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The cycloacylation of aniline derivatives to 4-quinolones in
the presence of Eaton’s reagent is described. This high-
yielding methodology is applicable to a wide variety of
functionalized anilines and requires milder conditions than
those traditionally employed. This cyclization protocol is

makes it difficult to handle for large-scale operations. The lack
of a general and mild method led researchers to develop new
synthetic strategies that involve an increased number of &teps,
isolation or purification of reactive intermediatéand the use

of toxic reagent$:’° These alternative strategies typically give
low yields of quinolones, making them unattractive for general
large-scale synthetic applications. It is clear that an efficient
protocol is needed.

Herein, we describe our discovery that Eaton’s reagean
inexpensive and commercially available substance, could ef-
fectively be used to promote the cyclization of aniline derivatives
to produce 4-quinolones in high yields under mild conditions
(<90 °C). This observation has been found to be applicable to
the synthesis of a series of quinolone and heterocyclic deriva-
tives. In the context of a drug development program, we required
a robust protocol for a multi-kilogram synthesis of 1,4-dihydro-
8-methoxy-4-oxo-2-quinolone carboxylic acid, methyl edtier
(eq 1).
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Our initial efforts at synthesizingib employed the Conrad

used to prepare a host of heterocycles and bis-quinolones_impach protocol. We were pleased that we could obtain

and is characterized by relatively low reaction temperature
and ease of product isolation.

Derivatives of 4-quinolone exhibit impressive antibiotic
activity! and have been extensively investigated as antidiabetic,
anticancef* and antiviral agents. Given their utility, the
development of synthetic methodology to access 4-quinolone
derivatives is continually warranted. To date, the most frequently
used strategy for their synthesis employs the Contachpach
and Gould-Jacobs cyclizationsThese methodologies involve
thermal cyclization of aniline derivatives to 4-quinolones under
extremely harsh conditions. Reactions are typically carried out
in mineral oil, Dowtherm, or diphenyl ether at 230. The harsh
reaction conditions have made synthesis and isolation of pure
products difficult. Alternatively, polyphosphoric acid (PPA&jan
be used for similar cyclizations; however, its high viscosity
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quinolone 1b in 74% yield, albeit at the prohibitively high
temperature of 250C in diphenyl ether. The harsh reaction
conditions are needed presumably due to the cis stereochemical
relationship of the ester groups ite, which would require
isomerization prior to ring closuré.

With PPA as a solvent the cyclization could be performed at
140°C; however, only 20% of the product was isolated. Given
the difficulties, we focused on identifying alternate conditibhs.
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SCHEME 1. Synthesis of 4-Quinolone-2-carboxylic Acid, Methyl Esters via Cyclization Using Eaton’s Reagent
COOM §ooM
MeOOC e
NH, © ‘L\:< —
Ry __——COOMe o NH
MeOOC—~ NH Eaton's reagent
Ro MeOH or IPA, 0 °C to 50 °C RAQFG 50°C Ry
R, 88-95%
R R; R
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SCHEME 2. Synthesis of 4-Quinolone-3-carboxylic Acid, Methyl Esters via Cyclization Using Eaton’s Reagent
COOMe MeOOC
o N, COOMe MeOOC\\S W
! MeOOC™ X~OMe Eaton's agent
NH o
Ry toluene, 110 °C 80-90°C Ry R
Re 85-95% Ry R,
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A variety of other acids and solvents were screened, each givingTABLE 1. Synthesis of 2-Carboxy-4-quinolone$

unacceptable yield dfb.>* We then shifted our focus to Eaton’s

reagent, a mixture of s and MeSQH. Our preliminary
investigations on the use of this reagent for cyclizatiotafo
1bin the presence of cosolvettat temperatures ranging from
25 to 100°C were not conclusive as it resulted in very low
conversion. However, we were pleased to discover that simply
dissolving 1a in Eaton’s reagent and heating tmly 50 °C
resulted in quantitatie cornversion tolb within 1 h The ease

of isolation of1b was notable as a simple quench into a saturated
basic solution precipitates the product in acceptable purity (97%
isolated yield). The importance of,®s in this reaction is
illustrated by the fact that substrat@ does not give cyclized
product after heating at 50C over 15 h in neat MeS#!.

Having successfully identified a facile route for large-scale
preparation of quinolonelb, we chose to investigate the
generality of this reaction for the preparation of related
4-quinolones from aryl amines with various substituents. Enam-
ine substrates (Table 1, entries9) were prepared in quantita-
tive yield via condensation of commercially available aryl
amines with dimethyl acetylenedicarboxylate (DMAD) in
alcoholic solvents at temperatures ranging from 25 t°60
(Scheme 1%.

The new protocol was examined and found to be effective
for the cyclization of enamines with various types of substitu-
ents, including substrates with electron-withdrawing groups
which are typically poor substrates for similar cyclizations. In
all cases, Eaton’s reagent promoted cyclization afGGand
gave high yields of 2-carboxy-4-quinolones in less than!8 h.
The exceptional crystallinity of these products enabled facile
isolation of 4-quinolones after basic quench of the reaction
mixture. To further highlight the utility of this method the
isopropyl-substituted quinolone (Table 1, entry 6) could be
prepared in 92% vyield. In B® at 230°C this product was
isolated in 44% vyield?

As there are several 3-carboxy-4-quinolones of medicinal
interest:2 we focused our attention on the application of the

(14) Aging a solution ofla in H;SOs, TFA, or HOAc at 56-100 °C
over prolonged period of time resulted in the recovery of substiaéong
with significant amounts of hydrolysis product (aniline).

(15) The use of 1:1 and 2:1 mixtures of solvents including toluene,
xylene, and tetramethylene sulfone along with Eaton’s reagent resulted in

sluggish conversion. The best conversion obtained was 3% after 20 h at

100°C in a 1:1 mixture of toluene and Eaton’s reagent.

(16) See the Experimental Section.

(17) Kikuchi, K.; Tagami, K.; Hibi, S.; Yoshimura, H.; Tokuhara, N.;
Tai, K.; Hida, T.; Yamauchi, T.; Nagai, MBioorg. Med. ChemLett 2001
11, 1215-1218.

entry R R> R3 Ra % isolated yield
1 OMe H H H 98
2 Cl Cl H H 95
3 OMe H H Cl 94
4 H H OMe H 85
5 Br H H H 95
6 i-Pr H H H 92
7 H H COMe H 90
8 Cl H H H 96
9 H H CeH11 H 90

TABLE 2. Synthesis of 3-Carboxy-4-quinolones

entry R Rz R3 R4 % isolated yield
10 Cl H H H 96
11 H H OMe H 90
12 F H F H 94

cyclization protocol to the synthesis of these molecules. Enam-
ines (Table 2, entries 1012), were prepared via condensation
of aryl amines with dimethyl methoxymethylenemalonate in
refluxing toluene (Scheme 2) and used without purification.

Cyclization was complete over -5 h and required
higher temperatures (8®0 °C) than the compounds in Table
1, a result of relative increased steric nature of these
substrates.

Encouraged by the results detailed in Tables 1 and 2, we
envisioned the application of the mild cyclization conditions to
the synthesis of tetracyclic bis-quinolones and quinolone
heterocycles (Tables 3 and 4). Structures and derivatives similar
to those shown in Table 3 have been extensively studied as
medicinal agents as well as effective proton spotfgmsd may
be useful as potential ligands for transition metals. The
cyclization protocol was successfully implemented for the
preparation of bis-quinolones (Table 3, entries-18). All of
the products were isolated as analytically pure solids after basic
guench as described above.

It is important to note that cyclization of 1,8-naphthalene
diamine derivative (Table 3, entry 15) resulted in isolation of
85% of quinolinoquinolinedione. The same transformation at
230°C in diphenyl ether gave 58% yield of proddét-inally,

(18) (a) Zirnstein, M. A.; Staab, H. AAngew. Chem1987, 99, 460~
462. (b) Hall, C. M.; Wright, J. B.; Johnson, H. G.; Taylor, A.JJ.Med.
Chem.1977, 20, 1337-1343.

(19) Honda, K.; Nakanishi, H.; Yabe, Bull. Chem. Soc. Jprl983
56, 2338-2340.
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TABLE 3. Bis-Cyclization of Diamine Derivatives-16 TABLE 4. Synthesis of Heterocyclic Quinolone$

Entry Reactant Product Isolated Yield (%) Entry Reactant  Product Isolated Yield (%)
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in order to further extend the utility of the cyclization protocol,

OI

20

B

. . K b MeOOC
several heterocyclic enamines (Table 4, entries26) were % /[ N— - 60
prepared using identical protocols as illustrated in Schemes 1 RTR —N_ ‘
and 2 COOMe

aminoquinolines (Table 4, entries 23 and 24), aminobenzothia-
zoles (Table 4, entries 18 and 19), aminoindans (Table 4, entry
17), and aminothiophenes (Table 4, entries 20 and 21) were
consistently prepared in good yields. Aminopyrrole derivative | °Reactions were performed at S€ in 4 vol of Eaton's reagent.
(Table 4, entry 25) gave a moderate yield of cyclized product. C%eg,\c/ltéons were performed at $C in 4 vol of Eaton's reagent. Re
It is interesting to note that the aminobenzothiazole derivatives '
(Table 4, entries 18 and 19) were selectively cyclized adjacent
to the sulfur atom in the molecuf8,indicating a possible  was not regioselective and resulted in several products when
activating effect by electrons on the sulfur atom. A derivative applied to a substrate derived from a meta-substituted ary-
of N-(4-aminobenzoylp-alanine (Table 4, entry 26) gave 75% |amine?? An attempt to prepare a 7-membered ring keto
yield of the quinolone. The alanine portion of the molecule did benzoazepin from a substrate derived frommethoxyaniline
not CyC|Ize to a 7-membered I‘Ing InStead it was converted to and succinic anhydnde was not effective. A known PPA
an ester, likely due to the presence of MeOH byproduct in the ¢yclizatior?2 of 3-phenylpropanoic acid to generate a 5-mem-
process. While the synthesis of thienopyridine (Table 4, entry poraq fing compound (1-indanone) was also examined with
20) under thermal cyclization conditions (28C) has been Eaton’s reagent and resulted in very little product.
reportec?! yields obtained for the particular conversion were
not discussed.

Despite the generality described above, this methodology does (22) Aryl amines with electron donating as well as withdrawing

substituents at the meta position resulted in messy reaction profiles. An
have certain limitations. In particular, the cyclization protocol attempt to synthesize 1,4-dihydro-7-methoxy-4-oxo-2-quinolonecarboxylic

acid, methyl ester from a substrate that was derived f@smethoxyaniline

Gratifyingly, the cyclization protocol was applicable to the
synthesis of heterocyclic quinolones. Enamine derivatives of 2%° j\ r ID)L &

(20) Sauter, F.; Jordis, U.; Tanyolac, Sci. Pharm 1988 56, 73—80. afforded only 30% of one major cyclized product with several unidentified
(21) Barker, J. M.; Huddleston, P. R.; Jones, A. W.; Edwards,JM. side products (LC/MS studies).
Chem. Resl1980Q 1, 4-5. (23) Guy, A.; Guette, J-P.; Gerard, Bynthesisd98Q 222—-223.
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Mechanistic studies for PPA-promoted cyclizations to ben- Hz, 1H), 5.25 (s, 1H), 3.80 (s, 3H), 3.69 (s, 3H), 3.67 (s, 3f0.
zoxazole derivatives have been repofedVhile the report ~ NMR (125 MHz, DMSO€e): 6 ppm 169.0, 163.8, 149.9, 147.7,
discusses the similarity between the active species in Eaton's128.4, 124.5, 120.6, 119.6, 111.5, 91.1, 55.5, 52.8, SNZ.
reagent and PPA, no mechanistic studies have been reporte®85:0950 [M]. ESI-HRMS: calcd for GsH1sNOs 266.1028 [M
for the cyclization of aniline derivatives to quinolones. As such, HI™, four]d 266'103_4' _
it is currently unclear why the mixture of,0s and MeSGH Synthesis of 1,4-Dihydro-8-methoxy-4-oxo-2-quinolonecar-
serves to dramatically increase the rate of reaction. At the POXlic Acid, Methyl Ester 1b. Enamine diesteta (1.8 g, 6.6

: : - L mmol) was added to a round-bottom flask that was equipped with
simplest level, the mechanism of the cyclization reaction is likely a ther)mocouple and a stirrer, and Eaton’s reagent (7 (ran?E/)vas then
analogous to a FriedelCrafts electrophilic aromatic substitution added to the flask. The reaction mixture was aged atG0and
reaction. Consistent with this, preliminary kinetic studies reveal e progress of the reaction was followed by HPLC. HPLC

that electron rich substituents are more reactive than their conditions: Zorbax RX-C8 column, 150 3 mm, gradient method,

electron poor counterpars. Attempts to identify reaction  ACN: 0.1% HPQ, 15:85 over 20 min hold 5 min at 80:20 then to
intermediates are currently underway. 15:85 over 1 min. Flow rate= 1 mL/min, A = 210 nm. Retention

In conclusion, we have developed a very mild, efficient and time, 1a = 18.0 min,1b = 12.2 min. When conversion reached
scalable protocol for the synthesis of 4-quinolones, and qui- =98%, the reaction mixture was cooled to°E& and slowly
nolone heterocycles using an inexpensive commercially avail- transferred to an excess saturated sodium carbonate solution that

able reagent. Future work will look at extending the conditions Was cooled to 10C. The solid was filtered, washed with 20 mL

. . - - of water, and dried in a vacuum oven at8D. CompoundlLb was
employed in this study to the formation of thiochromenes and isolated as a white solid in 97% yield. This reaction has been scaled
other heterocycles.

as described in this procedure to multiple kilograms and gave 98%
isolated yield ofLh. 'TH NMR (400 MHz, D;CCQO,D): 6 ppm 7.86
Experimental Section (d,J=8.2 Hz, 1H), 7.38 (tJ = 8.2 Hz, 1H), 7.25 (dJ = 8.2 Hz,
. - . 1H), 7.19 (s, 1H), 4.07 (s, 3H), 4.06 (s, 3FC NMR (100 MHz,

Synthesis of 2-Butenedioic Acid, 2-[(2-Methoxyphenyl)- b ccop): 6 ppm 181.3, 163.5, 149.7, 137.9, 131.6, 127.1, 126.3,
amino]-, Dimethyl Ester la. To a solution ofo-anisidine (1 g, 117.7,112.9, 111.4, 57.1, 5418(z 233.0688 [M]. ESI-HRMS:

8.1 mmol) in MeOH (10 mL) at 5°C was added dimethyl Icd f H--NO, 2 M=+ Nal*. f 2
acetylenedicarboxylate (DMAD) (1.4 g, 9.7 mmol, 1.2 equiv). The caled for GzHiaNO, 256.0586 [ a, found 256.0586

mixture was aged at rt over 2 h. The product precipitated during

the aging process. The yellow solid was filtered and washed with ~ Acknowledgment. We are grateful to Dr. Dave Tellers for
MTBE (10 mL) followed by heptane (20 mL). Enamine diester ~ Valuable suggestions, Dr. Tom Novak for HRMS analysis, Mr.
was isolated as a yellow solid in 93% yield (2 g, 7.5 mméH#). Richard Desmond for experimental assistance, and Dr. George
NMR (500 MHz, DMSO¢de): 6 ppm 9.66 (s, 1H), 7.06 (m, 1H),  Zhou for FTIR studies.

7.03(dd,J = 8.2, 1.8 Hz, 1H), 6.88 (m, 1H), 6.79 (d= 8.2, 1.8
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