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" Extension of this procedure to the‘S.B-dimethyi ether of

" ABSTRACT

-

Bosmrycoidin is a dark red metabolite of both

Fu;ﬁ;ium bostrycoides and Fusarium solani DZ purple.

It fs~a,9 azanthraquindne which is structurally related B
to javanicin'and fusarubin. During an attempt to extend .
the pathway develobed for the syntnesis of jéganicin,it

was shown that chromic acid oxidized J-methyl-5,7, 8-
trimethoxy-l—naphfhol in higher yield than lecd tctra-

écetate. N-bromoeuccinimide,cleaved the para methoxyl

‘groups of 3-methy1-l.b.5.7.8-pentamethoxynaphtnalcne in

preference to bromination of the aromatic methyl. A new

scheme was devised which introduced the critical carbdn

via a Stobbe condensation on 2.3.5 trimethox&bénzaldehyde-‘
followed by ring closure with acetic anhydride.\ A preii—-
minary survey of possible reaction sequences for the
construction of the heterocyclic ring was carried out
starting with anisaldehyde. The acetonyl side chain was B
introduced to the trimethoxyl series via a Claieen rear- |
rangement of ethyl l—allyloxy-S,?.8-trimethoxy—3-naphthoate
followed by oxidation fifst with N-bromosuccinimide and then

with Jones' reagent. Reduction of the bromoketone resulted

in cyciization of the side chain. Oxidative ring oponing

~ was carried out with several pxidizing agenta to give the

5,8-dimethyl ether of the ester analogue of javanicin.

‘-

113 -
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tusarﬁbin resulted in the loss of the C-1ll1 ¢arbon and

subsequent cyclization of tpe 'side. chain to give h 9~
diketo 2-methyl-5 6,8-trimethoxynaphtho (2,3-b) furan
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Natural Occurrence of Qginonqs

The study of natural products has attracted the
interest of scientists of variedxa;eciplines. For the
organic chemist, natu;ai products have provided.a chal-
lenge, not only because ofethe divg!sity of structufes
éncountered. but also as the means for investigation of

Mew reactions and reaction mechanisms.

The quinone piéments are the<largest class of natur-
ally occurring coloured aubataﬁces. aifhough. they make
relatively little coptribution to natural colburing.: Many.
are fpﬁna in the “bark or underground‘portioné of higher
‘pidnts. while others are either present in the colourless
"quinol form, or are masked by other pigments.

a Micro-organi;ms.\pgrticularly lower fungi, have '
provided a ricﬁ source of quinones, but-they can be- faund
in some higher fungi and few lichens. 1In ihe.aﬂi;al '
kingdom, quinones appear to be restricted ‘to certain
insects .and marine animals}. The shelia of a variety of
sea urchins are brigﬁtly coloured by calciun.éal@e of-

’

substituted quinones.

.

" There has been much Qpeculation about the role played
by quinones in the chemistry of 1living organisms. It
is clear they behave in more than oﬂé way, but with the

exception of a few isolated cases, their function is not

-~

.‘completely understood. One chemical prboperty common to

all natural quinones is theirfease of raductigﬁ/and

re-qxidﬁtidn. The simultaneous occurrence of a quinone

and the corresponding quinol in certain moulds suggests

- A - —
. 1 -
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9 | .
intimate involwement in the oxidation-reduction procégses
of the 6rganism. Quinones have been shown‘fé affect“
Arespiratorylsystems. but no generalizations have been made.
A second characteristic feature of quinones ié their
ability to undergo addition reactions. This is less
important, since over half of the naturally oécurring
quinones do not possess the neceasafy free quinonoid
pqéition. Biolbgical systems containihg amine or thiol
grqups will usually react wi;h those quindnes capabfe of
addition reactions. This is exemplified by the inhibition
of enzymes b& Quinones, .. b ' J
Many quinones exhibit antibiotic activity. ;his is
important in the protection of the organism that Qroduces
them, and is potentially beneficial to higher animals ‘
including man. himself. This biological’acfivity has ‘ .
provided the necessary incentive for ltf§ctural determin-
ation, and the synthesis of many quinones. .
Synthesis 1is an ;speciallyaimportant aspect of quindﬁe
chemistry, because bf the difficulties in 6bta1ning enough
pure compound from. natural sources f&f q}inical studies_
and commercial produciion. Synthetic routes have the
added advantage of providing compounds which are not “:'

available from nature.

Historical Synthesis of Naphthazarins - .

Naphthazarins are a special clasg of naphthoquinones
which have oxygen functions in the 5 and 8 positions.

The parent compound, naphthazarin, 137€Q9n 5,8-dihydroxy-

»

)




Friedel-Crafts reaction with maleic or succinie anhydridés

or a'Diels Alder reaction with a quinoqe will norﬁaily

~

vield a mixture ofctwﬁ isomers. Unfortunately, these
ieowers'afe so similar that they are seldom easy to.
separate and ideqtify. This is,Bhiy of concern when a -
# b and y # z, but this situation. arises sufficiently

often to be of cgﬂcernJ
Vs

~

Synthesis of Javanicin

The three related fungal metabolites, javanicin

18, fusa;uﬁin 19 and bostrycoidin gg..are examples of

_compéunds containing an unsymmetrical naphthazarin nudl}uéi‘




fuming gqlphuric'acid and a reduciﬁg agent such as aniline,
phenylhydrazine or tin gave a boor yield of napﬁthazarin 1.

) ]
<

p

(Y . /_‘ - N r .
: A seldom-used method flrst discovered by Dreyfus(s)

". “and theh later worked on by Ellls et,al.(é),lnvolved the

heatlng of a mixture of succinic anhydride 4 hydroqulnone

"3'sulphﬁric acid and boric acid. This reaction was

4‘éssuged~to proceed via the steps shown ppléw. By far

Qo
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o I’ a ’ - " i
the most commonly used of any of the methods known was

cdeveloped by-Zuhn and Qchwat (7). Maleic anhydride §
\
was condensed ‘with hydroquinone b using a melt of sodium

chloride ‘and alumlnium chloride as the catalys¥. This-

I e, . e o QL
TS L/l R
s~ TR, e N
| | o
OH COH 6

r_h-5 “ _@—.

has been used successfully for naphthazarin itself and
a variety of alkyl naphthazarins.; Complex structures

such as echinochrome A 9, have beén aynthgsiied'by this

TMe ¢éO X HO
” 8 "8
" - _0 N V :
QMe | @cé - ; § QH Q 
< i _Jf éﬂ i fA‘C's/Né,CI ;\/I/CD
. ya | , ://JSQJ JC.
};fOMe‘q)O . HO‘,_L
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route (8). This yield was only 1% because of the unstable
. nature of the anhydride 8 and’ the compbtiné'éoylation

s

' reaction illustrated. - - }
An entirely different approach ;as used by'Farino

and co-workers (9,10). They used a DieIs Alder addltion

followed by reductive acetylation of the adduct to‘prepare

l.h-diacetoxy-5.8-d1hydronaphtha1qno ;g. whlch was oxidized

to the cofresponding naphthazarin diacetate 11 witﬁ.

.chromic acid. Methylnaphthazarin diacexate_wﬁs pre-

Jr
N4

|

N

J
/"‘.\
(_/

.' |

[ e

N

pared in 75% yield using fhis*route. 'A later reinvesti-
gzatlon of this system by Cort and Rodrlguez (11), and this
author (12). showed that the crude yield was indeed 75%, but
the crude product was a mixture of several compounds. and

the yield of the desired naphthazarin diacetaté was only

U

o
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" -wthese procedures also rules out any chance of making .

¥

‘ large number of functional groups wi'll not stand fuming
1

5 20% for sample casés.u, : ‘ ,“~“'~ .
’ A ﬂroblem assoc1ated with all of these Sgthods 13 o
thelr low yield. The severity of the cenditions ‘used in

ETS

the more labile compounds in the naphthazarin series. &

sulphuric acid,nor can they be protected so that they
will endhre the reaction conditions for donversion of
1,5-dinitronapﬁthalenes to naphthazarins. The same
argument holds true for the condensafions‘ﬁging an alumin-
ium chloride—sod&%ﬁ chloride melt for a catalyst. Even
the seemingly milder conditions used by Parina (9,10)
are too harsh for_many’functional groups,
A third problem assoclated with these routes is the

lack of: acce591b11ty of suitable startlng materials,
To give two g¢xamples, substituted l.5-dinitr9naphthalenes
and l,uqdiac§f3x5=578?6;;;;iinaphthalenes are éften very .
difficult to prepare-.

_ s

i

Structure of Naphthazarin

Hadgl and Sheppard (13) carefully analyzed the infra-
red spectrum of a mull of naphthazarln. The )/ (OH) band

at 2920 cm-1 suggested that the structure is either 1 a

‘or 1 b rather fhan‘a resonance hybrid of the two forms as

the lgtter should absorb below 1800 cm'y. Although the
hydrogen bonds are not symmetrical, the possibility that -

molecules ma& be perijiodically convertéd from orie form to

. the other by occassiocnal "tunnelling” of hydrogen atoms




.

e

between the two equivalent potential minima is not ex-
cluded. It ié probable that resonance forms of the

type 1 ¢ contrlbute to the abnormally strong hydrogen
bondlng in these six membered chelate rings. The infrared
spec~£é of qu1nones normally have an absorpt1on band at
1675 cm” -1 for the qulnpne carbonyl, but‘ln the spectrum of
néphthaiarin the céfrespondiﬁg band is found at 1615 cm’1.
(14) ‘The'protdn magnetié resonance of naphthazarin has

a 81gnal at about 13° ppm whlchlls downfleld from the
absorptlon of common naphthols (15). Methylatlon and
acetylatlon of naphthaz;rln requlre much more vigorous

condltlons~than thoge necessary for simple pheno;s.(lé).

These fadts are all consistent with strong hydrogen ' L

<




>

bohding in naphthazarin.
Macbeth et.gl (17) obtained methylnaphthazarin 14

from toluhydrdquinone 12 and maleic anhydride ;1, and also
s o from hydroquinone _j and citraconic anhydride 16. The-
riﬁg hearing a particular substituent il predictable 8ince

eLectron,releag}ng grou?s,favour the quinone structure

. OH. 1B 1. L

- B
and electron withdrawing groups favour the hydroquinone .,
“ring, Tﬁene results are easily explained if the initial
product can tautomerize to the most stable structure.’,’
A total of six paire of tautomers can be drawn for,
the gﬁner&}ized naphthazarin 17. Tﬁese differ from ongf
another only in the relative orientation of the four ’:

+

‘groups occupying the ﬁ’ positions.

L]

Any lynxhétic roﬁte which consists of oither‘a;_v




Priedel-Crafts reaction with maleic or succiniec anhydrides

or a'Die;s Alder reaction with a quinoqe will norhaily

.

vield a mixture of fw6 isomers. Unfortunately, these
isomers'afe 80 similar that they are seldom easy to 
separate and ideqtify. This is_éhiy of concern wﬁén a .
# b and y # z, but this situation- arises sufficiently

often to be of cgﬂcern#
i

-

Synthesis of Javanicin

The three related fungal metabolites, javanicin

18, fusaruﬁin 19 and bostrycoidin 20, .are examples of

‘compJunds cpntainin% an unsymmetrical naphthazarin nuélLugg ’




Interest in these.compoundé was aroused when biologicai
testing showed all three to be bacteriostatic at low
concentrations and bactericidal at higher Eoncentrations
(18). Unfortunately clinical studies had to be abandoned
“before completion because of a scafcity of material. v
Svynthesis would provide gufficient material-for further
‘clinical work, and if rational, would prove the‘étructures.
In 106J_Hardegger and co-workers published a series

. rof papers (20.21.2?,23) on -synthetic methods which led to
the complete synthesis of javanicin 18. A single paper (24)
published the fqllowi&g year pre;ented the synthésis of

isojavanicin 21 and an'improved scheme for javanicin.

i

11
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.Since these papers form the basis for the present work; -
they warrant a detailed discussion. '

The basic approach to the problem was to start with
a benzene nihg substituted with oxygen functions in the
»{.Z'and 4 positions; this ring would ‘become ring "A" ih the
final product. The remainder of the molecule was then
Ppuilt up by a series of selective reactions. The oxygen
functione.\particularly those which will occupy the peri
positions of the naphthéleﬁq’nucleus. must be present in
an‘inert form during the synthesis, but should be easily
convertible to phepols at the end. Methyi ethers were
selected over benzyl ethers and acetates bocauqe of tpeir
smaller size and greater_atability. |

One straightforward pathway for the construction
éf the "B" ring appeared to be the well known cyclization
of Y;phenyl butyric acid with polyphosphoric acid (25).
The diketo ester 22 was preparéd be;auae cyclizﬁtion would
vyield the correct carbon—oiygen skeleton. Unfortunately,
the cyclization was'unsuccessful.\presunnbly becauae of
electron withdrawal bx,the carbonyl group located ortho to

‘the reaction site.

MeO~

a /
d‘gﬂ\‘fle ﬂi

12



A sipilar system was also investigated. Prepara-

tion of the keto diester 23 waa:cargiéd out in good

yiéld. Alkaline hydrolysis of the diester was accgnpanied
-by some oxidation to give the unsaturafed diacid 2k, The
"oxidation was cogpletedAby'tpeatnent with bromine. Attempts

to cyclize the Qiacid-g&. or the corresponding monoacid were

-

. . . y
Me(. _JCOOR MeOw_ b - OOH

¢

|
‘ lMe
23 ~ 24

unsuccessful. Apparently the electron withdrawing
[ 4

‘tarbonyl group ortho to the reaction site is sufficient

Y
o
Z

to offset the electron releasing methoxyl groups and

pte?ent the reaction., With this in mind ,Hardegger et.al.

(20) prepafgd the keto,a%id 25, and then removed the

, OMe

N .

MeO-. i
. ] .
NP o ’
h - T o
OMe .

:§§“ 26

kétone group by catalytic hydrogenolysis to give the acid
26, which cyelized with polyphosphoric acid (25) to give

3-nothy1-5.?.B-trinothoxy-l-ﬁctéalono 27 in good yield.
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27

To complqte the carbon-oxygen skedeton, an oxyéen

4

atom had to be introduced at Cohﬁand an acetonyl side
» ~ - -

* : .
chain was required at C-2, The major problem to .be

1}
_resolved was the determlnatlon of the segyence of reactlons.
The tetralone 27 was easily dehydrogenated to .t cor-
'respondmg naphthol 28 using palladlum on chareoal as the

catalyst. The quinene _g'was.pEepareq from the naphtholv

using lead tetraacetate as the oxidizing agent. Unfor-

e . “

tunately the quinone 29 did not add acetoacetic ester
under the conditions used successfully for 3-methyl-

1, uonaphthoqplnone.

A}

<
The possiblllty of adding the side chain before the

oxidation step was also investigated. Bromination of the

\_




tetralone 27 went smoothly to give the momébromo ketone 30.

-

~ OMe Q ) <

MeO~. A A___Br

~ YT »
! .
CLM@ ~
30 |
reatment of the bromoketone with the sodium salt_of

“1
acetoacetic ester resulted in the loss of hydrobromic

acid to form the naphthol 28 rather than alkylation.with
acetoacetate. The sodium salt of malonate ester dis-

" placed the bromide to give a keto diester which whks
easily converted to the keto ester 3l. Dehydrogenation

and subsequent oxidation gave the corresponding quinone

32, but attempts to convert the side chain to an } tonyl

group failed, . .

?\49 ¢ .
MeO- «j | MeO-
T © CooR .
N AN e

In order to investigate a different pathway. the
naphthol 28 wap treated with allyl bromide to give the
allyl ether 33. Some difficulty was experienced in

obtaining a good yield. A wide varlety of conditions

ol ?

o




4
consistently gave only 25% yield, but the starting material
" was easily recovered and }ecycled,a number of times,
- thereby raising the ?Qerall yield to 65%. R§é§$§Qgement

to the corresponding allyl naphthol 34 went smoothly.
‘ }

Two paths were then available, which differed only in
:;e sequenée of the~steps.’ The first pathway inﬁestigated,
involved conyersion of the allyl side chain te an acetonyl
group via the monobromide. Addition of hydrobromiQDacaé
to the allyl naphtholtjg'was straightforward, but ‘treatment
of the cryde bromide with triethylamine oxide resulted in

.
)

a ring closure to form the dihydrofuran 35 in place o§~tﬁe

acetonyl naphthol 36.
L] ‘

~~

OMe

Treatment of the allyl naphthol 3% with one equi-

valent of hypobromous acid resulted in oxidation of the




'\\

~
4

~ o i ) N—

naphthol‘to the correspdnding'quiﬁone 31. Use of extess

hypobromous acid gave the quinone bromoﬁydrin 38 (X = Br).

MeQ. ﬂtﬁ ‘)_
X

I /c . H'

-, lMe,g X=8r&Il

3
Peels)

PN,

%
Higher yields of the two quinones 12 and }§\4X“¥\})

were obtained when hypoiodous acid was usqd. mho-iodo—

o

hydrin was oxidized in moderate jield with chro-ic aclid.

The jodine atom was then rénqvéd with hydrogen, piilio

dium-cnarqoal and pfiethyla-ineeto giye the ketone 39 .

which is the 5,8-dimethyl ether of jafanicin.

2 ’ . ;
Whén(;he above‘describ;d reductginnre;cti§n'w§s
carried out on the iodohydrin. a mixture of two products

was obtaineﬂ Treatment of this mixture w1th chronic
acid yilelded the ketone 39 and the aldehyde 40s )
One explanation is that the iodohydrln 1oat hydrogen

iodide durjing the reduction to for- the corresponding

" -
I

2 ’ .

1?7
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epoxide 41, which then opened to give a mixture of the

OMG% .

" two -possible alcoXols, Theee in turn were oxidized by

‘chromic acid to.the ketone 39 end‘fhe aldehydezggg
Methylation of natural javanicin gave a mixture of

“ its 1,4-and S,8-dimethyl ethers.. The latter was shown
to be identical’to.ihe.lynfheticiﬁetone 39 by nelting
pointa and a mixed melting point. With only one of fhe

" two poesigle structures for the dinethyl.ether eyntheeized.
it was thought desirable to provide additional evidence

becauee infrared. ultraviolet and proten -agnetic resonance

spectra were of little,uae in differentiating between

12

two structures, which d}ffer only in ;h;,relativegpoeitione
' ) of i:he methoxyl and the aceto-nyl groups.,
- ‘Although hydrochloric acid in acetic acidjwal used
’ successfully in cleaving the methoxyls in the quinone k2, .

the presence of a carbonyl function on (-2 of the side

chain stopped the reaction conpletely. Hydriodic acid

in boiling acetic acid attacked the triether only very r/ 4
slowly and no javanicin was isolated from the reainoul '

product, whereae the use of mineral acid resulted in the

ireversible cyclization of the side chain to give anhydro¥




bearing carbonyl functions in ortho or peri positons .
have a sfrong tendency to build stablé metal complexes

which can he decomposed into the hydrégen bonded phénol with
nydrochloric acid (21). When javahiciﬁ.S.B-dimethyl

ether was subjecteq 10 these cdnditions. the major product
was javanicin and the mino£ one was anhydro javanicin 43.
Both were found to be ident;cél t0 respec%ive specimens

from natural sources. Javanicin_was theréby totally

synthésized by a sequence of fifteen steps from vanillin

with an overall yield of I%:

In view of the difficulties encoun}ered in positively
confirming the structure of javanicin..ifsappeared worth-
while to Hardegger, et,al.,to proceed with synthesis of
the other isomer,isojavanicin,21,in order that direct
comparisons of both isomers with natural jgvanicin could
be made. Puring this synthesis of iséjav;nicin. a shortgr
route to javanicin was uncgyé}ed (24). The basic approach

was the same as before, but several of the operations were

shortened. Acylation of 1,2,4 trimethoxybenzene with




pyrotartaric anhydride under Friedel-qyafts conditions

gave a mixture of two keto-acids 44 and 45.

OMe - 3 Me §
Me S Me

Me
bt S 1
The ratio of the two was dependent on reaction
conditions,bht attack at the less hindered carbon of the
anhydride was more fgcile which gave rise to a higher
percentage of the « methyl keto-acid 45. The keto acids
- were séparated and transformed by a series of reactions

&

already discussed into the two corresponding quinones 29 and
46, oy

In this synthetic scheme the greatest improvement
laj in the manner in which the acetonyl side chain was

formed. - The Michael addition of acetoacetic ester to the

quinone gg;previouslypfound unsuccessful went in 35%

J

20
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vield Qhen tetrahydrofuran was used as the solvent. TQe
apparently }ow yielq is better understood when attention

is drawn to the fact that half of the starting quinone

acted as substrate while'the other half acted as an oxidizing
agent on the hydroquinone addition product iﬁitiallf

formed 47 according to the following equation.

OMe OH CO?R

Acelo acetic

Ester




Use of the benzyl ester of acetoacetic acid allowed
easy removal of the ester function. Treatment of the.
ester with hydrogen and a gatalyst gave javanicin 5,8-
dimethl ether 39 smoothly. Javanicin was then obtained
by the method used above.. .

Isojavanicin 21 was prepared via the same ;eactions,
but quinone 46 was used as the substrate. Comparison of
javanicin with isojavanicin showed their spectra to be
virtually identical as expected. Tie melting points
were different and the mixed melting point was depressed
but it was very sharp, hgving only a two degree spread

.

for an equimolar mixture.
The improved synthetic scheme consisted of eight

steps instead of the fifteen steps in the first sequence.

\\Unfortunately,the increase in yield is a modest 40%. The
overall yield. is still only 1l.4%.

Structure of Bostrycoidin

Bostrycoidin 20 was first isolated in 1953 from
<

4

a culture of Fusarium Bostrycoides by Cajori and co-workers

(18). Their curiosity was aroused by the biological

22




activity of this new pigment. It was particularly éffec-
tive in vitro against a strain of tubercle bgcillés
(Mvcobactérium tuberculosis var. hominis stra;n‘H~37).

At low concentrations bostrycoidin‘waé Sécteriostatic.
however, at higher concentrations it was defipitely
~bactericidal. In addition it had the advantages of being
stable at room temperature and of being able to withstand
‘autoclaving. Preliminary investigations with_mice sug-
gested it was non-toxic and stable in the'bo&§,bu§ the
iﬁsolubility of the pigment in water led to an administra-
tion problem. The mouse was able to excretibthe pigment
quickly even when it was direcply injected iBto the
peritoneal wall with a ﬁypodermic syringe. 1Unfortunately.
a shortage of mgterial forced the suspens@on of the biologi-
cal tests 5efore its effects on bactéria énd living animals
could be fully explored.

A few of the physical and chemical'properties of
bostrycoidin were investigated by Cajori and co-workers
(19). The-purified brighf red crystals melted sharply
at 243 to 244° and were found homﬁgeneous wheﬁksubjected
fo countercurrent distribution experiments;, The amphoteric
nature of the pigment was demonstrated by its solubility
in strong acid to give an orange-red solution and its
solubility in s£rong base to give a deep purple solution.
The presence of two phenolic hydroxyl functiéns was
&ndicated by titrations, a ferric chloride test, and the

" formatioh of a diacetate with acetic anhydride. When

an alcohoiigvsolution of the compound was treated with

23
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zinc dust and acetic acid the colour disappeared initially

but reappeared on extended standing. which suggested the
presence -of a quinone group.

The infrared spectrum of a solgtion of bostrycoidin
in chloroform was chargcteriatic of- the naphthazarin ~/’
nucleus with bands at 1620 and 1585 cm~1, put no bands atl
3580 or 1660 cm~l. A band at 1283 cm~l was thought to be
indicitive of an aromatic methyl group. Purther support
for the presence of a naphthazarin nucleus was provided
by the ultraviolet and visible qucéra. A striking N
similarity was observed when the spect;um of bostrycoidin
was compared to the spectra of solnnioh; and javanicin, N
then thought to be different compounds, but later shown
to be iden&ical (27).

It was unfortunate ihat the test gfsults which Cajori
used to devise his molecular formula were not all correct.
Microanalysis suggested C;.H);04,0Me (rather than CjiyHj)04
N.OMe). It _is interesting to note that ‘the Rast molecular
weight determination, 305 + 30, fits the corroét structure
at 285 better than the jncorr&st fornulé at~339. Negative
testa were obtained‘fof'the pfosipce of sulphur, halogen, ot
metals and'nitrogen.‘ It is a pity that the solubility
of the pigment in 20% agueous hydrochloric or sulphuric -
acid did not suggest an exhaust{ve,seirch for the pres
sence of nitrogen instead of oxon:um ion formation. é
. Certainly, compounds containing hydroxyl groups will

dissolve iﬁ strong acids such as ;ulphufic or phosphoric,

but seldom are they basic enough to dissolve in two or




s

-three normal hydrochloric acid.

X

in-later studies two investigators (28 a,b) inde-
pendently proposed the correct molecular formula
C1sH11NOs5., The quinone function was confirmed by easy
reductjon (decolouration) of the pigment vifh sodiunm
dithionite and easy re-oxidation (colouration) of the
reduction product with air., The infrared spectrum of <he
pigment itself in a potassium bromide disc, and the
spectrum of a chloroform solution of the corresponding
diacetate confirmeq the presence of the naphthazarin
attached to a nitrogen. The most convincing evidence in
support of the accepted structure fq; bostrycoidin was pro-
vided by the proton magnetic resonance (pmr) work of
Arsenault (28a). The approach used was quite’atraightforward.
The proton magnetic resonance spectrum of bostrycoidin and
its diacetate were recorded, analyzed, and compared to the
spectra of the best available models. Using only four
models and the corresponding diacetates of three of these,
Arsenault was able to provide an analogy for each proton in
the sYutém. ;

Figures I and 1II show the structures' of the nine
compounds involved in the study. The numbers and letters
beside each proton designate %n conventional terms the
location, multiplici£y. and coupling constants of the
peak(s) in the pmr spectrum which cdfrespond to the

protons in question,
Structure 51 is an excellent model for ring A (letter-

ing from left to right) of bostrycoidin 20. The corres-
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ponding protons in these two qsructures have thke same

. ‘

multiplicity and very similar locations. It is interesting
to observe that acetyla{ion of compounds gg‘and 81
prdduées two diapetates}gg and 52 respectively, which *

are very similar. The acetate methyls absorb in exactly

the same 1ocation,supportiﬂg the claim that the structures .
have the same arrangement of atoms in ring A. This is

further substantiated by the fact that the other com-

parable protons have shifted in the same direction by

[
»

roﬁghly the same amount. ~
Sinceiiipg B carries no protons, the ondy remaining

concern is ring C. Unfg;%unately. a good model for ring

T, i.e. a compound in which rings B and C are identical,

is not readily available. A comparison of the C rings of

structures 20, jj‘and 55 suggests that bostrycoidin is -

mogt likely an (isoquinoline. A .quinoline structure similar

to 55 would requifé that the two pfotons would have to be

eitheg,orfho or meta with respect to one another. The'

spectrum of 55 suggests that the coupling constants of

ortho protbns are either 5 or 8 Hertz depending %p location

whereas meta protons haQe a coupiiﬁg constant)of 2 Hertz.

Since the btroad singlet designation normally re%ers to,

coupling of lesé than 1 Hertz, it is reasonable to suggest

that the quinoline‘model is ﬁnsuitable. : . ' ,
The lsoquinoline+model 53 indicates that there is

no appreciable meta coupling between ring C’protons in

this system, although the picture is probably clouded

. 4 . L )
sl{ghtly by the presence of strong ortho coupling.

- y ]
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éomparison of the spectra of compounds 20 and 57
suggests that the aromatic methyl is attached to C-3.
This is further supported by inspection of- the spectrum ‘
of compound 53. If the proton on C-3 were®replaced with
a methyl. the protons on C-1 and C-4 would compare very
favourably with the corresponding protons in struc¢ture gg,‘

’The evidence discussed up to this point has élimin—
ated all but two possibilities for the structure of
bostrycoidin 20 and 58. As was mentioned earlier,ih

QH
MeO~

connection with Hardegger's work on javanicin, it is
difficult to distinguish between structures of this type

using only physical and spectroscopic methods. One good

methed for determining which of the possible structures is

the correct one, involves synthesis from a known starting
material via an unambiguous route, The best possible
structural proof consists of synthesis of each Bf the?
possibilities and copparison of the naturally occupi;g
ﬁaterial with each one. - ’

[

Biosynthesis of Javanicin, FPusarubin and Bostrycoidin(

Since one of the main motives for such a synthesis




theory for the prediction. Unfortuna ely,}the\ﬁibsynthesis
] of bostrycoidin has not yet been inv-stigafed. howevér.

Gatenbeck and Bentley (29) have stddied the biosynthesis.

of a close relative, javanicin, %#xtensively. \ |

Fusarium javanicum was cultured on media containing

‘ -
radioactive compounds. The resulting labelled javanicin

was isolafed. purified)and tﬂg;_systemétically degraded
using the Ze;se; reaction, the iodoform reactién; and
Kuhn-Roth oxidations. Acetic acid obtained from the
Kuhn-Roth oxidation was further ddgraded uéing the Schmidt
reaction. . '
When,thé culture medium contained [ﬂe - l“é] methio-
nine, the radioa&iive\éybstrate was incorporated. When

the labelled pigment was degraded with the Zeisel reaction,
97% of the activity was found in the methoxyl methyl.
\Kuhn-Roth oxidation showed only abdut lf ac%ivity elsewhyge
in the molecuyle coniirmiﬁé the prediction that the C-15 \o
methyl came from a “C-1 donor such ;s methionine. '

e When [l - lh(ﬂ acetate was fed fb the mould the

q

results of Kuhn-Roth oxidation. of the labelled javanicin
' /

’

produced were consistent withgfhe presence of seven labelled
the acetic acid isolated

atoms. Schmidt degradation o
indicated that the activity was divided about equally

between the carboxyl carbon (56.8%) -and the meth&i carbon




(43.2%). Radioactivity. was therefore present at C-11,
or C-14, or both, as weil as C-3, or C-13, or both.

(see Figure III)

/

-~

FIGURE 111

-

‘Degradatipn of {;e javanicin laﬁelled with [} - l?é}
‘acetate with-the iodoform reaction showed only 2.5% 4
activity at C-l4. Tt was thergfore concluded that the.
Kuhn-Roth acetic acid activity drigiﬁated almost éxclus-
ively from C-<-11 and C-13. The small amount of activity
a paren;ly present at.b-l?. as indicated by the iodoform

re.ction. probably came from C-1l. Small amounts of

, ) : s
jodoform are obtained from 5,6-dimethoxy-2-methyl-I,4-

31

*%



A
benzoquinone jﬁ even though no acetyl function is present.
Therefore, virtually none of the activity observed in the
Kuhn-Roth acetic acid came from C-1l&4,

This evidence indicates thét javanicin was constructed
from polyacetate with C-14 coming from an acetate methyl
and C-11 stemming from an acetate carboxyl.

Experiments with [é-luéj malohate were conducted to
provide evidence for an acetate plus polymalonate pathway
with an acetyl-CoA starter. This pathway requires no
activity at C-1%.  The results were disappointing and
inconclusive. Incorporation was low and activity was
found equally dis@ribute; bétweén C-3 and C-14,

If one accepts the'polyacetate route with C-11
being derived from the reduction of a- carboxyl‘cérbon,’

AN
~ -
then predlctlon of the structures of Ege thfZe plgmentq;

(» - o

javanicin 18, fusarubln 19, and bostryc01d1n 20 follows. :,
Figure IV shows a loglcal route fg; the constructlén of
these compounds.

Cyclization of a pquacg}ate c¢hain followed by
oxidation at both C-1 and C-8 would give rise to the
acid 6Q. The necessary methoxyl at C-7 is easily obta1ned
by a C-1 alkylatlon of the hydroxyl with a donor such as
methionine, Javanicin, fusarubin and bostryc01d1n all
differ from the corresponding acid §Q only in the level
of oxidation of the carbon C-11. favanicin is the product
of a full reduction of the acid group iniég té a methyl
groups# Interruption of the redﬁction at theKAIdehyde

stage 62, followed by introduction of nitrogen and -

Y
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~cyclization of the imine (nitrogen analogue of an alde-
hyde) would give rise to bostr&éoidin 320. If the reduc-
fion were permitted to proceed to the alcohol .stage before
‘interruption, the resulting compound would be fusarubin
19, The éfructures predicted for javanicin and fusarubin
by the polyacetate route hav; already been confirmed by

synthesis. As yet the synthesis of bostrycoidin has not

been completed.




Approaches to the Synthesis of Bostrycoidin

The close relationship of the moulds which produce
these pigments as secondary metabolites, the apgarent
biogenetic relationship. and the obBvious structural
similarities of javanfcin fusarubin and bostrycoidin all

' strongly suggest synthesis by a common pathway. Hardegger

. and co-workers have devised two Bynthetic routes to

javanicin. The most efficient -of these (24) consists
of a mere eight steps with an overall yield of l.4%, an&;
while other.approaches avoid the messy separations and
appear to offer distinctive advantéges in ovqra;l yield,
it is probabdble that a logical extension of their work has
the potential to furnish a quick structural proof for
bostryc01din, during which time a more practical schene
could be developed for the entire family including the
parent acid 60 and the aldehyde 62 which was proposed as

an intermediate for the biclogical pathway. ) :

~

Synthesis of Bostrycoidin via the Hardegger Pathway

Hardegger's work afforded two quinones 29 and 46

which appear to be reasonable precursors for the synthesis

Me
Me@ ﬁ\
éMe O




of bostrycoidin 20. The final choice between the two
possibilities 29 and 46 will be influenced very strongly

by the choice of the reaction for ring closure to create

the isoquinoline ring.

Quinones 29 and 46 have been synthesized and fully
characterized by Hardegger and co-workers, thegefore no
problems‘were anticipated in thelilr preparation. Dup;i-
cation of the scheme used by the Swiss chemists was no
significant problem until the lead tetraacetate oxidations

of the corresponding naphthols 28 and 63, were undertaken.

Me OH : Me OH -«

Me
\

|

_
= | . yZ

Me Me
63 28

Tﬁe first reactiqn attempted was conversion of the 2-
methylnaphthol 63 to the quinone 46 with lead tetracetate
in chloroform. The reaction product was an exceedingly
complex mixture of a wide variety of compounds with none
predominating to ‘any extent. When this was observed,a
cleaner reaction was-sought and found.

When the naphthol.éj was treated with chromium
trioxide in aqueous acetic acid under condi%ions similar
to those used by Parina and co-workers (9,10), a smooth
reaction proceeded to give the corresponding quinone 46

in good yield. The.reaction was. very clean, as demonstrated
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by exhaustive thin layer studies, indicating a substantial
improvement over the lead tetraacetate oxidation.

* The same conditions allowed quantitative oxidation
of the j-methylnaphthol 28 to the quinonte 29 with no -
difficulty. Since both of these quinones are known com-
pounds, a discussion of physical and spectroscopic data
is redundant. A technique was discovered which separated
.a mixture of the fwo quinones 29 and 46 cleanly, in spite
of their marked‘structural similarity. If a mixture of
the two dhinones was spotted on a carefully prepared
silica gel thin layer plate and developed with a mixture
of ethyl acetate and hexane in a ratio’of thres to one,
the resulting plate would show two distinct orange bands,
one for each of the two quinones.

Comparison of the two qQquinones with Qostrycoidin
shows that the quinone methyl‘must be oxidized at some
stage during the transformation. Since this is a key step
if either of the two quinones are to be used as precursors,
preliminary invespigations of the oxidation reaction were
initiated. -

As was stated in the introduction, quinones and
especially those with a’free qQuinonoid position, are quite
sensitive to a wide variety of reagenfé (30). Nucleophilic
substitutions, addition reactions including dimerizations and
reductions all occur with surprising fagility. Thus, in

order to carry out a selective oxidation, the quinone

#roup must be blocked or masked So it can not interfere

with, or be destroyed by the oxidation. Under normal




circumstances quinones are reduced to hydroquinones

whicﬁ are then acetylated, benzylated or methylated to
make them inert (31). One of the most importan{ factors
to be considered in these specific cases is steric crowding.
The substitution on the adjacent ring,Paréicularly in

the 5 and 8 positions, gives rise to strongdperi inter-
actions of a type which are well documeA;ed (32). The
third methoxyl (in the 7 positi&n) also adds significantly‘
to the sferic crowding which will facilitate removal of
the proposed blocking groups, but will greatly impede

their insertion. Reductive methylations are well known
for their success in these crowdéd‘syétemstand the re-
sulting methoxyls are rather insensitive to " acids or

bases. Demethylation should not be a problem with the
driving force exerted .by the steric crowding.

Treatment of the quinone 46 with sodium dithionite,
5imethyl sulphate and alcoholic potassium hydroxide (33) -
resulted in the formation of a new compound C)gHz(05
which contained an aromatic methyl group, EEVe'different
methoxyl groups and two different aromatic pfotons
" (proton magnetic resonance spectrum). Comparison of this
colourless crystalline material with the known rgaétion“
product 65 of the reductive methylation of the quinone
29 indicated that the new substancé must be the expected
pentamethyl ether 64. Reductive methylation of the
quinone 29 under the same conditions gave the known

pentamethyl ether 65 in good yield. The proton magnetic

resonance and infrared spectra of the two pentamethyl
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ethers 64 and 65 were virtually the same, but the melting

points were ver& different.

S (ﬁMe (?Me Me (iMe
MeQ. Lo . | Me%ji

R S
S {A\, J , /;g
dvie OMe ])Mel
B4 65

The next step was to oxidize the methyl group
preferably to a carbonyl }unction while maintaining the
highly oxygenated naphthalene ideally in its present
form, but at least in a form which would be easily con-
verted to the corresponding quinone. The first system
studied iﬁvolvéd use of N-bromosuccinimide which, via
a free radical mechanism should attack the aromatic
methyl’in preference to the ring itself (34). It is
poséible to\obtain'either # mono or a digromo product

66 and 67 resp. from this reaction.

OMe Qe Me OMe
MeCK/L A MTO\/” /
]{:HQBr . T | JcHer,
!. ‘S
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The dibromo compound 67 would be expected to be

easily hydrolyzed to the desired aldehyde 68. On the
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other hand the monobromo product would be, converted to

Me OMe
" 7 lcnoH
Az 2
Me OMe
68 53

a carbonyl group by a wide variety of pathways which are
usually one stgp}longer than the route from the dibromo
product,

When the pentamethel ether 65 was treated with 2
equivalents of N-bromosuccinimide irxzmrbon tetrachloride
with a trace of dibenzoyl peroxide as initiator in the
absence of light at room temperature, the majorvproduct
was é—methy'~2.5,8-%rimethoxy-l,u-naphthaquinone 70. The
minor products were not identified. This came as a sur-
" prise because the oxygenated ring was not anticipated to
be more reactive towards N-bromosuccinimide than the side
chain. 1In an effort to shed more light on the “reaction,
control experiments were carried out. The pentamethyl
ether 65 was dissolved in carbon tetrachloride and treated
with a traceiof dibenzoyl peroxide. The reaction mixture
was a clean'mixture of only two compounds in a roughly
one to one ratio. The first was the duinone 70 mentioned
above and the second was the quinone 29.

In the second controi experiment, the pentamethyl
ether 65 was dissolved in benzene and spotted on a silica

»
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gel thin layer plate. After standing for a day, the

Me *
Me
G
» Me
70 29

plate was developed in a mixture of chloroform and
ethyl acetate, The starting material had been tfansformed
into roughly equal quantities of the two quinones 29 and
70.

It is Qquite apparent that tﬁe meﬁhyl ethers lack
the anticipated stability. They can be stored indefinitely
in the dark, if they are recrystallized from an aliphatfﬁ’
hydrocarboﬁ solvent, but solutions,especially those
in chlorinated solvents such as methylene chloride of
carbon tetrachloride,quickly turn orange on standing.

Acid catalyzed demethylations of aromatic ethers
are well know; (35); but nobrmally the reaction conditions

‘requifed are quite severe, a commohly used reagent being
anhy@rous aluminium chloride in nitrobenzene (23).

In all of the cases where the decomposition of the
pentamethyl ether was observed, at least traces of acid
were present, but the conditions were extremely mild.

The abnormal sensitivity of the substrate towards acid

must be attributed to the ease of addition of hydrogen

ion to phenolic oxygen atoms, the relief of steric
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compression provided by the reaction, ﬁnd the ease with
which the ;Emethylated cOmpbgnd irreve?sibly oxidized
to form a stable quinone’strucgure. o

Obviously, the metﬁyl groups were not partfbﬁkarly‘
effective in protecting the peri oxygens of th?s ;ystem.
The chanceé of selectively o;idiziﬁg the aromatic methyl
in the presence of the labile peri methoxyl groups appeared
to be very slim. The quinones 29 and ngwere therefore
not suitable preéqrsors for the synthesis of bostbycoidiﬁ.

Since the nromatié meth&l (C-11) was not easily
functionalitzed in the presenée o{_four'peri methoxyls,
it appeared advisable to either carr& out .the oxidation
at an earlier ataée. or introduée the carbon in queatign
(C-li) in a higher oxidation stnte.. The condensation
reaction with p;rotartaric anhydride was not seloctiié
and¥the separation of the two isomers was not pdftiéularly
clean. thus it appeared advantageous to develop a route
wh1ch incorporatél the troublesome carbon in a higher
oxidation state, thereby avoiding both problems.

Bostrycoidin 20 is an'isoquincline. The accepted
numbering system (28) designates the carﬁon being discqssed
as C-1, (Figure V), 1In bostrycoidin,C-1 exists in an
oxidation state equivalent to an aldehyde. Since aldehydes
are generally much too reactive towards a wide variety of
reagents ‘including oxidizing agents, reducing agents, acids
and bases to be éonsidered for a leng%hy loquence‘ot reactions,
it seemed more reasonable to introduce g-l to tha-skeleton

in a more stable fbrm.“ In this particular case,the carbon

¢
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FIGURE V
'>.

. “

~ L

in question was benzy¥ic in a number of the stages -con-
templated, which indicated that the next lower oxidation

state (alcohol) would also be too reactive. In addition

’

_ alcohols do not lend themselves well to the Aldol-Claisén

.condensations which are so useful in building up this type
of skeleton. Use of an acid derivative should avoid
both. of these problems. A scheme w@s proﬁosed which was

analogous to the one used by Hardegger and co-workers 24);

-
»

‘Model System for Ring C Synthesis

In order to gain experience on the problems associa%e&
with the construction of the JC" ring of bostrycoidinf a
modei system was devel?ped. Ip wag necessary to determiném
* the mode of forﬁation of ring C (36) in order to define
the exact nature‘of the ptecursor.

The starting‘materialcchoseh was p-methoxyben-

zaldehyde 71 because it contained the methoxyl group
i

~»
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A
necessary to define the relative orientation of the "A"

rihg and the "C" ring in the final product of the podel .

system 72. The route for the construction of riné B

M ;
of 72 was identical tb that chosen for the trimethoxyl

derivative. The necessary carbons were introduced via

a szppg condensation using diethyl suécinate 13?). In

ihe first step, the carbanion attacked the aldehyde carbonyl
to form an adduct. Inspection of models showed .that the
negatively charged oxygen atom could fgrm a five membéred
ring lactone 73 by attacking, the carbonyl carbon of the
festergroup/gtb the initial’gzrbaﬁion. .The lactone C9uld
then open to form the salt of the acid, which was finally
iso}ated. The reaction product was~a mixture of cis and
trans isomers about the double bond. The initial conden-
sation led to the formation of two chiral cenii)b; both
ﬁossible diastereome?s were formed and thés; led to the
two' stereoisomers of the lactone 73 which in turn opened
to thé two geometrical isomers of the final :product zﬁ’ ’
(38). The existence'of the two idomers was of little

! ¢
consequernge, because the ring closure reaction conditions

were such that isomerizltion could readily occur¥®
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) The formation of the lactone during the Stobbe
condensation was a very helpful side reaction for two ‘ .

reasons. Since the«two acid derivatives were different,
checice of‘a reagent which would react with one in pres
! ference to the ofher was made easy. The second advantage j
is- found in the work up of the éeaction mixfure, ‘The '
product was very easily separated from any qf the reagents
\\ and most of. the side products by a simple bicarbonate
:\\:\ extraction. | ) ) . .
o The:cyclization reaction-waé found to go successfully
using acetic anhydride both with and without anhydrous
sodium acetate (37). Stronger acid cyclizing agents

! . . .
such as polyphosphoric acid or concentrated sulphuric

‘ acid were not employed for two basic. reasons.. It has
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-been shoﬁﬁ earlier that methoxyl groups in several of the

compognds discussed are especially~sensitivé to acid.

Secondl&. the use of strong acids would normally require - .

the reduction of the side 'chain double bond before the

cyclization éould‘be carrigd out, becaugse carbonyl groups

K to the reaction site are known toldeactivate systehs v
sufficiently to prevent the reaction froﬁ occurring (25).
Removal of the double bond would isolate the carbonyl
from the ring and thereby destroy its effect.

The first step in the cyclization reaction consisted
?of formation of .the mixed anhydride 75. The anhydride
was then attacked by the ring in either position ortho

\ to site of. the side chain to yield a: ketone 76, which
tautomerized to give the corresponding phenol 77. The
free phenol was then readily acetylated wifh the large
e£bess of acetic anhydride to gibe ethyl l-acetox&-?—
methoxf-B-naphthoate Zg. Only one product was obtained,
because the two positi&hs ortho fo the side chain ;re
equivalent and reaction at either site would give the
same product.

The conversion of the ester to a nitrogen function was
expected to require conditions which would hydrolyze the
phenolic acetate, s6 a more effective blocking group had to
be found to ensure that the phenol would not interfere.

The ester 78 contains two different.ester groups
and it was necessary to cleave the phenolic acetate

selectively while leaving the naphthoic ester untouched.

‘ Aqueous potassium hydroxide cleanly cléaved both esters
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to give the corresponding phenol-acid 79, whereas fil-
tration of the substrate on a column of neutral alumina

’
gselectively removed the acetate ‘to give the phenol 77.




An attempt to convert the ester group of compound
17 to the corresponding amide using ammonia, methanol
and glycerin in a sealed tube (39) resulted in the for-
mation of a polymer, which demonstrated the need for
adequate protection of the free phenol.

The bknzyl group was selected as‘the best protecting
group. It is easily introduced and it can be removed
by catalytic hydrogenolysis at the proper time. The
phenol 77 (R = ethyl) wgs’treated'with ;otassium carbonate
and benzyl bromide in dry acetone to give the benzyl

ether §g in good yield (40).

QCH-G ‘TCFb;

eO\ //\/ M QO\\/:’,\\ ~ %
oy
TR 7 CONH,
80 : 81

-

Formation of the corresponding amide 81 was carried
out using a one step process or, alternatively, a thfee
step process, The one step reaction consistéd of heating
fhe ester witﬂ methanol, glycerin, and ammonia in a
sealed tube at about 120 degrees for eighteen hoﬁrs (39).
In the three step conversian the ester was first Rydrolyzed
with aqueous potassium hydroxide. The free acid M%: then
‘treated with thionyl chloride to form the acid éhloride.
which without gaolation or purification, was treated‘with

ammonia to give the corresponding amide. Both methods
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worked quite well and the only major factor to consider
in the choice between them is scale. Small scale reactions
are easily conducted in sealed tubes, but large scale
sealed tube reactions are dangerous and finding suitable
equipment is difficult.y The steés in the three reaction
Séqpence are so simple that it could be used on any seale,.

Direct reduction of the amide Q; to the corresponding
naphthyl amine was unsuccessful. Diborane (4#1) had no
apparent affect on the substrate since starting material
was recovered in high proportions from the reactien mixture.
Lithium aluminium hydride (42,43) on the other hand cleaved
the benzyl ether in preference to reduction of the amide
group. The phenolic amide was not fully characterized,
although the spectra suggested that the amide group was®
intact and the benzyi ether had disappeared. ‘

The amide 81 was dehydrated to the nitrile 82 in

R g
good yield with thionyl chloride and pyridine (44).

OCH, 0 OCH,{

Reduogion of the nitrile 82 with two moles of 1lith- T
‘ium aluminium hydride (45) gave a moderate yield of the

aldehyde 83. If the amount of reducing agent was increased

to a large excess and the reaction time was lengthened, a
~ ’ .
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low yield of the amine was isolated as the hydrochioriqe

salt 84. o N
CH, §
Me /} AN
N —
H, NH, (HCI )
& . 8A .

-

The aldehyde was made from the ester 80 in two easy
steps. Treatment of the ester with excess lithium alumin-

ium hydride (46) led to the formation of the desired

H, OH |

85 | 86

alcohol 85 in good yield. The reaction was a straight-
forward hydride reduction of an ester, although condifions
had to be watched closely to minimize the formation of

the diol 86. Lithium alumin;um hydride is capable of
causing the hydrogenolysis of the benzyl ether as we

have seen earlier. Oxidation of the alcohol 85 with
manganese dioxide (47) proceeded smoothly_to give the

same aldehyde 83 obtained from the partial reduction of

nitrile 82.




Two routes to the /35 aranthracene were considered.
The aldehyde 83 was the pPrecursor for one pathway an& the
amine 84 was the precursor for the other. The greatest
problem associated with ring formation in this simple

case is tHe possibility of two different products depending

on which site reacts to close the ring. In one case
the azanthracene 87 would be produced, whereas ring closure

‘at the alternative site would give the araphenanthrene 88.

R 7R
MO A “ Med. . I
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- N
87 28

. Lo
This problem exists in the more complicated trimethoxyl
case as well. The obvious solution to the sproblem is

to block the position para to the oxygen function in
ring B, thereby preventing formation of t@eﬂazaphenanth-
rene. Presumabl&. if the para site is more reactive in
the ring closure reaction, then it follows that it would
be reactive enough to undergo the substitution reaction

required to introduce a blocking group.

The choice of blockiné group is influenced. by the
nature of the groups in tﬂ% peri.positions of ring A
because of the strong interactions between functional
groups in peri positions (32). This consideration makes

the choice of model appear rather unfortunate, since the

M /\’




only difference between the model and the more complicated
structure is the presence-of two ﬁeri méthoxyls in ring A
of the latter compound. ,It‘was then decided that further
work on the model system was unwarranted. The remainder
of the discussion will then be completely devoted to the
progress made in the preparation of suitable precursors

for the synthesis of bostrycoidin.

New Rogte to Bostrycoidin

The starting material was the same 1,2,4-trimeth-
oxybenzene used before, but the reaction sequence was
chosen so that only one product was obtained in each
step, thereby eliminating the need for tedious isomer
separations:

A high yield of 2.&,5-trimethoxybenzéldehyde Qi‘

3

was obtained by performing a Gattermann reaction (48)

on 1,2,4 trimethoxybenzene. One can rationalize this
result on the basis ef electrophilic sﬁbstitution theory.
Of the three open positions ih 1,2,4-trimethoxybenzene,
orly two are activated by two methoxyl functions,and of
these C-3 1s more sterically hindered than C-5 having
two ortho methquls to interfere rather than one methoxyl
and a hydrogen. Thus C-5 should be more susceptible to
electrophilic attack than either C-3 or C-6,as is found.

The reactions required to carry out the next three
steps have been discussed in detail in the section dfvoted
to the monomethoxyl series, Comments made 1in <t section
will not repgat preyious arguments but rather single out

> )
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differences between the monomethoxyl and trimethoxyl
compounds. '
‘When 2,4,5-trimethoxybenzaldehyde 89 was subjected
to the congitigné fof\the.Sthbe condensation (37), a
. ,dramatic differgnée in reaction rate froﬁ the reaction of
anisaldehyde was anticipated. The additional metho*yl'
functions were expected to reduce Me reactivity of the
carbonyl carbon of the aldehyde via resonance effects.

ThHe reaction should also be expected to be slowed down

because of the proximity of one of the additional methoxyls.

QM@ | : Me

. C MeD. ! , MeO. A :
‘ ST e | QOOR
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AEcﬁrate kinetic studies ate beyond the scope of
this work, but it was interesting to note that there \
were no differences.observed in the two reactions when
;qombarable conditions were maintained. - Even in the
" trimethoxyl case, the reaction proceeded smoothly
"tq give a good .yield of the half ester 90.
The cyclization of the condensation product 20,
) proceeded smoothly to give a good yield of the diester
91, The additional fw0‘methoxy1 groups in the trimethoxyl.
" half ester 90 contrib;;e to two“opposing effects. The‘

electron donation ﬂy the methoxyls certainly facilitates
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the electrophilic attack of the mixed anhydride, but the
size and proximity of the methoxyls give risegeto steric
effects which slow the reaction. In the monomethoxyl
series, there are two identical sites where reaction can
occur because of the symmetry of the system. The tri-
methoxvl case’hés only one potential reaciion\si&e&which
_means there is a restriction on the conformation of the
molecule befire reaction can occur, i.e. the probability
is a factor of two-smgller. Apparently, the opposing
contributions made by the additional two methoxyls
roughly cancel, since no large rate differences were
obse}ved between the two systems.

The selective hydrolysis of the acetate was necessary
to prepare for the introduction of the threé carbon side
cgzin at C-2. Conversion of the acetate on C-1 to a f¥ee
phenol would r;ducé steric i;terference for aﬁy reaction(
around C-2,and the election density would be signifi-
cangly increased at C-2 via resonance and the inductive

; .
effect, thereby facilitating edectrophilic substitution

reactions, Of ogurse,it was also a necessary prerequisite

Sk
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for a Claisen rearrangement (49).
It was important to preserve the naphthoic acid
~‘\\ function (at C-3) in the form of an ester group to prevent
xransesterification or decarboxylation reactions. Loss

-

of the carbonyl carbon would destroy any chance of building

ring C inSuch a way that the relative postions of the
1 in ring A and the nitrogen in ring C‘;ould be

[? metho
known with certainty. Aqueous sodium hydroxide was found

C s/ ~ “Tto-be unselective, since both ester groups were smoothly

e

cleaved in high yiéld. Selective cleavage of the acetate
was'carri;;/zat in dver 90% yield by filtering the substrate
on a column of neutral alumina using benﬁene as the solvent
mediﬁm. Steric considerations suggest that the'cleavage-
[ 1 4

' of the acetate in the more hindered trimethoxyl case should

/// be more facile, since the reaction provides some relief

to the crowding situation present in ghe acetate 91.. IA
(\ addition.’the presence 6f an oxygen fﬁnction at C-8 could
\\ accelerate the ester cleavage because of its ability to .
\\ coordinate the lewis acid ca;alyat. 'The comparative ease

\\ with which the hydréiy?is took place }s indicated‘by the
', fact that the trimethoxyl naphthol 92 was never contam-
x@natéd with the starting acetate 91 ‘unless the alumina column
8 flooded, whereas, cleé‘age of the monomethoxyl acetate

78\often resulted in a mixture of unreacted acetate 78 and
the\ggéiféijz;phthol 77+ unless the column was eluted very ¢
slowly. '

Some difficulty was anticipated in the preparation .

of the allyl ether 93 be?ause of the problems Har@egger

et.al, experienced with a close analogy (21). In order

-




to prepare the allyl ether 95 from the naphthol 94 in
72% yield, it was necessary to reflux the reaction mixture
for 15 hours per cycle and recycle sig times, a total

of 90 hours reaction time. In centrastf the naphthol 92

(fMe ?/H ' OMe g~~~
Me‘O_ ! , . M@O\ /{L Lo e
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was a{kylated in 82% yield after only 20 hours. The absence
of starting ngphthol 94 in the crude reaction product wdﬁ "
dbﬁonstrated by extraction with ice cold q1aieenfs alkali

(50}, whieh was'immédiately neutralized with ice cold h;dro- ~
e¢hloric acid. The ester grgup appareﬂtly increased the

acidity of the naphthol by inductive gthbilizatioﬁ of

the corresponding naphthoxide ion, thereby> Iacilitatgng _‘.

. 'Y
the alkylation reactign. " S
[y
’ ' y
Meo\\/// r \\\\
E |
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93 96

- When the reaction was allowed:‘P proceed for a longer
, N .

[ 4
time (72 hours), significant amounts of a new product ~
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s rearrangemegﬁ,gzr }n light of this evidence it is

3 allyl ether 93 at 100°. - After 5 hours the reaction

°®the a%tiné~;llylrether M and the product of the Claisen

, after only X0 minutes at é00°/and had a half life of

ﬁyidenge for the latter path was obtained bgiheating the

reasonable to suggedt that rearrangement occurred during

the allyl ether 95 at 210° fo™\§ hours to -complete the ' ¢

B il

, | .
y; _ : .
appeared. This was shown to be the diallyl compound
96. This %Fbstance could have arisen in two different
ways. Thg 0-alkylation could have been followed by a.

]

slower C-alkylation at C-2. On- -the othe¥ hand, O-alky-
lation could have Been followed by a Claisen rearrangement

which !oulq then be ?dllowed by a second O-alkylation.,

b ]
mixture was obsgrvgd to contain about equal amounts of

¥

¢
7

the alkylation reaction..

The allyLﬁefher 21 decomposed when heafed neat“

above its meltlng poxnt. bt it was posalble to carry

- -

out the Claisen rearrangement in high yield using an inert

- » . A - =
nitrogen atmosphere and carefully purified N,N-diethyl- (\/:
- ) * ’ ‘\ " . - L
aniline as solvent (49). Hardegger et .al (21) heated

reaction, but rearrangement of .the ether 93 was complete

o .




=] - !
about.5 hours at 100 . Apparently, the ester group at

- C-3 facilitates the rearraﬁgement as well as the alky-
lation of the naphthol.

In many systems (49), the product of a Claisen
rearrangemeht co;%ains both the C-2 and C-4 allyl isomers
provided that neither position of the substrate is blocked -
by another substituent., When the ailyl,ether 93 was heated,
6nly_thg G-2 allyl product 97 was obtained;.wﬁich is . .
consis%énf‘with thé experience of Hardegger and co-workers-
(21) in a gimilar system. The C-4 allyl isomer would
contain a véry unfavourable?peri interaction between tﬁe
methoxyl on C-5 and %he allyl group fon C-4 which is absent
in the’C-Z éllyl isomer.

At this stage, it is necessgary to introduce two oxygen
atoms into the molecule in order to achieve the basic
structure of the deE}red family.of compounds., R;ng "B"

s

has to'pe oxidized from a naphthol to the corresponding
l.i-quinone. and the allyl side chain must be transformed
hinto an acetonyl group. Hardegger et.al. (2%) discovered
that.Niiodosuccinimidé in a mixture of dimethylform?mide.
acetic acid and water oxidized tﬁe naphthol 98 to the
quinone iodohydrin 99 in 42% yield, thereby introducing
the two necéssary oxyééns aimultaﬁeously. .
When these conditions 4!!e applied to the allyl
naphthol 97, the product consisted of exPected iodohydrin

161, and a new compound CjgH3;04I in roughly equal

i §
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proportions. The latter compound was shown to contain an
iodine atom, an ester function, three methoxyl groups,

'no quirione¢ and no hydroxyl. This is easily rationalized

’ if one looks at'the reéction in a stepwise manner. The

first step would be attack of the double bond by N-iodo-
succinimide to form an intermediate iodonium ion 100.
Attack by a water molecule could then occur at the sec-
-ondary carbon (iodonium jons open by attack at a secondary
carbon in preference to a primary carbon). The resulting

iodohydrin would'then be oxidized by two additional molecules

of N-iodosuccinimide to give the corresponding 1,4 quinone

//)/W ) observed in the reaction product. In an analogous manner,
'the'ioddnium ion ‘can undergo intramolecular attack by
the phenqlic Qxygeﬁ ;tom to give the new compound 102,
' This product would. be stable to further oxidation by
“N;iodosuccinimide. | |
When Hardegger and co-workers (22) oxidized the all&l
naphthol 98 with N-bromosuccinimide, they Yound a marked

difference between the rate of oxidation of the naphthol

and that of the double bond in the side chain. The ~—
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naphthol was oxidized to the corresponding 1,4 quinone
in 30% yvield when a mixture of dimethylformamide, acetic
acid and water was used as solvent. Oxidation of the
double bond to the corresponding bromohydrin required a
higher temgerature and a mixture of dioiane. water ‘and
perchloric acid for solvent.‘ Even then the yield was
only 9%. ]

When the allyl phenol 97 was used as-substrate, the
d®fference in rates was less pronounced. *‘When the reaction
was carried out with less than the necessary 3 equiva-
lents of N—bromosucciniﬁide,there wis a mixture of starting
allyl phenol 97, allyl quinone ;é} and quinone bromo-

hydrin 104 after all the oxidizing agent was consumed. On

L3
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addition of. m&re oxidizing agent, the first two cohponenys’
of the mixture disappéare& and the quantity o6f the third 7
increased to a maximum. This suggeste that the rates

of the two oxidations were similar. If either reaction
were significantly faster than the other, only two of the
three compounds would have been present in the reaction
mixture when between’two and %hree‘equrVaients of oxidizing

agent were used.
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The reaction itself posed no great difficulties.
but isolation and purification of the quinone bromo-
hydrin was quite a different matter. The reactién was
stopped by diluting with a large volume of wgter. Extrac- '
tion with methyleﬁe chloride followed by washing sqveral
times with water removed.most of the dimethylformamide
and acetic acid. The gemainder was removed by pumping ’
down at room temperature in the dark since ghe quinone
bromohydrin is ausceptible to decomposition by heat and P
light. - The succinimid; was removed from the crude
prqdubt without decomposition ‘of the sensitive quinohe

h
* bromohydrin by filtration through a column of deactivated

thin layer silica gel. The silica gel was deactivated




&
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B making a slurry in water and air d§§ing before use in
the column. The pufified quinone bromohydrin was recry-
'stallized from diethyl ethér. Once purified and dried,
this cohpound could be stored for manthg,if kept cold

and dark.

>, ¢

When pure quinone bromohydrin 104 was 1eft in a

’ - [
-

closed, transparent glass vial ‘on the bench top for several
days it was observed that the brilliant orange solid had -
changed £o a'deep red solid without changing crystal form.
A thin layer plate showed that all the quingne bromohydrin
had disappeared and it was replaced by a s:ig}e\new product
Ci17H1708Br. This new product-contained a bromine, an.ester
function, only one methoxyl, a quinone, twoqaromatic .
hydroxyls and a single aromatic hydrogen. The’two peri
_mgthoxyls‘had cleaved, presumably by the action of.so@e
hydrobromic acid wﬁich must have been liberated fro; the

side chain by heat aﬂd.light to give the naphthazarin 105

105 . . \ ,

An oxidation of the secondary alcohol to the- corres-
ponding ketone and feplacement of the bromine with hydrogen
are the two remaining operations. Hardegger and co-workers

’
(22) experienced fewer problems when the oxidation was

N
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carried out before the reduction. When an acetone -solution
of the quinone bromohydrin 104 was treated with excess
Jones®' reagent (5 ‘?'thé oxidation‘proceeded quickly and
smoothly in good yield (78%) to give the corresponding

bromoketone 106 Purification of the crude product was

difficult, sincp it decomposed quickly on even the specially

prepared silica'gel used for the quinone bromohydrin.
Fortunately, the reaction was clean and the crude product

could be crystallized from an ethyl acetate-hexane mixture,

o Me - ’
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The last step was simple reduction of the bromo-

ketone 106 to the carresponding ketone 107. Successful ™
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compietion of that step would give the dimethyl ether
of the first member of the family';gz. Modification of
the ester group would give the othef members of the
family, namely, javanicin (methyl), fusarubin (hydroxymethyl),
bostrycoidin (imine), and the corresponding aldehyde for

which there is ko common name: When the bromoketone 106

mwas treated with zinc dust and acetic acid (52), the red

colour disappeared instantly and after 1.5 hours a col-

ourless product‘C19H2007 was isolated in 83% yield.

~The proton magnetic resonance spectrum indicated the

presénce of an isolated ethyl group, a methyl coupled

to a single h&drogen.'a vinyl hydrdgen coupled to a methyl,
threenmethoxyls.‘an’aromatic hydroxyl and dan isolated -/
a{oma%ic hydfogen. The infrared speutruﬁ indicated a

hydroxyl and an ester, but no quinone. This evidehce was Y
consistent with 4-carboethoxy-5-hydroxy-2-methyl-6,8,9- .
trimethoxynaphtho (1,2-b) furanlig§,_ The instant decol- e <
ouration suggested a quick reduction of the quinone to

the correspondiné'hydroquinone which, instead of remAin‘pg

108

inert, cyclized to‘give a furan. At some time during

the reaction, the bromidé was also reduced. There was

>
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insufficiqnt‘evidence gathered‘té determiﬁe ;hether the
bromine came off before gr afmer-thq qyclizatfbn.

. When the same reduction was attempted using hydrogen
and;?ither palladium on charcoa} with 95% ethancl and a
trace of trieyhylamine as solvent (53), or 5% palladium on
strontium carbonate with ethyl acetate as solvent (S4),

the same~result was obtained. The ease with which the
cyclization occurred can be explained by'the fact that

the "intermediate adduct readily lost water in an ir?eve;-
.8ible transformation to give a very stable aromatic pro-
,dhct. ' : ,

- In an att;mpt to trap t@e hydroquinone as the diacet;te

(55), the. reduction was carried out with {inc dust apd

50% aceiic anhydride'in acetic acid.' The oniy product
isclated (68%) was S-acetoxy-u-;arboethoxy-Z-methyl-é.8.9-
trimethoxynaphtho (1,2-b) furan 109. The presence of peri

interactions in this systeﬁ would tend to increase the

normal preference for the unimolecular cyclirzation over
the bimalecular acetylation. ' .

Formation of the furan ;hould provide exgellent
* }
protection for both the quinone and the acetonyl side
Vi ’ A .
. : < ‘ i
" - - ‘ -
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chain, while the ester group is reduced. In order to test
the stability of the furan, the ester 108 was treated
. with excess Iithium aiuginium'hydrideein anhydrous ether
(46) to give a gpod yf?ia of a compound which was very
-(unsfable and difficult to purify. The proton magnetic
resonance speFtrum indicated the presence of three.
methoxyl grqups, t;o sin;ie hydrogene which exchange LY
. with deuterium oxide readily. ari isolated methylene, a
methyl coupled with a singje vinyl_ﬁy&rogen. and finaliy

an ?romatic hydrogen. One interbretat;og‘of these data

is that the anticipated diol 110 was obtained.
' _ MeQ .
HQOH

’”~ T N t
po o =
The dioilllO was’:feated w;:;é:;j;ic anhydride and
pyrldine to give the corrosponding diacetate 111
65% yleld. Unfortunately. th. di?cetate was alao§ -
ficult to purify. It did crystallize, bé; attempts to

purify the'product by recrystallization were unsuccessful.

I ' .. The infrared and proton ragnetic. resonance spectra indi-
—_ cated three methoxyl methyls, two acetate methyls, one
® vinyl methyl, one methylene, ome vinyl hydrogen, one

aromatic hfé(ogen. and no exch’ngeable hydrogens, . Struc- "

ture 111 is thén consigtont with the evidence available

3
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for the diacetate. It appears that a means of re&ucing

the ester to the corresponding alcohol without distur-

L4

'bing the fundamental ring structure has been diécovered.

A synthetic route to several of the members of the

family me;tioned above has been found, provided the
oxidative cIeavage of the furan ring to regenerate the

C-2 acetonyl quinone can be successfully carried out with-
out skeletal rearrangement. Karrer e%? al. (56) were

able to oxidatively open the dihydrofuran 112 to gi;p

1
I

XAy ~
)AE

o ﬁz ‘
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the quinone 113 with ferric chloride. When the oxidizing
agent was changed to gold (III) chloride, there was a
significant increase in the yield of the quinone 113.

. Treatment of the ester 108 with gold (III) chloride




in aqueous ethanol at room temperature gave a 37% yield
of a red o0ily compound. Infrared absorption at 1735

and 1665 em~1l suggested the presence of an ester or
ketone and a quinone respectivel&. The proton magnetic
resonance spectrum/indicated tﬁe presence of an ethyl
group, three methoxvls, an isolated methyl group, an
aromatic hydrogen and a methylene. The gpec%ral evidence
is consistent with ;tructure 107 which is the 5,8 dimethyl
ether of the ester analogue of javanicin. At least two
other quinonoid comppunds were observed in the thin layer
chromatograms, bﬁt they were not characterized.

The ester 108 was also oxidized with ferric chloride
in aqueous alcohol at room temperature. Work up of the
reaction mixture followed by thin layer thromatographic
isolation of the crude product gave 5S4% yield of the same
quinone ester 107 that was isolated from the gold (III)
chloride oxidation. The crude product aiso contained
one of the unidentified quinones observed above.

. The third reagent used to carry out the desired

cleavage was 2,3-dichloro-5%,6-dicyanobenzogquinone (DDQ)




(57). 1In this reaction, the substrate 108 was mixed dry
in a flask with two equivalents of DDQ. Since the reagent
is sensitive to oxygen, the atmosphere over the dry chemicals
was replaced with dry nitrogen before adding the methanol
required for a reaction medium. During both the reaction
time and work up,care was taken to minimjze contact with
oxygen -and heat. Thin layer chromatography was used to
separate 47% of the same quinone ester igz that was isolated
in the qfevious attempts. The unidentified quinone cogmon
to both of the previous reaction products was also observed
in this prdduct,

From the observations made in these cases, it may Dbe
concluded that a variety of reagents have the capabdbility
of opening the furan to regenerate the quinone and acetonyl
groups without complication, Successful completion of this
oxidative ring opening has yielded the 5,8 dimethyl ether
of the ester analogue of javanicin and fusarubin.

Oxidative cleavage of the diol 110 was expected to
give the 5,8 dimethyl ether of fusarubin 114, Treatment
of the diol with DDQ in methanol yielded a red crystalline
solid with a melting point of 218-219°. The infrared
spectrum showed no absorption for a hydroxyl, a band at
2845 em~l indicating the presence of methoxyl(s), a band
at 1662 cm~! indicating a quinone‘and a band at 1550 em-1
‘indicating an .lkene or aromatic. The mass spectfun con-

tained a pare peak at m/e of 302 which suggested the

loss of sixtéen mass units. The proton magnetic resonance //

spectrum gave a good indication of the structure of the

»
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final product. The presence of three methoxyl groups was
verified by characteristic singlet peaks between 3 87 and

14

3.98 ng. ’Apparently. no major alterations were made to ©
ring "A". This was further supported by the broad singlet
abgsorption at 6.44 ppm. whic? has been found to be char-
acteristic for the.aromatic hydrogen on ring “A" throughout
this study. Peaks at 2.42 and 6.44 pﬁg. suggested the
presence of df?inyl m;thyl coupled to a single vinyl
proton. No other absorption was observed.

Ring “A" surviviné unchanged and ring"B" egxisting as
8 paréiq?inone account for all but three carbons, one’

oxygen and four hydrogbﬁs. In order to be consistent \y

with the pmr spectrum, the four hydrogens and three

\
\
\

\
attached to a double bond. Since no carbonyl or hydroges

carbons must exist as a methyl and a single hydrogen

is involved in the attachment of the three carbon frag-

ment to ring “"B”, the oxygen must be present in the form -
. ~ k)

of an ether linkage. Structure 115 is consistent with all

of the evidence_available. Unfortunately, the reaction has

Mef

r Q -
6Me

1?5

F%

) - o
resulted in the loss of the critical carbon: the one which

differentiates one member of the family (discussed éhflief)
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from another by virtue of its oxidation state and/or
! ' * -

v - .
the nature of the heteroatom attached to it. . '\
One possible explanation of the 6verall loss of

sixteert mass units during the oxidation is deécribed in

A
figure VI. Ketonization of the ring B phenol group in

y -

the diol 110 would give the/9 hydroxyketone 116 whichcan
exist in a conforﬁation that is suitable-for an intra-
molecular reverse aldol reaétion via & s8ix membered trans-l
ition state resulting in fhe formation .of the’phenol 117
and formalqehyde. " After loss of the gritical carbon,

.hydride abstraction by DDQ in methanol (57) would give
o « Y - R
the intermediate ketal 118 which would.decompose in the

presencé of traces of water to givé the cofrq;ponding
1,4 quinone ilg.‘ No water wasiintepfionally added to the

, "
reaction mixture, buf _during worlk up there was no attempt

f_'"
L ‘

to exclude it.
, ' | P
.Ring closure could occur via attack of the enhol form

of the acetonyl: side/bhﬁfn on the ring as shown in figure
VI. The resulting hydroquinone 120 would be oxidlzed to
- the corresponding quinone 1 j,elther by ‘DDQ or by air

oxldation. e -7 o
. . 4

This path!ay reqdf}es two moles’ Ofgﬂ!ldlzlng agant.

The reaction was carrled gut wlth only one equivalent of

ok
DDQ which suggesta that the maximum yield s8hould -be only
A

50%1 The 61% yield can be explained by the facile air

ox;daﬁiqﬁ of naphthohydréquinones referred to earlier,

/ ' . L - .




W

“t

72



Conclusion

| The pafhwﬁy descyibed in this work has at least in
ifé present étate. gome deficiencies. It has led to the
éucceasful synthesis of the ester 107 and there is no
reason to'suspect a problem in‘the synthesis of javanicin.

T% obtain the members .of’ the family containing sensitixgb

functional groups such as fusaruﬁin (hydroxymethyl),
bostrycoidin (iminQ),ind,the corregponding éldehyde

+ for which theré is no common name,éwill require additional
planning and experimentation in order to #void préblems

such’as the 1088 of the critical\carbon just described,

»
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' Infrared spectra were determined on either a Beckman
IR-5a or on a Beckman IR-10 spectrophotometer. Proton
magnetic resonance spectra were determined on gi;her a
Varian DP-60.or a Varian A-60 speéctrophotometer. Molecular
weights were determined using a Varian Méé mass spectro-
photometer. The silica gel used for column cﬁromatography
.was B.D.H. reagent grade unless other wise specifiéd and the
aumina used for column chromatography was Shawinigan’
reagent grade aluminium oxide’. The silica gel used for
thin layer chromatography was Camag'kiesel gel DF-5 untreated
in all cases except those where denaturing with dilute acid
was specified. Petroleum spirits refers to B.D.H. solvent
with a boiling range o?¥® 60-80". Melting points were

] .
determined on a Thomas-Hoower uni-melt apparatus and are

uncorrected. ., - : )

* Microamalyses were performed by A. B. Gygli, Toronto,
- .

Ontario.

.

I Synthesis of Bostrycoidin via the Hardegger Pathway
1. Oxidation of 2-Methyl-5,7,8-trimethoxy-1-

z -

naphthol 63 .

(a) With Lead Tetraacetate. , ‘

- - 7’-&

-

d
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A solution of 370 mg of 2-methyl-5,7,8-trimethoxy-
l-naphthol in a mixture of 15 ml of chloroform and 2.5 ml
of glacial acefic acid was cooled to 0°, before adding
1.7 g of lead tetraacetate. The reactioq mixture stood
. at -10° for tﬁenty hours and a f@rther twenty-four hours
.at ’50 before acidification withfcoéégntrated hydrochloric
acid. The resulting precipitate was removed b& filtration
and tHe filtrat:\was’extractgd withwggloroform. T?e Q
chloroform extract was washed three times with water; once
with,éaturated bicarbonate solution and finally once again
lwith Qatef before dryiné. Concentration gave 353 mg of an oo
. orange-red solid. Thin layer chromatography using silica

”

gel plates developed in chloroform indicated the presence

uéf"at‘}easxmjﬁ;gfeen different compounds with none appéaring .

to predominate significantiy.
Elution of a silica gel column with 60 -80° pet-

~

~ rqleum spilrits gavé 27 mg (7%) of a red solid which'was °
recrystallized from methanolvto_givé deep‘red:;éed}es of | S )
3—chloro-2methoxy—7-methyl—8—hydfoxy-l. U-naphthgquinone \
mp 149.5-150°§ reported (24) mp 145°, -

Elution Qith 50450 benzene: petroléum spirits gave
23 mg (7%) of:;»féd solid wgiqh_yas fecrystalli}g& from . ‘ .
methang} to give deep red crygtals of B-Hydroxy-7methy1-? %>
Z—methoxyll.Q-napthoquinone mp 169-17f§{~gepprtéd (2&) |

g #p 175-17702’ No other-purg compogp@s were isolated or

"~ —identified.

' ’ ' . .

< {(b) With Chrom}c‘Acid.



A solution of 235 mg of 2-methyl;5.0.8-trimethoxv-
l-naphthol in 30 ml of 80% (v/v) aqueous acet&c agld was 4
cooled in an ice bath and trqated with a cold\eo)utlon.
of 235 meg oﬁ'chromlc anhydride in 10 ml of “0% &/v
aqueous acetlc ac1d dropw1se wlth continuous stirring. " oy
After stirring for one hour in the ice batk, whe reaction

j Y \
mixture was allowed to reach room temperature. After a

further ‘hour, the reaction mixture was poured into excess '
ice water and the resulting aquecdus solution was extracted
with chloroform. The extract was washed twice with

saturated bicarbonate solution, and once with water before
‘drying. and eyaporation to 250 mg (qua’ntitative"of an ia)rang'é
'solid. Thin layer analysis on silica gel plates with k
ethyl acetate as developing .solvent indicated a single

product. Recrystallization from petrof@um spirits gave

orange crystals of 2-m9thyl-§,7.8—trimfthoxy-l,hahasgiho-‘
.quinone Eg mp l}l—l}Zo;sreported (24) 128-%300. -

" The sam® procedure was used to quantitatively ;

oxidize B-methyl-S.7.8-trim;thoxy-l-naphthol 28 to
3—m¢thyl—5,7.8-trimethoxy-l,4¥naphthoquinope 29 mp

143-144°; reported (21) mp 143-144.

& - :
2.‘ Reductive Methylation of 2-Methyl~5;?;8-
v trifethoxy-1,4-naphthoquinone 46 ..
A solution of 95 mg of 2-methyl-5,7,8B-
trxmethoxy -1 “-naphthoqu1none in 25 ml of 95% ethanol
was treated flrst with SOQ‘mg of sjﬁlum dithionite

. dissolved in 5 ml of water and then with 5 ml of dlmethyl




sulphate. The reaction mixture was refluxed while a

solution of 20 g of potassium hydroxide in 35 ml of

3

water was added as quickly as the vigorous reaction

would permitt A second solution of 500 mg of sodium

. - )

dithionite in 5 ml of water was added before stirring
under reflux fof one %nd a half hours. The reaction mix-

v

ture was cooled and diluted with water. “The. aqueous

iid

. u * h]
solution was extracted with chloroform and the extract
’ 1
was washed wL?h water twice,drieds and concentrated to give

\

LY

99 mg (93%) of a yellowish 0il. *Filtration on a column

¢ ~.

of alumina with benzene ggy?.69 mg (65%) pf.2-methyl— R
1,&.5,7,8-pentameth§xynapﬁthalene 64 mp 79-80° Elution
with ethyl acetate gave 11 mg pf starting material.
ir (GHCl}{. 2840 (OMe} and 1810 (c=C). « )
pmr (CDC13), 2453 (s.3), 3.95 (s,3), 4.00 (s,3),

4.6@ (s,3), 4.11 (s8,3), 4.17 (8,3), 6.87 (broad

b4
4

¥

s.1), 7.01 (s,1).
Anal. Calecd for 016H2065 1 C, 65.73:"H, 6.90. _
Found ' ‘ C, 65.743 H, 6.94,

o Reductive methylation of 3-methyl-5,7,8-trimethoxy-1,
D~naphthoquindﬂe 29 using the same procedure gave a 56%
&ield of 3—methyl-l.u.5.7.8—pentamdlhoiynaphthaleqe

65 mp 124-125% reported (21) mp 115-116°, The

starting
€ .

material was recovered in 15% yield.
l N

3. Attgmpted Bromination of 3-Methyl-l,4,5,7,8-

Al

peAtamethoxynaphthalene 65

A solution of 25 mg of 3-methyl-1,4,5,7,8-

- . »

N -~

77
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- L_/‘methyl-s.7,8-trime¢hoxy—l.&—naphthoquinone 29. .

L]
*

pentamethoxynaphthalene in 4 ml of carﬂah tetrachloride

was treated with 30 mg (2eq) of N-bromosuccinimide and’

9.5 mg of dibenzoyl peroifde. The reaction mixture was i
shaken in tﬁe dark at rooﬁ tempefature for five hours
before filfering. Concentratioh of the filtrate gave
a-yellow 0il which contained. at least six products by
analysis$on silica gel thin layer plates de}eloped\with
ethyl acetate. Preparative thin layer‘ch;omatography
followed by fublimation'gave 10 mg (45%) of orange 6-

metHyl-2,5,8-trimethoxy-1,4-naphthoquinone 70 mp 173-

171.5°% reported (24) 170°.

4., Oxidation of-3-Methyl-1,4,5,7,8-pentamethoxy- .

naphthalene 65 oo

«* A solution of 3 mg of purified 3-methyl-

- . . ,j " .
l,u,5.7,8-pentgmethoxynaphtharene in 1 ml ©f carbon

tetrachloridekyas treated with about 0.5 mg of dibenzoyl

peroxide. After shaking in the, dark for six days the
reaction mixfurp WAS evaporated dpwn‘ The residue was
analyzed on silica gel thin.layer plates. ' Spots were

oq§erved whizh héd the same intensity and one compound N '

had the same R? as 6-methyl-2,5,8-trimethoxy-1,4~naph-

thoquinone 70, while the other had the same Rf as 3- ~

o

-

S5+ Decomposition of 3#ethyl-1,4,5,7,8-penta~-

#
«methoxynaphthalene 65

://// A solution of 3 mg of B—metﬁyl—l.h,5.7,8-
— - o -

. N $




* A | | : .

. )
pentamethoxyn!bhthalene in benzene was spotted on a”

1]

silica gel- thin layer plate. It was alldéwed to stand .
for 24 hours after déveloping. The colourless band for

the starting material had turned orange, When the material

o

was removed and analyzed on a fresh plate using 25% ethyl
acetate in chloroform, spots corresponding to each ¢f the

quinbnes 70 and 29 were observed. No other compounds were

identified. - .
[N 1 . i ‘ .

. . .
II1 Synthesis of a Model System for Ring C Formation

1. Condensation of p-Methoxybenzaldehyde with h
Dieﬁhyl Succinate - :

Potassium (6.6 g; was dissolved in I00 md ,

A

of tertiary butanol and the resulting solution was re-

fluxed and stirred while a solution of 18.2 g of p-megh- -

>

oxybenzaldehyde and 28 ml of diethyl succinate dissolved

Ain 45 ml of tertiary bqtaﬁol was added dropwise o;ér 4
hours. The reécthpn‘mixture was stirred and refluxed
Pvernight before cooling and diluting\ﬁith water. The
‘équeous mixture was ac;dified with hydrochloric acid and
then extracted with chleroform. The extract was washed

o

thrice with water before drying and evaporation. The

i 2

residue was dissolved in diethyl ether and washed.four

1 »

times with saturated sodium bicarbonate solution. . The
basic washings were'neutralized with hydrochloric acid

and extracted with chlorofofm. The extract was washed twice.

~

with water, dried with cotton wool and evaporated. to. give
. ; . N "

38 ¢ (quant) of the acid i&. 'Recpystqllization from

-

.79
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\fthanol gave colourless cry&tals—mp 271-272°,
ir (nujol) 3300-2300 (broad 0-H), 1667 cm~1 (unsaturated

-

ester cafbonyl)". & | )
pmr‘(CDClj)o“ 1.33 (t.j, J=7Hz), 3.61 (9'2)' 3.873

-

(s,%), 4.28 (q,2,J=7Hz), 6.90 (ApBj,

o]

2,7=9.0 Hz), 7.33 (A2B2,2,J=9.0 Hz), 7.83
(broad‘s.153x9.30 (?.l).

2. Preparation of Ethyl l-acetoxy-7-methoxy-

3-naphthoate 78 T

9 -
The 38 g of crude acid from the condensation

J

reaction wasg, treated with 150.ml of.acepic,anhydride and
5 g of anhydrous sodi;m acetﬁtg. The ?eactién mixture
was\refluxed Bvegnight before cooling dnd pouring into
800 ml of icegywater. The aqueous mixture was extracted
with &hloroform. Tﬁe‘pxtract was wasked twibe with water,
twice with saturated‘sodghm biiepboﬁate solution and then
once agafh'yith wﬁfgf'hgﬂ;re drying with'cotton wool and
.ecgporaﬁion to give 30.4 g (80%) of the diester Z_-' The
product was easily pur;fiéd by filtp@tion on ahcolumn of
silica gel using™pure beniene as the solvent. Recrystal-
lfzatlon from petrol gave colourless needles mp 100-101°
ir (CHCl3). 1776 (acetate C=0Q), 1715 (ester C=0), *
1637‘(aromatic C=C).‘* !
- par (CDC13), ©1.39 (t,3, J=7.0 Hz), 2.43 (s,3), ..

3.90 (s 3), 4.41° (q.z J=7.0 Hz).
7.0 = 8.5 (my5). ‘ {(

“
,} . -

\
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Anal. Calecd for CygHyg0s5 : 'C, 66.67; H, 5.60.

Found .C, 66.82; H, 5.51.

3. Preparation of Ethyl l- hydroxy-7-methoxy-
P 3-naphthoate 77
A solution of 30.2 g of ethyl l-acetoxy-7-
methoxy-3-naphthoate dissolved 500 ml of cyclohexane was
put on a column of neutral alumina, Elution with benzene 4
rémoved 11.7 g (28%) of ethyl l—acetoxy-7-methoxy-3-
“ naphthoate 78. Elution with chloroform removed 18.4 g
é(?l%) of ethyl l—hydroxy—?-methoxy—B—naphthoate 77.
Recryétailization from bapzene gave colourless cubes mp
156.5-157.5°, | S \
ir (CHCl3) 3571 (Sharp 0-H), 3340 (broag 0-H),
169 (ester £=0), 1637, 1610 and. 1590 cm™t
(aroma£ic’C=C). o

[

) pmr (TFA), 1.51 (t, 3, J=7.0Hz), 4.12 (s,3), 4.55

\bd_;Z;jz J=7.0Hz ), 7.2-8.3(m, 5).
Anal. Calrd—for Li4Hi404 :+ C, 68.28; H,S5.73.
» .
Found i "C.. 6'8u03 H‘; 5- 62'

‘4, Preparation of Ethyl 1-benzyloxy-7-methoxy-
3-naphthoate 80
A suspension of 2,7 g ethyl l-hydroxy-7-
methoxy-3-naphtheate, -2.7 g anhydrous potassium carbonate,
2.7 g benzyl bromide and 150 ml of dry acefone was’
(

refluxed for 24 hours. After coolfﬁg the reaction

R . .
mixture was diluted with benzene filtered and evaporated
, ) A4




down. The residue was recrystallited from hexane to give
3.48 g (94%) of colourless needles of ethyl l-benzyloxy-
7-methoxy-3-naphthoate 81 mp 116-11635<1

ir (CKCl3), 1705 (ester C=0), 1637, 1610, and 1590 cm~}

AAY

. (aromatic C=C). A
+ par (CDC1l3), 1.39 (t,3, J=7.0Hz), 3.85 (s,3), 4.39

| (9,2, J=7.0Hz), S5.24 (s,2), 7.0-8.5 (m,10/.

Anal, Calcd for C21H2004 1+ -C, 74.983 H, 5.99. 3

C, 75.283 H, 6.00. o

5. Hydrolysis of Ethyi l-benzyloxy-7;methoxy- N
' 3-naphthoate 80
A solution of 600 mg ethyl l-benzyloxy-7- .
methoxy-B-napﬁthoate in 20 ml of dioxane and 30 ml of 1N
“aqueous sodium hydroxide ;as allowed to QEand in the dark
at room temperature with,occasiSnal swirling for 72 hours
before ref1u§ing for # hour. After cooling and neutral-
ization, the réaction mixture was extracted with chloro-
form. The extract was washed with water, dried and QVApor-
ated. The white solid residue was recrystallized from
chloroform to give 505 mg (92%) of colourless needles,
mp 235’236t of 1l-benzyloxy-7-methoxy-3-naphthoic acid.
ir (nujol) 3300-2500 cm™l (acid 0-H), 1685 (acid C=0),
- 1634, 1615 and 1590 em=1 (aromatic C=C),
6. Preparation of l-Bentyloxy-7-methoxy-3-
naphthoamide 81 ‘

{a) PFrom the acid,

82
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A solution of 64 mg'of l1-benzyloxy-7-methoxy-3-
naphthoic acid, éO mg of thionyl chloride, 2 dropé of
pyridine, and 25 ml of benzene was refluxed for 0,75 i
hours. After cooling, dry ammonia gas was bubbled through
thg solution for 20 minutes. The benzene was distilled
off and the residue was dissolved in chloroform. ‘The
resulting soclution was washed once with water, twice with
saturated agqueous sodium bicarbonate solution, and once
again with water bvefore dryigg and evaporation. The white
solid recrystallized from benzene to give 61 mg (98%) of

-

white needles mp 187.5-188.5°. > $
ir (09013) 3u9?..339o (N-H), 1669 (amfye c=0), 1631
and 1585 em-1 (aromatic C=C)
pmr (TFA), 4.05 (s,3), 5.35 (8,2), 7.1-8.3 (m,10)

. C. 74.25; H, 5.505 N, 4.56

Anal. Calcd for C3gH17013N 1

Pound - C, 74.23; H, 5.72; N, 4.67

(b) From tﬁe‘eéter 80
A Carius tube was éharged with 45 ﬁg

of ethyl l—benzyloxy-?-%ethoxy-j-naphthoate, 1l ml of _
methanol, 4 drops‘of glycerin, and 1 ml of liquid ammonia.
The tube’was sealed at liquid nitrogen temperature and
then(%ently wa;med to 122° for 18 hours. After cooling
and opening the tube the contents were dissolved in ~»

chloroform. The extract was washed twice with water

-

before drying and e§aporation. The coldurless solid \

residue mp 176-179.5° weighed 40 mg (93%)3 Recrystal-

lization from benzene gave colourless needles mp 185.5-187°,
: 5

- - | Y

2>

-y
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The mixed mp with the product of the acid chloride roxite~
was 186-1880./

v

7. Prepﬁrati&.'pf3l-§enzyloxy-7-me hoxy-3-~
Cyanonaphthalene 82 . ’ ?
A solution of 107 mg of 1l-benzyloxy-7-methoxy-.
3-naphthoamide in 2 ml of pyridine was warmed to 50 before
treatment with 20 drops of benzene sulphonyl chloride.

The reaction mixture was afg!wed to stand for 5 hours

- before quenching in 120 mls of water: The aqueous golution

was extracted with chloroform and ‘the ext®act was washed '
twice'wiéh dilute,suiphhric acid and onc; with water before
dryiﬁg with cotton wool and evapor;tionf The white
residye wag fecrystallized from cyclohexane to give_95 ng
('95%) of colourless crystala mp llh 5-115, 5 - '
ir (CHCl3), 2227 (C=N). 11629, 1605 and 1585 cm-1
(a;zmatlc C=C).
pmr (CDC13), 3.92 (8,3), 5.25 (8,2),6.9-7.8 (m,10),
Anal. Calcd for C1gH1502N 1 C, 78.87; H, 5.231 N, 4.84.
Found : R ‘;‘?b. ?9.2(; H, 5.58; N, 4.85.
: »
8. Preparation of l-Benzyloxy-7-methoxy-3-
quhthaldenyde 83
(a5 Directly from the nitrile 82 _izb

A solution of 4s mg of l-benzyloxy=-

. 7 .
- 7-methoxy-3-<cyanonaphthalene in 15 ml of diethyl ether

L RN \‘,.,.
Cfreshly distilled from lithium aluminiu£§hydride) was
’ J

. . N .
added slowly with stirring to a su‘penaion of 11 mg of

84
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lithium aluminium hydride in, 10 mls ‘of freshiy distilleq .
ethFr., The reaction mixture was stirred for 0.5 hours

v

. ' . .
~ and then refluxed for an additional hour. The reaction
Y- ] e .

was quenched with 1.5 ml ‘of water and then 5 ml of 20% v

s

sodium hydroxide solution was added. The layers were

. separated and the aqueous layer was. washed with ether.‘ -
bt )
;me comblned ethereal solutlons were 'washed twice with

saturated sodium chlarlge solution, dried over anhydrous
magnesium sulphate and evaporated to:.give a colourless
011y re51due. Thin ldyer chiomatogfaphy using silica
gel plates.and 50% ethyl acetate and hexane 1nd1cated one
/ngor‘ébmpoand alower than.fhe starting material. Pre- 3
);/////,parative thin layer chrqmatography ga?e 18 mg (40%)jdf )
. ‘ the starting materiaf and 20 mg (hgﬁ) of cdolourless
crystals mp 104-105° of l—baaayléxyf7—matnoxy-B—haph-,
thaldehyde 83. ‘ f ' |
~ir (CHCl3), 2840 (OMe). 2720 (aldehyde C-H), 1686 /
" (aldehyde C=0), 1630; 1610 and 1590 em-1
N (aromatlc c=C).
pnr (CDC13), 3.96 (s,3), 5.35 (6,2), 7.5 (m,10)
‘ 10.07 (8 ,1). ' T
Anal. Calcd for CigH1g03 + *C, 78.06; H, 5.52.
Found i ' . - C, 77.70; H, 5.31.
A D.N.P. darivative vas prepared'and recrystallized from

”

,hloroform mp 256-258°.

-

Calcd for CpsH2006N4 + C, 63.551 H, 4.27;
e - | N, 11.86. .




4
.« C, 63.12; H, L.25;
N, 11.40.

2 < . .
. - Ab) Via the dlcohol 85 = \ -

A suspension of 300 mg of lithium

aluminium hydrfde in 60 ml of anhydfous ether was stirred
for on; hodr before a svlution qf i.OO g of ethyl 1- 1
-benz&loxy-7-me;hoxy-3-naphthoate°iﬁ 60 ml of anhydrous |
etﬁér Va; added drppwise with stirring over a period of
two hours. The reaction mixture was stirred and refluxed
for a. further three hours before cooling‘agg treating

) —
with 10 ml of water. A 'few drops of 10% aqueous sul- .
phuric acid were added to cthléte the hydrolysis and the
two layers were separated. The AQueous layer was ex-
tracted with ether five times.. The extract was dried over
ahhydroﬁs mégnﬁsium sulphate and evaporated down to give
6.82 g (93%) of almost colourless 6ily 1-benzyloxy-7-
me thoxy-3-naphthyl-alcohol 85. The alcohol is-somewhat

unstable and quite purg (T.L.C.) so it was used in the

-»

" next step without further purification.

ir (CHCl3) 3600, 3450 (0-H) 1639, 1613 and 1592 em~!
. 4

; (afomgtic c=C). .
pmr (CDC13) 2.50 (bs, 1), 3.85(s,3), .68 (s,2),
5.16 (s,2), 7.3 (m, 10).
After éissolution.of fhe alcohol in 100 -ml of
aﬂhydroué diethyl ether, 32 g of freshly prepared active
manganese dioxide waszadded: The ;esultiné Juspension

was shgkeﬁ overnight before filtration. The residue of

K.
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methoxy-3-naphtHaldehyde 83 mp 106-108°, A mixed

89 mp 111:5-113°; reported (58) 113-115°. -

-,
* .

»
.

manganese dioxide' was washed thbroughl¥ with 'anhydrous

‘ether and then the ethereal washings were toncentrated

*tp give a pale yellow oil. Piltration on alumina with

ether -followed by qrystallization from'petroleum spirits

gave 0,59 g (72%) colourless -crystals of l—benzyloxy;?-

04

melting pbint with the product from the nitrile reduc-

tion waé:105-107°. The D.NJP, waé prepared arid recry-

stallized from chloroform mp %57;257.5°.\

111 Synthesis of Bostrycoidin Via A New Route

1. Rrepar;tion of Z,ﬂ.S-T:imethoxybepzéldehyde QQ
Dry hydrogen chloride was bubbled through

a stirred solution of 11.2 g of 1,2,4 frimethoxybenzene.,

and 12,0 g of ziné cyanide in'250 ml of anﬁydr§us ether

at room temperature for 90 minutes. The ether was ‘de-

canted off aﬁdAFéplaced by an equal valume of water.

The aqueous suspension was warmed, and stirred for 45

-minutes. After cooling the precipitate was collected

and recrystallized from methanol to give 11.8 g (90%) -

: [
of colourless peedles of 2,4,5-trimethoxybenzaldehyde

2, Condensation of 2,4, 5-Trimethoxybenzaldehyde
89 With Diethyl Succinate
Clean potassium (7.3 gf wag dissolved
in 150 ml of dry tertiary butanol in an atmosphere of

dry nitrogen gas. The base was refluxed and stirred

/
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undew nitrogen during‘the dropwise addition of a solu-
tion of 15 g of 2,“.j-tfimethoxybenzaldéh%se and 16 g
2\ - of diethyl succinate in 125 ml of dry tetrahydrofuran

and for’a furthur 12 hours aftér'the addition_ﬁas complete,

AN

After cooling the réaé%iph mixture was poured into 500 ﬁl
of dilute §ulf%Fic acid_and\th resdlting aqueous solution
was extracted five times with chloroform. Qhe.extract

was washed once with watef and then concentrated to a
viscous'yellow 0il. This residue was dissolved in 750 mi
of ether and washed four times with saturated sodium
bicarbonate solution and once with water. These. washings#

.. wére immgdiately neutralized with dilute pydrgchloriq

-
4

acid and extracted with chloroform five times. TIfe
extract was washed once with-water. dried with cotton and R
concentrgted t0732.15 g (110%) of an. orange oil, éthyi )
2-(2,4, 3trimethoxybenzylidene) succinate 90, This was
used without further purificatioﬁ in the next step.

3. Cyclization of Ethyffé-(z,u.5-trimeth6xy-

benzylidene) Sugzinate 920 -
Ethyl 2(2,4,5-trimethoxybenzylidene)

succinate (32.15 g) was refluxed in 350 ml of acetic
anhydride for twelve hours. After cooling it*was'péured

into 1500 ml of ice water and stirred for several hours

during which time a solid precipitated. The aqueous

~

suspensipn was extracted five times with chloroform. 22
The extract was washed with water twice, with saturated ?

sodium bicarbonate solution twice, and again with water .

1

)
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twice before drying with cotton and concentration to 27.0 g .
(87%) of a red solid.
Recrystallization from methanol gave colourless needles
& ) , - .

of ethyl l-acétoxy-5,7,8-trimethoxy-3~-naphthoate 91 mp °’

181-182°, ‘
. * ir (CHCl3), 2840 (OMe), 1764 (OAc), 1706 (coon),-' ’
' 1626, 1605 cm-l (c=c). ‘
pmr (CDC13)‘ 1.41 (t,3, J=7.0 Hz), 2.37 (s,3). ¥
. | V3,82 (8,3), 3.97 (8.6), W.42 (q,2 J=7.0
Hz), 6:67 (broad s,1), 7.66 (d,1 J=I.5
He),.8.83 (d, 1, J=1.5 Hz).
Anal. daléd for 016H2007 1 C, 62.065 H, 5.79.

Pound: - C, 61.81; H, 5.80.

4, Hydrqusis of Ethyl l-acetoxy-5.7.87€rimeth—
6xy—3-naphthoate 91
(a)' Selective. 7 ) .ﬁ‘
‘ Crude ethyl l-acetoxy-5,7,8-tri-
. methoxy—jgnaphthoate (5%} mg) was dissolved in benzene
and fiitered on a coluﬁn ofualﬁmina giving a pale yellow
80lid. Recrystallization from bepzegg:gav; 455 -mg (bus)f
of pale yellow neq@les‘of ethyl 1l-hydroxy-5,7,8-trimethoxy-
3-naphthoate 32 mp 1564157°. | )
ir (CHClj?T_jjjj (OH), 2840 (OMe), 1720 (COOR), 1618 em-1
- (e=). . o~ » N
pmr' (CDC13), 1.40 ($,3, J=7.0.Hz), 3.9% (s,3), 3.98
(8,6), 4.40 (q,2, J=7.0 Hz), 6.55 (broad s,
i 1), 7.40 (d, 1, J=1.5 Hz), 8'./3'7 (d,1, J=1.5 «
Hz).




3.61 (S,1, exchangeable with D20).

Anal, Calcd for GCygHyglg + C, 62.74; H,5.92.

o Found " . C, 62.84; H;6.00,
\ ‘ \(b) Total.
Ethyl l-gcetoxy-5,7,8-trimethoxy- ) .

3-naphthoate (75 mg) was dissolved in 3 mls of dio ne.
This solptiaﬂrwas treated with 5 ml of 10% aqueous -’
éodium hydroxide solution. The sysfgm Qas shaken over-
night before diluting with 20 mls of water. The aqueous ~

solution was extracted with e?hef_tw;cé. acidifiied with
hydrochloric acid and then extracted with ether three
'times. The ethereal extract was washed once -with water,
dried with anhydrous‘magnesium sulphate and evaporated“
down to give 60 mg of a creamy white solid. This was’
recrystallized from ethyl acetate to give 52 mg (87%) .
wof cream*cdlbured needles of l-hydroxy-5,7,8-trimethoxy-
B—nabhthoic acid ﬁp; 265-2660. ‘ '

Anal. Caléé for CiuH1406 'C.60.43s‘H,5.07

Found ! C,60.60;3 H,5.26

5. Preparation of Ethyl l-allyloxyfs.?.B-
trimeth?xxjp—naphthoéte 93
Ethyl l-hydroxy-5.7:8-trimethoxy—3--
naphthoate (2.00 g), .6 g of anhydrous potassium carbonate,
6 g of freshly distilled allyl bromide and 40 ml ;}‘
acetone (distilled from drietite) were combined and

-

stirred under reflux in an atmosphere of dry nitrogen .



91

Y e :
1

‘gas for 22 hours. The reaction mixture was cooled,

diluted with 400 ml of water and extracted with chloro-
form six times. The extract was washed once with water,

filtered through cotton wool and'congentratéd to-a pale

s

~yelfow‘oily residue which solidified on standing.

This residue wag disso ved in 250 ml of gtﬁer and
washed three times with iCe cold Claisen's!alkali and
Ihree times with water. The washings were immediately
neutralized with ice cold 6 normal hydroéhlorig acid.,.

The ethereal sclution was diluted with an equal

*volume of chloroform, filtered through cotton wool and

.;oncentratéd to give 2.2 g of a very pale yellow oil

" of alumina made up in hexane. Elution with 50:50 hexane: -

1

benzene brought off a yellow oil, whereas, benzene brought

-

wﬂich solidified on standing. Recrystallization from
hexane gave 1.68 g.of ethyl l-allyloxy-5,7,8-trimetheoxy-:
3-naphthoate 93 mp 96-96,5°.

The- mother liquors ‘Fre chromq;ographed on a column

off a pale yellow solid which was recrystallized from
hexane then methanol to give 16; mg of the allyl ether 93
mp 95-56°. , '

"rotal yield 1.84 g (82%).

!

The acidified washings were combinéd and extractéd
with chloroform four times with chloroform. The extgect
was washed once with water, filtered through cotton‘and
céncentrated to gi&e 98 mé of foul smeiling brown oil.

No starting material was detectable in this oil via tle.

ir (CHCl3), 2940 (Sharp C-H), 2850 (OMe), 1705 (COCR),

»
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, <
. " 1620 and 1602 em-1 (CJC;{ -
pmr _(C[‘lj). 1.43 (t/.3. J=7.0 Hz}, 3.87 (s,3),
. 4.00 (8,6), 4.47 (q,2, J=7.0 Hz),
4.77 (m,2), 5.47 (m,1), 5.78 (m,1),
. 6.08 (m,1), 6.75 (broads,1) 7.53

L Yo

(d,1, J=2 Hz), B.67 (d, 1, J=2 Hz).
Anal. Calcd for CigH2206 ¢+ C,65.883 H,6.40.
Pound C,65.82; H,6.599.

. . co S . »
1 6. Preparation of Ethyl l-allyloxy-2-allyl-

3

5,7,8-trimethoxy-3-naphthoate 96
Ethyl l-hydroxy-5,7,8- trlmethoxy‘g -naphthoate
(2.00 g) was treated exactly as above except that the -
reaction mixture was refluxed for 3 days. The crude
neutral extractvwas chromatographed o alumina.: Elution
wi?h hexane brought off a coclourless solid whicé was -
recrystallized from hexane to give 108 mg (4.9%) of
ethyl l-allyloxy-2-allyl-5,?7,8-trimethoxy-3-naphthoate 96
mp 81.5-3;~O°. Elgtiop with 50:50 hexane benzene brougﬁt
off a pale yellow solid whichj;as recrystéliizéa'f?5$¢401g‘Qi ~ -
! hexahé‘to give 1. %2 g (78%) of ethyl 1-a11yloxy-5.7.é- o l’""qﬁkxﬁ
trimethoxy-3- naphthoate 93 mp 95.5-96.5°
ir (CHCl3), 2940 (C-H), 2850 (OMe), 1710 (coono.
161% and 1595 em=l (c=c). -
pmr (CDCly), 1.41 (t,3, J=7.0 Hz), 3.87 (s, 3). 4.03
T (e.3). 5.05 (m,2), 507 (8,3) b.bs
(q,2, J=7.0 Hz), k.51 (m,2), 4-93“(m.1)-_A
a4 5.20 (m1), S.41 (m1), 5.70 (m,1) 6.17
A .
N ’ |



93
] : . (m'2) 6075 (broad S"l)' 8.67 (S|l)- .
Anal. Caled for CppH2g0¢ : C,68.38; H,6.78. , .
Pound C,68.34; H,6.80
- ~ . ’ ’
\ - 7. Claisen Rearrangement of Ethyl l-allyloxy-

L}

5,7.8-trimethoxy-3-naphthoate 93

. (a) At 200°. ®

Ethyl l1-allyloxy-5,7,8-trimethoxy-
3-naphthogte>{7.5 g) was dissolved in 50 ml of~diethyl‘
aniline. The resulting solution was heated to 200" for
30 minutaé in an atmosphere of nitrogen. After cooling
the %ioﬁ mixture was diluted with 700 mi of ether.
Thié ethéreal solution was washed three times with cold

»
_6°N nydrochloric acid and three times with water before

dilutibk.with L;o ml of chf@roform and concentration
to a bro;ﬁ 0il, whiéh solidified on standing. This
¢ ‘residue w?s dissolved im 1 litre of hexane and put -on
a columﬁjof 20 g of alumina. Elution wi?h hexane removed
> la pale/;ellow solid. Recrystallization from hexane gavé
7.01% & (93.5%) of ethyl é—allyl-_l-hydroxy—S.?.B- th-
ﬁetﬁoxy—}-naﬁhthoate 97 mp 78—7§{ ‘ | .
irl;'?(CHCl3), 3400-3200 (broad O-H), 2940 (C-H), 2850
(oMe), 1712 (COOR), 1635 and 1610 cm=1
(c=C).
pmr  (CDCla),  .1.40 (t,3, J=7.0 Hz), 3.87 (m,2), 3.95
<. . (8,6), 4.00 {8,3), 4.40 (q,2, J=7.0

e | Hz), 4.91 (m,1), 5.13 (m,1), 6.17

' "~ “(m,1), 6.57 (broad s,1), 8.25 (s,1),




.

10.1 (s.l.‘exdhangeagpékwith D20). =~

Agél. Calcd for CjigH2206 @ C,65.88:3 H,6.40.
€,+65.733 H,6.53.

L

o.
(b) At 100° L ’

Ethyl 1-allyloxy-5.7,8-trimethoxy-

3-naphthoate (3 mg ) was dissolved in 0.5 ml of diethyl
aniline. The system wag’heated under dry nitrogenwgas
for five Mours at 100° After cooling a small aliquot
was removed and diluted with chloroform This gplution
was analyzed on a thin layer plate using ehloroform as
gsolvent. Charring with 50% sulfuric acid showed spots

for starting material and product of equal intensity.

8. Oxid;{ion of‘Et?yl l-hydroxy-2-allyl-5,7,8-
trimethoxy-j-né@ﬁ oate 97
(a) With N-iodosuccinimide.'
- “ Ethyl l-hydroxy-2-allyl-5,7,8-

trimethoxy-3-naphthoate (63 mg) was dissolved in 2 ml
of a mixture of 90% dimethylformamide, 5% glacial acetic
acid and 5% water and the resulting solution was treated
with stirring;yith 125 mg of N-iodosuccinimide which had
been freshly recrystallized from a mixture of purified
dioxane and carbon tetrachloride. After stirring for

1% hours, the reaction mixture was diluted with 100 ml.

water and extracted 5 times with methylene chloride.

The extract was washed 5 times with water, filtered through

cotton wool and évaporated down at 35°to 200 mg of red

X




.- 0il. This o0il was separated on 22 si}ica gel thin layer
plates to give 25 mg (27%) bf j-carboethoxy-Z-(—3-iodo—2-
hydroXyprop&l)-S.?.8-trimethoxy-l.b-néphthoquinone 101.
ir- (CHCij), 3600-3200 (broad -DH), 2940 (C-H), 2850
(OMe), 1730 (COOR), 1655 (Quinone),
1585 and 1555 cm-l (characteristic
doublet C=C) |
'A gsecond faster moving band was removed from the
plates to give 28 mgs (32%%) -of u-carﬁoethoxy-Z-iodo-
methyl-6,8,9-trimethoxynaphtho (1,2-b) furan 102. - This
mgterial gave a positive Beilstein test after being
recrystalliied from benzene-hexane to‘g;ve pale yellow
crystals mp 155.5fl§6o. '
ir (CHClB). No OH band, 2930 (C-H), 2840 (OMe), 1710
~ (COOR), 1623, 1600 and 1515 cm~1 (C=C).
‘pmr (CDC13),» 1.43 (t, 3 J=7.0 Hz), 3.5-4.1 (m,5),
3.93 (8,3), 4.01 (8,3), 4.03 (s,3),
b.45 (q, 2 J=7.0 Hz), 6,68 (broad s, 1),
8.53 (s,1).
Anal. Caled f;r 619H21061 1 C, 48.42;3 H,4.49,

/

Found: C, 48.073 H,4.51.
(v) With N-bromosuccinimide.
Ethyl l-hydroxy-2-allyl-5,7,8-
trimethoxy-3~naphthoate (221 mg) was dissolved in 11 ml
of dimethylformamide, 0.8 ml of water and 0.8 ml of glacial
acetic acid. N-bromosuccinimide (358 mg) was added and

the flask wasﬁbwirled until it dissolv8i. The reactidn




was allowed to proceed at room temper#ture in the dark
for 3 hours before dilutlng it w1th 450 ml of water.

The aqueOus solution was extraq}ed/flve tlmes with
methytene chlorlde. The extract was washed twice with
water, filtered\fhrougﬁ co%ton and cé%centratod'on a
rotary evaﬁorator at 35° to a red 6il. This oil was then
pumped down with a vacuum pump for 2 hours. The resultlng
red oil was dissolved in ethyl acetate and filtered on
a column of’treated iegel-gel*. The ethyl acetate was
removed at reduced pressuré and the resulting red oil was
crvstalllzed from ether to give 246 mg (84%) of 3 car-
'bqethoxy-z-(43—bromp~é-hydroxypropyl)—5.?;B-trimethoxydl.
4-naphthoquinone 104 mp 119-120°
ir  (CHCl3), 3600-3UOOT(broad OH), 2840 (C-H), 2850
(OMe), 1730 (COOR), 1655 (Quinone), 1585
and 1555.cm{; (characteristic ngple¥~C=C).
par (CDC13)  1.38 (t,3 J=7.0 Hz), 3.80°(s,3), 3.92
(5,37, 393.(8,3), 4.38 (4.2 J=7.0 Hz),

6.70 (broad s,l). e
Anal. Calcd for blgHZlOBBr : :C.h9.91: H.#.63, Br.iZ#B.
Found: . © C,49.67; H,4.61; Br,1745.

9. Preparation of 2 Ailyl-j—carboethoxy—s.7.8\

triﬁethoxy-l.4-naphthqquinone 103

#The k1esel -gel with binder and ultravjolet indi-.
cator was made into a slurry with water. After =mir
. drying for 12 hours it was ready for use,

1

i

96 -
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"A solution of 31 mg gf ethyl_2-ally1-l-hydroxy-_
\5.?.8-trimethoxy-3-naphthoéte 97 in 0.5 ml of dimethyl- i
§ormami¢e;-25/‘l»6f water and 25 ,1 of ‘glacial acetic
— : :

" acid. A solution of 47 mg of N-bromosuccinimide in ore -

ml of dlmethvlformamlde was added to the former solﬁtlon
dropwlse. The re%ptxon was alloyed to proceed ;or one
hour. ~Testing a drop of reaction mxxture on a strip of
damp starch 1od1de paper indic#ted an absence of ox1dlzlng
agent. The reaction mlxture-was_illuted wi?h SOmml of 3y
water and then;extractedAwith chloroform. The extract
w%scwaghed with water twice, dé?!d with cofton wool and
evaé@rated down to an orange oil. SeAQratioh on _thin

- laver plates gave 14 mg (43%) of 2-allyl-3- carboethoxy-'

&

S.7.8-t¢imethcxy-l;h:napthgquinone 103. v .
- ir (CHCl3) 2940 (C-H), 2850(CMe), 1730(000R). 1650
- B (quinone}, 1613, 1587 and 1558 cm-l (c=C).
pmr (CDCl3)  1.35 (t;3 T=7.0 Hz), 3.50(m,2}, 3.85(8.3).
' 3.97 (s,6), 4.38(q,2 J=7.0 Hz), 5. 13 (
(m,2), 6.0 {m,1) and 6.73 (broad. s.l)._
Also separajed were 15 mg (37%) 3-carboethoxy-2-

(-3-bromo~2-hydroxypropyl)-5,7,8-trimethoxy-1,4-naphthd-

quinone 104 and 6 mg7(20%) ofﬂstarting material 97. b

10. Spontanéous Decomposition of 3-Carbpethoxy=2-
‘7' . (-3—broﬁ5-2-hydroiypropylf—s‘zjB—tfémefhoxy-
i l,u-ﬁaph%hoquinone 104 I
< | A sample of 51 mg.of 3—carboethoxy-2-
(-3-bromo-2-hydroxypropyl)-5,7,8-trimethoxy~1l,4~naphtho-

&.

—
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quinoné wasg left standing in a colourless fransparent -
vial on the bench-top. After one day, it.-was noted that
the colour had changed from a brilliant orange to a deep
réd while still remaining in the same crystalline fofm. '
A.thin layer chromatogram showed the bromohydrin 104
had completely disappeared being replaced with a faster
goving'purple compound. Two crystallizhtions of the crude
material from benzene .hexane resulted in the f;rmation of
two types of crygtals, brilliant red-rosefs mp 182-18?‘_
and brown needles. The tdtal yield of 3-carboethoxy-2-
(—3-bromo—2ihydroxyp}opyl)-5.8-dihydroxy-7-methoxy-l.4- .
naphthoquinone 105 was 29 mg (60%).! The- brown variety
was a mixtpre of decomposition prodgbt and the .red type;
however, attempts at separation of the twd by cfyetalli- .
zation was unsuccegsful.” The rid crystals gave a positive
Beilstein test and an-alcoholic solution turned blue on’
addition of sodium hfﬁroxide golution. 47

. ir (CHCl3), 3500-3100 (broad OH), 2940(C-H).,2850(0Me),

f

1725 ¢(COOR), l670(qu1none). 1628 and 1585

pmr (lej) 1 40 (t 3, J=7.0 HZ). 3:2'“'00 (mUS)' -
" 3,86 (8,3). 4.45 (9,2 J=7.0 Hz), 5.27
: (m,1);6.1(8;1),13.30 (8,1),13.35 (8.1).

- =

mass spectrum doublet m/e 410 & 412

[ 8

-

11. Oxbtdation of 3-Carboethoxy-2-(-3-bromo-2- .
/ & _ ____—-/_j V4 L
) . hydroxypropyl)-5,7,8-trimethoxy-1,4-naph-

thoquinone 104 with Jones' Reagent

—

98

w

. em-1 (C=C)., o : ‘ s
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Jones' reagent (10 ﬁl) was added to g solution of
110 mg of 3-carboethoxy-2—(-3~brom-2-hydroxypropyl)-5.7.8:
trimethéxyql.u-naphthbquinone dissolved in 10 mls of '
ace;oné inch had been distilled from potassium pérman-
ganate.

Stirring was continued for 5 minutes before diluting

he 2

the reaction mixture with 100 ml of water. - The aqueous *

acetone was extracted five tﬁmes with methylene chloride.
The extract was wasqed three times with water, filtered
through cotton and evaporated to 112 mg of a red oily
riFidue. This oil was crystallized from ethyl acetate-
hexane to give 86 mg (78%) of crimson red needles of
3—carboethoxy-2-(—3:bromoacetonyl)-5,7.8—trimeth;xy-l.4-_
naphthoquinone 106 mp 167-168°,

ir (CHCl3), 2940 (C-H), 2850 (OMe), 1730 (C=0 and COOR),

-

1660 (Quinone) f590 and 1555 é;-l (charact- '
. /

b

| eristic doublet c=C).
pmr (CDC13), 1.35 (t,3, J=7.0 Hz), 3.80 (s,3‘).,
3.87 (s8,2), 3.95 (8,6), 4.04 (s,2),
J.}? (q,2, J=7.0 Hz), 6.73 (broad s,1).

Anal. Calcd for Ci1gH190gBr - C,50.19; H,#.213 Br,17.55.
Found: C,50.113 H,3.95;3 Br,17.57.
-~ - o

12. Reduction of 3-Carb6ethoxy—2~(-3-b£omoace-
| tonyl)-5,7,B-triméthoxy-l.h-naphtnoquinone 106 .
- Zinc dust (1 gm) was added with stirripg
to a solution of 195 mg of 3-carboethoxy-2-(-3-bremo-

acetonyl)-5,7,8-trimethoxy~1l,4-naphthoquinone dissolved

@

i
< e ~

-
. e
P
. .
- / ’
> . /
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in 25 ml glacial acetic aéid. This systgm wﬁs stirred at
f room gemperaturé for 1% hours beforg removing {he solid

¢ by filtration. 'The solid was washed several times with
glacial aceéic gcid. The fiitrate was g}luxed with 500 ml
of wa%er and extracted with methylene chloride. The
extract was washed ohce with water, tQice with saturated
sodium bicarbonate selution and once again with water
before flltraﬁ}on through cotton wool and evaporation to

i
a brownlsh\yellow crystaldlne solid. This was recggstallized

twice frpm'methanol to give 128 mg (83%)fpale yellow v
nedles of h-carboéthoxy-5;hydroxy-2-methyl-6,8.9-tri-
methoxynaphthe (l.ZQbf furan 108 mp 157-158°,

ir (CHClB), 3200-2700 (broad 0-H), 2940 (C-H), 2850

o
(OMe), 1667 (COOR), 1624 and 1584 em=1 .
). —
pmr teocly) 150 (%3, F=7.0 Hz), 2.55 (d,3, J=1.0
. Kz), 3.95 (8,3), 4.03 (s,6), 4.51 (a,2,
) - L J=7,0:Hi). 6.63 (broad s.L); 6.80 (g. )
1, J=1.0 Hz)," 1.29 (s,1 exchangeable
) ~ with D20) L ST
Xnal.'Calcd for 019H2607 1 C.65.33: H.S.S?:-
- ~ Founds .~ “ © C,63.385 H,5.89.
\ . =, y
13. Prggapaxi;n'of S-KCe;ggyfﬁié;¥boethox§—25
‘ méfhylbé,8.9-trimethok&naphtho (1,2-b) )
' ) furag‘igg a ) \ , .
B A sqlutién of”20‘mg of 3-carboethoxy-2-

'(-B—bromoacetonyl)-S}7.8—tfiﬁethoxy-l.h-ﬁhphthoquipone




" dissolved in 50% (v/v)\glacial acetic acid in aéefic‘
anhydrfde, ’aS'treated with 50 mg of zinhc dust and then -
~ was stirred for 3 h;grs a? room temperature under an
atmosphere of nitrogen éﬁé. The reaction mixture was
then refluxed for 1% hours before coéling and pouring
into 100 ml of water. The agueous solution was éxtracted
with methylene Qﬁioridei The extract was then washed
with water ‘once before filtering through cotton and ’
evaporation to glve 16 mgs of yellow 0il which solld;{ied
on standlng. Recrystalllzatlon ‘from methanol gave 12 mg
(68%) of S-acetoxy—u—carboethoxyfz-methyl-é.8.97trrmeth-
oxynaphtho (1,2-b) furan 109 mp 170-171°, ' |
ir (CHCl3)., 2940 (C-H), 2850 (OMe), 1760 (OAc), -
1710 (COOR), 1618 and 1585 em~1 (C=C).
pmr (CDC13), l 42 (t,3, J=7. O Hz 2 55 (d, 3. J=1, O
Hz), 3.88 (3.3). 3.92 (8,3), 3.97 (s,3),
4,38 (q,2, J=7, o Hz), 6.58 ébroad s.l).

el

6. 1, J=1.0 H
83 (q, 0 z). L

_Anal. Calecd for C21Hz208 ¢ C, 62 68; H, 5 51.
JJFO‘undl i . ) C|602-87“ H'5'-86-

Z

14, Réduction 6f 4-Carboethoxy-5-hydroxy-2-methyl-
6,8, 9—tr1methoxynaphtho (1, 2 b) furan 108
with thhlum Aluminium Hydride

-

Kk solution of 70 mg of b-ca;boeihoxy-57

hydroxy-z-metﬁyl-é-é 9-trimet xynaphtho (1,2-b) furan

dissolved in 60 ml of dlethyl ether was treated with excess

o

lithiuym aliminium hydride. The reaction mixture was heated

\
[ ]

Io1
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under reflux for 3 hours, Afte;'Cdoling in ;n 1c; tath
30 ml of a solution of sodium potagsiﬁm tartrate was
‘ Y a@ded*dropwise at first, The'twollayers Q;re separated
;. 'é?d the aqueous phase was ;nﬁted E}ve times with ethgr. The
ethereal extract was washed three times with water and
once with saturated ;odium chloride solution before diluting
w;th chloroform and evaporating to dryness at room temper-
‘ature to give 6d;mg {96%) pale yellow S-hydroxy-4-hydroxy-
methyl-2-methyl-6,8,9-trimethoxynaphtho (1,2-b) furan ;ié.
This material was quitg pure ;nd attempts to further
purify it ﬂy c;ysthllization and chfomatbgraphy failed.
; » ir (CHCly), 3580, 3380 (0-H), 2940 (C-H), 2840 (OMe),
' 1630 and 1600 em~l (c=C).

pmr  (CDCl3) . 2.49 (d,3, J=1.0 Hz), 3.12 (broad band,

1, exchangeable with D20), 3.90 (s,6),
3.93 (s,3), 4.90 (s,2), 6.47 (broad s,1),
6.50 (q,1, J-l 0 Hz). 9.28 (broad 8,1,
exchangeable with D20)

I¥S. Acetylation of 5-Hydrox}-4;hydroxymethyl-2- .

' methyl-é;elQ-trimethoxynaphtho (1,2-b)

—

~ furan 110 _ | )

' A solufaon of LO mg of 5- hydroxy-#-hydroxy-
methyl-z-mgthy1?6.8.9ftrimethoxynaphtho (l.z-b) furan 'in .
3 ml of pyridine was treated with 0.5 ml ofjacatic anhydride.
After mixlng. the reaction mlxture was allowed to stand at, ‘ v

room temperature for 12 houra before pumping to dryness

psing a vacuum pump. The 0ily residue was separated via
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tle using 10% ethyl acétate in chloroform to give 8 mg

‘. 3

& ) 103

(65%) of a pale yellow 011. which began to crystallize

. slowlynon.Standipg. Attempte to further purify this ‘s

acetox&-h-acetoxyﬁethyl-Z-methyl-6.8.9-trimethoxyndphtho—‘ -
(1,2-b) furan ;;;.gy recrystallization were unsuccessfui. l
ir (CHCly), 2900‘.(9-}{). 2800 (OMe), 1757, 1730 _(OAc)“.’ |
1605 and 1590 cm™1 (c=C). .-
pmr (C€DCl3),  2.05 (s,3), 2.39 (s,3), 2.55 (d,3),
J=1.0 Hz), 3.93 (s,3), 3.97 (8,3), 4.02
(8,3), 5.35 (8,2), 6:63 (q,1, J=1.0 Hz).

16. Oxidation of h—Carboethoxy-?-ﬁydroxy;Z-methyl-
6,8,9-trimethoxynaphtho (1,2-b) furan 108 ;
(a) Witb Gold (I1I) Chloride.
A solution of 37 mg of h—carbo%;

thoxy~-5-hydroxy-2-methyl-6,8,9-trimethoxynaphtho (1,2-b) fu-

3
‘ran in 7 ml of 95% ethanol was treated with 100 mg of gold

L

(III) chloride dissolved in 2 ml of water. 'After stirring
2.5 hours at room temperature, the reaction mixture was

poured into water and extracted with methylene chloride.

‘The extract was washed twice with water,  filtered through

cotton wool and evaporated down to 51 mg of a red oil.
Separatlon on silica gel thin layer plates using 25%
ethyl acetate. in chloroform gave 14 mg (37%) of red oily
2- acetonyl 3- carboethoxy 5,7,8-trimethoxy-1, h-na#htho—
quinone 107. Two other quinonoid compounds- were observed.
but not 1dent1f1ed.

ir CHCl1l3), 2930 (C H), 2850 (OMe), 1735 (COOR) and



e e _(c=0), 1665 (C=0, Quinone), 1585 and 1555

4‘:‘ 1 - oo ¥
. K
L] . '

» ’
.

- gp*l“(C=Cfcharacterietic dpuble?).

pmr (CDC13),  1.25 (t,3 J=7.0 Hz), 2.27 (s,3), 3.81~

 (843), 3495 (8,6), 4.31 (q,2 J27.0 fiaw,

5.0 (broad's.Z)..6.73 (brgéd é;lf.  p
s

%

ok

(b) With Ferric Chloride. ) ‘ " o
A solution of 5.0 mg of thé furaq&lQ@
_was dissolved in 2.5 ml of 95% ethanol was stifred LWt \
‘room temperature during the addition of a solution of )

47 mg of ferric chloride in 2 .ml of water. Stirring was
]

continued for 3% hours before pouring the reaction mixture
into water and extracting with meth&lene chloride. The
extract was washed once with water, filtg;ed through cottod
“wool and evaporated down to give 7 mg of an orange oil. '
Separation on a silica gel thin layer plate using 25%
ethyl‘acetate in chloroform gave 2.8 mg (54%) of red o;ly
2-acet0ny1—3-carboethoxy-5.f.8-trimetﬁzxy-l.U-naphtho- .
quinone 107. Comparison of the two samples of this quinone
by tlec and infrared spectra showed them to be identical.
One of the unidentified quinones isolated in part (a) was
also found in part (b).
/) (c) With 2,3 Dichloro-5.6-d1cyanobenzoquinone.
| A sample of 10.0 mg of furan 108 was
, put into a flask containing 6.25 mg 2,3 dichloro-5,6-
dicyanobenzoquinone. *The flask was flushed with dry

nitrogen gas and sealed with a rubber septum. Using a




-

\.\\ 2

syringe, O 5 ml of methanol waswgdded tc the SOlldS. After
sw1r11ng brngi? the reaction mlxture%was allowed to stand

oyernlghg at ‘room temperature. The reaction mlxture

& [

'wéeg?umped to dryness with a vacuum pump using one's hand j

: as the only source of heat for the flask. Separation of

the crude product on s(iica gel thin layer plates gave
’the two compounds observed in parts (a) and (b). The

yield of 2—acetonyl—}-carboethoxy—S.7,8-trimethoxy-l.

4-naphthoquinone 107 was 4.9 mg (47%). The weight of the

as yet unidentified quinone observed in parts (a) and (b)

found was 3.0 mg.

17. Oxidation of 5-Hydroxy-4-hydroxymethyl-2-
methyl-6,8,9~-trimethoxynaphtho (l,2-b) furan 110
“(a) With 2,3-Dichloro-5,6-dicyanoben-
zoquinone.

To a stirred solution of 60 mg of
5-nydroxy-4-hydroxymethyl-2-methyl-6,8,9- trlmethoxynaphtho
(1,2-b) furan in 10 ml methanol was added 4y mg 2,3- dlchloro-
5,6-dicyanobenzoquinone. The reaction mixture was stirred
at room temperature for 20 minutes before evaporating fo
dryness at 25°. The residue was stirred with benzene ‘
and the insoluble 2,3 dichloro-5,6-dicyanobenzohydroquin-
one was removed by filtration. The filtrate was evaporated
to give 58 mg of a red oil. Allowing this o0il to stand

" for several houre in a small amount of benqe;; resulted

in the formation of 27 mg of red crystals. The mother

liquors were separated on silica gel thin® layer plates
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. by developing them twice in pure ethyl acetqﬁe.tb-givg v
18 mg of red oil.” This was combined with %he,§50Ye

solid and recrystallized from beqzenéito give 35 mg (61%)
of red crystals mp 218-219°of b,§ diketo—z-methyl-5,6.8-

trimethoxynaphtho (é,j-b) fgran ;;j."
~ir (CHC13), 2940 (C-H), -2845 (OMe), 1662 (C=0), 1550

em-1 (c=c), : .
Cpmr (€DC13), 2.42 (d,3, J=1.0 Hz), 3.87 (8,3), 3.95
| . -+ (8,3), 3.98 (8,3), 6.44 (broad s, 1),
‘ = T 6.44 (q,1, J=1.0 Hz).
mn/e - parent peak 302
“(b) Wit$h Ferric Chloride
A solution of 45 mgs of diol in
15 ml of 95% ethanol wdé treated with a solution of 50 mg
- ; ferric Chlﬁride (hexahy?rate) in 3 ml of water. The
reaction mixfure was stirred ét room temperature for 3
-hours before pouring in£0'water and extracting with

methylene chloride. Thetegtract was evaporated down to
1 - ¢ U

give 34 mg of reddish orange solid. Recrystallization

from benzene-hexane gave 31.5 mg (73%) of reddish orange

crystals mp 215.5--2],7.5'o of 4,9 diketo-2-methyl-5,7,8-

trimethoxynaphtho (2,3-b) furan 115. A mixed melting
point with the furan isolated in part (a) 216-218°,

All spectra of the two. compounds were identical.

-
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