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reported that by warming together ethyl ethoxymethylene-

acetoacetate and ethyl sodioacetoacetate on a steam bath in the absence of solvent (a ‘melt reaction”) the sodio-

1

7 Ludwig Claisen 1852-1930. b. Cologne; Ph.D. Bonn (Kekule): Univ. Bonn, Owens College Manchester, Univ.

aa_t . Ao

(o POV S o JEIT G Vg Uy [ SPRI PR SR R

Xanthophanic acid and glaucophanic acid are not mentioned in the obiuary.

L T T T P T T T e L L L LT

FAX 0115 9513555
0040-4020/98/$19.00 © 1998 Elsevier Science Ltd. All rights reserved.

PII: S0040-4020(98)00225-7

hiunich, Aachen, Kiel, Beriin, Godesberg {pivae laboraiory). Cbituary by Richard Anschutz Bsi

1
H

A’ an



8244 L. Crombie / Tetrahedron 54 (1998) 82438274

derivatives of two new compounds were formed.! Treatment of the mixture with acetic acid gave xanthophanic

naphthalene, was found in the reaction mother liquors by Liebermann.2
Claisen showed that xanthophanic enol is formed as its sodio-derivative according to the stoicheometry:
2C9H 1404 + C6H903Na ClgH 1908Nd + 3C2H50H

nd minute quantities stain the skin an intense red

monobasic

Itisa acid fo
colour. Liebermann found that when methyl esters are used in the formation reaction, a different, but closely
related compound, C1gH 1Og is formed. The nature of the alkoxy grouping of the alkoxymethylene-

acetoacetate component is immaterial, as it is this which is eliminated. Structural proposals (1 - 3 respectively)
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Scheme1. Formulations for xanthophanic and glaucophanic acids

2. The Xanthyrones.

2.1.Xanthophanic enol - Mechanism of Formation and Spectral Data.

Treatment of an alkoxymethylene-acetoacetate 6 with sodioacetoacetate at 20°C gives a
diacetylglutaconate 7 by Michael addition and elimination of OR: diacetylgiutaconic ester is conveniently written
as 7 though it actually exists mainly as the cyclic hemi-ketal form 8 in solution. 13 Further treatment with base

converts the glutaconate into an electron deficient a-pyrone 9 which on treatment with alkoxymethylene-



ilibria of the melt reaction’ through
irreversible loss of alcohol. In a melt reaction under thermodynamic control, the product may not be that

P
predicted at first sight however (Scheme 3}. Thus ethoxymethylene-malonate and sodioacetylacetone do not

In place of the melt procedure, the required a-pyrone may be independently synthesised and then treated
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Scheme 3.. Exchange of xanthyrone termini during preparation, with mechanism.

¥ The class name xanthyrone is given to derivatives of 6-propenyl-a—pyrone 17 acarrying enolisable or electron
withdrawing substituents at C-3'. Glaucyrones are based on bispyrone 17 b carrying an enolisable or electron
withdrawing C-3' substituent
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Table 1. Enolic xanthyrones available.

with base (NaOMe, or KOBut) and the alkoxymethylene component. The compounds listed in Table 1 were

made by one or other of these procedure. 14 Attempts to make 16 were not successful, presumably for steric
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enolised xanthyrone terminus resonates as low field as & 18.05 for 3’-diacetyl and 14.75 for 3’-acetyl-3’-

carboaikoxy. IR data (cm™*; CHCl3) are mostly in the range 1745 -1773 (a-pyrone C=0), 1700 - 1730 (pyrone

absorptions at 1565 - 1595 and 1500 - 1530 cml. Inthe UV, xanthyrones having 3-ester-5-acetyl, or 3-acetyl-

5-ester substitution have two major absorptions in 0.01M-acid ethanol near A, 300 nm (e 10,000 - 14,000)
and near A, 430 nm (e 13,000 - 25,000) with an inflection in the 520 - 530 nm region. In xanthyrones
lacking a 3-acetyl or a 3-ester the long wavelength absorption near A, 430 nm is absent but is replaced by
maximal absorption at 385 - 350 nm. With 0.01M-alkaline ethanol as solvent, xanthyrones having 3- and 5-

r substituents show a strong absorption at A .. 510 - 540 nm (e 40,000 - 70,000).

When boiled with water, decarboxylation of the orange dimethyl xanthophanic enol ensues and the reactive chain

ecursor,and a phenol 20 (Scheme 4). 15 The natur

released cyclises to give a substituted coumarin 19 or its p
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Table 2. Substituted phenals from xanthyrones and boiling water, demonstrating the nature and orientation of the pyrone substituents.

and position of the substituents on the simple phenol formed can be used to deduce the nature and position of the

~ 14
substituents on the ongmaj xanmyrone as indicated in Table 2.*%

The naphthalene by-product found in the synthesis of xanthophanic and glaucophanic enols is 2 2

(Scheme 5) and onginates from a ‘dimeric’ condensation 2 1 of the glutaconate under mild base conditions. 16:17

Treated with a more concentrated sodium methoxide, the glutaconate gives instead the isophthalate 2 3. 13

Y
=]
o
=

2.2. Xanthyrones Lacking Highly Enolisable Side-Chains.

Xanthyrones lacking highly enolisable substituents attached to the propenyl side chain of the pyrone
(Scheme 6) have been made by condensing the acetyl - ester pyrone 24 with methyl methoxymethylene-

cyanoacetate 2 6. Spectroscopic examination of the dark red product, highly ionised in ethanol, shows it to have

Me
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Scheme 5. Formation of the naphthalene by-product
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the enolic pyrone structure 2 7. Employing methoxymethylene-malononitrile and pyrone 24 similarly gave a
highly acidic purple black compound having structure 2 8 with an enolic pyrone unit in CDC13 (NMR), but

pyrone 2 5 and methoxymethylene-malononitrile was identified by 1H NMR as being in the 1’-H form 29a in

CDCly - trifluoroacetic acid solution but in dg-dimethylsulfoxide it was highly ionised as 29b. The UV
spectrum is the same in neutral ethanol as in acidic or basic (0.O1M) ethanol, supporting this highly ionised and

delocalised structure.

A’ melt reaction’ between the pyrone 2 4, dry sodium methoxide and dimethyl methoxymethylene-
malonate gave (after removal of the glaucyrone - see later) yellow crystals of 3-acetyl-3°,3’,5-
trimethoxycarbonyl-xanthyrone. The NMR spectrum (CDCl3) of this indicated a 4:1 mixture of the 3-
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bismethoxycarbonyl-6-methyl-2-pyrone 2 5, dimethylmethoxymethylene malonate and sodium methoxide gave,
on work up, 3,3°,5,5 -tetramethoxycarbonyl-glaucyrone together with a small yield of the golden yellow
o Bie RN &4 <={Cﬁmm

3,3 .3,

here at the 3’- rather than at the 1’-position in the side-chain. In ethanol it is 80% ionised.
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2.3.  Pyridone-Containing Xanthyrone Types.

In order to extend xanthyrone types to nitrogen - containing examples having a pyridone nucleus, methyl
methoxymethylene cyanoacetate was treated with sodioacetoacetate in a 'melt reaction (Scheme 7),but the yellow
crystalline product was clearly not of the xanthyrone type and proved to be the novel 6-amino-1,3,7-
rismethoxycarbonyl-4-quinolizone. The N-methylated pyridone 33 was therefore employed with methyl
methoxymethylene-acetoacetate (MMMAA)in the presence of sodium methoxide, but again did not give a
pyridone-based xanthyrone (Scheme 8), but the quinolone 3§ and its demethylation product. However, the
desired xanthyrone type 3 4 had apparently been formed as an intermediate, but was then disposed of by internal
aldol cyclisation. The bis-methoxycarbony! substituted pyridone 3 6 reacted with methyl methoxymethylene-
malonate (MMMM) to give an analogous hydroxy-quinolinone 3 8, again implicating a xanthyrone type
intermediate 37, with cyclisation via a Claisen pathway. The pyrone ring of dimethylxanthophanic enol is much
more readily opened and recyclised to a carbocyclic aromatic (see Scheme 23 later) than is that of the pyridone.
Condensation of methyl methoxymethylene cyanoacetate (MMMCA) with the dimethyl ester of N-
methylpyridone 36 gives colourless crystalline 39 in which the olefinic bond is in conjugation with the
unenolised cyano-ester moiety, destroying the overaii chromophore (Scheme 9). In aikaiine solution, however, a
highly delocalised anion is formed with absorption in the visible region }‘mgx_ (nm) 255 (e 17,800), 322 (4,300),
488 (65.000). In dilute acid the long wavelength absorption was shifted to 7"max (nm) 336 (e 8,120). The

CO:Me §OaMe COMe
- Mé
MaO\!I Mo-_.. l \NH . ! \N‘A !
MeO,C~~cN © Meozc’\or MoOgC'Hr cAco Mo
o "
CO.-Ma
i /——
\.I =
Yoo ' N\%Q/OMG an
meLuL 4" I 1l 3
O N, O

Scheme 7. Cyclisation of pyridone - xanthyrone to a quinolizone.

‘pyridone-xanthyrone’ relative 3 9 is reactive to boiling water giving an o.-pyrano-/V -methyi-o.-pyridone 4 0,

cyclisation again involving the side-chain, but this time a partially degraded side chain.
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Scheme 9 Synthesis of an N-methyipyridino - xanthyrone and its reaction with boiling water.

3. The Glaucyrones.

3.1. Glaucophanic Enol - Structure, X-Ray Data and Spectra.

Uniike diethyi xanthophanic enol, no attempt was made by earlier reasearchers to formulate diethyl
glaucophanic enol until 1964 when it was shown to be § on the basis of chemical and spectroscopic evidence
12,21 This structure was later confirmed by X-ray single crystal studies (Fig. 1 and 2).22'23 Diethyl
glaucophanic enol forms glittering black crystals from benzene. Its solution in benzene is red but in ethanol or
1 sulfoxide it is blue. The colour in some solvents such as acetone is red, becoming blue on the addition
of a small amount of water: there can also be colour changes in solution dependent on temperature. Dimethyl

glaucophanic enol, although normally crystallising from benzene in the blue-black form, can give a red
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Figure 1. Diethyl glaucophanic enol. Projection showing Figure 2. Arrangement of pairs of glaucophanic enol

stair-like arrangement of molecules. molecules showing close contacts.

crystalline form, apparently solvated , from chloroform. The red solution of the diethyl ester in benzene
crystallises in the refrigerator in blue-black form, the process being reversed on warming.

The electronic solution spectra of diethyl glaucophanic enol vary with the solvent. There are two extremes. In
benzene or chloroform (red solutions) there is strong absorption near A5, S00 nm but in the most polar
solvents, EtOH, DMF, DMSO (blue solutions) there is a narrow intense absorption near A.;,,, 680nm
corresponding to that of the sodium salt and indicating almost complete ionisation. UV spectra of an intermediate

type are given in acetonitrile or acetone (concentrated solutions red, becoming blue on adding a little water).

The X-ray structure shows an essentially planar core with the acetyl of ring-B enolised and hydrogen bonded and

the carbonyl of ring-A turned away from interaction of the lactonic carbonyl and twisted 16° from the plane.

The ester addenda to the glaucyrone core lie out of plane by 20° at the ketonic end and 30° at the enolic end. The

1 + h it '~ 3 H
rystai structure snows an iniCresting snor Caroon-caroon mniraciion than the sum of the van

(2]

der Waals distances) apparently caused by the enolic ring-B acting as a donor. Positions of higher electron
density are thought to be associated with positions 3* and 5’ of ring-B with carbons 2 and 4 of ring A being
tair-like structure }s fgnned.

Some !H NMR assignments for 3,3”-diacetyl-5,5’-bisethoxycarbonyl glaucyrone in pure dry
deuteriochloroform are shown in 41a and are in agreement with the unsymmetrical X-ray structure: there are two

types of pyrone ring connected by an AMX system (Scheme 10).23 Measurement in damp CDCly (or addition

Falrala Sl & N . el

of a trace of F3C.CO,H) gives a slow exchange spectrum with the 4-H and 4’-H, the acetyl methyls, and 17-

and 3”-H becoming broad and ill-defined: only the central 2”-H remains sharp, along with signal for th

a
2
g
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Scheme 10, "H NMR spectra of glaucyrone types and their iomised products. ( For full assignments see ret.[2%h

NMR spectra. In the 1H NMR experiments, addition of a little cyclohexylamine to the CDCl; causes complete

ionisation, as does measurement in damp [2H6]-DMSO,and the spectrum 41b is now that of a molecule

The tautomerically unsymmetrical 3’-acetyl-3,5,5’-trismethoxycarbonyl-glaucyrone 42a,black plates, was

cal 3
obtained as one of the products from a melt reaction between an equimolecular mixture of the pyrones 24 and 2 5

as there 1s no enolised carbalkoxy and no AMX system. The proton resides on C-3 but in damp [2H6]-DMSO

or CDClj containing a trace of cyclohexylamine the spectrum becomes symmetrical about the C-2" axis 43b.
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Scheme 11. Origin of the central carbon atom in dimethyl glaucophanic enol by isotopic
labelling.

3.2. Mechanism of Formation of Glaucophanic Enol.24:25

the central 2” carbon atom of the molecule. As shown by H4c labelling, and labelled atom extraction by

degradation, it proved to be the methoxymethylene carbon as in Scheme 11 Study of the relative yields of
glaucyrones versus xanthyrones as given in Table 3 shows that they are correlated with the acidity of the leaving

groups: poorer leaving groups give better yields of glaucyrones. On this basis the formation mechanisms for

y
to the methoxymethylene gives the anion 44a and loss of “OMe from this produces the xanthyrone. However

the anion 44a will equilibrate with its protonated form 44 b and the relative amounts of each will be related to the

acidity of the terminus. Displacement by pyrone anion, or elimination followed by addition, leads to competitive

formation of glaucyrone as shown.
Carbon Leavig Yield of Yield of
source group glaucyrens xanthyrone
% %
MeO . CN <CN nil an
eN CN
Moo\ _ :CN _ <CN trace 8
COMe COMe

COMe COMe

MeQ  COMe ) <COM0 49 44
COMe CO:Me

MeQ :COzMO <002Mo 56 4
COMe CO;Me

Table 3. Dependence of xanthyrone / glaucyrone yields on the relative acidity of the leaving
group.
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Scheme 12. A combined mechanism for the formation of xanthophanic and glaucophanic enols.

4. Some Reactions of Xanth

WEIIT IAhEe4LiiUiia L2 Lx«2228 20 il L ¥ L =3

The reactions of xanthyrones and glaucyrones with sodium amd magnesium methoxides will be dealt

with in a separate section later. Diethyl or dimethyl xanthophanic enols react with p-bromophenylhydrazine to

Pral VELLIIVDNICIL YA VUI QLD WV

S DU UL S LYo/ SRS ~ s 2l

ine is different, leading to the diazine acid 4 7 by the

extrusion process of Scheme 13. 15 The same product is obtained when diethylglaucophanic enol is treated with
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Scheme 13. Reaction of dialkyl xanthophanic enol with hydrazine.

4.1. Formation of GP Compounds from Xanthyrones.

An intriguing reaction occurs when either diethyl or dimethyl xanthophanic enol is dissolved in

concentrated sulfuric acid 2,15 or trifluoroacetic acid, the g

a-pyrone (GP1) 49, formed (Scheme 14) by rearrangement involving an acylium ion 4 8. 26.

this mechanism the same treatment of 54 gave a similar compound (GP2) but such products could not be isolated
from 50, 51,52 or 53 (Scheme 15). When the reaction giving GP1 was carried out with D804 the product
as the tetradeuterio compound 5 5, but dissolution of unlabelled 49 in D580y inserted only the three protons

of one of the methyl groups, forming 5 6. This indicates that the fourth deuterium is inserted as part of the

H
0. M (o Me
w FoL ROI, q.}u* W
¢ o LA — PP
H
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Me © l 48
Me Me
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Scheme 14. The formation of GP 1 from dialky! xanthophanic encls in concentrated sulfuric
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Scheme 15. Xanthyrones tested for possible GP formation,

formation mechanism (Schemes 14 and 16).27 The labelling of the methyl of only one of the acetylsin §5 or

5 6 seemed surprising at first sight, but the conclusion was reached that chelation must be protecting one of the
acetyl methyls. This was confirmed by experiments with model systems (Scheme 16). For example, treatment

of 57 with D50y gave 58, the chelated acetyl remaining unaffected. The process by which enolisation into the

chelated methyl, a necessary preliminary to deuteriation, is subverted, is shown in Scheme 17.27

CH, CH,
o= H D, H D= H H H
ol AN 2 8 N
O—Q O—Q o} o o) o
S .,‘Q _QQ
L1 6
Mo, o. Me O.
OMO OMO
CHy  cn, €0 CHy
87 58

Sceme 17. Machanism accounting for the failure of a chelated acetyl to deuteriate in acid solution.
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4.2. Radical Reactions of

xl

(anthophanic and Glaucophanic Enols. 28

When a xanthophanic enol is shaken with m

by electron transfer. Two of these are products of formal radical coupling at 1’ and are the eryrhro- and threo-

forms of dehydrodimer 59 (Scheme 18). A radical addition mechanism can altematively be written. A similar
dehydrodimer 6 4, isolated as one stereoisomer from 3°,3’-¢

coupling, was obtained when diethy! glaucophanic
(o}
MeO.C,_ )LA MeO,C o~ -CO:Me
Me~_.O |
MeO,C Z7 N P COMe )\
A 07 0 Me
A0 Il .co
] N I MnO, MeOy COMe . 740
(o] Me - =
(o] H
T A Lo AR oome
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helated Magnesium Enolates and their Reactions.

W
C'?

During work on the xanthyrones 2 and glaucyrones it was apparent that magnesium methoxid
compared with sodium methoxide,often gave quite different products, usually purer and in higher yields. It was
surprising that the merits of this long known chelating base had not been properly appreciated, and over the years

we have explored its potential.
5.1, Model Magnesio-Chelates and their Deuteriation.2?

For solubility reasons multicomplexed systems can cause difficulties and we have examined some simple

models for spectroscopic data. The magnesium complexes from acetyl acetone 6 6, acetoacetate 6 S and malonate

&7 can he i
VI W L%~

though there may additionally be some ag
distorted tetrahedral (D54) type, though X-ray data are not available. Magnesium displacement can occur
amongst different competing chelate sites. Thus acetylacetone or methyl acetoacetate completely scavenges the

magnesium from dimethyl magnesio-malonate.
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Scheme 19. Properties of magnesium chelates.
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I'\Anl-a-:nn-\.n AfF vaonacin nears

LEuienawon o1 magnesio-ac Lyl'au 1e 66 in benzene, as effected by adding Gg4-mc
the disappearance of the methanol ligand signal from the TH NMR spectrum, followed by that of the methoxy,

and finally, and more slowly, that of the olefinic proton (see 6 8). The exchange of the latter is thought to involve

an ion pair 6 9 and alkylation and acylation at this position in magnesium chelates, especially malonate, is well

Lrem s 30 Maritarintinnm Af tha annter] cmathher] mentnmn $a never nemmmaninhla avénms ternn sané nlhomerad awvérn lhaca
MIIUWLEL, LACUICLIAUIVIL UL UIC aLClyl 1 Lllyl PLULUID U d.lly lJl 1auC CAWCIIL W UL YU VYCAL -~ CAULd DddU
(which can be magnesium methoxide o ther base) - is needed. Methyl magnesio-acetoacetate 6 5 shows

acetyl methyl, as well as exchange of the ester methoxyl for deuteriomethoxyl, occurs. The latter models the

Claisen condensation (70,71 and 72) which is so characteristic of magnesium chelates of this type. Exchange
of the acetyl methyl protons occurs vig a carbanion stabilised by delocalisation into the adiacent chela
73. In chemistry involving magnesium chelates this models the mode of action as the nucieophilic partner in
aldol condensations. The chelate itself is screened from attack as an acceptor in the reversible aldol reaction,

since the intermediate (see 74, 75) (Scheme 19) does not lead to product.

5.2. Directed Aldol Construction of Cyclopentenones Using Magnesium chelation. 31

The above findings have led to investigation of a chemoselective method for the aldol condensation of y-

diketones. Sodinm hvdroxide catalvsed cvclisation of the diketone 7 6 cives an essentiallv 1:1 mixture of the two
WA WAL/LAW e WFUNALALALLL IIJ\M\IMW uum]ovu WY VIHIQUMUVILL Ul Uiy BAnDviwiav 7 v EIVVO WIOIN LA LR ‘J v d AAMALWIWY Vi WiIv VYTV

possible cyclopentenones 77 and 7 8 as expected (Scheme 20). Insertion of a methoxycarbonyi as in 79,
followed by treatment with magnesium methoxide in methanol (8 0, 8 1) and then aqueous sodium hydroxide to

cyclopentenones 77 and 78 in 9 : 1 ratio. On the other hand similar treatment of 8 2via 83 and 84, gives
cyclopentenones 77 and 78 in a 1 : 9 ratio. Non-chelating base catalysed cyclisation of diketone 8 5 gives 8 6
and 87 in a ratio of 2.2 : 1 but insertion of a methoxycarbonyl group 88 and treatment with magnesium
methoxide in methanol, followed by work-up as above, gives 86 and 87 in a ratio of 1 : 49

5.3. Interception of a New Kinetic Product by Magnesium Chelation.29:32

Some of the xanthyrones possess cyanoester termini so methyl cyanoacetate was also treated with

magnesium methoxide in methanol, and ults were unexpected (Scheme 21). Treatment at room
temperature with 1 equivalent of magnesium methoxide gave a precipitate, which on decomposition with acid
produced methyl 2,4-dicyano-3-hydroxybut-2-enoate 89 in 78% yield. On the other hand, if sodium methoxide

was used, the product was dimethyl (Z)-3-amino-2-cyanopent-2-enedioate 90. If compound 89 is treated with

sodium methoxide it is converied into 9§ , but reatment of §§ wiih magnesium methoxide does not convert it
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Scheme 20. Synthasis of cyclopentenones by magnesium chelate directed aldo! condensation.
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thermodynarnic product 90. A magnesium methoxide catalysed reaction between diethyl oxalate and methyl
cyanoacetate also gave Claisen product 91 in 85% yield without precipitation of the magnesio complex from

solution.

Condensation of methyl methoxymethylene-acetoacetate with methyl cyanoacetate in the presence of
93 (0.05 mol gives 77%) but at high base concentrations the pyrone 94 (4 mol, 67%) is the major product
(Scheme 22). The propene 92 is in equilibrium with the imine 9 5 which at high sodium methoxide

concentrations remains in the ionised imine form 96 and gives the pyrone 94 on work up. At low base

concentrations the imine is largely protonated and then forms the pyridone 93 irrcversibly.33 If the base is

magnesium methoxide, high concentrations (4 mol) give pyrone 94 (16%) along with a new product,the
hydroxyaniline 99 (69%). This is explained by the formation of two chelated intermediates, the first of which
97 leads to the pyrone as before, whilst the second (see 98) locks the precursor conformationally with a

geometry and reactivity suitable for cyclisation and hence formation of the hydroxyaniline 99. Other examples in

n

related systems have been investigated and are also explained on the basis of magnesio - chelation.~
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Scheme 22. Role of magnesium chelation in determining the nature of condensation products.
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5.5.

Added Magnesium Methoxide.”"-°
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Xanthophanic Enol - Control of Product Type by Modulation of the Initial Molarity of

behaviour towards the initial amounts of methanolic magnesium methoxide employed. Treatment of dimethyl

xanthophanic enol (1 mol) with sodium methoxide in the concentration range 1 - 24 mol forms the isophthalate

- NN e o) 1 -~ 2
i00 (Scheme 23).°

and traces of this are forrmed on work-up.
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Scheme 24. The responses of xanthyrones to varying molar ratios of magnesium methoxide.

’ Treatment of the isophthalate with acid converts it into the corresponding coumarin 103
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methoxide is more intricate.37 With the use of up to 1 mol magnesium methoxide in methanol per mol of

xanthyrone, it merely forms the chelate 101 and on acidification the enol is recovered unchanged. Somewhat
above this ratio the limited excess of magnesium methoxide permits the formation of the coumarin 103 and its
acetal. As in the case of the sodium methoxide reaction, these are products of an aldol reaction and it seems
likely that when the pyrone ring is opened there is repositioning of the magnesium chelate giving 102 which
cyclises in the conformation shown (Scheme 24). Maximal yields (80-85%) are found near, or a little above, the
1 : 1 ratio. As the ratio Mg(OMe), / xanthyrone passes through 1.5 : 1, and then 2 : 1, the yields of aldol
isophthalate 103 decline and a new pyrone product 105 emerges, reaching its maximum yield (70%) at about
2.5 : 1 when virtually no aldol product is obtained, though some (25-30%) of the resorcylic ester 107 is also
observed. The pyrone 105 is considered to be a product of the doubly chelated and protected magnesium chain
104 with the chain stabilising itself by forming the pyrone 105 on work-up.

Ataratio of 3 : 1 magnesium methoxide : dimethyl xanthophanic enol there is 35 - 40% of pyrone 105 and 60 -
65% of resorcinol 107; corresponding figures of 5 : 95% are found at a ratio of 6 :1. Finally, using a large

excess of mag ngn ethoxide (12 mol) onl

of 106,
is produced in essentially theoretical yield. None of the other products mentioned above are observed. The
resorcinol is derived from the doubly complexed form 104 which in the presence of more than two equivalents

of base now forms the anion 106 and cyclises by Claisen condensation. Formation of the pyrone 105 from the

=\
/4
¢
0
!
y
o' §

RI' ~ —=d
j(l)r 3n‘€ o~
o-Mg
1108 R'=CO;Me; R2=Me; R® = OMe 11 '
b R'=COMe; R?=Me; R®=Me
¢ R'=H; R=Me; R*=0KEt

Scheme 25. Pyran from a xanthyrone devoid of a 3-acetyl substituent, by treatment with magnesium methoxide.
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5.6. Reactions of Further Xanthyrones with Magnesium Methoxide.37-38

It is of interest to note that the two isomeric xanthyrones 101 and 108 (Scheme 24) give one and the

same resorcinol product 107 when treated with excess Mg(OMe), in methanol. It is also of interest to note the
behaviour of th
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available to initiate the customary resorcylic cyclisation and instead the bis - complexed chain 111, when
released from the magnesium, stabilises itself by pyran formation at the other end of the chain giving 112. In
view of the sxm ple pyrone Qp-ni_ng - pyran closure mechanism, it m; gght be ques tioned whether nr gnvsiu‘m

methoxide has a special role in such a transformation so the reaction was performed using excess (10 mol)
sodium methoxide in methanol and 110c¢ as the substrate (Scheme 26). The major product was dimethyl 4-
hydroxyisophthalate 115 formed by chain degradation along with extrusion of acetoacetate (113, 114),
Michael reaction, and aromatisation. The formation of a magnesium chelate has an important function in
stabilising and protecting the chain.

The cyanoxanthyrone 2 7 lacks the usual chelating terminus on the propenyl side chain and can itself only
give a conjugated monomagnesium chelate 116 using the pyrone feature (Scheme 27). With further magnesium
methoxide it is suggested that the pyrone is cleaved by methoxide ion and that there is chelate rearrangement
followed by aldol condensation (118) leading to the isophthalate 117. The isophthalate coumarin 120 is
similarly formed via 119 from the 3°,3’-dinitrile 29a The 3’,3’-dicyanoxanthyrone 29a has a 3-
methoxycarbonyi replacing the 3-acetyl of 27 so parallel cyclisation has to be by Claisen reaction along with
nitrile hydrolysis forming the isophthalate coumarin 12 0. Refluxing the 3,3°,3’,5-tetramethoxycarbonyl-
xanthyrone 3 1 with excess magnesium methoxide gave a mixture of 120 and 121, the latter being readily
converted into the former. The malonate terminus does not compiex efficiently with magnesium methoxide as

compared with an acetoacetate terminus.
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Scheme 26. Hydroxy isophthalic ester from a xanthyrone devoid of a 3-acelyl substituent, by treatment with sodium methoxide.
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5.7. 'The Reaction of Glaucophanic Enol and Glaucyrones with Magnesium Methoxide.3?

On reaction with excess magnesium methoxide in methanol, dimethyl and diethyl glaucophanic enols

(Scheme 28) give one and the same product 123 in 78% yield. The two pyrone rings are opened in the usual
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by Claisen condensation (see 122). Equilibration between possible bis-chelates is envisaged. In the case of

diethyl glaucophanic enol (R = Et), one ethyl ester is lost in the Claisen cyclisation, the other through ester

aromatic and a pyrone ring (Scheme 29). The tetraester glaucyrone 4 3 gives 128 by Claisen condensation (via

127) when treated with excess magnesium methoxide, and on thermolysis in xylene this is converted into 129,
1

s in these systems are faster than the Claisen

nce that the aldol cyclisation
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Scheme 28. Reaction of dimethy! and diethyl glaucophanic enols with magnesium methoxide.
?one ?one Y P7 VY Ry cozw o] COMe
N (Ohig)e =
N e Jema . MeOLCTN M e )
o, o oﬁ,Me ”cl\\‘ 'OMe
OM
6 O 42 O,‘H 0 0\“:0 O\. :"‘O 124
Mg
'
OMe H *
MeO,C OMe
B
O’ Moo A
Mo o . heat xylene " IB/I A
e w X
=
MeO,C.
o]
A MeOC o A
" 0126 MeO,& A o 125
COMe ~ Yot
cOMe COMe Mo(OMe) cOMe O CO,Me
62 H
iA\ X |/B | 12mal uegzc& u,.n)a\
P —— 8
A)\/\/- \/4/
e o °\..)\¢° MaO— X 7
c') o g g &‘ MeO—" Y 6 '<l)
4 ° O\MQIO yg\ 127
” \
Y
"
OMe OMe
iMo iMo
o7 XN —~
Ao AleL 0 0§
0P oM hoat yone £ XX
Hem A A H
P © o
=
Lo e MeO,C__n.
A 129 “No 128
\/_ g0 MsO,C A,§‘ 4
COMe MeO” “o*

Scheme 29. Products from the treatment of glaucyrones with excess magnesium methoxide, and their further
conversion by thermolysis.
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5.8. Pyrone Surrogates for B-Ketoester Systems: Reactions with Magnesium Methoxide.0

The products from reactions between a series of fused and unfused o.-pyrones 130 - 134 (Scheme 30),

methanolic sodium methoxide, magnesium methoxide, and hot water, provide further information on the scope

of these reagents. The series of lactones may be viewed as being made up of B-ketoester units which reveal
themselves on methanolysis (136 - 139) and can complex with magnesium methoxide. On treatment of

oacetic acid 130 with the methoxide

However,the yield of methyl triacetate 140 is considerably poorer on using the sodium reagent,there being

extensive retro-Claisen chain degradation not found with the magnesium reagent. It is believed that the latter

e f..ﬂlu-...k cn Aograndntiam A s
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trione 142 which can be refluxed with excess magnesium methoxide for 24h yet recovered unchanged on work-

up. A similar case is the complexed trione ester 143 which also does not have suitable geometry for cyclisation.

Treatment of 3-acetyl-5-methoxvcarbonvl-6-meth
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Scheme 30. Pyronas and methanolysed 'equivalents’ studied.
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methoxide.gave a 61% yield of the o-hydroxyester 144 and its corresponding acid formed by aldol
condensation the glutaconate available by opening the pyrone. By contrast, when treated with excess

magnesium methoxide, the pyrone gave a 4:1 mixture of aldol 144 and Claisen 145 products. None of the latter
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confirming that the first mol is used for complexation. Two pathways leading to aromatic products are now

available: aldol condensation 146 to give 144 and Claisen condensation 147 to give 14§ with the chelate

2
=
[¢]
R
-
=
3
E
=
[¢]
[
W
(%)
F=
N
S
w
£
B
a
=
&
[= ¥
£
=
5
&=
Q
!
&
5
=3
g
2.
=
4
8
2
(1]
3
s

K
products. Very little cyclised aromatic materi

E-EL
235*'
g g
< &
&
3 9
B F
Q
ge
g =
® B
g o
)
2 8
3 g
g 3
g 8
o
- £
s 3
£q
a3 2
-

methoxide produced four aromatic products

major product (46%) but magnesium methoxide gave the Claisen-derived phloroglucinol ester 1

together with the aldol-derived 152. Phloroglucmol 153 may be derived from complex 154 by means of

7.3
w
—
W
w
R
~

protected by chelation. The phloroglucinol 156, analogous to 153, was formed when the pyrone 134 was

treated with magnesium, but not with sodium ethoxide. 40
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5.9. Magnesium methoxide as a Reageni: A Summary.

Magnesium methoxide, simply made by dissolving magnesium in dry methanol in the presence of a
crystal of iodine, can be used without a blanketing gas: it is a mild reagent, cheap and easy to use on a large
scale. Compared with alkyl magnesium halides the reagent has not received extensive attention. Prepared from
magnesium methoxide in the usual way, the magnesium chelate of a B-diketone or B-ketoester shows high
stability towards a refluxing solution of the reagent (cf. 141-143) and base catalysed operations can sometimes
be carried out elsewhere on a complex molecule in the presence of the protected B-dicarbonyl system.

vl egroun from narticination ag the
aroony: group from participation as the

acceptor in aldol condensations (74,7 5 and Scheme 20). By contrast, attack at the carbon of the complexed
ester proceeds smoothly with displacement of alkoxide, a Claisen condensation (7 0,7 1). This leads to

nhlaraclueinal or dihvdroxva nnhr-nnnp oxveenation patterns in some subseque fnrrpﬂd ar ics (e,
phicrogiucingl or inyqroxyaceto ne oxyg I pattermns 1n Some subseque: form: mancs (e
153,107). Resorcinols (e.g.150), but not phloroglucinols, may be formed by aldol or Michael-aldol

atalysis. Ester exchange is readily effected by using magnesium alkoxide

mechanisms under sodium methoxide
T series in S

e c
(e.g. 4 t cheme 24). In the presence of excess magnesium methoxide the

magnesium derivative of a -keto-ester forms an anion Y -to the ester group (e.g. 80,8 3,98). This is a suitable
donor in aldol condensation reactions (Scheme 20 and 12 2).

Certain condensations lead, in the presence of sodium methoxide, to a thermodynamically stable product,

but with magnesium methoxide as the base initially present, a kinetic product may sometimes be sequestered and
isolated as the stable chelate (Scheme 21).
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The geometry of magnesium chelates limits the conformational flexibility available to a carbon chain.

This, combined with the altered reactivity of the chelate, can provide selec _1rv for one of a number of outcomes
as illustrated in xanthyrone chemistry. Reactive centres of a molecule may be kept apart geometrically by
magnesium chelation (e.g. 141-143). On the other hand the geometry of the magnesium chelate leads to
hydroxy-anilines from appropriate glutaconates in the presence of excess reagent (e.g. 9 8), contrasting with
behaviour towards sodium methoxide (Scheme 22).

The magnesium-chelated starting material is a quite different entity from the un-complexed, so it is hardly
surprising that the nature of the products is affected. As indicated by experiments with simple chelates, positional
chelate exchange must also be taken into account in substrates or products having multiple chelation sites:
differential solubilities may also play a part. Compounds with more than a single chelation site may, in the
presence of excess reagent, have more than one possible arrangement of magnesium chelated sites, but it is those
arrangements which can lead to products that are significant.

Restrictions on the amount of magnesium methoxide initially added to a compound having more than one
chelation site may lead to one product, but give a different product when more initial reagent is used (Scheme
24). The isolated first product obtained at lower magnesium methoxide concentrations is not necessarily

converted into the later product just by adding further magnesium methoxide reagent (Scheme 24).
6. Concluding Remarks.

Although from the perspective of a century ago Claisen could not explain his accurate experimental
observations, and it was 67 years before xanthophanic and glaucophanic enols were correctly formulated, his

and varied heterocyclic chemisiry. Not least, the

ar
work on magnesio-chelated enolates is of general application and usefulness when applied to appropriate organic

E

systems.
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