data_request/cif
mailto:data_request@ccdc.cam.ac.uk
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Hao+Guo"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
http://orcid.org/0000-0003-3314-4564
mailto:Hao_Guo@fudan.edu.cn
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Fritz+E.+Ku%CC%88hn"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
http://orcid.org/0000-0002-4156-780X
http://orcid.org/0000-0002-4156-780X
mailto:fritz.kuehn@ch.tum.de
mailto:fritz.kuehn@ch.tum.de
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Guangxing+Pan"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Shaoheng+Qin"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Dawen+Xu"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.1c00642?ref=pdf
https://doi.org/10.1039/D0CS00768D
https://doi.org/10.1039/D0CS00768D
https://doi.org/10.1021/ol802768p
https://doi.org/10.1021/ol802768p
https://doi.org/10.1002/anie.200702363
https://doi.org/10.1002/anie.200702363
https://doi.org/10.1002/anie.200702363
https://doi.org/10.1021/ja0674340
https://doi.org/10.1021/ja0674340
https://doi.org/10.1021/ja0674340
https://doi.org/10.1021/ja0674340
https://doi.org/10.1021/jo8003716
https://doi.org/10.1021/jo8003716
https://doi.org/10.1021/jo8003716
https://doi.org/10.1021/ol070103n
https://doi.org/10.1021/ol070103n
https://doi.org/10.1021/ol070103n
https://doi.org/10.1021/jo052001l
https://doi.org/10.1021/jo052001l
https://doi.org/10.1021/jo052001l
https://doi.org/10.1021/acs.orglett.6b02768
https://doi.org/10.1021/acs.orglett.6b02768
https://doi.org/10.1021/acs.orglett.6b02768
https://doi.org/10.1002/anie.201912452
https://doi.org/10.1002/anie.201912452
https://doi.org/10.1016/j.jscs.2015.07.004
https://doi.org/10.1016/j.jscs.2015.07.004
https://doi.org/10.1016/j.jscs.2016.10.001
https://doi.org/10.1016/j.jscs.2016.10.001
https://doi.org/10.1016/j.jscs.2018.12.001
https://doi.org/10.1016/j.jscs.2018.12.001
https://doi.org/10.1039/B913880N
https://doi.org/10.1039/B913880N
https://doi.org/10.1021/cr300503r
https://doi.org/10.1021/cr300503r
https://doi.org/10.1002/anie.201803102
https://doi.org/10.1002/anie.201803102
https://pubs.acs.org/doi/10.1021/acs.orglett.1c00642?fig=sch3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.1c00642?fig=sch3&ref=pdf
pubs.acs.org/OrgLett?ref=pdf
https://doi.org/10.1021/acs.orglett.1c00642?rel=cite-as&ref=PDF&jav=VoR


(11) (a) Poplata, S.; Troster, A.; Zou, Y. Q.; Bach, T. Recent
Advances in the Synthesis of Cyclobutanes by Olefin [2 + 2]
Photocycloaddition Reactions. Chem. Rev. 2016, 116, 9748−9815.
(b) Zhu, M.; Zheng, C.; Zhang, X.; You, S. L. Synthesis of
Cyclobutane-Fused Angular Tetracyclic Spiroindolines via Visible-
Light-Promoted Intramolecular Dearomatization of Indole Deriva-
tives. J. Am. Chem. Soc. 2019, 141, 2636−2644. (c) Zhu, M.; Huang,
X. L.; Xu, H.; Zhang, X.; Zheng, C.; You, S. L. Visible-Light-Mediated
Synthesis of Cyclobutene-Fused Indolizidines and Related Structural
Analogs. CCS Chem. 2020, 2, 652−664. (d) Zhu, M.; Zhang, X.;
Zheng, C.; You, S. L. Visible-Light-Induced Dearomatization via [2 +
2] Cycloaddition or 1,5-Hydrogen Atom Transfer: Divergent
Reaction Pathways of Transient Diradicals. ACS Catal. 2020, 10,
12618−12626. (e) Oderinde, M. S.; Mao, E.; Ramirez, A.; Pawluczyk,
J.; Jorge, C.; Cornelius, L. A. M.; Kempson, J.; Vetrichelvan, M.;
Pitchai, M.; Gupta, A.; Gupta, A. K.; Meanwell, N. A.; Mathur, A.;
Dhar, T. G. M. Synthesis of Cyclobutane-Fused Tetracyclic Scaffolds
via Visible-Light Photocatalysis for Building Molecular Complexity. J.
Am. Chem. Soc. 2020, 142, 3094−3103. (f) Oderinde, M. S.; Ramirez,
A.; Dhar, T. G. M.; Cornelius, L. A. M.; Jorge, C.; Aulakh, D.; Sandhu,
B.; Pawluczyk, J.; Sarjeant, A. A.; Meanwell, N. A.; Mathur, A.;
Kempson, J. Photocatalytic Dearomative Intermolecular [2 + 2]
Cycloaddition of Heterocycles for Building Molecular Complexity. J.
Org. Chem. 2021, 86, 1730−1747. (g) Zhang, Z.; Yi, D.; Zhang, M.;
Wei, J.; Lu, J.; Yang, L.; Wang, J.; Hao, N.; Pan, X.; Zhang, S.; Wei, S.;
Fu, Q. Photocatalytic Intramolecular [2 + 2] Cycloaddition of Indole
Derivatives via Energy Transfer: A Method for Late-Stage Skeletal
Transformation. ACS Catal. 2020, 10, 10149−10156. (h) Rolka, A.
B.; Koenig, B. Dearomative Cycloadditions Utilizing an Organic
Photosensitizer: An Alternative to Iridium Catalysis. Org. Lett. 2020,
22, 5035−5040. (i) Zhu, M.; Xu, H.; Zhang, X.; Zheng, C.; You, S. L.
Visible-Light-Induced Intramolecular Double Dearomative Cyclo-
addition of Arenes. Angew. Chem., Int. Ed. 2021, 60, 7036−7040.
(12) Namyslo, J. C.; Kaufmann, D. E. The application of
cyclobutane derivatives in organic synthesis. Chem. Rev. 2003, 103,
1485−1537.
(13) (a) Zech, A.; Bach, T. Photochemical Reaction Cascade from
O-Pent-4-enyl-Substituted Salicylates to Complex Multifunctional
Scaffolds. J. Org. Chem. 2018, 83, 3069−3077. (b) Forneris, C. C.;
Wang, Y. P.; Mamaliga, G.; Willumstad, T. P.; Danheiser, R. L.
Furo[2,3-g]thieno[2,3-e]indole: Application of an Ynamide-Based
Benzannulation Strategy to the Synthesis of a Tetracyclic Hetero-
aromatic Compound. Org. Lett. 2018, 20, 6318−6322. (c) Ma, J.;
Schafers, F.; Daniliuc, C.; Bergander, K.; Strassert, C. A.; Glorius, F.
Gadolinium Photocatalysis: Dearomative [2 + 2] Cycloaddition/
Ring-Expansion Sequence with Indoles. Angew. Chem., Int. Ed. 2020,
59, 9639−9645. (d) Salaverri, N.; Mas-Ballesté, R.; Marzo, L.;
Alemán, J. Visible light mediated photocatalytic [2 + 2] cyclo-
addition/ring-opening rearomatization cascade of electron-deficient
azaarenes and vinylarenes. Commun. Chem. 2020, 3, 132−139. (e) Yu,
H.; Li, J.; Kou, Z.; Du, X.; Wei, Y.; Fun, H. K.; Xu, J.; Zhang, Y.
Photoinduced tandem reactions of isoquinoline-1,3,4-trione with
alkynes to build aza-polycycles. J. Org. Chem. 2010, 75, 2989−3001.
(f) Brimioulle, R.; Bach, T. [2 + 2] Photocycloaddition of 3-
alkenyloxy-2-cycloalkenones: enantioselective Lewis acid catalysis and
ring expansion. Angew. Chem., Int. Ed. 2014, 53, 12921−12924.
(g) Mu, X. P.; Li, Y. H.; Zheng, N.; Long, J. Y.; Chen, S. J.; Liu, B. Y.;
Zhao, C. B.; Yang, Z., Stereoselective Synthesis of Cyclohepta[b]-
indoles via Visible-Light-Induced [2 + 2]-Cycloaddition/retro-
Mannich-type Reactions. Angew. Chem., Int. Ed. 2021 ,
DOI: 10.1002/anie.202101104.
(14) Zech, A.; Jandl, C.; Bach, T. Concise Access to the Skeleton of
Protoilludane Sesquiterpenes through a Photochemical Reaction
Cascade: Total Synthesis of Atlanticone C. Angew. Chem., Int. Ed.
2019, 58, 14629−14632.
(15) James, M. J.; Schwarz, J. L.; Strieth-Kalthoff, F.; Wibbeling, B.;
Glorius, F. Dearomative Cascade Photocatalysis: Divergent Synthesis
through Catalyst Selective Energy Transfer. J. Am. Chem. Soc. 2018,
140, 8624−8628.

(16) Xu, D.; Li, H.; Pan, G.; Huang, P.; Oberkofler, J.; Reich, R. M.;
Kuhn, F. E.; Guo, H. Visible-Light-Induced Dehydrohalogenative
Coupling for Intramolecular alpha-Alkenylation: A Way to Build
Seven- and Eight-Membered Rings. Org. Lett. 2020, 22, 4372−4377.
(17) Montalti, M.; Credi, A.; Prodi, L.; Gandolfi, M. T. Handbook of
Photochemistry, 3rd ed.; CRC Press: Boca Raton, FL, 2006.
(18) For detailed information about the phosphorescence emission
spectrum of 1a, please see Figure S3 in the Supporting Information.
(19) (a) Hess, B. A., Jr; Baldwin, J. E. [1,5] Sigmatropic hydrogen
shifts in cyclic 1,3-dienes. J. Org. Chem. 2002, 67, 6025−6033.
(b) Sakaguchi, T.; Okuno, Y.; Tsutsumi, Y.; Tsuchikawa, H.;
Katsumura, S. [1,5]-H shift of aldehyde hydrogen in dienal
compounds to produce ketenes. Org. Lett. 2011, 13, 4292−4295.
(c) Jia, S.; Su, S.; Li, C.; Jia, X.; Li, J. Multicomponent cascade
cycloaddition involving tropone, allenoate, and isocyanide: a rapid
access to a 7,6,5-fused tricyclic skeleton. Org. Lett. 2014, 16, 5604−
5607.
(20) Woodward, R. B.; Hoffmann, R. The Conservation of Orbital
Symmetry. Angew. Chem., Int. Ed. Engl. 1969, 8, 781−853.

Organic Letters pubs.acs.org/OrgLett Letter

https://doi.org/10.1021/acs.orglett.1c00642
Org. Lett. 2021, 23, 2959−2963

2963

https://doi.org/10.1021/acs.chemrev.5b00723
https://doi.org/10.1021/acs.chemrev.5b00723
https://doi.org/10.1021/acs.chemrev.5b00723
https://doi.org/10.1021/jacs.8b12965
https://doi.org/10.1021/jacs.8b12965
https://doi.org/10.1021/jacs.8b12965
https://doi.org/10.1021/jacs.8b12965
https://doi.org/10.1021/acscatal.0c03808
https://doi.org/10.1021/acscatal.0c03808
https://doi.org/10.1021/acscatal.0c03808
https://doi.org/10.1021/jacs.9b12129
https://doi.org/10.1021/jacs.9b12129
https://doi.org/10.1021/acs.joc.0c02547
https://doi.org/10.1021/acs.joc.0c02547
https://doi.org/10.1021/acscatal.0c01841
https://doi.org/10.1021/acscatal.0c01841
https://doi.org/10.1021/acscatal.0c01841
https://doi.org/10.1021/acs.orglett.0c01622
https://doi.org/10.1021/acs.orglett.0c01622
https://doi.org/10.1002/anie.202016899
https://doi.org/10.1002/anie.202016899
https://doi.org/10.1021/cr010010y
https://doi.org/10.1021/cr010010y
https://doi.org/10.1021/acs.joc.8b00238
https://doi.org/10.1021/acs.joc.8b00238
https://doi.org/10.1021/acs.joc.8b00238
https://doi.org/10.1021/acs.orglett.8b02920
https://doi.org/10.1021/acs.orglett.8b02920
https://doi.org/10.1021/acs.orglett.8b02920
https://doi.org/10.1002/anie.202001200
https://doi.org/10.1002/anie.202001200
https://doi.org/10.1038/s42004-020-00378-x
https://doi.org/10.1038/s42004-020-00378-x
https://doi.org/10.1038/s42004-020-00378-x
https://doi.org/10.1021/jo100218w
https://doi.org/10.1021/jo100218w
https://doi.org/10.1002/anie.201407832
https://doi.org/10.1002/anie.201407832
https://doi.org/10.1002/anie.201407832
https://doi.org/10.1002/anie.202101104
https://doi.org/10.1002/anie.202101104
https://doi.org/10.1002/anie.202101104
https://doi.org/10.1002/anie.202101104?ref=pdf
https://doi.org/10.1002/anie.201908619
https://doi.org/10.1002/anie.201908619
https://doi.org/10.1002/anie.201908619
https://doi.org/10.1021/jacs.8b03302
https://doi.org/10.1021/jacs.8b03302
https://doi.org/10.1021/acs.orglett.0c01391
https://doi.org/10.1021/acs.orglett.0c01391
https://doi.org/10.1021/acs.orglett.0c01391
http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.1c00642/suppl_file/ol1c00642_si_001.pdf
https://doi.org/10.1021/jo025917q
https://doi.org/10.1021/jo025917q
https://doi.org/10.1021/ol2016302
https://doi.org/10.1021/ol2016302
https://doi.org/10.1021/ol502656g
https://doi.org/10.1021/ol502656g
https://doi.org/10.1021/ol502656g
https://doi.org/10.1002/anie.196907811
https://doi.org/10.1002/anie.196907811
pubs.acs.org/OrgLett?ref=pdf
https://doi.org/10.1021/acs.orglett.1c00642?rel=cite-as&ref=PDF&jav=VoR

