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Abstract: Copper(I) oxide nanoparticles (CONPs) catalyze multi-
component coupling/cycloisomerization reactions between various
2-hydroxybenzaldehydes, secondary amines, and nonactivated
alkynes to give 2,3-disubstituted 1-benzofurans. All reactions are
carried out under solvent- and ligand-free conditions at 100 °C in
air. The combination of copper-catalyzed C—H activation and an O-
annulation process is essential for this transformation. This method-
ology provides rapid access to substituted 1-benzofurans in good to
excellent yields with high atom economy and high catalytic effi-
ciency. This procedure eliminates the need for propargylamine de-
rivatives, uncyclized intermediates that make purification difficult.
The CONPs and tetrabutylammonium bromide were reused suc-
cessfully for up to five times.

Key words: 1-benzofurans, copper(I) oxide nanoparticles, one-pot
cascade reaction, solvent-free conditions, morpholine

The benzofuran scaffold has played a critical role in the
discovery of bioactive molecules.' Structural and substi-
tution modifications on this oxygen heterocyclic building
block often lead to the identification of compounds with a
wide variety of biological activity, such as anticancer,?
anti-oxidative,’ and anti-inflammatory* properties.

Over the past few years, transition-metal-catalyzed Mannich
base cycloisomerization reactions have proved to be a
very simple and efficient route for the synthesis of com-
plex nitrogen/oxygen heterocyclic buildings.>* However,
there are a few reports of the one-pot multicomponent
synthesis of 1-benzofurans using copper-catalyzed cou-
pling/annulation reaction.® Thus in recent years, the de-
velopment of methods for the synthesis of 1-benzofurans
in a sustainable manner has been an active research topic
in both academic and pharmaceutical research. One-pot
and multicomponent conditions have emerged as power-
ful techniques to enhance the reaction rates of a variety of
chemical transformations,”® while reactions catalyzed by
green catalysts such as copper are attractive in the grow-
ing field of green chemistry. Furthermore, this chemistry
represents a rare example of a copper-catalyzed cou-
pling/cycloisomerization reaction. The prominence of 1-
benzofurans as a basic framework in biologically active
compounds and natural products has promoted extensive
experimental studies toward their synthesis and function-
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alization, a few examples are: cross-coupling of sodium
(benzofuran-2-yl)dimethylsilanolate with aryl bromides
or aryl chlorides using (-Bu;P),Pd,’ the addition of phe-
nols to bromoalkynes and intramolecular cyclization of
(Z)-2-bromovinyl phenyl ethers,” copper(I) bromide cat-
alyzed coupling of N-tosylhydrazones and terminal
alkynes,”™ palladium-catalyzed one-pot synthesis of 1-
benzofurans from 2-chlorophenols and terminal
alkynes,”® synthesis of either C2- or C3-substituted 1-ben-
zofurans from 2-chloro-1-(2-hydroxyphenyl)ethanones,”
transformation of O-arylated products into substituted
benzofurans,’’ synthesis of 2,3-disubstituted benzofurans
by platinum—olefin-catalyzed carboalkoxylation of O-
alkynylphenyl acetals,’® palladium-catalyzed synthesis of
benzofurans from 2-chloroaryl alkynes™ and a host of
other methods.”™

While these methods enriched the approaches to 1-benzo-
furan derivatives, their utility and applicability are often
compromised by the loss of catalyst, their use of expen-
sive metals and ligands, the utilization of harsh reaction
conditions, and their adverse environmental impact due to
the use of volatile and toxic organic solvents.

In this respect, a newly emerged one-pot multicomponent
reaction of a salicylaldehyde, activated or nonactivated
alkynes, and a secondary amine is a reliable pathway to-
wards 1-benzofurans. Initially, Li and Nguyen® reported
that [Cu]- or [Ag]-catalyzed coupling of salicylaldehydes,
amines, and alkynes containing a heteroatom afforded
2,3-disubstituted 1-benzofurans with good efficiency.
Then, Sakai and co-workers® reported that this cou-
pling/cycloisomerization reaction could be realized via
Cu(I) and Cu(Il) as a two metal catalytic system in the
presence of 4-(dimethylamino)pyridine as the base. How-
ever, the alkynes employed therein were limited to those
activated alkynes bearing a Csp—Si bond. Recently, Zhang
and co-workers® also presented an improved, more gen-
eral procedure starting from nonactivated terminal
alkynes in the presence of Cul/[bmim]OAc and
[bmim]PF,. However, these methods are still associated
with one or more restrictions such as low reaction rate,
utilization of harsh reaction conditions, non-reusability of
the catalyst, the use of toxic and expensive solvents, and
limited substrate scope. Herein, we report a novel modifi-
cation of the work developed by Li and Nguyen and later
by Sasaki and co-workers for the one-pot multicomponent
synthesis of highly regioselective 2,3-disubstituted 1-ben-

Downloaded by: Nanyang Technological University NTU. Copyrighted material.



2490 H. Sharghi et al.

PAPER

zofurans using copper(I) oxide nanoparticles (CONPs)'°
as a reusable and efficient catalyst under solvent-free con-
ditions. Moreover, the catalyst and tetrabutylammonium
bromide can be used for five reaction cycles.

As part of our continuing interest in the development of
greener catalysts and cleaner procedures for organic reac-
tions used in the laboratory and industry,!! herein we de-
veloped a new method for the synthesis of 2,3-
disubstituted 1-benzofuran derivatives via a tandem al-
kyne—aldehyde—amine (A3) coupling followed by cycli-
zation under mild conditions, very high reaction rate, and
using an inexpensive and reusable catalyst.

In an attempt to carry out the multicomponent cou-
pling/cycloisomerization reaction between 2-hydroxy-
benzaldehyde, morpholine, and phenylacetylene with
CONPs as catalyst under solvent-free conditions at 100 °C,
2-[1-(morpholin-4-yl)-3-phenylprop-2-ynyl]phenol  (4)
was formed and the cyclization failed to take place. This
may be due to the low nucleophilicity of the oxygen atom

in 2-hydroxybenzaldehyde. Thus, potassium carbonate as
a base and tetrabutylammonium bromide as an additive
were added to the reaction mixture. It was found that the
propargylic amine derivative 4 could be smoothly cy-
clized to afford 4-(2-benzyl-1-benzofuran-3-yl)morpho-
line (5a) as the desired product (Scheme 1).

These results prompted us to investigate the further appli-
cability of this reaction (Table 1). In order to establish the
optimum reaction conditions, the three component reac-
tion between salicylaldehyde, morpholine, and phenyl-
acetylene (1:1.1:1) was studied varying the parameters
such as the copper catalyst, solvent, and base.

Initially, the use of a series of copper sources [including
Cu(OAc),, CuBr,, CuSO,, CuO powder, Cu,0, CONPs]
was examined in this reaction (Table 1, entries 1-5 and
12). Copper(I) oxide nanoparticles (CONPs) were found
to be the most effective catalyst in terms of stability, reac-
tion rate, and isolated yield of the product.

Table 1 Copper-Catalyzed Coupling/Cycloaddition Reaction of 2-Hydroxybenzaldehyde, Morpholine, and Phenylacetylene under Various

Conditions*

Entry Catalyst® (mol%) Base Solvent Temp (°C) Time (h) Yield® (%)
1 Cu(OAc),"H,0 (25) K,CO;, - 100 1.75 70
2 CuSO, (25) K,CO;, - 100 1.75 71
3 CuBr, (25) K,CO;, - 100 1.75 75
4 CuO powder (15) K,CO;, ~d 100 1.75 62
5 Cu,0 (20) K,CO; ~d 100 1.75 83
6 CONPs (15) K,CO; toluene 100 1.75 89
7 CONPs (15) K,CO; 1,4-dioxane 100 1.75 87
8 CONPs (15) K,CO;, MeCN reflux 1.75 23
9 CONPs (15) K,CO, PEG-300 130 1.75 13

10 CONPs (15) K,CO, H,O 100 1.75 0

11 CONPs (15) K,CO;, EtOH reflux 1.75 0

12 CONPs (15) K,CO;, - 100 1.25 90

13 CONPs (10) K,CO;, - 100 1.75 83

14 CONPs (5) K,CO;, ~d 100 1.75 75

15 CONPs (20) K,CO; ~d 100 1.75 91

16 CONPs (25) K,CO; ~d 100 1.75 90

17 CONPs (20) Et;N - 100 3.00 25

18 CONPs (15) Cs,CO; ~d 100 1.75 77

19 CONPs (15) K;PO, -4 100 4.00 0

20 CONPs (15) NaOAc -4 100 4.00 49

21 CONPs (15) i-PrsN - 100 4.00 57

22 CONPs (15) - - 100 3.00 0

2 All reactions were carried out in the present of TBAB.

® CONPs = copper(I) oxide nanoparticles

¢ Isolated yield.
4 Solvent-free reaction.
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Scheme 1 The reaction between 2-hydroxybenzaldehyde, morpholine, and phenylacetylene as a model reaction

Recently, the acceleration of copper-catalyzed organic re-
actions by using ligated copper halides as the catalyst has
attracted much attention, however because of the use of
expensive and challenging synthetic routes to the ligands,
these methods are not acceptable. Due to their inexpen-
sive, simple preparation, and low sensitivity to light and
air, CONPs were chosen for the further exploration of the
scope and limitations of this three-component coupling
reaction of salicylaldehydes, secondary amines, and non-
activated alkynes.'?

In the next step, we found that the loading levels of the
CONPs also have an effect on the yield. According to Ta-
ble 1, entries 12—16, the optimal catalyst loading in the
synthesis of 5a is at a concentration of 15 mol%. When the
amount of CONPs was reduced, the yield of 5a decreased,
whereas raising CONPs concentration did not lead to an
appreciable increase in the yield. During our optimization
studies, the effect of solvents was examined and among
the solvents tested in Table 1, toluene and 1,4-dioxane
were the most suitable reaction media for three-compo-
nent coupling reactions of salicylaldehydes, secondary
amines, and nonactivated alkynes followed by base-

assisted O-annulation reaction (entries 6 and 7). Lower
yields were observed for 5a when using other solvents,
such as acetonitrile and PEG-300 (entries 8 and 9). How-
ever, no desired product was detected when the reaction
was performed in ethanol and water (entries 10 and 11).
The absence of solvent increased the concentration of the
reactants and was beneficial in accelerating the cou-
pling/cycloisomerization reaction. As well, avoiding the
use of toxic chemicals and reducing environmental pollu-
tion, all one-pot three-component reactions were per-
formed under solvent-free conditions (entry 12 and Table
2). In the next step, the effect of various inorganic and or-
ganic bases was screened via this one-pot cascade reaction
and the results showed that potassium carbonate was still
the best choice (entries 12 and 17-22).

The scope and generality of this Mannich base O-annula-
tion reaction catalyzed by CONPs was explored using a
variety of substrates. In all cases, one-pot and three-com-
ponent reactions proceeded well and afforded the desired
products Sa—n in excellent yields and high regioselectivi-
ties (Table 2).

Table 2 Solvent-Free and One-Pot Three-Component Synthesis of 2,3-Disubstituted 1-Benzofurans®

Entry  Aldehyde Amine Alkyne Product Time (h)  Yield® (%)
O
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Table 2 Solvent-Free and One-Pot Three-Component Synthesis of 2,3-Disubstituted 1-Benzofurans® (continued)
Entry  Aldehyde Amine Alkyne Product Time (h)  Yield® (%)
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Table 2 Solvent-Free and One-Pot Three-Component Synthesis of 2,3-Disubstituted 1-Benzofurans® (continued)

Entry  Aldehyde Amine Alkyne Product Time (h)  Yield® (%)
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# Conditions: salicylaldehyde (1.0 mmol), secondary amine (1.1 mmol), nonactivated alkyne (1.0 mmol), CONPs (15 mol%), TBAB (1.0
mmol), K,CO; (1.0 mmol).

® Isolated yield.

¢ Reaction was performed on a 10-mmol scale.
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Various cyclic and noncyclic secondary amines also re-
acted with salicylaldehyde and phenylacetylene to afford
the desired products in good to excellent yields (Table 2).
Unfortunately, aromatic amines, such as aniline and 4-
chloroaniline, gave no reaction (entries 15 and 16).

Due to their wide range of pharmacological and biological
activity, the synthesis of compounds bearing
morpholine!® is a current target. Working on the envis-
aged strategy, we discovered that we could successfully
accomplish the synthesis of the desired 1-benzofurans
containing morpholin-4-ylmethyl using a copper-cata-
lyzed coupling/cycloisomerization process involving C—
H activation without elaborate reaction conditions (entries
9-12). In addition, this methodology could then be ex-
tended to the synthesis of a bis(1-benzofuran) by the suc-
cessive multicomponent coupling/cycloisomerization
reactions in good yield (entry 13).

Considering that the literature focuses on the reusability
of CONPs especially those methods that use CONPs and
tetrabutylammonium bromide together, they were reused
for five cycles of the reaction!® (Table 3). After comple-
tion of the reaction, the mixture was extracted with diethyl
ether. In order to reuse copper(l) oxide nanoparticles and
tetrabutylammonium bromide together, they were solidi-
fied, evaporated in vacuo, cooled, and then subjected to a
second run by charging with the same substrates (salicyl-
aldehyde derivative, secondary amine, phenylacetylene,
and K,CO;). The copper content in the product was deter-
mined through ICP. Results indicate that 7% of the copper
content was leached during the five reaction cycles.

R1

R1
/

HN @
\

2
R CONPs

N’F*2

N—R?
B S E—
©j\g—\ aromatization @E%_\

Table 3 Reusability of Copper(I) Oxide Nanoparticles and Tetrabu-
tylammonium Bromide in the Synthesis of 2,3-Disubstituted 1-Ben-
zofurans

Reaction run Time (h) Yield® (%)
1 1.25 90
2 1.25 88
3 1.25 85
4 1.25 85
5 1.25 82

2 Isolated yield.

Finally, to check the feasibility of this procedure on a pre-
parative scale, we performed the coupling/cycloisomer-
ization of salicylaldehyde, morpholine or piperidine and
phenylacetylene on a 10-mmol scale in the present of the
catalyst. As expected, the reaction proceeded similarly to
the experiment on a smaller scale, except that a slightly
longer reaction time was required (Table 2, entries 1 and
2).

Herein, we proposed a mechanism for the CONPs cata-
lyzed preparation of 2,3-disubstituted 1-benzofurans
(Scheme 2), which is in analogy to the established mech-
anism as reported in the literature.'

We believe that the synthesis of 2,3-disubstituted 1-ben-
zofurans under these conditions follows through an imin-
ium ion A by the reaction of salicylaldehyde and

HZNiRz & dl\
— @é

VR
base base—H

Scheme 2 Proposed mechanism for the synthesis of 2,3-disubstituted 1-benzofurans in the presence of CONPs
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secondary amine in the presence of catalyst by the elimi-
nation of a water molecule. The CONPs probably facili-
tates the formation of A by increasing the electrophilicity
of the carbonyl group. The Cu—acetylide intermediate B
generated in situ results in the activation of the C—H bond
due to the reaction of acetylene and catalyst. Then B re-
acts with A to provide corresponding amine as intermedi-
ate C. At this stage, the potassium carbonate plays its role
as a base to increase the nucleophilicity of the oxygen
atom on the aryl ring to give intermediate D. It was ex-
pected that under the reaction conditions, a subsequent
isomerization of D into the desired product would occur
(Scheme 2).

In summary, we have developed and implemented a sim-
ple, green, efficient, and highly selective methodology for
the one-pot and three-component tandem reaction of sali-
cylaldehydes, secondary amines, and nonactivated al-
kynes under solvent-free conditions using CONPs as a
catalyst. This procedure has several unique advantages,
such as large-scale synthesis, high conversions, cleaner
reaction profile, and cost efficiency. These advantages
make it a green process for the highly regioselective syn-
thesis of 2,3-disubstituted 1-benzofurans from a wide
range of substrates. Hence, we believe that it will find
wide application in organic synthesis as well as in indus-

try.

All chemicals and solvents were obtained from Fluka, Aldrich, and
Merck and used without further purification. The determination of
purity of the substrates and reaction monitoring were accomplished
by TLC onssilica gel PolyGram SILG/UV 254 plates. Column chro-
matography was carried out using a short glass column of silica gel
60 (70230 mesh). NMR spectra were recorded on a Bruker Avance
DPX-250 ("H NMR at 250 MHz and '3C NMR at 62.9 MHz) spec-
trometer using TMS as an internal standard in pure deuterated sol-
vents. Mass spectra were determined on a Shimadzu GCMS-QP
1000 EX instruments at 70 or 20 eV. IR spectra were obtained using
a Shimadzu FT-IR 8300 spectrophotometer. Melting points were
determined on a Buchi Melting Point B-545 electrical melting point
apparatus. Cu,O nanoparticles were prepared according to a previ-
ously reported procedure. '’

Copper-Catalyzed Coupling/Cycloisomerization Reaction;
General Procedure

CONPs (15 mol%) were added to a mixture of salicylaldehyde de-
rivative (1.0 mmol), secondary amine (1.1 mmol), phenylacetylene
(1.0 mmol), TBAB (1.0 mmol), and K,CO; (1.0 mmol) at 100 °C,
and the mixture was stirred for the time shown in Table 2 (TLC
monitoring). After completion of the reaction, Et,0 was added to
the mixture and the mixture was filtered and the solution was
washed with water. The solvent was concentrated to afford the
crude product, which after chromatography (silica gel 60, 70-230
mesh, hexane-EtOAc) gave the corresponding 2,3-disubstituted 1-
benzofurans.

4-(2-Benzyl-1-benzofuran-3-yl)morpholine (5a)
Light yellow solid; yield: 264 mg (90%); mp 105-108 °C.

IR (KBr): 540 (w), 748 (s), 840 (w), 902 (w), 1033 (m), 1110 (s),
1211 (s), 1257 (s), 1380 (m), 1450 (s), 1496 (m), 2846 (w), 2962
cm! (m).

"H NMR (CDCL): § = 3.18 (t, J = 4.75 Hz, 4 H), 3.86 (t, J = 4.75
Hz, 4 H), 4.17 (s, 2 H), 7.14-7.40 (m, 8 H), 7.66-7.69 (m, 1 H).

© Georg Thieme Verlag Stuttgart - New York

3CNMR (CDCl,): § =32.29, 52.61,67.72,111.72,119.93, 122.11,
123.49, 126.09, 126.49, 128.56, 128.76, 138.19, 150.25, 153.50.

MS: m/z (%) = 296 (M* + 3, 3.0), 295 (M* + 2, 18.7), 294 (M" + 1,
79.2),293 (M", 100.0), 234 (79.4), 218 (16.1), 178 (12.3), 158 (0.1),
121 (62.3), 91 (46.8), 73 (31.9), 57 (53.4).

Anal. Caled for C,,H,,NO, (293.364): C, 77.79; H, 6.53; N, 10.91.
Found: C, 77.83; H, 6.55; N, 10.90.

1-(2-Benzyl-1-benzofuran-3-yl)piperidine (Sb)

Brown solid; yield: 262 mg (90%); mp 7475 °C.

IR (KBr): 663 (w), 702 (w), 756 (s), 856 (W), 979 (w), 1026 (w),
1149 (w), 1218 (m), 1288 (w), 1380 (w), 1458 (m), 1612 (m), 1720
(W), 1797 (w), 2854 (w), 2939 (m), 3024 cm™* (w).

'H NMR (CDCL): & = 1.35-1.43 (m, 2 H), 1.49-1.52 (m, 4 H),
2.91-2.96 (m, 4 H), 3.96 (s, 2 H), 6.94-7.16 (m, 8 H), 7.42-7.47 (m,
1 H).

3C NMR (CDCl,): § =24.31, 26.79, 32.48, 53.80, 111.51, 120.16,
121.80, 123.22, 126.34, 128.49, 128.59, 134.43, 138.54, 148.92,
153.45.

MS: m/z (%) =293 (M* + 2, 0.5), 292 (M* + 1, 2.0), 291 (M*, 3.3),
238 (10.5), 216 (14.4), 121 (100.0), 91 (66.0), 65 (25.3).

Anal. Calcd for C,)H, NO (291.392): C, 82.44; H, 7.26; N, 4.81.
Found: C, 82.46; H, 7.29; N, 7.22.

1-(2-Benzyl-1-benzofuran-3-yl)-4-phenylpiperazine (5c)

Brown solid; yield: 320 mg (87%); mp 115-120 °C.

IR (KBr): 694 (s), 756 (s), 933 (w), 1026 (s), 1126 (s), 1226 (s),
1326 (w), 1380 (w), 1450 (s), 1496 (s), 1596 (s), 1720 (w), 2831
(w), 2917 (w), 3055 cm™! (w).

'HNMR (CDCl,): 8 =3.12 (s, 8 H), 3.97 (s, 2 H), 6.65-7.18 (m, 13
H), 7.46-7.49 (m, 1 H).

BCNMR (CDCl,): §=32.38, 50.26, 52.37, 111.68, 116.44, 120.03,
122.09, 123.46, 126.23, 126.47, 128.51, 128.58, 128.82, 128.89,
129.20, 138.26, 150.01, 151.48, 153.49.

MS: m/z (%) = 370 (M* + 2, 1.1), 369 (M* + 1, 3.1), 368 (M*, 6.0),
335 (22.1), 292 (100.0), 223 (13.3), 194 (10.1), 165 (12.6), 121
(24.0), 91 (48.6), 57 (18.8).

Anal. Calcd for C,sH,,N,O (368.477): C, 81.49; H, 6.56; N, 7.60.
Found: C, 81.51; H, 6.55; N, 7.57.

N,2-Dibenzyl-NV-ethyl-1-benzofuran-3-amine (5d)

Brown oil; yield: 303 mg (89%).

IR (KBr): 663 (w), 756 (s), 833 (w), 1026 (w), 1118 (m), 1218 (m),
1365 (w), 1458 (s), 1612 (s), 1720 (m), 2862 (W), 2962 cm™! (s).

'H NMR (CDCly): & = 1.05 (t, J=7.25 Hz, 3 H), 3.21 (q, J=7.25
Hz, 2 H), 4.05 (s, 2 H), 4.32 (s, 2 H), 7.14-7.41 (m, 13 H), 7.69—
7.73 (m, 1 H).

13C NMR (CDCl,): § = 14.05, 31.78, 48.42, 59.82, 111.72, 120.05,
121.90, 123.22, 124.10, 124.83, 126.29, 126.99, 128.20, 128.39,
128.70, 128.84, 137.99, 139.47, 152.75, 153.68.

MS: miz (%) =343 (M +2, 1.1), 342 (M* + 1, 4.2), 341 (M", 4.4),
266 (9.3), 250 (3.9), 148 (3.9), 121 (32.2), 91 (100.0), 65 (13.2).

Anal. Caled for C,,H,;NO (341.451): C, 84.42; H, 6.76; N, 4.10.
Found: C, 84.43; H, 6.74; N, 4.09.

2-Benzyl-N,N-diisobutyl-1-benzofuran-3-amine (5e)

Brown oil; yield: 284 mg (85%).

IR (KBr): 663 (w), 756 (s), 833 (w), 1026 (w), 1118 (m), 1218 (m),
1365 (w), 1458 (s), 1612 (s), 1720 (m), 2862 (W), 2962 cm™! (s).
"H NMR (CDCl;): 6 =0.95 (d, J= 6.5 Hz, 12 H), 1.61-1.77 (m, 2
H), 2.90 (d, J = 7.25 Hz, 4 H), 4.22 (s, 2 H), 7.15-7.41 (m, 8 H),
7.64-7.69 (m, 1 H).

Synthesis 2014, 46, 2489-2498
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13C NMR (CDCl,): § = 20.88, 27.35, 32.05, 64.59, 111.72, 120.29,
121.82, 123.24, 126.40, 126.52, 128.44, 128.74, 138.02, 151.74,
153.86.

MS: m/z (%) = 337 (M* + 2, 8.0), 336 (M* + 1, 11.1), 335 (M,
16.7),292 (100.0), 260 (26.3), 236 (12.1), 207 (23.5), 121 (49.6), 86
(38.2), 57 (62.4).

Anal. Caled for C3H,0NO (335.488): C, 82.34; H, 8.71; N, 4.18.
Found: C, 82.36; H, 8.72; N, 4.15.

N,2-Dibenzyl-N-(2-phenylethyl)-1-benzofuran-3-amine (5f)
Brown solid; yield: 367 mg (88%); mp 5759 °C.

IR (KBr): 702 (s), 748 (s), 843 (w), 1026 (m), 918 (w), 1072 (w),
1126 (m), 1257 (m), 1365 (m), 1450 (s), 1496 (s), 1604 (m), 1797
(m), 1728 (s), 2846 (m), 2923 (m), 3031 cm™! (s).

'H NMR (CDCly): 8 =2.79 (t, J = 8 Hz, 2 H), 3.47 (t, J = 8 Hz, 2
H), 3.98 (s, 2 H), 4.35 (s, 2 H), 7.05-7.30 (m, 17 H), 7.41-7.45 (m,
1 H), 7.70-7.73 (m, 1 H).

3C NMR (CDCl,): § =31.84, 35.31, 55.79, 60.19, 111.82, 120.01,
122.10, 123.39, 126.00, 126.36, 126.58, 126.65, 127.16, 128.28,
128.46, 128.72, 128.78, 128.98, 137.94, 139.11, 140.03, 152.65,
153.74.

MS: m/z (%) =419 (M* +2, 1.2), 418 (M" + 1, 3.1), 417 (M", 5.1),
326 (39.8), 234 (5.9), 121 (33.0), 91 (100.0).

Anal. Calced for C;)H,,NO (417.549): C, 86.30; H, 6.52; N, 3.35.
Found: C, 86.27; H, 6.55; N, 3.39.

4-|2-(4-tert-Butylbenzyl)-1-benzofuran-3-yljmorpholine (5g)
Brown solid; yield: 310 mg (89%); mp 6870 °C.

IR (KBr): 563 (w), 709 (w), 748 (s), 840 (w), 918 (w), 1026 (w),
1110 (s), 1203 (s), 1257 (s), 1365 (W), 1450 (s), 1512 (m), 1612 (s),
1728 (s), 2854 (w), 2965 cm™! (s).

'HNMR (CDCLy): § = 1.22 (s, 9 H), 3.11 (t, J = 4.5 Hz, 4 H), 3.78
(t,J=4.5 Hz, 4 H), 4.06 (s, 2 H), 7.06-7.32 (m, 7 H), 7.55-7.61 (m,
1 H).

3C NMR (CDCly): & =30.30, 30.66, 51.54, 66.61, 110.60, 118.80,
120.98, 122.34, 124.40, 125.02, 127.13, 127.55, 134.00, 148.19,
149.34, 152.39.

MS: m/z (%) = 351 (M* + 2, 4.6), 350 (M* + 1, 11.2), 349 (M,
12.8), 234 (10.4), 218 (10.7), 147 (32.8), 121 (100.0), 91 (13.2), 73
(13.2), 57 (33.0).

Anal. Calcd for C,3H,,NO, (349.471): C, 79.05; H, 7.79; N, 4.01.
Found: C, 79.07; H, 7.77; N, 4.05.

1-[2-(4-tert-Butylbenzyl)-1-benzofuran-3-yl]-4-phenylpiper-
azine (Sh)

White solid; yield: 360 mg (85%); mp 128-131 °C.

IR (KBr): 524 (w), 563 (w), 694 (m), 756 (s), 810 (w), 840 (w), 894
(W), 933 (m), 1026 (s), 1134 (s), 1226 (s), 1265 (m), 1334 (w), 1373
(m), 1450 (s), 1496 (s), 1596 (s), 2815 (W), 2954 (m), 3031 cm™! (w).

'H NMR (CDCLy): & = 1.30 (s, 9 H), 3.36 (s, 8 H), 4.16 (s, 2 H),
6.91-7.41 (m, 12 H), 7.98-7.71 (m, 1 H).

13C NMR (CDCLy): & = 31.47, 31.90, 34.48, 50.27, 52.49, 111.74,
116.44, 120.02, 120.06, 122.12, 123.48, 125.56, 126.34, 128.31,
128.83, 129.26, 135.24, 149.33, 150.25, 151.63, 153.56.

MS: miz (%) = 427 (M* + 2, 1.6), 426 (M* + 1, 4.0), 425 (M*, 7.1),
291 (3.8), 234 (11.2), 161 (2.6), 132 (33.0), 105 (14.1), 83 (100.0),
57 (10.8).

Anal. Caled for C,Hy,N,O (424.584): C, 82.04; H, 7.60; N, 6.60.
Found: C, 82.09; H, 7.63; N, 6.57.

4-[2-Benzyl-7-(morpholin-4-ylmethyl)-1-benzofuran-3-yljmor-
pholine (5i)
Brown solid; yield: 309 mg (79%); mp 84-91 °C.
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IR (KBr): 702 (w), 756 (W), 856 (w), 910 (w), 1110 (s), 1203 (s),
1265 (w), 1450 (m), 1643 (m), 2846 (), 2954 cm™" (w).

"H NMR (CDCly): § =2.41 (t,J= 4.5 Hz, 4 H), 3.09 (t, /= 4.5 Hz,
4 H), 3.60 (t, J=4.5Hz, 4 H), 3.73 (s, 2 H), 3.77 (t, J=4.5 Hz, 4
H),4.10 (s, 2 H), 7.04-7.21 (m, 7 H), 7.50 (dd, J, = 7.5 Hz, J, = 1.25
Hz, 1 H).

13C NMR (CDCL): 8§ = 32.31, 52.55, 53.24, 56.09, 66.90, 67.69,
118.95, 120.81, 122.10, 124.77, 125.93, 126.43, 128.47, 128.53,
128.82, 138.23, 150.03, 152.38.

MS: m/z (%) = 394 (M* + 2, 29.7), 393 (M* + 1, 70.5), 392 (M",
73.1), 307 (100.0), 276 (12.0), 249 (14.7), 221 (24.7), 149 (14.5),
133 (41.3), 105 (21.6), 86 (89.9), 57 (84.1).

Anal. Calcd for C,,H,¢N,05 (392.496): C, 73.44; H, 7.19; N, 7.14.
Found: C, 73.47; H, 7.22; N, 7.17.

4-[2-Benzyl-5-(morpholin-4-ylmethyl)-1-benzofuran-3-yljmor-
pholine (5j)

White solid; yield: 348 mg (88%); mp 98-100 °C.

IR (KBr): 540 (w), 609 (w), 702 (m), 763 (w), 918 (w), 1033 (w),
1110 (s), 1203 (m), 1257 (m), 1326 (w), 1373 (w), 1458 (m), 2815
(m), 2962 cm™ (w).

'HNMR (CDCLy): § = 2.46-2.48 (m, 4 H), 3.16-3.20 (m, 4 H), 3.56
(s,2 H),3.70-3.73 (m, 4 H), 3.84-3.88 (m, 4 H), 3.16 (s, 2 H), 7.18—
7.33 (m, 7 H), 7.59 (s, 1 H).

13C NMR (CDCl,): & = 32.35, 52.58, 53.62, 63.58, 67.04, 67.70,
111.33, 120.39, 124.87, 126.01, 126.48, 128.56, 128.67, 131.70,
138.18, 150.61, 152.90.

MS: m/z (%) = 394 (M* + 2, 32.8), 393 (M* + 1, 66.3), 392 (M,
81.2),307 (95.8), 276 (11.3), 249 (21.8), 221 (29.0), 178 (10.6), 149
(17.9), 133 (43.3), 105 (24.5), 86 (100.0), 57 (95.3).

Anal. Calcd for C,,H,4N,05 (392.496): C, 73.44; H, 7.19; N, 7.14.
Found: C, 73.47; H, 7.15; N, 7.11.

4-{|2-Benzyl-3-(piperidin-1-yl)-1-benzofuran-5-yljmethyl}mor-
pholine (5k)

Brown solid; yield: 347 mg (89%); mp 68-72 °C.

IR (KBr): 617 (w), 756 (w), 794 (w), 864 (m), 1010 (m), 1110 (s),
1211 (m), 1257 (m), 1380 (s), 1450 (s), 1627 (m), 2808 (w), 2854
(w), 2910 cm™ (m).

'HNMR (CDCL,): 8= 1.52-1.54 (m, 2 H), 1.63-1.69 (m, 4 H), 2.36
(t,J=4.5Hz, 4 H),3.05 (t, J=5 Hz, 4 H), 3.48 (s, 2 H), 3.62-3.66
(m, 4 H), 4.07 (s, 2 H), 6.96-7.22 (m, 7 H), 7.46-7.49 (m, 1 H).

13C NMR (CDCL,): 8§ = 24.29, 26.83, 32.54, 53.60, 53.75, 63.63,
67.04, 111.14, 120.63, 124.61, 126.32, 126.59, 128.47, 128.56,
130.14, 131.20, 138.54, 149.22, 152.84.

MS: m/z (%) =393 (M* +3, 11.1), 392 (M* +2,31.2), 391 (M* + 1,
50.5),390 (M", 96.7), 339 (14.8), 305 (86.1), 292 (13.1), 231 (40.6),
178 (14.7), 149 (31.5), 133 (65.7), 112 (53.5), 86 (100.0), 57 (73.1).

Anal. Calcd for C,sH;,N,0, (390.523): C, 76.89; H, 7.74; N, 7.17.
Found: C, 76.92; H, 7.77; N, 7.15.

4-{|2-Benzyl-3-(4-phenylpiperazin-1-yl)-1-benzofuran-5-
yl]methyl} morpholine (51)

Brown oil; yield: 415 mg (89%).

IR (KBr): 524 (w), 694 (s), 756 (s), 864 (w), 1026 (m), 1118 (s),
1226 (s), 1257 (m), 1334 (m), 1380 (m), 1450 (s), 1496 (s), 1596 (s),
1643 (m), 2815 (m), 3031 cm™! (w).

"H NMR (CDCl;): § = 2.36-2.39 (m, 4 H), 3.27 (s, 8 H), 3.47 (s, 2
H), 3.63 (t, J = 4.75 Hz, 4 H), 4.1 (s, 2 H), 6.78-7.27 (m, 12 H),
7.54-7.55 (m, 1 H).

13C NMR (CDCly): & = 32.40, 50.23, 52.42, 53.54, 63.55, 66.95,

111.32, 116.41, 116.57, 120.06, 120.63, 124.92, 126.16, 126.47,
126.91, 128.57, 129.20, 131.41, 138.23, 150.47, 151.53, 152.93.
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MS: m/lz (%) = 469 (M* + 1, 0.5), 468 (M, 2.8), 325 (2.3), 280
(19.1), 161 (17.8), 132 (100), 91 (47.0), 56 (51.8).

Anal. Calced for C;)H;3N;0, (467.609): C, 77.06; H, 7.11; N, 8.99.
Found: C, 77.09; H, 7.10; N, 8.96.

4-{2-Benzyl-5-[(4-{[2-benzyl-3-(morpholin-4-yl)-1-benzofuran-
5-yllmethyl}piperazin-1-yl)methyl]-1-benzofuran-3-yl}mor-
pholine (Sm)

Brown solid; yield: 416 mg (80%); mp 155-157 °C.

IR (KBr): 547 (w), 702 (s), 794 (w), 918 (w), 1010 (m), 1110 (s),
1211 (m), 1265 (m), 1373 (m), 1450 (s), 1612 (m), 2815 (m), 2954
cm™ (m).

'H NMR (CDCLy): § = 2.52 (s, 8 H), 3.16 (t, J = 4.5 Hz, 8 H), 3.59
(s, 4H),3.85(t,J=4.5Hz, 8 H), 4.15 (s, 4 H), 7.16-7.31 (m, 14 H),
7.57 (s, 2 H).

13C NMR (CDCly): § = 32.33, 52.55, 52.90, 63.05, 6769, 111.25,
120.50, 125.01, 125.93, 126.45, 128.52, 128.69, 131.68, 138.17,
150.45, 152.85.

MS: m/z (%) = 698 (M" + 2, 0.8), 697 (M* + 1, 1.5), 696 (M", 4.9),
509 (12.1), 391 (45.3), 350 (10.1), 307 (98.6), 242 (60.6), 176
(15.4), 142 (80.2), 91 (83.3), 56 (100.0).

Anal. Calcd for C,,H,4N,O, (696.886): C, 75.84; H, 6.94; N, 8.04.
Found: C, 75.89; H, 6.97; N, 8.01.
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