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Abstract - This review surveys the latest developments pertaining to the preparation of

1,4-dihydropyridines using Hantzsch synthesis and other cyclocondensation reactions.

The chemistry of dihydropyridines {(DHP) up to the year 1380 had been reviewed in several surveys

1-3

of literature™ “. Among the different isomers, 1,4-DHP merits special attention, the interest in

these compounds increasing progressively. Investigations along these lines include the synthesis of

model compounds NAD(P)H-analogues of 1,4-dihydronicotinamide - and their involvement in hydrogen

4-7

transfer reactions. Recently, several review papers have appeared on the subject including the

transfer of hydrogen and other groups by chiral DHPa'g. Another big issue is the application of 1,4-

DHP in medicine and industry. These compounds are chiefly obtained by using various modifications

of Hantzsch synthesis. Most extensively studied are the calcium antagonists, whose synthesis10 and

11-13 have been treated in a number of reviews. Several papers describe investigations of

14-16

properties

such as vasodilaters and antihypertensive remedies - nifedipine, nitrendipine.

17-20 1,4-DHP possess antioxidant?l 26

31-33

individual drugs

Calcium transport agonists have been also found among 1,4-DHP

28-30 s antimutagenic34, geroprotec-

39,40 41-43

(ditudin is routinely used27), hepatoprotective » antitumour

36,37

tive®®, antiatherosclerotic®®*37, bronchoditating®®, antidiabetic®®**?, herbicidal®'***, photosen-

44-46

sitizing activities. 1,4-DHP can be applied to promote drug transfer across the blood-brain

barrier®’ =49,

The present review paper surveys literature data on the synthesis of 1,4-dihydropyridines by way
of cyclocondensation published in the years 1981-1985. Beyond the scope of this paper remain the 1,
4-DHP systems with an exocyclic double bond (pyridones, pyridinethiones, pyridonimines).

1. Hantzsch Synthesis and Related Cyclocondensaticns

Various modifications of Hantzsch-type cyc1ocondens$tion reactions have been widely applied to
prepare mono~ and polycyclic 1,4-DHP, the principal pathways being outlined in scheme 1.

As the same or structurally related 1,4-DHP can be frequently obtained via different synthetic
pathways, they will be discussed on the basis of their structures and not the synthetic methods used

for their preparation.
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1.1.Menocyclic 1,4-Dihydropyridines
1.1.1, Substituents at Position 1
The vast majority of 1,4-DHP prepared by Hantzsch synthesis are l-unsubstituted. Several 1-sub-

stituted o,B-unsubstituted 1,4-DHP 1 have been synthesized by method E.

1
1.1 R
Rij OHC CHO

W \

R R

1 2

1 .50 : 2
aR=alkyl, R" =H R = alkyl, aralkyl, (CHz)nOH, CHZCOZR
bR = Me, COEE, BT = He®!

Malonodialdehyde is used as a 8-dicarbonyl component in method A to form 1,4-DHP 252'55. A modification
of method A involving the use of amine chloride in pyridine affords 1-alkyl-1,4-DHP 3.

Aromatic amines give l-aryl-2,6-dimethyl-1,4-DHP ﬂgéo (method A} and l-aryl-2,6-unsubstituted 1,
4-DHP fgsl {method F). The cyclization of 1,5-diketones with hydroxylamine allows to obtain l-hydr-
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3
R} , o Re R! = me®? , CetaR
2 2
R OZC:E:?tj[:COZR b R - e, gl = HeS8SI R%0,¢ 1 G
1 1 Cwe ol o cnpd 57 1_
RN R ¢ R=Me, R = CGHyR 7N N1 bRI=H
R C6H4R
3 4

oxy-1,4-DHP §§2. Method E has been applied to prepare 1,4-DHP 5 on a polymer matrix®?, Polylysine e-
amino groups react with malonodialdehyde to afford 1,4-DHP in small amount564, in addition to

aminopropenal derivatives.

C H ,R?
R
ROZC:E:TF:H:COZR EtOZC:][:,i][fOZEt
Me * Me Me ? e
OH (?Hz)n
5 polymer

1.1.2. Substituents at Positions 2,6
Hantzsch synthesis generally leads to Z,6-disubstituted 1,4-DHP, the most popular being the 2,6-
dimethyl derivatives. In order to prepare 2,6-unsubstituted derivatives 1?5, EESI, acetylene deriva-

tives (method F) are used instead of the g-dicarbonyl component.

CH,R CH R R®
64 1 64 2 1 2
Etozcjﬂ:?jj[:cozEt R OZC:][jL:B::COZR RI0,C COR
H N H Me N R Me~"N CH(OR)2
H H H
7 8 3
R = Et, Pr, i-Bu, CHyPh, R = aryl, heteryl
4 _ _ 4 69-79 80
(D R" = OR » NHMe
Only a few DHP carrying other alkyl groups {except for methyl) at positions 2, 6 have been prepa-
red including 2,6-d1‘ethy1-66 and 2,5-dicyc1opropy1-1,4-DHP67, as well as asymmetric §§7’68. A large
number of 1,4-DHP 3,5-dicarboxylic acid derivatives 9 with acetal groups at position 269'80 (some-

times 2, 676) have been obtained by method D (sometimes also method C}. Method D or C was employ-

ed to prepare esters 1080-94

with the aid of the corresponding substituted acetoacetic acid esters.

The products obtained from trifluoroacetoacetic acid ester were assigned as 1,4-DHP }1?5 {quoted

2,3

in reviews }, however analysis of their spectra revealed the structure of 2,6-dihydroxypiperidi-
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3
CeHaR

Rl0,C CO,R? R = 0882 0.1k ®, 0-acy18%%5, 5-2c01%, ci(onppn®,
| o(CH,) N,588%, o(ch,) nrte® 8992, g cuup®3 94
Me” SN CHR n
B
10
nes 296'9 . Depending on radical R, methods C and D yield tetrahydropyridines 13 or 1,4-DHP 1199.

Contrary to originally held views

1399

96’98, dihydroxypiperidines 12

R
Et02C COzEt
RCHO + ZCF3COCH2002Et + NHB—?(—-‘- l ]
F4C ” CFy

43,100

, as well as tetrahydropyridines

undergo dehydration to give 1,4- or 3,4-dihydro isomers depending on the reagent used.

1
E40.6. N _CO.EE Rlo.c RB- 00,R? rlo.c R 2
2 2 2 2 2 CO,R
Fal CFy | R (Y
HO ﬂ OH Me N oW Me Sy~ R
H
12 13 14

R = CFg, CFyCF4, CC14,
C6H4N02-4, CGH4C12—3.4..C6H4C1-4 (3), Ph

R = CHZF, CHF2, CHCLZ, She,
2-furyl, CSH40ME-4,
CGH4Me-4, Ph

Benzoylacetic acid esters do not invariably follow method A {despite reports on the synthesis of
3;57) and the use of method E is required for the preparation of 12}01. A number of B-cyano-1,4-DHP

16, 17 carrying aryl groups at positions 2, 6 have been obtained.

1 2
CeHyR CghgR
R_ R 1
Et0,C co,Et NC CN NC R
RaCe™ " CeaR O N N R
H H H
Ph SSph PH ‘
15 1 Y
an 0102 a R = Me, Ph;
b n=1103 R' = o, co,Et!®
¢ n=2l04 b R+ R = (cHy), 10

Amidinoacetic acid ester

19 used as enamine according to method D (sometimes C) yields 2-amino-

1,4-DHP 20, thereby enamine 19 forms 1,4-DHP even with ketones 18 lacking the electron withdrawing
R.
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2 2
R R ’
R coRl R co, Rl R® = aryl, heteryl
- 2___. 2 3 77,107-111 3
« "o [ ] R = 0,8 7741077111, 5 03,
Me™ 0 HoN™" SNHy  Me” ™Sy ThH, comel7 N02112’ 457,107
H
18 19 20

1.1.3. Substituents at Positions 3, 5
Symmetrically or, for the most part, asymmetrically substituted 1,4-DHP-3,5-dicarboxylic acid es-

ters 21 remain in the highlight of attention, method D being claimed as the most suitable one for

their synthe515113’114.

2
R 1
ROZCH €O,R
Me N Me
H

21

Apart from the readily available ethyl and methyl esters, alkyl esters containing long alkyl

36,67,110,113,115,116 ]117—122 724,25,29 29

radicals » a5 well as cycloalky s alkeny s alkynyl™, aralky1123,

dianhydrohexito‘ll24 esters have been investigated. Esters 21 were prepared whose alkyl radicals R,
1 125’ a]!(0)‘.‘(25],3!5,67‘.113,115,116,126-129’ acyloxy84, alkoxy-

129, nitrat0132'134' trimethy1511y1135-138, cyano

R” were partially substituted with hydroxy

118’131, alkenylthio

57,84,141,142

carbony]lao, alkenyldihydroxy

29,77,84,112,139,140

groups or halogens . Amincalkylesters 21, almost exclusively with

amino groups in one of the ester radicals, have been extensively explored, Esters containing acyclic

,140,143-1 173- 160-1 .
77,140,143-159 73-176 65,p1pe-

ridinoa]ky1107'153'166, piperazinoa1ky1108’109’167“170 esters, and those carrying other nitrogen-
142,171,172

amino groups » acylated amino groups » piperidyl or piperidylalkyl

containing heterocycles have been prepared. Also known are 1,4-DHP 21, whose ester radi-

cals R,R1 form a macrocyc]elzz, and bis-1,4-DHP 22 Tinked via an ester or amide bridge57’177. Carbo-
thiolic and carbothionic acid esters 23 have been synthesized,
C H,RY ¢ H, R X R X a X=0, vy’ s;
& ot 1y Cy2? 1 2 178-180
Rozcl Ico—x—oc‘ |C°2R R H b X =0, vl=s, v 078180,
1,2 181,
Me N Me Me N” Me Me N Me c X=8,Y=Y=0"";
H H H
el 2 182
22 23 d X =Y¥Y"=Y"=5

Amides of 1,8-DHP-3,5-dicarboxylic acids 24 and 3-acyl-1,4-DHP 25 {3,5-diformyl-1,4-DHP, see 2)
were also prepared.

Yarious Hantzsch syntheses were applied to give 1,4-DHP carrying the following substituents at
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2
R a RY = NHRED, G a R=Me,
1
RHNOC ' COR b RL = gealky1?182:183 R0c A ol Rle cone29+60:184,185,

L. o3 295158,

M\ N~ ""Me Me ” Me b R=Me, R Co,R

H H ¢ R=Me, Rl= CN29-
2 2% d R = 2-furyl, R =C02R3 186

0
e . y29,60,103-106,112,159,187,188 ] R! 189- 191 H
positions 3 or 3, 5: CN s ’J§§N ) N,J\ ,L\

R
502R77’193’194, N0257’112’195'197, C1112, PO(UR)2198‘203, |_|5}‘,107',194,203_
3,5-Dipheny1-1,4-0HP 26 resulting from the thermolysis of vinylaziridine 27 is 1in fact formed
viaa variant of Hantzsch synthe515204.
Me
Ph Ph Ph Ph
//’ © _Ph
C::E;C\\ ’,Ph —— PhCHzNH2 + MeCH = C\\ JR— I [
H HMe e EH Ph
2
24 2
1.1.4, Substituents at Position 4
24,25,50,63,120

The preparation of 4-unsubstituted compounds involves either method E
41,42,122,183,205,206

A and C with the use of formaldehyde

or methods

or hexamethyienetetraminellg’lao’us'l82

as the source of the former. A 4-unsubstituted 1,4-DHP was formed in the reaction of phosphorylated

enamine and acroleinzoa.

The use of diverse synthetic variants has resulted in 4—a]ky1-52"55’58’59'64’122’178"182’ 188,

202-204,207,,208 4-cyc]oa1ky1-

4-(1 ,2 d1hydroxyethyl)-

208 4 apalkyl-59+208,209

, 4= (subst1tuted)ara1ky1-

4-CCT3-210, a-(2 ,2 -dimethoxyethyT)-sz'ss,

11

, 8-benzoyT-1,4-DHP%LL . Most 1,4-DHP obtain-

ed by the Hantzsch synthesis contain a substituted (less frequently unsubstituted) phenyl group at

position ¢4
184-186,189-192,194,196,198-201,212-228

increased yield of 4-(o-substituted)-phenyl-1,4-DHP

and biphenylyl-1,4-pHP’* are available.

been also prepared:

57,75,76,112,152,191

) ,

) ®- 475,76,103,152,187,191, o
o R

36,57 ,60-62,65,66,68-76,80-94,99-110,112-118,121,123~129,131-139,141-151 ,154-158,160-182,

. The reactions conducted in an autoclave at 110-126%C have

228 112,191,224

. A few examples of 4-naphthy1-57

1,4-DHP carrying the following 4-heterylsubstituents have

- 00H,Pn 728 7 ‘ 193

Mel52y,
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1
R R
]I:‘:j[ , (R= R1 =R% - H75’76'152’187’191; R - Rl =H, R% = D .
R
s Ph R

229

229 T—J___ 152 Tj_ 230
E:“N\ ’ T)\Ph ’ F/'Nk N ’ Wb

“{z ::L\ZB 228 ::::: N\\ 67,78,79,108,111,140,153
; 0 R
N
o »159,197 195 231
{I SX (x - 0,5)67 318 (=01, weNT Ty e
/ ’ PN

D
N X R 0% "N
Me

-

4,4-Disubstituted 1,4-DHP  are formed (when ketones are applied instead of aldehydes) only in the

case of 3,5-dicyano derivative5103’188. 1,4~DHP 19?1 has been obtained. The preparation of 1,4-DHP

28 by method 5232 has been reported, although its structure {s not adequately established.

NC CO,H
Ph l | Ph
Ph™ SN "Me

R
28

1.2.Palycyclic 1,4-Dihydropyridines
1,4,5,7-Tetrahydrofuro[3,4-b] pyridines 30 can be prepared from esters 29a°0,193,233,234
22257'112'233’234 with Tactone ring closure in the course of synthesis or by applying tetronic acid®>3

or its derivative5234'235. Under mild conditions, hexahydrofuropyridines 31 are formed, which easily

undergo dehydration to DHP §g235.
RCHO 4
1 CO,Et , R0 3 CelaR o
R R%0,¢
0
PRI G § °
2
Me”  NH 0© “eHR Mé N Me”” N
2 2 oH
H K
2 3 3l
a R= (I
b R%= MeC0O

DHP §£57‘112 and 3}}0 have been attained from tetrahydropyrandione and 3-acetylcoumarine deriva-

tives, respectively,

Polycyclic 1,4-pHP 34-37 were gained on the basis of cyclic B~diketones.

Method E may lead toa series of polycyclic 1,4-DHP 38-40 lacking electron-withdrawing groups at

B-position,
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1
. R 2 yeyagll 236,
CeHaR) X
0 0 R 3 1 pxp, v=s79:180;
RO, cor R C-1R I
[ T 0 Y T ) ] ¢ x5, =018,
Me ﬁ R3 Me g Me R N Me d x=y=5182
32 3 KL
0 R 1 0 CgHyR° o & o
e COR ol
N~ Me
0 Me N~ R 2 N 2
H N R N R
35237 3 37237,238,240
a ReMe, RI=COLEL, oNE38,
b ReC,H,R?, RIHEP
Ph Ph
N
e Ph Fh 2 N7 CMey
R LRt l
64 CeHyR
45241 39202,243 40244

In a number of compounds{41-48} the 1,4-DHP ring is fused with another heterocycle. Their prepa-

ratfon occasionally relies on novel modifications of Hantzsch synthesis, e.g. on the use of hetero-

cyclic amines instead of enamine in method D! or (245-250

g-dicarhbonyl speciesay.

r2
3 1 3 1
R RO0,0 R R NMe
we I — (LD
HoN X Mg X R™ NN
H
41

xR} 246-248, (248,209

and 2,4-dihydroxypyridine instead of the

1
C.H,R
NH, g2 NH, 64
NC ROLC
Y ‘\N 2 NR2
oo O —"XC 1
- & 1 /l\ 0
N/l\ R N N {1y Ma N
HAN NH, H 2 H
422506 45252
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C.H,RE
OH R H4C6 0 o %
Me Me
AN R! 02c RO,C \
18 + ' L He
— HO Me” N Me
H
E37 4625
1
CeHaR 2N
1
o N 0 ‘ R™ "N X
H L1
47253 275

1.3. Intermediates in Hantzsch Synthesis
Several compounds have been isolated that can be regarded as intermediates in Hantzsch synthesis,

296 98 99’ El235 105

) and 2-hydroxytetrahydropyridine (13 and 4977 derivati-

2,6-Dihydroxypiperidine (12
ves result from condensation occurring without water elimination, their formation being apparently
favoured by the presence of electron-acceptors at positions 2, 6. Acyclic Michael addition products

50-52 have been also jsolated.

c H R
2 4

Et0,C Me0,C
i NCH,Ph
O on N e My e an Mg

2

50250 51252 22?49

1.4, Side Products
As previously notedl, the formation of side products in Hantzsch synthesis is a rare occurrance,
The presumed N-aryltetrahydropyrimidines §§1'255’255 turned out to be in fact the 4-phenylamino-1,2,

257 258

5,6-tetrahydropyridines 54 It should be pointed out, however, that the occurrence of N-un-

substituted tetrahydropyrimidines 55 was unequivocally demonstrated in the reaction of benzaldehy-

des with B-dicarbonyl compounds and ammonia185’259'260.
1
CGH4R NHCGH4R 1 C H4R R=H, 2-N02;
1
Et02C | N-05H4R CDZEt R 02C | NH R*=Me, OMe, OEt
- 1 1 1
Me ™ SN CghgR R Holg ™ ™N-CeHgR Me” N7 CH,R
CgHaR 53 CeligR 54 H 55
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The formation of tetrahydropyridines with geminal carbonyl groups at position 3 - _5_§_261, 2262

has been alsc observed,

Et0,C COEt
| COCH,4N0,-4
4-02NH4C6 PI
87
2. Other Cyclocondensations
263

Reaction of 3-aminoindenones with dicyanofumarates affords 1,4-DHP 587

0 0 NC
Et0,C._ CN Co Lt
O‘ + I | [ COZEt
NHR N
N coEt N,

58

There are reports of 2-hydroxy-1,4-DHP 2264 and @265'266 being formed, though their structure,

in our apinion, requires further substantiation. The reaction of benzylidenemalononitrile with other

nitriles affords 1,4-DHP ﬂ267 and 2268-270.
R 3
Z\ " i Ph Ph
0 N CN NC CN NC CN R ol
L ) () )
HO OH U HNT N7 NR W SN
! Ph A T 2 22
59 60 & b
1.2

. RyR™,R™= CN, CO.EL

A photochemically promoted addition of alkenes to enaminocarbaldehydes leads to tetrahydropyri-

dines 63 that undergo dehydration to 1,4-DHP §§_271'173.
Rl R
R Co Me r? o, Me RZ CoMe
o
\\n\\ | h CF 4COH |
2 * HO™ N -
R \ X
H-I‘é | & mol.sieves E
63 64

RLR%= H, Me, COR®, COMe, CN
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Cycloaddition of alkenes to azabutadiemes yields pyridines and also 1,4-DHP §274‘ _@275. The

thermolysis of dinitrone 67 gives a mixture of products containing an unsaturated aldehyde and 1,4-

pHp 68776
Ph Ph
R PhS SPh i;h I:h Ph Ph Ph
X Jooee e L. T
Ph M (:HME2 N Ch CH GHC Ph N
H CMe By By CMe
N N\ 3
N L] 0"
Me,C 0 CMey -
& L1 68
67 be
R = CN, CHO
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