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ABSTRACT: The sequential treatment of 3-nitro-2-quinoloneshwamines and

N-halosuccinimides under mild conditions facilitatéet direct amino-halogenation
and aziridination at the 4- and 3-positions of twguinolone framework. The
selectivity of the functionalization was influencbky the electronic properties of the
substituents on the benzene moiety of the nitragjaime. The electron-withdrawing
nitro group promoted the amino-halogenation, armlacement of the nitro group
with a halogen or hydrogen markedly increased #lectivity of the aziridination.

Moreover, a succinimide group instead of an alkytemgroup was introduced at the
4-position, affording the masked form of the 4-amBichloro-2-quinolone derivative.
Furthermore, the prepared bis-functionalized qunes were subjected to
Suzuki-Miyaura coupling reaction, ring opening, ahgldrazinolysis to afford

differently functionalized quinolones.



1. Introduction

4-Aminated 2-quinolones have garnered considieraliention owing to their
various applications in medicinal chemistry. For ample, 4-aminated
6-thiazolyl-2-quinolones are potent CD38 inhibitdos the treatment of metabolic
syndrome (Figure 1, d).Recently, the design, synthesis, and evaluatiomenf
acetylcholinesterase inhibitors combining 4-amingdiholone rings and
benzylpiperidino groups joined by a carboxamidgrinant was described (Figure 1,
b)2 In addition, 4-amino-2-quinolones possessing beitdzole rings at the
3-position have been found to serve as a novek abdisreceptor tyrosine kinase
inhibitors for the treatment of cancer (Figure 2,° dcurthermore, 4-aminated
3-phenyl-2-quinolones have been reported to Neenethyl-D-aspartate receptor

antagonists with anticonvulsant activities (Figirel)*
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Fig. 1. Examples of bioactive compounds based on the #&ated 2-quinolones



Despite these significant applications, 2-quinels are inert because of their
inherent aromaticity, which prevents their directimation® Hence, conventional
strategies for the preparation of such scaffoldsolire the construction of
heterocyclic rings through cumbersome multistegtiea sequences, some of which
involve expensive reagents, harsh reaction comditiand low yield&® As an
alternative approach, 4-aminated 2-quinolones @mlbo synthesized by chemical
conversion from the 4-hydro%y or 4-chlord'?® derivatives. Therefore, the direct and
practical amination of the 2-quinolone frameworkti®ongly demanded.

A nitro group is one of the most important fuaotal groups in organic
syntheses because of its strong electron-withdvahbility to activate the
scaffold, facilitating the reaction with nucleopbiteagents.Moreover, a nitro
group serves not only as a precursor of versatifetfonalities but also as a
good leaving group® Inspired by these properties of nitro group, weeha
found that 3-nitrated 1-methyl-2-quinolonedgQones) are highly reactive in
direct C-C/C-O bond formation at the 4-positionhwitarbon nucleophilés*?
and alkoxy anion&® respectively.

Interested in these results and with the aim achieving versatile
functionalization of the 2-quinolone framework, wiecided to investigate
direct C-N bond formation at the 4-position of thkeQone framework upon
treatment of 3-nitratedMeQones with amines, in which an electrophile is
necessary to trap the anionic adduct intermedietalse a heteronucleophile is

easily eliminated even though it adds to quinolsamework** We focused on



the halogenation because the hitherto unknown 4ated and 3-halogenated
2-quinolones compose a novel class of 2-quinolevigspotentially interesting
and valuable bioactivities, and will surely serve lkey intermediates for

constructing a library of versatile 2-quinolones.

2. Results and discussion

To evaluate the potential for vicinal functiomation, trinitro-2-quinolond A was
chosen as a model substrate. Initially, a MeisenbecomplexXY was synthesized by
treating 1A with excess propylamine 2a; subsequent reaction with
N-chlorosuccinimide (NCS) gave the amino-chlorinapedduct3Aa in 26% vyield,
thus confirming the feasibility of the introductiari vicinal amino and halo groups
onto the 2-quinolone framework (Scheme 1). TWgropylaziridine ring fused
compound4Aa was obtained in 11% yield, of which the structwas definitely
confirmed by X-ray diffraction of single crystal 4Fa,'° an analoguef 4Aa (Figure
2). To the best of our knowledge, there is very femort about the aziridination on
the MeQone framework® Therefore, our investigation will facilitate efiént access
to functionalized quinolones. Moreover, the imiddecinated producbA, which was
formed through the reaction A with NCS and a succinimide anidhwas obtained
in 39% vyield, indicating that regenerationld from Y proceeded under equlibrium.

In order to gain insight into the mechanismtod teaction, a control experiment
involving a radical scavenger was performié@he addition of TEMPO had a slight
influence on the reaction, but did not completalfilbit the reaction, thus suggesting
that radical intermediates were not involved inphecess (See Supplementary data).
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Scheme 1. Reaction of Meisenheimer complewith NCS

Fig. 2. Structure o#4Fa from X-ray diffraction analysis (the thermal ellipsoid plots are drawn at

50% probability level)

Based on the aforementioned results, it was postulated that the amine attacks the
4-position of1A to give dihydroquinolon&X (Scheme 2). As a result of deprotonation
at the 3-position by another amina,Meisenheimer compleX is formed. The
reaction ofY with NCS facilitates chlorination at the 3-position by nucleophilic

substitution, whereby NCS approaches from titams direction to avoid the steric



hindrance of the propylamino group, thus affordingermediateZ.*® Hence, the

base-promoted rearomatization takes place via thefeped bimolecular

antiperiplanar elimination, which leads to the fatian of amino-halogenated product
3Aa. Meanwhile, the intramolecular substitution of thdoto group by the adjacent
amino group can occur to form tiNepropylaziridine ring at the 3- and 4-positions,
affording producAa.*®*° Additionally, 1A was regenerated under equilibrium from
X and then underwent a nucleophilic addition with siaccinimide anion followed by

chlorination and rearomatization, delivering imicldlorinated producsA.*
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Scheme 2A plausible mechanism for formation 8Aa, 4Aa and5A

In order to enhance the practicality of the rodthwe attempted to carry out the
reaction in a one-pot, two-step fashion using tirguinolonelA, propylamine2a,

and NCS as model substrates (Table 1). After aisalwf 1A and2a was stirred at



room temperature for 3 h, NCS was added, and thatimg mixture was stirred at
room temperature for 4 h. We tested a variety bfesis in the presence of 2.5 equiv.
of 2a in order to find the optimal conditions (Table The conversion oflA into
amino-chlorinated produ@Aa did not work well in the ethanol or dichlorometlkan
as imido-chlorinated produ&A was themajor product in these two solvents (entries
1 and 2). The Meisenheimer compl&xis considered to be more solvated with
ethanol thanC by forming hydrogen bonds, which might prevent #pproach of
NCS. Thus, polar aprotic solvents (MeCN, DMF andFJieremore suitable for the
amino-chlorination, and the yield was improved 5$8#when THF was used (entries
3-5).In these casedAa was obtained as well. Next, a larger amourfaivas added
to promote the conversion dfA, giving 3Aa in 62% vyield without concomitant
formation of5A. 4Aa decomposed into other compounds in this procegsy(6), as
confirmed by the reaction gfAa with propylamine2a (See Supplementary data).
However, low temperatures did not further improhe tyield (entry 7). This is
presumably due to the incomplete conversiodAfto X, which also underwent the
competitive reaction of 1A with the succinimide anion. Meanwhile, the
decomposition of4Aa was suppressed at low temperature. Thus, theioract

conditions utilized in entry 6 were determined &dptimal.



Table 1 Conditions screening for aminochlorination

1) PrNH, 2a

1A Solv., rt, 3 h . 3Aa + 4Aa + BA

2) NCS (1.2 equiv.)
rt, 4 h

PrNH, Yield (%)
Entry Solvent )

(Equiv.) 3Aa 4Aa 5A
1 EtOH 25 11 5 48
2 CHCl, 2.5 14 12 34
3 MeCN 25 31 11 16
4 DMF 25 39 15 3
5 THF 2.5 45 10 19
6 THF 3.0 62 trace 0
7 THF 3.0 37 13 21

#The reaction was conductat-2001.

With the optimized reaction conditions in hana, surveyed the scope of amiries
(Table 2). Reactions dfA with various aliphatic primary amin&b—f afforded the
corresponding vicinally amino-chlorinated compourd#sb—f in moderate to good
yields (entries 1-5); howevetwas notobserved. Alicyclic amines such as piperidine
2g and morpholin€h worked well (entries 6 and 7). Moreover, anilirigsn were
also examined. Several functional groups, suchusd, bmethoxy and iodo groups on
the benzene ring were tolerated, and a larger amoum@niline 2i promoted the
conversion ofLA (entry 8). However, only a trace amoun3éfm was detected in the
case of 4-nitroanilin@m owing to the strong electron-withdrawing effecttioé nitro
group (entry 12). Due to the steric hindrance pméwg the approach of NCS, the
target product was not formed in the presence ethgiamine2n, and only a trace

amount of the desired product was observed indhetion withN-methylaniline2o
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(entries 13 and4). In some cases, the succinimide anion was pextlunder basic

condition, and underwent imido-chlorination to fistm5A (entries 2, 7 and 13).

In order to expand the scope of the protocab dtherN-halosuccinimides, NBS

and NIS, were also employed (Scheme 3). The bramiaaion proceeded smoothly

to give 6Aa in 63% yield. Notably, 4-aminated trinitroquino®i’Aa was also

obtained in 16% yield, which was presumably due¢h® higher leaving ability of

bromide than chloride7Aa was obtained in 62% yield without the iodo-aminated

product in the reaction using NIS.

Table 2 Study on amine scope

RLN,R2 O/A/:\A\O
RIRNH2  NCS_~ ON . Cl ON S
(3.0 equiv;) (1.2 equiv.)‘ N
THF, rt, 3h THF, rt,4 h 'Tj O N 0]
O,N  Me O,N  Me
3A 5A
5 Yield (%)

Entry R R A EA
1 i-Bu H b 70 0
2 sec-Bu H c 49 26
3 HOCH,CH, H d 56 0
4 Allyl H e 35 0
5 Benzyl H f 54 0
8 Ph H i 41 (54) 0
9 4-BuGH, H i 41 0
10 4-MeOGH,4 H k 37 0
11 4-1GH4 H I 62 0
12 4-NGQCgH4 H m trace 0
13 Et Et n 0 27
14 Ph Me 0 trace 0

% equiv. of amine was used.
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Scheme 3The reaction invoving NBS and NIS

Next, 3-nitratedMeQones with different substituents on the benzene riregew
further investigated. As indicated in Table 3, @ueion in the number of nitro groups
on the benzene ring had a negative impact on theafiion of amino-chlorinated
product3. When the 8-nitro group was replaced with a metirgup or hydrogen
atom,3Ba and3Ca were furnished in 13% vyield (entries 1 and 2). feséingly, the
reaction involvinglB afforded 3-nitro-4-propylamino substituted produd®a, an
analogue of7Aa, in 21% vyield. This might be due to the steric repn between the
1-methyl and the 8-methyl groups, leading to thsitmal strain in the 2-quinolone
ring;*? accordingly, NCS could approach the carbani6nfrom the cis direction
(Scheme 4). Consequently, the elimination of nir@acid together with hydrogen
chloride resulted in the formation of 3-chlorinat@ad 3-nitrated product8Ba and
7Ba) simultaneously (Scheme 4). Moreover, a nitro grevith a bromo atom or
hydrogen atom on the benzene ring markedly dealedise selectivity of the

formation of 3 (entries 3-5). On the other hand, in these reagticime
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N-propylaziridine ring fused compound$Ba—4Fa were obtained as the major

products in moderate to good yields. These azesliwere stable whildAa easily

decomposed becaudda, activated by the electron-withdrawing nitro groafpthe

8-position, was easily attacked by nucleophiledeéd,4Fa caused no change even

though it was heated with propylamine at 60 °C f@rhours. The reaction did not

proceed in the case of 3-nitratbteQone with two electron-donating groups on the

benzene ring (entry 6). Additionally, the methylogp was not crucial for the

aziridine formation, andiHa was obtained in 61% vyield in the reaction usit

(entry 7).

Table 3Reactions of 3-nitratebleQones with2aand NCS

1) PrNH, 2a
RS N (3.0 equiv.)
THF, rt, 3 h
R’ N~ 0 2) NCS (1.2 equiv.)
R R! THF, rt, 4 h
1
RS - C R6 Ll
R NYy© R N0
R8 Rl R8 |IQ1
3a 5
Yield (%)

Entry R R° R’ R° 3a 4a 5
1 Me NG H Me B 13 21 trace
2 Me NGO H H C 13 49 7
3 Me Br H H D trace 68 0
4 Me H Br H E 0 65 0
5 Me H H H F 0 71 0
6° Me MeO MeO H G 0 0 0
7 H H H H H 0 61 0
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Scheme 4Steric repulsion betwegieri-substituents affording

Based on the aforementioned results, the sededarmation of3 and 4 was
attributed to thelectronic effects of the substituents on the beazeng. As depicted
in Scheme 3, the intermediafelikely played a very important role in this reactj
and the benzylic hydrogen atom in the 4-positiontedieined the direct
halo-amination or aziridination of thBleQone framework. AlthoughZ was not
detected during the reaction, we could indirechgracterize the electronic properties
of the 4-H on nitroquinolond and the resultant aziridingé by *H NMR analysis

(Table 4).

14



Table 4 Chemical shift of Fiof 1 and4ain *H NMR spectra

H4
6
R BN
R’ N~ ~0
RS Rl
1
R RS R R Chemical shift of i (ppm)
1 4a
Me NGO, H NO, A 9.26 4.32
Me NG, H H C 9.13 4,22
Me H H H F 8.90 4.12
Me MeO MeO H G 8.82 _
H H H H H 8.93 4.16

As described previously, more nitro groups ledower field, indicating that the
electron density at the 4-position decreased owontie nitro group on the benzene
ring through the electron-withdrawing effect, thucreasing the acidity of the
benzylic proton (Table 4f As a result, a nitrous acid is easily eliminatéd an
antiperiplanar elimination, leading to the formatiof amino-halogenated produgt
(Scheme 2, Path 1). In contrast, the hydrogen dbecomes less acidic in the
presence of weaker electron-withdrawing groups sashbromo atoms or in the
absence of electron-withdrawing groups, thus raspltin an intramolecular
substitution to form an aziridine ring (Scheme athP2).0n the other hand, when
electron-donating groups such as methoxy weredotted on the aromatic ring, the
electron density was significantly increased, thresszenting the nucleophilic addition
at the 4-position of thBleQonesystem.

Interestingly, when 1,8-dimethyl-3,5-dinitro-2igolone (1) was employed

15



under the same conditiongne-substituted produddla was obtained withoula or
4la. In this reaction, addition of a propylamirga afforded the Meisenheimer
complex; however, it was not stable due to thdacstepulsion of theeri-substituent
(Scheme 5). Therefore, proton transfer to the 3tipodikely releasing this repulsion
and facilitating the elimination of the nitrite iceccompanied by aromatization to

afford cine-substituted produ@la.

OoN OoN HN
AN PrNH, 2a
(3.0 equiv.)
_—
N™ O THF, 1t,3h
Me Me Me Me
11 8la (quant.)
_ F|>r
ONWHN_
) H
- ,
v
N O O
. Me Me Me Me

Scheme 5Reaction of 3,5-dinitroquinolon® with propylamine2a

Finally, to illustrate the synthetic utility ¢fie developed protocol, the conversion
of the resulting products into other useful syrithbtilding blocks was investigated.
Using the present method, benzylamino-brominatedpound6Af was synthesized
in 55% vield, and was subjected to Suzuki-Miyawapting®* asMeQones with an
benzylamino group and an aryl group in the vicinasitions are known
N-methyl-D-aspartate receptor antagonist8éhen 3Af and 6Af were reacted with

4-methylphenylboronic acid in the presence of dagaim catalyst, 3-arylate®d was
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successfully obtained in 27% and 66% vyields, respayg, indicating that the higher
reactivity of C-Br than C-CI bond facilitated theamsformation (Scheme 6, a).
Furthermore, imido-chlorinated produ&A is a masked form of an aminated
qguinolone, and the hydrazinolysis of the imidatedy rintroduced an unsubstituted
amino group at the 4-position (Scheme 6, b). ComgodFa underwent a
ring-opening reaction followed by rearomatizatiarthe presence of an acid, leading

to vicinally amino-nitrated MeQon#&~a in quantitative yield (Scheme 6, c).

a) Suzuki-Miyaura coupling reaction of 6Af

Ph PACI,(PPhs), Ph
(120 mol%)
(@0 equiv) o)
equiv.) O.N
+ AB(OH), ————> 2
1,4-Dioxane
(1.5 equiv.) gg °c, 22h
O2N Ar= p-MeCgH,
0,
b) Hydra2|nonS|s of imidated product 5A 9 (66%)
O%o NH,NH,*H,0
2.7 equiv.
O,N \Cl _(&7eauv) o
MeOH
N o reflux, 3 h
|
02N Me 2

10 (51%
¢) Ring opening and rearomatization of 4Fa

Hq N,
@\/1 Acid (1.2 equiv.)
I}l o MeOH, rt, 3 h

Acid = p-TsOH, HCI, BF3 « Et,0

Me
4Fa 7Fa (quant.)

Scheme 6Conversion 0BAf, 5A and4Fainto other useful building blocks
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3. Conclusion

In conclusion, an operationally simple protoéml the direct 4-amination and
3-halogenation oMeQone was developed by treatment of 3-nitraMdQones with
amines followed by addition oN-halosuccinimides under mild conditions. The
vicinally functionalizedMeQones will serve as key synthetic intermediates for a
versatile library ofMeQones, as demonstrated through the palladium-catalyzed
arylation at the 3-position. Meanwhile, we foundtthziridination occurred at the 3-
and 4-positions of th&#1eQone framework through intramolecular substitution. The
selectivity between vicinal amino-halogenation azdidination was associated with
the electronic properties of the substituents oe tienzene ring. Moreover,
imido-chlorination proceeded in some cases, leatbrgrimidated product, a masked
form of the 4-aminoquinolone. Further investigaidaocused on the ring opening of
the aziridine ring are currently in progress, andynfacilitate the efficient and

practical functionalization dfleQones.

4. Experimental
4.1. General information

The melting points were determined on SRS-Ogtidietomated Melting Point
System, and are uncorrected. All the reagents awkrs#s were commercially
available and used as received. TheNMR spectra were measured on a Bruker
Ascend-400 at 400 MHz with tetramethylsilane asnéernal standard. THEC NMR

spectra were measured on a Bruker Ascend-400 aMt80 and assignments &iC
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NMR spectra were performed by DEPT experiments. Tigh-resolution mass
spectra were measured on an AB SCIEX Triple T©#600. X-ray diffraction was
conducted on a Rigaku AFC7R diffractometer withpgiite monochromatized Mo-K
radiation. The IR spectra were recorded on a JASTAR-4200 spectrometer.

4.2. General procedure for the preparation of 3-niiated quinolones

1-Methyl-2-quinolone was prepared from quinolmemethylation with MgSOy
followed by oxidation with K[Fe(CN)] under alkaline conditions. Nitration of
1-methyl-2-quinolone with fuming HNQafforded trinitroquinolond A in 86% total
yield.#?* Other dinitroquinoloned B, 1C and 11 were also prepared in a similar way
except for using milder reaction conditions in tiation step*

Mononitrated quinolones 1D-H were successfully synthesized using
2-nitrobenzaldehyde as the starting material vigusatial reduction using Fe/H&,
condensation with ethyl nitroacet&feintramolecular cyclizatiof? and methylation
with iodomethané>

4.3. Reaction of trinitroquinolone 1A with propylamine 2a

To a solution of trinitroquinolon&A (100.0 mg, 0.34 mmol) in acetonitrile (2.5
mL), propylamine2a (102.5 mg, 1.70 mmol) was added at room temperailvihen
amine was added, yellowish solid immediately prigaipd. After stirring for 3 h, the
Meisenheimer compleX was collected by filtration as a yellow solid (108ng, 0.26
mmol, 75%)% Since this salt was not stable under ambient ciomgitto giveTNQ
and it was too hydroscopic, onfH NMR could be measured, and satisfactory

analytical data were not obtained despite sevét@nats. In théH NMR of Y using
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DMSO-ds as the solvent, the signals were considerably lemed, and the

decomposition of into TNQ and propylamina was observed in CD¢l

4.4. General procedure for amino-halogenation and zridination of the
2-quinolone framework

To a solution of 3-nitrated quinolon&g100.0 mg) in THF (1.0 mL), amir(3.0
equiv.) was added, and the resultant mixture wiagdtat room temperature for 3 h.
Then, a solution oN-halosuccinimide (1.2 equiv.) in THF (0.5 mL) waddaed, and
the resultant mixture was stirred at room tempeeator further 4 h. The solvent was
evaporated to afford a reaction mixture as a yellossidue, from which
amino-halogenated arakiridine fused quinolon&®, and4, were isolated through S;O

column chromatography (eluted with gEl,).
4.4.1. 3-Chloro-1-methyl-6,8-dinitro-4-(propylamino)-2-quinolone (3Aa)

Yellow solid (71.2 mg, 0.21 mmol, 62%R: = 0.44 (CHCI,); mp 131-133 °C;
'H NMR (CDCk, 400 MHz)5 = 1.07 (t,J = 7.2 Hz, 3H), 1.79 (tq) = 7.2, 7.2 Hz,
2H), 3.50 (s, 3H), 3.55 (df, = 6.8, 7.2 Hz, 2H), 4.86 (br s, 1H), 8.73 Jc 2.4 Hz,
1H), 8.96 (d,J = 2.4 Hz, 1H);*3C NMR (CDCE, 100 MHz)5 = 11.2 (CH), 24.8
(CH,), 35.4 (CH), 51.0 (CH), 110.2 (C), 118.9 (C), 121.8 (CH), 124.0 (CH)6 13
(C), 139.1 (C), 139.5 (C), 149.0 (C), 158.4 (C); WRcm?) 3372, 1645, 1537, 1531;
HRMS (ESI) Calcd for @H14CIN4Os [(M+H) ]: 341.0647, found 341.0647.
4.4.2. 3-Chloro-1-methyl-4-(2-methyl propylamino)-6,8-dinitro-2-quinolone (3Ab)
Yellow solid (83.5 mg, 0.24 mmol, 70%R = 0.44 (CHCL,); mp 122-123 °C*H
NMR (CDCl, 400 MHz) = 1.07 (d,J = 6.8 Hz, 6H), 1.97 (triple septe= 6.8, 6.8

Hz, 1H), 3.38 (ddJ = 6.8, 6.8 Hz, 2H), 3.50 (s, 3H), 4.89 (br s, 18Y3 (d,J = 2.4
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Hz, 1H), 8.95 (d)J = 2.4 Hz, 1H)}*C NMR (CDCE, 100 MHz)$ = 20.0 (CH), 30.5
(CH), 35.4 (CH), 56.9 (CH), 110.1 (C), 118.8 (C), 121.8 (CH), 124.1 (CH)p1B3
(C), 139.1 (C), 139.4 (C), 149.2 (C), 158.3 (C); WRcm’?) 3343, 1645, 1537, 1531;
HRMS (ESI) Calcd for @H16CIN4Os [(M+H) ]: 355.0804, found 355.0802.

4.4.3. 4-(2-Butylamino)-3-chloro-1-methyl-6,8-dinitro-2-quinol one (3Ac)

Yellow solid (58.2 mg, 0.16 mmol, 49%% = 0.51 (CHCl,); mp 153-155 °C!H
NMR (CDCk, 400 MHz)$ = 1.08 (t,J = 7.2 Hz, 3H), 1.34 (dJ = 6.4 Hz, 3H),
1.65-1.78 (m, 2H), 3.51 (s, 3H), 3.67-3.74 (m, 1446 (d,J = 10.0 Hz, 1H), 8.72
(d, J = 2.4 Hz, 1H), 8.93 (d] = 2.4 Hz, 1H);**C NMR (CDC}, 100 MHz)$ = 10.5
(CHs), 21.9 (CH), 31.6 (CH), 35.4 (CH), 57.1 (CH), 112.7 (C), 119.4 (C), 121.8
(CH), 124.0 (CH), 136.5 (C), 139.2 (C), 139.7 (8.9 (C), 158.4 (C); IR: (cm?)
3345, 1667, 1537, 1531; HRMS (ESI) Calcd fautGeCIN4Os [(M+H)']: 355.0804,
found 355.0814.

4.4.4. 3-Chloro-4-(2-hydroxyethylamino)- 1-methyl-6,8-dinitro-2-quinolone (3Ad)

Yellow solid (64.4 mg, 0.19 mmol, 56%R; = 0.35 (CHCI/MeOH = 20:1); mp
125-128 °C*H NMR (CDsCN, 400 MHz)$ = 3.40 (s, 3H), 3.71-3.74 (m, 4H), 5.59
(br s, 1H), 8.76 (dJ = 2.4 Hz, 1H), 9.06 (d] = 2.4 Hz, 1H)*C NMR (CD:CN, 100
MHz) 5 = 34.8 (CH), 49.5 (CH), 60.8 (CH), 107.9 (C), 119.3 (C), 121.8 (CH),
123.5 (CH), 136.7 (C), 138.6 (C), 139.5 (C), 14&8, 158.6 (C); IRy (cm*) 3352,
1651, 1537, 1531; HRMS (ESI) Calcd for81,CIN4Og [(M+H)*]: 343.0440, found

343.0427.
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4.4.5. 3-Chloro-1-methyl-6,8-dinitro-4-(2-propenylamino)-2-quinolone (3Ae)

Yellow solid (39.9 mg, 0.12 mmol, 35%% = 0.14 (CHCl,); mp 148-149 °C!H
NMR (CDCl, 400 MHz)5 = 3.51 (s, 3H), 4.16 (dd, = 5.3, 5.3 Hz, 2H), 4.96 (br s,
1H), 5.38 (ddJ = 0.8, 10.2 Hz, 1H), 5.49 (dd,= 0.8, 17.0 Hz, 1H), 6.03 (ddi,=
5.3, 10.2, 17.0 Hz, 1H), 8.73 (@= 2.4 Hz, 1H), 8.95 (d] = 2.4 Hz, 1H)**C NMR
(CDCl;, 100 MHz)3 = 35.5 (CH), 51.0 (CH), 111.1 (C), 118.5 (C}), 118.7 (C),
121.9 (CH), 123.9 (CH), 133.7 (CH), 136.6 (C), I39C), 139.7 (C), 148.8 (C),
158.4 (C); IR (cm?) 3360, 1651, 1537, 1531; HRMS (ESI) Calcd f@sHG,CIN4Os
[(M+H)*]: 339.0491, found 339.0500.

4.4.6. 4-(Benzylamino)-3-chloro-1-methyl-6,8-dinitro-2-quinol one (3Af)

Yellow solid (70.0 mg, 0.18 mmol, 54%% = 0.40 (CHCl,); mp 178-179 °C!H
NMR (CDCl, 400 MHz)3 = 3.50 (s, 3H), 4.73 (d} = 6.0 Hz, 2H), 5.21 () = 6.0
Hz, 1H), 7.36-7.43 (m, 5H), 8.72 (d,= 2.4 Hz, 1H), 8.99 (dJ = 2.4 Hz, 1H)*C
NMR (CDCL, 100 MHz)$ = 35.5 (CH), 52.9 (CH), 111.1 (C), 118.8 (C), 121.9
(CH), 123.9 (CH), 127.4 (CH), 128.6 (CH), 129.3 (CH36.6 (C), 137.3 (C), 139.2
(C), 139.6 (C), 148.6 (C), 158.4 (C); IR:(cm?) 3360, 1651, 1537, 1531; HRMS
(ESI) Calcd for GiH14CIN4Os[(M+H) *]: 389.0647, found 389.0643.

4.4.7. 3-Chloro-1-methyl-6,8-dinitr o-4-piperidino-2-quinolone (3AQg)

Yellow solid (59.8 mg, 0.16 mmol, 48%% = 0.40 (CHCl,); mp 181-183 °C!H
NMR (CDCl, 400 MHz)$ = 1.78-1.85 (m, 6H), 3.2-3.4 (m, 4H), 3.50 (s, 38{y1
(d, J = 2.4 Hz, 1H), 9.07 (d] = 2.4 Hz, 1H);**C NMR (CDC}, 100 MHz)$ = 23.9

(CH,), 26.5 (CH), 35.8 (CH), 52.1 (CH), 121.5 (C), 121.8 (CH), 124.0 (C), 124.4

22



(CH), 136.4 (C), 139.1 (C), 140.4 (C), 152.1 (®0D (C); IR:v (cm?) 1651, 1537,
1531; HRMS (ESI) Calcd for H:1sCINJNaQ; [(M+Na)']: 389.0623, found
389.06009.

4.4.8. 3-Chloro-1-methyl-4-mor pholino-6,8-dinitro-2-quinolone (3Ah)

Yellow solid (76.9 mg, 0.21 mmol, 62%% = 0.09 (CHCl,); mp 248-250 °C!H
NMR (DMSO-ds, 400 MHz)$ = 3.35-3.37 (m, 7H), 3.85 (1,= 4.4 Hz, 4H), 8.94 (d,
J = 2.4 Hz, 1H), 8.98 (d] = 2.4 Hz, 1H);**C NMR (DMSO+s, 100 MHz)5 = 35.7
(CHs), 50.1 (CH), 66.7 (CH), 120.7 (C), 122.4 (CH), 122.8 (C), 124.2 (CH)6 13
(C), 138.7 (C), 140.2 (C), 150.7 (C), 159.4 (C); R(cn?) 1651, 1537, 1531;
HRMS (ESI) Calcd for @H13CINsNaGs [(M+Na)']: 391.0416, found 391.0422.
4.4.9. 3-Chloro-1-methyl-6,8-dinitr o-4-phenylamino-2-quinol one (3Ai)

Yellow solid (68.5 mg, 0.18 mmol, 54%% = 0.24 (CHCl,); mp 199-201 °C!H
NMR (CDCk, 400 MHz)$ = 3.56 (s, 3H), 6.72 (br s, 1H), 6.99 (d= 7.6 Hz, 2H),
7.20 (t,J = 7.6 Hz, 1H), 7.35 (dd] = 7.6, 7.6 Hz, 2H), 8.58 (d,= 2.4 Hz, 1H), 8.63
(d, J = 2.4 Hz, 1H);*3C NMR (CDCk, 100 MHz)5 = 35.7 (CH), 114.9 (C), 118.6
(C), 121.6 (CH), 121.7 (CH), 125.1 (CH), 125.5 (C#30.1 (CH), 136.5 (C), 139.3
(C), 139.6 (C), 141.1 (C), 144.1 (C), 158.6 (C); WRcm’) 3341, 1651, 1537, 1531;
HRMS (ESI) Calcd for @H1:CINsNaG; [(M+Na)']: 397.0310, found 397.0314.
4.4.10. 4-(4-Butyl phenylamino)-3-chl or o-1-methyl-6,8-dinitro-2-quinolone (3Aj)
Yellow solid (58.9 mg, 0.14 mmol, 41%% = 0.50 (CHCl,); mp 109-110 °C!H
NMR (CDCk, 400 MHz)5 = 0.92 (t,J = 7.6 Hz, 3H), 1.33 (tq] = 7.6, 7.6 Hz, 2H),

1.58 (tt,J = 7.6, 7.6 Hz, 2H), 2.60 (§,= 7.6 Hz, 3H), 3.55 (s, 3H), 6.72 (s, 1H), 6.93
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(d, J = 8.0 Hz, 2H), 7.15 (d] = 8.0 Hz, 2H), 8.57 (d] = 2.8 Hz, 1H), 8.61 (d] = 2.8
Hz, 1H); 3C NMR (CDCE, 100 MHz)5 = 13.9 (CH), 22.1 (CH), 33.4 (CH), 35.0
(CH,), 35.7 (CH), 113.6 (C), 118.4 (C), 121.6 (CH), 122.3 (CH)5R(CH), 130.1
(CH), 136.6 (C), 138.6 (C), 139.2 (C), 139.4 (G)0D (C), 144.5 (C), 158.6 (C); IR:
v (cm?) 3352, 1667, 1537, 1531; HRMS (ESI) Calcd fapHBoCINOs [(M+H)]:
431.1117, found 431.1115.

4.4.11. 3-Chloro-4-(4-methoxyphenylamino)-1-methyl-6,8-dinitro-2-quinolone (3AK)
Yellow solid (50.7 mg, 0.13 mmol, 37%% = 0.36 (CHCl,); mp 100-102 °CH
NMR (CDClL, 400 MHz)$ = 3.54 (s, 3H), 3.81 (s, 3H), 6.69 (s, 1H), 6.88)(= 8.8
Hz, 2H), 7.00 (d,) = 8.8 Hz, 2H), 8.59 (d] = 2.8 Hz, 1H), 8.61 (d] = 2.8 Hz, 1H);
%C NMR (CDCE, 100 MHz)$ = 35.7 (CH), 55.6 (CH), 112.7 (C), 115.4 (CH),
118.3 (C), 121.6 (CH), 124.5 (CH), 125.2 (CH), B%C), 136.7 (C), 139.2 (C),
139.3 (C), 144.8 (C), 158.0 (C), 158.5 (C); WR{cm?) 3354, 1651, 1537, 1531;
HRMS (ESI) Calcd for GH14CIN4Os [(M+H) ]: 405.0596, found 405.0604.

4.4.12. 3-Chloro-4-(4-iodophenylamino)-1-methyl-6,8-dinitro-2-quinolone (3Al)

Yellow solid (104.7 mg, 0.21 mmol, 62%% = 0.39 (CHCl,); mp 135-137°CH
NMR (CDCk, 400 MHz)$ = 3.57 (s, 3H), 6.56 (s, 1H), 6.71 (t= 8.4 Hz, 2H), 7.63
(d, J = 8.4 Hz, 2H), 8.59 (dJ = 2.4 Hz, 1H), 8.66 (dJ = 2.4 Hz, 1H);**C NMR
(CDCls, 100 MHz)$ = 35.8 (CH), 88.4 (C), 116.7 (C), 118.8 (C), 121.9 (CH), B2.
(CH), 124.7 (CH), 136.3 (C), 139.0 (CH), 139.4 (€39.9 (C), 141.1 (C), 143.4 (C),
158.5 (C); IR:v (cm?) 3306, 1651, 1537, 1531; HRMS (ESI) Calcd for

C16H10CIINsNaGs [(M+Na)]: 522.9277, found 522.9259.
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4.4.13. 3-Chloro-1,8-dimethyl-6-nitro-4-(propylamino)-2-quinolone (3Ba)

Yellow solid (15.1 mg, 0.05 mmol, 13%§ = 0.27 (CHCl,); mp 156-158 °CH
NMR (CDCk, 400 MHz)5 = 1.04 (t,J = 7.2 Hz, 3H), 1.74 (tq] = 7.2, 7.2 Hz, 2H),
2.76 (s, 3H), 3.41 (] = 7.2 Hz, 2H), 3.81 (s, 3H), 4.67 (br s, 1H), 8(d8] = 2.4 Hz,
1H), 8.62 (d,J = 2.4 Hz, 1H);*3C NMR (CDCE, 100 MHz)5 = 11.2 (CH), 24.1
(CHs), 24.8 (CH), 38.0 (CH), 50.9 (CH), 109.3 (C), 117.5 (C), 119.4 (CH), 127.2
(C), 128.5 (CH), 141.4 (C), 144.4 (C), 150.1 (@05 (C); IR:v (cm?) 3372, 1651,
1599, 1574; HRMS (ESI) Calcd for,,¢CINsNaO; [(M+Na)']: 332.0772, found
332.0768.

4.4.14. 3-Chloro-1-methyl-6-nitro-4-(propylamino)-2-quinolone (3Ca)

Yellow solid (15.3 mg, 0.05 mmol, 13%% = 0.18 (CHCl,); mp 217-219 °C!H
NMR (CDCk, 400 MHz)5 = 1.06 (t,J = 7.2 Hz, 3H), 1.76 (tq] = 7.2, 7.2 Hz, 2H),
3.58 (dt,J = 6.0, 7.2 Hz, 2H), 3.79 (s, 3H), 4.76 (br s, 1A%6 (d,J = 9.6 Hz, 1H),
8.39 (dd,J = 2.4, 9.6 Hz, 1H), 8.84 (d,= 2.4 Hz, 1H)*C NMR (CDC}, 100 MHz)
§=11.2 (CH), 24.8 (CH), 31.0 (CH), 50.8 (CH), 109.3 (C), 115.3 (C), 115.4 (CH),
121.6 (CH), 125.0 (CH), 141.5 (C), 142.5 (C), 14&%, 158.3 (C); IRy (cm’®) 3337,
1643, 1557, 1550; HRMS (ESI) Calcd forsB1sCINOs [(M+H)']: 296.0797 found
296.0806.

4.4.15. 1a,2,3,7b-Tetrahydro-3-methyl-1a,4,6-trinitro-2-oxo-1-propyl-1H-azirino
[2,3-c] quinoline (4Aa)

Yellow oil (17.6 mg, 0.05 mmol, 15%) = 0.67 (CHCL,); '"H NMR (CDCk, 400

MHz) & = 0.93 (t,J = 7.2 Hz, 3H), 1.56 (ddd), = 7.2, 7.2, 7.2 Hz, 2H), 2.11 (dt=
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6.8, 7.2 Hz, 1H), 2.33 (df,= 6.8, 7.2 Hz, 1H), 3.39 (s, 3H), 4.32 (s, 1H583(d,J =
2.8 Hz, 1H), 8.68 (dJ = 2.8 Hz, 1H);"*C NMR (DMSOds, 100 MHz)5 = 11.2
(CHs), 21.9 (CH), 35.4 (CH), 46.8 (CH), 47.4 (Ch), 77.7 (C), 119.8 (C), 122.7
(CH), 129.1 (CH), 136.9 (C), 139.2 (C), 141.8 (1§0.1 (C); IR (cm) 1694, 1543,
1537; HRMS (ESI) Calcd for 8H12NsO7 [(M-H) 1: 350.0742, found 350.0759.
4.4.16. la,2,3,7b-Tetrahydro-3,4-dimethyl-1a,6-dinitro-2-oxo-1-propyl-1H-
azirino[ 2,3-c] quinoline (4Ba)

Pale yellow solid (24.4 mg, 0.08 mmol, 21%);= 0.61 (CHCI,); mp 159-160 °C;
H NMR (DMSO-ds, 400 MHz)5 = 0.84 (t,J = 7.2 Hz, 3H), 1.43 (ddgl = 7.2, 7.2,
7.2 Hz, 2H), 1.95 (d) = 5.6, 7.2 Hz, 1H), 2.31 (di,= 5.6, 7.2 Hz, 1H), 2.67 (s, 3H),
3.58 (s, 3H), 4.77 (s, 1H), 8.26 (= 2.8 Hz, 1H), 8.42 (d] = 2.8 Hz, 1H)*C NMR
(DMSO-ds, 100 MHz)§ = 11.3 (CH), 22.0 (CH), 22.7 (CH), 37.3 (CH), 47.2
(CH,), 47.3 (CH), 77.9 (C), 117.4 (C), 124.0 (CH), 12€C), 129.5 (CH), 142.8 (C),
144.2 (C), 161.1 (C); IRy (cm?) 1682, 1562, 1524; HRMS (ESI) Calcd for
C14H16NsNaGs[(M+Na)*]: 343.1013, found 343.1014.

4.4.17. 1a,2,3,7b-Tetrahydro-3-methyl-1a,6-dinitro-2-oxo-1-propyl-1H-azirino

[2,3-c] quinoline (4Ca)

Pale yellow solid (60.2 mg, 0.20 mmol, 49%);= 0.60 (CHCI,); mp 144-145 °C;
H NMR (CDCh, 400 MHz)$ = 0.90 (t,J = 7.2 Hz, 3H), 1.55 (ddg) = 6.8, 6.8, 7.2
Hz, 2H), 2.02 (dt] = 5.2, 6.8 Hz, 1H), 2.30 (df, = 5.2, 6.8 Hz, 1H), 3.62 (s, 3H),
4.22 (s, 1H), 7.33 (d] = 9.2 Hz, 1H), 8.39 (dd] = 2.4, 9.2 Hz, 1H), 8.43 (d,= 2.4

Hz, 1H); 3C NMR (DMSOds, 100 MHz)5 = 11.3 (CH), 21.9 (CH), 30.4 (CH),
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46.5 (CH), 46.9 (Ch), 78.2 (C), 115.4 (C), 117.0 (CH), 125.8 (CH), B26CH),
142.7 (C), 142.8 (C), 158.7 (C); IR:(cm?) 1682, 1562, 1526; HRMS (ESI) Calcd
for C13H14N4NaQs [(M+Na)']: 329.0856, found 329.0855.

4.4.18. 6-Bromo-1a,2,3,7b-tetrahydro-3-methyl-1a-nitro-2-oxo-1-propyl-1H-
azirino[ 2,3-c] quinoline (4Da)

White solid (81.2 mg, 0.24 mmol, 68%% = 0.69 (CHCl,); mp 171-172 °C*H
NMR (CDCl, 400 MHz)$ = 0.89 (t,J = 7.2 Hz, 3H), 1.54 (ddd,= 7.2, 7.2, 7.2 Hz,
2H), 2.00 (dtJ = 5.2, 7.2 Hz, 1H), 2.28 (d,= 5.2, 7.2 Hz, 1H), 3.53 (s, 3H), 4.05 (s,
1H), 7.05 (dJ = 8.8 Hz, 1H), 7.60-7.63 (m, 2H)®C NMR (CDC}, 100 MHz)$ =
11.5 (CH), 22.4 (CH), 29.9 (CH), 47.4 (CH), 47.7 (Ch), 77.8 (C), 116.5 (CH),
116.6 (C), 116.9 (C), 133.3 (CH), 133.6 (CH), 13(C3, 158.4 (C); IRv (cm’™) 1667,
1562, 1557; HRMS (ESI) Calcd for16H13BrNsO3 [(M-H) ]: 338.0146, found
338.0160.

4.4.19. 5-Bromo-1a,2,3,7b-tetrahydro-3-methyl-1a-nitro-2-oxo-1-propyl-1H-
azirino[ 2,3-c] quinoline (4Ea)

Pale yellow solid (77.6 mg, 0.23 mmol, 65%);= 0.73 (CHCI,); mp 120-122 °C;
'H NMR (CDCh, 400 MHz)$ = 0.88 (t,J = 7.2 Hz, 3H), 1.52 (ddg} = 7.2, 7.2, 7.2
Hz, 2H), 1.96 (dt] = 5.2, 7.2 Hz, 1H), 2.30 (df, = 5.2, 7.2 Hz, 1H), 3.53 (s, 3H),
4.08 (s, 1H), 7.32-7.37 (m, 3H)C NMR (CDCk, 100 MHz)$ = 11.5 (CH), 22.4
(CH,), 29.9 (CH), 47.6 (CH), 47.7 (CH), 77.8 (C), 113.5 (C), 118.1 (CH), B(C),
127.0 (CH), 132.0 (CH), 139.3 (C), 158.6 (C); iRcni?) 1678, 1597, 1562; HRMS

(ESI) Calcd for GgH13BrNzOs [(M-H) ]: 338.0146, found 338.0159.
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4.4.20. 1a,2,3,7b-Tetrahydro-3-methyl-1a-nitro-2-oxo-1-propyl-1H-azirino[ 2,3-c]
quinoline (4Fa)

Pale yellow solid (89.8 mg, 0.34 mmol, 71%);= 0.55 (CHCI,); mp 98-100 °C;

'H NMR (CDCh, 400 MHz)$ = 0.86 (t,J = 7.2 Hz, 3H), 1.52 (ddg} = 7.2, 7.2, 7.2
Hz, 2H), 1.95 (dt] = 5.2, 7.2 Hz, 1H), 2.31 (df, = 5.2, 7.2 Hz, 1H), 3.55 (s, 3H),
4.12 (s, 1H), 7.18 (dl = 8.4 Hz, 1H), 7.26 (d] = 8.4 Hz, 1H), 7.50-7.54 (m, 2H)'C
NMR (CDCh, 100 MHz)$ = 11.5 (CH), 22.4 (CH), 29.8 (CH), 47.5 (CH), 48.2
(CH), 78.2 (C), 114.5 (C), 114.8 (CH), 124.1 (CH30.7 (CH), 130.8 (CH), 138.1
(C), 158.7 (C); IRy (cm}) 1668, 1562, 1557; HRMS (ESI) Calcd for:8:sNsNaO;
[(M+Na)*]: 284.1006, found 284.1012.

4.4.21. 1a,2,3,7b-Tetrahydro-1a-nitro-2-oxo-1-propyl-1H-azirino[ 2,3-c] quinoline
(4Ha)

Yellow solid (78.1 mg, 0.32 mmol, 61% = 0.18 (CHCl,); mp 122-123 °C!H
NMR (CDCl, 400 MHz)$ = 0.89 (t,J = 7.2 Hz, 3H), 1.56 (ddd,= 7.2, 7.2, 7.2 Hz,
2H), 2.08 (dtJ = 5.2, 7.2 Hz, 1H), 2.44 (di,= 5.2, 7.2 Hz, 1H), 4.16 (s, 1H), 7.07 (d,
J=7.6 Hz, 1H), 7.22 (dd} = 7.6, 7.6 Hz, 1H), 7.44 (dd,= 7.6, 7.6 Hz, 1H), 7.49 (d,
J = 7.6 Hz, 1H);®®*C NMR (CDCE, 100 MHz)5 = 11.5 (CH), 22.4 (CH), 47.6
(CH,), 49.1 (CH), 77.9 (C), 113.6 (C), 116.3 (CH), T24CH), 130.2 (CH), 130.7
(CH), 135.4 (C), 160.3 (C); IRt (cm?) 1681, 1562, 1557; HRMS (ESI) Calcd for
C12H13N3NaO;[(M+Na)*]: 270.0849, found 270.0843.

4.4.22. 3-Chloro-1-methyl-6,8-dinitro-4-(2,5-dioxopyrrolidino)-2-quinolone

(5A)
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Yellow solid (61.2 mg, 0.16 mmol, 48%% = 0.10 (CHCL,); mp 294-297 °CH
NMR (DMSO-ds, 400 MHz)5 = 3.05-3.23 (m, 4H), 3.52 (s, 3H), 8.98 &= 2.4
Hz, 1H), 9.04 (dJ = 2.4 Hz, 1H)}*C NMR (DMSO+s, 100 MHz)$ = 29.6 (CH),
36.4 (CH), 120.2 (C), 123.4 (CH), 124.1 (CH), 128.9 (C)583(C), 137.3 (C),
139.0 (C), 141.3 (C), 157.8 (C), 175.3 (C); RR(cm™) 1682, 1537, 153HRMS
(ESI) Calcd for G4H1oCIN4O, [(M+H)*]: 381.0233, found 381.0238.

4.4.23. 3-Chloro-1-methyl-6,8-dinitro-4-(2,5-dioxopyrrolidino)-2-quinolone
(5C)

Yellow powder (8.9 mg, 0.03 mmol, 7%3 = 0.48 (CHCI,/MeOH = 20/1); mp
283-285 °CH NMR (DMSO-ds, 400 MHz) = 2.98-3.19 (m, 4H), 3.83 (s, 3H),
7.92 (d,J= 9.2 Hz, 1H), 8.50 (dd] = 2.8, 9.2 Hz, 1H), 8.64 (d,= 2.8 Hz, 1H)*C
NMR (DMSO-ds, 100 MHz)$ = 29.5 (CH), 31.8 (CH), 116.8 (C), 117.4 (CH),
120.7 (CH), 126.2 (CH), 127.7 (C), 137.4 (C), 14(CY, 142.7 (C), 157.0 (C), 175.4
(C); IR:v (cm-1) 1651, 1537, 1520; HRMS (ESI) Calcd fauti:CINsOs [(M+H) *T:
336.0382, found 336.0387.

4.4.24. 3-Bromo-1-methyl-6,8-dinitro-4-(propylamino)-2-quinol one (6Aa)

Yellow solid (81.8 mg, 0.21 mmol, 63%} = 0.35 (ethyl acetate/hexane = 1/2); mp
213-215 °C;*H NMR (CDCk, 400 MHz)$ = 1.06 (t,J = 7.2 Hz, 3H), 1.66 (tq] =
7.2, 7.2 Hz, 2H), 3.49-3.53 (m, 5H), 4.89 (br s),1873 (d,J = 2.4 Hz, 1H), 8.96 (d,
J = 2.4 Hz, 1H);™®*C NMR (CDCE, 400 MHz)5 = 11.2 (CH), 24.8 (CH), 35.7

(CHg), 51.5 (CH), 103.0 (C), 118.6 (C), 122.0 (CH), 124.3 (CH)723(C), 139.1
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(C), 139.4 (C), 151.3 (C), 158.5 (C); IR:(cm?) 3374, 1651, 1537, 1531; HRMS
(ESI) Calcd for GzH12BrN4Os [(M-H) ]: 382.9997, found 383.0007.

4.4.25. 4-(Benzylamino)-3-bromo-1-methyl-6,8-dinitro-2-quinolone (6Af)

Yellow solid (79.8 mg, 0.19 mmol, 55% = 0.45 (CHCl,); mp 134-136 °C!H
NMR (CDCk, 400 MHz)3 = 3.51 (s, 3H), 4.69 (dl = 6.4 Hz, 2H), 5.26 () = 6.4
Hz, 1H), 7.34-7.44 (m, 5H), 8.73 (d,= 2.4 Hz, 1H), 8.99 (dJ = 2.4 Hz, 1H)*C
NMR (CDCL, 100 MHz)$ = 35.8 (CH), 53.2 (CH), 104.1 (C), 118.6 (C), 122.0
(CH), 124.2 (CH), 127.4 (CH), 128.6 (CH), 129.3 (CH#37.1 (C), 137.2 (C), 139.1
(C), 139.5 (C), 150.9 (C), 158.5 (C); IR:(cm?) 3352, 1651, 1537, 1531; HRMS
(ESI) Calcd for GiH14BrN4Os [(M+H)™]: 433.0142, found 433.0160.

4.4.26. 1-Methyl-3,6,8-trinitro-4-(propylamino)-2-quinolone (7Aa)

Yellow solid (73.0 mg, 0.21 mmol, 62%% = 0.10 (CHCl,); mp 184-187 °C!H
NMR (CDCk, 400 MHz)5 = 1.07 (t,J = 7.2 Hz, 3H), 1.85 (tq] = 7.2, 7.2 Hz, 2H),
3.43 (s, 3H), 3.56 (d] = 6.8, 7.2 Hz, 2H), 7.69 (br s, 1H), 8.81 Jc& 2.4 Hz, 1H),
9.04 (d,J = 2.4 Hz, 1H);**C NMR (CDCE, 100 MHz)$ = 11.1 (CH), 23.8 (CH),
35.0 (CH), 48.9 (CH), 117.9 (C), 122.7 (C), 124.0 (CH), 124.5 (CH)813(C),
139.3 (C), 139.6 (C), 146.2 (C), 156.2 (C); WR{cm?) 3343, 1651, 1537, 1531;
HRMS (ESI) Calcd for gH14NsO7 [(M+H)*]: 352.0888, found 352.0904.

4.4.27. 1,8-Dimethyl-3,6-dinitro-4-(propylamino)-2-quinolone (7Ba)

Yellow solid (25.2 mg, 0.08 mmol, 21%% = 0.17 (CHCl,); mp 208-210 °C!H
NMR (CDCk, 400 MHz)$ = 1.07 (t,J = 7.2 Hz, 3H), 1.84 (tq] = 7.2, 7.2 Hz, 2H),

2.72 (s, 3H), 3.61 (di] = 5.2, 7.2 Hz, 2H), 3.70 (s, 3H), 8.06 (br s, 1817 (d,J =
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2.4 Hz, 1H), 8.67 (dJ = 2.4 Hz, 1H);"*C NMR (CDC}, 100 MHz)§ = 11.2 (CH),
23.7 (CH), 23.9 (CH), 37.6 (CH), 49.2 (CH), 116.3 (C), 119.8 (CH), 121.9 (C),
128.4 (C), 130.7 (CH), 141.6 (C), 145.9 (C), 14@), 158.1 (C); IRv (cni') 3331,
1643, 1524, 1518; HRMS (ESI) Calcd forB:eNJ,NaGs [(M+Na)]: 343.1013,

found 343.1022.
4.5.cine-Substitution of 1,8-dimethyl-3,5-dinitro-2-quinolone (1I)

To a solution ofll (70.0 mg, 0.27 mmol) in THF (1.0 mL) was added
propylamine2a (47.2 mg, 0.80 mmol), and the resultant mixture wtrred at room
temperature for 3 h. Then, the solvent was evapdrtat afford a reaction mixtugda
as a yellow solid (75.5 mg, 0.27 mmol, quar®;)z= 0.27 (CHCI,); *H NMR (CDCk,
400 MHz)$ = 0.97 (t,J = 7.2 Hz, 3H), 1.67 (tq) = 7.2, 7.2 Hz, 2H), 2.59 (s, 3H),
3.41 (dt,J = 5.6, 7.2 Hz, 2H), 3.77 (s, 3H), 6.60 (= 9.6 Hz, 1H), 7.82 (br s, 1H),
7.96 (d,J = 9.6 Hz, 1H), 8.04 (s, 1H}*C NMR (CDCE, 100 MHz)5 = 11.3 (CH),
23.2 (CH), 24.9 (CH), 36.9 (CH), 54.0 (CH), 113.7 (C), 117.0 (C), 117.9 (CH),
131.0 (CH), 131.1 (C), 136.6 (CH), 146.0 (C), 14@D, 163.9 (C); IRy (cm™) 3300,
1651, 1580, 1574; HRMS (ESI) Calcd for4B1gN305 [(M+H)*]: 276.1343, found
276.1339.

4.6. Suzuki-Miyaura coupling reaction of benzylamio-brominated 6Af

To a solution oBAf (63.0 mg, 0.15 mmol) in 1,4-dioxane (2.0 mL), wadzled
p-MeCsH4B(OH), (29.7 mg, 0.22 mmol), Pd(PE$CI, (10.2 mg, 0.01 mmol) and
K2CO; (40.3 mg, 0.29 mmol). Then, the resultant mixtwas heated at 80 °C for
22 h. After the mixture was filtrated, the solvevds evaporated to afford a reaction
mixture as a yellow residue, from which arylatedduct9 was isolated by Si©

column chromatography (eluted with ethyl acetatedhe = 1/5) as a yellow solid
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(42.4 mg, 0.20 mmol, 66%WR:= 0.29 (ethyl acetate/hexane = 1/5); mp 143-145 °C;
H NMR (CDCh, 400 MHz)$ = 2.38 (s, 3H), 3.46 (s, 3H), 4.22 (U= 6.4 Hz, 2H),
4.57 (t,J = 6.4 Hz, 1H), 7.10-7.13 (m, 4H), 7.23 (= 7.6 Hz, 2H), 7.31-7.32 (m,
3H), 8.72 (dJ = 2.4 Hz, 1H), 8.92 (d] = 2.4 Hz, 1H)*C NMR (CDC}, 100 MHz)
§ = 20.3 (CH), 33.8 (CH), 51.9 (CH), 116.8 (C), 119.4 (C), 120.7 (CH), 122.4
(CH), 126.5 (CH), 127.1 (CH), 128.0 (CH), 128.5,(C38.7 (CH), 129.1 (CH), 136.5
(C), 137.0 (C), 137.5 (C), 137.8 (C), 138.3 (C)7B4(C), 161.4 (C); IRy (cm?)
3352, 1651, 1537, 1531; HRMS (ESI) Calcd forHG3iN4Os [(M+H)']: 445.1507,
found 445.1505.
4.7. Hydrazinolysis of 5A

To a solution of5A (50.0 mg, 0.13 mmol) in MeOH (2.0 mL), NNH>*H,0
(17.8 mg, 0.36 mmol) was added, and the resultaxtune was heated at 70 °C for 3
h. Then, the solvent was evaporated to afford aticea mixture as a yellow solid.
After the solid was washed by water (5 mL x 1),ireoquinolonel0O was isolated
through filtration as a yellow solid (20.0 mg, 0.0Wmol, 51%); R = 0.36
(CH,Cl,/MeOH = 10/1); mp > 300 °CtH NMR (DMSO-ds, 400 MHz)$ = 3.29 (s,
3H), 7.54 (br s, 2H), 8.89 (d, = 2.0 Hz, 1H), 9.35 (dJ = 2.0 Hz, 1H);"*C NMR
(DMSO-ds, 400 MHz)5 = 35.1 (CH), 99.8 (C), 117.2 (C), 122.5 (CH), 123.2 (CH),
136.5 (C), 138.5 (C), 139.7 (C), 147.1 (C), 15&% (R: v (cm?) 1651, 1537, 1531;

HRMS (ESI) Calcd for @HgCIN4Os [(M+H) ]: 299.0178, found 299.0172.
4.8. Acid-catalyzed ring-opening of aziridine ring

To a solution of4Fa (38.5 mg, 0.15 mmol) in MeOH (0.5 mL), acid
(p-TsOHsHO or 1 N HCI aqg. or B#Et,O, 0.18 mmol, 1.2 equiv.) was added, and
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the resultant mixture was stirred at room tempeeator 3 h. Then, the solvent was
evaporated to afford a mixture as a yellow residirem which vicinally
amino-nitrated productFa was isolated by SiOcolumn chromatography (eluted
with CH,Cl,) as a yellow solid (38.5 mg, 0.15 mmol, quan®)= 0.60 (CHCI,);
mp 121-122 °C*H NMR (CDCk, 400 MHz)s = 1.00 (t,J = 7.2 Hz, 3H), 1.69 (tq]

= 7.2, 7.2 Hz, 2H), 3.11 (dff = 5.6, 7.2 Hz, 2H), 3.80 (s, 3H), 6.09 (br s, 1H),
7.27-7.30 (m, 1H), 7.33-7.40 (m, 2H), 7.48 (dds 0.8, 8.0 Hz, 1H)!*C NMR
(CDCls, 100 MHz)3 = 11.3 (CH), 23.2 (CH), 31.1 (CH), 45.0 (CH), 114.3 (CH),
115.5 (C), 120.3 (CH), 124.1 (CH), 126.4 (CH), 228C), 129.6 (C), 131.2 (C),
158.9 (C); IR (cm™) 3312, 1651, 1574, 1557; HRMS (ESI) Calcd fagHGeN3Os

[(M+H)"]: 262.1186, found 262.1195.

Supplementary data

Control experimentscharacterization data including copies #f and *C NMR
spectra; cif files of X-ray single crystal struaurThis material is available free of

charge via the Internet at http://dx.doi.org.
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