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Abst rac t  - Recent s tud ies  o f  chemical r e a c t i v i t y  of 1.4-dihydropyridines a re  surveyed 

1 
The chemistry o f  d ihydropyr id ines  (DHP) up t o  the year 1980 was t reated i n  d e t a i l  i n  . Recently 

acquired data r e l a t i n g  t o  the  synthesis o f  1.4-dihydropyridines v i a  condensation react ions  have been 

sumnarized too2. The present review analyses the chemical r e a c t i v i t y  of 1,4-dihydropyridines cover- 

i n g  l i t e r a t u r e  publ ished i n  the  years 1981-1985. 

1. OXIDATION 

1 Aromatizat ion i s  a t y p i c a l  r eac t i on  of the 1.4-dihydropyridine system . Our review i s  l i m i t e d  t o  the  

ana lys is  of papers descr ib ing  the prepara t ion  of p y r i d i n e  de r i va t i ves .  As t o  the  mechanism of hyd- 

3 rogen t ransfer  and reduct ion  w i t h  dihydropyr id ines, several  reviews are ava i l ab le  on the sub jec t  . 
1.1. N-Unsubstituted 1.4-Dihydropyridines+Pyridines 

The aromat izat ion o f  N-unsubst i tuted 1.4-DHP can be a t t a i ned  w i t h  the  a i d  o f  var ious ox id i z i ng  agents 

as w e l l  as by c a t a l y t i c  or thermal dehydrogenation (Table 1). 

Table 1. Reagents Used f o r  the Aromat izat ion o f  N-Unsubstituted 1.4-OHP 

Reagent References 

O2 4 

NaNOZ/AcOH 5 

NaNO2/HC1 6 

HN03 5c, 7 

Fe(N03)3. c ~ ( N 0 ~ ) ~  8 

Br2  + NaOAc 4c 

Cr03 7c, 9 



Table 1. (Continued) 

Reagent References 

S 10 

KMn04 11 

Chloran i l  7e, 9c, 12 

o-Chlorani 1 13 

BBQ* l l a ,  14 

Pd/C l l a ,  13, 15 

285-295'~ ( i n  argon) 4b 

DBU** 5 f  

-- - -- 

'DDQ - Z.3-dichloro-5,6-dicyano-1,4-benzaquinone ." 
OBU - 1.8-diazabicyclo[5.4.0]undec-7-ene 

F e r r i c  and cup r i c  n i t r a t e s  on a s o l i d  support have been recommended fo r  1,4-WP ox ida t i on  under very  

o 8 m i l d  cond i t ions  (CHC13, 20 C) . Thermal dehydrogenation has been observed w i t h  2.6-diaryl-1.4-DHP 1, 
4b the thermal i n s t a b i l i t y  growing w i t h  the number o f  phenyl r i n g s  .The aromat iza t ion  Of 2 .6-b is ( t r i f1u-  

oromethyl)-1.4-WP 2 l ead ing t o  py r i d i nes  2 r e s u l t s  from dehydro f luor ina t ion  i n  response t o  DBU o r  

5 f  t e r t i a r y  amines . 

1.2. N-Substituted 1.4-Dihydropyridines+Pyridinium Sa l t s  (Table 2) 

Table 2. Reagents Used f o r  the Oxidat ion o f  N-Subst i tuted 1,4-DHP 

Reagent References 
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Table 2. (Continued) 

Reagent References 

?)." 18 

Me Me 

F ~ ( c N ) ~ -  19 

quinol inium o r  acr id in ium 20 

cat ions 

Pt (co l lo ida1)  21 

1.3. N-Substituted 1,4-Dihydropyridines.rPyridines (w i th  E l iminat ion of N-Substituent) 

Aromatization o f  the DHP cyc le  i n  dibenzacridine 4 accompanied by e l im ina t ion  of the N-substituent 

occurs upon heatingz2. The cleavage of the N-N bond i n  1.4-DHP 9 leading t o  pyr idines 5 also occurs 

i n  response t o  heat ing O r  i n  the presence of cmpounds i n i t i a t i n g  f ree- rad ica l  reactionsz4. The l a t -  

t e r  are a lso capable o f  convert ing 1.4-DHP g t o  pyr idines gZqe. 

3 0 
7 R = C02R , CONEt2; R2 = C1, Br, COCH2Ph, C O ~ R ~ .  -( ] - 

0 

the reac : t ion proceeding more Some a.0-unsubstituted 18-DHP d5 undergo ox idat ion t o  5 i n  th, 

r e a d i l y  i n  the case of g 25b326. I n  the case of o ther  and less r e a d i l y  ox id izab le  3-subst i tuted 

- 2 9 3 -  



30 1.4-DHP 1 s i l v e r  n i t r a te25c ,  sulphur27, o - c h l ~ r a n i l ~ ~ ~ ' ~ ' ~ ' ,  p-chlorani129 and DDQ were used as 

ox id i z i ng  agents. E l im ina t i on  of 1- and 4-subst i tuents can be achieved by t r e a t i n g  1.4-DHP 8 w i t h  

31 b u t y l l i t h i u m  o r  upon heat ing  i t  w i t h  sodium iod ide  . 
1.4. Electrochemical Oxidat ion 

Electrochemical ox ida t i on  o f  ~ . ~ - D H P ~ ~ ~ ~ ~  has been repor ted and the mechanism o f  e lec t roox ida t i on  
32c- i  explored . 

2. REDUCTION 

The c a t a l y t i c  hydrogenation of 1.4-DHP a f fo rds  both te t rahydropyr id ines  and p iper id ines .  It has been 

confirmed t h a t  te t rahydropyr id ines  9, 10a.b. 11 a re  formed if one of the double bonds i n  the  cyc le  

l b  i s  conjugated w i t h  the  n-e lec t rons o f  the  subst i tuent,  as repor ted e a r l i e r  . 

_rPh *fir+ 
FHz Eto2cfp ! 

C02Me OMe k CO CEt 

933 - 10 - 
1 34 

l e  

a R = Me, R = CONH2 - 11 
1 b R = CH2Ph, R = CONH2 32b,34 

1 c R = Me, R = C N ~ ~ ~  

I n  the absence of s t a b i l i z i n g  subst i tuents  p iper id ines  are formed 27a'b'29b'35. P iper id ines  ga6 and 
37 13 r e s u l t  from the c a t a l y t i c  hydrogenation o f  3.5-disubst i tuted 1.4-DHP. - 

Another stereoisomer o f  p i p e r i d i n e ( 9  can be ga ined by the reduct ion  of 1.4-DHP 14 w i t h  t r i e t h y l s i -  

lane i n  t r i f l u o r o a c e t i c  acid; te t rahydropyr id ines  15 were i s o l a t e d  under m i l d  conditions3'. Tetra- 
32b 39 

hydropyr id ines 10b,c , were obtained by electrochemical reduct ion  of the  corresponding 1,4- 

DHP. 

40 L i t h i um aluminium hydr ide reduces both the 1.4-DHP r i n g  and the subst i tuents  . 
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15 

Me 

14 - 16 
Me 

3 - 
14-16 R = H, NO,,, CF3; -- CfiHd' H - - 

2 R = coZR4, COMe. CN; 

3 R = Me, C02Et. 

3.AOOITION REACTIONS 

1-Methyl-3-cyano-1.4-DHP i n  a l ka l i ne  medium reacts w i t h  phenols and thiophenols, t h e i r  add i t i on  occur- 

r i n g  d i f ferent ly ,  t o  g ive tetrahydropyr idines g, e41. Tetrahydropyridine 206 i s  one of the pro- 

ducts r e s u l t i n g  from the  reduct ion of d iary1 sulphides ArSSAr w i t h  1-benzyl-1.4-dihydronicotinamide 

42 proceeding by the f ree- rad ica l  mechanism . 

1 a R = Me. R = CN; 

1 b R = CH2Ph, R = CONH2 

19 - 20 - 
The treatment of g w i t h  potassium hydroxide leads no t  on ly  t o  imine hydro lys is  bu t  a lso t o  the ad- 

d i t i o n  of water43. Addi t ion of azides to f u l l y  unsubst i tuted o r  1-methyl-substituted 1,4-DHP af fords 

44 b i c y c l i c  compounds 22 . 

KOH 

HO 0 Me 
I 
CHO 



1.4-DHP 25 l ack ing  electron-withdrawing groups gives adducts w i t h  hydrogen peroxide45 o r  d isu l .  

 hide^^ on ly  upon ac id  pro tonat ion  o f  DHP. 

HX-XH 

AcOH 

k 
23 - X-X 

24 
2 1 2  

- 
R'= Ph, R = H; R + R = (CH2)4; X = 0,s 

Acids ca ta lyze in t ramolecu lar  c y c l i z a t i o n  i n  p o s i t i o n  2 of l-phenethyl-47 and 1-12-(3 - i n d o l y l ) e t h y l  - 
1.4-DHP 20d ,48 

Several in t ramolecu lar  a d d i t i o n  react ions  were c a r r i e d  ou t  w i t h  4-(o-substituted)phenyl-1.4-DHP. The 

reac t i on  mechanism was exempl i f ied by the  format ion of g4': Acid ca ta l ys t s  promote the formation 

of r eac t i ve  v iny l imin ium i o n  26, the nuc leoph i l i c  0-C and e l e c t r o p h i l i c  a-C atoms of which r e a c t  

50 2949.50b, g51 were s i m i l a r l y  w i t h  the appropr ia te  s i t e s  of the  0-subst i tuent .  The systems 28 , - 
obtained. 
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Tosylhydrazones 31 are extremely reac t i ve  y i e l d i n g  adducts 21 upon heat ing i n  benzene w i t h  subse- 

52 quent thermal fragmentation of pyrazol ine 11 t o  cyclopropane 33 . 

4. SUBSTITUTION REACTIONS OF THE DIHYDROPYRIDINE RING 
25b 

E l e c t r o p h i l i c  subs t i t u t i on  react ions of u.6-unsubstituted 1,4-DHP inc lud ing Fr iedel-Crafts , 
~ i l s m e i e r - ~ a a c k ' ~  react ions occur a t  pos i t i on  3. 

R~COCI 6 - 0 0MF+POC12 - 
SnC14 

COR ;OR C02Me C02Me 

34 3525b.e - - 3615 
1 

- 
2 

34.35 R = NEt2, OEt; R = a l k y l ,  Ph; R = a l k y l ,  We, Ph 

The react ion between 1,4-DHP 2 and aldehydes o r  ketones fo l lows a more complex mechanism leading 

53 d i r e c t l y  t o  3-a lky lpyr id ines 38 . 

27d 
Elect rophi les  can be introduced a t  pos i t i on  2 (DHP 2) by preceding meta la t ion . Unstable 1- 

l i t h i u m  der ivat ives o f  1.4-DHP 40 are r e a d i l y  replaced with hydrogen, acyl ,  a l k y l  and cyan0 

groups 14a,33,54 

Most 1,4-DHP are very weak acids, the N-H bond cleavage requ i r i ng  the use of sodium hydride. Anions 

obtained by t h i s  method were N-alkylated and acylated t o  g i ve  N-subst i tuted 1.4-DHP-3.5-carboxylic 

57 ac id  esters  4152.55, 4256, 43 as wel l  as N-derivat ives of 3.5-diacetyl-1.4-DHP 445d, 1,4-dihydro- 



39 E = D, SiMe3, Me, C02Me, COMe, SMe - 

quinoline-3-carboxylic ac id  esters s5', tetrahydrofuroC3 ,5-dicyano-1.4-DHP 

4755d'h. (The naphthyridine structure6' assigned t o  compounds prepared s i m i l a r l y  - 55n by the a lky-  

l a t i o n  o f  DHP 41 (R=H) w i t h  benzoimidoyl chlor ides appears erroneous). 

u102c hcOzR 2 Ro2c &2R 

Me Me R~R'N Me 

d k 
41 42 43 

V 
- - - 

3 4  3 4 41 R = C O ~ M ~ ~ ~ .  C H ~ O M ~ ~ ~ ~ ,  ~ t ~ ~ ~ ,  C H ~ O E ~ ~ ~ ~ ,  ( c H ~ ) ~ c ~ ~ E ~ ~ ~ ~ ,  (CH2),NR R [R ,R = a l k y l  , subst i tu ted - 

3 42 R = a l k y l ,  COC6H4R , COMe, C02Et. CH2C02Et, S02Me - 

Ph R~ 0 MeOcb:: Me &;yt R~~;:@ Nc,& 

R Me R R 

44 - 45 - 46 - 47 - 
I n  order t o  prepare DHP anion 46 l i t h i u m  diisopropylamide o r  s o l i d  potassium hydroxide i n  DMSO can 

57 2 be a lso used . The l a t t e r  reagent has been successfully used t o  prepare DHP 41 (R = a l k y l ,  R = 2, 

61 1,3-benzoxadiazolyl-4) . 1.4-DHP-3,5-dicarbothiolic ac id  esters Q8a are more ac id i c  than the O-ana- 

32k logues, therefore they undergo N-a lky la t ion i n  the presence o f  potassium hydroxide i n  a c e t o n i t r i l e  . 
2 3 The a l ky la t i on -o f  3.5-dicyano-1.4-DHP 47 (R =R =Me) was conducted i n  the presence of sodium hydroxi- 

de and a phase-transfer catalyst6?. Dihydroindenopyridines can a lso form anions w i t h  a l k a l i  metal 

hydroxides, Nmethyl der ivat ives Q9 (R~methyl)  r e s u l t  from the a l k y l a t i o n  of anions w i t h  dimethyl su l -  

phate, whereas a l k y l  hal ides afford a mixture of Q9 and C-alkyl der ivat ives 50, the l a t t e r  p reva i l -  

ing. The acy la t ion o f  OHP anion 49 occurs a t  the n i t rogen atom, whi le  the nonanionic form undergoes 
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64 acy la t ion a t  the oxygen atom accompanied by hydrogen migrat ion t o  g i ve  py r id ine  51 

/ \ 
a R =A, 05; a"". gR1 R = C02Me; OMe , 2  

1 
k b R =CH0,R=C02Me,H 

51 - 52 - 
Alkal ine agents cause the cleavage o f  the bond N-CO i n  N-acyl-1.4-DHP d5, 4256, leading t o  

N-unsubstituted 1.4-DHP. The N-ethoxymethyl group i s  eas i l y  el iminated from DHP 53 t o  g ive 5455c. 

53 - 54 - 
The N - s i l y l  group i n  DHP (R'= Bu) i s  replaced by an acyl  group by treatment w i t h  acy l  c h l o r i -  

de25b. 

5. REACTIONS OF SUBSTITUENTS 

I n  recent years, evidence has been accumulated of various react ions a f f e c t i n g  subst i tuents i n  the 

DHP r ing ,  the 1,4-dihydropyridine s t ructure of the cyc le  remaining unaltered. 

5.1. Reactions of Subst i tuents Attached t o  the DHP Cycle v i a  Side Chains 

The nuc leophi l ic  subs t i t u t i on  o f  halogens 9a'32k,65, t o s y 1 6 5 j , 6 6 a ~  m e s y ~ ~ ~ ~  groups i n  esters 55a-c 
y i e l d s  M1P w. 

a R = halogen, b R = 0S02C6H4Me-4, c R = osOpe, 
CO 

4 5 6%-d,f-h.67 d R = N R R  , e R - N  ' 'C 65e,f ,67a,c 
Me 6 4 



4 5 Primary amines (R =R =H) can be gained v i a  hyd raz i no l ys i s  o f  ph tha l im ide  d e r i v a t i v e s  E. Tosy- 

l a t e s  a and mesylates were prepared f rom hydroxy d e r i v a t i v e s  a. A l k y l a t i o n  65e'67c and acy- 

lat ion67a'b '68 o f  amines =,hydrolysis o f  acetoxy group in='? debenzylat ion o f  t h e  amino group 

4 5 over pa l lad ium c a t a l y s t  i n  (R = CH2Ph, R = ~ e ) ~ '  were performed. 

Pr imary amines % have been synthesized by the  r educ t i on  of az ido  group7', secondary amines by 

c a t a l y t i c  hydrogenolysis of the  benzyl d e r i v a t i v e  56c70b. Reactions w i t h  amines inc luded a l k y l a -  

t ion70,  a ~ y l a t i o n ~ ~ ~ ' ~ ~ ,  p repa ra t i on  o f  urea and guanidine der iva t i ves70a,  as w e l l  as he terocyc le  

5 I n  p i pe raz i ne  d e r i v a t i v e s  the  hydrogen R was rep laced by carbamoyl , th iocarba-  

moyl, guanyl , t h i a z o l y l  

D 

73 and o the r  groups . 
3 4 a R - R - H ,  

3 4 b R = Me, R = H, 

Some o f  the  r eac t i ons  i n v o l v i n g  a c i d  57 a re  shown i n  the  

I Lawesson's + reagent  

Keta l  2 hyd ro l ys i s  was performed i n  a c i d  medium and new k e t a l s  gc- and t h i o k e t a l s  %were  ob- 

t a i  ned f rom 58d75. 
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Ester groups attached t o  the 1.4-OHP r i n g  v i a  s ide chains r e a d i l y  undergo hydro lys is  29b,56,76 

5.2. Reactions of Subst i tuents a t  Posit ions 3, 5 

The r e a c t i v i t y  o f  1.4-DHP-3.5-dicarboxylic ac id  esters 41, 3 depends both on s t e r i c  and e lec t ron ic  

fac tors .  The absence of subst i tuents a t  pos i t ions 2, 4, 6 f a c i l i t a t e s  hydrolysis,  thus enabling the 

preparat ion of ac id  59a,b from the esters 3 (R=H, a l k y l ,  a r y ~ ) ~ ~ ' ~ ~ .  The hydro lys is  of 2.6-dimethyl 

der ivat ives 41 requires the presence of subst i tuent  R other  than H a t  the n i t rogen atom, which ste- 

r i c a l l y  hinders conjugation i n  the aminovinylcarbonyl m ~ i e t y ~ ~ ~ ' ~ ' .  E lect ron acceptors i n  the ester  

rad ica l  (DHP 60) f a c i l i t a t e  hydro lys is  9a'55a'61378 considerably. 

59 - 
3 3 a R = H. b R = a l k y l  

60 - 
+ 3 R = CN, NR3 

E s t e r i f i c a t i o n  react ions have been conducted invo lv ing  acids 2 o r  t h e i r  reac t i ve  der ivat ives 55a ,c, 

7d 61'65gs67a'b'78a'c~ds79. Esters 2, 42 undergo t ranses te r i f i ca t i on  i n  the presence of alkoxides , 
9d*61,65hs77,78a,80, Transester i f ica t ion of t h i o l  esters t o  esters 41 proceeds by t rea t ing  the 

former w i t h  the appropriate alcohol i n  the presence of potassium hydroxide32k. ~mides" and hydrazi- 

des36 can be obtained from acids 2 o r  esters 41. Synthet ic procedures for  the preparat ion o f  i n d i -  

1 2  vidual stereoisomers of esters Q1 (R 'Z R ) have been developed based on the  react ions of 3.5-substi- 

tuents 9d'55c'61'78asBOa'bsd. Acids - 59b undergo decarboxylation upon heatin<8b'd. L i th ium aluminium 

hydride reduces the methoxycarbonyl group i n  ester  41 (R'= Me) t o  a methyl group78b,d. Lawesson's 

reagent was employed fo r  th iona t ion  o f  the indene carbonyl i n  dihydroindenopyridines 4964. Monoximes 

were obtained from 3.5-diacetyl 1.4-DHP 44 by t rea t ing  them w i t h  hydroxylamine o r  i t s  0-a lky l  der iva- 

4b t ivese2. The 3-oxazol inyl  group i n  dihydroquinol ine was converted t o  an aldehyde one(%j . 
5.3. Reactions Subst i tuents a t  Posit ions 2, 6 

2-Methyl group i n  1,4-DHP par t ic ipates i n  the Mannich react ion. Secondary amines y i e l d  the ord inary  

products o f  aminomethylation g58'83, whereas i n  the case of primary amines the reac t ion  i s  more com- 



84 
p l i c a t e d  and leads predominant ly  t o  62, 63 . 

Me 

5 6 83 61 a R =c02R1, R = Me - HNMe - 62 
i 2  
- 

b R ' + R ~ = ( C H ) ~  58 

A l a r g e  number o f  r eac t i ons  a re  f e a s i b l e  based on ace ta l s  2 as s t a r t i n g  compounds: 

HCI NH20H - 
CHO AcOH CH-NOH 

64 
6565a ,b,78c ,79a ,80a $5 

- - 6685f - 
~ P P S H  

FcoR CH(SPr), 

65a.b ,78c ,79a,85b-g 67 65b ,78c ,79a ,Boa .85b-f ,h 
- 68 - 
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Perace t i c  a c i d  ox i d i zes  o n l y  t h e  2-methyl th io group t o  g i v e  1.4-OHP 7779a. Dimer 78 undergoes c l ea -  - - 
vage a t  the  d i su l ph ide  bond7f. 

2-Nitromethyl-1,4-DHP 2 r e s u l t i n g  from t h e  n i t r a t i o n  o f  79aE7 was converted t o  2.3-dicyano-1.4- 

89 OHP xE8. The n i t r a t i o n  of N-unsubs t i tu ted  2 y i e l d s  pyr idone 81 and rearrangement products . 

79 - 80 - 8 1  
1 

- 
a R = M e , R  = H  

1 b R = Me, R = NO2 

1 c R = R  = H  

1 d R = CH2C02Et, R = H 

5.4. Reactions of Subs t i tuen ts  a t  P o s i t i o n  1 

React ions of  N-subs t i tuen ts  i n  OHP were performed: 

I T s C l  1 KOH 

90 . N-Hydroxy-1,4-OHP~undergoes a l k y l a t i o n  and a c y l a t i o n  a t  the oxygen o f  the  hydroxy group . Amrde 

2 5 (R=CONEt ) was ob ta ined by t r e a t i n g  e s t e r  (R = Ph) w i t h  l i t h i u m  d ie thy lamide .  Hydrozinca- - 2 
91 t i o n  of hexene-1 us i ng  OHP  followed by hyd ro l ys i s  of p roduc t  2 y i e l d e d  hexane . 



5.5. Reactions o f  Substituents a t  Pos i t ion 4 

&nidesg2 and hydrazides92b of 1.4-DHP-4-carboxylic ac id  85 (R=OH) were obtained v i a  i t s  reac t i ve  de- 
2 

rivatives.4-Benzoyl-1.4-DHP was reduced w i t h  sodium borohydride t o  & (R =H). Acylation, s i l y l a t i o n  
93 and mesylation o f  hydroxy groups i n  86a,b were ca r r i ed  ou t  . 

COR 

85 - 86 - 
94 

Treatment of isothiouronium s a l t  88 w i t h  a1 k a l i  y i e l d s  cycl  i r e d  products 89 and 90 

R02C 
OH- - + 

Me Me Me Me Me Me 
H H H 

87 - 88 - 89 - 90 - 
Numerous react ions of subst i tuents i n  the phenyl rad ica l  o f  4-phenyl-1.4-DHP are known 

7g,52,69,95 

Depending on react ion condit ions, the treatment o f  sp i rocyc l i c  1.4-DHP 91 w i t h  Raney n icke l  leads 

e i the r  t o  the reduct ion of sulphoi ide group96 o r  t o  spirocycle cleavage r e s u l t i n g  i n  4.4-disubsti- 

tu ted ~ , ~ - M I P ~ ~ .  4-Amino-1,4-M1P 92 undergoes ox idat ion t o  imine 2, whose hydro lys is  af fords a 

98 pyridone . 

i u - t  

92 - 



HETEROCYCLES, Yo1 27, No 1, 1988 

5.6. Cyc l i za t i on  and Reactions Of Cycl ized Products 

Tet rahydro furopyr id ines  3 were f i r s t  obtained as s i de  products i n  reduct ion  o f  aldehyde 65 w i t h  

sodium borohydr ide o r  by  heat ing  alcohols E i n  the  presence o f  p-toluenesulphonic acid85f. Lactones 

469a'b and db can be prepared from 2-acetoxymethyl-1.4-DHP 94. A convenient method lead ing t o  l ac -  - 
99 tones 46 i s  the  r e a c t i o n  o f  2.6-dimethyl-l,4-DHP $ w i t h  pyr id in ium bromide perbromide . The heat- 

i n g  o f  these lac tones w i t h  aqueous o r  amines85g'100 induces cleavage o f  the  lac tone r i n g .  

101 
2-Acetylthiomethyl-1.4-DHPare converted i n  an ac id  medium t o  tetrahydrothienopyridines 96 . 

94 - 95 - 96 - 

Cycl ized products 98, 2 were obtained from hydrazone s a n d  imines 97b85f, respec t i ve l y .  

2-Ni tromethyl-1.4-DHP 79b88 y i e l d s  c y c l i c  products 100a,b. Dipyrazolo-DHP =was obtained by 

t r e a t i n g  2.6-dichloro-3.5-difonnyl 1.4-DHP w i t h  phenylhydrazine102. 1.6-Naphthyridines 102 were syn- 

thes ized by heat ing  DHP c w i t h  sym-tr iazine o r  by t r e a t i n g  % w i t h  dimethylfomamide d i a l k y l a c e t a l  

103a 
w i t h  subsequent c y c l i z a t i o n  o f  the  r e s u l t i n g  2 - a m i n 0 e t h ~ l e n e - 1 , 4 - ~ ~ ~ ~ ~ ~ .  1,6-Naphthyridines 102 , 
and 1 , 7 - n a p h t h y r i d i n e ~ ~ ~ ~ ,  undergo a l k y l a t i o n  exc lus i ve l y  a t  N(6) and N(7). respect ive ly .  



The s t e r i c  prox imi ty  of subst i tuents  a t  p o s i t i o n  3 of the  DHP r i n g  and a t  the o-pos i t ion  o f  4-phe- 

ny l  enables the f o m a t i o n  of a new cyc le  between them (OHP 103-l-05) 

6 .  MISCELLANEOUS REACTIONS 

The cleavage o f  the 1.4-OHP r i n g  of N-methyldihydroindenopyridines 2 (R = Me) i n  ac id  medium pro- 

64 ceeds by way of enamine hydro lys is  . Rearrangements of 1.4-DHP t o  4,5-dihydrodiazepines 
93a, 

b'108 have been reported. 

Photochemical conversions o f  1.4-DHP have been s tud ied 79,9c,109 
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