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Friedlidnder synthesis of quinolines has been used exten-
sively for the synthesis of a variety of quinoline derivatives
due to the versatility and its simplicity of the reaction.'*
Friedlinder synthesis required the use of aniline derivatives
with carbony! substituent at the ortho position. However, the
requisite starting materials were hardly accessible.™ Fried-
lander synthesis of quinolines is schematically represented
as in Scheme 1.

During the investigation regarding enaminone chemistry
including iodination of enaminones™ and synthesis of
vinamidinium salts,*™ and regarding the synthesis of quino-
line derivatives from Baylis-Hillman adducts,” we reasoned
that we could prepare quinoline derivatives from the easily
available A-phenyl cyclic enaminones’ by following the
Scheme 2. Acylation of enaminone at the a-position with
carboxylic acid anhvdride under appropriate conditions®
followed by intramolecular Friedel-Crafts type reaction and
dehydration could afford the desired quinoline denvatives
(Scheme 2).

Based on the literature survey,® we reasoned that acylation
of enaminone 1 at the a-position could be carmed out easily

and the following Friedel-Crafts type reaction and dehy-
dration might occur simultaneously under suitable condi-
tions in one-pot. ‘Thus, we examined various reaction
conditions, and finallv found an effective reaction conditions
for the one-pot conversion of A-pheny] cyclic enaminones 1
into quinolines 2.

The reaction of enaminone la and acetic anhydride (5
equiv.) in polyphosphoric acid (PPA) afforded the desired
quinoline 2a at 60-70 °C for 5 h in good vield (79%). When
we used other carboxylic acid anhydride, the corresponding
quinolines, 2b-d, were obtained similarly in moderate yields
(57-64%) as shown in lable 1. The reaction mechanism can
be proposed as shown in Scheme 2: acylation at the o
position of enaminones, cyclization, and the following
dehydration. The whole reactions occurred successively in
one-pot effectively and gave excellent yields of the corre-
sponding quinoline derivatives.

The reaction of enaminone 1b and four carboxylic acid
anhydrides afforded the corresponding quinolines 2e-h
similarly in high vields (63-87%). The enaminone 1¢. which
was made from 6-chloro-1,3-dimethyluracil,” gave 2i in
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Table 1. Synthesis of Quinolines 2a-i
Entry Ensminoncs 1 Conditions Quinolins 2 (% yicld)
0 O CH,
(CH;C0),0 (5 equiv.) ~ | N a9
1 " Ph B o a(79)
. PA, 60-70 °C, 5 h H X P
H N H N
|l| 1a
O CH,CHs
” . {CH,CH,C0),0 (2 equiv.) ~
a PPA, 70-80°C, 2 h H | 2b (63)
H N
O CH,CH,CH,
3 1a (CHsCHZCH2C0)2O (2 eqUiV.) =
PPA, 70-80°C, 2 h H o | 2c (64)
H N
O Ph
A 1 {(PhCO),0 (2 equiv.) =
a PPA, 70-80 °C, 3 h H | 2d (57)
H N
o} O  CHg
. =
{CH3C0);0 (5 equiv.) | 2e (87
5 HaC _Ph PPA. 80-90 °C, 6 h HaC N ®7)
|‘f3C ’}l 1b SC N
H O  CH,CHs
5 b (CH3CH,C0),0 (3 equiv.} =
PPA, 80-90°C, 5 h G | 2 (86)
H,C
O CH,CH,CH;
; b (CH3CH,CH,CO1,0 (3 equiv.) =
PPA, 80-90 °C, 3 h e | 2g (87)
HyC N
O Ph
g 15 (PhCO),0 (3 equiv.) =
PPA, 80-90°C, 4 h HaC - 2h (63)
HiC N
o) O CHs,
HsC. )i HsC.
N {CH,CO0),0 {4 equiv.) N™ .
9 | 2 | 2i (55)
_Ph PPA, 80-90°C, 4 h X
O)\N N 80-90 °C O//l\l}l N
CH3 H 1¢ CHS

55% yield. Unfortunately, the reaction of 1a and trifluoro-
acetic anhydride failed completely under the same reaction
conditions.

[n summary, we disclosed the facile synthesis of various
quinolines from the easily available enammones and
carboxylic acid anhydrides in PPA in onc-pot. Currently, the
studies on the oxidation of 2a-d toward acnidine derivatives
are underway.

Experimental Section

Typical procedure for the synthesis of 2a: To a solution
of enaminone la (120 mg, 0.64 mmol) in PPA (2-3 g) was

added acetic anhydride (328 mg, 3.21 mmol) and heated to
60-70 °C for 5 h. After cooling to room temperature., the
reaction mixture was pourcd into cold walcr, extracied with
ethyl acetate, washed successively with NaHCO; solution,
dried with MgSOz, removal of solvent, and column chromato-
graphic purification (hexanesTOAc, 2 1) aflorded the
desired compound 2a as a yellow solid, 106 mg (79%). The
spectroscopic data of prepared compounds are as follows.
2a: 79%, yellow solid, mp 35-57 °C; IR (KBr) 1682, 1562
em™: "H NMR (CDCls) 62.21 (quintet, ./ = 6.6 Hz, 2H).
2.81 (t,J = 6.6 Hz. 2H). 3.04 (s. 3H). 3.27 (t../ = 6.6 Hz.
2H), 7.56 (../ — 7.8 Hz, IH), 7.77 {t,./ — 7.8 Hz, IH), 8.00
(d,./ = 7.8 Hz. 1H), 8.20 (d. ./ = 7.8 Hz, 1H); ““C NMR



Notes

(CDClL:) & 16.26. 21.55. 35.01. 41.31, 125.62. 125.69.
126.56. 127.93, 129.40. 131.7]1. 148.17, 150.16. 162.34.
200.85: Mass (70 eV) m:z (rel. intensity) [54 (29). 183
(100). 211 (M*. 43).

2b: 63%, vellow oil; IR (KBr) 1682, 1562 cm™: 'H NMR
(CDCl:) 61.38 (t..J=7.5 Hz. 3H), 2.20 (quintet. .J = 6.6 Hz.
2H), 2.80 (t. /= 6.6 Hz. 2H), 3.27 (t. / = 6.6 Hz. 2H), 3.52
(q./=75Hz, 2H). 755 (t,J=78Hz, |H), 775 (t. /=78
Hz, 1H). 8.01 (d,.J =84 Hz, 1H). 8.18 (d. /=84 Hz. IH):
“C NMR (CDCly) & 15.27, 21.42, 22.39, 34.97. 4131
124.57. 12537, 126.53. 126.80. 129.45, [31.53. 14844
155.68. 162.47, 200.15.

2¢: 64%. vellow oil; IR (KBr) 1682. 1562 cm™; 'H NMR
(CDClLy) 6 1.16 (t, J = 7.5 Hz, 3H). L.73 (m. 2H). 2.20
(quintet,.J = 6.6 Hz. 2H). 2.80 (t,./ = 6.6 Hz. 2H). 3.28 (t,.J =
6.6 Hz. 2H). 3.47 (t,/=7.8 Hz. 2H). 7.56 (t,/=7.8 Hz. | H).
7.76 (t.J=78Hz, |H).8.0l (d. /=84 Hz, |H).8.18(d,.J=
8.4 Hz. IH): °C NMR (CDCls) §14.98, 21.50. 24.72, 31.10.
3512, 4144, 124.80. 125.62. 126.54, 127.20. 12951,
131.62. 148.52, 154.45. 162.56, 200.36.

2d: 57%. vellow solid, mp 156-158 °C (lit. """ mp
156 °C); IR (KBr) 1685, 1554 cm™; Mass (70 eV) m:z (rel.
intensity) 136 (34). 189 (33). 216 (51), 244 (85), 273 (M".
100).

Typical procedure for the synthesis of 2e: To a solution
of enammone 1b (180 mg. 0.84 mmol) in PPA (2-3 g) was
added acetic anhvdride (427 mg. 4.18 mmol) and heated to
80-90 °C for 6 h. After cooling to room temperature. the
reaction mixture was poured into cold water. extracted with
ethy] acetate. washed successively with NaHCO: solution.
dried with MgSO.. removal of solvent. and column
chromatographic purification (hexanes/EtOAc, 4 : 1) afford-
ed the desired compound 2e as a white solid, 174 mg (87%).
The spectroscopic data of prepared compounds are as
follows.

2e; 87%. white solid. mp 105-107 °C; IR (KBr) 1678.
1558 em™: '"H NMR (CDCl5) & 1.14 (s, 6H). 2.67 (s. 2H).
307(s.3H).3.18(s.2H). 7537 (t.J=78Hz IH). 7.77 (t. J
=78 Hz. 1H). 800 (d. /=78 Hz. 1H). 822 (d. /=78 Hz.
1H): *C NMR (CDCls) & 16.16, 28 51. 32.31. 48.82, 55.08.
12438, 123.73. 12657, 12786, 12944 131.63. 14833,
149.86. 161.30. 200.87. Mass (70 eV) m.z (rel. intensity)
154 (43). 183 (100). 211 (51). 239 (M*, 45).

2f: 86%. white solid, mp 114-115°C; IR (KBr) 1685, 1558
em™'; 'H NMR (CDCly) & 1.14 (s, 6H). 1.38 (t..J = 7.5 Hz.
3H), 2.67 (s, 2H). 3.18 (s. 2H), 3.57 (q..J = 7.5 Hz, 2H). 7.57
(t.J=7353Hz 1H). 776 (. J/=78 Hz. IH). 802 (d. /=73
Hz. 1H). 821 (d. J = 7.8 Hz. 1H). '°C NMR (CDCly) &
1536, 22.34, 28.55, 3227, 48.96, 55.17, 123.47. 125.56.
126.68. 126.89, 129.64. 131.6]1. 14895, 155.61. 161.59.
200.34.

2g: 87%. white solid. mp 83-85 °C: IR (KBr) 1674. 1562
em™'; 'H NMR (CDCly) & 1.14 (s, 6H). 1.16 (t..J = 7.2 Hz.
3H), 1.66-1.78 (m. 2H), 2.66 (s, 2ZH). 3.18 (s. 2H), 3.49-3.54
(m. 2H). 7.36 (t. /=78 Hz, 1H). 7.76 (t. J = 8.1 Hz. lH).
8.01 (d.J =78 Hz. 1H). 8.19 (d. /= 8.1 Hz. 1H): °C NMR
(CDCl3) 6 14.97. 24.74, 28.51. 30.89. 32.21, 48.92, 55.18.
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123.58, 125.67. 126.58. 127.16, 129.53, 131.59. 148.86,
154.27, 161.54. 200.39.

2h: 63%. white solid, mp 195-197 °C (lit.***" mp 195 °C):
IR (KBr) 1685, 1558 em™; "H NMR (CDCl3) §1.16 (s. 6H),
2.57 (s. 2H), 3.28 (s. 2H), 7.15-7.20 (m, 2H), 7.38-7.54 (m,
SH). 7.76 (t.J = 84 Hz. 1H). 8.06 (d. J = 8.4 Hz. 1H); *C
NMR (CDCl;) §28.56, 32.47, 48.63. 54.45. 122.94, 126.66,
127.65, 127.75. 128.27. 12834, 12848, 128.74. 131.87,
137.82, 149.24. 151.25, 161.38, 198.19. Mass (70 eV) m:z
(rel. intensity) 217 (47). 245 (55). 272 (59). 301 (M*. 100).

Typical procedure for the synthesis of 2i: To a solution
of enammone 1c¢ (80 mg, 0.34 mmol) m PPA (2 g) was
added acetic anhvdride (141 mg, 1.38 mmol) and heated to
80-90 °C for 4 h. After cooling to room temperature, the
reaction mixture was poured into cold water. extracted with
ethyl acetate, washed successively with NaHCO; solution,
dried with MgSOs, removal of solvent. and column
chromatograpluc purification (hexanes/CH:Cl;. 1 : 6) afforded
the desired compound 2i as a white solid, 48 mg (53%). The
spectroscopic data of prepared compound are as follows.

2i: 55%. white solid. mp 231-233 °C; IR (KBr) 1703,
1666. 1577 cm™; '"H NMR (CDCls) &3.24 (s. 3H), 3.48 (s,
3H). 3.79 (s. 3H). 750 (t, J= 75 Hz, IH), 7.77 (. J = 7.5
Hz. 1H), 792 (d. /= 8.1 Hz. I1H), 8.16 (d. /= 8.1 Hz, |H):
3C NMR (CDCl;) & 16.32, 28.70. 30.19. 108.94, 125 40.
125,57, 125.58. 128.95. 132.64, 148.35, 148.81. 15153,
154.08, 162.53. Mass (70 eV) m:z (rel. mtensity) 143 (100).
226 (84), 240 934). 255 (M", 89).

Acknowledgments. This work was supported by Korea
Research Foundaton Grant (KRF-2002-015-CP0215).
Spectroscopic data was obtamned from the Korea Basic
Science Institute. Gwangju branch.

References and Notes

L. For the reviews of Friedlander svnthesis. see (a) Thummel. R, P,
Swarlerr 1992. 1. (b) Cheng. C.-C.. Yan. S.-T. Org. React. 1982, 28.
a7

. For the typical Frniedlander svnthesis of quinolines and related
compounds, see (a) Gladiali. S.; Chelucel. G: Mudadu, M. §.;
Gastaut, M.-A: Thummel. R. P.J. Org Chiene. 2001, 66. 400. (b)
Palimkar. S. S.. Siddiqui. S. A. Daniel. T. Lahoti. R. J.
Srinivasan. K. V. J Org. Chem. 2003. 65. 9371. (¢) Patteux. C..
Levacher. V. Dupas. G Org Len. 2003. 3. 3061, (d)
MecNaughton, B. R.: Miller, B. L. Org. Lerr. 2003, 5. 4237 (e)
Kim. J. L.; Kim. J. K:: Cho, H. N.: Kim. D. Y.: Kim_ C. Y., Hong.
S. 1. Macromolecules 2000. 33, 3880. (f) Arcadh. A, Chiarini, M.
Giuseppe. S. D.. Marinelli. F. Sinferr 2003, 203, (g) Fehnel. E. A,
J. Heteroevelic Chem. 1967, 4. 365, (h) Delfourne. E.. Darro. .
Portetaix. P Galaup. C.: Bavssade. S.. Bouteille. A Corre. L. L.
Bastide, J.. Collignon. F.; Lesur, B Frvdman, A, Kiss, R. J A fed
Chent. 2002. 43, 3763, (1) Hsiao. Y., Rivera. N. R.: Yasuda, N..
Hughes. D. L.. Reider, P. J. Org Lerr. 2001. 3, 1101. (j) Dormer, P.
G.. Eng. K. K.: Farr. R. N.. Humphrey. G. R.: McWilliams. I. C..
Reider. P I Sager. J. W.. Volante. R. P. .. Org. Chem. 2003, 68.
467, (k) Chen. I.. Deady. L. W.. Desneves. J.. Kave. A. I.: Finlay.
G. I Bagulev, B. C.: Denny, W. A_ Bioorg Med Chene. 2000, 8.
2461. (1) Strekowski. L. Czamy. A.: Lee. H. J. Fluorine Chent.
2000. 104,281, (m) Riesgo. E. C.: Jin. X, Thummel R P.J. Org.
Chem. 1996. 61. 3017. (1) Yadav. J. S Reddv. B. V. S

[



326 Bull Korean Chem. Soc. 2005, Vol. 26, No. 2

Premalatha. K. Sinfesr 2004, 963.

. For the modified Friedlander type synthesis of quinolines and
related compounds involving the reaction of arene moiety and
carbonyvl fimetionahty. see (a) Joos, K.: Pardo, M.: Schafer. W. /.
Chem. Research (S) 1978, 406. (b)y Wolfbeis, O. S. Synthesis
1977, 723, (¢) Mahata. P. K.: Venkatesh, C.: Syam Kumar. U. K.,
Ila. H.: Junjappa. H. /. Org. Cher. 2003, 68. 3966. (d) Manlev. P.
J: Bilodeau. M. T. Org. Lewr. 2004, 6. 2433, (¢) Copp. B. R
Hansen. R. P: Appleton. D. R.. Lindsay. B. S.. Squire. C. J.:
Clark, G R.: Rickard. C. E_F. Synth. Commnnm. 1999, 29. 2665, (f)
Nishgaki. S Sato, I Shimizu, K., Furukawa. K., Senga. K.:
Yoneda, F. Chem. Pharm. Bufl. 1980. 28. 142 (g) Sabitha. G:
Babu. R. S.. Reddv. B. V. S.: Yadav. J. S. Svnith. Commun. 1999,
29. 4403

4, For the synthesis and reactions of enaminenes. see (a) Kim. J. M..

Na, I. E: Kim, I N. Tetraliedron Lett. 2003. 44,6317, (by Kim. 1.
M.: Na. I E.. Lee, C. G: Kim. I. N. Bu/l. Korean Chemr. Soc.
2004, 25163, (¢) Jenner, G. Tetrahedron Lett. 1996, 37 3691 (d)
Gramain. J.-C.. Husson. H-P: Troin. Y. J. Org Chem. 1985, 30,

Noftes

5517, (¢) Stefani. H. A.. Costa. I. M. Silva. D. de Q. Svnihresis
2000, 1526.

. For our synthesis of quinoline derivatives from Bavlis-Hillman

adduets, see (a) Lee. C. G, Lee. K. Y., Gownsankar. S Kim. . N.
Tewahedron Lett. 2004, 43,7409, (b) Lee, K. Y. Kim. J. M.: Kim.
JN. Terrahedron 2003, 59,385, (¢) Kim_J. N.; Chung, Y. M.: Im.
Y. I. Terrahedron Let, 2002, 43. 6209, (d) Kim. J. N.. Kim. H. S..
Gong. I. H.: Chung. Y. M. Tetrahedron Lent. 2001, 42. 8341. (e)
Kim. . N.: Lee. H. J.. Gong. I. H.: Lee. K. Y. Tetrahedron Let.
2001, 42,3737 (D Kim, I N.:Lee. K. Y. Kim. H S:Kim. T. Y.
Org. Lett. 2000, 2343,

. For the acvlation of enaminones. see (a) Alt. G H.; Speziale, A. J.
J. Org. Chem. 1964. 29. 798, (b) Lakhvich. F. A.: Rubinov. D. B

Lis.L. G:: Rubinova. I. L. Zhur Org. Khim. 1989. 23, 2089.

. Enaminone le was prepared by the reaction of aniline and 6-

chloro-1_3-dimethvluracil in refluxing toluene (3 h) in 70%% vield
according to the reported method, Nishigaki. 8. Sato. I Shinmizu.
K.. Furukawa, K. Senga. K. Yoneda, F. Chem. Pharm. Bull
1980. 28. 142.




