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4-organoselenium-quinolines were synthesized via model multi-
component Povarov (MCR) reactions between p-anisidine, ethyl
glyoxylate and ethynyl(phenyl)selane, catalyzed by the Lewis acid
Yb(OTf)3, with yields ranging from moderate to good. This method
is advantageous in that there is no requirement for an oxidant and
that the reaction has a wide scope. These 4-organoselenium-
quinolines allowed access to 4-alkynyl-quinolines, which were
synthesized via copper free Sonogashira cross-coupling reactions
catalyzed by a new palladium catalyst that employs an oxazoline
derivative as a ligand. A plausible mechanism was proposed based
on HRMS studies.

The quinoline ring system is present in a wide array of natural
compounds,l and materials®. These natural quinoline-bearing
compounds and materials have been reported to exhibit a
large range of biological properties such as neuroprotective3,
anti-tuberculosis®, anti—trypanosomal,5 anti-cancer® and anti-
toxoplasmosis effects.’

Based on their versatility in multi-disciplinary fields, the
development of new synthetic strategies for the preparation
of quinoline derivatives has attracted great attention in the
field of organic synthesis.

Several methods have been reported for the synthesis of
quinoline rings; the classical methodologies that date from
1880 usually involve harsh reaction conditions and show
various limitations for diversity-oriented synthesis.11 However,
the Povarov reaction is one of the most straightforward multi-
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component strategies for the synthesis of functionalized
quinolines.12 This protocol is an inverse electron-demand aza-
Diels-Alder reaction between aryl imines (formed in situ) and
terminal alkynes. The classical Povarov reaction employed
electron-rich olefins; however, alkynes can also be used as
dienophiles in the Povarov reaction.

There are several Povarov methodologies in the literature
based on Lewis acid catalysis,13 Bronsted acid® and even
catalyst-free14 conditions to obtain 2,4-disubstituted quinoline
derivatives. However, similar approaches of multi-component
Povarov reactions involving chalcogen atoms as substituents in
the quinoline ring nucleus, which is a privileged structure, have
been unexplored.

Selenium-containing compounds have found great utility in
biology and chemistry due to their highly promising
properties.15 Unsaturated organoselenides can be used as
versatile synthetic intermediates as an alternative to
organohalides in  cross-coupling the
pharmacology field, a series of selenium-containing clioquinol
derivatives were evaluated as multi-functional anti-
Alzheimer’s disease (AD) agents. These compounds notably
exhibited inhibition of metal-induced AB aggregation.17

In this paper, we report a synthetic route to access novel 2,4-
dissubstituted selenium-quinoline derivatives multi-
component (MCR) Povarov reactions and their subsequent use
as intermediates in copper-free Sonogashira cross-coupling
reactions.

The unique structural features and potential bioactivity of
quinolines prompted us to investigate this cycloaddition
reaction under various conditions. Initially, screening of
reaction parameters, including catalyst, solvent, temperature
and reaction time, was conducted using a model multi-
component (MCR) Povarov reaction between p-anisidine 1a,
ethyl glyoxylate 2a and ethynyl(phenyl)selane 3a (Table 1).
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Table 1. Optimization of Multi-component (MCR) Povarov Reaction Conditions.

o
NH, /f et ] AN L\oa
/©/ H \‘/ Catalyst (mol%) ) \ A

MeO 1a ~ 220 Solvent MeO

AR Temperature SePh

4a
PhSe—=—H
3a
Entry Catalyst (mol %) Time(h) Solvent Yield (%)°

1 Yb(OTf); (10) 4 ACN 69
2 FeCl; (10) 18 ACN 40
3 Sc(OTf); (10) 20 ACN 60
4 Ag(OTf) (10) 19 ACN 47
5 In(OTf); (10) 19 ACN 53
6 sncl, 20 ACN 45
7 TfOH (10) 3 ACN 35
8 1, (10) 22 ACN 42
9 AuCl; (10) 18 ACN 40
10 Yb(OTf)s (10) 22 ACN 65
11 Yb(OTf); (10) 10 ACN 60°
12 Yb(OTf); (10) 18 ACN 62°
13 Yb(OTf); (20) 2 ACN 75
14 Yb(OTf); (10) 20 DCM 50°
15 Yb(OTf); (10) 17 Toluene 47°

Conditions: p-anisidine (0.5 mmol, 1.0 eq.), ethylglyoxylate (0.5 mmol, 1.0 eq.),
catalyst (10 - 20 mol%), solvent (3.0 mL), ethynyl(phenyl)selane (0.6 mmol, 1.2
eq.), in N2 atmosphere. *TEMPO. "Ambient atmosphere. “Temperature 45 °C.
dTemperature 100 °C. ®Isolated yields.

When substrates 1a, 2a, and 3a, in a ratio of 1:1:1.2, were
reacted in the presence of Yb(OTf); (10 mol%) in acetonitrile
under reflux for 4 h, compound 4a was isolated in 69% yield
(Table 1, entry 1). Several other Lewis and Bronsted acids, such
as FeCls, SnCl,, TfOH, |, and AuCl;, were also screened as
catalyst, however the desired product 4a was achieved in poor
yields of (Table 1, entries 2, 6-9). Triflates have proved to be
efficient Lewis acid catalysts for the synthesis of several
important biologically active heterocyclic molecules due of
their distinct properties such as moisture insensitivity, stability,
reusability and high catalytic activity.18 They have also been
used efficiently for the synthesis of quinoline derivatives,7’13
therefore we decided to screen the effectiveness of Yb(OTf),
Sc(OTf);, Ag(OTf) and In(OTf); (Table 1, entries 1, 3-5).
However, Yb(OTf); was found to be the most effective when
compared to all the catalysts studied.

Recently, Sakhujaet al. reported the importance of Yb(OTf); as
a useful Lewis acid that has attracted attention in organic
synthesis. It is probably one of the most effective of the
lanthanide triflates, owing to its position near the end of the
lanthanide series. With a larger number of protons in its
nucleus, Yb®* is one of the smallest lanthanides and the
hardest acid of the series. Therefore, the high Lewis acidity of
Yb** may be attributed to its small ionic radius. The incomplete
number of electrons in the 4f orbital of Yb>" results in a high
tendency for this orbital to become filled. Reaction conditions
using this catalyst are generally mild and often only room
temperature and/or low-boiling solvents are required. The

2| J. Name., 2012, 00, 1-3
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catalyst is readily recovered from the reaction mixtures and
can be reused with equivalent catalytic capacity.19

In relation to the optimization of the reaction conditions, we
found that prolonging the reaction time did not improve the
yields. The effect of a nitrogen atmosphere was evaluated,
however there were no major changes in yield (Table 1, entry
12).

Therefore, we supposed that the yield of this reaction might
be improved by using an additive, such as TEMPO, to act as an
oxidant to produce quinolines from di- and
tetrahydroquinolines. However, we did not observe any
change in the yield when we used TEMPO as an oxidant (Table
1, entry 11). However, increasing the catalyst loading to 20
mol%, increased the yield of 4a to 75% (Table 1, entry 13). We
next investigated different solvents (acetonitrile,
dichloromethane and toluene) for the Yb(OTf)3 catalyzed
reaction, however acetonitrile proved most suitable (Table 1,
entries 1, 14 and 15).

Among the various conditions tried, the best result was
obtained with Yb(OTf); (10 mol%) as catalyst and acetonitrile
as solvent at 80 9C, providing the cyclization product in 69%
(Table 1, entry 1). Confirmation of the NMR spectroscopic
results was accomplished by the X-ray crystal structure of
compound 4a (See SlI).

We next explored the generality of the multi-component
(MCR) Povarov reaction for the synthesis of selenium-
quinoline derivatives, using a variety of substituted anilines
(Table 2). The results indicated that both electron-poor and
electron-rich aryl substituents were tolerated. For example, p-
Cl, p-Br and o-Cl susbtituted anilines afforded the
corresponding products 4c, 4d and 4f in yields ranging from
30-40%. p-OMe, p-OH and p-Me substituted anilines provided
the corresponding products 4a, 4e and 4g in moderate to good
yields of 40-69%. When p-NO, substituted aniline was used,
the formation of the imine intermediate was not observed.
Substituent position on the anilines also exerted a noticable
effect, namely the yields of reactions with ortho-substituted
anilines were comparitively lower than the yields of reactions
with para-substituted anilines (4f and 4h).

Table 2. Scope of Anilines in the Multi-component (MCR) Povarov reactions.

o]
NH o N
X 2 . R X OEt
RE OBt _Yoomsomary | R |
CH,Cl °C
1a-g 2 2a 0 HCN, 80 SePh
4a-g
H———=—SePh
3a
[ [ [ o
‘/ SN okt D NS okt s /lLOEt ‘/\[/N\j)Loa
Me0™ ~F N NS o ,KL/ = B N
SePh SePh SePh SePh
42 (69%) 4b (25%) 4c (40%) 4d (35%)
3h 20h 18h 18h
0L (J:I o
NS okt ‘\ NS okt /[/\/N\ OEt NS ort
HO N NN F Me N N\F CI,/\ NG
SePh SePh SePh SePhPh-OMe
4e (40%) 4£(30%) 5% o
17h 19k 491‘4 h & 4h1g?-/°)
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Similarly, different aldehydes were applied to make a library of
selenium-substituted quinolines (Table 3). Good to moderate
yields were achieved with a variety of aromatic, alkyl and
heteroaromatic aldehydes.

Table 3. Scope of Aldehydes in the Multi-component (MCR) Povarov reactions.

NH, ° Ny R
Yb(OTf); (10 mol%)
Meo/©/ R)J\H —>( L1 ) MeO 7
1 . 2ak CHLCN, 80°C SePh
£ 5a-k
H——=—=—SePh
3a
o O OH OMe
e OO o CC
MeO 7 Meo 7 MeO 7 MeO 7
SePh SePh SePh SePh
4a (69%) 5b (50%) 5¢ (60%) 5d (65%)
3h 14n 16h 14h

OMe
o
) c

S
A\
N . N\\
) N_ N
Ao Lo >

SePh
5 (54%) SePh
15h 5h (65%)
17h

0 .
: Q
Cr sengiiee
=
MeO MeO 7 MeO ~  NO,

SePh SePh-OMe SePh
5i (45%) 5 (40%) 5k (35%)
19h 17h 19h

MeO

SePh MeO
5e (50%) SePh
17h

5q (58%)
18h

We next examined different substituted aromatic selenium
acetylenes in the multi-component (MCR) Povarov reactions
(Table 4). The desired products were obtained in yields ranging
from 30-69%. Phenyl and benzyl alkynes were used in order to
determine the influence of phenyl and benzyl groups linked to
selenium. We observed that alkynes containing the phenyl
group led to product formation with comparatively higher
yield examples 4a and 6b.

Table 4. Scope of Alkynes in the Multi-component (MCR) Povarov reactions.

Published on 01 August 2017. Downloaded by University of Warwick on 03/08/2017 02:39:43.

o
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NH,
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0
N N okt
Z MeO Z
s,

o
N
MeO 7
e Se ©\
6b (60%) é

4a (69%) ome
3h 6c (48 %)
8h 18h
0 0 0
NS okt Ny okt N okt
MeO 7 MeO 7 MeO 7
Se Se “[ l Se “\l !
6d (45%) 6e (40%) o (45%) Oe
17h 19h 24h

MeO

OH
: : 0
N
N okt Ns okt O >
Z MeO Z MeO 7
Se

Se Se @
OMe

6g (45%) CFs 6h (30%) F 5 (40%)
16h 18h 17h

The reaction was found to tolerate both electron-withdrawing
and electron-donating groups and the yields were the same for
both.

To demonstrate the synthetic utility of 4-organoselenium-
quinolines derivatives,
Sonogashira cross-coupling reactions. We tried the reactios
with ethyl-6-methoxy-4-(phenylselene) quinoline-2-
carboxylate 4a and 2-methylbut-3-yn-2-ol 7a, in the presence
of various palladium catalysts, copper salts, bases,
solvents (Table 5).

compound 4a was subjected to

and

Table 5. Screening of the Sonogashira cross-coupling reaction.

_ ¢ o

7a OH N
X OEt
Catalyst (mol%) _
> MeO
Ligand (mol%) sa
Base, solvent | |

L4: YR=0Bn
L, YR=0OMe
L3 YR=NHEt
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Entry Catalyst (mol%) Base Solvent Y(i;lf
1 Pd(PPhs)Cl, (10)/Cu(OAc), (20) Et;N DMF 652
2 Pd(Phs)a (10)/Cu(OAc), (20) EtsN DMF 502
3 Pd(OAc), (10)/Cu(OAc), (20) EtsN DMF 152
4 Pd(PPhs)Cl, (10)/Cul (20) Et;N DMF 502
5 Pd(PPhs)Cl, (10)/Cu(OAc); (20)  DIPA DMF 572
6 Pd(PPhs)Cl, (5)/Cu(OAc), (10) Et;N DMF 762
7 PdCl,(10)/ligand 1 (20) Et;N DMF 752
8 PdCl,(10)/ligand 2 (20) EtsN DMF 102
9 PdCl,(10)/ligand 3 (20) Et;N DMF 302
10 PdCl,(10)/ligand 1 (20) EtsN DMF 10°
11 PdCl,(10)/ligand 1 (20) EtsN DMF 63%¢
12 PdCl, EtsN DMF 20
13 PdCl,(10)/ligand 1 (20) Cs,C03 DMF 152
14 PdCl,(10)/ligand 1 (20) DIPA DMF 252
15 PdCl,(10)/ligand 1 (20) EtsN ACN 372
16 PdCl,(10)/ligand 1 (20) Et;N MeOH 57¢
17 PdCl,(10)/ligand 1 (20) EtsN THF 27°
18 PdCl,(10)/ligand 1 (20) Et;N DMF 28%°'e

DOI: 10.1039/C7NJ01803G

Journal Name

shown (Table 5, entry 7). The structure of compound 8a was
confirmed unequivocally by X-ray crystallographic analysis (See
SI).

Using the optimized reaction conditions, the scope of this
coupling reaction was evaluated using different alkynes to
obtain a library of alkyne substituted quinoline derivatives, as
shown in Table 6.

Table 6. Sonogashira Cross-coupling Reactions.

Conditions: 4a(0.15 mmol, 1.0 eq.), 7a (0.3 mmol, 2.0 eq.), palladium catalyst (
- 10 mol%), copper catalyst (10 - 20 mol%), ligand (20 mol%), base (0.3 mmol, 2.0
eq.), solvent (1.0 mL), in N,.*Temperature 80 °C. "Temperature 60 °C. ‘Room
temperature. dTemperature 50 °C. *MW. Time 1h. éAmbient atmosphere.

o o
N PdCl, (10 mol%) N
S OEt L, (20 mol%) S OEt
T Z
MeO 7 DMF, Et;N, 80 °C MeO
:SePh I san
4a
R
o ) ) )
NS okt N okt N okt Ny okt
MeO 7 MeO Z MeO 7 MeO Z
I I Il Il
™S OH
OH 8b (45%) OoH
8a (75%) 2o h 8¢ (53%) 8d (57%)
24h 17h 17h
0 0 ° °
O NS okt NS okt O N okt O N okt
MeO 7 MeO 7 MeO Z MeO 7
Il I I I
J J ™
oM 8 (55%) NH 8h (38%)
8e (62%) 18h : 22h

’
22h 892(;:/")

Our preliminary studies focused on the reaction of ethyl-6-
methoxy-4-(phenylselene)quinoline-2-carboxylate 4a with 2-
methylbut-3-yn-2-ol 7a in the presence of 10 mol% of
Pd(PPh;)Cl, and 20 mol% of Cu(OAc),, with Et;N as base and
DMF as solvent at 80 2C. Quinoline 8a was isolated in 65%
yield after 24 h (Table 5, entry 1). Subsequently, different
palladium species such as Pd(PPh;),, Pd(OAc),, PdCl,/L,,
PdCl,/L, and PdCl,/L; were also tested (Table 5, entries 2, 3,7-
9). PdCl,/L, proved to be the more efficient catalyst in these
reactions. Among the catalysts used, those with oxazoline
ligands afford the product in higher yields with no need for the
use of copper as co-catalyst. PdCl, without the oxazoline ligand
gave the product in lower yields.

Other common bases that we used in this reaction, such as
Et;N, Cs,CO; and DIPA, were effective too, although lower
yields were obtained (Table 5, entries 12-14). This indicated
that base played an important role in the reaction. The effect
of the solvent was also investigated. Changing the solvent to
ACN, MeOH and THF failed to improve the yield of the product
8a (Table 5, entries 7, 15-17). Further investigation revealed
that temperature was also a key factor in this reaction. When
the reaction was run at room temperature, the product 8a was
obtained in only 10% yield (Table 5, entry 10). The highest
yield of 75% was obtained under the optimized conditions as

4| J. Name., 2012, 00, 1-3

The Sonogashira cross-coupling reactions employing the
oxazoline derivative as a ligand were promising, tolerating the
use of different aromatic and alkyl alkynes. Alkynes with alkyl
groups (8f) and highly electron-withdrawing groups (8h) gave
lower vyields. Alkynes with electron-donating groups gave the
products 8a-e, and 8g in good yields.

A mechanism was proposed based on experimental data
obtained by using high resolution mass spectrometry (HRMS),
as shown in Scheme 1. Initially, complex A forms in situ from
the oxazoline ligand and palladium chloride, as detected by
mass spectrometry [m/z 535.975]". Then, the palladium-
chlorine bonds break forming complex B [m/z 466.010]".
Oxidative addition’® of the 4-phenylselenium-quinoline 4a
leads to the complex C [m/z 853.064]" (See SI) followed by
coordination with the n-electrons of the alkyne 7a. We believe
that the coordination of the palladium with the alkyne
(complex D) acidifies the terminal hydrogen, facilitating its
removal after the addition of the base. Reductive elimination
of complex E leads to the coupling product 8a and the
regeneration of catalyst B (for additional information and
spectra see the Sl).

This journal is © The Royal Society of Chemistry 20xx
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[M]*: 535.965
|
o
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- “OEt 7~ \
MeO” =
\\ MeO”
Q/ SePh
[M+H]*: 313.131 Bno/\\ * [M+H]*: 387.0374
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M]*: 466 027 addition
o BrQ - BnO
> OEt \ n H
s 1 T :
[ (\o O~¢ Se 0%(\
N7\ -N= P | o}
\ \ Pd N7 ) Vo -N=
e L ----Pd=2
-/ N
) Ho 7 ~o—/ \
Y - c
OMe \ 7\
Kon E OMe 1w 853.064 \—
[
\Y o OEt h P = n
NN 7 ;d CN= [P
L \
~ ”h(\ 3 2\ 7a
7\

Scheme 1. Proposed Mechanism of the Sonogashira Cross-coupling Reactions
with the Oxazoline Ligand.

Conclusions

In summary, we have developed a simple and versatile
ytterbium-catalyzed one-pot multi-component (MCR) Povarov
reaction protocol for the synthesis of structurally diverse 4-
organoselenium-quinolines derivatives. Our reactions
proceeded in the absence of oxidants and tolerated a wide
variety of anilines, alkynes and aldehydes. Furthermore, we
demonstrated the synthetic potential of 4-organoselenium-
quinolines as an alternative over standard electrophilic sources
in copper-free Sonogashira cross-coupling reactions.
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