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3-Aryloxyproionic acids undergo intramolecular cyclization in the presence of AA.Mont.K-10 in toluene
under reflux for 30–45 min in good to excellent yields. Phenyl ring bearing various substituents at the
ortho, meta, para positions undergo this cyclization reaction. This method involves simple work up
and amenable for large scale preparations. The heterogeneous acid treated catalyst can be regenerated
and used for up to three cycles with minimum loss of activity.
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Introduction

The 2,3-dihydro-1-benzopyran-4-ones commonly known as
chroman-4-ones or 4-chromanones are privileged motifs in medic-
inal chemistry for drug discovery.[1] They are also present in large
number of natural products as such or in modified forms.[2] Thus,
it is of no surprise that they continue to attract the attention of
synthetic organic chemists. Chroman-4-ones are versatile building
blocks as they provide rapid access to chromans, chromenes and
chromanols.[2] The derivatives of 4-chromanones are very well
known to exhibit pharmacological properties like
anti-inflammatory, anti-bacterial, anti-oxidant, anti-tumor,
anti-HIV and Alzheimer’s.[3] Chroman-4-one derivatives such as
eriodictyol, a cathecholic flavanone is used as taste-modifying
agents,[4] 12-oxocalanolide A is an effective anti-HIV agent.[3]
Trans-dihydroquercetin and hesperetin are drugs under clinical tri-
als for treating diabetes and as cholesterol lowering agent.[5]

A variety of methods are known for the synthesis of 4-chro-
manones, albeit most of them require harsh reaction conditions
and the criteria for atom economy are seldom met.[6] The most
typical approach towards synthesis of 4-chromanones is via
intramolecular cyclisation of 3-aryloxypropionic acids in the pres-
ence of reagents such as P2O5,[7] HO(HPO3)nH,[8] CH3SO3H,[9]
TFAA,[10] CF3SO3H,[11] HF,[12] Yb(OTf)3,[13] AlCl3,[14] etc. Most
of these methods suffer from one disadvantage or the other such
lecular
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as stoichiometric amount or more of the reagents, inert conditions,
poor atom economy and problems of waste disposal as well
mounting the cost. The use of CH3SO3H and TFA reagents involve
tedious workup and are not suitable for large scale reactions either
because of cumbersome work up or due to its corrosive nature.
Also, some of the reagents used for the cyclisation cannot be easily
reused or recovered. This intramolecular acylation reaction is
found to be inefficient and quite challenging for substrates in
which the phenyl ring contains electronegative groups resulting
in yields as low as 10%.[15] These considerations motivated us to
explore the use of modified inexpensive heterogeneous catalysts
for the cyclisation of 3- aryloxypropionic acids which would exhi-
bit good substrate scope and which can be recovered and reused.

Montmorillonite K-10 (Mont.K-10) is a well-known green
heterogeneous reusable catalyst for a wide range of organic reac-
tions due to its ease of work-up, in-expensive and milder reaction
conditions.[16] Acid activated montmorillonite clays are also found
to be much more effective than the commercially available clays.
[17] Although Mont.K-10 has been used in various acylation reac-
tions,[18] its utility has not yet been explored towards the synthe-
sis of 4-chromanones. In this report, we describe the use of acid
activated Mont.K-10 for the intramolecular cyclisation of 3-ary-
loxypropionic acids towards the synthesis of 4-chromanones.

3-Aryloxypropionic acids 3a-3o can be synthesised in two steps
from the respective phenols (Scheme 1) according to literature
reports. Oxa-Michael addition of phenols 1a-o to acrylonitrile in
the presence of sodium yielded the 3-aryloxypropane nitrile 2a-
o.[19] Subsequent hydrolysis of the crude 3-aryloxypropane nitrile
with conc.HCl afforded the desired 3-aryloxypropionic acids 3a-o
in moderate to very good yields.[20]

Our initial work on the intramolecular cyclization reaction of 3-
aryloxypropionic acids using TfOH/TFA[11] & PPA[21] led to chro-
manones;[11] but in very low yields; especially with electron
withdrawing substituents 3i, 3f and disubstituents 3h. Hence, we
turned our attention to explore the use of acidic heterogeneous
catalysts like Mont.K-10,[22] Nafion-H,[23] TiO2[24] and
ZrOCl2[25] for this transformation as these catalysts are known
to bring about aromatic acylation reactions. It is to be noted that
although Friedel-Crafts acylation reactions are known using
Mont.K-10, its application towards synthesis of chromanone has
not been reported so far.

To begin with, we screened the above-mentioned heteroge-
neous catalysts for the intramolecular cyclisation of 3-phe-
noxypropionic acid 3a varying the reaction conditions and the
results are summarised in Table 1. Treatment of the 3-phenoxypro-
pionic acid 3a with thermally activated Mont.K-10 in toluene
afforded the corresponding chromanone 4a albeit in very low
yields (Table 1, Entry 2) and with only 50% conversion. Heating
it for longer time and increasing the quantity of the Mont.K-10 cat-
alyst were not fruitful. Cyclisation with Nafion-H films did afford
the product, but here again the reaction was incomplete and
further heating it longer time with additional catalyst also had
Scheme 1. Synthesis of 3-aryloxypropionic acids 3a-o.
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no significant effect (Table 1, Entry 4). Heating the acid 3a with
TiO2 and ZrOCl2 too were not successful as it led to only mixture
of products (Table 1, Entry 5–7). Mont.K-10 and Nafion-H were
completely inert when the cyclisation was done at room tempera-
ture (Table 1, Entry 1,3). Based on these findings, we chose mont-
morillonite K-10 for further investigation focussing our attention
to improve its catalytic efficiency by treating it with sulphuric acid.
For convenience, all AA mentioned further stands for ‘‘Acid
Activated”.

Literature reports reveal that Bronsted acid treated clays exhibit
significant enhancement in the catalytic activity due to their
increased acidity.[26] To increase the acidity of the Mont.K-10,
H2SO4 and HCl were employed. Acidification of the Mont.K-10 clay
was carried out with 0.5 N, 5 N and 36 N (conc.) of H2SO4 as per
known method.[27] Intramolecular cyclisation of 3a with the cat-
alyst prepared from 36 N afforded the corresponding chromanone
4a in just 30 min and in good yields (Table 1, Entry 10), whilst the
AA.Mont.K-10 prepared from 0.5 N and 5 N sulphuric acid solution
behaved similar to the thermally activated Mont.K-10 showing
only a slight increase in the reaction conversion rate. It is found
that this acid treated clay should be washed with water until the
pH of the washing is ~ 2–3 as excessive washing of the clay reduces
its acidity. Drying of AA.Mont.K-10 at three different temperatures
i.e. 100 �C, 250 �C and 500 �C for 6 h when examined, it is found
that the AA.Mont.K-10 dried at 100 �C gave quantitative yields of
the chromanone 4a upon cyclization of the acid 3a; whilst the
AA.Mont.K-10 dried at higher temperature (250 �C & 500 �C) did
not lead to any product formation.

Performing this reaction under neat conditions without the use
of any solvents were also not satisfactory as it required longer time
and the yields was also not reproducible (Table 1, Entry 8 & 11). It
was interesting to observe that conc. HCl treated clay was equally
efficient for this intramolecular cyclisation of the acid 3a (Table 1,
Entry 13). The desired chromanone 4a could also be obtained in
few minutes by refluxing the acid 3a at higher temperatures with
high boiling solvents like nitrobenzene and decalin (Table 1, Entry
14–15), but isolation of the chromanone 4a with these high boiling
solvents posed problems of purification by vacuum distillation or
chromatographic separation, and hence this was not pursued
further.

Subsequently, use of microwaves in the presence of the AA.
Mont.K-10 was explored for the cyclisation of the acid 3a. Cyclisa-
tion of 3a with the thermally activated commercial Mont.K-10
under microwave irradiation at 120 �C led to the formation chro-
manone 4a, but the reaction was incomplete (Table 2, Entry 1).
Once again, the use of excess of the AA.Mont.K-10 and irradiating
for longer time leads to only decomposition. Interestingly the
cyclization reaction was successful and went to completion in
5 min when irradiated at 200 �C using the thermally activated
Mont.K-10 (Table 2, Entry 2). It is also observed that the H2SO4

treated Mont.K-10 and HCl treated Mont.K-10 under microwave
irradiation led to facile cyclization of the acid 3a to 4a (Table 2,
Entry 3–4) in just 30 s at 200 �C. Strangely, microwave irradiation
of 3a using the acid treated Mont.K-10 when carried out at 120 �C
(Table 2, Entry 5–6) did afford the chromanone 4a, but in low
yields due to incomplete reaction. Performing the reaction with
increasing the irradiation time at 120 �C led to only charring of
the reaction mass and hence microwave reactions were not satis-
factory for this AA.Mont.K-10 promoted transformation. These
experiments reveal that the temperature is one of the crucial fac-
tors like that of acidity for this intramolecular cyclization of the
aryloxypropionic acids.

From our optimisation studies, the amount of the AA.Mont.K-10
required for the cyclization of 3a to 4a was found to be 300–500%
by weight. Use of lesser quantity of the AA.clay i.e. 100–200% by
weight considerably slowed the rate of reaction requiring longer



Table 1
Cyclisation of acid 3a to chromanone 4a under different conditions,

O

O

O

COOH

catalyst

3a 4a

S. No catalysta) Rxn conditionsb) Time Yieldc)(%)

1 Mont.K-10 CH2Cl2, rt 48 h no rxn.
2 Mont.K-10 toluene, 110 �C 24 h 20e)

3 Nafion-H CH2Cl2, rt 24 h no rxn.
4 Nafion-H toluene, 110 �C 24 h 30e)

5 TiO2 toluene, 110 �C 24 h -d)

6 ZrOCl2�8H2O toluene, 110 �C 24 h - d)

7 ZrOCl2 anhydr. toluene, 110 �C 24 h - d)

8 Mont. K-10 neat 24 h 20e)

9 H2SO4 act. Mont.K-10 CH2Cl2, rt 24 h no rxn.
10 H2SO4 act. Mont.K-10 toluene, 110 �C 30 min 95
11 H2SO4 act. Mont.K-10 Neat, 110 �C 2 h 87
12 HCl act. Mont.K-10 CH2Cl2, rt 24 h no rxn.
13 HCl act. Mont.K-10 toluene, 110 �C 30 min 90
14 H2SO4 act. Mont.K-10 nitrobenzene,210 �C 5 min -f)

15 H2SO4 act. Mont.K-10 decalin, 190 �C 10 min - f)

a)300% w/w of the catalyst; b)microwave-5 bar, 200 �C; c)yield after hexane wash of the crude; d)mixture of compounds; e)incomplete reaction; f)product not isolated.

Table 2
Microwave assisted intramolecular cyclisation of acid 3a to chromanone 4a.

S. No Catalysta) Temp. (�C) Rxn time Yieldb)(%)

1 Mont.K-10 120 20 min 55c)

2 Mont.K-10 200 5 min 60
3 H2SO4 act. Mont.K-10 200 30 sec 90
4 HCl act. Mont.K-10 200 35 secs 85
5 H2SO4 act.Mont.K-10 120 >30 min 55c)

6 HCl act. Mont.K-10 120 >45 min 45c)
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time of about 3 to 6 h to go to completion. Adding excess of the
acid treated clay by>500% by weight did not noticeably show any
enhancement in yield.

Heating the acid 3a with 300% by weight of the H2SO4 treated
Mont.K-10 (AA.Mont.K-10) in toluene at 110 �C was found to be
the best condition to afford the chromanone 4a in excellent yields.
Various substituted 3-phenoxypropionic acids 3b-3o too under-
went facile cyclization with AA.Mont.K-10 to afford the respective
chromanone 4b-4o in good yields (Table 3). All the chromanones
Table 3 4a-4o could be obtained in pure form by hexane wash of
the crude and did not require any column purification except dur-
ing isomer separation.

Synthesis of chromanones viz. 4b-4h, 4p from acids 3b-3h
(Table 3) possessing electron donating groups was achieved in very
good yields in about 25–30 min by the optimised reaction condi-
tions. The 3-(3,5-dimethylphenoxy)propionic acid 3h underwent
this cyclisation smoothly and afforded the chromanone 4h in very
good yield. But the 6-ethoxychromanone 4g was obtained only in
moderate yield. Extending the reaction time for the formation of
4g led only to a mixture of products and hence, the reaction was
arrested in about 20 min to obtain the clean product and the unre-
acted starting material could be recovered. Cyclisation of 3-(3-
methylphenoxy)-propionic acid 3d was not regioselective and
yielded the isomeric chromanones 4d and 4p in almost equal
amounts.

Extending this cyclisation to 3-aryloxypropionic acids contain-
ing deactivating groups like halogen was also successful. Cyclisa-
tion of 3-(haloaryloxy)propionic acids 3i-3m in the presence of
the AA.Mont.K-10 afforded the chromanones 4i-4m in moderate
3

to good yields. Unlike the bromo- and fluoro substitutents (4k,
4l, 4m), the chloro substituted phenoxypropionic acids 3i and 3j
afforded the corresponding chromanones 4i and 4j in relatively
lower yields due to incomplete reaction. Here too, prolonging the
duration led to complex mixture of products. Surprisingly cyclisa-
tion of the 3-(3-bromophenoxy)propionic acid 3l using this cata-
lyst afforded only the corresponding 7-bromochromanone 4l
with no trace of the corresponding 5-bromochromanone. This
probably could be attributed to the steric hindrance of the bromine
atom. As expected 3-(1-naphthoxy)propionic acid 3n and 3-(2-
naphthoxy)propionic acid 3o too cyclised smoothly to yield the
respective naphthochromanones 4n and 4o, respectively. It is
observed that our AA.Mont.K-10 catalyst does convert the naph-
thoxypropio nitrile 2n and 2o directly to afford the respective
chromanones 4n and 4o, whilst other nitriles 3a-3m were found
to be inert. All these chromanones were characterised thoroughly
and the spectral data were in accordance with the literature.[28]

Inspired by the highly encouraging results, we proceeded to
look at the morphology of the AA.Mont.K-10 catalyst. It was char-
acterised by IR, SEM and BET data and compared with the commer-
cial thermally activated Mont.K-10. The IR spectrum clearly
showed flattening of the hydroxyl band in the AA.Mont.K-10 in
comparison with that of the commercial Mont.K-10 as observed
in literature.[29] This is possible because in the case of AA.Mont.
K-10 the protons can penetrate into the clay layers resulting in
dehydroxylation with the characteristic absorption bands attribu-
ted to vibrations of OH groups. SEM images of AA.mont.K-10 and
thermally activated commercial Mont.K-10 reveals the structure
of the AA.mont.K-10 to be as sponge shaped nano-structure, while



Table 3
Synthesis of 4-Chromanones 4a-p.

O

O3a-o 4a-p

AA. Mont.K-10
O

COOH Toluene, refluxR R

O

O

4a
(30 min., 95%)

4a(30 min.,

95%)

O

O

4b
(25 min., 92%)

4b

(25 min., 92%)

O

O

4c
(30 min., 85%)

4c

(30 min., 85%)

O

O

O

O

+

     4d             4p
(30 min., 45% + 55%)

4d

4p(30 min., 45% + 55%)a

O

O
O

4e
(30 min., 90%)

4e

(30 min., 90%)

O

O

OMe

4f
(30 min., 85%)

4f

(30 min., 85%)

O

O
EtO

4g
(20 min., 55%)b

4g

(20 min., 55%)b

O

O

4h
(30 min., 90%)

4h

(30 min., 90%)

O

O

Cl

4i
(45 min., 65%)b

4i

(45 min., 65%)b

O

O
Cl

4j
(45 min., 62%)b

4j(45 min.,

62%)b

O

O
Br

4k
(40 min., 75%)

4k

(40 min., 75%)

O

O

Br

4l
(30 min., 85%)

4l

(30 min., 85%)

O

O
F

4m
(45 min., 75%)

4m

(45 min., 75%)

O

O

4n
(30 min., 80%)

4n

(30 min., 80%)

O

O

4o
(25 min., 85%)

4o

(25 min., 85%)

a)separated by column chromatography; b)reaction incomplete.

Fig. 2. N2 adsorption desorption isotherm of commercial Mont.K-10. Inset shows
the BJH pore size distribution from the desorption branch.
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the commercial Mont.K-10 is seen as large thick dense flakes[30]
(Fig. 1).

BET adsorption isotherms carried out under N2 atmosphere
reveal that the commercial Mont.K-10 (Fig. 2) has a surface area
of 42 m2g�1 with pore size of 8.2 nm and its pore volume of 0.13
ccg�1. It is known that acid treated clays leads to structural trans-
formation with an increase in the volume and pore diameters and
Fig. 1. SEM image 10 lm (a) comm. Mont.K-10 and (b) AA.Mont.K-10.

Fig. 3. N2 adsorption desorption isotherm of AA.Mont.K-10 clay. Inset shows the
BJH pore size distribution from the desorption branch.

4

hence, the particle size distribution too changes due to the rise in
micro- and mesoporosity.[26] The BET adsorption isotherms of
our AA.mont.K-10 reveal that it has an enhanced surface area of
148 m2g�1, its pore diameter is 3.5 nm and an increase in the pore
volume of the clay is 0.99 ccg�1 (Fig. 3). The increase in surface area
and pore volume of the AA.mont.K-10 as compared to that of the
normal Mont.K-10 proves its nanostructure and hence this could
be attributed to its higher reactivity towards the intramolecular
cyclization reaction of the 3-aryloxypropionic acids to
chromanones.



Fig. 4. SEM image 10 lm of recovered AA.Mont.K-10.
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The intramolecular cyclization of 3-phenoxypropionic acid 3a
to chromanone 4a is known to be facilitated by the use of strong
protic acidic like triflic acid or trifluoroacetic acid. Most of the
chemical reactions brought out by Mont.K-10 clay are based on
its surface acidity [31]. Hence the AA.Mont.K-10 should facilitate
the intramolecular cyclization similar to that of the protic acids
and Lewis acids catalysed reactions due to their increased surface
acidity. This intramolecular cyclization is found to be feasible only
upon heating as only the high temperature conditions allows easy
diffusion of the H+ ions of the AA.Mont.K-10 to the substrates.
Cyclisation proceeds by the protonation of carboxyl group to gen-
erate the acyl cation followed by intramolecular cyclization facili-
tated by the phenolic oxygen at the ortho position.

To rule out the possibility of homogeneous catalysis of the lea-
ched H2SO4,[32] we performed a control reaction by treating the
acid 3a with varying amounts of conc.H2SO4 (10 mL, 50 mL and
100 mL) under similar reaction conditions, but in the absence of
AA.Mont.K-10.[32] By arresting the reaction in 30 min, it was
found that in the case of the reaction with 10 mL of conc.H2SO4

the reaction was only 20% complete, while with 50 mL the reaction
showed just 25% increase in chromanone with rest being the start-
ing acid 3a as observed from their 1H NMR of the crude product.
Increasing the concentration of H2SO4 to 100 mL did not lead to
completion of the reaction and the 1H NMR of its crude showed
only 33% increase in chromanone formation along with other
unidentified impurities and the acid 3a. Allowing the reaction
(10 mL) for longer hours resulted in extensive impurities and with
still some minor amounts of the starting acid 3a. These studies
clearly indicate that the residual acid in the catalyst is not just
enough to promote the cyclisation reaction.

Recycle studies using the AA.Mont.K-10 when performed for
the cyclization of the acid 3a to the chromanone 4a showed that
the AA.Mont.K-10 can be recycled only once for this cyclization
reaction and that too with only moderate yields. Second recy-
cling of the AA.Mont.K-10 does lead to the cyclization reaction,
but the reaction does not go to completion proving that the cat-
alytic efficiency is found to decline over reuse. The IR spectrum
of the recovered AA.Mont.K-10 reveals the presence of excessive
hydroxyl groups unlike the commercial and the AA.Mont.K-10.
Whilst, its SEM image (Fig. 4) does appear as dense flake struc-
ture like that of commercial Mont.K-10, but with changes in its
morphology which could be attributed to leaching during acid
activation. To our utmost satisfaction, we observed that regener-
ation of the AA.Mont.K-10 by treating with sulphuric acid
restored its activity for the cyclization reaction of 3-phenoxypro-
pionic acids up to 3 cycles.

As to our knowledge, this is the first report on the AA.Mont.K-10
mediated cyclization of 3-aryloxypropionic acids 3 to chro-
manones 4. The present study provides a highly convenient and
5

efficient route for the intramolecular cyclization of various 3-ary-
loxypropionic acids to the respective chromanones. The AA.Mont.
K-10 is in-expensive, easy to prepare, easy-to-handle, low toxicity,
eco-friendly, amenable for scale-up preparations and does not
require any Dean-Stark trap. Since the reaction is clean, there is
no need for column chromatographic purification. Further applica-
tion of the AA.Mont.K-10 and cation impregnated AA.Mont.K-10
towards aromatic acylation of other carbocycles and heterocycles
is under progress.
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Appendix A. Supplementary data

1H NMR of all the known phenoxy acids 3a-3o; 1H and 13C NMR
of all the known chromanones 4a-4p are provided in the supple-
mentary material. IR, SEM, BJH data for the AA.Mont.K-10 are pro-
vided. Supplementary data to this article can be found online at
https://doi.org/10.1016/j.tetlet.2021.153372.
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