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Most full antagonists at the glycine site of the NMDA receptor contain a carboxylic acid, which
we believe to be detrimental to penetration of the blood-brain barrier. By consideration of a
pharmacophore, novel antagonists at this site have been designed in which the anionic functionality
is a vinylogous acid, in the form of a 4-hydroxyquinolin-2(1H)-one. In this series, a 3-substituent
is necessary for binding, and correct manipulation of this group leads to compounds such as the
3-(3-hydroxyphenyl)propargyl ester 24 (L.-701,273), with an IC, for displacement of {3H]-L-689,560
binding of 0.17 uM and K}, against NMDA in the cortical slice of 1.39 uM. Compounds were tested
for their ability to prevent audiogenic seizure in DBA/2 mice; the most potent compound in this
series is the cyclopropyl ketone 42 (L.-701,252), with an EDg of 4.1 mg/kgip. A model is proposed
for binding to the glycine site, in which an important interaction is of a putative receptor cation

with the 7-system of the 3-substituent.

Over the last few years, a great deal of evidence has
been accumulated that over-activation of the N-methyl-
D-aspartate (NMDA) subtype of central excitatory amino
acid receptor playsa role in a number of neurodegenerative
disorders. These include the delayed neuronal loss
following cerebral ischaemia, epilepsy, Alzheimer’s disease,
and AIDS-related dementia.! NMDA antagonists may
therefore be therapeutically useful, as they have been
shown to be anticonvulsant and neuroprotective in animal
models. There areseveralsites onthe receptor ion channel
complex at which antagonists may act:2 the neurotrans-
mitter (glutamate) recognition site, at which antagonists
such as [3-(2-carboxypiperazin-4-yl)propyllphosphonic
acid (CPP)2 bind; the ion channel, which (+)-5-methyl-
10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5,10-imine (di-
zocilpine)? blocks; a polyamine binding site, at which a
putative antagonist is 1-[2-(4-chlorophenyl)-2-hydroxy-
ethyl]-4-(4-fluorobenzyl)piperidine (SL82.0715);% and a
site that binds glycine, which has been shown to be
necessary for receptor activation.® Several types of com-
pound are known to inhibit the binding of glycine to this
site, including kynurenic acid derivatives,” 2-carboxytet-
rahydroquinolines,® 2-carboxyindoles,? some quinoxa-
linediones,1® derivatives of the partial agonist 3-amino-
1-hydroxy-2-pyrrolidinone (HA-966),!! and it has recently
been disclosed that 3-phenyl-4-hydroxyquinolin-2(1H)-
ones!? and imidazoquinoxalinones!? are glycine antago-
nists.

However, despite the diversity of potent glycine site
ligands available, in most cases in vivo activity is poor.
One exception to this is (3R,4R)-3-amino-1-hydroxy-4-
methyl-2-pyrrolidinone (L-687,414), which we have shown
to be neuroprotective in a rat middle cerebral artery
occlusion model of focal ischaemia.!'? Efforts to improve
on this type of partial agonist have proved fruitless,!1¢ and
we returned our attention to improving in vivo properties
of full antagonists based on kynurenic acid. As we saw it,
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Figure 1. Proposed pharmacophore for the binding of kynurenic
acids.
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Figure 2. Design for alternatives to carboxylic acids as glycine
site ligand.

amajor problem with this type of antagonist is the presence
of a carbozxylic acid, which is likely to be detrimental to
penetration of the blood-brain barrier. We have devel-
oped” a pharmacophore for binding of this type of
compound to the glycine site (Figure 1), in which an ionic
interaction with a negatively charged group at the 2-po-
sition is hypothesized to be important for binding. We
therefore sought to keep this interaction, but with an
anionic groupthatis not a carboxylicacid. It wasreasoned
that a benzolactam of type A (Figure 2), in which X and
Y are adjusted so that the 3-proton is acidic, may bind,
but greater delocalization of the negative charge over the
2-carbonyl, X, and Y, could lead to improved brain
penetration. In this paper we describe the synthesis of
several variants of this type of compound, their binding
affinity and antagonist potency and show that, indeed, in
vivo properties can be greatly improved.

© 1993 American Chemical Society
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Synthesis

Compound 44 is known. Oxindole 1 was prepared by
hydrogenation of the nitroarylmalonate 5415 (Scheme I).
The starting material for most of the compounds in this
paper is asubstituted anthranilic ester. Many anthranilic
acids are commercially available and can be esterified by
refluxing with an excess of concentrated sulfuric acid in
ethanol for several days, or by treatment with ethereal
diazomethane. Where the anthranilic acid is not known,
it can be prepared from the aniline (Scheme II). For
example, 3-chloro-5-iodoaniline (55)7 was treated with
chloral hydrate and hydroxylamine hydrochloride to give
N-(3-chloro-5-iodophenyl) (hydroxyimino)acetamide 56,
which was dehydrated to a mixture of isatins 57 with
concentrated sulfuric acid. Ozxidation with hydrogen
peroxide gave a mixture of 2-amino-4-chloro-6-iodo- and
2-amino-6-chloro-4-iodobenzoic acid (58 and. 59, respec-
tively), from which the former could be obtained by
selective crystallization of its Schiff base, formed from
the mixture with acetone, and then hydrolysis to give 58,
which was converted to ester 60 with diazomethane.
Sulfone 6 and nitrile 7 were made by coupling of the
substituted acetic acids with ethyl 4-chloroanthranilate
61 to give the corresponding amides 62 and 63, which were
cyclized with sodium methozxide (Scheme IIT). Oxidation
of benzothiazine 641¢ with m-chloroperbenzoic acid gave
3 which was carboxylated with sodium hydride and methyl
cyanoformate to give 5 (Scheme IV). Treatment of 61
with ethyl malonyl chloride gave the corresponding amide,
which was converted to 8 by treatment with 2 equiv of
sodium methoxide in ethanol (Scheme V). Ketones in
Table IV were made in one of two ways shown in Scheme
V. Reaction of 61 with phosgene in toluene gave the

58X-I.Y-Cl
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isocyanate 65. Without purification, this was treated with
the anion derived from a methyl ketone and lithium
hexamethyldisilazide to give the amides, which were then
cyclized using sodium methoxide in methanol. Ketones
9 and 34 were made by treatment of isocyanate 65 with
the anion derived from the symmetrical diketones to yield
derivatives 66 and 67. Cyclization then proceeded with
loss of one of the ketone groups to give the aromatic
systems. Estersin Table Il and amides, hydroxamic acids
and the thioester in Table V were prepared from the ethyl
ester 8 (Scheme VI) by reaction with the corresponding
neat alcohol, amine or thiol at 130-160 °C, or as a solution
inmethanol or pyridine. Ifthe boiling point of the alcohol
or amine was below 130 °C, sealed apparatus was used.
Quinolone 2 was produced by alkaline hydrolysis of ethyl
ester 8 (Scheme VII), whereas the acid 46 could be made
by treatment of 8 with the sodium anion derived from
4-methoxyphenol in DMF.
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Although in Figure 2 compounds of type A are shown
as the tautomer having a proton on the 3-carbon, this is
not the case in solution for most of the compounds in this
paper. The derivatives 3-5 do exist in this 3-protonated
tautomer in DMSQO at room temperature, whereas 1 is a
mixture of keto and enol tautomers in CDCl3 at room
temperature, and all the compounds with a carbonyl group
at the 4-position in fact exist as the enol (4-hydroxy-2-
quinolone) tautomer in the solution in which the NMR
spectra were recorded.

Biology

Compounds were evaluated for their ability to displace
[3H]-L-689,560 binding from rat cortical membranes (ICsq
values), antagonize NMDA-induced responses in rat
cortical slice (apparent K; values), antagonize AMPA-
induced responses inrat cortical slice (apparent K, values),
and protect against audiogenic seizurein DBA/2 mice when
dosed intraperitoneally 30 min prior to seizure induction
(either EDjs values, or quoted as number protected/
number tested at a particular dose). Affinities of test
compounds for the glycine site on the NMDA receptor
were determined by displacement of the glycine site
antagonist [3H]-L-689,560 binding to rat cortex/hippo-
campus membranes. ICgy values (concentration of test
compound required to inhibit 50 % of the specific binding)
were evaluated via construction of five-point inhibition
curves. ICgs values given are the geometric means of at
least three experiments. The maximum standard error
calculated from the pICs values was always less than 5%
of the mean. Where IC5, > 100 uM, the test compound
inhibited [3H]-L-689,560 binding by less than 50% at 100
uM (two experiments). The apparent K}, values from the
cortical slice assays were calculated from the shift to the
right of the NMDA or AMPA concentration-response
curves produced by the antagonists, and are means from
at least three experiments: the maximum variance (geo-
metric mean) was 156%. Full details of the methods used
have been published.1”

Results and Discussion

A variety of lactams of type A are shown in Table I.
Where only one of X and Y is an electron-withdrawing
group, 1-3, affinity for the glycine site is low, as is also the

Rouwley et al.

Table I. 3-Substituted Amides
X Y
J0L,
H

ICso (kM) v&  Kjp (uM)  EDg (mg/kg)

no. X Y [3H]-L-689,660 vs NMDA DBA/2 mouse
1 bond CO;Me >100 441
2 C=0 H >100 0/8 at 100
3 80, H >100
4 O CO:Et >100
5 S0, COMe 13.6 66.2 0/8 at 50
6 C=0 SO0:Me 15.4 >100
7 C=0 CN 39 20.3 0/8 at 50
8 C=0 CO.Et 16.7 65.4 41
9 C==0 COPh 3.16 19.3 15.1

case for 4, in which an oxygen is in the 4-position. However,
where both X and Y are sulfone, carbonyl, or nitrile (5-9)
the compounds do bind. Thismay, in part, be attributable
to pKj, as neither 1 nor 4 are acidic. However, the pKa
of the inactive compound 2 is 5.8,2% and it therefore should
be largely deprotonated at physiological pH. The pKjy of
8 is 4.4, similar to that of a carboxylic acid. A model for
binding of this type of hydroxyquinolone is suggested at
the end of this paper. In vivo,itisthelasttwo compounds,
ester 8 and ketone 9, that show anticonvulsant activity in
the DBA/2 mouse. We reason that although 8 exists very
largely as the anion at pH 7.4, the charge is highly
delocalized, and its log P of 0.7 at physiological pH allows
brain penetration. Given the systemic anticonvulsant
activities of 8 and 9, we decided to optimize them in terms
of their binding to the receptor.

In the tetrahydroquinoline series® it was found that
binding to the glycine site could be very substantially
improved by a hydrophobic interaction via the 4-position.
This type of lipophilic binding is explored here by a number
of esters of the 3-carboxylate lead 8 (Table II), In aseries
of alkyl esters, the affinity drops off with increasing chain
length, with the methyl ester 10 (L-695,902) being the
most potent in vitro and preventing convulsions in DBA/2
mice with an EDsy of 12.5 mg/kg. Introduction of
unsaturation into the alkyl chain, to give 12 and 13,
improves affinity over the saturated analogue 11. This
prompted us to introduce a range of aromatic substituents
onto the alkyl ester. The benzyl and phenethyl esters are
too insoluble to test in the binding assay, and for this
reason an hydroxyl group was put onto the aromatic ring.
These aryl alkyl esters do show improved affinity over the
alkyl esters. The effect of chain length was investigated:
while keeping the hydroxyl group at the meta position of
the benzene ring, a two-carbon chain is optimal for binding
affinity and functional potency, as shown by 14-17. In
this two-carbon series, 15, 18, and 19, the optimal position
for the hydroxy group is meta. The activities of pyridine
20 and thiophene 21, together with the above results,
suggest that an electron rich aromatic ring is preferred. In
vivo, none of the hydroxylated compounds have significant
activity, a fact that can be explained by the polar nature
of the phenol substituent. Thiophene 21 does show
anticonvulsant activity but in this case the action is short
lasting: when tested 10 min post dosing the EDjg is 25.2
mg/kg, but only one animal out of eight is protected by
a 50-mg dose when the seizure is induced 30 min post
injection. This is possibly due to metabolic instability.
Three esters, 22-24, in which there is a three-carbon chain
separating the benzene ring from the ester oxygen, and



3-Acyl-4-hydroxyquinolin-2(1H)-ones

Table I1. 4-Hydroxyquinolin-2(1H)-ones, 3-Esters
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OH

H
ICg (uM) vs Ky uM) vs EDso (mg/kg)
no. R [*H]-L-689,560 NMDA DBA/2 mouse
8 Et 16.7 65.4 41
10 Me 6.4 23 12.5
11 npr >100 95 8/8 at 50
0/8 at 30
12 allyl 6.42 46.6 40.1
13 propargyl 9.0
14 OH 6.13 35.7
VO
15 /\J@\ 1.82 2.69 0/8 at 50
'7,‘ OH
16 OH 2.64 11.1
A
17 N\/@\ 2.62 26.5 0/8 at 50
“, OH
18 /\Q 7.12 15.6 4/8 at 50
H OH
19 /\Q/OH 2.93 7.29 6/8 at 100
%
20 v 27.5 >100
N I
21 | A 3 8.5 25,20
S
%
22 j NH 043 1/8 at 20
ﬁl/\/(@
23 0.27 3.96 0/8 at 20
H/\QOMG
24 H/\@OH 0.17 1.39 0/8 at 20

¢ EDsp when tested after 10 min. 1/8 animals protected when dosed at 50 mg/kg and tested 30 min later.

with conformational restraints in the chain, were prepared.
These all have improved affinity over the conformationally
flexible phenylpropyl ester 16, demonstrating a preference
for a particular location of the aromatic ring. The reasons
for the lack of anticonvulsant effects of 22 and 23 are not
clear.

Keeping the 3-substituent constant as an ethyl ester,
aromatic substitution of the benzene ring of the quinolone
was investigated (Table III). A substituent is necessary,
and the preference is for the 7-position, 8, 25-28. Anumber
of small electron withdrawing groups are allowed in the
7-position, 29-31, with similar affinities. Thesestructure—
activity relationships are reminiscent of the kynurenic
acids? and indeed the best affinity is seen with the 5-iodo-
7-chloro compound 32. Interestingly, the 7-nitro analogue
31 is a more potent AMPA antagonist, with a Ky, of 39.3
uM in the cortical slice, than it is against NMDA (K, 117

uM). The AMPA antagonism is improved by introduction
of a second nitro group onto the 6-position, 33 (K, 12.2
uM), and in this respect the SAR is similar to quinoxa-
linediones.® Compounds with a 7-chloro substituent are
selective antagonists at NMDA receptors in the cortical
slice preparation: methyl ester 10 has Ky's vs NMDA and
AMPA of 23 and 323 uM, respectively, and for the most
potent NMDA antagonists, 24, 32, and 42, there is little
or no shift in the dose-response curve to AMPA at
concentrations above the Ky, against NMDA.

In the ketone series (Table IV) the methyl ketone 34
does not bind to the glycine receptor. In contrast to this,
a number of aryl ketones have micromolar affinity, with
good in vivo activity. Again, the preference is for an
electron-rich aromatic ring, with the thiophene 35 and
furan 36 having similar profiles, and the pyridine 37 being
less potent than phenyl ketone 9. The interaction of the
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Table II1. 3-(Ethoxycarbonyl)-4-hydroxyquinolin-2(1H)-ones,
Aromatic Substitution
OH

Xr
Z H o
ICso M) vs Ky (uM)ve  EDgo (mg/kg)
no. X [3H]-L-689,560 NMDA DBA/2 mouse
25 H >100
8 7-Cl 16.7 65.4 41
26 5-Me >1000
27 6-Cl >100
28 8-Me >100
29 17-CN 26.0
30 7-CF; 12.3
31 17-NO, 25.4 117 47
32 5-1,7-Cl 1.61 13.3 6/8 at 50
0/8 at 30
33  6,7-(NOy)2 10.5 30 0/8 at 50

Table IV. 4-Hydroxyquinolin-2(1H)-ones, 3-Ketones
OH O

= R

Cl N0
H

ICs (uM) vs Ky (uM) v8  EDygp (mng/kg)

no. R [3H]-L-689,560 NMDA DBA/2 mouse
34 Me >100
9 1,‘ 3.16 19.3 15.1
35 f‘ A 1.97 18.8 12.8
36 1,‘ o 2.39 12.9 13.1
W
37 f‘ 6.85 419 0/8 at 100
N
T
N .
38 >100

39 0.93 3.92 31.6
¢

40 $ 1.07
’:‘ \/@

4 >100

0
v

ketone substituent with the receptor is not due solely to
a lipophilic interaction, since the cyclohexyl ketone 38
does notbind. Introduction of a methylene spacer between
the ketone and the aromatic ring, as in 39 and 40, improves
affinity and functional antagonism, although when this
chain is further extended, to give phenethyl ketone 41,
activity islost. Interestingly, although other alkyl ketones
are not active, the cyclopropyl ketone 42 (L-701,252) is
the most potent compound in this series, with submicro-
molar affinity, and an EDg in the anticonvulsant assay
of 4.1 mg/kg. This may be a reflection of the =-character
of the bonds in the cyclopropane ring.18

42 0.42 3.39 41

Rowley et al.

Table V. 4-Hydroxyquinolin-2(1H)-ones, Other Groups in the
3-Position

OH O

YT
H
ICso (uM) vs
no. R [3H]-L-689,560
43 NH; >100
44 OH >100
¢ \N/\ﬂ
H
45 ,E\N >100
v O
46 OH 5.82
A"\N.OH
47 H 6.32
48 ?J\N.OMG 3.09
H
49 >100
1" \N.O
H
50 9.3
$ ~y
OH
51 l;-‘\':J_OMQ 47.1

Me
52 >10
g

Several other types of carbonyl groups in the 3-position
were tested for their affinity at the glycine site (Table V).
The carboxamide 43 is inactive, and introduction of the
lipophilic group that increased affinity in the esters does
not improve matters here. That this is not a function of
the amide NH is shown by the N-methyl derivative 45,
which is not active. In contrast to this, carboxylic acid
acid 46 binds to the glycine receptor, and hydroxamic acid
47 has a very similar profile to methyl ester 34, both in the
binding assay and in vivo, with an EDj3, of 11.6 mg/kg ip
in the DBA/2 mouse. With methylation of the hydrox-
amate oxygen, 48, activity is retained, but, unlike the ester
series, introduction of a large lipophilic substituent onto
either oxygen, 49, or nitrogen, 50, does not improve affinity
and, in fact, is detrimental for 48. Methylation of both
nitrogen and oxygen to give 51 reduces affinity. Thioester
52 could not be tested above 10 uM in the binding assay
due tolow aqueous solubility, but up to this concentration
it did not displace >50% radioligand binding.

Molecular modeling!® of the anion of methyl ester 10
shows that the plane of the ester group is twisted by 63°
relative to the plane of the quinolone in its ground-state
conformation (Figure 3). Although this reduces the
w—conjugation between the two groups, the ester still serves
to lower the pKa of the system. A model that explains the
binding of these compounds to the receptor is shown in
Figure4. Asinour previous model (Figure 1), interactions
include size-limited hydrophobic binding of the benzene
ring of the quinolone, H-bond interactions at the 1- and
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Figure 8. Structure of the anion of 10 (L-695,902) modeled using
AMF 1
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Figure 4. Proposed mode of binding of 24 (L-701,273) to the
glycine site.

4-positions, and Coulombic interaction at the 2-position.
However, due possibly either to lower charge density on
the lactam oxygen as compared to a carboxylic acid or due
to its relative position in the quinolones, this Coulombic
interaction needs to be reinforced by an interaction with
the substituent at the 3-position. Itisnow well established
that w-systems can have energetically favorable interac-
tions with positively charged groups,?® and we have
proposed this type of interaction for binding of 3-aryl-
4-hydroxyquinolin-2(1H)-ones to the glycine site of the
NMDA receptor.2! We hypothesize similar binding of these
3-acyl-4-hydroxyquinolin-2(1H)-ones. Inthe ester series,
it is the 3-atom ester =-system that interacts. In the
ketones it is the carbonyl along with the aromatic r-system
of the aryl or arylmethyl ketone, but when the carbonyl
and the aryl group are separated by more than one
methylene unit both cannot interact simultaneously, and
affinity is lost. Further binding to the glycine site can be
obtained in the ester series by correct positioning of an
electron-rich aromatic ring that participates in lipophilic
binding to the receptor.

That the carboxylic acid can be replaced in this way has
very important implications for systemic in vivo activity.
In the tetrahydroquinoline series of glycine antagonists
which contain a carboxylic acid, compounds can be found
with nanomolar affinity for the receptor, but the best
anticonvulsant activity in the DBA/2 mouse model is 29
mg/kg ip.8 In this novel series a 10-fold improvement in
anticonvulsant potency is found in compounds with 100-
fold less affinity for the receptor. This cannot be explained
on the basis of gross differences in lipophilicity, as methyl
ester 10 has a lower log P than many of the tetrahydro-
quinolines. The muchimproved penetration of the blood-
brain barrier by the 4-hydroxy-2-quinolones may be due
to the fact that they are vinylogous carboxylic acids, in
which the negative charge of the anion is delocalized over
a greater number of atoms than in the carboxylic acids.

The situation for the hydroxamic and carboxylic acids
in Table V is complicated by there being other acidic
protons in the molecules. The measured pKj,'s for 47 and
51 are 8.0 and 2.8, respectively. The former is close to
that of a normal hydroxamic acid,?2 whereas the latter is
more similar to that of 8. We would speculate that
compounds 46-50 adopt a different binding mode (Figure
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Figure 5. Proposed mode of binding of carboxylic acid 46.

5) to that proposed above, in which it is the proton on the
acidic group of the 3-position that is removed for binding,
and, therefore, the increase in affinity afforded by a
lipophilicgroup in the estersisnot seen here. This binding
mode has been proposed”’ to explain the affinity of
quinoxalic acids.

Conclusions

A novel series of antagonists at the glycine site of the
NMDA receptor has been designed on the basis of our
published pharmacophore. By the use of an acid bio-
isostere to replace the carboxylic acid present in many
types of antagonist, potent systemic anticonvulsant action
has been found, the first time that a series of full
antagonists at this receptor has been shown to have
consistent in vivo activity. In vitro potency can be
increased by optimization of the aromatic substitution of
the quinolone nucleus and by correct positioning of an
electron rich aromatic ring, connected via the 3-position,
to access alipophilic binding pocket. A modelis proposed
for binding of these antagonists that includes some of the
interactions postulated in a pharmacophore for kynurenic
acids, but now the coulombic interaction between the
2-position anion and a positively charged site on the
receptor is reinforced by binding to the =-system of the
3-substituent.

Experimental Section

Melting points were taken on a Reichert Thermovar apparatus
and are uncorrected. Proton NMR were measured on Bruker
AM 360 or AC 250 spectrometers and chemical shifts are reported
in parts per million (3) downfield from tetramethylsilane as
internal standard. Mass spectra were recorded on a VG 70/250
spectrometer. Merck Kieselgel (230-400) mesh was used for
column chromatography. For reactions, dry solvents were used
as bought from Aldrich. Organic solutions were dried with
anhydrous magnesium sulfate. Elemental analyses were done
by C. H. N. Analysis Ltd., South Wigston, Leicester, U.K., and
by Elemental Analysis Limited, Okehampton, Devon, U.K.

7-Chloro-3-(methoxycarbonyl)-2(1 H)-oxindole (1). Ester
5415(3 g, 10.9 mmol) was hydrogenated on Pd/C (10% w/w, 300
mg) in EtOAc (100 mL) at atmospheric pressure for 3 h. The
mixture was filtered, evaporated, and recrystallized from EtOAc¢/
hexane, then twice from MeOH to give 1 (0.50 g, 20%): mp 143-
144 °C; 'H NMR (360 MHz, CDCl;) shows that 1 exists as a 3:1
mixture of enol/keto tautomers in solution; enol form 9 3.93 (8H,
s, CHy), 7.06 (1H, dd, J = 8.3 and 1.8 Hz, H-5), 7.21 (1H,d, J =
1.8 Hz, H-7),7.57 (1H, d, J = 8.3 Hz, H-4), 11.4 (1H, br s, NH);
keto form 9 3.77 (3H, s, CHy), 4.37 (1H, s, H-3), 6.90 (1H, d, J
= 1.5 Hz, H-7), 6.96 (1H, J = 8.0 and 1.5 Hz, H-5), 7.18 (1H, d,
J = 8.0 Hz, H-4), 10.4 (1H, br s, NH); MS (EI) m/z 225 [M+*].
Anal. (C,0HsCINO;) C, H, N.

6-Chloro-1,4-benzothiazin-3(4H)-one 1,1-Dioxide (3).
3-Chloroperoxybenzoic acid (1.15 g, 5.01 mmol) was added to a
rapidly stirred suspension of 6-chloro-1,4-benzothiazin-3(4H)-
one (64, 1.01 g, 5.01 mmol) in CH.Cl; (50 mL). After 3 h the
solvent was removed under reduced pressure and the residue



3392 Journal of Medicinal Chemistry, 1993, Vol. 36, No. 22

extracted with EtOAc. The organic extract was washed with
NaHCOj3, H,0, and brine, dried, and purified by flash chroma-
tography (30% EtOAc/hexane), to give 3 (215 mg, 18%): mp
199-200°C (from EtOAc/hexane); 'H NMR (360 MHz, DMSO-
dg) 5 4.77 (2H, s, CHy), 7.25 (1H, d, J = 1.0 Hz, H-5), 7.37 ( 1H,
dd, J = 7.0 and 1.0 Hz, H-7), 7.84 (1H, d, J = 7.0 Hz, H- 8);
MS (EI) m/z = 231 (M*). Anal. (CsHsCINOsS) C, H, N.
3-(Methoxycarbonyl)-6-chloro-1,4-benzothiazine-3(4 H)-
one 1,1-Dioxide (5). Sodium hydride (13.0 mg, 80% dispersion
in oil, 0.4 mmol) was added to a solution of 3 (100 mg, 0.4 mmol)
in DMF (5.0 mL) stirring at room temperature. After 15 min
methyl cyanoformate (34 mg, 0.4 mmol) was added. After1h
the reaction was quenched with acetic acid and diluted with H;0.
The aqueous solution was extracted with EtOAc, the organic
extracts were washed with H,0, dried, and evaporated to give 4
(69 mg, 57%): mp 185-187 °C (from EtOH);'H NMR (360 MHz,
DMSO0-dg) 5 4.99 (1H,s,CH ), 7.21 (1H, d, J = 1.0 Hz, H-5), 7.50
(1H,dd,J = 8.5 and 1.0 Hz, H-7), 7.91 (1H, d, J = 8.5 Hz, H-8);
MS (EI) m/z = 289 (M*). Anal. (C,oHsCINO;S) C, H, N.
7-Chloro-3-(methylsulfonyl)-4-hydroxy-2(1H)-quino-
lone (6). n-Butyl chloroformate (1.59 g, 11.7 mmol) was added
to a stirred solution of (methylsulfonyl)acetic acid (1.63 g, 11.7
mmol) and Et3N (1.2 g, 11.8 mmol) in CH,Cl; (20 mL) at -23 °C.
After 15 min a solution of ethyl 4-chloroanthranilate (61, 2.3 g,
11.7 mmol), Et3N (1.2 g, 11.8 mmol), and 4-(dimethylamino)pyr-
idine (100 mg, 0.8 mmol) in CH,Cl; (15.0 mL) was added. The
reaction mixture was maintained at -23°C for a further 15 min
and then at 0°C for 1 h. The solvent was then evaporated and
the residue taken up in ethyl acetate (50 mL) and washed with
citric acid, NaHCOj3, and brine, evaporated, and purified by flash
chromatography onsilicagel (20% EtOAc/ hexane) to give ethyl
4-chloro-2-[ (methylsulfonyl)acetamido]benzoate (62,2.4 g,63%);
mp 190-191°C (from PrOH); 'H NMR (360 MHz, CDCls) 6 1.42
(3H, t, J = 7.0 Hz CH,CHy), 3.18 (3H, s, SO;CHy), 4.06 (2H, s,
COCHy), 4.41 ( 2H, q, J = 7.0 Hz, CH,CHjy), 7.15 (1H, dd, J =
8.5, 2.0 Hz, H-5), 8.01 (1H, d, J = 8.5 Hz, H-3),8.95 (1H, d, J =
2.0 Hz, H-6); MS (EI) m/z = 319 (M* + H). Sodium methozxide
(41 mg, 0.76 mmol) was added to a solution of 62 (180 mg, 0.56
mmol) in MeOH (40 mL). The reaction mixture was allowed to
stir at room temperature for 18 h and then poured into 1 N HCI,
giving a white precipitate which was filtered off to give 6 (85 mg,
60%): mp 238-240 °C sublimes (from DMF); 'H NMR (360
MHz, DMSO-dg) ¢ 3.48 (3H, 5, CH3), 7.32 (1IHdd J = 6.5 and 2.0
Hz, H-6),7.35 (1H, d, J = 6.5 Hz, H-5),7.96 (1H, d, J = 2.0 Hz,
H-8); MS (EI) m/z = 272 (M* + H). Anal. (C,0HgCINO,S-0.4
H,0) C, H, N.
7-Chloro-3-cyano-4-hydroxy-2(1H)-quinolone (7). n-Butyl
chloroformate (1.61 g, 11.7 mmol) was added to cyanoacetic acid
(1 g, 11.8 mmol) and Et;N (1.65 mL, 11.9 mmol) in CH,Cl, (20
mL) at -23 °C. After 15 min 61 (301 mg, 4.52 mmol), EtsN (1.65
mL, 11.9 mmol), and 4-(dimethylamino)pyridine (100 mg, 0.83
mmol) in CH;Cl, (7 mL) were added. After stirring at -23 °C
for 15 min the mixture was brought to 0 °C for 1 h, then diluted
with EtOAc, washed with 1 M citric acid, saturated NaHCO3,
H:0, and brine, dried, evaporated, and purified by flash
chromatography to give ethyl 2-(cyanoacetamido)-4-chloroben-
zoate (63) as a white solid (214 mg, 18%). 63 (190 mg, 0.71 mmol)
was suspended in MeOH (10 mL) and NaOMe (50 mg, 0.92 mmol)
added. Afterstirring at room temperature for 30 min the mixture
was acidified with 1 M HCI and extracted with EtOAc, and the
organic layer was washed with H,O and brine, dried, and
evaporated to give 7 (81mg, 52%) as long needles: mp 314-316
°C (from DMF/EtOAc/hexanes); 'H NMR (360 MHz, DMSO-
ds) 7.24 (1H, dd, J = 1.8 and 8.6 Hz, H-6), 7.29 (1H,d,J = 1.8
Hz, H-8), 7.97 (1H, d, J = 8.6 Hz, H-5), 11.63 (1H, s, NH); MS
(CI*, NH3) m/z = 221 (M* + H). Anal. (C,o0H;CIN;Oy) C, H, N.
Ethyl 7-Chloro-4-hydroxy-2(1H)-quinolone-3-carboxylate
(8). Ethyl malonyl chloride (26 mL, 30.7 g, 0.204 mol) in CH.Cl,
(100 mL) was added dropwise over 1h to a stirred solution of 61
(20.4 g, 0.102 mol), EtsN (43 mL, 0.31 mol), and 4-(dimethyl-
amino)pyridine (0.5 g, 4.1 mmol) in CH,Cl, (300 mL) at 0 °C.
After 1h EtzN (43 mL, 0.31 mol) was added, and then ethyl
malonyl chloride (26 mL, 30.7 g, 0.204 mol) in CH,Cl, (100 mL)
was added over 1 h. The suspension was evaporated, diluted
with EtOAc, washed twice with 1 M citric acid, then saturated
NaHCOj3 solution, H;0, and brine, dried, and evaporated to give
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an oil (53 g). A 47-g sample of this oil was dissolved in EtOH
(500 mL) and then NaOMe (16.2 g, 0.3 mol) was added. After
30 min the mixture was diluted with water and washed with
EtOAc, and the aqueous layer acidified with concentrated HCI.
The resulting precipitate was collected and dried to give 19g of
white solid. A 17-g sample of this solid was recrystallized from
DMF (300mL), keeping the temperature below 100 °C, then
washed with H,O, EtOH, and Et,0, and dried to give 8 (8.81 g,
41% from 61) as white needles: mp >340 °C; 'H NMR (360
MHz, DMSO-dg) 4 1.30 (3H, t, J = 7.1 Hz, CHjy), 4.33 2H, q,J
=17.1 Hz, CH,), 7.24 (1H, dd, J = 1.9 and 8.6 Hz, H-6), 7.30 (1H,
d,J = 1.9 Hz, H-8), 7.92 (1H, d, J = 8.6 Hz, H-5), 11.58 (1H, s),
13.3 (].H, br S); MS (EI) m/z = 267 (M+) Anal. (CmHmClNOO
C,H,N.

7-Chloro-4-hydroxy-2(1 H)-quinolone (2). Ester 8 (0.5 g,
1.87 mmol) was refluxed in LiOH (0.5 M in H;0, 15 mL) for 10
h, cooled, and acidified, and 2 (0.32 g, 87%) was collected as
white crystals: mp 279 °C dec (from EtOAc); 'H NMR (360
MHz, DMSO-d;) 4 5.73 (1H, s, H-3), 7.16 (1H, dd, J = 2.0 and
8.5 Hz, H-6), 7.30 (1H, d, J = 2.0 Hz, H-8), 7.76 (1H, d, J = 8.5
Hz, H-5), 8.26 (1H, s), 11.47 (1H, s); MS (EI) m/z = 195 (M*).
Anal. (CyHsCINO20.1 HyO) C, H, N.

Methyl 7-Chloro-4-hydroxy-2(1H)-quinolone-3-carbox-
ylate (10). Ester 8 (0.42 g, 1.57 mmol) and MeOH (25 mL) were
heated in a sealed apparatus with an internal temperature of 130
°Cfor20min. The mixture was cooled, and the solid was collected
and recrystallized from DMF, keeping the temperature below
110 °C, to give the ester 10 (107 mg, 27%) as white needles:
sublimes 240 °C; 'H NMR (360 MHz, DMSO-ds) 9 3.85 (3H, s,
CHy), 7.24 (1H, dd, J = 2.0 and 8.6 Hz, H-6), 7.29 (1H, d, J =
2.0 Hz, H-8), 7.93 (1H, d, J = 8.6 Hz, H-5), 11.60 (1H, 5); MS (EI)
m/z = 253 (M+) Anal. (CuHsClNO4 ) C, H, N.

The following compounds were made in the same way as 10
using the appropriate alcohol.

Propyl 7-chloro-4-hydroxy-2(1H)-quinolone-3-carbox-
ylate (11): fine white needles; mp >320 °C; 'H NMR (360 MHz,
DMSO0-ds) 6 0.97 (3H, t, J = 7 Hz, CHjy), 1.69 (2H, sextet, J =
7 Hz, OCH.CHy), 4.23 (2H, t, J = 7 Hz, OCH,), 7.23 (1H, dd, J
= 0.6 and 8.6 Hz, H-6), 7.29 (1H, d, J = 0.6 Hz, H-8), 7.92 (1H,
d,J = 8.6 Hz, H-5), 11.48 (1H, s); MS (CI*, NH;) m/z = 282 (M*
+ H) Anal. (CmHnClNOO C, H, N.

1-(2-Propenyl) 7-chloro-4-hydroxy-2(1H)-quinolone-3-
carboxylate (12): white needles mp >320 °C; 'H NMR (360
MHz, DMSO-ds) 4 4.81-4.83 (2H, m, OCHy), 5.27 (1H, d with
other fine coupling, J = 9 Hz, C=CH,Hp), 5.57 (1H, d with other
fine coupling, J = 17 Hz, C=CH,Hp), 5.96-6.06 (1H, m, CHCH,),
7.25 (1H, dd, J = 1.9 and 8.6 Hz, H-6), 7.30 (1H, d, J =1.9 He,
H-8), 7.94 (1H, d, J = 8.6 Hz, H-5), 11.58 (1H, s), 13.3 (1H, br
8); MS (EI) m/z = 279 (M*). Anal. (C;3H1cCINOJ) C, H, N.

1-(3-Propynyl) 7-chloro-4-hydroxy-2(1H)-quinolone-3-
carboxylate (13): white needles, mp >300 °C; 'H NMR (360
MHz, DMSO-ds) 4 3.62 (1H, t, J 2.5 Hz, CH,CCH), 4.94 (2H, dt
J = 2.5 Hz, CHy), 7.25 (1H, dd, J = 8.6 and 1.8 Hz, H-6), 7.30
(1H,d,J = 1.8 Hz, H-8),7.94 (1H, d, J = 8.6 Hz, H-5), 11.6 (1H,
br s), 13.0 (1H, br s); MS (EI) m/z = 277 (M*). Anal
(C1sHsCINO,) C, H, N.

2-(3-Hydroxyphenyl)ethyl 7-Chloro-4-hydroxy-2(1H)-
quinolone-3-carboxylate (15). Ester 8 (0.43 g, 1.60 mmol) and
2-(3-hydroxyphenyl)ethanol (1 g, 7.2 mmol) were heated together
at 140 °C for 20 min and cooled, EtOAc added, and the solid
collected, dried, and recrystallized from DMF/acetone/H,0 to
give 15 (226 mg, 39%) as white needles: mp 257-259 °C; 'H
NMR (360 MHz, DMSO-dg) 4 2.92 (2H, t, J = 7.2 Hz, CHAr),
4.44 (2H, t, J = 7.2 Hz, CH,0CO0), 6.62 (1H,dd,J =1and 7.8
Hz, CHCHCOH), 6.71 (1H, d, J = 1 Hz, CCHCOH), 6.76 (1H,
d,J =7.8 CHCHCHCOH), 7.08 (1H, t,J = 7.8 Hz, CHCHCOH),
7.24 (1H, dd, J = 1.8 and 8.7 Hz, H-6), 7.29 (1H, d, J = 1.8 Hz,
H-8), 7.93 (1H, d, J = 8.7 Hz, H-5), 9.27 (1H, s), 11.58 (1H, s),
13.%’,_I (III\iL br s); MS (EI) m/z = 359 (M*). Anal. (C1gH,(CINOj)
Cy y 4N

The following compounds were made in the same way as 15
with the appropriate alcohol.

3-Hydroxybenzyl 7-chloro-4-hydroxy-2(1H)-quinolone-
3-carboxylate (14): white crystals: mp 219-220 °C (from DMF/
acetone/H,0); 'H NMR (360 MHz, DMSO-dg) 35.28 (2H, s, CHj),
6.72 (1H, d, J = 8 Hz, ArH, ortho or para to OH), 6.87 (1H, s,
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ArH, ortho to OH and CHj,), 6.89 (1H, d, J = 8.0 Hz, ArH, para
or ortho to OH), 7.17 (1H, t, J = 8.0 Hz, ArH, meta to OH), 7.25
(1H, dd,J = 1.9 and 9.9 Hz, H-6), 7.31 (1H, d, J = 1.9 Hz, H-8),
7.94 (1H, d, J = 9.9 Hz, H-5), 9.45 (1H, 5), 11.56 (1 H, br 5), 13.2
(1 H, br 8); MS (EI) m/z = 345 (M*). Anal. (C17H;2:CINOs) C,
H, N.
3-(3-Hydroxyphenyl)propyl 7-chloro-4-hydroxy-2(1H)-
quinolone-3-carboxylate (16): white crystals; mp 224-220 °C
(from DMF/acetone/H,0); '\HNMR (360 MHz, DMSO-dg) 6 1.96
(2H, quin, J = 7Hz, CH,CH,CHj,), 2.66 (2H, t,J = 7T Hz, CH,Ar),
4.28 (2H, t,J = 7THz, OCH};), 6.8-6.85 (2H, m, ArH) and 6.57 (1H,
dd, J = 1.7 and 8 Hz, ArH), 7.07 (1H, t, J = 8 Hz, HOCCHCH),
7.24 (1H, dd, J = 1.9 and 8.6 Hz, H-6), 7.31 (1H, d, J = 1.9 Hz,
H-8),7.93 (1H, d, J = 8.6 Hz, H-5), 9.2 (1H, brs), 11.54 (1H, 8),
13.3 (1H, br s); MS (EI) m/z = 373 (M+). Anal. (C;sH;sCINO;)
C,H,N.

4-(3-Hydroxyphenyl)butyl 7-chloro-4-hydroxy-2(1H)-
quinolone-3-carboxylate (17): white lozenges; mp 187-188°C
(from acetone); 'H NMR (360 MHz, DMSO-dg) 9 1.69 (4H, br
s, CH,CH,CH,CH}), 2.55 (2H, br s, CH,Ar), 4.30 (2H, brs, OCHy),
6.56 (1H, dd, J = 7.7 and 2.5 Hz, CHCHCH), 6.61 (1H, d, J =
2.5Hz2,HOCCHC),6.62 (1H,d, J = 7.7Hz, CHCHCH), 7.05 (1H,
t,J =17.7Hz, HOCCHCH), 7.24 (1H, dd, J = 1.8 and 8.6 Hz, H-6),
7.30 (1H, d, J = 1.8 Hz, H-8), 7.93 (1H, d, J = 8.6 Hz, H-5), 9.19
(1H, s), 11.54 (1H, s), 13.3 (1H, br s); MS (EI) m/z = 387 (M*).
Anal. (Cy3H;sCINO;) C, H, N.

2-(2-Hydroxyphenyl)ethyl 7-chloro-4-hydroxy-2(1 H)-qui-
nolone-3-carboxylate (18): white needles; mp >320 °C (from
DMF/acetone/H;0); 'TH NMR (360 MHz, DMSO0-dg) 6 2.96 (2H,
t,J = 7.4 Hz, CH:Ar), 4.43 (2H, t, J = 7.4 Hz, OCH,), 6.71 (1H,
t,J = 8Hz, CH,CCHCH), 6.80 (1H, d, J = 8 Hz, HOCCH), 7.04
(1H,dt,J = 1.5and 8 Hz, HOCCHCH), 7.18 (1H, dd, J = 1.5 and
8 Hz, CH,CH), 7.24 (1H, dd, J = 1.9 and 8.6 Hz, H-6), 7.29 (1H,
d, J = 1.9 Hz, H-8), 7.93 (1H, d, J = 8.6 Hz, H-5), 9.45 (1H, br
8),11.58 (1H, s), 13.3 (1H, br s); MS (EI) m/z = 359 (M*). Anal.
(C1eHiCINOy) C, H, N.

2-(4-Hydroxyphenyl)ethyl 7-chloro-4-hydroxy-2(1H)-qui-
nolone-3-carboxylate (19): white needles; mp 258-260 °C (from
DMF/acetone); 'H NMR (360 MHz, DMSO-dg) 6 2.89 (1H, t, J
= 7.1 Hz, CH,Ar), 4.39 (2H, t, J = 7.1 Hz, OCH)), 6.67 (2H, d,
J = 8.4 Hz, HOCCH), 7.14 (2H, d, J = 8.4 Hz, CH,CCH), 7.24
(1H, dd, J = 1.9 and 8.7 Hz, H-6), 7.29 (1H, d, J = 1.9 Hz, H-8),
7.93(1H,d, J = 8.7 Hz, H-5),9.19 (1H, s), 11.59 (1H, 5),13.3 (1H,
br s); MS (FAB') m/z = 358 (M* - H). Anal. (C,sH;4CINO;) C,
H, N.
2-(2-Pyridyl)ethyl 7-chloro-4-hydroxy-2(1H)-quinolone-
3-carboxylate (20): white needles; mp 319 °C (from MeOH); 'H
NMR (360 MHz, DMSO-ds) 8 3.19 (2H, t, J = 6.6 Hz, ArCH,),
4.62 (2H,t,J = 6.6 Hz, OCHy), 7.23 (1H, dd, J = 2.0 and 8.6 Hz,
H-6), 7.29-7.31 (2H, m, H-8 and pyridine H-5), 7.46 (1H,d, J =
7.7 Hz, pyridine H-3), 7.77 (1H, dt, J = 1.6 and 7.7 Hz, pyridine
H-4),7.95 (1H, d, J = 8.6 Hz, H-5), 8.52 (H, d, J = 8 Hz, pyridine
H-6), 11.5 (1H, br s); MS (EI) m/z = 344 (M*). Anal.
(Ci7H15CIN;Oy) C, H, N.

2-(2-Thiophenyl)ethyl 7-chloro-4-hydroxy-2(1H)-qui-
nolone-3-carboxylate (21): white needles; mp 293 °C sublimes
(from DMF/H;0); 'H NMR (360 MHz, DMSO-d;) 9 3.04 (2H,
t,J = 6.7 Hz, CH:Ar), 4.46 (2H, t, J = 6.7 Hz, OCH_), 7.19 (1H,
dd, J = 4.8 and 1.1 Hz, SCHCH), 7.25 (1H, dd, J = 8.7 and 1.9
Hz, H-6), 7.30 (1H, d, J = 1.9 Hz, H-8), 7.41 (1H, d, J = 1.7 Hz,
SCHC), 7.45 (1H, dd, J = 4.8 and 3.0 Hz, SCHCH), 7.94 (1, d,
J = 8.7 Hz, H-5), 11.59 (1H, s), 13.3 (1H, br s); MS (CI*, NH;)
m/z = 350 (M* + H). Anal. (C;sH;;CINOS) C, H, N.

2-(3-Indolyl)ethyl 7-chloro-4-hydroxy-2(1H)-quinolone-
3-carboxylate (22): mp 240-244 °C dec; 'H NMR (360 MHz,
DMSO0-dg) 8 3.14 (2H, t, J = 7.2 Hz, CHz-indole), 4.52 (2H, t, J
= 7.2 Hz, CH;0), 6.98 (1H, t, J = 7.0 Hz, indole H-5 or indole
H-6), 7.06 (1H, t, J = 7.1 Hz, indole H-5 or indole H-6), 7.3-7.4
(3H, m, H-6 or H-8, and indole H-2, and indole H-4 or indole
H-7),7.60 (1H,d, J = 7.1 Hz, indole H-4 or indole H-7), 7.87 (1H,
d,J = 2.1 Hz, H-6 or H-8), 10.87 (1H, 8), 11.67 (1H, s); MS (CI*)
m/z = 365 (M+ +H- CIOHION)- Anal. (ConuClNzOO C, H, N.

3-(3-Methoxyphenyl)prop-2-ynyl 7-chloro-4-hydroxy-
2(1 H)-quinolone-3-carboxylate (23): white needles; mp >310
°C (from DMF/H,0); 'H NMR (360 MHz, DMSO-ds) 33.77 (3H,
s, CHy), 5.20 (2H, s, CHy), 7.01 (1H, dd, J = 8 and 2.2 Hz,
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CHCHCH), 7.02 (1H, d, J = 2.2 Hz, OCCHC), 7.06 (1H,d, J =
7.6 Hz, CHCHCH), 7.25 (1H, dd, J = 2.0 and 8.6Hz, H-6), 7.33-
7.29 (2H, m, H-8 and OCCHCH), 7.95 (1H, d, J = 8.6 Hz, H-5),
11.64 (1H, s), 13.0 (1H, br s); MS (CI*, NH;) m/z = 239 (M* -
C1oHgO + H). Anal. (CH;,CINO;s0.1 H;0) C, H, N.

3-(3-Hydroxyphenyl)prop-2-ynyl 7-chloro-4-hydroxy-
2(1H)-quinolone-3-carboxylate (24): off-white crystalline sol-
id; mp 234-236 °C (from DMF/acetone/H,0); 'H NMR (360 MHz,
DMSO0-dg) 85.18 (2H,s,CH,),6.82 (1H,d, J = 7.8 Hz, CHCHCH),
6.83 (1H, s, C(OH) CHC), 6.90 (1H, d, J = 7.8 Hz, CHCHCH),
7.19 (1H, t,J = 7.8 Hz, CHCHCH), 7.26 (1H, dd, J = 8.6 and 1.9
Hz, H-6), 7.3 (1H, d, J = 7.8 Hz, H-8), 7.95 (1H, d, J = 8.6 Hz,
H-5),9.69 (1H, br s), 11.65 (1H, br s), 13.0 (1H, v br 8); MS (CI*,
NHa) m/z =239 (M - CHzCCAl‘) Anal. (CmeClNOs'O.l HzO)
C,H,N.

S-2-Phenylethyl 7-chloro-4-hydroxy-2(1H)-quinolone-3-
thiocarboxylate (52): pale yellow needles; mp >320 °C (from
DMF/acetone/H;0), change of crystalline form at 237-241°C;
1H NMR (360 MHz, DMSO-ds) 62.91 (2H, t,J = 7.6 Hz, CH;Ph),
3.19 (2H, t, J = 7.6 Hz, SCH)), 7.34-7.22 (TH, m, H-6, H-8, 5 X
Ar), 8.00 (1H, d, J = 8.6 Hz, H-5), 11.82 (1H, br s), 15.0 (1H, br
8); MS (EI) m/z = 255 (M* + H - C¢H;CH,CH;). Anal.
(C1sH1,CINO;S-0.1H.0) C, H, N.

Ethyl 7-chloro-4-hydroxy-5-iodo-2(1 H)-quinolone-3-car-
boxylate (32). A mixture of 3-chloro-5-iodoaniline (63.41g,0.249
mol) in water (150 mL), concentrated HCI (22.1 mL) and 1,4-
dioxane (60 mL) was heated to gain solution before being added
to a mixture of chloral hydrate (90.24 g, 0.54 mol) and Na;SO,
(650 g) in H,O (600 mL) which had been warmed to 50 °C.
H;NOH-HCI (110.56 g, 1.59 mol) in H,0 (250 mL) was then added
and the reaction heated at reflux for 45 min before being allowed
to cool to room temperature and the resultant yellow precipitate
of N-(3-chloro-5-iodophenyl) (hydroxyimino)acetamide was fil-
tered off, washed with H,0, and dried. The (hydroxyimino)-
acetanilide (45 g, 0.138 mol) was added portionwise to prewarmed
concentrated H,SO, (175 mL) keeping the internal temperature
between 50and 70 °C using an ice bath. After complete addition,
the now dark solution was heated at 80 °C for 10 min before
being allowed to cool to room temperature and poured on to 10
times thereaction volume of ice. The resultantslurry was swirled
vigorously and left to stand for 1 h before filtering off the resultant
rust colored precipitate, washing with water and drying. This
yielded a mixture of 6-chloro-4-iodo- and 4-chloro-6-iodoisatins:
IH NMR (250 MHz, DMSO-ds) 4 6.98 (1H, d, J = 1.6 Hz, H-5
or H-7),7.25 (1H, d, J = 1.0 Hz, H-5' or H-7), 7.50 1H, d, J =
1.0 Hz, H-5' or H-7"), 7.55 (1H, d, J = 1.6 Hz, H-5 or H-7), 11.26
(1H, s, N'H), 11.18 (1H, s, NH). H;0; (30% v/v, 35.7 mL) was
added portionwise to asolution of the mixture of the above isatins
(53.68 g, 0.174 mol) at room temperature in 1 N NaOH solution
(525 mL). Once effervescence had stopped, the reaction was
cautiously neutralized with 2 N HCI and filtered to remove
insolubles beforeacidifying to pH 2-3. The resultantsandy yellow
precipitate was filtered off and washed with water and dried to
yield a mixture of the 2-amino-4-chloro-6-iodo- and 2-amino-6-
chloro-4-iodo benzoic acids (10.56 g, 14% from the aniline).
Dissolving a mixture of the isomers (8 g) in boiling acetone and
reducing the volume until a solid started to crystallize out resulted
in the formation of the Schiff’s base [enriched (10:1) in the more
prevalent 4-chloro-6-iodo isomer]. Hydrolysis of this imine with
2 N hydrochloricacid yielded the aminobenzoicacid. Repetition
of this process gave the 2-amino-4-chloro-6-iodobenzoic acid
(3.75g) in >95% purity: 'H NMR (250 MHz, DMSO-dg) 9 7.05
(1H, d, J = 1.9 Hz, H-3 or H-5), 6.79 (1H, d, J = 1.9 Hz, H-3 or
H-5). (At this point the regiochemistry was proven by hydro-
genolytic removal of the iodine on Pd/C to give 4-chloroanthra-
nilate.) Treatment of an ethereal solution of the iodo chloro acid
(2.68 g) with diazomethane and evaporation yielded 55 (2.81 g,
100%) as a yellow oil which solidified on standing: 'H NMR (360
MHz, DMSO0-dg) 4 3.61 (3H, s, CHy), 5.89 (2H, 5, NH;), 6.78 (1H,
d,J = 1.9Hz, H-3 or H-5), 7.04 (1H, d, J = 1.9 Hz, H-3 or H-5).
This was then treated as for 8 to give 34 as fine needles: mp
212-216 °C; 'H NMR (360 MHz, DMSO-ds) 4 1.31 3H, t,J =
7.1 Hz, CHy), 4.35 (2H, q, J = 7.1 Hz, CHy), 7.33 (1H, d, J = 2.0
Hz, H-6 or H-8), 7.86 (1H, d, J = 2.0 Hz, H-6 or H-8), 11.65 (1H,
s); MS (EI) m/z = 393 (M*). Anal. (C;oHyCIINO,) C, H, N.

Other compounds in Table III were made in a similar way.
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Ethyl 4-hydroxy-2(1 H)-quinolone-3-carboxylate (25): white
needles; mp 194-197 °C (from EtOH); 'H NMR (360 MHz,
DMSO0-dg) 61.32 (3H, t,J = 7.8 Hz, CH,CHj), 4.35 2 H, q, J
=178Hz,CH,;),721 1H,t,J=8Hz H-6),7.28(1H,d,J =
8 Hz, H-8), 7.63 (1 H, dt, J = 1.2 and 8 Hz, H-7), 7.94 (1 H, dd,
J =1.2 and 8 Hz, H-5), 11.5 (1 H, brs), 13.4 (1 H, br s); MS (CI*,
NH;) m/z = 234 (M* + H). Anal. (C;oH1NOy) C, H, N.

Ethyl 4-hydroxy-5-methyl-2(1 H)-quinolone-3-carboxylate
(26): white rhombohedral crystals: mp 198200 °C (from acetone);
IH NMR (250 MHz, DMSO0-ds) 1.32 (3H, t,J = 7.5 Hz, CH.CHj),
2.74 (3H, s, CCHjy), 4.35 (2H, q, J = 7.5 Hz, CH,), 6.94 (1H, d,
J =9 Hz H-8),7.12 1H, d, J = 9 Hz, H-8), 7.46 (1H, t,J = 9
Hz, H-7), 11.4 (1H, br s); MS (EI) m/z = 247 (M*). Anal.
(C13HsNOy) C, H, N.

Ethyl 6-chloro-4-hydroxy-2(1 H)-quinolone-3-carboxylate
(27): white needles: mp 250 °C dec (from EtOH); 'H NMR (360
MHz, DMSO-dg) 4 1.3 (3H, t, J = 7.1 Hz, CHj), 4.32 (2H, q, J
=17.1Hz,CH,), 7.28 (1H, d, J = 8.8 Hz, H-8), 7.64 (1H, dd, J =
2.4 and 8.8 Hz, H-7), 7.88 (1H, d, J = 2.4 Hz, H-5), 11.61 (1H,
8); MS (EI) m/z = 267 (M*). Anal. (C;2H;(CINO,) C, H, N.

Ethyl4-hydroxy-8-methyl-2(1 H)-quinolone-3-carboxylate

(28): white crystals; mp 215 °C sublimes (from EtOH); 'H NMR
(250 MHz, DMSO0-dg) 4 1.34 (3H, t, J = 7.5 Hz, CH,CH}), 2.41
(3H, s, CCHy), 4.36 (2H, q, J = 7.5 Hz, CH,), 7.13 (1H, t,J =9
Hz, H-6),7.46 (1H, d, J = 9 Hz, H-7), 7.81 (1H, t,J = 9 Hz, H-5),
10.5 (1H, br s); MS (EI) m/z = 247 (M*). Anal. (C;3sH;3sNO,) C,
H, N.
Ethyl7-cyano-4-hydroxy-2(1 H)-quinolone-3-carboxylate
(29): white crystals; mp 224-228 °C (from DMF); 1H NMR (360
MHz, DMSO-dg) 4 1.31 (3H, t, J = 7.1 Hz, Me), 4.32 2H, q, J
= 7.1 Hz, CH,), 7.57 (1H, dd, J = 1.4 and 8.3 Hz, H-6), 7.61 (1H,
d, J = 1.4 Hz, H-8), 8.07 (1H, d, J = 8.3 Hz, H-5), 11.77 (1H, s);
MS (EI) m/z = 258 (M*). Anal. (C;3H0N:0y) C, H, N.

Ethyl 4-hydroxy-7-(trifluoromethyl)-2(1 H)-quinolone-3-
carboxylate (30): white crystals; mp >300 °C (from DMF); 'H
NMR (360 MHz, DMSO-dg) 4 1.31 (8H, t, J = 7.1 Hz, Me), 4.33
(2H, q,J = 7.1 Hz, CH,), 7.51 (1H, d, J = 8.4 Hz, H-6), 7.59 (1H,
s, H-8),8.17 (1H, d, J = 8.4 Hz, H-5), 11.76 (1H, 5); MS (EI) m/z
= 301 (M*). Anal. (C;sH1oF3sNOy C, H, N.

Ethyl 4-hydroxy-7-nitro-2(1 H)-quinolone-3-carboxylate
(31): white crystals; mp >300 °C (from DMF); 'H NMR (250
MHz, DMSO-dg) 8 1.32 (8H, t,J = 7 Hz, Me), 432 2H, q,J =
7 Hz, CH,), 7.96 (1H, dd, J = 2 and 9 Hz, H-6), 8.06 (1H,d ,J

= 2 Hz, H-8), 8.16 (1H, d, J = 9 Hz, H-5), 11.9 (1H, br s); MS "~

(EI) m/z = 278 (M+) Anal. (CleloNzos) C, H, N.

Ethyl 6,7-Dinitro-4-hydroxy-2(1H)-quinolone-3-carbox-
ylate (33). Concentrated HNO;g and concentrated H,SO, (1:1
v/v, 30 mL) was added to a solution of 31 (3.95 g, 14.2 mmol) in
concentrated H,SO, (60 mL), and then the solution was heated
at 60 °C for 90 min, cooled to room temperature and poured into
cold HyO. 33 (3.82 g, 83%) was collected as crystals: mp 229-
231 °C (from DMF); 'H NMR (250 MHz, DMSO-ds) 6 1.28 (3H,
t,J = 7 Hz, CHy), 4.31 (2H, q, J = 7 Hz, CHy), 7.81 (1H, s, H-8),
8.68 (1H, s, H-5), 12.4 (1 H, br s); MS (EI) m/z = 322 (M*). Anal.
(C12HgN304:0.1H,0) C, H, N.

7-Chloro-4-hydroxy-3-(3-thienoyl)-2(1 H)-quinolone (35).
A solution of COCl; in toluene (36.3 mL, 20% w/w) was added
dropwise over 30 min to a stirred solution of 61 (10.0 g, 50 mmol)
and Et3N (15 mL, 108 mol) in THF at -5 °C. The temperature
was maintained at -5 °C for 1 h and then allowed to warm to
room temperature. After 1 h Et;0 (200 mL) was added and the
solution filtered and evaporated to give 2-(ethoxycarbonyl)-5-
chlorophenyl isocyanate (65)as a white solid (11.2 g, 99%): 'H
NMR (360 MHz, CDCl;) 81.39 (3H, t,J = 7.5 Hz, CH3), 4.34 (2H,
q,J = 7.5 Hz, CH,), 7.22 (1H, d, J = 1.0 Hz, H-6), 7.28 (1H, dd,
J =6.5and 1.0 Hz, H-4), 8.31 (1H, d, J = 6.5 Hz, H-3); MS (EI)
m/z = 225 (M*). 3-Acetylthiophene (1.1 g, 8.7 mmol) in THF
(10 mL) was added dropwise to a solution of lithium hexa-
methyldisilazide (9.0 mL, 1 M, 9 mmol) in THF (20 mL) at -78
°C. The resulting solution was allowed to warm to 0 °C over 30
min and then recooled to -78 °C. A solution of 65 (1.0g, 4.4
mmol) in THF (10 mL) was added dropwise over 15 min. The
temperature was maintained at -78 °C for 30 min and then allowed
to warm to room temperature. After 2 h the reaction mixture
was poured into 1 N HCI (50 mL), extracted with Et,0 (4 X 50
mL), washed with H,O (50 mL) and brine (50 mL), dried,

Rowley et al.

evaporated and recrystallized from MeOH to give ethyl 4-chloro-
2-[2-(3-thienoyl)acetamido] benzoate as pale yellow needles (740
mg, 24%): mp 260-263 °C; 'H NMR (360 MHz, CDCly) 8 1.4
(3H, t, J = 7.5 Hz, CHjy), 4.02 (2H, s, CH,CO), 4.4 (2H, q, J =
7.5 Hz, CH,CHjy), 7.05 (1H, dd, J = 8.5 and 1.0 Hz, H-6), 7.1-7.2
(1H, m, thiophene-H), 7.4-7.5 (1H, m, thiophene -H), 7.45 (1H,
d, J = 8.5 Hz, H-5), 8.0-8.1 (1H, m, thiophene-H), 8.8 (1H, d, J
= 1.0 Hz, H-8). NaOMe (61.4 mg, 1.13 mmol) was added to a
suspension of this ester (200 mg, 0.57 mmol) in MeOH (20 mL)
and refluxed for 18 h. The reaction mixture was cooled to room
temperature and poured into 1 N HCI (50 mL). The resulting
precipitate was filtered off and recrystallized from DMF to give
35 as pale yellow needles: mp 313-320 °C dec; 'H NMR (360
MHz, DMSO-dg) 4 7.23 (1H, dd, J = 9.5 and 1.0 Hz, H-6), 7.33
(1H, d, J = 1.0 Hz, H-8), 7.45 (1H, dd, J = 5.5 and 1.0 Hz,
thiophene-H), 7.56 (1H, dd, J = 5.5 and 2.0 Hz, thiophene-H),
7.95 (1H, d, J = 9.5 Hz, H-5), 8.26 (1H, dd, J = 2.0 and 1.0 Hz,
thiophene-H-2); MS (EI) m/z = 305 [M*]. Anal. (CyHs-
CINOsS-0.1H,;0) C, H, N.
Other compounds in Table IV were made in a similar way.
7-Chloro-3-(3-phenylpropionyl)-4-hydroxy-2(1 H)-qui-
nolone (41); mp 244-246 °C (from DMF); 'H NMR (360 MHz,
DMSO0-dg) 6 2.92 (2H, t, J = 6.0 Hz, CH,Ph), 3.50(2H, t, J = 6.0
Hz, COCH)), 7.29 (7H, m, H-6, H-8, and Ph), 7.92 (1H,d, J =
8.0 Hz, H-5), 10.30 (1H, s,); MS (EI) m/z = 327 (M*). Anal.
(CsH),CINO3) C, H, N.
7-Chloro-4-hydroxy-3-(2-furanoyl)-2(1 H)-quinolone
(36): yellow needles; mp 310 °C (from DMF); 'H NMR (360
MHz, DMSO0-dg) 36.69 (1H, dd, J = 3.6 and 1.5 Hz, -OCHCH-),
7.24 (1H, dd, J = 8.5 and 2.0 Hz, H-6), 7.3-74 (2H, m,
~OCHCHCH- and H-8), 7.94 (1H, d, J = 8.5 Hz, H-5), 7.99 (1H,
d,J = 1.5 Hz, -OCH), 11.57 (1H, br s, NH); MS (EI) m/z = 287
(M*). Anal. (C,(HsCINOy) C, H, N.
7-Chloro-3-(pyridylcarbonyl)-4-hydroxy-2(1 H)-qui-
nolone (37): mp 277-280°C (from DMF); 'H NMR (360 MHz,
DMSO0-dg) 8 6.90 (1H, dd, J = 8.0 and 1.0 Hz, H-6), 7.10 (1H, d,
J = 1.0 Hz, H-8), 7.33 (1H, dd, J = 8.0 and 1.0 Hz, H-5"), 7.77
(1H, d, J = 7.0 Hz, H-5), 7.90 (1H, m, H-4), 8.50 (1H, dd, J =
8.0 and 1.0 Hz, H-6"), 8.63 (1H, d, J = 1.0 Hz, H-2), 9.05 (1H,
s, OH ); MS (EI) m/z = 300 (M*). Anal. (C;5HsCIN;O3) C, H,
N.
3-(Cyclohexylcarbonyl)-7-chloro-4-hydroxy-2(1H)-qui-
nolone (38): mp 220-225°C (from DMF); 'H NMR (360 MHz
DMSO) § 1.23-1.36 (5H, m, cyclohexane CH), 1.77-1.84 (5H, m,
cyclohexane CH), 3.97 (1H, m, COCHCH,), 7.26 (1H,dd, J = 7.0
and 1.0 Hz, H-5), 7.33 (1H, d, J = 1.0 Hz, H-8), 7.97 (1H, d, J
=17.0Hz, H-6); MS (EI) m/z = 306 (M*). Anal. (C;gH;sCINO;.0.1
H;0) C, H, N.
7-Chloro-4-hydroxy-3-(2-phenylacetyl)-2(1H)-qui-
nolone (39): white needles, mp 174-176 °C; 1 H NMR (360 MHz,
CDCly) 6 3.80 (2H, 5, CH,), 7.05 (1H, dd, J = 6.0 and 1.0 Hz, H-6),
7.0 (6H, m, Ar-H), 7.99 (1H, d, J = 6.0 Hz, H-5), 8.82 (1H, d, J
= 1.0 Hz, H-8), 10.6 (1H, br s); MS (EI) m/z = 327 (M*). Anal
(C17H,,CINO;-0.75H.0) C, H, N.
7-Chloro-4-hydroxy-3-(2-thienylacetyl)-2(1 H)-qui-
nolone (40): mp 305-310 °C (from DMF); 'H NMR (360 MHz,
DMSO0-dg) 4 2.49 (1H, s, CH;) 7.10 (1H, dd, J = 6.0 and 1.0 Hz,
H-6),7.27 (1H, d, J = 6.0 Hz, H-5), 7.36 (1H, d, J = 1.0Hz, H-8),
7.51 (1H, d, J = 3.0 Hz, H-3"), 8.19 (2H, m, H-4’ and H-5), 11.10
(1H, s); MS (EI) m/z = 320 (M*). Anal. (C;sH,,CINO;S) C, H,
N

7-Chloro-3-(cyclopropylcarbonyl)-4-hydroxy-2(1 H)-qui-
nolone (42): white needles; mp 227-230 °C; 'TH NMR (360 MHz,
DMSO-dg) 4 1.2-1.28 (4H, m, CH,CHj), 3.96-4.01 (1H, m,
COCHCHjy), 7.26 (1H, dd, J = 9.0 and 1.5 Hz, H-6), 7.31 (1H, d,
J = 1.5 Hz, H-8), 7.97 (1H, d, J = 9.0 Hz, H-5), 11.63 (1H, br s);
MS (EI) m/z = 264 (M*). Anal. (C;3sH1;oCINOs) C, H, N.

3-Benzoyl-7-chloro-4-hydroxy-2(1 H)-quinolone (9). So-
dium hydride (4.5 g, 37.5 mmol) was added to a solution of
dibenzoylmethane (5.62 g, 256 mmol) in THF (25 mL), and the
resulting mixture was stirred at 0 °C for 1 h and then added to
asolution of isocyanate 65 (1.05g, 5.0 mmol) at 0 °C. The reaction
was warmed to room temperature, stirred for 24 h, then quenched
with H20, and extracted into EtOAc. The organic extract was
washed with H0 and brine, dried, and evaporated togive ayeliow
oil. This was redissolved in MeOH (25 mL) containing NaOMe
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(270 mg, 5.0 mmol) and warmed to 50 °C for 2 h. The reaction
was cooled to room temperature and poured into 1 N HCl to give
awhite precipitate which was filtered off to give 9 (221 mg, 15%):
mp 240°C sublimes (from DMF); 'H NMR (360 MHz, DMSO-
dg) §7.21 (1H, dd, J = 7.0 and 1.0 Hz, H-6), 7.29 (1H, d, J = 1.0
Hz, H-7), 7.40-7.55 (4H, m, ArH), 7.75-7.8 (1H, m, ArH), 7.89
(1H, d, J = 7.0 Hz, H-5), 11.59 (1H, s); MS (EI*) m/z = 298 (M*
+ H). Anal. (C,gH;,oCINOy) C, H, N.

3-Acetyl-7-chloro-4-hydroxy-2(1H)-quinolone (34): mp
240 °C sublimes (from DMF ); 'H NMR (360 MHz, DMSO-ds)
6 2.70 (8H, s, CHj), 7.23 (1H, dd, J = 5.0 and 1.0 Hz, H-6), 7.27
(1H,d,J =1.0Hz,H-7),7.94 (1H, d, J = 5.0 Hz, H-5), 11.60 (1H,
8); MS (EI*) m/z = 237 (M* + H). Anal. (C;;HsCINOy) C, H,
N.

7-Chloro-4-hydroxy-2(1 H)-quinolone-3-carboxamide (43).
A solution of 8 (0.41 g, 1.53 mmol) in EtOH saturated with NH;
was heated in a sealed apparatus with an internal temperature
of 160 °C for 20 min. The mixture was cooled, and the product
was collected, washed with HCl solution, H;0, EtOH, Et,0, and
dried, and recrystallized from DMF to give 43 (219 mg, 60%) as
white needles: mp 307-309 °C; 'H NMR (360 MHz, DMSO-ds)
97.28 (1H, dd, J = 8.6 and 1.9 Hz, H-6), 7.35.(1H, d, J = 1.9 Hz,
H-8), 7.94 (1H, d, J = 8.6 Hz, H-5), 8.6 (1H, br s), 9.5 (1H, br s),
11.76 (1H, brs), 17.8 (1H, br s); MS (EI) m/z = 238 (M*). Anal.
(C10H,CIN,0y) C, H, N.

3-[[ N-[2-(4-Hydroxyphenyl)ethyl Jamino]carbonyl]-7-chlo-
ro-4-hydroxy-2(1H)-quinolone (44): white needles; mp 281-
283 °C (from acetone); 'H NMR (360 MHz, DMSO-dg) 9 2.75
(2H, t, J = 7.2 Hz, ArCHy), 3.54 (2H, t, J = 7.2 Hz, NCH,), 6.68
(2H, d, J = 8.4 Hz, ArH, ortho to OH), 7.06 (2H, d, J = 8.4 Hz,
ArH, meta to OH), 7.29 (1H, dd, J = 1.9 and 8.6 Hz, H-6), 7.35
(1H,d,J = 1.9 Hz, H-8), 7.95 (1H, d, J = 8.6 Hz, H-5), 9.20 (1H,
br s), 10.19 (1H, s), 11.86 (1H, br s); MS (CI*+, NH;, 550K), 359
(M* + H). Anal. (C1sH;sCIN;O0 C, H, N.

3-[(N-Benzyl-N-methylamino)carbonyl]-7-chloro-4-hy-
droxy-2(1H)-quinolone (45): off white needles; mp 295-296
°C (from EtOAc/hexane); 'H NMR (360 MHz, DMSO-dg) 9 2.83
(3H, s, Me), 4.58 (2H, s, CH;), 7.20 (1H, dd, J = 2.0 and 8.7 Hz,
H-6),7.2-7.4 (6H, m, Ph and H-8), 7.94 (1H, d, J = 8.7 Hz, H-5),
11.5 (1H, br s); MS (CI*, NH3) m/z = 343 (M* + H). Anal.
(C1sH15CIN;O3) C, H, N.

7-Chloro-4-hydroxy-2(1 H)-quinolone-3-carboxylic Acid
(46). Sodium hydride (0.8 g, 80% in oil, 25.6 mmol) was added
to a mixture of 8 (0.4 g, 1.5 mmol) and 4-methoxyphenol (0.20
g, 1.6 mmol) in DMF (5 mL) under nitrogen. After heating at
80 °C for 45 min the mixture was cooled, and then water and
dilute HC] were added. Acid 46 (0.21 g, 59%) was collected as
a light tan solid; mp >310 °C (from acetone); vy (KBr ) 3300-
2500 cm'! (OH); TH NMR (360 MHz, DMSO-dg) 4 7.45 (1H, dd,
J =1.7 and 8.6 Hz, H-6), 7.48 (1H, d, J = 1.7 Hz, H-8), 8.05 (1H,
d,J = 8.6 Hz,H-5); MS (EI) m/z = 239 (M*). Anal. (C;;H¢CINO,)
C,H,N. 46isunstable withrespect to decarboxylation on heating.

7-Chloro-4-hydroxy-2(1 H)-quinolone-3-hydroxamic Acid
(47). Ester 10 (0.44 g, 1.7 mmol) and H,NOH-HCIl (2 g, 28.7
mmol) were refluxed in dry pyridine for 2 h. On cooling and
addition of dilute hydrochloric acid the product precipitated and
was collected, washed with hydrochloric acid and dried to give
47 (0.14 g, 32%) as fine white needles: mp 280 °C dec; 'H NMR
(360 MHz, DMSO0-ds) 6 7.32 (1H, dd, J = 1.8 and 8.6 Hz, H-6),
7.38 (1H, d, J = 1.8 Hz, H-8), 7.96 (1H, d, J = 8.6 Hz, H-5), 9.8
(1H, brs), 11.8 (1H, brs), 11.9 (1H, br s), 18 (1H, br s); MS (CI*,
NH3) m/z = 255 (M* + H). Anal. (C,;H,CIN;O,) C, H, N.

O-Methyl 7-chloro-4-hydroxy-2(1 H)-quinolone-3-hydrox-
amate (48): white needles; mp 307-308 °C (from DMF/acetone);
IH NMR (360 MHz, DMSO0-ds) 43.78 (3H, s, Me), 7.32 (1H, dd,
J =1.9and 8.7 Hz, H-6), 7.37 (1H, d, J = 1.9 Hz, H-8), 7.96 (1H,
d, J = 8.6 Hz, H-5), 11.97 (1H, br s), 12.21 (1H, br s); MS (EI)
m/z = 268 (M*). Anal. (C;;HsCIN.O,) C, H, N.

O-Benzyl 7-chloro-4-hydroxy-2(1 H)-quinolone-3-hydrox-
amate (49): white needles; mp 245 °C (from DMF); 'H NMR
(360 MHz, DMSO-ds) 4 5.00 (2H, s, CHy), 7.33 (1H, dd, J = 1.8
and 8.7 Hz, H-6), 7.3-7.4 (4H, m, 3 of Ph and H-8), 7.48 (2H, dd,
J = 7.9 and 1.8 Hz, Ph, ortho to CHy), 7.97 (1H, d, J = 8.6 Hz,
H-5), 11.97 (1H, brs), 12.23 (1H, brs); MS (CI*, NHs) m/z = 344
(M*). Anal. (C17H;3CINOy) C, H, N.
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N-(2-Phenylethyl)-7-chloro-4-hydroxy-2(1 H)-quinolone-
3-hydroxamatic acid (50): yellow cubes; mp 206-207 °C (from
MeOH); 'H NMR (360 MHz, DMSO-ds) 6 2.97 2H, t, J = 7.5
Hz, PhCHy), 3.9-3.9 (2H, m, NCH,), 7.2-7.3 (6H, m, Ph and
H-6), 7.38 (1H, s, H-8), 7.97 (1H, d, J = 8.7 Hz, H-5), 12.01 (1
H, br s); MS (EI) m/z = 358 (M*). Anal. (CsH;5CIN;0,0.1
H;0) C, H, N.

O-Methyl N-methyl-7-chloro-4-hydroxy-2(1 H)-quinolone-
3-hydroxamate (51): bufflozenges, mp 331-333 °C (from DMF/
acetone); 'H NMR (360 MHz, DMSO-ds) 8 3.20 (3H, s, NMe),
3.58 (3H, s, OMe),7.23 (1H, dd, J = 2.0 and 8.7 Hz, H-6), 7.30
(1H,d,J = 2.0 Hz, H-8), 7.90 (1H, d, J = 8.6 Hz, H-5), 11.2-11.7
(1H, brs), 11.56 (1 H, br s); MS (CI*, NH;s) m/z = 268 (M* + H).
Anal. (C2H;;CIN,Oy) C, H, N.
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