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A. Synthasis of Lathwl- 2 methoxv-_8 maethvlaona- IOvBinothvl

45( ¢ )H~ ¢ibba- A- trienc~ 1 carboxviate.,

A synthetic route to gibberellin A4 with the potential of being
adapted to the synthesis of gibberellic acid has been investigated.

Terracinoic acid, a degradation product of terramycin, his been
claborated to methyl= 2 methoxy- 8 methylene- 10 B methyl- 4b(q )H-
gibba- A~ triene~ 1 carboxylate a tetracyclic compound in which rings
B and C have the un-natural trans-fusion (i.e. epimeric at 4b). The
stereochemistry of this -tetracyclic compound has been deduced from a.
study of the N. M. R. spectra of related compounds. |

A preliminary investigation into the possibility of adapting
this route to the synthesis of rings C and D of gibberellic acid has
been madée.

Attempts have been made unsuccessfully to functionalise an

s
e

unactivated methyl group in terracinoic acid and a variety of derivatives.

B. Svnthesis of Indane-= 1,7~ Dicarboxylic Acid.

A possible synthetic route to the AB ring system cf several
gibberellins has bzen investigated.

Benzaldehyde was converted to indane- 1,7- dicarboxylic acid



in a ten step synthesis but the route was abandoned at this point
because of poor yields-in an internal Friedel-Crafts-acylation

step.
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The gibberellins, a gzroup o

discovered by Japanese chamists during tha course of

an intensive
investigation into a soll«borne fungal disease of ricewseadlings
("bakanae" or "foolish-seedlings" disease).

In 1926, Kurosawal showed that similar physiological effectis were
produced on treatment with cell-fres culture fluids of the fungus

2a,b

Gibberella fujikuroi. In 19238, Yabuta and his co-workers succeeded

in isolating the active principles of these culture fluids as crystalline
substances which they named gibberellin A and gibberellin B.

These substances, however, proved to be mixtures and it was not
until the development‘of suitable chromatographic techniques that Curtis
and Cross3 were able to iéolate a pure compound with high physiologicai
activity, gibberellic acid (GA3) (1). |

Further studies also showed the prescnce of gibberellins Al, A2
and A, (2) in the fungus.4 Although the initial discovery of the
gibberellins was as extra cellular metabolites of a fungus which is a
plant pathogen, further investigation4 has shown that they are natural
constituents of green plants. | Studies over the last twenty years have
shovn that the gibberellins (of which there are some twenty=-seven known

Basb,c

at present ) are able to control growth and developmental processes

in plants by stimulating cell division and elongation.6a’b

For example,

treatment with gibberellins breaks dormancy in seeds, induces germination
. . 6a

and accelerates the growth of seedlings. They also possess the

characteristic and specific properties of reversing the mutant foxm in



[\

~

the case of certain genetic dwarfs, for example the dwarf character in

peas7, subs’

w)
1]

Fatad
b

ituting for a certain photo periodic regime in plants sensitive

,,_-

te day length and for low temperature in some species which require

(6]

vernalisation.

It is thought that gibberellins promote such developments either
by stimulating the synthesis of R.¥.A. polymerase or by activating alrcacy
present, but inactive, enzymes. Thé R.N.A. polymerase is involved in
the‘fynthesis of messenger R.N.A. and the result is the de novo synthesis
of proteins such as g-amylase and phosphorylase. This increase in
activity at a cellular level could be responsible for the effects obsexved
on gibberellin treaztment.

‘The structures of this group of compounds was the subject of a lgng

Ba,b

and arduous chemical jigsaw puzzle . until the final confirmation of

the structure and sterecchemistry of gibberellic acid (1) was achieved ly
X-ray structure analysis.9 The structures of the other oib erellins have
been elucidated by interceonversion and correlation of various derivatives
and degradation products with the acid (1) and the corresponding derivative
and degradation products of the acid (1).

Biogenetic studies, begun in parallel to the structural elucidation,
have shown that the gibberellins should be regarded as modified tetiacyclic
diterpenes of the kaurene type incorporating four molecules of mevalono-

ER
L

o proceed throuch formation of

)ll.

lactone (3)1°.  The biosynthesis is thought

Falz g cyclisation to the labcdadienocl (5

eranyl gerznyl pyrephosphate (4)
. . 13 . .
This dienol (5) has besen shown™~ to be incerporated (as its pyrophosphate)

duxring the blOSVﬂbheSlS of GA, (1). The incorporation of the

~



(5]

14 .
(/)s

labdadienol (5) takes nlace thrcucgh the formation of (-) kaurene
possibly through the (-) pimeradisna precursor (&) although, as yat, no
. . ' Q
tricyclic intermediates have been isolated.
The subseguent modification of (=) kaurens (7) to the gibbarellins
involves oxidation of ring B followed by ring contraction. It has been
5 ., . . . .
demonstratedl that this conversion takes place through the successive
formation of (=) keur-l6-en-19~cic acid (83 R = H) and (~) 7 Bhydroxy-
kaur-1lé~en~19-cic acid (83 R = OH) followed by ring contraction to the
=
gibbane aldehyde (9; Rl = CHO: R, = H)e (This is in agreement with
Z
s O
an earlier proposal.l )
Various hydroxylations and oxidations of this aldehydo-acid
(93 R, = CHOs R,

gibberellins found in nature.

= H) yield the bewildering variety of C19 and C20
16,17

For example, simple oxidation yields

gibberellin A12 (93 Rl = 002H; R2 = H). The biogenetic pathway from

the gibbane aldehyde (9; R, = CiO; R, 1

is not knowvn with certainty at present but it has been suggested

= H) to the C g lactonic gibberellins

16 that

hydroxylation precedes the oxidative steps. Several of the more
recently isolated gibberellins illustrate the stepwise oxidation of the

C4a methyl group which may constitute the pathway adopted by plants and

fungus to bring about the synthesis of these complex metabolites [_e.g,

A7 (10)5 Ay, (11)5 &), (12i] S0 pecent papers by Hanson et a1l2?l”

summarise the evidence for geranyl geranyl precursers and the oxidative
medifications of ring A obtained from a wide variety of labelling studies

and suygests the lactone formation in the C., gibberellins may result

19

from a Bayer-iilliger type oxidation of a C carbonyl function followed



)

by solvolysis of the resultant estercl In his review on diterpene
- o+ . 17 ; ¥ Iy s (3 s \]

biosynthesis™ , he suggasts the order in which lactonisation and

hydroxylation at C, may take place.

7

Because of the structural and stereochemical complexity of the
gibberellins, the ease with which they rearrange6 and the potential
commercial viability of any synthesis due to their remarkable biological
activity, these molecules have long presented an intriguing challenge to
the synthetic organic chemist.

Initially, the syntheses were devoted tc confirmation of the
structures of degradation products of gibberellic acid (1) as part of the
effort directed to finding the structure and stereochemistry of the
gibberellins.  Examples of this type of synthesis are shovwn in the

syntheses by Mulholland gt al, of the tetracarboxylic acid (13)1®

proauced

by stepwise degradationlg of gibberellic acid (1) and 1,7 dimethylfluorenaggg
at 350°. Syntheses such as these led to the determination of the
structures of gibberone19 (15) and gibberic acidl? (16).

Although gibberone (15) and gibberic acid (16) are degradation
products of gibberellic acid (1) their syntheses can be considerad as the
beginning of the attempts to synthesize the gibberellins since they
possess the gibbane skeleton (17) and, like most of the synthetic studies,
act as model compounds for the achievement of the Ultimate goal in this
field - the synthesis of the naturally occurring metabolites,

Loewenthal?? and Raphael23 achieved the synthesis of gibberone (15)
by constructing the bicyclo E,2,ﬂ CD ring system on a suitably sub-

stituted indanone. The most interesting step in these syntheses was the



use by Loewenthal of boron trifluoxride ~acetic acid to clese ring D by
a cyclodehydration (18=»19), a method which he later improved by the

use of napithalene-2-sulphonic acid.24

Gibberic acid (16) was also
« 125 , . -
synthesised™ by Loewenthal using a similar approach.
Stork and his co-wiorkers were also active in this field and, in

sx s s e g . , 26

achieving the synthesis of the gibbane alcohol(20)“” by the elegant
. . PR 27 . . .

cyclisation of the ethynyl ketone(21) using potassium, ammonium sulphate
and tetrahydrofuran in liquid ammonia, became one of the first to synthesize
a molecule with the naturally occurring CD ring structure.
. . . 23
Another, less successful, attempt was made by Dolby and Iwomoto
who attempted the acid catalysad cyclisation of the dienone (225 R = 0)
and the allylic alcohol (223 R = CHys CH) both of which bear a formal

13 labdane precursor (5). However, the desired

relationship to the knovn
products (22; R = 0 —=> 23, 24) and (22; R = CHgy OH —> 25) were not
isolated. Tha dienone (22; R = O) gave more than a dozen products on
attempted cyclisation under a variety of conditions while the alcohol
(223 R = CH,, OH) yielded the substituted octalin (26).

In addition to these synthetic efforts directed towards synthesis
of the gibberellins, mention should also be made of Ireland's masterly
synthesis of hibaene (27)29 in the course of which he synthesised a
compound (28) from the tricyclic keto acetal (29) by a series of high
yield transformations. The tetracyclic compound (23) contains the CD
ring system of the gibberellins and was smoothly rearranged in a stereo-
specific manner by analogy with the well-known gibberellic acid (1) -

gibberic acid (16) transformationlg to yield the expected produét of



defined stersochemistry.

A challenge equal to that posed by the construction of the CD ring
structure is the synthesis of ring A analogs.

.The problem was first tacklzd by Hori g§_§;30 who, while attempting
to define the structure of ring A of gibberellic acid (1), synthesized
a series of thirteen cyclohexane y and & lactones. One of these lactones
(30) synthesised from 1 methyl- 2 hydroxy- 5 keto cyclohexan- l-oic acid

proved to be the C, epimer of ring A of the natural product. A

31

2

similar approach to this problem by Moffat™  resulted in the synthesis
of the ring A analogue of gibberellin A, (2).
The lactone synthesised was shown to be epimeric with the lactons

(30) synthesised by tori>’ and epimerised to (30) in dilute aqueous
alkali by what was suggested by Cornforth32b to be a retro-aldol mechanism.
This behaviour has been observed in the gibberelli0532a and appears to
occur by the same mechanism.33
A better model was obtained by Loewenthal34 and his co-workers in

the formation of the lactone (31) from the readily available>4s 3

2 methoxy
5,6,7,8 tetrahydronaphth-l-oic acid (32) by the reaction sequence (32—>33
—> 34—> 31). Dolby36 has also solved this problem by tackling it

in a completely different manner. Reaction of the substituted cyclo-
pentanone (35) with homoallyl magnesium bromide yielded the olefinic
lactone (36) after saponification. Oxidation and aldol condensation

then afforded a mixture of epimeric alcohols (37) which were separated to

yield the desired « hydroxylactonic product.



Various group537a’b have attempted the synthesis of the gross
gibberellin structuraz,mainly from hydrofluorene~type precursors, but
although several promising approaches have bezen published,a great deal
of work still remains to be done in most casese.

.House, in a series of paper338 investigating synthetic routes to
the gibbeiellins and related compounds, has used this approach in his
synthesis of epiallo=-gibberic acidﬂiéggjgr

The indanone ester (40) was prepared either from o tolualdehyde by
standaxrd procedures-or by a 1,4 Grignard reaction between 1,1,2 tricarbo-
methoxy ethylene and o tolyl magnesium chloride in the presence of
anhydrous cupric acetate followed by Friedel-Crafts cyclisation of the
derived o tolyl succinic anhydride and methylation. This ester (40) was
carbomethoxylated, using diﬁethyl carbonate and sodium hydride, then
converted to the related enol acetate (41) by reaction with acetic
anhydride and perchloric acid as catalyst. Hydregenation followed by
acid catalysed elimination of acetic acid from the acetox& diester (41)
yielded (42) which afférded the desired adduct (33; R = CH3) following
a Diels~Alder reaction with 1,3 butadiene at elevated temperature and
pressure.

Further investigation39 on the general applicability of this reaction
scheme showed, however, that a substituent at C, of the dienophile (42)

"~ was necessary to prevent thermal isomerisation o the less s’cable38’39
a2 compound before Diels-Alder addition took place.
Another example of this type of approach is the intermediate (43)

37a

recentl§ synthesized by Nakanishi, The initial Diels- Alder reaction



of 1(p methoxyphenyl) butadiene with 2 methyl-3,3 dicyano-ethyl acrylate
yields a diene ester (44) which on saponificaticn and anhydride formation
affords the substituted cyclohexene (45). Treatment of (45) with
aluminium chloride yields the hydrofluorene (46) easily converted to
(43) by treatment with p nitroperbenzoic acid followed by acetylation.

Kitahara4o chose a novel approach to this problem in his synthesis
of the acetylenic perhydrofluorenone.(47). Reaction of the substituted
furan (48) with maleic anhydride yiclded (49) which on catalytic hydro-
genation and esterification afforded (30). reatment of this triester
(50) with sodium hydride gave the pérhydrofluorene derivative (51) which
on alkylation with prop-2~ynyl bromide and base treatment yielded the
ether-cleaved product (52). This product (52) aromatised on reaction
with acetic anhydride~ dimethyl sulphoxide to give (47).

By far the most active group engaged in the synthesis of these
' secondary metabolites has been the Tokyo group headed by Matsui, Mori
and Sumiki. These workers have synthesized a wide variety of hydro-
fluorene derivatives including 7-desmethyldihydrogibberone4l (53) and
epigibberic acid™® (4b epimer of 16) in an almost uninterrupted investig-
ation into the bakanae fungus since Yabuta first isolated a crystalline
gibberéllinga’b more than thirty years ago.

As well as the hydrofluorene approaches, this group have also
investigated a lengthy approach via hydrophenanthrene intermediates.
An example is the synthesis of the triacetoxy ester (54) containing the

gibbane skeleton,43



.t b 44 .
6emethoxy= astetralone was converted by standard procedures = into

the substituted phenanthrene derivative (55). Ring closure with boron-
trifluoride-acetic acid-acetic anhydrids gave, after ketalisation and
hydrogenation, the tetracyclic ketal (56) in low yield.44

Wolff-Kishner reduction, followed by removal of the protecting

group and borohydride reduction afforded the expected mixture of epimeric

alcohols.43 This was follo@ed by Birch reduction, hydrolysis, methylation
and reduction to yield the epimeric alcohols (57; R = H).45’46

Acetylation yislded the acetate (575 R = Ac) which was cleaved
by reductive ozonolysis to a keto aldehyde.46 Chromatography of this
aldshyde yiélded46 the gibbane compound (58) by internal aldol condensation.
‘A<subsequent paper47 discussad the oxidative modification of the Cl -
methyl group in (57; R = Ac) to an acetate grouping via the bromo-ether
(59) to give»(éo). By a series of transformations > analogous to those
used in the synthesis460f (58), this triacetate (60) was converted to a
gibbane aldéhyde which on oxidation and esterification afforded (54).

The ;ulmination of the Japanese chemists'! efforts was the formal
total synthesis of gibberellins A, (61), A, (2), Ay (62) and A, (63)
from o xylene48.

The synthesis was achieved in five stages by interrelating various
degradation prodgcts of GA3 (1) and then using the degradation products
obtained from natural sources as relay compounds.

Firstly epigibberic acid (C4b epimer of 16), a product of treatment

. . . . . . . 49 .
of gibberellic acid with hot dilute mineral acid °, was synthesized
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from o xylene in a twenty-one stage synthesis.42 Epigibberic acid was
in turn converted to the ester (64) by a standard five step synthesis48’5o
followed by separation of epimeric products. This ester (64) was a naw
degradation product5o of gibberellic acid (1) and servéd as the first
relay.compdund. Transformation of (64) to the dienone (65) was achieved
in ten stages utilizing a bromination - dehydrobromination technique.
Since a previous publiCation5l by Mori et al had been concerned with the
synthesis of gibberellin C (66), the product of acid catalysed rearrange-
ment of GAl, in eight stages from (65) using triphenyl methyl sodium

and carbon dioxide as carboxylating agents, reduction of the endocyclic
ring A double bond being carried out with Pd - C and hydrogen and
lactonisation being effected by sulphuric acid treatment, this completed
the synthesis of gibbarellin C (66). This in turn completed the formal
total synthesis of the gibberellins since other auth01532 had converted
gibberellin C (66) into gibberellin A4 (2) by the reaction sequence

(66 —370) in 5% yield using sodium borohydride and phosphorus penta-
chloride. Gibberellin A4 (2) had itself been transformed into A2 (61)53,

A, (62)°* and A, . (63

10
In the present investigation, approaches were made to a synthesis
of a model compound for rings A and B of gibberellic acid (1) and
gibberellin A4 (2).
Consecutively with this, a model compound of the CD ring system
in A, (2) was synthesized from terracinoic acid (71); a2 degradation
product of terramycin (72). This model compound posse@sses an aromatic

ring which has the potential of being converted to ring A of the naturally



11

occurring metabolites.
Also studied were attempts to functionalise the benzylic methyl

group in this acid (1) and its derivatives.
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THE SYNTHESIS OF METHYL-2KHETHOXY -
E-METHYLENE-10B METHYL-4b(ac)i-GIBBA-
A-TRIENE-1-CARBOXYLATE,
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On account of the structural complexity of the gibberellins, it
was decided to direct synthetic studies towards gibbane deriQatives
incorporating as much as possible of the functionality.and stersochemistry
found.in the natural metabolites. It was felt that, in this way,
experience which could prove invaluable in attempts at the total synthesis
of gibberellic acid (1) and gibberellin A, (2) would be gained.

The starting material chosen for these studiss was terracinoic
acid, (38=methyl=4-carboxy=5=hydroxy-indan=l=one}-2 a acetic acid, (3; R = H),
the readily available alkaline degradation product of terramycin (4)1.
.This acid (3; R = H), was chosen for two reasons. Firstly, the substit-
uvents in the five-membered ring of the acid (3; R = H) were such that
there existed the potential of constructing the CD ring system of the
gibberellins on a pre-formed indanone derivative. It was envisaged that
this could be carried out by a route similar to that used in such syntheses
as those of gibbarone (5)2 and epigibberic acid (6)3.

Secondly, the aromatic ring possessed functionality suitably dis-
posed for conversion to ring A of the gibberellins by reductive methyl-
ation and lactonisation in a manner originally designed to be applied to
indane-1, 7-dicarboxylic acid (see part B) and which was later successfully
applied by Loewentha14 to 2 methoxy=-5,6,7,8~-tetrahydronaphth-l-ioc acid.

Alkaline hydrolysis of terramycin (4) followed by methylation with
ethereal diazomethanel yielded dimethyl terracinoate methyl ether (3; R =
CH3) in 32 yiesld from terramycin.

This material possessed the same physical characteristics as that
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vdescribedl in the literature. N. M. R. investiggtion of the racemic
ester (3; R = CH3) confirmed the presumad trans dispdsition of the sub-
stituents at G, and G, by application of the Karplus equation’ to the
vicinal coupling constants for the protons on’these carbon atomé.
[%enéylic hydrogen T 6.55 (octet); J = 7,2 Hz; Benzylic methyl group
with H

T 8.63 (d); J =17 Hz] The 2 Hz coupling of H indicated

3 2
an angle of 115° between those protoﬁs which are, therefore, trans
oriented as must also be the 03 methyl group and the 02 acetic acid
residue.

Michael annsllation of dimethyl terracinoate methyl ether (3;'R =
CH3) with methyl vinyl] ketone and sodium methoxide2 afforded the tricyclic
acid (7; R = H) in 80% yield. Confirmation of the structure assigned,
to this acid (73 R = H) was achieved by a combination of various spectro-
scopic meaéurements. Infra-red spectroscopy revealed the presence of

the carboxyl group (.\;§3j01 3500 - 2600). It has been suggested

2,6,7

. in analogous cases that the acid function arises from an intra-

molecular lactonisation (8) - elimination reaction duiing the addition
of methyl vinyl ketone.
The extended "cinnamoyl=type" chromophore was evident in both the

-1
infra=red ( v oo 1640) and ultra-violet ( A ggx 326) spactra. As

Nujol
is the case with the majority of compounds considered in this discussion,
the N. M. R. spectrum revealed the significant structural details of the
molecule in a more definite manner than did the other spectral methods.

The 05 (Gibbane Numbering) vinylic hydrogen was evident as a singlet at

T 3,60 and the cérboxyl proton could be seen, centred at 7 4.5, as a
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broad absorption (which disappeared on DO exchange).  The presence of a
molecule of methanol of crystallisation observed in the analysis of this
acid was also confirmed. This methyl singlet (7 6.55) disappeared
dramatically on D20 exchange as the methanol was partitioned between the
two phases, G.C, = IM.S. examination of the methyl ester (7; R = CH3),

confirmed the molecular weight as 358 (C 06 requires 358) and also

201122
revealed the presence of a minor component with a parent ion at m/é 326.

It was thought that this minor component was the tetracyclic diketone (17)
formed by thermal cyclisation on the G. L. C. column; this was later
confirmed by comparison with an autﬁentic sample.

(Note: Analysis of the acid (7; R = H) was only accomplished with
difficulty, probably because of a facile loss of acetic acid which left
a residual fluorene structure more resistant to complete combustion.

Analysis was finally achieved by prolonged combustion in t@e presence
of cobalt oxide as catalyst).

The stersochemistry shown for the acid (7; R = H) is based on
analogy with the mechanism proposed by Mori8 for the addition of methyl
vinyl ketone to 3-carboxy-indan-l-one-2-acetic acid derivatives. 1In
short, this involves Michael addition of methyl vinyl ketone to a planar
anion (the stereochemistry of this process being controlled by the C3
carboxyl group). This gives a tricyclic ketone in which the carboxyl
and acetic acid groups are cis related and is followed by base catalysed

epimerisation of the C9 carboxyl group to give the more stable irans

relationship,
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In our case the planar enolate anion (i) gives as the sole product
the cis (methyl to acetic acid) compound (7; R = H) which is incapable

of epimerisation

(i) , (7; R = H)

Attempts to define unambiguously the steric relationship of this
methyl group to ring D in the related diketone (17) by Nuclear Over-
hauser Effect59 were inconclusive,

It is interesting to note that annellation in similar cases has
not always led to the expected products. In the synthesis of the 7-
deoxy epiallogibberic acid methyl ester norketone (9)10, the ester (10)
gave, as in this case, the product of "normal" Michael addition (11),
probably via (12) and/or (13). However, in the reaction of the indanone
(14), a vinylogous B keto ester, with methyl vinyl ketone an anomalous
product (15 or 16) was formeat! Obviously, in this case (14), the
developing carbsnion was formed at C3 and it was suggestedll that this

did not happen in (10) because the C4 methyl group prevented maximum
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p =-m overlap.

The acid (7; R = H) on treatment with naphthalene=-2-~sulphonic
acid in refluxing toluene6 was cyclised in good yield to the unsaturated
diketone (17). Infra~-red examination showed absorptién af 1740 and

1 1

1660 cm — as well as the olefinic absorption at.1620 cm ~. The ultra-

violet spectrum showed a bathochromic shift ( A\ m?g 250, 308, 340)

predicted by analogy.6’12

This may possibly be explained by Moore and
Fisher's suggestionlz. They suggest that the strain involved in the
construction of the bicyclic ring may in some way be localised and increase
the ease of excitation of the electrons in the chromophore.

The N. M. R. spectrum showed the bridgehead C, proton as a very

7
fine triplet at 7 6.43 (J <2 Hz) in addition to the other significant
features seen in the spectrum of the acid (73 R = H). (The N. M. R.
spectrum of this and other compounds is more fully discussed in the
Appendix to this section.)

The problem that now presented itself was to differentiate in some
way between the two ketone functions of (17).

In previous cases published this has bsen achieved, albeit in low
yield (4 - 30%), by selective ketalisation of the cyclopentanone carbonyl
group. [%.g. in the synthesis of gibberone (4)2 and the hydrophenan-
therene derivative (18)13:] However, in this case, attempted ketal-
isation of (17) under a variety of conditions (e.g. ethylene glycol/
naphthalene-2-sulphonic acid/benzene; ethylene glycol/adipic acid/
benzenel4; ethylenea glycol/b T. S. A./ﬁichloroethanelo) did not yield

the desired product. The only products isolated were starting material
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and much more polar products. These more polar products were tentatively

identified as the mono and bis ethylene glycol esters of the acid (7; R= H)
produced by Lewis acid catalysed cleavage of the non-snolisable Bdiketone
system in (17) and had been observed previously in similar circumstances.2’13

A éecond approach was based on the knownl5 reaction of afepoxy ketones
with hydrazine., For example, the reaction of isophorone oxide (19)16
affords (20) on treatment with excess hydrazine hydrate at room temperature.l5

If this reaction had been successful, an unsaturated benzylic
alcohol (21) would have been formed whiéh would have besen amenable to
hydrogenolytic removal of the hydroxyl function with concomitant saturation
of theolefinic bonds This hydrogenation may also have allowed for precise
control of the stereochemistry of hydrogenation at C4bby a suitable choic?
of hydrogenation catalyst.

In the event, however, treatment of the diketonz (17) under a wide
vafiety of conditions yielded only unreacted starting material or
démonstrated once again the ease with which the biqyclic system is cleaved
to form the tricyclic acid (7; R = H) or ester (7; R = CH3).

Another method employed in an attempt to overcome the problem of
differentiation was hydrogenolysis. The diketone (17) was reduced by
sodium borohydride to a mixture of epimeric diols (22; R = H). However,

- the attempted hydrogenolytic removal of the allylic alcohol in acid
medium failed. The product was shown, after Jones oxidation, to consist

solely of the diketone (23), identical in all respects with a genuine sample

prepared subsequently.



Other methods of reductively removing the cyclohexenone system
likewise failed. Hydrogenation of the derived acetates (22; R = Ac)
under basic conditionsl7 appeared only to saturate the. olefinic bond and
no reaction was observed on treatment of the acetates with zinc and
acetié acid.

In the synthesis of « and B Qudesmolla, it waé shown that on
reaction of (24) with one mole of ethane dithiol, the enone carbonyl
function was thioketalised in a highly selective manner. ¥With this
reaction in mind, the diketone (17)7was treated with ethane dithiol
(1 mole) in mathanol at 0°. - The principal product isolated was shown
by spectroscopic and thromatographic comparison to be the tricyclic
methyl ester (7; R = CH3)'produced by catalytic cleavage of the B
diketone.

Treatment of (17) with excess ethane dithiol for a shorter time
did not result in any reaction.

The fifth, and ultimately succéssful, approach chosen involved
selective reduction and protection (as the acetate) of the cyclopent-
anone function. It is known that the mechanism of sodium borohydride
reduction proceeds through attack on that carbonyl carben atom which
has the greatest electron deficiency and that the rate of reduction is

19 For

lowered by resonance which tends to reduce this deficiency.
these reasons, it seemed reasonable to expect that not only should
reduction by sodium borohydride proceed in a stepwise manner but also

that the cyclopentanone group should be reduced in the first step.
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A sample of the diketone (17) was reacted with excess sodium boro-
hydride under standard conditions and alicuots were taken at defined

-intervals. G.C. = M.S. examination of these alicuots-established that,
as expected, reducticn proceedsd in a stepwise fashion and infra-red
examination confirmed that it was indeed the cyclopentanone carbonyl
group which was reduced first.

The reaction time for optimum yield éf cyclogantanol was 2 minutes
20 seconds. (in AnalaR solvents). (See graphs I and II).

The reaction was repeated on a larger scale and quenched at the
optimum timé shown by G. L. C. examination. The crude alcohol (2535 R = H)
was converted to the ketc acetate (255 R = AC) by acetylation with acetic
anhydride in pyridine and purified by crystallisation. In this manner,
the unsaturated keto acetate (255 R = Ac) was obteined as a single
epimer in 70% overall yield, Although G. L. C. examination of the
products of reduction had shown a small peak ”[ca. 7 - 8% of the peak

 attributable to (25; R = Hﬂ which might have been an epimer at Cgy no
trace of the other epimeric acetate was found in the recrystallised
sample.

This method of differentiation between the two carbonyl groups,
while initially more tedious, proved to be much more satisfactory than
bthe low yield ketalisation methods employed previously in this field
by other workers.

It secems safe to assume that hydride reduction had taken place almost

exclusively from the least hindered a-face of the molecule and that,
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therefore, the acetate (25; R = Ac) isclated as a single epimer had the
88 configuration. A high dilution infra-red examination of the keto

alcohol (253 R = H) confirmed this views intramolecular hydrogen bonding

em™ 2

bondad CH

The validity of the structure assigned to the keto acetate (25;

of the alcohol to the 06 keto group was evident ( v 3,520).

R = Ac) was evident from its spectral characteristics, The infra-red

: -1
spectrun showed the presence of the enone system ( \)ngq 1665); the
4 .1.3
absence of cyclopentanone absorption at 1730 om-l and the appearance of
-]
acetate ester absorption ( chgﬂ 1730, 1240). The unaifected
3

cinnamoyl chromophone ( A Afx 328.5; €, 23,000) was evident in the
U.V. spectrum. The N. M. R. spectrum indicated that the only change

in molecular structure was. about the cyclopentanone system and showed the
presence of an acetate methyl group[rt 8.02(53.

Owing to the difficulty encountered in selective reaction of one
of the carbonyl functions in (17), it was decided that while the above‘

. work was in progress attempts would be made at the complete removal of
both ketone functions in the molecule.

To this end, reduction of the 4b,5 double bond in both (7) zand (17)
was studied. These clafinic linkages proved to be peculiarly resistant
to reduction under a wide variety of conditions (eege H2/1O% Pd - C; H2/
5% Rh- = Al; Li/NHS) and afforded only unreduced material or an intractable
mixture. Reduction was finally effected by the use of 30/ Pd - C
catalyst followed by Jones oxidationzo to reoxidise the products of over

reduction. (Later studies on the reduction of the ketoacetate (255 R = Ac)



showed that reduction of the é-keto group was as facile as reduction of
shuweu wiaL Leduciion 01 The b=Keto group was as facile as reduction of

the 4b,5 double bond.)
The spectroscopic properties of the diketone (23) were significantly
different from those of the unsaturated material (17). Carbonyl

absorption in the infra-red was now only evident at wavelengths greater

et
CHC13

extended chromophore previously observable in the ultra-violet spectrum

-1
than 1700 c¢m ‘[: \J 17213 1735 (shoulderi] , Similarly, the

had disappeared and absorption now took place at lower wavelengths

( A

max 239 290 335).  The M. M. R. spectrun showed the loss of

the vinylic hydrogen and an increase in complexity of the methylene
absorption, Mass spectfoscopy confirmed the molecular weight as 328

(c requires 328).

19H2005
Removal of the carbonyl functions was initially attempted by for-

mation of the ditosylhydrazone followed by hydride reduction. Cagliotin
had shown that this is a more efficient method for removal of a carbonyl
group than the Bamford-Stevens reaction22 (treatment of a tosylhydrazone
in ethylene glycol with the sodium salt of ethylene glycol).

The yields, with the sole exception of aromatic carbonyl groups,
are usually high and the saturéted product is normally obtained rather
than the olefinicproduct of the Eamford-Stevens reaction.

However, treatment of the diketone (23} with tosyl hydrazide under
more forcing conditions than those employed by Caglioti2I did noteffect

formation of the tosyl hydrazone. The recovery of starting material

only is, presumably, attributable to steric hindrance at the sites of

reaction.



Thioketalisation of the carbonyl functions was also attempted.
Examination of the material isolated showed that at ieast nine products
had been formed and the reaction was not pursued.

.Treatment of an alcohol with thionyl chloride has been shown23’24
to bring about either dehydration or replacement of the hydroxyl group

by chloride. Such reactions would allow the desired product (26) to be
obteined by catalytic or hydride redﬁction of the product of thionyl
chloride treatment of the diol (27).

Accordingly,Athe ketone (23) was treated with excess sodium
borohydride to yield an epimeric mixture of diols (27) (from T. L. C.
examination). The structure of these dicls (27) was confirmed by the
expected changes from (23) on spectroscopic comparison. .

The only carbonyl abscrption in the infra-red occurred as a
sharp peak at 1729 c:m"l (aromatic ester) and the hydroxyl absorptioh
was readily apparent (3600 = 3450 e d).

The ultra-violet spectrum showed the loss of the long wavelength
absorption ( Kgg; 235, 288) and the signals from tbe protons on
the carbinol carbon atoms could be detected in the N. M. R. spectrum
at T 5.5 with a slight change occurring at T 6.0 on D20 exchanges The
mass spectrum showed that an increase in molecular weight by four mass
units had taken place. (Parent ion m/e 332; 019H2405 requires 332).
The diol (27) was reacted as described in the literature?? with thionyl
chloride.

The product isolated in high yield proved to be the sulphite ester

(28) rather than éither of *he desired products. Ths presence of
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sulphur in the product was confirmed by a standard sodium fusion test.
The infra-red spectrum showed the disappearance of hydroxyl absorption
but the absorption expected for the sulphite ester ( 1200 cm-l) was
masked by the solvent. The ultra-violet and the N. M. R. spectra
hardl? changed and in this case the mass spectrum proved to be more

significant. The parent ion was observed at m/e 378 (C S requires

19722%
378) and a peak at m/e 314 attributable to loss of sulphur dioxide was
also apparent.

The formation of the sulphite ester in >80% yield again indicated
fhe steric control exerted inthe hydride reduction of the diketone (23)
and allowed the major epimer to be assigned the 60 4, 8 configuration.

In view of the high specificity in reduction of the cyclopentanone
the minor epimer has pfesumably the 6 4 88 configuration.

In connection with these attempts to prepare a CD system lacking
any functionaiitg if was found in one instance that treatment of thio-
ketal (30) with Raney nickel produced the gibbatriene ester (26). This

.

reaction was not reproducible.

In view of the successful selective borohydride reduction to the
keto alcohol (25; R = H) described earlier, attention was directed to
this aspect of the synthesis which appeared to offer most promise as a
means of removing the cyclohexenone system and regenerating the cyclo-
pentanone moiety.

Reduction of the keto acetate (253 R = Ac) was readily accomplished

in the presence of 30% Pd - C catalyst followed by Jones oxidation to
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afford the saturated ketoacetate (29). Again the structure proposed

for this acetate (29) was readily confirmed by spectroscopic studies.

et

The infra-red spectrum showed twin carbonyl peaks ( Va0l 17353 1715)

and absence of the double bond absorption previously observed at 1620 cmfl.
As in‘the reduction of diketone (17), the ultra-violet and N. . R. spect ra
confirmed the saturation of this bond while the mass spectrum showed that
an increase of two mass units in the molecular weight had taken place
(Parent ion m/e 372; CpyHp 40y Tequires 372).

The solvent used for this reduction was methyl acetate since trial
runs had made it evident that the use of methanol as solvent led to
ester exchange on the' catalyst surface giving rise, after the oxidation
stage, to varying amounts (8 - 10%) of the saturated diketone (23). Use
of chloroform as a co-solvent to overcome.the limited solubility of (25;

R = Ac) in methanol caused this contamination to exceed 80% of the
material isolated from the reduction. Reduction in acetic acid yielded
the correct product (29) but this too was isolated in an impure form.

That the catalytic hydrogenation had proceeded in a stereospecific
manner was apparent from a detailed G. L. C. examination of the product
(29) which indicated that cnly one of the two possible 4b epimers had
been produced,

Since the stereochemistry of the keto acetate (29) is of paramount
importance so far as the synthesis of natural gibberellins is conserned,

an attempt to produce the other 4b epimer was undertaken using a method

employed25 in the steroid field for producing AB gis steriods.
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. = 25 .
Bouchard and Engals™™ synthesized AB cis stercids by reduction of
A4 g s h . .
the compounds 1in the presence of methanol, potassium hydroxide

and 4% Pd - CzCO,_ catalyst.

3

Using a close approximation to the conditions spacified25 by these
authors, the dike{one (17) was hydrogenated for four dayss The
prcduct obtained, after Jones oxidation, proved identical on a variety
of G. L. C. stationary phases to (23) and to a sample of (29) converted
to (23) by a combination of methanolysis and oxidation.

Attempts to remove the enone system in (25; R = Ac) directly by
hydrogenation of the derived thioketal as a means of obtaining the acetate
(31) or its 4b epimer‘were unsuccessful owing to our inability to
prepare the thioketal under a variety of conditions,

It was thought that the above hydrogenation had produced the
epimer with the 4b hydrogen trans to the Clo methyl group and trans to
ring D. i+ seems reasonable to assign the a configuration to this
- 4b hydrogen in ketoacetate (29) and the related diketone (23) since
catalytic hydrogenation would be expected to take place from the least
hindered face of the molecule and also since it has been observed that

4b,5

hydrogenation of the A gibberellins results in that epimer having

the 4b hydrogen trans oriented with respect to the ClO carboxyl gIOUp3’263bC.
This assignment was further strengthened by a study of the N. li. R.
spectra of the diketone (23) and the ketoacetate (29) in deuterochloro-

form and benzene. In the spectrum of (23), upfield solvent shifts

were observed for, inter alia, the protons attached to C4b (T 6.7T—> 7.44);
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Cy (~6.9—28.2 T); Gy (~6.7—>7.3 1) and Gy ( 7.65—58.5 7 ).
In the benzene spectrum'of ketoacetate (29) these same shifts were
observed to hgve taken place with the soie exception of one of the C5
protoqs. This proton had been deshielded by the acetate function and
absorbed at ca. 743 T. This indicated that ring C had adopted a chair
conformation and that hydrogenation had taken place from the « face of
the molecule. '

It would appear, therefore, that construction of the unnatural
BC = trans fused ring system had been achieved.

The two possible conformations are (i) and (ii). Only in

conformation (i) will.the C. axial proton be deshielded by the acetate

5

moisty. In conformation .(ii) the C4b proton would have been deshielded.

This was not observed.

H AcO

(i)

Nuclear Overhauser studies9 on the acetate (29) and the ketone (23)
were not undertaken in view of the inconclusive results obtained above.
Although the N. M. R. evidence would appear to offer proof of the

stereochemistry of the tetracyclic ketoacetate (29), an absolutely

definitive stereoéhemistry could only be obtained either by an X-ray
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crystallographic study or a circular dichroism comparison of the resolved
ketone (32) with 17-norkauran-i6-one or 17—norphyl10cladan—16-one27.
An X-ray structure analysis of the chloroketone (33) is in progress.

With the ketoacetate (29) now readily available the next stage in
the synthetic scheme - the removal of the C6 keto function - was studied.

After an initial lack of success at the formation of the thioketal
(30), the ketoacetate (29) was transformed in high yisld to (30) by
treatment with ethane dithiol and boron trifluoride etherate in acetic
acid28 under an inert atmosphere., |

Little change was seen in the ultra-violet spectrum ( A'g:x 229;
268) of this thioketal (30) and the infra-red spectrum similarly showed
little change apart from the fact that the carbonyl absorption now ‘
appeared as a symmetrical sharp band both in solution ( v CHbl3 1720)
and in a Nujol mull ( vcm-l 1735).

The N. M. R. spectrum showed the expected multiplet at T 6.5 - 7.0
" (4 protons) for the ethylene group of the thioketal while the mass
spectrum showed the parent ion to be m/é 448 (023 28O 82 requires 448).

Desulphurisation of this thioketal (30) with Raney nickel W - 229
in refluxing methanol afforded the acetate (315 R = Ac) in good yield.
~ As in the case of the compounds discussed earlier, the structure of this
acetate (313 R = Ac) was readily confirmed by spectroscopic investigation.
The infra-red ( v chll 1735) and the ultra-violet ( K“‘;‘x 231,288)

spectrum showed, as would be expected, very little ‘change from the

corresponding spectra of (30). The N. M. R. spectrum, cn the other hand,



displayed an obviously increased complexity in the region T 8.0 -~ 8.4
due to the replacement of the spiro-dithialanAring by two protons and
the large complex multiplet (7T 6.5 = 7.0) previously evident was absent.
The pérent ion in the mass spectrum occurred at'm/é 358 ( C21H2605
requires 358) and the spectrum showed, inter alia, the loss of methoxyl,
methanol and acetic acid previously noted in the spectra of (25; R = Ac),
(29) and (30).

On éeveral occasions, anomalous products were observed to be
formed in the above desulphurisation reaction.

Freshly preparad Raney nickel W - 229

nqi‘mélly gave the desired
acetate (315 R = Ac) in 75 - 80% yield. However, on one occasion, two
products were isolated in the ratio 3:1. The minor product was shown
to be (313 R = Ac) by comparison with an authentic samplé. The major
product was‘assigned structure (26) on the basis of chromotographic and
spectroscopic evidence in conjunction with the knowledge that loss of
an acetoxyl group during removal of a thioketal had previously been

observed.so

G. L. C, and T. L. C. examination showed that the compound
was less polar and more voiatile than (313 R = Ac).  Mass spectroscopy
revealed the molecular weight to be 300 while the N. M. R. spectrum
showed the loss of the signal due to the acetate methyl group while
confirming the presence of the other methyl groups in the molecule. This
reaction could not be repeated.

On another occasion, during a large scale preparation of the acetate

(313 R = Ac) G. L. C. examination of the solid isolated by preparative
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T. L. C. revealed the presence of seven components (50: 15: 15: 15: 1:
1: 2).

It was originally thought that the formation of these products
could~have bzen explained by previously observed phenomena. It is well
known31 that a degree of unsaturation often occurs in Raney nickel
desulghurisations and hydrolysis of acetates has also been noted31 in the
presence qf basic Raney nickels A third phenomena observed in thoss
reactions is the epimerisation of alcohols32 by Raney nickel treatment.

A combination of some or all of these factors could have accounted
for the multiplicity of products evideat on G. L. C. examination.
Accordingly, the mixture was hydrogenated and then treated with methanol/
HC1 followed by Jones oxidation as described below, G. L. C, examination
of the material isolated revealed two components in the ratio 2.1:1.

The majbr component could be isolated in a pure form by fractional
crystallisation from ethyl acetate and was shown to be (32) by dirsct
comparison.

Preparative T. L. C. afforded the minor component homogeneous by
G. L. C. The infra-red spectrum of this compound was very similar to
that of ketone (32) except for minor differences in the fingerprint region
while the ultra-violet spectrum ( A.E:x 228, 285) showed only a slight
hypsochromic shift when compared to that of (32). A standard sodiua
fusion test r;vealed the presence of halogen and this was shown to be
chlorine from an examination of the mass spectrumand by elemental

analysis. Two parent peaks, two mass units apart, were pressnt in the



ratio 3:1 at m/e 348 and 250. This suggested a formula C,gH51 0,461

(619H2104C135 reguires 348 and C19H21040137 requires 330)., and a structure
in which one chlorine atom has replaced a hydrogen atom in ketone (32).
.The structure (33) was suggasted by consideration ¢f the most
probaéle position of attack by electrophilic reagents on ring A of (32)
and by a comparison of the N. M. R. spectra of (32) and (33)., These
spectra were superposable except in the aromatic absorption region. The
AB quartet due to the C, and C, protons in (32) was replaced in (33)
by a singlet (T 2.92) corresponding to one aromatic proton. - If this
chlorine was attached to Cﬁ then the deshielding effect of a chlorine
atom would have altered the values of the chemical shift of the protons
on C4b and C.. This was not ¢bserved. However, if the chlorine atom

5
was attached to C, then only the C4 proton would be affecteds This

3
was indeed the case. Structure (33) was assigned to this anomalous
product.

Confirmation of this structure (33) for the minor component isolated
from the mixture was obtained from hydrogenolysis studies.

The product obtained from hydrogenolysis in methanol containing
305 Pd - Cor 104 Pd - C ¥ triethylamine33 followed by Jones oxidation
vas identical in all respects with ketone (32).

One possible explanation for the formation of ketone (33) is the
presence of a trace of chloroform in thioketal (30) during the desulphur-
'isation reaction. Reduction of this chloroform by the hydrogen absorbed
on the catalyst would havs producedbhydrogen chloride which could

substitute ring A in the 3-position under the catalytic influence of the



iro§4present in Raney nickel.

Another equally plausible explanation is the formation of sulphur
monochloride by reaction of chloroform, hydrogen chloride or chlorine
radicals with the sulphur radicals producéd in the reaction.  Sulphur
monochloride is known > to chlorinate aromatic hydrocarbons by itself
and also to be a very powerful chlorination catalyst36.

Either or both of these possibilities may well be the cause of the
otherwise seemingly inexplicable formation of the chlorokatone (33).

The naxt part of the syntheti: sequence required the reconversion
of the protecting acetate function in (31; R = Ac) to a keton= function.
This was readily accomplished in the manner described below.

The acetate group in (31; R = Ac) was removed by an ester exchange
procedure using methanol/dilute hydrochloric acid at reflux temperature.
The desired alcohol (31; R = H) ( \)CET;I: 3630 ) was isolated and
oxidised by treatment with Jones rszagent at 0° to yield the crystalline
" ketone (32). Chromatographic examination of this ketone (32) revealed
the presence of only one epimer confirming the previously observed fact

that hydrogenation of the 4b,5 double bond had produced only a single

epimer.
. . + D -~ \) Cm-
The infra-red spectrum showed twin carbonyl absorptions ( Nujol

1740; 1721) and the ultra -violet spectrum exhibited the ketonic n—> n
transition as a low intensity bond at 294.5 nm. Confirmation of the
structure was again obtained from the N. M. R. spectrum (no absorption
due to CH,-C-O- and AcO - CH- ) and the mass spectrum (parent ion m/e

3

3143 019H2204 requires 314).
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With the successful transformation of the diket tone (17) to the

[ad

monokstone (32} only one step remained to coastruct the 4b epimer of
the CD ring systém of GA4, viz. the conversion of the 88 ketonz function
to an exomethylens group.

‘Attempted convarsion of (32) to the exomethylene compound (34; R =
CH ) itially proved unfruitful.

The Grignard-type reaction, reported by Cainelli g§~§;.,37’using
m2thylens magnesium iodide affordad only unchanged starting material
ory, under more forcing conditlions, a complex mixture of unidentified
products which exhibited no exomethylens absorption on infra-red examin-
ation. :

Conversion of (32) to the exomethylene compound (34) by use of the
Wittig rsaction also proved difficult. This reaction was first attempted
using the conditions employed by Qasssem, Rogers and Othman38 but proved
unsuccessful as did the use of sodium hydride in dimethyl sulphoxide.3
Th2 desired product (34; R = H) was finally obtained in high yield by the
use of potassium izrt-butoxide as the base in accordance with the method
employad by Ireland40 in his synthesis of kaurene and atisirens

The struééﬁre of the exomethylens compound (34) from the Wittig
reaction was confirmed by its spectral properties.  Althougn the gross
features of the specira were similar to thosz observad in the spectra of

k

N

etons (32), the exomethylens group was readily apparent on examlnation.
. -1 s . e
In the infra-red spectrum absorption at 878 c¢m togather with lack of

cyclogentanona absorption first suggested th2 success of this reaction.
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Examination by M. M. R. confirmed this (broad doublet atT5.23; J =
13 Hz). The mass spectrum exhibited a parent ion at m/e 312 (C29H24O3
requires 312).

:In order to elaborate the aromatic ring A to the hydroxy v -lactone
feature of most of the gibberellins the ester function had to be
hydrolysed to a carboxylic acid in order that Birch reduction and methyl-
ation might be effected prior to the acid catalysed lactonisation and

vinyl ether hydrolysis. (34; R = CH,—> 34; R = H «~——>2%6——>37).

3
It was felt that the Clo methyl group, possessing the B stereo-
chemistry of the natural gibberellins, might influence the steric course

L

of methylation at C, during this Birch reduction step (34; R = H—>35)

1
to such an extent that the major product produced would have the wrong
sterecchemistry relative to the Closubstituent.

It was, however, decided to proceed with this investigation since
knowledge of the influence of a ClO substituent on the sterecchemistry
of such a methylation would be of value in any synthesis of the gibberellins
starting from an indanone possessing a C3 - methoxycarbonyl substituent.
In such a case, the methyl vinyl ketone adduct would have the carbometh-
oxyl substituent and the acetic acid side chain ;ggggg. If one knew
approximately the steric control exercised in the methylation step by a
ClO substituent it would provide a guide as to where in the synthetic
scheme epiaerisation of the carbomethoxy group should be undertaken to

provide the best compromise of stersoselectivity and yield.

Concurrently with the conversion of (32)—>(34; R = CH3), the keto
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acid vias readily formed by simple basic hydrolysis of (32). The infra-

red spectrum made obvious the presence of the carbole moiety ( VS?SC
3300 - 28003 1730) and the loss of the methyl ester was evident in the
N. I. R. spectrum. This spectrum also showed that the other structural
featu?es cf the molecule remained intact during the hydrolysis.
Conversion of either (34; R = CHS) or (35) to the acid (34; R = H)
has, in our hands, proved impossible; An attempted VWittig reaction on
the keto acid (35) using‘conditions similar to those employed above,
failed.  Similarly, attempts to hydrolyse the exomethylene ester (34;
R =c§13) to the acid were completely’fruitless. Employing the conditions
used in the transformgtion of (32) —>(35) yielded only unchanged ester.
Repetition of this reaction using a wide variety of cenditions including

41,42 and concentrated

the use of various co=-solvents, lithium iodide
sulphuric acid43 did not lead to the desired product.

In most cases the material isolated proved to be unzeacted startirg
_material while more forcing conditions produced intractable complex
/mixtures.

In order to circumvent the unforeseen difficulties experienced in
hydrolysing the exomethylene ester (24; R = CH3), it was hoped that the
required aromatic acid (34; R = H) might be obtained by hydride reduction
of the ester to the alcohol (38) followed by oxidation yia the aldehyde
to the acid (34; R = H).

Reduction of the ester (34; R = CH3) to the alcohol (38) was
accomplished using lithium aluminium hydride. The infra=-red spectrum

-1
. cm A N X
showed hydroxyl and exomethylene absorption (v oy 36003 875) but no
4



carbonyl absorption. In the N. M. R. spectrum boith these features were
also apparent [j =CH,0H 7 5.18 (s) and = CH, © 5.23 (di] . The
mass spectrum showed-;-parent ion at m/e 284'2819H2402 requires 284).

However, oxidation of this material by Jones reagent and zinc
permanganate44 proved unsuccessful.

With the failure of this hydrolysis step, this seemingly promising
route drew to a close, The reasons'for failure are not obvious and
perhaps, with a plentiful supply of ester (34; R = CH3), the conversicn
could be achieved by an approach only slightly different from those dis-

cussed above but lack of material prevented further attempts at varying

the conditions from beging made.

Since the construction of rings C and D outlined above provides
a model only for gibberellins such as GA4 (2) but not those such as
GA, (1) which possess a 7-hydroxyl function, it was decided to undertake
a preliminary investigation into the construction of a C7 substituted
compound.

The route envisaged was an acyloin-type closure of a keto ester
produced by oxidation and esterification of the hydroxy-acid derived
_from the lactone (39; R = H).

The keto-ester produced above could also be converted to its C9a
epimer by a similar process to that used in the phyllocladene~kaurene
correlation58 and in the determination of the étereochemistry of allo-

gikberic acio‘.59 This would provide a route not only to the 4b epimexr of
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the naturally occurring gibberellic acid CD ring system but also to
that occurring naturally. This conversion could be.carried out by
Claisen condensation of the keto-ester to give a diketone (53).
Hydro%ysis of this diketone would take place between 06 and C7 to yield
a keto-acid epimeric at C9a to the starting material.

To investigate the initial feasibility of this roﬁte the chloro-
ketone (33) was treated with trifluoroperaéetic anhydride in methylene
chioride and the product, isolated by preparative T. L. C., was subjected
to spectroscopic investigation. Although the material isolated héd
different chromotographic preperties from the starting ketone (33), the
infra-red spectrum preved to be very similar to the spectrum of (33) and,
consequently, was almost uselessvfor identification purposes. However;
the N. . R. spectrum showed not only the same gross structural features
observed in (33) but also an additional absorption at T 5.19 (m) in
the position expected for a proton attached to a carbon atom singly
- bonded to oxygen. The mass spectrum confirmed the structure (39; R =C1)
by showing an increase in molecular weight corresponding to the addition
of one atom of oxygen (parent ion m/é 364; Cl9H210535Cl requires 364).

The formation of the lactone (39; R = Cl) shows that the route

described above for the construction of the CD ring system of 7-hydroxy

gibberellins is, at least initially, feasible.
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Attempts to convert the ClO methyl group to carboxyl

One serious drawback in the otherwise uéeful approach to the
synthesis of gibberellins from terracinoic ééid (3; R = H) was the
fact that at some stage in the synthesis the secondary methyl group
in the latter compound had to be converted to a carbo#yl group. (The
G, carboxyl of the éibbarellins).

Since it was attached to a benzylic position it was envisaged that
elaboration might be achieved by benzylic bromination followed by
dehydrobromination, hydroboration and oxidation. An alternative method
would be by photochemically induced lactonisation of the arcmatic acid
group to the methyl carbon followed by hydrolysis and oxidation. Or,
more likely, photochemical lactonisation would be to the benzylic carbon
and would be followed by eliminétion, hydroboration and oxidation.

Trial bromination experiments were carried out on dimethyl terra-
cinoate methyl ether_(3; R = CH3) and some of its derivatives.

In no case studied was any success achieved.

The first compound studies was the ester (3; R = CHS)' Treatment

5,46

., 4 .
of this ester with N-bromosuccinimide and benzoyl peroxide did not

effect reaction and the only product was unreacted starting material.
Prolonged recduction of (3; R = CHy) with sodium borohydride

afforded three products (ratio 3:4:1) identified by theif spectral

characteristics and, except for the minor product, by analogy with the

. ., 47
known course of reduction of jndan-l-~one-2=acetic acid.
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The least polar product was shown to be the cis~-fused lactone (40)
formed by intramolecular cyclisation of the alcohol having the substituents

at Cl and C2 cis. The infra-red spectrum clearly showed the y-lactone

et

CHCl3

hydroxylic absorptien. This structure was confirmed by a study of the

and ester carbonyl absorptions ( v 17755 1728) and exhibitud no
N. M. R. spectrum.

The second product proved to be the alcohol (41) produced by
reduction of the ketone in (3; R = CHS) from the same side as the C, side
chain.,  The alcohol (41) was readily identified by hydroxyl absorpticn
in the infra-red spectrum at 3515 cm™* and in the N. M. R. spectrum at
T 6.7 ( -C-H; disappéared on D0 exchange).

The most polar prcdﬁct was identified as a mixture of the epimeric
diols (42). The infra-red spectrum showed the hydroxyl absorption as

a broad band ca. 3400 cm"l

and only one carbonyl absorption band was
present (1720 cm.l). The N. M. R. spectrum revealed that reduction
of the aliphatic ester had taken place from the absence of the methyl
singlet ( © 6.32) which had been observed in the spectrum of the starting
material (3; R = CH3). Further examination revealed that this product,
although crystalline, was indeed a mixture of epimers at Cl. The
absorption of the benzylic methyl group appeared as two distinct doublets
(= 8.80; 8.84) because of the deshielding effect of the alcohol group
in the epimer in which it is ¢is to the C3 methyl group.,  The ratio of
epimers (ca. 4:3) proved to be similar to the ratio of alcohol (41) to
lactone (40).

Reaction of (40), {41) and (42) with N=bromosuccinimide in the
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1 . 33 45 46
presence of benzoyl paroxide ~’ " resulted, in each case, in the formation

of a complex mixture of products and the reactions were not further

pursued.

5,46

N=bromosuccininide treatment4 of the acetate (31; R = Ac) with

or without the addition of benzoyl peroxide in methylene chloride at room
temperature or in chloroform at reflux temperature produced no reaction.

An attempt at functionalisation of C o in the diketone (17) was

1
also made,

Reaction of this diketone (17) in a variety of sclvents (CHQClQ,

ClS’ E+CH ) with or without the addition of a radical initiator
yielded the same product in all cases.
T. L. Cs exanination showed this material to be homogeneous and ,

less polar than starting material. The infra-red spectrum displayed
(v emt
Nujol

ultra-violet spectrum, while confirming the presence of the extended

three carbenyl absorptions 17553 1718; 1675) and the

chromophore present in (17), exhibited a small bathochromic shift (A EZX

349; 313; 253). The mass spectrum confirmed that one atom of bremine

had been incorporated with the concomitant loss of one hydrogen atom.

79
(Two parent ions of equal intensity at m/e 404 and 406; 019H17O5 Br

81

requires 404; C, H._O. ~Br requires 406).

197175

The position of the bromine atom was revealed by examination of
the N. M. R. spectrum. The signal at T 3.89 observed in the spectrum
of the starting diketone (17) for the isolated C5 vinylic proton dis-

appeared and one half of the aromatic AB quartet attributable to the

absorption of the C, proton had moved downfield to T 1.3 due to deshielding
“a
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by the C5 bromine atom.

On the basis of this evidence, structure (43) was assigned to
this product.

The course of what at first seems an anomalous reaction can be
raiioﬁalized by consideratién of the high nucleophilic character at 05
in the resonance form (44).

An analogy for this type of reaction is found in the reaction of
a 6 alkyl-uracil (45) with N-bromosuccinimide to give the corresponding
Sebromouracil (46)48. Here the high electron density is provided by

the enamine nitregen. In both (45) and (17) the developing carbanoid

carbon is further stabilized by the adjacent carbonyl group.
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KPERIMENTAL

. All melting points were determined on a Kofler hot~stage apparatus
and are uncorrected. All boiling points are uncorrected,

Infra-red soluticn spectra were recorded on a Unicam S. P. 100
double beam spectrorhotometer equipped with én S. P. 130 sodium chloride
prism-grating double monochromafor on a Perkin-Elmer P.E. 225 spectro-
phometer.  Routine infra-red solution spectra were recorded on a Perkin-
Elmer 257 spectrophotometer. The infra-red spectra of nujol mulls and
of liquid films were recorded on avUnicam S P, 200 spectrophotometer.

Ultra~violet spectra were recorded on a Unicam S. P. 800 spectro-
photometer as msthanol solutions.

Nuclear magnetic resonance spectra in part A were recorded on a
Varian HA=-100 100 mega Herz spectromster and in part B on a Perkin
Elmer R 10 60 mega Herz spectromster unless otherwise stated.

Mass spectral data were recorded on an A. E. I. M.S. 12 spectrometar.

Gas ~liquid chromatography was performed on Pye Argon and Ferkin
Elmer F,11 chromatographs.

Thin layer chromatoplates were.prepared from Merck's "Kieselgel G
and thick layer preparative chromatoplatesfrom "Kieselgel HF 254",

Gas-liquid mass spectral analyses were carried out on an L. K. B.
spectromater. |
and

Microanalyses were carried out by Mr. J. M. L. Cameron, B.Sc.,

his staff.,
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Unless otherwise stated petroleum ether refers to that fraction
of boiling range 60 =~ 80°,

A1l solutions were dried over anhydrous magnesium sulphate.
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Terracinoic Acid (33 R = H)

Terramycin hydrochloride (100 g) was converted to the dihydrate
(4) of the free base by adjusting the pH of the aqueous solution to

49

pH6 (using a pH meter) and collacting the precipitate after one hour.

The dihydrate was degraded by the method of Pasternack gt al.l to

yield terracinoic acid (26g; 46%) (3; R = H)y men. 232 = 234d. (sealed

tube), as colourless prisms from ethyl acetate. (Li’c.l 233 - 234d).
et
Voo 3500 -~ 2300 (broad); 1710 (m); 1680 (s); 1580 (m).
Nujol
mgﬁ 216 (5 12,450); 241( , 12,620); 282( , 8,950).

Dimethyl Terracinoate Methyl Ether (3; R = CH3)

Terracinoic acid (3; R = H) (20.0g) in dioxan (400 ml) was treated
with a large excess of ethereal diazomethane. After standing overnight,
T. L. C. examination showad two products to be present and the mixture
was accordingly chromatographed on silica (1 Kg.).

Elution with chloroform (2.21) followed by 107 EtOAc in CHCl3
(4.61) yielded, after recrystallisation from ether-petrol, the title
compound (16 g) as colourless needlas, m.p. 85 = 86° (sealed tube).
(Lit.! 83 - 849).

(Found: C, 63.10; H, 5.92., Calculated for C C, 62.76;

16M13%
Hy, 6.29%).

cm

vﬂujol : 1720 (s); 1705 (s); 1590 (m); 860 (m).
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cm .
vCH‘é’ls : 1732 (s); 1710 (s); 1575 (m).

Knm

max ¢ 210 ( e, 15,000); 228 ( €, 22,200); 268 (& , 15,700);

292 ( €4 9,050).

g

N. M. R, See Appendix.

ot

Further elution yielded material (3.2 g) which appeared from
T. L. Co and I.R. examination to be a mixture of dimethyl terracinoate

and its methyl ether,

(1,2.3,%9a Tetrahvdro-7 methoxy-3 meﬁhoxycarbonyi~ 98 methvl= 3 keto-

9a (B) fluorenyl) acetic acid (73 R = H).

The method used was similar to that adopted by Loewenthal et al.
in the synthesis of gibberone (5)2.

Dimethyl terracinoate methyl ether (3; R = CH3) (3 g) in sodium-
dried benzene (20 ml) was added to a solution of sodium (1.18 g) in
dry methanol (50 ml) with stirring at 0° under nitrogen. Redistilled
methyl vinyl ketone (2.31 ¢g) in methanol (5 ml) was added dropwise over
20 minutes to the stirred solution after which the mixture was left to
reach room temperature overnight.

After acidification with acetic acid, the reaction mixture was
evaporated almest to dryness under reduced pressure. Water and chloro-
form were added and the organic layer was extracted several times with
ice~cold aqueous sodium carbonate solution (5j3). The combined carbonate

extracts were acidified (HC1) under a layer of benzene and then extracted
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twice with chloroform.

The combined organic extiracts were washed (Naci), dried and
evaporated to yield a light yellow foam (3.17 g). Recrystallisation
from methanol gave the acid (7; R = H) as bright yellow prisms (2.71 g)

m. p. 111 = 112° (sealed tube). (Found: C, 64.00; H, 6.44. C 0

6-

1990

CH,OH requires: C, 63.82; H, 6.43%).

The inclusion of a solvent molecule in the crystal lattice was

confirmed by the other physical data.

- 1 -
v Ni?ol : 3500 - 2600 (broad); 1725 (s); 1640 (s); 1630 (shoulder);
1600 (shoulder); 1576 (m); 830 (w); 830 (s).
ggx: 248 (€ , 9,700); 301 (shoulder) (€ , 12,600); 328
(¢ , 20,400).
N. M. R. See Appendix.

A sample of this acid was methylated using ethereal diazomethane
. to afford the methyl ester (7; R = CH3) as a pale yellow microcrystalline

powder, m.p. 163 - 1640, from benzene=-petrol,

om L

\ s
CHCl3

GC - MS examination of this ester (73 R = CH3) confirmed the

1732 (s); 1654.5 (s); 1618.5 (s); 1600 (m); 1576 (s).

molecular weight (358) and also showed the presence of an artefact (M.W. -
326) formed on G. L. C. examination.
The artefact proved to be the tetracyclic diketone (17) on sub-

sequent comparison,
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Methyl=2 methoxy- 6,3 dikato= 10 8 methyl-gibba-A, 4b-tetraene-] carboxylate

LLZ)_*
The half-ester (7; R = H) (1.027 g) was refluxed in toluene in the
presenée of naphthalene=-2-sulphonic acid (100 mg) for 24 hours with
azeotropic separation of water.6
The cooled so;ution was washed with 10% ag. potassium bicarbonate
solution, then with water or brine, dried and the toluene removed under
reduced pressure to yield (17) (827 mg). This diketone (17) was shown
to ba homogeneous by T. L. C. and formed light yellow microcrystalline
needles, m.p. 249 - 25Q° (sealed tube), on recrystallisation from CH2012/

diisopropyl ether. (Found: C, 69.67; H, 5.71. requires:

C1ot8% .
C, $9.92; H, 5.56%).

G.C. = M.5..: Parent ion, m/e. 326. (C, .H, 0. requires 326).

19185
-l N 3
Cm . 3 A - . . - . o i .
Vowiol 1740 (s); 1660 (s); 1620 (m); 1600 (s); 840 (m)
-1
v C;gl s 1750 (s); 1662 (s); 1620 (m); 159 (s); 1584 (m).
3
A mgg : 250 (e 5, 8,800); 208 (e , 12,300); 340 ( € , 21,800).

N. M. R. See Appendix.

Attempted preparation of iethyl- 2 methoxy= 6 keto- 8 ethylenedioxy- 108

methyl=gibha= A,4b- tetraene- 1 carboxylate (47).

(a) To ethylens glycol (1 ml) and naphthalene-2-sulphonic acid (5 mg),

*  Numbering as in the parent hydrocarbon, ¢ibbane.
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which had been refluxing for 2 hours in benzene with azeotropic separation
of water, was added the unsaturated diketone (17) (25 mg). Reflux was
continued for a further 16 hours.

The solution was allowed to cool, the benzene replaced with chloro-
form, then washed with dilute sodium bicarbonate solution, water and dried.

Evaporation of the solvent follewad by T. L. C. examination revealad
the presence of two comgonents more polar than starting material. From
I.R. sxamination, and by analogy with results obtainad previously,z’13
these were assigned the structures of the mono and bis ethylene glycol
esters of the unsaturated acid (7; R = H).
(b) Diketone (17) (10 mg), adipic acid (2 mg)14 and ethylene glycol
(0.5 ml) were heated under reflux in benzene in a Dean and Stark water
separator,

After 16 hours, the solution was cooled, diluted and washed (NaHCQB:
ANaCl, 1:1) . The agueous washings were extracted with benzene and the

combined extracts washed (1 x H,0), filtered through Celite 535 and

evaporated to yield unreacted diketone (17) (8.5 mg).

Attempted preparation of M2thyl-2 methoxy=- 4b,5 epoxy- 6,8 diketo= 108

methyl-gibba=-A- %triene= 1 carboxylate (48).

(a) The diketone (17) (25 mg) was stirred in methanol (15 ml) containing
‘4 N sodium hydroxide (0.5 ml) and hydrogen peroxide (100 vol.) (1.0 ral)]'O

for 24 hours at 25°C.



After this time, water was added and the mixture extracted with
chloroforms The chloroform extracts were washed (HéO),'dried and
evaporated to yield a product (11 mg) shown to be the tricyclic dicarb-
oxyli; ester (7; R = CH3) by I.R., U.V. and G. L. C. comparison.

(b) To a solution of the diketone (17) (10 mg) in pyridine (3 ml)
was added sodium hypochlerite solutién (4 ml)so.

After 45 minutes stirring, water was added and the solution
acidified., The acidic solution was extracted with chloroform and the
organic extracts washad (3 x NaCl), dried and evaporated to yield a
yellow oil (7.5 mg). .I.R. and T. L. C. examination showed this oil to
be a mixture of diketone (17) and the ring-opened acid (7; R = H) together

with an appreciable amount of decomposition products.

(c) The diketone (17) (10 mg), sodium tungstate (1 mg) and excess
hydrogen peroxide (100 vols.) in methanol were heated under reflux over-

1 (U.V. examination after 1 hour had shown the enonz chromophone

night.5
still to be present although it had suggested that some opening cf the
non-enolisable B dikatone system had taken place.).

The solvent was removed from the cooled solution under reduced
pressure and the residus dissolved in chloroform. The solution was
washed with water (x 3) and the washings extracted with chloroform (x 1).

The combined chloroform extracts were dried and evaporated to yield an

0il (8.8 mg) which soon solidified. This was shown to be the tricyclic



ester (73 R = CHB) by comparison with an authentic specimen.

(d) The diketone (17) (10 mg) was stirred at room temperature in dry
benzene (10 ml) in the presence of tert.-butyl hydroperoxide (6p 1) and
a 35% methanolic solution of Triton- B (0.561 1).°2

After 20 hours, the reaction mixture was washed with water. The
aqueous washings were saturated with salt and extracted with chloroform.
The combinad organic extracts were dried and evaporated to give a crystal-
line solid (10.5 mg) which was shown to be a 4:1 mixture of starting

diketone (17) and the ring-opened ester (7; R = CHS) by G. L. C.

examination. .

(e) The diketone (17) (10 mg) was stirred at room temperature in
methylena chloride with m - chloroperbenzoic acid (6 mg) for 24 hours.

U.V. examination showad the extended chromophone still to be present.

Accordingly, the mixture was refluxed for 16 hours and again U.V.
examination showed no change. The methylene chloride was replaced with
chloroform and the solution wés refluxed for 72 hours. After washing
with base and brine, the solution was dried and evaporated. I.R., U.V.,
Ge L. C. and T. L. C. examination showed only starting material tegether

with a trace of acidic material to be present.
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Atteroted nrenaration of Methvl=2 mathoxy- 8 keto (or acetoxv)- 108

methvl- cibba- A- trisne= 1 carboxvlate (32 or 313 R = Ac)

(a) To the diketonz (17) (100 mg) in dioxan: water (10:1), sodium
borohydride {20 mg) was added in portions, After addition was complete,
the mixture was stirred at room temperaturs for 4 hours.

The reaction mixture was then neutralized (pH 7) by dropwiss
addition of dilute sulphuric acid and poured into ammonium sulphate
solution. The ammonium sulphate solution was extracted with chloroform,
the chloroform extract washed (brinz), dried and evaporated to yield an
0il (98 mg) shovm by T. L. C. to be two components (225 R = H).

-1
[j Ve 3500 (broad) :] .

This material (9% mé) was hydrogenated for three hours in methanél
in the presence of 303% Pd - C catalyst and glacial acetic acid (1 ml).
Aftér Jones oxidation of the material isolated, the product was shcwn by
G. L. C. comparison to consist almost entirely (~90%) of the saturated

diketone (23).

(b) The diketone (17) (75 mg) was reduced with excess sodium boro-
hydride to an epimeric mixture of diols (223 R = H) as éescribed above.
The mixture of diols (75 mg) thus obtained vas dissolved in pyridine
(10 ml), acetic anhydride (5 ml) added and the mixture stored at 0° for
16 hours.

After the usual work-up, a light yellow oil (70 mg) was isolated.

Verim ¢ 1720 (s)5 1600 (shoulcer); 1595 (m); 1250 (s) .
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The crude diacetate mixture (22; R = 4c) (35 mg) in methanol was
hydrogenated for 15 hours in the presence of 30% Pd = C catalyst (20 mg)

and piperidine (0.5 m1).l’

The usual work-up afforded a colourless oil (29.5 mg)[:v ;?;; :
1725 (s); 1595 (m); 1260 (s) j] shown by G. L. C. examination to be a
mixture of eleven products (ca. 1:2:1:4:1:3:4:4:1:1:2).

It appeared that the only reaction that had taken place was
saturation of the double bond and, perhaps; some hydrogenolysis of the
methoxyl group in ring A, However, the reaction was not further invest-
igated due to the complexity of the mixture and since GC - KS examination

could not be carried out (probably because of decomposition of the sample

in the instrument).

(¢) The mixture of epimeric acetates (223 R = Ac) (35 mg) prepared
above was heated under reflux in acetic acid (8 ml) in the presence of
~ zinc dust (100mg) for 16 hours.

The cooled soluticn was filtered, diluted with chloroform, washed
(H20), dried and evaporated to yield a yellowish oil (26.5 mg).

The I.R. and U.V. of this o0il was essentially identical with that
of crude diacetate (223 R = Ac) while G. L. C. examination showed four
main components. The reaction was not further investigated since it
appeared thaf no reduction had taken place and that only starting

material had been isolated,



Attempted preparation of lathvl= 2 methoxy= 6.8 diketo- 10 8 methyl-

ailbba= A,4b- teltraeng= 1 carboxylate- 6 ethvlzne mercapiole (49).

(2) The diketone (17) (10 mg), ethane dithiél (2,5p.i) and boron tri -
fluoride etherate (0.1 ml) in methanol ware stored at 0° for 19 hours.18
After this time, the fluorescence produced by the additionof the Lewis
acid had disappeared. After the usual work up, a yellowish oil (11.5 mg)
which soon solidified was isolated.

By I.R., U.Ve and G. L. C. comparison with a genuine sample, this
so0lid was shown to consist principally of the ring-cleaved methyl ester
(73 R = CH3) (ca. 90%) as well as a small amount of starting ketone (17)

(Cao 5%) .

(b) The unsaturated diketone (17) (25 mg) and ethane dithiol (7.5 mg)
were stirred at room temperature for one hourin glacial acetic acid with
p-toluene sulphonic acid (2 mg) as catalyst.53
The solution was poured into water and extracted with chloroform.
The organic extracts were washed (HQO; 5% NaCH solution; H20) and dried.

Evaporation of the solvent afforded a light yellow oil (18.5 mg)

shown by direct comparison to be starting material.

Methvl- 2 methoxy- & keto-~ 8 acetoxy- 10 Bmethvl~ gibbld - A,4b- tetraene-

1- carboxylate (253 R = Ac)

To a stirred solution of the diketcne (17) (10 mg) in AnalaR dioxan

water (1:1; 20 ml) at 0°, was added sodium borohydride (20 mg) in one
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(235 R = Ac) (735 ng) as light yellow prisms, m. p. 222.5 = 224° (sealsad
tube), homogensous by G. L. C. (Found: C, 67.94; H, 5.C5. CyyHps0g
requires: C, 68.09; H, 5.99%),

-1

Voo 1730 (s); 1655 (s); 1620 (m); 1240 (m).
ChCl3
A’mgi : 248 (e , 11,230); 300 ( € s 15,800); 328.,5 (€ , 23,000).
N. M. R. See Appendix.

M. s.‘ Parent ion m/e 370 (021H2206 requires 370).

Other significant peaks: 339, 338, 310, 239 (Base Peak).

Model Reduction of the'4b,5 double bond in (1,2,3,%a Tetrahydro- 7

methoxy= 8 methoxvcarbonvl= 9 B Methvl- 3 keto- 9a B fluorenvl)~ acetit

acid (73 R = H) and its methyl ester (7; R = CH3)

(a) The ester (7; R = CH3) (149.5 mg) was hydrogenated in methanol
containing 4 N sodium hydroxide solution (0.5 ml) in the presence of 10}
Pd - C catalyst (100 mg). After 1 hour, the catalyst was removed by
filtration, the methanol was evaporated under reduced pressure and the
residue dissolved in ether and water.

%heaQueous layer was extracted with ether and the combined ethereal
extracts washed (H20), dried and evaporated to yield a solid (55 mg) which,
by I.R. and U.V. was identical with the starting ester (7; R = CHS)'

The aqueous layer was acidified and ether extracted. Aiter the

usual work-up, a yellowish oily solid (83.3 mg) which yielded prisms



w
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0 . . .
(mepe 109 - 110 ; sealed tubs) on recrystallisation from methanol was
isclated.

By I.R., U.V. and T. L. C. comparison, the compound was shovn to

be the half-acid (7; R = H).

(b)  The half-acid (7; R = H) (100 mg) in methancl, was hydrogenated
for 16 hours in the presence of 10% ?d - C (50 mg). |

T. L. C. examination of the product showed the presence of five
components and a sample was subjected to Jones oxidation to oxidise any
products of over-reduction. T. L. C. examination of this material
showed eight components.

Owing to the complexity of the mixture this reaction was not

pursued,

(¢) The diester (7; R = CH3) (53 mg), in methanol, was hydrogenated
in the presence of 5% Rhodium on ,alumina catalyst (25 mg) for 1 hour.
After the usual work up, the product (50 mg) isolated was

identical in all respects with étarting material.

(d) The above reaction was repeated using a 1:1 ratio of catalyst to

ester (7; R = CH3) (50 mg); the time of hydrogenation wes extended to

16 hours.

Again, unchanged starting material (44 mg) was isolated.

(e) Lithium (50 mg) was added with stirring to dry ammonia (50 ml)



(cistilled from sodium) ccoled in an acetone - Drycold bath at =607,
The ester (7; R = CH3) (44 mg) in T.H.F.: ether (1:1) wzs added %o the
resulting blue solution.>?  After 1% hours, ammonium chloride (2 g)
was added and the ammonia allowed to evaporate.
Chloroform and water were addeds The organic layer was washed
(HQO, brine), dried and evaporated to yield an oil (28 mg) which proved
to bs a very complex mixture of produdts on T L. C. examination.
Acidification of the basic layer followed by chlo;oform extraction
and the usual washing procedures yielded another oil (8 mg) which also
proved to be a mixture by T. L. C. examination in an acid solvent system.

The reaction was abandoned.

(£) The acid (7; R = H) (100 mg) was hydrogenated for 1 hour in
methanol in the presence of 30% Pd - C catalyst (20 mg).

After Jones oxidation of the derived colourless oil (88 mg) (to
rebxidise any preducts of over-reduction), T. L. C. examination showed
one main product which appeared to have lost the enone absorption
previously apparent on U.V. énd I.R. examination,

The material was methylated (ethereal diazomethane) and purified
by preparative T. L. C.

Two components were isolateds The lower band was shown to be
Ge L. C. pure and G.C. ~ }.S. examination showed the highest peak to
have /e 345 (parent not observable) (CQOH2406 requires m/e 360). The

upper band consistzd of three components by G. L. C. examination: the
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major component also had m/e 245 (no parent obssrvable).

From the spectral data, it was concluded that h&drogenation appeared
to have been accomplished. However, since the system was simply a
‘model for the reduction of diketone (17) the identity of the products was

not further pursued.

Methyl- 2 methoxy~ 6,8 diketo- 10 Bmethyl~ 4b( o) H- qibba- Ae triene-

1 _carboxylate (23)

(a) The unsaturated diketone (17) (25 mg) in glacial acetic acid (5 ml)
was heated under reflux with stirring; To this solution was added
zing dust (500 mg) dufing 1 hour after which ieflux was continued for a
further 45 minutes.55

The cooled solution was filtered and the zinc dust washed with a
little acetic acid., The combined acetic acid fractions were evaporatad
by azeotroping with benzene under reduced pressure to afford a yellowish
A cil which yielded a yellow solid on trituration with ether.
From T. L. C. and I.R. comparison, the main component was unreacted

starting material.

(b) The above reaction was repeated extending the time of reflux to
16 hours. The yellow solid (24.5 mg) which was isolated proved to be

mainly unreacted starting material.

(¢) The diketone (17) (50 mg), dissolved in AnalaR metﬁanol, was added
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to 303 Pd - C (20 ng).

]

@0

v

he mixture was hydrogenated overnight and, as

1]

T. L. C. showed the presence of two corponents, the mixture was treated

vith Jones reagent to reoxidise any products of over reduction.  The

product (47 mg) from this treatment was romogenaous on T« L. C. examination,
"G.Ce ~ M.S. examination, however, showed five componants to be

resent (in the approximate ratio 2:2:5:5:85), The molecular weight

of the major component was shown to Ee 328 (C19H2005 requires 328).
Recrystallisation from ethyl acetate yielded (23) (42 mg), m. p.

236-236.5d. (sealed tube), as colourless microprisms. (Found: C,

69.59; H, 5.97. C. _H..O. requires: C, 69.50; H, 6.14%).

1972075
et .
V o ¢ 1752.5 (s); 1733.5 (shoulder); 1721 (s).
CHul3
xnsﬁ : 239 (€, 3,500); 290 ( €, 3620); 335 ( € , 1890).
N. M. R. See Appendix

M. S. Parent ion m/e 328 (019H2005 requires 328).

~ Other significant peaks: 297, 296, 286, 231 (Base Peak).

Attempted formation of the ditosylhydrazons of Methvl- 2 methoxy- 6,8

diketo- 10 Bmethyl- 4b(a )4~ gibba= A= triene= 1 carboxvlate (23).

The saturated diketona (23) (10 mg) was refluxed for 20 hours in
AnalaR methanol with p-toluene sulphonyl hydrazide (20 mg). Evaporation
of the solvent and T. L. C. comparison showed that only unreacted starting

material had been isolatad.
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Attemoted formation of Methvl~ 2 msithowy= 6,3 diketow 10 B mathyl~

4b{ o JH gibba= A= trisne- 1 carboxylate- 5,3 disthvlens mexcapiola (50)

The diketone (23) (10 mg), in methanol at OO, was treated with
ethane dithiol (2.5 p 1) and boron trifluoride etherate (0.1 ml)lg.
After 19 hours, the usual work-up afforded an oil (8.9 mg). Howaver,

this reaction was abandoned since G..L. C. examination showed the

presence of at least nine products,

Methvl- 2 methoxy= 6,3 dihvdroxv- 10 B methyl- 4b(g )H gibba~ A~ trienc-

1 carboxvlate (27).

To the diketone (23) (25 mg) in dioxan: water (10:1) was added
excess sodium borohydride in portions with stirring. After 6 hours the
mixture was acidified (pH6) by dropwise addition of dilute sulphuric
"acid. The acidifisd solution was poured into ammonium sulphate solution
and the sulphate solution extracted with chloroform. The combined
organic extracts were washed (brine), dried and evaporated to yield a
mixture of diols (27) (25 mg) shown to be principally one component by
T. L. C. examination.

Recrystallisation of.this mixture from ethyl acetate~petrol yielded
a colourless crystalline solid (20 mg), m. p. 168 = 168.5° (sealed
tube),  (Found: C, 68.90; H, 7.41.  C, H, .0, requires: C, 68.65;

H, 7.28%).

-1

cm R <
Y ono c1,, 35205 34403 1729 (s).
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nm

max ¢ 2% (e 5 3,100); 233 (e, 3,630).

No. KMs Re Complex spectrum which showed the expected featurss.
Benzylic methyl group (T 8.9; J =7 Hz); 2 methokyl groups

(7 6413 6.2) and an aromatic AB quartet (2H:T 2.95; 3,30; J = 8 Hz)

The spectrum underwent a slight change on DQO exchange,

M. S. Parent ion m/e 332 (C requires 332).

\ &
19'24%

Methvl- 2 methoxy= 6,8 dihvdroxy= 10 Bmethyl- 4b( & )H gibba=A- triense

1 _carboxylate= 6,8 sulchite ester (28).

To the diol (27} (12.5 mg) in chloroform at room temperaturs was

added thionyl chloride (0.1 ml)24 purified by distillation from linscsed

0i1.20

After 30 minutes stirring, water was added and the layers separated.

The aqueoﬁs layer was extracted with chloroforam and the combined chloro-
- form extracts washed (H20), dried and evaporated to yield a colourless
crystalline solid (13.9 mg).

This compound was T. L. C. pure and was shown to contain sulphur
by a sodium-fusion test. Recrystallisation from benzene-petrol yielded
the sulphite ester (28) (9.0 mg) as colourless needles, m. p. 196 - 8%d.
(sealed tubs). (Found: C, 60.55; H, 5.82. C,gHy0gS requires: C,

60,315 H, 5.86%).

-1
cm
v cicl s+ 1729 (s).



)\nm

max | 230 (€ 5 7,600); 288 (e , 3,430).

No Me Re Complex spectrum similar to that of diol (27) above but did

not change on D20 exchange.

M. S.. Parent ion m/e 378 (Base Peak). (C 04S requires 378).

19H22
Other significant peaks at m/e 314; 253; 83.

Methyl- 2 mothoxy- 6 keto~ 8 acetoxy=- 10 B methvl- 4b{ ¢ )H gibba= A-

triens- 1 carboxvlate (29).

The keto acetate (23; R = Ac) (50 mg) was hydrogenated overnight
in methyl acetate in the presence of 30% Pd = C catalyst (50 mg).

The product isolated after filtration of the catalyst and removal
of the solvent under reduced pressure was treated with Jones reagent.
The usual work up yielded an off-white solid (50 mg) (pure by G. L. C.
and T. L. C.). Recrystallisation from ethyl acetate-petrol afforded
(29) as colouiless needles, m. p. 229 - 230° (sealed tube).  (Found:

C, 67.85; H, 6.60. C, H, 0, requires: C, 67.73; H, 6.50%,)

21 2476
-]
ooy ¢ 1735 (shoulder); 1720 (s); 1590 (m).
T3
v cm“l s+ 1735 (s); 1715 (s); 1600 (m).
Nujol ° 5L H
xugg s 229 (e, 6,150); 288 ( e, 2,260).

N. M. R. Similar to that of ketoacetate (25; R = Ac) but showed the

disappearance of the olefinicabsorption observed in that spectrum at



T 3.77, Sez also Appendix,

le S. Parent ion m/e 372 (Base Peak)., (C reguires 372).

21724%
Other significant peaks m/e 341; 340; 312,

Notes:

a) Methyl acetate was used in the hydrogenation of (25; R = Ac) since
earlier experiments had shown that ester exchange on the catalyst took
place in methanol solution to give approximately 105 of diketone (23)
after Jones oxidation.

The correct product (29) was obtained when acetic acid was used as

solvent but the product thus obtained was not as pure as that produced

by reduction in methyl acetate solution,

b) Ge. L. C. examination showed that the 6-keto group was just as

readily reduced as the 4b, 5 double bond.

Methyl- 2 methoxy- 6,8 diketo- 10 B methyl- 4b(a )H gibba- A- triene-

(23) by the method of Bouchard and Enqels.QU

(a) Hydrogenation of the diketone (17) (10 mg) in the minimum amount
of methanol in the presence of 1% Pd - CaCO, catalyst (8 mg) and
potassium hydroxide (1.44 mg)25 for four days yielded the saturated diol
(27) and a smallvamount of unreacted starting material,

Jones oxidation of this‘diol (27) yielded the saturated diketone
(23) identical in all respects to that derived from (29) by a combination
of methanolysis and oxidation and to a sample of (23) produced by hydro-

genation of (17) in the presence of 30% Pd - C.
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G. L. Co data on dikstone (23) derivad by all of the above methods.

Column TOC. Standazrd . Rx
(1) 15QF-1 225 a 0.83
(1i) 1%8E-230 225 b 0.575
(i1i) 10v-22 240 . a 0.56
(iv) 1%0V-17 205 a 0467

e Standard was cholast=d4=en-3=one, b. Standard was 828 alkane.

(b) Hydrogenation of diketone (17) (10 mg) in the minimum amount of
methyl acetate as solvent for 4 days in the presence of 1% Pd - CaCO3
catalyst (8 mg) and potassium hydroxide (1.44 mg)25 vielded mainly
unreacted starting material (from G. L. C. comparison). A minor
component was tentatively identified as (25; R = H) by G. L. C. comparison

with the authentic specimen prepared above.

Attempted formation of Methyl- 2 methoxy- 6 keto- 8 acetoxy- 10RB

methyl- aibba~ A,4b= tetracne- 1 carboxylate = 6 ethvlens mercaptole (351).

(a) To the unsaturated ketoacetate (255 R = Ac) (10 mg) in AnalaR
dioxan was added ethane dithiol (0.5 ml) and freshly distilled boron

trifluoride etherate (10pl).

A bright greean fluorescence was observed and the solution was kept
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at 0% for 16 hours.

At the end of this time, water and chloroform were added. The
organic layer was washed (1N HaCH; brine), dried and evaporatad to give
a solid (7 mg)e |

TG. L. C. comparison showed that the solid residue was in fact

unreacted ketoacetate (25; R = Ac).

(b)  The keto-acetate (25; R = Ac) (10 mg) in AnalaR acetic acid (5 ml)
was treated with ethane dithiol (0.5 ml) and p-toluene sulphonic acid
(1 mg).”3 |
After standing ¢vernight, the usual work up procedures afforded
a solid (7.5 mg) shown by chromatographic comparison to be unreacted

starting material.

(c) The ketoacetate (25; R = Ac){10 mg) was addéd to ethane dithiol (5 ml)
and to this mixture was added freshly distilled boron trifluoride

etherate (O.S'ml).28

| The mixture was stirred at room temperature for 3 hours by which

time the solution had turned dark brown. After pouring into N NaCH,
fhe'solution was extracted with chloroforms The combined chloroform
extracts were washed { IN MNaOH solution), dried and evaporated to yield

a solid (5 mg) shown by the evidence of I.R., U.V. and T. L. C. comparison

to be unreacted starting material.

(d) The ketoacetate (25; R = Ac) (5 ing) in ethane dithiol (0.25 ml)
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=)

was stirred overnight at room temperature,<

The usual work-up afforded only an evil smelling liquid thought

o

to bz polymeric sulphides,
(e) To the ketoacetate (25; R = Ac) (5 mg) in acetic acid (15 ml) was
added ethane dithiol (0,25 ml) and frgshly distilled boron trifluoride
etherate (0.25 ml).28 The solutinn was heated under reflux for one
hour and than allowed to cool for 2 hours. At the end of this time the
~originally bright green fluofescent solution had turned dark red.

Again the only product isolated was a liquid thought to be polymeric

[y

sulphides.

Methyl- 2 mathoxy- 6 keto- 8 acetoxy- 10 Bmethyl- 4b{ ¢ )H qibba~- A-

triene- 1 carboxvlate- 6 ethvlens mercaptole (30).

~{a) Ketoacetate (29) (10 mg) in dioxan was treated with ethane dithiol
(0.5 ml) and freshly distilled boron trifluoride etherate (10pul ).

The mixture was kept at 0° for 16 hours and then allowed to stand
for 1 hour at room temparature.

To this solution, water and chloroform were addeds The organic
layer was washed with 1N NaOH to remove the ethane dithiol, then with
brine, dried and evaporated to yield a solid (8 mg) shown to be unreacted

ketoacetate (29) by G. L. C. comparison,

(b) The ketoacotate (29) (125 mg) in glacial acetic acid was treated

P
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with ethans dithiol (2.5 ml) and freshly distilled boron trifluoride
e o .28 . .
etherate (2.5 ml)”" under a nitrogen atmosphere. The mixture was
stirred at room temperature for 24 hours.
_After work-up, the desired thioketal (30) (65 mg) and unreacted
ketoacetate (29) (50 mg) were isolatsd by preparative T. L. C. Tha
thioketal was obtained as colourless prisms, m. p. 204.5 = 205.5, on

recrystallisation from carbon tetrachloride-petrol. (Found: C, 61,85;

Hy, 6.27. C,.H. 0.5, requires: C, 61,60; H, 6.29%).

23798752
-1
Vc§31 : 1730 (s).
i3
-1 .
VN‘S?OI : 1735 (s)

A™M . 229 (e , 8,100); 285( € , 2,850).

N. M. R. Similar to that of ketoacetate (29) but showed also the
presence of a large complex multiplet at T 6.5 - 7. (4 protons.)
M. S. Parent ion m/e 443 (023H280582 requires 443).
Othsr significant peaks: m/e 417; 287; 355 (Base Peak), 295 (Base Peak)
2793 237.

Later, it was demonstrated that, by altering the ratio of ethan=
dithiol:boron trifluoride ethsrate from 1:1 to 2:1 and by extending the

time of reaction to 40 hours, the yiesld was raised to 90% and no unreacted

starting material was isolated.
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Lethvle 2 methony- 8 acatoxy= 10 Bmethvle 4b(g )iH-gibba- A= triens-

1 carboxvlate (31: R = Ac).

The thioketal (32) (149 mg) and a large excess of Raney nickel
" 29 . . . .
W - 2%7 were heated under reflux for 16 hours in m2thanol: dioxan
(40 ml; 2.5:1) with stirring. The cooled solution was filtered and the
residual Raney nickel washed with chloroform. The combined organic
filtrates were washed (brine) dried and evaporated.

Preparative T. L. C. yielded the title compound (97 mg) as colourless

. o TN .

prisms, m. p. 148 = 1497, on recrystallisation from carbon tetrachloride-

petrol. (Found: C, 70.40; H, 7.34. C requires: C, 70.37;

2172605
Hy, 7.31%). '
v cm. 1
CCl, : 1735 (s); 1590 (m); 1240 (m).
cm- L3 - -
vNujol s 1730 (s); 1595 (m); 1245 (m).

AKQE : 231 (e , 6,500); 238 (e , 2,950).

Ne. M. R.: The spectrum showed the usual features of an aromatic AB
quartet T 2.95; 3.27 (J = 8Hz) ; 2 methoxyl groups T 6.13 (s);

6.22 (s) ; an acetate methyl group T 8.20 (s) and a benzylic
methyl group T 8.89 (d); J=7Hz . The 1argé complex multiplet

( ©6.5 =« 7.0) attributable to the thicketal protcns was missing,  Also,
as expactad, thetcomplexity of the methylene region had increased.

M. S. Parent ion m/e 338 (Base Peak) (C,.H 0. reguires 338).

2172675
Other significant peaks: m/e 3263 2983 243; 239; 2125 149; 110.



Methvl- 2 methoxy=_1C Faothvi-ab( g ) cibba= A= triene- 1 carboxylate (24).

The thicketal (30) (10 mg) was heated under reflux for 16 hours

in methanol-dioxan (2:5:1) with stirring in the presence of a large
£ » . . 29
excess of freshly prepared Raney nickel W - 2,
After the usual work up, two products in the ratio 3:1 were isolated
by preparative T. L. C.
The minor component (1.45 mg) was shown to be the acetate (313 R = H)

by direct comparison. The mejor product (4.5 mg) was assigned structure

(26) on the basis of spectral and chromatographic evidence.

em™t
v ¢ 1740 (s); 1255 (s).
ccl,

Ne. M. R. (60 MHz) : Aromatic AB quartetT 2.40; 3.10 (J = 8 Hz) ;
2 methoxyl groups T 6.11 (s); 6.13 (s) 3 benzylic methyl group

T 8.8 (d); J=7Hz

M. S. Parent ion m/e 300 (Base Peak). (019H2403 requires 300).

Methyl- 2 methoxv- 3 Chloro- 8 keto- 10 B methvl- 4b{a JH gibba= A=

triene- 1 carboxvlate (23)

The thioketal (30) (1.45g) was refluxed overnight with stirring

in methanol:dioxan (150ml ; 2.5:1) in the presence of a large excess

of Raney nickel W - 229. After the usual work up, an off-white solid

°

(1 g) was isolated. This solid was homogenecus on T. L. C. but G. L. C.
examination revealed the presence of seven components (50:15:15:15:1:1:2).

Reduction and methanolysis followed by Jones oxidation as detailed
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below afforded an off-white solid (510 mg) after preparative T. L. C.

This was shown by G. L. C. to consist of two components (2.1:1).

Fracticnal crystallisation followed by preparative T. L. C. of the

mothe; liquors (10 x 1035 EtOAc) yislded pure samples of the two components.
‘These were shown to be the ketone (32) (202 mg) (see below) and

the chlorine containing compound (33) (126.5 mg). Recrystallisation

from ethyl acetate-petrol afforded colourless prisms, m. p. 149 - 151°,

(Found: C, 64.50; H, 5.91. CigHy 04C1 requires: C, 65.25; H, 6.05%).
et
Vcc14 : 1740 (s); 1735 (shoulder).
(:mml
Viujol 1740 (s?; 1720 (s).
xm'a“;‘ : 228 (€, 10,300); 285 ( €, 4,050)

Ne Mo Re @ Exabtly the same as that of ketone (32) except that aromatic

AB quartet has been replaced by 1 proton singlet ( T 2.92).

335

M. S. Two isotopic parent ions m/e. 348 and 350 (ratio 3:1) (C19 1,,0, Gl

+ rTequires 348 and 019H2104 Cl requires 350 in ratio 3:1).

Methyl- 2 methoxy- 8 keto- 10 Bmethyl- 4b{ o )H gibba=A= triene- 1 carb-

oxvlate (32).

(a) ‘The chloroketone (10 mg) in methanol was hydrogenated for 16 hours
in the presence of 30% Pd - C (10 mg). After the usual work up followed
by Jones oxidation to reoxidise any products of over-reduction, the

" product was shown to be identical with a sample of the ketone (32)

prepared below by chromatographic comparison.
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(b)  The above hydrogenation was repeated using 10¥% Pd - C (10 mg)
catalyst and a molar equivalent of triethylamin933 in methanol as
solvent.,

G. L. C. examination of the material isolated froﬁ this reaction
showedjthat, although hydrogenolysis was incomplete, the product was a

=]
mixture of ketone (32) and its chlorine containing analogue (33).

(c) The acetate (313 R = Ac) (55 mg) was refluxed for 16 hours in
methanol: dioxan (35 mlj 6:1) containing dilute hydrochloric acid (2 ml).

At the end of this time the coolad solution was poured into chloro-
form, washed (brine) dried and evaporated to yield a colourless oil (4% mg )
shown to be hoemogenscus by T. L. C. examination.

c:m-l
vc314

36303 35803 1740.

This product was treated with Jones reagent at 0°. Preparative
T. L. C. of the material isolated from this oxidation yielded ketone (32)
| as an off-white powder (27.6 mg).
An analytical sample recrystallised from benzene-petrol afforded

colourless prisms, m. p. 173,5 = 175° (Founds  C, 72.75; H, 7.12.

01932204 requires: C, 72.79; H,_7.05%
et 17465 1735 (shoulder)
'\)(;Cl4 . H .

cnt \
VHujol : 17405 1721

Ao s 232 (e, 7,550); 2945 (& 5 3,450).



N. ils Re  The spectrum, while being very similar to that of acetate (313
R = Ac), showed the loss of an acetate methyl group and the proton o to
the acetoxyl residue. .

M.»S. ~ Parent ion m/e 314 (Base Peak). (C19H2204 requires 314).

Other‘significant peaks: m/e 282; 239; 212; 199; 141; 1155 1065 99.

Methvl- 2 methoxy- 8 methvlene- 10 B methvli- 4b(a )H gibba- A~ triene-

] carboxviate (34:; R = CHQ).

(a) The keto ester (32) (10 mg) together with methylene iodide (10 mg)
in dry ether was added dropwise to magnesiim amalgam37 [prepared by
stirring magnesium (26 mg) with mercury (5 g) for 4 hour{] .

The mixture was stirfed under nitrogen for 2 hours then refluxed
for 30 minutes. The coéled ethereal solution was decanted from the
magnesium and washed (103 H2804). The sulphuric acid washings were
extracted with ether and the combined organic extracts were washed (brine),
dried and evaporateds T. L. C. and I.R. examination of the residue

showed principally starting material and a little unidentified material

which did not exhibit exomethylene absorption.

(b) The above reaction was repeated using ketone (32) {10 mg) me{hylene
jodide (iO mg), magnesium (1.5 mg) and mercury (14 g). After stirring
for 1 hour, the mixture was heated under reflux for 2 hours.

Again, the only identifiable procuct isolated after work-up proved

to be the ketone (32).



(c) The ketone (10 mgy) and methylene iodide (10 mg) were added as
detailed above to magnesium amalgam prepared from magnesium (1.2 g)
and mercury (40 g) . After stirring for 4 hours anq refluxing for 2
hours under nitrogen, the usual-work up afforded 7 products on T. L. C.

examination. No exomethylene absorption was detected on I.R. examination,

(d) To trighenyl methyl phosphoniuﬁ bromide (6.27 mg), suspended in
ether under nitrogen, was added an excessrof n - butyl lithium38. The
mixture was stirred overnight and then filtered through a glass plug into
a solution of the ketone (32) (5 mé) in dry ether under nitrogen.

The resulting scelution was stirred for 16 hours under nitrogen
at room temperature. The ether was replaced by dry T. He F. and this
solution was refluxed for 2 hours, still under nitrogen.

Removal of the solvent and examination by T. L. C. showed only

starting material to be present.

(e) Methylene triphenyl phosphorane, prepared as before except that
excess triphenyl methyl phosphonium bromide was used rather than excess
n - butyl lithium, was added through a glass=-wool plug to an ethereal
solution of the ketone (32) (1.4 mg) under nitrogen.

The yellow reaction mixture was stirred for 72 hours in a nitrogen
atmosphere at room temperature and then the ether was_replaced by dry

T. H. F. The resulting yellow solution was refluxed for 16 hours under

nitrogen.
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The solvent wes removed under reduced pressure and the ether
soluble fraction of the residue examined by I.R. HNo trace of exomethylene
absorption was observad.

After partitioning the ether insoluble'fraction between water and
chloroform, the chloroform extract was examined by I.R. Again, the
spectrum showed no trace of exomethylene absorption.

The aquecus layer was acidified and extracted with chloroform.

After drying and evaporating the organic solvent, the residue was examinad.
Once again, the I.R. spectirum showed no exomethyleﬂe absorption.
No starting material was recovered.

(F) To é suspensicn of triphenyl methyl phosphonium bromide (400 mg;
4:1 molar excess) stirring under nitrogen in dry ether (10 ml) was added
a 0,8 M tertiary butanolic solution of potassium tertiary butoxide (1.6 ml).
The mixture was stirred at room temperature for 30 minutes.

The ketone (32) (87.4 mg) in the minimum volume of dry benzene
was added to the resulting yellow suspension. The solution was stirred
for 16 hours in a nitrogen atﬁosphere.

At fhe end of this time, water was added and %he layers separated.
The aqueous layer was washed with etheripentane (1:1) and the combined
organic extracts washed (water), dried and evaporated. Preparative
T. L. C. afforded the title compound (77.2 mg).

Recrystallisation from pentane at -10° yielded clusters of colour-

less needles, m. po 123 = 9°.  (Found: GC, 77.11, 76.80; H, 7.94, 7.78.



020H24O3 requires: C, 76.89; H, 7.74%).
cm L
VCC14 s 17203 15953 1280; 880.
en™t
Viegor * 17325 12505 878

nm
SR (e, 6,000); 289 -(.e s 2,500).

N M. R. See Appendix.
M. S. Parent ion m/e 312 (Base Peak). (C20H24O3 requires 312)

Other significant peaks: m/e 281; 2803 212; 165; 141; 128; 115.

[

1 Carboxy- 2 methoxy- 8 keto- 10 B methyl- 4b(a )H-gibba- A- triene (35).

The keto ester (32) (32 mg) was refluxed in 1N NaOH (10 ml) con-
taining dioxan (3 ml) for 16 hours, After washing the cooled soluticn
with ethyl acetate, the aqueous solution was acidified (HC1l) and
extractedvthoroughly with ethyl acetate. The organic extracts, after
the usual washing and drying procedures, were evaporated to yield the
keto-acid (35) (23 mg) as an off-white powder on recrystallisation from
ethyl acetate=-petrol.

An analytical sample, recrystallised from ethyl acetate, had m. p.

271 - 2° (colourless microprisms) (Found: C, 72.00; H, 6.60.

C18H2OO4 requires C, 71.98; H, 6.71%).
em !
. 3 3300 - 28003 1730; 1710.
Disc

x;‘;‘x : 230 ( e, 7,100); 285 (¢ , 2,500).



H, I, R. See Appendix.

SN

Attemnted preparation of 1 Carkboxv= 2 methoxy- 8 methvlene-~ 10 B methyle

4b( o JH gibba- A- trisne, (34; R=H).

(a) The keto acid (35) (3.4 mg) was reacted with triphenyl methylene
phosphorans as described above for the preparation of the exometbylene
compound (34; R = CH3). During the course of the reaction, the stirred
mixture turned colourless.

After the usual work up, only starting material (2.9 mg) was
isolated.
(b) The ester (34; R = ¢H3) (5 mg) was refluxed overnight in 2N NaOH;
dioxan (15 ml; 2:1). Normal acid=base separation proceduras yielded
a neutral compound (3.6‘mg) identifiad by I.R. and T. L. C. comparison

as starting material.

Other hydrolytic techniques attempted unsuccessfully weres

(c) 1N NaCH/dioxan (d) 2N NaOH/methanol
(e) conc. HZSO4/ water ™2 (£) LiI/bollidine4l
(g) Lil/dimethyl formamide™ (h) 6N HCL/ t -BuOH

(i) The ester (34; R = CH3) (6 mg) in dry ether (7 ml) was treated with
LiAld, (10 mg). . After 4 hours stirring, saturated sodium sulphate

solution was added to daestroy the excess hydride. The solution was
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dried and evaporated to yield the alcohol (33) (5.5 mg) as a colourless

oil.
et
VCC14 H 36003 1235; 1030; 875,

N. M.‘R. : The spectrun was very similar to that of the starting
material but showed the appearance of a two proton singlet ( T 5.18)
and the loss of the ester methoxyl group.
M. S. Parent ion m/e 284 (C,gtly,0, Tequires 284).

This alcohol (33) was treated with Jones reagent at 0°.  After
the usual work up, the only product isolated proved to be a neutral
compound assigned the aldehyde structure (52) (2.8 mg after preparative

T. L. C.).

cm-l :
"0014 : 1700; 880,

Oxidation of this aldehyde (52) using silver oxide, sodium cyanide
and methan0157 proved unsuccessful. Only starting aldehyde was isolated
after 4 days stirring at room temperature.

A further attempt at oxidation of this aldehyde was made using zinc
permanganate in acetone at 0° as described by Cornforth.44

T. L. C. examination of the acidic fraction isolated after work
up revealad the presence of five compongnis.

No starting material was isolated and the reaction was not further

pursued,
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(1 Carhomathoxy- 2 n2thoxy= 3 chloro~ 7 B hydroxy- 9 B methvl- fluoranvi)

4 Bacetic acid lactons (39).

To a solution of hydrogen peroxide (90%: 20pul) in ice cold methy-

lene chloride (dried by distillation from P ) was added trifluoro-

2%
acetic anhydride (230p1 ) with swirling.

This solution was added slowly to an ice-cold solution of ketone.
(33) (14 mg) in 3ry methylene chloride. The resulting solution was
heated under reflux for 16 hours. The coolad solution was washed

(brine; saturated NaHCO. solution; brine), dried and evaporated. The
3

lactone (39) (8.4 mg), homogeneous by G. L. C., was isolated by prepara-

tive T. L. C. ecrystallisation from ether-petrol afforded a colourlsss

microcrystalline solid, m. p. 156 - 1590.

v cm-l
CCl4

1740; 1735 (shoulder).

N. M. R. ¢ The spectrum was very similar to that of the chloroketone
(33) but showed an additional 1 proton multiplet at T 5.19.

M. S. Two parent ions were observed at m/é'364 and 366 in the ratio 3 1.

(019H210535CI requires 364 and C19H210537C1 requires 3566 in the ratio 3:1).

Chromatographic proparties of hydrofluorene derivatives

(OVER....)
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I. T. L. C. Rf Values

COMPOUND SOLVENT Rf
3(R=CH3) 50% 0.5
7(R=H) AP 0.5
17 75% 0.6
23 5% 0.8

- 25(R=Ac) 755 0.55
26 305 0.75,
27 755 0.2
28 503 0.9
29 | 505 0.5
30 50% 0.75
31(R=Ac) 3055 0445
32 - 25% 0437
33 25% 0.40
34 103 0.5
35 A 0.5
39 407 0.4

(a) Percentage refers to ethyl acetate in 40 - 60 petrol.
(b) A refers to a benzene:dioxan:acetic acid solvent system in the

ratio 90:25:4.



II.

(a)

(b)

(c)

33

Ge L. Co R Valuas

J

COMPOUND Rk ® Rx >
3(R=CH,) 0.155° 0,135°
7(R=CH,) 0.92 1.09
17 1,12 2.4
23 0,56 0.92
25(R=Ac) 1.31 1.66
26 0.24 -
27 - - 0.7
29 0.33 0.82
31(R=Ac) 0.57 0.32
32 0.41 0.32
33 0.54 0.48
34 0.193° 0.066°

Rx values refer to 1% SE - 30 column using n = C28 alkane as

standarde All temperatures 225° except where stated.

Rx values refer to 1% QF =1 column using cholest-4-en-3-one as

=0 ,
standarde  All temperatures 225  except where stated.

Temperature of column = 200°.
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Attemnted brominaticn of Di=msthvl Terracinoate methyl ether (3: R = CHg).

Dimethyl terracinoate methyl ether (3; R = CH3) (25 mg) was stirred

at room temparature for 43 hours in dry carbon tetrachloride containing

=

. . s 1+ o s _ e - 1 . 4 4'
freshly recrystallised N-bromo-succinimide (15 mg) and benzoyl peroxide 2350

(1.5 mg). At the end of this time, the solution was filtered and
evaporateds T. L. C. examination showad that only starting material

was present.

Sodium borohvydride reduction of dimesthyl terracinoate methvl cther

3; R = CH.)

The keto diester (3; R = CH3) (50 mg) in AnalaR methanol was stirrad
overnight at room temperature in the presence of excess sodium boro-
hydride.

At the end of this time, the pH was adjusted to 7 by the dropwise
additi§n of dilute sulphuric acids The solution was then poured into
saturated ammonium sulphate solution and this agqueous solution was
extracted with ether., The organic extracts were washed (brine), dried
and evaporated to yield a colourless oil (467 mg).

Three products were isolated by preparative T. L. C. (Rf 0.75; 04553
0.4 after 2 runs in 5055 EtOAc = 40-60 petrol).

The least polar component was identified aé the expected (la hydroxy-
3 B methyl- 4 carbomethoxy=- 5 methoxy indanyl) 2 ¢ acetic acid lactone
(40) (146.7 mg) obtained as colourless needles, m. p. 96.5 - 97.5%, on

recrystallisation from ethyl acetate-petrol.  (Found: C, 65.22; H, 5.94.

-



C,-H,, 0. requires: C, 65.21; H, 5.84;%).

1371675
et
VCHCl3 s 17753 17233 1595.
nm v '
xmax s 233 (’e s 5,500); 288 (& , 2940).
N. M. R. (60 MHz): T . JHz
H $2,45)
) AB quartet 8
H, 3.05)
Hy 4,05 (d) 6
Hy, 6455 (m) -

. H5,6,7 6,95 - 7.8 (3H, CompleX)

- OMe groups 6.08 (s) - .
6.1 (S) -
~CH,_, group 8.75 7

3

The major component (Rf. 0055) (196.7 mg) was identified as
Methyl (1B hydroxy- 3 B methyl- 4 carbomethoxy- 5 methoxy indanyl)
2 ¢ acetate (41), m. p. 76° (colourless prisms from ethyl acetate=-petrol).

(Found: C, 62.35; H, 6.63. C.,H 0, requires: C, 62.32; H, 6.54i).

16206
v ST ae0s 3510; 1725
CHCls ¢ 2 3 *
A% 5 230 (€, 6,150); 287.5 (€, 3,340).
Nq I\'l. Rc (60 }AHZ): T JHZ
o 2.6)
AB quartet 8
H 3.15



T o JHz
Hy 5.15 (d) 7
"OH 607 (S)

(disappears on D,0 exchange).

H4,5:637 6.95 - 8 (complex)

Aromatic =OMe 6.12 (s)

~ groups 6.2 (s)
Aliphatic «CHMe 6.3 (s)
group
~CH, group 8.8(d) 7

The minor produgﬁ (Rf 0.4) isolated proved to be a mixture of
the epimeric diols, 1 Hydroxy=-2e- (2-hydroxy ethyl)= 3R-methyl- 4
carbomethoxy~ 5 methoxy indane (42), obtained as colourless prisms
(60 mg), m. p. 105 - 8°, from ethyl acetate-petrol (Found: C, 64.29;

Hy 7.23. C__.H..0. requires: C, 64.27; H, 7.19%).

152075
-1 A
cm .
Vyesop @ 3400 (broad); 1720,
xmgz : 236 (e 4 6,700); 287( €, 2,950).
N, M. R. (60 MHz) : T JHz
Hl 2.6 )
Hy ) AB quartet 8
3 Hy  3.15)
_>~0OH
K Hy 4.9 (m)
7 OM 2 epimers -
CH,0 ~ 5.1 (m)* ©P
3 HT Hy He ’
0,CH; 8 2 - O 7.3 (broad) -

(disappesar on D50 exchange)



T JHz
H,)
4
)
H5) Hidden under . -
) aromatic methoxyl
H6) absorption
)
) .
H8) 7.9 - 8.4 (complex) -
)
Hg)
- OMe groups 6.1 (s)
602 (S) -
- CH, group  8.80 (d) 7
. | 8.84 (d) 7

(2 epimers)

Reaction of Lactone (40) with N - Bromosuscinimide.

The lactone (40) (25 mg) was stirred for 16 hours in dry carbon
‘tetrachloride with freshly crystallised N-bromosuccinimide (16.1 mg)
and benzoyl peroxide (1.5 mg). The solution was then refluxed for
thirty minutes45”46 during which time the cloudiness which had been
apparent vanishad.

After the usual work up, T. L. C. examination of the residue showed

the precence of seven components. The reaction was not investigated

further.

Reaction of Dicl (42) with N=bhromosuccinimide.

The mixture of epimeric diols (42) (10 mg) was reacted with



o]
(eA]

N-bromosuccinimide (6 mg) and banzoyl peroxide (1 my) in an exactly
analogous fashion to that describsd above for lactone (40).
Examination of the residue isolated showed the presence of five

components. The reaction was not investigated further.

Reaction of Alcohol (41) with N=bromosuccinimide.

The alcohol (41) (25 mg), N-brﬁmosuccinimide (14.5 mg) and benzoyl
peroxide (1.5 mg) were stirred at room temperature in carbon tetra-
chloride.

After 2 hours the solution tufned light brown. This colour dis-
appeared after a further hour, |

Te L. Cs examination of the residue isolated by filtration and
evaporation showed the presence of four products. No attempt was

made to identify the products and the reaction was abandoned.

Methyl-2methoxy=- 5 bromo- 6,8 diketo= 10 B methyl-gibba=A,4b- totraene-

1 carboxylate (43).

The unsaturated diketone (17) (10 mg) was stirred for 24 hours
at room temperature in chloroform containing freshly recrystallised
N=-bromosuccinimide (6.0 mg).

Evaporation of the solvent and preparative T. L. C. of the residue
yielded a yellow micrecrystalline solid (8.0 mg), m.p. 208 = 218 (benzene-

petrol).

This compound was shown to contain halogen by a Bielstein test



and a sodium fusion test. It was identified as thz brominated diketone

(43) by spectral evidanca.

-1
cin
VNujol : 17555 171835 1675; 16033 1575.

nmn ; av).
Kmax ¢ 253; 313 (shoulder); 349.

N. M. R. T ' JHz

Hi 1.3 )
) AB quartet 8

H, 2.94)
Hy 6.2 (q) : 3,3
H, 6.42 (9) 7
He  6.56 (q) 16,3
H,  6.88 (q) 16,3
H7,8 6.3 17

(2 overlapping doublets)

2-OMe groups 6.4 (s) (2 superimposed singletis)

~CH, group 8.7 (d) 7

M. S. Two parent ions of equal intensity at m/e 404, 406 (C‘lng_iO5

79Br

requires 404; C19H1705818r requires 406,
As expected 4% the reaction gave the same product under slightly
different conditiens.
The conditions employed were:
(i) N. B. S., benzoyl peroxide, CHC1
(ii) N. B. S., EtCH
(iii) N. B. S., CH2Cl2
(iv) H. B. S., benzoyl psroxide, CHCl,.
Treatment with excess N-bromosuccinimide did not effect further

reaction.
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l. Dimetihyl terracinert

3

OZCH3

T JHz
Hy 2.23)

) AB quartet 8
H, 3.04)
Hy 6465 (octet) 2,7
H4))
H) 7.0 = 7.45
)
H6) (complex multiplets 3H) -
Aromatic - OCH3 groups 6.09 (s) (6H)
Aliphatic - OCH, group 632 (s) (3H)
CH. - group "8.63 (d) - - 7
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oF F o

24 (1, 2, 3, 9a Tetrahvdro = 7 nethoxy - 8 mathoxycarhoayl - 9 B HMethvi
3 keto - 9a ( B ) fluoranvi) acetic acid (7: R = H).
JH
z
H, 2.44)
: ) AB quartet 8
3.13)
3-60 (S) -
6.85 (q) 7
)
) 7.6 (2H; s) -
)
H7,8,‘3‘,10 Complex multiplet 7.1 - 8.0 (4H)
H, 4,48 (broad singlet) -
: Disappears on D20 exchange.
-0CH,, groups 6.11 (s)
6.16 (s)
CH..OH 6.55 (3H; s) (disappears on
3 D.0 exchange)
2 ges.
CH, - group 8.68 (d) 7



3. Hethvl = 2 methoxy -~ 6.8 diketo = 10 8 methvl - gibba ~ A,4b -

tetraene - 1 carboxviate (17).

JHz
H 2.46)
) AB quartet 8
H, 3.04)
H3 3.93 (s) -
H4 6.47 (q) : 7
(collapses on irradiation at benzylic methyl group)
H5 6.43 (t) ; L2
(collapses on irradiation at H, .).
6,7
H6)
% accidentally equivalent 7.49 (t) <2
(collapses on irradiation at H5).
Hg 7.59)
) AB quartet 16
H 7.89)
9
-OCH, groups 6.06 (s) -
6.09 (s) -
CH, - group 8.76 (d) 7

(collapses on irradiation at H4).



4, Hethyl = 2 mathoxy = 6,38 diketo = 10 8 methyi = 4b{e JH = gibba =

A - trienc = 1 - carhoxvilate (23)

JHz
H 2.94)
. ) AB quartet 8
H2 3.20)
H3 . ca. 6414 (obscured by methoxyl signals)
H4,5,6,7 ' 6.6 = 7.2 (complex absorption)
H8 9,10.11 7.4 - 8.1 {complex absorption)
. 979 }] .
~OCH, gTroups 6.09 (s)
6.18 (s)
CH, - group 8.75 (d) 7
(b) Solvent: deuterobenzene.
H 3.49)
) AB quartet , 8
H, 3.67)
Hy 6.83 (broad s.) 3

Affected by irradiation on =

H - removes small coupling
8,9 ]



T JHz
H, 7.37 (a) | 7
Affected by irradiation on hanzylic
Methyl group = cellapses to singlet.
H5 . 7.44 (m) (X part of ABX)
Affected by irradiation on
H6,7 =~ collapses to 51nglgt.
Hé = ca. 8.24 {m) (AB part of ABX)
2
Affected by irradiation on.
H5 - removes coupling leaving a quartet.
3
HB’9 8.54 (d) }3
Affected by irradiation on
Hy - collapses to singlet
HlO,ll 8.34 (s) (accidentally equivalent)
-OCH, groups 6439 (s) -
6071 (S) -
CH3‘- group 9.10 7

Affected by irradiation on

H4 = collapses to singlet.



5. HMethvl « 2 methoxy = 6 leto = 8 acatoxy = 10 8 methyl aibba - A,4D ~

tetracne - ] carboxvlate (25: R = Ac)

-0
C
' JHz
H 2.32)
' } ) AB quartet 8.5
H, 3.00)
H, 3.77 (d) 1
(Long range coupling. Collapses on irradiation at H6)
H4 ' ca. 3440 (octet)
Affected by irradiation on:
H6 ~ goes to double doublet 4,10
H7 ~ very slight change 4,6
H8 - goes to double doublet : 6,10
6455 (q) 7

o

ca. 6460 (multiplet)
Affected by irradiation on

H, - removes couplingca. 6 Hz

4
Hg - very little change
HlO - removes large coupling
H, ca. 7.55 (d.d.)

Affected by irradiation on

H4 ~ removes coupling of 10 Hz

HS - removes geminal coupling of 15 Hz
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T _ JHz
H8 ca. 8455 (complex)
Affected by irradiation on
H4>— collapses-to broad doublet 15 Hz (J7 _ 8)
H, - collapses to broad doublet (partially hidden
by methyl doublet). ‘
HlO - sharpens to quartet. i.e. Removes long
range coupling of 2 Hz
H9 ‘ ca.‘-7.5 (m)
Affected by irradiation on
vHé - removes small coupling
HlO - removes geminal coupling
HiO ca. 840 (m)
(Partially hidden by acetate methyl group)
_ Affected by irradiation on
H, - removes small coupling
H8 - removes long range coupling
No irradiation at Hg'
-OCH3 groups 6.06 (s)
6.08 (s)
CH,CO, = group 8.02 (s) -
—CHS - group 8.76 (d) | 7

collapses on irradiation at H5.



6. lethyl = 2 mathoxy « 6 keto = 8 acotoxy = 10 B rmethvl = 4b( o )=

agibba A - triens - 1 - carbowviszis (29).

o]

546,7,8

9,10,11

oo

12

-OCH3 groups

CH3 - group

ca.

Cae

(b) ‘Solvent: Deuterobenzene.

T
2.89)
) AB quartet
3.18)
4,70 (m)

JHz

6.1 (m) (obscursd by methoxyl sigmals)

6.7 = 7.4 (complex absorption)

7.7 - 8.1 (complex absorption)

8.8 (m) (obscured by methyl group

6.06 (s)
6.16 (s)

8.75 (d)

3.32)
) AB quartet
3.64) :

5.00 (m) (X part of AMX)

signals).
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T JHz
Affectaed by irradiation on
H4 - removes largs coupling
Hll - removes small_coupling
' le -‘removes large coupling
H, ' , 7.01 (m)
| Affected by irradiation on
H3 - removes couplingca.9 Hz
H9,10 - collapses to doublet
H, 7.28 (q) 7
Affected by irradiation oﬁ
Benzylic methyl group - collapses to singlet.
H6 ca. 7.3 (m) (A part of ABX)
Affected by irradiation on
H8 - removes small coupling
H, ca. 7.3 (m) (B par£ of ABX)
Affected by irradiation on
H8 - removes large coupling
Hy 8420 (m) (X part of ABX
Hy 19 8.70 (d) 3
Affected by irradiation on
H4 - collapses to broad singlet
Ho . 8.1-(m) (A part of AlX)

Affacted by irradiation on

H3 - removes small coupling leaving doublat with J = 16 Hz

qu - removes coupling.
<



T , JHz

Ho, : 8.59 (m) (M part of AMX)

Affected by irradiation on |

H3 ~ removes larga coupling

Hy, - removes gaminal coup“ling |
-OCHSIgr-oups | 6.39 (s)

' 6,72 (s)

CH3 GO, - group - 8.49 (s)

'cH3 group = , .8.99 (d) ' 7
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7. Methyl = 2 methoxy = S nethylens = 10 B methyl = 4b( ¢ )H -gibba =

A -~ triene ~ 1 carboxvlats (24: R = CH.).
2
o

3

JHz

Hy ~ 3.05)

. ) AB quartet 8
H, 3.29)
H,) .

) : . 5.33 (broad d,) 13
H4)
Hy o 6,95 (q) 6
H ' ca. 7+3 (complex multiplets) -
6,7 v

Hy _ 15 7.8 = 8.8 (complex absorptlon)
-(}CH3 groups » 617 (s) -

6426 (s) -
CH, - group 8.20 (d) 6
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8. 1 Carboxy = 2 methoxv - 3 keto - 10 B methvl = 4b{qg )JH = gibba =

A triene (35),

Solvent: Deuteropyridine.

T JHz
CH 2.97)
, ) AB quartet 8

H, 3.20)

Hy 6.85 (q) 7

Hy 7.3 (m) (X part of ABX)

H ca. 7.5 (m)

H6 - 13 Complex multiplet ca, 7.8 = 8.6

-0CH,, group 633 (s) _ -

CH, - group , 8.55 (d) 7

3
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B. SYNTHESIS OF INDANE-1,7-DICARBOXYLIC

ACID,



As part of a programme aimed at the synthesis of compounds con-
taining significant structural features of the gibberellins, it was
decided to attempt the synthesis of the perhydroindanclactone (1) which
contains the AB rings of GA, (2).

The route is summarised in Flow Sheet 1.  This épproach was
chosen for two reasons. Firstly, if the synthesis had bzen successfully
completed it would have provided a model closer to the AB ring geometry
of the gibberellins than any yet synthesized. Secondly, the route
offered the possibility of being readily adaptable to the total synthesis
of gibberellic acid (3) and gibberellin A, (2).

This could have been carried out by protection of the ketone
function in (8) followed by transformation to (16) or to a masked form(17).
This ketodiacid (16) possesses the potential of being converted to the
gibbereliins by a combination of the route envisaged for the synthesis
of (1) and the épproach discussed above.

Unfortunately, tﬁe approach had to be abandoned at an advanced stage
for the reasons outlined below.

Benzaldehyde (4) was smoothly converted! to diethyl benzalmalonate (5)
by condensation with diethyl malonate. Reaction of this adduct (5) with
potassium cyanide in aqueous ethanolic solution followed by acid
hydroly5152 resulted in formation of phenyl succinic acid (6; R = H) without
isolation of the intermediate B cyano, B phenyl ethyl prepionate.

The anhydride (7), formed by acetyl chloride dehydration, was trans-

formed® in high yield to indan-l-cne-3 carboxylic acid (8: R = H).



106

Initial attempts at Clemmensen reduction of the indanone acid
(885 R = H) by the Martin4 two-ghase modification were unsuccessful,

The desired acid (9; R = H) was, however, obtained by the use of a method
similar to that of Donbrow5 or by hydrogenolysis in glacial acetic acid
in the presence of 10% Pd - C catalyst.

Convérsion to the acid chloride_(lO) was easily achileved by
heating the acid (9; R = H) under reflux in thionyl chlorides Reaction
of this l=hydrindenyl chloride (10) with lead thiocyanate in dry benzene®
led to the fermation of 1-hydrindenyl isothiocyanate (11) in high yield.

The cyclisation of (11) to 1 thio - 3 keto~ 1,2,3,4,5 pentahydro-
cyclopent [é é] isouinoline (12) using the conditions of Smith and
Kan 6 afforded initially only intractable tars. (This reaction had .
been observed6 to take place in simple benzenoid systems'in yields
varying betwesen 65 and 25%). |

Repetition of the reaction, in the presence of hydroquinone during
"~ the isolation procedure; yielded the desired isoQuinolone (12) in poor
yield (2.3% crude).

The failure of this reaction might in part be attributed to the
steric requirements which the Friedél-Crafts cyclisation imposed upon
the essentially linear isothiocyanate(11).

It has been observed7a’b

3 that in analogous systems such as (18)
cyclisations of this type do not lead to the expected ring closure
producte This had led to the claim that such a ring system may be

incapable of existence due to steric strain. This has been shown to be

erroneous8 and an alternative explanation suggested by Rapaport and



Pasky8 might be valid in this case and in the case of the isothiccyanate
(11) also.

If the attacking isothiocyanate moiety must enter the benzene ring
at an angle simultaneous with or immediately folléwing.aromatic carbon-
hydrogen bond rupture then the linear isothiocyanate may be unable to
accomnodate this requirement and still approach close enough to form a
bond,

This approach would be made even more difficult because of steric
congestion if, as is very probable, the mechanistic requirements involve
complex formation with the Lewis acid catalyst during the transition
state. Under such circumstances, intermolecular acylation leading to
polymeric species would be favoured.

Indane = 1,7 = dicarboxylic acid (13; R = H) which was obtained
from alkaline hydrolysis of the iscquinolone (12) was characterised as
the corresponding dimethyl ester (133 R = CHB)' Spectral investigation

of this ester (133 R = CH3) revealed the expected absorptions in the

¢ mt
c=o0

nm

1740, 1725) and ultra=-violet ( A oy

infra-red ( v 235,287).
The N. M. R. spectrum added further evidence for the structure
(13: B = CH3) assigned. As well as the two ester methyl singlets and
five aliphatic protcns the substitution pattern of the aromatic ring was
shovn to be 1,2,3 trisubstituted with the three aromatic protons forming
an A B X system (JAB = 83 JAX = 23 JBX = 8 Hz). Mass spectrometry and

analysis confirmed the assigned structure.

At this stage, this approach wass abandoned due to the disappointing



s
(@]
(o8}

yields obtained in a late stage (11 —»12) of the synthesis. Conversion
of (13=>14 —>15 —31) via Birch reduction, lactonisation and hfdro»
boration was not studied,

It should be noted, however, that the perhydronabhthoic acid lactone
(19) synthesized by Loewenthal and his co-workers4 was obtained by a

similar sequence to that originally envisaged for the transformation of

(13—> 1) (See introduction).
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EXPERINZHNTAL

Diethvl Benzalmalonate (%)

‘Diethyl malonate and commercial benzaldehyde were condensed as
described in the literature to yield diethyl benzalmalonate (86%) as

a colourless oil; b.p. 138 - 142°/ 0.3 mm.  (1it. b.p. 140 - 142°/

4 mm, 1119 905)

This o0il was homogeneous by T. L. C. V;iTm 1715 (Vese)s

1620 (s); 700 (m).

Phen§1 Succinic Acid ké; R = H)

Phenyl succinic acia was prepared from diethyl benzalmalonate as
described in the 1iterature.2 The crude material was sufficiently
pure for further reaction.

A sample recrystallized from water ylelded colourless needles;
m. p. 163 - 166° (1it.ll 168°) [}. L. C. pure as the dimethyl ester
(65 R = caai]_

’ cm -l [ .
VNujol 1700 (s); 1600 (m); 740 (s); 710 (s).

N. M. R. (65 R = CH3)

T
H
1
OZR ' 2.7 (s) 5 aromatic protons
) 0,R 5.9 (@) H (X part of ABX)

3 7.0 (m) Hys Hy (AB part of ABX).



Phenvl Succinic Anhvdrids (7)

Phenyl succinic acid (63 R = H) (50g.) was refluxed with freshly
distilled acetyl chloride (100 ml.). After thirty minutes the seolid
dissolved; reflux was continued for a further two hours.

Excess acetyl chloride and acetic acid were removed by distillation
and the residual oil distilled in vacug to yield a pale yellow viscous
0il (40.4 g3 90i%), be p. 137 = 140°/0.08 mm., which solidified on
cooling. Recrystallisation from ether gave the anhydride (7) as colourless
prisms, me Pe 51.5 = 52,5° (lit.ll 54°).

cn 1860 (m); 1790 (s); 740 {w); 710 (m).

VNujol
N. M. R.
T
2.65 (s) 5 aromatic protons

5.85 (q) Hl (X part of ABX)

6.8 (m) HH, (AB part of ABX).

Indan-1-one~3-carboxylic acid (8; R = H)

The title compound was prepared by Friedel=Craft cyclisatien of
the anhydride (7) as described in the literature.>

Recrystallisation from water afforded the indanone as colourless’
plates (87%), m. p. 50 - 51° (1it° 83 - 84° as .1H0). Removal of the

water of crystallisation in vacuo yielded a microcrystalline powder,
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me p. 117 - 118° (11t° 120°).
T. L. C. examination of the acid showed it to be one compound

and, as the methyl ester (8; R = CH3), to be identical with a genuine

sample,
en”t 1725 (s); 1700 (s); 1600 (m); 765 (s)
V Nujol 3 3 73
AEQZ 213 ( ¢, 8,700); 245( € , 10,170); 290 ( € , 2,090).

N. M. R. (85 R = CH,)

T
: 2.4 (m) 4 aromatic protons
3 " 5.7 (q) Hl (X part of ABX) .

02R 6.95 (m) BoH, (AB part of ABX)

Indane-1-Carboxylic Acid (9; R = H)

(a)’ Indan-l-one-3-carboxylic acid (8; R = H) (5g) was heated under
reflux for 20 hours with freshly amalgamated zinc (15g.) in a 1:1 mixture
- of HC1 (conc.) and water (40 ml.).
The cooled mixture, on constant ethyl acetate extraction, yielded

the required acid (3.4 g; 72%), m. p. 59.5 = 56° (acidified water),

5

as colourless needles. (lit.” 56°).

The product was T. L. C. pure both as the acid (9; R = H) and as

the methyl ester (9; R = CH3).

cm

V Nujol 1710 (s); 760 (m)
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>;m:2 215 (€ , 4,3350); 266 (e , 710); 273 ( e, 710).
N. M, B. (95 R = CH3)
' T
2,75 (bes.) 4 aromatic protons
4 ,
Hq 5492 (q) Hy

Cof 42 By

7.55 (m) H,, Hy

(b) The indanone carboxylic acid (8; R = H) (1.0g) was hydrogenated
at room temperature and 1 atmosphere pressure over 10% Pd - C (200 mg.)
in the minimum volume of AnalaR acetic acid. After 16 hours ths )
solution was filtered to remove the catalyst and evaporated under reduced
pressure.

Recrystallisation from water yielded indane-l-carboxylic acid

(95 R = H) (820 mg.) as colourless needles identical in all respects

4

"~ with the product of Clemmensen reduction.

1-Hydrindenyl Chloride (10)

Indane~l-carboxylic acid (9; R = H) (2.9 g.) was heated under
reflux with purified12 thionyl chloride for four hours. (i.e. until
evolution of HCl had ceased). After removal of excess thionyl chloride,
distillation under reduced pressure afforded the acid chloride (10)

(2.16g; 86%5), be ps 146 = 1480/ 20 rm, as an almost colourless liguid,
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cm

film 1800 (s); 760 (m).

(note:  in further runs the crude acid chloride was sufficiently pure

for conversion to l-hydrindenyl isothiocyanate (11) directly).

1-Hydrindenyl Isothiocyanate (11)

The acid chloride (10) (2.1g) was refluxed with lead thiocyanate
(4.19) in dry benzens2 (QQ ml.) for 5 hours.6 The solution was filtered
while still warm and the benzene was removed under reducad pressure. The
residue was distilled in vacuo to yield the title compound (11) (1.9g; 80C%),

b. p. 105 = 110°/0.3 mm, as a very pale yellow oil.

cm

Voiim 2000 (vese); 1735 (s); 760 (m).

xm;“)‘: 214 (e , 10,450); 265(e , 5,990).

1 Thio-3 keto=-1,2,3,4,5 pentahydro-cvclopent [de] isoquinoline (12)

1-Hydrindenyl isothiocyanate (11) (3.0g ) was dissolved in sym
tetrachloroethane (30 ml.) and added in oné portion to powdered aluminium
chloride (6.1g)6.

The mixture was stirred for 2 hours with evolution of hydrogen
chloride.

After destruction of the complex with HC ( 1 §), the sclvent was

removed by steam distillation in the cresence of hydroquinone. The



product (12) (70 mg; 2.3% crude) was isolated by filtration of the
cooled distilland.

o 1645 (s); 1595 (m).

VNyjol
, M
N 2265 2473 295; 307; 423.

\ An analytical sample, prepared by sublimation of the crude material,
afforded orange-red prisms, m. p. 165 = 170° d.

(Found: C, 64.95; H, 4.34; N, 7.05.

cuH9 ONS requires: C, 65.02; H, 4.46; N, 6.90%).

Dimethyl Indane-1,7-Dicarboxylate (13; R = CH3)

The crude cyclisation product (12) (150 mg) was heated under reflux '
in 25 aq. potassium hydroxide solution for 48 hours.6

The resulting sclution was cooled, acidified and extracted with
ether. The ethereal solution was treated with diazomethaneydried
(MgSO4) and ;;aporated under reduced pressure.

The residual solid yielded the desired product (45 mg, 25%) as
colourless prisms (m. p. 80 - 82°) on sublimation.

(Found: C, 66.79; H, 6018‘

C,.H, 0 reqﬁires: C, 66.65;5 H, 6.,02%)

131474

cm
Vccz4 1740 (s); 1725 (s).
}\nm

o 235, (e , 4,750); 287 (e , 1,095).



Ne. Me R.

T J (Hz)

2.23 (q) 8,2 H (X part of ABX)

2.68 8,2 Hy (A part of ABX)

- 2.8 8,8 H, (B part of ABX)
5.58 (q) H, (X part of ABX)
7.05 (q) HHg (CD part of ABCD)
7.70 (m) H5H6 (AB paft of ABX

. AB part of ARCD)
6.26 (s) Methyl group A
6.43 (s) Methyl group B

M. S.

Parent ion m/e 234

(C 311404

requires 234).



Chromatographic propsrties of Indane Derivatives.

Te Le Ce Rf wvalues.

COLPQUND SOLVENT Rf

5 15587 0.6
6 (R = Ci,) 155 0.5
8 (R = H) AP 0.6
8 (R = CH3) 203 0.4
9 (R = H) A 0.75
9 (R = CH,) 20% 0.8
13 (R = CH3) 20% 0455

Percentage refers to ethyl acetate in 40 - 60 petroleum ether,

- A is a benzene: dioxan: acetic acid solvent system in the

ratio 90:25:4,



3.
4,
5.

6.

7.

9.
10.

11,

12,
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