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A strategy based on tandem alkynylation of o-
hydroxyarylenaminones followed by intramolecular cyclization
has been developed to generate a diverse array of 3-alkynyl
chromones. The functionality embedded in these key
intermediates enables their facile elaboration into more diverse
structures by a variety of functionalizations and ring-forming
processes.

Chromones are a group of naturally occurring compounds that
are ubiquitous in nature, especially in plants.1 Over the years, this
molecular scaffold has emerged as privileged structure for the drug
discovery and development.2 Traditionally, chromones moieties are
synthesized from o-hydroxy-acetophenones by the tandem
cyclization process by the Baker-Venkataraman, Claisen-Schmidt or
Vilsmeier-Haack reactions. Generally these approaches lead to 3-
functionalized chromones but often utilize harsh reaction
conditions. Alternative method to synthesize 3-substituted
chromones involves the electrophile triggerd cyclization reaction of
o-hydroxyarylenaminones (Scheme 1, eq 1). However, traditionally,
these reactions are limited to the electrophiles such as halogens,
acyl and -SMe groups.3

In 2009, Pan et al. elegantly developed a route to 3-aminomethyl
chromones through a three component assembly of o-
hydroxyarylenaminones, aldehydes and urea in the presence of
stoichiometric amount of TMSCI (Scheme 1, eq 2).4 Recently, Yang
and co-workers, developed a method to synthesize 3-
[(trifluoromethyl)thio]-4H-chromen-4-one  using  stoichiometric
amounts of AgSCF; and trichloroisocyanuric acid (TCCA) (eq 3).°
Mechanistically, active trifluoromethanesulfanyl cation, generated
in situ from TCCA and AgSCF3, was responsible for the cyclization to
occur. Very recently, the research group of Suffert and Blond
realized the importance Yang's approach for the synthesis of 3-alkyl
chromones utilizing 5 equiv alkyl iodides and stoichiometric
amounts of AgOTf.6 To the best of our knowledge, there is no
report on the cyclization of o-hydroxyarylenaminones triggered by
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an alkynyl cation equivalent (eq 4). Since the alkyne moieties,
especially terminal ones, are versatile functional handle for many
organic transformations, the development of a truly catalytic and
practical method is highly desirable to synthesize 3-alkynyl
chromones.” Realization of such a method would not only offer
structurally diverse chromones but would also provide valuable
synthons which found diverse application in the synthesis of
heterocyclic scaffolds.® Be noted that such a kind of 3-alkyl
chromones are accessed from 3-iodochromones through
sonogashira reactions.®
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Scheme 1 Synthesis of 3-substiuted chromones: known and present
work

Over the last few years, TIPS-EBX reagent has emerged as a
powerful alkynylating agent.9 The use of this reagent was first
introduced by Waser and co-workers in the metal catalyzed
alkynylation of indoles, pyrroles, thiophenes and anilines.™
Leveraging the ability of TIPS-EBX to deliver alkynyl moieties in an
electrophilic manner, other researchers also applied this reagent for
various organic transformations.™ Recently, we reported an
interesting example of regio-divergent site-selective C-H
alkynylation of isoquinolones with TIPS-EBX catalyzed by gold and
rhodium catalysts.12 Similarly, we reported a route to access
alkynylated quinalizinones via gold(l)-catalyzed aminoalkynylation
of alkynes with TIPS-EBX as a source of alkynyl cation equivalent.13

As a part of our ongoing interest in gold/TIPS-EBX chemistry, we
envisaged that o-hydroxyarylenaminones would undergo metal
catalyzed alkynylation with TIPS-EBX followed by subsequent
intramolecular cyclization to produce 3-alkynyl chromones (Scheme
1, eq 4). Though there are reports on the alkynylation of electron-
rich (hetero)aromatics,10”® the report on alkynylation of acyclic

J. Name., 2013, 00, 1-3 | 1


mailto:n.patil@ncl.res.in
http://onlinelibrary.wiley.com/doi/10.1002/anie.201600840/full
http://dx.doi.org/10.1039/c6cc07119h

Published on 19 September 2016. Downloaded by UNIVERSITY OF NEW ORLEANS on 19/09/2016 21:54:26.

Chem€omm

enamines are scarce. There exists only one report wherein Huang et
al. has reported a-vinylidenation and the a-vinylidenation/y-
alkynylation cascade of aldehydes involving alkynylation of acyclic
enamices as a transient step.14 Therefore, the validity of the
proposal lies in the successful alkynylation reactions of o-
hydroxyarylenaminones with TIPS-EBX reagent. Herein, we report
the realization of the concept. To the best of our knowledge, this is
one of the rarest examples of metal catalyzed synthesis of
alkynylated heterocycles using TIPSEBX-alkyne chemistry.l&‘.’15

Our initial investigation was focused on the reaction of (E)-3-
(dimethylamino)-1-(2-hydroxyphenyl)prop-2-en-1-ones 1a  with
TIPS-EBX (2) (Table 1). At the outset of our study, catalyst screening
was performed with gold catalysts as they are known to be the best
for the alkynylation of electron rich species.10 To our delight, when
1a was treated with TIPS-EBX (2) in presence of 10 mol% AucCl in
toluene at room temperature, the desired product 3a was obtained
in 79% yield (entry 1). However, the reaction was accompanied with
15% of undesired 4H-chromen-4-one (4). When AuCl; was
employed as a catalyst, the desired product 3a was obtained only in
32% vyield and undesired 4 was obtained in 44% vyield. Next,
phosphine ligated gold complexes were examined; however, they
found to be inert; the starting material was recovered in
quantitative amounts in both the cases (entries 3 and 4). Similarly,
silver(l) salts were unable to promote the reactions (entries 5 and
6). After detailed solvent screening, DCE was found to be the
solvent of choice and in this case product 3a was obtained in 87%
yield (entry 7). When slight excess of TIPS-EBX (1.2 equiv) was used,
the yield was improved up to 94% (entry 9). Lowering the catalyst
loading (5 mol%) did not hamper the yield of reaction (entry 9).
However, further lowering of the catalyst loading resulted in the
poor conversion (entry 10).

Table 1 Optimization studies”

o cat M o) P TIPS O
>NV TipsEBX (2) /+

,\‘Ae —_— > ‘ ‘
OH solvent O O

1a 3a 4
entry catM solvent  time(h) yields (%)b
3a 4
1 AuCl toluene 12 79 15
2 AuCl; toluene 12 32 44
3 PPh;AuOTf* toluene 12 - -
4 PPh;AUNTF,” toluene 12 - -
5 AgOTf toluene 12 - -
6 AgNTf, toluene 12 - -
7 AuCl DCE 12 87 -
8 AuCl DCE 12 94° -
9 Aucl DCE 12 93¢/ .
10 AuCl DCE 24 49° -

9 Reaction conditions: 0.20 mmol 1a, 0.20 mmol 2, 10 mol% metal
cat, solvent (2 mL), rt, 12h. b |solated yields. € Generated in situ by
mixing 10 mol% PPhsAuCl and 10 mol% AgOTf. ? Generated in situ
by mixing 10 mol% PPh;AuCl and 10 mol% AgNTf,. ¢ 1.2 Equiv of
TIPS-EBX. 5 mol% AuCl was used. ¢2 mol% AuCl was used.

With the optimized reaction conditions in hand, the scope of the
reaction was examined with various o-hydroxyarylenaminones. As
shown in Table 2, alkynylated chromones were obtained in
moderate to excellent yields, irrespective of substitution patterns

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

on the phenyl ring. For instance, the substituents such,as, 2Me. :2h,s
F, -Cl, -Br, -1, -OH, -OMe were well tolerated B8 bffor8 U FrespORtitg
products 3b-3i in 65-96% yields. Electron-withdrawing substituents,
such as benzoyl and acetyl group, also well tolerated giving the
desired alkynylated products 3j and 3k in 71 and 64% yields,
respectively.

Table 2 Gold catalyzed C-3 alkynylation of chromones®

o o __TPs
NS M catauch2 7
LA e ———— A |
" OH e DCE, rt,12h  *-._-" >0
1 3
R 2 4 TIPS (o] P TIPS
| 3g, R = OH, 76% Z
o 3h, R = OMe, 82% \ gn,R=ge, 85%0/
3i, R = Ph, 65% R o 0, R = OMe, 81%
3b, R = Me, 96% . 3p,R=F,87%

O R g 30, R=COPh, 71%
3 =, o

3d,R=Cl, 91%
3e,R=1,87%
3f,R=Br,92%

3k, R = COMe, 64% 6 0
3, R=CN, 33%>¢ NC TIPS
— b
3m, R = NO,, 49% | 3. 21%
o
TIPS

o)
R FZ
|
o)
R

349, R = Me, 89%
3r,R=Cl, 84%

R o) TIPS
A =Z
. \
o

3s,R=H,47%
3t,R = TMS, 76%
3u, R = CsHqq, 89%

3q, CCDC No: 1498524
TIPS

\
| o | 3z, 25%

@ Reaction conditions: 0.20 mmol 1, 0.24 mmol 2, 5 mol% Aucl,
DCE (2 mL), rt, 12h. ® Reaction was stirred for 6h. € Hydration
product 3I' was obtained alongside in 21% vyield. ? Hydration
product 3z’ was obtained alongside in 25% yield.

3y, 79%

In case of strong electron withdrawing group such as -CN, product
(31) was obtained only in 33% yields along with the alkyne hydration
product in 21% yield.16 In the case of -NO, group,product 3m was
isolated in 49% vyield and no hydration product was observed. The
o-hydroxyarylenaminones possessing substituent at the para-
position of the keto group gave the desired products (3n-3p) in
yields ranging from 81 to 87%. Disubstitution on the aromatic ring
was also tolerated giving access to 3q and 3r in 89 and 84% yields,
respectively. The X-ray crystallography data for 3q has been
obtained which unequivocally confirms the structure.’® Very
interestingly, substrate bearing alkynyl substituents such as -H, -
TMS and -CsH,; were also found to be compatible with the reaction
giving 3-alkynylated chromones 3s, 3t and 3u respectively in good
yields (47-89%). When benzene backbone is replaced with
naphthalene backbone, the desired products 3v and 3w were
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obtained in 64 and 81% yields, respectively. Next, we became
curious to explore substrates bearing electron rich heteroaromatics
such as benzofuran, pyrrole, benzothiophene etc., as these
scaffolds are known to undergo alkynylation.10 Interestingly, only
desired products 3x and 3y were obtained in 68 and 79% yields,
when respective o-hydroxyarylenaminones are subjected to gold
catalysis under the standard reaction conditions. No di-alkynylation
products were observed even when excess amount of TIPS-EBX was
employed. Lastly, benzothiophene based substrate was examined
which gave anticipated product 3z in 37% vyield alongwith alkyne
hydration product in 25% yield.16

The scope of the reaction was also investigated for various EBX
analogues (Scheme 2). The alkynylated products 5a and 5b were
obtained in 76 and 68% vyield, respectively when treated with
TBDMS-EBX (2a) and TBDPS-EBX (2b) under the standard reaction
conditions. However, the reaction failed to provide expected
product when Ph-EBX (2c) was used as an alkynylating agent.

R——I— O R
standard =
1a + o———————
conditions ‘
O

2a, R = TBDMS 5a, R = TBDMS, 76%
2b, R = TBDPS 5b, R = TBDPS, 68%
2c,R=Ph 5¢, R=Ph, -%

Scheme 2 Scope with various ethynylbenziodoxoles

As outlined in Scheme 3, we envisioned two plausible mechanistic
pathways. An intramolecular Michael addition/cyclization of o-
hydroxyarylenaminone 1a would occur to produce intermediate A
whose enol form would further react with TIPS-EBX to form
intermediate C (path a). Alternatively, enaminone 1a would
undergo aIkynyIationlo’12 to produce intermediate B which after
intramolecular cyclization would afford intermediate C (path B).
Finally, the spontaneous loss of N,N-dimethylamine would take
place to generate 3-alkynylchromone 3a.

TIPS EBX
——
NMe,

O TIPS
Path a: cyclisation-alkynylation Z

: -HNMe,
e — 3]

Path b: alkynylation-cyclisation
ynyiat yeisat NMe2
OH O
b
= N
—
TIPS-EBX ‘
B

TIPS
Scheme 3 Plausible paths of alkynylation

To understand the precise reaction mechanism, a few
experiments have been conducted (Scheme 4). The reaction of
chroman-4-one (6) with TIPS-EBX was performed under the
standard reaction conditions (eq 1). However, the desired product 7
was not obtained at all, clearly ruling out path a (Scheme 3). On the
contrary, reaction of phenylenaminone 8 under standard reaction
conditions afforded alkynylation product 9 in 68% isolated yields

This journal is © The Royal Society of Chemistry 20xx
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(eq 2). This experiment clearly supports path b (Scherg 3), It is.als@
possible that 4H-chromen-4-one (4) would beogenerated ficstortich
would undergo alkynylation with TIPS-EBX in the presence of gold
catalyst. However, the failure of reaction of 4 under standard
reaction conditions (eq 3) unequivocally ruled out this possibility.

b =
©)v

AuCI standard

TIPS

standard

conditions

standard = N
condltlons

TIPS 9, 68%
TIPS

1a
DCE o

4,27%

condltlons

Scheme 4 Control experiments

Further transformations of the products would require
deprotection of -TIPS group (Scheme 5). Initially, the attempts to
remove -TIPS group in 3a under conventional reaction conditions
were all failed.16 Later, we found that the smooth deprotection of -
TIPS group occurred providing 3-ethynylchromone 10 in 79% yield
when the combination of TBAF and camphor sulphonic acid (CSA)
was employed (path a). Next, 3-ethynylchromone 10 was subjected
to copper catalyzed azide-alkyne cyclo-addition reaction and
Sonogashira reaction to afford corresponding triazole 11 and
internal alkyne 12 in 89 and 94% vyields, respectively (path b and c).
Further, 3-(benzofuran-2-yl)-chromone 13 was synthesized via
Sonogashira reaction/intramolecular  hydroalkoxylation relay
process (path d). Next, 3-cyanochromone 14 was accessed in 44%
yield using ‘BuONO as nitrogenating agent and 2-picoline-N-oxide as
an oxidant (path e).17

13,67%

14, 44%
@ Reaction conditions: (a) CSA, TBAF, THF, 0 °C - rt, 2h. (b) BnN,,
CuS0,4.5H,0, sodium ascorbate, tBuOH/HZO (1:1), rt, 1h. (c) Phl,
Pd(PPh3),Cl,, Cul, THF:NEt; (5:1), rt, 2h. (d) 2-lodophenol,
Pd(PPhs),Cl,, Cul, THF:NEt; (5:1), 60 °C, 12h. (e) ‘Butyl nitrite, 2-
picoline-N-oxide, THF, N5, 70 °C, 24h.
Scheme 5 Synthetic utility of the product’

In  conclusion, we have developed a facile catalytic
alkynylation/cyclization reactions of o-hydroxyarylenaminones that
led to the formation of 3-alkynyl chromones. The cascade involves
the gold-catalyzed alkynylation of the enaminone moiety with TIPS-
EBX followed by subsequent intramolecular cyclization. The
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usefulness of the method has been demonstrated by de-silylation
and its transformation into various functionalised chromones. The
alkynylation of acyclic enamines reported herein should be of
particular importance because one can access several other
heterocyclic scaffolds using this chemistry.
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