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Metal free synthesis of quinoxalines from alkynes ia a

cascade process using TsNBr

Debojit Hazarika and Prodeep Phukan*

Department of Chemistry, Gauhati University, Guwal¥81014, Assam, India
E-mail: pphukan@yahoo.com

Abstract: A metal free protocol for the synthesis of quinmes from alkynes has been
developed. The reaction was carried out by treasitkgnes with TsNBr in presence oD-
phenylenediamines in a mixture of acetonitrile avater (9:1). This one-pot reaction proceeds
via an oxidative transformation of alkynes dm-dibromoketones in presence of TsNBEnd

eventually to quinoxalines in presence of 1,2-dis@siin a cascade process.
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1. Introduction

Biologically active heterocyclic compounds are aoib to pharmacology.Quinoxaline
belongs to such an important class of heterocycbmpounds which possess numerous
biological activites such as anticané®r,antibacteriaf® antiviral®® antifungal®® anti-
inflammatory® etc. Quinoxaline also constitute the core of mawynmercial antibiotics.

Moreover they serve as useful synthon for orgapitteesis: They have potential application in



the field of organic semiconductors and electrohestent materials td8> Owing to the
biological importance and wide variety of applioas of quinoxaline, various methods have
been developed for the synthesis of this class etérbcyclic compounds. Acid catalyzed
condensation of 1,2-diamines with 1,2-dicarbonyinpounds is the most common method for
quinoxaline synthesfs.However reactions of 1,2-diamines witkhaloketones, epoxides,
vicinal diols? o-hydroxy ketones? diazoketone$® a-ketocarboxylic acid$? hydroxyl
acetylenes$? a-tosyloxy ketone$**or cinnamic acid results in the formation of quinoxaline
derivatives. But most of the processes involve haeaction condition, use of metal catalyst,
multi step synthesis, longer reaction time, lowd/@nd limited substrate scope.

Synthesis of quinoxaline from alkyne has attradi@ihense interest to the organic
chemist®> One pot synthesis of quninoxaline via Pd and Rialgzed oxidation of internal
alkyne to benzil and subsequent treatment with 1tffediamine has been develogdf:>*%
Chen et al.’® synthesized quinoxalines from alkynes and 1,2-ifiem in the presence of
copper(ll) catalyst whereas Minakagh al.'” used hypervalent iodine as the catalyst. These
methods also involve more than one step and usgp&Ensive oxidants.

It has been observed that the domino synthegisiiobxaline using catalytic iodine with
a suitable oxidant in DMSO continues to be the comrpractice for their synthesis from
terminal alkynesgcheme 1 Similar protocol has been adopted using ethylemea®18°
and ethylarené® as the suitable synthons. Hypervalent iodine soBitd(OAc) have been used
as catalyst for domino synthesis of quinoxalinerfrimternal alkyne cheme 1h*° Hashmiet
al. had reported tandem synthesis of quinoxaline walal gatalyzed oxidation of alkynes to

glyoxals 6cheme 15%°
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Scheme 1Domino protocol for the synthesis of quinoxalfmem alkyne

Herein, we are reporting a strategically differeioimino protocol for the synthesis of
quinoxaline from alkynes. While-bromoketoneshas been reported to be very effective for
preparation of quinoxaline from 1,2-diamine, thgmnthesis fronu,a-dibromoketones is very
rare in the literature. From the best of our knalglke only one reaction has been exemplified

using a,a-dibromoacetophenones with 1,2-diamine in presaio®a(ClQ)s.?* In continuation



of our work onN,N-dibromop-toluene sulfonamid& which is a very interesting and promising
brominating reagent that can deliver the synthesisbromoketon# anda,a-dibromoketoned
from alkynes under very mild conditions, we haeeeloped a domino process for the synthesis
of quinoxalines from alkynes utilizingi,a-dibromoketones as the synthetic intermediate
(Scheme 14l

2. Results and Discussion

N,N-dibromoyp-toluene sulfonamide was synthesized followingterditure proceduré®
Initial screening of our work was carried out usptienylacetylene as the model substrate. In a
typical reaction, TsNBr(1 mmol), O-phenylenediamine (0.5 mmol) and®0O; (1 mmol) was
added to a solution of phenylacetylene (0.5 mmwola imixture of acetonitrile and water (9:1
ratio, 3 mL) and the reaction was stirred at ro@emgerature. After 24 hours of reaction, the
desired product was obtained with 30% vyield. Whaa teaction was studied by varying the
amount of base, we have recorded a maximum of 61%he desired product at room
temperature in presence of 4 equivalep€C&; (table 1, entry 2-3. A notable change in the
reaction yield and time was observed when the iatémperature was increased to 60 °C with
77% isolated product within 4 hourglple 1, entry 5. Further increment in the temperature to
80 °C led to the improvement of the rate of thectiea to provide 2-phenylquinoxaline in 85%
yield within 1 hour (able 1, entry §. Effect of lowering the amount of TsNBon the reaction
yield was profoundtéble 1, entry 7). Use of other bases such as,6l@;, C$CO;, DBU and
Et,NH could not improve the resuliaple 1, entry 9-13. We have also investigated the effect of
different solvents on the reaction yield. The uteatvents like DMSO, DMF and acetone®
produced diminishing resultsaple 1, entry 13-15.



Table 1 Optimization of reaction conditiofs

HoN
TsNBr N
O="0me
Base, Solvent, _

HoN

Temp. N
1 2 3

Entry Base Equiv. of  Equiv. of Solvent Temp Time Yield

base TsNBr; (C) (hr) (%)°©

1 KoCOs 2 2 Acetonitrile- rt 24 30
H,O"

2 KoCOs 3 2 Acetonitrile- rt 18 43
H,0"

3 KoCOs 4 2 Acetonitrile- rt 12 61
H,0"

4 KoCOs 5 2 Acetonitrile- rt 12 64
H,0"

5 KoCOs 4 2 Acetonitrile- 60 4 77
H,0"

6 K2COs3 4 2 Acetonitrile- 80 1 85
H,0P

7 KoCOs 4 1 Acetonitrile- 80 1 35
H,0°

8 KoCOs 4 25 Acetonitrile- 80 1 87
H,0"

9 NaCOs 4 2 Acetonitrile- 80 1 44
H,0"

10 CsCOs 4 2 Acetonitrile- 80 1 37
H,O"

11 DBU 4 2 Acetonitrile- 80 1 trace
H,O"
12 EtNH 4 2 Acetonitrile- 80 1 trace

H,O"




13 K,CO; 4 2 DMSO 80 1 39
14 K,CO;s 4 2 Acetone-KHO° 80 1 51
15 K,COs 4 2 DMF 80 1 24

Reaction condition: 1a (C mmd), 2a (0.! mmd), and solver (3 mL); "MeCN:H,0O = 9:1;“Isolater
yield. “Using DMSO as solvent TsNBwas added in ice cold conditidiAcetone: HO = 30:1.

With the optimized reaction conditions in hand, thweve examined the scope of the
process for various alkynesdble 2). Terminal alkynes with various substitution paiteon the
aromatic ring could provide the desired quinoxaimne high yield (61-88%). Electron donating
groups are very effective for this transformatibialo- functionalities were well tolerable under
the reaction conditionggble 2,3g, 3h) indicating further synthetic utilization of theligoxaline
products. We have successfully transformed annatealkyne to the corresponding quinoxaline
in high yield ¢able 2, 3l, 72%). Heterocyclic alkyne such as 2-ethynyl pyedwas also found
to undergo this transformation with relatively lowgeld (able 2, 3m, 61%). Then we have
examined the scope @-phenylenediamines bearing various substitutiotepag (able 2, 3n-
3q). Formation of isomers was detected in casemoho-substitutedO-phenylenediamines,
which can be separated by using column chromatbgréable 2,30 & 3q). However in case of

4-methyl-O-phenylenediamine, inseparable isomeric mixture etdained 8n).

Table 2: Synthesis of quinoxalindrom various alkynes
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®Reaction condition: alkyne (0.5 mi), 1,2-diamine (0.5 mml), TsNBL, (1 mmd), K,CC; (2 mmd),
CH3CN:H,O (9:1, 3 mL), 80 °C, 1KIsomeric mixture of 1:1.

A probable mechanistic pathway to explain the ieads illustrated inScheme 2 Addition of
TsNBr, to alkyne result in the formation efa-dibromoketoné? In presence of the base, the
a,a-dibromoketone undergoegBattack with the 1,2-diamine forming the internagdA which
subsequently releases HBr and form the imine irddiateB. Finally condensation takes place

resulting in the formation of the desired product.
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Scheme 2Proposed mechanism




In order to confirm whether the reaction proceedsavbromoketone on,a-dibromoketone in
the reaction, we have performed few control expenis. Initially, a,a-dibromoketone was
synthesized from phenyl acetylene using a liteeaproceduré? which was further reacted with
O-phenylenediamine under the same reaction conditidnen 2,2-dibromo-1-phenylethanone
was reacted withO-phenylenediamine under the same reaction conditamresponding
guinoxalines was formed in 93% yiel@8dgheme 3.
o}
Br+ ©:NH2 KoCOs N
©)KE§ Nt CH3CN:H,0 @[ :

80°C, 1h N" 930

Scheme 3Quinoxaline synthesis froma-dibromoketone

As literature reveals the use ef-bromoketones with 1,2-diamine for the synthesis of
quinoxalines, the second experiment was carried out to enseratikence af-bromoketone as
an intermediate in the reaction mixture. Following earlier protocol? a reaction was carried
out exactly under the same condition without thaitawh of O-phenylenediamineScheme 4 in
order to confirm whether arytbromoketone is formed in the course of the reactio this case,
we could not isolate any specific desired produetnf the reaction mixture. This nullifies the
formation of quinoxaline from alkynes via formatiasf a-bromoketone intermediate and

accordingly the cyclization-oxidation mechanisnpresence of TsSNBr

o} o}
/
7 TsNBr, Br  KoCOs Br
—%—
CH3CN:H,0 Br

Not formed

Scheme 4 Attempt to synthesize-bromoketone from alkyne

These control experiments definitely indicate theolvement ofa,a-dibromoketone as

an intermediate in the reaction for the formatiéfireal product quinoxalines.

3. Conclusion
In conclusion, an efficient metal free domino peml has been developed for direct

synthesis of quinoxalines from alkynes. Formatidnam-dibromoketone intermediate from



alkyne in presence of TsNBand finally to quinoxaline in presence of 1,2-diaenthrough
controlled manipulation of the base and reactionpierature has been successfully achieved.
Moreover the reaction works notably under room terafure conditions. Wide substrate scope

with good yield and high purity of the desired puotican be easily obtained.

4. Experimental Section

4.1 General Remarks

TsNBr, was prepared using literature procedfé his reagent can be stored in a refrigerator in
a air-tight container. All other reagents and stgrmaterials were purchased from commercial
sources’H NMR spectra were recorded in Bruker Ultrashied® 31Hz NMR spectrometer and
13C NMR spectra were recorded in Bruker Ultrashield0 5MHz and 300 MHz NMR
spectrometer. Chemical shifts are giver ianits relative to the tetramethylsilane (TMS) sign
as an internal reference in CRCCoupling constants]) are reported in hertz. IR spectra were
recorded in IR Affinity-1 (SHIMADZU) spectrometeMass spectra were obtained in a Q-TOF
ESI-MS instrument (HAB 273). Chromatographic pwation was performed using flash

chromatography over a manually packed column comigisilica gel (230-400 mesh).

4.2 General procedure for synthesis of quinoxaling@a-3q)

To a solution of alkyne (0.5 mmol) in a mixture@#;CN and HO (9:1 ratio, 3 mL), TsNBr(1
mmol), 1,2-diamine (0.5 mmol) and,8O; (2 mmol) was added and the mixture was heated at
80 °C in open air for 1 hour. After completion bktreaction, water was added and the reaction

mixture was extracted with EtOAc (3 x 25 mL). Theganic layer was separated, dried over



anhydrous Ng50O, and concentrated. The crude product was purifjiecotumn chromatography

using petroleum ether and ethyl acetate mixture@nt.

4.2.1. 2-phenylquinoxaline (3a):%®

Pale yellow solid (87.3 mg, 85%); mp 81-82 °€; NMR (CDCk 300 MHz):§ 9.33 (s, 1H),
8.21-8.12 (m, 4H), 7.80-7.75 (m, 2H), 7.60-7.53 @H); 1°C NMR (CDCk, 125 MHz):6 151.8,
143.3, 142.1, 141.4, 136.6, 130.3, 130.1, 129.5,512129.1, 129.0, 127.4; IR (KBr, & v
3441, 3011, 1630, 1409, 767.

4.2.2. 2-(4-t-Butylphenyl)quinoxaline (3b):'%?

Brown oil (115.7 mg, 88%)*H NMR (CDCk 300 MHz):6 9.33 (s, 1H), 8.17-8.10 (m, 4H),
7.76-7.73 (m, 2H), 7.60 (d= 8.4 Hz, 2H), 1.40 (s, 9H}*C NMR (CDCE, 125 MHz):§ 153.5,
151.7, 143.3, 142.2, 141.2, 133.8, 130.1, 129.8,312128.9, 127.2, 126.1, 34.8, 31.1; IR (KBr,
cm): v 3433, 3022, 1627, 1421, 1210, 761.

4.2.3. 2-(p-Tolyl)quinoxaline (3c):*%

Pale yellow solid (92.0 mg, 84%); mp 88-89 “€; NMR (CDCk 300 MHz):§ 9.30 (s, 1H),
8.15-8.09 (m, 4H), 7.77-7.72 (m, 2H), 7.36 Jd,7.5 Hz, 2H), 2.44 (s, 3H}?*C NMR (CDCE,
125 MHz):0 151.7, 143.2, 142.1, 141.2, 140.4, 133.8, 130.9,8,2129.4, 129.3, 128.9, 127.3,
21.4; IR (KBr, cni): v 3438, 3022, 1636, 1420, 1039, 766.

4.2.4. 2-(4-Methoxyphenyl)quinoxaline (3d):*%?

Brownish solid (95.1 mg, 81%); mp 100-103 €& NMR (CDCk 300 MHz): 6 9.27 (s, 1H),
8.17-8.06 (m, 4H), 7.76-7.69 (m, 2H), 7.05 Jd,8.7 Hz, 2H), 3.87 (s, 3H}*C NMR (CDCk
125 MHz):0 161.2, 151.3, 143.0, 142.1, 141.0, 130.1, 129.9,012129.0, 128.9, 128.9, 114.4,
55.3; IR (KBr, crit): v 3441, 3027, 1609, 1426, 1033, 761.

4.25 2-(4-n-Propylphenyl)quinoxaline (3e):

Brown solid (101.1 mg, 82%); mp 104-106 & NMR (CDCk 300 MHz): d 9.32 (s, 1H),
8.16-8.10 (m, 4H), 7.80-7.73 (m, 2H), 7.38 4d,7.8 Hz, 2H), 2.69 (t)= 7.5 Hz, 2H), 1.74-1.67
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(m, 2H), 0.98 (tJ= 7.2 Hz, 3H);"*C NMR (CDCk, 125 MHz): 8 151.8, 145.1, 143.2, 142.2,
141.3, 134.1, 130.1, 129.4, 129.25, 129.21, 1289,3, 37.7, 24.3, 13.6; IR (KBr, ¢ v
3445, 3009, 1640, 1424, 1208; HRMS (ESI) calculdtedC;HigN, (M+H)* 249.1313 found
249.1309.

4.2.6. 2-(4-n-Butylphenyl)quinoxaline (3f):

Dark brown solid (106.4 mg, 81%); mp 84-85 6; NMR (CDCk 300 MHz):6 9.31 (s, 1H),
8.16-8.10 (m, 4H), 7.79-7.72 (m, 2H), 7.38 4d,8.4 Hz, 2H), 2.71 (t)= 7.8 Hz, 2H), 1.69-1.61
(m, 2H), 1.43-1.36 (m, 2H), 0.95 @= 7.2 Hz, 3H);"*C NMR (CDCE, 125 MHz): § 151.8,
145.3, 143.2, 142.2, 141.3, 134.0, 129.4, 129.8,9,2127.3, 35.4, 33.3, 22.2, 13.8; IR (KBr,
cm?): v 3016, 1638, 1428, 1217, 953, 755. HRMS (ESI) dated for GgHigNo (M+H)*
263.1470 found 263.1473.

4.2.7. 2-(4-Fluorophenyl)quinoxaline (3g)*°

White solid (92.3 mg, 83%); mp 123-124 &t NMR (CDCk 300 MHz):6 9.30 (s, 1H), 8.23-
8.12 (m, 4H), 7.80-7.78 (m, 2H), 7.29-7.23 (m, 2HE NMR (CDCk, 125 MHz):6 164.10c =
249.1Hz), 150.6, 142.8, 142.0, 141.3, 132& € 3.6 Hz), 130.3, 129.5, 129.4+ = 4.75 Hz),
129.0, 116.1Jcr = 21.6 Hz); IR (KB, crit): v 3041, 2361, 1646, 959, 757.

4.2.8. 2-(4-Bromophenyl)quinoxaline (3h):*®°

Pale yellow solid (114.8 mg, 81%); mp 123-125 *@:NMR (CDCk 300 MHz):5 9.30 (s, 1H),
8.16-8.08 (m, 4H), 7.79-7.69 (m, 4HYC NMR (CDCk, 125 MHz): § 150.5, 142.7, 142.0,
141.5, 135.4, 132.2, 130.4, 129.7, 129.4, 129.8.912124.9; IR (KBr, cril): v 3048, 2354,
1642, 949, 757.

4.2.9. 2-(6-Methoxynapthalen-2-yl)quinoxaline (3i):

Yellow solid (112.3 mg, 79%); mp 169-171 °&4 NMR (CDCk 300 MHz): § 9.48 (s, 1H),
8.68-8.64 (m, 1H), 8.43-8.42 (m, 2H), 8.22-8.14 @Hl), 8.02 (dJ= 9 Hz, 1H), 7.83-7.80 (m,
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2H), 7.37 (d,J= 9 Hz, 2H), 4.09 (s, 3H)*C NMR (CDChk 125 MHz): § 154.6, 151.0, 143.2,
142.2, 130.4, 130.0, 129.6, 129.47, 129.44, 12120,4, 127.2, 126.1, 56.8; IR (KBr, &nv
3450, 3051, 2355, 1641, 1258, 743; HRMS (ESI) dated for GeH1aN,O (M+H)* 287.1106
found 287.1123.

4.2.10. 2-(m-Tolyl)quinoxaline (3j): *¢°

White solid (88.2 mg, 80%); mp 82-85 °& NMR (CDCk 300 MHz):6 9.32 (s, 1H), 8.15 (t,
J= 8.7 Hz, 2H), 8.03 (s, 1H), 7.97 (@ 7.2 Hz, 1H), 7.80-7.75 (m, 2H), 7.47 J& 7.5 Hz, 1H),
7.36 (d,J= 6.9 Hz, 1H), 2.50 (s, 1H}*C NMR (CDCE 125 MHz):d 151.9, 143.4, 141.4, 138.8,
136.6, 130.8, 130.1, 129.4, 129.3, 129.0, 128.8,01224.5, 21.4; IR (KBr, cil): v 3441, 3033,
1641, 1429, 1227, 1044, 752.

4.2.11. 2-(2-Methoxyphenyl)quinoxaline (3k):*"

Pale white solid (90.8 mg, 77%); mp 106-108 *8:NMR (CDCk, 300 MHz):6 9.34 (s, 1H),
8.16-8.10 (m, 2H), 7.89 (d,= 7.2 Hz, 1H), 7.75-7.70 (m, 2H), 7.46 Jt= 7.5 Hz, 1H), 7.15 (]

= 7.5 Hz, 1H), 7.04 (d] = 8.4 Hz, 1H) 3.88 (s, 3H}*C NMR (CDCk 75 MHz): 6 157.2, 152.0,
147.1, 142.5, 140.8, 131.4, 131.3, 129.6, 129.9,21228.9, 126.3, 121.4, 111.2, 55.5; IR (KB,
cm): v 3450, 3019, 1611, 1444, 771.

4.2.12. 2-Ethyl-3-Phenylquinoxaline (3I):%9

Brown oil (84.1 mg, 72%):H NMR (CDCk, 300 MHz):5 8.13-8.09 (m, 2H), 7.78-7.74 (m, 2H),
7.62-7.57 (m, 2H), 7.53-7.46 (m, 3H), 3.07 4g,7.2 Hz, 2H), 1.31 ()= 7.2 Hz, 3H):°C NMR
(CDCls, 125 MHz):6 156.9, 154.8, 141.3, 140.6, 138.9, 129.7, 12®9,11, 128.8, 128.6, 128.5,
128.4, 128.3, 29.2, 12.9; IR (KBr, &inv 3441, 3032, 1655, 1264, 751.

4.2.13. 2-(Pyridin-2-yl)quinoxaline (3m):*

Brown solid (63.5 mg, 61%): mp 111-113 & NMR (CDCk 300 MHz):6 9.96 (s, 1H), 8.79
(d,J= 4.2 Hz, 1H), 8.60 (dJ= 8.1 Hz, 1H), 8.18-8.15 (m, 2H), 7.91 §& 6 Hz, 1H), 7.81-7.78
(m, 2H), 7.44-7.42 (m, 1H)>C NMR (CDCk, 125 MHz): 6 154.4, 150.0, 149.3, 144.0, 142.4,
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141.6, 137.0, 130.0, 129.9, 129.5, 129.1, 124.5,% 2R (KBr, cni'): v 3051, 1601, 1050, 948,
769.

4.2.14. 6-Methyl-2-phenyl quinoxaline and 7-Methyl-2-phenylquinoxaline (1:1) (3n):*°

Yellow solid (92.0 mg, 84%); mp 93-96 °H NMR (CDCk 300 MHz): 6 9.25 (d,J= 7.5 Hz,
1H), 8.17 (dJ= 6.6 Hz, 2H), 8.05-7.92 (m, 2H), 7.61-7.53 (m, 4#B1 (d,J= 7.2 Hz, 3H);**C
NMR (CDClk 125 MHz):6 151.7, 151.0, 143.2, 142.4, 142.2, 141.4, 14(10,5], 140.1, 139.8,
136.7, 132.6, 131.9, 130.0, 129.6, 129.1, 128.8,41228.3, 127.8, 127.4, 127.3, 21.9, 21.8; IR
(KBr, cm™): v 3458, 3010, 1637, 1421, 1053, 767.

4.2.15. 7-Nitro-2-phenylquinoxaline (30a):%°

Yellow solid (22.4 mg, 18%); mp 199-201 °& NMR (CDCk 300 MHz):6 9.49 (s, 1H), 9.04
(d, J= 2.4 Hz, 1H), 8.59-8.55 (m, 1H), 8.31-8.26 (m, 3RB3-7.61 (m, 3H):C NMR (CDCh
125 MHz):6 154.2, 147.3, 145.3, 144.8, 140.2, 135.5, 13132,0, 129.3, 127.8, 125.5, 123.6;
IR (KBr, cnid): v 3447, 3013, 1618, 1429, 771.

4.2.16. 6-Nitro-2-phenylquinoxaline (3ob):*%°

Yellow solid (62.2 mg, 50%); mp 201-203 °& NMR (CDCk 300 MHz):6 9.51 (s, 1H), 9.04
(s, 1H), 8.57 (dJ= 9Hz, 1H), 8.39-8.21 (m, 3H), 7.63-7.61 (m, 3iC NMR (CDCk, 125
MHz): 6 154.2, 147.3, 145.3, 144.8, 140.2, 135.5, 13129,8, 129.3, 127.8, 125.5, 123.6; IR
(KBr, cmiY): v 3010, 1621, 1444, 1327, 778.

4.2.17. 6,7-Dichloro-2-phenylquinoxaline (3p):*

Pale yellow solid (62.0 mg, 50%); mp 153-155 *8;NMR (CDCk 300 MHz):6 9.32 (s, 1H),
8.27-8.17 (m, 4H), 7.58-7.57 (m, 3HYC NMR (CDCk, 125 MHz): 6 152.5, 144.2, 140.9,
140.0, 135.7, 134.8, 133.9, 130.7, 130.0, 129.6,212127.4; IR (KBr, cri): v 3422, 3028,
1437, 1077, 755.

13



4.2.18. 6-Chloro-2-phenylquinoxaline (3ga):*

Pale yellow solid (59.5 mg, 49%); mp 147-148 *8:NMR (CDCk 300 MHz):6 9.33 (s, 1H),
8.21-8.17 (m, 3H), 8.07 (d= 9 Hz, 1H), 7.70 (dJ= 7.5 Hz, 1H), 7.58 (dJ= 6.3 Hz, 3H):**C
NMR (CDClk 125 MHz):6 151.8, 144.0, 141.7, 140.7, 136.2, 135.1, 13130,7, 130.3, 129.1,
127.9, 127.4; IR (KBr, cif): v 3439, 3037, 1633, 1440, 981, 762.

4.2.19. 7-Chloro-2-phenylquinoxaline (3gb):*?

Pale yellow solid (33.1 mg, 28%); mp 135-137 *8;NMR (CDCk 300 MHz): 4 9.33 (s, 1H),
8.20-8.17 (m, 2H), 8.11-8.08 (m, 2H), 7.73 (& 9 Hz, 1H), 7.60-7.52 (m, 3H)’C NMR
(CDCl5,125 MHz):6 152.4, 143.3, 142.5, 139.9, 136.1, 136.0, 13(®86,4, 130.2, 129.1, 128.3,
127.5; IR (KBr, cnit): v 3429, 3031, 1445, 966, 757.

Acknowledgement: Financial support from DST, India (Grant No. SR&Ct43/2011) is
gratefully acknowledged. D.H. thanks UGC, Indiar o research fellowship under RFMS
scheme.

References:

1. Dua, R.; Shrivastava, S.; Sonwane, S. K.; Stawas S. K.Advan. Biol. Res. 2011, 5, 120-
144.

2. (a) Amin, K. M.; Ismail, M. M. F.; Noaman, E.pf8nan, D. H.; Ammar, Y. ABioorg. Med.
Chem. 2006 14, 6917-6923; (b) Seitz, L. E.; Suling, W. J.; Relgso R. C.J. Med. Chem. 2002
45, 5604-5606; (c) Wilhelmsson, L. M.; Kingi, N.; Bergman,lJ Med. Chem. 2008 51, 7744-
7750; (d) Xu, H.; Fan, L. LEur. J. Med. Chem. 2011, 46, 1919-1925; (e) Abu-Hashem, A.;
Gouda, M.; Badria, Feur. J. Med. Chem. 201Q 45, 1976 1981; (f) Knapp, D. M.; Gillis, E. P.;
Burke, M. D.J. Am. Chem. Soc. 2009 131, 6961-6963; (g) Rueping, M.; Tato, F.; Schoepke, F
R. Chem. -Eur. J. 201Q 16, 2688-2691; (h) Tan, J.; Tang, W.; Sun, Y.; Jiahg,Chen, F.; Xu,
L.; Fan, Q.; Xiao, JTetrahedron 2011, 67, 6206-6213.

14



3. (a) Dell, A.; Williams, D. H.; Morris, H. R.; Sith, G. A.; Feeney, J.; Roberts, G. C.JKKAm.
Chem. Soc. 1975 97, 24972502; (b) Sato, K.; Shiratori, O.; Katagiri, K. Antibiot. 1967, 20,
270-276.

4. (a) Sessler, J. L.; Maeda, H.; Mizuno, T.; Lyneh M.; Furuta, HJ. Am. Chem. Soc. 2002
124, 1347413479; (b) Dailey, S.; Feast, W. J.; Peace, RSdge, |. C.; Till, S.; Wood, E. L.
Mater. Chem. 2001, 11, 2238-2243.

5. Thomas, K. R. J.; Velusamy, M,; Lin, J. T.; Chu€. H.; Tao, Y. TChem. Mater. 2005,17,
1860-1866.

6. (a) Kadam, H. K.; Khan, S.; Kunkalkar, R. A.JVB, S. G.Tetrahedron Lett. 2013 54, 1003-
1007; (b) Schmidt, B.; Krehl, S.; Hauke,J5Org. Chem. 2013 78, 54275435, (c¢) Lian, M.; Li,
Q.; Zhu, Y.; Yin, G.; Wu, ATetrahedron 2012 68, 9598-9605; (d) Mantel, M. L. H.; Lindhardt,
A. T.; Lupp, D.; Skrydstrup, TChem. -Eur. J. 201Q 16, 5437-5442. (e) Ajaikumar, S.;
Pandurangan, AAppl. Catal. A Gen. 2009 357, 184-192; (f) Zhao, Z.; Wisnoski, D. D.;
Wolkenberg, S. E.; Leister, W. H.; Wang, Y.; Linelgl C. W.Tetrahedron Lett. 2004 45, 4873-
4876; (g) Tingoli, M.; Mazzella, M.; Panunzi, B.uii, A. Eur. J. Org. Chem. 2011, 399-404.

7. (a) Das, B.; Venkateswarlu, K.; Suneel, K.; Mafh Tetrahedron Lett. 2007, 48, 5371-5374;
(b) Wan, J.-P.; Gan, S.-F.; Wu, J.-M.; Pan,Gfeen Chem. 2009 11, 1633-1637; (c) Madhav,
B.; Narayana Murthy, S.; Prakash Reddy, V.; RaoRK.Nageswar, Y. V. DIetrahedron Lett.
2009 50, 6025-6028. (d) Nagarapu, L.; Mallepalli, R.; Asa\G.; Yeramanchi, LEur. J. Chem.
201Q 1, 228-231.

8. (a) Antoniotti, S.; Dfiach, E.Tetrahedron Lett. 2002 43, 3971-3973; (b) Taber, D. F.;
DeMatteo, P. W.; Taluskie, K. \d. Org. Chem. 2007, 72, 1492-1494; (c) Vidal-Albalat, A.;
Rodriguez, S.; Gonzalez, F. Urg. Lett. 2014 16, 1752-1755.

9. Cho, C. S.; Oh, S. Getrahedron Lett. 2006 47, 5633-5636.

10. (a) Raw, S. A.; Wilfred, C. D.; Taylor, R. J. ®&hem. Commun. 2003 2286-2287; (b) Kim,
S. Y.; Park, K. H.; Chung, Y. KChem. Commun. 2005 13211323; (c) Robinson, R. S.; Taylor,
R. J.9ynlett 2005 1003-1005; (d) Sithambaram, S.; Ding, Y.; Li, V8hen, X.; Gaenzler, F.;
Suib, S. L.Green Chem. 2008 10, 1029-1032; (e) Jeena, V.; Robinson, RB8Istein J. Org.
Chem. 2009 5, 24; (f) Venkateswara Rao, K. T.; Sai Prasad,.PLi8gaiah, N.J. Mol. Catal. A

15



Chem. 2009 312, 65-69; (g) Pan, F.; Chen, T.-M.; Cao, J.-J.; Zou,.JZRang, W.Tetrahedron
Lett. 2012 53, 2508-2510.

11. Martin, L. J.; Marzinzik, A. L.; Ley, S. V.; Bandale, I. ROrg. Lett. 2011, 13, 320-323.

12. Ali, M. M.; Ismail, M. M. F.; EI-Gaby, M. S. AZahran, M. A.; Ammar, Y. AMolecules
200Q 5, 864-873.

13. Barluenga, J.; Aznar, F.; Liz, R.; Cabal, MSfthesis 1985 313-314.

14. (a) Nicolaou, K. C.; Montagnon, T.; Ulven, Baran, P. S.; Zhong, Y.-L; Sarabia,J-Am.
Chem. Soc. 2002 124, 57185728; (b) Guntreddi, T.; Vanjari, R.; Kumar, S.n&h, R.; Singh,
N.; Kumar, P.; Singh, K. NRSC Adv. 2016 6, 81013-81016.

15. (a) Chan, C.-K.; Chang, M.-8ynthesis 2016,48, 3785-3793; (b) Mousset, C.; Olivier, P.;
Abdallah, H.; Bignon, J.; Brion, J. D.; Alami, Mletrahedron 2008 64, 4287-4294; (c)
Chandrasekhar, S.; Reddy, N. K.; Kumar, VT&rahedron Lett. 2010 51, 3623-3625; (d) Xu,
Y.;Wan, X.Tetrahedron Lett. 2013 54, 642-645.

16. Wang, W.; Shen, Y.; Meng, X.; Zhao, M.; Chen; &hen, B.Org. Lett. 2011, 13, 4514-
4517.

17. Okumura, S.; Takeda, Y.; Kiyokawa, K.; Minakaga Chem. Commun. 2013 49, 9266-
9268.

18. (a) Viswanadham, K. K. D. R.; Reddy, M. P.;Hyanarayana, P.; Ravi, O.; Kant, R.;
Bathula, S. RChem. Commun. 2014 50, 13517-13520; (b) Vadagaonkar, K. S.; KalmodePH.
Murugan, K.; Chaskar, A. ®RSC Adv. 2015 5, 5580-5590.

19. Chen, C. Y.; Hu, W. P.; Liu, M. C.; Yan, P. @/ang, J. J.; Chung, M. Tetrahedron 2013
69, 9735-9741.

20. Shi, S.; Wang, T.; Yang, W.; Rudolph, M.; Haghf S. K. Chem. -Eur. J. 2013 19, 6576-
6580.

21. Yun-fei, J.; Tang-ming, C.; Hai-feng, M.; Jipmg, Z. Chem. Res. Chinese Universities
2012 28, 642-646.

22. For a review: (a) Saikia, |.; Borah, A. J.; Rémn, P.Chem. Rev. 2016 116, 6837-8042; (b)
Rajbongshi, K. K.; Borah, A. J.; Phukan,®nlett 2016 27, 1618-1634,; Selected examples: (c)
Phukan, P.; Chakraborty, P.; Kataki, D.Org. Chem. 2006 71, 7533-7537; (d) Saikia, I.;
Kashyap, B.; Phukan, hem. Commun. 2011, 47, 2967-2969; (e) Borah, A. J.; Phukan, P.

16



Chem. Commun. 2012 48, 5491-5493; (f) Rajbongshi, K. K.; Saikia, I.; Gl L. D.; Roy, S.;
Phukan, PJ. Org. Chem. 2016 81, 5423-5432.

23. Rajbongshi, K. K.; Hazarika, D.; Phukan;TBtrahedron Lett. 2015 56, 356-358.

24. (a) Chawla, R.; Singh, A. K.; Yadav, L. D. Synlett 2013 24, 1558-1562; (b) Rajbongshi,
K. K.; Phukan, PTetrahedron Lett. 2014 55, 1877-1878; (c) Rajbongshi, K. K.; Hazarika, D.;
Phukan, PTetrahedron 2016 72, 4151-4158.

17



