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Abstract. Sonogashira reactions of 4-(2,5-diiodobenzoyl)morpholine
and 4-(5-bromo-2-iodobenzoyl)morpholine with arylacetylenes cata-
lyzed by Pd,(dba); in DMSO allowed preparation of fluorescent oli-
go(p-phenyleneethynylene)s (OPE3) with fluorescence quantum
yields up to 0.87. DMSO proved to be very efficient for this double
Sonogashira coupling in which other solvents failed.

Key words: Sonogashira coupling, oligo(p-phenyleneethynylene)s,
OPE3, fluorescence

Resumen. Las reacciones de Sonogashira de la 4-(2,5-diiodobenzoil)
morfolina y la 4-(5-bromo-2-iodobenzoil)morfolina con arilacetile-
nos catalizadas por Pd,(dba); en DMSO permitieron preparar oli-
go(p-fenilenetinilenos) (OPE3) fluorescentes con rendimientos
cuanticos de hasta 0.87. El DMSO demostré ser muy eficiente para
este doble acoplamiento de Sonogashira en el cual otros disolventes
no fueron adecuados.

Palabras clave: Acoplamiento de Sonogashira, oligo(p-fenilenetini-
lenos), (OPE3), fluorescencia

Introduction

The Sonogashira [ 1] coupling reaction and its variants [2] have
found widespread use in the synthesis of oligomeric aryleneth-
ynylene materials [3] These conjugated materials incorporate
aryl, heteroaryl [4] and organometallic [5] units joined by acet-
ylene links and display remarkable electronic and optical prop-
erties [6], such as semiconduction and fluorescence, for which
they have been used to construct molecular wires [7], chemo-
sensors [8], imaging materials [9] and the emitting layer in
light emitting devices [10]. Short oligomers [11] and small
molecules [12] of precise structure can retain some of the elec-
tronic and optical properties of their polymeric counterparts
and are more easily manipulated and prepared. Thus, in this
work a series of oligo(p-phenyleneethynylene)s OPE3s (Fig.
1) was prepared in search for highly fluorescent molecules of
low molecular weight for future adaptation and application as
biological probes. Herewith the synthesis of these compounds
by double Sonogashira couplings in DMSO and their optical
properties are described.

At the onset of this work, OPE3 compounds of type 1
were designed as low molecular weight models of fluorescent

polyphenylenethynylenes [13]. Substituents on the terminal
aryl groups allow tuning of the optical properties and the mor-
pholine amide group at the central aryl unit was designed to
confer solubility to phenyleneethynylenes in organic solvents.
The synthesis of pseudo symmetrical compounds was envis-
aged as a double Sonogashira coupling of diiodoamide 2 with
two equivalents of an arylacetylene 3. (Scheme 1)

Thus, synthesis of the required diiodoarene 2 started with
iodination of commercial 2-iodobenzoic acid 4 with iodine/
NalO, [14] in sulfuric acid that led to diiodo acid 5, which was
converted to 2 by reaction with thionyl chloride followed by
addition of morpholine and catalytic DMAP (Scheme 2).

Coupling of diiodoarene 2 with two equivalents of 4-ethy-
nylanisole (3a) to produce 1a was chosen as model reaction to
establish a protocol for preparation of a set of related OPE3s 1.

Fig. 1. Structure of oligo(p-phenyleneethynylene)s (OPE3)
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o Ar in Et;N (entry 1) gave a mixture of OPE3 1a and monoalkyne
MeO < > - Z 0 6a, whose structure was elucidated by HMBC and X-ray dif-
3a2.1 eq N_J fraction studies. Reactions in toluene (entry 2) and THF (entry
’ Z 3) were sluggish. Coupling in anhydrous DMF (entry 4) gave
2 >¢ Ar 0] . NG

Pq Clﬂ cul products la (double coupling) and 6a (monocoupling) in al-
2 YU 1a most equal yields. Remarkably, reaction in anhydrous DMSO

Sonogashira in
Et;N, toluene, THF

Scheme 3

Ar = 4-MeO-(CeH4)-

Unexpectedly, the reaction proved to be problematic under
standard Sonogashira conditions (PdCl,, Cul and triphenyl-
phosphine) in toluene, THF and triethylamine (Scheme 3).
Thus, it was decided to study the possible effect of other
solvents in this Sonogashira coupling. Thus, coupling of 2 and
3a was carried out using several organic solvents of different
polarity [15] (Scheme 4) and Pd,(dba); [16] was used as the
source of catalyst. Results are summarized in Table 1. Reaction

(entry 5) proceeded in 1 h and gave exclusively the desired
double-coupled product 1a in good yield. Couplings in aceto-
nitrile (entry 6) and nitromethane (entry 7) yielded mixtures of
mono (minor) and double coupling (major) products. Ulven
and coworkers [17] have reported the beneficial effect of addi-
tion of water to TMEDA used as solvent in a case of a prob-
lematic Sonogashira coupling. Accordingly, the use of a 9:1
TMEDA-water mixture was tested (entry 8). However, this
reaction gave a mixture of coupling products 1a, 6a and 7a in
low yield. Thus, of the solvents studied only DMSO was effec-
tive for the model double Sonogashira coupling.

It was explored if adventitious water in DMSO represent-
ed any problem in these Sonogashira couplings since this sol-

Table 1. Effect of the solvent in the model Sonogashira coupling of diiodoarene 2 and 3a according to Scheme 4.

Entry Solvent? Polarity® 1%(%) 6a(%) Ta(%) 2(%)
1 TEA 32.1 56 24 0 0
2 dry toluene 33.9 0 0 0 d
3 dry THF 37.4 0 d
4 DMF 43.2 48 34 0 0
5 DMSO 45.1 81 0 0 0
6 CH;CN 45.6 73 0 0
7 CH;NO, 46.3 52 21 0 0
8 9:1 TMEDA-H,0 - 48 (14)° e 25

2 Anhydrous solvents (DMF 0.150% H,0O; DMSO 0.013% H,O, by Karl Fisher determination) were used as received. TEA, THF and toluene

were dried according to standard procedures.
b Polarity values of solvents is based in E1(30) scale. Ref. 15.

¢ Yields refer to isolated products. Identity of the coupling product 6a is supported by HMBC and X-ray diffraction.

4 Compound detected by TLC

¢ Inseparable 2:1 mixture (NMR) of isomers 6a and 7a isolated in 14% yield.
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vent is hygroscopic and also known for remarkable changes of
its properties in the presence of water [18]. Consequently,
model experiments in DMSO containing 5, 33 and 67% of wa-
ter were carried out (Scheme 5) and their results are shown in
Table 2. While coupling of 2 and 3a in commercial “anhydrous
DMSO” (0.013% H,0) gave 81% of 1a (Table 2, entry 1) the
same reaction in DMSO containing 5% water led to a 10%
improved yield (entry 2; both coupling reactions in dry and wet
DMSO were repeated at least three times). The reaction in
DMSO containing 33% water led to a significant decrease in
yield of la and formation of monocoupled 6a as the major
product (entry 3). Reaction in 33% DMSO - 67% H,0O (entry
4) led to reactant solubility problems and gave almost equal
amounts of mono (6a) and double (1a) coupled products. In
addition, Sonogashira couplings with other arylacetylenes

were tested in 5:95 water-DMSO (entries 5-10). The results
show that couplings using arylacetylenes substituted with elec-
tron donating groups OCHj (entry 1 vs. entry 2) and Me,N
(entry 5 vs. entry 6) improved their chemical yield by about
10% in 5% water-DMSO vs. reaction in dry DMSO. However,
water had little effect in chemical yield of coupling reactions
with arylacetylenes substituted with electron withdrawing
groups such as CN (entries 7 and 8), NO, (entries 9 and 10)
and methylketone (entries 11 and 12).

The observed solvent effect in these coupling reactions
could be due to coordination of DMSO with Pd. The coordinat-
ing ability of DMSO towards Pd is known [19] and it has been
associated to keep catalytically active Pd° in solution, thus
avoiding formation of black palladium which is inactive as cat-
alyst. Other examples of Pd catalyzed alkynylation reactions in

Table 2. Effect of DMSO containing different amounts of water in the Sonogashira reactions of 2 and arylalkynes according to Scheme 5.

Entry Alkyne R Water 1 [%] 6 [%] Total yield [%]
[%o]
1 3a 4-MeO-CgH,4 0* la 81 6a 81
2 3a 4-MeO-CgH, 5 1a 91 6a 91
3 3a 4-MeO-CgH,y 33 la 24 6a 64 88
4 3a 4-MeO-CgH,4 67 la 47 6a 42 89
5 3f 4-Me,N-CeH, 0 1f 83 6f 0 83
6 3f 4-Me,N-C¢H, 5 1f 94 6f 0 94
7 3g 4-NC-C H, 0 1g 80 6 0 80
8 3g 4-NC-C¢H, 5 1g 79 6g 0 79
9 3h 4-0,N-CH, 0 1h 80 6h 0 80
10 3h 4-0,N-CH, 5 1h 78 6h 0 78
11 3i 4-MeC(0)-C¢H, 0 1i 71 6i 0 71
12 3i 4-MeC(0)-C¢H, 5 1i 67 6i 0 67

* “Dry” DMSO contained 0.013% water, as determined by Karl-Fischer titration.
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DMSO are known [20] Studies of some other reactions involv-
ing the use of Pd and DMSO show the active role of this solvent
in catalysis [21]. Studies of solvent dependence in cases of prob-
lematic Sonogashira couplings are rather limited [2d, 22] as
compared to the more common practice of an exhaustive ligand/
catalyst search, in spite of a more practical change of solvent.
With reaction conditions established, a series of OPE3
products la-i were prepared in good yields (Scheme 6, Table
3). Despite the known acceleration of Sonogashira cross-cou-
plings with alkynes substituted with electron withdrawing
groups [23] couplings in DMSO worked equally well within 1
h with aryl acetylenes substituted either with strong electron

Scheme 6

Table 3. Synthesis of OPE3s 1 by Sonogashira couplings in dry
DMSO via Scheme 6.

Mariana Flores-Jarillo et al.

donating (entry 5), electron withdrawing groups (entries 6-8)
or heterocyclic acetylenes (entries 3 and 4). Compounds la-i
were soluble in common organic solvents. 'H NMR spectra of
all these compounds indicated high mobility of the morpholine
moiety in solution.

At this stage it was decided to prepare OPE3s substituted
with both electron donating groups and electron withdrawing
groups in a push-pull electronic architecture, a common feature
found in optoelectronic materials [3-5]. Thus, it was required to
sequentially install different arylacetylene groups in dihaloarene
9 by means of a regioselective Sonogashira coupling at the more
reactive C-I bond [1, 2d, 24]. The required dihaloarene 9 was in
turn prepared by bromination [25] of acid 4 followed by treat-
ment with thionyl chloride and morpholine (Scheme 7).

Sonogashira reactions of 9 in DMSO with aryl acetylenes
3a,f-h were carried out for preparation of mono coupled prod-
ucts 10a,f-h. (Scheme 8, Table 4). These reactions produced
the desired mono coupled products 10a,f-h along with minor
amounts of the undesired double coupled product 1a,f-h. Sono-
gashira coupling of 9 with arylacetylenes substituted with elec-
tron donating groups OCHj (3a, entry 1) and NMe, (3f, entry
2) clearly gave better results in terms of yield and selectivity
than those observed using arylacetylenes bearing electron
withdrawing groups CN (3g, entry 3) and NO, (3h, entry 4).

Entry Allyne R Product _ Yield [%] Installation of the second arylacetylene group at the C-Br
1 3a 4-MeO(C¢Ha) la 81 bond of compounds 10a,f-h proved more difficult than expected,
2 3b CeHs 1b 60 but eventually was accomplished using reaction conditions re-
3 3c 3-Piridyl 1lc 86 ported by Buchwald [26] to afford compounds 1j-p. (Scheme 9)
4 3d 3-Thiophenyl 1d 90 Table 4. Regioselective Sonogashira cross coupling at the C-I bond in
5 3e 4-Me(C¢Hy) le 70 compound 10 via Scheme 8.
6 3f 4-Me,N(C4Hy) 1f 83 Entry Alkyne R, 9% 10 % 1 %
7 39 4-NC(C4Hy) 19 80 1 38 4MeO-CgH, 0 10a 73 la 15
8 3h 4-0,N(C¢Hy) 1h 80 5 af 4-Me,N- o 1f 1 1f 10
9 3 4-MeC(O)(CgHy) 1i 71 CeHy
. . . 39 4-NC-CgHy 20 10g 43 g 22
Reaction conditions: 5% Pd,(dba);, 6% PPh;, 3% Cul, 'Pr,NH 2.5
eq, DMSO, 45°C, N, atm, 1h. 3h  4-O,N-CgH, 16 10h 42 1h 20
| NBS Br | 1) SOClIy, 75°C 2h _ Br |
0O H,S04, 60 °C, 0.5h ') 2) Morpholine, DMAP 0
HO 73 % HO toluene 5°C, 10 min (E‘J)
70-73% 0
4 8 9
Scheme 7
5% Pdy(dba - - -
9 + R—= b Pda 5 . Br =R, R—= =R,
3a.f-h 6% PPh3, 3% Cul 0 0
1.1 eq DMSO, 2.5 eq ’Pl’zNH (N i (N
45 °C, Ny atm, 1h o/ o/
10a,f-h 1a,f-h

Scheme 8
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The low reactivity of substrates 10a and 10f (see Table 5) can
be explained by the enhanced electron density at the C-Br bond
due to the strong electron donating groups (OMe and NMe,)
on the arylacetylene unit which likely made worse the Pd(0)
oxidative addition step of the coupling reaction [1]. By con-
trast, bromoarene 10h bearing a nitro substituted arylacetylene
(entry 7) gave compound 1p in higher yield.

With compounds 1a-p at hand, their photoluminescence
properties were studied and results are shown in Table 6. Sev-
eral compounds including the parent phenyleneethynylene 1b,
methyl substituted le, and heterocyclic 3-pyridyl 1c and
3-thiophenyl analogs 1d display almost identical UV maxima
absorbance. The rest of the compounds show bathochromic
(red) shifts. All compounds are UV active and their & values
indicate intense absorption bands due to m-;* transitions.
Compounds 1h, n, p containing one or two NO, groups and the
diketone compound 1i did not show fluorescence. All other
compounds emit fluorescence in the 352-505 nm (violet to
green) range. Compounds 1l and 10, substituted with the elec-
tron withdrawing keto group, show modest fluorescence (en-
tries 11 and 14).

Compounds with equal terminal aryl groups are listed in
entries 1 through 9. Among them, compounds 1f with electron
donating NMe, substituents (entry 6) and 1g with electron
withdrawing CN substituents (entry 7) displayed high quan-
tum fluorescence yields, which were measured by Brouwer’s
method [27] On the other hand, compounds with push-pull ar-
chitecture (entries 10-15) show intramolecular charge transfer,
as evidenced by large Stokes shifts which are associated to flu-
orescence quenching [28] However, cyano substituted com-
pounds 1g (entry 7), 1K (entry 10) and 1m (entry 12) show
high quantum fluorescence yields; the cyano group is a com-
mon feature of molecular wires [13b]. Similar OPE3s with
high quantum yields are known [29]

In summary, we have prepared a series of soluble, fluores-
cent oligo phenyleneethynylenes OPE3, some of which dis-
play high quantum yields. Additionally, it was found that

Table 5. Preparation of push-pull OPE3s 1j-p via Scheme 9.

Sonogashira couplings proceeded much better in DMSO with-
out need for other additives, the chemical yields were good and
reactions took place within 1 h at 40-45°C. Couplings in
DMSO containing 5% water gave a small increment of the
yield of reactions of 2 with arylacetylenes substituted with
electron donating groups.
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Experimental
General

Commercial reagents were used without further purification.
Toluene was distilled from Na and stored over activated 4 A
molecular sieves under N,. THF was refluxed in the presence
of triphenylphosphine then distilled and stored over activated
4-A molecular sieves under N,. Reactions were monitored by
TLC on Merck silica gel F,s4 plates and spots were visualized
by a UV lamp at 254 and 365 nm. Column flash chromatogra-
phy was performed using Whatman silica gel 60 (230-400
mesh). 'H and '3C NMR spectra were recorded on a Varian
VNMR System 400 MHz spectrometer using tetramethylsi-
lane (TMS 8=0.0 ppm) and CDCl; (8 = 77.16 ppm) as internal
standards; bs means broad signal, app d means apparent dou-
blet in 'H NMR spectra. Infrared spectra were measured on a
Perkin-Elmer FT-IR Spectrum GX spectrometer. High resolu-
tion mass spectra were recorded in a Jeol Gemate mass spec-
trometer using EI (70 eV) as ionization mode. UV spectra were
recorded on a Perkin-Elmer Lambda XLS spectrometer using
quartz cells. For UV and fluorescence determinations spectros-

Entry Arene 10 R, Alkyne 3 R, Product Yield [%0]
1 10a 4-MeO-C4¢Hy 39 4-NC-C4Hy 1j 80
2 10a 4-MeO-CgH, 3h 4-0,N-C¢H, 1k 0
3 10a 4-MeO-C4¢H, 3i 4-MeC(0O)-C¢Hy 1l 55
4 10f 4-Me,N-C¢H, 3g 4-NC-CH, im 36
5 10f 4-Me,N-C¢H, 3h 4-0,N-C¢H, 1n 35
6 10f 4-Me,N-C4H, 3i 4-MeC(0O)-C¢Hy lo 35
7 10h 4-O,N-C¢H, 3a 4-MeO-Cg¢H, 1p 65
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Table 6. Optical characterization of OPE3 compounds 1a-0 depicted in Schemes 6 and 9.

Entry data ~ OPE3 R, R, Amax® £(10% A Stokes o°
(nm) cm! M (nm) Shift
(nm)
1 la MeO MeO 338 5.50 389 51 0.475
2 1b H H 325 5.56 375 50 0.103
3 1c 3-pyrd 3-pyr 326 5.57 352 26 0.121
4 1d 3-thioph® 3-thioph 326 4.54 380 54 0.077
5 le Me Me 330 6.93 380 50 0.178
6 1f Me,N Me,N 385 6.58 441 56 0.792
7 1g CN CN 338 6.71 369 31 0.708
8 1h NO, NO, 359 5.30 nd - 0
9 1i MeC(O) MeC(O) 344 6.99 nd - 0
10 1j CN OMe 341 5.52 406 65 0.874
11 1l COMe OMe 345 5.19 416 71 0.130
12 im CN NMe, 388 4.65 495 157 0.786
13 in NO, NMe, 328 3.09 nd - 0
14 1o COMe NMe, 384 3.48 505 121 0.494
15 1p OMe NO, 364 4.63 nd - 0

2UV absorption (10 M solution in CHCly).

b Fluorescence emission (10°® M solution in CHCl;) with UV excitation at 10 nm below each maximum absorption.
¢ Quantum fluorescence yield determined using quinine sulfate / H,SO, as standard. Ref. 27

43-piridyl
¢ 3-thiophenyl
ndNo fluorescence emission was detected.

copy quality CHCIl; was used. Fluorescence spectra were re-
corded at room temperature on a Perkin Elmer LS 55
spectrofluorometer. Fluorescence quantum yields ¢ in CHCl;
are relative to quinine sulfate 1N in H,SO, [27]. Melting points
were measured using a Biichi Melting Point B-540 apparatus
and are uncorrected.

4-(2,5-Diiodobenzoyl)morpholine  (2) Iodination of
commercial 2-iodobenzoic acid 4 leading to 2,5-diiodobenzoic
acid (5) was carried out according to a reported method [14].
Thus, in a 100 mL round bottom flask containing 30 mL of
concentrated sulfuric acid were added 1.20 g of iodine and
0.34 g of NalO, at room temperature under vigorous magnetic
stirring. When the solids dissolved it was added 2.48 g of 2-io-
dobenzoic acid 4 and the mixture was left stirring at room tem-
perature (23°C) for 48 h. Then, the crude reaction mixture was
poured on ice and the pink solid was filtered off. The solid was
dissolved in ethyl acetate and washed with a saturated sodium
thiosulfate solution. The organic layer was separated and dried
with anhydrous sodium sulfate, filtered and concentrated in
vacuo to afford 2.62 g (70%) of 5 as a white powder. Then,
1.68 g (4.5 mmol) of carboxylic acid 5 was suspended in 8 mL
of thionyl chloride and heated to reflux for 2 h under N, and
allowed to cool to room temperature. Excess of thionyl chlo-
ride was removed in vacuo and the reaction mixture was dilut-
ed with 10 mL of anhydrous toluene. Catalytic DMAP and
morpholine (1.6 mL, 18.0 mmol) were added under stirring at
room temperature. After completion of the reaction (15 min),

indicated by TLC analysis, the mixture was washed with 3%
HCI solution, then with saturated NaHCO; solution and ex-
tracted with ethyl acetate. The organic layer was dried with
anhydrous Na,SO, and concentrated to yield a yellow syrup
that precipitated upon addition of hexane. Recrystallization
from toluene-hexane afforded 1.40 g of 2 (70%) as an off-
white powder, mp 145-146 °C; IR (KBr): A 1600 (Vn.c-0),
1700 (ve—o) em™'; 'H NMR (400 MHz, CDCl): 8 7.53 (d, J=
8.34, 1H), 7.50 (d, J=1.99, 1H), 7.39 (dd, J=8.33, J=2.04, 1H),
3.9-3.1 (bs, 8H); '3C NMR (100 MHz, CDCl;): 8 167.8, 143.8,
140.9, 139.5, 135.9, 94.2, 91.8, 66.8, 66.6, 47.4, 42.1; HRMS
(ED) m/z caled. for C;H;;ILNO,: 442.8880, found: 442.8886.

General procedure for double Sonogashira cross-coupling
reactions of 4-(2,5-diiodobenzoyl)morpholine 2 with
arylacetylenes 3a-i in DMSO

A mixture of 4-(2,5-diiodobenzoyl)morpholine 2 (177.2 mg,
0.40 mmol), alkynes 3a-i (0.84 mmol), Pd,(dba); (10.4 mg, 10
pmol), Cul (2.3 mg, 12 umol), triphenylphosphine (6.3 mg,
24 umol) and dry DMSO (5 mL) under N,, was degassed. 'P-
rpNH (140 uL, 1 mmol) was added and then the mixture was
heated at 45 °C (temperature of the external bath) under vigor-
ous stirring. TLC analysis showed completion of the reaction
after 1 h. After aqueous work-up and extraction with ethyl ac-
etate the residue was adsorbed on silica gel and purified by
flash chromatography (elution with hexane/EtOAc gradient).
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Evaporation of solvent gave a solid residue which was triturat-
ed with hexane/acetone to afford the desired pure product la-i.
The same procedure was followed for those reactions car-
ried out in DMSO containing 5%, 33% and 67% of water (v/v)
shown in Table 3.
2,5-Bis((4-ethoxyphenyl)ethynyl)morpholineben-
zamide (la) Obtained in 81% yield from the reaction of
2,5-diiodo-N-morpholinebenzamide (2) with 4-ethynylanisole
(3a) as a white powder, mp 149-151 °C. IR (KBr,): A 1604 (vy.
c=0)s 1633 (Vc—o), 2213 (Vegpcsp) cm™'; 'H NMR (400 MHz,
CDCly): 8 7.50-7.41 (m, 7H), 6.89 (app d, 4H), 3.90-3.25 (bs,
m, 8H), 3.84 (s, 6H); 13C NMR (100 MHz, CDCl5): § 168.3,
160.2, 160.1, 138.5, 133.32, 133.26, 132.0, 131.8, 129.6,
124.0,119.9, 114.9, 114.7, 114.3, 114.2,95.0, 92.4, 87.3, 85.6,
67.1, 67.0, 55.50, 55.48, 47.5, 42.3; HRMS (EI) m/z calcd. for
CyoH,5sNO,: 451.1784, found: 451.1765.
2,5-Bis(phenylethynyl)morpholinebenzamide (1b) Pre-
pared in 60% yield by the reaction of 2,5-diiodo-N-morpho-
linebenzamide (2) with phenylacetylene (3b) as yellow syrup
that solidifies upon standing. IR (film): A 1599 (vy.c—0), 1639
(Vc-0), 2216 (Vegpcsp) cm'; 'H NMR (400 MHz, CDCL): 8
7.55-7.47 (m, 7H), 7.38-7.34 (m, 6H), 3.95-3.20 (bs, m, 8H);
13C NMR (100 MHz, CDCls): § 168.0, 138.7, 132.2, 132.0,
131.8, 131.7, 129.7, 129.1, 128.9, 128.6, 128.5, 124.0, 122.7,
122.5, 119.8, 94.9, 92.4, 88.3, 86.6, 67.0, 66.9, 47.5, 42.2;
HRMS (EI) m/z caled. for C,;H, NO,: 391.1572, found:
391.1589.
2,5-Bis(3-pyridinylethynyl)morpholinebenzamide (1c)
Prepared in 86% yield by the reaction 2,5-diiodo-N-morpho-
linebenzamide (2) with 3-ethynylpyridine (3c) as an off-white
powder, mp 157.7-158.2 °C. IR (KBr): A 1613 (vcg), 2211
(Vesp-csp) em s THNMR (400 MHz, CDCl): 8 8.70 (bs, app d,
2H), 7.80 (app t, 3H), 7.61-7.51 (m, 4H), 7.33 (bs, s, 2H), 3.90-
3.25 (bs, m, 8H); *C NMR (100 MHz, CDCl,): § 167.6, 152.4,
152.3, 149.4, 149.2, 139.0, 138.6, 138.5, 132.5, 132.1, 129.8,
123.8,119.7, 123.25, 123.34,91.5,91.3, 89.6, 89.2, 67.0, 66.9,
47.5, 42.3; HRMS (EI) m/z calcd. for C,5sHoN30,: 393.1477,
found: 393.1482.
2,5-Bis(3-thiophenylethynyl)morpholinebenzamide
(1d) Prepared in 90% yield by the reaction 2,5-diiodo-N-mor-
pholinebenzamide (2) with 3-ethynylthiophene (3d) as a brown
powder, mp 156.0-156.5 °C. IR (KBr): A 1633 (vcoo), 2207
(Vesp-csp) em™'; TH NMR (400 MHz, CDCly): 8 7.55 (dd, J=2.97
Hz, J=1.18 Hz, 1H), 7.53 (dd, J=2.98 Hz, J= 1.17 Hz, 1H),
7.51-7.49 (m, 2H), 7.49-7.48 (app d, 1H), 7.33 (t, J=2.93, 1H),
7.32 (t,J=2.93, IH) , 7.19 (dd, J=5.02 Hz, J= 1.18 Hz, 1H),
7.16 (dd, J=4.97 Hz, J= 1.18 Hz, 1H), 3.90-3.25 (bs, m, 8H);
13C NMR (100 MHz, CDCly): § 167.9, 138.5, 132.0, 131.8,
129.7, 129.6, 129.53, 129.46, 129.3, 125.6, 123.8, 121.7,
121.5, 119.6, 89.9, 87.8, 87.5, 86.0, 66.9, 66.8, 47.3, 42.1;
HRMS (EI) m/z calcd. for C,3H;sNO,S,: 403.0701, found:
403.0706.
2,5-Bis(p-tolylethynyl)morpholinebenzamide (1e) Pre-
pared in 70% yield by the reaction 2,5-diiodo-N-morpholine-
benzamide (2) with 4-methylphenylacetylene (3e) as a white
powder, mp 179.9-180.8 °C. IR (KBr): A 1630 (vc—o), 2213
(Vespcsp) em™'; TH NMR (400 MHz, CDCly): 8 7.52-7.48 (m,

3H), 7.42 (app d, 2H), 7.38 (app d, 2H), 7.17 (app d, 4H), 3.95-
3.20 (bs, m, 8H), 2.38 (s, 6H); '3C NMR (100 MHz, CDCl;): §
168.0, 139.2, 139.0, 138.5, 132.0, 131.8, 131.5, 131.5, 129.6,
129.3,129.2,123.9,119.7, 119.5, 119.3, 95.0, 92.5, 87.7, 85.9,
66.9, 66.8, 47.3, 42.1; HRMS (EI) m/z calcd. for CyoH,sNO,:
419.1885, found: 419.1890.
2,5-Bis((4-(dimethylamino)phenyl)ethynyl)morpho-
linebenzamide (1f) Prepared in 83% yield by the reaction
2,5-diiodo-N-morpholinebenzamide (2) with 4-ethynyl-N,N-di-
methylaniline (3f) as a yellow powder, mp 209.4-210.2 °C. IR
(KBr): A 1607(ny.c-0), 1630 (Vc—o), 2204 (Vegp.csp) cm™'; 'H
NMR (400 MHz, CDCly): 8 7.45 (s, 3H), 7.41-7.34 (m, 4H),
6.68-6.62 (m, 4H), 3.92-3.20 (bs, m, 8H), 3.00 (s, 12H); 13C
NMR (100 MHz, CDCl3): 8 168.6, 150.5, 150.4, 138.1, 133.0,
132.9,131.7,131.6,129.4,124.0,119.9,111.91, 111.89, 109.5,
109.2, 96.3, 93.6, 86.9, 85.2, 67.1, 67.0, 47.5, 42.2, 40.33,
40.31; HRMS (EI) m/z calcd. for C3H3N3O,: 477.2416,
found: 477.2432.
2,5-Bis((4-cyanophenyl)ethynyl)morpholineben-
zamide (1g) Prepared in 80% by the reaction 2,5-diio-
do-N-morpholinebenzamide (2) with 4-ethynylbenzonitrile
(39) as a yellow powder, mp 228.0-230.0 °C (dec.) IR (KBr):
A 1602 (ny.c=0), 1640 (Ve—o), 2217 (Vegpcsp)s 2227 (VegpN)
cm™'; 'H NMR (400 MHz, CDCl5): 6 7.68 (app dd, 4H), 7.64-
7.54 (m, 7H), 3.9-3.25 (bs, m, 8H); '*C NMR (100 MHz,
CDCly): 8 167.3, 139.1, 132.5, 132.3, 132.3, 132.2, 132.1,
129.9, 127.3, 127.0, 123.7, 119.6, 118.3, 118.2, 112.4, 112.1,
93.1, 92.0, 90.9, 90.2, 66.9, 66.8, 47.4, 42.2; HRMS (EI) m/z
calcd. for CyoH gN3O,: 441.1477, found: 441.1488.
2,5-Bis((4-nitrophenyl)ethynyl)morpholinebenzamide
(1h) Prepared in 80% yield by the reaction 2,5-diiodo-N-mor-
pholinebenzamide (2) with 1-ethynyl-4-nitrobenzene (3h) as a
yellow powder, mp 204.8-205.7 °C. IR (KBr): A 1347 and
1519 (Vno2)s 1593 (Vnc-0)» 1638 (Veo), 2218 (Veg-csp)s em™s
'"H NMR (400 MHz, CDCl;): § 8.26 (app d, 4H), 7.71-7.55 (m,
7H), 3.90-3.25 (bs, m, 8H); '3C NMR (100 MHz, CDCl;): §
167.4, 147.6, 147.4, 139.3, 132.7, 132.6, 132.5, 132.3, 130.0,
129.4, 129.0, 124.0, 123.8, 119.7, 93.0, 92.9, 91.1, 90.8, 67.0,
66.9, 47.5, 42.3; HRMS (EI) m/z calcd. for C,7H gN;O4:
481.1274, found: 481.1280.
2,5-Bis((4-acetophenyl)ethynyl)morpholinebenzamide
(1i) Prepared in 71% yield by the reaction 2,5-diiodo-N-mor-
pholinebenzamide (2) with 4-ethynylacetophenone (3i) as a
green-yellow powder, mp 194.1-196.0 °C. IR (KBr): 1600 (vy.
c-0)> 1630 (vc—0), 1677 (vc—0), 1690 (Vc—o0), 2208 (Vegp.csp)
cm™'; 'TH NMR (400 MHz, CDCl,): & 7.95 (app d, 4H), 7.63-
7.52 (m, 7H), 3.90-3.25 (bs, m, 8H), 2.61 (s, 6H); '*C NNMR
(100 MHz, CDCl3): 8 197.4, 197.3, 167.7139.1, 136.9, 136.7,
132.5, 132.2, 131.9, 131.9, 129.9, 128.6, 128.5, 127.4, 127.1,
123.8, 119.8, 94.2, 91.8, 91.2, 89.5, 67.0, 66.9, 47.5, 42.3,
26.8; HRMS (EI) m/z calcd. for C3;H,5NO,: 475.1784, found:
475.1800.
4-(5-Bromo-2-iodobenzoyl)morpholine (9) Bromina-
tion of commercial 2-iodobenzoic acid 4 leading to 5-bro-
mo-2-iodobenzoic acid (8) was carried out according to a
reported method [25] Thus, in a 100 mL round bottom flask
containing 30 mL of concentrated sulfuric acid at 60 °C, was
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added 2-iodobenzoic acid 4 (3.72 g, 15 mmol), then maintain-
ing this temperature three portions of solid NBS (6 mmol)
were added every 15 min, for a total of 3.2 g (18 mmol) of
NBS. After the last addition, the mixture was left stirring for 1
h at 60°C, then left to cool to room temperature and poured
over crushed ice. The pink solid was filtered off and dissolved
in ethyl acetate and washed with a concentrated solution of
sodium thiosulfate. The organic portion was dried with anhy-
drous Na,COs, filtered and concentrated in vacuo to afford
3.58 g (73%) of the carboxylic acid 8 as a white solid. Then,
1.471 g (4.5 mmol) of carboxylic acid 8 was suspended in 8
mL of thionyl chloride and heated to reflux for 2 h under N,
and allowed to cool to room temperature. Excess of thionyl
chloride was removed in vacuo and the reaction mixture was
diluted with 10 mL of anhydrous toluene. Catalytic DMAP and
morpholine (1.6 mL, 18.0 mmol) were added under stirring at
room temperature. After completion of the reaction (15 min),
indicated by TLC analysis, the mixture was washed with 3%
HCI1 solution, then with saturated NaHCO; and extracted
with ethyl acetate. The organic layer was dried with anhy-
drous Na,SO, and concentrated to yield a yellow syrup that
precipitated upon addition of hexane. Recrystallization from
toluene-hexane afforded 1.301 g of 10 (73%) as a white pow-
der, mp 148 °C; IR (KBr) A 1620 (vn.c—0) cm’!, 'TH NMR (400
MHz, CDCly): 8 7.68 (d, J= 8.44, 1H), 7.34 (d, J=2.31, 1H),
7.22 (dd, J=8.43, J=2.35, 1H), 3.9-3.1 (bs, 8H); '*C NMR (100
MHz, CDCly): 8167.92, 143.60, 140.76, 133.67, 130.15,
123.09, 90.55, 66.76, 66.62, 47.31, 42.12; HRMS (EI) m/z cal-
cd. for C;;H;BrINO,: 394.9018, found: 394.9020

General procedure for C-I regioselective Sonogashira
cross-coupling reactions of 9 with arylacetylenes. A mixture
of 9 (158.4 mg, 0.40 mmol), alkynes 3a,f-h (0.44 mmol),
Pd,(dba); (10.4 mg, 10 umol), Cul (2.3 mg, 12 umol), triphen-
ylphosphine (6.3 mg, 24 mmol) and DMSO (5 mL) under N,,
was degassed. 'Pr,NH (140 uL, 1 mmol) was added and then
the mixture was heated at 45 °C (temperature of external bath)
under vigorous stirring for 1 h as TLC analysis indicated com-
pletion of the reaction. Aqueous work-up and extraction gave
the crude reaction mixture which was adsorbed on silica gel
and after flash chromatography (elution with hexane/EtOAc
gradient) the solid residue was washed with hexane/acetone to
afford the desired pure products 10a, f-h.

5-Bromo-2-((4-methoxyphenyl)ethynyl)morpholine-
benzamide (10a) Prepared in 73% yield by the reaction of
5-bromo-2-iodo-N-morpholinebenzamide (9) with 4-ethynyla-
nisole (6a) as a yellow powder, mp 138-139 °C. IR (KBr): A
1600 (VN.c=0), 1692 (Vc=0), 2212 (Vegp. csp) cm™; 'TH NMR
(400 MHz, CDCly): 8 7.52-7.47 (m, 2H), 7.44-7.37 (m, 3H),
6.88 (app d, 2H), 3.90-3.25 (bs, m, 8H), 3.84 (s, 3H); '3C NMR
(100 MHz, CDCl3): 6 167.2, 160.1, 139.7, 133.2, 133.1, 132.2,
129.7, 122.5, 119.5, 114.24, 114.19, 94.4, 84.6, 66.8, 66.7,
55.4, 47.3, 42.1; HRMS (EI) m/z calcd. for C,yH;sBrNOs:
399.0470, found: 399.0472.

5-Bromo-2-((4-(dimethylamino)phenyl)ethynyl)mor-
pholinebenzamide (10f) Prepared in 72% yield by the reac-
tion of 5-bromo-2-iodo-N-morpholinebenzamide (9) with
4-ethynyl-N,N-dimethylaniline (3f) as a yellow powder, mp
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123-124 °C. IR (KBr): A 1604 (vn.c-0), 1688(vc—g), 2204
(Vesp- csp) cm’!; TH NMR (400 MHz, CDCls): & 7.49-7.45 (m,
2H), 7.38-7.32 (m, 3H), 6.64 (app d, 2H), 3.90-3.25 (bs, m,
8H), 3.00 (s, 6H); '*C NMR (100 MHz, CDCl;): d167.4, 150.4,
139.4, 133.0, 132.8, 132.1, 129.7, 121.7, 120.1, 111.7, 108.6,
96.0, 84.0, 66.8, 66.7, 47.3, 42.1, 40.1; HRMS (EI) m/z calcd.
for C21H21BI‘N2021 4120786, found: 412.0770.

5-Bromo-2-((4-cyanophenyl)ethynyl)morpholine-
benzamide (10g) Prepared in 43% yield by the reaction of
5-bromo-2-iodo-N-morpholinebenzamide (9) and 4-ethynyl-
benzonitrile (3g) as a yellow powder, mp 237-238 °C (dec). IR
(KBr): A 1602 (Vn.c=0), 1687 (Vc=0), 2224 (VegpN) cem!; TH
NMR (400 MHz, CDCly): & 7.66 (app d, 2H), 7.58-7.54 (m,
3H), 7.51 (app d, 1H), 7.44(dd, J=8.2 Hz J= 0.26 Hz, 1H),
3.90-3.25 (bs, m, 8H); '*C NMR (100 MHz, CDCl5): § 166.9,
140.4, 133.8, 132.6, 132.4, 132.2, 130.0, 127.2, 124.2, 118.4,
118.3,112.5,92.2,89.9, 67.0, 66.9, 47.5, 42.3; HRMS (EI) m/z
calcd. for C,H;5sBrN,O,: 394.0317, found: 394.0306.

5-Bromo-2-((4-nitrophenyl)ethynyl)morpholineben-
zamide (10h) Prepared in 42% yield by the reaction of 5-bro-
mo-2-iodo-N-morpholinebenzamide (9) with 1-ethynyl-4-ni-
trobenzene (3h) as a yellow powder, mp 229-230 °C (dec). IR
(KBr): A 1347 and 1528 (vno2), 1600 (vn.c=0), 1691 (Vcoo),
2217 (Vesp- csp) cm’'; 'TH NMR (400 MHz, CDCl5): § 8.23 (app
d, 2H), 7.62 (app d, 2H), 7.56 (dd, J=8.30 Hz J=2.01 Hz, 1H),
7.52 (d, J=1.97 Hz, 1H), 7.45 (d, J= 8.27 Hz, 1H), 3.90-3.25
(bs, m, 8H); 3C NMR (100 MHz, CDCls): & 166.7, 147.4,
140.3, 133.7, 132.5, 132.3, 129.8, 129.0, 124.2, 123.8, 118.0,
91.8, 90.6, 66.8, 66.8, 47.4, 42.2; HRMS (EI) m/z calcd. for
Ci9H;5BrN,O4: 414.0215, found: 414.0227.

General procedure for Sonogashira cross-coupling re-
actions used to prepare 1j-p. Compounds 10a, 10f and 10h
were subjected to Sonogashira couplings at the C-Br bond with
arylacetylenes following conditions reported by Buchwald.?®
Thus, a mixture of the bromoarene 10a,f-h (0.40 mmol, 1.0
equiv), arylalkynes 3a,0-1 (0.44 mmol, 1.1 equiv), Pd-
CL,(CH;CN), (3.1 mg, 0.03 equiv, 12 mmol), XPhos (11.4 mg,
24 mmol, 0.06 equiv), Cs,CO; (338.9 mg, 1.04 mmol, 2.6
equiv) and CH;CN (6 mL) under N,, was degassed. Then, the
mixture was heated at 75 °C (temperature of external bath) un-
der vigorous stirring for 12 h. After this time, TLC analysis of
the reaction mixture indicated completion of the reaction.
Aqueous work-up and extraction with ethyl acetate (3 x 15
mL) gave the crude reaction mixture which was dried over an-
hydrous Na,COs;, filtered, and finally adsorbed on silica gel.
After flash chromatography (elution with hexane/EtOAc gra-
dient) the solid residue was washed with hexane/acetone to
afford the desired pure products 1j-p.

5-((4-Cyanophenyl)ethynyl)-2-((4-methoxyphenyl)
ethynyl)morpholinebenzamide (1j) Prepared in 80% yield
by the reaction of 10a with 4-ethynylbenzonitrile (3g) as a yel-
low powder, mp 188.4-188.8 °C (dec). IR (KBr): A 1605 (vy.
C:O)r 1625 (cho), 2205 (VCSp-Csp)’ 2225 (VCsp-N) Cm-l; 1H NMR
(400 MHz, CDCl3): 8 7.66 (app d, 2H), 7.60 (app d, 2H), 7.54-
7.52 (m, 3H), 7.44 (app d, 2H), 6.90 (app d, 2H), 3.90-3.25 (bs,
m, 8H), 3.85 (s, 3H); '3C NMR (100 MHz, CDCls): § 167.8,
160.2, 138.5, 133.2, 132.1, 131.98, 132.02, 132.0, 129.9,
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127.6, 122.3, 121.1, 118.4, 114.2, 114.2, 111.9, 95.7, 92.4,
90.2, 85.2, 66.9, 66.8, 55.4,47.3, 42.1; HRMS (EI) m/z calcd.
for C,9H»,N,05: 446.1631, found: 446.1627.
5-((4-Acetophenyl)ethynyl)-2((4-methoxyphenyl)
ethynyl)morpholinebenzamide (1l) Prepared in 55% yield
from the reaction of 10a with 4-ethynylacetophenone (3i) as a
yellow powder, mp 182.0-182.5 °C. IR (KBr): A 1605 (Vn.c=0),
1627 (ve-0), 1677 (Vco), 2208 (Vegpcsp) cm™'; 'TH NMR (400
MHz, CDCl5): 6 7.96 (app d, 2H), 7.60 (app d, 2H), 7.53 (s,
3H), 7.44 (app d, 2H), 6.90 (app d, 2H), 3.90-3.25 (bs, m, 8H),
3.85 (s, 3H), 2.63 (s, 3H); '3C NMR (100 MHz, CDCls): §
197.2, 167.9, 160.2, 138.5, 136.4, 133.2, 132.0, 131.9, 131.7,
129.8, 128.3, 127.5, 122.8, 120.8, 114.3, 114.2, 95.5, 91.4,
91.2, 85.3, 66.9, 66.8, 55.3, 47.3, 42.1, 26.7; HRMS (EI) m/z
calcd. for C;0H,5sNO,: 463.1784, found: 463.1804.
5-((4-Cyanophenyl)ethynyl)-2-((4-(dimethylamino)
phenyl)ethynyl)morpholine benzamide (1m) Prepared in
36% yield by the reaction of 10f with 4-ethynylbenzonitrile
(39) as a yellow powder, mp 210.7-212.1 °C. IR (KBr): A 1593
(VN-c-0)> 1633 (Vc—0), 2213 (Vesp-csp)s 2223 (VespN) em; 'H
NMR (400 MHz, CDCl5): 6 7.65 (app d, 2H), 7.59 (app d, 2H),
7.50 (s, 3H), 7.36 (d app, 2H), 6.65 (app d, 2H), 3.95-3.20 (bs,
m, 8H), 3.01 (s, 6H); 13C NMR (100 MHz, CDCl5): § 168.0,
150.5, 138.1, 132.9, 132.09, 132.07, 132.0, 131.7, 130.0,
127.7, 121.8, 121.6, 118.5, 111.7, 111.7h, 108.5, 97.5, 92.7,
89.9, 84.8, 66.9, 66.8, 47.3, 42.1, 40.1; HRMS (EI) m/z calcd.
for C39H,5N30,: 459.1947, found: 459.1968.
2-((4-(Dimethylamino)phenyl)ethynyl)-5-((4-nitrophe-
nyl)ethynyl)morpholine benzamide (1n) Prepared in 35%
yield by the reaction of 10f with 1-ethynyl-4-nitro benzene
(3h) as a red powder, mp 227.3 - 227.9 °C. IR (KBr): A 1339
and 1512 (vno2), 1589 (Vn.c=0)» 1624 (Vo) 2205 (Vegp-csp)
cm™'; 'H NMR (400 MHz, CDCl5): & 8.21 (app d, 2H), 7.64
(app d, 2H), 7.53-7.49 (m, 3H), 7.36 (app d, 2H), 6.64 (app d,
2H), 3.95-3.20 (bs, m, 8H), 3.00 (s, 6H); '3C NMR (100 MHz,
CDCly): 8 167.9, 150.5, 147.1, 138.2, 132.9, 132.3, 132.0,
131.7, 130.0, 129.7, 123.7, 122.0, 121.4, 111.7, 108.5, 97.6,
93.6, 89.7, 84.8, 66.9, 66.8, 47.4, 42.1, 40.1; HRMS (EI) m/z
calcd. for CyoH,5N30,: 479.1845, found: 479.1832.
5-((4-Acetophenyl)ethynyl)-2-((4-(dimethylamino)
phenyl)ethynyl)morpholine benzamide (10) Prepared in
35% yield by the reaction of 10f with 4-ethynylacetophenone
(3i) as a yellow powder, mp 214.8-215.3 °C. IR (KBr): A 1592
(Vn-c=0)> 1641 (Vo) 1677 (Ve=o), 2199 (Vegp-csp) cm™'; 'H
NMR (400 MHz, CDCl5): 6 7.94 (app d, 2H), 7.59 (app d, 2H),
7.52-7.47 (m, 3H), 7.35 (app d, 2H), 6.64 (app d, 2H), 3.95-
3.20 (bs, m, 8H), 2.99 (s, 6H), 2.60 (s, 3H); '*C NMR (100
MHz, CDCl3): 8 197.3, 168.0, 150.5, 138.1, 136.4, 132.9,
131.9, 131.7, 131.6, 129.9, 128.3, 127.6, 122.0, 121.4, 111.7,
108.6,97.2,91.7,90.9, 84.8, 66.9, 66.8, 47.3,42.1, 40.1, 26.7,
HRMS (EI) m/z caled. for C;;HygN,O5: 476.2100, found:
476.2130.
5-((4-Methoxyphenyl)ethynyl)-2-((4-nitrophenyl)
ethynyl)morpholinebenzamide (1p) Prepared in 65% yield
by the reaction of 10h and 4-ethynylanisole (3a) as a yellow
powder, mp 194.3-194.5 °C. IR (KBr): A 1340 y 1513 (vyo2),
1590 (Vn.c=0), 1636 (Vc-0), 2209 (Vegp.csp)s cm™; 'TH NMR

(400 MHz, CDCls): 8 8.24 (app d, 2H), 7.63 (app d, 2H), 7.58-
7.50 (m, 3H), 7.47 (app d, 2H), 6.90 (app d, 2H), 3.90-3.25 (bs,
m, 8H), 3.84 (s, 3H); '*C NMR (100 MHz, CDCl,): § 167.8,
160.3, 147.4, 139.1, 133.4, 132.6, 132.4, 131.9, 129.5, 129.4,
125.6, 124.0, 118.2, 114.5, 114.3, 93.5, 92.4,91.7, 87.0, 67.1,
67.0, 55.5,47.5, 42.3; HRMS (EI) m/z calcd. for C,5H,,N,0s:
466.1529, found: 466.1512.
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