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Abstract

Substituted 2-methyl-4-chloroquinoline 4(a-d) were treated with secondary amines in DMF at
RT for 3hrs in the presence of Hunig’s base to obtain quinoline tertiary amines S(a-p). The
reactions went smoothly without forming any quaternary ammonium salt as side products.
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Introduction
Amines are of fundamental interest in many fields of chemistry, as evidenced by increase in
modern methods now available for their synthesis'’. Due to their unique fundamental and
biological activities, amines have played a very important role in drug synthesis and are used to
treat a variety of diseases. Among amines, tertiary amines are prepared by N-alkylation of
secondary amines using alkyl/aryl halides™ ! and continues to be focus of numerous studies.!""
However, this method has limitations since it results in the formation of quaternary ammonium
salts as over alkylated products leaving behind the unconverted secondary amine.""™ Another
method, reported in literature!™! describes the use of excess triethylamine for N-alkylation of
secondary amines with alkyl halides using metal amides. This method involving the use of metal
amides is also problematic for the direct synthesis of highly functionalized tertiary amines,
particularly if the secondary amine or alkyl halide contains acidic functional groups. Yet other
alternative methods include reductive amination™!, reductive and catalytic alkylation™, Mannich
and Petasis reactions™", and metal induced amination of alkenes and alkynes™". These
methods, though they are useful, they suffer from some limitations like low catalytic activity,
relatively lower yields and longer reaction times.

We now wish to report reaction of 4-chloro-2-methylquinolines with secondary cyclic
amines in the presence of Hunig’s base in DMF at RT.
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Results and Discussions

Anilines 1(a-d) were treated with ethyl acetoacetate in refluxing ethanol to obtain enamine
derivatives 2(a-d) which were cyclized in refluxing diphenylether at 250°C resulting in ~ 2-
methylquinoline-4-ones 3(a-d). The latter on reaction with POCl; at 100°C gave the previously
reported[XVH] 4-chloro-2-methy1quin01ines 4(a-d) (Scheme I).

o cl
RO CH3;COCH,COOC;,H5 \©\ 50\02 Dipheny Ethoer R\©\)‘]\ POCI; Rm
NH, EtOH H, Reflux, 250°C H CH, N/ -
1 (a-d) 2 (a-d) 3 (a-d) 4 (a-d)
Scheme — 1

In a typical experiment an equimolar mixture of 4(a-d) and different secondary amines  were
mixed with catalytic amounts of Hunig’s base in DMF at room temperature but the reaction did
not complete even after 5 hrs. However, reactions were completed smoothly when 1mmol of
Hunig’s base (diisopropylethylamine) was used (Table 1). The progress of the reaction was
monitored by TLC. Hunig’s base was earlier used for Heck reaction™"! synthesis of
indolizidines™! and for direct N-alkylation of secondary amines with alkyl halides™ . The
significance of Hunig’s base in comparison to use of other bases like, triethylamine,
trimethylamine, 4-dimethylaminopyridine, N,N-dimethylaniline is showed in Table 2. Different
solvents were also evaluated including methylene dichloride, acetonitrile, acetone and methanol
(Table 3). The present method is highly efficient and fast, ran smoothly at room temperature for

3 hrs yielding the corresponding tertiary amino derivatives of 2-methylquinolines S(a-p).
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It may be mentioned here that most of the N-alkylation reactions utilized phase transfer catalysts
like TBAB, here in this method there is no need to use biphasic systems with TBAB. Hunig’s
base acts as an auxiliary base whose nucleophilicity is low due to steric hindrance, enabling its
use in chemical reactions as a good base or as “proton sponge”. Unwanted secondary reactions
do not occur because, unlike similar reagents such as di- and triethylamine which have both
nucleophilic and basic properties, Hunig’s base is not capable of replacing the intended reaction
partner due to its built-in steric hindrance (Table 2). The auxiliary base must not be nucleophilic
enough to act on the alkylating agent. Another advantage of Hunig’s base for its applications in
chemical synthesis is that it is readily soluble in many organic solvents. Thus, this low-
nucleophilic strong base (Table 4) forms a salt with the released hydrogen chloride allowing the
reaction to proceed under mild reaction conditions.

Table 1. Synthesis of Quinoline tertiary amines 5 (a-p) from 4(a-d) using Hunig’s base at R.T

S.No | Reactant (R) Secondary amine Product Yield (%)
1. 4a (R = OMe) Pyrrolidine S5a 95
2 4b (R=Cl) Pyrrolidine 5b 92
3 4c (R=F) Pyrrolidine Sc¢ 94
4 4d (R = CH;3) Pyrrolidine 5d 90
S. 4a (R = OMe) Piperidine Se 91
6. 4b (R=Cl) Piperidine 5f 88
7 4c (R=F) Piperidine S5g 90
8 4d (R =CH;3) Piperidine 5h 86
9. 4a (R = OMe) Morpholine 5i 85
10. 4b (R=Cl) Morpholine 5j 84
11. 4c (R=F) Morpholine 5k 88
12. 4d (R =CH;3) Morpholine 51 85
13. 4a (R =0OMe) N-Ethylpiperazine Sm 84
14. 4b (R=Cl) N-Ethylpiperazine S5n 80
15. 4c (R=F) N-Ethylpiperazine So 83
16. 4d (R =CH;3) N-Ethylpiperazine S5p 84
- ¢J 7 e (o)

Fig 1: Plausible mechanism for the formation of tertiary amines 5(a-p)
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There are two possibilities in the mechanism; the reaction can proceed via aromatic Syl
or SNAr (addition-elimination) mechanism. The former is also a two-step mechanism involving
reversible dissociation of 4a into the chloride ion & the quinolinyl carbocation in the first step.
The latter then undergoes combination, in the second step with the secondary amine forming Sa
with the concomitant, loss of proton to the Hunigs’s base. But this mechanism, in the present
case, is considered to be less probable since when an alcoholic solution of 4a was treated at RT
with an alcoholic solution of AgNOs no precipitate of AgCl was formed even after 3 hrs. In the
second mechanism, i.e. the SNyAr type, the secondaryamine (ii) attacks the substrate 4a forming
the dipolar adduct 4a' which losses the chloride ion to form the intermediary ammonium ion
4a™" that gives up the proton to the resulting Hunig’s base resulting in 5 in an overall addition-
elimination pathway. Indirect evidence for the SyAr mechanism comes from the following fact,

e O LY
N7 N

DMF,Hunigs Base
6 RT, 3 hrs 7

Scheme - 111
Similar strategy, we tried to apply to the other moiety like ethyl-4-chloroquinoline-3-carboxylate
6, which prepared from the literature reported™"™ procedure. But unfortunately the reaction
was not succeeded and we could not get the desired products. Hence this may be concluding that
due to the steric hinderence of secondary amines and carboxylate group of ethyl-4-
chloroquinoline-3-carboxylate. (Scheme - I1I)
Table 2. Comparison & Optimization data of bases at room temperature for 4a & i

S.No Solvent Base Time (h) Yield (%)
1 DMF Hunig’s base 3 hrs 90

2 DMF Triethylamine 6 hrs 55

3 DMF Trimethylamine 6 hrs 50

4 DMF 4-dimethylaminopyridine | 6 hrs 50

5 DMF N,N-dimethylaniline 6 hrs 45
Table 3: Comparison and optimization data of solvent systems for 4a & i

S.No Solvent Base Time (h) Yield (%)
1 Methylene Chloride | Hunig’s Base 4 hrs 65

2 Acetonitrile Hunig’s Base 5 hrs 75

3 Acetone Hunig’s Base 3 hrs 70

4 Methanol Hunig’s Base 4 hrs 70

5 DMF Hunig’s Base 3 hrs 920

Table 4: Comparison of basic strength based on pKa Values

S.No Base pKa Value

1 Hunig’s base 11.4

2 Triethylamine 10.7

3 Trimethylamine 9.87

4 4-dimethylaminopyridine 9.7

5 N,N-dimethylaniline 5.1
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Experimental Section

General

All the reagents used in this work were obtained from commercial suppliers. Solvents were
freshly distilled before being used. Melting points were determined using a Buchi Melting Point
apparatus and are uncorrected. The progress of the reaction was monitored by Thin-layer
chromatography (TLC) performed on silica gel G (Merck), and spots were exposed to iodine
vapour or UV light. IR spectra were recorded by using KBr disc on a Perkin-Elmer 240c
analyzer. '"H NMR spectra were recorded on Brucker DPX-400 at 400-MHz (chemical shifts in
8, ppm) and Mass spectra on an Agilent LC-MS instrument giving only M+ values in Q+1 mode.
General Procedures.

Secondary amine (Immol), N,N-diisopropylethylamine (1 mmol), 4-chloro-2-methylquinoline
(1Immol) and 10ml of DMF were placed in a round bottom flask and stirred at room temperature
for 3 hr. After completion of the reaction (which was monitored by TLC) the reaction mixture
was poured on ice-cold water and neutralized with NHj solution, further stirred well for 10 more
minutes. The solid which is precipitated out is filtered and dried which is further recrystallized
from ethanol.

5a: 'H- NMR (DMSO-dg, 400 MHz): & 1.8(s, 3H, -CH3), 2.2-2.4 (m, 10H, -(CH,)s), 3.9 (s, 3H, -
OCH3), 6.8-7.8(4H, Ar-H, m) ; [M+H]":. 256

5b: "H- NMR (DMSO-ds, 400 MHz): § 1.9(s, 3H, -CH3), 2.1-2.2 (m, 10H, -(CH,)s), 6.9-7.6(4H,
Ar-H, m); [M+H]":. 260

5c: 'H- NMR (DMSO-dg, 400 MHz): 8 1.7(s, 3H, -CH3), 2.3-2.4 (m, 10H, -(CH,)s), 6.7-7.9(4H,
Ar-H, m); [M+H]":. 244

5d: 'H- NMR (DMSO-dg, 400 MHz): & 1.8(s, 3H, -CH3), 2.5-2.7 (m, 10H, -(CH,)s), & 1.9(s, 3H,
-CH3), 6.8-7.7(4H, Ar-H, m) ; [M+H]":. 240

5e: 'H- NMR (DMSO-dg, 400 MHz): § 1.7(s, 3H, -CH3), 2.4-2.6 (m, 8H, -(CHa)4), 3.7 (s, 3H, -
OCH3), 6.6-7.5(4H, Ar-H, m) ; [M+H]":. 242

5f: '"H- NMR (DMSO-dg, 400 MHz): § 1.6(s, 3H, -CH3), 2.1-2.2 (m, 8H, -(CH,)4), 6.9-7.2(4H,
Ar-H, m); [M+H]":. 246

5g: 'H- NMR (DMSO-dg, 400 MHz): & 1.4(s, 3H, -CH3), 2.4-2.5 (m, 8H, -(CH,)4), 6.4-7.5(4H,
Ar-H, m); [M+H]":. 230

5h: 'H- NMR (DMSO-ds, 400 MHz): 8 1.8(s, 3H, -CH3), 2.7-2.9 (m, 8H, -(CH,)4), 8 1.9(s, 3H,
-CH3;) 6.6-7.8(4H, Ar-H, m) ; [M+H]":. 226

5i: "H- NMR (DMSO-de, 400 MHz): 8 1.9(s, 3H, -CH3), 2.5-2.8 (m, 8H, -(CH,),), 3.8 (s, 3H, -
OCH3), 6.4-7.6(4H, Ar-H, m) ; [M+H]":. 258

5j: 'H- NMR (DMSO-ds, 400 MHz): & 1.5(s, 3H, -CH3), 2.3-2.7 (m, 8H, -(CH,)4), 6.7-7.8(4H,
Ar-H, m); [M+H]":. 262

5k: 'H- NMR (DMSO-dg, 400 MHz): & 1.6(s, 3H, -CH3), 2.6-2.7 (m, 8H, -(CH,)4), 6.5-7.9(4H,
Ar-H, m); [M+H]":. 246

51: 'H- NMR (DMSO-ds, 400 MHz): § 1.9(s, 3H, -CHj), 2.5-2.9 (m, 8H, -(CH,)s), 8 1.7(s, 3H, -
CH3) 6.6-7.4(4H, Ar-H, m) ; [M+H]":. 242

5m: 'H- NMR (DMSO-ds, 400 MHz): § 1.7(s, 3H, -CH3), & 1.9(t, 3H, -CH3), 8 2.0(q, 2H, -
CH,), 3.7 (s, 3H, -OCH3), 2.2-2.6 (m, 8H, -(CH,),), 3.7 (s, 3H, -OCH3), 6.6-7.8(4H, Ar-H, m);
[M+H]":. 285
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5n: 'H- NMR (DMSO-dg, 400 MHz): § 1.6(s, 3H, -CH3), § 1.8(t, 3H, -CHj), § 2.2(q, 2H, -
CH,), 2.3-2.5 (m, 8H, -(CH,)y), 6.7-7.5(4H, Ar-H, m); [M+H]":. 289

50: 'H- NMR (DMSO-dg, 400 MHz): & 1.8(s, 3H, -CHj), § 1.7(t, 3H, -CHj), & 2.4(q, 2H, -CH,),
2.1-2.3 (m, 8H, -(CH,)s), 6.5-7.8(4H, Ar-H, m); [M+H] ;. 273

5p: 'H- NMR (DMSO-dg, 400 MHz): § 1.7(s, 3H, -CH3), § 1.9(t, 3H, -CHj), § 2.3(q, 2H, -
CHa), 5 1.9(s, 3H, -CHz), 2.4-2.6 (m, 8H, -(CHa)4), 6.6-7.9(4H, Ar-H, m); [M+H]": 269

Conclusion

The formation of quinoline tertiary amines by using Hunig’s base (N, N-diisopropylethylamine)
as catalyst is proven as highly efficient and fast. Compounds like 2-methyl-4-chloroquinmolines
reacts smoothly with various secondary cyclic amines at RT gave good yields were developed
shows the simplicity and generality of the reactions and avoiding of using other heavy metal
catalysts and solid supports are the advantages of the current procedure for the syntheses of
tertiary amines.
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