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ABSTRACT

The synthesis of the naphthalene core of the ansamycin
antibiotics, 8-acetyl-3-acetylamino-5, 7-dihydroxy-1,4-naph-
thogquinone from benzoquinone by means of simple reactions
including, Diels~Alder adduct formation, mild acetylation,
oxime formation and Beckmann rearrangement in five steps

with an overall yield of 22% is described in Chapter 1.

The synthesis of the naturally occurring naphthoquinone
derivative, posséssing antitumour and antiprotozoal proper-

ties, bikaverin is described in Chapter 2.

Starting from vanillin the key intermediate 2—(2'—benzyloxy—
6'—methyl—4'fmethoxybenzoyl)—l,4,5,6,8—pentamethoxynaphtha—

lene was prepared in six simple steps in an overall yield
of 18%. This key intermediate was converted into bikaverin

utilizing two independent routes.

In the first route the benzyl group was removed from the
‘key intermediate by hydrogenolysis followed by oxidative
- spiro ring formation .with 2,3-dichloro-5,6-dicyanobenzo-
quihone. After effecting xanthone ring formation and removal
of two methyl groups with 1lithium iodide, bikaverin was

‘produced in six steps in an overall yield of 32%.

In the second route the key intermediate was first oxidised
by silver(II) oxide this was followed by removal of the
benzyl group and two methyl groups peri-to the quinone with

boron trichloride, which 1led to spontaneous spiro ring



. formation, ultimately bikaverin was produced in three steps

in an overall of 34%.

’

The syntheses of the naturally occufring product ventilo-
quinone E and its trans-isomer as well as an isomer of the
naturally occurring ventiloquinone J and its trans- isomer

are described in Chapter 3.

Starting from 1,2,4,5,8-pentamethoxynaphthalene, the synthe-
sis of which has been described in Chapter 2, ventiloquinone
E was prepared in nine steps in an overall yield of 7%.
Similarly an isomer of ventiloquinone J was also prepared
from 1,2,4,5,8-pentamethoxynaphthalene in ten steps 1in

an overall yield of 6%.

In both cases a mixture of cis-and trans- isomers was obtained,
a successful resolution of both mixtures was accomplished

by thin layer chromatography.

By two other methods the trans-isomer of ventiloguinone
E could be prepared in either nine steps in an overall
yield of 23% or in six steps with an overall yield of 30%

starting from the same pentamethoxynaphthalene.



 CHAPTER 1

SYNTHESIS OF THE NAPHTHALENE CORE OF THE RIFAMYCINS

INTRODUCTION

The ansamycinsl are a class of macrocyclic lactams which
posseés interesting biological properties. These lactams
| are characterised by an aliphatic chain, known as an ansa
chain, 1linked to non-adjacent positions on an aromatic

nucleus.

The ansamycins can be divided into two sub-classes; namely
the rifamycins2 and'streptovaricins,l and the maytansinpids,

the former having the ansa chain linked to a naphthoquinone
or naphthalene nucleus and the iatter having the chain

attached to a benzene ring.

maytansine

CH,0

rifamycin S




Many ansamycins are of great interest because of their struc-
£ure, biogenesis, mechanism of action and therapeutic value.
The rifamycins show an inhibitory effect against gram-positive
bacteria,3 while several semiL5ynthetic rifamycins show
moderate aétivity against gram-negative bacteria2 as well
as antivirai properties,4 a number of these being in clinical
" use, Of notable -inte:est in the South African context is

rifampicin5 which 1is a broad-spectrum antibiotic used in

the treatment of tuberculosis.6

The streptovaricins also show an inhibitory effect against
gram-positive bacteria,2 while various maytansenoids show

antileukaemic and antitumour activity.7

As our synthetic study was aimed mainly at the rifamycins,

only they will be discussed in more detail.

Although the rifamycins are produced as secondary metabolites

8 (orginally

by micro organisms belonging to the genus Nocardia
classified as Streptomyces) the laboratory synthesis is important
for a number of reasons. First, as they are clinically
important, an economical route for their synthesis has great
value although it would probably be very difficult to devise
a synthesis thch could compete with the microbiological
Aproduction of this material. Secondly, numerous antibiotics
have unwanted side effects and if various analogues can

be synthesised their activity might be such that they could

alleviate or even eliminate these side effects.



"Thirdly, as a number of bacterja and viruses have the ability
to nmutate this could render +the antibiotic ineffective,
so other antibiotics or derivatives have to be synthesised.
Foﬁrthly, by being able to make analogues, the mode of bio-

logical action could be investigated.

Studies9 have shown that the rifamycins act on bacteria
which block the synthesis of mammalian RNA, by inhibiting
the DNA and RNA manufactured by the bacteria, making them
chemotherapeutid agents, meaning they have a selective toxié

effect.

Certain structural requirements10 have to be present to
afford this ability and by the use of numerous natural»and
sémi—synthetic rifamycins it has been established that free
hydroxyl groups are required on C-21 and C-23 (see diagram)
in the ansa chain while it appears that the acetoxy group
at C-25 and the ‘methoxy group at C-27 are not essential.
It has also been ascertained that rifamycins with func-
tional modifications of the ansa chain which leave the hydro-
Xyl groups in positions C-21 and C-23 intact, but produce
important conformational changes elsewhere, are also not
very active.2
.Additionally, it has Been accepted that a hydrogen bond
. between the funcfional groups on C-8 and C—i of the aromatic
ring is essential. This together with the hydroxyls in posi-

tion C-21 and C-23 provide the binding sites of the rifamycin



with the enzyme which produces the bacterial RNA and DNA

(DNA - directed RNA polymerases, DDRP).

Apart from these requirements, the anti-bacterial activity
of the ansamycin antibiotics withstands considerable varia-

11 do

tions.2 Changes in substitution in position 3 and 4
not dramatically influence the antibacterial activity, perhaps

showing that this side of the molecule is not important
in binding with the enzyme. Rathgr the differences in substi-

tution at C-3 and C-4 seem to effect the ability of the

antibiotic to penetrate the bacterial cell wall.

From the knowledge accumulated about the mode of  action
of the rifamycins it seems that as numerous changes in struc-
ture do not effect the activity, this will»lead to the synthe-
sis of many rifamycin analogues containing many structural
differences, which may lead ‘eventually to the synthesis

‘of the "perfect" antibiotic.

The laboratory syntheses of the rifamycins in general involves
the independent construction of the aromatic nucleus and
the ansa chain, and their subsequent combination. Since
our interest was mainly in the naphthalenic portion, syntheses

of the ansa chain will not be discussed.

N ] i ’ ’
To date only one complete synthesis of rifamycin S (12)

has been reported- (c.f. Kishi).12

This synthesis involved
the combination of the aliphatic segment (1) and the aromatic

portion (2). .



O OCH; OAc OH OH

(1)

(2)

The naphthalenic portion was synthesised by an elaborate
method in fourteen steps with an overall yield of 20%. The
starting material 2-methylresorcinol monometh&l ether (3)
was oxidised touﬁthe cyclohexadienone (4), "which in turn
was converted to the phenol (5). This was transformed to
the tetralone (6). Using a secbnd FriedelfCrafts reaction
the acyl function was introduced to afford (7). The orthoqui-
none (8) was then prepared by oxidation using selenium diox-
ide. This was converted to the acetoamido derivative (9)
vby treatment with hydroxYlamine " hydrochloride, followed
by reduction and acetylation. Further oxidation with selenium
dioxide afforded the hemiacetal (10). After ansa chain

attachment the naphthalene was oxidised to the naphthoquinone

(11) which could be converted to Rifamycin S (12).



MeO

©_.

OMe

I
‘_—
OMe

[

MeO OAc

NH
Ac

(9)

(7)

CH;

(10)

COOCH,

(11)

R=(2)



(12)

Four other syntheses of the aromatic.portion of the rifamycin
molecule have ‘also been described recently.

Parker etal.13 generated the rifamycin nucleus starting from
the aldehyde (13). This was converted to the alcohol (14)
which was subsequently oxidised to furnish the ketone (15).
Demethylation affdrded phenol (16), and protection of the
ketone as a ketal, followed by oxidation gave the quinone
(17). Michael addition of ethyl acetoacetate afforded the
benzofuran (18), after affecting deketalization and
dehydration of the adduct with hydrochloric acid. Intra-
molecular Claisen condensation by stirring (18) with sodium
ethoxide furnished compound- (19). Oxidative cleavage of
this product with cerium(IV) ammonium nitrate gave the quinone

(20).



OMe S OH OMe O

OMe
OHC OMe OMe oM.

(13) (14) J 1s)
| 0 OH O
MeO ' A MeO@)\/
| J ° (17) (16)
oH 9




‘Although this was a relatively short synthesis (seven s%eps),
fhe overall yield was only 10%, mainly as a result of the
Michael addition which proceeded in 1low vyield (37%). In
addition, Parker did not introduce a nitrogenous group in
position 2 which is present in most of the rifamycins,

14

although Day claims this would be a simple reaction to

perform.

15

Trost and Pearson achieved the partial synthesis of the

rifamycin nucleus by means of a cycloaddition reaction.

o OTMS,

Br Br CH, 0" X

Me , ZNO0TMsS
O

(21) i (22)

Me OH o " -~ OMe OMe
Br —> e Br
HO Me MeO-"N\0O Me
0 MeO
(23) N (24)

OMe OMe | .
Me NH, ' o
hﬂe()'/ﬁ\‘() Me
| MeO

(25)
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-By using the dibromoquinone (21) and the diene (22), a regio-
chemical addition afforded the quinone (23). After protecting
this naphthoquinone (23) to furnish the naphthalene (24),
the amine (25) was synthesised by using azidomethylphenyl
sulphide for the introduction of the amine function. Although
the aromatic portion had been synthesised in only six steps
with an overall yield of 22%, Trost had not introduced an
acyl function at C—8.. Had Trost attempted this introduction
it would most 1likely have been problematic in view of the
results obtained in -our laboratory_l6 and independent work

reported by Ross Kelly.17 | -

Ross Kelly etal.17

have reported an elegant synthesis requiring
eight steps to give the naphthalenic nucleus in overall
yield of 37%. This was achieved by the cycloaddition of
" the diene (26) and the quinone (27), both readily prepared,
to afford an adduct which was aromatised by treating with

hydrochloric acid"to give the naphthalene (28). Oxidation

of the allyl side chain gave the chromophore (29).

g)TMS 0]
_mOCHCH; X ”\n/
. ' O
TMSO H

(26) (27)
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(28) | (29)

R=ether protecting grbup

More recently Kinoshita etal.18 have described yet another
synthesis of the rifamycin nucleus. This was done by genera-
ting the benzyne derivative of (30), and then reacting this
with furan insitu to afford the bromoepoxide (31). Treatment
of this with nrbutyl 1lithium and propanal introduced the
~aliphatic side chain to furnish (32). Ring opening, oxida-
tion, selective protection and nitration with copper nitrate
yielded the nitro derivative‘(33),Awhich was easily converted
to the chromophore (34). This synthesis -was achieved in
thirteen steps with an overall yield of 18%. Although all
the steps in thév synthesis haa good yields a cumbersome
procedure of ‘removing, one protecting group and replacing

it with another was utilized.
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OBn OBn
Me Br , Me
—>
BnO BnO
Br Br
(30) - (31)

MOMO OMe OBn
Me Me ;
- MOMO BnO
] OH )
(32)
(33)

(34)

In our laboratory the synthesis of the rifamycin nucleus
was also undertaken utilizing a mild Friedel-Crafts reaction

recently developed.19

Two independent syntheses were attempted. The synthesis
of the chromophore (35) lacking a methyl group at C-6, which
is described in this thesis, and the other, the chromophore

(36) possessing a methyl at C-6.16
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(35) (36)

Both chromophore (35) and chromophore (36) were synthesised
in overall yields of 22% and 20%, over five steps and six

steps respectively.
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RESULTS AND DISCUSSION

It has been found21 that Brassards diene (37)20 reacts

o smoothly with benzoquinone (38) to afford the adduct (39).

 Methylétion of - the adduct (39) results in the formation
';éf the:naphthol (40), which on further methylation affords
i,4,5,7~tetfamethoxynaphthalene (41). Alternatively, treat-
mént of the adduct (39) with isopropyl bromide in the presence

of potassium carbonate leads to the production of the naphthol

(42), while further methylation affords .the naphthalene
(43).
Me /OMe | MeOMeO O
TMSO’[ @ TMSO
(37) :
MeO OH MeO OMe
—>
MeO MeO
OMe OMe
(40) (41)
MeO OH MeO  OMe
= ol
Pr 0] Pr o)
O'Pr O'Pr

(42) (43)
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19 has shown that 1,4,5,7-

Earlier work from our laboratory
tetramethoxynaphthalene (41) wundergoes 4monoacety1ation with
acetic acid in the presence of  trifluoroacetic anhydride
to yield 8-acety1—l,4,5,7-tetrametho#ynaphthalene (44) as
the major reaction product and 3-acetyl-1l,4,5,7~tetramethoxy~

‘naphthalene (45) as the minor product. In addition a trace

of the 3,8-diacetylated product (46) was formed.

‘MeO OMe

MeO

M
MeO OMe

" MeO
OMe

(41)
\'MeO

MeO

OMe (4s)

On examination of numerous rifamycins (for example rifamycin
S (12)) it was noted that the naphthalene oxygenation pattern
was identical to that of the system in l,4,5,7—tetramethoxy;
naphthalene (41), and also that thg ansa chain was connected
at C-3 and C-8 of the naphthalenic nucleus, the positions

where acetylation occurred in our system.
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It was decided to try and generalize our acetylation reaction .
by performing acylations using various aliphatic acids,
as the ansal chain could be c?nsidered to be derived from

a long chain aliphatic dicarboxylic acid.

To simblify the reaction, it was initially thought advanta-
geous to carry out the acylations with a variety of simple
aliphatic monocarboxylic acids. In view of the fact that
it was already known that monoacetylation of the naphthalene
(41) gave rise to the two products (44) and (45), the possi-
~bility of altering the protection on one or more of the
oxygens to give a singie product of substitution at eitﬂer

C-3 or C-8 was first investigated.

This was readily achieved by replacing the electron donating
methoxy group in the 4-position by the less electron donating
acetoxy group thus making position 3 less susceptible to

electrophilic attack.

The naphthol (40) was acetylated with acetic anhydride in
the presence of pyridine to give the acetate (47). This
subétance showed in the 1y n.m.r. spectrum a characteristic
acetyl peak at 62.33, three methoxy groups at 63.88, §3.91
and §3.97, two meta -coupled - aromatic protons at § 6.54 and
§7.19 with J2Hz and two ortho-coupled protons at 66.73 and

§ 6.85 having J8Hz respectively.19
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.Acetylation of the acetate (47) with acetic acid and tri-
fluoroacetic anhydride gave 8-acetyl-4-acetoxy-1,5,7-tri-
methoxynaphthalene (48) as the sole product in a yield of
77%. 'The lH n.m.r. spectrum of( this compoundv showed, as
expected, the loss of the signals of the meta-coupled protons,
,ihese being replaced by an aromatic singlet at § 6.73.
Furthermore the two ortho-coupled protons at 66.80 and 6§6.97,
with a coupling constant of J 8Hz were still present. The
infrared spectrum showed two characteristic carbonyls at
1765 and 1710 cm_l, (the former due to the acetate carbonyl
and the later due to the C-8 acetyl group) and the mass
spectrum showed a moieéular ion at m/z 318. Although fhe
assignment could have been reasoned to be the 6-acetyl isomer
this was discounted on the basis that the higher field of
the two meta-coupled protons at §6.54 and §7.19 in the start-
ing material (47) was closer to the value of the chemical -
shift of the singlet (6.73) in the product (48) and that
this minor1 deshielding was due to the electron-withdrawing
aqgtyllgroup meta~- to it in the product. Other arguments
favouring C-8 acetylation would also include the known pre-
ference for oa-rather than B-substitution of naphthalenes,
as well as the fact that resorcinol dimethyl ether is known
to undergo electrophilic substitution at the 4- rather than
the 2-position. This assignment was consistent also with
the assignment of the 8-acetyl derivative (44) as the maijor
product of acetylation of naphthalene (41), rather than
the isomeric 6-acetyl compound. - The.assignment was finally

confirmed in' the determination of the crystal structure

of the derivative (55) of the analogue.(53) of the naphthalede
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‘(46), itself the product of exhaustive acetylation of compound
(44).

Replacement of the acetic acid in £he acetylation by hexanoic,
tiglic and crotonic acid yielded solely the hexanoyl, tiglyl
and crotonyl derivatives (49), (50) and (51) respectively,
as shown by spectroscopic techniques. The lH n.m.r. spectra

of (50) and (51) showed that no isomerization of the tiglyl

and crotonyl residues had taken place.

In these syﬁtheses a slight excess of the organic acid and
trifluoroacetic anhydriae was required. However, it Qas
found that with more of the létter anhydride, trifluorocacety-
lation also occurred as illustrated by the isolatiqn of
a by-product (52) in both the tiglic acid and crotonic acid
reactions. This product still showed the two characteristic

carbonyls at 1762 and 1744 cm'-1 in the infrared spectrum{

‘The lH n.m.r. spectrum indicated the 1loss of the signal
of the nuna—coupled protons, which were replaced by an aroma-
tic high field proton at 66.57, but there were no acyl methyl
protons. The mass spectrum showed a molecular ion at m/z 372,

From this information it was reasoned that trifluoroacetyla-

tion had occurred to afford product (52).



MeO OH
MeO
OMe
(40)
MeO OAc
MeO OAc
MeO
MeO , OMe ,
OMe o) .
07 (49)
- (48)
MeO OAc | MeO OAc
O v
MeO | (51) MeO
OMe | | OMe
o 7 | o O/- cr, |
' (52)
(50)

It was therefore possible to show that a simple change 1in
the _pfotection of the C-4 oxygen of naphthalene /(41) from
methyl to acetyl eliminated acylation at C-3. 1Interestingly,
however, the substitution of the C-7 methoxy group in (41)
to yield the C-7 acetate did not effect the converse change,
thaﬁ is, the exclusion of acetylation at C-8, since a separate
study22 of the acetylation of 7-acetoxy-1,4,5-trimethoxy-
naphthalene showed that, wunder the same conditions, thé

C-8 acetyl derivative was the major product, the C-3 isomer

being formed in minor amounts. .
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-7A§ﬁﬁotea earlier, it appeared that ‘a 3,8-diacetyl derivative
suéh as (43) was a suitable precursor to thé\ nucleus of
various rifamycins. It was thoight that treatment of 1,7-
di-isopropoxy-4,5-dimethoxynaphthalene (43) with an excess
Qf "acétic acid and trifluoroactic anhydride would result
in the formation of the 3,8-diacetyl derivative (53) as
thé .only product. Thus reaction of the naphthalene (43)
Qith nine molar equivalents of acetic acid and trifluoroacetic
anhydride afforded the diacetyl derivative (53) in 72% yield.

The 1

H n.m.r. spectrum showed, interalia, two n@th&l signals
at 62.55 and 62.72 and two aromatic singlets at 56.64’(Hf6)
and 67.03 (H-2) respectively (H-2 being more deshielded
than H-6 as it is ortho- to a carbonyl group). Further support
for the structure was obtained from the infrared spectrum

which showed carbonyl stretching frequencies at 1707 cm_1

and 1660 cm_l, and the mass spectrum which showed a molecular

ion at m/z 388.

MeO MeO

PriO i
OPr

(43)




- 21 -

Subsequently a nitrogen had to.be inserted between the naph-
thaiene ring and the acetyl group at C-3 to afford the acyl-
amino - substituent at this point, which is common to the
rifamycin class of compounds. It appeared reasonable to
try and effect this via a Beckmann rearrangement. While appre-
ciating that there were two carbonyl groups *which could
both undergo reaction to form an oxime prior to the Beckmann
rearrangement, it was thought that the 8-acetyl, flanked:
':by an ortho- and a peri-isopropoxy group, would sterically
be more crowded, than the 3facety1 group which only had
a methoxy group ortho- to it. It was for this feason that
the reaction was first investigated on the di—isopropdxy
derivative (53) rather than the corresponding‘methoxy deriva-
.tive (46), since the bulk of the larger groups in the former
Fompound would provide a greater impediment to>nuc1eophi1ic
éttack on the C-8 acetyl group. Spectroscopic evidence
also pointed towards the C-8 acetyl being more crowded since

1

‘the "H n.m.r. spectrum showed the 3-acetyl methyl hydrogens'

signal at 6 2.72 and the B8-acetyl methyl hydrogens' signal

at 62.55, while.the infrared spectrum showed the C-3 acetyl

carbonyl at 1660 cm T

cm-l. This suggested that the C-8 carbonyl was not in

and the C-8 .acetyl carbonyl at 1707
the same plane as the naphthalene ring.

The other important requirement was'that the monoxime (54),
‘which was formed prior to the Beckmann rearrangement, had
to have the hydroxylv group anti relative to the naphthyl

- group. This appeared to be reasonable on steric grounds,
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'Taﬁé.there Qouid Be no strong case for hydrogen bonding between
the oxime hydroxyl group and the C-4 methoxy substituent.

In the naphthalene (53) the carbonyl in position 3 was readily
~converted to the monoxime (54) by treatment with hydroxylamine
hydrocﬁloride in the presence of one molar equivalent
»§f  base. Tréatment of the ketoxime (54) with phosphorus
behtachloride at 0°c resuited in the Beckmann rearrangement,

giving rise to the formation of the product (55).

/OH

MeO OMe

PriO :
O'Pr
0}

(54)

The lH n.m.r. spectrum of compound (55) showed two aromatic

singlets at 6 6.60 (H-6) and at § 8.02 (H-2). The singlet
at § 8.02 was deshielded in relation to starting material
(53), in thch the corresponding signal was at § 7.03. Also
seen in the lH n.m.r. spectrum were a broad singlet at §7.93
bofresponding to the amide proton and two three-proton sing-
lets at §2.21 and § 2.53 assigned to the methyl protons of

the acetamido and the acetyl groups respectively.
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If the hydroxyl of the ketoxime (54) had. not been anti- to
the naphthyl group, rearrangement would have resulted in
compound (56). The lH n.m.r. spectrum of this cémpound
would have shown 1less of a deshielding influence on the
aromatic singlet in position 2. Further evidence that -the
nitrogen had been inserted between the naphthalene ring
and the acetyl at C-3 was provided by comparing the chemical
shift and multiplipity of the methyl Qroup .in the three
compounds, acetophenone (57), N-methylbenzamide (58) and

acetanilide (59).23 _ I

(57)

(58)
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'First, the methyl group of N-methylbenzamide (58) appeared
as a doublet, which was not observed in our acetamide (55).
Secondly, the chemical shift of the methyl group of N-methyl-
benzamide (58) showed a relative deshielding compared to
acetophenone (57), to a value of § 3,00, while our acetamide
(55)'disp1ayed a relative shielding in relation to starting
material (53). Comparison of the chemical shift of the
methyl group of acetophenone (57) and acetanilide (59) sﬂ;wed
a relative shielding (A§ 0.56) from §2.64 to §2.08 respective-
ly; which is similar to the difference in chemical shift
(s 0.51) of the methyl in the ketone (53) (82.72) and the

-~

acetamide (55) (6§2.21).

Confirmation of the fact that acetylation had occurred at
position 3- and 8- and that the nitroggn had been inserted
in the correct position was provided by a crystal structure
determination carried out on compound (55) (Figure 1). This
also showea, as expected, that, in the crystalline form,
the C-8 acetyl group was twisted out of the plane of the
naphthalene ring, and was approximately at right angles
to it.

While this work was.in progress efforts to make the analogue
(60) possessing an extra methyl group in position 6 were

16 These

independently being investigated in our laboratory.
investigations revealed that acetylation of the 6-methyl
isopropoxy derivative (61) only afforded the 3-acetyl deriva-

tive (62), presumably the introduction of a methyl at C-6
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made position 8 inaccessible due to the buttressing effect
of the methyl group. Therefore it was thought necessary

to try and reduce possible overcrowding at C-8.

MeM_eO MeO NH\n/
RO O
‘RO
R — Me ' O (60)

MeO MeO | MeO MeO &

_Me " Me
Pr'O 2 Prio :
, - O'pr O'Pr
(61) ' (62)

~Since 1,4,5,7-tetramethoxynaphthalene was readily available
in our laboratory, the tetramethoxy amide derivative (63)
was also synthesised. It was hoped that the reduction in
size of the protecfing group froﬁ isopropyl to methyl would
still only lead to the formation of the monoxime derivative

of the carbonyl in position 3.
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ﬁéaction of 1,4,5,7-tetramethoxynaphthalene (41) with ah
excess of acetic acid and trifluoroacetic ahhydride affordea
the 3,8-diacetyl derivative (46) in high yield (83%), Forma-
tion of fhe monoketoxime and the subsequent Beckﬁann re-

arrangement proceeded smoothly yielding the amide (63).

MeO MeO Q MeO MeO 'NpijT//_
MeO - > MeO _ o
OMe . OMe
0 | -0 \
(46) (63)

At this stage the two naphthalenic systems (55) and (63)
had been synthesised with the required substituents in the
desired positions-it was now nécessary to remove the various

protecting groups of the ether oxygens.

Initially, work was carried out on the system (55) possessing

the isopropoxy groups,  in positions 1 and 7.

The'naphthalene (55) was seiectively deprotected with boron
trichloride to affordrthe naphthol (64) . lacking one isopropyl
group. It was anticipéted that the isopropyl group ortho -
to the carbonyl ét C-8 had beén selectively removed. The
naphthol (64) was then acetylated 'with acetic anhydride

in the presence of pyridine to give the acetate (65), the
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lH n.m.r. spectrum of which. clearly showed the presence
.-of only one isopropyl group. The signal however ~appeared
- as  two doublets at § 1;27 and 61.45 each with a coupling
constant of 6Hz. This indicated that each methyl group
of the isoprole group.was in a different chemical environ-
ment, which is probably due to restricted rotation at the.
amide bond (similar to N-methyl benzamide (58) discussed
earlier) to give the (E)-and- (Z)-isomers. In addition three
acetyl groups at § 2.22, §2.26 and §2.44 were observed. The
infrared spectrum also showed the presence of three carbonyls
with stretching frequences at 1770, 1703, and 1647 —

respectively.

(66)
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‘Oxidation of the acétate (65) with silver(II) oxide and
nitric acid led in high yield to the quinone (66). The
lH n.m.r. spectrum of the quinone still indicated the presence
of three acetyl groups at 6§2.26, §2.28 and 6 2.44, one of

which would not have been present if the alternative isopropyl
group at C-1 in compound (55) had been removed confirming
that the isopropyl ortho- to the carbonyl at C-8 had indeed
been removed. Additionally, the lH n.m.r. spectrum of quinone
(66) displayed a lnethoxy singlet at .53.99, one naphthalene
proton (H-7) at §7.11, one quinonoid proton (H-2) at 6§ 7.69
as well as a broad singlet at §8.47 for the amide proton.
Further support for the structure (66) was provided by éhe
mass spectrum which indicated a molecular ion at m/z 345,
and the infrared spectrum which showed .carbonyl stretching

frequences at 1777, 1705, and 1655 em™ L.

Further unambiguous proof of the correct structural assignment
of the duiﬁone (66) was provided by the successful synthesis
of its structural isomer quinone (69), which was achieved
by the following procedure. 1,4,5,7-tetramethoxynaphthalene
A(63) was initially oxidised to the quinone (67) which again
sthed the characteristic infrared stretching frequencies
at 1695, 1654, 1638 and 1617 cmﬁl. On éelective deprotection
of (67) with aluminium trichloride (known to deprotect methoxy
groups peri- to carbonyls) naphthéil (68) was formed which
Qas acetylated with acetic anhydride vin the presence of

pyridine to afford‘the quinone (69), isomeric with the acetate

(66).
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O

MeO OMe NH
MeO """} MeO
o OMe 0
{63) ~ (67) i
| 0 "on 9
 AcQ NHY O N’H\'n/
MeO O «— MeO O
. | !
0O ° o o (@

(69) (68)

Comparison of melting points showed the former décomposed
_between.2lé—228°CJ while the latter melted between 232—233°C.
" The lH n.m.r. spectrum of compound (69) -showed the three
acetyl groups with chemical shifts of §2.24, 62,42 and §2.49
.whi;e in compound (66) the chemical shifts were §2.26, 62.28v
and § 2.44, presumably the middle value of each set of three-
proton singlets corfesponded to the different acetoxy methyl
.groups reflecting, their different chemical environments.
It was also noted that the chemical shift (§6.81) of H-6

in compound (69) was different to that of substance (66)

(67.11).
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mAlternatively, the tetramethoxynaphthalene (63) was first
selectively deprotected with boron trichloride and then
‘acetylated to afford the acetate (70) which was subsequently
‘oxidised with silver(1ll) oxide in nitric acid to afford
quinone (66), identical in all respects (spéctroscopic and
physical properties) to the same compound produced in the

isopropyl series.

MeO  OMe - © MeO OMe "
Meo O . —> ACO O -
| OMe - | OMe

0 (63) ' ‘/ - : 0 (70)

Me O NH

AcO 0

O (s6)

As the methoxy methyl group peri- to the carbonyl of she
quinone (65) could readily be removed with aluminium tri-
chloride and since an isopropyl group should also be more
readily removed than a methyl groﬁp, it was decided to.revert
to the isopropyl series to synthesise the desired quinone
(35). Thus the fisopropyl amide (55) wés oxidised with

silver(ll) oxide in nitric acid to the quinone (71) which
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was subsequently treated with an excess of aluminium tri-
chloride, to remove both the methyl and isopropyl groups

to afford the target dihydroxynaphthoquinone (35) in a yield

of 83%.
.MeO OMe NH MeO 0]
| N NH\H/
Pri() () — |Dri() ()
| OMe
0 R | 0
(55) O

(71)

Evidence for the structure included a molecular ion of m/z
.2891 in the mass spectrum. This was further confirmed by
the lH n.m.r, spectrum which showed an acetylamino three-pro-
ton singlet at 6 2.21 and the acetyl three-proton singlet
at § 2.29. Also present were two aromatic one-proton singlets
~at § 6.56 (H-2) and &6 7.48 (H-6) as well as-the amide proton
at § 8.49. The hydroxyl protons appeared as singlets at

§11.87 and § 9.86 .respectively. 'Complementing this evidence
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was the infrared spectrum which showed peaks at 1690 cm_l

1

(CO of acetyl), 1645 cm =~ (CO of quinone) and 1634 —

(CO of amide).

A methodology for the synthesis of the ansamycin naphfhalene
nucleus (35) had been established. Subsequently a method
had to be developed for the insertion of a methyl group
in position 6 of the naphthalene nucleus. This was achieved
by starting from naphthalene (63) the work being carried

out by L S Knight.16

As our reactions resulting in the formation of the.diacety—
lated compounds (46) and (53) had been successful and
monoacylation at C-8 using different aliphatic acids had
also been achieved (even though position 8 was more cfowded
than position 3), it was thought thét .if a long chain
dicarboxyliq acid was used it might result in the formation
of an aliphatic chain linking the two non-adjacent positions
at C-3 and C-8. On building a model using naphthalene (43)
it was found that sebacic acid, the ten-carbon dicarboxylic
acid would be the smallest one which was able to span across

the two positions.

Acylation with sebacic acid unfortunately afforded the mono-
acylated products (72) and (73) as well as the diacylated

product (74).
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OOf#

Evidence for this was provided by the mass spectra indicating

molecular ions of m/z 488, m/z 488 and m/z 673 for each
of the.three compounds respectively. In the lH n.m.r. spec-
trum of the 3-acylated product (72) there were two meta-coupled
protons at 66.56 and 6§7.20 with a coupling constant of 2Hz,
as well as a singlet at § 6.98. ‘The 8-acylated product (73)
showed two singlets at §6.65 and 66.59 with the former inte-
grating for two protons. The diaCylatéé product.(74) showed
" two singlets at §°6.64 and 6 6.88 as' would be expected if

-

the single dicarboxylic acid chain had spanned from position
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_3 to position 8, but the integration of the aliphatic portidn
of the spectrum indicated that two dicarboxylic acid moieties

-had been introduced.

It was also noted, as earlier, that, if an excess of tri-
fluoroacetic anhydride was used, trifluoroacetylation occurred
in either position.8 or 3, with sebacic acid acylation occurr-
ing at the other site. The respective positions of acylation

were not established but as the mass spectrum indicated

a molecular ion of m/z 584 and the 1H n.m.r. spectrum only

indicated two aromatic singlets and based on earlier prece-
dent, it was assumed that positions 3 and 8 had both been

acylated.

As this reaction had proceeded in moderate_yield, the readily
obtainable half ester of the dicarbokylic acid, azelaic
acid, was used instead. Diacylation proceeded smoothly
fo afford the derivative (75) in 58% yield as shown by spec-

troscopic properties.
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24 of this

‘It was postulated that Dieckmann condensation
diester (75) would result in the formation of ketbne (76),
but as our interest was mainly in the synthesis of the naph-

thalene core of the rifamycins this was not pursued.

o)

MeO MeO

(76)

In conclusion, the naphthalene core of the ‘ansamycins had
been synthesised, and the use of the acylation reaction
with a carboxylic acid and trifluoroacétic ~anhydride had
been explored, showing it to be very versatilel and that
it was possible fb insert long chain acyl groups into posi-

tions 3- and 8- allowing further elaboration possibilities.
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EXPERIMENTAL

All 1H n.m.r., spectra were measured on a Briiker WH90 at

90MHz for solutions in 2H chloroform with tetramethylsilane
as internal reference, while infrared spectra were measured
for Nujol mulls unless otherwise stated. Preparative layer
chromatography (p.l.c.) was performed on glass plates coated

.with Merck Kieselgel 60 F while column chromatography:

254’
'rvefers to dry-packed columns using the same gel (70-230 mesh).
Light petroleum refers to the fraction of b.p. 60—80°C and
‘ether to_ diethyl ether. The phrase "residue obtained upon
work-up" refers to the residue when the organic layer v{as

separated, dried (MgSO4), and the solvent evaporated under

reduced pressure.

. 4-Acetoxy-1,5,7-trimethoxynaphthalene (47) .-

Compound (40)19 (1.55 g, 66 mmol), acetic anhydride (2 ml),
ahd‘ pyri'dirie (6 ml) were boiled together for 2 h and then
thrown onto ice. The white crystalline solid was filtered
off, washed with water, and dried to give the product (47)

‘ °. 19
(1.55 g, 85%), m.p. 145-146 C.

4-Acetoxy-8-acetyl-1,5,7-trimethoxynaphthalene (48).-

Acetic acid (26 mg, 0.43 mmol) premixed with trifluoroacetic
anhydriae (120 mg, 0.54 mmol) was ra»pidly added to naphthalene
(47)(100 mg, 0.36 mmol) which was’ dis‘solvved in dry methylene
. dichloride (2.5 ml). The mixture ‘was sfirred at room tempera-

ture for 87 h, withv addition of further aliquots of the
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64.15; H, 5.70%): v 1765 (COCH,) and 1710 (8 C=0) cm
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‘mixed.anhydride at 2, 20 and 65 h. The reaction was quenched

by the successive additions of an excess of methanol and -
a saturated aqueous sodium hydrogen carbonate solution.
The organic materialA was extracted into methylene dichloride
and the residue obtained upon work-up was chromatographed
(eluant 25-30% ethyl acetate-light petroleum) to afford
the product (48) (89 mg, 77%) as white cubes, m.p. 164-165°C

(acetone) (Found: C, 64.15: H, '5.75’. 0 requires C,

C17H159%
1
max.
§2.35 and 2.53 (each 3H, s, COCH3), 3.92, 3.87, and 3.95
(each 3H, s, OCH,), 6.73 (1H, s, 6-H), 6.80 and 6.97 (each
1H, 4, J8Hz, 2- and 3-H); m/z 318 (M', 54%), 276 (100),

261 (98), and 245 (41).

4-Acetoxy-8-hexanoyl-1,5,7-trimethoxynaphthalene (49).-

In a manner similar to that described a.bove, .hexanoic acid
(50 mg, 0.43 mmol) premixed with trifluoroacetic anhydride
(120 mg,‘ 0.54 mmol) was rapidly added to the naphthalene
(47) (100 mg, 0.36 mmol) in dry methylene dichloride. The

reaction was stirred at room temperature, with the addition

"of four more aliquots of the mixture of hexanoic acid and

trifluoroacetic anhydride over a 38 h period. The residue

 obtained upon work-up (described above) was chromatographed

(eluant 25% ethyl acetate-light petroleum) to afford the

desired product (49) (86 mg, 64%) as white needles, m.p.
] o

124.5-125 C (ethanol/acetone) (Found: C, 67.15; H, 7.05.

requires ‘C, 67.40; H, -6.95%); 'V 1751 (COCH3) '

C21H7606 max.
and 1689 (8 C=0) cm l; §1.08 - 2.02 (9H, m, (CH,) ,CH;),

0

2.37 (3H, s OCOCH3), 2.58 - 3.00 (2H, m, COCH,-), 3.87,

-



- 39 -

3.92 and 3.97 (each 3H, s, OCH3), 6.77 (lH, s, 6-H), 6.83

"and 7.00 (each 1H, d, J9Hz, 2- and 3-H); m/z 374 (M, 38%),

—-—

332 (41), 303 (62), 261 (100), and 246 (26).

4-Acetox}»-8-tiglyl-i,5,7-trimethoxynaphthalene (50) and 4-Acetoxy-8-trifluoro-

acetyl-1,5,7-trimethoxynaphthalene (52).-

- The naphthalene (47) (100 mg, 0.36 mmol) in dry methylene
dichloride (5 ml) was treated at room temperature with three
aliquots of a mixture of tiglic acid (36 mg, 0.43 mmol)
and trifluoroacetic anhydride (120 mg, 0.54 mmol) over 23 h.
The residue obtained upon work-up (described above) was
chromatographed (eluant 5-20% ethyl acetate-light petroleum)
to afford first the trifluoroacetyl naphthalene (52) (28 mg,
21%) as white needles, m.p. 160-162°C (methanol) (Found:
Cc, 55.05; H, 4.2. C,,H,_F,0, requires C, 54.85; H, 4.05%);

177157376
1

Voax. 1762 and 1744 (C=0), and 1619 (C=C) em ;3 2.30 (3H,

S, COCH3), 3.78, 3.85, and 3.90 (each 3H, s, OCH3), 6.57
(1H, s, 6-H), 6.67 and 6.85 (each 1H, 4, J8Hz, 2- and 3-H);
m/z 372 (M+, 26%), 330 (58), 261 (100), 246 (39), and 231
(15). This was followed by the naphthalene (50) (98 mg,
72%) as vyellow needles, m.p. 213-214°C (methanol) (Found:

C, 66.9; H, 6.2. 06 requires C, 67.05; H, 6.2%);

Ca0H22
1

vmax. 1753 (COCH3) and 1647 (8 C=0) cm ~; ¢61.73br. (3H,

d, J 7Hz, CB3CH), 1.97br. (3H, s, CH,CCO), 2.33 (3H, s,

3

OCOCH3), 3.67, 3.80, and 3.92 (each 3H, s, OCH3), 6.10 (1H,
dgq, J7Hz and 1.5Hz, CH=CCH3), 6.63 (1H, s, 6-H), 6.67 and
6.85 (each 1H, d, J9Hz, 2- and 3-H); m/z 358 (M, 71%),

316 (100), 285 (48), 261 (50), 245 (24), and 43 (78).



- 40 -

| 4;Acetoxy-8-cmt6nyl-1',5, 7-trimethoxynaphthalene (51).~

The néphthalene (47) (100 mg, 0.36 mmol) in dry methylene
di;hloride (5 ml) was treated at room temperature with two
aliquots of a mixture of crotonic acid (31 mg, 0.43 mmol)
and trifluoroacetic anhydride (100 mg, 0.43 mmol) over 26 h.
The residue obtained upon work-up (described above) was
 ghromatographed (eluant 5-20% ethyl acetate-light petroleum)
to yield first the produét (52) identical with that formed
in the previous synthesis (34 mg, 26%) followed by the naph-
thalene (51) (92 mg, 73%) as pale vyellow cubes, m.p.
184-185.5 C (methanol) (Found: C, 66.1; H, 6.05. CygH, 0,

1751 (COCH3) and 1654

1 - ).
requires C, 66.3; H, 5.8%); Vo max.

(8 C=0) and 1620 (C=C) cm ~; §1.80 (3H, dd, J2 and 6Hz,
C=CHCH3), 2.30 (3H, s, OCOCH3), 3.68, 3.78, and 3.88 (each
3H, s, OCH3), 6.27 - 6.40 (2H, m, vinyl CH), 6.63 (1lH, s,
6-H), 6.70 and 6.87 (each 1H, 4, J8Hz, 2- and 3-H); m/z

344 (M+, 73%), 302 (100), 271 (98), 261 (29), and 231 (23).

3,8-Diacetyl-4,5-dimethoxy-1, 7-di-2'-propylox}maphthalene_ (53).-

A premixed solution of trifluoroacetic anhydride (3.1 g,
14.8 mmol) and acetic acid (0.9 g, 15.0 mmol) was added
to 1,7~di-isopropoxy-4,5-dimethoxynaphthalene (43)21 (500 mg,
1.6 mmol) in dry methylene dichloride (20 ml). The reaction
was stirred for 66 h at room temperature. Upon quenching
‘the reaction in the usual manner and chromatography (eluant
A10—20% ethyl acetate-light petroleum) the diacetyl naphthalene
(53) (433 mg, 72%) was obtained as white plates, m.p.

[«]
137-138 ¢ (methanol) (Found: C, 67.8; H, 7.2. C22H2806

requires C, 68.05; H, 7.2%); Vmax. 1707 (8 C=0) and 1660
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(3 C=0)'cm—l

; §1.26 - 1.48 (12H, m, 2xCH(CH,),), 2.55 (3H,
S, 8—COCH3), and 2.72 (3H, s, 3—COCH3), 3.76 and 4.01 (each
3H, s, OCH,), 4.68 (2H, septet, J6Hz, 2xCH(CH,;),), 6.64
(1H, s, 6-H), and 7.03 (1H, s, 2-H); m/z 388 (M', 86%),
346 (54),‘ 304 (85), 289 (84), 269 (21), 244 (11), and 72

(100).

8-Acétyl—3-acetylamino-4, 5-dimethoxy-1, 7-di-2'-propyloxynaphthalgne (55).-

The naphthalene (43) (650 mg, 1.7 mmol) dissolved in ethanol
(40 ml) was treated with hydroxylamine hydrochloride (350 mg,
5 mmol) and a solution of potaésium hydroxide (90 mg,
i.7 mmol)"in water (10 ml). The solution. was boiled for
2 h. The reaction mixture was diluted with water (100 ml)
and acidified with 5M hydrochloric acid. The derived oxime
- (54) was extracted into ether, and the reéidue obtained
upon work-up was dissolved in dry ethér (150 ml). After
‘treatment of the solution with phosphorus pentachloride
(410 mg,‘2;04 nmol) at OOC for 2 h, water was added to quench
the reaction. The residue obtained upon work-up was chromato-
graphed (eluant 40% ethyl acetate-light petroleum) to give
' the amide (55) (459 mg 68%) as white neeales, m.p. 149—150°C
(light petroleum-methylene dichloride) (Found: C, 65.35;
H, 7.1; N 3.5. C,,H,.NO

- ~22729"Y

3.5%); v max 3316 (NH), 1703 (8 C=0), and 1658 (amide C=0)
1 :

cm ~; §1.32 and 1.34 (each 6H, d, J7Hz, CH(CH

requires C, 65.35; H, 7.2; N,

3)y)s 2.21

(3H, s, CH,CONH), 2.53 (3H, s, 8-COCH,), 3.75 and 3.96 (each

3

3H,. s, OCH3), 4.57and 4.73 (each*lH} septet, J7Hz, CH(CH3)2),
6.60 (1H, s, 6-H), 7.93br. (l1H, s, NH), and 8.02 (1H, s,
2-H); m/z 403 (MT, 100%), 346 (53), 304 (71), 260 (91),

246 (29), 220 (18), 43 (80), and 20 (77).
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3,8-Diacetyl-1,4,5,7-tetramethoxynaphthalene (46) .-

A premixed solution of trifluoroacetic anhydride (7.62 g,
v36.3 mmol) and acetic acid (2.18 g, 36.3 mmol) was added
to 1,4,5,7-tetramethoxynaphthalene (41)1° (41) (1.00 g,
4,03 mmol) in dry methylene dichloride (20 m1). The reaction
was stirred at room temperature for 44 h. Quenching of the
reaction as above yielded éfter chromatography (eluant 20-30%
ethyl acetate-light petroleum) the product (46) (1.02 g,
83%) as white needles, m.p. 132—133°C- (methanol) (Found:
C,‘ 65.1; H, 5.95. C18H2006 requires C, 65.1} H, 6.0%);
Voax. 1703 (8 C=0) and 1663 (3 C=C) cm-l; § 2.50 (3H, s,
8-COCH3), 2.73 (3H, s, 3—COCH3), 3.77, 3.82, 3.91, and 4.\03
(each 3H, s, OCH3), 6.70 (1H, s, 6-H), and 7.06 (1lH, s,
2-H); m/z 332 (M+, 100%), 317 (91), 301 (44), 287 (17),

and 15 (11).

8-Acetyl-3-acetylamino-1,4,5,7-tetramethoxynaphthalene (63).-

The naphthalene (46) (883 mg, 2.6 mmol) dissolved in ethanol
(50 ml) was treated with hydroxylamine hydrochloride (0.35 g,
5 mmol) in a solution of potassium hydroxide (0.14 g, 2.6
 mmol) in water (20 ml). The solution was boiled for 2.5 h.
The reaction mixture was diluted with water (150 ml) and
acidified with 5M hydrochloric acid. The derived oxime
- was  extracted into methylene dichloride and the residue
obtained upon work-up was dissolvéi in dry tetrahydrofuran
(150 ml). | After treatment of the soluéion. with phosphorus
pentachloride (0.65 g, 3.1 mmol) -at Ooé for 3 h, an excess
of water was added to quench the reaction. The residue

obtained upon work-up was chromatographed (eluant ethyl
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_acetate)_ yielding 1light brown. crystals of the amide (63)
(683 mg, 70%), m.p. 192—193°C (2-propanol) (Found: C, 62.05;
H, 6.1; N, 4.0. C18H21N06 requires C, 62.25; H, 6.05; N, -
4.0%); vmax.-3310 (NH), 1710 (8 C=0), and 1655 (amide C=0)
cn™t; 62,23 (34, s, NHCOCH,), 2.51 (3H, s, 8-COCH), 3.75,
3.84, 3.88, and 4.00 (each 3H, s, OCHy), 6.66 (1H, s, 6-
H), 7.98br. (1H, s, NH), and 8.05 (1H, s, 2-H); m/z 347

(vt, 76%), 332 (25), 290 (100), 260 (13), and 93 (22).

7-Acetoxy-8-acetyl-3-acetylamino-4,5~-dimethoxy-1-(2-propyloxy)naphthalene ( 6’5) .=
Tﬁe amide (55) (200 mg, 0.05 mmol) in dry methylene dichlo-
ride (20 ml) was treated at -78°C with boron trichloriae
(348 mg, 0.33 mmol) in the same solvent. After 30 min thé
'solutionf‘was allowed to warm to room temperature and then
hydrolysed with an excess of water. The residue obtained
upon work-up was dissolved in pyridine (5 ml) and acetic
anhydride (1 ml) and heated at 70°C for 2 h. The reaction
mixture Qas. cooled and added to an excess of water. The
organic material was then extracted with methylene dichloride
while keeping the pyridine in the aqueous layer.by carefully
acidifying with 5M hydrochloric acid. The residue obtained
upon.work—up was chromatographed (eluént 50% ethyl acetate-
light petroleum) to afford the pfoduct (65) (148 mg, 74%),
as white flakes, m.p. 173-174°C (2-propanol)(Found: C, 62.55;

2125
1770 (AcO), 1703 (8 C=0), 1647 (amide C=0)

.H, 6.15; N, 3.45, C,.H NO7 requires C, 62.5; H 6.2; N,

3.5%);

.cm-l;' §1.27 and 1:43 (each 3H, "d, J6Hz, each one CH, of

vmax.

‘CH(CH 2.22 and 2.26 (each 3H, s, NCOCH3 and OCOCH3)_

_2.44 (3H, s, COCH3), 3.75 and 3.94 (each 3H, s, OCH3), 4.70

1
i
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'(1H, septet, J6Hz, CH(CH 6.56 (1H, s, 6-H), 8.0lbr.(1H,

3)2)I
s, NH), and 8.14 (1H, s, 2-H); m/z 403 (M', 62%), 361 (54),
346 (12), 319 (60), 364 (85), 262 (100), 244 (13), and 226

(20).

T-Acetoxy—8-acetyl-3-aqetylamino—5—metﬁoxy—1,4-naphthoquinone (66) .-

The naphthalene (65) (100 mg, 25 mmol), silver(ll) oxide
(80 mg, 0.65 mmol) and dioxane (10 ml) were stirred together
at room temperature and then nitric acid (6M, 0.8 ml) was
added and the reaction mixture stirred for another 3 min.
A mikture»of~methy1ene dichloride (20 ml) and water (5 ml)
was added and the- orgé.nic layer was separated and washed
with mdre water. The residue obtained upon work-up was’
chromatographed (eluant 50% ethyl acetate-—light' pétroleum)
affording the quinone (66) (65 mg, 76%) as yéllow needles,
m.p. darkens 212°c, 218-228°C decdmp.. (methanol) (Found
M}+, 345,0859. C17H15N07 requires M, 345.0849); Ymax. 1777
(AcO), 1705 (8 C=0), 1655 (quinone C=0), and 1624 and 1587
(c=C); 62.26, 2.28 and 2.44 (each 3H, s, COCH3), 3.99 (3H,
s, OCH;), 7.11 (1H, s, 6-H), 7.69 (lH, s, 2-H), and 8.47br.
(1, s, NH); m/z 345 (M7, 22%), 330 (11), 303 (27), 288

(14), 246 (100), and 43 (41).

8-Acetyl-3-acetylamino-5,7-dimethoxy-1,4-naphthoquinone (67).-

The naphthalene (63) (267 mg, 0.77 mmol), silver(1ll) oxide
(380 mg, 3.08 mmol) and dioxane (10 ml) Qere stirred together '
at room temperature and then nitric'acid (6M, 1.1 ml) was
added and the reaction mixture stirfed for another 4 min,

A mixture of methylene dichloride (40 ml) and water (10 ml)
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‘was added and the organic layer was separated and washed
with more water. The residue obtained upon work-up ‘was
chromatographed (eluant 50% ethyl acetate-light petroleum)
affording the quinone (67) (186 mg, 76%) as pale yellow
needles, m.p. 235~238°C (methanol) (Found: ¢, 60.15; H,
4.8; N, 4.4. C16H1506N requires C, 60.6; H, 4.8; N, 4.4%);
V nax. 2922 (NH), 1695 (8 C=0) 1654 and 1638 (amide and quinone
c=0) cm 1; § 2.23 (3H, s, NCOCH;), 2.46 (3H, s, 8-COCH;), .
.3.91 and 4.00 (3H, s, OCH3), 6.63 (1H, s, 6-H), 7.62 (1H,
s, 2-H), and 8.52br. (1H, s, NH); m/z 317 (M+, 9%), 302

(17), 260 (100), and 43 (41).

5-Acetoxy—8-—acetyl-3-acetylamino-7—methoxy—1,4-naphthpquinone (69).~

The quinone methyl ether (67) (89 mg, 0.28 mmol) in dry
methylene dichloride (20 ml) containing anhydfous aluminium
trichloride (760 mg, 5.6 mmol) was stirred at room temperature
for 30 min. Water was added and the aquedus layer washed
with ethylv acetate. The residue obtained upon work-up was
dissolved in pyridine (2 ml) and acetic anhydride (1 ml)
and heated at 70°C for 2 h. The reaction mixture was cooled
and added to an excess of water. The organic material was
then extracted with fnethylene dichloride while keeping the
pyridine in the aqueous layer by carefully acidifying with
5M . hydrochloric acid. The - residue obtained upon work-up
was chromatographed (eluant 50% éthyl acetate-light petro-
leum) to afford the quinone (69) (50 mg,( 51%) as pale yellow
needles, m.p. darkené above 220°C meifs 232-233°C (methanol)

17715
1773 (OAc), (8 C=0) 1711,

(Found C, 59.4; BH, >4.35; N, 4.1. C.,,H N07 requires C,

59.1; H, 4.35; N, 4.05%), v _
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1648, and 1624 (amide and quinone C=0) cm—l; § 2.24 (3H,
S, NCOCH3) 2.42 and 2.49 (each 3H, s, COCH3), 3.89 (3H,
s, OCH;), 6.81 (1H, s, 6-H), 7.71 (1H, s, 2-H), and
8.38br.(lH, s, NH): m/z 345 (M7, 13%), 330 (17), 288 (17),

246 (100), and 43 (25).

~ 7-Acetoxy-8-acetyl-3-acetylamino-1,4,5-trimethoxynaphthalene (70).-

.The amide (63) (105 mg, 0.30 mmol) in dry methylene dichloride
(10 ml) was treated at -78°C with a solution of boron tri-
chloride (210 mg,vl.8 mmol) in the the same solvent. After
40‘ min the solution was. allowed to warm to room temperature
and then hydrolysed with an excess of Qater. The residue
obtained upon work-up was dissolved in pyridine (5 ml) and
acetic anhydride (1 ml) ‘and heated at 70°C for 2 h. The
reaction mixture was cooled and added to. excess water. The
organic materiai was then extracted with methylene dichlo-
ride while keeping the pyridine in the aqueous layer by
vcarefully acidifbybi»rig with 5M hydrochloric acid. The residue
'obtained upon work-up was chromatographed (el_uant 70% ethyl
acetate~-light petroleum) to afford thé product (70) (95 mg,
83%) as white needles, m.p. 187-188°C (2-propanol) (Found:
c, 60.85; H, 5.65; N, 3.8. C,,H,,NO

19721777
1759 (OAc), 1688 (C=0), and 1614

requires C, 60.80;

H, 5.6; N, 3.7%);:

eml; §2.24 and 2.28 (each 3H, s, NCOCH

\’max.
5 and OCOCH,) 2.42
(34, s, CCOCH3),, 3.77, 3.86 and 3.96 (each 3H, s, OCH3),
6.59 (1H, s, 6-H), 8.04br.(l1H, s, NH), and 8.16 (lH, s,

2-H); m/z-375 (MY, 34%), 333 (73), 276 (100), and 318 (29).
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" 7-Acetoxy-8-acetyl-3-acetylamino-5-methoxy-1,4-naphthoquinone (66) .-

The amide (70) (60 mg, 0.16 mmol) was treated in the same.
manner as the naphthalene (65) to afford the same' quinone
.(66) prepared previously. (42 mg, 75%) identical with respect

to physical and spectroscopic properties.

8-Acetyl,—3racetylamino-S-methoxy—7—(2-propyloxy);1,4-naphthoquinone (71) .~

The amide (55) (66 mg, 0.16 mmol), silver(l-l) oxide (80 mg,
0,64 mmol) and dioxane (10 ml) were stirred together at
qummtempe-,rature. Nitric acid (6M, 0.8 ml) was added and
the reaction mixture stirred for -4 min. A mixture of
methylene dichloride (20 ml) and water (5 ml) was added
and the organic layer was separated and washed with more
water. The residue obtained wupon wbrk-up was chromato-
graphed (eluant 70% ethyl acetate-light petroléum) .affording
the quinone (71) (43 mg, 77%) as pale Ayellow flakes, m.p.
221°C (2-propanol) (Found: C, 62.7; H, 5.5; N, 4.1 C18H19N06
' 3299 (NH), 1707

(8 c=0), 1653 (quinone C=0), and 1622 (amide C=0) cm 1 ;

requires C, 62.6; H, 5.5; N, 4.1%), Vnax

§1.38 (6H, d, J 7Hz, CH(CH 2.24 (3H, s,‘Ncocn3), 2.47

3)2)'
(3H, s, CCOCH3), 4.00 (3H, s, OCH3), 4,68 (1H, septet, J7Hz,

CH(CH 6.64 (1H, s, 6-H), 7.64 (1H, s, 2-H) and

~8,54br.(1H, s, NH); m/z 345 (M-l~ 11%), 330 (22), 266 (21),

and 245 (100).

8-Acetyl-3-acetylamino-5,7~dihydroxy-1,4-naphthoquinone (35) .-
The quinone (71) (16 mg .046 mmol) in dry methylene dichloride
(5 ml) containing anhydrous aluminium trichloride (122 mg,

0.92 mmol) was stirred at room temperature for 15 min. Water



‘was added and the aqueous layer washed with ethyl acetate.
The résidue obtained upon work-up was chromatographed (eluant
'ethyl acetate) to afford the product (35) (12 mg, 83%) as
yellow needles, m.p. 222-226°C (methanol) (Found: Mf", 289.058.
C,4H  NO¢ requires M, 289.058); v___ 3315 (NH), 1690 (8 C=0),

14711
1645 (quinone C=0), and 1634 (amide C=0) cm_l;' § (DMSO -

max.

d6) 2.21 (3H, s, NHCOCH3), 2.29 (3H, s,”’cocn3), 6.56 (1H,
S, G_H)' 7.48 (lH, S, 2_H)’ 8-49bro (lH' S, NH)' 9.86bro
(1H, s, OH), and 11.87 (1H, s, OH); m/z 289 (M, 35%), 232

(100), and 43 (49).

3{8-Di(9-carboxydecanoyl)-4,5-dimethoxy-1,7—di-2'-propyloxynaphthalene (74), .\ 3~
(9-carboxydecanoyl)-4,5—dimethoxy—1,7-di-2'-propyloxynaphthalene (72), and 8-
(9-carboxydecanoyl)-4,5-dimethoxy-1, 7-di-2'-propyloxynaphthalene (73) .-
‘Sebacic acid (decanedioie acid) (350 mg, 2.15 hmol) premixed
with trifluoroacetic anhydride (3.80 mg, 2.15 mmol) and
dry methylene dichloride (2 ml) was rapidly added to the
naphthalené (43) - (100 mg, 0.34 mmol) dissolved in dry
methylene dichloride (S ml). The reaction was stirred at
room femperature for 24 h. The reaction was quenched by
'the successive additions of an  excess of methanol and a
satﬁrated aqueous sodium hydrogen carbonate solution. The
organic material was extracted into methylene dichloride
and the residue obtained upon work-up was subjected to p.l.c.
(eluant 30% ethyl acetate-light pétroleum),,to afford first
- the 3-acylated product (72) (71 mg, 31%) as a light brown
| 0

oil, (Found: C, 68.65; H, 8.0. requires C, 68.85;

1

CogHy0y

H, 8.2%); v___ (film) 1735 (C=0) and 1705 (CO,H) cm 3 & 1.24

max.

- 1.88 (24H, m, CH(CH3)2 and‘&(CH2)6¢)LJ2_32.(2H, t, J8Hz,
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LcnzcooH), 3.11 (2H, t, J7Hz, COCH,-), 3.76 and 3.98 (each

3H, s, OCH3), 4.71 (2H, septet, J6Hz, CH(CH 6.56 (1H,

372 |
d, J2Hz, 6-H), 6.98 (1H, s, 2-H), and 7.20 (1H, d, J2Hz,

8-H); m/z 488 (M', 100%), 446 (29), 445 (18), 289 (14),
and 247 (35). The second product was the 8-acylated product

(73) (55 mg, 24%) also obtained as a light brown oil, (Found: _

C, 68,65; H, 8.2. C28H4007 requires C, 68.85;.H, 8.2%);

1 p—i —1I r— .
vmax.(fllm) 1725 (C=0) and 1694 (C02H) cm ; §1.20 1.87
2,62 - 2,92 (2H, m, —COCHZ—), 3.85 and 3.92 (gach 3H, s,

' +

and 6.65 (2H, s, 2- and‘3-H); m/z 488 (M

QCH3), 4.55 (2H, septet, J6Hz CH(CH
, 63%), 446 (36),
385 (10), 289 (45), and 247 (100). The third product was
the diacylated product‘ (74) (33 mg, 14%) as a brown oil

(Found: C, 68.0; H, 8.4. 010 requires 'C, 67.9; H,

1

C3gH56
(film) 1704 (C=0) cm

v s §1.22 - 1.85 (36H, m,
max.

CH(CH:‘})2 and -(CH ) 2.32br (4H, t, J 7Hz, 2x CH,COOH),

26" 2
2.61-2.88 (2H, m, 8~COCH,-), 3.09 (2H, t, J7Hz, 3-cocH2),

'3.73 and 3.98 (3H, s, ocn3); 4.64 (2H, septet, J 6Hz,

CH(CH3)2), 6.64 (1H, s, 6-H), and 6.88 (lH, s, 2-H); m/z
673 (M+, 52%), 631 (34), 473 (13), 455 (27), 413 (20),‘273

(53), 247 (23), 42 (100), and 28 (100).

_ _ ' ,
3,8-Di(8-carbomethoxynonanoyl)~4,5-dimethoxy-1,7-di-2 -propyloxynaphthalene (75).

The monomethyl ester of azelaic -acid (nonanedioic acid)
(0.372 g, 1.65 mmol) premixed with triflﬁoroacetic anhydride
(0.38 g, 1.65 mmol) dissolved in dry; methylene dichloride
(2 ml) was rapidly added to solution of the naphthalene

(43) (100 mg, 0.33 mmol) in dry methylene dichloride (5 ml). l
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‘The reaction was stirred at . room temperature for 115 h.
After work-up as described above the residue was
chromatographed (eluant 20% ethyl acetate-light petroleum)
to afford the ester (75) as a light brown oil (126 mg, 57%)
(Found: C, 67.9; H, 8.25. C38H56010 requires C, 67.9; H,

1

8.4%), (film) 1736 (C02Me), 1704, 1662, and 1602 cm —;

Yhmax.
§1.23 - 1.80 (32H, m, -(CH2)5— and CH(CH3)2)I 2.28 (4H,

2
(2H, t, J7Hz 3—COCH2—), 3.65, 4.61, and 3.74 (each 3H, (except
3.65 6H), s, OCH;), 4.60 (2H, septet, J6Hz, CH(CH;),), 6.67
(lH, s, 6-H), and 6.92 (1H, s, 2-H); m/z 672 (M+, 51%),
630 (23), 473 (18), 441 (9), 273 (49), 247 (12), 74 (lé),

"~ and 93 (100).
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CHAPTER 2

CONVENIENT SYNTHESIS OF BIKAVERIN

INTRODUCTION

Bikaverin (10) is a wine-red pigment produced by species

arb and Mycogone.3

,:Qf the fungal genera Fusarium l, Gibber‘ella2
The pigment has been shown to have specific antiprotozoal,4
antitumour,5 and high vacuolation1 properties. Bikaverin

was isolated and characterised simultaneously by Cornforth

and Kjﬁr,za the structure being confirmed by X-ray crystallo-

graphy.7

Bikaverin has 'recently' attracted <considerable attention
which has led to three independent syntheses. Iﬁ 1976 Barton8
achieved the synthesis in ten steps with a 3% overall yield
using orcinol (1) -and 3~(2,4,5-trimethoxyphenyl)propiono-
nitrile (2), which was obtained from 2,4,5-trimethoxybenzal-
dehyde (3), as starting materials. Condensation of the
nitrile with orcinol gave a dihydrochalcone (4). This was
treated with diethyl oxalate to give an ester (5) which
condensed to give the chromone (6). This product on methyla-
tion followed by hydrolysis of the ester group produced
the acid (7). Ring closure gave the xanthone (8), which

upon oxidation afforded the quinone (9); this could be de-

methylated to give bikavarin (10).
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' 1FiVe years later the Japanese- workers, Kato, etal-9 described

a twelve-step synthesis of the pigment in an overall yield

" of 0,3%, using a novel rearrangement for transforming an

angular orthoquinone into a linear benzoxanthone. In this
_synthesis 2,4-dihydroxybenzoic acid (11) was converted in
'f three steps into" the ester (12) which was acetylated to
_give the phenyl ester (13). Dieckmann condensation led
t§ the production of a dihydroxynaphthalene (14). This
substance was treated with an everninic acid chloride to
produce the ester (15) which underwent Fries rearrangement
to afford the .phenol (16). This compound on ring closure
gave the angular benzoxanthone (17). Conversion of this
substance to the orthoquinone (18) was achieved by oxidation
with potassium dichromate. Treatment of the orthoquinone
(18) with silica- gel, led viaa novel rearrangement to the
linear xanthone (19), which was in turn oxidised and suitably
deprotected to yield norbikaverin (20) and subsequently

bikaverin (10).

BnO

HO OH BnO

1
(11) ‘L (12)

HO OBn | BnO OMe

HO OBn BnO

(14)
(13)
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OMe
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- More recently, in 1983 Kjar.10

also successfully accomplished
a six-step synthesis of bikaverin, in an overall yield of
4,.5%. Kjé;f's synthesis involved a base-catalysed reaction
of vthe acetophenone (21), with the dimethoxyhomophthalate

(22) to give the hydroxybenzoxanthone (23) which was oxidised

to bikaverin (10) in poor yield.

MeO Q Me
COOCH;

MeO _~COOCH; HO OMe

(22) i : (21)

MO OH @ me

MeO 0 OMe
(23)

Another interesting approach to the synthesis of bikaverin,
based on oxidative phenolic coupling was developed by Lewis.11
Lewis attempted a rearrangement of the quinones (24(a) and
(b)) which he hoped would lead to the acylated products
(25(a) and (b)). These in turn would 1lead to bikavefin
(10) via selective deprotection and oxidative coupling. The
proposed strategf was however only successful with the
acylated product (27), which was obtained from the ester
- of l,4—naphthohydroquinone (26) by a Fries rearrangement.
This compouna, after partial demethylation with 2,3-dichloro-
5,6-dicyano-1,4-benzoquinone produced the spirocyclohexene
-dione (28) which was.thermally converted into the xanthone

(29)..
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X-Cl (24(a))
Xz Br (24(b))

OH O X :-Cl (25(a))

0]
X X = Br. (25(b))
MeOMe |

12,13

and Bek_a}ert14 shows that other

Recent work by Brassard
synthetic strategies for the assembly of the wine-red pigment'

bikaverin are in progress.
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}ﬁikaverin hés now been synthesised in our laboratory via two
different'routes, in either five steps with a 11% overall
yield, or in eight steps with a 10% overall yield (yield;
based'IOn l,2-dibromo~-3,4,6-trimethoxybenzene as starting

material, which is readily obtained from vanillin).

_Epth syntheses use a pentamethylated leucénaphthopurpurin (30),
which is produced from vanillin,\as starting material. The
oxygenation pattern of this naphthalene (30) is of inte-
rest in that a number of naturally occurring quinonoid com-

15

pounds are based on it. In addition to the bikaverins

(10) and (20), it forms the skeleton of compounds as diverse

as mompain,15a javanicin,15b solaniol,15c the fusarubins,15d
the wilting agents marticin and isomarticin,lse the dacty-
naphins,15f erythrostominone,15g and purpuromycin.15h A

compound whose synthesis is presently attracting considerable

attention on account of its antitumour activity is the anti-

biotic fredericamycin A,l6a—3 which - also possesses the same

naphthalene skeleton.

fredericamycin A
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MeQ  OMe | MeO MeO - OBn
' OO -
e

MeO OMe MeO Me OMe

MeO M
(30 e0 (3
S
0O -
MeO OMe OH OMe | OBn
MeO MeOMe MeO ' EOM MeOOMe
: MeO OMe : 0 € .
(32) . (36)

v
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'_The next step in our synthesis was the important regiochemical
~acylation by means of mixed anhydrides of trifluoroacetic

écid and a suitable organic acid, a procedure which was
-originally developed in our laboratory by Giles etal.17
- This yielded the common acylated intermediate (31). Removal
.6f, the benzyl Agroup by hydrogenolysis in the presence of
fpalladium on activated carbon afforded compound (32) which
on  oxidative coupling vwith 2,3-dichloro-5,6-dicyano-1,4-
benzogquinone gave the spiro-compound (33). Hydrolysis of
this enol ether afforded the trione (34), which in turn
was thermally converted to the hydroquinone (35). Oxidation
of (35) with silver(I) oxide and the removal of the appro-

priate methyl groups with lithium iodide8 afforded bikaverin

(10). This constituted the eight-step procedure.

Alternatively, in the five step synthesis, compound (31)
was oxidised with silver(II) oxide to yield the gquinone
(36). Treatment of this quinone with boron trichloride
gave the spirocompound (37) directly, which on heating re-

arranged to bikaverin (10).



- 63 -

RESULTS AND DISCUSSION

Earlier work from our 1aboratory17

has shown that monoacetyla-
tion of 1,4,5,7-tetramethoxynaphthalene (38) with 'acetic
acid in the presence of trifluoroacetic anhydride leads
to the formation of the C-8 acetyl product (39) as the major
component and the C-3 acetyl compound- (40) as the minor
component. If however, an excess of acetic acid and tri-
fluoroacetic anhydride is used, the reaction 1leads to' the
production of the 3,8-diacetylated product (41) in good

18 14 was therefore envisaged that if C-8 were blocked

yield.
by another substituent' e.g. methoxy, the reaction woﬁld
lead to acetylation in position 3 only to afford (42), in
Spite of the fact that an additional methoxy substituent
at C-8 might, in conjunction with that al;eady at C-1,
militate against fhe regiochemical diréctidn provided by

the three methoxy groups at C-4, C-5, and C-7, thereby

reducing the regioselectivity.
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MeO OMe 9

MeO
R ' OMe

R=0Me  (42)

Retrosynthetic analysis of bikaverin (10) ( shows that it

could be considered td be composed of a pentaoxygenated

~unit (30) and a substituted aromatic acid, such as (43).

‘Aromatic acylation would then lead, as postulated, to the

3-acylated product (31).

MeO OMe

COOH
| Me OBn
MeO
MeO OMe OMe
(30) (43)
MeO MeOQ o8
MeO Me OMe
MeO MeO

(31)
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’Su'ndholm}alg. has shown that aromatic acylation using an oxy-
genated benzene compound such as (44) and a substituted
benzoic acid such as (45) in the presence of trifluorocacetic

anhydride proceeds to give product (46) in very high yield.

Me ' OBn
Ci COOH

+

BnO OBn BnO OBn

(45) l (44)

Me 9 OBn
Cl

BhOX_“0 O'\~OBn
Bn ,

Bn
(46)

As acylation on our naphthalenic compounds had only been
performed using aliphatic acids,18 acylation of 1,4-di-
methoxynaphthalene (47) with 2,4-dimethoxybenzoic acid (48)
in the presence of trifluorocacetic anhydride was used as

a model system.

Acylation occurred at position 2 of the naphthalene nucleus
affording the product (49) in a yield of 51%. This showed
-a -characteristic aromatic si_nglet (Ha) at 66.88 in the lH
n.m.r. spectrum., a characteristic aromatic carbonyl at
1629 cm—l in the infrared spectrum and a molecular ion at

m/z 352 in the mass spectrum. It was found that further

acylation of the benzene nucleus of the product (49) also
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took place and as a by-product (50) was isolated. In the

lH n.m.r. spectrum of this compound (50), two aromatic

o " singlets Hb and Hc were observed at § 7.82 and 6§ 6.90

" respectively, the proton at 6§ 7.82 (Hb) being ortho-to two
deshiel'ding carbonyl groups, and the proton at § 6.90 (Hc)
~being ortho-to only one carbonyl group. Confirmation of
the’ Structure was obtained from the mass““spectrum which
indicated the presence of a molecular ion at m/z 516, and

the presence of both carbonyl stretching vibrations in the

OMe "~ COOH |
OMe .
OMe | OMe

(47)

l | (48)
MeO 9 OMe

H OMe

MeO (49) -
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infrared spectrum at 1628 cm—l, the absorption at 1607 cm™ L
probably being too low for a carbonyl stretch,. and being

more likely due to a carbon carbon vibration.

~ Another minor product was identified by means of lH n.m.r.
" spectroscopy as the trifluoroacetylated product (51). Only
two ortho-coupled protons at 66.56 and 67.37 (J10Hz) correspoh—
ding to the two aromatic protons ﬁd and He respectively

were observed on the second benzene ring of compound (51).

Qn adding an excess of the mixture of trifluorocacetic anhy-
dride.and 2,4—dimethoxybenzbic acid in an attempt tQ increése
the yield of compound (49), further acylation océurred,
and the maximum yield was obtained when only one equivalent

of the mixed anhydride was used.

In order to attempt ring closure to afford the xanthone
on this éimplified system (49), it was necessary to.
selectively demethylate the Z'Qmeth0xy group on the benzenoid
ring. Treatment of the acylated. product (49) with four
molar equivalents of boron trichloride resulted 1in the
selective removal of one methyl group; undoubtedly it was
one of the two methyl groups ortho- to the carbonyl group.
To establish which one had been selectively deprotected
the crude naphthol was acylated fo afford either product

(52) or (53).
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AcO - OMe

. OMe
OMe

(52)

MeO OAc

OMe
MeO (s3) ‘

The l-H n.m.r. spectrum of the resulting compound showed

that the product was indeed (52) as the protons in position
5= and é— .no 1ongef had similar chemical shifts. The 5-
. proton had . been relatively shielded,' from a multiplet
at §8.03-8.36 to a multiplet at §7.69-7.90. It was therefore
necessary -to protect"the benzenoid 6xygén; “which was
- subsequently to provide to xanthone ring oxygén, with a
substituent other than methyl, so that this could 'bé
selectively deprotected in the projected assembly of bikaverin

itself} ' 4 o . ' %

Since aromatic acylation of the model system to afford the

naphthalene (49) had been successful, a synthesis had to
~be developed for a 1,2,4,5,8—péntaoxygenated naphthalene~
(30).
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MeO
-\
2
.
/\ |
MeO OMe
(54) i
MeO )
o OMe
Me OMe O
(56)

MeO Q /

,_ OMe
Me O 0

(57)

Cameron20

~has reported that 1,4,4—trimé£hoxybutadiéne (54)
énd 2-methoxy-1,4-benzoquinone (55) react to form the Diels-
- Alder adduét (56): it was postulated fhat elimination of
a molecule of nmthandl and two hydrogen atoms in éubstance
(56) would lead to aromatisation. This quinone (57) could
then be reductively methylated to - form the pentamethoxy
compound (30). "In our laboratory reactions for the elimina-
'ﬁion were not successful. For this reason, and the fact

£hat the yield of the Diels-Alder adduct (56) was low, this

avenue was not further explored.

Various methods exist for the ‘production of naphthopurpu-

rin®'9-21724 .19 its derivatives, which in general rely

on the ring oxygenation of the tetraoxygenated compound
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'ﬁaphthazarin (58). The most attractive method for our synthe-

sis seemed to be that of Fariﬁa.25

@)
MeO | MeO 0
OMe

MeO 0 MeO

(59) (60)

He showed that the napﬁthazarin dimethyl ether (59) coﬁid
. be methoxylated in -high yield to give the quinone (60).
Reductive methylation of this would give rise to the desired
product (30). The problem with this appgoach‘would be the
initial production of naphthazarin which by - thé standard
literature method26 i.e. reaction of maleic anhydride " and

~hydroquinone in the presence of molten aluminium trichloride

and sodium chloride, proceeds in very low yield.

0 | 0

OH
o OH
—>
Cl
OH § - on [
(61)

l’ (62)

oH 9

OH

(58)
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iiAn?‘élternétivé method for the synthesis of naphthazarin
exists27 in which 2,3-dichloronaphthazarin (61) (formed
in high yield from 1,4-dimethoxybenzene and 2,3-dichloromaleic

anhydridezs)

is reduced with tin(II) chloride to give the

rdihydrénaphthazarin (62). Brief treatment of compound (62)
" with alkali affords naphthazarin (58). In our hands the
Yields of the reactions were poor and variable. Consequently
a:different approach was needed. |

Since 195529

it has been known that benzynes react with
furans to afford 1,4-epoxy-1,4-dihydronaphthalenes. It
has also been established that benzynes can be generated
in three general ways; (i) from aryl halides by treatment
with a stronéwbaSe;30 (ii) by diazotisation of anthranilic
acid derivates,30 or (iii) by treatment of o~dibromoarenes

[+
with n-butyl lithium at -78 c.-1r32

Giles33 and co-workers have shown that the benzyne generated
from 1l-bromo-2,5-dimethoxybenzene (63) with sodium amide
readily undergoes Diels-Alder addition with furan to produce

the epoxynaphthalene (64) in good yield.

“neCD _ hﬂe(D

S :
Br

MeO MeO

(63) (64)
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-It: was envisaged that l-bromo-2,4,5-trimethoxybenzene (65)

- would react in the presence oé sodium amide with 2-methoxy-
1‘vfuran (66) to give tﬁe adduéts (67) and (68).34 These would
'.on opening of the epoxy ring,A e.g. with silica, give the
.two naphthols (69) and (70) which could be methylated tov

| give the desired product (30) as a single compound.

MeO
o Br (@
MeO g
MeO - OMe N
(65) l (66)

MeO OMe

MeO“ MeO“

‘MeO .. OMe MeO
(67)

l (68)
MO OH  MeQO OMe
MeO“ MeO“
MeO OMe
(63) (70)
MeO MeO
MeO

MeO MeO (30)
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I—Bromo—2,4,5—trimethoxybenzene"(65) ‘was prepared in high

yield according to the method of Jeffreys.35

Subsequently two model reactions using sodium amide weré
carried out. First, it was necessary to determine whether
l-bromo-2,4,5-trimethoxybenzene (65) did generate the benzyne

when treated with base.

In a nitrogen atmosphere the trimethoxybenzene (65), furan
and sodium amide were boiled in 1,2-dimethoxyethane for
~two hours. The resulting product (71) showed that the benzyne

had indeed been formed énd'had reacted with furan to yield

the Diels-Alder adduct (71), which was isolated in 58% yield.

MeO - MeO.
" '
+ — -
MeO - MeO
MeO ' MeO
(65) . : ‘ (71)

Secondly, it was necessary to determine whether the related
2-methoxyfuran underwent Diels-Alder additions. Treatment
of 1,4-dibromo-2,5~dimethoxybenzene (72)33 with 2-methoxyfuran
(§6) in the presence of sodium amide in boiling 1,2-diﬁéthoxy—
ethane for two hours produced the two addﬁcts (73) and-(74)
which afforded the corresponding .naphghols after opening
af the epoxy ring by flash chromatography oﬁ silica gel.
Both naphthols wefe eventually"methylated to the single
"product (75). The yield of the product (75) was oﬁlyvmode—

rate, but it was realized that some of the 2-methoxyfuran
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_could have added to Both sides of 'tﬁe benzenoid ring to
" form compound (76). However since the reaction beiné dis-
"cussed was a model reaction, only the majbr product was

isolated, with minor components being observed in the reaction
mixture using thin layer chromatography. Clearly, " there
was the possibility of forming two ladditional regioisoﬁers
of the bis-adduct, which would only form the single compound

(76) after ring opening and subsequent methylation.

OMe 5
B s
B
MeO r ' OMe
(72) (66)
MeO MeO tjhﬂe
Br ‘ | Br
MeO  OMe MeO
(73) l (74)
MeO OMe
Br '
MeO OMe
(75)

- MeO MeO OMe

(76)

MeO MeO OMg
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fAs both these reactions had been successful it was hoped

- that the trimethoxybenzene (65) would react with 2-methoxy-

jfuran (66) to give the desired product (30), after hydrolysis
and methylation. It was, however, realised that compound
| (65)valso possessed an alternative aromatic hydrogen (meta- to
‘the bromine atom) which might be more“acidic than that ortho- to
bromine, on account of the‘fact that the former proton is
situated between two methoxy substituents, both of which
would stabilise a derived anion situated between them. Were
this to be so, it might prove difficult to remove the second

proton leading'to the formation of the required benzyne.

However, when the reaction was attempted by boiling in 1,2-
dimethoxyethane for seven hours, followed by flash chromato-
graphy of the two adducts and methylation of.éhe two naph-
vthols, the peﬁtaoxygenated naphthalene (30) -was produced
indicating that the difficulty that had been foreseen did
.not' pre?enf the reaction from being relatively successful.
The total yield of the two steps was 30%, suggesting perhaps
that the reaction did not proceed as smoothly as the related
reaction described earlier leading to the formation of (71),

{

(58%).

36 had also

A literature survey showed ‘that other workers
. encountered low yields inhpreparing substituted naphthalenes
‘from benzynes. As the method was not entirely satisfactory

other methods for generating the benzyne were therefore

investigated.
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‘Hart3? has described the conversion of ortho-dibromobenzenes

such as (77) into anthracenes in two steps. Reactions of
these potential bisarynes with n-butyl lithium in the pfesence

of furan, led to Diels-Alder adducts such as (78).33

OMe -
Br Br | | OMe
—
Bria,. _~Br
OMe OMe
(77) (78)

-~

In order to attempt this type of reaction for the production
of the naphthopurpurin derivative (30), 1,2-dibromo-3,4,6-

trimethoxybenzene (79) needed to be synthesised.

Dorn37 in 1939 synthesised 1—bromo—2,3,5-trimethoxybenzene
(80) from vanillin, by bromination of vanillin, followed
by the replacement of the aldehyde group by a hydroxyl by
the Dakin reaction and subsequent methylation. Further

37

bromination according .to Dorn led to the supposed formation

of 1,4-dibromo-2,3,5-trimethoxybenzene (81). More recent

work by McOmie38 and Crowther39

has shown however that the
alleged 1,4-dibromo~compound (81) was not formed but rather
"l,2—dibromo—3,4,6—trimeth§xybenzene. (79). This latter sub-
stance was prepared in four stepé with overall yield of

-56% from vanillin.
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MeO MeO | , OMe
Br . Br
MeO Br  MeO Br MeO Br
MeO . MeO MeO
(79) (80) o - (81)

On a small scale a solution Qf l,2-dibromo—3,4,6—trimethoxy-A
- benzene (79) and 2-methoxyfuran in ary tetrahydrofuran were
.treated at -78°C with one molar equivaient of n-butyl lithlum
in a nitrogen atmosphere. After work-up,'flash‘chromatography
of the two isomeric adducts and subsequent methylation gave

product (30) in 53% yield.

On scaling up the reaction it was noticed that a by-product
was also f§rmed, dnd that the larger the scale of the reac-
fion, the more of this undesired compound was produced.
The 1H n.m.r. spectrum of the compound showed peaks character-
_istic of a butyl moiety and only four methoxy singlets aé
'well as an aromatic singlet at § 6.64 and two doublets at § 6.73
~and 6§7.58 with a coupling constant of 2Hz. This suggest-
ed that the by-proéuct was either (82a) or (82b), but not
both as only a single product was isolq;ed.w This assignment

‘was supported by the mass spectrum, which showed a molecular

ion at hv% 304.
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MeO | MeO
- MeO ” o
MeO
MeO OMe MeO OMe
~ (83b) ‘ - (83a)
N - \
MeO H._ OH  meo H oM
MeO -
. MeO
MeO OMe MeO ~ OMe
(84b) ' | (84a) )
MeO | . - MéO
MeO -
_ MeO
MeO OMe’ - MeO  OMe
(82b) | : (82a)

'The formation of this by—producf probably takes place by
reaction of some of one of the Diels-Alder adducts (83(a)
.or (b)) with butyl anions to éfford one of the butylated
products either (84a) or (84b). Subsequent base cétalysed
" methylation leads to the eiimination of water to afford
- the product (82(a) or (b)). As fhis -was 'an unwanted by-
product it seemed unnecessary to determine the position

of the methoxy group but rather to attempt to exclude the

formation of this undesired compound.
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,AAlttempts to suppress the formgtion of the undesired product
(825'by changing the solvent, shortening the reaction time,
diluting the reaction mixture, or lowering the reaction
temperature were unsuccessful. However, it was found that
by using only 0.9 molar equivalents of n-butyl lithium the
pentamethoxynaphthalene (30) was produced in a yield of
| 63% (calculated on converted (79)), Qith some starting mate-
rial being recovered. This proved the best method for the
synthesis of 1,2,4,5,8-pentamethoxynaphthalene (30). It's
11_H‘ n.m.r. spectrum showed, interalia, an aromatic singlet
- at § 6.75 and two characteristic ortho- “coupled_proton,s at §6.65
and § 6.80 _with a coupling constant of 10Hz. The structure

~was supported by the mass spectrum which showed a molecular

ion at m/z 278.

Acetylation of the pentamethoxynaphthaleﬁ;‘ (30) with acetic
acid in the presence of trifluorocacetic anhydride produced
only one. pfoduct (86) in high yield with the lH n.m.r. spec-
trum showing, apart from the five methoxy groups, two aromatic
singlets at §6.75 and §67.07, and an acetyl three-proton
singlet at 62.72. It was expected that aéetylation»would
- havé taken place in the 2-position relative to the methoxy

group at C-6, as argqued earlier, but it was necessary to

prove this unequivocally. .
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0 o) 0
MeQO MeO Y MeO /U\
MeO
© ' MeO> '
MeO OMe , OMe
| (86) 0]
(87)
Q OMe
- MeO
(88)
_ Farifia25 has previously synthesised .the pair of isomeric
' quinones 2-acetyl-1,4,6-trimethoxy-5,8~naphthoquinone  (87)

--and 3—acetyl-l,4,6—trimethoxy—5,8-naph£hoquinoné (88). On
oxidation of our naphthalene (86) with 'silver(II) oxide,
‘quinone (87) was produced. It was to be expected that the
vmore electrénrich “of the two naphthalene rings of compound
(86) would bé”the one to be preferentially oxidised to afford
the quinone (57). Support for this proposal was found' in
'the_}H n.m.r. spectrum of guinone (87) in that the quihonoid

proton appeared at §6.10, typical of the chemical shift

of such protons of methoxy—l,4—quinones.

As thé lH n.m.r. spectrum and inffaredjspectrum of 'quinone
(87) and quinone (88) were very similar, comparison of our
quinone with each of the two quinones (87) and (88) (kindly
.supplied by Professor Farina) by melting point ‘and mixed
melting point, as well as chromatographic behaviour in diff-

erent solvents proved that our quinone was identical to
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°" . quinone (87) and different. from compound (88).

-

- In the meantime, work was in progress, on the other portion,

namely the production of a suitably protected aromatic acid.
As 2,4-dihydroxybenzoic acid was readily commercially availa-
- ble it was decided to use derivatives of this acid. as a

model for acylation.

2,4-Dihydroxybenzoic acid was converted with methyl iodide

4Q into the ester methyl-2-~hydroxy-

and potassium carbonate
4-methoxybenzoate (89). This was treated with isopropyl
bromide and potassium carbonate to afford the diether (90).
On saponification of the ester (90) with boiling methanolic

potassium hydroxide, the corresponding acid (91) was obtained.

COOCH, COOCﬂs COOH
OH —» O'Pr 5 O'Pr
MeO MeO MeO
(89) - (90) (91)

Acylation of the pentamethoxynaphthalene (30) with this
model aromatic acid (91) in the pfesence.of trifluoroacetic
anhydride led to the desired monoacylated product (92).
. It was however noted that the diacylated (93) and triacylated
products (94) were also formed in yields of 8 and 11% respec-

~ tively.
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0.

MeO MeO o'pr
MeO OMe
MeO OMe
(92)

1

. This was shown by the "H n.m.r. spectra which showed, apart

from -the 6ther protons, characteristic singlets at 66.76

(Ha), 66.84 (Hb) and § 7.96 (Hc) for compound (93), and aroma-

“  tic singlets at 66.76 (Hd), §6.86 (He), and 67.79 (Hf or

Hg) and 67.97 (Hg or Hf) for compound (94). The assignments



-— 83 -—
U of (93) being supported by mass spectrometry.

Selective deprotection of the monoacylated product (92)
- did not result in the clean removal of the isopropyl group
and it was therefore decided to use another protecting group

'Which could be removed more easily.

COOCH, COOH
OBn OBn
—
()“ﬂe OMe
(96) (95)
2-Benzyloxy-4-methoxybenzoic acid (95) was synthesised in

a manner similar to that of the isopropyl analogue (91),
via the diether (96). Acylation of the naphthopurpurin deriva-
tive (30) using the acid (95) led to the formation of the
acylated product (97) in 63% yield as a single compound.
No di- and triacylation  occurred in this case, presumably
because of the greater bulk of the benzyl substituent in

comparison with the isopropyl group in compound (92).

Selective removal of the benzyl moiety was achieved by treat-

. ing the compound (97) with hydrogen in the presence of palla-

dium on activated carbon as catalyst. This gave rise to
phenol - (98), as shown by lH n.m.r. spectroscopy indicatfng
a hydrogen bonded proton at §12.73 and mass spectrometry

showing a molecular ion at m/z 428.
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MeO MeO 0 OBn

MeO" OMe - MeO MeO o OH
MeO MeO | |
(97) | MeO
" - MeO MeO

(98)

Since acylation with the model acid 2-benzyloxy-4-methoxy-
benzoic acid and the selective removal of the benzyl group
-from the product (96) had been sugcessful, the orsellinic

" acid derivative (43) was synthesised.

Methyl orsellinate prepared according to Sargent41 was methy-

1ated40

to yield the everninic methyl ester (99), and this
was in turn treated with benzyl bromide and potassium carbo-
nate to afford the ester (100). The ester (100) was hydro-

lysed with boiling methanolic potassium hydroxide to afford

OMe

2;benzyloxy—4jmethbxy—G-methylbenzoic acid (43) which has

19 47

previously been synthesised by Sundholm, Nicollier,

48

Kato,9 and Sargent. Comparison of spectroscopic data

- showed identical characteristics.

~ COOCH,  COOCH, COOH
Me OH Me OBn ., - Me OBn

—> —> |

OMe ' OMe OMe

(99) (100) ~(43)
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Achatioh of pentamethoxynaphthalene (30) with this acid (43)
yvielded the desired product (31) in 51% yield, which proved
to be the key intermediate for both syntheses of bikaverin
(10). By 4 nim.r. spectroscopy, the product (31) showed

(apart from the six methoxy groups and the benzyl group)

3

-,ai singlet at §2.36 corresponding to the éryl methyl, an

Aiarbmatic singlet at 66.68 (the other aromatic singlet being
Sitﬁated under :{ the : aromatic: benzyl proton signals: ), and
two meta-coupled protons at §6.32 .and §6.40 (J2.2Hz). The
infrared spectrum showed the aromatic carbonyl at 163lcm-l,

while further evidence for the assignment was obtained from

the mass spectrum which showed a molecular ion at m/z 532.

MeO MeO’ 0 OBn

MeO Me OMe

MeO MeO
(31)

Strangely, acylation of the pentamethoxynaphthalene (30)
with 2-isopropoxy-4-methoxy-6-methylbenzoic acid (102),
produced similarly via the sequence (99) (101) (1l02),
afforded in low yield a mixture of the two isomers (103)

and (104) which were difficult to separate.

COOCH, COOCH; COOH
Me OH Me OPr Me O'Pr
— —>
OMe ' OMe . OMe

- (99) (101) (102)
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- MeO MeO Q. Me
MeO

MeO . OiPrv
MeO MeO - :
(103) MeO MeO O Me
MeO MeO N\~ 0'Pr
MeO MeO
(104)

‘The next step in the synthesis of bikaverin was the formation
of £he xanthone ring. It was envisaged that if the naphtha-
lene ring of compound (31) could be oxidised to produce.
either the quinone (105) or, better still, the diquinone
(106), then on selective removal of. the benzyl group this

(106) would hopefully 1lead to spontaneous cyclisation to

afford the xanthone bikaverin (10).

MeO. 0 ‘() OBn

MeO Me OMe
o . MeO ')
"MeO MeO OBn (105)

MeO Me OMe
- MeO MeO

(31)
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*This would take place by 1,4-addition of the hydroxyl group
to the a, >B—unsaturated carbopyl system of the quinone.
- However, it was also anticipated that oxidation, if it were
~ to afford a monoquinone, would once again take place preferen-
tially at the more electron~rich rihg. This was established
f..in practice, since oxidation of the naphthalené (31) with
various oxidising agents only led to the formation of the

monoquinone (36).

In order to obtain the isomeric quinone (105), it was expected-
‘that one of the methyl protecting groups on the acylated
ring of the naphthalene would have to be removed to permit

selective oxidation of the derived para- methoxyphenol.

However, this route proved to be unnecessary; gince treatment
of the monoquinone (36) at 0°C with seQéh molar equivalents
of boron trichloride produced the spirocompound (37).  This
presumably arose -as a result of the removal of the benzyl
moiety - as Qell as the two remaining methyl groups in
. positions peri-to the carbonyl of the quinone (36). = This
was then followed by 1,2~addition of the hydroxyl group
to fhe quinone (107) which exists in tautomeric equilibfium

with the quinone (108).

O OMeO OBn

MeO Me OMe
o OMe

(36)
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OH o 0O Me

| MeO HO OMe \
0 T (107)

O o 9 WM
MeO HO_~'OMe
o HO (1o0s)

2 .

The addition is in contrast to that encountered by Whalley4
who found that the 1,4-benzoquinone  (109) undergoes

'1,4-Michael addition of the hydroxyl group'to afford product

(110).
o Me OH Me
HO OH U OH
—>
OH
O O 0
(109) (110)

Support for the assignment of structure (37) was provided
Iby its 1H n.m.r. spectrum (Figure“2),uwhich clearly showed
the presence of two doublets at §3.20 and §3.55 each with
a coupling constané of 17.5Hz, cdfresponding to the methylene

11

protons (c.f. Lewis ~). Additional evidence was adduced

from the mass spectrum which showed a molecular ion at m/z 384



r_J

I
[2))
(e o]
1
_

—

‘.69.812.412.212.011.!H.Ulm

-

—

N

S
I

.

—

M

 a

MeO

—

-

)

L

OMe

)

\Asnebneme

YIITIIII[]llll]7ll!]‘l‘ll]l171r1|l]ll17l[lIIIIIIII]TYTTlTIIIIIIIII1IIl[Tl1‘['7f1’_r1lll]lll1[l]ll!l]ll

8.0 8.0

6.0

5.0 .
figure 2

4.0

3.0

1.0

0.0 PPM



- 90 -~

!ifIﬁferesfiﬁgly the base peak was at m/z 382. This presumably

_ shbwed that the spirocompound (37) underwent rearrangement
>and oxidationvto bikaverin {(10) upon electron impact. This
was encouraging as it seemed plausible that on heating the
~ spirocompound it would rearrange té bikaverin (10). The

infrared spectrum showed three carbonyls at 1702 cm_l

1

and

1653 cm™! ana 1628 cm”

cm-l, 1677 and 1670 cm_l

(c.f. Lewis' structure (28) 1703

).

It was also noted that the trihydroxyspirocompound (111)
was formed as a by-product. This arose as a result of the
additional removal of the methyl group ortho-to the "quinone

carbonyl during the reaction with boron trichloride.

o § 9
Me
HO O
HO- O OMe
(111) .
This product (111) also showed two doublets at §3.16
and 63.52, each with a coupling constant of 16.7Hz. In
addition it only showed one methoxy signal in its lH n.m.r.
spectrum (Figure 3). The mass spectrum showed the expected
molecular ion at m/z 370 and the expected rearranged

norbikaverin value of m/z 368.

Difficulties arose 1in the purificétion of both products.
The elemental analyses of both spirocompounds were marginally

low in carbon content, although the high resolution mass
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" spectra showed molecular ions.of mass 370.0664 and 384.0867
which would be expected for the molecular formula CygHq,40g
20Hl608 for Ehe precursors of norbikaverin and bikaverin

resepctively.

and C

"HO Me

MeO N0 OMe

HO
© (10)

Rearrangement of the spirocompound (37) to bikaverin (which
was microanalytically pure) was accomplished by heating
in boiling nitrobenzene for two hours. The lH n.m.r, spectrum
(Figure 4) clearly showed interalig, the presence of only three
high field protons: one singlet at 66.27 and two meta- coupled
protons (J2.7Hz) at 66.73 and §6.84. The doublet at §6.73
showed long range coupling (J0.5Hz) with the aryl methyl
protons. An interesting difference between the lH n.m.r.
spectrum of bikaverin (10) and the spirocompound (36) was
the relative deshielding of the aryl methyl protons in bika-
verin (lQ) (6§2.79) as compared to the spirocompound (§2.45).
This difference was not observed in the two related compounds
synthesised by Lewisll, the spirocompound (28) and the =xan-

thone (29) in which both aryl methyl protons appeared as

singlets at §2.45.

- The mass spectrum also confirmed that the rearrangement
had taken place as a molecular ion of m/z 382 was observed.

Comparison of an authentic sample of bikaverin of natural
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origin, kindly provided by Kjar, with our synthetic bika-
verin showed them to be identical in respect of physical

and spectroscopic characteristics.

The fact that 1,2-addition is preferred over 1,4-addition
‘could be due to steric reasons, as in the spirostructure
(37) the substituted benzene ring will be in a different
plane to that of the naphthalene ring while in the xanthone
structure it would have to be planar, this might mean that
the spirocompound (37) is the kinetically controlled product
and the xanthone (10) the thermodynamically controlled pro-

duct.

A further pbssibility would be that the carbon ortho-to two
carbonyls is more electron deficient than the carbon where

Michael addition would be expected to take place.

As the work described above was in progress, alternative

methods for ring closure were investigated.

It was considered that the selective removal of the benzyl
group in the guinone (105) would lead to spontaneous formation

of either the spirocompound (34) or the xanthone (128).
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Since these strucfures contain methyl ethers in the 1left
hand ring (c.f. hydroxyl groups of structure (36)), it was
believed that purification of these methyl ethers would
not be as difficult as for (37) and bikaverin (10). The
task was ﬁhen to’ synthesise é pentaoxygenated naphthalene
'similar to structure (30) but with positions 5- and 8- protec-
ted by groups other than methyl, and which could be more
easily removed.  An example that was considered was the
5,8-dibenzyl ether (112). The synthesis of this compound
(112) could be achieved in two ways:
(i) by starting with a 2-substituted furan bearing a group
other than methoxy or
(ii) by starting with 2,3-dimethoxyfuran (113) and reacting
this with 2-bromo-1,4-dibenzyloxybenzene (114) in

the presence of sodium amide.
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OBn | "MeO  OBn
Br —
- -
MeO" Me
OBn OMe MeO OBn

(114) ' (113) (112)

2-Isopropoxyfuran is a known compound,43 synthesised from
2-furoic acid, the last step in vthe synthesis involving
the decarboxylation of 2-isopropoxy-5-furoic acid with coﬁper
in the presence of Quinoline. In our hands difficulty was
experienced in separating the product from quinoline. Never-
theless the 2-isopropoxyfuran that was p;epared was reacted
with S5-bromo-1,2,4-trimethoxybenzene in the presence of
sodium amide. The reaction failed to yield any identifiable

- product and was abandoned.

A literature search showed that 2,3-dimethoxyfuran (113)44
is only postulated to be formed in situ by demethanolation
of 2,3,5-trimethoxydihydrofuran and this envisaged route

was therefore also not pursued further.

— OMe < OMe
MeO 0 OMe - ‘ / \OMe

(113)
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;§e£urning to én earlier idea, the benzyl group in the acylated
',haphthalene' (31.) was selectively removed with hydrogen and
palladium on activated carbon as catalyst to yield the naph-
thol (32). This compound showed inter alia, a characteristic

h hydrogen bonded proton at §12.97 in the lH n.m.r. spectrum,
éé well as molecular. ion of m/z 442 and a characteristic

1

‘hydroxyl stretching frequency of 3380 cm - in the infrared

spectrum.

MeO MeO 9 OBn

MeO Me OMe.
MeO MeO | .

(31)

MeO OMe Q OH

MeO Me OMe
MeO OMe

(32)

Methods were then investigated for ring closure in this
product.

45 has shown that 2—hydroxy-3'—methoxybenzophenones

Lewis
such as (115) undergo intramolecular oxidative cyclisation
with 2,3-dichloro-5,6~dicyanobenzoquinone to form the corres-

ponding methoxy xanthones (116) and (117).
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O
OMe

OH
(115) ¢ ‘ \\t

0 - 0 T
C o . ()hﬂe‘ "

(116) : (117)

LeWisll later showed that the benzophenone (118) upon oxida-

tion with 2,3-dichloro-5,6-dicyanobenzoquinone yielded two
products (119) and (120); compound (119) could in turn be

converted into xanthone (120) by heating.

Me O OH

MeO OH

(118)

HO

(120)
Although it was reaiized that the naphthol (32)  did not
-posses the hydroquinone structure of (118) it was nevertheless
considered worthwhile to attempt ehiswitype of reaction on
our naphthel (32). Thus addition of 1.5 molar equivalents
of '2,3—dichldro-§,6—dicyanobenzequinone to .(32) afforded
one major product in a yield of 61%. .Apart from the expected

methoxy and methyl protons, the lH n.m.r. spectrum (Figure 5)
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.Showed a singlet integrating for one proton at§ 6.43, two
aromatic meta-coupled protons at § 6.35 and §6.53 ~ respec-
tively, and a singlet at §5.00 integrating for one préton.
The sfructure was identified as the spiroenol  ether (33).
Confirmation of this was obtained from the presence of a

‘molecular ion at m/z 426 in the mass spectrum and two carbonyl
‘ 1

stretching bands in the infrared spectrum at 1710 cm_ for
the five-membered ring and 1676 em™l for the six-membered
ring.
ome ©
MeO e OH
MeO Me OMe
MeO OMe » \
\ .
(32)
y 0
MeO O
‘Me
MeO
MeO OMe

OMe
(33) '

Thelmechénism for the formation of the spiroenol ether (33)
was postulated to be similar to that of Becker,46 who des-
cribed the oxidation of 3,4,5-trimethoxyphenol (121) to
3,5-dimethoxybenzoquinone (122). The presence of the complex

intermediate (123) was demonstrated by infrared spectroscopy.
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OH - 0
cl CN
. MeO ‘OMe o CN
o OMe 4
. 0
(121) O
MeO OMe
0]
MeO O
-« Ci CN
MeO OMe Cl CN
O | (123) OH
OH (122)
Cl CN
Cl CN
OH

In our system the naphthol (32) would undergo transfer of
a hydrogen atom to give the phenoxy radical (125) and the
2,3~dichloro~-5,6~-dicyanhydroquinone radical (124). The
two radicals could then combine té yield a "2,3-dichloro-
5,6~dicyanbenzoquinonephenol adduct" (126). On subjection
to chromatography the acidic conditions would result in
;tﬁé hydrolysis of the ketal to yield product (33). However,
this Qould assume the more facile hydrolysis of the ketal

function in compound (126) than that of the enol ether.
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OH

cl CN
Cl CN

.(124) 0. )

MeO OMe
(33)

MeO O O
'.Me

O ' OMe

(34) (127)
O - OMe

This product (33) was hydrolysed in turn to the triketone

MeO

- (34) in very high yield with trifluoroacetic acid in water.

The lH n.m.r. spectrum showed inter alia, .two doublets até§ 3.19

and 63.46 each with a coupling ‘constant of 15Hz and three
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cafbonyl stretcﬁing frequences in the infrared spectrum
at 1707 and 1677 em™ L, Interestingly, it was noted
that on hydrolysing the product (33) with trifluoroacetic
acid in deuterium oxide, deuterium was specifically incorp-
erated in only oﬁe of the positions occupied by the methylene
protons, as the deuterated product (127) showed in its lH
'n.m;r. spectrum a singlet at‘63.15.

Although the original objective to prepare the quinone (105)
as a potential precursor to the tetracyclic gquinonoid (128)
had not been accomplished, the need for its formation had
now been obviated since the spirocompound (34) was now availa-
ble which provided an alternative route to =xanthone (128)
from which bikaverin could be synthesised. Purification
of this spirocompound (34) proved to be straight forward
compared to the spirocompound (37), presumably, since the
ponversion of the enol ether (33) to the spirocompound (34)

was a cleaner reaction than that of the corresponding conver-

sion of quinone (36) to the analogue (37).

As predicted, rearrangement of compound (34) was accomplished
by vacuum sublimation at 220°C to afford the hydroquinone
(35) in excellent yield. The 1H n.m.r. spectrum showed
inter alia, a one-proton aromatic singlet at §6.53, two meta-
coupled ‘protons at §6.62 and §6.83, the signal at$ 6.62
actually being a doublet of gquartets due to long range
coupling with the methyl three-proton doublet at §2.86.

This last value is at lower chemical shift (A8 0.50) than

that observed for the methyl protons in the preceeding spiro-
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compound (34) (62.36), similar to that observed earlier
(spirocompound (37) to xanthone (10)). The two hydroxyl
protons were observed at 6§9.70 and §15.17 respectively.
The latter signal arising from the proton of the hydroxyl

group hydrogen bonded to the adjacent carbonyl function.

The hydroquinone (35) did not spontaneously oxidise in air
to the quinone (128), but on stirring in chloroform in the
presence of silver(I) oxide, the quinone (128) was formed
in very good yield (93%). The spectroscopié and physical'

characteristics proved to be identical to a sample of natural

originz-a kindly provided by Professor Kjeer.

It has been shown8 that this quinone (128) can be selectively
demethylated with 1lithium iodide to afford bikaverin (10)

in a yield of 80%.

During our work hndertaken towards_the synthesis of bikaverin
(10) it was suggested that rearrangement of the spirocompounds
(34) and (37) might arise through migration of the carbonyl
carbon from the 'spiro carbon onto the carbon vicinal to
it, rather than the alternative migration of the ether oxygen

to the same carbon.
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MeO 0O OMe - scheme 1
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" The latfer possibility seemed far more reasonable, since
it would only involve a reversal of thé reactions which

" had led to the formation of spirocompound (34) and (37),
" and the subsequent nuclebphilic addition of the derived
phenolic oxygen to the a, B-unsaturated carbonyl group of

' the quinone in each compound (132)_and (131) to afford the
hydroquinones (i33) and (35) resbectively. (See Scheme
1). Subsequent oxidation in the former case took place
readily in the more electron-rich ring to afford bikaverin

(10), since that ring constituted an unprotected hydroquinone.

Me

9 4o
SR Illi! U OMe
| MeO ,Ill|l

. o HO ¢ |

-(130)

(129)

As the ‘differences between 'bikavgrin (10) and its isoher'
(129), and between 1the isomer (35) and (130) ((129) and
(130) formed bygmigration-of carbonyl carbon) might conceiva-
bly all be very sm%ll in terms of their physical and'speqtro—
scopic characteristics, differentiaﬁion oh' the Dbasis bf

these criteria might be misleading. It was therefore decided
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'to determine the 'Structurg  unambiguously using X~-ray

- diffraction methods.

MeO iVIe'O

MeO
" MeO MeO

(134)

Suitable crystals of the xanthone (134) prepared by methyla-
. tion of the hydroquinone (35) were grown. BAnalysis of the
crystal structure (Figure 6) showed unequivocally that the

‘desired isomer had been formed.

Whilst the methods for effecting ring closure of naphthol
(32) into the xanthone (10) via spiro intermediates were
being studied, balternative routes to afford xanthone (134)

obviating the unnecessary spiro intermediates. were . investi-

gated.

0

OMe

OH

(137)

49

"Scheinmann has reported that ring closures of compounds



- 110 -

 \ such as (135) to afford the =xanthone (136) could be achieved
by irradiation with wultraviolet 1light in the presence of
oxygen. More recently Mukerjee50 has éiso reported a similar
reaction in which the naphthol (137) was treated in a similar
- manner to that described above to afford the xanthone (138).
it' was. hoped therefore that irradiation of our . naphthol

-(32) in the presence of oxygen would afford the =xanthone

(134), a precursor in the synthesis of bikaverin (10).

However, irradiation of the naphthol (32) in the presence
of oxygen afforded two products of similar Rf value, neither
of which proved to be the desired product (134). Nevertheless

the results of the reaction proved to be very interesting.

Examination of the mass spectra of both products showed
a molecular ion of m/z 474, indicating an increase of 32
atomic ﬁass units, which led to the supposition that a mole-
cule of oxygen had been added to the naphthol to afford
two products. Microanalysis of the major product supported
this supposition.

Examination of the lH n.m.r. spectra revealed the aryl
methyl three-proton singlet at §2.00 for the major photo-
chemical product (139) and at §1.89 for the minor photo-
- chemical product (140). This result indicated that ring
closure had not been effected since earlier results had
shown . that the chemical shift for the aryl methyi group
of the xanthones e.g. bikaverin (10) was ats$§ 2.79 and was

- at higher chemical shift wvalue than the corresponding spiro
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’
‘compound (37) where the methyl gréup appearea at§ 2.45.
In the above case there is very little difference between
the naphthol (32) and products (139)" and (140). The '
n.m.r, spectra also showed, inter alia, one~-proton singlets
at 65.36 and 65.00 for the major product (139)* and minor
product (140)* respectively, which would also hot be

consistent with a xanthone structure. The problem was now

to establish how the oxygen had been added to the naphthol’

(32).
Me Me
®
(141)M'e (142)Me

32 have both described a photosensitised

Wasserman51 and Hart
oxygenation of methyl naphthalenes, for example 1l,4-dimethyl-
naphthalene (141) to afford arene-peroxides such as (142).
Rigaudy53 ﬁas also described similar reactions of methoxy-
" anthracenes to give arene-peroxides. Initially it was thought

that our reaction had also led to the formation of the two

endoperoxides (143) and (144).

MeOMeO & OH

1 O
OMMeONY Me .~ OMe
MeO MeO

(144)

(At this stage in the work both are interchangeable).
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'  Herver, fhe maﬁor product (139) exhibited two sharp bands

- at 1740 and 1716 em 1, which did not seem to be consistent
with a conjugated carbonyl group attached to an aromatic

 ring; Furthermére Wasserman indicated that on heating endo-
 peroxides, starting material would be reformed together
inth the lossl of oxygen; Pyrolysis of our material did
_hot lead to the»formation of the starting material casting

doubt upon the endoperoxide as a possible structure.

Examination of the fragmentation pattern of the mass spectra
of both photo products provided further evidence .that an
endope?oxide had not been formed, as the loss of oxygen was
not evident. The ﬁigh reéolution mass spectrum of the minor
product (140) showed apart from the molecular ion at m/z
474.1471, two peaks at m/z 443.1346 “"and at m/z 412.1148,
each of these corresponding to the 1loss of a methoxy group
and not oxygen. Meanwhile the major product (139) showed
two peaks at m/z 443.1350 and at m/z 411.1054, the first
fragmentation being due to loss of a methoxy group and the

second methanol and not oxygen.

MeO MeO 0. OMe
MeO MeO
—> —> MeO_
OMe OMe ‘ OMe
hﬂe() » hﬂe() () ()Aﬂe
(145) (146)
(147)
OMe

(148)
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iA. further litérature survey54 revealed that permethoxyben-
zenes, such as (145) when treated in a similar manner as
above using methanol as a solvent afforded (148). It was
proposed that the product (148) was formed 'by initially
forming the endoperoxide (146) which underwent rearrangement
to form the diepoxide (147) reaction of which wiﬁh the solvent
methanol could form the observed product (148). Since oﬁr
reactioh was performed in an aprotic solvent i.e. dry benzene
the diepoxides (139) and (140) might be produced and not
react further. As there were two products it was envisaged
that one would be the cis-diepoxide (139) and the othér'the

vmw-diepoxide (140). All the spectroscopic evidence seemed

to fit the proposed structures.

In. order to verify our proposed structures, and"to show
which epoxide had the trans-structure and which one had the
cis~structure crystals of the major'product (139) were grown
from various solvents but were found to be unsuitable for
X-ray analysis. At present attempts to make a derivative

of the naphthol of the major product (139) are in progress
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'Twith the'aimlof trying to grow crystals which will be suitable

"for X-ray analysis.

In summary, the goal of this work, namely the synthesis

of bikaverin with improved yields, had been successfully

“achieved by two different methods.
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EXPERIMENTAL

.Procedures, equipment: and abbreviations are identical to
those described in chapter 1, except where stated 1H n.m.r.
Ispectra were récorded on a Varian VXR-200 at 200 MHz, while
all 13C n.m.r. spectra were recorded on the same instrument

:at 50.1 MHz.

2-(2',4'-Dimethoxybenzoyl)-1,4-dimethoxynaphthalene (49), 2—(2’,4'-Dimethoxy-
75'-(2",4"-dimethoxybenzoyl)benzoyl)-l,4—dimethoxynaphthalene (50), and 2-(2',

» :4'- Dimethox)l)- 5_'—(_2",4"-dimethoxy-3"-trifluoroacetylbenzoyl)benzoyl)-1,4-dimethoxy—__
naphthalene (51).- "
(a) 2,4-Dimethoxybenzoic acid (48) (130 mg, 0.72 mmol)
premixed with trifluoroacetic anhydride (190 mg, 0.90 mmol)
was rapidly added to 1,4-dimethoxynaphthalene (47) (lOO‘mg,
0.6 mmol) dissolved in dry methylene di&hloride (3 ml).
" The mixture was stirred at room temperature for 22 h with
one further aliquot being added after 6 h. The reaction
was quenched by the successive additions of an excess of
_methanél and a saturated aqueous sodium hydrogen carbonate
. solution. The organic material was extracted into methylene
'dichioride and the residue obtained wupon work-up was
-chromatographed (eluant 20% ethyl acetate-light petroleum)
to afford the product (49) (96 mg, 51%) as yellow dia-
‘monds, m.p. 109-109.5°C (2-propanol) (Found: C, 71.55;

requires C, 71.6, H, 5.7%); 1629

Cr1H5005
(C=0) and 1603 (C=C) cm Y; 6§3.65, 3.68, 3.84, and 3.96

0

H, 5'65f vmax._

]
(eaCh 3H, S, 0CH3), 6-46br. (lH, S' 3 —H), 6-50 (lH, dd'
'
J7 and 3HZ( 5 _H), 6.88 (lH, s, 3"'H), 7046-'7-66 (3H, m,

1
6 -H and 6- and 7-H), and 8.03-8.36 (2H, m, 5- and 8-H);
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m/z 352 (M+, 100%), 337 (41), 201 (32), 165 (73), 151 (20),
- 129 (28), 122 (23), and 101 (21). The second pfoduct (50)
(28 mg, 9%) eluted afterwards as opaque hexagons, m.p.
'174~175°C (methanol)(Found: C, 69.65; _H, 5.5. C, . H,,0

307288

requires C, 69.8; H, 5.4%); Voax, 1628 (C=0) and 1607 and
) .

1590 (c=C) em™'; 63.65 (6H, s, 2 x OCH;), 3.70, 3.78, 3.8,
and 3.96 (each 3H, s, OCH,), 6.37 (lH, d, J2Hz, 3 -H),
6.42 (1H, s, 3'-H), 6.45 (1H, 44, J10 - and 2Hz, SH-H),
6.90 (1H, s, 3;H), 7.54 (1H, d, J10Hz, 6"-H), 7.47-7.62
(2H, m, 6- and 7-H), 7.82 (lH, s, 6 -H), and 8.00-8.30
-'(2H, m, 5= and 8-H)74 m/z 516 (M+, 65%), 363 (17), 329 (1l1),
215 (10), and 165 (100). A third product (51) (i4 mg,
4%) was also jidentified only shown by lH n.m.r. spectrometry
. 63.43, 3.64, 3.70, 3.77, 3.81, and 3.96 (each 3H, s, OCH,),
6.42 (lH, s, 3 -H), 6.56 (lH, d, J10Hz, 5 -H)} 6.87 (1H,
s, 3-H), 7.37 (1H, d, J10Hz, 6 -H), 7.46-7.62 (2H, m, 6-
and 7-H), 7.83 (1H, s, 6 -H), and 7.97-8.34 (2H, m, 5-
and 8-H). |
v(b) Treatment of 1,4-dimethoxynaphthalene (47) (100 mg,
0.6 mmol) was described above with only one molar eQuivalent
.of the mixed anhydride resulted in the formation of (49)
(114‘mg, 61%) as the sole product, as well as unreacted

starting material.

1-Acetoxy-2-(2',4'-dimethoxybenzoyl)-4-methoxyndphthalene (52).-

The naphthalene (49) (120 mg, b.34 mmoif in,dry methylene
dichloride (5 ml) was treated at -78°C with boron trichloride
;(130 mg, 1.36 mmol) in the same solvent. After 25 min

the solution was allowed to warm to room temperature and
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fhéﬁ'hydroiyséd with an excess of water. The organic mate-
rial was extracted into methylene dichloride. The residue
obtained upon work-up was dissolved in dry pyridine (2 ml)
and acetic anhydride (1 ml). The mixture was heated at
80°C for 2 h. The cooled reaction mixture was added to
';ah excess of water, the organic material was then extrac-
N ﬁgd_ into methylene dichloride, keeping the pyridine in
tﬁe aqueous layer by careful acidification with dilute
hydrochloric acid. The residue obtained ﬁpon work-up was
chromatographed (eluant 20% ethyl acetate-light petroleum)
to afford the acetate (52) (114 mg, 88%) as white needles,
m.p. 129-130°C (2-propanol){(Found: C, 69.6; H, 5.25,

0 requires C, 69.5; H, 5.25%); v 1756 (OAc)

C22H20 6 max.

and 1717 (C=0) om '; 62.18 (3H, s, CH,CO), 3.62, 3.85,
and 3.97 (each 3H, s, OCH,), 6.47br. (lH, s, 3 -H), 6.54
(1H, dad, J10 and 3Hz, 5 -H), 6.96 (1H, s, 3-H), 7.56 (1H,
d, J10Hz, 6 -H), 7.46-7.66 (2H, m, 6- and 7-H), 7.69-7.90
(1H, m, 5-H), and 8.16-8.40 (1H, m, 8-H); m/z 380 (M,

2%), 338 (21), 200 (100), and 43 (34).

2-Bromo-1,4,5,8-tetramethoxynaphthalene (75) .-

A slurry of sodamide in 1light petroleum (1.0 g, excess)
was weighed directly into a round bottom flask, to which
a solution of 2-methoxyfuran (0.4 g, 4.1 mmol) in 1,2-dimeth-
6xyethane {5 ml) was addéd followed by 2,5-dibromo-1,4-
| dimethoxybenzene (72)33 (0.2 g, 0.68 mmol) in 1,2-dimethoxy-
_ethane (10 ml). The reaction mixture was boiled with stirr-
ing under nitrogen for 24 h. The cooled reaction mixture

was quenched by the slow addition of t-butyl alcochol (20



- 118 -

ﬁl), and then poured into water (100 ﬁl). The organic
material was extracted into ether (4 x 100 ml). The residue
_obtained upon work-up was flash chromatographed (eluant
50% ethyl acetate~light petroleum) to afford an 0il which
was immediately dissolved in dry acetone (50 ml), to which
ary potassium carbonate (1.2 g, 6.8 mmol) and 'dimethyl_
Sulphate (1.0 g, 0.78 ml, 6.8 mmol) were added, and the
mixture heated under reflux with stirring for 20 h. The
cooled  reaction mixture was filtered and evaporated to
produce a residue which was dissolved in ether (50 ml)
and washed with a 25% ammonia solutioﬁ (4 x 50 ml), féllowed
by watert(SO.ml) dilute hydrochloric acid (50 ml) and finall§
‘water (50 ml).v The ether solution was dried (MgSO4) and
evaporated yielding a residue which was chromatographed
(eluant 10% ethyl acetate-light petroleqng to\.affordv the
product (75) (38%, 84 mg) as pale brown needles, m.p.
104-105.5°C (light petroleum-methylene dichloride)(Found:
C, 51.65; H, 4.55.° C. H,.0,Br requires C, 51.4; H, 4.6%);

1471574
1

1608 (C=C) and 1580 (C=C) cm ~; §3.80 and 3.86 (each

vmax;
3H, s, OCH3), 3.89 (6H, s, 2 x OCH3), 6.84 (2H, s, 6~ and
7-H), and 6.97 (lH, s, 3~H); m/z 328 (M7, 100%), 326 (M,

100%), 312 (16), 232 (41), 217 (32), and 203 (19).

1,4-Epoxy-1,4-dihydro-5,6,8-trimethoxynaphthalene (71).-

. A slurry of sodamide in 1light pefroleum (0.91 g, excess)
_ wastheighed directly in a round bottom flask, to which
a solution of furan’ (3.0 g, 44.1 mmol) in 1,2-dimethoxyethane
(10 ml) was added followed by 5-bromo-1,3,4,-trimethoxy-

_benzene (65)35 (0.20 g, 0.81 mmol) in 1,2-dimethoxyethane ,
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(5 ml). The reaction mixture was boiled under nitrogen
for 2 h. The cooled reaction mixture was quenched by the
sloy addition of t—b&%yl alcohol (20 ml), and then added
to water (100 ml). The organiq material was the extracted
into ether (4 x 100 ml). The residue obtained upon work-up
 :was chromatographed (eluant 10% ethyl acetate-light petro-
igum) to afford the product (71) (110 mg, 58%) as opague
diamonds, m.p. 95-97°C (light petroleﬁm—methylene dichloride)
(Found: C, 66.7; H, 5.85. C13Hl404 réquires c, 66.7; H,
5.98); v___ 1626 and 1610 (C=C) cm ; §3.77 (6H, s, 2
b 4 OCH3), 3.80 (3H, s, OCH3), 5.88br. (2H, d, J3.6Hz,
bridgehead H s), 6.06 (1H, s, 7-H), and 6.95br. (2H, s,
alkene Hls); m/z 234 (M+, 87%), 219 (51), 205 (57), 191

(100), and 175 (20).

1,2,4,5,8-Pentamethoxynaphthalene (30).- '

A slurry of sodamide and 1light petroleum (3.9 g, 0.10 mol)
was weighed directly into a round bottom flask, to this
was added 2-methoxyfuran (2.5 g, 0.026 mol) in 1,2—dimethoxy—
ethane (10 ml) and l-bromo-2,4,5—trimethoxybenzene35 (65)
(5.0 g, 0.02 mol) in 1,2-dimethoxyethane (20 ml). The
reaction mixture was boiled under nitrogen for 6 h. The
cooled reaction mixture was quenched by the slow additioh
of t-butyl alcohdl (40 ml), and then added to water (200 ml).
The organic material was then extracted into ether (4 x
100 ml). The residue obtained upon work-up was chroma-
.tographed (eluant 40% ethyl acetate-light petroleum) afford-

ing a light brown o0il which was immediately dissolved in

"dry acetone (150 ml), to which dry potassium carbonate
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'i27.8 g, 0.2 mol) and dimethyl .sulphate (19.1 ml, 0.2 mol)
~were added, and the mixture heated under reflux with stirring’
"for 16 h. The éooled reaction mixture was treated as
described in the following method to afford the penta-
‘methoxynaphthalene (30) (1.66 g, 30%) as white needles,
m.p. 105-106°C, identical to the prqduct described in the
following method.

1,2,4,5,8-Pentamethoxynaphthaiene (30) and 7-Butyl-_1,2,3,(or 4),5-tetramethoxy-
naphthalene J(.82);:f.— |

(a) 1,2—Dibromo—3,4,6—trimethoxybenzéne (79)37 (6.10 g}
0'.'019 mol) and 2-methokyfuran' (2.20 g, 0.021 mol) weré
stirred in dry tetrahydrofuran (50 ml) at -78°C under nitro-
gen. n-Butyl 1lithium (1.21 M, 13.87 ml, 0.017 mol) was
dripped in over 15 min and the solution st;%rred \:for another
10 min. The reaction mixture was allowed to warm to room
temperature and poured into water (200 ml). The organic
- material waé then ‘exfracted into ether (4 x 100 ml). ‘The
residue obtained upon work-up  was flash chromatographedl
(eluant 40% ethyl acetate-~light petroleumj to afford é
light brown oil. This was immediately dissolved in dry
acetc;ne (150 ml), to which dry potassium carbonate (25.7 g,
0.19 mol) and dimethyl sulphate (17.7 ml, 23.5 g, 0.19 mol)
were added, and the mixture heated under reflux with stirring
" for 16 h. The cooled reaction mixture _v was filtered and
-evaporated to give a residue which was dissolved in ether
(200 ml) and washed with a 25% ammonia solution (4 x 100
ml), followed by water (150 ml), dilute hydrochloric. acid

(100 ml) and finally water (150 ml). The ether solution
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Qaﬁ dried (MgSO4) and evaporated, yielding a residue which
was chromatographed (eluant 20% ethyl acetate-light petro-
leum) to afford, firstly, starting material (79) (0.56 g)
followed by the product (30) (3.02 g, 63%) as white needles,
m.p. 105-106°C (light petroleum) (Found: C, 64.6; H, 6.8.

0, requires C, 64.75; H, 6.5%); v 1601 (c=C)

. ¢15Hl8 max.

- em™!, 18 n.m.r (200 MHz) 63.81, 3.88, 3.90, 3.92, and 3.98
(each 3H, s, OCHy), 6.65 (1H, d, J10Hz, 6-H), 6.75 (1H,

13¢ n.m.r. §57.30, 57.35,

s, 3-H), 6.80 (1H, 4, J10Hz, 7-H);
57.61, 57.80, 61.88 (5 x OCH3), 99.20 (c-3), 105.20 (C-6),
108.97 (c-7), 115.54 (Cc-8a)®, 124.19 (c-4a)®, 138.13 (C-5),
149.99 (C—8)b, 150.13 (C—2)b, 151.48 (Cc-1), 153.85 (C-4)
(assignment with the same superscript may be interchanged);
m/z 278 (M', 100%), 263 (58), and 249 (18).

(b) Using one molar equivalent of n-butyl lithium resulted
in the formation of a butylated product (82), as well as
the desired Diels-Alder products, the butylated product
(82)4 increasing in yield as the scale of the reaction was

increased. lH n.m.r. §0.95 (3H, t, J7.2Hz, —CH2CH3), 1.341.5

2 2
t, J7.7Hz, Ar—CH2-),~ 3.84 and 3.96 (each 34, s, OCH3),
3.98 (6H, s, 2 x OCH3) 6.64 (lH, s, 2- or 3-H), 6.73 (1H,
d, J2Hz, 6-H), and 7.58 (1H, d, J2Hz, 8-H); m/z 304 (M',

- 100%), 289 (63), and 261 (44).

2-Acetyl-1,4,5,6,8-pentamethoxynaphthalene (86) .-
.Acetic acid (220 mg, 0.37 mmol) premixed with trifluoroacetic
anhydride (770 mg, 0.37 mmol) was rapidly added to 1,2,4,5;8—

pentamethoxynaphthalene (30) (113 mg, 0.41 mmol) in dry
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ﬁetﬁylene dichloride (5 ml). The mixture was stirred at
room temperature for 21 h, The reaction was quenched by
éuccessive additions of an excess of metha;Bl and a saturated
aqueous sodium hydrogen carbonate solution. The organic
material was extracted into methylene dichloride and the
_:résidue obtained upon work-up was chromatographed (eluant
. 20%- ethyl acetate-light petroleum) to afford the product
(86) (108 mg, 83%) as paie yellow flakes, m.p. 108-109°C

(light petroleum/methylene dichloride)(Found: C, 63.45;

. EtOH
H, 6.2. Cl7H2006,requ1res C, 63.75; H, 6.25%); UV Amax.
nm (log E) 350 (3.87) and 380 (3.90); v 1679 (C=0)

max.

and 1594 (C=C) cm—l; 18 nom.r. 62.72 (3H, s, COCH,), 3.76,

3.78, 3.94, 3.98, and 4.00 (each 3H, s, OCH3), 6.75 (s,

13

1H, 7-H), and 7.07 (1lH, s, 3-H); C n.m.r §31.03 (CH3C),

56.32, 56.41, 56.61, 61.48, and 63.29 (5 x OCH3)r 97.61
(c-7), 105.31 (c-3) 116.15 (Cc-8a)?, 126.00 (C-4a)®, 126.34

.(C—2), 137.82 (c-1), 151.52 (C-4), 152.05 (C-6), 152.52
{(C-5), 153.91 (C-8), and 199.67 (CO) (assignments with
the same superscript may be interchanged); m/z 320 (M+,
100%), 305 (60), 290 (10), 277 (20), 273 (17), 247 (1l0),

and 43 (20).

2-Acetyl-1,4,6-trimethoxy-5,8-naphthoquinone (87) .-

vThe naphthalene (86) (67.5 mg, 0.21 mmols), silver(II)
oxide (107_mg, 0.84 mmol) and dioxane (5 ml) were stirred
together at room temperature. Nitric acid (6M, 0.8 ml)
was added and the reaction mixture was stirred for 4 min.
A mixture of methylene dichloride (20 ml) and water (5 ml)

was added and the organic layer was separated and washed
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 with more water. The residue oﬁtained upon work-up was
chromatographed (eluant 50% ethyl acétate—light petroleum)
to give the quinone (;7) (57 mg, 93%) m.p. 187-188.5°C
(methanolj, identical to an authentic sample of 2-acetyl-
1,4,6-trimethoxy-5,8-naphthoquinone (87) kindly provided
,:by Farina, but differentfronlanauthentic sample of 3-acetyl-
l~,4‘,6—trimethoxy—5,8—naphthoquinone25 (88) also provided
by Farina. (m.p. 174-175°C). Literature melting points25
of both these compounds were quoted to be 169-170°C and
179-180°C for the 2-~acetyl compound (87) and the 3-acetyl
compound (88) respectively, but in our laboratory these
two samples provided by Farina melted at 187-188°C and

174-175°C for the 2~acetyl compound (87) and the 3-acetyl

compound (88) respectively.

Thin layer chromatography comparison also showed our quinone

to be identical to the 2-acetyl compound provided by Farina.

Methyl-2-hydroxy-4-methoxybenzoate (89).-
2,4-Dihydroxybenzoic acid (1.00 g, 6.5 mmol) was treated '

40 .na chromatographed (eluant 20%

as. described by Corey
ethyl acetate-light petroleum) to afford the ester (89)

(1.02 g, 88%).

_ Methyl-2—2'-propyloxy—4-methoxybenzoate (90).-

The ester (89) (1.02 g, 5.7 mmol) was dissolved in dry
.dimethylformamide (50 ml). Dry potassium carbonate (2.00 g,
14.3 mmoi) and isopropyl bromide (1.75 g, 14.3 mmol) were

added and the mixture stirred at 60°C for 23 h. The cooled
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reaction mixture was filtered and evaporated. The residue
was 'chromatographed (eluant 10% ethyl .acetate—light petro-
- leum) to afford the product (90) (0.93 g, 79%) as. a pale

'yellow o0il, (Found: C, 64.45; H, 7.15. C12H1604 requires-

C, 64.3; H, 7.15%); v 1728 (C=0) cm *; §1.36 (6H, d,

max.

J7Hz, (CH,).CH), 3.83 and 3.80 (each 3H, s, OCH;), 4.54

3)2

5-H), and 7.81 (1H, d, J9Hz, 6-H); m/z 224 (M, 11%), 182

- (25), 150 (100), and 122 (15).

2—2'-Propyloxy-4-methoxybenzoic acid (91).-

ﬁ‘he ester (90) (747 mg, l4.0 mmol) in a methanolic solution
of potassium hydroxide (8% w/v, 6.0 mmol) was stirred under
reflux for 12 h. The reaction mixture was cooled and neutré—
lised with ice~cooled concentrated hydroqhdloric. acid. The
benzoic acid was extracted into ether ('100 ml) and the
residue th:'ajned upon. work-up was chromatographed (eluant
20% ethyl acetate-light petroleum) to yield the product
(91) (615 mg., 88%) as white needles, m.p. 60-61°C (light
.petroleum-methylene dichloride)(Found: Cc, 62.8; H, 6.6.

"c11H14o7 requires C, 62.86; H, 6.67%); V

em™Y; 61.44 (6H, 4, J6Hz, (CH,),CH), 3.84 (3H, s, OCH,),

maxe. 1661 (C=0)

4.80 (1H, septet, J6Hz, CH(CH 6.50 (1H, d, J3Hz, 3-H),

3)2)’
-G-H) + 10.64br.(1H, s, OH, D20 exchangeable); m/z 210 (M+,

15%), 168 (23), 150 (100), and 122 (20).
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?-(2'-(2—Propyloxy)-4 '-methoxybenzoyl)—1,4,5,6,8-pentdmethoxynaphthalene (92),
2-(2 '-(2-Propyloxy)—4 '-methoxy—s '—(2 "—(2-propyloxy)-4 "~-methoxybenzoyl)benzoyl)-
1,4,5,6,8-pentamethoxynaphthalene (93), and 2-(2’-(2~Propyloxy)-4'-methoxy-
5’-(2"-(2—propyloxy)-4"-methoxy—S"-(2"'-(2—propyloxy)-4m—methoxybenzoyl)benzoyl)
~ benzoyl)-1,4,5,6,8-pentamethoxynaphthalene (94).- '

 (a) 2—Isopropoxy-4—methoxybenzoic»- ’acid (91) (157 mg,
'0..7 mmol) premixed with trifluoroacetic anhydride (147 mg,
0.7 mmol) in dry methylene dichloride (1 ml) was rapidly -
added to 1,2,4,5,8-pentamethoxynaphthalene (30) (194 mg,.
0.7 mmol) dissolved in dry methylene dichloride (5 ml).
bThe mixture was stirred at room temperature for 162 h with
.. the addition of a further aliquot of the mixed anhydridé
after 144 h. The reaction was quenched by the successive
' édditions of an excess of methanol and a saturated aqueous
solution of sodium hydrogen carbonate. Theworgagic material
. was extracted into methylene dichloride é}nd the residue
’obtained upon work-up was chromatographed (eluant 30%—40%.
ethyl acétafe-light' petroleum) to afford firstly starting
material (30 mg) and then the product (92) (196 mg, 60%)
as yellow needles, m.p. 164-165°C (2-propanol)(Found: 'C,
66.3; H, 6.35. C26H3008 requires C, 66.4; H, 6.4%);

1633 (C=0) ‘and 1597 (C=C) ocm ';50.88 (6H, d, JSHz,

\Y
max.

(CH3)2CH), 3.58, 3.81, 3.83, and 4.00 (each 3H, s, O'CH3),

3)2)’
] - ]
6.37 (1H, 4, J3Hz, 3 -H), 6.52'(1H, dd, J8 and 3Hz, 5 -H),

3.92 (6H, s, 2 x OCH,4), 4.36 -(1H, septet, J5Hz, CH(CH

6.75 (lH’ S, 7_H)’ 6-85 (lH’ S’ 3—H)’ and 7-77 (lH’ d’
' b '
J8Hz, 6 -H); m/z 470 (M+, 100%), 455 (20), 381 (9), 289

(13), and 151 (37).
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(b) If one further aliquot of .the mixture of 2-isopropoxy-
4-methoxybenzoic acid and trifluoroacetic anhydride were
~added to the same quantities of reaction mixture product
(92) (184 mg, 56%) and two further products were isolated,
eluting first (93) (37 mg, 8%) as shown by the,lH n.m.r.
spectrometry 60.90 (6H, d, J6Hz, (CH3)2
J6Hz, (CH;),CH), 3.58, 3.74, 3.82, 3.84, and 4.00 (each

CH), 1.08 (6H, d,

3H, s, OCH3), 3.92 (6H, s, 2 x OCH3), 4.43 (2H, septet,

. " .
J6Hz, 2 x CH(CH 6.38 (1H, 4, 3Hz, 3 -H), 6.51 (1H,

305
dd, J8 and 3Hz, 5 -H), 6.63 (1H, s, 3 -H), 6.76 (1H,
's, 7-H), 6.84 (1H, s, 3-H), 7.65 (lH, d, J8Hz, 6 -H), and
v7.96 (1H, s, 6'—H); nV2A663 (M+, 100%), 193 (35), and 15i
(50). Eluting secondly product (94) (66 mg, 11%) . as shown
by ¥ n.m.r. spectrometry § 0.90, 1.05, and 1.14 (each 6H,

4, J6Hz, (CH,).CH), 3.56, 3.74, 3.76, 3.82, 3.84, 3.92,

, 3)2

32 |
|} n - 1me
3 - and 3 _H), 6.53'(1H, dd, J8 and ZHZ, 5 _H), 6.76 (1H,
) 1"
'Sy 7-H), 6.86 (1H, S, 3_H), 7.66 (1H, d, JSHZ, 6 —H),

[{]
"and 7.79 and 7.97 (each 1H, s, 6 - and 6 -H).

- Methyl-2-benzyloxy-4-methoxybenzoate (96).- -

‘The ester (89) (1.50 g, 8.4 mmol) was dissolved in dry
acetone. Dry potassium carbonate (2.90 g, 21 mmol)v and
-benzyl bromide (3.60 g, 21 mmol) wefe added and the mixture -
stirred,undef reflux for 21 h. The cooled reaction mixturel
was filtered and evaporated. The residﬁé was chromatographed
"(eluant light petroleum to 20% ethyl acetate-light petroleuﬁ)

{ .
- to_ afford the product (96) (2.17 g, 97%) as a pale yellow.
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'Qil, (Found: C, 70.75; H, 6.0. C16H1604 requires C, 70.5;¢

1

H, 5.9%); v 1722 (C=0) cm ~; §3.72 and 3.80 (each 3H,

max.

's, OCH,), 5.08 (2H, s, CH,-Ph), 6.44 (1H, dd, J 9 and 3Hz,

2
5-H) 6.54 (1H, d, J3Hz, 3-H), 7.20-7.54 (5H, m, PhCH, ) ,
"and 7.82 (1H, 4, J9Hz, 6-H): m/z 272 (M7, 13%), 211 (31),
1179 (11), 150 (13), 134 (42), 108 (53), 91 (100), 79 (62),

77 (52), 65 (49), and 51 (48).

2-Benzyloxy-4-methoxybenzoic acid (95) .-

The ester (96) (2.18 g, 8.0 mmol) in a methanolic solution
of potassium hydroxide (12¢ w/v, 12 mmol) was stirred under
reflux for 20 h. The reaction mixture was cooled and neutra-
lised with ice-cooled  concentrated hydrochloric acid.
The organic material was extracted into ether (150 ml)
and the residue obtained upon work-up was chromatographed
(eluant 20% ethyl acetate-light petroleum) to yield the
product (95) (1.86 g, 90%) as white cubes, m.p. 100-101°C
(light petroleum/methylene dichloride)(Found: C, 69.55;
H, s5.35.

0 requires C, 69.75; H, 5.45%); Vv

C15H1404
1680 (C=0), 1661 (C=0), and 1608 (C=C) cm 1; §3.81, (3H,

max..

S, OCH3), 5.20 (2H, S, CH2—Ph), 6-59 (lH, d' J3HZ’ 3-H)’
6.62 (1H, 4d, J10 and 3Hz, 5-H), 7.38 (5H, s, Ph-CH,),

258 (M', 67%), 240 (9), 150 (26), 91 (100), and 65 (48).,

' !
2-(2 -Benzyloxy-4 -methoxybenzoyl)-1,4,5,6,8-pentamethoxynaphthalene (97) .-
_2-Benzyloxy-4-methoxybenzoic acid (95) (91 mg, 0.36 mmol)
premixed with trifluorocacetic anhydride (76 mg, 0.36 mmol)

in dry methylene dichloride (1 ml) was rapidly added to
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1,2,4,5,8-pentamethoxynaphthalene (30) (100 mg, 0.36 mmol)

dissolved in dry methyleﬁe dichloride (5 ml). The mixture

—

‘was stirred at room temperature for 92 h with the addition

 of one more aliquot of the mixed anhydride after 25 h.

The reaction was quenched by the successive additions of
_iah excess of methanol and a saturated agqueous solution
- 6f sodium hydrogen carbonate. The organic material was
extracted into methylene dichloride and the residue obtained
upon work-up was chromatographed (eluant 30-40% ethyl
acetate-light petroleum) to afford the product (97) (117 mg,
63%), as yellow needles, m.p. 129-130°C (2-propanol) (Found:

C30H3108 requires C, 69.35; H, 5.95%);

1734 (c=0) cm t; §3.49, 3.79, 3.83, and 3.97 (each

C, 69.2; H, 5.85.

v
max.

| ]

Ph), 6.47 (1H, 4, J2.7Hz, 3 ~H) 6.52 (1H, dd, J8 and 2.7Hz,
1

5 -H), 6.68 (1H, s, 7-H), 6.82 (1H, s, 3-H), 6.82-7.12

[}
(58, m, PhCH,), and 7.72 (1H, 4, B8Hz, 6 -H): m/z 518 (mt,

100%), 503 (11), 381 (19), 353 (12), 91 (45), and 28 (100).
\

2-(2'-Hydroxy-4'-methoxybenzoyl)-1,4,5,6,8—pentamethoxynaphthalene (98).-
The naphthalene (97) (111 mg, 0.22 mmol) in ethyl acetate
‘(20 ml) was stirred together with 10% P4d/C (0.1 g) and
a drop of concentrated hydrochloric acid at room temperature
- under an atmosphere of hydrogen for 1 h. After filtration
and evaporation of the solvent under reduced pressure the
residue was chromatographed (eluant 50% ethyl acetate-light
.petroleum) to yield the product (98) (79 mg, 86%) as yellow

crystals, m.p. 156-158°C (methanol)(Found: C, 64.2; H,

5:4. Cp3Hy,0g4 requires C, 64.5; H, 5.6%); v . 3427 (OH),
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1634 (c=0), and 1591 (c=C) cm '; §3.68, 391, 3.96, and

4.00 (each 3H, s, OCH3), 3.83 (6H, s, 2 x OCH3), 6.32 (1H,
! — '
dd, J9 and 2.5Hz 5 -H), 6.49 (1H, 4, J2.5Hz, 3 -H), 6.66
]
(lH’ S, 7-H)’ 6-78 (lH, S, 3—H)’ 7-31 '(lH’ d’ J9HZ’ 6 _H)l

and 12.73 (1H, s, OH, D,0 exchangeable); m/z 428 (MY, 70%),

2
397 (100), 367 (26), 349 (11), 198 (12), and 151 (25).

Methyl-2-hydroxy-4-methoxy-6-methylbenzoate (99).-

Methyl orsellinate (3.0 g, 0.019 mol) prepared according

to Sargent41 was treated as described by Corey40 and chroma-

tographed (eluant 10% ethyl acetate-light petroleum) to

yield the everninic methyl ester (99) (2.6 g, 80%) m.p.

47

67-68°C (Lit.,"’ 66-67°C).

Methyl-2-benzyloxy-4-methoxy-6-methylbenzoate (100).-

The ester (99) (3.02 g, 15.3 mmol) was treated in a similar

manner to Sargent48 to yield the product (100) (4.89 g,

99%) as a pale yellow o0il, (Found: C, 71.45; H, 6.3.

0 requires C, 71.35; H, 6.3%); v 1724 (C=0)

C17H1804 max.
em™Y; §2.26 (3H, s, Ar-CH,), 3.68 and 3.80 (each 3H, s,

OCH3), 5.00 (2H, S, CH Ph)’ 6.28br- (2H’ S, 3— and S—H)’

2
and 7.2-7.4 (5H, m, Ph-CH,); m/z 286 (mt, 61%), 255 (26),

227 (15), 164 (26), 91 (100), and 65 (37). (H n.m.r.

spectrum details being similar to those described by

48)

~ Sargent.
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- 2-Benzyloxy-4-methoxy-6-methylbenzoic acid (43).-

"~ The ester (100) (4.89 g, 17.1 mmol) was treated in a similar

48

manner to that described by Sargent to yield the product

(43) (3.86 g, 83%) as white needles, m.p. 103-104°C (1it,,*8

99-100°C).

2—(2'—Benzyloxy-4 '-methoaéy-ﬁ '-methylbenzoyl)-1,4, 5,6,8-pentamethoxynaphtha-

lene-(31) .-

2-Benzyloxy-4-methoxy~6-methylbenzoic acid (43) (0.83 g,
3.06 mmol) premixed with trifluoroacetic anhydride (0.64 g,
3.06 mmol) in dry methylene dichloride (5 ml) was rapidly
adﬁed to 1,2,4,5,8-pentamethoxynaphthalene (30) (0.85 g,
3.06 mmol) dissolved in dry methylene dichloride (20 ml).
The mixture was stirred at room temperature fqr 90 h with
addition of further aliquots of the mixture of aromatic
acid and trifluoroactic anhydride at 6 and'48 h. The reac-
tion was quenched by the successive additions of an excess
of methanol and a saturated aqueous solution of sodium
hydrogen carbonate. The organic material was extracted
vinto methylene dichloride and the residue obtained upon
work-up was chromatographed (eluant 20% ethyl acetate-light
petroleum) to afford the product (31) (0.83 g, 51%) as
light yellow quartz clusters, m.p. 152.5-153°C (methanol)
(Found: c, 69.9; H, 5.9. C,.H,,0 requires C,. 69.9; H,

3153208
6.0%); v__ 1631 (C=0) and 1600 (C=C) cm '; §2.36 (3H,
S, Ar—CH3), 3.32, 3.82, 3.88, and 3.98 (each 3H, s, OCH3),
3.80 (6H, s, 2 x OCHy), 4.82 (2H, s, PhCH,), 6.32 (1H,
d, J2.2Hz, 5 -H), 6.40 (lH, 4, J2.2Hz, 3 -H), 6.68 (1H,
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L+
- (M, 100%), 517 (13), 410 (20), 395 (25), 366 (12), and-
91 (37). |

' Methyl-2-(2-propyloxy)-4-methoxy-6-methylbenzoate (101) .-

The ester (99) (426 mg, 2.17 mmol) was dissolved in dry
dimethylformamide (30 ml). Dry pgtassium carbonate (750 mg,
.5.43 mmol) and isopropyl bromide (670 mg, 5.43 mmol) were
.added, and the mixture stirred at 60°C for 19 h. The cooled
reaction mixture was filtered and evaporated. The residue
was chromatographed (eluant 10% efhyl acetate-light petro-
leum) to afford the product (101) (467 mg, 90%) as a pale
yellow oil, (Found: C, 65.45; H, 7.5. Cy3H g0, requires

1

. .C, 65.55; H, 7.55%); v 1728 (C=0) cm ~; §1.28 (6H,
: max.

32
(each 3H, s, OCH;), 4.45 (1H, septet, J 6Hz, CH(CH;),),
6.28 (2H, s, 3- and 5-H); m/z 238 (M', 14%), 196 (12),

164 (100), 136 (14), 97 (15), and 57 (35).

2-(2-propyloxy)-4-methoxy-6~methylbenzoic acid (102).-

" The ester (101) (358 mg, 1.50 mmol) in a methanolic solution
of potassium hydroxide (5% w/v, 2.25 mmol) was boiled for
18 h. - The reaction mixture was cooled and neutralised
with ice-cooled concentrated hydrochloric acid. The organic
material was extracted into ether (100 ml) and the residue_
obtained upon work-up  was chromatographed (eluant 30% ethyl
acetate-light petroleum) to afford the ééia (102) (281 mg,
83%) as white needles, m.p. 68—71,°C (light petroleum/methy-
lene dichloride)(Found: C, 64.3; H, 7.1. C12H1604 requires

1

C, 64.3; H, 7.15%); 1671 (C=0) cm —; §1.40 (6H, d,

_ Ymax.
J6HzZ, (CHy),CH), 2.57 (3H, s, Ar-CH;), 3.80 (3H, s, OCH,),
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4.68 (1H, septet, J 6Hz, CH(CH3)2), 6.40 and 6.46 (each
1H, 4, J3Hz, 3- and 5-H), and 8.64br. (1H, s, OH, D20

exchangeable); m/z 224 (MY, 23%), 164 (100), and 136 (19).
2-(2'(2-Propyloxy)-4 -methoxy-6 -methylbenzoyl)-1,4,5,6,8-pentame thoxynaphtha-
lene (103) and 3-(2~(2-Propyloxy)-4 -methoxy-6 -methylbenzoyl)-1,4,5,6,8-
pentamethoxynaphthalene (104) .-
2-Isopropoxy-4-methoxy-6-methylbenzoic acid (102) (200 mg,
0.90 mmol) premixed with trifluoroacetic anhydride (190 mg,

t0.90 mmol) in dry methylene dichloride (2 ml) was rapidly

-added to 1,2,4,5,8—pentametho#ynaphthalene (30) (124 mg,

0.45 mmol) dissolved in dry methylene dichloride (10 ml):

- The mixture was stirred at room temperaturevfor 174 h wiﬁh
addition of one further aliquot of the‘mixture of aromatic
acid and trifluoroacetic anhydride after 78,h‘ fhe reaction

was quenched by the successive additions of an exces of

methanol and a saturated aqueous sdlutiqn of sodium hydrogen
qarbonate; ‘The organic material was extracted into methylene

_ dichloride and the residue obtained upon work-up was chroma—

tographed (eluant 20% ethyl acetate-light petroleum) to

afford a mixture of inseparable isomers (103) and (104)

1

(47 mg, 22%) as shown by "H n.m.r. spectrometry § 0.94 (6H,

~d, J6Hz, (CH CH of (103)), 1.06 (4, J 6Hz,(CH CH of

372
of -(104)), 2.35 (3H, s, Ar—-CH

| 3)2
(104)), 2.30 (s, Ar-CH, 3
of (103)), 3.39, 3.79, 3.89, and 3.97 (each 3H, s, OCH;)
3.92 (6H, s, 2 X OCH,), 4.55 (1H, septeﬁ, J6Hz, CH(CH;),),
6.22 (1, d, J3Hz, 5 -H), 6.36 (1H, d, J3Hz, 3 -H), 6.72
_(1H, s, 7-H), 7.03 (1H, s, 3-H of (103)), and f.l3 (s,

2-H of (104)). The ratio of (103) to (104) being approxi-
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mately 4:1 as judged by lH n.m.r. spectrometry.

2-2 LBe?zzyloxy—G '-me thyl-4 '-me thoxybenzoyl)-1,4,6-trimethoxy-5,8-naphthoquinone
(36) .-

The naphthalene (31)(200 mg, 0.38 mmol), silver(II) oxide
.;(280 mg, 2.24 mmol) and dioxane (10 ml) were stirred together
. ét. room temperature. Nitric acid (6M, 1.5 ml) was added
and the reaction mixture wés stirred for 15 min. A mixture
of methylene dichloride (30 ml) and water (10 ml)was added
and the organic layer was separated and washed with more
water. The residue obtained upon work-up was chromatographed
(eluanf 50% ethyl acetate-light petroleum) to afford the
quinone (36) (132 mg, 70%) as yeilow diamonds, m.p. 210-212°C
(methanol) (Found: C, 68.9; H, 5.1. C29H2608 require C,
63.3; H, 5.2%); V max. 1641 and 1627 (C=0) and 1602 (C=C)
cm™'; §2.46 (3H, s, Ar-CH,), 3.32 and 3.71 (each 3H,

s, OCH;), 3.81 (6H, s, 2 x OCH;), 4.69 (2H, s, PhCH,),
5.92 (1H, s, 7-H), 6.32 (1H, d, J2.2Hz, 5 -H), 6.43 (1H,
d, J2.2Hz, 3 -H), and 6.74-7.18 (6H, m, PhCH, and 3-H);

+

m/z 502 (M, 40%), 471 (36), 439 (15), 411 (95), 380 (17),

327 (21), 165 (22), %91 (100), and 65 (17).

2,3~Dihydro-5, 8-dihydroxy—6' 6-dimethoxy-4 ’-methylnaphthalene-2—spiro-2’-benzo[b]
furan-l 3 s»4-trione (37) and 2,3-Dihydro- 6-methoxy—4 -methyl 5,6,8- trzhydroxy
naphthalene -2-spiro-2 —benzo[b]furan -1, 3 4-trione (111).

AThe guinone (36) (237 mg, 0.47 mmol) in dry methylene

dichloride (30 ml) was treated at 0°C with boron trichloride
(415 mg, 3.53 mmol) in the same solvent. After 3 h, the

solution was allowed to warm to room temperature and then
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‘hydrolysed with an excess of water. The organic material
was extracted into methylene dichloride. The residue
obtained upon work-up was chromatographed (eluant toluene)
using deactivated silica9 to vyield the product (37) as
dark red needles, (92 mg, 51%) m.p.>300°C (methanol/
? methylene dichldride)(Found: C, 61.9; H, 4.3; M+, 384.0867.

0 requires C, 62.5; H, 4.2%; M, 384.0845); v

1

C20H16 8 max.

3320(0H), 1702 and 1653 (C=0), and 1628 (C=0) cm —;§ (200MHz)
2.45 (3H, 4, JO.SHz, Ar—CH3)*, 3.20 (1H, d, J17.5Hz, 3-CH,),
3.55 (1H, d, J17.5Hz, 3-CH,), 3.93 and 4.00 (each 3H, s,
OCH,), 6.47 (1H, dg, J1.95 and 0.5Hz, 5 -H) , 6.54 (1H,
d, J1.95Hz, 7 -H), 6.69 (1H, s, 7-H), and 11.94 and 12.08
(each 1H, s, OH, D,0 exchangeable); m/z 384 (MT,  63%),
383 (29), 382 (100), 368 (28), 367 (82), 366 (15), 339
(29), 311 (13), and 165 (29). A secénd product (111) eluting

afterwards was also obtained as dark red needles (24 mg,

14%) m.p.> 300°C (methanol/methylene dichloride) (Found:

+ .
c, 61.0; H, 3.75; M, 370.0664. C19H1408 requires C,
61.6; H, 3.8%; M, 370.0689.); vmak 3369(0H), 1700 (C=0),
1

1616 (C=0), and 1585 (C=C) cm ~; 6 (200MHz) 2.45 (3H, d,
J0.5Hz, Ar-CH;)’, 3.16 (1H, d, J16.7Hz, 3-CH,), 3.52 (lH,
d, J16.7Hz, 3-CH,), 3.90 (3H, s, 6 -OCHy), 6.46 (1H, dq,
J2 and 0.5Hz, 5 -H) , 6.54 (1H, d, J2Hz, 7 -H), 6.84 (1H,
s, 7-H), 11.73 (l1H, s, OH, D,0 exchangeable), 11.77br.

2

(18, s, OH, D,0 exchangeable); m/z 370 (v, 100%), 368

(45), 353 (62), 324 (12), 233 (16), 191 (24), 165 (37),
138 (25), and 77 (19).

*(The long range coupling between the aryl methyl protons

and the meta-coupled proton 5' only being apparent on

formation of the spiro compound or the xanthones).



- 135 -

‘ Bi'kavérin: 6,11-Dihydroxy-3,8-dimethoxy-1-me thylbenzo[b]xanthen— 7,10,12-trione
(10).-. |
- The spirocompound (37) (56 mg, . 0.15 mmol) was heated in
nitrobenzene (10 ml) at 200°C for 2 h. After vacuum
distillation to remove the bulk of the nitrobenzene, the
cfude product was dissolved in methylene dichloride ‘and
washed with water, followed by a dilute solution of potassium
hydroxide, the product forming a blue suspension in the
aqueous basic solution. The aqueous layer was weshed with
'more‘ methylene dichloride, the two layers separated, the
aqueous layer acidified with dilute hydrochlorjic acid,
and the product re—extrected into methylene dichioride.ﬂ
‘The residue obtained upon work-up was chromatographed'
(Sephadex  LH-20, eluant methanol/methylene dichloride
(1:9v/v), 5 drops 5M hydrochloric acid) to\y}eld éhe produc£
(10) (41 mg, 74%) as dark. red needles, m.p.3> 300°C.
(methanol/methylene dichloride) (Found: c, 62.9; 3.95,
feqﬁires C, 62.8; H, 3.7%); v 1665 and 1643

max.
1; 8§ (200MHz) . 2.79 (3H,

C20M140%
(c=0), and 1614 and 1589 (C=C) cm~
4, J0.5Hz,.Ar—CH3), 3.86 and 3.89 (each 3H, s, OCH3), 6.27
(14, s,. 9-H), 6.73 (1H, dq, J2.5 and 0.5Hz, 2-H), 6.84
(1, 4, J2.5Hz, 4-H), 12.70 (1H, s, OH, D20 exchangeable),
~14.25br. (1H, s, OH, D20 exchangeable); m/z 382 (M+, 100%),
367 (51), and 339 (25). These spectrescopic and physical
eproperties were identical to a saﬁple of natural origin

kindly provided by Kja’er.z‘-’1
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”2~(2'-'Hydro;xy-4 ’-metho.fy—6'-methylbenzoyl)-1,4, 5,6,8-pentamethoxynaphthalene
(32).-

The naphthalene (31) (559 mg, 0.105 mmol) in ethyl acetate
(200 ml) was stirred together with 10% Pd4d/C (0.5 g) and
a drop of concentrated hydrochloric acid at room temperature
“under an atmosphere of hydrogen for 1 h. After filtration
df,the solution and evaporation of the solvent under reduced
pfessure, the residue was Chromatographed (eluant 40% ethyl
acetate-light petroleum) to yield the product (32) (372 mg,
80%) as yellow diamond clusters, m.p. 164-165°C (2-propanocl)

(Found: C, 65.0; H, 5.8. ¢24H2608 requires C, 65.0; H,

ACHC13

5.8%); UV
max.

nm (log E)- 248 (4.63), 295 (4.15), and

343 (4.05) shoulder; Voax 3380 (OH) and 1620 (C=0) cm_l;

"M n.m.r. 6 (200MHz) 1.85 (3H, s, Ar-CH,), 3.66, 3.76, 3.78,
3.88, 3.90 and 3.95 (each 3H, s, OCH3), 6.18 (1H, 4, J2.6Hz
5 -H), 6.36 (1H, d, J2.6Hz, 3 -H), 6.60 (1H, s, 7-H), 6.74
(1, s, 3-H), 12.97 (1H, s, OH, D,0 exchangeable); 13¢
n.m.r. 623.06 (Ar-CH,), 55.35, 56.90 (x2), 57.16, 61.87,
63.75 (6 x OCH,), 98.42 (C-7), 98.76 (C-5 ), 104.80 (C-3 ),
111.44 (c-3), 115.29 (C-8a)?, 117.07 (c-1), 124.73 (c-4a)?,
130.72 (c-2), 138.08 (c-1), 143.29 (C-6 ), 146.97 (C-4),
'151.16 (C-6), 152.54 (C-5), 153.74 (C-8), 164.70 (C-4 ),
166.41 (C—2'), and 200.46 (CO) (assignment with the same
superscript m&y be interchanged); m/z 442 (M+, 40%), 411

(100), 382 (13), and 165 (22).
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'_‘1 s2-Dihydro-4 '-methyl-4, 5,6,6 ’,8-penta methoxynabhtha lene-2-spiro-2 '-benzo[b] furan-

' 1,3'"-dione (33).-

2,3-Dichloro-5-6-dicyanobenzoquinone (287 mg, 1.26 mmol)
.ﬁas_added to the naphthol (32) (372 mg, 0.84 mmol) in dry
benzene (30 ml). The mixture was stirred at room temperaturev
' (23°C) for 68 h. The solvent was evaporated under reduced
pressure and the residue obtained was chromatographéd (eluant
50% ethyl acetate-light petroleum) to afford the product -
(33) (219 mg, 61%) as white grains, m.p. 195-196°C
(méthanol)(Found: c, 64.5; H, 5.05. C23H2208 requires
c, 64.8; H, 5.15%); v '

Cem L 8 (200MHZ) 2.39 (3H, s, Ar-CH,), 3.75, 3.78, 3.83,

max. 1710 (furan C=0) and 1676 (C=0)

/3.85, and 3.93 (each 3H, s, OCH,), 5.00 (lH, s, 3-H), 6.35br.
(14, 4, J2.2Hz, 5 -H), 6.53 (1H, 4, J2.2Hz, 7 -H), and
6.43 (1H, s, 7-H); m/z 426 (M', 62%), 411 (100), 383 (31),
368 (29), 367 (21), 353 (17), 351 (11), 247 (11), 120 (12),

and 77 (19).

2,3-Dihydro—4'-methyl-5,6,6',8-tetramethoxynaphthalene-Z-‘spiro—2'~ benzo[b]furan-
1,3,4-trione (34) .-
 The enol ether (33) (80 mg, 0.19 mmol) in methylene
dichloride (20 ml) was shaken with trifluoroacetic acid
(1.0 m1) in water (20 ml) for 5 min. After removal of
the aqueous layer, the organic layer was washed with a
"séturated aqueous solution of sodium hydrogen carbonate.
The residue obtained upon work-up was chromatographed (eluant
70% ethyl acetate~light petroleum) to afford the product
(34) (73 mg, 94%) as 1light brown needles, m.p. 214-217°C

(2-propanol) (Found: C, 64.05; H, 4.95. CooHy(0g requirgs
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C, 64.1; H, 4.85%); v___ 1707 (furan C=0) 1677, and 1624
(c=C) em™'; §(200MHz) 2.36 (3H, d, JO.5Hz, Ar-CHy), 3.19
(1§, 4, J15.0Hz, 3-CH2) 3.46 (1H, 4, J15.0Hz, 3—CH2), 3.81,
3.85, 3.90 and 3.94 (each 3H, s, OCH;), 6.35 (1H, dq, J2
and 0.5Hz, 5 -H), 6.46 (1H, d, J2Hz, 7 -H), and 6.68 (lH,
s, 7-H); m/z 412 (Mm%, 100%), 397 (56), 233 (9), 193 (23),
165 (18), 134 (13), and 77 (15).

Hydrolysis of the enol ether with trifluorocacetic acid
in D20 afforded the deuterated product (127) as shown only
by lH n.m.r. spectrometry 62.38(3H, 4, JO0.5Hz, Ar—CH3),
3.1 (1, s, 3-H), 3.83, 3.87, 3.92, and 3.96 (each 3H,
S, OCH3), 6.37 (1H, dq, J2 and 0.5Hz, 5f—H), 6.46 (1H,

1
d, J2HZ, 7 '-H), and 6-70 (1H, S, 7-H)¢

6-11-Dihydroxy-3,7,8,10-tetramethoxy-I-me thylbenzo[b] xanthen-12-one (35).-

The.spiro compound (34) (55 mg, 0.13 mmol) was heated for
1 h at 200°C at 5 mmHg and then sublimed at the same
temperature at a pressure of 0.06 mmHg for 6 h. The product
was dissolved in methylene dichloride and chromatographed
(eluant 40% ethyl acetate-light petroleum) to yield the
hydroquinone (35) (51 mg, 93%) as red needles, m.p. 235-236°C
(1light petroleum/methylene dichloride)(Found: C, 63.90;

H, 4.85. C,,H,.0, requires C, 64.1; H, 4.85%); 3261

2285008
(OH), 1679 and 1654 (C=0) cm '; & (200MHz) 2.86 (3H, d,

Vmax.

J0.5Hz, Ar-CH;), 3.88, 3.99, 4.00, and 4.03 (each 3H, s,
OCH3), 6.53 (1iH, s, 9-H), 6.62 (1H, dgq, J2.7 and 0.5 Hz,
_2-H), 6.83 (1H, 4, J2.7Hz, 4-H), and 9.70 and 15.17 (each
1H, s, OH, D,0 exchangeable); m/z 412 (M", 45%) and 397
(100).



- 139 -

:.'.5‘, 7,8,10~Tetramethoxy-1-methylbenzo[b| xanthen-6,11,12-trione (128).-
The hydroquinone (35) (10.0 mg, 0.024 mmol), silver(I)
oxide (6 mg, 0.024 mmol) and chloroform (3 ml) were stirred
together at room temperature for 4 h. The silver(I) oxide
was filtered off and the solvent evaporated under reduced
_f pi’essure. The residue obtained was chromatographed (eluant
. methylene dichloride-methanol (9.5:0.5)) to afford the
quinone (128) (9.3 mg, 93%) as orange needles, m.p. 264°C
(chloroform-ether). Its physical and spectroscopic proper-
ties as well as chromatographic behaviour were identical

to a sample kindly provided by Kjaer.za

3,6,7,8,10,11-Hexamethoxy-1- methylbenzo[blxanthen-12-one (  31).-

The hydroquinone (35) (112 mg, 0.27 mmol) was dissolved
in dry acetone (100 ml). 'Dry potassium carbonate (374 mg,
2.7 mmol) and dimethyl sulphate (0.26 ml, 2.7 mmol) were
added and the mixture boiled for 16 h. The cooled reaction
mixture was filtered and evaporated. The residue was
dissolved in ether and washed with a 25% ammonia solution,
followed by water, dilute hydrochloric acid and finally
water. .The organic layer was dried and evaporated. The
residue obtained was chromatographed (eluant 50% ethyl
acetate-light petroleum) to afford the product (31) (99 mg,
83%) as yellow needles, m.p. 204-205°C (2-propanol)(Found:

‘C, 65.5; H, 5.25. C24H2408 requires C, -65.45; H, 5.45%);

uv *iiil3 nm (log E) 267 (4.78), 297 (4.77), and 414 (4.08);
-V max. 1652 (C=0) cm™L; & (200MHz) 2.86 (3H, d, JO0.S5Hz,

Ar—CH3), 3.88, 3.90, 3.99, and 4.03 (each 3H, s, OCH3),

4.01 (6H, s, 2 x OCH3), 6.64 (1H, dgq, J2 and 0.5Hz, 2-H),
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- (MY, 100%), 425 (96), and 393 (15).

" 1:2,3:4-t rans- Diepoxy-2-(2 ~hydroxy-4 ~methoxy-6 ~methylbenzoyl)-1,4, 5,6, 8~
pentamethoxy-1,2,3,4-tetrahydronaphthalene (139) and 1:2,3:4-cis~Diepoxy-
2-(2,';-hydrox_y-4'-methoxy—6'-methylbenzoyl)-1,4,5,6,8-pentamethoxy-1,2,3,4-tetra-
hydronaphthalene (140).- | ,

The naphthol (32) (69 mg, 0.16 mmol) was dissolved in'dry

benzene in a pyrex flask, and irradiated with ultraviolet

light while oxygen was bubbled through the solution for

25 min. After evaporation of the solvent under reduced

pressure the resulting -residue was subjected to  p.l.c:

(eluant 10% ethyl acetate—ligﬁt petroleum) to afford firstly,

the major product (139)* (41 mg, 59%) as white vneedleé,

m.p. 154-155°C (light petroleum/methylene Qichlo;ide)(Found:

c, 60.75; H, 5.5. C,,H, .0 requires C, 60.75; H, 5.5%);

2472610
uv A§g§l3 nm (log E) 248 (4.63), 295 (4.15), and 342 (4.05)
shoulder; vmax 1740 and 1716 cm_l; § (200MHz) 2.00 (3H,

s, Ar-CH;), 3.55, 3.56, 3.78, 3.81, 3.82, and 3.83 (each
3, s, OCH), 5.36 (1H, s, 3-H), 6.24 (1H, d, J2.5Hz, 5 -H),
6.35 (1H, d, J2.5Hz, 3 -H), and 6.89 (1H, $, 7-H); m/z
474.1471 (M*, 9%), 443.1350 (96), 411.1054 (100), 383 (50),
and 165 (33). The second fraction afforded the minor product
(140)* (11 mg, 16%) as an o0il which crystallised on standing,

m.p. 54-55°C (Found M'~OCH,, 443.1346. C,,H,.0,. requires

3’ 24726710
1

3 443.1342); ¥ max. 1740 and 1717 ocm ~; §(200MHz)

1.89 (3H, s, Ar—CH3), 3.68,- 3.70, 3.72, 3.82, 3.83, and

M-OCH

3.85 (each 3H, s, OCH3), 5.00 (1H, s, 3-H), 6.22 (1H, 4,
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C e . t B
J2.5Hz, 5 -H), 6.38 (1H, d, J2.5Hz, 3 -H), 6.73 (1H, s,

7-H); m/z 474.1471 (M', 11%), 443.1346 (84), 412.1148 (100),

383 (63), 165 (45), and 88 (42). (At this stage in the

 work both afe interchangeable).
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CHAPTER 3

SYNTHESIS OF SEVERAL VENTILOQUINONES AND THEIR C-3 EPIMERS

INTRODUCTION

The benzisochromanquinones (for example (1)), recently iso-~
lated frolmv Ventilago maderspatana and V. calyculata 1 were of synthe~
£ic "~ interest to us as work‘in_éur laboratory2 had 1lead,
vid a novel cyclisation, to the synthesis of quinone A (2)
and its epimer quinone ' '(3); which contain the related
" fused dihydro-1,3~dimethylnaphtho [?,3-(3 pyran‘ring system.
. In addition, since thé benzisochromanquinénes have the same
- oxygenation pattern as that of the pentamethoxynaﬁhthaiene
(4) which was also recently synthesised ip our laboratory,
and converted into bikaverin,3 it was thought that byvusing
this naphthalene (4) and our previously develsbed methodology
for cyclisation, a number of these benzisochromanquinoneé

could be assembled.

-0

MeO

MeO
MeO

(1)

MeO

MeO
MeO OMe
(4)
It appeafs that the benzisochromanquinones are similar in

structure to one of the chemical degradation. products (5)

" of the protodactynaphins (6).4
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 The protodactynaphins are glycosides which can be converted

by acid treatment into isomeric interconverltible rhodo-
and xanthodactynaphins- je-1 (7) and (8) respectively, as
well as small amounts of rhodo- and xanthodactynaphins-

je=2 (9) and (10) respectively.

= H (11)
R: OH (5)

(7) R= OH
"(9)R:=H

(8) R=0OH
"(10) R=H
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JAlkaline treatment of the rhodo- and xanthodactynaphins-

j&d , (7) and (8), in an.inert atmosphere affords two Quin-
ones: quinone A (2) and the quinone of interest (5) similar
to the benzisochromanquinones, but possessing a hydroxyl

in position 4.

Alternatively, treatment of rhodo- and xanthodactynaphin-
je-=2 (9) and (10) with alkali in the absence of air affords:
quinone A (2) and quinone (11), the latter of which lacks
the benzylic hydroxy group. The only difference between
this quinone (11) and the general benzisochromanquinone

structure isolated by Thomson1 is the relative stereochemistry

of the methyl groups of the pyran ring.

It was anticipated that vit would be Q{fficuit to obtain
a product with only the 1,3—ds—stereoch¢mica1-configuration
 of the pyran ring (as in Thomson's natural products), since
with our nével cyclisation2 procedure the trans- stereochemis-
try was obtained exclusively, or by prolonging the reaction,
some of the alternative cis-compound could also be formed
together with the trans. However, other metﬁods were also
available for obtaining mixtures of cis- and trans-isomers,

and it was therefore decided to tfy and synthesise the natural

1,3-cis-dimethyl products as well as their trans-isomers.

In addition, studies described earlier in this thesis had
shown that the pentamethoxynaphthalene (4) could be regio-
_vspecifically' acylated, and those results might now be used

for the regiochemically correct assembly of some of the
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-“ﬁnsymmetrically substituted ventiloquinones (e.g. (1)) des-

cribed by Thomson.l

.Previous work from our laboratory5 has shown tﬁat reaction
of aromatic benzyi , alcohols, possessing an ortho—élkenyl
function such as (12) readily uﬁdergo cyclisation by stirring
with potassium t-butoxide in dimethylformamide at 60° under

nitrogen to yield the pyran (13).

(12) ' (13)

MeO | MeO
MeO = ,' |  MeO

It was our aim to synthesise the alcq@ol (14), which it
was hoped, would also readily undergo cyclisation to afford
a mixture of the 1,3-trmns- and 1,3-cis-naphtho [2 ’ 3-c] pyrans

(15) and (16) respectively.

-MeO BnO

hﬂe() \ N
MeO BnO
fi4) ,\\\‘Q
MeO BnO MeO BnO
ny® ol LT,

MeO BnO | 'MeQ BnO
.(16) (15)
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Selective removal of the benzyl groups of both of these
precursors, followed by oxidation would then afford venti-

- loquinone E (1) and its C-3 epimer.

Maruyama6 has synthesised the allyl derivative (19) of. 2~
acetyl-8-methoxy-1,4-naphthoquinone (17) by nucleophilic
. addition to (17) of allyltrimethylstannane in the presence
of boron trifluoride etherate to afford pfoduct (18), which
waé methylated to give the corresponding hydroquinone dimethyl
ether (19).

MeO o o

(17) ¢

MeO

(19)

Giles etal-z have also recently shown that the ketone (21)
could be synthesised from quinone (20) by employing allyltri-

methylstannane.
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| MeO | MeO MeO
| MeO*/n\ Meo“/L\J:\

MeO
(20) (21)

‘It was envisaged that reaction of the quinone (22) with
“allyltrimethylstannane, followed by benzylation, would yield
the desired ketone (23), reduction of which with lithium

‘aluminium hydride would afford the target alcohol (14).

@) 0
MeO 0 - MeO BnO 0
‘MeO " MeO N

(22) ' (23)
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RESULTS AND DISCUSSION

. As discussed _in the previous chapter 2—acetfl—l,4,5,6,8—
pentamethoxynaphthalene (24) was readily synthesised ffom
pentamethoxynaphthalene (4) by acétylation. Since the present
strategy for the synthesis of the benzisochromanquinones
required the oxidation of the arométic ring containing the
acetyl group in compound (24), and,Aas previous experiehce3
had shown that oxidation would preferentially take place
in the more electron rich ring i.e. the aromatic ring contain-
"ing three methoxy groups, an alternéﬁive route was devised

to synthesise quinone (22).

Treatment of ﬁaphthalene (24) with 1.5 molar equivalenﬁs _

of boron trichloride resulted in the selectiﬁe removal of

the methyl group ortho-to the acetyl fﬁhctiop, to afford

vthe naphthol (25). . The structure (25) was confirmed by
1

its "H n.m.r. spectrum which showed a hydrogen bonded proton

at 6§14.08.

Treafment of the naphthol (25) with cerium(IV) ammonium
nitrate furnished quinone (22) which was unstable, since
evaporation of the solvent under reduced pressure . led to
its decomposition into dark red materiai. Fortunately,
‘however, this did not seem to affect the subsequent.reactions,
provided these were carried out without delay.

Reaction of allyltrimethylstannane with the quinone (22)
afforded the addition product (26), which, upon base catalysed

benzylation, yielded the dibenzyl ether (23).
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. MeO MeO o MeOMeOo @
| Meo“ g MeO“/‘\ -
- MeO MeO MeO MeO ,

(4) | (24)

'

MeO OH - MO OH §
MeO X MeO :

MeO MeO "

H
MeO 0
(26) (25)
MeO BnO O,
MeO AN
MeO BnO
(23)

Evidence for its structure included a broad doublet at 3.61
with a coupling constant of 5Hz for the allyl methylene
protons in the 1H n.m.r. spectrum\and a characteristic high
.field aromatic singlet at §6.75 for H-7. The assignment
was corroborated by a molecular  ion of m/z 512 in the mass

spectrum and a carbonyl absorption in the infrared spectrum

at 1696 cm T.
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xAltérnatively, it might be possible to introduce the allyl
Asubstituent via a Claisen rearéangement. Initially, quinone
(22) was converted into the hydroquinone (27) and by treatiﬁg
this with allyl bromide and potassium carbonate, the diallyl
ether (28) was produced. However, Claisen rearrangement
of this product (28) did nbt yvield the desired compound
(29),.. but instead it was found that both allyl moieties
had migrated to yield the two possible stereoisomers of
compound (30), which were separated chromatographically.
Evidence that the allyll group at c-1 had migrated ﬁo C-2
was provided by the chemical shift change in'the'lH n.m.r.
spectrum of the acetyl methyl protons which -had moved
from §2.73 in the starting material (28) to 82.05 and §2.10

for each of the geometrical isomers of (30).

().

" MeO OH

—>
MeO
7 MeO  OH
o ¥ (27)
O
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It could also be seen from the %H n.m.r. spectrum that neither
of the allyl groups were present in an ether linkage, as
the characteristic methylene protons of the ether link in

the region of §4.5 were absent and now appeared around ¢ 3

typlcal of C-allylation.

Therefore monoallylation of the hydroduinone (27) was attempt-
ed by usihg one molar equivalent of allyl bromide,15 This
resulted in the formation of three products which were ally;
lated in either position 1 (31), position 4 (32), or'positions
1 and 4 (28). All three products had similar Re values
on subjection vto silica gel chromatography using- a 'variéty

.~ of solvent systems, and therefore could not be separated

easily.
MeO OH N
hﬂe() ~ hﬂe() | () '()

MeO OH -'

(27)

¢ | MeO

. ‘MeO OH
(31)

MeO
(32) MeO O
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As ‘this strategy was not successful, the hydroquinone (27)
was acetylated to afford the diacetate (33) (69% yield from
the naphthol (25)) which exhibited inter alia, the three proton
acetyl singlets at §2.34, § 2.39 and §2.57 respectively in
the 'lH n.m.r, spectrum. In addition, two acetoxy stretch-
_.ing bands were obéerved in the infrared spectrum at 1763

and 1754 cm—l, and the acetyl 'carbonyl at 1680 cm_l._ The

l3C n.m,r. spectrum also showed the three methyl carbons
attached to the carbonyl carbon'at.620.60, $§21.38 and § 30.74

respectively, as well as the two ester carbons at 169.38

and the carbonyl carbon at § 195.95.

Treatment of the acetate (33) with 1.2 molar equivalents
of potassium hydroxide in a dilute methanolic solution at
room temperature furnished the naphthol (34), which was
immediately reacted with benzyl bromide in the presence

of potassium carbonate to afford the monoacetate (35).

Evidence that the ester group ortho- to the carbonyl at C-2
had been hydrolysed was provided after the Claisen rearrange-

ment was performed on the allylated compound (36).

The acetate 1;3(35) was hydrolysed with base and the resulting
.naphthol immediately allylated‘ with allyl bromide and
potaésiﬁm carbonate to afford the ether (36) in high yield.
The 1y n.m.r. spectrum indicated that O-allylation had taken

place showing inter alia, a characteristic broad doublet at §4.72

for the methylene protons linked to the oxygen atom at C-4.
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‘This allyl ether was pyrolysed under nitrogen for twenﬁy_
four hours to furnished the naphthol (37). This was imme—.
" diately converted into the dibenzyl. ether (23) identical
"to the substance obtained earlier via the Michael addition

- of allyltrimethylstannane to (22).

MeO OH @

sl
MeO

MeO OAc

(33) ' (34)

MeO  OBn | MeQO  OBn
T~ Wl
MeO MeO S
° MeO OH A - MeO OBn

" (37) : - . (23)
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“Although this method appears to be more involved than the

- former direct allylation procedure and its oﬁerall yield

- slightly 1lower (43% vs 51%), it obviated the use of the
highly toxic and expensive chemical, trimethyltin chloride,
f;om which the allyltrimethylstannane was produced. Addi-
' tiona11y all the reaction steps involved in this synthetic
SCheme were quick and easy to perform. Most important of
ail, however, it allowed a distihction to be made between
the protecting groups on oxygen at C-1 and C-4, which will
subsequently be shown to be necessary in the synthesis of
the pyrans (1) (ventiloquinone E) and the isomer (51) of

ventiloquinone J (52).

Ketone (23) was then reduced in high yield to the correspond-
ing alcohol (14) with lithium aluminium hydride. Treatment
of the alcohol (14) with potassium t-butoxide in dry dimethyl-
formamide under nitrogen gave l,3—Uﬂns—dimethylnaphthopyran

(15) in high yield (92%) as the sole product.

| OH
MeO BnO | MeO  OBn
' 0
OO v T MeO X
MeOMeO v y MeO  OBn
(15) (14)

Previous work from our laboratbry2 had resulted in the forma-
. tion of both the 1,3-trans-(38) and 1,3—cw—naphtho[2,3—ﬁﬂ

pyrans (39) as shown in the following scheme.
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MeO MeO o MeO MeO

@
MeO 7 MO

MeO

4 | | o (38)
MeO MeO | .
L] '
R J
(39) (40)
MeO "0,
Me_O 0 '

Comparison of the 1H.n.m.r. spectra showed the stereochemis-
try of our product (15) to be 1,3-trans. A striking difference
between the 1,3-trans~ (38) and the 1,3—cw:bompound (39)
was thé value of the chemical shifts of'fhe-single protons
‘at C-1 and C-3 of the pyran ring. For the cis-isomer (39),
':the_Proton~ at C-1 appeared at §5.21 (quartet J6.5Hz), an_d:v‘
~the proton at C-3 ' at 63.5-3.9 (multiplet), while the trané—
~isomer (38) displayed the proton at C-1 at 65.31  (quartet
J7Hz) and the proton at C-3 between$ 3.9-4.3 (multiplet).
_Examination of the lH n.m.r. spectrum of the naphthopyran
,(15) showed thé proton at C-1 to be at § 5.34 (quartef J6.6Hz)
and the proton at C-3 between §4.0-4.2 (multiplet), which
suggested that our product (15) had-ﬁhe_l,3-UWns-dimethylpyran
~configuration. This' means that the rﬁethYl group at C-1
would occupy a pseudo-axial position while thé hydrogen at
C-1 would occupy a pmnuo-equatoria} position. Additionally,

the methyl at C-3 would be equatorial and the hydrogen at c-3
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Qould be axial. It seemed reasonable that the pyran ring
would adopt this configuration as there was a large benzyl
group peri- to the methyl at c-1. This based-induced
cyclisation provided a further eXample of .the exclusive
'formation by this method of the 1,3-trans-dimethylpyran ring
which is found extensively in na'tture.g_14 Most other
-synthetic methods for generating this pyran ring vyield a

mixture of the cis- and Uun&-products_6:8,16—22

Unfortunately,
however, Thomson's naturally occurring benzisochromanquinones
all possess 1,3-cis-dimethyl stereochémistry in the pyran
ring. Our procedure, however, furnished an attractive route
for the preparatibn of vthe epimer of benzisochromanquinoﬁe
E, since on selective removal of the benzyl moieties at
~.C-5 and C-10 of the precursor (15)‘foilowed by air oxidation
the epimer (40) was afforded. This was useful for providihg
'spectroscopic comparisons with those dafa obtained from
vthe .corresponding cis-dimethyl compounds. Equally importaﬂf
was the faét that precursor (15) or 1its analogues might
‘well be used to syhthesise the aphin—derived _quihones (5)
and (11). |

“The .lH .n.m.r. spectrum of compound (40) (Figure 7) showed
.considerable fine structure for the two non-equivalent protons
at H-4 and the two methine "protons (BH-1 and H-3), ‘since
geminal, vicinal and 1long range coupling was apparent.
The pseudo-axial proton at H-4 appeared at § 2.19 with A geminal
coupling constant of V18.9Hz, vicinal coupling constant._of

10.1Hz and long-range coupling constant of 1.85Hz (coupling

with H-1) while the pseudo~ equatorial proton H-4 appeared
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Aas a doublet of doublets at §2.64 with a similar geminal
) coupling constant but had a viciﬁal coupling constant to
H-3 of 3.5Hz and no 1long range coupling. This accounts
for the observed multiplicity of the signal as a doublet
of doublets in comparison to the signal for
the pseudo-equatorial H-4 of the 1,3—¢i8-dimethyl isomer which
appeared as a doublet of doublet of doublets. The methine
proton at H-3 appeared as a multiplet at §3.9-4.0 obscured
by the presence of the three methoxy groups, which seemed
_.to‘ be consistent with a 1,3~trans—-dimethylpyran structure.
" Additionally the methine proton at H-1 appeared as a doublet
of quartets at §4.96 ‘(J6.8 and 1.85HZ), which further
confirmed the assignment. The small coupling ~again being

due to long range coupling to pseudo-axial H-4.

'~ Attempts to partially convert the trans-isomer (40) with
'phosphoric acid7 into the cis-isomer (1) were not successful.
Additionaliy, utilising Yoshii's8 method developed for ring
closures using mercuric(ll) acetate and sodium borohydride,
which gaﬁe a 50:50 mixture of trans- to cis-pyrans in their
case, the trans-isomer (15) was the only product obtained
using our alcohol (14). This difference in behaviour on
cyclisation of (14) to (15) was ascribed to the increased
~bulk of the benzyl substituent over that of the methyl,
‘which in our case required that the C-1 methyl group adopt
the 1less sterically demanding pseudo-axial configuration.
It seemed therefore logical to try and replace the benzyl
gréup at C-10 in cbmpound '(14) with a smaller moiety. It

was however still imperative that the aromatic ring fused
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N

'£o the pyran ting could subsequently be selectively oxidised

to the quinone level. This meant that a selectively removable

" . group would have to be introduced onto the oxygen atoms

at C-5 and C-10. The solution seemed to be embodied in
the synthesis of alcohol (46) containing a methoxy group

at C-8 - and a benzyloxy group at C-5.

This was accomplished by the following series of reactions.
Selective hydrolysis of the acetate ester ortho-to the acetyl
group of compound (33), followed by methylation gave the
compound (41). Hydrolysis of ﬁhe second acetate group gave
the naphthol (42) which was immediately O-allylated to furnish
éther (43). Claisen rearrangement of allyl ethef (43) follow-
ed by benzylation of the resulting naphthol (44) afforded
the ketone (45) .in a total yield of 66% calculated from
the diacetate ester (33). Reduction of the ketone gave
the alcohol (46) in 93% yield which showed inter alia, the benzy-
lic methyl as a doublet at §1.62 (J6.6Hz) and the single
benzylic proton at 65.16 as a quartet (J6.6Hz) in the lH

n.m.r. spectrum. A molecular ion of m/z 438 was seen in

the mass spectrum.

MeO OAc O MeO OMe ©
, —

MeO MeO
MeO OAc MeO OAc

(33) (41)
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- MeO OMe MeO OMe
| MeO | - MeO

O O
MeO O MeO | OH
(42) X ' (43)
| eO OMe : - OMe 0 :
MeO MeO |
MeO , MeO OBn ~
(44) (45)
- MeO OMe i
*
‘MeO 2 MeO OMe
: MeO OBn | OO OH
(47)
MeO
o MeO OBn
B MeO OMe (46)
MeO
MeO  OBn

(48)
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JRing closure of the alcohol (46) employing potassium t-buto-
xide still affordea‘ entirely the 1,3-trans-dimethylpyran
.(47). However, on using the method déveloped for ring closure
by Yoshii,8 consisting of intramolecular acetoxymercuration
énd subsequent reduction using sodium borohydride, a mixture
(1:1) of the two isomeric, naphthopyrans (47) and (48) respec-
tively (total yield 56%) was furnished. Separation of the
| two isomers was achieved by preparative thin layer chromato-
graphy. The 1y n.m.r. spectra of both the Uun&-produét (47)
and the cis- product (48) showed the expected differences.
Most noticeable was the difference in chemical shift of
" the H-3 proton of the. pyran ring, appearing as a doubiet
of doublet of quartets at §3.60 for the cis- product (48)and
in the region between§ 3.9-4.15 for the uﬁn&-product (47)

(slightly obscured by the methoxy protons)i

" The benzyl group ~of the cis- product (48) was 'selectively
removed to afford’' the naphthol (49) oxidation of which with
cerium(IV) ammonium nitrate gave the desired naturally occurr-
ing quinone, ventiloquinone E (1). Comparison of spectro-
écopic (1H n.m.r. spectrum Figure 8) and physical properties
of a sample of natural origin kindly provided by Professor
Thomson with the synthetic sample proved them to be identical.
This synthesis of ventiloquinone E (1) therefore confirmed
the structural assignment made by‘ Thomson and co-workers,
both in respect ‘of the pyran ring stereochemistry, where
thé natural material could be compared with both the cis-
compound (1) and also the trans- isomer (40), and also in

respect of the aromatic methoxy group being attached
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‘to C-7, rather than.b—B, as originally proposed by Thomson

on biogenetic grounds.

A survey was then made of the other ventiloguinones isolated
'by Thomson and co-workers with a view to confirming the
structure of some of these by synthesis with the 1little
material that remained. Oof ‘these,‘ ventiloquinone J seemed
a reasonable objective in' view of the availéble precursors.

Ventiloquinone J (either (S51) or (52)) was chosen as a target;

MeO MeO
oIS
MeO
g ' MeO OBn
MeO MeO / (48) "
0 - e
MeO
MeO HQ
(49)
Mo §
0
MeO /’/,
MO 5
(1)
9 oH
Q (52)
"MeO
MeO
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bxidation of the cis- product (48) with silver(II) oxide and
nitric acid gave the quinone (50). This quinone also showed
long range coupling in the. 1H n.m.r. spectrum between H-
1 and both H-4 protons. Long range coupling is well‘known
to occur in the pyran ring of a naphtho 2,3-¢ pyran ring
system if the pyran is directly fused to a quinone ring
(for example ventiloquinone E (1l). In the case of compound
(50) the pseudo-axial proton at C-4 appeared as a doublet
of doublet of doublets at§2.32 (J17.0, 10.6, and 1.8Hz),
with the 1long range coupling being 1.8Hz. The pseudo- equa-
torial proton at C-4 (§2.87) appeared‘as a doublet of doublet
- of doublets (with Jl7.b, 2.0, and 1.5Hz) indicating tﬁat
the long range coupling between the pseudo-equatorial proton
at C-4 and the pseudo-axial proton at C-1 is 1.5Hz and the
.vicinal coupling between the same proton at \6-4 and the
axial proton at C-3 is 2.0Hz. As the latter two coupling
constants were very similar, at first glance the signal
- appears to. be a ”doublet of triplets. The proton at é—l
also showed long range coupling with both of the protons
at C-4 as the signal appeared as a doublet of doublet of

1

quartets. (J6.4, 1.8 and 1.5Hz).

vSelective removal of the benzyl group of compound (50) afford-
ed the quinone (51). Comparisoh of spectroscopic properties
.0of this quinone with ventiloquinone'J (52)1 showed unequivo-
cally that they were different. Whereas the lH n.m.r. data
reported by Thomsonl for natural’ventilpquinone E were pre-
cisely the same as those of the subSténce obtained in 6ur

synthesis, there were notable differences in chemical shifts
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"for many of the n.m.r. spectrum signals .quoted by Thomsonl
- of natural ventiloquinone J (52) and our synthetic compound
(51) (Figure 9). Of svignificant difference was the chemical
shift of the two methoxy three-proton singlets appéaring
at 63.76 and §3.85 in our product (51) and at §3.84 and § 3.90
for ventiloquinone J (52). This provided negative evi-
dence that ventilogquinone J (52) possessed a methyl group
on the oxygen at C-5, ' and not one in position 10, which

‘up until now has not been certain.1

As a sampie of the naturally occﬁrring ventiloquinone J
(52) was not available it was not possible to compare‘phys.ic;al
and chromatographic properties, nor was it possible to compare
the fingerprint regions of both infrared spectra.

Oxidation of the trans-product (47) with silver(II) oxide

lH n.m.r.

and nitric acid afforded the quinone (53). The
spectrum of | compound (53) displayed, interalia, a doublet of
doublet of doublets at §2.30 (J17.8, 10.8 and 0.8Hz) for
the pseudo-axial proton at C-4, while the pseudo-equatorial

vproton appeared at §2.89 as a doublet of doublets (J17.8

and 3.4Hz).

- Selective removal of the benzyl group afforded the quinone
(54) which displayed a hydrogen .bonded proton ‘in the lH
n.m.r. spectrum at $12.83. Also observed was 1long range
coupling between ' the pseudo-equatorial proton at C-1 and

the pseudo-axial proton at C-4 (J0.9Hz). Further evidence

for its structure was provided by the mass spectrum indicating

‘a molecular ion at m/z 318.
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MeO MeO | MeO

MeO ’,, MeO 14,
MeO OBn 0 OBn

(47) / (53)

MeO

MeO O‘

(54)

Thus the structure of ventiloquinone J had been confirmed
to be that of compound (52) by synthesis of a structural
isomer (51) of (52) possessinganO-methylin position 10 instead

of position 5, as well as its epimer (54).

Since no more material was available, work for the purposes
of this thesis was terminated at this stage. However, it
is clear that further work can be undertaken in the area

of ventiloquinone synthesis, as well as the synthesis of

the aphin derived trans-dimethylnaphthopyrans (5) and (11).
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EXPERIMENTAL

"Procedures, equipment and abbreviations are identical to

those described in chapter 1, except all 1H n.m.r. were

recorded on a Varian VXR-200 at 200MHz, while all 13C n.m.r.

were recorded on the same instrument at 50.1MHz.

2—Acetyl-4,5,6,8—tetramethoxy—1 -naphthol (25).-

The naphthalene (24) (1.099 g, 3.43 mmol) in dry methylene
dichloride (50 ml) was treated at -78°C with boron trichloride
(0,403 g, 3.43 mmol) in the same solvent (8 ml). After
30 min the solution was allowed to warm to room temperatdre
and then hydrolysed with an excess of water. The organic
material was extracted into methylene dichloride (200 ml).
.The residue obtained upon work-up was chrppatogéaphed (eluant
40% ethyl acetate-light petroleum) to afford- the naphthol
(25) (0.920 g, 88%) as off-yellow needles, m.p. 157-158°C

(2-propanol) (Found: C, 62.55; H, 5.95. 016H1806 requires

1. 52.62

C, 62.75; H, 5.9%); Vpax, 1688(2C=0) and 1616(C=C) cm~

(3, s, COCHy), 3.77, 3.88, 3.97, and 3.99 (each 3H, s,
OCH3), 6.67 (l1H, s, 7-H), 6.96 (1H, s, 3-H), and 14.08 (1H,
s, OH, D,0 exchangeable); m/z 306 (M", 100%), 291 (40),

. 277 (9), 262 (12), and 43 (25).

' '
2-Acetyl-1,4-dibenzyloxy-5,6,8-trimethoxy-3-prop-2 -enylnaphthalene (23) .-
The naphthol (25) (500 mg 1.63 mmol) in acetonitrile (120 ml) -

and water (50 ml) was treated with cerium(IV) ammonium

nitrate (2.33 g, 4.24 mmol) in water (20 ml) during 8 min,
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Af?and stirring was\continued for a further 15 min. The mixture
was thrown into water, extracted with methylene dichléride,
and the solution evaporated under reduced pressure to afford
a residue. To this was added dry methylene dichloride
(100 m1) and then cooled to =-78°C and the flask flushed
with nitrogen. Boron trifluoride etherate (0.22 ml, 1.63
_mmol) was added, whereupon the solution turned dark brown.
Allyltrimethylstannane (880 mg, 2.45 mmol) was added, and
the reaction mixture stirred for 1 h at =-78°C and then
warmed to room temperature. Water (100 ml) was then rapidly
added and the organic product extracted with methylene
dichloride (4 x 50 ml). The dried extract was filtered,
and the resulting o0il, on evaporation of the solvent, was
dissolved in dry acetone (100 ml) and treated with potassium
carbonate (2.25 g, 16.3 mmol) and benzyl bromide (2.80 g,
1.94 ml, 16.3 mmol). The mixture was boiled with wvigorous
stirring for 12 h. The inixture ;as cooled, filtered, the
solvent evaporated and the residue chromatographed (eluant
10%-20% ethylacetate~light petroleum) to yield the product
(23) (427 mg, 51%), identical in all spectroscopic aspects

with the material synthesised later.

1,4-Diacetoxy-2-acetyl-5,6,8-trimethoxynaphthalene (33).-

A solution of cerium(IV) ammonium nitrate (3.84 g) in water

(70 ml) was added dropwise with stirring over a period

of 15 min to a solution of the naphthol (25) (0.82 g, 2.68
~mmol) in acetonitrile (100 ml) and water (30 ml). The

solution was stirred for a further 15 min and thén poured

into water (200 ml). This was extracted twice with methylene
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'-diéhloride (200 ﬁl x 2). The organic layer was separated
and then shaken with an aqueous solution (200 ml) containing
sodium dithionite (5 g, an excess) in a separating funnel.
The residue obtained upon work-up of the fluorescent green
organic phase was immediately dissolved in dry pyridine
(50 ml), and acetic anhydride (5 ml) was added. The mixture
Qas heated at 80°C for 2 h. The coéled reaction mixture
was added to an excess vof water. The organic material
was then extracted with methylene dichloride keeping the
pyridine in the aqueous layer by carefully acidifying with
dilute hydrochloric acid. The residue obtained upon work-
up was chromatographed (eluant 20% ethyl acetate-light
petroleum) to afford the acetate (33) (695 mg, 69§ii as
pale yellow rectangles, m.p. 170-171°C (light petroleﬁm/

methylene dichloride) (Found: C, 60.55; H, 5.35. C19H2008
requires C, 60.65; H, 5.3%); Voax. 1763 (0Ac), 1754 (OAc),
and 1680 (2c=0) cm '; 'H n.m.r. §2.34 and 2.39 (each 3H,
S, OCOCH3), 2.57 (3H, s, CCOCH3), 3.77, 3.90, and 3.95
(each 3H, s, OCH3), 6.69 (1H, s, 7-H), and 7.43 (1H, s,
3-H); '7C n.m.r. 620.60, 21.38, and 30.74 (3 x CH,CO),
56.09, 56.48, and 61.55 (3 x OCH3), 97.32 (c-7), 115.37

(c-8a)P, 119.85 (c-3), 124.73 (c-2)%, 126.29 (C-4a)®, 135.45
(c-1)%, 142.47 (c-4)%, 144.81 (c-6), 152.03 (C-5), 154.37
(C-8), 169.38 (2 x CO), and 195.95 (CO) (assignments with

the same superscript may be interchanged); m/z 376 (M+,

23%), 334 (35), 292 (80), 277 (100), and 43 (43)
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) 4-Acetoxy-2-acetyl-1-benzyloxy-5,6,8-trimethoxynaphthalene (35) .-

" The acetate (33) (181 mg, 0.48 mmol) was dissolved by warming
in methanol (30 ml). To the cooled solution was added
1a methanolic_ solution of potassium hydroxide (to' give a
1% w/v solution, 0.58 mmol) .and the solution was stirred
for -10 min. To the reaction mixture.was added water (50 ml)
~and methylene dichloride (100 ml) snd the whole was then
carefully acidified with dilute hydrochloric acid. The -
residue obtained upon work-up was flash chromatographed
KSO% ethyl acetate-light petroleum) to yield the naphthol
(34) which was immediately dissolvéd in dry acetone (50
ml). Dry potassium carbonate (330 mg, 2.39 mmol) and benzfl
bromide (410 mg, 2.40 mmol) were added, and the mixture
- was boiled with stirring for 1 h. The cooled reaction
mixture was filtered and the solution was_evaéorated. The
residue was chromatographed (eluant 10% ethyl acetate-light
'vpetroleum) to afford the product (35) (173 mg, 85%) as
white graiﬁs,rm.p: 147-148°C (2-propanol) (Found: C,V68.05;
H, 5.8. C24H2407 requires C, 67.9; H, 5.65%); v hax. 1754
(OAc) and 1662 (2C=0) cm '; 'H n.m.r.§ 2.35 (3H, s, OCOCH,),
2.62 (3H, s, CCOCH3), 3.81, 3.84, and 3.99 (each 3H, s,

OCH, ), 4.93 (2H, s, CH.-Ph), 6.73 (1H, s, 7-H), 7.35 (1H,

13

2
s, 3-H), and 7.34-7.47 (5H, m, Ph—CHz); C n.m.r. § 20.61
and 31.41 (2 x CH,C), 56.47, 56.69, and 61.86 (3 x OCH,),
78.81 (CH,Ph), 97.12 (C-7), 116.65 (c{aa)b, 120.21 (c-3),
124.84 (C—4a)b, 126.5~128.45 (C of Ph), 135.92 (C~2)a,
137.03 (C—l)a, 141.25 (C-4)a, 152.08 (c-6), 154.93 (cCc-5),
155.01 (c-8), 169.79, and 199.39 (CO) (assignments with

the same superscript may be interchanged); m/z 424 (M',
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©28%), 382 (17), 340 (23), 325 (12), 291 (100), 234 (18),

233 (12), 91 (69), and 43 (61)

. 4
2-Acetyl-1-benzyloxy-5,6,8~trimethoxy-4-prop-2 -enyloxynaphthalene (36).-

' Compound (35) (131 mg, 0.31 mmol) was dissolved by warming

1n methanol (30 ml). To the cooled solution was added
‘Aa_-vmethanolic solution of potassium hydroxide (to give a
5% w/v solution, 1.55 mmol) and the solution stirred for
10 min. To the reaction mixture was added water (50 ml)
and methylene dichloride (100 ml) and then the whole was
carefully acidified with dilute hydrochloric acid. The
residue obtained upon work-up was dissolved in dry acetone
(50 ml), and dry potassium carbonate (210 mg, 1.52 mmol)
and allyl broﬁide (200 mg, 1.65 mmol) were added, and the
mixture was boiled with stirring for 16 h. The cooled
reaction mixture was filtered and evaporated. The residue
was chromatographed (eluant 40% ethyl acetate-light petro-
ieum to afford the product (36) (107 mg, 82%) as pale yellow
iparallelogram plates, m.p. 105-106°C (2-propanol) (Found:

c, 71.2; H, 6.4. C25H2606 requires C, 71.1; H, 6.15%):

v 1646 (2C=0) em™Y: v n.m.r. §2.72 (3H, s, COCH,),

3.89, 3.92, and 4.08 (each 3H, s, OCH3) 4.72br. (2H, 4,

J5.2Hz, allyl CH2), 4.96 (2H, s, CH,-Ph), 5.39 (1H, dd4d,

2
'J10.5 and 1l.4Hz, vinyl CH2), 5.64 (1H, d4d, J17.2 and 1l.7Hz,
vinyl CH,), 6.27 (1H, ddd, J17.2, 10.5, and 5.2Hz, vinyl
CH), 6.85 (1H, s, 7-H), 7.18 (1H, s, 3-H), and 7.37-7.58

(5H, m, Ph-CH,); 13

C n.m.r. §31.62 (CH,C), 56.54, 56.80,
and 61.96 (3 x OCH;), 70.83 (OCH,~) 78.57 (CH,Ph), 97.60

(c-3), 107.72 (=CH), 116,70 (C-8a)®, 117.48 (=CH,), 126.53
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(c-4a)P, 127.49-128.40 (C of. Ph), 133.27 (c-7), 137.30
(c-1)3, 138.07 (c-2)3, 150.82 (c-1), 150.94 (c-6)C, 152.11
(C-5), 154.26 (C-8), and 200.51 (cCO). (assignments with
the same suberscript may be interchanged); nVE 422 (M+,
22%), 331 (47), 282 (15), 272 (10), 91 (100), 65 (13),
43.(29), and 41 (26).

2-Acetyl-1,4-dibenzyloxy-5,6,8-trimethoxy-3-prop-2 ~enylnaphthalene (23) .-

The allyl compound (36) (189 mg, 0.45 mmdl) was heated
under nitrogen at 125°C for 24 h. The Claisen rearranged
product of slightly higher Re value was immediately dissolved
1in dry acetone (50 ml),-and dry potassium carbonate (330 mé,
2.39 mmol) and benzyl bromide (410 mg, 2.40 mmol) were
added and the mixture boiled with stirring for 7 h. Thé
- cooled reaction mixture was filtered and evaébrated. The
residue was chromatographed (20% ethYl acetate-light petro-
leum) to afford the product (23) (190 mg, 83%) as white
needles, - m;p. 93-94°C (2-propanol) . (Found: C, 75.1; H,

0, requires C, 75.0, H, 6.25%); v 1695(2C=0)

6.0,
max.

C32H35
em™'; 'H n.m.r. §2.60 (38, s, COCH,), 3.6lbr. (2H, d, J5.0Hz,

ArCH,), 3.73, 3.91, and 4.04 (each 3H, s, OCH,), 4.87 and
4.95 (each 2H, s, OCH,~Ph), 4.95-5.10 (2H, m, partly obscured
by peak at §4.95, wvinyl CH2), 5.90-6.10 (1H, m, vinyl CH),
6.75 (1, s, 7-H), and 7.34-7.61 (lOH, m, Ph-CH,); '>C
n.m.r. §30.69 (CH,C), 33.40 (CH,~CH=), 56.38, 56.68, and

62.25 (3 x‘OCH3), 76.74, 78.38 (2 x CH.-Ph), 96.48 (C-7),

2
115.81 (c-8a)®, 116.03 (=cH,), 126.04 (c-4a)®, 127.45-128.21
(C of 2 x Ph), 133.15 (C-3), 136.62 (=CH), 137.24 (c-1)P,

137.71 (c-2)P, 147.83 (c-4)S, 147.96 (c-6)C, 150.60 (C-5),
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©153.34 (c-8), and 205.53 (CO). (assignments with the same
superscript may be interchanged); m/z 512 (M+, 5%), 421

(21), 330 (9), 280 (13), 91 (81), and 57 (95), B

1,4-Dibenzyloxy—2—(1-hydroxyethyl)-S,6,8~trimethoxy—3—prop-2'—enylnaphthalene (14).- )
.The kefone (23) (342 mg, 0.67 mmol) in dry ether (20 ml)
 was added to a stirred suspension of 1lithium aluminium

hydride (38 mg, 1.0 mmol) in ether (20 ml). When t.l.c.
showed that all the starting material had been converted

into product (ca. 5 min), the reaction was worked up by

the addition of saturated aqueoué solution of ammonium

chloride, followed by anhydrous magnesium sulphate. Work-up

of the filtrate gave a residue which was chromatographed

(eluant 20% ethyl acetate-light petroleum) to afford the

product (14) (342 mg, 99%), m.p. 124-125°C (cyclohekane/

methylene dichloride) (Found: C, 74.65; H, 6.85. C32H3406

requires C, 74.7; H, 6.6%); v___ 3433(OH) and 1604 (c=C)

em™'; 'H n.m.r.§1.62 (38, d, J6.8Hz, CH(OH)CH,), 3.5-3.7

(2H, m, Ar-CH,), 3.72, 3.85, and 4.02 (each 3H, s, OCH,),

4.92 (4H, s, OCH,-Ph), 4.96 (1H, d4dd4, J17 and 1l.7Hz, vinyl

2
CH2), 5.10 (1H, 44, J10.1 and 1.7Hz, vinyl CHZ)’ 5.23 (1H,

a, J6.8Hz, CH—CH3), 4,9-5.3 (1H, OH, D20 exchangeable),

6.11 (1H, m, wvinyl CH), 6.75 (1lH, s, 7-H), and 7.3-7.6

(10H, m, Ph—CHZ); 13

C n.m.r. §29.75 (CH3C), 30.50 (CHZ—
CH=), 56.75, 57.00, and 62.75 (3 x OCH3), 67.25 (CHOHCH3),

76.5 and 77.5 (2 x OCH,-Ph), 97.25 (C-7), 115.75 (=CH2),

2
116.5 (C-8a)?, 125.35 (Cc-4a)®, 127.5-129.7 (C of 2 x Ph),
136.70 (c-2)P, 132.50 (c-3), 137.5 (=CH), 138.20 (c-1)P,

148.4 (C-4), 149.5 (C-6), 150.00 (C-5), and 153.00 (C-8),
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A(assignments with the same superscript may be interchanged);
m/z 514 (MY, 3%), 422 (15), 315 (22), 91 (100), and 28

(69).

: trans-5,1 0-Dibenzyloxy—3,4-dihydfo—6, 7,9-trimethoxy-1,3-dimethyl-1 H-napﬁtho
| ;|:2,3-c]pyran (15).- » |
jébmpound (14) (121 mg 0.24 mmol) dissolved in dry dimethyl-
formamide (10 m1) and dry nitrogen was passed through the
solution for 10 min. Potassium t-butoxide (0.21 g,
1.92 mmol) was added and the mixtufe stirred . under nitrogen
at an o0il bath temperature of 70°C for 2 h. The mixture
- was cooled, thrown inté water, and extracted exhaustiveiy
with ether (4 x 30 ml). The residue obtained upon work-
up was chromatographed (eluant 20% ethyl acetate—light'
petroleum to afford the naphthopyran (}?) (ill mg; 92%)
 as white grains, m.p; 125-126°C (crystallised after subjec-
. tion to p.l.c. and left to stand, then washed with cyclo¥
C32H34 6 requires C,
-1

74.7; H, 6.65%.); v 1616 (C=C) and 1595 (C=C) om ~;
1

hexane) (Féund: C, 74.4; H, 6.35. 0
H n.m.r. 1.35 (3H, d, J6.0Hz 3-CH;), 1.64 (3H, d, J6.6Hz,
‘1-cHy), 2.57 (1H, 44, J17.0 and 11.0 Hz, pseudo-axial 4-
H), 3.13 (1H, dd, J17.0 and 3.3Hz, pseudo-equatorial 4-H),
'3.74, 3.87, and 4.02 (each 3H, s, OCH,), 4.0-4.2 (lH, m,
partly obscured by OCH3 protons, 3-H), 4.75 and 4.80 (each
1H, d, J20.3Hz, CH,-Ph) 5.00 and 5.05 (each 1H, 4, J14.lHz,

-Ph), 5.34 (1H, q, J6.6Hz 1-H), 6.70 (1H, s, 8-H), 7.3-
13

CH2

7.7 (10H, m, Ph—CHé); C n.m.r §20.75 (Cc-3a), 22.05 (C-1la),
30.94 (c-4), 56.57, 56.80, 62.17 (3 x OCH3), 62.54 (C-3),

68.77 (Cc-1), 75.50 and 76.26 (2 x CHy,-Ph), 96.41 (C-8),
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116.11  (c-9a)®, 124.70 (c-2a)®, 126.78 (c-5a)3, 127.42-
128.39 (C of Ph x 2), 138.05 (c-10a)®, 138.10 (c-10)%,
146.69 (c-7)S, 146.83 (c-5)F, 149.36 (c-6), and 153.05
(C-9) (assignments with the same superscript may be inter-
changed); m/z 514 (M', 5%), 423 (13), 331 (17), 285 (10),

91 (100), and 43 (45).

£rans-3,4—Dihydro-6,7,9-tn°methoxy-1,3-dimethyl-1H—naphtho[2,3-<ﬂpyran-5,1o-
quinone (40).- ‘

The pyran (15) (49 mg, 0.095 mmol) in ethyl acetate (10 ml)
was stirred together with 10% P4d/C (100 mg) and a drop
of concentrated hydrochloric acid at room temperature under
an atmosphere of hydrogen for 1 h. After filtration and
evaporation of the solvent under reduced pressure the residue
was chromatographed (eluant 50% ethyl acetate-light petro-
leum) to yield the product (40) (28 mg, 87%) as pale orange
needles, m.p. 177.5-178.5°C (cyclohexane/methylene dichlo-

ride) (Found: C, 64.9; H, 6.0. C18H260 requires C, 65.05;

6

H, 6.0%); vmax 1651 (c=0), 1636 (C=0), 1579 (c=C), and

1551 om™'; 'H n.m.r. §1.31 (3H, d, J6.0Hz, 3-CH;), 1.50

(34,4, J6.8Hz, l—CH3), 2,19 (1H, ddd4, J18.9, 10.1, and
1.85Hz,l pseudo-axial 4-H), 2.64 (1H, ad, J18.9 and
3.5Hz, pseudo-equatorial 4-H), 3.9-4.0 (1lH, m, partly obscured
by OCH3 protons, 3-H), 4.96 (1lH, dq, J.6.8 and 1.85Hz, 1~

13¢ n.m.r.619.62 (C-3a), 21.47

'H), and 6.72 (1H, s, 8-H);
(c-1a), 29.50 (C-4), 56.17, 56.63, and 61.23 (3 x OCH,),
62.51 (C-3), 67.16 (C-1), 101.15 (c-8), 112.93 (C-5a)3,
126.41 (C-9a)3, 140.73 (c-10a)®, 143.41 (c-4a)®, 146.65
(c-7), 158.03 (C-6), 159.55 (C-9), and 181.56 and 184.08

(2 x CO) (assignments with the same superscript may be
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interchanged); m/z 332 (MY, .100%), 317 (86), 302 (32),
289 (19), 259 (21), 137 (10), 115 (12), ‘65 (10), and 43

(36).

4-Acetoxy-2-acetyl-1,5,6,8~tetramethoxynaphthalene (41).-
The acetate (33) (684 mg, 1.82 mmol) was dissolved by warming

~-in methanol (70 ml). To the cooled solution was added
~a methanolic solution of potassium hydroxide (to ~give a
1% w/v solution, 2.18 mmol) and the. solution was stirred
at room temperature for 10 min. To the reaction mixture
 7was added water (100 ml) and methyléne dichloride (150 ml)
~and the whole was thén carefully acidified ’with diluée
hydrochloric acid. The residue obtained upon work-up was
'immediately dissolved 1in dry aceténe. (156 ml); and dry
potassium carbonate (1.25 g, 9.06 mmol) aqq‘dime£hyl sulphate
(1.15 g, 9.06 mmol) were added, and the mixture boiled

~with stirring for 3 h. The cooled reaction mixture was

filtered and evaporated. The residue was chromatographed -

(eluant 50% ethyl acetate-light petroleum) to afford the
product (41) (551 mg, 87%) as dull orange hexagon layers,
m.p. 158-160°C (2-propanol) (Found: C, 62.15; H, 5.7.
C18H2007 requires C, 62.1; H, 5.8%);
‘1646 (2c=0) om '; ' n.m.r.62.21 (38, s, OCOCH;), 2.61

Voax. 1758 (OAc) and

(3H, s, COCHy), 3.67, 3.71, 3.87, and 3.90 (each 3H, s,
: ocnj), 6.64 (1H, s, 3-H), and 7;27. (11, s, 7-H); T3¢
n.m.r. §20.63 and 31.20 (CH,C), 56.44, 56.73, 61.82, and
63.87 (4 x OCH;), 96.96 (c-7), 116.30 (c-8a)®, 120.18 (c-
3), 126.53 (c-4a)P, 126.73 (c-2)P, 135.5 (c-1), 140.97

(c-4), 152.06 (c-6), 154.72 (Cc-5), 156.81 (C-8), 169.64
-(co), and 198.70 (CO) (assignments with the same superscript
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'
"-'maQ be ihterchénged); m/z 348 (M+, 35%), 306 (53), 291
(100), 263 (12), 42 (43), and 28 (79).
2-Acetyl-1,5,6,8-tetrame thoxy—4—prop-2'-enyloxynaphthalene (42).-
Compound (41) (551 mg, 1.04 mmol) was dissolved by warming
in methanol (100 ml). To the cooled solution was added
 a,_methano1ic solution of potassium hydroxide (to give a
5% w/v solution, 5.20 mmol) and the solution was stirred
for 10 min. To the reaction mixture was added water (70 ml)
and methylene dichloride (100 ml) and the whole was then
carefully acidified with dilute hydrochloric acid. The
residue obtained upon work-up was dissolved in dry acetone
(100 ml), and dry potassium carbonate (1.1 g, 8.0 mmol)
and allyl bromide (0.96 g, 7.9 mmol) weré added and tﬁe
mixture was boiled with stirring for 16 h. The cooled
reaction mixture was filtered and evaporated. The residue
was chromatographed (eluant 30% ethyl acetate-light petro-
leum) to afford the product (42) (507 mg, 92%) m.p.
85.5-86.5°C (cyclohexane) (Found: C, 66.25; H, 6.3. C19H2206

1

requires C, 65.90; H, 6.35%); 1657 (2C=0) cm —; §2.73

vmax .
(3H, s, COCH3), 3.77, 3.78, 4.00, and 4.01 (each 3H, s,
OCH,), 4.62 (2H, dt, J5.3 and 1.4Hz, ArCH,), 5.29 (1H,
ddd, J10.5, 3.2, and 1l.4Hz, wvinyl CHZ)’ 5.53 (1H, ddd4d,
Jl7.3,. 3.2, and 1l.7Hz, vinyl CH2), 6.16 (1H, ddd, J17.3,
'10.5, and 5.3Hz, vinyl CH), 6.74 (1H, s, 3-H), 7.09 (1lH,
s, 7-H); 1°C n.m.r. 631.32 (CH,C), 56.71, 56.78, 61.93,
and 63.64 (4 x OCH3), 70.82 (OCH2), 97.56 (C-7), 107.84
(=CH), 116.51 (C-8a)b, 117.44 (=CH2), 126.59 (C—4a)b, 126.67

(C—l)b, 133.27 (c-3), 138.03 (Cc-2), 150.66 (C-4)3, 152.21
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.“(C—6)a, 153.02 (c-5), 154.20 (Cc-8), and 200.05 (CO) (assign-
ments with thevsame superscript may be interchanged); m/z
‘346 (M*, 75%), 305 (100), 289 (36), 275 (20), 270 (12),

245 (17), 43 (56), and 41 (58).

2-A cetyl—4-benzyloxy—1,5,6,8-tetramethoxy—3-propj2'-enylnaphthalene (45) .-
Compound (43) (507 mg, 1.47 mmol) wés heated under nitrogen
at 125°C for 24 h. The product was immediately dissolved
in dry acetone (50 ml) and dry potassium carbonate (1.00 g,
7.35 mmol) and benzyl bromide (1.25 g, 0.87 ml, 7.35 mmol)
- were added and the mixture was boiled with stirring for
27 h. The cooled réaction mixture was filtered aﬁd
evaporated. The residue was chromatographed (eluant 5-
30% ethyl acetate-light petroleum) to afford thé product
(45) (525 mg, 82%) as a pale yellow oil, ﬁ(Found: mt,

- (film)

1436.1877. ¥V nax.

0 requires M, 436.1886);-

C26M28%
1696 (20=0) om Y; 5.2.58 (3H, s, COCH;), 3.57br. (2H, d,
J5.9Hz, ArCH2), 3.68 and 3.74 (each 3H, s, OCH3), 4,02

(6H, S, 2 X' OCH3), 4.89 (2H’ S, CH _Ph), 4.95 (1H, dd,

2
J16.4.and 1.7Hz, vinyl CH2); 5.03 (1H, 44, J10.4 and 1l.5Hz,
. vinyl CH2), 5.95 (1H, dd4t, J16.4, 10.4 and 6.1Hz, vinyl
CH), 6.74 (1H, s, 7-H) 7.3-7.6 (5H, m, Ph-CH,); m/z 436
(M+, 7%), 345 (100), 314 (23), 286 (13), 91 (47), 49 (23),

‘and 28 (17).

. ’ ' ’
4-Benzyloxy-2-(1-hydroxyethyl)-1,5,6,8-tetramethoxy-3-prop-2 -enylnaphthalene
(46).-
The ketone (45) (172 mg, 0.39 mmol) in dry ether (15 ml)

was added to a stirred suspension of lithium aluminium .
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‘hydride (23 mg, 0.61 mmol) in ether (10 ml). When t.l.c.
showed that all the starting material had been convef-—
7' ted into product (ca. 5 min), the reaction was worked up
by addition of saturated ammonium chloride, followed by
" anhydrous magnesium sulphate. Work-up of the filtrate
gave a residue which was chromatographed (eluant 30% ethyl
acetate-light petroleum) to afford the product (46) (160 mg,

93%) as a pale brown oil, (Found: M+,. 438.207. 0

Co6H300%

requires M, 438.204); v .. (film) 3468 (OH), 1604 (c=C),

‘and 1585 (c=Cc) cm ¥; B n.m.r.61.62 (3H, 4, J6.6Hz,

CH, (OH)CH), 3.40-3.59 (2H, m, cH,

-CH=), 3.68, 3.87, 3.99,
and 4.01 (each 3H, s, OCH3), 4.83 and 4.86 (each 1H, 4,

J10.3Hz, CH,~Ph), 4.95 (1lH, dd, J17.3, 1.7Hz, vinyl CH,),
5.08 ‘(1H, dd, J10.3 and 1.6Hz, vinyl CH,), 5.16br. (1H,
q, J6.6Hz, CHCHy), 6.07 (lH, ddd, J17.3, 10.3, and 5.2Hz,
- vinyl CH), 6.74 (1H, s, 7-H), and 7.30-7.56 (5H, m, Ph-
.CH2);. B3¢ n.m.r.s25.46 Y(CH3-C), 30.45 (CH,~C=), 56.92,
57.02, 62.36, and '63.70 (4 x OCH,), 67.58 (CH), 76.66 (CH,-
Ph), 97.27 (c-7), 115.83 (=CH,), 116.12 (c-8a)%, 125.35
(c-4a)®, 127.6-129.25 (C of Ph), 132.36 (C-3), 136.68v(C—
2)®, 137.38 (=cH), 138.21 (c-1)°, 147.71 (c-4), 149.96
(C-6), 151.37 (C-5), and 152.75 (C-8) (assignments with

the same superscript may be interchanged); m/z 438 (Mf,

11%), 347 (100), 329 (24), 298 (15), and 91 (37).

trans-3,4-Dihydro-5-benzyloxy-6,7,9,10-tetramethoxy-1,3-dimethyl-1H-naphtho [2,3- '
c_]pyran (47) and cis-3,4-Dihydro-5-benzyloxy-6,7,9,10-tetramethoxy-1,3-
dimethyl-1H-naphtho [2,3-(.;.] pyran (48).-

A mixture of the alcohol (46) (160 mg, 0.37 mmol) and



- 188 -

"'mercurY(ll) acetate (134 mg, 0.37 mmol) in tetrahydrofuran
" (5 ml) and water 5 ml) was stirred for 1 h. Sodium hydroxide
(3M, 3.0 ml) was added and the mixture stirred for 1 h,
- after which sodium borohydride (3M solution in 3M aqueous‘
sodium hydfoxide, 3.0 ml) was added. The mixture was stirred
at room temperature for 40 min, then diluted with water
-and extracted with ethyl acetate (3 times). The residue
obtained upon work-up was flash chromatographedb (eluant
| 50% ethyl acetate-light petroleum), and the resulting residue
was subjected to p.l.c. (eluant 7% ethyl acetate-light
petroleum) to give firstly the ciscompound (48) (45 mg,
_28%) as an oil. (Found: M+, 438.2052. C26H3006 requir:as
M, 438.2042);

on™'; 61.35 (38, d, J6.1Hz, 3-CH,), 1.64 (3H, d, J6.3Hz,

Vioay, (Eilm) 1606 (C=C) and 1590 (C=C)
1-CH;), 2.49 (1H, ad, J16.2 and 10.7Hz, pseudo-axial 4-H),
~3.10 (1H, 44, J16.2, 1l.4Hz, pseudo-equatorial 4-H), 3.60
(1H, ddq, J10.7, 6.1, and 1.4Hz, 3-H), 3.72, 3.74, 4.00,
and 4.01 (each 3H, s, OCH;), 4.86 and 4.94 (each 1H, d,

- J10.4Hz, CH,-Ph), 5.20 (1H, q, J6.3Hz, 1-H), 6.69 (1H,

2
s, 8-H), and 7.3-7.6 (5H, m, Ph); m/z 438 (M', 11%), 347
(100), 303 (87), 91 (68), 49 (19), and 28 (13). The second
fraction afforded the trans-compound (47) (45 mg, 28%) as
opaque quartz clusters, m.p. 139-140.5°C (light petroleum)
(Found: C, 71.05; H, 7.2.- C2633006 requires C, 71.25;

1

H, 6.9%); v 1609 (C=C) and 1591 (C=C) cm ~; §1.33 (3H,

max.
d' J6.3HZ, 3_CH3), 1060 (3H, d, J6.6HZ, l_CH3), 2-53 (lH,
dd, J17.3 and 11.2Hz, pseudo-axial 4-H), 3.10 (1H, 44, J17.3

and 3.4Hz, pseudo-equatorial 4-H), 3.71 and 3.76 (each 3H,

Sy OCH3): 4.00 (6H, s, 2 x OCH3), 3.9-4.15 (1H, m, obscured
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by OCH peaks, 3-H), 4.79 and 4.94 (each 1H, 4, J10.0Hz,

3

CH,-Ph), 5.29 (l1H, q, J6.6Hz, 1-H), 6.68 (1H, s, B8-H),

2
and 7.3-7.6 (5H, m, Ph); m/z 438 (M', 9%), 374 (100), 303

(67), 91 (58), 43 (23), and 28 (19).

ci s-3,4-Dihydro_—6, 7,9-trimethoxy-1,3-dimethyl~1 H-naphtho [2, 3-<£| pyran-5,10-
quinone (1).-

Compound (48) (22 mg, 0.05 mmol) in ethyl acetate (10 ml)
was stirred together with 10% P4d/C (20 ﬁg) and a drop of
concentrated hydrochloric acid at room temperature under
an atmosphere of hydrogen for 30'min. After filtration
-and evaporation of thevsolvent under reduced pressure the
residue was flash chromatographed (eluant ethyl acetate)
to afford the naphthol (49), which was immediately dissolved
in a mixture of acetonitrile (5 ml) apq wat;r (2 ml). A
solution of cerium(IV) ammonium nitrate (70 mg, 1.28 mmdl)_
in water (5 ml) was added dropwise with stirring over a
period ofllo min.” The solution was stirred for a further
‘15 min and then poured into water (20 ml). This was extract-
ed with methylene dichloride (2 x 40 ml). The residue
obtained’upon work-up was chromatographed (eluant 30% ethyl
acetate-light petroleum) to afford the quinone (1) (13
mg, 78%) as orange crystals, which proved to be identical
in spectroscopic and physical properties with a sample
- of natural origin m.p. 129-130°C kéample of natural origin
m.p. 130°-130.5°C) (Found: M', 332.1278. CigHyg0¢ Tequires
M, 332.1260); SpeCtroscopic and’ thin layer chromatographic
comparison of the synthetic with the naturally derived

sample of ventiloquinone E showed them to be identical.
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cis -5-Benzyloxy-3,4-dihydro-7,10-dimethoxy-1,3-dimethyl-1 H-naphtho[2,3-c] pyran-
6‘,9-quinone (50) .- |

The naphthalene (48) (31 mg, 6.071 mmol), silver(II) oxide
(45 mg, 0.36 mmol), and dioxane (5 ml) were stirred together
at room temperature. Nitric .acid (6M, 6.4 ml) was added
and the reaction mixture stirred for 5 min. A mixture
of methylene dichloride (10 ml) and water (3 ml) was added
and the organic layer was separated and washed with morve
water., The residue obtained upon work-up was chfomatographed
.(elllzant 50% ethyl acetate-light petroleum) to afford the\
quinone (50) (25 mg, 87%) as orange néedles, m.p. 180-182°C
(methanol) (Found: C, 70.2; ﬁ, 5.8. C24H2406 require;

c, 70.55; H, 5.9%); 1676 (C=0) 1636 (C=C), and 1623

(c=Cc) em t; §1.29 (3H, d, J6.2Hz 3-CH;), 1.57 (3H, d, J6.4Hz,

v
max.

1-cH,), 2.32 (1H, ddd, J17.0, 10.6, and 1.8Hz, pseudo-axial
4~H), 2.87 (1H, ddd, J17.0, 2.0, and 1.5Hz, pseudo-equatorial
4-H), 3.47 (1H, ddq, J10.6, 6.2,7 and 2.0 Hz, 3-H) 3.79,
3.85 (each 3'H, S, OCH3), 4.84 and 4.96 (each 1H, d, J10.2Hz,

CH.-Ph), 5.02 (1H, ddq, J6.4, 1.8, and 1.5Hz, 1-H), 6.05

2
(1, s, 8-H), and 7.3-7.6 (5H, m, Ph-CH,); m/z 408 (m*,

"17%), 317 (7), 273 (23), and 91 (100).

-~ cis ~-3,4-Dihydro-5-hydroxy-7,10-dimethoxy-1,3-di meihyl-l H-naphtho [2,3-0] pyran-~
6,9-quinone (51).- ' |
The’ naphthalene (50) (14 mg 0.034 .m.mol) in ethyl acetate
(7 ml) was stirred together with 10% Pd/C (15 mg) and a
drop of concentrated hydrochloric: acid at room temperature
under an atmosphere of hydrogen for 1 h. After filtration

and evaporation of the solvent under reduced pressure the ,
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‘residue was flash chromatpgraphed (eluaht 50% ethyl
acetate-light petroleum) to afford the naphthdl (51) (9
ﬁé, 82%) as orange needles, m.p. 163-164°C (light petroleum)
(Found: M', 318.1108. Cy,H g0 requires M, 318.1103);
v 3394 (OH), 1646 (C=0), and 1638 (C=0) cm 1; 6 1.35

maxe.

(34, 4, J6.1Hz, 3-CH;), 1.56 (3H, d, J6.4Hz, l-CH3), 2.38
(lH, 444, J17.5, 10.5, and 1.9Hz, pseudo-axial, 4-H), 2.88

(14, d4d4, J17.5, 1.9, and 1.9Hz, pseudo-equatorial, 4-H)

,3.58 (1H, ddq, J10.5, 6.1, and 1.9Hz, 3-H), 3.76 and 3.85
(each 3H, s, OCH,), 4.97 (1H, qt, J6.4 and 1.9Hz, 1-H),
6.02 (l1H, s, 8-H), and 12.79 (1H, s, OH, D20 exchahge—
'_able); m/z 318 (MY, 100%), 303 (77), 288 (50), 273 (293.'
258 (50), 245 (25), 231 (19), 167 (15), 115 (23), 69 (40),

43 (76), and 28 (35).

‘trans-5-Benzyloxy-3,4-dihydro-7,10-dimethoxy-1,3-dimethyl-1 H—naphtho[z,séd
pyran-6,9-quinone (53).-

‘The naphthélene (47) (31 mg, 0.071 mmol), silver(II) oxide
(45 mg, 0.36 mmol), and‘dioxane (5 ml) were stirred together
at room temperature, nitric acid (6M, 0.4 ml) was added
and~ the reaction mixture stirred for 5 min after which
a mixture of methylene dichléride (10 ml) and water (3 ml)
was added and the ofganic layer was separated and'washed
.with more water. The residue obtained upon work-up was
chromatographed (eluant 50% ethyl-wacetate—light petroleum)
to afford the quinone (53) (22 mg, 76%) as yellow needles,
m.p. 128.5-129.5°C' (methanol) (Found: M*, 408.1592. CpyH, 06
requires M, 408.1573); Vo 1676 (C=0), .1637 (C=0), and

axe.
1628 (c=C) cm™l; 81.27 (3H, d, J6.l1Hz, 3-CHy), 1.53 (3H,
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'a, J6.6Hz, 1-CH;), 2.30 (1H,.ddd, J17.8, 10.8 and 0.8Hz,
_ pseudoaxial, 4-H), 2.89 (1H, 44, J17.8 and 3.4Hz,
1meud0equatorial, 4-H), 3.85, 3.85 (each 3H, s, OCH3),'
3.75-4.05 (1H, m, partly obscured by OCH3 peaks, 3-H),

'4.80 and 4.98 (each 1H, 4, J10.2Hz, CH,-Ph), 5.13br. (1H,

2
'q' JG.GHZ' l_H), 6.03 (lH, S, 8—H), and 7.3_7.6 (SH' m,
Ph-CH,); m/z 408 (M", 9%), 317 (5), 273 (12), 91 (100),

57 (55), and 28 (69).

trans-3,4-Dihydro-5-hydroxy-7,10-dimethoxy-1,3-dimethyl-1 H-naphtho[2,3-c§] pyran-
6,9-quinone 54).-

. The quinone (53) (21 mg; 0.05 mmol) in ethyl acetate (10 mi)
was stirred together with 10% P4d/C (20 mg) and a drop»of
.concentrated hydrochloric acid at room temperature under
an atmosphere of hydrogen for 1 h. Afﬁgr ‘filtration and
evaporation of the Solvent under reduced pressure, thé
'residue was flash chromatographed (eluant 56% ethyl-
acetate—liéht petroleum) to afford the naphthol (54) (15 mg,
92%) as orange needle clusters,'m.p.v2l9-220°c (1light petro-
leum) (Found: C, 63.85, H, 5.35. C,,H, .0 requires C,

1771876 _
64.15; H, 5.65%); V 3368 (OH), 1634 (C=0), and 1611

max.
(c=0) om ';61.38 (3§, 4, J6.2Hz, 3-CH,), 1.58 (3H, d,
J6.6Hz, l—CH3), 2.39 (1H, ddd, J18.3, 10.7, ‘and
,_0.9Hz, pseudo-axial 4-H), 2.89 (1H, dd, J18.3 and
3.6Hz, ;wauw-equatorial, 4-H), 3.62 and 3.88 (each 3H,
s, OCH3), 4,07 (1H, 4dq, J10.7, 6.2, and 3.6Hz, 3-H), 5.12br.
(1, q, J6.6Hz, 1-H), 6.06 (lH, s, 8-H), and 12.83 (1H,
s, OH, D,0 exchangeable); m/z 318 '(M+, 100%), 303 (975,
288 (70), 259 (35), 245 (27), 231 (16), 167 (13), 115 (15),
69 (20); 43 (31), and 28 (100).
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