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Abstract

The evolution of [10]annulenes from transient
intermediates to stable isolable compounds is reviewed
with particular regard to the importance of transannular
interactions.

The preparation of 5,7a-dihydro-7a-methyl-1H-
inden-1-one has been improved. The conversion of the
adduct of its enol ether, 3-methoxy-3a-methyl-3all-indene,
with dimethyl acetylenedicarboxylate into the tricyclic
[10]annulene, 7b—methyl—7b§—cyc10pent[gg]indene (1) has
been shown to be an effective route, but unsuitable for
large scale worx.

The structures of the [4+2] and [8+2] adducts of
3-methoxy-3a-methyl-3aH-indene with N-phenylmaleimide
and maleic anhydride have been unambiguously assigned.
New adducts with 2-chlorocacrylonitrile and 2-chloro-
acryloyl chloride have been obtained, and used to prepare
monosubstituted [10] annulenes and the versatile tricyclic
ketone, 2a-methoxy-Tb-methyl-1,2a,7a,7b-tetrahydro-2H-
cyclopent[gg]inden—2—one respectively. This ketone has
been converted into the annulene (1) by way of base
induced fragmentation of its arenesulphonylhydrazones,
and into the tetraenone, Z2a,7b-dihydro-7b-methyl-2H-
cyclopent[gg}inden-?—one, by removal of +the elements of
methanol. This tetraenone contained no substantial
proporiion of the "phenolic¢" tautomer, Tb-methyl-T7TbH-
cyclopent[gg]indenHE—ol. Its conversion into the
anmulene (1) by reduction and elimination of water

represents the best method so far for the synthesis of



this aromztic systen.

A mew 3zb-indene, 3-(trimethylsiloxy)-3a-methyl-
3aH-indene, has been prepared and its use as an annulene
precursor investigated; Lttempts to prepare Tb-methyl-
ToH-cyclopent [cd]inden-1-0ol from its [ 8+2] adduct with
dichloroketene were not successful.

The chemical properties of the annulene (1) were
explored, particular attention being given to its thermal
rearrangement and its reactions with dienophiles and
eglectrophiles. In the reaction with chlorosulphonyl
isocyanate, a ring expansion gave N-chlorosulphonyl-

2, 9b-aiﬁydro—9b—methy1—1 H-indeno[ 1,7-¢d)|azepin-1-one,
a new 12n-system which showed some evidence of
antiaromaticity.

The adduct of 3-(trimethylsiloxy)-3a-methyl- -
3aE~indene with benzoquinone was convérted into a
derivative of 9c—methyl-9q§—cyclopenta[Qg]fluorene.

The unsubstituted hydrocarbon itself, é benzo fused
[10]annulene, was prepzred from Tb-methyl-TbE-cyclopent-
[gg]indene—1,2—dicarboxaldehyde, and its properties
studied. The effects of benzo fusion are discussed in

relation to recent relzted literature.
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1 Introduction

Tne term annulene is applied to the series of
cyclic unsaturated hydrocarbons, Canzn,composed of a
ring of (CH) units. The best known member of this
series is [6]annulene (benzene). Its stability, the
wide occurrence of its derivatives in nature and its
tendency to undergo substitution rather than addition
reactions is in marked contrast to cyclooctatetraene
which has polyolefinic properties' and cyclobutadiene
which has only a fleeting existence under ordinary
conditions.?

These differences in properties are predicted
by the molecular orbital theory of Hickel. His famous
dn+2 rule states that a planar monocyclic system'
containing 4an+2 out of plane m-electrons possesses
a greater thermodynamic stability than a corresponding
linear m-system and that the 4n m-electron cyclic
systems possess no such stability.3

Tae proposal of this rule has prompted.extensive
experimental research to determine its wvalidity. In
this respect, Sondheimer and his co-workers were
successful in preparing a series of the higher ring
annulenes containing 12 to 30 carbon atoms which showed
an zliternetion in properties in agreement with Hickel.*
This is illustrated with [18]annulene (2) and [16]annulene
(3).

Perhaps surprisingly, [18]annulene (2) was found
to ve not particularly stable and gave addition rather

than substitution reactions, although by using mild
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enough conditions, it could be nitratedf acetylatedf

rominated® and formylated.’

(2) ' (3)

As stability is influenced by kinetic factors,
it is not a satisfactory criterion for arcmaticity;
better is the phenomenon of ring current]Jawhich is a
measure of the delocalisation of the electrons and
which can be measured readily by n.um.r.

[18]Annu1ene (2) d4id not give a satisfactory
n.m.r. spectrum at room temperature due to rapid
conformational inversions, but at ~-60°C the outer
protons were observed to be strongly deshielded at
59.28 and the inner protons were strongly shielded at
5-2.99. Conversely,[16]annulene (3), at -110°C, gave
resonances for the ouvter protons at $5.40 and the inner
protons at §10.43 showing a paramagnetic ring current to
be present in an applied magnetic rield.”

One of the concepts characterising aromaticity
is that of bond length equalisation. For annulenes
higher than.{2), the limit of Hickel's rule is reached,

as manifested by significant bond alternation.® However,
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recent calculations indicate that as the size of the
annuiene increases, there is a gradual transition from
bond equalisztion to bond alternation and that there
may e some bond alternation, albeit small, even in
[TO]annulenes.9

In the series of annulenes prepared by Sondheimer,
[10]annulene was notably absent. For the monocyclic

[10]annulenes, the configurations (4) - (7) may be

(4) (5)

&b

(6) (1)

gonsidered.

Foillovwing experiments demonstrating the intermediacy
ox [TO]anﬁulenesfo the isomers (4) and (5) were isclated
by Meszmune znd co-workers." The best preparative method
was the low temperature photolysis of the cis-dihydro-

nepathalene (8) under cerefully controlled conditiocns.



The resulting annulenes were separated and purified by

low temperature column chromatography."

(4) ————  (8)
dis.

OO 254 nn
THF

()

!Il

“’ZI

However, neither of the annulenes (4) or (5)
showed any evidence of a ring current and both gave only
olefinic proton resonances in the n.m.r. spectrum.
Forthermore, their u.v. spectra showed incomplete
conjugation of the double bonds. When the all cis-
annulene (4) was allowed %o warm %o room température,
it reverted to the cis-dihydronaphthalene (8) by a
thermally allowed disrotatory electrocyclic process with
a half life of 47 minutes at 6°C. Similarly, the mono-
trans-annulene (5) gave the trans-dihydronaphthalene (9)
with a half 1life of 22 minutes at —-2500.11

In an elegant piece of work, structures (4a) and
(5a) were assigned to be the most favoured conformations
of these annulenes to explain the temperature variation
of the proton and carbon-13 n.m.r. spectrar and a
theoretical treatment predicts these structures to be

energetically the most favouredj2
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(42) (5a)

Thus the morocyclic annulenes isolated by
Masamune and co-workers do not possess the fully
conjugated 10mr—electron system of interest. Their
non planar coaformations were not surprising since
planarity requires wvhe imposition of either severe bond
angle strair and / or non bonding repulsive interactions.
For the all cis-compound (4), a planar conformation
necessitates intermal bond angles of 144° and there is
unfavourable eclipsing of the external hydrogens. Non
bonding interacitions involving intermnal hydrogens are
involved for the configurations (5), (6) and (7).

To construct a system which has a sufficiently
planar 10n-system for complete cyclic conjugation, it was
necessary to build constrzints into the structure. The
tribenzo-fused system (10) has been prepared by Sondheimer
and co-workers but was found not to be planarf“ Even if it
were, i1t 1s probable that the three benzene rings would
cause so much perturbztion of the system that the
contribution of the inner 10n-ring to the overall
electronic struciure of the compound would be insignificant.
The compound {11) with cyclohexenyl residues in place of

R . i 4
the benzene rings was oo unstable to be isolated.’
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(10) - (1)

00 VAV
> L (89

\ 20 7 OO

(12) (13)

Although the dehydro [14]annu1ene (12) and -
similar higher annulenes have been preparedfs attempts
to synthesise a dehydro [1Cﬂannulene have not been
successful, The bis-dehydro [1Q]annulene (13) is
expected to be planar but is unlikely to be isolable
owing to instability caused by interactions of the
in-plane m-electrons.” Attempts to prepare the model
compound {(14) resulted only in the isolation of zethrene
(15) and dehydrogenation of the solvent occurred.”
Similarly, attempts to prepare dibenzo-1,2,6,7-bis-dehydro-
[10]annu1ene (16) were not successful and one of the

producus isolated was a benz[g]anthracene derivative.”
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On this basis, the annulene (13) would be expected to

give naphthalene rapidly.

=) 0
S 0

(14) (15)
— =7 N\
d&:@ s/
(16) ' (17)

Following the above work, Masamune attempted the
synthesis of derivatives of the annulene (J17) which were
expected to possess less repulsion between the in-plane

- 10c
m-electrons then the isomer (13).

However, treatment of
the mesylates (18) and (19) with a variety of bases gave
anthracene and 1,2,3,4-tetrahydroanthracene respectively.
In the case of the mesylate (18), phenanthrene was
sometimes a minor byproduct and when a deuterated solvent
was used for the reaction, deuterium was incorporated into
the 9- and 10-positions of the anthracene.)® These
observations support the diradical intermedizte shown.

In the case of the mesylate (19), 2 byproduct was the
diacetylene (20) which may have been Tormed by opening

of the diradical intermediate.
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: TZ N\ : :.2 N\
= OMs = OMs

(18) - (19)
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(20)

The problem of transannular reactions in the
[10]annu1enes was neatly overcome by Vogel, by connection
of the 1-and 6-positions of the di-trans-isomer (6) with
a methano bridge. The resulting 1,6—methano[10]annulene
(21) was synthesised from naphthalene16 (Scheme 1) and
showed the characteristics of an aromatic compound. It
undergoes electrophilic substitution reactions and in the
proton n.m.r. spectrum, the methylene protons appear
upfield of tetramethylsilane at $-0.5 due o the
diamagnetic ring current induced in the system by the

applied magnetic fielg.”



- —

|0~

(21)

SCEENE 1 Reagents: i, Na-EtOH-NHg; i1,
CHClB—KOBuJG; iii, Na-Hg; iv, DDQ

A large number of derivatives of this compound
hze been prepared with various bridging groups and
peripheral substitution, and also its higher "homologues"

upto the [22]annulene (22)."

L1though the methano bridge in the annulene (21)

ceuses arching of the molecule so that the periphery is

not planar,”® the compound (22) still has some aromatic
properiies despite the presence of four such ‘t)r'i(filc:;es.mJ

18.
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The results of Vogel lead to the conclusion that the
overall planarity of the n-system is less important in
determining the extent of delocalisation than torsional
angles between neighbouring double bonds which reach a
maximum value of 34° in (21).@ When large torsional
angles are present, aromaticity is destroyed. For example,
complete delocalisation in the ggﬁi—?ig—methano[14]annu1ene
(23) is disrupted by torsional angles greater than 70°.

As a result, it is unstable and its methylene protons
resonate a2t §1.88 and 62.48 in the n.m.r. spectrum showing
the absence of a ring current.

Although there is no doubt that the annulene (21)
has the structure shown, a substantial amount of evidence
has amassed to support the view that a large proportion of
the ring current which causes the upfield shift of the
methylene protons in the n.m.r. spectrum arises from a
1,6-bonding interaction which gives a certain amount of

6r-delocalisation as depicted by (24)39

(24)

It is necessary to invoke this homozromatic

20,21 22

interaction to explain the electronic and photoelectron
spectra, and a bond order of 0.4 between the 1-and 6-
positions has been estimated ’® A theoretical treatment

predicts the system to be intermediate between naphthalene



and a2 true [1Q]annulene, and that the [22]annulene (22)
woulé@é show no aromatic properties if transannular
interactions were absent? Measurements of +the positional
reactivity of the annulene (21) in detritiation and
desilylation reactions show the 2-position to be much more
reactive than the 3=-position in electrophilic substitution
reactions .2 Only by invoking structures such as (24) as
having a significant contribution, can these results be
explained.")4

Perhaps the most striking evidence is shown by the
annelated compounds (25a) and (26a). The proton n.m.r.
spectrum of compound (252) shows Ha to résonate upfield
of tetramethylsilane ﬁut ﬁb not to be under the influence
of much ring current.” Similar effects are observed for
compound (26a).26 Thus, structures (25b) and (26b) may be

better representations of these compounds.

0 -0.66 +1.33 5+0.29 +2.45
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A homoaromatic interaction has also been
demonstrated in the cation (27). Its carbon-13 n.m.r.
spectrum is similar to that of the benzotropylium ion
(28) and shows the positive charge density to lie mainly
in the right hand ring as shown.” If there were no
interaction across the 107-system, a comparable positive

charge would be expected to reside on all the peripheral

positions.

8.5-15.0 2°° 27.20r329
,2 Y - 27.00r27.8

2. am

ar O

(27)
0o 23 4, The f@gures giyen are.
Qsjgiﬂ ) { o downfield chemical shift
differences in the carbon-13
{} spectrum relative to the
uncharged hydrocarbon
(28)

The above results show that the annulene (21) studied
by Vogel cannot be regarded as a true Hickel annulene in
which the delocalisation is entirely arourd the periphery.
Calculzations predict that although the 1,6-interaction in
a[10]annulene is bonding, the 1,5-interaction is not and
that the 1,5-methano[10]annulene (29) should possess little
homo-interaciion.?®
1,5—Methano[10]annulene bears the szme relation to

azulene &s 1,6—methano[10]annulene does to naphthalene.

The interaction in azulene itself is calculated to be
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swall®® but its blue colour and large dipole moment show

the interaction to be present. 1,5-Methano [‘l O] annulene

was first synthesised by Masamune and Brooks in 1977

(Scheme 2)*° and later by Scott and co-workers (Scheme 3).

30

Syntheses of 1,5-Methano [‘I O] annulene

i ii - vi

SCHEWE 2

(29)

Qo
Reagents: 1, (MeO) >PCHCH=CHCO,Me-THF;

ii, PrizNLi; i1, 0,3 iv, (Et0),P3 v, LiAlH,;
vi, NaIO,; vii, Bu',AlH, -78°C; viii, PhCO,H-
PPh,~Me0, (N=NCO,Me, 0%c; ix, OH™; x,

4-0,N CH,N=C=0; xi, 300°¢.
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o)
CHN, 2
i ii
| | OAC |
iii, iv = v — Vi, vii
e - et remanea e ——-
AcoO

\ v1ii,-ix (29)
HO
-+
SCHEME 3 Reagents: i, CuCl—PhBr,_180°C; ii, CH2SOMe2

DMSO, 75°C; 1ii, TsNHNH,-MeOH, 25°C; iv,
Meli-Et,0, 25°C; v, Pb(OAc)4—C6H6:AcOH;
vi, Pb(OAc)Q-PPh3-Nazco3; vii, MeLi-Et,0;
viii, MsCl-NEt,-CH,Cly, 0°Ci ix, KOBu'-
Buom, 25°C

The annulene (29) has aromatic properiies
despite the considerable torsional strain anticipated: the
torsional angles between neighbouring double bonds reach a
maximm of 42°.% The presence of a ring current causes
the methylene protons {to appear in the n.m.r. spectrum
upfield of tetramethylsilane at §-0.50 and §-0.95.° Even
in this compound, the presence of some transannular

interaction has been demonstrated and has led to the use
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of the nzane, homoazulene.>> The introduction of a

nethoxy substituent into the 1-position causes a greater
effzct on the band frequencies in the electironic spectrum
than i¥ the substituenf is elsewhere; this behaviour is
also shown by azulene.”? The similarity with azulene is
azlso shown by the e.s.r. spectrum of its radical anion
where the main hyperfine coupling is to the proton at
position-6 in both compounds.31 Protonation of 1,5-methanco-
[10]annulene occurs exclusively at the 1-position to give

$he steble homotropylium iom (30).%

(29) (30)

Although the evidence shows a transannular
interaction to be present in FThe annulene (29), unlike
the 1,6-interaction encountered in Vogel's compound (21),
that between the 1—- and 5-positions causes a charge -
Eisplacement in the molecule and a considerable change in
rroperiies may be brought about by an interaction of only

& s5zall magnitude.

A bridged [10]annulene in which the geometry is such
thzt any traensannular interaction is probably even less
sigrificant is 7b-methyl—7b§—cyclopent[g@]indene (1). The

inSerztomic distance between the 4a- and Ta-positions has
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been calculated to be 2.55 A,33 much longer than the
transannular distance of 2.26 i encountered in 1,6-methano-
[10]annulene (21)38 Pagquette and co~workers have estimated
that mutually canted homoconjugated carbon atoms can still
interact at distances upio 2.45 i, but above this wvalue,

the interaction fails of f rapidly.34

The tricyclic [10]annulene (1) is derived from the
hypothetical monocyclic system (7) by replacement of the
three internal hydrogen atoms with a single bridging
carbon atom. It is related o the 14y-dihydropyrene (31),
extensively studied by Boekelheide,a5 and the isomeric
system (32).3s Both of the annulenes (31) and (32) have

been shown to be strongly diatropic aromatic compounds?sﬁs

n
-

(31) (32)
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A compound with the same periphery as the

¥  Although this is

annulene (1) is [3,2,2]cyclazine (33).
e siable zromatic compound, the contribution of the lone
vair of electrons from the nitrogen atom has a marked
effect on its electronic structure and its properties
may be ascribed to the fusion of a pyridinium cation and
one of two ezacyclopentadienyl anions rather than to its
107t-periphery. Hence, electrophilic substitution takes

place predominantly at the 1-position.”

(33)

Iscelectronic with [3,2,2]cyclazine_is the anion
(34) which has been synthesised as its lithium salt®®
(Scaeme 4). Not surprisingly, quenching of the anion
(34) with water does not give the annulene (36) but the
nore stable bengenpid hydrocarbon, TH—cyclopent[gg]indene
(35).3'8 Llso, when the anion was treated with deﬁterium
oxide, a product deuterated specifically at the 1-position
we.s obizined.”’ It is therefore considered unlikely that
the annulene system could be prepared by alkylation of
the anion (34) but nevertheless, this represents an

interesting experimentsl challenge.
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&l@&

(35)
HEO LMeLi
L|
H20
SCHEME 4
(36) (34)

Due to the high mobility of the hydrogen atom,
either in acid-base reactions or by sigmatropic shifts,
it is probable that the isolation of compound (36) would
be prevented by its facile rearrangement to the more
stable 1H-isomer (35). For this reason, synthetic
approaches to the annulene have concentrated on the
compound with the bridgehead methyl group (1). The methyl
group has a low tendency to undergo sigmatropic migration
and is readily introduced.

Few reports of attempted synthesis of the annulene

(1) have appeared in the literature. This may be because
the methods that are freguently used in the preparation of
annulenes are not applicable. Thus, acetylenic precursors,
as used for the preparation of large ring annulenes such
as [18]annulenef cannot be utilised and there is no valence

isomer which will rearrange into the annulene (1). The
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rearrangement of 2 suitable valence tautomer has been
used in the preparation of 1,6—methano[10]annulene (21),16
the dihydropyrene (31)%and the monocyclic [10]annuleneé,
(4) and (5).4 Therefofe a more classical approach, such
as those used in the synthesis of 1,5—methano[10]annulene
(29f930has to0 be vsed.

An attempt to synthesise the annulene (1) in which
the carbon skeleton was constructed by a transannular
reaction gave 2 virfually fully saturated system in which
introduction of the necessary unsaturation was not
achieved (Scheme 5).'° The difficulties incurred in
introducing vnsaturation into strained systems were
probably not fully appreciated when this synthesis was

undertaken.

O
SN
-0 0
X~ d}*@ﬁr
O O
MeOﬁW — MeOL CO,Me —
MeO.C MeOQO.C

CO,Me SCHEME 5
MeO,C
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An attempt by Bradbury to prepare the system was
thwarted when the reguired electrocyclic ring closure

failed; a cis—-trans isomerisation cccurred instead

(Scheme 6).

0 COMe
@O%
A
-
| \0

SCHENME 6

COMe

The breakthrough came in 1980; during an
investigation of the chemical properties of the 3aH-indene
derivative (37) Tuddenham discovered that its reaction
with the dienophile, dimethyl acetylenedicarboxylate
proceeded by an [8+2] cycloaddition reaction  and that the
elimination of methanol from the resulting adduct provided

s derivative of the desired system (Scheme 7).42C

The diester (38) was a obright yellow fluorescent

0il and the resonance of the central methyl group at o-1,34

showed that the 10m-periphery could sustain a diamagnetic

ring current in an applied magnetic field .**
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0 o - - o)
— ——

MeOZC COMe

OMe
vii, viii L E
—.—_..*. -
(37)
M902C COZME
“ii“ SCHEME 7
Q Reagents: i, K-ButOH—THF—NHB -78°¢;
ii, LlBr—THF, iii, Mel- H2O—THF, iv,
Pr, INLi-THF, -78°C; v, PhSeBr-THF,
(38) -78°C; vi, H,0,-THF, o-¢-25 C; vii,

KH-18. Crown. 6-DME, -15°¢; viii,
KeOSO,F; ix, MeO,C-CzC-COoMe; x,
H,80,-MeOH, 0°C or TsOH-CgH, 80°C

X~-Ray crystallographic analysis of the dicarboxylic
acid (39) obtained by base hydrolysis of the diester (38)
showed the peripnery was nearly planar with little variation
of bond lengths.”° The central carbon atom was out of plane
and maintained its tetrahedral geometry. Some shortening
of the bonds connecting the central carbon atom to the
periphery was observed™ and hence it is unlikely that any
ctom larger than the carbon atom could be accommodated as

z bridging group in this 107~-system. It was unfortunate

that accurate bond lengths could not be measured from the
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crystallographic analysis; the crystal structure was
disordered because either of the two diastereoiscmeric

forms (39a) and (39b) occupy a given site in the crystal

1atticef%

OMmHO

(392a) (39b)

Attempts to decarboxylate the acid (39) to give
the parent system (1) were not successful since the
vigorous conditions necessary for decarboxylation were
not compatible with the stability of the system.?” However,
Tuddenham eventually showed that it was possible to prepare
the parent annulene by conversion of the diester (38) into
the corresponding dialdehyde and subsequent decarbonylation
with tris({triphenylphosphine)rhodium(Il) chloride (Scheme 8),
although only a very small guantity of the annulene (1) was

prepared and it was contaminated with triphenylphosphine.‘a2d
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MeO,C CO,Me HOCH, CH,OH
(38)
ii
OHC CHO
-
_
(1)
SCHEME 8 Reagents: i, LiAlH,-B$,0, 25°C; ii, DDQ-

CeHe, 80°; iii, Rh(PPh C1~CcHe 80%¢c-

3)3



2 Discussion

2.1 The Synthesis of Tb-Methyl-7bH-cyclopent|cd]indene
(1)

The aim of this project was to study the chemistry
of the ﬁCﬂannulene, Tb-methyl-7TbH-cyclopent gg]indene (1)
and 2 variety of its derivatives, in order to gain some

" understanding of the nature of its novel 107r-periphery.

oY

(1)

The synthesis pioneered by Tuddenham (Schemes 7 and
8) was the only successful approach to the system at the
time this work started and it was decided to modify his
route so that sufficient of the annulene could be prepared
to allow for a thorough study of its properties. The key
step of the synthesis involves the construction of the
carbon skeleton by means of an [8+2]cycloaddition reaction
of a suitable dienophile to a 3all-indene derivative. This
theme has been maintained throughout the present work and
it was necegsary to prepare precursors of the required
JaH-indenes in appreciable guantities. Therefore,
consideravle attention has been given to the early stages

of the synthesis.

2.17.1 The Birch Reduction and Methylation of 1-Indanone

The Birch reduction of 1-indanone has been studied

33.
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-

by Nzrisada znd Watanabefsand later by Tuddenham

w

42a,b

(Scheme 9). Potassium metal was added to a solution of
1-indanone in liguid ammonia containing tert-butanol and
tetrahydrofuran. Between 2.2 and 4 equivalents of methyl

iodide were used in the subsequenti methylationfu&b'ﬁ

| g+
O™ K 0
i @ ii, iii
— —————
:jj (40)

SCEENE 9 Reagents: 1, K—Bu-bOH—THF-—NH3, ~78%¢;

i3, LiBr-THF, -78°C; iii, MeI-H,0-
THF, 33°C

In our hands, these conditions gave rise to the
meny products shown in Scheme 10 which were separated

mzinly by chromatography.

@:‘3 @f&
(40) (41)
0 o] OE H
(42)
HO OH , o

oD O

CEEME 10 (43

) |
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Considereble overmethylation occurred when 2.2
ecuivalenis of methyl icdide were used and the regquired
dienone was obtained in only 18% yield. The overmethylated
dienone (41) and 2,2-dimethylindanone (42) were major
byproducts. 2,2-Dimethylindanone (42) was particularly
undesirable since i1 could not be fully separated from
the reguired dienone (40). These two compounds have
identical chromatographic characteristics and appear to
give an azeotrope on distillation. When a mixture of them
is distilled, an initizl fraction containing 80% of the
dienone (40) is followed by pure dimethylindanoﬁe. It
was since found that the methylation was sufficiently
efficient that only just over one equivalent of methyl
iodide was needed and that the yield of (40) was then
improved to 0%, Wo O-methylated products were isolated
from any of the reactions.

In an early reaction, a minor byproduci was the
unusual unsymmetrical dimer (43) which probably arose
from 2 condensztion reaction between reduced and unreduced
material. One possible mechanism is illustrated in
Scheme 11, and if such a proton transfer is involved, the
intermediates (44) and (45) could also give methylated
indenones and 1-indanol respectively.

These unwanted reactions would be favoured by the
presence of an excess of indanone in the rezction mixture.
To avoid this, the order of addition of the reagents was
altered. The indanone in tetrahydrofuran containing
terf-butanol was added to a preformed_solution of potassiun
in liquid ammonia. The yield of the required dienone was

+then increased, consistently to over 50%. Table 1
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summarises the results of using a variety of conditions.

solife-¥
&

gt transfer

©:§°
(45)

Yoo\

oK

(44)

©i>
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O
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TABLE 1 Produch Digtribution in +the Reduction

and Methylation of 1-Indanone

Yields %

Conditions Equivalents of 0 0 0 o) OH OH

methyl iodide )

oieniesien; ;
(41) (40) (42)
Potaggium added 2.2 22 15 19 1 7 12 »
to the indanone
SOlutloﬁ 1.7 38 30 14 —— not measured ——>
" 1.05 13 40 9 2 8 13

Indanone added to 1.05 3 53 1 2 12 10 ##%
the preformed ‘
potassium solution

* 5% pf the dimer (43) was isolated in one instance under these conditions

% 6% of indane was also isolated

*LE
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The reduction of 118 g of 1-indanone has been
accomplished in one reaction. On this scale, chromato-
graphic work-up is impracticable, both in terms of +time
and cost. Distillation of the crude product mixture
through an efficient fractionating column gave dienone

that was pure enough for the next stage of the synthesis.

2.1.2 The Preparation of the Trienone, 5,7a-Dihydro-

Ta-methyl-1H-inden-1-one (46)

The introduction of the necessary extra unsaturation

(Scheme 12) was troublesome.

O O
i,1ii iidi
—_—— SePh —

(40) (46)
SCHEME 12 Reagents: i, LiNPri_ puw, -78°¢;
—_— e 2 4 7 2
ii, PhSeBr-THF, -78°C; iii, Hy0,-
H,0-THF, O = 25°C

£1though in some smell scalé reactions, yields of

the trienone (46) approaching 60% have been reportedfza

the yield for the conversion is ﬁore frequently in the
range 25 - 40% znd considerable amounts of starting
meterial Were.always recovered. The main cause of the

low yields was found not to be the oxidation, as previously
tboughtfea and the use of alternative oxidants gave no

improvement (see Table 2). The problem was evenitually
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Tound %o ve an acld-base reaction during the phenyl-
seleration (Scheme 13). Two pieces of evidence suppors
this rezzsoning. Firstly, n.m.r. analysis showed thait the
crude selznicde was a mixture of et least eight compounds.
A yield of the selenide was unobtainable since it could
not be efficiently separated from other compounds in the
mixture. Secondly, when the overmethylated dienone (41)
was suvjected To the same reaction conditions, no |
starting materisl was recovered and a respectable yield
of two products was isolated (Scheme 14). In this

example, the selenide has no acldic proton and an acid-

hese rzacvion cannot occur.

o®
:: transfer :
P‘nSeErl \_/
o) ////ﬁ__\\\a\ 0O
SePh
SePh -
@5} > SePh
SC=NE 13
O O
f24) (47) 50% (48) 18%

SC==2 14 Reagents: 1 - iii, as for Scheme 12.
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The major product (47) was an unstable oil which
rapidly polymerised on standing. Its structure was
established by examination of the proton n.m.r. spectrum
which showed the five olefinic protons and only one
methyl group.

Numerous unsuccessful attempts to improve the
preparation of the trienone (46) by adjustment of the
reaction conditions are summarised in Table 2. & method
involving preparation of the selenide by treatment of the
dienone (40) with phenylselenyl chloride in refluxing
ethyl acetate*® gave, after oxidation, only 7% yield of
the required trienone. |

The absence of recovered starting material when the
enolate was trapped with chlorotrimethylsilane prior to
the phenylselenation was promising, but the trimethyl-
silylation was notv a clean reaction. It was subsequently
found that the dienone could be converted in good yield
into its trimethylsilyl enol ether by treatment with
chlorotrimethylsilane and triethylamine in zcetonitrile
containing scdiuvm jodidet’ This method has the advantages
that the reagents are cheap and isolation of the product
is simple. Iarge quantities of the trimethylsilyl ether
were thus made easily and converted intc the selenide by
treatment with phenylselenyl bromide in tetrahydrofuran at
~78°¢.*® The selenide prepared in this way was virtually
pare (n.m.r.). Oxidation with hydrogen peroxide then gave
the trienone (46) in an overall yield of over 50%. Scheme

15 illustrates this improved procedure.
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Verietion of the Standard Conditions of

here 12 in the Preparation of the

Se
Trienone (45)

iltsrasion wo the Yield of
trienone (46)

standard concéitions

Two rhzse oxidation: H202—
- 45

Two rhese oxidation:
TsN-Cl-Na—-H,0-CH,Cl,-

2=ty
PhMe. ¥ CL (cat.)*

31
Oxidation with m-Cl-CgH, CO H-
THF—EtzNH46

Inverse addition of the enolate
0 dhenylselenyl bromide

Inverse addition of the enoclzate
to vhenylselenyl chloride

~ddition of hexamethylphosphor-
emide (MPA) with the phenyl-
selenyl bromide

znolate travped with chloro-
trimethylesilzane at room
temvererature, then selenztion
et -90°C

* Yield unknovwn owing to contamination

with vnoxidised selenide

%

27

20

22

29

20

34

31

Yield of
recovered
dienone {40)

%

13

23

21

33

29

a1,
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0O OSiMe,
i ii
— —_—
(40)
O O
— SePh 1%
(46)
SCHEME 15 Reagents: 1, Me3SiCl—NaI—Et3N-

CH4 CK, 40°C; ii, PhSeBr-THF, -78°C;
iii, Hy0,-H,O-pyridine-TE?, 5°C

Pyridine has been used as a buffer in selenide

oxidations®

and although its inclusion appears to give no
direct yield improvement, the oxidation becomes more
controllable since an induction period which can be
encountered in the highly exothermic reaction is eliminated.
A byproduct of the oxidation is 2—methyl—§ggg§—cinnamic

acid which is probably formed by way of a competing Baeyer—

Villager oxidation of the selenide or selenoxide (Scheme 16).

o CoH

SCEEME 16
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This bynroduct was not formed by overoxidation of
the trienone (46); the trienone was stable to the reaction
conditions. Farthermore, if the oxidation of the trienone
did give a cinnamic acid, it would be expected to be of
cis-stereochemistry. These findings are contrary to the
explanation of Sharpless and co-workers that formation
of the lactons (4S) from 2 comparable oxidation was an
overoxidetion of the enone they wanted.”’ The Baeyer-
Villager rezction had probably occurred before the

selenoxide eliminzation.

SePh
H5 05

|

AcO AcO

(49)

The trienone (46), a pale yellow oil was isolated
by chromaiography and could be further purified by a rapig

bulb to bulb distillation under nitrogen.

2.1.3 The fdduct of 3%Methoxy—}a—methyl—}éﬁ—indene (37)

with Dimethyl Acetylenedicarboxylate and its

Conversion into 7b~Methyl—7b§—cyclopent[gg]indene (1)

Conversion of the trienone (46) into the annulene

derivative (38) was accomplished by the procedure of

Tuddenham (Scheme 17).%%%°¢
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0] OMe

i, ii 114
— - —

(46) - (37) -

(38) X = Co,Me

SCHEME 17
(50) X = CH,0H
(51) ¥ = CHO
(1) X =K

Reagents: i, KH-18-Crown-6-DME, -23°¢;
ii, Me0S0,P; iii, Me0,C-C=C-COMe; iv,
H,50,~Me0H, 0°C or Ts0H-C He, 80°¢

The cycloaddition reaction was guite slow and was
preferentially done at slightly above room temperature.
As well as the acidic catalysts used by Tuddenhamfzmqthe
base, 1,8-diazabicyclo[5.4.0]undeo—7—ene (DBU) also effected
the aromatisation in high yield.

The reduction of the diester (38) into the diol (50)
was straightforward, but the product was sensitive and o
therefore immediately oxidised to the dialdehyde (51).
Tuddenham used 2,3—dichloro—5,6—dicyano—1,4—benzoquinone(DDQfg
for this oxidation but found that isolation of the produci was
difficult?o Barium manganate has been reported to be a2 good
reagent for the oxidation of benzylic alcohols?1 Treatment of

the diol {50) with an excess of barium manganate in refluxing



dichloromethene afforded the required dialdehyde (51) in
g yield of 66% based on the diester (38). This
dialdehyde is a stable orange-red solid; its bridgehead
methyl group resonates at 0-1.12 in the proton n.m.r.
spectrum.

The disorder in the crystal structure of the
dicarboxylic acid (3%) has been attributed to strong
intramolecular hydrogen bondingf%'Since such hydrogen

bonding cannot be present in the dialdehyde, a crystal

2

structure determination was undersaken.’ Unfortunately,

the same kind of disorder wzs present and atomic
co—ordinates could rnot be determined accurately. A given
site in the crystal was found to be occupied by either of
the two strucitures (51a) or (51b) in a 60 : 40 ratio.
Therefore, initramolecular hydrogen bonding is not a

necessary criterion for the presence of disorder. The

45.

crystal structure data for the dialdehyde (51) are presented

in Appendix t.

HO,C CO,H

(51a) (51b)



If the diol (50) is oxidised with barium manganate
at room temperature or below, a 2 : 1 mixture of the two
isomers (52a) and (52b) could be isolated. It was
surprising that these compounds exist as shown rather
than as isomeric lactols, but this explains why the
oxidation gives a dialdehyde. Similar oxidation of the
corresponding benzene derivative gave a lactone.” The
open forms are probably favoured for isomers (52a) and
(52b) because the five membered ring to which the
functional groups are attached will bestow some extra

angle strain on the lactol.

HOCH,  CHO OHC  CH,OH

OQ (52a) % (52b)

Decarbonylation of the dialdehyde (51) with
tris(triphenylphosphine)rhodium(I) chloride proceeded
smeoothly and in high yield in refluxing benzeneos4 The

monoaldehydes (53a) and (53b) were intermediates in this

46.

reaction znd were isolated as an inseparable 5 : 4 mixture

when only one eguivalent of the reggent was used,

OHC CHO
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A byproduct from the decarbonylation reaction is
triphenylphosphine which is very difficult to separate
frow the annulene (1) by physical means. However, it
could be removed chemically by final treatment of the
reaciion wixture with methyl iodide at room temperajure;
this converts the triphenylphosphine to a salt and leaves
. the annulene unitouched. Cnromatography then gives the
ennulene cowmpletely free from triphenylphosphine, as shown
by the absence of an ion at m/e 185 due to the diphenyl-
phosphiniua ion, Ph2P+, in thé mass spectrum.

The parent annulene (1) is a free running bright
yellow oil which is volatile and can be readily distilled
under reduced pressure. It has a green fluorescence in
daylight. On exposure to air at room temperature, it
slowly undergoes oxidative polymerisation manifested by an
increzse in viscosity, and 1t is best stored in solution
2t low temperature or under nitrogen below its freezing
point. £n anzlyiical sample prepared by a method yet fo
be discussed (Section 2.1.7) has m.p. 13°C. The solid is
pale yellow and waxy in appearance. 4 sharp absorption
et 450 nm in the electronic spectrum accounis for the
yellow colour. Fig. 1 illusirates the spectrum and shows
thet it has a much greater resemblance to that of 1,5-
methano[10]annulene than thet of 1,6—methano[10]annulene.
Tnie is probabdly because of the significant Transannular
interzciion in the latter. Compared to the unsubstituted
ennulene (1), the diester (38) shows & bathochromic shift
cf ebout 30 nm owing to the effect of the substituents.
L compilztion of electonic spectral data for a number of

derivatives of +the annulene (1) is given in Appendix 2.
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The Troion n.m.r. spectrum of the parent annulene
hyl singlet at 6~1.67 and the aromatic
protons arz in the range §7.4 - 8.2. The spectrum,
1llusvrated in Fig. 2 supports the symmetrical sitructure
of the cowmpound. 4 compilation of the proton n.m.r. data
for a number of derivatives of the annulene (1) is given
in Lppendixz 3. The czrbon-13 n.m.r. Spectfum and the

. chemical propertvies of this annulene are discussed later

in this thesis (Sections 2.1.6 and 2.2 respectively).

L seveare digaivantage of the above route +to the
gnnulene is that the expense of the rhodium reagent, of
which two eguivalents are necessary, precludes the
prepzration of substantial gquantities of the parent
system. Uunfortunately, reagents which are reported to
give cavalytic decarbonylation of aldehydes were not
suitzble. Bis{1,2-bisdiphenylphosphinoethane)rhodium(I)
chloride,[Eh(dppe)zcﬂ fibis(1,3—bisdiphenylphosphino—
propzne)rhodium(I) chloride,[Rh(dppp)gcﬂfsand bis(tri~
phenylohosphineg)tetraphenylporphyrinatoruthenivm(II),
Eu(tpp)(??h3)é]?zll decomposed during the attempted
decarbonylation and very little of the dialdehyde was
consuaned. The rnodium reagents were prepared by a
comhination of literzture methods® " and the ruthenium

complex wzs kindly supplied by Dolphin.

e xdducis of 3-Methoxy—3a-methyl-3aH-indene (37)

N
—A
»

I~
F]

withlzaleic 2rhydride and N-Phenylmaleimide

Tae vprooler zbove prompted a reinvestigation of the
u.se of mzlelc enhydride as the dienophile in the trapping

of %hz 2zE-indjene derivative (37). It was proposed that

50.
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clectrolyiic oxijetive bis-dzcarboxylation of the
iiczrboxyliic zcids derived by hydrolysis of the [8+2]
zdducts would give an immediate precursor (54) of the
vzrent anrulene (1) (Scheme 18),

O.
0 HO,C CO.H

H OMe H OMe

——_._+ — e —

(54) (1)

SCHEME 18

Tuddennzm reporied that the cycloaddition of maleic
enhydride wita the 3aH-indene (37) gave a complex mixture
of edducts in poor :y‘j.elcﬂ.'m'b The cause of the low yields
vas possibly the ease of hydrolysis of the adducts on
gilica during chromztograrhy. Inclusion of a small amount
of zacetic znhydride in the eluant facilitated chromato-
grapnic purificztion 2nd =t room temperature a wmixture of
ziducts could then be isolated in good yield (65%). A4fter
rzetirg this vixwure on 2 stveam bath, it could bé separated
ty fartaer chromatography into two components. These could
be &ascribed zs [E+2] zdducts Irom the close resemblance of
their proton n.m.r. spectrz to those of the known [8+2]

. . . 42ab N
déuets of K-thenylmaleimije. It was found that for both

0
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maleic anhydride and N-phenylmaleimide, the less polar

and more polar [8+2]adducts were formed in a 2 : 3 ratio.

L matter of conrcern had been the assignment of the
stereochemizsiry of these [8+2]adducts. Tuddenhzm quoted

a coupling constant of 1.9 Hz for H-6 to H-7 in the less
polar R-phenylmaleimide adduct which could not be

. adeguately explained and led to-doubts about the siruciture
of the compoundfza The n.m.r. spectrum of the corresponding
maleic anhydride adduct was interpreted but gave a normal
coupling of 9 Hz for H-6 %o H-7. Comparison of the spectra
of these two compounds revealed that the resonance
containing the 1.9 Hz coupling in the N-phenylmaleimide
adduct was that of H-5 and that its previous assignment

as H-6 was incorrect. This small coupling is that between
H-5 and H-7. By careful examination of the multiplet in
the spectrum due to H-6 and H-7, a normal coupling constant

of 10 Hz for H-6 to H-T7 could be reveale@.

(55a) X = NPh NPh
(55p) X =0 (56b) X = 0
exo- endo-—-

The alteration of the assignments of the specira

not only verifies the structure of the adducts but nullifies
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the argument of Tuddenham based on the coupling constants

for assignment of the less polar product as the endo-

isomer (56a)f” To assign the stvereochemistry of these
adducts, the nuclear Overhauser effect (n.0.e.) technigue
was used. This showed {the previous assignments of
stereochemistry were incorrect and that the less polar

adducts are of exo-sterochemistry (ie. 55a and 55b), The

neasurements were made on the maleic anhydride adducts since
these have the clearer spectra. Irradiation of the protons
of the methoxy group gave an enhancement of the signal for
H-2 only in the more polar isomer in which H-2 and the
methoxy group wust be in a cis-relationship. Both isomers
showed the expected strong ennancement of H-7a when the
wmethyl group was irradiated, confirming their cis-relation-
ship. 7Figs 3 and 4 illusirate the nuclear Overhauser

effects obtained.

It is known that the [8+2]§theny1maleimide adducts
are derived by a thermsl rearrangement of an initial [4+ﬂ-—
adduct at about 90°C.*"" For the maleic anhydride adduct,
the rezrrangement occurs at about room temperature, making
it difficult to isolate the [4+2]ma1eic anhydride adduct.

L reasonable sample of the compound was prepared by keeping
the product below room temperature throughout the work-up.
Solvents were removed at 0°C using a rotary evaporator
zttzched to a cold trap and high vacuum pump, and the
chromz2tography column was cooled by a jacket of ice-water.
The proton n.m.r. specirum of the initial adduct was very
similar to that of the stable initial adduct of N-phenyl-

meleimide. The initial maleic anhydride adduct rearranges

$o the [8+2]adducts with a half life of about 10 win at
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359C. The initial [4+2]adducts (57a and 57b) were shown
to be of the expected endo-stereochemistry by n.O.e.
measurements on the E—phenylmaleimide adduct (572).

Fig, 5 illustrates the results obtained. Irradiation of
the methoxy group gave strong enhancements of the signals
due to H-2 znd H-8, and lesser enhancements of HE-7 and
the bridgehead methyl group. When H-8, s determined by
this experiment was irradiated, enhancement of the signal
for H-7 was observed, confirming the endo-stereochemistry.
If the stereochemistiry were exo-, an enhancement of the
signal for H-2 would‘have been expected instead. Further
coniirmation was that irrzdiation of H-9 gave approximately
equal enhancements of H-4, H-5, H-6 and H-7. Molecular
models show H-9 to be close and equidistant from these

four protons only in an endo-isomer,

(572) Z = XPh
(570) X = 0

The non-interconvertibility of the [8+2]adducts
by heat was taken as evidence for a dissociation-
recomdination mechanism for the thermal rearrangement of
The [4+2]adductsf28This mechanism is strongly supported
by trapping experiments. When the [4+2]maleic anhydride

adduct (570) is warmed in the presence of N-phenylmaleimige,



I
o
N v -
i
o T *#('JV - L
m‘n/Jl J L
OMe
Fig.5
Ta-Me
Hg Hg
H
U , wmﬁ | |




58.

the [4+2]E—phenylmaleimide adduct (57a) is formed. The
[8+ﬂ dimethyl acetylenedicarboxylate (DMAD) adduct was
formed when either of the [4+2]adducts (57a) or (57b)
were heated in the presence of DMAD at 110°C and 40°C
respectively. These experiments show that the 3aH-indene
(37) is an intermediate in the rearrangement process and
therefore support a dissoclation-recombination mechanism.
In a complementary experiment, the [4+2]adduct (57b) was
warmed in ether in the presence of cyclopentadiene. Here
it is the maleic anhydride that is trapped and a bright
yellow solution of the 3a§—indene (37) remained. Scheme
19 illustrates the processes involved and the approximate
temperatures at which the itransformations occur.

In an attempt to add phenyl vinyl sulphoxide to
the 3aH-indene (37), the [4+2]adduct (57a) was heated in
the presence of a large excess of this dienophile in the
hope that the 3aH-indene generated at a relatively high
temperature would be trapped as required. However, no
new adduct was formed and one of the [8+2]E—pheny1maleimide
adducts was isolated from the resulting wmixture. Had
phenyl vinyl sulphoxide given an [8+2]adduct, a facile
elimination ¢of phenylsulphenic acid could have given the
tetraene (54) directly.”

Unfortunately, attempts to use the maleic anhydride
zdducts as annhulene precursors were unsuccessful. When
the dicarboxylic acid salts obtained from a solution of gz
mixture of [8+2}adducts in methanolic potassium hydroxide
was electrolysed using a platinum anode, or when a soluiion
of the anhydrides in agqueous pyridine containing triethyl-

amine was electrolysed,mlmnone of the required product was
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detected in the resulting mixture although starting
mzteriel was consumed. Tne failure of this methed was
probably the consequence of the presence of a conjugated
triene in the molecule. Quoted oxidation potentials®?
(Table 3) dindicate that a2 conjugated triene may take

up electrons more readily than a carboxylate group.
Furthermore, no example has been located in the literature
of the successiul bis—decarboxylation of a compound
containing conjugated double bonds apart from one example

. < . 63
in which benzene is the product.

TABLE 3 Oxidation Potentials®

Discharge of carboxylate +0.8 to +2.5 V
Ethylene +2.90 ¥
1,3-Butadiene +1.84 v
1,3,5-Cycloheptatriene +1,13 V

Farther attempts to utilise these adducts were
discontinued wnen work with dienophiles derived from

acrylic acid started to show much promise.

2.4.5 The 4dducts of the 3aH-Indene (37) with 2-Chloro-

gerylonitrile; Their Reactions and Conversion into

the Asnnulene (1)

The commercially available dienophile, 2-chloro-
acrylonitrile was just sufficiently reaciive to add to the
3aBE-indene (37). The reaction mixture had to be heated to
about 60°C and a mixture of adducts was formed. Separation

by column chromatography gave first a 55% yield of a mixture
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of the [8+2]adducts (582) and (58b) in a 3 : 1 ratio.

(59) (60a) R=H
' (60b) R

]
=
@

The structure of these adducts was assigned on the
basis of n.m.r. which showed a pattern of olefinic proton
lresonances very similar to that of [ﬁ+2}adducts already
described. Coupling between the protons originating from
the dienophile and the bridgehead proton, H-~-T7a, confirmed
the regiochemistry. When this mixture of sterecisomers
was cooled in ice, the major isomer (58a) crystallised
selectively leaving an oil enriched in the minor isomer
(58b). The relative stereochemistry at (-2 was determined
by n.0.e. measurements on the aldehyde (59) (Fig. 6)

which was prepared by reduciion of the adduct (58a) with
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diisobutylaluminium hydride (DibalH). A small enhancemens

the aldehyde proton resonance was observed on irradiation

Hy

o]

either H-Ta or the central methyl group. This would not

!

0

be expected if the stersochemistry at C-2 was reversed.
Further elution of the column gave a mixture of the
two adducts (60z) and (60b) in & 3 : 2 ratio. This mixture
hzd an electronic spectrum ( Agax 305 nm) identical to
that of (58a) showing the same conjugated trieme to be
vresent, but in the n.m.r. spectrum, the protons which
originated from the dienophile were not coupled te H-Ta,
The stereochemistry was determined in the same way as was
that of adduct (58a). The mixture was reduced with
diisobutylaluminium hydride and n.0.e. measurements made
on the resulting mixture of aldehydes (Figs 7 and 8).
Por both of the compounds in the mixture, irradiation of
the aldehyde proton or the methoxyl methyl protons enhance
the signal of the same one of the two protons at position-2.
Thus, the aldehyce znd methoxy groups must lie on the same
side of the molecules.
The presence of the homologue (60b) can be explained

by zddition of the 2~chlorozcerylonitrile to the overmethyl-

ated 3aH-indene (61).

OMe

e

(61)

Exzmination of the n.m.r. spectrum of the trienone

starting material showed thzt it was not contaminated with
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any of its homologue (48) and hence the extra methyl
group must have come from the methyl fluorosulphonate
used. It was first thought that the indene (61) was
derived from the normal indene (37) by an overmethylation
with the excess of methyl fluorosulphonate present in the
reagction mixture at the relatively high temperature
required for the cycloaddition. In a further experiment,
triethylamine was added to destroy excess methylating
agent before the wmixture was heated with the dienophile.
Unexpectedly, the product distributiorn from the reaction
was unchanged by this modification. Therefore, the indene
(61) must have been formed by way of an initial C-methyl-

ation of the enion (Scheme 20).

OMe

e O o
Me0302F
O =<
~23°0 o oK+

SCHEME 20

(61)

The 3aH-indene (61) appears to react with 2-chloro-
acrylonitrile to give adduct (60b) exclusively; no

homologues of adducts (58a) or (58b) were detected. This
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unusual regiospecificity can be explained as a combination

Eal

of two factors:
(i) steric repulsion between the extra methyl
group and the bulky end of the dienophile

(ii) +the hyperconjugative electron release of the
extra methyl group is directed towards (-3 and not C-4,
and 1t is C-3 that attaches fto the electron deficient end
of the dienophile.

If the explanation for the formation of the over—
nethylated 3aH-indene (61) is correct, it is to be expected
that the adducts described previously were contaminated
with overmethylated materizl. This was the case with the
DMAD adduct since the mass spectra of annulenes derived
from this adduct showed appreciable M+14 ions.

The mass spectra of the adducts (58a) and (58b)
show stirong ions due to loss of the dienophile. This led
to an investigation of the thermolysis of these adducts to
study the retro[8+2]cycloaddition reaction. When a mixture
of the adducts (58a) and (58b) was heated, they were found
t0 be stable and not interconverted (no change in isomer
ratio)} up to 200°C. Above this temperature, both isomers
decomposed to undefined material. TUnder flash vacuum
oyrolysis conditions with an oven temperature of 40000,
There was some retrocycloaddition and the resulting product
was the 1H-indene (62). The recovered starting material
was of unchenged isomer distribution so both isomers
undergo the retrocycloaddition at about the same rate.

Then the oven temperature was increased to remove all of
the starting material, a complex mixture of products was

collected; this was probably a mixture of indenes resulting
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from further rezrrangements of the 1H-indene (62).

Cl
CN
H OMe L e OMe
FVP @ 1,5 Me O
— ——
_[_/u]
" “CN
(582)/(58b) (37) (62)

2—Chloroéérylonitrile has found much use zs g
ketene eguivalent since hydrolysis of its adducts gives
the required ketones directly. However, attempts to
prepare the ketone (63) from adducts (58z) and (58b) were |

not successful.

H OMe

(63)

Two sets of conditions are common for the conversion.

64.65.66

The first., sodium sulphide in ethénol, gave a mixture

of products and the only compound that could be isolated
was isomer (58b) of starting material. The second, sodiun

hydroxide in ethanol and dimethyl sulphoxidefLSB

similarly
gave this unreactive isomer of starting material but

together with a small amount of yellow fluorescent material
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which was found to be the acid (64), probably formed as

ghown in Scheme 21.

Cl
¢
£

(58a)
- MeQH
COH | CN
- “
(64) (65)
SCHEME 21

Other bases were tested in the hope of improving
the yield of an annulene from adduct (58a) and the resulsts
are summarised in Table 4. The adduct (58b) was inert to
2ll of these conditions. 4s the Table shows, 1,8-diaza-
bicyclo[5.4.0]undec—7—ene (DBU) is the best reagent of those
tried for the preparation of a 2-monosubstituted annulene.

It was bhest to use the reagent neat since the reaciion was

very slow in a solvent (benzene or toluene).



TAZLE 4
Cl
CN X

H OMe G
g

base product yield

fits,

NaOH-DMSO-Et0H, 80°C X

COH (64)  26%

NaOMe-DHF, 60°C X =i (65) 3%
K0Bu"-CH,, 80°C X = CONH,(66)  20%
NEt3, 89°¢ no reaction |
DBU, 110°C X =0 (65) 74%

DEU z2lso effected the conversion of the adducts

(602} and (60b) into the f-substituted annulenes (67a) and

(67D) respectively. The reaction in this case was more

rapid than that with the adduct (58a).

NC

ST
Q R {(67p) R

The formation of 7b—methyl—7b§—cyclopent[g@]indene—

I
= g
D

2-carboxamide (66) by treatment of the adduct (58a) with
potessium tert-butoxide was not expected. The reagent was

not purified and it is probatle that potassium hydroxide

70,
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present had caused the partial hydrolysis of the nitrile
to give the amide.

The monocarboxylic acid (64) was wanted for X-ray
crystallographic studiés since its crystals were expected
not to possess the disorder found with the diacid (39)
and the dialdehyde (51). The nitrile (65) was hydrolysed
only very slowly under acidic conditions and the acid was
better prepared by alkaline hydrolysis. Although the acig
is crystalline, crystals giving suitable -ray diffraction
datse could not be obtained.

Conversion of the nitrile (65)into the parent system
(1) was accomplished by reduction with diisobutylaluminium
hydride to give the previously mentioned monocarboxaldehyde
(53b) which was decarbonylated in high yield with one
equi%alent of tris(triphenylphosphine)rhodium(I) chloride

(Scheme 22).

CN CHO

O o N w Q)
Dhe g
66% 92%

(65) (53b) (1)

SCHEME 22 Reagents: 1, Bu,AlH- petrol, 20°C;
i1, WeOE; iii, Ru(PPhy),01-CgH, 80°¢

This route to the parent annulene has the advantage
over the previous one that only half as much of the
expensive rhodiun reagent is needed. The overall yields

of the two mevhods are comparable. However, another
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route was needed to prepare the important tricyclic ketone
(63) and to dispense with the use of the rhodium reagent

altogether.

2.1.6 The Cycloaddition of the 3aE-Indene (37) with

2—Chloroacryloyl Caloride; Synthesis and Reactions

of Za-Methoxy-Tb-umethyl-1,2a,7a,7b-tetrahydro-2H-

cyolopent[g@]inﬁen~2—one (63)

2-Chloroacryloyl chloride (68) is reported to be

a highly reactive dienophile and a useful ketene eguivalent .69

Ci

:< (68)

COCi

Unlike 2-chloroacrylonitrile, it is not commercially
available but was easily prepared froﬁ methyl acrylate by
the method of Mzrvel, Dec, Cooke and Cowan ./

When 2-~chlorozcryloyl chloride was added to a
solution of the 3aH-indene (37) generated in the usual
way, the colour of the indene was discharged by the time
the mixture had warmed to 0°C showing the high reactivity
of this dienophile. The resulting adduct was expected to
be difficult to handle as 1% is an acid chloride and no
attempt was made to isolate it. Instead, the mixture was
treated with methanol and triethylamine to give the methyl
ester. Work-up then gave the compound (69a) containing

1 part in 25 of the stereoisomer (69b). None of the other

regioisomer was formed.
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(69v)

- Tne greater selectivity of 2-chloroacryloyl chloride
“har Z-chlorozcerylonitrile reflects its greater reactivity.
The observation that the more reactive dienophiles give
nevier endo-selectivity in the Diels Alder reaction has
been reported by Suguchi and co-workers. A difference
kowever is thatl whereas the endo-adduct is generally the
rore favoured isomer in Diels Alder reactionsf2the major
edducts (532), (60a) and (6%a) are all of exo-stereo-
chemistry. It hzs been shown that for the comparable
[6+4]cycloaddition reaction, endo-addition is disfavoured
owing to antiovonding secondary orbitai interactions in
en endo-transition state.” This is pessibly also the
gituatior in these [8+2]cycloaddition reactions.

The esier (69%a) was also formed by heating the
[¢-2]adducts (572) and (57b) in the presence of an excess
of 2-chloroacryloyl chloride, followed by treatment with
wetharol. In these reactions, a greater proportion of
isomer (690) was formed, presumably since the cycloadditions
egre Torced to proceed at a higher temperature which makes
tner less selective (Scheme 23).

Reduction of the ester (69a) with diisobutylaluminium
aydride geve an 21lcohol wnich on oiidation with chromium
srioxide in pyridine was converted into the aldehyde (59)

which had an n.rz.r. spectrum identical to that of the
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sazple prepared by reduction of the 2-chlorocacrylonitrile
adduct (582). This shows the stereochemistry at C-2 in

the ester (6%a) to0 be as shown.

OMe
i, ii
0 ; » (69a) + (69b)
12 : 1
O
O
OMe
iii, iv
o —» (£9a,) + (69b)
8 | 1
NPh
0
SCHENE 23 . Reagents: 1, CH,=C(C1) COCL-

CH,C15-407C; ii, MeOH; iii,
CH,=C(C1)COCL - toluene, 110°C;
© iv, MeCH, NEty |

Treatment of the esters (69%a) and (69b) with DRU

gave only a low yield of the annulene (70) and the reaction
was very slow. The recovered starting material from this
reaction contained a higher proportion of the isomer (69b).
Thus, compound (69b)} is like adduct (58b) in its lack of

reactivity.
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CO,Me

|!Iiy (70)

The mzjor part of the reaction mixture from the
cycloaddition of the 3aH-indene (37} with 2-chloroacryloyl
chloride was not vreated with methanol but was treated so
as to give the kedtone (63) (Scheme 24). It was fortunate
that the procedure developed by Corey and co-workers for
this conversion® uses the same solvent (1,2-dimethoxy-
ethane) as that required for the preparztion of the 3aH-
indene (37). This made possible the preparation of the
ketone (63) from the trienone (46) without necessitating

a change of solvent or the isolation of any of the

intermedistes.
COCli
ol
H Me
1
-
o
H OMe
11d
3
(63) SCHENE 24  Reagents: i, NaN,-DME, 20°C;

ii, 80°C; iii, AcOH-H,0-DME,
60°C



76.

The rezctlons in this sequence could be readily
followed by infrared spectroscopy. The yield of the
tricyclic ketone (63) from the trienone (46) (48% after
optimisation) was only slightly lower than the yield of
the esters (69a) and (69b). IFf the methanolysis of the
2-chloroacryloyl chloride adducts is virtually gquantitative,
the conversion shovwn in Scheme 24 must 2lso proceed in
high yield.

The ketone (63) is a colourless oil with a carbonyl

1 and is of considerable value as s

absorpiion at 1732 cm
precursor of a variety of 1- and Z2-substituted 7b-methyl-
7b§~cyclopent[cd]indenes. Its conversion into the parent
[10]annulene (1) has been accomplished by cleavage of an
arenesulphonylhydrazone derivative with a strong base

(Shzpiro reaction)f4 followed by eliminztion of methanol

from the resulting tetraene (54) (Scheme 25).

O N~NHSO,Ar
H OMe H Me
(71a) Ar = 4 -tolyl
L —————.
(71b) Ar = 2,4,6-
triisopropylphenyl

(63) l

SCHEME 25




The hydrazone (71a) was prepared by heating the
tricyclic ketone (63) with toluene-4-sulphonylhydrazine
in refluxing benzenzs with azeotropic removal of the water
formed in the reactvion. The product was isolated by
chromztography and could be separated into +two isomers
in & combined yield of 91%.

The best coniitions found for the cleavage of the
hydrazone (71z) was the use of a large excess of methyl
lithive with benzene as the solvent. Table 5 lists the
resulits obtzined by using a variety of conditions. The
hydrazones were insoluble in peitrol and in ether so these
golvents were nov used.

Flimingtion of methanol from the tetraene (54) to
give the parent znnulene (1) was found to proceed to some
extents in the strongly basic medium at room temperature.
By heating the reaction mixture to 40°C, the conversion
into the annulene could be taken to completion.
Unforvunately, the annulene prepared in this way was
contaminated with some olefinic hydrocarbon material

which could not be removed by the usual methods. However,

separation was achieved by column chromatography on silica

imoregnated with 10% silver acetate when the impurity is

retarded to a greaver extent than the annulene.

77.

The teitraene (54) showed no tendency for spontaneous

eliziretion of metnenol and there was only a very slow
rezction when it was heated with DBU at 110°C. It could
be converted into the parent annulene by heating with
rethyl lithium in benzene but more convenient was the
treztment with a catalytic amount of toluene~4-sulphonic

zcid in methylene chloride at room temperature which gave



TABLE 5 Shapiro Reactions of the Tosylhydrazone (71a)

N-NHSO,fol
H OlMe H a OMe 6
— D B

(71a) (54) (1)
Base Solvent Conditions Yield of the Yield of the
tetraene (54) annulene (1)
MeLi Benzene 20°C, 20 h 26% 17%
MelLi " 409G, 10 h - 40%
MeLi Tetrahydrofuran 20°¢c, 0.5 n 25% 14.%
MeLi 1,2-Dimethoxyethane  40°C, 0.5 h 9% 33%
n-BulLi. Tetramethylethylene— 2000, 1T h trace trace
- diamine (TMEDAX
t-Buli Benzene 20°¢ 0 0
KH - 18~Crown—6 1,2-Dimethoxyethane -23°C » 20°C 0 0

LiNiPr2 Tetrahydrofuran 20°¢C ' trace | 4%



the annulens in 81% yield. The yield was lowered if the
mixiwure was warked due to the sensitivity of the annulene
towards acids (see Section 2.2.8).

Since the ylelds for the cleavage of the hydrazone
(71z) were only moderaie, an improvement was looked for.
It is reported that 2,4,6-triisopropylbenzenesul phonyl
(trisyl)hydrazones undergo fragmentziion under wilder
5,76

s . . 7
conditions than the corresponding tosylhydrazones.

The hydrazone (71b) was prepared at room temperature in

79.

83% yield by treatment of the ketone (63) with the hydrazide

reagent in dichloromethane containing Amberlite resin
IR120(H) 2s catalyst. ' This hydrazone gave much improved
yields of the desired products on treatment with methyl

lithium,

N-NHSO,

H ONe Heli~CgH, H a OMe a
Q
T D
20°%C, 2 n O O

(71p) | (54) 63% (1) 7%

Heli-C -H
6 6,

22% 61%
45°C, 7 h '

The Shapiro reaction is useful for the synthesis

of ceuvereted clefins beczuse the product of the reaction

- s . . ‘s 78
nerore work—up is a vinyl lithium compound. When the room

vempersture reacition was guenched with deuterium oxide

norwzl water, a2 product specifically deuterated

h

inztezd 0

il
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in the Z2-position was obtained. The extent of deuteration,
determined by proton n.m.r., was 65 - 70%. Trectment of
this product with toluene-4-sulphonic acid in dichloro-
methane gave the specifieally 2-deuterated annulene (72).
There was no evidence Ifor any deuterium scrambling in this
acid cetalysed reaction.

When the Shapiro rezction was run at 45°C and then
quenched with deuterium oxide, the annulene isolated
directly was about 20% deuterated. This was determined
by integration of the signals of its bis(4-phenyl-1,2,4-"
triazole-3,5~dione) adduct to be discussed (see Section
2.2.,6). This deuterated annulene is possibly formed by
way of a dianion as shown in Scheme 26. The low extent
of deuteration is probably because the strongly basic
anions involved, abstract protons from the solvent or from
other substrate molecules to an appreciable extent at the

higher temperature.

() Ls:)

H a OMe
Q Meli
I
45°¢
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N.m.r. spectra were recorded for the deuterated
srmulene (72) so that the signals for the 1- and 2-positions
could be distinguished. In the proton spectrum, the
upfield half of the AB quartet at §7.9 is reduced in
intensity and a new line appears within the doublet of the
downfield half. This new line is due to H-1 in the
deuverzted compound which gives a singlet because the
couvling between hydrogen and deuterium is too small to
observe. Thus, the downfield half of the AB quartet in
vhe undeuterated annulene can be assigned as H-1 and H-4,

the upfield 2217 as H-2 and HE-3. More important is

el m
A M
4] 2

effect in the czrbon-13 broad band decoupled spectrum
vhere the lines due to C-1 and C-2 are appreciably
separated. For the 65% deuterated sample, two of the
lines become split into two. These are the signals for
C-1 and C-2a. The splitting is due to an isoctope shift
cavsed by the presence of the deuterium atom. The line
¢ue to C~2 and C-3 is reduced in intensity. This results
row & combination of itwo factors:

(1) When C-2 is attached to 2 deuiterium atom, the
coupling causes its signal to become a 1 : 1 : 1 triplet.

(ii) In the deuterated compound, C-2 does not have
Tae nuclear Overhauser enhancement that would occur if a
rroton were attached and it behaves as a quaternary carbon.
The carbon-13 spectrum of the parent annulene (1)

could now be completely assigned and is illustrated in

]

|

ig. ©. The chemical shifts of the cenitral carbon atom
gndé the methyl group show 1ittle effect of the presence of
e ring current. This is the result of the large chemical

saift renge in the carbon-13 spectrum which dwarfs a few
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rerts per million shift thet the ring current wight bring
ebout.® The unusual downfield shift of 0-2a is probably
the conseguence of the strain at that position. Similar
effects occur in comparable systems. For example, the
ring junction carbon atom in indane (80 144 ) resonates

further downfield than thet of the unstrained hydrocarbon

tetralin (50 137 ).80

A second use of the deuteraied annulene (72) is in
the interpretation of the n.m.r. spectra of compounds

synthesised from it. This aspect will be discussed later

(Section 2.2.8).

The successful use of the Shapiro reaction was all
the more rewarding when aitempts to prepare the parent
annulene (1) from the tricyclic ketone (63) by dehydration
of the alcohol (73) ran into problems. Reduction of the

ketone (63) with sodium borohydride in ethanol gave a 61%

83.

yield of the alcohol (73). Its stereochemistry was deduced

from coupling constants in its proton n.m.r. specitrum.

H OMe H OMe H OMe

(63) (73) (74)

No recognisable products were formed when attempts

were made to dehydrate the alcohol (73) using btoluene—4-



ric acid, thionyl chloride or phospheryl chloride.

i
fur
[

e d
ay
O

Nethylirighenoxyphosphonium iodide (MIPI) is reported to
be = good@ reagent for the preparation of primary and
secondary a2lkyl iodides.. Treatment of the alcohol (73)

in nexamethylphosphoramide (HMPA) gave the

witk MTP

84.

iodide (74). Inversion of the stereochemistry at position-2

occurred in bthis rezction. Unfortunately, all attempts
20 Cenydroiodinate this iodide failed. Aqueous sodium
hydroxide with HIJ]:".A,E;2 DBU and sodium methoxide in
timethylformanide all gave no reaction. This surprising
resistence towaris either elimination of hydrogen halide
or mwaclecoprilic displacement of the halogen was also
found with the 2-chlorozcrylonitrile adduct (58b) where

the hzlogen aiom had the same configuration.

2¢1.7 Synthesis and Properties of the Tetraenone, 7a,7b-

Dihydro—?b—methyl—2§~cyclopent[g;]inden—2—one (78)

I+ was noticed that removal of the elements of
rethanol from the tricyclic ketone would formally give
the hydroxyannulens (75). It was hoped to prepare this

corpound so that its properties could be compared Ho those

of paenol

OH

yi

(75)



85.

The initial idez was to treat the trimethylsilyl
ether (76) with methyl lithium in the hope that elimination
of methancl from the resulting enolate would occur in much
the same way as it did in the reaction shown in Scheme 26.
During the preparation of the trimethylsilyl ether (76)
with the chlorotrimethylsilane - sodium iodide combination,
a small amount of a yellow compound was also formed. A
signal upfield of tetramethylsilane in the n.m.r. spectrum
showed an annulene was present and therefore. that
e¢limination of methanol had occurred. 3By heating the
reaction mixture and using an excess of reagents, the
elimination could be tsken To completion. Quenching of
the reaction mixture with water lmmediately hydrolysed
the trimethylsilyl ether to give the tetraenone (78), an

orange-red oil in 81% overall yield (Scheme 27).

(78)
OSiMe, 0SiMe,
N )
) — DO
(76) (77)

SCHENE 27
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None of the "phenolie" tautomer (75) was detected
in the tetraenone (78). There were no signals upfield of
teiranethylsilane in the n.m.r. spectrum; the central
methyl group of (78) resonated at 5ﬁ(CDCl3) 1.41 and the
single methine proton resonance showed that (78) was the
tautomer preseni. The infrared spectrum showed a

1 and no hydroxyl

carbonyl stretching vibration at 1692 cm
stretching vibration. I{ forms a mauve 2,4-dinitrophenyl-
hydrazone, the n.m.r. spectrum of which was recorded to
confirm that it had the expected structure.

The tetraenone (78) did not give deuterium exchange
by sheking a carbon tetrachloride solution with deuterium
oxide, even in the presence of acid at reflux. However,
exchange did occur in this two phase system in the presence
of a catalytic amount of tetra-n~butylammonium hydroxide
after 2 h at 40°C. It did so exclusively at the 2a—position
even though the anion could have deuterated alsoc at C-1,
Cc-4, C-5 or C-7. Deuterium exchange at the 2a-position
was zlso complete on heating the tetraencne in dimethyl
sulphoxide containing a trace of the same catalyst or
within 1 hour in pyridine containing deuterium oxide ait
50°C. In the latter mixture, no deuterium incorporation
occurred in eny of the other positions, even after
overnight reflux. Since deuterium exchange had tzken
vlace, the keto-enol equilibrium must have been established
essuming that Zinetic proionation of the enolate is on
oxyzen. The absence of any appreciable amount of
annulenol (<1%) in these polar solvents which would
stabilise the erol form by hydrogen bondingaaimplies that

the keto Torm must be much more energetically favoured
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than the enol form.

The trimethylsilyl ether (77) was a bright yellow
0il which gave a signzl in the n.m.r. spectrum at 5ﬁ(CDClB)
-1.50. As well as by the method in Scheme 27, it could
be prepared in 74% yield by treatment of the tetraenone
(78)_with the chlorotrimethylsilane - sodium iodide
combination. Trestment of this trimethylsilyl ether
with one equivalent of methyl 1ithiuﬁ%afforded a deep
yellow solution of the anion (79) which gave an n.m.r.
signal upfield of tetramethylsilane at Sﬁ(DME) -1.45,
Therefore this ion can sustain a diamagnetic ring current.
In the same solvent the methyl group of the trimethylsilyl
ether (77) resonztes at 6-1.62. When this solution of the
anion (79) was gquenched with a sodium acetate - acetic acid
buffer or with acetic acid at low temperature, and the
resulting mixture immmediately examined by n.m.r., only
the tetraenone (78) could be detected. Since presumably
the initial protonation was on oxygen, the rearrangement

to the keto tautomer must be very rapid.

06

(79)

o-Lit

The behaviour of the tetraenone (78) is completely
unlike the phenol-cyclohexadienone equilibrium which lies

far on the side of phenol; the cyclohexadienone tautomer has



been isolzated only recently at low temperature.ﬁ5

In the
case of the annulenol (75) desribed here, it is apparent
that the delocalisation energy of the annulene is
insufficient to compensate both for the loss of carbonyl
bond energy and the greater strain energy of the phenolic
tautomer. This strain is relieved significantly only by
protonation 2t the Z2z-position and this explains why
deuteration was not observed elsewhere. Calculations by
Rzepa predicted independently that the isomer (78) is the
most stable of those possible, and have shed light on the

likely forms of the other possible annulenol isomers.”

88.

The 6-isomer is predicted to exist in a similar 2aH-tautomer

(80a). For both the 1- arnd 5-isomers, ring junction
protonation can occur only a2t the 4a- and 7a—positions and
in doing so, not as much strain is relieved azs for 2a-
protonation. The somewhat surprising consequence of this
is that the ZH-tautomer {(80b) is predicted to be the most
stable form of the i-isomer and that the 5—-isomer is most

likely to exist in the annmulenol form (80c¢).

be,

(802) (80b) (80¢)

It would of course be of interest to verify these
predictions experimentally and attempts to synthesise the

1-isomer (80b) are given later (Section 2.1.9).
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The above work on the 2-isomer is in zccord with
other approaches to annulenocls in that the enol forms have
not been isolated.ahe&a? In attempts to prepare the bis-
dehydro[14]annulenol (81a)87 and 1,6-methano[10]annulen—2-ol
(81b)83 the enol forms were detected in solution spectro-

scopically. In the case of the enol (81b), attempted

igolation gave only the ketone sghown.

OH
= // —
4
/ \ (81b)
OH
)
(81a) ——

Methylation of the tetraenone (78) on cXygen was
the exclusive reaction when its potassium enolate was
treated with metayl fluorosulphonate. When methyl iodide
was the zlkylating zgent, methylation on oxygen was
zccompanied by cerbon zlkylation which occurred exclusively
at the 2z-position (Table 6). Greatest selectivity for
carbon alkylation resulted when the lithium enclate was

used. Use of hydrogen bonding solvents gave & lesser
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improvement in selectivity. With lithium hydroxide in

agueous ethanol, the reaction was very slow and the yield

of producis was low.

TABLE 6 Methylation of the Tetraenone (78)

Products 9
Conditions

OVie | O

(82) (83)
i, KH- 18-Crown-6 - DME, -23°C; 67% 0%
ii, NeOSO,F, -239¢ '
i, NaB-THF, 20°C; ii, MeI, 25% 40%
20°¢
NaOH-Et0H-MeI, 50°C 21% 42%
Ka0H-Et03-H,0-Kel, 50°C 19% 47%
i, NaH-TEF, 20°C; ii, LiBr-THF, 19% 59%
20%; iii, MeI, 40°C ' '
LiOH-E$05-H,0-leI, 50°C 0.5% 20%

Tae tetrzenone (83) is an orange—fed 0il similar to
the unmethyleted ketone (78) arnd in its n.m.r. spectrum,
the centrzel methyl group resonates at SH(CD013) 1.47. The
methoxy annuiene (82), on the other hand, is a yellow oil
and the central methyl group resonates at 5H(CD013) -1.50

in the n.o.r. spectrum. The resonance of the methoxyl
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methyl at Oy(CDC1;) 4.30 is further downfield than that of
anisole, 5H(CD013) 3.75 and probably reflects the greater
number of carbon atoms over which the lone pair of electrons
on oxygen can be delocalised in the annulene. It is
interesting to compare the carbon-13 spectra of the
trimethylsilyl ether (77) and the unsubstituted annulene (1).
Fig. 10 gives the chemical shift differences observéd and

it can he seen that the greatest upfield shift and hence the
greatest build up of charge is at the 2a-position. Assuming
that this effect is even more pronounced in the enolate (79),
it 1s even less surprising that deuwteration and methylation

'shpuld oceur exclusively at the Za-carbon atom.

FIG. 10

-1.7to +01
¢ The figures given are

411 0r +4.0 65(1) = 05(77) in CDC1y.
Ranges are given where

+110r44.0 P
o 13 t0+2.6 ambiguities in the assign-

ment of the spectrum for
++9.8 compound (77) occur.

-1316426 —

+4.2 1046.0
~tp

f
-14 to +04

(

+18.4 10+22.3 OSiM93

(77)

The tetraenone (78) could be readily converted into
the parent annulene (Scheme 28). Reduction with diisobutyl-
aluminium hydride in petrol gave a mixture of epimeric

alcohols separable by chromatography. The less polar
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isomer, a psle yellow crystalline solid is very unstable

and rapidly polymerises to an insoluble substance on
standing. The more polar isomer 1s a pale yellow oil.
Neither isomer showed any tendency for spontaneous loss

of water butv both gave the annulene (1) rapidly by treatment
with toluene—4-—-sulphonic acid in dichloromethane at room
temperature. 4 conseguence of the instability of the less
polar epimer was that the best yield of the annulene (76%
from the tetraenone) resulted when no attempt was made t6
isolate the alcohols. This procedure represents the best
method so fazr for thé synthesis of the parent annulene (1).
A two gram sample has been prepared by this method and afier
chromatography and short path distillation at 100°C/ 3 mmnHg ,

the product was analytically pure.

S~

(78) (84} (1)
SCHENE 28 Reagents: 1, Bu ,AlH-petrol, 0°C; ii,

MeOH, 20°C; iii, TsOH-CH,Cl,, 20°C

2.1.8 BSynthesie ani Reactions of 3Ja-Methyl-3-(trimethyl-

siloxy)-3aE-indene (85)

The chlorotrimevhylsilane — sodium iodide - triethyi-
amine combiration was 2lso used with success for the

vreparation of the extended trimethylsilylenol ether (85) from
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the trienone (46). This 3aH-indene derivative could be
isolated from the reaction mixture as an oxygen sensitive
bright yellow oil. On heating it rearranged in a similar
manner to the methoxy derivative (37) to give a 1§—ihdene
isomer. Removal of the trimethylsilyl group gave the known

1-methyl-1H-inden—1-01 (87)."

OSiMe; OSiMe; OH
i" —
’ Cete ’ ‘Q
(85). (86) (87)

The trimethylsilyl ether (85) behaves very similariy
to the methoxyindene (37) in cycloaddition reactions. Thus
with dimethyl acetylenedicarboxylate (DMAD), an adduct was
formed which gave the annulene diester (38) after treastment
with acid in an overall yield of 33% from the trienone (46).
This route has the obvious advantage over that shown in
Scheme 17 in that highly toxic and expensive reagents are
avoided. A further improvement was the preparation of the
trimethylsilyl ether (85) with trimethylsilyl trifluoro-
methanesulphonate in the presence of triethylamine.‘lg In a
one-pot reactvion, the annulene diester (38) wag then
prepared in 54% yield from the trienone (46). The yield
was later increased to 59% in a procedure whereby a partial
work-up of the adduct was-carried out prior to aromatisation
with toluene-4-sulphonic acid in refluxing benzene. In this

aromsztisation, t.l.c. analysis showed the presence of a
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volaer intermediate and therefore that direct elimination
of triwethylsilanol did not take place but rather hydrolysis
of the trimethylsilyl group occurred first and was followed

by eliminztion of the elements of water, as illustrated in

Scheme 29.
IWeChC CO,Me
SlMe3 OSlMe3
“ TsOH
-
(85)
MEOZC COzme M902c COZME

_yHOH___F ag

(38)

SCHZNE 29

The annulene diester (38) prepared in this way
soligified on cooling to give a yellow solid, m.p. 49 - 50°¢C
wnich ecrystallised from petrol. When this ester was
vrepared from the methoxyindene (37), it did not solidify,
nost Drobzbly because of contamiration by a homologue (see
Section 2.1.5). The absence of such contamination by using
the indene (85) represents another advantage of this method..

With 2-chloroacryloyl chloride the indene (85) gave
en adduct wnich was treated as before to give the tricyclic

retone (88). EHEydrolysis of the trimethylsilyl group
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occurred during the acidic conditions used to hydrolyse
the isocyanate intermedizte and some potassium fluoride
was added towards the end of this hydrolysis to ensure
complete removal of the trimethylsilyl group. The reaction
sequence only gave, at best, a 36% yield of the ketone (88)

from the $rienone (46), somewhat poorer than when the

methoxyindene (37) was used.

O OSiMe,

H OH H 5 OSiMe,

(88) : (89)

The ketone (88) is a colourless oil and was
characterised as its orange 2,4—dinitrophenylhydrazone;
Treatment with an excess of the sodium iodide - chloro-
trimethylsilane combination in refluxing acetonitrile gave

only the %rimethylsilyl ether (89); none of the tetraenone

(78) was formed. This result was unfortunate but showed
that for ithe reaction of the ketone (63), the elimination
does not involve an initial demethylation to give compound
(89) as an intermediate. Such a demethylation is a possible
process under these reaction conditions?o

The tricyclic ketone (88) could be converted into

the anmalene (1) by a route involving the Shapiro reaction

(Scheme 30).
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N~NHSO,

(88) >

a HOH
TsQE-CH,C1
Sy ——= 1Y)

(1) (90)

SCHEME 30

The hydrazone form=tion at room temperzture was
catalysed by Amberlite IR120(H) resin and gave a 95% yielg
of a mixiture of isomers but the Shapiro reaction was
sluggish end only one of the isomers reacted, even at
elevated temperature. This outcome was presumsbly the
consequence of the acidity of the hydroxyl group such that
the fregmentation requires the formation of a triznion. The
yield of the alcohol (90}, an unstable solid, was only 35%.
o ennulene was Tformed in the reaction because the oxide
ion (02“) is such a poor leaving group, but the usual acid
catalysed elimination could be used. The overall yield of
the parent annulene (1) from the ketone (88) was only 22%.

It was found subsequently that the ketone (88) could

be converted into the tetraenone (78) by treatment with
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methanesulphonyl chloride followed by D3U, but only in
moderate yield (36%). The problem was not the elimination
reaction buit the formation of the mesylate. Clearly, the
elimination reaction cannot give the tetraenone (78)
directly. It must either proceed through the intermediate
shown which rapidly tautomerises, or by elimination in the

enol form of the mesylate so that the annulenol (75) is an

intermediate.

H OMs ’
— ——l
DEJ

(78)

Therefore, although the 3aH-indene (85) shewed
promise as a precursor of annulenes, low yields mean that
more work would be necessary before it could be used in an

improved synthesis of the annulene (1).

2.1.9 The Attempted Synthesis of a Tautomer of Tb-Methyl-

7b§—cyclopent[gg]inden-1~ol

The prediction that the 1-annulenol would exist as
the 3aH-indene (B80b) made it an attractive synthetic target
but unrfortunately the compound remains elusive.

In the first approach, it was hoped that treatment
of the alcohol (90) with pyridinium chlorochromate would
give the required product directly. DPyridinium chloro-

chromate has been used very successfully for oxidative
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rearrangemenss of tertiary allylic alcohols to give enones,m_
but in this case the oxidation gave only baseline material

t.l.c.).

(50)

It was noticed that although 2-chloroacryloyl chloride
is regarded as & ketene equivalent, the regiochemistfy of
its addition is opposite {o that expected for ketene itself.
During approaches to aza derivatives of the annulene (1),
Gibbard discovered that chlorosulphonyl isoc&anate reacts
with the 3a§-indene (37) by an [8+2] cycloaddition rather
than in a [2+2] reaction more characteristic of this
reagent.92£3 For this reascon, it was anticipated that
dichloroketene would undergo a similar [8+2] cycloaddition.

When dichloroacetyl chloride was added 1o a solution
of the 3aH-indene (85) containing an excess of triethylamine,
the dichloroketene generatedgmgﬁeacted with the indene.

Chromatographic work-up geve the compound (92) in moderate

yield.
o, ¢ ol 0\/c1-|c12
OSiMe, - z 0O
- OSiMe; Hal
—-——’. "+
ClZC=C=O
- —

(85) (91) (92)
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Attempts to isolate the adduct (91) were not
successful although in one instance mn.m.r. analysis of the
crude product mixture prior to the chromatography showed
that (92) was not present at that stage. During chromat-
ography, the trienone (92) was seen as an orange band.

Woen the orange solution which eluted from the column was
evaporated, the solid which crystallised was only pale yellow
and redissolved to give a2 nearly colourless solution.
Addition of silica to this solution again regenerated the
orange colour. It is likely thaet this colour was due to an
enol form of (92) in which there is considerable conjugation.

Three steps were required to remove the chlorine

atoms (Scheme 31}.

0] CHCI
N 2
Hal O
5
-
(92)
i
—af—

(95) (54)

SCHEME 31 Reagents: i, Bun3SnH—c6H6-AIBN, 80°¢;

ii, NaI~(CH3)2CO, 20°¢
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Reaction of compound (92) with tributyltin hydride%g6
gave the chloroketone (93) but this product was not
converted into compound (95) by treatment with an excess
of the reagent: instead the product decomposed if conditions
were forcing. In practice, the best yield of the monochloro-
ketone (93) was obtained was obtained when much of the
startving material remained unreacted. However, tréatment
of the chloroketone (93) with sodium iodide in acetone¥ gave
the iodoketone (94) which could then be reduced in high
yield with further tributyltin hydride.

An attempt Bo bring the three steps together by
addition of sodium iodide to a solution of tributyltin
hydride in acetone was not successful; a complex mixture
resulted.  Zinc in acetic acid® was not successful for the
reduction.

Unfortunately, 2ll attempts to close the diketone (95)
by an intrameclecular aldol cdndensation were unsuccessful,
oresumably the result of a combination of the unreactivity
of the unsaturated ketone and the acidity of the proton at
the 7-position. Treatment with a variety of acidic or
basic catalysts gave either no reaction or a complex mixture.
The beheviour of the diketone (95) contrasts that of the
diketone (96) which Lidert found to undergo a ready intra-
nolecular aldol condensation with potassium hydroxide in

99
methanol to give the annulene precursor (97).

OMe OMe

(96) (97)
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One solution to this problem would be to ensure that
the adduct (91) does not ring-open but the adduct was too
sensitive in this respect and so attention was turned to
the methoxy-3aH-indene (37). Treatment of a solution of
this indene generated in the usuval way in 1,2-dimethoxy-
ethane, with dichloroketene generated in gitu as before,
gave a complex mixture from which only a very iwmpure sample
of what was probably the required adduct (98) was isolated
in low yield. The reaction was not pursued; it is likely
that the conditions used were not appropriate for the

preparation of the dichloroketene,

Cl
Cl

OMe

(98)

The third approach to the desired compound was the
utilisation of the adduct of unexpected regiochemistry (60a)
from the chloroacrylonitrile cycloaddition. FHowever,
attempts to hydrolyse this adduct failed, just as it did
for the isomers (58a) and (58b). Treatment of a mixture
of the adducts (60a) and (60b) with sodium hydroxide in
ethanol and dimethyl suwliphoxide gave surprisingly a clean
reaction, but to give a mixture of the annulenes (67a) and
(67b) in good yield. This elimination did not occur with
gsodium sulphide in ethanol, but the reaction gave a complex

mixture.



The Besat Current Route to 7b—-Methy1-’7bH-—cyclop0nt[gg] indene

9% overall
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2.2 The Chemical Properties of 7b~Methyl-7bE-cyclopent—

[ca]indene (1)

2.2.17 Thermal Rearrangements

7b—Methyl—7b§;cyclopent[g@]indene (1) rearranges in
boiling xylene to the 2aH-isomer (99) with a half life of
12 h.

0 “*

When the reaction was followed by g.l.c., it was
observed that the ratio of the amounts of (1) and (99)
approached a constant ratio of 1 : 3 and that the product
was then decaying at the same rate as the annulene was
being converted in%o it. In order to identify the product,
no attempt was made to take the reaction to completion; it
was stopped after 24 h and a low yield of 2 mixture of
compound (99) and starting material could be isolated. The
symmetrical structure (99) was apparent from the proton
n.m.r. spectrum (Fig. 11). The similarity of the u.v.
spectrum of the 2aH-isomer (99) with $that of the thermal
rearrangement product of the diester (38) confirms that
Tuddenham was correct with the assignment of his producst

2
as compound (100).**
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Y p-com

CO,Me
(100)

The rearrangement of the annulene{t) followed first
order kinetics consistent with 2 concerted unimolecular
[1,5]sigmatropic shift of the methyl group. Thus a plot of
the logarithm of the proporition of the annulene remaining
against time was linear. PFurthermore, the rate of migration
was unchanged when dimethyl sulphoxide was used as the
golvent (at the same temperature) and therefore the
rearrangement is apparently not subject to a solvent effect.

The rates were most conveniently measured by
following the decresse in absorbance of the long wavelength
band in the electronic spectrum. 3By this method, half-life
determinations were made for a variety of derivatives and
the results are given in Table 7. All the reactions gave
good first order plots. An anomalous result was observed
in the case of the dialdehyde (51). Under the conditions,
this dialdehyde rapidly isomerised to 2 new annulene,
probably a lactone which had a visible absorption maximum
at 474 nw instead of =2t 498 nm. This new absorption then
decayed with a hzl1f 1life of 2 h.

The introduction of any substituent into the
2-position of the annulene increases the rate of the
rearrangement. The most electron withdrawing substituents

have the greatest effect on the rate.



TABLE 7 Rate Measurements for the Thermal Rearrangement of
Variously Substituted [10]Annu1enes

Y
X Y cgggglér;d t%/h LI, Sy (7b-lle, CHCl3) A oy (EEOH)
/nnm
H H (1) 12 1 -1.67 450
H OMe (82) 6.7 1.8 -1.50 459
H CN (65) 2.0 6.0 -1.52 470
cN H (67a) 6.4 1.9 -1.50 467
H CONH, (66) 3.5 3.4 -1.47 471
H CO,H (64) 2.0 6.0 -1.42 474
H GO, Me (70) 1.9 6.3 -1.47 475
H CHO (53b) 1.1 11.0 -1.40 488

CO,Me CO,Me (38) 3.4 3.5 -1.34 472
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The effects of perturbation of the 107-system are
reflected by a reduction of the ring current of the annulene
causing a downfield shift of the signal for the central
wmethyl group in the proton n.m.r. spectrum, and by a
bathochromic shift of the long wavelength band in the
electronic spectrum. These effects parallel the kinetic
measurements and the variation in the rates may be
explained in terms of the ground state energy of the
annulene. However, z surprising result was the much faster
rearrangement of the 2-nitrile (65) than the 1-nitrile (67a).
This could be explained in terms of product stability; the
2-nitrile rearranges to a compound related to cinnamonitrile
but the T1-isomer rearranges to a less stable cross conjugated
product. However unusuval results for S5-substituted annulene
derivatives have led to a différent explanation (see Section
2.2.8).

Rate measurements for the rearrangement of the
parent annulene (1) were determined using decalin as the
solvent at a variety of temperatures in the range
138 - 190°c, & plot of the logarithm of the rate constant
against the reciprocal of the absolute temperature was
linear, and from the slope of the graph, the activation
energy for the rearrangement was calculated to be
32.7 (11) kcal mol . In comparison, the simpler [1,5]methy1
shift shown below hegs an activation energy of 45 keal m01_1.100
The greater ease of migration in the annulene is due 1o the
extra driving force caused by formation of a benzene ring.

It must be emphasised however that all the annulene
derivatives rearrange much slower than the 3aH-indene

derivatives (37) and (85) where there is no aromatic
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stabvilisation of the starting material (see also Section

2.2.8).

[1,5]Me

The pre-exponential factor, A, for the rearrangement of

the annulene (1) was 4 x 1012 5—1, and from it, a value of

the aé@vation entropy, ASI, of =9 (£4) J mo1” K was
calculated.* This value is small and negative as expected
for a concerted sigmatropic shift.

It was thought that the yield of the rearrangement
product (299) would improve if the reaction was rapid and
done under dilute conditions since the decay of the product
nay be a polymerisation (cf. styrene and indene which have
similar structures). Use of 2 high boiling solvent would
give a fast reaciion but removal of the solvent afterwards
Zron the volatile hydrocarbon would constitute a2 problem.
It seemed that flash vacuum pyrolysis {(FVP) conditions
should be idezl and this was indéed found to be the case.

Distillation of the annulene at 0.3 mmHg twice up a tube

teated to 400°C, gave, in 78% yield, = practically pure

* From the equation 4 = where e = 2.7,

exT At /R
h ©
k¥ = Boltzmann's consiant, h =Flanck's constant ,

. 101
and R = universal ges consiant.
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sample of the 2aH-isomer (99), as & colourless oil with a
strong bitter smell. In the hope of observing further
products, the FVP was repeated at 700°C. The yellow oil
which collected on the cold finger was chromatographed to

give a 2 : 1 mixture of the 1H-isomers (101) and (102).

5"’ 6+ 6+ 6-
(101) (102)

The structures were assigned by the similarity of
the proton n.m.r. spectrum of the wixture with that of the
known unsubstituted compound, 1E—cyclopent[g@]indene (35).3a
The minor isomer (102) showed a fine splitting of the methyl
group signal, presumably owing to an allylic coupling to
the proton at the 4-position and leading to its assignment
as (102) in which such a coupling is expected. The n.m.r.
spectrum of the mixture also showed the presence of a smzll
amount of a compound having aromaiic proton resonances,
assignable to three adjacent protons but which were
vnusually downfield at §7.4 - 7.9. This compound could
be a naphthalene derivative, but it was not identified.

When the FVP was carried out at 60000, the reaction
was cleaner and a mixture of the isomers (101) and (102) was
isolated in 76% yield. The ratioc of the isomers was the
same as before and may be an equilibrium ratio. That

compound (101) is the major isomer is not surprising since
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the fulvene type resonance (shown) places partial carbonium
ion character on & tTertiary carbon instead of a secondary
carbon as is the case with isomer (102). The u.v. spectrum
of the mixture of the 1H-isomers was very similar to that
recorded for the unsubstituted compound (35)*® confirming
the identification.

The 1H-isomers are most probably formed from the
2aH-isomer (29) by a [1,5]methyl shift followed by & series
of rapid [1,5]hydrogen shifts. The results of the FVP
reactions implies a stability order of cyclopent[gq]indenes

of

1 > 2aH > 7bH

The main contributing factor to the relative stability
of the 1H-isomers is_probably that they are planar whereas
in the 2aH- and 7bH-isomers, a tetrahedral carbon atom at
a ring junction causes distortion of the n-systems and
resultant loss in resonance energy. The 1H-isomers are
also stabilised by the fulvenoid resonance mentioned above.
The stability order given above is different to thaid
implied by the calculations of Streitwieser.'” He calculated
that the parent hydrocarbons follow the acidity order
2aH > 7vH.> 1H. Since the acidities were determined by the
differences in celculated energies between the hydrocérbons
and the common anion (34),° it follows that the stabilities
of the hydrocarbons were incorrectly calculated to be in the

order 1H = TbH > 2aH.

2.2.2 Photolysis -

When 2 solution of the annmulene (1) in peirol was
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irradiated in a Rayonet reactor at 300 nm, a wavelength

at which it absorbs strongly, no reaction occurred but a
strong green fluorescence was emitted. The u.v. spectrum
was recorded at intervals and did not change. After

15 hours, the petrol was removed and the residue was shown
by its proton n.m.r. spectrum to be starting material.

On irradiation a1t 254 nm, =z small zmount of the annulene
was consumed after 24 hours, but no new products could bve
isolated. The annulene (1) can be regarded as essentially

inert to phoitolysis.

2.2.3 Hydrogenation

The annulene (1) was readily hydrogenated in ethanol
over a catalyst of 5% palladium on charcoal at atmospheric
pressure. Five equi&alents of hydrogen were rapidly itaken
up to give fully saturated compound(s) (103), as a colourless
0il with a minty smell. The proton n.m.r. spectrum supporied
the structure and the mass spectrum confirmed the extent of
hydrogen uptake.

Following the observation in the literature that the
tetracyclic hydrocarbon (104) is strained enough to be
readily hyﬂrogena‘ted,m3 the related Za-methyl-ZaH-cyclopent-
[gg]indene (99) was also hydrogenated. A rapid initial
uptake of hydrogen was followed by a slow uptake. The mass
spectrun showed products arising from the uptake of 2, 4,
and 5 equivalents of hydrogen. These products are most
likely to be (105), (106), and (107) respectively.

Thus, the effect of strain in these compounds is to
make the normally inert benzene ring susceptible to

hydrogenation. An X-ray study of the related hydrocarbon,
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fluoradene (108) hes shovn that the trisubstituted benzene

ring is considerably warped away from planari'ty{104

(103) (104)

CONRCIRS

(105) (106) (107)

R

(108)

2.2.4 Electon Trznsfer Regctions

Like the 147-system (31) studied by Boekelheide

the anmulene (1) failed to form a picrate. When concentrated

solutions of the two componsnts in ethanol were mixed, the

resulting solution was orange suggesting the formation of

a charge transfer complex. However, no precipitate formed
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and on concentration of the solution, the crystals which
deposited were picric acid and the annulene remained in
solution. The non~formation of a solid picrate is perhaps
not too surprising since the angular methyl group would be

expected to prevent the stacking of layers in a2 crystal.

Potassium metal was found to dissolve in a solution
of the annulene (1) in tetrahydrofuran to give a deep red
solution which was unstable and turned brown on standing.
When a solution of the annulene was added to a solution of
sodium in liquid zmmonia, and the resuliting orange mixture
quenched with ammonium chloride, a mixture of olefinic
hydrocarbons resulted and no products could be identified
by examination of the 250 MHz proton n.m.r. spectrum.
Under similar conditions, irans-10b,10c-dihydro-10b, 10c~

35b
dihydropyrene (31) cleanly gave the symmetrical product (109).

HH

HH
(31) (109)

2.2,5 Lithistion

Lttempts to lithiate the annulene (1) were not
successful. There was no reaction with n-butyl lithium
105
in petrol but when tetramethylethylenediamine was added,

the annulene was consumed to give a deep red solutiocn.
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After a quench with carbon dioxide in ether and acidification,
no annuleneczrboxylic acids could be detected. A yellow
olefinic product was formed and its n.m.r. spectrum showed
that a butyl group had been incorporated. No structure

could be deduced for the product and it was probably a
mixture. The annulene (1) reacted only very slowly with

- teri-butyl lithium in petrol at room temperature and, after

carbonation, again no prodiacis could be identified.

2.2.6 Cyclozddition Reactions

In so far as the annulene (1) formally contains a
cyclopentadienyl unit, it could undergo Diels Alder reactions.
However, 1t did not give an adduct with an excess of dimethyl
acetylenedicarboxylate or mezleic anhydridein refluxing
toluene, or with benzyne generated by thermolysis of
benzenediazonium-2-carboxyla'be.106 With tetracyanoethylene
(TCNE), the annulene (1) gave reversible formation of a
green charge transfer complex in solution. There was no
adduct formation and even after heating the annulene with
g lerge excess of TCNE in refluxing 1,2-dimethoxyethane, the
annulene (1) was recovered unreacted. With the powerful
dienophile, 4-phenyl-1,2,4-triazole-3,5-dione (PTAD), there
was no reaction a2t room temperature, but in refluxing 1,2-

dimethoxyethare the 2 : 1 adduct (110) was formed in 75%

yield.

When only one esuivalent of PTAD was used, half of
the aznnmalene was recovered unchanged; no 1 ¢ 1 adduct was
formed. Therefore the olefinic 1 : 1 adduct must be more

reactive 3o PTAD than the annulene.
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The structure of the 2 : 1 adduct was deduced from
nuclear Overhauser effect measurements ir the proton n.w.r.
spectrum (Fig 12). Irradiation of the methyl group causes
strong enhancement of all of the protons originating from
the periphery of the annulene. This proves the mefhyl group
is gtill in the central position and that the PTAD groups
are both on the side of the molecule opposite to the methyl
group. A molecular model shoﬁs that the PTAD units.lie in
nearly parallel planes and 1t is likely that the second
PTAD molecule is guided into its position by association
between the dienophile and the PTAD unit in the initial
1 ¢+ 1 adduct. Such an association has already been reported
by Ginsburg in his work on propellanes107 and on 1,6-methano-
[‘IO]annulene.'loa In the latter case, cycloaddition of the
annulene with PTLD occurs at room temperature to give a
mixture of 1 : 1 and 2 : 1 adducts. This behaviour is
further evidence for the significance of a itransannular
interaction in 1,6-methano[10]annulene (21) as described

in the Intreoduction.



Fig. 12
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Irradiation of the protons at positions 1 and 4,
as de%ermined from the spectrum of the 2 : 1 adduct (110)
derived from deuterated annulene, gave enhancements of
H-7 and H-5 respectively. This allows complete assignment
of the spectrum of the adduct and proves that the deuterium
was incorporated into the 2-position of the annulene (see
~ Section 2.1.6).

The reactions of the electron rich annulenes (77)
and (82) with PTAD were studied since it was thought that
these were more likely to give 1 : 1 adducts. The 2-
methoxyannulene (82) reacted with PTAD at room temperature
to give & 1ow yield of the 2 : 1 adduct (111). Its structure
was deduced by comparison of its n.m.r. spectrum with that
of adduct (110). None of the isomeric adduct (112) was |

detected and adduct (111) is probably preferred for steric

reasons.
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The trimethyleilyl ether (77) also reacted with
PPAD 2t room temperature but the productv was not a 2 : 1
zdduct. After chromatographic work-up, the tetraenone (113),
zn orange-red solid, was isolated in 54% yield. The reaction
presumebly proceeds by electrophilic addition of the PTAD
t0 the 2z-position followed by transfer of the trimethyl-

- 8ilyl group waich is then hydrolysed off on work-up

(Scheme 32). 0
N
“ N-Ph
‘ °
L ~
OSiMe,
(77)

(113)

SCEEME 32



119.

The resistance of the annulene (1) to undergo
Diels 2ld8er reactions is clezr evidence for the aromatic
delocalisation. A further reason for its resisfance is
probably that any adducts formed by addition of the electro-
phile to the face of the annulene opposite to the methyl
group would be strained owing %o the presence of trans-
~ fused rings. Addition to the annulene on the same face as
the methyl group would bhe disfavoured by steric repulsion
from +the methyl group.

The behaviour of the annulene (1) with chlorosulphonyl
isocyanate and dichloroketene are discussed later,in

Section 2.2.8.

2.2.7 Metal Complexes

Preliminary results suggest that the annulene (1)
resists complexation with metals. Apart from decomposition
of the reagent, there was no reaction with chromium he#a—
carbonyl in a refluxing 3 : 1 wixture of di-n-butyl ether
and tetrahydrofuranjthith diiron nonacarvonyl in benzene
at 500 1090 the reaction mixture became dark green and triiron
dodecacarbonyl could be isolated. No annulene was consumed
but the triirom dodecacarbonyl did not form if the annulene
was not included. Hence, the annulene catalyses the

decomposition of the diiron nonacarbonyl and possibly

involves an unstable iron tricarbonyl complex zs shown

below.
Fe(CO), Fe,(00)

FefcO), = + (1) OO — Fea(co)w
Fe(co), ———

Fe(co) (1 )
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2.2.8 Electrophilic Substitution and Related Resctions

The arnvlene (1) undergoes substitution reactions
with certain electrophilic reagents. With copper(II)
nitrate in acetic anhydridesﬁm’at OOC, a mixture of all
four possible mononitrated products was formed. These
compounds covld not be separated by preparative layer
chromatography but could with careful column chromatography,
eluting only with petrol, wnen the mixture was separated
into two bands whaich were anzalysed by n.m.r. The first
band (orange) was a mixture of the 1- and 2-nitro derivatives
and the second band (yellow) was s mixture of the 5- andg 6-
nitro derivatives. A full assignment of the n.m.r. spectra
of the 1-, 5~, and 6-nitro derivatives was possible after
examination of the spectrum of the product mixture derived
by nitration of the deuterated annulene (72). The ratio of
producis is given in Teble 8. No dinitrated products were
detected and lowering of the reaction temperature did not
alter the projuct composition. A test for copper(I) in
the agueous eztfacts from the work-up of the nitration was
negative znd therefore the copper(II) nitrate was not
causing side reactions by acting a&s an oxidising agent.

The diester (38) also gave a mixture of mononitrated
products under these conditions® but the tetracyclic

[14]annulene (31) geve only the symmetrical product (114) >

NO,

(114)
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Reduction of the mixture of nitroannulenes derived
from the znnulene (1) with zinc in acetic anhydride gave a
corresponding mixture of acetamidoannulenes (54% yield) as
an unstavle semi-solid. Reduction with zinc in acetic acid
gave a complex mixture.

It is reported that mononitration of the related
system, azulene, is better brought about using tetranitro-
methane in pyridine than the reagent system discussed above.”0
However, using this method, the annulene was consumed only
slowly at room temperature to give dark baseline material
(t.1.c.). After warming the mixture, the annulene was
consumed completely and %t.l.c. showed that only a trace of
a mixture of nitro compounds had formed. Use of dimethyl
sulphoxide as the solvent instead of pyridine gave the
same result.

Acetylation of the annulene was accomplished by
treatment witn acetic anhydride in dichloromethane catalysed
by boron trifluoride etherate?‘mbThe reaction which was
complete in three hours at room temperature was more
selective then nitration and gave a higher yield of
monoacetylated products in the ratio given in Table 8.

Formylationr of the annulene with dichloromethyl
n-butyl ether and tin(IV) chloride in dichloromethane®’at
-78°C was more selective still and gave the 5-aldehyde
(115) almost exclusively. The mauve 2,4-dinitrophenyl-
hydrazone of (113) was isolated pure. It was unfortunate
that the formylation went in low yield (28%) and hence that
little use could be made of the product for the synthesis

of other S5-substituted derivatives.
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CHO SO;Na

&

Sulphonation of the annulene (1) was also very
gselective. The annulene was consumed immediately when
édded 1o a solution of an excess of sulphur trioxide in
¢ioxan' at 12°C. The product was isolated as its sodium
salt, a yellow hygroscopic solid, the n.m.r. of which
showed it was almost pure 5-monosulphonate (116). Traces
0of other products were present but none could be identified.
The product was characterised as its S-benzylthiouronium
salt.

Under the same conditions, 1,6-methano[1Cﬂannulene

(2-1) gave disubstituted Produc.bs'”‘l

and it was necessary to
uszs 2 deficiency of the reagent to achieve monosubstitution.
This is fursher evidence for transannular bonding in 1,6-
methano[10]annulene since methylated naphthalene defivatives
2lso give disubstiftution under these conditions.‘12
Mezsurements of the rates of the methyl wmigration in
the 5—-substituted annulenes (115) and (116) gave unexpected
results. The aldehyde (115) rearranges in decalin at the
szme rate as the parent system (1) (t% 12 h at 138°C) whereas
the 2-aldehyde (53b) rearranges much faster under the same
conditions (t% 1.1 h at 133°C). An explanation for this is
that the rate is increased when partial carbonium ion
cheracter is induced onto the terminus of migration of the

rethyl group 2t C-2z. In the 5-position, the aldehyde group
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is too far from C-2a to have any inducitive effect and
cannot induce positive charge onto the Z2a-position by a
resonance effect. This also explains why the 2-nitrile
(65) rearranged faster than the 1-nitrile (67z) and is
probably a better explanation than that based on product
stability mentioned in Section 2.2.1.

The rearrangement of the sulphonate {116) could
not be followed in non-polar solvents owing to its
insolubility. In diethylene glycol, this sulphonate
rearranged surprisingly fast (t% 7 h at 138°C) but it was
found that the parent annulene (1) rearranged just as
fast in this solvent. Thus the rate of migration shows
a slight solvent effect in that the reaction is accelerated
by a protic solvent. These results suggest that there is
some charge separation in the transition state of the
migration and that the rezction is accelerated when this
charge separation is siabilised.

Attempted benzoylation of the annulene (1) with
benzoyl chloride and aluminium chloride®® was not
sucecessful. A complex mixture was formed and it is likely
that the annulene is not compatible with the Lewis zeigd.

Attempted bromination of the annvulene (1) using
the condiftions employed by Mitchell, Lai, and Williams for
the monobromination of the[14}annu1ene (31)113 was not very
successful. After two days at room temperaiure with
N-bromosuccinimide in dimethylformamide the mixture had
appreciably darkened. Workx-up gave a 10% recovery of
starting material containing only a small amount of a new
annulene; possibly the brominated material required.

In contrast, treatment with pyridiniuvm bromide per-
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bromide in benzene, as used successfully for the

, ; |
bromination of [1a]annu1ene (2), gave a clean reaction
put did not give substitution products. Instead, the

crystalline sddition product (117) was formed (78%).

Br

sext

Br

This product is most probably formed by electrophilic
attack at the Z2z-position. The resulting carbonium ion
cannot lose =z vroton to return to an annulene and instezd
is Ttrapped out zt another bridgehead position by the excess
of dbromnide present. The dibromide (117) could be converted
back into the annulene (1) by treatment with activated zinc
in ether. EHence, this dibromide is a potentially useful
provecied annulene and may for instance be used 1o prepare
cycloadduets o the annulene not available directly.

It is interesting to compare the reazction of 1,6~
methano[1d]annulene (21) with bromine when substitution
does occur butv the mechanism is one of addition followed
by eliminztion of hydrogen bromide.™

With oromine in carbon tetrachloride, the annulene (1)
ves consumsd out the reaction was not as clean as with
pyridinium browide perbromide and a mixture of products
rezsulted, none of which were identified.

The dioromide (117) could also be prepared by

treztment of the annulene (1) with copper nitrate in acetic
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anhydride in the presence of excess lithium bromide. This
reaction was done in the nope that an addition product of

the amulene and »itryl bromide (NOzBr) would be obtained.

TABLE 8 Product Composition in Electrophilic Substitut-

ion Reactions of the Annulene (1)

3 2
Isomer Percentage distribution Yield
1= 2- 5— 66—
X = NO, 49 5 40 15 41%
X = COC‘H3 20 0 75 5 55%
X = CHO 4 0 93 3 28%
X = 50, >395 70%

The preference for 5- and 1-substitution can be
explained in terms of the carbocation intermediates
involved. For example, the intermediate cation (118)
for attack of the electrophile, E+, at the 5-position
should be more stable than the cation (119) for attack at
the 6-position, in spite of the greater symmetry of (119),
since the positive charge can be delocalised onto two
tertiary positions in (118) but onto.only one in (119).
Similarly 1-substitution should be favoured over 2-subsiitui-
ion. That substitution occurs to a greater extent at the

- than the 2-position is possibly due tc the enhanced
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symmetry of intermediate (119).

et <h

==
=]

censre

&+ E E H
H &+ o+
&+ &5+
»
5 &+ 5+
(118) (119)
5-substitution 6~substitution
o+
&5+ o+
&+ o+
E
-
+
5+ o+ AT

1-substitution 2-substitution

o+

&+ g o+
(120)

2a-addition

The intermediate {120) is stabilised by two tertiary

is symmetrical, and its formation relieves strain

% 1is therefore to be expected thai

H

s 2z-posivion.

the Z2z-position should be that favoured for attack by

glzes

rophiles and it is probable that reasonable yields for
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substitution products only result when this addition is

reversible, as for example with sulphonation where the

reversibility is well known.

From the resulits above it can be concluded that

the order of preference for attack of electrophiles is
2a > 5 > 1> 6 > 2

and it is further likely that the preference for bridgehead

positions is
2a > 4da

Rzepa has calculated that the most favoured position for
protonation of the annulene (1) is C-=2a and that there

should be little selectivity for other positions.s3

1t was obviously desirable to Tind other electrophiles
which would give exclusive substitution at one position.
Effenberger has reported that treatment of 1,6-methano-
[1Q]annulene with the nitronium trifluoromethanesulphonate-
collidine complex or with chlorosulphonyl isocyaznate gave
exclusively the 2-substituted products (1212} and (121b)

whereas copper(Ii} nitrate gave a mixture of 2- and 3-

substituted products.’15

It

(121a) X
(129p) X

KO,
CONHS O, C1
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I% is known however, that the Z2-position of 1,6-
methano[10]annulene is mach the more reactive® and it was
useful to test these electrophiles with our annulene
system. Both reagents gave unexpected results. The
complex Tormed from nitronium trifluoromethanesulphonate
and collidine reacted slowly with the annulene (1) in
refluxing dichloromethane to give a poor yield of mono-
nitrated products. Examination of the product by n.m.r.
showed 1t was a 2 : 1 mixture of the 6-isomer zand the
2-igomer. These ars the two isomers that are normally
formed to the least extent. This unusual selectivity may
be the result of steric control by the hindered reageni
or a coupletely differeni mechanism (eg. electron transfer)
m2y be operating.

With chlorosulphonyl isocyanate?athe single product
formed was not the expected S-substituted derivative but
the less strained ring expandéd adduct (122). This product
is a Geep red solid with a methyl resonance ai SH(CDC13) 1.94.
Hydrolysis with a two phase system of dichloromethane and
aqueous sodium suvulphite with sodium hydroxide gave the
amide (123). This amide is an unstable deep green soligd
which gives mauve solutions. Its methyl resonance at
SH(CDC13) 3.03 shows the presence of some paramagnetic
ring current due to the 12m-periphery. The specira (Fig 13)
also show the uprield shift of the olefinic protons caused
by this ring current. The formation of adduct (122) is
explained by a [2+2}addition of the reagent to the annulene
followed by a thermally allowed ten electiron disrotatory

ring opening as shownin Scheme 33.



Fig. 13
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o\ | \
S0,Cl o) X

(122) X = $0,01
(123) X = H

SCHENE 33

Electron withdrawal by the chlorosulphonyl group in
compound - (122) causes the lone pair of the nitrogen atom to
be less zvailable for contribution to the ring system than
for compound (123), and consequently, compound (122} shows
only a very small paratropic effect. The resistance to the
formation of a 12m-system is apparent by the strongly basic
conditiors necessary for hydrolysis of the chlorosulphonyl
group. It shoulé be emphasised that the amide (123) only
shows a smzll degree of antiaromaticity. The n.m.r. spectrum
is much more sensitive to paramaghetic effects than
diamagnetic eifects. In a fully antiaromatic system, very
large shifis are observed. For example, the methyl groups
of the 16n-dienion of the tetracyclic [14]annulene {31)
resonate at 621.0 in the.n.m.r. spectrumf16

The amide (123) rearranges by a[1,§]sigmatropic
shift of the methyl group with a half life of less than ien
seconds in reifluxing xylene, Just over one minute in
refluxing toluene, and seventeen minutes in refluxing
benzene. It is rot surprising that the rearrangement is
so fast since 27 aromatic product is formed from an

entizromatic starting material. The product of the
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rearrangement (124) is a stable colourless crystalline

solid.

(124) R = E
\ (125) R = 50,01
N
\
(o) X

When heated in refluxing toluene, the chlorosulphonyl
compound (122) rearranged with a half 1ife of 8.3 min.
However, when this rearrangement was followed as usual by
spectrophotounetry, a small peak at 450 nm appeared. This
absorption resulted from the presence of +the annulene (1)
and shows that the cycloaddition and ring opening iﬁ
Scheme 33 are reversible. By addition of cyciohexene 1o
thz solvent to trap the liberated chlorosulphonyl isocyanate,
the yield of annulene (1) was 42%. 1In the absence of
cyclohexene, the major product was the expected aromatic
compound (125) and traces of annulenamides were formed.
These annulenamides must be formed by addition of the
liberated chlorosulphonyl isocyanate to the annulene at a
non-bridgehead position.

The indenoazepines (122) and (123) are the first
examples of a tricyclic [5—6—7]system with a fully
conjugated 127m~periphery. The parent hydrocarbon (126)

would obviously be desirable.

Ly o
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This hydrocarbon could in principle be prepared by
the [2+2] addition of a suitable two carbon unit to the
annulene (1). Unfortunately, the annulene (1) did not react
with dichloroketene, prepzred either by dehydrohalogenation
of dichloroacetyl chloride or by zinc dehalogenation of
trichloroacetyl chloride.” 1,5—Methano[1d}annulene (29)
reacted by [2+2] additions with tetracyanocethylene (TCNE):18
dimethyl acetylenedicarboxylate (DMAD):18 and benzyne]19 With
DIMAD and benzyne, ring expansions occurred to give

8,11

127-systens. The fzilure of these Z27-components 1o react
with the annulene (1) was mentioned in Section 2.2.6.
Tetracyanocethylene is highly reactive and the probable
rezson why it did not react with the annulene (1) by a

[2+2] reaction is that if it added from the same side as
the methyl group there would be = severe repulsive
interaction beitween one of the cyano groups =2nd the methyl
group. 4 [2+2]addition to the opposite side as the methyl

group is unlikely since molecular models show that an adduct,

if formed, would be highly strained.
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2.3 Synthesis and Properties of Se—Methyl-9cH-cyclopenta- -

[gg]fluorene (130); 2 Benzo fused ﬁtﬂannulene

There has been considerable effeort to rationalise
the effect of fusion of an annulene to another aromatic
system.mo Hence, it was desirable to prepare = derivative
of the annulene (1) in which itffused to an aromatic ring.

It was zpparent that an [8+2] adduct of a 3all-indene
with benzoquinone would have the carbon framework of =z
benzo fused annulene. Addition of benzoguinone to a petrol
solution of the 3aH-indene (85) gave a deep red solution.
The colour was probably due to a charge transfer complex
and slowly disappeared. Isclation of the resulting adduct
was dirfficult and not alwzys successful. After thorough
removal of the solvent and the excess of reagents,
chromatography gave a yellow substance in poor yield (10%)
which was assigned the structure (127) on the basis of its
n.m.r. spectrum supported by the n.0.e. measurements
shown in Fig., 14. Irrazdiztion of the protons of either the
central methyl group or the itrimethylsilyl group did not
give the enhancement of the proton at the 9a-position that

would be expected if the stereochemistry was endo.




Fig. 14

9c-Me

SiMe3
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o

(129)

The instability of the adduct (127) in the presence
of silica is presumably due to its facile tautomerisation
into a hydroguinone,and the quinone (128) was often the
only product that could be isolated (upto 24%). Thais
quinone is probably formad by oxidation of the hydroguinone
tautomer of the adduct (127) by the excess of benzoguinone
present.

Elimination of the elements of trimethylsilanol from
the quinone (128) by reaction with toluene-4-sulphonic acid
in refluxing chloroforw geve the purple annulenequinone
(129) in 33% yield. The bridgehead methyl group in this
annulene gave & signal in the n.m.r. spectrum at SH(CDC13)
-1.01. Its position meay be compared to that of the
gialdenyde (51) [§4(CDCi5) —1.12].

A Farther work on the benzoguinone adduct was abandoned
owing to the low yields and difficulties of isolation.

The hydrocarbon (130) was prepared by reaction of
the dialdehyde (51) with thiodimethylenedi(triphenylphospho-

nium bromide) in the presence of lithium methoxide in
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L . . 12t
dimsthylformamide 2% room temperature,

+
LCH,PPh,
S .+t 2Br
CH,PPh,
CHO >
LiOMe

(31) (130)

The process involves a double Wittig reaction
Tfollowed oy extrusion of sulphur and has previously been
used by Vogel and co-workers for the preparation of a
bridged [14]annu1ene Trom a dialdehyde precursorf21

tfter chromatography, the annulene (130) was
isolated in 14% yield. The low yield, like those of other

. . . . ¢ s 26 121
reactions involving bis-Wittig reagents,

probably results
from the rormationm ol an intermediate with a trans-double
bond which cannot give the reguired product.

The annulene (130) is a surprisingly stable bright
yellew solid which was recrystallised from petrol to give
an znalytical sample, m.p. 74 - 76°C. In the n.m.r. spectrun,
the central methyl group resonates at @jCD013) ~-0.79 and
the periphersl protons in the range §7.30 - 7.58 for the
protons of the 107-ring and §7.67 - 8.40 for the benzo ring.

From these figures, it can be seen that the effect of Dbenzo

iy

|4

usicn is to shaift the central methyl group downfield and
ke

et

reriphersl protors upfield relative te the unperturved
armulene (1). These shifis are the result of a reduced

rins current in the benzo fused annulene., Similar effects

Uty

. ; . . 120af . .
Mmevz been ooserved in other systems. * The upfield shift

0f the methyl group in (130) relative to the tetraene (54)
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in which there can be no ring current is 1.80 ppm. The
corresponding figure for the annulensz (1) is 2.68 ppm.
Thus, the benzo fused annulene (130) retains 67% of the
ring current of (1).

Calculations by Gunther have established a
relationship in which the coupling constants in the benzo
ring of a benzo fused annulene reflect the resonance energy
of thzt annulene.?? To apply his theory, it was necessary to
obtain accurate coupling constants for the peripheral
protons and this was done to sufficient accuracy (i0.04 ppu)
from a resolution enhanced 400 MHzZ n.m.r. spectrum. The
values obtained are illustrated in the diagram below. The
chemical shift assignments were mzde on the basis of n.0.e.

neasurements which showed enhancements from H-5 to H-6 and

from H-1 to H-9.

The measured coupling constants give a value, Q¥, of

1.168. Glnther's calculations predict a value of Q for a benzo

* Given by Q@ = (0.104 £6,7 - 0.12)/(0.104 J7 8 - 0.12)122



138.

Tused [TO]annulene of 1.21 and for a benzo fused [14]annu1ene
of 1.15]22 Therefore, the measured values are in reasonable
sgreement with the theory of Glnther bearing in mind that

the system (1) will have less resonance energy than a pure
"Hickel" 10m-system zs a result of torsional strain.

-

It is interesting to compare the compounds (131) and
(132) in which the coupling constants around the periphery
zre comparable Ho those for the system (130) suggesting =2
similar degree of imposed bond fixation, but in which

. - . . 1203, b
reduction of the ring current is 50%.

(131) (132)

Since the resonance energy is approximately inversely
vional to ihe size of the annulene: the [1Q]annu1ene
should have z greater resonance energy than a [1{]annu1ene
and therefore be less perturbed by benzo fusion. However,
this effect mey be czncelled by the reductiorn of resonance
energy in the [10]annulene by torsional strain which is
rore significent then in the 14n-dihydropyrenes.

in T-rey crystal structure determination was under-

taken to give further understanding of the bonding in (130).
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Unlike the annulene derivatives previously studied,

crystals of {130) were not disordered and furthermore,
spontaneous resolution had occurred during crystallisation
so that the crystal submitted was a single enantiomer.
Accurate bond lengths could be determined and are given in
Fig. 15. Distinct alternation of the bond lengths around
the periphery of the tricyclic [10]annulene portion is
caused by fusion of z benzene ring. There is only a small
alternation of the bond lengths around the benzo ring.

Just on this basis, it is surprising that so much ring
current should still be retained but it was observed that
the bond common %o the [10]annulene and the benzo ring
(C-5b - C-9a) is slightly longer than expected, 1.45 A
compared to 1.41 K for the corresponding bond in naph‘thalenef?3
The lengtnening of this bond is probably favoured since it
relieves strain in the five membered ring. The result of

the increased single bond character in the internal bond is
that the compound (130) has significant [14]annulene
character involving the entire periphery. Since ring current
is greater in larger annulenes: this effect will increase

the ring current and may explain why such a large proportion
of the ring current is retained in (130). On the basis of
these results, some interesting predictions can be made.

For eiample, the isomer (133) should possess lessrring current,
since lengthening of the bond common to the 6m-and 107
systems does not relieve any strain. On the other hand, in
the dibenzo fused derivative (134), benzo fusion would
relieve strain in both five membered rings. The resulting
appreciable 187-contribution coupled with the opposing

effects of the benzene rings, which mean that there would be



FIGURE 15 Crygtal Structure of 9c-Methyl—
9cH-cyclopental jik]finorane (130).

Bond lengths are given in Kngstroms, are
corrected by a librational analysig and all are
*#0.004A. Selected bond angles are
given in italics
and all are

+0.3%

6

b
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‘'no bond fixation in the 1071-system, might give a compound
with more ring current than the parent amnulene {(1). Thus,
the central methyl group in compound (134) may rescnate at
a value more negative than §-1.67. 1In comparison, compound
(135) retains 83% of the ring current of the unperturbed

dihydropyrene (31).7%

IO

(133)

%

(134)

‘5 | (136)

The benzo fused annulene (130) rearranges on heating

A

124

in refluxing xylene to the known'"" 9bH-isomer (136) which
is a colourless so0lid best purified by sublimation. The

reazrrangement is much faster than that of the unperturbed
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anmalene (1); its half 1ife is 8.3 min in decalin at 138°C.
Rete measvrements at different temperatures in the range
110 - 138°¢C give =z value of the activation energy for the
rearrangement of (130) of 30 kcal m01_1. Thig is 3 keal mol_-l
less than the value for the unperturbed system and further
illustrates thnat benzo fusion has reduced the resonance
energy in {1).

Apart from the thermal rearrangement, the chemisiry
of (130) contrasts with thet of the annulene (1); (130) reacted
with PTAD at 0°C but to give a complex mixture. Nitration
with copper(Il) nitrate in acetic anhydride wa.s unsuccessful.
The annulene wes rapidly consumed but thin layer chromat-
ography showed that no coloured products were formed.

Treatment of the dialdehyde (51) with hydrazine
hydrate in ethanocl at 0°c gave the pyridazino fused annulene
(137). &4fter chromatography on alumina, it was isolated as
en unstable semi-solid in 90% yield. This hetercaromatic
fused system has properties intermediate between those of
the annulenes (1) znd (130) since the pyridazine ring has
less resonznce energy than the benzene ring. The central

methyl group resonates at SH(CDC13) -1.06 and the thermal

rearrengement has a half 1ife of 38 min at 138°C.

L

N

(137)
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2.4 Corclusion

£ number of methods are now available for the
synthesis of the [10]annulene, Tb-methyl—7b§—cyclopent[g@]—
indene (1), which involve the cycloaddition of a suitable
acetylene equivelent to a 3aH-indene derivative. The best
oF these methods uses Z-chlorozcryloyl chloride as the
dienophile. In so far as the instability of the 3z2H-indenes
makss vhem good models for a critical test of dienophiles,
2-chloroacryloyl chloride may be regarded as one of the
best ketene snd acetylene eguivalents available., The best
current route to the annulene (1) (see Scheme at end of
Section 2.1) nas an overall yield of 9% from the readily
available 1-indanone, and since 1t could be scaled up, it
wa.s possible to prepare sufficient of the annulene (1) for
2 thorough investigation of its properties.

Unless some imporsvant use is found for the annulene
(1), 3% is uﬁlikely that mach would be gained by development
of further routes directed specifically at the parent system
(1). FEowever, the routes described are limited to 1- and
2-substituted derivatives of the annulene. A method has yet
to be developed Tor the synvhesis of important symmetrical
E-substituted annulenes. The route recently developed by
Lliderv to the annulens (1?9 has the advantage that it is
rore sulted to veriation of the bridgehead substituent since
it Goes not involve a 3aB-indene derivative in which facile
sigratropic shift of the bridgehead group occurs if it is
otner than methyljzs However, his method has similar

limitations with regard to variation of the peripheral

Studies of the stereochemistry of the [8+2]cyclo_
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ediition rezciions of various dienophiles to the 3aH-
indene (37) hazve shown thet unlike the beitter known [4+2]—
cycloaddition (Diels-tlder reaction), there is a preference
for exo-addition and that this preference is greater for
the more reaciive dienophiles. Retro[8+2]cycloadditibn

has been achieved by flash vacuum pyrolysis of one of the

. adducts. The product was g TH-indene, which shows that

the only mode of thermzl rearrangement of the 3aH-indene
(37) in the vzpour phase is a [1,5]sigmatropic shift of the
methyl group.

The synthesis of the annulene has demonstrated the
usefulness of silicon reagents and in particular the
chiorotrimetnylsilane - sodium iodide — triethylamine
combination, voth for the preparation of enol ethers and for
the elimination of wethanol. It was unfortunate that there
were problems with the conversion of the trimethylsilyloxy
substituted 3eH-indene (85) into the parent annulene (1) so
that the best route still involves the use of the hazardous
methyl fluorosuiphonate.

The properties of the annulene (1) show that it can
be classified as an aroamztic compound but that its strain
cavses it To be reactive, varticularly at the 2a-position.
Reliefr of this strain is favoured, as snown by the éomplete
tzutomerisation of the 2-hydroxyannulene (75) into a ketone
with the hydroger exclusively at this 2a-position. The
zromaticity of the annulens (1) is shown by its n.m.r.
speetrum, its reluctance to undergo cycloaddition reactions,
end by its electrophilic substitution reactions. The lack
of specificity of its nitration 1s evidence against any
transannular interzction bat other electropniles strongly

favour ivhe 5-position.
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Tne centrzl methyl group of the annulene (1) has
been shown to be a useful probe for the effect of substituents.
The use of chemical shifts of similarly cited methyl groups
have been described for other annulenes, but the rate
measurements for the [1,5]sigmatropic shift provides a new
guantitative measure of the effects. Nore examples, in
~particular of 5- and 6-substituted derivatives, would be
necessary to claerify fully how substituents affect the
shift.

A ring expansion reszction observed with chloro-
sulphonyl isocyanate has allowed entry into the fully
conjugated [5—6—71 ring system but so far the reaction is
limited to this reagent.

Benzo fusion of the annulene (1) gives the expected
reduction in diatropicity but to & lesser extent than
expected. This has been explained in terms of the relief
of strain thatv benzo fusion imparts and the significant
l4m~character of the resulting ring system. Synthesis of
other benzo fused and related derivatives of the annulene
(1) would be desirable to gain z fuller understanding of

the chemistry of conjugated sr-systems.
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3 Experimental
() Solvents and Reagents

Nost of the reagents used were commercially available
ar:d were usec without further purification unless otherwise
irdicated. Esferences are given when reagents were prepared
by literature procedures.

Petrol refers to light petrolewm spirit, b.p. 40 - 60°¢C
unless otkerwicse indicated.

Etker refers to diethyl ether.

Solvents For reactions were dried by the following
srocedures:

Eyiroczrbon solvents were allowed to stand over
activated aluxnina. Diethyl ether was allowed to stand over
clean sodium wire for severzl days. Other ether solvents
(tetrahydrofuran, 1,2-dimethoxyethane, and dioxan) were
refluxed uvnder nitrogen over potassium in the presence of

benzoohencne until a deep blue colour had formed and then

i

istilled onto molecular sieves (type 44), hlorinated
solvents were distilled from phosphorus pentoxide onto
molecular sieves (type 44). Acetonitrile and dimethyl-
Torramide were distilled from powdered calcium hydride onto
rolecalar sieves (type 3L).

Diisopropylmine and chlorotrimethylsilane were
suorlied by the Lldrich Chemical Company and were distilled
tnier ritroges Irom powderad calcium hydride immediately
btelcre use.

Sodium hydride was supplied by the Aldrich Chemical

\
£

507 dispersion in oil and used as such.

Comrany &=

m

ride was supplied by Alfa Inorganics

o

um hy

H

I_l-

Potass
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ag g 20 - 25% dispersion in oil. The amount reguired was
weighed and the o0il removed by washing with petrol (10 ml
per gram of dispersion). When the sclid had settled, the
petrol was removed by pipette. This process was repeated
and the last of the solvent was removed under vacuum. An
atmosphere of nitrogen was finally introduced.

Methyl fluorosulphonate was supplied by Fluka A.G.
Begt results were obtained when 1t was distilled at
atmospheric pressure before use. An efficient fume cupboard
was used for all operations involving this material owing
to its high toxicity and all apparatus which contacted
this compound were washed with an aqueous solution of
emmonia after use.

n-Butyl lithium, tert-butyl lithium, and diisobutyl-
aluminium hydride were supplied as solutions in hexene by
Aldrich Chemical Company and were used at the concenivrations
indicated. Methyl lithium refers to the methyl lithium ~
lithium bromide complex, supplied by Aldrich Chemicel Company,

and was used at the concentraiion indicated.

(p) Apparatus

All glasswzre used for reactions was dried in an
oven at above 100°C for at least 4 h. Waen dry solvents and
reagents were necessary, they were transferred using dry

syringes with needles of the appropriate sizes.

(e) Chromatography

Unless indicated otherwise, chromatography refers

to column chromatogravhy on Merck silica gel H, type 60.
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"he mixture to be separated was pre-adsorbed by evaporation
of & solutiorn in dichloromethane onto the silica (2 g per

= of the mixture to be separated) and applied to the top

m
q

of z column prepzred from a suspension of the silica (15 g
ver grem of the mixture to be separated) in petrol. Pressure
was aprlied by an acuariun pump operating at between 5 and
10 Tounds per square inch.

Thin layer chromatography (t.l.c.) was used extensively
gs & cualitative anelytical technique for the following of
the progress of reactions, determination of the purity of
compounds, and for the analysis of columm eluant. Aluminium
backed silica plzstes (Merck Kieselgel 60 F254) were used.
Lfter elution, the plates were observed under ultra-violet

light (254 nm) or developed with iodine vapour.

(3) Spectra

Infra-red spectra (i.r.) were recorded using a
Terkin Slmer 293 spectrophotometer and calibfated against
rolystyrene at 1602 cm—1. Spectra of solids were recorded
23 soluiions in carbon tetrachloride and oils as thin films
bstwegen sodium chloride plates. Abbreviations are:
syroag (s), medium (m), and weak (w). Only the principal
pseks and those of particular significance are given.

Ultra-violet and visible spectra (u.v.) were recorded

on a Uniczr SFS003 spectirophotometer and calibrated against

m

Holmiunm glase at 360.C =2nd 453.2 nm. An abbreviation is

o
.

saouidar (sh

Proton nuclear magnetic resonance spectra (n.m.r.)
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were recorded either on a2 Bruker WM250 spectrometer
operating at 250 ¥Hz, 2 Perkin Elmer R32 spectrometer
operating at 90 MHz, or a Perkin Elmer EM360 spectrometer
operating at 50 WHz. In one insténce a ~ ULIRS WH400
spectrometer operzting at 400 MHz was used. All data
quoted are for 250 MHz spectra unless indicated otherwise.
Chemicel shifts (SH) are given in parts per million relative
t0 tetramethylsilanz as ar internal reference. Abbreviations
used are singlet (s), doublet (d), triplet (t), gquaritet (m),
mil$iplet (m), and obroed (br.). Coupling constants (J)
gquoted to one decimzl place are i0.3 Hz.

Carbon-13 n.m.r. spectra were racorded on a
Bruker WM250 spectrometer operating at 62.9 MHz and were
fully proton decoupied. Chemical shifts (80) are given in
parts per million relative to tetramethylsilane as internal
reference. Relative intensities of the signals are given
in parentheses following the chemical shifts.

Low resolution mass spectra (m.s.) and accurate
mass measuremenis were recorded using a VG Micromasgs 7070B
mass spectrometer operzating at 70 eV and using a direct

insertion probe. Only the principal peaks are given.

{e) Other date

Melting points (m.p.) were measured using a Kofler
hot stage apparatus and are uncorrected.

Micro—-anzlyses were carried out in the organic
micro-znalytical laboratory under the supervision of

Iir. K.I. Jones.



150.
3.1 Tne Synthesis of 7b—Methy1—7bg—cyclopent[g@]indene (1)

3.17.1 The Birch reduction and methylation of 1-indanone

Te-¥ethyl-2,3,5,7a~tetrahydro-1H-inden-1-one (40fub

(a) 1-Indznone (15.0 g) was reduced and methylated by
the conditions describec by Taddenham.**’ Work up involving
chromatography on silica (Hopkin and Williams M.F:C.,

500 g), eluting with petrol (b.p. 60 - 80°C) containing an
increasing vroportion of ether gave (i) 2,7a-dimethyl-
2,3,5,7a—tetrahydro-1H~-inden-1-one*® (41) (1.0 g, 6%).

(ii) £ mixture from which crystallised 2-(1-indanyl)-

2-methyl—1-indsnone (43) (0.72 g, 5%), m.p. 117.5 — 118.5°¢C

(from petrol, b.p. 60 - 80°C) (Found: C, 87.08; H, 6.96.
0195180 requires C, 86.99; H, 6.92%); pmax(0014) 1710 (s,
=0 stretch), 1602 (m), and 1280 cm” ' (m); 85(CCL,, 90 WHz)
t.2¢ (3H, s, 2-Me), 1.7 - 2.45 (2H, m, 2 x E-2'), 2.5 - 3.0
(48, m, 2 x H-3 and 2 x H-3'), 2.78 (1H, %, J 9 Hz, H-1'),
6.5 - 7.1 (4H, m, H-4%, H-5', H-6' and H-7'), and 7.1 ~ 7.9
(43, m, H-4, H-5, H-6 and B-7); m/e 262 (M*), 247, 146, and
117 (100%). The residual liquid (4.8 g) was a 2 : 1
rixture of the title compound (18%) and 2,2-dimethyl-
indznone (42) (9%). Distillation at 8 mmHg gave 2 4 : 1
cizture of the title compound and 2,2-dimethylindanone
which could not be purified further, followed by 2,2-di-.
reshylindanone, pure by n.m.r., {iii) 2-Methyl-1-indanone
(0.5 g, 3%). (iv) Bi-(1-hydroxy-1-indanyl) (0.4 g, 2.5%),
c.z. 158 — 161°%, (1it.,*® m.p. 156 - 157°C). (v)

‘-Irdznol (1.1 g, 7%).

(b) To z stirred solution of potassium (100 g, 2.55% mol)}

in lizwid ammoniae (5 1) at -78° under nitrogen was added =2
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solution of 1-indanone (118 g, 0.89 mol) angd teri-
butanol (150 g, 2.03 mol) in dry tetrahydrofuran (400 mi)
dropwise over 1 h. A solution of anhydrous lithium
bromide (206 g, 2.34 mol) in dry tetrahydrofuran (600 ml)
was added, followed after 0.5 h by a simultaneous rapid
addition of 50% aqueous tetrahydrofuran (900 ml) and
iodomethane (134 g, 0.94 mol). The external cooling
was removed and the ammonia allowed to evaporate
overnight. Water (2 1) was added and the mixture
extracted with ether (3 x 800 ml). The combined ether
extracts were washed with water (2 x 500 ml), dried
(Na2804) end the solvent evaporated. The resulting oil
was distilled and the fraction boiling in the range 8% -
95°¢C at 7 mmHg was collected giving a colourless oil
(82.8g).

A sample of this oil (2.00 g) was chromatographed
on silica, eluting with petrol containing an increasing
proportion of ether to give (i) the title compound
(1.70 g), (ii) 2-methyl-1-indanone (0.13 g), (iii)
1-indanone (0.13 g) and (iv) 1-indanol (0.10 g). The
proportion of the title compound in the oil was 84% and
hence the yield was 69.9 g (53%).

The distilled material was suitable for use in

the preparation of 5,7a-dihydro-7a-methyl-1H-inden-1-one.
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3.1.2 The vrevzration of 5,7a-dihydro-Ta-methyl-—

1H-inden-1-one (46)

1 Via the lithium enolate of 7a-methyl-2,3,5,7a-

tetrahydro-1H-inden-1-one

To & stirred solution of 7a-methyl-2,3,5,7a-
tetrzhydro-1E-inden-t-one (40) (84% pure; 32.7 g,
135 mmol) in dry tetrahydrofuran (200 ml) at -78°C
under nitrogen was added 2 solution of lithium
di—isopropylamide [prepared at 0°C from di-isopropylamine
(17.6 g, 173 mmol) in dry tetrahydrofuran (100 ml) =and
n—butyl lithium solution (1.4 M; 108 ml, 150 mmol )]
droowise. After 0.5 h, a solution of phenyl selenyl
bronide [prepared at 0°C by dropwise addition of bromine
(15.C g, 93 mmol) to a solution of diphenyl diselenide™
(29.5 g,.94 mnol) iﬁ dry tetrahydrofuran (100 ml)] was
zdded. The mixture was allowed to warm to room temperature
and poured with stirring into hydrochloric acid (1 M, 1 1).
The wixture was extracted with ether (3 x 100 ml), the
comdpined extracts washed with water (100 ml), dried
(Mg804) and the solvent evaporated. The crude selenide
was dissolved in tetrahydrofuran (500 ml), pyridine (20 ml)
edded, the solution cooled to 59C in an ice bath, and with
stirring, acueous hydrogen peroxide {25%; 60 ml, 400 mmol)
was adced dropwise so as to maintain thé temperature
netwesr 5 and 10°C. The addition took ca. 1 h. The
resulting mixturs was poured into water (1 1) and the
zgacoas sclution extracted with ether (3 x 300 ml). The

comoined ether extracts were washed with water (360 ml),

crieg {Mgsoé) and the solvent evaporated to give an oil
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which was chromatogravhed on silica. Elution with petrol
containing an increasing proportion of ether gave

after a forerun of selenium containing material, (i)
starting material (5.2 g). (ii} 5,7a~Dihydro-T7a-methyl-
1H-inden-1-one 17.82 g, 40%).

2 5,7a~Dihydro-2,7a-dimethyl-1E-inden-1-one (48)

This was carried out in the same way as the
preparation of 2,7a-dihydro-~T7a-methyl~1H-inden~i-one
above but using 2,7a-dimethyl-2,3,5,7a-tetrahydro-1E-
inden-1-one (4.3 g, 27 mmol, a 1 : 1 mixture of
diastereoisomers) to give an o0il which after chromat-
ography on silica, eluting with petrol containing an

increasing proportion of ether gave (i) 7a-methyl-2-

methylene-2,3,5,7a-tetrahydro-1H-inden-1-one (47)

(2.1 g, 50%), an oil which polymerised on standing,
umax(neat) 2960 {m), 1725 (s, C=0 stretch), 1630 (m),

1260 (m), 1015 (m), and 704 cm~ ' (m); 5,(CC1,, 90 MHz)

4?
1.41 (3H, s, Me-72), 2.6 - 2.8 (2H, m, 2 x H-5}, 3.2 -

3.4 (2H, m, 2 x H-3), 5.48 (1H, br. s, =CH,), 5.8 - 6.0
(3H, w, H-4, H-6 and H-7), and 6.10 (1H, br. s, =CHy); m/e

160 (MT). (4i) The title compournd (0.8 g, 18%), = yellow

0il, vmax(neat) 2920 (m), 1700 {s, ©=0 stretch), 1450 (m),
1020 (m), and 705 cm™ ! (m); §5(CDCLy) 1.20 (3H, s, He-Ta),
1.85 (3H, s, Me-2), 2.80 (1E, m, H-5, decoupling at §5.88
gives &, J22 Hz), 2.89 (1H, m, H-5, decoupling at 55.88
gives 4, J22 Hz), 5.85 (1H, m, H-6, decoupling at &2.85
gives 4, J10Hz), 5.89 (1H, mw, H-4, decoupling at &2.85

gives s), 6.16 {1H, a4, 55,7 3 Hz, J 10 Hz, H-T,

&,7
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decoupling a2t §5.88 gives 4, J 3 Hz), and 7.35 (1H, s, H-3);
n/e 260 (7).

3 Direct phenylselenation of 7a-methyl-2,3,5,7a-

vetrahydro-1Hd-inden-1-one with phenylselenyl chloride

A solution of Ta-methyl-2,3,5,7a-tetrahydro-1H-

. inden-1-one (40) (0.58 g, 3.9 mmol) and phenylselenyl
chloride”(0.76 g, 4.0 mmol) in ethyl acetate (15 ml) was
refluxed 24 h. The mixture was washed with water (10 ml),
then saturated sodium hydrogen carbonate solution (10 ml) and
diluted with tetrahydrofuran (20 ml). DPyridine (0.5 ml)
was added and the mixture was oxidised as above with
bydrogen peroxide (30%, 5 ml). Work up as before
involving chromatography gave (i) starting materizl

(0.17 g) and (ii) 5,7a-dihydro—7é—methy1—1§-inden—1—0ne
(46) (0.04 g, T%).

4 TImproved preparation of 5,7a-dihydro-7a-methyl-1H-

inden-1-one (46)

Chlorotrimethylsilane (82 g, 0.75 mol) was added to
a stirred solution of sodium iodide (115 g, 0.77 mol) in
dry acetonitrile (600 ml) 2% room temperature under
nitrogen. After 5 min, a wmixture of 7a-methyl-2,3,5,7a-
tetranydro-iH-inden-1-one (40) (84% pure; 91g, 0.52 mol)
end dry triethylemine (76 g, C.75 ﬁol) was added over 0:5 h
end the mixture warmed by a water bath at 45°C for 2 h.
The mixture was then extracted with petrol (4 x 150 ml).
The combined extracis were evaporated and the residue
¢istilled at 3 mmHg, collecting the fraction boiling in

the range 82 - 85°C to give 3,3a-dihydro-3a-methyl-
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3-(trimethylsiloxy)~1H~indene (117 g, 97%) as a mobile

0oil, (Found: C, 71.29; H, S.44. 013H2OSiO reguires C,
70.85; H, 9.15%); 8u{CCL,, 90 MHz) 0.23 (9H, s, SiMeS),
1.11 (3H, s, 3a-Ne), 2.5 - 2.9 (3H, m), 2.9 - 3.3 (1H, m),
4.51 (1H, m, H-2), 5.2 - 5.6 (1H, w), 5.6 - 5.9 (1H, m),
and 5.9 - 6.1 (1H, br d, J 10 Hz, H-4). A stirred
~solution of this trimethylsilyl ether (55 g, 0.25 mol) in
dry tetrahydrofuran (300 ml) at -78°C under nitrogen was
treated over 2 1 with a solution of phenylselenyl bromide
[prepared at 0°C from dipheayl diselenide (39.3 g, 0.125
mol) and bromine (20.0 g, 0.125 mol) in dry tetrahydrofuran
(300 mlﬂ; The resulting mixture was allowed to warm to
-30°C over 1 h, poured in%o saturated sodium hydrogen
carbonate solution and then extracted with ether (3 x 250 ml).
The combined extracis were washed with water (500 ml),
dried (MgSO4) and the solvent evaporated to give the
selenide (79.4 g): 3H(0014, 90 MHz) 1.04 (3H, s, Ta-Me),
2.6 — 2.9 (3H, m), 3.0 - 3.3 (1H, m), 3.78 (1H, d, J 10 Hz,
H-2), 5.4 - 5.8 (2H, m, H-4 and H-6), 5.85 (1H, br d, J
9 Hz, H-7), 7.1 - 7.4 (3H, m, Ph), and 7.4 - 7.6 (2H, m,
Ph). Thié crude selenide was taken up in tetrahydrofuran
(650 ml), pyridine (35z) added, the solution cooled to
5°C,and with stirring, hydrogen peroxide (30%; 85 g, 0.75
mol) was added dropwise so as to maintain the temperature
between 5 and 10°C. Lgueous work-up and chromatography
as before gave (i) a mixture (3.9g). (ii) The title
compound (21.4g, 59% from the trimethylsilyl ether, 57%
from the starting dienone).

During an earlier preparation from the dienone (40)

(5.0 g), elution of the column with ether afforded
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2-msthyl-itrans-cinnamic acid (0.97 g, 18%), m.p. 175 -
177°C (from chloroforﬁ - petrol, b.p. 60 - 80°0), (1i't.,128
m.p. 176 - 178°C);  §.(2 : 1 dg-acetone — D,0, 90 MHz)
2.45 (3H, s}, 6.48 (15, @, J 16 Hz), 7.35 (3H, m, ArH),

and 8.02 (1H, &, J 16 Hz).

5 Reaciion of 5,7a-dlhydro-7a-methyl-1H-inden-1-one

with hydrogen peroxide

A solution of 5,7a—dihydro—7a—methy1-1§—inden—1—one
(45) (0.16 g, 1.1 mmol) in tetrahydrofuran (5 ml)
containing pyridine (0.15 g) was treated with aqueous
hydrogen peroxide (30%; 1 ml, 8.8 mmol) and the mixture
stirred at room temperature for 24 h. The mixture was
voured info water (40 ml) and extracted with ether (30 ml).
The ether solution was washed with water (2 x 30 ml),
éried (Mgsoé) and the solvent evaporated to give an oil;
its n.m.T. spectrum was identical to that of starting

nzterizl.,

3.1.3 The adduct of the 3aH-indene (37) with dimethyl

acetylenedicarboxylate and its conversion into the

anmalene (1)

1 Generation of a solution of 3-methoxy-3a-methyl-3aH-

irderne (37) and its cycloaddition with dimethyl

acevylenedicarvoxylate

To a suspension of potassium hydride (from a
dispersion in oil, 25%; 14.5g, 91 mmol) in dry 1,2-dimeth-

oxyethzne (30 wl) under nitrogen and cooled externally by a



cooling bath at -23°C was added with stirring, a
solution of 18—Crown—6mg(10 g, 38 mmol) in dry 1,2-
dimethoxyethane (40 ml) followed by a solution of
5,7a-dihydro-7a-methyl-1H-inden-1-one (46) (5.0 g,

34 mmol) in dry 1,2-dimethoxyethane (30 ml). The
resulting deep purple solution was stirred C.5 h and

‘ methyl fluorosulphonate (3.7 ml, 46 mmol) added. The
purple colour was discharged and to the resulting yellow
solution of 3~methoxy-3a-methyl-3aB-indene (37) was added
a2 solution of dimethyl acetylenedicarboxylatéwq(6.37,g,
45 mmol) in dry 1,2-dimethoxyethane (30 ml). The
solution was allowed to warm to room temperature and

then warmed in a water bath at 3500. Aftér 1 h, the
reaction mixture was filtered through celite, the solvent
removed under reduced pressure at reom temperature and
the residue chromatographed on silica. ZElution with 30%
ether in petrol gave dimethyl 7a,7b-dihydro—2a—methoxy—.
7b—methy1-2a§-cyclopent[gg]indene-1,2—dicarboxylate

(7.1 g, 69%); spectral data were identical to those

42a,b
reported.

2 Dimethyl 7b—methyl—7b§—oyclopent[g@]indene41,2—

dicarboxylate (38)

(a) Prom dimethyl 7a,7b-dihydro-2a-methoxy-T7b-methyl-
2a§-cyc10pent[g§}indene with toluene-=4-sulphonic acid in

refluxing benzene by the method of Tuddenham**™*? (82%).

(b) 4 solution of dimethyl 7ea,7b-dihydro-2a-methoxy-
7b—methy1-7b§—cyclopent[gg}indene—1,2-dicarboxy1ate
(108 mg, 0.36 mmol) in petrol (b.p. 60 — 80°C) (10 ml)
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containing 1,8—diazabicyclo[5.4.O]undecJY—ene (50 mg,
0.33 mmol) was refluxed under nitrogen for 35 h. The
solvent was removed and the residue chromatographed.
Flution with 30% ether in petrol gave the title compound
(86 mg, 89%). Spectral data were identical to those

reporied . ¥~

3 7b—Methy1-7b§—cyclopent[gg]indene—1,2—dicarbox—

zldehyde (51)

A solution of dimethyl Tb-methyl—Tbg—cyclopent[gg]—
indene-1,2-dicarboxylate (38) (3.42 g, 12.7 mmol) in ether
(100 ml) was added dropwise over 0.5 h to a stirred
. suspension of lithium zluminiuvm hydride (1.85 g, 49 mmol)
in dry ether (100 ml) under nitrogen at room temperature
and the resulting brick-red mixture stirred at room
temperature for 1.5 h. L4 solution of ethyl acetate {30 ml)
in ether (100 ml) was added dropwise over 0.75 h and the
mixture then poured with stirring into ice-water (500 ml).
The mixture was filiered through celite and the residue
washed with ether (300 ml). The aqueous layer wzs
extracted with ether (4 x 250 ml), the combined ether
layers dried (Mg804) and the solvent evaporated to give
the crude diol (50) (2.59 g) as a yellow oil. To a
solution of this o0il in dichloromethane (100 ml) was
added varium manganate® (15 g, 64 mmol) and the mixture
refluxed 16 h. The cooled mixture was filtered through
celite and the spent bariurm msnganate washed with
dichloromethane (2 x 25 ml). The filtrate and washings

waere combined, the solvent eveaporated ancd the resulting
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0il chromatographed on silica. Elution with 30% ether in

petrol gave the title compound (51) (1.73 g, 66%) as an

orange-red solid, m.p. 76 - 77°C (from cyclohexane)
(Found: C, 79.92; H, 4.75. Cy4H1g0» requires C, 79.99;
H, 4.79%); v .(CCl,) 2960 (m), 2924 (m), 2868 (m), 1680
(s, C=O'stretch), 1448 (m), 1420 (m), 1230 (m), and 930 —
(m); Ay, (BtOH) 217 (loge£.09), 242 (4.02), 318 (4.30),
375 sh (3.66), and 498 nm (3.30); &§yx{CDC1;) -1.12 (3H, s,
Tv-Me), 7.73 (1H, 4, J 7 Hz, H-5), 7.84 (1E, &4, J 7 Hz,
8 Hz, H-6), 8.27 (1H, &, J 4Hz, H-4), 8.34 (1H, &, J 8 Hz,
H-7), 8.44 (1H, 4, J 4 Hz, H-3), and 10.82 (2H, s, ArCHO);
5(3(CD013)_3O.O (0.71, To-Me), 59.8 (0.36, C-7b), 118.7
(0.92, £-5), 122,5 (0.69, C-7), 133.9 (0.20, C-2), 135.4
(1.00, C-3 or C-6), 136.2 (0.86, C-6 or C-3), 140.1 (0.18,
c-1), 142.8 (0.99, C-4), 162.4 (0.22, C~4a or T-Ta), 163.1
(0.32, C-7a or C-4a), 176.9 (0.18, C-2a), 187.7 (0.87,
CHO), &nd 189.1 (0.97, CHO).

4 Oxidation of 7b-methyl-7bH-cyclopent[cd]indene~-1,2-

dimethanol {(50) with barium manganate at 0°¢c

L solution of the crude diol (50) (119 ug,
0.56 mmol)} in dichloromethane (5 ml) was cooled in ice
and treated with barium menganate (1.0 g, 4 mmol). After
2 h at 0°C, the mixture was filtered through celite, the
solvent evaporated and the residue chromatographed on
silica. Elution with petrol containing an increasing
proportion of ether gave (i) the dialdehyde (51) (10 mg,
9%). (ii) & 2 : 1 mixture of 1-hydroxymethyl-7b-methyl-

7b§—cyclopent[gg]indene—2—carboxa1dehyde (52a) and
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2~hydroxymethyl—?b—methyl—?bﬁ-cyclopent[gg]indene-1-

carboxaldehyde (52b) (51 mg, 43%), as an orange semi-
1

so0lid; vmax(neat) 3400 (m, OH stretch) and 1662 cm~
(s, C=0 stretcn); Apay 247 (log € 4.22), 312 (4.54),

354 (3.85), and 491 nm (3.34);  Sy(CDCly) for (52a):

-1.32 (3H, s, Tb-Me}, 4.39 (1H, br. t, J 7 Hz, OH),

5.06 (1H, a&, J 7, 14 Bz, -Ci,-), 5.22 (1E, ad, J 7, 14 Hz,
_CHZ-)’ 7.56 (1H, %, J, 7 Hz, H-6), 7.70 (1H, 4, i 6.9 Hz,
B-5), 8.01 (14, 4, J 7.7 Hz, H-7), 8.14 (1H, &, J 3.6 Hz,
H-3 or H-4), 8.19 (1H, d, J 3.6 Hz, H-4 or H-3), and 10.53
(1H, s, CHO); for (52b): -1.32 (3H, s, Tb-Me), 4.20 (1H,
br. t, J 7 Hz, 0d), 5.20 (2H, m, -CH,-), 7.64 (1H, 4, J
6.9 Hz, H-5), 7.78 (1H, t, § 7 He, H-6), 7.96 (1H, &, J
_7.0,Hz, H-7), 7.96 (1H, 4, J 3.7 Hz, H~3 or H-4), 8.27
(1H, a4, J 3.7 Hz, H-4 or H-3), =and 10.61 (1H, =, CHO);
m/e 212 (M"), 197, 183, 164, 153, and 152, (iii) The
starting diol (50) (14 mg, 12%).

5 7b—Methyl-7b§—cyclopent[g@]indene (1) {(method 1)

A solution of 7b-methyl—7b§-cyclopent[cd]indene—
1,2-dicarboxaldenyde (51) (456 mg, 2.16 mmol) in benzene
(55 ml) containing tris(triphenylphosphine)rhodium (I)
chloride (4.00 g, 4.32 mmol) was refluxed under nitrogen
for 7 h. The reszction mixture was cooled to room
temperature, iodomethane (3 ml) added, and the mixture‘
stirred at room tempersture for 2 h. The mixbture was
filtered and the residue washed with benzene until the
filtrate was no longer coloured. The combined filtrate

end washings were evaporated and the residue
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chromatographed on silica. ZFlution with petrol gave

Tb-methyl-TbH-cyclopent [cd Jindene (1) (295 mg, 88%),

as a yellow oil; spectral data are given later, in

Section 3.1.7.

6 Decarbonylation of To-mebhyl-7bH-cyclopent [cd]indene-

1,2-dicarboxaldehyde (51) with ore eguivalent of

tris(triphenyliphosphine)}rhodium(I) chloride

A solution of 7b-methy1~7b§-cyclopent[gg]indene-
1,2-dicarboxaldehyde (51) (116 mg, 0.55 mmol) in benzene
(20 m1) containing tris{triphenylphosphine)rhodium (I)
chloride (511 mg, 0.55 mmol) was rsfluxed under nitrogen
for 7 h. Work up as before and chromatography on silica,
eluting with petrol containing an increasing proporiion
of ether gave (i) Tb-methyl—TbE-cyclopent[gg}indene_(1)
(9.5 mg, 11%). (ii) 4 5 : 4 mixture of Tb-methyl-TbH-

cyclopent{cd]indene-1~carboxaldehyde (53a) and Tb-methyl-

ToH~cyclopent[cd]irdene-2-carboxaldehyde (53b) (48 mg, 48%),

as an orange o0il; SH(CDClS) for (53a): ~-1.38 (3H, s,

7b-Me), 7.69 (1H, 4, J 7.5 Hz, H-5), 7.77 (18, %, J 7.5 Hz,
H-6), 7.99 (1H, 4, J 3.7 Hz, H-4), 8.08 (15, 4, J 7.5 Hz,

H-7), 8.16 (1#, 4, J 3.7 Hz, H-3), 8.24 (1H, s, H-2), ang 10.50

(1H, s, CHO); spectral data for compound (53b) are given

later, in Section 3.7.5.

7 Bis(1,2-bisdiphenylphosphinoethane)rhodium(I)

chloride

A mixture of carbon monoxide and nitrogen was

passed through a refluzing solution of tris(triphenyl-
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phosphine)rhodium(I) chloride (137 mg, 0.15 mmol) and
1,2~bisdiphenylphosphinoethane (300 mg, 0.75 mmol) in
toluene (5 ml) for 1 h. The resulting bright yellow
solution was cocled to room temperature, petrol (3 ml)
added, the precipitate collected and washed with cold
toluene to give the title compound (101 mg, 72%), m.p.
215°¢C dec., (1i%.,> wm.p. 218 - 221°C).

8 Bis(1,3-bisdiphenylphoshinopropane)rhodium {(I)

chloride®

This was prepared in the same way as above from
trig(triphenylphosphine)rhodium(I) chloride (148 mg,
0.16 mmol) and 1,3-bisdiphenylphosphinopropane™ (300 me,
~0.73 mmol) to give the complex as a glass (121 mg, 80%).

9 ttempted decarbonylation of 7b-methyl-T7bH-

cyclopent [¢d Jindene-1,2-dicarboxaldehyde (51) using

bis{1,2-bisdiphenylphosphinoethane)rhodium(I) chloride

and big(1,3-bisdiphenylphosphinopropane)rhodium(I)

chloride

A slow stream of nitrogen was passed through a
refluxing solution of 7Tb-methyl-TbH-cyclopent [¢d]indene-
1,2~dicarboxaldehyde (51) (ca. 18 wg, 0.09 mmol) and the
rhodium complex (ca. 15 mg, 0.016 mmol) in toluene (2 ml).
Lfter 1 h, a small amount of the monoaldehydes (53a) and
(53b) were present (t.l.c.). More of these products were
formed when the complex with the 1,3-bisdiphenylphosphino-
propene ligands was used but insufficient was formed to

enable the product to be isolated. Most of the dizldehyde
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remzined unreacted and a grey-black precipitate formed.
No further reaction was observed after refluxing for

longer periods.

10 Attempted decarvonylation of Tb-methyl-TbH-cyclopent-

[ggjindene—1,2—dicarboxaldehyde with bis(triphenyl-

phosphine)tetraphenylporphyrinato ruthenium(II)

A solution of the ruthenium complex (1.0 mg,
0.8 x 1072 mmol) in dry dichloromethane (0.5 ml) was
added to dry acetonitrile (6 ml) with stirring under
nitrogen at room temperature. After addition of the
dialdehyde (51) (25 mg, 0.12 mmol), a slow stream of
carbon monoxide was passed through the solution and
freshly distilled +tri-n-butylphosphine (5 pl) added.
The mixture became deep red. After 15 min, the
- dizldehyde had not been consumed and tetraphenylporphyrin
was present (t.l.c.), indicating that the catalyst had

decomposed.

3.1.4 The adducts of the 3aH-indene (37) with maleic

anhydride and N-phenylmaleimide

1 The cycloaddition of 3-methoxy-3a-methyl-3aH-indene

with N-phenylmaleimide

L solution of ﬁ-phenylmaleimide132 (0.63 g,
3.6 mmol) in dry 1,2-dimethoxyethane (3 ml) was added to
a solution of the 3aH-indene (37) in 1,2-dimethoxyethane,
prepared as described in Section 3.1.3 from the trienone

(£6) (0.50 g, 3.4 mnol). The solution was allowed to
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warm to room temperature and then filtered through

celite., The solvent was removed under reduced pressure
and the residue chromatographed on silica. Elution

with 1 : 1 petrol - dichloromethane gave the endo-[4+2]-
adduct (57a) (0.54 g, 47%), m.p. 99 - 100°C (from petrol,
b.p. 60 - 80°C), (1it.;ué m.p. 91 — 93°C); 3H(0Do13)

0.90 (3H, s, 7a-Me), 3.3C (1H, 4, J 8.5 Hz, H-8}, 3.65
(1¥, 4, J 8.5 Hz, H-9), 3.74 (3H, s, OMe), 6.00 (1H, dd,
55,6 5,2 Hz, 56,7.9.9 Hz, H-6), 6.10 (1H, 44, 55,6 5.2 Hz,
24’5 9.0 Hz, H-5), 6.18 (1H, 4, J 9.9 Hz, H-7), 6.19 (1H,
i, J 6.0 Hz, H-3), 6.26 (1E, 4, J 6.0 Hz, H-2), 6.43 (1H,
d, J 9.0 Hz, H~4), 2and 7.1 - 7.5 (5H, m, Ph); assignments
were made on the basis of n.0.e. measurements, illustrated

in Fig 5.

2 Thermal rearrangement of the [4+2] N-phenylmaleimide

adduct of 3-methoxy-3a-methyl-3aH-indene

The [ 4+2] adduct (572) (195 mg) was heated to
110°C under vacuum (water pump) for 2 h., The resulting
viscous 0il was cooled to room temperature and
chromatographed on silica. ZElution with petrol containing
an increasing proportion of 3 : 1 dichloromethane - ether
gave (i) the exo-[8+2]adduct (55a) (66 mg, 34%); 85(CDC1L,)
0.91 (3H, s, 7Tb-Me), 2.82 (1H, aad, £1,2 10 Hz, £1,7a THz,
H-1), 2.98 (2B, m, H-2 and H-7a), 3.57 (3H, s, OWe), 6.01
(14, 4, J 5 Hz, H-5), 6.17 (2H, m, H-6 and H-T7), 6.42 (1H,
i, J 5Hz, H-4), 6.84 (1H, 4, J 5 Hz, H-3), and 7.2 - 7.6 (5H,
m, Ph). Irradiation at 52.82 simplifies the multiplet
at 66.17 to give §&6.16 (1H, 4d, £5,6 5 Hz, 26,7 10 Hz,
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H-6) and &6.18 (1H, 4, I 7 10 Hz, H-7). (ii) The

endo- [8+2] adduct (56a) (89 mg, 46%); &y(CDCL;) 0.92

(38, s, 7b-Me), 3.20 (1H, dad, 51,73 10 Hz, g7,7a 6.5 Hz,
H-7a), 3.54 (1H, s, OMe), 3.56 (1H, 4, J 9 Hz, B-2), 3.62
(1H, dd, J4 5, 9 Hz, J, 75 10 Hz, H-1), 5.90 (1H, 4,

J 5Hz, H-5), 6.16 (1H, 44, g6’7 9 Hz, g7’7a 6.5 Hz, H~T7),
6.24 (1H, &4, g5,6 5 Hz, 26,7 9 Hz, E-6), 6.38 (14, 4,

J 5 Hz, H-4), 6.60 (1H, d, J 5 Hz, B-3), and 6.9 - 7.5 (5H,

m, Ph) o

3 The cycloaddition of 3-methoxy-3a-methyl-3aH-indene

with maleic anhydride

(a) The experiment was carried out as for the
cycloaddition with N-phenylmaleimide but on twice the
scale and substitution of the N-phenylmaleimide with
maleic anhydride (0.45 g, 4.6 mmol). Chromatography

on silica, eluting with petrol containing acetic
anhydride (ca. 0.1%) and an increasing proportion of
ether gave (i) a 1 : 1 mixture of the [4+2] adduct (57b)
end the exo{8+2]adduct (55b) (0.62 g). (ii) The endo-
[8+2] adduct (56b) (0.52 g, 30%), as an oil (Found:

n/e 258.0883. C,cH,,0, requires m/e 258.0892);

Voax( CCL,) 1860 (m), 1782 (=), 1736 (w), 1740 (m), 1074 (m),
and 916 oo | (8); Agey 301 mm (log € 3.88); SH(CDCIB)

0.86 (3H, s, 7b-Me)}, 3,18 (1H, 44, g1,7a 9.9 Hz, g7,7a

6.4 Hz, H~Ta), 3.52 (3H, s, OMe), 3.64 (14, 4, Jq4 5 9.8 Hz,
H-2), 3.78 (1H, 44, J, , .8 Hz, J, 75 9-9 Hz, H-1), 5.91
(1H, a, g5’6 5.3 Hz, H-5). 6.06 (1H, 44, 56,7 9.0 Hz,

J

9 7g 6+4 Hz, B-7), 6.31 (18, dd, Jg & 5.3 Hz, Jg 4 9.0 Hz,
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H-6), 5.41 (1#, 4, J 5.6 Hz, H-4), and 6.57 (1H, 4, J 5.6 Hz,
B-3); n/e 238 (M), 160,and 145 (100%).

The mixture (1) (214 mg) was heated at 70°C under
vecaum (wat2r pump) for 15 min, and the resulting oil

chromatographed as above to give (i) the exo-@+2]adduct

(55%) {121 mg, 20%), as an o0ilj; Dﬁax(0014) 1860 (m},
1782 (=), 1736 (m), 1076(m), and 912 cu @ (s); 8,(CDCL,)

0.90 (3E, s, 7o-Me), 2.92 (1E, aa, £1,2 9.6 Hz, 51,7a

7.4 Bz, H-1), 2.98 (1H, dd, J 7.4 Hz, J 5.7 Hz,
- —7,73.

1,7a
H-T7a), 3.%13 (1H, 4, Jq o 9.6 Hz, H-2), 3.55% (3H, s, OMe),
6.02 (1H, 4, g5,6 5.0 Hz, H-5), 6.11 (1H, 4a, g6,7 9.1 Hz,
57,7a 5.7 Bz, B~7), 6.19 (1H, 44, ds,6 5-0 Hz, 56,7 9.1 Bz,
H-6), 6.46 (1H, &, J 5.8 Hz, H-4), and 6.76 (1H, 4, J 5.8 Hz,
H-3); m/e 258 (¥"). (ii) The endo-[8+2]adduct (56b)

(66 mg, 11%).

(b) The cycloaddition reaction was repeated on the
same scale but the mixture‘waé allowed to warm only to
OOC, filtered through celite and the solvent evaporated
at 0°C and 2 mmdz. The residue was chromatographed as
above tut with 2 columm cooled by a jacket of ice-water

to give the endo—[4+2]adduct (57v) (1.00 g, 57%), as an

unsteble crystalline solid; SH(CD013) 0.87 (3H, s, T7a-Me),
3.41 (1E, 4, J 8.5 Hz, H-8), 3.71 (3H, s, OMe), 3.72 (1H,
d, ¢ 8.5 Ez, 3-¢), 6.02 (1H, dd, J5 ¢ 5.2 Hz, Jg o 9.0 Hz,

5-6), €.12 (14, da, J, 5 9.4 Hz, J; ¢ 5.2 Hz, H-5), 6.16

=5,
(1H, 4, g6’7 9.0dz, H-7), 6.26 (1H, 4, J 6.0 Hz, H-3),
6.37 (i€, 4, J 6.0 Hz, H-2), and 6.43 (1H, d, g4,5 S.4 Hz,

3-4} .
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The endo-[4+2] adduct (57b) (0.81 g) was heated
at 50°C under vacuum {(water pump) for 30 min.
Chromatography as above gave (i) the gzg—[8+2] adduct
(55b) (0.19 g, 23%). (ii) The endo-[8+2]adduct (56Db)
(0.28g, 35%).

4 Thermal rearrangement of the endo—[4+2]maleic

anhydride adduct (57b) in the presence of

N-phenylmaleimide

A solution of the gggg—[4+2]maleic anhydride
adduct (57b) (90 mg, 0.35 mmol) in dichloromethane
(2 ml) containing N-phenylmaleimide (60 mg, 0.35 mmol)
was refluxed for 15 min. The solvent was evaporated
and the residue chromatographed on silica. Elution
with petrol containing an increasing proportion of
dichloromethane gave (1) a mixture of the EZQ—[8+2]—
adduct (55b) and unreacted N-phenylmaleimide (55 mg).
(ii) 4 2 : 1 mixture of the endo—[4+2]ﬂ-phenylmaleimide
adduct (57a) and the gggg—[8+2]maleic anhydride adduct
(56b) (29 mg).

5 Thermal rearrangement of the endo—[4+§]ma1eic

anhydride adduct (57b) in the presence of

dimethyl acetylenedicarboxylate

£ solution of the [4+2]maleic anhydride adduct
(57b) (29 mg, 0.11 mmol) in dichloromethane (0.5 wl)
containing dimethyl acetylenedicarboxylate (50 nmg,

0.35 mmol) was warmed to £0°C for 15 min. The resulting
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mixture was cooled to room temperature, diluted with
methznol (0.5 ml) and acidified with concentrated
sulphuric acid (0.7 ml). The dark green mixture was
poured into water (5 ml) and extracted with ether (5 ml).
T.l.c. of the ether extract (silica, 30% ether in petrol)
showed a characteristic yellow spot With a green
fluorescence and of the same Rf value as an authentic
sample of dimethyl 7b—methyl—7b§—cyclopent[g@]indene-

1,2-dicarvoxylate (38).

6 Thnermal rearrangement of the [4+2}§—phenylmaleimide

adduct (57z2) in the presence of dimethyl acetylene-

dicarboxylate

L solution of the [4+2]§—phenylmaleimide adduct
(57a) (ca 1 mg) and dimethyl acetylenedicarboxylate
(ca 20 mg) in toluene (0.25 ml) was refluxed for 10 min.
T.l.c. of the resulting mixture (silica, 30% ether in
petrol) showed one spot, but was\inconclusive since the
starting m=teriel and the dimethyl acetylenedicarboxylate
adduct run coincidentally. The mixture was diluted
with methanol (0.5 ml) and acidified with concentrated
sulphuric acid (1 ml). The mixture was then poured
into water (5ml) and exitracted with ether (5 ml).
T.1l.c. showed that dimethyl 7b—methyl—7b§—cyclopent[g@]-
indene-1,2-dicarboxylate {38) was present, by comparison

with an austhentic sample.



7 Thermzl rezrraengementi of the [4+2]ma1eic anhydride

adduct (575) in the presence of cyclopentadiene

L solution of the [4+2]maleic anhydride adduct
(57b) (121 mg, 0.47 mmol) in ether (5 ml) was treated
with a solution of cyclopentadiene (31 mg, 0.47 mmolj
in ether (5 ml) at 0°C. On warming to 30°C under
nitrogen, the mixture became bright yellow and
fluorescent. T.l.c (silica, 10% ether in petrol)
showed the presence of 3-methox&-3a—methyl~3a§—indene
(37), as a fast running yellow spot which became

colourless on exposure to the air after 30 sec.

8 Thermal rearrangement of the [4+é]ﬂ—phenylmaleimide

169,

adduct (572) in the presence of phenyl vinyl

sulphoxide

A solution of the [4+2]§—phenylmaleimide adduct
(57a) (59 mg, 0.18 mmol) in $oluene (3 ml) containing
phenyl vinyl sulphoxide59 (115 mg, 0.76 mmol) was
refluxed for 1 k. T.l.c. of the resulting mixture
showed only a2 mixture of [8+2]E-phenylmaleimide adducts
oy comparison with authentic samples. The solvent was
evaporated a2nd the residue chromatographed on silica.
Elution with peitrol containing an increasing proportion
of =ther gave (i) the exo-[8+2]N-phenylmaleimide adduct
(55a) (17.2 mg, 29%). (ii) £ mixture of phenyl vinyl
sulphoxide and the ggg243+élE-phenylmaleimide adduct

(562).
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9 Attempted electrolytic decarboxylation of acids

from the [8+2}ma1eic anhydride adducts

a) In pyridine conivaining triethylamine

A solution of 2 2 ¢ 3 mixture of the [8+2]maleic
anhydride adducts (55b) and (56b) (630 mg) in 10 : 1
pyridine - water (50 ml) containing triethylamine (0.5 ml)
was electrolysed between two stationary platinum foil
electrodes with a potentizl difference of 100 V and an
initial current of 0.4 A, ZExternal cooling was employed
t0 maintain the reaction mixture at about room temperature.
Electrolysis was discontinued when the current had fallen
t0 0.15 A. The resulting dark brown mixture was diluted
with water (100 ml) and extracted with petrol (2 x 80 ml).
The combined petrol layers were washed with water
(2 x 50 ml), dried (MgSO4) and the solvent evaporated to
give a yellow oil (73 mg). N.m.r. showed that this oil

wes & complex mixture,

b) In methanol

L 2 : 3 mixture of the [8+2]maleic anhydride
adducts (55b) and (56b) (89 mg, 0.34 mmol) was dissolved
in a2 solution of potassium hydroxide (0.10 g, 1.8 mmol)
in water (1 ml) and methanol (9 ml). The stirred mixture
was electrolysed between a platinum anode aznd a stainless
steel cathode at 1.0 &£ and 50 V. External cooling was
used to maintzain the mixiture at around room temperature.
Electrolysis was discontinued when the baseline spot on
t.1l.c. (silica, ether) no longer darkened when exposed
to iodine vapour. By this time, the current had fallen

to 0.8 . The mixture was acidified with dilute



171.

hydrochloric acid and extracted with dichloromethane

(2 x 25 ml). The combined dichlorometnane layers were
dried (MgSO4) and the solvent evaporated to give an oil
(46 mg). T.l.c. showed that this oil was a complex

nixtare.

3.1.5 The adducts of the 3aH-indene (37) with 2-chloro-

acrylonitrile; their reactions and conversion into

the snnulene (1)

1 The cycloaddition of 3-methoxy-3a-methyl-3al-indene

(37) with 2-chloroacrylonitrile

A solution of freshly distilled 2-chloroacrylio-
nitrile (4.0 g, 46 wmmol) in dry 1,2-dimethoxyethane
(24 ml) was added to a solution of the 3aH-indene (37),
prepared as described in Section 3.1.3 from the trienone
(46) (3.0 g, 21 mmol). The mixture was heated in a
water bath at 70°C for 1 h, filtered, the solvent
evaporated, and the residue chromatographed on silica.
Elution with petrol containing an increasing proporiion

of ether gave (i) & 3 : 1 mixture of (2aag7aag7baﬁ—23—

chloro-2a-methoxy-7b-methyl-2,2z,7a,7b-tetrahydro-1H-

cyclopent[gg]indene-Ea@carbonitrile (exo-adduct, 58a)

——

and (2aa,7aq,Toa)-2a-chloro-2a-methoxy-7b-methyl-2,2a,7a,7b-

tetrahydro-TE—cyclopent[gg]indene—Zﬁ—carbonitrile (endo-
1

adduct 58b) (2.8 g, 55%); Voox (neat) 2238 em ' (w, C=N

stretch); m/e 247 (M'), 160,and 145. Cooling of this
mixture to 0°C gave crystals of the éxo-adduct (58a)
(1.5 g}, m.p. 82 - 84°C (from petrol, b.p. 60 - 80°¢)

(Found: €, 67.78; H, 5.69; N 5.62. 01451401I€O:requires



172-

(EtOH) 305 nm (loge 3.84);

s
12.4 Hz, E-1a), 2.41 (1H, ad, £1a515

C, 67.89; H 5.70, ¥ 5.66%); A max
5:(03013) 0.92 (3H, s, 7b-Me), 1.88 (1H, 44, J1g
— Y
13.2 Hz, g1a 78

13.2 Hz, 5.2 Hz, H-18). 2.83 (1H, ddd,

£1ﬁ,7a Q1ﬁ,7a

5.2 Hz, £1ag7a 12.4 Hz, £7,7a 5.8 Hz, H-7a), 3.55 (3H, s,
2z-0Me), 5.80 - 5.95 (2H, m, H-5 and H~7), 6.14 (1H, 44,

J 5.0 Hz, d .0 Hz, unaffected by decoupling of

_5,6 ""'6,7

E-7a, 3-6), 6.57 (WM, &, J5 , 5.7 Hz, H-3 or H~4), and 6.71
(1H, d, dy 4 5.7 Hz, E-4 or H-3). The endo-adduct (58b)
gives aH(03013) 0.95 (3H, s, Tb-Me), 1.78 (1H, %, J

12.4 Hz, H-1 ), 2.61 (1H, aa,

1a,y3

and J 12.4 Hz,

1a,7a £1ag15
5.5 Hz, E-18), 2.71 (1H, daadd, g1ﬁ,7a 5.5 Hz,

218,72
5.8 Bz, H-7a), 3.61 (3H, s, 2a-0Me),

dia,7a 27 .7a

5.80 - 5.92 (2H, m, H-5 and H-7), 6.12 (1H, &4, gS c -

12.4 Hz,

5.0 Bz, Jg o 9.0 Hz, unaffected by decoupling of H-Ta,
, —_—
H-6), 6.43 (4H, 4, dy,4 57 Hz, B3 or H-4)}, and 6.68 (1H, 4,

d3,4 5.7 Hz, H-4 or H-3).

(i1) A 3 : 2 mixture of (2aaq7aa,7baﬂ—1ﬁ—chloro—
]

2z-methoxy-"Tb-methyl-2,2a,7a,7b~tetrahydro-1H-cyclopent-

[gg]indene—1a-carbonitrile (602) and (2aa,7aa,7baﬂ-15—

chloro-3,7b-dimethyl-2a—-methoxy-2,2a,7a,Tb-tetrahydro-1H-

cyclopent[gg]indene—1abcarbonitrile (60b) (0.9 g, 17%),

umax(neat) 2238 em” (w, C=N stretch); ,lmaX(EtOH) 305 nm;
n/e 261 (M of 60b), 247 (MW" of 60a), 226, 212, 174, 160,
150, and 145; SH(CDCIB) of adduct (60a) 0.96 (3H, s, Tb-le),

+

2.43 (1H, 4, J 15.1 Hz, H—Zﬁ), 2.78 (14, 4, § 15.1 Hz,
5-2a), 3.03 (1H, br. 4, d7. 75 549 Hz, H-7a), 3.39 (3H, s,
ce~0Ne), 5.83 (1H, 4, s g 5-4 Hz, H-5), 5.90 (1H, 4d,
26,7 9;2 Hz, ir,7a 5.9 Hz, becomes a doublet on decoupling

{
of I-Ta, B-7), 6.44 (24, s, H-3 and H-4), 6.45 (1H, dad,
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£5,6 5.4 Hz, £6,7 9.2 Hz, i6,7a 0.9 Hz, the fine
splitting is removed by decoupling of H-7a, H-6), and
of adduct (60b) 0.99 (3H, s, 7b-Me), 1.93 (3H, s, 3-Me),
2.37 (1H, &, J 15.4 Hz, H-2ﬁ), 2.69 (1H, d, J 15.4 Hz,
H-2a), 3.01 (1H, br. 4, i? Ta 6.7 Hz, H-Ta). 3.40 (3H,
?
s, 2a-0Me), 5.69 (1H, 4, £5 6 5.1 Hz, H-5), 5.83 (1H, 44,
. ?
£6,7 9.3 Hz, £7,7a 6.7 Hz, H-7), 6.19 (1H, s, sharpened
by decoupling of 3-Me, H-4), ard 6.43 (1H, ddd, dg ¢ 5.1 He,
A
26,7 9.3 Hz, £6,?a 0.9 Hz, the fine splitting is removed

by irradiation of HE-7a, H-6).

2 (2aaq,7aa, Tba)-23~Chloro-2a—methoxy-Tb-methyl-

2,2a,7a,Tb-tetrahydro-Tg—cyclopent[g@]indene-Z&h

carboxaldehyde (59)

A solution of the exo-2Z-chloroacrylonitrile
adduct (58a) (130 mg, 0.53 mmol) in dry tetrahydrofuran
(5 ml) under nitrogen at room temperature was treated
with a solution of diisobutylaluminium hydride (1 M;
1.0 ml, 1.0 mmol}. The mixture was stirred 1.5.h.
Methanol (1.5 ml) was then added, followed by water
(2 m1). The resulting slurry was extracted with ether
(2 x 30 ml), the combined extracts dried (MgSO4), the
solvent evaporated and the residue chromatographed on
silica. FElution with 20% ether in petrol gave the title
compound (36 mg, 28%), as an o0il; SH(CD013) 0.%2 (3H, s,
Tia, 15 139 Hz, Zig,70 7-0 By H-1g)
2.02 (1H, 44, gu,w 13.9 Hz, gm,Ta -
2.89 (1H, add, J, 72 1-0 Hzy dygy o, 11.4 Hz, d7 74 60 Hz,
H-72), 3.40 (3H, s, 2a-0Me), 5.84 (1H, 4, Js,g 4+9 Hz,
H-5), 5.92 (1H, a3, Je,7 9-2 Hzy Jg 4, 6.0 Hz, H-7), 6.11

7b-Me), 2.00 (1B, d4,

1.4 Hz, HE-1a),
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(13, ad, Js g 4-9 Hz, Ig o 9.2 Hz, E-6), 6.17 (1H, 4,
b b
J 5.5 Hz, H-3), 6.60 (1H, 4, J 5.5 Hz, H-4), and 9.60 (1H,

S, CEO). See Fig. 6 for nuclear Qverhauser effect

results.

3 (2aaqTaag7baﬂ—1ﬁ—Chloro—2a~methoxy—7b-methyl—

2,2a,7a,7b-tetrahydro-1§—cyclopent[9@]indene-1a-

carboxaldehyde and (2aa37aa,7baﬁ-1ﬁ—chloro—3,Tb—

dimethyl-2a-methoxy-2,2a,7a,7b-tetrahydro-1H-

cyclopent[gg]indene—1ahcarboxaldehyde

A stirred solution of a 3 ¢ 2 mixture of the
2-chloroacrylonitrile adducts (60a) and (60b) (204 mg,
0.82 mmol) in hexane (10 ml) and dry tetrahydrofuran
(2 mwl) at 0°C under nitrogen was ireated with a solution
of diisobutylaluminium hydride (1 M; 2.0 ml, 2.0 mmol}.
The mixture was stirred at room temperature for 2 h,
methanol (2 ml) added and then water (4 ml) added. The
mixture was filtered and the residue washed with ether
(3 x 10 ml). The filtrate was exitracted with ether
(3 x 15 ml), the combined extracts and washings dried
(MgSO4), the solvent evaporated and the residue
chromatographed on silica. ZElution with 25% ether in

petrol gave a 2 : 1 mixture of the title compounds

(36 mg, 17%), as an oil; the aldehyde derived from adduct
(602) gives 3H(03013) 0.93 (3H, s, 7b-Me), 2.07 (1H, 4,

J 14.0 Hz, H-2g), 2.68 (1H, 4, J 14.0 Hz, H-2a), 3.00 (1H,
br. d, g 4, 6.4 Hz, H-7a), 3.39 (3H, s, oMe), 5.6C (1H,
dg, g6,7 9.2 Hz, g7,7a 6.4 Hz, #-7), 5.87 (1H, 4, g5,6
5.2 Hz, H-5), 6.36 (1H, 4dd, Js g 5-2 Hz, dg 7 9.2 Hz,
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g6,7a 1.1 Hz, the fine splitting is removed by decoupling
of H-7a, H-6), 6.45 (1H, 4, J 5.9 Hz, H-4), and 6.47 (1H, 4,
J 5.9 Hz, H-3); the aldehyde derived from adduct (60b)
gives §H(CDCl3) 0.96 (3H, s, 7b-Me), 1.94 (3H, s, 3-Me),
2.00 (1H, 4, J 14.5 Hz, H-28), 2.62 (1H, &, J 14.5 Hz,
H-2¢), 3.00 (1H, br. 4, g7,7a'6.4 Hz, H-Ta), 3.35 (3H,

s, OMe), 5.61 (1H, a4, 56’7 9.2 Hz, 57,7a 6.4 Hz, B-7),

5.72 (1H, 4, Js5,6 °-2 Ez, H-5), 6.20 (1H, s, H-4), and 6.35
(1H, daad, Js g 5-2 Hzy dg 7 9.2 Hz, Jg 4. 1.1 Hz, the

fine coupling is removed by decoupling of E-T7a, H-6).

See Figs. 7 and 8 for nuclear Overhauser effect results.

4 MNelt pyrolysis of the 2-chloroacrylonitrile

adducts (58z) and (58b)

A 2 ¢ 3 mixture of the 2-chloroacrylonitrile
adducts (58z) and (58b) (75 mg) was heated under
nitrogen at 200°C for 15 min. The mixture became dark
but its proton n.m.r. spectrum was unchanged. After
further heating at 230°C for 15 min, the proton n.m.r.
spectrum showed that considerable decomposition had

occurred.

5 TFlash vacuum pyrolysis of the 2-chloroacrylonitrile

adducts {58a) and (58Db)

(a) 4% 400°C

A 2+ 3 mixture of the Z2-chlorocacrylonitrile
adducts (58a) and (58b) (94 mg) was distilled at
0.3 mmig up a tube heated to 400°C, N.w.r. examination
of the pyrolysate (90 mg) showed it %o be a 2 t 3 : 1
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mixture of the edducts (58a) and (58b), and 1-methoxy—1-
42a,b

metayl-1H-incene (62); 85(CDC1,, 60 MHz) 1.52 (3H, s,

1-Ne), 2.94 (343, s, OMe), 6.15 (1H, 4, J 6 Hz, H-2), 6.65

(48, 4, J 6 Ez, B=3), and 7.0 - 7.4 (4H, m, arH).
() At 500°C

A 2 1 3 mixture of the 2-chlorocacrylonitrile
aéducts (58za) ard (58b) (98 mg) was distilled at
0.3 mmdg up & Hube heated to 500°C. N.m.r. examination
of the pyrolyszte (66 mg) showed it to bea 2 : 3 : 3
aixture of the zdducts (58a) and (58b), and 1-methoxy—1-
nethyl-1H-indene (62), but other products were present

tc 2 small extent.
(e) At 550°C

A 2 3 wmixture of the 2-chlorocacrylonitrile
adducts (58z2) and (58b) (120 mg) was distilled‘at
0.3 mmEg up 2 tube heated to 55000. ¥N.m.r. examination
of the pyrolysate (68 mg) showed that all siarting
neterial was consumed to give aromatic material of

which only about 20% was the 1H-indene (62).

-~

6 Reaction of the 2-chlorocacrylonitrile adducts

(58a) and (58b) with sodium sulphide

A solution of a 2 : 3 mixture of the 2-chloro-
scrylonitrile zdducts (58z2) and (58b) (125 mg, 0.50 mmol)
in ethenol (3 wl) was ireated with sodium sulphide (30%;
340 mg, 1.3 mmol) and the mixture stirred a+t room
sempereture for 16 h. The wixture was then poured into

veter (15 ml) and extrzcted with ether (2 x 20 ml). The
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pale yellow combined extracts were dried (Na2804) and
the solvent evaporated. T.l.c. (silica, 15% ether in
petrol) showed that at least five compounds were present.
The only material that was isclated by column chromat-
ography was a 1 : 3 ﬁixture of the unreacted adducts

(58a) and (58b) (39 mg).

7 Reaction of the Z2~chloroacrylonitrile adducts

(58a) and (58b) with sodium hydroxide

A solution of a 2 ¢ 3 mixture of the 2-chloxro-
acrylonitrile adducts (58z) and (58b) (58 mg, 0.23 mmol)
in ethanol (1.5 ml) and dimethyl sulphoxide (0.5 ml)
containing sodium hydroxide (50 mg, 1.25 mmol) and a
drop of water was purged with nitrogen and then refluxed
for 2 h. The mixture was poured into water (30 ml),
neutralised with acetic acid and extracted with dichloro-
methane (3 x 40 ml). The combined extracts were washed
with water (50 ml), dried (Na2804), the solvent
evaporated and the residue chromatographed on silica.
Elution with petrol containing an increasing proportion
of ether gave (i) the unreacted adduct (58b) (12.2 mg).
(1i1) 7b-methyl-7b§-cyclopent[gglindene-2~carboxylic acid

(64) (16.8 mg, 26%); speciral data are given later.

8 Reaction of the Z-chloroacrylonitrile adducts

(58a) and (58b) with sodium methoxide

A solution of a 3 : 1 wixture of the 2-chloro-

acrylonitrile adducts (58a) and (58b) (58 mg, 0.23 mmol)

in dimethylformzmide (2 ml) containing sodium methoxide



178.

(240 mg, 4.4 mmol) was heated at 60°C for 0.5 h. The
dark mixture was poured into water (50 ml) and extracted
with ether (3 x 20 ml). The combined extracts were
washed with water (30 ml), dried (MgSO4), the solvent
evaporated and the residue chromatographed on silica.
Elution with 20% ether in petrol gave a2 4 : 1 mixture

of the unreacted adduct (58b) and 7b-methyl-T7bH-
cyclopent[g@]indene—2—carbonitrile (65) (12 mg); spectral

data for the annulene (65) are given later.

9 Reaction of the 2-chloroacrylonitrile adduct (58a)

with 1,8—diazabicyclo[5.4.0]undec—7-ene (DBU);

7b—methyl—7b§—0yclopent[gg]indene—2-carbonitrile (65 )

A mixture of the adduct (58a) {1.06 g, 4.3 mmol)
and 1,Bﬂdiazabicyclo[B.4.0]undec—7—ene (1.0 g, 6.6 mmol)
was stirred under nitrogen and heated =zt 110°C for 6 h.
The resulting black viscous mixture was chromatographed
on silica. Elution with 20% ether in petrol gave

7b-methy1-7b§-cyclopent[g@]indene-2—carbonitrile (65,

(0.57 g, T4%), as = mobile yellow oil (Found: mn/e
179.0736. 013H9N reguires g/g 179.0735); vmax(ﬁeat)
2224 (s, C=N stretch), 1444 (um), 852 (s), 816 (m), 736 (m),

and 686 cm~! (8); A.._(E%OH) 251 (log €3.87), 297 (4.66),

max
329 (3.84), and 470 nm (3.15); 3H(0D013) -1.56 (34, s,
Tb-Me), 7.60 (1H, t, J 7Hz, H-6), 7.70 (1H, 4, J 7.0 Hz,
HQB), 7.82 (1H, 4, J 7.4 Hz, H-7), 7.90 (1H, s, H-3),

7.97 (1H, 4, J 3.5 Hz, H-4), and 8.03 (1H, 4, J 3.5 Hz, H-3);
30(0D013) 28.6 (0.96, 7b-Me), 59.6 (C.26, C-Tb), 101.7

(0.14, CN or C-2), 116.5 (0.16, C-2 or CN), 118.5 (0.85,
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c-5}, 121.0 (1.00, C-7}, 130.5 (0.86, C-3 or C-6), 130.8
(0.87, C-6 or C-3), 136.4 (0.75, C-4), 139.6 (0.93, C-1),
157.3 (0.21, C-4a or C-7a), 159.5 (0.27, C-Ta or C-4a), and
179.4 (0-22); m/e 179 (100%, M"), 178, 164, 152,2nd 151.

10 Reaction of the 2-chloroacrylonitrile adduct (58a)

with potassium tert-butoxide; 7b-methyl-7bE-

cyclopent[gg]indene-Z-carboxamide (66)

4 solution of the zdduct (58a) (1.25 g, 5.0 mmol)
in benzene (20 ml) containing potassium tert-butoxide
(1.8 g, 16 mmol) was stirred and refluxed under nitrogen
for 0.5 h. The dark brown mixture was poured intc water
(100 ml), acidified with zcetic acid (2 ml) and extracted
with dichloromethane (3 x 50 ml). The combined organic
layers were washed with water (100 ml), dried (MgSO4),
the solvent evaporated and the residue chromatographed
on silica. Elution with 20% ethyl acetate in ether
afforded 7b—methyl-7b§—cyciopent[g@]indene—E—carboxamide

(66) (0.20 g, 20%), as yellow needles, m.p. 150.5 - 155°C

(from ethyl acetzte) (Found: T, 78.92; EH, 5.64; N, 7.07.

KO reguires €, 79.16; H, 5.62; N, 7.10%); (0014)

€13ty Vnax
1678 on™' (C=0 stretch); A, (EtOH) 245 sh (log e 3.89),

299 (4.61), 333 (3.81),and 471 nm (3.06); SH(CD013)‘—1.47
(3H, s, 7b-Me), 5.5 (2H, br., NE,), 7.60 (1H, t, J 7 Hz,

B-6), 7.74 (1H, 4, J 7.2 Hz, H-5), 7.83 (1H, &, J 7.4 Hz,
H-7), 8.05 (ZH, LB system, 53,4 3.1 Hz, B-3 and H-4), =and 8.28

(18, s, H-1); m/e 197 (M"), 160, 154, 153, 152,and 144.
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11 Reaction of the 2-chlorocacrylonitrile adducts

(60a) and (60b) with 1,8—diézabicyclo[5.4.0]undec-'

7-ene (DBU)

L 3 ¢+ 2 mixture of -the 2-chloroacrylonitrile
adducts (60a) and (60b) (239 mg, 0.97 mmol) and
1,8—diazabicyclo[5.4.0]undec—7—ene (200 mg, 1.3 mmol)
" was stirred under nitrogen and heated at 100°C for
20 min. The resulting dark viscous mixture was
chromatographed on silica. Elution with 20% ether in

petrol gave 2 2 ¢ 1 mixture of Tb-methyl-T7TbH-cyclopent-

[gg]indene-1-carbonitrile (672) and 3,7b-dimethyl-TbH-

cyclopent[g@]indene—1-carbonitrile (67b) (74 mg, 43%),

as a yellow oil; the mixture gives L&ax(neat) 29201(m),
2220 (s, CsN stretch), 1438 (m), 862 (s), 818 (s}, 786 (m),
and 706 cu | (s); m/e 193 (MY of 67b), 179 (M of 67a,
100%), 178, 164, 152, and 151, SH(CD013) for compound
(672): -1.50 (3, s, 7Tb-Me), 7.51 (1H, d4, J 6.8 Hz,

H-5), 7.64 (1H, t, J 7 Hz, H-6), 7.76 (1H,>d, J 7.3 Hz,
H-7), 7.93 (18, s, H-2), 8.01 (1H, @, J 3.6 Hz, H-4), and
8.10 (1H, 4, J 3.6 Hz, H-3); for compound (67b): =-1.44
(38, s, Tb-Me), 2.76 (3H, s, 3-Me), 7.68 - 7.75 (3H, m,
H-5, H-6 and H-4), 7.81 - 7.87 (1H, m, H-7), and 7.90 (1H, s,
H-2), comparison with a computer simulation for an ABX
system for H-5, H-6 and H-7 gives §, 7.70 (H-6); Sg T.71
(B-5)5 8¢ 7.85 (H-T); Jg ¢ 6.5 Hz, Jg 4 7.5 Hz, Ig o

ca. 0.8 Hz and E-4 at §&7.71.

12 7b-Methy1-7b§—cyclopent[gg]indene-2-carboxylic acid
(64)

A mixture of 7b—methyl—7b§—cyclopent[g@]indene—Z—
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carbonitrile (118 mg, 0.66 mmol) and a solution of sodium
hydroxide (250 zg, 6.2 mmol) in water (5 ml) was stirred
and refluxed under ﬁitrogen. After 2 h, the wmixture was
poured into water (20 ﬁl) and extracted with dichloro-
methane (2 x 36 ml). The extracts were discarded and

the agueous layer was acidified with sulphuric acid

(6 ¥, 5 ml) and extracted with dichloromethane (3 x 30 ml).
These extracis were washed with water (50 ml), dried
(Mg504), the solvent evaporated and the residue chromat-
ographed on silica. ZElution with 50% ether in petrol
afforded 7b-meﬁhyl-7bﬂ-cyclopent[QQ]indene—2—carboxylic

scid (89 mg, 68%), as light orange crystals, m.p. 152 -
153.5°C (from petrol, b.p. 60 — 80°C) (Pound: T, 78.85;

H, 5.08. ¢C 0, requires C, 78.773 E, 5.09%); vmax(0014)

| 1310
3400 - 2300 (br. OH stretch), 1680 (s, C=0 stretch), 1452
(m), 1274 (s), 1236 (s), 856 (m), and 688 ca ' (s);
Ay (EEOH) 250 (log €3.89), 299 (4.62), 332 (3.82), 418 sh
(2.19),and 474 nm (3.17)3 SH(c3013) -1.40 (3H, s, 7b-NMe),
7.59 (1H, t, J 7 Hz, H-6), 7.71 (iH, &, J 6.6 Hz, H-5),
7.%1 (14, 4, J 7.3 ¥z, H-7), 8.12 (1H, 4, J 3.5 Hz, H-4),
8.23 (1H, 4, J 3.5 Hz, H-3), 8.31 (1H, s, H-1), and 10.3 -12.0
(18, br., CO,H); §,(CDCL;) 28.8 (0.85, To-Me), 60.2 (0.47,
c-7v), 118.2 (1.00, C-5), 121.7 (0.99, C-7), 129.4 (0.30,
c-2), 129.9 (0.73, C-3 or C-6), 131.8 (0.90, C~6 or C-3),
1356.4 (0.82, C-¢), 140.1 (0.¢1, C-1), 157.6 (0.28, C-4a or
C-7a), 153.2 (0.43, C-7a or C-4a), 170.9 (0.41, CO,H), and

180.2 (0.32, C-22); m/e 198 (M7), 153 (100%), and 152,

13 7b-Methy1-7b§—cyclopent[Qg]indene—2-carboxaldehyde (53b)

To a solution of 7b-methyl-TbH-cyclopent[cd]indene-
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2—carbonitrile (65) (228 mg, 1.3 mmol) in petrol (10 ml),
cooled in an ice bath and stirred under nitrogen was
added a solution of diisobutylaluminium hydride in
hexane (1 M; 3 ml, 3 mmol). After 15 min, methanol

(0.5 ml) was added, followed by a solution of ammonium
“chloride (0.3 g) in water (2 ml) and the resulting
‘mixture was stirred at room temperature for 2 h., The
mixture was then poured into water (20 ml) and extracted
with ether (3 x 25 ml). The combined extracts were dried
(MgSO4), the solvent evaporated and the residue chromat-
ographed on silica. ZElution with 20% ether in petrol

gave (i) a highly coloured band (14 mg). (ii) 7b-Methyl-

7b§-cyclopent[g§]indene-2-carboxaldehyde (53b) (154 ug,

66%), as an orange oilj; vmax(neat) 1666 (s, C=0 stretch),
1522 (m), 1154 (m), 852 (s), 814 (@), 706 (m), and 682 cm™ |
(m)s A, (EtOH) 257 (loge 4.07), 312 (4.51), 350 (3.85),
and 488 nm (3.20); 5H(03013) -1.41 (3H, s, 7b-Me), T7.57
(14, t, J 7 Hz, B-6), 7.71 (1H, &, J 7.1 Hz, H-5), 7.90

(14, 4, J 7.5 Hz, H-7), 8.11 (1H, 4, J 3.6 Hz, H-4), 8.16
(1H, 4, J 3.6 Hz, H-3), 8.21 (1H, s, H-1), ang 10.38. (1E, s,
CHO); SC(CD013) 28.7 (0.94, 7b-Me), 60.5 (0.26, C-Tb),
118.7 (0.80, C-5), 122.5 (0.70, C-7), 130.2 (1.00, C-3 or.
c~6), 130.7 (0.%4, C-6 or C-3), 134.5 (0.66, C-4), 137.3
(0.17, C-2), 140.7 (0.78, c-1), 157.7 (0.17, C-4a or C-Ta),
159.2 (0,20, C-7a or C-4a), 179.4 (0.16, C-2a), ang 188.3 (0.61,
CHO). Treatment of this aldehyde with 2,4-dinitrophenyl-
hydrazine in ethanol containing sulphuric acid gave an

immediate precipitate of the 2,4-dinitrophenyl hydrazone,

as brick red needles, m.p. 220 - 2229 (decomp.) (from 1 : 1
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dimethylformemice - acetonitrile) (Found: C, 62.64;
H, 3.87; N, 15.25. C,.H,,N,0, requires C, 62.98; H, 3.89;

197147472
N, 15.46%).

14  Tb-Methyl-TbH-cyclopent[cd]indene (1) (method 2)

£ solution of 7b—methyl-7b§—cyclopent[gg}indene—
2-carboxaldehyde (53b) (163 mg, 0.89 mmol) in benzene
(20 ml) was ireated with tris(triphenylphosphine)rhodium(I)
chloride (850 mg, 0.92 mmol) and the mixture was stirred
and refluxed under nitrogen for 6.5 h. The mixture was
cooled to room temperature, iodomethane (1 ml) added and
the stirring was continued for 1.5 h. The mixture was
filtered and the residue was washed with benzene (2 x 5 ml).
The combined filtrate and washings were evaporated and the
residue chromatographed on silica. Elution with petrol
gave 7b—methyl—7b§—cy010pent{gg}indene (1) (126 mg, 92%);

spectral data are given later, in Section 3.1.7.

3.1.6 The use of 2-chloroacryloyl chloride (68); Synthesis

and reactions of the tricyclic kefone, Za-methoxy-

7b-methyl—1,2a,7a,7b—tetrahydro-ZE—cyclopent[gg]—

inden-2-one (63)

1 The cycloaddition of 3-methoxy-3a-methyl-3aH-indene

(37) with 2-chloroacryloyl chloride

&) Methyl (Zaa,7acq,7ba)-28-chloro-2a-methoxy-7b-methyl-

2,2a,7a,7b—tetrahydro—1§-cyclopent[gg}indene—2a;carboxylate
(6%2)

4 solution of 2-chloroacryloyl chloride™ (4.2 g,
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34 mmol) in dry 1,2-dimethoxyethane (10 ml) was added to
a solution of the 3aH-indene (37), prepared as described
in Section 3.71.3 and below from the trienone (46) (4.75 g,
32 mmol). The mixture was allowed %o warm to OOC,
filtered and the residue washed with 1,2-dimethoxyethane
(20 m1). The combined filtrate and washings (3.3% of)

was treated with a mixture of methanol (2 ml)} and
triethylamine (1 ml) and the mixture was stirred at

room temperature for 1 h. The sclvent was evaporated

and the residue chromatographed on silica. Elution with

20% ether in petrol gave the title ester (69a)} containing

1 part in 25 of its isomer (69b) (145 mg, 48%), as an oil;

8y(CDCL;) 0.92 (3H, s, Tb-Me), 2.09 (1H, ad, g1a&15 14.0 Hz,

iT-‘lcr,'?a

5.5 Hz, H-1ﬁ), 2.79 (1H, add, d

12.4 Hz, H-1a), 2.22 (1H, ad, g1a&1ﬁ 14.0 Hz, 215,7a
1,72 12.4 Hz, £1ﬁ’7a 5.5 Hz,
57,73 6.3 Hz, H-Ta), 3.57 (3H, s, 2a-0Me), 3.76 (3H, s,

CO,Me), 5.80 (1H, 4, J 5.2 Hz, H-5), 5.91 (1H, 44, g7’7a

6.3 Hz, g6,7 S.4 Hz, H-7), 6.08 (1H, 44, g5,6 5.2 Hz, g6,7

9.4 Hz, H-6), 6.26 (1H, 4, J 5.7 Hz, H-3 or H-4), and 6.54 (1H,
d, J 5.7 Hz, H-4 or B-3); +the minor isomer (69b) gives

extra peaks at 0.87 (3H, s, 7b-Me), 3.05 (1H, d4dd, H-7a),

3.44 (3E, s, 2a-Ole), 3.81 (3H, s, CO,Me), 5.84 (1H, d,

E-5), 6.49 (1H, 4, H-3 or H-4), and 6.61 (1H, 4, H-4 or H-3)
m/e 280 (M™), 160 (100%), and 145. The remainder of the

solution of the adduct (96.7% of) was treated as described

in part (b) below to give the ketone (63) (2.65 g, 42%).

(b) 2a-Methoxy-7b-methyl-1,2a,7a,7Th-tetrahydro-2H-

cyclopent[gq]inden—Q—one (63)

To a2 mechanically sitirred solution of potassium
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hydride (from a dispersion in oil, 25%; 46 g, 0.23 mol)

in dry 1,2-dimethoxyethane (100 ml) under nitrogen and
cooled externally by a cooling bath at —2300, was added

a solution of 18-Crown-6 (37.5 g, 0.14 mol) in dry 1,2-
dimethoxyethane (160 ml), followed by a solution of 5,7a-
dihydro-T7a—methyl-1H-inden-1-one (46) (18.7 g, 0.13 mol)
in dry 1,2-dimethoxyethane (20 ml). After 0.5 h, freshly
distilled methyl fluorosulphonate (12 ml, 0.15 mol) was
added, followed by 2-chloroacryloyl chloride’™ (20.0 &,
0.16 mol). The solution was allowed o warm to 0°C,
filtered and the residue washed with dry 1,2-dimethoxyethane
(80 ml). Sodium azide (32 g, 0.48 mol) was added to the
filtrate. The mixture was stirred in a sealed system at
room temperature for 16 h, filtered and the filtrate
refluxed for 2 h. The resulting dark brown mixture was
cooled to room temperature, treated with 2 : 1 acetic

" acid - water (200 ml) and warmed at 60°C for 1 h. The
cooled mixture was poured into water (1 1) and extracted
with ether (4 x 250 ml). The combined ether layers were
washed with water (500 ml), then saturated agueous sodium
hydrogen carbonate (2 x 500 ml), dried (Na2SO4), the
solvent evaporated and the residue chromatographed on
silica. Elution with 30% ether in petrol gave the title
ketone (12.5 g, 48%), as a colourless oil; vmax(neat)
1732 (s, C=0 stretch), 1114 (m), and 1052 . (m);

| Aoy (EFOH) 240 (log e 3.43), 310 (3.75) and 342 nm sh (3.29);
5H(0D013) 1.12 (3H, s, Tb-Me), 2.12 (1H, 48, J 11.8 Hz,
18.6 Hz, H-1), 2.50 (1H, &4, J 7.8 Hz, 18.6 Hz, H-1), 2.81
(14, ddd4, J 7.8 Hz, 11.8 Hz, 6.1 Hz, H-7a), 3.50 (3H, s,
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2z-0Me), 5.88 (2B, m, H-5 and H-7), 6.02 (1H, dd4, J
5.2 Hz, Jg 7 9.4 He, H-6), 6.24 (1H, d, J 5.7 Hz, H-3 or H-4),
and 6.47 (1H, d, J 5.7 Hz, H-4 or H-3); mw/e 202 (M'),

160, 159, 145 (100%), and 145.

2 Rearrangement of the [4+2} maleic anhydride adduct

(57b) in the presence of 2-chloroacryloyl chloride

4 solution of the [4+2] wzleic anhydride adduct
(57b) (128 mg, 0.50 mmol) in dichloromethane (2 ml) at
0°C was treated with 2-chloroacryloyl chloride (0.1 ml,

1.0 mmol). The mixture was refluxed for 20 min, methanol
(0.5 ml) added, the solvent evaporated and the residue
chromatogravhed on silica. Elution with 20% ether in
petrol gave a 12 : 1 mixture of the esters (69a) and
(69p) (30 mg, 22%)

3 Rearrangement of the [4+2] N-phenylmaleimide adduct

(57z) in the presence of 2-chlorocacryloyl chloride

A solution of the [4+2] N-phenylmaleimide adduct
(57a) (33 mg, 0.10 mmol) in toluene (2 ml) containing
2-chloroacryloyl chloride (0.1 ml, 1.0 mmol) was refluxed
for 15 min. The resulting pzle yellow solution was cooleé
to room temperature and a mixture of methanol (0.3 ml) and
triethylamine (0.2 ml) added. The mixture was stirred for
10 min, the solvent evaporated and the residue chromat-
ogrzapned on silica. Elution with 20% ether in petrol gave
(i) an 8 : 1 mixture of the esters (6%a) and (69b) (12 mg,
£3%)
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4 Conversion of the ester (69a) into the aldehyde (59)

L solution of the ester (69a) (83.2 mg, ©.30 mmol)
in petrol (8 ml) was stirred at 0°C under nitrogen and
treated with a solution of diisobutylaluminium hydride
in hexane (1 M; 1 ml, 1.0 mmol). After 30 min, methanol
(1.5 ml) was added followed by water (2 ml) and the mixture
stirred at room temperature for 1 h. The mixture was thén
filtered, the residue washed with ether (2 x 20 ml) and the
filtrate extracted with ether (2 x 30 ml). The combined
washings and extracts were dried (N32504), the solvent
evaporated and the residue chromatographed. ZElution with

60% ether in petrol gave (2aa,7aa,7ba)—Zﬁ—chloro—Za—methoxy—

7b-methyl—2,2a,7a,7b—tetrahydro—1§—cyclopent[g@]indene—Za—

methanol (51.4 mg, 69%), as an oil; oy 3440 (OH stretch),

Yy
2922 (m) and 1082 em™' (s); &y(CDCL,, 90 MHz) 0.95 (3H, s,
Tb-Me), 1.49 (1H, 44, J 12 Hz, 14 Hz, H-1a), 2.14 (1H, a4,

J 6 Hz, 14 Hz, H—1ﬁ), 2.3 (1H, br., 0H), 2.85 (1H, d%, J

12 Hz, 6 Hz, H-Ta), 3.49 (3H, s, Oie), 3.63 (2H, m, CH,0H),
5.82 (1h, 4, J§ 4 Hz, H-5), 6.00 (1H, &3, J 6 Hz, 8 Hz? H-7),
6.10 (1H, 44, J 4 Hz, 8 Kz, H-6), 6.49 (1H, &, J 6 Hz, H-3 or
H-4), and6.52 (1H, 4, J 6 Hz, H-4 or B-3). 4 solution of
this alcohol (39 mg, 0.155 mmol) in dichloromethane (5 ml)
was treated with a solution prepared from powdered

chromivm trioxide (78 mg, 0.78 mmol) in pyridine (125 mg,

1,7 mwmol) and dichloromethane (2 ml). After 10 min at

room temperature, the solvent was removed, ether (10 ml)
added, the mixture filtered and the residue washed with

ether (2 x 5 ml). The combined filtrate and washings werer

concentrated and the residue chromatographed on silica.
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Elution with 25% ether in petrol gave the aldehyde (59)
(5.5 mg, 14 %); the proton n.m.r. spectrum was identiecal
to that of =2 sample prepared from the 2-chlorcacrylonitrile

adduct (58a) as described in Section 3.1.5.

5 Methyl 7b—methyl—7b§-cyclopent[gg]indene—E-carboxylate
(70)

4 25 : 1 mixture of the esters (69a) and (69b)
(204 mg, 0.73 mmol) and 1,8-diazabicyclo[5.4.0]undec-7-
ene (DBJ) (300 mg, 2.0 mmol) was heated at 110°C under
nitrogen for 4 h. The resulting dark viscous mixture
was chromatographed on silica. Elution with 20% ether

in petrol gave (i) the title compound (19 mg, 12%), as

a yellow oilj oy CCL,) 1718 (s, C=0 stretch), 1444 (m),

vTIl
1268 (m}, 1222 (s), 1212 (s), and 1114 e (s); Aoy (ESOH)
251 (log €3.89), 302 (4.60), 336 (3.81), and 475 nm (3.16);
8y (CDCL;) -1.47 (3H, s, To-Me), 4.00 (3H, s, COpMe), 7.58
(18, %, J 7.2 Hz, H-6), 7.71 (1E, &, J 7.2 Hz, E-5), 7.87
(18, 4, J 7.2 Hz, H-7), 8.08 (1H, 4, J 3.4 Hz, H-4), 8.16
(14, 4, J 3.4 Hz, B-3), and 8.26 (iH, s, H-1). (ii)
Starting material [6 t 1 ratio of the isomers (6%a) and

(69b), 34.0 mg ).

6 Impregnation of silica H with silver acetate

Silver acetate (10 g) and silica H (90 g) was added
with stirring to water (400 ml). The mixture was heated on
a Steam bath and wes siirred until no more silver zcetate
remained on the surfazce of the mixture. The water was

then evaporated under reduced pressure and the silica dried



183.

by azeotropic removal of the water with benzene and then

the solvent removed under high vacuum.

7 2a-Methoxy-To-methyl-1,2a,7a,7b-tetrahydro-2H-

cyclopent[gg]inden—2—one—toluene—4—su1phonyl—

hydrazone (71a)

4 solution of 2a-methoxy-7b-methyl-1,2a,7a,Tb-
tetrahydro-2§—cyclopent[gg]inden—2—one (63) (1.24 g,
6.1 mmol) and toluene-4-sulphonylhydrazine (1.21 g,
6.5 mmol) in benzene (15 ml) was refluxed under nitrogen
for 3 h with an apparatus for azeotropic removal of the
water formed. The solvent was evaporaited Ifrom the cooled’
mixture and the residue chromatographed on silica. Elution
with 3 : 3 ¢ 4 ether - dichloromethane - petrol gave the

toluene-4-sulphonylhydrazone (71a) (2.05 g, S1%), as a

gum which became a white powder when triturated with
ether.
In a separate experiment, more careful chromatography

gave (i) a minor isomer (112 mg), m.p. 157 - 160°C (by

diffusion of peirel into a dichloromethane solution)
(Found: C, 65.21; H, 6.00; N, 7.65: S, 8.49. C2OH22N2038
requires C, 64.84; H, 5.99; N, 7.56; S, 8.65%). (ii) &
major isomer (234 mg), m.p. 172 - 175°C (by diffusion of

petrol into a dichloromethane solution) (Found: C, 65.00;
H, 6.07; N, 7.56; S, 8.64. C2OH22N2038 reguires C, 64.84;
H, 5.99; N, 7.56; S, 8.65%).
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8 Reaction of the toluene-4-sulphonylhydrazone (71a)

with methyl lithium

m

(

) Lt room temperature

4L stirred solution of the hydrazone (71a) (195 mg,
0.53 mmol) in benzene {10 ml) was cooled to 5°C under
nitrogen and trezted with a solution of mefthyl lithium
" in ether (2M; 5 ml, 10 mmol). The mixture was stirred
et room temperature for 20 n and then water (1 ml) was
added dropwise. The resulting slurry was poured into
water (30 ml) and extracted with ether (3 x 30 ml), The
combined extracts were dried (MgSO4), the solvent
evaporated and the residue chromatographed on silica.
Elution with petrol gave impure Th-methyl-T7bH-cyclopent-
[g@]indene (1) (70% pure by n.m.r.; 20 mg, 17%). Elution
with 5% ether in pétrol gave, after a forerun of aromatic

raterial (39 mg), 4a,7b—dihydro-2a-methoxy-Th-methyl-2aH-

cyclopent[gg]indene (54) (26 mg, 26%), as an oil (Found:

r/e 186.1050. C,3H,,0 requires m/e 186.1045); v, (neat)
1076 (s), 724 (m), and 716 cu ' (m); A, (BtOH) 309 nm
(log €3.66)5 dy(CDCL3) 1.01 (3, s, Tb-Me), 3.31 (3H, s,
OMe), 3.32 (1H, m, H-4a), 5.77 (3H, m, affected by
decoupling 2t §3.32, H-3, B-5 and H-7), 6.02 (1H, ddd,
£4a,6 0.9 Hz, 56,7 5.2 Hz, 25,6 9,4 Hz, the small coupling
is removed by irradiation =%t §3.32, H-6), 6.07 (1H, &g,
£4’43 1.7 Hz, g3’4 5.6 Hz, the smaller coupling is removed

by irradiation at §3.32, B-4), 6.24 (1H, 4, J 5.6 Hz, H-1 or
B-2), and 6.31(1E, 4, £ 5.6 Hz, H-2 or H-1); 0y(CDCL,) 15.6
(1.00, Tb-Me), 49.6 (0.23, C-To), 50.2 (0,86, OMe), 53.2

(0.56, C-4a), 100.4 (0.26, C-2a), 113.2 (0.78), 123.2 (0.71),
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124.8 (0.75), 129.5 (0.80), 133.2 (0.81), 139.4 (0.73),
140,0 (0.65), and 150.5 (0.14, C-Ta); m/e 186 (M") ang
171 (100%).

The 7b—methyl—7b§—cyclopent[gg]indene (1) obtained
in this reaction was purified by chromatography on silica
impregnated with silver acetate (10% w/w). Elution with
petrol gave first, the pure annulene (1), and then the

contaminant.

(b) At 45%¢

A stirred solution of the hydrazone (71a) (667 mg,
1.8 mmol) in benzene (40 ml) was cooled to 5°C under
nitrogen and treated with a solution of methyl lithium
in ether (2 M; 15 ml, 30 mmol). The mixture was then
heated at 45°C for 10 h and then water (3 ml) was added
dropwise. Work-up was on three times the scale of part (a)
and chromatography was on silica impregnated with silver
acetate (10% w/w). Elution with petrol gave 7b-methyl-7bH-
cyclopent[gg}indene (1) (110 mg, 40%); spectral data are

given later, in Section 3.1.6.

9 2a-Nethoxy-Tb-methyl~-1,2a,7a,7b-tetrahydro-2H-

cyclopent[gg}inden—2—0n9—2,4,6—triisopropylbenzene—

sulphonylhydrazone (71b)

A solution of Za-methoxy-T7Tb-methyl-1,2a,7a,7b-
tetrahydro—Zﬂ—cyclopent[gi]inden—2—one (63) (4.05 g,
20 mmol) in dichloromethane (50 ml) containing Amberlite
resin IR120(H) (5 g) was treated with a solution of

purified 2,4,6-triisopropylbenzenesulphonylhydrazine
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(6.50 g, 22 mmol) in dichloromethane (50 ml). The
nixvure was stirred at room temperature for 3 h, the

solvent then evaporated under reduced pressure at room
vemperature and the residve chromatographed on silica.

Slution with 1 ¢ 1 : 2 dichloromethane - ether - petrol

gave the 2,4,6-triisopropylbenzenesulphonylhydrazone (71b)

{8.1-g, 83%), m.p. 174 - 177°C (by evaporation of a
solution in 1 : 1 dichloromethane - petrol, b.p. 60 - 80°0)
(Found: €, 69.33; H, 7.96; N, 5.72. 028H38N203S requires
C, 69.665 H, 7.93; N, 5.83%).

10 Reaction of the triisopropylbenzenesulphonylhydrazone

(71b) with methyl lithium followed by deuterium oxide

(a) 4t room temperature

A stirred solution of the hydrazone (71b) (274 mg,
0.57 mmol) in dry benzene (10 ml) under nitrogen at room
temperzsture was treated with a solution of methyl lithium
in ether (2 M; 7.5 ml, 15 mmol) and the resulting mixture
was stirred at room temperature for 2 h. The mixture was
vhen treated with dropwise addition of deuterium oxide
(99.7 atom %; 0.5 ml). After 5 min, the mixture was
poured into water (30 ml) and the products extracted with
ether (3 x 30 ml). The combined ether layers were dried
(MgSOL), the solvent evaporated and the residue chromat-
ogrephed on silica. Elution with petrol gave 7b-methyl-
Tbg-cyclopent[gé]indene (1) (6 mg, 7%). Elution with 5%
ether in petrol gave 4z,7b-dihydro-Ze-methoxy-Tb-methyi-

‘2a§~cyclopent[gi]indene-3d (ca. 65% deuterium incorporation;

h

7 wg, 63%); 5H(0D013) as for an undeuterated sample
exceps 5.77 (2.35H, m, H-3 of undeuterated compound, H-5
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and H-7), 6.07 (1H, m, H-4; decoupliné of H-4a at 3.03
gives a singlet and a doublet, J 5.6 Hz, the relative
intensities of which are consistent with the extent of
deuteration as 65 — T0%); SC(CD013) as for undeuterated
sample except for reduction of intensity of the lines at
129.5 (0.47, C-3) and 140.0 (0.33, C-4 of undeuterated
compound, and a new line appears at 139.9 (0.67, C-4 of

deuterated compound).

(b) At 45°C

A stirred solution of the hydrazone (71b) (980 mg,
2.0 mmol) ir dry benzene (50 ml) under nitrogen at room
temperature was treated with a solution of methyl lithium
in ether (2 M; 27 ml, 54 mmol) and the mixture was stirred
at 45°C for 7 h. Work-up was the same as for part (a) but
on foﬁr times the scale to give (i) Tb-methyl-T7bH-cyclopent-
[g@]indene (193 mg, 61%); the extent of deuteration in the
2-position was ca. 20%.- see preparation of the 4-phenyl-1,2,4-
triazole-3,5-dione adéuct (see Section 3.2.6). (ii)
4a,7b—Dihydro—2a—methoxy—?b—methyl—Qaﬁ—cyclopent[gq]indene
(54)(84 mg, 22%); the extent of deuterium incorporation

was not determined for this sample.

11 Reaction of 4a-7b-dihydro-Za-methoxy-7b-methyl-2aH~

cyclopent[gd]indene (54) with Yoluene-4-sulphonic acid

A soluticn of the tetraene (54) (52 mg) in
dichloromethane (12 ml) at room temperature was treated
with toluene-4—sulphonic acid (5 mg) and the mixture was
stirred at room temperzture for 3 h. The resuliing

solution was washed with saturated sodium hydrogen carbonate
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golution (3 x 10 ml), then water (10 ml), the solvent
evaporated and the residue chromatographed om silica.
Elution with petrol gave 7b—methyl—7b§—cyclopent[gd]—
indene (1) (35 mg, 81%).

A 65 - 70% deuterated sample of the tetraene (54)
geve by this proéedure, 7b—methy1-7bﬁ—cyclopent[gg]indene—
2d, 65 — 70% deuterium incorporation, SH(CD013) -1.64
(38, s, Tb-Me), 7.52 - 7.72 (3H, ABp system, J;p 7 Hz,
& 17.57, B-6; §g7.69, E-5 + BE-7), 7.90 (1.3H, d, J 3 Hz,
H-3 + H-2 of undeuterated material), and 7.92 (2H, s + @&,
J 3 Hz, H-1 + H-4); §(CDCLy) 28.7 (0.67, Tb-Me), 58.8
(0.12, Cc-7b), 116.3 (1.00, C-5 + C-7), 129.0 {0.58, C-6),
129.3 (0.71, intensity reduced relative to undeuterated sample,
C-2 + C-3), 134.87 (0.38, C-1 of deuterated compound), 134.92
(0.58, 0-4 + C-1 of undeuterated compound), 159.2 (0.20, C-4a
+ C-Ta), 178.8 (0.06, C-2a of deuterated compound), and 178.9
(0.04, C-22 of undeuterated compound). Full spectral data for

the undeuterated annulene (1) are given in Section 3.1.7.

12 (2aaq,7aq,7ba)-2a-NMethoxy-Th-methyl-2,2a,7a,Tb-tetra-

hydro—1§;cyclopent[§g]inden—25—ol (73)

L stirred emulsion of Za-methoxy-7b-methyl-1,2a,7a,7b~
tetrahydro—Zg;cyclopent[gg]inden—2—one (63) (622 mg, |
3.1 mmol) in ethanol (10 ml) was treated with a solution
of sodium borohydride (400 mg, 10.5 mmol) in ethanol
(1C ml). 2After 0.5 h, the clear solution was poured into
wzter (90 ml) and the product extracted with ether (3 x
60 m1l). The combined ether layers were washed with water

(50 wl), dried (NgSO4), the solvent evaporated and the
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residue chromatographed on silica. Elution with 40%

ether in petrol gave the title compound (383 mg, 61%),

as & viscous oil (Found: m/e 204.1156. 013H16O2

requires m/e 204.1150); Lhax(neat) 3420 (0H stretch),
2964 (m), 2932 (m), 1448 (m), 1080 (s), 978 (m), and
728 cm~ ' (m); Apax(ESOH) 304 nm (log €3.89); §4(CDCL,)

0.84 (3H, s, 7b-Me), 1.05 (1H, ddaaga, g1a,1 10.8 Hz, J1a,2

9.4 Hz, Iy, 7, 10.8 Hz, E-1@), 1.52 (1H, br. s, 2-OH),

2.22 (1H, daa, J 10.8 Hz, 6.0 Hz, 6.1 Hz,

12,7 d1g,2 £15,7a
H-1g), 2.35 (1H, add, J, 75 6-1 Hzy Iy 7, 10.8 Hz,

27,73 6.1 Hz, H-7a), 3.45 (1H, s, 2a-0Me}, 4.08 (1H, br.,
H-2), 5.75 (1H, 4, 5 5 5.1 Hz, E~5), 5.86 (1H, 44, 56,7

9.2 Hz, 6.1 Hz, H-T), 6.03 (1H, 44, J5 ¢ 5.1 Hz,
?

g7,7a
Jg,7 9-2 Hz, 1-6), 6.39 (1H, d, I3 4 5.7 Hz, H-3), and 6.61
(1€, 4, g3’4 5.7 Hz, E-4); decoupling H-2 =zt §4.08
affects the signal at 2.22 for H-yg but not that at

2,35 for H-Ta; m/e 204 (M7), 160 (100%), and 145.

13 Attempted direct dehydration of the alcohol (73)

A solution of the aleohol (73) (30.5 mg, 0.15 mmol)
in pyridine (2 ml) was treated with phosphorus oxychloride
(100 mg, 0.65 mmol) and the mixture stirred at room
temperature. The mixture stayed colourless and a solid
precipitated. T.l.c. showed only baseline; there was no
starting materizl or the required olefin. Use of dimethyl-

formamide s the solvent or thionyl chloride as the reagent

gave similar results.
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14 (2aaq?aa,7baﬂ-20;1odo—2a—methoxy—7a—methy1—2,2a,7a,7b—

tetrahydro—TE-cyclopent[gg]indene (74)

L solution of the alcohol (73) (28.7 mg, 0.14 mmol)
in Ary herxamethylphosphoramide (0.5 ml) was treated with
methyltriphenoxyphosphonium iodide (MTPIY® (186 mg,

0.41 mmol) and the resulting mixture was stirred overnight
at room temperature. The mixture was then treated with
sodium hydroxide solution (10% w/v; 5 ml) and stirred at
roomn temperature for 1 h. Thé mixture was extracted with
ether (3 x 5 ml), the combined extracts dried (Na2804),
the solvent evaporated and the residue chromatographed on
silica. ZEFlution with 10% ether in petrol gave the title
compound (20.8 mg, 47%),.as an 0il (Found: m/e 314.0175.
C,3Hy510 requires m/e 314.0170); §,(CDCl;, 90 MHz) 0.99
(38, s, 7b-Me), 1.72 (1H, ddad, gkr;% 14 Hz, Qwa,z 6 Hz,

12 Hz, H-1a), 2.30 (1H, ddd, J 14 Hz, 516 5
b

-'110:,73.
2 Hz,

o 1[5

£V3’7a 6 Hz, H—1ﬂ), 2.91 (1H, at, g1ay7a 12 Hz,

g1ﬂ,7a= I7,72 6 52, H-7a), 4.40 (14, 44, Jiq,2 6 Hz,

| £1ﬁ’2 2 Bz, H-2), 5.79 (1H, d, J 5 Hz, H-5), 6.00 (1H, a4,
6 Hz, Jg 7 9 Ez, H-7), 6.06 (1H, 44, s ¢ 5 Hz,

¢ Hz, H-6), 6.28 (1H, d, J 6 Hz, H-3 or H-4), and 6.49

97,72

J
—6’7
(19, &, J 6 Hz, -4 or H-3); w/e 314 (M'), 160,and 145,

15 tttepted dehydroiodination of the iodo compound (74)

A mixture of the iodo compound (74) (17 ng,
0.05 mmol) and 1,8-diazabicyclo[5.4.0]undec-7-ene (50 mg,
0.3 mmol) in benzene (2 ml) was refluxed for 1T h., T.l.c.
showed no rezction had taken place, Dimethylformamide

(1 ml), sodium methoxide (150 mg) and sodium iodide (200 mg)
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were added. After further reflux for 1 h, the mixture
was poured into water (10 ml) and extracied with ether
(3 x 5 ml). The combined extracts were @dried (MgSO4),
the solvent evaporated and after chromatography, starting

material (10 mg, 58%) was recovered.

3.1.7 Synthesis and reactions of the tetraenone,

2a,7b—dihydro—7b—methyl-2§—cyclopent[gg]inden—2~one
(78)

1 2a,7b—Dihydro—7b—methy1~2§—cyclopent[gg]inden—2—one
(78)

Chlorotrimethylsilane (14.5 ml, 120 mmol) was added
to a solution of sodium iodide (17 g, 120 mmol) in dry
acetonitrile (160 ml) at room temperature under nitrogen.
A mixture of 2a-methoxy-7b-methyl-1,2a,7a,7b-tetrahydro-
Zg—cyCIOPent[Qd]inden—Z-one (63) (4.6 g, 22.7 mmol) and
dry triethylamine (16.5 ml, 120 mmol) was then added and
the mixture refluxed by externzl heating with an oil bath
at 115°C. After 6 h, the yellow mixture was cooled in
ice-water and water (150 ml) added. The mixture
immediately became deep red and the product was extracted
with ether (4 x 150 ml). The combined ether layers were |
wa.shed with water (150 ml), dried (Na2SO4), the solvent
evaporated and the residue chromatographed on silica.

Elution with 30% ether in petrol gave the title ketone

(3.1 g, 80%), as an orange-red oil; lvmax (0014) 2964 (m),
2924 (m), 1702 (s, C=0 stretch), 1622 (ms), 1192 (m), 890
(w), 864 (m), 842 (m), and 678 o™ (m); A _(BtOE) 252
(1og € 4.34), 335 sh (3.11), and 446 nm (3.03); §;(CDCLy)
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1.41 (3E, s, Tb-Me), 3.01 (1H, d4d, J 2.2 Hz, 3.4 Hz,
H-22), 4.97 (1H, s, H-1), 5.71 (1H, &, J 5.2 Hz, H-5),
6.21 (1H, ad, J 2.2 Hz, 5.4 Hz, H-4} decoupling of H-2a
gt §3.01 removes the smaller coupling; irradiztion of
H-3 at $6.86 removes the larger coupling), 6.25 (1H, 44,
Jd 5.2 Hz, 9.4 Hz, H-6), 6.3% (1H, 4, J 9.4 Hz, H-7), and 6.86
(1H, dd, J 3.4 Hz, 5.4 Hz, H-3; decoupling of H-2a at
53 .01 removes the smaller coupling); SC(CD013) 22.4
(0.93, 7Tb-Me), 52.4 (0.28, C-7b), 63.4 (0.89, C-2a),
113.5 (0.98), 144.7 (0.88), 119.6 (0.95), 132.5 (0.95),
132.8 (0.97), 143.8 (1.00), 163.8 (0.23, U-4a), 183.7
(0.18, C-T7a), and 211.7 (0.11, C-2); m/e 170 (M), 155, 152,
151 (100%), 137,and 115,

' Tfeatment of this ketone with 2,4-dinitrophenyl-
hydrazine in ethanol acidified by sulphuric acid, for
2 het room temperature gave a precipitate of the 2,4-

dinitrophenylhydrazone (77%), as mauve needles, m.p. 180 -

182°C (from ethyl acetate){Found: C, 61.97; H, 3.99; N,
15.98.  C,gH,,N,0, requires C, 61.71; H, 4.03; N, 15.99%);
6g(CDCL3) 1.31 (3H, s, To-ie), 3.67 (1H, w, 2aH), 5.47
(14, s, B-1), 5.79 (14, 4, J 5.4 Hz, H-5), 6.24 (1H, 44,
J 5.4 Hz, 9.5 Hz, H-6), 6.35 (2H, m, H-4 and H-7), 6.80
(14, ad, J 3.4 Hz, 5.6 Hz, H-3), 7.96 (1H, 4, J 9.6 Hz,
H-6'), 8.28 (1H, dd, J 2.4 Hz, 9.6 Hz, H-5'), 9.10 (1H,
4, J 2.4 Hz, H=3'), and 11.57 (1H, br. s, NH).

2 Dezutzration of 2a,7b-dihydro-Tb-methyl-2H-cyclopeni—

[gd]inden—2—one (78)

(2) tcidic conditions

Lt solution of the tetraenone (78) (100 mg) in
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carbon tedrachloride (1 ml) was treated with deuterium
oxide (99.7 atom %; 1 ml) and toluene-4-sulphonic acid
(ca. 10 mg), and the mixture refluxed for 30 min. N.m.r.

analysis of the organic layer showed that no exchange had

taken place.

(p) Basic conditions (two phase)

The mixture from the above reaction was made
alkaline with a solution of tetra-n-butylammonium hydroxide
in methanol (25% w/v; ca. 0.1 ml) and warmed at 40°C for
2 bW, The organic layer was removed and washed with
deuterium oxide (1 ml). Evaporaztion of the solvent gave
2a,7b—dihydro—7b~methyl—2§-cyclopent[Qg]inden—Z—one—Zag,
as an orange-red oilj; SH(CD013; 90 MHz) 1.42 (3H, s,

To-lMe), 4.96 (1H, s, B-1), 5.71 (1H, d, J 5 Ez, H-5),
6.21 (14, 4, J 5 Hz, H-4), 6.25 (1H, 44, J 5 Hz, 9 Hz,
H-6), 6.39 (1H, 4, J 9 Hz, H-T), and 6.84 (1H, 4, J 5 Hz,

B-3).

(e) In dimethyl sulphoxide

A solution of the tetraenone (78) (65 mg) in dc-
dimethyl sulphoxide (1 ml) showed no peaks above
tetramethylsilane in the n.m.r. spectrum. A solution of
tetra-n-butylammonivm hydroxide (25% w/v; 1 drop) was
added and the mixture heated at 60°C for 1 h. The mixture
darkened but its n.m.r. spectrum was unchanged. Deuterium
oxide (0.1 ml) was added. After 30 min at room temperature,

n.m.r. analysis showed that there was no deuterium exchange

but after 1 h at 60%, deuterium exchange of the Za-position

was complete.
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(a) In pyridine

4 solution of the tetraenone (78) (65 mg) in
vyridine (0.5 ml) was treated with deuterium oxide
(0.1 ml). N.m.r. analysis showed partial deuterium
exchange had occurred after 30 min at room temperature
and complete exchange of H-2a after 10 min at 50°C. The
. mixture was refluxed for 16 h but there was no further

change in the n.m.r. spectrum.

3 7b—Methyl—2—(trimethylsiloxy)77bﬂ—pyclopent[gé]—.

indene (77)

Chlorotrimethylsilane (0.12 ml, 0.93 mmol) was
added to a stirred solution of sodium iodide {137 mg, .
0.93 mmol) in dry acetonitrile (1 ml) under nitrogen at
room temperature. £ mixture of the tetraenone (78) (127 mg,
0.75 mmol) and dry +triethylamine (0.13 ml, 0.93 mmol) was
then a2dded. After 10 min at room temperature, the mixture
was extracted with petrol (3 x 2 ml). The combined
extracts were concentrated (o0 2 ml), filtered, and the

filtrate evaporated to give the title compound (128 mg,

74%), as a yellow oil; §y(CDCl;) =1.51 (3H, s, Tb-Me),
0.42 (9H, s, SiMeB), 7.25 (1H, s, H-1), 7.36 (1H, 4,
7.0 Hz, H-7), 7.50 (1H, %, J 7.0 Hz, H-6), 7.60 (1H, 4, J
7.0 Hz, B-5), 7.63 (1H, d, J 3.1 Hz, H-4),and 7.79 (1H, 4q,
J 3.1 Hz, H-3); 50(0D013) 0.29 (1.00, SiMe3), 29.6 (0.51,
Tb-Me), 57.3 (0.10, C-7b), 112.2 (0.36, C-5 or C-7), 115.1
(0.41, C-7 or C-5), 125.0 (0.49, C-1), 128.9 (0.37), 129.9
(0.44), 130.7 (0.42), 156.4 (0.11), 158.8 (0.14), 159.7
(0.09), and 160.3 (0.12).
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4 Attempted preparation of a solution of 7b-methyl-

TbH-cyclopent [¢d |inden-2-01 (75)

4 solution of Tb-methyl-2-(trimethylsiloxy)-7bH~-
cyclopent|cd]indene (77) (57 mg, 0.25 mmol) in dry 1,2-
dimethoxyethane (DME) (0.5 ml) in an n.m.r. tube was
treated with a solution of methyl lithium in ether (1.5 M;
0.2 ml, 0.3 mmol). A deep yellow solution of the lithium
enolate of the title compound resulted; 6ﬁ(DME, 60 MHz)
-1.45 (3H, s, To-Me), 6.92 (1H, s, H-1), 7.0 - 7.4 (4H, m),
and 7.77 (1H, 4, J 3 Hz, H-3); [the starting material
gives 5ﬁ(DME, 60 Miz) ~1.62 (3H, s, 7Tb-Me), 7.26 (1H, s,
B~-1), 7.3 - 7.7 (4H, m), and 7.82 (1H, 4, J 3 Hz, H-3)].

The solution was cooled to —78°C under nitrogen snd treated
with a neutral aqueocus sodium acetate - acetic zcid buffer.
The resulting orange-red oil was immediately examined

by n.m.r. which showed no signals upfield of tetramethyl-

gsilane.

The above preparation of the lithium enolate was
repeated from the trimethylsilyl ether (77) (21 ng,
0.09 mmol). The solution was cooled to -78°C under
nitrogen 2nd treated with agueous acetic acid (20% v/v;
0.1 ml, 0.3 mmol). The resulting orange-red mixture was
immediately examined by n.m.r. which showed no signals

upfield of tetramethylsilane and that the product was

the tetraenone (78).

5 2—Methoxy-7b—methy1—7b§-cyclopent[g@]indene (82)

4 solution of the tetraenone (78) (29.5 mg,
0.17 mmol) in ary 1,2-dimethoxyethane (1 ml) was added to
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a stirred suspension of potassium hydride (from a dispersion
in 0il, 25%; 100 mg, 0.6 mmol) in dry 1,2-dimethoxyethane

(2 m1) containing 18-Crown-6 (150 mg, 0.6 mmol) under
pitrogen at -23°C. The mixture became yellow and then
browm. After 15 min, methyl fluorosulphonate (0.1 ml,

1.2 mmol) was added to give a bright yellow solution.

~ kddition of triethylamine (0.5 ml) destroyed the excess
methyl fluorosulphonate. The mixture was filtered, the
solvent evaporated and the residue chromatographed on
silica. Elution with 10% ether in petrol gave 2-methoxy-

7b-methy1-7bﬁ—cyclopent[gg]indene (21.3 mg, 67%), as =

bright yellow oil (Found: m/e 184.0887. .Cy3H,0 requires
m/e 184.0888); Dpax (CCly) 1464 (m), 1414 (w), 1338 (m),
1168 (m), and 1042 ox™ ' (m); Ay, (BHOH) 234 sh (loge 3.78),
291 (4.70), 326 (3.72), and 459 nm (2.96); &z(CDCL3) -1.51
(3H, s, 7b-Me), 4.30 (3H, s, OMe), 7.25 (1H, s, H-1), 7.37
(18, 4, J 6.9 Hz, E-7), 7.54 (1H, t, J 6.9 Hz, H-6), 7.60
(18, 4, J 6.9 Hz, H-5), 7.65 (1H, 4, J 3.4 Hz, H-4) and

7.91 (1H, d, J 3.4 Hz, H-3); m/e 184 (MT, 100%), 169, and 141.

6 2a,7b-Dimethyl-2a,Tb-dihydro-2H-cyclopent|cd}inden-2-
one (83)

(a) Prom the sodium enolate of the tetraenone (78)

4 solaiion of +he tetraenone (78) (81 mg, 0.47 mmol)
in dry tetrahydrofuran (1 ml) was added to a stirred
suspension of sodium hydride (50% dispersion in oil; 90 ng,
1.2 mmol) in tetrahydrofuran undér nitrogen at room temper-
ature. HEydrogen was immediately evolved and ilodomethane

(0.25 wl, 4 mmol) was added to the deep yellow mixture. Afier
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4 h at room temperature, the excéss sodium hydride was
destroyed by addition of methanol (0.5 ml) and the mixture
then poured into water (20 ml). The product was extracted
with ether (2 x 20 ml) and the combined ether layers were
washed with water (20 ml), dried (Na,50,) and the solvent
evaporated. The residue was chromatographed on silica.

- Elution with petrol containing an increasing proportion df

ether gave (i) 2—methoxy—7b—methyl—7b§—cyclopent[g@]indene

max(neat) 2980 (m), 1694 (s,
C=0 stretch), 1620 (s), 1576 (m), 1074 (m), 870 (m), 854 (m),
778 (s), 668 (m), and 622 e (m); _lmaX(EtOH) 252 (log €
4.32), 335 sh (3.09), and 450 nm (2.98); §y(cDC1,) 1.18

(3H, s, 2a-Me), 1.47 (3E, s, Tb-Me), 4.90 (1H, s, H~1),

5.55 (14, 4, J 5.2 Hz, H-5), 6.02 (1H, &, J 5.3 Hz, H-4),
6.13 (1H, ad, J 5.2 Hz, 9.5 Hz, H-6), 6.32 (1H, 4, J 9.5 Hz,

(82) (22 mg, 25%). (ii) The title compound (83) (35 ug,
40%), as an orange-red oil;

H-7), and 6.59 (1H, &, J 5.3 Hz, H-3); m/e 184 (M"), 179,
156, 155, 141 (100%), and 115. (iii) Starting material
(6 mg, 7.5%).

Treétment of the ketone (83) with 2,4~dinitrophenyl-
hydrazine in ethanol acidified with sulphuric acid, for
1 h at 80°C followed by addition of a small quantity of

water, gave the 2,4-dinitrophenylhydrazone (63%), as a

red powder, m.p. 179 - 181°C (from nitromethane) (Found:
C, 62.66; H, 4.52; N, 14,98, C19H16N4O4 requires C, 62.63;
H, 4.43; §, 15.37%).

() Using ethanolic sodium hydroxide

A solution of the tetraenone (78) (39 mg, 0.23 mmol)

in ethanol (2 ml) under nitrogen at 50°C was treated with
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ethenolic sodium hydroxide (5% w/v; 0.5 wml, 1 mmol). To

the deep yellow solution was added iodomethane (0.5 ml,

8.0 mmol). The deep yellow colour slowly discharged and

a red solution resulted. The addition of reagents was
repeated. After 1 h at 50°C, agueous work up as for pars
{a) followed by chromatography on silica gave (i) 2-methoxy-—
- 7b—methy1—7b§—cyclopent[gg]indene (82) (9 mg, 21%). (ii)
The title compound (83) (18 mg, 42%). (iii) Starting

meterial (6 mg, 16%).

(c) Using sodium hydroxide in aqueous ethanol

This was carried out as for method (b) but ethanol
was replaced with aqueous ethanol (50% v/v).. Starting with
the tetraenone (78) (80 mg) gave (i) é—methoxy—?b—methyl—
7ToH~cyclopent|cd]indene (82) (17 mg, 19%). (ii) The title
compound (83) (41 mg, 47%). (iii) Star%ing material
(50 mg, 7%).

(a) Jging lithium hydroxide in agueous ethanol

A solution of the tetraenone (78) (39 mg, 0.23 mmol)
and 1odomwethane (0.5 ml, .0 mmol) in ethanol (2 ml) was
added to g solution of lithium hydroxide, prepared by
dissolution of lithium (0.1 g, 14 mmol) in water (2 ml). .
The resuliing mixture was refluxed under nitrogen for 4 h.
ore iodomethane (0.5 ml, 8.0 mmol) was then added and the

izture refluxed for a further 4 h. Work-up as for part (a)

E

znd chromztography on silica gave (i) 2-methoxy-T7b-methyl-
Tvd-cyclopent[ed]indene (82) (0.2 ng, 0.5%). (ii) The
title compound (83) (8.3 mg, 20%). (iii) Starting material

(10.7 mg, 28%),
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(e) Using the preformed lithium enolate of the

tetraenone (78)

4 solution of the tetraenone (78) (76 mg, 0.45 mmol)
in dry tetrahydrofuran (1 ml) was added to a stirred
suspension of sodium hydride-(SO% dispersion in oil; 80 mg,
1.7 mmel) in dry tetrahydrofuran_(E ml) at 0°C under
. nitrogen. After 10 min, a solution of lithium bromide
(174 mg, 2.0 mmol) in dry tetrahydrofuran (2 ml) was added
followed by iodomethane (0.5 ml, 8.0 mmol). After 3 h at
room temperature, the excess sodium hydride was destroyed
by addition of methanol (0.5 ml). Work—up as described in
part (a) and chromatography on silica gave (i) 2-methoxy-
Tb-methyl-TbH-cyclopent|cd|indene (16 mg, 19%). (ii) The

title compound (83) (49 mg, 59%).

7 7b—Methyl—7b§—cyc10pent[gg]indene (method 4)

A4 stirred solution of the tetraenone (78) (3.08 g,
18 mmol) in petrol (100 ml) under nitrogen at 0°C was
treated with a solution ofﬂdiisobutylaluminium hydride
in hexane (1 M; 18.2 ml, 18.2 mmol). The mixture
immediately lightened to pale yelléw. After 20 min at
OOC, methanol (20 ml) was added and the mixture stirred
for 3 h at room temperzture. The mixture was then
filtered through celite and the residue washed with hot
methanol (4 x 20 ml). The combined filtrate and washings
were evaporated and the residue faken up in dichloromethane
(100 ml1). Toluene-4-sulphonic acid (1 g) was added and the
mixture stirred for 15 min at room tempefature. The mixture
was then washed with saturated sodium hydrogen carbonate

solution (100 ml), then water (100 ml), dried (Na2804), the
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solvent evaporated and the residue chromatographed on

gilica. Elution with petrol gave Thb-methyl-TbH-cyclopent-

[Qd]indene (1) (2.11 g, 76%), as a yellow oil; an

znalytical sample was prepared by distillation, b.p. 95°C
(oven) at 3 mwmHg, m.p. 12 - 13°C (Found: T, 93.28;

H, 6.59. Cy5H qn requires C, 93.46; H, 6;54%)§ v neat)

‘ max
. 3055 (m), 2970 (m), 2920 {(m), 2860 (w-m), 1574 (w-m),
1442 (=), 1376 (w-m), 1360 (w-m), 1338 (w-m), 1332 (m),

1292 (w), 1242 (m), 1036 (w-m), 940 (m), 840 (s), 830 (s),
768 (m), 722 (s), 684 (s), 656 (m), and 622 oo™ (m);
Apax(EFOH) 249 sh (log €3.74), 282 (4.54), 335 sh (3.52),
398 sh (2.11), 439 sh (2.57), and 450 nm (2.64); SH(chl3)
-1.67 (3H, s, Tb-Me), 7.53 ~ 7.83 (3H, AB, system giving

o, 1.57, B~65 &3 7.69, H-5 and H-T; J,p 7 Hz), 7.89 - 7.92
(43, £B system giving 9, 7.90; &y 7.92; J,p 3 Hz, H-1,
E-2, H~3 and H-4); 55(0D013) 28.7 (0.57, To-Me), 58.7

(0.13, ©-Tb), 116.2 (0.92, C-5 and C-7), 129.0 (0.52, CT-6},
129.3 (1.00, C-2 and C-3), 134.9 (0.94, C-1 and T-4), 159.1
(0.23, C-4a and C-7a), and 178.7 (0.11, C-2a); m/e 154 (M),
153 (100%), 139,and 76.

8 2a,Tb-Dihydro—7b-methyl-2§-qyclopentbg]inden-2-ol (84)

4 stirred solution of the tetraenone (78) (76 mg,
0.45 wmmol) in petrol (5 ml) under nitrogen at 0°C was
treated with 2 solution of diisobutylaluminium hydride
in hexane (1 M; 0.5 ml, 0.5 mmol). After 20 min, methanol
(0.5 1) was zdded, followed by water (2 ml). After 1 h
at room temperature, the mixture was filtered through

celite and the residue was washed with hot methanol

(4 x5 ml). The combined filtrate and washings were poured
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into water (50 ml) and the products extracted with ether
(3 x 15 ml). The combined extracts were wsshed with water
(30 ml1), dried (N32804), the solvent evaporated and the
residue chromatographed on silica. Elution with 30% ether
in petrol gave unreacted tetraenone (78) (4 mg, 5%).
Elution with 40% ether in petrol gave a less polar isomer
. of the title compound (25 mg, 32%), as an unstable pale
yellow solid, m.p. 74 - 76°C (from cold petrol); 5H(0D013’
60 MHz) 1.03 (3H, s, 7b-Me), 1.20°(1H, m), 3.37 (1H, &, J
10 Hz), 4.84 (1H, m), 4.96 (1H, w), 5.71 (1H, m), and 6.1 -
6.4 (4H, m). Elution with 60% ether in petrol gave a more
polar isomer of the title comﬁound (36 mg, 47%), as a

pale yellow oilj ax(neat) 3340 (s, br., OH stretch)

vﬂl
1018 (&, C-0 stretch), 854 (s), and 670 cm ' (s); Aoy EEOH)
232 (log €4.13). and 348 nm (3.40); 5ﬁ(03013) 1.18 (3H, s,

Tb-Me), 2.22 (1H, br. s, OH), 2.66 (1H, m, H-2a), 4.65 (1K,

m, B-2), 4.89 (1H, 4, J 2.5 Hz, E-1), 5.66 (1H, &, J 4.9 Hz,
H-5), 6.08 (1H, 44, J 4.9 Hz, 9.9 Hz, H-6), 6.20 (2H, m,

H-4 and H-7), and 6.54 (1H, d4, J 2.8 Hz, 5.3 Hz, H-3);

w/e 172 (M%), 157, 143, 129, 128 (100%), 127, and 115.

3.1.8 Synthesis and Reactions of 3a-Methyl-3-(trimethyl—

siloxy)-3aH~-indene (85)

1 3a—Methy1-3—(trimethylsiloxy)fBaﬁ—gndene (85)

Chlorotrimethylsilane (0.16 ml, 1.3 mmol) was
added to a stirred solution of sodium iodide (200 mg,
1.3 mmol) in dry acetonitrile (1 ml) under nitrogen. A

mixture of the trienone (46) (150 mg, 1.03 mmol) and dry
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triethylamine (0.17 ml, 1.3 mmol) was added and the
resulting mixture was stirred at 359C for 1 h. The
product was extracted with petrol (3 x 3 ml) and‘the
bright yellow combined exiracts were concentréted under
a reduced pressure of nitrogen at room temperature. The
residue was chrometographed on silica. Elution with 5%

ether in petrol gave the title compound (151 mg, 67%),

as an unstable yellow o0il; SH(CDCIB) 0.28 (9E, s, SiMeB),
1.31 (3H, s, 3a-Me), 5.05 (1H, 4, J 2.6 Hz, H-2), 5.73

(1H, ad, J 5.1 Hz, 9.0 Hz, with other fine splittings, H-5
or B-6), 5.81 (1H, dd, J 5.1 Hz, 9.1 Hz with other fine
splittings, H-6 or H-5), 6.13 (1H, w, H-1), and 6.24 (1H, 4,
with fine splittings, J 9.1 Hz, H-4 or H-7) and 6.31 (1H,

d with fine splittings, J 9.0 Hz, H-7 or H-4).

2 Thermal rearrangement of 3a-methyl-3-(trimethyl-

siloxy)-3aHE-indens (85)

4 solution of the 3é§-indene (85)[ prepared from
the trienone (46) (122 mg) by the method described above]
in benzene (5 ml) wes refluxed under nitrogen for 1% min.
The mixture was cooled to room temperature, the solvent
evaporated and the residue chromatographed on silica.

Elution with 5% ether in petrol gave 1-methyl-1-(trimethyl-

ciloxy)-1H-indene (86) (65 mg, 37%)}, as an oil; 5H(CDCl3,

00 NHz) 0.12 (SH, s, SiMeB), 1.63 (3H, s, 1-Me), 6.36 (1H,
d, J 6 Hz), 6.67 (1E, 4, J 6 Hz),and 7.1 - 7.5 (4H, m)

To a solution of this trimethylsilyl ether (48 ng,
0.22 mwmol) in teirakyirofuran (2 mi) and water (0.5 ml)

containing potassiuz fluoride (100 mg, 1.4 mmol) was added
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a solution of tetra-n-butylammonium hydroxide in methanol
(25% w/v; 2 drops) and the resulting mixture refluxed for
2 h. The mixture was then poured into water (10 ml) and
the product extracted with ether (3 x 4 ml). The combined
extracts were washed with water (10 ml), dried (N32804),
the solvent evaporated and the residue chromatographed on
silica. Elution with 40% ether in petrol gave 1—methyl--
1H-inden-1-0l1 (87) (16 mg, 50%), as silky needles, m.p.

96 - 98°C (from cold petrol), (lit.fa m.p. 96 - 98°C);
og(CDCLy, 90 MHz) 1.59 (3H, s, 6.34 (1H, 4, J 6 Hz), 6.63
(1H, d, J 6 Hz),and 7.1 - 7.5 (4H, m).

3 Dimethyl 7b—methyl—7b§—cyclopent[gg]indene—1,2-

dicarboxylate (38) (see also Section 2.1.3)

(a) One pot procedure

4 solution of the trienone (46) (200 mg, 1.37 mmol)

in dry ether {2 ml) under nitrogen at 10°C was treated with
dry triethylamine (0.20 ml, 1.5 mmol) and then with
trimethylsilyl trifluoromethanesulphonate (0.26 ml, 1.4 mmol)
and the mixture stirred for 1 h. Dimethyl acetylene-
dicarboxylate (DMAD) (0.25 ml, 2.0 mmol) was added to the
resulting yellow solution of the 3aH-indene (85) and the
pixture was stirred at 35°C for 1 h. The solvent was
evaporated and the residue taken up in methanol (1 ml).
The sclution was cooled in ice and concentrated sulphuric
zgoid (1.5 ml) was added dropwise over 5 min. The mixture
was stirred for 10 min and poured into ice-water (20 ml).
The product was extracted with ether (3 x 10 ml); the

combined ether layers were washed with water (20 mi),
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dried (Mg804), the solvent evaporated and the residue
chromatographed on silica. Elution with 30% ether in
petrol gave the annulene (38) (201 mg, 54%); as a yellow
0il which splidified on cooling, m.p. 49 - 50°C (from
petrol, b.p. 60 - 8000) (Found: C, 71.22; H, 5.24,

C,gH440, Tequires C, 71.10; H, 5.22%).

() Improved yield procedure

The preparation of the trimethylsilyl ether (85) and
its cycloaddition with DMAD were carried out in the same
way as described above from the trienone (46) (400 mg,

2.74 mmol). .The resulting solution was poured into water
(30 ml) and the adduct extracted with ether (2 x 20 ml).
The combined ether layers were washed with water (40 ml),
dried (Na2804) and the solvent evaporated. The residue

was taken up in benzene (25 ml), toluene-4-sulphonic acid
(100 mg) added and the mixture refluxed under nitrogen for
5 h with an apparatus for azeotropic removal of the water
formed in thereaction. The mixture was cooled, washed with
saturated sodium hydrogen carbonate solution (20 ml) and
then water (20 ml), dried (Na2804), the solvent evaporzted
and the residue chromatographed on silica. ZElution with
30% ether in petrol gave (i) the annulene (38) (307 ng,
42%), {ii) A viscous o0il (197 mg) which was heated in
refluxing benzene (5 ml) containing toluene-4-sulphonic
acid (50 mg) to give more of the annulene (38) (128 uwg, 17%)

(totzl yield 435 mg, 59%).
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4 Z2a-Hydroxy-Tb-uethyl-1,2a,7a,7b-tetrahydro-2H-

cyclopent[g@}inden—Z-one (88)

A stirred solution of the trienone (46) (1.0 g,
6.85 mmol) in dry 1,2-dimethoxyethane (25 ml) under nitrogen
at 0°C was treated with dry triethylamine (1.25 ml, 9.4 mmol)
and then trimethylsilyl trifluoromethanesulphonate (1.4 ml,
7.6 mmol). After 1 h, a solution of 2-chloroacryloyl |
chloride (950 mg, 7.6 mmol) in dry 1,2-dimethoxyethane
(2 ml) was added. The yellow colour of the 3a§—indene
was discharged and after 30 min, finely powdered sodium
azide (2.0 g, 31 mmol) was added and the mixture stirred
at room temperature for 6 h. The mixture was filtered
and the filtrate refluxed for 2 h. The mixture was cooled
to room temperature and 2 : 1 acetic acid - water (20 ml)
was added. After 1 h at 55°C, potassium fluoride (4 g)
was added. After a further 1 h at 55°C, the mixture was
poured into water (150 ml) and the product extracted with
ether (4 x 60 ml). The combined ether layers were washed
with water (100 ml), then szturated sodium hydrogen
carbonate solution (2 x 100 ml), dried (Na2SO4), the
solvent evaporated and the residue chromatographed on
silica. ZElution with 50% ether in petrol gave the title
ketone (430 mg, 34%), as an oil; umax(neat) 3440 (s, br.,
OH stretch}, 3045 (m), 2970 (m), 2930 (m), 1734 (s, C=0
stretch), 1398 (m), 1216 (m), 1152 (m), 1042 (s), 872 (a)},
772 (m), 734 (m), and 632 cu” ' (m); A, (BtOH) 307 (loge
3.78), and 337 sh nm (3.45); 6yz{CDCLy) 1.10 (3H, s, Tb-Me),
2.28 (1H, dd, J 12.0 Hz, 16.8 Hz, H-1),.2.47 (1H, 44,
J 7.0 Hz, 16.8 Hz, H-1), 2.72 (14, déda, J 7.0 Hz, 8.0 Hz,
12,0 Hz, H-7a), 2.91 (1H, br. s, OH), 5.87 (2H, m, H-5 and
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H-7), 5.97 (1H, 4, J 5.2 Hz, H-3 or H-4), 6.06 (1H, dd,
J 5.0 Hz, 8.9 Hz, H-6), and 6.50 (1H, d, J 5.2 Hz, H-4 or

H-3); m/e 188 (M), 146 (100%, M'- CHo=C=0), 145,and 131.

Treatment of this ketoﬁe with 2,4-dinitrophenyl-
hydrazine in ethanol acidified with sulphuric acid for
16 h at room temperature gave a precipitate of the

2,4~dinitrophenylhydrazone (35%), as orange crysials, m.p.

225 - 227°C (from nitromethanej (Found: UC,58.63; H, 4.35;
N, 15.20. C,gH,gN,0. requires C, 58.69; H, 4.38; N, 15.21%).

5 Reaction of the tricyclic ketone (88) with the

chlorotrimethylsilane - sodium iodide - triethyl-

amine combination

4 mixture of the ketone (88) (193 mg, 1.0 mmol),
triethylamine (0.52 ml, 4.0 mmol), chlorotrimethylsilane
(0.50 ml, 4.0 mmol) and sodium iodide (600 mg, 4.0 mmol)
in dry acetonitrile (6 ml) was refluxed under nifrogen
for 1 h. The mixture was cooled to room temperature and
extracted with petrol (3 x 10 ml). Evaporation of the

solvent gave 2a,3~bis(irimethylsiloxy)-4a,7b-dihydro-

7b—methy1—2a§-cyclopent[gg]indene (89) (265 mg, 75%);
5;(CDCl,, 60 MHz) 0.18 (18H, s, 2 x SiMe,), 3.20 (1H, dd,

3 3
J 2 Hz, 6 Hz, H-4a), 4.50 (1H, d, J 2 Hz, H-4), 5.4 - 6.0

(32, m, H-5, H-6 and H-7), 6.%4 (1H, 4, J 5 Hz, H~1 or H-2),
end 6.30 (1¥, &, J 5 Hz, H-2 or H-1).

Treatment of this product again with the reagents
above but with vigorous reflux for 4 h gave only unreacted
material (214 mg, 81% recovered). None of the annulene

{(77) wzs formed (t.l.c.).
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6 4a,7b—Dihydro-7b—méthy1—2a§-cyclopent[g@]inden—2a~ol (90)

£ mixture of the tricyclic ketone (88) (234 mg,
1.24 mmol) and 2,4,6-triisopropylbenzenesulphonylhydrazine
(408 mg, 1.36 mrol) in dichloromethane (6 ml) containing
Amberlite resin IR120(H) (100 mg) was stirred at room
temperature for 2 h. The cloudy mixture was dried with
godium sulphate and filtered. The solvent was evaporated
and the residue chromatographed on silica. Elution with

1 : 1 : 2 ether-- dichloromethane - petrol gave the 2,4,6-

triisopropylbenzenesulphonylhydrazone (mixture of isomers;

554 mg, 95%), as a foam.

A sélution of this hydrazone (200 mg, 0.43 mmol) in
benzene (8 ml) was treated with a solution of methyl lithium
in ether (1.3 M; 2.0 ml, 2.56 mmol) at 0°C under nitrogen
and then for 1 h at room temperature. The mixture was
cooled in ice-water and water (10 ml) azdded. The products
were extracted with ether (2 x 10 ml), the combined organic
layers washed with water (10 ml), dried (Na2504), the
solvent evaporated end the residue chromatographed on
‘silica. Elution with 30% ether in petrol gave the

title compound (26 mg, 35%), as an unstable solid, Lm.p.

88 - 90°C (from cold petrol) (Found: m/e 172.0884.

Ci5H 50 requires m/e 172,0888); vmaX(CCl4) 3610 (m, sharp,
OH stretch), 3500 - 3000 (w, br., OH stretch), 3020 (m),
2960 (m), 1150 (m), 1056 (s, C-0 stretch), and 624 cm™ ! (g);
Aoy (EtOH) 310 nu (log €3.65); 5H(CD013) 1.02 (3H, s,
7b-Me), 1.86 (1H, br.s, OH), 3.34 (1H, m, H-4a), 5.7 - 5.85
(3H, m, B-3, H-5 and H-7), 5.96 (1H, ad, 44,4 1.8 Hz,

g4a,5 5.8 Hz, H-4), 6.02 (1H, d4, 96,7 5.2 Hz, Iz ¢ 9.2 Hz,
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H-6), 6.18 (1H, 4, J 5.5 Hz, H-3 or H-4), and 6.34 (1H, 4,
J 5.5 Hz, H-2 or H-3); m/e 172 (M), 157 (100%), 129,

and 128. Elution with 35% ether in petrol gaée an isome;
of the starting hydrazone (71 mg, 36%). This isomer did
not give any of the title compound after Turther treatmeit
with excess methyl lithium at 40°C in benzene, but was

recovered unreacied.

7 7b-Methyl-7TbH-cyclopent[cd]indene (method 5)

A solution of the 2,4,6-triisopropylbenzene-
sulphonylhydrazone {100 mg, 0.53 mmol) of the tricyc.ic
ketone (88) in benzene (5 ml) was treated with a solaition
of methyl lithium in ether (1.3 M; 3 ml, 3.9 mmol). After
2 h at room temperature, water (10 ml) was added and the
tetraene (90) extracted with ether (3 x 20 ml). The ether
layers were dried (MgSO4) and the solvent evaporatei. The
residue was taken up in dichloromethane (2 ml) and acidified
with toluene-4-sulphonic acid (15 mg). The mixture was
stirred at room temperature for 3 h and then washed with
saturated sodium hydrogen carbonate solution (2 ml). The
solvent was evaporated and the residue chromatographed on
silica. ZFlution with petrol gave Tbh-methyl-7bH-cyclopent-
[cd]indene (7.1 mg, 22%).

8 Conversion of the tricyclic ketone (88) into the

tetraenone (78)

A stirred solution of the tricyclic ketone (8°)
(79 mg, 0.42 mmol) in pyridine (1 ml) was treated with

methanesulphonyl chloride (0.3 ml, 3.7 mmol). after 1 h

/
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at room temperature, the mixture was poured into water

(20 ml) and ether (20 ml), and acidified with dilute
sulphuric acid (2 M; 10 ml). The ether layer was removed
and the agueous layer extracted with ether (20 ml). The
combined ether layers were washed with water (20 ml),

dried (Na2804) and the solvent evaporated. The crude

. mesylate was taken up in carbon tetrachloride (2 ml) and
1,8-diazabicyolo[5.4.0]undec-7-ene (DBU) (200 mg, 1.3 mmol)
added. The mixture became warm and orange-red. Aqueous
work-up as for the first part of this experiment and
chromatography on siliea gave the tetraenone (78) (26.0 mg,
36%)

_ In an earlier experiment, the mesylate was purified
by chromatography on silica (eluting with 20% ether in
petrol) and gave an oil (35% form the tricyciic ketone
(88)); o0y(CS1,, 90 MHz) 1.19 (3H, s, 7b-Me), 1.93 (1H, d4,
J 11 Hz, 18 Hz, H-1«), 2.53 (1H, daa, J 8 Hz, 18 Hz, H~1a),
and 5.8 - 6.7 (5H, m),

Treatment of this mesylate with D3U in carbon

tetrachloride as above gave the tetraenone (78) (88% from

the mesylate).

3.1.9 Attempted Synthesis of 7b-lethyl-TbH-cyclopent[cd]-

inden-1-0l

1 Oxidation of 4a,T7b-dihydro-7Tb-methyl-2aH-cyclopent-

[gQ]inden—Za-ol with pyridinium chlorochromzte

A stirred solution of 4a,7b-dihydro-Tb-methyl-2zH-
cyclopent[g@]inden-Za—ol (90) (9.0 mg, ©.05 mmol) in

dichloromethane (2 ml) a2t room temperature was treated
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. s . 134 . )
wita pyridirnium chlorochromate. The mixture rapidly went

brown. T.l.c. showed that the starting material was

consumed but to give a complex mixture.

2 Cycloaddition of 3a—methyl~3—(trimethylsiloxy)-

3zH-indene (85) with dichloroketene

4 stirred solution of the trienone (46) (400 mg,
2.7 mmol) in dry ether (4 ml) at 0°C under nitrogen was
treated with dry triethylamine (0.45 ml, 3.4 mmol) and
then with trimethylsilyl trifluoromethanesulphonate
(0.51 ml, 3.4 mmol). 4fter 1 h at OOC, more dry triethyl-
amine (0.45 ml, 3.4 mmol) was added. The mixture was
warmed.to reflux and a solution of dichlorocacetyl chloride
(500 mg, 3.4 mmol) in petrol (4 ml) was added dropwise
over 10 min. After further reflux for 30 min, the mixture
was poured into water (20 ml) and the product extracted
with ether (3 x 10 ml). The combined ether layers were
washed with water (10 ml), dried (Na2804), the solvent
evaporated and the residue chromatographéd on silica.

Tlution with 30% ether in petrol gave T7-dichloroacetyl-

7,7a-dihydro-Ta-methyl-1H-inden-i-one (92) (30 mg, 43%),

es pale yellow prisms, m.p. 100 - 101°C (from dichlorb-
nethane - petrol) (Found: C, 55.90; E, 3.88; €1, 27.34.
CyoE qClo0p Tegquires Cc, 56.06; H, 3.92; Cl, 27.58%);
lﬁax(0014) 1712 (s, C=0 stretch), 1122 (m), 1094 (m), 874
(n), and 624 cn” ! (m); _AmaX(EtOH) 241 (log €3.84) and 338 nn
(3.82): SH(09013) 1.12 (3H, s, Ta-Me), 4.09 (1H, dd, J

1.2 Hz, 6.9 Hz, B-7), 5.97 (1K, s, CHCl,), 6.13 (1H, &, J
5.3 Hz, H-4), 6.21 (14, 44, J 6.9 Hz, 9.3 Hz, H-6), 6.45
(14, &dd, J 1.2 Hz, 5.3 Hz, 9.3 Hz, H-3), 6.50 (1H, 4, J
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5.4 Hz, H~2) and 7.78 (1H, 4, J 5.4 Hz, H-3); m/e 260~
258-256 (1 : 6 : 9, MT), 145 (100%, M+—C12CHCO), 117,

115, and 91.

3 Dechlorination of the dichloroketone (92) with

tributyltin hydride

4 solution of the dichloroketone (92) (264 mg,
1.03 mmol) in dry degassed bengene (10 ml) containing
azoisobutyronitrile (AIBN) (50 mg, cat.) was added over
30 min to & refluxing solution of tributyltin hydride.
(0.3 wl, 1.03 mmol) in dry degassed benzene (10 ml).
The resulting mixture was refluxed for 5 h, the solvent
evaporated and the residue chromatographed on silica.
Elution with 30% ether in petrol gave unreacted starting
material (60 mg; 19%). Elution with 80% ether in petrol

gave T-chloroacetyl-7,7a-dihydro-Ta-methyl-1H-inden-1-one

&22) (139 mg, 52%, 65% based on unrecovered starting
material), as a red oil (Pound: m/e 222.0451. C,,H,,0,3°C1
requires m/e 222.0448); Vpoiineat) 1710 (s, C=0 streich),
1144 (w), 1092 (m), 874 (m), and 606 cw™' (m); A___
237 (log €3.88), 287 sh (3.57), and 332 nm (3.83); 5ﬁ(CD013)
1.09 (3H, s, 7a-Me), 3.89 (1H, 4, J 7.1 Hz, B-7), 4.09 (2H,
ABq, J,p 15.3 Hz, CH,Cl), 6.10 (1H, 4, J 5.4 Hz, H-4), 6.21

(E$0E)

(18, &4, J 7.1 Hz, §.2 Hz, H-6), 6.41 (1H, ad, J 5.4 Hz,
9.2 Hz, H-5), 6.49 (1H, 4, J 5.6 Hz, H-2) and 7.75 (1H, 4,
J 5.6 Hz, B-3); m/e 224-222 (1 : 2, MV), 145 (100%,
M¥-C1CH,CO0), 131, 117, 115, 102,and 91.

4 T-Acetyl-7,7a~-dihydro-Ta-methyl-1H~inden-1-one (95)

A solution of the chloroketone (93) (137 ng,
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0.62 mmol) was added to 2 stirred solution of sodium
iodide (460 zg, 3.1 mmol) in acetone (10 ml). After 1 h,
the dark mixture was filtered and the filtrate diluted
with ether (30 ml). The mixture was again filtered angd
the solvent evaporated. The residue was extracted with
dichloromethane (5 x 2 ml). The combined extracts were

filtered and the solvent evaporated to give the iodoketone

(54) (177 wg, 91%) as a red oil; §H(CD013, 90 MHz) 1.07
(3H, s, 7a—Me),73.89 (2H, ABqg, d,g 11 Hz, C§21), 4.04 (1H,
a, J 7 Hz, H-T), 6.13 (1H, &, J 5 Hz, B-4), 6.22 (1H, da,
J 5 Hz, 9 Hz, H-6), 6.44 (1H, dd, J 5 Hz, 9 Hz, H~5), 6.52
(1H, 4, J 6 Hz, H-2), and 7.77 (1H, 4, J 6 Hz, B-3). .

A solution of the iodoketone (94) (59 mg, 0.19 ;mol)
and tributyltin hydride (0.1 ml, 0.3 mmol) in dry degassed
benzene (5 ml) conteining azoisobutyronitrile (AIBN) (10 mg,
cat.) was refluxed under nitrogen. After 30 min, the

solvent was evaporated and the residue chromatographed

on silica. Elution with ether gave the title compoungd

(45) (29 mg, 83%), as an oil; p . (neat) 1696 (s, C=0
stretch), 1352 tm), 824 (m), 734 (m),and‘718 cm;1(m);
Agax(EtOH) 235 (loge3.76), 282 (3.54),and 337 nm (3.80);
EH(03013) 1,04 (3H, s, 7a-Me), 2.12 (3H, s, COMe), 3.60
(14, d4, J 6.7 Hz, E-7), 6.07 (1H, &, J 5.0 Hz, H-4), 6.20
(14, da, J 6.7 Ez, 9.0 Hz, H-6), 6.34 (1H, dd, J 5.0 Hz,
9.0 Ez, B-5), 5.49 (1E, &4, J 5.3 Hz, H-2), and 7.71 (1H, 4,
J 5.3 Hz, B-3); m/e 188 (M7), 145 (100%), 131, 117, and
115.
Trestment of this diketone with 2,4-dinitrophenyl-
hydraziﬁe in ethanol acidified by sulphuric acid for 2 h

2t roow temperzture, followed by cooling in ice, gave a
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precipitate of the mono-2,4-dinitrophenylhydrazone (30%),

as yellow-orange crystals, m.p. 161 - 162°C (from ethanol)
(Found: €, 58.81; H, 4.42; N, 15.15. 018H16N405 requires
C, 58.69; H, 4.38; N, 15.21%).

5 Afttempted intramolecular aldol condensation of the

diketone (95)

A stirred solutiom of the diketone (95) (15 mg,
0.07 mmol) in methesnol (1 ml) was treated with a solution
of potassium hydroxide in methanol (5% w/v; 1 ml, 0.9 mmol).
An initial deep blﬁe colour subsided énd the resulting
mixture was deep yellow-brown. After 5 min, a mixture of
acetic acid (0.2 ml) and ether (8ml) was added. The mixture
wgs washed with saturated sodium hydrogen carbonate solution
(2 2 5 ml) and then water (10 ml), dried (Na,S0,) and the
solvent evaporated. N.m.r. examination of the residue
(14 mg) showed it was a complex mixture and its t.l.c. was

mostly baseline.

Treatment of the diketone (95) with toluene—4-

sulphonic acid in refluxing benzene also gave a complex
mixture (t.l.c.). Treatment of the dikeitone (95) with

sulphuric acid in methancl at room temperature also gave

no recognisable products.

& Cycloaddition of 3-methoxy-3a-methyl-3aH-indene (37)

with dichloroketene

4 solution of the 3aE-indene (37) in 1,2-dimethoxy-

ethane was prepared as described in Section 3.1.3 from the

trienone (46) (400 mg, 2.74 mmol). The mixture was
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filtered and the filtrate treated with triethylamine

(1.0 m1, 6.9 mmol). The mixture was warmed to 40°C and
dichloroacetyl chloride (600 mg, 4.1 mmol) was added over
15 min. After a furthér 30 min, the mixture was poured
into water (50 mwl) and extracted with ether (3 x 20 ml).
The combined ether extracts were washed with water (40 ml),
. dried (Na2504), the solvent evaporated and the residue
chromatographed on silica. Elution with petrol containing
an increasing proportion of ether gave complex mixtures
angd an oil (108 mg), the n.m.r. spectrum of which showed
it to be a mixture of adducts. Atitempts to isolate a

pare adduct by further chromatography on silica were

unsuccessful.

7 Attempted hydrolysis of the Z2-chlorecacrylonitrile

adducts (602) and (60b)

(a) With sodium hydroxide

A solution of a 3 : 2 mixture of the adducts (60a)
end (60b) (12.2 mg, 0.05 mmol) in ethanol (0.5 ml) was
added to a stirred solution of sodium hydroxide (20 mg,
0.05 mmol) in ethanol (0.5 ml) and dimethyl sulphoxide
(0.3 1) at reflux under nitrogen. After 15 wmin, all of
the starting material was consumed (t.l.c.). The mixture
was poured into water (10 ml) =nd the product extracted
with ether (2 x 5 ml). The ether layers were washed with
vater (10 ml), the solvent evaporated and the residue
chromztographed on silica. Elution with 20% ether in

revrol gave a mixture of the annulenenitriles (67a) and

(67b) (7.0 cg, 79%).
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(b) With sodium sulphigde

4 solution of a 3 ¢ 2 mixture of the adducts
(60a) and (60b) (43.7 mg, 0.17 mmol) in ethanol (2 ml)
was treated with sodium sulphide (30%; 130 mg, 0.5 mmol)
and the mixture stirred at room temperature. After 6 h,
the mixture was poured into water (10 ml) and extracted
with ether (3 x 2 ml). The éombined ether layers were
washed with water (5 ml), dried (Na2804), and the solvent
evaporated to give a yellow oil (29 mg), its n.m.z>. spectrum
showed it to be a complex mixture. Attewpts to isolate a
single compound by further chromatography on silica were

not successful.

3.2 Reactions of 7b—Methyl—7b§—cyclopent[gg]indene (1)

3.2.1 Thermal rearrangements

1 Kinetic measurements

A solution of the annulene (ca. 5 mg) in distilled
decalin (8 ml) under nitrogen was heated in the vapour of
a suitable solvent (130 ml), boiling in the range 109 -
190°C, After the temperature of the annulene solution
had stabilised (ca. 10 min), aliquots (2 ml) were withdrawn
at intervals of 15 min - 2 h, and mezsurements made of the
absorbance of the solution at the wavelengih of the visible
absorption maximum of the compound (450 - 500 nm). Graphs
of the logarithm of the absorbance/initial absorbance
against time were generally linear and the rate constant
was determined by the slope of the graph. The results are

presented in Table 7 (Section 2.2.1).
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2 Thermal rearrangement of 7b—methyl—7bH—cyclopent[gg]-

indene (1) in solution

() G.l.c. analysis

A solution of 7b~methyl-7b§—cyclopent[gg]indene (1)
(10.7 mg) in xylene (4 ml) was refluxed under nitrogen and
the composition of the mixture analysed by g.l.c. (Squalene on
Chromosorb P column, oven temperature 15000) which showed
formation of a new compound of shorter retention time.
Relative percentages of the starting material and the
product after given times are as follows: O h,.100, 0%;
2 n, 87, 13%; 3.7 h, 81, 19%; 5.8 h, 71, 29%; 7 h, 67, 33%;
10.2 h, 71, 29%; 29 b, 38, 62%; 48 h, 30, 70%; 70 h, 23,
76%, The earlier results givé a half life wvalue of the

annulene (1) of 11.7 (+0.5) h.

(b) Preparative reaction

4 solution of 7b—methy1-7b§—cyclopent[gg]indene (1)
(26 mg) in xylene (7 ml) was refluxed for 24 h. The
solvent was removed by evaporation and the residue chromat-

ographed on silica. Elution with petrol gave a 1 : 1

rixture (4.8 mg) of starting material (9%) and 2a-methyl-

2a§—cyclopént[g§]indene (99) (9%); spectral data .are given

below.

3 ZFlash vacuum pyrolysis of Tb-methyl-TbH-cyclopent-

_[gg] indene (1)

(a) At 400°C
7b—Methyl—7b§—cyclopent[g@]indene (1) (33.0 mg) was
Gistilled up & hot tube at 400°C ang 2 mmHg and the product
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collected on a cold finger at -78°C. The product was
isolated by removal of the coolant, washing of the cold
finger with petrol (2 x 25 ml), and evaporation of the
solvent under reduced pressure to give a pale yellow oil
(28 mg) which contained 10% of unreacted starting material
(n.m.r.). This o0il was resubjected to the above conditions
_ but at 3 mmHgz to give 2a—methy1—2a§—cyclopent[g@]indene
(99) (25.3 wg, 78%), as an oilj Ap..
318 sh (2.50), and 331 sh nm (2.41) nm; 0,(CDCL3) 1.48 (3H,

(EtOH) 258 (log €4.04)},

s, 2a-Me), 6.59 (2H, 4, J 5 Hz, H-2 + H-3), 6.70 (2H, 4,
d 5 Hz, H-1 + H-4), and 6.95 - 7.20 (3H, AB, system giving
8, 6.14, H-6 and 0y 5.99, B-5 + BE-T; Jy5 7 Hz); Gp(CDCL5)
23.6 (0.16, C-2a), 118.5 (1.00), 129.7 (0.68, C-6), 131.8
(0.98), 142.5 (0.21, C-4a + 0C-Ta), 145.1 (0.98), and 169.5

(0.07, C-Tv).
(b) At 700°C

Tb-Methyl-TbH-cyclopent[cd]indene (1) (28.4 mg) was
distilled up a tube at 700°C ang 0.2 unHg The yellow
pyrolysate was extracted with petrol (3 x 25 wl) and the
solvent evaporated to give a yellow-brown oil (26.8 mg)
which was chromatographed on silica. ZElution with petrol
and collection of the initial pale yellow band gave mainly

a 2 : 1 mixture of 2—methyl—1§—cyclopent[QQ]indene (101)

and 3-methyl—1§—cyclopent[gg]indene (102) (18.0 mg,'62%),

as an o0ilj 5H(03013) 2.30 (3H x 1/3, fine 4, 3-Me of
(102)), 2.39 (38 x 2/3, s, 2-Me of (101)), 3.99 (2H, br. s,
1-CH,), 6.4 - 7.0 (2H, m), and 7.1 = 7.4 (3H, mw). 4 minor
component was also present in the mixture giving 5ﬁ(CD013)
7.53 (1H, dd4, J 7 Hz, 8 Hz), 7.68 (1H, &, J 7 Hz), and 7.80

(1H, 4, J 8 Hz).
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(c) At 600°C

Tb-Methyl-TbH-cyclopent[cd]indene (36.4 mg) was
distilled up a tube at 600°C and 0.3 mmHg. The yellow
pyrolysate was extracted with petrol (3 x 25 ml) and the
solvent evaporated to give an orange oil which was
chromatographed on silica. Elution with petrol and
collection of the initial pale yellow band gave a 2 : 1
nixture of 2—methyl—1§-cyclopent[Qg]indene (101) ang
3—methyl~1§-oyclopent[gd]indene (102) (27.5 mg,-76%), as
an oils _Amax(EtOH) 227 (loge 3.91). 249 sh (3.99); 258
(4.05), 263 (4.03), 274 sh (3.76), 317 (3.68}, and 330 sh nm
{(3.54). A later bright yellow band from the column gave a

mixture (8.8 mg).

3.2.2 Photolysis of 7b-methy1—7b§—cyclopent[g@]indene (1)

9 At 300 nm
A solution of 7b—methy1—7b§—cyclopent[gg]indene
{1) (28.1 mg) in petrol (200 ml) was irradiated in a
Rayonet reactor at 300 nm for 15 h at room temperaiure.
The electronic spectrum of the mixture was unchanged. The
solvent was evaporated and the residue chromatographed on
silica. ZElution with petrol gave starting material
(27.7 wg, 99%).
2 A% 254 nm
A solution of 7b-methyl—7b§—cy010pent[gg]indene (1)
(55.1 mg) in petrol (200 ml) was irradiated in a Rayonet

»ezctor at 254 nm for 24 h at room temperature. The

siectronic spectrum of the mixture showed that 25 - 30% of
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the starting material was consumed. Some solid hzd coated
the walls of the reaction vessel. ZEvaporation of the
solution gave a bright yellow oil (48.9 mg). This oil

was chromatographed on silica. Elution with petrol gave

a yellow oil (40.1 mg). Its n.m.r. spectrum showed that it
was mainly starting material but some materizl with
resonances in the range 86.7 - 7.4 was present. No new

products could be identified.

3.2,3 Hydrogenation

1 Hydrogenation of 7b—methyl—7bg—cyclopent[gd]indene (1)

Tb—Methyl—Tbg—cyclopent[g@]indene (22.9 mg, 0.15 mmol)
was introduced to a shaken suspension of 5% palladium on
charcoal (55 mg) in ethanol (12 ml) under hydrogen at
750 mmHg and 16.1°¢. Hydrogenation was.complete in 0,5 h
when 16.72 ml (0.7% mol, 5.0 equivalents) of hydrogen
were taken up by the annuléne. The reaction mixture was
filtered through celite, the filtrate poured into water
(100 ml), and the product extracted with petrol (3 x 50 ml).
The combined petrol extracts were washed with water (50 ml),

dried (MgSO4), and the solvent evaporated to give decahydro-

7b—methyl-1§—cyclopent[g@]indene (103) (14.1 mg, 58%), as

a colourless oil (Found: m/e 164.1562. CypHoo requires
m/e 164.1565); §u(CDCLy) 1.13 (3H, s, To-Me) and 1.0 - 1.7
(17H, m); m/e 164 (M), 149, 136, 135, and 121.

2 Hydrogenation of 2a—methy1—2a§—cyclopent[gg]indene
(99)
A solution of 2a—methy1—2a§—cyclopent[g@]indene

(99) (ca. 8 mg) in ethanol (12 ml) was hydrogenated over
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5% palladium on charcoal {11 mg) at 751 mmHg and 16.5°C.
Accurate readings were not obtained for the quantity of
hydrogen taken up but it was apparent that there was a
fairly rapid uptake (ca. 30 min) followed by a much slower
uptake. After 24 h, the mixture was filtered through
celite and the solvent evaporated to give an oil. Mass
spectrometry showed ions at m/e 158, 162, and 164 with

corresponding M -15 ions at 143, 147, and 149.

3.2.4 Reactions involving electron transfer

1 Attempted preparation of a picrate of Tb-methyl-7bH-

cyclopent[gd]indene (1)

To a solution of 7b—methyl—7b§—cyclopent[gd]indene
(17.6 mg, 0.114 mmol) in ethanol (0.5 ml) was added a hot
solution of picric acid in ethanol (0.55 mmol/ml; 0.5 ml,
0.28 mmol). The resulting orange solution was warmed on a
steam bath for 5 min and then cooled in ice. The crystals
which separated were picric acid, m.p. 121 - 123°C. T.i.ec.
showed the solution to still contain the annulene and on
dilution, the electronic spectrum of the mixture was that

of 2 mixture of the starting materials.

2 Reaction of 7b~methyl—7b§—cyclopent[gg]indene (1)

with potassium

A solution of 7b—methyl—7b§—cyclopent[g@]indene
(19 mg) irn dry tetrahydrofuran (1 ml) wae treated with

freshly cut potassium (50 mg) and the mixture stirred

under nitrogen at room temperature. A red colour developed

on the surface of the potassium. The solution became deep



227.

red and agll of the annulene was consumed (t.l.c.). On

standing, the solution turned brown.

3 Birch reduction of 7b—methy1—7b§—cyclopent[gg]indene (1)

A solution of 7b—me£hyl—7b§-cyclopent[gg]indene
(29 mg, 0.19 mmol) in dry tetrahydrofuran (3 ml) was added
to a stirred solution of sodium (gg. 5 mg, 0.22 mmol) in
liquid ammonia (10 ml) under nitrogen at -33°C. The
resulting orange mixture was treated with further sodium
(ca. 5 mg, 0.22 mmol), and after 10 min, ammonium chloride
(50 mg) was added. The resulting mixture was pale yellow.
The ammonia was evaporated, the mixture poured into water
(10 ml) and the products extracted with petrol (3 x 5 ml).
The combined peﬁrol layers were dried (MgSO4), the solvent
evaporated and the residue chromatographed on silica.
Elution with petrol gave a pale yellow oil (22 mg). N.m.r
showed this oil was a mixture and about 10% of the annulene
wazgs unreduced. No producté could be identified. The mass
spectrum showed that the o0lil was mainly a mixiture of dihydro
and tetrahydro products giving M' ions at m/e 156 and 158
respectively, and corresponding M+~15 ions at g/g 141 and

143.

3.2.5 Attempted lithiation of 7b—methyl—7b§—cyCIOpent[gg]-

indene (1)

A solution of n-butyl lithium in hexane (1.5 M;
0.2 ml, 0.3 mmol) was added to a stirred solution of tetra-
methylethylenediamine (0.1 ml) in petrol (1 ml) under

nitrogen. After 10 mirn at room temperature, a solution of
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7b—methyl-7b§—cy010pent{gg]indene (39 mg, ©.25 mmol) in
petrol (2 ml) was added. The mixture immediately became
deep red. After 1 h at room temperature, the mixture was
poured into ether (20 ml) containing an excess of solid
carbon dioxide. The mixture was acidified with acetic

acid (0.2 ml), filtered, the solvent evaporated, and the
residue chromatographed on silica. Elution with petrol

gave starting material (0.6 mg, 2%). ZElution with 30%
ether in petrol gave a bright yellow oil (20 mg). N.m.r.
showed this 0il was a mixture of olefinic coﬁpounds and that
the butyl group had been incorporated. There were no signals

upfield of tetramethylsilane.

No reaction occurred when the tetrémethylethylene—
diamine was omitted from the above experiment.

Treatuent of the annulene (1) with an equivalent of
tert-butyl lithium in petrol at room temperature for 3 h,
followed by work-up as above, gave unreacted starting

material (73%).

3.2.6 Cycloaddition reactions

1 With dimethyl acetylenedicarboxylate (DMAD)

A solution of 7b—methy1-7b§—cyclopent[g@]indene (1)
(39 mg, 0.25 mmol) and DMAD (180 mg, 1.25 mmol) in toluene
(2 ml) was refluxed under nitrogen for 10 h. The solvent
was then evaporated and the residue chromatographed on
silica. FElution with petrol gave the starting annulene (1)

(23 mg, 57%). No adducts could be isolated.

2 With maleic anhydride

A solution of 7b—methy1—7b§-cyclopent[gg]indene (1)
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(6.5 mg, 0.04 mmol) and maleic anhydride (54 mg, 0.55 mmol)

in toluene (1 ml) was refluxed under nitrogen for 8 h. The
solvent was then evaporated. N.m.r. analysis of the residue
showed that it was mainly mzleic anhydride and unreacted
anmulene (1). Resonances in the ranges 1.1 - 1.6, 3.0 - 3.5,
and 5.6 - 7.0 were present but no product could be identified.
This residue was chromatographed on silica. FElution with

petrol gave the starting annulene (1) (3.2 mg, 50%).

3 With tetracyancethylene

Tetracyanoethylene (57 mg, 0.44 mmol) was added to &
solution of 7b—methyl—7b§—cyclopent[gg]indene (1) (34 ng,
0.22 mmol) in dry 1,2-dimethoxyethane (5 ml). A dark green
colour immediately developed and the electronic spectrum of
the mixture showed =z weak but very broad absorption band
with a maximum at 650 nm. The mixture was refluxed under
nitrogen for 2 h, poured into water (30 ml), and extracted
with petrol (2 x 15 ml). The petrol layers were dried
(Na2804), the =solvent evapofated and the residue chrowmat-
ographed on silica. ZKElution with petrol gave unreacted

annulene (1) (28 mg, 82% recovered).

4 With benzyne

A stirred solution of 7b—methyl—7b§—cy010pent[gg]—
indene (1) (49 mg, 0.32 mmol) in dry 1,2-dimethoxyethane
(2 ml) containing benzenedizzonium carboxylate106 (200 mg,
1.4 mmol) was warmed under nitrogen to 45°C. After 12 h,
the dark red mixbture was poured into water (10 ml) and
extracted with ether (3 z 3 ml). The ether extracts were
dried, the solvent evaporaited and the residue chromatographed

on silica. Elution with petrol gave the annulene (1) {28 mg,
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57%). Elution with dichloromethane gave products derived

from the benzyne (98 mg).

5 With 4-phenyl-1,2,4-triazole-3,5-dione (PTAD)

(a) With 2 equivalents of PTAD

4 solution of 7b—methy1—7b§—0yclopent[gd]iﬁdene (1)
(34 mg, 0.22 wuol) and PTAD I78 mg, 0.44 mmol) in ary
freshly distilled 1,2-dimethoxyethane (10 ml) was refluxed
under nitrogen for 1 h. The solvent was then evaporated
and the residue chromatographed on silica. Elution with

5 : 3 : 2 ether — petrol - dichloromethane gave the 2 : 1

adduct (110) (85 mg, 75%), as fine needles which decompose
at 150°C without melting (from 1 : 1 : 1 ethyl acetate -
ether - petrol) (Found: C, 66.59; H, 4.00; N, 16.59.
CogHooNg0, Tequires C, 66.66; H, 4.00; N, 16.66%); vmax(0014)_
1794 (m), 1776 (m), 1724 (s), and 1408 em™ ! (s); kmax(EtOH)
242 sh (log €3.96) and 290 sh nm (3.49); SH(CD013) 1.13

(3, s), 5.40 (1H, 4, J 10.0 Hz, H-1)*, 6.13 (4H, d, J 9.0 Hz,
becomes a singlet on decoupling at 6.53, H-7), 6.30 {1H, 4,

J 5.5 Hz, #-5), 6.53 ('H, dd4, J 5.5 Hz, 9.0 Hz, H-6), 6.75
(14, 4, J 6.0 Hz, becomes a siﬁglet on decoupling at 7.80,
H-4)*, 7.20 (1H, 4@, J 10.0 Hz, becomes a singlet on decoup-
ling at 5.40, H-2), 7.23 — 7.53 (10H, m, 2 x Ph), and 7.89
(1H, a4, J 6.0 Hz, H-3). Signals marked with an asterix show
a singlet within the doublet when the adduct is prepared from
2-deuterated starting material, See Fig. 12 for the n.0.e.

results on which the above spectral assignments are based.

{(b) With 1 eguivalent of PTAD

Reaction of 7b—methyl—7b§—cyclopent[g@]indene (1)
(23.5 mg, 0.15 mmol) and PTAD (26.7 mg, 0.15 mmol) in.1,2-
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dimethoxyethane (3 ml) as above gave the starting annulene

(1) (11.4 mg, 49%) and the 2 : 1 adduct (110) (31.3 mg, 41%).

& Reaction of 2-methox~-Tb—methyl—Tbﬁ—cyclopent[g@]indene

(82) with 4-phenyl~1,2,4-triazole-3,5-dione (PTAD)

4 solution of 2—methoxy—7b—methyl—7b§-cyclopent[g@]-
indene (82) (19 mg, 0.10 mmol) in dichloromethane (2 ml) was
_ treated with a solution PTAD (18 mg, 0.10 mmol) in dichloro-
methane (2 ml) ard the mixture stirred at room temperature.
After 15 min, the.colour of the reagent was discharged. The
solvent was evaporated and the residue chromatographed on
silica. Elution with 60% ether in petrol gave the 2 : 1
adduect (111) (7.5 mg, 14%), as an unstable solid which decomp-
osed without melting at 135°C (from petrol - dichloromethane);
SH(03013) 1.12 (3H, s), 3.81 (3H, s, 2a-0Me), 4.90 (1H, s,
B-1), 6.13 (1H, 4, J 9.2 Hz, H-7), 6.30 (1H, 4, J 5.4 Hz,
H-5), 6.47 (1H, 48, J 5.4 Hz, 9.2 Hz, H-6), 6.72 (1H, 4, J
5.9Hz, H-4), 7.25 - 7.50 (104, m, Ph), and 7.75 (1H, &, J 5.9 Hz, H-3).

7 Reaction of 7ob-methyl-2-(trimethylsiloxy)-TbH-cyclo-

pent[g@]indene (77) with 4-phenyl-1,2,4-triazole-3,5-

dione {(PTAD)

4 soludion of Tb-methyl-2-(trimethylsiloxy)-TbH-
cyclopent[g@]indene (77) (25.0 mg, 0.11 mmol) in dichloro-
methane (1 ml) was treated with & solution of PTAD (18.9 mg,
C.11 mmol) in dichloromethane (1 ml) and the mixture stirred
et room temperature. After 10 min, the solvent was evapor-
zted and the residue chromatographed on silica. Eluiion with
ether gave the urazole {(113) (19.4 mg, 54%), as orange-red
crystals, m.p. 223 - 225°C decomp. (from 1 : 1 : 1 petrol -
ethyl acetate - dichloromethane) (Found: C, 69.41; H, 4.33;

K, 12.11. C,H KN.0, reauires C, 69.56; H, 4.38; N, 12.17%);
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SH(CD013) 1.66 (3H, s, 7b-We), 5.21 (1H, s, H-1), 5.68 (1K, 4,
J 5.0 4z, H-3), 6.13 (1H, d4, J 5.0 Hz, 9.G Hz, H-6), 6.32
(1H, 4, J 5.4 Hz, H-4), 6.40 (1H, 4, J 9.9 Hz, B-7), 6.70
(1, 4, J 5.4 Hz, H-3), and 7.3 ~ 7.5 (5H, m, Ph); the NH
resonsnce was not located; m/e 345 (M"), 330 (M+—CH3), 211
(MT-PnNCONH), 183, 155, 141, and 119 (100%, PuNco');

M*(183 - 155) 131.3.

See Section 3.2.8 for the reactions of the annulene

(1) with chlorosulphonyl isocyanate and dichloroketene.

3.2.7 Attempted preparation of a metal complex of the

annulene (1)

1 Reaction of the annulene (1) with chromium hexacarbonzl

A solution of 7b—methy1—7b§—oyclopent[gg]indene (1)
(43 mg, 0.31 mmol) in a mixture of dry itetrahydrofuran
(10 m1) and dry di-n-butyl ether (30 ml) containing
chromium hexacarbonyl (76 mg, 0.34 mmol) was rigorously
degassed and refluxed under nitrogen in an apparatus which
returned sny sublimed reagent into the rezction vessel.
After 3 h, the formation of a grey precipitate indicated
decomposition of the reagent. The cooled mixture was
filtered through celite, the solvent evaporated, and the
residue chromztographed on silica. Elution with petrol

gave unreacted annulene (1) (40 mg, 93% recovered).

2 Reaction of the annulene (1) with diiron nonacarbonyl

To a desgassed solution of "7b-methyl-TbH-cyclopent-
[gg]indene (1) {29 mg, 0.19 mmol) in benzene (2 ml) was added
diiron nonacarbonyl (68 mg, ©.19 mmol). There was no reaction

until the mixture was heated to 60°C. After 10 min reflux,
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the mixture was darx green. Further diiron nonacarbonyl

(100 mg, 0.27 mmol) was added and the mixiture refluxed for

. a further 10 min. 7T.l.c. showed the annulene was not
consumed and after evaporation of the solvent, the proton
n.m.r. spectrum of the residue was that of the annulene (1).
Chromatography on silica failed to separate the unreacted
annulene (1) from the dark green triiron dodecacarbonyl which
crystallised when a petrol solution of the product mixture

was concentrated.

3.2.8 Reactions of the annulene (1) with electrophiles

1 .Reaction with acids

(2} With sulphuric acid

Concentrated sulphuric acid (0.25 ml) was added to
7b—methyl—7b§—cyc10pent[gg]indene (3.2 mg) at room temper-
ature. The deep blue solution was quenched with water
(0;5 ml). The blue colour was discharged and a dark green
solid precipitated. The mixture was extracted with petrol
(2 x 2 ml). The colourless extracts were concentrated and

t.1l.¢c. showed no materizl was present.

(v) With toluene-4-sulphonic acid

A solution of 7b—methyl—7b§—cyclopent[gg]indene (1)
(6.6 mg) in benzene (2 ml) containing toluene-4—su1phonic.
acid (5 mg) was refluxed under nitrogen. After 15 min, the
mixture had become darkx green and a precipitate started to

form. Very little starting material remained after 2h (t.1l.c.).

2 Nitration of the annulene (1) with copper(II) nitrate

4 solution of 7b—methy1-7b§—cyclopent[gd]indene (1)
(29.9 mg, 0.194 mmol) in acetic anhydride (2.wl) at 0°C

was treated with powdersd cepper(II) nitrate trihydrate
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(47 mg, 0.194 mmol) and the mixture was stirred. After

40 min, the mixture was.poured into ice-water (10 ml) and
extracted with ether (3 x 5 ml). The combined ether

layers were washed with saturated sodium hydrogen carbonate
solution (20 ml), driegd (MgSO4), the solvent evaporated, and
the residue chromatographed on a long column of silica.

Elution with petrol gave (i) a 10 : 1 mixture of Tb-methyl-

1—nitro-7b§-cy010pent[gg]indene and 7b-methyl-2-nitro-7bH-

cyclopent[gg]indene (6.7 mg, 17%), as an orange-red oil;

Ppayx(01,) 1378 (m), 1338 (s), and 1304 cm™'(s); Ap,y
(EtOH) 246 (log e 4.18), 307 (4.11), 332 sh (3.88), 402 (3.75),
and 485 nm (3.19); SH(CDCI3) for the 1-nitro compound:
-1,27 (3H, s, Tb-Me), 7.72 (1H, &, J 7.3 Hz, H-5), 7.89
(18, +, J 7 Hz, H-6), 8.08 (1H, 4, J 3.5 Hz, H-4), 8.23
(1H,l d, J 7.5 Hz, H-7), 8.29 (1H, &, J 3.5 Hz, H-3), and
8.33 (1H, s, H-2). The signals for the 2-nitro compound
are obscured by those of the 1-nitro compound except for
7.69 (1H, t, J 7 Hz, H-6), 7.81 (1H, 4, J 7.3 Hz, H-5),
and 8.01 (1H, 4, J 7.6 Hz, H-7). The mixture gives m/e
199 (M"), 182, 169, 153, and 152 (100%). (ii) &4 2 : 1

mixture of 7b—methyl—5—nitro-7bﬂ—cyclopent[gd]indene and

7b—methy1~6—nitro-?hﬂ—cycloPent[gg]indene (9.1 mg, 24%),1
(001,) 1320 éu™' (s);

as a yellow-orange oil; Vpax
X gy (ESOH) 248 sh (log €3.95), 275 (4.15), 315 (4.22),

376 (3.82), 444 sh (3.19), and 482 nm (3.07); d5(CDCL,)
for the 5-nitro compound: -1.32 (3H, s, Tb-Me), 7.71 (1H,
d, J 8.2 Hz, H-7), 7.99 (1H, d, J 3 Hz, H-1), 8.14 (1H, 4,
J 3.3 Hez, H-2), 8.20 (1H, &, J 3.3 Hz, H-3), 8.48 (1H, 4,
J 8.2 Hz, H-6), and 8.50 (1H, &, J 3.3 Hz, H-4); for the

6-nitro compound: -1.35 (3H, s, 7b-Me), 8.00 (2H, 4, J 3 Hz,



235 .

H-2 + H-3), 8.29 (1H, 4, J 3.5 Hz, B-1 + H-4), and
8.62 (1H, s, H-5 + BE-7).

Treatment of the first aqueous layer from the work-up
of the above reaction with a saturated solution of 2,2
biguinoline iﬁ ethanol did not give the purple colour

expected if +the copper(I) ion were present.

3 Nitration of To-methyl~7bH-cyclopent|cd]indene-2a (72)

The reaction was carried out by the procedure given
above, but using 65% 2-deuterated annulene (72), and with
reaction conditions of 2 h at -23°C and then 24 h at -18°C.
The resulting mixture of mononitro-compounds was analysed
by proton n.m.r. The same ratio of products was present
as for the earlier experiment above. New signals appeared
within the doublets at &.00, 8.08, 8.29, and 8.50. These
signals are for protons in the 1- and 4-positions and show

the assignments given above are correct.

4 Attempted nitration of 7b-methyl-7bH—cyclopent[gg]indene

with tetranitromethanse

A stirred solution of 7b—methyl—7b§—cyclopent[gg]-,
indene (23 mg, 0.15 mmol) in pyridine (1 ml) at 0°C was |
treated with a soclution of tetranitromethane in ethanol
(10% v/v; 345 mg, O.18 mmol). The mixture immediately
became orange but there was little reaction (t.1.c.). The
mixture was then warmed in = water bath at 40°C. It rapidly
vecame very dark brown. T.l.c. showed some starting material
was still present and vhat 2 trace of a wixture of nitro

compounds had been formed. The dark coloured material was
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baseline. Replacement of the pyridine and ethanol with

dimethyl sulphoxide gave the same result.

5 Reduction of the nitroannulenes with zinc in acetic

anhydride

£ solution of a mixture of the nitro-T7Tb-methyl-7bH-
-cyclopent[g@]indene derivatives from above (22.6 mg) in
acetic anhydride (2 ml) was treated at room temperature
with sodium acetate (100 mg) and zinc dust (200 mg). The
mixture was stirred for 10 min, poured into water (30 ml)
and extracted with ether (3 x 15 ml). The combined ether
layers were washed with saturated sodium hydrogen carbonate
solution (20 ml), dried (Mg504), the solvent evaporated and
the residue chromatographed on silica. Elution with 30%
ether in petrol gave a mixture of acetamido derivatives of
the annulene (1)} (13.0 mg, 54%), as an unstable yellow

semi-so0lid; SH(GDCl 90 MHz) -1.45 (3H, s, 7b-Me) and

3’
7.4 - 8.0 (6H, m, ArH); m/e 211 (M), 169 (100%), and 168.

6 Acetylation of the annulene {1)

A4 solution of 7b-methyl-TbH-cyclopent|cd]indene (1)
(10.1 mg) in dichloromethane (3 ml) was treated with acetic
anhydride (0.25 ml) and two drops of boron trifluoride
etherate. The mixture was stirred at room temperature for
3.5 h and then poured into water (10 ml). The dichloromethane
layer was removed and the agueous layer extracted with
dichloromethane (10 ml). The combined organic layers were
dried (MgSO4), the solvent evaporated, and the residue

chromatographed on silica. Elution with 15% ether in petrol
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geve a 15 : 5 + 1 mixture of 5~, 1-, and 6-acetyl-Thb-methyl-
7b§—cyclopent[g§]indene (6.9 mg, 54%), as an orange o0il;

(cc1,) 1672 em~! (s, C=0 stretch); A...(EtOE) 305,

Vmex max

347, 450 sh, and 477 nm; SH(CD013) for the 5-acetyl isomer:
-1.47 (3H, s, Tb-Me), 2.87 (3H, s, COCH3), 7.69 (1H, 4, J
7.5 Hz, B-7), 7.93 (14, 4, J 3.3 Hz, H-1), 8.05 (1H, 4, J
3.3 Hz, H-2 or H-3), 8.08 (1H, 4, J 3.3 Hz, H-3 or H-2),

8.22 (1B, d, J 7.4 Bz, H-6), and 8.38 (1H, &, J 3.3 Hz, H-4);
for the 1-acetyl isomer: -1.42 (3H, s, Tb-Me), 2.82 (33, s,
COCH3), 7.67 (1H, 4, J 6.8 Hz, B-5), 7.75 (1H, t, J 7 Hz,
H-6), 7.97 (1H, 4, J 3.3 Hz, H-4), 8.06 (1H, 4, H-7), 8.12
(1H, 4, J 3.3 Hz, H-3), and 8.27 (tH, s, H-2); for the
6-acetyl isomer: -1.44 (3H, s, 7b-Me), 2.81 (?) (3H, s, COCH3),
7.90 (24, 4, J 3.3 Hz, H-2 + H-3), 8.14 (2H, 4, J 3.3 Hz,
H-1 + H-4), and 8.31 (2, s, B-5 + H-7); m/e 196 (M, 100%),
181, and 153.

7 Formylation of the annulene (1)

A stirred sclution of 7b—methyl—7b§—cyclopent[g@]—
indene (1) (52 mg, 0.33 mmol) in dichloromethane (3 ml)
containing dichloromethyl n-butyl ether'® (4100 mg, 0.64 mmol)
was cooled to —78°C under nitrogen and treated with +in(IV)
chloride (0.05 ml). The mixture immediately became dark
blue. After 10 min, the mixture was poured into water (50 ml)
end the mixture shaken until the blue cclour was discharged.
The products were extracted with ether (3 x 20 ml). The
combined ether layers were washed with water (20 ml), dried
(MgSO4), the solvent evaporz=ted, and the residue chromato-
graphed-on silica. Elution with petrol gave the starting

ennulene (1) (3 mg, 4% recovered). ZElution with 20% ether
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in petrol gave 7b—methy1~7b§—cyclopent[g@]indene—5—
carboxaldehyde (115) (ca. 93% pure; contains 4% of the
1—carboxaldehyde (53a) and 3% of the 6-carboxaldehyde);
SH(GDC13) -1.42 (3H, s, 7b—Mé), 7.74 (1H, 4, J 7.6 Hz,
H-7), 7.96 (1H, d4, J 3.4 Hz, H-1), 8.07 (1H, &, J 7.6 Hz,

H-6), 8.08 (1H, 4, J 3.4 Hz, H-2), 8.11 (1H, 4, J 3.4 Hz,

H-3), 8.40 (1H, 4, J 3.4 Hz, H-4), and 10.43 (1H, s, CHO)
[for the 6-isomer: -1.36 (3H, s, Tb-Me), 7.92 (2H, 4,

d 3.4 Hz), and 8.20 (2H, s, H-5 + H-7); an expected doudblet,
d 3.4 Hz and the aldehyde proton resonance were not located.
Spectral data for the 1-carboxaldehyde (53a) are given
earlier in Section 3.7.3. BSpectral data for the 2-carbox-
aldehyde (53b) that was not detected in this product are
given earlier in Section 3.1.5].

Treatment of this mixture 6f aldehydes with 2,4-
dinitrophenylhydrazine in ethanol acidified with concentrated
sulphuric acid at room temperature gave an immediate
precipitate of hydrazones (81%). Repeated recrystallisation
gave a pure lsomer as mauve needles, m.p. 201.5 - 203.5°¢C
(from 1 : 1 acetonitrile - dimethylformamide) (Found:

C, 62.92; H, 3.93; N, 15.43. C,gH, N,0, requires C, 62.98;
H, 3.89; N, 15.46%).

8 Sulphonation of the annulene (1)

Sulphur trioxide was freshly prepared by distillation
from 2 mixture of concentrated sulphuric acid and phosphorus
pentoxide, into an ice cooled receiver. 4 solution of 7b-
methylﬁ7b§—cyclopent[gg]indene (1) (74 mg, 0.48 mmol) in
dry dioxan was zdded to a stirred solution of sulphur

trioxide (200 mg, 2.5 mmol) in dry dioxan (5 ml) at 12°C
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urder nitrogen. After 20 min, the mixture was poured into
sodium carbonate solution (5% w/v; 40 ml) and the solution
wzshed with dichloromethane (30 ml). The aqueous solution
wzs evaporated to dryness and the residue extracted
exhaustively with hot ethanol. Evaporation of the ethanol
gave sodium 7b—methyl—7b§-cyclopent[gg]indene—S—sulphonate
(116) (86 mg, 70%), as a hygroscopic yellow solid;

O (dg-dimethyl sulphoxide) -1.69 (3H, s, Tb-Me), 7.66 (1H,

d, J 7.6 Hz, H-7), 7.83 (1H, 4, J 7.6 Hz, H-6), 7.94 (1iH,

d, d 3.4 Bz, H-1 or H-2), 7.99 (1H, d, J 3.4 Hz, H-2 or H1),
8.01 (1H, 4, J 3.4 Hz, H-3), and 8.23 (1H, d, J 3.4 Hz, H;4);
there were only traces of other isomers present.

Treatument of this sodium salt with a solution of
S—-benzylthiouronium chloride in water acidified with dilute
hydrochloric acid (0.1 M, 1 drop) at room temperature gave
an immediate precipitate of the S-benzylthiouronium salt
(70%), as yellow needles, m.p. 195 - 197°C (from water)
(Found: €, 60.08; H, 5.04; N, 7.03; 8, 16.22. C,.H N28203

20720
reguires C, 59.%8; H, 5.04; N, 6.99; S, 16.01%).

9 Attempted benzoylation of the annulene (1)

4 solution of 7b~methy1—7b§-cyclopent[gg]indene (1)
(38.7 mg, 0.25 mmol) in dichloromethane (10 ml) was stirfed
and treated with benzoyl chloride (0.25 ml) and cyclohexene
{C.5 ml) &t roow temperature. Freshly powdered aluminium
shloride (35 mg, 0.25 mmol) was added. The mixture became
deep Dlue. After 2 h, t.1.c. showed formation of only

peseline material.,
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10 Attempted bromination of the annulene (1) with N-bromo-

succinimide

4 solution of 7b-methyl—7b§—cyc10pent[g@]indene (1)
(16.3 mg, O0.11 mmol) in dry dimethylformamide (1 ml) was
treated with N-bromosuccinimide (18.9 mg, 0.11 mmol) and
the mixture stirred at room temperature in the dark, After
48 h, the mixture was poured into water (100 ml) and
extracted with petrol (3 x 2 ml). The combined extracis
were dried (MgSO4), the solvent evaporated and the residue
chromatographed on silica. Elution with petrol gave starting
material (3.5 mg) containing a small amount of a new
compound ; SH(c3013) -1.52 (7b-Me) which could not be

identified.

11 Attempted bromination of the annulene (1) with

pyridinium bromide perbromide

A solution of 7b-methy1—7b§—cyclopent[gg)indene (1)
(38 mg, 0.2% mmol) in benzene {10 ml) was treated with
pyridinium bromide perbromide™’ (79 mg, 0.25 mmol) and the
wixture stirred at room temperature. After 1 h, the colour
of the reagent was discharged. The mixture was then washed
with dilute sulphuric acid (1 M, 10 ml) followed by water
(5 ml), dried (Na2504) and the solvent evaporated to give
2a,4a-dibromo-4a,7b—dihydro—?b—methyl—ZaE—cyclopent[gg]indene
(117) (60 mg, 78%), as pale yellow crystals, m.p. 123 -
124.5°C (from cold petrol) (Found: C, 45.99; H, 3.15.
C,pH4oBry Tequires C, 45.9@; H, 3.21%); umax(0014) 3060 (m),
1450 (m), 1372 (m), 1142 (m), 918 (s), 862 (ms), and 654 om™
(ms); Xy, (Et0H) 326 nm (log €3.46); dy(CDCL,) 1.43 (3H,
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s, Tb-le), 5.80 (1H, br. &, J 5 Hz, H-7), 5.83 (1H, 44,

J 5.1 Bz, 8.6 Hz, H-6), 5.97 (1H, 438, J 1.2 Hz, 8.6 Hz,
H-5), 6.03 (1H, d, J 5.6 Hz), 6.17 (1H, 4, J 5.8 Hz), 6.19
(18, 4, J 5.6 Bz), and 6.39 (1H, 4, J 5.8 Hz); m/e 316-314-

312 (1 : 2 : 1, ¥7), 235-233 (1 : 1, M'=Br), 152 (100%,

M -2Br), 153, and 149.

12 TFitration of thae annulene (1) with nitronium trifluoro-

methanesulphonate

A stirred suspension of nitronium trifluoromethane-
sulphonate™® (36 mg, 0.18 mmol) in dichloromethane (2 ml)
2t 0°C under nitrogen was treated with collidine (23 mg,
0.19 mmol)., After 30 min at room itemperature, a solution
of 7b—methy147b§~cyclopent[gg]indene (1) (28 mg, 0.18 mmol)
in dichloromethane (2 ml) was added and the mixture refluxed
for 4 h. The mixture was then cooled, the solvent evaporated,
and the residue chromatographed on silica. Elution with
petrol gave the starting annulene (1) (15 mg, 42% recovered).
Elution with 5% ether in petrol gave a 2 : 1 mixture of
Tb-methyl-6-nitro-TbH-cyclopent[cd]indene and Tb-methyl-5-
nitro—7b§—cyclopent[gg]indene (2.3 mg, 5%); spectral data

for these compounds are given earlier in this Section.

-—

Replacement of the~dichloromethane with acetonitrile

gave no improvement.

13 Reaction of the ennulene (1) with chlorosulphonyl

isocyanate

L stirred solution of 7b—methy1—7b§—cyclopent[gg]indene

(1) in dichlorometnzne (20 mi) at 0°C was treated with
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chlorosulphonyl isocyanate (0.1% ml, 240 mg, 1.7 mmol).
After 25 min at 0°C, the dark red mixbture was poured with
shaking into ice-water (100 ml). The aqueous layer was
extracted with dichloromethane (30 ml). The combined
dichloromethane layers were dried (N32804), the solvent
evaporated and the residue chromatographed on silica.

_ Elution with petrol gave the starting annulene (1) (62 ng,

25%). Elution with 50% ether in petrol gave N-chlorosulphonyl-

2, 9b-dihydro-Sb—mefhyl-1H-indeno[1,7-cd] azepin-1-one (122)

(219 mg, 47%, 63% based on consumed starting material), as
red flakes, m.p. 160 - 162°C (from petrol - dichloromethane)
(Pound: m/e 295.0075. C,H N0,7”Cl requires m/e
295.0070}; w, (CCl,) 1712 (s, C=0 stretch), 1690 (m,
C=C-C=0), 1490 (m), 1410 (s, S=0), 1088 (s, $=0), 1134 (m),
1100 (m}, 1030 (m}, 1010 (m}, 852 {(m}, 678 (m), 632 (s), and
614 cm™ ! (m); lmax(cyclohexane) 232 (log €4.05), 299 (4.42),
and 484 nm (3.02); &y(0DCLy) 1.93 (3H, s, 9b-Me), 5.79 (1H,
d, J 5.8 Hz, B-5), 5.82 (13, 4, J 9.5 Hz, H-4), 6.03 (1H, 4,
J 9.5 Hz, H-3), 6.20 (1H, 43, J 5.8 Hz, 9.4 Hz, H-6), 6.37
(1H, &, J 2.9 Hz, H-8), 6.50 (1H, 4, J 9.4 Hz, BE-7), and
7.89 (1H, 4, J 2.9 Hz, H-9); wm/e 297-295 (1 : 2, M),
282-280 (1 : 2, M+~CH3), 254-252 (1 : 2, M -CH,-CO), 231,
197, 196, 162, and 154 (100%).

3

14 EHydrolysis of the chlorosulvhonamide (122)

A solution of the chlorosulphonamide (122) (101 mg)
in dichloromethane (10 ml) was stirred with a mixture of
agueous sodium sulphite (5% w/v; 5 ml) and agueous sodium
hydroxide (5% w/v; 3 ml). After 5 h at room temperature,

the aqueous layer was discarded and the dichloromethane
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lzyer was washed with water (10 ml), dried (Na2SO4), the
solvent evaporated, and the residue chromatographed on
silica. Elution with 50% ether in petrol gave starting
naterial (6 mg, 6% recovéred). Flution with 80% ether in

petrol gave 2,9b—dihydro—9b—methyl-1§—indeno[1,7—gg]azepin—

1~one (123) (53 mg, 79%), as a dark brown-green solid

(Found:  m/e 197.0840. C,3H, NO requires m/e 197.0841);

”max(0014) 3420 (w), 3225 {(m, NH stretch), 3090 (m), 2980
(m), 1669 (s, C=0 stretch), 1628 (s, C=0-C=0), 1344 (m),

end 912 cm” | (8); N, (Bt0H) 299 (log €3.72), 275 (4.11),
343 (3.41), and 550 br. nm (2.16); SH(03013) 3.06 (3H, s,
9b-Ke), 4.53 (1H, 4, J 10.2 Hz, H-4), 4.84 (1H, 4, J 6.0 Hz,
H-5), 5.02 (1H, d4d, J 7.0 Hz, 10.2 Hz, H-3), 5.48 (1H, 4d,
J 6.0 Bz, 9.7 Hz, H-6), 5.68 (1H, 4, J 2.5 Hz, H-8), 5.74
(1€, 4, J 9.7 Hz, H-7), 6.3 (1H, br., NH), and 6.91 (1H, 4,

J 2.5 Hz, H-9); m/e 197 (M", 100%), 196, 182, and 154.

15 Thermal rearrangement of the amide (123)

4 solution of the amide (123) (22.3 mg) in benzene
(3 ml) was refluxed under nitrogen. After 7 h, the solvent
was evaporated and the residuvue chromatographed on silica.

Zlution with ether gave 2,%a-dihydro—9a-metnyl-1H-indeno-

[1,7—gg]azepin—1-one (124) (18.4 mg, 83%), as colourless

flakes, m.p. 142 - 143°C (from petrol - dichloromethane)
(Found: €, 78.98; H, 5.58; I, 7.08. C13H11NO requires

g. 79.17; H, 5.62; N, 7.10%); vmaX(CCl4) 3400 {(w, sharp,
free WH), 3220 (m, NH), 3100 (m, NH), 2970 (m), 1668 (s,
C=0 stretch), 1642 (s, C=C-C=0), 1372 (m), 1348 (ms), 1144
(), 1054 (m), and 843 ca” ! (m); XEBX(EtOH)'270 sh (log e
3.97), 274 (3.98), 286 sh (3.86), and 345 sh (2.11); n/e
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197 (M*, 100%), 196, 182 (M+—CH3), 178, 168, and 154.

16 Thermal rearrangement of the chlorosulphonamide (122)

(a) In the presence of cyclohexene

A solution of the chlorosulphonamide (122) (10.8 mg)
in toluene (1.5 ml) and cyclohexene (0.5 ml) was refluxed
under nitrogen for 15 min. The solvent was then evaporated
and the residue chromatographed on silica. Elution with
petrol containing an increasing proportion of ether gave
(i) the annulene (1) (2.4 mg, 42%). (ii) Starting material
(1.5 mg, 14%). (iii) The amide (124) (2.9 mg, 40%).

(v) In the absence of cyclohexene

A solution of the chlorosulphonamide (122) (27.0 mg)
in toluene (1 ml) was refluxed under nitrogen for 30 min.
The solvent was then evaporated and the residue chromat-
ographed on silica. Elution with petrol containing an
increasing proportion of ether gave (i) the annulene (1)

(1.6 mg, 11%). (ii) N-Calerosulphonyl-2,%a-3ihydro-9a-methyl-

1§—indeno[1,T—QQJazepin—1-one (125) (6.2 mg, 23%), as an

oil; vmaX(CCl4) 1736 (s, C=0 streitch), 1422 (m), 1406 (s,

S=0 stretch), 1044(m), 1032 (m), 910 (s), 658 (s), and

626 co” ! (m); )umaX(EtOH) 254 ilog €4.05), 275 sh (3.95},

294 sh (3.71), and 326 sh nm (3.03); SH(CD013) 1.49 (3H,

s, %a-Me), 6.64 (1H, d, J 9.3 Hz, H-3 or H-4), 6.79 (1H, 4,

J 5.8 Hz, H-8 or H-9), 6.88 (1H, 4, J 5.8 Hz, H-9 or H-8),
6.92 (1H, d, J .3 Hz, H-4 or H-3), 7.17 (1H, X part of

ABY system, H-5), and 7.39 (2H, AB part of ABX system, H-6

+ B-T); m/e 297-295 (2 : 1, N7), 254-252 (2 : 1, M'-CH,4-C0),
231, 197 (100%), 196, 182, 173, and 154. (iii) Starting
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meterial (3.7 mg). (iv) & 4 : 1 mixture of the amide (124)
and annulenamides (7 mz), as a yellow solid; SH(CD013)
-1.44 2nd -1.46 (7b-Me of annulenamides); the products
gave a yellow spot on t.l.c. which ran alongside an

authentic sample of the annulenamide (66).

17 Reaction of the annulene (1) with dichloroketene

(a) A stirred solution of 7b—methy1-7b§—cy010pent[gg]—
indene (1) (37 mg, 0.24 mmol) in petrol (5 ml) containing
dichloroacetyl cnloride (35 mg, 0.24 mmol) uwnder nitrogen
was warmed to 40°C and treated with dropwise addition of a
solution of triethylamine (50 mg) in petrol (1 ml). After
1 h reflux, the solvent was evaporated and the residue
chromatographed on silica. Elution with petrol gave
sterting material (26 mg, 70% recovered). No new products

could be isolated.

(b) A stirred solution of Tb-methyl-TbE-cyclopent|cd]-
indene (1) (53 mg, 0.34 mmol) in ether (10 ml) containing

8 (350 mg) was refluxed under nitrogen

copper activated zince
angd treated with dropwise addition of trichloroacetyl
chloride (310 mg, 1.7 mmol) over 1 h. After 12 h reflux,
the solvent was evaporated and the residue chromatographed

on silica. ZElution with petrol gave stariting materizl

(27 mz, 50% recovered). No new products could be iscliated.
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3.3 Synthesis and Properties of Ye-Methyl-ScH-cyclopenia-

[jz]fluorene (130); a Benzo fused [10]Annulene

3.3.1 The adduct of the 3aH-indene (85) with benzoguinone

1 Cycloaddition of the 3aH-indene (85) with benzoquinone;

igolation of the initizl adduect (127)

4 solution of 3a-methyl-3-(trimethylsiloxy)-3aH~-
indene (85) in petrol (15 ml) prepared as described in
Section 3.1.8 from the trienone (46) (250 mg, 1.7 mmol),
and treated with a solution of 1,4-benzoquinone (192 ng,

1.8 mmol) in dry tetrahydrofuran (5 ml). The mixture
immediately became red but after 3 h at room temperature,

it was pale yellow. The solvent was then evaporated and the
residue heated at 60°C under vacuum (0.05 mmHg) for 1 h, and
then chromatographed on silica. Elution with 60% ether in

petrol gave the exo-adduct (127) (53 mg, 10%), as a yellow

0ils Dmax(neat) 2960 (m), 1678 (s, C=0 stretch), 1282 (m),
1264 (m), 1118 (m), 914 (m), 848 (s), and 756 cm_1(m);

Aoy (EFOH) 301 nm (log €3.84); BH(03013) 0.05 (9H, s,
SiMe;), 0.89 (3H, s, 9e-Me), 2.76 (1H, dd, J 4.4 Hz, 9.2 Hz,
H-5b), 2.80 (1H, 8, J 9.2 Hz, H-9a), 3.37 (1H, br.t, J 5 Hz,
H-5a), 5.85 (1H, &, J 5.0 Hz, H-3), 5.90 (1H, d&, J 5.7 Hz,
9.2 Hz, H-5), 6.04 (1H, dd, J 5.0 Hz, 9.2 Hz, H-4), 6.29
(1H, 4, J 4.8 Hz, H-1 or H-2), 6.41 (1H, 4, J 4.8 Hz, E-2
or B~-1), 6.67 (1H, &, J 11.2 Hz, H-7 or H-8), and 6.72 (1H,
d, J 11.2 Hz, H-8 or H-7); see Fig. 14 for n.0.e. results

on which the stereochemical assignmeﬁt is based; m/e

326 (M), 311, 236, 219, 203, and 167 (100%).
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2 Cycloaddition of the 3al-indene (85) with benzoquinone;

isolation of the oxidised adduct (128)

A solution of 3a-methyl-3-(trimethylsiloxy)-3aH-
indene (85) in petrol (20 ml) was prepared as described in
Section 3.1.8 from the trienone (46) (300 mg, 2.05 mmol)
and treated with a solution of 7,4-benzogquinone (230 mg,
2.05 mmol) in tetrahydrofuran (5 ml). After 2 h at room
temperature, the solution was evaporated onto silica under
reduced pressure at 40°C. The mixture darkened considerably
during this pre-adsorption. The residue was chromatographed
on silica. Elution with 50% ether in petrol gave gc-methyl

6,9,9b,9c-tetrahydro—9b—(trimethylsiloxy)-5aH-cyclopenta-

Ijg}fluorene—6,9—dione (128) (160 mg, 24%), as a deep red
0il; wppu(neat) 1660 cm | (s, C=0 stretch); Ap-. (Et0H)
247 (log€4.19), 302 (3.67), and 472 nm (1.90); Sy(CDOL )
0.20 (9H, s, SiMeB), 0.93 (3H, s, 9c-Me), 3.60 (1H, 4, J

6.7 Hz, B-5a), 5.85 (1H, 4, J 4.7 Hz, E-3), 6.09 (1H, ad,

J 4.7 dz, 9.2 Hz, H-4), 6.13 (1H, dd, J 6.7 Hz, 9.2 Hz, H-5),
6.4% (1H, 4, J 5.3 Hz, H-1 or H-2), 6.48 (1H, d, J 10.0 Hz,
H-7 or H-8), 6.60 (1H, a, J 5.3 Hz, H-2 or H-1), and 6.61
(1H, 4, J 10.0 Hz, H-8 or H-T); decoupling at §3.60 removed
the smaller coupling at §6.13; w/e 324 (M™, 100%), 309, 296,
204, 281, 236, 235, and 234.

3 9,9c—Dihydro—9c—methy1—6§—cyclopent[jg}fluoreneHG,9—
dione {129)

A solution of Qe~methyl-6,9,%b,S%c-tetrahydro-9b-
(trimethylsiloxy)—5a§—cyclopenta[QE]fluorene—6,9—dione
(128) (68 mg) in chloroform (3 ml) containing toluene-4-

sulphonic acid (5 mg) was refluxed under nitrogen for
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45 min. The cooled mixture was diluted with dichloromethane
(30 ml) and washed with saturated sodium hydrogen carbonate
solution (10 ml). The organic layer was dried (Mg804), the
solvent evaporated, and the residue chromatographed on
silica. Elution with 30% ether in petrol gave the title

compound (129) (14 mg, 33%), as a dark mzuve viscous oil

(Found: m/e 234.0684. C,gH 50, Tequires m/e 234.0681);
umax(neat) 1650 (s, C=0 stretch), 1589 (m), 1242 (m), 1072
(m), 852 (m), and 700 cm"1(m); )\maX(EtOH) 275 (log €4.25),
295 (4.17), 374 (4.08), and 560 nm (3.67); J(CDCL;) -1.01
(3H, s, 9c-Me), 6.92 (2H, AB system, J 10.8 Hz, HE-7 and
#-8), 7.71 (14, 4, J 7.5 Hz, H-3), 7.81 (1H, t, J 7.5 Hz,
H-4), 8.22 (14, 4, J 3.8 Hz, H-2), 8.32 (1H, 4, J 7.5 Ez,
H-5), and 8.39 (1H, 4, J 3.8 Hz, H~-1); m/e 234 (M", 100%),
206, 205, 188, 187, 163, and 152.

3.3.2 BSynthesis and properties of 9c-methyl-9cH-cyclopenta-—

L;E]fluorene (130)

1 9e-Methyl-9cH-cyclopental jk]fluorene (130)

A solution of 7b~methy1-7b§—cyclopent[gg]indene-
1,2-dicarboxaldehyde (51) (450 mg, 2.14 mmol) in dry
dimethylformanide (10 ml) was added to a stirred suspension
of thiodimethylenedi(triphenylphosphonium bromide)™® (1.6 g,
2.15 mmol) in dry dimethylformamide (20 ml) and the mixture
treated with lithium methoxide (170 mg, 4.5 mmol). After
1 h at room temperature, a further portion of lithium meth-
oxide (170 mg, 4.5 mmol) was added and after a further 1 h,
the mixture was poured into water (200 ml). The product
was extracted with ether (3 x 50 ml), the ether extracts

washed with water (3 x 200 ml), dried (Na2804), the solvent
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evaporated and the residue chromatographed on silica.

Elution with petrol gave 9c—methy1—9c§—cyclopenta[ig]—

fluorene (130) (62 mg, 14%), as yellow crystals, m.p. 74 -

76°C {from cold petrol) (Found: C, 94.21; H, 5.91. Ci6Hqo
requires C, 94.0%; H, 5.92%); Upax(CCL,) 3060 (m}, 2980 (m),
2925 (m), 2860 (w), 1440 (m), 1328 (m), 696 (m), and 632 cm |
(ms); N (ES0H) 311 (loge 4.43), 400 br. (3.34), and

| 464 sh nm (2.82); SH(03013, 400 MHz) -0.79 (3H, s, Tb-Ne),
3,4 8.26 Hz, Iy,5 5-97 Hz, H-4), 7.37 (1§,
2.42 Bz, B-2), 7.47 (1H, 4, I4,5 5.97 Hz, H-5 and

2.42 Hz, H-1), 7.58 (1H, a4, I3 4 8.26 Hz, H-3),
b

7.30 (1H, dg, J
ds Iq.2
1H, 4, J

21,2
7.67 (1H,’ddd, g6’7 8.03 Hz, 97,8 7.05 Hz, §7,9 1.19 Hz,
H~7), 7.74 (1H, adad, I8 g 8.05 Hz, 7.8 7.05 Hz, dg g 1-21Hz,
BE-8), 8.30 (1H, 44d, dg, g 8:05 Hz, J; o 1.19 Hz, Jg g 0.97Hz,
H-9), and 8.40 (1H, ddd, g6,7 8.03 Hz, 56,8 1.21 Hz, g6’9
0.91 Hz, H-6); 5C(CD013) 23.6 (1.00, Yc-Me), 62.0 (0.22,
C-9¢), 113.6 (0.73), 119.2 (0.74), 123.9 (0.66), 124.7
(0.95), 124.9 (0.83), 126.4 (0.76), 128.2 (0.94), 128.6
(0.74), 131.1 (0.85), 139.2 (0.19), 144.7 (0.13), 153.0
(0.19), 159.0 (0.20), and 171.4 (0.18, C-9b); m/e 204

(MT, 100%) =2nd 189.

2 Thermzl rearrangement of 9c—methyl—9c§;cycl0penta[jg]- .

fluorene (130)

(a) Kinetic measurements

The following rates were recorded for rearrangement
of (130) in decelin: 1y 8.3 (£0.4) min at 138°c,

t: 15.2 (20.3) min =% 132°C, 1 64 (%2) min at 117°C, and

1
2

=

1 132 (£3) win 2t 109°¢C.

=
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(b) Preparative reaction

A solution of 9c~methy1—9c§—cyclopenta[gg]fluorene
(130) (13.4 mg) in xylene (3 ml) was refluxed under nitrogen
for 3 h. The solvent was evaporated and the residue chromat-

ographed on silica. Elution with petrol gave Sb-methyl-9bH-

cyCIOpenta[ig]fluorene (136) (6.6 mg, 49%), as a colourless

. 801id, m.p. 50 - 51°C (after sublimation at 75°C/0.1 mmHg)
(1it.,”* w.p. 53°0); §4(CDCL,, 90 MHz) 1.56 (3H, s, 9b-Ue),
6.67 (1H, 4, J 5 Hz), 6.90 (1H, 4, J 5 Hz), 6.94 - 7.47 (SH,

m), and 7.49 - 7.62 (2H, m).

3 Attempted nitration of Ye-methyl-9cH-cyclopentajk]-

fluorene (130)

L solution of 9c—methy1—9c§—cy010penta[gg]fluorene
(130) (2 mg, 0.01 mmol) in acetic anhydride (0.3 ml) was
treated with powdered copper(II) nitrate trihydrate (5 mg,
0.02 mmol) and the mixture stirred at 0°C. T.l.c. after
10 min showed only starting material and baseline. After
20 min, the mixture was shaken with water (5 ml) and +the

products extracted with ether (5 ml). No coloured products

were extracted.

4 Reaction of 9c—methy1w90§—cyclopenta[QE]fluorene with

4-phenyl-1,2,4-triazole-3,5-dione (PTAD)

A stirred solution of 9c-methyl—9c§—cyclopenta[QE]—
fluorene (130) (12 mg, 0.06 mmol) in dichloromethane (1 ml)
was treated with a solution of PTAD (10 mg, 0.06 mmol) in
dichloromethane (1 ml) at 0°C., After 5 min, the annulene

was consumed (t.l.c.) but the red colour of the reagent
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remzined. The solvent was evaporated; the residue was a
complex mixture (n.m.r.) in which no new products could

be identified.

3.3.3 7,8—Diaza—9c-methyl-9c§—cy010penta[3@]fluorene (137)

L soluiion of 7b—methyl—7b§-cyclopentEg@]indene—1,2—
dicarboxaldehyde (51) (70 mg, 0.33 mmol) in ethanol (2 ml)
was treated at 0°C with hydrazine hydrate (ca. 50 mg,

0.9 mmol). The reaction was instantaneous. The solvent was
evaporated at room temperature and the residue chromat-
ographed on alumina (basic, Brockmann grade 1). Elution
with 10% ethyl acetate in dichloromethane gave the title

compound (137) (62 mg, 90%), as a dark red semi-solid

(Found: m/e 206.0845. C,,H N, requires m/e 206.0844);
umaz(neat) 2910 (m), 1458 (m), 1440 (m), 1380 (m), 1312 (m),
832 (m), and 732 cm” ' (m); N pay (EOH) 248 (log €3.91), 321
(4.25), 406 (3.34), and 478 sh nm (2.92); SH(CD013) -1.06
(3€, s, 9c-Me), 7.56 (1H, dd, J 6.2 Hz, 8.3 Hz, H-4), T7.64
(14, &, J 2.9 Hz, B-1 or B-2), 7.82 (1H, &, J 8.3 Hz, H-3),
7.86 (1H, &, J 6.2 Hz, H-5), 7.89 (1H, 4, J 2.9 Hz, H-2 or
H-1), and 10.09 (2H, AB system, E-6 and H-9); 80(0D013)
27.4 (1.00, 9e-Me), 62.2 (0.32, C=9¢), 119.5 {1.00, C=3),
121.7 (0.95, C-5), 130.8 (0.97, C-1 or C-4}, 131.3 (1.00,
-4 or C-1), 132.1 {0.20, C-5b or C-9a), 134.7 (0.91, C-2),
133.1 {0.18, C-% or C-5b), 148.4 (0.69, C-6 or C-9), 148.6
{0.75, C-9 or C-6), 151.1 (0.25, C-5z), 162.9 (0.24, C-2a),
end 168,4 (0.19, C-9b); m/e 206 (M*, 100%), 177, 163, and

152.
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APPENDIX 1 Crystal Structure of Tb-Methyl-TbH-cyclopent-

'[g@]indene—1,2—dicarboxaldehyde (51)

The following diagrams give the bond lengths and
bond angles in the title compound; standard deviations are
given in parentheses. Thé unfilled bonds indicate the
. minor configurational isomer (40%) giving disorder in the
crystal. 3Bond angles are only given for the major

configuration.
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ATPENDIX 2

Wavelengths (in num.) of the 4 principal bands in the spectrn are given

(log ¢ in parenthesges).

Substituents

none
2~0OMe

2-CN

2—CONH2

2—002H
2—-CHO

1--CHO

b

2-CHO

Compilotion of Electronic Spectral Data of Derivatives

of Th-Methyl-7bH-cyclopent

cT indene.

Compound number

(1) 249sh
(82) 234sh
(70) 251
(65) 251
(66) 245sh
(64) 250
(53b) 257
{38) 262
(51) 217sh

(3

(3.
.89)

(3

(3.
.89)

(3

(3.
(4.
(3.
.09)

(4

.74)

89)
87)
89)

07)
82)

'/1 max

282
291
302
297
299
299
312
305
318

(log e)

(4.54)
(4.70)
(4.60)
(4.66)
(4.61)
(4.62)
(4.51)
(4.60)
(4.30)

335sh (3.52)

326
336
329
333
332
350
336

(3
(3
(3

.72)
.81)
.84)
.81)
.82}
.85)
.84)

375sh (3.66)

All spectra were measured of solutions in ethanol.

450
459
475
470
471
474
488
471

. 498

(2.64)
(2.96)
(3.16)
(3.15)
(3.06)
(3.17)
(3.20)
(3.25)
(3.30)



APPENDIX 3 Compilation of Proton n.m.r. data of Derivatives
of 7b-Methyl-7bH-cyclopent _gc_]] indene

5 7
Typically JJ"2 o~ J3,4 ~ 3 Hz
1
II’ I5,6

~ J6,7 ~ T Hz
3 2
Compound number Chemical shifdt [5H(CDC'.L3)]or gubstituendt

Tb-Me 1 2 3 4 5 6 7

(1) -1.67 7.92 7.90 7.90 7.92 7.69 7.57 7.69
(77) -1.51 7.25 -OSiMe3 7.79 7.63 7.60 7.50 7.36
(82) -1.51 7.25 -OMe 7.91 7.65 7.60 7.54 7.37
(65) -1.56 7.90 —-CN 8.03 7.97 7.70 7.60 7.82
(67b) -1.44 © ~CN 7.90 —CH3 7.71 7.71 7.70 7.84
(66) -1.47 8.28  -CONH, 8.05 8.05 7.74 7.60 7.83
(64) —1.40 8.31 ~CO,H 8.23 8.12 7.71 7.59 7.91
(70) -1.47 8.26  -CO,Me 8.16 8.08 7.71 7.58 7.87



Appendix 3 continued

Compound number

Chemical shifd IEH(CDClB)] or substituent

(53a)
(53b)
(115)

(116)*

(51)
(52a)

Tb-Me 1 2 3 4 5 6 7
-1.38 —CIIo 8.24 8.16 T7.99 7.69 T.77 8.08
"'1041 8-21 "CHO 8-16 8.11 7-71 7-57 7-90
~1,42 7.96 8.08 8.11 8.40 ~CHO 8.07 7.74
-1.36 8.20 ~CHO 8.20
-1.27 -—NO2 8.33 8.29 8.08 T.72 7.89 8.23

-NO, 7.81 7.69 8.01
-1.32 7.99 8.14 8.20 8.50 -NO, 8.48 7.71
~1.35 8.29 8.00 8.00 8.29 8.62 N0, 8.62
~1.42 —~COCH, 8.27 8.12 7.97 7.67 7.75 8.06
-1.42 8.27 ~COCH, (8.12) (8.13) 7.74 7.60 7.90
-1.47 7.93  (8.05) (8.08) 8.38 ~COCH,4 8,22 7.69
-1.44 8.14 7.90 7.90 8.14 8.31 —~COCH, 8.31
-1.69 (7.94) (7.99) 8.01 8.23 ~50,a 7.83  7.66
-1.12 —CHO —CHO 8.44 8.27 7.73 7.84 8.34
-1.32 -CH,0H -CHO  (8.14) (8.19)  7.70 7.56  8.01



Appendix 3 continued

Compound number

Chemical shift

[SH(CD013U or subgtituent

(52Db)

(38)

Th-Me 1 2 3 4 5 6 7
-1.32 ~CHO -CH,0H (7.96) (8.27) 7.64 7.78 7.96
~1.34 -0 Me -CO,Me  8.22 8.08 7.68 7.68 8.06

Figures in parentheses may be interchanged.

?d6—Dimethy1 sulphoxide as solvent.



APPENDIX 4

Compilation of Carbon-13 n.m.r. Data of some Derivatives

of 7b—Methyl—7b§-cyclopent[gg}indene

Substituents 00338%23 Chemi cal shift[ﬁC(CD013)]

7o-Me C-7b C€-5 C-7 €6 (©¢2 €63 01 C-4 C~4a CTa C-2a
none (1) 29 59 116 116 129 129 129 135 135 159 159 179

ey

2-0SiMe, (77) 30 57 (112) (115) (129) -~ (130} 125 (131) 156 ~ 160
2-CN (65) 29 60 118 121 (130) -~ (131) 140 136 (160) (158) 179
2-CO,H (64) 29 60 118 122 (130) -~ (132) 140 136 (159) (158) 180
2-CHO (53Db) 29 60 119 123 (130) ~  (131) 141 134 (159) (158) 179
1-CO,Me, 2-CO,Me (38)* 29 59 118 121 (133) - (134) - 140 (161) (160) 175
1-CHO , 2-CHO (51) 30 60 119 122 (135) - (136) - 143 (162) (163) 177
1-CH=N-N=CH-2 (137) 27 62 120 122 131 - 131 — 135 163 151 168

Chemical shifts are given to the nearest part per million.

Chemical shifts for carbon atoms attached to functional groups are not given.
Figures in parentheses may be interchanged.
* The data for the ester (38)is taken from the thesis of Tuddenham.®
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