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"ABSTRACT

Aristolindiquinone (1), a novel naturéi-compbund- possibly.
possessing anti-fertility ‘activity, was synthéSized.Via two
independent routes. First, a Stobbe reaction unambiguously
gave the naphthalene nucleus with Ehé required substitution
pattern (3,8—dioxygenated—2,5—dimethyl naphthalene),

starting from 2-hydroxy-5-methylbenzaldehyde (31).

Second, a general synthesis. of substituted C=5 oxygenated-
l,4-naphthoquinones is applied to the synthesis of (1). The
critical step in the synthesis is the reaction of the novel
Diels-Alder partners, dienophile (90), synthesized from 2,6-

dihydroxytoluene (56), and diene (109).
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INTRODUCTION

Compounds containing the quinone ring are widely distributed

in nature . and have been isolated from plants, bacteria

!

and throughout the animal kingdom including man. They

have been shown to exhibit extensive biological
. 2,3 . ) 16,5
activity, including antibiotic and antineoplastic
6rs7
properties. More specifically it has recently been inferred

that they may exhibit antifertility activity.

Indian folk medicine makes use of the roots of Aristolochia
8 .
indica (Indian birthwort) as an abortifacient . Recently,

the medicinal property of this plant has beén verified by

9 .
the work of Pakrashi who confirmed its contragestational

activity. Further research by Coz:‘dellSI7 has shown that
the ethanol extracts of thése roots show a marked decrease
in the number of pregnancies in“rats and hamsters when
administered postcoitally. On partitioning of the ethanol
extracts a new naphthoquinone, aristolindiquinone (1), was
isolated as a bright orange crystalline pigment and its
proposed structure was based on mass, u.v., i.r. and n.m.r.
spéctroscopic data. Due to 1its possible biological
importance as an antifertility agent and in conjunction with

its novel structure, we were keenly interested in its total

synthesis.



It is clearly evident that the naturally occurring juglone
derivative (1) with its regioisomer (2) is a classic example
of a large group of naphthoguinones having the . general

regiochemistry illustrated by structures (3) and (4).

0 | 0
OH _ Me
Me Me
OH OCH
Me OH |
o o) )
Aristolindiquinone (1) : (2)
(0] (0]
D A
C X B X
B Y C Y
A D
o 0
(3) (4)

Structures (3) and (4) are different by 'virtue  of the
relative regiochemistry of the two rinés; The two problems
posed by such structures are: first, their identification,
"and secondly, a synthesisv which takes into account the

regiochemiétry of the left .hand ring with respect to the
right hand ring. Well known examples exhibiting these

problems are:



a) Plumbagin (5), whose methyl'group location was finally

b)

‘ 10
settled by an unambiguous synthesis .

Quinone. A (6), which was obtéined,byihydrogenoly§is of
protoaphin-fb followedvby reoxidation to the quinonoid
level, was und§ubtedly a 5,7-dihydroxy-1,4-naphthoquinone
according to spectroscopic studieé. The stereochemistry
of the/ aliphatic protons was determined by oxidation of

(6), which vyielded D,D-(+) dilactic acid, an acid of
11 12

known absolute configuration - . Cameron - determined '

the regiochemistry by takEng into account fhe chemistry
of erythroaphin-fb (7) which contains no aliphatic
hydroxyl group and by making the assumption, justified by
spectroscopic and chemical similarities, that there is no
significant difference between the non aromatic portions

of Quinone A (6) and the erythroaphin-fb (7).
- 0 _ L 0 Me

Me

OH

Plumbagin (5) Quinone A (6)

The regiochemical assignment has recently been shown to

be correct by the synthesis of the racemate of Quinone A
13
in this laboratory .



Me 0] OH
'Erythroaphin—fb(7)
c) Quinone A'(8), which differs from Quinone A (6) in the
configuration of the carbon atom (C-4) bearing the

alcoholic group as shown by the coupling constants of the

pyran ring protons.

HO

Quinone‘ A'(8)

The general problem of identification  of the
regiochemistry of naphﬁhoquinones can be elucidated by a
total synthesis, spectroscopic studies, comparison with
compounds of known absolute configuration and by an x-ray
crystal structure. The géneral problem of regiochemical

synthesis can be solved in a number of' ways as



illustrated below by methods 1, 2 and 3. Accordingly we

have supplied sufficient background information on each

synthetic route to provide the reader with a sense of the

terrain in which our explorations were conducted.

METHOD 1
One can synthesize a substituted naphthalene whose
regiochemistry is known. A good example of this technique

is the synthesis of naphthalenes via the Stobbe reaction.
Harpeflﬁ reported that thg Stobbe condensation between
2,4,5-trimethoxy-benzaldehyde (9) and diethyl succinate (10)
gave solely ethyl 4—acetoxy—5,6(8Ftrimethoxyfz-naphthoate

(11) in 32% yield.

OMe ’ OMe

o)
7 'CHO N T
C.CH, .CH, .C
7 N
MeO'a : EtO : OEt MeO
 OMe OMe  OAc

(9) ’ (10) (11)

METHOD 2

The desired naphthalene system could be obtained  via .

selective electrophilic substitution of aromatic compounds.

15
Tedder - has shown that mixtures of trifluoroacetic-

anhydride and ‘carboxylic acids give good yields of ketones
' 16
from polyalkylbenzenes. More specifically, Giles - has

shown that the oxygenated naphthalene (12) undergoes

OEt



acylation at C-3 and the protected naphthalene (13) Shows
acylation at C-8 in the presence of premixed acetic acid

and trifluorocacetic anhydride.

OMe OR
= (12) R =H
prio NS - "(13) R = Ac
oprt
METHOD 3 | ’ R
The desired regiochemistry can be obtained via a

regiospecific Diels-Alder . reaction. The following examples

illustrate this.

Giles!? and Roos established the regiospecific addition of
methdxycyclohexa—l,3—diene (14) to 2-methoxy~1,4-
benzoguinone (15) which yielded the adduct (16) and not

(17).

OMe
OMe OMe

OMe

(14) (15) (16) (17)

P




Danishefskylé has shown that the use of siloxy dienes can be
a major soﬁrce of simplification in total synthesis.
However, the addition of dignes to unsymmetrical quinones
are notorious for their lack §f regiospecificityQI? In this
respect Schmidt??® has shown that in the Diels-Alder reaction
of l-acetoxy-1,3-pentadiene (18) with 2,6-dimethyl-
benéoquinone (19) this led to an 85% yield of (20) and (21)

in a ratio of 4 : 1.
CH, COO 0

<
A

+

]
CH,COO 0
(18) (19) (20) (21)

0

This, however, can be overcome by using a substrate with
functions having orientation controlling properties. It has
been shpwn that in the Diels-Alder addition of siloxy dienes
with haloguinones the regiochemistry is determined by the
position of the halogen with the added advantage that the

latter is removed upon aromatization of the adduct.

BrassardI? showed that the reaction of the' 1l-acetoxy-
butadiene (22) with 2-chloro-5-methoxybenzoquinone (23) and
2-chloro-6-methoxybenzoquinone (24) gave the corresponding

isomers (25) and (26) regioselectively.



OMe

bed

0 ,
oMte
__>
Cl
+ .
Z .

(23) oo (25)
2 ' '
0 0
OAcC
(22) + c1 ¢0Me OMe
0 | 0
(24) (26)
21

It has also been shown by Cameron ‘that the diene
(27) added to 2,6-dichloro-1,4-benzoquinone (28)
regiospecifically; the 1less nucleophilic terminus of the

diene attacking the chlorinated carbon affording only isomer

(29) in 80% yield.

EtO,C OSiMe, CO. Et
R 2

\\\ OMe

MeO

\
-+
O:::jllll?iiicb

(27) (28) (29)



Due to the biological interest of aristolindiquinone (1), we

aimed at -the investigation of its regiospecific synthesis

using routes related to each of the above methods.  The -

regiospecific synthesis of aristolindiquinone | was

successfully completed by two unfelated routes fand-all of:

the data of the synthetic compound were identical to those

of the natural product, proving the proposed structure

correct. Subsequently a single crystal x-ray structure22
23

and an alternative synthesis of aristolindiquinone (1)

were achieved, further confirming the proposed structure.’

It was also deemed pertinent to synthesize the regioisomer
(2) as this could be used for direct comparison between
physical and spectroscopic «criteria and possibly anti-

fertility activity, with that of aristolindiquinone (1).
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DISCUSSION

In this project we decided to 'initially synthesize
aristolindiquinone (1) via the Stobbe reaction route (Scheme
1, page 17) in order to be certain of ‘obtaining the correct
regiochemistry. Thefeafter we aimed at 1its concomitant
synthesis using electrophilic substitution (Scheme 3,
page 34) and Diels-Alder (Scheme 8, page 53) methodology,
the latter two potential routes being far more elegant and
direct. The wunambiguous regiqchemical synthesis of the
alternative isomer (2) was achieved using a slight

modification of the Diels-Alder synthesis.
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CHAPTER 1

THE SYNTHESIS CF ARISTOLINDIQUINONE VIA THE STCBBE REACTION -

The reaction sequence that 1led to the successful synthesis
of aristolindiguinone is illustrated 1in Scheme (1),

(page 17).

The desired aldehyde precursbr (31) for the Stobbe reaction,
with the requisite substitution pattern, was obtained via
the Reimer-Tiemann formylation of para-cresol (30) in a
yield of 37% according to a literature procedure 25’5;

Due to the poor yield for this reaction introduction of the

formyl group was investigated using the Vilsmeier-Haack

formylation technique.

Sargent26 h@s reported the successful preparation of
aldehydes from methoxy-methyl benzene derivatives (see
page 24). Consequently we attempted aromatic formylation of

the commercially available methyl ether (32), using the

prescribed method. Formylation was expected to occur ortho
to the methoxy group due to its stronger directing
influence, however, on its subjection to Sargent's

formylation conditions a t.l.c. examination of the reaction
product showed extensive degradation of the starting

material with no characterisable product. Thus,'syhtheSis
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of aldehyde (33) remainedv routed wvia the Reimer-Tiemann

reaction.

The methyl ether (33) was obtained in a 943 vyield by !
refluxing the phenol (31) with dimethyl sulphate in acetone
in the presence of an excess of anhydrous . potassium
carbonate, The subsequent condensation of the methoxy
aldehyde (33) with diethyl succinate was effected by boiling
in a solution of potassium t-butoxide in t-butyl ‘alcohol .to
~afford the acid (34). Without further purification the acid
(34) was cyclised under reflux in acetic anhydride
containing sodium acetate to furnish the naphthoate (35) in
a two step yield of 35%, a yield typical for this type of
reaction. That the desired Stobbe reaction was successful
was borne out by the 'H n.m.r. spectrum which showed inter
alia the ortho coupled arométic protons (<7 8.1) as well as
the required 1,3-disubstitution pattern ( J1.8) as expected
for the naphthoate (35). It was found that the condensation
of the aldehyde (33) with dimethyl succinate proceeded in a
similar yield with the advantage of simplificatipn of the

'H n.m.r. spectral analysis.

OH OH OMe - OMe .
Me : Me Me . ' Me

(30) (31) (32) (33)
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In order to obtain the desired ring methyl substituent on
C-3 of structure (l),‘ reduction of the ester (35) to the.
corresponding alcohol (36) and its subseduent hydrogenation
was envisaged. However, wupon treatment ' of the ester (35)
with lithium ‘aluminium hydride in anhydrous ether extensive

decomposition of starting material was observed by t.l.c.

o 0
OMe OMe ) OMe .
A OEt , OEt CH, OH
Me _ Me : OAc Me OH
HO 0 ‘
(34) (35) (36)

Treatment of the naphthoate (35) wunder mildly basic
conditions (1% sodium hydroxide in methanol) resulted in
hydrolysis of the acetoxy group yielding the naphthol (37)
as witnessea by the disappearance of the H n.m.r. acetyl
signal ( §2.35). Owing to its instability, the naphthol (37)
was neither isoclated nor purified but directly isopropylated
to the isopropyl ether (38) in a yield of 98% by heating the
naphthol (37) at 60°C in dimethylformamide in the p;esence
of isopropyl bromide and potassium carbonate. It was also
n&ted that hydrolysis’under .harsher conditions (10% sodium
hydroxide solution in methanol, reflux) resulted in.vﬁhe

hydrolysis of the ethyl ester group as well as shown by .

subséquent protection which géve the diisopropylated product
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(39). This was evident from the mass spectrum which gave a
molecular ion of m/z 316.
0 0

OMe ' OMe OMe
OEt OEt

Me OH Me OPr Me OPx

a7 (38) (39)

Reduction of the protected ester (38) was readily achieved
by stirring in anhydrous ether in the presence of lithium
aluminium hydride to afford the corresponding alcohol (40)
in a yield of 85%. Subsequent hydrogenolysis of the alcohol
(40), under optimised conditions using palladium on carbon
as the catalyst, effected 'the conversion of the alcoholic
function to the desiréd aromatic methyl substituent to
afford compound (41) in a yield of 65%. This was clearly
apparent by an inspection of the 'Y n.m.r. spectrum of

compound (41) which showed inter alia the disappearance of

the methylene doublet (8§4.73) and the hydroxy triplet signal
(81.74) and the appearance of the methyl singlet (62.43)
corresponding to the protons of the newly formed methyl
substituent. It was found that a prolonged reaction time

resulted in a lower yield due to over hydrogenation.

In order to oxidise compound (41) to the guinonoid level it

was necessary to remove the protecting isopropyl group.

OPr
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Deprotection was successfully achieved by stirr%ng compound
(41) in dry dichloromethane with an excess of the Lewis
acid, boron trichloride, Eo afford the"naphtholr(42) in a
53% yvield which, as expected, showed a much lower RFﬁthan
that of the starting material (41). The next aim was the
synthesis of the juglone derivative (43), which it was

intended to achieve by the oxidation of the naphthol (42)

with Fremy's salt.

OMe OMe e _OMe
CH, OH Me |
i i .
Me OPr Me OPr Me . OH
(40) (41) ; (42)
0
OMe
Me
. Me
0
(43)

Rapoport >’ has shown that the naphthoquinone (44) underwent
ready oxidation under basic conditions in, the presence of

hydrogen peroxide to give the hydroxynaphthoquinone (45) 'in

73% yield.

Me
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OMe CMe

(44) (45) o (46)

Accordingly we proposed that the juglone derivative (43)
.would afford the hydroxy quinone (46). Oxidation of the
naphthol (42) by Fremy's salt, however, yielded the product.
that cfystallized as bright red needles. Since the 1,4-"
naphthoguinone (43) would be expected to be yellow, as it
lacks Eggi—hYdrogen bonds and also additional auxochromic
substituents on the quinone ring to markedly deepen the
colour, it appeared much more likely that the product formed
was in fact the 1;2-naphthoquinone (47) (Scheme 1, page 17).

This was consistent not only with the fact that ortho-
: quinonés are characteristically red in colour, but also
with the 1H n.m.r. and u.v. spectra of the new product. The
former spectrum showed a significantly low field resonance

for the gquinonoid methyl prbtons (6§ 2.05) typical of an
ortho-quinone, and the wu.v. spectrum, showed a band 3
absorption of a fairly 1long wavelength (471 nm in ethanol)
in correspondence with ortho-quinones with similar
substitution patterns. It was,éoncluded that the ortho-

guinone (47) (80%) had been synthesized.'
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OH OH

2@

0

»A\‘ Q 3

ST sl
o]

(30) (31)

OMe

CHO OEt

O

(33)
0] (0]
OMe OMe
OEt ’ OEt
————V
Me OAc Me OH
(35) (37)
0]
OMe | - OMe
OEt CH, OH
—————» .
Me opr™ : ‘Me .,OPrl'_n“,

(38) ' , (40)



OMe
Me
Me opr™
(41)
OMe
Me
Me Y
"0
(47)
0
oH
Me
OH
Me
0

(1)

OMe

Me
(42)

CH

SCHEME 1

(46)

18
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Thomson *? has shown that l,2—dih§droxy—naphthalénes rapidly
autoxidise in the presence of potassium t-butoxide and
oxygen to give 2-~hydroxy-1,4-naphthoquinones © and - has’
accordingly proposed a mechénistic pathway which  has been

illustrated below (Scheme 2).

OH 0
| OH | _o P
- O~
o) o)
O"' . O" . N
0 - g —
H

OH Py

SCHEME 2
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Evidently, the naphthalenediol would give the dianion 1in
strongly basic solution which, in the presence of oxygen,

would form the semiquinone anion. Further autoxidation may.

then proceed via the capture of a molecule ‘of oxygen to give:

the hydroperoxy radical, and hence the quinone.

Reduction to the hydroquinone (48) was accomplished by
shaking a solution of the ortho~quinone 1in benzene with a
saturated aqueous sodium dithionite solution wuntil ‘the
organic layer turned pale yellow. Due to the labile nature
of the hydroguinone no isolation step was'attempted and all
furthér work was undertaken under a nitrogen atmosphere.
The hydroquinone was then dissolved in t-butyl alcohol'in
the presence of potassium t-butoxide and oxygen bubbled
through the solution for 5 min. After workup, however, a
t.l.c. investigation revealed a complex reaction mixture

from which no product could be characterised. The result was
30

not disconcerting as McOmie et al. showed that the
orthoquinone (49) underwent Thiele acetylation using

sulphuric acid as catalyst to give compound (50) in a 12%

yield.

OAc

Me t-but Me

OH
Me OH

(48) . (49) | v (50)
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In a further literature search we found that Anderson and
31

Newmann - had demonstrated that sulphuric =~ acid.  was
ineffective as a catalyst for the Thiele acetylation of 2-

methyl-1,4-naphthoquinone - (51). However, - Burton ' and

32 sy

Prail proved that in the same reaction'pérchloric acid

successfully catalysed the acetylation of (51) affording the
triacetate (52) in a yield of 43-54%. Alkaline hydrolysis

of (52) with ready access to air was shown to be conducive

to its concomitant oxidation to -the ' -hydroxy-1,4-:

naphthoquinone (53) in a high yield.

0 0

OAc
Me Me

OAc
OAc

(51) - (52) " (53)

On this foundation it was proposed that our desired

guinonoid system (46) could be 'éstablished through a.

congruous reaction - mode. In order to oxygenate the C-4

position the ortho-quinone (47) was stirred 1in acetic
anhydride in the presence of a catalytic quantity of

sulphuric acid. On workup under mildly basic conditions

(dilute aqueous sodium hydrogen carbonate), the acetoxy

"quinone (54) was isolated albeit in a low yield of 24%. It

Me

OH

was suspected that this poor yield was due to some material

remaining at the triacetate level (55) and a further amount
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being lost into the aqueous phase as the anion of the
hydroxy quinone (46). In order to improve the yield the

crude reaction product was worked up. with -a‘ 3% sodium’

hydroxide solution. This resulted in effective cleavage of

the acétoxy groups and after acidification gave the hydroxy
guinone (46) in a much improved yield of 55%. It was also
found that treatment of the acetoxyquinone (54) with an
aqueous sodium hydroxide solution (5%) resulted in cleavage
of the acetyl group to afford the hydroxyquinone  (46) in a’

75% yield. IS

0
OMe OMe OAc
Me Me
OAcC OAcC
Me Me OAc
0 .
(54) (SS)V

The final synthetic step in this reaction sequence involved
the hydrolysis of the remaining methoxy  group.
Demethylation of both (54) and (46) were found to proceed
smoothly in the presence of an excess of boron trichloride
in anhydrous dichloromethane at -10°C to afford the desired
product, aristolindiquinone (1) (85%), which was found to be
identical (t.l.c., n.m.r.,. i.r., u.v., mass spectrum. and

m.p.) with a naturally occurring sample®.
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Now that there was no doubt ‘ovér the regiochemistry of
aristolindiquinone (1) its synthesis via the two more
elegant methods was embarked upon, -, of which. the: .
electrophilic substitution Aréute will firsﬁ, be " discussed

(Chapter 3, Scheme 3, page 34).
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CHAPTER 2

AN INVESTIGATION INTO THE SYNTHESIS OF ARiSTOLINDIQUINONE

\

VIA ELECTROPHILIC SUBSTITUTION METHODOLOGY -

The readily available 2,6-dihydroxytoluene (56) was
guantitatively methylated to the dimethyl ether (57) using
dimethyl sulphate and potassium carbonate.
26 -

Sargent has reported the preparation of methoxy aldehydes,
in particular compound (58), using a modified Vilsmeier;
Haack > procedure. He also reported the synthesis of their
corresponding formate esters, obtained by the Baeyer-
Villiger pxidation of the aldehyde, . with meta-
chloroperbenzoic acid in refluxing dichloromethane.
Accofdingly the aldehyde (58) was synthesised in 81% yield
and oxidised‘to the ester (59) in 94% yield._

15 o . .
Tedder - has shown. that treatment of anisole with a mixture
of trifluorocacetic anhydride and acetic acid gives good
yields of para-acetyl anisole. 1In the present synthesis it
waé desirable for aéylation of the ester (59) to occur ortho
to the methoxy group. It was anticipated that of the two
aromatic positions available for electfophilic_substitution
in compound (59), the site gggﬁg'ahd para to .the two methoxy
substituents would unaergo reaction . in preference to the

alternative position which was activated by the addition
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effects of formate and methyl, which wﬁuld be weaker than
two methoxy groups. The ester (59) was therefore used as a
model to investigate the ease and positiqn of.aCylatidn when .
treated with the mixed anhyaride formed from the reaction '
between trifluorocacetic anhydride and acetic acid. It was:
found that acetylation proceeded cleanly to afford a mixture

of the phenol (60) and the acetate (61).

OH : OMe
Me Me
OH OMe
(56) (57) (58)
OMe OMe " OMe
Me AcC Me Ac Me
OMe OMe OMe
OCHO OH OAcC
(59) (60) (61)

That this mixture was obtained was shown by t.l.c. and borne
out by the 1H n.m.r. spectrum of (60) which showed a singlet
(82.59) corresponding to the three acetyl protons aé well as’
a hydroxy proton signal (65.93) which disappeared after a
deuterium oxide wash. The }lH n.m.r. spectrum of compound
(61) showed two signals (82.29) and (82.58) corresponding to

the two acetyl substituents. As column Chrométography was '
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not a viable means of separation‘of these two compounds due
to the similarity in RF véiues, the mixture was treated with
pyridine in acetic anhydride to afford the oily acetate (61)
in 60% yield as .the sole product. Alternatively, hydrolysis
of the mixture under basic conditions vyielded the phenol
(60) in 66% yield:. 1Its 1H n.m.r. spectrum indicated that
the hydroxy -and acetyl groups were meta to each other as
shown by the chemical shift (¢ 5.93) of the non hydrogen-
bonded hydroxy singlet. No further purification was
attempted due to its significant decompﬁsition when column
chromatography was employed as a purification technique.
Treatment of the phenol (60) with dimethyl sulphate and
potassium carbonate gave the corresponding methyl ethér (62)

in guantitative yield.

As neither compound (62) nor its isomer (66) had been
reported in the litérature before and as spectroscopic
evidence alone could not give the correct assignment with a
satisfactory degree of.confidence, an unambiguous route to
compound (66) was devised to allow decisive structures to be

assigned to compounds (60) and (61).

The following experiments'explicitly' showed that acylation
had indeed occurred at the proposed site. The formate ester
(59) was gquantitatively hydrolysed under mildly basic
conditions in methanol to yield the 1labile phenol (63).

Acetylation of the crude phenol (63) to the corresponding
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acetate (64) was achieved in a 90% yield by treatment with a

solution of acetic anhydride in pyridine.

O . - 9
OMe _ - OMe ? X
Me Me . R
OMe OMe
OMe | OH
(62) (63)
In the literature’® - Fries rearrangements have been

successfully employed using boron trifluoride etherate to

acetylate the position ortho to an acetoxy.group thereby

forming the corresponding C-acetyl phenol in a high yield.
The application of freshly distilled boron trifluoride
etherate (2 mol equiv.) to the acetate (64) in anhydrous
dichloromethane at 0°C gave predominantly the‘ Fries
rearrangement product (65), which had the same Rp as the
starting material (64). That ortho migration of the acetyl
group had occurred was obvious from the lH‘,n.m.r. spectrum
which revealed intef alia, a highly deshielded singlet

(612.22) characteristic of a hydroxyl proton Tgrtho to a

carbonyl group. The spectrum also showed the presence of
unreacted starting material (64). Purification of the
mixture was achieved by chromatograbhy,‘after mild basic
hydrolysis which converted the acetate (64) .to the phenol
(63) which had a markedly lower Rps to give. the pure product

(65) in 63% yield.
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OMe - OMe y
OAc
0 0
I/IH/
(64) . (65)

Methylation of tﬁé Fries_product (65) with dimethyl sulphate
quantitatively gave‘ £Héfaé§ired methyl ether (66), ,which
eventually crystallized és yeliow needles. Theé differenceés
in the 1H n.m.r. and i.r. spectra of compounds (62) and (66)
testified to their having different structures and thereby
confirmed the proposed structures (6O)Iand (61). Further
evidence for the assignments Qas sought. As. the methyl

ether (62) could not be crystallized a comparison was made

of the melting points of the phenolic isomers (65) and (67).

M
) N o \\O
OMe .
Me Me
OMe OMe
OMe OMe
(0]

(66) ' (67)
Selective EEEEQ demetﬁylation of the meth?l'ether (62) was
accomplished using | bordn' trichloride | in anhydrous
dichloromethane to. giQe the érystalline‘product (67) in 38%

'yield after chromatography. The mixed melting point of
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compounds (65) and (67) showed a significant depression and
the corresponding spectroscopic data showed significant
dissimilarity which substantiated their differences ‘'in

structure.

As shown previously in the acetylation of compound (59), two
products were 1isolated. The mixture was undesirable and
complicated the product analysis, ~especially as the phenol

formed was particularly unstable and‘as'trans—esterifiCation'

of the formate ester functidn resulted in further complexity’
of the 'H n.m.r. spectrum. We envisaged that tri-
methoxytoluene (68) (Scheme 3, page 34 ), possessing the
required substitution pattern, would constitute a valid
synthetic precursor to the naphthélene (83) with the
advantage of eliminating the two above mentioned problems.
To this end, the phenol (63) was methylated using qimethyl
sulphate to afford the trimethoxy compound (68) in a yield
of 98%. Aromatic acylation of this compound waé expected to
occur meta to the methyi group due fo the synergic
accumulative ortho and para directing influence of two of
the methoxy groups. This postﬁiate was proved correct as
the trimethyl ether (68) furnished the C-aeetylated compound
{(62) as 'the sole product in a yield of '70% upon treatment .
with a premixed sblution of acetic acid and gpifluoroacetic
.anhydride as shown by the>Correlétion of the spectroscopic
data of compound (62) obtainéd via the two independent

routes.

’
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A series of preliminary acylation reactions was attempted in

the hope that,in so doing, greater insight into the scope

and limitations of this  te¢hnique cou1d be obtained. When

N

the methyl ether (68) was treated with 'the mixed anhydrides
formed from trifluorocacetic anhydride and c¢rotonic acid
(69), vinylacetic acid (70) and tiglic acid (71) the desired
reactions products (72), (73) and (74) were not isolated and
extensive decomposition of starting material was noted. The

failure of these analogues to wundergo the requisite

acylation was in sharp contrast to the smooth. acylation 'in

the case of acetic acid.

An interesting anomaly was found in the case of the tiglic

acid reaction and has been discussed at the end of this

section (page 37).

- “ O
- ///\\\//}éi;
///Q§§//<<;; = OH
(69) (70) )
0 v (0] )

OMe OMe

Me . Me
I OMe A OMe
OMe OMe )

(72) | (73) 9 (74)

OMe

Me

OMe
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In contrast with the mixed anhydride aéetylation reaction
previously discussed, addition‘of a premixed solution of
valeric acid (75) and trifluoroacetic anhydride to compound
(68) not only gave compoﬁnd (76) as the major product (40%)
but also its regioisomer (77) (20%). Thése'two isoﬁens were
effectively separated by column chromatography; the product
of higher R_ being tentatively assigned structure (76) as

F
this was the major product.

. This assignment was later proved corréct by an altérnatiQe
unambiguous synthesis of compound (76). ' The formation of
the two isomers could possibly be ascribed to C-6 having an
environment sterically favourable to attack by a bulky
electrophile due to out-of-plane bending of the vicinal

methoxy substituent, but this would be highly speculative.

0
OMe

0 Me
///N\\J//~\\<f7 | .

OH OMe

(75) . (76) ' (77)

It was 1initially envisaged that acylation of compound (68)

with the mixed anhydride formed from the reaction between 4-

pentenoic acid and trifluorcacetic anhydride would afford’

compound (82). From this strategic position the success of

the synthetic scheme would be contingent on the feasibility

Me
OMe
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of the oxidation (Scheme 4) of the acyl substituent and its
subsequent aromatization to form the naphthalene (83).
However, as 4-pentenoic acid was unavailable~and, ddehtofthejf
unreactivity of the mixed "anhydrides of its analogues with *
the desired substrate (68) and the fact that two
regioisomers were formed in the case of the valeric acid
acylation reaction, the more direct synthesis of compound
(82) was rejected in favour of an alternative syntHesis

which involved the use of a Grignard reagent.’

The trimethyl ether (68) (page 34) was formylated wusing
dimethylformamide in the presence of phosphorus oxychloride
(Sargent's26 method, see page 24) to yield the aldehyde (78)
(54%), which was conceived as being a plausible point of
entry for obtaining the acyl analogues, and a quantity of
starting material (21%). To confirm the position of
formylation the aldehyde (78) was reacted with the Grignard
reagent, méthyl magnesium iodide, in anhydrous ether to give
‘the crude alcochol (79) in a 95% yield. The alcohol (79) was:
not purified but was immediately oxidised using Jones'
reagent 35. The product obtained was shown toAge identical
with .compound  (62) obtained earlier, not. only by
spectroscopic comparison, but also by melting point; _the
latter being undepressed on admixture with authentic (62).
Thus the pdsitioh of formylation of 'compbund” (68) and
therefore tﬁe proposed structure of the aldehyde (78) were

1

proved correct. T
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OHC OMe OMe v
Me _ Me
OMe OMe
OMe ' OMe
(78) | (79) (80)
Butyl magnesium bromide underwent a similar Grignard

reaction with compound (78) which gave the crude alcohol
(80) in 64% yield. Jones' oxidation of the unpurified

alcohol (80) afforded the ketone (76) in a yield of 84%.

The inclusion of the aldehyde (78) 1in the synthetic plan
proved highly attractive as it made provision for acyl
analogues of compound (62) to be prepared that were not
feasible using the alternative mixed anhydride acylation
technique. | It was therefore proposed that the kéy
intermediate (82) be synthesised. Thus, the aldehyde (78)
was added to the Grignard reagent but—3—enyl—l—magnesiUm
bromide, prepared in situ, to quantitatively give the
alcohol (8l). Upon Jones' oxidation, the unpurified alcohol
(81) afforded the desired ketone (82) 1in two steps of 92%
yield. It was anticipated that the ketone. (82) would:
undergo acid catalysed cyclisation according to the
mechanism illustrated in Scheme 4. However, the acyl

derivative (82) failed to undergo the requisite ring closure’

using trifluoroacetic acid, trifluorcacetic =~ acid in-
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dichloromethane and hydrochloric'acid and sulphuric.acid in
methanol. Furthermore, in view of the fact that the
alternative Diels-Alder synthesis was proVing 'highly

successful, work was discontihued on this route.'

H OH q
OMe , OMe

Me Me

OMe OMe
OMe OMe

(81) B (82)

Returning to the reacfion of compound (68) with premixed
tiglic acid and trifluorcacetic anhydride it will be
recalled that the desired product (74) was not obtained.
However, it was interesting to note that the only
characterisable product that was isolated from the reaction
mixture was thought to be the coumarin derivative (84)
obtained 1in 22% vyield. Spectroscopic evidence that
permitted the assignment of structure (84) to this compound
included the mass, infra-red and 'H n.m.r. spectrum. .To
account for the . om/z values of the mass spectrum a
fragmentation pattern 1is proposed and is illustrated in
Scheme (5). According to this rationale the molecular ion
of m/z 278 undergoes 1loss of a methyl radical to giVe.the
radical of m/z 263. Initial loss of a methyl radical prior.
to loss of CO is probably a result of the ability to

stabilise itself as a quinonoid structure. An isocoumarin
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would not show this ability and‘ﬁould more than likely lose
CO initially. Subsequent loss of CO results in the species
of m/z 235. This proposed fragmentation pattern was found
to be consistent with the fragmentation patterns of siﬁilar
methoxy coumarins as.reported by Drewes 3¢ . The fragment

with m/z 247 (61%) could conceivably be due to the loss of

a methoxy radical from the molecular ion.

0 —Me 0
+
0 OMe.
N
OMe : OMe

’ m/z 263 (49%)
m/z 278 (100%) - CO

(84) -
OMe

OMe

m/z 235 (41%)

SCHEME 5: Proposed fragmentation pattern of
the coumarin derivative (84)

The infra-red spectrum of compound (84) shows a carbonyl

absorption at 1723 and two absorptions at 1641 and
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‘ -1
1571 cm . These absorptions are characteristic of an

37
G-pyrone system. The 1H n.m.r. spectrum showed inter alia

two singlets (62.23 and 62.29) integrating for 6 protons

corresponding to the <coumarin methyl substituents. - A
tentative mechanism to rationalise the férmation of this
unexpected product is set out in Scheme (6) (page 40). . In
terms of this proposal not all the acid is converted into
the mixed anhydride. The free acid undergoes nucleophilic

attack and concomitant protonation to form the dihydroxy

intermediate which immediately wundergoes cyclisation .by

nucleophilic attack of the hydroxy oxygen -at the
electrophilic carbon centre and subsequent aromatization to
afford the coumarin (84). A mechanistic pathway for the
formation of the expected yet not obtained produét (74) has
been proposed and is illustrated in Scheme (7) (page 41), as

well as a possible indanone,

When congruous reaction conditions were employed using the

analogous substrates (85), (86), (87) and (88) complex

reaction mixtures resulted and no characterisable product .

was isolated.

Whether other substrates will 1lend themselves to coumarin
formation under similar conditions and in the desired sense

remains to .be seen.

OMe OMe OMe ' OMe

OMe
OMe OMe OMe

(85) (86) | (87) (88)

OMe
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Proposed mechanism for coumarin
formation

OMe -

40



SCHEME 7:
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OH OMe

Proposed mechanism for expected
reaction between compound (68) and
tiglic acid
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CHAPTER 3

THE SYNTHESIS OF ARISTOLINDIQUINONE .VIA . THE  DIELS-ALDER:..

REACTION ~ R ]

Another solution to the problem posed by the synthesis of .

aristolindiquinone (1) was realised via the Diels-Alder

reaction of the quinonoid dienophile (90) with the syloxy

diene (109). This synthesis (Scheme 8, page 53) was found _

to be advantageous in comparison to the Stobbe condensation

reaction route (Scheme 1, page 17) for three reasons.
First, it 1is a convergent synthesis involving far fewer
reaction steps; secondly, the reactions undertaken, 1in
general, are simpler; and thirdly, there is a decrease in
the total reaction time and an increase 1in the overall
yieid. The synthesis herein described underlines the
synthetic ﬁtility of the regiospecific Diels-Alder reaction

technique.

We envisaged that cdmpounds (90) and (97) constituted
feasible dienophiles for the desired Diels-Alder reaction
with diene (109). To this end synthetic routes. to

dienophiles (90) and (97) jwere investigated. A route was

~finally devised which gave a satisfactory yield of cbmpouhd-

(90): however, attempts to synthesize the ‘'dienophile (97)

proved unsuccessful.

[ A
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The initial aim was to synthesise bromoquinone (90) via
bromination of the trimethyi ether (68)‘ to give .compound
(89) and 1its subsequent oxidation to theé quinonoid level.
Bromination of compound (68) proceeded easily in a solution
of acetic acid containing sodium acetate to give the bromo
derivative (89) in a 75% yield. Rapoport38 showed that
hydrogquinone dimethyl ethers were efficiently oxidised with
silver(II) oxide 1in dioxan containing nitric acid to 'yield"
the corresponding 6rtho and 22353 quinones. - However, | the:
oxidation of compound (89) with argentic oxide in dioxan and
nitric acid showed extensive decomposition of starting
materiél when monitored by t.l.c.. This was in contrast to
its expected stability towards silica gel and.consequently
we assumed that compound (89) would not oxidize 1in the
required mode. As an alternative oxidant, cerium (IV)
ammonium nitrate afforded the desired product (90) albeit in
a low yield of 20%, as well as two other major components,
one of which was red on t.l.c. and ran at a lower RF.than"
the starting material (89). This was assumed to be the

corresponding ortho gquinone but it was not isolated due to

its susceptibility to decomposition during chromatography.

We anticipated that oxidation of the phenol . (92) would
proceed more readily than oxidation of the methyl ether
(89). Hence, according to the procedure adopted earlier for

compound (68), the formate ester (59) was  brominated to
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yield a clean mixture of compounas (91) énd (92). The crude
réaction mixture was diréctly hydrolysed with dilute sodium
hydroxide which gave solely the labile bromo phendl™(92) in
a crude yield of 83%. QQidatioh of the crude'phenol'(92y
with <cerium (IV). ammonium nitrate gave the required
bromoquinone_(90) in a yield of 45%. The present synthetic
route to the target bromoguinone (90) was unattractive due’
to its 1length and impracticability and thus new routes to

compound (90) were explored.

0] ?
OMe OMe . OMe -
Me Br Me Br Me Br Me
OMe OMe OMe OMe
OMe OCHO : OH
O
(89) (90) (91) (92)

In general .ﬁhe presence of a halogen.gggg‘ to a phenolic
group facilitates and improves yields of oxidation
reactions?’3®% Trost"? has shown the twofold purpose for the
bromination of meta-cresol (93) to give the bromo derivative
(94) in a yield of 83%. First, the bromine para to‘the
phenolic function facilitates oxidation to the para- q&inone
(95) in a yieid of 84% wusing chromium ‘trioxide in acetic
acid, and secondly, the bromine para to the "methyl group
controls the orientation of the reaction of the two Diels-

" Alder partners.
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0
OH | OH
Br; Br Br
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0

(93) (94 (95)

Thus, an alternative route was devised which embraced the
abbve idea. It was envisaged that the bromoquinone (97),
possessing the required substitution pattern, represented a
plausible dienophile 1in the Diels-Alder reaction with diene
(109) to give aristolindiquinone (1) and could conceivably
be obtained by bromination of the diol (56) and its
subsequent oxidation to the' guinonoid level. According to
the previously mentioned bromination procedure,
‘dihjdroxytoluene (56) afforded the dibromo-compound (96) in
84% yield. ‘Thelsubsequent oxidation procedure with chromium
trioxide and acetic acid, however, resulted in total
decomposition of starting material as witnessed by a t.l.c.

investigation of the reactioniproduct.

OH .
Br Me Br Me

OH v OH

Br

(96) | ' (97)

Br

Me
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This result can be understood in terms of the lesser
stability of hydroxy-quinones in comparison with their
correspohdiﬁg methoxy compounds. Hence we returned to 'our:
original aim of obtaining a more efficient synthesis of the
dienophile (90). : ' AN
41 ' .

Giles showed that the mono demethylation of the dimethoxy
compound (57) using sodium thioethoxide gave the phenol
(98) in a yield of 70%. Owing to the large quéntity of the
phenol (98) required and due to the unpleasant ) nature of’
ethane thiol, an alternative synthesis was investigated.
Instead, the phenol (56) was methylated witﬁ 1.1 mol equiv.
of dimethyl sulphate which gave a mixture of monomethyl
ether (98), >dimethyl ether (57) and starting material (56).
The dimethyl ether (57) (35%) was easily separateé from the
starﬁing material (56) and product (98) by extraction of the
létter'two éompounds, from an ether solution of the mixture,
with aquéous sodium hydroxide. The product (98) (35%) was
then readily separated from the starting material (56) (25%)

by column chromatography.

Bromination of the hono “methyl ether (98) proceeded easily
to give the crystalline dibromo compound (99) 'in a 98%
-yield. . Subsequent chromium triokide oxidation of compound '
(99) in an aqueous solution of acetic acid gave the required

bromoquinone (90) in a yield of 83%.
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This synthesis 1is far superior to the

described as it involves far fewer and comparatively simpler

OH
Br Me h
OMe * P
Br
(99)
route previously

reaction steps which result in a decreasé 1in 'the

reaction time and an increase in the overall yield.
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total

Having

achieved a preparative synthesis of the dienophile (90) its

reactivity and selectivity was investigated using a well-
established diene as a model.

» 42
Brassard has synthesized and shown the usefulness of diene

(100) in Diels-Alder reactions. Thus this diene was reacted

with the dienophile (90) in anhydrous

room temperature. Aromatization of the corresponding Diels-

Alder adduct was achieved by the addition of a solution of’

tetrahydrofuran

at

agqueous sodium hydrogen carbonate (1%) with stirring in the

presence of air. The expected phenolic naphthoquinone (101)

was neither isolated nor purified due to
to decomposition on silica.. Instead,
converted to its methyl ether (102) in
methylation with  methyl ‘iodide in

silver(I) oxide.

its susceptibility

it

was ‘directly .

a yield of 91% by

the

presence

1

B
PR

of

A
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OTMS OMe
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HO OMe
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(100) : ' : (101)

It was considered pertinent to investigate the selectivity
induced by the bromine substituent in order to obtain an
overview of the regiospecific reactivity of the bromoguinone
(20). It was envisaged that the aebromo analogue (1035,
readily prepared 1in a vyield of 94% by cerium (IV) ammonium
nitrate oxidation of the phenol (63), would concede the
alternative isomer (104) when treated with diene (100) under
the above mentioned conditions.'' 1In practice this was found
to be coincident with expectations, the alternative
regioisomer>(104) being produced in a vyield of 89%. This
conclusively showed the effectiveness of bromine as a
directing group and also opens a synthetic route to the

regiochemical 1isomer of aristolindiguinone (1), viz.

compound (2).

OMe
Me ' Me MeO Me

MeO | OMe  oMe OMe
OMe

(102) b' (103) (104)
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The synthesis of the reéuifed dieﬁe (109) was next
investigated. Chanq3 feported the synthesis of diene
(106), assigned the E-isomer, in a. yield of ,93% by

deprotonation of the  ester (105). - with'  ‘lithium
diisopropylamide in tetrahydfofuran at * 0° ¢ followed by

quenching with trimethylchlorosilane. at -78°c.

Me, Si0O 0 Me, SiO OMe
MOMe Z 7\ osite,
(105) | (106)
Preparation of the diene (109) commenced with the

condensation of malonic acid and propionaldehyde according
t0'é‘ literature procedure e to give the'B,Y—pentenoic
acid (107) in a yield of 35%. Subsequent conversion to the
methyl ester (108) was effected in a near quantitative yield
by refluxing the acid (107) in methanol ¢ontaining a
. catalytic quantity of sulphuriec acid. Application of the
same strategy to the ester (108) as that employed by
Chanqa‘ proceeded uneventfully to give the diene (109) in a
neariy gquantitative yield. It was found that the diene
(109) slowly hydrolyses to (108) on standing exposed to air,
but can be kept stoppered for up to two weeks at rld° C

without any significant decomposition occurring.
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(107) (108) (109)

The Diels Alder reaction between dienophile (90) and diene
(109) (1.5 mol equiv.) was found to proceed in:best yields ;
when reacted in a large volume of benzene at 60°C for 4
hours under a nitrogen atmosphere. A t.l.c. investigation
of the reaction product showed an intermediate being formed

having a lower R_ than that of starting material (90), which

F
was not isolated due to its instability towards silica gel.
Subsequent pyrolysis of the reaction mixture at 60°C for.

30 min in air solely afforded the desired naphthoguinone

(110) in a yield of 60%.

‘ Demethylation of the methyl ether (110) Lwas'_initially
achieved by heating it at 60° C in a 3% sodium hydroxide .
solution to give aristolindiquinone (1) in a poor yield of
50%. This low yield was ascribed to the difficulty in
forming the required dianion brought about by the presence
of the existing hydroxy group as " well as the wviable"
decomposition pathways» of the anionic intermediates. In an-
attempt to improve the yield, demethylation was attempted

using concentrated sulphuric acid (98%);, however, at room
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temperature no reaction took place and at 60°C total
decomposition of starting material occurred. Best results
were finally achieved by boron trichloride (4 mol eguiv.)
mediated demethylation of compound (110) in"anhYdfous
dichloromethane at 0°C which afforded aristdlindiqﬁinone (1)7
in a yield of 85%. The gquinone's chemical and physical
properties corresponded to those of a naturally occurring
.sample of aristolindiguinone (1), kindly provided by

Professor C. Cordell.®

As a spectroscopic, physical and biological comparison, the
regiochemical isomer of aristolindiquinone, viz. compound
(2), was synthesized. The diene (10%) was reacted with the
dienophile (103) wunder the conditions prescribed and gave
the expected isomer (1115 in 58% yield and a small quantity
of the regioisomer (110) in 8% yield. The product (111) was
purified by recrystallization from hexane. As an
alternative purification method, the mixture was dissolved
in dichloromethane and treated' with a solution of  boron
trichloride in dichloromethane at 0°C for 20 min. This
resulted in selective demethylation of isomer (110) to give
aristolindiquinone (1) which has a ;ignificantly lower RF
than compound (111). Subsequent chromatography resulted in

easy separation of the mixture to give compound (111) and

aristolindiquinone (1) resﬁectively.
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It was interesting to note that isomer (110) was more stable
towards chromatography than isomer (111). . Demethylation of
compound (111) proved ineffectual using'ah»large excess of
boron trichloridé or © aluminium trichloride - - in
dichloromethane; presumabiy due to the fact that complex
formation preferentially occurs with only the hydroxy oxygen
in the peri = position. Demethylation  was finally
accomplished by heating compound (111) in .a 3% aqueous
sodium hydroxide solution to give compound (2) in a yield of
38%. That‘the regioisomer . (2) was obtained manifested

itself in the !H n.m.r. spectrum which showed inter alia an

upfield shift of the proton ortho to the hydroxyl group
(§7.08) relative to the chemical shift (6'7.62) for the
corresponding proton in aristolindiquinone (1). . This
observation is accordant with the anticipated decrease in
the hydrogen bonding suffered as a result of the competitive

hydrogen bonding of the ortho-hydroxyl hydrogen.

. /H”"o o )
Me Me : ‘ }“':-A
OMe OMe ’//§§>///§§b<</
Me
o O H\\\o
(110) . (111) oy (112)

The relatively low yields for the latter two Diels-Alder,

reactions, to form the naphthoquinone (110).and (111) in 60

N - - . . - . P

OMe

OMe
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and 58% respectively, were | considered due to the
unréactivity of the diene (109), as the reactivity of the
quinone (90) has already been shown. It seemed advisable at
this point to convert the diene into a more reactive form.'
A promising alternative could ‘possibly be the use of the
alternati&e diene (112), as vyet not synthesized. Whether
this would 1lend itself to addition to bromoguinone (90) in

the desired sense and in higher yield remains to be seen.

OH ' OH 1

Me . Me
— —
OH OMe
(56) . (98)
0 OMe
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OMe OMe \\\
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OH OH _
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———* 1.
' OMe OH.
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(110) (1)

SCHEME 8
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CONCLUSION

In this project we have successfully  synthesized
aristolindiquinone (1) via two independeht routes. The .

synthesis via the Stobbe route (Scheme 1) entails 10 steps
and results in an overall yiela of 1%. The Diels-Alder
route (Scheme 8 ) was found to be far superior than the
above route with aristolindiquinone (1) being synthesized in
an overall vyield of 22% in only 5 reaction stéps, This
route compares favourably with the * synthesis: of

aristolindiquinone by Pakrashi’’; (overall yield (7%), steps

(7)).
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GENERAL

l.

1H n.m.r. spectra were recorded on a.lbO MHz.Varian XL-

100 and a 90 MHz Bruker WH-90. All 'H n.m.r. spectra
were recorded at ambient temperature in deuterochloroform

using tetramethylsilane as an internal standard.

Mass spectra were recorded on a VG Micromass 16 F mass
spectrometer at 70 eV and an ion source temperature

between 180 and 220°C.

Infra-red spectra were measured for Nujol mulls unless
otherwise stated using a Perkin-Elmer 983

spectrophotometer.

Elemental analyses were performed on a Heraeus CHN-RAPID

analyser.

Meiting points were determined on a Fisher-John melting
point apparatus and are guoted uncorrected.

Column chromatography was p;rformed on dry columns using
Merck Kieselgel 60 (70-230 mesh), the material to be
separated being preadsorbed onto Merck Kieselgel 60 (35—
70 mesh). Preparative lavyer chromatoéraphy (psl.c.) wés
performed on glass plateé coated with Merck Kieéelge1l60

Fzsu . while thin layer chromatography (t.l.c.) was

i
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carried out on aluminium plates coated with the same

material.

Light petroleum refers to the fraction'of*boiling‘point

60-80°C, and ether to diethyl ether.

Anhydrous magnesium sulphate was used to dry the organic

solvents after extraction procedures, and most organic

solvents and 1liquid reagents were distilled immediately

Y

before use.
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2-kydroxy-5-methyl benzaldehyde (31)

A solution of sodium hydroxide (84.0 g) in water (150 ml)

was added to a stirred solution of the phenol (EQ) (30.0 g,

277.8 mmol) in water - (60 ml). Chloroform (69.5 g,
581.6 mmol) was introduced 1in three portions, at intervals
of 15 min, with the reaction mixture being maintained at
60-65°C by immersing the flask in an ice bath. The solution
was then heated at 100°C for 1 hour after which the excess
chloroform was removed by distillation, the solution was
acidified with dilute hydrochloric acid and extracted with
ether. The organic layer was dried over magnesium sulphate,
filtered, and the solvent removed to yield a residue which
was chromatographed (eluant 2% ethyl acetate - 1light
petroleum). Early fractions affordéd the éldehyde (31)
(14.4 g, 38%) as colourless needles, m.p. 54-57°C (ethanol-

water) (Lit., *® s56°C).

2-methoxy-5-methyl benzaldehyde (33)

The phenol (31) (3.22 g, 23.7 mmol) was dissolved  in °

anhydrous acetone (250ml). Thereafter potassium carbonate
(3 mol equiv,) and dimethyl sulphate (3 mol equiQJ were
added and  the hixture allowed to. stir for 24 hours
vat room température. The excess potassium carbonate
was removea by filtration and the acefoné was
evaporated to yield a fésidue> which. was taken . up
in ether and washed successively with aqueous
ammonia | (25%) (twice), water, dilute hydrochloric " acid

and then more water. After separation the ether layer was
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dried over magnesium sulphate, filtered and the ether

removed to give a residue which was chromatographed (eluant

10% ethyl acetate - 1light petroleum) ~'to yield the product ',

-1
(33) (3.34 g, 94%) as a clear oil, Vopax, 1671 cm o (Cc =2 0);: -

§2-28 (3H, ,SI.ArCH3 )I 3.82 (3Hl Sf OCHa’)f.6.87 (lHl‘d»,
J 9 Hz, 3-H)' 7.35 (lHl dd, ﬂ-_goz and 2 Hz ’ 4—H)

and 7.62 (lHl a, J 2 Hz, 6—H).

Attempted formylation of para-methyl anisole (32)
Para-methyl anisole (32) (400 mg, 3.28 mmol) was 'reacted

under the same conditions as compound ' (57) in the
preparation of compound (58) (page 68). Upon workup
significant decomposition of starting material was noted but

no product could be characterised.

Ethyl 4-acetoxy-5-methyl-8-methoxy-2-naphthoate (35)
The aldehyde (33) (5.54 g, 36.9 mmol) and diethyl succinate

(8.7 g, 49.9 mmol) 1in sodium-dried t-butyl alcohol (66 ml)

were added to a solution of potassium t-butoxide (50 mmol)

[from potassium (1.99 g) and t-butyl alcohol (51 ml)]. The
resultant solution was boiled under reflux for.l hour then

thrown into water, acidified} and extracted with ether.
MAEE;EAV separétion, Atﬁer-‘;giawégoduct‘ was extfacted, (3
times) from the organic phase with ' aqueous sodium
hydrogen carbonate. The agqueous f;actions . wWere
combined, acidified,-and_ the 6rganic " material T ex=

tracted with ether,  which = was °~ then dried over-,

magnesium sulphate, filtered, and evaporated to give the
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crude benzylidenesuccinic half'éster <§i) (6.52 gqg) as an
oil. Without further purification this was boiled under
reflux with anhydrous sodium acetate.(4.26 g) in acetic
anhydride (47 ml) for S.S hours and then, poured.into water-.
(300 ml). The organic material was extfacted)with ether (4
x 75 ml), combined, and backwashed with water before‘being
dried over magnesium sulphate, filtered ' and - the ether .
evaporated to yield a residue which after chromatography
(eluant 10% ethyl acetate - light petroleum) afforded the
napthoate (35) (3.90 g, 35%) as transparent cubes, m.p. 156-
157°cC (dichloromethane—ligﬁt petroleum) (Found: C,67.7: H,
6.0. C17 H18 OS requires C, 67.6; H, 5.9%); vmax.~ 1758 and
1705 cm™ ' (c = 0): 61.39 (3H, t, 7 Hz, CH, CH ), 2.35
(34, s, OCOCH, ), 2.63 (3H, s, lArCH,), 3.91 (3H, s, OCH, ).
4,38 (2H, g, J 7 Hz, CH,), 6.67 (l1H, 4, J 8 Hz, 7-H),
7.17 (14, bd 4, J 8. Hz, 6-H), 7.66 (1H, 4, J 2 Hz, 1-H)
7.89 (1, d, J 2 Hz, 3-H); m/z 302(M ,16%8), 261(17),

260(100), 246(10), 245(15), 232(9), and 231(6).

Attempted reduction of éthyi-4-acetoxy—5—methyZ-8-meth0$y~
3-naphthoate (35) . o
The same procedure was adopted for compound (35) (250 m3,
3.3 mmol) as for the reduction ofbthe naphthoate (38) in the
~preparation of the alcohol (40) (page 61). After workup;,
however, a t.l.c. investigation showed total,decompoéitiOn

of starting material and no characterisable product.
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Ethyl 4-(2—propyloxy)—S-methyZ—é—methoxy—Z—ndphthoate (38)
The naphthoate (35) (450.6 mg, 1.49 mmol) was dissolved in a
sodium hydroxide solution (1%) in methanol. (100 ml) and‘’
stirred at room temperature for 20 min before ‘the solution
was diluted with water (300 ml), acidified with dilute
hydrochloric acid and extracted with ether. After
rseparation the ether layer was dried over magnesium
sulphate, filtered, and evaporated to give the crude
néphthol (37) (334.0 mg). This was . dissolved in dry
dimethylformamide (36 ml), thereafter isopropyl bromide
(0.68 ml) and potassium carbonate.(l.5 g) were added and the
solution heated at 60°C under nitrogen overnight. After the
solution had cooled, it was filtered, diluted with water
(300 ml) and exhaustively extracted with ethyl acetate.
Magnesium sulphate was then added to the separated ethyl
acetate layer; this was filtered and evaporated to give a
residue which was chromatographed (p.l.c. eluant 30% ethyl
acetate-light petroleum) to yield the product (38)
(420.0 mg, -93%) as a pale vyellow o0il ‘(Found: C, 71.2;
H, 7.1. C H Oq requires c, 71.5:; H, ?23%);

18 22
v 1710 em™'  (c = ©0); 61.41 (3H, t,J7 Hz, CH CH ),

max.

1.42 (6H, d, J 6  Hz, C(CHy),), 2.78 (3H, s, ArCH,), 3.91
(3H, s, obﬁ,), 4.39 (28, q, J 7 Hz, CH, ), 4.78 (1H,
septet, J f»6‘ Hz, (CH,;).CH), 6.66 (1H, d,.J 8 Hz, 7—H),'_
7.12 (14, d, J 8  Hz, 6-H), 7.38 (1H,d,J 2Hz, 1-H),and 8.55
(1H, d,.J 2 Hz, 3-H); m/z 302(M°,54%), 288(21), 261

(17), 260(100), 246(38), 245(17), 232(17), 231(21), and 217(9).
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2-propyl S5-methyl-8-methoxy-4-(2-propyloxy)-2-naphthoate (39)
The naphthoate (35) (300 mg, 0.99 mmol) was refluxed in a
sodium hydroxide solution (10%) in methanol (50 ml) for 30
min. The same isopropylaﬁion procedure was then applied as
previously described in the preparation of compound (38) and
the product (39) (282 mg, 90%) was bbtained as a pale yellow
oil; vmax.(neat) 1700 cm-ll(C = O):‘61.44 (6H, 4, J‘6 Hz,
C(CH,), ), 1.47 (ev, 4, J 6 Hz, C(CH,),), 2.86 (3H, s,
ArCH,), 3.98 (34, s, OCH,), 4.83 (1lH, Septet, J 6 ° Hz,
(CH,), CH), 5.33 (1H, Septet, J 6 Hz, (CH ) CH), 6.70 (1lH,
d, J 8 Hz, 7-H), 7.17 (lH, d, J 8 HZ,XG—H), 7.47 (1lH,
bd s, 1-H), and 8.62 (1H, 4, J 1.4 Hz, 3—H)7 m/z'316(M+,

51%), 274(70), 232(100) and 217(28).

7—methyZaZcohoZ—J—methoxy-4—methyl—5—(2—propyloxy) naphthalene
(40)

The naphthoate (38) (420.0 mg, 1.39 mmol) was dissolved in
anhydrous ether (10 ml) and added dropwise to a stirred
suspension of 1lithium aluminium hydride (55 mg, 1.44 mmol)
in dry ether (10 ml) over 5 min at room temperature. After
allowing the solution to stir for a further 10 min,
sufficient saturated ammonium chloride was added to destroy
the excess of 1lithium aluminium hydride and magnesium
sulphate was then added. The mixture was then dried over
magnesium sulphate, filtered and the ether removed under
reduced pressure to give the product (40) (307.8 mg, 85%) as
white needles, m.p. 96.0-96.5°C (light petroleum—

dichloromethane) (Found: C, 73.8; H, 7.7. C H 2°O3
16
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requires C, 7358: H, 7.7%): Vhax. 3292 (OH) and 1276 em™ Y
(0-CH(CH,),); 61.40 (6H, d, § 6 Hz, C(CH,), ), 1.74 (1lH,
t, J 6 ° Hz, OH, D,0 exchangeable), 2.77 (3H, s, 4-CH3)hf
3.89 (3H, s, OCH,), 4.71 (1H, septet,J 6 . Hz, CH,CHCH,.),
4.73 (24, 4, J 6 Hz, CH;), 6.63 (1H, 4, J 8 * Hz, 2-H),
6.82 (1H, bd s, 8-H), 6.99 (1H, dr'J'8 Hz, 3-H), and 7.71
(1H, bd s, 6-H): m/z 260(M* -, 40%), 219(21), 218(100),

217(16), 203(39), 126(10), and 115(10).

Z—methoxy—4,7—dimethyl—5—(prropyloxy)’naphfhalene (41)

The alcohol (40) (307.0 mg, 1.18 mmol) was added to a

suspension of ethyl acetate (160 ml), concentrated
hydrochloric acid (3 drops) and 10% palladium on carbon
(1.004g) and stirred for 35 miq at room temperature under a
hydrogen atmosphere, The solution was then filtered,
evaborated and the crude so0lid chromatographed (eluant 10%
ethyl acetéte - light petroleum) to afford the product (41)
(162 mg, 56%) as transparent cubes, m.p. 93-94°C (light
petroleum-dichloromethane) (Found: C 78;5;‘H,_8.2. vclsﬂzo
requires c, 78.7; H, 8.2%): vﬁax. 1272‘cm-1. (O—CH(CH;){);
§1.39 (6H, d, J 6 - Rz, CH(CH;),), 2.43 (3H, 4, J 0.5 Hz,
7-CH3), 2.77 (3H, d, J 0.5 Hz, 4-CH,), 3.89 (3H, S, OCH, ),
4.68 (1H, Septet, J -6. Hzrgg(cag)z), 6.60 (1H, d, J 7.5 Hz,
2-H), 6.64 (1H,d, J0.5Hz 8-H), 6.94 (1H, 4,7 7.5 Hz, 3-H), and
7.58 (1H, d, J 0.5 Hz, 6-B); m/z 244(M', 72%),.202(100),
201(26), 167(65), 159(11), 158(10), 141(1s6), 120(18), »and

115(28). _ B



63

3,B-dimethyZ—5—methoxy—1—naphth0i'(42)

The napthalene (41) (50.0 mg, 0.205 mmol) was dissolved in
dry dichloromethane (5 ml) and a : Ssolution .of
boron trichloride (55 mg,.0.47 mmol) in dry“dichlb:éméﬁhahesihf
(5 ml) was added. The mixture was stirred ' for 30 min at i,
0°C; the reaction being terminated by the addition of water
and the extraction of the product 1into dichldéromethane..
After separation the organic phase was dried over magnesium
sulphate, filtered and evaporated to give a residue which
was chromatographed (p.l.é. 20% ethyl acetate' - 1light
petroleum, showed significént decomposition).’ ‘The: front
band yielded the product (42) (21.8 mg, 53%) as white

-1
needles, m.p. 128.5°C (light petroleum), Vv 3501 cm

max.
(OH): 62.36 (3H, s, ArCH;), 2.79 (3H, s, ArCH, ), 3.88
(3H, s, OCH,), 5.24 (lH, s, OH, D,0 exchangeable), 6.52 (lH,
d, J 1.5 Hz, 4-H), 6.59 (1H, d, J 7.5 Hz, 5-H), 6.95 (lH,
d, 7 7.5 Hz, 7-H), and 7.60 (1H, d, J 1.5 Hz, 2-H); m/z 202(M" ,

100%), 187(76), 159(14), 141(11), 115(13), and 101(8).

2-hydroxy~-5-methoxy—-3,8-dimethyl-1,4-naphthoquinone (46)
METHOD 1

The acetate .(gﬁ) (45.0 mg, 0.164 mmol) was dissolved in.
ether (30 ml) and then washed with an aqueous  sodium
hydroxide (5%) solutionvuﬁtil the yellow etHergiéyef turned
colourless. The agueous pﬂase was then separafed,)acidifiéd

with dilute hydrochloric acid and extracted with ether
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(twice). The organic fractionslwere cdﬁbined-and”dried.over‘
magnesium sulphate, filtered and evaporated to give a yellow
solid which was chromatographed (p.l.c. eluant - 30% ethyl
acetate - 1light petroleum) to yield- the produét”(gg)'
(28.1 mg, 75%) as yellow crystals, m.p. 131-132°C (methanol)
(Found: C, 67.3; H, 5.2. C H‘ Oq ' requires C, 67.2; H,

13 12
5.2%); Viax 3321-(OH), 1650 and '1629 cmfl(C = 0); &62.04
(3H, s, CCH, ), 2.66 (3H, s, CCHa), 3.95 (3H, s, OCHa), 7.19
(18, d, J 9 Hz, 6-H), 7.28 (1H, s, OH), and 7.39 (1H, d,
J 9 Hz, 7-H): m/z 232(M° , 100), 217(18), 215(11),

203(38), 193(17), 189(26), 175(23), 158(10),fand 131(16).

METHOCD 2

The orthoquinone (47) (35.0 mg, 0.162 mmol) was dissolved in
acetic anhydride (10 ml) and coﬁcentrated sulphuric acid (2
drops) was added and the mixture stirred. After 45 min the
reaction mixture was thrown onto ice and basifi=d with
aqueous sodium hydroxide (5%). The 'solution was then
acidified with dilute hydrochloric acid, extractea with
ether and dried over maghesidm sulphéte;‘ The ofganié
solvent was filtered and evaporated to .give a residue which
after chromatography (10% ethyl acetate - light petroleum)
afforded the product (46) (26.7 mg, 55%) as yelloQ needles,
m.p. 130-132°C (light petroleum) (Lit.,%® 130°cC). ~ on
admixture with (46) obtained via Methéd‘ 1 (pagé '63) the
melting point showed no depressibn and all'theuspectrpscopic

data were found to be identical.
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3,8-dimethyl-5-methozy-1,2-naphthoquinone (47) .

The naphthol (42) (150.0 mg,'O.743 mmol) was dissolved in
methanol (10 ml). - To this was added:a solution of Fremy's "
salt?® (0.4 g) in water (20 ml) and sodium acetate (0.05 g)
in waﬁer (5 ml) and the mixture stirred for 30 min‘at room -
temperature. The organic material was extracted with ethgr,

washed with water, dried over magnesium sulphate, filtered

and evaporated to yield a <crude red solid which was

chromatographed (eluant 10% ethyl acetate - light petroleum)
to yiela the product (47) (128.3 mg, 80%) as ‘fine red
needles, m.p. 188~190°C (chloroform - light petroleum),
volatization  190-195°C and charring 195-198°C (Lit.,?2?®
m.p. 108-110°C) (Found: C, 72.1; H, 5.5. C leo3 requires C,

13
72.2; H, 5.5%); v .. 1654 and 1630 cm~' (C = 0); 82.05
(3, s, 3-CH,), 2.58 (3H, s, 8-CH, ), 3.90 (3H, s, OCH, ),
7.02 (18, d&, J 8 Hz, 6-H), 7.18 (l1H, 4, J 8 Hz, 7-H),
and 7.79 (1H, bd s, 4-H); m/z 216(M" -, 6%), 189(10),
188(100), 187(12), 173(35), 171(14), 145(23), 115(28), and
91(12): u.v. (EtOH) v nax . 192(log e 5.01), 215(5.02),

255(5.13), 387(5.18, sh) and 471(3.84) nm.

2-acetozy-3,8-dimethyl-5-methoxy-1,4-naphthoquinone (54)

The orthoquinone (47) (40.0 mg, 0.185 mmol) was dissolved in
acetic anhydridé (3.5 ml) and concénﬁrated» sulphuric acid
(1 dfop) was added with stirring. After SO‘mih tﬂe reaction

mixture was diluted with water and extracted with ether.

The organic layer was then washed with dilute sodium
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hydrogen carbonate, dried over-magnesiumlsulphaﬁe,.filtéred
and evaporated to yield a residue which was chromatographed
(p.l.c. 30% ethyl.acetate - light peﬁroieum) Ed yieid:the
product (54) (12.2 mgq, 24%) as yellow needles, ﬁ.p l3i;l33°C
(light petroleum),vmax.l768, 1662 and léZé'éh—;‘(shf(C - o)y
§2.05 (3H, s, 3-CHs '), 2.39 (3H,.s, OCOCH3 ), 2.65 (3H, s,
8-CHy), 3.98 (3H, s, OCHs. ), 7.21 (1H, d, J 8. Hz, 6-1),

and 7.47 (1H, 4, J 8 Hz, 7-H): m/z 274 (Mm%, o943,
232(100), 217(26), 203(65), 189(19), 175(17), 131(11), and

115(19); UV (EtoH) Ymax. 302 (log € 5.00) and 405 (4.74) ‘nm.

2,5-dihydroxy~3,8-dimethyl-1,4-naphthoquinone (1)

METHOD 1

The naphthoqguinone (54) (70.0 mg, 0.255 mmol) was diésolved
in dry dichloromethane (10 ml) and boron trichloride
(119 mg, 1.02 mmol) in anhydrous dichloromethane (2 ml) was
added and the mixture was stirred for 20 min at -10°C. The
‘reaction mixture was then 'tﬁrdwn into water and éXtracted
with dichloromethane which, after sépérationﬂ from the
aqueous layer, was dried over magnesium sulphate, filtered
and the solvent removed to afford a red solid which was
chromatographed (p.l.c. 30% ethyl acetate - light petroleum).
to afford the product (1) (47.3 mg, 85%) "asired'needlés,‘
m.p. 191°C (Methanol) (Lit.,®s?® 176-178°c, 190°c) (Found:

C, 65.9: H, 4.9. C__H O requires C, 66.0; H, 4.6%); v___ |
12 10 4 s max.
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3322 (OH), 1641 and 1615 em=(c - 0);  82.03 (3H, s,
3-CH,), 2.62 (3H, bd s, 8-CH,), 7.12 (1H, d, J 8 Hz, 6-H),
7.32 (18, 4, 4 '8 Hz, 7-H), 7.62 (1H, s, 2-0H), and 10.76
(1H, s, 5-0H): m/z 218(M*, 100%), 190(21), 175(13), 172(14),

161(17), 147(22), 135(13) and 115(25).

METHOD 2

As an alternative route to compound (1) the naphthoquinone
(46) (101 mg, 0.435 mmol) was dissolved in dry dichloro-
methane (10 ml) and boron trichloride (203 mg, 1.74 mmol) in
dry dichloromethane (4 ml) was added and the mixture stirred
for 15 min at =-10°C. The reaction mixture was then thrown
into ice-water and exﬁracted with dichloromethane which,
after separation from the agueous phase, was dried over
magnesium sulphate, filtered and the solvent removed to
afford (1) (81 mg, 85%) as a red solid which was identical
in physical -and chemical properties to that of Aristolindi-

quinone obtained by the above method.

2,6-dimethoxy toluene (57)

2, 6-Dihydroxytoluene (56) (10.0 g, 80.6 mmol), potassium
carbonate (55.6 g, 402 mmol) and dimethyl sulphate (50.6 g,
402 mmol) were refluxed in anhydrous acetone (400 ml) for
four hours. The reaction mixture was cooled, filtered and
the solvent removed. The residue was taken up in ether and
washed successively wgth an aqgueous ammonia solution (to

decompose the excess dimethyl sulphate), water, dilute
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aqueous hydrochloric acid and water and dried over magnesium
sulphate. The solution was filtered and the solvent removed
to yield the product (57) (11.9 g, 97%) as colourless

*7 37.5-40°C).

needles, m.p. 36-39°C (light petroleum) (Lit.,
2,4-dimethoxy~3-methyl benzaldehyde (58)

The Vilsmeier complex was prepared by the dropwise addition
of freshly distilled phosphoryl chloride (28 ml ) to dry NN-
dimethylformamide (50 ml) during 30 min with stirring and
cooling in ice. The complex was then allowed to warm to
room témperature and was then added during 1.5-2 hours to a
stirred solution of 2,6-dimethoxy toluene (57) (33.0 g,
0.22 mol) in dryvNN-diméthyl formamide (50 ml) at 100-110°C
(bath). Heating and stirring was lcontinued for 4 hours.
The mixture was poured onto ice—waﬁer, made just basic by
the addition of aqueous sodium carbonate, and exhaustively
extracted with ethyl acetate. The combined extracts were
washed successively with dilute hydrochlofic acid, water,
and saturated brine, and finally driéd over magnesium
sulphate. The crude product was chromatographed (eluant 30%
ethyl acetate - light petroleum) to yield the product (58)
(32.1 g, 81l%) as glistening needles, m.p. 54-55°C

8 52.53°C and 54-55°C).

(light petroleum) (Lit., %%
2,6~dimethoxy~3-formyloxytoluene (58)
The benzaldehyde (58) (2.52 g, 14.0 mmol) and meta-chloro-

perbenzoic acid (3.58 g, 19.2 mmol) were heated under reflux
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in anhydrous dichloromethane (56 ml) for 24 hours. Most of
the dichloromethane was tﬁen removed by distillation and the
residue was dissol§ed in ethyi acetaﬁe;,.TThe solution was-
washed with agueous sodium hydrogen carbonate: until.
effervescence ceased, and then 'with satUratea brine, and
dried over magnesium sulpﬁate. Removal of the solvent left
the crude ester which was chromatographed (eluant 10% ethyl
acetaté'—'.light petroleum) to yield the product (59)
(2.58 g.. 94%5?55 a pale yellow oil,  62.17 (3H, s, ArCH,),
3.74 (3H,  s,AOCHan); 3.82 (3B, s, OCH,), 6.59 (1H, &, J
9 . Hz, 4-H), 6.94 (4, &, J 9 Hz, 5-H), and 8.27 (1lH,

s, OCHO) (Lit.,%*7 &(cpcl,) 8.12 (1lH, s, OCHO)).

2,4—dimethoxy;37methyZ—5—acety2phenol (60)
Compound (61) (516 mg, 2.02 mmol) was dissolved in a sodium
hydroxide solution (3%) in methanol (50 ml) and stirred at
room temperature for 20 min before the solution was
acidified with dilute hydrochloric acid. The solution was
then diluted with water (200 ml) and exhaustively extracted
with ethyl acetate which, after being dried over magnesium
sulphate, wasb filtered and evaporated to. give a residue
which was chromatographed (p.l.c. 25% éthyi acefaté - light
petroleum) to afford the product (QQ) (360.mg, 85%) as
an unstable pale yellow oil, v ] (neat) 3385

max
. -1 ) ] .
(OH) and 1669 cm (C = 0); 62.23 (3H, s, ArCH,), 2.59

(38, s, COCH,), 3.69 (3H, s, OCH,), 3.81 (3H, s, OCH,), 5.93 '
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(1H, br s, OH, disappears on. D,0 wash), and 7.1 (1lH, s,

ArH); m/z 210(M', 54%) and 195(100).

-~

S-acetoxy-S5-acetyl-2,6~-dimethozytoluene (61)

The formate ester (59) (290 m3y, 1.48 mmol) was added to a
mixture of trifluorocacetic-anhydride (622 mg, 2.96 mmol) and
acetic acid (71 mg, 2.22 mmol) and the mixture was kept at
60°C for 15 hours. The solution was neutralised with
aqueous sodium hydrogen carbonate and exhaus;ively extracted,
with dichloromethane. The extracts were dried over
magnesium sulphate, filtered and evaporated to yield a crude
mixture of compound (60) and (61). The mixture was treated
with acetic anhydride (2 ml) and pyridine (0.5 ml) and
heated at 100°C (bath) for 3 hours. The resulting oily
mixture was dissolved in ethyl acetate (50 ml) and shaken
with methanol (50 ml). The solution was successively washed
with dilute sodium hydrogen carbonate, water, dilute
hydrochloric acid and then more water.  The organic layer
was dried over magnesium sulphate, filtered and evaporated
to give an oil which was chromatographed;(BO% ethyl acetate
- light petroleum) to afford‘the product (61) (224 mg, 60%)
as a clear oil (Found: C, 61.6; H, 6.5. C13H'1605 requires
C, 61.%; H, 6.3%): §2.22 (38, s, ArCH, ), 2.29 (3H,j-.s,
OCOCH,), 2.58 (3H, s, ArCOCH, ), 3.79 (3H, s, OCH ), 3.85
(34, s, OCH,;),  7.23 (1H, s, ArH): V... (naat)‘l768.and

1676  cm (C = 0): m/z 252(M", 20%), 210(90), 195(100),

Y
i

184(13), and 169(9).
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5—acetyl—2,3,6—trimethoxytoluené (62)

METHOb 1

The crude phenol (60) (422 mg, 2.01 mmol), .prepared
according to the method‘.described in' the _.synthesis of'
compound (60) (page 69), Qas dissolved in anhydrous &acetone
(250 ml), whereafter potassium carbpnate (3 mol equiv.) and
dimethyl sulphate (3 mol equiv.) were added and the mixture
stirred overnight at room temperaﬁure. The excess potassium
carbonate was removed by filtration and the acetone
evaporated to yield a residue which was taken Up in ether
and washed successively with ammonia (25%) (twice), water,’
dilute hydrochlorict acid and then more water. After
separation, the ether layer was dried over magnesium
sulphate, filtered and the ether removed to give a residue
which was chromatographed (eluant 5% ethyl acetate - light
petroleum) to afford the product (gg) (360 mg, 80%) as a
pale yellow oil (Found: C, 64.2:.H, 7.2. C H O requires

12 16 &4
C, 64.3; H, 7.1%); v (neat) 1671 cm-* (C = 0); &§2.25
max. .
(34, s, ArCH,), 2.64 (3H, s, COCH, ), 3.72 (3H, s,.0CH, ),
3.86 (6H, s, 2 x OCH,), and 7.14 (lH, s, ArH); m/z 224(M",

62%), 209(100), and 181(12).

METHOD 2 ' C2

Compound (68) (90 mg, 0.49 mmol) was added to a mixture of

acetic acid (44 mg, 0.74 mmol) and trifluorocacetic anhydride. =

(206 mg, 0.98 mmol) and the mixture stirred ,for 24 hours, at

-25°C. The solution was neutralised with agqueous sodium
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hydrogen carbonafe and exhéustively extracted with
dichloromethane. ?he exﬁracts were dried (MgSOu), filtered
and evaporated to yield a residue which was chrométdg;aphed
(p.l.c. 5% ethyl acetate - light petroleum) to afford the’
product (62) (76,8 mg, 70%) wiﬁh identical’ Speétrdscoﬁiéfl

data to compound (62) obtained via Method 1.

METHOD 3
The Grignard reagent, methyl magnesium iodide, was prepared
by adding magnesium pellets (150 mg, 6.1.mmol) to a.solution

of methyl iodide (436 mg, 3.07 mmol) in anhydrous ether

(3 ml) with constant stirring until effervescence ceased and

the solution turned milky. The aldehyde . (78) (léé mg
0.614 mmol) in anhydrous ether (3 ml) was introduced into
the solution and allowed to stir for 20 min. Saturated
aquebus ammonium chloride was then added and stirring
continued for a further 20 min. The organic material was
extracted with ether, washed with watér, separated and the

excess solvent evaporated.  The residue was dissolved in

| acetone (0.2 ml) and Jones' reagent35 ‘was added. After

constant stirring for 2 hours water (50 ml) was added and
the 6rganic material extracted with ether, dried over

magnesium sulphate, filtered and the solvent evaporated to

B yield a residue which was chromatographed (p.l.c. 5% ethyl

acetate - light petroleum) to afford the product (62)
(80 mg, 58%) as an oil with identical spectroscopic data ta

compound (62) obtained via Method 1.
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Z-acetozy-2,6-dimethoxytoluene (64)

The formate ester (59) (491.9 mg, 2.51 mmol) was dissolved . - .

in a 3% solution of sodium Hydroxide in"hethahol (20 ml) and
stirred at room temperaturei for 30 min before the solution
was acidified with dilute hydrochloric acid. The methanol
was then removed under reduced preséure and more water added
to the residue. This was extracted repeatedly‘with ethyl
acetate which, after being dried over magnesium sulphate,
was filtered and evaporated to yield the crude phenol (63).
This was dissolved in acetic anhydride (14 ml).whereafter-
dry pyridine (3.5 ml) was added and the reaction mixture
allowed to stir for 3 hours at rooh temperature. Methanol
was then added to guench the excess acetic anhydride and the
mixture stirred for a further 20 min. The reaction solvents
were removed under raduced pressure (0.1 mm) with heating
at 40°C. The resulting residue was chromatographed (eluant
20% ethyl acetate - 1light petroleum) to give the product

(64) (474.4 mg, 90%) as a clear oil, v ___ 1767 cm™!(C = 0);

§2.15  (3H, s, ArCH,), 2.29 (3H, s, OCOCH,), 3.72 (3H, s, .

OCH;), 3.78 (3H, s, OCH;), 6.48 (14, 4, J 9 Hz, 5-H), and
6.79 (1H, d, J 9 Hz, 4-B); m/z 210(M*, 15%), 168(100),

and 153(40). 7 : ' N

- 4-acetyl-3-hydroxy-2,6-~dimethoxytoluene = (65) °
The acetate (64) (495 mg, 2.36 mmol) ahd'freshly distilled
boron trifluoride etherate (1.5 . ml) were heated in an oil

bath maintained at 95°C for 3 hours. The reaction mixture
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was then thrown onto ice -(20 ml), extracted with
dichloromethane, separated and - the organic solvent
evaporated. The residue was dissolved in.a sodium hydroxide -
solution (3%) in methanol (25 ml) and stirred’ at room
temperature to hydrolyse any existing starting material.
The solution was then diluted with water (200 ml) and
repeatedly (3 times) extracted with dichloromethane.
Thereafter, the organic phase was separated, - dried over
magnesium sulphate, filtered and evaporated, to .yield a
residue which was chromatbgraphea.(eluant'BO%'ethyl acetate
- light petroleum). Early fractions gave the product (65)
(312 mg, 63%) as white crystals, m.p. 73.5-75.0°C (isopropyl
alcohol) (Found: C, 62.8; H, 6.6. c,, H,, O, requires C,
62.8; H, 6.7%); Vmax. 1635 and 1614 cm™! (C = 0); §2.16

(3H, s, ArCH3)1 2.57 (3H, s, cocH, ), 3.77 (3H, s, OCH3)1
3.83 (34, s, OCH,), 6.77 (1H, s, ArH), and 12.22 (1H, s, OH,
disappears én D,0 wash); ﬁ/z 210(M¥T , 100%), 196(20),
195(86), 181(15), _167(43), 149(27), gnd 121(19).. Latter
fractions gave hydroiysed starting material (63) (36 mg,

\

9%). S

d-agcetyl-2,3,6~trimethozytoluene (66) ‘

;>The phenol (65) (191.1 m3y, 0.91 mmol) was dissolved in dry
acetone (5 ml) and dimethyl sulphate (286 mg, 2.27 mmol) and
potassium carbonate (32 mg, 2.4 mmol) were added. ‘The
mixture was stirred for 24 hours after which the solvent was

.filtered and evaporatea under reduced pressure. The residue
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was partitioned between watef and bether and washed
successively with ammonia (25%), water, dilute hydrochloric
acid, then water égain before the ether layer was separated -
and dried over magnesium . sulphate. Filtration and-femoyal
of the ether under reduced preséure gave an oil which was
chromatographed (eluant 10% ethyl acetate - light petroleum)
to yield thé methyl ether (§§; (199.7 mg, 98%) as pale
yellow needles, m.p. 28-30°C (light petroleum) (Found:
c, 64.5; H, 7.2. C12H 0, requires C, 64.3; H, 7.1%);

16

Voo, 1678 cm™ (c = 0); 62.18 (3H, s, ArCH,), 2.65 (3H, s,

COCH, ), 3.83 (3H, s, OCH,£ ), 3.88 (3H, s, OCH,), and 6.99
(14, s, ArH); m/z 22a4(n* , 88%), 209(100), 181(20),

166(12), and 149(25).

Attempted synthesis of S5-(Il-ozo-but-2-enyl)-2,3,6-trimethoxy=-
tolﬁene (72)

Compound (ég) (200 mg, 1 mmol) was treated under the same

conditions as described in the preparation of compound (62)

(page 71, Method 2) with the ekception that in this reaction’
crotonic acid was used instead of acetic acid. After workup

the reaction mixture gave an intractable tar of which none

of the products could be characterised.

Attempted synthesis of §-(l-oxo-but-3-enyl)-2,3,6-trimethoxy:-
toluene (73) R
Compound (68) (210 mg, 1.2 mmol), was treated under the same

conditions as described in the preparation of compound (62)

(page 71, Method 2) with the exception that in this reaction
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vinylacetic acid was wused instead of acetic acid. "After

workup a t.l.c. examination showed much degrédation of
starting material as well as the formation of many products,

none of which were characterisable.

Attempted synthesis éf 5-(1-oxo-2-methyl-but-2-enyl)=-2,3,6-

trimethoxytoluene (74) ’ ' )
The preparation of this compound was not successful. For
the experimental details see the preparation of the coumarin

/

derivative (84) (page 82).
2-methyl-3,4-dimethoxy-6~-acetyl phenol (867)
Compound (66) (132.0 mg, 0.59 mmol) was dissolved 1in

anhydrous dichloromethane (10 ml) and boron trichloride

(0.271 g, 2.310 mmol) in anhydrous dichloromethane (2.5 ml)

was added and the reaction mixture stirred for 80 min at
o0°c. The resulting red complex was decomposed by the
addition of water with stirring for 5 mins. The organic

material was extracted with dichloromethane 'which, after
separation from the aqueous layer, was dried over magnesium
sulphate, filtered and the solvent removed to afford a pale
yellow solid which was recrystallized to give the product
(67), (105.3 mg, 85%) as colourless needles, m.p. 86-87°C
(dichloromethané - light petroleum) (Found: €, €2.8; H, 6.7.

. 8,0, requires, C, 62.8; H',6.7%);\)max._1619‘_’crn_l (c = 0);
62.17  (3H, s, AcCHs), 2.58 (3H, s, COCH;), 3:83 (3H, s,
OCH,), 3.86 (3H, s, OCH, ), 6.99 (1H, s, ArH), and 12.59

(14, s, OH, disappears on D,0 wash}; m/z 210(M°, 85%),

195(100), 167(17), 149(14), and 121(11).
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2,3,6-trimethoxytoluene (68)

The formate ester (59) (1.51 g, 7.70 mmol) was dissolved in.

‘a sodium hydroxide solution (3%) in methanol (50: ml) and

stirred at roém temperatufev for 15 min beforé the solution.
was acidified with dilute hydréchloric acid. The solution
was then diluted with water (306 ml) and -exhaustively '
extracted with ethyl acetate which, after being dried over
magnesium sulphate, was filtered and evaporated. The crude
phenol (63) was dissolved in dry acetone - (100 ml),’
whereafter dimethyl sulphAte (0.97 g, 19.25 ‘mmol) and

anhydrous potassium carbonate (2.66 g, 19.25 mmol) were

~added. After heating the solution under reflux for 2 hours,

the mixture was cooled, filtered to remove the excess
potassium carbonate and the acetone removed under reduced

pressure. The oily residue was partitioned between water

‘m

and ether, _and washed successively with ammonia (25%),
water, hydrochloric acid (1 M), then water again before the

ether layer was separated and dried over anhydrous magnesium

- sulphate. Filtration and removal of the ether under reduced.

pressure gave an oily material which was chromatographed
(eluanﬁ 15% ethyl acetate - light petroleum) to give the
product (68) (1.34 g, 96%) as white crystals, m.p. 29-30°C;
(Lit.,*® 30-31°C); 62.14 (3H, s, ArCH,), 3.75.(3H, s, OCH; ).
3.79 (68, s, 2 x OCH ), 6.46 (1H, d, J 9.5'Hz, ArH), and

6.69 (1H, 4, J 9.5 Hz, ArH).
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2,3,6—trimethoxy—5—pentan-1—one‘t&luene-(76)

METHOD 1 |

Compound (68) (117.8 mg, 0.647 mmol) was treated with a
mixture of trifluorocacetic anhydride (271.7 mg, 1.29 mmol)
and Qaleric acid (98.99 mg, 0.97 mmol) with stirring at room
temperature. After 24 hours the solution.was neutralised
with aqueous sodium hydrogen carbonate and exhaustively
extracted with dichloromethane. The extracts were combiﬁed,
dried over magnesium sulphate, filtered and the solvent
removed under reduced pressure to give a residue which was
éhromatographed (p.l.c; 5% ethyl acetate —'light petroleum).
Early fractions afforded the desired product (76) (68.8 mg,
40%) as a clear oil (Found: C, 67.7; H, 8.3. C ’H

o]
— 15 22 &
' -1
requires C, 68.0; H, 8'1%)7\%ax 1669 cm (c = 0); d80.82-
1.02 (38, m, CH CH ), 1.16-1.88 (4H, m, CH,CH,), 2.21 (3H,
Sy ArCH3 )1 2.86-3.08 (2H1 m, COCHZ)I 3.66 (3H1 Sy ArOCH3 )I
3.80 (6Hl =¥ ArOCH3 )I and 6.96 (lHl S, ArH)7 m/z 266(M+[

25%), and 209(100).

A second band at lower Rp afforded the regioisomer (ZZ)

-(32;7 mg 19%} as a clear oil; Vmax. »l67$ ;m—l.(C = 0);
60.81-1.05 (3H, m, CH, CH,)/ 1.19-1.27 (2H, m, CH,), 2.0
(38, s, ArCH,), 2.23-2.55 (2H, m, CH,), 2.90-3.13 (2H, m,
COCH.),3.73 (3H, s, OCH,), 3.83 (3H, s, OCH, ), 3.85 (3H, s,

OCH,), and 7.08 (1H, s, ArH); m/z 266(M", 30%), 209(100).



79

METHOD 2

Compound (76) was prepared from the .reaction ’'between
compound (78) and the Grignard reagent,. butyl 'ﬁagﬁesium
bromide, usihg' the same molar ratios and identical reaction
conditions as described in the preparation of compound (62)
(Method 3, page 72). The product (Z§) was obtained in 'a
vield of 54% as a pale yellow oil and its spectroscopic data

were found to be identical to:that of compound (76) obtained

via Method 1I. : ' L

2,4,6-trimethoxy—-3-methyl benzaldehyde (78)

Freshly distilled phosphoryl chloride (4.3 ml) was added to
NN-dimethyl formamide (7.5 ml) during 39 min with stirriné
and cooling in ice. The complex was allowed to warm to room
temperature and was then added during 1.5-2 hours to a
stirred solution of compound (68) (5.555 g, 30.5 mmol) in
dry NN-dimethyl formamide (7.5 ml) at 105°C (bath). Heating
and stirring was continued for 4 hquré. The mixture was
then éoured onto ice-water, made just basic by the addition
of agueous sodium hydrogen carbonate, and exhaustively
extracted with ethyl acetat;. The combined extracts were
wéshed successively Qith dilute hydrochloric acid, water,
and saturated brine, and drigd over magnesium sulphate. The
solvent was filtered and removed under reduced pressure to
give a residue which was chromatographéd'(eluant 20% ethyl
acetate - 1light petroleum).. Early fractions afforded the

starting material (§§)_(l,156 g) and latter fractions gave
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the product (78)(3.478 £,54%) (68% based on unrecovered

starting material) as pale vyellow needles, m.p. 51-
52°C (light petroleum) (Lit.,>° reported as an oil):.

~1 , . ‘ .
vmax. 1671 cm (C = 0) (Li;.,50 (neat) 1680 cm 1‘(C~'= 0)):- :

62.20 (BH/ Sy ArCHs), 3.82 (3H/ S/ OCHs)/ 3.85 (3H/ S./
OCH,), 3.87 (3H, s, OCH,), 7.19 (1H, s, ArH), and 10.26 (1H,
. + '

139(13), 124(10), and 109(11).

5-(1-ozopent-4d-enyl)-2,3,6—-trimethoxytoliene (82)

The Grignard reagent, but-3-enyl-l-magnesium bromide was
prepared by adding magnesium pellets (100 mg, 4.1 mmol) to a
solution of but-3-enylbromide (0.2 ml, 1.9 mmol) in dry
ether (2 ml) with constant sﬁirring until the solution
turned milky and effervescence ceased. The aldehyde (78)
(110 mg, 0.524 mmol) in anhydrous ether (2 ml) was added and
the reaction mixture stirred for 15 min. Saturated ammonium
chloride was then added and the solution was.stirred at room
temperature for a further 15 min. This mixture waé added to
water, extracted with ether which, after separation from the

aqueous layer, was dried over magnesium sulphate, filtered

and the solvent removed to yield a. residue (140.3
mg). The residue was dissolved 1in aceéetone (3 ml), ‘Jones!'
feagent35 (0.3 ml) was added and the splutian stirred for

5 min. Water (50 ml) was added and the orgahic material was

extracted with ethyl'acetate' which, after.'sépafation{frbm
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the aqueous layer, was dried over magnesium sulphate,

filtered, the solvent removed and the resultant residue

chromatographed (eluant lO%iethyl acetaﬁeﬁti1ight;betr61éum)ﬁﬁ?ﬂ%ﬁu“

to afford the product ’(§3X (128 mg, 92%) "as a "clear ©oil

!

(Found: ¢, 68.2; H, 7.5. 'C, . H 'o;“reqdirés C, '68.4:7 H,

15 20

7.3%); v (neat) 1669 (c = 0) and 1640 cm~}(C = C);

§2.19 (3H, s, ArCH,), 2.45 (2H, dt J 7 Hz, allyl), 3.08 (2H,

distorted t, J7 Hz, COCH,), 3.66 (3H, s,YOCHa), 3.81 (6H, s,

2 x OCH,), 4.84-5.14 (2H, m, C = CHz), 5.62-6.08 (1H, m,

'C = CH), and .6.98 (1H, s, ArH): m/z 264(M*,‘33%); 210(13), . -

and 209(100).

Attempted ring closure of compound (82)

METHOD 1

Compound (82) (5 mg, 0.02 mmol) was dissolved in chloroform
(2 ﬁl) and trifluoroacetic acidv(15 drops) was added with
constant stirring. ‘After 20 min water was added and the
organic material extrécted'with ether, separated, dried over
mégnesium sulphate and evaporated to §uantitativély ‘yield

the unchanged stafting material (82).

METHOD 2 - R

This procedureh and the guantities used’ were the same as

‘described in Method 1, with the exception” that in this.

reaction no chloroform was "used as solvent. “The results

obtained were consistent with those found dsiﬁg’Method 1.
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METHOD 3

Compound (gg) (5 mg, 0.02 mmol) was dissolved in methanol

(2 ml) and concentrated hydrochloric acid [15 drops) ~was bt

added and the solution allowed to stir for 30 'min." After
workup, as described in Method 1, the startih@xmafefialw(gg)

was recovered in quantitative yield.

METHOD 4

The samé guantities and conditions were useé as described in
Method 3 with the exception that in this reaction ' sulphuric -
acid was used instead of‘hydrochlorié acia. After workup

the same results were obtained as in Method 3.

3,4,6—trimethyl—5,7,8—trimethoxy—2H—1-benzopyran—Z—one>(84)

Trimethoxy toluene (68) (125;4 mg, 0.689 mmol) was treated
with a premixed  solution of tiglic acid (275.6 mg,
2.753 mol) " and: trifluoroacetic’ anhydridé (578.9 mg,
2.756 mmol) with stirring at room'Atemperature. Afger 24
hours the solution was neutralised with aqueous sodium
" hydrogen carbonate and é#hausti&eiy ' extracted  with
‘aiéhioromethane. The extracﬁs were combinéd, dried  over
haénesium sulphate, filtered and the solvent reﬁoved under
'Qacﬁum to give av'residue which upon chromatography (20%
ethyl aéetate - iight petpoiéum) afforded'the coumarin (§£):
(40.2 mg, 218) as white needles, m.p. 1032105°C {light
petroléum - chlorofofm). This was the only characterisable

product (Found: C, 64.9; H, 6.6. Clsﬁléos requires C,
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64.7; H, 6.5%); vmax 1723 (C = 0), 1641 and 1571 em™?

(C =C); 82.23 (6H, s, ArCH, and pyrone ring .CHB), 2.29 (3H, / }
s, pyrone ring CH,), 3.74 (3H, s;iOCH,), * 3.80 (3H, s;/ =t &}
. . . 4 }‘ . S I -
OCH,), and 3.89 (3H, s, QCH,;): m/z 278(Mf/ 100%0,”263(49),'W A

247(61), 235(41), 221(14), 206(11), and l9l(7)."2f”f7r N

bAttémpted synfhesis of’coumarin derivatfué'usfngyl,S‘dimefhoxy—
benzene (85) as.substrate.

The same experimental conditions were applied as.described
in the synthesis of compouﬁd (84) with'théiexception)fhatfin
this reaction the substrate 1,3-dimethoxybenzene (_2)
(120 mg, 0.9 mmol) was used instead of compound (€8). After
workup the IH n.m.r. spectrﬁm of the reaction mixture showed

the absence of starting material, however no characterisable .

product could be isolated.

Attempted éynthesis-of coumarin derivative using 1,4-dimethoxy-
naphthalene (86) as substrate |
The_ same conditions weré applied as described in  the

- synthesis of compound (84). with the exception that in .this
reaction the_ substrate 1,4-dimethoxynaphthalene (§§)
(150,mg, 0.8 mmol) was used instead of compound (68). After
~workup a t.l.c. inVestigétion showed many differeht’prdduqﬁé.,
- of lower R than starting: material, however none of these

F

compounds could be characterised. .
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Attempted synthesis of coumarinAderivative using 1,4 dimethoxy-
benzene (87)vas substrate

The same conditions were applied as  described in the
synthesis of compound (84) with the exception that in this
reaction the substrate l,4—dime£hoxybenzene (87) (105 mg,
0.8 mmol) was used instead of compound (€8). A t.l.c.
investigation of the reaction mixture showed many different

products, none of which were characterisable.

Attempted synthesis of coumarin derivative using 1,2,4-tri-

methoxybenzene (88) as substrate

The same conditions were applied as described in the
synthésis of compound (84) with the exception that in this
reaction the substrate 1,2,4-trimethoxybenzene (88) (100 mg,
0.6 mmol) was used instead of compound (68). A t.l.c.
invéstigation showed the formation of many uncharacterisable

products.

5-bromo-2,3,6-trimethoxytoluene (89)

The trimeth?l ether (68) (300 mg, 1.65 mmol), glacial acetic
acid (10 ml) and anhydrous sodium acetate (189 mg, 2.31
mmol) were heated and stirred until all the sodium acetate
had dissolved. :After the mixture was allowed to cool to
robm temperature bromine (316 mg, 1.9 mmol) 'in glacial
acetic acid (8 ml) was added ovér.lO min and the solution
allowed to stir for a further 6 min. The reaction mixture
was then diluted with water (60 ml) and repeatedly extracted

with ether. The combined brganic fractions were washed with
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saturated aqueous sodium hydrogen carbonate (twice), dried
over magnesium sulphate, filtered and evaporated to give a
residue which was chromatographed (10% ethyl acetate - light
petroleum) to afford the product (89) (323 mg, 75%) as a

pale yellow oil (Found: ¢, 46.4; H, 5.1. C H Bro.
' 10 13 3

requires C, 46.0; H, 5.0%); vmax (film) 1592 (Aryl), 1261,

1 (coMe): 62.21 (3H, s, ArCHs), 3.71 (3H,

1237 and 1219 cm

OCH; ), 3.74 (3H, s, OCH,), 3.78 (3H, s, OCH;), and 6.88

+

(1H, s, ArH); m/z 262 and 260, (M 262, 97%), (M* 260,

100%), 248(25), 247(32), 245(34), 218(19), 204(12), and

202(13).
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The forhate ester (ég) (300 mg, 1.53 mmol) .and sodium
acetate (149 mg, 1.82 mmol) were heated ahd stirred in
glacial acetic acid (7 ml) wuntil ~ dissolution. After
cooiing to 10°C, bromine (320 m3, 2 mmol) in glacial aoe;ic
acid (5 mlj was added and the mixture stirred for 5 min.
This mixture was then added to water and exhaustively
extracted with ether. The ether phase was separated-and
evaporated to yield a crude mixturev of the bromoformyloxy
compound (91) and the bromophenol (22). This wés dissolved
in a sodium hydroxide solution (2%) in methanol and allowed
to stir for 30 min. The soluﬁion was then diluted with
water, acidified (dilute hydrochloric acid) and extracted

with ether (twice). The organic layer was dried over
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magnesium sulphate, filtéred.and evaporated to give solely
the crude bromophenol (92) (210 mgf' 82%).“  This was
dissolved in acetonitfile (30 ml) and'wéter-(16'hl)/'¢éfiuh‘
(IV) ammonium nitrate (2.5 grs 4 mmol) in ;ater (3.3 mlf was
added and the solution stirred for a further .5 min. The
reaction mixture was then extracted with aithlbfométhane,
dried over magnesium sulphate, filtered and evaporated. The
residue was chromatographed (flash column, eluant 10% ethyl
acetate - light petroleum) 'to afford'theiQﬁinonoid §rodu¢t:
(90) (131 mg, 37%) as dark yellow needlés, m.p. 70-70.5°C
(isopropanol) (Found: C, 41.6:; H, 3.0. C8ﬁ7BrO3 reguires
C, 41.6; H, 3.0%); v 1654, 1625 (C = 0) and 1590 cm~>

max.

(C = C); 61.99 (3H, s, CCH,), 4.02 (3H, s, OCH3), and 7.08

(18, s, Ar#); m/z 232 and 230, (M° 232, 523%), 231(17),

(M*

230, 55%), 229(12), 202(35), 200(24), 189(13), 187(15),
133(20), 131(19), 123(23), 121(13), 93(69), 83(57), and

53(100).

2
The phenol (99) (3.54 g, 11.97 mmol) was dissolved in a
solution of acetic acid (70 ml) and water (30 ml). Chromium

trioxide (3.50 g, 35 mmol) was added over 10 min with the

reaction temperature being maintained below 35°C. After

"stirring for a further 45 min the reaction mixture  was
thrown into water and extracted with dichloromethane. - The:
organic phase was separated, backwashed with water, dried

over magnesium sulphate, filtered, and evaporated to give an
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oily solid which was cthmatographed (flash column, eluant

10% ethyl acetate -. light petroleum) to afford the product

(90) (2.29 g, 83%) as dark yellow neédles. The mixed

melting point with compound (90) obtained via the previous

route showed no depression and the spectroscopic data of

compound (90) obtained via the two. different routes were

found to be identical.

3,5-dibromo-2,6-dihydroxytoluene (96)

Dihydroxytoluene (56) (3.15 g, 25.4 mmol) was subjected to

the same bromination conditions as in the preparation of (89)
(page 84i. However, on the addition of the second

eguivalent of bromine a white precipitate formed. The

precipitate was filﬁered off and washed with water (to

remove any residual acetic acid) and dried. Water was added-
to the filtFate which was then reéeatedly éxtracted with

dichloromethane (3 times) and backwashed with water to

remove the last traces of acetic acid. The dichloromethane

layer was dried over magnesium sulphate, filtered and

evaporated to give a residue which was chromatographed
(eluant 15% éthyl acetate - light petroleum) to yield a
white solid. This was combined with the precipitate to

~give the product (96) (6.01 g, 84%) as white needles,
m;p. 98-99°C (dichlofomethane—light petroleum),vmax;3506,
3420 br cm ' (OH);  62.22 (3H, s, CH,), 5.50 (2H, s, OH) and
7.38 (1H, s, ArH); m/z 284, 282 and 280, (M 284, 49%),

(M"282, 100%), (M¥280, 51%), 203(25), 201(29).
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Attempted synthesis of S-bromo-2-hydroxy-3-methyl 1,4-benzo-
quinone (97) | - o )

The same conditions and mole ratios were applied to' the
bromo-derivative (96) (1.01 g, 3.58 mmol) as were applied to
compound (99) in .the preparation of the quinone (90)
(page 86). After workup a t.l.c. investigation®showed total’

decomposition of starting material with no characterisable

product.

2~hydroxy—-6-methoxytoluene (98)

Dihydroxytoluene (56) (20.0 g, 161 mmol) was dissolved in
anhydrous acetone (500 ml), whereafter dimethyl sulphate
(23.3 g, 185 mmol) and anhydrous potassium carbonate
(33.1 g, 240 mmol) were added, and the mixture stirred
overnight. - The solution was»then filtered and the acetone
removed.under reduced pressure. The residual material was
taken up into ether and exhaustively extracted with aqueous
sodium hydroxide (2%). Thé ether layer’ wasa'driéd overf
magnesium sulphate, filtered and evaporated to vyield pure

dimethoxytoluene (57) (8.68 g, 35%). The agqueous phases

oY

were combined, acidified with dilute‘hydrochioric acid and
ektracted with ether (twiqe). Magnesium sulphate was then
added to the separated ether layer; vthis'Qas filtered and
the ether evaporated to give a residue ‘which was

chromathraphed (eluant 15% ethyl "~ acetate - ! light.
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petfoleum). Initial fractions afforded the product (98)
(8.74 g, 39%, 52% based on unrecovered starting material)
és pale vyellow needles, m.p. 44-46°C (light petroleumi
(Lit., 5! 47°c)_and latter fr;ctions afforded theAstarting

material (38) (5.0 g, 25%).

2-hydroxy~3,5-dibromo-6-methoxytoluene (99)

The monomethyl ether (98) (5.0 g, 36.2 mmol), glacial acetic
acid (50 ml) and anhydrous sodium acetate (6.5 g, 79.6 mmol)
were heated and stirred until dissolution. ’The solution was
cooled to 10°C (bath) and bromine (11.6 g, 72.4 mmol) in
glacial acetic acidv(SO ml) was added over 10 min. The

reaction mixture was stirred for a further 5 min before

being‘ thrown into water and repeatedly extracted with
dichloromethane. The organic phase was then backwashed with
water, dried over magnesium sulphate, filtered, and
evaporated " to give an oily solid ~which, on standing
overnight, crystallized totally to give the product (99)
(10.4 g, 98%) as pale yellow needles, m.p. 73°C (hexane)
(Found: C, 32.4; H, 2.7. C H Br O requires C, 32.5; H,

8 8 2 2
-1
2.7%); Vmax. - 3407 cm (v.br. OH); §2.23 (3H, s, ArCH, ).,
3.74 (3H., s, OCH, ), 5.53 (1H, s, OH, D, O exchangeable) and
+
7.45 (1H, s, ArH): m/&z .298, 296 and 294, (M 298, 50%),
+ +
(M 296, lQO%)/ (M 294, 50%), 283(23), 281(47), 279(25),

255(12), 253(23), 251(23), 174(19), and 172(20).
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.\‘b
Z-methoxy-3-methyl-1,4~benzoquinone (103)

The formate ester (59) (1.20 g, 6.12 mﬁol)“was:dissoived'inﬁ
a sodium hydroxide solutionv (3%) in ﬁethénbl (Soy‘ml)'and
stirred at room temperatufe for 15 mih'befofe:the.soldtion
was acidified with dilute hydréchloric acid. The solution

was then diluted with water (300 ml) and exhaustively

extracted with ethyl acetate which, after being dried over
magnesium sulphate, was filtered and evaporated. The
residue was dissolved in a‘solution of acetonitrile (56 ml)
and water (28 ml) and a sblution of cerium (IV) ammonium
nitréte (10.0 g, 18.09 mmol) in water (26 ml) was added with
constant stirring at room temperature. After 10 min a
further quantity of water was added and the organic material
was extracted (twice) with dichloromethane. After drying
over magnesium sulphate, the organic solvent was filtered
and evaporated to vyield a residue which was fiash
chromatographed (eluant 15% ethyl‘acetate - light petroléum)
to afford the  product (103) (0.81 g, 87%) as a
yellow solid, m.p. 19-21°C  (Lit., %2 m.p. 20-21°C):
Vo 1648 cn”'(c = 0); 61.94 (3H, s, "CCH_), 4.0l (38, s,
ocH ), 6.75 (1H, d, J 10.0 Hzm quinone-H), and 6.71 (1H,d, J
10.0 Hz, ArH): m/z 152(M", 100%), 151(13), 139(13), 122(50),
and 109(15). | SRR |
2,5,7—tfimethoxy~3—methyl—1,4—naphfhoquinane (102) |

The bromoquinoneb_(gg) (100 hg, 0.433 mmol) was dfssolved.in
Ary dichloromethaﬁe (8 ml) and the reaction system

thoroughly flushed with nitrogen. The diene (100) (200 mg,
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0.989 mmol) was added and'the reaction stirred .at room
temperature for 24 hours after which.  aqueous sodium
hydrogen carbonate A(l%, 2 ml) was added-and ' the reactiba“’
stirred in air fo; a further 10 min;"Aftér:acidifiéaﬁion‘
with dilute hydrochloric acid the Brgénic' layer was’
separated, dried over magnesium ‘sulphate, ‘filtered and-
evaporated to vyield a dark brown oily residue. This was
taken up in chloroform (10 ml) whereafter methyl iodide (709
mg, 5 mmol) and silver (I) oxide (1.09 -g, 4.3 ‘mmol) were
added and the solution stirred under a nitrogén'atmosphefe‘
overnight. The mixture wasvthen filtered, evaporated and
chromatographed (15% ethyl acetate - light petroleum) to
afford the product (102) (103 mg, ©91%) as yellow needles,
m.p. 151-152°C (dichlorométhane - isopropanol) (Found: C,
64.0; H, 5.3. C H O5 requires C, 64.1; H, 5.4%);

1y 14
-l R
Voax. 1664 and 1641 cm (C = 0); ¢62.02 (3H, s, CCHa),
3.89 (3H1 Sy OCHa )/ 3.90 (3H1 Sy OCH3)/ 3.97 (3H/ Sy
OCH3)I 6.65 (lH/ d[ J 3 HZ/ ArH)[ A:‘and 7-18 (lH/ d[
+ N . ,
J 3. H=z, ArH); m/z 262(M , 100%), 247(50), ~233(12),.

219(35), 201(14), 190(20), 163(12), and 106(13).

2,6,8- trimethoxy-3-methyl-1,4-naphthoquinone (104)

Compound (104) was prepared using the same mole ratios and
reaction conditions as described in the -prepératibn of
Compound (102) (page 90), with the exception.that in this
reéction dienophile (103)‘ was .usedt . instead. .of

dienophile (90). Yield 89%, m.p. 141-142°C (dichloromethane

—-isopropanol) (qund:'é, 63.7; H, 5.4. TClLthOé reguires
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C, 64.1; H, 5.4%)7 \)max.. 1660 Cm—l(C - O); 51.99 (BH, s,

ArCHs ), 3.90 (3H, s, OCH,), 3.93 (34, s, OCH; ), 4.06 (3H,

S+ OCH, ), 6.64 (1H, &, J 2 Hz, ArH), ‘and’ 7.21 (1lH,

d, J 2 Hz, ArH); m/z 262(M°, 100%), 247(32), 244(11),

239(12), 219(19), 203(11), 191(16), and 169(11).

B,y-pentenoic acid (107)

Compound (107) was prepared according to the method of

Linstead o

(the condensation of malonic acid and
propionaldehyde). Yield 35%, b.p..85-90°C/10 mm (Lit.,

90°C/10 mm).

Methyl—é—pentenoate (108)

Compound (108) was prepared according to the method of
Buchta and Burger53 which entailed refluxing the acid (107)
in ﬁethanol in the presence of concentrated sulphuric acid.

Yield 90%, b.p. 45-50°C/20 mm (Lit.,>%® 42.7°C/14 mm).

(E) and (Z)-1-methoxy-I1-trimethysilylozpenta~1,3-diene (108)
Dry diisopropylamine (7 ml, 53 mmol) in dry tetrahydrofuran

(100 ml) was cooled to 0°C under a nitrogen atmosphere and a

4oy

solution of butyl lithium in hexane (35 ml, 1.6 ﬂ, 56 mmol) -

was added. The _soldtion was then cooledvtd'—78°c ﬁsing a

dry-ice/acetone bath. The 'methyl .esEer (igg) (5 g, 43.86
mmol) was added and the mixture stirred fo6r 2 min. Th@
reaction was quencﬁed with trimethylchlérosilane (9 ml,
71.0 mmol) - and the solution stirred for a further 10 min.

The solvent was then removed under vacuum (25 mm) and the
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white solid byproduct filtered off and ‘washed' with dry
hexane. Finally the hexane was removed under vacuum (25 mm)

leaving a pale yellow liquid which, after distillation, gave

the pure product (109) (7.9 g, 97%) as a colourless liquid,

b.p. 81° C¢/1 mm, 52-58°C/0.55 mm, 41-44°C/0.3 mm (Found: C,

58.1; H, 9.5. CH Si0O requires C, 58.0; H, 9.7%) Vv
9 18 2 N

1664, 1627 (c =c¢c), 1277, 1253 (CcOMe), and 845 ‘em

max.
1

(si - C)y 50.21 and 0.24 (9H, s, E- and Z- CH, Si ), 1.69
(34, 44, J 7.0 and 1.5 Hz, CCH,), 3.51 and 3.53 (3H, s, E-~
and Z- OCHs), 4.41 (1H, d4d, J 10.1 and 3.6 Hz, H-2), 5.95-
6.33 (1H, m, H-4), 6.14 (18, ddq, J 10.1, 12 and 3.6 Hz;

H-3); m/z 186(M+ , 17%), 89(14), 82(100), 75(10), 73(32),

59(11), and 54(11).

2—methoxy—3,8—dime£hylf5—hydroxy—1,4*naphthoquinone (110)

The bromoquinone (90) (1.00 g, 4.33 mmol) was dissolved in
dry benzene - (250 ml) and the system thoroughly flushed with
nitrogen. The diene (1.0 g, 5.36 mmol) Qas then added and

the solution stirred at 60°C’for 4 hours. The benzene was

" then removed under vacuum, the residue taken up in a small

amount of ether and thoroughly shaken with water.’ The
organic layer was then separated, dried over magnesium
sulphate, filtered and evaporated to give the crude adduct.
This was pyrolysed at 70°C ,for 30 min' and sqbsequently
chfomatographed (eluant 10% chyl acetate - light pétroleum)
to give the product (11 )V(Q.6O g, 60%) as orange needles;,

m.p. 124-125 °C (hexane) (Found: c, 67.3; H, 5.3. ClsHigu

requires C, 67.2; H, 5.2%8); v__. 1657 and 1624 cm™ ' (C = 0);
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§2.02 (3H, s,quinone-CHa), 2.58 (3H, s;ﬁArCHal;‘4;07‘(3H; s, .

OCHa)[ 7.07 (lH[ d, J 8.6 HZ[ ArH)[ 7.32 (lH[ d, J 8.8 HZ,

ArH), and 12.8 (lH, s, OH, D,0 exchangeable):. m/z 232(Mf,“

100%), 217(23), 214(15), 202(12), 189(30)y 115(16), and

105(10). ST,

2~methoxy—3,5—dimethylf8—hydroxy—1,4—na?hthbéuinone,(111)

Compound (111) was prepared according to the synthesis of

compound (110) (page 93) with the exception that in this

reaction dienophile (103) was used instead of dienophile

(90). Yield 65% after flash chromatography (eluant 15%

ethyl acetate -~ light petroleum):; however, ' the M n.m.r.
spectrum of the combined fractions showed the presence of
i8% of isomer (110). Compound (1l1ll1) was obtained pure by
two recrystallizations from isopropanol to give orange
needles, m.p. 144°C (sublimes 135°C) (Found: c, 67.0:
H, 5.1. C__H__O requires C, 67.2; H, 5.2%); V 1615 cm-1

13 12 4 max.
(c = ©0); 82.65 (3H, s, ArCH, ), 2.58 (3H, s, ArCH,), 4.02

Y

(34, s, OCHy), 7.06 (1H, d, J 8.5 Hz, ArH), 7.36 (1H, d,J

8.5 Hz, ArH), and 12.41 (14, s, OH, Dzb ' exchahgeable);
m/z  232(M° , 100%), 217(29), 202(17), 189(48), 187(14),

161(12), and 143(10).

As the isomer (110) was difficult to remove . by

recrystallization an alternative purification technique for

compound (111) was undertaken. According to. the above

reaction conditions, the dienophile ~ (103) (9OO>mg,:V
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5.92 mmol) was reacted with .thé diene (109) (1.36 g;

7.33 mmol). After pyrolysis the residue was flash

chromatographed to once again yield afﬁmixturerqf.chpound'~>sy

(110) (137 mg, 10%) and thé product (111)3(824/mg,:50%7 as -
shown by the 1H n.m.r. SpeCtrum. .Thefisoméric mixture was -
dissolved in dry dichloromethane (20 ml) -and a solution of

boron trichloride (2.7 g, 23.35 mmol) in dry dichloromethane.

was added and the .reaction mixture allowed to stir for
30 min at O°cC. Ice-water was then added and the organic
material extracted with dichloromethane. - After iseparation : =

from the aqueous layer, .the organic phase was dried over -
magnesium sulphate, filtered and the solvent removed to
yield a residue which was chromatographed.(eluant 20% ethyl
acetate - 1light petroleum). Early fractions'afforded the
prodﬁct (111) (755 mg, 55%) as orange needles and laﬁter

fractions gave Aristolindiquinone (1) (103 mg, 8%).

2,5-dihydroxy—-3,8-dimethyl-1,4~naphthoquinone (1)

Compound (110) (500 mg, 2.16 mmol) washdissolQed”Tin. dryv
dichloromethane (10 ml) and v'boron trichloride (1.0 g,
8.52 mmol) in dichloromethane (20 ml) was added and the
reaction mixture stirred for 1 hour at 0°C. The resulting

dark purple complex was décomposéd by the addition of ice-

water and . the organic . material = extracted . with
dichloromethane. After separation from the agueous: layer,
the organic phase was dried over ‘magnesium Sulphate,

filtered and the solvent removed to yield an orange solid



96

which was flash chromatograpﬁed (eluant 30% ethyl acetate -
light petroleum, 60% ethylAacetate -light petroleum) to give
the product (1) (400 mg, 85%) as orange needles, m.p.. 191°C
(methanol). The spectroscopic data’ were found to. be
identical to that of compound (1) prepared by the previous
method (page 66) and the mixed melting point of the two

compounds was not depressed.

2,8-dihydroxy-3,5-dimethyl-1,4-napththoquinone (2)

Compound (111) (500 mg, 2.15 mmol) was added to an agueous
solution of sodium hyroxide (3%, 300 ml) and heated to 60°C
with constant stirring. After 30 min the solution was
acidified Qith dilute hydrochloric acid and extracted with
ether. The organic phase was dried overvmagnesium sulphate,
filtéred, evaporated and chromatographed (eluant 20% ethyl
“acetate - iight petroleum, 30% ethyl acetate - light
petroleum). Early fractions gave the starting material
(lil) (79 mg, 0.34 mmol) and latter ffac;ions;affgrded_the
'product (2) (178 mg, 38%5 as érange needles, m.p. 134—136?C
(methanol) (Found: C, 65.8; H, 4.7. C_H O requires C,

12 10 &
66.0; H, 4.7%); V 3443 (br OH) and 1616 cm™!(C = 0);

max .
§2.08 (3H, s, CH,), 2.63 (3H, s, CHy), 7.08 (1H, 4, J 8.3
Hz, ArH), 7.12 (l1H, s, 2-OH, D,0 exchangeable), 7f45‘(lH,
4, J 8.5 Hz, ArH)( and” 11.75 (18, s, é—OH, D, O
exchangeable): m/z 218(M+ , 100), <190(13), ~173(11),

172(12), 147(10), 115(10) and 77(10).
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