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CHAPTER |

INTRODUCTION

1.1  Homogeneous catalysts [1]

The numerous catalysts known today-ean be classified according to various
criteria: structure, composition,-area ofg‘application, or state of aggregation. Catalysts
could be classified according te the state of aggregation in which they act. There are
two large groups: heteregeneous catalysts (solid-state catalysts) and homogeneous
catalysts (Scheme 1.1). /Fhere j/are also- intermediate forms such as homogeneous
catalysts attached to solids (support cataIS/sts), also known as immobilized catalysts.

The well-known biocatalysts (enzymes) also belong to this class.

o

Catalysts
Homogeneous Heterogenized Heterogeneous
catalysts homogeneous catalysts
catalysts
[incli biocatalysts
Acid/base (enzymes)] Bulk
catalysts catalysts
Transition Supported
metal catalysts
compounds

Scheme 1.1 Classification of catalysts



Catalytic processes that take place in a uniform gas or liquid phase are
classified as homogeneous catalysis. Homogeneous catalysts are generally well-
defined as chemical compounds or coordination complexes, which, together with the
reactants, are molecularly dispersed in the reaction medium.

Catalytic processes generally consist of complicated series of reactions,
whereby the activation of individual steps can place different demands on the catalyst.
Previous reports have classified the homogeneous catalysis of organic reactions on the
basis of the HSAB concept. If the first step of a reaction cycle is regarded as an acid-
base reaction between the catalyst and the organic substrate, then a distinction can be
made between “hard” and “soft” catalysts, providing a simple basis for understanding

transition metal catalyzed processes. (Scheme 1.2).

Homogeneous catalysis

Hard catalysis Soft catalysis
- With H" or transition metal ions in - With transition metal complexes in
high oxidation states, low oxidation states,
e.g. Mo®", VO*, FeCls, Ti€Cl,, Zn** .0 Co, Rh*, Ni®, Fe, cu*, Ir*
- Acid-base catalysis: generation-of - Good electron exchange between metal
electrophilic and nucleophilic centers and substrate/(covalent interaction)
- Examples: - Soft substrate(olefins, dienes, aromatics)
Friedel-Crafts reactions, oxidation
processes, epoxidation, ester - Soft ligands'and reagents
hydrolysis (H,, CO, CN’, PR3, SnCl;  etc.)
- Soft solvents|(benzene, acetone, Me,SO)
- Examples:
cabonylation,-hydrogenation, olefin
oligomerization

Scheme 1.2 Hard and soft catalysis with transition metal compounds

In the last three decades homogeneous catalysis has undergone major growth.
Many new processes with transition metal catalysts have been developed, and many

new products have become available. Homogeneous transition metal catalyzed



reactions are now used in nearly all areas of the chemical industry, as shown in
Scheme 1.3.

_ _ Hydrogenation
Fine chemicals Oxidation

\ / Oligomerization

Homogeneous

catalysts

Metathesis

Hydrosilylation Polymerization

Isomerization Reactions with CO

Hydrocyanation

Scheme 1.3 Homogeneous transition metal catalyzed reactions carried out industrially

Nowadays thed hroad ' spectrum of  catalytic processes would be
inconceivable without homogeneous trahsition metal catalysts, importance of which
could be expected to grow in future. in the case of basic chemicals the chances for
new catalytic processes are small, but they éré better for higher value chemicals such
as fine and specialty chemicals: Pharmacéhﬁg_als and agrochemicals are two areas
where homogeneous catalysts. have advantages. Complex molecules can often be
synthesized in single-step one pot reactions Witi.i the aid of transition metals.

1.2 What is coumarin? [2]
Coumarin, 2H-1-benzopyran-2-one or 1,2-benzopyrone, CoHgO- (1), is one of
the most importantiafoma chemicals having-unigue'characteristics not only because of

its haylike bittersweet odor, but also because of its quality as a perfume fixative.

51 Uk
6 X3
2
o Yo
8 1

1)
Coumarin is widely distributed in the plant kingdom, notably in high
concentration in the tonka bean, woodruff, and bison grass. But most of it has been
produced synthetically for many years for commercial uses. In addition to its use in

the perfumery, cosmetic, and related industries, coumarin has several other industrial



applications. Formerly, large quantities of coumarin were used in food industry
mostly associated with vanillin for flavoring chocolates, baked goods, and in the

confection of cream soda flavored beverages.

1.2.1 The importance of coumarins

The synthesis of coumarins and their derivatives has attracted considerable
attention from organic and medicinal chemists for many years as a large number of
natural products containing this heterocyclic nucleus. They are widely used as
additives in manufacture of food, perfumes, cosmetics, pharmaceuticals [3] and in the
preparation of insecticides, optical brighteners+4] and dispersed fluorescent and laser
dyes [5]. Also, coumarins.have varied bioactivities,.for example, inhibition of platelet
aggregation [6, 7], anticancer.{8].and inhibition of steroid 5a-reductase [9].

A large number of.coumarin derivatives have been identified in plants and
many of them have been synthesized and studied for their physiological activity. Only
a few are mentioned here because of their‘—economic significance.

3,4-Dihydrocoumarin'is prepared byﬂc—:atalytic hydrogenation of coumarin. It is
also used in the perfumery industry for its ‘haylike odor. It is less powerful than
coumarin but its higher solubility in alffohol may make it preferable in some
applications. =

3- and 6-methylcoumarins have some usesin the perfume industry. The 6-
methyl derivative isipermitted-in-fiavor-compositions:

4-Hydroxycoumarin can be synthesized by cyclization of acetyl methyl
salicylate. It is a coumarin metabolite occurring in spoiled hay. Derivatives of
4-hydroxycoumarin ffer jinstance @icoumarol; warfarin,<eyclocoumarol, ethyl bis—
coumaracetate, and bis-4-hydroxycoumarinare synthetic blood anticoagulants.

7-Hydroxycoumarin, known as umbelliferone, .occurs.naturally in gum resins
of umbelliferae and'is‘an important coumarin metabolite.’It is teadily manufactured
from resorcinol and maleic or fumaric acid. Umbelliferone and p-methyl

umbelliferone (7-hydroxy-4-methylcoumarin) are used as fluorescent brighteners.

1.3  Methods for the synthesis of coumarins
Coumarins have been synthesized by several routes including von Pechmann,

Perkin, Knoevenagel, Reformatsky and Wittig reactions.



1.3.1 By Perkin reaction

Perkin first synthesized coumarin in 1868 by the reaction of sodium salt of
salicylaldehyde with acetic anhydride and it was found later that the reaction could be
made from salicylaldehyde itself by using NaOAc as a catalyst, through the

intermediary of cis-o0-acetoxycinnamic acid.

CHO CH,COONa N
@E + 2(CHsCO),0 i Loy — (D+3CHCOOH
OH

OCOCH;

This reaction was also extended to other aromatic aldehydes for the preparation of
a,f-unsaturated carboxylic acids.  Several mechanisms of the reaction have been
proposed. The most accepied mechanism involves the reaction of the aldehyde with
the enol form of the acid.anhydride which is promoted by the presence of the sodium
salt or of another base. Fhesresulting reaction product is then dehydrated into an
unsaturated carboxylie'acid. _

The Perkin reaction is of importané_e for the industrial production of coumarin
and a number of modifications have. been s’t:'ud-ied to iImprove it, such as addition of a
trace of iodine; addition of oxides or saltsaf"n}etals such as iron, nickel, manganese,
or cobalt [10]; addition of catalytic amounts of -byridine or piperidine; replacement of
NaOAc by K,CO; orby CsOAc [11]; and uéé b'f-alkali metal biacetate [12].

1.3.2 By Knoeevenagel reaction

3-Substituted coumarins can be synthesized by Knoevenagel reaction, which
involves the condensation of e-hydroxyaldehydes suchsas:salicylaldehyde with acetic
acid derivatives . containing an ‘active methylene~group such as acetoacetic acid,
malonic_acid, cyanoacetic_acid, and their_esters.“Ammonia or organic bases such as
pyridine; piperidine, and ‘primary. and Secondary ‘amines are used as catalysts.
Removal of the substituted group in the 3-position by heating or hydrolysis can
produce coumarin. Thus coumarin 3-carboxylic acid obtained by the condensation of
salicylaldehyde with malonic acid is decarboxylated into coumarin by heating to
290°C. The decarboxylation can be done at a lower temperature with a better yield in

the presence of mercuric salts:



CHO o COOR
©i + CH,(COOR), ) m @)
OH organic o~ o -CO,

base

where R = H or Cy;Hs. The coumarin 3-carboxylic acid (4) is also obtained by
hydrolysis of the cyano group resulting from the condensation of salicylaldehyde with

OfICOOH
o O
4)

cyanoacetic acid.

CHO CN
X
@ + CI:HZCN Of\(
OH COOH g oH

Hoogenboom and.eo-workers reported the condensation of salicylaldehydes
with diphenyl malonatesto give the .corresponding coumarins [13]. The diphenyl
malonate could be converted/with the substituted salicylaldehydes to a series of 3-
carbophenoxycoumarins in the present oflvpiperidine, the usual Knoevenagel reaction

catalyst, in benzene at reflux temperature.

CHO piperidine,i':)'ér]znene X CO,Ph
X‘@i + CHy(CO4Ph)) £t X@ft\[ + HOPh
OH reﬂuxﬁ , o X0

Brufola and co-workers addressed the preparation of 3-substituted coumarins
by using salicylaldehyde and acetonitriles [14]. The reaction of salicylaldehyde with
monosubstituted acetonitriles were executed in aqueous solution of NaHCO; and

stirred at 20-90°C to yield 3-substituted coumarins.

CHO R
NaHCO3, Hzo NS
OH (@] @]

Bigi and co-workers published the condensation of salicylaldehyde with

malonic acid catalyzed by montmorillonite KSF [15]. The reaction of various
salicylaldehydes with malonic acid was performed in the present of KSF catalyst in
aqueous medium at reflux for 24 h to give the corresponding coumarin-3-carboxylic

acids.



2 2
R CHO KSE R COOH
+ HOOC.__COOH
OH 100 °C,24h o o

R1 R1

Shockravi and co-workers reported the the Knoevenagel type condensation of
salicylaldehyde with B-ketoesters [16]. The condensation of salicylaldehyde and 2-
hydroxy-1-naphtaldehyde with a variety of pB-ketoesters supported onto MgO in the

present of a drop of piperidine for the rapid synthesis of 3-substituted coumarins.
@)

CHO )U MgO; Piperidine AN R
TR OEt
Ry OH Ry o~ ~o
®F o , L &%
. MgO, Piperidine O

+ M “ R

R OEt

OH :
0 ¥ O O

CH
1.3.3 By Wittig reaction

Narasimhan 'and- co-workers addressed the method of several methoxy- and
benzo-coumarins and™ 3-phenylcoumarins synthesis [17]. The reaction of starting
o-hydroxyaldehydes with a-ethoxycarbonylbenzylidenetriphenylphosphorane was

heated at 2509€, under nitrogen for 2°h to-afford 3-phenylcoumarins and their benzo

derivatives.
CgH
Rl |6 R Rl
R, OH (CeH5)3P=C—~COOC,H; R, o. _O
R4 CHO 250°C R; Z Ry
R4 R4

Yavari and co-workers published the application of triphenylphosphine as a
reagent for the reaction of phenol with dimethyl acetylenedicarboxylate (DMAD)
[18]. By substituted phenols led to a vinyltriphenylphosphonium salt, which



undergoes with the phenolate conjugate base to produce 4-carboxymethylcoumarins
in high yields.
CO,Me

R’ R
_ CH,CI S
(CeHs)sP + H3CO,C-C=C-CO,CH; + 2~z
OH reflux o~ o

R R

1.3.4 By Pechmann reaction

The von Pechmann reaction is a veneraple reaction and it is one of the most
simple and straightforward methods used to-produce coumarins. Classically, the
process consists of the eendensaiton of phenols with 3= ketoesters in the presence of a
variety of reagents and-gives«good yield; of 4-substituted coumarins.

Several acid catalysis have been used in the von-Pechmann reaction including
sulfuric acid [19, 20); aluminium chléride [21], phosphorus pentoxide [22],
hyperchloric acid [23] #trifluoroacetic acid [24], solid acid catalysts [25] and
combination of solid acid' catalysts and rhicrowave irradiation [26, 27]. However,
these catalysts have to be used in excess; for example, sulfuric acid in ten to twelve
equivalents [19], trifluoroacetic-acid in threé;td"four equivalents [24] and phosphorous
pentoxide is required in a five-fold excess.

Moreover, in some cases, mixtures of substituted phenols, B-ketoesters and the
acidic catalyst were allowed to stand overnight or for a number of days (depending on
their reactivity) or were heated above 150°C, and undesired side-products such as
chromones, in addition,to Coumarins,were isolated., As.a result, the disposal of excess
acid waste leads to'environmental pellution:’In‘recent years, Lewis acids such as InCls;
[29], AICI3-nBPC, Sm(NO3); [30],7ZrCl, [31] and Yb(OTf); [37)as well as acidic
ionic liquid [28, 34] were employed to.catalyze Pechmann! reactions. However, some
of these Lewis acids are moisture sensitive and require special care in handling and
storage. Consequently, there is scope for further development of milder reaction
conditions, increased variation of the substituents in both components and better
yields.

Potdar and co-workers addressed the use of [bmim]CI- 2AIClI; ionic liquid as
an acid catalyst in the condensation of phenols with ethyl acetoacetate [28]. The ionic

liquid played the dual role of solvent and Lewis acid catalyst providing a quick route



to syntheses of coumarins. Nevertheless, this acid catalyst was sensitive to moisture

and all additions were carried out in an inert atmosphere.

CHs
N M [bmim]CI-2AICI; NS
+
= o
& o OEt 30,60 or 120°C N N0

10-120 min

Bose and co-workers reported the utilization of InCl; catalyzed the coumarin
derivatives synthesis [29]. The pechmann condensation was carried out in the present
of 10 mol% of metal halide catalyst under ntirogen atmosphere at reflux temperature.

4-Substituted coumarins were furnished in good te-excellent yield.

R’
N ey S D
R Z>oH R OEL reflux R N0 Yo

R CHls, €H,CITCF3

Bahekar and coswogkers published the application of Sm(NO;)s-6H0 in the
Pechmann condensation leading to the formatiOn of coumarins [30]. The reaction was
performed under reflux ‘temperature ~and snitrogen atmosphere to give the

corresponding coumarin product in moderate tosexcellent yield.

CHj
+
7 o _ ;
R/ OH OEt 80°C, 15-90 min R// o X0

Sharma“and.co-workers reported the studies on a ZtCl, catalyzed one-pot
protocol for the synthesis of 4-substituted coumarins [31]. The reaction was carried
out at ‘ambient temperature and found to ‘be adaptable to-a variety of substrates. The

corresponding of coumarins product were acquired in high yield.

R’

| AN . M ZrCl, (10 mol%) | N X
/ 1 _ -

R/ OH R OEt RT, 5-10 min R// o X0

Valizadeh and co-workers published the utilizing of TiCl, as a reagent for

coumarin synthesis [32]. This reaction condition employed a 1:1.5 ratio of the phenol
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and the B-ketoester in the present of TiCl, 0.5 equivalent at room temperature for a

few minutes. The coumarin derivatives were obtained in good to excellent yield.
R’

(L B O
+ —_—
R// OH R' OEt RT L = o o

R

Alexander and co-workers addressed the Pechmann condensation of phenols
and p-ketoesters [33]. Bi(NO3)3-5H,0 was used as catalyst. The reaction was carried
out at 80°C under solvent free condition leading. to the construction of the coumarin
derivatives in good yield.

R'
= s o
R/ OH R OEt 80°C R// o X0

R = cH, oh,CI/CrsPh

Singh and co-workers reported ‘the microwave accelerated preparation of
[obmim][HSO,] ionic liquid as an acid cat_a[yét [34]. Pechmann reaction was carried
out both by thermal heating -and micro(A}é\(g_ irradiation (140 W) as well. The

corresponding coumarin derivatives were obtained in high yield.

O\ )OJ\)OJ\ (bmlm)HSO4 D o
* - |
/ '
2 oH OR MW A0 0

R'= CH3, C2H5

Rodriguez-Dominguez and co-workers published the use of ZrOCl,-8H,0 as
an Pechmann-catalyst [35}+ Thereaction was.carriedsout-at 89°C-for,24 hours and, in
some cases, a little‘ethanol was addedas solvent. However, in the case of halogenated
coumarins either at the 3- or 4-position, the reaction was performed at between 60 and
65°C in order to avoid formation of resins. The product was acquired in moderate to

good yield.
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ZrOCl,-8H,0 CHRX
| X a,borc | XX Y
° Pz
R// OH 80 Co,r24 h R/ o o
60-65°C, 24 h

Where X and Y are either H or Cl a) Ethyl acetoacetate; b) Ethyl 2-

chloroacetoacetate; c) Ethyl 4-chloroacetoacetate

From the literature reviews, various methods could be successfully developed
for the coumarin synthesis. A few reports invelving the preparative procedure of these
heterocyclic compounds employing metal “halides as catalyst have ever been
addressed. Nonetheless, the-utilization of first row transition metal halides as catalyst
for the coumarin synthesis has net been addressed much in chemical literatures. Due
to its inexpensiveness, available and ease of preparation, this research is therefore
focused on the development of some metal and first row transition metal halides for
Pechmann condensation t0 furnish cog[:lmdarin derivatives using resorcinol as a

chemical model.

)
I

1.4 The goal of this resgarch .
The objective of this researéh can be%q;f;marized as follows:
1. To search for effective metal halide catalysts for.the synthesis of coumarins.
2. To systemaitcatty study on the optimization conditions for the synthesis of
coumarins Catalyzed by metal halides under mild reaction conditions.
3. To utilize the optimized conditions to synthesize coumarin derivatives by

condensing pheriols‘with'3-ketoesters.



CHAPTER Il

EXPERIMENTAL

2.1 Instruments and equipments

Spectrometers: The IR spectra were recerded on.Nicolet model Impact 410 FT/IR
spectrophotometer. Solid samples.were inc"orporated into a pellet of potassium bromide
(KBr). Liquid samples were dropped on NaCl plates. The ‘H- and "*C-NMR spectra were
performed in CDCIl; or DMSO-dg with tetramethylsilane (TMS) as an internal reference
on Varian nuclear magnetigfTesonance spect"rometer, model Mercury plus 400 NMR
spectrometer which operated at 399,84 MHzx‘]Y‘or- *H and 100.54 MHz for *C nuclei. The
chemical shifts (8) are assighed:by comparisoh'.with residue solvent protons.

Chromatography: Thin layer chromatog-tap-)khy (TLC) was performed on aluminium
sheets pre-coated with silica gel (Merck’s, Kieeelgel 60 PF2s4). Column chromatography
was performed on silica gel (Merck’s Silica gel_éb_ G Art 7734 (70-230 mesh)).

Melting points (m.p.) were determined with a. Fisher-Johns melting point
apparatus and are uncorfected.

Elemental analysis (EA) was carried out on CHNS/O ANALYSER (Perkin Elmer
PE2400 Series I1) at Scientific and Technological Research Equipment Center
Chulalongkorn University: Gaseous products freed by pyrolysis in high-purity oxygen 15
and were chromatographically separated.by frontal analysis and quantitatively detected by
thermal conductivity detector.

2.2 Chemicals

All solvents used in this research were purified prior to use by standard
methodology. The reagents used for synthesis and all organic substrates were purchased
from Fluka chemical company or otherwises stated and were used without further

purification.
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2.3 Syntheses

2.3.1 Preparation of Cr(acac)s

Chromium(lll) chloride hexahydrate (10 mmol, 2.66 g) was dissolved in distilled
water (3 mL) and the mixture was heated until homogeneity. After that concentrated
ammonium hydroxide solution (4.5 mL) was dropped slowly. The solution was stirred for
about 15-20 min on a water bath (80°C) and brown solid was filtered off and washed with
distilled water until no more chloride was detected. The precipitate was placed in
Erlenmeyer flask, acetylacetone (10 mmol, 6 mL) was slowly dropped for 35 min on
water bath and a precipitate of red solid was observed. The products were filtered and
recrystallized by 95% ethanol. The blue gray solid.ef Cr(acac); was obtained (75%), m.p.
209-215°C. IR (KBr, cm™): 1527-1578(s), 1381(s), 1277(s), 1018(s) and 927(m).

2.3.2 Preparation of.Cr(str):

Stearic acid (22 mmal, 6:26 @) was dissolved into a solution of NaOH (0.88 g
NaOH in 20 mL) at 80°C togive @ 2 M solution. The solution was stirred until clear and
homogeneity, CrCls-6H,04(7.3 mmol) dissolve in 10 mL of distilled water was added
giving a light purple precipitates The reactionv_rﬁixture was allowed to stir at the same
temperature until the complex formed, then trh'eq precipitate was collected and dried in
vacuo (75%), m.p. 100-103°C. IR (KBr, cm'?)_:,1750(s), 1607(s), 1473(m), 1327(s),
1287(s), 1051(m), 864(m), 767(m), 475(s). (EA), %C = 48.35, %H = 3.27 and %N =
9.44.

2.4 General procedure for thessynthesis of coumarin derivatives

To phenol (5 mmol) and-B-ketaester (5 mmol), metal halide catalyst (5 mol%) was
added and the mixture was stirred in agpre-heated oil-bath at 80°C. After completion of
the reaction, the reaction mixture was cooled to RT, poured into ice-cold water and stirred
for 10-15 min. The crystalline products were collected by filtration under suction, washed
with ice-cold water and then recrystallized from hot EtOH to afford the desired product.
The coumarin derivatives are mostly well known in literature and were identified by
comparison of their physical and spectral data.

In case of other metal halides beside CrCl3-6H,0 utilizing as catalyst in Pechmann

condensation, the isolation procedure was necessary.
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2.4.1 General isolation procedure

After the reaction was completed, the products were separated as follows: the
crystalline products were collected according to the general procedure and were purified
by silica gel column using a mixture of hexane-EtOAc as a mobile phase. The equivalent
fractions monitored by TLC were combined and the solvent was completely evaporated.
The residue was characterized by "H-NMR spectroscopy.

7-hydroxy-4-methylcoumarin: white solid, m.p. 184-185°C, R; 0.32 (hexane-
EtOAc (1:1)); *H-NMR (DMSO-dg) & (ppm); 7.57 (d, J = 8.7 Hz, 1H), 6.78 (dd, J = 2.3,
8.7 Hz, 1H), 6.68 (d, J = 2.3 Hz, 1H), 6.11 (s, 1H) and 2.34 (s, 3H).

4-(2,4-dihydroxyphenyl)-7-hydroxy-4-methylehroman-2-one: light brown solid, Ry
0.22 (hexane-EtOAc (1:1)); "H-NMR (MeQD-dz) 6 (ppm): 7.02 (d, J = 8.4 Hz, 1H), 6.60
(d, J = 8.1 Hz, 1H), 6.48 (s, 1H); 688 (d, J = 8.4 Hz, 1H), 6.27 (s, 1H), 6.09 (d, J = 7.9
Hz, 1H), 3.98 (d, J = 15.4 Hzy'1H), 2.50 (d,)J = 15.5 Hz, 1H) and 1.70 (s, 3H). *C-NMR
(MeOD-dy) & (ppm): 170.3, 157.2, 157.1,-156.2, 151.6, 128.5, 126.9, 122.5, 121.0, 111.4,
105.5, 103.3, 103.2, 40.2,739.4:and 24.5. (EA), %C = 65.74, %H = 4.70 and %0 = 29.56.

2.5 CuCl, catalyzed Pechmann condensation
The Pechmann condensation Was carri"ed.out in the same manner as described

above utilizing CuCl, as a catalyst.

2.6 General procedure far the proof for the formation of €ompound 2

The mixture of 7-hydroxy-4-methylcoumarin (0.2 nimol, 35.2 mg) with resorcinol
(0.2 mmol, 22 mg) was carried out in the presence of CuCl, (5 mol%, 1.3 mg), using a
little EtOH as solventiat refluxitemperature for 2 h. After evaporation, the crudes were
concentrated and analyzed by *H-NMR based on a standard CH3CN 10 pL.

2.7 Study on the optirnum‘conditions‘fo¥ Pechmann‘condensatior of resorcinol
with ethyl acetoacetate
2.7.1 Effect of metal halide on Pechmann condensation
The Pechmann condensation was carried out in the same manner as previously
described employing various metal halides: CrCl3-6H,0, CrBr;-:6H,O, MnCl,, CoCly,
CuCly, SnCl,-2H,0, NiCl,, FeCl; and InCl3-H,0 as a catalyst.
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2.7.2 Effect of chromium(I11) metal on Pechmann condensation

The Pechmann condensation was carried out in the same manner aforementioned,
switching from CrCl3-6H,0 to CrBrs3-6H,0, Cr(NO3)3-9H,0, Cr(acac)s and Cr(str)s.

2.7.3 Effect of temperatures on Pechmann condensation

The Pechmann condensation was performed according to the general procedure
mentioned earlier using CrCls;-6H,O as a catalyst, but different reaction temperatures
were varied: RT (28-30°C) and reflux temperature.

2.7.4 Effect of solvent on Pechmann condensation

The Pechmann condensation was carried out in the same manner as described
above except for EtOH, THF, CH,Cl,, toluene, €H3sEN, isooctane, xylene and water were
used as a reaction medium. The amount of solvent used was 3 mL and reduced to 1 mL.

2.7.5 Effect of the amount.of catalyst on Pechmann condensation

The Pechmann condensation: was: carried out as described in the general

procedure, but the amount of gatalyst was varied: 0, 1, 5, 10 and 20 mol%.

2.8 Synthesis of various coumarin derivatives\/ia Pechmann condensation

2.8.1 Various phenoli¢ compounds

Selected  phenolic compeunds,  namely  pyrogallol,  3-methoxyphenol,
phloroglucinol, m-cresol, 2-naphthel; 2—meth3}|ré§orcinol, orcinol and 3-aminophenol
were reacted according to the genéral procedure as previously described. CrClz-6H,0 was
utilized as catalyst. The ciystatiifie-producis-of-coumarin-dervatives were identified by
comparison of their physical and spectral data with those reported in literature.

7-methoxy-4-methylcoumarin: light orange solid, 25% yield, m.p. 160-162°C, R¢
0.50 (hexane-EtOAE (1:1)); *H-NMR (CDRCls)=8 (ppm):| #7.50: (d'J = 8.8 Hz, 1H), 6.86
(dd, J = 2.5, 8.7 Hz; 1H), 6:82 (s, 1H), 6.14 (s, 1H), 3.88 (s, 3H) and 2.40 (s, 3H).

5,7-dihydroxy-4-methylcoumarin: .beige. solid;. 100%. yield, .a.p. 283-285°C, R¢
0.18 (hexane-EtOA¢ (1:1)); *H-NMR{DMSO-ds)' & {ppm):-6.22 (8, 1H), 6.14 (s, 1H),
5.81 (s, 1H) and 2.48 (s, 3H).

7,8-dihydroxy-4-methylcoumarin: gray solid, 91% yield, m.p. 241-243°C, R; 0.20
(hexane-EtOAc (1:1)); *H-NMR (DMSO-dg) & (ppm): 7.07 (d, J = 8.5 Hz, 1H), 6.79 (d, J
= 8.5 Hz, 1H), 6.10 (s, 1H) and 2.33 (s, 3H).

7-hydroxy-4,8-dimethylcoumarin: white solid, 71% yield, m.p. 264-266°C, R:
0.35 (hexane-EtOAc (1:1)); *H-NMR (DMSO-dg) & (ppm): 7.37 (d, J = 8.6 Hz, 1H), 6.81
(d, J=8.6 Hz, 1H), 6.05 (s, 1H), 2.30 (s, 3H) and 2.10 (s, 3H).
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7-hydroxy-4,5-dimethylcoumarin: light gray solid, 23% yield, m.p. 258-259°C, Rt
0.40 (hexane-EtOAc (1:1)); *H-NMR (DMSO-ds) & (ppm): 6.55 (d, J = 14.2 Hz, 2H),
6.00 (s, 1H), 2.50 (s, 3H) and 2.24 (s, 3H).

7-amino-4-methylcoumarin: yellow solid, 8% yield, m.p. 225-227°C, R¢ 0.25
(hexane-EtOAc (1:1)); *H-NMR (DMSO-ds) & (ppm): 7.37 (d, J = 8.6 Hz, 1H), 6.53 (dd,
J=2.0, 8.6 Hz, 1H), 6.38 (d, J = 1.9 Hz, 1H) 6.08 (s, 2H), 5.87 (s, 1H) and 2.27 (s, 3H).

2.8.2 Various p-ketoesters

Selected B-ketoesters, methyl acetoacetate and ethyl benzoylacetate were reacted
according to the general procedure as previously.described. CrCl3-6H,0 was utilized as
catalyst. The crystalline products of coumarin dervatives were identified by comparison
of their physical and spectral data with those reporied. in literature.

7-hydroxy-4-phenylcoumagin: brown solid, 26% yield, m.p. 256-257°C, R¢ 0.50
(hexane-EtOAC (1:1)); *H-NMR (DMSO-ds) 5 (ppm): 7.46-7.52 (m, 5H), 7.24 (d, J = 8.7
Hz, 1H), 6.74-6.77 (m, 2H) and 6/11 (8, 1H).

5,7-dihydroxy-4-phenylcoumarin: beige solid, 15% vyield, m.p. 243-245°C, R¢ 0.28
(hexane-EtOAc (1:1)); *H-NMR (DMSO-ds) o (ppm): 6y 7.31-7.33 (M, 5H), 6.24 (s, 1H),
6.14 (s, 1H) and 5.72 (s, 1H): N

7-hydroxy-8-methyl-4-phenyleoumarin: light brown solid, 25% yield, m.p. 285-
286°C, R¢ 0.52 (hexane-EtOAc (1:4)): *H-NMR (DMSO-ds) & (ppm): 7.46-7.52 (m, 5H),
7.09 (d, J=8.7 Hz, 1H);6.81 (d, J = 8.7 Hz, 1H), 6.11 (s, 1H) and 2.18 (s, 3H)

7,8-dihydroxy-4-phenylcoumarin: dark gray solid, 12% vyield, m.p. 195-197°C;
'H-NMR (DMSO-dg) & (ppm): 7.48-7.51 (m, 5H), 6.72-6.76<(m, 2H) and 6.10 (1H).

2.9 Synthesis of coumarin-via Knoevenagel condensation

Salicylaldehyde and diethyl malonate were reacted according to the general
procedure‘as previously: described. ‘€rCl3<6H;0 was utilized as catalyst, The crystalline
product of corresponding coumarin was identified by comparison of its physical and
spectral data with those reported in literature.

Ethyl 3-coumarincarboxylate: yellow solid, 14% yield, m.p. 92-94°C, R 0.42
(hexane-EtOAc (1:1)); *H-NMR (CDCls) & (ppm): 8.52 (s, 1H), 7.60-7.66 (m, 2H), 7.31-
7.36 (m, 2H), 4.41 (q, J = 7.1 Hz, 2H), 1.40 (t, J = 7.1 Hz, 3H).
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2.10 Synthesis of quinolinone

m-Phenylenediamine and ethyl acetoacetate were reacted according to the general
procedure as previously described. CrCls;-6H,O was utilized as catalyst. The crystalline
product of quinolinone was identified by comparison of its physical and spectral data with
those reported in literature.

7-Amino-4-methylquinolin-2-one: gray solid, 22% yield, m.p. 278-280°C, R 0.20
(EtOAC); *H-NMR (DMSO-ds) & (ppm): 7.30 (d, J = 8.6 Hz, 1H), 6.42 (d, J = 8.6 Hz,
1H), 6.33 (s, 1H) 5.91 (s, 1H), 5.71 (s, 2H W4 (s, 3H).

s
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CHAPTER I

RESULTS AND DISCUSSION

Coumarins remain an important class of bioactive compounds. Chemists have
shown keen interest in synthesizing coumarins.in view of their applications range
from additives in food, perfumes, cosmetics, pharmaceuticals and their use in the
syntheses of insecticides_and-optical brighteners. Coumarins have also possessed
variety of bioactivitiesy forexample anticoagulant properties, anticancer and
inhibition of steroid Sasféductasel This research mainly focuses on the synthesis of
coumarins via Pechmann condensation.;c"étalyzed by metal halides. The catalytic
activity of metal halides héas peen explored and demonstrated to search for a new and

efficient protocol for coumarinsynthesis under several diverse conditions.
31  CuCl; catalyzed Pechmanni condéﬁ§agi_pn of resorcinol with ethyl
acetoacetate “

To examine“on the use of CuCI.zl "c_éﬂtélryzed Pechmann condensation, the
reaction of a model cempound, resorcinol and ethyl acetoacetate was carried out in
the presence of 5 mol% CuCl; catalyst at reflux temperature (neat). After the reaction
was completed (monitored by TLC), two new spots were observed. The separation of
the reaction mixture was performed oy Silica'gel column furnishing two products

which were idefitified by *H-NMR.

/@\ . /lCJ’\/lLJj\ catalyst 5. mol% HQ 00 e
A
HO OH OEt =

reflux

Supporting by spectroscopic data, the major and minor products were 7-
hydroxy-4-methylcoumarin (1) and 4-(2,4-dihydroxyphenyl)-7-hydroxy-4-methyl
chroman-2-one (2) in 62 and 13% yield, respectively. According to the chemical

literature, the minor product was found to be the new product.
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The *H-NMR spectrum of 1 (Fig 3.1) revealed the significant signal of methyl
group at dy 2.34 (s, 3H). Three signals belonging to aromatic protons were observed
at oy 7.57 (d, J = 8.7 Hz, 1H), 6.78 (dd, J = 2.3, 8.7 Hz, 1H) and 6.68 (d, J = 2.3 Hz,
1H). The signal of olefinic proton was in addition detected at oy 6.11 (s, 1H).

The structure of the new product (2) was clearly proved by 2D-NMR
spectroscopy. To illustrate this, the *H-NMR spectrum of 2 (Fig 3.2) revealed the
singlet signal of methyl group at 6y 1.70 (3H). The methylene protons displayed as
two doublet signals at oy 3.98 (J = 15.4 Hz, 1H) and 2.50 (J = 15.5 Hz, 1H). The
aromatic protons of coumarin detected at &4 402 (d, J = 8.4 Hz, 1H), 6.60 (d, J = 8.1
Hz, 1H) and 6.48 (s, 1H). The signals at 6y 6.38+(d,"J = 8.4 Hz, 1H), 6.27 (s, 1H) and
6.09 (d, J = 7.9 Hz, 1H).were assigined for aromatic pratons of phenol.

The “C-NMR-.spéctmum.of this compound (Fig3.3) displayed the signal at 6¢
24.5 for sp® carbon of alkyl.grotp and th'atl_at d¢ 40.2 for B-carbon of the lactone ring.
The signal at d¢c 39.4 gould he assignedllu‘or a-carbon of the lactone ring. The six
signals of aromatic carbons were observed_adt- oc 1038.2,103.3, 105.5, 111.4, 126.9 and
128.5. The aromatic carbon conneeting to the oxygen was detected at 6¢c 151.6. The
three carbons were next to Aydraxyt groub%,‘disfplayed the signals at 6¢ 156.2, 157.1
and 157.2. The peak at 6¢c 170.3 appropriated‘fc;} a carbonyl carbon was observed.

The assignment foF ®H, °C NMR, 'H-H GOSY #'H-1C HSQC and H-C
HMBC correlations 0ti(2) is tabulated in Table 3.1.
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Figure 3.2 The *H-NMR spectrum of 4-(2,4-dihydroxyphenyl)-7-hydroxy-4-
methylchroman-2-one (2)



21

.,I

AULINENINYINT,
1ANTUNRIINYINY

7.0
ppm (f2)

Figure 3.4 The *H-"H COSY spectrum of (2)
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Figure 3.6 The *H-*C HMBC spectrum of (2)
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Table 3.1 'H and *C NMR data, and 'H-'"H COSY, 'H-"*C HSQC and 'H-"*C
HMBC correlations of (2)

Chemical shift
1 1
r?jr:lbb%rllf (0. PP cHo_sc H-FC HMBC
¢ 'H-*C HSQC &y
CHs 24.5 1.70s 2,3,4,10,1'
2 170.3 _
3 3904 250d(@=155Hz, 3 CHs, 2, 4,10, 1';
3.98d (J = 154.H2) CHs, 2, 4,10, 1";
4 40.2 -
5 126.9 _7.02.d(J 3 8.4 Hz) 6
6 111.4 " 660 d().=18.1 Hz) 5 7,8, 10
7 157.2 T
8 103:2 6.48(3) 4 6,7,9,10
9 151.6 1/
10 122.5 i
1 121.0 =
2 1285  6.380(]= 8.4_,,I%|_z-)_ 3 4,6'
3 1055  6.09d (=79 Hz} 2' 1,45
4 1571 -
5 103.3 6.27 (3) 1,3, 4,6
6 156.2 -

400 MHz, coupling constant J in Hz in parentheses
Spectrd taken inMeOD-da

The proton sequences of this compound were established from *H-'H COSY:
the aromatic proton of coumarin moiety at 6y 7.02 (H-5) showed correlations with the
signal at o6y 6.60 (H-6). The aromatic signal at &y 6.38 (H-2') showed further
correlations with the proton resonances at 6y 6.09 (H-3’). In the HMBC experiment,
one methyl proton resonanceing at 6y 1.70 showed clear correlations with the carbon
signals at 8¢ 170.3 (C-2), 39.4 (C-3), 40.2 (C-4), 122.5 (C-10) and 121.0 (C-1'). Long
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range correlations from two protons at 64 2.50 and 3.98 of methylene group to four
carbon signals at 6c 24.5 (CHs), 170.3 (C-2), 40.2 (C-4), 122.5 (C-10), 121.0 (C-1").
The correlation from the aromatic proton at 64 6.60 (H-6) to four carbon signals at d¢
157.2 (C-7), 103.2 (C-8) and 122.5 (C-10). The carbon signal at ¢ 40.2 (C-4), 157.2
(C-7) and 151.6 (C-9) showed correlation with 6y 7.02 (H-5). Correlation was
observed between the aromatic signal at 4 6.48 (H-8) and the carbon signals at 5c
111.4 (C-6), 157.2 (C-7), 151.6 (C-9) and 122.5 (C-10). Other important correlations
was showed between the aromatic signal at oy 6.38 (H-2') and the carbon resonances
at d¢ 40.2 (C-4) and 156.2 (C-6'); the proton signal at 6.09 (H-3') showed correlation
with ¢ 121.0 (C-1"), 157.1.(C-4") and 103.3(C-5);-and the proton signal at 6.09 (H-
5") showed correlation with-ee 121.0 (C-1'), 105:5(C-3'), 157.1 (C-4') and 156.2 (C-
6').

For the interpretation of minor product from 2D-NMR spectroscopy, could
obtain the structure of sewsproduct. Th‘eﬁ key interactions observed in the *H-'3C
HMBC spectrum of (2) ag'shawn in Fig 3.7."

Figure®8.7 Key intérattions observed in the *H-""C HMBC spectfumof 2.

Percent composition of carbon, hydrogen and oxygen for the new product (2)
was analyzed by elemental analysis technique (EA). The result is presented in Table
3.2.
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Table 3.2  Elemental analysis of 4-(2,4-dihydroxyphenyl)-7-hydroxy-4-methyl
chroman-2-one (2)

Value %C %H %0
Theoretical 65.08 5.12 29.80
Experimental 65.74 4.70 29.56

Table 3.2 indicates that compound 2 contains 65.74, 4.70 and 29.56% of
carbon, hydrogen and oxygen, respectively vs the theoretical value of 65.08 for
carbon, 5.12 for hydrogen and 29.80 for oXyden.s The theoretical and experimental
values for carbon, hydrogen-and oxygen were-aceeptable to claim the structure of this

new product.

3.2  The proof forthe formation of Compound 2

For better undesstanding of the fofmation of the new coumarin product (2), the
treatment of 7-hydroxy-4-methylcoumarin (1 1 equiv) with resorcinol (1 equiv) was
carried out in the presence of CuCl; 5 mol%,"Using a little EtOH as solvent at reflux

temperature for 2 h. -
do i
HO 0._0 Q : W%
=+
7~ HO OH Wx

The new coumarin product.(2) did not farm.while 1 was recovered more than

90%. This revealed that Pechmann ¢ondensation of resorcinol withsethyl acetoacetate
furnishing L'which.could nat further react with resorcinol ta afford 2.

The kinetic study on the Pechmann condensation of resorcinol (1 equiv) and
ethyl acetoacetate (1 equiv) was investigated to proof the formation of the new
coumarin product (2). The reaction was carried out in the presence of 5 mol% CucCl,
catalyst at reflux temperature for 2 h and was analyzed by ‘H-NMR based on a
standard CH3CN 10 pL. The results are shown in Figure 3.8.
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Figure 3.8 Kinetic study on the Pechmann tpndensation of resorcinol with ethyl

acetoacetate catalyzed by CuClz.--'f_- =Y

From Fig 3.8, the formation of 1 and 2 séémed to occur competitively from the

same reaction intermediate. The maximum amount of 2 could be observed within 10

min. It could be pointed out that the formation of 1 would take place from the

cyclization ofithe proposed intermediate.~When'the reaction time was prolonged,

resorcinol mostly reacted with ethyl acetoacetate to furnish the proposed intermediate,

therefore 2, was+ne-longer-generated.sNonetheless, 2 could not-decompose to 1. As

while the formation ‘of 1 ‘increased continuously, the formation of 2remained almost

constant. The proposed mechanism for the formation of 1 and 2 is shown in Scheme

3.1



27

@

R @MQ YL&LmM;Lﬂfim.m.
A R SR BN BB e

condenszﬁlon, the reaction of resorcinol and ethyl acetoacetate was carried out in the
presence of 5 mol% metal halide catalyst. The results are presented in Table 3.3.



28

Table 3.3 Effect of metal halide on Pechmann condensation of resorcinol with ethyl
acetoacetate (with no extra solvent)

% lsolated yield

Entry Catalyst 1 >
1 - 0 0
2 CrCl3-6H,0 99 trace
3 CrBr3-6H,0 92 trace
4 MnCl, 0 0
5 CoCl; 0 0
6 CuCl, 62 13
7 SnCl,-2H,0 61
8 NiCl, 0 0
9 FeClg 66 16

10 InCl3:H,0° 46 19

Reaction conditions: resorcinol.5 mmdi, ethyl acetoacetate 5 mmol, catalyst 5

mol% (0.25 mmol) atreflux temperatuf_e, (neat) for 2 h.

The initial experiment focused on f}tﬁeljof metal halides. It was observed that
CrCl3-6H,O and CrBr;-6H,0  could effefft_iviély catalyze the reaction at reflux
temperature and gave the corresponding cou.rh_ai;imns in excellent yield with high purity.
Because Cr(I11) is a hard Lewis acid catalyst according to the Hard-Soft Acid-Base
theory, the hard acid Cr(lll) was coordinated with the hard base oxygen of the
carbonyl. The small sizecof Cr(I11) atom could possibly make it proper for catalysis.
However CuCl3, SnCl3-2H,0, FeCl; and ThCls:H;0 could also catalyze the reaction
but giving two ‘products of the corresponding coumarins in moderate to good yield.
On the“otherhand; MnClz;, CoClz and NiClyCould not bejused:as & catalyst for this
reaction.

The order of the efficient catalyst was CrClz-6H,0 > CrBr3-6H,0O > FeCl; ~
CuCl; ~ SnCl,-2H,0 > InCl3-H,0. Based on these screening results, CrCls-6H,0 was

selected for further study.
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3.4  Effect of chromium(l11) salts and complexes on Pechmann condensation
of resorcinol with ethyl acetoacetate
Among various metal halides studied, chromium(l11) salt was found to be the
effective catalyst. Therefore, various chromium(lll) salts and complexes such as
CrCl3-6H,0, CrBr3-6H,0, Cr(NO3)3-9H,0, Cr(acac)s; and Cr(str); were examined.

The results are exposed in Table 3.4.

Table 3.4 Effect of Cr(l1l) salts and complex on Pechmann condensation of

resorcinol with ethyl acetoacetate (with no extra solvent)

Isolated yield
Entry Catalyst (%)
1 2

T CrGls.6H20 99 trace
2 CrBrs-6H,0 . 92 trace
3 Cr(NOg)s:9H,0 54 10
4 Cl(acag) s ™
5 Cr(str)s

Reaction conditions: /resorcinol 5 mm’(v):l',‘ eﬂthyl acetoacetate 5 mmol, catalyst 5

mol% (0.25 mmol) at refluxtemperature (né'at) for 2 h.

Cr(11) salts, especially CrCl;-6H,0 was the most effective catalyst for this
reaction which provided 1 in excellent yield (99%, entry 1). A comparative study on
the effect of CrCl;-6H0 and CrBrs-6H,0 was conducted and found that CrCls-6H,0
exhibited its capability more effective .than' CrBrs.6H,Q.. As. chloride ligand is an
electron withdrawing ‘group with..high' electronegativity, it®can thus improve the
capability of metal for Pechmann condensation. €r(NOs)3;-9H,0uacould also catalyze
this reactiorn'and gave two products.of the carrespending,coumarins in'moderate yield
while Cr(acac); and Cr(str); were not proper catalysts for this reaction possibly

because of bulky structure of the ligands.

3.5  Effect of the amount of catalyst, temperature and reaction time
Another important factor for condition optimization on the Pechmann
condensation is the effect of the amount of catalyst, temperature and reaction time.

The results are demonstrated in Table 3.5.
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Table 3.5 Effect of temperatures on Pechmann condensation of resorcinol with ethyl
acetoacetate (with no extra solvent)

CrCl3-6H,0 Temperature  Time  Isolated yield

=ntry (mol%) (°C) (h) (%)
1 5 RT 24 40
2 5 reflux 2 99
3 10 RT 24 68
4 10 reflux 2 94

Reaction conditions: resorcinol 5 mmol;‘eihyl acetoacetate 5 mmol.

.

It could be obviously.seen that wheri the reaction was performed under reflux
catalyzed by CrCls-6H,0:5 mal% and 10 mol%, the yields of the desired product was
satisfied within 2 h (99% .eniry 2 and 94% entry 4). Decreasing the reaction
temperature to RT, this s€action gave the lower yield of product (40% entry 1 and
68% entry 3). The reaction nonetheless r’;t:equired guite long time to gain satisfactory
yield compared with other previous systé_r_r!s cited such'as the reaction carried out at
80 °C for 24 h catalyzed by ZFOCl,8H:0 1mo|% [35].

3.6 Effect of solvent on Peqhmann conﬁ_eq_s_ation

The study on the choice and amount of solvents was crucial for some instances
that the starting materials are all solid or they could not-mix homogeneously. Thus,
various solvents including EtOH, THF, CH,ClI,, toluene, CH3CN, isooctane, xylene
and H,O were investigateds.on their rolesato affect the Pechmann condensation of
resorcinol with ethyl acetoacetate. The results of the effect of solvent on this reaction

are set out as shown in Table 3.6.
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Table 3.6 Effect of solvent on Pechmann condensation of resorcinol with ethyl

acetoacetate
Entry Solvent Time (h) yli?a?(ljazg/g)
L - 2 99
2 EtOH 2 16
3 6 29
: 6 70°
5 10 56
6 24 82
7 THF ~ 5
° 6 50°
9 CHCl; 6 18
10 toldene . . o 2 26
11 - 56
12 6 258
13 /10 20
14 ) 24 67
15 CHsCN 2 6 18
16 -6 812
1z 24 21
18 isooctane 2 94
19 6 952
20 p-xylene 6 65
21 8 X
22 H,O 6 182

Reaction conditions: resorcinol-(5 mmol), ethyl acetoacetate«(5 mmol),
CrCl3-6H,0 5 mol% (0.25 mmol), solvent 3 mL at reflux temperature.

2 solvent 1 mL.

From the above results concerning with the variation of solvent, isooctane
provided the highest yield of product in 2 h (94%, entry 18). In contrast, THF, CH,Cl;
and CH3;CN should not be used as a solvent for this reaction. The catalyst maybe

surround by these polar aprotic solvents, then the catalysis activity was obstructed. It
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was therefore noticed that under this particular conditions, non-polar solvent was
suitable for this reaction as the capability of the intermediate stabilization. EtOH was
also an effective solvent for the long run within 24 h (82%, entry 6), while toluene
was found to be good when the reaction was performed for some period of time (70%,
entry 13). This present work clearly provided a simple condition for producing the
desired product under solvent free condition (99%, entry 1).

It was revealed that when the amount of solvent used was reduced to 1 mL, the
corresponding coumarin products were obtained in higher yield (entries 4, 8, 12, 16,
19 and 21). Isooctane was found to remain as the best solvent for this reaction (entry
19). In addition, when a small-amount of waterwas employed as solvent (entry 22),
the reaction provided the desired product in 18%. Because H,O might attack carbonyl

of B-ketoester, thus the corresponding products could not obtain in high yield.

3.7  Effect of the amount.of catalyst. -

Effects of the-@amount of ‘catalyst were explored to search for the appropriate
amount of CrCl3z-6H,04n this reaction. The results of this searching are tabulated in
Table 3.7. -

Table 3.7 Effect of the amountef catalystron'F’echmann condensation of resorcinol

with ethyl acetoacetate (with no extra selvent)

CrCl3-6H,0 Isolated yield

Y (Molos) (%)
1 0 0
> 1 50
3 5 99
4 10 9%
5 20 87

Reaction conditions: resorcinol 5 mmol, ethyl acetoacetate 5 mmol

at reflux temperature (neat) for 2 h.

It was lucidly seen that the amount of catalyst was directly influenced on the
Pechmann condensation of resorcinol with ethyl acetoacetate. In the absence of
CrCl3-6H-,0, the reaction did not proceed revealing the necessity of CrCl;-6H,0 for

the reaction. Increasing the amount of catalyst from 1 to 5 mol%, the substrate could
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quantitatively transform to coumarin within 2 h. In the case of CrCl3-6H,O higher
than 5 mol%, the yield of product was slightly decreased because of over amount of
catalyst may obstruct the catalysis activity.

From the overall results observed, the type of metal halides, reaction
temperature, reaction time, solvent system and amount of catalyst are affected the
reaction. The optimized conditions for Pechmann condensation could be summarized
as follows: the mixture of phenols (5 mmol), ethyl acetoacetate (5 mmol) and
CrCl3:6H,0 (5 mol%, 0.25 mmol) was carried out under solvent-free at reflux
temperature for 2 h. This developed caialytic system was also utilized for other
compounds, as discussed in the following topics:

3.8  The application of.the developed system for synthesis of various coumarin

derivatives

3.8.1 Various phenglic compounds

Various phenolic compounds weréy selected as the next chemical models to be
examined. The goal of this examination \;\/_as to study the effect of substituent on an
aromatic ring on the Pechmann condenéaﬁon. The Pechmann condensation of
phenolic compounds including pyrogéliflbllan_. 3-methoxyphenol, phloroglucinol,
m-cresol, 2-naphthol, 2-methylresorcinol, fc'_)rc-_'inol and 3-aminophenol with ethyl
acetoacetate was carried out using the pr(.).t(')_c'(_)i described in the general procedure

catalyzed by CrCl3-6F20. The results are summarized in Table 3.8.
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Table 3.8 Synthesis of coumarin derivatives via Pechmann condensation of
phenols and ethyl acetoacetate

Entry Phenol Coumarins time(h)  Yield(%) Mp(°C)
1 m 2 99 184-185
HO OH HO o~ o

78 241-243
91

MeO OH eO 0 ~

4 100 283-285
HO

5 no reaction

6 - no reaction

7 /@\ E 23 258-259
HO

U8

1 137-138

225-227

Reaction conditions: phenol (5 mmol), ethyl acetoacetate (5 mmol), CrCl;-6H,0 5

mol% (0.25 mmol), no extra solvent at reflux temperature.
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From Table 3.8, the effect of OH group at para position to the site of
electrophilic substitution leading to the construction of the coumarin derivatives in
high yield (entries 1, 2, 4 and 8). The Pechmann condensation of phloroglucinol with
ethyl acetoacetate afforded the desired coumarin in quantitative yield under solvent-
free condition (entry 4) as two OH groups of phloroglucinol at ortho and para
position.

It was found that CHj at ortho position to the site of electrophilic substitution
was steric therefore the coumarin product was acquired in lower yield (entry 7).
However, the reaction requires the presence of a strong activating group in the ring.
With low activation as alkyl group (entry 5).and-aryl group (entry 6) the reaction does
not proceed. Thus, the starting materials weré guantitatively recovered.

The study of the efiect.of several substituents at para position to the site of
electrophilic substitution provided some information clues (entries 1, 3, 5 and 9). The
yield was increased in order of CH; < NH, < OMe < OH. Thus, the more electron
donating group on para pesition to the §ite_of electrophilic substitution present, the
higher yield was obtained. These substifuents are clearly rendered electron to the
benzene ring by resonange effect, resulting; in the para position being electron rich
and leading to the formation of the coumafi'ﬁfs}feleton. The resonance effect is shown

in the figure below.

=

o
SO A @\ N

O

3.8.2 "Various-p-ketoesters
B-Ketoesters including methyl acetoacetate and ethyl Benzoylacetate were
investigated 'on their rales tocaffect the Pechmann condensation; The results of the

effect of B-ketoester on this reaction are summarized in Table 3.9.

o O

O O OEt
)J\/U\OMe ©)J\/U\

methyl acetoacetate ethyl benzoylacetate



Table 3.9  Synthesis of coumarin derivatives via Pechmann condensation of

phenols and B-ketoesters

36

Entry Phenol B-ketoester Coumarin Time(h)  Yield(%o)

[e0)

©

HO oH Acetoacetate HO o X0

N

etoace

HO -

OH Ph

AP I THOTN T

AR N ZR UMY

SN

Benzoylacetate

Ph

X
Ethyl
HO OH Benzoylacetate ~ HO o Yo 4

OH OH

90

66

91

32

82

26

15

Reaction conditions: phenol (5 mmol), B-ketoester (5 mmol), CrClz-6H,0 5

mol% (0.25 mmol), no extra solvent at reflux temperature.
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From Table 3.9, ethyl benzoylacetate yielded the corresponding coumarin
product in lower yield than that derived from ethyl acetoacetate. This was probably
due to the fact that a phenyl group of -ketoester was very bulky and may obstruct the
formation of the coumarin skeleton. In addition, the phenyl group made a carbonyl
carbon being less electrophilic (entries 6-9). On the other hand, a methyl group
rendered the electrophilic property of the keto carbonyl site. Methyl acetoacetate
yielded the corresponding coumarin in similar yield to that derived from ethyl
acetoacetate (entries 1-5). It was obseryed that alkyl and aryl group of keto carbonyl
could affect on the formation of the coumarin product.

The 'H-NMR spectrum of 7-méiHoxy-4-methylcoumarin (3) (Fig 3.9)
visualized the signal of methyl group at oy 2.40 (S, 3H). The proton signal of methoxy
group on aromatic ring_was attributed at o4 3.88 (s, 3H). The proton signal of
aromatic ring connectings#to a.methoxy-group was observed at oy 6.86 (dd, J = 2.5, 8.7
Hz, 1H). The following aromatic proton-Was discovered at o6y 7.50 (d, J = 8.8 Hz,
1H). The proton signal offaromatic ring between O of the lactone ring and methoxy
group discovered at 5y 6.82 (8, 1H) and the olefinic proton adjacent to a carbonyl
group could be assigned at 6,4 6.14 (s, 1H).-_;-; i |

The 'H-NMR spectrum of 5, 7-dihydroxy-4-methylcoumarin (4) (Fig 3.10)
visualized the signal of methyl group at 84 2.48 (s, 3H). The proton signal of aromatic
ring between two hydroxy!l groups was detected at 6,;6.22 (s, 1H) The olefinic proton
adjacent to a carbonyl-group could be assigned at 6, 6:14 (s, 1H) and the aromatic
proton between hydroxyl group and O of the lactone ring was observed at 6y 5.81 (s,
1H).

The *H-NMR spectrum of “7,8-dihydroxy-4=methylcotmarin (5) as shown in
Fig 3.11 revealed the signal of methyl group. deétected at ou 2.33 (s, 3H). The two
doublet signals of‘aromatic protons were positioned at' dy-7.07 (J =-8.5 Hz, 1H) and
6.79 (J = 8.5 Hz, 1H) and the singlet signal of olefinic proton adjacent to a carbonyl
group could be assigned at 614 6.10 (1H).
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Figure 3.10 *H-NMR spectrum of 5,7-dihydroxy-4-methylcoumarin (4)
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Figure 3.11 H-NMR spectium of 7,8-dihydroxy-4-methylcoumarin (5)

The 'H-NMR specifum of 7-hydf§iy74,8-dimethylcoumarin (6) (Fig 3.12)
exhibited he two signals of two methyl group’_s at dy 2.10 (s, 3H) and 2.30 (s, 3H). The
two doublet signals of aromatic protons was. é\t—tFi-buted at 84 6.81 (J = 8.6 Hz, 1H) and
7.37 (J = 8.6 Hz, 1H). The singlet signal of olefinic proton adjacent to a carbonyl
group could be assigned at 6 6.05 (s, 1H).

The 'H-NMR spectrum of 7-hydrexy-4,5-dimethylcoumarin (7) (Fig 3.13)
visualized two signals of two methyl groups at 84 2.24 (s, 3H) and 2.50 (s, 3H). The
singlet signal of olefinic proton was-detected at &y 6.00 (s, 1H) and aromatic protons
signal eould e assigned around 6y 6.55 (d,J = 14.2 Hz, 2H).

The *H-NMR spectrum of 7-amino-4-methylcoumarin (8) as shown in Fig
3.14 displayed a significant singlet signal of the methyl group observed at 6y 2.27
(3H). The singlet signal of olefinic proton adjacent to a carbonyl group could be
assigned at 64 5.87 (1H). The signal of the amino group was visualized at 6y 6.08 (5,
2H). The aromatic protons were observed at 6y 7.37 (d, J = 8.6 Hz, 1H), 6.53 (dd, J =
2.0, 8.6 Hz, 1H) and 6.38 (d, J = 1.9 Hz, 1H).
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Figure 3.13 *H-NMR spectrum of 7-hydroxy-4,5-dimethylcoumarin (7)
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Figure 3.15 The *H-NMR spectrum of 7-hydroxy-4-phenylcoumarin (9)
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The *H-NMR spectrum of 7-hydroxy-4-phenylcoumarin (9) as shown in Fig
3.15 revealed the signal of phenyl group detected around &y 7.46-7.52 (m, 5H). The
signals of aromatic protons were positioned at 6y 7.24 (d, J = 8.7 Hz, 1H) and 6.74-
6.77 (m, 2H) and the singlet signal of olefinic proton adjacent to a carbonyl group
could be assigned at 64 6.11 (1H).

OH
£
HO 6.0
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ul s w (o2}

‘ T ‘ T I ‘ T T ‘ T T ‘ T ] ‘ T T ‘ T
8.0 7.0 6.0 5.0 4.0 3.0
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Figure 3.16 The 'H-NMR spectrum of 5,7-dihydroxy-4:phenylcoumarin (10)

The 'HENMR spectrum’ of*5, 7-dihydroxy-4-phenylcoumarin (10) (Fig 3.16)
visualized multiplet signal of the phenyl group around &y 7.31-7.33 (5H). The signals
of aromatic, protons, were positioned at o4 6.24 (s, 1H) and 6.14+(s, 1H). The singlet
signal of' olefinic proton adjacent to a carbonyl group could be assigned at &y 5.72
(1H).

The H-NMR spectrum of 7-hydroxy-8-methyl-4-phenylcoumarin (11) (Fig
3.17) showed signal of the phenyl group around &y 7.46-7.52 (m, 5H). The signals of
aromatic protons were positioned at oy 7.09 (d, J = 8.7 Hz, 1H) and 6.81 (d, J = 8.7
Hz, 1H). The singlet signal of olefinic proton adjacent to a carbonyl group could be

assigned at 84 6.11 (1H) and the singlet signal methyl group revealed at 6, 2.18 (3H).
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Figure 3.18 The *H-NMR spectrum of 7,8-dihydroxy-4-phenylcoumarin (12)
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The *H-NMR spectrum of 7,8-dihydroxy-4-phenylcoumarin (12) (Fig 3.16)
displayed signal of the phenyl group observed around oy 7.48-7.51 (m, 5H). The
aromatic protons were visualized around &y 6.72-6.76 (m, 2H). The singlet signal of

olefinic proton adjacent to a carbonyl group could be assigned at &4 6.10 (1H).

3.9  Proposed mechanism for Pechmann condensation catalyzed by metal
halides
The mechanism of Pechmann: e¢ondensation of phenols with [B-ketoester
employing metal halides as a catalyst was believed to proceed via the following
pathway in the same fashion proposed in literattre {36, 38]. The proposed mechanism

is shown in Scheme 3.2.

M—Xn

(

/\ H T OH
o e
R S0 o "

@ e, «

R\ \_OH N
N
TR, e )
) H
R o0 R o Yo

Scheme.3.2:Proposed mechanism-for Pechmann cendensation-catalyzed by

metal halides

The reaction is conducted with a strong Lewis acid. The acid catalyzes
transesterification as well as keto-enol tautomerisation. The electrophilic attack on the
benzene ring by protoned ketone carbonyl leads to the formation of the coumarin
skeleton. This addition is followed by rearomatisation. Subsequent acid-induced

elimination of water gives the product.
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3.10 The application of the developed system for synthesis of coumarin via
Knoevenagel condensation
Salicylaldehyde and diethyl malonate were selected as the next chemical
models to be examined. This examination was to study the effectiveness of
CrCl3-6H,0 catalyst for Knoevenagel condensation. Salicylaldenyde and diethyl

malonate were commercial available substrates.

0
O:OH o o CrClz-6H,0 infj\oa
+
CHO EtOMOEt reflux 2 h o Yo

13

Reaction conditions:salicylaldehyde 5 mmol (0.53 mL), diethyl malonate 5 mmol
(0.76 mL), CrCli3-6Hs0 5:mol% (0.25 mmaol), no solvent at reflux temperature.

This reaction was performed in th;é'presence of CrCl3-6H,0 5 mol% at reflux
temperature for 2 hours: 1t was foundf.- that CrCls-6H,0 catalyst could catalyze
Knoevenagel condensation to afford. the é;_substituted coumarin. The corresponding
coumarin, ethyl 3-coumarincarboxylate, \Aias obtained in 14% isolated yield and
identified by H-NMR. Nevértheless, thé; it’h’provement of CrCl3-6H,0 catalyst
systems for Knoevenagel condensation are ir"npérative to investigate.

The 'H-NMRspectrum of ethyl 3-coumarincarboxylate (13) as shown in Fig
3.19 displayed a significant triplet signal of the methy! group observed at 6y 1.40 (J =
7.1 Hz, 3H). The quartet signal of methylene protons was detected at 644.41 (J=7.1
Hz, 2H) while~thesaromatic, protons; of -coumarin «detected, as-multiplet signals at oy
7.31-7.36 (2H) and 7.60-7.66 (2H):The oletinic proton signal 'on the lactone ring was
visualized at.64.8.52 (s, 1H).
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Figure 3.19 The 'H-NMR spectrum of ethyl 3-coumarincarboxylate (13)
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3.11 The application of the developed sys’_téfn for synthesis of quinolinone

m-Phenylenediamine and ethyl acéfbééétate were selected as the chemical
models to be exaniined. This examination was to Study the effectiveness of
CrCl3-:6H,0 catalyst for quinolinone synthesis. m-Phenylenediamine was a
commercial available substrate.

+
Ho N NH> )J\/U\ OEt reflixi2 b HoN ” o
14

Reaction conditions: m-phenylenediamine 5 mmol (0.54 g), ethyl acetoacetate 5

mmol (0.63 mL), CrCl;-6H,0 5 mol% (0.25 mmol), no solvent at reflux temperature.

This reaction was performed in neat in the presence of CrCls-6H,O 5 mol% at
reflux temperature for 2 hours. The CrCls-6H,0 could catalyze the reaction to afford

the desired product. 7-Amino-4-methylquinolin-2-one was acquired in 22% isolated
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yield and identified by *H-NMR. Notwithstanding, the improvement of CrClz-6H,0

catalyst systems for quinolinone synthesis are also interesting to investigate.
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Figure 3.20 The 'H-NMR spectrtm of 7—aminoi4-methquuinolin-2-0ne (14)

The *H-NMR"spectrum of 7-amino-4-methylguinolin-2-one (14) as shown in
Fig 3.20 displayed a significant singlet signal of the methy! group observed at 6y 2.24
(3H). The singlet signal-of olefinic proton adjacent to a carbonyl group could be
assigned at 645.91 (1H). The signal of the amino group was visualized at oy 5.71 (s,
2H). The aromatic protons were observed at 6y 7.30 (d, J = 8.6 Hz, 1H), 6.42 (d, J =
8.6 Hz,.1H) and 6.33 (s, 1H):



CHAPTER IV

CONCLUSION

During the course of this researeh, the development of the Pechmann
condensation for the synthesis of coumarins“was. focused. It was disclosed that
CrCl3-6H,0 displayed as the best metal halide catalyst. Various factors: type of metal
halides, reaction temperaiure, réaciion time, solvent system and amount of catalyst
have affected the vyield of the' coumarin products. The ligands with high
electronegativities or containing eIectroh-Withdrawing group and small structure can
improve the capability of metal for Pecﬁ!mann condensation of resorcinol and ethyl
acetoacetate. The optimized conditions are summarized as follows: the mixture of
phenols (1 equiv), ethyl acetgacetate (1 equw) and catalyst (5 mol%) was carried out
under solvent-free at reflux temperature for2h for utilization of CrCl3-6H,0. These
novel CrClz-6H>O catalyst systems for the?syn_thesis of coumarins were found that
have not ever been reported. The applicatiohs-of these systems for the synthesis of
other coumarin derivatives were carried out. \Various coumarin derivatives could be
prepared in good yield. Especially, two natural product compounds, namely 7-
hydroxy-4-methylcoumarin-and 5,7-dihydrexy-4-methylcoumarin, were successfully

prepared in satisfied yields.

Overture for the future work

This research concerned with the development for the synthesis of coumarin
derivatives. The outcome opened many possibilities to deal with future exploration.
The scale-up experiment utilizing of this reaction system should be performed since
this reaction selectively provided only one coumarin product. The development of
CrCl3-6H,0O for other catalyst systems are imperative to investigate. From the

academic view point, bioactive compounds, pharmaceutically active compounds and
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certain chemicals containing heterocyclic nucleous are interesting to synthesize from

coumarin product.
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