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A FACILE AND ALTERNATIVE SYNTHESIS OF QUINOLINE NUCLEUS USING
THERMAL CYCLIZATION OF 2-AZRHEXATRIENE SYSTEM GENERATED FROM

2=-ALKENYL ACYLANILINE WITH POCl3 '
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Abstract The thermal cyclization of 2~alkenyl acylanilines
with POCl3 in toluene or xylene gave guinoline derivatives in

good yield via 2-azahexatriene system in situ.

Since many guinolines occur in natural sources and have valuable pharmacolegical
properties, much attention has been focused to the synthesis of substituted
quinoline.1 We have previously developed the synthesis of pyridine nucleus (2)
fused to hetercaromatics such as thienopyridine, y-carboline and f-carboline

2,3

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

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

mal cyclization of 2-azahexatriene system (4)Ib,c

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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system, we started from 2-nitrobenzaldehyde (6). Wittig reaction of 2-nitrobenz-
aldehyde {6a) or (6b) with methylenetriphenylphosphorane or ethylenetriphenyl-
phosphorane gave 2-nitrostyrenes {7a), (7b) and (7c; a mixture of cis/trans) (89%,
90% and 94%), respectively. Subsequent reduction of nitro group of {(7a), {7b) and
{7¢) with sodium hydrosulfite in aqueous methanol afforded anilines (8a), (8h)

and {8c), respectively, which were immediately treated with acetyl chloride or
benzoyl chloride in the presence of potassium carbonate to give 2-alkenyl acyl-
anilines {9a-e) (40-71%) as shown in Scheme 2. N-Diacetyl compound (10) was prep-~
ared by acetylation of aniline (8¢) with acetic anhydride and pyridine. Thermal
cyclization of 2-alkenyl acylanilines (9a-e) with phosphorus oxychloride in tolu-
ene or xylene provided expected quinolines ({(12b-e) in good yield as shown in
Scheme 3 and Table 1. The variation of yield by the difference of reaction temp-
erature between toluene and xylene was not observed. In the case of unsubstituted
anilide (Qai, this thermal cyclization seems to be more difficult than substituted
anilides having an electron donating group. In a similar way, N-diacetyl compound

{10} was also treated with POCl, in both solvents under reflux to give guinoline

3
{(12d} in good yield.

Recently, Kametani and coworkers1b'c have reported the electrocyclic reaction of
2-azahexatriene system derived from the Schiff's base of 2-amino-oa-methylstyrene
with aldehydes provided quinoline derivatives in 12-43% yield {except one case).

In contrast, our reaction seems to be an ionic reaction mechanism based on the

effect of substituent rather than a kind of the electrocyclic reaction from a point
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fable ]
2-Alkenyl vie1g®
Solvent Products
Acylaniline %)
%9a Toluene 12a 34
9b Toluene 12b 76
9k Xylene 12b 82
9c Toluene 12c 80
Sc Xylene 12c 82
94 Toluene 124 87
9d Xylene 124 80
9e Toluene 12e 88
9e Xylene 12e a0
10 Toluene t2d 88
10 Xylene 124 87

a) isclated yield.
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of the high yield. A reasconable mechanism for the formation of quinoline (12) may
involve a three step sequence as follows. The initial step forms the iminjum 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 cyclizaticn and subseguent elimination <¢f 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
Jor 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 guincline nucleus.

EXPERIMENTAL

Melting points were determined with a Yanagimoto micre melting point apparatus
and are uncorrected. IR spectra were measured with a Shimadzu IR-408 spectropho-
tometer. NMR spectra were taken with a JEQL PMX-60 spectrometer and mass spectra

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

RRARKRL RERLRANKRAREARRSYRERR R AR RE AT NALARREXERRR (], — A solution of n-

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 N, stream. After completion of ylide for-
mation (about 30 min), a solution of nitroaldehyde {6) (50 mmol) in anhydrous
THF (100 ml) was added to the sclution of ylide and the mixture was stirred at
room temperature overnight. The mixture was worked up with brine, and extracted
with CHCl3 (150 ml X 2). The organic layer was washed with brine, dried over an-
50

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

274
matography (silica gel, 150 g) using benzene/hexane {1:1) to give nitrostyrene

(7).

%RE%EEQEEXEEQ%N{ZQL: 89%, mp 11°C; bp 96°C/5 torr (Lit.4 mp 11°C).
4 B RAT RN R AR AR R LR RRE 4 Th),: 90%, mp B7-88°C (Erom BtOH) (Lit.> mp 87-88°C).

v BBT w~1: 1570, 1330 (NO,)) . TH-NMR (CDCL,, &): 3.87(3H, s), 3.92(3H, s), 5.37

mnax i

— 1886 —




HETEROCYCLES, Vol 26, No. 7, 1987

(1, 4, J=98z), 5.53(1H, d, J=15Hz}, 6.85(1H, s); 7.18(1H, d4d, J=15 and 9Hz).
MS: m/z 209(M*). Anal. Calecd for C,oH {NO4: C, 57.41; H, 5.30; N, 6.70. Found: C,

57.45; H, 5.32; N, 6.66.

RRTRARRIRRKATRATAL TRERRERY LARI QRN RRRA AR s 948, mp 118-119.5°C (from EtOH) as

yellow needles. v ROf cm™': 1570, 1330 (NO,). ' 3¢ 8): 1.92(3H, A4, J=6

max H-NMR (CDCl

and 2Hz), 3.88(3H, s), 3.93(3H, s}, 5.80~6.36 (2H, m), 6.87 (1H, &), 7.47 (14, &).
MS: m/z 223(M%). Anal. Caled for CyqH 3NO4t €, 59.18; H, 5.87; N, 6.28. Found: C,
59.28; H, 5.80; N, 6.35.

RRRRERLRERRRANERAERT ERRRARERRR AR RE AT ARREL ReYAARLLIRR A {R), — A solution
of Na25204 {70 mmol) in Hy0 {50 ml) was added to a solution of nitro compound (7)

in MeCH (50 ml) at room temperature., After 30 min, the sclvent was removed under
reduced pressure. The residue was washed several times with CHCl3 containing MeOH

{5%) and filtered. The filtrate was dried over anhydrous Na SO4 and concentrated

2

to give crude aniline (8}, which was used to the next reaction. A solution of
excess acetyl chloride (20-30 mmol) or benzoyl chloride (15 mmol) in CHCl3 {5-10

nl) was added to a solution of crude aniline (8} in CHCl., (15-20 ml) in the pre-

3

sence of K2CO3 {20~30 mmol). The solution was stirred at room temperature for 2 h,
which was washed with dilute HCl, agueous KHCO3 (saturated and brine. The CI-ICl3
solution was concentrated and the residue was purified by column chromatography

(silica gel, 20-30 g) using benzene/CHCl3 (1:1) to give anilide (9).

FVARARRRERRALLAR,AZRL: 408, mp 94-95°C (Lit.” 94.5°0),
KBr -1

ARARARRERRANAATNARYLRRRAARAAARR AR+ €4%, mp 174-176°C (from ELOH). v .. om
1640 (amide). 'H-NMR (CDCl,, S): 2.18(3H, s), 3.87(6H, s}, 5.27(1H, &, J=10Hz),
5.53(1H, d, J=18Hz), 6.50-7.47(3H, m). MS: m/z 221(M"). Anal. Calcd for C,,H,.NO,:

C, 65.14; H, 6.83; N, 6.33. Found: C, 65.20; H, 6.79; N, 6.43.

A RRRARRERRRN TR AL TRERRRRY L RRREARALAAR ARg) s 60%, mp 130-130.5°C (from CHCl,/

Et,0). v “of cn”': 1640 (amide). 'H-NMR (CDCly, 6): 1.82(3H, d, J=6Hz), 2.17 (3H,

max
s), 3.82(6H, s), 5.77-6.27(1H, m), 6.80(1H, s), 7.23(1H, s}, 7.45-7.80(1H, m).

MS: m/z 235{M"). Anal. Calcd for C..H, NO.: C, 66.36; H, 7.28; N, 5.95. Found: C,

13717773
66.30; H, 7.33; N, 5.90.
. . s KBr
AR RARSERRAN RN ARYAbeRZARAL SR 494L s 718, mp 177-179°C (from benzene). v oo
em™': 1640 (amide). 'H-NMR (CDC1,, 6): 2.83(6K, 5), 6.64-6.87(2H, m), 7.13-7.83
(8, m). MS: m/z 283(M"). Anal. Calcd for C,,H4NOy: C, 72.06; H, 6.05; N, 4.94.

Found: C, 72.05; H, 6.15; N, 5.02,
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ARRimekhoxy- 2= (1proreRyl beneanilide, (2g): 65%, mp 174-176°C (from benzene).

v BB on='. 1630 (amide). 'H-NMR (CDCl,, 6): 1.90(3H, d, J=6Hz), 3.87(6H, s),

max
5.97-6.32(2H, m), 6.82(1H, s), 7.40-7.90(6H, m). MS: m/z 297(M"). Anal, calcd for

C1BH19ND3: c, 72.70; H, 6.44; N, 4.71, Found: C, 72.50; H, 6.51; N, 4.66.

ArRARRERRRY SRR LA RERRRRY L AR Nrddagriytaniting {19), —— A solution of Na,sS,0,
{(12.2 g, 70 mmol) in HZO (50 ml) was added to a solution of nitrostyrene {7c)

{2.23 g, 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 CHCl3 containing MeOH (5%) and filtered. The filtrate was
dried and concentrated to give the crude aniline (8¢) (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 EtOAcC,
which was washed with diluted HC1l and brine. The organic layer was dried over an-
hydrous NaZSO4 and concentrated. The residue was purified by column chromatogra-

phy (silica gel, 20 g} with benzene/CHCl3 (1:1) to give diacetyl compound (10)

KBr

(1.52 g, 55% from 7c), mp 114.5-115.5°C as coclorless prisms (from Etzo). YV max

1 1

cm ': 1700 {amide). H-NMR (CDC1 §): 2.80-2.98(3H, m), 2.25(6H, s}, 3.82 (3H, s),

3’
3.88£3H, s), 6.00-6.20{2H, m), 6.47(1H, s}, 6.95(1H, s). MS: m/z 277(M+). Anal.

Caled for C gH,oNO,: C, 64.96; H, 6.91; N, 5.05. Found: C, 65.10; H, 6.99; N, 5.07.

fRasrRl RARseint e fRR . the Runkheris. oL Quingling, {12), —— A mixture of 2-alke-
nyl acylaniline (9) (10 mmol) and POCl3 {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 agueous ammonia and then extracted with CHCl,. The CHCl; layer was
washed with brine, dried over anhydrous Na,80, and concentrated., The residue was
purified by column chromatography {silica gel, 10 g) using benzene/CHCl3 {1:1) to
give quinoline (12). The synthesis of guinoline (12d) was done by a similar method

as described above. Yields were listed in Table 1.

ZxMekhylguinoline (124) was identical with an authentic sample.
BaT7RARRERRAY R ARR AR ASRARRLARR, (RRL s mp 103°C (Lit.” 103°C).
BaTmRARS RO R RRRRATHARREARR ARRL: mp 133-134°C (Lie.” 130.57C).
LT RARSERRRY 7R A NS LRy Lt iR, {184) : mp 111-113°C (Lit.’ 112°C).

. o . 1
£ ARANRARRRN R ATRR ERY AR AT RIRRY AIRARREIRR L A1ZRY, s mp 151-1527C -(from Et,0). "H-NMR
(CDC13, 8§Y: 2,40(3H, s), 2.97(6H, s}, 6.93-7.77(8H, m}. MS: m/z 2?9(M+}. Anal.
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Calecd for C18H17N02: c, 77.39; H, 6.13; N, 5.0%. Found: C, 77.28; H, 7.25; N, 5.13.

ACKNOWLEDGEMENT
We thank Prof., K. Sato for the useful discussion and Miss N, Kojiri for the tech-

nical assistance in our group.

REFERENCES AND NOTES

1. a} P. A. Claret and A. G. Osborne, "The Chemistry of Heterocyclic Compounds",
Vol 32, part 2, ed. by G. Jones, John Wiley & Sons, Inc., 1982, p 1.
b) T. Kametani, H. Takeda, Y. Suzuki, H. Kasai, and T. Honda, Heterocycles,
24, 3385 (1986).
c) T. Kametani, Y. Suzuki, H. Takeda, H. Kasai, K. Yamazaki, N. Takeda, and

T. Honda, Yakugaku Zasshi, 107, 107 (1987).

2, a) 8. Hibino, S. Kano, N, Mochizuki, and E. Sugino, J. Org. Chem., 42, 5006
(1984).
b} S. Hibino, E. Sugino, T. Yamochi, M. Kuwata, H. Hashimotoc, K. Sato, F

Amanuma, and Y. Karasawa, Chem. Pharm. Bull., in press.

3. 1-Azahexatriene system generated from imino-benzocyclaobutene had been uti-
lized to the synthesis of natural product. See Review: T. Kametani and K.
Fukumoto, Heterocycles, 3. 29 {1975).

4. F. BShm, Z. Phisiol. Chem., 260, 1 (1939).

5. J. F. Pajos, Ger. offen., 2710417(C1l. GO3C 1/68) (1977).

6. S. Sabetay, J. Blé&der, and M. Y. de Lestrange, Bull. 5oc¢. Chim. Fr., 49, 3

(1931).

7. a) A. Rilliet, Helv. Chim. Acta, 5, 547 ({1922).

b) K. V. Rao, J. Heterocyclic Chem., 12, 725 (1975).

This paper is dedicated to Prof., Tetsuji Kametani, President of Hoshi University

(Emeritus Prof. of Tohoku University) on the occasion of his 70th birthday.

Received, 16th March, 1987

— 1889 —




