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Research Progress in Organic Reactions Involving
4—Acyl/Carbamoyl/Alkoxycarbonyl Substituted Hantzsch Esters
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(* Beijing University of Chemical Technology, College of Chemistry, Beijing 100029)

Abstract In recent years, 4-acyl/carbamoyl/alkoxycarbonyl-substituted Hantzsch esters have been increasingly utilized as a
new class of radical precursor reagents, emerging as one of major research topics for synthetic chemists. These compounds
can generate the corresponding acyl, carbamoyl, and alkoxycarbonyl radicals under mild conditions through photochemical,
electrochemical, or chemical oxidation systems, leading to a wide array of radical addition/coupling reactions. Due to the
reducibility of their dihydropyridine skeleton, these radical precursors often exhibit unique reactivities and display good
compatibility with transition metal-catalysis and organocatalysis systems. In addition, the reported reaction conditions typi-
cally feature for environmental friendliness, highly functional group-tolerance, and biocompatibility, which should have sig-
nificant research value in the fields of medicinal chemistry and chemical biology. Herein, this review summarizes the re-
search progress of acyl, carbamoyl and alkoxycarbonyl radicals, and focuses on radical generation system, mechanistic un-

derpinnings, as well as the uniqueness and applications of the synthetic strategies with such Hantzsch esters.

Keywords 4-substituted Hantzsch esters; acyl/carbamoyl/alkoxycarbonyl radicals; photocatalysis; electro-organic synthe-

sis; green chemistry
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Figure 1 DHP catalogue and mechanism of acyl radical generation
from 4-acyl substituted Hantzsch esters

658  http://sioc-journal.cn

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

B T BEAEIOACDUTE, &2k LS e S A A
0 DT P 5 RSN P O Bl S 4. e SR DU i
il EER W a-SREEFRACE BV U B JEORY, A K
14-— M nE-4- IR, Fe om0 5= X7
L A ML) 4-20 28 Bk /ot S OO DU s . MBS
IR, AR EEIREE/ e AR U DU I 11 B g e 4
Wi B, RN EOCHEARZ 5 A BIAEAT SN
BORPUI B 5 I, 5 T ORAE, AT AEIR AN S RL AR A T
P RAR B B H 2, IR AR A T AU R N
W I, AZERE BLBCARDUT 8 1) S5 #2472 2K,
Tra% A-BEAE AR AE e S P A IR DU B 1 v B
SERTRAEA LA RN P N EAT RGN 4R, Hd A
A AR SN LSS T D 2R &
A S LN

2 A-BERKXHEES SR N

AT LG E B H 2 S A A AL 2 v i R R
KI5z —02, 2019 4F, Melchiorre W4 IMRE |
Al WG P IESE B HHIEST o, B-ANPRLRTES B AS KR I ke
S N(Figure 2). 1% 508 B R FH B S BRSO ERE A H
HHAE AT, BT IERAEAL 7, TEBESE B g B ik
T i 8w T AR P sz 0 3ok 2 v 2 ) S 92 19 ST AR i B 4
TEURAN ) S N 26 1F T B I —#Av2 B, DA R U e AT
SRR R % T — &R 2,3-BU0-1,4- LA 3.
AR e L SR 0 e S B2 VS 2 N e D
&F%%%ﬁﬁ%ﬂ%%%ﬂﬁﬁ%ﬁ

Amine catalyst (20 mol%) o)
Et0,C COzEt HP smgle LED (460 nm) H
TFA (80 mol%) + @
At CHLCN, -15 °C, 40 h Ar

o

Proposed Mechanism
[e]

H

3 O\. H ”””””””””””””” :
N Ar ' CF3 !

H TFA ! FaC CFsy !

amine catalyst . ‘

N !

| 1 ;
H ! TDS = thexyldimethylsily! ;

hv | amine catalyst

B2 SLAEEEMES R 1L4- T HRE S

Figure 2 Stereoselective synthesis of 1,4-dicarbonyl compounds
RN, AEERE 2 SR TR AL =R 4

R IVE T T 486 T RS A 0 Jie 55 7w B Ak RIS, gk

AU 1 WRHSCRT WG R TR O S 1%, B AR e

B e 2 R R i R A A P 22 B e B SR I AR

(Radical Conjugate Addition, RCA) fl & i T #% #

Acta Chim. Sinica 2023, 81, 657—668



F F R

(Hydrogen Atom Transfer, HAT)idFs, 24 i H brr=
Y 3. PEREA B TAERZ R HEN T — AMEAIERE. BT
FLAET TR DGR TR SR, I A v £ 1
e PR AN TR L) 250 S 300 7R o o B S ) A = P D 5 R

A4, 2R AP SR TE RT WO AR 1 ) g Ik
S MR 1) e — S P2 ot B AK [ B (Figure 3). 107 VA [FIFEF
FH 77 1 5 RO R 30 T 6 W ' R T 7 AR B 5 | o R 1
Rk, I BAE SN v i G 1N SR I it
RMEAEIL T £ M E A Minisci Y e b=, R ik
e BB I8 B % A8 TR AR, R B HR Ry 1 e B
PE, BT T w5 & R e A AR R 2 05 2.

I, 18I AT WO T BOUR AS 1% (Erea(1
/1"y=—1.1 V vs. SCE in CHsCN), BiJ5 % PR
W JF T AR E B HEEFH B 1 Pyr-H™, Y2515 315
FH MBS Pyr-H A1, Pyr-HYAI Pyr-H'JE 5 HL T4
1, HIBJF B3N EedPyr-H/Pyr-H)=—1.0 V vs. SCE
in CH3CN. Bt [ H R0 i AL R ME R PR EAT IR, i
AR1R3 a-m e E hHEEAE 6. RIS T, i
6 B R Al & T ARSI E DT L, L E e
W HORE T BN AR S AR 7. R RS
(Density Functional Theory, DFT) 11545 B2 7R 7 B4R
HL 34N Ewea(7/8)=40.06 V vs. SCE in CH;CN, [AIH AT i
IR Pyr-HY/Pyr-H L7 MRS AL B 7 il 5 HL 38
e, 15 20d Ak 804, H A TS 3] B AR 4.

0 HP single LED (460 nm)

OH
EtO,C COzEt |rrad|ance 30 mWicm?
TFA (2 equiv.)
CH3CN (0.3 mol/L)
1 4 Proposed Mechanism 5
Pyr-H*
isi i SET Homolytic +
1 Visible light 1 reduction Pyr-H + _romolytic | o
cleavage
. \ unstable ./%
E*1* /1) ~ 1.1 V vs. SCE
@ Acyl radical

| @@r\
.
Et0,C COEt  EtO,C COAEL Q) NH

II J\A/K Electron . o N

shuttle +H+T yH

Pyr-H* PyrH @
E (Pry-H*/Pry-H) = -1.0 V vs. SCE
l o

E(7/8) =+ 0.06 V vs. SCE

N X . Splgﬁeﬂnter (
ot + i NH
5 <t oNH oNH NH— )
SET .
HOZLH HO @ reduction nd . \J

8 7

B3 G e m el e e - e R Al
Figure 3 Photochemical C—H hydroxyalkylation of quinolines and
isoquinolines

LY, WA FOACDUAT IS £ PTG 5 S AN R <o f4
PN FR IR N RS T B R SO R A
HINRIE T — PRI S AL 2 5 1 W] o6 s

Acta Chim. Sinica 2023, 81, 657—668

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

SR G B EEXF o, - U AR AN SRR R R B
(Figure 4). W7k EER SR MFNE Ni-BLAARTE &
1FME RS B AT A B — RYV T 1,4- 5%
&, o, mEBURDOEE S At 1) 5 I . PIRmESE |
F PR 5L DL K2 g 10 o 26 5 1 Hh 3 Ol IR b 22 5 J
AR, Y o p-AEREAR B A NFEAR RN 5 R
B, A2 H AR, RN 47%~99%, Kk
PR B mris 97 3. RN, o, B- AR 9 T 5L AR
FHHEAFEL T ERFERESY 1, MiEE7E
FOBRIE [ I EXT 11 BT SRR N AR 2] Co(ID)H
A 12, ARAEAE S AR b A5 RIS B 5 A
REBHEINK) Re THIN o, f-ANUEFIERK p ArHEAT N, &
(D TEAR 12 BAS R SR ARE (D) R A 13, LR g
TIEEAF R AR 14, J1FAL S BOAR S e i A T8 T
PE 1L4-Z B AN, FHER A EATRIEE N R — AT

FRIEACIEE.
(0]
Co catalyst
EtO,C COEt
2 M 2 " CHLCN, £t 2 h Q
¥ LA LT L
N GD/K/\. 2'3Wblue LED ~ GD
H 21 examples o
1 47%~99% yields 10
Proposed Mechamsm ;
Co(")
co(y 10
Co ||) III : N Ph

‘ /
: CO‘N Ph
[ OO HQO/

[>_<_b ( ' 3 N\\/ ®
AL et

N 00 R = 2,4,6-(-Pr)3CeH,
/
4 e
N ;

\ ' Co catalyst
Ph 4 '
Selected Examples
N
0 N /[ ] 0 o§” DG = [Nyg,
GD)v\Me GD)v\Me i:’ h

>99%, 955 e.r.

0 O\)@
L = 1=
Me/\o)\/\Me GD)\/\/\/V

>99%, 93:7 e.r.

>99%, 90:10 e.r.

>99%, 93:7 e.r. 72%,93:7 e.r.

B4 I WOGIES R B RS R R BN A
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