9 Benzopyryliums, benzopyrones:
reactions and synthesis

(benzo[blpyrylium) coumarin chromone
[1-benzopyrylium] [2H-1-benzopyran-2-one] [4H-1-benzopyran-4-one]

5 4 o
isochromylium — O+ (o] NP
5 1 2 isocoumarin

(benzo[clpyrylium)
[2-benzopyrylium] [1H-2-benzopyran-1-one] QO [3H-2-benzopyran-3-one]

5
) ® |
chromylium 6/ 2 o 0O o
1

1-Benzopyryliums, coumarins, and chromones are very widely distributed through-
out the plant kingdom where many secondary metabolites contain them. Not the
least of these are the anthocyanins' and flavones® which, grouped together, are
known as the flavonoids,” and make up the majority of the flower pigments. In
addition, many flavone and coumarin® derivatives have marked toxic and other
physiological properties in animals, though they play no part in the normal
metabolism of animals. The isomeric 2-benzopyrylium® system does not occur
naturally and only a few isocoumarins® occur as natural products and as a
consequence much less work on these has been described.

Chemotherapeutically valuable compounds in this group are a series of coumarins,
of which Acenocoumarol is one, which are valuable as anticoagulants, and Intal,
which is used in the treatment of bronchial asthma. One of the earliest optical
brighteners was 7-diethylamino-4-methylcoumarin.’
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Processes initiated by nucleophilic additions to the positively charged heterocyclic
ring are the main, almost the only, types of reaction known for benzopyryliums. The
absence of examples of electrophilic substitution in the benzene ring is to be
contrasted with the many examples of substitution in quinolinium and isoquinoli-
nium salts, emphasising the greater electron-withdrawing and thus deactivating effect
of positively charged oxygen.

Coumarins, chromones, and isocoumarins react with both nucleophiles and
electrophiles in much the same way as do quinolones and isoquinolones.

9.1 Reactions of benzopyryliums

Much more work has been done on 1-benzopyryliums than on 2-benzopyryliums,
because of their relevance to the flavylium (2-phenyl-1-benzopyrylium) nucleus which
occurs widely in the anthocyanins, and much of that work has been conducted on
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flavylium itself. As with pyrylium salts, benzopyrylium salts usually add nucleophiles
at the carbon adjacent to the oxygen.

9.1.1 Reactions with electrophilic reagents

No simple examples are known of electrophilic or radical substitution of either
heterocyclic or homocyclic rings of benzopyrylium salts; flavylium® and 1-phenyl-2-
benzopyrylium® salts nitrate in the substituent benzene ring. Having said this, the
cyclisation of coumarin-4-propanoic acid may represent Friedel-Crafts type
intramolecular attack on the carbonyl-O-protonated form i.e. on a 2-hydroxy-1-
benzopyrylium system, at C-3.°
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9.1.2 Reactions with oxidising agents

Oxidative general breakdown of flavylium salts was utilised in early structural work
on the natural compounds. Baeyer-Villiger oxidation is such a process whereby the
two ‘halves’ of the molecule can be separately examined (after ester hydrolysis of the
product).!® Flavylium salts can be oxidised to flavones using thallium(III) nitrate!'
and benzopyrylium itself can be converted into coumarin with manganese dioxide.'?

9.1.3 Reactions with nucleophilic reagents
9.1.3.1 Water and alcohols

Water and alcohols add readily at C-2, and sometimes at C-4, generating chromenols
or chromenol ethers.!® It is difficult to obtain 2H-chromenols pure since they are
always in equilibrium with ring-opened chalcones.'
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Controlled conditions are required for the production of simple adducts, for under
more vigorous alkaline treatment, ring opening then carbon—carbon bond cleavage
via a retro-aldol mechanism takes place and such processes, which are essentially the
reverse of a route used for the synthesis of 1-benzopyryliums (section 9.3.1) were
utilised in early structural work on anthocyanin flower pigments.
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9.1.3.2 Ammonia and amines

Ammonia and amines add to benzopyryliums, and simple adducts from secondary
amines have been isolated.'”
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It is important to realise that 1-benzopyrylium salts cannot be converted into
quinolines or quinolinium salts by reaction with ammonia or primary amines,
whereas 2-benzopyrylium salts are converted, efficiently, into isoquinolines or
isoquinolinium salts respectively.'®
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9.1.3.3 Carbon nucleophiles

Organometallic carbon nucleophiles add to flavylium salts'’ as do activated
aromatics like phenol,'”® and enolates such as those from cyanoacetate, nitro-
methane,'® dimedone,? all very efficiently, at C-4. Cyanide and azide add to 2-
benzopyryliums at C-1.%!
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Silyl enol ethers, or allylsilanes will add at C-2 to benzopyrylium salts generated by
O-silylation of chromones; in the case of silyl ethers of a,(-unsaturated ketones,
cyclisation of the initial adduct is observed.?
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9.1.4 Reactions with reducing agents

Catalytic hydrogenation of flavylium salts is generally straightforward and results in
the saturation of the heterocyclic ring. Lithium aluminium hydride reduces flavylium
salts generating 4H-chromenes,?? unless there is a 3-methoxyl, when 2H-chromenes
are the products.”* 2-Benzopyryliums add hydride at C-1.%°
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9.1.5 Alkylbenzopyryliums

Alkyl groups oriented « or « to the positively charged oxygen in benzopyryliums
have acidified hydrogens which allow aldol-type condensations.>?¢
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9.1.6 1-Benzopyrylium pigments; anthocyanins and anthocyanidins

The anthocyanidins are polyhydroxyflavylium salts. They occur in a large proportion
of the red to blue flower pigments and in fruit skins, for example grapes and therefore
in red wines made therefrom.?’” Anthocyanidins are generally bound to sugars, and
these glycosides are known as anthocyanins. As an example, cyanin (isolated as its
chloride) 1s an anthocyanin which occurs in the petals of the red rose (Rosa gallica),
the poppy (Papaver rhoeas), and very many other flowers. Another example is malvin
chloride which has been isolated from many species, including Primula viscosa, a
mauvy-red alpine primula.

O-p-D-glucose O-B-D-glucose
O-B-D-glucose O-B-D-glucose

cyanin chioride

In the living cell these compounds exist in more complex bound forms, interacting
with other molecules, for example flavones,?® and the actual observed colour will
depend on these interactions. However it is interesting that even in vitro, simple pH
changes bring about extreme changes in the electronic absorption of these molecules.
For example cyanidin is red in acidic solution, violet at intermediate pH and blue in
weakly alkaline solution, the deep colours being the result of extensive resonance
delocalisation in each of the structures.
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9.2 Benzopyrones (chromones, coumarins, and isocoumarins)

9.2.1 Reactions with electrophilic reagents
9.2.1.1 Addition to carbonyl oxygen

Addition to carbonyl oxygen of a proton produces a hydroxybenzopyrylium salt;
chromones undergo this protonation more easily than the coumarins, for example
passage of hydrogen chloride through a mixture of chromone and coumarin in ether
solution leads to the precipitation of only chromone hydrochloride (i.e. 4-hydroxy-1-
benzopyrylium chloride).”® O-Alkylation requires the more powerful alkylating
agents.>*® O-Silylation of benzopyrones is easy (section 9.1.3.3).
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9.2.1.2 C-Substitution

C-Substitution of coumarins and chromones has been observed in both rings: in
strongly acidic media, in which presumably it is an hydroxybenzopyrylium cation
which is attacked, substitution takes place at C-6, for example nitration.*' This can
be contrasted with the dimethylaminomethylation of chromone®, iodination of
flavones®® or the chloromethylation of coumarin®* where hetero-ring substitution
takes place, presumably via the non-protonated (complexed) heterocycle (CAU-
TION: CH,O/HCI also produces some CICH,OCH,CI, a carcinogen).
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Bromine in the presence of an excesss of aluminium chloride (the ‘swamping
catalyst’ effect) converts coumarin into 6-bromocoumarin.®> Reaction of coumarin
with bromine alone results in simple addition to the double bond in the heterocyclic
ring; 3-bromocoumarin can be obtained by then eliminating hydrogen bromide.*
Copper(II) halides with alumina in refluxing chlorobenzene is an alternative method
for 3-halogenation of coumarins.®” Chromone can be efficiently brominated at C-6
using dibromoisocyanuric acid (DBI);*® treatment of chromone with bromine in
carbon disulfide results in addition, elimination of hydrogen bromide on warming
giving 3-bromochromone.*
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9.2.2 Reactions with oxidising agents

Non-phenolic coumarins are relatively stable to oxidative conditions. Various
oxidative methods were used extensively in structure determinations of natural
flavones.*
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Flavones and isoflavones (3-arylchromones) are quantitatively converted into 2,3-
epoxides by exposure to dimethyl dioxirane; such intermediates have obvious
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synthetic potential, flavone oxides, for example, being quantitatively converted by
acid into 3-hydroxyflavones, which are naturally occurring.*!

9.2.3 Reactions with nucleophilic reagents
9.2.3.1 Hydroxide

Coumarins (and isocoumarins) are quantitatively hydrolysed to give yellow solutions
of the salts of the corresponding cis cinnamic acids (coumarinic acids) which cannot
be isolated since acidification brings about immediate relactonisation; prolonged
alkali treatment leads to isomerisation and the formation of the frans acid (coumaric
acid) salt.
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Cold sodium hydroxide comparably reversibly converts chromones into the salts
of the corresponding ring-opened phenols, via initial attack at C-2, more vigorous
alkaline treatment leading to reverse-Claisen degradation of the 1,3-diketo-side-

chain.
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9.2.3.2 Ammonia and amines

Ammonia and amines do not convert coumarins into 2-quinolones nor chromones
into 4-quinolones, but isocoumarins do produce isoquinolones.*’ Ring-opened
products from chromones and secondary amines can be obtained where again the
nucleophile has attacked at C-2.

o o o]
EOH. N \
| -——9—00‘/—> H —_— NEt,
O o) NEt, onH

The interaction of 3-iodochromone with imidazole leads to substitution at the 2-
position, presumably via an addition/elimination sequence as indicated.*?
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9.2.3.3 Carbon nucleophiles

Grignard reagents react with chromones at carbonyl carbon; the resulting
chromenols can be converted by acid into the corresponding 4-substituted 1-
benzopyrylium salts.?®
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Coumarins, and isocoumarins,'® react with Grignard reagents, as do esters, and
can give mixtures of products, resulting from ring opening of the initial carbonyl
adduct; the reaction of coumarin with methylmagnesium iodide illustrates this.**

AN
Me
MeMg| 0" Me
) Exo0°C_ %-c o : N
T s50% Me == =
o
Mgl H

Oomgl Me

O
OH Me

By conversion into a benzopyrylium salt with a leaving group, nucleophiles can be
introduced at the chromone 4-position: treatment with acetic anhydride presumably
forms a 4-acetoxybenzopyrylium.*
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In efficient reactions, coumarin can be made to react with electron-rich aromatics
using phosphoryl chloride, alone, or with zinc chloride.*®
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9.2.3.4 Organometallic derivatives
Flavone has been lithiated at C-3.’
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Both 3-bromochromone and 4-bromocoumarin have been successfully used in
coupling reactions using palladium(0) methodology.*
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9.2.3.5 Reactions with reducing agents

Both coumarin and chromone are converted by diborane then alkaline hydrogen
peroxide into 3-hydroxychroman.*® Catalytic reduction of coumarin or chromone
saturates the C—C double bond.*® For both systems, hydride reagents can of course
react either at carbonyl carbon or at the conjugate position and mixtures therefore
tend to be produced. Zinc amalgam in acidic solution converts benzopyrones into 4-
unsubstituted benzopyrylium salts.”!
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9.2.3.6 Reactions with dienophiles; cycloadditions

Coumarins, but not apparently, chromones, serve as dienophiles in Diels-Alder
reactions, though under relatively forcing conditions.>

% xylene, 260 °C
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It can be taken as a measure of the low intrinsic aromaticity associated with fused
pyrone rings, that 3-acylchromones undergo hetero Diels-Alder additions with enol
ethers,” and ketene acetals,>® 3-formylchromone reacting the most readily.
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Chromone-3-esters, on the other hand, serve as dienophiles under Lewis acid
catalysis.”
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2-Benzopyran-3-ones, generated by cyclising dehydration of an ortho formylar-
ylacetic acid take part in intramolecular Diels-Alder additions as shown below.%¢
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Decomposition of aryl diazoketones with an appropriately tethered alkene allows
the intramolecular cycloaddition to the 4-oxidoisochromylium salts thus formed, as
illustrated below.”



178 Heterocyclic Chemistry

o}

o
CHN>  Rhy(OAC), Oe
PhMe, reflux 4+ —
0 7% \°§ o

O(CHz)3CH=CH; )

9.2.3.7 Photochemical reactions

Coumarin has been studied extensively in this context; in the absence of a sensitiser it
gives a syn head-to-head dimer; in the presence of benzophenone, as sensitiser, the
anti isomer is formed; the syn head-to-tail dimer is obtained by irradiation in acetic
acid.>® Cyclobutane-containing products are obtained in modest yields by sensitiser-
promoted cycloadditions of coumarins and 3-acyloxycoumarins with alkenes, ketene
diethylacetal, and cyclopentene.®
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9.2.3.8 Alkylcoumarins and alkylchromones

Methyl groups at C-2, but not at C-3, of chromones undergo condensations with
aldehydes, because only the former can be deprotonated to give conjugated
enolates.®!

CHs CO,Et
NaH
p-AnCHO
EiONa, EtOH _ oMSo. &
o 7%
78 Yo p—An H1oCq H19Cqg

The 4-position of coumarins is the only one at which alkyl substituents have
enhanced acidity in their hydrogens,®? and this is considerably less than that of the
methyl groups of 2-methylchromones.

9.2.3.9 Flavone pigments

The naturally occurring flavones are yellow and are very widely distributed in plants.
They accumulate in almost any part of a plant, from the roots to the flower petals.

Unlike the anthocyanins, which are too reactive and short-lived, the much more
stable flavones have, from time immemorial, been used as dyes, for they impart
various shades of yellow to wool. As an example, in the more recent past the inner
bark of one of the North American oaks, Quercus velutina, was a commercial
material known as quercitron bark and much used in dyeing: it contains quercetrin.
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quercetrin quercetin

The corresponding aglycone, quercetin, is one of the most widely occurring
flavones, found, for example, in Chrysanthemum and Rhododendron species, horse
chestnuts, lemons, onions, and hops.

9.3 Synthesis of benzopyryliums, chromones, coumarins and isocoumarins

There are three important ways of putting together 1-benzopyryliums, coumarins,
and chromones; all begin with phenols. The isomeric 2-benzopyrylium and
isocoumarin nuclei require the construction of an ortho-carboxy- or ortho-formyl-
arylacetaldehyde (homophthalaldehyde).

Subject to the restrictions set out below, phenols react with 1,3-dicarbonyl
compounds to produce 1-benzopyryliums or coumarins depending on the oxidation
level of the 1,3-dicarbonyl component.

ortho-Hydroxybenzaldehydes react with carbonyl compounds having an o-
methylene, to give 1-benzopyryliums or coumarins depending on the nature of the
aliphatic unit.

9.3.1 Ring synthesis of |-benzopyryliums'®
9.3.1.1  From phenols and |,3-dicarbonyl compounds

The simplest reaction, that between a diketone and a phenol, works best with
resorcinol, for the second hydroxyl facilitates the cyclising electrophilic attack. This
synthesis can give mixtures with unsymmetrical diketones, and it is therefore well
suited to the synthesis of 1-benzopyryliums with identical groups at C-2 and C-4,%*
however diketones in which the two carbonyl groups are appreciably different in
reactivity can produce high yields of single products.®’
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Acetylenic ketones, synthons for 1,3-keto-aldehydes, also take part regioselectively
in condensations,®® as do chalcones, though of course an oxidant must be
incorporated in this latter case.®’
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For hetero-ring-unsubstituted targets, the bis-acetal of malondialdehyde can be
employed; in this variant a heterocyclic acetal-ether is first obtained, from which two-
mol equivalents of ethanol must then be eliminated.®®
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9.3.1.2  From ortho-hydroxyaraldehydes and ketones

Salicylaldehydes can be condensed, by base or acid catalysis, with ketones which
have an a-methylene. When base catalysis is used, the intermediate hydroxy-
chalcones can be isolated,® but overall yields are often better when the whole
sequence is carried out in one step, using acid.®® It is important to note that because
this route does not rely upon an electrophilic cyclisation on the benzene ring,
benzene-ring-unsubstituted 1-benzopyryliums can be produced.
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9.3.2 Ring synthesis of coumarins
9.3.2.1 From phenols and 1,3-ketoesters
The Pechmann synthesis’®

Phenols react with (-ketoesters, including cyclic keto-esters,”’ to give coumarins
under acid-catalysed conditions — concentrated sulfuric acid,’”> hydrogen fluoride,”
or a cation exchange resin have been used.’”*

Me_ OH Me
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The Pechmann synthesis works best with the more nucleophilic aromatics such as
resorcinols: electrophilic attack on the benzene ring ortho to phenolic oxygen by the
protonated ketone carbonyl is the probable first step, though aryl acetoacetates,
prepared from a phenol and diketene, also undergo ring closure to give coumarins.’”
The greater electrophilicity of the ketonic carbonyl determines the orientation of
combination. The production of hetero-ring-unsubstituted coumarins can be
achieved by condensing with formylacetic acid, generated in situ by the
decarbonylation of malic acid.

HO,CCH;CHOHCOH

C. HpSOy4, 120 °C
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Coumarins can be obtained directly, in a one-pot procedure, from phenols and a
propiolate using palladium(0) catalysis. The catalytic cycle is considered to involve a
formyloxypalladium hydride reacting with the phenol to produce an aryloxypalla-
dium hydride which adds to the alkyne.”®

9.3.2.2 From ortho-hydroxyaraldehydes and anhydrides (esters)

The simplest synthesis of coumarins is a special case of the Perkin condensation i.e.
the condensation of an aromatic aldehyde with an anhydride. ortho-Hydroxy-trans-
cinnamic acids cannot be intermediates since they do not isomerise under the
conditions of the reaction; nor can O-acetylsalicylaldehyde be the immediate
precursor of the coumarin, since it is not cyclised by sodium acetate on its own.”’

H H_OAc H OAc
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The general approach can be enlarged and conditions for condensation made
milder by the use of further-activated esters, thus condensation with methyl
nitroacetate produces 3-nitrocoumarins,’®, condensations with Wittig ylides’® allow
ortho-hydroxyaryl ketones to be used® and the use of diethyl malonate (or malonic
acidSI), malononitrile or substituted acetonitriles in a Knoevenagel condensation,
produces coumarins with a 3-ester® 3-cyano or 3-alkyl or -aryl substituent.®® A 3-
ester can be removed by hydrolysis and decarboxylation.®*

H CH,(CO,Et),, piperidine
N CHy(CN)o, NaHCOg o Piperidine acetate - CO:Et
I C1gHa3NMe3Br, 90 °C EtOH, heat |
9,

ortho-Hydroxy-trans-cinnamates can be converted into coumarins and with
concomitant introduction of an aryl or alkenyl substituent into the 4-position; the
sequence depends on a Heck reaction at the double bond.®
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9.3.3 Ring synthesis of chromones from ortho-hydroxyacylarenes and esters

Most syntheses of chromones require the prior construction of a 1-(ortho-
hydroxyaryl)-1,3-diketone, or equivalent, and it is in the manner in which this
intermediate is generated that the methods differ.
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3Na HCl
CH EtCOLEt
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Claisen condensation between an ester and the methylene adjacent to the carbonyl
of the acylarene produces a 1-(ortho-hydroxyaryl)-1,3-diketone. The Claisen
condensation can be conducted in the presence of the acidic phenolic hydroxyl by
the use of excess strong base;*® triethylamine as solvent and base has also been
utilised.®” Alternatively, the process is conducted in two steps: first, acylation of the
phenolic hydroxyl, and secondly, an intramolecular®® base-catalysed Claisen
condensation, known as the Baker-Venkataraman rearrangement: a synthesis of
flavone itself is illustrative of the latter.®

o}
CHs KOH AcOH
pyrldlne 50 °C c. HZSO4, reflux
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The use of diazabicycloundecene (DBU) allows the whole sequence, right through
to the final heterocycle, to be conducted without isolation of intermediates as shown
in the example below.*”
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The production of a 2-unsubstituted chromone by this route requires the use of
formate, or its equivalent, as the ester: a good method for this is the use of triethyl
orthoformate as shown below,”' or dimethylformamide with methanesulfonyl
chloride.”

o]
Me HC(OEt)s
HOLft -HCI
7 OO +
oH 0% 1z

Another route to 2-unsubstituted chromones employs oxalic acid half-ester half-
acid chloride, which gives a 2-ethoxycarbonyl chromone, hydrolysis and decarbox-
ylation of which achieves the required result.”® Diethyl carbonate as the ester gives
rise to 2,4-dioxygenated heterocycles, which exist as 4-hydroxy-coumarins.”® The
condensation of a salicylate with an ester, using three mol equivalents of base also
leads through to 4-hydroxycoumarins, as illustrated below.”>

[e) OH

Li
B’\QCC’?M‘* EtCO,Et, 3LDA 3N HCI B’Oﬁ‘\ﬁm Brmm
THF, 0 °C heat
. B| —
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2-Aminobenzopyrones result from the ring closure of 1-(ortho-hydroxyaryl)-1,3-
ketoamides.*®
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Ti,O Me
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75%
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The variants on this route are many: for example condensation of ortho-
hydroxyacetophenone with the Vilsmeier reagent produces 3-formylchromone,”” and
combination with dimethylformamide dimethyl acetal, then an electrophile, bromine
in the example below, gives 3-substituted chromones.”®

fo) [o]

o
DMFDMA = Br
CHs  Jo0°C NMez By, 0°C ]
? 93%
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At a lower oxidation level, ortho-hydroxyacyl arenes undergo base-catalysed aldol
condensations with aromatic aldehydes to give a,3-unsaturated ketones known as
chalcones.®”® Chalcones can be cyclised to 2,3-dihydrochromones via an intramole-
cular Michael process; the dihydrochromones can in turn be dehydrogenated to
produce chromones by a variety of methods, for example by bromination then
dehydrobromination or by oxidation with the trityl cation, iodine, dimethyldioxir-
ane, or iodobenzene diacetate.'®

Yet another variant uses ortho-fluorobenzoyl chioride in condensation with a 1,3-
keto-ester;'®! the fluoride is displaced in an intramolecular sense by enolate oxygen
and the chromone obtained directly, as shown below.

NaH
COCI OzEt PhMe, 1t CO.Et
then reflux I I
—_—
Et 75% 0~ “Et

9.34 Ring synthesis of chromones from ortho-hydroxyaryl alkynyl ketones

ortho-Hydroxyaryl alkynyl ketones are intermediates in palladium(0)-catalysed
coupling of ortho-hydroxyaryl iodides with terminal alkynes in the presence of
carbon monoxide, ring closing to chromones in situ.'?

0O

I HC=Cn-CsHyy, CO, PACIx(PPhs)s
@\/ EtNH, 20 Kgem2, 120 °C R |
10,
OH 50% O n-C5H1 1

The alkynyl-ketones required for the 6-endo-dig cyclisation process -~ can be
synthesised separately, and cyclise under mild conditions, as shown below.
Enaminoketones also intervene in a very flexible sequence in which the cyclisation
precursor is produced by coupling an acetylene with an ortho silyloxyaryl acid chloride;
treatment of the resulting alkynone with a secondary amine leads to the chromone.'®

0
KF, 18-crown-6 MesNH
CH oTHp DMF.OC 5%7 CHgOM E‘OZ 8’;"""
OTBDMS CH,OTHP OTBDMS CH;OMe
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9.3.5 Ring synthesis of 2-benzopyryliums

The first synthesis'®® of the 2-benzopyrylium cation provided the pattern for

subsequent routes in which it is the aim to produce a homophthaldehyde, or diketone
analogues, for acid-catalysed closure.

Pb(OAc), H| FeCly
OH  PhH, reflux X'| AcOH, HCl , = .
o 29 Fec;

OH H

Most of the 2-benzopyrylium salts which have been synthesised subsequently have
been 1,3-disubstituted and their precursors have been prepared by Friedel-Crafts
acylation of activated benzyl ketones.®!%

MeO. Me Ac,0 MeO. Me ho MeO. AN Me
HCIO,, 0 °C S22
(o] —_— (o] O+
74% o) = clo;
OMe OMe Me OMe Me

9.3.6 Ring synthesis of isocoumarins

One approach to isocoumarins 1s comparable to that above for 2-benzopyryliums,
only the aromatic aldehyde needing to be changed to acid.'”’

HIO, H 2N HCI X
OH H,0, 10 °C 0 heat |
90% 68% e}
CO,H

o 0

The direct introduction of the two-carbon unit of the heterocyclic ring, ortho to an
existing carboxylic acid (ester) can be achieved in two ways: ortho-bromobenzoates
can be coupled with =-(2-methoxyallylnickel bromide for the introduction of
acetonyl,'® or thallation of benzoic acids, ortho to the carboxyl, can be followed by
palladium-catalysed coupling with alkenes.! Benzoates carrying an ortho acetylenic
substituent can be ring closed using mercuric acetate, as shown below.!!°

HgCI

P n-Pr
Zz Hg(OAc),
AcOH, 1t NaCl_ CHC’a
55% 82%
COQME

The most general route so far described involves coupling an alkyne with ortho-
iodobenzoic acid or with methyl ortho-iodobenzoate.!!! Both mono- and disub-
stituted alkynes will serve allowing considerable flexibility for the construction of
substituted isocoumarins.

M
I Me Pdéo;r\\%? Na,CO . tBu
P .
T, B o
+ +Bu
72% )

COzMe
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In a related process an ortho bromo ester is coupled with 1-tri-r-butylstannyi-2-
ethoxyethene then acid used to close the ring; the example below shows how this
sequence is applied to a pyridine ester.''?

N-BugSn

Br PACKL(PPhs), )
N7 | . g details, 100°c, NZ N PPA 1505C
N ™ L | ——

COE COuEt

9.3.7 Notable examples of benzopyrylium and benzopyrone syntheses
9.3.7.1 Pelargonidin chloride

The first synthesis of pelargonidin chloride used methyl ethers as protecting groups
for the phenolic hydroxyls during the Grignard addition step.''?

™ ow (MeOCH,CO0),0 MeOCH,CO0
o MeOCH,CO,Na X -OMe ad. NaOH OMe
155 °C then CH2N2
—_—
0,
Ho OH 2% MeOCH,CO:
g""‘
HO MeO e GG{
A0
OMe b ‘\
HI, heat 0e"60%
——
HO MeO’
pelargonidin

chioride

9.3.7.2 Apigenin

The scheme below shows two contrasting routes to apigenin. The modern use of
excess of a very strong base, and the reaction of the resulting ‘polyanion’ obviated the
need for phenolic protection in one synthesis.!!*

OH o MeO,C. Moo o
L
5LHMDS
gl . 78°C OTBDMS O O
HO OH THF, -78°C —10°C_ HO OH OTBDMS
OH O HoSO,4
AcOH, 100 °C
| 76%
HO
apigenin Ho, Ni
OH ag, MeOH
c. HCI
40~ AcOH
OH NCS OH 5 4 6-(HO)CeH,! o
n-BuzSnC=CH PdCl,
KHCO. dloxane 105 °C
Hom 7% peugsn— |N T % ho O /
o/

An elegant and flexible strategy for the assembly of a synthon for the ortho-
hydroxyaryl-1,3-diketone required for a chromone synthesis depends on the use of an
isoxazole as surrogate for the 1,3-diketone unit (section 22.8). An isoxazole is
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produced by the cycloaddition of an arylnitrile oxide to tri-n-butylstannylacetylene
(section 22.13.1.2), the product coupled with an aryl halide and then the N-O bond
hydrogenolytically cleaved (section 22.8).'!3

Exercises for chapter 9

Straightforward revision exercises (consult chapters 7, 8, and 9)

(a) At which position(s) do benzopyrylium ions react with nucleophiles, for example
water?

(b) What is the typical structure of an anthocyanin flower pigment? What is the
typical structure of a flavone flower pigment?

(c) At which atom do coumarins and chromones protonate?

(d) At which positions do coumarins and chromones undergo electrophilic
substitution?

(e) Describe a cycloaddition reaction in which (i) a coumarin and (ii) a chromone
take part.

(f) How could one construct a 1-benzopyrylium salt from a phenol?

(g) How can ortho-hydroxyaryl aldehydes be used to prepare coumarins?

(h) How can ortho-hydroxyaryl ketones be used to prepare chromones?

More advanced exercises

1. When salicylaldehyde and 2,3-dimethyl-1-benzopyrylium chloride are heated
together in acid, a condensation product C1gH;50," CI' is formed. Treatment of
the salt with a weak base (pyridine) generates a neutral compound, CigH;40,.
Suggest structures for these two products.

2. When ethyl 2-methylchromone-3-carboxylate is treated with NaOH, then HCI, a
product C,;HgO, is produced which does not contain a carboxylic acid group
but does dissolve in dilute alkali: suggest a structure and the means whereby it
could be formed.

3. Deduce the structures of intermediate and final product in the sequence:
salicylaldehyde/MeOCH,CO,Na/Ac,O/heat — CoHgO3, this then with 1 mol
equivalent of PhMgBr — C,¢H 405 and finally this with HCl — C;¢H;30," CI".

4. Predict the structure of the major product from the interaction of resorcinol (1,3-
dihydroxybenzene) and (i) PhCOCH,COMe in AcOH/HCI; (ii) methyl 2-
oxocyclopentanecarboxylate/H,SOy.
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