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A series of propargylamides containing an electron-rich benzene ring was prepared through the Ugi reaction of 3,5-dimethoxy-

aniline with various propiolic acids, aldehydes and isocyanides. Subjecting these adducts to a gold-catalyzed intramolecular alkyne

hydroarylation process allowed to efficiently construct the 2-quinolone core bearing a branched substituent on the nitrogen atom.

Introduction

Quinoline and its oxidized derivatives, 2-quinolone and
4-quinolone, are the core structural elements of many natural
products and pharmaceutical agents [1-3]. In particular,
2-quinolone derivatives show a broad range of biological activi-
ties including antiviral [4-7], antimicrobial [8,9], antiparasitic
[10,11], anti-inflammatory [12,13] and anticancer [9,13-19]. In
addition, 2-quinolones were identified as promising entities for
the treatment of neuropathic pain [20-22] and erectile dysfunc-
tion [23]. Therefore, the elaboration of practical methodologies
for the synthesis [24] and functionalization [25-29] of the

2-quinolone scaffold has become a budding research trend. In
the last decade, a great number of efficient approaches has been
developed utilizing transition metal-catalyzed [30-32], Lewis
acid-mediated [33], and radical cyclizations [34] of various
aniline derivatives with most recent strategies focusing on the
implementation of transition metal-catalyzed C—H activation
methods [35,36].

One of the common approaches towards 2-quinolones 2

involves the intramolecular Friedel-Crafts hydroarylation
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[37,38] of N-arylamides of 3-substituted propynoic acids 1
(Scheme 1). It was found that the use of superstoichiometric
amounts of strong Brensted [39-41] or Lewis [40,41] acids give
good results on substrates with non-activated N-aryl groups
such as 1a, while substrate 1b bearing an additional electron-
donating group on the N-aryl fragment gave a poorer outcome
under similar settings (Scheme 1a). Consequently, several cata-
lytic methods were developed to extend the scope of this
Friedel-Crafts process to substrates such as 1c and 1d featuring
highly electron-rich N-aryl moieties (Scheme 1b) [42-44].
Finally, following the success of the above procedures, two
asymmetric versions were designed to provide access to axially
chiral 2-quinolone-based heterobiaryls such as 2e (Scheme 1c)
[45,46].

One substantial drawbacks of the previous methodologies is that
they do lack an exploration of the substituent diversity on the
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nitrogen atom. We decided to address this issue by employing
propargylamides 7 obtained by a four-component Ugi reaction
of propiolic acids 3, aldehydes 4, isocyanides 5 and 3,5-di-
methoxyaniline (6a) (Scheme 2). We anticipated that the result-
ing adducts 7 would readily produce 2-quinolones 8 bearing a
branched substituent on the nitrogen atom through an intra-
molecular gold-catalyzed alkyne hydroarylation reaction
(Scheme 2). It should be noted, that heterocyclic syntheses
through post-Ugi transformations have been under extensive
exploration for the last two decades [47-49], especially in terms
of gold-catalyzed Friedel-Crafts-type cyclizations involving
attack of electron-rich arenes on the triple bonds, leading to the
formation of a great number of fused [50-53] and spirocyclic
structures [54-59]. In addition, Ugi adducts have already been
successfully utilized for the diversity-oriented synthesis of
2-quinolones using either intramolecular Heck reaction [60] or
Knoevenagel condensation [61,62].

A: polyphosphoric acid (125 equiv), 115-120 °C,
0.5 h, 81% (2a) [39]

B: TfOH (37 equiv), 25 °C, 100 h, 97% (2a) [40]
TfOH (34 equiv), 20 °C, 95 h, 40% (2b) [41]

C: FSO3H (25 equiv), -75 °C, 5 h, 98% (2a) [41]

D: AIBr3 (5 equiv), DCM, 20 °C, 10 h, 90% (2a) [41]

E: Pd(OAc), (2 mol %), DCM/TFA 1:3, rt, 0.5 h, 82% (2c) [42]

F: Hf(OTf)4 (10 mol %), methylcyclohexane/[bmim][SbFg] 6:1,
85 °C, 9 h, 72% (2c) [43]

G: Au(XPhos)SbFg:MeCN (5 mol %), DCE, 50 °C, 71% (2d) [44]

H: [Pd(CH3CN)4](BF4)2 (5 mol %), (S)-xyl-Hg-binap (6 mol %),
DCE, rt, 72 h, 94% yield, 92% ee [45]

I: AuCI(SMe;) (20 mol %), AgBF4 (20 mol %),
(R)-DTBM-Segphos (10 mol %), DCE, rt, 40 h,
96% yield, 59% ee [46]

e
I

(R)-DTBM-Segphos
(Ar = 4-MeO-3,5-t-Bu,CgHy)

PAI'Q
PAr,

Scheme 1: Synthesis of 2-quinolones 2 through intramolecular Friedel-Crafts hydroarylation of N-aryl propargylamides 1.
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Scheme 2: Strategy towards 2-quinolones 8 bearing a branched substituent on the nitrogen atom.

Results and Discussion

We began our study with the preparation of the model substrate
7a through the Ugi reaction of tetrolic acid (3a), benzaldehyde
(4a), tert-butyl isocyanide (5a) and 3,5-dimethoxyaniline (6a).
Next, the cycloisomerization of 7a was investigated in order to
identify the optimal conditions. At first, we attempted two reac-
tions using 5 mol % of the standard AuPPh3ClI/AgOTf precat-
alytic combination in conventional chlorinated solvents such as
deuterated chloroform and dichloromethane (Table 1, entries 1
and 2). The latter proved to be a better choice affording the
targeted 2-quinolone 8a in up to 90% yield (Tabel 1, entry 2).
Using AgOTf in the absence of gold slowed down the reaction
leading to decreased yields of 8a even at an elevated tempera-
ture of 60 °C (Table 1, entries 3—5). Conducting the AuPPh3;Cl/
AgOTf-catalyzed reaction in trifluoroethanol (TFE) led to im-

proved results producing 8a in up to 97% yield (Table 1, entry
6). Thus, this greener alternative [63] to chlorinated solvents
was selected as the solvent of choice for the further exploration.
Changing the silver counterpart to AgPF¢ did not affect the
reaction outcome yielding 8a in 96% (Table 1, entry 7). Using
AgOTf or AuPPh;Cl as sole catalyst did not provide satisfac-
tory results (Table 1, entries 8-10). In particular, the AgOTf-
catalyzed reaction conducted at 60 °C produced substantial
amounts of trifluoroethanol adduct 9a (Table 1, entry §8), while
the AuPPh3Cl-catalyzed reaction suffered from a slow conver-
sion rate of starting 7a (Table 1, entries 9 and 10).

Next, we attempted to delineate the scope of our methodology
(Figure 1). Exploring different 3-substituted propiolic acids 3 in

combination with 4a, S5a and 6a gave moderate results for the

Table 1: Screening of the conditions for the intramolecular hydroarylation of the Ugi adduct 7a.2

OMe OMe
| | /@\ catalyst ﬁt@\
I "
MeOH,rt O~ 'N OMe solvent, temp. O~ "N OMe

O
/OH 07 >Ph
3a 4a
* S)
NH @ 0
.. G 65% on )\fo
5a 7< HN
MeO OMe 7<
7a
Entry Catalyst (x mol %) Solvent Temp., °C Time, h
1 AuPPh3CI/AgOTf (5)  CDCl3 rt 12
2 AuPPh3CI/AgOTf (5) DCM rt 12
3 AgOTf (5) CDCl3 rt 12
4 AgOTf (5) CDCl3 60 °C 4
5 AgOTf (5 + 5)° CDCl3 60 °C 6
6 AuPPh3CI/AgOTf (5)  CF3CH,OH  rt 12
7 AuPPh3CI/AgPFg (5)  CF3CHOH  rt 12
8 AgOTf (5 + 5)° CF3CH,OH 60 °C 6
9 AuPPh3CI (5) CF3CH,OH 1t 12
10 AuPPh3CI (5) CF3CH,OH 60 °C 12

OCH2CF3 OMe

NiOMe

(0]

HN
9a \’<

Yield of 8a, %P

time 0

HN
8a \’<

Conversion of 7a, %P

3 oy_/>M

Yield of 9a, %P

94 84 -
100 90 -
40 30 -
70 58 -
90 74 -
100 97 (96)¢ trace
100 96 -
100 86 11
13 12 -
79 76 -

aReaction conditions: 7a (0.2 mmol), solvent (2 mL), under air. PDetermined by "H NMR using 3,4,5-trimethoxybenzaldehyde as an internal standard.
CThe first portion of catalyst was added at the beginning of reaction, while the second portion was added after 3 h. 9Isolated yield for a 0.5 mmol scale

reaction is given in parenthesis.
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Figure 1: Scope of the protocol.
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Ugi reaction and good to excellent efficiency for the gold-cata-
lyzed cyclization (Figure 1, products 8a—c). As for the alde-
hyde component 4, both (hetero)aromatic and aliphatic ones
were found to be tolerable (Figure 1, products 8d—k), although
for the electron-deficient aromatic aldehydes only low yields
were achieved during the Ugi step. Yet, the subsequent
gold-catalyzed cyclization worked well delivering the
2-quinolones 8f-h in up to 93% yield. Besides, several aliphat-
ic and aromatic isocyanates 5 have been successfully employed
for the preparation of 2-quinolones 8l-n. Finally, we decided to
investigate the reactions of Ugi adducts 7o-r derived from
various electron-rich anilines 6. The gold-catalyzed cyclization
of 3,4,5-trimethoxyaniline-derived substrate 70 proceeded at the
elevated temperature of 50 °C producing 2-quinolone 8o in 89%
yield. The cyclizations of 7p-r required further optimization of
the reaction conditions (Tables 2—4) and were complicated
due the formation of regioisomeric products. After all,
2-quinolones 8p and 8q were isolated in good yields from
gold-catalyzed reactions in hexafluoroisopropanol (HFIP),
while 2-quinolone 8r was obtained as a mixture with isomer
8r’.

As noted above, the intramolecular alkyne hydroarylations with
certain Ugi adducts required further adjustment of the reaction
conditions. For example, the reaction of substrate 7p being con-
ducted in TFE at room temperature delivered a complex mix-
ture of regioisomeric 2-quinolones 8p/8p’ and TFE-adduct 9b
(Table 2, entry 1). However, the application of branched fluori-
nated alcohols as solvent solved the problem of the competing
alkoxylation reaction. Thus, no alcohol adducts were formed
when the gold-catalyzed cyclization of 7p was conducted in
hexafluoro-2-methylpropan-2-ol or HFIP (Table 2, entries 2—4).

Beilstein J. Org. Chem. 2018, 14, 2572-2579.

Using the latter solvent a full conversion of 7p was achieved at
50 °C within 20 h, allowing to isolate both possible products 8p
and 8p’ in 58% and 15% yields, respectively (Table 2, entry 4).
It should also be stressed, that reacting 7p in chloroform at rt
failed to produce any traces of cyclized products (Table 2, entry
5).

A 4-bromo-3-methoxyaniline-derived Ugi adduct 7q proved to
be the most difficult substrate. The initial attempts to perform
an intramolecular alkyne hydroarylation of 7q in TFE were
characterized by a rather slow reaction rate which concomitant-
ly promoted the competing alkoxylation reaction (Table 3,
entries 1 and 2). Consequently, we were able to isolate and
characterize the corresponding TFE-adduct 9¢ (Table 3, entry
2). Switching to HFIP as the solvent prevented the alkoxylation
but led to an even slower reaction rate (Table 3, entries 3-5). In-
creasing the catalyst loading to 10 and finally up to 20 mol %
allowed to achieve a full conversion of 7q within 30 h produc-
ing 2-quinolone 8q in 75% isolated yield (Table 3, entries 5 and
6).

Analogously to 7p and 7q, the cyclization of 3-methoxyaniline-
derived substrate 7r being conducted in TFE did not lead to a
full conversion within 12 h at rt (Table 4, entry 1). Switching to
branched fluorinated solvents led to a faster conversion of 7r si-
multaneously suppressing the competing alkoxylation (Table 4,
entries 2—4). Nonetheless, the transformation of 7r was further
complicated by the fact that the resulting cyclized products 8r
and 8r’ were essentially inseparable. The best 8r/8r” ratio could
be obtained using hexafluoro-2-methylpropan-2-ol while the
best overall yield was obtained using HFIP (Table 4, entry 2

versus entry 4).

Table 2: Screening the conditions for the gold-catalyzed intramolecular hydroarylation of the Ugi adduct 7p.2

5 mol % OCH,CF; 5
I ﬁoj AuPPh3CI/AgOTf = Oj SN /@ j
+ +
0 N = O conditions e) N (0) o) O N (0]
(0]

HN HN
7p 7< 8p 7<

Entry Conditions Conversion of 7p, %°  Yield of 8p, %P Yield of 8p’, %P Yield of 9b, %P
1 CF3CH,0H, rt 79 30 7 14

2 CH3(CF3),COH, rt 34 27 6 -

3 CH3(CF3),COH,50°C 87 66 (48)° 14 -

4d (CF3),CHOH, 50 °C 100 71 (58)° 20 (15)° -

5 CHCl3, 1t 10 - - -

aReaction conditions: 7p (0.2 mmol), solvent (2 mL), 12 h, under air. ®PDetermined by '"H NMR using 3,4,5-trimethoxybenzaldehyde as an internal
standard. CIsolated yields for 0.3 mmol scale reactions are given in parentheses. 9The reaction was conducted for 20 h.
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Table 3: Screening the conditions for the gold-catalyzed intramolecular hydroarylation of the Ugi adduct 7q.2

5 mol %
I @:Br AuPPh,CI/AgOTf - Br
o N OMe conditions (@) N OMe
Ph)YO Ph)\’//o
HN HN
IS NN

Entry Conditions Conversion of 7q, %°  Yield of 8q, %
1 CF3CH,0H, rt 28 4

2 CF3CH,0H, 50 °C 58 8

3 (CF3),CHOH, rt 12 7

4 (CF3),CHOH, 50°C 24 14

5d (CF3),CHOH, 50 °C 51 40

6° (CF3)o,CHOH, 50 °C 100 76 (75)°

@Reaction conditions: 7q (0.2 mmol), AuPPh3CI/AgOTf (5 mol %), solvent (2 mL), 12

OMe
Br Br
Josaliale
+ +
07N 07 N" > oMe
Ph)\fo Ph ©
HN HN
8q' 7< 9c 7<

b Yield of 8q’, %P Yield of 9¢, %P
1 11
2 22 (18)¢
1 -
4 -
6 -
18 -

h, under air. PDetermined by "H NMR using 3,4,5-trimethoxyben-

zaldehyde as an internal standard. CIsolated yields for 0.4 mmol scale reactions are given in parentheses. 9The reaction was conducted for 24 h using
10 mol % of AuPPh3CI/AgOTf catalyst. ®The reaction was conducted for 30 h using 20 mol % of AuPPh3CI/AgOTf catalyst.

Table 4: Screening the conditions for the gold-catalyzed intramolecular hydroarylation of the Ugi adduct 7r.2

5 mol %
’ ‘ @\ AuPPh3CI/AgOTf =
o N OMe conditions [e) N OMe
Ph)YO Ph)\’//o
HN HN
7r \’< 8r 7<

Entry Conditions Conversion of 7r, %P
1 CF3CHo0H, 1t, 12 h 70

2 CH3(CF3)2,COH, rt, 12 h 100

3 CH3(CF3)2,COH, 50 °C, 4 h 100

4 (CF3)2CHOH, rt, 12 h 100

aReaction conditions: 7r (0.15 mmol), solvent (1.5 mL), under air. PDetermined by 'H

OMe
=
+
0~ °N
Ph)Yo Ph)\fo
HN HN
8r' \’< 9d \’<

Combined yield of 8r and  Yield of 9d, %P
8r’ (8r:8r’), %P

48 (3.9:1) 10
85 (3.9:1) -
84 (3.4:1) -
94 (3.5:1); 80° (6.5:1) -

NMR using 3,4,5-trimethoxybenzaldehyde as an internal stan-

dard. °Combined yield for a 0.4 mmol scale reaction obtained after column chromatography.

Conclusion Su

We have elaborated a fast and diversity-oriented approach

pporting Information

towards 2-quinolones bearing a branched substituent on the Supporting Information File 1

nitrogen atom. The strategy relies on the application of a four- Full experimental procedures and spectroscopic
component Ugi reaction followed by a gold-catalyzed intra- characterizations, as well as the copies of I and
molecular alkyne hydroarylation. The developed process has a 13C NMR spectra of Ugi products 7 and final
broad scope and simple reaction settings. Another important 2-quinolones 8.

highlight of the developed process is that it strongly benefits [https://www.beilstein-journals.org/bjoc/content/
from the employment of fluorinated alcohols as environmental- supplementary/1860-5397-14-234-S1.pdf]

ly benign solvents.
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