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SUMMARY

The work described in this thesis was conducted 

between June 1980 and January 1983 and is concerned with 

the development of potential synthetic approaches to the 

pyrido [4,3 - b ]fluorene ring system. The specific compound 

we required was 5,ll-diraethyl-9-hydroxypyrido(4,3-b]fluorene 

which we hoped would exhibit the same type of DNA intercalating 

and antitumour activity in vivo as 9-hydroxyellipticine.

Various strategies are described. Initial attempts were 

centred around the synthesis of the a pp ropriately substituted 

fluorene compound 1,4 - di m et h yl - 6- m e t h o x y f l u o r e n e . Later

strategies involved the coupling of appropriate indan and 

pyridine fragments followed by attempts to form the C ring in 

the last steps. The last effort involved attempted coupling 

of an isoquinoline to an anisole, which, if it had beeh 

successful would have required ihtramolecular ring closure 

of the B ring in the final stages. The unsuccessful coupling 

reaction was not investigated as thoroughly as we would have 

liked due to a lack of time and it is in this area where a 

little more research could well result in this project 

reaching a satisfactory conclusion.
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Introduction

For many years now efforts have been made at Batn, and 

at other academic institutions, to find efficient routes to 

the alkaloid ellipticine (1) and other substituted pyrido 

[4,3-b} carbazoles.

Ellipticine (1) and 9 -methoxy-ellipticine (2) were first

isolated by Goodwin, Smith and Horning^ in 1959 from the leaves

of Ochrosia elliptica Labill ahd have since been found in a

number of other plants, along with structurally related 
2compounds . The fact that some twenty three years later

CH

CH.

(1) R = H

(2) R = OMe

research into the synthesis of these alkaloids and substituted

derivatives of them is still in progress is testimony in itself

to the special interest that these compounds have generated.

This interest arises from the observation that these alkaloids,

and some of their derivatives, show considerable promise as 
3anti-cancer drugs .



2.

The mechanism of action of some anti-cancer drugs is not 

at all clear, but in the case of ellipticine and its derivatives 

there is a working hypothesis which, although still rather crude 

does enable structure-activity relationships to be rationalised.

Ellipticine is a DNA intercalating agent. Of this there

is no doubt since interactions of this kind can be detected by

m easurable changes in certain physical properties of the DNA

molecule after contact with the drug. For example, a large

increase in viscosity is observed and x-ray diffraction studies

indicate that although close range stacking of the base pairs

in DNA is unimpaired, the longer range supercoiling of the DNA

molecule has been lost. Changes in the so called unwinding
4angle reflect this.

The active ellipticines, in general, are almost custom 

made for DNA intercalation and fit into cavities between the 

base pairs so well that little space remains - at least from 

modelling studies and computer graphics. The drug molecules 

are planar, arc shaped and they also have a favourable electronic 

configuration i.e. an electron rich A ring and an electron poor 

D ring. This is important since it probably determines the 

magnitude of the energy of interaction between the molecule and 

the binding sites which are likely to utilise both the iminium 

and enamine characteristics of the base pairs.



The ideal intercalating drug must be a mould of the

space created in DNA when two adjacent base pairs become
5disengaged due to its dynamic structure . With a favourable 

electronic configuration a drug may become bound to this site 

either via hydrogen bonding with a pp ropriately positioned 

base pairs in the DNA helix, or by the formation of covalent 

bonds developed through a secondary reaction in s i t u .

Thus in the cell 9-methoxy-ellipticine is believed to 

undergo in vivo déméthylation and oxidation to an iminoquinone 

type system which is then readily incorporated into the DNA via 

a t t a c k  with a nucleophilic and an electrophilic site as shown:

ÇH

CH

- C H ]

0]
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6An attempt has been made by Le-Pecq and co-workers to 

quantitify the binding affinity of a number of ellipticine 

derivatives to DNA in order to try and rationalise structure 

activity relationships. Un fortunately the difficulty with 

which ellipticine derivatives are synthesised is well illustrated 

by this wo rk  as the list of derivatives tested is short and by no 

means comprehensive. However, out of this wo r k 9 -h ydroxy

ellipticine has been prepared and shown to have a very high activity 

against a number of cancers as well as a low toxicity at 

therapeutic dose levels in human patients. The results of the 

French work are shown in table 1.

The apparent DNA binding constant of ellipticine derivatives, 

which is the measured value, depends on the ratio of protonated 

and neutral forms of the molecule which occur together at 

physiological pH 7.4, and the apparent binding constant, is

proportional to the pKa of the molecule. Since the binding 

affinity of the cationic form of the drug is independent of

the pKa, this must be considered separately if other factors 

affecting the DNA binding affinity are to be studied. Generally 

the value of is approximately thirty times greater than

the DNA affinity of the unprotonated drug.

If the pKa of the drug is much greater than the pH the 

apparent binding affinity is approximately equal to the bindihg 

affinity of the protonated form.
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If a relationship between DNA binding affinity and 

anti-cancer properties is to be realised, it is clear from 

the above table that a large number of compounds still need 

to be studied. Clearly DNA binding a ff inity alone is not 

sufficient criteria for activityithus 9 - am i no-ellipticine binds 

more effectively than ellipticine itself and yet shows no 

activity. This may be a case of an in vivo m odification of 

the molecule affecting its activity.

Efforts have been made over the years to synthesise

various analogues of ellipticine which do not contain the indole
7nitrogen. Elmes and Swan were the first to describe syntheses

of 5 , l l -d i methylbenzofuro[2 , 3 - g ]isoquinoline (6) and 5 , 11-dimethyl-

benzothieno [2,3 - g ]isoquinoline (7). Similar studies were
8reported by Goodman et al . In both cases the approach was 

basically a modification of Cranwell and Saxton's ellipticine
9

synthesis , which embodies a Pomeranz-Fritsch cyclisation of 

the dihydroazomethine (5, X = NH) (Scheme 1"). However, it 

proved unnecessary to reduce the azomethines (5, X = 0 or S)

(cf. Dalton et a l ^^) and a direct conversion into the fully 

aromatic products was achieved simply by treating these 

substrates with phosphoric acid. Unfor t un a te l y neither of the 

tetracyclic products proved to be active against cancer.

Despite the fact that 9-hydroxy-ellipticine appears to be a 

useful drug there is still a need to find alternative structures 

which retain its activity, but are more easily administered to



Scheme 1.

CH

CH

CH

CHO

CH

X

CH-

6 .  X = 0

7, X = S

the patient. Difficulties in use arise from the lack of

solubility of ellipticine derivatives in aqueous media at

physiological pH.

So far, the ellipticines which have been prepared are 

mainly derivatives based upon substitutions at the 9-position, 

that is, the position "p a r a " to the indole nitrogen atom. 

Further there is continuing speculation that ellipticine itself 

is hydroxylated to give 9- h ydroxy— el l ipticine in man (this is



proven in rats), prior to further oxidation to the

azaquinone (3). This is borne out to some extent since

when non-oxidisable groups are present at the 9-position the 

activity of the drug is lost. It is not surprising then 

that oxa- and thia-ellipticines are inactive since the oxygen 

and sulphur atoms may not supply the same activating effect 

to the A ring that nitrogen does and as such these compounds 

cannot be biologically activated.

If this is so then any drug designed to act in the same 

manner as ellipticine which lacks activation of this kind in 

the A ring, must already have a substituent in that ring capable

of conversion into the carbonyl function of a quinone-like unit.

Following this argument we decided that the most favoured 

compounds to prepare would be those tetracyclic analogues of 

ellipticine that possessed a readily oxidised functional group 

in the 9-position. For this reason we decided that 5,11- 

d i m e t h y l - 9 - h y d r o x y - 6 H - p y r i d o [4,3 - b ]fluorene (8) was a strong 

candidate for synthesis and might well show interesting biological 

properties. Consequently a survey of previous w o r k  was 

undertaken and a critical summary of this chemistry is now 

d e s c r i b e d .

CH

HO

CH
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The parent tetracycle, 5, ll-diinethyl-6H-pyrido[ 4, 3-b ] 

fluorene (12) and some other pyridofluorenes (9,10,11) have been 

synthesised recently by Dixit, Khanna and Anand^^ and do not 

show any noteworthy acti v it y  when screened for anticancer, 

antifungal or antibacterial activity. They were also shown 

not to react s ig nificantly with DNA. The non-act i vi t y of 

these compounds comes as no surprise, however, since as was

R

R CH3
S, R =H  

1 0  , R  = C H 3

R

11 , R = H ; R = CH.

12 R = CH^ ; R = H

CH

CH0

13

6H - P Y R I D 0 [ 4 , 3 - blFLUORENES AN D  6 H - P Y R I D 0 f3,4 -b 1 FLUORENES 

SYNTHESISED BY DIXIT, KHANNA A N D  ANAND.
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noted earlier, there seems to be no reason at all why these 

systems should be oxidised in vivo to give the types of 

intermediates that might bind to DNA.

The Indian workers synthesis of these compouhds is rather 

predictable and requires the construction of a common 

intermediate, which provides access to both pyrid o[ 4 ,3 - b] - and 

[3,4-b]-fused ring systems. The steps in these syntheses are 

shown in Schemes 2 and 3.

For some reason the Indian chemists decided not to use

the literature method for the preparation of their fluorene

starting materials. This classical method described by 
12Schaarschmidt involves the direct intramolecular Pschorr

cyclisation of 2-aminobenzophenones (14) to the corresponding 

aromatic fluorenones (15). These products can then be 

reduced to the fluorenes via a Wolff-Kisher reaction. Yields 

are modest, but acceptable.

R

0

14 15



Scheme 2.

11

R

R

CH

CH
OCH

CHR

16

R

0 R

R CH.

9 .  R = H 

10 , R a C H g



Scheme 3.

12

22

NH

R

NH

R

2 f-

1
NHCOR'

R

23 ,  R = H , R cC H ]  

lU . R = CH3, R = CH3

20

21

25

i
R

CN

R

1
R R

11  ̂ R=H , R=CH3 

12, RzCHg, R=H
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The Indian chemists preferred instead to use a Diels-Alder 

reaction between 1,3-butadienes and trans-cinnamic acid, 

followed by cyclisation and aromatization, but the overall 

yields seem to be less than might have been anticipated by the 

more conventional route. They also state that the Diels-Alder 

cycloaddition step only proceeds after heating the diene and 

the dienophile in a sealed bomb at 210°C for ten hours. A 

crystal of hydroquinone must be added as a radical scavenger 

and the adductsare then isolated in yields approaching 80%.

The next stage of the reaction sequence is again performed 

under relatively severe conditions. Thus the phenylcyclohexene 

carboxylic acid (16), when heated with phosphorus pentoxide 

at 210° undergoes cyclodehydration to a tetrahydrofluorenone 

(17) which presumably reacts further (see Scheme 4) to give 

the desired aromatic fluorenes. The second dehydration 

should afford a dihydro fluorene whi c h would then undergo 

facile oxidation to the desired fluorene products.

Friedel-Crafts acylation of the fluorene products occurs 

in enormously varying yields depending on whether there are 

alkyl substituents present or not. Wh en  R = H, Friedel-Crafts 

acylation in carbon disulphide using aluminium chloride and 

acetic anhydride affords 2-acetylfluorehe in a reported 99% 

yield. When, however, 1,4-dimethylfluorene is the substrate.



Scheme 4.

14

HCLC

0 R OH R

17

R

R

-  2H

R

18

the same reaction performed under identical experimental 

conditions gives only a 27% yield of the expected product 

(19). The Indian chemists do not offer any explanation of 

these results although they do say there was no acylation of 

the unsubstituted ring in the latter case.
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CH

0R

19 , R =C H 3

It is these acylated fluorenes which are the last common 

intermediates in the synthesis of the two different fused 

ring systems. In the synthesis of p y r i d o [3,4 - b ]f l u o r e n e s , 

or isoellipticine analogues, the acetyl compounds are converted, 

via a two step process that does not require purification of 

the intermediates. Thus initially the acetyl fluorene is 

condensed with amino acetyldehyde diethyl acetal by heating 

overnight in benzene solution, in the presence of catalytic 

p-toluene sulphonic acid and the azomethine products (20) are then 

heated directly with a large excess of superpolyphosphoric acid 

to give the corresponding tetracycles (9 and 10). The yields 

of products are typically -25%.

R CH.

20 9 . R = H
10 , R = C H 3
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Structures analogous to the ellipticines are also obtained

from the a cetylfluorenes, and in the first step (see Scheme 3)

the conversion of the acyl group into the corresponding amide

was necessary. The procedure described in Dixit et al's

paper is the Fieser and Kilmer^^ modification of the Willgerodt^^'^^'^^

reaction. In its original form this reaction involved heating an

aryl alkyl ketone with aqueous ammonium polysulphide solution at 
o210 - 230 C in a sealed tube. The expected aralkylamide is often 

accompanied by some of the corresponding acid and sometimes by 

the hydrocarbon itself.

+  (  >

CH2CONH2

5 0 ' / ,

THE WILLGERODT R E ACTION
14

C H ^ C O ^ N H ^

13“/e

Fieser and Kilmer's modification allows the reaction to be 

conducted at a lower temperature by using dioxane as solvent.

In this way these workers converted 1-acetoacenaphthene ( 2 5 A )  

into 1-acenaphthylacetic acid (26) in an overall yield of 57%.



17

25A

" 0 "

160"C SOME ACID

CH2CONH2

No OH 

57°/.

C H 2C O 2 H

26

TH E FIESER AND KILMER MODIFICATION OF THE W ILLGERODT REACTION 13

Dixit, Khanna and Anand utilised the Fieser and Kilmer 

modification to good effect converting the acetyl fluorenes to 

the desired amides (20) in yields of around 70%.
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R

C H ^ C O N H ^

20
The Indian workers employed two methods of converting 

the amide (20) into the saturated amine (22). The amide can 

be dehydrated to the nitrile (21) in excellent yields 

(90 - 97%) using phosphorus pentoxide in boiling benzene. The 

nitrile can be subsequently reduced with lithium aluminium

CN

R

NH

R

21 22

hydride to the amine (22) in 87% yield or with Raney Nickel 

in 98% yield. Since the amide itself can be reduced with 

lithium aluminium hydride in 87% yield, there seems to be no 

advantage in adding an extra step to the synthesis.

The primary amine is readily formylated by ethyl formate 

to give the 2 - ^  -f o rm amidoethyl-1, 4-dimethyl"fluorene (23) in 

6 0% yield. The acetyl compound (24) is obtained by acylation



of (22) witn acetyl chloride in 83% yield.

19

NHCHO

R

NHCOCH

R

23 24

Unfortunately the rihg closure step is yet ahother 

reaction employed by the Indian workers which requires very 

harsh experimental conditions. Hence treatment of the amides 

with superpolyphosphoric acid at 170°C for two hours affords 

the desired dihydrotetracyclic compounds (25B)but in yields 

ranging only from 23 to 32%.

The dehydrogenation of the dihydrotetracyclic compounds to the 

fully aromatic tetracycles proceeds, as expected, using 10% 

palladium on charcoal in refluxing decalin (see Scheme 5). 

Interestingly when R = CH^ and = H, dehydrogenation is 

accompanied by a substantial amount of the pyridofluorene 

oxidation product - 5, l l - d i m e t h y l- 6 H- p yr i do [4,3-b]fluorenone 

(26A) . The Indian chemists do not offer any explanation of 

this reaction, and indeed, it is difficult to see how it might 

occur under the experimental conditions. However, this



20,

Scheme 5.

R

25B

R

11 R = H, R z C H ]

12 R*CH^.R=H

R

N H ^ N H ^  

KOH

-f

R0
26A R=CH^ , R=H

unexpected reaction is not a serious s e tback as the desired 

product may be obtained by reduction of the mixture with 

hydrazine hydrate and potassium hydroxide in diethylene glycol

Since the pyridofluorenes that they had synthesised showed 

no noteworthy activity in any of the biological tests for which 

they were submitted Dixit et al concluded "Therefore it seems that 

the indole ring is essential for the biological activity of 

ellipticine and related pyridocarbazoles".



DISCUSSION
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When considering possible synthetic strategies towards 

5, ll-diinethyl-9-hydroxy-6H-pyrido [4, 3-b ]f luorene (8) our 

thoughts were directed to known literature routes towards 

the pyrido{4,3-b]fluorene ring system. The only reference 

to this ring system however is that of Dixit et al^^ whose

8

synthesis of 5 , ll-dimethyl-6H-pyrido(4,3-b ]fluorene (12) 

and related compounds was discussed at length in the previous 

chapter. In order to follow a similar synthetic pathway, 

in which the pyridine ring is added in the final stages by 

an isoquinoline ring annulation procedure, our first synthetic 

target became 1,4-dimethyl-6-methoxyfluorene (27).

CH

0

CH

27

Surprisingly we could find no reference to this simple fluorene 

derivative in the chemical literature and accordingly we set out 

to synthesise it by a modification of Dixit's method which 

originally involved a high temperature Diels Alder reaction



23

between cinnamic acid and 2,4-bexadiene (29). We used

3-methoxycinnamic acid instead but despite several attempts 

we were unable to obtain tbe desired adduct (30).

In typical reactions ( rj 200°, 15 hours) the product 

was a multicomponent tar whereas at lower temperatures ahd 

shorter reaction times much uhchanged starting materials were 

r e c o v e r e d .

This was disappointing since the Indiah workers claimed 

this to be a high yielding step. We also tried adding Lewis 

acid catalysts but to no effect and after several weeks of effort 

we abandoned this approach.

CH

H _C0 COOH

+■

28

CH.

29

CO

->
200*C

HOOC CH

30
An obvious alternative synthesis would require a Pschorr

cyclisation of the amine (32), followed by reduction of the

fluorenohe (31) (or reduction of (32), followed by a Pschorr

reaction on the correspondihg diphenylmethane ). However,
12Pschorr reactions of this type can be rather unproductive and 

we decided to set this aside whilst other possibilities were 

e x p l o r e d .



24,

HoCO H3CO

PSCHORR

32 31

H3CO.

WOLFF -  

KISHNER

27

17

CH.

Palladium acetate has been shown recently to be a useful 

reagent for the oxidative coupling of aromatic systems of the 

type shown below. Generally when X is electron releasing,

(e.g. X = N H ) aryl-aryl bond formation is rapid. Electron 

withdrawing functions, however, (e.g. X = C=0) inhibit

cyclisation necessitating extended reaction times and an excess 

of palladium acetate. Despite this we decided that if we could

Pd( OAc) 2
AcOH

X = NH, C = 0, 0, NH - CO
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synthesise a substituted benzo^phenone of the type (34), a 

successful palladium acetate ring closure would lead to a key 

intermediate (35) which could then be reduced and elaborated to 

the pyridofluorene (8) by standard methods (see Scheme 5). 

Unfortunately attempted Friedel-Crafts acylation of N - a c e t y l - 2 ,5- 

dimethylbenzylamine (32), prepared from p-xylidine by classical 

methods, with p-methoxybenzoyl chloride (33) and aluminium  

chloride failed. At room temperature the starting materials 

were recovered, but on elevating the temperature tars were 

p r o d u c e d . In a model reaction benzoyl chloride was reacted

Scheme 5.

33

+
o c

HnCO

C H

CH0

35
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witn (32) in the presence of aluminium chloride and some product 

(36) was obtained, albeit in low yield From this observation 

we concluded that the lack of product in the case of the 

methoxylated substrate was the result of interaction of the 

Lewis acid with the ether group, under the conditions necessary 

to effect condensation,leading in turn to phenols and tars.

CH

NH

36

Having tried, and failed to produce the complex 

benzophenone (34), we once again concentrated our efforts 

towards the preparation of the me t ho x yd i methylfluorene (27),

In view of the difficulties encountered with the use of 

aluminium chloride in acylations involving aromatic methoxy 

groups, we sought an alternative means of aromatic acylation.

Keumi, Saga and Kitajima^^ have developed an acylating 

technique for aromatic systems which employs a free carboxylic 

acid and trifluoroacetylimidazole in trifluoroacetic acid as 

the acylating system. A mixed trifluoroacetic-carboxylic 

anhydride is believed to be the reactive acylating agent.

Hence we took 2 , 5-dimethylbenzoic acid (37) and anisole (38) 

and heated them together with trifluoroacetylimidazole (39) in
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trifluoroacetic acid solution for eighteen hours. W o r k  up 

afforded 4-inethoxy-2',5'-dimethylbenzophenone (40) in 97% 

isolated yield. None of the isomeric product 2 - m e t h o x y - 2 ',5'-

H.CO

CH

•COOH

CH

f = \
H .C O

38 37 39

0  CH.

40

dimethylbenzophenone, was produced in the reaction, a finding

which was in accord with the results of Keumi et a l for mono
1

substituted arenes. The H N.M.R. spectrum confirms the 

4-substitution pattern within the A ring of the product; the 

aromatic protons resonating as an system i.e. two discrete

doublets centred at 7,70 (H-2 and H-6) and at 7.04 (H-3 and H-5).

The result of an attempted intramolecular aryl-aryl coupling of

the benzophenone (40) was disappointing in that after duplicating
17the literature conditions for benzophenone coupling, i.e. heating 

under reflux in acetic acid with two equivalents of palladium 

acetate for forty-eight hours, a highly complex reaction mixture 

resulted from our substrate which contained a large number of 

products. There also remained a considerable amount of 

unreacted starting material. A numb er  of related experiments.
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varying reaction times and the quantity of palladium acetate, 

gave similar results and it soon became apparent that this 

reaction was not going to be synthetically useful. On 

reflection this is not perhaps surprisihg since benzylic oxidation 

can be a problem in coupling reactions which use palladium 

acetate. Thus toluene, when heated with palladium acetate 

in acetic acid, affords not only 4' , 4- d i m e t h y l b i p h e n y l , but
19, 20benzylacetate, benzaldehyde and benzylidene diacetate as well 

The probability for by-product formation is greater with 

s u b s t r a t e (40) since there are now two aromatic methyl groups 

present. None of the compounds used in the literature precedent 

bore methyl groups directly joined to benzene nuclei and thus it 

seemed that this approach was no longer tenable.

If we could prepare the bromobenzophenone (43), then this 

might be converted via a photochemically induced cyclisation 

reaction to the fluorenone (31), Ac c ordingly the b r om o be n zo 

phenone (43) was prepared in the same way as 1,4 - d i m e t h y l - 4 '- 

methoxybenzophenone (40) by heating 3-bromoanisole (42), 

trifluoroacetylimidazole (39) and 2, 5-dimethylbenzoic acid (37) 

together in trifluoroacetic acid solution for twenty hours.

This reaction was not regioselective and gave a mixture of the 

three isomers (43), (44) and (45), Purification of the crude 

reaction products by column chromatography proved quite difficult 

as the various products, having similar polarities, tended to
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OCH CH
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CH
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CH0
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be eluted together. Moderate successful separation was 

achieved, however, by flash chromatography and the major 

product proved to be the desired structure (43).

CH

0 CH

iCH
Br

CH0

4 4 4 5

In the H N.M.R. spectrum of this product the signal due

to H-5 appears as a double doublet centred at 6.87 ppm, and 
*r

that due to H-6 as a doublet centred at 7.45 ppm. These 

chemical shift positions are fully in accord with data drawn 

from model systems. The isomer (45) was not isolated in the 

pure state although a small sample of the 1,2 , 3-trisubstituted 

compound (44) was obtained from one of the column fractions

Methoxy late d r ing
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and its structure assigned by H N . M  .R. spectroscopy.

Irradiation of the bromobenzopbenone (43) in methanol 

solution with ultraviolet light gave l,4-dimethyl-6-methoxy- 

fluorenone (31) but the results of this reaction were very 

disappointing since after ninety-six hours of irradiation the 

yield of fluorenone (31) was a meagre 12% after purification 

by column chromatography. After this time 48% of the bromo 

compound was recovered unchanged and 40% had simply been 

dehalogenated to afford the benzophenone (40). Presumably 

the majority of the radicals that were generated by the 

cleavage of the carbon-bromine bond were quenched by the solvent 

before they could cyclise.

HiCO
h À) 
Me OH

9 6 h

31 (12*/ . )

-j— A3 ( A8®/o)

CH

AO (A0*/o)

Since the bromo compound (43) was not easily made and its 

photo cyclisation only proceeded in poor yield it was apparent 

that this route was of little value for a large scale synthesis 

of the fluorenone (31), and at this stage we sought alternative 

procedures for generating the aryl-aryl bond in the substrate (43)
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We envisaged that treatment of (43) with a strong base 

would result in the generation of an aryne intermediate (46) 

which would then spontaneously ring close to (31). Initially

HUGO

BASE

31 CH

attempts were made to generate the aryne (46) with sodamide in 

liquid ammonia. Under these conditions the starting material 

was returned unchanged. Potassium hydride in tetrahydrofuran 

also failed to produce any aryne, returning unchanged starting 

material. At this juncture we decided that the initial proton 

abstraction from (43) might be inhibited by the deactivating  

influence of the carbonyl group. We made two adjustments to 

the structure of (43) to try to produce a molecule more 

susceptible to proton abstraction and hence, aryne formation.

In addition to removal of the carbonyl group we also changed 

the position of the bromine atom since 3 - b r o m o - 4 - m e t h o x y - 2 ,5- 

dimethylbenzophene (47) was far more readily accessible, by 

two routes, than its isomer (43).
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The first route was that used for the benzophenones

(40) and (43). Thus compound (47) was produced in 60% yield

from 2-bromoanisole (48), 2 , 5-dimethylbenzoic acid (37) and

trifluoroacetylimidazole (39). The alternative route to this

compound was via the oxidative bromination of (40) in carbon

tetrachloride with thallium(III) acetate and bromine. This

procedure has been used with simpler substrates and the
21mechanism is believed to be that shown in Scheme 6 

Scheme 6

+  T K O A c j j R- -TI(0A c )3
B r

Dr  —  B r  TUOAc)^ H I T K O A c ) ^ ]

Br

+ AcOH 4 -  T l B r ( O A c )
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The position of the bromine atom in our starting material 

(47) would not affect the aryne produced since only one product 

is possible. The benzophenone (47) was reduced under standard 

Wolff-Kishner conditions by heating it under reflux witn 

potassium hydroxide and hydrazine hydrate in digol. Surprisingly 

the benzophenone (47) had also been deraethylated under the 

reaction conditions to afford the phenol (48) in 60% yield. 

Examination of the H N.M.R. spectrum shows the -CH^- resonance 

at 3.85 ppm as a two proton singlet. Méthylation was readily 

achieved in 85% yield by heating the phenol (48) in acetone with 

methyl iodide ahd potassium carbonate (See Scheme 7). The 

N.M.R. spectrum of the product (49) coincidently shows the 

signals due to the methoxy and bridging methylene protons

overlapping as a "five proton" singlet resonating at 3.80 ppm.
13The C N.M.R. spectrum, however, shows the methylene carbon 

at 38.3 ppm as a triplet and the methoxy carbon as a quartet 

at 55.3 ppm.

Unfortunately attempts to generate the benzyne (50) from 

(49) again failed under a variety of conditions. Treatment 

of (49) with sodamide in liquid ammonia produced no reaction at 

all and when compound (49) was added to a boiling solution of
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potassium hexamethyldisilazide in tetrahydrofuran a deep red 

colour resulted which was lost when the reaction mixture was 

quenched with saturated aqueous ammonium chloride. Again the 

starting material was recovered and we assume that the deep red 

colour produced is due to metalation of C~5 in the methoxy ring
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w hic h  cannot subsequently decompose to the aryne, although no 

attempt to trap the corresponding anion was ever made.

Next we decided to try to prepare the aminobenzophenone (32) 

so that we might attempt the Pschorr cyclisation which was 

applied successfully to fluorenone syntheses by Schaarschmidt 

(previously mentioned on page 2 3 ) .

12

We imagined that the method we had previously employed for 

1he synthesis of 4 - m e t h o x y - 2 5'- d imethylfluorenone (40) and

2-b ro m o- 4 -m e th o xy - 2' , 5 '-dimethylfluorenone (43) would not be 

applicable to 2- a mi n o- 4 - m e t h o x y - 2 ,5- d im ethylbenzophenone (32), 

since the amine nitrogen of 3-aminoanisole would undoubtedly 

be acylated under the reaction conditions. We also anticipated 

that a suitably protected amine group might adversely affect 

the course of the reaction and lead to substantial quantities of 

the wrong isomer (51) (see Scheme 8), basing this assumption on

Scheme 8

H 3C 0

CH

COOH

CH

H3CO

N ^ N C O C F j

2)DEPR0TECTI0N

+
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the results we had already obtained when this reaction was 

performed on 3-bromoanisole,

We also anticipated that if we attempted the acylation

on 3-nitroanisole, reaction would be minimal since the ring

would be substantially deactivated by the introduction of the

nitro group. We decided, therefore, to attempt to form the

aminobenzophenone (32) via a Friedel-Craft reaction between the

acid chloride (57) and 4-xylene (58), followed by catalytic

reduction. Accordingly 4-toluidine (52) was nitrated with

concentrated sulphuric acid and concentrated nitric acid to

afford 4-methyl-3-nitroaniline (53) (Scheme 9). The crude

product was treated with cold nitrous acid and the resultant

diazonium salt hydrolysed with hot dilute sulphuric acid to

give the phenol (54) in moderate yield. The phenol was effectively

methylated in high yield with methyl sulphate, under phase trahsfer

catalysed conditions, to the methyl ether (55). The methyl ether

(55) was readily oxidised, in moderate yield, to afford the

carboxylic acid (56) by heating it with aqueous potassium

p e r m a h g a n a t e . Next the acid chloride (57) was geherated in

4-xylene solution by treatment of the acid (56) with phosphorus

p e n t a c h l o r i d e . Aft e r filtration, the reaction mixture was 
o

cooled to 0 C and treated with aluminium chloride according
12to the method of Schaarschmidt . At this point the reaction 

mixture went very black and analysis by thin layer chromatography 

revealed an extremely complex reaction mixture with no major 

product apparent.
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A repeat reaction, employing titanium tetrachloride as a 

milder Lewis acid catalyst, failed to furnish ahy products 

at all returning the acid (56) on w o r k  up.

These results were disappointing but not entirely unexpected 

in the light of our previous experiences with aluminium chloride 

ahd methoxylated aromatic systems.

On taking a second look at the benzophenone (58) it seemed 

that a suitable alternative preparative procedure might be the 

addition of a Grignard reagent, derived from bromoxylene (59), 

to 4-methoxy-2-nitrobenzoic acid methyl ester (60) or to the 

acid chloride (57). Hence 2,5-dimethylphenylmagnesium bromide 

was added to an ether solution of the ester (60). The reaction 

mixture darkened and TLC analysis revealed several minor products 

with some starting ester present. All attempts to increase 

the degree of reaction by heating caused only decomposition 

and, although no attempt was made to identify the minor 

components of the reaction mixture, it seems likely that they 

may have arisen as a result of the oxidation of the Grignard 

reagent by the nitro group in the substrate. The oxidation 

of Grignard reagents by nitro groups is a major competing 

reaction and addition reactions are often not possible at all 

in the presence of these functions.
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We decided to set aside the synthesis of the inethoxyfluorene 

(27) at this point and investigate other routes to the tetracyclic 

system. One possibility is presented by the retrosynthetic 

pathway shown in Scheme 10. If we could synthesise a compound of 

the type (62), a Diels-Alder reaction with a simple cinnamic acid 

derivative (61) would immediately lead to an intermediate of the 

type (53) which is only two steps from the target hydroxypyrido- 

fluorene (8).
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Helland and Skanke have conducted extensive molecular 

orbital studies on thienopyridines and some benzothiophenes 

but their actual chemistry is still relatively unexplored.

For example, thieno[4,3-c]pyridines (62, X = S) might be 

expected to undergo facile addition reactions across C-1 and 

C-3. Such reactions do occur in the case of b e n z o [ £ ]t hi o p h e n e s ,
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thus, benzo[£]thiophene (65) itself and maleic anhydride (66)
23 24form a Diels-Alder adduct (67) when mixed together

0

65 66 67

The dimethylthieno[ 3 , 4-c^] pyridine (68) is not known and 

indeed only one preparation of the parent system has been 

reported. We thought that if we could make this compound it 

would form an adduct (69) with 3-methoxycinnamic acid ester 

(61). Loss of hydrogen sulphide would generate a fully aromatic 

isoquinoline (70) which could then be elaborated by standard 

nethods to the pyridofluorene (8) (see Scheme 11).

The parent thieno[3,4-c]pyridine (75) was first synthesised
25 26by Klemm, Johnson and White ’ according to Scheme 12. 

Chlorination of 3,4-dimethylpyridine (71) with N-chlorosuccinimide 

in boiling carbon tetrachloride afforded 3,4-bis(chlororaethyl )- 

pyridine (72). Treatment of (72) with sodium sulphide gave 

the unstable dihydrothioenopyridine (73) which was oxidised 

without purification to the sulphoxide (74) with iodobenzene
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dichloride. The sulphoxide was dehydrated to thieho [3,4 - c ]- 

pyridine (75) by heating.

In devising a synthesis for the dimethylthieno[3,4-c]pyridine 

(68) we had to bear in mind that the parent compound was reported 

to be extremely unstable and deteriorated rapidly at room 

temperature to a polymeric resin. This effectively rules out
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isoquinoline syntheses employing high temperatures and acidic 

conditions in the final ring closure step.

Eloy and Deryckere have synthesised other thienopyridines 

by the cyclisation of isocyanates to t h i e n o p y r i d o n e s , which 

were then converted to the thienopyridines via chlorination 

and reduction (see Scheme 13). Since the last two 

transformations are fairly mild we decided that this synthetic

27



approach offered some hope of success

Scheme 13.
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Accordingly 2 , 5-dinietnyltnioptiene (77) was prepared

(see Scheme 14) by the action of phosphorus pentasulphide on

acetonylacetone (76). Treatment of this compound with

imidazole ahd trifluoracetic anhydride in boiling acetonitrile

afforded the masked aldehyde, 1,3 - b i s - (trifluoroacetyl)-2-

3 - ( 2 , 5 - d i m e t h y l t h i e h y l ) -4-imid a zo l in e  (78) which was readily

converted to the aldehyde (79) by treatment with dilute aqueous

sodium hydroxide. The aldehyde was steam volatile and was best

purified by this technique. For this reason there was no need

to purify the intermediate imidazoline (78) since all the

impurities are removed during steam distillation. A Knoevenagel

condensation between aldehyde (79) and malonic acid afforded

3- (2 , 5- d im e th ylthiophenyl)-2-propen oic acid (80) in high yield.
1The H N.M.R. spectrum of this acid shows the double bond to have

an exclusive trans-geometry and the olefihic proton signals have

a mutual couplihg cohstant of 15 Hz. On heating the acid (80)

with ah excess of thionyl chloride the acid chloride (81) was

obtained and this was used directly in subsequent reactions

without purification. A d dition of this acid chloride to a

cooled suspension of sodium azide in dioxane resulted in the

precipitation of the acid azide (82) w h i ch  was converted to

the isocyanate (83) by gentle wa r mi n g under reduced pressure.

The loss of nitrogeh can be observed visually and the exteht

of the reaction monitored by infrared spectroscopy. After 
otwo hours at 40 C and 15 mm pressure, the azide absorption 
—  1band at 2140 cm had disappeared and was replaced by the

— 1isocyahate absorption at 2250 cm
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The ring closure step described by Eloy and Dereckere 

involves addition of the isocyanate to diphenyl ether at 240°C. 

When this reaction was attempted with (83) an intractable tar 

resulted which had no carbonyl a bsorption band in the infrared 

spectrum. Presumably the pyridone (84) which should have been 

formed decomposed under the reaction conditions employed. Since 

the pyridone (84) would be expected to be considerably more stable 

than the thienopyridine (57), there seemed little point in 

attempting other isoquinoline type syntheses since the product 

would undoubtedly polymerise under the reaction conditions.

For this reason this approach was abandoned.

Scheme 14.
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Scheme 14 (contd.)
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At this juncture we then renewed our efforts to synthesise 

the key intermediate 6 - m e t h o x y - l ,4 -dimethylfluorene (27).



48.

Our attention was drawn to a paper by Karmarkar, Chincbore 
30and Wadia describing a "one pot" synthesis of functionalised 

indene systems of the type (78) from simple aromatic aldehydes 

and aliphatic ketones. This route is outlined in Scheme 13.

Scheme 13.

C H ,O H
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1 2Generally X and X were methoxy groups or a methylenedioxy 

function and the R groups alkyl, aryl or ester functions. The 

intermediate enone (87) was not isolated but underwent 

proton a ti o n in the acid medium, bond rotation and ring closure
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to give the chloroindene (88) directly. The c h l o r o i n d e n e s , 

which were obtained in yields averaging 90%, could then be 

dehalogenated in high yield with zinc and hydrochloric acid 

to afford the indenes (78).

We envisaged that this reaction could be utilised in the 

synthesis of tetrahydrofluorene systems by employing a suitable 

cyclic ketone. Accordingly in a model reaction dry hydrogen 

chloride gas was bubbled through a methanol solution of 

anisaldehyde (90) and cyclohexanone (91) using the literature 

conditions. The colour of the solution changed through various 

shades of yellow, orange and red until a crystalline solid began 

to appear. The canary yellow product we obtained was not the 

expected compound (93), however, but rather the dienone (94) 

resulting from the condensation of the intermediate (92) with a 

second molecule of anisaldehyde as illustrated in Scheme 16. 

Presumably, since anisaldehyde and cyclohexanone were present in 

equimolar quantities, the intermediate (92) is more reactive than 

cyclohexanone under the reaction conditions resulting in a second 

aldol type reaction and the formation of dienone (94). None 

of the ring closed product (93) was detected.

Despite the unexpected result of this experiment, we were 

not unduly disheartened since, the ketone we required for our 

synthesis was 2 , 5-dimethylcyclohexanone (96), which could not 

over-react in this way due to the presence of a methyl group 

0(- to the carbonyl group. Hence 2 , 5-dimethylcyclohexanol (95) 

was oxidised with sodium dichroraate to afford the ketone (96) in



Scheme 14.

50.

H . CO

90 91

HCl

0
92

H 3C O

94

OCH

HJCO

mo derate yield. The results of a condensation attempt of 

(96) with anisaldehyde were disappointihg ahd produced only 

a small amount of the enone (97), together with a large quantity 

of an intractable gum the composition of which was never 

investigated further. The enone (97) was also obtained under 

base catalysed conditions with sodium hydroxide, but only in 

very poor yield. When the ehone (97), isolated from the 

sodium hydroxide experiment was subjected to methanolic hydrogen
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chloride, the ring closed product (98) (see Scheme 15) was not 

produced and the starting material returned unchanged.

It is significant that Karmarkar et al's examples all use

the electron rich aromatic aldehydes, veratraldehyde or piperonal.

In our case we were attempting ring closure m e t a - to a single

methoxy group which does not impart enough electron density to

effect cyclisation under the relatively mild conditions we were

using. Next we tried to bring about ring closure using more forcing

conditions. Accordingly the enone (97) in glacial acetic acid

was reduced with hydrogen in the presehce of palladium on charcoal as

catalyst in high yield ahd a number of attempts made to effect ring

closure of the resultant ketone (99). For example, the ketone

(99) was heated with polyphosphoric ester in chloroform for

several hours but with little effect. On wo rk  up it was returned

unchanged. Repeating the reaction in the absence of solvent at

110°C also returned the startihg material. When the temperature

was raised to 150°C, however, the ketone (99) decomposed and an

intractable gum was produced. Since this approach, using

polyphosphoric ester or acid, has been employed for some time
31-33in the preparatioh of functiohalised indenes , it would seem

that the aromatic ring in our substrate is simply not sufficiently 

activated. Hence we reluctantly abandoned this approach and 

sought another route which did hot rely upon electrophilic a t ta c k 

meta to an aryl methoxy group as its key step.
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The Gomberg, Bachmann, Hey reaction is one of the

classical routes to biaryls which employs the de c omposition

of diazonium salts in alkaline solution in the presence of an

arene. The aryl-aryl bond is then formed, although the yields

are generally poor. The scope and limitations of the reaction 
34-36have beeh reviewed , but recently references to it have been



53.

scant presumably because of its poor productivity.

37Recently K o r z e n i o w s k i , Blum and Gokel bave developed a

modification of this reaction which mar ke d ly  improves yields of

biaryls: a mixture of a diazohiura tetrafluoroborate salt is

stirred, with the arene to which it is to be coupled, in the dark,

under a nitrogen atmosphere and in the presence of 18-crown-6.

Potassium acetate is then added to the reaction mixture, which is

next generally stirred for an hour or so. Potassium acetate is

phase-trahsferred into the non-polar medium by the 18-crown-6

where it reacts with the diazonium salt to produce a d i a z o a n h y d r i d e .

Decomposition of the diazoahhydride leads to aryl radicals which

then couple with the arene present. Gokel et al believe the

reaction occurs according to the established mechanism shown in

Scheme 16. The yields for the reaction are claimed to be

good to excellent and always much higher than literature yields

based on the classical Gomberg, Bachmann, Hey procedure. For

example, 4-methoxybiphenyl was obtained in 80% yield from 4-methoxy-

b enzenediazonium tetrafluoroborate and benzene in one and one half

hours in the presence of 0.075 mole %  of 18-crown-6. Previously
40the literature yield for the reaction had been a meagre 25%

It should be noted as a limitation to the reaction, however, that 

overall yields quoted may be 10 - 15% less than expected when the 

preparation of the diazonium salt is taken into account. Nevertheless 

it still remains a very attractive procedure.
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Scheme 16.

Ar-N OAc  . KBF, + Ar-N=N-OAc2 4  ̂ 4
Ar-N=N-OAc + A c O   ̂ A r - N = N - 0 + Ac^O

Ar-N=N-0 + Ag-Ar ------  ̂ Ar-N=N-0-N=N-Ar

Ar-N=N-0-N=N-Ar   ̂ A r - N = N - 0 ‘ -i- + A r ‘

Ar- + CgHg  , Ar-Cg"s + H '

In applying this sequence to the preparation of the 

fluorenone (32) we imagihed that the phase-transfer catalysed 

Gomberg, Bachmann, Hey reaction between 3-methoxybenzene- 

diazonium tetrafluoroborate (102) and 4-xylene (103) would lead 

to the coupled product (104). Formylation, oxidation and 

cyclodehydration should then produce fluorenone (32) 

according to Scheme 17.

Hence 3-methoxybenzenediazonium tetrafluoroborate (102), 

prepared from 3-anisidine (101) in 8 6 %  yield, was reacted 

with 4-xylene (103), according to the method of Gokel et a l . , 

to give 3 - m e t h o x y - 2 ',5'-dimethylbiphenyl (104) ih 61% yield, 

after chromatography. We had hoped that reaction of the 

biphehyl (104) with phosphoryl chloride and dimethylformamide would 

lead to predominantly 2-fo rm y l- 5 -m e th o xy , 2 ' , 5 '-dimethylbiphenyl 

(105). Unfortunately the reaction mixture was highly complex, 

presumably because the formylation had been n o n - s e l e c t i v e . The 

complex nature of the reaction mixture was not fully investigated, 

however, and the approach was suspended whilst other possibilities 

were e x p l o r e d .
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Recently the use of E , E-l-raetnoxy-3-triraethylsilyloxy-l,3-

butadiene (107) in Diels-Alder reactions has been extensively
41-2explored by Danisnefsky as a means of generating oxygenated

ring systems. Witn reactive dienopniles such as maleic
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anhydride (108) cycloaddition occurs at room temperature to 

afford an adduct (109) whi ch  on careful, mild acid hydrolysis 

a f f o rd s  the ketone (110) in 93% yield (see Scheme 18).

Scheme 18.
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If an acetylenic dienophile, such as dimethyl acetylene- 

dicarboxylate (111), is used, the reaction follows a different 

pathway. Cycloaddition of (111) with the diene (107) in benzene 

under reflux affords the diene (112) which spontaneously 

aromatises to the silylated phenol (113) by the 1,4 eli mi n at i on  

of methanol as shown in Scheme 19. Mild acid hydrolysis affords 

the phenol (114) in 79% overall yield.
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We imagined that if we could prepare the appropriate 

a cetylenic dienophile we might be able to utilise this approach 

to prepare a precursor of 6-methoxy-l,4-dimethyl fluorenone 

(31) as shown in Scheme 20.

Accordingly we set out to prepare the methyl ester of 

3-(2,5-dimethylphenyl)propynoic acid (115) as the required 

dienophile. 2 , 5-Dimethylbenzaldehyde (116) was reacted with 

malonic acid under the usual Knoevenagel reaction conditions
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to afford the cinnamic acid (117) in 91% yield. This product

was esterified witn ethanol and concentrated sulphuric acid to

give the ester (118) in 8 8%  yield. Bromination witn bromine,

in carb o n tetrachloride, afforded the o( ,yS -dibromoester (119)

in 78% yield^^, which was d e h y d r o h a l o g e n a t e d , witn concomitant

ester hydrolysis, witn ethanolic potassium hydroxide to afford
44the acid (120) in 86% yield . Méthylation of the acid witn 

excess ethereal diazomethane gave the ester (115) in 96% yield 

(see Scheme 21).
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Initially our attempts to effect the cycloaddition 

between the ester (115) and the diene (107) were slightly more 

vigorous than those employed by Danishefsky, for the reaction 

between (107) and dimethyl a cetylenedicarboxylate (111).
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However, extended reaction times in boiling toluene failed to 

produce any of the anticipated adduct (121). Only starting 

materials were detected by thin layer c h romatography at the 

ehd of the reaction.

Severe conditions e.g. heating the ester in xylene in a 
osealed tube at 180 C with excess diene were required before 

m y  reaction occurred at all. Un f or t un a te l y when reaction did 

take place an intractable gum was formed from which no products 

could be obtained. With reluctance this approach was set aside 

at this point.

Thus far attempts towards the tetracycle (8) had been 

dependent upon the synthesis of a large quantity of 1,4-dimethyl-6- 

methoxyfluorene (27) which, we imagined could be converted into 

(8) via a standard isoquinoline ring annulation procedure.

Since our efforts to make this compound were largely frustrated, 

we decided to seek alternative strategies which did not depend 

upon the fluorene (27) as an intermediate. If we look 

"retrosynthetically" at the problem, as illustrated in Scheme 22, 

we can see that by breaking either of the bonds to the pyridine 

ring in (122) we arrive at compounds (123) and (124) which we 

might imagine, could be cyclised either photochemically or 

thermally to dihydro tetracycles (125) and (126) which would 

then undergo facile oxidation to the tetracycle (122).
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In the past electrocyclic ring closures have been used in 

the construction of polycyclic systems and indeed two recent 

syntheses of ellipticine (1) have successfully employed this 

reaction in the final step.
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Ttie first of these syntheses was conducted by Bergroann and 
45Carlsson using the equivalent of the retrosynthetic path B shown 

in Scheme 22 but with an indoline rather than an indane.

Thus these Swedish chemists condensed 2 -ethylindole (127) 

and 3-acetylpyridine (128) together to afford the vinylindole 

(129), which was quaternised with butyl bromide and cyclised to 

ellipticine by pyrolysis in a claimed 72% yield as shown in 

Scheme 23. Presumably under the reaction conditions the salt (130) 

undergoes a 1,5 -hydrogen shift to afford the diene (131) which 

then sustains electrocyclic ring closure and oxidation to 

e l l ip ticine (1).

Scheme 23.
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The second ellipticine synthesis corresponds to retrosynthetic

path A in Scheme 22 and is reported by Kano, Sugino, Shibuya and 
46

Hibino .

Thus 3 - et h yl - l- b enzenesulphonylindole (132) was lithiated 

at the 2-position by lithium d iisopropylamide and this salt then 

acylated with isonicotinic anhydride to afford the ketone (133) 

in high yield, as shown in Scheme 24, Methylenation with methylene 

triphenylphosphorane afforded the vinylindole (134) which on 

pyrolysis cyclised to ellipticine (1). The reaction mechanism  

is u n do u bt e dl y  the same as that described for the Swedish synthesis 

with the diene (135) being the initial pyrolysis intermediate.

Scheme 24.
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Both the Swedish and the Japanese teams claim fairly good 

yields for their syntheses, but the harsh conditions used to effect 

the final ring closures effectively preclude them from the 

preparation of derivatives bearing labile substituents.

When devising our own plans we considered that the diene (124) 

might be more readily prepared than its isomer (123) and that in 

either case less fierce conditions could be employed in the ring 

closure as there would be no need for a preliminary 1,5 -hydrogen 

diift to occur. The required reaction would be a simple 

electrocyclisation.

In addition, we might be able to use photochemical procedures, 

rather than pyrolyses, to bring about these ring closures. Such 

reactions conducted in a suitable solvent would be easier to 

control and in the presence of air, or an oxidant, lead to the 

tetracycle (122) directly.

Our initial concern was to synthesise a large q ua ntity of

6-methoxyindanone (136) from which we could build up the C and

D rings of the final proudct. A preliminary examination of the

literature showed that two methods have been used to synthesise
47the indanone (136). The first was by Johnson and Shelberg

and depended upon a poor yielding intramolecular Friedel-Crafts

acylation with the acid chloride (137). The second was by Bone 
48and Cort and involved the direct cyclisation of the methoxy- 

phenylpropionic acid (138) with polyphosphoric acid. Sihce the 

yield for the polyphosphoric acid cyclisation was about 30% and 

that for the Friedel-Craft reaction only 21%, we initially
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prepared the indanone (136) by the polyphospboric acid route 

according to Scheme 25. Thus an isaldehyde (139) and malonic 

acid (140) were condensed in the Knoevenagel reaction in 96% 

yield to afford the cinnamic acid (141) which was catalytically 

hydrogenated over 10% palladium on charcoal to give the propionic 

acid (138) in 97% yield. Cyclisation to the indanone was 

accomplished by heating the acid (138) with a large excess of 

polyphosphoric acid at 120°C for six minutes. The highly impure 

product could be best purified by cr ystallisation from light 

petroleum ether, or by sublimation from the crude product. The 

best yield was only 26%.

Scheme 25,
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A closer examination of the literature revealed that 
49House and Hudson had investigated the reasons for the poor 

yields obtained by the intramolecular Friedel-Craft acylation.

It appears that wh e n  the reaction was attempted in benzene 

solution with excess aluminium chloride, attack of the acid 

chloride - aluminium chloride complex on the solvent to afford 

the ketone (142) was preferred to an intramolecular cyclisation 

meta to a methoxy group. House postulated that excess aluminium 

chloride combined with the m e thoxy g r o u p of the acid chloride 

to give a complex of the type (143) whi ch  was then deactivated 

to electrophilic a t ta c k (Scheme 26). When an inert solvent 

was used however, and only one equivalent of aluminium chloride 

employed, the indanone (136) was accompanied by up to 40% of 

by-product, which was identified as the cyclic tetramer (144) and a 

high molecular weight polymer (145). By adding the acid chloride 

and the aluminium chloride to a large volume of inert dichloro- 

methane, however, these side reactions were repressed and a greater 

than 90% yield of 6-methoxyindanone (136) was obtained.

In the light of these results we prepared subsequent batches 

of 6-methoxyindanone by this method. Although we never achieved 

the stated yield of 94% (typically 60%) the procedure was still 

a marked improvement over the polyphosphoric acid ring closure 

previously employed.
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Our next problem, having established a suitable procedure 

for the preparation of 6 -m e thoxyindanone (136) was to generate 

a bond between this indane half of the molecule and a suitable 

pyridine.

Our initial attempts were along the general lines, well 

established in these laboratories, for the preparation of 

p y r i d y l e t h y l i n d o l e s .

For many years now the ellipticine synthesis favoured by 

workers at Bath has necessitated the construction of substituted

3 - [ 1 - (3-pyridyl)etnyljindoles (139) as key intermediates.

These compounds could then be elaborated to ellipticines via the 

now standard p r o c e d u r e s ' ^ ' o u t l i n e d  in Scheme 27.

The preparation of the key pyridylethylindole intermediates
52for this synthesis was, until very recently , accomplished by

the condensation of indolylmagnesium bromide (137) with 3(1-

c hl o roethyl)pyridine (138). Al t h o u g h  this key step has been
52, 53the subject of considerable research ,the yield for the

condensation has never exceeded 30%.

Despite the poor yields associated with the indolyl 

Grignard reaction we decided to attempt a condensation between 

an enolate of 6-methoxyindanone (136) and 4-(1-chloroethyl )- 

pyridine (140).



69

Scheme 27.

CH.

R
CL

N
I

MgBr

137 13 8

CM

R

H

139

CH CH.

RR
DAMINATION

COCH COCH

CH

1) KCN

CN

CHULi 
  >

CH

R

H N ^  ^ C H

ÇH3

R

CHH



70.

A cc ordingly 4 - ( 1-cnloroetnyl)pyridine (140) was prepared 

by methods used in this laboratory for the preparation of

3-(l-chloroethyl)pyridine (138). 4-Acetylpyridine (14lA)was 

reduced with sodium borohydride in ethanol in 95% yield to afford

4 - ( 1-hydroxyethyl)pyridine (142) as a colourless oil.

Chlorination of the alcohol (142) wi t h thionyl chloride in cold

benzene afforded the chloro compound (140) as an unstable

colourless oil. The oil becomes clou d y under laboratory

conditions and is believed to undergo a base catalysed dehydro-

halogenation reaction to afford 4 -v inylpyridine (1 4 3A), The

solid compound which gradually appears is in all probability

the hydrochloride salt of remaining c hloroethylpyridine (140).

This problem with decomposition can be largely inhibited by storing
othe material at -20 C until required.

It is thought that the marked instability of haloethylpyridines 

to bases is largely responsible for the poor yields obtained in 

the reaction of the indolyl Grignard reagent (137) and 3(1- 

chloroethyl)pyridine (138). The formation of an intractable gum in 

this reactioh, presumably from polymerised 3-vinylpyridihe 

by-products, tends to support this hypothesis.

A  number of attempts to condense 6-methoxyindanone (136)

with 4-(1-chloroethyl)pyridine (140) were now made. Initially

a solution of the lithium enolate of (136) was prepared by the

additioh of a solution of 6-methoxyindanone (136) in dry

tetrahydrofuran to a solution of lithium diisopropylamide in
otetrahydrofuran at -78 C. Reaction is complete after half ah
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hour, as showh by N.M.R. studies: samples of the reaction

were withdrawn at intervals and quenched with dp terium oxide

uhtil complete loss of one proton signal was noted (proton cA

to the carbonyl group). A solution of 4-(L-chloroethyl)pyridine

(140) in dry tetrahydrofuran was then added to the reaction mixture
ostill maintained at -78 C. No alkylation occurred, however, and 

even when the mixture was gradually warmed to room temperature 

still no reaction was detected by thin layer chromatographic 

ahalysis. On stirring overnight at ambient temperature considerable 

darkening of the reaction medium took place but in the morning the 

mixture still cohsisted of maihly starting materials and a small 

amount of a base line da r k material. We assume that this last 

material is likely to be polymer from the decomposition of the

4 - ( 1-chloroethyl)pyridine (140).

Further experiments with the lithium enolate and 4-(l- 

chloroethyl)pyridine (140) proved equally unfruitful and so some 

attempts at the condensation were made with the potassium enolate.

Solutions of 6-methoxyindanone (136) in dry tetrahydrofuran 

were treated with one equivalent of oil free potassium hydride.

A vigorous reaction ensued whi c h was complete after about three 

minutes when evolution of hydrogen was seen to have ceased.

When chloroethylpyridine (140) in tetrahydrofuran was added, and 

the mixture heated under reflux overnight, analysis by thin 

layer chromatography revealed a similar reactioh mixture to that 

obtained with the lithium enolate. When a repeat reaction was 

performed with a large excess of chloroethylpyridine (140)
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however, a small amount of a discrete product was detected, 

which could be isolated from unreacted starting materials and 

polymeric by-products by c o lu m n chromatography. The product 

showed a molecular ion at m/z 267 and a complex N.M.R. spectrum 

w h i c h  might be expected from the product pyridylethylindanone 

(141G^since it would be formed as a mixture of two pairs of 

d i a s t e r e o m e r s . The reaction is illustrated in Scheme 28. 

U n f ortunately despite numerous repeat experiments the best yield 

for this reaction was only a meagre 5% and thus was not 

synthetically useful.

Scheme 28.
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A  number of model reactions were carried out on the 

potassium enolate of 6-methoxyindanone in order to confirm that 

the reason for the poor yield lay with the chloroethylpyridine 

(140) and not the 6-methoxyindanone (136).

A c cordingly the potassium enolate of (136) was reacted in dry
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tetrahydrofuran with benzyl chloride (142) in one experiment 

and with benzoyl chloride (143) in another. In both cases 

high yields of the expected adducts (144) and (145) were obtained 

as shown in Scheme 29. This confirms that the problem in 

previous experiments does indeed lie with the c h loroethylpyridine 

(140).

Scheme 29.
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Our last attempts to effect reaction between (136) and 

(140) were to try the reaction in the absence of a metal ion 

and in the presence of a mild Lewis acid catalyst.



74,

Hence the 6-niethoxyindanone (136) was converted to its 

tertiarybutyldiniethylsilyl enol ether (146) by quenching the 

potassium enolate with tertiary butyldimethylsilyl chloride 

as shown in Scheme 29. This compound was thermally unstable 

a n d  could only be partially purified by ch romatography on 

florisil eluting with hexane.
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Cleavage of the silyl enol ether (146) with anhydrous 

tetra-n-butylammonium fluoride in the presence of a small 

amount of titanium tetrachloride failed to give any product.

It was thought that the Lewis acid would complex with the 

chlorine of the chloroethylpyridine (140) and hence ma k e it 

a better leaving group. No such enhancement of reactivity 

was observed, however, and it seems probable that the basic 

pyridine nitrogen atom interfered with the complexation process. 

Attempted reactions with chloroethylpyridine were discontinued 

and no attempt was made to prepare a functionalised pyridine 

which contained another leaving group because such attempts by 

previous workers in these laboraties have failed. More efficient 

leaving groups merely hasten the decomposition of the mo l ecule
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and indeed 3-( 1-broinoethyl )pyridine decomposes as soon as it is
52formed to afford polymeric material

For a short time our attention was diverted towards the 

synthesis of 2-ethyl-6-methoxyindanone (147), which we considered 

we could reduce to the indanol (148), followed by broroination of 

this product to the bromoindane (149). We envisaged that reaction 

of this bromo compound (149) with triphenylphosphine would produce 

a salt (150), as shown in Scheme 30, which would afford the ylid 

(151), on treatment with butyllithium. Condensation of (151) 

with 3-acetylpyridine (152) would then lead to (153) whi ch  it 

might be possible to oxidise to the diene (123) and thence ring 

close to the tetracycle (122).

Alkylation of enolates of 6-methoxyindanone (136) with 

ethyl bromide, or iodide, under a variety of experimental 

conditions invariably led to a mixture of products. The main 

problem is dialkylation of the indanone (136) to give 2,2-diethyl- 

6-methoxyindanone (153) as a major by-product. The products 

may be separated from each other and remaining starting material 

by chromatography, but we did not feel that this was an acceptable 

procedure since the desired product (147) was only produced in 

about 30% yield. About 30% of the diethyl compound (153) was 

also obtained as well as 30% of unreacted starting material.
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54This is not a new problem in the alkylation of ketones

and indeed numerous methods have been devised to overcome it,

notably the alkylation of enamines which was first described by 
55Stark

We chose to try and duplicate the procedure of Ratnke and 
56Lindert whose method does not involve the inclusion of an 

extra synthetic step (i.e. enamine formation).

These workers found that by adding one equivalent of 

triethylboron to a tetrahydrofuran solution of the sodium enolate 

of cyclonexanone (153), prior to the addition of methyl iodide, 

the selectivity of the generation of m on o me t hy lcyclohexanone (154) 

was dramatically increased. The two possible dialkylated products 

(155) and (156) could only be detected in trace amounts by 

gas-liquid chromatography as shown in Scheme 31.

Ratnke and Lindert offered no firm evidence for the function 

of the triethylboron but postulated that it probably acted in 

one of two ways.

Firstly it may coordinate with the enolate to furnish a 

new anion which possesses increased selectivity for alkylation 

versus proton abstraction; or secondly it may function by 

providing a small equilibrium concentration of the original enolate
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This would be expected to lead to decreased amounts of 

dialkylation since mono-alkylation is first order in enolate 

concentration whilst dialkylation is kinetically of some higher 

order.

Since triethylboron is spontaneously flammable these authors 

sought to find a more stable alternative and found that the ester 

triethanolamine borate (157) was as effective a polyalkylation 

inhibitor as triethylboron.



79.

— : B

1 5 7

We now set out to apply the same reaction conditions to the 

synthesis of 2-etnyl-6-raethoxyindanone (147) from the indanone 

(136).

Triethanolamineborate (157) is not soluble in tetrahydrofuran 

but Ratnke and Lindert claim it to be readily soluble in 

dimethylsulphoxide-tetrahydrofuran mixtures. In their procedure 

they add a dimethylsulphoxide solution of triethanolamineborate 

to a tetrahydrofuran solution of the lithium enolate of the 

substrate ketone, followed by the alkylating agent.

We began to be sceptical about the procedure when, on trying

to repeat their experimental condition on our substrate, freshly
57dried triethanolamineborate (157) failed to dissolve in dry 

dimethylsulphoxide. A greater volume of dimethylsulphoxide 

failed to alleviate the problem and so we continued using a 

suspension, rather than a solution, of the boron ester.
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The suspension of triethanolamineborate (157) in diraethyl- 

sulphoxide was added to a solution of the lithium enolate of 

6-methoxyindanone (136) in dry tetrahydrofuran. This cloudy 

mixture was then treated with ethyl iodide. Thin layer 

chromatographic analysis revealed that the composition of the 

reaction mixture was identical to previous alkylation attempts. 

The desired product (147) was also accompanied by dialkylated 

material (153) and 6-methoxyindanone (136).

136

H j C O

CH

147 153

CH

CH.

This was a disappointing result since we followed the 

experimental conditions precisely and took care to ensure the 

dryness and purity of reagents and solvents whi c h we used.

Numerous other possibilities were available to us to prepare

the indanone (147) such as the alkylation of the magnesium salt 
58of the imine (158) (see Scheme 32). Indeed recently 

59Meyers et a l . have developed an enantioselective procedure
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for the alkylation of ketones via chiral non-racemic lithio 

enamine (160) (Scheme 33).

Scheme 32.
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However, at this point we decided to return to the 

problem of coupling the indahone (136) with a 4-substituted 

pyridine.
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This time we attempted the coupling of 6-methoxyindanohe (136) 

with the readily available 4-acetylpyridine in an aldol type 

reaction. In order to direct the course of the reaction we 

prepared the lithium enolate of 6-methoxyindanone (136) in dry 

tetrahydrofuran in the cold by treatment with lithium 

diisopropylamide. The enolate initially remained in solution
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but precipitated out as a white solid as the reaction beared 

completion. Treatment of the lithium enolate suspension with

4-acetylpyridine (141) resulted in the salt rapidly redissolving 

and thin layer chromatographic analysis revealed the formation 

of the aldol adduct (161), although a considerable amount of 

6-methoxyindanone (136) and 4-acetylpyridine also remained.

However, when the reaction was subjected to an aqueous 

acidic work up a further thin layer chromatographic analysis 

revealed only indanone (136) and 4-acetylpyridine (141).

After several repeated reactions we found that the wo r k  up 

conditions are critical if any product is to be obtained.

Hence the cold reaction mixture must be poured slowly into 

a large volume of vigorously stirred, ice cold, saturated 

aqueous ammonium chloride. This is necessary since the 

adduct (161) is only stable within a narrow pH range, outside 

of which a retro-aldol reaction occurs to regenerate the ihdanone 

(136) ahd 4-acetylpyridihe (141) as shown in Scheme 34.

Scheme 34.
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The product can be extracted from the ammonium chloride 

along with 6-methoxyindanone and 4-acetylpyridine and the mixture 

evaporated to yield a white solid. Attempts at purifying the 

adduct (161) by chromatography invariably failed since, although 

partial purification was possible, the adduct underwent a retro- 

aldol condensation on the columnra even when the support was neutral 

alumina.

The semi-pure product showed a complex N.M.R. spectrum.

This is presumably because the adduct is a mixture of four 

diastereomers which probably have fixed conformations due to 

hydrogen bonding between the hydroxy proton and the carbonyl 

group. The effect of the different spacial arrangements of 

the diastereomers is quite significant and both the methyl and 

methoxy protons resonate as two pairs of singlets. In the case 

of the methyl resonances, the difference between the two signals is 

a substantial - 0.3 p.p.m.

•0 H

CH

^ = ch ir a l  cent re

161
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The H N.M.R. spectrum of the crude reaction mixture gives 

some idea of the reaction yield. By comparing the integrals 

for the -pyridine protons in the product (161) with those 

in 4-acetylpyridine (141) and the methoxy protons in the product 

(161) with those in 6-methoxyindanone (136), we estimated that the 

yield of the reaction was about 60 - 65%.

This was a fairly good result considering the se n sitivity of 

the product, but a few more attempts were made to optimise the 

experimental conditions. However, performing the reaction with 

two equivalents of 4-acetylpyridine had little effect on the yield 

of the reaction, producing only a marginal 2 - 3 %  increase in the 

estimated yield.

Presumably the adduct under anhydrous conditions is in 

equilibrium with the starting materials which suggests that if 

a very large excess of 4-acetylpyridine (141) was used the 

indanone (136) would eventually disappear in accordance with 

the Law of Mass Action.

Since the product (161) can only be separated with difficulty  

from 4-acetylpyridine (141) it was felt that to try to increase 

the yield in this manner would bring no real benefits since 

6-methoxyindanone (136) recovered from the reaction may always 

be recycled.



86.

Attempts to dehydrate the adduct (161) under aqueous 

acid or basic were singularly unsuccessful, as we expected, 

with quantitative retro-aldol reaction occurring instantaneously 

in acid and during the course of a few minutes in basic solution.

Heating the adduct (161) in dry dimethylsulphoxide as a 

dehydrating medium also resulted in a quantitative retro-aldol 

reaction.

Eventually we found that treating a dry pyridine solution of

(161) with thionyl chloride resulted in the formation of two 

different products, although a large amount of an intractable 

tar, which was hot identified, was also generated. The two 

products could be separated to some extent by chromatography 

on either silica or neutral alumina, but were generally just 

freed from other impurities by these means.

The ^H N.M.R. spectra of the two compounds showed them to 

be the E- and Z-isomers of the enone i.e. (162) and (163).

The E-isomer (162) has a simple spectrum with the signal 

due to the methyl protons resonating as a three proton singlet 

at 2.70 p.p.m. downfield from tetramethylsilane. The benzylic 

protons resonate as a two proton singlet at 3.44 p.p.m. and the 

signal due to the methoxy protons lies, as a three proton singlet 

at 3.84 p.p.m.
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The Z-isomer (163) also exhibits a simple spectrum, but 

the resonances of the benzylic and methyl protons are 

significantly different from those in the E-isomer (162).

The methyl proton singlet now resonates at 2.24 p.p.m., which 

is 0.46 p.p.m. further upfield, and the benzylic proton singlet 

resonates at 3.76 p.p.m., which is 0.32 p.p.m. further downfield.

It was on the basis of these resonances that we were able to 

assign the respective geometries to these two isomers. For 

example in the case of the E-isomer the methyl group is 

deshielded by the immediate environment created by the carbonyl 

group, whereas the methyl group in the Z-isomer is well removed, 

in space, from this anisotropic effect.

At this Stage we were well pleased to have joined the indanone 

and pyridine fragments together at least and to have identified 

the two discrete products, which were produced in equal amounts. 

However, it was obvious from the amount of tars produced, that 

the dehydration conditions were far from ideal and the yield was 

not good.

After performing numerous repeat experiments, varying the 

various physical parameters, we eventually found that the reaction 

could be effected with minimal tar formation, if it was carried 

out under very cold conditions. Pyridine freezes at -40 °C  and 

so we generally added a small excess of thionyl chloride,

dropwise, to a pyridine solution of the aldol adduct (161)
omaintained at -35 to -40 C. U n d e r  these conditions yields of 

75 - 80% for the dehydration step were achieved. The reaction



is illustrated in Scheme 35,

Scheme 35.

88

151

SOCl

PYRIDINE

163

HnCO

CH

The fact that both the E- and Z- isomers are produced in the 

reaction is indicative of the diastereomeric mixture present in 

the startihg material ahd possibly of the nature of the reaction 

mechanism.

Having synthesised the enones (162) and (163) it seemed as 

though we were only one short step away from the diene (124) 

whi c h we required for ring closure to the tetracycle (122).
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Our first attempts at elaborating the carbonyl functions 

in (162) and (163) to the ethylidene sidechain of (124) were by 

means of a Grignard reaction between ethylmagnesium bromide and 

an isomeric mixture of (162) and (163).

Unfortunately numerous attempts at this reaction did not 

afford any of the expected alcohol (164). Heating the enones

(162) and (163) in boiling tetrahydrofuran with the Grignard 

reagent failed to give any reaction whatsoever and the starting 

material was returned quantitatively. This was a surprising 

result which we attributed to a combination of stereochemical 

and electronic factors and although Grignard reactions with 

conjugated enones at the carbonyl group are known there is also 

a possibility of conjugate addition.
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HO CH
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164

At this point we elected to form the ethylidene sidechain 

of the diene (124) directly by reaction of the enones (162) and

(163) with ethylenetriphe n yl p ho s ph o ra n e. Accordingly 

ethyltriphenylphosphonium iodide was prepared by heating 

triphenylphosphine and ethyl iodide together under reflux, in 

benzene solution, for eighteen hours.

Ethylenetriphenylphosphorane was generated from the 

phosphonium salt in dry tetrahydrofuran solution by the addition 

of one equivalent of n-butyllithium solution at 0°C, followed by 

stirring at room temperature for one hour.

When one equivalent of the E-isomer fl62) in dry tetrahydrofuran 

was added to the orange Wittig reagent the reaction mixture 

became green in colour and then brown but thin layer chromatography 

revealed that no reaction had occurred. When the reaction 

mixture was heated under reflux, however, a product was seen to 

be forming by thin layer chromatographic analysis but the starting 

material remained in substantial amounts.
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After performing several of these reactions we found that if 

four equivalents of the Wittig reagent are used the starting material 

is practically all consumed after heating under reflux for three 

hours to afford mainly one product. After chromatography on 

silica gel this material gave a pure yellow compound which we 

assumed to be the diene (124).

On examination of the infrared spectrum of the Wittig

product we were initially baffled to see an extremely strong
— 1 ]_carbonyl absorption at 1710 cm . The H N.M.R. spectrum showed 

the methoxy protons to resonate as a sharp singlet but the 

signals due to the methyl groups, which we expected to be present, 

were split in a manner far too complex for one pure compound.

An accurate mass determination of the molecular ion shows that 

it corresponds to C H NO rather than to C H N O  required forj-i/ j.v/ 6 -1.̂
the diene (124). We concluded from this evidence that, since 

the carbonyl group remained intact, but an ethylidene group had 

been incorporated into the structure, the initial attack of the 

Wittig reagent must have been in a Michael fashion, J 3  -  t o  the 

carbonyl group. After initial Michael addition the normal Wittig 

mechanism for the decomposition of intermediate betaines to 

products and triphenylphosphine oxide is not possible and the 

intermediate (165) can only afford a product by the formation of 

a cyclopropane with concomitant elimina t io n  of triphenylphosphine. 

Such an elimination does not have the advantage of forming a 

stable phosphorus-oxygen bond but nonetheless is preferred in 

our case to the seemingly more favourable Wittig reaction. The 

proposed mechanism is outlined in Scheme 36.
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We originally thought that this formation of cyclopropanes

from Wittig reagents and o(./B ,-unsaturated ketones was an

unknown reaction but a survey of the literature^^'^^ showed

that cases are known of cyclopropanes forming from oC ,^3 ,-

unsaturated ketones, but only when the carbonyl carbon is highly

hindered. The reaction of the highly hindered enone (167)

(Scheme 37), for example, with me t hy l en etriphenylphosphorane in

boiling xylene results in the formation of the cyclopropane (168)
62with the elimination of triphenylphosphine.
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In our example we chose to react the least crowded E-isomer 

with the Wittig reagent yet even here the steric constraints 

imposed by the ^  -methyl group at the carbonyl group were 

sufficient to ensure that cyclopropane formation is favoured 

over alkene formation. On reflection we now felt that this 

cr owding effect was probably the main reason why the attempts to 

prepare the alcohol (164) via a Grignard reaction on (162) also 

f a i l e d .

The use of sulphur ylids in organic chemistry, as alkylidene

transfer reagents, has grown considerably since Corey's original

papers^^ on the use of dimethylox os u lp h on i um  methylide and

dimethylsulphonium methylide, as selective methylene transfer
67reagents, and a recent comprehensive treatise by Trost has

reviewed the scope and limitation of these reagents.
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If we could prepare the oxirane (169) (Scheme 38), by the

a ct i o n  of a suitable ylid on the enone (162), this could be

converted into the diene (170) either by oxygen abstraction,

with a reagent such as t ri p he n ylphosphine, or by reduction to

an alcohol followed by elimination of water. Thus diphenyl-
68sulphonium ethylide was prepared, as described by Corey , by

the addition of t-butyllithium in pentane to a suspension of

ethyldiphenylsulphonium tetrafluoroborate in dry tetrahydrofuran

at -78°C. Addition of the enone (162) in dry tetrahydrofuran 
oat -78 C produced a darkening of colour, but after stirring for 

one hour thin layer chromatographic analysis revealed that very 

little reaction had taken place with the vast majority of the 

starting material still present. Allowing the reaction mixture 

to warm to room temperature produced tars which were not identified,

68From Corey s work there does appear to be an important 

steric limitation to the implementation of this reaction and so 

it is perhaps not surprising that we failed to generate (169) 

from the sterically hindered enone (162).

Alkylation of the carbonyl group in (162) and (163) would thus 

seem to represent an impass&and so we were forced to de v el o p an 

alternative route to gain access to the required dienes(170), 

or (124).
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Firstly a mixture of the enones (162) and (163) were 

reduced catalytically in high yield to give the pyridylethyl- 

indanone (141) which we had previously attempted to synthesise by 

the addition of various enolates of 6-methoxyindanone (136), to

4-(1-chloroethyl)pyridine (Scheme 28). The N  M.R. spectrum of 

the product (141) is complex since the product is a mixture of 

two pairs of di a st e r e o m e r s .
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To introduce an ethyl sidechain into (141) would be a 

relatively easy matter, eg. by the reaction of ethylmagnesiura 

bromide with the carbonyl group, but this would lead, after 

dehydration, to the indene (171) which we would need to partially 

r e o x i d i s e .

CH

CH

171

69Recently McMurray and Scott have reported that lithium 

dialkylcuprates react with enol triflates, derived from ketones, 

to give alkenes in high yield as shown in Scheme 39. Some 

magnesium dialkylcopper bromides also react successfully with 

these and related substrates, but significantly magnesium 

divinylcopper bromide reacts to afford conjugated dienes.

We envisaged that if we could prepare an enol triflate (172) 

of the ketone (141), a reaction with m a gnesium divinylcopper 

bromide would lead to the diehe (173) w h ic h  we could cyclise by 

the methods used by the Swedish and Ja p anese teams in their
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respective ellipticine syntheses 

illustrated in Scheme 40.

45-6 The project is

E n d  triflates may be prepared from ketones by the

general procedure of Stang using 2,6-di-t-butylpyridine and
70-2triflic anhydride in dichloromethane solution



Scheme 40.

98

H . COH.CO

(CF3 502)2 0

141 172

CH

CH

HEAT

CH

173 Tf = C F 3 S 0 2 - 122

We decided that in our case this procedure was 

unnecessarily elaborate since the diene (173) ought to be 

accessible via a Grignard reaction with vinylmagnesium bromide on 

the ketone (141) followed by d ehydration of the alcohol (174).

Hen ce  vinylmagnesium bromide in tetrahydrofuran was added to the 

ketone (141) in tetrahydrofuran and the mixture heated under 

reflux for one hour. Chromatography of the crude product afforded 

the alcohol (174) in moderate yield. The N.M.R. spectrum of 

which shows that the vinyl sidechain has been incorporated into the 

m ole c ul e  with the expected complex olefin splitting pattern in the 

region 4.6 - 6.4 p.p.m.
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Numerous attempts were made to dehydrate the alcohol (174) 

to the diene (173). Sublimation from silica, heating with basic 

alumina and with potassium bisulphate all produced a yellow glass, 

a s  did treatment of (174) with methanolic hydrogen chloride. 

Purification of the yellow glass by preparative layer chromatography 

afforded a pure compound the H N.M.R. spectrum of which was 

complicated and not consistent with the spectrum expected from the 

diene (173). Integration of the signals failed to provide any 

clues to the structure since various parts of the spectrum did not 

s e e m  to tally with each other and although the compound was pure 

by thin layer chromatography the spectral data suggested that it 

was a mixture of compounds.

When the dehydration was carried out by heating the alcohol

(174) in boiling dimethylsulphoxide the same yellow compound was 

obtained after purification by preparative layer chromatography, 

but this time the H N.M.R. spectrum was much clearer and 

undoubtedly that of a pure compound. T h e r e  are two signals

due to methyl groups and both are split into doublets with the 

same coupling constant. A benzylic proton at 4.14 p.p.m. is 

coupled to one of the methyl groups and is split into a quartet.

The proton signal which interacts with the other methyl group 

resonance also appears as a quartet but is obviously derived from 

a group attached to a double bond, the proton of whi c h resonates 

at 6.38 p.p.m. This spectrum (figure 1) is not consistent with 

the structure of expected product (173) but it is with the isomer

(175) that would be obtained if (173) underwent a 1,5 -hydrogen 

shift. Such a shift brings the double bonds into full conjugation 

with the methoxylated ring as shown in Scheme 41.
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The [1,5]-shift must be an extremely facile process since it

occurred when the reaction was performed in the cold with methanolic

hydrogen chloride, but in this case it may well not be concerted.

The difference in the H N.M.R. spectra of (175), depending on how

it was made, suggests that there is considerable restricted

rotation about the bond joining the indene and pyridine halves of

the molecule. When the reaction is performed in dimethylsulphoxide at 
o190 C the most stable conformation is adopted and retained when the 

solution cools. The signals due to the other conformations are 

lost and a simpler spectrum is observed. Al te r na t iv e ly  in this
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"high temperature" process a concerted reaction is proceeding 

leading to a stereospecific product. This was a bitterly 

disappointing result since we could not envisage any way of 

converting the diene (175) back into the diene (124) which 

could then be cyclised to (122).

We did think that under the ihfluence of ultraviolet 

light, an equilibrium process between dienes (175) and (124) might 

be established via a 1,3 hydrogen shift as shown in Scheme 42. 

Although the position of such an equilibrium would be greatly 

in favour of the more stable indene (175) we imagined that the 

small amount of diene (124) present would undergo an electrocyclic 

ring closure to the tetracycle (126) followed by irreversible 

oxidation to the tetracycle (122). Accordingly a dilute 

methanol solution of the indene (175) was irradiated with a 

400W medium pressure ultraviolet lamp for two hours. The 

starting material was consumed during this time but no cyclised 

product was isolated. It appeared that the molecule simply 

disintegrated under the reaction conditions.
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Scheme 42.
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Next we sought to find a means to prevent the formation 

of the indene (175) in the dehydration of the alcohol (174).

We decided that if we could prepare the diketone (177), the 

a c ti o n of vinylmagnesium bromide might well produce the vihyl 

alcohol (178) rather than the other possibility (179). We 

had reasoh to hope that this might be the case since the carbonyl 

carbon atom m e ta- to the methoxy group in (177) would be more 

e l e c t r o p h i l i c  than the carbonyl carbon atom para- to the methoxy 

group. Hence we attempted to prepare the diketone (176) from 

the enohe (163). The proposed synthetic pathway is outlined 

in Scheme 43.
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Scheme 43.
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The dehydratioh of the alcohol (178) ih the same way as 

before with dimethylsulphoxide would produce dienohe (180) 

which could be cyclised thermally or photocheraically to ketone

(181). Ketone (181), on W o lff-Kishner reduction, would afford 

either the tetracycle (122) or the demethylated tetracycle (8).

A number of attempts were made to oxidise the enones (163) 

and (162). Infuriatingly the benzylic methylene group proved 

remarkably résistent to various oxidation reagents. H ea ting a 

mixture of enones (162) and (163) in d ichloromethane with manganese 

dioxide failed to give any reaction as did manganese dioxide in 

boiling acetone. These enone s  were also résistent to oxidation 

by selenium dioxide in dioxane, selenium dioxide in boiling xylene, 

chromium trioxide-pyridine complex, chromium trioxide in acetic 

acid and potassium permanganate in 10% nitric acid.

From the inertness of the enones (162) and (163) to some 

quite severe oxidation conditions we concluded that in order to 

prepare the diketone (176) we would have to retreat several more 

stages in the synthesis to the aldol condensation. If we could 

prepare 5-methoxyindane-1,3-dione (182) we thought that its 

elaboration, via aldol condensation w i t h  4 - a c e t y l p y r i d i n e , 

followed by dehydration with thionyl chloride in pyridine, 

would lead directly to the elusive diketone (176).
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5-Metnoxyindane-l,3-dione was prepared by classical means 

as shown in Scheme 44. 4-Nitrophthalic acid (183) was converted 

to its diethyl ester (184) by heating it in ethanol, in the 

presence of concentrated sulphuric acid for twenty four hours.

The nitro ester (184) was catalytically hydrogenated to the 

amino ester (185) with Adams' catalyst at twenty atmospheres 

pressure of hydrogen.

Diazotisation of (185) followed by acid hydrolysis afforded

the phenol (186) which was methylated to 4-methoxydiethylphthalate
73(187) with methyl iodide and potassium carbonate in acetone .

The methoxyphthalate ester was converted to the indanedione
74-5(182) by the method of Cema, Ragovskaya and Oskaja

Scheme 44.
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The methylene protons in the dione are remarkably acidic, 

even for a 1,3-diketone, with the bright yellow colour of the 

anion strongly evident even in aqueous sodium bicarbonate 

solution.

Unfortunately our attempts at coupling the diketone (182) 

with 4-acetylpyridine failed and only starting materials were 

recovered from the reactions. The anion of (182), as we 

expected, formed instantly in anhydrous tetrahydrofuran, but 

failed to couple with 4-acetylpyridine. Presumably the anion 

is so stable that the equilibrium co ncentration of the adduct

(188) is minute and hence not detectable by chromatographic 

a n a l y s i s .
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At tnis point we abandoned attempts to prepare tetracyclic 

systems via C ring formation and sought a more fruitful approach 

to the problem.

In our earlier studies directed towards the synthesis of 

1,4-dimethyl-6-methoxyfluorenone (31) we achieved minor success 

when we converted the bromobenzophenone (43) into the fluorenone 

(31) in 12% yield in a photochemically induced cyclisation.

H.CO

 ^
12 Vo

0  CH. 0  CH.

43 31
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At the time we did not investigate this reaction further 

because of the modest yield, and the fact that we still required 

to add a pyridine ring to the product (31). We decided now, 

however, that if this type of cyclisation could be employed late 

in the synthesis, preceded by high yielding steps, a 12% yield 

would be acceptable.

The synthetic pathway we envisaged is presented in 

Scheme 45. We considered that the bromo isoquinoline (189), 

prepared by the method of Miller and Moock^^, might be converted 

into the carboxylic acid (190) via lithiation with butyllithium, 

followed by quenching of the anion with carbon dioxide. Coupling 

of the acid (189) with 3-bromoanisole (42) should lead to ketone 

(190) which might be cyclised photochemically to the pyrido- 

fluorenone (64).

Scheme 45.
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Hence we prepared the b rom oisoquinoline (189) by the 

literature method, i.e. Friedel-Crafts acylation of bromoxylene 

(59) with chloropropionoyl chloride afforded the chloroketone 

(192) in excellent yield. Addition of this crude ketone in 

portions to concentrated sulphuric acid, followed by warming 

at 90° for 1 h gave bromoindanone (193) in high yield. Sodium 

borohydride reduction of (193) to indanol (194) proceeded smoothly 

and this compound was then dehydrated in excellent yield to

5-bromo-4,7-diroethylindene (195) by the action of sulphuric acid 

in tetrahydrofuran. Ozonolysis of the double bond, followed by a 

reductive work-up with dimethyl sulphide and treatment with 

concentrated aqueous ammonia yielded the br omoisoquinoline (189) 

in 5 6 %  overall yield from bromoxylene. The reactions are 

outlined in Scheme 46.

Scheme 46.
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Treatment of bromoisoquinoline (189) with one equivalent 

of butyllithium in tetrahydrofuran at -75° for 1 h, followed by 

addition of the cold reaction mixture to freshly crushed solid 

carbon dioxide afforded the carboxylic acid (190) in high yield.

Unfortunately when we attempted the synthesis of the 

benzoylisoquinoline (191) by treating trifluoroacetyliraidazole with 

a mixture of bromoanisole (42) and 5,8-dimethylisoquinoline-6- 

carboxylic acid (190) in trifluoroacetic acid , no reaction 

occurred even after 48 h at reflux temperature. Employing two 

equivalents of trifluoroacetylimidazole failed to afford any 

products, returning unchanged starting materials. This was a 

disappoihting result which does not appear to have a simple 

explanation.
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An attempt to form (191) from the isoquinoline acid chloride 

(196) ahd bromoanisole (42) with alumihium chloride ih dichloromethane 

also failed and again the starting materials were returned 

u n c h a n g e d .

CH-

H3CO

AlCU

DCM

4-2 196 191

Since in our previous studies trifluoroacetylimidazole 

induced acylations with 2 ,5-dimethylbenzoic acid had generally 

proceeded well and in good to excellent yield, we decided to try 

the reaction with an indene carboxylic acid as opposed to the 

isoquinoline carboxylic acid (190).

Hence 6 -b rom o-4 ,7-dimethylindene (195) was treated with
obutyllithium in tetrahydrofuran at -78 and the mixture quenched 

with solid carbon dioxide. The lability of the benzylic protons
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of the indene was demonstrated in tnis reaction witn scrambling of 

tne double bond and carboxylation of the five membered ring being 

preferred to litnium-balogen exchange as shown in Scheme 47.

Scheme 47.
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This problem was overcome by treating the bromoindahol 

(194) with two equivalents of butyllithium and quenching the 

resultant dianion with solid carbon dioxide to afford the 

indanol-6-carboxylic acid (200) as shown in Scheme 48. 

Dehydration of (200) with sulphuric acid in tetrahydrofuran 

proceeded smoothly to the in dehe-6-carboxylic acid (197).

Scheme 48.
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Reaction of carboxylic acid (197) with bromoanisole (42) 

in the presence of trifluoroacetylimidazole appeared to have 

worked from the evidehce of thin layer chromatographic analysis. 

The carboxylic acid (197) was consumed and some products, which 

appeared to be uhstable oh silica, produced. We were reluctaht 

to subject the seemingly unstable product to chromatography and 

so analysed the crude mixture by N.M.R. spectroscopy. The 

crude product was ihdeed a mixture, but little ihformatioh could 

be gleaned from an ill-defined spectrum whi ch appeared to be 

contamihated with paramaghetic material. We decided that, 

rather thah risk decomposihg the product (201), if indeed it was 

present, by subjecting it to column chromatography, we would 

convert it into the benzoylisoquinoline (191) which was likely 

to be much easier to handle. Accordingly the crude products 

were ozonised and treated with ammonia as shown in Scheme 49. 

Wheh the reaction was worked up for bases, however, hone were 

present, suggesting that the benzoylindene (201) was hot preseht 

ih the first place.

Scheme 49.

0 C H 3

HOOC

CH3

H3CO

TFA

N .  NCOCF,
0  CH3

42 197 201
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- -

0  CH.

191

A further investigation of this reaction was not carried 

out due to a lack of time and the whole project was brought to 

an end at this point.
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3-(3-Methoxypnenyl)-2-propenoic acid (28)

To a mixture of malonic acid (150 g, 1.42 mol) and
3

m-anisaldenyde (100 g, 0.735 mol) was added dry pyridine (300 cm )
3

and piperidine (5 cm ) and tne reaction mixture neated on a steam

batn for 1 hour. The pyridine solution was poured into

hydrochloric acid and the acid filtered at the pump.

Crystallisation from hot water afforded the pure acid (115 g ,

88%) m.p. 117° (lit.,^^ 118.5°) 

m/z 178
-1A 3450, 1680, 1630 cm fNujol)V  max

\ 220, 276 nm (Ethanol)
A  max

N.M.R. 6 (CDClg) 3.80 (3H, s, Ar-OCH^)

6.56 (IH, d, J = 17Hz, Ar-CH=)

6.9 - 7.4 (4H, m, Ar-H)

7.62 (IH, d, J = 17Hz, CH-CO^H)

10.30 (IH, bs, CO^H)

Found : C, 67.3; H, 5.8

^To"lO°3 requires: C, 67.4; H, 5.7

Attempted Diels Alder reaction between 3-(3-methoxyphenyl )-2- 

propenoic acid and 2 ,4-hexadiene

A mixture of 3 - (3-methoxyphenyl )-2-propenoic acid (10 g , 

0.056 mol), 2,4-hexadiene (9.2 g, 0.112 mol) and hydroquinone 

(0.1 g ) was heated in an autoclave at 210 for 10 hours. On 

cooling a sticky, intractable, polymeric gum was obtained which 

was not resolved by T L C . , did not crystallise and could not be 

d i s t i l l e d .
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N - A c e t y l - 2 ,S-dimethylbenzylamine (32)

Copper(I) cyanide was prepared from copper sulphate (100 g), 

potassium cyanide (28 g) and sodium m e ta bis ulp hit e (28 g ) 

according to the literature procedure and dissolved in a
3

solution of potassium cyanide (52 g) in water (125 cm ).

The solution was heated to 60 - 70° in a one litre round- 

bottomed flask equipped with a mechanical stirrer.

2 , 5-Dimethylaniline (40.4 g, 0,33 mol) was added dropwise
3

to hydrochloric acid (made from 85 cm of concentrated hydrochloric
3

acid and 85 cm of water). The resultant suspension was cooled
o 3to 0 and treated with sodium nitrite (24 g) in water (50 cm )

at such a rate that the reaction mixture was maintained between 
o0 and 5 . Stirring was continued for ten minutes after addition

was complete. The cold reaction mixture was neutralised to

pH 7 with solid sodium carbonate before adding it, in portions,

to the copper(I) cyanide solution. Ad dition was at such a rate

so as to maihtain a reaction temperature between 60 and 70°.

When addition was complete the reaction mixture was heated on

a boiling water bath for 0.5 h before the product, 2 , 5-dimethyl-

benzonitrile, was isolated by steam d ist ill ati on as a yellow oil.

(9 g, 21%) "O 2220 cm ^ . This oil was used without furthermax
purification.

To a stirred suspension of lithium aluminium hydride (2.5 g )
3

in ether (100 cm ), under an atmosphere of dry nitrogen, was 

added a solution of 2 , 5-d ime thy lbenzonitrile (6.7 g, 0.051 mol)
3

in ether (50 cm ) at such a rate so as to m aintain gentle reflux.
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When addition was complete stirring was continued for 2 h at room

temperature before the excess lithium aluminium hydride was

destroyed by the cautious dropwise addi tio n of water. When

effervescence had ceased a large volume of saturated aqueous
3sodium potassium tartrate (100 cm ) was added and the aqueous

3
extracted with ether (3 x 100 cm ). The combined extracts 

were dried (MgSO^) and evaporated under reduced pressure to

afford 2 , 5-dimethylbenzylamine as a yellow oil (6.6 g, 96%). 

  3370, 3300, 1590 cm~^max

2 , 5-Dimethylbenzylamine (6 g, 0.044 mol) was dissolved in
3 3a mixture of acetic acid (5 cm ) and acetic anhydride ( 5  cm ).

The reaction mixture was heated under reflux for 2 h and then
3

poured into a mixture of ice and water (150 cm ). N - A c e t y l - 2 ,5-

diiuethylbenzylamine was filtered at the pump, dried under reduced

pressure and crystallised from ether and petroleum ether

(b.p. 60 - 80°C) as colourless rods (3.9 g , 50%) m.p, 79.5 - 
o80.5

S) ----------------3300, 1620 cm (Nujol)max
X  218, 270, 279 nm (Ethanol) max

H N.M.R. 1.91 (3H, s, C O C H ^ )

2.25 (6H, s, Ar-CHg, Ar-CH^)

4.38 (2H, d, J = 5Hz, CH^-NH)

6.10 (IH, bs, CHg-NH)

Found: C, 74.6; H, 8.5; N, 7.7

C 11H 15NO requires: C, 74.5; H, 8.5; N, 7.9 7«
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Attempted preparation of N-Acetyl-2,5-dimetnyl-4-(4-niethoxybenzoyl )- 

benzylamine (34)

A mixture of aluminium chloride (0.76 g, 5.6 mmol), 

4-methoxybenzoyl chloride (0.96 g, 5.6 mmol) and N-acetyl-2,5-
3

dimethylbenzylamine (1 g, 5.6 mmol) in nitrobenzene (10 cm ) 

was stirred at room temperature for 24 h.

The reaction mixture was poured into water and the nitrobenzene 

removed by steam distillation. Analysis of the residue by thin 

layer chromatography showed that no reaction had taken place.

A repeated reaction at elevated temperature (100 - 110°) 

produced tars.

2 , 5 - D i m e t h y l - 4 '- methoxybenzophenone (40)

To an ice-cooled suspension of imidazole (3.06 g, 0.045 mol)
3

in trifluoroacetic acid (5 cm ) was added trifluoroacetic anhydride
3

(9.45 g, 6.35 cm , 0.045 mol) dropwise, during five minutes.

When addition was complete stirring was continued at room 

temperature before adding a solution of 2 , 5-dimethylbenzoic 

acid (6.75 g, 0.045 mol) and anisole (4.05 g, 0.038 mol) in
3

trifluoroacetic acid(30 cm ). The reaction mixture was heated 

uhder reflux for 18 h, cooled, poured into water and basified 

with aqueous sodium hydroxide. Extraction with dichloromethane
3

(3 X 100 cm ) afforded the pure product as a colourless oil which

rapidly solidified to a pale yellow solid (8.74 g , 97%)
o 78m.p. 9 1 - 2  ( l i t . , 9 2 - 3 ) .
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\) 1640 cm  ̂ (Nujol)max
X  218, 291 (Ethanol)max
N.M.R. 6  (DM80) 2.6 (3H s, Ar-CH^)— 3

13

2.30 (3H, s , A r - C H ^ )

3.84 (3H, s , Ar-O-CHg )

7.04 (2H, d, J = 8Hz, A r - H - 3

7.07 (IH, s, Ar-H-6')

7.22 (2H, s, A r - H - 3' and H-4

7.70 (2H, d, J = 8Hz, A r - H - 2

18.7 (q, A r - C H ^ )

20.4 (q, Ar-CH^) —  3
55.6 (q. Ar-0-CH„) —  3

114.1 (d. Ar-C-3' and C-5' )

127.8 (d. Ar-C-2' and C - 6 ’ )

130.0 (s. A r - C - 1 )

130.3 (d. Ar-C-6 )

130.6 (d. Ar-C-3)

131.9 (d. A r - C - 4 )

134.5 (s. A r - C - 1 ')

139.1 (s. Ar-C-2 and A r - C - 5)
163.5 (s, Ar-C-4' )

196.3 (s. C=0)

C, 80.1; H, 6.75

C, 80.0; H, 6.7 7o
" 16" 16"2

Attempted preparation of 1,4-dimethyl-6- met hox yfl uor eno ne (31)

A solution of 2 , 5 - d i m e thyl-4-methoxybenzophenone (1.2 g, 

0.005 mol) and palladium acetate (2.24 g, 0.010 mol) in glacial
3

acetic acid (30 cm ) was heated under reflux for 24 h.
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Thin layer chromatographic analysis revealed a large number 

of components including the starting material. Several repeated 

attempts varying the heatihg time and the relative amount of 

palladium acetate gave similar mixtures and the procedure was 

a b a n d o n e d .

2 - B r o m o - 2 ',5'-dimethyl-4-methoxybenzophenone (43)

To an ice-cooled suspension of imidazole (3.06 g, 0.045 mol)
3

in trifluoroacetic acid (5 cm ) was added trifluoroacetic
3

anhydride (9.45 g, 6.35 cm , 0.045 mol) dropwise, during five

minutes. When addition was complete stirring was continued at

room temperature before adding a solution of 2 , 5-dimethylbenzoic

acid (6.75 g, 0.045 mol) and 3 -bromoanisole (7.01 g, 0.038 mol)
3

in trifluoroacetic acid (30 cm ). The reaction mixture was 

heated under reflux for 20 h, cooled, poured into water and 

basified with aqueous sodium hydroxide . The aqueous mixture
3

was extracted with dichloromethane (3 x 100 cm ) and the combihed 

extracts dried (MgSO^) ahd evaporated to a yellow oil (9.4 g).

Thin layer chromatography showed this to be a mixture of 2,5-dimethyl- 

benzoic acid (37) and three products having similar polarity.

Flash chromatography on silica eluting with petroleum ether 

(b.p. 60 - 80°) afforded pure 2 - B r o m o - 2 ',5'd i m e thyl-4-methoxy-

benzophenone (43) as a yellow viscous oil (4.1 g, 34%).

S) 1650 cm ^ (dichloromethahe solution) max
N.M. R. 6 (CDCl^) 2.32 (3H, s, Ar-CH^)

2.49 (3H, s, Ar-CHg)

3.92 (3H, s, Ar-O-CHg)

6.94 (IH, dd, - 9Hz, = 3Hz, Ar-H-5)
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7.1 - 7.35 (4H, m, Ar-H-3', H-4', H - 6 ’, H-3)

7.48 (IH, d, J = 9Hz, Ar-H-6)

Found: C, 59.9; H, 4.8; Br, 25.4

C H BrO requires: C, 60.2; H, 4.7; Br, 2 5 . 0 %16 15 2

A small sample of 2 - b r o m o - 2 ',5'-dimethyl-6-metnoxybenzo- 

pbenone (44) was isolated pure from one of column fractions as 

a yellow oil (0.11 g, 0.9%).

y 1650 cm ^ (dichloromethane solution) max
^H N.M.R. S (CDClg) 2.22 (3H, s, Ar-CH^)

2.62 (3H, s, Ar-CHg)

3.69 (3H, s, Ar-O-CH^)— 3
1 2 6.87 (IH, dd, J = 8Hz, J -- 3Hz, Ar-H-5)

7.05 - 7.30 (5H, m, Ar-H) 

Found: C, 60.0; H, 4.9; Br, 25.5

^16^15®^°2 requires ' 60.2; H, 4.7; Br, 25.0 %

1,4 -Di methyl-6-methoxyfluorenone (31)

2 - B r o m o - 2 ',5'-dimethyl-6-methoxybenzophenone (1.2 g, 0.0038
3

mol) was dissolved in absolute methanol (500 cm ') and the 

solution degassed with nitrogen for 2 h. Subsequent irradiation 

with ultraviolet light for 96 h afforded a yellow solution which, 

on thin layer chromatographic ahalysis, was shown to contain 

starting material and two products. The methanol was evaporated 

to a green solid which was purified by flash chromatography on 

silica eluting with 10% ethyl acetate ih petroleum ether (b.p.

60 - 80°). l,4-Dimethyl-6-methoxyfluorenone was obtained as a 

yellow solid (0.11 g, 12%).
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-  -1760 cm (dichloromethane solution)max
N.M.R. 6 (CDClg) 2.39 (3H, s, Ar-CH^)

2.53 (3H, s, Ar-CHg)

3.86 (3H, s, Ar-O-CHg)
1 26.70 (IH, dd, J = 8Hz, J - 2Hz, A r - H - 7)

6.80 - 7.30 (3H, m, A r - H - 2, H-3, H-5)

7.56 (IH, d, J - 8Hz, Ar-H -8)

Found: C, 80.5; H, 6.1

^16^14^2 requires: C, 80.65; H, 5.9 ®/o

Attempted aryne formation from 2 - b r o m o - 2 ,5-dimethyl-4- 

methoxybenzophenone

To a solution of sodamide in liquid ammonia, prepared from
3

sodium (0.064 g, 2.8 mmol) and liquid ammonia (30 cm ), was 

added a solution of 2 - b r o m o - 2 ',5'-dimethyl-4-methoxybenzophenone 

(0.89 g, 2.8 mmol) in dry tetrahydrofuran. The mixture was 

stirred overnight until all the ammonia had evaporated. Thin 

layer chromatographic analysis revealed that no reaction had 

taken place.

A repeated reaction with a ten fold excess of sodamide 

also failed to react.

A reaction using potassium hydride in tetrahydrofuran also 

failed to afford any product, returning starting material 

u n c h a n g e d .
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3-Bronio-2',5'-dimethyl-4-methoxybenzophenone (47)

Method 1

To an ice-cooled suspension of imdazole (3.06 g, 0.045 mol)
3

in trifluoroacetic acid (5 cm ) was added trifluoroacetic
3

anhydride (9.45 g, 6.35 cm , 0.045 mol) dropwise, during five

minutes. When addition was complete stirring was continued

at room temperature before adding a solution of 2,5-dimethyl-

benzoic acid (6.75 g, 0.045 mol) and 2-bromoanisole (7.01 g,
3

0.038 mol) in trifluoroacetic acid (30 cm ). The reaction 

mixture was heated under reflux for 18 h, cooled, poured into 

water and basified with aqueous sodium hydroxide. The aqueous
3

mixture was extracted with ether (3 x 150 cm ) and the combined 

extracts dried (MgSO^) and evaporated under reduced pressure to 

a yellow solid (10.7 g ). Flash chromatography on silica eluting 

with petroleum ether (b.p. 60 - 80°) and then ether afforded the 

pure benzophenone (47) as a very pale yellow solid (7 g, 58.5%) 

m.p. 89°

  1650 cm ^ (Nujol)max
A  216, 233, 281 nm (Ethanol)max
N.M.R. 6  (CDClg) 2.21 (3H, s, Ar-CH^)

2.30 (3H, s, Ar-CHg)

3.91 (3H, s, Ar-O-CHg)

6.86 (IH, d, = 8.5Hz, Ar-H-5)

7.04 (IH, s, A r - H - 5 ’)

7.12 (2H, s, Ar-H-3' and H - 4 ’)

7.70 (IH, dd, = 8.5 Hz, = 2Hz, Ar-H-6) 

8.00 (IH, d, = 2Hz, Ar-H-2)
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13 19.3 (q, Ar-CHg)

20.9 (q, A r - C H ^ )

56.5 (q, Ar-O-CH^)—  3
111.2 ( d , A r - C - 5)

112.1 (s. Ar-C-3)

128.4 (d, A r - C - 2 )

130.9 ( d , Ar-C-6)

131.5 (d, A r - C - 6 ' )

131.9 (s, Ar-C-1)

133.1 (s, A r - C - 1 ')

134.9 (d, A r - C - 3 ' )

135.2 (d, A r - C - 4 ')

138.6 (s , Ar-C-2' ai

159.8 (s, Ar-C-4)

196.2 (s, C-0)

Accurate Mass m "̂ 318.0262, 320.0232

C H BrO requires M"*" 318.0256, 320.023616 15 ^

3 - B r o m o - 2 ',5 *- d i m e thyl-4-metnoxybenzophenone (47)

Method 2

To a vigorously stirred mixture of 2 , 5- dim eth yl-4'-methoxy

benzophenone (6 g, 0.025 mol) and thalliura(111 )acetate 

sesquihydrate (30.6 g, 0.075 mol) in carbon tetrachloride 

(250 c m ^ ) was added bromine (1.29 cm^, 0.025 mol) in carbon
3

tetrachloride (150 cm ) during 1 h. The mixture was heated under 

reflux for 0.5 h, cooled, filtered and washed with aqueous
3

sodium metabisulphite (300 cm ), aqueous sodium bicarbonate
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3 3(300 cm ) and finally water (300 cm ). The washed reaction

mixture was dried (MgSO^) and evaporated under reduced pressure

to a yellow solid. Traces of thallium were removed by elution

through a short alumina column with chloroform. Evaporation of

the chloroform afforded the benzophenone (47) as a pale yellow

solid identical in all respects to the material produced in the

previous procedure (4.86 g, 61%).

3 - B r o m o - 2 ',5'-dimethyl-4-hydroxydiphenylmethane (48)

To a mixture of 3 - b r o m o - 2 ' , 5'- d i m e thyl-4-methoxybenzophenone

(4.3 g, 0.014 mol), potassium hydroxide (4,6 g, 0.082 mol) and
3 3hydrazine hydrate (4.75 cm ) was added digol (8 cm ) and the

mi xture heated under reflux for 2 h. After this time the
otemperature of the heating bath was raised to 190 and the 

condenser removed from the reaction vessel. After 1 h 

effervescence ceased, the reaction mi xture was poured into 

water and extracted with ether.

The combined ether extracts were dried (MgSO^) and evaporated 

under reduced pressure to a brown oil whi ch was purified by flash 

chromatography on silica, eluting with dichloromethane, to a 

colourless gum (2.65 g, 65%).

N.M.R. 6  (CDClg) 2.16 (3H, s, Ar-CH^)

2.29 (3H, s, Ar-CHg)

3.83 (2H, s, Ar-CH^-Ar)

5.41 (IH, bs, Ar-OH)

6.9 - 7.3 (6H, m, Ar-H)

Found: C, 62.1; H, 5.1; Br, 27.9

C^gH^gBrO requires: c, 61.9; H, 5.2; Br, 27.4 7o
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3 - B r o m o - 2 ',5'-dimethyl^4-methoxydiphenylmethane (49 )

A solution of 3-bronio-2 ' , 5 '-dinietnyl-4-nydroxydipnenyl-
3

methane (1.2 g, 4.12 mmol) in acetone (30 cm ) was treated with 

potassium carbonate (1.14 g, 8.24 mmol) and methyl iodide
3

(2.5 cm , 8 e q u i v . ) and the mixture heated under reflux for

2.5 h. The cooled mixture was filtered and evaporated under 

reduced pressure to a white solid (1.07 g, 85%).

N.M.R. S  (CDClg) 2.16 (3H, s, Ar-CH^'*

2.27 (3H, s, Ar-CHg)

3.80 (5H, s, Ar-OCH^ and Ar-CH^-Ar)

6.74 (IH, d, J = 9Hz, Ar-H-5)

6.80 - 7.04 (4H, m, A r - H - 3 ’, H - 4 ’, H -6 ', H -6 )

7.27 (IH, d, J ^ 2Hz, Ar-H-2)

Found: C, 62.9; H, 5.75; Br, 26.6

^16^17®^^ requires: C, 63.0; H, 5.6; Br, 26.2 ®/o

Attempted benzyne formation from 3 - b r o m o - 2 ',5'-dimethyl-4- 

methoxyd iphenyImethane

To a mixture of excess sodamide (10 g ) in liquid ammonia
3

(40 cm ) was added 3 - b r o m o - 2 ',5'-dimethyl-4-methoxydiphenyl-
3

methane (1.1 g, 3.6 mmol) in dry tetrahydrofuran (20 cm ).

After stirring for 24 hours the residue was treated with water 

and extracted with dichloromethane. Thin layer chromatographic 

ahd spectral analysis indicated no reaction at all had occurred. 

The starting material was recovered quantitatively.
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Attempted benzyne formation from 3 - b r o m o - 2 ',5'-dimetiiyl-4- 

metboxyd ipbenyImetbane

Oil free potassium hydride (0.15 g, 2.68 mmol) was treated
3

with dry tetrahydrofuran (20 cm ) and hexamethyldisilazane 

(0.43 g, 2.68 mmol) and the mixture heated under reflux for 1 h. 

A solution of 3-bromo-2,5-dimethyl-4-methoxydiphenylmethane
3

(0.82 g, 2.68 mol) in dry tetrahydrofuran (8 cm ) was added 

and reflux continued for 1 h. The solution goes a deep red 

colour which was discharged when the reaction mixture was poured 

into water. The starting material was returned unchanged from 

the reaction mixture.

4-Methyl-3-nitroanisole (55)

4-Methyl-3-nitrophenol (18 g, 0.12 mol) was added to a
3 3mixture of water (590 cm ), d ichloromethane (590 cm ), sodium

hydroxide (7.08 g, 0.18 mol) d i m e t h y I s u l p h a te (44.6 g, 0.354 mol)

and benzyl tri-n-butylammonium bromide (4.2 g, 0.012 mol) and

the mixture agitated with a vibro mixer for 1 h. The phases

were separated and the aqueous phase extracted with dichloromethane,

The combined dichloromethane phases were evaporated to an oil

which was taken up in ether, washed with dilute ammonia, dilute

equeous sodium hydroxide and brine before drying (MgSO^) and

evaporating to an oil which was purified by steam distillation

to a colourless oil (16.6 g , 83%).

N.M.R. 5  (CDClg) 2.58 (3H, s, Ar-CH^)

3.91 (3H, s, Ar-OCH^)
1 27.10 (IH, dd, J = 8Hz, J - 3Hz, A r - H -6 )

7.32 (IH, d, J = 8Hz, Ar-H-5)

7.58 (IH, d, J = 3Hz, Ar-H-2)
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Found; C, 57.4; H, 5.4; N, 8.3

C g H g N O s  requires: C, 57.5; H, 5.4; N, 8.4 7o

4-Metnoxy-2-nitrobenzoic acid (56)

A mixture of 4-methyl-3-nitroanisole (4 g, 0.024 mol),

and potassium permanganate (9.17 g, 0.058 mol) in water 
3(670 cm ) was heated under reflux until the purple permanganate

colour was no longer apparent. A further portion of potassium

permanganate (1.83 g, 0.016 mol) was then added and heating 

continued until decolourisation was complete. A small amount 

of starting material was recovered from the reaction mixture by 

steam distillation before manganese dioxide was removed by 

filtration. The filtered reaction mixture was cooled to 20°
3

and acidified with concentrated hydrochloric acid (30 cm ).

4-Methoxy-2-nitrobenzoic acid was filtered at the pump and

dried under vacuum to afford a fluffy white crystalline solid

(2.25 g, 53%) m.p. 176° (decomp.) An analytical sample was
o 79obtained by crystallisation from ethanol m.p. 194-5 (lit., 

195-6°)

O  1690, 1605 cm (Nujol mull)
^  max
X  215, 232 nm (Ethanol)max
N.M.R. 6 (CDClg) 3.89 (3H, s, O - C H3 )

1 27.10 (IH, dd, J = 8Hz, J = 2Hz, Ar-H-5)

7.16 (IH, d, - 2Hz, Ar-H-3)

8.82 (IH, d, J = 8Hz, Ar - H - 6 )

Found: C, 49.0; H, 3.8; N, 6.8

CgH^NO^ requires; C, 48.7; H, 3.6; N, 7 . 1 'A,
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Attempted preparation of 4 - m e t h o x y - 2 ',5'-d ime t n y l - 2 - n i tro-

benzophenone (58)

A mixture of 4-metboxy-2-nitrobenzoic acid (1 g, 5.65 mmol)

and phosphorus pentachloride (0 98 g, 4.7 mmol) in dry 4-xylene

under an atmosphere of dry nitrogen, was heated at 110°C for

0.5 h and then under reflux for 5 minutes. The mixture was cooled

to 0°C before adding crushed aluminium chloride (1.54 g, 11.5 mmol),
oand then heated at 70 for ten minutes.

Thin layer chromatographic analysis revealed a highly complex 

reaction mixture which on w o r k  up afforded a polymeric gum, the 

composition of which was not investigated.

A second reaction employing titanium tetrachloride as Lewis 

acid returned 4-methoxy-2-nitrobenzoic acid.

4-Methoxy-2-nitrobenzoic acid methyl ester ( 6 0 ) .

Method 1.

4-Methoxy-2-nitrobenzoic acid (1 g, 5 mmol) in dry methanol
3 3(5 cm ) was treated with concentrated sulphuric acid (0,2 cm )

and the mixture heated under reflux for 2 h. Volatiles were

largely removed under reduced pressure and the residue diluted
3 3with water (20 cm ) and extracted with ether (2 x 20 cm ).

Repeated washing of the combihed ether extracts with saturated
3

aqueous sodium bicarbonate (40 x 20 cm ) removed unreacted 

starting material. The ether solution was dried and evaporated 

to an off white solid (0..45 g , 43%),
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1720 crn”  ̂ ( Nu jo l  )
max

X 215, 235 nm (Ethanol)max
N.M.R. 6 (CDClg) 3.89 (3H, s, Ar -OCH^ or C O ^ C H ^ )

3.91 (3H, s, A r - O CHg  or C O ^ C H ^ )
1 27.11 (IH, dd, J = 8Hz, J - 2Hz, Ar-H-5)

7.26 (IH, d, ^ 2Hz, Ar-H-3)

7.80 (IH, d, = 8Hz, A r - H -6)

Found: C, 51.4; H, 4.6; N, 6.5

C9H9N O 5 requires: C, 51.2; H, 4.3; N, 6.6 7o

4-Methoxy-2-nitrotaenzoic acid methyl ester (60).

Method 2.

To an ice-cooled solution of 4 - m e thoxy-2-nitrobenzoic acid
3

(12.5 g, 0.063 mol) in dry ether (30 cm ) was added an excess 

of freshly distilled ethereal d i a z o m e t h a n e , portionwise, during 

five minutes. After standing overnight the residue was 

evaporated uhder reduced pressure to afford the pure ester as a 

fluffy white solid (13.25 g, 99.7%).

This material was identical in all respects to that made 

in the previous method.

Attempted preparation of 4 - m e t h o x y - 2 ',5'-dimethyl-2-nitrobenzo- 

phenone (50).

2 , 5-Dimethylbromobenzene (1.85 g, 0.01 mol) was added to a

mixture of magnesium turnings (0.243 g , 0.01 mol) in dry ether 
3(6 cm ). A crystal of iodine was added and the mixture heated 

under reflux for 2 h. The Grignard reagent was added to a
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solution of 4-metnoxy-2-nitrobenzoic acid raetnyl ester (2.1 g, 

0.01 mol) in dry etner and mixture heated under reflux for 3 h.

Thin layer chromatographic analysis showed only slightly 

impure starting material and the procedure was abandoned.

1,3-Bis-(trifluoracetyl)-2-[ 3-(2,5-dimethylthienyl)]-4- 

imidazoline (78)

To a refluxing solution of imidazole (3.4 g 0.05 mol) in 

acetonitrile (50 c m ^ ) and trifluoroacetic anhydride (18.5 c m ^ ) 

was added 2, 5-dimethylthiophene (5.6 g, 0.05 mol) dropwise 

during five minutes. The reaction mixture was then heated 

under reflux for 19 hours before removing the volatiles under 

reduced pressure. Ice ( 10 g ) was added to the oily residue

which soon solidified to an ochre solid on trituration. 

Crystallisation from 95% ethanol afforded the title compound as 

large colourless rods (4.1 g, 22%) m.p. 65 - 6°. This compound 

decomposes slightly over the course of several months at room 

temperature.

V  broad band 1650 - 1750 cm"^( Nujol)max
N.M.R. & (CDClg) 2.35 (3H, s, C H ^ )

2.65 (3H, s, CHg)

6.55 (IH, s, C-H)

6.70 (2H, s, -CH=CH-)

7.08 (IH, s, Ar-H)

Found: C, 41.7; H, 2.8; N, 7.6

*^13^10^2°2^6^ requires : C, 41.9; H, 2.7; N, 7.5 7o
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2 , 5 - Dimethyl thiophene-3-carboxaldehyde {79)
3

To boiling dilute sodium hydroxide solution (O.IM, 150 cm )

was added 1,3-Bis-(trifluoracetyl)-2-[3-(2,5-di methyl thienyl)]

-4-imidazoline (6 g, 0.016 mol). The mixture was gently distilled

during 2 hours and the product collected from the distillate as a

yellow oil by ether extraction. The combined ether extracts

were dried (magnesium sulphate) and evaporated to yield the

aldehyde as a yellow oil (1.5 g, 65%).
—  1

1670 cm (liquid film)S) - -max
N.M.R. S (CDCl^) 2.45 (3H, s, CH^ )3 — 3

2.75 (3H, s, CHg)

7.09 (IH, s, Ar-H)

10.05 (IH, s, OHO)

Found: C, 59.6; H, 5.8

C^H^SO requires: C, 60.0; H, 5.75 7,

3-(2,5-Dimethyl thiophenyl)-2-propenoic acid (80)

To a mixture of malonic acid (11.86 g , 0.114 mol) and

2 , 5-dimethylthiophene-3-carboxaldehyde (8 g, 0.057 mol) was
3 3added dry pyridine (25 cm ) and piperidine (0.5 cm ) and the'

reaction mixture heated on a steam bath for 1.5 h. The yellow

solution was poured into 50% hydrochloric acid with stirring and

the white solid filtered at the pump. The fihely divided product

was most easily dried by dissolving the wet acid in chloroform

filterihg the two phase mixture through phase separating filter

paper and finally drying the chloroform with magnesium sulphate.

The chloroform was evaporated under reduced pressure to leave
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a white solid which crystallised from glacial acetic acid as
o 80  ocolourless microcrystals. m.p. 164-5 (lit., 165-6 )

V  1680, 1660, 1620 cm~^ max
N.M.R. 8 (CDClg) 2.41 (3H, s, CH^ )

2.50  (3H, s, CHg)

6.14 (IH, d, J = 15Hz, Ar-CH=)

6.90 (IH, s, Ar-H)

7.80 (IH, d, J = 15Hz, ^CH-CO^H)

Found; C, 59.7; H, 5.55 

S^10^*^2 requires; C, 59.3; H, 5 . 5 %

3-(2,5-Dimethyl thiophenyl)-2-propenoyl chloride (81)

A mixture of 3 - ( 2,5 -Dimethyl thiophenyl)-2-propenoic
3

acid (4 g, 0.022 mol) and thionyl chloride (10 cm ) in toluene
3

(25 cm ) was heated under reflux for 1 hour. The reaction 

mixture was evaporated under reduced pressure to leave a 

brown oil which was used without purification (4.15 g, 94%)
—  11750 cmmax

2 - ( 2 ,5-Dimethyl thiophenyl )vinyl isocyanate (83)

To a cooled, well stirred, suspension of sodium azide
3 3(2.6 g, 0.04 mol) in dioxan (4.7 cm ) and water (4.7 cm ) was

added crude 3-(2,5-dimethyl thiophenyl)-2-propenoyl chloride
3

(4 g, 0.02 mol) in dioxan (7 cm ), portionwise, during five 

minutes. The intermediate azide was filtered off, dissolved in 

dichloromethane and the dichloromethane dried (Na^SO^) and 

evaporated under reduced pressure. The azide rearranges with 

loss of nitrogen with gentle w a r mi ng under vacuum. The reaction
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is complete after two hours affording the isocyanate as a pale

oil.

-0 max
(isocyanate) 2250 cm

—  %
(azide) 2140 cmmax

max
No elemental analysis was obtained for this compound.

Attempted preparation of 3 -0x o-3,4-dihydro-2,7-dimethyl thieno 

[3,4 - c ]pyridine (84)
3To boiling diphenyl ether (10 cm ) was added a dichloromethane

solution of crude 2 - ( 2 , 5-dimethyl thiophenyl )vinyl isocyanate

(1 g, 5.6 mmol) dropwise at such a rate that the dichloromethane

immediately boiled away. The reaction mixture was maintained 
oat 220 for 75 minutes before removing the diphenyl ether 

in v a c u o . The residue was not resolved by T.L.C. and showed 

no carbonyl absorption in the infrared spectrum. The method 

was abandoned.

2 , 6-Bis(4-methoxyphenylmethylene)cyclohexanone (94)

4-Methoxybenzaldehyde (2.72 g, 0 02 mol) and cyclohexanone
3

(1.96 g, 0.02 mol) were dissolved in dry methanol (30 cm ) and 

the reaction mixture saturated with dry hydrogen chloride gas 

during 0.5 h. The clear solution turned yellow, then orange, 

then red until finally a crystalline precipitate formed.

The reaction mixture was filtered and the precipitate washed 

with a little methanol to afford a canary yellow solid (2.3 g,

98%). m.p. 155 - 59° (lit.,®^ 157-62°).
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'x)___ 1660 cm  ̂ (Nujol)max
A 208, 245, 381 nm (Ethanol)max
N.M.R. 8 (CDClg) 1.6 - 2.0 (2H, m, -CH^CH^CH^-)

2.8 - 3.2 (4H, m, - C H ^ C H ^ C H ^ - )

3.95 (6H, s, Ar-OCH_)— 3
7.05 (4H, d, J = 8Hz, Ar-H-3, H-5, H-3, H - 5 ’)

7.6 (4H, d, J = 8Hz, Ar-H-2, H -6, H-2, H -6 ')

7.9 (2H, s, Ar-CH=)

Accurate Mass M^ 334.1569

^22^22*^3 ^®quires M^ 334.1569

2 , 5-Dimethylcyclohexanone (96)
3

A solution of sodium dichromate (153 g) in water (750 cm )
3

was cautiously treated with concentrated sulphuric acid (72 cm ) 

and allowed to cool to room temperature. The cooled solution 

was added, all in one portion, to 2 ,5-dimethylcyclohexanol 

(96.4 g, 0.765 mol) with stirring. The mixture was shaken 

periodically and ice-cooled to keep the temperature below 60°.

When the evolution of heat had ceased the reaction mixture 

was stirred and cooled before it was diluted with water and the 

product isolated by steam d i sti lla tio n as a colourless oil 

(58.8 g, 61%).

1710 cm ^ (liquid film)max
Found: C, 76.1; H, 11.1

C_H^ 0 requires: C, 76.1; H, 11.2 7co 14
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2, 5 - Dimethyl-6- ( 4-methoxyplienylmethylene )cyclohexanone (97 )

4-Methoxybenzaldehyde (2.72 g, 0.02 mol) and 2 , 5-dimethyl-

cyclohexanone (2.52 g, 0.02 mol) were dissolved in dry methanol 
3(30 cm ) and the reaction mix ture saturated with dry hydrogen 

chloride gas during 0.5 h. The reaction mixture turned dark 

red but the product failed to crystallise on overnight standing. 

Volatiles were removed under reduced pressure to leave a gum 

which was chromatographed on alumina, eluting with dichloromethane 

to afford a brown oil.. Preparative layer chromatography 

afforded a pure sample of the title compound as a colourless 

solid. (0.12 g, 2.5%) m.p. 96°.

1680 cm ( N u j o l )max
A 208, 227, 305 nm (Ethanol) max
Accurate Mass M^ 244.1466 

^16^20°2 requires m "̂ 244.1463

2, 5 - Dimethyl-6- (4-methoxyphenyl)methyl cyclohexanone (99)

2 , 5- Dim eth yl-6-(4-methoxyphenylmethylene)cyclohexanone 

(0.112 g, 0.46 mmol) was dissolved in glacial acetic acid
3

(5 cm ) and treated with 5% palladium on charcoal catalyst

(3 mg). After stirring under an atmosphere of hydrogen for

18 h the reaction mixture was filtered and evaporated under

reduced pressure to afford a colourless oil (0.09 g, 79.5%). 
—  1

1715 cm (liquid film)

227, 277, inf 286 (Ethanol)

%) - - -  maxA max
N.M.R. 8 (CDClg)0.79 (3H, d, J - 7Hz, CH-CH^)

0.97 (3H, d, J = 7Hz, C H - C H ^ )

1.4 - 3.2 (9H, m, aliphatic-H)

3.76 (3H, s, Ar-OCHg)
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6.81 (2H, d, J = 9Hz, Ar-H-3 and H-5)

7.13 (2H, d, J ^ 9Hz, Ar-H-2 and H -6 )

Found: C, 78.2; H, 9.1

*^16^22^2 requires: C, 78.0; H, 9.0  7 ,

Attempted preparation of 1, 4-dinietnyl-6-metnoxy-l, 2, 3, 4-tetra- 

nydrofluorene (100)

2 , 5-Dimethyl-6- (4-methoxyphenyl)metnyl cyclohexanone 

(0.09 g, 0.37 mmol) was treated with a 2 0 %  w/v solution of
3

polyphosphoric ester in chloroform (3 cm ) and the mixture 

heated under reflux. The mixture weht slightly yellow but 

analysis by thin layer ch rom atography showed only starting 

material present.

oHeating the starting material at 110 C with neat

polyphosphoric ester had no effect but on raising the
otemperature gradually to 150 C decom pos iti on occurred and 

intractible tars produced.

3-Methoxybenzenediazonium tetrafluoroborate (102^

3-Methoxyaniline (12,3 g, 0.1 mol) was dissolved in a
3

mixture of water (35 cm ) and concentrated hydrochloric acid
3 o(25 cm ) and the solution cooled to 0 . Sodium nitrite

3
(7.6 g, 0.11 mol), dissolved in wate r (15 cm ), was added

odropwise, maintaining the temperature between 0 and 5 .

When addition was complete a solution of sodium tetrafluoro-
3

borate (15 g, 0.13 mol) in water (30 cm ) was added dropwise, 

maintaining the temperature at less than 5°. Mechanical 

stirring was required. When addition was complete the
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diazonium compound was filtered and washed with water, 

ethanol and finally ether before drying in vacuo to an

ochre solid (19.1 g, 86%).
- —  13100, 2300, 1600 cm (Nujol)max

2 , 5 - D i m e t h y l - 3 '-methoxybiphenyl (104 )

To a suspension of 3-methoxybenzenediazoniura tetra- 

fluoroborate (1.35 g , 6.1 mmol) and 18-crown-6 (0.11 g,

0.3 mmol) in 4-xylene, protected from the atmosphere and 

light, was added potassium acetate (1.2 g, 12.2 mmol).

The reaction mixture was stirred for 2h, filtered and washed 

with brine and then water before drying (MgSO^) and evaporating 

under reduced pressure to a red oil.

The product was isolated, after chromatography on neutral
oalumina, eluting with petroleum ether (b.p. 60 - 80 ), as a 

colourless oil (0.79 g, 61%).

N.M.R. &  (CDClg) 2.27 (3H, s, Ar-CH^)

2.37 (3H, s, Ar-CH_)— 3
3.83 (3H, s, Ar-OCH^)— 3
6.80 - 7.35 (7H, m, Ar-H)

Found: C, 85.1; H, 7.45 

^15^^16*^ requires : C, 84.9; H, 7.6 7o

Attempted preparation of 2 , 5 - d i m e t h y l - 2 ’-fo rmy l-5 'me tho xy

biphenyl (105)

To a stirred mixture of 2 , 5 - d i m e t h y l - 3 '-methoxybiphenyl
3

(1.06 g, 5.mmol), dimethylfo rma mid e (1 cm , 13 mmol) and
3 3chlorobenzene (1 cm ) was added phosphorus oxychloride (0.8 cm ,
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8 mmol) and the mixture heated at 90° for 0.5 h.

Thin layer chromatographic analysis revealed a highly 

complex reaction mixture and the method was abandoned.

3( 2 , 5-Dimethylphenyl)propenoic acid (117)

To a mixture of malonic acid (31 g, 0.298 mol) and

2,5-dimethylbenzaldehyde (20 g, 0.149 mol) was added dry
3 3pyridine (70 cm ) and piperidine (2 cm ) and the reaction

mixture heated on a steam bath for 1.5 h. The reaction mixture
3

was cooled, poured into 50% hydrochloric acid (400 cm ) and a 

pale pink solid filtered at the pump. Crystallisation from 

water afforded the title compound as colourless rods (23.9 g , 

91%).

y  1670 cm ^ (Nujol) max
N.M.R. 8 (CDClg) 2.31 (3H, s, Ar-CH^)

2.39 (3H, s, Ar-CHg)

6.37 (IH, d, J = 16Hz, Ar-CH=)

7.14 (2H, s, Ar-H-3 and H-4)

7.42 (IH, s, A r - H -6 )

8.10 (IH, d, J = 16Hz, CH-CO)

Found: C, 74.8; H, 6.8 

^11^12^2 requires: C, 75.0; H, 6.8 7.

3-(2,5-Dimethylphenyl)propenoic acid ethyl ester (118)

To a suspension of 3 -(2 ,5-dimethylphenyl)propenoic acid
3

(10 g, 0.057 mol) in absolute ethanol (250 cm ) was added
3

concentrated sulphuric acid (6 cm ) and the mixture heated 

under reflux for 2 h. The r e ac tio n mixture was cooled and
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the ethanol largely removed by evaporation under reduced
3

pressure. The residue was diluted with water (125 cm )
3

ahd extracted with dichloromethane (2 x 130 cm ). The

combined extracts were washed with saturated aqueous sodium
3 3bicarbonate (3 x 130 cm ), water (150 cm ) and then dried

(MgSO^) and evaporated to afford the pure ester as a colourless

oil (10.2 g, 88%).

  1710 cm ^ (dichloromethame solution)

215, 285 nm (Ethanol)
maxA
max

N.M.R. S (CDClg) 1.31 (3H, t, J = 7Hz, CH^-CH^)

2.30 (3H, s, Ar-CHg)

2.38 (3H, s, Ar-CHg)

4.28 (2H, q, J = 7Hz, CH^-CH^)

6.36 (IH, d, J ^ 16Hz, Ar-CH=)

7.10 (2H, s, Ar-H-3 and H-4 )

7.39 (IH, s, A r - H -6 )

7.99 (IH, d, J = 16Hz, OH-CO) 

Found: C, 70.1; H, 6.95 

C 12H 14O3 requires: C, 69.9; H, 6 . 8  V o

2, 3 - D i b r o m o - 3 - ( 2 ,5-dimethylphenyl)propanoic acid ethyl 

ester ( 1 1 9 )

To a solution of 3-( 2,5 -dimethylphenyl)propenoic acid
3

ethyl ester (10.2 g, 0.05 mol) in carbon tetrachloride (20 cm ),
3

cooled in an ice bath, was added bromine (8 g, 2.6 cm , 0.05 mol), 

dropwise, during 5 minutes. The reaction mixture was stirred 

at room temperature for 0.75 h and then evaporated under 

reduced pressure to afford a yellow solid. Crystallisation 

from ethanol gave the dibromoester as pale yellow microcrystals

(14.2 g, 78%) m.p. 72 - 3°.
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0  ---------1760, 1740 cm (Nujol) max
\  212 nm (Ethanol)max

1.47 (3H, t, J = 7Hz, CH^ - CHg)

2.41 (3H, s, Ar-CH^)— 3
2.49 (3H, s, Ar-CHg)

4.47 (2H, q, J = 7Hz, CHgCH^)

5.00 (IH, d, J = 12Hz, Ar-CHBr)

5.71 (IH, d, J = 12Hz, CHBr-CO)

7.15 (2H, s, Ar-H-3 and H-4)

7.30 (IH, s, A r - H-6 )

361.9557,, 363.9492, 365.9467Accurate Mass M"*"

^13^16®^2°2 requires 361.9517, 363.9488, 365.9457

3-(2,5-dimethylphenyl)propynoic acid (120)

To a solution of potassium hydroxide (4.16 g, 0.074 mol)
3 oin 95% ethanol (20 cm ), maintained at 50 C, was added

2, 3 -di b r o m o - 3 - ( 2 ,5 -di methylphenyl)propanoic acid ethyl

ester (6 g, 0.0165 mol) and the mi xture heated under

reflux for 5 h. The cooled reaction mixture was filtered,

the filtrate neutralised with concentrated hydrochloric acid

and evaporated under reduced pressure to a yellow semi-solid
3This material was added to a mix ture of ice and water (30 cm ), 

as was the solid filtered at the end of the reaction. The 

aqueous mixture was strongly acidified with concentrated 

sulphuric acid and filtered to yield the pure acid as a 

granular white solid (2.48 g, 86.4%),

'\)___  1670 cm” ^ (Nujol)max
N.M.R. 8 (CDClg) 2.32 (3H, s, Ar-CH^) 

2.49 (3H, s, Ar-CH^)

7.1 - 7.8 (3H, m, Ar-H)

11.02 (IH, s, CO^H)
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Found: C, 75.6; H, 5.8

^11^10*^2 requires: C, 75.8; H, 5 . 8  V c

3-(2,5-Dimetnylpnenyl)propynoic acid methyl ester (115)

3 - ( 2 ,5-Dimethylphenyl)propynoic acid (9 g, 0.052mol) was
3

dissolved in ether (100 cm ) and treated with excess freshly 

distilled ethereal diazomethane. Excess diazomethane was 

allowed to evaporate overnight and the residue evaporated 

under reduced pressure to a brown oil. The pure title 

compound was obtained by bulb to bulb distillation in vacuo 

as a colourless oil (7.1 g, 73%). b.p. 15 2°/0.6 mm. ̂   -12220, 1720 cm (liquid film)max
A  215, 265 nm (Ethanol) max
N.M.R. ^ (CDClg) 2.33 (3H, s, Ar-CH^)

2.47 (3H, s, Ar-CHg)

3.89 (3H, s, C O O C H g )

7.20 (2H, s, Ar- H-3 and H-4) 

7.45 (IH, s, A r - H -6 )

Foun d:0,76.8; H, 6.5 

^12^12*^2 requires :C,76.6; H, 6.4

Attempted Preparation of 2-(2, 5-dimethylphenyl )-4-hydroxy- 

benzoic acid methyl ester (121)

A mixture of 3-(2, 5-d ime thylphenyl)propynoic acid methyl

ester (1.77 g , 9.4 mmol) and l-methoxy-3-trimethylsilyloxy-
3 3butadiene (1.91 g , 2.16 cm , 9.4 mmol) in dry toluene (40 cm )

was heated under reflux for 24 h. Thin layer chromatographic

analysis showed only starting materials and the method was

a b a n d o n e d .
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A second experiment was performed under more vigorous 

c o n d i t i o n s .

A mixture of 3- (2, 5-d ime tnylpnenyl)propynoic acid

methyl ester (0.94 g, 5 mmol) and l-methoxy-3-trimethylsilyloxy-
3butadiene (3.01 g, 17.5 mmol) in dry xylene (1 cm ) was heated 

under an atmosphere of nitrogen in a sealed tube at 180°.

After 2 h thin layer chromatographic analysis showed only 

starting materials. After heating for 48 h thin layer 

chromatographic analysis revealed that the starting material 

had been largely consumed but the product appeared to be a 

polymeric material which was not resolved on the chromatography 

plate. The procedure was abandoned.

6-Methoxy indanone (136)

To 3 -( p-methoxyphenyl)propionic acid (90 g 0.5 mol) was
3added freshly distilled thionyl chloride (100 cm ). The 

reaction mixture was heated under reflux for two hours, excess 

thionyl chloride removed under reduced pressure and the residue 

distilled in vacuo to afford 3-( p-m ethoxyphenyl)propionoyl  

chloride as a colourless oil (93.5 g , 94%) b.p. 154-7° at 

17mm Hg.

3
Freshly distilled dichloromethane (2200 cm from P^O^)

owas stirred me chanically under nit rog en and cooled to 0 - 5 .

3 - (p-methoxyphenyl)propionoyl chloride (91.3g, 0.46 mol) was 

divided into four equal portions, the first of which was added
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to the dichloromethane. Alu min ium  chloride (61.4 g, 0.46 mol)

was also divided into four portions the first of which was added

to the dichloromethane. The reaction mixture was maintained 
oat 0 - 5 for 1 h before adding a second portion of acid 

chloride and aluminium chloride. Stirring was continued in

the cold adding further portions of acid chloride and

aluminium chloride at 1 h intervals. After the last addition 

the cooling bath was removed and the reaction mixture allowed 

to warm to room temperature during 1 h. The deep yellow 

reaction mixture was poured onto crushed ice and the residue 

extracted exhaustively with ether.

The combined ether and di chloromethane extracts were 

dried (MgSO^) and evaporated to a residue which was crystallised

from light petroleum ether (b.p. 60 - 80°C) as colourless
o 49 ocrystals (54 g 72.5%) m.p. 107 (lit., 110 )

V  1715 cm ^ (0=0) (Nujol)max
A  220, 250, 323 nm (Ethanol)max

N.M.R. 6 (CDClg) 2.67 (2H, t, J = 6Hz, CH^)

3.05 (2H, t, J = 6Hz, CH^)

3.80 (3H, s, Ar-OCHg)

7.08 - 7.39 (3H, m, Ar-H)

N.M.R. 6 (CDClg) 25.1 (t, CH^, 0-3)

36.9 (t, CHg, 0-2)

55.5 (q, Ar-OCH^)

105.3 (d, Ar-C-4)

123.6 (d, Ar-C-5)

127.3 (d, Ar-C-7)

138.4 (s, Ar-0-3a)
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147.6 (s, Ar-C-7a)

159.5 (s, A r - C - 6)

206.1 (s, 0=0)

Found: 0, 74.2; H, 6.2 

^10"l0°2 requires: 0, 74.1; H, 6.2 “/o

4 - ( 1-nydroxyetnyl)pyridine (142)

To a solution of 4-acetylpyridine (3.5 g, 0.029 mol) in 

95% ethanol (50 cm^ ), cooled to 0°, was added sodium horohydride 

(2.75 g, 0.073 mol) portionwise, during 5 minutes. The
3

mixture was stirred for 18 h, poured into water (200 cm ),
3

and the product extracted into ethyl acetate (3 x 200 cm ).

The combined extracts were dried (MgSO^) and evaporated under 

reduced pressure to an oil which was used directly without 

further purification (3.4 g, 95.5%).

N.M.R. 6 (CDClg) 1.44 (3H, d, J = 7Hz, CH-CH^)

4.84 (IH, q, J = 7Hz, CH-CH^)

5.51 (IH, bs, OH)

7.32 (2H, d, J = 6Hz, Py-H-3 and H-5)

8.44 (2H, d, J = 6Hz, Py-H-2 and H-6)

4 - ( 1-chloroethyl)pyridine (140)

To a solution of 4 - ( 1-hydroxyethyl )pyridine (3 g, 0.024 mol)

in dry benzene (15 cm^), cooled to 0°, was added thionyl

chloride (22.5 cm^) dropwise, during 5 minutes. After

st irr ing  1 h in the cold volatiles were removed under

reduced pressure and the residue partitioned between
3saturated aqueous sodium bicarbo nat e (50 cm ) and ethyl acetate. 

The ethyl acetate phase was dried (MgSO^) and evaporated under 

reduced pressure to a green oil. Bulb to bulb distillation
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afforded the title compound as a colourless oil (2.97 g, 
o

87%) b.p. 53 /0.8 mm. This compound deteriorates rapidly
oat room temperature and is best stored at -20 .

S )  -1600 cm (liquid film)max
N.M.R. S (CDClg) 1.80 (3H, d, J = 7Hz, CH-CH^)

4.99 (IH, q, J = 7Hz, CH-CH^)
1 27.32 (2H, dd, J = 7Hz, J = 2Hz,

Py-H-3 and H-5).
1 28.59 (2H, dd, J = 7Hz, J = 2Hz, Py-H-2

and H -6 )

N.M.R. S ( C D C y  26. 0 (q, CH-CH^)

56.4 (d, CH-CHg)

121.2 (d, Py-C-2 and C -6 )

150.2 (d, Py-C-3 and C-5)

151.1 (s, Py-C-4)

Found: C, 59.8; H, 5.3 

C_H CIN requires: C, 59.4; H, 5.7 */o

Attempted preparation of 2- l-(4-pyridyl)ethyl - 6-methoxy-

1-indanone (141)
3

To a solution of di iso propylamine (0.4 g, 0.56 cm ,

4 mmol) in dry tetrahydrofuran (10 cm^) at -78° was added 

a solution of n-butyllithium in hexane (4 mmol) and the 

solution stirred in the cold for 0.5 h. A solution of 

6-methoxyindanone (0.65 g, 4 mmol) in dry tetrahydrofuran
3

(10 cm ) was then added during 2 minutes. After stirring 

for 0.5 h at -78° a solution of 4 - ( 1-chloroethyl)pyridine
3

(0.57 g, 4 mmol) in dry tetrahydrofuran (2 cm ) was added.
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Thin layer chromatographic analysis after 2 h at -78° 

showed only starting materials. On gradual war ming to 

room temperature no reaction occurred but after stirring for 

18 h at room temperature the reaction mixture had become 

deep red in colour. Thin layer chromatographic analysis 

showed a small amount of dark non-running material plus 

mainly unchanged starting materials. The method was abandoned

A repeated reaction using the potassium enolate of 

6-methoxyindanone, and an excess of 4 - ( 1-chloroethyl)pyridine 

in boiling tetrahydrofuran gave a small amount (5%) of the 

title compound. The spectral data of this compound was 

identical to those later obtained by another route.

3-(t -Bu tyl dim ethylsilyloxy)-5-methoxyindene (146)

To a suspension of oil free potassium hydride (0.5 g ,
3

12.5 mmol) in tetrahydrofuran (20 cm' ) was added 6-m e tho xy

indanone (1.8 g , 11 mmol) and the mixture stirred under an 

atmosphere of dry nitrogen. When effervescence ceased
3

(5 minutes) triethylamine (2.3 cm , 16 mmol) was added and 

the mixture cooled to 0°C. t-Butyldimethylsilyl chloride 

(2.5 g, 16 mmol) was added to the reaction mixture which was 

then stirred for 0.5 h before being poured into cold dilute
3

citric acid (100 cm ). The mixture was extracted with ethyl
3

acetate (2 x 100 cm ) and the combined extracts dried 

(MgSO^) and evaporated under reduced pressure to a yellow oil.
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The oil was purified by chromatography on florisil eluting 

with light petroleum ether (b.p. 30 - 40°) to afford the 

silyl enol ether as an unstable colourless oil (2.5 g, 82%).
—  11620, 1600, 1580 cm (liquid film')max

H N.M.R. S (CDClg) 0.24 (6H, s, Si-(CH^)2 )

1.02 (9H, s, Si-C-(CH^)^)

3.22 (2H d, J = 3Hz, Ar-CH^)

5.45 (IH, t, J = 3Hz, CHg-CH^)

6.78 (IH, dd, = 8Hz, = 2Hz, A r - H -6 ) 
2

6.95 (IH, d, J - 2Hz, A r - H - 4)

7.28 (IH, d, = 8Hz, A r - H - 7)

A satisfactory elemental analysis could not be obtained 

for this compound.

Attempted preparation of 2 -^ 1 - ( 4-py rid yl) eth yl} -6-methoxy-

1-indanone (141)

To a mixture of 3 - t- b u tyldiraethylsilyloxy-5-methoxyindene 

(0.95 g, 3.4 mmol) and 4 - ( 1-chloroethyl)pyridine (0.48 g,

3.4 mmol) in dry tetrahydrofuran (10 cra^) at -78° was

added one drop of titanium tetrachloride in dry dichloromethane
3

(1 cm ) and the mixture stirred in the cold for 2 h. Thin 

layer chromatographic analysis showed only 6-methoxyindanone 

and 4 - ( 1-chloroethyl )pyr idi ne. The method was abandoned.

2-Ethyl-6-methoxyindanone ( 1 4 7 )

Method 1

To a suspension of oil free potassium hydride (0.13 g,
3

3.3 mmol) in dry tetrahydrofuran (2 cm ), under an atmosphere 

of dry nitrogen, was added a solution of 6-methoxyindanone
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3
(0.42 g, 2.6 mmol) in dry tetrahydrofuran (8 cm ) and the 

mixture stirred at ambient temperature for 0.5 h. Ethyl
3

bromide (0.25 cm ) was added to the mixture and stirring 

continued for 2 h. Thin  layer chromatographic analysis 

revealed two products and some starting material. Short 

path column chromatography on silica, eluting wi th 10% ether 

in light petroleum ether (b.p. 36 - 39°), gave pure samples of 

both products. 2- Eth yl-6-methoxy indanone was obtained as a 

white solid (0.15 g, 30.7%) m.p. 42 - 4° (lit.,^^ 43 - 5°)

0  - -

1720 cm (Nujol) max
N.M.R. 8 (CDClg) 0.99 (3H, t, J = 7Hz, C H ^ C H ^ )

1.4 - 1.9 (2H, m, CHgCHg)

2.5 - 3.5 (3H, m, GO-CH-CH^-Ar)

3.83 (3H, s, Ar-OCH^)

7.1 - 7.4 (3H, m, Ar-H)

2,2-Diethyl-6-methoxyindanone was obtained as a white solid 

(0.17 g, 31.4%)

1720 cm * (Nujol )max
^H N.M.R. 6 (CDClg) 0.76 (6H, t, CH^CH^)

1.5 - 1.9 (4H, m, CHgCHg)

2.91 (2H, s, Ar-CHg)

3.83 (3H, s, Ar-OCH^)

7.1 - 7.4 (3H, m, Ar-H).

Method 2

To a solution of di isopropylamine (0.63 g, 0.62 mol) in
3

tetrahydrofuran (10 cm ) under an atmosphere of dry nitrogen 
oat -78 was added a solution of n-butyllithium in hexane
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(6.2 mmol) and mixture stirred in the cold for 0.5 h. A 

solution of 6-methoxyindanone (1 g, 6.2 mmol) in dry
3

tetrahydrofuran (20 cm ) was added and the mixture allowed 

to warm to room temperature. A suspension of triethanolamine
3

borate (0.93 g, 6.2 mmol) in dry dimethylsulphoxide (20 cm ) 

was added and the mixture stirred for 0.5 h before adding ethyl 

bromide (0.68 g, 6.2 mmol) and stirring a further 1 h. Thin 

layer chromatographic analysis showed the same ratio of starting 

material and products as the previous method and so the method 

was abandoned.

2- [1-hyd rox y-1- ( 4- py r i d y l ) e t h y l ]- 6-methoxy-l-indanone (161)
3

To a solution of distilled diisopropylamine (8.4 cm ,
3

0.06 mol) in dry tetrahydrofuran (120 cm ) under nitrogen and

cooled to -78° was added a hexane solution of n-butyllithium
3 o(39 cm of 1.54 M, 0.06 mol). After stirring 0.5 h at -78

3
a tetrahydrofuran (80 cm ) solution of 6-methoxyindanone

(9.72 g, 0.06 mol) was added during five minutes. The
oyellow fluorescent solution was stirred at -78 C for one

hour whereupon the lithium enolate of the 6-methoxyindanone

precipitated as a white solid. 4-acetylpyridine (7.26 g,

0.06 mol) was added dropwise to the reaction mi xture and the

mixture stirred a further 1.25 h in the cold. The lithium

enolate disappears almost immediately on addition of the

4-acetylpyridine. The reaction m ixture was poured into cold

saturated aqueous ammonium chloride and extracted with ether.

The combined extracts were dried (Na^SO^) and evaporated under
1reduced pressure to a white solid. This was shown by H N.M.R.
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spectroscopy to be a mixture of starting materials and 

product. Since the product was high ly thermally unstable, 

undergoing a facile retro-aldol reaction, and also unstable 

to silica and alumina for the same reason it was used directly

for the next stage as a mixture of the three compounds. The

aldol product is presumably a mixture of four d i a s t e r e o i s o m e r s .

N.M.R. G  (CDClg) 1.54 (1.5H, s, CH^ )

1.84 (1.5H, s, CH^)
— 3

2.62 - 3.2 (3H, m, Ar-CH^-CH)

3.78 (1.5H, s, Ar-OCHg)

3.82 (1.5H, s, Ar-OCHg)

7.05 - 7.5 (5H, m, Ar-H), Py-H-3, Py-H-5)

8.42 - 8.58 (Py-H-2 and H-6 )

Accurate mass M^ 283.1211 

C17H 17N O3 requires M^ 283.1214

2- f1- m e t h y l - l - (4 - p y r i d y l ) m e t h y l e n e ]-6-methoxy-l-indanone 

(162)and (163)

A mixture of 2 - [l- hyd rox y-l-(4-pyridyl)ethyl]-6-methoxy-

1-indanone, 6-methoxyindanone and 4-acetylpyridine (13.4 g )
3

was dissolved in dry pyridine (55 cm ) and the reaction mixture,
ounder an atmosphere of dry nit rog en cooled to -40 . A slight

3
excess of thionyl chloride (4 cm ) was added dropwise during

five minutes and the reaction mixture stirred at -40° for one

hour. The reaction mixture was then poured into a large
3

volume of saturated aqueous ammonium chloride (750 cm ) and
3

the products extracted with ether (3 x 250 cm ). The 

combined ether extracts were re-extracted with medium
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hydrochloric acid which was basified with sodium carbonate 

and the bases extracted into ether. Evaporation of the 

ether under reduced pressure followed by the removal of 

pyridine in vacuo affords the almost pure product as a 

mixture of E- and Z-isomers (6.1 g). The E isomer may be 

obtained by crystallisation from di chloromethane/ethyl acetate 

as pale yellow crystals, m.p. 170 - 1°.

"0 1690 cm ^ (dichloromethane solution)max
N.M.R. 8 (CDCl^) 2.70 (3H, s, C H ^ )

3.44 (2H, s, Ar-CH^)

3.84 (3H, s, Ar-OCH^)— 3
7.02 - 7.3 (5H, m, Ar-H, Py-H-3, Py-H-5)

8.66 (2H, d, J = 6Hz, Py-H-2 and Py-H-6)
13 rC N.M.R. b  (CDClg) 19.6 (q, C H ^ )

32.2 (t, Ar-CH^)

55.6 (q, Ar-OCHg)

105.7 (d, Ar-C-4)

121.7 (d, Ar-C-5)

123.7 (d, Py-C-3 and Py-C-5)

126.7 (d, Ar-C-7)

133.4 (s, Ar-C-3a)

140.9 (s, C=C)

141.3 (s, Py-C-4)

146.7 (s, Ar-C-7a)

150.2 (d, Py-C-2 and Py-C-6)

151.3 (s, C=C)

159.6 (9 , A r - C - 6 )

194.3 (s, C=0)
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Found: C, 76.99; H, 5.70; N, 5.40

C H NO  requires: C, 76.96; H, 5.70; N, 5.28 "/o17 15 2

Accurate mass M  ̂  265.1108

C^^H^^NOg requires 265.1114

A pure sample of the Z- isomer was obtained by

chromatography, on silica gel eluting with dichloromethane

and then ethyl acetate, as an off white solid m.p. 103°.0 -1V  1690 cm (dichloromethane solution) max
N.M.R. 6 (CDCl^) 2.24 (3H, s, C H ^ )3 — 3

3.75 (2H, s, CHg)

3.79 (3H, s, Ar-OCH^)

7.1 - 7.48 (5H, m, Ar-H, Py-H-3 and 

p y - H - 5 )

13
8.61 (2H, d, J = 6Hz

' 23.9 (q, Ç H 3 )

31.7 (t, Ç H 2 )

55.5 (q, Ar-OCHg)

105.7 ( d , Ar-C-4)

122.3 (d, Ar-C-5)

123.7 (d, Py-C-3 and

126.7 (d, Ar-C-7)

133.5 (s, A r - C - 3 a )

140.6 (s. C=C)

140.4 (s. Py-C-4)

149.6 (d, Py-C-2 and

149.8 (s. C=C)

153.0 (s, A r - C - 7 a )

159.7 ( s , A r - C -6 )

191.0 (s, C=0)
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Found: C, 76.88; H, 5.86; N, 5.24 

requires: C, 76.96; H, 5.70; N, 5.28 *’/o

Attempted preparation of l-etnyl-2 - [l-metliyl-l-(4-pyridyl) 

m e t h y l e n e ]- 6-metnoxy-l-indanol (164)

To magnesium turnings (0.024 g, 1 mmol) in dry
3

tetrahydrofuran (5 cm ), under an atmosphere of dry nitrogen, 

was added iodine (1 crystal) and ethyl iodide (0.156 g, 1 mmol) 

and the mixture heated under reflux for 0.75 h. A solution 

of E-2- [1- m e t h y l - l - (4 - p yri dyl )me thy len e]-6-methoxy-l-indanone
3

(0.0265 g, 0.1 mmol) in dry tetrahydrofuran (3 cm ) was then 

added and heating under reflux continued for 2h. The

reaction mixture was poured into saturated aqueous ammonium
3 3chloride (10 cm ) and extracted into ether (3 x 10 cm ).

Thin layer chromatographic analysis revealed that no reaction

had occurred. The method was abandoned.

6 - M e t h o x y - s p i r o - 2 - [1-£2 ,3 - d i m e t h y 1- 3 - ( 4-pyridyl)-cyclopropyl3]

indanone (166)

To a solution of E - 2 - [l -me thy l-l -(4 - p y r i d y l ) m e t h y l e n e ]

-6-methoxy-l-indanone (0.132 g , 0.5 mmol) in tetrahydrofuran 
3

(10 cm ) was added one equivalent of ethylenetriphenyl-
3

phosphorane in THE (2.5 cm ). The orange solution of 

phosphorane goes green on addition to the substrate.

After one hour at room temperature TLC analysis shows a 

very small amount of product formed. A second equivalent 

of phosphorane was added and the orange-brown solution heated 

under reflux for a further hour. Thin layer chromatographic
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analysis showed some starting material still present.

A further two equivalents of phosphorane were added and 

heating under reflux continued. After a further one hour 

the starting material has been consumed to leave a major 

product. The reaction mixture was worked up for bases and 

crude product chromatographed on silica eluting with ethyl 

acetate to give an amorphous fawn solid (0.097 g, 66.2%).
—  1

1710 cm (dichloromethane solution)max
N.M.R. S (DMSO) 1 . 0 -  1.5 (6H, m, C-CH^ and CH-CH^)

2.7 - 3.4 (3H, m, CH-CH^ and Ar-CH^)

3.80 (3H, s, Ar-OCHg)

7.0 - 7.5 (5H, m, Ar-H and Py-H- 3 and 

Py-H-5)

8.3 (2H, bs, Py-H-2 and Py-H-6) 

Accurate Mass M^ 293.1415

Cl9"l9%°2 requires 293.1414

2 - [l -(4 -py ridyl)ethyl]- 6-m ethoxy-l-indanone (141)

To a slurry of 2 - [l-methyl-l-(4-pyridyl)methylene]-6-
3

methoxy-1-indanone (1.25 g, 4.7 mmol) in 95% ethanol (100 cm ) 

was added 10% palladium on charcoal (10 mg). The slurry was 

stirred under a hydrogen a tmosphere for twenty four hours 

during which time the starting material gradually disappeared 

as it was consumed. The reaction mixture was filtered through 

celite and volatiles were evaporated under reduced pressure to 

afford a colourless oil which crystallises only after standing 

several weeks (1.2 g, 95.6%).
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'O 1705 cm ^ (liquid film) max
H N.M.R. 8 (CDClg) 1.14 (1.5H, d, J = 7 H z , C H ^ )

1.56 (1.5H, d, J = 7Hz, CHg)

2.69 - 3.60 (4H, m, CH^, COCH, C H C H ^ )

3 . 8 5  ( 3 H , s ,  A r - O C H ^ )

7.02 - 7.40 (5H, m, Ar-H, Py-H-3 and Py-H-5)

8.38 - 8.58 (2H, m, Py-H-2 and P y - H-6 )

Accurate mass M^ 267.1271 

C17H17N O2 requires M"̂  267.1283

2 - [ l-(4-Pyridyl)ethyl] -6-m eth oxy -l-vinyl-l-indanol (174)

A solution of 2-[ l-(4-pyrid yl) eth yl] -6- me tnoxy-l-indanone
3

(1.14 g, 4.3 mmol ) in dry tetrahydrofuran (20 cm ) was added

dropwise during five minutes to a solution of excess vinyl
3

magnesium bromide (7 mmol) in tetrahydrofuran (20 cm ). The 

yellow solution was heated under reflux for one hour whereupon 

the reaction mixture went orange. The excess reagent was 

quenched by adding the reaction mixture to saturated ammonium 

chloride solution. The aqueous was extracted with ether 

and the combined extracts dried (MgSO^) and evaporated under 

r e d u c e d  pressure to a yellow foam whi ch was largely product.

The foam was purified by chr omatography on silica eluting 

wi th chloroform containing 3% methanol (0.67 g, 52.8%). 

a } 1600 cm ^ (Nujol)max
1 rH N.M.R. b  (CDCl ) 1.30 (1.5H, d, J = 6Hz, CH )3 3

1.36 (1.5H, d, J = 6Hz, CH_)
—  — 3

2.3 - 3.4 (4H, m, CH^, CH^-CH, CH^-CH)

3.70 (3H, s, Ar-OCH^)
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4.55 - 6.5 0 (3H, m, vinyl CH)

6.6 - 7.3 (5H, in, Ar-H, Py-H-3 and 

Py-H-5)

8.2 - 8.4 (2H, m, Py-H-2 and Py-H -6)

Accurate Mass M 295.1571 

^19^21^^2 requires M 295 .15 70

2 - [l-( 4-P yri dyl )et nyl ]-3-etnylidine-5- met nox y-l -in den e (175)

A solution of 2-[ 1-( 4-pyridyl )etnyl]- 6-methoxy-1-vinyl-
3

1-indanol (0.085 g, 0.29 mmol) in dimethylsulphoxide (1 cm ) 

was heated under reflux for 1 h. Thin layer chromatographic 

analysis showed all the starting material to have been 

consumed and there to be one product. Evaporation of the

solvent in vacuo afforded the title compound as a yellow 

glass. (0.81 g , 99%).

O  1 600 c m ' M  d i c h lo r o m e t h d n e  so lu t ion )
max

H N.M.R. 8  (DMSO) 1.50 (3H, d, J = 8Hz, Py-CH-CH^)

2.18 (3H, d, J - 8Hz, ^CH-CH^)

3.80 (3H, s, Ar-OCHg)

4.14 (IH, q, J = 8Hz, Py-CH-CH^)

6.38 (IH, q, J = 8Hz, ^CH-CH^)

6.65 (IH, unresolved doublet, Ar-H-4)
1 26.82 (IH, dd, J = 8Hz, J -= 3Hz, A r - H -6 )

7.1 - 7.4 (3H, m, A r - H - 7, Py-H-3 and Py-H-5)

8.45 (2H, m, Py-H-2 and P y -H -6 )

Accurate Mass M 277.1454

C19H 19NO requires m'^ 277.1467
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Attempted preparation of 5 , l l-d imethyl-9-methoxy-6H-pyrido 

[4,3 - b ]fluorene (122)

A solution of 2-[l-(4- pyridyl)ethyl]-3-etbylidene-5-
3

methoxy-l-indene (0.080 g, 0.29 mmol) in methanol (200 cm ) 

was irradiated with a 400 W  medium pressure mercury vapour 

ultra-violet lamp for 2 h. Evaporation of the solvent 

afforded a mixture of compounds which had resulted from 

decomposition of the starting material. The procedure was 

a b a n d o n e d .

Attempted preparation of 2 - [1 -m eth y l - l - (4- p y r i d y l ) m e t h y l e n e )-

5- met h o x y - l ,3-indanedione ( 1 7 6 )

A solution of 2 - [1- (4- pyridyl)ethyl]-3-ethylidene-5-  

methoxy-l-indene (0.012 g , 0.045 mmol) in dichloromethane
3

(5 cm ) was treated with activated manganese dioxide (50 mg) 

and the mixture heated under reflux for 2h. Thin layer 

chromatographic analysis showed only starting material and 

this method was abandoned.

A second attempt in boiling acetone gave similar 

r e s u l t s .

Numerous other oxidation attempts also failed to have 

any effect on the starting material. These were: selenium

dioxide in boiling dioxane; selenium dioxide in boiling 

xylene; chromium trioxide-pyridine complex in dichloromethane; 

chromium trioxide in glacial acetic acid; potassium 

permanganate in dilute nitric acid.
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4-Nitrodiethylplithalate (184)

To 4-nitrophthalic acid (211 g, 1 mol) in absolute
3

ethanol (500 cm ) was added concentrated sulphuric acid
3

(20 cm ) and the mixture heated under reflux for 24 h.

Ethanol was largely removed under reduced pressure and the
3

residue diluted with water (500 cm ), neutralised with solid 

sodium bicarbonate and extracted with dichloromethane
3

(3 X 500 cm ). The combined extracts were dried (MgSO^) 

and evaporated under reduced pressure to an orange oil 

(196 g, 73%) used without purification.

1740, 1605 cm ^ (liquid film)

220, 260 nm (Ethanol)
max

A
max

1H N.M.R. S (CDClg) 1.41 (6H, t, J = 7Hz, CH^CH^)

4.41 (4H, q, J = 7Hz, )

7.84 (IH, d, J = 8Hz, Ar-H-6)
1 28.36 (IH, dd, J = 8Hz, J = 2Hz, A r - H - 5)

8.57 (IH, d, J = 2Hz, Ar-H-3)

4-Aminodiethylphthalate (185)

To a solution of 4 -ni tro diethylphthalate (100 g, 0.375
3

mol) in 95% ethanol (400 cm ) was added platinum oxide 

(100 mg) and the mixture hydrogenated at 20 atm. of hydrogen 

pressure. When uptake of hy drogen ceased (0.5 h) the reaction 

mixture was filtered and evaporated under reduced pressure to 

a yellow cake. The crude product was dissolved in 6M
3

hydrochloric acid (300 cm ) and the solution washed with
3

ether (3 x 200 cm ). The aqueous phase was basified and
3

extracted with dichloromethane (3 x 200 cm ). The combined
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extracts were dried and evaporated to a yellow solid which

crystallised from ethanol as bright yellow microcrystals

(76.2 g, 86%) m.p. 94° (lit.,^^ 95 - 6°)

^ m a x  3 4 6 %  3370, 1730, 1695 cm “ ^ (Nujol)

A 210, 228, 292 nm (Ethanol) max

H N.M.R. g  (CDClg) 1.31 (3H, t, J = 7Hz, CH^-CH^)

1.33 (3H, t, J = 7Hz, CH -CH.,)
—  2

4.27 (2H, q, J = 7Hz, CH^-CH^)

4.34 (2H, q, J = 7Hz, CH^-CH^)
1 2 6.61 (IH, dd, J ^ 8Hz, J .-^2Hz, A r - H - 5)

6.67 (IH, unresolved doublet, Ar-H-3)

7.68 (IH, d, J = 8Hz, Ar-H-6)

4-Hydroxydiethylphthalate (186)

A solution of 4- ami nod iethylphthalate (40 g , 0.169 mol) in
3 o20% sulphuric acid (400 cm ) was cooled to 0 - 5 , with

mechanical stirring and treated with sodium nitrite (11.8 g ,
3

0.17 mol) in water (160 cm ) at such a rate that the
otemperature did not rise above 5 .

The cold diazonium solution was added in portions to 

20% sulphuric acid maintained at about 70°C. When  addition 

was complete the reaction mixture was cooled and extracted
3

with ether (3 x 400 cm ). The combined extracts were washed
3with saturated aqueous sodium bicarbonate (3 x 500 cm ), 

dried (MgSO^) and evaporated under reduced pressure to an 

orange oil (18 g, 44.5%).
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%  ---------3350, 1720 cm (dichloromethane solution) max
N.M.R. &  (CDClg) 1.34 (6H, t, J = 9.5Hz, CH^CH^)

4.31 (2H, q, J = 9.5Hz, CH^CH^)

4.36 (2H, q, J = 9.5Hz, CH^CH^)
1 26.90 (IH, dd, J = 8Hz, J = 2Hz, A r - H - 5)

7.01 (IH, d, J = 2Hz, Ar-H-3)

7.71 (IH, d, J = 8Hz, Ar-H-6)

4-Methoxydiethylphthalate (187)

To a solution of 4 -hydroxydiethylphthalate (14 g,
30.059 mol) in acetone (240 cm ) was added potassium carbonate

(8.3 g, 0.06 mol) and methyl iodide (12.8 g, 0.09 mol) and

the mixture heated under reflux for 18 h. The reaction

mixture was filtered and evaporated under reduced pressure to

a dark oil. Bulb to bulb distilla tio n (175°C at 0.3 mm) afforded

the title compound as a colourless oil (11 g, 74%)
— 1

1730 cm (liquid film)max
^H N.M.R. &  (CDCl^/DMSO) 1.35 (6H, t, J = 7Hz, CH CH )3 2 o

3.85 (3H, s, Ar-OCHg)

4.30 (2H, q, J = 7Hz, CH^-CH^)

4.36 (2H, q, J = 7Hz, CH^-CH^)
1 26.98 (IH, dd, — 8Hz, «J = 2Hz,

A r - H - 5)

7.04 (IH, unresolved doublet, Ar-H-3)

7.78 (IH, d, J = 8Hz, Ar-H-6)
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5-M e t h o x y - l ,3-indanedione (182)

A mixture of 4 -me tho xydiethylphthalate (7.44 g,

0,0295 mol), sodium (1.4 g , 0.061 mol), ethyl acetate
3 o(2 cm ) and absolute ethanol (1 drop) were heated to 100 C

3
and treated with ethyl acetate (7 cm ) containing absolute

3
ethanol (0.3 cm ) during 2 h. The reaction mixture was cooled

3
overnight, treated wit h ethanol (4 cm ) and filtered. The 

filtered material was boiled for ten minutes in 6M hydrochloric 

acid, the mixture cooled and the crude product collected by

filtration. The crude product was partitioned be tween aqueous
3 3sodium carbonate (200 cm ) and ether (200 cm ) and the ether

washed with several portions of aqueous sodium carbonate 
3(3 X 200 cm ). The combined sodium carbonate washing were

3
acidified and the pure product extracted into ether (3 x 200 cm ) 

The combined extracts were dried (MgSO^) and evaporated to a

cream solid (3.7 g , 71.3%). A sample was crystallised from
o 75 o ̂aqueous acetic acid m.p. 117 (lit., 118 - 19 ).

A

1

1710 cm (Nujol)max
240, 282 nm (Ethanol)max

H N.M.R. 8  (CDClg) 3.21 (2H, s, COCH^CO)

3.99 (3H, s, Ar-OCH^)

7.3 - 7.44 (2H, m, Ar-H-3 and A r - H - 5)

7.90 (IH, d, J = 9Hz, Ar-H-6)

Accurate Mass M 176.0474

C,_H^O requires M^ 176.0474 10 8 3
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Attempted preparation of 2 - [l-hydroxy-l-(4-pyridyl)etriyl]-5- 

m e t n o x y - 1 ,3-indanedione (188)

To a solution of diisopropy lam ine  (0.31 g, 3 mmol)
3

in dry tetrahydrofuran (6 cm ) under an atmosphere of 
onitrogen at -78 was added one equivalent of n-butyllithium 

in hexane. The mixture was stirred for 0.5 h in the cold 

and then 5 - m e t h o x y - l ,3 -indanedione (0.53 g, 3 mmol) in dry
3

tetrahydrofuran (10 cm ) added and stirring continued in 

the cold. A dark  red precipitate forms immediately.

4-Acetylpyridine (0.37 g, 3 mmol) was added and stirring 

continued in the cold. Thin layer chromatographic analysis 

showed no reaction after 3 h. On warming overnight to room 

temperature no reaction had occurred and the pure starting 

mat eri al was recovered by quenching the reaction mixture with 

saturated aqueous ammonium chloride and extracting the 

starting material with ether. The method was abandoned.

5-Bromo-4,7-dimethylindanone (193 )

To a suspension of aluminium chloride (64 g, 0.48 mol)
3

in dry dichloromethane (250 cm ) was added a mixture of

2-bromo-l,4-dimethylbenzene (74 g, 0.4 mol) and chloropropionoyl
3

chloride (53.2 g , 0.428 mol) in dichloromethane (100 cm ) 

dropwise during twenty minutes. After stirring 2 h at room 

temperature, the reaction mix ture was poured onto ice
3

(1500 cm ) and extracted dichloromethane. The combined 

extracts were washed with saturated aqueous sodium 

bicarbonate, dried and evaporated under reduced pressure to 

afford 4 -br omo -2, 5-d imethyl-(3-chloropropi ono)phenone (192) as 

a white solid which was used without purification. Yield 

110 g, 99%. m.p. 81°.



165

1680 cm  ̂ (Nujol)
max

X 205, 250, 283 (sh) nm (Ethanol) max

H N.M.R. 8  (CDClg) 2.43 (3H, s, CT^)

2.47 (3H, S, CHg)

3.35 (2H, t, J = 6Hz, CHg)

3.89 (2H, t, J = 6Hz, CHg)

7.47 (IH, 5, A r - H )

7.51 (IH, s, Ar-H)

Accurate mass 273.9761, 275.9725, 277.9709

CiiHi2BrC10 requires 273.9760, 275.9730, 275.9739

277. 971 0

3
To stirred concentrated sulphuric acid (150 cm ) was

added the chloroketone (192, 20 g, 0.073 mol) in portions

d u r i n g  five minutes. The mixture was then heated on an oil

bath at 80 - 90° for 1 h, cooled, poured onto crushed ice 
3(1000 cm ), and extracted with dichloromethane. The combined

extracts were washed with saturated aqueous sodium carbonate,

dried (MgSO^) and evaporated under reduced pressure to afford

5 - b r o m o - 4 ,7-dimethylindanone (193) as a pale brown solid

(15.1 g, 87%). A sample was crystallised from ethanol
o 83(charcoal) as colourless crystals, m.p. 101 - 3 (lit., ,

105 - 6°).

1705 cm (Nujol)maxA 221, 265, 288 nm (Ethanol)max
N.M.R. 8  (CDClg) 2.35 (3H, s, C H ^ )

2.56 (3H, s, CH^)

2.6 - 3.1 (4H, m, CH^-CH^ )

7.31 (IH, s, Ar-H)
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Accurate Mass 237.9990, 239.9977

CiiHiiBrO requires 237.9993, 239.9973

5 - B r o m o - 4 ,7-dimetnylindanol (194)

To a stirred ice-cooled suspension of 5 - b r o m o - 4 ,7-
3dimethylindanone (5 g, 0.0209 mol) in methanol (150 cm )

was added sodium boronydride (1.9 g, 0.05 mol) at such a
orate so as to maintain the solution temperature below 5 C. 

When addition was complete the stirred mixture was allowed 

to warm to room temperature during 3 h before it was poured
3

into water (200 cm ) and extracted with dichloromethane 
3(3 X 200 cm ). The combined extracts were washed with 

saturated aqueous sodium bicarbonate, brine, dried (MgSO^) 

and evaporated, under reduced pressure to a brown powder

(4.7 g, 93%), which was used without purification m.p. 108 -
o 83 o ̂12 ( l i t . , 122 - 5 )

'0 3250 cm ^ (Nujol)max
A  211 nm (Ethanol)max
N.M.R. &  (CDClg/DMSO) 1.8 - 3.2 (4H, m, CH^-CH^)

2.27 (3H, s, CHg)

2.35 (3H, s, CH_)— 3
4.10 (IH, d, J = 7Hz, 0-H)

5.18 (IH, m, OH-OH)

7.19 (IH, s, Ar-H)

Accurate Mass M^ 240.0148, 242.0131

C H BrO requires M^ 240.0150, 242.0130 
11 13
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6-Bronio-4, 7-dimethylindene (195)

To a solution of the indanol (194, 20 g, 0.083 mol) in
3

tetrahydrofuran (1000 cm ) was added 5M sulphuric acid

(250 cm ) and mixture heated on an oil bath at 80 - 90° for
3

2 h. The cooled mixture was diluted with ice/water (1000cm ) 

and extracted with light petroleum ether (b.p. 40 - 60°).

The combihed extracts were dried (MgSO^) and evaporated to 

an ochre solid. Chromatography over Florisil elutihg with 

light petroleum ether afforded the pure ihdene as a colourless

solid (17.4 g, 94%) m.p. 51-2° (lit.,®^ 53 - 4°)

S) ---------1605, 1580 cm (Nujol)max
X 218, 225, 230, 265, 293, 305 nm (Ethanol)max
N.M.R. 6  (CDClg) 2.34 (6H, s, CH^ )

3.24 (2H, dd, = 2Hz, = 2Hz, CH^)
1 26.46 (IH, dt, J = 5.6Hz, J = 2Hz, =CH)
1 26.86 (IH, dt, J = 5.6Hz, J ^ 2Hz, =CH)

7.26 (IH, s, Ar-H) 

Accurate Mass m "̂ 222.0045, 224.0019 

C^^H^^Br requires M^ 222.0044, 224.0023

6-3romo-5,8-dimethylisoquinoline (189 )

A solution of 6 - b r o m o - 4 ,7-dimethylindene (10 g, 0.045 mol)
3 3in dichloromethane (100 cm ) and methanol (900 cm ) was cooled

oto -75 C under an atmosphere of dry hitrogeh. Ozone was 

then bubbled into the reaction mix tur e until a blue colour 

persisted. Stirring was continued in the cold for 0.5 h 

before excess ozone was removed from the reaction mixture by
3

degassing with dry nitrogen. Dimethyl sulphide (9 cm ) was
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then added and the mixture allowed to warm to room

temperature. After 4 h aqueous ammonia (sp.g, 0.880, 
3200 cm ) was added and the reaction mixture stirred

overnight. W o r k  up for bases afforded the title

compound as a yellow solid. (4.6 g 43.5%) m.p. 90°

V  1600, 1580 cm"^ (Nujol) max
238, 287, 318, 331 (Ethanol)max

N.M.R. S  (CDC1_) 2.64 (6H, s, CH^ ) o — 3
7.47 (IH, s, A r - H - 7)

7.67 (IH, d, J = 6Hz, A r - H - 4)

8.58 (IH, d, J = 6Hz, Ar-H-3)

9.32 (IH, s, Ar-H-1)

Accurate mass m "̂ 234.9990, 236.9974

C^^H^^BrN requires M^ 234.9996, 236.9976

5,8-D ime thylisoquinoline-6-carboxylic acid (190)

To a solution of 6 - b r o m o - 5 ,8-d ime thylisoquinoline
3

(3.35 g, 0.0142 mol) in dry te trahydrofuran (85 cm ) 
ocooled to -78 was added a solution of n-butyllithium in 

hexane (0.0156 mol, 1-1 equivalents). After stirring in 

the cold for 0.75 h the reactioh mixture was poured onto 

freshly crushed dry ice (large excess), and the reaction

mixture stirred until it had warmed to ambieht temperature.
3 3

Water (150 cm ) and ether (150 cm ) were added to the mixture

and mixture agitated. Water was removed from the aqueous

phase by freeze dryihg to afford the title compound as a

yellow amorphous solid (2.52 g, 88.3%) m.p. > 300° (decomp.),
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\) 1595 cm (COi stretch )(Nujol )max 2
A 232, 291, 333 nm (Ethanol)max

H N.M.R. 6 (DMSO) 2.68 (6H, s, C H ^ )— 3
3.76 (IH, bs, N^-H)

7.61 (IH, s, Ar-H-7)

7.99 (IH, d, J = 6Hz, Ar-H-4)

8.75 (IH, d, J = 6Hz, Ar-H-3)

9.50 (IH, s, Ar-H-1)

Found: C, 71.1; H, 5.3; N, 6.6

^12^11^°2 requires: C, 71.6; H, 5.5; N, 7.0 “/o

Attempted formation of 6 - ( 2 - b r o m o -4- met hox ybe nzo yl) -5,8- 

dimethylisoquinoline (191).

Method 1.

To 5,8 -di met hyl isoquinoline-6-carboxylic acid (0.100 g,
3

0.5 mmol) was added thionyl chloride (3 cm ) ahd the mixture

heated under reflux for 1 h. Excess thionyl chloride was

evaporated under reduced pressure to afford the acid chloride

hydrochloride as a yellow solid. To this solid was added dry
3dichloromethahe (5 cm ) ahd aluminium chloride (0.06 g , 0.45

mmol) ahd the mixture stirred at 0° during 0.5 h.

3-Bromoanisole (0.093 g, 0.5 mmol) in dry dichloromethane 
3(2 cm ) was then added and the reaction stirred at room 

temperature for 24 h. The reaction mixture was poured into 

dilute hydrochloric acid, basified with solid sodium carbonate 

and extracted into dichloromethane. Thin layer chromatographic 

analysis showed only starting materials. The method was 

a b a n d o n e d .
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Method 2.

To imidazole (0.34 g, 5 mmol) was added trifluoroacetic
3

anhydride (0.71 cm , 5 mol) and mi xture stirred under nitrogen, 

To the reaction mixture was added a solution of 5,8-dimethyl- 

isoquinoline-6-carboxylic acid (0.503 g, 2.5 mmol) and 

3-bromoanisole (0.41 g, 2.2 mmol) in trifluoroacetic acid
3

(20 cm ) and the solution heated under reflux during 24 h.

The mixture was poured into water, basified with 30% sodium 

hydroxide. Thin layer chromatographic analysis showed only 

starting materials. The method was abandoned.

6-Bromo-4,7-dimethylindene-1-carboxylic acid (198) and 

5-bromo-4,7-dimethylindene-l-carboxylic acid (199)

To a solution of 6 - b r o m o - 4 ,7-dimethylindene (1.15 g ,

0.0052 mol) in dry tetrahydrofuran, under an atmosphere of 

hitrogeh and cooled to -78°, was added a solution of
3

n-butyllithium in hexane (3.54 cm , 0.0057 mol) and the 

mixture stirred at -78°. A f t er 1 h the reaction mixture 

was poured onto a large excess of freshly crushed dry ice 

ahd the mixture stirred until ambient temperature was 

achieved. Water was then added and the mixture acidified 

with dilute hydrochloric acid and extracted with ether.

The combined ether extracts were dried (MgSO^) and evaporated 

to afford a mixture of 198 and 199 as a white solid 

(1.25 g, 83%).

1700 cm * (Nujol)

227, 268, 297, 309 nm (Ethanol)

l) - -max

max
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N.M.R. S  (CDClg) 2.35 - 2.6 (6H, m ,  Ar-CH^)

4.40 (IH, ID, CH-CO^H)

6.5 - 6.7 (IH, m, C H = )

6.95 - 7.15 (IH, m, C H = )

7.31 (0.5H, s, Ar-H)

7.40 (0.5H, s, Ar-H)

9.3 - 9.7 (IH, bs, COgH)

Accurate Mass M^ 265.9938, 267.9927

C^gH^^BrOg requires M^ 265.9942, 267.9922

4, 7-Diniethylindanol-5-carboxylic acid (200)

To a solution of 4, 7-dimetnyl-5-bromoindanol (5.6 g,
3

0.0265 mol) in dry tetrahydrofuran (100 cm ), under an
oatmosphere of nitrogen and cooled to -78 , was added a

3
solution of n-butyllithium in hexane (37 cm , 0.055 mol) 

and stirring continued in the cold during 1 h. The cold 

reaction mixture was poured onto a large excess of freshly 

crushed dry ice and stirred until ambient temperature was 

achieved. The reaction mixture was partitioned bet ween 

dilute hydrochloric acid and ether ahd the aqueous acid 

extracted with two further portions of ether. The combined 

extracts were combined dried (MgSO^) and evaporated to 

afford the crude product as a yellow solid. Tri tur ati on 

with ethyl acetate afforded the title compouhd as an 

amorphous brown powder whi ch was used in the next step without 

further purification (2.6 g, 48%) m.p. 157 - 8°.
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“M  1695 cm (Nujol)max
\  215, 247, 292 nm (Ethanol)max
N.M.R. S  (CDClg/DMSO) 2.0 - 3.1 (4H, m, CH^-GHg)

2.40  (3H, s, Ar-CH^)

2.43 (3H, s, Ar-CHg)

5.23 (IH, m, OH-OH)

7.60 (IH, s, Ar-H)

Accurate Mass M^ 206.0945 

^12^14^3 requires 206.0943

4, 7-Dimethylindene-6-carboxylic acid (197)

To a solution of 4,7-dimethylindanol-5-carboxylic
3

acid (2.15 g, 0.01 mol) in tetrahydrofuran (100 cm ) was
3

added 5M sulphuric acid (25 cm ) and the mixture heated 

at 80 - 90° for 18 h . The reaction mixture was cooled, 

diluted with water and washed wi th ether. The title

compound was then extracted from the aqueous with ethyl 

acetate. The combihed extracts were dried (MgSO^) ahd 

evaporated to give 4 , 7-dimethyl-6-carboxylic acid as a 

white solid (1.58 g , 84%) m.p. 174 - 5 .

1690 cm (Nujol)max
A  217, 226, 233, 277, 317 nm (Ethanol)max

^H N.M.R. 5 (CDCl^/DMSO )2.45 (3H, s, Ar-CH^)

2.60 (3H, s, Ar-CH^) — J
1 23.37 (2H, unresolved dd, J = J = 1.5Hz,

Ar-CHg-)
1 36.78 (IH, dt, J = 1.5Hz, J = 6Hz,

CH=)
2 37.07 (IH, dt, J 1.5Hz, J ^ 6Hz, CH= )

7.77 (IH, s, Ar-H)
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Accurate Mass M^ 188.0829

^12^12*^2 requires M^ 188.0837

Attempted preparation of 4, 7-dimethyl-6-(2-bromo-4- 

metboxybenzoyl)indene (201)

To imidazole (0.545 g, 0.008 mol) was added
3

trifluoroacetic anhydride (1.68 g , 1.13 cm , 0.008 mol) 

and the mixture stirred for ten minutes. A slurry of

4,7-dimethylindene-6-carboxylic acid (1.504 g , 0,008 mol) 

and 3-bromoanisole (1.496 g, 0.008 mol) in trifluoroacetic
3

acid (10 cm ) was added and the mixture heated under reflux 

for 24 h. The reaction m ixture was poured into water, 

basified with solid sodium bicarbonate and extracted into 

ethyl acetate. The combined extracts were dried (MgSO^) 

and evaporated to a brown solid. N.M.R, analysis revealed

a complex poorly resolved spectrum containing evidence of 

methyl, met hoxy and aromatic protons but little evidence of 

indene olefinic protons. The crude material was used 

directly ih the next step.

Attempted preparation of 5,8 -dimethyl-6-(2-bromo-4-methoxy- 

benzoyl )isoquinoline (191)

The crude product from the previous experiment (1.15 g ) 

was dissolved in a mixture of dry dichloromethane and An alaR 

methanol. The reaction mixture, under an atmosphere of dry 

nitrogen was cooled to -78° and ozonised. When excess ozone 

was present the mixture was stirred ih the cold for 1 h before 

driving off excess ozone in a rapid stream of nitrogen.
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The reaction mixture was treated with excess dimethyl
3

sulphide (2 cm ) and allowed to warm to room temperature
3

overnight. Aqueous ammohia (Sp. gr. 0.88, 25 cm ) was 

then added and stirring continued for 4 h. The reaction 

mixture was worked up for bases but none were present by 

thin layer chromatographic ahalysis.
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ro

\



........ i .. ! . . t I ''
TTprr'"TT::TTnr — 'T'.nr n r r r ■j::irr7TC"7r;-''-̂ T"̂ -V"T;p̂ !:Tnr:|Vv.!!rmmi^^, . - - ' « ' * «  T . - • » . ♦  . . . . I - . f  * ♦  ' ' « ' « I I I  I M p i  t t  y  , , * . , 4 4 - 4 * 4  . * « . ^ •— •; .. . . .  .. M ,  ...I... , , i .J *  .{, ; .| J  I.»i

: -il:-:

. 4*«I. >. f

.. c4^Tlr-rTr••• ..i.. , , . . ,  ..J.. .,.

j::llÜLh h i . t '  ! I I :... :;::;::T: 1
hi!:;:

,.i uiiiL:::,. 1

':!::TTrT::TFF3? 1

 . . . . . . . . . . .  I ■ • • ♦ • •  I '

■ In

....t !■ -.-.|  ̂TÎ

-TTT̂rrir
% r.x

•M::i

::X;o X .-. I .1 .; j . • 1.
.. . ; . , I ... I I ̂ . I I I . » ■ I I .« » I' -

1.1..«...«.I . • ' I - *

*'0 !' o • ; V O • '• - CO ' ' I • '■ Tf • • J f *4 I (.. I

I.::!-;!:;:

.Uiiut

. , . . I . . j . . .

•i:::;;

'!'■ ' I I:. .:t I...|.::tŝ :

 ; ,L.
I . O

:{:r :



rqrrrnniîT;’

W: ûîM?r
::rtrrrr ’f • J ♦« • f■ • I • ' •
|.» -t» 4 4 < • • ‘ 7 ’ . I •• • • • • '

, 1:1; i;
■ ‘ I : I• •• I ■ ' • • ■ [• l ••..•}.! f i l l  ' 1-... «. . II.' j,

I I •.. l..4..

i l

I ' :i I I  i

■' '11:1::;:::



ol:'i’;r

p. li . *... I... i,
• • • ♦ ' •  j • V  ■ ■ ' I  • • ; ■ ■ ' ' •■. ... I •. .A .. ... I• • I f'

i T @



iintoiwiii hrttmiuiu



a.uJOJ

O

Oj

/o

CO

n

-r4

-n

-In

-CO

-N

-oo

—(SÎ

-2 c
I<C



i I

au
UJ

wu.o
û
Z
UJ

UU-i

A

m m

CL
LUUi
S(/)
U.o

X

:-40

-<0

-In

-<0

I !

O

vl)
d
c€.

<Ü

-<o «P-vb 
Ux 
?  
V)

-o>

d:CJ_<?
<2.
2

5



REFERENCES



175.

1. S. Goodwin, A . F. Smith and E.G. Horning,

Journal of the American Chemical S o c i e t y , 8 1 , 1903-8

(1959).

2. H.G. Boit,

Ergebrisse der Alka loi d-C hem ie bis 1960, pp. 647-50 

Akademie-Verlag, Berlin (1961).

3. G.H. Sovoboda, G.A. Poore and M.L. Montfort,

Journal of Pharmaceutical S c i e n c e s , 57, 1720-5 (1968)

4. Ph. Wahl, J. Paoletti and J.B. Le Pecq,

Proceedings of the N ational A c a d e m y  of S c i e n c e s ,

417-21 (1970).

5. M.J. Waring,

Journal of Molecular Biology, 5 4 , 247-79 (1970).

6. J.B. Le Pecq, C. Gosse, N. D at-Xuong and C. Paoletti,

Proceedings of the National Ac ade my of S c i e n c e s ,

7^, 5078-82 (1974).

7. B.C. Elraes and J.M. Swan,

Australian Journal of C h e m i s t r y , 22, 1963-74 (1969).

8. A.N. Fujiwara, E.M. Acton and L. Goodman,

Journal of Heterocyclic C h e m i s t r y , _5, 853-8 (1968). 

i b i d ., 6, 379-87 (1969).

9. P.A. Cranwell and J.E. Saxton,

Journal of the Chemical S o c i e t y , 3482-7 (1962).

10. L.K. Dalton, S. Demerac, B.C. Elmes, J.W. Loder,

J.M. Swan and T. Teitei,

Australian Journal of C h e m i s t r y , 2 0 , 2715-27 (1967).

11. V.M. Dixit, J.M. Khanna and Nitya Anand,

Indian Journal of Chemistry, 16B, 124-28 (1978).



176.

12. A. Schaa rs chill id t and J. Herzenburg,

Chemische B e r i c h t e , 1388 (1920).

13. L.F. Fieser and G.W. Kilmer,

Journal of the American Chemical S o c i e t y , 6 2 , 1354 (1940)

14. C. Willgerodt and F.H. Merck,

J. Prakt. C h e m . , 2 , 80, (1909).

15. M. Carmack and M.A. Spielman,

Organic R e a c t i o n s , 3 , 83 (1946).

16. R. Wegler, E. Kuhle and W. Schafer,

Newer Methods of Preparative Organic C h e m i s t r y ,

3, 1 (1964).

17. B. Akermark, L. Eberson, E. Jonsson, E. Pettersson,

Journal of Organic C h e m i s t r y , 4 0 , 1365 (1975).

18. T. Keurai, H. Saga and H. Kitajima,

Bulletin of the Chemical Society of J a p a n , 5 3 ,

1938-41 (1980).

19. J. Davidson and C. Triggs,

Chemistry and I n du str y, 457 (1966).

20. C.H. Bushweller,

Tetrahed ron  L e t t e r s , 6123 (1968).

21. A. M cKillop and D. Bromley,

Journal of Organic C h e m i s t r y , 3 7 , 88 (1972).

22. A. Helland and P.N. Skancke,

Acta Chemica S c a n d i n a v i c a , 2 6 , 2601-13 (1972).

23. R. Mayer, H. Kleinert, S. Richter and K.J. Gewald,

J. Prakt. C h e m ., 244 (1963).

24. R. Zahradnik, C. Parkanyi, V. Horak and J. Koutecky,

J. Collection Czech. Chem. Commun., 28, 776 (1963).



177.

25. L.H. Klerani, W.O. Johnson and D. V. White,

Journal of Heterocyclic C h e m i s t r y , 1_, 463 (1970).

26. L.H. Klemm, W.O. Johnson and D.V. White,

Journal of Heterocyclic C h e m i s t r y , 843 (1972).

27. A.M. Deryckere and F. Floy,

Helvetica Chimica A c t a , 5 2 , 1755 (1969).

28. A.M. Deryckere and F. Floy,

Bull. Soc. Chim. B e i g e s , 79, 301 (1970).

29. A.M. Deryckere and F. Floy,

German Patent 2,059,386 Chemical A b s t r a c t s , 7 5 , 76802 

(1971).

30. P.O. Karmarkar, V.R. Chinchore and M.S. Wadia,

S y n t h e s i s , 228-9 (1981).

31. W.E. Parham an d  D.C. Egberg ,

Journal of Organic C h e m i s t r y , 3 7 , 1545 (1972).

32. J KOO,
Journal of the Ame rican Chemical S o c i e t y , 7 5 , 2000 (1953),

33. W.E.  Parham and W.C. M o n tg o m e r y ,

Journal of Organic C h e m i s t r y , 3 9 , 2048 (1974).

34. W.E. Bachmann and R.A. Hoffman,

Organic Reactions, 224 (1944).

35. O.C. Dermer and M.T. Edmison,

Chemical R e v i e w s , 5 7 , 77 (1957).

36. D.H. Hey,

Quarterly R e v i e w s , 2 5 , 483 (1971).

37. S.H. K o r z e n i o w s k i , L. Blum and G.W. Gokel,

Tet rah edr on L e t t e r s , 1871-4 (1977).

38. C. Rüchardt and B. Freudenberg,

Tetrah edr on Letters, 3623 (1964).



178.

39. C. Rüchardt and E. Merz,

Tetrahedron L e t t e r s , 2431 (1964).

40. J. Elks, J.W. Haworth and D.H. Hey,

Journal of the Chemical S o c i e t y , 1284 (1940).

41. S. Danishefsky and T. Kitahara,

Journal of the American Chemical S o c i e t y , 9 6 , 7807 

(1974).

42. S. Danishefsky and T. Kitahara,

Journal of the American Chemical S o c i e t y , 9 7 , 538 (1975).

43. Organic S y n t h e s e s , Coll. Vol. 2, 270.

44. Organic S y n t h e s e s , Coll. Vol. 2, 515.

45. J. Bergmann and R. Carlsson,

Tetra hed ron  L e t t e r s , 4663 (1977).

46. S. Kano, E. Sugino, S. Shibuya and S . H i b i n o ,

Journal of Organic C h e m i s t r y , 4 6 , 2979-81 (1981).

47. W.S. Johnson and W.E. Shelberg,

Journal of the American Chemical S o c i e t y , 6 7 , 1853 (1945)

48. A.H. Bone and L.A. Cort,

Journal of the Chemical S o c i e t y , 1986 (1962).

49. H.O. House and C.B. Hudson,

Journal of Organic C h e m i s t r y , 3 5 , 647 (1970).

50. M. Sainsbury and M. Driver,

Journal of the Chemical Society, Perkin Transactions I ,

2 502- 5 (1979 ).

51. M. Sainsbury, M. Driver and I.T.W. Matthews,

Journal of the Chemical Society, Perkin Transactions I , 

2506-10 (1979 ).



179

52. D. Watkins,

Pn.D. Thesis, Bath University, 1982.

53. D. Dolman,

Unpublished results, Bath University.

54. H.O. House,

"Modern Synthetic Reactions", W.A. Ben jamin Inc., 

New York (1965), Chapter 7, p. 163.

55. G. Stork, H.K. Landesman,

Journal of the Am erican Chemical S o c i e t y , 7 8 ,

5128 (1956).

56. M.W. Rathke and A. Lindert,

Synthetic C o m m u n i c a t i o n s , 9-14 (1978).

57. T rie thanolamineborate

Aldrich Chemical Company, Catalogue number:

T5, 840-8.

58. G. Stork and S. Dowd,

Journal of the American Chemical S o c i e t y , 8 5 , 2178

(1963).

59. A.I. Meyers, D.R. Williams, G.W. Erickson, S. White 

and M. Druelinger,

Journal of the Ame rican Chemical S o c i e t y , 1 0 3 , 3081 

(1981).

60. S. Trippett,

Quarterly R e v i e w s , 1 7 , 406 (1963).

61. A. Maercker,

Organic R e a c t i o n s , 1 4 , 270 (1965).

62. M. Freeman,

Chemistry and Industry, 1254 (1959).



180.

63. E.J. Corey and M. Chaykovsky,

Journal of the American Chemical S o c i e t y , 8 4 , 867 

(1962).

64. E.J. Corey and M. Chaykovsky,

Journal of the American Chemical S o c i e t y , 8 6 , 1640 

(1964).

65. E.J. Corey and M. Chaykovsky,

Journal of the American Chemical S o c i e t y , 8 4 , 3782 

(1962).

66. E.J. Corey and M. Chaykovsky,

Tetrahedron L e t t e r s , 169 (1963).

67. B. T r o s t ,

"Sulfur Ylids", 1975.

68. E.J. Corey and W. Oppolzer,

Journal of the Ame ric an Chemical S o c i e t y , 8 6 , 1900

(1964).

69. J.E. McMurray and W.J. Scott,

Tetrahedron L e t t e r s , 4313 (1980).

70. P.J. Stang and T.E. Fisk,

Sy n t h esi s, 438 (1979).

71. P.J. Stang and W. Trepton,

S y n t h e s i s , 283 (1980).

72. J.R. Hassclenteufel and M. Hanack,

Tetrahedron L e t t e r s , 503 (1980).

73. S.I. Kanevskaya, V.B. Brasyunas

Zhur. Obshchei. K h i m . 2 9 , 1930 (1959). C . A . 5 H  •

74. G. Cema, V.S. Ragovskaya, V. Oskaja,

Latv. PSR Zinat. Akad. Vestis Kim. S e r . , 717-22 (1967).



181.

75. Chemical Abstracts 6 ^ , 87034q (1968).

76. R.B. Miller, T. Moock,

Te t rah edr on L e t t e r s , 3319-22 (1980).

77. N.S. Vul'fson,

L. Kh. Vinograd Zhur. Obshchei K h i m . 2 9 , 1147 (1959).
C . A  . S V  •78. K.M. Baker, B.R. Davis, ù

Tetrahedron, 2 5 , 2491 (1969).

79. F. Ullman, P. Dootson,

B e r i c h t e , 5 1 , 20 (1918).

80. E.V. Brown, J.A. Blanchette,

Journal of the Amer ica n Chemical S o c i e t y , 7 2 ,

3114-6 (1950).

81. E.P. Dibella,

U.S. 3,389,986 (Cl. 71-123)

Chemical Abstracts 6 9 , 51812y (1968).

82. J, Sam, J. Plampin,

Journal of the American Chemical S o c i e t y , 8 2 , 5205

(1960).

83. R.B. Miller,

communication 1982.



Instrumentation

All melting points were recorded on a Gallenkamp apparatus 
and are uncorrected. Ultra-violet spectra were recorded on 
a Perkin-Elmer 402 ultra-violet spectrophotometer as 95% 
ethanol solutions. Infra-red spectra were recorded on a 
Perkin-Elmer 197 spectrophotometer as Nujol mulls or as 
solutions in dichloromethane. Proton magnetic resonance 
spectra were recorded either at 60MHz on a Varian EM360 
spectrometer or at lOCMHz on a J.E.O.L. PSIOO instrument. 
Carbon-13 magnetic resonance spectra were recorded on a 
J.E.O.L. FX90Q instrument at 25MHz. Chemical shifts are 
expressed in parts per million downfield from tetramethylsilane 
(TMS) as internal standard.
Elemental analyses were determined by Butterworth Laboratories 
Ltd, and accurate mass measurements were determined by the 
Physico-Chemical Measurements Unit at PCMU Harwell.


