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Abstract Hantzsch Esters were first synthesized by Arthur Rudolf Hantzsch in 1881, and widely used in pharmaceutical
chemistry. The application of Hantsch Esters in organic synthesis in the early time was mainly focused on the dehydrogena-
tion of 1,4-dihydrogen pyridines (DHPs) in the synthesis of functional pyridines. In 1955, Mauzerall and Westheimer found
that Malachite Green could be reduced by Hantzsch Esters to generate the hydrogenated product. Then these DHPs were
extensively used as a reductant for decades due to their electron and hydrogen donating properties. In recent years, scientist
found that C—C bond cleavage at 4-position of 4-substituted Hantzsch Esters would lead alkyl transfer, and the alkylation
process was a radical process. With the rapid development of free radical chemistry, various alkylation reactions using
4-substituted Hantzsch Esters as alkylation reagent have been developed, such as addition reactions of imines and alkenes;
cross-coupling reactions with aryl halides; substitution reactions with functional aromatics; Tsuji-Trost reaction; radical inser-
tion with sulfur dioxide; and asymmetric alkylation efc. The advantages in alkylation transfer by using 4-substituted Hantzsch
Esters as alkyl source in the past five years were witnessed dramatically: (1) Highly toxic alkyl metal reagents could be
avoided in the alkylation reactions; (2) Compared with the moisture sensitivity of alkyl metal reagents Hantzsch Esters are
easily handling; (3) 1,4-Dihydrogen pyridines (DHPs) are biologically-inspired model molecular of reduced nicotinamide
adenine dinucleotide (NADH), which would expand the application in biosynthesis. A brief summary in this field is presented
in this review, and the advances are classified according to different reaction types. Although these creativity works were
developed, there are still some challenges: (1) Could aromatic groups at 4-position of 4-substituted Hantzsch Esters serve as
arylation reagents? (2) How to recover the rest pyridine part of Hantzsch Esters after alkylation; (3) New type reactions need
to be developed for the asymmetric synthesis.
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Scheme 2 Lewis acid catalyzed alkylation of imine
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Scheme 3 Radical alkylation of imines catalyzed by photocatalyst
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Scheme 4 Radical alkylation of olefins catalyzed by photocatalyst
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Scheme 5 Alkylation of olefins catalyzed by organo-photocatalyst
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Scheme 6 Alkylation of olefins co-catalyzed by Lewis acid and organo-photocatalyst
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Scheme 7 Generation of alkyl radicals from direct excitation of DHPs
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Scheme 13  Synthesis of arylated saccharides through Nickel and Photoredox dual catalysis
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o)
CO.Et + Rajj\

51 53

DMDC (2 equiv.)

FIPRIR A IR P2 ). i — DL BRI IR SEIG R B, J5 2
EAR B M S A ' B A AR FH T B8 AR 0 e S ) 4
HIEEAL, MTTAS 205 s 45 M9 A 1 P~ (Scheme 15).
Melchiorre /NHPE 2017 4E KR & T T GEE AL
Z51dE SR Ni AR 7 3R 5 4-Je AR
DTS e A AR I S L. A I 7T 4-A7 R B AR
HIDCHTIE ) R S EE RI, 7E 405 nm K DGR, 78
CIEHFIF, SRR KA ANk W2, 38
BRI E R FIHX &, AT RSB T
TE WK ) G DT R AL A B B OR R AR B RS
M2 B B2, EdESE NI fEMER TS
RS e R A Je B4k e R4S B B =) (Scheme 16).

4-CzIPN (2 mol%)
[Ni(dtbbpy)(H20)4]Cl>

(6 mol%)

R%0
e

OH acetone/i-PrOAc (2:1)
blue LEDs, 24 h, r.t.

R® SO

o O ©

J\ J\O,Me

(ORY),,
or n
R3
54

32 examples
47%~94% yield

In-situ activation

O HN O o Q .
(o) O
P Yo O i > /
o ke 0 o
0]
77 7
75% yield 70% yield
dr:2:1 dr:1:1
F FF F 0 BAO 0
F3C o) o) (@) fe)
> oy
FFFFFF 5 g _ o ' @)
O I MeO /’O)<
O =
> o}
63% yield 68% yield
dr: 1.8:1 dr: 10:1
B 14 @ eBuE R 5 R N LRk & BB BRI R L &1
Scheme 14 Synthesis of acylated saccharides through Nickel and Photoredox dual catalysis
fac-{Ir(ppy)s] (1 mol%) . .
R’ i NiCI, (10 mol%) o LS t-Bu
EtO,C CO,Et . N dtbbpy (15 mol%) _ N
| | NaOAc, THF R’
N .
: mom w7
visible lig HERN
1 55 27 examples | tBu
30%~90% yield :  dtbbpy

OMe

82% yield

74% yield

89% yield
ZIE=72:28

B 15 @ e B R S IR Ni JLAA I o £ QR S 0 e e A A 10k S
Scheme 15  Cross-coupling of alkenyl halides through Nickel and Photoredox dual catalysis
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N
1 ' I
R NiCl,:DME (5 mol%) P N A
Et0,C CO,Et bpy (10 mol% ?
2 M = a—pr 2Py (10mol%) Ar—R! N7
2,6-lutidine ! |
N MeCN, r.t., 24 h 58 LN
1 HP single LED (405 nm) 25 gxamples b
57 35%~89% yield Py
R [ R 1 R.
EtO,C COEt . |E0,C CO,Et \
[ ] — [ LN{° - LNi'—R!
405 nm Radical
H ” addition A—B
~ excited state Oxidative e
photoreductant SET addition
i R 1+ Reductive ?"
" EtO,C -~ CO,Et L Ni—Br elimination Ll\lliL”—R1
; ' Br
H N Ar—R!
- pyridine ) radical source )

ER 16 diELIE Ni 2 51055 3 AR 1 e A0 AR S B

Scheme 16 Cross-coupling of aryl bromide through Nickel catalysis

3.3 sp kB AR EN R Witk 3, 1ZE REE PR SRR B SRS
MR RGNS b Rk Emyy  BAHREPREE 60, %A PRk — PR AEME

25T, S e R A 0 A0 S A T DL e e AT H 2 1V R 8 25 T A5 B Be AL A B 740 59, Ad AT

34k 2018 4F Cheng /NHARISZHL T R a-pedk i R AREEUCHIDUN B be A, fE

HRE KA S N e AR A B A1 Benziodoxolone W SKILBUBRAEAE 5 BB AIT RS, AT H 2 — i J 2k

WAL S AL SR, S8 T U By LIIBYE Y (Scheme 17).

B BRI, &%Eﬁ%‘é%"%?ﬂﬂm/«#T;ﬁi

/
/ MeCN/H,0 Ar/

50°C
59
R= COZ'Bu or CN 32 examples
Bl = benziodoxolone 37%~97% yield

75% yield 97% vyield 72% yield

BX 17 bek B iR S
Scheme 17  Alkynylation with alkyl radicals
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¥ F R

Ye /INHPITE 2019 SESZIL TR 4-Fe 3L AR
DUNERRA G W5 I IR e B AR S B ARAT T
BHCEUEATT 4CZIPN VEAGEEIL ). FE1% B 2%
T Z PR B R AR i i 2 5 IS, [RIRE M B A%
ZEtr O BRI BRI, RIS IR U B A &
YIE B bE 3 K5 (Scheme 18).

FRAOKFEE I R R

4.1 sp’B EMERERIAEE I R B
2014 4F, Tang /NP 2 1 A i (U3 B 00 I g o e
K AR b, 250Uk e S DU IR X 3T T4 e

4sp

RSN, AT R BRI F e S B D B 1 1R Ak s 4k
R S 61 78 AIBBN(RR 7 T B i3t k&
1R AT LA B R bl e B BRI e s . it — 22
FU R IIAK A 0 3 A JEE P 35 X A S i ok R S
B, R BRI ES 1 /8 AIBN [/EH 153
DHP(1,4- & Mne) A 3t 63, % H M T ALK
BT RAERHE B X EIA R 61 MBI R E H
Fer R 65 AT 66, fi i AR F H SR T A
J1ERE I S . (AR R AR e 3 E SR A 2
A5 98 BRI 10 A e 258 T RS AE A 22—, XL B T 7R 14
AP HEERIEY GRS — TR E B IR
PLRSE H B2 A )44 65 55 66 (Scheme 19).

4CZIPN (2 mol%)

R‘T

KaPO4
J\/i / DCE, rt, 36 h Ar/

degas, blue LEDs

R= COZEt orCN

91% yield

B 18 DGR idE B i FE PR S
Scheme 18 Visible light promoted alkynylation with alkyl radicals

R']

45% yield 51% yield

EtO,C CO,Et 2
+ R _~
T
N

61

T
-

AIBN = Azodiisobutyronitrile

62% yield

59
31 examples
45%~99% yield
=
65% yield 56% yield
(n-C4Hg),0 2
R\/\ 1
AIBN, 80 °C R
62
22 examples

60%~90% yield

F MeO Cl
\©\A ©\/\/\ Meo o " g \
=
Bn i Bn ~ & © ~ Bn

85% yield 80% yield

E/Z = 85:15

H3C>k

AIBN HsC

Etozcrr:ozEVEtochfozEt

R2
" No,
61
E E
HNo, 10,0~ COE
No2

NO,
\/\R1 R2 R1
B 19 AR A A S A S

Scheme 19 Replacing the nitro group of nitro-olefins
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1 F F ®R

Sakata /1 Nishibayashi /NHTE 2016 4438 7 FI H ¢
FE AR IR T R AR Ay d 25 Sk JRRT 5 6 I A0 40 P o ik H
AR REP, 12 S LR S 3R 25 1 ) B 4577 45 0 3 i
RA BT HER, DU 407 & A BB H W 22 i 7 R ot
B E k. RIS SR AS KOG RO AR S 05 FE IS e kAR
PHTHEBIMSE ABHERET 70, ZHAETITUS
Bk E B AR R AR B AR AT B 0F 67 I 48 i
(g B IaA 71 8172, el B 2 U A T
75 207 T B AR A A e TR ™). fEIX — %%
e & 5 1 DU R 7 AR e i PR AR B 2L M I
TR Y, BExt SN RR, WF 9038 A 7 A B EE i
DFT it5. 2R, He IR AEAEARALI B HBE

1o TR A R AR AE XA Y H AR e 22, XU T
FERI LA AR 9 = 1 SR S ELRA 9038 A S 5]
T TR ) R AR R DRt v S RE ) 7= 2, R [R] Nt Bl 40
A7 AT BT B(Scheme 20).

2019 4E, Molander /NHPOSRIE T a3k R 2R
FAL AP e FEBAR SO . 4-Je 3 HUAR A 037 B 7 S B
PEALFRIVE R R P2 e b gk B B, 1% E B R DA 2- Ak it
SRR E A AT B B2 4E AT A H B2 R 76,
T E— P A0 S 2 1) 6 B A 77 5 Pl 00 i O B il
Tk 2 471 5 - 17 1 B0 e L AR R B A P &4 75(Scheme

Etozc/\ﬁ\/lcozlﬂ NC\@\ fac-Ir(ppy)s (2 mol%)

visible
EtO,C CO,Et light R
cat* R
NC NC.. ;
1
R oN CN
71

B 20 Fekk b 05 B bR A A S

Scheme 20 Aromatic substitution reactions of cyanoarenes with alkyl radicals

R‘T
EtO,C CO,Et
.
N
H
74
1
SOzMe
EtOQC CO,Et

NaOAc, DMI
25°C,18 h
visible light

302Me 4CzIPN (2.5 mol%)
75

O@

21 examples
26%~97% yield
ratio up to > 99:1

NC._
H H
SeEn

72

R1

Acetone, blue LEDs

16 h
15 examples

34%~85% yield

visible Ilght

PC = photocatalyst

B 21 Bkt E d A R FR T IR ﬂ:A%EMUiF\“.
Scheme 21 Desulfonative alkylation of N-heteroaryl sulfones
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¥ F R

42 sp’Rik RIS RIREI RN

Cao/NHPTE 2014 4ES2HL T R 1,4- &t ne b &
W 78 VE b AR I E & R AL A4 77 ke AL
SN A LG BAA Y 77 5 1,4- - F e I 5
HE T EE R R AT 1,4- 20N e & AR et B W X8 it 22 H
2L, AR P 5 EIESEAEY 77 L5
REBHEMRGIEEMNAENEBLED

AR N SR T 27 B B [T Ak (R P e s Ik 2 1k 5 )
A ROTIERY. 2017 4, Molander /NHPSZIL T SR 1F
FFESEAARTS S AR iR S R A B S B, Ak R A
FIE AR BN ARG, DU B Bl oA v SR e A e 3
H A, % E ST LS R B AR RS EEA T 4 A\ T
BRNZIAE B EE R, %A R A AR A
A LA B H AR GE AR B~ 4. 1205 50 SR 38 FH 1
EHMT, LRE RN R IS 5k

79(Scheme 22).
2R AL B RE D S04 36 B BUR 5~ B9 <8 Az 1 B JS(Scheme 23).
t-Bu t-Bu
@ CONH2 MeCN . CONH,
_MecN .
reflux, 10 h N
|
Mn(CO)s PFe ' 69% yield | Bn
Mn(CO),
77 78 t-BuBNAH 79 BNA*
t-Bu_ H ‘- tBu
CONH, _| CONH,
& - fj/ ', )
.| N SET |\|/| (CO)s N
n
Mn(CO)s Bn Bn - BNA*
t-BuBNAH §
t-Bu-
B <=
oL
t-BuBNAH Mn(CO)s
(CO)3
B 22 -0 BB AR AL SRR S b R R
Scheme 22 Alkylation of (n°-arene)tricarbonylmanganese complexes
i 0 0
i NH NH
Na,S,0% (1.2 ! Z N7 O
EtO,C CO,Et 39,0 (1.2 equiv.) ! N
TFA (1.5 equiv.) |
* R{het R—Het :
MeCN/ Hfé)h“ 1) RT 84% yield 60% yield
81 i
32 examples i X N\
22%~85% yield ! _
| N °
R 5 78% yield 58% yield
2 - NayS,0 ;
EtO,C CO,Et SO47 + S04 2928 !
X EtO,C CO,Et ' s-Bu
T = T = Ny
N i ~N
N I _N |
; ; H i /)\
radlcal-ch.am | MeO,S N cl
R propagation ! Et
. _r, 1 1
R-{Het R@W ~—— RHet| R ; 81% yield 70% yield
*N">H  radical N H SET H :
H addition H : )
SO4— N823208 H N N A
L Me | N
HSO, HAT R—kHet/ | NG W &
N7 CR! | N N
! H
i 49% vyield 84% yield

B 23 Hedk Bl R R B S A SR
Scheme 23  Alkylation of N-heteroaryl complexes
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% % F R Ritk
5 EARHEES SHEMARMEEWRR  AFH(Scheme 24)
Wu /NHPIET R J& T 1R 2 H i ET 8RR 4

Gutierrez fll Molander /NHBYYE 2018 4E & J& T fidik
AR I T i Rl s A EOUA R R T 6 D s R S I R e B, 75
BT B A IR =Y. R N IR, A LG
AL 77 B T AL DU B A9 B e 3 2, bR &R AR
2 5 IR FEIN TN BeAF 207 I BB R A, & AR S B
B R E BRI A 2= B AR, WA [FR G
o [ SALEEHE TR DFT HH5L, 4550 R %N 1 R
B3 R AN TR T AR 4 1 B HE AL 1 B 2 A R DL &
Tsuji-Trost M. J N IFERZE—A Ni(0)-Ni(ID) IR
W, 1555 R RN 2 m, BN A C 28R
IR Ni(I) A (a4, 1X 5 2 B ARSI IE 408 Ni
AR 2k B AR IR R ) Ni(0)-Ni(D Y I FE A

N AR SR 71, 1E 2019 4, Wu /NP
TRIE TSGR TR 4-fe B i DU B = A=
e 3 R B AR 1A N BRI A
B 7. BB BE (e e A 1 R =28 pe it | R 3,
% H H R A AR N JE E SEEE 2, 1% A
B 5E5EME 85 MAS A B hET Rk 87, #%
P ) A A TS T R o' A A 7] B R T 3 JB R DAAS B
fe 887, k0 R R R BIIRSL &Y 86
(Scheme 25). FFISSBIEERS, Wu /NHEE 2019 4EF]
e 3k B ER 3 A AR B N PR AR AR 1 R S 2R
THE AR BN A 2R AL A4 90 (Scheme 26).

4CzIPN (2 mol%)

R1
3 [Ni(dtbbpy)(H20)4]Cl, R® OH
EtO,C COEt . R /R R4 (3 mol%) R1
N O acetone, blue LEDs A
H R? R4
11 examples

83 49%~91% yleld

91% yield 62% yield 87% yield 49% yield 76% yield 85% yield 49% yield
E/Z =>20:1 E/Z = 86:14 E/Z =94:6 EIZ =82:18 E/Z =89:11, dr = >20:1 E/Z =90:10 E/Z =84:16
KX 24 bkt HIEZ 5 18 AT Tsuji-Trost M
Scheme 24  Single-electron Tsuji-Trost reaction with alkyl radicals
R Eosin Y o
DABCO+(SO
EtO,C CO,Et 84 (50z)2 Eosin Y (5mol%) 0, 0 NH2 O o
+ T E—— N7 '
| " | /NQ DEC,0°Ctort R “arHey | Br Br
H Ar(Het) visible light 86 ' O O
1 85 17 examples HO o OH
up to 98% yield Br Br
R1
EtO,C CO,Et
J\)I 0P i
EtO,C._~_CO,Et N RIS SAr(Het)
L i
~
N \<
A EY* Isomerization
EtO,C COEt &
R + |
N2 hv
302\1 N
EY" EY +
QL H
S
Ng R N N
o\ /O o\ /O
\,S/ N7
Ar(Het)& R’ \)J\Ar(Het) RVS\)J\Ar(Het)
Ny 87 88

IF= W R B Y S =2 E o S = R A A T AL DA SVA

Scheme 25 Insertion of sulfur dioxide with alkyl radicals
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% 5

R‘T

EtOOC coogt ~ DABCO(SO2:
| | + (0] 84
RZ J\/\ R3

N
H
1 89

B 26 Fekk A bt —AABR A BT TR I N SR

.
4CZIPN (3 mol%) o) ozs/R
_ >

DCE, r.t. 2 3
35 W white CFL R 90 R

16 examples
43%~81% yield

Scheme 26 Insertion of sulfur dioxide and electron-deficient alkenes with alkyl readicals

6 EURXHTBEIE At BT BRI FRE AL

2018 4E Melchiorre /NHP*F I F 1k il & AT AEY)
VE AL TG4 TN M B 2R 91, I FH B 2 BUAR AL
WG VE A be g B ER R JR G M R S R AR H 3
AR 20 F- Ve b 2 s = 4. AR KN 420
nm  FIFEIRBOR DS = A b s 2, Rz G YR AT
WOR A5 AT BRI W0 85 1 A4S, 5 R IGe
HH B S S T A 0L B R A R E B
FEA PR AR AT 21 X Wik B D0 = 4 92 (Scheme
27).

2019 %, Melchiorre /N IX — & R ¥ e 25 5
I T A J T P AN S R Bl e 2 o, A AT P 437 P A X
AP ERAE NI B S RRIR, T T4
YIS AT, 7E 460 nm ¥ K AGHE R SZEL 1 B
F F 5 X PR B 25 A M AR SR I BP%)(Scheme 28).

EtOZCJ\)j/\COZEt )H\

B 27 i 1 e I R A T A R

Scheme 27  Stereoselective addition of enals with alkyl radicals

O« _R!

Meggers /NHYE 2018 A FH M e b i
BT B TR AR ARG A, o BB A
PORAE T K 4-be Z= B DO ™ 4 b ks 5 i B 1
H, RIS A T 1% 5 0 g i i 5 JEe ) A U Aoz e 3]
JRYIEACAE . AZIRBLI o - AR K _F 75 EEA RSN
(1) 2% J5 - 2 5 A 700 RO TC 67 DAk 31 35 =23 1) 110 5 34
FH(Scheme 29).

2018 4F, Yu /NAMHRIE T OB S 4R

SRR T B AN XS FR ot Bl S 7. 4-Je B B AR
ﬁﬁ@afﬂéﬁﬁfﬁ%?‘ﬁﬂ’] 73 R AR B, TR
AT A S P Y TR 2R 0 b ) A A 122 b A e ) A R AR R
sy PAU) P RIAA, it — A2 R VH B A5 3 -1 1)
W IEE ). S AT RO A e 2 B R AR 1% i 2R v mT DA
IR0 2 5 5 S T8 s A7 2= b O i) TR T B 7=
(Scheme 30).

cat. (20 mol%)

O
HP smgle LED (420 nm)
irradiance 40+2 mW/cm?  H
;

TFA (80 mol%)

Ar AR
MeCN/perfluorohexane 4:1
-10°C, 14 h 92
22 examples
29%~83% yield
ee upto 94%

via excited
iminium ion

N
H
93 94

B 28 I [ Fh 35 0o R A S T AT R

Scheme 28 Stereoselective addition of enals with acyl radicals
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cat. (20 mol%)
Et0,C COLEt o HP single LED (460 nm)
I + HH irradiance 20 m\W/cm?
R? TFA (80 mol%)

MeCN, -15°C, 40 h
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21 examples
31%~94% yield
ee upto 76%
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1 2

o)
BuO,C CO,/Bu A N
B + R g
N\/>

B 29  TUHOGRUELR BB BT 5 by 20 5T TR i T n a

R" O
A-RhS (4 mol%) ;\)K\/N
- s R? _
CH,Cl,, 13~18 h N \/}
CFL (21 W) Ph’
97
15 examples

36%~quant. yield
ee upto 98%

Scheme 29 Enantioselective £-alkylation electron-deficient alkenes catalyzed by chiral photoredox catalyst

R1

EtO,C CO,Et
| | Ir(ppy)»(dtbbpy)PFg (2 mol%)
] M Pd,(dba); (2.5 mol%)
Ligand (6 mol%)
.
K2C03, MeCN, N2
OAc blue LEDs, 12 h
Argo A R3
98

B 30 M A I R doe 2 1 S L
Scheme 30 Enantioselective allylic alkylation

2019 4E, Jiang /NHMRIF] 4-"F 3L BUR 0 B B 1R
RE AR, ST T AV < R R A P 7 S o | e
P SE OOV AR AN AR RS . 122 5 7 Hh A58 FH )T
FEWEMEIR S ) 1 = ek, R e T LK
F1] 89% (Scheme 31).

7 NG

A 4-BURHI DU B R A & P ke 2Ll 2
GRIET ZRR, HEILFRBIRERN SR, 545
FeREA IR b B A F /N . B RE R A MR S I A

Ligand: OMe
| MeO PAr,
R! '/.(\VRG’ : MeO PAr,
A’ R2 O
99 ! OMe
43 examples ' Ar = 4-OMe-3,5-('Bu),-CgH
44%~96% yield | (R)-GARPHOS

ee upto 98%

[ BN 33 28 5 32 58 790 T LA KRt A 7 2 RE PR PRI 2R BB o 0,
IS Z AN ARG R R, I LB AR [ AL
SR (PR, KBS 2 5 2 R AR
i H k. R X 2k A R R AR E — S Bk, L
I H TR IE 1 4-BURIE TR L R S T R, sp
s sp BRECH B R IE (TAS R IR AR . 5
—J T, A5 P R A A R e AR, B
£ EE e S £ TR At 2 T 0 AR ) el . [
FIFZ 2R A B 15 10 S AR R 25 3 B A R
87, ST AN o R S 7 243 T 41 S 5 T — B 9 01

Ligand: NMe;

Bn % La(OTf)3 (20 mol%) HO, »—pp,
EtO,C CO,Et Ligand (22 mol%)
| | + (o] 0
N PhCI, 4A MS, 25 °C N

‘ ! o 2O

N
H Ts 3 W blue LED, 60 h Ts 7 N \J
100 101 102 N
89% yield /\/
87% ee

B 31 BREAUE AR
Scheme 31 Enantioselective alkylation of C=0 bond
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