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Abstract: The halogenation of pyridinium N-(benzoazynyl) aminides with N-
halosuccinimides provides a mild and regioselectivethod to functionalize the negatively
charged diazine moiety in most cases. In some ebemmipowever, formation of other products
is explained. Finally, alkylation of the exocycliitrogen and reduction of the N-N bond
provides a simple and straightforward strategylitaim functionalizedN-benzyl-benzoazynyl-
a-amines.

1. Introduction

Substituted benzoazines and benzodiazines, suchuemline, isoquinoline, quinazoline,
quinoxaline and phtalazine compounds, are presematural bioactive compounds but they are
also privileged scaffolds in drugs with varied usBespite the importance of these structural
units, efficient synthetic methods are limited dhe development of more direct, efficient and
economical approaches for their synthesis wouldideome?

Among the quinoline and quinoxaline derivativeseleped to date, 2-aminoquinolihand 2-
aminoquinoxaling are interesting moieties due to the biologicalivitis shown by their
derivatives. C-3-substituted 2-aminoquinolines héadeaen identified as beta-site amyloid
precursor protein cleaving enzyme 1 (BACE 1) irtlitsi for Alzheimer’s disease therapeufics.
In addition, 2-aminoquinoxalines have been usedh# construction of complex drug-like
scaffolds in multicomponent reactiohsTherefore, the synthesis of derivatives of these
heterocyclic amines continues to be a topic ofrastetoday.

Pyridinium N-pyridin- or pyrazin-2-yl aminided (Figure 1) and related products have been
studied by our group as building blocks in the bgsts of heterocyclic derivativ$iowever,
compounds that contain benzoazynyl groups as glidkilizers have not been studied, except
for two isolated cas€sAs a continuation of our research, we became istedein studying the
reactivity of these betaines containing a benz@aairdiazine moiety (Figure 1).
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Figure 1

In the present paper, we report the results oldainea halogenation study (bromination and
chlorination) on aminidesla—g (Figure 1). Depending on the starting aminide ahd t
halogenating agent, compounds with different stmgs were obtained. Some of the
halogenated aminides were used in the synthesibeotorrespondingN-benzyl-(quinolin-2-
yl)amines and\-benzyl-(quinoxalin-2-yl)amines in order to demaast the efficiency of the
method.

2. Results and discussion

2.1 Synthesis of starting pyridinium N-heteroarylamesd

Compoundsl are stable heterocyclic betaines that can be eabtlgined (Table 1) by a one-
step procedure, starting fronN-aminopyridinium iodide and the corresponding
chloroheterocycle, using the previously describethod (Scheme 1.
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Scheme 1:Synthesis of pyridiniunN-heteroarylaminide$

Table 1 Yields for compound&
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As a consequence of the delocalization of the génonegative charge over the benzoazine ring,
aminides1 are expected to react readily with electrophilesch as halogens, to generate
substituted aminide¥.

2.2 Treatment of aminides 1 with N-halosuccinimides

Monohalogenation of aminidek (Het = pyridine or pyrazine) is a regioselectivegess that
takes place at the 5-position when the NXS is addeeB0 °C. At room temperature, however,
dihalogenation occurs at the 3- and 5-positiorth@heterocyclé*

2.2.1 Halogenation of pyridinium N-quinolin-2-ylaminide

As expected, different brominated aminides weraiobd whenla was treated with different
amounts of NBS. Monobrominated compour2dsand 3a were isolated whefia was treated
with 1.1 equivalents of NBS at low temperature (2€0. This process yieldezh as the main
product with high regioselectivityséein scheme 2, yields in isolated pure products)e Th
dibrominated producta was obtained wheha was treated with 2.2 equivalents of NBS at the
same temperature and, in this case, only trackgedfibrominated compourgh were detected.
When the process was carried out at room temperatlecomposition of the products took
place, and only traces dh were observed. Similar decomposition occurred wthenNBS1a
ratio was increased to 4:1. In this case, only amumgd5a was again detected in trace amounts
(Scheme 2).

Treatment of aminidda with NCS (1.1 equivalents) at low temperature dat wield any
halogenated ylide. Surprisingly, azocompoéadvas the only isolated product in this case. The
same result, albeit with a higher yield, was ol#diron using a large excess of NCS (4
equivalents) at room temperature (Scheme 2).
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Scheme 2Reaction of aminiddawith NBS and NCS
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Scheme 3Halogenation oflawith NBS

The possible intermediates through which the pmoesurs are shown in Scheme 3. Treatment
of 1la with NBS provided the C-6 substituted derivatR& as the main product, which was
formed via intermediat@a, while 3a, with a substituent in the C-8 position of the rmpline
moiety, is always a minor product. The produifg with the substituent in the C-3 position,
was not detected in any case. The use of excess(RRBSequivalents) led to substitution in
positions C-6 and C-8 and only traces of the tgtitited compoun&awere detected. When a
larger excess of NBS was used (four equivalently) @mwas detected, again in trace amounts.

The 2-aminoquinoline system with a bromo-substiturthe C-6 position has previously been
described by Gester et &#.with a tricyclic system bearing a 2-aminoquinolimeiety. This
compound was prepared using bromine in conjuncith higher temperatures, and lower
yields were obtained.

On using NCS (Scheme 2), N-chlorination appeatsetéavoured over C-chlorination, since the
main product can be explained as being the refaltdimerization process initiated by aminide
N-chlorination oflafollowed by a nucleophilic attack of other aminiielecule. This situation
is consistent with a literature preced&hEinally, elimination of NCS and pyridine yielded
compoundsa (Scheme 4).
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Scheme 4Proposed mechanism for the reactiodafvith NCS
2.2.2 Halogenation of pyridinium N-quinoxalin-2-ylaminglgb—dand2b
The results of halogenation of aminidds-d and2b, are summarized in Schemes 5, 6 and 7.

Treatment of aminidéb (Scheme 5) with 1.1 equivalents of NXS at low tenapure (—40 °C)
gave a mixture of the monohalogenated regioisoraérthe C-6 and C-8 positions of the
quinoxaline ring (compound&b, 1c and 3). Monobromination took place with a higher
regioselectivity for position C-6 and compourtsand3b were separated. However, different
behaviour was observed with monochlorination, whitxe ratio of the mixturelc: 3c was
determined by NMR spectroscopy (Scheme 5). Whenolmamination was carried out at —78
°C, in an effort to improve regioselectivity, siarilresults were obtained. On the other hand, a
1:1 mixture of2b:3b was obtained on carrying out the monobrominatiénlio at room
temperature.

Dihalogenation of compoundlb by using 2.2 equivalents of the corresponding
halosuccinimide afforded productsIn the dichlorination reaction, only a small amo@é%b)
of aminidelc was also identified.

Treatment of aminidéb with a large excess (4 equivalents) of halosucdaengave different
results depending on the halogen. The use of NB& ¢Jae azocompoun@b as the main
product (64%) along with the tribrominated compousid (9%) (Scheme 5). However, the
dichlorinated productic was the only compound obtained, in 63% yield, raft® hours of
reaction with NCS. All of the C-substitution proses in quinoxaline can be explained as
indicated for quinoline in Scheme 3, with the qutafive differences attributed to the additional
nitrogen in the heterocyclic system.
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Scheme 5Halogenation of pyridinium quinoxalin-2-ylaminidé

The proposed mechanism for the formatio®lotould be the same as that discussed previously
for 6a (Scheme 4). This process would take place aftedittremination steps.

Monohalogenation also occurred when the C-6 pesitieas occupied. In this case a
regioselective attack at on the C-8 position ofgligdinium 6-haloquinoxalin-2-ylaminidekc
and 2b (Scheme 6) was observed. Whidel was produced in good yield, chlorination of
aminide 2b was incomplete (56% conversion) and a proportibthe starting material was
recovered after 36 hours under reflux. In additdewas isolated as the hydrobromide from the
reaction mixture with NCS.
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Scheme 6Halogenation of pyridinium 6-haloquinoxalin-2-ylamdeslc and2b

Treatment of aminideld with 1.1 equivalents of NBS (Scheme 7) led to atume of the
monobrominated product3a (47%) and the tetracyclic produtba (42%). On using 2.2



equivalents of NBS the dibrominated aminitga was the main product (58%) along witBa
(36%).

The conversion was lower with NCS, and gave thadgtlic saltl5b on using 1.1 equivalents
of NCS, with small amounts of mono- and dihalogedatompound43b and14b also formed.
The use of 2.2 equivalents of NCS led to an in@eashe yield ofl3b (23%) as well as the
yield of tetracyclic salLl5b (32%), with traces of the mono-and dichlorinatechpoundsl4b
and16b also detected (Scheme 7). In both processes somhe starting materiald was also
recovered.

When formed, compoundsb precipitated quickly under different addition carhs (rate and

temperature) and the formation of the correspondiamno- or dihalogenated aminides was
much slower.
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Scheme 7Halogenation of pyridinium 3-chloroquinoxalin-2-gminideld

2.2.3.Treatment of pyridinium N-isoquinolin-1-yl aminide pyridinium N-quinazolin-2-yl
aminide 1f and pyridinium N-4-chlorophthalazin-1-yl aminidelg with N-
halosuccinimides

The aminidesle—gwere highly reactive towards NXS (1.1 equivalemtsyoom temperature,
but they exhibited very different behaviour. Pymidim N-(isoquinolin-1-yl) aminideleyielded
either bromo- or chloro-substituted produt®in good yield. A related halogenation has been
described on 1-aminoisoquinoline using bromiffleand bromination on substrates of
substituted 1-aminoisoquinoline with NBS have dleen describéd in several patenf§“®but

in these cases higher temperatures and/or longestivere employed. The same can be said for
a related chlorination with NCS described in a p&at& An attempt to dihalogenatie using 2.2
equivalents of NXS produced decomposition produsten at low temperature (—40°C).

Pyridinium N-(quinazolin-1-yl)aminidelf, upon treatment with either with NBS or NCS,
produced decomposition mixtures under all cond#ionested. Pyridinium N-(4-
chlorophthalazin-1-yl)aminid&g, however, yielded tetracyclic derivativé8 (Scheme 8).
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Scheme 8Reaction of aminide$e—gwith NBS and NCS

The formation of the cyclized products and18 can be explained by the existence, in,CH
solution, of a small proportion of the cyclic tamter 19 of the aminidesld and 1g, which
would allow oxidation with NXS to the tetracyclialts (see Scheme 9).

o
~ Y, ;
X
SN ey, © O
NN N NN -
2N —— N= S——Cl |, N= N—Cl NH
|
N el
19 19

Scheme 9Proposed mechanism for the reactiodgfvith NXS
2.3. Synthesis of N-benzyl-N-haloquinolin(or quinoxalayl amine21

Given the opportunities to use the halo and dih@oidinium N-heteroaryl aminides in
organometallic procedures such as the SdZuii Sonogashird” couplings, the possibility of
alkylating the aminide nitrogen and reducing theNNsond to eliminate the pyridine moiety
was tested on some of the products. Thus, pyrigimitheteroaryl aminidesc, 2a—band4a—d
were regioselectively alkylated to obtain the salis Subsequent reduction of the N-N bond
(Scheme 10, Table 1) yielded the functionalizedzbamine21. Only in the reduction process
of 20b, 6,8-dibromoquinolin-2-ylamine22 was formed in 6% yield, in addition with the
expected aminglb. Other debenzylation products were not observelddrother examples.

G O™ Qe

.
_HCOOH/EN
AcOEt or DMF th Pt/C \[ \[
\[ r.t. 7-11 days \E CH CN, 0°C

1c, 2a-b or 4a-d 20 62-78% 21 58-74%



Scheme 10Synthesis oN-benzylN-haloquinolin(or quinoxalin)-2-yl aminexl

Table 2.

Y X X' Compound Yield (%) Compound Yield (%)

CH Br H 20a 78 2l1a 69
CH Br Br 20b 72 21b 59
N Br H 20c 71 21c 61
N Cl H 20d 76 21d 67
N Br Br 20e 66 21e 61
N Cl ClI 20f 62 21f 74
N Cl Br 20g 93 21g 58

3. Conclusions

A method to functionalize, with good regioseledinin most cases;-aminobenzoazine
systems via pyridinium N-(benzoazynyl) aminides, halogenation withN-
halosuccinimides, nitrogen alkylation and reducti@s been described. The negative
charge stabilised by thd-aminide facilitates halogenation at low tempemtuin some
cases, however, this has the drawback that prodiketgE)-bis(2-heteroaryl)diazenes
are obtained—especially witR-chlorosuccinimide. Furthermore, oxidation of tWwbd
aminides with the N-halosuccinimide predominated to produce the tgtlac
[1,2,4]triazolo[1,5-a]pyridin-4-ium salts. In mosases, however, the method provides a
simple and straightforward strategy to obtain fior@lizeda-benzylaminobenzoazines.

4. Experimental section
4.1. General Experimental Details

Melting points were determined in open capillarpdas on a Stuart Scientific SMP3 melting
point apparatus. IR spectra were obtained on airREtkner FTIR spectrophotometeH and
¥C NMR spectra were recorded on Varian Unity 300/5018z or Varian Mercury VX-300
systems at room temperature. Chemical shifts arengin ppm §) downfield from TMS.
Coupling constantsJf are in Hertz (Hz) and signals are described #dewe: s, singlet; d,
doublet; t, triplet; m, multiplet; ap, apparent; broad. Low resolution mass spectra (MS) were
recorded on a Thermo Scientific ITQ900 system udklgctronic Impact (EI) and high
resolution analysis (TOF) was performed on an Aqilé210 time-of-flight LC-MS system
using Electro Spray lonization (ESI). All reagemtsre obtained from commercial sources and
were used without further purification, except footh the NXS samples, which were
recrystallized from water. TLC analyses were pened on silica gel (DC-Fertigfolien
ALUGRAM Xtra Sil G/UV,s,, Macherey-Nagel) and spots were visualised undérlight.
Column chromatography was carried out on silica6§e(40-63um, Silicycle) columns using
the eluent reported in each case.

4.2. Preparation of pyridinium N-(heteroaryl) aminid&¥



Potassium carbonate (1.86 g, 13.5 mmol) was addadsblution olN-aminopyridinium iodide

(1 g, 4.5 mmol) in acetonitrile (20 mL) and theatian mixture was vigorously stirred for 90
min at room temperature to give a dark purple gmiutTo the reaction mixture was added a
solution of the corresponding haloheterocycle @rmol) in acetonitrile (5 mL). The mixture
was stirred and heated under reflux until all stgrimaterial had been consumed (detected by
TLC). The inorganic salts were filtered off on @eland the filtrate was evaporatedvacuo

The product was purified by chromatography on &iiel using ethanol as eluent.

N-(Quinolin-2-yl)pyridinium aminide (1a): ® After 5 h of reaction, producta was obtained
as an orange solid (398 mg, 40%, 1.8 mmol).

N-(Quinoxalin-2-yl)pyridinium aminide (1b):'° After 16 h of reaction, productb was
obtained as a yellow solid (839 mg, 84%, 3.8 mmol).

N-(6-Chloroquinoxalin-2-yl)pyridinium aminide (1c): After 3 h of reaction, productc was
obtained as a yellow solid (1.15 g, quantitativés @mol), m.p. 197-199 °C, IR (KBrj =
1717, 1537, 1414, 1306, 1153, 934, 817, B4NMR (500 MHz, CDC}), 6: 9.32 (ddJ = 7.3
and 1.3 Hz, 2 H, 2-H, 6-H), 8.28 (s, 1 H, 3-H){¥(d,J = 2.4 Hz, 1 H, 5'-H), 7.73 (1 = 7.8
and 1.3 Hz, 1 H, 4-H) (overlapped signals), 7.61t(d = 7.4 Hz, 2 H, 3-H, 5-H), 7.35 (dd,=
8.8 and 2.4 Hz, 1 H, 7-H), 7.31 (@,= 8.8 Hz, 1 H, 8-H)**C-NMR (125 MHz, CDCJ), :
159.1 (2'-C), 149.0 (3'-C), 143.6 (2-C, 6-C), 14@&B&-C), 139.7 (4a'-C), 136.3 (4-C), 132.2 (7*-
C), 130.2 (5'-C), 130.1 (6'-C), 128.7 (3-C, 5-C28% (8'-C). MS (Elnmz): 258/256 (14/43,
M™), 257/255 (37/100), 177 (18), 150 (27), 115 (BRMS (ESI-TOF, CHOH) calcd. for
Ci3H1°CIN, [M + H]* 257.0589; found 257.0580.

N-(3-Chloroquinoxalin-2-yl)pyridinium aminide (1d): After 1 h of reaction, produdtd was
obtained as a yellow solid (1.00 g, 87%, 3.9 mmai)p. 192-195 °C, IR (KBr)» = 3060,
1531, 1485, 1431, 1155, 1053, 943, 742, 675-ciH-NMR (500 MHz, CROD), §: 8.81 (ddJ

= 6.8 and 1.5 Hz, 2 H, 2-H, 6-H), 8.30 @t= 7.8 and 1.2 Hz, 1 H, 4-H), 7.98 (di= 7.8 and
6.8 Hz, 2 H, 3-H, 5-H), 7.57 (dd,= 8.3 and 1.5 Hz, 1 H, 5'-H), 7.37 (ddtk 8.9, 6.9 and 1.5
Hz, 1 H, 7"-H), 7.20 (dd] = 8.9 and 1.5 Hz, 1 H, 8'-H), 7.17 (ddt; 8.3, 6.9 and 1.5 Hz, 1 H,
6'-H). ®*C-NMR (125 MHz, CQOD), §: 157.9 (2'-C), 147.2 (2-C, 6-C), 144.0 (8a'-C)2 P4(3'-
C), 142.2 (4-C), 138.1 (4a'-C), 131.9 (7'-C), 13X, 5-C), 129.3 (5-C), 126.4 (8'-C), 125.1
(6'-C). MS (El, m/2): 258/256 (16/48, M), 257/255 (39/100). HRMS (ESI-TOF, @BH)
calcd. for GaH1o™CIN, [M + H]* 257.0589; found 257.0591.

N-(Isoquinolin-1-yl)pyridinium aminide (1e):* After 16 h of reaction, producle was
obtained as a yellow solid (546 mg, 55%, 2.5 mmol).

N-(Quinazolin-4-yl)pyridinium aminide (1f): After 5 h of reaction, produdif was obtained as
a brown solid (749 mg, 75%, 3.4 mmol), m.p. 178-180 IR (KBr): v = 3102, 3015, 1616,
1571, 1490, 1434, 1349, 1560, 915, 783, 750, 87SIMR (500 MHz, CROD), J: 8.74 (dd,J

= 6.9 and 1.4 Hz, 2 H, 2-H, 6-H), 8.31 @t= 7.7 and 1.4 Hz, 1 H, 4-H), 8.25 (dd= 8.2 and
1.4 Hz, 1 H, 5-H), 7.99 (m, 3 H, 3-H, 5-H and J-A.63 (dddJ=8.2,6.9 and 1.3 Hz, 1 H, 6'-
H), 7.49 (br dJ = 8.3 Hz, 1 H, 8-H), 7.41 (ddd,= 8.3, 6.9 and 1.1 Hz, 1 H, 7-HJC-NMR
(75 MHz, CQOD), 6: 164.6 (4'-C), 154.4 (2'-C), 146.3 (4a'-C), 148, 6-C), 141.5 (4-C),
133.7 (6'-C), 128.8 (3-C, 5-C), 126.7 (7'-C), 12&4C), 124.0 (8'-C), 117.7 (8a'-C). MS (El,
m/z): 222 (28, M"), 221 (100), 78 (16). HRMS (ESI-TOF, @BH) calcd. for GaH1:N4 [M +
H]* 223.0978; found 223.0980.
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N-(4-Chlorophthalazin-1-yl)pyridinium aminide (1g): After 4 h of reaction, produdtg was
obtained as a brown solid (1.09 g, 95%, 4.3 mmoljp. 148—150 °C, IR (KBrpb = 3065, 1513,
1487, 1404, 1139, 1105, 978, 785, 750, 6BENMR (500 MHz, CROD), §: 8.83 (dd,J = 6.8
and 1.0 Hz, 2 H, 2-H, 6-H), 8.29 (ddi= 7.3 and 2.0 Hz, 1 H, 8'-H), 8.23 (&= 7.8 and 1.0
Hz, 1 H, 4-H), 7.93 (dd) = 7.8 and 6.8 Hz, 2 H, 3-H, 5-H), 7.85 (ddx 6.9 and 2.4 Hz, 1 H,
5'-H), 7.78 (ap td) = 7.3 and 1.5 Hz, 1 H, 7"-H or 6'-H), 7.75 (apdds 7.3 and 1.9 Hz, 1 H,
6'-H or 7'-H)."*C-NMR (125 MHz, CROD), ¢: 162.2 (1-C), 147.1 (2-C, 6-C), 144.7 (4-C),
142.1 (4-C), 134.7 and 134.4 (6'-C and 7'-C), 138, 5-C), 128.9 (8a'-C), 126.7 (8-C),
126.6 (5'-C), 125.7 (4a'-C). MS (Ety2): 258/256 (7/22, M), 257/255 (35/100), 220 (11), 114
(35), 52 (11). HRMS (ESI-TOF, GH) calcd. for Gz H1>°CIN, [M + H]* 257.0589; found
257.0588.

4.3. Treatment of aminidebwith N-halosuccinimides
General procedures

Method A: To a stirred solution of the corresponding angrfid2 mmol) in CHCI, (10 mL) at
the indicated temperature, a solution of the cpweding N-halosuccinimide (2.2 mmol) in
CH,CI, (40 mL) was added dropwise. Once the addition fiméshed, the mixture was allowed
to react at the indicated temperature in each waleaminidel was not observed by TLC.

The purification was carried out according to thecedures indicated below:

- Compound®a, 2b, 4d, 4eand mixturelc/3c Once the starting material was consumed,
the product/s was/were purified by flash chromaapby (CHCI./CH;OH, 95:5).

- Compoundsl7. After 10 min of reaction, the crude mixture wagated with
commercial HBr. The excess acid was evaporatedrencesidue was treated with ethyl
acetate in an ultrasonic bath for 30 min to give trresponding salt as a solid. The
product was vigorously stirred in acetone (20 mh)the presence of potassium
carbonate (10 equiv.) overnight. The inorganicssadtre filtered off on Celite and the
filtrate was evaporateid vacuoto obtain the desired aminid&g.

- Compoundd3, 14, 15and16. The solid formed in the reaction (s&f) was isolated by
filtration and washed with cold dichloromethaneeTgroducts dissolved in the filtrate
were purified by flash chromatography (&H,/CH;OH, 95:5).

- Compoundsa and 18. The reaction products precipitated in the reactitedia. The
solid was filtered off and washed with cold .

Method B: To a stirred solution of the pyridiniub-[quinoline- or quinoxalin-2-ylJaminidda
or 1b (2 mmol) in CHCI, (10 mL) at the indicated temperature, a solutibN-talosuccinimide
(4.4 mmol) in CHCI, (80 mL) was added dropwise. Once the addition e@splete, the
mixture was allowed to react at room temperaturid aminide 1 was not observed by TLC.
Once the starting material was consumed, the ptoaaes purified by flash chromatography
(CH.CI,/CH;OH, 95:5).

Method C: To a stirred solution of aminide(2 mmol) in CHCI, (10 mL) at room temperature,
a solution ofN-bromosuccinimide (1.42 g, 8 mmol) in @&, (100 mL) was added. Once the
starting material was consumed, the products wsaiated as follows: diazerébd precipitated
in the reaction medium and it was isolated bydtlon. Aminide5b, dissolved in the filtrate,
was purified by flash chromatography (&H,/CH;OH, 95:5).
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4.3.1.Reaction of pyridinium N-quinolin-2-yl aminide with NXS

N-(6-Bromoquinolin-2-yl)pyridinium aminide (2a): Following method A, by addition of
NBS (391.6 mg) to a solution dfa (442 mg) at —40 °C and after 16 h of reactionoai
temperature, produ@a was obtained as an orange solid (570 mg, 95%min®l), m.p. 213—
215 °C, IR (KBr):v = 1646, 1591, 1472, 1449, 1400, 814, 802, 666NMR (500 MHz,
DMSO),0: 9.07 (ddJ = 6.9 and 1.0 Hz, 2 H, 2-H, 6-H), 8.16 (bdtz 7.3 Hz, 1 H, 4-H), 7.94
(apt,J=7.1Hz, 2 H, 3-H, 5-H), 7.78 (d,= 2.0 Hz, 1 H, 5'-H), 7.75 (d, = 9.3 Hz, 1 H, 4'-H),
7.47 (ddJ = 8.8 and 2.0 Hz, 1 H, 7-H), 7.21 @~ 8.8 Hz, 1 H, 8'-H), 6.66 (d = 9.3 Hz, 1
H, 3-H).”*C-NMR (75 MHz, DMSO)g: 159.7 (2'-C), 142.1 (two overlapped signals) (B&
and 8a'-C), 137.6 (4-C), 135.4 (4'-C), 131.5 (7'128.8 (5'-C), 127.1 (two overlapped signals)
(3-C, 5-C and 4a'-C), 123.2 (8-C), 116.3 (3-C)1.® (6'-C). MS (Elm/z): 301/299 (35/35,
M™), 300/298 (100/99), 219 (38), 141 (18), 114 (32RMS (ESI-TOF, CHOH) calcd. for
C1H1.°BrN; [M + H]* 300.0131; found 300.0107.

As a secondary produdy-(8-bromoquinolin-2-yl)pyridinium aminide (3a) was obtained:
Orange solid (18 mg, 3%, 0.06 mmol), m.p. 116-1a8IR (KBr): v = 1532, 1460, 1301, 989,
771, 751'H-NMR (300 MHz, DMS0): 9.52 (ddJ = 7.0 and 1.2 Hz, 2 H, 2-H, 6-H), 7.93 (t,
J=7.8and 1.2 Hz, 1 H. 4-H), 7.81 (db= 7.8 and 7.0 Hz, 2 H, 3-H, 5-H), 7.73 (M7 9.1 Hz,

1 H, 4'-H), 7.67 (ddJ = 7.8 and 1.6 Hz, 1 H, 7'-H), 7.50 (dbl 7.8 and 1.6 Hz, 1 H, 5'-H),
6.91 (ap tJ = 7.8 Hz, 1 H, 6-H), 6.72 (d} = 9.1 Hz, 1 H, 3'-H)"*C-NMR (75 MHz, DMSO0),

0: 160.7 (2'-C), 143.8 (8a'-C), 140.8 (2-C, 6-C)4B3and 134.1 (4-C and 4'-C), 131.1 (7'-C),
126.3 (5'-C), 125.8 (3-C, 5-C), 123.8 (4a'-C), 12®-C"), 118.7 (8'-C), 117.7 (3'-C). MS (El,
m/z): 301/299 (60/62, M), 300/298 (100/92), 219 (47), 218 (26), 141 (244 (37). HRMS
(ESI-TOF, CHOH) calcd. for GH1,"°BrN; [M + H]* 300.0131; found 300.0130.

N-(6,8-Dibromoquinolin-2-yl)pyridinium aminide (4a): Following method B, by addition of
NBS (783.2 mg) to a solution dfa (442 mg) at —40 °C and after 21 h of reaction anro
temperature, produdia was obtained as an orange solid (467 mg, 61%, rir@al), m.p. 206—
208 °C, IR (KBr):v = 1600, 1524, 1462, 1447, 1394, 1327, 1283, 1940, 758, 664 H-
NMR (500 MHz, DMSO)g: 9.37 (ddJ = 6.9 and 1.5 Hz, 2 H, 2-H, 6-H), 8.00 (t= 7.9 and
1.5Hz, 1 H, 4-H), 7.84 (apd,= 7.4 Hz, 2 H, 3-H, 5-H), 7.77 (d,= 2.4 Hz, 1 H, 7'-H or 5'-H),
7.73(dJ=24Hz 1H,5-Hor 7-H), 7.68 (d,=8.8 Hz, 1 H. 4'-H), 6.72 (dl = 8.8 Hz, 1 H,
3-H). ®*C-NMR (125 MHz, DMS0),0: 164.9 (2'-C), 146.8 (8a'-C), 145.0 (2-C, 6-C)813
137.6 and 136.3 (4-C, 4'-C and 7'-C), 131.8 (512}.5 (3-C, 5-C), 128.2 (4a'-C), 122.9 (8'-C),
122.3 (3-C), 113.3 (6'-C). MS (Elm/z): 381/379/377 (39/74/39, W), 380/378/376
(57/100/50), 304/302/300 (33/69/41), 219 (38). HRMBSI-TOF, CHOH) calcd. for
CiH10°BroNs [M + H]* 377.9236; found 377.9232.

As a secondary produdid-(3,6,8-bromoquinolin-2-yl)pyridinium aminide (5a) was detected
along with traces of succinimide as an impurty=NMR (500 MHz, DMSO): 8.99 (dd,J =
6.8 and 1.5 Hz, 2 H, 2-H, 6-H), 8.19 {t= 7.8 and 1.5 Hz, 1 H, 4-H), 8.17 (s, 1 H, 4'-H),17.9
(apt,J =7.3Hz, 2 H, 3-H, 5-H), 7.73 (d,= 2.0 Hz, 1 H, 7-H or 5'-H), 7.72 (d,= 2.4 Hz, 1
H, 5'-H or 7'-H). HRMS (ESI-TOF, C¥DH) calcd. for GHs"°BrsN; [M + H]* 455.8341; found
455.8340. This compound was also detected as tfald@sing method 2C.

1,2-Bis(quinolin-2-yl)diazene (6a)Following method A, by addition of NCS (293.7 mg)a
solution ofla (442 mg) at —40 °C and after 10 min of reactioroatn temperature, compound
6awas obtained as an orange solid (181.8 mg, 3284, @mol), m.p. 228-230 °C, IR (KBn):
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= 1592, 1500, 1426, 874, 842, 766, 793-NMR (500 MHz, DMSO): 8.37 (m, 4H, 4-H and
8-H), 8.22 (dJ = 8.3 Hz, 2 H, 3-H), 7.92 (dd,= 8.0 and 1.4 Hz, 2 H, 5-H), 7.82 (ddds 8.3,
6.9 and 1.4, 2 H, 7-H), 7.66 (ddd,= 8.0, 6.9 and 1.4 Hz, 2 H, 6-HJC-NMR (75 MHz,
DMSO), ¢: 164.4 (2-C), 150.3 (8a-C), 141.5 (4-C), 133.1 488.0 (7-C and 8-C), 132.1 (4a-
C), 131.2 (6-C), 130.3 (5-C), 113.3 (3-C). MS (mlz): 256 (72), 255 (100), 128 (61), 77 (23).
HRMS (ESI-TOF, CHOH) calcd. for GsHiaN4 [M + H]* 285.1135; found 285.1129. When the
reaction was carried out using 8 mmol of N6&was obtained with a yield of 54%.

4.3.2.Reaction of pyridinium N-quinoxalin-2-ylaminid#ls, 1c, 1d and2b with NXS

N-(6-Bromoquinoxalin-2-yl)pyridinium aminide (2b): Following method A, by addition of
NBS (391.6 mg) to a solution db (444 mg) at —40 °C and after 4 h of reaction anro
temperature, produ@b was obtained as a yellow solid (397 mg, 66%, B2ol), m.p. 244—
246 °C, IR (KBr):v = 1532, 1436, 1411, 1305, 816, 67a-NMR (300 MHz, CDC}), J: 9.36
(d,J=7.2Hz,2H, 2-H, 6-H),8.31 (s, 1 H 3"-H), 7.92Jds 2.3 Hz, 1 H, 5-H), 7.76 (1 = 7.9
Hz, 1 H, 4-H), 7.64 (ap 1 = 7.4 Hz, 2 H, 3-H, 5-H), 7.50 (dd,= 8.8 and 2.3 Hz, 1 H, 7'-H),
7.28 (d,J = 8.8 Hz, 1 H, 8-H)*C-NMR (125 MHz, CDGCJ), ¢: 156.2 (2'-C, deduced by
gHMBC), 149.1 (3'-C), 143.5 (two overlapped sighd4a-C, 6-C and 8a'-C), 137.6 (4a'-C),
136.2 (4-C), 134.8(7'-C), 133.5 (5'-C), 128.9 (§-C28.6 (3-C, 5-C), 117.7 (6'-C). MS(EI,
m/z): 302/300 (46/46, M), 301/299 (100/97), 223/221 (21/18), 142 (18), 138). HRMS
(ESI-TOF, CHOH) calcd. for GiH1o""BrN, [M + H]* 301.0083; found 301.0076.

As a secondary produdtl-(8-bromoquinoxalin-2-yl)pyridinium aminide (3b) was obtained:
Yellow solid (138 mg, 23%, 0.46 mmol), m.p. 214-215 IR (KBr): v = 1533, 1492, 1460,
1409, 752H-NMR (500 MHz, CDC}), 6: 9.73 (d,J = 5.8 Hz, 2 H, 2-H, 6-H), 8.28 (s, 1 H, 3~
H), 7.71 (m, 2 H, 5'-H and 7'-H), 7.65 (bdtz 7.3 Hz, 1 H, 4-H), 7.58 (apd,= 7.1 Hz, 2 H, 3-
H, 5-H), 7.07 (tJ = 7.9 Hz, 1 H, 6-H)**C-NMR (75 MHz, CDC})), ¢: 155.9 (2--C), 146.2 (3"
C), 140.5 (2-C, 6-C), 139.1 (8a'-C), 137.5 (4a'133.0 (4-C), 132.2 (7'-C), 128.0 (5'-C), 125.7
(3-C, 5-C), 122.9 (6'-C), 119.6 (8'-C). MS (EBNz): 302/300 (76/77, M), 301/299 (100/91),
142 (35), 115 (56). HRMS (ESI-TOF, @BH) calcd. for GHyo°BrN, [M + H]* 301.0083;
found 301.0074.

N-(6-Chloroquinoxalin-2-yl)pyridinium aminide (1c) and N-(8-chloroquinoxalin-2-
yl)pyridinium aminide (3c): Following method A, by addition of NCS (293.7 ntg)a solution
of 1b (444 mg) at —40 °C and after 4 h of reaction atrdemperature, a mixture of aminides
1cand3cin a 2:1 ratio (deduced Bid NMR) was isolated as a yellow solid (73% oveyizld,
375 mg, 1.46 mmol).

N-(6-Chloroquinoxalin-2-yl)pyridinium aminide (1c): Characterization details of this
compound have already been reported in section 1.

N-(8-Chloroquinoxalin-2-yl)pyridinium aminide (3c): 'H-NMR (500 MHz, CDC}), J: 9.73
(dd,J=6.8 and 1.5 Hz, 2 H. 2-H, 6-H), 8.34 (s,1 H, 3-AH55 (ddJ=7.9and 1.5 Hz, 1 H, 7'-
H), 7.15 (ap tJ = 8.0 Hz, 1 H, 6'-H). Signals of 4-H, 3-H, 5-H abieH appear overlapped with
the signals of compourttt.

N-(6,8-Dibromoquinoxalin-2-yl)pyridinium aminide (4b):**Following method B, by addition
of NBS (783.2 mg) to a solution @b (444 mg) at room temperature and after 3 h of i@act
product4b was obtained as a yellow solid (692 mg, 91%, mn@&l).
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N-(6,8-Dichloroquinoxalin-2-yl)pyridinium aminide (4c): Following method B, by addition
of NCS (587 mg) to a solution db (444 mg) at room temperature and after 3 h of i@act
product4c was obtained as an orange solid (355 mg, 61%, rhi22l), m.p. 221-223 °C, IR
(KBr): v = 1654, 1597, 1533, 1462, 1408, 1319, 96LNMR (500 MHz, CDC})), J: 9.64 (dd,
J=7.2and 1.2 Hz, 2 H, 2-H, 6-H), 8.32 (s, 1 H, 3-A)4 (tt,J = 7.5 and 1.2 Hz, 1 H, 4-H),
7.66 (d,J =2.5Hz, 1 H, 5-H), 7.63 (apd,= 7.3 Hz, 2 H, 3-H, 5-H), 7.51 (d,= 2.5 Hz, 1 H,
7'-H).®*C-NMR (125 MHz, CDCJ), §: 155.6 (2'-C), 147.0 (3-C), 140.8 (2-C, 6-C), B3{@a'-
C), 137.1 (8a'-C), 133.8 (4-C), 129.2 (7'-C), 128C), 126.7 (two overlapped signals) (5'-C
and 8'-C), 125.9 (3-C, 5-C). MS(Ety2): 293/291 (31/87, M), 292/290 (66/100), 213 (32),
211 (31), 149 (60), 80 (35). HRMS (ESI-TOF, £MH) calcd. for GHio°BroNs [M + H]*
291.0199; found 291.0195.

1,2-Bis(6,8-Dibromoquinoxalin-2-yl)diazene (6b):Following method C, and after 16 h of
reaction oflb (444 mg) with NBS, produdib was obtained as a brown solid (722 mg, 64%,
1.28 mmol), m.p. > 185 °C (dec.), IR (KBr):= 1585, 1450, 1405, 1333, 1178, 1076, 1006,
866, 773H-NMR (500 MHz, CDC}), §: 9.55 (s, 2 H, 3-H), 8.40 (d,= 1.9 Hz, 2 H, 7-H or 5-
H), 8.40 (dJ = 1.9 Hz, 2 H, 5-H or 7-H). MS (Ehvz): 288 (56), 287 (52), 208 (67), 179 (51),
100 (100), 99 (59), 87 (53). HRMS (ESI-TOF, £HH) calcd. for GeH;*BrsNg [M + H]*
598.7430; found 598.7422.

As secondary productN-(3,6,8-tribromoquinoxalin-2-yl)pyridinium aminide (5b) was
obtained: Yellow solid (82.6 mg, 9%, 0.18 mmol)pnil29-130 °C, IR (KBr)o = 1515, 1460,
1402, 1118, 105TH-NMR (500 MHz, CDC}), §: 9.16 (dd,J = 7.0 and 1.3 Hz, 2 H, 2-H, 6-H),
7.97 (tt,J =7.7 and 1.3 Hz, 1 H, 4-H), 7.81 @~ 2.0 Hz, 1 H, 5'-H), 7.78 (d) = 2.0 Hz, 1 H,
7'-H), 7.75 (ddJ = 7.7 and 7.0 Hz, 2 H, 3-H, 5-H}’*C-NMR (75 MHz, CDC}), 6: 156.9 (2"
C), 143.2 (2-C, 6-C), 137.7 (8a'-C), 137.2 (threertapped signals) (4-C, 4a'-C and 7'-C),
135.0 (3-C), 129.7 (5-C), 123.6 (3-C, 5-C), 1198-C), 114.7 (6'-C). MS (Eln/2):
462/460/458/456 (34/99/100/34,y) 381/379/377 (28/53/17), 300/298 (39/21), 219)(TD
(16), 52 (12). HRMS (ESI-TOF, GBH) calcd. for GHo*BraN; [M + H]* 456.8299; found
456.8282.

N-(8-Bromo-6-chloroquinoxalin-2-yl)pyridinium aminid e (4d): Following method A, by
addition of NBS (391.6 mg) to a solutionlf (513.4 mg) at room temperature and after 22 h of
reaction at the same temperature, proddcivas obtained as a brown solid (470 mg, 70%, 1.4
mmol), m.p. 218-220 °C, IR (KBr)i = 1595, 1526, 1456, 1406, 1316, 1295, 1145, 991, 7
764."H-NMR (500 MHz, CDC}), d: 9.70 (ddJ = 7.1 and 1.2 Hz, 2 H, 2-H, 6-H), 8.29 (s, 1 H,
3-H), 7.74 (ttJ =7.4and 1.2 Hz, 1 H, 4-H), 7.72 (ap s, 2 H, 5'-id &H), 7.64 (ap t) = 7.2

Hz, 2 H, 3-H, 5-H).*C-NMR (75 MHz, CDC}), J: 159.0 (2'-C, deduced by gHMBC), 149.9
(3-C), 143.4 (2-C, 6-C), 139.9 (8a'-C), 137.7 @p' 136.1 (4-C), 134.8 (7'-C), 130.0 (5-C),
129.8 (6'-C), 128.5 (3-C, 5-C), 122.4 (8-C). MY, (BV2): 338/336/334 (25/100/78, 1},
337/335/333 (33/97/65), 259/257/255 (16/37/30), @38, 79 (20), 52 (23). HRMS (ESI-TOF,
CH;OH) calcd. for GHy"°Br*°CIN, [M + H]* 334.9694; found 334.9673.

N-(6-Bromo-8-chloroquinoxalin-2-yl)pyridinium aminid e(4e): Following method A, by
addition of NCS (293.7 mg) to a solution2if (602.2 mg) at room temperature and after 36 h
of reaction at reflux, produetd was obtained as a solid along with succinimidaragmpurity.
The mixture was treated with commercial HBr, theess acid was evaporated and the residue
was treated with ethyl acetate in an ultrasonich biar 30 min to givel-[(6-bromo-8-
chloroquinoxalin-2-yl)amino]pyridin-1-ium bromide as a yellow solid (235.6 mg, 35%, 0.7
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mmol), m.p. > 234 °C (dec.), IR (KBr):= 1596, 1534, 1471, 1294, 1194, 1026, 770, &99.
NMR (500 MHz, CROD), ¢: 9.28 (dd,J = 6.9 and 1.5 Hz, 2 H, 2-H, 6-H), 8.87 (it= 7.8 and
1.5 Hz, 1 H, 4-H), 8.83 (s, 1 H, 3-H), 8.39 (dd; 7.8 and 6.9 Hz, 2 H, 3-H, 5-H), 8.15 (tk
2.2 Hz, 1 H, 5-H), 7.94 (d = 2.2 Hz, 1 H, 7"-H)*C-NMR (75 MHz, CRQOD), 6: 151.3 (2'-C),
148.3 (2-C, 6-C), 148.2 (4-C), 141.6 (4a'-C, dedubg gHMBC), 139.8 (3-C, deduced by
gHMBC), 137.4 (8a'-C), 134.6 (7'-C), 132.2 (8-@ddced by gHMBC), 131.6 (5'-C), 130.3 (3-
C, 5-C), 120.5 (6'-C). MS (Elmwz2): 339/337/335 (4/35/100, [M — Br]), 338/336/334,
(23/91/70). HRMS (ESI-TOF, CJDH) calcd. for GiHe *Br *CIN, [M — Br]* 334.9694; found
334.9688.

N-(6-Bromo-3-chloroquinoxalin-2-yl)pyridinium aminid e (13a): Following method A, by
addition of NBS (391.6 mg) to a solution Id (513.4 mg) at —40 °C and after 24 h of reaction
at room temperature, produtBa was obtained as a yellow solid (315 mg, 47%, Or®dol),
m.p. 192-194 °C, IR (KBrjp = 1523, 1457, 1407, 1069, 756-NMR (500 MHz, CDC}), o
8.86 (dd,J = 6.8 and 1.1 Hz, 2 H, 2-H, 6-H), 7.93 dt= 7.6 and 1.1 Hz, 1 H, 4-H), 7.76 (@,
=2.1Hz,1H,5-H), 7.70 (dd,= 7.6 and 6.8 Hz, 2 H, 3-H, 5-H), 7.38 (dds 8.8 and 2.1 Hz,
1 H, 7'-H), 7.07 (dJ = 8.8 Hz, 1 H, 8-H)**C-NMR (125 MHz, CDC)), o: 154.3 (2'-C), 143.4
(2-C, 6-C), 142.8 (3'-C), 140.1 (8a'-C), 136.8 (4-£36.6 (4a'-C), 132.1 (7'-C), 129.6 (5'-C),
126.3 (3-C, 5-C), 125.5 (8-C), 114.7 (6'-C). MSI,(BV2): 338/336/334 (25/93/73, W),
337/335/333 (42/100/64), 257 (46), 220 (99), 144),(415 (40), 79 (69). HRMS (ESI-TOF,
CH;OH) calcd. for GHy"°Br*°CIN, [M + H]* 334.9694; found 334.9697.

As secondary product, 6-chloropyrido[1',2":1,5][1,2,4]triazolo[4,3-a]quinoxalin-8-ium
bromide (15a)was formed as a brown solid (280.6 mg, 42%, 0.84m.p. > 135 °C (dec.),
IR (KBr): v = 1636, 1100, 982, 906, 758-NMR (500 MHz, DMSO),d: 9.99 (br d,J = 7.8
Hz, 1 H, 9-H), 9.66 (dJ = 8.8 Hz, 1 H, 12-H), 9.03 (d,= 7.9 Hz, 1 H, 4-H), 8.78 (ddd,= 8.8,
7.8 and 1.0 Hz, 1 H, 11-H), 8.33 (m, 2 H, 1-H afdH), 8.12 (ap td) = 8.4 and 1.5 Hz, 1 H,
3-H), 7.98 (ap tJ = 7.8 Hz, 1 H, 2-Hj*C-NMR (125 MHz, DMSO)y: 141.6, 140.1 and 140.0
(6-C, 6a-Cand 12a-C), 140.8 (11-C), 135.2 (13ai34.2 (9-C), 133.4 (3-C), 131.2 (1-C),
130.5 (2-C), 125.4 (4a-C), 123.7 (10-C), 117.6 }4115.7 (12-C). MS (Elnv2): 254 (100),
149 (23), 128 (19), 127 (37). HRMS (ESI-TOF, L) calcd. for G; HgCIN, [M —Br]*
255.0432; found 255.0431.

6-Chloropyrido[1',2":1,5][1,2,4]triazolo[4,3-a]quinoxalin-8-ium chloride (15b): Following
method A, by addition of NCS (293.7 mg) to a santof 1d (513.4 mg) at —40 °C and after 3
days of reaction at room temperature, prodisttwas obtained as a brown solid (145 mg, 25%,
0.50 mmol).

As secondary productdy-(3,6-dichloroquinoxalin-2-yl)pyridinium aminide (13b) and N-
(3,8-dichloroquinoxalin-2-yl)pyridinium  aminide (14b) were obtained. N-(3,6-
Dichloroquinoxalin-2-yl)pyridinium aminide (13b): Yellow solid (40.7 mg, 7%, 0.14 mmol),
m.p. 167-169 °C, IR (KBr)p = 1526, 1483, 1422, 1319, 1056, 813-NMR (500 MHz,
CDCl), ¢: 8.92 (ddJ = 6.8 and 1.5 Hz, 2 H, 2-H, 6-H), 7.93 @t 7.9 and 1.5 Hz, 1 H, 4-H),
7.71 (aptJ =7.4 Hz, 2 H, 3-H, 5-H), 7.64 (d,= 2.4 Hz, 1 H, 5'-H), 7.29 (dd,= 8.8 and 2.4
Hz, 1 H, 7"-H), 7.19 (dJ = 8.8 Hz, 1 H, 8-H)*C-NMR (125 MHz, CDCJ), J: 153.9 (2'-C),
143.2 (3'-C), 143.1 (2-C, 6-C), 139.6 (8a'-C), 53@-C), 136.3 (4a'-C), 129.5 (7'-C), 127.5 (6'-
C), 126.6 (5'-C), 126.3 (3-C, 5-C), 125.1 (8'-C)SMEI, m/2): 294/292/290 (6/33/53, W),
293/291/289 (15/71/100), 257/255 (6/18), 213 (188 (19). HRMS (ESI-TOF, C}®H) calcd.
for CigHeCLN, [M + H]* 291.0199; found 291.0189N-(3,8-Dichloroquinoxalin-2-
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ylpyridinium aminide (14b): This product was isolated impure with succinimitlee mixture
was treated with commercial HBr, the excess acid @xaaporated and the residue was treated
with ethyl acetate in an ultrasonic bath for 30 nhingive 1-[(3,8-dichloroquinoxalin-2-
yl)amino]pyridin-1-ium bromide as an orange solid (5.8 mg, <1%H-NMR (500 MHz,
CDCl), 0: 9.30 (ddJ =6.9 and 1.5 Hz, 2 H, 2-H, 6-H), 8.92 (itz 7.8 and 1.5 Hz, 1 H, 4-H),
8.42 (dd,J = 7.8 and 6.8 Hz, 2 H, 3-H, 5-H), 7.94 (dbs 7.3 and 1.0 Hz, 1 H, 5'-H or 7'-H),
7.83 (ddJ=7.3and 1.0 Hz, 1 H, 5-H or 7'-H), 7.65 (ap & 7.3 Hz, 1 H, 6'-H). HRMS (ESI-
TOF, CHOH) calcd. for GHg>°CI,N, [M — Br ]* 291.0199; found 291.0198.

N-(6,8-Dibromo-3-chloroquinoxalin-2-yl)pyridinium aminide (16a): Following method B,
by addition of NBS (783 mg) to a solutiontd (513.4 mg) at room temperature and after 24 h
of reaction, product6awas obtained as a yellow solid (481 mg, 58%, Inbéol). m.p. 220-
222 °C, IR (KBr):v = 1516, 1458, 1404, 1327, 1068, 763:NMR (300 MHz, CDC}), 6: 9.19
(dd,J=7.2and 1.4 Hz, 2 H, 2-H, 6-H), 7.92 @t= 7.7 and 1.4 Hz, 1 H, 4-H), 7.76 (m, 2 H, 5'-
H and 7'-H), 7.72 (ap 8§, = 7.4 Hz, 2 H, 3-H, 5-H)**C-NMR (75 MHz, CDC}), §: 153.8 (2'-C),
142.8 (2-C, 6-C), 142.0 (8a'-C or 4a'-C), 136.&X}4134.9 (4a'-C or 8a'-C), 134.7 (5'-C), 129.6
(3'-C), 129.5 (7'-C), 126.3 (3-C, 5-C), 119.0 (§;-C14.1 (6'-C). MS (Eln2): 418/416/414/412
(14/69/100/44, NI), 417/415/413/411 (19/57/68/27), 300 (66), 219)(29RMS (ESI-TOF,
CH;OH) calcd. for GHs"*Br,°CIN, [M + H]* 412.8799; found 412.8799.

As secondary product, 6-chloropyrido[1',2":1,5][1,2,4]triazolo[4,3-a]quinoxalin-8-ium
bromide (15a) was obtained (241.6 mg, 36%, 0.72 mmol).

6-Chloropyrido[1',2":1,5][1,2,4]triazolo[4,3-a]quinoxalin-8-ium chloride (15b): Following
method C, after 11 days of reactionlaf (513.4 mg) with NCS (587 mg), produtbb was
obtained as the main product (186 mg, 32%, 0.64 lljnmo

As secondary producty-(3,6-dichloroquinoxalin-2-yl)pyridinium aminide (13b) (134 mg,
23%, 0.26 mmol), was obtained.

4.3.3.Reaction of pyridinium N-(isoquinolin-1-yl) aminidée and pyridinium N-(4-
chlorophthalazin-1-yl) aminid&g with NXS

N-(4-Bromoisoquinolin-1-yl)pyridinium aminide (17a): Following method A, by addition of
NBS (391.6 mg) to a solution dk (442 mgq) at r.t. and after 10 min of the reactnhe same
temperature, produdi7awas obtained as a red oil (366 mg, 61%, 1.22 mniRI\NaCl):v =
1536, 1494, 1403, 1288, 1159, 760, 664NMR (300 MHz, CDC}), 5: 8.90 (dd,J = 7.1 and
1.2 Hz, 2 H, 2-H, 6-H), 8.44 (dd,= 8.3 and 1.9 Hz, 1 H, 8'-H), 7.85 (m, 2 H, 4-H arwip
7.75 (s, 1 H, 3-H), 7.67 (m, 1 H, 3-H, 5-H and¥,-7.47 (dddJ = 8.3,6.9and 1.1 Hz, 1 H, 7'-
H). *C-NMR (75 MHz, CDC}), §: 158.8 (1'-C), 142.3 (2-C, 6-C), 138.8 (3'-C), ¥3and 135.3
(4a'-C and 4-C), 131.0 (6'-C), 126.9 (3-C, 5-C)6.842125.2 and 125.0 (5'-C, 7'-C and 8'-C),
122.4 (8a'-C), 103.9 (4'-C). MS (EW2): 301/299 (60/62, M), 300/298 (100/92), 219 (47),
218 (26), 141 (24), 114 (37). HRMS (ESI-TOF, &) caled. for GH1°BrN; [M + H]*
300.0131; found 300.0123.

N-(4-Chloroisoquinolin-1-yl)pyridinium aminide (17b): Following method A, by addition of
NCS (293.7 mg) to a solution dk (442 mg) at r.t. and after 10 min of reactionls same
temperature, produdt7b was obtained as a red solid (373 mg, 73%, 1.46 ljmmop. 92-94
°C, IR (KBr):v = 1590, 1536, 1490, 1398, 1286, 1159, 785, #NMR (500 MHz, CDC}),
0:9.03 (ddJ=6.9 and 1.0 Hz, 2 H, 2-H, 6-H), 8.48 (dd; 8.4 and 1.5 Hz, 1 H, 8'-H), 7.91 (br
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d,J=8.3Hz, 1 H, 5-H), 7.69 (s, 1 H, 3-H), 7.64l¢dJ = 8.3, 6.9 and 1.5 Hz, 1 H, 6'-H), 7.59
(tt, J= 7.5 and 1.0 Hz, 1 H, 4-H), 7.47 (a@t 7.3 Hz, 2 H, 3-H, 5-H), 7.45 (ddd= 8.4, 6.9
and 1.5 Hz, 1 H, 7-H)C-NMR (125 MHz, CDGJ), §: 162.3 (1-C), 144.6 (2-C, 6-C), 141.6
(3-C), 137.3 (4a'-C), 135.7 (4-C), 132.8 (6'-C285 (3-C, 5-C), 128.4 (7'-C), 127.6 (8'-C),
125.1 (5-C), 125.0 (8a'-C), 116.9 (4'-C). MS (flz): 257/255 (18/54, M), 256/254 (44/100),
114 (36). HRMS (ESI-TOF, Ci#®H) calcd. for GH1,CIN; [M + H]* 256.0636; found
256.0627.

5-Chloropyrido[1',2":1,5][1,2,4]triazolo[3,4-a]phthalazin-12-ium bromide (18a): Following
method A, by addition of NBS (391.6 mg) to a salntdbf1g (513.4 mg) at —40 °C and after 10
min of reaction at room temperature, prodl&awas obtained as a yellow solid (654 mg, 93%,
1.83 mmol), m.p. 275-276 °C, IR (KBN):= 1604, 1447, 1413, 1389, 1135, 767, 74iNMR
(500 MHz, DMSO)6: 9.75 (ap dtJ = 6.9 and 1.0 Hz, 1 H, 11-H), 8.89 (ap i 8.8 and 1.0
Hz, 1 H, 8-H), 8.83 (dd) = 7.8 and 1.6 Hz, 1 H, 1-H), 8.60 (m, 2 H, 4-H &H), 8.38 (m, 2
H, 2-H and 3-H), 8.13 (ddd,= 8.4, 6.9 and 1.5 Hz, 1 H, 10-K5C-NMR (125 MHz, DMSO),
0. 155.9 (7a-C), 147.3 (13a-C), 142.3 (5-C), 142}, 140.0 (2-C), 139.0 (3-C), 135.3 (11-
C), 131.7 (4-C), 128.2 (1-C), 127.6 (4a-C), 128.68-C), 123.6 (13b-C), 114.8 (8-C). MS (El,
m/z): 157 (14), 79 (100), 78 (26). HRMS (ESI-TOF, £HH) calcd. for GHg*CIN, [M — Br]*
255.0432; found 255.0440.

5-Chloropyrido[1',2":1,5][1,2,4]triazolo[3,4-a]phthalazin-12-ium chloride (18b): Following
method A, after 16 h of reaction &fjy (513.4 mg) with NCS (293.7 mg), produt8b was
obtained as brown solid (243.6 mg, 42%, 0.84 mmol).

4.4. Synthesis of N-benzyl-N-haloquinolin(or quinoxgpRayl amine21
4.4.1.Synthesis of pyridinium salf®

General procedure: The corresponding aminidie, 2a—b or 4a—d (1 mmol) was dissolved in
anhydrous solvent in a dry round-bottomed flaske Denzyl bromide (3.5 mmol) was added
and the mixture was stirred at room temperatureeuadgon until the starting aminide was no
longer detected by TLC (ethanol as eluent). Oneer#faction was complete, the solid was
filtered off and washed with cold ethyl acetate. avhthe salt was soluble in the reaction
solvent, the latter was removed and the residuetieased with ethyl acetate in an ultrasonic
bath for 30 min to give the corresponding salt aslal. The salt20 were used in the next step
without further purification.

1-[N-Benzyl-N-(6-bromoquinolin-2-yl)amino]pyridinium bromide (20a): After 7 days of
reaction in DMF20awas obtained as a beige solid (368 mg, 78%, 0mdlinm.p. > 185 °C
(dec.), IR (KBr):v = 1641, 1616, 1468, 1123, 1116, 1095, 950, 8BENMR (500 MHz,
CD;0D), ¢: 9.21 (dd,J = 6.6 and 1.3 Hz, 2 H, 2-H, 6-H), 8.79 @t= 7.8 and 1.3 Hz, 1 H, 4-
H), 8.39 (dJ =9.2 Hz, 1 H, 4'-H), 8.25 (dd,= 7.8 and 6.6 Hz, 2 H, 3-H, 5-H), 8.13 (W7 2.2
Hz, 1 H, 5-H), 7.74 (dd] = 8.8 and 2.2 Hz, 1 H, 7'-H), 7.49 (m, 2 H, 3'-H &wH), 7.42 (m, 2
H, 2"-H, 6"-H), 7.34 (m, 3 H, 3"-H, 5"-H and-H), 5.55 (s, 2 H, Ch. **C-NMR (75 MHz,
CD;0D), ¢: 155.7 (2'-C), 148.5 (2-C, 6-C), 148.0 (4-C), B4Ba'-C), 139.0 (4'-C), 133.6 (7*-
C), 134.0 (1"-C), 129.5 (5'-C), 129.2, 129.1, 02928.9 and 128.7 (3-C, 5-C, 8'-C, 2"-C, 6"-C,
3"-C, 5"-C and 4"-C), 126.7 (4a'-C), 118.5 (-C10.7 (3-C), 57.5 (Ch. MS (EIl, n/2):
300/298 (27/26), 224/222 (60/60), 91 (100). HRMSIEOF, CHOH) calcd. for GH1;*BrN;
[M — Br]* 390.0600; found 390.0608.
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1-[N-Benzyl-N-(6,8-dibromoquinolin-2-yl)amino]pyridinium bromide (20b): After 6 days
of reaction in ethyl acetat2Pb was obtained as a white solid (396 mg, 72%, 0.@&iy m.p.
219-220 °C, IR (KBr)» = 3020, 1607, 1587, 1478, 1455, 1325, 1191, 886, 724, 674H-
NMR (500 MHz, CRROD), ¢: 9.21 (ddJ = 6.8 and 1.5 Hz, 2 H, 2-H, 6-H), 8.79 @t= 7.8 and
1.5 Hz, 1 H, 4-H), 8.39 (d = 9.3 Hz, 1 H, 4'-H), 8.26 (dd,= 7.8 and 6.8 Hz, 2 H, 3-H, 5-H),
8.09 (d,J = 2.0 Hz, 1 H, 5-H), 8.04 (d} = 2.0 Hz, 1 H, 7'-H), 7.64 (d, = 9.3 Hz, 1 H, 3'-H),
7.48 (ddJ=7.4 and 1.8 Hz, 2 H, 2"-H, 6"-H), 7.36 (m, 33+H, 5"-H and 4"-H), 5.62 (s, 2 H,
CH,). ®*C-NMR (125 MHz, CROD), 6: 158.6 (2'-C), 151.2 (2-C, 6-C), 150.7 (4-C), ¥(Ba'-
C), 142.4 (4'-C), 138.7 (7'-C), 135.9 (1"-C), 13%'-C), 131.9 (3-C, 5-C), 131.7 and 131.6 (2"-
C, 6"-C and 3"-C, 5"-C), 131.5 (4"-C), 129.&'{@), 125.8 (8'-C), 120.3 (6'-C), 114.0 (3'-C),
60.0 (CH). MS (El,m/2): 391 (29), 381 (34), 380 (59), 379 (69), 378 (1@F7 (36), 376 (48),
287 (51), 91 (58). HRMS (ESI-TOF, GBH) calcd. for GiHy¢°Br.N; [M — Br]" 467.9705;
found 467.9700.

1-[N-Benzyl-N-(6-bromoquinoxalin-2-yl)amino]pyridinium bromide (20c): After 8 days of
reaction in DMF,20c was obtained as a brown solid (335 mg, 71%, 0.y m.p.162-163
°C, IR (KBr):v = 1659, 1620, 1599, 1557, 1476, 1338, 1177, 780, $1-NMR (500 MHz,
CD;0D), ¢: 9.32 (dd,J = 6.9 and 1.5 Hz, 2 H, 2-H, 6-H), 9.10 (s, 1 H, 3;-BlB4 (it,J = 7.8
and 1.5 Hz, 1 H, 4-H), 8.30 (ddl= 7.8 and 6.9 Hz, 2 H, 3-H, 5-H), 8.20 (7 2.4 Hz, 1 H, 5'-
H), 7.83 (ddJ = 8.8 and 2.4 Hz, 1 H, 7'-H), 7.56 @= 8.8 Hz, 1 H, 8-H), 7.52 (m, 2 H, 2"-H,
6"-H), 7.37 (m, 3 H, 3"-H, 5"-H and 4"-H), 5. 2 H, CH). "®C-NMR (75 MHz, CROD), é:
152.0 (2'-C), 149.5 (4-C), 149.4 (2-C, 6-C), 148r8l 139.4 (4a'-C and 8a'-C), 137.6 (3'-C),
135.3 (7'-C), 133.8 (1"-C), 131.7 (5'-C), 130.70,35-C), 130.4 and 130.2 (2"-C, 6"-C and 3"-
C, 5"-C), 130.1 and 130.0 (8'-C and 4"-C), 148'X), 58.7 (CH). MS (El,m/2): 313 (71), 301
(52), 299 (47), 223 (27), 106 (60), 91 (100), 79)(HRMS (ESI-TOF, CEDH) calcd. for
CooH16 BrN, [M — Br]* 391.0553; found 391.0542.

1-[N-Benzyl-N-(6-chloroquinoxalin-2-yl)amino]pyridinium bromide (20d): After 7 days of
reaction in DMF,20d was obtained as an orange solid (323 mg, 76%, @m6l), m.p. 156—
158 °C, IR (KBr):v = 1614, 1484, 1454, 1175, 71#-NMR (500 MHz, CROD), 6: 9.24 (dd,
J=6.8and 1.5 Hz, 2 H, 2-H, 6-H), 9.06 (s, 1 H, 3;-BIBO (tt,J = 7.9 and 1.5 Hz, 1 H, 4-H),
8.26 (dd,J = 7.9 and 6.8 Hz, 2 H, 3-H, 5-H), 8.07 = 2.4 Hz, 1 H, 5-H), 7.72 (dd, = 8.8
and 2.4 Hz, 1 H, 7'-H), 7.63 (d,= 8.8 Hz, 1 H, 8-H), 7.46 (m, 2 H, 2"-H, 6"-H)37 (m, 3 H,
3"-H, 5"-H and 4"-H), 5.67 (s, 2 H, GH*C-NMR (75 MHz, CROD), 6: 152.1 (2'-C), 149.6
(4-C), 149.5 (2-C, 6-C), 140.6 (4a'-C), 139.2 Bp'-137.7 (3'-C), 134.6 (6'-C), 133.9 (1"-C),
132.9 (7'-C), 130.7 (3-C, 5-C), 130.4 and 130.3¢26"-C and 3"-C, 5"-C), 130.2 (4"-C), 130.0
(8-C), 128.6 (5'-C), 58.9 (G MS (EIl, m/2): 257 (47), 256 (58), 255 (100), 91 (48). HRMS
(ESI-TOF, CHOH) calcd. for GoH16>°CIN, [M — Br]* 347.1058; found 347.1052.

1-[N-Benzyl-N-(6,8-dibromoquinoxalin-2-yl)amino]pyridinium bromi de (20e):After 5 days
of reaction in DMF20ewas obtained as a pale yellow solid (364 mg, 66%6 mmol), m.p.
185-187 °C, IR (KBr)b = 1616, 1589, 1568, 1474, 1174, 980, 726, TAINMR (500 MHz,
CD;0D), ¢: 9.27 (dd,J = 6.6 and 1.4 Hz, 2 H, 2-H, 6-H), 9.15 (s, 1 H, 3]-BIB5 (it,J = 7.8
and 1.4 Hz, 1 H, 4-H), 8.32 (ddl= 7.8 and 6.6 Hz, 2 H, 3-H, 5-H), 8.29 (7 2.0 Hz, 1 H, 5'-
H), 8.21 (dJ=2.0 Hz, 1 H, 7"-H), 7.52 (m, 2 H, 2"-H, 6"-H)41 (m, 3 H, 3"-H, 5"-H and 4"-
H), 5.74 (s, 2 H, Ch. **C-NMR (125 MHz, CROD), §: 152.5 (2'-C), 150.0 (4-C), 149.8 (2-C,
6-C), 141.4 (4a'-C), 138.4 (3'-C), 138.1 (7'-C)713(8a'-C), 134.0 (1"-C), 132.0 (5'-C), 130.9
(3-C, 5-C), 130.5 (three overlapped signals) (2'6CC, 3"-C, 5"-C and 4"-C), 123.7 (8'-C),
121.9 (6'-C), 58.6 (CH. MS (EIl,m/2): 380 (53), 379 (100), 378 (85), 303 (64), 301)(4D6
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(71), 91 (69), 79 (49). HRMS (ESI-TOF, @BH) calcd. for GoHis *BroN, [M — Br]* 468.9658:
found 468.9670.

1-[N-Benzyl-N-(6,8-dichloroquinoxalin-2-yl)amino]pyridinium brom ide (20f): After 11
days of reaction in DMR20f was obtained as a brown solid (287 mg, 62%, 0.6 m.p.
189-191 °C, IR (KBr):w = 1617, 1571, 1470, 1177, 995, 705, 6%9-NMR (500 MHz,
CD;0D), ¢: 9.30 (ddJ = 6.4 and 1.5 Hz, 2 H, 2-H, 6-H), 9.17 (s, 1 H, 3-BL09 (tt,J = 7.8
and 1.5 Hz, 1 H, 4-H), 8.33 (dd= 7.8 and 6.4 Hz, 2 H, 3-H, 5-H), 8.07 = 2.5 Hz, 1 H, 5'-
H), 7.91 (dJ = 2.5 Hz, 1 H, 7"-H), 7.53 (m, 2 H, 2"-H, 6"-H)40 (m, 3 H, 3"-H, 5"-H and 4"-
H), 5.76 (s, 2 H, CH. **C-NMR (75 MHz, CROD), ¢: 152.2 (2'-C), 150.0 (4-C), 149.8 (2-C,
6-C), 141.1 (4a'-C), 138.6 (3'-C), 136.5 (8a'-G¢.D (two overlapped signals) (6'-C and 1"-C),
133.2 (8'-C), 132.4 (7'-C), 130.9 (3-C, 5-C), 13amtl 130.2 (two overlapped signals) (2"-C, 6"-
C, 3"-C, 5"-C and 4"-C), 128.1 (5'-C), 58.7 £HMS (EI, m/2): 292 (57), 291 (74), 290 (82),
289 (66), 91 (100), 80 (23). HRMS (ESI-TOF, £MH) calcd. for GoH:s*CI,N, [M — Br]*
381.0668; found 381.0671.

1-[N-Benzyl-N-(8-bromo-6-chloroquinoxalin-2-yl)amino]pyridinium bromide (20g): After

7 days of reaction in DMF20g was obtained as a brown solid (471 mg, 93%, 0.a®in
m.p.> 140 °C (dec.), IR (KBr)i = 1616, 1595, 1568, 1470, 1229, 1176, 983, 764, 69.'H-
NMR (500 MHz, CRQOD), ¢: 9.34 (ddJ = 6.4 and 1.4 Hz, 2 H, 2-H, 6-H), 9.18 (s, 1 H, 3;-H)
8.88 (tt,J = 8.0 and 1.4 Hz, 1 H, 4-H), 8.35 (dil= 8.0 and 6.4 Hz, 2 H, 3-H, 5-H), 8.05 #,
= 25Hz, 1H,5-Hor 7-H), 8.03 (d,= 2.5 Hz, 1 H, 7"-H or 5'-H), 7.57 (m, 2 H, 2"-H:18),
7.40 (m, 3 H, 3"-H, 5"-H and 4"-H), 5.80 (s, 2E€H,). *C-NMR (75 MHz, CROD), 6: 152.5
(2'-C), 149.9 (4-C), 149.7 (2-C, 6-C), 140.9 (4%-€38.5 (3'-C), 137.4 (8a'-C), 135.6 (7'-C),
134.4 and 134.0 (1"-C and 6'-C), 130.9 (3-C, 543)).6 and 130.4 (two overlapped signals)
(2"-C, 6"-C, 3"-C, 5"-C and 4"-C), 128.7 (9,-023.6 (8-C), 58.6 (CH. MS (EIl, m/2):
338/336/334 (26/100/83, M- Br), 91 (72). HRMS (ESI-TOF, G@H) calcd. for
CooH15°Br®CIN, [M — Br]*425.0163; found 425.0171.

4.4.2.Synthesis of N-benzyl-N-haloquinolin(or quinoxalayl amine21

General procedure Platinum on charcoal (5%) (87 mg) was added sareed solution of the
corresponding pyridinium sa®0 (0.4 mmol) in CHCN (6 mL), cooled in an ice bath. Formic
acid (98%, 1.7 mL) in CECN (3 mL) and then triethylamine (4.1 mL) in themgasolvent (6
mL) were added dropwise. The reaction mixture wased at room temperature for the time
indicated in each case and the resulting suspem&grfiltered through Celite. The filtrate was
evaporated, made basic with saturated aqueousspotagarbonate and extracted with ethyl
acetate (3 x 25 mL). The combined organic phases deed with MgSQ filtered and the
solvents were evaporated to dryness. The residue pugified by flash chromatography
(hexane/ethyl acetate, 7:3) and identified.

N-Benzyl-N-(6-bromoquinolin-2-yl)Jamine (21a): After 15 minutes of reaction2la was
obtained as a colourless oil (86.6 mg, 69%, 0.276ol)) IR (NaCl):v = 3426, 1617, 1601,
1518, 1401, 1341, 824, 698I-NMR (300 MHz, CDC)), d: 7.69 (m, 2 H, 4-H and 5-H), 7.56
(m, 2 H, 7-H and 8-H), 7.32 (m, 5 H, 2"-H, 6'-HH8'5'-H and 4'-H), 6.61 (d] = 8.8 Hz, 1 H,
3-H), 5.14 (br s, 1 H, NH), 4.71 (d= 5.5 Hz, 2 H, CH). "®C-NMR (75 MHz, CDC})), 5: 156.6
(2-C), 146.5 (8a-C), 138.9 (1'-C), 136.2 (4-C), B3gr-C), 129.3 (5-C), 128.6 (3'-C, 5-C),
127.8 (8-C), 127.7 (2'-C, 6'-C), 127.3 (4'-C), B2#a-C), 114.8 (6-C), 112.2 (3-C), 45.8 (§H
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MS (El, m/z): 314/312 (65/100), 313 (28). HRMS (ESI-TOF, ) calcd. for GsHia °BrN,
[M + H]* 313.0335; found 313.0333.

N-Benzyl-N-(6,8-dibromoquinolin-2-yl)amine (21b): After 1 hour of reaction21lb was
obtained as a white solid (92.5 mg, 59%, 0.236 mmlp. 91-93 °C, IR (KBr)» = 3422,
1611, 1505, 1464, 1186, 861, 816, 78F-NMR (500 MHz, CDC}), 6: 7.96 (d,J = 2.4 Hz, 1

H, 7-H), 7.66 (dJ = 2.4 Hz, 1 H, 5-H), 7.65 (d,= 8.7 Hz, 1 H, 4-H), 7.47 (br d,= 7.3 Hz, 2

H, 2'-H, 6'-H), 7.35 (ap t] = 7.3 Hz, 2 H, 3'-H, 5'-H), 7.29 (},= 7.3 and 1.5 Hz, 1 H, 4'-H),
6.61 (d,J = 8.7 Hz, 1 H, 3-H), 5.23 (br s, 1 H, NH), 4.77 Jc&& 5.4 Hz, 2 H, Ch). **C-NMR
(75 MHz, CDC}), ¢: 156.9 (2-C), 144.0 (8a-C), 139.0 (1'-C), 136.7C{|4 135.4 (7-C), 129.2
(5-C), 128.7 (2'-C, 6'-C), 128.2 (3'-C, 5-C), I274'-C), 125.2 (4a-C), 122.4 (8-C), 113.9 (3-
C), 113.1 (6-C), 45.8 (CH MS (EI, m/z): 393/391/389 (50/100/50), 106 (97), 91 (31). HRMS
(ESI-TOF, CHOH) calcd. for GeH15"°BroN, [M + H]* 390.9440; found 390.9443.

As a secondary produdt(6,8-dibromoquinolin-2-yl)amine (22) was obtained: white solid
(7.2 mg, 6%, 0.06 mmol), m.p. 176-178 °C, IR (KBr) 3479, 3334, 1643, 1490, 1398, 864.
'H-NMR (500 MHz, CDC})), §: 7.97 (d,J = 2.2 Hz, 1 H, 7-H), 7.77 (d,= 8.7 Hz, 1 H, 4-H),
7.72 (d,J = 2.2 Hz, 1 H, 5-H), 6.75 (d,= 8.7 Hz, 1 H, 3-H), 5.03 (s, 2 H, NH"*C-NMR (75
MHz, CDCL), ¢: 159.7 (2-C), 143.9 (8a-C), 137.5 (4-C), 135.1C7-129.3 (5-C), 125.4 (4a-
C), 121.8 (8-C), 114.6 (6-C), 113.2 (3-C). MS (E#2): 303/301/299 (52/100/46, 1),
276/274/272 (10/19/10), 142 (24), 115 (17). HRMSIEOF, CHOH) calcd. for GH,°Br,N,

[M + H]" 300. 8971, found 300.8971.

N-Benzyl-N-(6-bromoquinoxalin-2-yl)amine (21c): After 10 minutes of reactior21c was
obtained as a brown oil (94.3 mg, 61%, 0.30 mm&)(NaCl):v = 3414, 1607, 1582, 1526,
1407, 1298, 1174, 915, 824, 73A-NMR (500 MHz, CDC}), 6: 8.18 (s, 1 H, 3-H), 8.02 (d,
=2.5Hz,1H,5-H), 7.65 (dd,= 9.0 and 2.5 Hz, 1 H, 7-H), 7.58 @5 9.0 Hz, 1 H, 8-H), 7.36
(m,5H, 2'-H, 6'-H, 3'-H, 5'-H and 4'-H), 5.27 (pd = 5.2 Hz, 1 H, NH), 4.73 (d = 5.2 Hz, 2

H, CH,). *C-NMR (125 MHz, CDG)), 5: 151.5 (2-C), 140.8 (1-C), 139.1 (3-C), 138.2 and
138.0 (8a-C and 4a-C), 133.2 (7-C), 131.1 (5-C8.823-C, 5'-C), 128.0 (2'-C, 6'-C), 127.8 (8-
C), 127.7 (4'-C), 117.1 (6-C), 45.3 (@HMS (El,m/z): 315/313 (48/50, M), 314/312 (27/19),
225 (10), 106 (100), 91 (47), 79 (12), 65 (14). HRMESI-TOF, CHOH) calcd. for
CisH13"°BrN; [M + H]* 314.0287; found 314.0285.

N-Benzyl-N-(6-chloroquinoxalin-2-yl)Jamine (21d): After 1 hour of reaction,21d was
obtained as a brown oil (107.9 mg, 67%, 0.27 mmBl)(NaCl):v = 3421, 2919, 1610, 1587,
1538, 1532, 1409, 826, 69%-NMR (500 MHz, CDC}), ¢: 8.16 (s, 1 H, 3-H), 7.85 (d,= 2.4
Hz, 1 H, 5-H), 7.63 (dJ = 8.8 Hz, 1 H, 8-H), 7.51 (dd,= 8.8 and 2.4 Hz, 1 H, 7-H), 7.40 (dd,
J=7.3and 1.7 Hz, 2 H, 2'-H, 6'-H), 7.36 (m, 2 HH35'-H), 7.30 (ttJ=7.1 and 1.7, 1 H, 4'-
H), 5.37 (br s, 1 H, NH), 4.72 (d,= 5.6 Hz, 2 H, CH). **C-NMR (125 MHz, CDCJ), 6: 151.6
(2-C), 140.4 (8a-C), 139.1 (3-C), 138.2 (1'-C), B3(#a-C), 130.6 (7-C), 129.4 (6-C), 128.7 (3'-
C, 5-C), 128.0 (2-C, 6'-C), 127.8 (5-C), 127.6@¥, 127.5 (8-C), 45.2 (CHL MS (El, m/2):
271/269 (32/95, M), 106 (100), 91 (69), 65 (26). HRMS (ESI-TOF, {HH) calcd. for
Ci1sH15°CINg [M + H]* 270.0793; found 270.0789.

N-Benzyl-N-(6,8-dibromoquinoxalin-2-yl)amine (21e): After 1 hour of reaction2le was
obtained as a beige solid (95.9 mg, 61%, 0.244 mmup. 137-139 °C, IR (KBryp = 1604,
1572, 1537, 1524, 1399, 864, 740, 695NMR (500 MHz, CDC}), §: 8.13 (s,1 H, 3-H), 7.96
(s (AB system), 2 H, 5-H and 7-H), 7.45 (brJds 7.4 Hz, 2 H, 2'-H, 6'-H), 7.34 (brd,= 7.3
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Hz, 2 H, 3-H, 5-H), 7.29 (br i = 7.3 Hz, 1 H, 4"-H), 5.42 (br s, 1 H, NH), 4.75 Jc= 5.4 Hz,

2 H, CH). C-NMR (125 MHz, CDCJ), 6: 151.7 (2-C), 139.5 (3-C), 138.8, 138.2 and 138.0
(1-C, 8a-C and 4a-C), 135.9 (7-C), 130.8 (5-CB.843'-C, 5'-C), 128.4 (2'-C, 6'-C), 127.8 (4'-
C), 121.6 (8-C), 116.3 (6-C), 46.7 (@HMS (El, m/z): 395/393/391 (50/100/53, 1),
394/392/390 (19/38/20). HRMS (ESI-TOF, @bH) calcd. for GsHi,BroNs [M + H]*
391.9394; found 391.9392.

N-Benzyl-N-(6,8-dichloroquinoxalin-2-yl)amine (21f): After 10 minutes of reactiodlfwas
obtained as a yellow oil (90.0 mg, 74%, 0.296 mmi&t)(NaCl):v = 3419, 1605, 1580, 1527,
1403, 1182, 1028, 708H-NMR (500 MHz, CDC}), §: 8.19 (s, 1 H, 3-H), 7.75 (d,= 2.4 Hz, 1

H, 5-H), 7.64 (dJ = 2.4 Hz, 1 H, 7-H), 7.43 (br d,= 7.4 Hz, 2 H, 2'-H, 6'-H), 7.34 (apX~=
7.3 Hz, 2 H, 3-H, 5-H), 7.28 (t,= 7.4 and 1.4 Hz, 1 H, 4'-H), 5.64 (br s, 1 H, N&)5 (d,J

= 5.5 Hz, 2 H, CH). **C-NMR (75 MHz, CDC}), §: 151.2 (2-C), 139.5 (3-C), 137.7 and 137.6
(two overlapped signals) (8a-C, 4a-C and 1'-C),.33two overlapped signals) (7-C and 8-C),
128.7 (3'-C, 5'-C), 128.6 (6-C), 128.2 (2'-C, 6,-C27.7 (4'-C), 126.8 (5-C), 45.5 (HMS
(El, m/2): 305/303 (9/17, M), 304/302 (21/29), 106 (100). HRMS (ESI-TOF, ) calcd.
for CisH1,>°Cl,N3 [M + H]* 304.0403; found 304.0399.

N-Benzyl-N-(8-bromo-6-chloroquinoxalin-2-yl)amine (21g): After 1 hour of reaction21g
was obtained as a yellow solid (80.9 mg, 58%, 0.2820l), m.p. 122-124 °C, IR (KBp):=
1604, 1578, 1351, 1293, 1175, 794, 754, 7BONMR (500 MHz, CDC}), 6: 8.13 (s, 1 H, 3-
H), 7.85 (br s, 1 H, 7-H), 7.81 (br s, 1 H, 5-H}¥7 (br d,J= 6.8 Hz, 2 H, 2'-H, 6'-H), 7.37 (ap
t,J=7.3 Hz, 2 H, 3-H, 5-H), 7.31 3,= 7.3 Hz, 1 H, 4'-H), 5.48 (br s, 1 H, NH), 4.76 Jd&-
5.6 Hz, 2 H, CH). ®*C-NMR (125 MHz, CDC)), 6: 154.4 (2-C), 142.2 (3-C), 141.8 (8a-C),
140.7 (1'-C), 140.3 (4a-C), 136.2 (7-C), 131.8 {6431.4 (3'-C, 5'-C), 131.1 (2'-C, 6'-C), 130.5
(4'-C), 130.3 (5-C), 124.1 (8-C), 48.2 (9HMS (EI, mV2): 351/349/347 (10/37/29, V), 269
(19), 149 (14), 106 (100), 91 (58), 65 (23). HRMES[-TOF, CHOH) calcd. for GsHy, *Br*Cl

N3 [M + H]" 347.9902; found 347.9898.
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