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ABSTRACT

Chalcones are one of the important classes of natural products with widespread
distribution in fruits, vegetables, spices, tea and soya based foodstuff. It is a generic term
given to compounds during the course of flavonoids biosynthesis in plants. Chalcones
considered as the precurses of flavone, flavanones, isoflavonoids, aurones, catechins,
anthocyanidines, and are abundant in edible plants. Chemically chalcones are open chain
flavonoids in which two aromatic ring are by a three carbon a,p unsaturated carbonyl
system.

o, unsaturated carbonyl moiety is a key constituent of many biologically
important natural compound (flavanone). Among the derivatives of chalcones, 2’-
hydroxychalcone are important building blocks for the synthesis of several natural
products. Consequently, cyclization of 2’-hydroxychalcone has attracted tremendous
attention for simplification or improvement of the exiting methods. Synthesis of
flavanones from the cyclization of different 2’-hydroxychalcone derivatives with L-
proline as a novel catalyst is described. This method proved to be an efficient with respect
of several other methods reported under different reaction condition to affored the same
products. All the products are characterized based on '"HNMR, ! CNMR, IR and GC MS

spectral analysis.
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CHAPTER 1

INTRODUCTION

1.1 INTRODUCTION

There is no exaggeration in the statement that plants have sustained and are
sustaining human life on this planet. The plant chemistry (also known natural products
chemistry) is a wide and distinct field, which concerned with the enormous variety of
organic substances accumulated by plants, for example, alkaloids, amino acids,
flavonoids, terpenes, fatty acids, steroids, etc.! The flavonoids is one of the most
fascinating areas of the plant chemistry. They are a complex group of natural products
found in plants as the largest single group conferring oxygeﬁ ring compounds. There are
numerous physiological and pharmaceutical activities have been attributed to flavonoids.?

Flavonoids (also known Bioflavonoids) are secondéry metabolites in almdst all
vascular plants and are widely distributed in leaves, stems, roots, fruits, and seeds. More
than 5000 chemically unique flavonoids have been identified in different plant species,
which are responsible for the vibrant colors of leaves, flowers and fruits.> These
polyphenolic organic compounds have no direct involvement with the growth or
development of plants. However, they play an important role in protecting the plants
from microbe and insect attacks.”

Among the natural compounds with high antioxidant activity, flavonoids, widely |
distributed class of phytochemicals have a central role (Figure 1.1a). Flavonoids alone
provide minimal antioxidant benefit to the human body and biologically trigger the
production of natural enzymes that reduce the risk of certain cancers, heart disease, and
- age-related degenerative diseases like Alzheimer’s, Perkinson, etc.” Foods containing
high amounts of flavonoids includes bluéberries, red beans, cranberries, blackberries, red

1



& yellow fruits, vegetables, some nuts, red wine and certain teas have numerous health

benefits.” It is observed that high intake of red wine mainly
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Figure 1.1a Polymethoxyflavones (PMFs) and polyhydroxyflavones (PHFs) molecules.

(quercetin and rutin flavonoids) by the French people might explain why they suffer Iess
from coronary heart disease than other Europeans, although their consumption of
cholesterol rich foods is higher called “French paradox”.® Tea flavonoids have many
health benefits in reducing the oxidation of low-density lipoprotein, lowers the blood

levels of cholesterol and triglycerides.7 Similarly, soy flavonoids (mainly isoflavones)



can reduce blood cholesterol and can help td prevent osteoporosis and ease menopausal
symptoms.8

Some new flavonoid glucuronides, luteolin and chrysoeriol 7-O-B-D-
glucopyranosiduronic acid-(1—2)-B-D-glucopyranoside (1,2), and chromone derivative,
2-(2-hydroxypentyl)-5-carboxy-7-methoxychromone  (§), chrysoeriol  7-O-B-(6-O-
malonyl) glucopyranoside (3) have been isolated from water plants. Additionally,
secondary metabolites luteolin 7-O-B-(6-O-malonyl) lucopyranoside (4), and the
chlorophyll derivative phacophorbide a were also isolated and identified by NMR and
MS data (Figure 1.1b). Compounds (1,2) screened against bacteria Escherichia coli
BW25113, Pseudomonas pudida KT2440, and Enterobacter cloacae subsp. dissolVens
and the cytotoxic activities of 1 toward human Patu 8902 carcinoma cells as well as
human SH-SYS5Y neuroblastoma cells were reported aé biologically active.’ Recently,

the beneficial effects of natural polyphenolic antioxidants have been reviewed. '

Figure 1.1b: Flavonoid glucuronides.

The key stage in biosynthesis of all flavonoids is reached via the fdrmaticn of
chalcones, which is distributed in different plant tissues. Along with aurones, the
chalcones are best known yellow to orange colored flower pigment. Structurally,
chalcone is éeriving from three acetates and cinnamic acid as shown in [Fig.1.1c], are

one of the most diverse groups of flavonoids present in dimers, oligomers, Diels-Alder
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adducts and conjugates of various kinds. Chemically, chalcone is a generic term given to
compound bearing 1,3-diphenylprop-2-en-1-one framework''  2°-hydroxychalcone
derivatives are very important precursor for the isomerization to give different products,

flavone, flavanone, flavanol, etc.

HO
O OH O O Cinnamic
3x acetate \ -
x or malonaM acid
o OH' O
2’-hydroxy chalcone

Figure 1.1¢ Structure of 2’-hydroxy chalcone

Chalcones have shown potent pharmacological profile and are associated with the

2 more importantly, the structure features of chalcone,

plethora of biological activities,'
the presence of reactive enone moiety and its relatives flexibility compared to other
related natural products to interactions with diverse receptors and enzymes. The Cs-C3-Cs
moiety is recognized as a “privileged structure” in drug design.'” The chalcones are
synthesized further enrich the structural diversity of the template through the introduction

features normally associated with lingand receptor interaction, namely hydrophobic

groups hydrogen bond donor and receptor features."
1.2 STRUCTURE AND CLASSIFICATION OF FLAVONOIDS

Chalcones are isolable intermediate during flavonoid biosynthesis in plants but do
not necessarily accumulate to any appreciable extent unless the enzyme chalcone
isomerase, which catalyses the cyclization of chalcone to flavanone."” The flavonoids are
polyphenolic compounds possessing 15-carbon atoms; two bepzene rings joined by a
linear three carbon chain.'®
Flavonoids occur as aglycones (i.e., flavonoids without attached sugar), glycosides and

methylated derivatives. In plants, flavonoids aglycones occur in a variety of structural
4



forms, containing 15-carbon atoms in their basic nucleus. Two aromatic rings linked with
a three carbon unit, which may or may not a part of third ring.'”'® For convenience, the
rings are labeled A, B and C [fig. 1.2] and the individual carbon atoms are based on a
numbering system which uses ordinary numerals for the A and C and “primed” numerals
for B-ring (1). Primed modified numbering system is notvused for chalcones (2) and the
isoflaviones derivatives (6) in pterocarpans and rotenoids.'” The most important natural
pigments are carotenoids which are tetrapyrrol derivatives of naturally occurring phenol
compounds. The different way to close this ring associated with the different oxidation
degrees of ring A provide the various classes of flavonoids.?’ The six- membered ring
condensed with the benzene ring is either a y-pyrone flavanones (4) and flavan-3 ols
(5)).The position of the benzenoid substituent divides the flavonoides into two classes:

flavonoids (1) (2-position) and isoflavonoids (6) (3-position).?!"?

o
0
Chalcone Flavonol Flavanone
Flavone
o L
+
: ¢
AN
° O O O ) OH
’ o b
OH 0
Flavan-3-ols Isoflavone Anthocyanidiene Flavanonol

Fig. 1.2 Chemical structure of some representative flavanoids



1.3 FLAVANOIDS AND SIX MAJOR SUB-GROUP

The relationship between flavonoids intake and heart health, to determine
recommended daily intake and to determine future research properties (Table 1).
Flavonoids are phytochemical belonging to the group of phenolics. Other phenolics are
tannins. couarins and phenolic acid.”® More than 5000 flavonoids have been identified.
Flavonoids are further divided into five groups: flavonols, flavones, flavanones, flavan-3-
ols and anthocyanins. Most flavonoids occur in plants as glycosides, meaning that they
are bound to sugar molecules. Some well known flavonols are quercetin and kaempferol.
Flavanones are mainly found in citrus fruits. The bioavailability and metabolism of
flavonoids are important factor in determining their efficacy. H is very difficult to
estimate the total consumption of flavonoids because their content in foods shows large
variations.”* The USDA has on its website comprehensive tables of flavonoids (flavonols,
flavones, flavanones, flavan-3-ols and anthocyanidins), proanthocyanidins and
isoflavones of many food. Flavonoids are well for their health benefits but they may also
have adverse effects, such as antinutritional effects, thyroid toxicity, carcinogenic,
development effects énd drug interaction.”” Very high intakes of flavonoids have been
associated with antinutritional effects,”® such as reduced intake of glucose or minerals.
However, the slower absorption of glucose may protect against diabetes mellitus. Some
flavonoids have an effect on the thyroid function: they inhibit thyroid peroxidase and
interfere with the production of the thyroid hormone. .Flavonoids are the anti-oxidant
phytochemicals.’’” Many studies have already demonstrated that high consumption of
fruits and vegetables reduced cancer risk. The mean intake of flavonoids was 17 mg and
the mean intake of isoflavones 47 mg. The following phytochemicals were determined in
the food: genistein, daidzein, myrcetin, fisetin, quercetin, kaempferol and luteolin.

Quercetin was the most important flavonoids, followed by kaempferol.2%%
6



Table 1 Subgroups of flavonoids

$.No. Flavnoid subgroups |[ Structure
1 Chalcones | HO OH OH T
U
OH O

e.g. Labiatae, Umbeltiferae, Compositac) l HO.

Apigenin, Luteolin

|

Flavonol (géhérally in wood aﬁgiospeﬁﬁs), !

Quercitol, Kaempferol, Myricetin

1T

S — R T s i g U T e W AR e L

4 | Flavanone

5 |[Anthocynin T

o ————— T T T T T T e T,

6 | Isoflavanone

1.4.1 Antioxidant

- The flavones and catechins seem to be the most powerful flavonoids for
protecting the body against reactive oxygen species (ROS).>® Body cell and tissues are
continuously threatened by the damage caused by free radicals and ROS which are

produced during normal oxygen metabolism or are induced by exogeneous damage >~



Quercetin, kaempferol, morin, myricetin and rutin, by acting as antioxidant, exhibited
beneficial effect such as anti-inflammatory, antiallergic, antiviral, anticancer activity as
well as play a protective role in liver diseases, cataracts, and cardiovascular
diseases.Quercetin and silybin,acting as free radical scavengers, to exert a protective
effect in liver reperfusion ischemic tissue damage. ***° The scavengering activity of
flavonoids reported to be in the order: Myrcetin >quercetin > rhamnetin > morin >
diosmetin > naringenin > apigenin > catechin >5,7-dihydroxy-3’,4",5’,- trimethoxy-

flavone > robinin > kaempferol > flavones.*®

1.4. Antimicrobial, Antibacterial and antifungal activity

Flavonoids and esters of phenolic acids have also been investigated for theirs
antimicrobial, antifungal and antiviral activities.’” Quercetin has been reported to
completely inhibit the growth of staphylococcus aureus. Most of the flavonones having
no sugar moiety showed antimicrobial activities.*®

A number of flavonoids isolated for fungistatic activity. Chlorflavonin was the
first chlorine- containing flavonoid which used antifungal antibiotic.Now synthetic
modifications of natural compounds to improve antiviral activity. Quercetin, morin, rutin,
taxifolin, apigenin, catechin, and have been reported to possess antiviral activity againt
some of the 11 types of viruses. *° Recently, world wide spread of HIV since the 1980s,
the antiviral activity of flavonoids has mainly focused.”’ A natural plant flavonoid
polymer of molecular weight 2,100 daltons was found to have antiviral activity against

two strain of type 1, type 2 Herpes simplex viruses.*"*!

1.4.3 Antiulcer and anti-inflammatory activity
Hesperidin, a citrus flavonoid, possesses sinnificant anti-inflammatory and

analgesic effects.* Recentaly apigenin, luteolin and quercetin have been reported to

exhibit anti-inflammatory activity. Some recent studies have indicated that flavonoid
8



glycosides of Ocimum basilicum decreased ulcer index. Flavone/flavonol glycosides as
well as flavonoid/flavonols kaempferol, quercetin, myricetin, fisetin were reported to

possess LO and COX inhibatiory activities.**- ** (figl.4.3)

Fig. 1.4.3 Structure of Quercetin flavanoil

1.4.4 Antidiabetic and antineoplastic activity

Flavonoid, especially quercetin, has been reported to possess antidiabetic activity.
Vessal et al reported that quercetin regenerated islets and proprably increase insulin
release and enhanced Ca'” uptake from isolation islets cell which suggest a place for
flavonoids in non insulin-dependent diabetes.*®*’ A sufficient number of flavonoids have
exhibited antineoplastic activity. The flavonoids, kaempferol, catechin, toxifolin and

fisetin, also used cell growth. Genistein, an isoflavone founded to have strong effect ***

1.4.5 Antithrombogenic and cadioprotective effects
Platelet aggregation plays a pivotal role in the physiology of thrombotic diseases.

Activated platelets adhering to vascular endothelium generate peroxides and oxygen free

radicals which inhibit the endothelial formation of prostacyclin and nitrous

Figure 1.4.5 Structure of doxorubicin (7-monohydroxyethylrutoside)

9
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Fig. 1.4 .6 Links indicating effects of flavonoids on different diseases

oxide.Flavonoids are powerful antithrombotic agent in vitro and in vivo because
of their inhibition of the activity of cyclooxygenase and lipoxigenase pathways.”
Flavonoids are polyphenolic compound have higher propensity to transfer electrons,to

chelate ferrous ions, due to this properties, flavonoids have been considered as potential

protectors against chronic cardiotoxicity caused by the cytostatic drug doxorubicin.’®
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1.5 LITERATURE SURVEY

The simple and direct method for synthesis of 2’-hydroxyacetophenone with
different substituted benzaldehyde involve the condensation in the presence of acid and

base (Scheme 1).

o O G0 = O
0o 0 ~©

Cyclization of 2’-hydroxychalcone under condition of Clasien- Schmidt condensation

g

Scheme 1

The synthesis of the flavonoids has been carried ouf through a variety of
procedures, but the most common one is performed via the Claisen—Schmidt
condensation and subsequent intramolecular Michael addition between substituted
benzaldehydes and substituted 2’-hydroxyacetopheones in basic or acidic media under
homogeneous conditions.’” It is widely accepted that there is a need to develop clean and
economical processes, where the use of noxious substances and the generation of wastes
can be avoided. Thus, the synthesis of flavanones has been carried out by intramolecular
cyclization of 2’-hydroxychalcone under various conditions using acids’® base®
thermolysis, electrolysis, and photolysis.60 However the yields of these reactions are often
moderate (20-90%). A very efficient cyclization reaction of 2’-hydroxychalcone to 2,3-
dihydroflavanols by using NaOH-H;0; in a water suspension medium and the products
isolated simply by filtration and waste minimization, simple operation, and easier product
work-up can be achieved. The intermolecular cyclization in MeOH using NaOH as a base
give flavanone only 20% yield at room temperature for 2-3 days. When the reaction
carried out in water suspension medium using surfactant flavanone give a quantitative

yield. A mixture of powdered 2’-hydroxychalcone (1.0 g, 4.5mmol), NaOH (8 M, 0.1 ml)
11



and sodium 1-dodecane sulfonic acid (0.01 g) in water (10 ml). Similarly,
tetrabutylammoniumiodide, tetrabutylphosphonium bromide,
hexadecyltrimethylammonium bromide, glycine, L-proline, L-alanine and L-leucine,

pyridine were also used for effective conversion yield (Scheme 2).

OH O NaOH R (o} O
rt., 1h, H,0 O
o o)
Additive Yield 85-96%
None C, GH”WM«:%& (CTAR)
BuyN*T-  CraHps803 "Na® (SDS)

+ L-Alanine
g};é,ﬁeBr L-Proline

L-Leucine

Scheme 2:

Silica gel supported InBr; or InCl; (15-20 mol %) were explored as a new solid-
support catalysts for the facile and efficient oxidation, under solvent free conditions, of
2’-hydroxychalcone and flavanone to yield the corresponding flavones in >80% yield.®!
The 2’-hydroxychalcone or flavanones (1.0 mmol, dissolved in minimum amount of ethyl
acetate) are added to silica gel supported InBr; (2.0g, 15-20 mol%) and solvent is

removed (Scheme 3). The dry mixture is heated with stirring at 130-140 °C in an inert

OH
OH OH O
— O -

.

MeO OH Br MeO
| o2
Ome ©

OMe O

container for different periods of time.*

Scheme 3:

12



Liquid phase Claisen- Schmidt condensation between 2’-hydroxyacetophenone
and benialdehyde to from 2’-hydroxychalcone followed by intermolecular cyclization to
from flavanone was carred out Zinc oxide supported metal oxide catalysts under solvent
free condition.”’ The reaction was carried out over ZnO supported MgO, BaO , K,0 and
Na2;O catalysts with 0.2 g of each catalyst at 140 °C for 3 h. Magnesium oxide
impregnated zinc oxide impregnated with various other supports as HZSM -5, Al,O5 and

SiO, were also used for the reaction to assess the suitability of the support. The
order of reactivity of the support is ZnO > SiO; > Al,O3 > HZSM."' Various weight
percentage of MgO was loaded on ZnO to optimize maximum efficiency of the catalyst
system, The impregnation of MgO (wt%) in ZnO was optimized for better conversion of

2’-hydroxyacetophenone (Scheme 4).

CHO |
OH OH
. CC T e
° e 2
OH O . O ©
2 O |
o 0]
Scheme 4:

The yield of flavanone is less at 100 °C which may be attributed to less adsorption
on the active sites, giving high yield of flavanone.But further increase of femperature the
yield of flavanone is reduced, as adsorption is prevented at temperature above 160°C."”
Thus the optimum temperature for high yield of flavanone is 140°C.”

Flavanones have been prepared via several method including condensation of

74,75

phenylpropiolic acid with phenols™ "~ and heating 2-iodophenols with acrylacetyllenes in

the presence of PdCL{bis(diphenylphosphino)ferrocene] (dppf), give flavones.”® The

13



palladium-catalysed carbonylative coupling of 2°~hydroxyaryliodides and ethynylarenes
has been carried out using Pd(OAC), (dppf); as a catalyst affording mixture of flavones
and aurones in varying yields, depending on the substituent on both reactants.”” On same
reaction condition by using the Heck coupling reaction for the synthesis of the
“intermediate chalcone in between an a,B—unsaturafed ketone and aryl iodine. This
procedure is very simple and suggest the possibility of preparing the flavanoid skeleton
with a wide Varity of substitution pattern without side products.”® The reported reaction
proceeds in a very short time(about 4h) affording the flavanoid moiety in very

satisfactory yield (94%) (Scheme 5).

Scheme 5: Reagent and condition: (1) Pd (OAC),, PhsP, CH;CN, Et;N.

Eco-friendly direct solvent free synthesis of flavanones is achieved by microwave
irradiation of phloroglucinol and B-ketoesters. Heating with microwave versus under
classical conditions was shown to be higher yielding, cleaner, and faster (Scheme 6). The
reaction goes through a cycloaddition of a a-oxo ketene intermediate followed by an

uncatalyzed thermal Fries rearrangement ."

R, O O
HO OH R,
+
R3
OH Re |

Rl ,R2 ,R3 ,R4 — H ’ OH ,OMC , Cl ,N02

Scheme 6:
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The synthesis of the flavanoids has been carried out through a variety of
procedures, but the most common one is performed via the Clasien-Schmidt condensation
and subsequent intermolecular Michal addition between substituted benzaldehydes and
substituted 2’-hydroxyacetophenone in basic or acidic media under homogenous
conditions.® It is widely accepted to develop clean and economical processes, where the
use of noxious substances and the generation of waste can be avoided. A survey of
literature shown that aminopropyl-functionalized SBA-15 of ordered hexagonally
arranged mesoporous structure was an efficient base catalyst for the synthesis of
flavanones between 4-substituted benzaldehyde and 2’-hydroxyacetophenones and the
subsequent isomerization of the 2’-hydroxychalcone intermediate in the absence of
solvents markedly decreased both the catalytic activity and the selectivity to
flavanone.’' The ordered pore size and large pore volume of the amino—fuhctionalized
SBA-15 facilitate the diffusion of the reactant and product mo]ecul‘es in the pore

channels.®? The catalytic activity decrease with higher amino loading on SBA-15

E
P

probably due to the decrease in surface area and pore volume. The substituents ln the
aromatic ring of the benzaldehyde have great effect on the catalytic performance in the
Clasien-Schmidt condensation under solvent-free condition. The presence of the electron
withdrawing groups at the para-position of benzaldehyde decreased the conversion but
increased the flavanone selectivity, while electron-donating groups on benzaldehyde

favored the conversion but decreased the selectivity to flavanones.®* (Scheme 7).
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R o o

Scheme 7:

The traditional method for the synthesis of flavanones consists of an
intramolecular conjugated addition of o-hydroxychalcones, to the correéponding cyclic
carbonylic system. This reaction can be performed using acids, silicagel, bases, light,
heat, or electrons. The acid catalyzed cyclization can be carried out by refluxing the
chalcone in acetic acid, or also in ethanol or other suitable solvent, in the presence of an
acid catalyst such as H;SO4 or H3PO4,85 Basic conditions are seldom used due to
decomposition or retro aldol reaction.® Since the first reports on chemical application of
microwave- induced or conventional thermal cyclization," this methodology has now
become a useful technique for organic synthesis and functional group

interconversions.**(Scheme 8)

Scheme 8:

This has very shorter reaction times, ease of manipulation, higher yields, and
lower costs. It was concluded that the best method is irradiation of chalcone with 30%
TFA over silica gel for 3 periods of 3 min. Due to increase the acceleration rate of

reaction in order of 500-fold.
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1.6 AIM AND SCOPE OF THE PRESENT WORK

chalcone is a very special o, P unsaturated carbonyl system. Many natural product
and biological active compounds are found to contain 2’-substituted chalcones as their
basic structure making these molecules pharmaceutically useful and important. All,
cyclization reaction of 2’-hydroxychalcone to different substituted aromatic aldehyde
constitutes a key reaction in the total synthesis of complex natural products. Typically,
such reactions are performed under the influence of strong base such as alkali metal
alkoxides or hydroxides. The strong basic conditions often lead to a number of
undesirable side reactions such as aldol cyclization, base induced rearrangements such as
retro-Michael reactions and polymerization reactions. Subsequently, Lewis base have
been found to catalyze Clasien-Schmidt reaction in different temperature conditions.
Previously also many Lewis base have been used for the cyclization reactions oh 2’-
hydroxychalcone. The aim of this work is to synthesis flavanone using L-proline as a
mild and cheap catalyst. The cyclization of 2’-hydroychalcone has been studied which is
presented by Scheme 9. To the best our knowledge, cyclization of 2’-hydroxychalcone in

the presence of L-proline in subsequently has not been reported in literature.

‘ OH L-proline ( 0.03 m g) O
N H0 @2ml) @

0 0
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CHAPTER -2

SYNTHESIS OF 2’-HYDROXYCHALCONES FROM 2’-HYDROXY-

ACETOPHENONE AND AROMATIC ALDEHYDES

2.1 GENERAL EXPERIMENTAL PROCEDURES:

Melting points were determined on a Kofler apparatus and are uncorrected. IR spectra
were recorded in a Nexus Thermo Nicolet FT-IR spectrometer using KBr pellets. 'H-NMR &
C-NMR in CDCl; were recorded on a Brucker Ultra Shield TM 500 MHz and 125.758
MHz spectrometers respectively using TMS as an internal standard. The chemical shifts were
quoted with reference to the residual solvent signal. The electron spray ionization mass
spectra were recorded in dichloromethane by Perkin Elamer GC-MS spectrometer. The
elemental analysis was carried out by Vario EL CHNS analyzer. The purity of the
compounds was checked by TLC-silica gel-G (Merck) with UV-light and different
developing reagents and purified on silica gel column chromatography (Merck, 60-120

mesh).

2.2 GENERAL PROCEDURE FOR THE SYNTHESIS OF 2’-HYDROXY-
CHALCONES:

An equimolar aqueous solution of sodium hydroxide was added to a stirred solution
of 2’-hydroxyacetophenone and aromatic aldehydes in ethanol. The reaction mixture was
kept with stirring at room temperature for different time. TLC showed the complete
conversion. The reaction mixture was poured into crushed ice and acidified with dilute

hydrochloric acid (10%). The products (2’hydroxychalcones) precipitated out as solid at
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room temperature or after cooling for sometime. The crude products were filtered, washed
with water and dried under vacuo, followed by crystallized in ethanol or mixture of solvents.
In some cases, crude products were purified on silica gel column chromatography in a

mixture of hexane—dichloromethane (1:1 v/v) as eluent.
R3 R3
OH Ra OH Rq
Chy NaOH, EtOH, H,0 « i
*  oHC Rs Room Tem. s

0 0

2- HYDR OX YACET OPHENONE

BENZALDEHYDE CHALCONE

= H(M .
Ry ME(O'(Q) Ry = Ry =R5 = t-MeO (4)

Me (3)

Ry = Me (9)
Figure 2.1 General Synthesis route of Chalcone

2.2.1 Synthesis of 1- (2’-Hydroxyphenyl)-3-phenyl-2-propen-1-one [1]
2’-hydroxyacetophenone (1.76 ml, 1.47 mmol) and benzaldehyde (1.48 ml, 1.4
mmol) were dissolved in ethanol (10 ml) with stirring. Aqueous NaOH (0.58 mg, 1.4 mmol)
was added in portions to give a blood-red solution. Resulting solution was stirred for 24
hours, during which 2’-hydroxychalcone precipitated as the sodium salt. The
solution/suspension was poured into cold 1N HCI (10 ml), and further concentrated HCI was
added until the solution was acidic. The resulting yellow solid was filtered, washed with
water (2 x 20 mL), and recrystallized from solvent (EtOH or MeOH/CH,Cl,) to give the
product or silica gel column chromatography is used in a mixture of hexane and
dichloromethane (1:1) as eluent to purify the products. Yield 85%; m.p. 158-160°C (lit.
160°C).! Elemental Anal. Calcd. For C;sHy,0,. C-75.00, H-5.00, 0-16.94%. Found: C-75.1,

H-5.09, 0-15.92%. IR (Vmax KBr, cm™): 3415(0H), 3100, 1680(CO), 1660, 1572, 1480,
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1266, 973, 756. 'H-NMR (CDCl;, 500MHz) & ppm: 12.82 (s, C-2>-OH, 1H ), 7.93 (d,
J=16Hz, =CH-Ar, 1H,), 7.87 (dd, J,=7.8 Hz, J=1.7 Hz 1H), 7.43-7.66 (m, Ar-H, 6H), 7.20-
7.26 (m, 2H), 6.94 (d, J=16Hz, -CO-CH-, 1H), >*C-NMR (CDCl3,125 MHy) § ppm: 192.06,
161.09, 138.7, 136.2, 128.0, 127.'0, 120.9, 79.6, 44.7. GC-MS (m/z): 224 [M *, CisH;,04],

223 (14), 221 (28), 207 (22), 147 (41), 73 (100).
2.2.2 Synthesis of 1-(2’-Hydroxyphenyl)-3-(4-methoxyphenyl)-2-propen-1-one [2]

2’-hydroxyacetophenone (2.65 ml, 1.9 mmol) and 4-methoxybenzaldehyde (2.69 ml,
1.9 mmol) were dissolved in ethanol (15 ml) with stirring. Aqueous NaOH (0.88 mg, 2.2
mmol) was added in portions to give a blood-red solution. Resulting solution was stirred for
26 hours, during which 2’-hydroxychalcone derivative precipitated as the sodium salt. The
solution/suspension was poured into cold IN HCI (15 mL), and further concentrated HCI was
added until the solution was acidic. The resulting yellow solid was filtered, washed with
water (2 x 20 mL) and recrystallized from solvent (EtOH or MeOH/CH,Cl,) to give the
product or purified by silica gel column chromatography in a mixture of hexane and
dichloromethane (1:1) as eluent. Yield: 80%; m.p.160-162 °C (lit. 165 °C). Elemental Anal.
Calcd. for C,¢H;40;: C-68.18; H-5.42; 0-17.80%. Found: C-68.20; H-5.29; 0-16.87%. IR
(Vmax KBr, em™): 3440(0H), 2725, 1638(CO), 1511, 1491, 1259, 1160, 827. 'H-NMR
(CDCls, 500MHz) & ppm: 12.94 (s, C-2’-OH, 1H), 7.93 (d, J=16Hz, =CH-Ar, 1H), 7.88 (dd,
J1=8.0Hz, J,=1.6Hz 1H), 7.63-7.65 (m, 1H), 7.52-7.58 (m, 4H), 7.02-7.09 (m, 2H), 6.97 (d,
J=16Hz, -CO-CH-1H), 3.88 (s, OCH; 3H). "C-NMR (CDCl;, 125 MHz) & ppm: 195.6,
190.7, 163.5, 162.0, 145.3, 136.3, 133.3, 130.5, 129.9, 118.7, 114.5, 77.5. GC-MS (m/z): 255

[M ¥, C16H1405], 254 (19), 147 (11), 134 (84), 121 (49), 71 (69), 57 (100).
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2.2.2 Synthesis of 1-(2’-Hydroxyphenyl)-3-(4-methylphenyl)-2-propen-1-one [3]

2’-hydroxyacetophenone (1.76 ml, 1.4 mmol) and 4-methylbenzaldehyde (1.48 ml,

1.4 mmol) were dissolved in ethanol (10 ml) with stirrihg. Aqueous NaOH (0.58 mg, 1.4

mmol) was added in portions to give a blood-red solution. Resulting solution Was stirred for
4 hour, during which 2’-hydroxychalcone derivative precipitated as the sodium salt. The
solution/suspension was poured into cold IN HCI (15 mL), and further concentrated HC] was
added until the solution was acidic. The resulting yellow solid was filtered, washed with
water (2 x 20 mL), and recrystallized from solvent (EtOH or MeOH/CH,Cl) to give the
product or purified by silica gel column chromatography in a mixture of hexane and
dichloromethane (1:1) as eluent. Yield 90%; m.p. 156-158°C (lat. 160°C).? Elemental Anal.
Calcd. for Ci¢H40,: C-69.94; H-4.25; 0-12.38%. Found: C-69.98; H-4.29; 0-12.42%. IR
(vmax KBr, cm™): 3440(OH), 3410, 1647(CO), 1610, 1266, 820, 829; 'H-NMR (CDCl;,
500MHz) 6 ppm: 12.91 (s, C-2’-OH, 1H), 7.96 (d, J=16Hz, =CH-Ar, 1H), 7.90 (dd, J,=8.2,
J,=1.6Hz, 1H), 7.50-7.54 (m, 1H), 7.59-7.67 (m, 4H), 7.20 (m, 2H), 6.96 (d, J =16Hz, —-CO-
CH -,1H), 2.87 (s, CH3, 3H). ®C-NMR (CDCl3, 125 MHz) 8 ppm: 146.4, 126.9, 129.6, 128.7,
115.6,71.3,77.0, 76.0, 31.6. GC-MS (m/z): 238 [M ¥, Ci¢H140,), 237 (32), 224 (46), 147

(54), 115 (46), 118 (100), 117 (48), 65 (59).
2.2.4 Synthesis of 1-(2’-Hydroxyphenyl)-3-(4-chlorophenyl)-2-propen-1-one [4]

2’-hydroxyacetophenone (1.76 ml, 1.4 mmol) and 4-chlorobenzaldehyde (1.48 ml,
1.4 mmol) were dissolved in ethanol (10 ml) with stirring. Aqueous NaOH (0.58 mg, 1.4
mmol) was added in portions to give a blood-red solution. Resulting solution was stirred for

6 hour, during which 2’-hydroxychalcone derivative precipitated as the sodium salt.
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Following the above work up procedure, a rose red color compound was obtained. Yield 85
%; m.p.154-156 °C (lit. 158 °C).> Elemental Anal. Calcd. for CisH;,0,Cl: C-69.94; H- 4.25;
0-12.38%. Found: C-69.98; H-4.29; 0-12.40%. IR (Vmex KBr, cm™): 3435(0H), 3100,
1647(CO), 1610, 1582, 1438, 1230, 820, 720. 'H-NMR (CDCl;, 500 MHz) & ppm: 12.80 (s,
C-2°-0H, 1H). 7.93 (d, J =16Hz, =CH-Ar, 1H), 7.87 (dd, J,=7.8, J,=1.6 Hz, 1H), 7.52-7.56
(m, 1H), 7.45-7.65 (m, 4H), 6.9-7.0 (m, 2H), 6.94 (d, J =16Hz, -CO-CH-, 1H). *C-NMR
(CDCl;, 125MHz) & ppm: 193.4, 163.6, 143.9, 136.9, 126.5, 123.3, 119.9, 118.9, 77.2, 77.0,
76.7,29.7, GC-MS (m/z) : 258 [M ", C;sH;0,Cl] 257 (37), 165 (16), 147 (62), 120 (100),

92 (37), 65 (24).
2.2.5 Synthesis of 1-(2’-Hydroxyphenyl)-3-(4-bromophenyl)-2-propen-1-one [5]

2’-hydroxyacetophenone (1.76 ml, 1.4 mmol) and 4-bromobenzaldehyde (1.48 ml,
1.4 mmol) were dissolved in ethanol (10 ml) with stirring. Aqueous NaOH (0.58 mg, 1.4
mmol) was added in portions to give a blood-red solution. Resulting solution was stirred for
6 hours, during which 2’-hydroxychalcone derivative precipitated as the sodium .hsalt.
Following the above work up procedure, a rose red color compound was obtained. Yield
84%; m.p.160-162°C. Elemental Anal. Calcd. For CysH;O.Br: C- 68.12; H-4.20; O-
12.38%. Found: C-68.38; H-4.23; 0-12.42%. IR (Vmax KBr, cm™): 3443(OH), 3100,
1638(C0), 1620, 1538, 1420, 1574, 1230, 980,760; 'H-NMR (CDCl;, 500 MHz) & ppm:
12.90 (s, C-2°-OH, 1H). 7.95 (d, J =16Hz, =CH-Ar, 1H), 7.92 (dd, J,=7.7, J,=1.4 Hz, 1H),
7.50-7.56 (m, 1H), 7.40-7.49 (m, 4H) 7.0-7.09 (m, 2H), 6.98 (d, J] =16Hz, -CO-CH-, 1H),

BC-NMR (CDCl;,125 MHz) & ppm: 193.4, 165.6, 146.1, 136.6, 132.5, 129, 119.9, 116.9,

29



99.1, 91.2, 77.0, 76.7. GC-MS (m/z): 303 [M *, C1sH,,0;Br], 285 (0.99), 287 (1.29), 147

(34.6), 120 (57.6), 57 (100).
2.2.6 Synthesis of 1-(2’-Hydroxyphenyl)-3-(3-methylphenyl)-2-propen-1-one [6]

2’-hydroxyacetophenone (2.65 ml, 1.9 mmol) and 3-methylbenzaldehyde (2.69 ml,
1.9 mmol) were dissolved in ethanol (15 ml) with stirring. Aqueous NaOH (0.88 mg, 2.2
mmol) was added in portions. Resulting solution was stirred for 8 hours, during which 2’-
hydroxychalcone derivative precipitated as the sodium salt. The solution/suspension was
poured into cold IN HCI (15 mL), and further concentrated HCl was added until the solution
was acidic. The resulting yellow solid was filtered, washed with water (2 x 20 mL), and
recrystallized from corresponding solvent (EtOH or MeOH/CH,Cl,) to give the product or
purified by silica gel column chromatography in a mixture of hexane and dichloromethane
(1:1) as eluent. Yield 60%; m.p. 160-165°C (lit. 170°C).*  Elemental Anal. Caled. for
C16H1402: C-68.24; H- 5.25; 0-14.38%. Found: C-69.58; H-6.29; 0-14.62%. IR (vmax KBr,
cm’"); 3440(0H), 3410, 1648(CO), 1610, 1266, 820, 829; 'H-NMR (CDCl;, 500MHz) &
ppm: 12.90 (s, C-2’-OH, 1H), 7.75 (d, J =16Hz, =CH-Ar, 1H), 7.15-7.60 (m, Ar-H, 8H ),
6,57 (d, J =16Hz ~CO-CH -, 1H), 3.80 (s, CH;, 3H) .”C-NMR (CDCl;,125 MH;) &
ppm:146.5, 129.9, 128.1, 128., 120.1, 115.6, 77.4, 77.1, 76.5, 31.0. GC-MS (m/z): 238 [M",

CisH1404], 237 (32), 224 (46), 147 (54), 115 (46), 117 (48), 65 (59).

2.2.7 Synthesis of 1-(2’-Hydroxyphenyl)-3-(3,4,5-trimethoxyphenyl)-2-propen-l-one 7]
2’-hydroxyacetophenone (1.76 ml, 1.4 mmol) and 3, 4, 5-trimethoxybenzaldehyde
(1.48 ml, 1.4 mmol) were dissolved in ethanol (10 ml) with stirring. Aqueous NaOH (0.58

mg, 1.4 mmol) was added in portions to give a blood-red solution. Resulting solution was
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stirred for 36 hours, during which 2’-hydroxychalcone derivative precipitated as the sodium
salt. The solution/suspension was poured into cold IN HCI (15 mL), and further concentrated
HCI was added until the solution was acidic. The resulting yellow éolid'was filtered, washed
with water (2 x 20 mL), and recrystallized from. solvent (MeOH or MeOH/CH,Cl,) to give
the product or purified by silica gel column chromatography in a mixture of hexane and
dichloromethane (1:1) as eluent. Yield 75%; m.p. 180-182 °C. Elemental Ana]. Calcd. for
CigHig0s: C-68.78; H-5.73; 0-25.47%. Found: C-68.72; H-5.65; 0-25.39%. IR (Vmax
KBr, cm™): 3433 (OH), 3410, 1636(CO), 1610, 1570, 1474, 1127, 850, 726. 'H-NMR
(CDCl3, 500 MHz) 6 ppm: 12.85 (s, C-2’-OH, 1H), 7.96 (d, J =16Hz, =CH-Ar, 1H), 7.86 (dd,
Ji1=8.5, J,=8.6Hz, 1H), 7.55-7.58 (m, 1H), 7.07 (m, 2H), 6.99 (d, J =16Hz, -CO-CH -,1H),
6.91 (s, 3H), 3.96 (s, 3xOCH; 9H). C-NMR (CDCl;,125MHz) & ppm: 195.5, 194.6, 160,
149.0, 136.9, 135.6, 132.3, 132.0, 124.2, 119.1, 115.2, 67.0, 40.4, 39.7, 38.5. GC-MS (m/z):
316 [M *, CisH,505], 315 (42), 194 (60), 181 (97), 179 (100), 151 (25), 121 (30), 119 (20).
2.2.8. Synthesis of 1-(2’-Hydroxyphenyl)-3-(4-N, N-dimethylaminephenyl)-2-pr0pe"n-1-
one [8]
2’-hydroxyacetophenone (1.76 ml, 1.4 mmol) and 4-N,N-dimethylbenzaldehyde (1.48
ml, 1.4 mmol) were dissolved in ethanol (10 ml) with stirring. Aqueous NaOH (0.58 mg, 1.4
mmol) was added in portions to give a blood-red solution. Resulting solution was stirred for
28 hour, during which 2’-hydroxychalcone derivative precipitated as the sodium salt.
Following the above work up procedure, a rose red color compound was obtained. Yield 80
%; m.p 175-176 °C (lit. 180°C).” Elemental Anal. Calcd. for C;sHyO,N: C-68.78; H-4.73;
0-12.40; N-4.89%. Found: C-68.80; H-4.76; 0-12.45; N-4.10%. IR (Vmax KBr, cm™):
3434(0OH), 3100, 2998, 2825, 1640(CO), 1542, 1400, 1232, 1174, 985, 881. 'H-NMR
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(CDCls, S00MH;Z) § ppm: 12.90 (s, C-2°-OH, 1H), 7.97 (d, J =16Hz, =CH-Ar, 1H), 7.92 (dd,
J1=8.2, J2=8.0 Hz 1H ), 7.52-7.68 (1H, m), 7.47-7.61 (4H, m), 6.92-6.98 (m, 2H), 6.72 (1H,
d, J =16Hz, -CO-CH-), 3.29 (s, 2xCH;_ 6H). C-NMR (CDCl;,125 MHz) § ppm: 193.4,
163.6, 145.6, 144.0, 136.6, 132.5, 132.5, 129.9, 129.6, 119.9, 116.7, 99.9, 77.0, 76.7, 21.7.

GC-MS (m/z): 267 [M *, C17H;302N], 266 (32), 207 (9), 191 (6), 147 (16), 57 (100).

2.2.9 Synthesis of 1-(2’-Hydroxyphenyl)-3-(4-flourophenyl)-2-propen-1-one [9]

2’-hydroxyacetophenone (2.65 ml, 1.9 mmol) and 4-fluorobenzaldehyde (2.69 ml, 1.9

mmol) were dissolved in ethanol (15 ml) with stirring. Aqueous NaOH (0.88 mg, 2.2 mmol)
was added in portions. Resulting solution was stirred for 10 hours, during which 2’-
hydroxychalcone derivative precipitated as the sodium salt. The solution/suspension was
poured into cold IN HCI (15 mL), and further concentrated HCI was added until the solution
was acidic. The resulting yellow solid was filtered, washed with water (2 x 20 mL), and
recrystallized from corresponding solvent (EtOH or MeOH/CH,Cl,) to give the product or
purified by silica gel column chromatography in a mixture of hexane and dichloromethane
(2:1) as eluent. Yield 70 %; m.p. 189-190°C. Elemental Anal. Caled. for C,sH;;O5F : C-
74.38; H-4.54; 0-13.22%. Found: C-74.40; H-4.52; O-13.28%. IR (Vmy KBr, cm™);
3432(OH), 3200, 1687, 1720, 1638(CO), 1534, 1468, 1230, 830. 'H-NMR (CDCl;, 500
MHz) & ppm : 12.77 (s, C-2’-OH, 1H). 7.92 (d, J =16Hz, =CH-Ar, 1H), 7.85 (dd, J;=7.8,
J»=1.6 Hz, 1H), 7.50-7.56 (m, 1H), 7.40-7.60 (m, 4H), 6.94-7.0 (m, 2H), 6.90 (d, J = 16Hz, —
CO-CH, 1H). "*C-NMR (CDCls, 125 MHz) & ppm : 193.1, 164.2, 142.2, 136.5, 133, 128.1,
124, 120, 118.1, 77.5, 77. GC-MS (m/z): 239 [M ¥, C,sH,,0,F], 238 (38), 162 (29), 147 (58),

120 (100), 93 (20).
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(i) SYNTHESIS OF FLAVONONES FROM DIFFERENT 2’-
HYDROXYCHALCONE

2.3 general procedures for synthesis of various flavonones:

To a stirred solution of 2’-hydroxychalcones (30-60 mg) in water (2 ml) and
minimum amount of DMSO (0.2-0.5 ml, to solubilize) at 90-140°C was added L-proline
(0.5-2 mg) with continued stirring at the same temperature for the indicated time (Table 2)
After completion of the reaction (TLC morﬁtoring), the mixture was cooled to room
temperature and poured into water (5 ml) and the aqueous phase was extracted with ethyl
acetate (3x5 ml). The organic phase was washed with HCI (5 ml, 10%) solution, dried over
anhyd. Na;SO4 and concentrated under vacuo. If necessary the product was purified by
column chromatography on silica gel in hexane-dichloromethane (1:1 to 2:1 v/v). All
products were characterized by comparison of their spectral and physical properties with

those of authentic samples.

Rj'

Rs 2 Re
OH Rq ' g 1 @ "
@ L-proline 7 O Ry’

- 2 '

AN DMSO, H,0, tem. 6

Rs 6 4 3
CHALCONE O 5 5 FLAVONONE

ps
e
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H (10)
MeO (11)
Me (12)
Cl (13)
Br (14)
R3 = Me (15)

Figure 2.2 Synthesis route of Flavonone.
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2.3.1 Synthesis of 2-phenyl-chromém-4-0ne [10]

To a stirred solution of 1-(2’-Hydroxyphenyl)-3-phenyl-2-propen-1-one (30 mg,
0.144 mmol) in water (2 ml) and minimum amount of DMSO (0.2 ml, to solubilize) at 90-
95°C was added L-proline (0.5 mg, ..mmol) with continued stirring at the same temperature
for 36 hours. After completion of the reaction (TLC monitoring), the mixture was cooled to
room temperature and poured into water (5 ml) and the aqueous phase was extracted with
ethyl acetate (3x5 ml). The organic phase was washed with HCI (5 ml, 10%) solution, dried
over anhyd. Na,SO, and concentrated under vacuo. The residue was separated on silica gel
column chromatography using dichloromethane and hexane (2:1) to obtain flavonone and
remaining chalcone (3:1) ratio. The product was recrystaline by using n-hexane to obtain the
white solid. Yield 90%; m.p. 74-75 °C (lit. 77-79 °C).% IR (Vmax KBr, cm™): 3035, 2962,
1688(C0O), 1606, 1462, 1304, 1228, 1065, 760, 696. 'H-NMR (CDCl;, 500 MHz) 8 ppm:
7.94 (dd, J1=8.1 Hz, J,=1.7 Hz, 1H), 7.28-7.53 (m, 6H), 7.08-7.11 (m, 2H), 5.55 (dd,J;=13.2
Hz, J,=3.0 Hz, 1H), 3.12 (dd, J,=16.9 Hz, J,=13.2 Hz, 1 H), 2.95 (dd, ],:=16.9 Hz, J,= .3.0 Hz,
1H); PC-NMR (CDCl;,125 MH ) § ppm: 192.4, 162.0, 139.1, 136.6, 129.3 129.2, 127.5,
126.6, 122.0, 121.3, 118.5, 80.0, 45.1. GC-MS (m/z): 224 [M *, C;sH;,0y, 147 (36.5), 120

(100), 104 (42.3), 77 (7.42).

2.3.2 Synthesis of 2-(4’-methoxyphenyl)-chroman-4-one [11]

To a stirred solution of 1-(2’-Hydroxyphenyl)-3-(4-methoxyphenyl)-2-propen-1-one
(60 mg, 0.236 mmol) in water (3 ml) and minimum amount of DMSO (0.2 ml) at 120-125°C
was added L-proline (2 mg, 0.012 mmol) with continued stirring at the same temperature for
48 hours. After completion of the reaction (TLC monitoring), the mixture was cooled to

room temperature and poured into water (5 ml) and the aqueous phase was extracted with
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ethyl acetate (3x5 ml). The organic phase was washed with HCI (5 ml, 10%) solution, dried
over anhyd. Na,SO4 and concentrated under vacuo. The crude yellow solid was dissolved in
dichloromethane. TLC shoWed the presence of two minor products (Rf =0.64, and 0.44
respectively in dichloromethane-hexane (1:1). The major product (Ry=0.80) was purified on
silica gel column chromatography using dichloromethane - hexane (2:1) to obtain flavonone.
The product was recrystaline by using n-hexane to obtain the white solid. Yield 60%; m.p.
96-97 °C (lit. 98-100°C).” IR (vmax KBr, cm™): 3010, 2960, 1680 (CO), 1616, 1461, 1226,
1034,769, 696. '"H-NMR (CDCls, 500MHy) 6‘ ppm: 7.94 (dd, J;=8.3 Hz, J,=1.7 Hz, 1H),
7.55-7.60 (m, 1H), 7.40-7.48 (m, 4H), 7.04-7.15 (m, 2H), 5.44 (dd, J;=13.3 Hz, J,= 3.0 Hz,
LH)), 3.07 (dd, 1;=17.0 Hz, J,=13.5 Hz, 1H), 2.88 (dd, J;=17.0 Hz, ],=3.0 Hz, 1H),.3.88
(s,0CHs). C-NMR (CDCls;, 125 MH;) 8 ppm: 192.5, 156.7, 154.6, 139.2, 129.2, 129.1,
126.5, 125.8, 121.2, 119.8, 107.7, 80.1, 56.2, and 45.0. GC-MS (m/z): 255 [M 7, CisH,403],

254 (19), 147 (15), 134 (82), 121 (52), 71 (69), 57 (100).

2.3.3 Synthesis of 2-(4’-methylphenyl)-chroman-4-one [12]

~ To a stitred solution of 1-(2’-Hydroxyphenyl)-3-(4-methylphenyl)-2-propen-1-one
(35 mg, 0.147 mmol) in water (2 ml) and minimum amount of DMSO (0.2 ml) at 120°C was
added L-proline (2 mg, 0 .012 mmol) with continued stirring at the same temperature for 36
hours. After completion of the reaction (TLC monitoring), the mixture was cooled to room
temperature and poured into water (5 ml) and the aqueous phase was extracted with ethyl
acetate (3x5 ml). The organic phase was washed with HCI (5 ml, 10%) solution, dried over
anhyd. Na;SO4 and concentrated under vacuo. The residue was separated on silica gel
column chromatography using dichloromethane - hexane (2:1) to obtain flavonone. The

product was recrystaline by using »-hexane to obtain the white solid. Yield 85%; m.p. 82-85
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°C (lit. 87°C).® IR (Vmax KBr, cm™): 3000, 2964, 1675 (C=0), 1615, 1478, 1150, 835, 762;
"H-NMR (CDCls, 500 MHyz) & ppm: 7.96 (dd, J,=8.5 Hz, J,=1.8 Hz, 1H), 7.53 -7.58 (m, 1H),
7.26 -7.4 (m, 4H), 7.06-7.10 (m, 2H ), 5.5 (dd,J,=13.0 Hz, J,=3.2 Hz, 1H), 3.10 (dd, J;v=17.8
Hz, J,=13.6 Hz, 1H), 2.92 (dd, J;=17.8 Hz, J,= 3.2 Hz, 1H), 2.48 (s, CHs, 3H); C-NMR
(CDCls, 125 MHz) & ppm: 192.1, 161.1, 159.2, 136.6, 136.1, 129, 124, 121, 118, 114, 76.7,

31.4,30.2,29.9. GC-MS (m/z): 238 [M 7, C;¢H,40,], 118 (100), 120 (25) 147 (56).

2.3.4 Synthesis of 2- (4’-chlorophenyl)-chroman-4-one [13]

To a stirred solution of 1-(2’-Hydroxyphenyl)-3-(4-chlorophenyl)-2-propen-1-one (35
mg, 0.134 mmol) in water (2 ml) and minimum amount of DMSO (0.2 ml) at 140°C was
added L-proline (2 mg, 0.012 mmol) with continued stirring at the same temperature for 18
hours. After completion of the reaction (TLC monitoring), the mixture was cooled to room
temperature and poured into water (5 ml) and the aqueous phase was extracted with ethyl
acetate (3x5 ml). The organic phase was washed with HCI (5 ml, 10%) solution, drie;d over
anhyd. Na;SO4 and concentrated under vacuo. The residue was separated on silica gel
column chromatography using dichloromethane - hexane (2:1) to obtain flavonone. The
product was recrystaline by using n-hexane to obtain the white solid. Yield 85%; m.p. 84-
850C (lit.850C).” IR (vmax KBr, cm-1): 3036, 2977, 1697 (CO), 1602, 1471, 1152, 821.
1H-NMR (CDCI3, S500MHZ) 6 ppm: 7.93 (dd, J1=7.8 Hz, J2=1I.6 Hz, 1H), 7.49 -7.55 (m,
1H), 7.39 -7.45 (m, 4H), 7.03-7.10 (m, 2H ), 5.47 (dd,J1=13.0 Hz, J2=3.2 Hz, 1H), 3.04 (dd,
J1=16.8 Hz, J2=13.0 Hz, 1H), 2.88 (dd, JI1=16.8 Hz, J2= 3.2 Hz, 1H); 13C-NMR
(CDCI3,125MHZ) & ppm: 191.5, 161.3, 137.3, 136.3 134.6, 129.1, 127.5, 127.1, 121.8,
120.9, 118.1, 78.8, 44.6; GC-MS ( m/z): 257 [M +, C15H1202Cl], 256 (16), 237 (22), 147

(49), 120(90), 97 (48), 85 (69), 57 (100).
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2.3.5 Synthesis of 2-(4’-bromophenyl)-chroman-4-one [14]

"To a stirred solution of 1-(2’-Hydroxyphenyl)-3-(4-bromophenyl)-2-propen-1-one
(40 mg, 0.133 mmol) in water (2 ml) and minimum amount of DMSO (0.2 ml) at 140°C was
added L-proline (2 mg, 0.012 mmol) with continued stirring at the same temperature for 18
hours. After completion of the reaction (TLC monitoring), the mixture was cooled to room
temperature and pdured into water (5 ml) and the aqueous phase was extracted with ethyl
acetate (3x5 ml). The organic phase was washed with HCI (5 ml, 10%) solution, dried over
anhyd. Na,SO,; and concentrated under vacuo. The residue was separated on silica gel
column chromatography using dichloromethane - hexane (2:1) to obtain flavonone. The
product was recrystaline by using n-hexane to obtain the white solid. Yield 87%; m.p. 86-
87°C (lit. 85°C)."" IR (Vmax KBr, cm™): 3040, 2978, 1687 (CO), 1602, 1476, 1151, 825. 'H-
NMR (CDCl;, 500MHz) 6 ppm: 7.97 (dd, J,=7.6 Hz, J,=1.4 Hz, 1H), 7.55 -7.6 (m, 1H), 7.40
-7.53 (m 4H, ),7.04-7.12 (m, 2H), 5.50 (dd, J,=13.0 Hz, J,=3.2 Hz, 1H), 3.09 (dd, J;=16.8
Hz, J,=13.0 Hz, 1H), 2.93 (dd, J,=16.8 Hz, J,= 3.2 Hz, 1H); C-NMR (CDCls,125MHj) &
ppm: 191.4, 161.3, 136.2, 127.8, 127.0, 121.0, 120.9, 120.0, 78.6, 77.2, 77.0, 76.7, 44.5,
31.9, 30.2, 29.7. GC-MS (m/z): 303 [M ", CisH;10,Br], 301 (13), 184 (28), 120 (92), 103

(24), 92 (44), 77 (31), 57 (100).

2.3.6 Synthesis of 2-(3’-methylphenyl)-chroman-4-one [15]
To a stirred solution of 1-(2’-Hydroxyphenyl)-3-(3-methylphenyl)-2-propen-1-one-
(35 mg, 0.147 mmol) in water (2 ml) and minimum amount of DMSO (0.2 ml) at 120°C was

added L-proline (2 mg, 0.012 mmol) with continued stirring at the same temperature for 36
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hours. After completion of the reaction (TLC monitoring), the mixture was cooled to room
temperature and poured into water (5 ml) and the aqueous phase was extracted with ethyl
acetate (3x5 ml). The organic phase was washed with HCI (5 ml, 10%) solution, dried over
anhyd. Na,SO,; and concentrated under vacuo. The residue was separated on silica gel
column- chromatography using dichloromethane - hexane (2:1) to obtain flavonone. The
product was recrystaline by using n-hexane to obtain the white solid. Yield 560/;; m.p. 80-82
°C. IR (vmax KBr, cm™): 3015, 2970, 1676 (CO), 1620, 1480, 1160, 825, 760; 'H-NMR
(CDCl3, 500 MH;z) & ppm: 7.95 (dd, J;=8.3 Hz, J=1.6 Hz, 1H), 7.50 -7.52 (m, 1H), 7.55 -
7.78 (m, 4H), 7.10-7.16 (m, 2H ), 5.66 (dd, J,=13.0 Hz, J,=3.2 Hz, 1H), 3.08 (dd, J,=17.8 Hz,
J,=13.6 Hz, 1H), 2.98 (dd, J;=17.8 Hz, J= 3.2 Hz, 1H), 2.53 (s, 3H). "C-NMR (CDCl;, §
ppm): 192.2, 161.6, 139.2, 136.6, 129.5, 126.2, 121.5, 120.9, 79.5, 77.3. GC-MS (m/z): 238

[M 7, CisH 40,1, 237 (32), 224 (46), 147 (54), 115 (46), 18 (100), 117 (48), 65 (59).
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CHAPTER 3

RESULT AND DISCUSSIONS

Solvent free reactions under heterogeneous system play a significant role in the
greening of fine and specialty chemical production and offer clean route to a wide range
of organic products. Most of the base catalyzed reaction are homogeneous and use
NaOH/KOH or alkali alcoholate under the condition of solvent Claisen-Schmidt
condation between 2’-hydroxyacetophenone and benzaldehyde to give o, P unsaturated
ketone (2’-hydroxychalcone).The condensation was optimized on the reaction of 2’-
hydroxyacetophenone (2 mM) with benzaldehyde (2 mM). This reaction was carried out
with different catalyst under different condition. Normally in case our work the reaction
carried out using 10-60% wt of alkaline hydroxide as a catalyst over a period 24 hrs at
room temperature. The product obtained was in 80% yield by using simple benzaldehyde
(Scheme 11). The amount of yield decrease and increase depend on the electron
withdrawal or electron donating group attached on the different meta- and para- position.
In first step the synthesis 2’-hydroxyachalcone followed by intermolecular cyclization to
gives flavanone under the solvent free condition. This reaction was carried out with
different catalysts before L-proline was taken as the organocatalyst of choice. Because of
Inexpensive compared to Metal-Based catalysts, Environmentally Benigh, Non-toxic-
Pharmaceutical and Agrochemical Industry, Relatively Mild Conditions, and Biomimetic-
Induce cascade reactions. It has been extensively used in the synthesis of various
heterocycles.' as well as in aldol, Mannich, Hantzsch reaction and Michael reactions.? As
the mechanism of multi-component such as Knoevenagel condensation and Michael
addition, the use of L-proline for the same reaction will be a useful and attractive

modification for the same. Here in, we have taken water as a green solvent at different
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temperature with L-proline as an organo-catalyst for the efficient cyclization reaction of
2’-hydroxychalcones under benign reaction conditions. Minimal quantity of DMSO is'
used for solubility purpose. Our results demonstrate that L-proline is a very effective,
environmentally friendly catalyst for this reaction to form flavanones iﬁ excellent yields

(Scheme 11).

OH

2'-Hydroxychalcone
Catalyst I (o)

-Hydroxychalcone o Flavanone

Step 2

O 2'

Scheme 11

3.1 CHARACTERIZATION OF CHALCONES (1).

The structure of 2’-hydroxychalcone and flavanone were assigned on the basis of
their IR, "H NMR (500 MHz), >*C NMR (125 MHz) and GC-MS spectral analysis. The
products 2’-hydroxychalcone (1) give a singlet. The procedure worked well with various
substituted aldehyde and 2’- hydroxyaldehyde (Scheme 12, 13) peak at 12.97 confirming
the presence of O-H proton. Same apply for all examples. Inspection of IH NMR spectral
data clearly indicated(table 4) that the compounds were both geometrically pure and were
configured frans (Jua — mp = 15 -16 Hz). °C NMR spectra also show peak at 198, 145
which are characteristié of carbon attached to electronegative atoms and here for carbonyl
carbon and carbon attached to unsaturation. Other peaks are aromatic carbons and two
alkyl carbons. IR spectra of all examples showed one characteristic vibration frequency
for the carbonyl group at 1650-1660 cm™ , which was assigned to the s-cis conformation.

And one common characteristic peak of O-H bond (3400-3000 cm™), and 1500-1400
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peak at aromatic bonds only. Due to different substituent on 2’-hydroxychalcones and
benzyl rings, IR spectra of all molecules shows absorption bands in the range of 800-600

cm'(Scheme 12, 13).Table 6 shown different GC-MS fragement of chalcones.

OH /©/R 4 40% wt NaOH O OH O R4
CH; * ) > e
I 3 OHC C,Hs;OH / r.t.

o)

WhereR4, = H, OMe, Me,F, Cli, Br,

Scheme 12: Synthetic route of 1 series, yield 80 — 90%

OMe - OMe
©:); OMe  40% wt NaOH OH OMe
Chs 7 /Ei AP BN
o)

Where R ;=N (Me,) 3, R3=Me
Scheme 13: Synthetic route of 1.1 series, yield 75-85 %
3.2 CHARACTERIZATION OF FLAVANONE (10).

Following the synthesis procedure reported in experimental section, compound 10
was afforded a sjngle product in excellent yield. The product (10) was characterized for
the molecular formula C,sH;,0, melting point 74-75 °C. It gave negative alcoholic FeCls-
test and pink color with Mg-conc. HCL. The IR-spectrum displayed diagnostic bands at
1688 cm-' (CO str.), 1606, 1462, 1320, 1300, 1225, 760, 696.cm-'(flavanone skeleton)
and other absorption frequencies. The 'H-NMR-spectrum gave a three type of double
doublet (a) 5.55 (dd, J;=13.2 Hz, J,=3.0 Hz, 1H). Due to axial — axial interaction of H,
and Hy (b) 3.12 (dd, J;=16.9 Hz, J,=13.2 Hz, 1H). Due to axial — equatorial interaction of
H. and H, (¢) 2.95(dd, J;=16.9 Hz, J,= 3.0 Hz, 1H).Due to axial — equatorial interaction
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of H, and H, confirming the presence of one pyrone ring, other aromatic characteristic
peaks are shown in table 5, BCc NMR spectra assigned for 192.4, 162.0, 139.1, 122,
121.3, 80.0. Which are characteristic of carbon attached to electronegative atoms and here
for carbonyl carbon carbon attached to oxygen atom in pyron ring. GC-MS for EIMS
fragmentations followed the established pattern, which further confirmed the the product
10(Scheme 14). The molecular ion peak (M+') at m/z 224, 147(15), 120(100), 104(42.3),
77(7.42). etc. shown in the table 7. On the ‘basis of these spectral data, product 10 was

characterized as name 2-phenyl-chroman-4-one.

OH L-proline ( 0.03 m g) (o) ‘
H0 @2ml) O
0 o]
1 10

Scheme14: synthétic route of 10, yield 93%
3.3 CHARACTERIZATION OF FLAVANONE (11).

Following the synthesis procedure reported in experimental section, compound 11
was afforded a single product in excellent yield. The product (11) was ‘characterized for
the molecular formula, C¢H 403 melting point 96-97 OC. It gave negative alcoholic
FeCls-test and pink color with Mg-conc. HCl.The IR-specfrum displayed diagnostic
bands at 1680 cm™ (CO,str), 1616, 1320, 1226, 769, 696 cm-'(ﬂavanbne skeleton) and
other absorption frequencies The 'H-NMR-spectrum gave the three type of double
doublet (a) 5.54 (dd, J,=13.2 Hz, J,=3.0 Hz, 1H). Due fo axial — axial interaction of H;
and Hy (b) 3.07 (dd, J,=16.9 Hz, J,=13.2 Hz, 1H). Due to axial — equatorial interaction of
H, “and H. (c) 2.88(dd, J;=16.9 Hz, J,= 3.0 Hz, 1H).Due to axial — equatorial interaction
of H, and H, confirming the presence of one pyrone ring, other aromatic characteristic
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peaks are shown in table 5, BCc NMR spectra assigned for 196.2.5, 156.7, 139.2, 125.8,
121.2, 80.1. Which are characteristic of carbon attached to electronegative atoms and here
for carbonyl carbon carbon attached to oxygen atom in pyron ring. GC-MS for EIMS
fragmentations followed the established pattern, which further confirmed the product
11(Scheme 15). The molecular ion peak (M) at m/z 259, (19), 147(15), 134(82),
121(52), 71(69), 57(100).etc. shown in the table 7. On the basis of these spectral data,

product 11 was characterized as name 2-(4’-methoxyphenyl)-chroman-4-one.

OMe
OMe L-proline (0.031n g) o O
S O H,O (2ml) O
5 o]
2 1

Scheme 15: Synthetic route of 11, yield 60%

3.4 CHARACTERIZATION OF FLAVANONE (12).

Following the synthesis procedure reported in experimental section, compound 12
was afforded a single product in excellent yield. The product (12) was characterized for
the molecular formula, Ci¢Hi4O> melting point 84-85 °C. It gave negative alcgﬁolic
FeCls-test and pink color with Mg-conc. HCL.The IR-spectrum displayed diagnostic
bands at 1675 cm-! (CO str.),1478, 1300, 1150, 895, 762 cm-l(ﬂavano_ne skeleton) and
other absorption frequencies. The 1H-NMR-spectrum gave a three type bf double doublet
(a) 5.50 (dd, J;=13.2 Hz, J,=3.0 Hz, 1H). Due to axial — axial interaction of H; and Hy, (b)
3.10 (dd, J;=16.9 Hz, J,=13.2 Hz, 1H). Due to axial — equatorial interaction of H; and H,
(c) 2.92(dd, J;=16.9 Hz, J,= 3.0 Hz, 1H).Due to axial — equatorial interaction of H, and
H, cohﬁrming the presence of one pyrone ring, other aromatic characteristic peaks are
shown in table 5, '*C NMR spectra assigned for 192.1, 161.1, 136.6, 124, 121 76.7. which

are characteristic of carbon attached to electronegative atoms and here for carbonyl
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carbon carbon attached to oxygen atom in pyron ring. GC-MS for EIMS fragmentations
followed the established pattern, which further confirmed the the product 12(Scheme 16).
The molecular ion peak (M) at m/z 238, 118(100), 120(25), 147(56).etc. shown in the
‘table 7. On the basis of these spectral data, product 12 was characterized as name 2-(4’-

methylphenyl)-chroman-4-one.

Me
OH Me O
O O L-proline (0.03m g) 0
X H,0 (2m1)
0] (0]
3 12

Scheme 16: Synthetic route of 12, yield 85%
3.5 CHARACTERIZATION OF FLAVANONE (13).

Following the synthesis procedure reported in experimental section, compound 13
was afforded a single product in excellent yield. The product (13) was characterized for
the molecular formula, Ci5H;;0,Cl melting point 86-87 °c It gave negative alcoholic
FeCls-test and pink color with Mg-conc. HCL.The IR-spectrum displayed diagnostic
bands at 1687 cm-! (C=0 str.), 1602, 1476, 1320, , 1225, 964, 786 cm'l(flavanone
skeleton) and other absorption frequencies. The 'H-NMR-spectrum gave a three type of
double doublet (a) 5.47 (dd, J;=13.2 Hz, J,=3.0 Hz, 1H). Due to axial — axial interaction
of He and Hp (b) 3.04 (dd, J;=16.9 Hz, J,=13.2 Hz, 1H). Due to axial — equatorial
interaction of H; and H, (c) 2.88(dd, J,=16.9 Hz, J,= 3.0 Hz, 1H).Due to axial —
equatorial interaction of H, and Hy, confirming the presence of one pyrone ring, other
aromatic characteristic peaks are shown in table 5, ?C NMR spectra assigned for 196.18,
161 which are characteristic of carbon attached to electronegative atoms and here for
carbonyl carbon carbon attached to oxygen atom in pyron ring. GC-MS for EIMS

fragmentations followed the established pattern, which further confirmed the the product
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13(Scheme 17). The molecular ion peak (M™) at m/z 256(16), 237(22), 147(490,
120(900, 97(48), 85(69), 57(100). etc. These compoundcomtain two molecular ion peaks
(M and M+2) in 1:3 intensity rati_o, which is characteristic of the presence of chlorine
atom in molecule. shown in the table 7. On the basis of these spectral data, product 13

was characterized as name 2-(4’-chlorophenyl)-chroman-4-one.

Cl
y <
O O ¢l L-proline (0.03 m g) Y
X H0 (2ml)
(o) (0]

4 13

Scheme 17: Synthetic route of 13, yield 87%

3.6 CHARACTERIZATION OF FLAVANONE (14).

Following the synthesis procedure reported in experimental section, compound 14
was afforded a single product in excellent yield. The product (14) was characterized for
the molecular formulas C15H1102Br melting point 86-87 °C. 1t gave negative alcoholic
FeCl;-test and pink color with Mg-conc. HCl; The IR-spectrum displayed diagno.stic
bands at 1687 cm-' (CO str.), 1476, 1320, 1300, 1225, 964, 825 cm-1(flavanone
skeleton) and other absorption frequencies. The 1H-NMR-spectrum gave a three type of
double doublet (a) 5.50 (dd, J,=13.2 Hz, J,=3.0 Hz, 1H). Due. to axial — axial interaction
of He and Hyp (b) 3.09 (dd, J;=16.9 Hz, J,=13.2 Hz, 1H). Due to axial — equatorial
interaction of H; and H, (c) 2.93(dd, J,=16.9 Hz, J,= 3.0 Hz, 1H).Due to axial —
equatorial interaction of H, and Hy confirming the presence of one pyrone ring, other
aromatic characteristic peaks are shown in table 5, *C NMR spectra assigned for 191.4,
161.3, 127.8, 120, 78.6. which are characteristic of carbon attached to electronegative

atoms and here for carbonyl carbon carbon attached to oxygen atom in pyron ring. GC-
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MS for EIMS fragmentations followed the established pattern, which further confirmed
the the,product-l4(Scheme 18). The molecular ion peak (M™) at m/z. 303, 301(13),
184(28), 120(920, 103(224), 92(44), 77(31), 57(100).etc. This compound contains two
molecular ion peaks (M and M+2) in almost equal intensity indicating the presence of
bromine atom shown in the table 7. On the basis of these spectral data, product 14 was

characterized as name 2-(4°-bromophenyl)-chroman-4-one.

Br
OH Br . Y O
O O L-proline (0.03mg)
X H,0 (2m))
o)

(o)
5 14

Scheme 18: Synthetic route of 14, yield 86-87%
3.7 CHARACTERIZATION OF FLAVANONE (15).

Following the synthesis procedure reported in experimental section, compound 15
was afforded a single product in excellent yield. The product (15) was characterized for
the molecular fo@ula C16H140, melting point 80-82 °C. It gave negative alcoholic FeCls-
test and pink color with Mg-conc. HCIThe IR-spectrum displayed diagnostic bands at
1670 cm-! (C=0 str.), 1320, 1300, 1225, 964, 951 cm-1(flavanone skeleton) and other
absorption frequencies. The 'H-NMR-spectrum gave give a three type of double doublet
(a) 5.53 (dd,J;=13.2 Hz, J,=3.0 Hz, 1H). Due to axial ~ axial interaction of H; and Hj (b)
3.12 (dd, J;=16.9 Hz, J,=13.2 Hz, 1H). Due to axial — equatorial interaction of H; and H,
(c) 2.98(dd, J;=16.9 Hz, J,= 3.0 Hz, 1H).Due to axial — equatorial interaction of H, and
Hy confirming the presence of one pyrone ring, other aromatic characteristic peaks are

shown in table 5, >C NMR spectra assigned for 192.2, 16.16, 129.2, 126,2, 121.5. Which
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are characteristic of carbon attached to electronegative atoms and here for carbonyl
carbon carbon attached to oxygen atom in pyron ring. GC-MS for EIMS fragmentations
followed the established pattern, which further confirmed the the product 15(Scheme 19).
The molecular ion peak (M™) at m/z 238, 237(32), 224(46), 147(54), 115(46), 118(100),
65(590.etc. shown in the table 7. On the basis of these spectral data, pr_oduct 15 was

characterized as name 2-(3’-methylphenyl)-chroman-4-one.

OH
O O L-proline (0.03m g)
X H,0 (2ml)
O

Scheme 19: Synthetic route of 15, yield 56%
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3.8 PROPOSED GC-MS FRAGMENTATION OF CHALCONES
PRODUCT 1TO9:

o O miz=224
m/z = 224 .
— OH —H*
+
. 0O A QO
Je =223
O m/e=207 O mie

|
m/e = 92 0O m/e=120 © mie=147

lco l 1
.t T 1t
N T a

|
0

m/e = 64 m/e = 104 m/e =77

— He

m/e = 63

Scheme 20
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3.9 PROPOSED GC-MS FRAGEMENTATION OF FLAVANONE 10
TO 15

Scheme 20 show the fragmentation of product 1to 9 and(table 6) Scheme 21 shows
that of 10, to 15, common fragmentation pattern which have m/z values according to the

substituent present. Their different fragments are shown in table 7:

m/e =224 m/e =223

»

* | .4
AP ou 17 ot ]
o. H H
o — 0 —C —CCh
m/e = 92 U m/e =104 § mle=121 I'n m/e = 147
j o4 . o——\-—|'—{—
H__H | | ©/ H
l l m/e = 64 ©
m/e =92
l—ﬁ m/e =77

Scheme 21
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Table2: Condensation of 2'-hydroxyacetophenone with different aldehydes

S. 2’-hydroxy Aldehyde React Product Yield
NO | acetophenone ion (%)
time
(hrs)

1. OH
w | O u| D |
OHC N
(o)
OH OMe OH OMe
) O« |G O
(:ln/cm OHC N 80
(0] o
OH OH Me
3. Me | 4 O 90
CH,3 X
OHC
(0] O
4. CH, OHC/©/ 6 O “ 85
o o}
OH OH Br
Br
s CH, /O | 6 O \ 84
o OHC )
6. 8 Me 60

Ors

OHC
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CH,

Be

(:[0’(” OMe 36 OH OMe | 75
OMe
sous
X OMe
(o] OHC OMe
(o]
OH y
N(Me), OH N(Me);
CH, @ \
o CHO 18 o 80
OH /©/F OH F
o | O O |
OHC X
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Table3: Cyclization of 2'- hydroxychalcone into Flavanones

S.No 2’-hydroxy Tempera | Reaction Product Yiel
Chalcone ture time(hrs d
¢C) ) (%)
or o L
O “ O 90-95 | 36 O 93
11. o} o)
OMe
O - O 120- | 48 O 60
12. o 0
Me
13 OH 120 36 O O 85
[ C
(0] (o]
’ OH cl cl 87
O « O 140 18 O o O
14. I
(o]
Br
OH Br 140 18 o O 87
IS. O N O O
O
0
Me Me
CC e J

(9
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Tabled: Selected chemical shift (in ppm) from 1H NMR (500MHZ) spectra of product 1-9

S.NO H4, , Me’
Compound H> H> | HY, H® H* | H® | OMe,
N-Me
1
HJ' 3
. 2° 2
”‘°” & WYl 1282 | 7.87 | 7.20- | | 694|793 | _
Hs‘ > HS 7.26
H® O HP HE
2
H3' H3
. 'WH2
“‘°“§a“ O OMe| 1294 | 7.88 | 7.63- | 7.02- | 6.97 | 7.93 | 3.88
HS" N o8 7.65 | 7.09
Hé O H® HE®
3
H3' H3
N 2 2
“‘°“H=” O Me | 1291 |7.90 |7.50- |7.20 |6.96 |7.96 |2.43
HS' N W 7.54
HS O HP HS
4
H?' H?
4 2 g2
H OHH"H O ¢ | 1280 | 7.87 | 7,50- | 6.9- | 6.94 | 7.93
HS' N . 756 | 7.3
H¢ O H" H®
5
o e 7.50- | 7.00-
H O Ha O B | 1290 | 792 756 |7.09 | 698 | 7.95 -
HS' RN 5
H
H® O HP HS
6
H3 - Me
H"°” J O HY 1290 | 775 | 715 | 6.57 3.80
HS' B WS
H® O H" HS
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OHZ Hz °M° 12.85 7.84 7.55- 7.07 6.99 | 7.96 3.96

e oMe 7.58
H" HE

Hr 2'y2 H3
MY ouHH @ NVel2\ 12,90 | 7.92 | 6.92- | 7.52- | 6.92 | 7.97 | 3.29
ys § " 6.98 | 7.68

HG 0 Hb HS

H3 H3
H4 OH;aHI Fl 1277 | 7.87 | 7.5- | 6.94- | 6.90 | 7.92
45 . y 7.56 | 7.0

Hs' o Hb HG
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Table5: Selected chemical shifts (in ppm) from 1H NMR (500MHZ) spectra of products 10-15

S.No H’, Me,
Compound H H* H® H’ H | H® | OMe,
N-Me
10
3.12 295 | 5.55 _ 7.08- | 7.94 _
7.11
11
3.07 | 2.88 | 5.44 | 7.55- | 7.04- | 7.94 | 3.88
7.60 | 7.15
12
3.10 2.92 7.53- | 7.06- |7.96 | 241
550 | 758 |7.10
13
3.04 2.88 | 5.47 | 7.49- | 7.03- | 7.93
7.55 | 7.10
14
3.09 293 | 550 | 7.55- | 7.04- | 7.97
7.60 | 7.12
15
3.08 298 | 553 | 7.50- | 7.10- | 7.95 | 2.53
7.52 | 7.16
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Table6: Selected fragments from GC-MS spectra of compounds 1-9

S. Product A B C D E G
No
ot o+ o+
A e e
1. Qo_._ Q\_ 0 I* " H 0 \mnﬂ -
.\J\/\. Q . Q 0 we=147 | =12 mie
O = 0 me=13
+
& O Ol o ol A0 AT A ol o mlﬂ
Q Q _._II ,I :vﬂm
N A X ; H 0 H m/e = 65
_ -
0 mr=15 0 me=254 we =147 0 mle=121 =37
O 222
OH ' ' . + | - _ 11
3. ol |2L o ||* + QAWVI»U + |_ @
crs (O[O0 L "
N N 0
0 e =147 o m/e =77
0 we=mw 0 ma=14 m/e = 115
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&. OH Cl . L (o) |_o+ o4 ot +
O e o et | e | e
YN PUY A el R e
mie = 147 R | -
° © miz=257 O mre=165 m/e = 92 mie = 65
OH D Br
m. o | . .4 n
o oH o Br| o | | 1+ U
S A N @ LS SbE
(o] m/z=303 O m/e=120 _ o .
0 m/e="77 =
m/e =184
m/e =103
Me
OH
a- O Me _tl_l OH *t+ ﬂ I|_...T , CH; .+ [_.AT +
oo M | WIS
© = O miz=24 mfe= 147 o i h
m/e=118 mle = 65
O miz=237 I
Qe ome | owe [Tl oMe |t} ome E
OH O OMe Q OH Q OMe Qo: O 0 W ..oza W
-N. > OMe ~ OMe oM OMe ” .t
OMe O mz=314 O z=19%4 e
m/z = 181 m/z = 151
° i
O mle=12
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Product

seleall

+

a0l

o 5
0 7 o m/z =191 © 4 -
m/z= mie=
m/z = 207 o mie =57
. .+ . “+ o e —1H
oH Fley™ ol et oy IR G,
o Y| ST SEV<EN I INIE -
X 0 —-nuv\n =243 m/e =122 _O m/e =121 m/e =147
m/z =244 m/e =77
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Table7: Selected fragments from GC-MS spectra of compounds 10-15

w .+ o+ ]+
ol o. _ @J
H H .
10. H 1 mre = 104 I+
m/e = 147 _ =
oM o m/e = 120
m/e=77
.4 ||— .+ CH, ot ot A l_l
Jg | ] el o ol
° ; b 0
' mse=121
HH. I E\O" Mhﬂ —.—-\nnnmm o e=12
o oH )
o m/e = 255 e =224 o
Me
v 0] O o + . " .
HN- Me \l— ! o H OMe Me ‘Jl*l
g e D LS o S
H H H H H
0 H H mie=147 m/e=134 m/e= 118
0
oH _
" =77
5\001 239 m/e =223 m/e
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o] |_ L (o] |_ ° 4 LS
Mu- @ﬁvlf_._ @ﬁVlﬁI O|_ 0]
T T H X " H @ﬁ m/e =57
of mle =147 mle =147 _ B
m/e =256 O m/e=12(
o 7 | v+ + o *+
14. O " O B Br | @\o/x |_ t
H H
= me=92 | H/—
S I i & 1 m/e =103 d H
m/e = 301 m/e =184 m/e =57
Me
ot .
15. O W L

oH
m/e =239

oH
m/e =224

ot
H

H

H

0]
H m/e=147

O
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Chapter 4

CONCLUSSION

We have demonstrated L-proline as a novel organocatalyst for Clasien-Schmidt type
condensation of 2’-hydroxychal¢one and its derivatives in water at different temperature to
obtain flavanones (2-phenyl-chroman-4-one) that are potential building blocks for synthesis
of natural products. The catalyst used is cheap, easily available and environmentally benign
for the reaction to furnish the products in moderate to higher yields. All the compounds were
fully characterized by analytical tool and by comparison of the known data for the available

compounds.
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SUPPORTING INFORMATION

Figure S1. 'H NMR spectra of 1- (2’-Hydroxyphenyl)-3-phenyl-2-propen-1-one

Figure S2. ">C NMR spectra of 1- (2’-Hydroxyphenyl)-3-phenyl-2-propen-1-one

Figufe S3. IR spectra of 1- (2’-Hydroxyphenyl)-3-phenyl-2-propen-1-one

FigureS4. GC-MS spectra of 1- (2’-Hydroxyphenyl)-3-phenyl-2-propen-1-one

Figure S5. 'H NMR spectra of1-(2’-Hydroxyphenyl)-3-(4-methoxyphenyl-2- propen-one
Figure S6. 13¢ NMR spectra of 1-(2’-Hydroxyphenyl)-3-(4-methoxyphenyl-2- propen-one
Figure S7. GC-MS spectra of 1-(2’-Hydroxyphenyl)-3-(4-methoxyphenyl-2-propen-1-one
Figure S8. 'H NMR spectra of 1-(2’-Hydroxyphenyl)-3-(4-methylphenyl) - propen-1-one
Figure S9. 3C NMR spectra of 1-(2’-Hydroxyphenyl)-3-(4-methylphenyl) - propen-1- one
Figure S10.. GC-MS spectra of 1-(2’-Hydroxyphenyl)-3-(4-methylphenyl) - propen-1-one
Figure S11. 'H NMR spectra of 1-(2’Hydroxyphenyl)-3-(4-chlorophenyl)-2-propen-1-one
Figure S12. ®C NMR spectra of 1-(2’Hydroxyphenyl)-3-(4-chlorophenyl)-2-propen-1-one
Figure S13. GC-MS spectra of 1-(2’Hydroxyphenyl)-3-(4-chlorophenyl)-2-propen-1-one
Figure S14. 'H NMR spectra of 1-(2° Hydroxyphenyl)-3-(4-Bromophenyl)-2-propen-1-one
Figure S15. BCNMR spectra of 1-(2° Hydroxyphenyl)-3-(4-Bromophenyl)-2-propen-1-one
Figure S16. GC-MS spectra of 1-(2’ Hydroxyphenyl)-3-(4-Bromf)phenyl)-2-propen-1—one
Figure S17. "H NMR spectra of 1-(2’ Hydroxyphenyl)-3-(3-methylphenyl)-2-propen-one
Figure S18. CNMR spectra of 1-(2° Hydroxyphenyl)-3-(3-methylphenyl)-2-propen-1-one
Figure S19. GCMS spectra of 1-(2° Hydroxyphenyl)-3-(3-methylphenyl)-2-propen-one
Figure S20. 'HNMR spectra of 1-(2’-Hydroxyphenyl)-3-(4-tri-methoxyphenyl)-propen-1-one
Figure S21. °C NMR spectra of 1-(2’-Hydroxyphenyl)-3-(4-tri-methoxyphenyl)-propen-1-one
Figure S22. GCMS spectra of1-(2’-Hydroxyphenyl)-3-(4-tri-methoxyphenyl)-propen-1-one

FigureS23."HNMR spectra of 1-(2’-Hydroxyphenyl)-3-(4-dimethylaminephenyl)-2-propen-  1-
one

Figure S24. BCNMR spectra of 1-(2’-Hydroxyphenyl)-3-(4-dimethylaminephenyl)-2-propen-1-
one -
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FigureS23.
Figure S26
Figure S27

Figure S28.
Figure S29.
.Figure S30.
Figure S31.
" Figure S32.
Figure S33.
Figure S34.
Figure S35.
Figure S36.
Figure S37.
Figure S38.
Figure S39.
Figure S40.
Figure S41.
Figure S42.
Figure S43.
Figure S44.
Figure S45.

Figure S46

Figure S47.
Figure S48.
Figure S49.
Figure S50.

GCMS spectra of 1-(2’-Hydroxyphenyl)-3-(4-dimethylaminephenyl)-2-propen-1-one
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Figure S48. 'H NMR spectra of 2-(4-methylphenyl)-chroman-4-one
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Figure $50. 'H NMR spectra of 2-(4-methylphenyl)-chroman-4-one
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