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A metal- and photocatalyst-free photoinduced radical cascade hydroalkylation of 1,7-

enynes has been disclosed. The process is triggered by a SET event involving a 

photoexcited electron-donor-aceptor complex between NHPI ester and Hantzsch ester, 

which decomposes to afford a tertiary radical that is readily trapped by the enyne. The 

method provides an operationally simple, robust and step-economical approach to the 

construction of diversely functionalized dihydroquinolinones bearing quaternary-centers. 

A sequential one-pot hydroalkylation-isomerization approach is also allowed giving 

access to a family of quinolinones. A wide substrate scope and high functional group 

tolerance was observed in both approaches.

Introduction

The quinolinone and its partially or fully reduced derivatives - dihydroquinolinones and 

tetrahydroquinolinones - are among the most privileged N-heterocyclic scaffolds, widely 

found in naturally occurring compounds and pharmacologically relevant therapeutic 

agents (Figure 1).1 Consequently, substantial efforts have been made towards the 

development of straightforward, selective and operationally simple strategies that are 
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3

capable of assembling complex molecular architectures, encompassing these 

heterocyclic cores.2 In particular, the preparation of structurally diverse 

dihydroquinolinones via radical-based cascade reactions involving 1,7-enynes has drawn 

the attention of chemists in recent years.3 The growing interest is clearly justified by the 

sequential chemo-, regio- and stereoselective multiple-bond formation allowed by this 

type of strategy. Beside these synthetic advantages, cascade processes also allow time- 

and reactant economy, as well as reduced waste generation by avoiding multiple work-

ups and purification steps.4 Although most reports to date rely on processes triggered by 

either stoichiometric radical initiators and/or harsh reaction conditions (Scheme 1a),5 

photocatalytic strategies have recently emerged as a powerful synthetic tool to achieve 

complex organic scaffolds through milder radical processes (Scheme 1a).6
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Figure 1. Representative examples of biologically active molecules with 3,4-dihydro-

quinolin-2-one and quinolin-2-one skeletons.

In recent years, N ‐ (acyloxy)-phthalimides (NHPI esters) have been established as 

versatile redox-active building blocks, widely employed for C-C and C-X photoredox or 

transition-metal-catalyzed couplings.7,8 Earlier examples highlighting the applications of 

NHPI esters in photodecarboxylative processes were reported by Okada and co-workers 

in the late 80s/early 90s (Scheme 1b).9 Notwithstanding, the great potential of these 

molecules was recognized after almost two decades, when Okada´s seminal work was 

revisited and adapted by Overman for the construction of congested quaternary centers, 

a strategy that was successfully employed in the total synthesis of (-)-Aplyviolene and (-
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5

)-Chromodorolide (Scheme 1c).10 These developments set the basis for this currently 

expanding field of synthetic chemistry.

Furthermore, Overman disclosed that slower reactions were observed in the absence 

of the photocatalyst and postulated that a direct electron-transfer event from a 

photoexcited Hantzsch ester to the NHPI ester would be the driving force for the 

process.10d,11 However, this reactivity has not been explored until recently, when Chen 

and co-workers reported two elegant allylation strategies based on the photogeneration 

of alkoxy and carboxyl radicals through the combination of the respective N-alkoxy and 

N-(benzyloxy)-phthalimides with Hantzsch esters in the absence of photocatalysts 

(Scheme 1d).12 Mechanistic studies for both transformations indicated the formation of an 

Electron-Donor-Acceptor (EDA) complex, which may be crucial for the photo-induced 

single electron transfer (SET) event. The development of strategies triggered by the direct 

photoexcitation of EDA complexes is a field in its golden age.13 Beyond the success of 

photocatalysis using often expensive photocatalysts, the recent discoveries in the 
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chemistry of photoactive EDA complexes expands dramatically the boundary of the 

application of photochemistry in organic synthesis.

b) Okada and Oda - Photosensitized decarboxylative addition of alkyl-radicals to
electron-def icient olef ins9

c) Overman - Radical additions for the construction of quaternary centers in natural
product total synthesis10

d) Chen - Photoinduced radical allylations enabled by EDA complexes12

OPhth

O

R4 R5

OR1

R2

R3 R4 R5

O
R3 R2

R1

THF/H2O or
t-BuOH/H2O
hv > 460 nm

[Ru(bpy)3]Cl2,
BNAH

OPhth

O
Me

CO2Me

TBSO
H

Cl

O

HMe
Me

H

Me
CO2Me

TBSO

H

Cl O
HMe

Me

H

N
H

CO2EtEtO2C

[Ru(bpy)3]BF4

DIPEA, Blue LEDs
CH2Cl2

N
Bn

O

NH2

BNAH

H

OPhthR1

R1 =
Alk

EtO2C
SO2Ph

EtO2C

Alk

R R

R1 =Blue LEDs
O

O

O

CO2Et

+

+

+

(_)-Aplyviolene

N
H

CO2EtEtO2C R
R

Y

O

R5
Y O

R5

R1

R2

R4

R3

R4

R3

a) Previous works: Harsh oxidative conditions and photoredox approaches5,6

R2

R1

X

X = H, Br, CO2H, CO2Phth or CHO

Fe, Cu / Peroxides
or Ag / K2S2O8

High temperatures
(up to 130ºC)

or+
Photocatalyst

Blue LED or CFL

Scheme 1. a) Previous reports on cascade alkylation of 1,7-enynes; b) Seminal report on 

the use of NHPI esters in a photocatalytic Giese reactions by Okada and co-workers; c) 
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7

Applications of NHPI esters in total synthesis by Overman an co-workers; d) First reports 

of photoinduced radical processes involving an EDA complex between the NHPI esters 

and Hantzsch ester, by Chen and co-workers.

Recently, in continuation of our investigations on visible light photocatalytic cascade 

processes, we reported a photoredox radical cascade strategy between NHPI esters and 

1,7-enynes (Scheme 2a).6c This mild and versatile methodology afforded a family of 

densely functionalized cyclopenta[c]quinolinones in moderate to good yields - however, 

no product was detected when tertiary NHPI esters were employed. In this respect, we 

anticipated that under suitable, mild conditions, a photoinduced SET event between 

NHPI-ester (1a) and the diethyl 2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (HE) 

might take place, leading to the decomposition of 1 into carbon dioxide, phthalimide anion 

and the tertiary-radical (4) (Scheme 2b). This photoinduced SET event would be assisted 

by the formation of an EDA complex formed between the participating molecules, as 

postulated earlier based on visual and spectroscopic evidences (Scheme 2c). Once 

formed, 4 would couple with the (metha)acrylamide counterpart of 2a, triggering a radical 
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8

cascade process to deliver the radical intermediate 5, which abstracts a hydrogen atom 

from the oxidized Hantzsch ester, with the assistance of base, to afford the 

dihydroquinolinone product (3a). Distinct from our previous approach, this new method 

would offer a transition-metal- and photocatalyst-free straightforward route to a family of 

highly functionalized dihydroquinolinones.15
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Results and Discussion
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10

Initially, we decided to justify our hypothesis by examining the cascade reaction 

between N-(pivaloxy)phthalimide (1a) and 1,7-enyne (2a) as a model (Table 1). 

Accordingly, the irradiation of a mixture of 1a (2.0 equiv.), 2a (1.0 equiv.), HE (1.5 equiv.) 

and DIPEA (2 equiv.) in THF as solvent delivered 3a in 80% yield (entry 1). Encouraged 

by this preliminary result, other reaction parameters were screened to further improve the 

reaction efficiency. A comparison study showed that the transformation has not been 

drastically affected by degassed conditions (entry 1 vs 2) or increased amounts of NHPI 

(entry 3). Moreover, a solvent survey revealed that the use of DMF instead of THF led to 

a slightly increased yield, albeit lower selectivity (entry 4). Notably, the presence of base 

DIPEA was found to have a significant effect on the cascade process (entry 5). Control 

experiments demonstrated the necessity of visible light, base and Hantzsch ester (entries 

6 and 7).

Table 1. Optimization of reaction conditionsa
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85
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H

EtO2C CO2Et

HE

With optimal conditions established, the scope and limitation of this metal-free 

hydroalkylation cascade protocol was investigated (Table 2). The reaction between 1a 

and a wide variety of 1,7-enynes 2a-u has first been evaluated. As shown in Table 2, both 

electron-rich as well as electron-poor substituents at meta- and para-positions of both 

aromatic parts of the 1,7-enyne were well tolerated. The desired dihydroquinolinones (3b-

i) were obtained in moderate to good yields (Table 2A). An ortho-substitution pattern was 

also compatible under the optimized conditions affording 3j in 58% yield. Gratifyingly, the 

replacement of the methacrylamide portion by an acrylamide was also well tolerated, 

delivering the desired products 3k-3o in 60-75% yield (Table 2B). Moreover, the presence 

of heterocyclic moieties has also been evaluated where the 3-ethynyl-pyridine and 3-
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12

ethynyl-thiophene derivatives were smoothly converted to 3p and 3q in 54% and 60% 

yield, respectively (Table 2C). Hereafter, a variety of nitrogen protecting groups were also 

investigated to synthesize N-tosyl (3r), N-benzyl (3s) and N-acetyl (3t) 

dihydroquinolinones in moderate yields. Interestingly, the developed photochemical 

strategy was found to be compatible with an unprotected substrate (3u) isolated in 47% 

yield (Table 2D). 
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Table 2. Scope of 1,7-enynesa,b
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To further demonstrate the functional group compatibility of this cascade process, 

we explored a plethora of tertiary NHPI-esters (Table 3A – See section 5 of the 

supplementary material for the structure of the NHPI esters). Gratifyingly, NHPI-esters 

derived from 2-(benzoyloxy)-2-methylpropanoic, 2-methyl-2-(pent-4-enoyloxy)propanoic 

and N-Boc-aminoisobutyric acids (1b-1d) were well tolerated, affording the respective 

dihydroquinolinones (4a-d) in good yields. Once incorporated onto the dihydroquinolinone 

core, these moieties can further be employed as linkers or late-stage interconversion 

sites. To our delight, when a scale-up experiment was performed employing 1d (1 mmol), 

the desired product 4d could successfully be obtained in 67% yield. Moreover, a slight 

modification to the reaction conditions was employed for the sterically hindered 1-

adamantyl NHPI-ester (1e) by increasing both the concentration and temperature (60 ºC), 

4e could be furnished in 41% yield. However, when NHPI-esters derived from the 2,2-

dimethyl-butanoic and 1-methyl-1-cycloexanecarboxylic acid (1f and 1g) were evaluated 

under the optimized conditions, indistinguishable mixtures of the products were obtained. 

To overcome this limitation, a further optimization was carried out, revealing the necessity 

of higher amount (4 equiv.) of Hantzsch ester and DMF as solvent. Under this modified 
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reaction condition, the dihydroquinolinones (4f) and (4g) were obtained in 54% and 34% 

respectively. Surprisingly, only the acrylic enyne (2k) afforded the desired product when 

NHPI esters derived from the 3-(benzyloxy)-2,2-dimethylpropanoic (1h) and 2-methyl-1,3-

dioxane-2-carboxylic (1i) acids were subjected to the photochemical conditions. While the 

former acid afforded the respective 4h in 55% yield, the latter delivered 4i, after acetal 

hydrolysis, in 40% yield (Table 3A). Regarding these transformations, it is noteworthy that 

they did not require a high excess of Hantzsch ester, indicating a distinct reactivity of 2k 

when compared to 2a (Table 3A).

We then sought to develop a post-modification strategy for the obtained 

dihydroquinolinones. The in situ treatment of 3k with DBU (3.0 equiv.) at 60 ºC in THF 

resulted in the isomerization product – quinolinone (5a) – in good yield (66%) (Table 3B). 

From the outset, we envisioned to expand this approach to a range of functional distinct 

acrylic enynes. To our delight, a new family of quinolinones (5b-5f) were obtained. 

Different NHPI esters were also tested, affording the desired products (5g-5l) in good to 

excellent yields. As earlier, the reaction involving the NHPI ester derived from 2-methyl-

1,3-dioxane-2-carboxylic acid (1i) underwent hydrolysis during the work-up, affording 5m 
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in 60% yield. Noteworthy, the NHPI-ester derived from the (R)-(+)-Citronellic acid (1k) 

reacted smoothly through a radical-relay process to afford 5n in 62% yield and high 

diastereoselectivity (Table 3B).

Table 3. Scope of NHPI esters and one-pot hydroalkylation cascade-isomerization
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X

O
R2R1

H
R3

N

O

R3

PhthO

O

R2

X
R1 +

DIPEA, THF or DMF, r.t.
Blue LED 36W

24h

Ph

H H H

H H

N O

CH3 O

4c - 51% (Z/E = 1.5:1)

O
H

N O

OBn

4h - 55% (Z/E = 1:1.5)[d]

H

1a-l4a-l 2a or 2k-q

N O

R3
O

4j - R3 = CH3, 40% (Z/E = 1:1)
4k - R3 = H, 68% (Z/E = 1:2)

H

N O

4l - 60 % (Z/E = 1:1.5)[d]

H

O

Cl
O

N

X

O
R2

R1

H
DIPEA, THF, r.t.;

Blue LED 36W, 24h

N
H

EtO2C CO2Et1)

2) DBU (3 equiv.),
60ºC, 12h

one-pot 5a-o

N
H

EtO2C CO2Et

A - Scope of dihydroquinolinonesa,f B - Scope of quinolinones - R3 = H e,f

N O
CH3

4i - 40% (Z/E = 1:1.5)

H

O

From:

O

O

O

O
N

O

O N O
CH3

5m - 60%

H

O
CH3

N O

O

H

O

Cl

5o - 55%

N O

5i - X = Et, 70%
5j - X = NHBoc, 85 %
5k - X = OBz - 66%

N O

N

R2

O

5a - R1 = H, R2 = Ph - 66%
5b - R1 = 4-Me; R2 = Ph - 77%
5c - R1 = 5-Cl; R2 = Ph - 60%
5d - R1 = 5-F; R2 =Ph - 62%
5e - R1 = H; R2 = 4-CH3Ph - 74%
5f - R1 = H; R2 = - 60%

5n - 62% d.r. > 20:1

H

H

H

N O

H

5l - 62%

N O

H

5h - 60%

N O

H

5g - 77%

OBn

R1

X

From (R)-(+)-Citronellic acid

O

ON

O

O

C - Commercially available drugs

f rom Fenof ibrate

f rom Gemfribrozil

1i 1k

a Reactions were conducted as following unless otherwise mentioned: 1 (0.2 mmol), 2 (0.1 mmol), HE (0.15 mmol) and DIPEA (0.2 mmol) in 1 mL of THF - under air atmosphere. b1
mmol scale. c0.4M, 60ºC, (without fan). d HE (0.4 mmol) and DMF as solvent. e i. 1 (0.2 mmol), 2 (0.1 mmol), HE (0.15 mmol) and DIPEA (0.2 mmol) in 1 mL of THF - under air
atmosphere; ii. DBU (0.3 mmol), 60ºC. f Isolated yields and Z/E ratio measured by 1H NMR.
.

S

HE

HE

Radical-clock experiment

 To demonstrate the broad applicability of this photochemical hydroalkylation protocols, 

NHPI esters derived from commercially available pharmaceutical ingredients – 

Fenofibrate and Gemfibrozil – were further examined. Gratifyingly, the respective 
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dihydroquinolinones (4j-4l) and quinolinone (5o) were readily afforded in good yields 

(Table 3C).

 This study was further expanded to include secondary alkyl NHPI esters as radical 

precursor. Although the previously observed 1,5-HAT pathway may occur – we decided 

to evaluate the reaction between 1m and the methacrylic (2a) and acrylic (2k) enynes. 

Delightfully, the dihydroquinolinone (4n) was smoothly obtained in 40% yield. In contrast, 

the formation of 4m was not detected when 2a was subjected to the established 

photochemical condition (Scheme 3a). Regarding to mechanistic aspects, when the 

standard reaction was performed in the presence of TEMPO, only traces of product was 

obtained (Scheme 3b). This experiment, together with the radical-clock experiment 

employing the citronellic acid NHPI ester derivative (1k) (Table 3B), serves as clear 

evidence that a radical process is taking place.
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N O

H
CH3

OPhthO
+

1m

2a

4m - not detected

N
Ts

N
Ts

N O

H

+ 2k

4n - 40% (Z/E = 1:1)

N
Ts

standard conditions

standard conditions H

a) Reactivity towards secondary alkyl NHPI ester

b) Radical inhibition experiment

N O

H
CH3

+1a 2a

3a - not detected

standard conditions

TEMPO (2 equiv.)

Scheme 3. a) Different reactivities between acrylic and methacrylic 1,7-enynes towards 

secondary alkyl NHPI ester. b) Radical inhibition experiment using TEMPO.

 Taking advantage of the robustness and practicality of this new method, we envisioned 

its translation to the continuous flow conditions. After careful experimentation (see 

supporting information), 3a could be obtained in 70% yield (513 mg after 11 hours of 

infusion - residence time (tR) = 30 min (Scheme 4).
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N

O

OPhth
tBu

O

+

DIPEA, DMF,air
r.t., tR = 30 min
Blue LED 36W

(2 lamps)

N
H

EtO2C CO2Et

100 psi
BPR N

tBu

O

H
CH3

0.03" id PFE tube
1000 L

1a

3a - 70% (Z/E = 3:1)

Reaction conditions: 1a (0.2 mol/L), 2a (0.1 mol/L), HE (0.15 mol/L), DIPEA (0.2 mol/L),
r.t, DMF, tR = 30 min, (PBR: PFE tube 0.03'' diameter; 1000 µL), back pack pressure (100
psi) - Injected 25 mL

513 mg -46 mg/h
~11h of infusion

2a

HE

Scheme 4. Translation to flow conditions

Conclusion

In summary, an efficient metal-free photoinduced cascade hydroalkylation process 

between NHPI-esters and 1,7-enynes has been developed. This reaction features mild 

reaction conditions, high functional group tolerance and scalability, allowing the 

preparation of a library of densely functionalized dihydroquinolinones with quaternary-

carbon centers in moderate to good yields. According to our investigations, the reaction 

is triggered by a photoinduced SET process between the NHPI ester and the Hantzsch 

ester, which is enabled by the prior formation of an EDA complex. For some cases, an 

excess of the Hantzsch ester is required to obtain successful results, which can be related 

to the prevention of a plausible 1,6-HAT process, that may lead to several 
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indistinguishable side-products observed. Additionally, a better reactivity towards bulkier 

tertiary and secondary NHPI esters was observed when acrylic 1,7-enynes were 

employed. The dihydroquinolinones derived from acrylic enynes could be converted to 

the respective quinolinones, through a one-pot isomerization process. We believe that 

these findings may open new avenues in the application of photoinduced cascade 

process enabled by EDA complexation. Studies towards the expansion of this concept to 

other transformations are ongoing in our laboratory.

EXPERIMENTAL SECTION

Commercially available chemicals and solvents were used without further purification 

unless otherwise noted. 1H NMR and 13C NMR spectra were recorded on a Bruker 400 

MHz and 600 MHz NMR spectrometers (400 or 600 MHz for 1H and 100 or 150 MHz for 

13C, respectively). Chemical shifts (δ) are reported in parts per million relatives to the 

residual solvent signals and coupling constants (J) are reported in hertz. High resolution 

mass spectra (HRMS) were recorded using electron spray ionization (ESI) (Hybrid linear 

ion trap–orbitrap FT-MS /MS – and QqTOF Microtof – QII models). Reagents and 
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materials were of the highest commercially available grade and used without further 

purification. Flash column chromatography was carried out using silica gel 60 (230-400 

mesh) and analytical thin layer chromatography (TLC) was performed using silica gel 

aluminum sheets. Visualization of the compounds on TLC was achieved by UV or using 

suitable TLC stain. Melting points (MP) were determined by a BUCHI M-560 and are 

uncorrected. A 34W Kessil H150 blue LED (range of emission approximately 380 – 525 nm) was 

used as the visible light source for all the photoinduced cascade reactions.

Enynes 2a – 2u and the carboxylic acid precursors for the preparation of NHPI esters 1h, 

1i, 1m were synthesized according to previous reports in literature.16,17,18,19,20 

General procedure for the synthesis of NHPI esters (1a-1m):21 A round-bottom flask was 

charged with (if solid) carboxylic acid (1.0 equiv.), N-hydroxyphthalimide (1.0 equiv.) and 

DMAP (0.1 equiv.). Dichloromethane was added (0.15 M), and the mixture was stirred 

vigorously. Carboxylic acid (1.0 equiv.) was added via syringe (if liquid). DIC (1.1 equiv.) 

was then added dropwise via syringe, and the mixture was allowed to stir until the acid 

was consumed (determined by TLC). Typical reaction times were between 0.5 h and 12 
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h. The mixture was filtered (over Celite, SiO2, or through a fritted funnel) and rinsed with 

additional CH2Cl2. The solvent was removed under reduced pressure, and purification by 

column chromatography afforded the corresponding N-(acyloxy)phthalimides. Note: 

Some esters are prone to hydrolysis on silica gel during column chromatography and 

should be purified as quickly as possible to obtain reasonable separation.

Alternative synthetic route to NHPI esters: The carboxylic acid (1.0 equiv.), oxalyl chloride 

(1.1 equiv.), N,N-dimethylformamide (DMF; 5 drops), and anhydrous dichloromethane (to 

form a 0.2 M solution of the carboxylic acid) were mixed in an oven-dried round-bottom 

flask under nitrogen. The mixture was stirred until gas evolution ceased. Then, all volatiles 

were removed under vacuum to yield the desired acid chloride, which was used in the 

next step without purification. To a solution of the acid chloride (synthesized or purchased; 

1.0 equiv. – 0.2M) in anhydrous dichloromethane under nitrogen was added N-

hydroxyphthalimide (1.1 equiv.). Triethylamine (1.1 equiv.) was then added to the mixture 

slowly. The resulting solution was stirred from few hours to overnight at r.t. Next, all 
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volatiles were removed under reduced pressure, and the residue was purified via flash 

chromatography.

Full characterization of the NHPI esters reported for the first time (1b, 1d, 1h, 1j and 1l) 

are reported below:

1-((1,3-dioxoisoindolin-2-yl)oxy)-2-methyl-1-oxopropan-2-yl benzoate (1b). 70% yield 

(660 mg), white solid, 80.5 – 82.3 °C. The product was obtained after flash 

chromatography using hexane/ethyl acetate (80:20). 1H NMR (400 MHz, CDCl3) δ 8.14 

(d, J = 8.0 Hz, 2H), 7.92 – 7.86 (m, 2H), 7.82 – 7.76 (m, 2H), 7.61 (t, J = 7.2 Hz, 1H), 7.48 

(t, J = 7.6 Hz, 2H), 1.94 (s, 6H). 13C{1H} NMR (100 MHz, CDCl3) δ 169.1, 165.1, 161.56, 

134.7, 133.4, 130.0, 129.4, 129.0, 128.4, 123.9, 25.0. HRMS (ESI/Q-TOF) m/z: [M + Na]+ 

Calcd for C19H15NNaO6 376.0792; found 376.0787. 

1,3-dioxoisoindolin-2-yl 2-((tert-butoxycarbonyl)amino)-2-methylpropanoate (1d). 86% 

yield (1200 mg), white solid. The product was obtained after flash chromatography using 

hexane/ethyl acetate (80:20 – 70:30). Spectroscopic data match those previously 
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reported in the literature. 1H NMR (400 MHz, CDCl3) δ 7.84 – 7.78 (m, 2H), 7.74 – 7.68 

(m, 2H), 4.97 (s, 1H), 1.64 (s, 6H), 1.44 (s, 9H). 13C{1H} NMR (100 MHz, CDCl3) δ 171.1, 

161.7, 154.3, 134.7, 129.0, 123.9, 55.8, 42.3, 28.2, 23.4. HRMS (ESI/Q-TOF) m/z: [M + 

Na]+ Calcd for C17H20N2NaO6 371.1219; found 371.1207.

1,3-dioxoisoindolin-2-yl 3-(benzyloxy)-2,2-dimethylpropanoate (1h). 83% yield (630 mg), 

white solid. The product was obtained after flash chromatography using hexane/ethyl 

acetate (80:20). Spectroscopic data match those previously reported in the literature. 1H 

NMR (400 MHz, CDCl3) δ 7.93 – 7.88 (m, 2H), 7.83 – 7.78 (m, 2H), 7.41 (t, J = 7.3 Hz, 

2H), 7.37 (d, J = 7.9 Hz, 2H), 7.33 – 7.28 (m, 1H), 4.67 (s, 2H), 3.65 (s, 2H), 1.46 (s, 6H). 

13C{1H} NMR (100 MHz, CDCl3) δ 172.7, 162.0, 138.2, 134.7, 129.1, 128.3, 127.6, 127.6, 

123.9, 76.1, 73.5, 43.6, 22.4. HRMS (ESI/Q-TOF) m/z: [M + H]+ Calcd for C20H20NO5 

354.1336; found 354.1333.

1,3-dioxoisoindolin-2-yl 2-(4-(4-chlorobenzoyl)phenoxy)-2-methylpropanoate (1j). 80% 

yield (1100 mg), pale-yellow solid, 111.9 – 115.2 °C. The product was obtained after flash 
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chromatography using hexane/ethyl acetate (70:30). 1H NMR (400 MHz, CDCl3) δ 7.94 – 

7.89 (m, 2H), 7.86 – 7.80 (m, 4H), 7.75 (d, J = 8.3 Hz, 2H), 7.48 (d, J = 8.1 Hz, 2H), 7.14 

(d, J = 8.5 Hz, 2H), 1.89 (s, 6H). 13C{1H} NMR (100 MHz, CDCl3) δ 194.4, 170.4, 161.7, 

158.6, 138.5, 136.3, 135.0, 132.1, 131.4, 131.3, 128.9, 128.6, 124.1, 118.5, 78.6, 25.7. 

HRMS (ESI/Q-TOF) m/z: [M + H]+ Calcd for C25H19ClNO6 464.0895; found 464.0883.

1,3-dioxoisoindolin-2-yl 5-(2,5-dimethylphenoxy)-2,2-dimethylpentanoate (1l). 83% yield 

(920 mg), pale-yellow solid, 62.8 – 64.1 °C. The product was obtained after flash 

chromatography using hexane/ethyl acetate (70:30). 1H NMR (400 MHz, CDCl3) δ 7.94 – 

7.87 (m, 2H), 7.85 – 7.78 (m, 2H), 7.03 (d, J = 7.5 Hz, 1H), 6.68 (d, J = 6.6 Hz, 2H), 4.04 

(t, J = 4.9 Hz, 2H), 2.34 (s, 3H), 2.22 (s, 3H), 2.01 – 1.97 (m, 4H), 1.48 (s, 6H). 13C{1H} 

NMR (100 MHz, CDCl3) δ 173.8, 162.1, 157.0, 136.5, 134.7, 130.3, 129.1, 123.9, 123.6, 

120.7, 112.0, 67.7, 42.0, 37.4, 25.1, 25.0, 21.4, 15.8. HRMS (ESI/Q-TOF) m/z: 

[M+MeOH+Na]+ Calcd for C24H29NNaO5 450.1887; found 450.1884.
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General photoinduced cascade procedure: General procedure on 0.1 mmol scale (3a-3u 

and 4a-4n): An oven-dried screw-cap 10 mL reaction glass tube equipped with a magnetic 

stirring bar was charged with N-(acyloxy)phthalimide 1 (2 equiv.), enyne 2 (1 equiv.), 

diethyl 2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (1.5 equiv.) and N,N-

Diisopropylethylamine (2 equiv.). Freshly distilled THF or DMF (0.1 mol L-1) was added 

under atmospheric air. The tube was caped and placed approximately at 3 cm distance 

from the blue LED 34W Kessil lamp and irradiated at room temperature – the temperature 

was mantained by placing a fan righ above the reaction tube - for 24 h. After this period, 

the solvent was removed under reduced pressure and the crude residue was solubilized 

in ethyl acetate and washed with HCl 10% (3x) and NaOH 0.1 M (3x) (Note: When the 

solvent is DMF, an alternative work-up was dilute the reaction in ethyl acetate directly). 

The collected organic layer was dried over Na2SO4, filtered and concentrated under 

reduced pressure to give the crude product. Column chromatography on silica afforded 

pure compounds.
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EDA photoinduced cascade performed at gram-scale: To a Schlenk tube (50 mL) equipped with 

a magnetic stirring bar was charged with enyne 2a (593 mg, 2.15 mmol, 1 equiv.), N-

(acyloxy)phthalimide 1d (1.5 g, 4.3 mmol, 2 equiv.), diethyl 2,6-dimethyl-1,4-dihydropyridine-

3,5-dicarboxylate (817mg, 3.23 mmol, 1.5 equiv.) and N,N-Diisopropylethylamine (555,7 mg, 4.3 

mmol, 2 equiv). Anhydrous THF (21.5 mL, 0.1 molL-1) was added under atmospheric air. The tube 

was placed and irradiated approximately at 3 cm distance from the blue LEDs 34W light for 24 h. 

The solvent was removed under reduced pressure and the crude residue was extracted with ethyl 

acetate, washing 3 times the system with HCl 10% and NaOH 0.1 M each. The collected organic 

layer was dried over Na2SO4, filtered and concentrated under reduced pressure to give the crude 

product. Column chromatography on silica (hexane/ethyl acetate = 9:2) to afford product 4d (628 

mg, 67% yield; Z/E= 1:1) as a pale-yellow oil. The diastereomeric ratio (dr) was determined to be 

1:1 by 1H NMR.

4-benzylidene-1,3-dimethyl-3-neopentyl-3,4-dihydroquinolin-2(1H)-one (3a). 80% yield 

(26.7 mg), yellow oil. The product was obtained after flash chromatography using 

hexane/ethyl acetate (90:10 – 85:15). 1H NMR (400 MHz, CDCl3) δ 7.42 (d, J = 7.6 Hz, 

1H), 7.30 – 7.21 (m, 3H), 7.20 – 7.15 (m, 4H), 7.13 – 7.08 (m, 3H), 7.06 – 7.00 (m, 4H), 

6.96 – 6.88 (m, 4H), 6.68 (t, J = 7.5 Hz, 1H), 6.62 (s, 1H), 3.31 (s, 3H), 3.29 (s, 2H), 1.63 

(s, 3H), 1.59 – 1.47 (m, 2H), 1.43 – 1.29 (m, 2H), 1.20 (s, 3H), 0.79 (s, 9H), 0.76 (s, 8H). 

13C{1H} NMR (100 MHz, CDCl3) δ 173.8, 173.6, 139.9, 139.4, 139.2, 138.5, 137.6, 130.8, 
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130.5, 129.4, 128.7, 128.7, 128.5, 128.4, 128.2, 127.8, 127.0, 126.8, 126.7, 126.2, 124.5, 

123.2, 122.1, 114.3, 113.7, 52.9, 49.7, 49.6, 48.9, 33.0, 32.8, 31.1, 30.8, 30.5, 29.7, 25.0, 

20.8. The diastereomeric ratio (dr) was determined to be 1.5:1 by 1H NMR. HRMS (ESI/Q-

TOF) m/z: [M + H]+ Calcd for C23H28NO 334.2165; found 334.2165.

4-benzylidene-1,3,6-trimethyl-3-neopentyl-3,4-dihydroquinolin-2(1H)-one (3b). 75% yield 

(26.1 mg), yellow oil. The product was obtained after flash chromatography using 

hexane/ethyl acetate (90:10 – 85:15). 1H NMR (400 MHz, CDCl3) δ 7.27 – 7.22 (m, 3H), 

7.20 – 7.14 (m, 4H), 7.12 – 7.02 (m, 3H), 6.95 (s, 2H), 6.84 – 6.77 (m, 2H), 6.72 (s, 1H), 

6.59 (s, 1H), 3.29 (s, 1H), 3.27 (s, 3H), 2.30 (s, 3H), 1.96 (s, 1H), 1.62 (s, 1H), 1.57 – 1.55 

(m, 1H), 1.53 (s, 1H), 1.43 – 1.39 (m, 1H), 1.34 – 1.32 (m, 1H), 1.19 (s, 3H), 0.80 (s, 4H), 

0.76 (s, 9H). 13C{1H} NMR (100 MHz, CDCl3) δ 173.6, 173.5, 140.1, 139.5, 137.7, 136.9, 

136.2, 132.6, 131.3, 131.0, 130.4, 129.3, 129.2, 129.0, 128.4, 128.0, 127.8, 127.6, 126.7, 

126.6, 126.0, 114.2, 113.6, 52.9, 49.7, 49.6, 49.1, 32.9, 32.7, 31.0, 30.8, 30.5, 27.1, 25.1, 

20.8, 20.5. The diastereomeric ratio (dr) was determined to be 2.5:1 by 1H NMR. HRMS 

(ESI/Q-TOF) m/z: [M + H]+ Calcd for C24H30NO 348.2322; found 348.2321.

Page 29 of 86

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



30

4-benzylidene-7-chloro-1,3-dimethyl-3-neopentyl-3,4-dihydroquinolin-2(1H)-one (3c). 

79% yield (29.1 mg), brown oil. The product was obtained after flash chromatography 

using hexane/ethyl acetate (90:10 – 85:15). 1H NMR (400 MHz, CDCl3) δ 7.35 (d, J = 8.2 

Hz, 1H), 7.25 (t, J = 7.4 Hz, 2H), 7.22 – 7.18 (m, 2H), 7.17 – 7.09 (m, 3H), 7.01 (d, J = 8.2 

Hz, 2H), 6.95 – 6.92 (m, 1H), 6.90 (s, 1H), 6.86 – 6.81 (m, 1H), 6.68 – 6.65 (m, 1H), 6.64 

(s, 1H), 3.29 (s, 1H), 3.27 (s, 3H), 1.63 (s, 1H), 1.55 (d, J = 14.4 Hz, 1H), 1.49 (d, J = 14.4 

Hz, 1H), 1.39 – 1.36 (m, 1H), 1.32 – 1.27 (m, 1H), 1.18 (s, 3H), 0.80 (s, 3H), 0.76 (s, 9H). 

13C{1H} NMR (100 MHz, CDCl3) δ 173.7, 173.5, 140.5, 139.6, 139.0, 138.0, 137.2, 134.4, 

134.0, 131.5, 131.2, 129.3, 128.3, 128.0, 127.8, 127.1, 127.0, 126.9, 123.0, 122.9, 122.1, 

114.7, 114.0, 53.0, 49.7, 49.5, 49.0, 33.0, 32.8, 31.0, 30.8, 30.6, 30.5, 25.0, 20.7. The 

diastereomeric ratio (dr) was determined to be 3:1 by 1H NMR. HRMS (ESI/Q-TOF) m/z: 

[M + H]+ Calcd C23H27ClNO for 368.1776; found 368.1775.

4-benzylidene-7-fluoro-1,3-dimethyl-3-neopentyl-3,4-dihydroquinolin-2(1H)-one (3d). 

80% yield (28.12 mg), yellow oil. The product was obtained after flash chromatography 
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using hexane/ethyl acetate (90:10 – 85:15). 1H NMR (400 MHz, CDCl3) δ 7.41 – 7.35 (m, 

1H), 7.25 (t, J = 7.5 Hz, 2H), 7.22 – 7.19 (m, 1H), 7.18 – 7.13 (m, 3H), 7.12 – 7.07 (m, 

1H), 7.02 (d, J = 7.3 Hz, 1H), 6.90 (s, 1H), 6.89 – 6.83 (m, 1H), 6.76 – 6.69 (m, 1H), 6.68 

– 6.59 (m, 2H), 6.44 – 6.36 (m, 1H), 3.29 (s, 1H), 3.26 (s, 3H), 1.63 (s, 1H), 1.56 (d, J = 

14.5 Hz, 1H), 1.50 (d, J = 14.5 Hz, 1H), 1.43 – 1.37 (m, 1H), 1.29 – 1.26 (m, 1H), 1.19 (s, 

3H), 0.80 (s, 3H), 0.77 (s, 9H). 13C{1H} NMR (100 MHz, CDCl3) δ 173.8, 173.6, 163.2 (J 

= 245 Hz), 139.9 (J = 10.3 Hz), 139.1 (J = 17.7 Hz), 138.1, 137.4, 131.9 (J = 9.4 Hz) 

130.6, 129.3, 128.4, 128.3, 128.3, 127.8, 126.9, 126.8, 126.2, 124.5, 109.5 (J = 21.3 Hz), 

108.7 (J = 21.3 Hz), 102.2 (J = 26.5 Hz), 101.5 (J = 26.8 Hz), 53.0, 49.8, 49.6, 49.1, 33.0, 

32.8, 31.0, 30.7, 30.6, 30.5, 25.1, 20.7. The diastereomeric ratio (dr) was determined to 

be 3:1 by 1H NMR. HRMS (ESI/Q-TOF) m/z: [M + H]+ Calcd for C23H27FNO 352.2071; found 

352.2076.

Methyl-4-((1,3-dimethyl-3-neopentyl-2-oxo-2,3-dihydroquinolin-4(1H)-ylidene)methyl) 

benzoate (3e). 40% yield (15.7 mg), pale-yellow oil. The product was obtained after flash 

chromatography using hexane/ethyl acetate (90:10 – 80:20). 1H NMR (400 MHz, CDCl3) 
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δ 7.95 – 7.91 (m, 2H), 7.80 – 7.76 (m, 1H), 7.42 (dd, J = 7.6, 1.4 Hz, 1H), 7.30 (dd, J = 

7.8, 1.2 Hz, 1H), 7.28 – 7.22 (m, 2H), 7.18 – 7.14 (m, 1H), 7.10 (d, J = 8.2 Hz, 1H), 7.04 

(td, J = 7.5, 1.0 Hz, 1H), 6.96 – 6.89 (m, 3H), 6.85 (dd, J = 7.7, 1.4 Hz, 1H), 6.68 (td, J = 

7.6, 1.0 Hz, 1H), 6.62 (s, 1H), 3.86 (s, 3H), 3.82 (s, 1H), 3.32 (s, 1H), 3.30 (s, 3H), 1.64 

(s, 1H), 1.52 (d, J = 8.1 Hz, 2H), 1.34 (t, J = 8.1 Hz, 2H), 1.17 (s, 3H), 0.80 (s, 3H), 0.76 

(s, 9H). 13C{1H} NMR (100 MHz, CDCl3) δ 173.9, 166.0, 162.2, 158.4, 140.9, 139.8, 138.4, 

137.5, 131.6, 130.7, 130.6, 130.3, 129.6, 128.8, 128.7, 128.3, 127.0, 125.7, 123.2, 122.1, 

114.4, 113.6, 113.6, 113.2, 61.4, 55.2, 53.0, 49.7, 49.4, 48.8, 32.7, 31.0, 30.8, 30.5, 25.1, 

25.0, 20.8, 14.3. The diastereomeric ratio (dr) was determined to be 3:1 by 1H NMR. 

HRMS (ESI/Q-TOF) m/z: [M + H]+ Calcd for C25H30NO3 392.2220; found 392.2232.

1,3-dimethyl-4-(4-methylbenzylidene)-3-neopentyl-3,4-dihydro quinolin-2(1H)-one (3f). 

88% yield (30.58 mg), yellow oil. The product was obtained after flash chromatography 

using hexane/ethyl acetate (90:10 – 85:15). 1H NMR (400 MHz, CDCl3) δ 7.48 (dd, J = 

7.6, 1.5 Hz, 1H), 7.33 (ddd, J = 8.1, 7.5, 1.5 Hz, 1H), 7.22 (ddd, J = 8.2, 7.4, 1.5 Hz, 1H), 

7.13 – 7.12 (m, 4H), 7.12 – 7.07 (m, 1H), 7.05 (dd, J = 7.7, 1.4 Hz, 1H), 7.01 – 6.98 (m, 

Page 32 of 86

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



33

4H), 6.98 – 6.95 (m, 2H), 6.77 (ddd, J = 5.8, 5.2, 1.3 Hz, 1H), 6.65 (s, 1H), 3.38 (s, 2H), 

3.36 (s, 3H), 2.36 (d, J = 0.6 Hz, 3H), 2.29 (s, 2H), 1.69 (s, 2H), 1.64 (d, J = 14.3 Hz, 2H), 

1.57 (d, J = 14.3 Hz, 1H), 1.48 – 1.44 (m, 1H), 1.40 – 1.34 (m, 1H), 1.29 (s, 3H), 0.86 (s, 

7H), 0.83 (s, 9H). 13C{1H} NMR (100 MHz, CDCl3) δ 173.9, 173.7, 139.7, 139.3, 138.5, 138.3, 

136.5, 136.4, 136.3, 134.6, 130.9, 130.4, 129.3, 128.9, 128.7, 128.7, 128.5, 128.4, 128.3, 127.0, 

126.1, 124.7, 123.2, 122.1, 114.3, 113.6, 53.0, 49.7, 49.5, 48.9, 32.9, 32.8, 31.0, 30.8, 30.5, 25.1, 

21.2, 20.8. HRMS (ESI/Q-TOF) m/z: [M + H]+ Calcd for C24H30NO 348,2327; found 348,2321.

4-(4-methoxybenzylidene)-1,3-dimethyl-3-neopentyl-3,4-dihydroquinolin-2(1H)-one (3g). 

61% yield (22.17 mg), pale-yellow oil. The product was obtained after flash 

chromatography using hexane/ethyl acetate (90:10 – 85:15). 1H NMR (400 MHz, CDCl3) 

δ 7.41 (d, J = 7.7 Hz, 1H), 7.26 (t, J = 7.8 Hz, 1H), 7.16 (t, J = 7.7 Hz, 1H), 7.08 (d, J = 

8.2 Hz, 2H), 7.05 – 6.95 (m, 2H), 6.94 – 6.88 (m, 2H), 6.79 (d, J = 8.4 Hz, 2H), 6.72 (t, J 

= 7.4 Hz, 1H), 6.65 (d, J = 8.2 Hz, 1H), 6.55 (s, 1H), 3.76 (s, 3H), 3.70 (s, 1H), 3.31 (s, 

1H), 3.29 (s, 3H), 1.62 (s, 1H), 1.60 – 1.47 (m, 3H), 1.41 – 1.29 (m, 1H), 1.23 (s, 3H), 0.79 

(s, 3H), 0.76 (s, 9H). 13C{1H} NMR (100 MHz, CDCl3) δ 173.9, 166.0, 162.2, 158.4, 140.9, 

139.8, 138.4, 137.5, 131.6, 131.0, 130.6, 130.3, 129.6, 128.8, 128.7, 128.3, 127.0, 125.7, 
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123.2, 122.1, 114.4, 113.6, 113.6, 113.2, 61.4, 55.2, 53.0, 49.7, 49.4, 48.8, 32.7, 31.0, 

30.8, 30.5, 25.1, 25.0, 20.8, 14.3. The diastereomeric ratio (dr) was determined to be 3:1 

by 1H NMR. HRMS (ESI/Q-TOF) m/z: [M + H]+ Calcd for C24H30NO2 364.2271; found 

364.2273.

4-(4-fluorobenzylidene)-1,3-dimethyl-3-neopentyl-3,4-dihydroqui nolin-2(1H)-one (3h). 

63% yield (22.14 mg), yellow oil. The product was obtained after flash chromatography 

using hexane/ethyl acetate (90:10 – 85:15). 1H NMR (400 MHz, CDCl3) δ 7.48 (dd, J = 

7.6, 1.5 Hz, 1H), 7.35 (ddd, J = 8.1, 7.5, 1.5 Hz, 1H), 7.26 – 7.23 (m, 1H), 7.22 – 7.17 (m, 

2H), 7.11 (td, J = 7.5, 1.1 Hz, 1H), 7.08 – 7.06 (m, 1H), 7.05 – 7.03 (m, 1H), 7.03 – 7.00 

(m, 1H), 7.00 – 6.98 (m, 1H), 6.98 – 6.94 (m, 2H), 6.91 – 6.84 (m, 1H), 6.78 (td, J = 7.5, 

1.1 Hz, 1H), 6.64 (s, 1H), 3.38 (s, 1H), 3.37 (s, 3H), 1.69 (s, 1H), 1.59 (q, J = 14.4 Hz, 

2H), 1.49 – 1.38 (m, 1H), 1.26 (s, 3H), 0.86 (s, 4H), 0.83 (s, 9H). 13C{1H} NMR (100 MHz, 

CDCl3) δ 173.6, 173.5, 161.7 (J = 245.8 Hz), 161.7 (J = 246.8 Hz), 140.7, 139.4, 139.3, 

138.5, 135.1, 135.1, 133.5, 133.5, 131.0 (J = 7.8 Hz), 130.3, 130.0 (J = 7.8 Hz), 129.6, 

128.9, 128.6 (J = 14.7 Hz), 127.0, 124.9, 124.3, 123.2, 122.1, 115.1 (J = 21.4 Hz), 114.8 
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( J = 21.3 Hz), 114.5, 113.7, 52.8, 49.8, 49.5, 48.9, 33.0, 32.8, 31.0, 30.8, 30.5, 30.5, 

25.1, 20.7. The diastereomeric ratio (dr) was determined to be 2:1 by 1H NMR. HRMS 

(ESI/Q-TOF) m/z: [M + H]+ Calcd for C23H27FNO 352.2071; found 352.2071.

4-benzylidene-7-fluoro-1,3-dimethyl-3-neopentyl-3,4-dihydroquino lin-2(1H)-one (3i). 

73% yield (25.66 mg), yellow oil. The product was obtained after flash chromatography 

using hexane/ethyl acetate (90:10 – 85:15). 1H NMR (400 MHz, CDCl3) δ 7.40 (dd, J = 

7.6, 1.4 Hz, 1H), 7.28 (td, J = 8.1, 1.5 Hz, 1H), 7.24 – 7.19 (m, 1H), 7.18 – 7.15 (m, 1H), 

7.11 – 7.06 (m, 1H), 7.06 – 7.01 (m, 1H), 6.97 – 6.93 (m, 1H), 6.93 – 6.88 (m, 3H), 6.87 

(s, 2H), 6.82 – 6.74 (m, 1H), 6.74 – 6.69 (m, 1H), 6.56 (s, 1H), 3.31 (s, 1H), 3.29 (s, 3H), 

1.62 (s, 1H), 1.52 (q, J = 14.4 Hz, 3H), 1.43 – 1.32 (m, 2H), 1.21 (s, 3H), 0.79 (s, 3H), 

0.76 (s, 9H). 13C{1H} NMR (100 MHz, CDCl3) δ 173.8, 173.6, 163.2 (J = 245 Hz), 139.9 

(J = 10.3 Hz), 139.1 (J = 17.7 Hz), 138.1, 137.4, 131.9 (J = 9.4 Hz) 130.6, 129.3, 128.4, 

128.3, 128.3, 127.8, 126.9, 126.8, 126.2, 124.5, 109.5 (J = 21.3 Hz), 108.7 (J = 21.3 Hz), 

102.2 (J = 26.5 Hz), 101.5 (J = 26.8 Hz), 53.0, 49.8, 49.6, 49.1, 33.0, 32.8, 31.0, 30.7, 
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30.6, 30.5, 25.1, 20.7. The diastereomeric ratio (dr) was determined to be 2.5:1 by 1H 

NMR. HRMS (ESI/Q-TOF) m/z: [M + H]+ Calcd for C23H27FNO 352.2071; found 352.2071.

1,3-dimethyl-4-(2-methylbenzylidene)-3-neopentyl-3,4-dihydroquino lin-2(1H)-one (3j). 

58% yield (20.01 mg), pale yellow oil. The product was obtained after flash 

chromatography using hexane/ethyl acetate (90:10 – 85:15). 1H NMR (400 MHz, CDCl3) 

δ 7.54 (dd, J = 7.6, 1.3 Hz, 1H), 7.38 (td, J = 8.0, 1.5 Hz, 1H), 7.24 – 7.18 (m, 4H), 7.17 – 

7.09 (m, 2H), 7.03 – 6.98 (m, 2H), 6.98 – 6.94 (m, 1H), 6.90 (s, 1H), 6.85 (d, J = 7.7 Hz, 

1H), 6.80 – 6.76 (m, 1H), 6.72 (td, J = 7.6, 0.9 Hz, 1H), 3.42 (s, 1H), 3.40 (s, 3H), 2.26 (s, 

3H), 2.24 (s, 1H), 1.77 (s, 1H), 1.70 – 1.58 (m, 3H), 1.56 – 1.43 (m, 1H), 1.24 (s, 3H), 0.92 

(s, 3H), 0.85 (s, 9H). 13C{1H} NMR (100 MHz, CDCl3) δ 173.8, 173.6, 173.2, 140.0, 139.1, 

138.7, 138.5, 137.0, 136.4, 136.0, 130.2, 130.0, 129.9, 129.6, 128.7, 128.4, 128.2, 127.2, 

127.0, 126.9, 125.9, 125.5, 125.0, 124.7, 123.1, 122.0, 114.1, 113.7, 52.9, 49.5, 49.5, 

49.2, 33.1, 32.6, 31.1, 30.7, 30.5, 30.5, 23.9, 20.8, 20.6, 19.8. The diastereomeric ratio 

(dr) was determined to be 3:1 by 1H NMR. HRMS (ESI/Q-TOF) m/z: [M + H]+ Calcd for 

C24H30NO 348.2322; found 348.2327.
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4-benzylidene-1-methyl-3-neopentyl-3,4-dihydroquinolin-2(1H)-one (3k). 63% yield 

(20.12 mg), pale-yellow oil. The product was obtained after flash chromatography using 

hexane/ethyl acetate (90:10 – 85:15). 1H NMR (600 MHz, CDCl3) δ 7.53 (dd, J = 7.6, 1.4 

Hz, 1H), 7.39 (t, J = 7.6 Hz, 2H), 7.35 – 7.32 (m, 3H), 7.30 – 7.24 (m, 3H), 7.22 – 7.16 (m, 

5H), 7.15 – 7.08 (m, 2H), 7.04 (dd, J = 8.1, 2.5 Hz, 2H), 6.85 – 6.80 (m, 2H), 6.57 (s, 1H), 

4.18 (t, J = 7.1 Hz, 1H), 3.50 (dd, J = 9.2, 4.6 Hz, 1H), 3.39 (s, 3H), 3.38 (s, 3H), 1.53 – 

1.45 (m, 2H), 1.45 – 1.38 (m, 2H), 0.96 (s, 9H), 0.77 (s, 9H). 13C{1H} NMR (150 MHz, 

CDCl3) δ 172.6, 172.0, 140.0, 139.0, 136.6, 136.5, 136.4, 134.7, 129.4, 129.0, 128.8, 

128.8, 128.7, 128.6, 128.6, 128.5, 128.2, 128.2, 127.3, 127.1, 125.5, 123.8, 123.2, 122.4, 

115.0, 114.5, 51.0, 46.2, 43.9, 42.8, 29.8, 29.8, 29.8, 29.5. The diastereomeric ratio (dr) 

was determined to be 1:1 by 1H NMR. HRMS (ESI/Q-TOF) m/z: [M + H]+ Calcd for 

C22H26NO 320.2009; found 320.2012.

4-benzylidene-1,6-dimethyl-3-neopentyl-3,4-dihydroquinolin-2(1H)-one (3l). 75% yield 

(25.11 mg), colorless oil. The product was obtained after flash chromatography using 
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hexane/ethyl acetate (90:10 – 85:15). 1H NMR (400 MHz, CDCl3) δ 7.34 – 7.28 (m, 2H), 

7.27 – 7.24 (m, 3H), 7.23 – 7.19 (m, 1H), 7.13 – 7.10 (m, 4H), 7.10 – 7.05 (m, 2H), 6.98 

(dd, J = 8.3, 1.4 Hz, 1H), 6.87 – 6.82 (m, 3H), 6.73 (s, 1H), 6.47 (s, 1H), 4.08 (t, J = 8.4, 

5.7 Hz, 1H), 3.40 (dd, J = 8.3, 5.4 Hz, 1H), 3.29 (s, 3H), 3.28 (s, 3H), 2.31 (s, 3H), 2.01 

(s, 3H), 1.44 – 1.38 (m, 2H), 1.38 – 1.33 (m, 2H), 0.89 (s, 9H), 0.70 (s, 9H). 13C{1H} NMR 

(100 MHz, CDCl3) δ 172.5, 171.9, 137.6, 136.7, 136.7, 136.6, 136.6, 136.2, 134.9, 132.7, 

131.7, 129.9, 129.3, 129.0, 128.8, 128.1, 127.8, 127.2, 127.1, 126.9, 126.0, 123.6, 114.8, 

114.4, 51.1, 46.2, 43.9, 42.8, 31.9, 31.6, 29.8, 29.5, 20.8, 20.5. The diastereomeric ratio 

(dr) was determined to be 1:1 by 1H NMR. HRMS (ESI/Q-TOF) m/z: [M + H]+ Calcd for 

C23H28NO 334.2165; found 334.2174.

4-benzylidene-7-chloro-1-methyl-3-neopentyl-3,4-dihydroquinolin-2(1H)-one (3m). 68% 

yield (24.07 mg), pale-yellow oil. The product was obtained after flash chromatography 

using hexane/ethyl acetate (90:10 – 85:15). 1H NMR (400 MHz, CDCl3) δ 7.38 (d, J = 8.2 

Hz, 1H), 7.35 – 7.29 (m, 2H), 7.26 – 7.21 (m, 2H), 7.16 – 7.11 (m, 3H), 7.09 – 7.05 (m, 

2H), 7.02 (dd, J = 8.2, 1.9 Hz, 1H), 6.97 – 6.94 (m, 2H), 6.92 (s, 1H), 6.74 – 6.70 (m, 2H), 
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6.52 (s, 1H), 4.10 (t, J = 7.1 Hz, 1H), 3.44 (dd, J = 9.0, 4.8 Hz, 1H), 3.30 (s, 3H), 3.28 (s, 

2H), 1.45 – 1.37 (m, 2H), 1.37 – 1.30 (m, 2H), 0.89 (s, 9H), 0.70 (s, 7H). 13C{1H} NMR 

(100 MHz, CDCl3) δ 172.4, 171.8, 141.2, 140.1, 136.2, 136.1, 135.3, 134.4, 134.3, 133.5, 

130.4, 129.2, 129.0, 128.7, 128.6, 128.6, 128.4, 127.5, 127.4, 126.4, 125.5, 123.1, 122.4, 

122.2, 115.4, 114.9, 50.7, 46.3, 44.0, 42.6, 31.9, 31.6, 29.9, 29.8, 29.7, 29.4. The 

diastereomeric ratio (dr) was determined to be 1:1.5 by 1H NMR. HRMS (ESI/Q-TOF) m/z: 

[M + H]+ Calcd for C22H25ClNO 354.1619; found 354.1624.

4-benzylidene-7-fluoro-1-methyl-3-neopentyl-3,4-dihydroquinolin-2(1H)-one (3n). 60% 

yield (20.24 mg), pale-yellow oil. The product was obtained after flash chromatography 

using hexane/ethyl acetate (90:10 – 85:15). 1H NMR (400 MHz, CDCl3) δ 7.41 (dd, J = 

8.4, 6.2 Hz, 1H), 7.35 – 7.28 (m, 2H), 7.26 – 7.20 (m, 2H), 7.17 – 7.11 (m, 3H), 7.10 – 

7.05 (m, 2H), 6.97 (dd, J = 8.5, 6.4 Hz, 1H), 6.74 (ddd, J = 8.0, 6.3, 2.2 Hz, 1H), 6.71 – 

6.66 (m, 2H), 6.49 (s, 1H), 6.45 (td, J = 8.4, 2.4 Hz, 1H), 4.10 (t, J = 7.1 Hz, 1H), 3.43 (dd, 

J = 8.8, 5.0 Hz, 1H), 3.29 (s, 3H), 3.27 (s, 2H), 1.43 – 1.38 (m, 2H), 1.35 (dd, J = 9.9, 5.4 

Hz, 2H), 0.89 (s, 9H), 0.70 (s, 7H). 13C{1H} NMR (100 MHz, CDCl3) δ 172.5, 171.9, 163.2 
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(J = 245.9 Hz), 162.9 (J = 246.4 Hz), 141.7, 141.6, 140.6, 140.5, 136.3, 136.26, 135.4, 

133.6, 130.8 (J = 9.2 Hz), 129.0, 128.7, 128.6, 128.6, 128.3, 128.0, 127.3 (J = 17.1 Hz), 

126.7 (J = 9.4 Hz), 123.0, 123.0, 119.5, 119.5, 109.6 (J = 21.7 Hz), 109.0 (J = 21.5 Hz), 

102.9 (J = 26.7 Hz), 102.5 (J = 27.0 Hz), 50.9, 46.3, 44.0, 42.7, 31.9, 31.6, 29.9, 29.8, 

29.7, 29.4. The diastereomeric ratio (dr) was determined to be 1:1.5 by 1H NMR. HRMS 

(ESI/Q-TOF) m/z: [M + H]+ Calcd for C22H25FNO 338.1915; found 338.1922.

1-methyl-4-(4-methylbenzylidene)-3-neopentyl-3,4-dihydroquinolin-2(1H)-one (3o). 66% 

yield (22.01 mg), dark-yellow oil. The product was obtained after flash chromatography 

using hexane/ethyl acetate (90:10 – 85:15). 1H NMR (400 MHz, CDCl3) δ 7.44 (d, J = 7.6 

Hz, 1H), 7.26 (t, J = 7.8 Hz, 1H), 7.20 – 7.14 (m, 3H), 7.13 – 7.05 (m, 3H), 7.05 – 6.98 (m, 

3H), 6.98 – 6.91 (m, 4H), 6.76 (t, J = 7.5 Hz, 1H), 6.71 (s, 1H), 6.46 (s, 1H), 4.12 (t, J = 

7.1 Hz, 1H), 3.41 (dd, J = 8.6, 5.1 Hz, 1H), 3.31 (s, 3H), 3.30 (s, 2H), 2.29 (s, 2H), 2.22 

(s, 3H), 1.47 – 1.37 (m, 2H), 1.36 – 1.31 (m, 2H), 0.88 (s, 9H), 0.72 (s, 6H). 13C{1H} NMR 

(100 MHz, CDCl3) δ 172.7, 172.0, 140.0, 139.0, 137.1, 136.9, 135.7, 133.7, 133.6, 129.4, 

129.3, 128.9, 128.7, 128.6, 128.2, 127.3, 125.4, 124.0, 123.2, 122.3, 115.0, 114.5, 51.0, 
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46.1, 43.8, 42.7, 31.9, 31.6, 29.8, 29.8, 29.5, 21.3, 21.2. The diastereomeric ratio (dr) was 

determined to be 1:1.5 by 1H NMR. HRMS (ESI/Q-TOF) m/z: [M + H]+ Calcd for C23H28NO 

334.2165; found 334.2170.

1,3-dimethyl-3-neopentyl-4-(pyridin-3-ylmethylene)-3,4-dihydroquinolin-2(1H)-one (3p). 

54% yield (18.06 mg), yellow oil. The product was obtained after flash chromatography 

using hexane/ethyl acetate (85:15 – 70:30). 1H NMR (400 MHz, CDCl3) δ 8.49 – 8.42 (m, 

2H), 8.34 – 8.25 (m, 1H), 7.49 (d, J = 7.8 Hz, 1H), 7.43 (d, J = 7.7 Hz, 1H), 7.35 – 7.27 

(m, 2H), 7.22 – 7.16 (m, 3H), 7.04 (dd, J = 14.2, 7.1 Hz, 2H), 6.97 – 6.89 (m, 2H), 6.88 – 

6.82 (m, 2H), 6.72 (t, J = 7.5 Hz, 1H), 6.56 (s, 1H), 3.32 (s, 2H), 3.30 (s, 3H), 1.65 (s, 2H), 

1.59 – 1.49 (m, 2H), 1.45 – 1.30 (m, 2H), 1.18 (s, 3H), 0.80 (s, 7H), 0.76 (s, 9H). 13C{1H} 

NMR (100 MHz, CDCl3) δ 173.2, 150.4, 148.9, 148.0, 147.6, 142.8, 142.3, 139.4, 138.5, 

136.6, 135.9, 135.2, 133.6, 130.1, 129.2, 129.1, 128.1, 127.0, 126.3, 123.7, 123.3, 123.0, 

122.7, 122.4, 122.1, 114.7, 113.8, 53.0, 49.9, 49.9, 48.9, 33.0, 32.8, 31.0, 30.7, 30.6, 

30.5, 25.6, 20.7. The diastereomeric ratio (dr) was determined to be 1.5:1 by 1H NMR. 

HRMS (ESI/Q-TOF) m/z: [M + H]+ Calcd for C22H27N2O 335.2118; found 335.2122.
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1-methyl-3-neopentyl-4-(thiophen-3-ylmethylene)-3,4-dihydroquinolin-2(1H)-one (3q). 

60% yield (20.37 mg), brown oil. The product was obtained after flash chromatography 

using hexane/ethyl acetate (90:10 – 85:15). 1H NMR (400 MHz, CDCl3) δ 7.43 (d, J = 7.5 

Hz, 1H), 7.30 – 7.24 (m, 2H), 7.23 – 7.20 (m, 1H), 7.10 (d, J = 4.9 Hz, 1H), 7.08 – 7.03 

(m, 2H), 6.99 – 6.94 (m, 2H), 6.86 (t, J = 7.5 Hz, 1H), 6.83 – 6.80 (m, 1H), 6.66 (s, 1H), 

6.43 (s, 1H), 4.17 (t, J = 7.3 Hz, 1H), 3.39 (dd, J = 9.0, 4.6 Hz, 1H), 3.30 (s, 4H), 1.44 – 

1.34 (m, 2H), 1.34 – 1.31 (m, 1H), 0.88 (s, 9H), 0.76 (s, 3H). 13C{1H} NMR (100 MHz, 

CDCl3) δ 172.6, 171.8, 139.8, 137.5, 133.8, 129.3, 128.9, 128.7, 128.3, 127.9, 125.9, 

125.3, 125.0, 124.2, 124.2, 123.6, 123.2, 122.7, 122.4, 122.3, 114.9, 114.5, 51.0, 46.1, 

43.8, 43.4, 31.8, 31.6, 31.5, 29.7, 29.5. The diastereomeric ratio (dr) was determined to 

be 1:3 by 1H NMR. HRMS (ESI/Q-TOF) m/z: [M + H]+ Calcd for C20H24NOS 326.1573; 

found 326.1577.

4-benzylidene-3-methyl-3-neopentyl-1-tosyl-3,4-dihydroquinolin-2(1H)-one (3r). 55% 

yield (26.05 mg), pale yellow oil. The product was obtained after flash chromatography 
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using hexane/ethyl acetate (85:15 – 70:30). 1H NMR (400 MHz, CDCl3) δ 7.93 (d, J = 8.3 

Hz, 2H), 7.88 (d, J = 8.3 Hz, 1H), 7.79 (d, J = 8.1 Hz, 1H), 7.71 (dd, J = 8.1, 0.5 Hz, 1H), 

7.49 (dd, J = 7.6, 1.4 Hz, 1H), 7.43 (td, J = 7.9, 1.6 Hz, 1H), 7.38 – 7.33 (m, 3H), 7.33 – 

7.21 (m, 6H), 7.14 (s, 1H), 7.11 – 7.02 (m, 3H), 6.60 (s, 1H), 2.48 (s, 3H), 2.39 (s, 1H), 

1.60 (d, J = 14.5 Hz, 1H), 1.50 (s, 1H), 1.41 (d, J = 14.5 Hz, 1H), 1.31 – 1.24 (m, 1H), 

1.03 (s, 3H), 0.81 (s, 3H), 0.76 (s, 9H). 13C{1H} NMR (100 MHz, CDCl3) δ 144.7, 138.3, 

138.2, 137.4, 136.8, 134.3, 133.4, 132.6, 132.2, 129.9, 129.5, 129.3, 128.5, 128.3, 128.2, 

128.1, 127.9, 127.5, 127.0, 126.6, 125.9, 124.1, 122.4, 53.1, 52.7, 51.9, 48.5, 32.6, 32.5, 

30.8, 30.7, 25.5, 21.7, 21.6, 21.1. The diastereomeric ratio (dr) was determined to be 3:1 

by 1H NMR. HRMS (ESI/Q-TOF) m/z: [M + Na]+ Calcd for C29H31NNaO3S 496.1917; found 

496.1907.

1-benzyl-4-benzylidene-3-methyl-3-neopentyl-3,4-dihydroquinolin-2(1H)-one (3s). 52% 

yield (21.30 mg), yellow oil. The product was obtained after flash chromatography using 

hexane/ethyl acetate (90:10 – 85:15). 1H NMR (400 MHz, CDCl3) δ 7.49 (dd, J = 7.6, 1.4 
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Hz, 1H), 7.36 – 7.26 (m, 10H), 7.26 – 7.21 (m, 6H), 7.20 – 7.13 (m, 3H), 7.10 – 7.04 (m, 

3H), 7.03 (s, 1H), 6.98 (dd, J = 7.7, 1.3 Hz, 1H), 6.91 (t, J = 7.8 Hz, 2H), 6.77 (s, 1H), 6.71 

(t, J = 7.1 Hz, 1H), 5.30 (d, J = 14.8 Hz, 1H), 5.20 (d, J = 4.7 Hz, 1H), 5.04 (d, J = 16.3 

Hz, 1H), 1.80 (d, J = 14.2 Hz, 1H), 1.77 (s, 1H), 1.65 – 1.61 (m, 1H), 1.58 – 1.53 (m, 2H), 

1.31 (s, 3H), 0.92 (s, 4H), 0.90 (s, 9H). 13C{1H} NMR (100 MHz, CDCl3) δ 174.3, 174.1, 

139.5, 139.3, 138.8, 138.5, 137.8, 137.6, 137.3, 131.4, 130.6, 129.4, 129.2, 128.7, 128.6, 

128.5, 128.4, 128.2, 127.8, 127.1, 127.0, 126.8, 126.7, 126.6, 126.5, 126.5, 123.3, 122.3, 

115.3, 114.5, 51.7, 50.3, 50.1, 48.0, 47.0, 46.6, 33.4, 33.3, 31.3, 31.1, 24.1, 20.4. The 

diastereomeric ratio (dr) was determined to be 2:1 by 1H NMR. HRMS (ESI/Q-TOF) m/z: 

[M + H]+ Calcd for C29H32NO 410.2478; found 410.2483.

1-acetyl-4-benzylidene-3-methyl-3-neopentyl-3,4-dihydroquinolin-2(1H)-one (3t).  59% 

yield (21.33 mg), pale-yellow oil. The product was obtained after flash chromatography 

using hexane/ethyl acetate (85:15 – 80:20). 1H NMR (400 MHz, CDCl3) δ 7.40 (d, J = 7.6 

Hz, 1H), 7.34 (d, J = 8.2 Hz, 1H), 7.30 – 7.22 (m, 4H), 7.22 – 7.16 (m, 4H), 7.16 – 7.10 

(m, 3H), 7.03 (s, 1H), 6.94 (d, J = 7.7 Hz, 1H), 6.84 (t, J = 7.5 Hz, 1H), 6.63 (s, 1H), 2.60 
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(s, 1H), 2.48 (s, 3H), 1.81 (d, J = 14.4 Hz, 1H), 1.64 (s, 1H), 1.54 (d, J = 14.4 Hz, 1H), 

1.33 – 1.31 (m, 1H), 1.19 (s, 3H), 0.80 (s, 3H), 0.75 (s, 9H). 13C{1H} NMR (100 MHz, 

CDCl3) δ 177.5, 175.7, 174.6, 173.7, 138.6, 138.6, 137.7, 136.7, 135.0, 133.9, 131.9, 

131.6, 130.0, 129.6, 128.2, 128.0, 127.5, 127.3, 127.0, 125.8, 124.9, 122.5, 121.4, 52.8, 

52.5, 52.2, 48.7, 32.9, 32.5, 31.1, 30.8, 28.5, 27.2, 26.2, 21.1. The diastereomeric ratio 

(dr) was determined to be 3:1 by 1H NMR. HRMS (ESI/Q-TOF) m/z: [M + H]+ Calcd for 

C24H28NO2 362.2115; found 362.2124.

4-benzylidene-7-fluoro-3-methyl-3-neopentyl-3,4-dihydroquinolin-2(1H)-one (3u). 47% 

yield (15.86 mg), viscous oil. The product was obtained after flash chromatography using 

hexane/ethyl acetate (85:15 – 80:20). 1H NMR (400 MHz, CDCl3) δ 9.02 – 8.90 (m, 1H), 

8.88 – 8.78 (m, 1H), 7.39 (dd, J = 8.6, 5.8 Hz, 1H), 7.30 – 7.21 (m, 3H), 7.21 – 7.15 (m, 

3H), 7.15 – 7.09 (m, 1H), 7.04 – 6.98 (m, 1H), 6.97 (s, 1H), 6.83 (dd, J = 8.6, 6.1 Hz, 1H), 

6.69 (td, J = 8.5, 2.5 Hz, 1H), 6.66 (s, 1H), 6.53 – 6.45 (m, 2H), 6.35 (td, J = 8.6, 2.5 Hz, 

1H), 1.78 (d, J = 14.4 Hz, 1H), 1.66 – 1.61 (m, 2H), 1.47 (s, 1H), 1.21 (s, 3H), 0.86 (s, 

3H), 0.82 (s, 9H). 13C{1H} NMR (100 MHz, CDCl3) δ 176.1, 175.6, 163.3 (J = 207.1 Hz), 
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162.8 (J = 197.4 Hz), 140.9, 139.2, 138.5, 137.6 (J = 10.7 Hz), 136.7 (J = 10.6 Hz), 132.2 

(J = 9.3 Hz), 131.0, 129.2, 128.4, 128.3, 128.1, 128.1, 127.9, 127.3, 126.9, 126.9, 122.5, 

118.4, 110.3 (J = 21.7 Hz), 109.2 (J = 21.7 Hz), 102.4 (J = 25.3 Hz), 102.0 (J = 25.5 Hz), 

54.2, 49.5, 49.2, 49.0, 33.4, 32.8, 31.2, 30.8, 25.6. The diastereomeric ratio (dr) was 

determined to be 2:1 by 1H NMR. HRMS (ESI/Q-TOF) m/z: [M + H]+ Calcd for C22H25FNO 

338.1915; found 338.1918.

1-(4-benzylidene-1,3-dimethyl-2-oxo-1,2,3,4-tetrahydroquinolin-3-yl)-2-methylpropan-2-

yl benzoate (4a). 58% yield (25.50 mg), pale-yellow oil. The product was obtained after 

flash chromatography using hexane/ethyl acetate (85:15 – 80:20). 1H NMR (400 MHz, 

CDCl3) δ 7.93 (d, J = 8.0 Hz, 2H), 7.80 (d, J = 8.0 Hz, 2H), 7.50 – 7.41 (m, 2H), 7.36 (t, J 

= 7.6 Hz, 2H), 7.33 – 7.28 (m, 3H), 7.25 (t, J = 7.8 Hz, 1H), 7.21 – 7.17 (m, 5H), 7.17 – 

7.11 (m, 2H), 7.08 (t, J = 6.5 Hz, 3H), 7.02 – 6.98 (m, 2H), 6.98 – 6.94 (m, 2H), 6.92 (d, J 

= 8.2 Hz, 2H), 6.81 (d, J = 8.1 Hz, 1H), 6.71 (t, J = 7.5 Hz, 1H), 6.64 (s, 1H), 3.27 (s, 3H), 

3.18 (s, 3H), 2.41 (d, J = 15.0 Hz, 1H), 2.27 (d, J = 15.1 Hz, 1H), 2.14 (d, J = 15.0 Hz, 

1H), 1.83 (d, J = 15.0 Hz, 1H), 1.68 (s, 3H), 1.53 (s, 3H), 1.48 (s, 3H), 1.43 (s, 3H), 1.39 
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(s, 3H), 1.26 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 173.2, 172.8, 165.6, 165.6, 139.3, 

139.1, 138.5, 138.4, 137.3, 132.6, 132.5, 131.6, 131.8, 131.4, 130.2, 129.6, 129.4, 128.9, 

128.8, 128.4, 128.3, 128.2, 128.1, 127.8, 127.0, 127.0, 126.9, 126.8, 124.2, 123.4, 122.4, 

114.7, 113.9, 84.0, 83.5, 49.2, 48.6, 44.8, 30.7, 30.6, 28.2, 28.0, 26.9, 26.6, 24.7, 19.9. 

The diastereomeric ratio (dr) was determined to be 1:1 by 1H NMR. HRMS (ESI/Q-TOF) 

m/z: [M + Na]+ Calcd for C29H29NNaO3 462.2040; found 462.2031.

1-(4-benzylidene-1-methyl-2-oxo-1,2,3,4-tetrahydroquinolin-3-yl)-2-methylpropan-2-yl 

benzoate (4b). 50% yield (21.28 mg), yellow solid, 127.8 – 129.3 °C. The product was 

obtained after flash chromatography using hexane/ethyl acetate (85:15 – 80:20). 1H NMR 

(400 MHz, CDCl3) δ 7.94 (d, J = 7.9 Hz, 2H), 7.83 (d, J = 7.9 Hz, 2H), 7.50 – 7.43 (m, 

2H), 7.41 – 7.31 (m, 5H), 7.28 (t, J = 7.8 Hz, 1H), 7.23 – 7.16 (m, 5H), 7.16 – 7.10 (m, 

1H), 7.07 – 6.99 (m, 4H), 6.98 – 6.91 (m, 3H), 6.88 – 6.81 (m, 2H), 6.77 – 6.70 (m, 2H), 

6.40 (s, 1H), 4.30 (t, J = 7.3 Hz, 1H), 3.58 (dd, J = 8.5, 4.4 Hz, 1H), 3.26 (s, 3H), 3.15 (s, 

2H), 2.25 (ddd, J = 22.7, 14.5, 8.1 Hz, 2H), 2.06 (dd, J = 14.8, 6.9 Hz, 1H), 1.98 (dd, J = 

14.4, 4.4 Hz, 1H), 1.58 (s, 6H), 1.47 (s, 2H), 1.41 (s, 2H). 13C{1H} NMR (100 MHz, CDCl3) 
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δ 171.6, 170.6, 165.5, 139.8, 138.9, 136.2, 136.1, 135.2, 133.4, 132.6, 132.6, 131.8, 

131.7, 129.6, 129.5, 129.0, 129.0, 128.8, 128.7, 128.6, 128.3, 128.1, 128.1, 127.4, 127.1, 

126.8, 125.6, 123.5, 123.4, 122.5, 115.2, 114.7, 82.3, 49.7, 42.6, 42.0, 40.7, 29.9, 29.8, 

27.0, 26.7, 26.6, 26.2. The diastereomeric ratio (dr) was determined to be 1:1.5 by 1H 

NMR. HRMS (ESI/Q-TOF) m/z: [M + Na]+ Calcd for C28H27NNaO3 448.1883; found 

448.1879.

1-(4-benzylidene-1,3-dimethyl-2-oxo-1,2,3,4-tetrahydroquinolin-3-yl)-2-methylpropan-2-

yl pent-4-enoate (4c). 51% yield (21.29 mg), yellow oil. The product was obtained after 

flash chromatography using hexane/ethyl acetate (85:15 – 80:20). 1H NMR (400 MHz, 

CDCl3) δ 7.42 (dd, J = 7.7, 1.1 Hz, 1H), 7.28 – 7.24 (m, 4H), 7.20 – 7.16 (m, 6H), 7.10 (t, 

J = 4.7 Hz, 3H), 7.04 – 7.01 (m, 3H), 7.00 – 6.95 (m, 2H), 6.94 – 6.89 (m, 3H), 6.74 – 6.68 

(m, 1H), 6.65 (s, 1H), 5.81 – 5.63 (m, 2H), 5.01 – 4.87 (m, 4H), 3.33 (s, 3H), 3.31 (s, 3H), 

2.26 (s, 3H), 2.19 – 2.14 (m, 3H), 2.13 – 2.08 (m, 2H), 2.06 – 2.03 (m, 3H), 1.68 (d, J = 

14.5 Hz, 1H), 1.64 (s, 3H), 1.35 (s, 6H), 1.30 (s, 3H), 1.26 (s, 3H), 1.21 (s, 3H). 13C{1H} 

NMR (100 MHz, CDCl3) δ 139.3, 139.2, 139.1, 138.5, 138.5, 137.3, 136.9, 136.9, 131.3, 
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130.2, 129.4, 129.0, 128.8, 128.4, 128.2, 128.1, 127.9, 127.0, 126.9, 126.8, 126.7, 124.2, 

123.4, 122.3, 115.3, 115.3, 114.6, 113.8, 83.2, 82.6, 61.4, 49.9, 48.5, 45.3, 34.9, 34.6, 

30.7, 30.6, 28.9, 28.8, 27.8, 27.4, 26.6, 26.5, 24.6, 19.6, 14.3. The diastereomeric ratio 

(dr) was determined to be 1.5:1 by 1H NMR. HRMS (ESI/Q-TOF) m/z: [M + Na]+ Calcd for 

C27H31NNaO3 440.2196; found 440.2191.

Tert-butyl-(1-(4-benzylidene-1,3-dimethyl-2-oxo-1,2,3,4-tetrahydroquinolin-3-yl)-2-

methylpropan-2-yl) carbamate (4d). 61% yield (26.51 mg), yellow oil. The product was 

obtained after flash chromatography using hexane/ethyl acetate (85:15 – 80:20). 1H NMR 

(400 MHz, CDCl3) δ 7.54 (dd, J = 7.7, 1.4 Hz, 1H), 7.38 – 7.34 (m, 1H), 7.34 – 7.29 (m, 

4H), 7.26 – 7.20 (m, 2H), 7.20 – 7.15 (m, 3H), 7.14 – 7.09 (m, 3H), 7.08 (s, 1H), 7.03 – 

6.99 (m, 2H), 6.98 (d, J = 8.1 Hz, 1H), 6.77 (td, J = 7.6, 1.0 Hz, 1H), 6.71 (s, 1H), 4.57 (s, 

1H), 4.34 (s, 1H), 3.40 (s, 3H), 3.37 (s, 3H), 2.20 (d, J = 14.7 Hz, 1H), 1.73 (s, 3H), 1.46 

(s, 1H), 1.43 (s, 9H), 1.41 (s, 1H), 1.38 (s, 9H), 1.31 (s, 3H), 1.23 (s, 3H), 1.21 (s, 3H), 

1.14 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 173.1, 154.0, 139.2, 139.1, 138.9, 138.3, 

137.4, 131.6, 130.4, 129.5, 129.1, 128.8, 128.6, 128.2, 128.0, 127.9, 127.0, 126.9, 126.8, 
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126.6, 123.5, 122.3, 114.6, 113.8, 77.3, 61.4, 53.3, 52.9, 49.4, 48.6, 48.5, 44.5, 30.7, 

30.6, 29.0, 28.6, 25.5, 20.0, 14.3. The diastereomeric ratio (dr) was determined to be 1:1 

by 1H NMR. HRMS (ESI/Q-TOF) m/z: [M + Na]+ Calcd for C27H34N2NaO3 457.2462; found 

457.2462.

3-(((1R,3R)-adamantan-1-yl)methyl)-4-((E)-benzylidene)-1,3-dimethyl-3,4-

dihydroquinolin-2(1H)-one (4e). 41% yield (16.88 mg), brown oil. The product was 

obtained after flash chromatography using hexane/ethyl acetate (90:10 – 85:15). 1H NMR 

(400 MHz, CDCl3) δ 7.43 (d, J = 7.6 Hz, 1H), 7.31 – 7.23 (m, 3H), 7.22 – 7.15 (m, 4H), 7.15 – 

7.07 (m, 3H), 7.04 (t, J = 6.9 Hz, 3H), 6.93 (t, J = 7.0 Hz, 3H), 6.89 (s, 1H), 6.69 (t, J = 7.5 Hz, 

1H), 6.62 (s, 1H), 3.32 (s, 3H), 3.29 (s, 3H), 1.75 (s, 5H), 1.65 (s, 3H), 1.58 – 1.48 (m, 9H), 1.47 

– 1.35 (m, 17H), 1.25 (d, J = 14.5 Hz, 1H), 1.20 (s, 3H), 1.14 (d, J = 14.6 Hz, 1H). 13C{1H} NMR 

(100 MHz, CDCl3) δ 174.1, 173.6, 140.0, 139.4, 139.3, 139.2, 138.6, 137.7, 130.6, 129.4, 

128.7, 128.7, 128.5, 128.4, 128.2, 127.8, 127.0, 126.8, 126.7, 126.0, 124.5, 123.2, 122.0, 

114.3, 113.7, 54.4, 50.3, 49.3, 49.2, 43.3, 43.0, 36.9, 36.8, 35.3, 35.1, 30.6, 30.5, 28.8, 

28.7, 25.7, 21.4. The diastereomeric ratio (dr) was determined to be 1:1 by 1H NMR. 

HRMS (ESI/Q-TOF) m/z: [M + H]+ Calcd for C29H34NO 412.2635; found 412.2639.
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4-benzylidene-3-(2,2-dimethylbutyl)-1,3-dimethyl-3,4-dihydroquinolin-2(1H)-one (4f). 

54% yield (18.77 mg), yellow oil. The product was obtained after flash chromatography 

using hexane/ethyl acetate (90:10 – 85:15). 1H NMR (400 MHz, CDCl3) δ 7.42 (d, J = 7.7 

Hz, 1H), 7.29 – 7.21 (m, 3H), 7.21 – 7.14 (m, 4H), 7.12 (d, J = 6.3 Hz, 1H), 7.10 – 7.07 

(m, 2H), 7.06 – 7.01 (m, 3H), 6.94 (d, J = 5.0 Hz, 2H), 6.90 (d, J = 8.9 Hz, 2H), 6.69 (t, J 

= 7.5 Hz, 1H), 6.62 (s, 1H), 3.32 (s, 3H), 3.30 (s, 3H), 1.64 (s, 3H), 1.51 (d, J = 2.6 Hz, 

2H), 1.39 (d, J = 14.4 Hz, 1H), 1.31 – 1.26 (m, 1H), 1.20 (s, 3H), 1.08 – 0.99 (m, 4H), 0.78 

(s, 3H), 0.75 (s, 3H), 0.72 (d, J = 2.5 Hz, 6H), 0.56 (t, J = 5.5 Hz, 3H), 0.53 (t, J = 5.5 Hz, 

3H). 13C{1H} NMR (100 MHz, CDCl3) δ 173.9, 173.7, 140.1, 139.4, 139.4, 138.5, 137.7, 

130.7, 130.5, 129.4, 128.7, 128.5, 128.4, 128.1, 127.8, 127.0, 126.8, 126.7, 126.2, 124.6, 

123.2, 122.1, 114.3, 113.7, 50.5, 49.6, 49.4, 46.4, 36.5, 36.1, 35.4, 35.2, 30.5, 30.5, 27.9, 

27.5, 27.1, 26.9, 25.0, 20.8, 8.3. The diastereomeric ratio (dr) was determined to be 1:1 

by 1H NMR. HRMS (ESI/Q-TOF) m/z: [M + H]+ Calcd for C24H30NO 348.2322; found 

348.2328.
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4-benzylidene-1,3-dimethyl-3-((1-methylcyclohexyl)methyl)-3,4-dihydroquinolin-2(1H)-

one (4g). 34% yield (12.70 mg), yellow oil. The product was obtained after flash 

chromatography using hexane/ethyl acetate (90:10 – 85:15). 1H NMR (400 MHz, CDCl3) 

δ 7.42 (d, J = 7.6 Hz, 1H), 7.29 – 7.22 (m, 3H), 7.21 – 7.14 (m, 4H), 7.13 – 7.07 (m, 2H), 

7.06 – 7.00 (m, 3H), 6.95 – 6.90 (m, 3H), 6.89 (s, 1H), 6.68 (t, J = 7.5 Hz, 1H), 6.61 (s, 

1H), 3.31 (s, 2H), 3.29 (s, 3H), 1.65 (s, 2H), 1.59 – 1.53 (m, 2H), 1.53 – 1.47 (m, 2H), 1.25 

– 1.14 (m, 14H), 1.11 – 0.98 (m, 7H), 0.86 (s, 2H), 0.80 (s, 3H). 13C{1H} NMR (100 MHz, 

CDCl3) δ 173.9, 173.7, 140.3, 139.5, 139.4, 139.3, 138.5, 137.7, 130.5, 129.4, 128.7, 

128.5, 128.5, 128.1, 127.8, 127.1, 126.8, 126.7, 126.1, 124.6, 123.2, 122.1, 114.4, 113.7, 

52.8, 49.6, 49.4, 49.3, 48.8, 39.7, 39.2, 39.1, 38.8, 38.0, 37.9, 37.3, 35.5, 35.3, 30.5, 26.7, 

26.2, 25.3, 24.1, 23.7, 22.6, 22.6, 21.9, 21.3. The diastereomeric ratio (dr) was 

determined to be 1.5:1 by 1H NMR. HRMS (ESI/Q-TOF) m/z: [M + H]+ Calcd for C26H32NO 

374.2478; found 374.2482. 

4-benzylidene-3-(3-(benzyloxy)-2,2-dimethylpropyl)-1-methyl-3,4-dihydroquinolin-2(1H)-

one (4h). 55% yield (23.41 mg), colorless oil. The product was obtained after flash 

Page 52 of 86

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



53

chromatography using hexane/ethyl acetate (90:10 – 85:15). 1H NMR (400 MHz, CDCl3) 

δ 7.43 (d, J = 7.6 Hz, 1H), 7.27 – 7.23 (m, 7H), 7.22 (d, J = 3.3 Hz, 3H), 7.20 – 7.15 (m, 

7H), 7.13 – 7.09 (m, 4H), 7.06 (d, J = 8.5 Hz, 2H), 7.04 – 6.97 (m, 2H), 6.92 (t, J = 8.7 Hz, 

2H), 6.75 – 6.70 (m, 2H), 6.43 (s, 1H), 4.45 – 4.36 (m, 2H), 4.35 – 4.27 (m, 2H), 4.15 – 

4.07 (m, 1H), 3.46 – 3.39 (m, 1H), 3.29 (s, 3H), 3.24 (s, 3H), 3.12 (q, J = 8.9 Hz, 2H), 3.01 

(q, J = 8.6 Hz, 2H), 1.68 – 1.61 (m, 2H), 1.55 – 1.49 (m, 3H), 0.93 (s, 3H), 0.90 (s, 3H), 

0.76 (s, 6H). 13C{1H} NMR (100 MHz, CDCl3) δ 172.5, 171.8, 140.0, 139.1, 138.9, 138.9, 

136.5, 136.5, 136.4, 134.8, 129.3, 129.1, 128.8, 128.8, 128.7, 128.6, 128.3, 128.2, 127.9, 

127.3, 127.2, 127.1, 127.0, 126.7, 125.5, 123.8, 123.2, 122.3, 115.0, 114.6, 78.8, 78.1, 

73.1, 72.7, 50.3, 42.2, 41.4, 39.8, 35.9, 35.5, 29.8, 29.8, 25.2, 24.9. The diastereomeric 

ratio (dr) was determined to be 1:1.5 by 1H NMR. HRMS (ESI/Q-TOF) m/z: [M + H]+ Calcd 

for C29H32NO2 426.2428; found 426.2427.

4-benzylidene-1-methyl-3-(2-oxopropyl)-3,4-dihydroquinolin-2(1H)-one (4i). 40% yield 

(12.22 mg), pale yellow oil. The product was obtained after flash chromatography using 

hexane/ethyl acetate (85:15 – 80:20). 1H NMR (400 MHz, CDCl3) δ 7.48 (d, J = 7.5 Hz, 
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1H), 7.37 – 7.27 (m, 5H), 7.26 – 7.21 (m, 1H), 7.21 – 7.15 (m, 2H), 7.15 – 7.06 (m, 6H), 

7.02 (d, J = 7.6 Hz, 1H), 6.98 (d, J = 8.1 Hz, 2H), 6.86 (s, 1H), 6.74 (t, J = 7.5 Hz, 1H), 

6.43 (s, 1H), 4.42 (t, J = 7.3 Hz, 1H), 3.92 (t, J = 6.5 Hz, 1H), 3.79 (t, J = 5.4 Hz, 1H), 3.33 

(s, 3H), 3.31 (s, 3H), 2.93 (dd, J = 16.3, 6.8 Hz, 1H), 2.68 – 2.57 (m, 2H), 2.53 (dd, J = 

14.6, 7.1 Hz, 1H), 2.21 (s, 3H), 1.96 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 206.0, 

205.3, 170.3, 169.6, 139.6, 136.3, 135.8, 133.3, 131.4, 129.7, 129.3, 129.2, 129.0, 128.8, 

128.7, 128.3, 127.7, 127.3, 126.7, 125.6, 123.7, 122.6, 115.4, 114.8, 46.6, 46.2, 41.9, 

41.5, 30.8, 30.2, 30.0, 29.8. The diastereomeric ratio (dr) was determined to be 1:1.5 by 

1H NMR. HRMS (ESI/Q-TOF) m/z: [M + H]+ Calcd for C20H20NO2 306.1489; found 306.1491.

4-benzylidene-3-(2-(3-(4-chlorobenzoyl)phenoxy)-2-methylpropyl)-1,3-dimethyl-3,4-

dihydroquinolin-2(1H)-one (4j). The product was obtained after flash chromatography 

using hexane/ethyl acetate (85:15 – 85:25). 40% yield (22.00 mg), yellow oil.  1H NMR 

(400 MHz, CDCl3) δ 7.67 – 7.62 (m, 4H), 7.62 – 7.58 (m, 2H), 7.58 – 7.53 (m, 2H), 7.45 

(dd, J = 7.7, 1.5 Hz, 1H), 7.40 – 7.36 (m, 4H), 7.29 – 7.23 (m, 3H), 7.22 – 7.19 (m, 3H), 

7.17 – 7.14 (m, 1H), 7.13 – 7.08 (m, 2H), 7.07 – 7.03 (m, 4H), 6.96 (dd, J = 7.7, 1.4 Hz, 
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1H), 6.92 – 6.89 (m, 1H), 6.88 – 6.81 (m, 3H), 6.74 – 6.69 (m, 2H), 6.69 – 6.65 (m, 2H), 

3.30 (s, 3H), 3.24 (s, 3H), 2.09 – 2.03 (m, 1H), 1.75 – 1.70 (m, 3H), 1.55 – 1.52 (m, 3H), 

1.34 (s, 3H), 1.30 (s, 3H), 1.24 (s, 3H), 1.21 (s, 3H), 1.17 (s, 3H). 13C{1H} NMR (100 MHz, 

CDCl3) δ 194.5, 194.5, 173.6, 172.8, 159.9, 159.6, 139.5, 139.3, 138.8, 138.7, 138.5, 

137.3, 136.3, 131.6, 131.4, 131.2, 130.3, 129.5, 128.9, 128.8, 128.6, 128.5, 128.2, 128.0, 

127.9, 127.0, 126.9, 126.8, 124.2, 123.2, 122.5, 122.2, 122.1, 114.6, 113.8, 82.4, 81.8, 

52.7, 48.5, 48.3, 47.4, 30.6, 28.3, 27.8, 27.4, 27.3, 25.9, 20.6. The diastereomeric ratio 

(dr) was determined to be 1:1 by 1H NMR. HRMS (ESI/Q-TOF) m/z: [M + Na]+ Calcd for 

C35H32ClNNaO3 572.1963; found 572.1957.

4-benzylidene-3-(2-(3-(4-chlorobenzoyl)phenoxy)-2-methylpropyl)-1-methyl-3,4-

dihydroquinolin-2(1H)-one (4k). 68% yield (36.45 mg – 24.30 mg major diastereomer  + 

12.15 mg minor diasteromer), pale yellow oil (major diastereomer) and colorless oil (minor 

diastereomer). The product was obtained after flash chromatography using hexane/ethyl 

acetate (85:15 – 80:20). Major diastereomer: 1H NMR (400 MHz, CDCl3) δ 7.67 – 7.63 

(m, 3H), 7.62 – 7.57 (m, 2H), 7.44 (dd, J = 7.6, 1.4 Hz, 1H), 7.41 – 7.36 (m, 2H), 7.34 – 
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7.26 (m, 5H), 7.24 – 7.19 (m, 1H), 7.06 (td, J = 7.5, 1.0 Hz, 1H), 6.99 – 6.94 (m, 2H), 6.85 

– 6.81 (m, 2H), 6.80 (s, 1H), 4.40 (t, J = 7.2 Hz, 1H), 3.27 (s, 3H), 2.06 (dd, J = 14.4, 7.6 

Hz, 1H), 1.90 – 1.83 (m, 1H), 1.26 (s, 3H), 1.21 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) 

δ 194.6, 170.8, 159.8, 138.9, 138.4, 136.4, 136.2, 135.3, 131.5, 131.2, 128.9, 128.9, 

128.8, 128.6, 128.6, 127.5, 126.9, 125.6, 123.3, 122.1, 114.6, 81.1, 44.7, 42.0, 29.7, 27.1, 

26.0. Minor diastereomer: 1H NMR (400 MHz, ) δ 7.66 – 7.63 (m, 5H), 7.40 – 7.36 (m, 

2H), 7.22 – 7.17 (m, 2H), 7.13 – 7.10 (m, 4H), 7.09 – 7.05 (m, 3H), 6.99 – 6.95 (m, 4H), 

6.74 (td, J = 7.5, 0.7 Hz, 1H), 6.53 (s, 1H), 3.69 (dd, J = 8.6, 5.1 Hz, 1H), 3.32 (s, 3H), 

1.97 – 1.92 (m, 1H), 1.92 – 1.86 (m, 1H), 1.40 (s, 3H), 1.36 (s, 3H). 13C{1H} NMR (100 

MHz, CDCl3) δ 194.5, 171.7, 160.1, 139.9, 138.4, 136.4, 133.4, 131.7, 131.2, 129.4, 

129.2, 129.1, 128.9, 128.6, 128.3, 127.3, 123.6, 122.5, 121.7, 115.2, 81.2, 60.4, 53.4, 

49.7, 42.4, 29.9, 27.5, 26.8, 21.1, 14.2. The diastereomeric ratio (dr) was determined to 

be 1:2 by the mass ratio. HRMS (ESI/Q-TOF) m/z: [M + Na]+ Calcd for C34H30ClNNaO3 

558.1806; found 558.1816.
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4-benzylidene-3-(5-(2,5-dimethylphenoxy)-2,2-dimethylpentyl)-1-methyl-3,4-

dihydroquinolin-2(1H)-one (4l). 60% yield (28.06 mg), pale-yellow oil. The product was 

obtained after flash chromatography using hexane/ethyl acetate (85:15 – 80:20). 1H NMR 

(400 MHz, CDCl3) δ 7.46 (d, J = 7.5 Hz, 1H), 7.29 – 7.25 (m, 3H), 7.20 – 7.15 (m, 2H), 

7.11 – 7.06 (m, 5H), 7.05 – 7.01 (m, 2H), 6.96 (dd, J = 8.1, 3.5 Hz, 2H), 6.91 (d, J = 7.4 

Hz, 2H), 6.77 – 6.71 (m, 2H), 6.57 (d, J = 7.5 Hz, 2H), 6.53 (s, 1H), 6.51 – 6.48 (m, 2H), 

4.10 (t, J = 6.7 Hz, 1H), 3.82 (t, J = 6.3 Hz, 2H), 3.62 – 3.58 (m, 1H), 3.44 – 3.37 (m, 1H), 

3.31 (s, 3H), 3.30 (s, 2H), 2.24 (s, 2H), 2.23 (s, 3H), 2.08 (s, 3H), 2.07 (s, 2H), 1.66 – 1.55 

(m, 3H), 1.50 – 1.41 (m, 4H), 1.40 – 1.36 (m, 3H), 1.13 – 1.04 (m, 2H), 0.91 (s, 3H), 0.90 

(s, 3H), 0.71 (s, 2H), 0.69 (s, 2H). 13C{1H} NMR (100 MHz, CDCl3) δ 172.5, 172.0, 157.07, 

140.0, 139.0, 136.5, 134.7, 130.3, 130.3, 129.4, 129.0, 128.8, 128.8, 128.7, 128.6, 128.2, 

127.4, 127.2, 127.0, 125.4, 123.8, 123.6, 123.3, 122.4, 120.6, 120.6, 115.0, 114.6, 112.1, 

112.0, 68.5, 50.5, 44.1, 42.3, 41.8, 38.4, 37.7, 34.1, 33.8, 29.8, 29.8, 27.6, 27.4, 27.2, 

27.2, 24.2, 24.1, 21.4, 15.8. The diastereomeric ratio (dr) was determined to be 1:1.5 by 

1H NMR. HRMS (ESI/Q-TOF) m/z: [M + H]+ Calcd for C32H38NO2 468.2897; found 

468.2910.
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4-benzylidene-1-methyl-3-((1-tosylpiperidin-4-yl)methyl)-3,4-dihydroquinolin-2(1H)-one 

(4n). 40% yield (20 mg - two diasteromers), colorless oil (diastereomer 1) and colorless 

oil (diastereomer 2). The product was obtained after flash chromatography using 

hexane/ethyl acetate (85:15 – 75:25). Diastereomer 1: 1H NMR (400 MHz, CDCl3) δ 7.62 

(d, J = 8.2 Hz, 2H), 7.54 (dd, J = 7.6, 1.4 Hz, 1H), 7.41 – 7.35 (m, 3H), 7.33 (d, J = 8.5 

Hz, 3H), 7.24 (d, J = 7.2 Hz, 2H), 7.14 (td, J = 7.5, 0.9 Hz, 1H), 7.02 (d, J = 7.8 Hz, 1H), 

6.92 (s, 1H), 4.05 (dd, J = 9.9, 6.0 Hz, 1H), 3.75 (d, J = 9.6 Hz, 1H), 3.67 – 3.60 (m, 1H), 

3.34 (s, 3H), 2.46 (s, 3H), 2.19 (td, J = 11.9, 2.5 Hz, 1H), 2.06 – 1.97 (m, 2H), 1.66 – 1.54 

(m, 2H), 1.46 – 1.37 (m, 1H), 1.35 – 1.31 (m, 1H), 1.25 – 1.15 (m, 2H). 13C{1H} NMR (100 

MHz, CDCl3) δ 170.4, 143.4, 138.4, 136.1, 135.0, 132.9, 129.5, 129.0, 128.6, 128.2, 

127.7, 127.6, 125.7, 125.5, 123.5, 114.6, 46.4, 46.3, 42.4, 39.2, 32.6, 31.7, 30.7, 29.6, 

21.50. Diastereomer 2: 1H NMR (400 MHz, CDCl3) δ 7.64 (d, J = 6.7 Hz, 2H), 7.34 (d, J 

= 8.0 Hz, 2H), 7.24 – 7.16 (m, 6H), 7.12 (dd, J = 7.7, 1.4 Hz, 1H), 7.03 (d, J = 7.8 Hz, 1H), 

6.81 (td, J = 7.6, 0.9 Hz, 1H), 6.46 (s, 1H), 3.81 – 3.71 (m, 2H), 3.38 (s, 3H), 3.36 (d, J = 

8.0 Hz, 1H), 2.47 (s, 3H), 2.31 – 2.21 (m, 2H), 1.90 – 1.83 (m, 1H), 1.79 – 1.72 (m, 1H), 
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1.70 – 1.61 (m, 1H), 1.56 – 1.48 (m, 1H), 1.37 – 1.31 (m, 3H). 13C{1H} NMR (100 MHz, 

CDCl3) δ 171.4, 143.4, 139.6, 136.3, 133.1, 133.1, 129.6, 129.1, 129.0, 128.4, 128.3, 

127.7, 127.3, 123.0, 122.5, 115.1, 60.4, 50.5, 46.2, 37.3, 32.5, 31.4, 31.2, 29.8, 21.5. The 

diastereomeric ratio (dr) was determined to be 1:1 by the mass ratio. HRMS (ESI/Q-TOF) 

m/z: [M + H]+ Calcd for C30H33N2O3S 501.2206, found 501.2216.

General procedure for one-pot cascade cyclization-isomerization protocol: General 

procedure on 0.1 mmol scale (5a – 5q): An oven-dried screw-cap 10 mL reaction glass 

tube equipped with a magnetic stirring bar was charged with N-(acyloxy)phthalimide 1 (2 

equiv.), enyne 2 (1 equiv.), diethyl 2,6-dimethyl-1,4-dihydropyridine-3,5-dicar-boxylate 

(1.5 equiv.) and N,N-Diisopropylethylamine (2 equiv). Freshly distilled THF or DMF (0.1 

mol L-1) was added under atmospheric air. The tube was caped and placed approximately 

at 3 cm distance from the blue LED 34W Kessil lamp and irradiated at room temperature 

– the temperature was maintained by placing a fan right above the reaction tube - for 24 

h. After this period, DBU (3 equiv.) was added and the reaction tube was transferred to 

an oil bath at 60 °C, where it was kept under stirring for 12 h. After completion, the solvent 
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was removed under reduced pressure and the crude residue was solubilized in ethyl 

acetate and washed with HCl 10% (3x) and NaOH 0.1 M (3x). The collected organic layer 

was dried over Na2SO4, filtered and concentrated under reduced pressure to give the 

crude product. Column chromatography on silica afforded pure compounds.

4-benzyl-1-methyl-3-((1-methylcyclohexyl)methyl)quinolin-2(1H)-one (5a). 66% yield 

(21.08 mg), white solid, 122.0 – 124.0 °C. The product was obtained after flash 

chromatography using hexane/ethyl acetate (80:20). 1H NMR (400 MHz, CDCl3) δ 7.55 

(d, J = 8.1 Hz, 1H), 7.36 (t, J = 7.8 Hz, 1H), 7.25 (d, J = 8.4 Hz, 1H), 7.15 (t, J = 7.5 Hz, 

2H), 7.08 (t, J = 7.2 Hz, 1H), 7.04 – 6.97 (m, 3H), 4.31 (s, 2H), 3.69 (s, 3H), 2.83 (s, 2H), 

0.94 (s, 9H). 13C{1H} NMR (100 MHz, CDCl3) δ 162.9, 144.0, 139.1, 138.7, 131.2, 129.3, 

128.7, 127.9, 126.4, 121.8, 120.6, 114.1, 39.4, 35.5, 34.2, 30.4, 30.3. HRMS (ESI/Q-TOF) 

m/z: [M+H]+ Calcd for C22H26NO 320.2009; found  320.2012.

4-benzyl-1,6-dimethyl-3-neopentylquinolin-2(1H)-one (5b). 77% yield (25.68 mg), pale-

yellow solid, 97.0 – 98.8 °C. The product was obtained after flash chromatography using 
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hexane/ethyl acetate (80:20). 1H NMR (400 MHz, CDCl3) δ 7.35 (s, 1H), 7.19 – 7.15 (m, 

3H), 7.15 – 7.12 (m, 1H), 7.08 (t, J = 7.3 Hz, 1H), 7.02 (d, J = 7.0 Hz, 2H), 4.29 (s, 2H), 

3.67 (s, 3H), 2.82 (s, 2H), 2.21 (s, 3H), 0.93 (s, 9H). 13C{1H} NMR (100 MHz, CDCl3) δ 

162.8, 143.7, 138.7, 137.1, 131.1, 31.1, 130.5, 128.7, 127.9, 126.3, 126.2, 120.6, 114.1, 

39.4, 35.4, 34.2, 30.4, 30.2, 21.0. HRMS (ESI/Q-TOF) m/z: [M+H]+ Calcd for C23H28NO 

334.2165; found 334.2168.

4-benzyl-7-chloro-1-methyl-3-neopentylquinolin-2(1H)-one (5c). 60% yield (21.23 mg), 

white solid, 151.0 – 152.3 °C. The product was obtained after flash chromatography using 

hexane/ethyl acetate (80:20). 1H NMR (400 MHz, CDCl3) δ 7.44 (d, J = 8.7 Hz, 1H), 7.24 

(d, J = 2.0 Hz, 1H), 7.19 – 7.13 (m, 2H), 7.12 – 7.07 (m, 1H), 6.99 (d, J = 7.0 Hz, 2H), 

6.95 (dd, J = 8.7, 2.0 Hz, 1H), 4.27 (s, 2H), 3.65 (s, 3H), 2.81 (s, 2H), 0.93 (s, 9H). 13C{1H} 

NMR (100 MHz, CDCl3) δ 162.7, 143.5, 140.0, 138.3, 135.3, 131.4, 128.8, 127.8, 127.6, 

126.5, 122.1, 119.1, 114.1, 39.4, 35.6, 34.2, 30.4. HRMS (ESI/Q-TOF) m/z: [M+H]+ Calcd 

for C22H25ClNO 354.1619; found 354.1620.
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4-benzyl-7-fluoro-1-methyl-3-neopentylquinolin-2(1H)-one (5d). 62% yield (20.92 mg), 

white solid, 141.9 – 143.0 °C. The product was obtained after flash chromatography using 

hexane/ethyl acetate (80:20). 1H NMR (400 MHz, CDCl3) δ 7.50 (dd, J = 8.9, 6.2 Hz, 1H), 

7.19 – 7.13 (m, 2H), 7.12 – 7.06 (m, 1H), 7.00 (d, J = 7.6 Hz, 2H), 6.93 (d, J = 9.6 Hz, 

1H), 6.74 – 6.67 (m, 1H), 4.27 (s, 2H), 3.64 (s, 3H), 2.81 (s, 2H), 0.93 (s, 9H). 13C{1H} 

NMR (100 MHz, CDCl3) δ 163.1 (J = 248.5 Hz), 163.0, 143.6, 140.6 (J = 10.7 Hz), 138.4, 

130.1 (J = 1.8 Hz), 128.8, 128.4 (J = 10.0 Hz), 127.8, 126.5, 109.6 (J = 22.4 Hz), 100.9 

(J = 26.5 Hz), 39.3, 35.7, 34.1, 30.5, 30.4. HRMS (ESI/Q-TOF) m/z: [M+H]+ Calcd for 

C22H25FNO 338.1915; found 338.1917.

1-methyl-4-(4-methylbenzyl)-3-neopentylquinolin-2(1H)-one (5e). 74% yield (24.68 mg), 

viscous yellow oil. The product was obtained after flash chromatography using 

hexane/ethyl acetate (80:20). 1H NMR (400 MHz, CDCl3) δ 7.56 (dd, J = 8.2, 1.3 Hz, 1H), 

7.35 (ddd, J = 8.5, 7.1, 1.4 Hz, 1H), 7.25 (dd, J = 8.5, 0.9 Hz, 1H), 7.02 – 6.94 (m, 3H), 

6.90 (d, J = 8.1 Hz, 2H), 4.26 (s, 2H), 3.69 (s, 3H), 2.83 (s, 2H), 2.19 (s, 3H), 0.93 (s, 9H). 

13C{1H} NMR (100 MHz, CDCl3) δ 162.9, 144.1, 139.1, 135.9, 135.5, 131.1, 129.4, 129.2, 
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127.8, 126.4, 121.8, 120.7, 114.1, 39.4, 35.1, 34.1, 30.4, 30.2, 21.0. HRMS (ESI/Q-TOF) 

m/z: [M+H]+ Calcd for C23H28NO 334.2165; found 334.2168.

1-methyl-3-neopentyl-4-(thiophen-3-ylmethyl)quinolin-2(1H)-one (5f). 60% yield (19.53 

mg), yellow oil. The product was obtained after flash chromatography using hexane/ethyl 

acetate (80:20). 1H NMR (400 MHz, CDCl3) δ 7.59 (d, J = 8.1 Hz, 1H), 7.39 (t, J = 7.8 Hz, 

1H), 7.26 (d, J = 8.4 Hz, 1H), 7.16 – 7.12 (m, 1H), 7.04 (t, J = 7.6 Hz, 1H), 6.81 (d, J = 4.9 

Hz, 1H), 6.69 (s, 1H), 4.26 (s, 2H), 3.69 (s, 3H), 2.82 (s, 2H), 0.93 (s, 9H). 13C{1H} NMR 

(100 MHz, CDCl3) δ 162.9, 144.0, 139.1, 138.8, 130.5, 129.4, 127.7, 126.1, 125.8, 121.7, 

121.2, 120.5, 114.1, 39.3, 34.1, 30.7, 30.4, 30.2. HRMS (ESI/Q-TOF) m/z: [M+H]+ Calcd 

for C20H24NOS 326.1573; found 326.1577.

3-(((1R, 3R)-adamantan-1-yl)methyl)-4-benzyl-1-methylquinolin-2(1H)-one (5g). 77% 

(30.61 mg), pale-brown solid, 150.5 – 152.3 °C. The product was obtained after flash 

chromatography using hexane/ethyl acetate (80:20). 1H NMR (400 MHz, CDCl3) δ 7.55 

(d, J = 8.1 Hz, 1H), 7.35 (t, J = 7.8 Hz, 1H), 7.25 (d, J = 8.4 Hz, 1H), 7.18 – 7.11 (m, 2H), 
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7.10 – 7.04 (m, 1H), 7.03 – 6.96 (m, 3H), 4.31 (s, 2H), 3.69 (s, 3H), 2.70 (s, 2H), 1.85 (s, 

3H), 1.62 – 1.49 (m, 13H). 13C{1H} NMR (100 MHz, CDCl3) δ 163.0, 144.0, 139.1, 138.7, 

130.2, 129.2, 128.7, 127.9, 126.3, 121.8, 120.7, 114.1, 43.1, 41.0, 37.0, 36.3, 35.6, 30.3, 

29.0. HRMS (ESI/Q-TOF) m/z: [M+H]+ Calcd for C28H32NO 398.2478; found 398.2474.

4-benzyl-1-methyl-3-((1-methylcyclohexyl)methyl)quinolin-2(1H)-one (5h).  60% yield 

(21.57 mg), white solid, 114.0 – 115.7 °C. The product was obtained after flash 

chromatography using hexane/ethyl acetate (85:15). 1H NMR (400 MHz, CDCl3) δ 7.54 

(d, J = 8.1 Hz, 1H), 7.35 (t, J = 7.8 Hz, 1H), 7.24 (d, J = 8.5 Hz, 1H), 7.18 – 7.11 (m, 2H), 

7.10 – 7.04 (m, 1H), 7.03 – 6.96 (m, 3H), 4.31 (s, 2H), 3.69 (s, 3H), 2.82 (s, 2H), 1.50 – 

1.39 (m, 4H), 1.38 – 1.29 (m, 6H), 0.90 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 163.1, 

144.1, 139.1, 138.7, 131.0, 129.2, 128.7, 127.9, 126.4, 121.7, 120.7, 114.1, 40.2, 38.3, 

36.8, 35.7, 30.3, 26.3, 23.9, 22.3. HRMS (ESI/Q-TOF) m/z: [M+H]+ Calcd for C25H30NO 

360.2322; found 360.2324.
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4-benzyl-3-(2,2-dimethylbutyl)-1-methylquinolin-2(1H)-one (5i). 70% yield (23.34 mg), 

white solid, 112.2 – 113.5 °C. The product was obtained after flash chromatography using 

hexane/ethyl acetate (80:20). 1H NMR (400 MHz, CDCl3) δ 7.54 (d, J = 8.1 Hz, 1H), 7.35 

(t, J = 7.8 Hz, 1H), 7.25 (d, J = 8.5 Hz, 1H), 7.18 – 7.12 (m, 2H), 7.10 – 7.05 (m, 1H), 7.03 

– 6.96 (m, 3H), 4.30 (s, 2H), 3.69 (s, 3H), 2.82 (s, 2H), 1.34 (q, J = 7.5 Hz, 2H), 0.84 (s, 

6H), 0.82 (d, J = 7.5 Hz, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 163.0, 144.0, 139.1, 

138.7, 131.3, 129.2, 128.7, 127.9, 126.3, 121.7, 120.7, 114.1, 38.1, 36.7, 36.1, 35.5, 30.3, 

26.6, 8.7. HRMS (ESI/Q-TOF) m/z: [M+H]+ Calcd for C23H28NO 334.2165; found 

334.2172.

tert-butyl (1-(4-benzyl-1-methyl-2-oxo-1,2-dihydroquinolin-3-yl)-2-methylpropan-2-

yl)carbamate (5j). 85% yield (34.05 mg), white solid, 161.0 – 162.2 °C. The product was 

obtained after flash chromatography using hexane/ethyl acetate (80:20). 1H NMR (400 

MHz, CDCl3) δ 7.59 (dd, J = 8.2, 1.2 Hz, 1H), 7.41 (ddd, J = 8.4, 7.2, 1.3 Hz, 1H), 7.30 

(d, J = 7.8 Hz, 1H), 7.19 – 7.12 (m, 2H), 7.11 – 7.06 (m, 1H), 7.06 – 7.01 (m, 1H), 6.98 (d, 

J = 7.1 Hz, 2H), 6.73 (s, 1H), 4.33 (s, 2H), 3.73 (s, 3H), 2.99 (s, 2H), 1.37 (s, 6H), 1.34 
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(s, 9H). 13C{1H} NMR (100 MHz, CDCl3) δ 163.9, 155.0, 145.8, 139.0, 138.2, 129.9, 129.1, 

128.8, 127.9, 126.6, 126.5, 122.3, 120.6, 114.4, 54.7, 40.0, 35.2, 30.5, 28.6, 26.7. HRMS 

(ESI/Q-TOF) m/z: [M+H]+ Calcd for C26H33N2O3 421.2486; found 421.2482.

1-(4-benzyl-1-methyl-2-oxo-1,2-dihydroquinolin-3-yl)-2-methyl propan-2-yl benzoate 

(5k). 66% yield (28.08 mg), yellow solid, 127.8 – 129.3 °C. The product was obtained after 

flash chromatography using hexane/ethyl acetate (80:20). 1H NMR (400 MHz, CDCl3) δ 

7.83 (d, J = 8.0 Hz, 2H), 7.55 (d, J = 8.2 Hz, 1H), 7.45 – 7.36 (m, 2H), 7.29 (t, J = 8.0 Hz, 

3H), 7.12 (t, J = 7.4 Hz, 2H), 7.06 (d, J = 6.9 Hz, 1H), 7.02 (d, J = 7.6 Hz, 1H), 7.00 – 6.94 

(m, 2H), 4.41 (s, 2H), 3.71 (s, 3H), 3.47 (s, 2H), 1.65 (s, 6H). 13C{1H} NMR (100 MHz, 

CDCl3) δ 166.2, 162.8, 145.4, 139.3, 138.3, 132.4, 132.2, 129.8, 129.4, 129.0, 128.7, 

128.1, 127.9, 126.5, 126.4, 122.0, 120.6, 114.3, 84.9, 38.3, 35.4, 30.3, 26.7. HRMS 

(ESI/Q-TOF) m/z: [M+Na]+ Calcd for C28H27NNaO3 448.1883; found 448.1874.

4-benzyl-3-(3-(benzyloxy)-2,2-dimethylpropyl)-1-methylquinolin-2(1H)-one (5l). 62% 

yield (26.39 mg), yellow oil. The product was obtained after flash chromatography using 
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hexane/ethyl acetate (80:20). 1H NMR (400 MHz, CDCl3) δ 7.65 (d, J = 8.1 Hz, 1H), 7.46 

(t, J = 7.8 Hz, 1H), 7.32 – 7.27 (m, 2H), 7.26 – 7.24 (m, 5H), 7.23 – 7.15 (m, 2H), 7.12 (d, 

J = 7.7 Hz, 1H), 7.07 (d, J = 7.9 Hz, 3H), 4.51 (s, 2H), 4.46 (s, 2H), 3.71 (s, 3H), 3.31 (s, 

2H), 3.03 (s, 2H), 1.07 (s, 6H). 13C{1H} NMR (100 MHz, CDCl3) δ 163.0, 143.9, 139.1, 

138.9, 138.8, 131.2, 129.2, 128.6, 128.2, 127.9, 127.1, 127.0, 126.3, 126.2, 121.7, 120.7, 

114.1, 79.5, 72.9, 37.9, 35.6, 34.8, 30.1, 25.6. HRMS (ESI/Q-TOF) m/z: [M+H]+ Calcd for 

C29H32NO2 426.2428; found 426.2428.

4-benzyl-1-methyl-3-(2-oxopropyl)quinolin-2(1H)-one (5m). 60% yield (18.32 mg), white 

solid, 140.3 – 141.8 °C. The product was obtained after flash chromatography using 

hexane/ethyl acetate (80:20). 1H NMR (400 MHz, CDCl3) δ 7.60 (dd, J = 8.2, 1.3 Hz, 1H), 

7.44 (ddd, J = 8.5, 7.2, 1.4 Hz, 1H), 7.34 – 7.29 (m, 1H), 7.22 – 7.15 (m, 2H), 7.15 – 7.09 

(m, 1H), 7.09 – 7.04 (m, 3H), 4.18 (s, 2H), 3.82 (s, 2H), 3.70 (s, 3H), 2.21 (s, 3H). 13C{1H} 

NMR (100 MHz, CDCl3) δ 205.8, 161.9, 144.9, 139.2, 137.7, 130.0, 128.8, 127.9, 127.1, 

126.6, 126.2, 122.3, 120.7, 114.4, 42.9, 34.9, 30.2, 30.1. HRMS (ESI/Q-TOF) m/z: [M+H]+ 

Calcd for C20H20NO2 306.1489; found 306.1491.
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4-benzyl-1-methyl-3-(2-methyl-2-(3-methylcyclopentyl)propyl) quinolin-2(1H)-one (5n). 

62% yield (24.03 mg), white solid, 107.8 – 109.7 °C. The product was obtained after flash 

chromatography using hexane/ethyl acetate (80:20). 1H NMR (400 MHz, CDCl3) δ 7.54 

(d, J = 8.1 Hz, 1H), 7.35 (t, J = 7.8 Hz, 1H), 7.25 (d, J = 8.4 Hz, 1H), 7.18 – 7.12 (m, 2H), 

7.07 (t, J = 7.1 Hz, 1H), 7.04 – 6.96 (m, 3H), 4.30 (s, 2H), 3.69 (s, 3H), 2.82 (s, 2H), 2.02 

– 1.47 (m, 7H), 1.42 – 1.28 (m, 1H), 1.24 – 1.12 (m, 1H), 1.07 – 0.94 (m, 1H), 0.90 (t, J = 

7.3 Hz, 3H), 0.78 (d, J = 3.0 Hz, 6H). 13C{1H} NMR (100 MHz, CDCl3) δ 163.1, 143.9, 

139.1, 138.8, 131.4, 129.2, 128.7, 127.9, 126.3, 121.7, 120.7, 114.1, 52.4, 50.8, 38.8, 

38.6, 37.0, 36.3, 35.6, 35.3, 34.7, 34.2, 30.2, 28.0, 26.3, 24.8, 24.4, 21.2, 20.6. HRMS 

(ESI/Q-TOF) m/z: [M+H]+ Calcd for C27H34NO 388.2635; found 388.2633.

4-benzyl-3-(2-(3-(4-chlorobenzoyl)phenoxy)-2-methylpropyl)-1-methylquinolin-2(1H)-one 

(5o). 55% yield (29.49 mg), pale-yellow oil. The product was obtained after flash 

chromatography using hexane/ethyl acetate (80:20). 1H NMR 1H NMR (400 MHz, ) δ 7.62 

– 7.60 (m, 4H), 7.40 – 7.30 (m, 5H), 7.19 – 7.12 (m, 3H), 7.08 – 7.00 (m, 4H), 6.89 (d, J = 
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6.9 Hz, 3H), 4.57 (s, 2H), 3.73 (s, 3H), 3.34 (s, 2H), 1.40 (s, 6H). 13C{1H} NMR (100 MHz, 

CDCl3) δ 194.6, 163.0, 159.9, 146.3, 139.2, 138.8, 138.5, 136.3, 132.8, 131.6, 131.3, 

129.8, 128.9, 128.7, 128.5, 127.9, 126.6, 126.3, 122.3, 122.2, 120.9, 115.4, 114.3, 83.8, 

40.1, 35.3, 30.4, 26.7. HRMS (ESI/Q-TOF) m/z: [M+H]+ Calcd for C34H31ClNO3 536.1987; 

found 536.1989.

ASSOCIATED CONTENT

An initial version of this manuscript was posted in ChemRvix. See ref. 22

Supporting information: Details regarding mechanistic investigations experiments, copies 

of 1 H and 13C NMR spectra for all compounds, determination of major diastereoisomer´s 

configuration by NOE experiments and details regarding large scale and flow conditions 

experiments. This material is available free of charge via the Internet at 

http://pubs.acs.org.

AUTHOR INFORMATION

Page 69 of 86

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

http://pubs.acs.org


70

Corresponding Author

*E-mail mwpaixao@ufscar.br

https://orcid.org/0000-0002-0421-2831

Author Contributions

‡These authors contributed equally.

Note

The authors declare no competing financial interest

ACKNOWLEDGMENT

We are grateful to CNPq (INCT Catálise), FAPESP (14/50249-8, 15/17141-1, 17/10015-

6 and 18/12986-1) for financial support. GSK is also acknowledged for the financial 

support. This study was financed in part by the Coordenação de Aperfeiçoamento de 

Pessoal de Nível Superior - Brasil (CAPES) - Finance Code 001. 

REFERENCES

(1) Selected examples: (a) Patel, M.; McHugh Jr., R. J.; Cordova, B. C.; Klabe, R. M.; 

Bacheler, L. T.; Erickson-Viitanen, S.; Rodgers, J. D. Synthesis and evaluation of novel 

Page 70 of 86

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

mailto:mwpaixao@ufscar.br


71

quinolinones as HIV-1 reverse transcriptase inhibitors. Bioorg. Med. Chem. Lett. 2001, 

11, 1943–1945; (b) Uchida, R.; Imasato, R.; Shiomi, K.; Tomoda, H.; Ōmura, S. 

Yaequinolones J1 and J2, Novel Insecticidal Antibiotics from Penicillium sp. FKI-2140. 

Org. Lett. 2005, 7, 5701–5704; (c) Bonnefous, C.; Payne, J. E.; Roppe, J.; Zhuang, H.; 

Chen, X.; Symons, K. T.; Nguyen, P. M.; Sablad, M.; Rozenkrants, N.; Zhang, Y.; Wang, 

L.; Severance, D.; Walsh, J. P.; Yazdani, N.; Shiau, A. K.; Noble, S. A.; Rix, P.; Rao, T. 

S.; Hassig, C. A.; Smith, N. D. Discovery of Inducible Nitric Oxide Synthase (iNOS) 

Inhibitor Development Candidate KD7332, Part 1: Identification of a Novel, Potent, and 

Selective Series of Quinolinone iNOS Dimerization Inhibitors that are Orally Active in 

Rodent Pain Models. J. Med. Chem. 2009, 52, 3047–3062; (d) Sridharan, V.; 

Suryavanshi, P. A.; Menéndez, J. C. Advances in the Chemistry of Tetrahydroquinolines. 

Chem. Rev. 2011, 111, 11, 7157-7259; (e) Neve, J. E.; Wijesekera, H. P.; Duffy, S.; 

Jenkins, I. D.; Ripper, J. A.; Teague, S. J.; Campitelli, M.; Garavelas, A.; Nikolapoulos, 

G.; Le, P. V.; Leone, P. de A.; Pham, N. B.; Shelton, P.; Fraser, N.; Carroll, A. R.; Avery, 

V. M.; McCrae, C.; Williams, N.; Quinn, R. J. Euodenine A: A Small-Molecule Agonist of 

Human TLR4. J. Med. Chem. 2014, 57, 1252–1275; (f) Shiro, T.; Fukaya, T.; Tobe, M. 

Page 71 of 86

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



72

Eur. J. Med. Chem. 2015, 97, 397–408; (g) Flick, A. C.; Ding, H. X.; Leverett, C. A.; Kyne, 

R. E.; Liu, K. K. -C.; Fink, S. J.; O’Donnell, C. J. Synthetic Approaches to the New Drugs 

Approved During 2015. J. Med. Chem. 2017, 60, 6480–6515; (g) Kwak, S. -H.; Shin, S.; 

Lee, J. -H.; Shim, J. -K.; Kim, M.; Lee, S. -D.; Lee, A.; Bae, J.; Park, J. -H.; Abdelrahman, 

A.; Müller, C. E.; Cho, S. K.; Kang, S. -G.; Bae, M. A.; Yang, J. Y.; Ko, H.; Goddard III, W. 

A.; Kim, Y.-C. Synthesis and structure-activity relationships of quinolinone and quinoline-

based P2X7 receptor antagonists and their anti-sphere formation activities in 

glioblastoma cells. Eur. J. Med. Chem. 2018, 151, 462–481.

(2) Select recent approaches towards quinolinones and dihydroquinolinones: (a) Jin, J. -

H.; Wang, H.; Yang, Z.-T.; Yang, W.-L.; Tang, W.; Deng, W.-P. Asymmetric Synthesis of 

3,4-Dihydroquinolin-2-ones via a Stereoselective Palladium-Catalyzed Decarboxylative 

[4 + 2]- Cycloaddition. Org. Lett. 2018, 20, 104–107; (b) Fan, H.; Pan, P.; Zhang, Y.; 

Wang, W. Synthesis of 2-Quinolinones via a Hypervalent Iodine(III)-Mediated 

Intramolecular Decarboxylative Heck-Type Reaction at Room Temperature. Org. Lett. 

2018, 20, 7929–7932, (c) Pan, C.; Yang, Z.; Xiong, H.; Teng, J.; Wang, Y.; Yu, J.-T. 

Page 72 of 86

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



73

Synthesis of dihydroquinolinones via iridium-catalyzed cascade C–H amidation and 

intramolecular aza-Michael addition. Chem. Commun. 2019, 55, 1915–1918; (d) Ren, J.-

W.; Zheng, L.; Ye, Z.-P.; Deng, Z.-X.; Xie, Z.-Z.; Xiao, J.-A.; Zhu, F.-W.; Xiang, H.-Y.; 

Chen, X.-Q.; Yang, H. Organocatalytic, Enantioselective, Polarity-Matched Ring-

Reorganization Domino Sequence Based on the 3-Oxindole Scaffold. Org. Lett. 2019, 21, 

2166–2170; (e) Chen, C.; Hao, Y.; Zhang, T.-Y.; Pan, J.-L.; Ding, J.; Xiang, H.-Y.; Wang, 

M.; Ding, T.-M.; Duan, A.; Zhang, S.-Y. Computational and experimental studies on 

copper-mediated selective cascade C–H/N–H annulation of electron-deficient acrylamide 

with arynes. Chem. Commun. 2019, 55, 755–758; (f) Xiao, H.-Z.; Wang, W.-S.; Sun, Y.-

S.; Luo, H.; Li, B.-W.; Wang, X.-D.; Lin, W.-L.; Luo, F.-X. Pd/Cu-Catalyzed Cascade 

C(sp3)–H Arylation and Intramolecular C–N Coupling: A One-Pot Synthesis of 3,4-2H-

Quinolinone Skeletons. Org. Lett. 2019, 21, 1668–1671. 

(3) For selected reviews (a) Xuan, J.; Studer, A. Radical cascade cyclization of 1,n-

enynes and diynes for the synthesis of carbocycles and heterocycles. Chem. Soc. Rev. 

2017, 46, 4329–4346 and references cited herein; (b) Huang, M.‐H.; Hao, W.‐J.; Jiang, 

Page 73 of 86

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



74

B. Recent Advances in Radical‐Enabled Bicyclization and 

Annulation/1,n‐Bifunctionalization Reactions. Chem. Asian J. 2018, 13, 2958–2977 and 

references cited herein.

(4) (a) Nicolaou, K. C.; Edmonds, D. J.; Bulger, P. G. Cascade Reactions in Total 

Synthesis. Angew. Chem., Int. Ed., 2006, 45, 7134-7186; (b) Plesniak, M. P.; Huang, H.-

M.; Procter, D. J. Radical cascade reactions triggered by single electron transfer. Nat. 

Rev. Chem. 2017, 1, 0077; (c) Huang, H.-M.; Garduño-Castro, M. H.; Morrill, C.; Procter, 

D. J. Catalytic cascade reactions by radical relay. Chem. Soc. Rev., 2019, 48, 4626-4638, 

(d) Sebren, L. J; Devery III, J. J.; Stephenson, C. R. J. Catalytic Radical Domino 

Reactions in Organic Synthesis. ACS Catal. 2014, 4, 703–716; (e) Zhang, B.; Studer, A. 

Recent advances in the synthesis of nitrogen heterocycles via radical cascade reactions 

using isonitriles as radical acceptors. Chem. Soc. Rev. 2015, 44, 3505–3521.

(5) For selected examples: (a) Hu, M.; Fan, J.-H.; Liu, Y.; Ouyang, X.-H.; Song, R.-J.; Li, 

J.-H. Metal‐Free Radical [2+2+1] Carbocyclization of Benzene‐Linked 1,n‐Enynes: Dual 

C(sp3)-H Functionalization Adjacent to a Heteroatom. Angew. Chem. Int. Ed. 2015, 54, 

Page 74 of 86

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



75

9577–9580; (b) Qiu, J.-K.; Jiang, B.; Zhu, Y.-L.; Hao, W.-J.; Wang, D.-C.; Sun, J.; Wei, 

P.; Tu, S.-J.; Li, G. Catalytic Dual 1,1-H-Abstraction/Insertion for Domino 

Spirocyclizations. J. Am. Chem. Soc. 2015, 137, 8928–8931; (c) Lv, L.; Bai, X.; Yan, X.; 

Li, Z. Iron-catalyzed decarbonylation initiated [2 + 2 + m] annulation of benzene-linked 

1,n-enynes with aliphatic aldehydes. Org. Chem. Front. 2016, 3, 1509–1513; (d) Li, J.; 

Hao, W.-J.; Zhou, P.; Zhu, Y.-L.; Wang, S.-L.; Tu, S.-J.; Jiang, B. Oxidative bicyclization 

of N-tethered 1,7-enynes toward polycyclic 3,4-dihydroquinolin-2(1H)-ones via site-

selective decarboxylative C(sp3)–H functionalization. RSC Adv. 2017, 7, 9693–9703; (e) 

Yu, J.-X.; Teng, F.; Xiang, J.-N.; Deng, W.; Li, J.-H. One-Carbon Incorporation Using 

Cyclobutanone Oxime Ester Enabled [2+2+1] Carboannulation of 1,7-Enynes by C–C/N–

O Bond Cleavage and C–H Functionalization. Org. Lett. 2019, 21, 9434–9437. 

(6) For selected examples: (a) Gao, F.; Yang, C.; Ma, N.; Gao, G. -L.; Li, D.; Xia, W. 

Visible-Light-Mediated 1,7-Enyne Bicyclizations for Synthesis of Cyclopenta[c]quinolines 

and Benzo[j]phenanthridines. Org. Lett. 2016, 18, 600–603; (b) Li, Y.; Liu, B.; Song, R.-

J.; Wang, Q.-A.; Li, J.-H. Visible Light‐Initiated C(sp3)-Br/C(sp3)-H Functionalization of 

Page 75 of 86

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



76

α‐Carbonyl Alkyl Bromides through Hydride Radical Shift. Adv. Synth. Catal. 2016, 358, 

1219–1228. (c) Correia, J. T. M.; da Silva, G. P.; André, E.; Paixão, M. W. Photoredox 

Decarboxylative Alkylation/(2+2+1) Cycloaddition of 1,7‐Enynes: A Cascade Approach 

Towards Polycyclic Heterocycles Using N‐(Acyloxy)phthalimides as Radical Source. Adv. 

Synth. Catal. 2019, 361, 5558–5564.

(7) Selected example of NHPI esters in photocatalytic processes including cascades: (a) 

Murarka, S. N‐(Acyloxy)phthalimides as Redox‐Active Esters in Cross‐Coupling 

Reactions. Adv. Synth. Catal. 2018, 360, 1735–1753 and references cited herein; b) Xu, 

L. Decarboxylative Borylation: New Avenues for the Preparation of Organoboron 

Compounds. Eur. J. Org. Chem. 2018, 3884–3890 and references cited herein; (a) 

Tlahuext-Aca, A.; Garza-Sanchez, R. A.; Glorius, F. Multicomponent Oxyalkylation of 

Styrenes Enabled by Hydrogen‐Bond‐Assisted Photoinduced Electron Transfer. Angew. 

Chem., Int. Ed. 2017, 56, 3708–3711; (b) Sha, W.; Ni, S.; Han, J.; Pan, Y. Access to Alkyl-

Substituted Lactone via Photoredox-Catalyzed Alkylation/Lactonization of Unsaturated 

Carboxylic Acids. Org. Lett. 2017, 19, 5900–5903; (c) Faderl, C.; Budde, S.; Kachkovskyi, 

Page 76 of 86

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



77

G.; Rackl, D.; Reiser, O. Visible Light-Mediated Decarboxylation Rearrangement 

Cascade of ω-Aryl-N-(acyloxy)phthalimides J. Org. Chem. 2018, 83, 12192–12206; (d) 

Proctor, R. S. J.; Davis, H. J.; Phipps, R. J. Catalytic enantioselective Minisci-type addition 

to heteroarenes. Science, 2018, 360, 419–422; (e) Ouyang, X.-H.; Li, Y.; Song, R.-J.; Li, 

J.-H. Alkylamination of Styrenes with Alkyl N-Hydroxyphthalimide Esters and Amines by 

B(C6H5)3-Facilitated Photoredox Catalysis. Org. Lett. 2018, 20, 6659–6662; f) Tlahuext-

Aca, A.; Candish, L.; Garza-Sanchez, R. A.; Glorius, F. Decarboxylative Olefination of 

Activated Aliphatic Acids Enabled by Dual Organophotoredox/Copper Catalysis. ACS 

Catal. 2018, 8, 1715–1719; (g) Shen, M.-L.; Shen, Y.; Wang, P.-S. Merging Visible-Light 

Photoredox and Chiral Phosphate Catalysis for Asymmetric Friedel–Crafts Reaction with 

in Situ Generation of N-Acyl Imines. Org. Lett. 2019, 21, 2993–2997; (h) Jin, C.; Yan, Z.; 

Sun, B.; Yang, J. Visible-Light-Induced Regioselective Alkylation of Coumarins via 

Decarboxylative Coupling with N-Hydroxyphthalimide Esters. Org. Lett. 2019, 21, 2064–

2068; (i) Sherwood, T. C.; Xiao, H.-Y.; Bhaskar, R. G.; Simmons, E. M.; Zaretsky, S.; 

Rauch, M. P.; Knowles, R. R.; Dhar, T. G. M. Decarboxylative Intramolecular Arene 

Alkylation Using N-(Acyloxy)phthalimides, an Organic Photocatalyst, and Visible Light. J. 

Page 77 of 86

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



78

Org. Chem. 2019, 84, 13, 8360-8379; (j) Jiao, M.-J.; Liu, D.; Hu, X.-Q.; Xu, P.-F. 

Photocatalytic decarboxylative [2+2+1] annulation of 1,6-enynes with N-

hydroxyphthalimide esters for the synthesis of indene-containing polycyclic compounds. 

Org. Chem. Front., 2019, 6, 3834–3838; (k) Zhao, Y.; Chen, J.-R.; Xiao, W.-J. Visible-

Light Photocatalytic Decarboxylative Alkyl Radical Addition Cascade for Synthesis of 

Benzazepine Derivatives. Org. Lett. 2018, 20, 224–227.

(8) Selected examples of the application of NHPI esters in transition-metal-catalyzed 

cross-couplings: (a) Wang, J.; Qin, T.; Chen, T.-G.; Wimmer, L.; Edwards, J. T.; Cornella, 

J.; Vokits, B.; Shaw, S. A.; Baran, P. S. Nickel‐Catalyzed Cross‐Coupling of Redox‐Active 

Esters with Boronic Acids. Angew. Chem. Int. Ed. 2016, 55, 9676–9679; (b) Cornella, J.; 

Edwards, J. T.; Qin, T.; Kawamura, S.; Wang, J.; Pan, C.-M.; Gianatassio, R.; Schmidt, 

M.; Eastgate, M. D.; Baran, P. S. Practical Ni-Catalyzed Aryl–Alkyl Cross-Coupling of 

Secondary Redox-Active Esters. J. Am. Chem. Soc. 2016, 138, 2174–2177; (c) Wang, J.; 

Shang, M.; Lundberg, H.; Feu, K. S.; Hecker, S. J.; Qin, T.; Blackmond, D. G.; Baran, P. 

S. Cu-Catalyzed Decarboxylative Borylation. ACS Catal. 2018, 8, 9537–9542; (d) Xu, K.; 

Page 78 of 86

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



79

Tan, Z.; Zhang, H.; Liu, J.; Zhang, S.; Wang, Z. Photoredox catalysis enabled alkylation 

of alkenyl carboxylic acids with N-(acyloxy)phthalimide via dual decarboxylation. Chem. 

Commun. 2017, 53, 10719–10722; (e) Liu, X.-G.; Zhou, C.-J.; Lin, E.; Han, X.-L.; Zhang, 

S.-S.; Li, Q.; Wang, H. Decarboxylative Negishi Coupling of Redox‐Active Aliphatic Esters 

by Cobalt Catalysis. Angew. Chem. Int. Ed. 2018, 57, 13096–13100; (f) Mao, R.; Balon, 

J.; Hu, X. Decarboxylative C(sp3)−O Cross‐Coupling. Angew. Chem. Int. Ed. 2018, 57, 

13624–13628; (g) Lu, X.; Wang, X.-X.; Gong, T.-J.; Pi, J.-J.; He, S.-J.; Fu, Y. Nickel-

catalyzed allylic defluorinative alkylation of trifluoromethyl alkenes with reductive 

decarboxylation of redox-active esters. Chem. Sci. 2019, 10, 809–814.

(9) (a) Okada, K.; Okamoto, K.; Oda, M. A new and practical method of decarboxylation: 

photosensitized decarboxylation of N-acyloxyphthalimides via electron-transfer 

mechanism. J. Am. Chem. Soc. 1988, 110, 8736–8738; (b) Okada, K.; Okamoto, K.; 

Morita, N.; Okubo, K.; Oda, M. Photosensitized decarboxylative Michael addition through 

N-(acyloxy)phthalimides via an electron-transfer mechanism. J. Am. Chem. Soc. 1991, 

113, 9401–9402; (c) Okada, K.; Okubo, K.; Morita, N.; Oda, M. Reductive decarboxylation 

Page 79 of 86

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



80

of N-(acyloxy)phthalimides via redox-initiated radical chain mechanism. Tetrahedron Lett. 

1992, 33, 7377–7380.

(10) (a) Schnermann, M. J.; Overman, L. E. A Concise Synthesis of (−)‐Aplyviolene 

Facilitated by a Strategic Tertiary Radical Conjugate Addition. Angew. Chem., Int. Ed. 

2012, 51, 9576–9580; (b) Lackner, G. L.; Quasdorf, K. W.; Overman, L. E. Direct 

Construction of Quaternary Carbons from Tertiary Alcohols via Photoredox-Catalyzed 

Fragmentation of tert-Alkyl N-Phthalimidoyl Oxalates. J. Am. Chem. Soc. 2013, 135, 

15342–15345; (c) Lackner, G. L.; Quasdorf, K. W.; Pratsch, G.; Overman, L. E. Fragment 

Coupling and the Construction of Quaternary Carbons Using Tertiary Radicals Generated 

From tert-Alkyl N-Phthalimidoyl Oxalates By Visible-Light Photocatalysis. J. Org. Chem. 

2015, 80, 6012–6024; (d) Pratsch, G.; Lackner, G. L.; Overman, L. E. Constructing 

Quaternary Carbons from N-(Acyloxy)phthalimide Precursors of Tertiary Radicals Using 

Visible-Light Photocatalysis. J. Org. Chem. 2015, 80, 6025–6036; (e) Slutskyy, Y.; 

Overman, L. E. Generation of the Methoxycarbonyl Radical by Visible-Light Photoredox 

Catalysis and Its Conjugate Addition with Electron-Deficient Olefins. Org. Lett. 2016, 18, 

Page 80 of 86

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



81

2564–2567; (f) Garnsey, M. R.; Slutskyy, Y.; Jamison, C. R.; Zhao, P.; Lee, J.; Rhee, Y. 

H.; Overman, L. E. Short Enantioselective Total Syntheses of Cheloviolenes A and B and 

Dendrillolide C via Convergent Fragment Coupling Using a Tertiary Carbon Radical. J. 

Org. Chem. 2018, 83, 6958–6976; (g) Tao, D. J.; Slutskyy, Y.; Muuronen, M.; Le, A.; 

Kohler, P.; Overman, L. E. Total Synthesis of (−)-Chromodorolide B by a Computationally-

Guided Radical Addition/Cyclization/Fragmentation Cascade. J. Am. Chem. Soc. 2018, 

140, 3091–3102.

(11) Some reports in literature in which the mechanism involving a SET from a 

photoexcited Hantzsch ester to closed-shell especies in the ground state is postulated: 

(a) Buzzetti, L.; Prieto, A.; Roy, S. R.; Melchiorre, P. Radical-Based C-C Bond-Forming 

Processes Enabled by the Photoexcitation of 4-Alkyl-1,4-dihydropyridines. Angew. 

Chem. Int. Ed. 2017, 56, 15039–15043; (b) Goti, G.; Bieszczad, B.; Vega-Peñaloza, A.; 

Melchiorre, P. Stereocontrolled Synthesis of 1,4-Dicarbonyl Compounds by 

Photochemical Organocatalytic Acyl Radical Addition to Enals. Angew. Chem. Int. Ed. 

2019, 58, 1213–1217; (c) Ji, P.; Zhang, Y.; Wei, Y.; Huang, H.; Hu, W.; Mariano, P. A.; 

Page 81 of 86

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



82

Wang, W. Visible-Light-Mediated, Chemo- and Stereoselective Radical Process for the 

Synthesis of C-Glycoamino Acids. Org. Lett. 2019, 21, 3086–3092.

(12) (a) Zhang, J.; Li, Y.; Xu, R.; Chen, Y. Donor-Acceptor Complex Enables Alkoxyl 

Radical Generation for Metal-Free C(sp3)-C(sp3) Cleavage and Allylation/Alkenylation. 

Angew. Chem. Int. Ed. 2017, 56, 12619–12623; (b) Li, Y.; Zhang, J.; Li, D.; Chen, Y. 

Metal-Free C(sp3)–H Allylation via Aryl Carboxyl Radicals Enabled by Donor–Acceptor 

Complex. Org. Lett. 2018, 20, 3296–3299. 

(13) Reviews about photocatalytic processes mediated by EDA complexes: (a) Lima, C. 

G. S.; Lima, T. D. M.; Duarte, M.; Jurberg, I. D.; Paixão, M. W. Organic Synthesis Enabled 

by Light-Irradiation of EDA Complexes: Theoretical Background and Synthetic 

Applications. ACS Catal. 2016, 6, 1389–1407; (b) Yuan, Y.-Q; Majumder, S.; Yang, M.-

H; Guo, S.-R. Recent advances in catalyst-free photochemical reactions via electron-

donor-acceptor (EDA) complex process. Tetrahedron Lett. 2020, 61, 151506; (c) 

Crisenza, G. E. M.; Mazzarella, D.; Melchiorre, P. Synthetic Methods Driven by the 

Page 82 of 86

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



83

Photoactivity of Electron Donor–Acceptor Complexes. J. Am. Chem. Soc. 2020, 142, 

5461–5476.

(14) Examples reporting 1,6-HAT pathway: (a) Li, Y.; Pan, G.-H.; Hu, M.; Liu, B.; Song, 

R.-J.; Li, J. -H. Intermolecular oxidative decarbonylative [2+2+2] carbocyclization of N-(2-

ethynylaryl)acrylamides with tertiary and secondary alkyl aldehydes involving C(sp3)–H 

functionalization. Chem. Sci. 2016, 7, 7050–7054; (b) Lv, L.; Li, Z. J. Cycloalkylation of 

C(sp3)-H Bond with Neighboring Carboxylic Acid as Traceless Activating Group. Org. 

Chem. 2017, 82, 2689–2702.

(15) Cascade strategies towards halogenated and borylated scaffolds have been 

previously reported: (a) An, Y.; Kuang, Y.; Wu, J. Synthesis of trifluoromethylated 3,4-

dihydroquinolin-2(1H)-ones via a photo-induced radical cyclization of benzene-tethered 

1,7-enynes with Togni reagent. Org. Chem. Front. 2016, 3, 994–998; (b) Yuan, X.; Zheng, 

M.-W.; Di, Z.-C.; Cui, Y.-S.; Zhuang, K.-Q.; Qin, L.-Z.; Fang, Z.; Qiu, J. -K.; Li, G.; Guo, 

K. Photoredox‐Catalyzed Halo‐trifluoromethylation of 1,7‐Enynes for Synthesis of 

3,4‐Dihydroquinolin‐2(1H)‐ones. Adv. Synth. Catal. 2019, 361, 1835–1845; (c) Wu, C.; 

Page 83 of 86

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



84

Liao, J.; Ge, S. Cobalt-Catalyzed Enantioselective Hydroboration/Cyclization of 1,7-

Enynes: Asymmetric Synthesis of Chiral Quinolinones Containing Quaternary 

Stereogenic Centers. Angew. Chem. Int. Ed. 2019, 58, 8882–8886.

(16) (a) Yu, L.-Z.; Wei, Y.; Shi, M. Copper-catalyzed trifluoromethylazidation and 

rearrangement of aniline-linked 1,7-enynes: access to CF3-substituted azaspirocyclic 

dihydroquinolin-2-ones and furoindolines. Chem. Commun. 2017, 53, 8980–8983; (b) 

Okamoto, R.; Okazaki, E.; Noguchi, K.; Tanaka, K. Rhodium-Catalyzed Olefin 

Isomerization/Enantioselective Intramolecular Alder-Ene Reaction Cascade. Org. Lett. 

2011, 13, 4894–4897; (c) Yu, J. -X.; Niu, S.; Hu, M.; Xiang, J.-N.; Li, J.-H. Metal-free 

oxidative [2+2+1] heteroannulation of 1,7-enynes with thiocyanates toward thieno[3,4-

c]quinolin-4(5H)-ones. Chem. Commun. 2019, 55, 6727–6730. 

(17) (a) Jiang, B.; Zhao, S.-S.; Xu, Y.-H.; Loh, T.-P. Macrolide Synthesis through 

Intramolecular Oxidative Cross-Coupling of Alkenes. Angew. Chem. Int. Ed. 2018, 57, 

555–559; (b) Ramachandran, P. V.; Nicponski, D. R. Diastereoselective synthesis of α-

(aminomethyl)-γ-butyrolactones via a catalyst-free aminolactonization. Chem. Commun. 

2014, 50, 15216–15219.

Page 84 of 86

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



85

(18) Chalopin, T.; Jebali, K.; Gaulon-Nourry, C.; Dénès, F.; Lebreton, J.; Mathé-Allainmat, 

M. Regioselective dihydropyran formation from 4-iodo-2,6-disubstituted tetrahydropyran 

derivatives using In(OAc)3/LiI system as the promoter. Tetrahedron 2016, 72, 318–327.

(19) Travis, B. R.; Sivakumar, M.; Hollist, G. O.; Borhan, B. Facile Oxidation of Aldehydes 

to Acids and Esters with Oxone. Org. Lett. 2003, 5, 1031–1034.

(20) Wardrop, D. J.; Velter, A. I.; Forslund, R. E. Template-Directed C−H Insertion:  

Synthesis of the Dioxabicyclo[3.2.1]octane Core of the Zaragozic Acids. Org. Lett. 2001, 

3, 2261–2264.

(21) Cornella, J.; Edwards, J. T.; Qin, T.; Kawamura, S.; Wang, J.; Pan, C.-M.; 

Gianatassio, R.; Schmidt, M.; Eastgate, M. D.; Baran, P. S. Practical Ni-Catalyzed Aryl–

Alkyl Cross-Coupling of Secondary Redox-Active Esters J. Am. Chem. Soc. 2016, 138, 

2174–2177.

(22) Correia, J. T. M.; da Silva, G. P.; Kisukuri, C. M.; André, E.; Pires, B.; Carneiro, P. S.; Paixão, 

M. W. Metal-Free Photoinduced Hydroalkylation Cascade Enabled by an Electron-Donor-

Acceptor Complex. ChemRxiv. 2020, DOI: 10.26434/chemrxiv.11912073.v1

Table of Contents graphic:

Page 85 of 86

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



86

N

R2

O

R1

H

R3

N

R2

O

R1
N

R2

O

H
2.DBU,

ref lux
+

R1=H

O

O
N

O

O

HN
H3C

H3C
CO2Et

CO2Et

H
H

one-pot

34 examples
up to 88% yield;

(Z/E = 3:1)
14 examples

up to 77 % yield

R4

R3
R3

R4

Dihydroquinolinones Quinolinones
R4

Page 86 of 86

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60


