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SUMMARY

As indicated by the title, this dissertation deals with the
investigation of the synthesés of a number of novel quinones.
Chapter I deals Witﬁ.the syntheses of quinonoid derivatives
of the compounds isobenzofuran and isoindole. These are the
parent species of that series of heterocyclic compounds which
contain a single heteroatom énd are isoelectronic with
naphthalene. They have been of considerable interest to
workers in recent years, but have proved to be relatively
unstable. We have tﬁerefore set out to prepare stable quinonoid
derivatives of these.

In Chapter IT we have sought to deveiop, via regio-
specific Diels-Alder additions;_simple syntheses of some
synthetically useful napthaquiﬁonoid systems. The formation
of many of these, required in the past as intermediates for
the syntheses of a number of naturally occurring quinones, has
previously proved tedious. The study of these addition reactions
has afforded a direct route for the synthesis of the natural
quinone, droserone.

Finally, in Chapter III, some of the napthaquinones produced
in Chapter II have been employed as intermediates in the syntheses
of certain naturally occurring quinonoid species. These include
a-caryopterone and model compounds for the proposed syntheses

of the anti biotics, Juglomycins A and B.




... Synthesis of Some Stable Derivatives o

CHAPTER I

Y =I‘_s‘<‘),1§'et'1_z'ofilr'ari ‘and I_so‘indéil_‘é R




1.1 Introduction:

The series of T excessive heterécyclic éoﬁpqundsfqontaining_é
single heterbatém and isoelectronic with napthaléne'falls'inﬁo.twb
distinc; claséésl. The first of thesé (i) repregents-thé so called
"ﬁormal" sériesz. | These.are well known s;ablé cpibounds. Howe?éf,
the iséconjugate isomers (2), with the exceptipniquigothianapthalene3 (2c),
are highly unstable although they are repdrteﬂéfs-a$~transient. .
" intermediates and may be.isolated as.their‘corresponding:Diéls-Alder
adductss’6. Recently; much interest‘has'béen‘éhown infphééé i;oconjugate

species in the 1iterature7'

vy o )

a. X = 0 benzofuran a. X =.0 iisobeniofu}an
b. X = NH indole ‘ b. X = NH-isoindole»
‘c. X = 8§ behzothiophene : co X =j.S ﬁiéothianaptha1ene.

The most convenient, as well as most receﬁt repérts oﬁ the s&ntheses _
of compounds of series (2) have been by Warrener‘and_co-workersé(c)’6(a)’6(b).
These involve the use of the highly reactive diene 3,6 - di (2-pyridyl)~-s-
tetrazine8 (3) in a reaction sequence as outiinéd in Scheme 1. Warrénér
had thus effectively removed the ethylene bridge of the endoxynapthalenetéa),
the former becoming incorporated into the aromatic system-of the pyridazine .
The overall outcome of the conversioﬁ of compéundA(é) into (2)'as shown

in Scheme (1), represents a mild retro -[w4s + ﬂzs] Diels-Aider'feaction.

The method is based on a facile fragmentation,which depends for its



Suécess‘on the low activation energy attehdant_on'éleaVage of the
tfiéyclo [6.2.1.02!7] decé ~ 3,5,9 - triene system aﬁdvaia-derivafives
thereofa(b>’4(c)’6(a)’9._ Both compounds (Za)'énd (2b) have been
successfully Synthegized by the method.shown'in'Scﬁeme.(i)gand

characterized by their Diels-Alder adduct defivati§es.

Scheme (1)

Py
3 w e
a. X = 0
b. X = NH -N,

N
y
Py
@ @) e
a. X: = 0
b. X = NH

Py = 2-pyridyl

Furthermore, routes have been sought in this department to the

quinone (8)10, one of which involved the intermediacy of the species (9).



However,both. (9) and its spiro derivative (iO) pro#ed'toé unstable to
be isolated under the reaction conditionms employed in their gttempted
syntheses. It might be expected'tﬁat tﬁe tﬁree Hetérbcyclic aﬁalogueé
(11), (12) and (13) would possess coqsiderable_stabilit&.relatiVe to
either'the compounds of éerigs (2).or structures.(Q) and'(]O) thrqugh

resonance due to contributions from structures such as (14).

(11) X = 0 ,(14§
(12) X = NH
(13) X = S



In view of the above,we have set about developlsg the as yet
unreported syntheses of the parent species (11) , (12) and (13)
Since the completlon and publlcatlon11 of thlsvﬁork, the syntheses of
stable derivatives (15) of species (11), (12) and (13) have been

reported12

(15)

c. X = 8§

+ The u.v., i.r., and p.m.r. data only for this compound:have

previously been'reportedls.



1.2 Isobenzofuran - 4,7 - quinone (11):

For tﬁe proposed route, as outlined in.SCheme’(l), tb be really
attractive, it was.neéessary that simple,methodg.fér the éenefa£ion of
required starting materials of the type (4)'§ho§1d be developed. of
the nUmbér of possiﬁle methods that might be employed‘to accoﬁplish_this
. it_was decided to select thé highly effiéient'route that is presented

by certain intermolecular benzyne DieIs—Alder_additions. Similar

techniques had already been employed in the syntheses of (4a)4(a)’6(b)
and (4b)6(a) as shown by Scheme (2). ‘
Scheme (2)
X ' a
(4a) X = 0
(4b) X = NH
Me \'2
\ 2
Me |
- .
X

(16) . =~



For our pérticular purposes‘we‘tequired a behzyne hucieﬁs from
which the = ~ “quinone species cdhld reedily'he derived, Thus =
we required the simplest and most effieient routes.for the generation
'of 3,6 - dimethexybenzyne (16). The cohyersion of aromatic 1,4 + dimethyl
ethers into their corresponding quiﬁonethas been a<suhject.of_much
research. Numerous methodsvhave recently been reviewed by Musgrave14
Concentrated.nitric acid appeared to be the most generally employed
reagent in the oxidation of para - dimethohy benzenes.whereas, When
*applled to the 1,4 - dlmethyl ethers of napthalene; nltratlon on the
aromatic nucleus might occur 1nstead of, or in addltlon to, demethylatlon
The use of inorganic oxidants such as'Ce4+-and Cr3_ has also found .
widespread application although side reactlons ‘are knoﬁn to preva11
Silver (II) ox1de has been shown to be part1eu1ar1y effectlve 1n the
ox1dat1on of various substituted toluenes to the correspondlng aldehydes
under mildly acidic condltlonslsi More recently a novel usge for.thls
’reagent was reported by Snyderlqswho;wheheatteﬁptihg‘to,oxidise.the
| dimethylether of menaquihdl-l (17) to -the anticibated.pfoduct (18),
obtaihed insteed menaquinone;l (19) es thevonly'product. _This'can_-

only have arisen by oxidative demethylation_of the dimethyl ether.

(17) R = H _l S ';'(1'9)'_»:’-
(18) R = OH ' -



The scope of the use of'silver (II) oxide as a general nethod for the
oxidative cleavage of hydroquinone etherskhas now been.investigatedl7
The superiority of this reagent aver conventional‘methoos’uas demon—
strated by the conversion of a number of suberituted 1,4 - diﬁethOxy—
napthalenes into the corresponding 1,4 - napthaquinones in high yield.
In addition, oxidative reactions of the side chains were shown to Bé
minimal. This therefore presented an attractrve route to tne oesired
Quinones by a relatively well established.procedure;' |

The previouslyvreported routes to the benzyne (16) involved
firstly the tedlous synthe51s of the preCursor 1 - amino - 4 7 - d1methoxy—
benzotrlazole (20) 8, which we found was d1ff1cu1t to prepare in amounts
large enough for our needs.” This was not very satisfactory because of
the number of-preparative steps (eighr steps in a11 from éentisic acid)
~ involved. However,thls was part1a11y offset by the ease of benzyne
generatlon, subsequent addltlon, simple workup and the relatlvely ’
good ylelds that were obtained. Secondly, spec1es (16) may be.
generated from the precursor'2 - amino -'3,6 - dimethoxybenzoic acid (21)19,
The preparation_of this compound (21) egeinbinvolves:a feirly 1engthly'.
synthesis (five‘stcpS‘from gentisic_aeio); ;Finally,ethe reectionzof )
2,5 - dimethoxybromobenzene (22) with éodemide and sodium tfbutoxide

at low temperatures to generate (16), has been~deScribed20.

Me , | OMe
o COH
) ' 2.

Me NH,2 - OMe

(20) en e



While we prepared and used botﬁ precursors (20) and (21) for the
in situ generation of the benzyne (16), we found that it was ﬁést
~ conviently obtained 7in situ by a modified-foutexto that mentioned above,
making'use of the bromoether (22). Treatmeﬁt of (22) wifh freshly
powdered'commergial.sodamide in dry tetrahydrofuran #nder reflux
conditions produced the desired're5u1t35 althéugh, whetherlsuﬁsequent
Diels-Alder addition to'a diene took place depeﬁdea on ;hekdiene
involved surviving the strongiy basic féactioﬁ conditibns. Thus we
prepared adduc; (23) from precursors (20), (21) and (22) - from the
last by our own méthod just deécribed :f 511 of‘WHigh'rOutes provided
the adduct (23)18 in about 707% yield. However, the ease éf preparation
of the bromoether (22) made this by far the most convenient precursor to

this particular adduct.

The conversion of this adduct'(23) ihfo'thq cbrréséonding'quinonéVKZL)
was readily achieved by the acid catalysed silver (Ii)~o#idé oxidation |
already describe&.,' An independent syntheéis éf the qﬁinone:(24) Qas
performed directly,_ffom the.addition between benzyne Quinéﬁé.(Zs)'and.'
furan. The benzyne (25) is readily generated f?om 1-aminobenzotriazole-4,7-
dione (26),which is §bt;inedlby silveri(I) oxide oxidation of the

demethylated derivative (27) of the triazole (20)18,f
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e T O R

(26) ' @7

During preparations of quinone (24), it was foundvthat this
compound was unétable in the preseﬁce'of liéht; An investigation
of the light-induced decomposition was carried out by irradiation of a
solution of the quinone in sunlight and the simultaneous monitoring of a
control experiment in the dark.  This led to the aimost quantitative
formation of juglone (28) in the case of the irradiated sample, aﬁd
no change in the gontrol experiment. A possible route for juglone

formation via a radical mechanism is outlined in Scheme (3).

Scheme (3)

(28)
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- The remaining step in the synthesis used .to obtéin struétufe (11)
involved the removal of the ethylene Bridge from quinone (24)’»and as
was anticipated, this proceeded readily on the addition of the.

§ - tetrazine to the quinone (24),-in a reaction seéuence similar to

that depicted‘in Scheme (1). The reaction with the g - tetrézihé‘(B)-
was carried out at room temperature‘and afforded the'required |
isobenzofuran - 4,7 - quinone (11) in good yield (70%). - The addition
and cycloreversion reactions occuéing were monitored by_Hln.m.r.

spectroscopy in a separate experiment. These results are as shown

by Fig. (1).

Discussion Fig. (1)

Spectra A — F were recorded in CDC13,vat :
ambient temperature. A and B represent fhé»
reSpectlve starting materlals, quinone (24) and
s =~ tetrazine. E and F show the final products
of reaction after workup of the reaction mixture
at the completlon of the cyclorever31on.
Spectrum C was recorded at reaction time t—5 m1n1
and shows the rapid consumption of quinone (24)
and s - tetrazine and the generation of the
final products isobenzofuran - 4,7 - quinone (11)-
and pyridazine (7); however, no indication of
the presence of either 1ntermed1ate adduct (5a)
or (6a) is seen. Finally,D represents the
reaction mixture at the cqmpletlon of reactlon.

(t=10 min .)
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(5a) : | ' - (6a)

To obtain information as to the reactivity (and stability) of
the product (11), attempts to incquoréte it in further Diels-Alder
type additions as a diene were carried out with reactive dienophiles
such as the electron deficient dimethyl acetylene dicarboxylate,
maleic anhydride, and benzyne (16), and with the electron rich
2,3 - dihydropyran. These reactions were similar to those carried

6(a),6(b) with N - méthylmaleimide and isobenzofuran

6ut by Warrener
or isoindole for purpose of characterising these two compounds. The
anticipated products from the'first.two dienophiles mentioned

would be respectively (29) and (30). HoweVer, under the reaction
conditions empléyed, both at room teﬁperature aﬁd under reflux,

'ohly starting haterialé could_ﬁé &etected. This fact is in
accordance with our original proposal of the added stability of

this system afforded by the extended conjugation possible as shown

by structure (14). Additioh of dienes to the enedigne moiety of

compound (11) to give the alternative adducts was not investigated.

29)
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The photochemistry of 1,4 - benzoquinones has been extensively
investigated. 1,4 - Benzoquinone (31) is itself reported21 to
give the anti - cyclobutane dimer (32), while 2,3 - dimethyl - 1,4 -
benzoquinone (33) affords the syn dimer (34)22. The photochemistry
of the furanquinone (11) was investigated to see whether a cyclo-
butane dimer (35) might be formed by analogy. Irfadiation+ led,
however,to the formation of an intractable gum from which no single

product could be isolated.

hv |

(31) (32)
l: :l hv
|
(33) (34)
-~ —
— >
(35)

+ A 500 W photoreactor with pyrex filter was employed.
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1.3 1Isoindole - 4,7 = quinone (12):

The primary problem that had to be overcome if the synthesis of
quinone (12) was to follow a route similar to that devised for
compound (11), was the non-participation of pyrrole in Diels-Alder
type reactions as a diene due to its greater aromatic character
relative to furan. Warrener, in his synthesis of isoindole (2b),
had overcome this by the use of N- ethoxycarbonylpyrrole (36) in
place of pyrrole. By substitution of the pyrrole nucleus in this
manner with an electron withdrawing group, its diene—like nature
was enhanced and it was able to participate in the required
formation of adduct (4b). Subsequent removal of the ethoxycarbonyl
grouping prior to elimination of the ethylene bridge had been possible

with aqueous sodium hydrexide treatment.

OMe
N
R DMe
(36) 37
0 QCOCHg3
X
(38) (39)

R= C02C H2CH3
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o In our case this was found té be equally_true and the genération
of the appropriate benzyne (16) from either precursor (20) or (2}\1;))+
in the presence of”the pyrrole (36) led in goodryield (70 - 807) to
the required adduct (37). Conversion of the adduct (37) to the
corresﬁonding quinone (38) by silver (II) oxide oxidation proceeded
readily, but dﬁring attempts to characterise it fully, the quinone
was found to be relatively unstab1e++. However, reductive acetylation
with zinc dust, pyridine and acetic anhydride by the method of
Sargent23, afforded the diacetate (39) as a stable derivative for
purposes of characterisation. |

Freshly prepared samples of quinone (38) were theréfore
immediately subjected'to treatment with the s ~ tetrazine (3) in an
Aattempt to obtain ﬁroduct (40),whiéh is the énalogue of sﬁecies (41)
prepared by WarfenerG(a). .Replacement of the ester function by

hydrogen at this stage would have afforded the required quinone (12).

CO,CH.CH |
27273 - </ FHLH

40) ' | 1)

+ It was found that the precufsor (22) could not be used in this case,

for the reason mentioned earlier (p 9),and discussed later in Section 1.5

)

++ This led to a dark brown intractable residue, the nature of which

‘was not investigated.
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Contrary tovexﬁéctations, no-reaétion could'be_indﬁced;_even under
‘the mdre vigorous cbnditions of reflux. This was surprising,'and
perhaps fiﬁds its reason in the deactivation to a certain éx;ent of the
isolated double bond of quinone (38) by the presence of thé eleéfronf _
withdréwing ester function. It can be arguedvthat the‘reaéon fqr |
this unreactivity is not one of steric nature since;at the COmpletion
of this work,it was found that reaction with the more bulky phehéycloné»v
molecule (42) did occur. gPhencyqlqne is another species uséd»for

similar purposes as g -~ tetrazine, as outlined by Scheme (4).

%2 @y

The reason for phencyclone, or other similar moiecﬁlésig#éh as
tetraphenyi¢yclopentadiene (43), not bging;pégé_initiélly,iﬁrpféfe;eﬁcé-
to 8 - tetrazine; ié the relatively high activation enéféi;;Wthch
must be overcome in the cycloreversion of the adducts (44,.45)'36
formed. The decomposition.of these adducts to the products‘(see
scheme 4) normally requires high temperatures :and,éincé the:st;bility .

of our final products (11), (12) and (13) was unknown, ‘it waS'ﬂecidedi
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to perform these bridge removals under as mild a set of reaction .

conditions as possible.

Scheﬁe(&).

s ) —>

-— e - - - - e -

o -0

+

Ph

(46) ey

However, an alternate route to the required,chpéﬁndf(12)'ﬁa§
established without itgbeing.ﬁec¢35ary>t§ invéstiéaférfhe«pyroiffié
decomposition'of the adduct of type (44).. |

It was then proposed that the removal of the_estgf groﬁéing from
the quinone (38) to give the aﬁine'(47) would facilitate fhg remo?ai

“of the ethylene bridge by enhancing the reactivity of the heterocyclic -
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ring double bond.. This removal of the ethoxycarbonyl function was
attempted by hydrolysis with aqueous base as had been done by Warrener
in his analogous synthesis mentioned earlier. This,however,led oniy
to extensive decomposition to form a dark resinous tar from which no
product or starting material could be recovered.  This may ha#e been
due to the possibility of reaction between the quinonme (47) and

itself via the amine function if the D NH were generated. Nucleophilic
additions of amineslto quinone systems have long been knownZA. In

our case,this could have led to a polymeric residue by a sequence,as

depicted by Scheme (5).

Scheme (5)

polymer

Since the quinone (47) either underwent reaction according to
Scheme (5) or was unstable under the basic conditions employed in the
.ester removal, it was thought that this latter reaction might proceed

more favourably on theiadduct (37) to yield the amine (48), which might



20

then be oxidised.under écidig conditions - to the réquiredﬁquindne (47).
Subsequent reaction of the adduct withjéquedué-baseAundef feflux for
3 houfs provided compound (48) in good yie1d (SSZ) and'this proved
a relatively stable species, although it gidwif datkehed dqfing extended
periods in the light. However, all éttempts‘to oxidise compound (48) |
~-with silver (IT) oxide resulted in.thé fOrmétiOn of a 5rd§ﬁ tar, as was
the case on attempting to remove the estef'fpnction from.quinone (38).
Similar results were obtained with other oxidéﬁive demetﬁylating reagents -
andvthis route to compound (12) was theréfofe abandqned.vf Because the
failure of duinone (47) to form might have beén-due_to eitﬁer tﬁe_
inherenf instability of the species -or to the severity of the oxidative
techniques emﬁlo&éd, the folldwing two propbsals were for@ulgﬁed and
tested. - | | |

Firstly,the preparation of thevadduct (49) was attempted, which
might be expected to form readily by reducfioﬁ of quinone (38) with
sodi_mﬁ dithioﬁite_,wﬁi_éh Ha's béen shown to be a good mild reagent fdr
the reduction of quinones to the corresponding duinol$25. v'RemoQal
of the'éster af tﬁis stage would afford amine (50),whi¢h might now be
oxidized‘to the réquirgd quinonev(47) by decidedly mildervreagents
such as silver (I) okide or silver carbonate.v Tﬁe quinone (38),
alternatively prepared by reactioﬁ ofvbenzyne quin&ne (25):and
pyrrole (36), the former generated from ;riézole‘(27)_in the presence
of lead tetraacetate; however resisted all atfempfs at redﬁétion to the
quinol with dithionite; spontaneous aerial oxidation dufing workup of

the ethereal golution repeatedly afforded the quinone after initial

reduction had occurred, as indicated by the loss of yellow colour.
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(50) ke

.R =.C020H2CH3.

As an alternative test that the:paftigular oxida;ive‘demethylatiop
method‘was'perhaps the causé‘of failufe to afford tﬁé.quihdne, boron‘.
tribromide was tried. Much succeSs'has.béén reportedvﬁith this
reagent for thé demgth&lation of aromatic ethers. M¢0miel26(a)f 26 (b)
has shown the value of tﬁé reaéent over others,in that reactions are
usually carriéd 6ut»at room’tempefature or well below. Amoﬁgsf other
prepara;ions, the'cénvefsioﬁ_of cémpound (51) into the biphenol (52)
‘has démonstrafed the usefulneés of the réageﬁt. This reaction witﬁ
adduct (48) could possibiy yield the amine (50) directly in a way
similar to that used by Rees18 and repeatéd by us in ;he>preparation
of the triazole (27) frOmlthe corresponding'dimethyl éthe;f(éO)‘

However, this met with no success;‘yieldihg only a dark oil from

which no single product could be obtained.i‘
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Secondly, in the event that silver (II) oxide had given rise to
the quinonoid seéondary amine (47), and that the inability to isolate
this compound was due to its nucleophilic polymerisation as speculated
earlier, it was decided to modify the secondary amine function to a
tertiary analogue (53). This would preclude any such polymerisation
from taking place. Furthermore, the preparation ofvcompound (53)
would provide an analogue of the quinone (38), in which it was earlier
shown that reaction with s - tetrazine (3) was probably precluded by
factors of an electronic nature. The replacement of the electron
withdrawing ester function by methyl, in going from (38) to (53), might
well alter the resulting reactivity of the quinone in the reaction with
8 - tetrazine to remove tﬁe ethylene bridge. A number of routes to

this quinone were subsequently investigated.

H
[ ]
U
(53) (54) R = Me
' (56) R = H

/ \
Me
(55)

As might be expected, the corresponding adduct (54) did not form

when 3,6 - dimethoxybenzyne (16) was generated in the presence of
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N - methylpyrrole'(SS). This follows, as'the methyl sgbétituted
pyrrqle might be e#pected to be more aromatic and diSpiaypeQen lower
diene character that pyrrole itself, due to the electron fgleasing |
nature of the substituent. An alternative preﬁarétion involved the
attempted methylation of the amine (48). The first attempt at
achieving this with a sodium hydride - dimethylsﬁlphpxidé = methyl iodide
methylating mixture has previously been shown by other wo,rkers,z7 to

be highly successful in polysaccharide hydroxyl methylation.- This,
however, yielded only a brown oil in which none of the desi#eq

product (54) could be defeéted. A secdnd atteﬁpt madg'usé of the
methylating conditions that had suécessfully{been'emp1oyed‘5yv8afett

et 1?8 in the'syﬁ;hesis of cortisone. ‘This involveé the'uée of
potassium £ - butoxide as the base for-genera;ion of a nucleophilic
species for attack on, and subsequent'mephylation by;methyl'iodide.
This proved és fruitless as thevprevious method, yiélding»égain éh'
oily intractable residue. The ﬁhird route to the tg?fiary amine (54)
was one involving the reduction with lithium aluminium hydride in
diethyl ether of the adduct (37). This provedvtoAbe,highiy successful
in affording the required producﬁ in go&d yiel&v(GQZ) éé a stéBlgv |
white crystalline material. | - -

The tertiary amine (54) wa§ then subjected to.the_oxidaﬁive_
deme;hylation reaction conditions of silver (II) o#ide’bﬁﬁ.this failed
to yield the quinone (53). Instead,an intractable gﬁmiwas.obtained
from which not even the starting material could be isolated._- The
alternative oxidative demethylation technique, mentioned éariier,
involving boron tribromide to give rise to eithef compound (56), or (53)

if spontaneous oxidation occurred,was tried but.found to yield a gum
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vas well, As a further possible route to the quinone (53), the
lithium aluminium hydride reduction conditions, that had earlier
proved successful with the adduct (37), were applied to the quinone (38)
and its diacetate derivative (39). This was particularly attractive
since it precluded the necessipy of performing the fairly vigorous
demethylation reaction. Here again the expected product might be of
the form (56) or (53), depending on the oxidation potential of the
quinone. However, these reactions proved unsuccessful and only dark
oils remained after workup.

At this stage, because of the above difficulties with the
N - methyl species, one further substituent on the bridge nitrogen was
tried. It was found that compound (48) could easily be acetylated at
the bridge with a pyridine-acetic anhydride mixture to yield the
N - acetyl species (57). Treatment of this with silver (II) oxide
now readily gave the corresponding quinone (58) in 807 yield. This
quinone proved to be relatively unstable and was characterised as its
diacetate (59), derived as fof the earlier compound (39). Thelﬂ n.m.r.
spectra of the N - acetyl derivatives (57), (58) and (59) were of
interest since they showed a lack of symmetry not exhibited by all the
other N - bridged species reported here. This was shown by the
bridgehead protons of the former showing different chemical shifts,
‘owing to the restricted rotation about the amide N ~ C bond due to
partial N = C double bond character as depicted by the resonance
contributor (60). These signals were found to coalesce at elevated
temperatures (cf: 45°C). This phendmenon finds precedence in tﬁe
case of N,N - dimethylformamide, where similar differences in the

methyl proton shift are seen29. Here the coalescence temperature is 110° c.
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R
| 1
NQOCH3 NIOCH3
R
(57) R = Me (58)
= Ac

(59) R

\

)
L COCH,4
: N
{
(60) , (61)

The reaction of a freshly prepared sample of quinone (58) with
§ ~ tetrazine (3) was carried out in chloroform - d in the n.m.r.
.spectromefer and found to proceed readily with rapid evolution of
nitrogen to yield the required product (61) and the pyridazine by-
product (7). The reaﬁtion was monitored throughout its duration by
proton n.m.r. spectroscopy and the results are as shown in Fig. (2).
Workup by column chromotography of the reaction mixture,however,did

‘not afford the N - acetyl compound (61), but instead the desired
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FIG 2
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isoindole - 4,7, - quinone (12). This involved the deacetylation of
species (61) on the silica gel column (eluants: ethyl acetate/petroleum
ether, 60/40). This reaction was repeated a nuﬁber of times,with
totally reproducrble results. On each occasion the N ~ acetyl was
converted to N—é during cﬁromotography. lH‘ n.m.r. samples of the
reaction mixture were allowed to stand for up to 24 hours at room
temperature or were heated to SOOC(;13°)for short periods, to see if

deacetylation could be effected prior to chromotography. All these

efforts were of no avail and the reaction products appeared as before.

Discussion Fig. (2)

All spectra were recorded at ambient temperature,

A-E in CDCl3 and F in d6 DMSO.

A and B represent the respective starting materials,

quinone (58) and s — tetrazine (3). E shows the

product, pyridazine (7),derived from the latter

reagent, whilst F depicts isoindole - 4,7 - quinone (12)

isolated from the reaction mixture after chromo-

tography and the deaé}eylation which accompanies

it. Spectrum (C was recorded at reaction time

t = 8 mins. and shows an intermediate stage in

the conversion of reagents into products. Finally,

D represents the reaction mixture at the completion
" of reaction and clearly shows that the quinone

product is the N - acetyl modification (61) and

not compound (12). That the acetyl signal in D

is as above and not possibly due to acetic acid

was shown by recording the spectrum of the latter
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in the same solvent. Again, as was the case
in the parallel reaction to prepare‘thé iébbenzo-
furan (11) (viz. Fig (1) ), no evidence for thé
presence of adducts of type (5) or (6) (viz. (5b)

and (6b) ) is seen.

(5b)

| & |
_The quinone (12) is a high mel;ing (180-181°¢) felatively_

stable:species,.gltﬁougﬁ discolouration occurred during 1engthy
‘exposure to the light. Characterisation of the compgﬁﬁd fully v
‘confirms its structure, the B n.m.r. spéctrum~[ in d6 - acetone
because of gfeatér insolubility over-tﬁat of ptécursor_(él) ] clearly

3

showed the absence of the acetyl —-CH
N -H proton. High resolution mass épectrél analysis yielded

and presence of a D,0 exchangeable
M ( at m/ei 147.03212) corresponding to the formula fér'the_structﬁre (12)
' (theofetical m/e: 147.03202). No chemical inGestiga;ion'of the.

igsoindole = 4,7 - quinone nucleus has to date been undertaken.
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1.4 Isothienapthalene = 4,7 - quinone (13):

As indicated earlier; isothianapthelene (2¢) has beenhehqwh to
be the most stable molecule of the'three:isdconjugate epecies.k2).
However, the prohlem that exists here is to involve thevthiophene
nucleus (62), or some suitebie derivative thereof, in A.Diels—AIder_
addltlon under conditions that mlght yield an adduct of type 4,
viz: (63). Attempts to accompllsh thls w1th thlophene by reactlon
with benzyne (16) under a variety ofvcondltlons failed tq'produce
ahy adduct formation. CalculationsQofvthe etehrlisatiQn"eﬁergy
of thiophene by comparison of the experimental'ahd'celeuleted heat§
of combustion3o, along with the fact that the electronegat1v1t1ee
of the heteroatoms are in the order oxygen > n1trogen > sulphur,
allow the predlctlon ‘of thxophene be1ng more aromatlc than elther
furan or pyrrole. | Hence structure (63) would requlre the nature
w:of the -R functlon to be Such.that it lowered ‘the aromath character
of thiophene and permltted its partlclpetlon 1n Diels-Alder_addltlonsr

as a diene,

Attempts to oxldlze thiophene have been shown to lead to

'compound (66), wh1ch is presumed to reSult via a Drels—Alder reactlon -

of the 1ntermed1ate,th10phene eulphox1de‘(65) to thlophene

.v.).}. N oLt
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30, 31_ Thiophene - 1,1 - dioxide (64) can be

32(a)

sulphone (649
synthesized in six steps from butadiene sulphone and has been
found to be stable only in dilute solution. It is extremely reactive
and may function as a diene or dienophile in a Diels-Alder reaction,
and a number of addition reactions in either capacity have been

32(b), 32(C). However, these involving species (64) as

reported
a diene, which was our requirement, gave products arising from

cheletropic elimination of sulphur dioxide from the intermediate
adduct, viz: (67) > (68). Thiophene - 1 - oxide (65) can also

be obtained in dilute solution, but is even less stable, and

. . . . . . 33
dimerizes spontaneously by a similar diene type reaction™ .

CHCOH ’
e cHot foc © @ | @

. (66)
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As mentioned in the introducfion, compouﬁd (15¢), avstab1e1v
‘derivative of the required product‘(13),has been reported,Siﬁce
completion of this work. The formation of this deriQative does
not involve reaction schemes such as devised By us in the preceeding
sections for the preparation of species (11) and (12). Also,
further work is required to establish whether the parent compound (13)
that we sdught may be derived either by a siﬁilar method to thaf.

used in the synthesis of (15¢) or directly from this derivative.

CO,CH,CH, | -
66 + i >
e
0,CHyCHy
 C0LH,CH,
OCHCH,

(68)
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1.5 Attempted syntheses of some Related Diadducts:

‘ During investigations into the routes for the generation of
the benzyne species (16), the synthesis of the precursor. (22) by
the method.of Haberman34'was used. This bromination of 1,4 - dimeth-
oxybenzene yields not only the liquid mono-brominated species (22),
but also 1,4 - dibromo ~ 2,5 - dimethoxybenzene (69) as a white
crystalline solid. Wﬁen this was treated under the benzyne generating
conditions in the presence of furan, " as were applied to the mono-
bromo species, it was found that compound (70) was isolated in
good yields (63%). Furthermore, if the reaction were repeated on
this bromoadduct, the diadduct (71) was obtained as a pale of f-white
solid. That this was present as a mixture of the syn - an& anti -
isomers (72) and (73), was suggested by t.l.c. in methylené chloride
which showed two distinct spots with very close Rf values. No
separation of tﬁe'two isomers was attempted and the mixture was
characterised.byIH n.m.r. spectroscopy and elemental analysis. of
more interest to us was whether the diadduct could Se converted to
the corresponding quinone (74) from which the difuran (75) might

be derived.

Me
Br

Br

Me

(69) @go)

Me

(71) R

(76) R

]
fa o]
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74) | (75)

All attempts éo oxidativelyvdemethylate the diether (71) with
silver (II) oxidg_léd only to dark oils cbntaining'hé t?écé‘éf:quihoné.
species. An altéfnétiVe'procedure for oxidation first_iqﬁbived_the
preparation of the monodemethylated species (765 usiné the Feutrill
and Mi{%ngfon35 réagent for the demethylation ofrafomatic.methyl 3
ethers. This involves the use of thé_po&erful nucleqéhilfcﬂmixture
of sodium thiéethoxidé in N,N - dimethylformémide. Treatment of

s0 v
this species (76) with potassium nitrodisulphonate (Fremy's salt)
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could then.be expected to yield the required quinone (74). ' The

scope qf phenol oxidations by this metho& to yield corthponding
quinonés has been reviewed36 and shown to be a'highly‘attractive
route. In our caseyhowever, this did ﬁot lead to thevfbtmation

of (74); a possible éteric reason for this failure can be'propoéed,
viz: Scheme (6). In the route outlined, the intermediate (77) might
be considered to be a highly crgwded molecule and steric hind rance

to formation of this specieé could explaih the failure of the'oxidafive

procedure.

. " Scheme (6)

'ONISQK), - N
Komsoam2 ~ | ToNIso)K),

v

| 2(K035)N'q,-o§4g» |

on <
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As an altérnative route to quinone (74),wevattempted to synthesize
the éiadduct (81); ‘The presence of only one -OMe'ﬁiéht.éllow the
formation éf the desired quinone on treatment of’the inferﬁediate
phenol (82) with Fremy's salt; the possibility of a croﬁded stété
in the oxidation piocedure would be'fedﬁced. The ﬁrepération'of
diadduct (81) was attempted by the route eﬁown in'Scheme'(7)..

However, when the dibromoanisole37vwas treated under the‘cénditiqns
used earlier to generateibenéynes frqm the dibfomo’specieé (695,>on1y
stérting’matérials weie réturned. A pqssibie‘eﬁplanation df this

' is that the sddamidéianioﬁ, NHér, islnét.sﬁfficightly Basi¢ to'i

abstract a'prptbn from the aromatic hutleusv(78).»
Scheme (7)
OMe ‘ OMe

Br Br _ Br

(i) Dbase \
(ii) furan

(81) R = OMe - (80)

®
N
S’
~
0
=2
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This is undersﬁandable, since reaction of base with.either the
bromodiether (22) or the dibromodiether (59)vwou1d presﬁmﬁbly
initially afford an anion in which the negative charge is situatéd
ortho to a methoxyl group; in ﬁhe case of the dibromoaniéole (78),
‘the initially formed anion could not be similarly stabiiised.‘ Use
of the base butyl lithium as an élternative was rejected because of
the reports of the reaction of this base with tetrahydrofuran 8, 
and use of the lithio.derivative of 2,2,6;6 - tetramethylpiﬁeridine
was.not attempted because of a recent report that this base reacts
with furan39. However,a possibility not yet attgmpted is_to react
3,5 - dibrbmdanisole with sodamide; diadduct -(81) would be e#pgéted
to be formed to the exclusion of alterhative Adduéts such:as (83);
since the anion dérived'by base on the intermediate.monoladdﬁct (84)

would no doubt be (85) rather than (86).

(85) L ©(86)
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Since double treatment of the hromobenzene (69) with sodamide
and furan had afforded the diadduct (71), the possibilit&.of prebaring
the analogous nitrogen species (87) by similar reéctidn was considered.
This was attempted merely by substituting N—ethoxyc;rboanyrroleV(36)
for furan in a parallel reaction. Instead of isoléting the inter-
mediate monoadduct (88), thé only product (657) that formed had the
structure (89). This must have resulted from a nucleophilic _
di3placementvof thé pyrrole anion by amide at the carbonyl carbon- of
N - ethoxycarbonylpyrrolé,_followed by addition of this pytrole‘to
the benzyne derived from'thé dibrbmide (69).  That this was,theA'
caée was shown by thévfact that, .on repeating the reaction witﬁ‘pyrrdle
in place of N - ethoxycarbtnyl derivative (36), thét-same produét |
was isolated in similar yield. Furthermore, th;t the pyrrole group
in compoundv(89) was para to the brbmine substituent was suggested
by the H1 n.m.r. spectrum. Thisvshowed‘signals for two benzenoid
protons as separate singlets, a.lqw—fielva—H absorption, and three

signals consistent with 2 - substitution on the pyrrole nucleus.

'hﬂe..

OMe

(87)

R= COZC H'ZC_ H3
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EXPERIMENTAL

Unless otherwise stated, the fbliowihg_qonditioﬁS'apply_tb a11._'
experimentai sections in this thesis. o

Infrarea spectra were measured eithe; as nﬁjo1 mulls or . -
solutions'in solvents as shown, qn‘a.Perkin-Elmer 237 Speétrometef,
while Ultravidlet'spectra were measured iﬁ éﬁioroform oﬁ a‘Beckman_D.Bf
spectrophotometer. Nuclear magnetic<resonanée 2H;n.m5r.) spectra
were recorded in [ZH] chlproform witﬁ tetrémethylsilane as intefnal
reference on a iOO MHz_VariaﬁvXLFIOOvspectroﬁeter. Light petroieum
refers to the fraction'havihg b.p. between 60 and'80 and sodamide'
refers to B.D;H.'material. A1l melting boingé are-quoﬁed uncé:rected
- as determined on a Fisher-Johns m.p. abparafus. | Thin—layef
chromﬁtography (t;l.c.) was carriea out on Merck aiuminium'foil
ﬁlates of Kiéselgel 60 F 254, while préﬁarative 1ayer-cﬁromatpgrapﬁy
(p.l.c.) was performed on Merck glass;piates of the séme Kieselgél.
Column chromatography was carried outvwithbMérck kieselgel 60 |
(70 - 230 mesh) in dry cqlumns, unléss ﬁet columns are indicéted, in
which cages Merck Kieselgel 60 (30 - 7Q mesh) was uséd;'.when .
alumind dry columns are referred to, thgselwere preparéd with Merck

neutral active aluminium oxide.
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3,6-Di-(2-pyridyl)-s-tetrazine: (3)

The s-tetrazine was prepared in 60% yield as red-violet plates (from
benzene) m.p. 229° according to the method of Geldard® who reported

m.p. 229-230°.

2-Amino-3, 6-dimethoxybenzoic acid: (21)

This was prepared from 2,5—diméthoxy-6fnitrobeniamide18 by the method.

of Heaneylg.'

benzotriazole: (27)

These were prepared from gentisic acid via the method of Rees ' and
Westls.

2,5-Dimethoxybromobenzene: (22) and 2;5*Dimethoxy—1,4—dibromobenzene$ (69)
These were prepared from 1,4rdimethokybéﬁzené_via the method of5: v. .

Haberman34.

1,4—Dihydro—5,s-dimethoxy—l,44epoxynapthaléﬁé:”(23)-'

(a) From 1-Amino—4,7-dimethoxybenzotri?zole (20)5

A suspension of lﬂamino-4,7-dime£hoxy5enzotriaiole (Q.Sg),in fufaﬁ
(32.25ml) (freshly distillea from calcium hydride) was édded pOrtionﬁise
to a stirred suspension.of-lead tetraacetate (1.7g) in furan (6.5ml)

at room temperature. The mi#ture‘was Stirred‘ﬁntil nitrogeh evolution
ceased. The slurry was.then.filtered and the reéidﬁe wéshed with methylene
chloride (3 x 5ml). The combihed filtrate and;washings were |

evaporated to dryness under reduced pressure and the residue
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applied to a short column (14x2.5 cm) in a minimum of light petroleum/
methylene chloride (10:1). Elution with benzene/methylene chloride
(20:1) afforded the adduct as white prisms, m.p. 86-87°C.

18

(1it"" 86-87°) from light petroleum (40-60°) (0.340g, 687).

(b) From 2,5-Dimethoxypromobenzene (22):

Sodamide (14.6g) was rapidly ground under dry tetrahydrofuran (120 ml)
and transferred to a round bottom flask. Dry furan (100 ml) in
tetrahydrofuran was added at room temperature Tue mixture was
warmed to 50 C and 2 5—d1methoxybromobenzene (21g) was added dropw1se'
1u tetrahydrofuran (40 ml);~' The solut1on was st1rred'at_thls'
temperature for 56 hrskunder nitrogen, then eooied, filtered aud
partitioned between_water'and ethyl acetate. Tue organie_iaYer

was dried and-evaperated and the residue ehromatographed:over.av.
silica gel wet column With-lOZ ethy1'acetate/light'petroleuﬁ, to
afford the adduet (15g, 77%), which gave prisms, m.p. 86-87° from

light petroleum.

(c) From 2-Am1no-3 6—d1methoxyben201c ac1d (21)

Solutions of the ac1d (21) (0.5g) in methylene chlorlde (20 ml) and
pentyl nitrite (0.6 ml) in aceton1tr11e (20_m1) were added dropw1se
concurrently over o,s'h to“a mikture'of.furan (10 ml) in aceto-
nitrile (40 ml) at 60°C. :After addition was completed, the mixture
was heated for a further 46 min."‘The aleents‘were then”euaporated,:
and the residue chromatugraphed over silica gel Witu methylene
chlorlde/benzene (1:1) to yield the adduct (O 4g, 77%) which gave d

. prismg=mp. 86° C from light petroleum
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1,4-Dihydro-1,4-epoxy=-5,8-napthaquinone: (24)

(a) From adduct (23):

The dimethyl ether (23) (0.79g), silvef (IT)oxide (1.63g),and dibkan
(dried over sodium hydride; 20 ml) were mixed, and oxidation was
initiated by addition of 6N-nitric acid (3.2 ml). As soon as all
the silver oxide had been consumed, the reaction was stobped.by
addition of chloroform (30 ml) and water (8 ml). The chloroform
layer was washed with water, dried, and evaporated and the residue
subiimed at 750 and 0.5 mm Hg to give the quinone (0.19g, 33%)

as yellow needles, m.p. 117—1189. (Found: C, 68.7; H, 3.5‘
C10H603 requires C, 68.9; H, 3.5%), ) nax 255 and 396 nm (log_ 4.24
and 2.82), v__ (CHCL,) 1665 and 1581 cm |, T,2.88 (24, s, ca;cn_),_-

3.45 (2H, s, quinone H), and 4.22 (2H, s, bridgehead H).

(b) From 1- ¥ {‘Jaminobenzotriazole-4,7—dione§ (26)_
1-Amino—4,7-dihydroxybenzotriazo1e.(O.SOg) as a suspeﬁsion in dry>
tetrahydrofuran (20fm1) had silver (I) oxide (1.0g) and anhydrous
sodium sulpﬁate (0.50g) added and the mixture stirred for 1.5 h.

The solution Wasvtﬁen filtered and evaporated. | To the_brown residue,
"~ was added furan (10 ml) and leadbtetra—aéetate (2.0g5 in methylene '>
chloride (20 ml). This mixture was stirred until nitrdgéﬁ eVolufion
ceased. Filtration and evaporation of the solvent yielded,a_brown
residue. Sublimation at 85 C and 1 mm Hg y1e1ded a yellow product

(0.21g, 407%) 1dent1ca1 with that from procedure (a)

Isobenzofuran—4 7—qu1none. Q1)

The quinone (24) (0.100g) and 3, 6—d1 (2-pyr1dy1)—s tetraz1ne (0. 138g)

were disselved in chloroform (25 ml);' Nitrogen bubbled off and the
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solution was stirred until the red colour disappeared. The solution
was evaporated and the residue suBlimed at 70° and 0.8 mm Hg to give
the furan (0.060g, 70Z) as fine needles, m.p. 140-142°, (Found:

. .
C, 64.6; H, 3.0; M, 148.1580. C8H403 requires C, 64.8; H, 2.7%;

M, 148.1604), A___ 240 and 340 mm (log_ 4.10 and 3.43), v 1642
1 |

and 1585 em ~, T 1.91 (2H, s, l-and 3-H) and 3.16 (2H, s, 5-and 6-H).

Irradiation of.the Quinonet (24) ‘Formation of Juglone: (28)

The quinone (25mg)vin-dfy benzene (3 m1) was kept in a Pyrex containet
in sunlighf for 15 h, during which time the initially pale yellow
sglution.becaﬁe dark ofénge,. Evapbration and7;uﬁlimation afforded
-jugiéne (20 mg), identical with an'authéntic saﬁpie (m.b,; i.r., n.m.r.).
Avsimilar sblutidn of quinéne kept'inItﬁe>darknremained unchanged

during the same_périod.v

N—ethoxycafbonylpyrfole:‘(36)

This was prepared from pyrrole by the method_of Ciémician4o, to yield
' ' v ) Cyeld T
the product (b.p. 179-180° 1it‘180°) in 707%,as a clear liquid.

T 2.4 (2H, m, pyrrole 2- and 5-H), 3.48 (2H, m, pyrrole 3- and 4-H),

5.4 (2H, q, OCH,), 8.52 (3H, t, CH,).

Ethyl 1,4=Dihydro-5,8-dimethoxy=1,4~iminonapthalene-9-carboxylate: (37)

(a) From 1—amino—4,7-dimethoxybenzotriazole‘(20):

To thevtriazole (0.946g) and N-ethoxycarbonylpyrrole (0.800g) in dry
methylene chloride (25 ml) was added in small portions a suspension
of lead tetraacetate (3.0g)_in metﬁylene chloride (50 ﬁl). The

solution was stirred until nitrogen evolution ceased and then filtered;
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the preéipitate was washed with methylene chloride and the organic
solvent evaporated. vThe residue was_chromatographéd ovef silica

gel (wet column, 107 chloroform/benzene). The clear oii (l.iég, 867%)
was sufficiently pure for further reaction. .Preparative t.l.c.

(57 ethyl acetate/benzene) gave the adduct as needles, m.p. 53553.500

(Found: C, 65.2; H, 6.1; N, 5.1. C requires C, 65.45; H, 6.25;

151770 |
N, 5.172), A 235 and 299 nm (log 3.67 and 3.46), v 1709 and
max e~ o max .
1619 cm L, © 2.99 br (2H, s, CH=CH), 3.46 (28, s, ArH), 4.22 br (2H,
s, bridgehead H), 5.92 (2H, q, OCH ), 6.20 (6H, s, 2xOCH ) and 8.80

(3H, t, CH,).

() From 2-Amino=-3 6-d1methoxyben201c acid (21):

To a solutlon of N-ethoxycarbonylpyrrole (0. 85g) in aceton1tr11e (40m1),
- the acid (1.0g) in methylene chloride (25ml) and pentyl n1tr1tev(1.2g)
in acetonitrile (20ml) were added dropwise during 30 min. The.
solution was heated under refiux for 2:h,.and then evapqrated.i Thé
residue waS'chromatographedvas in (a) fo‘yield‘ideﬁtical material

(1g, 72%) .

1,4-Dihydro-5, 8-d1methoxy-1 4—1m1nonapthalene' (48)

The foreg01ng carbamate (37) 2. 9g) in aqueous sodlum hydroxlde

(107, 40ml) was heated‘under refqu for 3.h. The solution was cqoled 
" and extraéted wifh‘methyleﬁe-chloridq. The 6rganic layer was dfied 
aﬁd evaporated. The residue was sublimed at 70° and.O.S ﬁm Hg tb
yield white needles (1.83g, 85%),'m.p. 80-81°. (Féuhd: C 71.1;

H, 6.7; N, 6.6. requires C, 70.9; H, 6.4; N, 6. 97),

Cy2H,3N0,

A___ 240 and 302 nm (log 3.46 and 3.55), v__ 3262 cm 1, t 2.98 br
max € max _

(24, s, CH=CH), 3.54 (2H, s, ArH), 4.87_br_(2H, 8, bridgehead H),
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6.21 (6H, s, 2x0CH3), and 7.01 (1H, s, DZO exchangeable, NH).

N-methylpyrrole: (55)

This was prepared as a colourless liquid (b.p. 114-115° 1it;'115°) in

80%Z yield from pyrrole by the method of Heaney7(a)'

1Lﬁ—Dihjdrd-S,8-dimethoxy-9-methy1-l,4—iminon§pthalgne: (54)

The carbamate (37) (1.20g) in dry diethyl ether (10 ml) was‘added :
drépwise'to a suspension of lithium,aluminium_ﬁydride (0.3g) iﬁ.
diethylvgther'(Slml). The mixture was stirredvunder'reflux:for 1 h.
A saturated'ammonium‘chloride solutioﬁ was added, and the etheréal :
solution was filtered, driéd and evaporated. Tﬁe reéidue was
sublimed at 65° énd 0.5 mm Hg to give white needles; m.p. 84~86°

- (0.70g, 692). (Found: C, 72.0; H;,7-1; N, 6.6. C13H15N02 reqﬁires
C, 71.95; H, 6.9; N, 6.452). )__ 240 and 301 nm (1og€ 3.35 and 3,45),
v 3.00 br (2H, s, CH=CH), 3.43 (2H, s, ArH), 5.23 br (24, s, bridgehead H),

6.21 (6H, s,v2x0CH3), and 7.84 br (3H, s, NCH,).

9-Ethoxycarbonyi-1,4—dihydr0f1;4—imino~$;8-napthaduin§ﬁe: '(38).>

(a) From the carbamate (37): _ |
The carbamate (85 mg) and silver (II) oiide (500 mg) in dry dioxan (10 ml)
were treated with 6N.- nitric acid (1.2 ml) for S_ﬁin.  .Cﬂ1broform |
(16 ml) and water (4 ml) were added and the organic Iaygr_ﬁas separated,
washed withvwatef, dried andvevaporated..- The resuitiﬁg_oil was‘
chromatographed over silica gel with.ghlofoform #s eluant to afford
semi-crystalline unstable quinong.v Qmax‘1718'and.1655'§m—1, fv2.88‘

(2H, s, CH=CH), 3.40 (2H, s, quinohe ﬁ); 4.29 br (24, s, bridgehead H),

5.89 (2H, q, ocuz), and 8.77 (3H, t, CH3),
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(b) From 1-Amino-4,7-dihydroxybenzotriazole (27):

To a stirred solution of the triazole (0.327g) and N-ethoxycarbonylpyrrole
(0.310g) in dry methylene chloride (40 ml) wés added a sﬁspénsion of .

lead tetraacetate (3.0g) in methylene chloride (20 ml). v-The mixture

was stirred until nitrogén evolution ceased, filtered and the residue
washed with methylene chloride. The filtrate was reduced and the

residue chromatographed over silica gel with chlorofo;m to afford

a product identical with that in (a).

Ethyl 5,8-Diacetog§41,4-dihydro-1,4-iminonapthélene-9-éarboxy1ate: (39)
The foregoing quinoﬁé'(O.SOg)iﬁas.mixed with zinc dust (0.43g) iﬁ‘ v
acetic anhydridé (5 ml) and pyridihe (1.7 ml). The mixture was |
heated on a steam'bath_and further additiops of simiiar quantities of
zinc were made after 10 and 15 min. - The mixture was héated under
reflux for 15 min, poured onto ice and extracted with efhyl_acetate
(5%x15 ml). The extract was washed ﬁith satﬁratéd bfine;‘dried and
evaporated. The residuevwas chromatograﬁhed over silica with IOZAethyl
acetate/benzene as'eluant. Thehwhite érystallinevproaﬁct wés recryst-
allised from methylene chloride/light pgtfoleui; m.p. 107_.5—108.5o
(0.20g, 307%) (Fouﬁd: C, 61.6; H,f4.8; N, 4.5. | Cl7H17NO6 requireé
C, 61.6; H, 5.15; N, 4.25%),'vmax 1755 and 1710 cm'l, 72,92 br |
(28, s, CH=CH), 3.29 (2H, s, ArH), 4.46 br (2ﬁ; s, bridgehead H), 5.92

(28, 'q, CH.CH,), 7.67 (6H, s, Ac) and 8.80 (3H, t, CH.CH.). .
2CHy . - 2lll3) .

9-Acetyl-1,4-dihydro=5,8-dimethoxy-1,4~-iminonapthalene : (57)

Thevamine (48) (0.80g) in ﬁyridine (3 ml) and acetic anhydride (8.m1)'
was heated on a steam bath for 30 min.  The solution was thrown into

a large excess of water and extracted with chloroform. The organic'
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layer was driedrand evaporated. The residue (0.95g, 98%) was
recrystallised from ethyl acetate/light éetroleum to givevwhite '
needles, m.p. 115.5-116.5°.  (Found: C, 68.4; H, 6.25; N, 5.9
014H15N03 requires C, 68.6;‘ H, 6.15 N, 5.77) A 259 and 306 om
(log, 3.33 and 3.54), v 1717, 1631 and 1602 cm"l,_t’2.98 (zu,_ﬁ,
CH=CH), 3.47 (2H, s, ArH), 3.91 and 4.26 (1H each, m, bridgehead.H), 

6.22 (6H, s, OCH3),and 8.06 (3H, s, Ac).

9-Acetyl-1,4-dihydro-1,4- 1m1no-5 8-napthaqu1none (58)

The foregoing d1ether (70 mg) and 311ver (1D ox1de (0. 145g) in’

dry dioxan (3 ml) were treated w1th 6N-nitric acid (0.25 ml). When
the.silver‘oxide was.consumed; cﬁloroform (16 ml).and water (4 ﬁl)_
were added.‘, The chlorofcrm layer was washed with water,-driedaand
evaporated. The residue (57 mg) was purified by preparative t.l.c.
(5% ethanol/chloroform) tc give a Yellow,oil (50 mg; 82%),'1 2.80
(2H, m, CH=CH), 3.37 (2H, s, quinone H), 4.00 and 4,25 (1H,each, m,

bridgehead H) and 8.03 (3H, s, Ac).

5 8-Dlacetoxy*9-acety1 1 4-d1hydro 1,4— 1m1nonapthalene - (59)

The foregoing ‘quinone (58) was reductively acetylated as'described' |
for the quinone (38). The reaction residue was sublimed at 75° and -
0.2 mm Hg to give white crystals, m.p. 155-1560. (Found: C, 63.4;
H, 5.1; N, 4.7 Ci6 15NO5 requires C, 63.8; H, 5.1; N, 4.67),

Ypay (CHCL,) 1760 and 1645 cm-l, T 2.90 (2H, m, CH=CH), 3.30 (2H, s,

ArH) 4.16 br and 4. 52 br (1H each, s, bridgehead H), 7. 64 and 7 66 :

(3H each, S, OAc) and 8, 03 (3H, s, NAc)
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Isoindole—-4,7~quinone: (12)

A solution of the quinone (58) (41 mg) and 3,6-di~(2-pyridyl)-s—
tetrazine (45 mg) in [2H]- chloroform (0.5 ml) was monitored by

H n.m.r. spectroscopy. Nitrogen evolution took place and pressure
" in the n.m.r. tube was periodically released. Signals due to
starting materials had disappeared after 1.5 h. The solution

was evaporated and the product purified by preparative t.l.c.
(eluant benzene). The yellow band was collected and sublimed at
110° and 0.5 mm Hg to yield the product (20 mg, 717), m.p. 180-181°
(decomp). ~ (Found: C, 65.4; H, 3.4; N, 9.3 M*, 147.03212,
C8H5NO2 requires C, 65.3; H, 3.4; N, 9.57; M, 147.03202),

3)2C0:| 2.50 (2H, s, 1- and 3~ H),
3.34 (2H, s, 5~ amd 6- H) and 7.18 br (1H, s, NH, D

v 3250, 1647 and 1582 cm ©, <[ (CD
max

20 exchangeable).

6-Bromo-1,4~-dihydro-5,8-dimethoxy=-1,4-epoxynapthalene: (70)

Sodamide (5g) which had been rapidly ground under dry tetrahydrofuran
(60 ml) was treated with furan (30 ml) in tetrahydrofuran (30 ml).
1,4-Dibromo—-2,5-dimethoxybenzene (2.07g) was added dropwise in
tetrahydrofuran (30 ml) and the solution was stirred at 65°C under
nitrogen for 24 h. The solution was filtered and partitioned
between water and ethyl acetate. The organic layer was dried and
evaporated. The residue was recrystallised from methylené chloride/
light petroleum to give the bromo-adduct (1.24g, 637). A sample

was sublimed at 75° and 0.6 mm Hg to yield white needles, m.p. 105°.
(Found: ¢, 51.0; H, 3.8 C,,H,,BrO, requires C, 50.9; H, 3.9%),

12711773

Viax 1610 em Y, © 3.03 br (2H, s, CH=CH), 3.32 (1H, s, 7- H),
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4.19 br (1H, s, bridgehead H), 4.27 br (1H, s, bridgehedd H), 6.21

(3H, s, OCH3) and 6.26 (3H, s, OCH3).

1,4,5,8-Tetrahydro-9,10-dimethoxy=-1,4:5,8~diepoxyanthracene: (71)

Sodémide (11g) was rapidly grbund as beforé under_dimethoxyethane
(dried over sodium hydride; 60 ml) and dry furan (50 ml) in dimethoxy-
efhane (80 ml) was added. The bromo-adduct (70) (3.5g) in dimethoxy-
gthané (40_m1).was added dropwise and the solution-stirred under
nitrogen.under reflux for 60 h. The volume of the solution was held

- constant by ddditions of furan. The solution was filtered and
evaporated to half its vdlumé, then partitibhgd betWeeﬁ ethyl acetate
and‘ﬁater. The organic layer was dried édd é#aporated to yield the
diadduct (1.88g, 577), as needles,.m.p. 203f2239(from ethénol)

(mixture of Syn-.and anti- isomers shbﬁn by t.l.c. wifh'methylene
dhloride as solvent). (Fodnd: c, 70.8; H; 5.5 16 14 04 requires
c, 71.1; H, 5.27). T 2.96 br (4H, s, CH—CH) 4.16 br (4H, s, brldge-

head H) and 6. 16 (6H, s, 2x0CH )

1,4,5,8—Tetrahydro-9—hydroxj—10fmethoxy—1;4€5,8—diepoxyantﬁracene!‘ (76)

Ethanethiol (0.3253; 0.39 m1)'in'drj.diméthyiformamide (5 ml) and
sodamide (d.l6g of an 807 disbersion) were stirred under nitrogen for
5 min. The dimethyl ether (73) (0.512g) was added in dry dimethyl-
formamide (5 ml) and the solution stifred.under réfiux for 4 h. |
Water (10 ml) was then added and the-mixturedéxtfactéd with'diethyl

: gthe:d(Sg?Oml), T@evdfganic layer was.gxtfagtgd;gith 57 aqﬁeous
.sédium hydroxide (Ble). This was acidified,wiFh dilute hydrchloric
acid ‘and re—extracted w1tb d1ethv1 ether. The:organic layer was
dr1ed and reduced to afford the demethylated specaes (o. 213g, 447)

as pale yellow needles. t 2.57 (1H, s, OH), 3.02 (4H, s, 2xCH=CH),
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4.20 . (4H, s, Bridgehead H), 6.25 (34, s, OCﬁg).

2-Bromo-1,4-dimethoxy~5-(pyrrol-2-yl)benzene: (89)

(a) From N-ethoxycarbonylpyrrole (36);

1,4—Dibromo-2,5-dimethoxybenzéne (1.6g) .in dry tetrahydrofuran (407m1)
was added dropwise to a.stirred mitturerf finelyvgrouna sodamidé (5g)
and N-ethoxycarbonylpyrrole (3g) iﬁ more tetrahydrofuran (100 ml) at
65°C under nitrogenf After 20 h,.thé splution was filtéred(énd
partitioned between ethyl acetate and watér,_ The organic,layer_was
dried and evapbra:ed and the brown residue éhromatographed (eluant

157 ethyl acetate/light petroieum)'to give whité rbsettes, m.p. 1190.
(from methylene chloride/light petroléum) (1g, 65%).: (Fouﬁ&:“ C; 50‘8;'
H, 4.15; N, 5.0 Cn ﬁ" BrNO, ;equires C, 51.6; -H;'4,2§;‘ N,JS,QZ)f

. 712712
1

Voo 3440 em ©, T 0.23 br (1H, s, NH; DzofexchangeAble),  2.84 and

ma
2.88 (1H each, s, 3— and 6- H),‘3.13 (1H, m, pyrrole5- H), 3.40

(1H, m, pyrrole3- H), 3.70 (1H, m, pyrrole4- H) and 6.12 (6H, s, 2xOCH3).

(b) From pyrrole:
Pyrrole was substituted for N-ethoxycarbonylpyrrole in procedﬁre (a).
Product (89), identical (m.p.; mixed m.p;g and n.m.r.) with that

from (a), was. obtained in similap yield.
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CHAPTER 1II

Regiospecific Addition of Methoxycyclohexa-1,3~dienes to

Substituted 1,4-Benzoquinones
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2.1 Introduction:

Quinones have in recent years betome recOgn{séd'as'a'majop

group of nétufal pigments. The nuﬁﬁér of.naturél quiﬁones has.
multiplied rapidiy and continues to increase. = This fact is reflecﬁed
‘in the increased acﬁivity in the literature with'regard to their
chemistry and ;yntheses. .0f the five'orlsix general élasses of
- natural quiﬁones, the napthaquinone nucleus and its varied deri&atiVes
provide many systems of chemical and $ynthetic interest. The
occurrence of népthaquiﬂones in nature is sporadic and raﬁggs fhrough‘
the highef plant families and fungalAsourcés to echinoderms. The‘
occurrence, structure, chemistry, and éertaiﬁ s&ntheses of phééé have
recently been reviewedél.' This chapter dea;é withbéhe investigatién
of some routes ;éwards the'syntheses.bf certain substituféd napfha-
quinone nuclei which might be employed in the syntheses.of some of
the naturally occufring'species.

Several natﬁral napthaquinones,with'oxygenation pattefnslés
irepresenté& by structures (90) and (91),are-f§und. Over andvabqve
the simplg defivatives which fall intovthese series,_fhere is glso an
increasing grduplwith an oxygen heterocycle fuéed to the quinonoid or:
beﬁzenoid ring..’.The literature shows that the metﬁods émployed to
‘arrive at ﬁuclei of thé typé (90) and (91’ can be tedidus. TﬁomSop,
in éynthesisihg’éompoﬁnd (92)42; requiféd the quinone (93).which he_-
had»earlier'prepéred byihis novel syntheses of subétituted gfhydroxyv
napthaqﬁinbneéifrom the corresponding substituted o= or-é; fefrglonés43,
e.g. (94) and (95).. - Ho&ever, if the neceSsafy tetralone is not readily
available, the syntﬁesis of (93) becomes 1engthy..: Similarly, Coombe44

found that in the synthesis of the compound (96), the-S—methoxyderivative



53

of a pigment obtained from Cyclindrocarpon, he required the naptha-

quinone. (97), which had been prepared in 12 steps by Davies et alqs.

(91)

(94)' - Y 95)

e ©7) (a) R
| ‘ ®) R

n
B
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The inifial aim of this work wés to develop simple synthéses of
nuclei of the types (90) and (91) by iqvestigaﬁion of routes which
involve the overall benzannelation of'éppropriatelyvsubstituted
1,4-benzoquinones. It was.then hoped to méke'use of these as synthétic
intermediates in.the preparation of some naturally occurring naptha-

quinones which incorporate the basic structures (90) and (91).
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2.2 Syntheses of some 2,8—08ygenated:NapthaquinOnesﬁ

In his work on the reactions of cyclqhexadienes,'Biréh46 has
reported the formation of Diels-Alder adducts between l-methoxycyclohexa- '
1,3-dienés and benzoquinones, and the subsequent conversion of some

of these into the corresponding napthaquinones (Scheme 8).

Scheme (8)

OMe

Z R

Rz,-

(98) (99)
(@ R =R, =H | N (a) Ry=R, =R, =H
() R1 = OMe; RZ = H . () R3 = R4 = Me; R6 = H
(c) R1 = Me;’kR.2 =H . - (e) R3 = Me; R4 =R, =H
(@) Ry =H; Ry =Me

v

R, 4

(100) to (104) ..... see page 56
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Me

(a) ——> (100)

(a) ——> (101)

(a) —> (102) -
(b) ——> (103) (a) .

. (b)
(c) —= (104)

(99)
(99)
(99)
(99)

(98)
(98)
(98)
(98)

(a)
(b)
(d)
(a)

+ 4+ o+ o+

98) (d) + (99)

(100) —>> (105)
(101) —> (106)

v

N

=H'
OMe

(109) R
(110) R

Scheme (8) cbntd.

R, =R, =Ry =R, =R, =R, =H
= OMe; R, =R; =R, =R, =R, =H
o = Me; Ry =Ry =R, =Ry =Rg=
1= R2 -:RS = R6 = H; R3 = R4 = ne
=R, =Ry =R, =H; R, =R, = Me
, =R, =Me; R =R, =R =R, =H

(105) R=H
(106) R = OMe

(107)' R=H

(108) R = OMe
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The conversion of Fhe adducts (100) and‘(101) into the hydro-
quinoneév(IOS) ahd (106) was readily éccomplished with N - aqueous
amménia, and theirISUbSeqﬁeht'oxidation to the quinones (107) and
(108) with silver (I) oxide. The.final formation'of the naptha-
quinones (109) and (110), by the removai_of the ethylene bridge, was
achieved in good yields by pyrolysis. It was already known that
ready the;mal eliminatibﬁ of a bridge containing two éarbon atoms
. across the 1,4- poéitions of a.cyclohexa—Z,S—dieﬁe, td generate an
afomatic“ndcleus; would occur, These faciie'eiiﬁinations find their
prototype in tﬁg réécfioﬁ of dimethyl acetylenedicarboxylate with
c&clbhexa—l,deienes'to yield,'finally; an olefin correspbnding:to
the released bridge, together with diﬁethyl phthalate47;

The above procedure,‘in the cases where thg nature of the reagents
._ié such that only . one adduct is specificaily formed,.and hence good

.yiéids of particﬁlar substituted napthaﬁuinone nuélei are obtained,
'is one of great's&nthetic application. | This is exémplified by the
. 'synthesis of the‘tgtramethyl ether (111) of the napthaquinonoid phenol
v_{.spinochrome - B (112)48, the ﬁrincipal pigment of spines and tésts

 of a‘number of echihddermsh9.

(111) R = Me | o (113)
(112) R=H ’ |
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A drawback of the general metﬁdd is the frequent'production of
mixtures of adducts when the quinone used in the Diéls—Aiée: addition
contains substituents which do notbﬁave the same spatialvfelationships
with both.carbonyl groups. The 1-m¢th0xyvgroup of the'cyciohexa—1;3~
diene results in completely speéific orientation of addition using o, 8 -
unsaturated ketones as addeﬁdaAg, e.g. 1—methoxycyélohéxa-1,3*diene
and but—-3-ene—-2-one giye only the adduct (113) in high yield. Hence,
if bne of the a, B - ;nsatufated carbonyl systems of a Quinone can be .
appropriately activated, or'the.otﬁer.deactiQated, similaf'specific
addition could be expected.

Birch and Powell48 have dembnstrated this direétivg effect. in
adduct formation wi#h the_réaction of qﬁinonei(114) with_diene (98a).
Here, one &, B - unsaturated carbonyl sysfem is made more eiectron
deficiént by the carbomethoxy substituént; and gave rise to adduct_(lls)b
in good yield and no traée‘of the alternétive structure (116). |
Although potentially solving the orientation problém,-this process was
not attractive unless efficient methods were found for the_remoQaI or
suitablé‘replacemeﬁt of the ester substituent. Alternativelyés, fhe»
use of the hydrogen-bonding from a peri —ﬁydroxyl grbup of an hydroxy-
napthaquinone has.been shown to provide'effective ﬁolérisation which
impartsspecific orientation to the.addition. . Hence'j#glohe.(115),
when reacted with the diene (98a), gave solely the adduét‘(118),
quantitatively. It might then be expepted‘that the quinone (119)
would react in a similar manner. Other workefs50 have - also inveétiga£ed
the factors controlling the relati?e orientation in adducts between
various other unsyﬁmetrical dienes and unsymmetrically substituted

para -benzoquinones.
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COz‘Me

ais)y o ' (115)

(118) | o (119) . -

Nucleophilic attack on‘1,4-benzoquinone (99a)'1¢ad§ in general
to 2,S—disubstituted—l,4-benzoquinone351.' . For example,;the.action
. of methanol on benzoquinone, in the presence of zinc chioride, gives
2,5-dimethoxy-1,4-benzoquinone (120)52. This suggests that the
methoxyl substituent in the intermediate 2-methoXybénzoqﬁinone'(121)

directs the second methanol molecule to attack at a position para
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to it on the quinone nucleus. This is understandable in terms of the
‘charged contributor (122), since attack at position 6 is not favoured

by conjugation effects, whereas attack at position 5 is.

OMe OMe

MeO

(120) | (121) B (122)

That these charged épecies are real contributorévhas been demon- -
strated in the case of 2,5-diaminated quinones; for gxémpie, structure
(123), which is a resonance hybrid of the caﬁféqicai fdyms (123)-and
(124). The:eﬁﬁentvof contribution of the qﬁadrﬁpolarrform (124) in
the grdund éfaté-has beeﬁ fhé ;ubject of sevefal papérs, Dahne et aZ53
Héve aésumed thé ﬁolecule to consist of twé tfiméthiné ﬁerocyanine.

: 4 75

in the resulting quinone (126). Included in their evidence'for thié_

structural units (125) which are coupled by the Cl—C2 and C,-C. bonds

hypothesis  are X—ray’structural énalyses which indicated that the C -C,

and C4—C5

bonds; also, the C-N bqnd length was éhorter'than that'expécted_for ’

bond lengths were longer than those for the.Cl.—Cévand'Cj-'C4

C-N single bonds.

NR2

RN

(123)
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G e - .. -- -
- - -

(125)

Diels-Alder addition pf methoxycyclohexa—i;3'-‘dibene>(98a)’+ .to
quinone (121) cbuld formally take place'to-give either'of_tﬁe t&ozadducts
(127) or (128). However, that structure (127) shouldAbe preferred
might be expected on insbection of (129),‘a fesbnance contributqr to
diene (98a). This stems from the fact that (127) requires a transition
state in which‘the1more'nuc1eophilic C4 eqd of,the dieng épproaﬁﬁes
the site on the'diénophile more favourable to nucleophilic attack.

When, quinone (121)54 and diéne (98a)vwére.héatéd uﬁ&éf'reflux in

:

benzene, only one adduct was isolated (607) -

The range of dienes used in addition reactions in this chapter was
readily obtained from the corresponding aromatic species by the method

of Birch et a246(a) 55

¥

a little less that 607

In the addition of (98a) to 1,4-benzoquinone, the adduct yield was

46(b) Thus, yields of isolatéd_material in

each reaction are comparable.
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Me
OMe

OMe

(127) | (128) O (129)

That the product was adddct_(127) and not (128) was proved.by,its
conversiop into the known56 2,8—diacetdxy—1,4—napthaquinone_(134), which
can be distingﬁished56 from_thevisomeric_2,5—diacetoxy compound (135).
'The &imethoxy ﬁépthaquinbné (131) was formed in a ménner siﬁilaf to that
'outlinéd in Scheme (8). In this instance, the enoligation was carried
out with potaséium t - butoxiae'in dry tetrahydrofﬁran. FImmédiate
oxidation to the bridged quinone (130) an& SUbseQueht eliminati;n Qf the
bridge,-employing the methods outlined earlier, afforded the quinone (131)
almost quéﬁtitatively. Thé quinonoid mefhoxyl of thig compound was
hydrolysed by treatment with aqueous base to afford quinone (132). |
Removal of the aromaticbmethoxyl'of produét_(132) was accqmplished with
boron tribromide* to:yield the hydrdxy juglone (133);.ﬁhich was readily
acetylated with pyridine and acetic anhydride. - The melting pdint_(leOC)
of the diacetate obtained showed it to be théArequiréd diacetoxy coﬁbound

56 56

(134) (lit. m.p.”" 137°C) rather that its isomer (135) (1it. m.p.” - 152°C).

t See'Chépter 1 page 21
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OMe

(131)

R, = R, = Me

(132) -R1 = Me; R2 H
(133) R, =R, =H

' ;(134) 'R; = R, = COCH,

OCOMe
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2.3 Attempts to synthesise 2,6,8-Trioxygenated Napthaquinbnes

Analogous to.the formation of adduct (127), the addition reaction
between 1,3-dimethoxycyclohexa-1,3-diene (98b) and the methoxyquinone (121)
was attempted. - Instead of the desired adduct (136), this reaction
afforded a white crystalline product which was characterised as the

dihydrodibenzofuran (140).

Scheme (9).

MeO OMe

OMe

OMe
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Two routes to thé formation of the furan (140) caﬁ be envisaged;
The.first, as depicted in Scheme (9), is.Qia the initially'férmed.adduét .
(136), which could réar;aﬂge'by a mechanism put forward by Birch46(b) to
explain similar results that he obtained with related»DieISvAlder adducts.
He found that compounds (100) and (101)vyie1ded corresponding furan
structures under mildly acidic conditions.

The proposed mechaniém was shown to be dependant on the bridgéhead
methoxyl group in the adduct, since the rearrangemént doés:not occur in
the abs ence of this suﬁstituent. Furthér, it appears that the presence
of two ﬁethoxy groups on'tﬁe bridged ring in adduct (101)_pr§moted the
rearrangement over thai of adduct (100), iﬁkﬁhiCh only one methdxyl wasvby'
present. Other wprker357bhave'observed that the adduct (101) underwent ~

rearrangement even on standing in deuteriochloroform.

OMe

OMe

MeO

(_141) : MeO
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ThelH n.m.r. spectrum of the white product included two three;
proton methoxyl signals at Tt 6.11 and 6.32 and two aromatic singlets at
T 3.07 and 3.18; the latter indicating a para-orientation of these
aromatic protons to each other. ‘Hence, if the route depicted in
Scheme (9) to the dihydrobenzofuran structure operated in our case, the
formation of the required adduct (136) could be inferred. Thus regio-
specific addition would have occurred, since none of the alternative
isomer. (141) was detected.

The alternative route which could afford the préduct (140) is that
outlined in Scheme (10). This envisages nucleophilic attack by the

diene (98b) on C. of the quinone (121) and subsequent rearrangement to

5

structure (140). This mechanism could not be excluded, since we

failed to isolate the postulated adduct (136).

Scheme (10)

Me C

OMe

MeO

(98b) (121)

(140)

N

MeO OMe

Me

as37n
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A variety of conditions was employed in attempts to prevent the
rearrangement from occurring and so to allow the isolation of adduct (136)
or the corresponding quinone (142). Additions performed at 0°C and at
ambient temperature (20°C) were found to proceed at reduced rates, but
again yielded the rearranged product exclusively. Further reactions
were tarried out in the presence of a base (e.g. potassium ¢t - butoxide,

1 N ammonium hydroxide, sodium carbonate) in an effort to effect enolisation
to the corresponding hydroquinone (143) before rearrangement could take
place. Oxidation with silver (I) oxide of the residues of these reactions
did not,however, afford quinone (142), but gave instead intractable gums .

For comparison purposes, the reaction between the dimethoxy diene
(98b) and benzoquinone, as described by Birch, was rgpeated, and no
difficulty was experienced in isolating his adduct (101). This confirmed
that the methoxyl substituent on benzoquinone (121).a1tered either the
reaction mechanism, or the stability of the adduct (136). Quinonoid
substituents other that methoxyl were therefore sought and reaction was
attempted between the chloroquinone (144) and the diene (98b). This
again gave rise to the rearranged product (145) exclusively. Once again,
the presence of two aromatic singlets' in thelH n.m.r. spectrum excluded
the possibility of the isomeric compound (146). A similar result was
obtained when 2-methylbenzoquinone (99¢) was treated with the diene (98b)
under the same conditions, and1H. n.m.r. spectroscopy indicated structure
(14@) and not (146). Thus chlorine and methyl are similar to methoxyl
in influencing a change in the nature of the observed product.

The addition reaction between l1-methoxy-3-methylcyclohexa-1,3-diene
(98c) and 2-methoxybenzoquinone - (121), however, afforded the.stable

adduct (149) as the sole product. This was converted to the napthaquinone
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(151) via the bridged species (150) as described earlier for the quinone

(131). . Boron trichloride demethylation afforded 3—methoxy-7-methy1—

juglbnev(152), identical with an authentic sample58’ 59.

Cl
Q144) |
OMe | ' | OMe
Q
OH

R )
(45) R:=Cl - (146) R =C1
(147) R = Me o © (148)" R = Me

This reaction was of dual interest. Firstly, a metho#yl rather
than hydrogen or methyl at C3 on the diene (98) is nécessafy‘to alter
the course of the reaction. This observation doés not; however, per@it
distinction between the two mechanisms'proposed.for the-formatién.of |
the dihydrobenzofurans (140), (145) and (147), since it can be_éfgued

that the presence of the additional methoxyl favours each.
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Me

OMe OMe

Me

(149) (150)

OMe

(151) R = Me

(152) R

fl
= o]

Secdﬁdiy, the ﬁaﬁthaquinone (151) p:pvided‘a potenﬁial route to the
-3,5,7—trioxygenated species (91) with theAcdnversion of the 7-methyl
substituent into an okygen function. This could possibly be achieved
by its conversibn into a hydroxymethyl fuﬁction by bromination with
N-bromosdccinimide (NBS) followed by repiacemeﬁt of‘bromine ﬁy hydroxyl;
oxidation to the aldehyde and subséquent B%;er—viiligér reaction could
be expected to yield a workable oxygen fungtion.v However, siﬁce this
‘extended the syﬁthesié to a tedious length, comparable wifh that of
. Davies mentiqhed earlier, it was not e#ﬁlorédf
| While thisAwofk.was being carried 6ut, Coombé6o_pub1ishéd‘éﬁ
improved synthesiskinvgood yield qf the required trioxygenated naptha-
quinone (97a) frém the corrasponding tetraione (153),.analogous to that

of Thomson mentioned earlier. Hence further attempts to accomplish



this by our route were abandoned.

MeO

(15.3)

CagL Wheg e SUae DM .
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2.4 Investigation of some further Addition Reactioms:

~ Since reaction of‘a.2—ch10robenzoquinoﬁév(144)'with the diﬁethoxy-
diene (98b) gave the rearranged prbduct (145) exclusively; it was of
interest to investigate whether the chiofine substituentvwould direct
addition of methokycycloheﬁa-l,3-diene (98a) and'lead'to the regio-
specifically formed adduct 154). This in turn might have provided
the syntheticaily useful napthaquinone nucleus (156), with a readily
modified chlorine substituent on the quinone ring. This rgaction was
carried oht, but_the sole product, adduct .(154), was not isolated
because of its instébility. Instead, the crude product was convertgd
 by the usual sequence into the napthaquinone (156) via.the bridged
quinone (155). The orientation of the_subsfituénts in the final
product was confirmed by demethylation with boron trichloride to afford

the known 3-chlorojuglone (157) m.p. 166—167°C (litfél, 166°).

2-Chlorojuglone on the other hand has-m.p._112°C62. This naptha-

quinone has proved useful to us in other synthetic work described later.

ass4) (155)

(156) R
(157) R

Me
= H
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The addition of diene (98a) to 2—methox§—3—methy1-1,4—benzoquinone
(158) would be of interest, as competition Between the mefhoxyl and
methyl éubstituenté on the quinone might occur in determining which
plays the dominant role in the favoured transition étatg léading to the
Diels—Alder adduct. One might expect that the methoxyl should be more
effective, giving rise to the adduct (159) in preferenée fo its isbmer |
(160). If thisvweré fhe case, adduct (159) could be converted readily

to the naturally occurring ﬁapthaquindne, droserone (168).»

OMe

Me

(158) L (159) = OMe; ‘I_{2'>A‘=.Me_.

- (160) Ry = Me; R, "= OMe

=
]

Addition of fhe diene.(98a) to quinone'(158) actually,afforded
a mixture of the addycts.(159) and (160), as was suggeséédjpy thé_
presence of two compounds with very similar Ré‘Vaiues:on t;lgc.
examinatioh of the ﬁurified,product;_ Theée proved»diffi;ult to
_separate and were converted as a mixture by enolisétion aﬁd-éxidatibn;
as before, into the bridged quinones (161) and.(162). Seéaration,

at that stage again proved difficult and, as a result, the mixture of

bridged quinones was converted by pyrolysis into the corresponding



73

napthaquinones (163) and (164)+. Removal of the €@ - methyls by boron

tribromide treatment afforded the juglones (165) and (166).

Me

R1

Ry
(161) R, = OMe; R, = Me (163) R, = OMe; R, = Me
(162) R, = Me; R, = OMe (164) R, = Me; R, = OMe

OMe; R, = Me 167)

(165) Ri

(166) R, = Me; R, = OMe

1 2

Small quantities of the major component (161) were obtained in a pure
form from the mixture of (161) and (162) by columm chromatography, and
this enabled full characterisation of the isomers (161) and (163).
Microanalyses were also obtained anle' n.m.r. spectral data recorded

for the mixtures of (161) and (162), and (163) and (164).
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The mixture of compounds was most readily separated by chroma-
tography as the juglones (165) and (166). These juglones were shown
to occur in the approximate proportion of 4 : 1, which indicates the
adduct (159) to be by far the major component of the initially formed
mixture of adducts (159) and (160). Thus the reaction shows consgider-
able regioseleétivity, and, as might have been expected, the 2-methoxy
substituent of quinone (158) overshadows the 3-methyl in directing the
adduct formation.,

One might have expected that the minor component (166) of the
juglone mixture would possess the more effective intraméblecular hydrogen
bond between the peri-hydroxyl and carbonyl groups through a resonance
contribution from the canﬁonical form (167). This manifests itself
in compound (166) having a slightly higher Rf value which enables its
separation from the isomeric compound (165). This difference in
hydrogen bond strength is borne out by the H1 n.m.r. and infrared spectra
of compound (166). The former shows it to haQe a more strongly
deshielded hydroxyl proton (t -2,20) and O -methyl (tr 5.85) than does
its isomer (165) (t -1.74 and 5.90 respectively); Figure 3 shows that
(166) has an absorption at a lower frequency for the hydrogen-bonded
hydroxyl, at a higher frequency for the non-bonded carbonyl (1671 cm-l),
and at a lower frequency for the bonded carbonyl (1632 cm-l) than has
the lesser hydrogen—bonded isomer (165) (having respective carbonyl
frequencies at 1660 and 1640 cm_l).

Juglone (165) was converted into droserone (168) on its being
stirred with dilute aqueous sodium hydroxide. Its m.p. 179—180°C, as

well as that of its diacetate (169) 118.5—119°C, formed on treatment
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Figure 3
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with acetic anhydride and pyridine, was found to be iﬁ accord with the
. 6 ' : '
literature 3 values (181 and 119°% respectively). The isomer (170)
and its diacetate (171), formed by similar treatment of the'juglone (166),

were easily distinguished by their melting points, 190-191°C (dec)

63

1it.%’, 189-190°C) and 157-159°C (1it.%3, 158-160°C) respectively.

a68) K=0 ) R
(169) R = COMe - o @7n) Rr

i
=5}

It

COMe

v Recently, ﬁblinskj'and Login57lhave shownithat‘cyclic aéétoxy-1,3-
dienes may be génefétéd in sﬁfu from 1,3-cyc10hexanediones or isoéhorone
on heating in isopropenylacetate invthe.presence'ofva éatalytic amount
of p - toluenesulphonic éci&v(p - Ts). Further, these dienes undergo
'Digls—Aldef reaction with 1,44benzoquinone'to afford 5,8-ethanb—4a,5,8,

Sa—tetrahydro-l,4-napthaquihope derivatives as depicted in Scheme 11.

Q72) R=Me (174) R = Me
(G73) R=H S . (415 R=H
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Acid or base freatment of adducts (174) and (175) resulted ih
aromatization to the ketoquinols (176) and (177), no doubt via the
enol forms (178) and (179). In thesevcases; rearrangeﬁent to giVe-
benzofurans analogousl to structure (146) does not compéte favourably
with aromatization since, unlike the métﬁqul'substitueﬁt,lthe bridge-
heéd acetoxyl cannot support the positive.charge ﬁhich develops during
the f:agmentation reactions (yiz: Scheme (9), intermediatgs (137) and
(138) ). It was of interest to us to investigate this route to
structures of'the type (174) and (175), employing épéfopriately
substituted quinones, which'might give rise.to‘some synthetically

useful intermediates.

]

Me B (178) R = Me
' (179) R =H

(176) R
a7 &

]
o

When methoxybenzoquinone (121) aﬁd diﬁedone“(172) ﬁere’heatéd
under reflux in isopropenyi acefate in the presence of p - Té, none of
the proposed regiospecific adduct (180) or its isomer (181) was produced.
- Instead, workup yielded a dark resinqu gum from which a smail amount

’/ . [
- of the starting quinone was the only substance recovered.
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However, similar reaction of chlorobenzoquinone (144) with dimedone
afforded a dark oily residue which, after workup by column chromatography,
yielded an off-white crystalline material. 1H n.m.r. spectrometry and
t.l.c. investigation of this product have shown it to be a mixture of
the adducts (182) and (18;). Calculations fron}H n.m.r. spectfa
have shown the isomers to be present in the approximate ratio of 1 : 2
(overall 607 yield). Subsequent chromatography has allowed the

small

collection of, amounts of the major isomer and separate characterisation

thereof.

Me; R'
Me; R'

OMe
Cl

OMe (181) R
Cl (183) R

Me; R'
(182) R = Me; R'

(180) R =

Ac = COMe

The substitution pattern of the adducts (182) and (183) was deter-
mined by the X-ray crystallographic analysis of the major component,
which was subsequently shown to have structure (183) (viz: Figure (4) ).
When this was compared with the results obtained earlier for the
reaction of methoxycyclohexa-1l,3-dienes (9g5) and (98b) with chloro-
benzoquinone (144), which show regiospecific products (145) and (154)
exclusively (if adduct formation takes place in the former case - as
proposed on page 68), it appears that the change of diene substituents

from methoxy to acetoxy leads to a loss of selectivity in the adduct

formation.
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The molecular structure of compound (183) with
'. atomic nomenclature. (Program ““PLUTO" ;-

W.D.S. Motharwell, Cambridge).
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AcO

(184) R=Me (185) |
| Ac = COMe

(186) R = Me | ~ (187) R =Me

It was hoped that the isomer (182), on suitable treatment, mlght
be converted via the brldged quinone (184) into the correspondlng
napthaquinone (185). This would provide a 2,6,8—trisubstituted :
napthaquinone which could be converted into the trioxygenated'speoiee
(91) sought in Sectlon 2. 3, or could be used for further synthesis.
However, several attempts at enolisation of the major adduct (183),
followed by silver (I) oxide ox1datlon, afforded the ketoqulnone (186)
analogous to quinones (176) and (177) mentioned earlier. An unsuccessful
attempt was made to generate quinone (187)>from the ketoquinone (186)‘
by heating the former uoder reflux in isopropenyi.acetate io the
presence of p = Ts. 'Further experiﬁents could be performed'on'bothrv.
the mixture (182) and (183), and compound (186) to see whether they
can usefully Be conrerted into the corresponding_naptoaquinones.

In an attempt to preclude the formation of mixtures such as (182)'
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and (183), an alternative diene (188), generated in sitﬁ by analogous
treatment of dimedone monomethylether (189), was féa¢ted similarly
with chlorobenzoquinone (144). Workupxof.the reaciibn ﬁiitﬁre b§
chromatography, however, yielded énly an off-white érystalline material

whose Hl n.m.r. indicated the rearranged product (190).

Me

Me_ |

MeOCO
: _ _Me

(188) |
OMe

ago)
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Methoxycyclohexa-1,3~diene: (98a) 1,3~-Dimethoxycyclohexa-1,3-diene: (98b)

Methoxy-3-methylcyclohexa-1,3-diene: (98c)

The above dienes were prepared by the catalytic isomerisation of the
corresponding l,4-dienes, obtained by metal-ammonia reduction of the

46(3). The

appropriate aromatic species as described by Birch et al
isomerisation of the 1,4-dienes to give (98a) and (98c) was effected
by heating under reflux in the presence of a catalytic amount of

dichloromaleic anhydrideSS(c); in the case of (98b) the interconversion

was achieved by treatment with potassamide in liquid ammoniaA6(d).

These preparations gave the required 1,3-dienes as the major component
of mixtures with the corresponding 1,4-isomers. 1 H n.m.r. spectroscopic
measurements were used to determine the approximate ratios of the

components in the mixtures.

Typical results obtained were as follows:

(98a) : isomer 431
(98b) 3 isomer 3:2
(98c) : isomer 4:1

2-Methoxy-1,4-benzoquinone: (121)

This was prepared in good yield (75%) from vanillin by the method of

Jeffréy354.

1,4,4a,8a-Tetrahydro~1,7-dimethoxy-1,4-éthdanonapthalene-5,8-dione: (127)

The diene (98a) (6.4g) containing ca. 20% of the isomeric 1,4—diene; was
heated under reflux in benzene (100 ml) containing the methoxy-1,4-benzo-
quinone (3g) for 1.5 h, at which stage t.l.c. showed that all the

quinone was consumed. The solvent was evaporated and the residue’

chromatographed over a short dry column of neutral alumina with benzene
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as eluant, to give the product m.p. 117—119 (from benzene/llght
petroleum) (3.2g; 607 based on qﬁinone). | (Found: C, 67.7, H, 6.6
C 4l 60, Tequires C, 67.8; K, 6.4%). v__ 1691, 1650 and 1612 cm >,
v 3.83 (1H, d.J 2Hz, 6 -H), 3.87 (IH, s, 7 -H), 4.12 (1H, s, 2 -H),
6.27 (3H, s, OCH;), 6.55 (3, s, OCH,), 6.67 (1H,‘d J 8Hz, 4a -H),
6.88 (1H, m, 8 -H), 6.96 (1H, dd J 8 and 3Hz, 8a -H), and 7.9 - 8.5
(4H, m, CH 2)

1 4-D1hydro-1 7—d1methoxy—1 4—ethanonaptha~5 8-qu1none. (130)

The fore301ng adduct (1.0g) in dry tetrahydrofuran (40 ml) was stlrred‘
with an excess of potasslum t - butoxide (1.2g) for 40 min. Weter

was added (10 m1), followed by dilute hydrochlorlc ac1d unt11 weakly
ac1d1c.' The solutlon was extracted with ether, dr1ed (NaZSOA) and

silver (1) ox1de (3g) added. The reaction mixture was stirred for 3.5 h,
filtered and evapOrated to yield the orenge'guiﬁone m}p. 118-118.5° .
(from benzene/light-petroleum). (ltOgg 1007) f(found; C; 68.4;

H, 5.9 ¢ reqaires C, 68.3; H, 5.72), v . 1671, 1640 and

- Gt |
1579 cm ', t 3.43 (1H, dd J 8 and 1Hz, 6 -H), 3.67 (1H, dd J 8 and 6Hz,
7 -H), 4.23 (14, sy quinene H), 5.7(1H, m, bridgeheedwﬂ), 6.19 (3H,

s, OCH,), 6.38 -(3H, s, OCH,) and 8.0-8.8 (4H, m, CH,CH,). .

2,8-Dimethoxy-1, Aénapthaqumone.‘ ' '(1-31:)‘ »

The quinone’ (130) (O 3lg) was heated et-120¢/8 mm Hg underﬁwhiehv:
conditions bubbling occured as ethylene was e11m1nated. ‘ﬂWﬁen deBling
ceased, sublimation at 140° (bath)/O 5 mm Hg afforded the light yellow

64

product (0. 27g, 982) m.p. 202-202, .5° (from methanol) (11t., 195° ), .

(Found: - C 66. 0,, H, 4.6. 12H1004 requ1res C 66. 1' H, 4, 67),
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Vnax 1674, 1642, 1612 and 1589 cm |, 1 2.2-2.5 (2H, m, 7- and 8-H),
2.75 (18, dd J 2 and 7Hz, 6 -H), 3.93 (IH, s, quinonoid H), 6.00 (3H,

s, OCH;) and 6.12 (3H, s, OCH,).

2-Hydroxy-8-methoxy-1,4-napthaquinone: (132)

.Napthaquinone (131) (1.00g) was stirred with‘lz,aqueous sodium hydroxide
(20 ml) until it had dissolved. The soiutiou'was washed with ether

to remove any starting material and then ecidified.uith-diiute hydro-
chloric acid. This was extracted with chloroform;_which was.dried

and evaoorated to give thevknowu43"65 quinone m.p. 209—211° (dec.)
Aie.,5 mep. 211° (@e))(0.86g, 927). 1 2.18-2.40 (2H, m, 7- and -1,
2.73 (1H, dd J 2 and 7Hz, 6 —H) 3.72 aH, s, qulnon01d H) and

5.95 (3H, s, OCH,).

2 8-D1acetoxy—1 4‘napthaqu1none. (134)

The foregoxng quinone (0.17g) in dry methylene chlorlde was Stlrred at
-78° and treated dropwise w1th an excess of boron tr1brom1de (1g) in- ..
the same solvent. The solutlon was allowed to warm to room temperature
and then hydrolysed with water. The m1xture was extracted w1th ether,
then reextracted w1th aqueous potass1um hydroxlde. Thls aqueous layer
was flnally ac1d1f1ed and extracted with ether, whlch ‘was dr1ed and
evaporated. The crude d1hydroxyqu1none (133) so_formed (O.ng) was
~acetylated immediately}(pyridiue/aeetie enhydride):to'yielditﬁe‘diacetate,_,'
which was purified_over:a short column (ethyl'acetate/ehloroform;4:1).
This gave pale yellow crystals, u.p;3136° (lit.56 m.p; 1379) (0.09g, '
422). Tt 1.95 (lH d J 8Hz,: —H) 2.25 (1H t J 8Hz, 7 -H), 2. 63 (1H,

d 3 8Hz, 6H), 3.25 a, sy qu1non01d H), 7.56 (GH, s, COCH;) and o

7.62 (3H, 8, COCH )
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8,9-Dihydro-2-hydroxy—-3,7-dimethoxydibenzofuran: (140)

2—M¢thoxybenzoquinone (2g) and 1,3—dimethoxycyclohexa-1;3—diene (98b)
(4g of a mixture containing about 33% of the alternatiyé 1,4-isomer)
were heated under reflux in benzene (50 ml) for 3 h. The solvent was
evaporated and the product chromatographed over either an alumina or a
silica column with bengene to give the white product ‘(2;43, 67%) |
m.p. 179-180° (methylene chloride/light petroleum) (Found: C, 68.5;

3 -1
H, 5.8 requires C, 68.3; H, 5.77), Vnax 3440 cm ,

148149,
T 3.07 and 3.18 (1H,each, s, 1~ and 4+H), 4.51 br (2H, s, 6 -H and OH;
the latter exhcanges‘with DZO)’ 6.11 (3H, s, OCH3). 6.31 (3H, s, OCH3).

and 7.0-7.6 (4H,.m,.CHZCH2). The same reaction was found to occur

0
at room temperature and at O .

8,9—Dihydro-3—chlor0r2-hydroxyé7*metHOXydibenZOfurén:f'(145)
Chlorobenzoquinoné (144).(ig) and di;ne t98b) 2g) ﬁere.stirred '
together in benzene (50.m1) at room teﬁperature for 20 min;- The
solvent was removed and thé product chromatographed over a short column
(10% ethyl acetate/light fetfoleum):to_afford'the.white produét’(0.6g, |

34%), m.p. 115_1160 (methylene chloride/light petroleum)( (Found: C, 62.5

H, 4.7 C13H11C_103 requires C, 62.3; H, 4.47%), T 2.72 (14, s, 4 ~H),

3.14 (8, s, 1 -H), 4.54 (1H, s, OH, D

29 exchangeable), 4.64 (14, s, 6 -H),
6.32 (3H, s, ocn3),»7.oe7;6-(anf m, CH,CH,).

8,'9—‘Dihydro-'-3-'-mett§r1-'-2-'-hydr¢xy-'-7—‘methoxydibe‘nzofur‘an:' (1‘47‘1_" o

2-Methylbenzoquinone (1.00g) and diene (98b) (1$5g) were heated under
reflux in benzene (60.ml) for 12 h. Workup as above by chroﬁatogfaphy

(eluant ethyl acetate) yielded an off-white cfystalline material which’
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was recrystallized from benzene/light petroleum. 1 H n.m.r. indicated
the product which was hence not further characterised. A similar
reaction carried out at room temperature over 48 h afforded the same
material. 1 2.89 (1H, s, & -H), 3.30 (1H, s, 1 -H), 4.99 (1H, s, OH),
5.50 (1H, s, 6 -H), 6.29 (3H, s, OCH3), 7.06-7.52 (4H, m, CHZCHZ)’

7.68 (3H, s, CCH,).

4a,5,8,8a-Tetrahydro-3,5-dimethoxy-7-methyl~1l,4-napthaquinone: (149)

Methoxybenzoquinone (121) (1.7g) and methoxy—-3-methylcyclohexa-1,3-
diene (98c) (2.9g) were heated under reflux in benzene (50 ml) for 4 h.
The solvent was evaporated and thé residue chromatographed over a
silica column (eluant 30% ethyl acetate/light petroleum) to yield the
adduct (2.6g, 817), m.p. 111.5-112.5° (benzene/light petroleum).

(Found: C, 68.7; H, 6.8 requires C, 68.7; H, 6.9%)

€15%18%
v_.. 1690, 1647 and 1610 em 5, v 4.12 (1H, s, 2 -H), 4.26 br (1H, s, 6 -H),
6.27 (3H, s, OCH,), 6.58 (3H, s, OCHj), 6.70 (IH, d J 8Hz, 4a -H),

6.95 (1H, dd J 8 and 3Hz, 8a -H), 7.09 br (IH, s, 8 -H), 7.9-8.8 (4H,

m, CH,CH,), 8.26 (3H, s, CCH,).

5,8-Dihydro-3,5-dimethoxy~7-methyl-5,8-ethanonaptha~1,4~quinone: (150)

The foregoing adduct (149) (220 mg) was enolised as before with potassium
t-butoxide (400 mg). Workup and oxidation in the usual way with silver
(1) oxide (1g) afforded the product, which was chromatographed over a
short silica column (eluant chloroform) to give the quinone (205 mg,

92%) m.p. 124-126° (Found: Cc, 69.3; H, 6.3 015H1604 requires

C, 69.2; H, 6.17), v___ 1675, 1630 and 1584 cm ', T 3.93 br (IH, s, 6 -H),

4.23 (1H, s, 2 -H), 5.96 br (1H, s, 8 -H), 6.18 (3H, s, OCH,), 6.42
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(3, s, OCH,), 7.95-8.8 (4H, m, CH,CH,), 8.10 (3H, s, COH,) .

3,5-Dimethoxy-7~methy1fl,4-napthaquinone: '(151)

The foregoing quinone (150) (260 mg) was aromatised'as deseribed_earlier
for compound (131) at a bath temperature of 80-110° and 10 ﬁm Hg.
Subl1mat10n (135 /2 mm Hg) then afforded the psgdgst as yellow needles

- (164 mg, 92%) m.p. 174—176 (Found: C, 66.9; H, 5.3 13 12 0,
requires C, 67.2; H, 5.22), Vax 1678, 1655 and 1621 cm-l, T 2.47 (1H,
s, 8 -H), 2.96 (1H, s, 6 ~H), 3.96 (lH, ‘s, 2 H), 6.01 (3H, 55 OCH ),
6.13 (3H, s, OCH3), 7.53 (3H, S, CCH3)

3-Methoxy—5—hydroxy-7-methyl 1 4-napthaqu1none (152)

_Qu1none (151) (100 mg) in dry methylene chloride (6 ml) was treated with
boron tr1chlor1de (100 mg) in the same solvent (6 ml) at _10,' Ihe
solution was: st1rred at that temperature for 30 min. and then alloued

to warm to room temperature. The mixture was hydrolysed w1th water_
and extracted with-uethylene chlor1de; - The organ1c layer was dried

and evaporated to yield the product in anealmost pure state. An :
analytical sample was prepared by ehromatoggjphy over a short column
(eluant 10% ethyl acetate/llght petroleum), (87 mg, 92%) m. p. 209—210
(11t.58(a) 209-210° ) m1xed m.p. undepressed by authentic sample."

(Found: C, 66.2; H, 4.7

12 10% requ1res C, 66,1; H, 4 6%) .

3-Chloro-5 8—d1hydro-5-methoxy—5 8—ethanonapthagu1none. (155)

Chlorobenzoqulnone (144) (5g) and an -excess of the diene (983) (7 Sg)
(containing about 30% of the isomeric l,4—d1ene)a~ere,st1rred 1n-benzene

(100 ml) at room temperature'until all”quinoue had been consumed (as
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indicated by t.1l.c.) (ca. 2h.). The sqlﬁent was evaporated and the
residue dissolved in.dry tetrahydrofuran (100 ml) to which an excess.(Bg)
of potassium ¥-butoxide was added. The solution was stirred for 1h

and then acidifted and extracted as before. Oxidation of the erganic
layer with silver (I) oxide was carried out as before and the crude
product chromatogrgphed over silica (eluant 10Z ethyl acetate/light
petroleum) to give.the orange quinone as an oil (2.58g, 30%) (Found:

C, 62.1; H, 4.7 C13H11C103 requires C,‘62.3; H, 4.47) vmax'(neat)
‘1678 and 1650 cm-l. 1 3.14 (1H, s, quinonoid H), 3.41 (1H, dd J 8 and
1Hz, 6 -H), 3.69 (1H, dd J 8 and 6Hz, 7 <), 5.7 (1t m, bridgehead H),
6.37 (3H, s, OCH,), 8.0-8.9 (4H, m, CH,C CH,) - |

3-Chloro=5-methoxy-1,4-napthaquinone: (156)

‘The foregoing quinone was treated as described'earliefvfor quinones
(131) and (151). The product sublimed readily at 130°/1.5 mn Hg in
quantitative yield, m.p. 159-160.5°. } (Found: C, 59.5; H, 3.5

C);H,C10; requires C, 59.35; H, 3.20), v (CHCL,) 1680 1668 and

11170103
1610 cm 1, T 2.3-2.9 (3H, m, 6,7 and 8 -H), 2.90 (1H, s, qu1n0n01d H),
6.00 (3H, s, OCH,).

3-Chloro- 5-hydroxy—1 4-napthaqp1.one. (157)

The quinone (156) (100 mg) in dry methylene chlorlde (10 m1) was treated
at -78° with boron trlchlorlde (48 mg, 1 mole equlvalent) 1n‘the same

solvent (10 ml). After workup, as descrlbed earller for compound (60),
the residue was chromatographed over a short s111ca column to afford the

product (55 mg, 837.based on unrecovered.startlng material). A sample
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.was sublimed at 100-1050/0.6.mm'Hg, m.p. 166-1670;
t -1.77 (18, s, OH), 2.1-2.9 (34, m, 6~, 7-, and 8 -H), 2.83 (lH, s,

quinonoid H).  Further elution provided starting material (35 mg).

2-Methoxy~-3-methyl-1,4-benzoquinone: (158)

2,6-Dimethoxytoluene (5.45g) in dry dimethylformamide (20 ﬁl) was

added at room temperature to a stirred solution of ethanéthiql (7.1g)

in the same solvent (100 ml) containing sodium hydride (4.2g of a 602
dispersion in oil). The solution was heated under refluﬁ for 2 h, and
then worked up according to the procedure of Mirrington35‘fof thé_-
demethylation of anisoles, to give 3-ﬁethoxy-2—methy1phenol (A;Sg,.99Z).
This waé oxidised to meethoxy-3-methy1-1,4-benzoqﬁinoné_with,Fremy's

salt aecording to the literature66.

5,8-Dihydro~3, 5~dimethoxy-2-methyl-5,8-ethanonapthaquinone:- (159)

5,8-Dihydro-2,5~dimethoxy-3-methyl-5,8-ethanonapthaquinone: ' (160)

The quinone (158) (1.85g) in benzene (150 mi) was treéted with diéﬁe'(QBa)
(4.23) containing about 30Z of the isomefic 1,4-diené. '_Thg'solution:

was heated under reflux for 1.5 h, at which timé t.l.c. indicated |
consumption of all thé Quinoné;i The solvent was qvaporated,andrthe

pale orange residue chromatographed ovef.a neutral alumina.goiumn} | This
~ was eluted with benzene to remove exceés Aiene, éndvthenvwiﬁh 207 gthyi '
acetate in benzene to afford the adduct mixture as én_éii;-{'Tﬁisiwﬁs
dissolved in dry tetrahydrofuran 4o ml)vand potéssium t:- butoxidé.
(2.59g, an excessi was added. The ﬁixtﬁre was stirréd for 1 h, and Ehenv
diluted with water (40 ml) and acidified with dilufe hydroéhioric'égid;

This was extracted with ether, the organic layer then washed with water,
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dried and treated with silver (I) oxide as described before (5g, an
excess). The orange residue was chromatographed over a short silica

column (eluant 57 ethyl acetate/benzene) to afford the quinone mixture

(2.8g, 867 based on quinone (158)), as a paftially crystalline orange oil.
T.1l.c. examination indicatéd two overlapping constituents.
(Found: C, 69.2; H, 6.4 15“16 4 requires C, 69.2; H, 6.15%),

. (neat) 1665, 1645, 1615 and 1589 cm ', Tt 3.44 (IH, dd J 8 and lHz,
6 -H), 3.67 (1H, dd J 8 and 6Hz, 7 -H), 5.7 (1H, m, bridgehead H),
6.01 (38, s, OCH,}, 6.16 (3K, s, OCH,), 8.08 (3, s, ccu3); 8.1-8.8 (4H,
m, CH CHZ) Chromatography of a:separate sample over a silica -
column with 5% ethyl acetate/light petroleum afforded fractions of the

latter component which contained pure bridged quinone (161) with

analytical and Hl p.m.r. spectral data identical with the abpve.

3,5-Dimethoxy-2-methyl=-1,4-napthaquinone: (163) 2,5-Dimethoxy-3-

methyl—-1,4-napthaquinone: (164)

The foregoing mixture (2.7g) was heated at 115° (bath)/8 mm Hg to
eliminate the ethylene bridge as described earlier. When bubbling
ceased, by which time the oil had solidified, sublimation a:.1400/0.5 mm

Hg afforded the light yéllow napthaquinone mixture (2.23g, 947). An

analytical sample was prepared by p.l.c. (eluant 50% chldroform/light
petroleum). (Found: C, 67.4; H, 5.1 C13H1204 requiresv c, 67.2;

H, 5.2%), 1 2.22-2.52 (2H, m, 7- and 8 -H), 2.78 br (IH, d J 8Hz, 6 -H),
5.90 and 6.01 (major component) and 5.95 and 6.81 (minor componentj

(6H, all singlets, OCH3), 7.94 (minor) and 7.97'(major) (3H, singlets,

CC'HB) .
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3,5-Dimethoxy-24nithy1-1,4~napthaquinone:_ (163f

Prepared as above frbm the pure bridgé& quinone (161) aé'yellé§ crysta1s,
m.p. 111-112°, (Found: C,‘67x4; H, 5.2 C13H1294 reéuiges. c, 67.2;
H, 5.2%7), T 2.28 (1H, dd J 8 and 2Hz, 8 -H), 2.41 (1H, t J 8Hz, 7 ~H),
2.78 (1H, dd J 8 and 2Hz, 6 -H), 5.90 (3H,'s;lOCH$), é.oi\(an, s, OCH,),

7.97 (3H, s, CCH,).

5-Hydroxy-3-methoxy-2~methyl~1,4-napthaquinone: (165) S—Hzgfoxy-Z—

methogy-3-methy1-1,4—napthaquinpne: (166)

The mixture of quinones (163) and (164) (100 mg) was stirred at -78° in
methylene chloride (10 ml)'énd‘boron tribromide (140 mg, i.2 mole
equivalents)'ig‘methyléng chloride (10 ml) , was added. ~ After 10 min.:
the temperature was ailowed to be;ome ambient. Thé,mixturé was thrown
into wéter, extracted with methylene chloride,.and_the orggnic layer.'
dried and évapofated. The solid residue was.chromat§graphed (p;l.c.‘
eluant 5% ethyl;acetatéflight éetroleum) to give, in the band of highest_
ARfache gﬂinone.(166) as orange needles (15 mg, 162) m.p. 127.5-128°
(light petroleum)., (Féund:' c, 66.1; H, 4.7'1 Clzﬂloééﬁrequirés;

C, 66.1; H, 4.67), Vmax S Figurg 3), T éZ.ZQ (ig’>s’ OH),
2.16-2.90 (3, m, 6=, 7-, and 8 —H),.5.85 3H, s, ocH,), 7;93~(3u, 5, CCH,).
" A second band afforded the guinbne(%é?l as yellow needles (60 mg;'642)'
m.p. 167.5—109o (1ight,pecroieum).‘ VzFbuﬁd: C, 65.8; 3; 4;7 o

CyoH; 40, requires .C, 66.1;' H, 4.62) Vpax 5€€ Figﬂre_(35é T —1.74.
(1H, s, OH), 2.15—2;97 (3H, m, 6-,'7—, and 8 -H), 5.90 (3u, 8, 6033), f

7.92 (3H, s, CCH3).
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Droserone [3;S-Dihydroxy-Z-methyl-l,4-népthaquinone]: (168)

The quinone (165) (80 mg) was stifred with aqueous sodium,hy&roxide
(10 ml, 57) until all stafting material had dissolved. The solution
was washed with ethe:; acidified with dilute hydrochloric acid, and
extracted with chloroform. The organic layer was dried, evaporafed,
and chromatographed (p.l.c. eluant 10% ethyl acetate/light petroleﬁm)
to give droserone (75 mg) m.p. 179-180° (methylene chloride/light
€11M8%
H, 3.9%) v___ (CHCl,) 3445, 1650 and 1628 em L, t© -1.08 (lH, s,

petroleum) (Found: C, 65.0; H, 4.3 ‘requires C, 64.7;

bonded OH), 2.06-2.90 (3H, m, 6-, 7-, and -8H), 2.36 (1H, s, quinonoid OH),
7.90 (3H, s, CH3). This was converted into its diacetate (169) -
(pyridine/acetic anhydride) m.p. 118.5-119°. Tt 1.94 (1H, d J 8Hz, 8 -H),
2.30 (1H, t,J 8Hz, 7--H), 2.65 (1H, d J 8Hz, 6H), 7.56 (3H, s, COCH,),

7.60 (3H, s, COCH3), 7.92 (3H, s, quinonoid CH3).

2,S—Dihydroxy-B-hethyl-l,é—ggpthaquinone:' (170)

The_quinone»(166) (75 mg) wés treated as for its isomer (165). ﬁofkup
as before gave the quinone (170) (55.mg, 772) m.p. 190-191é»(deé.),

T -2.39 (1H, s, boﬁded OH), 2.30-2.84 (4H, m, 6f, 7-, 8 fH,'and quinonoid
OH), 7.91 (3H, s, cHS)Q This wés convefted to its diacétgte a7y,

m.p. 157%159°.  T1.96 (1H, d J 8Hz, 8 —H); 2.32 (14, t J 8Hz, 7'-3),
2.66 (1H, & J .8Hz', 6'-—H), 7..55 (3H,'s, cocn3‘),"7.'6_1='(‘3n, 8, Cocn3),_

7.95 (3H, s, quinonoid CH3).

4a,5,8,8a~Tetrahydro—B-chloro-S;7-diaéet6@y—5,SféthahonapthaleneFl;4-

dione: (182) ‘4a,5,8,Ba-Tetrahydro—Z-chIOro-S;7~diacetoiy-5,8-ethano4 :

napthalene-1,4-dione: (183)

Chlorobenéoquinone (144) (1.0g) and dimedone (172) (1.2g) were heated
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under reflux in isopropenyl acetate (15 ﬁl) in the preseﬁce of a
catalytic amount of p - Ts (0.02g) until t.l.c. indiqated:¢onsdmption.
of quinone. (ca. 50 h.). The solvent was removed and the residue

- chromatographed oﬁer'a>short silica column (eluant 10% ethyl acetate/

light petroleum) to afford thée mixture of adducts as an dff—white
ﬁowder. (1.7g, 66%). (Found: C, 58.70; H, 5.25 018H19 C106
requires C, 58.94; H, 5.22%). Rechromatqgraphy (eluant as above)
allowed fractions of the major compound to be collected separately.
This same result was obtained in a later preparation by cfystallisa;ion
from the reaction solvent on cooling after concentration of»the

reaction mixture. These afforded portions of the major adduct (183)
as off-white prisms (methylene chloride/light petroleum), m.p. 181-183°

(Found: C, 58.70; H, 5.20 018_}590;06 requires C, 58.94; H, 5.22;)
v 1774, 1740, 1695 and 1670 em Y, <t 3.07 (H, s, 3 -H), 4.16 (1H,

s, 6H), 6.00 (1H, d J = 10Hz, 4a -H), 6.48 (1H, dd J = 10 and 3Hz, 8a -H),
7.36 (1H, m, 8 -H), 7.55 and 8.52 (1H each, 2 doublets J = 12Hz, CH,),

7.89 (6H, s, 2 x acetyl)f 8.78 (3H, s, CH3) and 8.98 (BH, 8, CH3);
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_CHAPTER III

Syntheses of Some Selected Naturally Occurring

Napthaquinones.
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3.1 Introduction:

Several prenylated juglones have recently been discovered in
Nature. These include o - caryopterone (191), isolated by Eugster
et aZ67 from Carysepteris clandonensis Bunge (Verbenaceae), dihydro - o -
caryopterone (192) (9 - hydroxy - o - lapachone), and the latters methyl
ether, o0 - methyldihydro - o - caryopterone (193), isolated by Inouye
et aZ68 from the Qood of the Catalpa ovata. Quinone (192), prior
67

to its isolation from a natural source, had been reported by Eugster

who had derived it from the catalytic reduction of a - caryopterone.

]
=

(191) (192) R

(193) R = Me

This reduction had been employed to establish the structure of
a - cafyopterone as (191) and not as its isomer (194) with the hydroxyl
in the alternative peri - position. | This was shown by the rearrange-
ment of compound (192) with concentrated acid, which afforded an orange
ortho - quinone in which the aromatic hydroxyl was still hydrogen bonded.
The hydroxyl in the ortho - quinone derived from compound (194) would

not be hydrogen bonded. Methylation of the ortho - quinone gave
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a methyl ether (196) with spectra very similar to those of the known

B - lapachone (197). This ortho - quinone obtained by the rearrange-
ment of dihydro - a - caryopterone (192) was thus shown to have structure
(195) (dihydro - B - caryopterone). Hence, the natural compound must
possess structure (191) and its dihydro derivative structure (192);

final structural confirmation by synthesis had not been carried out.

(194)

(195) R

]
=<}

(196) R

Me

(197)

These natural products were of interest to us since they might be

derived from the corresponding dioxygenated napthaquinone nucleus (90)
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by suitable quinone alkylation and subsequent ring closure. The
appropriate hydroxy juglone (133) and its methyl ether (132) were
readily available from the regiospecific reaction sequence described
in Chapter II. Additional interest in these syntheses was stimulated
by the fact that lapachol (198), the subject of a series of researches69
culminating in the discovery of a new class of antimalarial agents70,
“has aroused renewed interest aé a consequence of its activity againét
the Walker carcinosarcoma 256 (intramuscular) and as a favourable
preclinical toxicological evaluation71. Since the synthetic routes
that were envisaged would involve intermediate structures similar to
that of lapachol, it was thought that some may be worthy of further

study along those lines.

(198)

Recently, Japanese workers72 have reported the isolation and
characterisation of two new anti‘biotics, Juglomycins A and B, from the

culture filtrate of Streptomyces sp. 190-2. From spectral and analytical

data, the structures (199) and (200) have been aésigned to the two

isomers A>and B.
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(199) (200)

The ste{%isomeric relationship between the two structures was
supported by mass spectral fragmentation patterns and equilibration
experiments. The naturally occurring compound Kalafungin73 (201) has
a structure similar to that of the Juglomycins and, based on biogenetic
congiderations, it has been proposed that the lactonic group in structures
(199) and (200) may be attached to the 5-hydroxynapthaquinone nucleus at
the 2 - position, Thus, the Juglomycins A and B wefe considered to
be epimers at the y - position of thé lactone substituent. Because of
the doubt that exists as to the exact structures (199) and (200), the
syntheses of the Juglomycins were investigated. 2-=Chloro-8-methoxy-
napthaqﬁinone (156), -whose synthesis was described in Chapter II, was

proposed as the starting material.

(?’6’11 | - - (156)
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3.2 Syntheses of some Prenyl Juglones:

'Nume;ous attempts have been made over the years to synthesise a
wide variety of napthaquinones which were suitably alkylated on the
quinone nucleus. Of these, lapachol (198) and related compounds such
as‘'a - lapachone (202) and 8 - lapachone (197); and the wide series
of naturally occurring quinoﬁes known commonly as menaquinones (203),
have received most attention. A major obstacle in these syntheses has

been the development of suitable quinone C - alkylation methods.

1
1 R
U
(202) (203) (a) Phylloquinone
R =
\/Y”(\/Y\%H
(b) (MK-n)

Our knowledge of the chemistry of lapachol and its family of
compounds is lafgely the result of a long series of careful researches
carried out by Hooker and his co—workers74. During these studies,
various attempts to synthesise lapachol by suitable alkylation of
2-hydroxy-1,4-napthaquinone (lawsone) (204) were made. Lawsone is
tautomeric with 4-hydroxy-1,2-napthaquinone (205), and ethers of both

‘forms can be obtained by reaction of their silver salts with alkyl
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halides. The ambé%nt anion can also react on carbon (C - 3) if an
allyl or benzyl halide is used75, and this was exploited by Fieser76
in his synthesis of lapachol.

An improved yield is obtained by alkylation of 2-methoxy-1,4-
dihydroxynapthalene (206) with 2-methylbut-3-en-2-o0l in the presence
of Boron trifluoride, followed by oxidation with silver (I) oxide and
then alkaline hydrolysis77. This latter alkylation procedure is
similar to that which was earlier employed in the syntheses of mena-
quinones78._ This route has the advantage of employing conditions
which usually avoided side chain isomerisations and chromanol cyclisation
and have also been optimised to avoid ¢ - alkylation. However, as a
method of alkylation it remains'fundamentally limited by the inherent
instability of the allylic alcohol component under the acid conditions

employed79. As a result, low yields are normally obtained.

(204) : (205)

(207)
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During his researches towards a synthesis of lapachol, Hooker69
investigated, amongst others, the reaction of isovaleraldehyde with
lawsone, and isolated a compound that was isomeric with lapachol
viz: 1isolapachol (207). This reaction has since proved to be one
of considerable generality, and so it presents a high yield method of
napthaquinone C - alkylation adjacent to a hydroxyl function. However,
since compound (207) was not inferconvertible with the cyclic a - or B -
lapachones (202) aﬁd (197) by the methods employed by a number of
workers, because of the al - position of the double bond in the side
chain, this alkylation procedure did not constitute a route to lapachol
(198). In view of the difficulties encountered in attempts to directly

76, 80, which might be caused

introduce the A2 - isopentenyl side chain
to cyclise readily under acidic conditions, to continue with this
alkylation procedure, as a route to structures of the lapachone type
was futile.

More recently, Dﬁdley and.Chiangs1 have repoyted a route for the
deconjugation of isolapachol (207) into lapachol (198). This employs
the cyclisation of the former compound, with 2,3-dichloro-5,6-dicyano-
benzoquinone (DDQ), to give the a — and B - dehydrolapachones (208)
and (209). Birch reduction of compound (208) then yields a mixture
of lapachol and isolapachol (approximately 3:2 ratio). This then

provided us with a suitable ring closure which might be employed to

synthesise o - caryopterone from the appropriate open chain structure.
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(209) (132)

In our case, 2-hydroxy-8-methoxy-1,4-napthaquinone (132) was
subjected to a Hooker alkylation with isovaleraldehyde in acetic acid.
This afforded the required product (210) in good yield (86%).

This compound was readily oxidatively cyclised by stirring at room
temperature with DDQ in benzene. Workup gave the chromene quinone (211)
and the furan quinone (212) in yields of 477 and 87 respectively; In
addition, analogous to the products isolated when isolapachol was
similarly treated, a deep purple product thought to be the ortkio - quinone
(213) was obtained in 287% yield. ?his product was not characterised

as the ortho - quinone (213) because of its ready conversion into

quinone (211) on treatment with warm ethanol containing concentrated
hydrochloric acid. This corresponds to the interconversion of a -

and B - lapachone, in varied acidic media, as observed by earlier

worker382 and later related to the basicities of the twolapach.ones83

(210) v 11)
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(212)

(213)

Me

(214)

The formation of the compounds (211) and (213) can be rationalised
in terms of cyclisation of the intermediate oxidation product (214)81.

On the other hand, ring closure of compound (210), followed by oxidation,
would afford the product (212). Analogous furan quinones have been
described in connection Qith,experiments on 1apach0182(b).

When treated with boron tribromide in methylene chloride at low
temperature, the quinone (211) underwent demethylation to yield a -
caryopterone (191), identical with a sample of the natural product
kindly provided by Professor Eugster.

Subsequent to the completion of the above work, a further, highly
efficient quinone C - alkylation procedure appeared in the 1iterature84.

This involves the use of radicals, generated by decarboxylation of
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carboxylic acids with silver ions and peroxodisulphate (Equations
(1) and (2) ), to alkylate the quinone nucleus. This reaction has
been employed successfully in the syntheses of a number of naturally
occurring quinones, including lapachol (198). 1In the case of
lapachol - (198), the reaction made possible the direct introduction
of the Az - isopentenyl side. chain, by the generation of the radical
(215). This radical was derived when 4-methylpent-3-enoic acid was
heated in an acetonitrile/water mixture in the presence of silver
nitrate and.ammonium peroxodisulphate. Lawsone acetate (217) was

used as the quinone substrate.

Equation (1) Ag@ + 32082' —_ ag?t + soé°‘ + 3042'

Equation (2) Ag>’ + RCOOH —03y R' + co, + H + Ag’

f
o

(217) R

i

(218) R = OMe

N

<V/_

(215) "_ | o (216)
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Features of the reaction, when y, y — dimethylallylquinones are
being prepared, are the good yields and the selectivity of products
formed. In principle, the quinone molecule could be attacked by
the radicals (215) or (216), with either of the two carbon atoms
bearing high spin dengity as shown. This would give rise to either
an o, o —ldimethylallyl- oravy, Yy - dimethylallquuindné. However,
experience with various quinones has shown that only the latter is
isolated. This selectivity holds true for various other acids which
can form two possible radicals.

A route to the naturally occurring dihydro-a-caryopterone (192)
and 0 - methyldihydro-o-caryopterone (193) was thus readily available
from the quinone (132). As mentioned earlier, compound (192) had
previously been reported as derived from the natural a - caryopterone,
prior to its natural isolation. The application of the radical
alkylation procedure required the quinone (132) to be modifiéd to its
acetate (218). This was easily achieved with acetic anhydride and
sulphuric acid. Treatment of the acetate (218) with 4-methylpent-—
3-enoic acid, under the conditions used for alkylation, readily afforded
the required prenylated product (219) in good yield (75%). Hydrolysis
of this product with aqueous sodium carbonate gave the methoxylapachol

(220), isomeric with the quinone (210) from the Hooker reaction.

(219) R = COMe

R=H

(220)
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(221)

Because of the 62 - position of the exocyclic double bond,
cyclisation of quinone (220) was carried out with a mixture of hydro-
chloric acid and acetic acid. These were the conditions that Hooker
had employed to obtain the lapachones (197) and (202) from lapachol
(198). As expected; this yielded a mixture of the o - and B - methoxy-
lapachones, (193) and (221) respectively. These proved readily
separable by column chromatography, and they could easily be distinguished
by their different colours and infrared spectra. The former, (193),
was identical Qith a sample of the naturally occurring 9-methoxy-a-
1apachone68. The physical properties and spectral data of the latter,
(221), corresponded fo those reported for o-methyldihydro-B-caryopterone
by Eugsfer67. This B - form was readily isomerised to the a.— 1apachong
(193) with concentrated hydrochloric acid in ethanol. Interestingly,
attempts to demethylate the methyl ether (193) with the Lewis acid
" boron trichloride, effected, presumably by acid catalysis, its reverse
transformation into the B - form (221). However, reaction of the
methyl ether (193) with boron tribromide in methylene chloride at
room temperature, affordedldihydro—a—caryopterone (192), identical
with a sample of the natural product. Both.the above natural samples

of compounds (193) and (192), were kindly provided by Professor Inouye.
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Under the more vigorous conditions of reflux with an excess of
boron tribromide, compound (193) afforded a second product in addition
to the required quinone (192). This darker—-coloured material was
characterised as having the structure (222), where the aromatic nucleus
had undergone bromination. The position of bromination was indicated
by thelH n.m.r. spectrum, which included two aromatic doublets at

T 2.16 and 2.53 with a coupling constant of 8Hz.

(222)

Burnett and Thomson85 have reported that a - lapachone (202) can
readily be converted to dehydro-o-lapachone (208) by the heating of
the former under reflux in dioxan in the presence of DDQ. Similar
treatment of 9-methoxy4a-lapachone (193) could then possibly afford
o-methyl-o-caryopterone (211), and thus provide an alternative route
to a - caryopterone (191). Extended treatment of quinone (193) under
these conditions, however, returned starting material only.
Interestingly, an alternative route to o - caryopterone did arise,
since reaction of the methoxylapachol (220) with DDQ at room tempefature
in benzene afforded a mixture of quinones (211) and (213). These

were separated by column chromatography and the B - form (213) was

converted as before into compound (211) with the use of ethanolic
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hydrochloric acid. This oxidative cyclisation presumably proceeds
via the same intermediate (214), thought to be involved in the earlier
production of these quinones.

Inouye et aZ68 have further reported the isolation of the quinone
(223) from Catalpa wood along with five other napthaquinones including
compounds (202) and (192). Since we had available a - caryopterone
(191), as a reasonable precursor to compound (223), an attempt was
made to produce this hydroxy-derivative. However, this proved

unsuccessful and was set aside for the time being.

(223)
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3.3 Models for the Syntheses of Juglomycins A and B:

As mentioned earlier, it was thought that synthetic routes to
the Juglomycins A and B, (199) and (200), might employ a 2—ch10r9*8—
methoxy-napthaquinone (156) as a starting material. Because of the
relative complexity of the synthesis of this precursor ( six steps
from 1,4-benzoquinone), it was decided to prepare the models (224)

and (225) to establish viable routes to the desired antibiotics.

(224)

As it is readily prepared in large quantities, 2-bromo-1,4-naptha-
quinone86 (226) was chosen for these purposes. It was supposed that

substitution of chlorine in compound(156) by bromine in the models

would not alter drastically the properties of the napthaquinone

nucleus.

HOOC

(227)

(226)
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Two possible synthetic routes were readily envisaged. The
first involved the generation of the acid (227). Subsequent
addition of this to the napthaquinone nucleus, in the presénce of
ammonium peroxodisulphate and silver nitrate, could provide a
. diasteé?isomeric mixture of the required‘compounas. These could
prove tedious to separate. In any case, certain problems could be
expected in any attempts to prepare the required hydroxylactone
acid (227).

The second proposed route involved the addition of an appropriate
side chain to the napthaquinone nucleus. Subsequent modifications
of this product could lead to stef;chemically correct ring closure
and thus provide the separate diastereoisomers. This latter
approach was deemed to be the better one to adopt.

Two reaction sequences were developed simultaneously from the
quinone (226). ' These involved the initial conversion of compound
(226) into alkylated pfoduct (228). In the literature concerning
the radical C - alkylation method mentioned earlier, no mention is
made of reactions that involved 1,4-quinones bearing halogen
substituents in the 2 - position. However, since this alkylation
procedure offered the most direct route to compound (228), a trial
reaction was attempted. Here, quinone (226) was reacted with
hexanoic acid under the conditions mentioned earlier. Workup of
the reaction afforded the desired quinone (229) in good yield (907).

Subsequent reaction of monomethyl glutarate with the bromoquinone

(226) proved as successful and gave the alkyléted quinone (228).

CHZCHZCHZCOZMe

CHZCHZCHZCHZCH3

(228) R

(229) R
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At this stage, the two model routes diverged. Firstly, the
quinone (228) was reductively acetylated to afford the diacetoxy
compound (230). Secondly, further quantities of the quinone were
converted into the corresponding hydroquinone (231) with sodium
dithionite, and then methylated with potassium carbonate and dimethyl

sulphate. This gave the dimethoxy product (232).

(230) R = COMe
02Me (231) R=H
(232) R = CH3

Both compounds (230Q) and (232) were then catalytically
hydrogenoleed to remove the bromine substituent and to generate
structures (233) and (234) respectively. These reactions were most
readily performed in glacial acetic acid with 107 palladium on carbon
as catalyst. The diacetoxy species (230) was found to require a
higher reaction temperature (65-70°C) than did the dimethoxy compound
(232) (35°0C). Nevertheless, the removal of bromine proceeded

quantitatively in both instances.

O.Me

(233) 'R = COMe

(234) R =CH
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Compound (234) was also synthesised in fewer steps by alkylation
of napthaquinone itself with monomethyl glutarate, followed by
reductive methylation of the product. However, its synthesis from
2-bromonapthaquinone as described was undertaken to follow closely
the route proposed for the juglomycins from 2-chloro-8-methoxynaptha-
quinone. In addition, the alkylation of bromonapthaquinone had the
‘advantage that it gave one product cleanly, while similar reaction of
napthaquinone afforded the monoalkylated material contaminated by some
unwanted dialkylated quinone, which had to be removed.

The next step in the reaction schemes involved the formation
of a double bond between C; and C2 of the side chain. Of the
methods available for the introduction of this unsaturated function,
the most direct appeared to be that of a bromination-dehydrobromination
sequence. This procedure is one that is well established in tﬁe
literature87.' The initial benzylic bromination of both compounds
(233) and (234), with N-bromosuccinimide (NBS) and benzoyl peroxide,

proceeded smoothly to afford the required products (235) and (236)

quantitatively.

OzMe
(235) R = COMe
(236) R =CH
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During the purification of the bromide (236), some transformations
of interest were observed. While the bromide (235) proved stable
to the chromatographic techniques employed in purificatién, the
corresponding compound €236) did not. Elution of bromide (236) on
p.l.c., with solvents which had not been rigorqusly dried, rapidly
afforded a mixture of bands. These new products were identified as
the hydroxy compound (237) and the lactone (238). This chromatography
was repeated on further samples of compound (236), and identical
resuits were obtained. It was also found that by further elutions
of the same p.l.c. plate, the hydroxy compound (237) converted steadily
into the lactone (238). The same conversion, via ring closure, was
found to occur when an independent sample 6f compound (237) was
treated with dilute hydrochloric acid+. This difference in
behaviour between the diacetate (235) and the dimethyl ether (236)
may be rationalised in terms of the activation of benzylic bromine

in the latter by the ortho methoxyl, as in structure (239).

0.Me

See Experimental Section for details
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0,Me

(239)

The lactone (238) possessed a structure similar to the final
model compounds being sought. It therefore provided a suitable
molecule on which to try the final oxidation to the quinone. Since,
in the case of the dimethoxy model, this involved the relatively
vigorous conditions of silver (II) oxide catalysed by 6M nitric acid,
it was of interest to see whether the lactone ring survived.

Treatment of lactone (238) with silver (II) oxide, using oxidative
demethylation conditions, readily afforded the pale yellow quinone (240).
The success of this oxidation augered well for the proposed oxidative
demethylation of the final ﬁodel lactones. However, the presence

of the free hydroxyl in tﬁose models could inteffere in the generation

of the quinenes.
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As a result of the relative instability of the bromide (236),
no further attempts were made to prepare an analytical sample.
Evidence for the existénce of this intermediate bromide was obtained
by measuring the 1H n.m.r. spectrum of the bromination product as
obtained from the NBS reaction. This product was collected in
relatively pure form after removal of the succinimide by filtration -
the spectrum obtained was wholly consistent with that required for
structure (236).

The next step in the generation of the required olefins (241)
and (242), was the dehydrohalogenation of the bromides (235) and
(236). This procedure is normally readily effected by treatment of
the halogenated species with a suitable base. In the case of the
diacetoxy species (235), the choice of base was limited by the
presence of the easily hydrolysed acetate groups. A furfher restriction
on the choice ofibase was imposed by the presence of the ester function
in both bromides. Hydrolysis of the ester at this stage was not

desired.

(241) R = COMe

(242) R

it

Me

L di
G11e§¥5when he prepared 6,7-dimethylbenz[f]indene-4,9—diy1*acetate
(243) from the corresponding l-bromoindane, showed that 2,6~lutidine
may be employed for dehydrobromination. Compound (235) was thus

treated with lutidine under conditions of reflux and this afforded



117

the required olefin (241) in 657 yield. 1In the light of the
moderate yield and tedious workup involved, an attempt was made to
use the powerful base 1,S-diazabicyclo[4y§.O]non—S-ene (DBN) instead
of lutidine. This, however, gave even lower yields of the required
olefin.

Firstly, beéause of the difficulty encountered in purification
of the product after lutidine treatment, and secondly, since the
bromide (236) contained the more stable methoxy substituents, it was
decided to attempt dehydrobromination of that compound with other
bases. Treatment of compound (236) with DBN returned only starting
material, The same result was obtained when potassium t - butoxide
in dry tetrahydrofuran was used at room temperature. However, when
this latter base was employed under conditions of reflux, neither
starting bromide nor required olefin could be found. Instead, the
only product of the reaction was the cyclopropyl ester (244). It
is reasonable to assume that this product forms via the proposed
intermediate (245). This intermediate may be generated in preférence

to the required anion (246).

O0COMe

(243)
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OMe

~ O.Me

OM
€ Br

(246)

In the light of the above results, it was decided to revert to
the use of lutidine as the base. When compound (236) was heated
under reflux in lutidine, dehydrobromination prqceeded faf more readily
than in the case of the diacetate (235). Workup afforded thg required
olefin (242) in 92% yield. Thus, both model olefins (241) and (24?},
were available, and suitable methods were then sought for their
conversion into the desired model structures (224) and (225). The
1H n.m.r. spectrum of each olefin showed a coupling constant of 16Hz
for the olefinic protons, thus verifying a trans arrangement about
each double bond.

The preparation of isomer (224) via the following sequence was
envisaged. Conversion of the olefin function into an epoxide and
subsequent ring closure should lead exclusively to the product with
the stergochemistry of (224). Under either basic or acidic conditionms,
epoxide ring opening would be expected at the benzylic position.

‘Reaction of the olefin (235) and m—chloroperbenzoichCid in
methylene chloride, readily afforded the epoxide (247). It was hoped
that the treatment of this with the base under nitrogen would follow
the reaction sequence outlined in Scheme (12). However, reaction

of the epoxide (247) with -aqueous base under a variety of conditions
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led only to extensive decomposition. No single product could be

isolated from the reaction mixtures.

Scheme (12)

2 N (28
P
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As a result of the difficulties experienced with the diacetate
model, it was decided to continue only with the more stable dimethoxy
analogue. Furthermore, the diacetate model had been prepared
initially to facilitate the final generation of the quinones (224)
and (225) under mild conditions; whereas in the dimethoxy case, the
relatively more vigorous conditions of silver (II) oxide were required.
However, it had been found that quinone (240) was readily produced
from its dimethoxy precursor (238), under the acidic conditions of
silver (II) oxide. It might then havgfgggsible to oxidise similarly
the hydroxylactone dimethyl ether (251) to the corresponding quinone,
in spite of the uﬁprotected lactone hydroxyl function. In this
circumstance, the diacetate model would no longer be essential. The
route to compound (251) from the alternative olefin (242) should then
proceed by a pathway similar to that outlined in Scheme (12) for the
diacetate model.

One pathway in Scheme (12) envisages both nucleophilic fing
opening of the epoxide and basic hydrolysis of the ester function.

To exclude the possibility that the basic condifions could upset the
required lactone (251) after formation, it was decided to carry out

the reaction sequence on the free acid product (252) as well. This
would eliminate the necessity of the fairly vigorous base.treatment

required for ester hydrolysis, thus allowing lactone formation under
milder conditions. The free acid (252) was easily obtained from

the hydrolysis of the ester (242) with aqueous potassium hydroxide.
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(252)

A number of attempts were made to epoxidise both the ester (242)
and acid (252) with m-chloroperbenzoic acid in methylene chloride.
However, these proved to be unsuccessful, with extensive decompositibn
occurring. Neither starting material nor epoxide could be found+'
Similar attempts were made to prepare the trans hydroxylated product
using performic acid. Because of the acidic strength of this reagent,
one or other of the monoformate esters (255) or (256), or a mixture-
of these wbuld be isolated instead of the epoxidego. In general,
such monoformate esters readily yield vicinal diols on alkaline

hydrolysis. However, this reaction was also unsuccessful.

?ozR (253) R=H
g (254) R = Me

t . . .
No steps had been taken to remove any m—chlorobenzoic acid which
could contaminate the peracid. This acid is more strongly acidic

than the‘peraCidag.
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(255) R = H, R, = CHO

(256) R = CHO, R, = H

(253)
(254)

W/

(259) R =H

(260) R = Me

A possible reason for the failure of these epoxidation procedures
in acidic medium can be advanced by consideration of the intermediates
(257) and (258). These species could rapidly undergo ring opening

- as shown inischeme (13). - The resulting intermediates-(259) and (260)
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could undergo further transformations. The lesser electron availability
in the case of the acetate protecting groups in epoxide (247) would
explain why the epoxide could be isolated for the diacetate model.
Andersongl, has recently reported an epoxidation procedure in
basic medium designed specifically for acid sensitive epoxides.  This
involﬁeé reaction of m-chloroperbenzoic acid with the olefin in a
biphasic system of methylene chloride and aqueous sodium bicarbonate.
Treatment of the ester (242) under these conditions readily afforded
the epoxide (254)+; It was hoped that ring opening of the epoxide
with base would afford the frans hydroxylated product (261).
Subsequent treatment of this with dilute hydrochloric acid could be
expected to yield the required lactone (251) in a manner analogous
to the formation of lactone (238). However, treatment of epoxide
(254) with aqueous base under mild conditions returned starting |
material. Under more vigorous conditions, extensive decomposition

occurred and none of the required product could be isolated.

OMe
OH
‘\\\\\\ H
OMe 02Me
HO R
H
(261)

+ v .
This product was not purified further because extensive decomposition

1 : . .
occurs on chromatography. H n.m.r. spectral evidence was consistent

with the required structure,
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In view of the above failure, it was decided to attempt
epoxidation of the free acid (252) under basic conditions. ‘This
procedure would generate the intermediate (262) and ring closure
might then occur intramolecularly to give the required lactone (251)

in one reaction.

0,
H 4 —> @D

(252)

(262)

The biphasic conditions for epoxidation as described earlier were
not expected to be very successful, since the acid would go into the
aqueous phase. The resulting carboxylate anion might never come into
contact with the peracid, dissolved in the organic phase. However,
reaction of acid (252) under these conditions with m—chloroperbenzoic
acid, in fact gave the required lactone (251) in moderate yield (477).
Other workers92 have reported epoxidation in basic medium, using a
monophasic system of acetonitrile and aqueous base. It was hoped
that these homogenous conditions might improve the yield of the lactone.
A number of reactions, using this solvent system, were thus carried
out under a variety of basic strengths, m-chloroperbenzoic ratios and
reaction times. -~ However, the best yield of lactone obtained was 50%.
Experiments to optimise this yield are still being performed.

Oxidation of the lactone (251), with silver (II) oxide, afforded
the quinone (224), in spitg of the free hydroxyl group. This

reaction further illustrates the versatility of this reagent for the
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production of quinones from the corresponding dialkyl ethers. Figure 7
(page 129 ) shows the 1H n.m.r. spectrum of quinone (224), which compares
favourably with those in Figure 9v(page131 ) for Juglomycins A and B.
The mass spectral fragmentation pattern of quinone (224) also displays

a good correlation with that reported for the Juglomycins.

Model quinone (224) m/e 258 (M'), 240, 188, 187, 159.

Juglomycins A and B "/ 274 "y, 256, 204, 203, 175.

The synthesis of the alternative isomer (225) required the
generation of'the eis hydroxylated product (263). The production of
eis diols from olefins has been accomplished most readily with osmium
tetroxide93. Baran94 has shown this process to be a particularly
facile one when carried out with his improved conditions for the
cleavage of the initially formed osmate esters. Workup, which employs
pyridine and aqueous sodium bisulphite, allows for the smooth trans-
formation of osmate esters to c¢is glycols under mild conditions. These
conditions avoid the often troublesome separation of products from

‘osmium and its inorganic derivatives.

(263) R

Me

(264) R

it
=

(265)
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Reaction of the olefin (242) with osmium tetroxide in pyridine,
followed by workup as described above, afforded the required c¢is diol
(263) in almost quantitative yield. This product was cyclised
immediately in mildly acidic medium, analogous to the earlier lactonisation
of compound (237). This gave the desired lactone (265), with the
stereochemistry shown +. Subsequently, it was shown that the lactone
(265) could be obtained alternatively by similar c¢is dihydroxylation
of the acid (252), followed by acid catalysed cyclisation of the
resulting diol (264).

Figures 5 and 6 show the lH n.m.r. spectra of the two dimethoxy-
lactones (251) and (265) réspectively. The c¢is and trans isomers
are readily distinguished by their different vicinal coupling constants.

Oxidation of the lactone (265), with silver (I1) oxide, readily
~afforded the quinone (225) in good yield (86%Z). Figure 8 shows the
lH n.m.r. spectrum of the quinone (225). This again compares
favourably with the spectra of Juglomycins A and B, shown in Figure 9,
The mass spectral fragmentation pattern for quinone (225) also follows
closely that reported for the Juglomycins (see page 125).

Model quinone (225) "/_ 258 (M), 240, 188, 187, 159.

At present, the syntheses of the actual antibiotics, Juglomycins

A and B, are being undertaken.

-f- .
No change in the stereochemistry was assumed to occur under the mild

conditions employed viz: hydrochloric acid in tetrahydrofuran.
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Figure 7
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Figure 9

NMR spectra of juglomycin A (dg-DMSO)

131

Reprinted from the Japanese Journal of

Antibiotics 1971, 24, 223

11.85




- NMR spectra of juglomycin B (d¢,-DMSO)

131a

Figure 9 Reprinted from the Japanese Journal of

Antibiotics 1971, 24, 223

1.7
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2-(3-Methylbut-l-enyl)-3-hydroxy-5-methoxy-1,4-napthaquinone: (210)

QrHydroxy—gFmethoxy—l,4-napthaquinone (132) (0.40g) in hot (800)

glacial acetic acid (10 ml) was treated wi;h concentrated hydrochloric
acid (1 ml) followed immediately by isovaleraldehyde (1.25 ml). The
dark solution was heated under gentle reflux for 1 h, then thrown into
water (260 ml) and extracted with chloroform. The organic layer was
dried and evaporated and the residue chromatographed over a short silica
column with methylene chloride as eluant. This yielded the orange
product, which was sublimed at 150° (bath)/1.2 mm Hg, m.p. 179.5-180°
(0.45g, 86%). (Found: C, 70.7; H, 6.0 C16H1604 requires C, 70.6;

2,14

H, 5.9%), v__ (CCl,) 3320, 1736, 1658, 1618 and 1584 cm
2.44 (2H, m, 6- and 7 -H), 2.79 (1H, dd J 2 and 8Hz, 8 -H), 3.02 (1H,
dd J 7 and 16Hz, 2 -H), 3.48 (1H, 4 J 16Hz, 1 -H), 5.98 (3H, s, OCH3),

7.47 (1H, octet J 7Hz, 3 -H) and 8.89 (6H, d J 7Hz, CH3).

9-Methoxy=-2,2dimethylnapthal 2,3-b lpyran-5,10-dione: (211) and

2-(Isopropyl)-8-methoxynapthal2,3-bJfuran-4,9-dione: (212)

The foregoing quinone (210) (300 mg) in benzene (50 ml) was added to

a solution of 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) (300 mg)

in benzene (100 ml) and fhe mixture stirred overnight at room témperature.
The precipitate(ﬁzDDQ) was filtered and washed with benzene. The

solvent was evaporated and the residue chromatographed. (eluant methylene
chloride). A pale yellow band afforded the furanquinone (212) which

was sublimed at 150° (bath)/2.2 m Hg, m.p. 157-158.56 (25 mg, 8%).
(Found: ¢, 71.1; H, 5.2 C, H, O, requires C, 71.1; H, 5.2%),

1671474
-1
Vnax (CC14), 1726.and 1668 cm ~, T 2.10~2.56 (2H, m, 6- and 7 -H),
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2.72 (14, dd J 2 and 8Hz, 8 -H), 3.49 (iH, s, 3 -H), 5.99 (31, s, OCH3),
6.90 (1H, septet J 7Hz, Cﬂﬁez) and 8.65 (6H, d J 7Hz, CH3).

An orange-yellow band gave the pyranquinone (211) which was sublimed

at 150° (bath)/2 mm Hg, m.p. 132-134°C (140 mg, 47%Z). (Found: C, 71.1;
‘H, 5.6 C, H ,0, requires C, 71.1; H, 5.27), Vmax (CC14) 1727,

°16M14%
1677, 1650 and 1636 cm |

, T 2.18 =2.50 (2H, m, 6- and Si-n), 2.78 (1H,
dd J 2 and 8Hz, 7 -H), 3.39 (1H, d J 9Hz, 3 -H), 4.35 Eiu, d J 9Hz,

4 -H), 6.01 (3H, s, OCH3), and 8.46 (6H, s, CH3).

Further fractions afforded a red crystalline material, assumed to be
the ortho-quinone (213) (85 mg, 28%), which was readily converted to

quinone (211) with concentrated hydrochloric acid (1 ml) in ethanol

(10 m1) on warming on a water=bath.

a-Caryopterone [9-Hydroxy-2,2-dimethylnapthal2,3-b Jpyran-5,10-dione]: (191)

The quinone (211) (300 mg) in dry methylene chloride (5ml) was treated

at -78° with an excess of boron tribromide (500 mg) in the same solvent
(10 m1). Workup as described in the previous experimental section
afforded a crude residue which was chromatographed on a short silica
column (eluant methylene chloride). This gave o — caryopterone (160 mg,
557) from which an analytical sample was prepared by p.l.c. with 10Z
ethyl acetate/light petroleum as solvent, m.p. (toluene/light petroleum)

7 143.5-145° (dec) ).

170-172° (dec) with darkening at 143° (1it®
(Found: C, 70.2; H, 5.0 C15H1204 requires C, 70.3; H, 4.7Z). The
i.r. and'H n.m.r. spectra were identical with those recorded for the

natural material. The synthetic and natural materials had the same

Rf on t.l.c. in several solvent systems.
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3-Acetoxy-5-methoxy-2~(3-methylbut~2-enyl)-1,4-napthaquinone: (219)

2-Hydroxy-8-methoxy-1,4~napthaquinone (132) (0.96g) was acetylated
with acetic anhydride (5 ml) containing concentrated sulphuric acid
(0.2 ml) to give 3-acetoxy-5-methoxy-1,4-napthaquinone (218) (0.65g,
537), T 2.2-2.5 (2H, m, 7- and 8 -H), 2.6-2.8 (IH, m, §'-H), 3.36 (1H,
s, quinonoid H), 6.01 (1H, s, OCH3) and 7.62 (3H, s, COCH3).

Because of its ready hydrolysis, the crude acetate was alkylated
directly with 4-methylpent-3-enoic acid (0.30g) and silver nitrate
(0.30g) in a mixture of acetonitrile (12 ml) and water (15 ml) to
which was added a solution of ammonium peroxodisulphate (1.12g) in
water (10 ml) at 60-65° with vigorous stirring over a period of 1 h.
At the completion of addition, the solution was stirred for a further
10 mins at the same temperature, then cooled and the excess acid
neutralised with solid sodium carbonate. The dark mixture was
extracted with ether and the organic layer dried and evaporated. The
residue was chromatographed over a short silica column (eluant methflene
chloride) to afford the quinone (0.65g, 757). An analytical sample
was prepared by p.l.c. with methylene chloride as solvent, m.p. 103-104°.
(Found: €, 68.8; H, 5.9 C18H1805 requires C, 68.8; H, 5.77),

Voax (CC14) 1785, 1727, 1675 and 1650 cm_l, T 2.16-2.50 (2H, m, 7-

and 8 -H), 2.66-2.83 (1H, m, 6 -H), 4.92 (1H, t J 8Hz, 2 -H), 6.02
(38, s, OCH,), 6.76 (2, d J 8Hz, CH,), 7.62 (3H, s, COCH,), 8.25

(3H, s, CH3) and 8.32 (3H, s, CH3).

3-Hydroxy—-5-methoxy-2-(3-methylbut-2-enyl)-1,4-napthaquinone: (220)

The above acetate (219) (0.65g) was heated under gentle reflux with
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N sodium carbonate (50 ml) until all material was dissolved. The
solution was cooled in ice, acidified carefully with concentrated
hydrochloric acid and extracted with methylene chloride. The organic
layer was dried and evaporated and the residue chromatographed over
a short silica column (eluant methylene chloride). | A small quantity
of starting material eluted first, followed by the product (0.25g, 553
based on unrecovered starting material). This was sublimed at 130°
(bath)/1.3 mm Hg, m.p. 155.5-156.5°.  (Found: C, 70.8; H, 6.1
C16H1604 requires C, 70.6; H, 5.97), Voax (CCl4) 3360, 1728 and
1653 cm L, 7 2.1-2.5 (2H, m, 7- and 8 -H), 2.79 (1H, dd J 2 and 8Hz,

6 -H), 4.79 (1H, t J 8Hz, 2°-H), 5.98 (3H, s, OCH3), 6.72 (24, d J

8Hiz, CH,), 8.21 (3, s, CH,) and 8.31 (3H, s, CH,).

O-Methyldihydro-a-caryopterone [3,4~Dihydro-9-methoxy—2,2-dimethyl-

naptha[Z,3-bggyran-5,10-dione]: (193) and 3,4-dihydro-7-methoxy-2,2-

dimethylnaptha[l,2-blpyran-5,6-dione: (221)

Quinone (220) (210 mg) in acetic acid (5 ml) and concentrated hydrochloric
acid (0.75 ml) was heated on a water bath for 75 mins. The solution

was cooled, water gradually added, and the whole extracted with

-methylene chloride. The organic layer was dried and evaporated, and

the residue chromatographed (eluant methylene chloride) over silica to
give, starting material (4 mg),_followed.by the quinone (193) (101 mg,
49%) which was sublimed at 150-155° (bath)/1.8 mm Hg, m.p. and mixed

8

' o]
168-1697). (Found: €, 70.5, H, 6.0 C16H1604
1

requires C, 70.6; H, 5.9%), v _  (CHCl,) 1671, 1640, 1623 and 1587 cm -,

m.p. 165-167° (1it®

1 2.22-2.54 (2H, m, 6~ and 7 -H), 2.82 (1H, dd J 2 and 8Hz, 8-H),

6:04 (3H, s, OCH;), 7.43 (28, t J THz, 4=CH,), 8.20 (2H, t J 7Hz,
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3—CH2) and 8.59 (6H, s, CH3). The synthetic and natpral materials

‘had the same R. on t.l.c. in various solvents.

f
A third band afforded the ortho-quinone (221) (100 mg, 49%), m.p.160-
_1610 (1it67, 162-1630). The i.r. an&lﬁin.m.r. data were identical

with those reported67. Quinone (221) was quantitatively converted
into the quinone (193) by treatment with concentrated hydrochloric:

acid in hot ethanol.

Dihydro-o-caryopterone [3,4-Dihydro-9-hydroxy-2,2-dimethylnaptha-

[2,3-blpyran-5,10-quinone }: (192)

(a) The quinoﬁe (193) (30 mg) in dry methylene chloride (10 mlj was
treated at -78° with boron tribromide (1.5 molar equivalents) in the
same solvent (10 ml). This was allowed to warm to room temperature
and then stirred overnight. Water was cautiously added, and the
solution extracted with chloroform. The contents of the organic
layer, after drying and reducing, were purified by p.l.c. (eluant
benzene) to afford the natural product (17 mg, 60%) . This was

sublimed at 100-110° (bath)/2.7 mm Hg, m.p. 119°, mixed m.p. 119-120°

(lit68, 120-122°). (Found: C, 69.45; H, 5.60 C15H1404 requires
C, 69.75; H, 5.457). The synthetic and natural materials had the

1 . .
same Rf values, and an H'n.m.r. spectrum consistent with that reported.

(b) 'In an initial experiment designed to afford the above product,
‘the quinone (193) was treated with an excess (3 molar equivalents) of
boron tribromide at room temperature in methylene chloride, and the
solution heated under.reflux for 20 mins. Workup and p.l.c. as

above, yielded in addition to (192), a preponderance of 8~bromo-3,4-

dihydrquihyqroxybg,2édime;hy1naptha [Z;B—P;pyran—ij10—qgjn0ne (222)
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which had the higher R.value. This was sublimed at 145-150° (bath)/

‘4 mm Hg, m.p. 180-181.  (Found: C, 54.0; H, 4.2 C,5H; 4Br0, requires
C, 53.45; H, 3.97) v -2.48 (1H, s, OH), 2.16 (1H, 4 J 8Hz, 6-H),
2.53 (1H, d J 8Hz, 7-H), 7.38 (2H, t J 7Hz, 4-CH,), 8.18 (2H, t J

7Hz, 3-CH2) and 8.56 (6H, s, CH3).

9-Methoxy=2,2~dimethylnaptha- [ 2,3-b lpyran-5,10-quinone: (211)

The quinone (193) (175 mg) and DDQ (215 mg) were stirred together

in dry benzene (100 ml) at room temperature for 5 h. The precipitate
(HZDDQ) was filtered off and washed with benzene. The solution was
evaporated and the residue chromatographed over silica (eluant
methylene chloride) to afford starting material (10 mg), followed by
quinone (211) (60 mg), identical with that obtained from compound
(210). A final band gave rise to the ortho-quinone (213) which could

be converted to quinone (211) as described earlier.

2-Bromo-1,4-napthaquinone: ~ (226)
This was prepared from napthaquinone by the method of McElvain86 who

quote m.p. 130-131°C (found 131°C)

2-Bromo—-3-=pentyl-1,4-napthaquincne: = (229)

The aforementioned quinone (550 mg) was treated with silver nitrate
(400 mg), hexanoic acid (400 mg) and ammonium peroxodisulphate (800 mg)
in a water-acetonitrile mixture (12 ml -vi2 ml) as described earlier
for compound (219).  Workup as before gave a crude orange crystalline
pgsidue; Column chromatography (eluant, 5% ethyl acetate/light |

petroleum)"of this reéidﬁe_afforded the product as yellow needles,
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m.p. 90-91°¢ (methylene chloride/light petroleum) (640 mg, 90%).

(Found: C, 58.4; H, 4.85 C15H15Br02 requires C, 58.64; H, 4.927),

v (CCl,) 1670, 1596 and 1470 cm ', T 1.78-2.00 (2H, m, 5- and 8 -H),
2.16-2.36 (2H, m, 6- and 7 -H), 7.15 (2H, t J 7Hz, 1°~CH,). 8.20-8.84

(4H, m, 2 x CHZ) and 9.08 (3H, t J 6Hz, CH,).

Quinone: (228)

2-Bromo-1,4-napthaquinone (1.00g) was treated as above with silver
nitrate (1.00g), ammonium peroxodisulphate (2.6g), and glutaric acid
monomethylester (1.3g) (in place of hexanoic acid). 'Workup and
chromaﬁography (eluant, 10% ethyl acetate/light petroleum) as above
afforded the quinone as yellow needles, m.p. 104-105°C. (1.00g, 70%).
(Found: C, 53.43; H, 3.88 C15H13Br04 tequires C, 53.43, H, 3.897),
v (CCl,) 1742, 1681, 1668 and 1596 em Y, T 1.80-2.00 (2H, m, 5~ and
8 -H), 2.20-2.38 (2H, m, 6- and 7 -H), 6.33 (3H, s, C02CH3), 7.09 (24,
t J 7Hz, 1' ~CH,), 7.54 -(2H, t J 7Hz, 3' -CH,) and 8.08 (2H, quintet

J 7Hz, 2' -CH,).

Bromodiacetate: (230)

The abové product (228) (500 mg) in a pyridine (1 ml)-acetic anhydride
(6 ml) mixture was treated with zinc dust (280 mg) and the solution

was heated on a steam bath. Further additions of zinc were made after
7 and 15 mins (2 x 280 mg). The mixture was then heated under gentle
reflux for‘a further 10 mins, thrown onto ice, and extracted with
chloroform. The organic layer was dried and reduced and the oily
residue chromatographed over silica (eluant, 107 ethyl acetate/light
petroleum) to afford the diacetate as a white solid, m.p. 113-114°C

(570 mg, 90%). (Found: C, 54.4; H, 4.6 C19H19 BrO6 requires
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C, 53.9; H, 4.57), v__ (CHCl,) 1764, 1724 and 1600 cm ', T 2.18-
2.58 (4H, m, 5-, 6=, 7- and 8 -H), 6.32 (3H, s, cozcu3), 7.08 (2H,
tJ THz, 1°-CH,), 7.48 (3H, s, COCH,), 7.50 (3H, s, COCH,), 7.57 (2H,

t J 7Hz, 3’-CH2) and 8.06 (2H, quintet J 7Hz, 2:CH2).

Diacetate: . (233)

The bromodiacetate (230) (300 mg), in glacial acetic acid (5 ml)
containing palladium/carbon catalyst (10% Pd/C; 100 mg) and anhydrous
sodium acetate (100 mg), was hydrogenolysed over 4 h at 65-70°C and
ambient pressure. The mixture was then co&led, filtered, and the
solvent removed. The white oily residue was taken up in chloroform
(25 ml) and washed with water (2 x 10 ml). The organic layer was
dried and evaporated to afford the product as a clear oil (230 mg,
95%). An analytical sample was prepared by p.l.c. (éluant, 207
ethyl acetate/light petroleum). (Found: C, 66.06; H, 5.90

O6 requires C, 66.27; H, 5.85%7), Voax (CC14) 1788, 1770, 1740
1

€19t20
and 1605 cm ~. T 2.13-2.39 (2H, m, 5- and 8 -H), 2.40-2.60 (2H, m,
6- and 7 -H), 2.85 (1H, s, 3 -H), 6.33 (3H, s, COZCH3), 7.29 (24, t
J 7Hz, 1%CH,), 7.52 (3H, s, COCH,), 7.54 (3H, s, COCH,), 7.63 (2H, t

J 7Hz, 3°-CH,) and 8.03 (2H, quintet J 7Hz, 2°-CH,).

Bromination of diacetate: (233)

The above product (130 mg) was heated under gentle reflux in dry
carbon tetrachloride (15 ml) containing N—brdmosuccinimide (81 mg,
1.2 mole equivﬁlents) and a catalytic amount §f benzoyl peroxide.
The reaction was halféd when t.l.c. indicated the total consumption

of starting material (da.-O,S h). The Solution was cooled, filtered
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and the solvent removed. The oily fesidue was chromatographed over

- silica (eluant, 207 ethyl acetate/light petroleum) to afford the
bromo-product (235) as a white crystalline material, m.p. 94-95°¢C
(130 mg, 81%7). (Found: C, 54.1; H, 4.6 Cy g, gBrO, Tequires

C, 53.95 H, 4.5%), v___ (CHCl,) 1764, 1735 and 1608 cm ', T 2.08~
2.62 (44, m, 5-, 65 7-, 8 -H), 2.58 (1H, s, 3 -H), 4.54 (1H, m, 1°-H),
6.36 (3H, s, CO,CH;), 7.20~7.70 (4H, m, 2 x CHZ),.7.48 (3H, s, COCH,)

and 7.56 (3H, s, COCHB).

Formation of the olefinic ester: (241)

The bromo-product (235) (460 mg) was heated under gentle reflux in
dry 2,6-lutidine (30 ml) for 5 h. The dark mixture was then cooled,
the lutidine hydrobromide precipitate filtered off, and the solvent |
removed. The dark oily residue was chromatographed over silica
(eluant, 20% ethyl acetate/lighgjpetroleum) to afford the olefin

(220 mg, 697%) and starting material (50 mg). T 2.15-2.65 (4H, m,

5?, 6-, 7- and 8 -H), 2.58 (IH, s, 3 -H), 3.38 (1H, d J 16Hz, 1°-H),
3.64 (1H, d x t J 16 and 6Hz, 2°-H), 6.28 (3H, s, OCH3), 6.69 (2H,

d J 6Hz, CH2), 7.50 (3H, s, COCH3) and 7.54 (3H, s, COCH3).

Epoxidation of the olefinic ester: (241)

The above olefin (100 mg) and m—chloroperbenzoic acid (200 mg, 2 mole

' equivalents) were stirred together at room temperature in dry methylene
chloride (10 ml) for 0.75 h. The mixture was washed successively
.with a sodium sulphate solution (10 ml, 10%), a sodium bicarbonate
solution (30 ml, 5%) and water. The organic layer was then dried

and evaporated to afford the epoxide (247) as an off-white solid.
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No further purification was attempted. 1 1.95-2.45 (4H, m, 5-,6-,
7- and 8 -H), 2.90 (1H, s, 3 -H), 6.07 (1H, d J 2Hz, 1°-H), 6.26
(3H, s, CO,CH)), 6.67 (1H, d x t J 2 and 6Hz, 2°~H), 7.25 (2H, d J

6Hz, CH,), 7.50 (3H, s, COCH,) and 7.56 (3H, s, COCH,).

"‘Reductive methylation of quinone: (228)

The quinone (228) (1.50g) in diethyl ether (30 ml) was shaken witﬁ

a solution of sodium dithionite (2.40g; 3 mole equivalents) in water
(30 ml) until the organic layer had lost its yellow colour. The
ether layer was then dried and evaporated to give the hydroquinome
(231) as an off-white solid. This residue was immediately diésolved
in dry acetone (50 ml) and treated with anhydrous potassium carbonate
(3g, 5 mole equivalents) and dimethylsulphate (3g, 6 mole equivalents)
under anhydrous conditions. The mixture was stirred vigorously and
heated under gentle reflux for.5 h. The pale solution was then cooled,
filtered and reduced. The oily residue was taken up in diethyl ether
and washed successively with a concentrated aqueous ammonia solution
(10 ml), water, 2N hydrochloric acid (20 ml) and finally with water.
~The organic layer was dried and evaporated to yield the dimethyl

ether (232), m.p. 80-81°¢C (methylene chloride/light petroleum) (1.57g,

967). (Found: C, 55.4; H, 5.2 C BrOa-requires T, 55.6;

1719 ‘
H, 5.27), v__ (CHC1,) 1727, 1581 and 1456 em T, t.1.82-2.06 (2H, m,
5- and 8 -H), 2.38-2.60 (2H, m, 6~ and 7 -H), 6.04 (3H, s, ocn3),

|
6.10 (3H, s, OCH,), 6.34 (3, s, CO,CH,), 6.96 (24, t J 7Hz, 1°-CH,),

7.55 (2H, t J 7Hz, 3*—cu2) and 8.00 (2H, quintet J 7Hz, 2°-CH,).
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Hydrogenolysis of bromo-dimethyl ether: (232)

The dimethyl ether (232) (500 mg) was hydrogenolysed at 35°C as
described earlier for compound (230). Workup as before gave the
required product (234) as a clear oil (390 mg, 100%) . (Found:

c, 70.5; H, 6.9 04 requires C, 70.8; H, 6.97), Vax (neat)

C17%20
1740,1630 and 1600 cm ©, T 1.72-1.90 and 1.91-2.08 (I1H each, 2 x m,
‘5~ and 8 -H), 2.40-2.65 (2H, m, 6- and 7 ~H), 3.41 (1H, s, 3 -H),
6.04 (3H, s, OCH;), 6.14(3H,s, 0033),6.34,(3H, s, CO,CH,), 7.16 (2H,
t J 7Hz, 1‘-CH2), 7.58 (2H, t J 7Hz, 3’-CH2) and 7.96 (2H, quintet

J 7Hz, ZZCHZ).

Bromination of the dimethyl ether: (234) and its conversion to the

olefinic ester: (242)

The above product (300 mg) was brominated with N—broﬁosuccinimide

as described earlier for compound (233). Workup of the reaction
mixture in this case was limited to cooling, filtration and the removal
-0of the solvent. No chromatography was carried out for the reason.
outlined in 8ection 3.3 and described below. The bromide (236)

was hence reacted further in this state. 11.70-2.06 (2H, m, 5-

and 8 -H), 2.36-2.62 (2H, m, 6~ and 7 -H), 3.19 (1H, s, 3 -H), 4.24
(14, m, 1°-H), 6.02 (3H, s, OCH,), 6.07 (3H,.s, OCH,), 6.36 (3H, s,
CO,CH,) and 7.16-7.66 (4H, m, CH,CH,).

The crude bromide (236) (150 mg) was heated under reflux in dry
2,6-lutidine for 1.5 h. The solution was then cooled and the lutidine
hydrobromide filtered off. Removal of the solvent gave a dark solid
residue which yielded the olefin (242) on recrystailisatibn from

methylene chloride/light petroleum, m.p. 61.5-62°C (130 mg, 907)
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(Found: C, 71.35, H, 6.50 C17H1804 requires.C, 71.31; H, 6.34%7),
Vnax (CHCl3) 1739 and 1600 cm_l, 1 1.72-1.9 and 1.91-2.06 (1H each,
2 xm, 5~ and 8 -H), 2.42-2.70 (2H, m, 6- and 7 -H), 3.00 (1H, d J
16Hz, 1°~H), 3.16 (1H, s, 3 -H), 3.66 (1H, d x t J 16 and 7Hz, 2°-H),
6.06 (3H, s, OCH;), 6.16 (3H, s, OCH,), 6.30 (3H, s, CO,CH;) and 6.66

(2H, d J 7Hz, CH,) .

Investigation of the rearrangement undergone by the bromide (236) on

chromatography. The generation of the hydroxy ester (237) and the

lactone (238).

Two further brominations were carried out as described above, and

the residues from the workups were investigated by p.l.c. (eluant, 20%
ethyl acetate/light petroleum). In both instances, 100 mg of the
dimethoxy bromidé (236)was prepared , and on chromatography two new

products were observed to form from the bromide. viz Figure 10

(236)

L ]

Figure 10
Illlll-llllllll (238)-
I (237)

(a) After one elution, the two newly formed products were collected
as a mixture. The approximate ratio of the products (237) and (238)

1H n.m.r. spectrum .as 1 : 1.

in the mixture was calculated from the
The mixture was then rechromatographed as before and eluted a further

four times. - Recollection and spectroscopy of the mixture then
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showed the ratio of (238):(237) to be 3:1.

(b) In this case, the newly formed compounds were isolated separately

after one elution to afford, from Band 2, the 1ac§one (238) m.p. 128-
o

129°C (35 mg, 33%) (Found: C, 70.35; H, 5.85. C16H1604

C, 70.57; H, 5.922), v___ (CHC1,) 1765, 1630 and 1600 em Y, T 1.65-

requires

1.86 and 1.90-2.07 (1H each, 2 x m, 5- and 8 -H), 2.35-2.60 (2H, m, 6-
and 7 -H), 3.31 (1H, s, 3 -H), 4.03 (1H, dd J 3 and 5Hz, Ar_EETCHz)’
6.01 (84, s, OCH3), 6.08 (3H, s, OCH3) and 7.11-7.90 (4H, m, lactone
CH2CH2); and from Band 3, the hydroxy compound (237) (40 mg, 427),
Vmax (CHC13) 3450(br), 1720(br), 1633 and 1599 cm-l, T 1,70-1,90 and
1.91~2.08 (1H each, 2 x m, 5~ and 8 -H), 2.38-2,62 (2H, m, 6~ and 7 -H),
3.17 (14, s, 3 -H), 4,72 (1H, t. J 6Hz, 1'-H), 6.02 (3H, s, OCH3),
6.11 (3H, s, OCH3), 6.34 (3H, s, C02CH3) and 7.22-8.00 (4H, m, CHZCHZ)'
No further purification of this latter product was carried out.
Instead, the hydroxy compound (237) was stirred overnight in a mixture
of tetrahydrofuran (5 ml) and dilute hydrochloric acid (5 ml). The
solution was then extracted with chloroform (2 x 20 ml) and the ofgahic
layer dried and evaporated. 1H n.m.r. spectroscopy of the residue
indicated the conversion of the hydroxy compound into the lactone

(238) (3:1 ratio of lactone to OH starting material). This

conversion agrees with that observed in (a) and served as a charac-

terisation of compound (237).

Butoxide treatment of the Bromide: (236)

The bromo-compound (236) (100 mg) and potassium t-butoxide (60 mg, 1.5

mole equivalents) were heated under reflux in dry tetrahydrofuran for
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1h. ’The mixture was éooled, thrown into water and extracted with
ether. The organic layer was dried and evaporated and the residue
purified on p.l.c. (eluant 1Z ethyl acetate/light petroleum). After
three elutions, the major band afforded the cyclopropyl product (244)
as a clear oil (55 mg, 737). (Found: C, 71.2; H, 6.5

C17H1804 requires C, 71.3; H, 6.3%7), Voax (CHC13) 1720, 1632 and
1598 cm L, t 1.75-2.05 (2H, m, 5- and 8 -H), 2.20-2.63 (2H, m, 6-

and 7 -H), 2.79 (1H, s, 3 -H), 6.07 (3H, s, OCH;), 6.09 (3H, s, OCH,),
6.25 (3H, s, CO,CH,), 6.87-7.11 (1H, m, Ar-CH-CH,), 7.83-8.65 (3H, m,
_Ci{ﬂCOZCH:;) .

Oxidative demethylation of the lactone: (238)

The lactone (238) (50 mg), in dry dioxane (5 ml), was pxidised with
silver (II) oxide (100 mg) and 6N nitric acid (0.3 ml) as described
in Chspter 1. Workup as before afforded a yellow solid which was
purified by p.l.c. (eluént 207 efhyl acetate/light petroleum). This
| gave the pale yellow quinone (240), m.p. 152-15400 (dec) (methylene
chloride/light petroleum) (32 mg, 72%). (Found: C, 69.3; H, 4.1

C14H1 o0 Tequires C, 69.4; H, 4.17), v . (CHC1,) 1787, 1670 and

1600 cm ', © 1.80-2.0 (2H, m, 5- and 8 -H), 2.10-2.32 (2H, m, 6~ and
7 -H), 2.98 (1H, d J 2Hz, 3 -H), 4.40 (1H, apparent triplet J 7z,

lactone EEPHZCHZ) and 6.94-8.06 (4H, m, lactone CHZCH2)'

Cis hydroxylation of the olefinic ester: (242)

The olefin (242) (65 mg), in dry pyridine (2 ml), was treated at room
- temperature with osmium tetroxide (70 mg, 1.1 mole equivalents) in

.dry ether (3 ml). The solution was stirred for 0.75 h and then
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treated with a mixture of sodium bisulphite (250 mg) in water (5 ml)

and pyridine (5 ml). This mixture was stirred until a homogenous
orange colour was attained (ca. 0.5 h). The solution was extracted
with chloroform (3 x 15 ml), and the organic layer dried and evaporated.
This gave the diol (263) as a clear oil (72 mg, 737%). Vnax (neat)
3460, 1737, 1635 and 1602 cm—l, T 1.70-1.88 and 1.96~-2.10 (1H each,

2 xm, 5- and 8 -H), 2.40-2.62 (24, m, 6- and 7 -H), 3.16 (1H, s, 3 -H),
4.91 (14, d J 7Hz, 1°-H), 5.65—5.90 (1H, m, 2°-H), 6.04 (3H, s, OCH,),
6.12 (3H, s, OCH3), 6.32 br (2H, s, 2 x OH), 6.42 (3H, s, OCH3) and
7.26-7.78 (2H, m, CHZ)'

J

Acid-catalysed lactonisation of the e¢is diol: (263)

Without further purification, the above diol (62 mg) in tetrahydro-
furan (10 ml) was treated with concentrated hydrochloric acid (4-5
drops) and the solution set to stir for 4 h. The mixture was -
partitioned between water and methylene chloride. The organic layer
was dried and evaporated and the residue purified by p.l.c. (eluant,
methylene chloride). This afforded starting diol (263) and the
product lactone (265), m.p. 145.5-146.5°C (methylene chloride/light
petroleum) (40 mg, 857 based on unrecovered starting material).
(Found: M’ 288; C, 65.55; H, 5.55 C H O requires M’ 288;

C, 66.50; H, 5.602), v __ (CHC1,) 1780 cm !, T See Figure 6.

Oxidative demethylation of the lactone: (265)

The above lactone (40 mg) was oxidatively demethylated with silver (II)
oxide (100 mg) and 6N nitric acid (0.3 ml) as for compound (238).

Workup as before gave a crude yellow product which, on recrystallisation,
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afforded the pale yellow quinone (225), m.p. 201-203°C (dec)
(ethyl acetate/light petroleum) (31 mg, 867). (Found: M 258;

C, 63.60; H, 3.85 C requires M' 258; C, 65.10; H, 3.90%),

14810%
v 3460, 1775, 1728 and 1664 cm *, T See Figure g,

Formation of the olefinic acid: (252)

The olefin (242) (90 mg) was heated under reflux in 57 aqueous
potassium hydroxide for 3 h. The cooled solution was washed with
ether to remove any starting material (10 mg recovered from ether
layer), and then acidified with dilute hydrochloric acid. This
solution was extfacted with chloroform and the organic layer dried
and evaporated. The oily residue was purified by p.l.c. (eluant,
2% ethanol/methylene chloride) to afford the acid (252) as white
needles, m.p. 139-140°C (methylene chloride/light petroleum) (70 mg,
927). (Found: C,69,55 ; H, 5.85. C16t16% réquires C, 70.57;

H, 5.927). v__ (CHCl,) 3540-2600, 1712 and 1598 em T, T 1.72-2.06
(2H, m, 5~ and 8 -H), 2.40-2.64 (2H, m, 6~ and 7 -H), 2.98 (1H, d

J 16Hz, 1*-H), 3.16 (1H, s, 3 -H), 3.62 (1H, d x t J 16 and 7Hz,

2°-H), 6.04 (3H, s, OCH3), 6.14 (3H, s, OCH3) and 6.60 (2H, d J 7Hz, CH2).

Epoxidation of the olefinic ester: (242)

The ester (100 mg) in methylene chloride (10 ml) and aqueoué sodium
bicarbonate (0.5 M, 10 ml) was treated with m-chloroperbenzoic acid
(100 mg, 85% peracid), in small portions, over 20 mins. The
solution was stirred at room temperature for 3 h, after which time

- the organic phase was separated. This layer was washed with aqueous
sodium hydroxide (1M, 5 ml) and then with water (10 ml). iSubsequent

drying and evgporation of the organic phase gave the epoxide (254) as
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a gsemi~crystalline residue, (95 mg, 90%). This product was shown
to be éensitive_to chromatography, and was hence reacted further
without final purification. 1 1.70-2.10 (2H, m, 5- and 8 -H),
2.26-2.70 (2H, m, 6~ and 7 -H), 3.50 (1H, s, 3 -H), 5.73 (1H, d J
2Hz, 1°-H), 6.06 (6H, s, 2 x OCH3), 6.27 (3H, s, C02CH3), 6.64 (1H,

dxtJ6 and 2Hz, 2°-H) and 7.19 (2H, d J 6Hz, CHZ)

Formation of lactone : (251) from the olefinic acid: (252)

(a) Under biphasic conditions:

The acid (100 mg) was treated with m-chloroperbenzoic acid in the
same solvent system used for the preparation of compound (254);

The resulting sélution was stirred for 10 h at room temperature.
Workup as before afforded the 1actoné.(251) (48 mg, 467). The
aqueous phase was retreated with more peracid in an attempt to
epoxidise any further starting material present. This, however,
proved unsuccessful. The product (251) has resisted all attempts

at further purification by recrystallisation. The above crude
lactone was purified partially by p.l.c. (eluant, methylene chloride).

v (CHCL,) 3410, 1780, 1630 and 1597 cm ~. T See Figure 5.

(b) Under monophasic conditions:

The acid (100 mg), in a mixture of acetonitrile (10 ml) and aqueous
sodium bicarbonate )0.5 M, 10 ml), was treated with m-chloroperbenzqic
acid (3 mole equivalents) in small portions. (Additions of peracid
were made when starch-iodide tests indicated consumption of the
previous portion). At the completion of additions; the mixture was
stirred for a further 4 h, and then partitioned between chloroform"

and water. The organic layer was dried and reduced to afford the
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required lactone (54 mg, 507%), identical with the material obtained

in (a).

Oxidative demethylation of the lactone: (251)

The above lactone (80 mg) was oxidatively demethylated with silver
(II) oxide (150 mg) and 6N nitric acid (0.4 ml) as for its isomer
(265). Workup as usual gave the required quinone (224), m.p. 166-
168°C (dec) (methylene chloride/light petroleum) (64 mg, 907).

(Found: M 258; C, 63.80; H, 3.80 requires M 2583

C14890%
C, 65.10; H, 3.902). v_ (CHCl,) 3325, 1788, 1728, 1667 and

1600 cm.l. T See Figure 7.
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