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Reactions of cyclic enhydrazinoketones 
with arylidene derivatives of malononitrile. 

Synthesis of fused N-substituted 1,4-dihydropyridines 

B. V. Lichitsky, V. N. Yarocenko, L V. Zavar',Jn, and M. M. Krayushkin* 

,V. D. Zefinsky htstitute of Organic Chemistry, Russian Academy of Sciences, 
47 Leninsky prosp., 117913 Moscow, Russian Federation. 

Fax: +7 (095) 135 5328. E-mail: mkray@ioc.ac.ru 

A new method for the synthesis of fused N-amino-l,4-dihydropyridines was proposed. 
The method is bused on the addition of cyclic enhydrazinoketones to arytidenemalononitriles. 
The structures of the compounds synthesized were studied using I H N MR spectroscopy. 
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Interest in the synthesis of 1,4-dihydropyridines is 
due to the broad spectrum of their biological activity. 
4-Aryl-1,4-dihydropyridines are used to treat cardiovas- 
cular diseases. I Of considerable practical interest also 
are fi~sed 1,4-dihydropyridines. 2,3 However, compounds 
of this type with different substituents at the ring nitro- 
gen atom are scarcely studied. The published methods 
for the synthesis, of fused N-substituted 1,4-dihydro- 
pyridines 4'5 are not general and allow only restricted 
variation of substituents at the skeletal N atom. 

Among the ways of synthesizing fused 1,4-dihydro- 
pyridines, an approach involving cyclic enaminoketones 
is of particular inCerest. This method allows one to 
attach substituents to the N atom at the stage of prepa- 
ration ofenaminoketones.  For example, it is known that 
heating of 3-ani l ino-5,5-dimethylcyclohex-2-en-i -one 
(1) with ary. lidene derivatives of malononitri le in alco- 
hol in the presence of a catalytic amount  of a base yields 
substituted hexahydroquinolines 2 (Scheme I). s 

�9 The use of enhydrazinoketones instead of enamino- 
ketones would allow one to obtain unknown fused 
N-amino- 1,4-dihydropyridines. 

]-he goal of this work is to study the addition of 
enhydrazinoketones 4 to a~i idenemalononi t r i les  and 
synthesize fused N-amino-l ,4-dihydropyridines  3. The 
starting enhydrazinoketones 4 are prepared by the reac- 
tion of the corresponding hydrazines with cyclic 
1 , 3 - d i k e t o n e s .  n,7 

We showed that enhydrazinoketones 4 react with 
arylidene derivatives of malononitrile in ethanol at el- 
evated temperature to give hexahydroquinolines 3 in 
58--84% yields (Yabte I). However, note that, unlike 
the aforesaid reaction, s the course of this reaction re- 
mains unchanged in the presence of piperidine as a base 
catalyst. 

According to a plausible scheme of transformation, 
enhydmzinoketone 4 initially adds to arylidenema- 

lononitrile following the Michael reaction to give inter- 
mediate $ (Scheme I). Subsequent intramolecular nu- 
cleophilic addition of the amino group to the nitrile one 
yields final hexahydroquinoline 3. 

Scheme l 
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1, 2 : X = P h ,  R = H ; 3 : R = H ,  Me 

4 R X 

a Me NMe 2 
b H NMe 2 . 
c Me NHPh 
d H NHPh 
e H 4-MeC6H4NH 

Note. For particular R, X, and AF substituents in compounds 
3 see Table I. 

Both lhe Michael addition and final cyclization oc- 
cur without base catalysis. This suggests that enhydmzi-  
noketones 4 are more active analogs of enaminoketone !. 
Arylidene derivatives with electron-acceptor substitu- 
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Table !. Melting points, yields, reaction conditions, and elemental analysis data for compounds 3 

~.om- Substituents M.p. Yield Heating Fo~Jn0 (%) Molecular 
pound X Ar R /~  (%) time Calculated tbrmuta 

C H N CI Br 

3a NMe~ Ph Me 221--223 72 5 h ~ 7,14 16.81 -- - -  C 2 0 H 2 4 N 4 0  

71.40 7. t9 16.65 

3b NMe 2 4-CIC~,H 4 ,'vie 268--269 81 2 h ~4.95 6.33 14.90 938 -- C20H23CIN40 
64.77 6.25 15.11 9.56 

3c NMe~ 4-CIC6H 4 H 227--228 78 2 h 6~.,30 5,43 16.52 10.21 -- C~sH~9CIN40 
63.06 5.59 16.34 10.34 

3d NMe~ 3-NO_,CoHa Me 263--264 84 I h 62.7.9 6,22 t8.4,0 -- -- C20|-123N503 
62.98 6.08 18.36 

3e NNle, 4-MeOC~H 4 Me 234--235 58 8 h 69.10 7.06 15.08 - -- C2tH26N402 
68.83 7.15 15.29 

3f NMe,  4-BrC6H 4 H 237--238 71 3 h 55.50 5.00 J4.~2 -- 20.70 CIsHIgBrN40 
55.83 4.95 14.47 20.63 

3g PhNH 4-CICt, H 4 ,'vie 243--245 65 15 min 6~.65 ,5-.~. .13.51 8,_5_.00 -- C24H23CIN40 
68.81 5.53 13.37 8.46 

3h PhNH 4-NO,C6H 4 H 232--233 70 5 rain 65~61 4.6t_._~) 1..7,.68 -- -- C22HioN50~ 
65.83 4.77 17.45 

3i PhNH 3-NOzC6H 4 Me 268--269 73 15 min 6_6_,9_5. L_2_,3. 16.4~ -- -- C24H23NsO 3 
67.12 5.40 16.31 

3j 4-MeC~,HzNH 4-BrC~H 4 H 218--219 61 5 rain 61,23 4.5fi 12.57 -- 17:56 C23H21BrN40 
61.48 4.71 12.47 17.78 

3k 4-McCt, H4NH 4-CIC6H 4 H 221--223 67 5 min 68,0,5 5 . ,37 14.01 8.9~ - -  C23H2tCIN40 
68.23 5.23 13.84 8.70 

ents  in the  a romat ic  r i n g - a n d  e l e c t r o n - d o n o r  analogs  
can be smoo th ly  involved in the reac t ion .  However ,  the  
synthes is  o f  hexahydroqu ino l ines  3 c o n t a i n i n g  e l ec t ron -  
d o n o r  subs t i tuents  requires  longer  hea t ing  (see Table  I). 

The  s t ruc tures  of  the c o m p o u n d s  o b t a i n e d  cor re la te  
well with IH N M R  and e l emen ta l  ana lys i s  da t a  (Tables 
1--3) .  Examina t ion  of  IH N M R  spec t ra  revealed a 
series of  interest ing s t ruc tura l  features  in c o m p o u n d s  3. 

Appa ren t l y ,  they all exist in the  boat  c o n f o r m a t i o n  
typ ica l  o f 4 - a r y l - l , 4 - d i h y d r o p y r i d i n e s .  ! In the IH N M R  
spec t ra  o f  hexahydroquinol ines  3a- - f ,  derivatives o f  N, N- 
d i m e t h y l h y d r a z i n e ,  the  signals for the methyl  p ro tons  o f  
the  d i m e t h y l a m i n o  g roup  differ by 0.05 ppm,  thus  ind i -  
c a t i n g  tha t  the me thy l  groups are nonequ iva len t .  For  
e x a m p l e ,  the I H N M R spect rum o f  c o m p o u n d  3a  shows  
two equally in tense  signals at 5 2.85 and  2.90 c o r r e -  

Table 2. !H NMR specte, i (DMSO-d6, a, J / H z )  for compounds 3 a - - f  

Corn- CMe, CH~ NMc: CH NH 2 Ar 
pound 

3a 0.90(s, 3 H): 2.00(d.  1 H . J  = 18): 2.85(s. 3 H); 4.30(s,  I H) 6.15(s,  2H)  7.05--7.30(m, 5 H) 
1.10(5.3 H) 2.20(d,  I H , . / =  18): 2.90ts, 3 H) 

2.55--2.70 (m, 2 H) 

3b 0.90 (s, 3 H): 2.05 (d. I H. , / =  18); 2.85 is, 3 H); 4.35 (s, I H) 6.25 (s, 2 H J 7.10 (d, 2 H. J =  8); 
1.10(s. 3 H) 2.20(d.  I H , J =  18): 2.90(s, 3 H) 7.30(d,  2 H . . / = 8 )  

2.55--2.65 (m, 2 H) 

3e -- 1.60--2.30(m, 4 H): 2.85(s, 3 H): 4.35(s,  I H) 6.30(s,  2H)  7.10(d.  2 H ,  J = 8 ) :  
2.60--2.75 (m, 2 H) 2.90 (s, 3 H) 7.30 !d, 2 H. J = 8) 

3d 0.90(s. 3 H): 2.00 (d, I H, J =  18); 2.85 (s. 3 H); 4.45 (s, I H) 6.45 Is, 2 H~ 7.60 (m. 2 H); 
1.10(s, 3 H) 2.25(d,  I H , J  = 18); 2.90(s. 3 H) 7.90--8.10{m, 2 H) 

2.55--2.65 (nl, 2 H) 

3e 0.90 is, 3 H )  2.00 {d. I H, J = 18); 2.85 (s, 3 H); 4.25 (s. 1 H) 6.15 (s, 2 H) 6.80 (d, 2 H, J = 8); 
1.10(s, 3 H) 2.20 (d. 1 H, J =  18): 2.90is, 3 H} 7.05 (d, 2 H , J =  8)- 

2.60--2.65 (m. 2 H) 3.S0 (s, 3 H, OCH 3) 

3f -- 1.60--2.30.. (m, 4 H); 2.85 (s. 3 H): 4.30 (s, I H) 6.35 {s, 2 H) 7.05 (d, 2 H, J = 8): 
2.60--2.75 (m, 2 H) 2.90 (s, 3 H) 7.45 (d, 2 H, J = 8) 



Synthesis  of  fused N-subs t i t u t ed  t , 4 - d i h y d r o p y r i d i n e s  Russ. Chem.Bull.. Int. Ed,, Vol. 49, No. 7, July. 2000 1253 

Table 3. IH NMR spectra (DMSO-d 6, 8, J /Hz)  for compounds 3g~k  

Corn- C Nle 3 CH ~ CH N H ~ Ar N H 
pound" 

3g 0.70 C A ) :  2.00--2.25 4.50 (A); 6.45 CA); 6.65 {m, 2 H); 8.60 (A): 
0.85 CAk Crn, 3 H); 4.45 (B) 6.25 (B) 6.85 (rn, I H); 8.80 (B) 
1.00 (B) 2.70 (d. (both 5, I H) Cboth 5, 2 H) 7.20--7.50 (both s. I H} 

tall s, 6 tt) 1 H, J = 18) Cm, 6 H) 

3b 

3i 

3k 

--  1.60--2.40 6.70 (m, 2 H); 
(m. 5 H): 6.90 (m, I H'~; 
2.70--2.90 7.30 Crn. 2 H); 
(m, 1 H) 7,50 (m. 2 H); 

8.25 (m, 2 H) 

6.70 (m, 2 H): 
6.90 (rn, I H); 
7.25 (m. 2 H), 
7.70 (m, 2 H); 
S.10 (m. 2 H) 

--  6.55 (m, 2 Hk 
7.05 (m, 2 H): 
7.20 (rn, 2 H); 
7.50 (m, 2 H); 
2.20 (s, 3 H. CH3) 

-- 6.55 (m, 2 H); 
7.05 (rn, 2 H); 
7,25 (m, 2 H'k 
7.40 (m, 2 H); 
2.20 (s, 3 H. CH3) 

0.70 (At; 
0.85 (A): 
1.00 (B) 

(all s, 6 H) 

1.95--2.25 
(rn, 3 H); 
2.70 (d, 
I H, 
J =  18) 

1.60--2.40 
(rn, 5 H); 
2.70--2.90 
(m, I H) 

4,70 iA); 6.45 (A); 8.60 CA); 
4.65 (B) 0.25 (B) 8.75 (B) 
(both s, [ H) (both s, 2 H) (both s, 1 H) 

4.70 (A); 6.45 (A); 8.65 (A); 
4,65 (B) 6.25 (B) 8.85 (B) 
(both s, I H) (both 5, 2 H) (both s, [ H) 

4.50 (A); 6.45 CA); 8.50 (A'~: 
4.40 (B) 6.25 (BI 8.65 ~B) 
(both s, I H) (both 5, 2 H) (both s. I H) 

1.60--2.40 4.50 CA); 6.40 (A); 8.50 tA); 
(m, 5 H); 4.45 (B) 6.15 (B) 8.65 (B) 
2.70--2.90 (both s, I H) (both s. 2 H) (both s, I H) 
(m, I H) 

*The A : B ratio is =2 : I. 

spond ing  to the  p r o t o n s  of  two me thy l  g roups  of  the 
d i m e t h y l a m i n o  g r o u p  (see Table  2). T he  nonequ i va l ence  
o f  the lat ter  is a s soc ia t ed  with the  p r e sence  of  an 
a symmet r i c  c e n t e r  in pos i t ion  4 o f  the  d ihyd ropyr id ine  
ring and  h i n d e r e d  r o t a t i o n  about  the  N - - N  bond .  One  
could  assume t h a t  the  presence  o f  two nonequ iva l en t  
subs t i tuen ts  at t he  n i t r o g e n  a tom in a ry lhydraz ine  de-  
rivatives 3 g ~ k  w o u l d  give rise to a s e c o n d  e l emen t  of  
asymmetry..  I n d e e d ,  the  ~H N M R  spec t ra  suggest tha t  
h e x a h y d r o q u i n o l i n e s  3 g - - k  ob ta ined  f rom arylhydrazines  
exist as a m ix tu r e  o f  d i a s t e r e o m e r s  3A a n d  3B. 

Each d i a s t e r e o m e r  mani fes t s  i tse l f  by its own set o f  
IH N M R  signals ,  i.e., the total  n u m b e r  o f  signals is 
doubled .  The  larges t  d i f fe rence  in the  c h e m i c a l  shifts for 
the  pair  of  d i a s t e r e o m e r s  is observed  for the  N H  2 pro- 
tons  and  the C ( 4 ) - b o u n d  p ro ton  in the  d ihydropyr id ine  
ring (AS --- 0.1 p p m ) .  For  example ,  in the  spec t rum of  
c o m p o u n d  3g, the  s ignal  from the  N H  2 p r o t ons  of  the 
ma jo r  d i a s t e r e o m e r  appea r s  at 8 6.45, whi le  those for 
the m i n o r  d i a s t e r e o m e r  are shifted to ,5 6.25. The  chemi -  
cal shifts for the  r ing  H(4)  p ro tons  o f  the  d ias te reomers  
differ  less s ign i f i can t ly  (see Table  3). T h u s .  sterically 
h inde red  ro t a t i on  a b o u t  the  single N - - N  b o n d  gives rise 
to an add i t iona l  e l e m e n t  of  a symmet ry .  

H e x a h y d r o q u i n o l i n e s  3 are color less  or  slightly col-  
ored  h i g h - m e l t i n g  cry. s ta l l ine  subs tances ,  The i r  poor  
solttbili ty in co ld  e t h a n o l  subs tan t ia l ly  faci l i tates  the  
process  of  i so la t ion  a n d  pur i f ica t ion  (see Tab le  I), 

Experimental 

IH NMR spectra were recorded on Bruker AM-300 (300 
MHz) and Bruker WM-250 instruments C250 MHz) in DMSO- 
d 6. Melting points were measured on a Boetius hot stage and 
are given uncorrected. All reaction mixtures were analyzed and 
the purity of the reaction products was checked by TLC on 
Silu|bl UV 254 plates with AcOEt--hexane (3 : 1) as the eluent. 

3-(2,2- Dimethylhyflrazino)-5,5-dimethylcyelohex-2-en- ! -one 
(4a) 6. Me2NNH ~ (2.4 g, 0.04 tool) was added to a solution of 
dimedone (5.6 ..g, 0.04 mol) in 50 mL ofbenzene. The reaction 
mixture was refluxed with a Dean--Stark adapter fbr 4 h and 
then cooled. The precipitate that formed was filtered off and 
washed on the filter with a small amount of benzene to give 
enhydrazinoketone 4a (5.85 g, 80%), m.p. 164--165 ~ (Rel: 6: 
164 :C). 

3-(2,2-Dimethylhydrazino)eyelohex-2-en-l-one (4b) 6 was 
obtained by analogy with 4a from cyclohexane-l ,3-dione 
(4.48 g. 0.04 moo and Me2NNH 2 (2.4 g, 0.04 m o l l  Yield 
5,28 g {86%). rn.p. 141--142 ~ cRef. O: 143 ~ 

5,5- Dimethyl- 3-(2-phenylhydrazino)eyc!ohex- 2-en- i-one 
(4c) 7. A solution of NaOAc,3  H20 (2.72 g. 0.02 rap/) in 
20 mL of water was added to a suspension of dimedone (2.8 g, 
0.02 rnol) and PhNHNH,"  HC112.89 g, 0.02 rood in 50 mL of 
water. The reaction mixture was stirred at -20 ~C for 2 h. Then, 
the precipitate that formed was filtered off, washed on the filler 
with water, and recrystallized from aqueous ethanol to give 
enhydrazinoketone 4e (3.36 g, 73%), m,p. 162--163 ~ (Ref. 7: 
163-- 164 ~ 

3-(2-Phenylbydrazino)cyelohexen-2-one (4d) 7 was obtained 
by analogy with 4e from cyclohexane-l ,3-dione (2.24 g, 
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0.02 tool), P h N H N H 2 - H C I  (2.89 g, 0.02 m o l l  and 
AcONa-3 H20 (2.72 g, 0.02 tool). Yield 2.79 g (69%). m.p. 
141--142 :C (Rcf. 7:143 ~ 

3-[2-(4-Methylphenyl)hydrazino]cyclohexenone (4e) was 
obtained by analogy with 4e from cyclohexane-l,3-dione 
(2.24g, 0.02 tool), p -TolNHNH 2- HCI (3.17 g. 0.02 tool), and 
AcONa.3 H20 (2.72 g, 0.02 tool). Yield 3.33 g (77%). m.p. 
117--118 ~C. Found (%): C. 72,02: H, 7.39; N, 13.09. 
CI3HI6N20. Calculated (%): C, 72. t9; H, 7.46: N, 12.95. 
LH NMR, ,3:1.85 (m. 2 H, CH2) 2.15 (m, 2 H, CH2): . . , 0  (s, 
3 H, CH3): 2.40 (m, 2 H. CH2): 5.05 (s, I H, CH): 6.60 (d, 
2 H, CHAr, J = 8 Hz): 7.00 (d, 2 H, CH.x.r, J = 8 Hz): 7.70 (s, 
I H, NH): 8.75 (S, 1 H. NHL 

24unino-4-aryl- I-(dimethylamino)-5-oxo- i,4,5,6,7,8-hexa- 
hydroquinoline-3-carbonitriles (3a--f, X = NMez) (general pro- 
eedure). A solution of enhydrazinoketone 4a--b (0.002 tool) 
and the corresponding arylidenemalononitrile' (0.002 tool) in 
5 mL of ethanol was refluxed for several Ilours (see Table I), 
Then the reaction mixture was cooled, and the precipitate that 
formed was filtered off and washed on the filter with a small 
amount of ethanol. The yields and melting points of com- 
pounds 3 are presented in Table I. 

Z-Amino-4-aryl- l-(arylamino)-5-oxo- 1,4,5,6,7,8-hexa- 
hydroquinoline-3-carbonitriles (3g--k, X = NHAr) (general pro- 
cedure). A solution of enhydrazinoketone 4c--e (0.002 mol) 
and the corresponding arylidenemaiononitrile (0.002 moo in 
5 mL of ethanol was refluxed for several minutes (see Table I). 
Then the reaction mixture was cooled, and the precipitate that 
formed was filtered off and washed on the filter with a small 
amount of ethanol. The yields and melting points of com- 
pounds 3 are presented in Table I. 
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