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Solvent Mediated Selective C—H Bond lodination of
Pyrrolo[1,2-a]lquinoxaline

Liu, Yali Yang, Zhen Li, Yang Liu, Yan™ Liu, Ping*
(Key Laboratory for Green Processing of Chemical Engineering of Xinjiang Bingtuan, School of
Chemistry and Chemical Engineering, Shihezi University, Shihezi, Xinjiang 832003)

Abstract A solvent mediated regioselective C—H iodination of pyrrolo[1,2-a]quinoxaline with N-iodo-succininide (NIS) has
been developed. 1-lodopyrrolo[1,2-a]quinoxalines and 3-iodopyrrolo[1,2-a]quinoxalines could be selectively synthesized by
using CHCl3 and N,N-dimethylformamide (DMF) as solvents, respectively. Furthermore, 1,3-dibromopyrroloquinoxalines
were obtained as the main products by the bromination of pyrrolo[1,2-a]quinoxaline with N-bromo-succinimide (NBS). The
method features simple and mild reaction conditions, good regioselectivity, broad substrate scope, and gram-scale synthesis. In
addition, the further transformation of halogenated pyrrolo[1,2-a]quinoxaline products has also been investigated through
palladium and iodine catalyzed C—X (X=C, S) bond formation reactions.
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compounds.’®1 As we known, pyrrolo[1,2-a]- quinoxaline

1 Introduction . S .
has multiple reactive sites.’!?I Therefore, the direct C—H

Pyrrolo[1,2-a]quinoxalines function as antiparasitic
agents,!!l antifungal activity,?! 5-HT3 receptors,’] inhibitors
of human protein kinase Casein Kinase (2CK2) and protein
kinase B (AKT),™ and so on[ in a wide range of biological
processes.[®) Although many approaches have been devel-
oped to synthesize pyrrolo[1,2-a]- quinoxalines, usually
4-substituted pyrroloquinoxaline skeletons are construct-
ed.l”! This greatly limits the further development and ap-
plication of pyrroloquinoxaline as a biologically active
molecule in the field of medicine. In the past decade, the C
—H bond functionalization as green and sustainable
methodology has been achieved notable progress due to
construct diverse organic molecules starting from simple

* Corresponding authors. E-mail: liuyan@shzu.edu.cn; liuping@shzu.edu.cn

bond functionalization of pyrrolo[1,2-a]quin- oxalines as
the core to construct diverse pyrroloquinoxaline derivatives
is an alternative protocol. In 2020, Nguyen ef al. reported a
C1—H chlorination of 4-aryl pyrrolo[1,2-a]- quinoxalines
with N-chloro-succinimide (NCS) in the pre- sence of
dimethyl sulfoxide (DMSO) as catalyst and CHCI; as sol-
vent. Also, the bromination of pyrrolo[1,2-a]quinoxa- lines
was achieved by using CuBr; as brominated reagent and
K>S,0s as oxidant (Scheme 1a).['!l However, the catalytic
amount of DMSO and the stoichiometric amount of CuBr in
the above reaction system are indispensable. Recently, a
selective C3—H iodination of pyrrolo[1,2-a]quin- oxalines
with tetrabutylammonium iodide (TBAI) or I, was deve-
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Scheme 1 Selective halogenations of pyrrolo[1,2-a]quinoxalines

loped, and a series of novel 3-iodo-pyrrolo[l,2-a]-
quinoxalines were obtained with excellent regioselectivity
and broad substrate scope (Scheme 1b).1'?l On the basis of
this work, herein we reported a solvent mediated regiose-
lective C—H iodination of pyrrolo[1,2-a]quinoxaline and
N-iodosuccininide (NIS), and 1-iodopyrrolo[1,2-a]quin-
oxalines and 3-iodopyrrolo[1,2-a]quinoxalines could be
selectively synthesized by using CHCl; and N,N-dimethyl-
formamide (DMF) as solvents, respectively (Scheme 1c).
Compared with the previous work, the characteristics of this
reaction are simple operation, mild reaction conditions and
metal- free participation.

2 Results and discussion

To investigate the selective iodination conditions of
pyrrolo[1,2-a]quinoxaline (Table 1), we first did the iodina-
tion of pyrrolo[1,2-a]quinoxaline and NIS by similar the
brominated reaction conditions reported by Nguyen, un-
fortunately, only 17% yield of Cl-iodinated product 2a was
obtained in the presence of 20 mol% of DMSO as catalyst
and CHCI; as solvent at room temperature for 24 h (Entry
1). To our delights, the reaction could be achieved in the
absence of DMSO, affording the desired product 2a in 81%
yield (Entry 2). Shortening the reaction time to 12 h, the
reaction yield of 2a was reduced to 76% (Entry 3).
Switching NIS to I, or TBAI was detrimental to the reaction
(Entries 4 and 5). Next, the solvent was screened. Interest-
ingly, when the polar solvents such as DMF, DMSO,
MeCN, EtOH, and MeOH were used as the reaction me-
dium, selective C3—H iodinated product 3a was obtained
with 39%~72% yields of (Entries 6~10). Among them,
DMF as the optimal solvent provided the product 3a in 72%
yield (Entry 6). Dichloromethane (DCM) and toluene were
ineffective in this reaction (Entries 11 and 12). The above
experimental results showed that the solvent played a vital
role in the regioselectivity of the iodination reaction. Sub-
sequently, I, as iodine source was tested again in DMF, but
a lower yield was obtained (Entries 13). When 2 equiv. of
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NIS was used, the yield was reduced to 40% (Entry 14).
Prolonging the reaction time to 10 h resulted in no signifi-
cant increase in the yield of 3a (Entry 15). On the contrary,
shortening the time to 3 h, the yield can be increased to 76%
(Entry 16).

Table 1 Optimization of the reaction conditions
I p—
N_ o | source NS + N_ /I
CL, :
N N
2a 3a

th, T/°C
Solvent

. Yield”/%
Entry  [I] (equiv.) Solvent t/h

2a 3a
1€ NIS (1.2) CHCl3 24 17 —
2 NIS (1.2) CHCl3 24 81 —
3 NIS (1.2) CHCl3 12 76 —
4 L (1.2) CHCl3 12 nr —
5 TBAI(1.2) CHCl3 12 nr —
6 NIS (1) DMF 6 — 72
7 NIS (1) DMSO 6 — 56
8 NIS (1) MeCN 6 — 52
9 NIS (1) EtOH 6 — 51
10 NIS (1) MeOH 6 — 39
11 NIS (1) DCM 6 — trace
12 NIS (1) Toluene 6 — nr
13 L (1) DMF 6 — 21
14 NIS (2) DMF 6 — 40
15 NIS (1) DMF 10 — 73
16 NIS (1) DMF 3 — 76

4Reaction conditions: 1a (0.2 mmol), solvent (3 mL), room temperature, in air.
bIsolated yield. €20 mol% of DMSO as oxidant was used under air.

With optimized conditions in hand, the scope of selective
C—H iodination of pyrrolo[1,2-a]quinoxalines was evalu-
ated (Table 2). Under the optimized reaction condition 1
(Table 1, Entry 2), the substituted pyrrolo[1,2-a]quinoxa-
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line bearing 8-Me, and 8-F groups at the benzene ring po-
sition afforded the Cl-iodinated products 2b and 2¢ in 63%
and 67% yields, respectively. The iodination of 7-methyl-
pyrrolo[1,2-a]quinoxaline could proceed smoothly to obtain
the desired product 2d in 67% yield. Subsequently, the
iodinations of 4-aryl substituted pyrrolo[1,2-a]quinoxali-
nes were investigated. The substrates with various substit-
uents on para-positions of the benzene ring were well tol-
erated, providing the desired products 2e~2k in 63%~
89% yields with good regioselectivity. The results showed
that the electronic effect of the substituents has no obvious
influence on the reactivity. Under the optimized reaction
condition 2 (Table 1, Entry 16), the regioselective C3-iodi-
nated reactions of the 7-Me, 8-Me, and 8-F substituted
pyrrolo[1,2-a]quinoxalines could proceed well, providing
the corresponding products 3b~3d in 52%~72% yields.
However, 4-arylpyrrolo[1,2-a]quinoxalines were used as
reactants under the same conditions to afford the Cl-io-
dinated products 2e, 2f, 2i, and 2k in 45%~79% yields, and
the C3-iodinated products 3e, 3f, 3i, and 3k were obtained
in lower yields. This may be attributed to the electronic
effect of the 4-aryl substituent on the reaction. Further
studies showed that increasing the temperature was benefi-
cial to the selectivity of C3-H iodination.

Next, the brominations of pyrrolo[1,2-a]quinoxaline de-
rivatives were explored (Table 3). The bromination of pyr-
rolo[1,2-a]quinoxaline 1a with NBS in the presence of
DMF could proceed smoothly, providing the product
1,3-dibromopyrrolo[1,2-a]quinoxaline (4a) in 77% yield.
The structure of 4a was determined by single crystal X-ray
diffraction (Figure 1). In addition, the reactions of 4-

arylpyrrolo[1,2-a]quinoxalines with NBS gave 1,3-dibro-
minated products 4b and 4c¢ in 53% and 49% yields, re-
spectively, and 1,2,3-tribrominated products 4b' and 4c'
products were obtained in 19% and 26% yields, respec-
tively.

Figure 1 Cystal structure of 4a (CCDC: 2073986)

Br. Br.
— TBAI (2 equiv.) -

N/ TBHP (0.5 mL)
L,
N

Br N/ Ts
+ TsNHNHp 77— =
SYNT24 4-dioxane (0.5 mL) @[ _
80°C, 12 h N
4a 5a

0.9 mmol
0.3 mmol 84%

Scheme 2 TBAI-promoted the sulfenylation of 4a

Interestingly, when 1,3-dibromopyrrolo[1,2-a]quinoxa-
line was utilized as a substrate to react with TSNHNH; in the

Table 2 Scope of selective C—H iodination of pyrrolo[1,2-a]-quinoxalines with NIS?

__ Conditions 1 __ Conditions 2 __
N NIS (1.2 equiv.) N/ NIS (1.0 equiv.) N/
R-I- CHCl; (3 mL) Rl—/\:[ DMF (3 mL), 3 h, r.t R@[
NP » I 0, I N
ZSNT A 24h, rt. N N" Ar
2 1 3
Condition 1 Condition 2
| I — N/ I
— _ R N. J—| 3a, R=H,76% /@[
3b, R =Me, 72% _
R N ) )
\©: % N~/ \©:N/ 3c,R=F, 52% Me N
NG ~ 3d, 64%
Me N
2a,R=H, 81% o,
2b, R = Me, 63% 2d,67%
2c,R=F, 67%

I 2e, R = OCHj, 83%
= 2f, R = Br, 84%
2g, R = NO,, 63%
2h,R=H, 89%
2i, R = CHj3, 81%
2j, R=Cl, 73%
R 2k,R=F, 78%

= I
N /I -
X 7
N7 and ©:/
N
R

3e, R=0OCHj, 17%
3f, R = Br, trace

3i, R = CHs, 6%

3k, R=F, 14%(33%)"

2e, R = OCHg, 45%
2f, R = Br, 74%

2i, R = CH3, 79%

2k, R=F, 70% (38%)°

4 Conditions 1: 1a (0.2 mmol), NIS (1.2equiv.), CHCl; (3 mL), 24 h, r.t., in air, isolated yield; Condition 2: 1a (0.2 mmol), NIS (1.0 equiv.), DMF (3 mL), 3 h, r.t., in

air, isolated yield. ® 100 °C, 6 h.
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Table 3 Bromination of pyrrolo[1,2-a]quinoxaline with NBS*
B
@N Z NBS (3 equiv.) @[Nf
DMF (3 mL), Ar, 3 h, rt. N Ar
4 n=2o0r3

Br Br. Br. Br
N_/—Br N/ Br N/ ~Br
> -
—
N N N
R

4b', R = Cl, 19%
4c', R=F, 26%

4a, 77% 4b, R = Cl, 53%

4c,R=F, 49%

4Reaction conditions: 1a (0.2 mmol), DMF (3 mL), 3 h, r.t., under Ar atmos-
phere. ¢ Isolated yield.

presence of TBAI, the sulfenylated product 1-bromo-3-
tosylpyrrolo[1,2-a]quinoxaline (5a) was also obtained in
84% yield. The structures of 5a was established by X-ray
crystallographic analysis (Figure 2).

Br(1)s

S e
ow g (X
"’\, 3(2\ M :

Q

o) 1
o) S

-

Figure 2 Crystal structure of Sa (CCDC: 2062352)

The scale-up reaction was performed by using 6 mmol of
pyrrolo[1,2-a]quinoxaline 1a and NIS in the presence of 20
mL of CHCls, affording 1.063 g of 2a in 60% yield (Scheme
3).

|
N~/
L,
N
2a
60%, 1.063 g

N~ CHCI3 (20 mL)
+ NIS
rt., 36 h
1.2 equiv.
6 mmol

Scheme 3 Gram-scale synthesis of 2a

To highlight the synthetic utility of 1-iodopyrro- lo[1,2-
a]quinoxaline, the further transfromations of C1—I bond
were investigated (Table 5). First, the Suzuki-Miyaura re-
actions of 2a with arylboronic acids in the presence of 5
mol% Pd(PPhs)s and Na,COs as base at 80 C under Ar
atmosphere were explored, and the desired products 6a~ 6f
were obtained in 49%~99% yields with good functional
group tolerance. Next, the PdCIy(PPhs),/Cul-catalyzed
Sonogashira reactions of 2a with various terminal alkynes
were performed by using Et:N as base at 65 “C in the air
(Table 5). The expected products 7a~7e were obtained in
69%~79% yields. Also, 2-methylbut-3-yn-2-ol was suita-
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ble substrate for this reaction, affording the product 7f in
72% yield.

Table 4 Pd-catalyzed Suzuki-Miyaura reactions of 2a¢

' @ﬁ?

_ Pd(PPhs), (5 mol%)

N_ Na,COj3 (2 equiv.)
@[ + ArB(OH),
—
N

1,4-dioxane/H,0
2a 80°C,5h

(V:V=4:1)
6a,R = H, 70% Q

__ 6b,R=CHs, 79% =
) 6¢,R=0CHj 86% N/
©: 6d. R = vinyl, 49% @
~
NT N

6f, 99%

6e, 85%°

“Reaction conditions: 2a (0.2 mmol), arylboronic acid (2 equiv.), 1,4-dioxane/
H,O (2.5mL, V: V=4 :1),80 ‘C, 5 h, under Ar atmosphere. * Isolated yield;
¢7h.

Table 5 Pd-catalyzed Sonogashira reactions of 2a“

| Ar.
= PdCl,(PPhs), (5 mol%) A\
\NZ _ Cul (20 mol%) =
@[ + Ar — N_ o
_ Et;N (2 mL), 65 °C, 12 h ©:
N ~
N
2a 7
R HO
7a, R = CHj, 71% \\
N\ 7b, R=H, 74% _
7¢, R = Ph, 76% N
=\ 7d, R = OCHj, 69%
7e, R=Cl, 79% ©:N/

N/
o9
N

7, 72%

4 Reaction conditions: 2a (0.2 mmol), terminal alkyne (1.5 equiv.), Et;N (2
mL), 65 “C, 12 h, under air. ® Isolated yield.

3 Conclusions

In summary, a regioselective C—H iodination of pyr-
rolo[1,2-a]quinoxaline and NIS has been developed. CHCl;3
as solvent resulted in C1—H iodination, so that 1-iodo-
pyrrolo[1,2-a]quinoxalines could be formed. In the DMF
solvent case, the C3—H iodination readily occurred to give
3-iodopyrrolo[1,2-a]quinoxalines. The present work rep-
resent novel strategies for selective C—H iodination of
pyrrolo[ 1,2-a]quinoxaline. Furthermore, the bromination of
pyrrolo[1,2-a]quinoxaline with NBS has also been inves-
tigated, and 1,3-dibromopyrroloquinoxalines were obtained
as the main products. The successful constructions of C—C
and C—S bonds by further derivatization of these products
provided the possibility for the application of pyrrolo-
quinoxaline derivatives in the fields of medicine and syn-
thesis. The method features simple and mild reaction con-
ditions, good regioselectivity, broad substrate scope, gram-

Chin. J. Org. Chem. 2021, 41, 4789~4797
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scale synthesis, and diverse transformations of the products.
Further studies to elucidate the action of solvents on the
regioselectivity of iodination reactions are ongoing.

4 Experimental section

4.1 General methods

Unless otherwise noted, all reactions were performed in
Schlenk tubes. Melting points were determined with a fu-
siometer and are not corrected. The materials obtained from
commercial suppliers were used without further purifica-
tion. For chromatography, Qingdao Ocean Chemical 200-
300 mesh silica gel was employed. 'H NMR and 3C NMR
spectra were recorded on a Bruker Avance I11 HD 400 MHz
spectrometer in CDCl; solution and the chemical shifts
were reported in ¢ relative to the internal standard tetra-
methylsilane (TMS, 6 0). High-resolution mass spectra
(HRMS) were acquired in electrospray ionization (APCI)
mode using a TOF mass analyzer.

4.2 General procedure for pyrrolo[1,2-alquinoxa-
lines with NIS in CHCIs (Conditions 1)

A mixture of pyrrolo[1,2-a]quinoxaline (0.2 mmol), NIS
(0.24 mmol), and CHCI; (3 mL) was stirred at room tem-
perature for 24 h. Upon completion, the solvent was re-
moved under reduced pressure. The crude was purified by
flash chromatography on silica gel (petroleum ether/EtOAc)
to give the final products 2a~2Kk.

4.3 General procedure for pyrrolo[1,2-alquinoxa-
lines with NIS in DMF (Conditions 2)

A mixture of pyrrolo[1,2-a]quinoxaline (0.2 mmol), NIS
(0.2 mmol), and DMF (3 mL) was stirred at room temper-
ature for 3 h. Upon completion, the reaction was quenched
with the saturated solution of sodium thiosulfate (2 mL) and
extracted with EtOAc (10 mL X 3). The combined organic
layer was dried over anhydrous Na,SOs, and the solvent was
removed under reduced pressure. The crude was purified by
flash chromatography on silica gel (petroleum ether/EtOAc)
to give the final products 3a~3k.

4.4 General procedure for bromination of pyrrolo-
[1,2-a]quinoxaline with NBS

A mixture of pyrrolo[1,2-a]quinoxaline (0.2 mmol), NBS
(0.6 mmol), and DMF (3 mL) was stirred at room temper-
ature under Ar atmosphere for 3 h. Upon completion, the
solution was extracted with EtOAc (10 mL X 3). The com-
bined organic layer was dried over anhydrous Na,SOj, the
solvent was removed under reduced pressure. The crude
was purified by flash chromatography on silica gel (petro-
leum ether/EtOAc) to give the corresponding products 4a~
4c, 4b', and 4c¢'.

4.5 General procedure for TBAl-promoted the sul-
fenylation of 4a

A mixture of 1,3-dibromopyrrolo[1,2-a]quinoxaline (0.3
mmol), TsNHNH; (0.9 mmol), TBAI (0.6 mmol), TBHP
(0.5 mL), and 1,4-dioxane (0.5 mL) was stirred at 80 C for
12 h. Upon completion, the reaction was quenched the sat-
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urated solution of sodium thiosulfate (2 mL) and extracted
with dichloromethane (10 mL X 3). The combined organic
layer was dried over anhydrous Na,SOj, and the solvent was
removed under reduced pressure. The crude was purified by
flash chromatography on silica gel (petroleum ether/EtOAc)
to give the corresponding products 5a (84% yield).

4.6 General procedure for the gram-scale synthesis
of 2a

A mixture of 1a (6 mmol), NIS (7.2 mmol), and CHCIl3
(20 mL) was stirred at room temperature for 36 h. Upon
completion, the reaction was quenched the saturated solu-
tion of sodium thiosulfate (10 mL) and extracted with ethyl
acetate (20 mL X 3). The combined organic layer was dried
over anhydrous Na,SOs, and the solvent was removed under
reduced pressure. The crude was purified by flash chro-
matography on silica gel (petroleum ether/EtOAc) to give
the final product 2a (1.063 g, 60% yield).

4.7 Typical procedure for the Pd-catalyzed Suzuki-
Miyaura reactions of 2a with arylboronic acids

A mixture of 2a (0.2 mmol), arylboronic acid (0.4 mmol),
Pd(PPh3)s (5 mol%), NaxCO; (2 equiv.), and
1,4-dioxane/H,O (V' V=4 . 1, 2.5 mL) was stirred at
80 C under Ar atmosphere for 5 h. Upon completion, the
solution was washed with the saturated NaCl aqueous so-
lution (10 mL) and extracted with dichloromethane (10
mL X3). The organic phase was dried over Na,SO4 and
concentrated under reduced pressure. The crude was puri-
fied by flash chromatography on silica gel (petroleum
ether/EtOAc) to give the final product 6a~ 6f.

4.8 Typical procedure for the Pd-catalyzed So-
nogashira reactions of 2a with terminal alkynes

A mixture of 2a (0.2 mmol), terminal alkyne (0.3 mmol),
PdCl,(PPh3), (5 mol%), Cul (20 mol%), and EtsN (2.0 mL)
was stirred at 65 C for 12 h under air atmosphere. Upon
completion, an appropriate amount of silica gel was added
to the solution. The mixture was concentrated under re-
duced pressure. The crude was purified by flash chroma-
tography on silica gel (petroleum ether/EtOAc) to give the
final product 7a~7f.

4.9 Characterization data of the products

1-lodopyrrolo[1,2-a]quinoxaline (2a):131 47.6 mg, 81%
yield. Brown solid, m.p. 164~165 °C; 'HNMR (400 MHz,
CDCl3) 0: 9.47 (d, J=8.3 Hz, 1H), 8.67 (s, 1H), 8.01~7.91
(m, 1H), 7.61~7.40 (m, 2H), 7.05 (d, 1H), 6.86 (d, J=4.1
Hz, 1H); *C NMR (101 MHz, CDCls) J: 145.0, 1374,
131.0, 130.7, 130.1, 127.6, 126.8, 126.2, 115.2, 110.2, 61.3;
HRMS (APCI) calcd for C;iH7IN; [M+H]" 294.9727,
found 294.9723.

1-Iodo-8-methylpyrrolo[1,2-a]quinoxaline  (2b): 38.8
mg, 63% yield. Light yellow solid, m.p. 185~186 C; 'H
NMR (400 MHz, CDCl;) d: 9.29 (s, 1H), 8.62 (s, 1H), 7.83
(d, J=8.2 Hz, 1H), 7.35~7.22 (m, 1H), 7.04 (d, /=4.1 Hz,
1H), 6.84 (d, J=4.1 Hz, 1H), 2.55 (s, 3H); '3C NMR (101
MHz, CDCls) o: 143.6, 137.1, 135.0, 130.7, 130.0, 129.4,
127.2,127.0, 114.8, 109.5, 60.2, 22.1; HRMS (APCI) caled
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for C1,HoIN, [M+H]" 308.9883, found 308.9879.

8-Fluoro-1-iodopyrrolo[1,2-a]quinoxaline (2¢): 41.8 mg,
67% yield. Light yellow solid, m.p. 182~183 C; 'H NMR
(400 MHz, CDCl3) d: 9.22 (dd, J=11.1, 2.6 Hz, 1H), 8.63
(s, 1H), 7.99~7.86 (m, 1H), 7.23~7.18 (m, 1H), 7.07 (d,
J=4.1 Hz, 1H), 6.87 (d, J=4.1 Hz, 1H); *C NMR (101
MHz, CDCl) ¢: 143.8, 131.8, 131.8, 130.3, 127.6, 113.6,
113.4,109.9, 102.0, 101.7, 77.4, 77.0, 76.7, 61.1; 'F NMR
(376 MHz, CDCl3) o: 109.6; HRMS (APCI) calcd for
CiiH6FIN, [M+H]" 312.9632, found 312.9627.

1-Iodo-7-methylpyrrolo[1,2-a]quinoxaline (2d): 41.3
mg, 67% yield. Light yellow solid, m.p. 179~180 C; 'H
NMR (400 MHz, CDCl3) é: 9.35 (d, J=8.7 Hz, 1H), 8.65
(s, 1H), 7.75 (s, 1H), 7.34 (d, J/=10.5 Hz, 1H), 7.03 (d, J=
4.1 Hz, 1H), 6.85 (d, J=4.1 Hz, 1H), 2.49 (s, 4H); 3C NMR
(101 MHz, CDCl3) d: 144.5, 136.8, 135.7, 130.5, 130.0,
127.54, 127.52, 126.9, 114.5, 109.7, 60.7, 20.9; HRMS
(APCI) caled for CipHoIN, [M+H]" 308.9883, found
308.9877.

1-Iodo-4-(4-methoxyphenyl)pyrrolo[ 1,2-a]quinoxaline
(2e): Conditions 1: 66.4 mg, 83% yield; Conditions 2: 36
mg, 45% yield. Light yellow solid, m.p. 146~147 ‘C; 'H
NMR (400 MHz, CDCl) é: 9.49 (d, J=9.7 Hz, 1H), 8.03
(d, J=9.6 Hz, 1H), 7.88 (d, J=8.7 Hz, 2H), 7.56~7.45 (m,
2H), 7.13~6.99 (m, 3H), 6.94 (d, /=4.2 Hz, 1H), 3.89 (s,
3H); 3C NMR (101 MHz, CDCI5) é: 161.0, 153.0, 137.4,
130.4, 130.2, 130.1, 129.8, 128.6, 127.4, 125.8, 125.8,
114.9, 114.0, 111.2, 77.4, 77.0, 76.7, 60.9, 55.5; HRMS
(APCI) caled for CsH;3IN,O [M+H]" 401.0145, found
401.0139.

4-(4-Bromophenyl)-1-iodopyrrolo[1,2-a]quinoxaline
(2f): Conditions 1: 75.4 mg, 84% yield; Conditions 2: 66.5
mg, 74% yield. White solid, m.p. 172~173 C; 'H NMR
(400 MHz, CDCls) d: 9.52 (d, J=8.7 Hz, 1H), 8.04 (d, J=
9.1 Hz, 1H), 7.79 (d, /=8.4 Hz, 2H), 7.67 (d, /=28.4 Hz,
3H), 7.60~7.47 (m, 2H), 7.10 (d, J/=4.2 Hz, 1H), 6.89 (d,
J=42 Hz, 1H); 3C NMR (101 MHz, CDCl3) 6: 152.3,
137.2, 136.7, 131.8, 131.8, 130.4, 130.3, 129.4, 128.7,
127.6, 126.3, 126.0, 124.3, 115.0, 111.0; HRMS (APCI)
caled for C;7HioBrIN, [M + H] ©  448.9145, found
448.9138.

1-Iodo-4-(4-nitrophenyl)pyrrolo[ 1,2-a]quinoxaline (2g):
52.3 mg, 63% yield. Yellow solid, m.p. 234~235 C; 'H
NMR (400 MHz, CDCl3) 6: 9.60~9.49 (m, 1H), 8.39 (d,
J=8.8 Hz, 2H), 8.10 (d, /=8.8 Hz, 2H), 8.05 (dd, J=17.8,
1.7 Hz, 1H), 7.63~7.57 (m, 1H), 7.56~7.51 (m, 1H), 7.14
(d, J=4.2 Hz, 1H), 6.89 (d, J=4.2 Hz, 1H); 3C NMR (101
MHz, CDCl) 6: 150.0, 147.6, 142.8, 136.0, 129.6, 129.4,
128.7, 128.1, 127.8, 126.8, 125.9, 125.2, 123.3, 122.8,
114.0, 109.8, 61.0; HRMS (APCI) caled for Ci7H;0IN3O;
[M+H]" 415.9890, found 415.9883.

1-Iodo-4-phenylpyrrolo[1,2-a]quinoxaline  (2h): 65.9
mg, 89% yield. Light yellow solid, m.p. 148~149 C; 'H
NMR (400 MHz, CDCL) é: 9.52 (d, J=9.7 Hz, 1H), 8.06
(d, J=7.5Hz, 1H), 7.99~7.83 (m, 2H), 7.53 (d, /=4.2 Hz,
4H), 7.52~7.47 (m, 1H), 7.09 (d, J/=4.2 Hz, 1H), 6.93 (d,
J=42 Hz, 1H); *C NMR (101 MHz, CDCl3) 6: 153.5,
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137.9, 137.3, 130.4, 129.8, 129.8, 129.8, 128.8, 128.7,
128.6, 127.5, 126.1, 1259, 1149, 111.3, 60.9; HRMS
(APCI) caled for C;7H;oIN;O, [M+H]" 371.0040, found
371.0033.
1-Iodo-4-(p-tolyl)pyrrolo[ 1,2-a]quinoxaline (2i):
Conditions 1: 62.2 mg, 81% yield; Conditions 2: 60.7 mg,
79% yield. Light yellow solid, m.p. 141~142 C; 'H NMR
(400 MHz, CDCls) d: 9.43 (d, J=9.7 Hz, 1H), 8.10~7.92
(m, 2H), 7.74 (d, J=38.1 Hz, 3H), 7.48~7.39 (m, 3H), 7.27
(d, J=7.9 Hz, 4H), 7.00 (d, /=4.2 Hz, 2H), 6.87 (d, J=4.2
Hz, 2H), 2.39 (s, 6H); '*C NMR (101 MHz, CDCl;) ¢:
153.3, 139.7, 137.2, 134.8, 130.1, 129.6, 129.1, 128.5,
128.4,127.2,125.7,125.6, 114.6, 111.0, 60.7, 21.3; HRMS
(APCI) caled for CisHi3IN, [M+H]" 385.0196, found
385.0194.
4-(4-Chlorophenyl)-1-iodopyrrolo[1,2-a]quinoxaline
(2j): 59.1 mg, 73% yield. White solid, m.p. 172~173 C;
"H NMR (400 MHz, CDCls) é: 9.52 (d, J=8.1 Hz, 1H),
8.03 (d, J=7.5 Hz, 1H), 7.86 (d, /=8.0 Hz, 2H), 7.52 (t,
J=9.4 Hz, 5H), 7.10 (d, /=3.8 Hz, 1H), 6.89 (d, /=3.8
Hz, 1H); *C NMR (101 MHz, CDCls) J: 152.0, 137.0,
136.0, 135.8, 130.2, 129.8, 129.3, 128.7, 128.6, 127.4,
126.1, 125.8, 114.7, 110.9, 61.3; HRMS (APCI): m/z calcd
for C17H1oCIIN, [M-+H]" 404.9650, found 404.9645.
4-(4-Fluorophenyl)-1-iodopyrrolo[1,2-a]quinoxaline
(2k): Conditions 1: 60.6 mg, 78% yield; Conditions 2: 54.3
mg, 70% yield. White solid, m.p. 172~173 ‘C . 'H NMR
(400 MHz, CDCl3) o: 9.48 (d, J=9.6 Hz, 1H), 8.02 (dd,
J=17.6,1.9 Hz, 2H), 7.90 (dd, /=38.6, 5.5 Hz, 3H), 7.50 (p,
J=17.3 Hz, 3H), 7.22 (t, J/=8.6 Hz, 3H), 7.06 (d, /=4.2 Hz,
1H), 6.87 (d, J=2.6 Hz, OH); '3C NMR (101 MHz, CDCI;)
0: 164.8, 162.3, 152.1, 137.0, 133.7, 130.4, 130.1, 129.3,
128.4,127.3,125.9,125.7,115.5,115.3,114.6, 110.8, 61.1;
F NMR (376 MHz, CDCl;) §: 110.8; HRMS (APCI) caled
for Ci7HoFIN, [M+H]" 388.9945, found 388.9938.
3-lodopyrrolo[1,2-a]quinoxaline (3a)['?): 44.7 mg, 76%
yield. Light yellow solid, m.p.177~178 °C; 'H NMR (400
MHz, CDCl;) d: 8.70 (s, 1H), 7.98 (dd, J/=38.0, 1.5 Hz, 1H),
7.88 (d, /=2.8 Hz, 1H), 7.82 (dd, /=8.2, 1.5 Hz, 1H), 7.53
(td, /=8.2, 7.8, 1.5 Hz, 1H), 7.46 (td, J=7.8, 1.4 Hz, 1H),
6.98 (d, J=2.8 Hz, 1H); '3C NMR (101 MHz, CDCI;) é:
145.3, 135.7, 130.2, 128.0, 127.2, 126.4, 125.6, 120.9,
115.4,113.0, 59.9; HRMS (APCI) calcd for Cy;H7IN, [M+
H]" 294.9727, found 294.9723.
4-Todo-8-methylpyrrolo[1,2-a]quinoxaline (3b)!'): 44.4
mg, 72% yield. Light yellow solid, m.p. 175~176 C; 'H
NMR (400 MHz, CDCl3) ¢: 8.61 (s, 1H), 7.80 (d, /=2.7
Hz, 2H), 7.56 (s, 1H), 7.28~7.21 (m, 1H), 6.94 (d, J=2.8
Hz, 1H), 2.52 (s, 3H); 3C NMR (101 MHz, CDCl5) &:
144.5, 138.8, 133.9, 130.0, 127.1, 127.0, 126.7, 121.0,
115.2,113.2, 59.6, 21.9; HRMS (APCI) calcd for Ci2HoIN>
[M-+H]" 308.9883, found 308.9876.
8-Fluoro-3-iodopyrrolo[1,2-a]quinoxaline (3¢)!'?: 32.5
mg, 52% yield. Light yellow solid, m.p. 180~181 C; 'H
NMR (400 MHz, CDCl3) d: 8.67 (s, 1H), 7.98 (dd, /=9.0,
5.8 Hz, 1H), 7.82~7.76 (m, 2H), 7.50 (dd, J=9.0, 2.7 Hz,
1H), 7.20 (ddd, J=8.9, 8.2,2.7 Hz, 1H), 7.02 (d, /=2.9 Hz,
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1H); 3C NMR (101 MHz, CDCls) 6: 144.7, 132.3, 132.2,
121.6, 115.7, 113.9, 113.7, 100.3, 100.1, 60.3; '°F NMR
(376 MHz, CDCl;) o: 109.4; HRMS (APCI) caled for
CiiH6FIN, [M+H]" 312.9632, found 312.9624.
3-lodo-7-methylpyrrolo[1,2-a]quinoxaline (3d)!'?: 39.4
mg, 64% yield. Light yellow solid, m.p. 79~80 C; 'H
NMR (400 MHz, CDCl;) J: 8.64 (s, 1H), 7.80 (d, /=2.7
Hz, 1H), 7.74 (s, 1H), 7.65 (d, J=8.4 Hz, 1H), 7.30 (dd,
J=38.4, 1.7 Hz, 1H), 6.93 (d, J=2.8 Hz, 1H), 2.48 (s, 3H);
3C NMR (101 MHz, CDCl3) 6: 145.3, 135.8, 135.6, 130.0,
129.3,126.5, 125.2,120.8, 115.4, 112.9, 59.7, 21.1; HRMS
(APCI) caled for CipHoIN, [M+H]" 308.9883, found
308.9879.
3-lodo-4-(4-methoxyphenyl)pyrrolo[1,2-a]quinoxaline
(3e)'?1: 13.6 mg, 17% yield. Light yellow solid, m.p. 176~
177 ‘C; 'TH NMR (400 MHz, CDCls) d: 7.99 (dd, J=7.9,
1.6 Hz, 1H), 7.93 (d, J/=2.9 Hz, 1H), 7.80 (dd, /=8.1, 1.4
Hz, 1H), 7.58~7.40 (m, 4H), 7.09~6.98 (m, 3H), 3.89 (s,
3H); 3C NMR (101 MHz, CDCI5) é: 160.7, 155.1, 135.6,
131.4, 130.1, 129.7, 127.7, 127.2, 125.7, 124.3, 124.0,
116.3, 113.6, 113.2, 60.6, 55.4; HRMS (APCI) calcd for
C1sHi3IN;O [M+H]* 401.0145, found 401.0142.
2-lodo-4-(p-tolyl)pyrrolo[1,2-a]quinoxaline (3i)!!?!: 4.6
mg, 6% yield. Light yellow solid, m.p. 152~153 C; 'H
NMR (400 MHz, CDCl3) d: 7.99 (dd, J=7.9, 1.5 Hz, 1H),
7.92 (d, J=2.9 Hz, 1H), 7.79 (dd, /=38.1, 1.3 Hz, 1H),
7.51~7.40 (m, 4H), 7.32 (d, J=7.8 Hz, 2H), 7.01 (d, J=
2.9 Hz, 1H), 2.45 (s, 3H); 3C NMR (101 MHz, CDCl;) o
155.5, 139.3, 135.6, 134.3, 130.2, 129.8, 128.8, 127.7,
127.3,125.7,124.2, 124.0, 116.2, 113.2, 60.6, 21.6; HRMS
(APCI) caled for C;sHi3IN, [M+H]" 385.0196, found
385.0188.
4-(4-Fluorophenyl)-3-iodopyrrolo[1,2-a]quinoxaline
(3K)"?l: Conditions 1: 10.9 mg, 14% yield; Conditions 2:
25.6 mg, 33% yield. Light yellow solid, m.p. 140~141 C;
"H NMR (400 MHz, CDCl;) &: 7.98 (dd, J=7.9, 1.4 Hz,
1H), 7.94 (d, J/=2.9 Hz, 1H), 7.80 (dd, J=38.2, 1.1 Hz, 1H),
7.60~7.42 (m, 4H), 7.20 (d, J/=8.7 Hz, 2H), 7.02 (d, J=
2.9 Hz, 1H); *C NMR (101 MHz, CDCl3) 6: 154.3, 135.4,
133.2, 133.2, 131.9, 131.8, 130.2, 128.0, 127.3, 125.8,
124.1, 124.0, 116.4, 115.3, 115.1, 113.2, 60.5; '°F NMR
(376 MHz, CDCl3) o: 112.0; HRMS (APCI) calcd for
Ci7H oFIN, [M+-H]" 388.9945, found 388.9937.
1,3-Dibromopyrrolo[1,2-a]quinoxaline (4a)!'3): 50.2 mg,
77% yield. White solid, m.p. 162~163 ‘C; 'H NMR (400
MHz, CDCl3) d: 9.25 (d, J=9.8 Hz, 1H), 8.02~7.95 (m,
2H), 7.54~7.49 (m, 7H), 7.47 (d, J=8.3 Hz, 3H), 6.93 (s,
2H); 3C NMR (101 MHz, CDCI5) &: 143.1, 136.9, 130.2,
128.5, 127.0, 126.1, 125.6, 120.4, 115.0, 98.8, 95.6, 77.2,
76.8, 76.5; HRMS (APCI) caled for CiH¢BroN> (M+H)™
324.8970, found 324.8968.
1,3-Dibromo-4-(4-chlorophenyl)pyrrolo[1,2-a]quinoxa-
line (4b): 46.3 mg, 53% yield. Light yellow solid, m.p.
202~203 °C; 'H NMR (400 MHz, CDCl3) 6: 9.25 (d, J=
9.8 Hz, 1H), 8.02~7.95 (m, 2H), 7.54~7.49 (m, 7TH), 7.47
(d, J=8.3 Hz, 3H), 6.93 (s, 2H); *C NMR (101 MHz,
CDCls) o: 152.7, 136.4, 135.5, 135.3, 130.6, 130.1, 128.1,

Chin. J. Org. Chem. 2021, 41, 4789~4797

© 2021 Chinese Chemical Society & SIOC, CAS

126.8, 126.2, 123.8, 122.7, 115.0, 99.7, 96.2; HRMS
(APCI) calcd for C17HoBr,CIN, [M+H]" 434.8894, found
434.8888.

1,2,3-Tribromo-4-(4-chlorophenyl)pyrrolo[ 1,2-a]quino-
xaline (4b'): 19.6 mg, 19% yield. White solid, m.p. 241~
242 °C; 'H NMR (400 MHz, CDCl5) §: 9.29 (d, J=9.5 Hz,
1H), 8.04~7.97 (m, 1H), 7.55 (t, J/=6.3 Hz, 2H), 7.53~
7.46 (m, 5H); 3C NMR (101 MHz, CDCls) J: 152.1, 136.1,
135.5, 135.3, 130.6, 130.4, 128.2, 127.4, 127.2, 126.6,
123.8, 115.2, 114.0, 101.7, 99.0; HRMS (APCI) calcd for
Ci7HsBr;CIN, [M+H]" 512.7999, found 512.7990.

1,3-Dibromo-4-(4-fluorophenyl)pyrrolo[1,2-a]quinoxali
ne (4¢): 41.2 mg, 49% yield. Light yellow solid, m.p. 167~
168 C; 'H NMR (400 MHz, CDCl;) &: 9.30~9.20 (m,
1H), 8.03~7.96 (m, 1H), 7.55 (dd, J=8.7, 5.4 Hz, 3H),
7.53~7.47 (m, 3H), 7.18 (t,J=8.7 Hz, 1H); *C NMR (101
MHz, CDCL) d: 164.9, 162.4, 153.2, 136.6, 133.3 (d, J=
3.3 Hz), 131.4, 131.3, 130.3, 128.3, 127.0, 126.4, 124.2,
123.0, 115.2 (d, J=4.5 Hz), 115.0, 99.9, 96.5; '°F NMR
(376 MHz, CDCl3) o: 111.8; HRMS (APCI) calcd for
Ci7HoBr,FN, [M+-H]" 418.9189, found 418.9181.

1,2,3-Tribromo-4-(4-fluorophenyl)pyrrolo[ 1,2-a]quinox
aline (4¢'): 26.0 mg, 26% yield. White solid, m.p. 233~
234 °C; '"H NMR (400 MHz, CDCls) §: 9.29 (d, J=9.8 Hz,
1H), 8.01 (d, J/=9.6 Hz, 1H), 7.59~7.51 (m, 4H), 7.20 (t,
J=8.7 Hz, 2H); '*C NMR (101 MHz, CDCl) é: 164.7,
162.3, 152.2, 136.1, 133.0, 131.2, 131.1, 130.3, 127.4,
127.1, 126.6, 123.9, 115.20, 115.15, 114.98, 101.7, 99.1;
F NMR (376 MHz, CDCl;) §: 111.4; HRMS (APCI) caled
for C]7HgBI‘3FN2 (M) 4958225, found 495.8222.

1-Bromo-3-tosylpyrrolo[1,2-a]quinoxaline (5a): 101.1
mg, 84% yield. Light yellow solid, m.p. 187~188 C; 'H
NMR (400 MHz, CDCl) J: 7.33 (dd, /=8.3, 1.4 Hz, 1H),
7.26 (s, 1H), 6.36 (dd, J/=7.7, 1.9 Hz, 1H), 6.20 (d, /=8.4
Hz, 2H), 5.92 (qd, /=7.2, 1.7 Hz, 3H), 5.69 (d, /=8.3 Hz,
2H), 0.77 (s, 3H); 3C NMR (101 MHz, CDCls) 6: 1454,
143.8, 137.3, 137.0, 131.4, 130.6, 130.4, 130.2, 128.9,
128.2, 128.0, 127.3, 127.1, 125.2, 118.6, 21.7; HRMS
(APCI) caled for CisHi;3BrN2O.S [M+H] " 400.9954,
found 400.9947.

1-Phenylpyrrolo[1,2-a]quinoxaline (6a) ['4l: 34.2 mg,
70% yield. Brown oily liquid; '"H NMR (400 MHz, CDCls)
0: 9.52 (dd, /=8.2, 1.5 Hz, 1H), 8.06 (dd, /="7.7, 1.9 Hz,
1H), 7.90 (dd, J/=6.7, 3.0 Hz, 3H), 7.53 (dd, J=6.3, 3.6 Hz,
5H), 7.49 (dd, J=7.2, 1.5 Hz, 1H), 7.09 (d, J/=4.2 Hz, 1H),
6.93 (d, J=4.2 Hz, 1H); '3C NMR (101 MHz, CDCI;) é:
153.3, 137.7, 137.1, 130.2, 129.6, 129.6, 129.6, 128.6,
128.5, 128.4, 127.3, 1259, 125.7, 114.7, 111.1, 60.7;
HRMS (APCI) caled for C7HipN, [M+H]" 245.1073,
found 245.1071.

1-(p-Tolyl)pyrrolo[1,2-a]quinoxaline (6b): 40.8 mg,
79% yield. Yellow solid, m.p. 122~123 “C; 'H NMR (400
MHz, CDCls) ¢: 8.80 (s, 1H), 7.93 (d, /=8.0 Hz, 1H), 7.47
(d, J=8.5Hz, 1H), 7.41 (d, J/=8.0 Hz, 2H), 7.37~7.29 (m,
3H), 7.14 (t, J=7.9 Hz, 1H), 6.95 (d, J/=4.0 Hz, 1H), 6.74
(d, J=4.0 Hz, 1H), 2.48 (s, 3H); '3C NMR (101 MHz,
CDCl3) 0: 145.9, 138.4, 137.0, 132.4, 130.9, 129.8, 129.4,
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129.2,128.9,127.4,126.2, 124.7,116.5, 116.4, 107.3, 21.2;
HRMS (APCI): m/z caled for C;sHi4N, [M + H] *
259.1230, found 259.1226.

1-(4-Methoxyphenyl)pyrrolo[1,2-a]quinoxaline (6¢):
47.2 mg, 86% yield. Yellow solid, m.p. 142~143 C; 'H
NMR (400 MHz, CDCl;) o: 8.63 (s, 1H), 7.77 (d, J=28.0
Hz, 1H), 7.29 (dd, J/=11.4, 8.6 Hz, 3H), 7.18 (t, /J=7.6 Hz,
1H), 6.98 (t, J=7.9 Hz, 1H), 6.87 (d, /=8.8 Hz, 2H), 6.78
(d, J=4.0 Hz, 1H), 6.57 (d, J/=4.0 Hz, 1H), 3.75 (s, 3H);
BC NMR (101 MHz, CDCl3) 6: 159.7, 145.8, 137.0, 132.1,
130.8, 129.7, 129.0, 127.3, 126.2, 126.1, 124.6, 116.4,
116.2, 113.9, 107.2, 55.2; HRMS (APCI) caled for
CisHisN,O [M+H]" 275.1179, found 275.1177.

1-(4-Vinylphenyl)pyrrolo[1,2-a]quinoxaline (6d): 26.5
mg, 49% yield. Yellow solid, m.p. 113~114 ‘C; '"H NMR
(400 MHz, CDCls) ¢: 8.81 (s, 1H), 7.94 (d, /=8.0 Hz, 1H),
7.56~7.47 (m, 3H), 7.36 (t,/=7.6 Hz, 1H), 7.16 (t, J=7.9
Hz, 1H), 6.97 (d, /=4.0 Hz, 1H), 6.87~6.76 (m, 2H), 5.88
(d, J=17.6 Hz, 1H), 5.37 (d, J/=10.9 Hz, 1H); *C NMR
(101 MHz, CDCls) o: 145.8, 137.6, 137.0, 136.0, 133.1,
132.0, 129.8, 129.6, 128.8, 127.7, 126.4, 126.3, 124.8,
116.8, 116.5, 114.7, 107.5; HRMS (APCI) calcd for
CioH1sN, [M+H]" 271.1230, found 271.1227.

1-(Naphthalen-2-yl)pyrrolo[1,2-a]quinoxaline (6e): 50.0
mg, 85% yield. Yellow solid, m.p.122~123 °C; 'H NMR
(400 MHz, CDCls) o: 8.85 (s, 1H), 8.05 (s, 1H), 7.97 (d,
J=9.6 Hz, 3H), 7.93 (s, 1H), 7.90 (d, /=9.4 Hz, 1H), 7.59
(d,J=3.5Hz, 2H), 7.57 (d, J=1.7 Hz, 1H), 7.48 (d, J=8.5
Hz, 1H), 7.35 (t, J=7.6 Hz, 1H), 7.10~7.04 (m, 1H), 7.01
(d,J=4.0 Hz, 1H), 6.86 (d, J=4.0 Hz, 1H); 3C NMR (101
MHz, CDCl;) J: 145.8, 137.0, 133.0, 132.8, 132.1, 131.1,
129.7, 128.8, 128.3, 128.2, 128.0, 127.7, 127.6, 127.0,
126.7, 126.5, 126.5, 126.3, 124.8, 117.0, 116.5; HRMS
(APCI) caled for CyHisN, [M+H]" 295.1230, found
295.1229.

1-(Thiophen-3-yl)pyrrolo[1,2-a]quinoxaline (6f): 49.6
mg, 99% yield. Yellow liquid. "H NMR (400 MHz, CDCI;)
0: 8.80 (s, 1H), 7.94 (d, J/=7.9 Hz, 1H), 7.54 (d, J=6.0 Hz,
1H), 7.50~7.33 (m, 3H), 7.22 (s, 1H), 7.20 (s, 1H), 6.90
(dd, J=22.6, 3.8 Hz, 2H); '3*C NMR (101 MHz, CDCI;) é:
145.6, 145.5, 136.9, 134.2, 129.9, 129.3, 127.8, 127.3,
126.7, 124.9, 123.5, 118.5, 115.9, 107.1, 106.9; HRMS
(APCI) calcd for CisH;oN>S [M+H]" 251.0637, found
251.0635.

1-(p-Tolylethynyl)pyrrolo[1,2-a]quinoxaline (7a): 40.1
mg, 71% yield. Yellow solid, m.p. 100~101 C; '"H NMR
(400 MHz, CDCl3) 0: 9.38 (d, J=7.9 Hz, 1H), 8.75 (s, 2H),
7.96 (d, J=7.5 Hz, 1H), 7.57~7.43 (m, 6H), 7.21 (s, 2H),
7.11 (d, J=4.2 Hz, 2H), 6.86 (d, J=4.2 Hz, 2H), 2.41 (s,
5H); 3C NMR (101 MHz, CDCl;) §: 145.0, 138.9, 136.8,
130.8, 129.8, 129.7, 129.1, 127.0, 126.9, 125.4, 121.1,
119.4,115.4,112.5,107.2, 96.8, 82.1, 21.4; HRMS (APCI)
calcd for CoH 14N> (M+H)*: 283.1230, found 283.1228.

1-(Phenylethynyl)pyrrolo[1,2-a]quinoxaline (7b): 39.7
mg, 74% yield. Yellow solid, m.p. 108~109 ‘C; 'H NMR
(400 MHz, CDCl;) 0: 9.38 (d, J=7.9 Hz, 1H), 8.76 (s, 2H),
7.97 (d, J=7.7 Hz, 1H), 7.63 (d, J=7.9 Hz, 3H), 7.55~
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7.47 (m, 3H), 7.47~7.39 (m, 4H), 7.13 (d, /=4.2 Hz, 2H),
6.87 (d, J=4.2 Hz, 2H); '3C NMR (101 MHz, CDCI;) é:
145.0, 136.8, 130.9, 129.7, 128.6, 128.4, 127.1, 127.0,
125.4,122.5,121.3,115.4,112.3, 107.3, 96.6, 82.7; HRMS
(APCI) caled for CioHpoN; [M+H]" 269.1073, found
269.1068.
1-([1,1'-Biphenyl]-4-ylethynyl)pyrrolo[1,2-a]quinoxali-
ne (7¢): 52.4 mg, 76% yield. Yellow solid, m.p. 152~
153 °C;'H NMR (400 MHz, CDCl3) 6: 9.42 (d, J=9.2 Hz,
1H), 8.79 (s, 1H), 8.00 (d, /=7.8 Hz, 1H), 7.73~7.61 (m,
7H), 7.59~7.45 (m, 4H), 7.39 (t, J=7.3 Hz, 1H), 7.16 (d,
J=4.2 Hz, 1H), 6.90 (d, J=4.2 Hz, 1H); *C NMR (101
MHz, CDCls) o: 145.0, 141.4, 140.0, 136.9, 131.4, 129.8,
129.8, 128.8, 127.7, 127.2, 127.1, 126.9, 125.5, 121.5,
121.4,115.5,112.4,107.4, 96.7, 83.4; HRMS (APCI) caled
for CosHisN2 [M+H]" 345.1386, found 345.1384.
1-((4-Methoxyphenyl)ethynyl)pyrrolo[ 1,2-a]quinoxaline
(7d): 41.2 mg, 69% yield. Yellow solid, m.p. 111~112 C;
"H NMR (400 MHz, CDCls) é: 9.38 (d, J=8.1 Hz, 1H),
8.75 (s, 1H), 7.96 (d, J/=7.6 Hz, 1H), 7.59~7.43 (m, 4H),
7.10 (d, J=3.8 Hz, 1H), 6.95 (d, /=8.0 Hz, 2H), 6.86 (d,
J=4.2 Hz, 1H), 3.86 (s, 2H); *C NMR (101 MHz, CDCls)
0: 159.9, 145.0, 136.8, 132.5, 129.8, 129.7, 127.0, 126.9,
125.4,121.0, 115.4, 114.6, 114.1, 112.7, 107.3, 96.7, 81.4,
55.2. HRMS (APCI) caled for CyH14N,O [M + H] *
299.1179, found 299.1177.
1-((4-Chlorophenyl)ethynyl)pyrrolo[ 1,2-a]quinoxaline
(7e): 47.8 mg, 79% yield. Yellow solid, m.p. 149~150 C;
'"H NMR (400 MHz, CDCL3) d: 9.26 (d, J=9.7 Hz, 1H),
8.74 (s, 1H), 7.95 (d, J=9.6 Hz, 1H), 7.51 (s,1H), 7.50~
7.45 (m, 3H), 7.38 (s, 2H), 7.09 (d, /=4.2 Hz, 1H), 6.84 (d,
J=4.2 Hz, 1H); 3C NMR (101 MHz, CDCl3) é: 144.9,
136.8, 134.6, 131.9, 129.8, 129.6, 128.7, 127.2, 127.0,
125.4,121.5,120.9, 115.2,111.8, 107.3, 95.5, 83.7; HRMS
(APCI) caled for Ci9H;;CIN, [M+H]" 303.0684, found
303.0681.
2-Methyl-4-(pyrrolo[1,2-a]quinoxalin-1-yl)but-3-yn-2-
ol (7f): 36.0 mg, 72% yield. Yellow solid, m.p. 154~
155 °C; '"H NMR (400 MHz, CDCl5) 6: 9.00 (d, J=8.2 Hz,
1H), 8.67 (d, J=3.6 Hz, 1H), 7.90 (d, /=9.1 Hz, 1H), 7.22
(d, J=7.6 Hz, 2H), 6.89 (t, /=4.8 Hz, 1H), 6.70~6.64 (m,
1H), 1.75 (s, 7H); '3C NMR (101 MHz, CDCls) 6: 144.7,
136.0, 129.3, 129.2, 126.7, 126.4, 125.1, 121.0, 114.9,
112.0, 107.2, 101.7, 75.5, 65.3, 30.8; HRMS (APCI) calcd
for C16H14N,O [M+H]" 251.1179, found 251.1177.

Supporting Information Single crystal data of com-
pounds 4a and 5a; 'H NMR, *C NMR and ""F NMR
spectra. The Supporting Information is available free of
charge via the Internet at http://sioc-journal.cn/.
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