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5-ChloroN-ethyl-1,2-dihydro-4-hydroxy-1-methyl-2-oXg-phenyl-3-quinolinecarboxamide (laquinimod,

2) is an oral drug in clinical trials for the treatment of multiple sclerosis. The final step in the synthesis
of 2 is a high-yielding aminolysis reaction of estewith N-ethylaniline. An equilibrium exists between

1 and2, and removal of formed methanol during the reaction is a prerequisite for obtaining high yields
of 2 from 1. The reactivity ofl and2 is explained by a mechanistic model that involves a transfer of the
enol proton to the exocyclic carbonyl substituent with concomitant formation of k&ehkis proton
transfer is especially facilitated f@&because the intramolecular hydrogen bond to the carbonyl oxygen
is weakened due to steric interactions. Batand 2 undergo solvolosis reactions that obey first-order
reaction kinetics, further supporting the theory that these two molecules are able to decompose
unimolecularly into keten®. The solvent-dependent spectroscopic featur@dmadicate that the molecule
mainly resides in two conformations. One conformation is favored in nonpolar solvents and is likely the
result of intramolecular hydrogen bonding. The other conformation is favored in polar solvents and probably
exhibits less intramolecular hydrogen bonding.
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Introduction SCHEME 1

Multiple sclerosis (MS) is an autoimmune disease that affects ¢hooH o Gl OH O
the central nervous system (CNS). The etiology of the disease A o/CH3 X N
is unknown, but the pathophysiological mechanism is similar k
to other autoimmune diseases where there is an infiltration of N0 N~ 0 TCH,
mononuclear cells into the target tissue. 5-Chlibrethyl-1,2- CHy, c';H3 .
dihydro-4-hydroxy-1-methyl-2-oxi-phenyl-3-quinolinecar- 2 laquinimod
boxamide (laquinimod?, Scheme 1) was developed by Active OH O o o
Biotech Research AB with roquinimex as a lead compdédnd Q °
and has successfully undergone a clinical phase Il trial as MS @[ij\ﬁl 7
medicatior? The potency of laquinimod is very high, and proof o CH, X0

I |
(1) Noseworthy, J. H.; Wolinsky, J. S.; Lublin, F. Bleurology200Q CH: roquinimex CH, 3

54, 1726.
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Jinsson, S.; Fex, T.; Hedlund, GBS Paten200Q 6,077,851. (c) Sih, J. C.
US Patentl999 5,912,349.
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O.; Nederman, TNeurology2005 64, 987.
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of concept was established using doses as low as 0.3 mg/person/
day. The exact mechanism of action by which laguinimod exerts
its effect on MS is still under investigation. The large-scale
production of laquinimod utilizes the synthetic route outlined

in Scheme 2. However, in this paper we will not discuss the

10.1021/jo052368q CCC: $33.50 © 2006 American Chemical Society
Published on Web 01/21/2006



Synthesis and Reagily of Laquinimod ]OCArticle

SCHEME 2. Synthetic Route for Large-Scale Production of the Sodium Salt of 2
cl

0 1. ethyl chloroformate c o
@:u\ on 2. acetyl chloride CE\J\O (l\:llaergo%oat?:smm- f ﬂ (:lirgoemglmalonate/
NH, dioxane H O DMF /& DMF—>
CH 5
Cl OH 0 IOHO/@ cl ONaO/©
X O’CH3 N-ethylamlme @51\1\ NaOH Cﬁf,\l
3

N

N o heptane

\ EOH N0 e,
CH, CH,
2 2-Na
SCHEME 3
CH, CH,
Cl OH O cl OH a o o ca o o /@ CH,
H
N0 NT o N X0 N" o kCH 10
|
CH, 6 CH, 7 CH, 8 CH, 9
CH
i /@ o CcH, 9 9 g
O oY O °
N
cH CH 0
" : 12 13 7 hc— 14

o} Cl OH O CH, a oo c o o
J OH
N A Cﬁf N
|
N H
o CH, NT 0 X0 NS0 TCH,

|
H,C CH, 46 CH, CH,

full details of large-scale synthesis such as process developmentappears to be a potentially useful method for the synthesis of
and critical parameters. Instead, we will focus on the final pivotal amides. However, relatively few examples of this kind of amide
step where estdrreacts withN-ethylaniline in heptane to afford  synthesis are reported in the literature, in comparison to the
compound?2 in almost quantitative yield. We will present more common method of reacting an acyl chloride with amines
evidence that this reaction occurs via the ketene intermediateor the coupling of carboxylic acids with amines using coupling
3, rather than via a tetrahedral intermediate. Conformational reagents such as DCC. The reason for this is probably that in
analysis and solvent dependent spectroscopic properti@s of the bimolecular reaction of an ester with an amine, high

are also discussed. temperature is needed to form the transition state preceding the
tetrahedral intermediate. In many cases, the amide is isolated
Results and Discussion in low yield because the high reaction temperature causes

unwanted side reactions. Aliphatic amines are often more
reactive than aromatic amines, and very few examples of
econdary aromatic amines reacting with esters are reported in
e literature. During our work with the synthesis of laquinimod
2, we realized that this amide is less stable than the correspond-
ing esterl and that equilibrium exists betwednand?2 in the
aminolysis reaction. The equilibrium is probably maintained via

A number of synthetic routes were evaluated for the large-
scale synthesis of laquinim@#4 The route depicted in Scheme
2 was chosen because it was reliable, easy to perform, and gav
a good overall yield of2 without the need of complicated
purification methods. The nonhygroscopic sodium sal (2-
Na) was chosen as the final drug form due to its excellent
;sr:azbwgyrg Lrlgrrr]]%jé%r?r? ?hinsdalttk] fomtnt;zt;; n':/(laorr'rgr;%rt;rirlws z??ﬁes a stabilizgd ketene intermediéBeather than via the tetrahedral
large-scale synthesis will be published later. The laboratory- intermediate.
scale synthesis dI-Na essentially follows the same route and ~ Laboratory Trials. Synthesis of 2 Using Toluene as
is described in the Experimental Section. The first three steps Solvent.Compound2 was isolated in 90% yield when a mixture
of the synthetic route are straightforward. However, the final of 1 and 2.0 equiv oN-ethylaniline in toluene was heated to
aminolysis step in which amid2is formed in almost quantita-  the boiling point, and most of the volatiles were distilled off
tive yield from esterl deserves further comments. In general, during approximately 6 h. However, the purity profile of the
amides are considered to be more stable than their correspondingiesulting2 was not considered to be satisfactory, as substantial
esters, and a bimolecular reaction of an ester with an amineamounts of unreacted esteand quinoline7 (Scheme 3) were
found in the isolated crude product (see the Experimental Section
(4) Jansson, KUS Patent2005 6, 875, 869 B2. and Table 1). An interesting observation is that estend amide
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TABLE 1. Yield and Purity Profile of the Isolated Product 2

Jansson et al.

TABLE 2. Reaction of Esters with N-Ethylaniline2

impurities in2 (w/w, %)2

solvent yield (%) conteAt(%) 1 7
toluene 90 94.0 4.55 0.54
heptane 98 99.4 0.02 0.03

aDetermined by HPLC.

2 rapidly reached equilibrium at relatively low temperatures.
When1 reacted at 140C with 1.75 equiv oiN-ethylaniline in
sealed tubes (no volatiles can leave the reaction vegsefs
formed in 21% and 22% molar yield after 35 min and after 70
min, respectively (79% and 78% @fremained in the mixtures,
see the Experimental Section for more details). The fact that
the yields were almost identical indicates that equilibrium was
reached. In another experiment wh@revas heated for 1 or 3
h at 100°C with 3.0 equiv of methanol in sealed tubes, rapid
methanolysis occurred and gave estén 98% molar yield in
both cases (2% dt remained in the mixtures). Together, these
experiments demonstrate the high reactivityloénd 2 and,
unexpectedly, that estéris favored in the equilibrium between
1 and?2. They also indicate that a prerequisite for obtaining a
high yield of 2 from 1 is that methanol is efficiently removed
from the reaction mixture by distillation of the volatiles.
Laboratory Trials. Synthesis of 2 Using n-Heptane as
Solvent. Apart from the finding that it was necessary to
efficiently remove the formed methanol, another factor that
dramatically increased the yield and purity ®dfwas found.
When usingr-heptane (bp 98C) as solvent instead of toluene,
2 was isolated in 98% yield as white to off-white crystals with
no single impurity exceeding 0.1% (Table 1). Orllyand 7
were found in low amounts in the isolated product. This
improvement in yield and purity was achieved by simply using
a nontraditional solvent for synthesis suchrabeptane and

ester product yield (%)
1 2 90
14 15 67
10 11 0
12 13 0
8 9 0

2The esters and 2.0 equiv Nfethylaniline were heated in toluene, and
most of the volatiles were distilled off during 6 h.

TABLE 3. Stability of Esters and Amides under Neutral or Basic
Conditions

% conversion

compd conditions product to produckt
16  MeOH/100°C/6 min 1 24
16 0.5 M NaOMe/MeOH/ 1 9
100°C/6 min
16 1M NaOH/rt/1h no reaction 0
16 1M NaOH/100°C/1 h 7 40
10 MeOH/100°C/6 min no reaction 0
10 0.5 M NaOMe/MeOH/ methyl ester 100
100°C/2 min
2 MeOH/100°C/6 min 1 100
2 0.5 M NaOMe/MeOH/100C/6 min no reaction 0
2 1M NaOH/100°C/1 h no reaction 0
13 MeOH/100°C/6 min no reaction 0
17  MeOH/140°C/10 min no reaction 0

a Reactions in methanol were heated in sealed tubes in a microwave oven.
b Analysis was performed byH NMR. The remaining part was starting
material.

Further Examination of the Reaction Characteristics of
Esters and Amides A study was undertaken to investigate how
various esters (Scheme 3) behave in their reactions with
N-ethylaniline (Table 2). The esters and 2.0 equiv Nf
ethylaniline were heated in toluene, and most of the volatiles
were distilled off at atmospheric pressure during 6 h. Esters

resulted in a process patent covering the synthesis of compoundand 145 gave their correspondinly-ethylanilides2 and 15 in

2 as well as similar structurésBoth reaction rate and yield are
higher in heptane than in toluene, despite the lower boiling point
of heptane, and this can probably be attributed to the low
solubility of 2 in heptane at the reaction temperature. The
solubility of 1 and 2 in heptane at room temperature was
determined by means of HPLC to be 0.15 and 0.03 mg/mL
respectively. The solubility at higher temperatures was not
determined, but still it is expected that the solubility fs
lower than that ofL. In heptane, precipitation & occurs as
small white needles during the reaction. In contrast, when using
toluene as solvent, bothand?2 are fully soluble at the reaction
temperature. Thus, the low solubility &fin heptane probably
accounts for the superior yield, reaction rate, and purity in

good yields. However, ethytans-cinnamatel0, ethyl benzoate

12, and the 49-methyl analogue8 yielded no trace of their
corresponding productkl, 13, and9. The activation energies
for formation of11, 13, and9 are apparently much higher than
can be provided by the temperature in toluene. Even when the
reaction temperature was increased by using xylene (bp-138
142°C) instead of toluene as solvent, the products13, and

9 could not be detected in their respective reaction mixtures.
These experiments indicate thixketoesters such dsand14,
which have enolizable protons in their structures, are reactive
and that this structural feature is important for the reaction with
the aniline. Therefore, the importance of pH in the methanolysis
of some esters and amides under neutral or basic conditions

comparison to when toluene was used as a solvent. Our methodvere studied (Table 3). Thus, heating ethyl edt@(Scheme

was very promising and was later successfully implemented in
the large-scale production &f The byproduc? is formed in a
reaction betweef and small amounts of water present in the
reaction mixture. Water may be present from the beginning of

3) at 100°C in a microwave reactor for 6 min in MeOH led to
formation of methyl estet in 24% yield. The same experiment
using 0.5 M NaOMe in MeOH vyielded only 9% df The
opposite result was obtained for etlrdns-cinnamatel 0, which

the synthesis (in solvents, etc.) or may enter the reaction vesselwas inert in methanol at 10@€ but was completely transformed

during the reaction. In fact, quinolin@ was isolated in
guantitative yield wher2 was heated at 14%C with 2.0 equiv
of water in toluene fo4 h (see the Experimental Section). The
same reaction was also studied at £@for 1 h and resulted
in an almost quantitative yield of carboxylic adsd(contami-
nated with a small amount &. Thus, the primary hydrolysis
product of2 is carboxylic acids, which decarboxylates int®

at elevated temperatures.
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to the corresponding methyl ester under basic conditions. Ester

16 is soluble and stablenil M NaOH when stirred fol h at
room temperature, in contrast to most other soluble carboxylic
esters, which are hydrolyzed under such conditions. An increase
of the temperature to 100C for 1 h gave 40% yield of
compound?. Amide 2 is easily solvolyzed intd in methanol

in quantitative yield but is inert at 100C in 0.5 M NaOMe in
MeOH or when heated at 10@ in 1 M NaOH for 1 h. The
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amidel3 was not solvolyzed to methyl benzoate when heated
in MeOH at 100°C. These experiments further underline that
the enol proton, found in compound$ and2, is fundamental

for the reaction with methanol and that amRis more reactive
than estefl6. Apparently, the exocyclic amide bond2ns weak
and reactive when the enol proton is present in the molecule
whereas it is very stable when the molecule is in its enolate
form. Compouna is rather acidic (K. = 4.2), and the stable
enolate form dominates under physiological conditions. In vivo
pharmacokinetic studies on compouhtave not revealed any
reactions related to those discussed here,2aisdnetabolized
mainly by aryl hydroxylation and oxidative N-dealkylatfoand

the half-life elimination in man is 3 days. Compoudd is
similar in structure t@® but is extremely stable when heated in
MeOH at 140°C and shows no sign of the methanolysis product
or any other byproducts. Unlike compouBgwhich is readily
soluble in water at pH 7.5 (100 mg/mL), compoud is
virtually insoluble (<0.01 mg/mL). A plausible explanation of
the very different chemical behavior 8fand17 is discussed

later in the section about the possible reaction mechanism for

the equilibrium betweend and2.
Kinetic Study of the Solvolysis of 1 and 2The stability of

the amide2 was studied in various solvents, and it was found

that the polarity of the solvent had a large impact on the stability.
The ratios of the relative degradation rates in water (0.02 M
HCI), DMSO, ethanol, and dichloromethane were approximately
1:5:10:40 (see the Experimental Section for details). Thus, the
reactivity of 2 increases when solvent polarity decreases.

JOC Article

TABLE 4. Alcoholysis of Amide 2 and Trans-Esterification of
Ester 1

reactant/alcohol rate constant {h ester in % of products
2/1.6%n-PrOH 0.232 91
2/0.32%n-PrOH 0.227 71
2/0.064%n-PrOH 0.226 32
2/0.32% MeOH 0.219 82
2/0.32% EtOH 0.221 66
2/0.32%i-PrOH 0.218 60
1/1.6%n-PrOH 0.00343 91
1/0.064%n-PrOH 0.00303 25

a Apart from ester,7 was also formed from reaction with water. The
found sum of7 and ester corresponded to the consumed amount of the
reactant.

SCHEME 4.
Acetoacetate
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Acetoacetylation of Aniline with tert-Butyl

Comparison of these results with the solvent dependence of UV determining step. In the same series, experiments were also

and NMR spectra of amid@ (discussed below) led to the
assumption that compourflis present in two different forms

made with solvolysis of estdrwith two different concentrations
of n-propanol. Although the reaction was much slower than for

in equilibrium. One form is favored in nonpolar solvents and is  amide?2, the same products were found, and reaction rate was
highly reactive, while the other form, which is much less of the first order with respect to consumption of the reactant
reactive, is favored in polar solvents. Even though we expectedand this rate was not dependent on the concentration of
that the reactivity of estet and amide2 would be caused by  n-propanol. Finally, the quotients between the two final products
ketene formation rather than by the more common bimolecular (n-propyl ester and) were nearly the same for both reactions
reaction through tetrahedral intermediates, it was necessary tq(Table 4). This strongly indicates the existence of a common
provide more evidence in order to exclude the latter type. reactive intermediate in the reactions oand 2 respectively.
Therefore, we decided to examine whether the nucleophile wasThis intermediate could very well be the ketehe

involved in the rate-determining step or not. One difficulty in  Possible Reaction Mechanism for the Equilibrium between
studying the effect of the concentration of the nucleophile was 1 and 2. As previously discussed, the-ketoestersl and 14

to distinguish between the direct dependence on the rate ofwere found to be the only esters in this study that reacted with
formation and the impact of the solvent polarity. This was N-ethylaniline to give their corresponding amides in high yields
overcome by the using a solvent mixture (20% DMSO in (Table 2). A literature search on the subject of reactions between
acetonitrile) that was “buffered” with respect to polarity by carboxylic esters and aromatic amines provides further support
solvents that do not enter the reaction. Kinetic experiments with for this finding. Most references describe reactionssefe-

amide2 were performed using varying amountsrepropanol  toesters such as malonic esters or methylesebutyl aceto-

and other alcohols in this mixed medium. In all cases, the
consumption of the reactant followed first-order kinetics,
obviously in favor of a reaction involving an unimolecular rate-

acetate with aromatic amines. A related reaction of phenyl
salicylate with amines is known as the “Salol reactién”.
Acetoacetylation of nucleophiles (alcohols or amines) with

determining step. In addition to thepropy! ester, the corre-
sponding carboxylic acié was also formed but was decarbox-
ylated to7 before analysis. This byproduct is formed in a side-
reaction with traces of moisture present in the reaction medium.
In all experiments, the sum of the expecte@ropyl! ester and
compound? corresponded well to the consumed amount of the
reactant. The total rate was virtually independent of the
concentration and type of alcohol used (Table 4), further
indicating that the alcohol does not take part in an initial rate-

methyl ortert-butyl acetoacetat&9 (Scheme 4) was found to
obey first-order reaction kinetics, and mechanistic studies have
shown that the reaction probably proceeds via acetylke2éne
instead of via a tetrahedral intermediétdere, strong evidence

for the ketene mechanism also comes from the fact tévat

butyl acetoacetat&d was 15-20-fold more reactive than methyl
acetoacetate. A tetrahedral intermediate is unlikely because the

(7) (@) Allen, C. F. H.; VanAllan, JOrganic Synthesediley: New
York, 1955; Collect. Vol. lll, p 765. (b) Black, M.; Cadogan, J. |. G;
McNab, H.J. Chem. Soc., Perkin Tran$994 155.

(8) (a) Witzeman, J. STetrahedron Lett199Q 31, 1401. (b) Witzeman,
J. S.; Nottingham, W. DJ. Org. Chem1991, 56, 1713. (c) Clemens, R. J.;
Witzeman, J. SJ. Am. Chem. S0d.989 111, 2186.

(5) Wiseman, E. H.; Chiaini, J.; McManus, J. NMl. Med. Chem1973
16, 131.

(6) Tuvesson, H.; Hallin, I.; Persson, R.; Sparre, B.; Gunnarsson, P. O.;
Seidegard, JDrug Metab. Dispos2005 33, 866.
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SCHEME 5. Ketene 3 Is the Common Intermediate in the Equilibrium between 1 and 2
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sterically more congestedert-butyl ester would be more 0.8

reluctant to form such intermediates. Ketenes are considered to
gain stabilization fromz-withdrawing groups such as carbonyl

substituent8.The presence of ongketo group intert-butyl or 07 0 % methanol
methyl acetoacetate obviously makes the reaction via acetylketene 4 % methanol
more favorable than the reaction via a tetrahedral intermediate.

As previously described, estdr and amide2 react with 06 . 10 % methanol
n-propanol in such a manner that they obey first-order kinetics.
Ketene3 is a plausible intermediate in these reactions and is 20 % methanol
probably the common intermediate in the equilibrium between 5 - 40 % methanol
1 and 2 (Scheme 5). According to the proposed mechanism, )
both esterl and amide2 are capable of transferring the enol 60 % methanol
proton to the carbonyl substituent and to form ket8n&he

80 % methanol

hypothetical transition structures of these transformations, as
shown in Scheme 5, are characterized by planarity between the
exocyclic carbonyl group and the quinoline ring. Similar planar
transition structures were proposed for the pseudopericyclic 0.3 -
reactions between acetylketene and alcohols or amines, respec-
tively.10 However, for compoundsand2, electrostatic repulsion

between the carbonyl groups is expected, and therefore, the 0.2
existence of nonplanar transition structures cannot be completely

ruled out. The transient keter& although stabilized by two

carbonyl groups, is very reactive and reacts rapidly with either 0.1 -
methanol or withN-ethylaniline. We made several attempts to
isolate ketene8 in our laboratory; however, none were suc-

Absorbance
[=]
-

100 % methanol

cessful. The surprising fact that the equilibrium favors ester 0 . . . —
as seen when the reactions were run in sealed tubes (see above), 260 280 300 320 340 360 380 400
is understandable if the lowest energy conformation$ ahd wavelength (nm)

2 are considered. Theoretical calculations @n(see the
Computational Chemistry section), show a small difference in FIGURE 1. UV spectra of2 in mixtures of methanol and dichlo-
energy between the amide andZ-isomers (approximately 4 ~ romethane.

kcal/mol in favor of theE-form). It remains uncertain whether
only one or both of these two isomers are involved in the
reaction mechanism. According to the calculations, there is steric
repulsion in compound between théN-ethyl group Z-isomer),

or the phenyl groupH-isomer), and the carbonyl group in (2)-
position. This results in a conformation where the exocyclic
carbonyl group to some extent is forced out from the ring plane.
The repulsion leads to weakening of the intramolecular hydrogen
bond between the enol proton and the carbonyl oxygen. In
contrast, compound. does not suffer from a similar steric
repulsion and has a stronger intramolecular hydrogen bond to
the carbonyl oxygen. Thus, formation of the transition structure
is easier for2 than for 1, and this accounts for the higher
reactivity of 2. Further evidence for the proposed mechanism
is provided by the reactivity of compourid. In contrast ta2,

intramolecular hydrogen bonds result in a structure with minimal
conformational flexibility (see the Computational Chemistry
section). The lack of conformational flexibility ih7 precludes
decomposition intd3 via the mechanism proposed for com-
poundsl and2 and accounts for its high stability. Compound
17is readily formed in high yield fron2 by reaction with aniline
at 100°C for 1 h. Thus, the reactivity df and2 is due to these
two molecules ability to transfer the enol proton to the exocyclic
carbonyl substituent and to form keterde Especially for
compound2, steric effects make this proton-transfer easier.
Solvent-Dependent Conformation of 2UV spectra of amide
2 were recorded in mixtures of dichloromethane and methanol
(Figure 1). These spectra indicate that two different types of
conformation are favored, one in polar and one in nonpolar

compoundl7is extremely stable, e.g., even at 14Din MeOH ;olvents: Thg pattern of the ov_erlald spectra with converging
isosbestic pointd indicates thag is present in two main forms

LS h;(\;\:)sp?: s;grr;sla(;f;? e;?ﬁjnc?byrzls E ézgﬂzt: (t-l;]it;f ?géeczrgp:?;?cand that their relative distribution is governed by the solvent

constraints to prevent it, and conjugation as well as two strong composition. It was not possible to _obtaln the spectra of th_e
pure forms, and thus it was not possible to determine the ratio

between the two forms in the various solvent compositions.

(9) Gong, L.; McAllister, M. A.; Tidwell, T. T.J. Am. Chem. Sod991

113 6021.
(10) Birney, D. M.; Xiaolian, X.; Sihyun, H.; Xiaomeng, H. Org. (11) Williams, D. H.; Fleming, |.Spectroscopic methods in organic
Chem.1997 62, 7114 chemistry McGraw-Hill: London, 1989; pp 68.
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TABLE 5. I3C NMR Signals of 2 Obtained in Mixtures of % Dg-DMSO (v/v) in mixture with CDCl;
Ds-DMSO and CDCls
5 10 20 50 100
| n 2 T L] L} T
Cl OH O 2 4 5 7-carbon
5 4 3 1 5 'E 0
6 o g wN, F o v\%\; 9-carbon
7 9 k @ -2 §-carbon
5 f]h O CH, % 12-carbon
CH, 8 4
g, 11-carbon
chemical*3C shifts e €1
% DMSO-ds (V/Vv) in mixture with CDC} 5 3
0 10 20 50 100 assignment £
2 40 4-carbon
168.8 167.7 166.6 164.6 163.6 (1) ' ' '
165.7 163.3 161.2 157.5 156.0 (4) 0 2 4 6 8
157.9 158.3 158.7 159.1 159.1 2 Shift change for the 3-carbon
142.7 142.4 142.1 141.6 141.3 9)
1421 141.7 141.5 141.3 1414 p e FIGURE 2. Changes of chemical shift id on addition of DMSOds
132.8 132.3 132.1 131.5 131.0 (5) to CDC solution. The changes of six carbon shifts plotted versus the
131.7 1315 131.2 130.8 130.8 (@) shift changes of the (3)-carbon.
128.5 128.5 128.5 128.4 128.6 "(3)
126.9 127.1 127.2 127.3 127.7 X4 .
126.7 126.8 126.9 127.0 127.0 (8) A more natural explanation would be that the (4)-OH proton
125.4 125.4 125.3 125.2 125.3 (6) in nonpolar solvents is intramolecularly hydrogen bonded to
ﬁgg ﬁg;‘ ﬁgg ﬂgg ﬂgé ?1%) the amide carbonyl group. In this way, the amide carbonyl group
105.1 106.7 108.2 110.6 1118 @) becomes more aligned with the quinoline ring (form A). Polar
45.7 45.2 44.6 43.5 42.9 (12) solvents, however, may solvate the 4-OH group by hydrogen
29.8 29.8 29.8 29.6 29.6 1) bonding thus precluding intramolecular hydrogen bonding.
12.9 12.9 12.8 12.7 12.7 (12) Therefore, the amide carbonyl group forms a greater angle with

the quinoline ring (form B). This conformational effect of
However, a rough estimate based on the spectra indicates thainhibiting the intramolecular hydrogen bond is further substanti-
the methanol solution contains less than 7% of the dichlo- ated by molecular calculations described later in the computa-
romethane-favored form, estimated at 366 nm. In dichlo- tional chemistry section. Most likely, forms A and B also exist
romethane, this form probably dominates, although the spectrain E- and Z-isomers. However, this does not result in visibly

indicate a content of only 32%, estimated at 280 nm. split signals in the NMR spectra. This is probably due to more
Large solvent-dependeiiC NMR spectra variations were  rapid E/Z exchange compared to the corresponding exchange

also observed. The chemical shifts of amilen CDCl; were for the anion of2. This theory is borne out by the following:

studied after addition of various amounts of DM$i®¢Table (1) In the UV spectrum o2, form A has absorption maxima at

5). In Figure 2, the shift changes for six of the most variable |onger wavelengths than form B. This is to be expected when
carbon shifts are plotted versus the shift changes of the (3)-the amide carbonyl group is closer to the same plane as the
carbon. In this way, a correlation between the signals and the conjugating quinoline ring. (2) In NMR, thBC-shift changes
ratios of the two forms could be established. A good linear for 2 in solutions of varying polarity are large for the carbon
relationship was demonstrated (Figure 2), and this agrees wellatoms close to or directly involved in the hydrogen bonding.

with the presence of two distinct forms in rapid equilibrium. (3) The results of the conformation analysis made by computer
Several possible explanations of the occurrence of the two forms g culations are in accordance with the theory.

of 2 may be considered. Tautomers with the enol OH group on

carbons (2), (4), or (11) and the corresponding keto tautomer
are possible. Of these tautomers, the one with the OH on the
(4)-carbon seems to be the most likely. A keto group in this

position would have required a chemical shift of at least 185

ppm for the (4)-carbon, as seen for compo&dIn contrast,

the chemical shift for the (4)-carbon this about 166 ppm in

As previously discussed (in the section Kinetic Study of the
Solvolysis ofl and2), compouna is more reactive in nonpolar
solvents than in polar solvents. This effect can be explained
when considering the conformational properties2adind the
proposed mechanism for ketene formation (Scheme 5). In
nonpolar solvents, intramolecular hydrogen bonds may develop

CDCl; and about 156 ppm in DMS@s. Despite that the between the enol proton and the carbonyl oxygen or the nitrogen
possibility of tautomers cannot be ruled out completely, this atom, respectively. The latter type of binding results in ketene

explanation seems unlikely. Another way to explain the observed formation. In polar solvents, however, hydrogen bonds to the
two forms would be to suppose that they correspond tcEthe solvent dommatfs _and this suppress ketene formation and leads
and Z-isomers of the exocyclic amide (see the Computational © & lower reactivity.

Chemistry section). This would require that the proportion ~ Computational Chemistry. Ab initio quantum chemical
between thé&- andZ-isomers was very dependent on the solvent calculations using Spartan 04 (W) were performed in order to
composition. However, the observed difference¥a shift gain information about tautomers and conformational energies
between the forms is much larger (at least 10 ppm for the (4)- for compoundsl, 2, and17.12 For each tautomer, a conforma-
carbon) than that between the well separated shifts foEthe  tional search was made with the semiempirical method PM3.
and Z-isomers obtained for the anion @f in alkaline DO Up to a dozen conformations for each tautomer were then chosen
solution (only 0.5 ppm for the (4)-carbon, see the Supporting as starting points for further ab initio RHF calculations. After
Information). This excludes dependence onEhandZ-isomers final geometry optimization at the RHF/6-31G** level, single-

as an explanation. point MP2 calculations using the same basis set was made. Gas-
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¢) Compound 2 Z-conformation d) Compound 2 E-conformation

Dihedral H-O4-C4-C5 = 90 degrees.

e) Compound 17

FIGURE 3. Geometry-optimized conformations with lowest energy of compdyrit] and17. For compouna, the conformations are shown for
both theE- andZ-forms. Also for compoun@, the conformation after a geometry optimization starting fromBterm with the dihedral H-O,—
C,—Cs constrained to 90is shown.

phase calculations are assumed to be relevant for the moleculebetween the planes is prevented by steric repulsion between
in the nonpolar solvents described in this work, and reported the amide alkyl substituentZ{isomer) or the amide phenyl
differences in energy refer to gas-phase energies. The geometrysubstituent E-isomer) and the quinoline carbonyl group in the
optimized structure of the most stable tautomer of compdund  (2)-position. The dihedral angles€C3;—C1;—0;; in the opti-
adopts a planar conformation with an intramolecular hydrogen- mized E-isomer is 36.8.

bond between the enol group in the (4)-position and the ester  \ye consider gas-phase calculations not to be relevant for the
carbonyl group in the (3)-position (Figure 3a). Other tautomers strycture of in polar solvents such as DMSO. In polar solvents,
were at least 5 kcal/mol higher in energy. . another tautomer may be lower in energy or the intramolecular
We point out that there exist numerous energy minima for yqrogen bond may be replaced by an intermolecular hydrogen
compound?. Therefore, the conformational search has probably 1),nq to the solvent. We have investigated what consequences
not succeeded in localizing the global energy minimum con- ¢ ,cn an intermolecular hydrogen bond may have on the
formation for the different tautomers. However, this lack in conformation of2. To make a rough simulation of a polar
conformational search on all the tautomers is judged to be of solvent, we chose the minimum energy conformation of the
minor importance in comparison with the obtained differences £ comer (Figure 3b) as the initial conformation, with the
in energy between the tautomers. The conformational analysis
of the most populated tautomer @f reveals two distinctly
different low energy conformations with- andZ-stereochem-
istry, respectively. Thé&-isomer is approximately 4 kcal/mol
lower in energy than th&-isomer (Figure 3b,c). The most
populated tautomer of also possesses an intramolecular
hydrogen bonding between the enol proton and the amide
carbonyl group which attracts the planes of the carbonyl group
and the quinoline ring toward each other. However, coplanarity

difference that the dihedral angle-+0,—C;,—C3 was con-
strained to 90. A geometry optimization with this constraint
resulted in a markedly different conformation (Figure 3d). To
minimize the electrostatic repulsion between oxygen atoms, the
dihedral angle ¢—C3—Cy3—041 becomes 964 It is of interest
to note that a similar structure results from the gas-phase
minimization of 2-Na (unpublished results).
Despite a seemingly large structural similarity between
compound®2 and 17, their conformations are quite different.
(12) Spartan 04 Windows, Wavefunction, Inc., 18401 Von Karman Ave, 1Ne steric repulsive interactions between amide substituents and
Suite 370, Irvine, CA 92612. the quinoline (2)-carbonyl group is absentliiand is replaced
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by an intramolecular hydrogen bond between the amide NMR (DMSO) ¢ 32.4 (CHy), 109.4 (C), 114.1 (CH), 126.0 (CH),
hydrogen and the (2)-carbonyl group. The cooperative forces 135.4 (C), 136.6 (CH), 144.6 (C), 147.4 (C), 155.5 (C); MS-ESI
of the two intramolecular hydrogen bonds result in an energy Mz 212 [MH]*. Anal.(GHNOsCI): C, 51.09; H, 2.86; N, 6.62.
minimized conformer with a rigid planar structure (Figure 3e). Found: C, 51.3; H, 2.98; N, 6.52.

Other tautomers than the (4)-OH tautomerl@fwere roughly

5-Chloro-1,2-dihydro-4-hydroxy-1-methyl-2-oxo-3-quinoline-

4 kcal/mol higher in energy. The differences in conformation carboxylic acid methyl ester (1) *H NMR (CDCly) ¢ 3.64 (s,

and exposure of polar groups gi2eand17 markedly different

physicochemical properties such as a considerably lower aque

ous solubility of17.

Conclusions

The reactivity of laquinimo®, a compound currently being

3H), 4.04 (s, 3H), 7.24 (dd] = 8.6 and 1.0 Hz, 1H), 7.27 (dd,
= 7.7 and 1.0 Hz, 1H), 7.50 (dd,= 8.6 and 7.7 Hz, 1H), 14.91

s, 1H); 3C NMR (CDCE) 6 30.1 (CHy), 53.2, (CH), 98.1 (C),

112.5 (C), 113.3 (CH), 126.1 (CH), 133.4 (CH), 134.6 (C), 143.6
(C), 158.8 (C), 172.7 (C), 173.4 (C); MS-ERIz 268 [MH]*. Anal.
(C12H10N04C|): C, 5385, H, 3.77; N, 5.23. Found: C, 54.0; H,
3.78; N, 5.34.
5-Chloro-N-ethyl-1,2-dihydro-4-hydroxy-1-methyl-2-oxoN-

evaluated as a potential drug for the treatment of multiple phenyl-3-quinolinecarboxamide Sodium Salt (2-Na)5-Chloro-

sclerosis, and some analogues were studied. Compduzid

1,2-dihydro-4-hydroxy-1-methyl-2-oxo-3-quinolinecarboxylic acid

2 undergo solvolysis reactions that obey first-order reaction methyl esterl (3.00 g, 11.2 mmol)N-ethylaniline (2.88 mL, 22.4
kinetics, and keteng& was postulated as a transient intermediate mmol), andn-heptane (60 mL) were heated, and the volatiles,

in the synthesis o? from 1. The enol protons in compounds
and 2 appear to play a crucial role for the reactivity, and a

mainly heptane and formed methanol (32 mL), distilled off during
6 h and 35 min. After the mixture was cooled to room temperature,

possible mechanism involving an intramolecular transfer of the the crystalline suspension was filtered, and the crystals were washed

enol protons to the exocyclic carbonyl substituents with

concomitant formation of keteri@was presented. The solvent
dependence ofC NMR and UV spectra of compourzlwas

with n-heptane and dried in a vacuum to yield crude 5-chlsgro-
ethyl-1,2-dihydro-4-hydroxy-1-methyl-2-oXg-phenyl-3-quinoline-
carboxamide as white to off-white crystal needles (3.94 g, 98%,
purity data are reported in Table 1). This compound has been

rationalized in terms of two different mean conformations. One gescribed beforéb4and3C NMR (CDCk, DMSO-d) is reported
form is favored in nonpolar solvents and exhibits intramolecular jn Table 5 above. Compour2{(2.48 g, 6.95 mmol) was suspended
hydrogen bonding, the other form is more abundant in polar in ethanol (99.5%, 18.6 mL), and NaOH (10.0 M, 0.70 mL, 7.0
solvents and exhibits less intramolecular hydrogen bonding. Themmol) was added. The suspension was stirred2fd and the

reactivity of 2 was found to be dependent on solvent polarity.

crystalline precipitate was collected, washed with cold ethanol

In nonpolar solvents, an intramolecular hydrogen bond is (99-5%1) and dried to affor@-Na as small white crystals (2.55 g,
developed more easily, and this facilitates the transfer of the 96%): *H NMR (D,O + NaOD, 21 mg/mLp 1.20 (t,J = 7.2 Hz,

enol proton to the exocyclic carbonyl substituent. Steric effects
in 2 make such a proton transfer especially feasible since a
strong hydrogen bond to the carbonyl oxygen is prohibited. The

3H), 3.14 (s, 3H), 3.86 (M, 2H), 6.56 (d= 7.5 Hz, 1H), 6.83 (m,
2H), 6.99 (t,J = 7.4 Hz, 1H), 7.18 (tJ = 7.7 Hz, 2H), 7.38 (dy

= 7.8 Hz, 2H);3C NMR (D,O-+NaOD)6 14.9 (CH), 32.2 (CH),
46.8 (CH), 111.5 (C), 116.4 (CH), 121.3 (C), 127.3 (CH), 129.3

reactivity of2 decreases when solvent polarity increases because(ZCH), 130.5 (CH), 131.2 (2CH), 132.3 (CH), 134.3 (C), 144.4
intramolecular bonding becomes more difficult. Other enolizable (c), 144.4 (C), 164.2 (C), 173.6 (C), 173.7 (C); MS-E8k 379

p-ketoamides besidesmay also react via ketene intermediates
in substitution reactions. In fact, a preliminary investigation
(unpublished results) has revealed that compoliBdshows
similar characteristics to that @& Thus, the solvolysis rate of
15 in ethanol is even faster than that &f Furthermore, the
degradation rate is similar to that & i.e., more rapid in

[MH] *. Anal. (CigH1eN20sCINa): C, 60.25; H, 4.26; N, 7.40; O,
12.67. Found: C, 60.1; H, 4.26; N, 7.35; O, 12.5.

Comparison between Toluene andh-Heptane as Solvent for
the Synthesis of 2, Table 1Compoundl (3.00 g, 11.2 mmol),
N-ethylaniline (2.88 mL, 22.4 mmol), and toluene (60 mL) were
heated, and the volatiles, mainly toluene and formed methanol (32

nonpolar than in polar solvents and theoretical calculations ML), distilled off durirg 6 h and 35 min. After cooling to room

corroborate that steric interactions in the enol form 1&f

prevents a strong hydrogen bond to the exocyclic carbonyl

oxygen. Finally, a process was developed that provRias
very high yield (98%) froml. We found that the solvent was
important for the process. Thus, usimgheptane instead of

temperature and precipitation of the product with heptane (40 mL),
the precipitate was filtered, washed with heptane, and dried in a
vacuum to yield crud@ as off-white crystals (3.58 g, 90%). This
product and the crud2 isolated from the reaction in-heptane
described above were analyzed using HPLC and reference com-
pounds; see Table 1 in Results and Discussion. Only éstad

toluene as solvent significantly improved the process with 5-chloro-1,2-dihydro-4-hydroxy-1-methyl-2-oxoquinolifewere
respect to reaction rate, yield, and purity. This was attributed detected in the products. Peaks with area % below 0.02% are not

to the low solubility of2 in n-heptane.

Experimental Section

Syntheses of compounds 5, and1 were performed using the
published method&:?# Analytical data follows.

5-Chloroisatoic anhydride (4y *H NMR (DMSOQ) 6 7.09 (dd,
J=8.2 and 0.9 Hz, 1H), 7.29 (dd,= 7.9 and 0.9 Hz, 1H), 7.64
(t, J=8.1 Hz, 1H), 11.8 (s broad, 1H¥C NMR (DMSQ)¢ 108.1
(C), 114.6 (CH), 125.7 (CH), 135.0 (C), 136.5 (CH), 144.0 (C),
146.7 (C), 156.5 (C); MS-ESinvz 196 [M — H]~. Anal. (GH.-
NOsCI): C, 48.63; H, 2.04; N, 7.09. Found: C, 48.7; H, 2.06; N,
7.08.

5-Chloro-N-methylisatoic anhydride (5} 'H NMR (DMSO)
0 3.45 (s, 3H), 7.367.44 (m, 2H), 7.77 (tJ = 8.2 Hz, 1H);15C

reported in Table 1. Preparation ofis described below.

Studies on the Equilibrium between 1 and 2. Aminolysis of
1 with N-Ethylaniline. Compound1 (200 mg, 0.75 mmol),
N-ethylaniline (163 mg, 1.12 mmol), and CDQR.0 mL) were
heated in sealed tubes at 14D in a microwave reactor for 35 and
70 min, respectively. Analysis of the mixtures by mean$-bNMR
revealed that apart frorhandN-ethylaniline only2 and methanol
were present. The molar yields were estimated by measuring the
integrals of representative signals in compouhdsd?2. The yield
of 2was 21% and 22%, respectively, after 35 and 70 min of heating.
The corresponding yields df were 79% and 78%.

Methanolysis of 2.Compound (90 mg, 0.25 mmol), methanol
(31 uL, 0.76 mmol), and CDGI(3.0 mL) were heated in sealed
tubes at 100C for 1 and 3 h, respectively. According il NMR
analysis, onlyl, 2, methanol, andN-ethylaniline were present in
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the reaction mixtures. The molar yields dfafter 1 o 3 h were

98% in both cases. 2% @& remained in the mixtures.
Determination of the Solubility of 1 and 2 in n-Heptane.

Saturated solutions df and 2 in n-heptane at room temperature

Jansson et al.

H, 4.23; N, 5.06. Eluted next was compoudd5.8 g, 37%): H
NMR (CDCl;) ¢ 3.69 (s, 3H), 3.98 (s, 3H), 3.99 (s, 3H), 7:30
7.32 (m, 2H), 7.48 (dd] = 8.8 and 7.6 Hz, 1H}:3C NMR (CDCl)
0 30.4 (CH), 53.0 (CH;), 61.3 (CH), 113.5 (CH), 114.6 (C), 115.6

were prepared by shaking and ultrasonication of an excess amoun{C), 126.4 (CH), 131.5 (CH), 132.3 (C), 142.1 (C), 160.3 (C), 161.2

of the respective compound imheptane. The solutions were filtered

(C), 165.5 (C); MS-EShVz 282 [MH]*. Anal. (CisH12NOLCI): C,

and analyzed using HPLC with use of reference solutions for 55.43; H, 4.29; N, 4.97. Found: C, 55.7; H, 4.05; N, 5.10.

quantification. The solubility at room temperature was 0.15 mg/

mL for 1 and 0.03 mg/mL for2.

Reaction of 2 with Water in Toluene. Compound2 (357 mg,
1.0 mmol), toluene (4.0 mL), and water (36 mg, 2.0 mmol) were
heated in sealed tubesrf@ h at 140°C or 1 h at 100°C,

1-Ethyl-2-0x0-2,3-dihydro-1H-indole-3-carboxylic Acid Eth-
ylphenylamide (15).Ethyl esterl4® (3.0 g, 12.8 mmol) was treated
with N-ethylaniline in toluene as described above. The precipitate
was filtered, washed with heptane, and dried to give ci&i8.32
g, 10.7 mmol). This was dissolved in a mixture of ethanol (99.5%,

respectively. After concentration of the mixtures, they were analyzed 30 mL), 10 M NaOH (1.07 mL, 10.7 mmol), and water (15.0 mL).

by IH NMR and TLC. The mixture that was heated #bh at 140
°C gave exclusively 5-chloro-1,2-dihydro-4-hydroxy-1-methyl-2-
oxoquinoline7 (212 mg, 100%). The mixture that was heated for
1 h at 100°C gave 5-chloro-1,2-dihydro-4-hydroxy-1-methyl-2-
ox0-3-quinolinecarboxylic acid (253 mg, 100%, contaminated
with less than 5% of compound). Compound6 is preferably
prepared as describ®dy cleavage of estelr with anhydrous HCI
in acetic acid at 60C for 6 h and has the following analytical
data: 'H NMR (CDCl) 6 3.77 (s, 3H), 7.42 (dd]) = 8.8 and 0.8
Hz, 1H), 7.45 (dd,) = 8.0 and 0.8 Hz, 1H), 7.65 (dd,= 8.8 and
8.0 Hz, 1H), 15.77 (s, 1H), 15.78 (s, 1HFC NMR (CDCk) ¢
30.5 (CH), 95.3 (C), 113.8 (C), 114.0 (CH), 127.7 (CH), 134.1
(CH), 135.4 (C), 142.1 (C), 164.3 (C), 172.9 (C), 174.0 (C); MS-
ESIm/z 254 [MH]*. Anal. (Ci1HsNOLCI): C, 52.09; H, 3.18; N,
5.52. Found: C, 52.2; H, 3.17; N, 5.56.
5-Chloro-1,2-dihydro-4-hydroxy-1-methyl-2-oxoquinoline (7).
Compoundbs (5.0 g, 19.7 mmol) and DMSO (25 mL) were heated
at 70°C for 90 min and then cooled. Water (20 mL) was added,

Then, 5 M HCI (aq) (2.4 mL, 12.0 mmol) was added. The crystalline
precipitate was collected, washed with ethanol/water 1:1 and dried
to afford compoundl5 (2.65 g, 67%):'H NMR (CDCk) 6 1.17

(t, J= 7.0 Hz, 3H), 1.19 (tJ = 7.0 Hz, 3H), 3.53 (m, 1H), 3.71
(m, 2H), 3.95 (m, 1H), 4.45 (s, 1H), 6.73 @= 7.6 Hz, 1H), 7.00
(t,J=7.6 Hz, 1H), 7.17 (d) = 7.3 Hz, 1H), 7.24 (t) = 7.6 Hz,
1H), 7.30-7.45 (m, 5H);*C NMR (CDCk) ¢ 12.6 (CHy), 12.9
(CHs), 34.9 (CH), 44.9 (CH), 51.6 (CH), 108.4 (CH), 122.4 (CH),
123.8 (CH), 126.2 (C), 128.3 (CH), 128.6 (CH), 129.2 (CH), 129.7
(CH), 141.3 (C), 144.1 (C), 166.4 (C), 172.0 (C); MS-ESE 309
[MH]*. Anal. (CigH20N20,): C, 74.00; H, 6.54; N, 9.08. Found:
C, 74.4; H, 6.23; N, 9.22.

Compounds Studied and Reported in Table 3Esters and
amides were heated under the conditions reported in Table 3. A
microwave reactor was used for reactions with methanol as solvent.
An oil bath was used for reactions iL M NaOH. The reaction
mixtures from ethyl estel& and amide2 were diluted with excess
1 M HCI, and the precipitates were collected and dried pridtto

the suspension was stirred for 30 min, and the precipitate was NMR analysis. The reaction mixtures from esi€ywere passed

collected, washed with water, and dried to gié4.04 g, 98%):

IH NMR (DMSO) 6 3.53 (s, 3H), 5.92 (s, 1H), 7.27 (dd= 7.7

and 0.9 Hz, 1H), 7.46 (dd,= 8.5 and 0.9 Hz, 1H), 7.53 (dd,=

8.5 and 7.7 Hz, 1H), 11.46 (s broad, 1H5C NMR (DMSO) ¢

99.6 (C), 113.3 (C), 114.4 (CH), 124.9 (CH), 130.5 (C), 131.1 (CH),

142.5 (C), 161.7 (2C); MS-ESIVz 210 [MH]*. Anal. (CioHgNO,-

Cl): C,57.30; H, 3.85; N, 6.68. Found: C, 57.1; H, 3.84; N, 6.62.
Reaction Studied and Reported in Table 2Aminolysis of ester

1 with N-ethylaniline was described above and gawe 90% yield.

through a short silica gel column (in order to neutralize NaOMe)
prior to concentration and analysis. The reaction mixtures of amide
13 and 17 were concentrated prior to analysis. The molar yields
were estimated by measuring the integrals of representative signals
in the 'H NMR spectrum.

5-Chloro-1,2-dihydro-4-hydroxy-1-methyl-2-oxoN-phenyl-3-
quinolinecarboxamide (17).Compound2 (819 mg, 2.27 mmol),
aniline (414uL, 4.54 mmol), and toluene (10.0 mL) were heated
at 100°C for 1 h. Upon cooling the reaction mixture to room

The other esters were treated as follows: The ester (3.0 g),temperature and the addition of heptane (10 mL), the precipitate
N-ethylaniline (2.0 equiv), and toluene (60 mL) were heated, and was collected, washed with toluene/heptane 1:1, and dried to afford

approximately 50 mL of the volatiles was distilled off during 6 h.
The reaction mixtures corresponding to estezthyltrans-cinnamic
acid 10, and ethyl benzoat&2 were concentrated, aritH NMR

17 (693 mg, 92%):H NMR (CDCl) 6 3.71 (s, 3H), 7.17 (t) =
7.5 Hz, 1H), 7.31 (m, 2H), 7.38 (8 = 7.9 Hz, 2H), 7.52 (] =
8.2 Hz, 1H), 7.66 (dJ = 7.9 Hz, 2H), 12.59 (s, 1H), 17.86 (s,

and TLC on the residues revealed that none of them were able to1H); 3C NMR (CDCk) 6 30.3 (CH), 96.9 (C), 113.5 (CH), 114.0

give even a trace of the correspondidgethylanilides. Increasing

(C), 121.4 (CH), 125.0 (CH), 126.7 (CH), 129.0 (CH), 132.9 (CH),

the temperature by using xylene instead of toluene as solvent did134.6 (C), 137.0 (C), 142.2 (C), 162.2 (C), 169.7 (C), 173.9 (C);

not change the outcome for these esters. Apart from éstamly
esterl4® gave the corresponding produdd&which precipitated upon
cooling the reaction mixture.
5-Chloro-1,2-dihydro-4-methoxy-1-methyl-2-oxo-3-quinoline-
carboxylic Acid Methyl Ester (8). Compoundl (15.0 g, 56.0
mmol) and DBU (9.2 mL, 60.0 mmol) were dissolved in dimethyl-
acetamide (80 mL), and methyl iodide (4.4 mL, 70.0 mmol) was
added at O°C. After being stirred for 20 h at room temperature,
the mixture was poured onto HCl/ice and extracted with chloroform.

MS-ESImVz 329 [MH]*. Anal. (C7H13N,0sCl): C, 62.11; H, 3.99;
N, 8.52. Found: C, 62.3; H, 3.99; N, 8.56.

Impact of the Solvent Polarity on the Reactivity of 2.Solutions
of 2 were prepared in a concentration of about 1 mg/mL in DMSO,
ethanol, and dichloromethane and in a concentration of about 0.0075
mg/mL in 0.02 M HCI. 1.00 mL portions were dispensed into glass-
stoppered tubes and stored at room temperature in the dark for
different times. After storage, the degradation of the samples
dissolved in organic solvents was stopped by change of solvent.

The organic extract was dried, concentrated, and subjected toSolutions in DMSO and ethanol were directly diluted with 0.02 M

chromatography (EtOAofheptane 1:1) to give first the 3-C-
methylated ester.
5-chloro-1,3-dimethyl-2,4-dioxo-1,2,3,4-tetrahydro-quinoline-
3-carboxylic acid methyl ester(6.2 g, 39%): 'H NMR (CDCls)
0 1.74 (s, 3H), 3.49 (s, 3H), 3.73 (s, 3H), 7.13 (dds 8.5and 0.8
Hz, 1H), 7.23 (ddJ = 7.9 and 0.9 Hz, 1H), 7.50 (8 = 8.2 Hz,
1H); 3C NMR (CDCE) 6 18.7 (CH), 30.9 (CH), 53.5 (CH), 65.8
(C), 114.0 (CH), 118.7 (C), 126.6 (CH), 134.8 (CH), 135.3 (C),
144.6 (C), 167.4 (C), 167.4 (C), 189.3 (C); MS-ESE 282 [MH]*.
Anal. (CigH12NO4CI): C, 55.43; H, 4.29; N, 4.97. Found: C, 55.6;
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sodium hydroxide to 10.00 mL. Solutions in dichloromethane were
evaporated by means of a gentle stream of nitrogen without heating,
and the residues were then dissolved in 0.02 M sodium hydroxide
to 10.00 mL. The samples stored in 0.02 M HCI were analyzed
directly without dilution. Quantification o was made by HPLC
by comparison with a standard solution. Quantification of formed
degradation product 7, and16 was made by HPLC with use of
predetermined conversion factors for weight %.

The rate constant was determined by the slope of the fitted
straight line in a diagram with the natural logarithm of (initial
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concentration of2/concentration of2 at timet calculated from for the other alkyl-esters. The reaction times were 0, 1, 2, 3, and 4
formed products) versus time. These diagrams showed straight linesh for amide2, and 0, 2, 4, 6, and 24 h for esterThe rate constant

in all cases, as expected for first-order kinetics, except for neat was determined in the same way as described above (see the
dichloromethane, which showed a curved behavior. This nonlinear Supporting Information for tables and figures).

behavior in n_eat dlchloromethane is explaln_ed by_ the Ilmlted_amount 5-Chloro-3-hydroxy-1-methyl-2,4-dioxo-1,2,3,4-tetrahydro-

of nucleophilic reactants available for reaction with ketd8nehich

is formed from2. In this solvent, the rate constant was roughly
estimated from the initial degradation after day 1 instead. The ;
determined rate constants (ddyin water (0.02 M HCI), DMSO, (1.15 g, 6.4 mmol), Oxone (2KHSKHSO, K>Sy, 1.97 g, 3.20

ethanol, and dichloromethane were 0.2, 1.0, 2.0 and 8.3, respectivel)}nmql)! and water (20 mL) were _stlrred for 30 mm., and th?
(see the Supporting Information for tables and figures) precipitate was collected, washed with ethanol/water 2:8, and dried

Kinetic Study of the Solvolysis of 1 and 2 Acetonitrile (8.00 to give compound8 (939 mg, 95%):'H NMR (CDCl) 6 1.16 (t,
mL), containing 0.1% trifluoroacetic acid and an appropriate J=7.0Hz, 3H), 3.21 (s, 3H), 3.79 (m, 2H), 5.71 (s, 1H), 61-84 @
addition of the alcohol to be used, was preheated in the thermostat) = 85 Hz, 1H), 7.08-7.25 (m, 6H), 7.35 () = 8.2 Hz, 1H);**C
bath at 50°C. Then 2.00 mL of DMSO, containing either compound NMR (CDCL) 0 12.5 (CHy), 30.6 (CH), 47.0 (CH), 78.0 (C),
1 or 2, was added. The final concentration of the alcohol in the 113.8 (CH), 117.3 (C), 126.8 (CH), 128.9 (CH), 129.1 (CH), 131.6
reaction medium was 1.6, 0.32, or 0.064% (v/v). The added (CH), 134.9 (CH), 136.2 (C), 137.2 (C), 144.5 (C), 165.4 (C), 167.9
concentration of compouriwas 0.0011 M in the reaction medium,  (C), 188.9 (C); MS-ESiwvz 373 [MH]*. Anal. (CigH17N20,Cl):
and that of compound was 0.0013 M. The mixture was left in  C, 61.21; H, 4.60; N, 7.52. Found: C, 61.4; H, 4.47; N, 7.52.
the thermostat bath for the time desired. The reaction was stopped
by the addition of 2.0 b 1 M NH; (aq). After dilution of the final Supporting Information Available: General experimental
solutlo_n to 50.0 mL with water, it was allowed to stand f_or at least procedures, NMR spectra for compounds described in the Experi-
24 h in the dark to achieve complete decarboxylation of the mental Section, kinetic data, and Cartesian coordinates for calculated

carboxylic acid6 to compound7. Finally, the solutions were  qy,ctyres. This material is available free of charge via the Internet
analyzed by means of HPLC. Calibration was made with solutions at http://pubs.acs.org

of compoundl, 2 and7. The factor obtained for compouridfor
conversion from peak area to molar concentration, was applied alsoJ0052368Q

quinoline-3-carboxylic Acid Ethylphenylamide (18).Compound
2-Na(1.00 g, 2.64 mmol), disodium hydrogenphosphate dihydrate

J. Org. ChemVol. 71, No. 4, 2006 1667



