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Abstract A practical method for the regiocontrolled synthesis of sub-
stituted quinoline-4-carboxylic acids is described. Solubility differences
between the product quinoline regioisomers enable their facile separa-
tion, thus avoiding any challenging chromatographic purifications and
allowing access to highly substituted quinoline compounds in three
steps from commerecially available anilines.
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Quinolines are an important class of heterocyclic com-
pounds that have become a privileged structural motif in
drug discovery, displaying widespread biological activity in
numerous settings.! The classical synthetic approaches that
have been developed for their construction from anilines
fall broadly into two categories: (i) those methods that cy-
clize anilines (or their derivatives) onto a carbon atom adja-
cent to the nitrogen-bearing carbon of the benzene nucleus,
typified by the Skraup? and Combes?® methods - this ap-
proach can lead to mixtures of regioisomers if unsymmetri-
cal aniline precursors are employed; (ii) those methods that
pre-build the desired substitution into the starting aniline
derivatives to avoid potential issues around the formation
of regioisomeric mixtures, typified by the Friedlander*
method. More modern synthetic approaches to build up
quinoline scaffolds (including the use of catalytic metal
complexes® and green chemistry'?) similarly have the po-
tential to generate mixtures of regioisomers if they utilize
the cyclization of unsymmetrical aniline precursors.® In
contrast, the Pfitzinger method,” first discovered at the end
of the 19th century, allows access to quinoline-4-carboxylic
acids directly from isatin precursors, with the pre-built
substitution of the isatins being transferred faithfully to the
quinoline products. Therefore, to access substituted quino-
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Scheme 1 General route for the formation of quinolines 4a and 4b
from anilines 1
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developed by Sandmeyer,!" who showed that the cycliza-
tion of isonitrosoacetanilides 2 occurred at elevated tem-
peratures in the presence of strong acid to give isatins 3 in a
reliable fashion, with the requisite starting materials being
readily prepared from the corresponding anilines 1 (see
Scheme 1).

For symmetrical isonitrosoacetanilides (e.g., 2 when R!
= H), isatins are formed as single regioisomers because cy-
clization can occur through two equivalent carbon atoms
adjacent to the nitrogen-bearing carbon of the benzene nu-
cleus. However, for unsymmetrical isonitrosoacetanilides
(e.g., 2 when R! # H), the formation of two regioisomeric
products is possible because cyclization can occur through
two different carbon atoms (see ‘cyclization path a’ and ‘cy-
clization path b’ in Scheme 1), with the nature of the sub-
stituents R! and R? playing a key role in determining the ra-
tio of isatin regioisomers. To tackle this problem, alterna-
tive methods for the synthesis of isatins have been reported
in which the desired substitution has been pre-built into
the starting materials to generate isatin products as single
regioisomers, by utilizing SyAr,'? lithiation,!*> N-heteroan-
nulation'® and ylide-mediated carbonyl homologation
methodologies.!> More recently, a regioselective carbonyla-
tive approach was described by Lei and co-workers.!® De-
spite these recent advances, the classical approaches for
isatin synthesis are still widely employed and, as such,
some limited methods for the separation of isatin regioiso-
mers formed from unsymmetrical cyclization precursors
have been reported,'” including counter-current chroma-
tography'® and separation based on pK, differences,'® with
varying levels of success. Isatin regioisomer separations by
traditional silica-gel chromatographic methods (which can
be time-consuming and wasteful in terms of solvent con-
sumption)'® are hampered by the fact that isatins are often
insoluble in common chromatography solvents.!?

A recent report from the Kaila group showed that an in-
separable mixture of isatin regioisomers (produced by the
Sandmeyer method) could be converted into the corre-
sponding quinoline-4-carboxylic acids using the Pfitzinger
reaction and that the quinoline regioisomers displayed
more marked differences in physical properties than their
isatin counterparts, rendering them separable by column
chromatography in some cases.?’ We were intrigued
whether it would be possible to access substituted quino-
line-4-carboxylic acids 4 as single regioisomers from mix-
tures of isatin regioisomers 3a and 3b, by exploiting this
apparent greater difference in physical properties between
the corresponding quinoline regioisomers (Scheme 1). This
approach would avoid the tedious separation of isatin re-
gioisomers and obviate the need to pre-build the desired
substitution pattern into the starting anilines. Furthermore,
we hypothesized that it might be possible to readily purify
the quinoline-4-carboxylic acids by utilizing solubility dif-
ferences between the regioisomers 4a and 4b, thus avoiding

any chromatographic purifications. Consequently, this
methodology might allow access to highly substituted
quinolines as single regioisomers in a more facile manner.
Thus, a range of electronically and sterically diverse iso-
nitrosoacetanilides 2 (prepared in one step from the corre-
sponding commercially available anilines 1; see the Sup-
porting Information) were subjected to cyclization in sulfu-
ric acid at 80 °C by following Sandmeyer’s protocol to give
isatin products 5-17 on multigram scale as mixtures of re-
gioisomers (Scheme 2).2! The effect of ring-substitution on
the regioisomeric ratio of the product isatins was clearly
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Scheme 2 Formation of isatins 5-17 from isonitrosoacetanilides 2; the
structure of the major isatin regioisomer is depicted
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evident. Thus, the 6-substituted fluoroisatin 5 was formed
over its 4-substituted counterpart in a 10:1 ratio, whereas
the formation of chloro- and bromoisatins 6 and 7 was less
selective, in agreement with reported data.!” The majority
of the disubstituted isatins investigated were formed with a
preference for the 5,6-regioisomer (through cyclization
path a), with selectivities over the 4,5-regioisomer ranging
from a modest 1.7:1 for isatin 12 up to >19:1 for isatins 8,
11, and 13-16. Of the disubstituted compounds tested, only
the dichloroisatin 9 and the bromo-methyl compound 17
showed a marked preference for the formation of the 4,5-
regioisomer (through cyclization path b), whereas chloro
fluoroisatin 10 was formed as a 1.1:1 mixture. During the
course of this study, we found that the isatin mixtures could
be readily purified from minor impurities by triturating
them in isopropanol, although the crude regioisomer ratios
were preserved during this process.

With a range of isatins 5-17 in hand, we subjected these
regioisomeric mixtures to the Pfitzinger reaction condi-
tions on a multigram scale, utilizing acetone in aqueous po-
tassium hydroxide at 70 °C (Scheme 3).22 Upon cooling and
neutralization of these reactions mixtures, the product
quinoline-4-carboxylic acids 4 precipitated from the reac-
tion mixtures and were readily isolated by filtration. These
could be further purified by trituration to remove minor
impurities (see the Supporting Information), with little
change in the regioisomer ratio. Interestingly, quinolines
18-20 were all isolated as predominantly the 7-substituted
quinoline regioisomer. This selectivity was remarkable,
considering the starting chloro- and bromoisatins 6 and 7
had been enriched in the 4-substituted isomers; LCMS
analysis revealed that the mother liquors had been corre-
spondingly enriched in the 5-substituted quinoline regio-
isomers during the precipitations. Likewise, quinolines 21
and 23-29 were all isolated as predominantly the 6,7-
disubstituted regioisomers. Whereas the high ratios of isat-
in regioisomers were preserved in the formation and isola-
tion of quinolines 21, 24, and 26-29, the chloro-fluoro
compound 23, bromo-methoxy compound 25 and bromo-
methyl compound 30 all showed some rejection of the cor-
responding 5,6-disubstituted quinoline regioisomers into
the mother liquors to varying extents during their respec-
tive precipitations. Only the dichloroquinoline 22 was fur-
ther enriched in the 5,6-regioisomer after the Pfitzinger re-
action and trituration process.

We hypothesize that the marked solubility differences
exhibited by the quinoline regioisomers may be due, in
part, to their different packing in the solid state. A crystal
structure of quinoline-4-carboxylic acid has been reported
by Dobson and Gerkin, in which various hydrogen-bonding
interactions were proposed.?? Substituents on the quino-
line ring in the 5-position might disrupt these interactions
to a greater extent than those in the 7-position, leading to
less effective packing and a lower tendency towards precip-
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Scheme 3 Conversion of isatins 5-17 into quinolines 18-30; the struc-
ture of the major quinoline regioisomer is depicted

itation for the 5-substituted regioisomers, allowing them to
be washed into the mother liquors more readily upon neu-
tralization from the Pfitzinger reaction. During the course
of our studies, we observed that the isatin regioisomers
typically showed small differences in retention time of
0.03-0.06 minutes during a standard 2-minute LCMS meth-
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od, whereas the corresponding quinoline regioisomers
showed larger differences in retention time of 0.12-0.25
minutes on the same LCMS method. This LCMS data is
therefore consistent with the challenging separation of isat-
in regioisomers that has been reported previously and the
more facile separation of the corresponding quinoline re-
gioisomers that we observed was due to their greater dif-
ferences in physical properties.?°

In summary, we have developed a simple three-step
process for the practical synthesis of substituted quinoline-
4-carboxylic acids from anilines in a regiocontrolled fash-
ion, avoiding any challenging separations of regioisomers
by chromatographic methods. Thus, the Sandmeyer isatin
synthesis was employed to generate mixtures of isatin re-
gioisomers, which were subjected to the Pfitzinger reaction
with acetone. Solubility differences in the product quino-
line-4-carboxylic acids were sufficient in many cases to al-
low the preferential precipitation of 7- and 6,7-substituted
quinoline regioisomers (even when only present as the mi-
nor regioisomer), while rejecting 5- and 5,6-substituted
quinolines into the mother liquors. This method therefore
provides efficient access to these substituted quinoline-4-
carboxylic acids and is likely to find applications in the syn-
thesis of pharmacologically relevant molecules as a result.
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