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1. Introduction reused. Several groups have reported the use dfeflide
. . catalysts in Heck, Suzuki, and Sonogashira reactamsighey

Pd-catalyzed coupling reactions such as the Hedle,St ninimize leaching and catalyst agglomeratibi. Our research
Suzuki, Sonogashira, and Buchwald-Hartwig reactione aryso describes a direct synthesis of 2-substitiniedles via a
extensively used to form carbon-carbon, carbon-emy@nd  gonggashira coupling and sequent cyclization otegted 2-
carbon-nitrogen bond& Palladium-catalyzed bond forming iodoanilines with terminal alkynes using a heteragers Pd-
processes have proven to be a powerful and usaflfdo the  ,qpjite catalyst system (Scheme'@®).One important finding
synthesis of heterocyclésThe increasing demands for the yithin this study was that the Pd-zeolite catalysildde used

synthesis of heterocycle building blocks have prmprganic  ,,\ards of five times under the same reaction cimditwithout
chemists to engage in studies directed towards ¢reldpment catalyst regeneration.

of simple, novel, and more efficient methodolodiesMost
pal!adlum-catalyzed coupllng reactions for the B?Bt§ of Scheme 1. 2-Substituted Indole Synthesis using Heterogeneous Pd Catalyst
various heterocycles have employed homogeneousdaath

catalysts in the presence of base and ligand. Adhou 5 mol% Pd-NaY

homogeneous Pd catalysis has many advantagesrawbkatk is I 1 eq LiCI

that it is difficult to recycle this type of cataly The E:E __  2eqCs,CO, mR )
development of low-cost and environmentally benign = DMF, 140 °C N
methodologies, a cornerstone of green chemistrg, dtafted N Ts

attention to immobilization processes due to tlagivantages in
product isolation and catalyst reusédore specially, several
catalyst immobilization methods use diverse soligperts such
as metal oxide, silica, carbon, and zeolite. Trmggports were
reported emphasizing the formation of nanopartelalysts®®

Many groups have previously reported Pd-zeolitalgats as a
means of carbon-carbon bond formations within HealkzuSi,
and Sonogashira reactioHsHowever, the synthetic approach to
heterocycles using Pd-zeolite -catalysts were limitad

Zeolites have received great attention as a catalysporter literature’®'® As interests in developing metal-catalyzed
due to the possible structural modification of trehiemical and  synthetic methods for biologically active heterdegcsuch as
physical properties. These properties include ggiddasicity, indoles®*azaindole$! pyrrolo-quinoine$? carbazole$® and
hydrophobicity, hydrophilicity, size, shape seleityi and thiazoles grevi! we further examined the synthesis of pyrrolo-
thermal stability®** The use of zeolites and mesoporouspyridines and pyrrolo-quinolines under our estdigiis Pd-
materials in synthesis and industrial applicatians extremely  zeolite-catalyzed heteroannulatibmisingo-aminoazaarylhalides
important due to their acidic properties and thadiility to be  and terminal alkynes as coupling partners.
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2. Results/Discussion

Initially, the Pd-zeolite catalyst was prepared adtw to
reported methodS. lon exchange of NaY zeolite (Aldrich No
33,444-8) with a 0.1 M aqueous solution of [PdENILCI, at
room temperature for 24 h produced [PdgNH'-NaY.
Calcination of the ion-exchanged [Pd(§H'—NaY zeolites at
500 °C for 4 h under £gave the Pd(ll)-NaY zeolite. Subsequent
treatment at 300 °C for 4 h with 5% KN, balance) gave Pd(0)—

Tetrahedron

(160 °C) with 12 h. The free NH of 2-phenyl pyrrold2,
b]pyridine could be obtained from the heteroannalatof 2:N-
acetyl amino-3-iodopyridine and phenylacetyleneasda on
product formation and sequential deprotection @fyhgroup™®
However, the heteroanuulation reaction using inteafigine did
not provide the desired product under standard ticeac
conditions, probably the pore diameter of zedliald not allow
penetration of internal alkynes or product in théolite catalyst

NaY.'® These Pd-containing zeolites had an SBET of 76%gcm Scheme 3. Substrate Scope: Pyrrolo-quinolines

and an average pore diameter of 14.6 A. When using, AWS
absolute palladium content of these catalysts wésrméed to
be 1.0 £ 0.1 wt %..

Scheme 2. Substrate Scope: Pyrrolo-pyridines
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Using our previously optimized reaction conditiorthe
general scope of pyrrolo-pyridine formation is désd in
Scheme 2. Reaction oN-methyl protected pyridine with
phenylacetylene gave the desired protected py&de[
b]pyridine (1a) in 71% yield. The formation of compountiaj
was also examined with 3-bromoN2methylaminopyridine
instead of 3-iodo-N-methylaminopyridine, however,
reaction using bromo halide gave slightly lowerdief desired
product than iodo halide even under slightly higteenperature

2m, 83%

system. Silyl acetylenes such as TMS and TES auedyl
the Provided the corresponding azaindoles in modetHie40%) to
good (c, 70%) vyields. Thp-proteced alcohol
functional groups also furnished pyrrolo[ypyridine products

and alkene



1d and 1e in 59% and 64% yields, respectiveljd-Benzyl
protected pyridine engaged with the TMS and TESyéaees,
delivering pyrrolo[2,3p]pyridines 1f and 1g in modest yields.
Ethynylacetylene was also converted to pyrrolofd3/ridine
1hin 70% yield. Alkynes bearing heterocycles suclyagsoline
and thiophene were also tolerated under reactionlitons as
pyrrolo[2,3b]pyridines1i andlj were afforded in 54% and 45%
yields, respectively. Finally,a thp-protected &lob gave the
desired productk in 52% yield.

Additionally, pyrrolo[3,2€]pyridine derivative was prepared
under standard conditions using phenylacetyldhe68%). The
scope of pyrrolo-quinoline derivatives was suitabith a variety
of N-protecting groups. A variety of substituted quineli
coupling partners proved sufficient as well (SchetheAniline
protected 8-methoxy-2-methylquinoline derivativesve the
corresponding pyrrolo[3,2lquinolines in 65%2a) and 82% Zb)

yield, respectivelyN-Benzyl protected quinolines also furnished

the desired pyrrolo[3,2}quinolines with phenylacetylene2q,
78%) and ethynylacetylene coupling partnerad, ( 82%).
Additionally, ethynylacetylene engaged with a varietf
quinoline substrates as pyrrolo[ZRuinolines 2e-2g were
furnished in moderate to good yields. Other alkynéth tert-

3. Conclusion

We have described the synthesis of biologicallgvant fused
[5,6]-azaheterocyclic ring systems using a Pd-zedlatalyzed
heteroannulation reaction. This approach providespd and
convergent access to a diverse range of pyrrddipyridines,
pyrrolo[3,2c]pyridine, pyrrolo[3,2-c]quinolines, and pyrrolog2,
blquinoline. This method exhibits high reactivity ward
heteroannulations with a high degree of functionabupg
tolerance. Furthermore, Pd-zeolite catalysis coddd an
interesting alternative to homogeneous catalysisHe synthesis
of heterocycles.

4, Experimental section

The 'H NMR, and*C NMR spectra were recorded with a
Verian Gemini 200 MHz NMR and Jeol JNM-400 MHz NMR,
using TMS as internal standard. High-resolution mgssctra
(HRMS) were obtained using a Thermo Scientific LTQ ©@api
XL mass spectrometer, and recorded in positivenmae with

alcohol anctert-butyl substituents also proved compatible underdn €electrospray (ESI) source. Elemental analysita deere

standard conditions, as pyrrolo[XRtuinolines2h and?2i were
afforded in 72% and 50% yields, respectively. 1¥iex led to

obtained from EA 1110. Flash column chromatographgs w
carried out with 230-400 mesh silica gel. Meltingint® were

pyrrolo[3,2<]quinolines2j (31%) in depressed yield. In contrast, determined on a Mut-TEM apparatus and are unceuedhll

quinoline-substituted alkynes gave moderate to ggpetd of
pyrrolo[3,2c]quinolines 2k (65%) and2l (89%). Additionally,
pyrrolo[2,3b]quinoline 2m was delivered in good yield (83%)
when using phenylacetylene as the coupling partmeter
standard conditions.

Finally, we examined the resusability of the Pd-tedatalyst
to heteroannulation for synthesizing compoudd).( The used
Pd-zeolite catalyst was separated by a membraner fdhd

chemicals were used directly as obtained from coroiader
sources unless noted otherwise. If necessary, thmichls were
synthesized or purified by known methods and proeeiu

4.1. General procedure for the synthesis of pyrrolo-
heter ocyclesvia heteroannulation using the Pd-loaded zeolite.

Pd-loaded zeolite (0.125 mmol), lithium chloride5@nmol),
cesium carbonate (1 mmol), the aryl iodide (0.5 mymthe
alkyne (1.0 mmol), and DMF (10 ml) were added toaesbtube.

washed with CECl,. The recycled catalyst was used for the sameéyq, being heated for the appropriate time at A7) the

reaction with adding LiCl and @S0O; to each reaction without
any reactivation of the catalyst. The results amarsarized in

Scheme 4. Although the recycled catalyst did notipge the

same catalyst activity as the fresh catalyst, #oyaled catalyst
showed good catalytic reusability with slightly longeaction

time.

Scheme 4. Reactivity of Recycled Pd-NaY Catalyst to Heteroannulation

5 mol% Pd-NaY

I 1 eq LiCl
A q A
| + = p, _2€9Cs,COs mph
= /H - =
N r}l DMF, 140 °C N N
Me
Me 1a
Entr Recvclin Reaction Isolated
y yelng time () yield (%)
1 fresh 6 71
2 1st 8 69
3 2nd 12 68
4 3rd 16 62
5 4th 24 60

reaction mixture was diluted with saturated aquesnmanium
chloride. The product extracted with ethyl acetdiee organic
layer was dried over anhydrous magnesium sulfate thed
mixture was filtered and concentrated. The product paified
by silica gel column chromatography using a hexathgl!
acetate gradient.

The following compounds were prepared via the above general
procedures:

4.1.1. 2-Phenyl-1-methylpyrrolo[2 §-pyridine (la). Compound
la was obtained as a brown oil in 71% isolated yielumfr3-
iodo-2-(methylamino)pyridine and phenylacetylenéerafa 6 h
reaction time: IR (KBr, cf) 3054, 2946, 1587, 1402, 53%H
NMR (200 MHz, CDC}) & 8.36 (dd,J = 4.6, 1.6 Hz, 1H), 7.89
(dd,J = 7.8, 1.4 Hz, 1H), 7.56-7.41 (m, 5H), 7.08 (dds 7.8,
4.8 Hz, 1H), 6.52 (s, 1H), 3.88 (s, 3HJC NMR (50 MHz,
CDCly) 4 142.57, 141.70, 132.24, 129.03, 128.50, 128.18,012
120.52, 115.98, 99.32, 29.77; HRMS (ESI) calcd fosHGN,
[M]* 208.1072, found 208.1069.

4.1.2. 2-Trimethylsilyl-1-methylpyrrolo[2,8}-pyridine  (1b).
Compoundlb was obtained as a yellow oil in 40% isolated yield
from 3-iodo-2-(methylamino)pyridine and
trimethylsilylacetylene after a 6 h reaction tinig: (KBr, cmi)
3052, 2956, 1590, 1251, 844 NMR (200 MHz, CDCJ) & 7.93
(dd,J = 4.6, 1.6 Hz, 1H), 7.45 (dd,= 7.9, 1.6 Hz, 1H), 6.59 (dd,
J=7.8, 4.8 Hz, 1H), 6.23 (s, 1H), 3.56 (s, 3H), Q®0OH);°C
NMR (50 MHz, CDC}) & 150.63, 143.11, 141.61, 128.29,
120.23, 115.13, 109.12, 31.15, -0.870; HRMS (ESl¥ccdor
Cp1H1N,Si [M]* 204.1153, found 204.1150.
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4.1.3. 2-Triethylsilyl-1-methylpyrrolo[2,8]-pyridine ~ (1c).

Tetrahedron

5.82 (m, 1H), 5.56 (s, 2H), 2.18-2.10 (m, 4H), 1.6871(m, 4H);

Compoundlc was obtained as a brown oil in 70% isolated yieldl3C NMR (50 MHz, CDCJ) & 148.52, 142.42, 138.81, 129.86,

from 3-iodo-2-(methylamino)pyridine and
trimethylsilylacetylene after a 6 h reaction tinig: (KBr, cmi)
3050, 2954, 2875, 1444, 738 NMR (200 MHz, CDCJ) & 8.32
(dd,J = 4.6, 1.6 Hz, 1H), 7.84 (dd,= 7.6, 1.6 Hz, 1H), 6.98 (dd,
J=7.8, 4.8 Hz, 1H), 6.66 (s, 1H), 3.95 (s, 3H), 089 15H);
¥C NMR (50 MHz, CDCJ) § 150.59, 142.90, 138.81, 128.08,
120.36, 115.00, 110.72, 31.15, 7.30, 3.55; HRMS ) ES&ltd for
C1HoaN,Si [M+H]" 247.1622, found 247.1618.

4.1.4. 1-Methyl-2-(2-((tetrahydro-2H-pyran-2-yl)oeyhyl)-1H-
pyrrolo[2,3-b]pyridine {d). Compoundld was obtained as a
brown oil in 59% isolated vyield from 3-iodo-2-
(methylamino)pyridine and tetrahydro-2-(2-propynghs2H-
pyran after a 6 h reaction time: IR (KBr, ¢18039, 2940, 2869,
1735, 1457, 1405, 10244 NMR (200 MHz, CDCJ) & 8.31 (dd,
J=4.4,1.6 Hz, 1H), 7.84 (dd,= 7.6, 1.6 Hz, 1H), 7.02 (dd,=
8.0, 4.4 Hz, 1H), 6.44 (s, 1H), 4.92 (d, J = 12.6 H4#), 4.73-
4.69 (m, 2H), 3.91-3.89 (m, 1H), 3.89 (s, 3H), 3.5843m, 1H),
1.81-1.55 (m, 6H)**C NMR (50 MHz, CDC)) 5 148.74, 142.74,
136.48, 128.34, 119.78, 115.59, 100.39, 97.27, %26D.96,
30.35, 28.29, 25.26, 19.19; HRMS (ESI) calcd fQgHzN,0O,
[M+H] " 261.1655, found 261.1613.

4.1.5. 2-Ethynylcyclohexenyl-1-methylpyrrolo[2t3-pyridine

129.48, 128.47, 128.31, 127.65, 126.77, 126.45,4020.16.06,
112.07, 98.25, 45.94, 29.29, 25.52, 22.69, 21.66MBRESI)
calcd for GgHiN, [M+H] " 289.1696, found 289.1690.

4.1.9. 3-(1-Benzyl-1H-pyrrolo[2,B}pyridin-2-yl)-quinoline (i).
Compoundli was obtained as a yellow solid in 54% isolated
yield from 3-iodo-2-(benzylamino)pyridine and 3-atlgl-
quinoline after a 6 h reaction time: mp 130-2@1IR (KBr, cm®)
3048, 2929, 1448, 1415, 75% NMR (400 MHz, CDC)) § 8.99
(d,J = 2.0 Hz, 1H), 8.41 (dd] = 4.4, 1.2 Hz, 1H), 8.13 (d,=
8.4 Hz, 1H), 8.03 (dJ = 2.0 Hz, 1H), 7.99 (dd] = 8.0, 1.2 Hz,
1H), 7.72 (t, 1H), 7.66 (d} = 7.6 Hz, 1H), 7.54 (ddl=11.2, 7.2
Hz, 1H), 7.23-7.13 (m, 4H), 6.98 (m, 2H), 6.72 (s, 151H2 (s,
2H); ®C NMR (50 MHz, CDCJ) & 150.48, 149.47, 147.41,
143.72, 138.18, 138.14, 135.50, 129.99, 129.23,6B28.28.56,
127.96, 127.26, 127.19, 126.33, 125.43, 120.37,7616.01.76,
46.10; HRMS (ESI) calcd for gH;gN; [M+H] ™ 335.1492, found
335.1490.

4.1.10. 1-[5-(1-Benzyl-1H-pyrrolo[2,3-b]pyridin-2)y4,5-
dihydro-thiophen-2-yl]-ethanone 1j). Compound 1j was
obtained as a brown solid in 45% isolated yield fré+indo-2-
(benzylamino)pyridine and 1-(5-ethynyl-thiophen{P-sthanone
after a 6 h reaction time: mp 112-113, IR (KBr, cm'l) 3026,

(1e). Compoundle was obtained as a brown oil in 64% isolated2362, 1735, 1648, 1276, 800, 72M@;NMR (400 MHz, CDCJ) &

yield  from 3-iodo-2-(methylamino)pyridine and 1-
ethynylcyclohexene after a 6 h reaction time IR (K&n") 3048,
2931, 1452, 1402, 800; 1H NMR (200 MHz, CHGI 8.27 (dd,
J=4.8, 1.6 Hz, 1H), 7.78 (dd,= 7.8, 1.8 Hz, 1H), 6.98 (dd,=
7.6, 4.6 Hz, 1H), 6.27 (s, 1H), 6.00 (m, 1H), 3.823(d), 2.36-
2.23 (m, 4H), 1.76-1.71 (m, 4H))C NMR (50 MHz, CDC}) &
143.59, 141.94, 129.75, 129.39, 127.50, 120.33,5r13911.45,
97.13, 29.83, 28.84, 25.54, 22.68, 21.78; HRMS (ESIgd for

CiaH1/N, [M+H] *213.1383, found 213.1380.

4.1.6. 2-Trimethylsilyl-1-benzylpyrrolo[2,B}pyridine  (1f).

Compound1f was obtained as a brown solid in 52% isolatedfrom 3-iodo-2-(benzylamino)pyridine

yield from 3-iodo-2-(benzylamino)pyridine and
trimethylsilylacetylene after a 6 h reaction timgp 88-89°C; IR
(KBr, cm™) 3031, 2950, 2368, 1438, 1418 NMR (200 MHz,
CDCly) 6 8.13 (ddJ = 4.6, 1.6 Hz, 1H), 7.72 (dd,= 8.0, 1.2 Hz,
1H), 7.06-6.96 (m, 3H), 6.91 (dd,= 11.6, 4.8 Hz, 1H), 6.82-
6.63 (m, 2H), 6.55 (s, 1H), 5.51 (s, 2H), 0.00 (s, 9Q; NMR

8.35 (dd,J = 4.8, 1.6 Hz, 1H), 7.92 (dd,= 8.0, 1.6 Hz, 1H),
7.52 (d,J = 4.0 Hz, 1H), 7.21-7.19 (m, 4H), 7.10 (dds 8.0, 4.8
Hz, 1H), 7.00-6.96 (m, 2H), 6.79 (s, 1H), 5.73 (s, 2H49 (s,
3H); °C NMR (50 MHz, CDCJ) & 190.22, 149.43, 144.31,
144.13, 141.57, 137.71, 133.00, 132.76, 128.73,582827.14,
126.88, 125.93, 119.95, 116.97, 102.50, 45.80, &26HRMS
(ES)) calcd for GgH,7N,OS [M+H]" 333.1053, found 333.1055.

4.1.11. 1-Benzyl-4-(2-(((tetrahydro-2H-pyran-2-
yh)oxy)methyl)benzyl)-1H-pyrrolo[2,3-b]pyridine 1K).
Compoundlk was obtained as a brown oil in 52% isolated yield
and tetrahyd@¢2-
propynyloxy)-2H-pyran after a 6 h reaction time: (IRBr, cm’*)
3031, 2942, 2869, 1594, 1450, 1118, 1076, 7R7TNMR (200
MHz, CDCk) 6 8.33 (dd,J = 4.8, 1.6 Hz, 1H), 7.89 (dd,= 7.8,
1.6 H, 1H), 7.27-7.16 (m, 3H), 7.08-7.02 (m, 2H), 6(SP1H),
5.66 (s, 2H), 4.77 (d] = 12.6 Hz, 1H), 4.63-4.51 (m, 2H), 3.87-
3.77 (m, 1H), 3.55-3.44 (m, 1H), 1.76-1.41 (m, 6HE NMR

(50 MHz, CDC}) & 150.86, 143.58, 141.66, 138.68, 128.57,(50 MHz, CDC}) & 148.93, 143.21, 138.22, 136.49, 128.43,

126.87, 125.71, 120.11, 115.62, 110.37, 47.40,2;0HRMS
(ESI) calcd for GH:N,Si [M+H]* 281.1466, found 281.1460.

4.1.7.  2-Triethylsilyl-1-benzylpyrrolo[2,8}-pyridine  (19).

Compoundlg was obtained as a brown oil in 62% isolated yield4.1.12.

from 3-iodo-2-(benzylamino)pyridine and triethylddcetylene
after a 6 h reaction time: IR (KBr, C’r)13027, 2954, 2875, 775;
'H NMR (200 MHz, CDCJ) & 8.31 (dd,J = 4.8, 1.6 Hz, 1H),
7.90 (dd,J = 7.6, 1.6 Hz, 1H), 7.23-7.13 (m, 3H), 7.02 (dds
7.8, 5.0 Hz, 1H), 6.85-6.8 (m, 2H), 6.67 (s, 1H), 5(562H),
0.96-0.63 (m, 15H);®*C NMR (50 MHz, CDCJ)) & 150.94,
143.46, 138.68, 128.30, 128.20, 126.82, 125.61,2020115.52,
111.97, 45.50, 7.18, 3.36; HRMS (ESI) calcd forH3N,Si
[M+H]* 323.1935, found 323.1930.

4.1.8. 1-Benzyl-2-(cyclohex-1-en-1-yl)-1H-pyrrolof2
b]pyridine (Lh). Compoundlh was obtained as a yellow solid in
70% isolated yield from 3-iodo-2-(benzylamino)pymie and 1-
ethynylcyclohexene after a 6 h reaction time: mp989C; IR
(KBr, cm™) 3027, 2931, 1450, 1425, 8084 NMR (200 MHz,
CDCl,) 6 8.27 (dd,J = 4.8, 1.6 Hz, 1H), 7.83 (dd,= 7.6, 1.6 Hz,
1H), 7.21-7.14 (m, 3H), 7.05-6.98 (m, 3H), 6.33 (&l),15.86-

127.01, 126.45, 119.73, 116.04, 101.26, 97.17,06261.03,
45.10, 30.23, 25.29, 19.14; HRMS (ESI) calcd fgrHzN,O,
[M+H]" 413.2228, found 413.2220.

1-Methyl-2-phenyl-1H-pyrrolo[3,&pyridine  (LI).
Compoundll was obtained as a brown solid in 68% isolated
yield from 3-iodo-4-(methylamino)pyridine and phéagetylene
after a 6 h reaction time: mp 97-98 IR (KBr, cm’l) 3024, 2358,
1477, 757, 700'H NMR (400 MHz, CDCJ) & 8.89 (s, 1H), 8.34
(d,J = 6.0 Hz, 1H), 7.49-7.40 (m, 5H), 7.24 M= 5.6 Hz, 1H),
6.62 (d,J = 0.8 Hz, 1H), 3.72 (s, 3H)"C NMR (100 MHz,
CDCly) 6 143.34, 140.66, 131.70, 129.30, 128.77, 128.68.4R2
127.27, 124.78, 104.88, 100.84, 31.04; HRMS (ESlgdcéor
CyH1sN, [M+H]* 209.1077, found 209.1070.

4.1.13. 1-(4-Fluoro-2-methyl-phenyl)-6-methoxy-4imgd-2-
phenyl-1H-pyrrolo[3,2e]quinoline @a). Compound?2a was
obtained as a brown solid in 65% isolated yield fr8+indo-8-
methoxy-2-methyl-4(4-fluoro-2-methylphenylamino)qgaline

and phenylacetylene after a 6 h reaction time: 6¥-205°C; IR
(KBr, cm) 3023, 2991, 2960, 1733, 1587, 1504, 1484, 1226,
746;™H NMR (400 MHz, CDCJ) & 7.35 (d,J = 3.2 Hz, 1H),



7.24 (s, 5H), 7.10-6.98 (m, 4H), 6.90 (& 8.0 Hz, 1H), 6.55 (d,
J = 8.4 Hz, 1H), 4.05 (s, 3H), 3.01 (s, 3H), 1.80 (d);3“C
NMR (100 MHz, CDCY) & 162.56 (J1 = 247.6 Hz), 154.15 (J1 =
242 Hz), 140.45, 139.90 (J3 = 8.5 Hz), 135.67, 134132 .41,
134.39, 131.64, 131.38, 131.28, 128.92, 128.12,7R27.24.80,
121.14, 118.44, 117.77 (J2 = 23 Hz), 113.96 (J2 H23111.52,
105.47, 103.38, 55.80, 22.863, 17.53; HRMS (ESIpddbr
CueH2FN,O [M+H]" 397.1715, found 397.1710.

4.1.14. 6-Methoxy-4-methyl-2-phenyldtolyl- 1H-pyrrolo[3,2-
c]quinoline @b). Compoundb was obtained as a brown solid in
82% isolated yield from 3-iodo-8-methoxy-4-(2-
methylphenylamino)quinoline and phenylacetylenesraéi 6 h
reaction time: mp 209-21; IR (KBr, cm’l) 2929, 1482, 1369,
1243, 744;'H NMR (200 MHz, CDCJ) & 7.44-7.30 (m, 9H),
7.24-6.87 (m, 3H), 6.54 (d,= 8.0 Hz, 1H), 4.06 (s, 3H), 3.04 (s,
3H), 1.83 (s, 3H):*C NMR (100 MHz, CDCJ) 5 155.24, 152.96,
140.47, 138.40, 137.37, 135.50, 134.93, 131.17,7929.29.55,
128.91, 128.06, 127.64, 127.04, 124.72, 121.14,571811.83,
105.45, 103.26, 55.84, 22.85, 17.35; HRMS (ESI) c:dior
CagH2sN,0 [M+H]" 379.1802, found 379.1812.

4.1.15. 1-Benzyl-6-methoxy-2-phenyl-1H-pyrrolo[3,2-
c]quinoline @c). Compound2c was obtained as a brown solid in
78% isolated yield from 3-iodo-8-methoxy-4-
(benylamino)quinoline and phenylacetylene after h &action
time: mp 211-212C; IR (KBr, cm’l) 3446, 2948, 1735, 1513,
738;"H NMR (200 MHz, CDCJ) § 9.26 (s, 1H), 7.57 (dl = 8.4
Hz, 1H), 7.39-7.22 (m, 10H), 7.07-6.91 (m, 4H), 5.7324),
4.09 (s, 3H);"*C NMR (100 MHz, CDGC)) & 156.16, 144.78,
142.62, 137.70, 136.00, 135.31, 131.84, 129.63,00/2928.57,
127.44, 125.69, 125.54, 121.97, 119.19, 112.97,36)3.03.34,
55.87, 50.40; HRMS (ESI) calcd for ,4,;N,O [M+H]"
365.1646, found 365.1640.

4.1.16. 1-Benzyl-2-cyclohex-1-enyl-6-methoxy-1H-m@yo[3,2-
c]quinoline @d). Compound2d was obtained as a brown oil in
82% isolated yield from 3-iodo-8-methoxy-
4(benylamino)quinoline and 1-ethynylcyclohexeneerafa 6 h
reaction time; IR (KBr, cf) 3342, 2925, 1735, 1513, 54'H
NMR (400 MHz, CDC}) 6 9.21 (s, 1H), 7.52 (dl = 8.4 Hz, 2H),
7.30-7.21 (m, 5H), 7.02 (d, 2H, J = 7.2 Hz), 6.921(d, J = 7.6
Hz), 6.70 (s, 1H), 5.85 (s, 1H), 5.75 (s, 2H), 4.063@), 2.25-
2.13 (m, 4H), 1.74-1.63 (m, 4HYC NMR (100 MHz, CDG)) &
155.72, 145.04, 144.23, 137.78, 135.19, 131.27,2129.29.04,
128.97, 127.35, 125.93, 125.69, 125.54, 121.77,0619412.91,
105.30, 101.41, 55.87, 50.38, 30.17, 25.58, 22146; HRMS
(ESI) caled for GgHx/N,O [M+H]" 383.2115, found 383.2115.

4.1.17. 2-Cyclohex-1-enyl-6-methoxy-1-(4-methoxyepil)-1H-
pyrrolo[3,2c]quinoline @e). Compound2e was obtained as a
brown oil in 67% isolated yield from 3-iodo-8-metlyes(4-
methoxyphenylamino)quinoline and 1-ethynylcyclohexeafter
a 6 h reaction time; IR (KBr, C'flo 3737, 3444, 2923, 1511, 1247,
1091, 1029, 752'H NMR (400 MHz, CDC)) § 9.19 (s, 1H),
7.31 (d,J = 8.8 Hz, 2H), 7.13-7.04 (m, 3H), 6.89 (W= 8.0 Hz,
1H), 6.73-6.70 (m, 2H), 5.78 (s, 1H), 4.06 (s, 3H)438, 3H),
2.04-1.98 (m, 4H), 1.55-1.50 (m, 4HYC NMR (100 MHz,
CDCl,) 6 159.86, 155.59, 144.87, 144.09, 144.08, 135.68,513
131.01, 130.16, 129.31, 125.31, 121.17, 119.09,561412.67,
105.23, 101.37, 70.51, 55.87, 55.53, 29.64, 226685, 22.65,
21.61; HRMS (ESI) calcd for £H,N,O, [M+H]" 413.2221,
found 413.2220.

4.1.18. 2-Cyclohex-1-enyl-6-methoxyettolyl-1H-pyrrolo[3,2-

5
6 hireaction time; IR (KBr, cﬁ) 2925, 2360, 1735, 1511, 750;
'H NMR (400 MHz, CDCJ) 5 9.23 (s, 1H), 7.49-7.47 (m, 2H),
7.40-7.36 (m, 3H), 7.07 (t, 1H), 6.88 (M= 8.0 Hz, 1H), 6.77 (s,
1H), 5.70 (d,J = 1.6 Hz, 1H), 4.05 (s, 3H), 2.14-1.98 (m, 4H),
1.85 (s, 3H), 1.58-1.47 (m, 4HYC NMR (100 MHz, CDG)) &
155.42, 144.00, 143.70, 138.99, 137.27, 134.92,9084.31.12,
130.06, 129.52, 129.38, 128.87, 127.03, 125.63,1821119.09,
111.76, 105.35, 101.59, 55.80, 28.56, 25.59, 225%1, 17.30;
HRMS (ESI) calcd for GH,N,O [M+H]" 383.2218, found
383.2220.

4.1.19. 2-Cyclohex-1-enyl-6-pyrrolidin-1-yl-d-tolyl-1H-
pyrrolo[3,2<¢]quinoline @g). Compound2g was obtained as a
brown oil in 88% isolated yield from 3-iodo- 8-pylirainyl-(2-
methylphenylamino)quinoline and 1-ethynylcyclohexeafter a
6 h reaction time IR (KBr, cif) 3052, 2933, 1650, 1494, 1434,
1357;"H NMR (400 MHz, CDCJ) 8 9.52 (s, 1H), 7.55-7.34 (m,
3H), 7.21-7.13 (m, 2H), 6.84 (s, 1H), 6.66 {d= 8.8 Hz, 1H),
5.74 (d,J = 3.6Hz, 1H), 3.18 (s, 4H), 2.09-1.91 (m, 8H), 1.87 (s
3H), 1.64-1.46 (m, 4H)}*C NMR (100 MHz, CDCJ) 5 142.20,
138.38, 136.89, 136.19, 131.24, 130.80, 129.82,082928.45,
127.18, 126.44, 120.12, 118.58, 116.74, 114.37,24054.21,
28.41, 25.77, 25.49, 24.27, 22.41, 21.41, 21.321117.24;
HRMS (ESI) caled for GHsN; [M+H]" 408.2441, found
408.2440.

4.1.20. 2-(7-Chloro-1-methyl-1H-pyrrolo[3@gquinolin-2-
yl)propan-2-ol 2h). Compound2h was obtained as a brown oil
in 72% isolated yield from 7-chloro-3-iodé-methylquinolin-4-
amine and 2-methylbut-3-yn-2-ol after an 18 h rieactime; *H
NMR (400 MHz, DMSOQ)3 9.03 (s, ArH), 8.58 (dJ = 8.0 Hz,
1H), 8.08 (s, 1H), 7.59 (d,= 9.2 Hz, 1H), 6.67 (s, 1H), 5.51 (brs,
1H), 4.48 (s, 3H), 3.38 (s, 6HYC NMR (100 MHz, DMSO)»
146.85, 146.70, 144.71, 134.24, 129.77, 128.41,32923.17,
119.89, 117.00, 99.17, 67.99, 36.15, 30.61; AnallccCafor
CisH1CIN,O: C, 65.57; H, 5.50; Cl, 12.90; N, 10.20; 0, 5.82.
Found: C, 65.55; H, 5.51; Cl, 12.91; N, 10.22; 005.8

4.1.21. 24ert-Butyl)-7-chloro-1-methyl-1H-pyrrolo[3,2-
c]quinoline @i). Compound?i was obtained as a brown oil in 50%
isolated yield from 7-chloro-3-iodi-methylquinolin-4-amine
and 3,3-dimethylbut-1-yne after a 22 h reactionetifit NMR
(400 MHz, CDC}) 5 9.01 (s, 1H), 8.27 (dd,= 8.0 Hz, 1H), 8.16
(d,J=2.0 Hz, 1H), 7.43 (d] = 8.0 Hz, 1H), 6.54 (s, 1H), 4.29 (s,
3H), 1.54 (s, 9H)**C NMR (100 MHz, CDCI3) 149.22, 146.65,
145.18, 135.29, 130.85, 129.46, 125.69, 121.75,41217.18,
99.57, 36.79, 32.40, 30.41; Anal. calcd. fqgHG;,CIN,: C, 70.45;
H, 6.28; Cl, 13.00; N, 10.27. Found: C, 70.43; H, 6QI7 13.03;
N, 10.27.

4.1.22.  2-Butyl-7-chloro-1-phenyl-1H-pyrrolo[3@quinoline
(2)). Compound?j was obtained as a brown oil in 31% isolated
yield from 7-chloroN-phenylquinolin-4-amine and 1-hexyne
after a 14 h reaction timid NMR (400 MHz, CDC}) & 9.11 (s,
1H), 8.12 (dJ = 2.4 Hz, 1H), 7.64-7.62 (m, 3H), 7.40-7.37 (m,
2H), 7.08 (ddJ = 8.0, 2.4 Hz, 1H), 6.87 (d,= 9.2 Hz, 1H), 6.62
(s, 1H), 2.51 (tJ = 8.0 Hz, 2), 1.61 (&) = 8.0 Hz, 2H), 1.33 (q,
2H), 0.87 (t, 3H);*C NMR (100 MHz, CDCI3)p 146.45, 144.91,
142.71, 138.86, 134.72, 131.05, 130.09, 129.62,082928.77,
125.66, 121.37, 121.22, 116.41, 100.53, 30.65, £2622.35,
13.83; Anal. calcd. for §H,CINy: C, 75.33; H, 5.72; Cl, 10.59;
N, 8.37. Found: C, 75.30; H, 5.75; ClI, 10.57; N, 8.39.

4.1.23. 1-Benzyl-7-chloro-2-(quinolin-3-yl)-1H-pwio[3,2-
c]quinoline @k). Compound2k was obtained as a brown oil in

c]quinoline @f). Compoundf was obtained as a brown oil in 859%65% isolated yield fromN-benzyl-7-chloro-3-iodoquinolin-4-

isolated yield from 3-iodo-8-methoxy-4-(2-
methylphenylamino)quinoline and 1-ethynylcyclohexeafter a

amine and 3-ethynylquinoline after a 6 h reactioret 'H NMR
(400 MHz, DMSO)5 9.24 (s, 1H), 8.98 (dl = 2.0 Hz, 1H), 8.21
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(s, 1H), 8.14-8.11 (m, 2H), 7.88 (@= 8.0 Hz, 1H), 7.78-7.74
(m, 1H), 7.69-7.67 (m, 1H), 7.59-7.55 (m, 1H), 7.3967 (m,
4H), 7.09-7.07 (m, 3H), 5.75 (s, 2H)’C NMR (100 MHz,
CDCl;) 6 150.47, 147.54, 147.10, 145.59, 138.92, 136.58,083
135.46, 131.93, 130.28, 129.54, 129.43, 129.24,012827.98,
127.39, 127.17, 126.51, 125.92, 125.39, 124.69,012221.51,
116.46, 105.02, 50.69; Anal. calcd. fo,sCIN5: C, 77.23; H,
4.32;: Cl, 8.44; N, 10.01. Found: C, 77.22; H, 4.34;843; N,
10.01.

4.1.24. 7-Chloro-1-phenyl-2-(quinolin-3-yl)-1H-pwto[3,2-
c]quinoline @l). Compound?l was obtained as a brown oil in 89%
isolated yield from 7-chloro-3-iodb-phenylquinolin-4-amine
and 3-ethynylquinoline after a 6 h reaction tirfi¢;NMR (400
MHz, DMSO0)§ 9.30 (s, 1H), 8.82 (d] = 1.6 Hz, 1H), 8.22 (s,
1H), 8.12 (dJ = 2.4 Hz, 1H), 7.95 (d] = 8.0 Hz, 1H), 7.83-7.73
(m, 2H), 7.63-7.57 (m, 6H), 7.42 (s, 1H), 7.34 (d& 8.0, 2.4
Hz, 1H), 7.03 (dJ = 8.0 Hz, 1H);®*C NMR (100 MHz, DMSO)

6 150.18, 147.27, 146.23, 144.97, 138.29, 138.15.683 134.98,
130.74, 130.18, 130.10, 129.36, 128.73, 128.51,112827.22,
126.64, 125.84, 124.50, 121.71, 121.01, 116.23,010%94.04;
Anal. calcd. for GH1¢CINs: C, 76.94; H, 3.97; CI, 8.73; N, 10.35.
Found: C, 76.93; H, 3.94; CI, 8.77; N, 10.35.

4.1.25. 1-Benzyl-2-phenyl-1H-pyrrolo[2}dquinoline  @2m).
Compound2m was obtained as a brown solid in 83% isolated
yield from 3-iodo-2-benzylaminoquinoline and phemgdtylene
after a 6 h reaction time: mp 149-1%0; IR (KBr, cm'l) 3056,
2364, 1428, 1402, 757H NMR (400 MHz, CDCJ) & 8.39 (s,
1H), 8.15 (d,J = 8.0 Hz, 1H), 7.97 (dd] = 8.4, 1.2 Hz, 1H),
7.69-7.50 (m, 10H), 7.48-7.00 (m, 2H), 6.67 (s, 1HJPHs, 2H);
¥C NMR (100 MHz, CDCJ))5 151.16, 145.94, 145.14, 138.60,
132.24, 131.56, 129.15, 128.49, 128.29, 128.11,9827127.70,
127.42, 126.90, 125.27, 122.88, 122.10, 99.84, 46HRMS
(ESI) caled for GH;gN, [M+H] " 335.1540, found 335.1545.
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