Accepted Manuscript

Synthesis of Imidazo[1,2-a]lquinoxalines by Double Groebke Reactions and Inhibitory
Effects on Radicals and DNA Oxidation

Jia-Feng Chen, Zai-Qun Liu

PII: S0040-4020(16)30104-1
DOI: 10.1016/j.tet.2016.02.042
Reference: TET 27512

To appearin:  Tetrahedron

Received Date: 14 December 2015
Revised Date: 17 February 2016
Accepted Date: 19 February 2016

Please cite this article as: Chen J-F, Liu Z-Q, Synthesis of Imidazo[1,2-a]quinoxalines by Double
Groebke Reactions and Inhibitory Effects on Radicals and DNA Oxidation, Tetrahedron (2016), doi:
10.1016/j.tet.2016.02.042.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.tet.2016.02.042

Synthesis of Imidazo[1,3]quinoxalines by Double
Groebke Reactions and Inhibitory Effects on Radical

and DNA Oxidation

Jia-Feng Chen, Zai-Qun Liu*

Department of Organic Chemistry, College of Chemistry, Jilin University, Changchun 130021, China.

CORRESPONDING AUTHOR FOOTNOTE
Zai-Qun Liu
Department of Organic Chemistry, College of Cherpjst
Jilin University
No0.2519 Jiefang Road, Changchun 130021

China

Email: zaiqun-liu@jlu.edu.cn



ABSTRACT

The o-phenylenediamine, aldehyde, and 2,4,4-trimethyfre-yl isocyanide performed a
Groebke 3CR to afford 2-aminoquinoxaline, which caact with an aldehyde andbutyl isocyanide
via another Groebke 3CR to give imidazo[d]Jguinoxaline. Exchanging two aldehydes in the
sequential Groebke 3CR led to a couple of imida2sf]quinoxaline isomer, in which the aldehyde
moiety located at 2- or 4-position. The ferrocegrgup at 4-position in imidazo[1&gquinoxaline was
found to be active in trapping galvinoxyl radicathile the phenolic hydroxyl group at 2-position
played a synergistic role with 4-ferrocenyl or dvibnyl group in scavenging 2,2’-diphenyl-1-
picrylhydrazyl radical (DPPH). In addition, 4-fecenyl with N,N-dimethylaminophenyl group at 2-
position was able to quench 2,2'-azinobis(3-ethziohiazoline-6-sulfonate) cationic radical (ABT)S
Moreover, the combination of 4-ferrocenyl with 2eplyl group(bearingpara-N,N-dimethylamino or
hydroxyl group) exhibited high inhibitory effect oBNA oxidation induced by 2,2-azobis(2-

amidinopropane hydrochloride) (AAPH).

KEYWORDS Groebke 3CRN-rich polyheterocycles, radical-scavenging propddiydA oxidation.



1. Introduction

Imidazoline-fused polyheterocycles are recentlyitposed at the convergence point in novel drug
discovery."?As shown in Scheme 1, the scaffold of imidazo[d]@yridine was usually employed in
the mesenchymal-epithelial transition facterMet) inhibitor, ** hepatitis C virus inhibitor? and
platelet-derived growth factor inhibitarin addition, an imidazoline linking with a thiadiole was able
to inhibit the receptor kinase of transforming gtieviactor$, * and imidazo[1,2]pyrazine combining
with coumarin can inhibit the growth of many kinafstumor cell€ because this structural moiety can

be readily recognized by the active sites in thetee enzymes.
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Scheme 1Recently found inhibitors containing imidazo[Bpyridine moiety.

Some methods have been applied to construct imiti2zal-fused heterocycled® For instance,
palladium-catalyzed Suzuki reaction led to an aigteat C-3 position of imidazo[1,8}pyridine.** On
the other hand, in the presenceNsfodosuccinimide, the reaction of 2-phenylacetajdieshwith 2-
aminopyridine can also reach the same tatg@he 3-phenylpropiolaldehyde can be converted tinto
imidazo moiety during the reaction with 2-aminopyme in the case of Cul or Pd(OAd)eing the
catalyst.”®* Some small molecules such as alcohol, thiol, améhe can form ether, thioether, and

secondary amine as substituents in imidazoflpgridine.* Meanwhile, the nitrogen atom ang&C in



N-propargylaminopyridine may take place an intraroolar nucleophilic addition to afford

imidazo[1,2a]pyridine scaffold®

In addition to the aforementioned methods, GroeBleekburn-Bienaymé reaction (also called
Groebke three-component-reaction, Groebke 3CR)auffa safety advantage for directly constructing
the imidazo[l,2a] moiety by usinga-aminopyridine, aldehyde, and isocyanide as thetirsta
materials-® Owing to successful utilization of Groebke 3@R, have prepared the ferrocenyl-appended
imidazo[1,2a]pyridines and found that the introduction of fexayl group intoN-rich heterocycles
enhanced the inhibitory effects on radicals and Dox#lation.'” In addition to some efforts applied to
improve the reaction conditions of Groebke 3&R??a previously reported method provided us with
much safe way to obtain 2-aminoquinoxaline by theeBke 3CR with 2,4,4-trimethylpentan-2-yl
isocyanide being the precursor of amino grétphe produced 2-aminoquinoxaline performed another
Groebke 3CR to generate imidazo[&)Jguinoxaline. The double Groebke 3CR procedurelmansed
to change the position of the aldehyde moiety m @roebke 3CR adduct (see equation (1)). In our
qguest to discover novel inhibitors for DNA oxidatiand radicals, as shown in Scheme 2, an
imidazo[1,2a]quinoxaline library with 28 members was built upédvaluate the inhibitory effects on
2,2’-azobis(2-amidinopropane hydrochloride) (AAPHR-N=N-R, R=-CMeC(=NH)NH,)-induced
oxidation of DNA and on 2,2'-azinobis(3-ethylberdaroline-6-sulfonate) cationic radical (ABTS

2,2’-diphenyl-1-picrylhydrazyl radical (DPPH), agdlvinoxyl radicals, respectively.
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Scheme ZStructures of imidazo[1,3lquinoxalines synthesized in this work.



2. Results and Discussion

2.1. Synthesis.

We herein applied a reported reaction conditiobuitd up a series of imidazo[1&eguinoxalines
(see Scheme 23! As shown in equation (1), a Groebke 3CR took pkm®ngo-phenylenediamine,
aldehyde, and 2,4,4-trimethylpentan-2-yl isocyanidder concentrated HCI at room temperature. The
produced 1,4-dihydroquinoxaline performed an aramadbn by using 2,3-dicyano-5,6-
dichlorobenzoquinone (DDQ) as the oxidant to affpuéhoxaline. Subsequently, the amino group was
generated by hydrolyzing 2,4,4-trimethylpentan-Zyybup with HCI, leading to the formation of 2-
aminoquinoxaline as the reactant for the follow@igpebke 3CR. We still tested other catalysts fer th

second Groebke 3CR with equation (2), (3), andé@ng model reactions (see Table 1).
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Table 1 Screening catalysts in the second Groebke 3CR.

at? Yield (%)
Reaction (2) Reaction (3) Reaction (4)

CH;COOH 15 - -
TsOH 40 35 -
AgOTf 12 - 10
Ce(OTf) 48 - 15
NH4CI 53 25 13
SbCk 44 20 5
InCl3 65 30 20
(CHg)sSiCl 60 38 35
LaCls 78 33 40

% Equimolar amounts of both catalyst and all ofrémctants.



Some Bronsted and Lewis acids were able to catéiheeeaction for producingyin the refluxing
acetonitrile (see the column of reaction (2) in [€ab). Essentially, (CkJsSiCl and LaC] were able to
generatel with satisfactory yields? In the case of ferrocenyl carboxaldehyde-invol@debke 3CR
(reaction (3)), no desired compouidvas obtained when GBOOH,?® AgOTf, ?* and Ce(OTf) ?°
acted as catalysts, but other catalysts enabledetheion (3) to afford? in yields of 20~38%. It
appeared that ferrocenyl carboxaldehyde was septiste that can readily be decomposed during the
reaction period even in the nitrogen atmosphereas reported that ferrocenyl carboxaldehyde was
well-tolerated towards Laglin a solvent-free Groebke 3CR with 2-aminopyridexed cyclohexyl
isocyanide being reactanté.We herein employed Lagto catalyze 2-aminoquinoxaline atdbutyl
isocyanide in the Groebke 3CR, and low yield of poomd 2 (33%) may be owing to the low
reactivity of 2-aminoquinoxaline and low refluxingmperature. Attempts to perform the reaction (4)
by using these catalysts led to the same resultsvhich only (CH)3SiCl and LaC} can result in
moderate yields (35% and 40%, respectively). Tloeeef(CH)sSIiCl and LaC were used in the
following synthesis of imidazo[1,2lquinoxalines.

It was clear that (CkJsSiCl was not suitable for the hydroxyl-substitusddehyde because it can
react with hydroxyl group. Thudp2, 13 16, 17, 19 20, 27, and28 were synthesized hytilizing LaCl;
as the catalyst in the refluxing ethanol, whilesstimidazo[1,2a]quinoxalines were prepared by using
(CHa)sSICI as the catalyst in the refluxing acetonitriiexceptionally,22, 23, and25 were obtained in
the media of chloroform, whil@8 was obtained in the mixture of chloroform and atig1:1, v:v)
because 2-(4-formylphenyl)chromen-4-one as the@atcannot be dissolved in ethanol or acetonitrile
individually. In addition, low boiling point of tlee solvents cannot provide high temperature for the
reaction but can avoid the decomposition of tentpegasensitive reactants. Under the optimized
reaction condition (1 mmol (GHSICl or LaC}, refluxing solvent), an aldehyde can be used enfitist
or the second Groebke 3CR to afford the final pebdvith the aldehyde moiety at 2- or 4-position in

imidazo[1,2a]quinoxaline (see Scheme 2).



2.2. Scavenging radicals.

The reaction of an antioxidant with 2,2’-diphenypitrylhydrazyl radical (DPPH, a nitrogen-
centered radical) followed the bimolecular kinetissshown as equation (5).

_ d[DPPH]

o = r =k [DPPH][antioxidant] (%)

The rate constank) can be calculated by the equation (5) when theti@n rate ) along with the
concentrations of DPPH and the antioxidant were sumea at a certain time-point. But the
concentrations of DPPH and the antioxidant at thgiriming of the reactiort &£ 0) were known, the
equation (5) can be transformed into equationi6yyhich [DPPH}, and [antioxidantl, referred to
the concentrations of DPPH and the antioxidant=ad, andro was the reaction rate at the beginning of

the reaction.
r o=k [DPPH}=o [antioxidant]=o (6)

As we have reported a method for measuring the rate constant&)(of the reactions of imidazo[1,2-

alquinoxalines with DPPH were achieved and show@dheme 3.
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Scheme 3The rate constank) of imidazo[1,2a]quinoxalines in quenching radicals.
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We have measured theof Trolox in trapping DPPH (0.3530°M™s?). ' The imidazo[1,2-
alquinoxalines used herein were not as active akXrio quenchingN-centered radical of DPPH, and
1,4,6,8, 21, 22, 24, 25, and28 did not show any activities. It was worth pointiogt that the relatively
high k values of13 (0.046<10°M™s?), 20 (0.06810°Ms?), and27 (0.0510°M™s™) indicated that
the phenolic hydroxyl group can provide hydrogesmato be abstracted B-centered radical, and the
ferrocenyl group inl3 and20 can also provide electrons to quench DPPH. Intaxdithe ferrocenyl
group allowed and3 to exhibit lower activities towards DPPK ¢f 2 and3 were both 0.00321.0°M"
s than1 (no reaction with DPPH). Furthermore, the douleledcenyl groups increasédvalue for
18 to 0.0x10°M's®, ~3-fold higher than that o2 and 3. This is in agreement with our previous
observation on the benefit of ferrocenyl grouprimtical-scavenging properfy.To be the isomer dif3,

12 did not exhibit highek value (0.01810°M™s?) than that of13, indicating 2-ferrocenyl and 4-
phenolic hydroxyl formed a powerful coordinationr fsapping N-centered radical, while diverse
positions (4-ferrocenyl and 2-phenolic hydroxylnoat play the same role. Recently, we found that
N,N-dimethylamino group in coumarin was active foppimg radicals?® and herein, high values kf

of 10 (0.02x10°M™?s?) and 11 (0.025<10°M™'s™) also indicated thaN,N-dimethylamino group in
imidazo[1,2a]quinoxaline was still effective towards DPPH. Senk values of2 and3 implied that
the ferrocenyl group at 2- or 4-positon cannot redlk influence the property of imidazo[1,2-
alquinoxaline in trapping DPPH, b#3 and 24 also consisting of ferrocenyl group exhibited quit
different behaviors in this case. Thealue 0f23 (0.004x10°M™s") and no reaction d#4 with DPPH
revealed that 4-flavonyl group was able to improe radical-scavenging property of 2-ferrocenyl
group. The comparison & values of27 (bearing 2-phenolic hydroxyl and 4-flavonyl growith
0.05x10°M's? of k) and28 (bearing 2-flavonyl group and 4-phenolic hydroxahd no reaction with
DPPH) demonstrated the aforementioned rules. Memowexchanging positions ofN,N-
dimethylaminophenyl and flavonyl groups genera2&dbearing flavonyl group at 4-postion, and no

reaction with DPPH) an@6 (bearing flavonyl group at 2-postion with 0.0688°M™s™ of k), in which
11



4-flavonyl group was inactive foM,N-dimethylamino in trapping DPPH.

The galvinoxyl radical was employed to determine ability of an antioxidant to trap-centered
radical. As shown in Scheme 3,6, 8, 10, 12, 18, 19, 20, and24 were able to react with galvinoxyl
radical, and thé& values were lower than that of Trolox (1x20°M*s?). We herein found tha, 5, 7,

9, 11, 13, 23 cannot react witlgalvinoxyl radical although both of them consistéderrocenyl group.
Thus, only 4-ferrocenyl group was active to que@ebentered radical. The double ferrocenyl groups
increaseche k value of18 (0.63«10°M™s™) ~2 fold higher than that & (0.16x10°M™s?). Thus, the
influence of the position of ferrocenyl group oagping radicals can be identified by the reactiait w
galvinoxyl radical.

The oxidation of ABTS salt generated ABT,Swhich can be used to test the ability of an
antioxidant to reduce radicaf. Low k values ofl (0.004x10°M™s%), 21 (0.002x10°Ms™), and22
(0.029<10° M*s?) indicated that the skeleton of imidazo[BJguinoxaline emerged weak ability to
reduce ABTS. Despite of14, 15, 16, 17, 25, 26, 27, and 28, the k values of other imidazo[1,2-
aJquinoxalines were all increased by the ferrocegrgdup. We further compardd values of isomer
couples,ji.e, 2vs3,4vs5, 6 vs7, 12 vs 13, 23 vs 24, and found that 2-ferrocenyl group was more
beneficial for the imidazo[1,3}quinoxaline to trap ABTS than 4-ferrocenyl group. An electron-
donating group such as -Ogkin 8 vs 9) and -N(CH), (in 10 vs 11, 14 vs 15, 25 vs 26) at 4-phenyl
group played more active role for imidazo[BJRwinoxaline in trapping ABTS than that at 2-position.
The comparison ok values of16 vs 17, 27 vs 28, indicated that the phenolic hydroxyl group at 2-
position was benefit to trap ABTS The 4-ferrocenyl group in conjunction with -OH-d{CHs), in 2-
phenyl group increased ttkeof 12 and 10 to the highest values (8.870°M*s* and 8.0810°Ms™,

respectively).

2.3. Inhibiting DNA oxidation.

12



We attempted to use peroxyl radic® QCMeC(=NH)NH,, deriving from the decomposition
of AAPH) to initiate the oxidation of DNA®* during which the formed carbonyl species can be
spectroscopically detected at 535 nm after readtiitly thiobarbituric acid (TBA). Thus, the oxidatio
of DNA can be followed by determining the thiobambic acid reactive species (TBARS).In the
blank experiment (see Figure 4S), the concentratiomMBARS linearly increased with the reaction
period. The equation (7) indicated the relationsbgiween the concentration of TBARS and the
reaction period tf, and the coefficientd{TBARS]/dt = 5.63 nMmin™) implied the rate of DNA

oxidation.*?
[TBARS (nM)] = 5.63 (+ 0.28} (min) + 3242.7 (+ 162) @

As shown in Figure 4S (in the supporting formatjdhe addition of 10uM 1~9, and21~24 actually

changed the slope of lines of [TBAR$]and the equations of [TBARS]were involved in Table 4S.
The d[TBARS]/dt was listed in Scheme 4. A low valued)T BARS]/dt implied that the imidazo[1,2-
alquinoxaline possessed high ability to decreaseatkidative rate of DNA. It can be found from
Scheme 4 that 2-ferrocenyl group together witha&dhyl (as23) or 4-phenyl with electron-donating
group (as9) exhibited relatively higher inhibitory effect dBNA oxidation than other compounds

contained in Scheme 4.

13
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In addition to the aforementioned imidazo[&Jguinoxalines, the addition of other compounds
can inhibit the DNA oxidation for a period as shoimnrFigure 5S (in the supporting formation). The
inhibition period (ti,,) started front = 0 min and finished at the cross-point of tangdat inhibitory
and oxidative periods. As shown in Figure 6S [iim supporting formation),, correlated linearly with
the concentration of imidazo[1deuinoxalines, and the equationstgf~[imidazo[1,2a]quinoxaline]
were collected in Table 5S. It has been provedtthatvas related proportionally to the concentration

of an antioxidant as shown as equation¥8).

tinn = (VR [antioxidant] (8)

R referred to the initiation rate of the radicaluced oxidation, while thetoichiometric factor (n)
stood for the number of the radical-propagatiomieated by one molecule of the antioxidant. The
coefficient in equations df,n~[imidazo[1,2a]quinoxaline] (see Table 5S in the supporting faiorg
was equivalent to/R;, in which the initiation rateR) of DNA oxidation was assumed to be equal to
the radical-generation ratBy(= (1.4+ 0.2) x 10° [AAPH] s*, viz, R =Ry = 1.4x 10° x 40 mMs™ =
3.36 pM'min™Y) since both DNA sodium salt and AAPH were watdtisle compounds, and the
radical attacked DNA at the same phaédherefore, then was the product of the coefficient in

tinn~[imidazo[1,2a]quinoxaline] andR, and outlined in Scheme 5.

9 7.46
712 — ;
[ stoichiometric factor (n)
6 -
336 37
3 -
1.44 1.65 1.48 1.78 1.04 1551.78 1.88 1.90
0 -

10 11 12 13 14 15 16 17 18 19 20 25 26 27 28

Scheme 5The stoichiometric facton] of imidazo[1,2a]quinoxalines in inhibiting DNA oxidation.
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The inhibitory effects ofL0~20 and 25~28 on AAPH-induced oxidation of DNA can also be
discussed based anvalues. Among all of the tested compounti®,and 10 stood out as the most
efficacious compounds with 7.46 and 7.1afalues, respectively. This is in line with the ehs&tion
in scavenging ABTS test, in which 4-ferrocenyl group in conjunctiorittw-OH or (CH)2N- in 2-
phenyl group were active to quench ABT$Exchanging the order of the aforementioned famet
groups generated isomet8 and 11 with high n values (5.24 and 3.33, respectively). The similar
values 0f19 and20 (3.36 and 3.70, respectively) also implied thé¢&H4ecenyl group was not as active
as that at 2-position. However, the double ferrgtemoups did not allowl8 to exhibit strongly
inhibitory effect on AAPH-induced oxidation of DNAnd introducing phenyl or flavonyl group did
not enhance tha values o0f14~17 and 25-28 (just ranging from 1.44 to 1.98, lower than that of
ferrocenyl-appended compounds). Trolox also camyeoierate inhibitory periodt{,) and thus, the
stoichiometric factor ) cannot be obtained to be the reference for thmpemison with other

compounds?’

With the oxidative potential€E(,) of 1 (1.13 V),21 (1.12 V), and?22 (1.11 V) as the reference,
the introduction of ferrocenyl group into 4- or @gition markedly decreasét,, of 2 and3 (0.69 and
0.67 V, respectively) and @3 and24 (0.66 and 0.72 V, respectively). Thus, the berdfiierrocenyl
group for increasing antioxidative effect was owinglecrease the oxidative potential for imidaz{1,
aJquinoxaline. The installation of phenolic hydroxgroup for ferrocenyl-appended imidazo[1,2-
aJquinoxalines did not further decreaBg, of 12 and 13 (0.60 and 0.65 V, respectively). However,
lower Ey» of 27 and28 (0.93 and 1.01 V, respectively) than that of tberesponding hydroxyl-free
compounds Z1 and 22) still revealed the antioxidative role of phenolydroxyl group. Upon
structures oR7 and28, replacing hydroxyl group by (GHN- generate@5 and26. TheE;, to 0.69 V
(25 and 0.91 V 26) revealed that (CkN- decreased the oxidative potential more effidjetitan
hydroxyl group. Finally, comparing theandn values of25 and26 with those of a previously reported

compound, ethyl 2-(2-(4-hydroxypheriylimidazo[1,2-a]pyridin-3-ylamino)acetaté’ one can find

16



that the antioxidative effects of the compoundshie present work were generally lower than that in
our previous report. Thdsy, of ethyl 2-(2-phenyl)H-imidazo[1,3}pyridin-3-ylamino)acetate (a
compound without phenolic hydroxyl group) was O\5037 lower than that 025 and26 (0.69 and 0.91
V, respectively), indicating that the compoundghe present work were more difficult to be oxidized
than those in our previous report. But the flavayrgdup madéN,N-dimethylaminophenyl group exhibit
antioxidative effect in the imidazo[1&quinoxaline scaffold, which may be a novel cantid@r the

screening of antioxidative drugs.

—

| | \ SN
N
HN \ N’ 5 1%@
0 OH

Ethyl 2-(2-(4-hydroxyphenyl)H-

25 26 imidazo[1,2-a]pyridin-3-ylamino)acetate
K (ABTS*) = 0.096 mMm!st K (ABTS"™) = 3.03 mMm's?! K (ABTS") = 13.58 mM's'®
K (DPPH) = 0.00 mMs? K (DPPH) = 0.0058 mMs? K (DPPH) = 1.05 mMs'
K (galvinoxyl) = 0.00 mnis? K (galvinoxyl) = 0.00 mM's? K (galvinoxyl) = 0.31 mnist
n =155 n =178 n =570

3. Conclusion

We applied a Groebke 3CR to prepare 2-aminoquimealwhich was the reactant for the
following Groebke 3CR to afford imidazo[ld¢guinoxaline. Some substituted benzaldehydes along
with ferrocenyl carboxaldehyde and 2-(4-formylphgrtyromen-4-one took part in the aforementioned
sequential Groebke 3CR to give isomers with thelatlde allocating 2- or 4-position in imidazo[1,2-
alquinoxaline. The installation of a flavonyl groupto imidazo[1,2a]quinoxaline did not exhibit
additional activity towards either radicals or DNXidation, but 4-ferrocenyl group emerged as an
active feature for inhibiting DNA oxidation and reals. The combination of 2-phenolic hydroxyl with
4-ferrocenyl increased antioxidative effectivenessnidazo[1,2a]quinoxaline. In the continued quest
for novel antioxidative drugs, ferrocenyl-appendeddazo[l,2a]quinoxaline will offer a valuable

choice and thus be worth exploring in due course.
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4. Materials and Methods

4.1. Materials and Instrumentation.

AAPH and naked DNA sodium salt were products of ALIROrganics, Geel, Belgium, and
diammonium salt of 2,2’-azinobis(3-ethylbenzothiam 6-sulfonate) (ABTS salt), DPPH, and
galvinoxyl radical were products of Fluka Chemie I&#n Buchs, Switzerland. Solvents and reagents
used in the synthesis were obtained commercialllyie®ed as such unless noted otherwise. All of the
products were identified by4 and**C NMR spectroscopy (Bruker Avance Il 400 MHz speucteter)
and HRMS spectrometry (ESI as the ionization madglpped with HPLC (Agilent 1290-micrOTOF

Q I). The NMR spectra were provided in Supportinfprmation.

4.2. Preparation of 2-(4-formylphenyl)chromen-4-one@nd 2-aminoquinoxalines.

A mixture of 2-hydroxyacetophenone (0.01 mol) arohthalaldehyde (0.012 mol) was stirred in
50 mL of ethanol, and 0.5 mL of piperidine was atlded refluxed under stirring for overnight. The
cooled mixture was purified on a silica gel columith CH,Cl, being the eluent to afford chalcone.
Then, the chalcone was dissolved in dimethyl sutleXDMSO), followed by adding (0.01 equiv.).
The mixture was stirred at 1%0 in N, atmosphere for overnight and then poured intoweger to
collect solid product, which was further purified a silica gel column with C}l,/ ethyl acetate
being the eluent to afford 2-(4-formylphenyl)chramw&one.

To a 50 mL of methanolic solution ofphenylenediamine (0.01 mol) was added the equimola
aldehyde, 2,4,4-trimethylpentan-2-yl isocyanided aoncentrated HCI. The solution was stirred at
room temperature in Natmosphere for overnight. After methanol was evaigo, 50 mL of the
saturated aqueous solution of NaHG&as added to the mixture, and the aqueous layerewgacted
with CHCL and dried over anhydrous MgaOrhe combined organic solvent were removed under

vacuum, and the residue was dissolved in 50 minby@rous tetrahydrofuran (THF), to which 1 equiv.
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of 2,3-dicyano-5,6-dichlorobenzoquinone (DDQ, diged in 10 mL of THF) was added. The above
mixture was stirred at room temperature for ovedmjignd the solvent was removed under vacuum.
The residue was purified on a silica gel columrhv@H,Cl, being the eluent to give quinoxalines.

The quinoxaline (5 mmol) was dissolved in 4N HCldioxane (50 mL) and stirred at room
temperature for overnight. Then, the mixture wasred into ice water, and NaHG®@as added until
pH > 7. The aqueous layer was extracted with GH&1d the combined organic layers were dried over
anhydrous MgS® Then, the organic solvent was removed under vacand the residue was purified

on a silica gel column with Ci&l,/ethyl acetatbeing the eluent to give 2-aminoquinoxaline.

4.3. Synthesis of imidazo[1,2-a]quinoxalines.

The acetonitrile solution (25 mL) of 2-aminoquinbra (1 mmol) and aldehyde (1 mmol) was
refluxed for 3 h and then cooled to room tempegatlihe catalyst (1 mmol (GHSICI or LaCh) was
added and stirred at room temperature for 1 h. TiegtRbutyl isocyanide (1 mmol) was added, and the
mixture was refluxed for 36 h. After completiontbe reaction as indicated by TLC, the mixture was
poured into NaHC@solution and extracted with GBI,. The combined C}Cl, layers were dried over
anhydrous MgS@and then removed under vacuum. The residue wafseduon a silica gel column to
give imidazo[1,2a]quinoxalinesl-28.

tert-Butyl-(2,4-diphenyl-imidazo[1,2]quinoxalin-1-yl)-amine 1). A white solid, yield: 215 mg
(55%). R = 0.37 (ethyl acetate : petroleum ether = 1 v:8), m.p.: 180-182°C*H NMR (400 MHz,
CDCL) &: 9.68 (m, 1H), 8.77 (d] = 7.2 Hz, 2H), 8.15 (s, 1H), 7.83 @= 7.6 Hz, 2H), 7.58-7.52 (m,
5H), 7.46 (tJ = 7.6 Hz, 2H), 7.38(t) = 7.2 Hz, 1H), 3.56 (s, 1H), 1.00 (s, 94)C NMR (100 MHz,
CDCl) ¢: 150.2, 141.8, 137.0, 136.4, 135.1, 134.5, 1303.4, 130.3, 129.4, 128.7, 128.4, 128.0,
126.7, 126.0, 117.3, 57.8, 29.8. HRMS (ES®Wz calcd for [M+H] of CyH24N4 393.2080, found:

393.2066.
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tert-Butyl-(2-phenyl-4-ferrocenyl-imidazo[1,dlquinoxalin-1-yl)-amine 2). A red solid, yield:
175 mg (35%)R; = 0.38 (ethyl acetate : petroleum ether = 1v: 8, m.p.: 192-194°C'H NMR (400
MHz, CDCH) &: 9.58 (m, 1H), 8.05 (s, 1H), 7.90 @z 7.6 Hz, 2H), 7.54-7.49 (m, 4H), 7.40 (m, 1H),
5.89 (s, 2H), 4.59 (s, 2H), 4.10 (s, 5H), 3.521(d), 0.99 (s ,9H)**C NMR (100 MHz, CDGCJ) &:
153.2, 141.1, 135.4, 134.1, 130.1, 129.3, 128.8,71.2128.6, 127.8, 125.9, 125.5, 117.4, 71.2, 71.0,

69.9, 57.8, 29.8. HRMS (EShvz calcd for [M+H] of CzoHgFeN, 501.2055, found: 501.1701.

tert-Butyl-(2-ferrocenyl-4-phenyl-imidazo[1,dlquinoxalin-1-yl)-amine ). A yellow solid, yield:
190 mg (38%)R; = 0.47 (ethyl acetate : petroleum ether = 1v: 8, m.p.: 215-217°C*H NMR (400
MHz, DMSO-dg) &: 9.69 (d,J = 4.8 Hz, 1H), 8.90 (d] = 4.4 Hz, 2H), 8.07 (d] = 0.8 Hz, 1H), 7.70-
7.59 (m, 5H), 5.08 (s, 2H), 4.77 (s, 1H), 4.362(d), 4.14 (s, 5H), 0.96 (s, 9HYC NMR (100 MHz,
DMSO-dg) 8: 149.2, 136.6, 136.4, 134.2, 130.3, 130.2, 13129,0, 128.1, 126.4, 125.7, 121.8, 117.2,
80.5, 69.7, 68.8, 68.5, 57.4, 29.8. HRMS (ES8#) calcd for [M+H]" of CsoHosFeN: 501.2055, found:

501.1717.

tert-Butyl-(2-(p-nitrophenyl)-4-ferrocenyl-imidazo[1,8lquinoxalin-1-yl)-amine(4). A red solid,
yield: 164 mg (30%)R; = 0.17 (ethyl acetate : petroleum ether = 1v. ). m.p.: 254-256°C'H NMR
(400 MHz, DMSO#l) &: 9.44 (m, 1H), 8.37 (d] = 7.6 Hz, 2H), 8.17 (d] = 7.6 Hz, 2H), 8.02 (m, 1H),
7.52 (m, 2H), 5.82 (s, 2H), 4.60 (s, 2H), 4.095(d), 3.40 (s, 1H), 1.03 (s, 9HFC NMR (100 MHz,
DMSO-dg) o: 153.5, 146.9, 142.0, 138.5, 137.4, 134.7, 131p8,7, 128.8, 128.6, 126.3, 125.8, 123.9,
117.1, 79.9, 71.2, 70.8, 69.9, 58.1, 29.9. HRMSIXE®Vz calcd for [M+H] of CyoH/FeNsO,

546.1906, found: 546.1543.

tert-Butyl-(4-(p-nitrophenyl)-2-ferrocenyl-imidazo[1,&lquinoxalin-1-yl)-amine(5). A red solid,
yield: 109 mg, 20 %R; = 0.34 (ethyl acetate : petroleum ether = 1v: 9, m.p.: 223-225°C'H NMR
(400 MHz, CDC}) 8: 9.61 (m, 1H), 9.17 (d] = 8.8 Hz, 2H), 8.42 (d] = 8.8 Hz, 2H), 8.13 (d] = 8.8

Hz, 1H), 7.61-7.55 (m, 2H), 4.90 (s, 2H), 4.5078l), 4.27 (s, 5H), 3.19 (s, 1H), 1.07 (s, 9HC
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NMR (100 MHz, CDCY) &: 148.6, 146.3, 142.5, 140.8, 136.5, 134.0, 13130,5, 130.3, 129.2, 127.4,
126.2, 123.2, 117.4, 70.0, 69.0, 57.6, 29.9. HRMSIY: m/z calcd for [M+H] of CsgH7FeNsO,

546.1906, found: 546.1550.

tert-Butyl-(2-(p-bromophenyl)-4-ferrocenyl-imidazo[1 &quinoxalin-1-yl)-amine ). A red
solid, yield: 191 mg (33%R: = 0.34 (ethyl acetate : petroleum ether = 1v: 8, m.p.: 215-217°C'*H
NMR (400 MHz, CDC}) &: 9.52 (m, 1H), 8.01 (m, 1H), 7.82 (m, 2H), 7.50, @hl), 5.82 (s, 2H), 4.58
(s, 2H), 4.09 (s, 5H), 3.40 (s, 1H), 1.01(s, 9HE NMR (100 MHz, CDG)) &: 153.2, 139.7, 137.3,
134.4,134.2, 131.7, 130.0, 129.7, 129.5, 128.6,9,A425.5, 121.7, 117.1, 80.1, 71.0, 70.7, 6978(,5

29.8. HRMS (ESI)mvz calcd for [M+H] of CzoHo7FeBrN, 579.0757, found: 579.0783.

tert-Butyl-(4-(p-bromophenyl)-2-ferrocenyl-imidazo[1&guinoxalin-1-yl)-amine (7). A yellow
solid, yield: 231 mg (40%)R; = 0.45 (ethyl acetate : petroleum ether = 1v:9), m.p.: 237-239°C'H
NMR (400 MHz, CDC}) &: 8.59-8.57 (m, 1H), 8.87 (d,= 8.4 Hz, 2H), 8.09 (d] = 9.2 Hz, 1H), 7.73
(d, J = 8.4 Hz, 2H), 7.55-7.52 (m, 2H), 4.76 (s, 2HB6A(S, 2H), 4.18 (s, 5H), 3.20 (s, 1H), 1.02 (s,
9H). **C NMR (100 MHz, CDG) &: 147.8, 140.3, 136.6, 135.4, 134.0, 131.9, 13138.1, 129.0,
126.6, 125.8, 124.9, 117.3, 80.4, 69.7, 68.8, 68/65, 29.8. HRMS (ESImz calcd for [M+H] of

CsoH27FeBrN, 579.0757, found: 579.0780.

tert-Butyl-(2-(p-methoxyphenyl)-4-ferrocenyl-imidazo[1&quinoxalin-1-yl)-amine (8). A red
solid, yield: 208 mg (36%)R; = 0.20 (ethyl acetate : petroleum ether = 1v:®, m.p.: 200-202°C'H
NMR (400 MHz, CDC}) 5: 9.54 (s, 1H), 8.04 (s, 1H), 7.83 (M= 7.6 Hz, 2H), 7.47 (s, 2H), 7.05-7.03
(m, 2H), 6.88 (s, 2H), 4.57 (s, 2H), 4.09 (s, 58IR7 (s, 3H), 3.43 (s, 1H), 0.98 (s, 9FC NMR (100
MHz, CDCk) é: 159.2, 152.9, 140.9, 137.0, 133.9, 129.7, 12929.2, 128.8, 127.9, 125.7, 125.4,
117.2, 114.0, 80.1, 71.0, 70.9, 69.9, 57.5, 55%8.2HRMS (ESI):m/z calcd for [M+H] of

Cz1H3FeON; 531.1875, found: 531.1825.
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tert-Butyl-(4-(p-methoxyphenyl)-2-ferrocenyl-imidazo[1dguinoxalin-1-yl)-aming(9). A yellow
solid, yield: 196 mg (37%)R = 0.31 (ethyl acetate : petroleum ether = 1v:®, m.p.: 230-232°C'H
NMR (400 MHz, CDC}) &: 9.57-9.55 (m, 1H), 8.96 (d, = 8.8 Hz, 2H), 8.08 (s, 1H), 7.51-7.49 (m,
2H), 7.11 (d,) = 8.8 Hz, 2H), 4.82 (s, 2H), 4.40 (s, 2H), 4.235(d), 3.93 (s, 3H), 3.18 (s, 1H), 1.03 (s,
9H). °C NMR (100 MHz, CDG)) &: 161.5, 148.7, 140.1, 136.9, 134.3, 132.0, 12829.4, 128.9,
126.0, 125.7, 117.3, 113.6, 70.0, 69.0, 68.7, 55545, 29.9. HRMS (ESIywz calcd for [M+H] of

Cs1H3oFeON,; 531.1875, found: 531.1821.

tert-Butyl-(2-(p-dimethylaminophenyl)-4-ferrocenyl-imidazo[1la@quinoxalin-1-yl)-amine  10).
A red solid, yield: 217 mg (40%R = 0.19 (ethyl acetate : petroleum ether = 1 v:8). m.p.: 207-
209°C.H NMR (400 MHz, CDCJ) : 9.58-9.56 (m, 1H), 8.03 (s, 1H), 7.79 {d= 8.4 Hz, 2H), 7.48-
7.45 (m, 2H), 6.86 (dJ = 8.4 Hz, 2H), 5.89 (s, 2H), 4.56 (s, 2H), 4.095H), 3.47 (s, 1H), 3.05 (s,
6H), 1.01 (s, 9H)C NMR (100 MHz, CDGCJ) &: 152.7, 150.0, 141.4, 137.1, 133.8, 129.2, 129.1,
129.0, 128.9, 125.5, 125.2, 123.3, 117.3, 112.38,8M®.9, 70.8, 69.8, 57.4, 40.5, 29.8. HRMS (ESI):

m/z calcd for [M+H] of CaoHssFeNs 544.2164, found: 544.2128.

tert-Butyl-(4-(p-dimethylaminophenyl)-2-ferrocenyl-imidazo[1la@quinoxalin-1-yl)-amine (11).
A yellow solid, yield: 239 mg (44%}R: = 0.26 (ethyl acetate : petroleum ether = 1v:8),. m.p.: 235-
237°C.*H NMR (400 MHz, CDC}) &: 9.54-9.52 (m, 1H), 9.00-8.99 (m, 2H), 8.07 (s)1H48-7.42
(m, 2H), 6.89 (d,] = 8.0 Hz, 2H), 4.79 (s, 2H), 4.35 (s, 2H), 4.2154), 3.17 (s, 1H), 3.10 (s, 6H),
1.02 (s, 9H)*C NMR (100 MHz, CDG)) &: 152.0, 139.5, 137.3, 131.7, 129.7, 129.6, 12829,9,
125.5, 125.3, 121.9, 117.2, 111.6, 69.8, 68.9,,68744, 40.4, 29.9. HRMS (ESIwz calcd for

[M+H] " of CgHasFeN; 544.2164, found: 544.2129.

p-(1-tert-Butylamino-4-ferrocenyl-imidazo[1,2}quinoxalin-2-yl)phenol 12). A red solid, yield:
144 mg (28%)R; = 0.39 (ethyl acetate : petroleum ether = 1v:@, m.p.: 195-197°C*H NMR (400

MHz, CDCk) &: 9.59-9.56 (m, 1H), 8.01-7.99 (m, 1H), 7.76 Jd= 8.4 Hz, 2H), 7.49-7.47 (m, 2H),
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7.11 (d,J = 8.0 Hz, 2H), 5.84 (s, 2H), 5.54 (s, 1H), 4.552(d), 4.08 (s, 5H), 3.46 (s, 1H), 1.00 (s, 9H).
3C NMR (100 MHz, CDGJ) &: 157.4, 152.7, 141.2, 137.0, 133.7, 129.6, 12829,0, 128.8, 126.3,
125.6, 125.4, 117.3, 116.0, 80.2, 77.2, 70.8, 07, 52.8, 29.7. HRMS (EShvz calcd for [M+H]

of CgoH2sFeON, 517.1710, found: 517.1673.

p-(1-tert-Butylamino-2-ferrocenyl-imidazo[1,2}quinoxalin-4-yl)phenol 13). A red solid, yield:
155 mg (30%)R; = 0.48 (ethyl acetate : petroleum ether = 1v:@,. m.p.: 244-246°C'H NMR (400
MHz, DMSO-dg) &: 10.00 (s, 1H), 9.67-9.65 (m, 1H), 8.89 (= 8.8 Hz, 2H), 8.01-7.97 (m, 1H),
7.65-7.54 (m, 2H), 6.99 (d,= 8.8 Hz, 2H), 5.07 (s, 2H), 4.72 (s, 1H), 4.352), 4.12 (s, 5H), 0.95
(s, 9H).3C NMR (100 MHz, DMSOde) &: 159.7, 147.3, 139.8, 136.1, 133.3, 131.7, 1292B.3,
128.3, 127.1, 126.0, 125.6, 116.9, 114.9, 80.2,6888.7, 68.0, 56.1, 29.4. HRMS (ESt)/z calcd for

[M+H] " of CgoHogFeON,; 517.1710, found: 517.1666.

tert-Butyl-[2-(p-dimethylaminophenyl)-4-phenyl-imidazo[1&quinoxalin-1-yl]-amine (14). A
yellow solid, yield: 174 mg (40%R: = 0.26 (ethyl acetate : petroleum ether = 1v:8). m.p.: 210-
212°C.*H NMR (400 MHz, CDCYJ) §: 9.63-9.60 (m, 1H), 8.89 (d,= 7.2 Hz, 2H), 8.10-8.06 (m, 1H),
7.85 (d,J = 7.2 Hz, 2H), 7.53-7.45 (m, 4H), 7.39-7.35 (m,) B:B7 (d,J = 8.8 Hz, 2H), 3.54 (s, 1H),
3.08 (s, 6H), 0.99 (s, 9H}*C NMR (100 MHz, CDG)) &: 150.2, 149.7, 142.3, 136.9, 136.6, 134.2,
130.3, 130.2, 130.1, 129.6, 129.4, 128.3, 126.5,712123.0, 117.3, 112.4, 57.6, 40.6, 29.8. HRMS

(ESI): mVz calcd for [M+H] of CgHogN5 436.2502, found: 436.2418.

tert-Butyl-[4-(p-dimethylaminophenyl)-2-phenyl-imidazo[1&quinoxalin-1-yl]-amine 15). A
yellow solid, yield: 187 mg (43%R: = 0.29 (ethyl acetate : petroleum ether = 1v:8). m.p.: 271-
273°C.'H NMR (400 MHz, CDC}) &: 9.67-9.65 (m, 1H), 8.81-8.79 (m, 2H), 8.14-8.id, (H), 7.72
(d, J = 8.4 Hz, 2H), 7.57-7.50 (m, 5H), 6.85 (s, 2HEB(S, 1H), 3.02 (s, 6H), 1.02 (s, 9IHC NMR

(100 MHz, CDC4) o: 152.0, 149.7, 141.3, 135.3, 134.6, 131.6, 13028.7, 129.0, 128.7, 128.6,
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127.8, 125.8, 125.5, 117.2, 111.7, 57.7, 40.4,.29BMS (ESI):n/z calcd for [M+H]" of CpgHaoNs

436.2502, found: 436.2486.

p-(1-tert-Butylamino-4-phenyl-imidazo[1,3}quinoxalin-2-yl)phenol 16). A white solid, yield:
122 mg (44%)R; = 0.30 (ethyl acetate : petroleum ether = 1v:@, m.p.: 283-285°C'*H NMR (400
MHz, DMSO-g) &: 9.77 (t,J = 8.0 Hz, 1H), 9.57 (s, 1H), 8.79-8.77 (m, 2HP®B(d,J = 7.6 Hz, 1H),
7.91 (d,J = 8.4 Hz, 2H), 7.72-7.68 (m, 1H), 7.64-7.58 (m,) 46187 (d,J = 7.6 Hz, 2H), 4.98 (s, 1H),
0.95 (s, 9H)*C NMR (100 MHz, DMSOdg) &: 163.8, 157.7, 148.6, 142.2, 136.5, 133.6, 13136,7,
130.3, 129.3, 128.5, 127.4, 126.4, 125.9, 117.5,311115.5, 56.8, 30.0. HRMS (ESHvz calcd for

[M+H] " of C6H24N40 409.2029, found: 409.2004.

p-(1-tert-Butylamino-2-phenyl-imidazo[1,3}quinoxalin-4-yl)phenol(17). A white solid, yield:
167 mg (41%)R; = 0.40 (ethyl acetate : petroleum ether = 1v:@,. m.p.: 250-252°C*H NMR (400
MHz, DMSO-dg) &: 10.01 (s, 1H), 9.76-9.73 (m, 1H), 8.79 (= 8.8 Hz, 2H), 8.12-8.10 (m, 2H),
8.04-8.01 (m, 1H), 7.66-7.04 (m, 1H), 7.62-7.58 {H), 7.49 (tJ = 7.6 Hz, 2H), 7.41-7.37 (m, 1H),
6.97 (d,J = 8.8 Hz, 2H), 5.05 (s, 1H), 0.94 (s, 94)C NMR (100 MHz, DMSOdg) &: 160.3, 148.5,
141.4, 136.6, 135.2, 133.9, 132.2, 131.0, 129.9,0.228.6, 128.1, 127.3, 126.7, 126.5, 117.5,4,15.

56.9, 29.9. HRMS (ESI/z calcd for [M+H] of Cy6H24N4O 409.2029, found: 409.2011.

tert-Butyl-[2,4-diferrocenyl-imidazo[1,2]quinoxalin-1-yl]-amine 18). A red solid, yield: 237 mg
(39%). R = 0.43 (ethyl acetate : petroleum ether = 1v:8). m.p.: 244-246°C*H NMR (400 MHz,
CDCl) &: 9.53-9.50 (m, 1H), 8.00-7.98 (m, 1H), 7.48-7.4 @H), 5.93 (s, 2H), 4.82 (s, 2H), 4.60 (s,
2H), 4.37 (s, 2H), 4.24 (s, 5H), 4.13 (s, 5H), 3(471H), 1.02 (s, 9H}*C NMR (100 MHz, CDGJ) &:
152.5, 139.2, 137.2, 134.0, 129.2, 128.6, 125.8,112117.2, 80.7, 80.4, 70.8, 70.5, 69.7, 69.65,68.

68.3, 57.3, 29.8. HRMS (EShyz calcd for [M+H] of C3sH3FeN, 609.1405, found: 609.1348.

p-(1-tert-Butylamino-4-ferrocenyl-imidazo[1,2}quinoxalin-2-yl)-o-methoxyphenol X9). A red

solid, yield: 173 mg (29%R = 0.64 (ethyl acetate : dichloromethane = 1 \2@), m.p.: 226-228°C.
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'H NMR (400 MHz, CDCJ) §: 9.53-9.50 (m, 1H), 8.09 (s, 1H), 8.02-8.00 (m)1H78 (d,J = 8.4 Hz,
1H), 7.51-7.48 (m, 2H), 7.16 (d,= 8.4 Hz, 1H), 5.83 (s, 2H), 4.85 (s, 2H), 4.0950), 3.36 (s, 1H),
1.03 (s, 9H)**C NMR (100 MHz, CDCJ) &: 151.9, 137.3, 134.1, 131.9, 129.5, 129.4, 128232,
125.8, 125.5, 117.1, 116.1, 110.5, 80.1, 71.0,,76976, 57.6, 29.9. HRMS (ESIz calcd for

[M+H] " of C3oH27BrFeN;O 596.0953, found: 596.0780.

p-(1-tert-Butylamino-4-ferrocenyl-imidazo[1,a}quinoxalin-2-yl)-o-bromophenol Z0). A red
solid, yield: 148 mg (27%)Rs = 0.59 (ethyl acetate : dichloromethane = 1 :\2@), m.p.: 207-209°C.
'H NMR (400 MHz, CDCYJ) §: 9.57-9.54 (m, 1H), 8.04 (s, 1H), 7.50-7.48 (m)3H33-7.31 (m, 1H),
7.06-7.03 (m, 1H), 5.86 (s, 2H), 5,78 (s, 1H), 45&H), 4.10 (s, 5H), 4.05 (s, 3H), 3.46 (s, 1HDO
(s, 9H).*C NMR (100 MHz, CDGJ) &: 152.9, 145.6, 141.0, 137.3, 133.9, 129.4, 12B8,7, 125.7,
125.4, 121.5, 117.2, 114.4, 111.4, 80.3, 70.8,,/07, 57.6, 56.2, 29.8. HRMS (ES#y¥z calcd for

[M+H] " of Cg1HagFeNiO,547.1797, found: 547.1829.

tert-Butyl-(2-phenyl-4-flavonyl-imidazo[1,2{quinoxalin-1-yl)-amine 21). A white solid, yield:
166 mg (25%)R; = 0.31 (ethyl acetate : dichloromethane = 1 :\20). m.p.: 275-277°C*H NMR
(400 MHz, CDC}) : 9.71-9.69 (m, 1H), 9.03 (d,= 8.4 Hz, 2H), 8.34 (s, 1H), 8.27 = 7.6 Hz, 1H),
8.15 (d,J = 8.4 Hz, 2H), 7.85 (d] = 7.6 Hz, 2H), 7.76-7.72 (m, 1H), 7.64-7.61 (m)3H52 (t,J = 7.2
Hz, 2H), 7.47-7.40 (m, 2H), 6.96 (s, 1H), 3.631#l), 1.02 (s, 9H)**C NMR (100 MHz, CDGJ) &:
178.5, 163.1, 156.3, 148.2, 142.1, 139.2, 136.6,8,3.34.2, 133.8, 133.0, 130.8, 130.4, 129.4,7,28.
128.6, 128.1, 127.1, 126.2, 126.1, 125.7, 125.2,112118.2, 117.3, 108.0, 57.8, 29.7. HRMS (ESI):

m/z calcd for [M+H] of CzsH2gN40,537.2291, found: 537.2283.

tert-Butyl-(2-flavonyl-4-phenyl-imidazo[1,2{quinoxalin-1-yl)-amine 22). A white solid, yield:
160 mg (30%)R; = 0.35 (ethyl acetate : dichloromethane = 1 :\20). m.p.: 263-265°C'*H NMR
(400 MHz, CDC}) 6: 9.58-9.56 (m, 1H), 8.80-8.78 (m, 2H), 8.25-8.23 @H), 8.07-8.00 (m, 4H),

7.73-7.69 (m, 1H), 7.59-7.53 (m, 6H), 7.42)& 8.0 Hz, 1H), 6.88 (s, 1H), 3.59 (s, 1H), 1.029).
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3C NMR (100 MHz, CDGJ) &: 178.4, 162.9, 156.2, 149.8, 140.7, 138.1, 13#38,8, 131.2, 130.8,
130.7, 130.3, 130.0, 129.0, 128.9, 128.3, 126.8,412126.3, 125.7, 125.3, 124.2, 118.1, 117.1,5,07.

58.0, 29.8. HRMS (ESIz calcd for [M+H] of CssH2eN40,537.2291, found: 537.2252.

tert-Butyl-(2-ferrocenyl-4-flavonyl-imidazo[1,2]quinoxalin-1-yl)-amine 23). A yellow solid,
yield: 193 mg (30%)R; = 0.41 (ethyl acetate : dichloromethane = 1 :\20). m.p.: 233-235°CH
NMR (400 MHz, CDC}) &: 9.62-9.60 (m, 1H), 9.14 (d,= 7.6 Hz, 2H), 8.28 (d] = 8.0 Hz, 2H), 8.18
(d, = 7.6 Hz, 2H), 7.76-7.73 (m, 1H), 7.67-7.65 (m,)1H59-7.58 (m, 1H), 7.47-7.44 (m, 1H), 6.99
(s, 1H), 4.83 (s, 2H), 4.42 (s, 2H), 4.23 (s, 5326 (s, 1H), 1.06 (s, 9H)*C NMR (100 MHz, CDG))
5: 178.5, 163.2, 156.4, 147.5, 136.6, 134.2, 1383.9, 130.8, 130.3, 130.2, 129.1, 126.9, 126.0,
125.9, 125.8, 125.3, 124.1, 118.2, 117.3, 108.0,01®80.4, 69.8, 68.9, 68.7, 57.5, 29.8. HRMS (ESI)

m/z calcd for [M+H] of CzgH3,N40,645.1954, found: 645.1705.

tert-Butyl-(2-flavonyl-4-ferrocenyl-imidazo[1,2]quinoxalin-1-yl)-amine 24). A red solid, yield:
238 mg (37%)R; = 0.41 (ethyl acetate : dichloromethane = 1 :\i8). m.p.: 213-215°C'H NMR
(400 MHz, CDC4) &: 9.55-9.53 (m, 1H), 8.28 (d,= 7.6 Hz, 1H), 8.17-8.10 (m, 4H), 8.04-8.02 (m,
1H), 7.76-7.72 (m, 1H), 7.64-7.62 (m, 1H), 7.5347(f, 1H), 6.94 (s, 1H), 5.86 (s, 2H), 4.61 (s, 2H)
4.11 (s, 5H), 3.49 (s, 1H), 1.05 (s, 9#C NMR (100 MHz, CDGJ) &: 178.5, 163.1, 156.3, 153.3,
139.5, 138.8, 137.3, 134.4, 133.8, 130.6, 130.9,5,2128.8, 126.5, 126.0, 125.8, 125.6, 125.3,1124.
118.1, 117.2, 107.5, 80.1, 71.1, 70.8, 69.9, 52®8. HRMS (ESI):m/z calcd for [M+H] of

C3gH3oN40,645.1954, found: 645.1712.

tert-Butyl-[2-(p-dimethylaminophenyl)-4-flavonyl-imidazo[1 &quinoxalin-1-yl]-amine 25). A
yellow solid, yield: 197 mg (34%J: = 0.20 (ethyl acetate : dichloromethane = 1 :v1%, m.p.: 280-
282°C.*H NMR (400 MHz, CDC}J) &: 9.70-9.67 (m, 1H), 9.05 (d,= 8.8 Hz, 2H), 8.28-8.25 (m, 1H),
8.17-8.12 (m, 3H), 7.77-7.71 (m, 3H), 7.64-7.56 8H), 7.46-7.43 (m, 1H), 6.96-6.89 (m, 3H), 3.55 (s

1H), 3.05 (s, 6H), 1.02 (s, 9HY3C NMR (100 MHz, CDG)) &: 178.5, 163.2, 156.3, 147.9, 142.4,
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139.6, 136.7, 134.0, 133.8, 132.7, 130.8, 130.9,812129.3, 126.8, 126.0, 125.9, 125.7, 125.2,124.
118.2, 117.3, 112.5, 107.9, 57.6, 40.6, 29.8. HR(@SI): m/z calcd for [M+H] of CsHasNsO,

580.2713, found: 580.2510.

tert-Butyl-[4-(p-dimethylaminophenyl)-2-flavonyl-imidazo[1 &quinoxalin-1-yl]-amine (26). A
yellow solid, yield: 231 mg (40%}R: = 0.25 (ethyl acetate : dichloromethane = 1 :v19, m.p.: 285-
287°C."H NMR (400 MHz, CDGC}) 5: 9.56 (d,J = 8.0 Hz, 1H), 8.89 (d] = 7.6 Hz, 2H), 8.28-8.26 (m,
1H), 8.10-8.05 (m, 5H), 7.75-7.71 (m, 1H), 7.6267(6, 1H), 7.55-7.43 (m, 3H), 6.92-6.87 (m, 3H),
3.49 (s, 1H), 3.09 (s, 6H), 1.04 (s, 9HC NMR (100 MHz, CDGJ) &: 178.5, 163.1, 156.3, 152.0,
149.6, 139.6, 138.6, 137.3, 134.9, 133.8, 131.8,5/3.29.8, 128.9, 126.3, 126.0, 125.7, 125.6,2,25.
124.1, 124.0, 118.1, 117.0, 111.6, 107.4, 57.83,429.8. HRMS (ESI)mVz calcd for [M+H] of

C37H33N50,580.2713, found: 580.2662.

p-(1-tert-Butylamino-4-flavonyl-imidazo[1,&]quinoxalin-2-yl)phenol 27). A white solid, yield:
121 mg (22%)R; = 0.25 (ethyl acetate : dichloromethane = 1 :\t@). m.p.: 291-293°C*H NMR
(400 MHz, DMSO#l) &: 9.78 (d,J = 8.4 Hz, 1H), 9.60 (s, 1H), 9.04 @ = 8.8 Hz, 2H), 8.37 (d] =
8.4 Hz, 2H), 8.14-8.09 (m, 2H), 7.95 (= 7.6 Hz, 2H), 7.89-7.86 (m, 2H), 7.76-7.74 (m,) 3R 56-
7.54 (m, 1H), 6.89 (d] = 8.4 Hz, 2H), 5.02 (s, 1H), 0.97 (s, 9*C NMR (100 MHz, DMSOdg) &:
177.6, 162.5, 156.2, 147.2, 142.3, 139.3, 136.4,9,3.33.6, 132.9, 132.0, 130.8, 130.5, 130.4,4129.
129.1, 127.8, 126.6, 126.5, 126.1, 125.7, 125.3,912119.1, 115.5, 108.0, 56.9, 30.0. HRMS (ESI):

mVz caled for [M+H] of CzsH2gN403553.2240, found: 553.2051.

p-(1-tert-Butylamino-2-flavonyl-imidazo[1,&]quinoxalin-4-yl)phenol 28). A white solid, yield:
138 mg (25%)R; = 0.28 (ethyl acetate : dichloromethane = 1 :\t@). m.p.: 301-303°C'H NMR
(400 MHz, DMSOe) 6: 10.15 (s, 1H), 9.75-9.73 (m, 1H), 8.81 Jd&; 8.8 Hz, 2H), 8.40-8.37 (m, 2H),
8.50 (d,J = 8.8 Hz, 2H), 8.10-8.09 (m, 1H), 8.06-8.03 (m,)1H88-7.85 (m, 2H), 7.68 (§,= 8.4 Hz,

1H), 7.62 (t,J = 8.0 Hz, 1H), 7.56-7.52 (m, 1H), 7.17 (s, 1HPT7(d,J = 8.8 Hz, 2H), 5.24 (s, 1H),
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0.99 (s, 9H)*°C NMR (100 MHz, DMSOdg) &: 177.6, 160.3, 156.2, 148.6, 140.1, 138.4, 13634,8,
134.2, 132.2, 131.8, 130.4, 130.0, 129.3, 129.9,012127.2, 127.0, 126.7, 126.0, 125.3, 123.9,11,19.
117.6, 115.5, 107.3, 57.2, 30.0. HRMS (E®Wz calcd for [M+H] of CasHoaN4O5 553.2240, found:

553.2220.

4.4. Scavenging ABTS, DPPH, and galvinoxyl! radicals.

Solutions of DPPH and galvinoxyl radicals were jared by dissolving solids of DPPH and
galvinoxyl radical in ethanol directly. The absarba was around 1.00 at 517 nm (for DPBbppn=
4,09 x 1M em™) and 428 nm (for galvinoxyl radicadganinoy = 1.4 x 16 M™cm™), respectively.
The ABTS  was generated in 2.0 mL of aqueous solution ofdMDABTS salt and 1.41 mM $5,0g
after 20 h, and then, was diluted with 100 mL dfagiol. The absorbance of ABTSwas also around
1.00 at 734 nmeharss. = 1.6 x 10 M™* cm™). At the ambient temperature (25°C), a certain
concentration of an imidazo[1&e¢uinoxaline (dissolved in dimethyl sulfoxide (DM$@s the stock
solution, 0.1 mL) was mixed with 1.9 mL of a radisalution, and the absorbance of the mixture was

immediately recorded and then measured with aiodrtae interval (see Supporting Information).

4.5 Inhibiting AAPH-induced oxidation of DNA.

AAPH and DNA sodium salt were dissolved in phosphhuffered solution (PBS: 8.1 mM
NegHPO;, 1.9 mM NaHPO, 10.0 yM EDTA, pH=7.4) at room temperature. An imidazofl,2
ajquinoxaline was dissolved in DMSO as the stockisoh. Then, DMSO solution of the imidazo[1,2-
ajquinoxaline was added to the mixture of DNA and A with a certain final concentration.
Meanwhile, final concentrations of DNA and AAPH wekept at 2.0 mg/mL and 40.0 mM,

respectively. The mixture was dispatched into teBes with each one containing 2.0 mL. All of the
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test tubes were incubated at 37°C for initiating BNA oxidation. Three of them were taken out at
every 2 hours and cooled immediately, and 1.0 mihiobarbituric acid (TBA, 1.00 g of TBA and 0.40
g of NaOH dissolved in 100 mL of PBS) and 1.0 mL3d3% trichloroacetic acid aqueous solution
were added. The mixture was then heated in bodiatgr for 15 min and cooled to room temperature;
1.5 mL of n-butanol was added and shaken vigorously to exthacbarbituric acid reactive species
(TBARS) for measuring the absorbance at 535 nm. diteorbance of TBARS was plotted the

reaction period (see Supporting Information).

4.6. Cyclic voltammetry.

The cyclic voltammetry (CV) was measured on a CHH® voltammetric analyzer with a
platinum button and a wire as the working and ceuetectrodes, respectively, along with a saturated
calomel electrode (SCE) as the reference electiddslution of 10 mL of CHCI, (dehydration by
CaH, in advance) consisting of ~1 mM corresponding coamgls was scanned at the rate of 505hV

with ferrocene as the internal reference and 0(b4@,H.)sNPF; as the supporting electrolyte.

4.7. Statistical analysis.
All of the data were the average value from attl¢hsee independent measurements with the
experimental error within 10%. Equations were aredly by one-way ANOVA in Origin 6.0

professional Software, aqek0.001 indicated a significance difference.
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