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Progress Towards the Synthesis of Flavone Derivatives

Chapter 1. Introduction

The estrogen receptors (ER-0 and ER-B) are ligand inducible transcription

factors which play a pivotal role in many developmental and reproductive

processes.(1-5) Like other nuclear receptors, the two ERs have a modular

structure consisting of a N-terminal, DNA-binding (DBD), and ligand-binding

(LBD) domain (figure 1). Both ER subtypes share considerable homology in the

DBD and LBD (96% and 60% respectively), but vary considerably in the C

terminal and N-terminal regions.(6-8) The ligand bound ER activates target

genes by binding to estrogen response elements (EREs) either directly or

through protein-protein interactions and for full activation requires activation

function-1 (AF-1) in the A/B domain and activation function-2 (AF-2) in the LBD

which recruits a p160/p300 coactivator protein complex to the promoter.(9, 10)

The coactivator complex helps mediate strong transcriptional activation through

chromatin modification and interactions with the basal transcription

machinery.(11, 12) The roles each ER subtype have in normal and pathological

processes (such as breast cancer and osteoporosis) are presently unclear. ER-3

and ER-0 knockout mice suggest that both subtypes have different physiological

functions.(1, 3-5, 13-17)
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Figure 1: Structural comparison of rat ER-0 and ER-3.

ERalpha A/B C D E F

ERbeta 16% 96% 29% 60% 17%

In addition to the endogenous ligand estradiol, several non-steroidal

ligands such as tamoxifen and raloxifene have been shown to bind the ER and

mediate transcription of ER responsive genes (figure 2). However, unlike the

pure ER activating effects of estradiol, these compounds can positively and

negatively regulate the ER in a tissue specific manner and are referred to as

selective estrogen receptor modulators (SERM's).(18) The molecular basis of

SERM tissue-specific ER mediated activity is currently unclear but is thought to

involve several factors including differences in ER subtype activity and cell type

distribution, target gene promoter context, and coactivator availability.

In addition to these synthetically derived SERM's, many naturally

occurring compounds also exhibit interesting estrogenic activity. The flavonoids

are a group of structurally related compounds many of which possess estrogenic

activity. Isoflavones and flavones are two important members of the flavonoid

family of phytoestrogens and are found in large quantities in soy beans and

derived products (figure 2).(19) Epidemiological studies show a strong

correlation between the prevention of many ER linked diseases and the



estrogenic effects of isoflavones and flavones obtained through the consumption

of soy products.(20)

Figure 2: Structures of selected ER ligands.
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Identification of compounds that have ER subtype-selective activity will be

useful tools for evaluating the distinct roles that ER-0 and ER-3 play in the

diverse target tissues in which estrogens act. However, to date no high affinity

ER-3 selective ligands have been reported. One goal of my project was to

synthesize ligands selective for ER-3. Good candidate structures for this

endeavor were discovered in evaluation of the flavonoids.



A great deal of research in the ER field has been conducted on the * ,

isoflavone genistein. This natural compound has been shown to have a 20 – 30 >

fold binding preference for ER-B.(21) (22) In contrast, little is known about the

binding and ER activity of flavones. Apigenin has been the most studied member

of the flavones, and like genistein, has been shown to have a preference for

binding ER-3.(21) But a comprehensive investigation of the binding preferences

of a variety of hydroxysubstituted flavones is lacking. In order to study the

interaction of flavones with the ER, it was necessary to synthesize a variety of

flavones. The remainder of this thesis describes efforts to synthesize a number

of polyhydroxylated flavones and an approach to using the flavone structure as a

Core with which to create derivatives.
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Chapter 2. Synthetic Plan for Flavones >

2.1 Choice of Synthetic Approach. The various polyhydroxylated flavones ~ s

chosen for synthesis are described in figure 3. The flavone derivatives chosen º
--

for synthesis would enable us to examine the affect that the number and position ■ º

of hydroxyl groups in the B-ring have on ER binding.

Figure 3: Polyhydroxylated flavone target compounds.

Compound R1 R2 R3 R4

1 OH H H H

2 H OH H H

3 H H OH H

4 H H H OH

5 OH H OH OH

6 OH OH H

7 H H OH OH

8 OH H OH

~y

A number of synthetic approaches to flavones have been described in the yº
i■

literature.(23-28) A suitable synthetic approach to this class of compounds must »

º,
J.

be expeditious and allow the use of diverse and easily accessible starting •

materials such that a number of different flavones can be created from a º
º

common route. A first synthetic attempt to flavones involved a two-step A. R.

procedure as outlined in scheme 1 for the synthesis of 4',7-dihydroxyflavone yº.

(3).(29) This process required the deprotonation of 2',4'-dihydroxyacetophenone
-

* -

(9) with an excess of lithium bis(trimethylsilyl)amide (LiFIMDS) and subsequent ”.



addition of the enolate to methyl 4-(t-butyldimethylsilyloxy)benzoate (10) to

provide dione 11. The crude dione was then subjected to a mixture of glacial

acetic acid (AcOH) and concentrated H2SO, to give the desired dihydroxyflavone

3.

Scheme 1: Two-step synthesis of flavones.

O CO2Me O O

Cº.
+ LiHMDS (excess)THF, -78 °C

H *
TBDMSO HO OH

HO O OTBDMS
9 10 11

AcOH/H2SO4

100 °C

In theory this is a very rapid and simple approach to a variety of flavones,

but in practice it proved to be unreliable and low yielding. One difficulty

encountered was the production of a number of unwanted products. This made

the isolation and purification of the desired flavone very challenging. Analysis of

the reaction mixture by thin layer chromatography (TLC) showed that the first

step in the reaction was the source of the side products. Therefore, attempts

were made to purify the crude dione prior to the acid induced cyclization step.

Unfortunately the dione was not able to be isolated with ample purity. Varying

factors such as rate and order of addition of LiHMDS, temperature, and reaction
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times as a means of optimizing the first step of the reaction were unsuccessful.

Therefore another route to flavones was pursued.

A search of the literature provided a more reliable though longer method

for the production of flavones involving the Baker-Venkataraman rearrangement

as a key step.(30-31) This approach to flavones is illustrated in scheme 2 for the

synthesis of 4',6-dihydroxyflavone (2). Coupling of 2'-hydroxy-5'-

methoxyacetophenone (12) and p-anisoylchloride (13) in pyridine gave 5

methoxy-2-(4'-methoxybenzoyloxy)acetophenone (14). In the presence of

pyridine and KOH, 14 underwent the Baker-Venkataraman rearrangement to give

dione 15. Subjecting 15 to a mixture of AcOH and H2SO, resulted in a

cyclization/dehydration reaction to form 4,6-dimethoxyflavone (16). The desired

hydroxyflavone 2 was obtained by removal of the methyl protecting groups using

BBra.

This method for flavone synthesis though requiring more steps proved to

be more reliable and higher yielding than the two-step procedure illustrated in

scheme 1. In addition, the reactions were generally completed within 10

minutes, and the purification of the intermediate compounds was simple and

rapid. All compounds could be precipitated out of the reaction mixture and

collected by suction filtration. One draw back of this procedure is the

requirement that all hydroxyl groups except the 2'-hydroxy group on the

acetophenone starting material be protected.



Scheme 2: Second synthetic approach to flavones.

O

O O
“cºpyridine

MeO + C| y O
100 °C

OH MeO O

12 13 14 (97%) OMe

O O

KOH. pyridine MeO AcOH, H2SO4

100 °C
C C 100 °COH OMe

15 (81%)

BBr3
-->

CH2Cl2, reflux

2.2 Synthesis of Acetophenone Derivatives. Unfortunately, not all methoxy

substituted 2'-hydroxyacetophenone starting reagents necessary to synthesize

the flavones illustrated in figure 3 were commercially available. Therefore,

synthesis of several acetophenone derivatives was required, and these are

shown in figure 4.

-
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Figure 4: Acetophenone derivatives requiring synthesis.

OH

OMe
17

The synthetic route to acetophenone 17 is given in scheme 3. Protection

of o-vanillin (20) with t-butyldimethylsilylchloride (TBDMSCI) gave benzaldehyde

21 in high yield. This benzaldehyde was then treated with methylmagnesium

bromide to afford alcohol 22. Oxidation of 22 with NaOCl and catalytic TEMPO

followed by HF induced deprotection of the silyl protected alcohol gave 2'-

hydroxy-3'-methoxyacetophone (17).(33)



Scheme 3: Synthesis of 2'-hydroxy-3-methoxyacetophenone.

CHO CHO
TBDMSCI, imidazole MeMgBr

OH DMF, rt OTEDMS CH2CL2, 0 °C
OMe OMe

20 21 (94%)

OH O

1. TEMPO, NaOCl

OTBDMS 2. HF/CH3CN OH

OMe OMe

22 (92%) 17 (71%, 2 steps)

The acetophone required for the synthesis of flavone 7 was made in one

step from 2',3',4'-trihydroxyacetophenone (23) (scheme 4). Treatment of 23 with

two equivalents of dimethyl sulfate gave a mixture of mono-, di-, and tri

methoxyacetophenones. The major product was 2'-hydroxy-3',4'-

dimethoxyacetophenone (18) which was easily separated from the undesired

products by flash chromatography.

Scheme 4: Synthesis of 2'-hydroxy-3',4'-dimethoxyacetophenone.

O O

Me2SO4, K2CO3

HO OH acetone, reflux MeO OH

OH OMe

23 24 (64%)

*2 * ,* -
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Synthesis of acetophenone 19 is ongoing and has proven to be rather

difficult. An outline for synthesis of 19 is shown in scheme 5. The main difficulty

in the synthesis has been the Baeyer-Villiger oxidation of 4-bromovanillin (24) to

hydroquinone 25 using a basic solution of H2O2. Yields of 25 have consistently

been very low despite published reports that this exact transformation under the

same conditions provides 25 in yields greater than 90%.(34) (35) Attempts to

improve yields of 25 by varying reaction conditions (temp., time, equivalents of

reagents, etc.) were unsuccessful. The difficulty experienced in forming 25 is in

agreement with a report that m-hydroxysalicylaldehyde does not undergo

Baeyer-Villiger oxidation under these conditions.(36) Compound 24 was also

resistant to Baeyer-Villiger oxidation under acidic conditions using perbenzoic

acids.(37)

Scheme 5: Synthetic route to 2'-hydroxy-3',5'-dimethoxyacetophenone.

OHC Br HO Br MOMO Br

H2O2, KOH a. NaH, DMF

OH 70 °C OH b. MOMCI OMOM
OMe OMe OMe

24 25 (27%) 26 (87%)

O O

a n-Bull__
--> MOMO 1. acid deprotection MeO

b. O || || A I A2 7. IV ->2. Me2SO4 (1 ed.

2\ome OMOM 2SO4 (1 eq.) OH

27 M OMe OMe
e 28 19

º
*~
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The small amounts of hydroquinone 25 obtained were carried forward in

the synthesis by protection of the alcohols as methoxymethyl ethers (MOM). The

next step (scheme 5) involves a metal-halogen exchange and addition of the

resulting organometallic reagent onto a suitable electrophile such as Weinreb

amide 27.(38) (39)

Despite several attempts, this transformation has not been achieved

(scheme 6). The lack of reaction is attributed to the low efficiency of the metal

halogen exchange since the majority of the starting material is recovered and

only minor amounts of compound 31 are present even after quenching the

reaction with water. The ideal conditions for this exchange to occur in high yield

are still under investigation. Though some phenyl anion was formed, it did not

react with amide 27. This lack of reaction was attributed to the decreased

electrophilicity of amides compared to other carbonyl electrophiles. However,

substituting more reactive electrophiles such as ethyl acetate (EtOAc), acetyl

chloride (AcCl), and acetic anhydride (Ac2O) in place of 27 did not result in a

reaction. Despite the use of anhydrous solvents, dried glassware, and dried

reagents, moisture is likely to be the source of the difficulties. Clearly, more work

needs to be conducted to optimize the efficiency of the metal-halogen exchange

and exclude moisture.

12



Scheme 6: Attempts at lithium-halogen exchange.

O
MOMO Br

o enemy MOMO
OMe OMOM OMOM

OMe

29 30

Conditions

Metal Source■ [emperature Electrophile
- o MOMO H1. n-Buli (1 or 2 eq.), -78 °C 27, EtOAC, AcCl, or Ac2O

2. n-Buli (1 or 2 eq.), 0 °C n OMOM

3. t-BuLi (1 or 2 eq.), -78 °C º OMe

4. t-BuLi (1 or 2 eq.), 0 °C n 31

5. Mg", rt
in
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Chapter 3. Derivatization of Flavones

Estrogen receptor ligands which possess ER subtype selectivity and/or

tissue context specific activity are important tools to aid in understanding the

diverse roles the ER's play in normal and pathological processes. We decided to

investigate using the flavone core structure as a scaffold to create derivatives

which may have novel and interesting biological activity.

3.1 Choosing a position to derivatize. The interesting biological characteristics

of SERM's such as raloxifene and tamoxifen are attributed to extensions which

are attached to a stilbene-like core. Crystal structures of these compounds

bound to the LBD show that these extensions poke out of the ligand binding

pocket between helices 3 and 11 to disrupt the position of helix 12, a key

component of AF-2.(40-42) A logical plan for derivatization of flavones would be

to choose a position for extensions off the flavone scaffold which would mirror the

positioning of the AF-2 disrupting extensions branching off the stilbene-like cores

of known SERM's.

The crystal structure of the isoflavone genistein bound to the LBD of ER-3 has

been solved, and a simplified illustration of the key hydrogen bonding interactions

of genistein with residues lining the ligand binding pocket of ER-3 is shown in

figure 5.

14



Figure 5: Key interactions of genistein with residues lining the ligand binding

pocket (LBP) of ER-3.

genistein

Though a crystal structure detailing the binding mode of flavones to the

ER's does not exist, it is reasonable to assume that flavones such as apigenin

bind to the ER in a manner similar to genistein. Two hypothetical ER binding

orientations of apigenin are shown in figure 6. The first orientation resembles

the binding mode of genistein with the A-ring hydroxyl making contacts with key

residues (Glu305 and Arg346) in the ligand binding pocket. The second

hypothetical binding mode of apigenin shows participation of B-ring hydroxyl

groups in the same hydrogen bonding interactions. The latter orientation is

unlikely since it's been shown that polyhydroxylation of the portion of ER ligands

which interact with Glu353 and Arg394 diminishes binding. For example, an

additional hydroxyl group in the A-ring of estrogen decreases binding to less than

19%.(43)

15



Figure 6: Two hypothetical binding orientations of apigenin in LBD of ER-3.

apigenin

\ ,’ OH O\ \ . apigenin
s

… *

* … * º

( ). _*
~

~
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A comparison of the hypothetical binding of apigenin with the published

binding mode of raloxifene to ER-B provides insight on what position of flavones

to derivatize. Placing substituents off C-2 of the flavone core should roughly

mimic the piperidine containing extension of raloxifene (figure 7). Therefore

efforts to derivatize this portion of the flavone core were pursued.

Figure 7: Comparison of the binding mode of Raloxifene with hypothetical
binding mode of apigenin in LBD of ER-3.

extension

raloxifene

3.2 Derivatization of C-2 of the Flavone Scaffold. Substitution of the C-2

hydrogen atom with other atoms has been reported in the literature.(44-47) One

17



method consists of deprotonating the flavone at C-2 through the use of a strong

base. Attempts to deprotonate C-2 with a number of bases trap the resulting

anion with benzaldhyde were not successful (scheme 7).

Scheme 7: Attempts to deprotonate C-2 of 4,6-dimethoxyflavone.

Base. Meli

n-Bul i

t-BuLi

LDA

Another method consisted of replacing the C-2 hydrogen with a halogen

atom. Subjecting flavone 16 to N-halosuccinimide in methanol gave 2-halo

1,4',6-trimethoxyflavanones 32 and 33 (scheme 8).(47,48) in the presence of a

non-nucleophilic base such as sodium hydride, elimination of methoxide from 32

and 33 took place to give the C-2 halogen substituted flavones 34 and 35.

18



Scheme 8: Replacement of C-2 hydrogen with a halogen atom.

NBS, MeOH

CH2Cl2

NIS, MeOH

CICH2CH2Cl, 50 °C

NaH, THF
32 Or 33

MeO X = Br, 34 (71%)

X = 1, 35 (96%)

With 34 and 35 in hand, a couple of options existed for further elaboration

of the flavone core. Attempts to form a C-2 anion via lithium halogen exchange

with subsequent addition of the anion to an electrophile were not successful.

Though this procedure has been reported to work, this method of flavone

elaboration was not explored beyond initial investigations.(46) Instead, a more

versatile and promising method of derivatizing 2-halogenated flavones using Pa

mediated cross coupling reactions was pursued.(49)

19



Investigations for utilizing Po-mediated cross-coupling reactions such as

the Suzuki coupling with compounds 34 and 35 are still in the early stages.

Though not exhaustively explored, the coupling of phenylboronic acid (36) with

bromoflavone 34 was not successful. This coupling with 36 was accomplished

with the more reactive iodoflavone 35 (scheme 9). Deprotection of the ring

hydroxyl groups with BBra afforded 4,6-dihydroxy-2-phenylflavone (38).

Scheme 9: Pd-mediated cross coupling-reaction.

Po2(dba)3-CHCl3

B(OH)2 CS2CO3 (aq.)
toluene, 80 °C

MeO
36

BBr3, CH2Cl2
–-

38 (47%)

Chapter 4. Future Directions.

4.1 Chemistry. The syntheses of all target compounds listed in figure 3 have

not been completed. In order to complete flavone 8, more work needs to be

done to synthesize the appropriate starting material, acetophenone 19. In

addition, hydroxyflavones 1, 4, 5, and 7 are one step away from completion; they

are all protected as methyl ethers. Subjecting the methyl ethers of these

compounds to BBra will provide the desired hydroxy flavones.

20



The Pd-mediated cross-coupling reaction appears to be a good way to

easily access a number of C-2 substituted flavones. More derivatives need to be

Synthesized using this approach.

4.2 Biology. The binding properties of target compounds (figure 3) to both ER

subtypes need evaluation. Competitive binding to the ER between target

compounds and radiolabeled estradiol can be used to determine binding

COnStants.

21



Chapter 5. Experimental Section

5.1 General information.

All anhydrous solvents were purchased in Sure/Seal" bottles from

Aldrich". Starting materials were purchased from commercial sources and were

used without further purification unless otherwise noted. Unless noted differently,

all reactions were carried out under an atmosphere of Argon and stirred with a

magnetic stirring bar. The argon was passed through a column of NaOH and

Drierite” (anhydrous CaSO4) prior to use. Inorganic salts used as washes or to

quench reaction mixtures are saturated aqueous solutions unless indicated

otherwise. Reactions were performed at room temperature unless noted

otherwise. Reaction flasks were either dried in a 120 °C oven for 12 h, or they

were flame dried just prior to use. All syringes were dried in a 120 °C oven for at

least 12 h and cooled in a desiccator containing Drierite” and anhydrous P2O5

before use.

All reactions were monitored by thin-layer chromatography (TLC) on

Alugram” Sil G/UV2s, precoated aluminum-backed plates. Flash chromatography

was performed using 200–400 mesh, 60A silica gel purchased from Aldrich".

'H NMR and "C NMR spectra were recorded with a varian-INOVA 400

MHz spectrometer, and chemical shifts are reported in parts per million (ppm)

and are referenced to CHCl3 present in CDCl3 (7.26 ppm) or tetramethylsilane

(0.00 ppm) unless otherwise noted. Coupling constants are expressed in Hertz.

5.2 Experimentals.
General procedure used to synthesize methoxy-2-(4'-methoxybenzoyloxy)
acetophenone derivatives.

22



MeO O

MeO
º

OMe

A solution of p-anisoyl chloride (0.670 g, 3.93 mmol), 2'-hydroxy-3',4'-dimethoxy

acetophenone (0.700 g, 3.57 mmol), and anhydrous pyridine (1.5 mL) was

heated at 100 °C for 10 min. The reaction mixture was cooled slightly and a

solution of 1:1 methanol/water (v/v, 3 mL) was added. Pale white crystals formed

upon further cooling to 0 °C which were collected on a Büchner funnel and rinsed

with a cold (0 °C) solution of 1:1 methanol/water (v/v). The solid was was dried

by heating under reduced pressure to provide 3,4-dimethoxy-2-(4'-

methoxybenzoyloxy) acetophenone which was used without further purification

(1.16 g, 97%). "H NMR: 68.20 (d, 2, J = 8.8), 7.68 (d. 1, J = 8.8), 7.01 (d, 2, J =

8.8), 6.89 (d. 1, J = 8.8), 3.95 (s, 3), 3.90 (s, 3), 2.49 (s, 3). "C NMR: 6 195.9,

164.3, 164.1, 157.2, 144.6, 141.5, 132.5, 125.8, 125.0, 121.4, 11.4.0, 109.1, 60.9,

56.1, 55.5, 29.9.

Spectra for other methoxy-2-(4'-methoxybenzoyloxy)acetophenone derivatives

are located at the end of the Experimental Section.

General procedure used to synthesize 1-(4'-methoxyphenyl)-3-(2”-hydroxy

methoxyphenyl)-1,3-propanediones.

O O

MeO OH OMe

M eO

Powdered KOH (0.380 g, 6.77 mmol) was added to a 100 °C solution of 3,4-

dimethoxy-2-(4'-methoxybenzoyloxy)acetophenone (1.10 g, 3.33 mmol) and

23



anhydrous pyridine (5.5 mL). During 10 minutes of heating, a bright yellow

precipitate formed. After removal from the oil bath, glacial acetic acid (1.8 mL),

absolute ethanol (6.0 mL), and water (3.6 mL) were added to the reaction mixture

causing the solids to dissolve. Cooling to 0 °C gave bright yellow needle-like

crystals which were collected on a Büchner funnel, washed with cold (0 °C) 1:1

ethanol/water (v/v), and dried by heating under reduced pressure. This provided

the desired product, 1-(4'-methoxyphenyl)-3-(2”-hydroxy-3”,4”-dimethoxy)-1,3-

propanedione, which was used without further purification (0.867 g, 81%). NMR

analysis of the product shows the dione is in equilibrium with enol tautomers. "H

NMR: § 12.40 (s), 12.21 (s), 8.00 (d, J = 8.8), 7.88 (d, J = 8.8), 7.59 (d, J = 9.2),

7.52 (d, J = 8.8), 6.94 – 6.97 (m), 6.65 (s), 6.50 (d, J = 8.8), 4.50 (s), 3.93 (s),

3.92 (s), 3.91 (s), 3.87 (s). ''C NMR: 8 198.7, 1940, 191.8, 176.6, 164.1, 163.0,

158.9, 157.9, 157.3, 156.9, 136.8, 131.3, 129.1, 128.6, 127.7, 125.9, 124.5,

115.1, 114.2, 11.4.0, 113.9, 103.3, 103.0, 90.8, 60.6, 56.1, 56.0, 55.5, 55.4, 50.1.

Spectra for other 1-(4'-methoxyphenyl)-3-(2”-hydroxy-methoxyphenyl)-1,3-

propanedione derivatives are located at the end of the Experimental Section.

24



General procedure used to synthesize methoxy substituted flavones.

MeO

A suspension of glacial acetic acid (AcOH) (3.4 mL) and , 1-(4'-methoxyphenyl)-

3-(2”-hydroxy-3”,4”-dimethoxy)-1,3-propanedione (0.300 g, 0.954 mmol) was

heated at 100 °C while 20% H2SO/AcOH (v/v, 0.67 mL) was added dropwise. A

thick yellow precipitate formed within 2 minutes. After 10 minutes the reaction

mixture was poured into water (20 mL) and a floculant white solid precipitated out

of Solution. The solid was collected on a Büchner funnel and washed with water.

The white solid was dissolved in CH2Cl2 (100 mL), and the organic layer was

washed with water, NaHCO3, and brine, dried (MgSO.), filtered and concentrated

in vacuo. The product, 4',7,8-trimethoxyflavone, was obtained as a white solid

which was used without further purification (0.263 g, 89%). "H NMR: 67.95 (d,

1, J = 8.8), 7.91 (d, 2, J = 8.8), 7.04 (d, 1, J = 8.8), 7.03 (d, 2, J = 8.8), 6.68 (s, 1),

4.04 (s, 3), 4.00 (s, 3), 3.88 (s, 3).”C NMR: 8 177.9, 162.9, 162.3, 156.5, 150.4,

136.8, 127.8, 124.1, 120.9, 118.6, 114.4, 109.7, 105.4, 61.5, 56.4, 55.4.

Spectra for other methoxy substituted flavones are located at the end of the

Experimental Section.

General procedure used to synthesize hydroxy substituted flavones.

25



HO

A solution of BBrs (1 M in CH2Cl2, 29 mL, 29 mmol) was added dropwise to a

refluxing mixture of 6,4'-dimethoxyflavone (2.0 g, 7.1 mmol) and anhydrous 1,2-

dichloroethane. The dark yellow reaction mixture was stirred at reflux overnight.

The reaction mixture was cooled (0 °C) and slowly quenched with methanol. The

product mixture was concentrated in vacuo with flash silica gel. The silica

absorbed crude product was applied to the top of a column of silica gel. The

product was eluted using 5% methanol/CH2Cl2 to give 4',6-dihydroxyflavone as

a pale yellow solid (1.6 g., 87%). "H NMR (de-DMSO): 67.93 (d, 2, J = 8.8), 7.61

(d. 1, J = 8.8), 7.31 (d. 1, J = 3.2), 7.23 (dd, 1, J = 9.2, 2.8), 6.93 (d, 2, J = 8.8),

6.78 (s, 1). '*C NMR (de-DMSO): 8 176.8, 162.7, 160.7, 154.6, 149.2, 128.2,

124.2, 122.7, 121.8, 119.6, 115.9, 107.5, 103.9.

Spectra for other hydroxy substituted flavones are located at the end of the

Experimental Section.
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HO

4’,7-dihydroxyflavone. A solution of lithium bis(trimethylsilyl)amide (1 M

solution in THF, 13.5 mL, 13.5 mmol) was added dropwise over 15 min to a well

stirred cold (-78 °C) solution of 2',4'-dihydroxyacetophenone (0.50 g, 3.2 mmol)

in anhydrous THF (16 mL). The reaction mixture was then warmed (-20 °C) and

stirred for 2 h. After cooling again (-78 °C) a solution of methyl 4-(t-

butyldimethylsilyloxy)benzoate (0.88 g, 3.3 mmol) in anhydrous THF (1.6 mL)

was added. The reaction mixture was allowed to warm to rt and stirred

overnight. The reaction mixture was quenched with HCl (0.6 M, 70 mL) and

extracted with CH2Cl2. The combined organic extracts were washed with brine,

dried (MgSO4), filtered and concentrated in vacuo. The crude product was

dissolved in glacial acetic acid (11.5 mL) and heated (100 °C) while 20%

H2SO4/AcOH (v/v, 2.3 mL) was added dropwise. After 10 minutes the reaction

mixture was poured into water and a brown precipitate formed which was

collected on a Büchner funnel and rinsed with cold (0 °C) water. The crude

product mixture was purified over flash silica gel (CH2Cl2 ramped to 5%

methanol/CH2Cl2) to give the product as a pale yellow solid (0.324 g, 38%). "H

NMR (de-DMSO): 67.91 (d, 2, J = 8.8), 7.86 (d. 1, J = 8.4), 6.89 – 6.97 (m, 4),
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6.72 (s, 1). “C NMR (de-DMSO): 8 176.2, 162.5, 1624, 160.6, 157.3, 128.1,

126.4, 121.8, 116.1, 115.8, 114.7, 104.4, 102.4.

CHO

º
OMe

2-((t-butyldimethylsilyl)oxy}-3-methoxybenzaldehyde. To a solution of o

vanillin (3.00 g, 19.7 mmol) in anhydrous DMF (10 mL) was added t

butyldimethylsilylchloride (4.14 g, 27.5 mmol) and imidazole (2.98 g, 43.7 mmol).

The reaction mixture was stirred overnight and was then poured into a separatory

funnel containing water (200 mL). The aqueous layer was extracted with ether.

The combined organic extracts were dried (MgSO4), filtered and concentrated in

vacuo to provide a colorless oil. The crude product mixture was purified over

flash silica gel (hexanes ramped to 4% ethy, acetate/hexanes) to give a white

solid (4.96 g, 94%). "H NMR: 6 10.52 (s, 1), 7.39 (d. 1, J = 8.0), 7.05 (d. 1, J =

8.0), 6.96 (t, 1, J = 8.4), 3.84 (s, 3), 1.01 (s, 9), 0.09 (s, 6). “C NMR: 6 190.3,

150.8, 149.2, 127.9, 121.21, 119.1, 116.9, 55.2, 25.9, 18.9, -4.2.

OH

OTBDMS

OMe

1-[2-((t-butyldimethylsilyl)oxy}-3-methoxyphenyl]ethanol. To a cold (0 °C)

solution of 2-((t-butyldimethylsilyl)oxy}-3-methoxybenzaldehyde (2.15 g, 7.61
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mmol) in anhydrous CH2Cl2 (35 mL) was added dropwise methyl magnesium

bromide (1 M in butyl ether, 10.0 mL). After 1 hour the reaction mixure was

quenched with water. The organic layer was saved and the aqueous layer made

slightly acidic (pH = 5). The aqueous layer was extracted with CH2Cl2. The

combined organic extracts were dried (MgSO.), filtered, and concentrated in

vacuo to give a yellow oil. The crude product mixture was purified over flash

silica gel (10% ramped to 25% ethyl acetate/hexanes) to give a white solid (1.97

g, 92%). "H NMR: 67.03 (d. 1, J = 8.0), 6.93 (t, 1, J = 8.0), 6.78 (d. 1, J = 8.0),

5.27 – 5.35 (m, 1), 3.79 (s, 3), 1.47 (d, 3, J = 6.4), 1.01 (s, 9), 0.21 (s, 3), 0.20 (s,

3). "C NMR: 6149.5, 136.7, 121.2, 119.0, 117.4, 110.3, 64.7, 54.7, 26.1, 23.0,

18.9, -3.8.

OH

OMe

2'-hydroxy-3'-methoxyacetophenone. A solution of NaOCl (commercial

bleach, -0.7 M, 16.6 mL) and NaHCO3 (0.84 g) was added dropwise to a

vigorously stirred and cold (0 °C) mixture of 1-[2-((t-butyldimethylsilyl)oxy}-3-

methoxyphenyl]ethanol (1.51 g, 5.3 mmol), TEMPO (17.0 mg, 0.10 mmol), and

KBr (1.08 g, 9.1 mmol) in CH2Cl2 (15 mL) so as to maintain the temperature

below 10 °C. After completion of the addition, the reaction mixture was stirred for

an additional 15 minutes and then poured into a separatory funnel. The reaction

mixture was then washed with 10% HCI containing 125 mg KI/10mL (10 mL),

29



10% Na2S2O3 (10 mL), and brine. The organic layer was dried (MgSO4), filtered,

and concentrated in vacuo to give a yellow oil which was used without further

purification (1.35 g). To the crude product mixture was added a 19:1 solution of

acetonitrile/HF (48%) (v/v). The reaction mixture was stirred for 2 hours and then

quenched with NaHCO3 and diluted with ether. The aqueous layer was made

slightly acidic (pH = 5) and further extracted with ether. The combined organic

extracts were dried (Na2SO4), filtered, and concentrated in vacuo to give a pale

yellow oil. Purification of the crude product mixture over flash silica gel (4% ethyl

acetate/hexanes) provided the desired product as a white solid (0.631 g, 71% for

two steps). "H NMR: 6 12.57 (s, 1), 7.35 (d.1, J = 8.4), 7.07 (d. 1, J = 8.4), 6.85

(t, 1, J = 8.0), 3.91 (s, 3), 2.64 (s, 3). "C NMR: 6204.9, 152.8, 148.9, 121.8,

119.7, 118.2, 117.0, 56.2, 27.0.

MeO OH

OMe

2'-hydroxy-3',4'-dimethoxyacetophenone. Dimethyl sulfate (1.20 mL, 12.6

mmol) was added dropwise over an hour to a mixture of 2',3',4'-

trihydroxyacetophenone (1.00 g, 5.94 mmol) and anhydrous K2CO3 (1.60 g, 11.6

mmol) in acetone (dried over MgSO4, 60 mL). Upon completion of the addition,

the reaction mixture was heated at reflux overnight. The solvent was then

removed in vacuo and the resulting tan solid was suspended in water and made

slightly acidic (pH = 5). Extraction with ether followed by drying with Na2SO, and
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concentration in vacuo gave a tan solid which was purified by flash

chromatography (5% ramped to 10% ethyl acetate/hexanes) (0.74 g, 64%). "H

NMR: 6 12.56 (s, 1), 7.50 (d. 1, J = 9.2), 3.94 (s, 3), 3.89 (s, 3), 2.58 (s, 3). "C

NMR: 8 203.2, 158.5, 157.1, 136.5, 127.0, 115.3, 102.9, 60.7, 56.1, 26.4.

2-bromo-1,4',6-trimethoxyflavanone. To a suspension of 4',6-

dimethoxyflavone in anhydrous methanol (2.6 mL) and anhydrous CH2Cl2 (1.3

mL) was added N-bromosuccinimide (0.190 g, 1.07 mmol). The reaction mixture

was stirred for 4 hours and then the solvent was removed in vacuo. The crude

product was purified over flash silica gel to provide a tan oil (0.188 g, 98%). "H

NMR: 67.58 (d, 2, J = 8.8), 7.43 (d, 1, J = 3.2), 7.21 (dd, 1, J = 8.8, 3.2), 7.12 (d.

1, J = 8.8), 7.00 (d, 2, J = 8.8), 4.38 (s, 1), 3.87 (s, 3), 3.85 (s, 3), 3.01 (s, 3). "C

NMR: 6 186.6, 160.4, 154.9, 149.8, 128.3, 127.8, 125.2, 119.3, 118.6, 113.7,

108.5, 105.1, 55.8, 55.3, 51.8, 50.4.
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MeO

2-bromo-4',6-dimethoxyflavone. Sodium hydride (60% oil dispersion, 2.0 mg,

0.050 mmol) was added to a cold solution (0 °C) of 2-bromo-1,4,6-

trimethoxyflavanone (17 mg, 0.043 mmol) in anhydrous THF (0.60 mL). The

reaction mixture was stirred overnight and then quenched with water and diluted

with ethyl acetate. The aqueous layer was further extracted with ethyl acetate.

The combined organic extracts were washed with brine, dried (MgSO.), filtered,

and concentrated in vacuo to provide a white solid. Purification over flash silica

gel (5% ethyl acetate/hexanes) gave the product as a white powder (15 mg,

96%). "H NMR: 67.87 (d, 2, J = 8.8), 7.63 (d. 1, J = 3.2), 7.44 (d. 1, J = 8.8),

7.29 (dd, 1, J = 9.2, 3.2), 7.04 (d, 2, J =8.8), 3.93 (s, 3), 3.90 (s, 3). "C NMR: 6

173.1, 161.7, 161.5, 157.3, 150.5, 131.2, 125.1, 124.2, 122.4, 119.3, 113.7,

107.9, 105.4, 56.0, 55.5.

O

| OMe

MeO C
cº

MeO

2-iodo-1,4',6-trimethoxyflavanone. To a heated (50 °C) solution of 4,6-

dimethoxyflavone (82 mg, 0.29 mmol) in anhydrous 1,2-dichloroethane (1.0 mL)
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was added N-iodosuccinimide (0.137 g, 0.609 mmol) followed by anhydrous

methanol (1.0 mL). The dark red reaction mixture was stirred overnight and then

diluted with CH2Cl2 and washed with 10% Na2S2O3 and brine. The aqueous layer

was extracted with CH2Cl2, and the combined organic layers were dried (MgSO4),

filtered, and concentrated in vacuo to provide a yellow solid. Purification of the

crude product mixture over flash silica gel provided the product as a white solid

(89 mg, 68%, or 96% based on recovered starting material). "H NMR: 67.56 (d,

2, J = 8.8), 7.44 (d. 1, J = 3.2), 7.19 (dd, 1, J = 9.2, 3.2), 7.12 (d, 1, J = 9.2), 6.99

(d, 2, J = 8.8), 4.76 (s, 3), 3.86 (s, 3), 3.84 (s, 3), 2.99 (s, 3). "C NMR: 6 188.0,

160.3, 154.9, 149.4, 128.8, 128.2, 124.9, 119.2, 118.4, 113.6, 108.5, 105.6, 55.8,

55.2, 52.7, 32.6.

MeO

2-iodo-4,6-dimethoxyflavone. Sodium hydride (60% oil dispersion, 13 mg, 0.34

mmol) was added to a cold solution (0 °C) of 2-iodo-1,4',6-trimethoxyflavanone

(85 mg, 0.193 mmol) in anhydrous THF (0.60 mL). The reaction mixture was

stirred overnight and then quenched with water and diluted with CH2Cl2. The

aqueous layer was made acidic and further extracted with CH2Cl2. The combined

organic extracts were washed with brine, dried (MgSO4), filtered, and

concentrated in vacuo to provide a white solid. Purification over flash silica gel
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(5% ethyl acetate/hexanes) gave the product as a white powder (57 mg, 71%).

"H NMR: 67.78 (d, 2, J = 8.8), 7.60 (d. 1, J = 2.8), 7.41 (d, 1, J = 8.8), 7.28 (dd,

1, J = 8.8, 2.8), 7.02 (d, 2, J = 8.8), 3.91 (s, 3), 3.90 (s, 3). "C NMR: 6 1744,

170.0, 161.5, 157.2, 150.6, 131.3, 127.2, 124.1, 120.4, 119.0, 113.5, 105.6, 86.8,

55.9, 55.4.

MeO

4’,6-dimethoxy-2-phenylflavone. To a solution of 2-iodo-4,6-dimethoxyflavone

(30 mg, 0.074 mmol) and tris(dibenzylideneacetone)-dipalladium(0) (1.0 mg) in

anhydrous toluene (0.50 mL) was added concurrently a solution of phenylboronic

acid (11 mg, 0.090 mmol) dissolved in ethanol (0.150 mL) and cesium carbonate

(2 M aqueous solution, 0.083 mL). The reaction mixture was heated (80 °C) over

night and then diluted with ethyl acetate. The organic layer was washed with

NH,Cl and the aqueous layer back extracted with ethyl acetate. The combined

organic extracts were dried (MgSO4), filtered, and concentrated in vacuo to

provide a yellow solid which was purified over flash silica gel (10% ramped to

30% ethyl acetate/hexanes) (24 mg, 80%). "H NMR: 67.64 (d, 1, J = 3.2), 7.46

(d, 2, J = 8.8), 7.23 – 7.34 (m, 8), 6.77 (d, 2, J = 8.8), 3.91 (s, 3), 3.79 (s, 3). "C

NMR: 8 177.1, 161.1, 160.8, 156.8, 150.8, 133.5, 131.2, 131.1, 128.3, 127.4,

125.5, 124.0, 123.5, 121.3, 119.3, 113.5, 105.4, 55.9, 55.3.
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HO

4’,6-dihydroxy-2-phenylflavone. A solution of BBra (1 M in CH2Cl2, 0.30 mL,

0.29 mmol) was added dropwise to a solution 4',6-dimethoxy-2-phenylflavone (24

mg, 0.067 mmol) and anhydrous CH2Cl2 (0.50 mL). The dark orange reaction

mixture was stirred for 2 h. The reaction mixture was slowly quenched with

methanol and concentrated in vacuo. The silica absorbed crude product was

applied to the top of a column of silica gel. Purification of the crude product

mixture over flash silica gel provided the product as a white powder (10 mg,

47%). "H NMR (de-DMSO): 67.58 (d, 2, J = 8.8), 7.15 – 7.38 (m, 8), 6.65 (d, 2, J

= 8.8), 3.38 (br's, 2). "C NMR(de-DMSO): 6175.8, 161.2, 159.0, 154.8, 149.1,

133.8, 131.2, 131.1, 127.9, 127.1, 123.5, 123.4, 123.0, 120.2, 119.6, 114.9,

107.8.

HO Br

º º
OMe

1-bromo-2,5-dihydroxy-3-methoxybenzene. 5-bromovanillin (2.06 g, 8.66

mmol) was treated with KOH (1 N, 9.13 mL) and H2O, (3%, 20 mL) and the

resulting dark purple reaction mixture was stirred for 20 h at 75 °C. The reaction
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was made acidic by the addition of acetic acid and extracted with ether. The

combined organic extracts were dried (MgSO.), filtered, and concentrated in

vacuo to provide a brown oil. The residue was dissolved in hot water and cooled

to ri. An amorphous brown solid formed and was collected by filtration (0.0508 g,

27%). "H NMR: 66.59 (s, 1), 6.42 (s,t), 5.48 (s, 1), 4.42 (s, 1), 3.88 (s, 3).

MOMO Br

OMOM

OMe

1-bromo-2,5-bis((methoxymethy)oxy}-2-methoxybenzene. To hexanes

washed NaH (60% oil dispersion, 40 mg prewash weight, 1.0 mmol) was added a

cold (0 °C) solution of 1-bromo-2,5-dihydroxy-3-methoxybenzene (54 mg, 0.25

mmol) in anhydrous DMF (4.0 mL). After stirring for 5. min,

chloromethylmethylether (tech. grade, 0.18 mL, 2.4 mmol) was added dropwise

and the reaction mixture warmed to ri. The reaction mixture was quenched with

methanol and water and then extracted with ether. The organic extracts were

washed with brine, dried (MgSO.), filtered, and concentrated in vacuo to provide

a yellow oil. Purification of the crude reaction mixture over flash silica gel gave

the product as a colorless oil (67 mg, 87%). "H NMR: 66.86 (d. 1, J = 2.8), 6.57

(d. 1, J = 2.8), 5.11 (s, 2), 5.09 (s.2), 3.82 (s, 3), 3.65 (s, 3), 3.47 (s, 3). “C NMR:

§ 154.2, 153.8, 138.3, 117.7, 111.6, 101.4, 98.7, 94.9, 57.9, 56.1, 56.0.

5.3 Additional Spectra Data.
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O

MeO O

*o
OMe

4,5-dimethoxy-2-(4'-methoxybenzoyloxy)acetophenone. "H NMR: 67.86 (d,

2, J = 8.8), 7.57 (s, 1), 7.02 (d, 2, J = 8.8), 6.98 (s, 1), 6.70 (s, 1), 4.01 (s, 3), 3.99

(s, 3), 3.89 (s, 3). “C NMR: 8 177.6, 162.8, 162.2, 154.3, 152.2, 147.5, 127.7,

124.3, 117.3, 11.4.4, 105.8, 104.5, 99.7, 56.4, 56.2, 55.5.

OMe O

OMe

6-methoxy-2-(4'-methoxybenzoyloxy)acetophenone. "H NMR: 68.09 (d, 2, J

= 8.8), 7.38 (t, 1, J = 8.8), 6.96 (d, 2, J– 8.8), 6.84 – 6.87 (n, 2), 3.98 (s, 3), 3.88

(s, 3), 2.49 (s, 3). "C NMR: 6200.6, 164.5, 164.0, 157.3, 147.9, 132.8, 1324,

130.8, 121.3, 115.3, 113.9, 108.5, 56.0, 55.5, 31.7.

O

MeO

OMe

3-methoxy-2-(4'-methoxybenzoyloxy)acetophenone. "H NMR: 68.18 (d, 2, J

= 8.8), 7.41 (d. 1, J = 8.0), 7.29 (t, 1, J = 8.0), 7.16 (d. 1, J = 8.0), 7.00 (d, 2, J =
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8.8), 3.90 (s, 3), 3.83 (s, 3), 2.52 (s, 3). "C NMR: 6 197.8, 164.0, 152.0, 139.3,

132.9, 132.6, 126.3, 121.4, 121.1, 115.9, 113.9, 60.4, 56.3, 55.5, 30.4.

O

“cº
O

O

OMe

5-methoxy-2-(4'-methoxybenzoyloxy)acetophenone. "H NMR: 68.16 (d, 2, J

= 8.8), 7.34 (d. 1, J = 2.8), 7.10 – 7.14 (m, 2), 7.0 (d, 2, J = 8.8), 3.90 (s, 3), 3.86

(s, 3), 2.52 (s, 3). "C NMR: 6 1974, 165.1, 164.1, 157.2, 143.1, 132.4, 132.0,

124.9, 121.5, 119.3, 11.4.0, 55.8, 55.5, 30.1.

O O

º
MeO OH OMe

1-(4'-methoxyphenyl)-3-(2”-hydroxy-4”,5”-dimethoxy)-1,3-propanedione. "H

NMR: 6 12.46 (s), 12.4 (s), 8.04 (d, J = 8.8), 7.90 (d, J = 8.8), 7.26 (s), 7.12 (s),

6.94 – 6.99 (m), 6.56 (s), 6.48 (s), 6.43 (s), 4.48 (s), 3.92 (s), 3.91 (s), 3.90 (s),

3.88 (s), 3.87 (s), 3.85 (s). “C NMR: 6 196.9, 1934, 191.8, 176.5, 164.2, 162.9,

160.7, 159.9, 157.3, 156.3, 142.2, 131.5, 128.6, 126.1, 114.1, 11.4.0, 111.6,

110.5, 110.1, 101.1, 100.5, 90.6, 56.9, 56.5, 56.2, 56.1, 55.5, 51.1.
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OMe O O

.
OH OMe

1-(4'-methoxyphenyl)-3-(2”-hydroxy-6”-methoxy)-1,3-propanedione. "H

NMR: 6 12.54 (s), 7.85 (d, J = 8.8), 7.88 (d, J = 8.8), 7.27 – 7.33 (m), 6.97 (d, J =

8.8), 6.60 (d, J = 8.4), 6.43 (d, J = 8.4), 4.53 (s), 3.95 (s), 3.89 (s). ''C NMR: 6

201.0, 196.5, 193.6, 193.0, 177.8, 165. 1, 163.7, 163.O. 160.7, 160.2, 136.6,

134.7, 130.4, 129.6, 128.8, 114.1, 113.9, 111.1, 101.8, 101.1, 96.8, 55.9, 55.5,

55.4, 55.0.

O O

OH OMe

OMe

1-(4'-methoxyphenyl)-3-(2”-hydroxy-3”-methoxy)-1,3-propanedione. "H

NMR: 6 12.33 (s), 12.20 (s), 7.99 (d, J = 8.8), 7.92 (d, J = 8.8), 7.38 (d, J = 8.0),

7.04 (d, J = 8.0), 6.98 (d, J = 8.8), 6.86 (t, J = 8.0), 6.78 (s), 4.59 (s), 3.92 (s),

3.90 (s), 3.89 (s), 3.88 (s). “C NMR: 6 194.6, 178.0, 163.3, 152.6, 149.2, 131.2,

128.9, 125.9, 122.1, 119.7, 119.2, 118.6, 118.3, 117.5, 116.0, 114.2, 114.1, 91.6,

56.2, 55.5.

O O

“cºol
OH OMe

1-(4'-methoxyphenyl)-3-(2”-hydroxy-5”-methoxy)-1,3-propanedione. "H

NMR: 6 11.68 (s), 11.59 (s), 8.00 (d, J = 8.8), 7.90 (d, J = 8.8), 7.28 (d, J = 3.2),
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7.20 (d, J = 3.2), 7.08 (dd, J = 9.2, 3.2), 6.97 (d, J = 8.8), 6.93 (d, J = 9.2), 6.68

(s), 4.56 (s), 3.88 (s), 3.87 (s), 3.83 (s). “C NMR: 6 1943, 178.0, 163.2, 156.5,

151.9, 131.3, 128.8, 125.8, 125.2, 122.6, 119.4, 118.8, 114.1, 11.4.0, 113.2,

111.9, 91.0, 56.1, 55.5.

MeO

4',6,7-trimethoxyflavone. "H NMR: 67.86 (d, 2, J = 8.8), 7.57 (s, 1), 7.02 (d, 2,

J = 8.8), 6.98 (s, 1), 6.70 (s, 1), 4.01 (s, 3), 3.99 (s, 3), 3.89 (s, 3). “C NMR: 6

177.6, 162.8, 162.2, 154.3, 152.2, 147.5, 127.7, 124.3, 117.3, 11.4.4, 105.8,

104.5, 99.7, 56.4, 56.3, 55.5.

MeO

4’,5-dimethoxyflavone. "H NMR: 67.84 (d, 2, J = 8.8), 7.55 (t, 1, J = 8.4), 7.12

(d, 1, J = 8.4), 7.01 (d, 2, J = 8.8), 6.82 (d. 1, J = 8.4), 6.65 (s, 1), 4.00 (s, 3), 3.88

(s, 3). "C NMR: 6 178.2, 162.1, 161.0, 159.6, 158.1, 133.4, 127.6, 123.6, 114.4,

114.3, 110.0, 107.6, 106.3, 56.4, 55.4.
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MeO

4’,8-dimethoxyflavone. "H NMR: 67.92 (d, 2, J = 8.8), 7.76 (d. 1, J = 8.0), 7.30

(t, 1, J = 8.0), 7.17 (d. 1, J = 8.0), 7.01 (d, 2, J = 8.8), 6.74 (s, 1), 4.02 (s, 3), 3.88

(s, 3). "C NMR: 6 178.3, 162.9, 162.3, 149.0, 146.5, 128.0, 124.9, 124.6, 124.1,

116.4, 11.4.4, 114.2, 105.9, 56.3, 55.4.

MeO

4’,6-dimethoxyflavone. "H NMR: 67.87 (d, 2, J = 8.8), 7.59 (d. 1, J = 3.2), 7.48

(d. 1, J = 9.2), 7.27 (dd, 1, J = 9.2, 3.2), 7.02 (d, 2, J = 8.8), 6.74 (s, 1), 3.91 (s,

3), 3.89 (s, 3). "C NMR: 8178.2, 163.2, 162.3, 156.9, 151.0, 127.9, 124.5,

124.1, 123.5, 119.4, 11.4.4, 105.5, 104.9, 55.9, 55.5.

HO

4’,6,7-trihydroxyflavone. 'H NMR (de-DMSO): 67.87 (d, 2, J = 8.8), 7.28 (s, 1),

6.99 (s, 1), 6.91 (d, 2, J = 8.8). ''C NMR (de-DMSO): 8 176.5, 162.3, 160.6,

152.3, 150.9, 144.7, 128.1, 122.2, 116.1, 107.8, 104.0, 103.3,
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