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ORGANIC PREPARATIONS AND PROCEDURES INT, 22 (9,519-588 (1990) 

SYNTHESIS OF 2-CHLOf?0-3-ALKVL- AND ARVLQUINOLINES 

Ferenc Korodi* and Zoltan Cziaky 

Alkaloida Chemical Company 
Tiezavaevari, H-4440, HUNGARY 

2-Chloro-3-eubetituted quinolines are useful intermediates 
for the synthesie of biologically active compounds. 1.2 

Meth-Cohn and his coworkers elaborated a new synthesis of 

these quinolines from acylanilides under Vilsmeier condi- 

t i o n ~ , ~ ’ ~  albeit only in case8 where the aromatic substituents 

of the anilides were 3-methyl and 3-methoxy. These electron- 

donating subetituents in the m.La position behaved as ac- 

tivating groups in this electrophilic process. It was stated 

that cyclisation is regiospecific; only the formation of 7- 

substituted quinolines wazl obaemted. 394 

r 

a)R = H b)R = 4-Me c)R = 2-Me d)R = 4-Et e)R = 2-Et f)R = 4-OMe 
g)R = 2-OMe h)R = 4-C1 i)R = 4-Br 3 ) R  = 4-F k)R = 4-NO2 

*log0 by Organic Preparations rad Rwcedures Inc. 
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KORODI AND CZIAKY 

Since we needed different 2-chloroquinolines as starting 

materials for further synthesie, we attempted to extend the 

ecope of the reaction to other anilidee having substituente at 

different poeitions, and decided to study the selectivity of 

394 this reaction. Working under the reported conditions, 

we followed each reaction by taking aliquot eamples from the 

reaction mixture and working them up. In this faehion, we were 

able to establieh the maximum yield for each compound but in 

this paper we only report the time required to reach 95% of 

the maximum yield (Tablee 1 and 2). Thie reaction time quali- 

tatively indicates the rate of the reaction and charac- 

terize~ the activating or deactivating effect of the subs- 

tituente. 

We found that cyclieation occurred not only with methyl or 

methoxy eubstituents in the m & a  position, but in any other 

poaition. Using appropriate reaction time, mildly deactivated 

3- and 4-haloanilidee could be converted into quinolines in 

very high yields. However, 2-haloanilides could not be con- 

verted into quinolines. With the strongly electron with- 

drawing nitro group, the reaction ie poesible only when it is 

in the para position, but the yield is very low. 

We verified the existence of intermediate 2h in the case of 

N-(4-~hlorophenyl)propionamide (lh) by the ieolation of N-(4- 

chlorophenyl)-2-methylformylacet~ide (a), which ie clearly 

derived from the intermediate 2h on work-up; Ah exist in an 

approximately 1:l ratio of two tautomere in deuteriochloroform 

580 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
5
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



SYNTHESIS OF ZCHLORO-3-ALKYL AND ARYLQUINOLINES 

solution according 

further supported 

1 to the H-NMR spectrum. Mass spectral data 

ts etructure. 

4h - n 

H 

B 

In the course of our investigations, attention was paid to 

the formation of 5-substituted quinolines (I) as side-prod- 
ucts from uneymmetrical anilides. Careful study of the prod- 

R l  

5 - 

a)R1 = Me, R2 = Me 
d)R1 = C1, R2 = Me 
g)R1 = Me, R2 = Et 
j ) R 1  = Br, R2 = Et 
m)R1 = C1, R2 = But 
p ) R 1  = C1, R2 = Ph 

6 - 

b)R1 = Et, R2 = Me c)R1 = 
e)R1 = Br, R2 = Me f)R1 = 
h)R1 = OMe, R2 = Et i)R1 = 
k)R1 = Me, R2 = But l)R1 = 
n)R1 = Me, R2 = Ph o)R1 = 

7 - 

OMe, R2 = Me 
F, R2 = Me 
C1, R2 = EX 
OMe, R2 = But 
OMe, R2 = Ph 

ucts revealed that the cyclisation is not regiospecific a8 had 
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KORODI AM) CZIAKY 

been previously and the ratio of ieomers depends 

on the substituente on the aromatic ring of the anilides and 

the nature of the acyl group of the anilides. The ratio of 

quinoline ieomers was determined by GC and by characteristic 
1 signal of the isomers in the H-NMR epectra of the products. 

In moet casee, 

chromatography, 

analysis and by 

the isomere could be separated by column 

and their structure was confirmed by elemental 

their H-NMR and mass epectral data. 1 

TABLE 1. Cyclisation of Q- and p-Subetituted Propionanilides(1) 

Elemental analysie 
Calculated (% ) Found ( % )  

b Prod. Time Yielda mp 

(hre) ( % I  (OC) C H N  C H N  

10 78 

10 79 

15 78 

8 83 

10 80 

16 77 

18 76 

16 85 

6 87 

20 75 

20 20 

81-83 

99- 101 

59-61 

47-49 

38-40 

91-93 

120-121 

143-145 

147-149 

106-108 

185-187 

67.62 4.54 7.89 

68.94 5.26 7.31 

68.94 5.26 7.31 

70.07 5.88 6.81 

70.07 5.88 6.81 

63.62 4.85 6.75 

63.62 4.85 6.75 

56.63 3.33 6.60 

46.82 2.75 5.46 

61.36 3.60 7.16 

53.95 3.17 12.58 

67.55 4.52 7.91 

68.90 5.25 7.35 

68.95 5.21 7.30 

70.25 5.93 6.82 

70.1 5.83 6.87 

63.51 4-84 6.78 

63.57 4.80 6.79 

56.79 3.34 6.65 

46.70 2.74 5.40 

61.31 3.56 7.17 

53.89 3.17 12.62 

a)Yield of crude product; b)mps of recrystallized product 
(chloroform-ethanol) 
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SYNTHESIS OF ZCHLOR0-3-ALKYG AND ARYLQUINOLINES 

TABLE: 2. Cyclisation of m-Substituted Anilides (6) 

Prod. Time Yielda Rb mpc Elemental analysis 
Calculated ( X )  Found ( X )  

(hrs) ( X )  ( X I  (OC) C H U  C H U  

7 

5 

3 

6 

3 

5 

6 

4 

5 

5 

7 

4 

7 

7 

4 

8 

75 

75 

85 

86 

85 

86 

78 

76 

80 

76 

79 

78 

68 

80 

82 

65 

88 
12 
95 
5 
89 
11 
76 
24 
80 
20 
84 
16 
92 
8 
90 
10 
83 
17 
85 
15 
94 
6 
92 
8 
90 
10 
92 
8 
92 
8 
86 
14 

91-93 

44-46 

94-96 
108- 110 
124-126 
85-87 
128-130 
110-112 
96-98 

58-60 

64-66 
98-100 
76-78 
95-97 
85-87 
97-99 
36-38 

86-88 
44-46 
60-62 
44-46 
83-85 

128-130 
127-129 
102-104 
128-130 

68.94 5.26 7.31 

70.07 5.88 6.81 

63.62 4.85 6.75 
63.62 4.85 6.75 
56.63 3.33 6.60 
56.63 3.33 6.60 
46.82 2.75 5.46 
46.82 2.75 5.46 
61.36 3.60 7.16 

70.07 5.88 6.81 

65.02 5.46 6.32 
65.02 5.46 6.32 
56-43 4.01 6.19 
58.43 4.01 6.19 
48.83 3.35 5.18 
48.83 3.35 5.18 
71.94 6.90 5.99 

67.33 6.46 5.61 
67.33 6.46 5.61 
61.43 5.16 5.51 
61.43 5.16 5.51 
75.74 4.77 5.52 

71.25 4.48 5.19 
71.25 4.48 5.19 
65.72 3.31 5.11 
65.72 3.31 5.11 

68.76 5.30 7.39 

70.18 5.87 6.80 

63.71 4.80 6.72 
63.75 4.85 6.79 
56.61 3.30 6.57 
56.78 3.33 6.54 
46.88 2.76 5.48 
46.90 2.79 5.52 
61.23 3.55 7.20 

70.15 5.86 6.83 

65.14 5.47 6.22 
64.96 5.40 6.28 
58.31 4.07 6.11 
58.36 4.06 6.23 
48.89 3.31 5.20 
48.96 3.31 5.12 
71.73 6.87 6.06 

67.21 6.41 5.60 
67.39 6.43 5.57 
61.27 5.11 5.43 
61.34 5.19 5.48 
75.55 4.71 5.58 

71.20 4.53 5.13 
71.38 4.42 5.28 
65.49 3.30 5.19 
65.77 3.25 5.12 

a) Yield of crude product (coneist of two guinolint isomers 
only); b) Ratio of isomers in the crude product (determined by 
GC and NMR with satisfactory agreement); c) mps of 7-substitu- 
ted isomers obtained by crystallization and 5-substituted iso- 
mers obtained by column chromatography. 
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KORODI AND CZIAKY 

TABLE 3. 'H-NMR and Mass Spectral Data of Products ( 9 , f i . Z )  

Prod. Chemical shifts of quinoline ringavb MS 
hydrogens 6(ppm) (CDC13/TMS int.) We(%) 

4-H 5-H 6-H 7-H 8-H 
7.95(6) 

7,87(a) 

7.85( a) 

7.87(6) 

7.87(s) 

7-87(8) 

7.87(s) 

7.87(s) 

7.87( s ) 

7.90( 8 )  

8.17( 6 )  

7.90( s ) 

8.12(6) 

7.73(dd) 7.50(m 1 7.65 (m) 7.98( dd ) 177 ( M+ ,100 ) 
142( 47) 

7.45(d) 7.47(dd) 7.92(d) 191(Mt ,100) 
176( 16) 

C7.30 7.553 (m) 191(M+, 100) 
176( 10) 

7.50 ( d ) 205 (M+ ,46) 
190 ( 100 ) 

c7.37 7.55 1 (m) 205(M+,76) 
204 ( 190 ) 

7.00 ( d ) 7.32(dd) 7.90(d) 207(M ,100) 
192( 16) 

7.02(dd) 7.42(m) 7.30(dd) 207(M+ ,87) 
178 ( 190 ) 

7.70( d) 7.60(dd) 7.92(d) 211(M ,100) 
176( 5p) 

7.90 ( d ) 7.73(dd) 7.83(d) 257(M +2,100) 
255( Mt ,85) 

7.37 ( dd ) 7.43(m) 7.97(dd) 195(Mt,100) 
160(49) 

8.72(d) 8.45(dd) B.lO(d) 222(M ,100) 
176(38) 

7.62(d) 7.35(dd) 7.75 ( d ) 19 1 ( M+ ,100 ) 
176( 17 ) 

7.55( dd) 7.90 ( d) 

7.90(s) 7.65(d) 7.38(dd) 7.80(d) 205(M+,70) 

8.15(e) 
190 ( 100 ) 

7.88(s) 7.62(d) 

8.35(6) 

7.85(a) 7.62(d) 

8.35 ( 8 )  

8.17( s) 

8.30(s) 

7.95(s) 7.72(dd) 

8 - 20( s ) 

7.17(dd) 7.32( d) 207 (M+ ,100) 
192( 19) 

192( 38) 

176(6fi) 

176( 59) 

255 ( Mt ,63) 

255(M+,71) 

160( 74) 

6.80(dd) C7.5-7.60l(m) 207(M ,100) 

7.42( dd) 7.90(d) 211(M ,100) 

7.92(dd) C7.52-7.621(m) 211(M ,100) 

C7.57-7.633(m) 7.95(d) 257(M++2,100) 

7.95(dd) 7.50(m) 7.75(dd) 257(M +2,100) 

7.30(m) 7.60(dd) 195(M+,100) 
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SYNTHESIS OF ZCHLORO-3-ALKYG AND ARYLQUIXUOLINES 

TABLE 3. (continued) 

7.90(s) 7.65(d) 

8.10(6) 

7.85(6) 7.65(d) 

8.35(6) 

7.95(e) 7.70(d) 

8.35(s) 

8.15(6) c7.57- 

8.32 ( s ) 

7.85(6) 7.62(d) 

8 . w  6) 

7.85(s) 7.60(d) 

8.35 ( s ) 

7.90(6) 7.67(d) 

8.32( 6 )  

8.05(s) 7.70(d) 

8.25( 8 )  

8.00(s) 7.68(d) 

8.55( 6 )  

8.08(s) 7.78(d) 

8.50(6) 

7.35 (dd ) 7.75(d) 205(M+,61) 
190( 100) 

7 - 17( dd) 7.32(d) 221(M ,55) 

6.82(dd) [7.50-----7.60I(m) 221(M+,86) 

7.50 ( dd ) 8.00(d) 225(M+,51) 

7.92(dd) [7.53----7.633(m) 225(M ,631 
210( 100) 

-7 - 631 (m) 7.90( d) 271( M*+2,68) 
269 ( M: ,53 ) 

7.95(dd) 7.52(m) 7.80fdd) 271(M +2,84) 
269 ( M’ ,54 ) 

7.32 ( dd ) 7.72( d) 233( Me, 34) 
190 ( 100 ) 

206( 100) 

206 ( 100 ) 

210( 1QO) 

7.15(dd) 7.30( d) 249 (M* ,24) 

6.80(dd) [7.5b7.60l(m) 249(M ,32) 

7.45 ( dd ) 7.95(d) 253(M+,30) 

7.90(dd) C7.53---7.631 (m) 253(M+, 44) 

7.40( dd) 7.85(d) 253(M ,100) 

206 ( 190 ) 

206( 100) 

210( 100) 

210( 190) 

218(39) 

7.20( dd) 7.40( d) 269( M* ,100) 

6.90 (dd) C7.6-7 - 701 (m) 269 (M* ,100 ) 
7.55 ( dd ) 8.05(d) 273(M+, 100) 

8.00(dd) C7.6b7.703(m) 273(M ,100) 

226( 32) 

226( 34) 

238 ( 4s ) 

238(66) 

a) “he hydrogens in the substituents (R ,R2) of the product6 
(9. 8 ,  2) appeared in the following ranAes 6 (ppm): i) methyl 
hydrogens a, B and 6 to the aromatic ring 2.48-2.73, 1.32-1.40 
and 0.97-1.00 respectively; ii) methylene hydrogens a, B and 
7 to the aromatic ring 2.80-3.25, 1.70-1.75 and 1.42-1.50 re- 
spectively; lli) methoxy hydrogens 3.90-4.05; iv) phenyl hy- 
drogen~~ 7.43-7.58 b) The coupling constants between hydro- 
gens on the quinoline ring were J =8-9 Hz, J =1-3 Hz c)lChar- 
acteriatic signal of the 5-eubstit8ted h0mep in the H-NMR 
epectrum of the isomer mixture. 
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KORODI AND CZIAKY 

EXPERIMENTAL SECTION 

Melting points were determined in open ca illary tubes on a 
Buchi apparatus and are uncorrected. The 'H-NMR spectra were 
recorded on a Bruker WP-200 SY instrument at 200 MHz ueing TMS 
as internal standard and chemical shift8 are expressed in ppm. 
Mass epectra were scanned on a VG 7035 instrument in EI mode 
at 70 eV. A Fractovap 2300 chromatograph (Carlo-Erba) wae used 
for GC and DC-Allurole Kieeelgel 60 F 254 (Merck) silica gel 
platee for TLC analyeis. The eeparation of quinoline ieomere 
was performed by column chromatography using Kieselgel 60 
(0.063-0.2 mm) (Reanal, Hungary) packing and chloroform-hexane 
(1:l v/v) eluent. 

.- To 1 mol of appropriate 
aniline, 1.1 mol of propionic or butyric anhydride was added 
with stirring and the mixture wae boiled under reflux for 
1 min. It was allowed to cool below loo", 500 ml of water was 
added dropwiee and the mixture was etirred at room temperature 
for 1 hr. The eolid propionanilides were collected, washed 
with water and dried. The oily precipitated butyranilidee 
were extracted with chloroform. The organic extract was 
dried (Na2S04), concentrated, and the reeidual oil wae pu- 
rified by distillation under reduced pressure. 
u v e e -  .- To a stirred and 
cooled eolution of 1 mol of appropriate aniline and 1.1 mol 
of triethylamine in 1 1 chloroform, 1.1 mol caproyl or phenyl- 
acetyl chloride wae added dropwiee at room temperature. The 
mixture wae stirred for 1 hr then wae successively washed with 
water, aqueous sodium carbonate (lo%), water, aqueoue hydro- 
chloric acid (1 mol), water and dried (Na2S04). After evapor- 
ation of the solvent, anilides were obtained as dense oil, but 
phenylacetanilidee solidified on standing at room temperature. 
All anilides prepared by these procedure8 were sufficiently 
pure for further use. 

f3.6.71- General Procedure.- To phosphoryl chloride 
(322 ml, 3.5 mol) at 0-5O, dimethylformamide (58 ml, 0.75 mol) 
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SYNTHESIS OF tCHLOR03-ALKYL AND ARYLQUINOLlN3S 

wae added dropwise with stirring. To thie solution, the ap- 
propriate anilide (0.5 mol) was added and the mixture was 
heated at 75O for the appropriate time (Tables 1 and 2)- After 
evaporation of excess phoephorylchloride, the residue was 
poured into ice-water. The precipitated quinolinea were col- 
lected, washed with water and dried. 

Except for 3k, none of the crude products prepared by this 
general procedure contained any component other than quinoline 
according to GC and TLC analysis and 'H-NMR spectra. 2-Chloro- 
3-methyl-6-nitroquinoline (a) was extracted into chloroform 
(3x100 ml) from the 80lid precipitated upon pouring into ice- 
water, followed by removal of chloroform under reduced press- 
ure. 

of Iu-. -a1 Procedure. - All 
quinolinee may be crystallized from chloroform-ethanol (1:3  
v/v) eolvent. By cryetallization of isomer mixture6 prepared 
from &-substituted anilidea, 7-substituted isomers were ob- 
tained in pure form, and the mother liquor contained both iso- 
mers. It wae concentrated and chromatographed on a silica gel 
column (2 g/lOO g) using chloroform-hexane ( 1 : l  v/v) eluent. 
Pure 5-substituted isomers could be obtained when the substi- 
tuents on the homoaromatic ring (R1)  were C1, Br or OMe; how- 
ever the separation was not succeeeful when they were F, He or 
Et. 

of N - -  (4 -vll - -  2 - 
- s e t ~  la.- N-(4-~hlorophenyl)propionamide (18.4 g, 
0 . 1  mol) was added to the Vilsmeier reagent prepared from 
64.4 ml (0.7 mol) phoaphoryl chloride and 11.6 ml (0.15 mol) 
dimethylformamide, and the reaction mixture was stirred at 75O 
for 1 hour or at 40° for 4 hours, then it was poured into ice- 
water. The clear solution was decanted from dense oil which 
precipitated immediately and was allowed to stand in the re- 
frigerator overnight. The white crystalline product (12.7 g, 
60 % ) ,  mp. 103-104°, was collected and washed with water. 
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KORODI AND CZIAKY 

'H-NMR (CDC13): 6 2.04 Cd, 3H, J = 7 Hz, Me(A)l, 2.28 Cs, 3H, 

Me(B)], 3.88 [q, lH, J = 7 Hz, CH(A)l, 7.50 [broad, lH, NH(B)l 

7.58 [s, lH, CH(B)J, 7.70-7.88 Em, 4H, Ar-HI, 7.92-8.04 [m, 

4H, Ar-HI, 8.74 [broad, lH, OH(B)l, Maee: m/e ( % I  = 211 (M+. 
15), 183 (151, 153 (81, 127 (1001, 85 (18). 

A c . k n U c . -  We are grateful to Profeesor Ferenc Szta- 
ricekai for useful advice and Alkaloida Chemical Company for 
supporting our work. 
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