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ABSTRACT

Beactions of dialkoxy-2-phenylchroman-4-ones (2,3-diethoxy-3-hydroxy-2-phenylchroman-4-one (1) and 2.3-
dimethoxy-3-hydroxy-2-phenylchroman-4-one (2)) with various phenylenediamines in refluxing chloroform
led to quinoxaline ring formation to produce racemic mixvtures of chromenoquinoxaline maolecules in good to
moderate yields (3—10). The propozed mechanizm inwolves the hemiacetals (1 and 2) rearranging upon heating
to form a reactive dione intermediate that subsequently reacts with phenylenediamine derivatives to produce the
ditle compounds. Reactions of 1 and 2 with asymmetric phenylenediamines led to mixtures of two regicizomers,
for which the major products were dictated by the relative reactivity of the nucleophilic amine and the elec-
trophilic carbonyl groups. The chromenoquinoxaline products were characterized by 'H, °C, 'F (when
necessary), nuclear magnetic resonance spectroscopy, high-resolution mass spectrometry, melting point deter-
mination, and in some cases (compounds 6-10) zingle crystal X-ray diffraction stodies. Herein, the synthesziz,

characterization, and reactivity of this new clazz of molecules are discussed.

Introduction

Quinoxalines are bicyelic evstems that can be best desenbed az a
benzene unit fused to pyrazine. They are commonly produced by the
condensation reaction of 1,2-dicarbonyl compounds with e-phenyl-
enediamine derivatives. At one time, this reaction had very hittle ubilbty
except as an identification tool to determine the presence of 1,2-diamine
and/or 1,2-dicarbonyl groups [1]. Howewver, today a plethora of
methods have been developed to produce quinoxalines due to their
increasing presence and utihity. Quinoxaline motife are commonly
observed In natural and medicinal products [2], biclogically active
compounde [3-7], antbiloties [5,9], dyes [10,11], orgamic semi-
conductors [12], thermal plasties [13,14], insecticides [15,16], herbi-
cides [16,17], and others [12]. Alternative means to produce
quinoxalines include using catalysts to promote the condensation be-
tween diamines and dicarbonyl compounds [19-21], dehydrogenative
coupling of vicinal alechols [22] and vicinal amine alechels [23], and
sulfur-catalyzed oxidative condensations of aryl ketones with phenyl-
enediamines [24,25]. Two thorough reviews, and the references therein,
are available that highlight some of the syntheses and applications of
quinoxalines [26,27].
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We became interested in the formation of quinoxalines during our
oxidation studies of 3-hydroxyflavone by copper(ll) bromide (CuBry) in
the presence of alechols [228]. These studies revealed the ready coddation
of 3-hydroxyflavone to produce hemiacetals or hydrates, depending on
reaction condibions (Fiz. 1). Hydrates are preferred under heated,
thermodynamie conditions, while acetals are 1zolated az kinetic products
[22]. Based on lhterature precedence [29], the oxidaton reaction
mechaniem likely involves the oxidation of the alechol of 3-hydrexyfla-
vone by CuBrs, followed by nucleophilie acyl addition of either aleohol
or water (Fig. 1).

It was also found that the kinetically aceessible hemiacetale readily
convert into thermodynamacally stable hydrates upon heating, which
was assumed to also proceed through a dione intermediate [20]. To
validate the formation of the dione intermediate during the conversion
of the hemiacetals to hydrates, the hemiacetal derivative was heated
with phenylenediamine to trap the dione intermediate az a stable qui-
noxaline unit (Scheme 1) [22]. Smith et al performed a simalar reaction
almost 60 vears ago to determine the products of periodate oxadations of
flavanols; however, no effort was dedicated to characterizing the qui-
noxaline product, nor was the scope of the reaction examined with
substituted phenylenediamine analoge [20]. Moreover, Raw et al
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Scheme 1. Reaction of chromane hemiacetal with phenylenediamine to form
chromenoquinoxalines.

reported a similar reaction wherein the alechol of @-hydroxy ketones
was oxddized (in situ) with MnOs, followed by the treatment with di-
amines to produce diazines [31].

The product obtained from the condensation reaction between
chromane hemiacetals and phenylenediamine can be deseribed az a
chromane fused to a quinoxaline unit, which we have aptly named
chromencquinoxalines (C0). Indeed, some chromanes (known as ben-
zopyrans) can be found in numerous natural products such as flavenoids
and tocopherols (e.g., vitamin E) [32]. They have been imphicated in
various therapeutic applications, including anticancer agents [33], an-
tioxidants [34], antbacteriale [35,36], antifungale [37], anhb-
inflammatory [32,39], antiviral [40], and treatments for cardiovascu-
lar diseases [41-43]. The structural complexity of the title chromeno-
quinoxalines, especially itz similanty to steroids, with its three, six-
membered, A, B, and C nngs, suggests ite potential use for preparing
molecules for endocrine therapies, especially for ER + breast cancers
[44,45]. The merging of two biclogically active unite Into a single,
unique molecular entity with disinguishing biologieal properties 1= an
interesting construct to investigate new leads into pharmacological
development.

Herein, we deseribe the synthesis, reactivity, and charactenzation of
several chromenoquinoxalines. We aimed to further examine the scope

phenylensdiamines to produce a hbrary of chromenoquinoxalines. Ul-
timately, we plan to test their biclogical activity against cancer cells,
bacteria, and fungi.

Results and discussions

Reaction of 2,3-dialkoxy-3-hydroxy-2-phenylchroman-4-one (1 and 2}
with ophenylenediamines to produce chromenoquinexalines

The reaction of 2,3-dialkoxy-3-hydroxy-2-phenylchroman-4-ones (1
and 2) with e-phenylenediamines in chloroform at 70C resulted in
quinoxaline ring formation to produce chromencquinoxalines as
racemic mixtures in moderate to good wield, (=g, 1 and 2). Though a
similar reaction was reported as an aseay to validate 1,2-diketone for-
mation during flavanol oxidation studies [46], to our knowledge the
ready formation of quinoxalines by reacting oxidized 3-hydroxyflavone
products with phenylenediamines has not been examined for nearly 60
vears. With the advent of readily available modem technologies (g,
nuclear magnetic resonance spectroscopy and single erystal X-ray
diffrachion), reexamining thiz chemistry provided an opportumity to
better understand these molecules from both a structural and spectro-
scopic perspective. Recent studies present similar reactions invelving
the reaction of phenylenediamines with 2,5-dihydroxy-p-benzoquinone
and a-hydroxy ketones to produce quinoxalines; [31] however, the au-
thors disclosed that the reaction conditions did not provide successful
condensation with 3-hydroxyflavenes. Raw et al demonstrated that
quinoxalines could be prepared by reacting @-hydroxy ketones with di-
amines in the presence of an oxidant [31]. In addibon, Kundu et al
recently reported the formation of quinoxalines by reaction of 1,2-dicls
with phenylenediamines in the presence of a mickel catalyst and a
sacrificial base [22]. Considering these previous studies required aleohol
oxidation prior to condensation with diamines, imtial investizgations in
thiz study were carried out with a catalytic amount of copper(ll) bro-
mide (20 mol %) with the assumption that it would be necessary to
oxidize the hemiacetal to produce the 1,2-dione intermediate. Through
control studies, it was determined that the copper bromide additive was
unnecessary when using compound 1. In fact, the use of the additive
slowed the reaction rate severely, requiring as much ag 7-8 daye at 70C
for reaction completion. Whereas reactions conducted without CuBro
only required ~ 12-24 h for reaction completion (owermight). This
suggests compound 1, a kinetic accessible product, can autoxidize in the
absenee of exeess aleochol [47,48]. The retarded reactivity of 1 in the
presence of CuBrs is likely a consequence of copper arresting the
diamine, preventing it from reacting with the carbonyl groups [49].



H. Watkins et al.

Unlike 1, reactions of 2 with phenylenediamines required the CuBry
additive for the reaction to proceed. Without the additive, the reactions
of 2 were very sluggish and required more than a week to observe 50 %
reaction completion.
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melting point analysis, high-resolution mass spectrometry, and in some
cases single crystal X-ray crystallography (Compounds 6 10).

The 'H NMR spectra of the 6-alkoxy-6-phenyl-6H-chromeno[3,4-b]
quinoxaline derivatives (3 10) have some common features. In general,

R2 R3 R2
1 R4 R! R3 3:(86%) R'-R* = -H
0 R 4:(68%) R'-R* = -H; R2, R3 = -F
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OH
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o\ OMe  *CuBr,, CHCly N o 10:(58%) R', R?,R* = -H; R®= -NO,
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The reactions of 2,3-diethoxy-3-hydroxy-2-phenylchroman-4-one
(1) with various phenylenediamine derivatives (o-phenylenediamine,
4,5-difluoro-o-phenylenediamine, 4-nitro-o-phenylenediamine, 4-tri-
fluormethyl-o-phenylenediamine, 4-chloro-o-phenylenediamine, and 3-
nitro-o-phenylenediamine) led to their respective chromenoquinoxaline
(3 8) (eq. 1). Compound 2 (2,3-dimethoxy-3-hydroxy-2-phenylchro-
man-4-one) was only reacted with 4-nitro-o-phenylenediamine and 3-
nitro-o-phenylenediamine to produce 9 and 10 to examine regiochem-
ical outcomes (vide infra) (eq. 2).

The properties of the chromenoquinoxaline products are somewhat
similar. For example, they are sparingly soluble in common organic
solvents (THF, diethyl ether, DMSO, acetone, acetonitrile, toluene,
benzene, and water), regardless of phenylenediamine substituents.
However, they show appreciable solubility in halogenated solvents such
as chloroform and dichloromethane. A generic numbering scheme for
the chromenoquinoxaline is shown in Fig. 2 and will be referred to
throughout the synthesis, characterization, and reactivity discussions.
All the synthesized chromenoquinoxalines were characterized by 'H,
13C, and '°F (when appropriate) NMR spectroscopy, IR spectroscopy,
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Fig. 2. IUPAC numbering scheme for naming the chromenoquinoxalines.

the resonances for the protons at the 2-, 3-, and 4-positions of the a-ring
are significantly overlapped and appear as a multiplet (3H, 7.3 7.6 ppm)
and are often overlapped with the triplet resonance for the proton at the
para-position of the phenyl ring at the 6-position (7.5 ppm). The reso-
nance for the proton at the 1-position on the a-ring is very distinct, often
appearing as the most downfield signal (~8.5 ppm). The 'H NMR
resonance signal for the CHy group (2H) of the flanking ethyl group
appears as a broad quartet at ~ 3.7 ppm, which is probably a conse-
quence of the diastereotopic nature of the CHy group.

Reactions of 1 with the symmetrical phenylenediamines (phenyl-
enediamine and 4,5-difluorophenylenediamine) afforded 6-ethoxy-6-
phenyl-6H-chromeno[3,4-b]quinoxaline (3) and 6-ethoxy-9,10-
difluoro-6-phenyl-6H-chromeno[3,4-b]quinoxaline (4), respectively, in
good yield (86 % and 92 %, respectively). These compounds were
assigned by their 'H NMR spectra using mainly the multiplicity of the
protons on the quinoxaline d-ring. The four protons on the quinoxaline
d-ring of compound 3 appear as two upfield triplets (7.62 and 7.72 ppm,
respectively) for the 9/10-positions and two downfield doublets (7.97
and 8.12 ppm) for the 8/11 positions. The protons of the quinoxaline d-
ring of 4 appear as a pair of doublet of doublets (due to H-F coupling
CJyr 11Hzand “Jgr 9 Hz)) that appear at 7.86 ppm and 7.72 ppm,
respectively.

Reactions of 1 with the 4-substituted phenylenediamines (4-nitro-
phenylendiamine, 4-trifluoromethylphenylenediamine, and 4-chloro-
phenylenediamine) afforded a mixture of regioisomers with the
substituent appearing on either the 9- or 10-position of the 6-ethoxy-6-
phenyl-6H-chromeno[3,4-b]quinoxaline unit. The relative proportions
of the two isomers were determined by 'H NMR spectroscopy by
comparing the integrations of the resonances of the d-ring (8- and 11-po-
sitions) or the resonances for the 1-position of the a-ring, depending on
resonance overlap. The major isomer in all cases was the 9-positional
regioisomer. For example, 6-ethoxy-9-nitro-6-phenyl-6H-chromeno
[3,4-b]lquinoxaline (5) was isolated as the major product (90 %), while
the 10-nitro isomer (5a, minor product) was 10 %. Likewise, the major
product of the reaction of 1 with 4-trifluormethyl-o-phenylenediamine
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afforded  6-cthoxy-6-phenyl-2-(trifluoromethyl)-6H-chromeno[ 3,4-b]
quinoxaline (6) az the major product (66 %) with ite 10- trflucromethyl
positional regicicomer (Ga) constituting 33 % of the sample. The 4-
chlorophenylenediamine gave almost no selectivity. The 9-Cl izomer
(7} was shghtly favored with a 7/7a (9:]10-regicisomeric ratio) ratio of
52:48 %. In all cases, it was difficult to fully izoclate the minor isomers to
complete their full characterization. It was particulady diffienlt to
separate compounds 7 and 7a using conventional methods, forgoing
their characterization by 'H or 1*C NMR spectroscopy. High-rezolution
mass-sgpectrometry identified both 7 and 7a with minor differences in
their retention times. Attempts to separate the two regioisomers by
crystallization aleo failed. In fact, both compounds can be seen in their
single eryetal X-ray structure, wherein 7a iz partially oceupied in the
structure. This can be best ascertained by the unexpected chlorine atom
at the 10-position. Thiz arbifact gives the impression that a second
chlorine iz present (vide infra).

Lastly, reaction of 1 with 3-nitro-o-phenylenediamine produced the
11-nitro regioisomer (G-cthoxy-1 1-mtro-6-phenyl-6H-chromeno[3,4-b]
quinoxaline (8]) as the major izomer (90 %) along with the 8-nitro
regioisomer  (6-cthoxy-8-nitro-6-phenyl-6H-chromeno[ 3, 4-b] quinoxa-
line (8a)) as the minor isomer (10 %).

Reaction of 2,3-dimethoxy-3-hydroxy-2-phenylchroman—-one (2) with 3-
nitro-o-phenylenediamine and 4-nitro-o-phenylenediamine

With the facile reactivity of 1 with the phenylenediamines to produce
compounds 3-8, the reactivity of the dimethoxy chromane (2, 2, 3-dime-
thoxy-3-hydroxy-2-phenylchroman-4-one) was investigated with 3-mitro-
o-phenylenediamine and 4-nitro-o-phenylenediamine to examine regio-
chemical outcomes. Reactions of 2 with phenylenediamines required a 20
mol % of the CuBrs additive for the reaction to procesd. This suggests that
the rate-determining alkoxy diszociation step is slower for 2 for autoxi-
dation to produce the reactive dione Intermediate than that of 1 [47]. A
possible rationale as to why the 1 autoxidizes more readily than 2 could
arize from the ability of the sthoxy groups to dissociate more readily due
and its lessenad nucleophibicity. Indeed, we have shown the conversion of
alkoxy groupe such as isopropoxy than that of methoxy [25].

The reaction of 3-nitro-o-phenylenediamine with 2 i chloroform,
surprisingly, led to the formation of two different major products
(determined by NMR) (Scheme 2); one being the expected product with
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a 6-methoxy group (6-methoxy-11-nitro-6-phenvl-6H-chromeno[3,4-b]
quinoxaline (2)), as well az, the unexpected formation of 8 with a 6-
cthoxy group instead of a methoxy group. The relative proportion of
compounds @ and & (42:58 %, respectively) was caleulated using the
integration values for the singlet signal (3.34 ppm) for the methyl group
of @ and the triplet signal (1.06 ppm) for the methyl group of 8. The
reaction of 4-nitro-o-phenylenediamine with 2 alzo led to a mixture of
the expected 6-methoxy-9-nitro-6-phenyl-6H-chromeno[3,4-b]qui-
noxaline (10) and the unexpected formation of previcusly deseribed
compound 5 (with the methoxy replaced with an ethoxy group) az a 42/
58 % mixture, respectively (Scheme 2). Atbempts to separate the mix-
tures (9 and 8; 10 and 5) failed ueing column chromatography, erys-
tallization, and/or sublimation. The source of ethoxy funchonalization
was found to be the result of a small amount of ethanol stabilizer present
in the commereial chloroform (0.5-1.0 %). The formation of 8 and 5 can
be avoided if the chloroform is first purified by removing the ethanol
stabilizer. Compound © can be prepared in pure form by conducting the
reaction in purified chloroform (9, 58 % isolated vield), while 10 and ite
regicizomer (10a) can be izolated az an intractable maxture, 70 % izo-
lated yield, which could not be separated by conventional methods.

The mechaniem of ethoxy incorporation into the chromenogui-
noxaline products from the reaction of the phenylenediamines with the
methoxy chromane (2) was deliberated. The ethoxy group could have
been introduced before or after the gquineoxaline formation In either
case, the minuseule amount of ethanol in the stabilized chloroform
suggests the ethoxy linkage has some preference for binding over the
methoxy linkage. To assese if the methoxy sroup could be replaced after
the quinoxaline ring was formed, compound 9 was dissolved in ethanol
with a catalytic amount of CuBrs and heated for 24 h. This resulted in no
detectable swapping with the ethoxy group (8). This indicates that after
the quinoxaline ring 1= formed there iz little benefit to exchanging the
methoxy group with an ethoxy group, thus mmplyving the methoxy 1=
supplanted at the starting chromane (2). To validate thiz hypothesis,
compound 2 (40 mg) was dissolved in stabilized chloroform (20 ml}
with additional absclute ethanol (0.5 ml) to spesd up any potential
reaction. The solution was allowed to stand at room temperature over-
might (=q. 3). After removal of solvent, an Iy NMR spectrum was
recorded of the remaining residue. The 'H MMR spectrum of the residue
revealed a complicated reaction mixture with roughly a 50/50 %
mixture of the starting compound 2 and another compound (2%), which
we have tentatively assigned based on the NMR zignatures az a complex
with the 2-methoxy group swapped for an ethoxy group (=q. 3).
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O 3
OHCJCH CHCly (EOH stabilized), / Ph Fh
E] 70°C, 24 h f
/ (9) (®)
o~ OCHs
Ph \
. MOy NGZ ND?
N7 M=
\H:N  NH I '
2 R S | + . M
o F'hDCH3 Q PhDET
(10} (5)

Scheme 2. Reaction of 2 with 3-nitro-o-phenylenediamine and 4-nitro-o-phenylenediamine in chloroform stabilized by ethanol, leading to a mixture of products.
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o EtOH (0.5 mL), o
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OCH; QEt
© Fh © Ph
2 2*

Furnumpaﬁsmpu:mxtacknleNMRxpcctmnfﬂlc upficld
regions of the complicated reaction mixture (bottom), the previously
izolated hydrate of 2 (middle) [22], and 2 (top) are shown in Fiz. 3.
There was no indication of the presenee of the diethoxychromane (1) in
the mixture, as the CH2 groupe would have appeared az a complicated
multiplet due to their diasterectopic nature [22], thue itz spectrum was
not included in the comparizon. Moreover, both the formation of the
hydrate of 2 and hydrate of 1 (where the methoxy in hydrate of 2 1=
replaced with ethoxy) were ruled out due to the absence of an upficld
broad singlet (~2.6 ppm) for the second geminal aleohol. Attention is
drawn to the two, nearly overlapping, broad singlets at 4.76 ppm (2H) In
the spectrum of the reaction mixture of 2 and 2*, which indicates two
distinet @-hydroxy ketone species. In addibion, there iz an addibional
singlet for a methoxy group just forwand of the two singlets for the two
methyl sroups of 2 (Fiz. 3, bottom spectrum). These data (the triplet and
quartet at 0.88 and 3.38, respectively, and the distinet upfield zinglet at
3.18 ppm) support the formation of a mixed methoxy/ethoxy complex
(2*). With thiz knowledge in hand, the source of the formation of the
methoxy/ethoxy mixtures (9/8- and 10/5-regicisomer mixtures) iz
likely due to having both 2 and 2* available in solution to react with the

This evidence suggests the 2-alkoxy group of the hemiacetal chro-
manes (1 and 2) iz more labile than the 3-alkoxy group. This iz likely due
to the resulting carbocation being stabilized by resonance with the
phenyl group and chromane oxypen atom. Based on the concept of
microscopic reversibility, a propossd mechamsm for the formation of
the mixture likely involves the iberation of the 2-methoxy group to form
a cation intermediate as a first step (Fig. 4) [47]. Since the alkoxides are
trans in the chromane of 1 and 2, their formation likely mmplicates a
mechaniem involving anti-addition. The 3-alkoxy/hydroxy groups in
thiz study could temporarily interact with the carbocation intermediate
to form a eyeclic oxonium cation intermediate. From thizs intermediate,
either methanol or ethanol could perform a nucleophilic attack at the 2-
poeition to produce the mixture of 2 and 2* (Fiz. 4).

Regiochemical outcomes of the reactions of substituted phenylene digmines
with dialkoxychromanes

The reaction of 1 and 2 with asymmetric o-phenylenediamine de-
nvatives chowed trends in regioselectivity, wherein the major isomer
produced in the reaction was the result of the more nueleophilic amine
reacting with the more electrophilic carbonyl group (intermediate)
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Flg. 4. Proposed mechanizm for the formation of 2*.
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Flg. 5. Scheme showing the regiochemical selectivity in the reaction of 1 or 2 with 3- and 4- substitoted o-phenylenediamines. Activated and deactivated pairing of

the amine and carbonyl group which leads to regiochemical outcomes.

(Fig. 5). While the relative reactivity of the amines iz due to the directing
effects of the electron-withdrawing groups, the relative reactivity of the
carbonyl groupe is due to resonance stabilization. The regioselectivity of
the chromencquinoxaline productz appears to enhance with the
increasing electron-withdrawing effects of the substituent on the phe-
nylenediamine. For example, the reaction of 1 or 2 with 4-nitro-o-phe-
nylenediamines led to 90 % selectivity of the 9-substituted isomer, while
the reacbion with 3-nitro-o-phenylenediamine led to 90 % of the 11-
substituted izomer. Reaction of 1 with 4-chloro-o-phenylenediamine,
the weakest electron-withdrawing sroup, yielded virtually no selectivity
(52 %). Finally, the regioselectivity of the phenylensdiamine with the
intermediate electron-withdrawing group, 4-trifluoromethyl-e-phenyl-
enediamine, showed a 66 % selectivity for the 9-substituted isomer,
slightly higher than the weakest electron-withdrawing group studied,
but lower than the strongest withdrawing nitro group.

Stngle X-ray crystallography diffraction studies

The isolation of the major products of these reactions by column
chromatography followed by cryetalhization further affirmed the struc-
tural identity of the major isomer through single erystal X-ray diffraction
studies. X-ray quality erystale of compounds 6-10 suitable for single
cryetal X-ray diffraction examination were grown to affirm their strue-
tural identity. Their structures amnd numbering scheme are shown in

Fig. 6. The X-ray experimental details for each are provided in Table 1.
The structures reveal common features such as having a planar ring
quinoxaline syetem fused to a puckered pyran nng with the oxygen atom
resting above the pyran ring. The alkoxy group rests in the peeudo-axial
position and bisects the O(1}-C{1}-C{22) bond angle in a nearly near
coplanar orientation with the C(1)}-C(2) bend of the chromane syetem
with C[22)-0(2}-C(1)-C(2) dihedral angles ranging from 173 to 175°.
The phenyl group resides in the peeude-equatorial position and is tor-
qued with respect to the C(1)-0(1) bond of the chromane ring with
varying dihedral angles for each compound (-149.83° to —159.49°). The
obeerved arrangement of the phenyl and alkoxy groups on C(1) is likely
a means to minimize sterie interactions. Compounds 6 and 8-10 erys-
tallize az a pair of B and S enantiomers. The two enantiomers associate
az dimers about a center of inversion. Compound 7 iz distinet from the
other compounde as it co-erystallizes as two separate enantiomers. Both
enantiomers of 7 were 1zolated in this study and erystallized in the same
cryetal system. Due to their eimilanities, only the R-enantiomer 15 shown.
Both enantiomers of 7 show a large void that was solvent-masked in the
data analyeiz and determined to have excess, umidentified, electron
density that correlated to an ethanol (C:HgO) residue. Interestingly,
compound 7 showed additional electron density attached to C[20) after
final refinement. It was found that this exeess electron residue was the
result of a chlorine atom being intermittently attached at the 10-position
1n the lathee wath a chemical cecupancy of 33 %.
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Flg. 6. Molecular structures of (a) G-ethoxy-6-phenyl-9-(trifluoromethyl)-6H -chromeno[ 3,4-b] quinoxaline (6), (b) 9-Chloro-G-ethoxy-6-phenyl-6H-chromenao[3, 4-b]
quinoxaline (7], (¢} G-ethoxy-11-nitro-6-phenyl-6H-chromeno[3,4-b]quinoxaline (&), (d) 6-methoxy-11-nitro-6-phenyl-6H-chromeno[3,4-b] quinoxaline (9], (e) 6-
methooy-9-nitro-G-phenyl-6H-chromeno[ 3,4-b] gquinoxaline (10) and (f) numbering scheme. Thermal ellipzoids are depicted at 50 % probability with hydrogen atoms

omitted for clarity.

Table 1
Crystal data and structure refinement details for compounds 6-10.
(L] 7 8) % 10y
Stoeture
Chemical formula CagHyo P00y Cayby s CIN,O by M40y CyHygNa0y CopHy M40y
M, 422 39 3BE.53 3030 3B5.37 335.37
Cryutal oyatem, Maonoclinic, P2, /n Orthorhombic, P2,2, 2, Triclinic, P1-bar Triclinic, P1-bar Triclinic, P1-bar
pace group
a b e [.I;;] 994153 (12), 2.58391 (11}, 195620 (1), 1B.6432 (12], B.9382 (3), 9.3758 (2], B.BIII (I), 9.1300 (2], 7.0961 (5], 1006421 (),
21.3768 (2] 60074 (4) 121119 (5) 11.5544 (3) 132177 (9)
o, B,y ) 90, 100.6340 (111, 90 90, 90, 30 B6.694 (3), T5.616 (4], 91.869 (Z), 96.127 (2], 112,117 (71, 91.737 (6],
T4.371 (2) 105.773 (2) °3.992 (6)
V(ji.:] 200178 (4] S191.5(2) S48 67 (6) BBE.66 [4) 20901 (1Z2)
F4 4 4 2 2 2
Ry 0.0z3 0.089 0.028 0.038 oGl
RIF = 26(F)], wR  0.054, 0172, 1.05 0.054, 0165, 1.06 0.046, 0,148, 1.07 0.038, 0108, 1.03 0.071, 0.232, 1.03
(), 5
Conclusion phenylenediamines produced two regioicomers that are dominated by

We have shown that dialkoxy-2-phenylchroman-4-ones (1) and (2)
quinoxalines (3—10). While reactions with 1 procesded without the aid
of the transition metal catalyst, compound 2 necessitated itz use, likely
due to the methoxy groups’ inability to dizsociate to allow for autoxi-
dation. In either caze, the reaction mechanizm invelves the formation of
a dione intermediate that undersoes a double imination reaction to close
the guinoxaline rng system. The reactions with asymmetric o-

the relative reactivity of the amine and carbonyl groups toward nucle-
ophilic acyl addition reactions. Regiochemical control appears to in-
crease with the relative electron-withdrawing potential of the
substituents, whereby highly deactivated diamine groups led to the best
regiochemical cutcomes. In the future, we will further examine this
chemistry with the chromane dihydrates (3,3-dihydroxy-2-alkoxy-2-
phenylechroman-4-ones) to gauge the scope of this reaction.
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