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REGIOSELECTIVE SYNTHESIS OF 4-ALKYLQUINOLINES FROM QUINOLINE
VIA 1-ETHOXYCARBONYL- 1, 2-DIHYDROQUINOLINE - 2-PHOSPHONATES

Kin-ya Akiba*, Tetsuji Kasai, and Makoto Wada
Department of Chemistry, Faculty of Science, Hiroshima University

Higashisenda-machi, Hiroshima 730, Japan

Abstract : 1-Ethoxycarbonyl-1, 2-dihydroquinoline-2-phosphonates ( 3 ) were treated
with n-butyllithium followed by alkyl halides to afford the corresponding 4-alkylated
phosphonates (7 ) with complete regioselectivity in 67-97% yields. The phosphonates

(1) were converted to 4-alkylquinolines (8)inca. 50% yields by treatment with

sodium iodide in HMPA or by alkaline hydrolysis in aqueous ethanol.

Considerable efforts have been paid to introduce substituents directly to 4-position of

pyridine and quinoline, it is only quite recent that successful and easily applicable methods

were reported on pyridine by us and by Katritzky's group, i.e., i) synthesis of diisopropyl
1-ethoxycarbonyl-1, 4-dihydropyridine-4-phosphonate and its alkylation, 1) ii) reaction of

N-ethoxycarbonylpyridinium chloride and RCu- BF3,

) iii) synthesis of pyridiniopyridone

and its alkylation. 3) However, there is no successful report on regioselective introduction

of substituents to 4-position of quinoline, starting from quinoline or its N-oxide. 4) Here

we report the first example of such an approach starting from quinoline itself.

First, we tried to prepare 1, 4-dihydroquinoline-4-phosphonate ( 2 ) selectively by

using trialkyl phosphites with bulky groups analogously to the case of pyridine. 1,5)

However, the reaction of the quinolinium salt ( 1 ) with trialkyl phosphites gave only 1-

ethoxycarbonyl- 1, 2-dihydroquinoline-2-phosphonates ( 3 ) in high yields irrespective of

bulkiness of the alkyl group and the presence of 2 was not detected by 1H NMR and TLC.

The results are shown in Table 1.
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Table 1 Yields of 1-ethoxycarbonyl-1, 2-dihydroquinoline-2-phosphonates ( 3)

Compound '%a) R Yield (% )b) bp (°C / mmHg )
3a CH,- 85 180 / 0. 25
I}\l’) Csz- 97 190/ 0.25
CH 3\
3¢ CH3/CH 98 220 / 0.50

. 1

a) Satisfactory IR, H NMR, and MS data were obtained for these compounds.6 a)
b) Isolated yields by Kugel-Rohr distillation. ¢) 3¢ gave correct elemental
analyses, but 3a and 3b gave correct results only when ca. 0.25 mole of

water is assumed to be contained since these compounds are hygroscopic.

When 3 was treated with an equimolar amount of n-butyllithium in tetrahydrofuran at
-78 °C under nitrogen and quenched with deuteroxide, the corresponding 2-deuterated
phosphonate was recovered quantitatively. 6b)
alkylation of the anion ( 4b ) thus generated was tried with benzyl bromide at -20 °C and

However, to our great surprise, when

quenched with water at the same temperature, the expected 2-benzylated phosphonate

( 5b-y: R=Et, R'=CH Ph ) was not obtained at all, but 4-benzylated phosphonate ( 8b-v :
R=Et, R'=CH Ph ) was obtained exclusively in a 94% yield. 6c) On the other hand, a mixture
of 6b-y and 7b-v ( R=Et, R' CH2Ph ) was obtained when the reaction mixture was stirred

at 0 °C for 15 min and then quenched with water. Fortunately, 7b-y was the sole product in

6d)

a 93% yield when the reaction mixture was stirred at room temperature for one hour "’ and

this was confirmed repeatedly by using 0.90, 1.10, and 1. 20 molar amounts of
n-butyllithium under otherwise the same conditions.

In order to test steric effect of the alkyl group of the phosphonates ( 3 ) on regio-
selectivity of the alkylation, all 3 were alkylated in a similar manner to afford 4-alkylated
phosphonates ( l) with complete selectivity and reaction scheme and the results are shown

in the next page.

The final stage of the synthesis of 4-alkylquinolines is elimination of the ethoxy-
carbonyl and the phosphonyl groups. This was carried out on 7b by the following two proce-
dure : i) Method A, Tb was heated with 1. 2 equivalents of sodium iodide in HMPA at 160-
180 °C for 15-60 min to give 4-alkylquinolines ( 8,) in ca. 50% yields ; ii) Method B, Tb
was heated with sodium hydroxide in aqueous ethanol at 80 °C for 60 min to afford 4-alkyl-

quinolines ( 8 ) also in ca. 50% yields. Some of the results are summarized in Table 3.
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Table 2 Yields of 4-Alkyl-1-ethoxycarbonyl-1, 2-dihydroquinoline- 2-phosphonates ( 7,)

R R'X vield (%) bp (°C / mmHg )®
a) CH,- i) PhCH,Br 97
i) CH,I 87 200 / 0.65
i) C H,I 92
iii) CH
b) CyH,- cx, $>cm 67
iv) CH,~CH-CH,Br 92
v) PhCH,Br 93¢) 235 / 0.1
i) CH,I 93 205 / 0.5
c) CH
3 N
cH, ~~CH- i) C,H,I 7
i4i) CHyCH,CH,CH,Br 92

a) The extract from the reaction mixture was pure by 1H NMR without purifi-
cation. b) Kugel-Rohr distillation. ¢) This compound has been fully charac-
terized by IR, 1H NMR, MS and elemental analyses data.
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Table 3 Yields of 4-Alkylquinolines ( 8,)*)
R' Yield (% )b) a) These compounds were identified
Method A _ Method B by IR, 'H NMR and MS, or com-
i) CH3- 48 53 parison with authentic samples.
i1) Czﬂs' 56 59 b) The extract from tile reaction
¢) ¢) mixture was pure by "H NMR with-
iv) CHy=CH-CH,- 4 60 out purification. c¢) H-CHCHs o s
v) PhCH,- 57 53 obtained via isomerization.

In summary, we have presented a novel and unexpected method for regioselective
synthesis of 4-alkylquinolines from quinoline itself, and that the lithium salt ( 4 ) is pro-
tonated at 2-position and is alkylated at 4-position with complete selectivity and it is also

)

noteworthy here that 4 reacts with aldehydes at 2-position during Wittig-Horner reaction.
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