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Abstract - A series of 3-alkyl-, 3-aryl- and 3-hetarylhexahydro-I& 

pyrazino[l ,2-4[1,8]naphthyridines (4) were prepared from 2-(4-substituted 

I-piperaziny1)-3-formylpyridines (2) by condensation with malononitrile 

and subsequent thermal cyclization. Octahydro[ l  .2-&:4,5- 

a']di[l,8]naphthyridine (7) was also obtained. 

We recently reported the synthesis of tri- and tetracyclic compounds containing the 
[1,8]naphthyridine ring by extending application of the " m - a m i n o  effect"' to 2-amino-3- 
v i n y ~ p ~ r i d i n e s . ~ , ~  The significant biological activity exhibited by pirazino[l , 2 - ~ q ~ i n o l i n e s 4 ~ 5  or 
pirido[l , 2 - d [ l  , 81naph th~r id ines~ .~  prompted to us to apply this reaction principle to 2-(4- 
substituted I-piperaziny1)-3-vinylpyridines (3)  and prepare various pyrazino[l,2- 
a][l,8]naphthyridines in order to investigate their potential biological activity. In this work we 
developed a straightforward two-steps synthesis of 3-alkyl-, 3-aryl- and 3-hetaryl substituted 
hexahydropyrazino[l ,Z-4[1,8]naphthyridines (4) and octahydropyrazino[l ,Z-a:4,5-~']di[l,8]- 
naphthyridine (7).  

The starting compounds for the thermal cyclization were prepared from the 2-chloro-3- 
formylpyridine derivative (I) . '  Reaction of compound (1) and a suitable N-monosubstituted 
piperazine gave the corresponding 2-piperazinyl-3-formylpyridine derivatives (2a-i) with excellent 
yields by refluxing for 10 min in tetrahydrofuran containing triethylamine. Formation of the desired 
aldehydes was confirmed by 'H nmr [S = 9.20-9.28 (s, CHO)] and decoupled ' 3 ~  nmr spectra [S = 

185.7-185.9 (CO)]. A Knoevenagel condensation of the carbonyl compounds (28-i)with 
malononitrile (butylamine and ammonium acetate as catalyst)g in toluene under reflux for 20 min 
gave rise to the 2-piperazinyl-3-(2,Z-dicyanovinyl)pyridie derivatives (3a-i). The signals of 
PyHCC(CN)zin the 'H nmr spectra between 6 = 7.42-7.56 as singlets and those of PYHCC(CN)~ in 
the decoupled '3C nmr spectra between 6 = 155.5-156.3 are typical of compounds (3a-i). 
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Reagents: 

i: N-monosubstituted piperazine, Et,N,THF, reflux, 10 min. i i: 2 malononitrile, 
11-BuNH,, NH40Ac, toluene, reflux, 20 min. iii: DMSO; 140 "C, 7-70 h. 

Heating 3a-i in dimethyl sulfoxide at 140 "C for 7-70 h resulted in the corresponding pyrazino[l,2- 
d[l,E]naphthyridines (4a-i) as colorless solids with moderate to good yields. The 'H Nmr spectra 
of compounds (4a-i) include characteristic signals of bridgehead hydrogen atoms (H-4a) as 
double doublets between 6 = 3.77-4.02. 

Likewise, reaction of compound (1) with piperazine or 2,5dmethylpiperazine (mixture of and 
m) gave the corresponding bis(2-pyridy1)piperazines (5a,b) with good yields. In the case of the 
2.5-dimethylpiperazine, we could only isolate the trans derivative (5b) with a 71 % yield, as 
confirmed by the 'H and 13c nmr spectra (only one doublet at 6 = 1.36 for the two methyl groups). 
Knoevenagel condensations with malononitrile in methylene chloride yielded the vinyl derivatives 
(6a,b), which were subjected to thermal cyclization reaction Heating of 6a in dimethyl sulfoxide 
until all the starting material had disapeared (5 d at 140 'C) gave decomposition products, 
whereas heating the trans-2,5-dimethyl derivative (6b) in dimethyl sulfoxide (50 h at 140 'C) 
resulted in only one cyclized product (7b) with an excellent yield (Scheme 2), through reaction at 
the substituted carbons adjacent to the nitrogen atom. The structure of 7b was concluded from the 
'H nmr spectrum of the reaction product, which included a characteristic singlet at 6 = 1.57 that 
integrated for six protons and can only be assigned to C C b  groups in an pyrazino[1,2-8:4,5- 
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a']di[l ,%lnaphthyridine structure. The 'H and 13c nmr spectra of compound (7b) also reveal that 
the kzm geometry was selectively formed, because only methyl groups at 2,5-positions of the 
piperazine moiety in an equivalent arrangement (hence in the opposite side of the molecule) can 
give rise to the same absorption signal. 

Scheme 2 

5 ,6  a , R = H  Reagents: 
b, R = Me iv: piperazine, Et,N,THF, reflux, 30 min. v: 4 malononitrile, 

2 n-BuNH2, 2 NH,OAc, CH2C12, reflux, 40 min. vi: DMSO, 140 "C, 2 h. 

The thermal cyclization of 3a-i proceeds in two consecutive reactions (Scheme 3).10 The first step 
involves a thermal suprafacial [ I  ,5]-hydrogen shift of one methylene proton adjacent to the 
nitrogen of the amino group in (3a-i) to yield the 1,s-dipolar intermediate (8a-i) (with its negative 
end stabilized by two electron-withdrawing groups ). Subsequently, intramolecular addition of the 
carbanion to the iminium double bond gives rise to cyclized products (4a-i). 

Scheme 3 

carbanion Etoqg'R - addition 4 a - i  
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\ lo iminium 

Ph -C(CN), Ph -C(CN), 
double bond 
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The regiospecificity of the cyclization of 6 is consistent with the proposed mechanism. 6 has two 
types of hydrogen atoms liable to undergo sigmatropic rearrangement (H-2,5 and H-3,6); 

however, the fastest [1,5]-hydrogen shifts take place over the carbon atoms bearing the methyl 
groups (involving H' in scheme 4) because they lead to the more stable dipolar intermediates (9) 

and ( lo ) ,  with a tetrasubstituted iminium double bond in the "positive end". Diasteroselectivity 
arises from the reaction involving retention of configuration at the chiral centers, through of 
addition of the carbanions to the iminium double bonds exclusively from the side where migrating 
hydrogen atoms are transferred. This is the result of a partial rotation of the vinyl moiety in the 

[1,5]-hydrogen transfer process, which, without equilibration of the helicar dipolar intermediates 
(9) and ( lo), can proceed in the same way, thus enabling the selective carbanion additions." 

Scheme 4 

EXPERIMENTAL SECTION 

A11 reagents used were commercial grade chemicals from freshly cpened containers. The amines were purchased from Aldrich 

Chemical Co. Silica gel 60 HF254+36e for thin layer chromatography and silica gel 60 (230-400 mesh) for msdium-pressure 

chromatography were purchased from Merck. Melting points were measured by using a Bllchi 510 apparatus and are uncorrected. Ir 

spectra were recorded on a Perkin-Elmer 383 lr spectrophotometer, 'Hand ' 3 ~  nmr spectra were acquired on a Bruker WM 250 

spectrometer and ms were obtained on a Kratos MS-50 spectrometer. 

P - ( I j - 4 - S u b s t i t u t e d  p i p e r a 2 i n y l ) - 3 - f o r m y l p y r i d i n e  D e r i v a t i v e s  ( 2 a - i ) ;  General Procedure: 

A solution of 2-chloro-5-cyano-6-ethaxy-3-formyl-4-pheylpyrdine (1, 0.5 9, 1.75 mmol), a suitable !&monosubstituted piperazine 

(1.75 mmol) and EQN (0.27 ml, 1.95 mmol) in THF (10 ml) is refluxed for 10 min. Upon cooling, precipitated Et3NHCI is finered OH, 

washed with THF (2 ml), and discarded. The solvent is removed under reduced pressure and the residue is purified by medium- 

pressure chromatography an a silica gel mlumn (22 x 1.5 cm) to obtain (2a-I) as colorless solids. 

All compounds (2a-i) exhibit typical absorption signals for the pyridine nucleus and hs subtituents in the 'H and Nmr: 'H Nmr 

(CDCb, 250 MHz): 1.43-1.49 (3H.t.. J = -7.1 Hz. 0CH2C&); 4.45-4.50 ( 2H,q, J = -7.1 Hz, 0CH2); 7.42-7.60 (m, 5HarOm). "C Nmr 
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(CDCI3, 62.8 MHz): 14.1-14.3(OCH&H3); 63.7-63.9 (OCH2); 86.1-67.0 (CN); 109.3-109.5, 115.0-115.4, 159.0-1592, 164.2-164.3, 

165.4-165.7 (Cpyridyl); 128.3-128.7. 129.6-129.6, 130.3-130.4, 133.8-134.2 (Cphenyl). 

3 -Cyano-2-e thoxy-5- fo rmy l -6 - (N-4-methy lppy l ) -4 -ph lp rdne (2a): General procedure was followed; medium-pressure 

chromatography was performed by using CH2CI2:EtOH 50:l as eluent; y~eid: 0.59 g (97%); mp 155.157 "C (Et0H:hexane 4:l). 'H Nmr 

(CDC13, 250 MHz): 2.38 (3H, s, N C H d  2.59-2.63 (4H, m, MeNCH2); 3.73-3.75 (4H. m, PyNCH2); 9.20 (lH, s, CHO). l3c Nmr (CDCls, 

62.8 MHz): 45.7 (NCH3); 49.4, 54.9 (NCH2): 185.7 (CHO). Ms (DEI, 70 eV): 350 (M+, 9); 294 (23): 280 (6); 264 (5); 262 (4); 252 (17); 

250 (4); 140 (4); 70 (100). Ms-high resolution: C20H22N402, cabd: 350.17436, found: 350.1729. Ir (KBr): 3040. 2980, 2940, 2900, 

2860,2800 (CHI; 2220 (CN); 1670 (CO); 1580, 1560,1520, 1510 (CCarom) cm". 

2 - (N -4 -Benzy1p ipe raz i ny i ) - 5 - cYano -6 -e1hox3 fm l4php id i  (2b): General procedure was followed: medium-pressure 

chromatography was performed by uslng CH2Cl2:EtOH 100:l as eluent; yield: 0.619 (95%): mp 185-187 -C (Et0H:acetons 32). 'H 

Nmr (CDC13.250 MHz): 2.59-2.63 (4H. m, BnNCH2): 3.59 (2H, s, NCH2Ph); 3.71-3.75 (4H, m, PyNCH2); 7.26-7.36 (m, 5H,,,); 9.20 

( lH.  s, CHO). 13c Nmr (CDC13. 62.8 MHz): 49.6 (NCH2Ph); 53.1, 62.8 INCH2); 127.4, 128.4, 129.2, 137.6 (Carom); 185.9 (CHO). Ms 

(DEl. 70 eV): 427 (Mt+l. 11); 426 (M'. 38); 375 (9); 373 (9): 297 (6); 255 (19); 212 (6): 146 (12); 91 (100). Ms-high resolution: 

Cz6H2eN402, cabd: 426.20560, found: 426.2059. lr (KBr): 3040, 2980, 2940, 2880, 2820, 2760 (CH); 2220 (CN); 1665 (CO); 1580, 

1560, 1520 (CCarom) cm-'. 

3 ~ C y a n o - 2 - e t h o x y - 5 - 1 o r m y l - 4 - p h e n y l ~ 6 - ~ ~ - 4 - [ 2 - 1 i f m 1 h y l p h e 1 h y l ] p i p i i ) p i d i  (2c): General procedure was followed; 

medium-pressure chromatography was performed by using CH2C12:EtOH 100:l as eluent: yield: 0.75 g (98%); mp 140-142 "C 

IE1OH:hexane 1 :lo). 'H Nmr (CDCI,, 250 MHz): 2.64-2.74 (6H. m, C&NCH2C&Ph); 2.99-3.05 (2H. m, NC&CH2Ph); 3.75-3.80 (4H, 

m, PyNCHd 7.26-7.38 (m, 3H ,,,, ): 7.61-7.65 (m,lH ,,,, ); 9.21 (1H. 5 .  CHO). 13c Nmr (CDCI,, 62.8 MHz): 30.0 (NCH&H;Ph); 49.6, 

53.0,69.8 (NCH2); 125.9, 126.0, 126.1. 126.2, 126.3, 126.5, 128.9. 131.7, 131.8, 138.6(C ,,,, ): 165.8 (CHO). Ms(DEI,70eV):509 

(Mt+l, 0.4); 508 (M', 2.4); 349 (23); 348 (100); 293 (20); 227 (36). Ms-high resolution: C28H27F3Nd02, calcd: 508.20871, found: 

508.2081. Ir (KBr): 3040,2985,2940,2920,2890,2800,2760 (CH): 2220 (CN); 1660 (CO); 1580,1560, 1540, 1520 (CC,.,) cm~ ' .  

3-Cyano-2-ethoxy-5-formyl-4-phenyl-6-[N-iyl]pyridine (2d): Gdneial procedure was fallowed: medium-pressure 

chromatography was performed by using CH&:hexane 3: l  as eluent; yield: 0.59 g (93%); rnp 180-183 'C (EtOH). 'H Nmr (CDC13, 

250 MHz): 2.39 (3H, s, PhCH3); 3.07-3.12 (4H, m, PhNCH2); 3.88-3.92 (4H, m, PyNCH2); 7.01-7.07 (m, 2H ); 7.18-7.27 (m, 

ZH,.,); 9.26 (1H. s, CHO). Nmr (CDC13, 62.8 MHz): 17.7 (PhCH3);50.1, 51.9 (NCH2): 119.3, 123.8, 126.7, 131.2, 132.7, 150.7 

(C,,,,); 185.6 (CHO). Ms @El, 70 eV): 427 ( ~ + + l ,  4); 426 (M', 15); 293 (5); 280 (7): 276 (4); 262 (4); 252 (13); 250 (3); 159 (15); 147 

(12); 146 (100); 143 (5): 132 (17); 118 (28). Ms-high resolution: C28H26Nn02, cabd: 426.20568, found: 426.2055. Ir (KBr): 3050, 

3010,2980,2940,2920,2800,2740 (CH); 2220 (CN); 1660 (CO); 1570, 1520 (CC,,o,) cm'. 

3-Cyano-2 -e thoxy-6 - [N-4 - (4 - f luara~henyl~~er in l1 -5 - forml -4 -phenlpy id  (2e): General procedure was followed; medium- 

pressure chromatography was performed by using CH2Ci2 as eluent; yield: 0.61 g (94%); mp 165-166 OC (EtOH). 'H Nmr (CDC13, 250 

MHz): 3.26-3.31 (4H, m, PhNCHd 3.85-3.89 (4H. y, PyNCH2): 6.89-7.03 (m, 4H.,,,,); 9.26 (IH, s, CHO). Nmr (CDCI3, 62.8 MHz): 

49.5, 50.4 (NCH2); 115.7 (d, J = 22.1 Hz, CortoF), 118.3 (d. J = 7.1 Hz, CrnetaF), 147.5 (CparaF), 157.5 (d, J = 239.2 Hz, CipsoF): 

186.0 (CHO). Ms (DEI, 70 eV): 431 (Mt+l. 12): 430 (Mi. 42): 429 (M+-I. 6); 294 (7): 293 (33); 280 (19); 276 (8); 264 (8); 262 (7): 254 

(6); 252 (34); 163 (33): 151 (13); 150 (100). Ms-high resolution: C25H23FN402, calcd: 430.16049, found: 430.1800. Ir (KBr): 3040, 

2980,2960,2900,2860,2840,2620,2740 (CH); 2220 (CN); 1665 (CO): 1580, 1560, 1510 (CC,,,) cm' .  
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2 - ~ - 4 - ( 4 - C h l o r o p h e n y l ) p i p e r a ~ i n y l ] - 5 - c y 6 1 h y 3 f m l 4 p h l p i d i  (21): General procedure was followed; medium- 

pressure chromatography was performed by uslng CH2CIz:hexane 3:l as eluent; yield: 0.61 g (91%); mp 180-1 82 "C (E1OH:acetone 

3~1). 'H Nmr (CDCI,, 250 MHz): 3.33-3.37 (4H, m, PhNCH2); 3.84-3.88 (4H, m, PyNCH2); 7.22, 7.25 (4H. AB system, J = 8.8 Hz, 

H ,,., );9.25(1H,s, CHO). ',c Nmr(CDC13,62.8MHr):49.1,49.3(NCH2); 117.4, 125.1, 129.1, 149.4, 165.6(C,,,);185.9(CHO). 

Ms (DEl, 70 eV): 448 (~++2 .6 ) ;  447 ( ~ + + l ,  6); 446 (M', 17); 294 (6); 293 (24); 280 (21); 278 (8); 264 (7); 252 (34); 181 (13); 179 (37); 

168 (100); 140 (23). Ms-high resolulion: C25H23CIN102, calcd: 446.1509, found: 446.1495. l i  (KBr): 3040, 2980. 2910. 2870, 2640. 

2820 (CH); 2220 (CN); 1665 (CO); 1580.1560, 1510, 1490 (CC,,,) cm-'. 

3-Cyano-2-ethoxy-5-formyl-6-[~-4-(4-nitophenyl)piperzinyl]-4-phenylpyridine (29): General procedure was followed; medium- 

pressure chromalography was performed by using CH2C12 as eluent: yield: 0.68 g (99%); mp 218-220 'C (Et0H:acetone 12). 'H Nmr 

(CDC13, 250 MHz): 3.67-3.71 (4H, m, PhNCH2); 3.86-3.90 (4H, m, PyNCH2); 6.82, 8.15 (4H. ABsyslem. J = 9.3 Hz, H ,,., ); 9.28 (lH, 

s, CHO). '=c Nmr (CDC13, 62.8 MHz): 46.3, 48.5 (NCH2); 112.3. 126.0. 138.8. 154.1 (C ,,,, ); 185.2 (CHO). Ms (DEI, 70 eV): 459 

( ~ + + 2 ,  1); 458 (M++l, 6); 457 (M', 20); 440 (10); 306 (16); 293 (78); 280 (69); 264 (20); 252 (61); 227 (13); 190 (51); 177 (100); 161 

(33). Ms-high resolution: C25HZ3N501, calcd: 457.1750, found: 457.1755. Ir (KBr): 3080, 3050, 2980, 2930, 2880, 2860 (CH); 2220 

(CN); 1670 (CO); 1600.1580, 1560, 1515, 1500, 1485 (CC,,,) cm~ ' .  

3-Cyano-2-elhoxy-5-farmyl-4-~henyl-6-~-4-2-pyidyipiperzinyl]pyidine (2h): General procedure was followed; medium-pressure 

chromalography was petiormed by using CH2CIz:EtOH 100:l as eluenl; yield: 0.55 g (92%); mp 150-155 OC (E1OH:hexane 1.3) 'H 

Nmr (CDCI,, 250 MHz): 3.76-3.78 (4H, m, PhNCH2); 3.82-3.84 (4H. m, PINCH,); 6.64-6.69 (m, 3HpyrIdyl). 8.19-8.22 (m, I Hpy,idyl); 9.25 

I lH ,  5, CHO). ',c Nmr (CDC13, 62.8 MHz): 44.8.49.1 INCH2); 106.9, 113.7. 137.7, 148.0, 158.9 (Cpyrdyi); 185.9 (CHO). Ms (DEI, 70 

eV): 415 (M++I, 7); 414 (M+, 26); 396 (33); 384 (28); 367 (7): 319 (10); 306 (14); 293 (44); 276 (23); 264 (17): 252 (17); 195 (8); 147 

(26); 134 (100); 122 (93). Ms-high resolution: C2diZ3N5O2. calcd: 397.1904, found: 397.1905. Ir (KBr): 3030, 3000, 2980. 2930, 

2910,2870,2830,2770 (CH); 2220 ICN); 1665 (CO); 1590.1580, 1560.1510 (CC,,,,) cm '  

3-Cyano-2-elhoxy-5-formyl-4-phenyl-6-{N-4-[2-(1,3)pyrazinyilpiperazinyl)pyridine (2i): General procedure was followed; medium- 

pressure chromatography was performed by using CH2C12:E10H 100:l as eluent; yield: 0.61 g (98%); mp 204-207 OC (ElOH). 'H Nmr 

(CDCb, 250 MHz): 3.76-3.80 (4H. m, PhNCHz); 4.00-4.05 (4H. m, PyNCH?); 6.55 (1H. 1, J = 4.7 Hz, H ,,,,,,, 1-5). 8.34 (2H. d, J = 4.7 

Hz, Hplrsliny~-4.6): 9.25 (lH, s, CHO). l3c Nmr(CDC1,. 62.8 MHz): 43.3.492 (NCH,); 110.3. 157.7. 161.5 (C,i,,,nyl): 186.0 (CHO). Ms 

(DEl, 70 eV): 397 (M+. 23): 396 (M+-1, 17): 395 (M+-2, 60); 384 (5); 319 (4); 307 (8); 269 (8); 264 (6); 252 (8); 236 (4): 221 (3); 195 (5); 

107 (100). Ms-high resolution: C ~ ~ H Z Z N S O ~ ,  calcd: 414.1805. found: 414.1809. lr (KBr): 3040, 3010, 2870, 2770 (CH); 2220 (CN); 

1660 (CO); 1580, 1560, 1520 (CC,,.,)cml. 

2-(N-4-Substituted pipera2inyl)-3-(2,2,-dicyanoviny1)pyridine Derivatives (3a-I); General Procedure: 

A solution of 2 - ( N  subs t i l u t ed  p i p e r a z i n y l ) - 5 - c y a n o - 6 - e t h 0 ~ y ~ 3 - f o r m y l - 4 - p h y l p i d i  (2 a - i ,  1.4 mmol), 

malononitrile (0.185 g, 2.8 mmol), pbulyiamlne (0.14 ml, 1.4 mmol) and NH40Ac (0.1 1 g, 1.4 mmol) in toluene (15 ml) is refluxed for 20 

min. Upon coaling, the solvent is removed under reduced pressure and the resulting solid is purified by medium-pressure 

chromatography on a silica gel mlumn (15 x 1.5 cm) lo  obfaln (3a-i) as dark yellow solids. 
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All compounds (3a-i) exhibit typical absorption signals for the pyridine nucleus and its subtluents in the 'H and '=c Nmr: 'H Nmr 

(CDCI3, 250 MHz): 1.44-1.49 (3H, 1, J = -7.1 Hz, OCHzCb); 4.48-4.55 (2H. q, J - -7.1 Hz, 0CH2); 7.20-7.32 (m, ZH,,,): 7.47-7.60 

(m, 3H,,). "C Nmr (CDCI,. 62.8 MHz): 14.1-14.2 (OCH&H3); 64.1-64.2 (OCH,); 88.3-89.3 (CN); 103.2-103.6. 11 1.9-112.2, 159.1- 

159.8, 161.3-161.5, 163.7-184.0 (CpyridyI): 128.4-128.5, 129.2-129.3. 130.3-130.5, 133.3-133.6 (Cphsnyl). 

3 - C y a n o - 5 - ( 2 , 2 - d i c y a n o v i n y l ) - 2 - e t h 0 x y - 6 ~ - 4 - m t h y l p p i d y l ) 4 p h l p y d  (3a): General procedure was followed; medium- 

pressure chromatography was performed by using CH2C12:EtOH 50:l as eluent; yield: 0.50 g (90%); mp 198.200 OC (EtOHihexane). 

'H Nmr (CDCl3.250 MHz): 2.32 (3H, s, N C H d  2.46-2.50 (4H. m, CH3NCH2): 3.66-3.70 (4H, m, PyNCH,); 7.42 (1H. s, =CH). '% Nmr 

(CDCI3, 62.8 MHz): 45.8, 48.1 (NCH2): 54.5 (NCH3); 79.0 E(CN)2]; 114.2, 114.4 (CN); 156.8 (.CH). Ms (DEI, 70 eV): 399 ( ~ + + l ,  7); 

398 (M', 24); 383 (5); 326 (101; 300 (1 1); 277 (6); 262 (6): 248 (7); 70 (100). Ms-high resolution: C23H22N60. cabd: 398.1855, found: 

398.1858. lr (KBr): 3050,2980,2940,2810,2740 (CH); 2220 (CN); 1565, 1500, 1485 (CC,,o,) mi'. 

2-(N-4-Benzylpi~erazinidyl)-5-cyano-3-(22-dicyanovinyl8-ethoxy-4phenylpyridlne (3b): Generai procedure was followed; medium- 

pressure chromatographywas performed by using CH2Ci2:E10H 100:l as eiuent; yield: 0.59 g (89%); mp 202.204 "C (EtOH). 'H Nmr 

(CDCb, 250 MHz): 2.54-2.57 (4H. m, BnNCH21; 3.57 (2H, s, CH2Ph); 3.70-3.74 (4H. m, PyNCH,); 7.25-7.35 (m, 5H,,,,); 7.43 ( l H  

s,=CH). l3c Nmr (CDC13, 62.8 MHz): 48.1, 52.5 (NCHz); 62.2 (NCH2Ph): 78.7 [I;(CN)$; 114.2, 114.4 (CN); 127.5, 129.0, 137.2 

(Cam); 156.8 (=CHI. Ms (DEl, 70 eV): 476 (M++z. 0.5); 475 (Mt+l. 12); 474 (M', 36); 459 (3); 383 (4); 356 (2): 341 (2); 362 (4): 300 

(2): 255 (3); 248 (2): 146 (41): 91 (100). Ms-high resolution: C29H26N60, calcd: 474.2168. found: 474.2161. lr (KBr): 3050. 3020, 

2960,2900,2800,2760 (CH); 2220 (CN); 1580,1560, 1510,1485 (CC,,,,,) cm' .  

3-Cyano-5-(2,2-dicyan0~inyl)-2-eth0~y-4-phenyl-8-(-4-[2-1rifloomethylphenethyi]piperainylpyridine (3c): General procedure 

was followed: medium-pressure chromatography was performed by using CH2C12:EtOH 100:l as eluent: yield: 0.72 g (93%): mp 183- 

185 'C (EIOH). 'H Nmr (CDCl3, 250 MHz): 2.60-2.70 (6H. m. CbNCH2C&Ph); 2.97-3.03 (ZH, m.NC&CH2Ph); 3.72-3.76 (4H. m, 

PyNCH2); 7.28-7.40 (m, 3H,.,): 7.45 (1H. s, =CHI; 7.60-7.65 (m, lH,,,). 13c Nmr (CDCI,, 62.8 MHz):29.9 (NCH&H2Ph): 48.1.526 

(NCH2);59.6(NGH2CH2Ph);78.8E(CN)2]; 114.2. 1144JCN); 126.0, 126.1, 126.4, 128.7, 131.5, 131.8, 138.3(C ,,,, ); 156.8(=CH). 

Ms (DEl. 70 eV): 556 (M'. 15): 399 (11): 398 (64); 397 (100); 369 (4); 228 (17); 133 (8). Ms-high resaiutian: C3rH27F3NS0, calcd: 

556.2198, found: 556.2179. ir (KBr): 3050,3020, 2980.2930, 2820, 2740 (CH); 2220 (CN); 1580, 1560, 1520, 1500 (CC.,,) cm-'. 

3 - C y a n o - 5 - ( 2 , 2 - d i c y a n o v 1 n y l ) - 2 - e l h o x y - 4 ~ - 1 o l y l ) p i p e z i n y l p y r i d i e  (3d): General procedure was followed: medium- 

pressure chromatography was performed by using CH2C12:hexane 3 2  as eluent; yield: 0.63 g (95%); mp 186-187 "C (EtOHlacetone 

2:l). 'H Nmr (CDC13, 250 MHz): 2.38 (3H, s, PhCH3); 3.00-3.04 (4H, m, PhNCH,); 3.80-3.87 (4H, m. PyNCH,); 6.99-7.08 (m, ZH,,,,); 

7.22-7.31 (m, ZH,,,); 7.49 (1H. s, =CH). '% Nmr (CDCl3, 62.8 MHz): 17.8 (PhCH3); 48.8, 51.7 (NCH,): 79.1 &(CN)2]: 114.3, 114.4 

(CN); 119.2, 124.2. 126.8, 131.4, 132.9, 150.3 (C,,,,); 156.8 (=CHI. Ms (DEl, 70 eV): 475 (Mt+l, 6); 474 (M', 19); 326 (9); 300 ( 5 ) ;  

262 (6): 248 (61; 159 (7); 147 (12); 146 (100); 134 (9); 133 (5); 132 (8). Ms-high resolution: C29H26N60, calcd: 474.2168, found: 

474.2170. Ir (KBr): 3050,3020,2980,2900,2820,2740 (CH );  2220 (CN); 1580, 1560, 1520,1510 (CC,,o,) cm~'. 

3-Cyano-5-(2,2-dicyanovinyl)-2-ethoxy-6--4-(4-florophenyi)pperinyi]4-pheylpyridine (3e): General procedure was followed; 

medium-pressure chromatography was pe~lormed by using CH$321hexane 3:l as eluent; yield: 0.53 g (80%); mp 206-210 "C (EIOH). 

'H Nmr (CDC13, 250 MHz): 3.24-3.28 (4H. m. PhNCH2); 3.80-3.84 (4H. m, PyNCH2); 6.84-6.90 (m, 2H ,,,, ); 6.97-7.04 (m, 2H ,,,, ); 

7.49 (1H. s, =CHI. l3c Nmr (CDCi3, 62.8 MHz): 462.49.7 (NCHd: 79.5 !S(CN),); 114.1, 114.3 (CN); 115.7 (d, J = 22.6 Hz, CortoF), 
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118.0 (d, J = 7.6 Hz, CmetaF), 147.0 (CparaF), 157.6 (d, J = 241.9 Hz, CipsoF); 157.8 (=CH). Ms (DEI, 70 eV): 479 (Mt+l, 12): 478 

(MI .  36): 449 (5); 326 (7): 300 (13); 262 (5); 163 (15); 150 (100); 138 (11); 122 (30). Ms-high r e s ~ I u l i o n : C ~ ~ H ~ ~ F N ~ Q  calcd: 

478.1917, found: 478.1923. Ir (KBr): 3060,2980,2900.2840.2820 (CH); 2220 (CN); 1580. 1565, 1510 (CC,,,) cm~'. 

2-[~-4-(4-Chlarophenyl)piperazinyl]-5-cyano-3-(2,2-dcyanovinyl)-6-elhoxy-4-phenyipyridne (31): General procedure was followed; 

medium-pressurechromatography was performed by using CHPC@hexane 2:1 as eluent; yield: 0.62 g (90%); mp 212-214'C (EtOH). 

'H Nmr (CDCI3, 250 MHz): 3.33-3.37 (4H. m, PhNCH2); 3.78-3.82 (4H. m. PyNCH,); 6.82, 7.25 (4H. AB system, J = 8.8 Hz. H ,,., 1; 

7.51 (1H. s, =CHI. ' 3 ~  Nmr (CDCIB, 62.8 MHz): 48.1. 48.3 (NCH,); 79.5 [I;(CN),]; 114.1, 114.3 (CN): 117.0. 125.3, 129.3, 148.8 

(C,,.,); 156.7 (=CHI. Ms (DEl, 70 eV): 496 ( ~ + + 2 ,  9); 495 ( ~ + + 1 ,  8); 494 (M+, 24); 341 (6); 293 (5); 328 (12); 300 (22); 262 (8); 248 

(7); 181 (6); 179 (18): 168 (33): 166 (100); 138 (22). Ms-high resolution: C28H23CIN60. cabd: 494.1622. found: 494.1623. Ir (KB~):  

3060,2970,2930,2900,2840 (CH); 2220 (CN); 1600, 1560. 1560, 1515. 1500 (CC,,,,,) cm' .  

3-Cyano-5-(2,2-dicyan0~inyl)-2-elh0~y-6--4-(4-nilrophenyl)piperainyl]-4-phenylpyridine (3g): General procedure was followed; 

medium-pressure chromatography was performed by using CH2CI2/hexane 4:l as eluent; yleld: 0.62 g (88%); mp 246-249 'C 

(E1OH:acelone 2:l). 'H Nmr (CDCI3, 250 MHz): 3.75 (8H, br 5 ,  NCH2); 6.72, 6.12 (4H, AB system, J = 9.3 Hz, Ha,,,); 7.56 (1H. s, 

=CHI. j3c Nmr (CDCI,. 62.8 MHz): 44.5. 47.8 (NCH7); 79.3 [C(CN)d; 113.9, 114.2 (CN); 111.5. 126.0, 138.6, 153.5 (C ,,., ): 156.4 

(.CH). Ms (DEl. 70 eV): 508 (Mt+l. 11); 505 (M'. 33); 475 (24); 341 (14); 328 (35): 315 (8): 300 (47): 273 (7); 262 (16); 248 (9); 178 

(100); 161 (39). Ms-high resolulion: C2eH73N703, calcd: 505.1863, found: 505.1870. Ir (KBr): 3020. 2970, 2930, 2860 (CH); 2220 

(CN); 1600,1580. 1560,1520 (CC,,,) cm~'. 

3-Cyano-5-(2,2-diyanovinyl)-2-elhoxy-4-phenyl-6-[-4-(2-pyridyl)piperaznyipyridine (3h):  General procedure was followed; 

medium-pressure chromatography was performed by using CH2CI2/EtOH 100:l as eluent; yield: 0.56 g (87%); mp 202-204 "C 

(E1OH:acetone 5:l). 'H Nmr (CDCI,, 250 MHz): 3.71-3.80 (8H, m. NCH2); 6.61 (1H. d, J = 8.5 Hz;Hpyridyi), 6.68 (1 H, dd, J = 4.9.7.1 

Hz, Hpy,,dyl);7.51 (1H.s. =CH); 8.20 (lH.dd, J -4.9, 1.9 Hz, HpylldyI). Nmr (CDCI3, 62.8 MHr):44.0, 44.8 (NCH2):79.0~(CN)2]; 

106.9. 113.7, 137.7. 148.0,158.9(Cpy,,dy,);114.1, 114.3pN): 156.5(=CH).Ms(DEl,70eV):462(~++1. 1);481 (~+,4) ;434(5):396 

(59); 145 (20); 133 (39); 121 (35); 107 (100). Ms-high resolution: C2iH23NI0, cabd: 461.1964, found: 461.1988. Ir (KBr): 3040, 2975, 

2890. 2850 (CH);2220 (CN); 1580, 1570, 1515, 1485 (CC,,,,)cml. 

3-Cyano-5-(2,2-dicyan0~inyl)-2-e1h~~y-4-ph~~yl-6-(~-4-[2-(1,3)pyrarinyl]p~perarinyl)pyridine (3i): General procedure was followed; 

medium-pressure chromatography w. i i  performed by using CH2C1#E10H 100:l as eluent; yleld: 0.63 g (96%); mp 270 "C(decompJ 

(ElOHiacetane 4:l). 'H Nmr (CDC13, 250 MHz): 3.70-3.75 (4H, m, PhNCH,); 4.00-4.04 (4H. m, PyNCH,); 6.59 (1H, 1, J = 4.7 Hz, 

Hpl,ez,nyl.S); 7.52 (1H, s, =CHI; 8.34 (2H, d. J = 4.7 Hz, Hp,raT,nyl-4,6). ' 3 ~  Nmr (CDCI3, 62.8 MHz): 42.9. 48.1 (NCH2); 79.1 L(CNl2]; 

110.7, 156.6, 161.2 (CpralinY~); 114.1. 114.4 (CN); 157.9 (=CH). Ms (DEl. 70 eV): 463 (Mt+l, 12); 462 (M+. 37); 435 (18); 397 (100); 

367 (9); 343 (13); 328 (10); 312 (8); 300 (18); 146 (56); 134 (86): 121 (66). Ms-high resolution: CzsHz2Ns0, calcd: 462.1917, found: 

482.1915. Ir (KBr): 3060,3020,2990,2940,2920,2860 (CH);2220 (CN); 1565, 1560, 1545, 1510 (CC,,o,) cm' .  

Hexahydro-lH-pyrarino[l,Z-&l[1,8]naphthyridine Derivatives (4a-i); General Procedure: 

A solution o l  2-a-4-substiluted piperazinyl)-5-cyano-3-(2,2,-di~yano~inyI)-6-elh0~y-4-phenylpyridines (3a.i. 0.12 mmol) in DMSO 

(5 ml) is heated at 140% far until all slaning material had disappeared as checked by tlc. Upon moling, reaction crude is poured into 

water (50 ml) and enracled with ethyl acetate (2 x 10 ml). The combined organic layers are dried over Na2S06 and the solvent is 
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removed under reduced pressure. The resulting solid is purified by medium-pressure chromatography on a silica gel column (12 x 1 

cm) to obtain (4a-I) as colorless solids. 

All compounds (4a-i) exhibit typical absorption signals for the pyridine nucleus and its subtituents in the 'H and l3c Nmr: 'H Nmr 

(CDC13, 250 MHz): 1.42-1.47 (3H. 1, J =-7.1 Hz, OCH&&);4.43-4.49 (2H. q. J =  -7.1 Hz, OC&);7.15-7.24 (m, 1H ,,,, ), 7.27-7.40 

(m, IH.,,,); 7.40-7.60 (m, 3H,,.,). Nmr (CDCI3, 62.8 MHz): 143.144 (OCH2CH3); 63.2-63.3 (OCH2); 86.7-89.8 (CN); 99.9-100.2, 

112.0-112.4, 154.2-154.5, 156.4-156.7. 163.7-163.8 [127.7-127.8, 128.0-128.1, 129.0~1298 (2  01 3 absorptions), 133.3- 

133.6 (Cpheny~)l- 

9-Ethoxy-N-3-methyl-7-phen~l-2.3,4.4a.5,6-hexahydro-l-pyrino[1,2-~~l.8]naphthyridino-5,5,8-tricarbonitrile (48): General 

procedure was followed, heating the reaction solution for 7 h: medium-pressure chromatography was performed by using 

CH2C12IEtOH 100:l as eluent; yield: 0.050 g (50%); mp 202-204 "C (ElOH). 'H Nmr (CDC13, 250 MHz): 2.25 (1 H, m - td, J = -11.0, 

-3.0 Hz. Ha-2); 2.30 (1H. 1, J = 10.9 Hz, Ha-4); 2.44 (3H. s, NCH3): 2.94-3.00 (lH, m, H 4 ) ;  3.08 (1H. td. J = -1 1.0, -3.4 Hz, Hax- 

1):3.10, 3.20 (2H. ABsystem, J = 16.0 Hz, H-6L3.35 (IH, ddd, J = 11.0, 3.4. 1.8 Hz, Hw-4);3.77 ( lH .  dd, J = 10.8, 3.4Hr. H-4.9); 

4.82 (1 H, m - ddd, H,-1). ''c Nmr (CDCI,, 62.8 MHz): 33.8 (C-6); 34.1 (C-5); 43.9 (C-2); 45.8 (NCH,); 53.7 (C-4); 56.9 (C-4a); 57.0 

(C-1); 113.4, 115.3 (CN). Ms (DEI, 70 eV): 399 ( ~ + + l ,  6); 398 (M', 23); 370 (3); 342 (5); 341 (13); 328 (6); 326 (5); 313 (4); 301 (5); 

300 (8); 273 (4); 262 (5); 248 (4); 262 (5); 248 (4); 70 (100). Ms-high resolution: C23H22N60. cabd: 398.1855, found: 398.1850. Ir 

(KBr): 3050,2980,2940,2850,2810 (CH); 2220 (CN); 1590,1570,1555,1500 (CC,,,) cm'  

N-3-Benzyl-9-ethoxy-7-phenyl-2,3,4,4a,5.6-hexahydro-1H-pyra~ina[1,2-~[1,8]naphthyridino-5,5,8~tri~arbonitriie (4b): General - 

procedure was followed, heating the reaction solution for 13 h; medium-pressure chromatography was performed by using 

CH2CI2ihexane 3:t as eluent: yield: 0.0459 (45%); mp 176-178 "C (EtOH). 'H Nmr (CDCI,, 250 MHz): 2.23 (1H. td, J = -12.5, -3.3 Hz, 

Ha-2); 2.41 (1H. 1, J = 10.9 Hz. Ha-4); 2.97-3.08 (lH, m. Ha,-1 and Hsq-2); 3.08, 3.21 (2H. AB system, J = 16.0 Hz, H-6); 3.43 (IH, 

ddd. J = 10.9, 3.4. 1.9 Hz, Hsq-4); 3.56, 3.75 (2H. AB system, J = 12.9 Hz, NCH2Ph); 3.80 (1H. dd, J = 10.9, 3.4 Hz, H-4a); 4.75-4.83 

(1H. m - ddd, He..-1); 7.26-7.36 (m, L~H,,~,). 13c Nmr (CDC13, 62.8 MHz): 34.0 (6-6): 34.2 (C-5); 44.1 (C-2): 51.2 (C-4); 55.5 (C-1); 

57.3 (C-4a); 62.5 (CH2Ph): 113.4, 115.4 (CN); 127.7, 128.6, 136.7 (C,,,,). Ms (DEl, 70 eV): 475 (M++I, 4); 474 (M+, 13); 397 (3): 383 

(5); 356 (3); 340 (28): 328 (5); 244 (10); 243 (61); 201 (18); 146 (100); 91 (83). Ms-high resolution: C29H2SNS0, cabd: 474.2168, 

found: 474.2085. Ir (KBr) : 3060,3000,2980,2940,2820,2780 (CH); 2220 (CN); 1590, 1570, 1555, 1495(CC,,,) cm~' .  

9-Ethaxy-7-phenyl-~-3-(2-trifI~oromethylphenethyl)-2,3,4,4a,5,6.hexahydro-l~-pyrazino[l.2-~[1,8]naphthyridino-5,5,8- 

tricarbonitrile (4c): General procedure was followed, heating the reaction soiution for 6 h; medium-pressure chromatography was 

performed by using CH2Cl$hexane 4:l as eluent; yield: 0.040 g (40%); mp 218-220 'C (ElOH). 'H Nmr (CDC13, 250 MHz): 2.36 (1H. 

td, J = 11.5, 2.9 Hz, Ha-2); 2.46 (1H. 1, J = 10.9 Hz, H d ) ;  2.73-2.82 (2H, m, CH2Ph); 3.00-3.20 (4H. m, Ha,-I, Heq-2 and NCH2); 

3.07.3.23 (2H, AB system, J = 16.0 Hz, H-6); 3.42-3.47 (1H. m - ddd, H,-4); 3.79 ( IH,  dd, J = 10.9, 2.9 Hz, H-4.3); 4.82-4.88 (1H. m 

- ddd, H q l ) :  7.30-7.40 (m. ZH,,,,): 7.50-7.60 (m. lH,,,): 7.65 (1H ,,,,, d. J= 7.8 Hz). ' 3 ~  Nmr (CDCI,, 62.8 MHz): 29.9 (CH2Ph); 

34.0 (6-6); 34.1 (C-5); 44.0 (C-2); 51.4 (C-4); 55.4 (6-1): 57.2 (C-4a); 59.3 (NCH2); 113.4. 115.3 (CN); 122.4, 126.2. 126.3, 126.6, 

126.8, 126.5, 131.5, 131.9, 138.0 (C,,,,). Ms (DEI, 70 eV): 556 (M+, 0.3); 398 (28); 397 (100); 369 (5); 344 (7); 299 (1). Ms-high 

resdution: C3,Hz7F3N60. calcd: 556.2198. found: 556.2194 lr (KBr): 3050,2990,2950 (CH); 2220 (CN): 1590, 1570. 1500 (CC,,,) 

cm . 
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9-Ethoxy-7-phsnyl-N-3-(~ly l ) -2,334,4aa5,66he~ahydr~o1~-pyaino[ l ,2-~[1,8]naphthyr id ino-5,5,88tr i~arb~ni l~ (4d): General 

procedure was fallowed, heating the reaction solution for 30 h; medium-pressure chromatography was performed by using 

CHzCl$hexane 2:l as eluent; yield: 0.080 g (80%); mp 179.182 -C (EtOH). 'H Nmr (CDCI,. 250 MHz): 2.37 (3H. s, PhCH3): 2.97 (1H. 

td,J=-10.5,3.0Hz,Ha-2);3.05(1H,1,J=10.7Hz,Ha-4);3.19,3.25(2H,ABsystem,J=18.l Hz, H-6):3.18-3.30(2H,m,Ha-1 

and H,-2); 3.64-3.70 (lH, m, H,-4); 3.93 (lH, dd, J = 10.6, 3.4 Hz, H-4a): 4.90-4.98 (1H. m, He,-1); 7.08-7.18 (m, ZH,,); 7.23-7.30 

(m, ZH,,,,). Nmr (CDC13, 62.8 MHz): 17.7 (PhCH,); 33.9 (C-5, C-6); 44.7 (C-2); 51.1 (C-4); 54.4 (C-1); 57.9 (C-4a); 113.4, 115.3 

(CN); 119.3, 124.7, 127.0, 131.4. 132.7, 149.7 (C.,,,). Ms (DEl, 70 eV): 475 (Mt+l, 7); 474 (M+, 20); 340 (4); 326 (4); 300 (5); 261 

(6); 158 (3); 147 (23); 146 (100); 134 (14); 118 (36). Ms-high iesolutian: CZ9HZ6N60, calcd: 474.2168, found: 474.2153. Ir (KBr): 

3050,2970,2950,2900,2850 (CH): 2220 (CN); 1585, 1570. 1560, 1490(CC,,,,) cm-'. 

9-Elhaxy-N-3-(4-f1uorophenyl)-7-phenyl-2,3,444a,5,6-hexahydro-lH-pyrarino[l,2-~[1.8]naphthyridioo-5.5,8-tricarbonilrile (4e): 

General procedure was fallowed, healing the reaction solution for 22 h; medium-pressure chromatography was performed by using 

CH2Cl$hexane 4:l as eluent; yield: 0.070 g (70%); mp 214-216 'C (EtOH). 'H Nmr (CDCI3, 250 MHz): 2.99 (1 H, td, J = 11.9, 3.3 Hz, 

Ha-2): 3.05(1H,t, J =9.7 Hr,H,-4);3.14,3.25 (2H. ABsyslem, J = 160Hz, H-q3.19-3.30 ( lH,  td, J = -12.9, 3.4 Hz, Ha-1); 

3.57-3.63 ( lH,  m - ddd, H,-2); 3.90-3.96 (lH, dd, J = -9.7, 3.5 Hz, H-4a); 3.94-4.01 (lH, m - ddd, H,-4); 4.90-4.98 (lH, m - ddd, 

He,-1); 6.95-7.08 (m, 4Hm,0,). '% Nmr (CDCI3, 62.8 MHz): 33.9 (C-5, C-6); 43.9 (C-2); 50.2 (C-4); 53.3 (C-1); 57.4 (6-44;  113.4, 

115.2 (CN); 116.1 (d, J = 21.9 Hz, Cono-F), 119.5 (d. J =7.9 Hz, Cmefa-F), 146.5 (Cpara-F). 158 (d, J = 241 Hz, CipsoF). Ms (DEI, 70 

eV): 479 ( ~ + + 1 ,  9); 478 (M', 29); 449 (5): 441 (4): 328 (7); 300 (8); 262 (6); 150 (100); 122 (22). Ms-high resolution: CZ8HZ3FNBO, 

calcd: 478.1917,found: 478.1910. lr (KBr): 2980,2920,2850 (CH); 2220 (CN); 1580, 1570. 1560, 1510 (CC,,,,) cm-'. 

N-3-(4-Chlorophenyl)-9-ethoxyxy7-phenyl-2,3,4,4a,5,6-hexahydro-l~-pyrarino[l.2-~[1,8]naphlhyridino-5,5,8-tncarbonilrile (4f): 

General procedure was followed, healing the reaction solution for 14 h: medium-pressure chromatography was performed by using 

CHzCYhexane 5:4 as eluent: yield: 0.070 g (70%); mp 208-210 'C (EtOH). 'H Nmr (CDCI3, 250 MHz): 3.05 ( lH ,  Id, J = 11.9. 3.3 Hz, 

Ha-2);3.13 ( lH ,  m -dd, Ha-4): 3.16.328 (2H. AB system. J = 16.0 Hz, H-6);3.24-3.35 (IH. m - Id, Ha-l);3.92 (lH, dd, J = 10.5, 

3.4Hr, H-4a);3.55-3.63 ( lH,  rn -dq,H,-2);4.06(1H,ddd. J = l l .7,3.4. 2.0Hr. He,-4);4.88-4.93 ( lH ,  m -d l ,  H,-1); 6.94,7.21 

(4H. AB system, J = 8.9 Hz, H,,,,,). 13c Nmr (CDCI3, 62.8 MHz): 33.9 (C-5, C-6); 43.6 (6-2); 49.2 (C-4); 52.0 (C-1); 57.2 (C-4a); 113.3, 

115.2 (CN): 118.5, 126.8, 129.1. 148.4 (C,,,,). Ms (DEi, 70 eV): 496 (Mt+2, 15); 495 ( ~ + + l ,  14); 494 (Mt, 37); 431 (4); 341 (14); 300 

(22); 262 (12); 160 (100); 138 (29). Ms-high resolution: CZ8HZ3NeOCI, calcd: 494.1623, found: 494.1630. Ir (KBr): 3060, 2990, 2920, 

2880,2740 (CH); 2220 (CN); 1580, 1570, 1555, 1500 (CC,,o,) cm'. 

9-Ethoxy-N-3-(4-ni lrophenyl)-7-phenyl-2,3,4,4a,5,6-hxahyd-l-pyrino[l,2-~[1,8]naphthyridino-5.5,88lr i~arb~nil~ (49): 

General procedure was followed, healing the reaction solution for 36 h; medium-pressure chromatography was performed by using 

EtOAcihexane 1:3 as eluent; yield: 0.850 g (85%); mp 238-240 'C (EtOHiacetone). 'H Nmr (CDC13, 250 MHz): 3.17, 3.27 (2H. AB 

system, J = 16.0Hz, H-6); 3.43 (1H. td, J = 12.7, 3.3H1, Ha-2);3.53-3.69 (2H. m, Ha-l,4);3.94-4.02 (1H. m, He,-4);4.04(1H, dd, J 

= 10.2, 3.3 Hz, H-4.4: 4.33 (lH, dd. J = 12.7, 2.6 Hz, tie,-2);4.70-4.78 (1H. rn -d l ,  He,-1); 6.90. 8.17 (4H. AB system, J = 9.3 Hz, 

H,,,,). Nmr (CDCI3, 62.8 MHz): 33.6 (C-6); 34.1 (C-5); 42.2 (C-2); 46.9 (C-4); 48.4 (C-1); 57.4 (C-4a); 113.2. 115.4 (CN); 113.3, 

126.1, 139.9. 153.2 (C,,,,). Ms (DEl, 70 eV): 506 (Mt+l, 16); 505 (Mt, 48): 490 (4): 476 (5); 475 (7); 385 (4); 341 (13): 328 (33): 300 

(42); 273 (7); 262 (16); 178 (100); 177 (56); 161 (46). Ms-high resolution: CZBH23N703. cabd: 505.1863, found: 505.1859. Ir (KBr): 

3080,2980,2860 (CH); 2220 (CN); 1600, 1580, 1570, 1520, 1500 (CC,,.,) cm-'. 
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9-Elhoxy-7-phenyl-N-3-(pyridin-2-yl)-2,3,4,4a,5,6-hexahydro-lH-pyrinol.2-~(l,6]naphthyridino-5,5,6-tri~arb0nitrile (4h): 

General procedure was followed, heating the reaction solution far 60 h; medium-pressure chromatography was performed by using 

CH2CI2 as eluent; yield: 0.050 g (50%); mp 259-260 'C (EtOHlacetone). 'H Nmr (CDC13, 250 MHz): 3.13. 3.24 (2H. A6 system. J = 

16.0Hz.H-6);3.23-344(3H, m, Ha-1,2,3);392(lH,dd. J =  10.3.3.5H1, H-4a);4.18-4.23(lH,m, He,-2);4.77-4.83(1H.m, He-4); 

4.93 (lH, ddd, J - 12.9, 3.4, 1.4 Hz, H.,-1 ): 6.72-6.77 (2H, m, Hp,yr,dyl-2.4): 7.50-7.60 (IH, m, Hpyridy19); 8.23-8.26 (lH, m, HDyridyl-5). 

l3c Nmr (CDC13, 62.6 MHz): 33.6 (C-5); 34.2 (C-6); 42.7 (C-2); 45.2 (C-4); 46.5 (C-1); 57.1 (C-44; 113.3, 115.3 (CN); 107.5, 114.8. 

136.1, 148.2. 157.9 (Cpyrdyt). MS (DEI, 70 eV): 462 (Mt+l, 8); 461 (M+, 20); 435 (22); 434 (50); 405 (5); 397 (9); 396 (26); 367 (16); 

107 (100). Ms-high resolution: C2rH23N70, calcd: 461.1964, found: 461.1969. Ir (KBr): 3050, 3000: 2980. 2930. 2900,2850 (CH); 

2 2 0  (CN); 1590, 1580, 1570, 1550 (CC.,,,)cm~'. 

9-Elhoxy-7-phenyl-N-3-[l,3]pyrazina-2,3,4.4a,5,6-hexahydro-lH-pyrarino[l,2-~[1,6]naphthyridina~5,5,6-1r~carboniirils (4i): 

General procedure was fallowed, heating the reaction solution for 70 h; mediumpressure chromatography was performed by using 

CHzCl2 as eluent; yield: 0.050 g (50%); mp ,270 " ~ ( d e c o m p ) ( ~ t ~ ~ / a c e t o n e  1:l). 'H Nmr (CDC13, 250 MHz): 3.12. 3.24 (ZH, AB 

system, J = 16.0 Hr,H-6);3.22-3.40(2H, m, He,-1,2);3.41 ( lH,dd,  J = 13.2, 10.5Hz. H,-4);3.65 (lH,dd, J = 10.5, 3 6 H z .  H-4.9); 

4.69-4.89 (2H. rn. tie9-2,4);5.31 ( lH,  ddd, J = 13.2.36, 1.5 Hz, He,-1); 6.64 (1H.1, J 4 7  Hz, H, ,,,,, ,-5);6.39(2H, d,J =4.7Hz, 

HpyrarlnyId,6). '=c Nmr (CDCI,, 62.8 MHz): 33.8 (C-5); 34.1 (C-6): 43.2 (C-2.4); 45.1 (C-1); 57.1 (C-4a); 113.2, 115.3 (CN); 111.5, 

158.0, 161.1 (Cpy,,inyl). MS (DEI, 70 BV):  463 ( ~ ' i l ,  4); 462 (M', 16); 461 (Mt-1, 13); 460 (Mt-2. 40); 436 (10); 435 (33); 434 (14); 

397 (27): 367 (8); 353 (55); 106 (100). Ms-high resolution: C26H22NB0, calcd: 462.1917, found: 462.1902. lr (KBr): 3050, 2960, 2900, 

2660 (CH); 2220 (CN): 1580.1550 (CC,,,,) cm~' .  

u-1,4-Bis(5-formyl-pyridin-6-yl)plperazlne Derivatives (5a.b): 

A solution 01 2-chloro-5-~ano-6-~thoxy-3-lormyl-4-pheylpydie (1, 0.5 g, 1.75 mmol), piperaline or 2.5-dimethylpiperazine (0.875 

mmol) and E13N (0.27 ml, 1.45 mmol) in THF (50 ml) is refluxed for 30 min. Upon cooling, precipitated Et3NHCI is filtered, washed with 

THF (2 ml), and discarded. The solvent is removed under reduced pressure and the residue is purified by medium-pressure 

chromalcgraphy on a silica gel column (22 x 1.5 cm) 

~~1,4-Bis(3-cyano-2-ethoxy-5-formyl-4-phenylpyridln-6-yl)piperazine (5a): General procedure was fallowed: medium-pressure 

chromalcgraphy was pelformed by using CH2CI, as eiuent; yleld: 0.41 g (80%): mp ,270 "C (CH2CIz). 'H Nmr (CDCI3, 250 MHz): 1.47 

(6H, t, J = 7.1 Hz, OCH2Ckl; 3.90 (8H, s. NCHzl: 4.53 (411, q. J = O  Hz,OCHz): 7.44-7.54 (m, 10H ,,,, ); 9 3 8  (2H, s. CHO). l3c Nmr 

(CDCb, 62.6 MHz):14 2(OCHzCHd;48.9 (NCH2);63.9(0CH2); 67.0(CN);109.5~115.0, 159.1, 164.3, 165.5 (Colr,dyl); 126.6. 129.7, 130.4 

133.9 (Ca,,,); 186.2 (CHO). Ms (DEI, 70 eV): 597 (Mi+l, 1); 596 (Mt, 5); 566 (3); 364 (11); 336 (21); 316 (29); 306 (24); 294 (36); 267 

(24); 276 (26); 264 (26): 252 (30); 236 (27); 140 (24). Ms-high resolution: C34H30N604, cabd: 566.2329, found: 566.2316. lr (KBr): 

3060,3010,2960,2930,2870 (CH); 2220 (CN); 1665 (CO); 1565, 1565. 1515, 1490 (CC,,,,) cm'. 

U - 1 , 4 - B i s ( 3 - c y a n o - 2 - e t h o x y - 5 - f o r m y l - 4 - p h ~ i  (Sb): General procedure was followed; 

medium-pressure chromatography was performed by using CH2CI2 as eluent: yield: 0.38 g (71%); mp ,270 'C (CH2C12). 'H Nmr 

(CDCb.250MHz): 1.30i6H.d. J=6.6Hz,NCHCHd 147(6H,t .  J=7 .1  Hz,0CH2Ck);3.71-376(2H,m, NCH,,);410(2H,dd,J= 

14.0, 3.5 Hz, NCH.,): 4.45-4.59 (4H, m. OCH,); 4.60-4.75 (2H, m, NCHCH3); 7.30-7.40 (m, 2H .,,, ); 7.50-760 (m, 6H ,,,, ); 9.23 (ZH, 

s, CHO). Ms (DEI, 70 eV): 614 (Mt, 6); 335 (24); 334 (100); 320 (20); 308 (70); 306 (50); 294 (56); 276 (66); 195 (36); 140 (55). Ms- 
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high resolution: C3SH34N60d, calcd: 614.2643, found: 614.2653. lr (KBr): 3050, 3000, 2970, 2940, 2680 (CH); 2220 (CN); 1665 (CO); 

1580, 1560.1510 (CC,,) cm~' .  

U-1,4-Bis(5-(2,2-dicyanovinYl)pyridin-6-yl)piperazine Derivat ives (6a,b): 

Asolulion ofU-l,4-bis(5-formyl-pyridin-6-yl)piperaline derivative (5a or 5 b ,  0.42 mmol), malononitrile (0.11 g. 0.42 mmal), rr 

bufylamine (0.04 ml. 0.42 mmol) and NH40Ac (0.03 g. 0.42 rnrnol) in CHzCI2 (50 rnl) is refluxed for 1 h. Upon cooling, the solvent is 

removed under reduced pressure and the resuhing solid is purified by medium-pressure chromatography on a silica gel mlumn (15 x 

1.5 cm) using CH2CI2 as eluent. 

~ - 1 , 4 - B i s ( 3 ~ c y a n o - 5 - ( 2 , 2 - d i ~ y a n 0 ~ i n ~ l ) - 2 - e t h - 4 - p h l ~ i d i n - 6 - ~ l ) p i ~ e r a z i n e  @a): General procedure was followed; yield: 

0.289 (91%): mp ,270 'C (CH2CI2). 'H Nmr (CDCI3, 250 MHz): 1.45 (6H, 1, J = 7.1 Hz, 0CH2C&): 3.78 (8H. 6,  NCH2); 4.58 (4H, q, 

0CH2); 7.27-7.35 (m, 4H.,.,); 7.55-7.60 (8H. m, H,,,, and =CH). Nmr (CDCI3, 62.8 MHz): 14 0 (OCH2CH,); 47.0 (NCH,); 63.8 

(OCH2);78.8[C(CN)2]; 86.6 (PyCN); 103.4, 112.1, 158.2, 160.5. 162.7 (Cpyndyl): 128.8. 129.9. 133.6 (C ,,,,, ): 157.9 (=CH). Ms (DEI, 

70 sv): 682 (M', 32); 655 (5); 617 (100); 589 (12); 564 (12); 551 (15); 523 (7); 493 (4); 367 (14); 341 (17); 326 (13): 312 (17): 300 (36); 

262 (16); 248 (22). Ms-high resolution: C42H34N,a02, caicd: 682.2553, found: 682.2561. lr (KBr): 3060,3020, 2990, 2920, 2860 (CH): 

2220 (CN): 1570,1510. 1490 (CC.,m) cm-'. 

~ - l , 4 - B i s ( 3 c y a n o - 5 - ( 2 . 2 - d i ~ y a n 0 ~ i n y l ) - 2 - ~ , 5 - d i m e l h y l p i p e r a z i n e  (6b): General procedure was 

fallowed; yield: 0.22g (75%): mp ,270 "C (CH2CI2). 'H Nmi (CDCI,, 250 MHz): 1.42 (6H, d. J = 6.1 Hz. NCHCk) ;  1.46 (6H, 1, J = 7.1 

Hz, 0CH2Cb);  3.18 (2H, dd, J = 13.5, 6.3 Hz, NCH,); 3.53 (2H. br d, J = 13.5 Hz, NCHq); 4.44-4.60 (4H, m, 0CH2): 4.65-4.71 (2H. 

m, NCHCH3); 7.25-7.33 (m. 2H .,,, ): 7.52-7.67 (8H. m, 6H ,,,, and 2 =CH). 13c Nmr (CDCI,, 62.8 MHz): 14.2 (OCH2CH3): 18.1 

(NCHGH3); 51.7 (NCH2); 54.2 (NI;HCH3); 64.2 (OCH,); 80.9 E(CN)2]; 89.3 (PyCN); 103.9, 11 1.9. 159.4. 161.4. 103.6 (Cpyndyl); 113.6, 

114.1 [C(CN)d; 128.4, 129.3, 130.5, 133.3 (Cphenyl). MS (DEl, 70 eV): 711 (M++ 1, 14). 710 (M', 30); 382 (46); 356 (50); 329 (100): 

300 (46); 262 (59). Ms-high resolution: C42H3nN,002, calcd: 710.2867, found: 710.2672. l i  (KBr): 3050. 2975, 2930, 2660 (CH): 2220 

(CN): 1580.1560, 1520. 1490 (CC ,,,,) cml. 

5 ,13 -D ie thoXy -~ -8a ,16a -d ime lhy l -3 ,11 -d ipheny l - l , 2 , 8 ,8a ,10 ,16 .16a -oc tahydropyraz ino [ l , 2 -a :4 ,5~  

~']bis[l,8]naphthyridin-l,l ,4,9,9,12-hexacarbonit~ile (7): A soiul~on of ~-1 ,4 -b is (3 -cyano-5 - (2 .2 -d icyanov iny l ) -2 -  

e t h o x y - 4 - p h e n y l p y r i d i n - 6 - y l ) - ~ - 2 , 5 d i m h l p p i  (6, 0.1 g) in DMSO (5 ml) is heated a1 140 'C for unlil all starting material 

had disappeared as checked by llc. Upon cooling, reaction crude is poured into water (50 mi) and exlraned with ethyl acetate (2 x 10 

mi). The mmbined organic layers are dried over Na2SOa and the solvenl is removed under reduced piessure. The resulting solid is 

purlied by medium-pressure chromatography on a silica gel columo (12 x 1 cm) l o  obtain 0.08 g (80%) of 7 as mlorless solids. mp 

,270 'C (demmp) iCH2C12). 'H Nmr (CDCI, 250 MHz): 1.47 (3H. 1, J = 7.1 Hz, 0CH2C&); 1.57 (6H. 5 ,  NCCH3); 3.22 (4H, 5. H-2.10); 

4.07, 5.00 (2H. AB system, J = 14.2 Hz, H-8.16); 4.50 (2H, q, J = 7.1 Hz, OCH,); 7.21-7.24 (rn. 2H,y,idy,), 7.36-7.40 (m, 2HpYridyl): 

7.53-7.64 (m, 6Hpyridyl). '% Nmr (CDCI3, 62.8 MHz): 14.3 (OCH2CH3); 17.8 [C(CH3)]: 31.4 (C-2.10); 37.9 (C-1.9); 47.2 C-8,16); 59.3 

(C-8a.16.4; 63.8 (OCH2); 89.2 (CN): 100.3, 113.1, 152.6, 159.3. 163.8 (Cpy,,dyl); 113.2, 114.6 [C(CN)2]; 127.6. 126.1, 129.3, 129.7, 

130.0, 134.1 (Cphenyl)]. MS (DEi. 70 BV): 710 (MI, 21); 340 (13): 329 (100); 326 (25); 301 (30); 262 (42); 236 (24); 180 (35): 152 (36). 

Ms-high resolution: C42H31N1002, calcd: 710.2867. found: 710.2880. 1r (KBr): 3050, 3000, 2980, 2930, 2870 (CH): 2220 (CN); 1580. 

1565 (CC.,,) cm-'. 
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