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1. Index of Abbreviations

BA
CHD
DHBF
DHF
DMF
DMD
DMSO
HMBC
HSQC
LDL
M.p.
MS
My
NADPH
NBA
NMR
PTT
THF
Triton B

benzaldehyde

coronary heart disease
4,6-dihydroxybenzofuran-3(P-one
3',4'-dihydroxyflavonol
dimethylformamide

dimethyldioxirane

dimethoxysulfoxide

heteronuclear multiple bond correlation
heteronuclear single quantum correlation
low-density protein

melting point

mass spectrum

molecular weigh

nicotinamide adenine dinucleotide phosphate
2-nitrobenzaldehyde

nuclear magnetic resonance
phenyltrimethylammonium tribromide
tetrahydrofuran

benzyltrimethylammonium hydroxide



2. Introduction

My work continues the previous research works a@ff.Avl. Glitschow and his co-
workers. This team is interested in preparativehods of synthesis of prototypes of
naturally occurring flavonoids and testing thelbgical activities. My diploma thesis is
the indirect follow up of the diploma thesis of DdBolelé?.

The aim of my work was to investigate the reactiook 2-bromo-4,6-
dimethoxybenzofuran-3(®-one with various aldehydes by the means of Dazen
condensation. This reaction as an synthetic entryflavonoid derivatives is not

sufficiently described in the literature.



3. Theoretical Part

3.1. General

Flavonoids are polyphenolic secondary metaboliteehy dispersed throughout the
plant kingdom and found in substantial levels imawonly consumed fruits, vegetables
and beverages (especially red wine, green and &k The flavonoid family is divided
into a number of sub-groups. The six main classedlavonols, flavones, flavan-3-ols,

isoflavones, flavanones and anthocyanidins (SchHBme

Flavonol

Flavan-3-ol Flavanone Anthocyanidin

Scheme 1Main classes of flavonoids

Nutritionists became interested in flavonoids ia 1930°s when it was shown that
flavonoids from citrus fruits decreased capillagrmpeability and had vitamin C sparing
properties.

Flavonoids are synthesised in plants tissues frdmkinsate as secondary
metabolites, where can be found conjugated to sugapecially glucose, rhamnose and
rutinosé™,

The daily intake of flavonoidscalculated on the basis of the aglycones was
estimated to range from approximately 3 to 70 mdifferent countries. A major part of
ingested flavonoids are not absorbed and are lardgelgraded by the intestinal
microflora. Intestinal bacteria play important ®leot only in deconjugation of

flavonoids but also in their further degradation.



Eubacterium ramulugplay the main role. It is a strict anaerobe rasida the human
intestinal tract and grows with quercetin-3-gludes{isoquercetin) as the sole carbon and
energy source.

It has been shown that the degradation of the gtiar¢o phloroglucinol and (3,4-
dihydroxyphenyl)pyruvic acid proceeds via the hygftavanone taxifolin and the

OH
OH
HO l OH ‘
OH
OH O
quercetin taxifolin “ o
OH
HO l OH O
o)
H O

auronol derivative alphitonfrfScheme 2).

(e}

HO OH OH HO
\©/ :/< 21,0 O 0 OH OH
+ OH —=-——"—"— , X .
HO -CO,, 2(H) O OH
OH 0 OH 10
phloroglucinol 3,4-dihydroxy- alphitonin

phenylacetic acid

Scheme 2Degradation of the quercetin

To study the bioactivity of flavonoids, it is nesasy to develop suitable preparative
methods to provide sufficient amounts for biologicaestigations.



3.2. Bioactivity of Flavonoids

Flavonoids possess wide spectrum of biologicavagti

3.2.1. Antioxidant Activity
Flavonoids have been shown to act as scavengesariolus oxidising species i.e.

superoxide anion, hydroxyl radical or peroxy ratiita They are also able to stabilise

membranes by decreasing membrane fluidity.

3.2.2. Anti Coronary Heart Disease Activity
Naturally presented flavonoids have been foundtno ¥o inhibit oxidation of low-

density protein (LDL). In most countries a highake of saturated fats is strongly
correlated with high mortality from coronary hedigease (CHD). This is not the case in
some southern French regions. This so called “Fré&aradox” shows low incidence of
CHD attributed to the regular intake of red winesgige the high saturated fat intake
The concentration of free and conjugated grape-agé&iived flavonols is higher in red

than in white wines, in which are grape skins reetwbsturing the productidn

3.2.3. Vascular Activity
Flavonoids may act in a number of different waystlo& various components of

blood such as platelets, monocytes, low-densitytepro(LDL) and smooth muscles.
Platelets are key participants in atherogenesis @mdinflammatory mediators are
produced from them. Flavonoids may inhibit C, aggt®n and secretidh Flavonoids
can also physiologically antagonise vascular NAD#ilase activity, which is primarily
responsible for the enhanced vascular oxidativesstin pathological states. Natural
flavonol quercetin and the synthetic flavonol DHifeetively decreased the oxidative

stress in aortic tissues from apoliprotein(E)-defit mice as a model of atherosclertis

3.2.4. Other Flavonoids Activities
Flavonoids have anti-inflammatory activity® (they may inhibit the cyclo-

oxygenase and the 5-lipoxygenase pathways of atachie metabolism), cytotoxic
antitumor activity®?’ (actions on tumor cells with a variety of anticaneffects such as
cell growth and kinase activity inhibition, apogtsnduction, suppression of the

secretion of matrix metalloproteinases and of tumowasive behaviour),

5,26 F6,30
)

antibacteridt"®®  antifungaf>?®  antiprotozod&’®, antivira analgesi¥ and

oestrogenit activity.
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3.3. Synthesis of Flavonoid Derivatives

The ways of synthesis auronols and alphitonins dmscribed in literature. The
successful synthetic route of preparation 2-be@zlyirdroxybenzofuran-3¢2)-one @),
as a prototype of naturally occurring auronols, described in work of Loser et &IThe
auronol derivative was prepared by reductive opgroh aurone-derived epoxide)(
under Pd-catalyzed hydrogenolysis (Scheme 3).

O PhCHO, AL,O,
CH,CI,

O
1

H,0,, Triton B O o O O
_—

dioxane

(0]
3

toluene, -25C | H,, Pd/C (10%)

O
» e
5O 4O

Scheme 3Sythesis of auronol derivative

Epoxidation and hydrogenolysis of aurone-derivedxejes promises to be an efficient

method to prepare auronols and other flavorfoids

3.3.1. Epoxidation

The epoxidation of flavonoid compounds is descriivetthe literature:

1. By means of hydrogen peroxide in the presentmsé

2. By means of dimethyldioxirané

3. By means of m-chloroperoxobenzoic acid in beazen

4. By Darzens condensatfon
Oxidative epoxidation was not the main goal of mgrkv The first three epoxidation
reactions are described in the diploma thesis eidBolelé? (2004).
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3.3.1.4. Darzens Condensation
Darzens condensation is used to synthesize and®oki was discovered by the
organic chemist Georges Darzens (1867-1954), arxl fiigt published in 1904 as a

glycidic ester condensatid(Scheme 4).

O OMe

o MeONa
MeOH
@]

MeO

Scheme 4Darzens condensation

The reaction occurs in two steps. The first steplwves the aldol reaction of a halocarbon

and an aldehyde (Scheme 5).

O
base
> —_— -
X X

Scheme 5Aldol reaction
The second is an intramolecular nucleophilic stlsbn via a §2 mechanism. The
negatively charged oxygen attacks the carbon whin lhalogen (a leaving group),

forming the epoxide (Scheme 6).

‘\x

- (@]
<0

OMe OMe

Scheme 6intramolecular nucleophilic substitution

The Darzens condensation with benzofuranone ihdurtescribed in the methodical

part.
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4. Methodical Part

4.1. General Strategies and the Main Objectives

The whole synthesis of 4,6-dimethoxybenzofuranon@mf phloroglucinol is
described in the work of Beney et*aland in the work of Bolek and GuitschBwFor
bromination, combined methods from the literattiréwere used.

The reactions of 2-bromo-4,6-dihydroxybenzofura@Fgfone with aromatic
aldehydes by Darzens condensation were not sufflgidescribed. The only mention is
in the work of Brady et dl.in the synthesis of flavonoid epoxides. As it vedeady
mentioned there was described only one reactioh @4hitrobenzaldehyde to give an
epoxide as a product. However, as a nitro deriviig, product does not contain the
typical substitution pattern of the natural ocaugrflavonoids. The Darzens reaction with
another aldehydes was mentioned, but neither stegtof the products nor the NMR
data were reported.

4.2. Synthesis of 4,6-Dimethoxybenzofuran-3(2H)-one

Phloroglucinol 6) is condensed to 2°,4°,6"-trihydroxy-2-chloroacgtienon
iminium chloride ) by the reaction with 2-chloracetonitrile using/diinc chloride as
catalyst. 4,6-Dihydroxybenzofuranor® (vas prepared by the following acid hydrolysis
and cyclisation in sodium methoxide from 2—chlo264",6 -trihydroxy)acetophenone
(9). Methyl iodide under basis conditions was usedraalkylation reagent for alkylation
(10) (Scheme 7).

HO OH
CH,CICN,
HO OH HCI-EtOH, HO OH Cl
ZnCl, 1M HCI | OH o) lrv;igl\laz, r[])ry MeOH
0<CT-RT,24h cl reflux 1 h 8
+
OH OH " NH, H o |
cl
|
OH (0]
9

Mel, K,CO,, DMF
80T, 1h

oMe O

10

Scheme 7
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4.3. Synthesis of 2-Bromo-4,6-dimethoxybenzofuraf3)-one

Instead of using a solution of bromine in diethylthes/dioxan®
phenyltrimethyammoniumbromide dibromide in dry abtydrofurah® was used as a
better bromination reagent (Scheme 8). PPT haadiiantage of high stability and ease
of preparation. We used a commercially availablagemt. When dissolved in
tetrahydrofuran, PTT (like pyridine hydrobromideriprmide) is a source of Bf ions,
the properties of which are different from thosaraflecular bromine. In particular, it is
much less electrophilic and less reactive towaoinatic rings and double bonds, and is
thus is a better selective brominating reagent wihenmolecule has double bonds or
activated aromatic nuclei which would be attackgdbbomine. Reaction of bromine
gives a mixture of products what results from ringrominatior®. 5,7-
Dimethoxyflavanone can be brominated in good ymtidhe position alpha to the keto

group, although the aromatic ring is activatedvey methoxy group$.

MeO MeO
O dry THF, Br-reagent O
Br
40<C,25h

OMe O OMe O
10 12

Scheme 8

4.4. Darzens Condensation of 2-Bromo-4,6-dimethoasgbofuran-3(2H)-one
Brady et al’ described oxidation of aurone®) by means of hydrogen peroxide in
alkaline solution of sodium or potassium hydroxiddiich gives a mixture of aurone
epoxide B) and flavonol {1) (Scheme 9). These reactions give relatively losidg. By
using benzyltrimethylammonium hydroxide insteadatkaline hydroxide, the yield of
aurone epoxide was higher. When the duration ofdhetion is extended, flavonol is the

main product.

H,0, o Q0
[ — +
Triton B
O O

2 3 11

Scheme 9
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The mechanism for flavonol formation from auron@xges has not been studied
yet, though a number of possibilities have beersiclemed. Nucleophiles displace the
epoxide oxygen ofi-epoxyketones by attack either at thposition or, more frequently,
at thep-position (Scheme 10). Possible initial steps imechanism for flavonoll1{)
formation from aurone epoxide8)((pathway I.) might involve base attack at fhe
position (or at thex-position to give an anion followed by proton migpa) to form a
ring-open phenolat anion. This mechanism did priybabt result in the formation of the
flavonol.

The pathway II. is more probable. It involves ialitattack at thex-carbon atom, but
instead of decyclisation of the oxiran ring, witbncomitant release of steric strain, to
produce the unstable anion, the furanone ring isydised to produce resonance-
stabilised acylphenoxide ion. This can then undemgong closure to form the six-

membered produtt
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COH

Scheme 10

Another study has shown that aurone epoxides nsayla synthesized by Darzens
condensation. Brady et ‘4l.used 2-bromo-6-methoxybenzofuranon-3-one. It was
condensed with a number or aryl aldehydes. The le=stlts were obtained with 2-

nitrobenzaldehyde. The reactions with other aldekyate not described.
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5. Experimental Part

5.1. General Data

5.1.1. Materials and Apparatus
A Boetius apparatus (VEB Rapido) was used for #terdnination of melting points,

the values were not corrected.

The NMR spectra were measured in the ,Departmermhafrmaceutical Chemistry,
Poppelsdorf, University of Bonn* on the BRUKER AVANE 500 MHz instrument.
Whereas théH-spectra were recorded at 500 MHz, tf@-spectra were recorded at 125
MHz. The chemical shifts are not introduced dinedtiom tetramethylsilan as inner
standard but with the help of residual signal ef sblvent.

The elemental analysis was carried out in the ,Btepent of Pharmaceutical
Chemistry, Endenich, University of Bonn* on the MarEL from ,,Elemental
Analysensysteme GmbH?”.

The X-ray structure analysis was measured in thepddment of Inorganic
Chemistry, Endenich, University of Bonn“ on the KagCD-Diffractometer and
MACH3-Diffractometer.

Mass spectra were obtained on a APl 2000 spectesrfrein Applied Biosystems at
the “Department of Inorganic Chemistry, Endenichjuérsity of Bonn*

The thin-layer chromatography was carried out usihgninium sheets coated with
silica gel 60 ks4 (Merck). The chromatograms were detected by the beUV-Lamp
Desaga HP-UV/VIS with the wavelength of 254 and B66

5.1.2. Chemicals
The starting chemicals were bought from Aldrichyid, and Merck.

For the detection of DC the following spray sola8avere used:
* FeCk -2 % solution in 0,5 N hydrochloric acid
e 1,/KI — Solution from 13 g of iodine and 20 g potassiiodine in 100 ml of
ethanol and water added to one litre.
* HCL -2 N solution
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5.2. Prescriptions
5.2.1. Preparation of 2-Chloro-(2°,4",6"-trihydrg&agetophenone Iminium Chloride

CH,CICN,

HO OH HC-ELOH, HO OH
zncl,
—_—
0C-RT,24h cl
+

OH OH " NH,

Procedure:

A solution of 25.2 g (200 mmoles) phlorogluciné) (n 125 ml of anhydrous diethyl
ether was prepared at 0°C. Chloroacetonitrile (b4 12.7 ml, 200 mmoles), freshly
glow zinc chloride (0.9 g, 6.6 mmoles) and a solutdf HCI in anhydrous diethyl ether
(375 ml, 1M, 375 mmoles) was added. In the coufseartion, a yellow precipitate was
formed. It was stirred at 0 °C for 2 hours and tkept stirring for other 20 hours while
the ice melted. The precipitate was removed bgafilin, washed with anhydrous diethyl

ether (2 x 40 ml) and dried to give a yellow s¢k$.39 g).

Yield: 54 %

M.p.: 230-234 °C, ret? 230-233 °C

Molecular formula: CgHgCIl,NO3(M,, = 238,07)

NMR: *H-NMR (500 MHz, DMSO-@): & (ppm) 5.45 (s, 2H, Ch), 6.08, 6.24 (each d, J

=1.6 Hz, 1H, 3"-H, 5°-H), 7.52 (s, 2H, NB, 9.87, 10.80, 12.50 (each s, total 3H, OH)
13C-NMR (125 MHz, DMSO-g): § (ppm) 75.39 (C-2), 90.20, 97.03 (C-3", C-5"),

99.49 (C-1"), 160.55, 172.99, 173.84, 176.16 (C-2,, C-4", C-6")
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5.2.2. Preparation of 2—Chloro-(2",4",6"-trihydrgagetophenone and 4,6-Dihydroxy-

benzofuran-3(2H)-one
HO OH
3
HO OH cl
_wHa | OH O
reflux 1 h 8
cl
+
OH "NH, HO- o)
7 cl

OH (0]
9

Procedure:

A mixture of the salt 2-chloro-(2",4",6"-trihnydropacetophenone iminium chloride
(7) (23.8 g, 100 mmoles) and 1M HCI (500 ml) waswedld for 1 hour. The red solution
was kept at 0 °C for 4 hours in the ice-bath arehtkept in the fridge overnight. The
precipitate was filtered off, wash with ice-cold teia(20 ml), kept drying in an open
vessel for 24 hours and then in vacuum over phasghoentoxide to obtain a pink solid
(17.013 g).

Yield (of the mixture) 92 % (calculated from the approximately ratio df)1
NMR: *H-NMR (500 MHz, DMSO-@): & (ppm) 4.53 (s, 2H, CH, 4.96 (s, 2H, Ch)*,
5.84 (s, 2H, 3"-H, 5°-H), 5.90, 5.91 (each d, J#Hz, 2H, 5-H, 7-H), 10.52 (s, total 3H,
OH), 12.04 (s, 2H, OH)*

13C-NMR (125 MHz, DMSO-¢): & (ppm) 51.06 (C-2) 75.03 (C-2), 90.34, 96.42
(C-5, C-7), 94.94 (C-37, C-57)*, 102.70 (C-1")*,286 (C-3a), 164.12, 164.23, (C-2’, C-
6°)*, 165,67 (C-4')*, 157.66, 167.78, 175.82 (C&6, C-7a), 194.14 (CO), 194,85
(CO)

Note": signals for 2—chloro-(2,4",6 -trihydroxy)acet@ptone
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5.2.3.Preparation of 4,6—Dihydroxybenzofuran—3(2H)-one

HO OH HO (@)
MeONa, Dry MeOH
Cl reflux, 2 h i

OH O OH O
8 9

Procedure:

Five g (approximately 27 mmoles) of a mixture ofclero-(2°,4°,6 -trinydroxy)—
acetophenone and 4,6-dihydroxybenzofurarH3}{@ne (in molar relation of
approximately 1:1) were added to a solution of sadmethoxide prepared from sodium
(2.1 g, 91.3 mmoles) and dry methanol (50 ml). fdtesolution was refluxed for 2 hours
and became violet. After evaporation under redugesksure almost to dryness, the
residue was partitioned between 1M HCI (180 ml) atityl acetate (60 ml). Insoluble
material was separated by filtration. The yield \wgsure product (1.62 g of a light-pink
solid).

Some precipitate went trough the funnel No. 4 aad mainly in the aqueous phase.
The organic layer was collected and the aqueousephas extracted with ethyl acetate
(3 x 60 ml), the organic layers were combined aaghed with ethyl acetate (90 ml) and
brine (90 ml), dried over sodium sulphate. The rclesd solution was evaporated to
dryness to obtain additional pure product as atdogbwn solid (1.917 g). Total yield:
3.52g.

Yield: 78 %
Mp.: filtrated product: 246 - 248 °C
evaporated product: 247 - 250 °C
ref:? 253- 256 °C
Molecular formula: CgHgO4 (My = 166,13)
NMR: The identity of both products was checked by NMR.
'H-NMR (500 MHz, DMSO-g): & (pip) 4.53 (s, 2H, Cb), 5.90, 5.91 (each d, J =
1,75 Hz, 2H, 5-H, 7-H), 10.53 (s, 2H, OH)
13C-NMR (125 MHz, DMSO-g): § (pip) 74.98 (C-2), 90.27, 96.37 (C-5, C-7), 102.82
(C-3a), 157.62, 167.73 (C-4,C-6), 175.76 (C-7a}.2® (C-3, CO)
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5.2.4. Preparation of 4,6-Dimethoxybenzofuran-32Hg

HO- o) Mel, K.co, DME  MeO o]
80T, 1h

OH O omMe ©O
9 10

Procedure:

Methyl iodide (4.9 g, 2.2 ml, 34.5 mmoles), potassicarbonate (3.2 g, 23 mmoles)
and dimethylformamide (75 ml) were added to 4,6/drbxybenzofuranoned) (1.91 g,
11.5 mmoles). The mixture was stirred at 80 °C Xohour. It was evaporated under
reduced pressure, and the residue was partitioedédebn water (150 ml) and ethyl
acetate (150 ml). Insoluble material was separayeiltration as a first crude product.
The aqueous phase was extracted with ethyl acdtatel 50 ml, 2 x 60 ml), the organic
layers were combined, washed with water (100 nd))lanime (100 ml), dried over sodium
sulphate and evaporated to dryness to obtain additcrude product.

The combined crude materials (90 %) were recryséallfrom ethyl acetate (100 ml) to

obtain dark yellow crystals (1.3157 g).

Yield: 59 %
M.p.: 137 — 140 °C, ref® 132- 136 °C
Molecular formula: CyoH1004 (My, = 194,19)
NMR: *H-NMR (500 MHz, DMSO-4): & (ppm) 3.82, 3.84 (each s, total 6H, §H1.64
(s, 2H, CH), 6.16, 6.35 (each d, J = 1,9 Hz, 1H, 5-H, 7-H)

T-NMR (125 MHz, DMSO-¢): & (ppm) 56.01, 56.37 (CH 75.39 (C-2),
89.57, 93.03 (C-5, C-7), 104.25 (C-3a), 158.43,.369C-4, C-6), 176.39 (C-7a), 194.07
(C-3, CO)
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5.2.5. Preparation of 2-Bromo-4,6-DimethoxybenzafdB(2H)-one

MeO 0 dry THF, Br-reagent MeO 0
Br
40C,25h

ome O ome O
10 12

Procedure:

Dimethoxybenzofuranone (0.7 g, 3.6 mmoles) wasotlisgl in dry tetrahydrofuran
(20 ml). The mixture was stirred at 40 °C in oithbawithin 20 minutes a solution of
phenyltrimethylammoniumbromide dibromide (1.36 ¢ Bimoles) in dry THF (10 ml)
was added. The mixture was stirred at 40 °C fortenhél 2 hours. The solvent was
evaporated and the residue was dissolved in 120 omla 1:1 mixture of
dichloromethane/water. The organic layer was washigdwater (2 x 40 ml), dried with
sodium sulphate and charcoal, filtered and evapdrathe crude material (95 %) was

recrystallized from toluene (10 ml) to obtain yellorystals.

Yield: 40 %
M.p.: 144 — 147C, ref!* 143 — 145 °C
Molecular formula: C;0HgO4Br (M, = 273,085)
NMR: *H-NMR (500 MHz, DMSO-@): & (ppm) 3.84, 3.82 (s, 3H, GH 5.43 (s, 1H, 2-
H), 6.14, 6.25 (each d, J = 1,7, 1H, 5-H, 7-H)

L-NMR (125 MHz, DMSO-¢): & (ppm) 56.06, 56.41 (Ci) 89.48 (C-2),
92.76, 98.48, (C-5, C-7), 102. 51 (C-3a), 159.040.13 (C-4, C-6), 173.34 (C-7a),
192.49 (C-3, CO)
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5.2.6. Darzens Condensation with 3,4-Dimethoxylddehgde

Meo _MeONa, dry MeOH ~ MeO

dry toluene, 45 min
OMe

O
12

2-Bromo-4,6-dimethoxybenzofuran-3{2-one (2) (1 g, 3.66 mmoles) was dissolved
in hot dry toluene (40 ml) and cooled to room terapge. Then 3,4-dimethoxybenz-
aldehyde (0,61 g) was added. After dissolving, ditsn methoxide solution was added.
This solution was prepared from dry methanol (5 amgl sodium (84 mg). The mixture
was stirred for 45 minutes and the precipitate fltesed off and dried.. The precipitate
was washed with water (20 ml) and dried. The malte(yield: 0.0924 g) was
recrystallized from toluene/DMF (3:1, 40 ml) to aiot a pure product (0.0437 g). The
material was dissolved in hot ethyl acetate, amdfittrate was kept at room temperature

in an open vessel. Slow evaporation of ethyl aedtanished the crystals.

Yield: 4.6% (2.2% after recrystallization)

M.p.: 213 - 217 °C, conversion 198 - 204 °C, no refersnce

Molecular formula: CogH26011 (M = 550,52)

MS (70eV): 550 (M, 49%), 358 (16%), 239 (100%)

NMR: 'H-NMR (500 MHz, DMSO-g): & (ppm) 3.50 (3H, s, C-3”", G§f 3.77, 3.78

(3H, s, C-4""or C-6", ChJ, 3.85 (3H, s, C-4", Ch), 3.86 (3H, s, C-5, C§), 3.91 (3H, s,

C-7, CH), 6.10 (1H, d, J = 1,7 Hz, C-7"), 6.19 (1H, d, 1,%Z Hz, 5-H), 6.28 (1H, s, 2'-

H), 6.54 (1H, d, J = 2,2 Hz, 6-H), 6.85 (1H, d, 2,2 Hz, 8-H), 6.99 (1H, d, J = 8,8 Hz,

57-H), 7.44 (1H,d, J = 2,0 Hz, 2"°-H), 7.53 (1di, 3 = 8,8 Hz, J= 2,0 Hz, 6"-H)
€-NMR (125 MHz, DMSO-g): & (ppm) 55.01 (C3""- ChJ, 55.70 (C4 "or C6'-

CHj3), 56.23 (C7 - Ch), 56.29 (C4" - CH), 56.35 (C5 - Ch), 56.50 (C-4""or C-6"- C4,

89.88 (C-77), 93.31 (C-8), 93.65 (C-5"), 96.38 (¢9B.45 (C-27), 101.91 (C-3a), 108.38

(C-4a), 111.37 (C-57), 111.69 (C-27), 121.64 (O6122.19 (C-17), 135.39 (C-3),

148.13 (C-37), 150.91 (C-4""), 153.26 (C-2), 153(B8-8a), 159.30 (C-4"), 160.54 (C-5),

164.18 (C-7), 170.31 (C-67), 171.28 (CO, C-4), 803 C-7"a), 188.41 (CO, C-3)
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5.2.7.Darzens Condensation with Benzaldehyde

MeO__

MeONa, dry MeOH
dry toluene, 45 min

2-Bromo-4,6-dimethoxybenzofuran-3{2one (@2) (0.5 g, 1.83 mmoles) was
dissolved in a high temperature in dry toluene fip and cooled to room temperature.
Then benzaldehyde (0.19 g, 1.83 mmoles, 0.19 nd)adaled. After dissolving, a sodium
methoxide solution was added. This solution wapgmed from dry methanol (2.5 ml) in
which metallic sodium (42 mg) was dissolved. Thetare was stirred for 45 minutes
and the precipitate was filtered off and dried. Phecipitate was washed with water (10
ml) and filtered. The material (0.0363 g from thelg of 0.0604 g) was recrystallized
from toluene/DMF (3:1, 30 ml) and after slow evagmn, pure product was obtained
(0.0178 g).

Yield: 7% (2% after recrystallization)
M.p.: 213 - 217 °C
Molecular formula: Cy7H2209 (M, = 490,47)
MS (70 eV): 490 (M 95%), 282 (100%)
NMR: *H-NMR (500 MHz, DMSO-g): & (ppm) 3.79, 3.84, 3.87, 3.90 (3H, s, §}H6.09
(1H, d, J = 1,9 Hz, 7°-H), 6.18 (1H, d, J = 1,9, BzH), 6.55 (1H, d, J = 2,2 Hz, 6-H),
6.84 (1H, d, J = 2,2 Hz, 8-H), 7.36-7.41 (3H, meraatic ring), 7.85-7.87 (2H, m,
aromatic ring)

'£-NMR (125 MHz, DMSO-g): & (ppm) 56.25, 56.40, 56.53 (GH 89.77 (C-
57), 93.30 (C-6), 93.60 (C-7"), 96.49 (C-8), 98(652"), ?102.12 (C-3a), ?108.73 (C-4a),
128.34, 128.42, 130.05, 130.70 (C-aromatic), ?186Q-3), ?145.91, ?149.14 (C-
aromatic), 153.63 (C-2), 158.53 (C-8a), 159.24 (¥;-460.63 (C-5), 164.32 (C-7),
170.27 (C-67), 171.45 (C-4), 173.60 (C-7"a), 188R0, C-3")

Some signals are badly visible in the NMR spectrum.
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5.2.8.Darzens Condensation with 2-Nitrobenzaldehyde

O,N 10 12

CHO @

MeO 8 9 13
O NO, MeONa, dry MeOH MeO. 7 /ksa/? 2

Br + | | : 14

dry toluene, 45 min 4 -

6% /4a OH

oMe © OMe O
10 15

2-Bromo-4,6-dimethoxybenzofuran-3{2one @0) (0.5 g, 1.83 mmoles) was

dissolved in a high temperature in dry toluene fip and cooled to room temperature.
Then 2-nitrobenzaldehyde (0.277 g, 1.83 mmoles)adaled. After dissolving, a sodium
methoxide solution was added. This solution wapgmed from dry methanol (2.5 ml) in
which metallic sodium (42 mg) was dissolved. Thetare was stirred for 45 minutes
and the precipitate was filtered off and dried. Phecipitate was washed with water (10
ml) and filtered. The material (0.2330 g from thelg of 0.2399) was recrystallized from
toluene/DMF (3:1, 20 ml) to receive yellow crystéds1070 Q).

Yield: 38% (17% after recrystallization)
M.p.: 209 — 213 °C
Molecular formula: C;7H13NO7 (M, = 343,29)
Elemental analysis:calculated: C 59.48%, H 3.82%, N 4.08%
found: C 59.34R04.33%, N 4.36%

NMR: 'H-NMR (500 MHz, DMSO-g): & (ppm) 3.86 (3H, s, CH), 3.87 (3H, s, Ch),
6.51, 6.59 (1H, d, J = 2,2 Hz, 6,8-H), 7.74-7.78l,(In, aromatic), 7.86-7.92 (2H, m,
aromatic), 8.10 (1H, dd; ¥ 8,2 Hz, = 1,3 Hz, 11-H), 9.06 (1H, s, OH)

T-NMR (125 MHz, DMSO-g): & (ppm) 56.15, 56.45 (CHi 92.79, 96.06 (C-
6,8), 107.25 (C-4a), 124.69 (C-11), 124.93 (C-9)1.31, 131.52, 133.51 (C-12, 13, 14),
139.10, 140.44 (C-2, 3), 148.05 (C-10), 158.69 &},-860.63, 164.03 (C-5, 7), 170.88
(C-4)
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5.3. Genaral Scheme of Synthesis

HO OH
R
CH,CICN,
HO OH HCI-ELOH, HO OH Cl
Cl,
Zn 1M HCI ' OH O

MeONa, Dry MeOH
—_—

reflux, 2 h
0T-RT,24h cl reflux 1 h 8
o oH *NH, HO . 0
_
6 7 Cl
54%
OH o
9 78%
Mel, K,CO,, DMF
80C,1h
MeO
MeO (0] dry THF, Br-reagent O
Br -
40C,25h
oMe O OMe O
o 12 COH 10
" 40% 59%
oMe MeONa, dry MeOH

dry toluene, 45 min

4.6% (2.2% after recrystallization)

ON 12

38% (17% after recrystallization)

Scheme 11General Scheme of Synthesis
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6. Discussion

6.1. Synthesis of 4,6-Dimethoxybenzofuran-3(2H)-one
This synthesis has been already described and weekswith sufficient yields.
There was no reason to change the procedure.

6.2. Synthesis of 2-Bromo-4,6-Dimethoxybenzofuraf2d)-one

Bromination of benzofuranone was described by usbmgmine in diethyl
ether/dioxan in the work of Benett et'alBut this reaction gives a mixture of two bromo
compounds 2-Bromo-4,6-dimethoxybenzofurank3(@ne (2) and 2,5-Dibromo-4,6-
dimethoxybenzofuran-32)-one in 62 and 24% yield. We needed to receivg thé 2-
bromo compoundl) as a pure product. We used mild conditions (30€)) time of 2
hours and as a bromination reagent phenyltrimethyamumbromide dibromide
(Phenyltrimethylammonium tribromide, PTT) in dryrehydrofuran (Methodical Part).

The reaction was made under various temperatuish@nsame time of duration.
The temperatures had not big influence on the yieitlon the purity of the product
(Table 1). The best conditions seem to be temperafu35-40 °C and time of 2 hours.

Table 1:Dependence of purity on reaction temperature

Temperature Time (hours) Yield of recrystallized | Purity (checked by
(°C) product (%) TLC and NMR)

40 2 30 pure

40 2 35 pure

35 2 44 pure

35 2 40 pure

30 2 37 impure

35 4 52 impure
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6.3. Darzens Condensation

6.3.1. Darzens Condensation with 3,4-Dimethoxylddebhgde
The main goal of this synthesis was to determieesthucture of the productd). It

was not easy to assign the structure only fronNiiR data, because neither the reaction
process nor the product was known.

From the first received NMR data was proposeductire outgoing from the theoretical
course of reaction (Scheme 12) and known facts fidtiR data.

MeO o) MeO
I :I i base
2 Br 41 —_—
OMe
OMe OMe OMe

MeO o)
(@]
/_/—\ H
Br O
(@]
ome 191 “4
o
MeO
OMe
MeO
H
e
(@]
MeO o
o OMe
OMe
MeO
16

Scheme 12
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From *H-NMR it was sure that there must be one singlairbgen in the structure
because of the only singlet signal (6.28 ppm).ré@thoxy groups’ signals (55.01 — 56.50
ppm) and number of 29 carbons showed that the cditibe reacting compounds is 2:1
(bromo compound to benzaldehyde). Because of thesignal in the chemical shift of
ketones in the range of 182-215 pgpmnwas the signal of 188,41 ppm, it seemed the
structure has only one keto group. All signals weoe possible to determine with sure
without knowledge of the real structure of the pratd It was necessary to prepare
crystals good enough for the X-ray structure anslys

The product is very badly soluble in most of thévents. Good solubility was in
DMF and DMSO. But these solvents are unusable dorystallization. It is soluble in
acetone, toluene, ethyl acetate, ethanol, 1-prdparfogh temperatures, but in relatively
big amount of solvent. It was used hot toluene BMF in the ratio of 3:1 as the first
solvent for recrystallization. After 3 weeks in thfiedge (-20 °C) a precipitate was
formed. The precipitate was a very pure produdttloelcrystals were not good enough.

This pure product was dissolved in hot 1-propamal gecrystallized. After several
weeks in the fridge, a precipitate was formed (ed&ss gel), but no crystals. The solvent
was evaporated and the residue was recrystalliiediie from ethyl acetate. The small
amount of precipitate (floating in the solvent) watered off and the filtrate was let to
stand in an open vessel to allow the solvent tallgl@vaporate. This time crystals were
formed and given to Dr. Martin Nieger from the Depeent of Inorganic Chemistry,
University of Bonn, Endenich. Finally we receive tructure (Fig. 15, 16, 17).

The results testified, that a six membered rindorsned, but instead of a 1,4-
dioxane derivativel), a flavonol derivativel3) was obtained.

It was checked by NMR that the final recrystallizgdduct is the same compound
as the pure product, because of the number ofecogstallizations from several solvents
and a possible instability, that might lead to iHer reaction.

The spectral assignment (Table 2) was done witthéhe of the NMR spectrum of
quercetin, and those of other flavonol derivattfe¥>* as well as the HSQC spectrum

and HMBC spectrum of our product.



Table 2:NMR data of 3-[(2,3-Dihydro-4"6"-dimethoxy-3-oxok®&nzofuranyl)oxy]-5,7-dimethoxy-2-

(37,4 -dimethoxyphenyl)-4H-1-benzopyran-4-one

"H-NMR “C-NMR

8 (ppm) 8 (ppm)
C-2 - 153.26
C-3 - 135.39
C-4 (CO) - 171.28
C-4a - 108.38
C-5 - 160.54
C-5 (CH) 3,86 () 56.35
C-6 (H) 6,54 (d, J = 2,2) 96.38
C-7 : 164.18
C-7 (CHp) 3,91 (s) 56.23
C-8 (H) 6,85 (d, J = 2,2) 93.31
C-8a - 158.35
C-2 6,28 (S) 98.45
C-3" (CO) - 188.41
C-3a - 101.91
C-4 - 159.30
C-4"(CHs) 3,85 () 56.29
C-5" (H) 6,19 (d, J = 1,7) 93.65

29
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C-6

C-6" (CH)
C-7" (H)
C-7’a
Cc-17
C-2”7 (H)
C-3”
C-3" (CHy)
C-4”
C-4” (CHy)
C-5" (H)
C-6" (H)

3.77 or 3.78 (s)
6,10 (d,J=1,7)

7,44 (d,J=2,0)

3,50 (s)

3.77 or 3.78 (s)

6,99 (d, J =8,8)

7,53 (dd,J=8,8, 3= 2,0)

170.31
55.70 or 56.50
89.88

173.60

122.19
111.69

148.13

55.01

150.91
55.70 or 56.50
111.37

121.64

Recorded in DMSO-gd*H-NMR at 500 MHz ®*C-NMR at 125 MHz

JinHz

The only signals we were not able to distinguisivéti sure were signals of 3.77 or 3.78

ppm.

6.3.2. Darzens Condensation with Benzaldehyde
On the basis of the results with 3,4-Dimethoxybéetayde it was then possible to

assign the NMR data of the product obtained withzb&lehyde 14).

6.3.3. Darzens Condensation with 2-Nitrobenzaldehyd

From the further worksit was expected that the epoxide would be fornBed.the

NMR data showed no epoxide even in the crude ptodiuis probably not very stable

and reacts in the base immediately to form a flal@derivate 15). But there still exists

a question,

why NBA does not react into a 2:1 commgo as BA or
dimethoxybenzaldehyde.
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7. Conclusion

The main goal of the work was to determine the treacproduct of a Darzens
condensation useful for flavonoid syntheses. Weehaynthesized a new type of
flavonoid compounds, which are not described in likerature. The structure was
confirmed by X-ray structure analysis and assigmigd NMR signals.

We have found that Darzens condensation can beobribe ways to prepare
flavonol-derivatives, but in very low yields. Thenaxpected formation of flavonol
derivatives prevented the isolation of epoxidesthe case of the reactions with
dimethoxybenzaldehyde and benzaldehyd. Therefaah epoxides are not available to
be used in the next step to be transformed thraulgydrogenolytic cleavages to auronol
derivatives, such as tetramethylalphitonin.

The next step will be testing of biological actvand possible biological utilization

of the non-nitro compounds.
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8. Summary in Czech Language

8.1. Uvod

Moje prace navazuje naigachozi vyzkum Prof. M. Gitschowa a jeho
spolupracovnik. Tento tym se zabyva preparativnimi metodami syngérototym v
piirodk se vyskytujicich flavonoid a testovanim jejich biologické aktivity. Moje
diplomova prace néfmo navazuje i na vyzkum Davida Bofka

Ukolem mé prace bylo objasnit reakci 2-brom-4,6-atimoxybenzofuran-3@)-onu
s riznymi aromatickymi aldehydy prdstnictvim Darzensovi kondenzace. Tato reakce,
jako mozna synteticka cesta k deriwrét flavonoidi, neni v literatie dosud dostateé

popsana.

8.2. Teoreticka*ast

8.2.1. Obec&
Flavonoidy jsou polyfenolické sekundarni metaboliiyoce zastoupené v rostlinné

iiSi. Vyskytuji se v bBzn¢ konzumovaném ovoci, zelegina napojich (pedevsim v
cerveném viy, zeleném gernémcaji).

Dietologové se zali vice o flavonoidy zajimat v roce 1930, kdy deazalo, Ze
flavonoidy z citrusového ovoce sniZuji kapilarnirpeabilitu a maji ochranné vlastnosti
pro vitamin C a v souvislosti s ,,Francouzskym paradox&n*

Denni [fijem flavonoidi® se pohybuje v rozmezi od 3 do 70 mgtSiha potravou
prijatych flavonoidi se nevstbava a je ve velkém mnozZstvi rozlozenge\sti
mikroflérou. Stevni mikroorganizmy hrajitdezitou roli nejen v dekonjugaci, ale také v
nasledném rozkladu flavondid

e

NejdalezitejSim mikroorganismem v tomto ohleduB@bacterium ramulusstriktni
anaerob Zijici ve g\ ¢loveéka. Jako zdroj uhliku a energie vyuziva kvercetighosid
(isokvercetin). Bylo dokazano, Ze degradace kveraaia fluoroglucinol §) a kyselinu
(3,4-dihydroxyfenyl)pyrohroznovou probih&es hydroxyflavanon taxifolin a derivat
auronolu — alphitonin (viz str. 8, Schéma 2).

Pro studium bioaktivity flavonoid a jejich dalSi biologické studie je nezbytné
vyvinout takové preparativni metody, diky kterymbjede mozné ziskat v dostatém

mnozstvi.
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8.2.2. Bioaktivita flavonoid
Flavonoidy maji Siroké spektrum biologické aktivity

* Antioxidacni aktivita
* Pozitivni pisobeni pi ischemické chorabsrdeni

» Cévni aktivita (protiagregai, protizastliva)

Cytotoxicka protinadorova

Antibakterialni, antimykoticka, antivirotick4, aptotozoicka aj.

8.2.3. Syntéza derivaflavonoidi
Loser et af pripravili derivat auronolu reduktivnim ot&nim auron-epoxidu3)

hydrolyzou katalyzovanou paladiem (viz str. 10, 8ok 3). Na zakladtohoto vyzkumu
se epoxidace a hydrogenolyza epdxadironovych derivatstaly slibnymi metodami pro
piipravu aurondl a jinych flavonoid®.

Epoxidace flavonoidl jsou v literatiie popsany &kolika zpisoby. Mym ukolem
vSak nebyly epoxidani reakce vSeobeé&nale pouze Darzensova kondenzace, jako jeden
Zz moznych zpsohi pripravy derival flavonoidi, dosud dostateé neprozkoumany.
Darzensova kondenzace probih&a ve dvou krocich.i Rrek zahrnuje aldolovou reakci
halogenovaného uhliku a aldehydu. (viz str. 11, é8wh 5). Druhym krokem je
intramolekularni substituce, kdy negativnabity kyslik napadne uhlik nesouci halogen
jako odstupuijici skupinu za tvorby epoxidu (viz &tt, Schéma 6).

8.3. Metodickarast

8.3.1. Syntéza
Syntéza vychazi z fluoroglucinol8)( ktery je kondenzovan na 2°,4°,6"-trihydroxy-

2-chloracetofenon7) pouzitim aktivovaného chloridu ziématého jako katalyzatoru. 4,6-
Dihydroxybenzofuranon8) byl pripraven kyselou hydrolyzou a cyklizaci v methoxidu
sodném z 2-chlor-(2°,4",6"-trihydroxy)acetofenofuo alkylaci byl pouZzit methyljodid
v bazickém progedi. Pro bromaci byl pouzit fenyltrimethylamoniunitomid

v bezvodém THF jako selektivni brooma cinidlo pro bromaci do polohy 2 (viz str.
Schéma 7 a 8).
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V literatuie* je popséna oxidace auron@) (prostednictvim peroxidu vodiku
v alkalickém roztoku hydroxidu sodného nebo dra&ein Tato reakce dava vznik &n
epoxidu auronu a flavonolu (Schéma 9). Tato reapzbihd v nizkych vycich,
pouzitim benzyltrimethylamonium-hydroxidu se &%k epoxidu zvysi. # prodlouzeni
reakénihocasu, je hlavnim produktem flavondll).

Mechanismus formace flavonolu z epoxidu auroBunebyl dosud prostudovan.
Nukleofil nahradi epoxidicky atom kysliku atakem ax@ozici nebocastji na B-pozici
(viz str. Schéma 10).

Jina studie ukazala, Ze epoxid aurontizen byt také syntetizovan Darzensovou
kondenzaci. Brady a k8lpouZili 2-brom-6-methoxybenzofuranon-3-on, kteodmbili
kondenzaci s arylaldehydy. NejlepSiho vysledku Hbsa2-nitrobenzaldehydem. Reakce
s jinymi aldehydy nebyly popsany.

8.4. Diskuse a za¥

Hlavnim cilem mé préce bylo dit reakeni produkt Darzensovi kondenzace, ktery
by bylo mozné pouzit k syntéze flavoniidUréit strukturu ze samotného vysledku NMR
analyzy nebylo mozné, protoze jak proces reakdéej ppodukt samotny byl neznamy.
Z prvnich NMR dat byla navrZzena teoreticka strukt(uwiz str. Schéma 12). Rozhodujici
byl jediny singletovy signal (6.28 ppm), poukazup@ gFitomnost vodikového atomu a
Sest signdl pro methoxyskupinu. ProtoZe jediny signél v rozimgzemickych posun
ketoni (182-215 ppm) byl signal 188,41 ppm, zdalo se, Ze struktura evé jgdnu
ketoskupinu. Nebylo mozné ditr s jistotou vSechny signaly bez znalosti skote
struktury. Proto bylo nezby&nnutné pipravit krystaly vhodné pro krystalografickou
analyzu. Vhodné krystaly jsemiipravila pomalym odp@nim etylacetatu. Dr. M.
Niegerem byla nasledruréena struktura produktu (viz str., Obr. 15, 16, 17).

Vysledky potvrdily vznik Sestlenného kruhu, ale mist@ekavaného derivatu 1,4-
dioxanu (6) vznikl derivat flavonolu 13). Signal pro druhou ketoskupinu se objevil
vlivem chemického posunu ve vy3Sim poli (171.28 ppm

Pro nasledné deni signal (viz str. Tabulka 2) bylo pouzito natené NMR
spektrum kvercetinu, spektra deri¥dtavonoidi uvedené v literate*® **3*a HSQC a

HMBC spektrum nasSeho produktu.
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V ptipact 2-nitrobenzaldehydu se nepditta prokazat vytvéeni epoxidu,
popisované v literate”.

Poddilo se nam ziskat novy typ flavonoidni séeminy, ktery neni doposud popsan
v literatu‘e. Jeho struktura byla potvrzena krystalografickoalyzou a popsana pomoci
NMR spektra.

Na zaklad mé prace bylo zjisho, Ze Darzensova kondenzaceize byt
s usgchem pouzita jako jedna z cest piigppavu flavonolového derivatu, ale ve velice
nizkych vygzcich. Nedekavana formace flavonolového derivatu znefingg izolaci
epoxidu v pipact reakce s dimethoxybenzaldehydem a benzaldehydeoto Ryto
epoxidy neni mozné pouzit pro hydrogenolytickép&hi na auronolové derivaty
(tetramethylalphitonin).

DalSim krokem bude testovani biologické aktivity pnozné biologické vyuziti

slowenin neobsahujici nitroskupinu.
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8. NMR Spectra
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Fig.8: **C-NMR of 2-Bromo-4,6-Dimethoxybenzofuran-3{2one
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SETO'SS
§669'SS
82€C'95
€982°99
867€°9G

770595 —=

YT88'68—_
£50£°€6

£299°€6 -
£8/£'96
Tosr's

8TT6'T0T—

0S.€'80T—

L2 TIT——
6589 TTT—/

SZYITZT—
8581z

8/8€°GET—

0821 87T —
9.06'0ST—
0/S2°€ST—

NNmm.mew
6562651

onmm,owﬁ\
0T8T ¥9T—~"

CIIE0LT—

2082 TLT—_
¥86G'ELT—

€0Ty'88T —

\
mmmmmmmmmmwmmmmmm.mmmmmwmmwmmmmm.mmﬁmmmmmm

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40

200

(ppm)

Fig.10: **C-NMR of Darzens Condensation Product with 3,4-Dirogybenzaldehyde



41

268L°€

S9E8'E
6698 -
1066 =

Hmmo.w
momo,mwf
1819

25819\
£6229—

S6Y5°9
ovss9

SYE8'9
mwmw,mul

€8GE°L
maem.ﬂw
9Y9EL
€SLE°L
G8LE°L
6.8€°L
S06€°L
T80%°L
ETTV'L
8ETY'L
L02v'L
8SCy'L
20vy'L
SLYy8'L
90582
05582
0298°L
T598°L
0L98°L

15

2.0

25

3.0

35

4.0

4.5

(ppm)  (ppm)
5.0

(ppm)

(ppm)

(gpm)

Fig.11: '"H-NMR of Darzens Condensation Product with BenZzayde

£
s
&

Lyv2'9S
S6€°95
2825'9S

€21068
£E0EE6~~
1009°66 -
6096
vor9'86 —

TSTY'8eT—
18Y0'0ET—7
Teeo0sT

9vEG'85T —
Y8E2'6ST—/~
20£9°09T

8116091/
9592°0LT —
VILYELT—

2961887 —

20

30

40

|
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50
(ppm)

Fig. 12:*C-NMR of Darzens Condensation Product with BenZajde

200




42

Fo
Fo
o
T [
8658'E— — _ s
9898 €— — Zs6e9] & E
o
N
7 Le
@
8658' bwm
R — J et
E<
3 E E
YS059— — 0880T[ & &
86059/ g o
s
¥505'9 EV6G9— —- —o E
86059 1865'9—" 8TY0'T M W =
€659 o
18659 ;
€502, 08e0TE
oer T T\8woTf
865.'L e B
L1902 fe
989/, .
55941 gsvein [
2910, Tess—\ L — I .u
Sosc Trors ge ==L
: F = 1S50T[ < S0eTZE O
o it Ry ——wm s
10187 S59L°L —- \‘\ T0T0TL
96.8'L 29LLL \ [ g
9T68'L 0082 i
7682 P
mwmm.M 0es8'2 8 — 0000t E &
89T6'L mvomsk _ L g
0026, 1281 L
12608 96184 = — Lo .
96608 . o Fo
SETT'8 gL = soere) o & S
09118 sl E — re
25506 w«omskw . i g
8916, &\ [
0026'L r Fo
. e
12608 L
96608 = = /" S o
ceTT'e 0T, < & fo
ootT8—" /St e i
esbaju| [ °

lesbayu [

(ppm)

Fig.13: 'H-NMR of Darzens Condensation Product with 2-Nigobaldehyde

95vT'95
605095\

658L°26—
T€90'96 —

625¢°L0T—

8589721
1126921

1S0ETET——
6/15TET—/—
geraeer/

€660'6ET —
SEVY'OVT——

1250°8YT—

€689'8GT —
€829'09T —

Y0E0' YT —

2288°0LT—

w
|

(ppm)

Fig.14: *C-NMR of Darzens Condensation Product with 2-Nigwbaldehyde



43

9. X-ray Crystal Structure

3-[(2,3-Dihydro-4"6"-dimethoxy-3-0x0-2-benzofuranybxy]-
5,7-dimethoxy-2-(3"",4"" -dimethoxyphenyl)-#i-1-benzopyran-4-one
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Fig. 16
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Fig. 17
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