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Traceless, Self-Cleaving Solid- and Solution-Phase Parallel Synthesis
of 3,4,7-Trisubstituted 3,4-Dihydroquinoxalin-2-ones

Edgardo Laborde,* Brian T. Peterson, and Louise Robinson
Telik, Inc., 750 Gateway Boulard, South San Francisco, California 94080

Receied May 22, 2001

This article describes a new methodology for the parallel synthesis of 3,4-dihydroquinoxalin-2-ones containing
three points of diversity. The synthesis begins with commercially available resin-lseantino acids as

the source of the first diversity element and employs a combination of solid- and solution-phase chemistry
to introduce the other two. The key step is an intramolecular cyclization and simultaneous traceless cleavage
from the solid support to give a disubstituted 3,4-dihydroquinoxalin-2-one. The third substituent is introduced

in solution by N-alkylation of the aniline nitrogen using a scavenger resin to dispose of excess reagent. All
the reactions in the sequence take place at room temperature without the need to use strong acids or to
maintain an inert atmosphere, thereby preserving the chiral integrity of the startmgino acid and
facilitating the generation of libraries in a high-throughput parallel format.

Introduction

3 R' =8 R'
Combinatorial chemistry has become a powerful tool for ?\7\ 1N/ 7\8\ '1112 O
the rapid generation of libraries of small organic molecules. Q 2=0 6@[4I
Many of the advances in this field have been geared toward SNTN s
the discovery and optimization of new chemical leads as R R
potential drug candidates. Not surprisingly then, the level 1 2
of interest in combinatorial or parallel methods of synthesis
of heterocyclic, “druglike” molecules has been and continues R?
to be quite higH. Interestingly, most of these efforts deal 8\9\
primarily with either solid- or solution-phase chemistry, even
though it has been recognized that each of these methodolo- 6
gies has its own limitations in terms of ease of automation, R
reproducibility, and versatility. To be able to synthesize 3
compound libraries of increasing molecular complexity, it
could be advantageous to develop methods that combine theproduct into solution. Notwithstanding the utility and broad
expediency of solid-phase synthesis with the flexibility of scope of these strategies, a number of side reactions were
solution-phase chemistry. We report such a hybrid strategy observed during acid-induced cleavage of 3-substituted 3,4-
for the parallel synthesis of 3,4,7-trisubstituted 3,4-dihy- dihydroquinoxalin-2-ones, including racemization of the C3
droquinoxalin-2-ones. carbon and oxidation of the 3,4-carbenitrogen bond. It

The [6.6]-ring fused quinoxalinone systedy]ike its [6,5]- occurred to us that these side reactions could be avoided by
fused benzimidazolone and [6,7]-fused 1,5-benzodiazepin-developing an approach in which the 3,4-dihydroquinoxali-
2-one homologue$ and3, respectively, is a useful scaffold none scaffold would be formed and cleaved form the solid
for the construction of small heterocycle librarfes. support under acid-free conditions. These requirements would

Although not as extensively investigated as their higher be most readily satisfied by a strategy involving the intramo-
benzodiazepine homologues, quinoxalinones have beerlecular cyclization of an appropriately substituted resin-bound
shown to possess significant biological properties, including a-amino acid (cf.5 in Scheme 1) and concurrent self-
inhibition of aldose reductad@and PDGF receptor tyrosine cleavage of the resulting 3,4-dihydroguinoxalinone from the
kinase! partial agonism and antagonism of the GABA  solid support. Furthermore, such an approach would have
benzodiazepine receptor compfeand antagonism of the the extra advantage of leaving no trace of the resin linker.
AMPAS® and angiotensin Tireceptors. This level of biological ~ Scheme 1 illustrates this strategy retrosynthetically.
activity has elicited an interest in these compounds, and
recently several groups have reported new solid-phase
synthetic approaches toward quinoxalinohe€ommon The implementation of our synthetic approach is shown
features of these approaches are the construction of thein Scheme 2. The Fmoc protecting group of commercially
quinoxalinone ring attached to a solid support through the available N-o-Fmoc-amino acids8 preloaded onto Wang
C7 carbon and the subsequent acid-induced release of theesin was removed with 20% piperidine in dimethylforma-

Results and Discussion
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aReagents: (i) 20% piperidine, DMF, then (3-M@-F)-PhCQH, DIPEA, DMAP, DMF; (ii) R2NH,, HBTU, DIPEA, DMF; (iii) SnCh-2H,0, DMF;
(iv) p-chloranil, DCM/DMF; (v) RCH,Br, C$COQOs;, acetone.

mide (DMF). The resulting amines were then reacted with valine (R = i-Pr) or leucine (R = Me,CHCH,); carboxy-
4-fluoro-3-nitrobenzoic acid in the presence of diisopropyl- anilines9 generated from resin-bound phenylalaniné R
ethylamine (DIPEA) and a catalytic amountMfN-(dimeth- PhCH) reacted to provide amidel® in the lowest yields.
ylamino)pyridine (DMAP) to give the 2-nitro-4-carboxy- The third step of our synthetic strategy was the most
anilines9 in both high yield &75%) and purity £ 95%), as critical, for it required three discrete processes to occur in a
determined by LC/MS analysis of the intermediates releasedconcerted fashion and in high yield: (a) reduction of the
from the resins upon treatment with a 20% solution of TFA aromatic nitro group, (b) nucleophilic addition of the resulting
in dichloromethane (DCM). The same results were obtained aniline onto the resin-bound ester carbonyl, and (c) elimina-
whether the ipso-fluoride displacement was performed at tion of thep-benzyloxy resin from the tetrahedral intermedi-
room temperature for 24 h or at 4% for 8 h. ate, freeing the product into solution. It was not totally

The second element of diversity was introduced by apparent to us that a high yield could be obtained by
amidation of the carboxyl group with a variety of amines intramolecular cyclization of a hindered aminoester such as
using standard peptide coupling conditions, i@benzo- 5 (Scheme 1) and concurrent cleavage of the quinoxalinone
triazol-1-yl-N,N,N,N'-tetramethyluronium hexafluorophos- from the solid support. As discussed below, our concerns
phate (HBTU) and DIPEA in DMF. Interestingly, the turned outto be unwarranted.

chemical yield and purity of the resulting amid&8 were Treatment of resing0 with SnCb*2H,0 in DMF at room
found to be dependent not only on the nature of the amine temperature for 24 h delivered the 3,4-dihydroquinoxalin-
reagent but also on the nature of the resin-booramino 2-onesll in solutioni® The reaction workup was straight-

acid. Unhindered alkylamines, such as 3-fluorobenzylamine, forward. The filtrates were collected in scintillation vials and
consistently provided the highest yield and purity of amides concentrated in a centrifugal evaporator. The residues were
with all of the supported substrates examined, whereaspartitioned between ethyl acetate and 5% aqueous NaOH
sterically hindered alkylamines, such as benzhydrylamine, and sonicated for 510 min. The organic layers were
were just as good as anilines bearing electron-donatingremoved, dried over anhydrous #;, filtered into tared
substituents (e.g., 4-methoxyaniline). The side chafi) ¢iR scintillation vials, and concentrated as described before.
the startingax-amino acid also had a noticeable effect on the  The products were analyzed for purity and identity by LC/
extent of the amidation. Indeed, carboxyanili®gsrepared MS and'H NMR. The purity of the 3,4-dihydroquinoxali-
from resin-bound alanine {R= Me) gave significantly higher =~ nonesl1 was consistently high, ranging from 77% to 97%,
yields of amideslO than those obtained from resin-bound whereas the overall yield for the three steps was dependent
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Table 1. Disubstituted 3,4-Dihydroquinoxalin-2-ones

compound (chirality)-R R? purity (%) yield (%) MW MS (ES™*) m/z
1la (L)-Me 4-MeO-Ph— 97 66 311.34 312
11b (L)-Me PhCH-— 96 56 371.44 370
1llc (L)-Me 3-F—PhCH— 94 55 313.33 312
11d (L)-i-Pr 4-MeO-Ph— 97 54 339.39 340
lle (L)-i-Pr PhCH— 87 61 399.49 400
11f (L)-i-Pr 3-FPhCH— 94 66 341.39 340
11g (D)-i-Pr 3-FPhCH— 91 23 341.39 342
11h (L)- Me,CHCH,— 4-MeO—Ph- 87 52 353.42 352
11i (L)- Me,CHCH,— PhCH— 92 56 413.52 412
11j (L)- Me;CHCH,— 3-F—PhCH— 86 56 355.41 354
11k (L)-PhCH— 4-MeO—-Ph- 93 24 387.44 386
11l (L)-PhCH— PhCH— 77 32 447.54 446
11m (L)-PhCH— 3-F—PhCH— 80 32 389.43 388
11n (L)-Pro[R—(CHy)s—R?] 3-F—PhCH— 92 47 339.37 338

Table 2. Trisubstituted 3,4-Dihydroquinoxalin-2-ones
compound (chirality)-R R? R3 purity (%)  vyield (%) MW MS (ES) m/z
13a (L)-Me 4-MeO-Ph- CH— 96 77 325.37 324
13b (L)-Me PhCH— 2-NO,—PhCH— 87 56 506.56 505
13c (L)-Me 3-F~PhCH—  3,5-(MeO}PhCH— 85 78 463.51 462
13d (L)-i-Pr 4-MeO-Ph— CHs— 96 66 353.42 352
13e (L)-i-Pr PhCH— 2-NO,—PhCH— 78 57 534.62 533
13f (L)-i-Pr 3-FPhCH—-  3,5-(MeO}PhCH— 84 92 491.56 490
13g (p)-i-Pr 3-F-PhCH~  3,5-(MeO}PhCH— 73 52 491.56 490
13h (L)-Me;,CHCH,—  4-MeO—-Ph— CHz— 83 76 367.45 366
13i (L)-Me,CHCH,— Ph,CH— 2-NO,—PhCH— 75 39 548.64 547
13j (L)-Me,CHCH,—  3-F—PhCH—  3,5-(MeO}PhCH— 74 72 505.59 504
13k (L)-PhCH— 4-MeO—Ph— CHs— 84 72 401.47 400
13l (L)-PhCH— PhCH— 2-NO,—PhCH— 67 32 582.66 581
13m (L)-PhCH— 3-FPhCH—  3,5-(MeO}PhCH— 74 40 539.61 538

on the nature of the startingramino acid and ranged from  excess of alkylating agent and acid. The solutions were then
23% to 66% (Table 1). The low yields obtained with filtered and concentrated, and the crude products were
phenylalanine were mostly due to incomplete amidation in purified by parallel flash chromatography on silica gel-filled
the second step; the resulting 7-carboxylic acid substituted SPE cartridges to afford 3,4,7-trisubstituted 3,4-dihydroqui-
3,4-dihydroquinoxalinone was removed during the isolation noxalin-2-onesl3 in 67—96% purity and 32-92% yield;
protocol. 13 different analogues were prepared in parallel (Table 2).

In all the examples examined, no trace of byproducts  The final test of this methodology required demonstration
arising from oxidation of the 3,4-carbemitrogen bond were  that the chiral integrity of the starting-amino acid had been
detected, as expected from an acid-free, self-cleaving reactionygintained throughout all four synthetic steps. To address
step. Notwithstanding this observation, the 3,4-dihydro- thjs issue, the sequence of reactions described above was
quinaxolin-2-onesl1 could be easily and cleanly oxidized  yepeated with both Fmogc-valine and Fmom-valine Wang
to the corresponding quinoxalinong2with a small excess  resins as the starting materials. The resulting 3,4, 7-trisub-
of p-chloranil at room temperature (Scheme 2).  stituted 3,4-dihydroquinoxalin-2-ona8f and13gwere then

To incorporate a third element of diversity, we studied analyzed by chiral HPLC and found to be optically pure.

the alkylation of the aniline nitrogen in solution phase. To g calculated enantiomeric excess (ee) and measured optical
this end, a representative 3,7-disubstituted 3,4-dihydroqui- ,qiation for each enantiomer are given in Figure 1.

noxalinonell was treated with different combinations of
base (NaH, KCOs;, CsCOs, EtN), alkylating agent, and
solvent (DMSO, DMF, acetone), at room temperature or
45 °C, and for varying amounts of time. The progress of A new methodology for the parallel synthesis of 3,4,7-
these reactions was monitored by LC/MS. The conditions trisubstituted 3,4-dihydroquinoxalin-2-ones has been devel-
that provided the best overall results, both in terms of yield oped using a combination of solid- and solution-phase steps.
and purity of the N4-alkylated products, were 3 equiv of The approach employs commercially available resin-bound
CsCO; and 5 equiv of alkyl halide in acetone at room o-amino acids as the starting materials, leaves no trace of
temperature for 8 Bt Several different workup protocols the resin linker, and preserves the chiral integrity of the
were examined for their reproducibility and adaptability to products. Furthermore, the results obtained with proline (cf.
a high-throughput format. The one selected consisted of 11n, Table 1), an amino acid possessing a secondary amino
diluting the reaction mixtures with dichloromethane, washing group, indicate that N-alkylated-amino acids can also be
the organic solutions with aqueous HCI to remove inorganic used as starting building blocks, thereby offering an alterna-
salts, and then treating them with tris(2-aminoethyl)amine tive way of introducing the quinoxalinone N4-substituent.
polystyrene scavenger resin to simultaneously remove anyln addition to alkyl halides, acyl halides and isocyanates may

Conclusions
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H
F. N._O
\gﬂ)ﬁ ];/ Compound | Starting Resin | ee (%)? | [ap®
*
N

13f Fmoc-L-Val-Wang 98 +26.1°

13g Fmoc-D-Val-Wang 99 -32.8°

3Calculated using LC areas (retention times: 13f=10.1 min;
13f, g 13g=11.2 min)

bSpeciﬁc rotations at 25°C in CHCls. 13f: ¢=0.93; 13g: ¢=1.27

Figure 1.

also be used to derivatize such nitrogen, allowing an evenwith DMF (5 mL). A solution of 20% piperidine in DMF

higher degree of molecular diversity. (15 mL) was added, and the suspension was mixed for 20
min. The resin was filtered and washed with DMFX320
Experimental Section mL each). This Fmoc-deprotection step was repeated once
Materials and Methods. Wang resin (styrene1% DVB more. Then, a solution of 4-fluoro-3-nitrobenzoic acid (1.4

copolymer, 106-200 mesh) was obtained from NovaBio- 9 7-7 mmol) in DMF (15 mL) was added to the resin,
chem (catalog no. 01-64-0014) or Chem-Impex (catalog no. followed by DIPEA (1.3 mL, 7.7 mmol) and a catalytic
01927). Tris(2-aminoethyl)amine polystyrene scavenger resin@mount of DMAP dissolved in DMF (1 mL). The suspension
was obtained from Argonaut Technologies (catalog no. Was mixed at room temperature for 24 h, filtered through a
800228). Solvents were purchased from EM Science, J. T.30 mL fritted funnel, washed successively with DMF,
Baker, Mallinckrodt, or Aldrich and were anhydrous and/or 2-Propanol, and DCM (3« 20 mL each), and dried under
HPLC grade. Reactions were performed in individual vacuum. An aliquot of this resin (0.4 g) was placed in a 12
polypropylene tubes (Pharmacia Biotech, catalog no. 17- mL fritted tube and treated with 20% TFA in DCM (6 mL)
0435-01 or BioRad, catalog no. 732-1010), scintillation vials f(_)r 20 min. The fil_trate was collected in a tared scintillation
(Wheaton Scientific-VWR, catalog no. 986541), or amber Vial, and the resin was washed with DCM (5 mL). The
jars (Qorpak-VWR, catalog no. 7930). Stirring/mixing was combined filtrate and washing was concentrated to dryness
achieved by gentle 3B0rotation on a Glas-Col rotator. {0 obtain9a (64 mg, 99% pure by HPLC, 75% yield)H
Filtrations and washings were carried out on a multiport NMR (DMSO-d¢/D;0): 6 1.45 (3H, d,J = 6.8 Hz), 4.44
vacuum manifold (Supelco Visiprep, catalog no. 5-7030). (H, d,J=6.5Hz), 7.00 (1H, dJ = 9.3 Hz), 7.95 (1H, d,
Solvent evaporation was performed on a GeneVac AtlasJ = 8.9 Hz), 8.59 (1H, s). MS (E§: m/z 253 (M — H),
HT-8 centrifugal evaporator. Crude products were purified 367 (M + 113).

by parallel chromatography using Supelclean LC-Si SPE  Procedure for the Synthesis of Resins 10The synthesis
cartridges (Supelco, catalog no. 5-7051). Purity and molec- of 2-({4-[N-(4-methoxyphenyl)carbamoyl]-2-nitrophehy!
ular parent ion identity were determined on a Hewlett- amino)propanoic acidlQ3) illustrates this general procedure.
Packard HP1100 LC/MSD instrument using a Zorbax Eclipse Resin9a (1.1 g, 0.56 mmol) was placed in a 30 mL amber
XDB-C8 column (4.6 mmx 150 mm, 3.5um, catalog no. jar and swollen with DMF (5 mL). A solution of HBTU
935967-906), a 10 mM aqueous ammonium acetate/aceto{0.84 g, 2.2 mmol) in DMF (10 mL) was added, followed
nitrile mobile phase (95:5 to 10:90 v/v gradient, with 0.1% by DIPEA (0.38 mL, 2.2 mmol) and a catalytic amount of
acetic acid as a modifier and a 5.0 min run time), a flow DMAP dissolved in DMF (1 mL). The suspension was mixed
rate of 2.0 mL/min with a splitter to 0.4 mL/min post-column; at room temperature for 15 min and then treated with a
UV detection at 254 nm, and atmospheric-pressure electro-solution of 4-methoxyaniline (0.69 g, 5.6 mmol) in DMF (5
spray ionization (API-ES) in either a negative or positive mL). The mixture was stirred at room temperature for 4 h
mode. Chiral HPLC analysis was performed on a Beckman and filtered, and the resin was successively washed with
Gold HPLC using a 4.6 mnx 250 mm, 5.0um, Chiralcel DMF, 2-propanol, and DCM (3« 20 mL each) and dried
OD column (J. T. Baker, catalog no. 7195 ) and UV detection under vacuum. An aliquot of this resin (0.35 g) was placed
at 220 nm. The structures of the final products were in a 12 mL fritted tube and treated with 20% TFA in DCM
confirmed by*H NMR on a Varian Gemini-300 instrument; (6 mL) for 20 min. The filtrate was collected in a tared scin-
chemical shifts are reported in ppm downfield from internal tillation vial, and the resin was washed with DCM (5 mL).
tetramethylsilane. Chemical yields of compounds prepared The combined filtrate and washing was concentrated to dry-
on a solid support and cleaved with TFA were calculated ness to obtaiiOa (78 mg, 84% pure by LC/MS, 77% yield).
based on the molecular weight of their trifluoroacetate salts; *H NMR (DMSO-dg): ¢ 1.49 (3H, dJ = 6.8 Hz), 3.74 (3H,

all yields reported are corrected for purity. Compounds namess), 4.54 (1H, gJ = 6.8 Hz), 6.92 (2H, dJ = 8.9 Hz), 7.12
were generated with the Chemistry 4-D Draw software from (1H, d,J = 9.3 Hz), 7.64 (2H, dJ = 8.9 Hz), 8.12 (1H, d,

Chemlnnovation Software, Inc. (San Diego, CA). J = 9.2 Hz), 8.77 (1H, dJ = 6.5 Hz), 8.80 (1H, s), 10.1
Procedure for the Synthesis of Resins 9The synthesis ~ (1H, s). MS (ES): m/z358 (M — H), 472 (M + 113).
of 4-[(carboxyethyl)amino]-3-nitrobenzoic aci®d) illus- Synthesis of 3,4-Dihydroquinoxalinones (11)rhe prepa-

trates this general procedure. Fmoc-Ala-Wang r&8in) ration of N-(4-methoxyphenyl)[2-methyl-3-0x0(1,2,4-trihy-
(Chem-Impex, catalog no. 04163, lot no. 1903-0897-01, 1.5 droquinoxalin-6-yl)]jcarboxamidel (g illustrates this general
g, 0.77 mmol) was placed in a 30 mL amber jar and swollen procedure. Resii0a (0.75 g, 0.38 mmol) was placed in a
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20 mL scintillation vial and swollen with DMF (3 mL). A
solution of SnCJ-2H,0 (0.86 g, 3.8 mmol) in DMF (6 mL)

was added. The vial was closed with a PTFE-lined cap and eluent was discarded, and the product was then eluted with

Laborde et al.

then loaded omt a 1 g silica gel-filed SPE cartridge
conditioned with the same eluent. The first 10 mL of the

stirred at room temperature for 24 h. The resin was filtered 20% MeOH in EtOAc (10 mL) and collected in a tared
through a 12 mL fritted tube, and the filtrate was collected scintillation vial. The solvents were evaporated to affb8a

in a 20 mL scintillation vial. The solvents were evaporated,

(20 mg, 96% pure by LC/MS, 77% yield NMR (DMSO-

and the viscous orange oil that remained was sonicated withds): 6 1.31 (3H, d,J = 6.7 Hz), 3.34 (3H, s), 3.74 (3H, s),

EtOAc (10 mL) and 5% aqueous NaOH (8 mL) for 50
min. The resulting mixture was poured into a 60 mL

3.95 (1H, q,J = 6.4 Hz), 6.68 (1H, s), 6.80 (1H, d,= 8.2
Hz), 6.92 (2H, d,J = 8.6 Hz) 7.60 (4H, m), 9.84 (1H, s).

separatory funnel and washed with water (15 mL). The MS (ES): m/z 324 (M — H).

organic phase was decanted, dried with$@,, filtered into

The following compounds were synthesized using the

a tared 20 mL scintillation vial, and concentrated to dryness above procedure.

to obtain11a(80 mg, 97% pure by LC/MS, 66% yield}
NMR (DMSO-dg): 6 1.29 (3H, d,J = 6.4 Hz), 3.73 (3H,
s), 3.90 (1H, gJ = 6.5 Hz), 6.58 (1H, s), 6.71 (1H, d,=
7.9 Hz), 6.90 (2H, dJ = 8.9 Hz), 7.35 (1H, s), 7.47 (1H, d,
J = 8.3 Hz), 7.62 (2H, dJ) = 8.8 Hz), 9.79 (1H, s), 10.4
(1H, s). MS (ES): m/z312 (M + H).

Synthesis of Quinoxalinones (12) by Oxidation of 3,4-
Dihydroquinoxalinones (11).The synthesis oN-[(3-fluo-
rophenyl)methyl][2-(methylethyl)-3-oxo(4-hydroquinoxalin-
6-yl)]carboxamide 12f) illustrates this general procedure.
Dihydroquinoxalin-2-one Y1f) (53 mg, 0.16 mmol) was
placed in a scintillation vial and suspended in DCM (5 mL).
A solution of tetrachloro-1,4-benzoquinongc¢hloranil, 50
mg, 0.2 mmol) in DMF (1 mL) was added to the vial

N-(Diphenylmethyl){ 2-methyl-1-[(2-nitrophenyl)methyl]-
3-0x0(1,2,4-trihydro-quinoxalin-6-yl)} carboxamide (13b).
Obtained 33 mg, 87% pure by LC/MS, 56% yield. NMR
(DMSO-0g): 6 1.38 (3H, d,J = 6.5 Hz), 4.16 (1H, q) =
6.3 Hz), 5.50 (2H, m), 6.28 (1H, d,= 8.8 Hz), 6.81 (2H,
m), 7.68-7.09 (15H, m), 8.23 (1H, dJ = 8.3 Hz), 8.85
(1H, d,J = 8.3 Hz). MS (ES): m/z505 (M — H).

{1-[(3,5-Dimethoxyphenyl)methyl]-2-methyl-3-oxo(1,2,4-
trihydroquinoxalin-6-yl) }-N-[(3-fluorophenyl)methyl]car-
boxamide (13c)Obtained 43 mg, 85% pure by LC/MS, 78%
yield. *H NMR (DMSO-dg): 6 1.34 (3H, d,J = 6.3 Hz),
3.67 (6H, s), 4.08 (1H, m), 4.42 (2H, d,= 5.4 Hz), 5.08
(2H, m), 6.37 (3H, m), 6.78 (2H, dl = 8.2 Hz), 7.09 (3H,
m), 7.40 (3H, m), 8.77 (1H, m). MS (E$ m/z462 (M —

dropwise. The mixture was stirred at room temperature for H).

3 h and concentrated to dryness. The solid residue was taken N-(4-Methoxyphenyl)[1-methyl-2-(methylethyl)-3-oxo-
up in 20% EtOAc in hexane (4 mL) and loaded onto a 1.0 (1,2,4-trihydroquinoxalin-6-yl)Jcarboxamide (13d). Ob-

g silica gel-filled SPE cartridge conditioned with the same tained 24 mg, 96% pure by LC/MS, 66% yieltH NMR
eluent. The first 10 mL of eluent was discarded, and the (DMSO-d¢/D,0): 6 0.84 (6H, m), 1.98 (1H, m), 3.32 (3H,
product was then eluted with 100% EtOAc (10 mL) and s), 3.71 (4H, m), 6.83 (4H, m), 7.60 (4H, m), 9.83 (1H, s).

collected in a tared scintillation vial. Evaporation of the
solvent providedl2f (46 mg, 88% pure by LC/MS, 74%
yield). IH NMR (DMSO-dg): 6 1.13 (6H, d,J = 3.7 Hz),
3.49 (1H, m), 4.50 (2H, d) = 5.8 Hz), 7.12 (3H, m), 7.38
(AH, m), 7.78 (3H, m), 9.26 (1H, ] = 5.4 Hz), 12.5 (1H,
s). MS (ES): m/z 340 (M + H).

Solution-Phase Synthesis of Trisubstituted 3,4-Dihy-
droquinoxalinones (13).The synthesis of (1,2-dimethyl-3-
ox0-1,2,4-trihydroquinoxalin-6-yIN-(4-methoxy-phenyl)car-
boxamide {39 illustrates this general procedure. Dihydro-
quinoxalinone 118 (25 mg, 0.08 mmol) was placed in a
20 mL scintillation vial with a magnetic stirring bar and
suspended in acetone (3 mL). Solid,C8&; (78 mg, 0.24

mmol) was added to the suspension, followed by iodo-

methane (25.Q:L, 0.4 mmol). The mixture was stirred at
room temperature for 8 h, diluted with DCM (8 mL), and

MS (ES’): m/z352 (M — H).

N-(Diphenylmethyl){ 2-(methylethyl)-1-[(2-nitrophen-
yl)methyl]-3-o0xo(1,2,4-trihydroquinoxalin-6-yl)} carbox-
amide (13e).Obtained 54 mg, 78% pure by LC/MS, 57%
yield. *H NMR (DMSO-dg): 9 0.95 (6H, m), 2.10 (1H, m),
3.86 (1H, dJ=5.9 Hz), 5.52 (2H, m), 6.28 (1H, d,= 8.7
Hz), 7.31-6.89 (14H, m), 7.60 (3H, m), 8.23 (1H, d,=
8.1 Hz), 8.83 (1H, dJ = 8.7 Hz). MS (ES): m/z533 (M
— H).

{(2S)-1-[(3,5-Dimethoxyphenyl)methyl]-2-(methylethyl)-
3-0x0(1,2,4-trihydro-quinoxalin-6-yl)} -N-[(3-fluorophenyl)-
methyl]carboxamide (13f).Obtained 132 mg, 84% pure by
LC/MS, 92% yield.*H NMR (DMSO-dg): ¢ 0.94 (6H, m),
2.04 (1H, m), 3.67 (6H, s), 3.80 (1H, d,= 5.5 Hz), 4.42
(2H, d,J = 5.0 Hz), 4.94 (1H, dJ = 15.6 Hz), 5.27 (1H,
d, J = 15.6 Hz), 6.41 (3H, m), 6.85 (2H, d,= 5.8 Hz),

poured into a 60 mL separatory funnel. The organic solution 7.07 (3H, m), 7.38 (3H, m), 8.74 (1H, d,= 5.0 Hz). MS
was washed with water (20 mL) and then with 20% aqueous (ES™): m/z490 (M — H).

HCI until neutral pH was reached. The organic layer was

decanted, dried with N8O, and filtered into a 12 mL fritted

{(2R)-1-[(3,5-Dimethoxyphenyl)methyl]-2-(methylethyl)-
3-0x0(1,2,4-trihnydroquinoxalin-6-yl)} -N-[(3-fluorophenyl-

tube containing tris(2-aminoethyl)amine polystyrene scav- )methylJcarboxamide (13g).Obtained 42 mg, 73% pure by

enger resin (0.25 g, 1.2 mmol). Triethylamine (11210

LC/MS, 52% yield.!H NMR (DMSO-dg): 6 0.93 (6H, m),

0.8 mmol) was added, and the mixture was stirred at room 2.05 (1H, m), 3.67 (6H, s), 3.80 (1H, d,= 5.9 Hz), 4.42
temperature overnight. The suspension was filtered, and the(2H, d,J = 5.4 Hz), 4.94 (1H, dJ = 15.7 Hz), 5.27 (1H,
filtrate was collected in a scintillation vial and concentrated d, J = 15.7 Hz), 6.40 (3H, m), 6.84 (2H, d,= 4.1 Hz),
to dryness. The residue was taken up in 20% EtOAc in 7.09 (3H, m), 7.38 (3H, m), 8.76 (1H, 3,= 5.8 Hz). MS
hexane (3 mL), the suspension was briefly sonicated and(ES"): m/z490 (M — H).



Trisubstituted 3,4-Dihydroquinoxalin-2-ones

N-(4-Methoxyphenyl)[1-methyl-2-(2-methylpropyl)-3-
oxo(1,2,4-trihydroquinoxalin-6-yl)]carboxamide (13h).Ob-
tained 47 mg, 83% pure by LC/MS, 76% yiefkH NMR
(DMSO-dg): ¢ 0.89 (6H, dJ= 3.2 Hz), 1.43 (2H, m), 1.81
(1H, m), 3.33 (3H, s), 3.74 (3H, s), 3.91 (1H, m), 6.72 (1H,
s), 6.85 (3H, m), 7.62 (4H, m), 9.82 (1H, s). MS (BSm/z
366 (M — H).

N-(Diphenylmethyl){ 2-(2-methylpropyl)-1-[(2-nitro-
phenyl)methyl]-3-oxo(1,2,4-trihydroquinoxalin-6-yl)} -
carboxamide (13i).Obtained 42 mg, 75% pure by LC/MS,
39% vyield.'H NMR (DMSO-dg): 6 0.92 (6H, d,J = 6.4
Hz), 1.56 (2H, m), 1.83 (1H, m), 4.09 (1H,3,= 6.1 Hz),
5.51 (2H, m), 6.29 (1H, dJ = 8.4 Hz), 7.25 (17H, m), 8.23
(1H, d,J = 8.2 Hz), 8.86 (1H, dJ = 8.6 Hz). MS (ES):
m/z 547 (M — H).

{1-[(3,5-Dimethoxyphenyl)methyl]-2-(2-methylpropyl)-
3-o0x0(1,2,4-trihydro-quinoxalin-6-yl)} -N-[(3-fluorophenyl)-
methyl]carboxamide (13j). Obtained 79 mg, 74% pure by
LC/IMS, 72% yield.!H NMR (DMSO-dg): ¢ 0.90 (6H, d,J
= 5.9 Hz), 1.46 (2H, m), 1.87 (1H, m), 3.67 (6H, s), 4.02
(1H, t,J = 5.8 Hz), 4.42 (2H, dJ = 5.26), 5.08 (2H, m),
6.37 (3H, m), 6.77 (1H, s), 6.83 (1H, d,= 7.9 Hz), 7.07
(3H, m), 7.39 (3H, m), 8.76 (1H, m). MS (E¥ m/z 504
(M — H).

N-(4-Methoxyphenyl)[1-methyl-3-0x0-2-benzyl(1,2,4-
trihydroquinoxalin-6-yl)]carboxamide (13k). Obtained 31
mg, 84% pure by LC/MS, 72% yieldH NMR (DMSO-
dg): 6 2.91 (2H, d,J = 5.3 Hz), 3.31 (3H, s), 3.74 (3H, s),
4.25 (1H, m), 7.72-6.66 (13H, m), 9.79 (1H, s). MS (E®
m/z 400 (M — H).

N-(Diphenylmethyl){ 1-[(2-nitrophenyl)methyl]-3-oxo-
2-benzyl(1,2,4-trihydro-quinoxalin-6-yl)} carboxamide (13l).
Obtained 33 mg, 67% pure by LC/MS, 32% yieldl NMR
(DMSO-ds): 6 3.05 (2H, m), 4.50 (1H, t) = 4.7 Hz), 5.48
(2H, m), 6.28 (1H, dJ = 8.8 Hz), 7.57-6.81 (22H, m),
8.23 (1H, d,J = 5.4 Hz), 8.81 (1H, dJ = 8.4 Hz). MS
(ES): m/z581 (M — H).

{1-[(3,5-Dimethoxyphenyl)methyl]-3-oxo-2-benzyl(1,2,4-
trihydroquinoxalin-6-yl) }-N-[(3-fluorophenyl)methyl]car-
boxamide (13m).Obtained 32 mg, 74% pure by LC/MS,
40% yield.'H NMR (DMSO-dg): 6 2.98 (2H, s), 3.67 (6H,
S), 4.33 (1H, tJ = 3.79 Hz), 4.43 (2H, d) = 5.4 Hz), 5.10
(2H, m), 6.38 (3H, m), 6.68 (1H, s), 6.80 (1H, 3= 8.2
Hz), 7.47-7.04 (11H, m), 8.75 (1H, t) = 5.4 Hz). MS
(ES’): m/z538 (M — H).
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