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Abstract-The thermal cyclization of 2-alkenyl acylanilines 

with POC13 in toluene or xylene gave quinoline derivatives in 

good yield via 2-azahexatriene system in situ. 

Since many quinolines occur in natural sources and have valuable pharmacological 

properties, much attention has been focused to the synthesis of substituted 

quinoline.' We have previously developed the synthesis of pyridine nucleus (2) 

fused to heteroaromatics such as thienopyridine, y-carboline and 5-carboline 

based on the thermal cyclization of 1-azahexatriene system (1)2'3 as shown in 

Scheme 1. In this paper, we aimed to synthesize the quinoline nucleus using ther- 

mal cyclization of 2-azahexatriene system (4) Ibrc derived from 2-alkenyl acyl- 

anilines (5) in retro synthetic pathway and found that this reaction proceeds 

smoothly in good yield. 

For the synthesis of 2-alkenyl acylaniline (9) as a precursor of 2-azahexatriene 
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of the high yield. A reasonable mechanism for the formation of quinoline (12) may 

involve a three step sequence as follows. The initial step forms the iminium salt 

(11) or the N-acyliminium salt (13) that is 2-azahexatriene system. This is foll- 

owed by intramolecular cyclization promoted with the methoxy group to form the 

dihydro compound. Finally, the aromatization proceeds smoothly along with an eli- 

mination of hydrogen chloride based on the effect of the methoxy group to give 

quinoline (12). Namely, this reaction suggests that the methoxy group will play 

an important part in this cyclization and subsequent elimination of chlorine atom 

for the aromatization. This reaction also demonstrates that both of the cycliza- 

tion and the aromatization have not been restricted by the geometry of alkene and 

/or iminium salt. 

Thus, we found that the thermal cyclization of 2-azahexatriene system generated 

from 2-alkenyl acylaniline with POC13 under the reflux condition of toluene or 

xylene is effective to the synthesis of substituted quinoline nucleus. 

EXPERIMENTAL 

Meltlng points were determined with a Yanagimoto micro melting point apparatus 

and are uncorrected. IR spectra were measured with a Shimadzu IR-408 spectropho- 

tometer. NMR spectra were taken with a JEOL PMX-60 spectrometer and mass spectra 

were recorded on a Shimadzu GC-MS 6020 mass spectrometer. 

E % R % ~ Q ~ % X G % % G ~ & ~ % ~ ? ~ % ~ ~ % % X X R ~ ~ E Z & Z % ? Z % Z G E & ~ ~ ~ Z ~ X ~ E R E % A I L  - A solution of 5- 
BuLi (1.65 M solution in hexane, 51 mmol) was added to an ice-cooled solution of 

methyl triphenylphosphonium bromide or ethyl triphenylphosphonium bromide (51 

mmol) in anhydrous THF (70 ml) under a N2 stream. After completion of ylide for- 

mation (about 30 min), a solution of nitroaldehyde (6) (50 -01) in anhydrous 

THF (100 ml) was added to the solution of ylide and the mixture was stirred at 

room temperature overnight. The mixture was worked up with brine, and extracted 

with CHC13 (150 ml X 2). The organic layer was washed with brine, dried over an- 

hydrous Na2S04 and evaporated in vacuo. The residue was purified by column chro- 

matography (silica gel, 150 g) using benzene/hexane (1:l) to give nitrostyrene 

(7). 

89%. mp 11'C; bp 96"C/5 torr  it.^ mp ll°C). 
: 90%. mp 87-88'C (from EtOH)  it.^ mp 87-8EDC). 
u KBr cm-': 1570, 1330 (NO2). 'H-NMR (CDC13, 8 ) :  3.87(3H, s), 3.92(38, s ) ,  5.37 max 
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(lH, d, J=9Hzl, 5.53(1H, d, J=15Hz), 6.85(1H, 51; 7.18(1H, dd, J=15 and 9Hz). 

MS: m/z 209(Mt). m. Calcd for ClOHl1NO4: C, 57.41; H, 5.30; N, 6.70. Found: C, 
57.45; H, 5.32; N, 6.66. 

~ $ ~ G Q & ~ C % & ~ Q E X ; ; Z ; ~ A . ~ G ~ ~ ~ ~ R ~ L R & & Q Q ~ R ~ ~ R ~ % A ~ ~ E ~ :  94%. mp 1 18-1 19.5'~ (from E~OH) as 

yellow needles. v KBr cm-': 1570, 1330 (NO2) 'H-NMR (CDC13, 6) : 1.92 (38, dd, 5.6 max 

and 2Hz), 3.88(38, s ) ,  3.93(3R, s ) ,  5.80-6.36(28, m), 6.87(1H, s), 7.47118, s). 

MS: m/z 223(Mt). Anal. Calcd for Cl1Hl3NO4: C, 59.18; H, 5.87; N, 6.28. Found: C, 

59.28; H, 5.80; N, 6.35. 

G % R ~ ~ ~ ~ % X ~ Q E E $ ~ ~ ~ % & Q ~ % & Q ~ ~ % X R ~ ~ ~ R & R % Q & % Z C & & % Q X ~ % ~ E X ~ ~ Q & ~ & R E % A ~ . ~  - A solution 

of Na2S204 (70 mmol) in H20 ( 5 0  ml) was added to a solution of nitro compound (7) 

in MeOH (50 ml) at room temperature. After 30 min, the solvent was removed under 

reduced pressure. The residue was washed several times with CHC13 containing MeOH 

(5%) and filtered. The filtrate was dried over anhydrous Na2S04 and concentrated 

to give crude aniline (a), which was used to the next reaction. A solution of 

excess acetyl chloride (20-30 mmol) or benzoyl chloride (15 moll in CHC13 (5-10 

ml) was added to a solution of crude aniline (8) in CHC13 115-20 ml) in the pre- 

sence of K2C03 (20-30 mmol). The solution was stirred at room temperature for 2 h, 

which was washed with dilute HC1, aqueous KHC03 (saturated and brine. The CHC13 

solution was concentrated and the residue was purified by column chromatography 

(silica gel, 20-30 g )  using benzene/CHC13 (1:l) to give anilide (9). 

Z ; ; X & Q ~ & ~ C ~ & ~ Q & & $ E ~ A ~ ~ L :  40%. mp 94-95'C  it.^ 94.S°C). 
KBr cm-l, 2 Q & & x & x k e ~ e & k e d 2 Q L  : 64%' mp 174-1 76-2 (from EtOH) . v max 

1640 (amide). 'H-NMR (CDC13, 6): 2.18(3H, s), 3.87(68, s ) ,  5.2711H, d, J=lOHz), 

5.53(18, d, J=18Hz), 6.50-7.47(3H, m). MS: m/z 221 (MI). Anal. Calcd for C12H,5N04: 
C, 65.14; H, 6.83; N, 6.33. Found: C, 65.20; H, 6.79; N, 6.43. 

4~2~Q&rcekkwx~z~.Oa;ie6~e~~&.1e~%&e~.t&&$e~A2~.1: 60%r mp 130-130.50C CHC13/ 
KBr -1 Et20). v max cm : 1'640 (amidel. 'H-NMR (CDC13, 6 )  : 1.82 138, d, J=6Hz), 2.17 (3H. 

s ) ,  3.82(6H, s ) ,  5.77-6.27(1H, m), 6.80(1H, s ) ,  7.23(1H, 5 ) .  7..45-7.80118. m). 

MS: mlz 235(~+). s. Calcd for C13H17N03: C, 66.36; H, 7.28; N, 5.95. Found: C, 

66.30; H, 7.33; N, 5.90. 

KBr 
Q & & R & $ L  71 %, mp 77-1 790C tfrom . 

- 1 cm : 1640 (amide). 'H-NMR (CDC13, 6): 2.83(6H, s ) ,  6.64-6.87(2H, m), 7.13-7.83 

I8H, m). MS: m/z 283(~'). m. Calcd for C17H17N03: C, 72.06; H, 6.05; N, 4.94. 
Found: C, 72.05; H, 6.15; N, 5.02. 



k k : £ e e x L e Q k & e % e L  65%r mp 1 7 4-1 76OC ( f ram benzene) . 
KBr - max cm l: 1630 (amide). 'H-NMR (CDC13, 6 ) :  1.90(3H, d, J=6Hz), 3.87(6H, s ) ,  

5.97-6.32 (ZH, m) , 6.82 (lH, s), 7.40-7.90(6H, m). MS: m/z 297(MC). w. Calcd for 
Cl8HqgNO3: C, 72.70; H, 6.44; N, 4.71. Found: C. 72.50; H, 6.51; N, 4.66. 

%~~;R&~!E&~~~X<&:.OL:~%REQX~L:X<K;$&R~EU~RQ&~&Q~~~Q~ - A solution of Na2S204 

(12.2 g, 70 mmol) in H20 (50 ml) was added to a solution of nitrostyrene (7c) 

(2.23 9, 10 mmol) in MeOH (50 ml) at room temperature. After being stirred for 30 

min, the solvent was removed under reduced pressure. The residue was washed 

Several times with CHC13 containing MeOH (5%) and filtered. The filtrate was 

dried and concentrated to give the crude aniline (8cl (1.2 g). Then, a solution 

of 8c. AcZO (10 ml) andpyridine (10 ml) was refluxed overnight. Excess Ac20 and 

pyridine were removed under reduced pressure. The residue was dissolved in EtOAc, 

which was washed with diluted HC1 and brine. The organic layer was dried over an- 

hydrous Na2S04 and concentrated. The residue was purified by column chromatogra- 

phy (silica gel, 20 g) with benzene/CHC13 (1:lI to give diacetyl compound (10) 

(1.52 g, 55% from 7c), mp 114.5-115.5"C as colorless prisms (from Et20). v ::: 
cm-': 1700 (aide). 'H-NMR (CDC13, 6): 2.80-2.98(3H, m), 2.25(68, s ) ,  3.82 (3H. s) ,  

3.88E3H, s ) ,  6.00-6.20(2H, m), 6.47(1H, s ) ,  6.95(1H, sl. MS: m/z 277(Mf). Anal. 

Calcd for Cl5HlgNO4: C, 64.96; H, 6.91; N, 5.05. Found: C, 65.10; H, 6.99; N, 5.01. 

& Q E ~ % ~ % % ~ ~ E E G ~ ~ ~ % & R ~ % % E % % X Q & ~ E S ~ % % ~ & % Q ~ & Q Q ~ & Q E % ~ A ~ ~  - A mixture of 2-alke- 

nyl acylaniline (9) (10 mmol) and POC13 (1 ml) in toluene (5 ml) or xylene (5 ml) 

was refluxed for 3'-4 h. After removal of solvent and excess POC13, the residue was 

basified with aqueous ammonia and then extracted with CHC13. The CHC13 layer was 

washed with brine, dried over anhydrous Na2S04 and concentrated. The residue was 

purified by column chromatography (silica gel, 10 g) using benzene/CHC13 (1:l) to 

give quinoline (12). The synthesis of quinoline (12d) was done by a simllar method 

as described above. Yields were listed in Table 1. 

;E;p&&&&Q&&~e&&k was identical with an authentic sample. 

kd:Rkcee&ke~x:2;9!%kxkrgQ~e&%%.OL%L: m~ 1 03'C (Lit. 1 03'C) . 
k4~~&9!e&Nqx~&~kewkg8&~&&~~?r.0.1.2ck: mp 133-1 34'C (Lit. 130. 5'C) . 
d e x & x k & k & Q d $ k  : 1 1 1-1 1 3 (Lit. 2oC) . 
kd;R&4!%&ZX;2;9!e&&k:~;R&QXkrgX&QQk&QE'L,.O.1&EL: mp 51-1 52'C -(from Et20) . H-NMR 

( C D C ~ ~ ,  6): 2.40138. s )  , 2.97(6H, s ) ,  6.93-7.77(8H, m). MS: m/z 279(M+). w. 
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Calcd for C18H17N02: C, 77.39; H, 6.13; N, 5.01. Found: C, 77.28; H, 7.25; N, 5.13. 
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