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(i)

SUMMARY

This thesis investigates the preparation of tri-
compounds containing a cyclohexã-2,4- or a 2,S-dienone

that should be suitable for elaboration to the gibber-

In Chapter I, the syntheses of the cyclohexa-2,4-

dienone ketones 6 and 49 are described. They are the first re-
ported examples of dienone ketones formed by intramolecular
ortho-alkylation of protonated diazoketones. Exploratory ex-

periments on dienone ketone 6, which confirm its potential
for conversion to tetracyclic diterpenes, are arso described.

In Chapters 2,3 and 4 the acid catalysed cyclization of
a number of more highly substituted diazoketones is examined.

The synthetic potential of the dienone ketones formed in these

reactions, especialì-y dienone ketone I23, is discussed.

Chapter 5 describes an attempt to prepare a dienone

ketone which possesses a gibberellin-Iike A-ring.
In Chapter 6, from the results presented in Chapters

L-4, the possible mechanisrn, the scope and the limitations of
the diazoketone cyclization reaction are summari2eð,.
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Gibberellins are an important class of plant
growth regulatorsl which,during the past twenty years,have

found considerable practical use in agricultut",2'3 as

modifiers of normal plant development, to improve the

quality or quantity of fruit and to alter harvest times.

The first members of the class hrere isolated in I93B by

Yabuta and sumiki4 from the fungus Gibberella fujikuroi and

to date forty-five have been identified5 in various prants

and fungi.6 Gibberellic acid (gibberellin Ar) L7,g is
commericarry available as are gibbererlins An and A, and a

mixture of these two, "Pro-Gibb 47". The functions of these

plant hormones are so varied in character, and so interrelated
with those of other growth regulators, it is impossibre to
suggest that their behaviour derives from a single reaction
within the plant ce11.

Many of the responses initiated by the exogenous

application of gibberellic acid may be explained by an

increased production of cr -amylase which causes rapid release

of sugars in the plant.9-13 The change from dormancy to
active growth in plants is associated with a mobilization of
starch reserves and their transformation into sugars. rt
runs pararler to an increase of endogenous gibbererrins and

indeed dormancy may be artificiarly broken by providing
gibberellins of exogenous origin.

There is considerable evidence that gibberellins
mediate the action of auxins in prants for the visible
response of a prant to gibbererrins is often the same as its
response to auxins. It has been "hor.rr14 for example, that
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gibberellic acid antagonises the production of indolacetic

acid oxidases which, in turn, prevent the destruction of the

auxin, indolylacetic acid. The well known effect of

gibberellic acid increasing the internodal distances of bean

stalks can also be accomplished with auxins.

Yet another function of the gibberellins is their

ability to alter the osmotic concentration of cells in the

growing regions of plants through an increase in hydrolytic

and proteolytic "rry*"=15. Tissues with a high gibberellin
gradient attract water and nutrients selectively, and it is

those fruits which contain greater quantities of gibberellins

that can compete successfully for the water and solutes

entering the tree or plant. Fruits which contain an

insufficíent number of seeds, in which the gibberell-ins are

concentrated, will be poorly developed.

Gibberellic acid increases the height of plants and

the size of leaves, especially in vegetables, when applied to

seedlings. The set of fruj-t and its yield can be improved by

spraying at fu1l bloom (e.g. p""r=16). Gibberellic acid can

also be applied to offset damage to blossom caused by frost
or for the deveJ-opment of seedless fruits such as g."p"=17

(e.g. an application of 16-48 g/acre). '' et later stages of

fruit development it prevents the fall of fruit such as

apples and it delays senescence of the skin of citrus fruits
and bananas thereby extending their rnarketable period.lB

Despite the considerable knowledge of their function

in plants, and their many applications, the precise mode of

action of gibberellins in the plant cell, in relation to
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structure, is not known. Thus, it would be useful to have a

synthetic source of the gibberellins and their analogues for
the investigation of their structure activity relationships.

A number of the simpler gibberellins have been

synthesised but by protracted and inefficient routes. The

preparation of gibberettin 4.,.19 2 required thirty-nine
LJ

steps, from an elaborate substrate, with an overall yield of
0.006S. The syntheses of gibberellins Arr A4, A9, and ar'20
relied on four relay compounds which were linked to these

gibbererrins by procedures which h/ere as low as 5B efficient.
Additionally, the synthetic relay compounds hrere not resolved.

Before attempting to design a synthesis of a

molecule as complex as gibberellic acid I it was considered

relevant to analyse critically previous approaches. The

number of partiar syntheses and specific ring constructions

make it convenient to divide this analysis into three

sections. Each section is meant to summarize the basic

approaches and to outline the desirable features of the

construction of a particular ring.

l_ Elaboration of the A-rinq
The lability of the trans-fused y -lactone and the

allylic alcohol of the A-ring of gibberelric acid I precrude

their introduction until late in any sequence. This has red

to two distinct approaches to the construction of the A-ring.
In the first approach the A-ring originates as an aromatic2o-2s

19or aricyclic- precursor ring, with functional groups at the

future c3 and c4 positions, which are eraborated at the very

end of the synthesis. Where these conversions have been
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demonstrated, however, they are characterised by the notable

ommission of the AI olefinic bond.

The second approach which has been pioneered by

oolby26'27 (see scheme l-.) and by corey2S'29 (see scheme 2.1

involves the addition of the A-ring to a completed B-ring or

a BCD-ring system. AII- of the necessary functional groups

may be incorporated by this method.

2. Elaboration of the BC-ring system

A common approach to the construction of the BC-ring

system has been to generate the basic indane skeletonr âs for

example in the tricyclic compounds X and Z, and to elaborate

the carboxylic acid group at the future C7 position, to give

compounds of generalized structur e y22 '23 '30 . The carboxylic

acid group has also been introduced simultaneously with the

B-ring construction20.

An important variation has been the use of a

perhydronaphthalene BC-ring precursor in which the correct

stereochemistry of the ring junctions should be easily
obtained. For instance Nagatalg has demonstrated that the

central ring of a perhydrophenanthrene system adopts the

trans-anti relationship of C5, C9 and CI0 in gibberellic

acid 1. The six membered B-ring precursor has then been

contracted3l-35, often with the concomitant formation of the

future C7 carboxylic acid group.

3. Elaboration of the D-ring

The addition of the D-ring can be accomplished by
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many processes, chiefty of the condensation36-42, alkylation
35,43-47 ,25 , acylation43 r48,49 , and carbenoid additions0,5l

type, but the majority are not compatible with the incorpor-

ation of the bridgehead hydroxyl group at C13 of gibberellic

acid I. Those designed to include this feature are :

(i) Aldol cyclization of a ketoaldehyde followed by

degradation of a bridgehead acetyl group (Scheme 3.)42

(ii) Reductive cyclization of y -ethynyl ketonesS2

(iii) Reductive cyclization of ketoesters53-55

(iv) Aldol cyclization of ß-keto sulphoxid.=56

(v) Solvolysis of tosylmethyl cyclobutanes (Scheme 4.)57

(vi) Rearrangement of bicyclo Í2.2.21 octanedior,""58-61

(vii) Intramolecular cyclization of ô-haloketorre=62

(viii) Intramolecular cyclization of trifluoroacetoxy
diazoketones (scheme 5. ) 14 '32 t33

(ix) Pinacolic cyclization of a ketoaldehyde63

Ketol interconversions, shown in an abridged form

in Scheme 6., have been observed in the formation of bicyclo

t3.2.Il octanes with bridgehead hydroxyl groups in conden-

sation reactions6l'66. rn principte a means therefore exists
to invert the stereochemistry of the bridgehead hydroxyl

group of a gibberellin analogue if this should be necessary.

Three areas of importance, to be

approach to the synthesis of gibberellins,

analysis. They are 2

(i) The stereochemical control of the

centres.

considered in an

emerge from this

eight asymmetric



I

H

MeO
X

o0RooR

oc H.

TsOH2

TFA

OCHNz

MMeO

MeO

X

ooR
¿ ooR

X Y

Scheme 3.

ocH 5

OH

z

{ Ht

OH

oo

Scheme 4.

H

Scheme 5.



9

(ii) The construction and survival of the A-ring with its

labile, allylic lactone group.

(iii) The inclusion of the bridgehead hydroxyl- group with

the correct stereochemistry.

AII approaches, by the traditional sequence of ring

construction (i.e. AB+C+D), have failed in at least one of

these areas. An alternative approach to the synthesis of

gibberellins, which has the objective of bypassing the

limitations of the AB+C*D method yet retaining its advantages,

is described in this thesis.

The new approach o4iginated from the observation

that dienone ketone 3, prepared by the acid catalysed

cyclization of diazoketone 565, contains a gibberellin-like

CD-ring system, is formed by a procedure which is eompatable

with the introduction of a bridgehead hydroxyl group and

contains a cyclohexa-2,5-dienone group which should be

suitable for further elaboration. It was envisaged that the

addition of appropriate functional groups to the cyclohexã-2,

5-dienone moiety followed by a ring contraction would lead to
the ketoester 4 (Scheme 7.) . This would be an ideal substrate

for the application of the seguence developed by Dolby,

outlined in Scheme L., for the addition of the A-ring and the

lactone group.

The outcome of this approach is presented in Chapter

L, along with its extension to include the dienone ketone 6

when dienone ketone 3 was found unsuitable.

The presence of further substituents on the cyclo-

hexadienone rings may be of use in directing the addition of



t0

H

Scheme 6.

H

Rooc

o

HO

o

çHr ooHoo

T

Scheme 7.

COCHNz

o

-1

HO

o

65



11

the A-ring and in the ring contraction step, where a I,2 or
1,3 relationship between an oxygen atom and a further
heteroatom is often required. The synthesis of such polyfunc-

tionalized intermediates is described in chapters 2, 3 and 4.

Chapter 5 describes an attempt to synthesise

derivatives of dienone ketone 6 which contain a gibbererlin
A-ring. rn chapter 6, a discussion of the probable mechanism,

the scope and the limitations of the diazoketone cyclization
reaction, pertinent to those examples described in chapters

I-4, is presented.



RESULTS AND DISCUSSION



CHAPTER 1

CYCL IZATIONS OF DIAZOKETONES WTTH A SINGLE

OXYGEN SUBSTITUENT

(a)

(b)

(c)

(d)

(e)

Attempted elaboratíon of dienone ketone 3

Phenolic acid 14

Synthesis of dienone ketone 6

Synthesis of dienone ketone 49

Elaboration of dienone ketone 6
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(a) Attempted elaboration of dienone ketone l.
The plan was briefly discussed in the introduction

and is outrined in scheme 7. A possible sorution for the

conversion of dienone ketone 3 to the proposed intermediate,
ketoester 4 was a l-,4-addition of a carbon nucreophile x
(see scheme 8. ) forlowed by conversion of the X group to an

ester group and ring contraction to afford the ketoester g.

Ketoester 4 would t-hen be available from arkyration with a

propionate equivalent.

A I 
' 
4-addition reagent which has been used success-

fully with enones to introduce a nitrire group is Nagatars

diethylaruminium cyanide66. unfortunatery when this was

employed on acetar 9 or alcohol 10, derived from dienone

ketone 3, with various eguivalents of reagent, a mixture of
at least five (by tlc) products formed. The result was not
unexpected, for Naga tu6T obtained a mixture of products
(incruding nitriles 12 and 13)from the addition of diethyr
aruminium cyanide to dienone ketone rr (scheme 9. ) which

reflects the similarity in reactivity of the two enone

olefinic bonds. An arternative procedu.e6S with potassium

cyanide and ammonium chroride in dimethylformamide merely

hydrolysed the acetar group of dienone 9. Another carbon

nucreophile, the anion of nitrometh"n"69 failed to react.
The addition of nitrogen and surphur containing nucreophiles
such as dimethylamine perchlorate, pyrrolidine perchlorate
and p-toluenethiol/potassium t-butoxide each in dimethylsul-
phoxide was also attempted. No addition products could be

detected.
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The lack of reactivity displayed by dienone ketone

3 to I,4-addition may be attributed to (a) the spread, over

two double bonds, of the electron withdrawal of the carbonyl

group and (b) the severe sterie crowding at the positions

where the addition was desired. For the isomeric compound,

dienone ketone 6, the 1,4-addition of, for instance, a

propionate equivalent would be to the most exposed part: of
the molecule and it should be possible to form the adduct,

ketoester 58. This could be modified, in a similar manner to

that envisaged for enone ketone 7, to ketoester 4 (see scheme

I0. ) . Clearly dienone ketone 6 was an attractive intermediate

for gibberelrin synthesis but was it possibre to make this
compound with its very labile cycrohex ã-2,4-dienone* moiety?

rn particular wourd it survive the acidic conditions which

wourd be required for its formation? The answers to these

questions are found in later parts of this Chapter.

*
A comprehensive review of the reactions of cyclohexa-2,4-

dienones may be found in reference 70.
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(b) Preparation of phenolic acid L4

By analogy with the preparation of dienone ketone 3,

the obvious precursor of dienone ketone 6 is the phenoric

acid 14 or the methoxy acid 15. rn designing a synthesis of
these compounds, it was desirable to devise a route which

wourd incrude the facility for preparing the 6x-hydroxy acids
l6 and r7 as precursors to the cr3-hydroxyrated gibberelrins.
For this reason, use of the traditionar route via the stobbe

condensation product of a suitable aldehyde and diethyl
succinate which has been used with dubious success to prepare

the methoxy acid 1571, was precluded. Accordingly, the

tetralones 18 and 19 were chosen as substrates since conver-

sion of the carbonyl group to a carboxyl group is a common

synthetic procedure and the hydroxy acid shourd be avairable
from the cyanohydrin.

Birch-Dryden reduction of I,7-naphthalenediol with
three g-atom equivarents of rithium afforded tetralone 1g in
442 yierd. The tetralone was exceedingry tabile and required
purification by chromatography under an atmosphere of
nitrogen. Tetraror 20, a byproduct of over-reduction in this
reaction was obtained in quantitative yield when a rarge

excess of lithium was employed. Fortunatery it was possibre

to convert tetralor 20 to tetralone L9, in high yield and it
lvas not necessary to use the labiIe, phenolic tetralone rg

in later schemes. The conversion of tetralol 20 to tetralone
t9 involved a collins oxidationTl of the partially methyrated

tetralor 2r. Tetralone 19 was also prepared by reduction of
1,7-dimethoxynaphthalene with sodium and (excess) ethanol
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followed by acidic hydrolysis (752 yield).
*t

The tetralones 18 and 19 were converted to their

cyanohydrins 22 and 23 respectively and thence to the hydroxy

acids 16 and 17 (Scheme 11.) simply and efficiently by

establ-ished methods2 4 
.

The reductive elimínation of a group such as h-1o75
. 76 . 77 - 78 .amino'", acyloxy" or hydroxy'" adjacent to a carbonyl group

is well documented. Ideallyr âD cr-acyloxy acid should

undergo a reaction of this type to eliminate an acetate group

but a Birch-Dryden reduction of the a-acetoxy acid 24 and its

f

ester

acid

25 derived from methoxy acid 17 failed to give methoxy

15. Instead, simple cleavage of the acetyl group

resulted.

A dehydration reduction procedure \^¡as then chosen

to remove the unwanted hydroxyl group. Neither the methoxy

acid 17 nor its methyl ester could O: cleanly dehydrated but,

in contrast, cyanohydrin 22 readily formed the unsaturated

* A Birch-Dryden reduction with 2-A1-aiuom equivalents of

Iithium gave after hydrolysis a 232 yield of tetralone 19.

The remainder of the reduced material was S-methoxytetralin,

a reductive demethoxylation productT2 '73 .

t *.d,r"tion with sodium in the absence of an alcohol- and

quenching with ammonium chloride is reportedT4 to give a

near quantitative yield of the intermediate enol ether but a

poorer yield of tetralone 19 than that obtained by the

classical procedure, \das observed when repeated.
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nitrile 26 on treatment \^rith thionyl chloride in pyridine 79

Nitrile 26 was unreactive to the acidíc conditions employed

for the hydrolysis of cyanohydrin 22 but hydrolysis to acid

28 was achieved in a basic solution. The peri-hydroxyl group

of acid 28 inhibited the removal of the double bond by

catalytic hydrogenation and recourse was made to reduction by

sodium in liquid ammonia to afford acid 14. The procedure

required no modification to convert the methoxy cyanohydrin

23 to the methoxy acid 15, which was demethylated to acid 14

by fusion with pyridine hydrochloride at 2OO-220o.

This was not an ideal route for a large scale

preparation of acid 14 and a suitable alternative was sought.

The displacement of a mesylate derived from tetralol 21 with

a carbon nucleophile was an attractive solution. Mesylate

30 in the presence of sodium cyanide and under aprotic

dipotar conditions, however, rather than forming the nitrile,
gave instead a mixture of olef ins 31 and 32. While this \^ras

a disappointing result, olefin 31 should be readily oxidized

to diacid 33, an important intermediate in Loewenthal's

synthetic approach to gibberel Iín nn22 .

The ratio of olefins 31 to 32 ín the mixture \^/as

not improved by other base-solvent systems (NaCN-MeCN; NaCl-

DMSO; NaOMe-MeOH) and additionally, in the case of the

strongest base, sodium methoxide, a displacement product, the

diether 34, \^ras isolated. Secondary tosylates are reportedS0

to eliminate in a more predictable manner than the correspond-

ing mesylates and this was confirmed when tosylate 35, on

treatment with potassium t-butoxide in dimethylformamide gave
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*a near: quantitative yield of olefin 31. The diacid 33

was then obtained by oxidation of olefin 3I with a solution
of potassium permanganate ( solubilized by tetra-n_butyl
ammonium bromide) in b"rrr.rr"8l.

The next plan devised to prepare acid 14 was to

add a one carbon atom unit to the double bond of olefin 31.

There are numerous examples33-85 of the addition of carbon

residues to isolated double bonds and the majority may be

crassified as either electrophiric acylation or arkyration.
These reactions, however, cannot be employed on the styrene

doubre bond of olefin 3r for the same conditions also cause

electrophilic substitution on aromatic .irrg=86.

A less obvious approach lay in the hydrolysis of
the g-ractam8T, formed in the condensation of the doubre bond

with an isocyanate, to its amino acid (Scheme L2., pathway a).
Remova-l of the amino group then completes the transformation

from a doubre bond to a one carbon extended carboxylic acid.

The isocyanate addition to olefin 31 can proceed in two ways

because of the asymmetry of the double bond, but by analogy

with the product from the addition of chlorosulphonyl

isoeyanate (CSI) to cis-g-methyl=tyr"r,"8B the addition to
olefin 31 should be in the manner required.

O1efin 38 (Scheme 13.) was chosen as a substrate to
test this hypothesis. since chlorosurphonyl ß-lactams are

thermally labile, the product from the addition of CSI (37)

tt
The new route to the diacid, which

to the original, does not require its
material-, the chromanone 36 82.

is comparable in length

expensive starting
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to olefin 38 was not isolated, but was treated directly with

concentrated hydrochloric acid. A white solid precipitated

from the mixture and this was identified as the unsaturated

amide 39 (35? yield). OnIy unreacted starting material was

recovered from the residue. When a larger excess of CSI (37)

was used there was little change in the product composition.

The appearance of amide 39 can be explained by an

alternative breakdown pathway of the ß-lactam (Scheme L2-,

pathway b). Presumably the Hoffmann type elimination was

assisted by the para-methoxyl substituent on the aromatic

ring. This is not an unexpected result for Mori.orriS9 observed

the same type of product during the addition of CSI (37) to

1,2-clihydronaphthalene. While amide 39 was not the antici-

pated product the objective of the plan was realized in its

conver:sion to acid 40* simply by reduction of the double bond

and acidic hydrolysis of the amide group.

Direct application of the route to the conversion

of olefin 31 to acid 15 proved possible. An unexpected

result was the high yield (922) of the unsaturated amide 4L.

The excellent yields of this and previous steps combine to

make this the most efficient way of making acids 14 and 15.

Because of the wide variations in yields of amides 39 and 41'

however, further experimentation is still necessary to

establish whether this is a general synthetic route to

tetrahydronaphthoic acids .

The the validity of the

with an authentic

*

route

sample

structure of

\i\raS cOnfirmed

acid 40 and hence

comparison
90

by its
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(c) Synthesis of dienone ketone I
46In this Department it has been shown that the

phenolic diazoketone 5, when treated with boron trifluoride

etherate, fluoroboric acid or trifluoroacetic acid, cyclizes

to the cyclohexã-2,5-dienone ketone 3. This product is

believed to be the result of electrophilic attack para to

the oxygen substituent on the aromatic ring of the intermed-

iate diazonium ion 42 with the resultant displacement of

nitrogen (Scheme 14. ) . It was of interest to see if this

type of cyclization could be extended to a diazoketone (e.9.

the phenolic diazoketone 45) with an ortho-substituent on the

aromat-ic ring. This should lead to a compound containing a

cyclohexd-2,4-dienone chromophore which, although potentially

very labile, has considerable synthetic potentiatT0. Accord-

inqly, diazoketone 45 was prepared by the sequence outlined

in Scheme 15.

The hydroxyl group of acid 14 was protected as the

acetate 43 and the diazoketone 44 was prepared in the standard
o't

\^/ay". The acetyl group of diazoketone 44 \^tas removed by a

suspension of sodium carbonate in aqueous methanol to afford

d-iazoketone 45 in good overall yie1d.

Despite previous success in the cyeLízation of

other phenolic diazoketones with a catalytic amount of boron

tri flr:oride etherate in nitromethane the best yield of dienone

ketone 6 obtained from diazoketone 45 under these conditions

was 35%. Treatment with a trace of trifluoroacetic aci<l in

chloroform gave a similar result, but when trifluoroacetic

acid was chosen as both the catalyst and the solvent, there

rlras a drastic improvement in the yield (to 962) of dienone
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ketone 6.

The reaction was particularly sensitive to the

concentration of the diazoketone, and competing formation of

the trifluoroacetoxymethylketone (usually isolated as the

hydroxymethylketone 46) became significant when this concen-

tration exceeded I g per I00 mt of trifluoroacetic acid.

In view of the expense of trifluoroacetic acid this is a

severe limitation to the viability of dienone ketone 6 as an

intermediate. One solution to this problem was to recover

the trifluoroacetic acid by reduced pressure distillation
after the cyclization, since dienone ketone 6 is quite stable.
Indeed, in a control experiment, it was essentially unchangred

by treatment with trifluoroacetic acid for 6 h at 50o, Some

further: experiments on this dienone ketone are included j_n

part (e) of this chapter.

Dienone ketone 6 was also prepared from the acid

cab.alysed cyclization of diazoketone 47, prepared in turn
from acid 15. Under optimized conditions (-¡Oo, trifluoro-
acetic acid) a 68S yield of the dienone ketone was afforded.

Thi-s was a much shorter route than the one outlined in Scheme

15 " since demethylation of acid 15 and protection deprotec-

tion steps were not required.
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(d) s thesis of dienone ketone 49

ketone

ketone

attest

In principle dienone ketone 49, isomeric to dienone

6 is available by ortho-alkylation of phenolic diazo-

48 and its preparation by this method would further

to the generality of the reaction. The precursor acid

52 to diazoketone 48 v\¡as prepared by the route outl-ined in

Scheme L6. , starting from the commercially available tetralone

50. The conversion of acid 52 to diazoketone 48 was by an

identical route to the preparation of diazoketone 45 from

acid L4 (Scheme 15. ) .

As expected, a good yield (742) of the dienone

ketone 49 was obtained on treatment of diazoketone 48 with

tr-j-fluoroacetic acid. In contrast to díenone ketone 6,

dienone ketone 49 was unstable to normal atmospheric conclit-

ions and rapidly formed a red polymer. Nevertheless, it:i

spectra $/ere characteristic of its structure, and this result

certaj nly demonstrated the desired generality of the diazoke-

tone cyclization reaction and forms the basis for attempting

the cyclization of a number of other diazoketones in

sr-rbsequent Chapters of this thesis.
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(e) Elaboration of dienone ketone I
Dienone ketone 6 has proved quite amenable to

elaboration and the resurts of some preliminary experiments

are recorded and discussed below (Scheme 17.) .

Catalytic reduction of this dienone ketone gave

the diketone 54 as a mixture of diastereoiso*ers*. The more

exposed double bond was selectively removed by reduction with

soclium borohydride in ethanol and reoxidation of the product

afforcled the enedione 551. Surprisingly, hydrogenation jn

the presence of the soluble metal catalyst, tris (triphenyl-

phosphine) chlororhodium, failed to exhibit this selectivi-ty.

Attempts92 '93 to prepare the ethyrene acetal 53 from dienone

ketone 6 were unsuccessful and either starting materiar or
phenolic material, which appeared to have formed from

nucJ-eophilic attack alpha to the saturated carbonyl functi-on,

was returned.

In section (a) of this Chapter the potential for
qìbberellin synthesis of the product, ketoester 58, from the

1,4-a<ldition of a propionate equivarent to dienone ketone 6 ,

was dj-scussed (see Scheme I0. ) . The preparation of this
adduct was therefore attempted. The addition of malonic

ester to dienone ketone 6 in the presence of various basic

*
Th-ls r^ras confirmed by formylation of diketone 55

a pr:oduct with two distinct formyl proton resonances

723) -i.n its nmr spectrum.
t the use of isopropanol in this reaction appeared

reducti-on of the saturated carbonyl function.

to give

( ra't-Lo

to favour
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catalysts failed, even under forcing conditions, and starting

mater:ial was returned on each occasion. Since the prop-2-

enyl anion may be regarded as an equivalent (by way of

hydroboration and oxidation) to propionate, the addition of

isopropenylmagnesium bromide94 t.= tried. Although the

addition was copper iodide mediated, L,2-addition occured.

The clesired 1,4-addition to dienone ketone 6 was finally

achieved by the addition of mixed "r:pt"t""95. Dimethyl

copper lithium afforded a high yield of enone ketone 56 and

diísopropenyl copper lithium gave enone ketone 57.

The conversion of enones 55 and 57 into ketoester:s

with the generalized structure 99 (Scheme 10. ) has yet to be

al-tempted because of a shortage of the starting material,

I,7-naphthalenediol. It would appear, however, to be straight-

for:ward in view of the distinct environment of each functional

group.
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CHAPTER 2

CYCLIZATION OF DIAZOKETONES !ÙITH TWO (PARA)

OXYGEN SUBSTITUENTS

(a)

(b)

Diazoketone 64

Diazoketone 70
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(a) Cyclization of diazoketone 64

In Chapter I it was intimated that dienone ketone

6 shorLld be capabJ-e of elaboration to the ketoester 59 (see

Scheme 10.) and ultimately to a gibberellin. One of the

steps in this proposed scheme was the conversion of olefin 58

to ketone 59. t¡ühile this could be accomplished by hydrobor-

at,ion and subsequent oxidation, a potentially shorter and

hence a more attractive solution was to generate the ketone

fr:om an oxygen substituent which had been incorporated in

that position. It was also expected that, with this feature-,

there would be fewer problems in the manipulation of the two

keLone groups of the proposed analogue of dienone ketone 6 "

Accordj-ng1y, the synthesis of the methoxy dienone ketone 65,

by ey.-rlization of the appropriately substituted diazoketone

64 was undertaken.

The preparation of diazoketone 64 from tetralone

6096 j-s outlined in Scheme IB. Hydrogenolysis of the ketone

group of the B-ketoester derived from tetralone 60 was

prevented by the presence of the peri-methoxyl group. It was

possible, however, to reduce this ß-ketoester with sodium

boroh)¡dride in dry isopropyl alcohol to the hydroxyester 6I_.

The use of methanol instead of isopropyl alcohol in this

reaction gave the Ir3-dio1. The conversion of hydroxyest.er

9.1 to l.;he unsaturated acid 62 by dehydration and base

hydrolysis was straightforward, as \^tas the subsequent ntetal-

ammoni,a reduction of acid 62 Lo acid 63 and conversion of

the latter to diazoketone 64.

Treatment of diazoketone 64 with trifluoroacetic
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acicl at: 0o afforded a yellow oil from which only one cyctizec'l

pro<1ucl- (in 42s. yield) was isolated. This compound gave rise

to olef inic proton resonances at ô O. O (s) , 5.4 (d, J=7 .5112)

ancl 5.0 p.p.m. (d, J=7.5H2) in its nmr spectrum and no infra

red absorptions in the region v 1660 I75O "*-1. From a

consicleration of the more likeIy reaction pathways in this

reactj-on (see Scheme 19.*) it was assigned the structure of

trienone 66.

When the temperature, at which the cyclization of

di¿rzol<etone 64 was conducted, was lowered to -15o there was

a redrrced yield of the trienone 66 (142) and the appearance

of a new cycì-ized product (43%). The spectral data for t-his

cont¡round indicated that it contained a cyclohexa-2,4-d:lenone

ch-r'omophore (ir: u*.* 1670, 1630 and 1565 .*-1)70 whicil was

c(lt-tsi.stent with either of two structures : dienone ketone 65

or dienone ketone 67.f In the nmr spectrum, âñ additional

sma-l-l r-:r:upling (lHz) of the hígh fíeld olefinic proton was

It- must be emphasised that Scheme 19. contains neither all

possj-bl-e intermediates nor a1I possibte contributing strrrctur:es

of l-he intermediates that are shor^rn,

'{.' The, assignment of structure on the basis of U 

^"* 
fot ttre

saturated carbonyl group was not possible because an overlap

in the stretching frequencies of cyclohexanones and cyclopen*

t-anones in related dienone ketones has been observed.
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oJ¡served. This \^¡as consistent only with the structure of

dienone ketone 65 since a long range coupling of the proton

of- C6 to the pseudo equatorial proton at Cl v/as expected by

analogy with closely related compound"57. From an exam-in-

ation of models such a coupling is not possible in dienone

ketone 67.

It is important to note that the non-appearanr,le of

clienone ketone 61 does not preclude the intermediacy of -its

precur:sor carbonium ion 68 (one of a number of contribuLinq

sLructures) since this may undergo a 1,2-alkyl shift (Scheme

19" ) more rapidly than dealkylation to give dienone ketone 67.

The disappointing yield of dienone ketone 65 in the

cyclization step, the necessity for its purification by

chromatography and the lengthy route of its preparatior-r

clear:Iy dictate that dienone ketone 65 is not a viable jnt,e::-

mediate for the evaluation of the scheme outlined at the

ber.ginning of this Chapter.
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(b) (--yclization of diazoketone 70

Two conclusions were made from the results of t:he

treat-rnent of diazoketone 64 with trifruoroacetic acid that

account for the poor yield of dienone ketone 65 :

(i) The rate of solvolysis of the diazomethyl ketone group

!\¡as comparable to the rate of formation of cyclized proc'lucts.

(ij ) 'Ihe extra methoxyl group, which did not assist in the

cyclj-zation, helped to stabilíze carbonium i-ons in the

pathway to the rearrangement product, trienone 66.

It was felt that a solution to this problem lay in

the cyclization of a phenolic diazoketone, e.g. diazoketones

_ç_? an<l 70. Not only does the phenolic group activate the

erry-1- r--ing more effectively, but deprotonation of the cyclic

in'L.ermediate to give the dienone ketone, in contrast to the

necessary dealkylation for an ether derivative, shoutd be

muc;h f:¿rster than the rearrangement.

There appeared to be no way of selectively

clemebhylating the appropriate methoxyr group of the dimethoxy

acj-d 63_ and, to prepare diazoketone 69, it appeared necessary

that a carboxyrj-c acid with two dif f erent ether functiorrs,

orìe of which could be removed serectively, would have tcr bç:

synt"hesised. A benzyl ether group, which is commonly usecl

for such a purpose would probably not survive some of the

reacti.t-¡n conditions. rt was decided, therefore, to employ

ttre strategy of rrerand in his synthesis of the triterpene

4lrlusenorr.98 for the selective demethylation of the pentar:ycJ-ic:

djether' 73 (see Scheme 20.). He found that a mixture c-rf

li.thiunn diphenylphosphide and phenyl lithium would sel.ect--Lrrely
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remove a methyl group in the presence of an ethyl group.

A rather novel route, outlined in Scheme 2L., was

required to prepare ethoxy methoxy acid 72. peracid

oxidation of the comrnercially avairabre tetrarone 75 for
three days in boiling dichloromethane afforded a good yield
of ractone 76. Acidic hydrolysis of this ractone generated

a phenoric acid which possessed the required para disposition
of two different oxygenated substituents on the aromatic

ring. The traditional method of ethylation (UaOU, EL2SO4,

H20) not only ethytated the phenolic group but the carboxylic
acid residue as werr. The product coutd be de-esterified but
this introduced an unnecessary step into the sequence. A

recent method99 for the methyration of a phenolic group in
the presence of a carboxylic acid group was adapted and

found very satisfactory. Acid 77 was then cycrized with
polyphosphoric acid to tetralone 78. The apprication of
the pr:ocess, developed for the preparation of dimethoxy acid
63 (scheme 18. ) , to the tetralone 78 resulted in a high yietd
conversion to acid 72.

In a trial experiment, diazoketone 79, prepared

f rom acíd 72, hras treated with trif l_uoroacetic acid under

the normal conditions. In marked contrast to the cyclization
of the corresponding dj-methoxy diazoketone 64 no rearrangement

product was detected and the yield of dienone ketone g0 was

632 - rt is difficult to explain why the subtre change from

a methyl group to an ethyl group had this effect but the
result clearly reinforced the expectation for a high yield
of dienone ketone 80 in the cycrízation of the phenolic
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diazoketone 70

Selective demethylation of acid 72, with lithium

diphenylphosphide and phenyl lithium gave, âs expected, the

phenolic acid 7I in 7IZ yield. Acid 7l was then converted

to diazoketone 70 by the standard procedure of acetylation,
diazoacetylation and deacetylation. Although this diazo-

ket.one was particularly labile, being decomposed by traces

of acetj-c acid in the ethyl acetate employed in its isolation,

it underÌ¡/ent "quantitative" conversion to dienone ketone 80

when treated with trifluoroacetic acid.

Dienone ketone 80 decomposed slowly to a red

polymer and satisfactory elemental analysis results could

not be olotained for it. AII spectral data, however, including

an accurate molecular weight determination, were consistent

with its proposed structure and, in addition, they were

identical with the spectra of the product from the cyclization

of diazoketone 79.

It was possible to hydrolyse the enol ether group

of dienone ketone 80 under mild, acidic conditions (trifluoro-

acetic acid,25o) to give the enedione ketone 81 (Scheme 22.).

This rapidly formed the red "poIymer" which had been observed

previously. Accordingly, the ve::y reactive olefinic bond

of enedione ketone 8I was removed, by reduction with zi-nc in

acetic acid, to give the stable trione 82*.

Implementation of the route outlined in Scheme 10.

*
The stereochemistry at C8a was not determined.
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fourteen steps

80. Clearly a

42

not possible because of the logistics of the

employed in the synthesis of dienone ketone

more direct route to acid 7I is required.



CHAPTER 3

CYCLIZATION OF DIAZOKETONES WITH TWO (ORTHO)

OXYGEN SUBSTITUENTS
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The proposed scheme for the elaboration of dienone

ketone 3 to the gibberellins, discussed in the Introduction

(see Sr:heme 7.) and expanded in Chapter I, contains the

conversion of enone ketone 7 (see Scheme B.) to ester 8.

one of the steps involved in this transformation is a ring

contraction. A survey of the methods of ring contraction

indicates that a I r 2-relationship between an oxygen atom ancl

a further hetero atom is a common requisite. For example :

(i) Lewis acid treatment of cr,S-epoxyk"tor',e=100

(ii) Photolysis of crß-epoxyketonesl0l-I03

(iii) The photochemical wolff rearrangementlo4'105

(ir,¡ Silver salt catalysed bromohydrin rearrang"*".rt"I06
(v) oxidation of I,2-cyclohexanediol=107

(vi) The benzilic acid rearrange*entr0B'r09

The diketones of generalized structure 83 and 84

(Y=ira1, OH ect. ) should accordingly be ideal substrates

for: the ring contraction. It is unlikely, however, that

these compounds would be directly available from dienone

ketone 3 considering its lack of reactivity displayed in

Chapter 1. A logical alternative is to include the group Y

in precursors, to diketones 83 and 84, such as the dienone

ketones 85 and 86.

It was apparent that dienone ketone 85 would be

the easier of the two to prepare since its obvious precursor,

acid 87, is a readily accessible .o*potrrrdll0.

There was one difficulty envisaged in the conversj.on

of acjd 87_ through diazoketone 88 to dienone ketone 85.

Diazoket-one 88 has a methoxyl group para to each of the two

ring junct-ions and there is the possibility of a second
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primary cyclization product, dienone ketone 89.

When diazoketone 8B* was added to trifluoroacetic

acid at -30o two cyclized products were isolated. The major

prodttct (7I3) of these two was readily identified as the

dienone ketone 85 by analogy with the spectral data of

dienone ketone 3. The minor product (232) of the mixture'

which in fact became the major product when the reaction was

performed at 0o, was obtained as a yellow gel which could not

be freed from traces of dienone ketone 85. The ultraviolet

spectrum obtained from this gel showed a strong absorption

at 386 nm which was diagnostic of a chromophore with extended

conjugation.

If this yellow gel was allowed to remain in eontact

with trifluoroacetic acid at room temperature, a further

product, a pale yellow soIid, formed. The ultra3.violet-vis.

spectrum afforded by this compound showed a strong absorption

at 324 nm and, after the addition of sodium hydroxide solution,

further bands at 275 and 450 nm. This change could be ration-

alized in terms of a base induced enolization of a carbonyl

group, and appeared to be consistent with dienedione structure

9I as the product. By inference, the structure of the yellow

gel was almost certainly that of trienone 90.

The good yield of dienone ketone 85 was offset by

its tedious separation from the rearrangement product,

trienone 90. It was decíded, however, to proceed to the

next step, the hydrolysis of the enol ether group of dienone

* This compound \^ras prepared

preliminary study.

by Mr. T.J. Masters in a
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ketone _85, since this should afford hydroxy dienone ketone

95 which was a possible substrate for a benzilic acid

rearrangement. Treatment of dienone ketone 85 with 50U

aqueous hydrochloric acid at room temperature afforded, âs

expected, a product which gave rise to no methoxyl protons

in its nmr spectrum. Unfortunately it also showed no

cyclopentanone absorption in its infra red spectrum and in

addition, a long wavelength ultraviolet absorption at 415

nm. The similarity of its spectra to those of dienedione 9f

led to the assignment of its structure as that of hydroxy

dienedi-one 92.

While seeking a means of avoiding the rearrangement

prone hydrolysis step, the cyclization of diazoketone 94 was

examined. It was reasoned that the methylenedioxy group

should be l.ost under the conditions of the cyclization and

the hydr:oxy dienone ketone 95 would be afforded directly.

The diazoketone was prepared from the known ketoacid 93 t V a

procedure of hydrogenolysis and diazoacetylation. When it

\^ras Lreated with trifluoroacetic acid at -30o (see Scheme 24.)

two cyclized products v¡ere again isolated. By analogy with

the products from the previous cyclization they \^tere deduced

to be hydroxy dienone ketone 95 (422) and tríenone 96 (22%).

The decrease in the total amount of cyclized

material was due to the reduced activation by the methylene

dioxy group compared to the methoxyl group. The lone pair

electron orbitals of the oxygen atoms of the rigid methylene

dioxy group cannot adopt maximum overlap with the aryl ring.

The higher ratio of rearrangement product to primary
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cyclization product was observed presumably because demethyl-

enation is a slower process than demethylation.

Clearly hydroxy dienone ketone 95 is not a víable
intermediate for any extended scheme and a more efficient
way of making dienone ketones with suitabre substituents to
aid in the ring contraction is required. The results of
further investigations in this vein are presented in the next

Chapter.



CHAPTER 4

CYCLIZATION OF DIAZOKETONES WITH THREE

OXYGEN SUBSTITUENTS

(a)

(L')

(c)

Diazoketones 107 and II7

Cyclization of diazoketones J-07 and I17

Dienone ketone I23
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It has been shown that the acid catalysed cyclíz-

ations of tetrahydronaphthyl diazoketones, are in many cases '
a pr:omising means for the preparation of synthetically useful

cyclohexadienones. It was considered desirable to extend

this study to the cyclization of trialkoxy tetrahydronaphthyl

diazoketones for the following reasons.

(i) It was not possible to utilize dienone ketones 85 and

94, derived from the dialkoxy diazoketones 88 and 93 respect-

ively, along the lines discussed in Chapter 3. If the dienone

ketones, which are potentially available from the trialkoxy

diazoketones, could be prepared in sufficient quantity they

would appear to be suj-table alternati.res. 
*

(ii.) The complex interaction of the directing effects of

the alkoxy groups on the cyclization would provide interesting

results wj-th respect to the product composition and perhaps

give further insight into the relative rates of formation of

the dj-fferent intermediates possible in these cyclizations.

(iii) The dialkoxy dienone ketones which could be derived

from the trialkoxy diazoketones contain cyclohexadienone

rings analogous to those found in morphinandiones e.g. the

alkal-oid= 9zrr1, ggLr2, 99113, and +0orr4. Any transformations

achier¡ed on these tricyclic dienone ketones could hopefully

be applied to the considerably less accessible precursors to

the alkaloids.

*
Research by Kubota on the

indicates that oxidation of

dienone ketone should afford

synthesis of A-norsteroidsr23'L24

the trione derived from a dialkoxY

the required ring contraction.
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The syntheses of two trialkoxy diazoketones

and lI7 were undertaken and the results are presented

section (a) of this Chapter. Their cyclizations are

in section (¡) .

5I

107

IN

described
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(a) Diazoketones I07 and l-L7

The precursor acid 106 to diazoketone I07 was

prepa::ed by the route outlined in Scheme 25. The aldehyde

10I \47as available by methylation of pyrogallol followed hry

a vilsmeier formylationll5. The approach, based on the

elaboration of the condensation product of aldehyde 101 and

dimethyl succinate, which has been used to prepare other

tetrahydronaphthoic acidsTl'1I0, was tried, without success,

and an alternative method was employedlI6.

Aldehyde 101 was converted to the bromide 102

which alkylated triethyl-1,I,2-ethanetricarboxylate under

mild conditions. The crude triester 103 was de-esterified

to the deliquescent triacid I04 which was in turn decarboxyl-

ated at 18Oo and cyclized with polyphosphoric acid (without

isolation of the intermediate diacid) to keto acid 4f. A

Clemmenson reduction of ketoacid 1rþ g.ve acid 10É in good

overall yield. Diazoketone I07 was then prepared from this
acid in the usual way.

The isomeric diazoketone Il-7 \^ras synthesised in an

identical manner from the commerciatly available 3,4r5-

trimethoxybenzaldehyde. The yields of the individual steps

are included in brackets in Scheme 25.
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Figr.rres in brackets are the yields for the isomeric

compounds. See text.
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(b) Cyclization of diazoketones 107 and IL7.

In the cyclization of diazoketone 107 (see Scheme

26.) there should be two methoxyl groups assisting five

membered ring formation and one methoxyl group assisting six

membered ring formation. Since six membered ring format-ion

is a sl.ower process only cyclized products arising from a

five membered ring intermediate such as the oxonium ion 108

woulc1 be expected. This proposed intermediate 108 can ttren

lead to either the cyclohexa--2, -dienone ketone I09 or the

cyclohexà-2,5-dienone ketone 1I0. Which of these two díenone

ketones predominates will no doubt depend on a combinatiorr of

electronic and steric effects.

Treatment of diazoketone 107 with trifluoroaceti-c

acicl at -30o gave one cyclized product (isolated in 55U yieJ-d).

Its ultraviolet spectrum exhibited absorption maxima at 245

and 29L nm which \^Iere close to those calculated for dienone

ket-one 110 (ca 245 and 2g8 nm* ) . It was not, however ,

possi.ble to reject conclusively dienone ketone 109 as t.he

product, from the other spectral data. The unambiguous

preparation of a compound containing the dimethoxy cyclohexa-

2,4-dienone chromophore was therefore undertaken to enable

an assignment of structure to be made.

A compound of this type should be available from

an ort.ho-phenolic diazoketone, such as diazoketone IIL-, by

*" The ultraviolet absorption maxima were calculated from

the tables of reference L]-7.
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anal-ogy htith cyclizations discussed in prevj-ous Chapters.

The pr:eparation of diazoketone 114 is outlined in Scheme 27.

The keto acid 11I (for preparation see section (a) of this

Chapter) was cleanly demethylated to the keto acid II2 with

boron trichloride in dichloromethane : a reaction which

exploited the peri-relationship of the ketone group to the

methoxyr g.o'prI8. The ketone group of keto acid ll2 was

removed in a Clemmenson reduction to give acid II3. This

acid was converted to diazoketone 114 by the standard

procedure of acetylation, diazoacetylation and deacetylation.

Treatment of this diazoketone with trifluoroacetic acirl at

-30o gaver ês expected, dienone ketone 115 (in 742 yield).

It was uncontaminated by any other detectable, cyclized

product.

A comparison of the spectra of dienone ketone¡ lI5

with t-hose of the compound suspected to be dienone ketone

110 revealed distinct differences. In particular, the ultra-

violet absorption spectrum of dienone ketone I15 had a

maximum at 344 nm (ca 348 nm). Thus the product from the

cyclization of diazoketone 107 can be assigned the structure

of dienone ketone 1I0 with complete confidence.

The cyclization of diazoketone 117 to a bicyclo

12.2.21 octane system (e.g. dienone ketone 119) shoul.d be

assisted by two methoxyl groups while cyclization to the more

f avoured bicyclo 13.2.1-l octane system (e. g. dienone ketone

II8) should be assisted by one methoxyl group. Thus it was

impossible to predi.ct the product composition of this reaction.

Dj-azoketone II7 was prepared from acid 116 and was
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treated with trifluoroacetic acid at -20o. A mixture of

three cyclized products was obtained and they were assigned

the structures of dienone ketone 118, dienone ketone I19

and trienone 120 (see Scheme 29.) . If the temperature of

the cyclization was lowered to -30o, none of the rearrange-

ment product, trienone 120, could be detected. Since t-he

yield of dienone ketone I18 also increased, there is st.rong

evidence to suggest that both trienone I20 and dienone

ketone 118 originated from the same intermediate.

Obviously dienone ketone 118, when made by t-h.is

route, was not an attractive substrate for further elaboration

rld a method was sought for preparing it in higher yiel.d.

One possible solution was to demethylate the central methoxyl

group of acid 116 to afford the phenolic acid I2I (see Scheme

28.). Thjs phenolic acid could then be converted to its

corresponding diazoketone which should give rise to a h:Lgh

yield of dienone ketone II8 on treatment with tr.ifluoroacetic
acid.

The central methoxyl group of the isoquinoline

derivative L22 (scheme 30. ) has been =horrr119 'I2o to be the

most basic and it was hoped that the same would be true for

acid 116. Treatment of this ac-id under the same conditions,

however, gave instead a product which was identicat with the

previously prepared phenolic acid 113.

It is difficult to explain the two different
positions of demethylation in acid 116 and isoquinolíne I22

on steric arounds so ít seems like1y that in the latter
compound, elecl-ron withdrawal by the protonated nitrogen atom
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makes the peri-methoxyl group less basic than the central

one.

While it has been demonstrated that dienone ketones

I10 and 1I8 can be synthesised, they,like dienone ketones 85

and 94, were not obtainable in sufficient quantity to warrant

attempts at further elaboration.



61.

(c) Dienone ketone L23

The cyclization of diazoketone 130 to dienone

ketone L23 (see Scheme 33.) should be assisted by two methoxyl

qroups and a high yield of the dienone ketone would be

expect-ed. The I,3-relationship of the two oxygen substituents

of this dienone may be exploited in a modified Favorskii
L2Trear.rangement*-- on a triketone of generalized structurc- I25_

to give the ring contracted enone ketone l-26 (Scheme 31. ) ,

ft should be possible to elaborate this enone ketone to the

ketoesLer 4 and provide another route to the gibberelli.ns.

The synthesis of diazoketone l-30, outlined in

Scheme 33. , was prompted by a method for the reductive

elimjnation of the central methoxyl group of tetralone L?l_

(Scheme 32.)L22. As expected, the readily available ket-oaci.d

I05 was converted to ketoacid I2B whe¡r treated with sodium in

liquid ammonia. An nmr spectrum of the reaction mixttrre

indicate<l that it contained approximately 50? of ketoac-id I28.

Since one of the byproducts of the reaction was acid L29 | the

reaction mixture was subjected to a Clemmenson reduction

before purification. The overall yield of acid l-24 from

ketoacid 105 was 472.

Diazoketone 130, prepared from acid I29, ín the usual

way, underwent virtually quantitative conversion to dienone

ketone 123 when treated with trifluoroacetic acicl. The dienone

ketone was stable to a boiling solution of I0% aqueous sodium

hydroxide in methanol and to a boiling solution of 10U aqueous

hydrochloric acid in tetrahydrofuran. It was,however, cleanly

demethylated to the dienone ketone I24 when tre¿rbed with
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concentrated hydrochloric acid at room temperature.

I¡Ihile no f urther reactions have been attempted,

dienone ketone 124 appears to have excellent potential. for

elaboration in the manner outlined in Scheme 3I.
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CHAPTER 5

ELABORATION OF INTERMEDIATES WTTH A

GIBBERELLIN A-RING
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Dienone ketone 6 which can be prepared from I,'7-
dimethoxynaphthalene appears to be an ideal source of ttre IICD

portion of the gibberellins. While the addition of the A-

ring to it seems quite feasible by the method outlined i.n

Scheme l. , another possibility is to include the elements of

the A-ring on a precursor to this dienone ketone e.g. aldehyde

I37. It should be possible to convert aldehyde 137 to acid

138 (X=H) (see Scheme 35.) by the same route which was used

to prepare acid 15. This acid (I38) has good potential for
further elaboration to Èhe gibberellins e.g. gibbereltin
oro l!9 (x=H).

Ttre preparation of aldehyde 137 is outlined j-n

*
Scheme 34. Tetralone 133, a logical precursor, has been

prepared by a Friedel Crafts cyclization of acíd 111 (i.n 65?

yield)133. when the cyclization was performed with poly-
phosphoric acid, acid 131 gave a 752 yield of tetralone]_l¿
and ester L32 gave an 878 yie1d. The methylene compound I_31-

was formed from the tetralone by reaction with the ylide
generatecl from triphenylmethylphosphonium iodide and n-buty-l

lithium. The reaction reached equilibrium at approximately

858 conversion and was not affected by an increase ín the

concentration of the ylide. The r¡nreacted tetralone,
however, \^ras separated by chromatography and was recycled.

I* Compounds of this type containing what will become the A

doubl-e bond and the C3-hydroxyl group of the gibberellins

are bej.ng macle by another rork"rl28 in this Department.
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l-26Ilydroboration (and subsequent oxidation) of the methylene

compound 134 afforded alcohol I35.

A mild method of oxidation was sought to conver:t

alcohol I35 to aldehyde 136 since it was realized that the

aldehyde would be particularly prone to over oxidation. A

Col.lins oxidationTl af forded aldehyde 136 in 818 crude yielcl

but. this dropped to 242 after chromatography.

Alkylation of aldehyde 136 with potassium t_-butoxide

and methyl ioaiael27 r." then tried. All solvents $/ere

purged with argon and there was a constant flow of that gas

above the reaction. Aldehyde 137 was isolated in 33U y-ield

from the mixture. The remainder of the material hras betral-one

I.13 which had presumably arisen from attack by the anion of

a.ldehyde -136 on oxygen and subsequent dÍsplacement of the

forrnyl group. The poor yields of this and of the previous

step forced the abandonment of this route, and a reconsider-

ation r:f the strategy.

Clearly the aldehyde group is not essential as

Iong as another group is present which can be elaborated tcr

it at a later stage. Alcohol I35 was chosen, ar:cordingJ.y,

as a substrate in lieu of aldehyde 137. A Birch-Dryden

reduction of alcohol I35 was e>rpected to afford alcohol _I_11.

ft gave, instead, the hydrogenolysis product, tetralone ]40
(Scheme 36.). Variations in the conditions of the recluction,

which included preforming the sodium salt of the alcohol and

omitting t-he proton source, also failed to give alcohol 1.41.

When the react-ion was quenched w-ithin fifteen ntj,nutes, the

nmr spectrun of the product indicated that a further com¡-round,

suspectecl to be the methyJener b-etralonr: L42, h¿rd forned. The
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presence of this compound suggested that elimination of the

alcohol had occured to give the methylene compound whích

lvas then reduced to tetralone 140. Under the same conditions'

the bicyclic analogue, alcohol 143 gave no hydrogenolysis

product (see Scheme 37.).

No further studies along the route outlined in

Scheme 35. u¡ere carried out.
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CHAPTER 6

A DISCUSSION OF THE ACID CATALYSED

CYCLIZATION OF TETRAHYDRONAPHTHYL DIAZOKETONES

(a)

(b)

(c)

Mechanism

Scope

Limitations
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The results of the acid catalysed cycl izations of

diazoaeetyl-tetrahydronaphthalenes, described in Chapters L-4,

are summarized in this Chapter in terms of the mechanism, the

scope and the limitations of the reaction.
(a) The mechanism

In aqueous, acidic solution diazoketones react w-ith

nucleophiles by one of two accepted mechanisms. Diazomethyl-

ketones generally undergo a fast and reversible protonation

prior to a rate determining substitution =t.pl29'130. Thi.s
?rA2rr mechanism (Scheme 38.) i_s characterised by a solvent

isotope effec't of kuro/koro ' o. 3.

r +RcocH2N, Nt 
' RCocHrNuRCOCHN

2
+N

2

Scheme 38.

In contrast, more highly substituted d-i_azoketones

are characterised by an initial rate determining protonation

before the substitution =t"p129. The solvent isotope effect:
for this "O-S" 2" mechanism (Scheme 39. ) is k"ro/koro , r.

+
2

H1 
' RcoCHN

+Nu
RCOCN

{,
RCOCHNu + N

t, l
RI

21

Scheme 39.

These two mechanisms were clearly distinguished i.n

the cyclization of a number of cycropentenyr diazoket.ones by

Dahnl3L'132. The various rate and thermoclynamic constants

for some of these cyclization.s (af.: T=250) are summarized in
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Table 1. The cyclization of diazoketone S which involved

intermolecular substitution had a similar solvent isotope
++effect, AH- and AS- to those from the cyclízations of

diazoketones T - V, which involved intramolecular substitution.

An "A2u mechanism is therefore evident in both the intermole-

cular and intramolecular reactions. The large solvent isotope

effect (L.74) and the substantial rate enhancement for t.he

cyclization of diazoketone W indicated that an "A-S82"

mechanism had operated in this case. Intramolecular

cyclization of this diazoketone competed effectively with

intermolecular substitution by an added nucleophile (e.9.

bromide ion) even when the concentratíon of this nucleophíle

was ten times greater than that of the diazoketone. The

change in mechanism was no doubt due to the rigid norbornene

molecule holding the diazoketone group in close to the

optimum position for cyclizatior,.* The other cyclopentenyl

diazoketones, S - V, are considerabty more flexible.

Although these cyctizations were carried out in

aqueous media, Dahnrs results should be applicable to the

non-aqueous system which was used to cyclize the diazoketones

discussed in Chapters 1-4. The yield of cyclized products

* It is difficult to account for the large rate enhancement

for the cyclization of diazoketone E by an entropy effect

alone and it is likely that there is a "non-classical" type

assistance to the cyclization, similar to that observed in

the solvolysis of exo-tosyl nor:bornanes, which results in a

smaller ent-halpy of activation.
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OCH N2 OCH N2 COCHN 2

uTs

wv

ocHN2 cocHN2

K *r/*o % cycllzation AH+ As+reI

s 1.00

u 2.32

0.27

L.7 4

60

90

100

0 2L.3 -0.9

20 .9 -2.4

20.7 1 4

19.2 -3.2

I 0.e0 0.26

V

0 .29

10.4 0 .29

w 570

Table I 
"

r00
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in these reactions was 60 1008 which would indicate that

the aryl ring of the tetrahydronaphthyl diazoketones provides

a similar degree of activation to that of a disubstituted
¡*

(60? yield'-) or perhaps a trisubstituted (908 yield ) double

bond. Consequentlyr âh rrA2rr mechanism with its fast initial

protonation could be assumed.

*
The yields of cyclized products from the appropriate

cyclopentenyl diazoketone in Table 1.

_;-: i :
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(b) Scor¡e of the reaction

In the conversion of phenolic diazoketones to

spirodienone ketones (Scheme 40.)130 tho=" cyctizations

which gave other than a cyclobutanone or a cyclopentanone

(i.e. n=4,5) were unfavourable presumably because there

were too many degrees of freedom in the longer chain

diazoketones (greater entropy of activation) . V'there the

flexi.bility of the reacting diazoketone was reduced as in

the tetrahydronaphthyl diazoketorr""46 high.t overall yields

were obtained and the formation of cyclohexanone rings was

a viable process (e.g. the preparations of dienone ketones

49 ancl ]_f5). Cyclizations to give both five and six membered

ring proclucts were undertaken in Chapters 1-4. Five membered

ring formation was found to be favoured kinetically over six

membered ring formation as expectedl33. Under thermodynamic

conditi,ons this \^tas reversed. For example, it has been

demonstr"t-udl34 that in the presence of methanolic suJ-phuric

acid, dienone ketone 6 rearranged cleanly to dienone ketone

49 (Schene 4I. ) . 
*

The yield of cyclized products was dependent on

the activity of the participating aryl ring. The nature and

position of substituents on thj.s aryl ring determined the

degree of activation. A single methoxyl group led tn

The acid catalysed rearrangement of a cyclobutanone to

a cyclopent-anone has been previously observed in the cycli-

zation of a tetrahydronaphthyl diazoketorr"46.

*
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approximately a 702 yield of cyclized material (e.9. the

cyclization of diazoketone 47) whereas a phenolic aroup was

usually responsible for a >952 yield. When optimal overlap

of the lone pair electrons of the oxygen atom of these groups

with the pi system of the aromatic ring hras prevented, with,
for example, the methylenedioxy group of diazoketone 94,

there was a reduced yield of cyclized products. Other

examples of this effect, this time due to buttressing, were

observed in the cyclizations of diazoketones I17 and 144135.

An acetate group, in which the oxygen lone pair electrons

are further delocalized over other atoms has been forr.rdl34

to completely deactivate the ring to cyclization (e.9. the

acetate derived from diazoketone 5).

The directing effects of two substituents, one

orthp and the other para to the ring junction h/ere cumulative

(see for example the cyclization of dimethoxydiazoketone 130)

and a >952 yield of cyclized product was obtained.
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(c) Limitations

When a second oxygen substituent (with the exception

of OII) was present on the aryl ring of the diazoketone, which

did not assist the cyclization, rearrangement to a trienone

u/as usually observed (e.9. the formation of trienone 66,

Scheme 19. ) . It was concluded that an alky1 shift of the

initial cyclized intermediate to give an intermediate whi.ch

led to the rearrangement product was faster than dealkylation

to give the dienone ketone. This rearrangement was avoided

by cyclizing a phenolic diazoketone rather than its O-alkylated

derivative (e.g. the cyclizations of diazoketones tI7 and

114).



EXPERIMENTAL
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General Topics

(i)

(ii)

(iii)

( iv)

(v)

(vi )

(vii)

Melting points were determined on a Reichert hot-

stage apparatus and are uncorrected.

Infra red spectra, unless otherwise indicated, were

measured as Nujo1 mulls on Unicam SP200 and Jasco

IRA-I spectrophotometers .

Ultraviolet spectra \^lere recorded in 952 ethanol. on

a Perkin-Elmer 137 instrument.

Mass spectra were measured on a Hitachi-Perkin EImer

RMU-6D instrument operating at 70 eV and with an

inlet temperature of 2OOo.

The nuclear magnetic resonance spectra !{ere recorde<1

on Varian DA-6O-IL and T60 spectrometers operating at

60 MHz. The spectra \^tere measured in deuterochloroform

solution relative to tetramethylsilane (ð 0.00 p.p.m.)

unless otherwise stated; each signal is described in

terms of chemical shift in p.p.m. from tetramethylsil-

ane, multiplicity, intensity, coupling constants in

Hz and assignment in that order with the use of the

following abbreviations : s,singlet ;d,doublet l

t,triplet t q,quartet ;mrmultiplet; and trn/r, width

of peak at half height.

The carbon magnetic resonance spectrum was measured

on a Bruker HX90 instrument by H.B- Selby & Co. '
Melbourne.

Microanalyses were performed by the Australian

Micrc¡analyticat Service, Melbourne.

Accurat-e molecular $/ej-ght cleterminations were performed(viii )



( ix)

(x)

(xí )
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on an AEI MS902 high resolut.ion mass spectrometer

using Heptacosa as a reference compound.

Chromatographic absorbents used were Spence type H

alumina and Sorbsil silica gel. Analytical and

preparative thin layer chromatography were carried

out on layers containing an equal mixture of Merck

Kieselgel G and HF254.

AlI solvent extracts h¡ere dried over anhydrous sodium

sulphate.

Light petroleum refers to the fraction b.p. 40-60o.



General method for the preparation of diazomethylketones

from carboxylic acids.
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Diazoketones were prepared by the following two-

sequence.

Preparation of the acid chloride

step

(a)

A solution of the acid (0.01 mol) in dry benzene

(10 mI) was added during th to a stirred solution of oxalyl

chloride (0.08 mo1) in benzene (20 ml) (with the exclusion

of moisture). The mixture was stirred at room temperature

for 2h and at 50o for 30 min. The solvents urere removed

under reduced pressure. The residual oxalyl chloride was

removed by adding two further portions of benzene, and

separately re-evaporating under reduced pressure. The crude

acid chlor:ide was used immediately in the next step.

(b) Reaction of the acid chloride with diazomethane

The crude acid chloride (0.01 mol) in benzene was

added during th to a stirred, ice-cold solution of ethereal

diazometh.r,"l36 (0.05 mol). The solution was allowed to

warm to room temperature and stirred for a further 6-14h.

The excess of diazomethane was driven off by warming the

solution and it was gravity filtered. The solr'ents were

removed by distillation under reduced pressure to afford

the (usually) yellow diazoketone.
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CHAPTER 1

3 4-Di_ ro- B- a hthalen-2 1H -one 18

To a solution of naphthalene-I,7-dio1 (8.09' 0.05

mol) in a mixture of tetrahydrofuran (20 mI), t-butyl alcohol

(9.5 ml) and liquid ammonia (100 m1) under an atmosphere of

nitr:ogen, wê4,added small pieces of lithium metal ( 1. 19, 0. 15

g-atom) during 10 min. After a further th, methanol (30 ml)

\^ras added and the ammonia was removed in a stream of nitrogen.

The residue was rendered acidic by the addition of hydro-

chloric acid (108 aqueous) and extracted with ethyl acetate

(2xt50 ml). The organic extracts were combined, washed

with water and dried. The residue, after removal of the

solvent under reduced pressure was chromatographed on Sorbsil
(1509) under an atmosphere of nitrogen. Elution with ether-

liqht petroleum (1:4) yielded the phenolic ketone 18 (3.8q,

442) as white crystals, il.p. 156-1570. A sample crystallized
from ether as white needles, ffi.p. 156-1570 (Found ! C, 74.4¡

H, 6.4. C'OH'OOZ requíres C , 7 4.I¡ H, 6.22) . u*"* 3170 (OH) ,

-11680 cm - (co). ô 7.1 (t, lH, J 7.5 Hz, Ar H) , 6.6-6.9 (m,

2H, Ar H), 5.5 (s, lH, OH), 3.5 (s, 2H, ATCHTCO). M*, m/e

162 (72) .

5,6,7, 8-Tetrahydronaphthalenê-1, 7-dio1 20

Naphthalene-l r 7-diol was reduced with five equivalents

of lithium met-al under otherwise identical condi.tions for the

preparation of tetralone lB to give a quantitative yield of

the diol 20. A sample was crystallized twice from chloroform

as pale brown needlesr m.F. 154--1550 (Found : C, 73.4¡ H,
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(aliphatic oH),

6.4-7 .I (m' 3H,

IH, CHOH), 3.5

ctoHtzoz
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requires C, 73.L; H, 7.42) . u*.* 3410

3050 .^-I (phenolic oH) . ô (CDCI 3/ Gor) 2so)

Ar H) , 4.4(br s, IH, phenolic OH) , 4'I (m,

(br s, IH, aliphatic oH) . M*, m/e 164 (543) '

I,2,3 ,4-Tetrahyd ro- 8 -methoxY- 2 -naPhtho I 2L

Methylation of diol 20 with dimethyl

naphthol 2l in 938 yield as a brown solid, m.P.

analytícal sample crystallized from ether-light

as pale brown needles, m.p. I05.5-tO6.50 (Found

H, 8.2. CttHt¿OZ reguires C, 7 4.L¡ H, 7 .92) -

L255, 1040 ..-1 (CO). ô 6.6-7.3 (m, 3H, Ar H),

CHOH), 3.8 (s, 3H, oMe) , L.7 (s, lH, oH). M*,

sulphate
o

gave

An9 9-100

petroleum

2 C, 74.L;

v - 3300 (oH) 
'max

4.2 (m, lH,

m/e I76 (100?).

3,4-Dihyd ro- 8-methoxynaphthalen-2 ( lH) -one I9

(A) To a solution of I,7-dimethoxynaphthalene (15.8q,0.084

mol) in a mixture of tetrahydrofuran (150 ml), ethanol (215

ml) and liquid ammonia (600 mI) was added sodium (23.09, 1.0

g-atom) cluring 15 min. The ammonia was removed in a stream

of nitrogen and the residue was diluted with water and

extracted with ether. The ethereal solution was washed with

water and 3N hydrochloric acid (10 mI) was addecl, followed

by sufficient methanol to make the solution homogenous.

After 5 min, the solution was diluted with water, benzene

was added and the organic layer was separated. The organic

extract was washed with water, sodium bicarbonate solution

and dried. The residue (I4.Ag), after removal of the solvent

under reduced pressure, was shown to contain tetralone 19
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752 yield. A sample was distilled as a colourless liquid,
b.p. g4-960 (0.3 mm) which crystallized as white neecll.es,

m.p. 55-56.5o (Found : C, 75.0; H, 6.g. CtLrtZ}Z requires

C, 75.0; H, 6.gZ). u*"* 1705 (CO), 1585 .*-I (aromatic

C=C).. ô 7.L (t, IH, J 7.5 Hz, Ar H) , 6.5-6.8 (m, 3H, Ar H),
+

3. B (s, 3H, OMe) , 3.4 (s, 2H, COCHTAT) . M' , m/e L76 (f 00%) .

(B) Chromium trioxide (600m9, 6 mmol) was added to a stirred
solution of pyridine (95Omg, l2 mmol) in dichloromethane

(15 mI). The red solution was stirred at room temperature

for 1.5 min (with exclusion of moisture) and a solution of
naphthol 2L (178m9, 1 mmol) in dichloromethane (2 ml) was

added all at once. The suspension was stirred for 15 min

and the solution decanted from the tarry residue. Ether

(50 mI) was added to precipitate the remaining chromium

salts which h¡ere then separated by fittration. The solution
was washed with water, hydrochloric acid (5å agueous), water

and dried. Removal of the solvent- under reduced pressure

gave tetralone 19 (150m9, 858) as a yellow semi-solid which

gave an identical infrared spectrum to that of a sample

prepared by Method A.

I ,2 ,3, 4-Tetrahydro-2 , 8-dihydroxy-2-naphthonitrile 22

Ilyrlroxytetralone 18 (I.09, 0.0062 mol) in ether
(50 ml) and water (35m1) was stirred vigorousty while a

stream of nitrogen was passed through the solutíon. Soclium

cyanide (1.09) was added and the solution was treated drop-

wise with concentrated hydrochloric acid over a th period.

The organic l-ayer was sep;rrated, washecl with water and dried.
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Removal of the solvent under reduced pressure gave cyanohydri.n

22 (1.fg, 95eo crude yield) as a pale brown solid, m.P. 130-

135(). A sample crystallized from ether-light petroleum as

white rhombohedral crystals, ft.p. 157-I58.50 (Found : C,

69.9i H, 6.0; N, 7.I. Ctt"ttNO, requires C, 69.8; H, 5.9;

N, 7.4s"). ,In.* 3340 (OH), 2250 "*-l 
(CN). ô 7.9 (s,.lH,

OH), 6.5-7.1 (m, 3H, Ar H), 5.5 (s, IH, oH). M*, m/e 162

(¡l+-ucx , 69z) .

L ,2 , 3, 4-Tetrahydro-2 -hydroxy-8-methoxy-z-naphthonitrile 23

Hydrocyanation of tetralone 19 by the method

described for the preparation of the phenolic cyanohyclrin

22 gave a quantitative yield of cyanohydrin 23 as a brown

soIid. A sample crystallized from ether-tight petroleum as

white crystals, m.p. 118-1190 (Found z C, 7L.L¡ fr, 6.7 ¡ N,

7.2. CIZH'3NOZ requires C, 70.9¡ H, 6.5¡ N, 6.92) . .,*u.*

3390 (oH) , 2240 .*-I (Cn¡ . 6 6. 6-7.3 (m, 3H, Ar H) , 3. B

(s, 3H, oMe). M*, m/e 203 (8u).

L,2,3, 4-Tetrahydro-2, 8-dihydroxy-2-naphthoic Acicl 16

Cyanohydrin 22 (500mg, 2.7 mmol) was added portion-

wise to stirred, concentrated hydrochloric acid (10 ml) during

15 min. This solution was stirred at room temperature for

30 min, ât 70o for Ain, then poured onto ice (1009) and

extracted with ethyl acetate (3x50 mI). The extracts were

washed with water, dried, and evaporated under reduced

pressure to yield hydroxy acid 16 (450m9, 82eo) as a brown

soIid, m.p. L42-1450. An analyt-.lca1 sample crystatlized
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.p. L62-L63

63.5; H,

oH), 1705

phenolic,

M*, m/e 208

ofrom ether'-J ight petroleum

(Found : C, 63.3; H, 6.1. 0, requires c,4-

3150 (phenolic

7.6 (br s, 3H,

ctlHtz

oH) ,5.88). v

-'lcm ' (co2

tertiary
(33?).

3400 (tertiary
max

H).

and

ô (cDcl 3/ rcor) rso)
acid OH) , 6.6-7.2 (m, 3H, Ar H) .

L,2,3, 4-Tetrahydro-2-hydroxy-8-methoxv-2-naphthoic Acid 17

I{ydrolysis of cyanohydrin 23 in an analogous manner

to the preparation of the phenolic acid 16 gave a 792 yi-eld

of methoxy acid 17 as a brown so1id. A sample crystallized
from chlor:oform as thin, white platelets, m.p. 164-1650

(Found : C, 65.0; H, 6.1. CtZHtqOq requires C,64.9¡ H,

6.4e") . ,*.* 3350 (OH) , 2600-2800, 1700 (CO2H) , 1250, 1100,

1090 "*-I (co). 6 6.5-7.4 (m, 3H, Ar H) , 5.7 (br s, lH, oH) ,

3. B (s, 3H, OMe) . M+ , m/e 222 (42*l .

2-Acetoxy-L,2, 3,4-tetrahydro-8-methoxy-2-naphthoic Acid 24

Methoxy acid 17 (1.09, 0.0045 mol), acetic anhydride

(20 ml) and pyridine (0.6 mI) were stirred together at room

temperature for 3h and at 9Oo for zin. Sufficient water was

added to hydrolyse the acetic anhydride and the aqueous

solution was extracted with dichloromethane (2x50 ml). The

dichloromethane solution was washed repeatedly with water

and dried. Removal of the solvent under reducecl pressure

yielded the acetoxy acid 24 (1.09, 842) as a brown solirl.
An analytical- sample crystallized from ether-light petroleum

as long, white needles, R.p. 159-159.5() (Founcl: C, 63.9¡



H, 6.3. C.¿H'OOS requires C

2800, i. 7O0 (CO2H), 1725.*-l
(m, 3H, Ar H) , 4.5 (br s, lH

m/e 204 (M-HOAC, 98? ) .

, 63.6¡ H, 6.f%).

(acetate C=O).

, co2[), 3.8 (s,

86

v 2 600-max

ô 6. 6-7. r
+

3H, OAc) . M' ,

Lithium and Liquid Ammonia Reduction of 2-Acetoxy-lr2,3,4-

tetrahydro-8-methoxy-2-naphthoic Acid 24

A solution of acetoxy acid (132m9, 0.5 mmol) in

tetrahydrofuran (Z ml) , liquid ammonia (5 mI) and t-butyl

alcohol (0.15 mI) was reduced by the addition of lithium
metal (I4mg, 2.}m1-atom) . The solution was stirred for th

and methanol (t ml) was added. The solution was poured into

a mixture of ice (tOg¡ and concentrated hydrochloric acid

(10 ml) and extracted with ether (3x20 mt). The ether was

removed under reduced pressure to give 120m9 of a brown

solid, which was shown from its spectra to be methoxy acid

L7.

Methyl 2-Acetoxy-L,2, 3,4-tetrahydro-8-methoxy-2-naphthoate 25

This compound was prepared from the acid by treat-

ment with diazomethane. A sample crystallized from ether-

light petroleum as pale yellow crystals, m.p. I21.5-122.50

(Found : C, 64.7¡ H, 6.6. CtSHtgO¡ requíres C, 64.7¡ H,

6.5?). v*^-- 1-725 (ester and acetate C=O), 1275, L265, L2I0' max

.*-1 (co) . ô 3.8 (s, 3H, OMe) , 3.75 (s, 3H, OMe), 3.0 (s,

3H, OAc). M+, m/e 278 (12¡. The cr-hydroxy ester was

obtained from treatment with lithium in amrnonia as described

above.
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3, 4 -Dihydro- I -hydroxy- 2 -naphthonitri le 26

A solution of cyanohydrin 22 (2.09, 0.0108 mo1)

in pyrirline (50 mt) at Oo was treated dropwise with thionyl
chlorj-de (Z mI) and the solution was stirred for 18h at room

temperature and under nitrogen. An equivalent volume of

water was added, followed by sufficient concentrated

hyd.rochloric acid to neutralize the pyridine. The solution

\^/as extracted with ether (4x50 ml) and the extracts were

combinecì, washed and dried. Removal of the ether under

reduced pressure gave the unsaturated nitrile 26 (1.59, 838)

as a brown solid, m.p. 202-2050. A sample was crystallized
twice from ether-light petroleum as pale ye11ow plateJ-ets,

m.p. 2L7-2Igo (dec. ) (Found : C, 77.4¡ H, 5.5; N, B.'I.

C11H9NO requires C, 77.2¡ H, 5.3; N, 8.22). u^"* 3300 (OH) ,

22OO (CN) , l-615 "*-1 
(C=C). ô (CDCI3/ (CD3) 2SO) 7.6 (br s' tH'

OH) , 6.5-7.2 (m, 3H, Ar H) , 6.4 (br s, 1H, (CN)C:CH). M*,

m/e 171 (I00?) .

3 4-Dih dro- 8-methox -2-na thonitrile 27

Dehydration of cyanohydrin 23 by the method

described above, afforded the unsaturated nitrite 27 as a

yellow-brown solidr m.p. 55-600 in 85å yield. An analytical
sample was crystallized from light petroleum as poorly formed,

yellow crystalsr m.p. 73-740 (Found : C, 77.5i H, 5.8; N, 7.3.

CIZHI1NO requires C, 77.8¡ H, 6.0; N, 7.6?-). u*u* 2250 (CN),

1655 , L620 (C=C) , 1595, 1580 "m-1 (aromatic C=C) . ô 6.7-7.7
(m, 4H, Ar H, and C=CH), 3.8 (s, 3H, OMe) . M+, m/e IB5 (1008).
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3,4-Dihy dro-8-hydroxy*2-naphthoic Acid 28

A solution of nitrile 26 (300mg, 0'0018 mol) in

aqueous sodium hydroxide solution (30 ml' I03) was boiled

under reflux for 2i¡. The solution was cooled, made acidic

with concentrated hydrochloric acid and extracted with ethyl

acetate (3x25 ml). The extracts were combined, washed and

dried. The ethyl acetate was removed under reduced pressure

and the residue was chromatographed on SorbsiL (20g). Elution

with ether yielded the unsaturated acid 28 (230m9, 692) as

a brown solid, m.p. I46-I490. A sample crystallized from

ether-Iight petroleum as white crystals, m.P. 149-151o

(Found z C, 69.1; H, 5.5. CttHtOOl requires C, 69 ' 5; H,

5. 3å ) . ,*.* 3400 (oH) , 2600-2800, 1665 (Co2H) ' 16OO "*-I
(C=C) . ð (cDcl 3/ rcDì 2 So) B. O (s, lH, oH) , 6.6-7 '2 (m,

4H, Ar H and HC=CC92H) , 5.0 (br s, IH, CO2ÌI) . M*, m/e 190

(ss? ) .

3,4-Dihvdro- I -methoxv- 2-naPhthoic Acid 29

Hydrolysis of nitriLe 27 by an identical-

to that described above gave the unsaturated acid

yield as a brown solidr m.P. l-76-1780- A sample

crystallized from ether-Iight petroleum as white

m.p. 205-2070 (Found z C,70-5; H, 6.1. CtZHtZo

c, 70.6¡ H, 5.9s) . u*.* :1675 (co2H) , l 620 "*-l

procedure

29 in 672

$/as

rhombohedra,

requires

(C=C) . ô 8.2

3

(s,
+M,

IH, C=CH) , 6.7-7.5 (m, 3H, Ar H) , 3.8 (s, 3H, oMe)'

m/e 204 (1008) .

I ,2 ,3, 4-Tetrahydro-B-h vdroxy-2-naphthoic Acid l4

(A) To a solution of naphthoic acid 28 (950mg, 0.005 mol)



89

in a mixture of tetrahydrofuran (20 mI), liquid ammonia

(25 ml) , and t-butyl alcohol (1.9 mI) we@added small

pieces of sodium metal (575mg, 0.025g-atom) during 15 min.

The solution was stirred for 60 min whilst immersed in

ethanol and dry ice, poured into ice and concentrated

hydrochloric acid, and extracted with ethyl acetate. The

ethyl acetate extract was washed and dried and the solvent

htas removed under reduced pressure to yield acid 14 (B80mg'

93E crude yield) as a brown solid. A sample crystallized

from ether-light petroleum as white needles, il.p. I38-1390

(Found . C, 69.0¡ H, 6.3. CttHtZO3 requires C, 68.7; H,

6.33) . u*a* 3340 (oH) , 1680 "*-r 
(co2H) . ô (cDcr 3/ rcD3) 2

SO) 8.8 (br s, 2H, phenol and acid oH). M*, m/e l92 (54?).

(B) This compound was also made by a pyridine hydrochloride

demethylation65 of acid 15.

L,2, 3, 4-Tetrahydro-8-methoxy-2-naphthoic Acid 15

Reduction of unsaturated acid 29 by the same

method described in Section A of the previous preparation

gave methoxy acid 15 in 822 yield. A sample was recrystallized

from ether-Iight petroleum as yellow needles, m.P. L4O'L42o

(lit.137 m.p. 141-1430) (Found : c, 69.6¡ H, 7.2. ctzHt¿og
-1requires c, 69.9¡ H, 6.8?). u*.* 1690 cm ' (co2H). ð 11.4

(br s, lH, CO2H) , 7.I (t, IH, Ar H) , 6.5-6.8 (m, 2H, Ar H) ,

3.8 (s, 3H, oMe). M*, m/e 206 (68s).

I - Te tr ahyd ro - I -me thoxy - 7 - to s y 1 oxy-n apir th a Ie ne 355,6,7 ,

A solution of tetraloL 2I (8.9q, 0.05 mol) in
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pyridine (100 mI) at Oo was treated with g-toluenesutphonyl

chloride (16.0g, 0.I mol) and the resultant solutj-on was

stirred at room temperature, with the exclusion of moisture,

for 16h. It was poured into ice-hydrochloric acid and

extracted with dichloromethane. The dichloromethane solution

was washed with water, dried and evaporated under reduced

pressure to give a red oil which on trituration with light

petroleum afforded tosylate 35 (15.459, 93å) as a yellow

solid, fr.p. 88-90o. A sample was recrystallized from

dichloromethane-light petroleum as orange crystals, il.P.

95-95. 50 (Found : C, 64 .9; H, 6. 0; S, g .4. CIS"Z'SO¿ requires

Ct 65.1; H, 6.I¡ S, 9.6?). u*"* 1590 (aromatic C=C), L345,

1170 "*-1 
(oso2). ô 7.5 (ABq , 4Hr Jo"8Hz, sorAr H), 6.5-7.2

(m, 3H, Ar H) , 4.9 (m, IH, CHoSo2) , 3.8 (s, 3H, oMe) , 2.5

(s, 3H, ArCHr).

5,6,7 , 8 - Tetrahydro- I -me thoxy- 7 -me syI oxy - n aph tha le ne 30

This

to tosylate 35

85-86.50

requires

(oso2 ) .

(s, 3H,

compound was prepared

from tetralol 2I, as

in an analogous manner

yellow needles, m.p.

, 12.4. CtzHtoSO¿

-1
(Found ? C, 56.2 i

C, 56.2¡ H, 6.3;

6 6.7-7 .4 (m, 3H,

ol4e), 3.0 (s,3H,

H, 6.0; S

s r L2.5Zl .

Ar H), 5.

soz cH3).

1345, 1160

lH, CHOMs),

vmax

2 (m,

cm

3.8

5, 6 -D ihydro - I -me thoxy-¡aph'lha 1€rle 3t

A solution of tosylate 35 (10.09, 0.03 mo1) in

dimethylformamide (200 mI) was treated with potassium t-

butoxide (6.0g, 0.059 mol) and the mixture was stirred at
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75o for 16h under a nitrogen atmosphere. The mixture was

cooled, diluted with water (200 mI), acidified with

concentrated hydrochloric acid and extracted with light

petroleum (3x100 ml). The organic extract was washed with

concentrated hydrochloric acid and with water and dried.

The solvent was removed by distillation under reduced pressure

to give olefin 31 (4.659, 972) as a colourless liquid, b.P.

73o (O.05mm) (Found 2 C, 82.2; H, 7.3. Ctt"tZO requires

C | 82.5¡ Í1, 7 .62) . u*"* 1628 (C=C) , 1595, 1585 aromatic

c=c), L265 .*-1 (C-O). ô 6.5-7.r (m, 4H, Ar H, ArCH=C) ,

5.9 (dt, lH, Jr1OHz , J 24H2, ArC=CH) , (s, 3H, OMe) . M*,

m/e 160 (100å).

3- (2 -Carboxy-3 -methoxyphenyl) propionic Acid 33

A solution of olefin 31 (300m9) and tetra-n-

butyJ.ammonium bromide (100mg) in benzene (5 mI) was added

to a solution of potassium permanganate (720m9) ín water

(7.5 ml) and the mixture \^/aS stirred at room temperature for

2ln. The suspension was filtered through Ce1ite and washed

with sodium hydroxide solution (S ß1, I0? aqueous). The

filtrate was separated into an aqueous and an organic layer.

The organic layer was washed, dried and evaporated under

reduced pressure to afford starting material (106m9). The

aqueous layer was acidified with concentrated hydrochloric

acid and was extracted with ethyl acetate. The ethyt acetate

solution was washed, dried and evaporated under reduced

pressure to give diacid 33 (254mg, 6Oeo) as a yellow oil-

This oiI resisted all attempts to crystallize it (tit.22



double m.p. 98,1100¡. v

(s, 2H, CO2H) , 6 .7-7 .4

(s1rm m, 4H, (CH) 2l .

-11680-1705 cm-' (CO

3H, Ar H), 3.8 (s,
max

(m,

2
H).

3H,

92

ô10. 5

oMe) , 2.9

I,2, 3, 4-Tetrahydro-6-methoxy-2-naphthoic Acid 40

To a solution of olefin 38 (0.e9, 0.005 mo1) in

ether (15 ml) at Oo was added chlorosulphonylisocyanate

(1. 069, O.0075 mol) in ether (5 mt) and the mixture $¡as

allowed to warm to room temperature, with the exclusion of

moisture, during 21n. Concentrated hydrochloric acid (1 ml)

was added dropwise to the solution and it was stirred at

room temperature for a further 2.5 days. The off-white

precipitate which formed was collected by filtration, washed

repeatedly with cold water and dried, to give the unsaturated

amide 39 (350 mg, 358) as a yellow solid, R.P. 135-1400. A

sample was recrystallized from acetone-Iight petroleum as

white needlesr m.p. 150-15ro. u*.* 3340, 3130(NH2), 1645,

-l1630, I59O (C=CCONHT)r 1585 cm' (aromatic C=C). ô 7.3 (br s,

lH, C=CH), 6.6-7.2 (m, 3H, Ar H) , 6.3 (br s, 2H, NH2), 3.8

(s, 3H, OMe). I*4+ , m/e 203 (3?).

To a stirred solution of unsaturated amide 39

(0.329, I.5 mmol), tetrahydrofuran (I0 ml), liquid ammonia

(40 ml) and t-butyl alcohol (2.4 mI) was added sodium metal

(0.28g, I2mg'atom). The blue solution was stirred for 2h

and the excess of sodium was destroyed by the addition of

methanol. The ammonia was removed in a stream of nitrogen

and the residue was made acidic by the addition of hydro-

chloric acid (I03 aqueous). The solution was extracted with

ethyl acetate, washed with water and dried. The solvent was

removed by dj-stillation under reduced pressure to give
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I ,2 ,3, 4-Tetrahydro-6-methoxy-naphthalene-2-canboxamide ( 3 ITmg '

98%) as an of f-white solid, m.P- 137-138o (lit. t"*.n' 1410) '

Hydrolysis of this amide by the method of Price and

Kaplanl3S afforded an 853 yietd of acid 40 as white crystals,

m.p. 15o-t5ro (tit.1381510) .

8-Methoxy-3, 4 -dihvdro-naphthalene- 2 -carboxamide 4T

Treatment of olefin 31 with chlorosulphonylisocyan-

ate followed by hydrolysis with concentrated hydrochloric acid

under the same conditions described for the preparation of

unsaturated amide 39, gave unsaturated amide 4l in 92t^ yield

as a green solid, fr.p. 192-Lg3.50. An analytical sample was

recrystallized from acetone as white, tetragonal crystals'

m. p. Ig7-1980 (Found : C, 7 O .g; H, 6. 5 i N, 7 -2. CtZ"t3NoZ

requires c, 70.9i H, 6.5¡ N, 6.9å). u*u* 3320,3160 (NH2)' 1650

,r600 (coNH2), r630 (c=c), r590, rsl2.*-r (aromatic c=c).

ô (cDCr:./ tcor)2so) 7.6 (s, rH, C=CH), 5.6-7 -3 (m, 3H, Ar H),

3.8 (s, 3H, oMe), 3.3(br s' 2H, NH2). M+, m/e 2O3 (84s).

Reduction of unsaturated amide 4t by the same method

described for the reduction of unsaturated amide 39 afforded

I r2,3, 4-Tetrahyro-8-methoxy-naphthalene-2-carboxamide in 962

yield as a white solidr m.P. 184-1850. A sample crystallized

from dichloromethane aS !.¡hite, tetragonal crystals¡ m.P. 203'
-12050. u..* 3300,3150 (NH2), l-660, L625 (coNH2), 1585 cm ^

(aromatic C=C). ô 6.6-7.3 (m, 3H, Ar H), 5.5 (br s' 2H, NHr),

3.8 (s, 3H, oMe). M+, m/e 205 (zgs").

Hydrolysis of this amide by the method of Price and

Xap1anl38 afforded an 86% yield of acid 15 as a yellow solid,

m.p. 9o-100o. rt gave identical spectra to those of a samp1e
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of acid l-5 prepared by another method.

8-Acetoxy-l 2, 3,4-tetrahydro-2-naphthoic Acid 43

A solution of hydroxy acid 14 (9.69, 0.05 mol) and

anhydrous sodium acetate (4.59, 0.055 mo1) ín acetic anhydride

(100 ml) was stirred at room temperature overnight. Water (20

mI) was added slowly to hydrolyse the acetic anhydride and

after a further 2tr, water (I50 mI) and dichloromethane (150 m1.)

were added. The dichloromethane layer was separated, washed

with water and dried and chromatographed on Sorbsil (2009).

Elution with ether-light petroleum (I:3) yielded the acetoxy-

acid 43 (8.89,7521 as an off-white solid. A sample crystall-

ized, from ether-1ight petroleum as white crystals, m.p. 93-

93.50 (Found : C, 66 .9 ¡ H, 6.2. Ct¡Ht¿O¿ requires C, 66.7 i H,

6.03). u*"* 1755 (erOAc), 1695 .*-r (CO2H). ô 10.4 (br s, lH,

CO2H) , 6.8-7.3 (m, 3H, Ar H), 2.3 (s, 3H, OCOCH3). M*, m/e 234

(2.52) .

7-Diazoacetyl-5, 6,7, 8-tetrahydro-naphthyl Acetate 44

Acetoxy acid 43 was converted to its acid chloride

and treated with diazomethane to give the crude diazoketone 44

in 962 yield as an orange solid. An analytical sample crystall-

ized from ether-light petroleum as pale ye11ow crystalsr m.P.

7O-71.50 (Found : C, 65.3¡ H,5.6¡ N' 10.7. CI4H'¿NZO: requires

C, 65.1; H, 5.5; N, I0.9%) . ,*.*3050, 2I00 ,L640 (COCHN2) ' L740

-'tcm-' (ococH3) . ô 6.7-7.2 (m, 3H, Ar H) , 5.3 (s, 1H, COCHN2) ' 2 -3

(s, 3H, ococH3). ttl+ldirect insertion, inlet temperature 70o) ,

m/e 258 (5%).

7-Díazoacetyl-5, 6,7,8-tetrahydro-1-naphthol 45
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A solution of acetoxy diazoketone 44 (I.03q, 0.004

mot) in methanol (25 ml) was treated with sodium carbonate

sotrution (5 ml, 2Ot aqueous) and the resultant suspension was

stirred at room temperature for 4h. oxalic acid (108 aqueous)

was added to neutralize the solution, which r,rlas extracted rep-

eatedly with dichloromethane. The dichloromethane extracts

were washed, drj-ed and evaporated in vacuum to yield the phen-

olic diazoketone 45 (760m9, 899) as a yellow solid. An anal-

ytical sample crystallized from ether-Iight petroleum as yellow

platesr m.p. L4L-L42o (Found : C, 66.4; H, 5.9¡ N' 13.0.

CI-ZHLZ*ZOZ requires C, 66.7¡ H, 5.6¡ N, 13.08). u*.* 3280 (OH)

8. 3 (br s,
I

M', m/e

,3060, 2100 | 1620 cm-t (cocnN2). ô (cDc1¡ / @or) 2so)

3H, Ar H), 5.4 (s, IH, COCHN2).IH, OH),

18I (M-N
2

6.5-7.1 (m,

, 533).

-7-Diazoacetvl'5,6,7, I - te trahvdro - 1 -me thoxv-naphtha Iene 47

Treatment of the acid chloride of acid 15 with diazo-

methane gave a 762 yield of diazoketone 47. An analytical

sample was recrystallized from ether-light petroleum as yellow

needlesr fl.p. 73-740 (Found : C, 67.9¡ H, 6.3; N' 12.4.

C'3"'¿NZOZ requires C, 67.8¡ H, 6.1; N, L2.2%). u*.*3050, 2L20

6 5.4 (s, rH, COCHN2) . **-*' , m/e 202-1, L625 cm

(8e?).

(cocHN )
2

L,2 ,3 r 4-Tetrahyd ro-I0-oxo-3, 4a-ethanonaphthalen-5 ( 4ag) -one 6

(A)A solution of diazoketone 45 (I00mg, 0.53 mmol)

in dichloromethane (S ml) \^ras added dropwise during 15 min to

vigorously stirred, ice-cold trifluoroacetic acid (I0 mI). The

orange fluorescent solution was stirred for a further 15 min
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and diluted successively with dichloromethane (1t) ml) and

water (50 mI). The organic layer was separated and washed with

sodium hydroxide solution (lOE aqueous) and water and dried.

Removal of the dichloromethane under reduced pressure yielded

the dienone ketone 6 (83mg, 962 crude yield) as a yellow oil.

A sample crystallized from ether-Iight petroleum as'pale

yellow plates, m.p. 57-580 (Found : C, 76.7 ¡ H, 6.6,

ctzrtzoz requires c, 76.6¡ H, 6.48). v*.*1725 (CO), 1655 , 1625

-,|, 1560 cm ' (dienone). ô 7.f (ABg, lH, Jax*Jexl6-5H2, C7'H) ,

6. 0-6.3 (m, 2H, C6-H and C8-H) , 1. 7-3.3 (m, 9H) . À*"* 208 (e

4600), 327 (e4500). M*, m/e 188 (100ã). 13c.m.r. spectrum ô

(cDclr,siMen,0.0 p.p.m.) 2L4.47 (s, C=o, cyclopentanone),

20I.53 (s, C=O, dienone), I56.64 (s, C=CH, C8a), L42-84 (d,

CH=CHCO, C7) , 124.5 (d, CH=CHCO, C6) , 115.33 (d, C=CHCH=CHCO'

C8), 55.88 (s, C4a) , 48.76 (t, C9 or CI), 47.42 (t, CI or C9),

30.75 (t, C4 or C2), 29.34 (t, C2 or C4).

(B)This compound was also prepared from diazoketone 47, in

68U yield, by treatment with trifluoroacetic acid at -30o and

chromatography of the product on Sorbsil.

Methyl L,2,3, 4 - Te trahvdro- 5 -me thoxv- I - oxo' 2-n aph thoa te 51

To a suspension of sodium hydride (4.8g, 0-2 mo1) in

a boiling solution of dimethyl carbonate (L7.69, 0.14 mol) and

tetrahydrofuran (80 mI) under a nitrogen atmosphere, was added

a solution of 3,4-dihydro-5-methoxy-naphthalen-I (2H) -one 50

in tetrahydrofuran (35 mI) during 60 min. The solution was

boiled under reflux for a further 90 min, cooled to room temp-

erature, and acidified with glacial acetic acid (L2 ml). Suff-

icient water was added to dissolve the pasty precipitate which

formed, ancl t-he mixture was ext-racted with ethe¡r several times.
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The ethereal extracts hrere washed with water, dried and evap-

orated under reduced pressure to yield the ketoester 5I (13.19,

100% crude yield) as a pale brown sotidr fr.P. 48-510. An anal-

ytical sample crystallized from ether-Iight petroleum as yellow

needles, m.p. 55-560 (Found z C, 66..8 | H, 6.1. CtgHt¿o¿

requires c,66.7¡ H,6.0å) v*"*I725 (COrIt4e), 1680 (CO), 1590,

1580 .*-1 (aromatic C=C) . 6 6.9-7.8 (m, 3H, Ar H), 3.8 (s, 6H,

oMe and CorMe) . M*, m/e 234 (7421 .

r,2,3, 4 -Tetrahvdro-5 -methoxy-2 -naphthoic Acid

A solution of ketoester 51 (L2.09, 0:051 mol) in

glacial acetic acid (100 mI) containing palladium on carbon

(1.0g, 5Z) and perchloríc acid (0.2 ml) was hydrogenated over-

night at a maximum hydrogen pressure of 4 atm. Chloroform

(100 ml) was added and the mixture was filtered through Celite.

The filtrate was washed repeatedly with water and dried; the

chloroform \^¡as removed by distillation under reduced pressure

to yietd the deoxy ester (II.5g) as a brown liquid. u,o.* L725

.*-1 (ester). This ester was dissolved in methanol (20 mI) and

added to an agueous methanolic solution of potassium hydroxide

(2Og¡ and boiled under reflux for th. The cooled solution was

acidified with concentrated hydrochloric acid (109 aqueous)

and extracted with ether. The ethereal extracts were washed

with water, dried, and evaporated under reduced pressure to

yield L,2,3, 4-tetrahydro-5-methoxy-2-naphthoic acid (I0. 3g'

from ether-light petroleum as colourless needlesr Irl-P. 150-

1510 (Found: C, 69.6¡ H,6.8. Ct¿Ht¿o¡ reguires ct 69-9¡ H,

6.8?). V*u.* 1690 "*-1 
(co2H). 6 9.4 (br s, lH, co2H) , 6-6-7-3
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(m, 3H, Ar Il), 3.8 (s, 3H, Ot4e). m/e 266 (I2z) .

I,2, 3, 4-Tetrahydro-S-hydroxy-2-naphthoic Acid 52

A mixture of 5-methoxy-I, 2,3,4-tetrahydro-2-naphthoic
acid (8.09, 0.039 mo1) and pyridíne hydrochloride ( Og¡ \^ras

heated at 220.2400 for r8h under an atmosphere of nitrogen. The

cooled reaction mixture was poured into water and extracted

with ethyl acetate. The ethyl acetaÈe extracts were washed with
water and dried; the ethyl acetate was removed by distillation
under reduced pressure to yield the hydroxy acid 52 (7.0g, 93?)

as a pale brown sotidr fr.p. r2o-r22o. An anaryticar sample

crystallized from ether-light petroleum as small white crystals
, m.p. 149-1500 (Found z C,68.9; H, 6.5. CttHtZO¡ requires C,

68.7 ; H, 6.38 ) . u*"* 3340 (Ou¡ , 1690 .*-1 (co2H) . ô ()DCL3/

(cD3)2so) 9.3 (br s' 2H' OH and COrH). M*, m/e Lg2 (48?).

5-Acetoxy-L, 2,3,4-tetrahydro-2-naphthoic Acid

Acetylation of hydroxy acíd 52, by the same method

which was used to prepare acetoxy acid 43, gave the acetoxy

acid in 732 yield as colourress needlesr m.p. r28-r29o (Found

C, 66.9; H, 5.9. Ct:Ht¿Oa requires C, 66.7¡ H, 6.0å). ,*u*
I750 (ococH3) , L6gS .*-I (co2H).

6-Diazoacetyl-5, 6,7, 8-tetrahvdro-t-n aÞhthyl Acetate

M*,

Treatment of the acid chloride of the acetoxy acid

above, with diazomethane gave the acetoxy diazoketone in 1009

crude yierd. A sample crystallized from ether-light petroreum

as yelIow crystals, m.p. 87-88.50 (Found i C,65.3; H, 5.6; N,

10.6. Ct¿Ht¿N2O ¡ requires C, 65.1; H, 5.5; N, I0.9%) . u*.*
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3050 , 2L00,1620 (COCHN2) r75o cm-r (ococH
3

6-Diazoacetv1-5 ,6 ,'7 , 8-te trahydro- 1 -naPhtho I 48

Hydrolysis of the acetoxy diazoketone by the proc-

edure described for the 1r7-isomer 45 gave the phenolic diazo-

ketone 48 in ggT crude yield. A sample crystallized from di-

chloromethane-light petroleum as yellow prismatic needles'

m.p. 129-130o (dec.) (Found i C,66.6; H,6.I; N' L2-9.

CLZHLZNZ)Z requíres C, 66.7¡ H, 5.6¡ N, 13.0?). u*u.* 3160

(ou¡ , 305o , 2:¡O, 1620 "*-1 
(cocHN2) .

l- 2-Dihyd ro-2, 4a-ethanonaphthalene-3 ,5 ( 4H,4aH) -dione 49

cyclization of phenolic diazoketone 48 by the method

described for the preparation of the dienone ketone 6 gave

dienone ketone 49 as a yellow liquid, b.p. I28-13Io (0.8 mm).

v (film) 1715 (C=o), 1655 , L625, 1555 "*-1 
(dienone) . ô 7.1

max

(ABq, IH, 
"^X*J"XI5.5H2 

, C7-H) , 5.6-6.3 (m, 2H, C6-H and C8-H)

, I.6-3.I (m, 9H). À*.* 205 (e5000)r 324 nm (e2800). The

dienone ketone proved too labile for satisfaðtory elemental

analysis results to be obtained.

L,2,3,4,6,7 , 8 , 8a-Octahvdro-10-oxo - 3, 4a-ethanonaphthalen-5 ( 4aH)

-one 54

A solution of dienone ketone 6 Q35mg, I.25 mmol) in

ethanol (20 ml) containing palladium on carbon (20 mg, 5?) was

hydrogenated at atmospheric pressure and at room temperature.

The consumption of hydrogen ceased after th and the suspensíon

was filtered through Celite. The ethanol was removed by distil-

lation under reduced pressure to give diketone 54 (224mg, 958)
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as a colourless liquid, b.P.

H, 8.7. CtZrtøOZ requires C,

-'t_(cyclopentanone), 1700 cm '

85-880 (0.1 mm)

75.0; H, 8.43).

( cyc lohexanonê ) .

(Found z C ,75 .2 ¡

v (film) 1735
max

M*, m/e Lg2 (40%).

L,2,3,4,6,7-He xahydro-10-oxo-3, 4 a-ethanonaphthalen-5 ( 4aH) -one

55

Dienone ketone 6 (30Omg, I.62 mmol) in ethanol (4 mI)

was added to a stirred suspension of sodium borohydride (62m9,

1.65 mmol) in ethanol (3 mt) at Oo during 15 min. The solution

hras stirred at room temperature overnight, water was adcled,

followed by dilute hydrochtoric acid, and the aqueous solution

was extracted with ethyl acetate. The ethyl acetate solutíon

was washed and dried and the solvent was removed under reduced

pressure to yield 255mg of a yellow-brown oil. This was dis-

solved in acetone (20 mI) and treated dropwise with Jones

reagent until an orange colour persisted. Chloroform, followed

by water, was added and the organic layer was separated, wash-

ed and dried. Removal of the chloroform gave the enone ketone

55 (22}mg, 732) as a viscous yellow oil, b.p. lIO-112o Q.O

mm) (Found z C,75.5; H, 7.7. C'ZH'IOZ requires C,75.8; H,

7.42) . v---- (film) 1730 (cyclopentanone) , 17OO "*-1 
(cyclo-' max

hexanone).

L ,2 ,3 ,4-Tetr - 7 -methyl - I 0-oxo - 3, 4 a-ethanonaphthal en-

5 (4aH) -one 56

A solution of dimethyl copper lithium was prepared

by mixing CuI (267mg, L.4 mmol) and methyl lithium (2.8 mmol)

in ether (¡ mI) at Oo under nitrogen. Dienone ketone g- (I30mg,

0.69 mmol) dissolved in ether (1 mt), \^tas added to the above
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stirred solution during 5 min. A deep yellow colour developed.

The solution was stirred at Oo for 3h, water was added, follow-

ed by dilute sulphuric acíd until the solution v¡as neutral.

This solution was extracted with ether, and the ether solution

was washed and dried. Evaporation of the ether under reducecl

pressure gave the methyl diketone 56 (110m9, 788) as a pale

yellow liquid, b.p. 87-9Oo (0.1 mm) (Found z C,76.6¡ H, 8.1.

Ct3"tOoz requires c, 76.4¡ H, 7 .92) . u*"* (f ilm) :.735 (cyclci-

pentanone), I70O "*-1 
(cyclohexanone). ô 5.5 (br s, IH, olef-

inic H) , 1.5-3.0 (m, IIH, aliphatic H), L.2 (d, 1.5H, JSHz,

axial Me) , 1.1 (d, 1.5H , JSHz, equatorial Me) . M*, m/e 204

(r00%).

I, 2, 3, 4-Tetrahydro- I 0-oxo- 7-propen-2 -y1-3, 4a-ethanonaphthalen-

5 (4aH) -one 57

Dienone ketone 6 was treated with a solution of di-iso-

propenyl copper lithium in the same manner as above to give

the isopropenyl diketone 57 in 89ã yield as a pale yellow liq-

uid, b.p. I0O-1040 (0.1 mm). u*"* (film) 3030, 1635, 895 (

c=CHr\ , 1735 (cyclopentanone), IToo "^-1 
(cyclohexanone). ô

5.2-5.5 (m, IH, trisubstituted double bond) , 4.5-4 .8 (m, 2H,

disubstituted double bond). M+ , m/e 230 (1OOA) .
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CHAPTER 2

Methyl I ,2 ,3 , 4 -Tetrahydro- 5 , I -dimethoxy- 1-oxo- 2 -naphthoate
96This compound was prepared from tetralone 60 'bY

the procedure which was used to prepare ketoester 51, in 100%

crude yield as a yellow oil. A sample crystallized from ether-

Iight petroleum as a yellow solidr m.p. 50-530 (Found 3 C, 63.4

ì H, 6.2. Ct¿"tOO¡ requires C, 63.6¡ H, 6.tA). u*"* 1730

(ester), 1680 .*-1 (tetralone). 6 12.7 (s, 0.5H, enol H), 6.8

(ABq, 2H, Jo"8Hz, Ar H) , 3.8 (s, 6H, OMe) , 3.7 (s, 3H, COrMe).

M*, m/e 264 (I0%) .

1,4-Dihydro-5, 8-dimethoxy-2-naphthoic Acid 62

A solution of the ketoester (prepared above) (13.59,

0.053 mo1) in dry isopropyl alcohol (50 ml) was added during

15 min to a stirred suspension of sodium borohydride (2.09,

0.053 mol) at Oo. The mixture was allowed to warm to room temp-

erature and was stirred for a total of 6h. The solution was

made neutral by the addition of hydrochloric acid (10% aqueous)

and extracted with ethyl acetate. The ethyl acetate solution

was wash.ed with water, dried and evaporated under reduced pres-

sure to give the hydroxy ester 6L (12.6g, 932) as a viscous

brown oil. v----- 3450 (oH) , ]r725 .*-1 (Co^Me) .max ¿

A solution of hydroxy ester 61 (L2.69) in glacial

acetic acíd (f50 mI) \^ras treated with p-toluenesulphonic acid

(200mg) and the mixture was boiled under reflux for 2.5h. The

dichloromethane extracts (3x50 mI) of the cooled solution were

comk¡ined, washed with water until the washings were neutral

and dried. Removal of the solvent under reduced pressure gave
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methyl 3,4-dihydro-5,8-dimethoxy-2-naphthoate (1f . 659, 922)

aS a brown, low m.p. solid. e sample was recrystallized from

ether-light petroleum as white crystals, m.P. 75-760 (Found :

C, 68.0; H, 6.7. Ct¿HteO¿ requires C,67.7i H, 6.58). u*r*

1705 (ester) , 1630 "*-I 
(c=c) . ô 7 .g (br s, lH, c=cH) , 6. B

(ABq, 2H, Jo"BHz, Ar H), 3.8 (br s, 9H, OMe). M+, m/e 262

(643).

To a solution of methyl 1,4-dihydro-5,8-dimethoxy-

2-naphthoate (11.69, 0.048 mol) in methanol (150 mI) was added

a solutj-on of potassium hydroxide (24.09) in methanol-water

(50 frI, l:I) and the mixture \^tas boiled under ref lux for th.

The cooled solution was diluted with an equal vol-ume of water

and acidified to pH2 with concentrated hydrochloric acid.

Unsaturated acid 62 (10.259, 93?) precipitated as a yellow

solid, ñ.p. Lg7-2OOo and was collected by vacuum filtration,

washed with water and drj-ed at I1Oo. Recrystallization from

ethyl acetate afforded ye11ow crystals, ñ.p. 230-232o (Found i

C,.66.7; H, 6.1. CtgHt¿O¿ requires C, 66.7; H, 6.0?). ,*u*

1675 (CO2H) , L62O .*-I (C=C) . ô (CDCI 

'/ 

.cOr) 
2SO) 7 .g (br s, lH,

C=CH) , 7.0 (ABq, 2H, Ar H) , 3.85 (s, 3H, OMe), 3.80 (s, 3H,

o¡,te). M*, m/e 254 (1003) .

L,2,3, 4-Tetrahydro-S, B-dimethoxy-2-naphthoic Acid 63

A solution of unsaturated acid 62 (10.09' 0.043 mol)

in a mixture of tetrahydrofuran (50 mI) ' liquid ammonia (150

mI) and t-butyl alcohol (20.3 mI) was reduced by the addition

of sodium metal (A.Sg, 0.2lg-atom) during 5 min. The solution

r¡ras stirred for a further 3h while immersed in a bath of eth-

anol-dry ice. Methanol was added to destroy the excess of
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sodi.um and the ammonia r^/as driven off in a stream of nitrogen.

The mixture was poured into a mixture of ice-concentrated

hydrochloric acid and the resultant aqueous solution was ex-

tracted three times with ethyl acetate. The ethyl acetate sol-

ution was washed with water, dried and evaporated under red-

uced pressure to give acid 63 (8.Sg, 858) as a grey-brovtn solid

, rn.p. 163-1650. A sample crystallized from ether as yellow

needles, R.p . I74-\750 (Found : C,6 6.4¡ H, 6.7. CtgHteo¿ re--

-'tquires C,66.1; H,6.88). u*"* 1690 (co2H), 1600 cm - (aromatíc

C=C) . ô 6.6 (s, 2H, Ar H) , 5.9 (br s, lH, CO2H), 3.7 (s, 6H,

olvle) . M*, m/e 236 (1003) .

6-Diazoacetyl-1, 2, 3, 4-tetrahydro-I, 4-dimethoxy-naphthalene 6 4

Treatment of the acid chloride of acid 63 with diazo-

methane followed by chromatography on a preparative thick lay-

er plate gave diazoketone 64 in 732 yield as a yellow solid,

m.p. g4-g5.50. An analytical sample was recrystallized from

ether-1ight petroleum as yeIlow needles, il.p. 104-IO50 (Found

I C, 64.9¡ H,6.3; N,10.7. Ct¿"tO*ZOg requires Ct 64.6¡ H,

6.2¡ N, Io.8?). u*.* 3040, zLoO, L625 c*-1 (cocnN2). ô 6.5

(s, 2H, Ar H), 5.3 (s,lH, COCHN2), 3.7 (s, 6H, Olte). ¡'l+, m/e

232 (1003).

3, 4-Dihydro-5, B-dimethoxy-3, 4a-ethanonaphtha lene- 2 (4a|t") -one 66

Diazoketone 64 (100mg) htas added portionwise during

5min to stirred trifluoroacetic acid (10 mI) at Oo. The res-

ultant maroon solution was stirred at Oo for 10min and an eq-

ual volume of dichloromethane was added. The dichloromethane

solution was washed with water, sodium hydroxide solution (10?
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aqueous) and water and dried. A yellow oil (l19mg) was obtain-

ed upon removal of the dichloromethane from the solutj.on. An

nmr spectrum obtained of this oil indicated the presence of

trienone 66 (422) and aromatic material. Despite repeated

chromatography the trienone was not completely separated from

uncyclized impurities. (Accurate mass : Found z 232.I101.

CtaHte og requires 232.1099 ) . u*.* 1650 , 11640 , I55O .rn-I (tri-

enone). ô 6.0 (s, lH, C=CHCO),5.4 (d, lH, J7.5Hz, HC=COMe),

5.0 (d, IH, J7.5Hz, HC=COMe), 3.65 (s, 3H, OMe), 3.60 (s, 3H,
I

OMe) . M' , m/e 232 (100?) .

I, 2, 3, 4 -Tetrahydro- B -methoxy- I 0 -oxo- 3, 4 a -e thano naph tha len -

5 (4aH) -one 65

Diazoketone 64 (210m9) was added portionwise during

5min to stirred trifluoroacetic acid at -15o. The red solution

was stirred at -15o for a further l0min and worked up in the

same manner described for the preparation of trienone 66. A

yellow oi1 (197m9) was isolated and the nmr spectrum obtained

from it indicated a mixture of dienone ketone 65 (433), tri-

enone 66 (148) and uncyclized material. A pale yellow solíd,

m.p. 91.5-94.50 was obtained from chromatography of the mix-

ture (twice) on a preparative thick layer plate. RecrysLaLLíz-

ation from ether-light petrolecm gave dienone ketone 65 as

pale yellow needles, ß.p. 110-110.50 (Accurate mass : Found :

2L8.0941-. CtgHt¿o¡ requires 2L8.0943). u..* 1730 (cyclopent-

anone), 1670, 1630,

JI0Hz, HC=CCO), 6.1

3H. OMe). À 342max

1565.*-1 (2,A-d,íenone). ô 7.1 (d, IH,

(dd, lH, JrlOHz, J2IHz, C=CHCO), 3.6 (s,

nm (e2100) . Mt, m/e 2Lg (100%).
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2 ,3 , 4, 5-Tetrahydro-1-benzoxepin:2:ene 76

A solution of 6-methoxy-I-tetralone 75 (16.89' 0.1

mo1) and m-chloroperbenzoic acid (38.09, 0.2 mol) in dicltloro-

methane (500 mI) was boiled under reflux for 72h. The dichlor-

omethane solution was washed with sodium bisulphite solution

(10? aqueous), sodium bicarbonate solution (5t aqueous) and

water and dried. Removal of the solvent under reduced pressure

gave lactone 76 o6.2g,88ã) as a brown liquid, b.P. 1I2-115o

(0.1 mm) (Found : C, 69.1; H, 6.4. CttHtZO¡ requires C, 68-7 ¡

H, 6.3å) . ,*.* (f iIm) 1755 (lactone) , I595 .*-1 (aromatic

C=C). ô 6.5-7.0 (m,3H, Ar H), 3.7 (s, 3H, oMe). M+, m/e Lg2

(64%) .

2-Ethoxy-5-methoxy-phenyl-y-butyric Acid 77

A mixture of lactone 76 (f0.99,0.057 mol), concen-

trated hydrochloric acid (40 ml) and water (150 mI) was boiled

under reflux for th. The solution was made basic by the addit-

íon of sodium carbonate solution (10? aqueous) and extracted

with ether (2x100 mI). The agueous solution was acidified with

concentrated hydrochloric acid and was extracted with ethyl

acetate (3x50 ml). The combined ethyl acetate extracts were

washed with water, dried and evaporated under reduced pressure

to give 2-hydroxy-5-methoxy-phenyt-y-butyric acid (10. 659,

908) as a red-brown solidr m.p . 60-62o. An analytical sample

crystallized from ether-light petroleum as white tabular cry-

stals, m.p. 63-640 (Found i C, 62.6¡ H, 6.7. CttH14o4 re-
-1quires c, 62.8¡ H, 6.72). v*"*3500 (oH), 1710 cm ' {Coru¡.

6 (cDcl ,/ (COr) 2SO) 6. 6-6. B (m, 3H, Ar H) , 5.2 (br s, 2H, ArOH

and CorH) , 3.8 (s, 3H, oMe) . M*, m/e 2Lo (232) .
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To a stirred suspension of sodium hydride (3.29,

0. I34 mol) in tetrahydrofuran (150 mI) was added the hydroxy

acid (13.59, 0.061 mo1) in tetrahydrofuran (20 ml) during th.

The solution was stirred for 15min and ethyl iodide (19.059'

0.15 mol) $ras added during 30min. The mixture was stirred at

room temperature for l6h and boiled under reflux for 5h. The

solution was acidified to pH2 by the addition of hydrochloric

acid (10? aqueous) and extracted with dichloromethane. The

dichloromethane extract was washed with water, dried and ev-

aporated under reduced pressure to give acid 77 (L4.49, 942)

as a dark oil, b.p. 140-1500 (0.1 mm). A sample crystallized

from ether-Iight petroleum as white needles, m.p. 50-5Io

(Found i C, 65.6¡ H, 7.7. Cl¡"tgO4 requires C, 65.5; H, 7.6e")

-'t,,nu* 1705 cm - (CO2H). ô 11.9 (br s, lH, CO2H), 6.7 (s, 3H,

Ar H) , 4.0 (q, 2H, ocH2), 1.4 (t, 3H, cH3). Iuf+, m/e 238

(r008).

3, 4-Dihydro-5-ethoxy-8-methoxy-naphthalen-1 (2H) -one 7 I

Acid 77 (13.09, 0.055 mol) dissolved in polyphos-

phoric acid (300 ml) was heated at 7O-9Oo for 1.5h. The cool-

ed mixture was poured onto ice (21<g¡ and the resultant sol-

ution was extracted with ether. The ethereal extract was

washed with sodium carbonate solution (400 m1, 109 aqueous)

and with water and dried. The solvent was removed by distil-

lation under reduced pressure to give tetralone 78 (8.09,6721

as a yeIlow solid, il.p. 88.5-90.50. An analytical sample was

recrystallized from ether-tight petroleum as yellow needles,

m.p. 96-97o (Found : C, 70.9¡ H, 7.3. Ct¡ntOo¡ requires Cl

70.9¡ H, 7.32). u*r* 1675 (C=o) , L5g0 cm-I (aromatic C=C) '
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(s,3H

(ABq, 2H ,

OME), I

JO"9Hz, Ar H), 4

4 (t, 3H, J'lHz,

108

, J7Hz, OCH2) , 3

m/e 220 (1008).

o (q, 2H 9

CH M*,
f 3

Methyl I ,2,3 ,4-Tetrahydro-5-e thoxy-8-methoxy -1-oxo-2-naphthoate

This compound was prepared from tetralone 78, by the

same method which was used to convert tetralone 60 to Lts keto-

ester, in tOO? crude yield as an orange semi-solid. A sample

was crystallízed from ether-light petroleum as orange tetrag-

onal crystals, m.P. 88.5-90.50 (Found z C,65'0; H, 6'5'

CtsHtgos requires c, 64.7¡ H, 6.5s). u*.* 1745 (ester), 1680'

(tetralone) , 1640 , L62O .*-1 (C=C (OH) ) . ô 12.9 (s, 0.7H,

C=C(OH) ), 6.7-7.I (m, 2H, Ar H) , 4.0 (q, 2H, J7Hz, OCH2) , 3'8

(s, 3H, OMe), 3.75 (s, 2.IH, keto oMe),3.7 (s, 0'9H, enol

oMe) , I. 4 (t, 3H, J7Hz, cH3 ) . M 
t, m/e 27I Q*) .

Methy1 I,2 ,3,4-Tetrah vdro-5-ethoxy - I -methoxy - I -hydroxy -

2-naphthoate

Reduction of the ketoester (prepared above) wit.h

sodium borohydride in isopropyl alcohol by the same method

which was used to prepare hydroxy ester 61 gave the hydroxy

ester in 1OOS crude yield as a pale brown oil. u*"* 3460 (OH)

-1, L725 cm-' (ester). The compound was used in the next prep-

aration without purification.

3 , 4-Dihydro- 5 -ethoxy-8 -methoxv-2-naphthoic Acid

Dehydration of the hydroxy ester (prepared above)

followed by basic hydrolysis, by the same procedure which was

used to prepare unsaturated acid 62 gave a 972 yield of I,2-

dihydro-5-ethoxy-8-methoxy-2-naphthoic acid as a yellow solid,



m.p. 203-205o. An analytical sample was recrystallized from

dichloromethane-tight petroleum as yellow needlesr Iû.P. 2l-8-

2lg.5o (Found z C, 67.6¡ H, 6.5. 
"t¿ntOo¿ 

requires Ct 67..7¡

H, 6.53) . u*"* L67O (co2H) , 1620 "*-1 
(C=C) . ô 8.1 (s, lH,

C=CH) , 6.7 (ABq, 2H, JBHz, Ar H) , 4.0 (q, 2H, J7Hz, OCH2) , 3

(s, 3H, oMe), I.4 (t, 3H, cH3). M+, m/e 248 (1OO?).
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I,2,3, 4-Tetrahvdro-5 -ethoxv-8-methoxv-2-naphthoic Acid 72

The unsaturated acid (prepared above) was reduced

with sodium in liquid ammonia, bY the same method which was

used to prepare acid 63, to give acid 72 in 958 yield as a

brown so1id, m.p. 159-160.50. A sample crystallized, from di-

chloromethane-light petroleum as pale brown, rhombohedral

crystals, h.p . L73-174.50 (Found i C, 66 .9; H, 7 .2.

I

ct¿"tgo¿

requires Ct 67.2¡ H, 7.3?). u.r* 1685 cm - (CO2H). ô

(s, 2H, Ar I{), 4.0 (q, 2H, OCH2), 3.8 (s, 3H, OMe),
+3H, CH3). M' , m/e 250 (100?).

6.6

1.4 (t,

L,2,3 , 4 - Te tr ahydro - 5 -ethoxy - 8 -hydroxy- 2 -naphtho i c Ac id 7I

To a solution of acíd' 72 (800mg, 3.2 mmol) in tetra-

hydrofuran (30 mI) was added a suspension of lithium hydride

(32mg, 4 mmol) in tetrahydrofuran (10 mI) . the resultant mix-

ture was stirred at room temperature for 3h. A solution of

phenyl lithium and lithíum diphenylphosphide $¡as prepared by

adding lithium metal- (32Omg, 4.8mg-atom) to a solution of

triphenylphosphine (2.49, 4.54 mmol) in tetrahydrofuran (30

ml) with stirring at room temperature, and under a nitrogen

atmosphere, for 3h. Diphenylphosphíne (4.5 ñ1, lM solution in
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tetrahydrof uran) \^ras added to this solution, and one half of

the resultant solution was added to the lithium salt prepared

above. The red mixture was boiled under reflux for 3h and the

second half of the basic solution was added. The mixture was

boiled under reflux for a further 4þ.¡ it was cooled to room

temperature and poured into hydrochtoríc acid (20 ml, 10?

aqueous). The acidic solution was extracted with chloroform

(6x30 mI) and the combined chloroform extracts were \^tashed

with water and dried. Evaporation of the solvent under red-

uced pressure gave 7.59 of a brown oiI. This oil was chrom-

atographed on Sorbsil (2009) with chloroform and eluted with

ethyl acetate, after all of the phosphorous compounds had

been eluted with chloroform, to give 524m9 (71?) of acid 71

as a white solid, fr.p. 194-1960. e sample was recrystallized

from acetone-Iight petroleum as white needles, R.p. 203- 204.50

(Found : C, 65.9¡ H, 7.0. Ct¡HteO¿ requires C, 66.1; H, 6.83) .

un'u.* 3Io0-3150 (oH) , 1695 .*-1 (co2H). ô 7.5 (br s, IH, AroH) ,

6.6 (s, 2H, Ar H) , 4 .0 (q, 2H, JTHz , OCH2) , I. 4 (t ' 3H, JTHz ,
+

cH3) . M' , m/e 236 (1008) .

I, 2,3, 4-Tetrahydro-5-ethoxy-8-acetoxy-2-naphthoic Acid

Acetylation of acid 71 with acetic anhydride and

sodium acetate gave the acetoxy acid in 872 crude yield. A

sample was recrystallized from ether-light petroleum as white,

rhombohedral crystals, il.p. 175-1760 (Found : C, 64.4i H,6.5.

ClSHtgoS requires C, 64.7¡ H, 6.5?). u*"* 1745 (acetate), 1700

-'ìcm ' {coru¡. 6 7.9 (br s, 1H, co2E), 6.7 (ABq, 2H, Jo"9Hzr

Ar H), 2.3 (s, 3H, oCocH3). Mt, m/e 278 (153).
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6-Diazoacety I-5 , 6 ,7 ,8-tetrahydro-1-ethoxy-4-naphthyl Acetate

Treatment of the acid chloride of the acid prepared

above with diazomethane gave the acetoxy díazoketone, m.p. L28

-130o in 848 yield. An analytical sample was recrystallized

from ether-light petroleum as yeIlow needles, ffi.P. 131-132.5o

(Found: C, 63.7¡ H,6.1; N,9.1. CteHtgNZO¿ requires C,63.6¡

H, 6.0¡ N, 9.3t). ,*.* 3090, 2LOO,1640 (COCHN2)' 1750 "*-1
(OCOCH3). 6 6.8 (ABq, 2H, J9Hz, Ar H), 5.4 (s, lH, COCHN2)'

4.0 (q, 2H, J7Hz, oCH2) r 2.3 (s, 3H, OCOCH3) ' 1.3 (t, 3H, J7Hù'

, cH3). M*, m/e 270 (60å).

6-Diazoacetyl-5 ,6 ,7 , 8-tetrahydro-1-ethoxy-4-naphthol 7 0

The acetoxy diazoketone (prepared above) was deacet-

ylated with sodium carbonate in methanol, by the same method

used to prepare phenolic diazoketone 45, to give the phenolic

diazoketone 70 in ggz yield as a brown solid, m.p . L2O-124o.

A sample was recrystallized from dichloromethane-light petrol-

eum as yeIlow orthorhombic crystals, m.p. 130-131.50 (dec.)

u*u* 33oo (oH), 3040 , 2Loo, 1630 .*-1 (cocHN2). ô 6.6 (s , 2H,

Ar H) , 5.4 (s, lH, COCHN2), 4.9 (s, IH, OH), 3.9 (q, 2H, oCH2)

, L.4 (t, 3H, cH3). M+, m/e 232 (u-nr, 622').

6 -Diazoacetyl-5, 6, 7, I -tetrahydro- 1 -ethoxy- 4 -methoxy-naph-

thalene 79

Treatment of the acid chloride of acid 72 with diazo

-methane gave a 100* crude yield of diazoketone 79 as a yellow

solidr m.p. 99-t01o. Crystaltization from ether-Iight petrol-

eum af forde<l yellow needles r m.p. 108-IO9o (Found : C, 65.8;



H, 6 .6 ¡ N, 10. t. CtSHtgNZO¡ requires C, 65 .7 ¡

Lo.2z). u*.* 3O9O , 2L20, 1630 "*-1 (cocuN2). ô

.+
cocHN2) . M' , m/e 2I7 (¡A-NZ, 100t).

IL2

, 6.6; N,

5.4 (s, IH,

H

I, 2, 3, 4-Tetrahydro-B -ethoxv-10 -oxo- 3,4 a-ethanonaphthalen-

5 (4at{)-one 80

(A) Treatment of phenolic diazoketone 70 with tri-

fluoroacetic acid at Oo for lOmin afforded dienone ketone 80

in quantitative yield as a red solid, ñ.p. 58-610. A sample

$ras recrystallized from ether-light petroleum as yeIlow flakes

r fr.p. 72-73.50 (Accurate mass : Found z 232.1106. Cl4Ht6O3

requires 232.L099). u*"* 1730 (cyclopentanone), I665,1630 ,

-l1565 cm - (2,4-dienone). ô 7.0 (d, lH, J10Hz, HC=CCO), 6.0,

(d, IH, J10Hz, Q=CHCO) ¡ 3.8 (q, 2H, OCH2), 1.3 (t, 3H, CH3).

I --- 2II (e4700), 341 nm (e27OO). M*, m/e 233 (100t).
max

(B)A solution of diazoketone 79 (60m9, 0.22 mmol)

in di.chloromethane (1 mI) was added to stirred trifluoroacetic

acid-dichloromethane (4:1) at -30o during 5min. The solution

was stirred at -30o for lOmin and an equal volume of water was

added. The organic layer was separated, washed with sodium

hydroxide solution (I08 aqueous) and with water and dried. A

yellow oi1 (51m9) was obtained on removal of the solvent under

reduced pressure. The nmr spectrum afforded by this oil indic-

ated that it contained dienone ketone 80 (63?). The yelIow oil

was chromatographed on a preparatj-ve thick layer plate with

ether and dienone ketone 80 (24mgl was isolated as a yellow

solid, m.p. 76.5-77.5o. It gave identical infra red and nmr

spectra to those of a sample prepared by method A.
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I ,2 ,3 ,4 ,6 ,7-Hexahydro-10-oxo- 3 , 4a-ethanona phthalene-5 B (4aH,

8aH) -dione 82

Treatment of phenolic diazoketone 70 with trifluoro-

acetic acid at 0o for lOmin followed by removal of the tri-

fluoroacetic acid under reduced pressure at 2Oo gave a black

Iiquid. This liquid was extracted with ether to give the ene-

trione 81 as an unstable yellow liquid. u*.* 3020,1685, L675,

1595 (enedione), t73o "*-I 
(cyctopentanone). ô 6.8 (br s, 2H,

HC=CH). À---- 226 (e8000), 368 nm(e4O). M*, m/e 204 (983).' max

Freshly chromatographed enetrione 81 (70m9¡ dis-

solved in acetic acid (30 mI, 508 aqueous) was treated with

zínc powder (100mq) and stirred at 4O-5Oo for th. The solution

$ras filtered, diluted with water and extracted with dichloro-

methane. The colourless dichloromethane solution was washed

with wate::, dried, and the solvent was removed by distillation

under reduced pressure to give a colourless oil. This oil was

chromatographed on a preparative thick layer plate with ether

and trione 82 (52m9) was isolated as a white solid. It was

recrystall-ized from dichloromethane-Iight petroleum as white

flakes, il.p. 96-980 (Found: C, 69.6¡ H,6.8. CtZ"t4o: re-

quires C, 69.9¡ H, 6.8?). u*.* L735 (cyclopentanone), 1695

-1 +
cm ' (cyclohexanone) . M' , m/e 206 (94t).
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CHAPTER 3

The reaction of 6-Diazoacetyl-1,2 r3r4-tetrahydro-2r3-di-
methoxy-naphthalene with trifluoroacetj-c Acid

(A)Diazoketone 88 (100m9) was added portionwise dur-

ing 5min to stirred trifluoroacetic acid-dichloromethane (I0

tnl, 3:I) which was maintained at -:Oo by a mixture of acetone,

water and dry ice. The green fluorescent solution was stirred
at -30o for a further l0min and equal volumes of both water

and dichloromethane were added. The organic layer was separated

and washed with water, sodium hydroxide sol-ution (IOt aqueous)

and water and dried. Removal of the solvent by distillation
under reduced pressure gave a yellow solid (t03mg). The nmr

spectrum afforded by this solid indicated that it contained

a mixture of dienone ketone 85 (718) and trienone 90 (232') .

The mixture \^/as chromatographed on a preparative thick layer
plate with ether-dichloromethane (3:1). the band of tf 0.15

was eluted with ethyl acetate and r,2,3,4-Tetrahydro-6-methoxy-
10-oxo-3r4a-ethanonaphthalen-7 (4aH)-one g5 was obtained as a

yellow solid (plates), m.p. 179-18Io after recrystallization
from dichloromethane-light petroleum (Found z C, 7L.3, H, 6.4.

CtgHt¿O¡ requires C, 7L.5¡ H, 6.5S). u*.* 1730 (cyclopentan-

one), 1650, 1625,1610 .*-1 (2,S-dienone). ô 6.2 (d, IH, JI.5
Hz, MeOC=CH) , 5.7 (s, IH, HC=CCO) , 3.7 (s, 3H, OMe) . À*u* 252

nm (e9100) . M*, m/e 2i-.8 (lOOs) .

Elution of the region rf 0.4 of the above preparative

thick layer plate afforded 3,4-dihydro-6,7-dimethoxy-3,4a-

ethanonaphthal-ene-2 (4aH)-one 90 as a yellow 9e1, b.p. ]-4O-L42o

(0.1 mm) (Accurate mass : Found z 232.1098. Ct¿HtOO¡ requires
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232.LOgg). u*.* 3020, 1640, 1575, 1565 .*-l (trienone). ô 5.7

(br s, lH, JWn/Z3Hz, MeOC=CH), 5.55 (s, 1H, MeOC=CH) r 5.05

( s, IH, C=CHCO) , 3. g (s, 3H, OMe) , 3 .7 (s, 3H, OMe) . À*"* 3 85

nm (e6500). M*, m/e 232 (1OOB).

(B) Diazoketone B8 (l00mg) was added portionwise dur-
ing 5min to stirred trifluoroacetic acid-water (9:t) at 0o.

The solution was alrowed to warm to room temperature and stir-
red for a total of 2li.. Water was added and the yellow solution
was extracted with dichloromethane. The dichloromethane sol-
ution was washed with water, sodium hydroxide sorution (rog

aqueous) and with water and dried. Evaporation of the solvent
under reduced pressure gave a yerlow solid, the nmr spectrum

of which indicated that it contained a mixture of dienone ket-
one 85 (328) and dienedione 91 (52t). This mixture was chrom-

atographed on a preparative thick rayer plate with ether-
ethyr acetate (1:4). Erution of the band of rf o.2s afforded
3 , -DTttydro-7-methoxy -3 ,4a-ethanonaphthal_ene -2 ,6 (4aH, 5 ) -
dione 91 as pale yeIlow, rhombohedral crystalsr m.p. I7g-
lB0o after recrystartization from d.ichloromethane-right pet-
roleum (Found : C, 7I.2¡ H, 6.2. Ct¡"t¿O, requires C,7l-.5¡
H, 6.5?) . u*.* 1685, 1650, l59O "*-1 (dienone) . ô 6. 2 (s, lH,
MeOC=CH), 5.9 (d, IH, JIHz, C=CHCO), 3.8 (s, 3H, OMe). À*r*
324 nm (e27000). À*.* (etOH-NaOH) 2L2, 276, 454 nm. M*, m/e

2r8 (948).

3, 4 -Dihydro- 7 -hydroxy- 3 , 4 a-e thanonaphthalene-
2 ,6 (4aH,5H) -dione 92

A solution of dienone ketone 85 (3Omg) in hydro-
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chloric acid (20 ml, 50å aqueous) was stirred at room temp-

erature for 3 days. Water was added and the solution was ex-

tracted with dichloromethane. The dichloromethane solution
was washed with water, dried and evaporated under reduced

pressure to give hydroxy dienedione 92 (22m9, 782) as a yel-
Iow solid, m.p. 190-I94o. This was recrystallized from methyl

acetate-light petroleum as a yellow powder, m.p. 230-232o

(Accurate mass : Found : 204.0785. CtZ"tZOg requires

204.0786). u*.* 31BO (oH), :1675, 1650, :620, :-.S7O.*-I (dien-

one) . ô 6.4 (s, lH, C=CHCO) , 5.9 (d, lH, JLHz, (HO) C=CH) .

À_^-_ 272 (s, e 2500), 285 (s, e2900), 33I (e74O0l , 415 nm (max

e1900) . M*, m/e 204 (7gZ) .

L, 2,3, 4-Tetrahydro-6, 7-methvlenedioxv-2-naphthoic Acid

This compound was prepared by catalytic hydrogenat-

ion of ketoacid 93110. An analyticar sampre was recrystarrized
from dichloromethane-1ight petroleum as white flakesr m.p. lB5

-1870 (Found 2 C, 65. 1; H, 5.4. C,ZH,ZO q requires C , 65 .4 ¡ H,

5.53) . u*.* 1695 "*-1 (co2tr) . ô (cDc13 / @or) 2so) 6.5 (s ' 2H '
Ar H), 5.8 (s, 3H, OCH2O) , 3.7 (br s, IH, CO2H). M+, m/e 220

(1oo% ) .

6-Diazoacetyl-5, 6,7, 8-tetrahydro-2, 3-methvlenedio xy-naphth-

alene 94

Treatment of the acid chloride of the acid prepared

above with diazomethane gave diazoketone 94 in 942 yierd as a

yellow so1id, fr.p. 105-1100. e sample crystallized from di-
chloromethane-light petroleum as pale yellow needles, il.p. 118

ct ¡"t zNzo¡-It9o (dec. ) (Found 3 C, 63 .7 ; H, 4 .B ¡ N, 11. 3 .



requires C, 63.9¡
-lcm' {cocuxr). ô

(s, IH, COCHN2).

H,

6.6

5.0; N,

(s, 2H,

m/e zLB

rr.5?).
Ar H),

(M-N2,

5.9 (s,

100?).

IL7

v 3060 , 2l-30, 1630
max

2H, OCH o) ' 5.4
2

+M,

The reaction of 6-Diazoacety 1-5, 6,7,8-tetrahvdro-2,3- methvl-

enedioxy-naphthalene with Trifluoroacetic Acid

Diazoketone 94 (100mg) was added portionwise dur-

ing Smin to stirred trifluoroacetic acid-dichloromethane (3:1)

at -30o. The green fluorescent solution was stirred at -30o

for 10min and an equal volume of dichloromethane was added.

The dichloromethane solution was washed three times with

water, dried and evaporated under reduced pressure to give a

ye1low solid (87mg). An nmr spectrum obtained of this solicl

indicated that it contained dienone ketone 95 (422) and tri-

enone 96 (222). Recrystallization of this mixture from ether-

Iight petroleum gave 7, 8-dihydro-3-hydroxy-4a, 7-ethanonaphth-

alene-2,6(4aHr5H)-dione 95 as pale ye1low crystalsr m.P- 164-

1660 (Accurate mass : Found z 204.0786. CtZHtZoZ requíres

204.0786). u*r* 3340 (oH), 1730 (cyclopentanone), 1645, l6l5
-'lcm-' (2,s-d.ienone). 6 6.3 (s, lH, oH), 6.2 (d, IH, Jl-.5Hz,

(Ho)C=CH) , 5.9 (s, IH, C=CHCO). M*, m/e 204 (tOO%).

The recrystallization liquors were concentrated and

chromatographed on a preparative thick tayer plate with ether.

Elution of the band of rf 0.5 afforded 3,4-dihydro-6,7-methyl-

enedioxy-3,Aa-ethanonaphthalen-2 (4aH) -one 96 as yellow crys-

tals, R.p. I43.5-144.50, after recrystallization from ether-

Iight petroleum (Found . C, 7L"9¡ H, 5.5. Ct¡"lZO¡ requires

C, 72.2¡ H, 5.63). V*"* 1620, 1560 cm-l (ati".,one ) . ô 5 .7 (



s, 4H,

, 257

C=CH and OCH2O) '
(et780O), 366 nm

118

IH, C=CHCO). À*.* 249 (e14700)

M*, m/e 2]-6 (IOO8) .

5.2 (s,

(e9200).



119

CHAPTER 4

L- (2 ,3 ,4 -Trimethoxy-phenyl) -propane-2 ,2,3-Lricarboxylic
Acid 104

To a stirred solution of lithium aluminium hydride

(0.88g, 0.01 mol) in ether (10 ml) at 0o was added a solution

of 2,3,4-trimethoxybenzaldehyde (I.969, 0.01 mo1) in ether

(I0 ml) during 15min. The mixture was stirred at 2Oo for th

and an excess of sulphuric acid (10* aqueous) was added. The

ethereal solution was separated, washed with water and dried.

The eùher was removed by distillation under reduced pressure

to afford the alcohol (1.919, 96t) as a colourless liquid.
-'lv__-_ 3370 cm - (OH) .max

A solution of the alcohol (1.859, 0.0093 mol) in

ether (10 mI) at -10o was treated with a solution of phos-

phorous tribromide (2.79, 0.01 mot) in ether (10 mI) during

30min. The mixture was stirred at -10o for a further Ih, wash-

ed with ice cóId water and dried. The ether was removed by

distillation under reduced pressure (tfre temperature of the

solution was maintained below 0o) to give bromide 102 as a

colourless liquid. It was used immediately in the next step.

A solution of sodium ethoxide (from sodium (0.319,

0.01359-atom) ) in ethanol (10 mI) was added to a vigorously

stirred mixture of the bromide and triethyl ethane-l,L,2-LrL-
carboxylate (2.2g, O.OO9 mol) at Oo. The resultant mixture was

stirred at 2Oo for th and water (50 ml) was added. The aqueous

layer was acidified with hydrochloric acid (10% aqueous) and

extracted three times with ether. The ethereal extracts were

washed wi.th water and dried and evaporated under reduced
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pressure to give the crude triester 103 (3.459,908) as a

yellow liquid. u*.* 1725 (ester), 1600 cm -1 (aromatic C=C).

ô 6.6 (ABq, 2H, Ar H), 3.9-4.4 (m, 6H, CO2CH2), 3.85 (s, 6H,

OMe), 3.8 (s, 3H, OMe), 3.5 (s, 2H, ArCHr), 2.9 (s, 2H, CrZ-

co2Et), 1.3 (t' gH' cH3).

A mixture of the triester 103 (3.a9), potassium

hydroxide (2.2A9, 0.04 mol) and ethanol (50 mt) were boiled
under reflux, with stirring, for 20h. The mixture was coorecl,

made acidic by the addition of concentrated hydrochloric acid

, and the ethanor was removed by distillation under reduced

pressure. The resj-due was extracted \,rrith acetone, and the

acetone was evaporated under reduced pressure to give triacid
104 (2.2g, 662 overall) as a pale brown solid, m.p. 157-1600.

A sample was crystarlízed from acetone-light petroleum as

white needres, m.p. 168-1700 (dec.). This compound wourd not
-'tgive a satisfactory elemental analysis result. u*.* I70O cm-'

(CO,H). ô 10.0 (br s, 3H, CO2H), 6.7 (ABq, 2H, Ar H) , 3.8 (s,

9H, OMe) , 3.2 (s, 2H, ArCHl) r 3.0 (s, 2H, CH2 (CO2H) ).

I, 2, 3, 4-Tetrahydro-S, 6, 7 -Lr ímethoxy-l-oxo-3-naphthoic Acid I05

Triacid 104 (1.09, 0.0029 mo1) was heated at 180-

unti-I the evolution of carbon dioxide had ceased. The

resultant brown liquid was cooled to 90o and polyphosphoric

acid (I0 ml) was added. The mixture was maintained at 9Oo for
th, with occasional stirring, cooled, and poured into water

(50 mI). The yellow solid which precipitated was collected by

filtration, dissolved in methanol and treated with charcoal.

The mixture \^tas fittered and the methanol was removed by dist-
illation under reduced pressure to give ketoacj-d 105 (0.659,

r9 00



8OB) as an off-white solidr m.P. 149-1530.

crystallized from acetone-light petroleum

m.p. t6O-16Io. u*.* ir725 (Co2H) , 1640 .*-1

lH, CO2H),7.3 (s, IH, Ar H), 3.95 (s, 3H,

oMe). M*, m/e 280 (788).

L2L

A sample was re-

as white needles,

(C=O) . ô 10.1 (br s,

OMe), 3.9 (s, 6H,

I,2, 3, 4-Tetrahydro-6,7, 8-lrimethoxy-2-naphthoic Acid r06

A Clemmenson reduction of ketoacid 105 afforded ac:Ld

106 i-n 9OB yield as a yellow solid, m.p. 111-1150. An analyt-

ical sample was recrystallized from dichloromethane-light pet-

roleum as pale yellow crystals, fr.p. I2I-I22o (Found z C, 62.9¡

H, 6.9. Ct¿"tgOS requires C,63.1; H, 6.83). u*"* 1690 (CO2H),

1600, 1580 cm-l (aromatic C=C). 6 lO.4 (br s, lH, CO2H), 6.4

(s, lH, Ar FI), 3.8-3.9 (br s, 9H, OMe). M+, m/e 266 (IOOS).

7 -D íazo acetyl - 5, 6, 7, I -te trahydro- 1, 2, 3 -lur imethoxy-naphtha lene

107

azomethane

(which was

(cocHN2 ) .

9H, OMe).

Treatment of the acid chloríde of acid 106 with di-

gave diazoketone 107 in 952 yield as a yellow oil

not crystallizable) . u*"* 3060 , 2L2O | 1635 "*-1
6 6.4 (s, lH, Ar H), 5.4 (s, IH, COCHN2), 3.8 (br s'

I ,2 ,3 , 4-Tetrahydro-10-oxo-5 , 6-dimethoxy-3 , 4a-ethanonaphthalen-

7 (AaH) -one 110

A solution of diazoketone 107 (75mg, 0.3 mmol) in

dichloromethane (I mI) was added during 5min to a stirred sol-

ution of trifluoroacetic acid (7.5 mI) and dichloromethane (

2 mI) at -30o. The mixture was stirred at -30o for a further
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5min and equal volumes of both dichloromethane and water were

added. The organic layer was separated and washed with wat'er'

sodium carbonate solution (IOt aqueous) and râ¡ater and dried'

An nmr spectrum, obtained of the yellow oil after evaporation

of the solvent, indicated that it contained a mixture of di-

enone ketone lI0 ,J72) and aromatic material. The mixture htas

chromatographed on a preparative thick layer plate with ether

and the fraction of rf 0.3 was eluted $¡ith ethyl acetate'

Removal of the ethyl acetate by distillation under pressure

gave a pale yellow solid (37mg, 558). This was recrystallized

from light petroleum to give dienone ketone I10 as white

prisms, m.p. II2-113o (Found i C, 67.6¡ H, 6.5. Ct¿"tOo¿ re-

quires C, 67.7 ¡ H, 6:5S) . u*"* l-730 (cyclopentanone) , L675,

1640, I605 cm-l(2,5-dienone) . 6 6.0 (br s, IH, c=CH), 4'I (s,

3H, oMe) , 3.7 (s, 3H, oMe). À*.* 245 (elI000), 29L nm (e3900) '

M*, m/e 248 (100%) .

L,2,3,4-Tetr ahydro-6 , 7-dimetho xy-8-hyd roxy- I -oxo - 3 -naphtho ic

Aciti 112

To a solution of ketoacid 111 (1'6g, 0'0057 mol)

in dichloromethane (I5 mt) at -78o was added a solution of

boron trichloride (1.06g, 0.009 mo]), in dichloromethane

(4.5 ml) also at -78o. The mixture was allowed to warm to 2Oo

and was quenched with water 30min after the addition. The or-

ganic layer was separated and the aqueous layer was extracted

twice with ethyl acetate. The organic layers were combined'

washed repeatedly with water and dried. The solvent was re-

moved by clistillation under reduced pressure to give phenolic

acid 112 (1.3q, 868) as a white solidr m.P.2L2-2L5o. An an-

alytical sample was recrystallj-zed from aceLone-l-iqhl- petrol-



eum as pale

H, 5.6. Ct¡H

L720 (co2H) ,

(cDcl 3/ rcD3)

br s, 3H, CO

M*, m/e 266

yellow crystalsr m.p. 2L7-2I8o (Found : C,

*
I4o; requires C, 54.9 ¡ H, 5.72) . ,*"* 3500

1630 (C=O) , 1605, 1585 cm-I (aromatic C=C)

2So) L2.7 (s, IH, OH), 6.4 (s, IH, Ar H), 6

2H and HrO) , 3.9 (s, 3H, OMe), 3.8 (s, 3H,
*(179). As monohYdrate

7.23

54.7 ¡

(oH¡ ,

.ô

.1 (

OMe) .

I ,2 ,3,  -Tetrahyd ro-5-hvdroxv-6' 7-dimethoxv-2-naphthoic Acid

113

(A)A clefltmenson reduction of phenolíc ketone LLz

afforded phenol 113 as a white solid in 762 yield. A sample

was recrystallized from dichloromethane-Iight petroleum as

red orthorhombic crystalsr m.p. 164-165.50. u*"* 1705 (co2H),

L620, L590 cm-I (aromatic C=C). ô 6.2 (s, lH, Ar H), 3.8 (d,

6H, OMe). M*, m/e 252 (lOOt). This compound became red on ex-

posure to air and would not give satisfactory elemental analy-

sis results.
(B)A mixture of acid 116 (I.33g, 0.005 mol) and

concentrated hydrochloric acid (I00 m], 202 aqueous) was boil-

ed under reflux (and under an atmosphere of nitrogen) for 2t:..

The mixture was cooted and was treated with sodium hydroxide

solution (20s" agueous) to give a solution of pH3. This solution

was extract,ed three t.imes with ethyl acetate and the combined

ethyl acetate layers were washed with water and dried. The

solvent was removed by distillation under reducecl pressure to

give phenol I13 (L.2g, g5z) as a red solid, il.P. L2O-I25o. a

sample was crystallized from dichloromethane-Iight petroleum

as red, orthorhombic crystals, m.p. I62-]640, which afforded

identical infra red and nmr spectra to those given by a sample
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prepared by Method A.

6-Diazoacet vl-5 6,7 ,8-tetrahydro-2 , 3 -dimethoxy- l-naPhtho I r14

Acetylation of phenol 1I3 with acetic anhydri<1e and

sodium acetate gave the acetate as white needles, fr.P. I4g-150o

after crystallization from dichloromethane-light petroleum- The

acid chloride of this compound was treated with diazomethane

to give the acetoxydiazoketone as a pale yellow liquid. ti 6.6

(s, IH, Ar H) , 5.4 (s, IH, COCHN2), 3.8 (s, 3H, OMe) , 2'3 (s,

3H, OCOCH3). The acetoxydiazoketone was deacetylated by treat-

ment with pyridine in benzene to give phenolic diazoketone

114 (622 overall) as a pale yellow solid. A sample was cryst-

allized from dichloromethane-Iight petroleum as yellow needles '
m.p. 118.5-tt9.50 (dec. ) . ,*.* 3350 (oH) , 3100 , 2L20, 1640

-1(COCI{N2) , L625, I59O cm r (aromatic C=C) . 6 6.I (s, IH, ArOH) ,

6.0 (s, IH, Ar H), 5.2 (s, IH, COCHN2), 3.7 (d, 6H, oMe). M*,

m/e 248 (M-NZ, 100å) .

1,2-Dihydro-2 ,4a-ethanonap hthalene-6, 7-dimethoxv-3' 5 ( 4H, AaH) -

dione 115

A solution of diazoketone 114 (140mg, 0.51 mmol) in

dichloromethane (I mI) was added to vigorously stirred tri-

fluoroacetic acid (14 mI) containing dichl-oromethane (3 mt) at

-30o. The mixture was stirred at -3Oo fot 5min and equal vol-

umes of both dichloromethane and water were added. The organic

layer was separated, washed with sodium hydroxide solution

(54 aqueous) and with water and dried. The solvent was removed

by distillation under reduced pressure to give a yellow solid

(106mg). The nmr spectrum given by this product i.ndi'cated that
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it contained dienone ketone 115 (742') and uncyclized material.
The mixture was chromatographed on a preparative thick layer:

plate with ethyl acetate. Elution of the region of rf 0.4 af-
forded dienone ketone 115 as ye11ow needlesj *.n. 138-1390

after crystarrization from dichtoromethane-light petroreum

(Found z C, 67.5¡ H, 6.5. Ct¿HtOO¿ requires C, 67.7 ¡ H, 6.5*).
v---- I740 (cyclohexanone) , 1650 , 1620, 1550 .*-1 (2,A-d.ienone) .max

ô 6.1 (t, lH, J2.3Hz, C=CH), 4.0 (s, 3H, OMe) , 3.G (s, 3H,

OMe) . À---. 344 nm (e3700) . M*, m/e 248 (2GZl .' max

1- (3,4,5 -Trimethoxy-phenyl) -propane-2,2,3-trícarbo xylic Acid

This compound $ras prepared from 3,4,5-trimethoxy-
benzaldehyde, by the same procedure which was used to prepare

triacid IO4, in 80? yield as a white powderr fr.p. I47-I5Oo

(dec.). u*.* :-725 "*-1(co2H). ô (cDcl ,/(cor)2so) 9.5 (br s, 3H,

CO2H) , 6.4 (s, 2H, Ar H), 3.8 (s, 9H, OMe), 3.3 (s, 2H, ArCHr) ,

3.0 (s, 2H, CH2r.

L, 2, 3, 4-Tetrahydro-S, 6, 7 -Lrimethox y-3-oxo-2-naphthoic Acid 111

This compound was prepared from the triacid, by an

identicar procedure to that used to make ketoacid 105, in g2z

yield. A sample was recrystatlized from dichloromethane-Iight
petroleum as white, rhombohedral crystals, m.p. 21g-2Igo.

u*u* 170o (Co2H) , 1675 (C=o) , 1590, 1585 "*-1 (aromatic C=c) .

ô 10.3 (br s, IH, CO2H) , 6.6 (s, IH, Ar H), 3.8-3.9 (3s, 9H,

OMe) . M*, m/e 280 (792) .

I, 2, 3, 4-Tetrahydro-S, 6,7 -lurimethoxy-2-na phthoic Acid 116

A Clemmenson reduction of ketoacid 111 afforded
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acid 116 as a pink solid in 889 yield. An analytical sample

r^ras recrystallized f rom ether-light petroleum as white needles,

m.p. 1I1-IL2o (Found . C,63.3; H, 7.I- Ct4"tgOS requires C,

63.1; H, 6.83). u*.* 1695 (CO2H) , L6ir0,1590.*-1 (aromatic

C=C). ô IO.3 (br s, 1H, CO2H)' 6.3 (s, 1H, Ar H), 3.8-3.9

(3s, gÍ7t oMe) . M+ , m/e 266 (100?) .

2-Díazoacetyl-I, 2, 3, 4-tetr ahydro-S ,6, 7 -trimethoxy-naPhthalene

tr7

Treatment of the

azomethane gave diazoketone

chloride of acid 116 with

as a yellow oil (which was

acid

LL7

di-

crystallizable) in 952 yield.u..*

(CocHN2). 6 6.¡ (s, lH, Ar H), 5.

OMe), 3.7 (s, 6H, OI4e).

(fitm) 3060 , 2L20, 1640 cm

3 (s, lH, COCHN2) ' 3.8 (s,

not
-1

3H,

The reaction of 2-Diazoacetyl-l, 2, 3,4-tetrahydro-5, 6 r7 -Lr i-

methoxv-naphthalene with Trifluoroacetic Acíd

A solution of diazoketone 117 (100m9) in dichloro-

methane (0.5 mI) was added to vigorously stirred trifluoro-

acetic acid (10 m1) containing dichloromethane (2 m1) at -30o

during 5min. The mixture was stirred at -3Oo for a further

5min and equal volumes of both dichloromethane and water were

added. The dichloromethane layer was separated and washed with

sodium hydroxicle solution (5U aqueous) and water and dried.

The solvent was removed by distillation under reduced pressure

to give a yellow oil (I26mg). The nmr spectrum obtained of this

oil indicated that it contained a mixture of dienone ketone 118

(242), d.ienone ketone 119 l7%) and uncyclized material. The

mixture was chromatographed on a preparative thick layer plate
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v\¡ith ether-ethyl acetate (I:I). Elution of the band of rf 0.3

afforded t-he dienone ketone 118 as white needles, ft.P. I2.3-I24o

after recrystallization from dichloromethane-Iight petroleum

(Found : C, 68.0; H, 6.4. Cl4HtOO¿ requires C' 67.7; H, 6.5?).

v - L745 (cyclopentanone), 1650, ] 620, 1605 ..-1 (2,5-dienone)
max

ô 5.6 (s, IH, Ar H) , 3.7 (d, 6H, oMe) . À*r* 264 nm (e6000).

M*, m/e 248 (762).

Elution of the band of rf 0.4 afforded dienone ketone

119 as white needles, il.p. 89-9Oo after recrystallization from

dichloromethane-Iight petroleum (Accurate mass : Founcl :

248.L044. Ct¿HtOO¿ requires 248.I048) .u*.* J-745 (cyclohexanone)

, l-68 o ,L645 , 1615 "*-l 
(2 ,5-dienone) . ô 6.1 (t, lH, Jl-.9H2 ,

C=CH) , 4.L (s, 3H, OMe) , 3.7 (s, 3H, OMe). À*.* 245 (e8000) ,

2gO nm (e3I00). M*, m/e 248 (173).

L, 2, 3, 4-Tetrahydro-6, 8-dimethoxy-2-naphthoic Acid L29

To a sol-ution of ketoacid 105 (I.239, 5 mmole) in

tetrahydrofuran (20 ml) and liquid ammonia (100 mI) was added

small pieces of sodium (0.989, 42.Smg-atom). The reaction was

allowed to proceed for lOmin and the excess of sodium was des-

troyed hry the addition of ammonium chloride solution (202 aqu-

eous). The ammonia was removed in a stream of nitrogen and the

residue was dissolved in water. The aqueous solution was ex-

tracted w.ith ether and acidified to pH3 by the addition of

concentrated hydrochloric acid. The solution was extracted

with ethyt acetate and the ethyl acetate extract was washed

with water, dried and evaporated under reduced pressure to

give a yellow oil (1 .26g). The oi1 was subjected immediately

to a Clemmenson reduction and the crude product was chromat-
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ographed on Sorbsil (20g) and eluted with ether-light petrol-

eum (1:1) to give acid 129 (549mg, 478 overall) as a white

solid. A sample was recrystallized from ether-light petroleun

as \,ûhite, monoclinic crystalsr m.P . I2I-L22o (Found z C, 66.2¡

H, 6.7. Ctg"toO¿ requires C, 66.L¡ H, 6.89). u*a* 1700 (CO2H) ,

1605, 1590 cm-l (aromatic C=C) . ô g .6 (br s, IH, Co2H) , 6.3

(br s, 2H, Ar H), 3.8 (s, 6H, oMe). M*, m/e 236 (1oOB).

2-Díazoacety I-1, 2,3,4-tetrahvdro-6, g-dimethoxv-naphthalene I30

Treatment of the acid chloride of acid 129 with di-

azomethane afforded diazoketone 130 in 972 yield as a yellow

oil. This was recrystallized from ether-light petroleum as

pale yellow needlesr m.p. 84-850 (dec.) (Found : C, 64.4¡ H,

6.2¡ N, 10.9. CI¿H'ONZO: requires C, 64.6¡ H, 6.2¡ N, I0-83).

,*.* 304O , 2135, 1640 (COCHN2) ' 1620, 16OO cm-I (aromatic C=C) .

6 6.0 (br s, 2H, Ar H), 5.2 (s, IH, COCHN2), 3.6 (d, 6H, oMe).
+M', m/e 222 (M-NZ, 732).

I, 2, 3, 4-Tetrahydro- 5-methoxY - I0 -oxo-3 , 4a-ethanonaphthalen-

7 (4aH) -one I23

Diazoketone 130 (40mg, 0.18 mmol) was added portion-

wise during 5min to a stirred mixture of trifluoroacetic acid

(5 m]) and dichloromethane (t mI) at -30o. The red solution

was stirred at -3Oo for a further 5min and equal volumes of

both dichloromethane and water were added. The organic layer

was separated and washed with water, sodium hydroxide solution

(59 aqueous) and water and dried. The solvent was removed by

distillation under reduced pressure to give dienone ketone 123

(37mg I 962) as a yellow solid. This was recrystallized from
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dichloromethane-light petroleum as pale yelIow, rhombohedral

crystals, fl.p. 181-182o (Found z C, 7I.3; H, 6.5. Cl¡nt¿o¡

requires C, 71.5: H, 6.5S). u^.* l-740 (cyclopentanone) , 1660,

1620, I6lo, 16OO .*-1 (2,5-dienone). 6 6.0 (br s, lH,

HC=COMe), 5.7 (d, IH, JI.5Hz, Q=CH). À*.* 242 (e11000) ' 270 nm

(e37oo) . M*, 2r8 (722\.

I,2 ,3,4-Tetrahydro- 5 -hvdroxv- I 0 -oxo- 3 ,4a-ethanona phthalen-

7 (AaH) -one I24

Dienone ketone I23 (20mg, 0.092 mmol) was added to

concentrated hydrochloric acid (5 ml) and was allowed to stand

at room temperature for two days. The hydrochloríc acid was

removed. by careful distillation under vacuum and the residue

\^ras dissolved in dichloromethane, treated with charcoal, f ilt-

ered and evaporated. Dienone ketone L24 (14.0m9, 732) was ob-

tained as a yellow so1id, m.p. 19 4.1960 (dec.) (Accurate mass :

Found z 204. 0786. CtZ"tZo¡ requires 204.0786) . u..* 17 45 (cyc-

lopentanone) , L665, 1590,1565 "*-1 (dienone). ô 9.0 (s, 1H,

oH) , 7.I (s, IH, C=CH) , 6.5 (s, 1H, C=CH). M*, m/e 204 (f00?).
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CHAPTER 5

Amendments to General Topics

(ii) Infra red spectra, unless otherwise indicated, were

measured as Nujol mulls on Jasco IRA-I and Perkin Elmer

257 spectrophotometers .

(iv) Mass Spectra (includinq accurate mass measurements) were

measured on an AEI MS902 high resolution mass spectrometer

(v) The nuclear magnetic resonance spectra \^Iere recorded on

Varian HAI00 and JeoI "Minimar 100" spectrometers operat-

ing at 100It[Hz.

(vii) I'licroanalyses were performed by the Australian National

University Analytical Services Unit, Canberra.

Methyl y- (1, 7-dimethoxy-4-naphthyl) -butyrate L32

Methylation of acid 131 with diazomethane gave

methyl ester 132 in g7Z yield as a white solid, R.p . 42-45o.

A sample was recrystallized from dichloromethane as white

needles, m. p. 46-47o (Found : C, 70. 8; H, 7 .I. CLTìË.ZO} q re-

quires C, 70.8; H, 7.03). u*"* L740 (ester), 1630' 16I0, 1590

-'tcm - (aromaLic C=C). 6 6.4-7.9 (m, 5H, Ar H) , 3.9 (d, 6H, Ottle)

, 3.6 (s, 3H, CorMe). M*, m/e 288 (522).

1-Keto-7, 9-dimethoxy-1,2, 3,4-tetrahydro-phenanthrene 133

(A) Treatment

th afforded

. I 3o-1320.

of acid I31 with polyphosphoric acíd
oat 90 for tetralone 133 in 752 yield as a yellow

from di-so1id, ft.p A sample was recrystallize<l
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chloromethane as yetlow crystals, m.p. I34-1350 (1it.L25 L34.

1350). ,*r* t67O (C=o) , l 620, 1600 .*-I (aromatic C=C). ô 8.1

(d, IH, J10Hz, Ar H), 7.7 (d, lH, J3Hz, Ar H), 7.5 (s, lH,

Ar H), 7.3 (dd, IH, JrlOHz t Jr3Hz, Ar H), 4.0 (d, 6H, OMe).

(B)Under the same conditions (described above), ester

I32 gave tetralone 133 in 872 yield as a yellow solidr il.P.

L25-L2Bo. The spectra afforded by this compound were identical

with those obtained from a sample prepared by Method A.

L ,2 ,3 , 4 -Tetrahydro-1-methylene-7 , 9-dimethoxy-phenanthrene 13 4

A suspension of methyl triphenylphosphonium bromide

(33.69, 0.088 mol) in dry tetrahydrofuran (170 mI) at 0o and

under an atmosphere of nitrogen was treated with a solution of

n-buty1 lithium (0.086 mol) in hexane (65 mI). The mixture

was allowed to warm to room temperature, and after 15min, it

was treated with a solution of tetralone 133 (7.09,0.027 mo1)

in tetrahydrofuran (50 ml). The resultant solution was stirred

overnight and the tetrahydrofuran was removed by distillation

under reduced pressure. The residue was partitioned between

hexane (I50 ml) and methanol (100 ml, 50ià aqueous). The meth-

anol-ic extract was washed in turn with two portions (100 mt)

of hexane and all- of the hexane layers were washed in turn

with aqueous methanol (2x100 mI portions). The hexane layers

were combined, dried and evaporated under reduced pressure to

afford olefin 134 (4.89, 7OZ) as white flakesr m.p. gg-l0Oo

after chromatography on Fluorisil (60-100 mesh) (160q) follow-

ed by recrystallization from methanol-water. An analytical

sample was recrystallized from methanol as white flakes, m.p.

102-1030 (Found C, 80.3; H, 7.0. CtZ"tgoZ requires C, 80.3;



Í1, 7.LZ) . u*u.* L625 (C=CH,

(d, lH, J9Hz, C5-H), 7.44

Jr9IJzt Jr3ïz, C6-H), 6.90

4.90 (s, IH, C=CH.), 3.96

M*, m/e 254 (1003) .

l-32

-1cm (aromatic C=C). ô 7.70

J3Hz, C8-H) , 7.02 (dd, lH,

C10-H) , 5. 36 (s, IH , C=CH.)

OMe), 3.88 (s, 3H, OMe).

,

(d'

(s,

(s,

1600

lH,

lH,

3H,

I, 2, 3, 4 -Te trahydro- 1 -hydroxymethyl - 7, 9 -dimethoxy-phenanthrene

13s

A suspension of sodium borohydride (380m9, 10 mmol-)

in tetrahydrofuran (20 mI) at Oo and under an atmosphere of
nitrogen was treated with boron trifluoride etherate (I.4 ml)

and the mixture was stirred at Oo for 2n. A portion (2.0 mI)

of this diborane solution was diluted with tetrahydrofuran
(S mI) and was treated dropwise with a solution of olefin 134

(500m9, 2.0 mmol) in tetrahydrofuran (5 mI) at room temper-

ature. The mixture was stirred at room temperature for th and

water (0.5 ml) was added to hydrolyse the excess of sodíum

borohydride. Hydrogen peroxide (0.5 mI, 303) was added drop-

wise with stirring and the solution was kept basic by the ad-

dition of sodium hydroxide solution (108 aqueo.us). The mixture

was poured j-nto water (50 mI) and was extracted with dichloro-
methane. The dichloromethane solution was washed and dried and

evaporated under reduced pressure to give alcohol 135 (0.56g,

t00S) as an off-white solid, m.p. 130-1320. An analytical sam-

ple crystallized from dichloromethane-light. petroleum as white

f lakes, m.p. 149.5-150.50 (Found : C, 74.7 ¡ H, 7.3. C'T"ZOO¡

requires C, 75.0; H, 7.42). u^.* 3350 (oH), 1630, 1610 cm-l

(aromatic C=C) . ô 7.82 (d, lH, J9Hz, C5-H), 7.53 (d, lH, J3Í12,

C8-H), 7.14 (dd, IH, Jr9íz, Jr3Hz, C6-H) , 6.66 (s, IH, CI0-H) ,
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3.96 (s, 3H, OMe), 3.90 (s, 3H, OMe). M*, m/e 272 (433).

1, 2, 3,4-Tetrahydro-7, 9-dímethoxy-I-phenanthraldel-ryde J,3 6

Chromium trioxide (0.69, 6 mmol) was added to a stir-

red sol.ution of pyridine(0.959, 12 mmol) in dichloromethane

(15 mI). The red solution was stirred at room temperature with

the exclusion of moisture for t5min and a solution of alcohol

135 (272mg, I mmol) in dichloromethane (2 mI) was added. The

suspension was stirred for l5min and decanted from the res-

idue whi-ch had formed. Ether was added to this solution to

precipitate the chromium salts, and the mixture htas filtered.

The ethereal filtrate was washed with sulphuric acid (103

aqueous) ancl dried. Removal of the solvent under reduced pres-

sure gave a yellow oil (29mg). This oi] was chromatographed

on a preparative thick layer plate with ether-light

petroleum (1:3) and the fraction of rf 0.4 was eluted. Evap-

oration of the elutant afforded aldehyde 136 (65m9, 242) as

white flakes, m.p. gg-L}2o (dec.). u*"* L725 (C=o), 1630, 1610

-1cm-' (aromatic C=C). ô 9.66 (s, IH, cHo)' 7.80 (d,lH, J7Hz,

C5-H) , 7.55 (d, J2Hz, C8-H) , 7.L9 (dd, IH, JrTHz t Jr2ïz, C6-H)

,6.50 (s, IH, CIO-H), 3.96 (s, 3H, OMe), 3.91 (s, 3H, OMe) .

This compound was too labile to be characterized further.

L 2, 3, 4 -Te trahydro- I -methyl- 7, 9 -dimethoxy-1 -phe na nth r a Ìdeiryd e

r37

A solution of aldehyde 136 (62m9, 0-23 mmol) in

benzene (5 mI; all Solvents used in this preparat.ion were

purged with arqon for l5min before use) under argon was

treated with a solution of potassj-um t-butoxide(l62mg, I.45
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mmol) in t-buty1 alcohol (5 ml), and the mixture was stirred

at room temperature for 10min. Methyl iodide (207m9, 2.9 mmol)

was added and the mixture was stirred at room temperat-ure for

I6h. A further portion of potassium t-butoxide (8tmg, 0.073

mmol) was added, followed by methyl iodide (104m9, L.45 mmol).

The mixture was stirred for 2h and water (30 ml) and ether

(30 ml) were added. The organic layer was separated, washed

and dried and evaporated under reduced pressure, to give a

yellow solid (66m9). This solid was chromatographed on a

preparative thick layer plate with ether-Iight petroleum (2231.

Elution of the region of rf 0.4 afforded tetralone 133_ (21m9) .

Elution of the region of rf 0.6 gave the aldehyde 137 (22m9,

343) as a white solid. This was recrystallized from ether-

light petroleum as white flakes, m.p. 95-960 (Accurate mass :

Found z 284.L4I4. CI'HZOO: requires 284.L4I2). u*"* 1720 (C=o),

-11600 cm ' (aromatic C=C). ô 9.46 (s, lH, CHO), 7.83 ( d, IH,

J7Hz, C5-H) , 7.55 (d, lH, J2Hz, C8-H), 7.L7 (dd, IH, Jr7Hz,

J r2ïz, C6-H) , 6.38 (s, lH, C10-H) , 3 .96 (s, 3H, OMe) , 3 .92 (s ,
+3H, OMe). M , m/e 284 (339) .

L,2 ,3 ,4 ,5 , 6-Hexahydro-1-methyl-9-methoxy-7 (8H) -phenanthrone

140

A solution of alcohol 135 (272m9, I mmol) in dry

tetrahydrofuran (5 mI) was added to a mixture of liquid am-

monia (50 mI) and t-buty1 alcohol (0.33 mt). Small pieces of

freshly cut l-ithium (32mg, 4. m'-atom) were added, and the

solution was stirred in a bath of ethanol and dry ice for 2l:,.

The ammonia was removed in a str:eam of nitroqen and the residue

was acidified with dilute hydrochloric acid. The aqueous sol-



135

ution was extracted with dichloromethane and the dichroro-
methane extract was washed with water and with brine and dried.
The solvent was removed by distillation under reduced pressure

and the resultant oil was chromatographed on a preparative

thick layer prate with ether-right petroleum (3:r). The frac-
tion of rf 0.9 was eruted and evaporation of the elutant af-
forded tetralone 140 (80mg,338) as a colourless oiI. This was

crystallized from light petroleum as white frakes, il.p. 7o-

7Io (Accurate mass : Found z 244.1463. C.øHZOOZ requires
244.1463) . u*.* 1725 (C=o) , 1600 cm-I (aromatic c=C) . 6 6.72
(s, lH, Ar H) , 3.86 (s, 3H, OMe), 3.55 (s, 2H, ATCHTCO) , 1.35

(d, 3H, J5Hz, CH3) . Mf , m/e 244 (100å) .
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