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Visible light photocatalyticcascade cyclization reaction between glycine dérigs andg-
ketoesters using(ppy)s as a catalyst and dicumyl peroxide (DCP) as adam#iwasdescribec
A series ofN-aryl glycine esters proceeded the cyclization giigowith B-ketoestersat roon
temperature, affording the desired 1,4-dihydropged (1,4-DHPs) in satisfactory yields.
possible mechanism for the cascade cyclizationtimmaby visible light photoredoxatalysit
was also proposed. This protocol not only providesefficient and conveniertpproach t
synthetize various 1,4-dihydropyridines, but alss Ipotential utilities for the constructiar

2009 Elsevier Ltd. All rights reserved

1. Introduction

Oxidative C-H functionalization has emerged in recgsdrs
as a powerful technique to construct complex motcidtom
simple starting materials in organic synthesis fhhong them,
much attention has been attracted to the visigk bhotoredox-
mediated C-H functionalization from the chemists doeits
inherent characteristics of environmental benigrstistainability
and ease to handle [2]. Glycine is the simplest esatily
available natural amino acids. Direct oxidative-C-H
functionalization of glycine via visible light phmedox catalysis
provides a reliable and attractive strategy to raffstructurally
diversea-amino acid derivatives [3]. In 2015, Wu et al ralesl a
cross-coupling hydrogen evolution reaction of ghgcderivatives
with p-keto esters by the synergistic catalysis of RU{PY¥).
and Co(dmgH)pyCl under visible light irradiation [3a]. In 2016,
Xiao's group reported a visible-light-initiated pboatalytic
crossing-coupling reaction of glycine derivativesthwiaryl
ketones and aldehyde to 1,2-amino alcohols [3bhaAigh much
progress has been achieved, the development oflesiand

efficient methods for the preparation of potenyialseful organic
molecules through C-H functionalization under mikhditions
is still highly desired.

As an important class of nitrogen-containing hetgetes, 1,4-
dihydropyridines (1,4-DHPs) are widely prevalent ingeeat
number of natural products, biologically active ewmlles and
pharmaceuticals [4-5]. In particularly, 1,4-DHPs msssa broad
range of biological properties such as anticonwnilsativity [6],
antitumor [7], antitubercular [8], anti-inflammayor[9], etc
Several commercially available drugs like amlodipin
nicardipine, felodipine, nifedipine and nimodipicentain 1,4-
DHP moiety in their core structure. Owing to theseiguing
characteristics and utilization, considerable regeafforts have
been devoted to access various 1,4-dihydropyridieevatives
by synthetic and medicinal chemists over the y§isCascade
reaction, which can generate more chemical bondsoine set of
fixed conditions and one-pot process during thectiea, has
been extensively applied to the construction ofotesr bioactive
molecules, natural products and functional materfal0]. In
2014, Jiaet al disclosed a radical cation salt-prompted C-H
oxidation/C-N bond cleavage to access a variety4f 1
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Table 1 Optimization of the reaction conditidhs Table 2 Cascade cyclization of glycine esteta-l with p-
I ketoesterga-e by visible light photoredox cataly3fs

v © o o ) ° _/
NQ&O/\ n M . photocatalyst, oxidant < > N — O
/©/ © blue LED, solvent, r.t = o H o) Ir 1 mol %
" o N\)L R o o (PPY)3 ( ) 1Q
1a a u s o,  A_I g, DcPee) ;
saa © Ri ©/ o : toluene, rt, blue LED
entry photocatalyst oxidant  solvent yield{6) fak e
1 Acr'-Mes-CIQ; air toluene 40 COOE:) ont COOEBOE' COOE‘OOB
2 Methylene blue air toluene 51 N/ N// N/
3 Ir(ppy) air toluene 60  “COOEt [ j COOEt \[ j 7 ~COOEt
4 Ru(bpy)Cl,*6H,0 air toluene N.P. /©/ ~o
PY)Clx*0m; ! 3aa 68% 3ba 67% 3ca 54%
5 Eosin Y air toluene N.P.
6 Rose Bengal air toluene trace fOORt gooet . O oet
7 Ir(ppy) K,S,04 toluene 27 N// N/ N//
8 Ir(ppy)s o, toluene 47 COOEt ©/ 7 COOE /©/ COOEt
9 Ir(ppy) TBHP toluene trace sda 53% sea 56% Ph afa 53%
10 Ir(ppyk TBPB toluene 57
11 Ir(ppyk DTBP toluene 65 COOEt COOEB o COOEt
12 Ir(ppy) DCP toluene 68 7~ COOE g © GO0
13 Ir(ppy) DCP DCM 31 O/N 7 >COOEt /@/ 7 COOEt /@N 7 COOEt
14 Ir(ppy) DCP DCE 32 X X = G, 3ga 43%° 3ia61% 3ja 46%
15 Ir(ppy) DCP THF 34 =0 3
16 Ir(ppy) DCP DMSO 30 COOE COOEt COOM
17 Ir(ppy) DCP PhCI 47 t CO0B :
4 COOE
18 Ir(ppy) DCP xylene 67 A CO0kBY P " P i
19 - DCP toluene trace /@N Z>COOE /@ COOE /©/ COOMe
20° Ir(ppy)s DCP toluene N.P. b Y. 31a 52% 3ab 63%
# Reaction conditionsla (0.2 mmol),2a (0.44 mmol), catalyst (1 mol %), .
oxidant (2 equiv.), solvent (2 mL) at room temperatunder irradiation of 18 COOLPr cooeg%E' Coog"goa
W blue LED light for 12 hrs. ~COORt 7 Z
® |solated yield based dia. NANcooipr N-#~cooi-Bu N Scoome
¢N.P. = No product. /©/ /©/ ~ /@
4 In the absence of a catalyst. 3ac 73% 3ad 61% ° 3bb 56%
¢ The reaction was carried out in dark. - COOi-BU COOLBU
- 3 ¥

+

_~,-COOEt -~ COOEt ~~,-COOEt

H
dihydropyridines with TMSC_I as an z?ldditive [1_1a]._261_6, our NN cooipr N cooiBu NP oot
group developed an aerobic oxidative coupling/ izgtion of \OQ \o/©/ \OQ

glycine derivatives with 1,3-dicarbonyl compounds atiord 3be 63% 3bd 64% 3be 69%
various 1,4-dihydropyridines by copper catalysi$HL In view _ -
of the biological importance of 1,4-dihydropyridijeand as our °Reaction conditionst (0.2 mmol),2 (0.44 mmol), Ir(ppyj (1 mol %), DCP
ongoing efforts on C-H functionalization reactionk2], we (LzEqulliJQI;\I{l.t)’fé?lLilgnhers(z mL) at room temperature urdadiation of 18 W blue
herein present a simple and efficient cascad_ezatiﬁ)in reacti_on b Isolated yield based dh

of glycine esters withf-ketoesters to synthetize polysubstituted© For 36 hrs.

1,4-dihydropyridines using visible light photoredoatalysis at ] ]
room temperature. was obtained in xylene (entry 18, Table 1). In theemce of a

photocatalyst, only a trace amount of prodBa4 was detected
(entry 19, Table 1). When the reaction was perforimethrk, no
desired producBaa was observed (entry 20, Table 1). The result

Our investigation began with the model reaction No#- suggested that both visible light and photocatalyesie crucial to

methylphenylglycine ethyl estda and ethyl acetoacetaga in this transformation. After exploring different paraters, we

the presence of 1 mol % AeMes-ClQ~ (9-Mesityl-10- defined the _cascade cyclization  reaction oN-4-
methylacridinium Perchlorate) in toluene underdration of 18 ~ Methylphenyiglycine ethyl estdia and ethyl acetoacetaga in

W blue LED light at room temperature. To our deligtite ~ the presence of 1 mol % of Ir(ppyPCP (2 equiv.) in toluene (2

desired cyclization produ@aa was isolated with a yield of 40% ML) at room temperature under irradiation of 18 WebLED
(entry 1, Table 1). Encouraged by this result, aiewa of ght as the standard conditions. , o

common photocatalysts such as Ir(apymethylene blue, With the prehmmar_y optimized reaction conditioimshand, a
Ru(bpy)Cl#*6H,0, eosin Y and rose bengal were explored to@ng€ of N-aryl glycine estersl and j-ketoesters2a were
improve the reaction efficiency (entries 2-6, Tabje Screening €*@mined. As shown in Table 2, a large arrajNeryl glycine
results revealed that Ir(ppy3howed the best catalytic efficiency, estersla-k underwent_ the cascade cycl|z_at|on readily W|th_ ethyl
resulting the desired produgsa with a yield of 60%. Next, a acetoacetat@a, affording the corresponding produ@sa-la in

series of oxidants including,&,0s, O, tert-butyl hydroperoxide ~ Satisfactory yields. For exampldl-arylglycine ethyl esteta-g
(TBHP), tertbutyl peroxybenzoate (TBPB), tirt-butyl bearing either electron-donating or electron-witladng groups

peroxide (DTBP) and dicumy! peroxyide (DCP) weregdsand ~ ©" theN-benzene ring.s performed the rgaction well with. ethyl
DCP was the best choice, leading to the progaatin 68% yield acetoacetat@a, producing the corresponding produgts-ha in
(compare entries 3, 7-11 with 12, Table 1). Amongioear 41-68% yields. It was observed that the reactigitthe electron-
solvents screened, toluene was the most effecteaction —donating substituents was superior to that of thectein-
medium than others such as DCE. THFE. PhCl and DMscVithdrawing substituents on the tpara-positionof the benzene
(compare entries 13-18 with 12, Table 1). A simileid/of 3aa rings of N-arylglycine esters. Notably, the syntheticallyuatile

2. Results and discussion



halogen groups, like fluoro and chloro were well tated with
the current conditions. Besided\-arylglycine esters 1i-l
possessing a number of different ester groups, sschethyl,

isopropyl,tert-butyl and benzyl esters, were also compatible withintermediate D.

the standard conditions, providing the desired pecteBia-3la in
moderate to good yields. On the other hand, a divensge of-
ketoesters were investigated witharylglycine esterla or 1b
under the standard conditions. The experimentalltesevealed
that S-ketoestere2b-e including methyl, isopropyl and isobutyl
acetoacetate proceeded the cascade cyclizatiotioreaeadily
with N-arylglycine esterla or 1b, affording the corresponding
products3ab-3ad, 3bb-be in good yields. Unfortunately, when
acetylacetone was used insteadafwith 1a under the standard
reaction conditions, only a trace amount of theirddsproduct
was observed.

Oy -OFEt

O*;r
Ir(ppy) (1 mol %) Eo
DCP (2 eq.), toluene /@NH [e]

t, blue LED, 1h
C  24% yield

Eq. (1)

H o 0] 0]
ot 22,

1a 2a

O.__OEt COOEt
o A _cookt

o o Ir(ppy)3 (1 mol %)
/©/ N Scooet  Ea @

DCP (2 eq.), toluene
+ MOEt —_—
rt, blue LED, 5 h
3aa 87% yield

2a

Scheme 1 Control experiments

To elucidate the underlying reaction mechaniswe
examined the conversion of the oxidative couplifigla with

nucleophilic attack on the iminium id® by an ethyl acetoacetate
2a affords intermediat€, which further reacts with another ethyl
acetoacetate2a, and followed by dehydration to provide
Immediately, intermediate D via the
rearrangement, elimination to afford intermedidte [14b].
Ultimately, the following intramolecular Micheal ad¢idn and
loss of water irF generates the desired prodBaa.

3. Conclusions

In summary, we have achieved a simple and convenient

visible-light-induced photocatalytic cascade cyafian reaction

of glycine derivatives withs-ketoesters using dicumyl peroxide
(DCP) as an oxidant. A wide range bfaryl glycine esters
proceed the cascade cyclization readily with varjplstoesters

to provide the corresponding polysubstituted 1,4-
dihydropyridines in satisfactory yields. A possiblechanism for
the cascade cyclization by visible light photoredmatalysis is
also proposed. The synthetic protocol features goodtional
group tolerance, mild conditions and simple operatiand has
potential to be used to synthetize natural prodastswell as
biologically active molecules.

4, Experimental section

4.1.General information

Unless otherwise indicated, all reagents were purchasen
commercial distributors and used without furtherifization. *H

ethyl acetoacetatea under the standard conditions after 1 h. AsNMR and ®C NMR were recorded at 400 MHz and 100 MHz,
expected, coupling intermediaBwas detected by the ESI mass respectively, using tetramethylsilane as an intereéerence.

spectrometry analysis, albeit with a low isolateddyidloreover,
when the reaction of intermedia® and 2a was dealt under
standard condition at room temperature, the degireduct3aa
was obtained in 87% vyield (Scheme 1). On the basishef
experimental results and reported literatures R]1,& tentative
mechanism for the cascade cyclization reactionripgsed, as
depicted in Scheme 2. Firstly, upon irradiation witible-light,

High-resolution mass spectra (HRMS) were measured on a
guadrupole time-of-flight (Q-TOF) mass spectrométstrument

with an electrospray ionization (ESI) source. Mgtpoints were
uncorrected. Flash column chromatography was peddrover
silica gel 200-300 mesfhin-layer chromatography (TLC) was
carried out with silica gel GF254 platé$-Aryl glycine estersl

were prepared according to the previous reportethpots [11].

photocatalyst f(ppy); can readily accept a photon to generates » General procedure for the cascade cyclization ofigky

the photoexcited state *(ppy), which acts as a strong
reductant to reduce DCP via single electron trané®&T) to

derivatives withs-ketoesters

form IV (ppy)s [3b,13]. At the same time, DCP undergoes a TO a solution of glycinelerivatives1 (0.2 mmol),B-keto

cleavage to afford an alkoxy radical and an alkadqion.

Subsequently, glycine esteta gives a single electron to
Ir'V(ppy) to produce the radical catioh, and regenerates the
ground-state photocatalyst. Next, alkoxy radicaktedrts a
hydrogen atom from, giving rise to the iminium ioB. Then,

SET

H
o H
1a / a©

3aa o OH
<H0 1M (ppy)s ™ (ppy)3
\ EtO P“)J,< <
Ny /
o
NP
Ol K
):} OEt
. OEt hv
T l¢) Ph\,<
Etooc, | cookt 1M (ppy)s* o
o
+1y _
O K
P
EtOOC ]
o'o o o o \©\ P
OEt
1 oFt p OEt OEt MOE! H/\[)r
S R
H,0 H B
N, © c

Scheme 2 Possible mechanism

esters2 (0.44 mmol) in toluene (2 mL) was added Ir(ppy)
(0.002 mmol, 1.31 mg) anBCP (0.4 mmol, 108.15 mg).
Then, the reaction mixture was stirred at room terajure
under irradiation of 18 W blue LED light. After tlieaction
was completed, the resulting mixture was concesrat
under vacuum and the residue was subjected to colum
chromatography (silica gel, petroleum ether/etlogdtate as
an eluent) to afford the corresponding couplingdpicis
3aa.

4.2.1.Triethyl 1,4-dihydro-2,6-dimethyl-1-p-tolyl-pyridis&4,5-
tricarboxylate Baa) [11b]

Yellow oil (56.5 mg 68%); ‘H NMR (400 MHz, CDCJ): &
7.20 (d,J = 7.8 Hz, 2H), 7.02 (d) = 7.9 Hz, 2H), 4.85 (s, 1H),
4.23-4.14 (m, 6H), 2.38 (s, 3H), 2.03 (s, 6H), 1.28 & 7.2 Hz,
6H), 1.25 (t,J = 7.0 Hz, 3H);"*C NMR (100 MHz, CDC)): &
173.9, 167.6, 149.0, 138.7, 137.5, 130.1, 130.0,0.(%0.6, 60.1,
40.1,21.1, 18.2, 14.3, 14.2.

4.2.2. Triethyl 1,4-dihydro-1-(4-methoxyphenyl)-g8i6iethyl-
pyridine-3,4,5-tricarboxylate(3ba) [14a]

Yellow solid (57.8 mg, 6%); mp 107.3-108.2 °C (lit. 108.2-
109.5°C);'H NMR (400 MHz, CDCJ): § 7.07 (d,J = 8.8 Hz,
2H), 6.90 (d,J = 8.8 Hz, 2H), 4.84 (s, 1H), 4.23-4.09 (m, 6H),
3.81 (s, 3H), 2.04 (s, 6H), 1.29 Jt= 7.2 Hz, 6H), 1.24 {1=7.2
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Hz, 3H); ®C NMR (100 MHz, CDGJ): § 173.9, 167.5, 159.4,
149.3, 132.7, 131.3, 114.4, 101.1, 60.6, 60.1, 55061, 18.2,
14.3,14.2.

4.2.3. Triethyl 1,4-dihydro-2,6-dimethyl-1-m-tolyljgine-3,4,5-
tricarboxylate Bca) [11b]

Yellow oil (44.8 mg, 5%); '"H NMR (400 MHz, CDCJ)): &
7.31-7.27 (m, 1H), 7.18 (d,= 7.6 Hz, 1H), 6.96 (d] = 6.0 Hz,
2H), 4.85 (s, 1H), 4.25-4.10 (m, 6H), 2.35 (s, 3H)32$, 6H),
1.28 (t,J = 7.0 Hz, 6H), 1.24 (t) = 7.2 Hz, 3H);*C NMR (100

Tetrahedron

4.2.10. 3,5-Diethyl 4-isopropyl 1,4-dihydro-2,6-dimgt1-p-
tolyl-pyridine-3,4,5-tricarboxylate3fa) [11b]

Yellow oil (39.5 mg, 466); '"H NMR (400 MHz, CDCJ): &
7.20 (d,J = 8.0 Hz, 2H), 7.03 (d] = 8.0 Hz, 2H), 5.00-4.93 (m,
1H), 4.80 (s, 1H), 4.26-4.12 (m, 4H), 2.38 (s, 3H)32(§, 6H),
1.32 (t,J = 7.0 Hz, 6H), 1.20 (d] = 6.4 Hz, 6H);*C NMR (100
MHz, CDChL): & 173.4, 167.6, 148.9, 138.6, 137.6, 130.1, 130.0,
101.1, 67.8, 60.1, 40.3, 21.8, 21.1, 18.2, 14.4.

4.2.11. A4-tert-Butyl 3,5-diethyl 1,4-dihydro-2,6vdthyl-1-p-

MHz, CDCE): § 173.9, 167.6, 148.9, 140.1, 139.6, 130.9, 129.4folyl-pyridine-3,4,5-tricarbxylate3ka) [11b]

129.0, 127.5, 101.0, 60.6, 60.1, 40.1, 21.2, 143, 14.2.

4.2.4. Triethyl 1,4-dihydro-2,6-dimethyl-1-o-tolytfine-3,4,5-
tricarboxylate @da)

Yellow oil (44.0 mg, 5%); '"H NMR (400 MHz, CDCJ) &
7.31 (t,J = 7.2 Hz, 1H), 7.20 (d] = 7.6 Hz, 1H), 6.98 (d] = 6.2
Hz, 2H), 4.87 (s, 1H), 4.24-4.14 (m, 6H), 2.37 (s, 35 (s,
6H), 1.32-1.24 (m, 9H)*C NMR (100 MHz, CDGJ)): 5 173.7,
167.4, 148.9, 138.5, 137.3, 130.0, 129.8, 100.%,68.0, 40.0,
21.0, 18.1, 14.2, 14.1. HRMS (ESI) calcd foghNOg (M+H)”
416.2068, found 416.2064.

4.2.5. Triethyl 1,4-dihydro-2,6-dimethyl-1-phenyipyme-3,4,5-
tricarboxylate Bea) [11b]

Yellow oil (44.9 mg, 566); '"H NMR (400 MHz, CDCJ)): &
7.43-7.39 (m, 3H), 7.19 (dd, = 7.8, 2 Hz, 2H), 4.87 (s, 1H),
4.28-4.11 (m, 6H), 2.04 (s, 6H), 1.32-1.23 (m, 9HL NMR

(100 MHz, CDC}): 6 173.9, 167.5, 148.8, 140.2, 130.5, 129.4,4.2.13.

128.7,101.2, 60.7, 60.2, 40.1, 18.2, 14.3, 14.2.

4.2.6. Triethyl 1-([1,1"-biphenyl]-4-yl)-2,6-dimethY,4-dihydro-
pyridine-3,4,5-tricarboxylate3fa) [11b]

Yellow solid (50.6 mg, 5%6); mp 108.7-109 °C (lit. 108-
109°C);"H NMR (400 MHz, CDCJ): § 7.31 (d, J = 7.6 Hz, 2H),
7.11 (d, J =7.6 Hz, 2H), 7.10 (t, J = 7.6 Hz, 2H)1619J = 7.0
Hz, 1H), 6.89 (d, J = 8.0 Hz, 2H), 4.55 (s, 1H), 3.98t3m, 6H),
1.76 (s, 6H), 0.98 (t, J = 7.2 Hz, 6H), 0.91 (t, J&Hz, 3H)°C
NMR (100 MHz, CDC}): 6 173.9, 167.5, 148.8, 141.6, 139.7,
139.3, 130.8, 129.0, 128.0, 127.9, 127.2, 101.4,688D.2, 40.2,
18.3, 14.3, 14.2.

4.2.7. Triethyl 1-(4-chlorophenyl)-1,4-dihydro-2Zjénethyl-
pyridine-3,4,5-tricarboxylate3ga) [11b]

Yellow oil (40.0 mg, 4%6); 'H NMR (400 MHz, CDC)): &
7.43 (d,J = 8.4 Hz, 2H), 7.18 (dJ=8.4 Hz, 2H), 4.83 (s, 1H),
4.25-4.09 (m, 6H), 2.05 (s, 6H), 1.32Jt 7.0 Hz, 6H), 1.27 (t,
J = 7.2 Hz, 3H);"*C NMR (100 MHz, CDGC)): 5 173.8, 167.4,
148.4, 138.8, 134.8, 131.8, 129.7, 101.8, 60.73,640.1, 18.2,
14.3, 14.3.

4.2.8. Triethyl 1-(4-fluorophenyl)-1,4-dihydro-2d@methyl-
pyridine-3,4,5-tricarboxylate3ha) [11b]

Yellow solid (34.4 mg, 4%); mp 119.0-120.4 °C'H NMR
(400 MHz, CDC}): 4 6.91 (d,J = 8.6 Hz, 2H), 6.87 (d) = 8.6
Hz, 2H), 4.55 (s, 1H), 3.95-3.81 (m, 6H), 1.74 (s, 6H)1 (t,J
= 7.1 Hz, 6H), 0.93 (tJ = 7.1 Hz, 3H);"*C NMR (100 MHz,
DMSO0): 8 173.8, 167.3, 162.3 (d¢.r = 248.3 Hz), 148.6, 136.1,
132.2 (d,Jcr = 8.1 Hz), 116.3 (dJcr = 22.5 Hz), 101.7, 60.7,
60.2, 40.1, 18.1, 14.3, 14.2.

4.2.9. 3,5-Diethyl 4-methyl 1,4-dihydro-2,6-dimethyg-iolyl-
pyridine-3,4,5-tricarboxylate3a) [11b]

Yellow oil (48.9 mg, 6%); '"H NMR (400 MHz, CDCJ)): &
7.19 (d,J = 8.4 Hz, 2H), 7.01 (dJ = 8.0 Hz, 2H), 4.84 (s, 1H),
4.24-4.14 (m, 6H), 2.36 (s, 3H), 2.02 (s, 6H), 1.86 9H); °C
NMR (100 MHz, CDC)): § 174.4, 167.5, 149.1, 138.7, 137.4,
130.1, 130.0, 100.9, 60.1, 51.9, 39.9, 21.1, 1B423.

Yellow oil (38.1 mg, 4%); '"H NMR (400 MHz, CDCJ): &
7.20 (d,J = 8.0 Hz, 2H), 7.01 (d] = 8.4 Hz, 2H), 4.76 (s, 1H),
4.23-4.15 (m, 4H), 2.37 (s, 3H), 2.02 (s, 6H), 1.429H), 1.29
(t, J = 7.0 Hz, 6H);°C NMR (100 MHz, CDCJ): § 172.8, 167.7,
148.4, 138.6, 137.6, 130.1, 130.0, 101.5, 80.2),640.9, 28.0,
21.1,18.1, 14.4.

4.2.12. 4-Benzyl 3,5-diethyl 1,4-dihydro-2,6-dimkthyp-tolyl-
pyridine- 3,4,5-tricarboxylate3{a) [11b]

Yellow solid (49.6 mg, 5%); mp 116-118 °C (lit. 116-
118 °C);"H NMR (400 MHz, CDCJ): & 7.34-7.30 (m, 5H), 7.15
(d, J = 8.0 Hz, 2H), 6.87 (dJ = 7.7 Hz, 2H), 5.13 (s, 2H), 4.97
(s, 1H), 4.18-4.13 (m, 4H), 2.37 (s, 3H), 2.03 (s, 6H23 (t,J =
7.2 Hz, 6H);"*C NMR (100 MHz, CDGC)): § 173.2, 166.3, 158.5,
148.0, 132.0, 130.5, 113.5, 66.5, 59.7, 54.6, 39132, 21.0,
17.3, 13.4.

Ethyl 3,5-diacetyl-1,4-dihydro-1-(4-methpjig,6-
dimethylpyridine-4-carboxylateéb) [14b]

Yellow oil (48.8 mg, 6%); '"H NMR (400 MHz, CDCJ): &
7.19 (d,J = 8.0 Hz, 2H), 7.00 (d) = 8.1 Hz, 2H), 4.83 (s, 1H),
4.10 (g,J = 7.1 Hz, 2H), 3.70 (d] = 8.1 Hz, 6H), 2.35 (s, 3H),
2.02 (s, 6H), 1.20 (tJ = 7.1 Hz, 3H);"*C NMR (100 MHz,
CDCly): 6 173.6, 167.9, 149.4, 138.8, 137.4, 130.0, 1290,6]
60.7,51.4, 39.9,29.7,21.1, 18.17, 14.2.

4.2.14. 4-Ethyl 3,5-diisopropyl 1,4-dihydro-1-(4-imgtenyl)-
2,6-dimethylpyridine-3,4,5-tricarboxylat84c)

Yellow oil (64.7 mg, 7%6); '"H NMR (400 MHz, CDCJ)): &
7.02 (d,J = 8.2 Hz, 2H), 6.83 (d] = 7.6 Hz, 2H), 4.66 (dt) =
12.4, 6.2 Hz, 2H), 4.45 (s, 1H), 3.75 (s 7.1 Hz, 2H), 2.06 (s,
3H), 1.65 (s, 6H), 0.93 (m, 12H), 0.86 Jt= 7.1 Hz, 3H);"°C
NMR (100 MHz, CDC)): 6 173.2 166.3, 147.8, 137.8, 136.8,
129.4, 129.1, 112.4, 66.5, 59.7, 39.5, 21.1, 2083, 13.5;
HRMS (ESI) calcd for gH:,NO; (M+H)" 444.2381, found
444.2377.

4.2.15. 4-Ethyl 3,5-diisobutyl 1,4-dihydro-1-(4-ngtenyl)-2,6-
dimethylpyridine-3,4,5-tricarboxylat@d)

Yellow oil (57.4 mg, 6%); '"H NMR (400 MHz, CDCJ): &
7.22 (d,J = 8.0 Hz, 2H), 7.05 (d) = 8.2 Hz, 2H), 4.95 (s, 1H),
4.12 (dt,J = 7.1, 5.9 Hz, 2H), 3.92 (d,= 4.3 Hz, 3H), 2.38 (s,
1H), 2.06 (s, 3H), 2.00 (s, 6H), 1.95 (m, 2H), 1.23 &, 7.1 Hz,
3H), 0.97 (dJ = 6.7 Hz, 12H);*C NMR (100 MHz, CDG)): &
173.6, 167.2, 149.2, 138.5, 137.2, 129.8, 70.59,689.6, 27.6,
20.9, 19.0, 17.9, 14.0; HRMS (ESI) calcd foshgNOg (M+H)”
472.2694, found 472.2696.

4.2.16. 4-Ethyl 3,5-dimethyl 1,4-dihydro-1-(4-methahenyl)-
2,6-dimethylpyridine-3,4,5-tricarboxylat8lp) [11b]

Yellow solid (45.2 mg, 560); mp 101-103.2 °C (lit.101-
102 °C);'"H NMR (400 MHz, CDCJ): & 7.05 (d,J = 8.8 Hz, 2H),
6.89 (d,J = 8.9 Hz, 2H), 4.83 (s, 1H), 4.11 @~ 7.1 Hz, 2H),
3.81 (s,3H), 3.72 (s, 3H), 3.75 (s, 3 H), 2.04 (s, @1 (t,J =
7.1 Hz, 3H);"*C NMR (100 MHz, CDGJ)): § 175.3, 169.6, 161.3,
151.4, 132.9, 116.1, 102.4, 62.4, 57.2, 53.1, 41968, 15.9.



4.2.17. 4-Ethyl 3,5-diisopropyl 1,4-dihydro-1-(4-imetyphenyl)-
2,6-dimethylpyridine-3,4,5-tricarboxylat8tc) [11b]

Yellow oil (57.9 mg, 636); '"H NMR (400 MHz, CDCJ)): &
7.07 (d,J = 8.9 Hz, 2H), 6.89 (d] = 8.9 Hz, 2H), 5.09-5.02 (m,
2H), 4.82 (s, 1H), 4.11 (¢, = 7.1 Hz, 2H), 3.81 (s, 3H), 2.02 (s,
6H), 1.27-1.23 (m, 15H)*C NMR (100 MHz, CDC)):  173.2,
166.3, 158.5, 148.0 , 132.0, 130.5, 113.5, 66.5/,54.6, 39.3,
21.1 (dJ=13.8 Hz), 17.3, 13.4.

4.2.18. 3,5-Diisobutyl 4-ethyl 1,4-dihydro-1-(4-metkyphenyl)-
2,6-dimethylpyridine-3,4,5-tricarboxylat8l{d)

Yellow oil (62.4 mg, 6%); '"H NMR (400 MHz, CDCJ): &
7.26 (d,J = 8.8 Hz, 2H), 6.92 (d] = 8.8 Hz, 2H), 4.94 (s, 1H),
4.23-4.11 (m, 2H), 4.26-3.81 (m, 4H), 3.72 (s, 3HP6Z(s, 6H),
1.98-1.95 (m, 2H), 1.27-1.23 (m, 3H), 1.23 Jck 6.7 Hz, 12H);
®¥C NMR (100 MHz, CDGCJ)): & 172.9, 166.5, 158.5, 148.8,
131.8, 130.4, 113.5, 100.0, 69.5, 59.7, 54.5, 38@9, 18.3,
17.0, 13.3; HRMS (ESI) calcd for,@#:sNO; (M+H)* 488.2643,
found 488.2644.

4.2.19. 3,5-Di-tert-butyl  4-ethyl  1,4-dihydro-1-(4-me
oxyphenyl)-2,6-dimethylpyridine-3,4,5-tricarboxyl&Bbe) [11b]

Yellow oil (67.2 mg, 6%); '"H NMR (400 MHz, CDCJ)): &
7.08 (d,J = 8.9 Hz, 2H), 6.89 (d] = 8.9 Hz, 2H), 4.78 (s, 1H),
4.16-4.11 (m, 2H), 3.87 (s, 3H), 2.0 (s, 6H), 1.5Q ¢, 7.1 Hz,
18H), 1.27 (t, J = 7.2 Hz, 3H}*C NMR (100 MHz, CDGJ)): §
171.7, 164.5, 156.9, 145.9, 130.6, 129.0, 111.0,00/7.5, 58.1,
53.0, 38.4, 25.8, 15.6, 12.0.

4.2.20. Diethyl 2-acetyl-3-(p-tolylamino)succina@ (14a]

Yellow oil (15.4 mg, 2%); '"H NMR (400 MHz, CDCJ) &
6.99 (d,J = 7.2 Hz, 2H), 6.63 (dd} = 8.4, 3.6 Hz, 2H), 4.70-4.68
(m, 1H), 4.39 (brs, 1H), 4.52-4.09 (m, 5H), 2.32 (§H), 2.27
(s, 1.5H), 2.23 (s, 3H), 1.32-1.18 (m, 6FH)C NMR (100 MHz,
CDCly): 6 201.2, 171.5, 171.4, 167.9, 167.8, 144.2, 1429,8.,
129.7,128.4, 114.4, 114.3, 61.8, 61.7, 61.6, 63018, 57.3, 56.7,
30.0, 29.8, 20.4, 14.0, 13.9; MS (E8&l)z [M+H]" 322, [M+Na]
344.
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Highlights

* Visible light photocatalytic cascade cyclizati@action at room temperature.

» A wide range ofN-aryl glycine esters proceed the cascade cyclizatiell with
variousf-ketoesters to afford diverse polysubstituted idiropyridines.

* A possible mechanism for the cascade cyclizatieaction by visible light
photoredox catalysis was also proposed on the bas@ntrol experiments.

» The synthetic protocol features good functiorraug tolerance, mild conditions and

simple operation.
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