J. Comb. Chem2007,9, 793-796 793

Efficient Solid-Phase Synthesis of
2-Substituted-3-Hydroxy-4(1H)-Quinolinone-7-Carboxamides with
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A highly efficient solid-phase synthesis of 2-substituted-3-hydroxy43{duinolinone-7-carboxamides was
developed using anthranilates and bromoketones as the key synthons. Primary amines immobilized to an
acid-cleavable BAL linker were acylated with 1-methyl-2-aminoterephtalate. After cleavage of the methyl
ester, bromoketones were used to form resin-bound phenacyl esters. Acid-mediated cleavage and subsequent
cyclization in solution afforded 3-hydroxy-4)-quinolinones in high purity and yield. Highly efficient
solid-phase synthesis (purity 90%, yield > 80%, synthetic time= 2 days using commercially available
synthons) is amenable to high-throughput/combinatorial synthesis to match the high-throughput screening
capability.

Introduction detailed study of the structurectivity relationship. To
effectively address the SAR, we developed a highly efficient

The hydroxycoumar_lne gkeleton of flav_onols, a group of solid-phase synthesis amenable to high-throughput/combi-
natural compounds with wide range of different biological . . L )
natorial synthesis of hydroxyquinolinone analogs. An inher-

activities, has become the focus of intense studies aimed at L . . . .
; . . ent simplicity of isolation of intermediates and target
preparation of novel compounds with pharmacologically ) . )
. . ; compounds synthesized on the solid phase was combined
relevant properties. We became interested in the less . o .
: L with a highly efficient sequence of transformations that
commonly studied 3-hydroxy-4)-quinolinones, the aza- . S : . ;
. . ; yielded target products in high purity- 00%) and high yield
analogues of hydroxycoumarines. Hradil and Jirman reported (>80%)
the first synthetic route to 2-phenyl-3-hydroxy-#{tquino- o)
linones by heating phenacylanthranilates in polyphosphoric
acid?® Phenacylanthranilates are accessible from commer-
cially available anthranilic acids and bromoketones, making  The solid-phase synthesis of quinolinones followed the
this synthetic route amenable to the preparation of a numbersynthetic route developed for solution-phase synthesis, with
of different derivatives. Later, they extended the synthesis anthranilic acids and bromoketones being the key synthones.
to 3-amino-4(H)-quinolinones’ and in 2006, they reported  Combination of those two building blocks allowed prepara-

Results and Discussion

the synthesis of 2-phenylsubstituted-3-hydroxyH)¢tjuino- tion of quinolinones with two diversity positions: one on
linone-7-carboxylic acids and their phenacyl esters in solu- the carbocyclic benzene ring originating from anthranilates
tion.> and the second one on position 2 of the quinolinones from

Biological screening of hydroxyquinolinones revealed bromoketones. For the solid-phase synthesis, we decided to
anticancer activity for the chloro derivatives of 2-phenyl-3- immobilize the anthranilate component.
hydroxy-4(H)-quinolinones; as well as anticancer activity Polyphosphoric acid, used for the cyclization of phenacyl
for some 2-phenylsubstituted-3-hydroxy-#{tquinolinone-  esters to hydroxyquinolinones in solution-phase synthe-
7-carboxylic acids phenacylestér addition, inhibition of ses?>689is not well-suited for high-throughput synthesis
DNA gyrase and topoisomearse Il by hydroxyquinolinones pecause of the difficulty in isolation of products. We
has been reported by Sui et'dt present, the mode of action  evaluated different cyclization conditions and found that
of hydrOquUinO”noneS in cellular SyStemS is not UnderStOOd, Cyc"za‘[ion of acyc|ic precursors of target Compounds can
and thus, this is a subject of study. be accomplished by heating them in trifluoroacetic acid

The promising pharmacological properties of 3-hydroxy- (TFA), which would enable a simplified and straightforward
4-quinolinones (cytotoxicity to cell lines A549, K562, K562- isolation of products.

Tax, CEM, and CEM-DNRB) prompted us to carry out @ since the cyclization of linear intermediate phenacylan-
thranilates to quinolinones could be advantageously carried
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target compounds from acid-labile linkers, we synthesized
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Scheme 1 Preparation of Nonsubstituted Carboxami§ (
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aReagents: (i) 1-methyl-2-aminoterephtalate, DIC, HOBt, DCM, DMF, room temp, overnight; (i) TMSOK, THF, room temp, 7 h.; (iii) 2-dromo-4
methyl-acetophenone, TEA, DMF, room temp, 2 h; (iv) 50% TFA, DCM, 30 min; (v) TFAS@Q2 h.

Scheme 2.Preparation ofN-Derivatized Carboxamidés
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aReagents: (i) amine, 10% AcOH/DMF, overnight, NaBH(OA&)h; (ii) 1-methyl-2-aminoterephtalate, DIC, HOBt, DCM, DMF, room temp, overnight;
(iii) TMSOK, THF, room temp, 7 h; (iv) 2-bromo-‘4methyl-acetophenone, TEA, DMF, room temp, 2 h; (v) 50% TFA, DCM, 30 min; (vi) TFA@02
h.
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Figure 1. Six amines for the first diversity position.

% o activation by 1,3-diisopropylcarbodiimide (DIC) in the
H m presence of 1-hydroxybenzotriaziole (HOBLt). 1-Methyl-2-
HN N R aminoterephtalate is a suitable building block because it

allowed immobilization via its unprotected carboxylate, while
o o 1 0 the carboxylic grouprtho to the amino group was esterified
BrQKQ\ Br s L B Bf\)K@CI and did not interfere during the acylation reaction. The resin-
QK@\ Qk@ NH, bound methylester1j was saponified using potassium
A B 7 ¢ Poa trimethylsilanolate (KOTMS) in THF! and the resin-bound
carboxylic acid ) was treated with a solution of 2-bromo-

o o
Br NO, Br Br\jl@ \)(J)\ 4'-methyl-acetophenone and triethylamine (TEA)NiN-
a . -/ “ dimethylformamide (DMF). Because the nucleophilicity of

H the aniline is decreased by an electron-withdrawing effect
Figure 2. Bromoketones used for the synthesis of 2-substituted- of both the carboxylic group and carboxamide, an excess of
3-hydroxy-4(H)-quinolinone-7-carboxylic acid propylamidet. bromoketone could be used without risk of any side reactions.

carried out the cyclization in a TFA solution after releasing Esterification was completed at room temperature in 2 h.
the acyclic intermediates from the resin by the same reagent.The ester4) was then cleaved from the polymer support by
To evaluate the scope and limitations of the solution-phase TFA in dichloromethane (DCM), followed by evaporation
synthesis on the solid phase, we prepared a model compoundf the cleavage cocktail. Cyclization of hydroxyquinolinone
the nonsubstituted amideb)( using Rink amide resifi (5) was then carried out by heating the cleaved egtem(
(Scheme 1). Briefly, Rink amide resin was acylated with neat TFA at 80°C for 2 h. The cyclization was not
commercially available 1-methyl-2-aminoterephtalate through accompanied by any noticeable side-reactions, and the crude
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Scheme 3 Cyclization of12G
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Scheme 4 Attempts to Prepardl-Substituted Derivativés
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aReagents: (i) benzylbromide, BMP, NMP, 8@, overnight or benzoylchloride, pyridine, room temp, 7 h, or ethyl-bromoacetate, BMP, NM¥;, 50

48 h; (i) TMSOK, THF, room temp, 7 h; (iii) 2-bromo-4nethyl-acetophenone, TEA, DMF, room temp, 2 h; (iv) 50% TFA, DCM, 30 min; (v) TFA, 80
°C, 2 h.

product was isolated in greater than 90% purity as judged tertiary amine of the piperidine moiety was protonated by
from analytical HPLC traces. The product was characterized TFA, and the resulting quaternary ammonium ion in close

by MS and NMR spectra.

To introduce the first diversity position, we prepared
N-derivatized carboxamide&?) using the resin-bound BAL
linker}> Polymer-supported secondary amine®) (vere
prepared using an already described procetfu@ubse-

proximity to the cleavage site decreased the electron density
and decelerated the cleavage rate. Thus, heating in neat TFA
was required for quantitative cleavage. The target hydroxy-
quinolinone (1f) was prepared by heating its polymer-
supported intermediate in neat TFA; the purity of the product

quently, four chemical transformations were completed using was not influenced by presence of the resin (HPLC, NMR).

the same procedures developed for unsubstituted arBjde (

(Scheme 2).

A set of bromoketones was evaluated using tie
propylamide derivative§a), and 2-substituted-3-hydroxy-

The outcome of the reaction sequence was evaluated for4(1H)-quinolinone-7-carboxylic acid propylamidelf were

a set of the six amines (Figure H-Propyl 6a) and benzyl

prepared. Six phenylbromoketones were selected that con-

(6c) amines were included as representative examples oftained various combinations of electron-withdrawing and
amines without any side-chain functional groups, and the electron-donating substituents. One heterocyclic bromoketone
corresponding target compounds were obtained in high and one chloroacetone were also included. Bromoketones
purity. In the case of the polymer-supported ethanolamine B, G, andH were obtained from commercially available
(6b), we observed a side reaction caused by acylation of thesources. Bromoketonds, C, D, E, andF were prepared by
hydroxy group with 1-methyl-2-aminoterephtalate (about bromination from corresponding acetylderivativéalthough
30% of double-acylated side product, HPLC). The ester of it should be noted that they are also commercially available
the side product was cleaved in the next step; thus, it was(Figure 2).
not necessary to protect the hydroxy group before the After the solid-supported synthesis was complete, the
acylation. Last, three aminesd—f) were selected to linear precursors were cleaved from the resin and cyclized
introduce a heterocyclic moiety into the target molecule. All to target quinolinones in TFA. Since the reaction sequence
building blocks provided the expected quinolinones in high was high yielding and provided crude products of high purity,
purity. it enabled very simple isolation of pure target compounds.
For the derivatives prepared from polymer-supported After evaporation of TFA, the residual oil was sonified for
N-ethylaminopiperidin f), different conditions had to be 5 min in diethylether. The precipitated products were
used for cleavage from the resin. We observed only marginal collected by suction filtration, washed with fresh diethyl
cleavage under standard conditions (50% TFA in DCM, ether, and dried. This simple procedure removed minor
room temp, 30 min). We speculate that the strongly basic impurities detected in the crude products because they
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remained dissolved in the diethyl ether during sonification. reaction steps were completed in high purity with no
This isolation was very fast, effective, and amenable to high- significant side-reactions observed. Almost quantitative
throughput synthesis. For the isolation of derivatiidD conversion of all reaction steps resulted in high yields of
and F, suction filtration and drying under a nitrogen crude target products. Isolated yields, after simple purification
atmosphere was necessary. It was observed that derivativedy precipitation with ether, were high, and the yields were
11D andF smoothly turned into an oily material when the influenced only by solubility of target compounds in diethyl
procedure described was not followed. Typical purity of ether. After optimization of all steps, the entire synthetic
crude hydroxyquinolinones was 905% as judged fromthe  sequence, including isolation of products, can be ac-
analytical HPLC traces (integration of diode array 2@0 complished in 2 days using commercially available synthons.
nm traces) with the exception &2G. During the cyclization

of 12G, partial cleavage of the thiophenylmethyl group was Acknowledgment. The Wo_rk Was_suppor_ted t!y the De-
observed, and the product was contaminated by the carboxaPartment of Chemistry and Biochemistry University of Notre
mide 5 (Scheme 3) Dame, the NIH (GM075855), and the Ministry of Education,

Youth and Sport of the Czech Republic (MSM6198959216).
The authors thank Katherine Waring for critically reading
the manuscript.

It is worth mentioning that the ammonium acetate buffer,
typically used as the HPLC aqueous buffer, did not provide
satisfactory separation. Peaks corresponding to target com

pounds were tailing, occasionally spreading over several sypporting Information Available. Details of experi-
minutes in a 10 min gradient. Interestingly, acyclic substrates mental procedures and spectroscopic data for new com-

provided sharp separation. Thus, for evaluation of the purity pounds. This material is available free of charge via the
of target compounds by HPLC, we changed the mobile phase|nternet at http://pubs.acs.org.

and found satisfactory separation using a 0.1% aqueous TFA
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