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A simple approach for synthesis of novel aza-fused scaffolds
such as pyrido[1,2-a]benzimidazoles and imidazo[1,2-

10 a]pyridines was developed by Rh(ll1)-catalyzed direct
oxidative coupling between alkenes and unactivated alkynes
without an extra directing group. The method would render a
broad substrate scope, providing fused heterocycles with
potential biological preperties.

15 Heterocyclic frameworks are found in a large number of
biologically active compounds.' The aza-fused scaffolds such as
pyrido[1,2-a]benzimidazoles and imidazo[1,2-a]pyridines are the
key structural motifs in some drug candidates,'” including
Rifaximin," alpidem,® zolpidem,® zolimidine and GSK812397*

20 (Figure 1). The classical synthetic approaches for preparation of
those hetercycles mostly rely on the formation of the imidazole
ring (eq 1).>° However, these methods generally suffer from
multiple preparative steps or narrow substrate scope.
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Previous work: synthetic strategy based on the formation gf the imidazole ring

@

This work: synthetiE strategy based on the formation of the pyridine ring via
direct vinylic sp2 C-H activation without extra directing group
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R
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CU(OAC)yHo0 [ P W
toluene N Ri
Scheme 1 Synthetic strategy of aza-fused scaffolds
Transition-metal-catalyzed organic reactions have been

significantly developed over the past decade because they can
minimize waste formation and pre-functionalize steps via C—H
activation.” "' Recently, Rh(Ill)-catalyzed vinylic sp* C-H
activation followed by an annulation with a variety of internal
alkynes using directing groups has been used to construct various
heterocycles.®**¢' Based on recent work in our group,' herein,
we report an efficient construction of pyridines by double C—H
activations of C2-H of imidazole ring and sp* C-H of alkene and
subsequent coupling with internal alkynes without directing
groups. Both substituted pyrido[1,2-a]benzimidazoles and
imidazo[1,2-a]pyridines could be prepared (eq 2).

Results and Discussion

We commenced our investigation with the screening of
reaction conditions between N-vinyl-benzimidazole la and
diphenylacetylene 2a. Different oxidants have been examined
first. AgOAc gave 3aa in 72% yield (Table 1, entry 1). However,
NaOAc with BQ didn’t work in this reaction (entry 2). Only trace
amount of product was observed when the reaction was carried
out under O, (entry 3). A fair yield (44%) was isolated when
Cu(acac), was utilized (entry 4). Pleasingly, Cu(OAc), provided
an excellent improvement in 91% yield (entry 5). These results
indicate that the oxidant plays a significant role in reaction
efficiency. In addition, a series of bases were further tested,
including Cs,CO; and TEA, which did not improve the yield
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(entries 6 and 7). Furthermore, the choice of solvent was vital to
the catalytic reaction, since t-AmOH and DMF afforded 3aa in
70% and 14% yield, respectively (entries 8 and 9).

Table 1 Conditions screening?

Q’N& . pn _ [CP'RNClal, QQ
P / additive, base A Pn
N Ph Ar, solvent, 110 °C NCbn
1a 2a 12h 3aa
Entry Additive Base Solvent  Yield® (%)
1 AgOAc / toluene 72
2 NaOAc/BQ / toluene nr.
3 O / toluene trace
4  Cu(acac), / toluene 44
5 Cu(OAc)H,0 / toluene 99(91%)
6 Cu(OAc),'H,O CsCO;5 toluene 14
7  Cu(OAc),-H,O TEA toluene 81
8  Cu(OAc),H,0 / t-AmOH 70
9  Cu(OAc),H,0 / DMF 14

# Reaction conditions: 1a (0.1 mmol), 2a (0.2 mmol), [Cp*RhCL,], (5
mol %), additive (0.12 mmol), base (0.12 mmol), solvent (1.0 mL), under
Ar or O, (balloon pressure) atmosphere, 110 °C. ® Yields of 3aa were
determined by '"H NMR spectroscopy. ¢ Isolated yield is given.

Having established the optimized reaction conditions, the
substrate scope was examined with respect to various alkynes
(Table 2). The present process showed wide substrate tolerance
with internal alkynes. Diarylalkynes bearing either electron-
donating or -withdrawing groups reacted without incident to give
good yields (entries 1-4). Furthermore, the alkynes are not
limited to aryl groups, heteroaryl and alkyl-substituted alkynes
also proceeded smoothly (entries 5 and 6). Unsymmetrical
alkynes occurred in high reactivity albeit with moderate
regioselectivity (entries 7-9). Fortunately, when electron-
deficient alkynes 2j and 2k were applied, pyrido[1,2-
albenzimidazoles 3aj and 3ak could be produced as the sole
isomer due to the strong electronic effect (entries 10 and 11).
Surprisingly, the regioselectivity could be reversed by employing
the enyne ester 2l, presumably as a result of the interaction
between the catalyst and the olefin (entry 12). Previous studies on
vinylic sp? C—H activation revealed that the reaction is controlled
by electronic effects while little influence is resulted from steric
effects in the alkyne insertion event. However, terminal alkyne
failed to work in this reaction (entry 13).

Next, various substituted imidazoles and other azoles with
diverse N-vinly groups were tested under the optimized
conditions (Table 3). Both alkyl and aryl substituents exhibited
good reactivity. o-methyl and a-phenyl substituted vinyl
substituents could react well with 2a to afford the tri-substituted
pyrido[1,2-a]benzimidazole 3ba and 3ca in moderate yield.
Moreover, S-substituted vinyl substrates were also tolerated in
this system (3da—3ga). Disubstituted vinyl substrate could
35 proceed smoothly under the optimized conditions, and qua-
substituted pyrido[1,2-a]benzimidazoles 3ha and 3ia were
obtained with moderate yields. 5,6-dimethyl substituted
benzimidazole 1j with 2a gave the corresponding pyrido[1,2-
albenzimidazole 3ja in 80% yield. Importantly, purine
derivatives 1k also lead to the fused heterocycles 3ka in 67%
yield. Substituted-imidazoles exhibited the similar high reactivity,

reacted smoothly to produce the complex imidazo[l,2-
a]pyridines in moderate to good yields (3la—3na).
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Table 2 Alkynes scope®

b

s which the vinylic sp> C—H prevailed over the aryl C-H (eq 3).

>

[Cp*RhCl,]; (5 mol %) S5
Cu(OAc),-H,0 Q»Q\ R

toluene, 110 °C N

N/§ R2
=
QT\I/) ’ Rl/

RZ
la 2 3

Entry Alkynes 2 Yield (%)°
1 2a (R' = R?=Ph) 3aa, 91
2 2b (R! = R? = p-MePh) 3ab, 99
3 2¢ (R = R? = p-MeOPh) 3ac, 69¢
4 2d (R* = R? = p-CIPh) 3ad, 75
5 2e (R'=R?=3-Py) 3ae, 99
6 2f (R'= R?=nBu) 3af, 86

~ Q- O
7 Ph——= v Y A /~Ph

29 Ph N

3ag+3ag’, 91(1.85:1)¢

8 Ph———n-Bu

N = N =
QQ\nBu QQ\Ph
N N
Ph nBu
3ah+3ah’, 99(1.75:1)¢

OEt = =
9 N OEt N
Ph—— Q Q\( @T Pl
N OEt N
Ph OEt

,  OEt

2h

o Fto
3ai+3ai’, 97(2.41:1)

10 N
A/ "Ph

Ph—=——COOEt
2 COOEt
3aj, 49°

OFt =
" Ph—==—P-OEt QQ%

N JOEt
ax © .P~OEt
o

3ak, 67

12 __ N N\ ~cooet
Ph—= Q /e Q Q\f
\ oot N g
2| 7 Ph

Coogt 3al+3al’, 76(1:2.71)3

13 J—

N.R.

#Unless otherwise specified, reactions were carried out by treatment of a
mixture of N-vinyl benzimidazole 1a (0.1 mmol) and alkyne 2 (0.2 mmol)
with [Cp*RhCL], (5 mol %) and Cu(OAc),-H,O (0.12 mmol) in toluene
(1 mL) at 110 °C under Ar atmosphere for 7-17 h. ° Isolated yield. ©N-

s0 vinyl benzimidazole 1a (0.2 mmol) and alkyne 2¢ (0.1 mmol) were used.

¢ Regioselectivity determined by 'H NMR analysis. ¢ 2j (4 equiv) was
added to the reaction partially.

Subsequently, we conducted intermolecular competition
experiments with different substituted azoles. Aryl sz C-H
exhibited higher reactivity than vinylic sp?> C—H, and the ratio of
3aa/3a’a was detected to be 1/1.4 by 'H NMR analysis (eq 3).
This result was contrary to the early observation on the C(5)-H
oxidative annulations of 2—substituted imidazoles and alkynes, in
13b,
' Those experiments suggested that there were two major rate-
limiting steps had been involved in the reaction: one could be the
formation of the Rh-NHC complex, in which step alkenyl had an
advantage over aryl to assist the transition metal center,
furthermore the Rh-NHC was more stable at C2 position with
double vicinal heteroatom than C5 position with single vicinal
heteroatom; another could be activation of the sp* C—H, in which
step the vinylic sp?> C—H presented more challenge than aryl sp
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C-H. In addition, the oxidative annulations were favored for
benzimidazole derivatives more than imidazoles for easier
formation of Rh-NHC complex on the former structure (eq 4).
Competition experiments with different alkynes revealed that the

s diarylalkynes had the similar reactivity as the alkyl-substituted
alkynes while electron-donating substituents on the aryl moiety
were beneficial for this reaction (egs 5, 6).

Table 3 Scope of azoles?

4
>§/R“ ph [CP*RClzl; (5 mol%) - R
R = Cu(OAG),-H,0 —N
4 ’} ¥ Ph/ } P / ~Ph
2 toluene, 110 °C N
Ph
1 2a 3
R® Ré 0
N T N T N
@»Q\ Ph Q/ /~Ph /\CT/)} Ph
N N N
Ph Ph Ph
3ba, R®= Me, R* = H, 66% 3ha, n =1, 53% 3ja, 80%

3ca, R? = Ph, R* = H, 74% 3ia, n =2, 60%

3da, R® = H, R* = Me, 90%

3ea, R® = H, R* = Ph, 99%

3fa, R® = H, R* = m-CIPh, 89%

3ga, R® = H, R* = 3,4-OCH,OPh, 77%

0
N\
N N
04&9\%
/ N
h

3ka, 67%

R4

f{;[ S
NTNF =

Ph N = Ph

Ph Ph

3na, 45%

3la, R*=H, 81%
3ma, R*=34-OCH,0Ph,77%

#Unless otherwise specified, all reactions were carried out by treatment of
a mixture of azole 1 (0.lmmol) and alkyne 2a (0.2 mmol) with
[Cp*RhCL]; (5 mol %) and Cu(OAc),-H,O (0.12 mmol) in toluene (1 mL)
at 110 °C under Ar atmosphere for a certain time.

On the basis of the chemistry of known metal catalyzed C—H
bond activation/annulation reactions, a plausible mechanism was
proposed (Scheme 2). The C(2)-H bond of benzimidazole is
initially cleaved by Cu(OAc), as Lewis acid, then
transmetallation between copper acetate intermediate | and the
rhodium catalyst takes place to afford the N-heterocyclic carbene
(NHC) complex I1, which could be facilitated by the assistance of
adjacent m system. Then five-membered rhodacycle 111 is
generated via C—H activation of ortho vinylic sp* C—H. Insertion
of alkyne 2a into the Rh-C bond of intermediate 1V gives seven-
membered rhodacycle V, which would subsequent reductive
elimination to afford the product 3aa and an Rh(I) species, and
the latter can be oxidized by Cu(II) to complete the catalytic cycle.

@ W

=
3) N N 1 0 equlv
/) + /) // ~Ph +
N N standard condltlons /

2

S

2.

G

1a 1a' o
1.0 equiv 1.0 equiv 88 % 3aa/3a'a=1/1.4
N/§ N/§
4 1 0
(4) B [/) equw Q»Qph + [ /~Ph
N N standard condmons
1a 1l
1.0 equiv 1.0 equiv 38% 3aal3la = 2/1

Ph nBu
|| H 1a(10equ|v) \///:
®) * standard condmons / Ph+ Vie Art Ie gilljlne
Ph nBu
2a 2% 4% 3aa DOI: 10.1039/C308#1177)

3aal3af = 1/0.9

CHy cl N T
-0
O U "
O 3ab

| ‘ 1a (1.0 equiv)
_

1.0 equiv 1.0 equiv

.
3ab/3ad = 1.5/1
standard conditions CHg ab/3a 5

O Q N
81% Y O
N cl
CHs cl Q
2b 2d

1.0 equiv 1.0 equiv cl

3ad

Conclusion

In summary, we have successfully developed a Rh(III)-
catalyzed oxidative coupling between vinylic sp> C—H activation
;s and unactivated alkynes without an extra directing group,
providing complex pyrido[1,2-a]benzimidazoles and
imidazo[1,2-a]pyridines. Our approach exhibits broad substrate
scope and high efficacy to access aza-fused scaffolds. Further
studies on the catalytic mechanism and the application of this
s method to built biologically active compounds are being
conducted in our laboratory.

2CuOAc
Rh(l) N//\H \»
la
2Cu(OAc), HOAc Q’N/\\
Q f:\Rh cp* /)\CUOAC
N _
N»\%Ph
V Ph CuCly
\ e
/w Z Rh-OAc

" Cpr
_iPn N
Ph—= N HOAC
v A—Rh

[Rth*Clz]z

\
N ce

Ph—=—=—Ph
2a

Scheme 2 Plausible mechanism

Acknowledgements

ss  We are grateful for the financial support from the NSFC
(21202106), Sichuan University Scientific Research Foundation,
Sichuan University “985 project-Science and technology
innovation platform for novel drug development” and the Open
Research Fund from State Key Laboratory of Breeding Base of

—ph s Systematic Research, Development and Utilization of Chinese

Medicine Resources.

Experimental

General remarks

All NMR data were obtained for 'H at 400 MHz, and for BC at
ss 100 MHz. Chemical shifts were reported in ppm from

tetramethylsilane with the solvent resonance as the internal

standard in CDCl; or DMSO-ds solution. ESI HRMS was

recorded on a Bruker Apex-2. Infrared spectra were recorded on a
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VECTOR 22. UV detection was monitored at 220 nm. TLC was
performed on glass-backed silica plates. Column chromatography
was performed on silica gel (200-300 mesh), eluting with
methanol, ethyl acetate, methylene dichloride and petroleum
ether (EtOAc/PE or MeOH/DCM). All chemicals were used
without purification as commercially available unless otherwise
noted.

General Procedure for  Synthesis  of
a]benzimidazole and imidazo[1,2-a]pyridines
N-vinyl benzimidazole la (14.4 mg, 0.1 mmol, 1.0 equiv),
diphenyl acetylene 2a (35.6 mg, 0.2 mmol, 2.0 equiv),
[Cp*RhCL], (3.1 mg, 5 mol %, 0.05 equiv) and Cu(OAc),-H,O
(24 mg, 0.12 mmol, 1.2 equiv) were stirred in toluene (1.0 mL)
under Ar at 110 °C for 12 h. TLC analyses of the mixture
confirmed formation of 3aa. The reaction mixture was
neutralized with K,COj;, and flash chromatography on silica gel
(EtOAC/PE = 1/10) to give the product 3aa as a yellow solid
(29.1 mg, 91%).

3,4-diphenylbenzo[4,5]imidazo[1,2-a]pyridine (3aa). 12 h,
91% yield; "H NMR (400 MHz, CDCl;): 5 8.48 (d, J = 7.2 Hz,
1H), 7.99 (d, J = 8.0 Hz, 1H), 7.92 (d, J = 8.0 Hz, 1H), 7.52 (t,J
= 7.6 Hz, 1H), 7.44-7.20 (m, 11H), 7.00 (d, J = 7.2 Hz, 1H) ppm;
13C NMR (100 MHz, CDCly): & 148.8, 145.1, 139.3, 135.1, 131.0,
129.6, 128.9, 128.1, 128.0, 127.7, 127.4, 125.4, 123.5, 121.0,
120.4, 113.7, 110.2 ppm. IR (KBr): v 3052, 1497, 1482, 1228,
760, 737, 699 cm’'. ESI HRMS: calcd. for Co3H,(N,+H 321.1392,
found 321.1395.

3,4-di-p-tolylbenzo[4,5]imidazo[1,2-a]pyridine (3ab). 7 h, 99%
yield; '"H NMR (400 MHz, CDCly): 6 8.43 (d, J = 6.8 Hz, 1H),
7.98 (d, J= 8.4 Hz, 1H), 7.89 (d, J = 8.4 Hz, 1H), 7.49 (t, J = 8.0
Hz, 1H), 7.36 (d, J = 7.6 Hz, 1H), 7.32 (d, J = 8.0 Hz, 2H), 7.16-
7.06 (m, 6H), 6.97 (d, J = 6.8 Hz, 1H), 2.36 (s, 3H), 2.33 (s, 3H)
ppm; *C NMR (100 MHz, CDCly): & 149.1, 145.1, 139.9, 137.2,
137.1, 136.5, 132.3, 130.8, 129.5, 128.9, 128.8, 128.0, 125.2,
123.2, 120.8, 120.4, 113.8, 110.1, 21.4, 21.2 ppm. IR (KBr): v
3052, 3021, 2919, 1481, 1440, 820, 780, 736 cm™. ESI HRMS:
calcd. for C,5H,oN,+H 349.1705, found 349.1706.
3,4-bis(4-methoxyphenyl)benzo[4,5]imidazo[1,2-a]pyridine
(3ac). 7 h, 69% yield; "H NMR (400 MHz, CDCLy): & 8.42 (d, J
=17.2 Hz, 1H), 7.96 (d, J = 8.4 Hz, 1H), 7.89 (d, J = 8.0Hz, 1H),
7.51-7.47 (m, 1H), 7.37-7.34 (m, 3H), 7.14 (d, J = 8.8 Hz, 2H),
6.97 (d, J=7.2 Hz, 1H), 6.89 (d, J = 8.8 Hz, 2H), 6.79 (d, J = 8.4
Hz, 2H), 3.82 (s, 3H), 3.79 (s, 3H) ppm; *C NMR (100 MHz,
CDCl;): & 158.9, 158.8, 149.2, 145.1, 139.5, 132.3, 131.8, 130.9,
129.0, 127.6, 127.4, 125.3, 123.1, 120.8, 120.3, 113.9, 113.8,
113.6, 110.2, 55.2 ppm. IR (KBr): v 3003, 2961, 2935, 2838,
1607, 1248, 1030, 835, 788, 742 cm™. ESI HRMS: calcd. for
C,sHpN,O,+H 381.1603, found 381.1605.
3,4-bis(4-chlorophenyl)benzo[4,5]imidazo[1,2-a]pyridine(3ad).
7 h, 75% yield; '"H NMR (400 MHz, CDCl;): & 8.48 (d, J = 6.8
Hz, 1H), 7.97 (d, J = 8.4 Hz, 1H), 7.92 (d, J = 8.0 Hz, 1H), 7.52 (t,
J =8.0 Hz, 1H), 7.41-7.31 (m, 5H), 7.26 (d, J = 8.4 Hz, 2H), 7.12
(d, J = 8.4 Hz, 2H), 6.94 (d, J = 6.8 Hz, 1H) ppm; *C NMR (100
MHz, CDCl;): & 148.3, 145.0, 138.9, 137.4, 133.9, 133.8, 133.3,
132.4, 130.9, 128.9, 128.6, 127.1, 125.7, 123.0, 121.4, 1204,
113.2, 110.3 ppm. IR (KBr): v 3060, 2924, 1499, 1090, 832, 778,
745 cm™. ESI HRMS: calcd. for Cp3H;4CLN,+H 389.0612, found
389.0612.

pyrido[1,2-

3,4-di(pyridin-3-yl)benzo[4,5]imidazo[1,2-a]pyridine (3ae). 7

« h, 99% yield; 'H NMR (400 MHz, CDCly): § 8.59-8.53 (m, 5H),
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7.98-7.92 (m, 3H), 7.55 (t, J = 8.0 Hz, 1H)p3 8¢ dosorddh
1H), 7.43 (t, J = 7.6 Hz, 1H), 7.37-7.34 (m, 1H), 7.24-7.21 (m,
1H), 7.00 (d, J = 7.2 Hz, 1H) ppm; *C NMR (100 MHz, CDCls):
6 151.5, 150.1, 149.0, 148.9, 147.9, 145.0, 138.6, 137.2, 136.9,
128.8, 126.0, 125.4, 124.7, 123.3, 123.1, 121.8, 120.4, 112.8,
110.4 ppm. IR (KBr): v 3054, 3036, 2923, 1493, 1406, 800, 743,
712 cm’. ESI HRMS: caled. for CyH;4N,Na 345.1116, found
345.1116.

3,4-dibutylbenzo[4,5]imidazo[1,2-a]pyridine (3af). 7 h, 86%
yield; "H NMR (400 MHz, CDCly): & 8.20 (d, J = 6.8 Hz, 1H),
7.96 (d, J = 8.4 Hz, 1H), 7.80 (d, J = 8.0 Hz, 1H), 7.47 (td, J =
8.4, 1.2 Hz, 1H), 7.29 (t, J = 8.0 Hz, 1H), 6.66 (d, J = 7.2 Hz, 1H),
3.11 (t, J = 8.0 Hz, 2H), 2.71 (t, J = 8.0 Hz, 2H), 1.78-1.70 (m,
2H), 1.67-1.59 (m, 2H), 1.55-1.42 (m, 4H), 1.00-0.95(m, 6H)
ppm; *C NMR (100 MHz, CDCl3): & 149.5, 144.5, 140.6, 129.2,
128.3, 125.0, 121.8, 120.2, 119.6, 113.2, 110.1, 32.8, 32.0, 31.7,
27.4, 23.1, 22.7, 14.1, 14.0 ppm. IR (KBr): v 2958, 2866, 1638,
1609, 1493, 1466, 764, 739 cm’. ESI HRMS: caled. for
C9H,4N,+H 281.2018, found 281.2019.
3-methyl-4-phenylbenzo[4,5]imidazo[1,2-a]pyridine (3ag). 9 h,
59.1% yield; "H NMR (400 MHz, CDCl;): & 8.32 (d, J = 6.8 Hz,
1H), 7.93 (d, J = 8.4 Hz, 1H), 7.85 (d, J = 8.0, 1H), 7.56-7.45 (m,
6H), 7.33 (t, J = 7.6 Hz, 1H), 6.78 (d, J = 7.2 Hz, 1H), 2.30 (s, 3H)
ppm; *C NMR (100 MHz, CDCl3): & 149.0, 144.8, 136.9, 135.5,
129.9, 129.0, 128.8, 128.5, 127.9, 125.1, 123.0, 120.5, 120.1,
114.0, 110.0, 20.0 ppm. IR (KBr): v 3054, 2946, 2916, 1630,
1605, 1488, 1433, 777, 736 cm’. ESI HRMS: caled. for
C18H14N2+H 2591235, found 259.1237.
4-methyl-3-phenylbenzo[4,5]imidazo[1,2-a]pyridine (3ag’). 9
h, 31.9% yield; "H NMR (400 MHz, CDCl;):  8.33 (d, J = 6.8
Hz, 1H), 7.99 (d, J = 8.0 Hz, 1H), 7.87 (d, J = 8.4 Hz, 1H), 7.54-
7.47 (m, 4H), 7.43-7.40 (m, 2H), 7.36 (t, J = 7.6 Hz, 1H), 6.83 (d,
J=7.2 Hz, 1H), 2.67 (s, 3H) ppm; *C NMR (100 MHz, CDCls):
5 149.5, 144.7, 140.4, 139.4, 129.1, 128.4, 127.8, 125.4, 124.0,
121.8, 120.9, 119.8, 113.4, 110.4, 15.0 ppm. IR (KBr): v 3056,
2925, 1631, 1602, 1501, 1483, 765, 742, 704 cm™'. ESI HRMS:
calcd. for CgH 4N,+H 259.1235, found 259.1236.
3-butyl-4-phenylbenzo[4,5]imidazo[1,2-a]pyridine (3ah). 7 h,
63% yield; '"H NMR (400 MHz, CDCL): & 8.37 (d, J = 7.2 Hz,
1H), 7.90 (d, J = 8.4 Hz, 1H), 7.86 (d, J = 8.0 Hz, 1H), 7.54-7.50
(m, 2H), 7.47-7.42 (m, 4H), 7.34-7.30 (m, 1H), 6.83 (d, J = 6.8
Hz, 1H), 2.56 (t, J = 8.0 Hz, 2H), 1.59-1.51 (m, 2H), 1.31-1.21
(m, 2H), 0.82 (t, J = 7.6 Hz, 3H) ppm; “C NMR (100 MHz,
CDCly): 6 149.2, 144.8, 141.8, 135.5, 130.0, 129.0, 128.8, 128.5,
127.9, 125.1, 123.4, 120.6, 120.2, 112.8, 110.0, 32.8, 32.5, 22.4,
13.8 ppm. IR (KBr): v 2953, 2919, 2863, 1631, 1605, 1489, 733,
701 em’. ESI HRMS: caled. for CyHyN,+H 301.1705, found
301.1705.

4-butyl-3-phenylbenzo[4,5]imidazo[1,2-a]pyridine (3ah’). 7 h,
36% yield; '"H NMR (400 MHz, CDCL): & 8.33 (d, J = 7.2 Hz,
1H), 8.01 (d, J = 8.4 Hz, 1H), 7.89 (d, J = 8.0 Hz, 1H), 7.55-7.34
(m, 7H), 6.79 (d, J = 6.8 Hz, 1H), 3.07(t, J = 8.0 Hz, 2H), 1.78-
1.70 (m, 2H), 1.34-1.28 (m, 2H), 0.80 (t, J = 7.6 Hz, 3H) ppm;
3C NMR (100 MHz, CDCl;): & 140.4, 139.8, 129.1, 128.8, 128.4,
127.7, 125.3, 121.8, 120.8, 119.9, 113.7, 110.3, 31.5, 28.3, 22.7,
13.8 ppm. IR (KBr): v 3051, 2959, 2927, 2852, 1632, 1602, 1499,
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801, 765, 703 cm™'. ESI HRMS: caled. for CyHyoN,+H 301.1705,
found 301.1706.
3-(diethoxymethyl)-4-phenylbenzo[4,5]imidazo[1,2-
a]pyridine (3ai). 7 h, 68.6% yield; "H NMR (400 MHz, CDCl):
5 8.49 (d,J = 7.2 Hz, 1H), 7.94 (d, J = 8.0 Hz, 1H), 7.91 (d, J =
7.6 Hz, 1H), 7.58-7.47 (m, 6H), 7.39-7.35 (m, 1H), 7.27 (d, J =
7.6 Hz, 1H), 5.22 (s, 1H), 3.64-3.57 (m, 2H), 3.44-3.37 (m, 2H),
1.19 (t, J = 7.2 Hz, 6H) ppm; *C NMR (100 MHz, CDCl;): &
148.1, 144.7, 137.7, 133.9, 130.2, 129.4, 128.9, 128.4, 1254,
124.2,121.3,120.4, 110.3, 108.9, 99.6, 62.9, 15.1 ppm. IR (KBr):
v 3056, 2973, 2925, 2872, 1489, 1104, 1059, 739, 700 cm™'. ESI
HRMS: calcd. for C,,H,,N,0,+H 347.1760, found347.1760.
4-(diethoxymethyl)-3-phenylbenzo[4,5]imidazo[1,2-
a]pyridine (3ai’). 7 h, 28.4% yield; "H NMR (400 MHz, CDCl,):
$ 8.40 (d, J = 7.2 Hz, 1H), 8.06 (d, J = 8.0 Hz, 1H), 7.86 (d, J =
8.4 Hz, 1H), 7.53-7.42 (m, 6H), 7.35 (t, J = 7.6 Hz, 1H), 6.77 (d,
J =72 Hz, 1H), 5.92 (s, 1H), 3.76-3.70 (m, 2H), 3.50-3.42 (m,
2H), 1.12 (t, J = 7.2 Hz, 6H) ppm; *C NMR (100 MHz, CDCls):
8 147.0, 145.1, 141.6, 139.3, 129.1, 128.5, 127.9, 127.9, 125.4,
124.4, 124.0, 120.9, 120.5, 113.6, 110.0, 100.6, 63.6, 15.1 ppm.
IR (KBr): v 2973, 2925, 2872, 1635, 1603, 1108, 1062, 739, 699
em’. ESI HRMS: caled. for CyH,N,0,+Na 369.1579, found
369.1579.

ethyl 3-phenylbenzo[4,5]imidazo[1,2-a]pyridine-4-
carboxylate (3aj). 7 h, 49% yield; '"H NMR (400 MHz, CDCl,):
8 8.50 (d, J =7.2 Hz, 1H), 7.99 (d, J = 8.0 Hz, 1H), 7.94 (d, J =
8.4 Hz, 1H), 7.56-7.41 (m, 7H), 7.28 (d, J = 7.2 Hz, 1H), 4.09 (q,
J =72 Hz, 2H), 0.97 (t, J = 7.6 Hz, 3H) ppm; *C NMR (100
MHz, CDCly): 6 167.1, 147.7, 145.2, 135.3, 132.6, 130.1, 129.3,
128.9, 128.5, 128.3, 126.0, 123.9, 122.2, 120.9, 110.6, 110.3,
61.5, 13.5 ppm. IR (KBr): v 3058, 2977, 1712, 1476, 1327, 1230,
1137, 1027, 743, 698 cm?'. ESI HRMS: caled. for
CyoH;N,O,+Na 339.1109, found 339.1109.

diethyl (3-phenylbenzo[4,5]imidazo[1,2-a]pyridin-4-
yl)phosphonate (3ak). 7 h, 67% yield; '"H NMR (400 MHz,
CDCly): 8 8.52 (dd, J=7.2, 3.6 Hz, 1H), 7.97 (d, J = 8.0 Hz, 1H),
7.94 (d, J = 8.4 Hz, 1H), 7.60-7.58 (m, 2H), 7.54-7.40 (m, 6H),
4.00-3.92 (m, 2H), 3.89-3.83 (m, 2H), 1.17 (t, J = 7.2 Hz, 6H)
ppm; *C NMR (100 MHz, CDCly): & 145.1, 137.0, 135.0, 135.0,
130.0, 128.8, 127.9, 126.1, 123.5, 123.4, 122.2, 121.1, 112.6,
112.5, 110.7, 62.3, 62.3, 16.1, 16.1 ppm. IR (KBr): v 2986, 1481,
1323, 1229, 1048, 1019, 771, 739 cm’. ESI HRMS: calcd. for
C,1H,N,O3P+Na 403.1187, found 403.1189.

(E)-ethyl 3-(3-phenylbenzo[4,5]imidazo[1,2-a]pyridin-4-
ylDacrylate  (3al). 12 h, 20.5% yield; '"H NMR (400 MHz,
CDCLy): & 8.44 (d, J = 6.8 Hz, 1H), 8.21 (d, J = 16.0 Hz, 1H),
8.03 (d, J = 8.0 Hz, 1H), 7.90 (d, J = 8.0 Hz, 1H), 7.86 (d, J =
16.0 Hz, 1H), 7.58-7.39 (m, 7H), 6.90 (d, J = 6.8 Hz, 1H), 4.24 (q,
J=72Hz, 2H), 1.32 (t, J = 7.2 Hz, 3H) ppm; >C NMR (100
MHz, CDCly): & 168.0, 146.8, 145.3, 144.8, 138.2, 137.7, 129.7,
128.7, 128.6, 128.3, 125.9, 125.2, 124.6, 121.7, 120.5, 120.3,
113.4,110.2, 60.3, 14.3 ppm. IR (KBr): v 3058, 2980, 1706, 1601,
1283, 1182, 741, 703 cm™. ESI HRMS: caled. for CpH;sN,O,+H
343.1447, found 343.1449

(E)-ethyl 3-(4-phenylbenzo[4,5]imidazo[1,2-a]pyridin-3-
ylacrylate (3al’). 12 h, 55.5% yield; '"H NMR (400 MHz,
CDCl;): 6 8.42 (d, J=7.2 Hz, 1H), 7.96 (d, J = 8.4 Hz, 1H), 7.89
(d, J= 8.0 Hz, 1H), 7.69 (d, J = 16.0 Hz, 1H), 7.57-7.48 (m, 6H),

7.40 (t, J = 7.6 Hz, 1H), 7.13 (d, J = 7.2 Hz, 1H), 6.49 (d, J =
 16.0 Hz, 1H), 4.22 (q, J = 7.2 Hz, 2H), 1.29 (t, J = 7.2 Hz, 3H)
ppm; *C NMR (100 MHz, CDCLy): 8 1663, 181 badacstraiddad
133.5, 132.5, 131.8, 130.8, 129.2, 128.9, 128.5, 125.7, 123.8,
122.0, 121.3, 120.7, 110.3, 107.9, 60.7, 14.2 ppm. IR (KBr): v
3060, 2988, 1705, 1627, 1285, 1183, 786, 740 cm™. ESI HRMS:
calcd. for C,,HgN,O,+H 343.1447, found 343.1449.
1-methyl-3,4-diphenylbenzo[4,5]imidazo[1,2-a]pyridine (3ba).
8 h, 66% yield; 'H NMR (400 MHz, CDCL;): & 8.18 (d, J = 8.4
Hz, 1H), 7.98 (d, J = 8.0Hz, 1H), 7.50(t, J = 7.6 Hz, 1H), 7.41-
7.38 (m, 2H), 7.35-7.17 (m, 9H), 6.77 (s, 1H), 3.11 (s, 3H) ppm;
BC NMR (100 MHz, CDCl3): 6 149.9, 145.6, 140.2, 139.4, 137.2,
135.6, 131.3, 130.2, 129.6, 128.0, 128.0, 127.5, 127.3, 125.6,
124.9, 120.7, 120.3, 114.4, 114.1, 21.4 ppm. IR (KBr): v 3049,
2919, 2850, 1632, 1602, 1501, 1440, 763, 733, 698 cm™. ESI
HRMS: calcd. for C,4H;gN,+H 335.1548, found 335.1548.
1,3,4-triphenylbenzo[4,5]imidazo[1,2-a]pyridine (3ca). 12 h,
74% yield; '"H NMR (400 MHz, CDCls): & 7.94 (d, J = 8.4 Hz,
1H), 7.67-7.62 (m, 5H), 7.48 (d, J = 7.2 Hz, 2H), 7.40-7.31 (m,
4H), 7.26-7.23 (m, 5H), 6.97 (t, J = 8.0 Hz, 1H), 6.86 (s, 1H),
6.65 (d, J = 8.4 Hz, 1H) ppm; *C NMR (100 MHz, CDCl5): &
s0 149.8, 145.6, 140.0, 139.5, 139.3, 135.5, 134.4, 131.3, 130.0,
129.7, 1294, 129.1, 129.1, 128.1, 128.0, 127.6, 127.3, 126.9,
124.8, 120.3, 120.2, 115.3, 114.5 ppm. IR (KBr): v 3059, 3034,
1598, 1482, 1450, 1313, 766, 743 cm’. ESI HRMS: calcd. for
CyoHN,+H 397.1705, found 397.1705.
2-methyl-3,4-diphenylbenzo[4,5]imidazo[1,2-a]pyridine (3da).
10 h, 90% yield; "H NMR (400 MHz, CDCl): & 8.34(s, 1H), 7.94
(d, J = 8.0 Hz, 1H), 7.91 (d, J = 8.0 Hz, 1H), 7.48 (t, J = 7.6 Hz,
1H), 7.36 (t, J = 7.6 Hz, 1H), 7.31-7.17 (m, 8H), 7.08 (d, J = 6.8
Hz, 2H), 2.16 (s, 3H) ppm; >C NMR (100 MHz, CDCl,): 5148.2,
o0 144.8, 142.9, 137.9, 1354, 130.7, 129.7, 129.2, 128.8, 127.9,
127.8, 127.3, 127.1, 125.1, 121.8, 120.7, 120.3, 120.0, 110.2,
18.6 ppm. IR (KBr): v 3051, 2958, 2918, 1636, 1600, 1487, 1443,
731, 697 cm’'. ESI HRMS: calcd. for CpyH sN,+H 335.1548,
found 335.1548.
2,3,4-triphenylbenzo[4,5]imidazo[1,2-a]pyridine (3ea). 9 h,
99% yield; "H NMR (400 MHz, CDCl,): & 8.48 (s, 1H), 7.99 (d, J
=8.0, 1H), 7.91 (d, J = 8.4 Hz, 1H), 7.53-7.49 (m, 1H), 7.39-7.35
(m, 3H), 7.31-7.23 (m, 6H), 7.16-7.14 (m, 2H), 7.05-6.99 (m, 3H),
6.90-6.87 (m, 2H) ppm; *C NMR (100 MHz, CDCly): & 148.1,
w0 145.1, 141.0, 137.6, 137.3, 135.5, 131.0, 130.9, 130.0, 129.3,
129.0, 127.9, 127.8, 127.4, 127.3, 127.0, 126.6, 126.6, 125.4,
123.3, 121.0, 120.4, 110.3 ppm. IR (KBr): v 3056, 3027, 1476,
1319, 1259, 754, 698 cm™'. ESI HRMS: calcd. for CyoHyN,+H
397.1705, found 397.1707.
2-(4-chlorophenyl)-3,4-diphenylbenzo[4,5]imidazo[1,2-
a]pyridine (3fa). 12 h, 89% yield; 'H NMR (400 MHz, CDCl,):
8 8.47 (s, 1H), 7.97 (d, J = 8.4 Hz, 1H), 7.92 (d, J = 8.4 Hz, 1H),
7.51(t, J = 8.0 Hz, 1H), 7.38 (t, J = 7.2 Hz, 1H), 7.34-7.32 (m,
2H), 7.28-7.19 (m, 5H), 7.10 (t, J = 8.8 Hz, 1H), 7.06-7.02 (m,
3H), 6.93 (d, J = 7.6 Hz, 1H) , 6.87-6.86 (m, 2H) ppm; *C NMR
(100 MHz, CDCl;): 6 148.0, 145.2, 140.6, 139.5, 137.0, 135.3,
133.8, 130.9, 129.8, 129.6, 129.1, 129.0, 128.3, 127.9, 127.5,
127.2, 126.9, 125.6, 125.3, 123.4, 121.3, 120.6, 110.3 ppm. IR
(KBr): v 3057, 3027, 1599, 1469, 1320, 787, 744, 702 cm™. ESI
s HRMS: caled. for CyoH 9CIN,+H 431.1315, found 431.1315.

2-(benzo[d][1,3]dioxol-5-yl)-3,4-diphenylbenzo[4,5]imidazo
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[1,2-a]pyridine (3ga). 8 h, 77% yield; 'H NMR (400 MHz,
CDCly): & 8.44 (s, 1H), 7.97 (d, J = 8.0 Hz, 1H), 7.90 (d, J = 8.0,
1H), 7.49 (t, J = 8.0 Hz, 1H), 7.36 (d, J = 7.6 Hz, 1H), 7.33-7.31
(m, 2H), 7.28-7.21 (m, 3H), 7.05-7.03 (m, 3H), 6.89-6.87 (m, 2H),
6.68 (d, J =8.0 Hz, 1H), 6.63 (dd, J=8.0, 1.2 Hz, 1H), 6.56 (d, J
= 1.2 Hz, 1H), 5.90 (s, 2H) ppm; >C NMR (100 MHz, CDCl;): &
148.1, 147.2, 146.7, 145.1, 141.1, 137.4, 135.5, 131.4, 130.9,
130.9, 129.3, 129.0, 127.8, 127.4, 127.4, 126.7, 126.2, 1254,
123.6, 123.1, 121.0, 120.5, 110.5, 110.3, 107.9, 101.0 ppm. IR
(KBr): v 3062, 3026, 2895, 2207, 1476, 1232, 1034, 927, 728,
699 cm’™'. ESI HRMS: calcd. for C3,H,N,0,+H 441.1603, found
441.1604.
4,5-diphenyl-2,3-dihydro-1H-benzo[4,5]imidazo[1,2-a]
cyclopenta [e] pyridine (3ha). 12 h, 53% yield; '"H NMR (400
MHz, CDCly): § 8.04 (d, J = 8.0 Hz, 1H), 7.96 (d, J = 8.4 Hz,
1H),7.47 (t, J = 7.6 Hz, 1H), 7.33(t, J = 6.8 Hz, 2H), 7.29-7.19 (m,
7H), 7.12-7.10 (m, 2H), 3.73 (t, J = 7.6 Hz, 2H), 2.87 (t,J = 7.6
Hz, 2H), 2.41-2.34 (m, 2H) ppm; °*C NMR (100 MHz, CDCl;): &
149.7, 145.2, 139.8, 139.0, 138.2, 135.8, 131.3, 129.6, 1294,
127.8, 127.2, 127.0, 126.1, 124.8, 124.6, 120.5, 120.1, 112.9,
32.2, 30.7, 22.5 ppm. IR (KBr): v 3057, 3025, 2926, 1500, 1478,
1028, 736, 695 cm”. ESI HRMS: calcd. for CyHyoN,+H
361.1705, found 361.1706.
5,6-diphenyl-1,2,3,4-tetrahydrobenzo[4,5]imidazo[1,2-
a]quinoline (3ia). 12 h, 60% yield; "H NMR (400 MHz, CDCL):
5 8.23 (d, J = 8.8 Hz, 1H), 7.96 (d, J = 8.0 Hz, 1H), 7.46 (t, J =
8.0 Hz, 1H), 7.31-7.15 (m, 9H), 7.07-7.05 (m, 2H), 3.56 (t, J =
6.4 Hz, 2H), 2.44 (t, J = 6.0 Hz, 2H), 2.11-2.05 (m, 2H), 1.84-
1.78 (m, 2H) ppm; *C NMR (100 MHz, CDCly): & 177.1, 145.5,
142.7, 138.1, 136.6, 136.0, 130.9, 130.4, 129.8, 127.8, 127.7,
127.0, 126.9, 124.4, 120.2, 118.5, 115.4, 28.9, 28.0, 22.3, 22.2
ppm. IR (KBr): v 3055, 3023, 2926, 1494, 1441, 1292, 728, 697
ecm”. ESI HRMS: caled. for CpHyN,+H 375.1861, found
375.1863.
7,8-dimethyl-3,4-diphenylbenzo[4,5]imidazo[1,2-a]pyridine
(3ja). 7 h, 80% yield; "H NMR (400 MHz, CDCl,): & 8.38 (d, J =
7.2 Hz, 1H), 7.73 (s, 1H), 7.66 (s, 1H), 7.42-7.40 (m, 2H), 7.34-
7.17(m, 8H), 6.93 (d, J = 7.2 Hz, 1H), 2.48 (s, 3H), 2.44 (s,
3H) ppm; *C NMR (100 MHz, CDCly): & 148.3, 143.8, 139.6,
139.3, 135.3, 134.7, 131.1, 130.5, 129.7, 128.1, 128.0, 127.5,
127.4, 127.2, 123.3, 120.2, 113.3, 110.1, 20.7, 20.6 ppm. IR
(KBr): v 3049, 2968, 2917, 1615, 1498, 1433, 753, 701 cm™'. ESI
HRMS: calcd. for C,5H,oN,+H 349.1705, found 349.1706.
1,3-dimethyl-8,9-diphenyl-1,10a-dihydropyrido[2,1-f]purine-
2,4(3H,4aH)-dione (3ka). 9 h, 67% yield; 'H NMR (400 MHz,
CDCly): 6 9.07 (d, J = 6.8 Hz, 1H), 7.36-7.30 (m, 5H), 7.27-7.16
(m, 6H), 3.62 (s, 3H) ppm; *C NMR (100 MHz, CDCl): 8155.1,
152.0, 151.3, 147.5, 141.6, 138.7, 134.0, 131.2, 129.6, 128.2,
128.0, 127.9, 127.8, 127.4, 125.7, 117.0, 30.2, 27.8 ppm. IR
(KBr): v 3057, 2956, 1700, 1660, 1540, 758, 702 cm™. ESI
HRMS: caled. for C,3HsN,4O,+K 421.1067, found421.1067.
7,8-diphenylimidazo[1,2-a]pyridine (3la). 12 h, 81% yield; 'H
NMR (400 MHz, CDCly): 6 8.16 (d, J = 6.8 Hz, 1H), 7.67-7.65
(m, 2H), 7.37-7.16 (m, 10H), 6.95 (d, J = 6.8, 1H) ppm; "*C
NMR (100 MHz, CDCly): 6 145.4, 139.4, 135.5, 135.2, 134.3,
130.9, 129.7, 128.3, 128.0, 127.4, 127.0, 124.2, 115.6, 112.4 ppm.
IR (KBr): v 3093, 3060, 1482, 1436, 1310, 1142, 756, 699 cm™.
ESI HRMS: caled. for CioH 4N,+H 271.1235, found 271.1235.

6-(benzo[d][1,3]dioxol-5-yl)-7,8-diphenylimidazo[1,2-

s a]pyridine (3ma). 13 h, 77% yield; '"H NMR (400 MHz, CDCly): |
§8.14 (s, 1H), 7.66 (d, J = 13.2 Hz, 2H), 7.2§¢}. k3 4o Yo bhHy s
7.00 (m, 3H), 6.87-6.84 (m, 2H), 6.64 (d, J = 8.0 Hz, 1H), 6.57
(dd, J = 8.0, 1.6 Hz, 1H), 6.51 (d, J = 1.2 Hz, 1H), 5.89 (s, 2H)
ppm; °C NMR (100 MHz, CDCls): & 147.1, 146.6, 144.8, 137.4,

6 136.3, 135.6, 134.6, 131.6, 131.2, 130.7, 129.4, 128.1, 127.7,
127.3,127.2, 126.5, 123.9, 123.5, 112.4, 110.4, 107.8, 101.0 ppm.
IR (KBr): v 3135, 3057, 3025, 1477, 1323, 1237, 1039, 745, 702
cm’. ESI HRMS: caled. for CpgHigN,O,+H 391.1447, found
391.1449.

70 2-methyl-7,8-diphenylimidazo[1,2-a]pyridine (3na). 8 h, 45%
yield; "H NMR (400 MHz, CDCl3): 5 8.05 (d, J = 6.8 Hz, 1H),
7.40 (s, 1H), 7.35-7.34 (m, 2H), 7.29-7.19 (m, 6H), 7.13-7.11 (m,
2H), 6.86 (d, J = 7.2 Hz, 1H), 2.45 (s, 3H) ppm; *C NMR (100
MHz, CDCly): & 144.3, 139.8, 135.4, 135.2, 131.1, 129.8, 127.9,

75 127.9, 127.4, 126.8, 123.6, 114.9, 109.7, 14.7 ppm. IR (KBr): v
3025, 2919, 2853, 1319, 1269, 753, 733, 698 cm™. ESI HRMS:
caled. for C,0H;¢N,+H 285.1392, found 285.1395.
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