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Synthesis, utility and medicinal importance of 1,2-
& 1,4-dihydropyridines

Vivek K. Sharma® and Sunil K. Singh*®

Dihydropyridine (DHP) is among the most beneficial scaffolds that have revolutionised pharmaceutical
research with unprecedented biological properties. Over the years, metamorphosis of easily accessible
1,2- and 1,4-dihydropyridine (1,4-DHP) intermediates by synthetic chemists has generated several drug
molecules and natural products such as alkaloids. The 1,4-dihydropyridine (1,4-DHP) moiety itself is
the main fulcrum of several approved drugs. The present review aims to collate the literature of 1,2-
and the 1,4-DHPs We will describe various
methodologies that have been used for the synthesis of this class of compounds, including the

relevant to synthetic and medicinal chemists.
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strategies which can furnish enantiopure DHPs, either by asymmetric synthesis or by chiral resolution.

DOI: 10.1039/c6ra24823¢ We will also elaborate the significance of DHPs towards the synthesis of natural products of medicinal

www.rsc.org/advances merit.

1. Introduction

Arthur Hantzsch added one of the most valuable scaffolds to the
toolbox of medicinal chemists, reporting the synthesis of
dihydropyridine (DHP) in 1882. Among five possible regio-
isomers only 1,2- and the 1,4-DHP (Fig. 1) have gained signifi-
cant attention. The 1,4-DHP scaffold has served as a nucleus for
several blockbuster drugs such as nifedipine and amlodipine.*
Close resemblance to nicotinamine adenine dinucleotide
(NADH) coenzyme, which has an important role in biological
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oxidation-reduction reactions, has made the 1,4-DHP core even
more lucrative. Perhaps less studied in the past, the potential of
1,2-dihydropyridines has recently been explored as a critical
scaffold for the synthesis of alkaloids and other drugs. 1,2-DHPs
are now popular as a precursor for the synthesis of the 2-aza-
bicyclo[2.2.2]octanes (isoquinuclidines) ring system present in
alkaloids, ibogaine and dioscorine. The anti-influenza drug,
oseltamivir phosphate (Tamiflu), is also synthesised from 1,2-
DHP via an isoquinuclidine intermediate (Fig. 1).

Recently, we reviewed reactions of 1,2- and the 1,4-dihy-
dropyridines.** The present manuscript aims to highlight the
importance of 1,2- and the 1,4-dihydropyridines relevant to
both synthetic and medicinal chemists. We will describe
various methodologies that have been used for the synthesis of
this class of compounds. We then focus on strategies which can
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Fig. 1 Structures of 1,2-DHP, Hantzsch 1,4-DHP, NADH/NADPH and some medicinally important compounds/cores accessible from DHPs.

furnish enantiopure DHPs, either by asymmetric synthesis or by
chiral resolution. We will also spotlight the utility of DHPs
towards the synthesis of natural products of medicinal merit. In

A CICOOCH3
| )+ NeBH, —— >~
N Organic Solvents,
Temperature COOCH3 COOCH3
1 2
THF,0-10°C  60-65 % 40-35 %
CH3O0H, -70°C  86-88 % 2-4 %

Scheme 1 Synthesis of 1,2- and 1,4-dihydropyridines 1 and 2 by
reduction of pyridine using NaBH,.

X
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CH;
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Scheme 2 Dihydropyridine 4 generated from precursor chromium
complex 3.
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Scheme 3 Synthesis of N-substituted 1,2-dihydropyridines 10a—g.
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2002, Rodolfo Lavilla compiled the synthesis, reactivity, and
applications of DHPs in medicinal chemistry.*

2. Synthesis of dihydropyridines

Substituted dihydropyridine are usually prepared either by the
cyclization reactions (Hantzsch ring closure) or by reduction of
pyridinium ions. The reviews by Eisner and Kuthan,* and Stout
and Meyers*? covers the chemistry of DHPs from early devel-
opment till 1982. Beside these, R. Lavilla®® in 2002 and Silva,
et al.* in 2013 also compiled the literature for the synthesis of
DHPs.

2.1. Synthesis of 1,2-dihydropyridine

In 1972, Fowler et al* reported the synthesis of both N-
carbomethoxy-1,2- and 1,4-dihydropyridine by treating a mixture
of pyridine and sodium borohydride with methyl chloroformate
in various organic solvents like, ether, glyme, THF, methanol and
water. They observed that reaction in THF at 0 °C gave a mixture
of dihydropyridines containing about 35-40% of 1,4-dihy-
dropyridine along with the 1,2-dihydropyridine. However, the
amount of 1,4-isomer can be reduced to 2-4% by performing the
reaction in methanol at —70 °C giving 1,2-DHP in 86-88% yields
(Scheme 1).

Kutney, et al®> have described the synthesis of novel
and stable chromium complex of N-methyl-3-ethyl-1,2-

= ()

10a -g
% yield is not reported

9a-g

- (d) CH3COO(CHy)s
CH,CHy"

o
) N\ (g) CH,=CHCH,C-

N
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dihydropyridine. This metal carbonyl complex 3 has been used
for the synthesis of essentially pure N-methyl-3-ethyl-1,2-
dihydropyridine 4, which can be used as a precursor to
synthesize a number of useful heterocyclic compounds such as
5 and 6 (Scheme 2).

Beeken, et al.® have developed a synthetic methodology for
the synthesis of 1,2-dihydropyridines 10a-g via 2-azabicyclo
[2.2.0]hex-5-ene 8 as a synthetic equivalent. The amine 8 was

View Article Online

Review

conveniently synthesized by methyl lithium mediated hydro-
lysis of carbamate derivative of 1,2-dihydropyridine 7 which in
turn was photochemically synthesized from compound 1.
Alkylation and acylation of amine 8 has lead to the formation of
9a-g which were easily isolated. The alkylated/acylated
analogues 9a-g were converted into the corresponding 1,2-
dihydropyridines 10a-g under thermal heating condition
(Scheme 3).
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% Scheme 4 Synthesis of 1,2-dihydropyridines 14 and 15 from 3-ethyl pyridine 11.
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20a-e; R = (a) OCHg; (b) Ph; (c) CHoPh; (d) (CH,)3CH=CHby; (e) CH;

21a-d; R = (a) Ph; (b) CH,Ph; (c) (CH3)3CH=CHy; (d) CH,

Scheme 5 Synthesis of 1,2-dihydropyridines 1, 21a—d by thermal cyclisation of hydroxamic acid derivatives.
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23a, 24a; R* = (-)-8-(4-phenoxyphenyl)menthol
23b, 24b; R * = (-)-8-phenyl-menthol

Scheme 6 Asymmetric synthesis of 1-acyl-a-alkyl-1,2-dihydropyridines 25 and 26.
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Further, Fowler et al have successfully prepared dihy-
dropyridines 14 and 15 from 3-ethyl pyridine 11 (Scheme 4). 3-
Ethyl pyridine 11 was first converted into N-carboxymethyl
amine 12 using CICOOCH; and sodium borohydride, which on
hydrolysis yield amine 13. This method is significantly impor-
tant as it can be applied to relatively more complex 1,2-DHP
structures which may serve as an intermediate for the synthesis
of alkaloids, e.g. compound 15 is an intermediate in a biomi-
metic synthesis of Strychnos alkaloids.

Fowler, et al.” has synthesized the 1,2-dihydropytidines 1,
21a-d by the thermal cyclisation of hydroxamic acid esters 20.
Reaction of the hydroxamic acid ester 17 with 5-bromopenta-
1,3-diene 16 gave the compound 18. The removal of ¢Boc
protecting group from compound 18 followed by acylation
with various acid chlorides gave the hydroxamic acid deriva-
tives 20. Evaporation of these hydroxamic acid derivatives
through a hot tube gave the 1,2-dihydropyridines 1, 21a-d as
the only isolable products in 32 to 58% yields (Scheme 5).
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acyl pyridinium salt 24 with different Grignard reagents fol-
lowed by treatment of the reaction mixture with silica gel con-
taining oxalic acid provided chiral 1,2-dihydropyridines 25 and
26 (Scheme 6, Table 1).

@COZiPr

iPrOo,C N/

(i) Method A or Method B
(i) R-X

/@COZIPr
|

iPro,C RN

(iii) NH4CI H

33 34
Method A: Na (3.5 equiv), NH3/THF, -78 °C.
Method B: Na (3.5 equiv), naphthalene (5 equiv), THF, -78 °C

Scheme 8 Reduction of electron deficient pyridine 33: preparation of
1,2-dihydropyridines 34.

Table 2 Reduction of pyridine 33 by using method A or B and their
alkylation®

2-Substituted-1,2-dihydropyridine analogues are useful Enftty RX R Method  Yield (%)
n?terllnejdlate .for tllle. synthes1s.of .n.altgral productsl such as 1 Mel Me A 99
piperidine, indolizidine, quinolizidine and cis-decahy- , Mel Me B 36
droquinoline alkaloids. Comins, et al® have reported the 3 EtI Et A 98
asymmetric synthesis of 2-substituted-1,2-dihydropyridines 25 4 EtI Et B 78
& 26 from N-acyl pyridinium salt 24, which was synthesized via  ° 1Bul 1Bu A 93
the addition of 3-(triisopropylstannyl)pyridine 22 to an enan- b
tiopure chloroformate 23a-b derived from (—)-8-(4-phenox- ¢ Epibromohydrin B 84
yphenyl)menthol or (—)-8-phenyl-menthol. The reaction of N- gsl 0
Allyl-Br Allyl® A 90
8 I(CH,);Cl (CH,);Cl A 9%
Table 1 Synthesis of 1-acyl-2-alkyl-1,2-dihydropyridines 25 and 26 9 I(CH,);Cl (CH,);Cl1 B 96
10 I(CH,),Cl (CH,),Cl A 99
Entry R*OCOCI RMgX Product Yield% de 11 I(CH,),Cl (CH,)4Cl B 91
12 I(CH,)sCl (CH,)sCl A 97
1 23a n-PrMgCl 25a 72 82 13 I(CH,)5Cl (CH,)sCl B 94
> 23b n-PrvgCl 25b 81 7% Method A: Na (3.5 equiv.), NH,/THF, —78 °C, then R-X (3.5 equiv.)
: ethod A: Na (3.5 equiv.), 3 = , then R- .5 equiv.),
Z iga ﬁ;ée:lMéCél igfi g; 22 then NH,CI after 5-30 s (time delay depends upon the electrophile).
a hGH Vg Method B: Na (3.5 equiv.), naphthalene (5 equiv.), THF, —78 °C, then
5 23a VinyIMgBr 25e 71 90 R-X (3.5 equiv.), then NH,CI after 5-30 s (time delay depends upon
6 23a PhMgCl 25f 85 89 the electrophile). b = formed as a mixture of diastereomers. ¢ = this
7 23b PhMgCl 25g 87 84  compound will aromatize in approximately 24 h at room temperature
8 23a p-MePhMgBr 25h 86 92 and should be stored in the freezer.
OMe o o o]
Si(i-Pr Si(i-Pr); . .
@ (PO Vo f‘j (i) NaOMe |0 nBuLi |
rlq/ (i) Hs0* RN (i) Oxalicacid R SN~ (i) BnOCOCI R“™N
\ \
COOR* COOR* H COO0Bn
27 28a-b 29a-b 30a-b
NaBH, CeCl,
OH
R* -(-)-8-phenylmethyl =z
a; R = p-MePh Lo MsCl I
b; R=c-H R" .
s R=c-Hex N DMAP gy
COOBn éOOB
n
32a-b 31a-b

32a: 58 % Yield
32b: 74 % yield

Scheme 7 A highly enantioselective synthesis of 1,2-dihydropyridines 32a—b.
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The presence of the chiral auxiliary in 25 may find application
in the several transformations. Another asymmetric synthesis was
developed for the synthesis of 1,2-dihydropyridines as shown in
Scheme 7. The chiral salt 27 prepared in situ from 4-methoxy-3-

EtoOC Ary
m\ " N7 CHClIj3 or toluene
D X Ph Reflux
Ar2
35 36 37

Yield 38-94 %

Scheme 9 Regioselective synthesis of 1,2-dihydropyridine.

(o} + o
NHR; (i) EtOAc-toluene,
150 °C (Sealed tube) N
+ H 5
NH ~79 %, dr90:10 N

Ph\HU,Ph 30 Phﬁ)z,,Ph

OTBS OTBS

38 40

80 % Yield

Scheme 10 1,2-Dihydropyridine via [3 + 3] cycloaddition reaction.

CO2R R; CO,R
N*_ CrI N
e R;“\/\ Br In, DMF |
X R Ry 2
41 42 43
>80 % Yield
Scheme 11 Indium catalysed synthesis of 1,2-dihydropyridine.

Ph

Ph)\N N Re
Ry

Ph
0 BN

R1N + N| Ph 15 mol % Sc(OTf)3
R, R3)\H THF, MS 5A°, 2-3 h i
44 45 0-50°C 46
Ry; EtO,C- Rs; Aryl, EtO,C- upto 63% yield
Ry; Alkyl-, Aryl- Furyl

Scheme 12 Vinylogous imino-aldol reaction with vinyloxiranes:
synthesis if 1,2-dihydropyridines.
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(triisopropylsilyl)pyridine and (—)-8-phenylmethyl chloroformate,
was treated with Grignard reagent (RMgX) to give tetrahydropyr-
idone 28a-b in high yield and high diastereomeric excess (de). The
chiral auxiliary and the triisopropyl silyl groups were removed
from purified diastereomers 28 with sodium methoxide/methanol
and oxalic acid to give enantiopure dihydropyridones 29a (88%
yield) and 29b (81% yield) via one pot reaction. Deprotonation of
29 with n-BuLi and addition of benzyl chloroformate provided 30
in almost quantitative yield. Reduction of 30 to alcohols and
subsequent dehydration gave the desired enantiomerically pure 1-
(benzyloxycarbonyl)-1,2-dihydropyridine 32a and 32b in 58 and
74% yields, respectively (Scheme 7).

Donohoe, et al® has used Birch conditions or sodium
naphthalene in THF for the partial reduction of electron defi-
cient pyridines for the synthesis of 1,2-dihydropyridines 34.
Reductive alkylation of electron deficient pyridine diester 33
under Birch type conditions (Scheme 8, method A, quenching
the reaction with an electrophile followed by a proton source)
gave excellent yield of the corresponding monoalkylated dihy-
dropyridine 34. The partial reduction using sodium and naph-
thalene in THF (Scheme 8, method B) was also accomplished,
thus avoiding the use of liquid ammonia. Moreover, both sets of
reducing conditions were compatible with a range of electro-
philes (Table 2).

Palacios, et al' has reported the synthesis of 1,2-dihy-
dropyridine 37 using enamines 35 and 2-azadienes 36 (readily
prepared by aza-Wittig reactions). The compounds and 36
under reflux in toluene form a broad variety of substituted
dihydropyridines 37 in a regiospecific manner (Scheme 9).

Vinylogous amides 38 undergo [3 + 3] cycloaddition reaction
with o,B-unsaturated iminium ions 39 to yield 1,2-dihydropyr-
idines 40. Intramolecular and stereoselective versions of this
process have been successfully developed (Scheme 10)."

Loh, et al.** has reported the indium-promoted allylations of
N-acetylpyridinium salt 41 with allyl bromide 42 in DMF, to
furnish 1,2-dihydropyridines 43 regioselectively in good yields
(Scheme 11).

Brunner, et al.*® has synthesized the functionalized 1,2-
dihydropyridine in moderate to good yield by using vinyl-
oxiranes as dienolates in imino-aldol reactions. Under the
optimized reaction condition the reaction of vinylepoxide 44
(1.5 equiv.) with benzhydril protected aldimine 45 (1.0 equiv.) in
the presence of catalytic amount of S¢(OTf); (15.0 mmol) lead to
the formation of stable 1,2-dihydropyridine 46 in upto 63%
yield (Scheme 12). Further it has been illustrated by the author

R
>—OINH
CHO on 9
R2 B z
NTs R;—=Li = R3 RCOCI 2 = R3 PtCl, (10 mol%) H \ﬂ/
NTs — o
THF Pyridine NTS  bhMe (0.2M), 100°C Ry N"Rs
R R R 3h _
47 48 49a-i 50a-i
X=0orNH

Scheme 13 Pt() catalyzed synthesis of 1,2-dihydropyridines.
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that the reaction proceeds via the vinylogous imino-aldol type
reaction.

Motamed, et al.** has reported the first Pt(u) catalyzed
cycloisomerisation of aziridinyl propargylic esters 49a-i to
afford 1,2-dihydropyridines 50a-i (Scheme 13). The aziridinyl
propargylic ester substrates (Table 3) were prepared by acylation
of the corresponding aziridine propargylic alcohols 48, which
were synthesized from aziridinyl aldehyde 47 via a highly dia-
stereoselective (dr > 95%) 1,2-addition of the corresponding
alkyllithium or Grignard reagent. The aziridinyl propargylic
esters 49a-i on cycloisomerisation using Pt(u) catalysis (10
mol% of PtCl,, 0.2 M in toluene, 100 °C, 3 h) afforded the cor-
responding 1,2-DHP products 50a-i in moderate to good yields
(Table 3).

To explore the scope of the substrates that participate in the
reaction, other substituents at the aziridine nitrogen were
explored. The N-acyl substrates 49j-m (Scheme 14) were

Table 3 Pt(i)-Catalyzed synthesis of 1,2-dihydropyridines®

View Article Online
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subjected to the Pt(u) catalyzed reaction to afford the 1,2-dihy-
dropyridines 50j-m in 65-74% yield along with the another
heterocycle 51a-d as by product, which were not isolated.

Hodgson, et al.*® have developed a new methodology of
radical deoxygenation process on 3-azatricyclo[2.2.1.0>°]
heptan-5-ols 53 using tributyltin hydride to afford the 1,2-
dihydropyridines.  3-Azatricyclo[2.2.1.0*°heptan-5-ols  54a-
b were synthesized from the corresponding epoxide 52 (readily
available from cycloaddition of the N-Boc pyrrole and tosyl
ethyne, followed by the epoxidation of the resulting bicyclic
diene), which on radical deoxygenation (via the xanthate) using
BuzSnH (2.0 equiv.) gave the 1,2-dihydropyridines 54a-b in 37
and 10% yields, respectively (Scheme 15).

Wan, et al.*® have reported the three component sequential
reaction enaminones 55, o,B-unsaturated aldehydes 56a-b and
amines 57a-k to afford 1,2-dihydropyridines 58 in highly
regioselective manner. This novel regioselectivity has been

Entry Substrate Product Yield® (%)
R
O.__R
o =
> O
= P,
NTs 50a-d
0, 0, () 0
1 Ph (@R =Me (50a) 76%, (50b) 72%, (50¢) 76%, (50d) 76%
49a-d (b) R = p-CIPh
R=tBu
@@ R=Me (€)R=
(b) R = p-CIPh (dR=Ph
(c)R=tBu
(d)R=Ph
cL,c
H
>=NH
N__ccl
=
; Try
—
2 = Ph™ N (50€) 56%
NTs
50e
O.__CH;
=
LT
N R:
Ts 3
3 50f-h (50f) 62%, (508) 69%, (50h) 70%
(f) R3 = Cyclopropyl
(9) Rg=Ph
(f) R3 = Cyclopropyl (h)R3 =H
(9) Rg=Ph
(h)R3 =H
H30>:
o
O._CH
=z 3
f 1Ty
~ o
4 — N (50i) 76%
NTs i
50i
49i

“ Standard conditions: 10 mol% of PtCl,, 0.2 M in toluene at 100 °C ove

This journal is © The Royal Society of Chemistry 2017

r 3 h. ? Isolated yields after column chromatography.
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= PtCl, (10 mol %)

NYR Toluene (0.2 M), 100 °C. 3h
(o)
49j-m
Entry Substrate 49 % Yield of 50
1 () R=Me 71
2 (k) R=Ph 74
3 (I) R=p-Tol 69
4 (m) R = p-CIPh 65

Scheme 14 Pt(i)-Catalyzed cycloisomerization of acylated aziridines substrates to 1,2-dihydropyridines.

Boc
.Boc N~ . I|30c
N R = Me: MeOLi, MeOH, RO on O N2k, G- Mel, N or
(o] reflux, 90 % , : /EJ/\
4 R = p-MeOCgH,CHa, (i) BusSnH, AIBN 1o~
Ts p-MeOCgH4CH,ONa, TS reflux
52 THF, 58 % 53a-b 54a, Yield 37 %

54b, Yield 10 %
53a, 54a; R = Me

53b, 54b; R - p-OMeCgH,4CH>

Scheme 15 BusSnH catalyzed radical deoxygenation on xanthate: synthesis of 1,2-dihydropyridines.

(o]
a1 ” | / T/ NH,
x s Xy DMF/H,0
% .~ TMSCI, 85°C
A~ CHO R?
R3Z | 57
N
56a; R®=H
56b; R® = 0-Cl 59
When R? was bulky or strong
electron withdrawing group % yield of 58 &
59 is reported in
Table 4

Scheme 16 Regioselective synthesis of 1,2-dihydropyridines.
Table 4 Regioselective synthesis of 1,2-DHPs and 1,4-DHPs*
Entry R' R® R (57a-k) % yield” of 58 % yield” of 59
1 H H (57a) p-NO, (58a) 63 nd
2 p-OCH, H (57a) p- NoZ (58b) 14 (59¢) 53
3 H H (57b) o- (58c) nd® (59¢) 70
4 p-OCH,4 H (57b) o- (58d) nd (59d) 52
5 H H (57¢) o- Cl (58¢€) 59 (59€) nd
6 0-Cl o-Cl (57d) H (58f) 52 (59f) nd
7 0-Cl H (57¢) 0-Cl (58g) 60 (59g) nd
8 H H (57€) o- Br (58h) <10 (59h) 46
9 H H (57d) o- (58i) 27 (59i) 51
10 H H (57g) o- CH; (58j) nd (59) 65
11 H H (57h) 2,4,6-trimethyl (58k) <10 (59k) 51

¢ General conditions: 0.3 mmol of enaminones, 0.35 mmol of aldehyde, 0.3 mmol of amine, 0.3 mmol of TMSCl mixed in 1 mL of solvents (0.5 mL
H,0 + 0.5 mL of DMF), stirred at 85 °C for 10 h b Isolated yield based on the corresponding enaminone. ° nd = not determined.
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COOR, NHR4
R,00C COOR:
— CH,CI 2 2
R—N=C + 2||  + RaNH 22
N RT, 10h
COOR, 572 62ah R,00C COOR;
60a-b 61a-b R3
63a-l
60| Ry 61| Ry 62| Rs 63| Ry Rz Rs Yield (%)
a | cHexyl Me a | Bn a | cHexyl Me Bn 80
b | tBu b | Et b | p-Tolyl-CH, b | cHexyl Me  p-Tolyl-CH, 95
c | 4MeOCgH4CH, € | cHexyl Me  4-MeOCgH4CH, 91
d | 2-CICgH4CH, d | cHexyl Me 2-CICgH,CH, 75
e | 4-CICgH4CHy e | cHexyl Me  4-CICgH4CH, 83
f | 1-NaphthylCH, f | cHexyl Me  1-NaphthylCH, 87
g | n-Bu g |cHexy Me n-Bu 88
h | 4-MeOCgH,4 h | tBu Me  p-Tolyl-CH, 93
i | t-Bu Me  4-MeOCgH4CH, 90
j | cHexyl Me 4-MeOCgH, 87
k | tBu Me 4-02NCsH4 59
I | cHexyl Et Bn 69
m | cHexyl Et Bn 83
n | cHexyl Et 4-MeOCgH4CH, 80
O | cHexyl Et 2-CICgH4CH, 85
P |cHexyl Me Bn 71
Scheme 17 Three component one-pot synthesis of functionalized 1,2-dihydropyridines 63a-L.
NHR
COOEt 1
COOMe CHiCy EtOOC COOMe
R—N=c+ || + || + R, |
. RT, 10n Etooc” N~ COOMe
60a COOEt cooMe 62a, 62c and 62d R
3
61b 61a 63m-p
Yield >70%

Scheme 18 Four component one-pot synthesis of functionalized 1,2-dihydropyridines 63m—p.

assigned to both steric and electronic effects originating from
the amine partner (Scheme 16).

To examine the factors contributing to the selectivity, a series
of reactions by taking p-nitroaniline and ortho-substituted
anilines, have been carried out with enaminones and o,B-
unsaturated aldehydes. The results are highlighted in Table 4.
As shown in Table 4 both 1,2-DHPs 58 and/or 1,4-DHPs 59 could
be furnished depending on the properties of the substituent on
phenyl ring of the anilines. p-Nitroaniline mainly offered 1,2-
DHPs 58 as a major product, while with different ortho-anilines
indicate that the regioselectivity was affected by both the size
and the electronic profiles of the ortho groups. The reaction of o-
haloanilines, fluoro- and bromoaniline gave 1,4-DHP 59¢, 59d
and 59h as the major product (entries 3, 4, and 8), while o-
chloroaniline gave 1,2-DHP 58e, 58f and 58g as the only isolated

(i) AgSbF (5 mol%), 23 °C
(ii) Ro-NH, (57d, 65a-b)

O/K/cooa

Roe COOEt
(iif) (PhaP)AUCI (5 mol%), 38 °C NS
RH\ CH,Cl, R 7 Ph
Ph
64a-d (57d); R, =Ph 66a-d
= | o,
a;R; =Ph (65a); Ry = 3-Cl-(CgH,) 13-55 %
b: Ry = Ph (57f); Rp = Ph
¢; Ry = Et (65b); Ry = 2-i-Pr-(CgHy)
d; R, = Et

Scheme 19 Synthesis of 1,2-dihydropyridines 66a—d from propargyl
ethers.

This journal is © The Royal Society of Chemistry 2017

product (entries 5-7). Integrating the 1,2- and/or 1,4-DHP fur-
nished in the 2-iodoaniline, 2-methylaniline, and 2,4,6-trime-
thylaniline entries (entries 9-11), it is evident that the bulky
ortho group is important, but not the only inducing factor for
1,2-DHP formation. Further it was observed that the sequence
of adding the reactants did not make a visible difference in the
regioselectivity of the reactions.

Yavari, et al.*” has reported one pot synthesis of highly func-
tionalized 1,2-dihydropyridines from alkyl isocyanide 60a-b,

H
o .
MW (150 W, 120 °C, 30 min) PPN COOCH;
Toluene, closed vessel
i 0,
H ) 68a, yield 59%
Ph.__O |H Toluene MeO@‘NHz
RT, 1h
Il COOCH, 100% 62h
H
67a = COOCH;3
| 62h |
MW (150 W, 120 °C, 30 min Ph™ N
Toluene, closed vessel
(100%)
69
(Direct) a

OMe 100 % yield

Scheme 20 Two step versus domino reaction: synthesis of 1,2-dihy-
dropyridine 69a.
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Table 5 Domino synthesis of 1,2-dihydropyridines 69a—q from
propargyl enol ethers 67 and primary amines®

Rq
Rp._O._Rs3 MW (150 W) z
\[ T RaNH, 120 °C, 30 mi ]
Il >z 571, 62a, 62c, 62n UM RN Ry
and 70a-d toluene, closed vessel |
Ry Re
67 69a-q

Entry R, R, R; 67 R,NH, 69  Yield (%)
1 H Ph H a pMeOCgH, (62h) a 100
2 H H H b  pMeOC¢H, (62h) b 51°
3 H Me H ¢ pMeOCe¢H, (62h) ¢ 87
4 h nPent H d  pMeOCg¢H, (62h) d 71
5 Ph Ph H e pMeOCgH, (62h) e 95
6 cHex Ph H f  pMeOCe¢H, (62h) f 55
7 H Ph Me g pMeOCgH, (62h) g 24°
8 H Me Me h  pMeOCeH, (62h) h  17°
9 H Ph H i  pMeOCeH, (62h) i 807
10 H Ph H a Bn(62a) j 83
11 H Ph H a Allyl(70a) k 72
12 H Ph H a Ad°(70b) 1 87
13 H Ph H a (S)PhCHMe (70c) m 83"
14 H Ph H a PMB?(62¢) n 78
15 H Ph H a Ph(57f) o 93
16 H Ph H a 4ClCH,(70d) p 88
17 H Ph H a pMeOC¢H,(62h) q 100"

¢ Propargyl vinyl ether 67 (1.0 equiv.), primary amine 62h (1.1 equiv.) in
toluene (5 mL). Z = CO,CH;. ” 300 W, 150 °C, 2 h. € 300 W, 150 °C, 3 h, Z
= CO,CH,CHj,. ? Z = SO,Tol. ¢ Ad = adamantyl./ 50% de. ¢ PMB = p-
methoxybenzyl. ” (R)-1-Phenylprop-2-yn-1-ol was used to prepare
enantiopure (R)-69q; product 69q obtained as a racemic mixture.

Table 6 Optimization of reaction conditions®

Ph o H MeOOC N
' TsNH, ,
. | COOMe Metal catalyst N~ "Ph
Ts
H 67a 71a
Entry  Catalyst (mol%) Solution  TsNH, (mol%)  Yield (%)
1 AuCl, DCM 200 NR?
2 PPh;AuCI/AgOTf  DCM 200 NR?
3 PPh;AuCl/AgBF, DCM 200 84
4 PPh;AuCI/AgSbF,  DCM 200 92
5 PPh,AuCl DCM 200 NR?
6 AgSbF, DCM 200 NR?
7 PdACl,(CN), DCM 200 NR?
8 PtCl, DCM 200 NR?
9 PPh;AuCl/AgSbFs  Toluene 200 Trace®
10 PPh;AuCl/AgSbF, ~ CH;CN 200 NR?
11 PPh;AuCl/AgSbF,  DCE 200 77
12 PPh;AuCI/AgSbF,  DCM 120 80

“ Reactions were conducted with 0.4 mmol of 1a in 3 mL of solvent at
room temperature. ” No reaction. ¢ Most of the material decomposed.
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acetylenic esters 6la-b and primary alkylamine (62a-i). The
reaction of alkyl isocyanides 60a-b, dimethyl acetylenedicarbox-
ylate (61a), and primary amines 57a, 62a-h, proceeded smoothly
in CH,Cl, at room temperature and produced tetramethyl 4-
(alkylamino)-1-alkyl(aryl)-1,2-dihydropyridine-2,3,5,6-tetracar-
boxylates 63a-k in good yields after purification (Scheme 17).
Similarly, taking two equivalent of diethyl acetylenedicarbox-
ylate 61b in above reaction gives 631in 69% yield. A wide range of
structurally varied primary amines were employed in this cyclo-
condensation reaction. Addition of a solution of equimolar
amounts of primary amine 62a, 62c & 62d and 6latoa 1:1
mixture of cyclohexyl isocyanide (60a), and diethyl acetylenedi-
carboxylate (61b) in CH,Cl, at rt, produced 5,6-diethyl 2,3-

Table 7 Tandem synthesis of 1,2-dihydropyridines from propargyl
vinyl ethers and TsNH,*

R
Ry_O._H 2
\[ 5 mol% AuPPh;Cl/AgSbF, Me00C B
| | COOMe 2.0 equiv. TsNH, N~ "Ry
R, DCM, RT te
67a, 67j-s 71a-k
Entry Ry R, 67 Product  Yield® (%)
1 CeHs H 67a  71a 92
2 2-Me-C¢H, H 67j 71b 90
3 4-Me-C4H, H 67k  71c 91
4 3-Me-C¢Hy H 671 71d 80
5 3,4-Di-Me-CeH, H 67m  71e 78
6 2-MeO-CgH, H 67n 71f 89
7 4-CI-C¢H, H 670  71g 85
8 2-CI-C¢H, H 67p  71h 84
9 2-Naphthyl H 67q  71i 88
10 n-Hexyl H 67t 71j 82
11 CeHs n-Pentyl  67s 71k 60

% Reactions were conducted with 0.4 mmol of 67 in 3 mL of solvent.
b Isolated yield after column chromatography.

R O _H CHj;
1
\( \[ 5 mol% AuPPhsCI/AgBFg MeOOC | x
COOMe 2.0 equiv. TsNH, N R,
DCM, RT +S
72a-h 3ah
R Product Yield (%)
C6H5 73a 69
2-Me-C6H4 73b 67
4'Me'CGH4 73c 65
3-Me-CgH,  73d 56
4-Cl-CgHy4 73e 55
4-B|'-CGH4 73f 48
2-naphthyl 739 62
n-hexyl 73h NR

Scheme 21 Tandem synthesis of 1,2-dihydropyridines 73a—h from
allenic vinyl ethers and TsNH..

This journal is © The Royal Society of Chemistry 2017


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/c6ra24823c

Open Access Article. Published on 12 January 2017. Downloaded on 6/14/2026 5:04:51 AM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Review
dimethyl 4-(cyclohexylamino)-1-(arylmethyl)-1,2-dihydropyridine-

2,3,5,6-tetracarboxylates 63m-o which contain two different ester
groups (Scheme 18). Similarly reaction of 62a and 61bina1:1

(i) AuCI (5 mol%), 23 °C

RO o Ry
(i) RsNH; (57d, 62a, 62¢, 62h,75a-C) oo
' (iii) p-TsOH, 40 °C ~
I “coor \
CH,Cly N~ R,
R, Rs
74a-0 76a-o
74876 | R Rz R3 R Yield (%)

a Et Ph Ph (57d) Et 88
b Et Ph PMB (62c) Et 62
c Et Ph i-Pr (75a) Et 75
d Et Ph (S)-PhCHMe (70c) Et 67
e Et Ph 4-Br-CgH, (75b) ~ Me 69
f Et Ph 3-NO,-CgH, (75¢) me 78
g Et Ph 4-MeO-CgH, (62h) Mz 85
h Et Ph Bn (62a) Et 81
i Me Ph Ph (57d) Et 84
i i-Pr Ph Ph (57d) Et 7
k Ph Ph Ph (57d) Et 72
I H ph Ph (57d) Et 55
m CHyCH2Ph n-CsHg Ph (57d) Et 55
n Et 4-MeO,C-CgHs  Ph (57d) Et 74
) Et 4-MeO-CgHy Ph (57f) Et 89

Scheme 22 The conversion of 74a—o in 1,2-dihydropyridines 76a—o.

/COOR
// 78a; R = Et
nt 78b; R = Me

(ii) AgSbFg

(iii) p-TsOH (20 mol %) )

View Article Online
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mixture of 60a & 61a yields 63p. The formation of a single product
when two different acetylenic esters are used is presumably
controlled by the sequence in which the reaction is carried out.

Binder and Kirsch et al*® has synthesized 1,2-dihydropyr-
idines 66a-d from propargyl vinyl ethers 64a-d through
a sequence of propargyl-Claisen rearrangement, condensation,
and heterocyclization (Scheme 19). The scope of this protocol
was quite limited, only four examples of 1,2-dihydropyridines
with low to moderate yields are known.

Tejedor, et al.® has developed a convenient domino access
to substituted alkyl 1,2-dihydropyridine-3-carboxylates from
propargyl enol ethers and primary amine. After some experi-
mental work, it has been found that microwave irradiation of
a solution of 67a in toluene (150 W, 120 °C, 30 min) afforded
the corresponding dienal 68a, which could be isolated as
a mixture of E/Z (1:1) isomers in 59% yield after flash-
chromatographic purification (Scheme 20). Subsequent treat-
ment of dienal 68a with p-anisidine (62h; 1.0 equiv.) at room
temperature in toluene for 1 h afforded 1,2-dihydropyridine
69a in quantitative yield. The direct microwave irradiation of
67a with 62h in toluene (150 W, 120 °C, 30 min) afforded the

(i) P(n-Bu)3 (5 mol %) R2

Roocﬁ
(i) R3NH, (57d and 62h)

AuCI (5 mol % each)

N~ Ry

(0]
R1)\

77a-c

R, 40 °C, CH,Cl,

R3
79a-d

79a; Rq = Et, R, = Ph, R = Et, R, = Ph; 66%

77a; R, = Et, R, = Ph
77b; Ry = i-Pr, Ry = Ph
77c; R1 = Ph, R2 = n-C5H9

79b; Ry = i-Pr, Ry = Ph, R = Et, Ry = Ph; 63%
79¢; Rq = Et, R, = Ph, R = Me, R = 4-MeO-CgHy; 75%
79d; Ry = Ph, Ry = n-CsHg, R = Et, R3 = Ph; 41%

Scheme 23 One pot synthesis of 1,2-dihydropyridines 79a—d starting from propargylic alcohols 77a—c.

(i) -2¢ / MeOH Q Br, 1\/[:3' DBU Q
RJ\/Nj (A /NHLI RN NaOMe, MeOH R N"“OMe R”"N” "OMe
1 ) z
z z z 83
80 81 82
(80-84) Z = COOCH, A INH,4Br
% Yield
80-84 81 82 83 84 O
a H 83 80 72 65 R™ N
b Me 64 80 50 65 z
c Et 74 84 74 89
d  CH.COOMe 60 56 78 85 84

Scheme 24 Electrochemical synthesis of 1,2-dihydropyridines 84a—d.

COOoM .
yoone (i) -2¢ / MeOH ) (0Br2 NaOMe, MeOH @
AN~
HN NH  — - .
) ) (i) H* MeOOC™ >N (ii) DBU MeOOC™ "N
COOMe COOMe Coomali 2 INHBr COOMe
85 86 e =100 %

87, Yield 75 %

Scheme 25 Electrochemical synthesis of enantiomerically pure 1,2-dihydropyridine 87.

This journal is © The Royal Society of Chemistry 2017
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corresponding 1,2-dihydropyridine 69a in almost quantitative
yield.

After the development of one step domino process the scope
of this reaction has been extended with regard to the prop-
argylic component and amine (Table 5). In general, the reaction
presented a broad spectrum for the amine although aromatic
amines gave better yields than aliphatic amines (compare
entries 1, 15 and 16 with entries 10-14). The effect of diastereo
induction by the amine component was studied with the chiral
amine 70c, which in turn yields chiral 1,2-dihydropyridine 69m
with a significant 50% de (entry 13).

Wei, et al.*® has reported the synthesis of 1,2-dihydropyr-
idines from propargyl vinyl ethers and allenic vinyl ethers
by gold-catalyzed Claisen rearrangement and 67-aza-
electrocyclization. No reaction occurred with AuCl; or
AuPPh;Cl/AgOTf (5 mol% each) in CH,Cl, at room tempera-
ture (entries 1 and 2, Table 6). 1,2-Dihydropyridine was ob-
tained in 84% yield when AuPPh;Cl/AgBF, (5 mol%) was used
(entry 3). It was interesting result that 92% yield was realized
by using AuPPh;Cl/AgSbFe (5 mol%) at room temperature
(entry 4). Ag() could serve to abstract the chloride from
AuPPh;Cl to form a more electrophilic catalyst. On the
contrary, when Au(PPh;)Cl or AgSbF, was used alone (entries 5
and 6), the tandem reaction did not take place at all. On the
other hand, other transition metal catalysts such as PtCl, or
PdCI,(CN), did not promote any transformation (entries 7 and
8). The investigation on the solvent effect showed that the best
choice of the solvent was CH,Cl, (entries 9-11). However, the
yield decreased when the amount of TsNH, was reduced from
2.0 to 1.2 equivalents (entry 12). Thus the use of 5 mol% of
AuPPh;Cl/AgSbF¢, with 2.0 equivalents of TsNH, in CH,Cl,
at room temperature constituted the optimal reaction
conditions.

The scope of the reaction has been explored in gold catalysed
tandem reaction by studying a wide variety of substrates (Table

R

° 0 R4NHo, Rq
\L mv [120 °C, 150 W, 1h] ROOC. A

COOMe | Ro.

Methanol or Toluene N '

Closed Vessel I Ry .’

R1 R4 3o

88 89

Propargyl viny ether yield 33-93%

Scheme 26 Microwave-assisted domino synthesis of 1,2-dihy-
dropyridines 89 from propargy! vinyl ether 88.

COOEt
Z COOEt
TFA (1.0 eq) R
=

COOEt . R CHO + RNH, —————— (2

NH CH4CN, RT A
/_/ Et00C R,

90 91

Dienaminodioate Yield 12-95%

Scheme 27 Cascade synthesis of 1,2-dihydropyridine 91 by variation
of aldehydes and amines.
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7). Substrates containing electron-rich or electron-deficient aryl
groups at the propargylic position gave good to excellent yields
of desired 1,2-dihydropyridines (entries 2-9).

The scope of this reaction has been extended by Wei, et al. on
allenic vinyl ethers 72a-h and it has been found that 5 mol%
AuPPh;Cl/AgBF, in presence of 2.0 equiv. TsNH, gave the
moderate to good yield of diversified 1,2-dihydropyridines 73a-
h (Scheme 21).

1,2-Dihydropyridines 76a-o were synthesized in good to
excellent yields by using a standardized protocol of Kirsch

Ry
R
n-PMP T Co(PMeg), 10mol % N2 | n-PMP
Ay Toluene, 170 °C, 1h 7
Ry R, oluene, s R3 R4
R, 93
Unsaturated imines Yield 80-99%
92 PMP = p-Methoxyphenyl-

Scheme 28 Annulation reaction between unsaturated imines and
alkynes for the formation of 1,2-dihydropyridines 93.

PN R

07 H
l COOR Roocj\)ICOOR
R i S [ ]

HC™ ~O 0~ “CHs HsC” "N” “CHj

NH3 H
1,4-Dihydropyridine
94
Scheme 29 Hantzsch dihydropyridine synthesis.
R R
Q +_ )’\—’
B
R= alky or acyl
Scheme 30 An example of Kréhnke procedure.
(]:OCH3 (l;OCH3
Alkyl Grignard reagent | N | N_R
+
L
R
COCH 98
Cor Vield 5% COCH; Yield 5%
N | — | Alkyl Grignard reagent N
X Cul | | R = alkyl group
96a R 97, Yield 37%
COCH;
R,CuLi or RCu or N
RCu.BF;

||
Q 97, Yield 59%
R

Scheme 31 Grignard and organocopper reagents catalyzed exclusive
synthesis of 1,4-dihydropyridine 97.

©
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et al®* with internal alkynes 74a-o and used a sequential
addition of reagents and catalysts to obtain reproducibly high
yields [(i) AuCl (5 mol%), 23 °C; (ii) R3NH, (57d, 62a, 62¢c, 62h
and 75a-c); (iii) p-TsOH (20 mol%), 40 °C, CH,Cl,] (Scheme 22).
The formation of 1,2-dihydropyridines 76a-o tolerated substi-
tution of R, and R, with both aryl and alkyl groups (Scheme 22).
Compound 76l bearing no substituent in the 2-position (R, = H)
was obtained in only moderate yield.

X
m (i) Li(t-BuO);AIH (3.0 eq.) (j/ O/ (j/
SN o

A

(i) CuBr (4.5 eq.)
X

R™ "0 R o R0 R o
96a-i 99a-i 21ef 100a-b
X R Yield, % Product ratio
99 21 100
H -CHj (96a) 65 100 (99a)
H -OCgHs (96b) 35 100 (99b)
H -OCH,CgHs (96¢) 20 100 (99c)
H -OEt (96d) 36 100 (99d)
H -nBu (96e) 32 100 (99e)
Me -OCgHs (96f) 52 98.2(99f) 0.9 (21e) 0.9 (100a)
Et -OCgHs (96g) 40 98.5(99g) <1.5(21f) <1.5(100b)
Cl -OCgHs (96h) 40 100 (99h)
COOMe  -OCgHs (96i) 45 >90 (99i)

Scheme 32 Comins copper hydride catalyzed regioselective synthesis
of 1,4-dihydropyridines 99a—i.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

Ph o
NC CHO EtOH NC =
+  HoN-R
’ | 2 Piperidine l H
HN" ~o” 'H 57d; R = Ph N "o FHZR
101 62a; R=Bn
70d; R = p-CIPh

102; R = p-CH3;Ph
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Further this one-pot procedure is extended by an additional
step that is the formation of the propargyl vinyl ethers. When
propargylic alcohols 77a-c were reacted with 1.0 equiv. of ethyl
propiolate 78a/methyl propiolate 78b and 5 mol% of P(n-Bu)s, the
Michael-addition remained an efficient process. Subsequent
addition of both AuCl and AgSbF, (5 mol% each) furnished the
allenylcarbonyl compounds. Notably, only the use of both cata-
lysts together provided good and reproducible results; neither
one was able to catalyze the reaction on its own. The sequence
was terminated by condensation with 1.5 equiv. of an amine and
0.2 equiv. of p-TsOH at 40 °C for 15 h to give the desired products
in good yields (Scheme 23). It is of particular note that this one-
pot procedure presents the possibility to access 1,2-dihydropyr-
idines 79a-d even in cases when the required propargyl vinyl
ether is not accessible due to poor stability.

Shono, et al.** have developed a convenient and regioselective
method for the synthesis of 1,2-dihydropyridines, especially
those possessing substituents at certain positions of the pyridine
nucleus. 2-Substituted 1-(methoxycarbonyl)-1,2-dihydropyridines
have been synthesized from piperidines -electrochemically
(Scheme 24).

Optically active 1,2-dihydropyridine 87 has been synthesized
starting from r-lysine derivative 85 by electrochemically in two
steps via the synthesis of tetrahydropyridine 86 in 75% yield, ee
~ 100% (Scheme 25).

Nc CHO " HZNOC 7)\3(\:“() HzNocj?)tECHo
° RHzN N~ H
R
Ph
103a; R = Ph HNOC CHO
103b; R =Bn |
103c; R = p-CIPh HoN” SN~ H
103d; R = p-CHzPh )
103a-d

30-51 % Yield

Scheme 33 Synthesis of 1,4-dihydropyridines 103a—d from 2-amino-5-formyl-4H-pyran 101.

T1 CHPh;
CHPh;
N+B. 0 D—mgx
=/ 105
S | Cu (1)

COOMe (jj) TCAA
104

COOMe or

X =MeO 107a-e; yield= 80-87 %

TFA and phenol

AICl3

108a-e
Yield = 70-98 %

X = CCl3106a-e; yield = 35-60 %

MeONa
105a; Ry = 2-CF3, X = CI
105b; R4 = 2-Cl, X = ClI
105¢c; Ry = 2-COOEt, X = Br
105d; R4 = 3-COOEt, X = Br
105e; Ry = 2-CH=CHCOOMe, X = Br

106a-108a; R1 = 2-CF3|
106b-108b; R1 = 2-Cl

106c-108c; R1 = 2-COOEt
106d-108d; R1 = 3-COOEt
106e-108e; R1 = 2-CH=CHCOOMe

Scheme 34 Synthesis of 4-functionalized 3,5-diacyl-4-aryl-1,4-dihydropyridines 108a—e.

This journal is © The Royal Society of Chemistry 2017

RSC Adv., 2017, 7, 2682-2732 | 2693


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/c6ra24823c

Open Access Article. Published on 12 January 2017. Downloaded on 6/14/2026 5:04:51 AM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

RSC Advances

Tejedor, et al.>® has developed a general and practical metal-
free protocol for the synthesis of 1,2-dihydropyridines (Scheme
26) with variety of structural/functional diversity at the ring and
featuring mono, double, or spiro substitution at the sp®
hybridized carbon position. The protocol contains a microwave-
assisted domino reaction of propargyl vinyl ether 88 (secondary

Table 8 Optimizing the reaction conditions”

View Article Online

Review

or tertiary) and a primary amine (aliphatic or aromatic) in
toluene or methanol.

Challa, et al.** has developed a convenient synthesis of 1,2-
dihydropyridine (91) from dienaminodioate 90 and an imine
(generated in situ) mediated by CF;COOH in a one-pot cascade
synthesis. The advantages associated with this transformation
include conditions that are metal-free, room temperature,

CHO o] o
N\
0" CH
e L e
o O

109 110a
Entry Iodine (mol%) Time (h) Yield” (%)
1 0 4 56
2 15 4 99
3 30 2.5 99
4 50 1.5 70

“ Benzaldehyde : 1,3-cyclohexanedione : ethyl acetoacetate : ammonium acetate (1: 1:1: 1). ” Crude isolated yield.

Table 9 lodine catalyzed synthesis of 1,4-dihydropyridine derivatives through Hantzsch reaction
Ar
0 0 0 0
N\
ArCHO @ + ﬁo CF_I‘_Z NH4OAc M’, | 0/\CH3
o O RT N
H
109 110a 111a+

Entry 105 Ar Iodine (mol%) Time (h) Yield® (%)
1 111a CeHs 30 2.5h 99
2 111a 15 30 min 93
3 111b p-Me-CgH, 30 1.5h 90
4 111b 15 35 min 99
5 111c p-Me-CgH, 30 4h 97
6 111c 15 40 min 87
7 111d p-F-CeHy 30 3.5h 91
8 111d 15 35 min 87
9 111e p-CI-CgH, 30 6h 99
10 111e 15 40 min 90
11 111f p-OH-CgH, 30 2.5h 929
12 111f 15 45 min 92
13 111g 0-NO,-CH, 30 1.5h 94
14 111g 15 25 min 91
15 111h m-NO,-C¢H, 30 1.5h 99
16 111h 15 25 min 92
17 111i Pp-NO,-CgH, 30 3h 99
18 111i 15 25 min 85
19 111j Isopropyl 30 5h 99
20 111j 15 40 min 99

¢ Crude isolated yield.
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undistilled solvent, and expeditious in excellent yields. Out of
the several acid catalyst used for the optimisation of the reac-
tion condition trifluoroacetic acid was found to me excellent,
which yield 1,2-dihydropyridine in excellent yield (Scheme 27).
The substrate scope has been demonstrated with various
aromatic, heteroaromatic, unsaturated aldehydes, and anilines,
benzylic amines in impressive yields.

Fallon, et al.>® has developed a convenient one-pot synthesis
of highly substituted 1,2-dihydropyridines 93 from unsaturated
imines 92 and alkynes via C-H activation/6m-electrocyclisation

HOOC

Q-

112a-d
113a-d
N/\/OH

Me\N
\®/ X fo)
110a
112a; X = BHy or
112b; X = PFg 110b
™ | o

@ X1 17
~"0oH

112c; X4 = BF, /
112d; X = PFg

R,00C—/ N
(iii, iv)

Scheme 35

View Article Online
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pathway (Scheme 28). The reaction proceeds with high regio-
selectivity, and the author has disclosed the first example of
isolated 1,2-dihydropyridines lacking substitution at 2 position.
A low valent cobalt complex without reducing agents or addi-
tives provides C-H activation.

2.2. Synthesis of 1,4-dihydropyridines

Over the years many outstanding discoveries have been made in
the field of drug development and research with multifaceted

> p*

114b; R=Me 110b; R=Me

Me / \H/\COOR 0 115a; R = Et
115b: R = Me
N|-|2
114a; R=Et 110a; R=Et

(i, iv)

116a; R = Et, yield 90 %
116b; R = Me, yield 94 %

HO

o 119a,yield 85%
119b, yield 90%

lonic liquid supported synthesis of 1,4-DHPs. Reagents and conditions (i) DCC (1.0 equiv.), DMAP (5%), dry MeCN, rt, 24 h; (i) method

A: 110 (1.0 equiv.), 114 (1.0 equiv.), mw: 120 °C (power level: 50%, 150 W), 10 min or method B: 110 (2.0 equiv.), NH4,OAc (2.0 equiv.), mw: 120 °C
(power level: 50%, 150 W); (iii) MeONa 30%, MeOH, reflux, 18 h; (iv) LiOH 60%, THF, rt, 20 h then 3 M HCL; (v) 110 (1.0 equiv.), 117 (1.0 equiv.),

NH4OAc (2.0 equiv.), mw: 120 °C (power level: 50%, 150 W).

o o Baker's yeast ROOC COOR
M+ NHOHAc ||
OR Yeast extract, o-glucose, Phosphate buffer (pH 7.0) HsC 'f‘ CHs
110a; R = Et H
110b; R = Me 121a; R = Et
121b; R = Me
CH;
ROOC CN
o O NH, Baker's yeast |
)J\/U\QR " HsC XCN vYeast extract, p-glucose, Phosphate buffer (pH 7.0) H;C” "N~ “CHs3
|
110a; R = Et 120 H
110b; R = Me 122a; R=Et
122b; R = Me

Scheme 36 Baker's yeast catalyzed synthesis of 1,4-DHPs 121 and 122.

This journal is © The Royal Society of Chemistry 2017
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HO
Pyruvate
\ D-Glucose
Acetaldehyde
HsC.__O
O O 3 \f o o
H
H3C)J\/U\OR H,C | OR CHj;
ROOC COOR
H3C | |
M NH3 NH, O Hi;C rg CH3
H3C OR Hse” X “OR :
3 R =Etor Me
121a-b
Scheme 37 Proposed mechanism for the baker's yeast catalysed synthesis of 1-4-DHPs.
Ar
o o o HCIO,4-SiO, ROOC COOR
e L+ NHgoAc - | |
Ar” "H OR 80 °C, Solvent free HsC” "N” CHy
110a; R = Et H
110b; R = Me 123ar

Scheme 38 Heterogeneous catalyst (HClO4—SiO;) catalyzed synthesis 1,4-DHPs 123.

drugs having great potential. 1,4-Dihydropyridine is one such
privileged structure which has revolutionized the pharmaceu-
tical industry. It is a well explored scaffold which binds to
multiple receptors, possesses a wide variety of biological
features and also has its basis in biologically active natural
products. The first synthesis of 1,4-dihydropyridines was re-
ported by Arthur Hantzsch in 1882.° He observed that in the
process of synthesizing pyridine by a one pot three-component
condensation reaction of acetoacetic ester, aldehyde and
ammonia, an intermediate 1,4-dihydropyridine (1,4-DHP) 94 is
formed, which could be isolated easily. Since then this reaction
has been successfully employed in the synthesis of 1,4-DHPs
and bears his name as “Hantzsch dihydropyridine synthesis”
(Scheme 29).

The addition of nucleophiles to «- and y- positions of N-
substituted pyridinium salts gives both 1,2- and 1,4-dihy-
dropyridines. The regioselectivity of the addition reaction
depends on the hardness of the nucleophile: hard nucleophiles
preferentially attack at C-2 whereas soft ones attack at C-4
position of the pyridinium salts. The addition is also believed
to proceed at both the a- and y-carbon centres under kinetic
control and only at the fy-carbon under thermodynamic
control.”” The Krohnke procedure*®° and sodium dithionite
reduction®** are examples of reactions involving addition of
nucleophiles at y-position. The Krohnke procedure,***°
sisting of base-catalysed reaction of ketones with alkyl or N-acyl
pyridinium salts, was investigated years ago (Scheme 30). It is of

con-

2696 | RSC Adv., 2017, 7, 2682-2732

particular synthetic interest since it constitutes a useful method
of forming new carbon-carbon bonds to give y-substituted 1,4-
dihydropyridines 95.>

Table 10 One-pot synthesis of 1,4-DHP under solvent free conditions
using HCLO4-SiO*

Reaction time %
Entry (Ar) 123 110 (min.) yield
1 CeHj; (123a) 110b 20 95
2 p-CH;-CgH, (123b) 110b 25 90
3 Pp-CH;0-CeH, (123¢) 110b 28 92
4 p-Cl-C¢H, (123d) 110b 20 89
5 p-OH-C¢H, (123e) 110b 26 90
6 0-NO,-CgH, (123f) 110b 35 92
7 0-Cl-C¢H, (123g) 110b 26 87
8 Pp-NO,-C¢H, (123h) 110a 33 92
9 0-CH,0-CgH, (123i) 110a 42 90
10 D-Br-CeH, (123j) 110a 40 92
11 0-Br-C¢H, (123k) 110a 40 89
12 2-Furyl (1231) 110a 52 86
13 2-Thienyl (123m) 110a 56 90
14 3-Pyridyl (123n) 110a 55 82
15 CeHj (1230) 110b 20 94
16 p-CH;-CH, (123p) 110b 25 92
17 0-CH;0-C¢H, (123q) 110b 25 90
18 0-NO,-C¢H, (123r) 110b 22 91

“The structures of the products were determined from their
spectroscopic (IR, NMR and MS) data.

This journal is © The Royal Society of Chemistry 2017
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(i) (R)2Mg (128), -78
7 . TIPS-OTf = /
NC\>—R iPrﬁi—N@R' *Cto-50°C iPr3Si—NC><R. + N Mg
— CH,Cly, RT — (i) Phosphate buffer, —/ "R —
124a; R = Ph 125a: R = Ph pH7.0,1.0 M R
124b; R =Bn 125b; R =Bn 126a-n 127a-n

Scheme 39 Synthesis of 1,4-DHPs 126a—n via addition reaction of Grignard reagent to N-triisopropylsilylpyridinium ions 125a—b.

Comins, et al®** and Yamaguchi, et al.** have reported the
reaction of 1-acetylpyridinium chloride with alkyl Grignard
reagent, which lead to the formation of 1,4-dihydropyridines 97
and 1,2-dihydropyridines 98.*** However, when a catalytic
amount of Cul is present, the addition is regiospecific and
resulted in the exclusive formation of 1,4-dihydropyridines 97.
Stoichiometric organocopper reagent (e.g. R,CuLi, RCu,
RCu-BF;) also give 1,4-addition product and resulted into the
formation of 1,4-dihydropyridines 97 (Scheme 31).*¢

Several hydride reagents e.g. NaBH,,> NaBH;CN, (PPhj;),-
CuBH,,*”” (Ph,MeP);CuBH,,** Semmelhack's “NaCuH,”* and
Semmelhack's “LiCuH,”* has been used for the regioselective
synthesis of 1,4-dihydropyridines from 1-(phenoxycarbony1)
pyridinium chloride 99a (generate in situ by the reaction
between pyridine and phenyl chloriformate), but none of these
procedure resulted into the regioselective formation of 1,4-DHP.
Comins, et al.*® has used a copper hydrido reagent prepared
from lithium tri-tert-butoxyaluminum hydride (3.0 equiv.) and
copper bromide (4.5 equiv.) as a reducing agent for the regio-
selective reduction of 1-(phenoxycarbony1)pyridinium chloride
96a in almost quantitative yield (Scheme 32). Further this
procedure has been extended to the variety of the 1-(alkoxy/

Table 11 Addition of various dialkylmagnesium reagents to N-triiso-
propylsilylpyridinium ions 125a—b

Product ratio

Entry 125 R,Mg (128) Product % yield” 126/127/125 (%)°
1 125a  Et,Mg 126a,127a 78 90/4/6
2 125a  nBu,Mg 126b, 127b 82 100/0/0
3 125a Bn,Mg 126¢c, 127¢ 92 95/2/3
4 125a Ph,Mg 126d,127d 0 5/957/0
5 1252 Me,Mg 126e, 127e 0 0/59/41
6 125a  iPr,Mg 126f, 127f 91 99/0/1
7 125a  tBu,Mg 126g, 127g 56 80/3/17°
8 125a  Allyl,Mg 126h, 127h 20 20/78%/2
9 125b Et,Mg 126i,127i 73 86/2/12
10 125b nBu,Mg 126, 127j 54 54/6/40
11 125b Bn,Mg 126k, 127k 85 95/0/5
12 125b  iPr,Mg 1261, 1271 78 100/0/0
13 125b  tBu,Mg 126m, 127m 5 6/0/94"
14 125b  Allyl,Mg 126n, 127n 12 21/70/9

¢ After addition of the organomagnesium compound R,Mg to the N-
silylpyridinium ion 125 at —78 °C the mixture was slowly warmed to
—50 °C. ? Isolated yield. ¢ According to *H NMR of the crude reaction
product. ¢ Sum of 127 and non oxidized 1,2-addition product, which
were both present. °Yield 63%, ratio 86/2/12 when addition
performed by warming the mixture from -78 °C to room
temperature. / Yield 29%, ratio 32/0/68 when addition performed by
warming the mixture from —78 °C to room temperature.

This journal is © The Royal Society of Chemistry 2017

aryloxy/acyloxycarbony1)pyridinium chlorides 99b-i (generated
in situ by the reaction between substituted pyridine and corre-
sponding alkyl/phenyl chloroformate or acid chloride). This
convenient one-pot preparation of 1-(alkoxycarbonyl)-1,4-
dihydropyridines by wusing the Comins' copper hydride
complements the two-step procedure developed by Fowler.*

De Lucas, et al.** have developed a novel methodology for the
synthesis of N-substituted 1,4-dihydropyridines 103a-d by