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Abstract - This review surveys the l a t e s t  developments per ta in ing t o  the preparation of 

1.4-dihydropyridines using Hantzsch synthesis and other cyclocondensation react ions. 

The chemistry o f  dihydropyridines (DHP) up t o  the year 1980 had been reviewed i n  several surveys 

of l i terature1-3. Among the d i f ferent  isomers, 1.4-DHP meri ts special a t tent ion,  the i n t e r e s t  i n  

these compounds increasing progressively. Invest igat ions along these l i n e s  include the synthesis of 

model compounds NAD(P)H-analogues o f  1.4-dihydronicotinamide - and t h e i r  involvement i n  hydrogen 

transfer react ions. Recently, several review papers have appeared on the subject4-' inc lud ing the 

t ransfer  o f  hydrogen and other groups by c h i r a l  D H P ~ " .  Another b i g  issue i s  the appl icat ion of 1.4- 

DHP i n  medicine and industry.  These compounds are c h i e f l y  obtained by using various modifications 

o f  Hantzsch synthesis. Most extensively studied are the calcium antagonists, whose synthesis1' and 

properties11-13 have been treated i n  a number o f  reviews. Several papers describe invest igat ions of 

ind iv idual  drugs14-l6 such as vasodi lators and antihypertensive remedies - nifedipine, ni trendipine. 

Calcium t ranspor t  agonists have been also found among ~ , ~ - D H P ' ~ - ~ ' .  1.4-MP possess ant ioxidant 21-26 

( d i l u d i n  i s  rou t ine ly  usedZ7), h e p a t o p r o t e ~ t i v e ~ ~ - ~ ~ .  an t i t~mour '~ - '~ ,  antimutagenic'" geroprotec- 

tive3', antiatheros~lerotic~~'~~, b r o n ~ h o d i l a t i n ~ ~ ~ ,  a n t i d i a b e t i ~ ~ " ~ ~ ,  h e r b i c i d a ~ ~ l - ~ ~ ,  photosen- 

~ i t i z i n g ~ ~ - ~ ~  a c t i v i t i e s .  1.4-DHP can be applied t o  promote drug transfer across the blood-brain 

47-49 b a r r i e r  . 
The present review paper surveys l i t e r a t u r e  data on the synthesis of 1.4-dihydropyridines by way 

of cyclocondensation published i n  the years 1981-1985. Beyond the scope of t h i s  paper remain the 1, 

4-DHP systems w i th  an exocycl ic double bond (pyridones, p~r id ine th iones ,  pyridonimines) 

1. Hantzsch Svnthesis and Related Cyclocondensations 

Various modif icat ions o f  Hantzsch-type cyclocondensation react ions have been widely applied t o  

prepare mono- and po lycyc l i c  1,4-DHP, the p r inc ipa l  pathways being out l ined i n  scheme 1. 

As the same o r  s t r u c t u r a l l y  re la ted  1.4-DHP can be frequently obtained v i a  d i f f e r e n t  synthet ic 

pathways, they w i l l  be discussed on the basis of t h e i r  structures and not  the synthet ic methods used 

fo r  t h e i r  preparation. 



Scheme 1. 

l.l.Monocyc1 i c  1 ,44 ihydropyr id ines  

1.1.1. Subst i tuents a t  Pos i t i on  1 

The v a s t  m a j o r i t y  of 1.4-DHP prepared by Hantzsch synthesis are 1-unsubst i tuted. Several I-sub- 

s t i t u t e d  a,@-unsubstituted 1,4-DHP 1 have been synthesized by method E. 

Malonodialdehyde i s  used as a B-dicarbonyl component i n  method A t o  form 1.4-DHP 252-56. A modi f ica t ion  

of method A i nvo l v i ng  the use of amine ch lo r i de  i n  py r i d i ne  affords 1-alkyl-1.4-DHP 3. 

Aromatic amines g i ve  1-aryl-2,6-dimethyl-l,4-~4iP 4a60 (method A) and 1-aryl-2.6-unsubstituted 1, 
61 4-DHP 2 (method F ) .  The c y c l i z a t i o n  of 1,s-diketones w i t h  hydroxylamine a l lows t o  ob ta in  l -hydr -  
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1 57 a R = R  =Me 

1 c R = Me, R = C6H4R 4 57 

A C6H4R 

3 - 4 - 
O X ~ - ~ , ~ - D H P  - 56'. Method E has been app l ied  t o  prepare 1.4-DHP 6 on a polymer mat r ix63.  ~ o l y l y s i n e  c- 

amino groups r e a c t  w i t h  malonodialdehyde to afford 1.4-DHP i n  small amounts64, i n  a d d i t i o n  t o  

aminopropenal de r i va t i ves .  

1.1.2. Subst i tuents  a t  Pos i t ions  2.6 

Hantzsch synthesis genera l ly  leads t o  2.6-disubst i tuted 1,4-DHP, the  most popular being the 2.6- 

dimethyl de r i va t i ves .  I n  order  t o  prepare 2.6-unsubstituted de r i va t i ves  f5,  sK1, acetylene der iva-  

t i v e s  (method F) are used ins tead o f  the  6-dicarbonyl component. 

R = Et,  Pr, i-Bu, CH2Ph, 3 R = a r y l ,  he te ry l  

~ " 2 0  
4 4 69-79, NHMe80 R = OR 

Only a few OHP ca r r y i ng  o the r  a l k y l  groups (except f o r  methyl) a t  pos i t i ons  2, 6 have been prepa- 

red  i nc lud ing  ~ , 6 - d i e t h y l - ~ ~  and ~ , 6 - d i c ~ c l o ~ r o ~ y l - l , 4 - ~ ~ ~ ~ ~ ,  as we l l  as asymnetric - 867'68. A l a rge  

number of 1,4-WP 3,5-dicarboxyl ic ac id  de r i va t i ves  2 w i t h  aceta l  groups a t  p o s i t i o n  2 (some- 

76 times 2, 6 ) have been obtained by method D (sometimes a l so  method C). Method D o r  C was employ- 

ed t o  prepare es ters  w i t h  the  a i d  of the corresponding subs t i t u ted  acetoacet ic  ac id  es ters .  

The products obtained from t r i f l u o r o a c e t o a c e t i c  ac id  e s t e r  were assigned as 1,4-DHP 1195 (quoted 

i n  reviews 2'3), however ana lys is  o f  t h e i r  spectra revealed the s t ruc tu re  of 2.6-dihydroxypiper id i -  



10 - 
99 nes d6-". Depending on rad ica l  R, metnods C and D y i e l d  tetrahydropyridines 13 or  1,4-WP 2 . 

43,100, as wel l  as tetrahydropyridines Contrary t o  o r i g i n a l l y  held  view^^^'^^, dihydroxypiperidines 

13" undergo dehydration t o  give 1,4- o r  3.4-dihydro isomers depending on the reagent used. - 
R 

C02Et 
RCHO + 2CF3COCH2C02Et + NH3+ 

I CF3 

12 - 13 - 14 - 
R 2 CF3, CF2CF3, CC13. R = CH2F, CHF2, CHCL2, SMe, 

C6H4N02-4. C6H4C12-3,4.C6H4C1-4 (3),  Ph 2-furyl ,  C6H40Me-4, 

C6H4Me-4, Ph 

Benzoylacetic acid esters do not  i nva r iab ly  fol low method A (despite repor ts  on the synthesis o f  

57 I c  ) and the use of method E i s  required for the preparation of do'. A number o f  8-cyano-1.4-OHP 

16, 11 carry ing a r y l  groups a t  pos i t ions 2, 6 have been obtained. - 

a n = O  102 a R = Me, Ph; 

b n = l  103 1 
R = CN, COZEt 105 

c n = 2  104 1 b R + R = (CH2), 106 

Amidinoacetic acid ester  19 used as enamine according t o  method D (sanetimes C) y i e l d s  2-amino- 

1.4-DHP 20, thereby enamine 3 forms 1,4-DHP even w i th  ketones 18 lacking the e lect ron withdrawing 

R. 
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R2 ~2 
R 1 1 2 R = a r y l ,  he te ry l  

i0 + H2Nn::;-M:&:; R = C02R 3 77,107-111, 3 

Me C O M ~ ~ ~ ~ ,  NO2 112 , H57.107 
H 

18 - 19 - 20 - 
1.1.3. Subst i tuents  a t  Pos i t i ons  3, 5  

Symnet r ica l ly  or ,  f o r  the most par t ,  asymnet r ica l ly  subs t i t u ted  1.4-DHP-3.5-dicarboxylic ac id  es- 

t e r s  21 remain i n  the  h i g h l i g h t  o f  a t t en t i on ,  method D being claimed as the most s u i t a b l e  one f o r  

t h e i r  synthesis 113,114 

Apar t  froin the r e a d i l y  ava i l ab le  e t h y l  and methyl es ters ,  a l k y l  es ters  conta in ing long a l k y l  

r a d i c a l s  36,67,110,113,115,116, as well as cycloalkyl 117-122, alkeny124'25'29, a l k ~ n y l ~ ~ ,  a r a l k y l  123 . 
d i a n h ~ d r o h e x i t o l l ~ ~  es ters  have been invest iga ted.  Esters g were prepared whose a l k y l  r a d i c a l s  a ,  
1 R were p a r t i a l l y  subs t i t u ted  w i t h  hydroxy125, alkoxy29~36,67~113,115~116,126-129, a ~ ~ l o x ~ ~ ~ ,  alkoxy- 

carbonyl 130, a1 keny ld i  hydroxy ll8,l3l, a l k e n ~ l t h i o ' ~ ~ ,  n i t r a t ~ l ~ ~ - l ~ ~ '  trimethylsily1135-138, cyano 

29J7,84,112,139,140 groups or halogens 57'84s141'142. Aminoalkylesters - 21, almost exc lus i ve l y  w i t h  

amino groups i n  one o f  the  e s t e r  rad i ca l s ,  have been ex tens i ve l y  explored; Esters conta in ing acyc l i c  

amino groups 77'140'143-159, acy la ted amino groups 173-176, p i p e r i d y l  o r  p i p e r i d y l a l k y l  160-165 , pipe- . 
r i d i n o a l  ky1107,153.166, p iperaz inoa l  k y l  108'109'167-170 esters,  and those ca r r y i ng  o the r  n i t rogen-  

conta in ing heterocycles 142'171'172 have been prepared. Also known are 1.4-DHP 21, whose es te r  r a d i -  

1 c a l s  R,R form a macrocycle122, and bis-1.4-DHP 22 l i n k e d  v i a  an e s t e r  o r  amide bridge573177. Carbo- 

t h i o l i c  and carboth ion ic  ac id  es ters  11 have been synthesized. 

Amides of 1.4-DHP-3.5-dicarb~xylic acids 24 and 3-acyl-1,4-DHP 25 (3.5-diformyl-1.4-DHP, see 2) 

were a l s o  prepared. 

var ious Hantzsch syntheses were app l ied  t o  g i ve  1.4-DHP ca r r y i ng  the f o l l o w i n g  subst i tuents  a t  



1 60 a R = NHR , a R = M e ,  

1 mNOc&R1 b R = 0 -a l ky l  41.42.183 R 1 = COMe 29,60,184,185. 

Me Me 1 Me b R = Me, R = C02R 3 29,158. 
Me 

H 
H 1 29 c R = M e , R = C N  ; 

24 - 25 - 1 . 3 186 d R = 2 - f u r y l ,  R X02R 

3,5-Diphenyl-1.4-DHP 26 r e s u l t i n g  from the  thermolys is  of v i n y l a z i r i d i n e  2 i s  i n  f a c t  formed 

204 Viaa v a r i a n t  o f  Hantzsch syn thes is  . 

Ph Ph 
\ / to /Ph HCTC\ fPh - PhCH2NH2 + MeCH = C - 

H b e  "CHO 

27 - 26 - 
1.1.4. Subs t i tuen ts  a t  P o s i t i o n  4 

The p repa ra t i on  o f  4 -unsubs t i tu ted  compounds i nvo l ves  e i t h e r  method E ~ ~ ' ~ ~ ~ ~ ~ ' ~ ~ ~ ~ ~ ~  o r  methods 

A and C w i t h  the  use of formaldehyde 41,42,122,183.205.206 or hexamethylenetetraminel19,130,178-182 

as the  source of t he fo rmer .  A 4 -unsubs t i tu ted  1.4-OHP was formed i n  t h e  r e a c t i o n  of phosphorylated 

203 enamine and a c r o l e i n  . 
The use o f  d i ve r se  s y n t h e t i c  v a r i a n t s  has r e s u l t e d  i n  4-alkyl-52-56,58s59,64,122,178-182, le8, 

202-204'207s208, 4 - ~ y c l o a l k y l - ~ ~ ~ ,  4 -a ra l ky l -  59'208'209, 4 - ~ ~ 1 ~ - ~ ~ ~ ,  4-(2 ,2 - d i m e t h o ~ ~ e t h ~ l ) - ~ ~ - ~ ~ ,  

4 - ( 1  2 - d i h ~ d r o x y e t h y l ) - ~ ~ ' l ,  4 - ( subs t i t u t ed )a ra l  k ~ l - ~ ~ ~ ,  4 - b e n z o y l - l , 4 - ~ ~ ~ ~ ~ ~ .  Most 1.4-DHP obta in -  

ed by the  Hantzsch syn thes is  con ta i n  a s u b s t i t u t e d  ( l e s s  f requent ly  unsubs t i tu ted) ,  phenyl group a t  

436.57,60-62,65,66,68-76,80-94,99-110,11Z-ll8,lZI~lZ3-lZ9,l3l-l39~l4l-l5l,154-l58,l6O-l82, 

184-186'189-192'194'19681988201'212-228. The reac t i ons  conducted i n  an au toc lave  a t  1 1 0 - 1 2 0 ~ ~  have 

increased y i e l d  of 4 - ( o - s u b s t i t u t e d ) - p h e n y l - 1 , 4 - ~ ~ ~ ~ ~ ~ .  A few examples of 4-naphthyl-57~112~191~224 

and b i p h e n y l y l - 1 , 4 - ~ ~ ~ 7 4  a re  a v a i l a b l e .  1,4-DHP c a r r y i n g  t h e  f o l l ow ing  4 -he te r y l subs t i t uen t s  have 

been a l so  prepared: 
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4,4-Disubstituted 1.4-DHP are formed (when ketones a re  app l ied  ins tead o f  aldehydes) on l y  i n  the 

51 case of 3.5-dicyano 1,4-WIP has bee" obtained. The prepara t ion  o f  1,4-DHP 

28 by  method E~~~ has been reported, al though i t s  s t r u c t u r e  i s  no t  adequately establ ished. - 

1,4,5.7-Tetrahydrofuro[3,4-blpyridines 30 can be prepared from esters  29a80*193,233,234 o r  - - 
29b - 57'112'233'234 w i t h  lac tone r i n g  c losure  i n  the  course of synthesis o r  by app ly ing  t e t r o n i c  ac id  233 

o r  i t s  de r i va t i ves  234s235. Under m i l d  cond i t ions ,  hexahydrofuropyridines 31 a re  formed, which e a s i l y  - 
undergo dehydrat ion t o  WP 30235. 

R1 
RCHO "yj& - H+ 0 

Me NH2 Me N Me 
H H OH 

29 - 30 - 31 
2 

- 
a R = C 1  

2 b R = MeCOO 

DHP 3257'112 and 22'' have been a t t a i ned  f ran tetrahydropyrandione and 3-acetylcoumarine der iva-  

t i ves ,  respect ive ly .  

Po l ycyc l i c  1,4-DHP 34-37 were gained on the bas is  of c y c l i c  6-diketones. 

Method E may lead t o  a se r i es  of p o l y c y c l i c  1.4-DHP 38-40 lack ing  electron-withdrawing groups a t  

6 -pos i t ion .  



I n  a number o f  compounds@-48) the 1.4-DHP r ing  i s  fused with another heterocycle. Their prepa- 

ra t ion  occasionally r e l i e s  on novel modifications o f  Hantzsch synthesis, e.g. on the use of hetero- 

cyc l i c  amines instead of enamine i n  method O I o r  C 245-250 and 2,4-dihydroxypyridine instead of the 

37 0-dicarbonyl species . 
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C ~ H ~ R '  * ..e, 
0 0 R 

I I 
H u 

47253 - - 4a254 

1.3. Intermediates i n  Hantzsch Synthesis 

Several compounds have been i so la ted  t h a t  can be regarded as intermediates i n  Hantzsch synthesis. 

2,6-Dihydroxypiperidine (2 96-98) and 2-hydroxytetrahydropyridine (139'. - and - 491°5) d e r i v a t i -  

ves r e s u l t  from condensation occurr ing wi thout  water el iminat ion, t h e i r  formation being apparently 

favbured by the presence of electron-acceptors a t  pos i t ions 2, 6. Acyc l ic  Michael add i t i on  products 

50-52 have been a l so  iso la ted.  -- 

'gHqR 

& x 

1 '1@iNH2 Etlyh2Ph M ~ ~ ~ ~ &  o ' oJ 
H NH2 NH2 Me2N 

49 - 5oZ5O - 5i252 - 5z249 

1.4. Side Products 

1 As previously noted . the formation of s ide products i n  Hantzsch synthesis i s  a ra re  occurrence. 

The presumed N-aryltetrahydropyrimidines 531'255s256 turned out  t o  be i n  f a c t  t he  4-phenylamino-1.2, 

5.6-tetrahydropyridines 4 257'258. It should be pointed out, however, t h a t  the occurrence o f  N-un- 

subst i tu ted tetrahydropyrimidines 55- was unequivocally demonstrated i n  the react ion o f  benzaldehy- 

des w i th  8-dicarbonyl compounds and amnonia 165,259,260 

R=H, 2-NO2; 

1 
R =Me, OMe, OEt 

R1 H4C6 

53 C6H4R 54 H - - 55 - 



261, 57262 
The format ion  of te t rahydropyr id ines  w i t h  geminal carbonyl groups a t  p o s i t i o n  3 - 5J! - 
has been a l so  observed. 

C02Et 

E t 0 2 c n C O C 6 H 4 N 0 2 - 4  

R 
4-02NH4C6 1 

56 - 57 - 
2. Other Cyclocondensations 

263. 
Reaction o f  3-aminoindenones w i t h  dicyanofumarates affords 1,4-DHP 58 . 

58 - 
There are repor ts  of 2-hydroxy-1.4-OHP $64 and E265-266 being formed, though t h e i r  s t ruc ture ,  

i n  our opinion, requ i res  f u r the r  substant ia t ion .  The reac t i on  of benzylidenemalononitri le w i t h  o the r  

268-270 
n i t r i l e s  a f f o rds  1.4-DHP 61267 and 62 

CN 

59 - 60 - 61 - 62 - 
1 2  

R,R ,R = CN, C02Et 

A photochemically promoted a d d i t i o n  o f  alkenes t o  enaminocarbaldehydes leads t o  te t rahydropyr i -  

dines 63 t h a t  undergo dehydrat ion t o  1,4-DHP 2 271-173 

C o p e  jR2 + O ~ c O $  - h9 CF3C02H 

H-N k R mol .sieves R2& 1 
63 - 64 - 

1 2  R ,R = H, Me, C O ~ R ~ .  COMe, CN 
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Cyc loadd i t ion  of alkenes to azabutadienes y i e l d s  py r i d i nes  and a l so  1.4-DHP 65274, 66275. The - - 
thermolysis o f  d i n i t r o n e  67 g ive r  a mix ture  of products conta in ing an unsaturated aldehyde and 1.4- 

DHP - 68276 

OHC 4 
v r  - 

R = CN, CHO 
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