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Abstract 

Delhi is the ifth most populated meiropolis in the world with around 

103 million inhabilants as per the report of year 2022. The 

environmental problems m Delhi are really a threat to the well-being 

of both rural and urban inhabitants as well as to the flora and fauna. t 

is one of the most heavily polluted cities in India with a reported high 

concentration of particulate matter. This year the average air quality 

index (4Q1) was reported to be 212, which is the highest value 

compared to the last three consecutive years. Central Pollution 

Control Board reported a twenty-one days of poor air quality in May 

2022, which is definitely alarming. This study aims to provide a 

Statistical data of the cause and consequences of Delhi air polulion 

for the past few years. 

OUS Anthropogenic sources, meteorological factors, PM10, 

Smog. 
Introduetion 
Pure air and drinking water are the basic rights of a citizen in anywhere 

Oxygen, nitrogen, carbon dioxide, argon, and very 
small quantities of 

or everywhere in t the world. Pure air is a mix of different gases such as 

ases in a fixed proportion. Any change in this constitution 
cads 

Pure 
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s 
to air pollution that aflects the environinent and consequently hm 

I11. Now air pollution has become major concern worldwide. Five 

most polluted countries are Bangladesh, Chad, Pakistan, Tajikistan and 

India as per the latest report of World IHealth Organization [21. ajor 

sources of air pollution include natural as well as anthropogenic 

sources. Natural sources of air pollutlion include volcanic activity, dust, 

sea-salt. forest fires, lightening, soil outgassing etc. Anthropogenic 

sources include stationary point sources like emission from industries, 

mobile sources like vehicular emission, marine vessels, and airplanes. 

waste disposal landfills, open burning and so on. 

On the basis of origin, air pollutants are classified into primary and 

secondary air pollutants. Primary air pollutants are those emitted 

directly from a source. Pollutants like sulphur dioxide, carbon 

monoxide, lead, ammonia etc. come under this category. Secondary 

pollutants are formed by the result of reactions between primary air 

pollutants and other atmospheric constituents. Ozone, peroxyacetyl 

nitrate (PAN), smog are some the secondary air pollutants formed in 

the presence of solar energy. On the basis of chemical composition, air 

pollutants are again classified into organic and inorganic air pollutants. 
Hydrocarbons, ketones, aldehydes, alcohols and amines are some of 
the examples of organic air pollutants. Some of the sulphur, carbon and 

nitrogen containing compounds are categorized as potent inorganic 
pollutants [3]. On the basis of state of the material, air pollutants are 

classified into gaseous air pollutants and particulate air pollutants. 
Particulate air pollutants or particulate matter (PM) are microscop 
solid or liquid matter suspended in the earth's atmosphere. This is a 
important class of air pollutant with severe impact on atmospnerc 

152 
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s sub divided into total suspended particulate matter Particular 

PM) obtaineo 

:e include PM10 with particles size less than 10 um in 

ined by high-volume bulk sampling using a filter 
(7s 

substrate. This 
in 

25 with particle sIze less than 2.5 um in diameter. neter. PM 2.5 

responsible for serious health hazards and environmental hazards: are 

PMI.0 with particles less than I um in diameter [41. The air pollutants 

orized as criteria pollutants by the US Environmental Protection 

ancv (EPA). This includes, photochemical oxidants, particulate air 

ollutants, ozone, sulphur oxides, carbon monoxide and lead causing 

acid rain, smog, property damage and so on [5]. Major health effects 

pollutants like sulphur dioxide, nitrogen dioxide, PM10 and PM2.5 are 

shown in Figure 1. 

Sulphur Dioxide Nitrogen Dioxide 

Burning eyes Lung diseases 

Reduced pulmonary function Breathing dificulty 

Decrease tracheal mucous 
Cardiovascular diseases 

clearance 
Pulmonary infilammation 

Pneumonia Aging 

Burning of nose and throat 

PM10 PM2.5 

Stroke 
Pulmonary diseases 

Respiratory symptoms 
Cardiovascular diseases 

Chronic bronchitis 
Diabetes mellitus 

Lung cancer Birth disorders 

Cardiovascular issues 

High blood pressure 

he real-time air quality index in Delhi on 7th July 2022 was 
156 and 

Igure 1. Health effects of major air pollutants in Delni 

Delhi the eapital of ir pollution 

reported to be a a highly unhealthy situation. 
The 

twenty-four-hour 



Volume XIl Issue 1 December 2021 
a Slambers and laters - An Interdisciplinary Research Journal 

ISSN 2320-8317 

The energy average air quality index was 322 on 6" July 2022 at 4 pm. The. 

ge 
policy institute at the university of (Chicago warned that an avera 

Indian resident may set to lose five years of life expectancy, if tho 

WHO norms about air pollution are not followed [6]. At this critical 

scenario, the Commission for Air Quality Management (CAQM) has 

decided to ban the use of coal in all applications in the entire Delhi. 

NCR region from January 1, 2023. 

Local climatic and seasonal factors highly affect the air quality of 

Delhi apart from the vehicular and industrial emissions [7]. The land-

locked territory, surrounded by desert, hot planes and cool hill regions 

restricts the dilution of emissions. Delhi is in the subtropical belt with 

all extreme weather conditions. Winter is the most critical season for 

Delhi which dominated by dry and cold air and low wind conditions. A 

layer of warm air covers the bottom layer containing pollutants that 

leads to severe air pollution. Smog formation during the winter season 

is another problem in Delhi. Climatic as well as vehicular pollution are 

the major reason for smog formation. Tons of crop residues are burned 

during the harvest season in Indo Gangetic plains. This smoke with fog 

and other pollutant materials turned into smog. Increased amount of 

PM10 is the reason for the deterioration of air quality during summer. 

But the pollution is found to be minimum during rainy season 1o|-

nere are lot of air quality monitoring stations in and around Delhi for 

continuous updates and analysis (Figure 2). 
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Figure 2. Air quality monitoring stations in Delhi (91 

Deepaval a major festival in north India, celebrates during the mid of 

auumn and winter, may be another reason for the degradation of air 

quality. 

Delhi air pollution for the last few years 

The air quality in Delhi during the Deepavali celebration for the year 

2010 was monitored and studied by the Central Pollution Control 

Board (CPCB), Delhi. It was carried out seven locations considering 

all the factors. Average temperature was 21.2°C, humidity profile of 

.5% and a wind speed of 0.9 m/sec. There was variation in the 

Concentration of sulphur dioxide and nitrogen dioxide in the locations. 

Dut the concentration of the respirable suspended particulate matter 

lncreased in all the monitored regions in comparison to the 

previous years. 
th 

Onitoring was done in seven 
locations on 26 Octobet 

rofile 
Similar 

found to be less compared to 2010. Sulphur 
dioxide and nitrogen 

average temperature of 26.4°C with a humidity profi 
2011 under an 
of 39% and a wind d Wind speed of 1.I m/sec. The air pollutant 

level was 

155 
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dioxide concentration show the similar trend but RSPM concentration 

decreased in all the locations. This was due to the favorahle 

meteorological conditions like increase in mixing height, increase in 

temperature, increase in wind speed in combination with decreased 

relative humidity. 

In contrast to the previous years, air monitoring taken on 13th 

November 2012 exhibited a decrease in air quality in all the locations. 

Sampling was done at a temperature of 20.2°C, relative humidity 68% 

and a wind speed of 0.43 m/sec. These adverse meteorological 

conditions ultimately lead to the increase of sulphur dioxide, nitrogen 

dioxide and RSPM values in all the locations. 

Similar in-depth ambient air quality monitoring was carried out on 3" 

November 2013 by CPCB and analysed the impact of bursting of 

crackers on environment. Sampling was done under a temperature of 

21°C, humidity of 69% and a wind speed of 0.19 m/sec. sulphur 

dioxide and nitrogen dioxide concentrations exhibited variation in the 

locations but RSPM values increased in all the locations compared to 

the previous years. The increased PM10 value was attributed to the 

adverse meteorological conditions like low wind speed and lower night 
time temperature. 

In relation to the increasing trend in air pollution, a close ana 

comprehensive monitoring was carried out from 15th October 2014 to 

23 October 2014. Sampling was done at a temperature range or l 9°C 

to 32"C, relative humidity 41 to 90 m/s and a wind speed of 0.2 to U.o 

m/s. Levels of sulphur oxide, nitrogen oxide and RSPM were very is h 
on the festival day compared to other normal days. 

156 
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Simn 

Similar sampling nling and analysis were carried out on 11" ovember 
2015. the Deepavali day exhibited a decreasing trend in the 

centrations 

of sulphur dioxide and nitrogen dioxide in some of the 
he PMI0 and PM2.5 levels increased in comparison 

locatio But the 

uIS VCars. It was attributed to the adverse meteorological with the prev 

Table 1. Year wise minimum and maximum pollutant level in Delhi 

All values are provided n microgram per cubic meter) 

situations like low wind speed and lower night time temperature. 

Year SO NO2 PM10 

2010 8-51 34-72 704-1350 

2011 4-13 34-78 416-635 

2012 13-63 44-85 748-951 

2013 11-56 31-52 952-1097 

2014 8-32 53-82 442-756 

2015 18-80 27-80 100-593 

2016 16-110 43-141 100-1297 

2017 11-80 47-80 100-706 

2018 5-80 44-82 100-1168 

2019 5-80 51-80 
100-617 

2020 4-80 79-101 
100-953 

(National air qual 
80, PMI0-100) Sandard in microgram per cubic meter: S0-80, NO 
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On 30th october 2016. concentrations of sulphur dioxide and nitro. ogen 

gher 
dioxide were found to be within the prescribed limit hut hi 

and 
compared to the previous year. Concentration of both PM|0 

PM2.5 exceeded the preseribed limit irrespective of the samplino 

locations. 

The analysis carried out at 19 October 2017 show that the levels of 

both sulphur dioxide and nitrogen dioxide were within the limit and 

some of the regions compared to the year 2016. Values of 

PM10 and PM2.5 exceeded the normal limit but was less compared to 

the Deepavali day of 2016. 

The CPCB analysis of 7" November 2018 shows high concentrations 

of both PM10 and PM2.5 irrespective of all the locations. These 

concentrations were above the prescribed limit as obtained in the 

previous years. But there was not much variation in the level of 

sulphur dioxide and nitrogen dioxide even on the Deepavali day. The 

increased PM10 value was attributed to the adverse climatic conditions 

like low night time temperature and low wind speed. 

Similar air monitoring was carried out on 27" October 2019 in 

different locations with low night time temperature and low wina 

speed. Sulphur dioxide concentration was within the range and 

comparatively less than in the previous year. But the nitrogen dioxiac 

concentration was higher than the prescribed limit in one of the 

locations. PM10 and PM2.5 values exceeded the limit in all tne 

locations but comparatively less than in the previous year. 
The air monitoring carried out at different locations on 9th N 
2020 shows higher levels of all the pollutants in some of the locauo 

158 
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the previous year analysis. There were high 
compared to 

ons of both 10 and sulphur dioxide in one of the location 

condit 
ditions 

were 
highlyy 

during the analysis. 

to the mpact of firecracker bursting. The meteorological 

due highly favorable for the deterioration of air quality 

(b) (c) Ycar 

(a) 

Tear 

Figure 3. Delhi air pollutant concentration (a) SO2 (b) NO, and 

(c) PM10 from 2010-2020 

Conclusion 

Air monitoring data analysis for the last few years in Delhi shows that 

the situation is still alarming. Even though the authorities are well 

aware of the alarming situation, the inhabitants of Delhi suffer the 

shortage of fresh air. The deterioration of air quality is not only of the 

impact of seasonal celebrations but also the impact of vehicular 

emissions, stubble burning by farmers of adjacent states along with 

Delhi region. There was a slight decrease in the concentration of 

and still higher. There was expectation for an improvement 
in air 

CLrological conditions. Sulphur dioxide, nitrogen dioxide and 

rable particulate matter are the major pollutants of concerm m 

pnur dioxide and PM10 comnared to the 2010 situation. Bu tnc 

level of nitrog 
ECn diOxide shows continuous increase from 2010 to 2020 

quality due to 
Id-19 lock down but on contrary it was still lower. 

159 
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me of the pollutants may be 

considered as a relief for the inhabitants. The high concenteat:. 

PMI0 and PM2.5 is a challenge and should be controlled by prono 

d 

But reduction in the amount of some of the pollutants 

of 

measures. 
Source and sector-specific 

measures should be planned 

of 
implement immediately. Other measures like controlling the burnina . 

emission, in vehicular 
stubble and other bio-mass, reduction 

ry 
implementing new pollution standards, controlling dust and industr 

and demolition waste reduction should be strictly followed. 
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SUSTAINABLE IIOUSING 
DEVELOPMENTININDIAAND THE 

NELD EOREVIDENCE BASED POLICY 
MAKING 

THE ROLE OF CMAs AND AN ACTION 
PLAN FOR 2030 

1. INTRODUCTION 

ffordable Housing for All by 2022° (2022 

Goal) is India's national housing goal, and 

schemes like Pradhan Mantri Awas Yojana 

(PMAY) seek to attain this national goal. But 

the actual results attained are only 50 per cent of the target, 

in respect of major PMAY plans, PMAY-Urban [PMAY (U)] 

and PMAY-Gramin [PMAY (G], both. 

Evidence-based policy making (EBP) is especially relevant 

in developing nations. (Sutcliffe & Court, 2005) (26/. Due to 

global pandemic and other macro-economic factors attaining 

India's 2022 Goal is impossible. In order to really attain this 

goal and that too qualitatively and meaningfully use of EBP 

is of crucial significance, as it involves assimilation of data 

and evidence from multiple sources and their effective use 

for prudent policy decisions that can trigger social change. 

CMAs with their unique ability for holistic decision making 

have a key role to play in an EBP process. 

2. AIMS AND METHODOLOGY 

This article seeks to (i) study the significance of attaining 

Affordable Housing (AH) for all in India, impossibility of 

attaining it in 2022, and the need for extending the target 

year; (ii) need for aligning India's 2022 Goal with global 

agreements like 2030 Agenda on the SDGs, the use of EBP 

in attaining India's AH goal; and also the role of CMAS in 

the effective EBP adoption in AH sector. The methodology 

is descriptive-analytical and exploratory. The data used are 

those from authentic secondary sources like the RBI, NHB, 

IMF, ADBI etc. and simple tools of statistics have been used 
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for data analysis. 

2 

3. HOUSING IN INDIA: A GLOBAL OUTLOOK 

2 

In the backdrop of the ongoing global pandemic ofCovid 19, it is meaningful to look into the global housing scenario. It is noted that the pandemic has not affected the housing prices; rather housing prices have been on the rise even during pandemic days. Based on the data for 84 Quarters (21 years) viz. 2000 Q1 to 2020 Q4, there has been an obvious rising trend and that too with a high R² value of 84.8 percent. (IMF Data) [1]. (Figure l. 

Figure I: Global House Prices. 
Source: IMF data (www.imf.org) [1] 

R=0.848 

Trend in Global House Prices 

As of Q4-2020, house prices have been rising across the 
globe and 52 out of the total 58 countries have registered rise 
in house prices. Only the rest 6 countries have registered fall in 
house prices, these being Indonesia, Peru, Serbia, Philippines, India, UAE. The highest rise is in Luxumbourg (17.18 per 
cent) and the highest fall is in UAE (-4.45 per cent). India's 
fall in house price (-3.56 per cent) is second only to that of 
UAE. Among the BRIC nations, India is the only nation with 
fall in prices, as per IMF data. [1]. (Figure II). 

c+10403 

913 

Russla 

House Price Annual Change Q4-2020 

434) 

Brazll 

229 

China 

Figure II: House Prices-BRIC Nations. 
Source: IMF data (www.imf.org) [1] 

Indi 

356 

60 The Management Accountant- pi022 

GOl's policy of promoting housing and attaining the 2022 Goal still continues, and its new Budget for 2022-2023 (Feb.2022) too seeks to promote housing. The fact is that the actual number of houses constructed under the urban scheme viz. PMAY(U), launched on 25th June 2015, as of 12t Dec. 2021 is 53 lakhs, against 1.14 Crore houses sanctioned, ie. 46.49 per cent completed, as per the data of PIB, GOI (2022) [28]. Under the rural (Gramin) scheme viz. PMAY (G) as against 2.95 Crore houses planned only 1.65 Crore houses are completed, i.e. 55.93 per cent is completed. (GOI, 2022) [31. In short, the progress of PMAY asa whole is roughly 50 per cent as of Dec.202 1. It is noted that an extension of the deadline from 2022 is imminent. In respect of PMAY (G) the GOI has extended the target year to 2024 from 2022, on an ad hoc basis. PMAY (U) too will have to be extended 
further from 2022. 

3. INDIAN HOUSING SECTOR: NEED FOR EBP 
Housing sector in India can act as growth engine for the 

whole economy owing to its extensive linkage effects, both 
forward and backward, with nearly 350 other industries, and 
with 21 sectors its linkage is very close, like, cement, transport 
etc. (Figure IIlI) [4]. 

09 
Cement 

Housing 

Figure III: Linkages of Housing. 
Source: GOI (202 1), MHUA. [4] 

Close linkage effects of housing with 21 key sectors enable housing investments to create substantial and growing levels of direct and indirect employment every year. The case of PMAY(U) is as reflected in Figure IV.[4] 

Employment from Housing PMAY (U 

Frame& 

Direct Indirect Total 

2015-16 2016-17 2017-18 2018-19 2019-20 

Figure IV: Employment in Housing Sector. Source: GOI (2021), MHUA. [4] 
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Current developments in the synthesis of
4-chromanone-derived compounds

Elizabeth J. Diana,a,b U. S. Kanchanaa and Thomas V. Mathew *a

The chroman-4-one framework is a significant structural entity that belongs to the class of oxygen-con-

taining heterocycles. It acts as a major building block in a large class of medicinal compounds, and syn-

thetic compounds exhibit a broad variety of remarkable biological and pharmaceutical activities. Several

studies have been performed to improve the methodologies of 4-chromanone-derived compounds. This

review focuses on the major synthetic methods of preparation reported on chroman-4-one derivatives

from 2016 to 2021.

1. Introduction

Phytochemicals are non-nutritive plant chemicals, including
chromones,1 coumarins,2 chalcones,3 carotenoids4 and flavo-
noids,5 showing great biological activities in preventing dis-
eases in humans. 4-Chromanone-derived compounds (2,3-
dihydro-1-benzopyran-4-one) and their research are of
immense significance in the area of pharmaceutical chemistry,
as they play an important role as building blocks in designing
drugs.1,6 They exhibit a broad range of biological and pharma-
ceutical activities such as antibiotic,7 antiparasitic,8

anticancer,9,10 and anti-HIV11 activities and act as SIRT2
inhibitors.12 Chroman-4-ones showed large structural varieties
owing to the presence of different kinds of compounds like fla-
vanones,13 isoflavones,14 spirochromanones,15 benzylidene-4-
chromanones16 etc. Flavanones17 are 2-phenyl chroman-4-one
derivatives including various biologically important, natural
compounds like sakuranetin,18 naringin,19 eriodictyol,20

hesperetin21 and sterubin.22 Phytoestrogen isoflavones23 like
genistein,24 daidzein,25 glycitein,26 biochanin A,27 and formo-
nonetin28 play a significant role in the medicinal field,
regarded as chemoprotective agents, and hence have been
widely used in cancer treatment, menopausal symptoms, and
osteoporosis. There are different moethods established for the
preparation of these structural motifs in previous years,29,30

though some classical approaches have drawbacks like multi-
step procedures, harsh reaction conditions, less substrate
scope etc. So, still many research studies are on-going for intro-
ducing more efficient and atom-economical methods to con-

struct these privileged scaffolds under mild and environmen-
tally benign conditions. This review focuses on the novel syn-
thetic approaches of chroman-4-one derivatives and covers the
literature from 2016 to 2021, since the topic has been reviewed
in 2015 by Emami and Ghanbarimasir.29 For effortlessness
and simplicity, the topic is grouped on the basis of the
methods of synthesis involved.

2. Synthesis of chroman-4-one
derivatives
2.1. Synthesis of chroman-4-one derivatives through cascade
radical cyclization

The methods of organic synthesis have progressed promptly.
In the last few decades, great efforts have been focussed on
organic synthesis including cross-coupling reactions,31–36 func-
tional group interconversions (FGIs)37,38 and cascade radical
cyclization reactions39–41 which offer a valuable synthetic
method in organic synthesis. The prominent advantages of
radical cascade reactions include high efficiency, environmen-
tally benign nature, economical protocols and great reduction
of time duration to complete the work. Recently, in 2020,
Xiong et al.42 reviewed 3-substituted chroman-4-ones by
radical reaction. Currently, chroman-4-one derivatives syn-
thesised through cascade reactions with o-(allyloxy) arylalde-
hydes as the initial material through a radical process have
gained considerable attention.

In 2016, Zhao et al. put forward a direct approach to syn-
thesise phosphonate chroman-4-ones by a cascade radical
cyclization-coupling reaction between dialkyl phosphites and
2-(allyloxy)arylaldehydes using silver hexafluoroantimonate(V)
as the catalyst and potassium persulfate as an oxidant in
DMSO at 35 °C under an argon atmosphere for 5 hours
(Scheme 1).43 Various dialkyl phosphites underwent cascade
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transformations and afforded the desired product with
53–70% yield. Unluckily, diphenylphosphine oxide and diphe-
nyl phosphonate failed to give the product. The yield of the
reaction was about 32–70% and either electron-rich or elec-
tron-deficient 2-(allyloxy)arylaldehydes were successfully
employed in this reaction.

A novel method for the synthesis of chroman-4-one deriva-
tives via AgNO3-catalyzed cascade decarboxylation followed by
oxidative cyclization has been proposed in 2017 by Yang and
co-workers from o-(allyloxy)arylaldehydes with α-oxocarboxylic
acids with ammonium persulfate as an oxidant in acetone/
H2O (1 : 1) as solvent at 90 °C for 12 hours (Scheme 2).44

α-Oxocarboxylic acids or o-(allyloxy)arylaldehydes with weak
electron effect groups, which were electron-withdrawing or
electron-donating substituents, provided the required products
with moderate to fair yields. Also, it was moderately unrespon-
sive to the steric effect. α-Oxocarboxylic acids with strong elec-
tron-withdrawing substituents (CF3, CN, and NO2) almost
failed to undergo the reaction.

Here o-(allyloxy)arylaldehydes act as radical acceptors and
the mechanism is shown in Scheme 3. Primarily Ag(I) is oxi-
dised to Ag(II) by persulfate anions and this leads to the for-
mation of the acyl radical 1. This acyl radical reacts with the
CvC of o-(allyloxy)arylaldehydes to form an intermediate 2.
Successive radical attack led to the alkoxy radical 3, and sub-
sequently a 1,2 shift generated the benzyl radical 4. In the last
step, hydrogen from 4 was taken up by the sulfate radical
anion leading to the formation of the final product 5.

In the same year, Lu and team put forward visible light-
driven photoredox catalyzed synthesis of various cyclic ketones
like chroman-4-ones, indanones, cyclopentenones and 3,4-
dihydronaphthalen-1(2H)-ones from alkenyl aldehydes with
activated bromides like α-bromocarbonyls (Scheme 4).45 The
reaction proceeded through tandem radical addition−-
cyclization reaction and carried out using tris(bipyridine)
ruthenium(II) chloride as a photocatalyst, pyridine as a base
and lithium tetrafluoroborate (LiBF4) as an additive in DMF/
H2O(1 : 4) at 25 °C for 24 hours. The synthesis of chroman-4-
one was exemplified with various other cyclic ketones.

Jung Kim and Hong, in 2017, synthesised spiroepoxy
chroman-4-ones using visible light driven radical cyclization
and epoxidation from o-(allyloxy)arylaldehydes using Ru
(bpy)3Cl2·6H2O as a photocatalyst and tert-butyl hydroperoxide
(TBHP) and K2CO3 as a base in isopropyl acetate (i-PrOAc) at

Scheme 1 AgSbF6 catalyzed cascade radical cyclization-coupling
between dialkyl phosphites and 2-(allyloxy)arylaldehydes.

Scheme 2 Synthesis of chroman-4-one derivatives through AgNO3-
catalyzed cascade decarboxylation followed by radical cyclization.

Scheme 3 Synthesis of chroman-4-one derivatives by the AgNO3-
catalyzed cascade radical decarboxylative cyclization process – pro-
posed mechanism.
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room temperature under N2 for 24 hours with irradiation from
a blue LED (Scheme 5).46 Moderate to good yields of spiroe-
poxy chroman-4-one scaffolds were effortlessly obtained from
o-(allyloxy)arylaldehydes with both electron-rich and electron-
deficient substituents at room temperature. Also, allylamino-
compounds gave spiroepoxy enaminone products with moder-
ate yields. Acyl radicals are generated by the visible light-
induced reaction leading to intramolecular radical cyclization
followed by epoxidation.

Later, in 2018, the synthesis of 3-alkyl-substituted chroman-
4-one scaffolds by silver nitrate catalyzed oxidative decarboxyla-
tive cascade radical cyclization of o-(allyloxy)arylaldehydes with
tertiary carboxylic acids was presented by Hu et al.
(Scheme 6).47 The reaction was performed under mild reaction
conditions using 3 equivalents of K2S2O8 as an oxidant using a
1 : 1 ratio of CH3CN/H2O solvent at 80 °C under a nitrogen
atmosphere. The yield of the reaction was about 43–74% and
o-(allyloxy)arylaldehydes with electron-withdrawing or electron-
donating substituents successfully participated. Various cyclic
and acyclic tertiary alkyl carboxylic acids gave moderate to

good yields of products with o-(allyloxy)arylaldehydes and their
N-tosyl substituted analogues. However, the reaction was
unable to proceed with 1° and 2° carboxylic acids.

During the same year, a similar team developed a new and
suitable silver-catalyzed radical cascade cyclization protocol for
the preparation of a large range of 1,5-/1,3-dicarbonyl
heterocycles and related polyheterocycles, namely, a chroman-
4-one, 2,3-dihydroquinolin-4(1H)-one or indanone moiety
(Scheme 7).48 2-(Allyloxy)benzaldehyde reacted well with 1,3-
dicarbonyl compounds in the presence of silver nitrate and
potassium persulfate in DMSO at 40 °C for 24 hours. Electron-

Scheme 4 Synthesis of cyclic ketones from alkenyl aldehydes with
α-bromocarbonyls via a tandem radical addition−cyclization reaction.

Scheme 5 Synthesis of spiroepoxy chroman-4-one scaffolds via a
visible light enabled tandem radical approach.

Scheme 6 Silver nitrate catalyzed oxidative decarboxylative cascade
radical cyclization for the preparation of chroman-4-one scaffolds.

Scheme 7 Synthesis of 1,5-/1,3-dicarbonyl-containing chroman-4-
ones from (allyloxy)benzaldehyde with 1,3-dicarbonyl compounds.
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withdrawing and electron-donating substituents in o-(allyloxy)
benzaldehyde were well tolerated and gave moderate to good
yield of the product (48–73%). In addition to this, 2-allyl benz-
aldehyde and 2-N(Ts)CH2−CHvCH2 substituted benzaldehyde
on reaction provided 1,5-/1,3-dicarbonyl containing indanones
and 2,3-dihydroquinolin- 4(1H)-ones. Using these synthesised
1,5-/1,3-dicarbonyl containing heterocycles as the starting
material, more structurally complex polyheterocycles could be
employed economically for the reaction with NH4OAc,
NH2OH·HCl and PhNHNH2.

The suggested mechanism is shown in Scheme 8. In the
first step, peroxodisulfate oxidised to silver from the +1 oxi-
dation state to +2, and it generated the silver ion complex 6
with 1,3-dicarbonyl compounds. The silver ion complex 6 gave
the the dicarbonyl radical 7 via intramolecular elctron transfer,
and it led to cascade cyclization reaction with o-(allyloxy)benz-
aldehyde generated followed path I and generated 1,5-/1,3-
dicarbonyl-containing chroman-4-one product 8. Path II fol-
lowed another route in which the aldehydic group in o-(ally-
loxy)benzaldehyde underwent reaction to produce acyl radicals
leading to the formation of 3-methyl-4H-chromen-4-one 9 as
the by-product.

In 2019, Sheng and team proposed another novel synthesis
method for an alkyl substituted chroman-4-one derivative via
silver-catalyzed cascade radical cyclization between 2-(allyloxy)
arylaldehydes and cyclopropanols using Na2S2O8 as an oxidant
in DMSO/H2O(1 : 1) solvent at 70 °C for 12 hours (Scheme 9).49

2-(Allyloxy)arylaldehydes were successfully employed in this
reaction with good functional group tolerance. Also, phenyl-
substituted tertiary cycloalkanols with electron-donating or
electron-withdrawing substituents effectively delivered moder-
ate to good yield of the product. Heterocyclic substituted cyclo-
propanols and alkyl substituted cyclopropanols also under-
went effective reactions. Cyclobutanol and cyclopentanol

systems were not appropriate for the cascade radical cycliza-
tion reaction, revealing the inevitability of three-membered
rings for the reaction.

In 2019, a similar protocol was developed by Liu and co-
workers for chroman-4-one and indanone derivatives from ter-
tiary cyclopropanol with 2-(allyloxy)benzaldehyde by a silver
catalyzed radical ring-opening/coupling/cyclization cascade
(Scheme 10).50 It was conducted under mild reaction con-
ditions using silver nitrate as a catalyst and potassium persul-
fate as an oxidant in DMSO/H2O (1 : 1) solvent at 55 °C under a
N2 atmosphere for 24 hours. Aryl substituted cyclopropanols
having electron-donating and electron-withdrawing substitu-
ents smoothly underwent the reaction with 2-(allyloxy)benz-

Scheme 8 Suggested mechanism for silver-catalyzed radical cascade
cyclization.

Scheme 9 Silver-catalyzed cascade radical cyclization for the prepa-
ration of alkyl substituted chroman-4-one derivatives.

Scheme 10 Preparation of 4-chromanones by silver catalyzed radical
ring opening accompanied by coupling followed by a cyclization
cascade.
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aldehyde, providing the desired product in moderate to good
yield. Also, cyclopropanol with a heteroaryl substituent or an
aliphatic substituent successfully gave the product. 2-(Allyloxy)
benzaldehye with electron-donating groups effectively gave the
product compared to that with electron-withdrawing groups.
Using the same strategy, the synthesis of indanone derivatives
was carried out using 2-allylbenzaldehyde with cyclopropanols.
The catalytic mechanism involved the silver-catalyzed radical
ring opening of tertiary cyclopropanol radicals accompanied
by an intermolecular coupling with 2-(allyloxy)benzaldehyde
and the following cyclization process.

During the same period, Zhou and colleagues successfully
introduced an effective technique for the preparation of
difluoroacetylated chroman-4-ones (Scheme 11).51 o-(Allyloxy)
arylaldehydes with difluoro reagents underwent the reaction
through visible-light photocatalytic radical cyclization. The
reaction was performed under mild reaction conditions in
which fac-Ir(ppy)3 was used as a photocatalyst with a base
K2CO3 in CH3CN solvent under an argon atmosphere for
24 hours at room temperature. The reaction was independent
of the nature and position of substituents in the phenyl ring of
both reactant species and gave moderate yields of products
(54%–68%). Various difluoro reagents effectively underwent
the reaction with moderate to good yields of difluoroacetylated
chroman-4-ones.

A reasonable mechanism was suggested (Scheme 12). At
First, the excited state *IrIII was generated through visible light
irradiation from the photocatalyst. Subsequently, *IrIII reacts
with 10 to produce the IrIV species and a radical 11 is formed.
Radical 11 was added to CvC of 12 to produce the intermedi-
ate 13. Afterward, through rapid intramolecular cyclization, 13
converted to the intermediate 14, and consequently a 1,2-H
shift generated the radical 15. Radical 15 produced carbo-
cation 16 via single-electron-transfer with the IrIV species.
Finally, through deprotonation, 17 was generated from 16.

An oxidative radical addition–cyclization reaction of aryl or
aliphatic aldehydes with 2-(allyloxy)arylaldehydes for the syn-
thesis of chroman-4-one derivatives was proposed by Xiao and
team in 2019 under metal-free conditions. They were syn-
thesised using a catalytic amount of tetrabutyl ammonium
bromide (TBAB) and potassium persulfate (K2S2O8) as an
oxidant in dichloroethane (DCE) solvent under an N2 atmo-
sphere at 100 °C (Scheme 13).52 Aryl aldehydes with electron-
withdrawing groups afforded the desired chroman-4-one
derivatives in 62–80% yields, whereas electron-donating substi-
tuents gave slightly lesser yield of the product (58–66%).
However, CN and NO2 groups failed to undergo the reaction.
Hetero-arylaldehydes and aliphatic aldehydes were smoothly
involved in the cascade reaction and resulted in appreciable
yield of the required products. Also, the cascade radical cycli-

Scheme 11 Difluoroacetylated chroman-4-ones synthesised from o-
(allyloxy)aryl-aldehyde via visible light-driven difluoroacetylation.

Scheme 12 Possible reaction mechanism for the visible-light-driven
difluoroacetylation of o-(allyloxy)aryl-aldehydes.

Scheme 13 Chroman-4-one derivatives synthesised through cascade
radical cyclization.

Organic & Biomolecular Chemistry Review

This journal is © The Royal Society of Chemistry 2021 Org. Biomol. Chem., 2021, 19, 7995–8008 | 7999



zation of 2-(allyloxy)arylaldehydes with electron-rich or elec-
tron-deficient substituents with aldehydes provided good
yields of products.

In a subsequent study, in 2019, He et al. explored a strategy
for the preparation of diketones having chroman-4-one frame-
works (Scheme 14).53 This could be achieved by the visible
light promoted cascade radical cyclization of 2-(allyloxy)-benz-
aldehyde with aroyl chlorides using the photoredox catalyst
fac-Ir(ppy)3 with the 2,6-lutidine base in degassed CH3CN for
24 hours under an argon atmosphere at normal room tempera-
ture. 2-(Allyloxy)-benzaldehyde with various substituents, irre-
spective of its nature, was well tolerated and gave appropriate
results with 40–50% yields. At the same time, aroyl chloride
with electron-donating and weak electron-withdrawing groups
gave good yield of the desired product with 2-(allyloxy)-benz-
aldehyde, but groups like CN and NO2, which are strongly elec-
tron withdrawing in nature, failed to give the product.

A possible mechanism suggested by the authors is dis-
cussed in the Scheme 15. Firstly, the catalyst fac-Ir(ppy)3
changed to its photoexcited state by photo-irradiation. The
benzoyl radical 19 is formed from benzoyl chloride 18 and
here IrIII* changed to the IrIV species. Then, the addition of
benzoyl radicals with the carbon–carbon double bond of 2-
(allyloxy)-benzaldehyde 20 resulted in radical 21. Then, radical
21 generated oxygen-centered radical 22 via an intramolecular
radical addition followed by radical 23 being formed by 1,2-
hydrogen migration of 22. This could act as a reductant to
reduce IrIV to IrIII, leading to completion of the photoredox
catalytic cycle and formation of the radical 24. Finally, the
chroman-4-one product was generated by base-promoted
deprotonation of 25.

In 2020, Li and team put forward a practical and efficient
approach for the preparation of sulfonated 4-chromanones by
visible light irradiated cascade radical cyclization of o-(allyloxy)
arylaldehydes with sulfinic acids at room temperature
(Scheme 16).54 The reaction proceeds with Na2-Eosin Y as a
catalyst and K2S2O8 as an oxidant under the irradiation of an 8
W blue LED for 24 hours in acetone : H2O (1 : 1) solvent. Both
electron-withdrawing and electron-donating substituents on
the phenyl rings of sulfinic acids were suitable partners in this
process, providing the required products in good to excellent
yields (70–85%). Also, regardless of the nature of substituents,

Scheme 14 Preparation of diketones possessing chroman-4-one from
2-(allyloxy)-benzaldehyde with aroyl chlorides.

Scheme 15 The proposed mechanism for the preparation of 1,4-dike-
tones containing a 4-chromanone framework.

Scheme 16 Preparation of sulfonated 4-chromanones by visible-light-
induced cascade radical cyclization.
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o-(allyloxy)arylaldehydes were successfully employed in this
reaction.

In the same year, a practical and an environment friendly
procedure for the preparation of phosphine oxide-functiona-
lized 4-chromanones was suggested by Liu and co-workers by a
radical cascade transition-metal-free phosphinoylation/cycliza-
tion procedure (Scheme 17).55 They were synthesised from
diphenylphosphine oxides and o-(allyloxy)arylaldehydes with
K2S2O8 as the oxidant in DMSO/H2O (4 : 1) as solvent at 80 °C.
Irrespective of the nature of substituents, diphenylphosphine
oxides and o-(allyloxy)arylaldehydes gave moderate yields of
the desired products. But o-(allyloxy)benzaldehyde with nitro
substituents failed to give the product. Diethyl or dimethyl-
phosphine oxides also were not suitable for this cascade cycli-
zation protocol. The reaction followed a radical phosphinoyla-
tion–cyclization cascade, which proceeds through C–P and C–
C-bond formation.

In 2020, Huang and co-workers introduced the green prepa-
ration of 3-substituted 4-chromanones and 2,3-dihydroquino-
lin-4(1H)-ones from alkenyl aldehydes with activated bromides
by a visible-light photoredox catalysis protocol (Scheme 18).56

The synthesis was conducted under an N2 atmosphere at room
temperature with the treatment of 5 W blue LEDs using fac-Ir
(ppy)3 as a photocatalyst with a 2,6-lutidine base in DMSO
solvent for 30 hours. The aryl group in 2-(allyloxy)arylalde-
hydes bearing an electron-donating or electron-withdrawing
group gave moderate to excellent yield of the product. Nitrogen
substituted alkenyl aldehydes provided the desired 2,3-dihy-
droquinolin-4(1H)-ones with decent yields (61–80%). Primary,
secondary and tertiary-α-carbonyl alkyl bromides with elec-
tron-rich substituents showed slightly more yield compared
with electron-deficient substituents, even though both per-

formed well and provided the respective 1,2-acylalkylation pro-
ducts (59–86%). Secondary- and tertiary-α-bromoalkyl esters
were also tolerated well in this reaction and gave good yield of
the product.

More studies have been performed in 2020; Mei and team
developed a practical protocol for the preparation of sulfone-
substituted chroman-4-one sulfones via a visible-light-irra-
diated radical cascade cyclization of arylsulfinic acids with o-
(allyloxy)arylaldehydes and o-(homoallyloxy)arylaldehydes
(Scheme 19).57 The reactions were carried out at room temp-
erature for 12 hours in the presence of (NH4)2S2O8 as an
oxidant and DMSO/H2O(1 : 1) as solvent at 410–415 nm.

Scheme 17 Synthesis of phosphine oxide-functionalized 4-chroma-
nones through a radical phosphinoylation–cyclization cascade.

Scheme 18 Preparation of 3-substituted 4-chromanones via visible-
light-promoted cascade radical cyclization.

Scheme 19 Synthesis of sulfone-substituted 4-chromanone sulfones
via visible-light-irradiated radical cascade cyclization.
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Notably, o-(allyloxy)arylaldehydes with both electron-rich and
electron-deficient substituents were found to be suitable part-
ners, providing the corresponding products in good to out-
standing yields (41–90%). Aryl sulfinic acid with a substituent
at the para position of the aromatic ring showed good yield
(72–81%) of the product compared to that with an ortho substi-
tuent (61–65%) and aliphatic sulfinic acid also provided good
yield (74%) of the product. But 2-(but-3-en-1-yloxy)-benz-
aldehyde with a long side chain reacted with sulfinic acid pro-
viding the sulfone-functionalized product.

Yet again in 2020, Das et al. implemented an attractive plan
for the preparation of 3-alkylated 4-chromanone scaffolds by
visible light induced radical annulation of 2-(allyloxy)arylalde-
hydes with redox-active N-(acyloxy)phthalimides (NHPI esters)
using 5 mol% of eosin as the photocatalyst and N,N-diisopropyl-
ethylamine (DIPEA) (3 equivalents) as the base in CH3CN
solvent under blue LED irradiation (440 nm) under an argon
atmosphere for 24 hours at room temperature (Scheme 20).58

Irrespective of the nature of substituents, 2-(allyloxy)arylalde-
hydes provided moderate to good yields of products. Various
cyclic and acyclic tertiary radicals derived from NHPI esters
underwent radical annulation with 2-(allyloxy)arylaldehydes and
their N-tosyl substituted analogues, providing good yield of the
product. But in the radical cascade process, NHPI esters derived
from secondary carboxylic acids showed a reduced reactivity.
Due to less stability, primary NHPI esters did not provide the
corresponding cross-coupled product.

Again in 2020, another effective synthetic method for func-
tionalised chroman-4-ones from 2-(allyloxy)arylaldehydes with
sodium sulfinate via cascade radical cyclization using AgNO3

as a catalyst and potassium persulfate as an oxidant in DMF/

H2O (1 : 1) solvent was developed by Han and associates
(Scheme 21).59 O-(Allyloxy)arylaldehydes afforded good yields
(63–75%) of functionalised chroman-4-ones, irrespective of the
nature of substituents with sodium sulfinate. Electronic and
steric effects were not prominent for this reaction.

2.2. Synthesis of chroman-4-one derivatives via
hydroacylation

Transition-metal-catalyzed hydroacylation of aldehydes to
alkenes or alkynes is a considerable approach for preparing a
variety of ketones including heterocyclic ketones.60,61 Many
studies have been performed for the synthesis of chroman-4-
ones by hydroacylations of activated alkynes with aldehydes
and the subsequent oxo-Michael addition.62,63

In 2015, Du and M. Stanley introduced a one-pot prepa-
ration of 2,3-disubstituted chroman-4-ones via a rhodium cata-
lyzed tandem hydroacylation of 1,2-disubstituted alkynes with
substituted salicylaldehydes, and afterwards an intramolecular
oxo-Michael addition with good diastereoselectivity
(Scheme 22).64 The reaction was carried out using [Rh(COD)
Cl]2 and 1,1′-bis(diphenylphosphine)ferrocene (dppf), with
CsF as a base and MeCN as a solvent at 100 °C. 1,2-
Diarylacetylenes with a bulky or electron neutral aryl group
gave more than 5 : 1 diastereomeric ratios preferring the trans-
isomer. At the same time, 1,2-diarylacetylenes with strong elec-
tron-withdrawing, electron-donating and meta-substituted aryl
groups gave modest trans:cis diastereoselective products
(2.0–3.1 : 1). However, salicylaldehydes with electron-rich or
electron-deficient substituents gave good yields of products
with moderate diastereoselectivities. Good yields of trans-3-
fluoro-2,3-disubstituted chroman-4-ones with outstanding
diastereoselectivity are produced by the direct fluorination of
2,3-disubstituted chroman-4-one products (Scheme 23).

Later in 2016, Jhuang and team introduced the synthesis of
ketones and chroman-4-one derivatives from the DTBP/TBHP-
promoted hydroacylation of unactivated alkenes under metal

Scheme 20 Preparation of 4-chromanones with a 3-alkyl substituent
by visible light induced radical annulation.

Scheme 21 Synthesis of functionalised chroman-4-ones from 2-(ally-
loxy)arylaldehydes with sodium sulfinate via cascade radical cyclization.
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and solvent-free conditions (Scheme 24).65 Ketones are prepared
from alkenes with aromatic aldehydes by di-tert-butyl peroxide
(DTBP)-promoted intermolecular hydroacylation reaction. The
tert-butyl hydroperoxide (TBHP)-promoted intramolecular
hydroacylation reaction of 2-(allyloxy)benzaldehydes gave
chroman-4-one derivatives at 100 °C in 24 hours. Various 2-(ally-
loxy)benzaldehydes with electron-donating or electron-with-
drawing substituents were tolerated well in this reaction and
gave moderate yields of the corresponding 4-chromanones.

2.3 Synthesis of chroman-4-one derivatives via double
Michael addition cascade reaction

In 2018, Chang Wu and Chen reported a new method for the
preparation of sulfonyl benzofuran-3-ones and sulfonyl

chroman-4-ones via a K2CO3/CuI/DMSO-mediated reaction from
α-sulfonyl o-hydroxyacetophenones.66 Sulfonyl benzofuran-3-one
was developed via double benzylation followed by debenzylative
annulation of α-sulfonyl o-hydroxyacetophenones with benzyl
bromides (Scheme 25). Sulfonyl chroman-4-ones were prepared
from α-sulfonyl o-hydroxyacetophenones and ynones by a
double Michael addition cascade reaction and offered wide-
ranging chroman-4-ones in good yields (65%−86%)

Scheme 25 Synthesis of sulfonyl benzofuran-3-one by double benzy-
lation followed by debenzylative annulation.

Scheme 23 Preparation of diastereoselective 3-fluoro-2,3-di-
substituted chroman-4-ones.

Scheme 22 Reaction of 1,2-disubstituted alkynes with salicylaldehydes
via rhodium catalyzed hydroacylation followed by oxo-Michael addition.

Scheme 24 TBHP-promoted intramolecular hydroacylation of 2-(ally-
loxy)benzaldehydes.
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(Scheme 26). Diastereomeric ratios were studied using the NMR
spectra obtained in the range of 3 : 2–8 : 1.

2.4. Synthesis of chroman-4-one derivatives via
acyldifluoroalkylation using an intramolecular oxidative
radical addition strategy

In 2019, Zhou and team introduced an innovative way to syn-
thesise a variety of gem-difluorinated cyclic ketones by visible-
light irradiated acyldifluoroalkylation of unactivated alkenes
with difluoroacetic acids by an intramolecular oxidative radical
addition approach using Ir[dF(CF3)ppy]2(dtbpy)PF6 as a photo-
catalyst and PhI(OAc)2 as an oxidant in DMAc solvent
(Scheme 27).67 The stable, low-cost, and easily available
difluoroacetic acid acts as the difluoroalkylation reagent,
which is very stable, easily available and cheap. Various gem-
difluorinated cyclic ketones like chroman-4-ones, 2,3-dihydro-
quinolin-4(1H)-ones, 3,4-dihydronaphthalen-1(2H)-ones, inda-
nones, and cyclopent-2-enones were synthesised using this
method. Different alkenyl aldehydes and 2-(allyloxy)benzal-
dehydes effectively participated in the reaction and gave the
desired results. α,α-Difluoroarylacetic acids with electron-
donating or electron-withdrawing substituents on the phenyl
ring offered the required products with moderate to good
yields.

2.5 Miscellaneous

In 2020, Xie et al. successfully introduced the synthesis of
3-functionalized chromanones possessing an all-carbon qua-
ternary centre by phosphine catalyzed reaction under mild

conditions (Scheme 28).68 This involved a three-component
domino sequence of salicylaldehydes reacting with but-3-yn-2-
one using tris(4-fluorophenyl)phosphane, (p-FPh)3P, at 30 °C,
with sodium acetate AcONa, and 4 A° molecular sieves as an
additive in dry THF as solvent for 24 hours. Salicylaldehyde
with electron-withdrawing substituents gave a greater yield of
the product with but-3-yn-2-one compared to that with electron
donating groups. Further substituted ynones are not appropri-

Scheme 26 Synthesis of sulfonyl chroman-4-ones by a double Michael
addition cascade reaction.

Scheme 28 Synthesis of 3- functionalized chromanone derivatives via
a phosphine catalyzed reaction.

Scheme 27 Synthesis of 4-chromanone derivatives via visible light
photocatalytic acyldifluoroalkylation.

Review Organic & Biomolecular Chemistry

8004 | Org. Biomol. Chem., 2021, 19, 7995–8008 This journal is © The Royal Society of Chemistry 2021



ate for effective reaction. The structure of the product was
studied by X-ray crystallography.

In 2020, Dzieszkowski and Rafiński developed an
efficient enantioselective method for the synthesis of chro-
manone derivatives with a quaternary stereocentre by intra-
molecular NHC-catalyzed annulation (Scheme 29).69 This
novel method involved the reaction between
β,β-disubstituted Michael acceptors such as salicylaldehyde-
derived β-methylacrylate and optically pure N-substituted
triazolium salts such as aminoindanol-derived NHC precata-
lysts bearing an N-C6H5 group in the presence of diiso-
propylethylamine (DIPEA) as a base and toluene as solvent.
Irrespective of the position of substituents, salicylaldehyde-
derived β-methylacrylate with electron-donating or electron-
withdrawing groups gave high yields of products possessing
outstanding stereo-control. Also, di- and tri-substituted sub-
strates showed excellent product yields with high level of
enantioselectivity.

3. Conclusion

Chroman-4-ones containing a benzene nucleus attached to the
2,3-dihydro-γ-pyranone ring are of great significance as skel-
eton units in therapeutic agents and biologically active syn-

thetic derivatives and are used as structural motifs in organic
synthesis. The advancement of pharmacologically active com-
pounds based on chromone scaffolds has been a promising
area of forthcoming research. In this review, we offered a com-
prehensive report of the synthesis methods of chroman-4-one
derivatives developed over the last 5 years and discussed the
synthesis of chroman scaffolds via cascade radical cyclization,
hydroacylation, hydroacylation/oxo-Michael addition, acyldi-
fluoroalkylation with intramolecular oxidative radical addition
and double Michael addition. Different types of structural
modifications of the chroman-4-one family occur by means of
its 2,3-dihydro-γ-pyranone ring, mainly at I, II and IV positions.
We conclude by expecting that this will inspire scholars to
further investigate and develop this exciting area of research.
We expect that the years ahead will be a remarkable era for the
advancement of the applicability of chromone-based com-
pounds in medicinal chemistry for the therapy of numerous
illnesses.
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