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A convenient synthesis of 2,4-unsubstituted quinoline-
3-carboxylic acid ethyl esters via a domino process is described.
The synthesis employs arylmethyl azides as the precursor which
undergoes an acid-promoted rearrangement to give an N-aryl
iminium ion. Following the addition with ethyl 3-ethoxyacrylate,
intramolecular electrophilic aromatic substitution, elimination and
subsequent oxidation, the quinoline products were obtained in

moderate to excellent yields.

The quinoline ring system constitutes an important structural
scaffold in various natural products which reveal numerous
biologically significant properties such as antimicrobial,' anti-
TB,? anticancer,® anti-HIV,* and antimalarial activities.” The
quinoline skeleton is often an attractive framework to be used
in the design of several synthetic compounds against diverse
pharmacological targets leading to discovery of new drugs.
Therefore, many methods for the synthesis of quinolines® have
been developed including Combes quinoline synthesis,”
Conrad-Limpach synthesis,® Friedlander synthesis,” Camps
quinoline synthesis,”* Knorr quinoline synthesis,'® Skraup
synthesis,"* Niementowski quinoline synthesis,"
reaction,"”® Gould-Jacobs reaction,’ and Doebner-Miller
reaction."”

In particular, 2,4-unsubstituted quinoline-3-carboxylate
derivatives have recently received much interest from pharma-
ceutical industries as this core structure is present in many
agents under development to become commercial drugs, some
of which are exemplified in Fig. 1."°

However, practical ways to synthesize this crucial core struc-
ture (3) are rare in the literature. The currently available
methods require a long multi-step synthesis, long reaction
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Fig. 1 Examples of pharmaceutical interest containing a 2,4-unsubstituted
quinoline-3-carboxylate skeleton.

time, high temperature and expensive starting materials
(Scheme 1)."” To improve the preparation of these compounds
(3), factors such as commercial availability of substrates pos-
sessing wide structural variety as well as the ease of prep-
aration of these substrates, when they are not commercially
available, must be considered. These are important in evaluat-
ing the practicality and efficiency of these synthetic methods.
Recently, Venkatesan and co-workers have reported a con-
venient and efficient one-step procedure for the synthesis of
2,4-unsubstituted quinoline-3-carboxylic acid ethyl ester 3
from o-nitrobenzaldehydes (5) and 3,3-diethoxypropionic acid
ethyl ester (6) in the presence of SnCl,-2H,0 under refluxing
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Scheme 1 Synthesis of 2,4-unsubstituted quinoline-3-carboxylic acid ethyl

ester 3.
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Scheme 2 Synthetic strategy for the synthesis of 2,4-unsubstituted quinoline-
3-carboxylic acid ethyl ester 3.

conditions.'” However, this method does not allow for ade-
quate diversity and substitution on the quinoline ring system 3
due to the limited number of commercially available o-nitro-
benzaldehyde derivatives, some of which are expensive. More-
over, o-nitrobenzaldehyde derivatives are difficult to obtain by
most processes.'®

Our research group has been investigating the azide
rearrangement reactions that deliver the N-aryl iminium ion
intermediate 1a’ which can be trapped with a variety of nucleo-
philes.’® Relating to this chemistry, we envision that 2,4-
unsubstituted quinoline-3-carboxylic acid ethyl ester 3 could
be generated by nucleophilic addition of ethyl 3-ethoxyacrylate
(2) to the iminium ion followed by intramolecular electrophilic
aromatic substitution and oxidation, constituting a domino
process,® as shown in Scheme 2.

To search for the optimal conditions for our proposed qui-
noline synthesis, we used benzyl azide (1a) as our substrate for
optimization. Based on earlier work both by our group and
others,"” TfOH and TiCl, are most optimal to effect the
rearrangement of arylmethyl azides in either dichloromethane
(DCM) or toluene. Therefore, we first investigated the
rearrangement-cyclization sequence using 1.0 equiv. of TfOH
and 1.0 equiv. of ethoxyacrylate 2 in DCM, which only provided
24% of the desired quinoline after oxidation with 1.0 equiv. of
DDQ (entry 1, Table 1). We then switched to toluene and
found that yield could be slightly improved to 38%. We next
increased the amount of the acrylate to 2.0 equiv. while
keeping everything else unchanged and found that yields in
both solvents improved significantly, although toluene was
still superior. Moreover, we found that the yield of the desired

Table 1 Optimization of the synthesis of 2,4-unsubstituted quinoline-3-car-

boxylic acid ethyl ester 3a
N
N
3a

1) acid (1.0 equiv), solvent then 2
2) DDQ (1.0 equiv), EtOAg, rt, 5 min

©/\N3
1

a

(¢]

Entry Acids Solvent Equiv. (2) Time (h) Yield” (%)
1 TfOH  CH,Cl, 1.0 12 24

2 TfOH Toluene 1.0 12 38

3 TfOH CH,Cl, 2.0 12 57

4 TfOH Toluene 2.0 12 67

5 TfOH Toluene 2.0 3 79

6" TfOH  Toluene 2.0 3 40

7 TiCly Toluene 2.0 12 NR

8 TiCl, THF 2.0 12 NR

“Isolated total yield over 2 steps. ” The reaction was carried out at 0 °C
to room temperature.

1464 | Org. Biomol. Chem., 2013, 11, 1463-1467

View Article Online

R Ns
1

two steps one purification

R©/\OH 1) PBrs, CH,Cl, 0.5 h
1 2)NaN;, DMSO, overnight
52-99% yield

Scheme 3 Synthesis of arylmethyl azide derivatives.

quinoline product improved from 67% to 79% (entry 5) when
the reaction time was decreased. From these results, we specu-
lated that the desired quinoline product may have been
decomposed under these strongly acidic conditions in pro-
longed reaction time. We also attempted the reaction in
toluene at 0 °C and observed a complex reaction mixture.
Additionally, we attempted the reaction in toluene and THF
using TiCl, and obtained only starting material unreacted
(entries 7 and 8). The reaction in toluene in the presence of 2.0
equiv. of ethyl 3-ethoxyacrylate (2) and 1.0 equiv. of TfOH at
room temperature was chosen as the general method.

We then applied these optimal conditions to a variety of
arylmethyl azide substrates to verify the generality of the
method. Various arylmethyl azide substrates can be prepared
in two steps in good to excellent yields from the corresponding
arylmethyl alcohols 11 as shown in Scheme 3.%*

As summarized in Table 2, the reactions proceeded readily
with o-tolylmethyl azide (1b) and 2,3-xylylmethyl azide (1c) to
give the desired quinolines 3b and 3c in 76% and 83% yields,
respectively. When the aromatic ring was substituted with an
electron-donating group (entry 4), the quinoline product 3d
was obtained in only 24% yield. The reaction of nitro-substi-
tuted benzyl azide 1e furnished the product 3e in lower yield
(14%). We also attempted the reaction with m-fluorobenzyl
azide (1f) and m-chlorobenzyl azide (1i) and obtained a
mixture of regioisomeric products in both cases; 10% and 28%
yields (entry 6), and 17% and 14% yields (entry 9), respectively.
Moreover, the effects of halobenzyl azide derivatives with
different substitution patterns were explored (entries 7-8 and
10-11). For o-chlorobenzyl azide (1g), the quinoline product
was obtained in 54% yield. For p-chlorobenzyl azide (1h), the
reaction provided a mixture of the quinoline product 3h and
the uncyclized by-product 16 (R=Cl) which could not be separ-
ated. However based on "H-NMR analysis of the purified pro-
ducts, the yield of the quinoline product was determined to be
ca. 71% (Method A). Bromine substitution was also tolerated
in this reaction (1j and 1k). For p-bromobenzyl azide (1k),
upon purification the reaction also provided an inseparable
mixture of the quinoline 3k and the uncyclized by-product 16
(R=Br); the yield of 3k was determined to be ca. 78% based on
'H-NMR analysis (Method A). Substrates with more complexity
also provided the desired quinoline products in moderate to
good yields (entries 12-16). However, when the secondary aryl-
methyl azide 1q was employed (entry 17), only a trace amount
of the desired 2-methyl quinoline product 3q was observed by
'H-NMR in the complex reaction mixture.

The reaction mechanism of this process is proposed as
illustrated in Scheme 4. An acid-promoted rearrangement of
arylmethyl azide for the generation of an N-aryl iminium ion
serves as a key step. The iminium ion formed reacted with 2 to

This journal is © The Royal Society of Chemistry 2013
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Table 2 Optimization of the synthesis of 2,4-unsubstituted-3-carbalkoxy quinolines 3
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1 A~ OEt
o)

Entry Substrate Product Yield® (%) Entry Substrate Product Yield® (%)
1 EjA Ns NS 79 10 Br Br . 70
1a A__ogt * ©A Ny S s

; j
it 1j _A__OEt
o
) CHs CH3 . 76 11 /@ANB N 3K 530
@ﬁNs S 3b 55¢ Br 1k B AN _OEt 56°
Et
1b O I
0
3 HsC Iy HaC g N 83 12 B g B g N 77
¢ Ns ® > 3¢ 55¢ ' Ny r > 3l 59¢
1c __OEt 1l ___OEt
0 o
N cl cl
N
4 /@A s S 2 24 13 o Haco . 53
H.CO 1d _~__OEt N3 X
: HCO im A\__OEt 3m
0 HyCO HyCO
0
5 Ny NS 14 14 QCH, QCHs 70
oet N N
O,N 1e O,N z 3 g
0 n P
6 Na AN F Ny o}
3
HsC 1f HiG A OEt 13; Hie P OEt28
F F 0 g O g
7 ¢ 7 54 15 O O 56
@NB ) 3 Ns s
19 = OEt %9 1o P> Ot 2°
0 0
8 oM Yo W oW O :
c p
cl 1h cl = OEt 56 % OEt 3p
o o)
9 cl Ns cl N _ Ng 17 CHs N CH; Trace
1 Aokt ¥ _A__OEt 3 Ns P
14 17 .
o cl O L g ©

“Method A: (1) benzylic azide (1.0 equiv.), TFOH (1.0 equiv.), toluene, 1t, 3 h, then 2 (2.0 equiv.); (2) DDQ (1.0 equiv.), EtOAc, rt, 5 min. ” The reaction was carried out according to Method A,
except after 2 h at rt the reaction was heated to 90 °C for 1 h. “Method B: (1) benzylic azide (1.1 equiv.), TfOH (1.1 equiv.), toluene, rt, then BF;-OEt, (1.0 equiv.), then 2 (1.0 equiv.).
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Scheme 4 Proposed reaction mechanism.

generate the oxonium ion intermediate 12. This intermediate
can either undergo intramolecular electrophilic aromatic sub-
stitution and elimination of ethanol to afford the presumably
dihydroquinoline intermediate 13 which was not isolable®*
and was directly oxidized with DDQ to yield the desired quino-
line product 3 (path a) or undergo elimination to obtain ethoxy-
acrylate 15 (R=Br) which could be isolated. Upon oxidation of
15 (R=Br) with DDQ, uncyclized by-product 16 (R=Br) was
obtained (path b).

The results showed that the competition between the for-
mation of the desired quinoline product 3 (path a) and un-
cyclized by-products 16 (path b) depended on the reactivity of
the aromatic ring. To suppress the formation of these by-pro-
ducts, we tried to heat the reaction mixture to 90 °C; while the
by-products were not observed after heating, unfortunately the
yields of the desired quinolines (3h and 3k) dropped to 36%
and 53%, respectively. We speculated that the ethoxyacrylate 2
could act as a proton acceptor which may cause path b to be
more favorable when the aromatic ring was not reactive
enough to cyclize. Therefore, we decided to make compound 2
the limiting agent and used 1.1 equiv. of benzylic azide
(entries 8 and 11). We then tried several Lewis acids to
promote the cyclization step and found that BF;-OEt,
(Method B)** could increase the yields of 3h and 3k to 56% in
both cases (compared to 36% and 53%, see above) and no
uncyclized by-products were observed. However, this method
provided the quinoline products in lower yields compared to
Method A. We also applied Method B to benzylic azides in
entries 2, 3, 6, 9 and 12. Yields of the desired quinoline pro-
ducts were moderate, however, yields of products in entries 6
and 9 were significantly higher compared to Method A.

Conclusions

In conclusion, we have developed a new method for the syn-
thesis of 2,4-unsubstituted quinoline-3-carboxylic acid ethyl
esters 3 via a domino process starting from arylmethyl azide
derivatives 1 and ethyl 3-ethoxyacrylate (2) in two synthetic
steps and requiring only one purification. The current syn-
thetic method can be conveniently conducted on a wide
variety of the azide substrates. In addition, BF;-OEt, could be
used to promote the same process which required less amount
of acrylate 2.
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