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Summary 

This thesis is presented in four distinct chapters, 

necessary because of the apparent independence of the subjects 

studied. 

The initial object was an investigation of the interaction 

of a series of biphenyl-2-oxyalkanoyl chlorides with aluminium 

chloride in benzene as solvent. Ring closure can occur at two 

distinct 'ites leading, in general, to the formation of five- or 

seven- membered- ring cyclic ketones and an attempt has been 

made to assesr the steric and electronic factors affecting these 

cyci sations. 

In some of these reactions decarbonylation of the acid 

chloride was found to occur and some alkylated products were 

isolated. Such reactions had previously been shown to involve 

an aryl benzyl ether as intermediate and the interactions of 

several b4phenyl benzyl ethers with aluminium chloride in benzene 

were studied. 	These, generally, led to the same alkylated 

products formed in similar proportions to those in the cycisations. 

In the course of the initial study the cyclic ketone, 

dibenz[b, d]oxepin..7(6H)-one, was prepared by cycisation of 

biphenyl-2-oxyacetyl chloride. 	From this several other 

derivatives, including the previously unknown parent compound, 

of the dibenz[b, dJoxepin ring system were prepared. Some reactions 

of dibenz[b, djoxepin were investigated. 



The study of cyclisation reactions was extended initially to 

ring closure of N-phenylpyrrole-propionic acids and subsequently 

to some other heterocyclic alkanoic acids, using polyphosphoric 

acid as condensing agent. In the course of this work, a 

rearrangement, leading to inversion of the cyclic ketone ring was 

discovered, which is thought to involve a four-membered--ring 

spirocyclic intermediate. 	Some S.C. F. molecular orbital 

calculations using the CNDO approximation and the computer 

program CNINDO were performed on he starting materials, 

products and proposed interiediates involved in these reactions. 
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Chapter One 

Cycisations of Aryl- and Heterocyclic 

Alkanoic Acids 
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Section One 

Introduction 



1:1 Cycisation of Arylalkanoic Acids. 

The ring closure of arylalkanoic acids and their derivatives 

is a well-established method for the preparation of hydroaromatic 

cyclic ketones1' 2 
	

The reactions are acid-catalysed and both 

Lewis and Br5nsted- Lowry acids will effect cycisation. Typical 

conditions involve heating the free acid with a suitable condensing 

agent such as sulphuric acid, hydrogen fluoride, polyphosphoric 

acid or stannic chloride, or the acid may be converted into its 

chloride and then treated with a typical Friedel-Crafts reagent 

such as aluminium chloride or stannic chloride. 

Typical examples are the cycisations of 3-phenyipropionic 

acid (1, n = 1) to give 1-indanone (2, n = 1) and of 4-phenylbutyric 

acid (1, n = 2) to give 1-tetralone (2, n = 2). 

(1) 
	

(2) 

It has been found that the size of the ring to be formed has 

a great effect on the reaction. Three- and four-membered rings 

are not favoured as shown by the failure of benzoyl chloride and 

phenylacetyl chloride to cycise in the presence of Friedel-Crafts 

3 
reagents 



1. 

A six-rnembered ring is formed, more readily and in better 

yield than a five- or a seven-mernbered ring. Whenever there is 

a choice between the formation of a five- and a six-membered ring 

the latter is generally favoured. 	This is demonstrated in the 

cyclisation of the cliacid (3) to give the tetralone derivative (4) 

as the sole product 4 

(3) 
	

(4) 

That a six-membered ring is formed more readily than 

a seven-membered ring is shown in the cycisation of 3-benzyl 

adipic acid (5) which gives only the tetralone derivative (6) and 

none of the benzosuberone (7)5 

O N 
(6) 

 

 

CO2 

(7) 
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Similarly the preference for five-membered ring formation 

over seven-membered is demonstrated in the cycisation of 2-

benzylglutaric acid (8) which gives exclusively the indanone 

derivative (9) rather than the 7-membered ring. 6 

0 

( ("2H 

(1I2)2'-02 H 

	 ( oH2) 

	

(C) 
	

(9) 

Diacid cycisations of this type do not imply that certain 

ring systems are inherently more stable than others but are 

illustrative only of rates of reaction, assuming, of course that 

both acyl groups are equally reactive i. e. that the reactive 

intermediate is the di-acylium ion, or that the rate of inter-

conversion of the mono-ions is faster than cycisation. 

Other factors than ring size may also influence the course 

	

of ring-closure. 	The nature of the products can depend on steric 

and electronic influences in the molecule and also on reaction 

conditions. 

Cycisation of a series of -(l-naphthyl)propionic acids 

(10, a - d) gave the six-membered ring cyclic ketones (U) formed 

by attack at the 8-position. 	In the case of (10, a, R = H) a trace 



ral 

(10) 

R = H 

R Me 

R Et 

R i - Pr 

R t - Bu 

(11) 	 (12) 	 (13) 

of the isomeric benzindanone (13, R = H) was also formed 7.  

Under 'rigorous reaction conditions some dEhydrogenation of (11) 

took place giving the phenalenones (12). With the 7-tert-butyl 

substituted acid (10 e), however, the benzindanone (13, R = t - Bu) 

was the sole product, showing the dominant steric effect in this 

$ 
case • 

In contrast to these results, both 1-naphthyloxyacetyl 

chloride  and 3 -(1.. naphthyl)ethane suiphonyl chloride 10 

cycise exclusively to the five-membered ring products (io 

and benz. (o)- 2, 3diydro-thianaphthene- 1-dioxide. 

As can be seen in cycisations where alternative sites 

for ring-closure are available, ring-size of the product is only 

one factor to be considered along with steric and electronic 
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effects in the molecule. 

1:2 Cycisation of Heterocyclic Alkanoic Acids. 

Alkanoic acid derivatives of 5-membered ring heterocycles 

and their benzologuea undergo cycisation reactions analogous to 

those in the carbocycic series. These "n-excessive"heterocycles 

are very susceptible to electrophilic attack and cycisation occurs 

readily under mild conditions although this is often accompanied 

by some decomposition (generally by polymerisation of the 

protonated rings) which lowers the yields. 

Most of the examples reported in the literature involve 

cycisations of alkanoic add derivatives of thiophene, 

benzothiophene and indole. These reactions may be regarded 

as typical examples. 

Thiophene-2-alkanoic acids (16) or acid chlorides cycliso 

readily with the exception of the propionic acid (16, n = 1) which 

cyclises only with difficulty and in low yield 11, to give the cyclic 

ketones formed by attack at the 3- position (17)12k 13 

U E2-('-"T 'OnPOir  

(16) 	 (17) 



Typically the conditions used involve heating the free acid 

with polyphosphoric acid or treating the acid chloride with stannic 

chloride in carbon disulphide. 

The isomeric thiophene-3-alkanoic acids (18) also 

cycise readily, and in the case of propionic acid (18, n = 1) 

more readily than the 2-isomer 11 
 to give the cyclic ketones 

formed by attack at the 2-position (19)14J 15 

ENs) 

Oil2  ( )7'02rr 	

(S 	

CH 2)n 

0 

Although the 4-position is also free, the 2- is very much 

more reactive towards electrophilic attack and ring-closure occurs 

exclusively there. 

With the 2-position blocked as in 2, 5-dimethylthiophen-3- 

propiothc acid (20, X = 8, xi 	
is 

I) and 2, 5-dirnethylpyrrole-3- 

16, 17 propionic (20, X = NH, xi = 1) 	and 3-butyric acids 

043 	 CE  

(20) 	 (21) 



(20, X = NH, n = 2)17 cyclisation readily occurs giving the 

3,4-cyclic ketone (21). 

In the pyrrole series, only one example of a cycisation 

of a 2-propionic acid is recorded, that of 1, 5-dimethyl-4- 

ethoxycarbonylpyr role- 2 -propionyl chloride (22) to give the ketone (23)18 

to rt 	
Sn 	

TO 2 	 C14 	2 

P111 	0112C112COCI> 

 

PC 

(22) 
	

(23) 

Pyr role -1-propionic acid decomposes under cyci sing 

conditions when treated with polyphosphoric acid but the nitrile 

(24, R = H) undergoes the Houben reaction forming the cyclic 

ketone in the 2-position (26, R = H) and the n-methyl acid (25) 

cyclises with polyphosphoric acid 19. 

I. etc. < PPA 

012 

(24) 	 (26) 	 (25) 



There are no recorded examples of ring-closure of furan 

alkanoic acids on the furan ring although this is known in the 

benzofuran series as exemplified in the stannic chloride-

cztalysed cycisation of the acid chloride of benzo [b] furan-2- 

20 
butyric acid (27) to the cyclic ketone (28) 

COM 

(27) 	 (28) 

An interesting and most unusual example of a 

cyclisation forming a four-membered ring has been reported in 

the reaction of 3-arylbenzo[b]furan-2-acetic acids (29) with 

phosphoric anhydride in benzene. 	In an earlier report 
21 

 the 

J jj  

(29) 	 (30) 	 (31) 
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products of these cycisations are claimed to be 

22 5-hydroxybenzo[b]naphtho[ 

	

	 i 2-dJ furans (30) butA more recent work t 

has been shown that the products are, in fact, the isomeric 

cyclobutenones (31). 	This structure has been assigned on 

the basis of the IR. 	0= 1750- 1765 cm-  ) and N.M.R. 

(T 2.4, multiplet, 9H, aromatic protons; T 5. 66, singlet 1 H) 

spectra with an absorption at 248 n. m. (loSE , 4.43) in the ultra- 

violet lending further support. 	These cyclobutenones undergo 

base-catalysed rearrangement to the naphthols (30) when treated 

with lithium aluminium hydride or Grignard reagents. 

Very recently, a similar cydisation to a four-membered, 

cyclobutenone ring has been observed in the reaction of 

1, 3- diphenylindole -2-ac etyl chloride (32) with aluminium 

chloride in benzene forming (33)23 	The spectral 

characteristics of this product are very similar to those of (31). 

(32) 
	

(33) 

In both benzofurans and indoles the 3-position is highly 

activated to electrophilic attack and normally, when this position 



(36) (35) 

SCN 

LL) 

> 
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is free, substitution occure there. 	In the cases of (29) and 

(32), although these positions are, in fact, already substituted, 

they still prove to be the most favourable for cyclisation. 

1: 3 Rearrangement during Cycisation. 

In an investigation of the thiocyanation of pyrrole (34), 

using either methanolic thiocyanogen at low temperature (_750) 

or cupric thiocyanate at 0
0 	 24 
, Matteson and Snyder obtained a 

monothiocyanatopyrrole which they converted to the thioacetic 

acid and cyclised giving a cyclic ketone which was positively 

identified as (37) by desuiphurisation with Raney nickel which gave 

the known 2-acetylpyrrole (38) and by conversion to 

thieno[3, 2-b]pyrrole (39) which was also synthesised from thiophene 

(34) 

II 	
it 

00CR3  

Fr 

(38) 	 (37) 	 (39) 
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derivatives. 	From this they concluded that the product must 

have arisen from cyclisation of pyrrole-3-thioacetic acid (36). 

Hence the mono- thiocanato pyrrole must be the 3- isomer (35). 

This meaxt that thiocyanation of pyrrole, an electrophilic 

substitution, had occurred, unusually, in the 3-position, whereas 

the 2-position is normally attacked in such reactions. 

The reaction was re-investigated by Gronowitz and co-

workers 
25 

 who, using 'H N.M.R. spectroscopy, identified both 

the thiocyanatopyr role and the thioacetic acid (40) as the much 

more probable 2- Isomers., The original structure proposed 

for the cyclic ketone was correct so a rearrangement must have 

occurred during the cyclisation. 	They proposed the following 

mechanism for this rearrangement where the acylium ion (41) 

sca2oo2 J 
	

S(HzCO + 

(40) 
	

(41) 

(42) 	 (37) 
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attacks the already-substituted but more reactive 2-position 

giving the spirocycic intermediate (42) which rearranges 

and loses a proton forming (37). 

Subsequently Gronowitz and Moses 
26

discovered a similar 

rearrangement in the reaction of 2-thienylthioacetic acid (43) 

which cycises to give 2H-thieno[3, Z-b]thiophen-3-one (45), 

identical to the product obtained from cylisation of 

3-thienylthioacetic acid (44). Around 10% of a second component 

[JNS,/iJ 
ao 21rL 

	

<LL) 
SOH2CO2E 

(43) 
	

(45) 
	

(44) 

was also formed in the cycisation of (43). 	This was never fully 

identified but is probably the unrearranged cyclic ketone. A 

similar mechanism also involving a spirocycic intermediate (46) 

is proposed for this reaction. 

(43) (45) 

(46) 

Rearrangements of this type are probably connected with the 

considerably greater reactivity of the 2-position over the 3-position 



Section Two 

15 

Results and Discussion. 
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A 1:4 The Cycisations of 2-Biphenylalkanoic Acids. 

The ready cycisation of biphenyl-2-carbonyl chloride (47) 

to form fluorenone (48) is well-known. 	The reaction can occur 

in the absence of any catalyst and, indeed, it is almost impossible 

1JO(' 
n3 2 

(47) 
	

(48) 

to prepare the acid chloride uncontaminated by fluorenone. In 

this case cycisation to the 21-position of the second ring forms a 

five-membered-ring cyclic ketone and cyclisation to the 3-position 

of the same ring is excluded since a three-membered ring would 

have to be formed. 

Biphenyl-2-acetic acid (49) also readily cycises to the 

2-position of the second ring even under the mild conditions of 

warming with acetic anhydride, acetic acid and zinc chloride, 

when the product is 9-acetoxyphenanthrene (50), the enol 

acetate of phenanthrone27. 	In this case cycisation on to the 

same ring would necessitate the formation of a four-membered-

ring cyclic ketone and is therefore highly improbable. 



17 

(49) 
	

(50) 

The case of 3-(2-biphenyl)propionic acid (51) is the 

first where cyclisation at both the 3- and 21-positions is possible, 

the former leading to 4-phenylindanone (52) and the latter to 

dibenzocycloheptadienone (53). 	In an early report of the 

Ph 	 0111 2rTI2(.-02~- 

(52) 	 (51.) 
	

(53) 

cycisatioa28 it was claimed that (5'.) was the sole product of 

cyclisation. 	However, the evidence presented is not very 

convincing. 	A subsequent investigation by Cook and his co- 

2 
workers of the cyclisation of the acid chloride using aluminium 

chloride in carbon disulphide showed that while (52) was the major 

product, a small amount of (53) was also formed. 	They did not 

succeed in isolating any of this ketone but did obtain a little of the 



IN 

phenylhydrazone. They also identified ph enanthra qui none (54) and 

diphenic acid (55) amongst the products of oxidation of the crude 

cyclisationmixture. 	These must have come from oxidation of (53). 

HD (Jor 

o-o 
(55) 
	

(54) 

Theycould not accurately estimate the amount of (53) present 

but estimated it to be less than 10%.  A similar result was obtained 

from cycisation of the free acid with hydrogen fluoride as catalyst. 

In this investigation the cycisation of the acid chloride of 

(51) using aluminium chloride as catalyst was studied in both 

benzene and syrn- tetra chioroethane as solvents. A similar result 

was obtained in each case, From the 'H n. m. r. spectrum of the 

crude cyclisation products it was posEib1e to confirm that both (52) 

and (53) were present and also to estimate fairly accurately the 

relative amounts of each from the integration of the methylene region 

of the spectrum. 	The methylene groups of 4-phenylindanone (52) 

gave rise to two quite-well-resolved triplets (J = 7 Hz) centred 

on 6. 82 T and 7. 36 T respectively while those of 

dibenzocycloheptadienone were degenerate and gave a singlet at 
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7. 03 T. The estimated amounts of (52)and (53) present were 80% 

and 20% respectively. 

Again it proved impossible to obtain a pure sample of 

(53) even using chromat cgraphic techniques. 4-henylindanone 

(52) was obtained pure and characterised. 

A compound which is structurally closely related to 

biphenyl-2-propionic acid (51) is 3-(4-fluoreriyl)propiothc acid (56). 

In this case the geometry of the molecule is much more rigid and 

the aromatic rings are held coplanar. Again there is the 

Q. 

(56) 
	

(57) 

(58) 
	

(59) 

possibility of five- or seven-membered ring formation. When 

the acid chloride of (56) was treated with aluminium chloride in 

benzene, one product was formed. 	This was identified as the 

seven-membered ring ketone, 9, 10- dihydrocycloheta[def]fluoren-  C 
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(4H)one, (58) on the basis of the I. R. (v 
C=O = 1675 cm and 'H n. m. r. 

spectra (2.10 T, quartet, H-?). 	The n.m.r. spectrum also showed 

the two methylene groups as a singlet (6. 94 T) which was also found 

in (53). 	None of the isomeric five-membered ring ketone (57) 

was detected. 

Shortly after this reaction had been studied a report was 

published reporting the cycisation of fluorene-4-propionic acid 

(56) using polyphosphoric acid to effect ring closure 30• When the 

reaction was carried out at 1800  two products were formed which 

were identified as 9, 10-dihydrocyclohepta[def]fluoren_8(41-I)one (58), 

the same cyclic ketone as is formed in the aluminium chloride 

catalysed reaction on the acid chloride, and the unsaturated 

derivative (59). At higher temperatures (2000) they found that 

(59) was formed almost exclusively while at lower temperatures 

(1200) the clihydro-compound predominated. 

This observation finds a parallel in the cycisations of 

3-(l-naphthyl)propionic acid (lOa) 
8 
 an 	

31 
its acid chloride when 

dehydrogenatio n of the initially formed perinaphthenone (ha) 

to phenalenone (12a) under vigorous reaction conditions occurs. 

The reason for such a difference in behaviour during 

cycisation of the biphenyl and flucirene propionic acids is difficult 

to see. The electronic effects in the two molecules are not 

significantly different at the cycisation sites and so the explanation 
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probably lies in a steric effect. It is possible that the 5-position 

of the fluorene nucleus is held just at the correct distance for 

attack by a propionyl side-chain while the 21 -position in biphenyl 

is less favourably placed. 

The Dreiding model of the fluorene-4-propionyl acylium 

ion shows that the 5-position of the fluorene nucleus is just at the 

+ 
correct distance for attack by the -CEO group which can easily 

approach above this site while cyclisation to the five-membered-

ring ketone would involve much more strain in the transition state. 

The model of the biphenyl-2-propionyl acylium ion shows that 

attack at the 2'-position of the second ring is possible. However 

this ring is able to rotate freely and attack there introduces an 

unfavourable entropy factor compared to five-membe red- ring 

formation. 

B çycio.tions of Heterocylic Alkanoic Acids. 

1:5Propionic Acids. 

The study of cyclisations of ?ropionic acids where there 

is a possibility of cyclisation to a five- or a seven-membered ring 

product was extended to the heterocyclic series. 

These reactions were all carried out by stirring a mixture 

of the free acid (one part) and polyphosphoric acid (one hundred 

parts by weight) at 1000. 	The usual time for the reaction was 

three hours unless the acid was suspected to be unstable, or the 

reaction mixture darkened noticeably, when a shorter time was allowed. 
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The first cyclisation studied was that of 1-phenylpyr role -

2-propionic acid (60). In this case; a five-membered ring would 

/ 

21 

(60) 

result from attack at the 3-position and a seven-membered ring from 

attack at the 2'-position of the phenyl ring. Although the 3-position 

is quite strongly activated towards electrophilic substitution the 

product of cyclisation there will have two fused five-membered 

rings and will be quite strained. 	So the possibility of cyclisation 

at the less activated 2'-position cannot be excluded since this 

would lead to a strain-free product. 

Unoxpectedly, the thin-layer chromatogram of the crude 

product after hydrolysis showed the presence of three components, 

all with similar R   values. The 1H n. m. r. spectrum of the crude 

product also suggested three components. The separation of these 

components proved to be difficult. Chromatography on silica-gel 

did not give any separation. However on alumina it proved 

possible to separate the two major components in a pure state 

although the third was not recovered. The first fraction eluted 
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gave a crystalline white so]idwhich was shown to be 

5, 6- dihydro- l-phenyl- 4H- cyclop enta[b]pyr rol- 6- one 61) on the 

basis of its 'H n. m. r. spectrum which showed absorptions at 

7.12 T (singlet, 4H, 4-CH2  and 5-CR2), 3.74 T (doublet, J = 2.7 Hz, 

(62) 

1H, H-3), 2.28- 2.77 T (rnultiplet, 6H, 1-phenyl plus H-2). The 

second component isolated was identified as 

5, 6-dihydro-1-phenyl-4H-cyclopenta[b}pyrrol.-4-one (62). Its 'H 

n. m. r. spectrum showed absorptions at 7. 02 T (singlet, 4H, 

5-CR2  and 6-CR2), 3.53 T(doublet, J = 3.2 Hz, iN, H-3), 2.90 T 

(doublet, J = 3.2 Hz, iN, H-2) and 2. 58 'T (singlet, 5H, 1-phenyl). 

When the cycisation was repeated on a larger scale, 

the third component was isolated after very lengthy chromatography 

on alumina. The 60 MHz n. m. r. spectrum showed that this also 

was a cyclic ketone with singlet peaks at 7. 07 T and 2. 57 T for the 

methylenes and phenyl grcups respectively. In addition there was 

a poorly-resolved rnultiplet at 3.11 T which integrated for one 

proton. 	The spectrum at 100 MHz was more informative. 

Expansion of the peak at 7.07 T showed it to be a quartet and 
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irradiation of this caused the multiplet at 3.11 T to collapse to a 

clean doublet (J = 0.4 Hz). Also revealed was a doublet 

(J = 0.4 Hz) at the upfield edge of the phenyl resonance at 2..64T. On this 

basis, the structure of this product was assigned as 

5, 6- dihydro- 2-phenyl-4H- cyclopenta[cpyrrol-4- one (63) with the 

resonances being designated 3.11 ¶ as H-1 and 2.64 T as H-3. 

NrZ 
h 

(63) 

An interesting variation in the ratios of the three products 

was observed in the two reactions which were performed at the 

same temperature for a similar time and with a similar ratio of 

polyphosphoric acid to starting material. In the first experiment 

the yields of (61) (62) and (63) as estimated from the integrated 

n. m. r. spectrum of the reaction product were 45%, 35% and 20% 

while in the second experiment they were 50%,  25% and 25% 

respectively. 	In the second case there is a higher proportion of 

"abnormal' products compared with the unrearranged cyclic ketone 

(62). It was also shown tltt when (62) is heated with polyphosphoric 

acid at 1000  (the temperature of the cycisation reaction) for 5. 5 



25 

hours (twice the time of the cycisation) it does not rearrange and 

is recovered unchanged. Thus the rearrangement must take place 

at some intermediate stage in the reaction and not by rearrangement 

of the expected product (62). 	The differences in product ratios 

must presumably be due to slightly different acidities of the 

polyphosphoric acid used as catalyst. 

Several other cycisations gave similar rearrangement 

reactions • From the cycli sation of 5-methyl- 1-phenylpyr role - 2-

propiothc acid (64) only one product was formed, in excellent yield. 

cit3  CH  

(64) 
	

(65) 

This was shown to be 5, 6- dihydro- 2-methyl- l-phenyl-4H- cyclopenta 

[b]pyrrol-6-one (65). 	In this case there had been total 

rearrangement. 

The 1-phenyl group did not appear to play an important part 

in the reaction and so the cycisations of l-methylpyr role -2-propionic 

acid (66, RH) and 1, 5-dimethylpyrrole-2-propionic acid (66, R=CH3) 

were examined. 
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(6 6) 	 (67) 	 (68) 

In the former case, both the rearranged cyclic ketone 

(67, R=H) and the "normal" product (68) were formed. Again the 

ratios of these products differed in two cycisations apparently 

under the same conditions. This is also, presumably, an effect 

of different acidities of polyphosphoric acid used. 	The first 

reaction gave (67, R=H) as 78% and (68) as 22% of the product 

and in the second the isomers were formed in equal amounts. 

There was no sign of any product of the type (63) which must have 

been formed by a double rearrangement. 

In similar fashion to (64), cyclisation of 1, 5- dimethylpyr role-

2-propionic acid (66, R=CH3) gave only the rearranged ketone, 

5, 6dihydro- 1, 2-dimethyl-4H-cyclopenta[b]pyrrol- 6-one (67, R CH3). 

Thus in both the 1-phenyl and the 1-methyl series the 

acid without a 5- methyl substituent has given both rearrangement 

and normal cycisation products and the acid with a 5- methyl 

substituent has given only the rearranged cyclic ketone. 



(V) 

to (I), forming the ketones (IV). 

1+ 
The cyclic ketones (v) form by 

R 

L LU 
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1:6 Mechanism of the Rearrangement. 

There are obvious similarities between this rearrangement 

and those observed in the cyclisations of pyrrole-2-thioacetic acid 

(40) and thiophene-2-thioacetic acid (43). The 2-positions of the 

pyrrole and thiophene nuclei are very much more activated to 

electrophilic attack than the 3-positions and ri ng closure is 

thought to occur initially at the 2-position forming the four-membered 

ring spirocyclic intermediate W. This then rearranges and loses 

(I) 

a proton to form the cyclic ketone (II). 

A similar process is thought to occur in the cycisations 

of pyrrole-2-propionic acids. Attack at the 2-position leads to 

the spriocyclic ions (III) which rearrange, in an analogous fashion 

direct cyclisation to the 3-position of the acids without a 
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5-methyl- substituent. The reason for the formation of the 

'normal' cyclic ketones (V) in these reactions compared with 

complete rearrangement during cyclisations of the thioacetic acids 

is probably that when the propionyl side-chain adopts the cis- 

conformation to cyclise to the spirocycic ion (III, R = H), the 

hydrogen atoms of the methylene groups become eclipsed leading 

to strong non-bonded interactions and hence a high activation 

energy. These non-bonded interactions are, of course, absent 

in the thioacetyl case. In addition, it is possible that the fairly 

diffuse d-orbitals of the electronegative sulphur atom may attract 

the positively-charged acylium ion towards the cyclisation site, 

facilitating formation of the ion (I). Thus direct cyclisation to 

the 3-position can more readily occur in the case of the propionic 

acids. 

The only products from the cycisationa of pyrrole-2-

propionic acids with a 5-methyl substituent are the rearranged 

ketones (IV, R = Me). There are two possible reasons for this. 

The inductive affect of the 5-methyl substituent will further activate 

the 2-position making the formation of the spirocyclic ion 

(IV, R = Me) more probable. Another possibility is that attack of 

the acylium ion on the 2-position is accompanied by loss of a 

proton from the methyl group (VI) leading to a series of the type 

(VII) which then rearranges to (IV, R = Me). 
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Fr 
I 

11 / 

OH 2 
H2C 	

N-1-1 

(VI) 
	

(VII) 

Species analogous to (VII) have been proposed for some 

electrophilic substitution reactions of furan derivatives where an 

existing substituent is expelled by the attacking group. 

A possibility existed that the ketones (IV) could have 

arisen by rearrangement of the normal products (V). This was 

discounted when the 'normal' ketone (V, R = Ph) was heated with 

polyphosphoric acid at 1000  for 5. 5 hours (twiee the normal time 

of a cycisation reaction) and no rearrangement took place. 

The formation of the 3,4- cyclic ketone was observed 

only in the cycisation of 1-phenylpyrrole-2-propionic acid and 

this may provide the clue to the mechanism of its formation. In 

the cyclic ketone (IV, R = H, R Ph), the bulky phenyl substituent 

will cause considerable steric overcrowding in the region of the 

carbonyl group. This could be relieved to some extent by 

protonation of the 2-position which will push the carbonyl group 

out-of-plane as in (VIII). If the bond joining the carbonyl group 
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(VILE) 
	

(63) 

to the pyrrole ring cleaved this would lead, formally, to a 

pyrrole-3-propionyl acylium ion which would normally cyclise at 

the 2-position but, in view of the steric hindrance there, might also 

cyclise at the 4-position to (63). 

This was shown to be the case. When 5, 6-dihydro-1-

phenyl-4H-cyclopenta[b]pyrrol-6-one (IV, R = H, R = Ph) was 

heated with polyphosphoric acid for 4. 5 hours (1. 5 times the 

length of the cycisation reaction time) at 100°C, the n. m. r. 

spectrum of the product showed the presence of 5, 6-dihydro-2-

phenyl-4H-cyclopenta[cjpyrrol-4-one (63) as 19% of the total with 

starting material accounting for the remainder. The structure 

was confirmed using nuclear magnetic double resonance which gave 

the same result as with the material isolated from the cyclisation 

reaction. 

The thin-layer chromatogram of the product showed two 

bands with the minor component having the correct R   value for 

(63). Although the reaction was performed on a very small scale 
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such that isolation of the products was not possible, there is no 

doubt that (63) is formed by rearrangement of (IV, R = H, R = Ph) 

under cyclising conditions. 

M. 0. Calculations 

LCAO-molecular orbital calculations were performed on the 

isomeric cyclic ketones formed in these cycisations using the 

.32 
CNDO approximation and the computer program CNINDO which 

was already in use by other members of this group. This 

approach uses the semi-empirical Pople SCMO method which is 

superior to the empirical Huckel-type calculations in that both 

- and n-electron densities are considered. In Huckel-type 

calculations only the n-electrons are considered and the 

method is only successful for alternant aromatic hydrocarbons. 

The Pople method works best for first row elements. 

Only electrons in the valency shell are considered in the 

calculations and the effective nuclear charge is the atomic 

number rec1uced by two to compensata for the Is electrons which 

are considered to form part of the core. 

The CNDO approximation introduces a further 

simplification into the calculations by complete neglect of 

differential overlap (CNDO). This means that the product 

where 64 and 	are assumed to be two different 

atomic orbitals, always vanishes, whether the orbitals /4  and  V 

are centred on the same atom or on different atoms. All 
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two-centre overlap integrals and many of the Coulomb and 

repulsion integrals will vanish. Only electron repulsion 

integrals involving no more than two orbitals are retained. 

The basis functions used to describe the atomic 

orbitals are Slater-type orbitals (ST.0). These are identical 

to hydrogenic orbitals except that the rad i1. nodes are 

omitted. This introduces considerable simplification into the 

calculation of the integrals. If functions having raclic.1 nodes 

are required, these can be constructed from linear combinations 

of STO's. The orbitals most commonly used in applications 

of MO theory to organic Tr- systems, the 2p orbitals, are also 

nodeless in the hydrogenic case. Consequently Slater-type 

and hydrogenic Zp orbitals are identical. 

Although the electron-electron repulsion,nuclear-nuclear 

repulsion and electron-nucleus attraction energies when calculated 

by this method are not correct in comparison with non-empirical 

calculati3ns, the overall differencas are reasonably correct. 

Hence the calculated binding energies, although much too large 

(probably by around a factor of five), do preserve the correct 

relative order in almost all cases. 

To simplify the calculation of the molecular geometries, 

the N-methyl compounds only were considered. These geometries 

are shown in figs 1 - 3. The results of these calculations show 

that the rearranged ketone (IV, R = H, R' Me) should be 
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thermodynamically more stable than its unrearranged isomer 

(V, R' = Me) by approximately 50. 1 Kcal. mole. More 

surprisingly, the 3,4-cyclic ketone (63, Me for Ph) was shown 

to be more stable than (IV) although by only 2. 3 Kcal mole 

The results of these calculations were shown to be 

qualitatively correct in the 1-phenyl series. Heating the 

'normal' ketone (V, R' = Ph) with polyphosphoric acid produced 

no rearrangement at all as predicted above while heating the 

rearranged ketone (IV, R = H, R' = Ph) with polyphosphoric 

acid resulted in the formation of a small amount of the 

3,4-isomer (63). 

In the calculations on the ketones (IV) and (V) it was 

found that the best, i. e. lowest, energy was obtained when the 

length of the bond common to the two fused rings was kept as 

it is in N-methylpyrrole. Increasing or decreasing this length 

0 	 0 
(1.37 A) by 0.02 A with corresponding minor adjustments to 

the geomet ties of the cyclopentenone rings raised the calculated 

energies of the molecules by around 300 Kcal.mole in each case. 

In all cases the orientation of the N-methyl group was 

taken with one hydrogen atom in the plane of the pyrrole ring and 

the other two out-of-plane, one above and the other below. The 

in-plane hydrogen atom pointed away from the cyclopentenone ring. 

Reversing this orientation and repeating the calculations gave a 

marginal energy difference which should be equated with the 
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barrier to rotation of the methyl group. This was found to be of 

the order of 2.5 x 10 Kcal.mole. '  and quite insignificant. 

The main criterion used to calculate a geometry for the 

fused cyclopentenone rings was that the internal angles of the 

two methylene groups should be approximately equal. This was 

done by varying the angles at the points of fusion of the ketone 

ring, within the limits 108
0 
 - 115°, till that condition was 

satisfied. 

Similar calculations were carried out on the starting 

material, 1 -methylpyrrole- 2-propionic acid, and the 3-propionic 

acid and also on several possible intermediates in the cycisation 

reactions. 	For the acids and acylium ions the side-chain was 

taken in the fully extended conformation with the minimum number 

of non-bonded interactions and for the spirocyclic ions at the 2-

and 3-positions the two rings were assumed to be at right angles 

to each other. The results of all these calculations and those on 

the cyclic ketones are shown in the 4,able overleaf. The binding 

energies are quoted in atomic units (1 a. u. = 627. 501 Kcal.rnole)). 

Geometries used in Calculations 

For all cases, the geometry of the pyrrole ring was that 

of pyrrole itself as shown in fig 1. The dimensions of the 

N-methyl group were those of toluene. 

(a) 	Cyclic Ketones 

These are shown in figs 1 - 3. 
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Propionic Acids 

The bond joining the side-chain to the pyrrole ring was 

taken as bisecting the external angle at the point of substitution. 

The geometry of the side-chain was 

H H 

1 51 	 0.97 

1.091\ 	 ii 1.28 
H 0 

for the 2-propiothc acid and the mirror-image of this for the 

3-isomer. 

Acylium ions 

Again the bond joining the side-chain to the pyrrole ring 

was taken as bisecting the external angle. The geometry of the 

side-chain was 

H H 
1.1 	 \/ 

N5 	
1,5k 	1 52 

1.20 09 



for the 2-propionyl acylium ion and the mirror-image of this for 

the 3-isomer. 

(d) 	Sirocyclic Intermediates 

The plane of the four-membered ring was taken as 

perpendicular to that of the pyrrole ring and to bisect the external 

angle at the point of substitution. The geometry of the spiro-ring 

was as shown with carbon atom 'C' in the plane of the pyrrole ring 

H 	I•I 

.54 

1.47 	 1.51 

0 

and with atoms B and D having iden4.ical x and y co-ordinates. 
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Rou1ts of qNDO Calculations- 
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1:7 The cyclisation8 of 5-.methylthiophene-2-propiothC acid and 

5-methylfuran- 2-propionic acid. 

To discover if this rearrangement occurred in cycisations 

of propionic acids of other five-rrxembered ring heterocycles 

(although thiophene-2-propionic acid had been reported to cycise 
11 

normally), first 5-.rnethylthiophene-2-propiOrliC acid (69) was 

reacted with polyphosphoric acid. 	(69) reacted normally and 

cyclised at the 3-. position giving 5, 6-dihydro-2-methyl-4H-

cyclopenta[b]thiophene-4-one (70). This was apparent from the 

'H n. m. r. spectrum of the product which showed peaks at 

7.56 T (singlet, CH3), 7. 17 'T (multiplet ZH, 6-CH2), 

6, 92 T (triplet, 3 = 6 Hz, 2H, 5-CH2) and 3. 28 T (broad singlet 

showing some fine-structure, 1H, H-3). The lack of rearrangement 

CH3 	
fT12CO2H  

(69) 
	

(70) 
	

(71) 

in this case is not surprising. The difference in reactivities 

between the 2- and 3- positions of the thiophene ring is much less 

than in pyrrole and although rearrangement occurs with the 

thioacetic acid the 2- position in that case is being activated by 
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the sulphur atom of the side-chain and rearrangement of the 

spirocycle is aided by sulphur being a fairly good leaving group. 
CV 

The 100 MHz n. m. r. spectrum of (70) showed some 

interesting features. Expansion of the peak at 3. 28 T from the 

3.-H showed it to be a quartet (J = 1, 2 Hz) showing coupling between 

the 3- proton and the 2- methyl group which one might expect. 

However, on expansion,the peak from the methyl group at 7. 56 T 

was found to be, not a doublet as expected, but a 1:2:2:2:1 quintet 

arising from the doublet due to coupling with H- 3 being further 

split into two overlapping triplets (J = 0.6 Hz). 	Decoupling the 

6-CH2  group caused this resonance to collapse to a doublet 

(J = 1.2 Hz). 	Thus, in this case, a coupling of 0. 6 Hz exists 

between the protons of the 2- methyl group and those of the 6- 

methylene group 	 although these are separated by six 

bonds. No coupling between H-3 and the 6- methylene group was 

observed. 

For comparison purposes 3. acetyl- 2, 5-dimethylthiophene 

(7 1) was prepared and its I  n.rr.r. spectrum recorded at 100 MHz. 

This showed absorptions at 7. 68 T (broadened singlet, 3H, 5-CH 3),  

7.66 T (singlet, 3H, 3-acetyl), 7.44 T (broadened singlet, 3H, 

2-CH3) and 3.11 T (quartet, J = 1.2 Hz, 1H, H-4). 	Expansion 

of the broad singlet at 7. 68 7 revealed it, in fact,as approximately 

a septet. 	Irradiation at 7.44 T caused this to collapse to a 

doublet (J = 1. 2 Hz) showing that a coupling exists between the 
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protons of the 2- and 5- methyl groups with the coupling constant 

estimated to be 0. 3 Hz. 	Here we have another example of 

coupling extending across six bonds in a thiophene derivative. 

A coupling constant of greater magnitude (J = 1. 20 Hz) 

has been observed between the 2- and 5- protons of thieno[2, 3-b] - 

34 
thiophene (72) and also between the a ldehydic proton and 

H-5 (J = 0.9 Hz) in thiophen-2-aldehyde (73, R=H) although this 

was found to vanish when a 5- methyl substituent (73, RCH3) 

N,3 	
2 

(72) 
	

(73) 

35 
was introduced i. e. there was no coupling between the protons 

of the methyl group and the aldehyde proton. 

When 5-methylfuran-2-propionic acid (74) was heated with 

OH
3 ] '  

22 0 ( 

(74) 
	

(75) 
	

(76) 

polyphosphoric acid, the product appeared to be a complex mixture. 

From the n. in. r. spectrum of the crude product it appeared that 

considerable hydrolysis of the furan ring had occurred. The spectrum 
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did show peaks at 4.34 T and 3. 67 ¶ (in the ratio of 3:1) which may 

have been due to the cyclic ketones (75) and (76) respectively. 

However chromatography on neutral alumina gave no separation 

and recrystallisation of the reaction product from petroleum ether 

gave a white amorphous solid which melted with decomposition 

over the range 140 - 170°  and appeared to be polymeric in nature. 

1:8 	The cyclisation of 5_m  ethyl- l_(l_pyrrolyl)pyr role -Z-PrOPiOniC acid. 

The last cycisation of a propionic acid to be attempted was 

that of 5_m ethyl- l_(l-pyrrolyl)pyrrole 2-propionic acid (77). This 

acid is a derivative of the 1, l'-bipyrrolyl ring system reported only 

recently by some German workers -  who prepared some 2, 5 

disubstituted derivatives. The n. m. r. spectrum of the product 

H3  

(77) 
	

(78) 

suggested that the cyclic ketone (78) formed by attack of the 2'-

position of the second rirg represented around 75% of the total. 

Thin-layer chromatography on silica-gel showed three components: 

a major band at R 
F 	 F 

0. 7 and two minor bands at R s 0. 2 and 0. 3 

respectively. 	These last two are characteristic values for 5- 
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membered ring cyclic ketones derived from pyrrole propionic acids. 

However the reaction was performed on such a small scale that 

chromatographic isolation of the components was not even possible 

and an attempt to isolate the major component by crystallisation 

also met with no success. 

1:9 Attempted Cyclisation of 5_methyllphenylpyrrole-2-aCetiC acid. 

The cyclisation of 5-methyl- 1-phenylpyrrole- 2-acetic acid 

(79) on to the phenyl substituent to form (80) was attempted by two 

methods. In the first the acid was heated with polyphosphoric 

(79) 
	

(80) 

acid at 1000 for three hours. The product of this reaction was an 

intractable brown gum from which no identifiable products could be 

isolated. The n. m. r. spectrum of this product also showed no 

resonances from pyrrole protons. 	The reaction was repeated 

3,7 
 this time using the conditions developed by J. F. Batchelor for 

the cyclisation of indole acetic acids on to phenyl-substituents 

which involsrefluxing the acid in acetic anhydride in the presence 
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of anhydrous sodium acetate. The product of such reactions is 

normally the enol acetate of a six-membered ring cyclic ketone. 

In this case also no identifiable products could be isolated and the 

n. m. r. spectrum of the product again showed a total absence of 

pyrrole protons. 	The reaction was not pursued further. 

1:10 Cyclisation of l-methylpyrrole- 2-butyric acid. 

This acid (81) cyclised when heated with polyphosphoric 

acid to give one product only which was identified as 

6, 7 -dihydro-1-rnethylindol-4(5H)-one (82). 	Clearly cycisation to 

(81) 

a six-membered ring is more favoured than attack of the more 

activated 2- position with subsequent rearrangement. 

It was desired to perform the cycli.sation of 

l-phenylpyr role -2-butyric acid (83) but separation of the mixture of 

this with the 3- isomer (84) formed by hydrolysis and reduction of 

the keto-esters produced by treatment of 1-phenylpyrrole with 

3-ethoxycarbonyipropionyl chloride and stannic chloride proved 

impossible. 	Indeed the 'H n.m. r. spectrum of this mixture 
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(83) 
	

(84) 

showed the proportion of 2-acid to be present in only approximately 

41%. 

This mixture of acids was cycised, and gave a mixture 

of three products. From the 100 MHz n.m.r. spectrum it was 

possible to estimate acnurately, with the aid of double resonance, 

the proportions of each product formed. 	The products formed 

were 6, 7_clihydro_l_phenylindOl4(5H)Ofle (85)  (39%), 

4, 5-dihydro-.l-phenylindcI.- 7(6H)-one (86) (30%) and 

4, 5, 6, 7-tetrahydro- 2_phenylbenzo[c]pyrrOl-4- one  (87) (30%). This 

mixture was subsequently separated by chromatography on alumina 

Ph 

(85) 	 (86) 	 (87) 



and the compounds characterised. From the ratio of the products 

it appears that the 2- acid (83) has cycised without rearrangement 

into the 3- position forming (85) while the 3- acid (84) cycises in 

equal amounts to the 2- and 4- positions forming (86) and (87) 

respectively. 	This is very unusual since, normally, pyrrole-3- 

alkanoic acids with a free 2- position cycli e there exclusively as 

this position is highly activated to electrophilic attack. However 

in the case of (84) the bulky 1-phenyl substituent may hinder 

attack at the 2- position. 

The absence of rearrangement during the cycisatic'ns of 

pyr role- 2- butyric acids may be due to several factors. Firstly, 

direct cyclisation to a strain-free six-membered ring is a very 

favourable reaction. Secondly, the intermediate for such a 

rearrangement would have to be of the form (88) with a five-

membered spiro-ring. Although the ring strain is less, there are 

-F- 

(88) 

more non-bonded interactions in this species than in the 

corresponding four-membered ring postulated as the intermediate 

in the rearrangement during cycisation of the propionic acids. 
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These may decrease the stability of such a ring although this 

effect may be offset by the lesser ring strain. 

Probably the main influence will be the higher entropy 

of activation for the formation of (88) since the statistical chance 

of having the ends of a chain meet decreases markedly as the 

chain length increases 38  

For these reasons the formation of an intermediate of 

the type (88) does not appear to be a very probable reaction when 

compared with direct cycisation to the 3- position. 
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Chapter Two 

Reactions of Aryloxyalkanoyl chlorides and Arylthioacety, 

chlorides with aluminium chloride. 
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Section One 

Introduction. 
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2:1 Purpose of the Investigation. 

The object of this investigation was to study the 

reactions of some arylozyalkanoyl chlorides with aluminium 

chloride in benzene where the aryl nucleus was biphenyl or a 

relat ed system. 	In general ring-closure to a cyclic ketone 

was possible at two sites leading to either a five- or a seven-

membered ring system. From the nature and ratios of products 

formed it was hoped to derive some information on the steric and 

electronic influences prevailing in the transition states involved. 

The reaction of biphenyl- 2-thioacetyl chloride was 

also investigated 
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2:2 Reactions of aryloxyacetyl chlorides 

Lewis-acid catalysed ring closure of phenoxyacetyl chlorides () 

has been a widely used method for the preparation of benzofuran- 

3(2H)ones (0) 	Most frequently the catalyst employed is 

aluminium chloride and the solvent benzene. Unless the 

aromatic nucleus is activated by an electr n- donating substituent, 

the yield of cyclic ketone is only moderate and side-reactions occur 

giving rise to several products. 
.39 

5.-Methylbenzofuranone (90.  R = 5-Me) was prepared by 

cyclisation of 4-methylphenoxyacetyl chloride 9, R = 4-Me). 
0 

Gyclisation of phenoxyacetyl chloride (89. R=H) was reported to 

H it 

a000i 
4j)(j000  

(90) 
	

(91) 

give benzofuranone (90i  R=Ii) and also some phenoxyacetophenone 

(91 R=}T). 

More recently, workers in this department have undertaken 

a detailed study of the reactions of aryloxyacetyl chlorides with 

aluminium chloride in both aromatic and non-aromatic (inert) 
41  

solvents. Palmer and McVie showed that the reaction of 

phenoxyacetyl chloride (1 mole) (89.  RH) with aluminium 

chloride (1.1 mole) at 5 - 10°C for 1. 5 hours in benzene (15 moles) 
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gave five products in addition to 10% recovered acid after 

hydrolysis. The major product was benzofuran-3(2H)one 

(90, R=H) formed by intramolecular acylation. 	A small amount 

of 2-phenoxyacetophenone (91, R=H) was also isolated. In 

addition to these acylation products, small amounts of phenol 

(9, R=H), 0-benzylphenol (, R=H) and cphenylmethane (9.) 

were present. 

R. C 6  H  4 
 . 0. CH2COC1 	(se) 

+ Aid 3  + C 
6 

 H 6 

'R< 

(9o) 

[R. C6H4.00H2CO] 

j-CO 

[R. C6H4. QCH2] 

(96) 

R. C 
6  H  4 

 . OCH2C1 f-. 
(97) 

R. C 6  H  4 
 . OCH2CO. Ph 

791 

) [B.. C6H4.0 = CH  ?J.  

(9 

'H2  Ph + 

(92) 

[R. C6H410. CH2Ph] (95) 

R .4. ii 	
+PhzCH 

(93) 	 (94) 
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The last three products are considered to arise from unirnolecular loss 

of carbon monoxide from the acylium ion (or other reactive species) 

followed by alkylation of the solvent (benzene) by the resulting 

phenoxymethyl carbonium ion (96) and Fries-type rearrangement 

of the benzyl phenyl ether (95) formed to the observed products. 

Benzyl phenyl ether (9)  was shown to rearrange under 

these conditions giving the products (92), (93) and (94) in similar 

ratios to the acid chloride experiment. 	This justifies the 

postulate that benzyl phenyl ether is the initial decarbonylation 

product. Similar relationships were observed with nuclear 

substituted acid chlorides and the corresponding aryl benzyl ethers. 

From a study of the reactions of nuclear substituted 

phenoxyacetyl chlorides under similar conditions, the effect of the 

substituent groups was determined. With strongly electron-

attracting (-E, -M) groups in the 2- or 4-position (89, R = 2-NO2, 

4-NO21  2-CN) the only product formed was the corresponding 

phenoxyacetophenone (91, R = 2-NO2, 4-NO22  2-CN) in 30 - 50% 

yield, the remaining material being accounted for as unreacted 

starting material isolated as the acid after hydrolysis. 	The low 

conversion is probably due to electron withdrawal from the aromatic 

nucleus decreasing the rate of formation of acylium ions by 

reducing the basicity of the chiorocarbonyl group. From this 

follows the implication that acylium ion formation is the rate- 
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determining step in the reaction. The electron deficiency in the 

nucleus also accounts for the lack of decarbonylation since the 

aryloxyrnethyl cation (96) will be less stabilised by conjugation 

with the aromatic ring. 

In inert, non-aromatic solvents it was found that 

phenoxyacetyl chlorides with -E, -M group.. in the 2- or 4-

positions lose carbon monoxide exclusively and the major product 

from these reactions is the chlorornethyl ether (97,  R = 2-NO2, 

4-NO2, 2-CN etc.). 	The failure of 2, 4-dithtrophenoxyisobutyryl 

chloride to form a similar product suggests that loss of carbon 

monoxide results from a bimolecular reaction involving attack 

by chloride or tetra chloroaluminate anion on the acylium ion. 

2- and 4-Halogenophenoxyacetyl chlorides also gave the 

intermolecular aryloxyacetophenone as the major product in all 

cases (in yields of 30 - 80%). 	The cyclic ketones and 

decarbonylation products were also observed and the overall 

conversion to products was high as indicated by the low recovery of 

acid. In these cases net deactivation of the ring is still the dominant 

feature although offset to some extent by electron release from the 

halogen. 

Alkyl substituted phenoxyacetyl chlorides give the cyclic 

ketones as the major products. In the cases of 3-alkyl and 

42 
3,4-dialkyl acid chlorides Palmer and Scollick generally found 
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mixtures of the isomeric cyclic ketones resulting from ring closure 

at both of the available ortho-sites as in the reaction of 

4-dimethylphenoxyacetyl chloride (98) which gave both 

5- dimethylbenzofuranone (9) (24%) and 5, 6- dimethylbenzofuranone 

(1 09 (76%). 

OH 
UC 13  

2ra 0001 06H6 

CH  

/1 
H3  

O<' )7',lO 
 

(98) 
	

(99) 
	

(ioo) 

Reaction of phenoxyacetyl chlorides with aluminium 

chloride in aromatic solvents of greater nucleophilic character 

than benzene, such as p-xylene, athaole and m-climethoxybenzone, 

resulted in a greater proportion of intermolecular ketorformation 

over both cycisation and decarbonylation when compared with 

reactions done in benzene. 	The more nucleophilic solvents have 

enhanced intermolecular acylation, as expected. 	These results 

imply that decarbonylation in aromatic solvents is a uthxuolecular 

process. 
143 

A similar study has also been undertaken of the 

reactions of a series of thirteen l-naphthyloxyacetyl chlorides (io 

with aluminium chloride in benzene. With only two exceptions, 

these gave an intramolecular cyclic ketone as the sole reaction 

product if the naphthalene nucleus was not strongly deactivated 



1- 

(102) 

( 1 04) 
towards electrophilic attack. If the 2-position was free the cyclic 

ketorwas always the naphtho[l, 2-b] furan-3(2H)-one (10. Only 

when the 2-position was blocked as in 2-chloro-1-naphthyloxyacetyl 

chloride 0o".,R = 2-Cl) was the isomeric l-oxaphenalen-3(2H) one 

(102,, R = 9-Cl) formed. In the cycisations of 5- and 7-methoxy-].-

naphthyloxyacetyl chlorides (101, R = 5-OMe, 7-OMe) a small 

amount of the 2- (l-naphthyloxy)acetophenone (104, R = 5- OMe, 

7-OMe) was formed in each case but the major products were the 

naphthofuranones (10,R=6-OMe, 8-OMe). 

When the aromatic nucleus of the acid chloride was 

deactivated towards electrohilic attack by a nitro-group (101, 

R= 3-NO22  4-NO2) cyciation did not occur and the sole product 

formed was the 2-(l-naphthyloxy)acetophenone (10! ,R = 3-NO21  

4-NO2) in low yield with the remainder of the material being 
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recovered as the acid after hydrolysis. 

Investigation of the reactions of a series of 2-naplithyloxyacetyl 

113 
chlorides (-'105) vith aluminium chloride in benzene showed that 

if the 1-position was free then high yields of the cyclic ketones, 

naphtho[2, 1-b]furan-1(2H)ones (10 , formed by attack at that 

position resulted. 	
161 

(107) 
	

(105) 
	

(106) 

In a few cases a small amount (less than 10%)  of the 2-(2- 

naphthyloxy)acetophenone (107) was also formed by acylation of 

the solvent. Attempted cyci sation of 1- chioro- 2- naphthyloxyac etyl 

chloride (10,R = 1-Cl) gave the acetophenone (107 , R = 1-Cl) as 

the only acylation product. Some decarbonylation also occurred. 

2. (1-Naphthyloxy)isobutyry]. chloride (108), the only side-

chain substituted acid chloride investigated, gave as the only 

Mige (101,11 

(108) 	 (109) 



M. 

product 2, 2-dimethylnaphtho-[l, 2-b]furan-3(2H) one (109), the 

cyclic ketone formed by attack on the 2-position. No 

decarbonylation was observed although this might have been 

expected by analogy with the reaction of 2-phenoxyisobutyryl 

chloride which decarbonylates more readily than phenoxyacetyl 

chloride. 	Clearly the rate of decarbonylation, probably similar 

in the naphthyl and phenyl compounds is faster than cyclisation 

in the phenyl case but slower than cyclisation to the more reactive 

3-naphthyl position. 

It has been shown by Rothstein 
44 

 that increasing alkyl 

substitution of the side-chain in arylalkanoyl chlorides increases 

the rate of cyclisation compared to that of the less-substituted 

homologues. 	It is unlikely that this is solely an electronic 

effect with the side-cFain substituents donating electrons into the 

ring and inc. easing the rate of cyclisation. 	The results appear 

to be more consistent with an increase in proximity effect with 

increasing ride- chain substitution where restricted rotation 

allows the preferred conformation (resulting in the proximity of 

the acyl group to the cyclisation site) once formed to be more 

rigidly held in that conformation. 

The rate of decarbonylation of tertiary acid chlorides 

is also increased. This is to be expected since a fairly stable 

tertiary carbonium ion will result. 	In the case of 



6 

aryloxyisobutyryl chlorides the tertiary carbonium ion formed by 

decarbonylation of the acid chloride will be particularly stable 

since the positive charge is not only offset by the inductive effect 

of the methyl groups but can be delocalised throughout the 

aromatic ring (110). 

O 0Me2  + 

etc. 

2:3 The effect of the 	oxygen on cycisation 

In general aryloxyacetyl chlorides containing electron-

donating nuclear substituents readily cyclise in benzene without 
42 

the formation of the corresponding intermolecular ketones (9-1 )'  

while those with electron-withdrawing nuclear substituents give 

the intermolecular ketones. 

Comparison of the reactions of 3-phenyipropionyl 

chloride (111) and phenoxyacetyl chloride with aluminium chloride 

in benzene shows that the former gives indanone (112) as the only 

product in good (90%)  yield while benzofuranone (90, R=H) is formed in only 

CH2 H2C0G1 

(111) 	 (112) 



44% yield along with a small amount of phenoxyacetophenone 

(91, R=H) the remaining p inducts resulting from decarbonylation 

of the acylium ion. 

From these and other similar observations it appears 

that the "ether" oxygen of aryloxyacetyl chlorides does not exert 

any substantial effect to promote cycisatlo..i relative to the 

3 -arylpropionyl analcgues. 	This probably results from two 

effects. 

The equilibrium conformation of aromatic ethers is in-

plane with the oxygen atom approximately sp2  hybridised. For 

cycisation the -O-CH2-group must rotate out-of-plane and the 

hybridisation of the oxygen atom will change towards sp3  with 

loss in conjugation with the ring. 	There is thus an overall 

loss in binding energy prior to the act of cycisation 1. e. a high 

activation er.3rgy. 

Also the electron-withdrawing effect of the positively-

charged acylium ion on the aromatic nucleus will be greater in 

aryloxyacetyl chlorides than in 3-aryipropionyl chlorides 

possibly resulting in a slight relative deactivation of the ring 

towards cyclisation. It is unlikely that differences infiroximity 

effect are significant since this is essentially a function of chain 

length and shape and the two are very similar in both respects. 
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2:4 Cycisations of 3-Aryloxypropionic Acids 

3-aryloxypropionic acids (113) can be cyclised to chromanones 

(114) in good yields under a variety of COflditjOflSe 	It has been 

R 

 

 

(113) (114) 
45,1+6 

found 	that the most effective catalyst for these reactions 

is polyphosphoric acid, and indeed, ring closure of 3-aryloxypropionic 

acids containing strongly electron-withdrawing substituents e. g. 

47 
nitro- has been achieved by this method 

These acids cycise much more readily than the 

corresponding aryloxyacetic acids and this fact can be rationalised 

on two accounts. Firstly the product of cycisation is an almost 

strain-free six-membered ring. Secondly, in the transition 

state, the acylium ion can approach the site of cyclisation without 

causing the ether oxygen atom to distort much from the equilibrium 

in-plane conformation. This means there is little loss of 

conjugation with the aromatic ring and little loss in binding energy 

and, hence, a low activation energy for cycisati on. Furthermore, 

since the Ar-O-CH2- portion of the molecule remains planar, the 

oxygen atom remains approximately sp2  hybridised and, by 

electron release can activate the ortho-positions for cycisation. 



2:5 Reactions of Arylthioacetyl chlorides 

The reactions of arylthioacetyl chlorides (115) with aluminium 

chloride have attracted little attention. Several groups of 

48, 49, 50, 51 
workers 	 have prepared thianaphthenones (116 ) by 

cycisation of these compounds generally with methyl substituents 

but in each case have reported only moderate yields of cyclic 

ketones accompanied by side-products. However, no attempts 

were made to characterise these other products. The 

thianaplithenones (1 6) were reported to be unstable, undergoing 

R— 

(115) 	 (116) 

rapid air oxidation. 

23 
A recent investigation by Batchelor cf the reaction of 

phenylthioacetyl (115, R=H) chloride with aluminium chloride in 

benzene revealed a very complex process. After hydrolysis the 

products isolated were 4- (pienylthioac etyl)phenylthioacetophenone 

(117) (35%),  phenylthioacetophenone (118 ) (25%), benzo[b]thiophenone 

(i -16-, 8   R=H) (11%), diphenyldisuiphide (119) (4%)  and phenyl 

phenyithiothiolacetate (120) (1%). In this case also b enz othiophe none 

was found to be unstable with respect to air oxidation.(118) is the 
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Ph S,(-,'00 OF2 
 
	

S0I±200Ph 
	

iiIII2oo1 

(117) 	 (118) 	 (120) 
Ph • S S. Ph 

(119) 
intermolecular ketone formed by acylation of the solvent and (11 

arisesfrorn acylation of (118). 	(119) must have arisen from 

decarbonylation of the acylium ion but since no ortho-

benzylthiophenol was found the CH 2
-group must have been lost 

probably as formaldehyde. 	The disulphide would be formed 

by air-oxidation of thiophenol 
	

(120) is an ester formed by 

reaction of the acid chloride or acylium ion with thiophenol. 

The major differences between these reactions and those 

of the analogous aryloxyacetyl chlorides appear to be that 

cycisation occurs less readily and that decarbonylation of the 

acylium ion is followed by loss of the methylene group rather than 

attack on a benzene molecule to form an aryl benzyl thioether. 

Cycisation of l-naphthyltbioacetic acid (121) using 

aluminium chloride in chlorobenzene at temperatures in excess of 

100°  is claimed to give the peri-ketone (122)52  while the use of 

stannic chloride in the same solvent is said by the Russian workers 

to give also some of the naphthothiophenone (l:) '3 



SCTi c'OT 

(1 21) 
	

(122) 

(1 23) 
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2:6 The Preparation of Aryloxyalkanoic Acids 

The investigation began with a study of the reactions of the 

acid chlorides of biphenyl-2-oxyalkanoic acids and related systems 

with aluminium chloride in benzene. 	These acid chlorides were 

readily prepared from the corresponding acids by treatment with 

thionyl chloride. The acids were preparrd from phenols which 

in most cases were commercially available. Only two phenols 

had to be prepared as outlined below. 

1. Phenols. 

9, 9-13imnethyliluoren-4-ol. 

Aluminium chloride catalysed rearrangement of 6, 6-

dimethyldibenzo[b, d]pyran (17) in benzene gives the phenol in 

quantitative yield. This reaction will be discussed more fully 

in a later section. 

1- (o_lfyd'oxyphenyl)pyrrole (i 261. 

This compound was prepared in good yield by rcfluxing 

o-hydroxyaniline (1 2)+)  with 2, 5-dimethoxytetrahydrofuran (125,  

in aqueous acetic acid followed by steam distillationcl the product. 

,..- 	011 	•r- 	I 

I +  MeO K 	Me 
0  

(124) 	 (125) 	 (126) 
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a. Aryloxyacetic Acids. 

Biphenyl- 2- oxyacetic acid and o- (1- pyrrolyl)phenoxyac etic acid. 

54 
The general method described by Hayes and Branch 

was used to prepare these acids. The phenol was treated with 

sodium chioroacetate in aqueous sodium hydroxide solution. 

Acidification of the cooled solution followed by extraction into 

sodium bicarbonate and ackification of the extract gave the acids in 

fair yield. 

phenyl- 2 , -bi soxyac etic acid and 21- hydroxybiphenyl- 2-

oxyacetic acid. 

Both of these acids are formed in the reaction of 

2, 2'-biahydroxybiphenyl with an excess of soditñxx chloroacetate 

in sodium hydroxide as described above. A single 

recrystallisation of the crude product from benzene affords the 

pure bis-acid. 	The liquors contain the hydroxy-acid which was 

converted to the methoxy- derivative using dimethyl sulphate. 

9, 9-Dimethylfluoren-4-oxyacetic acid. 

The dry sodium salt of 9, 9-dirnethylfluoren-4-ol, 

prepared by treatment of the phenol with ethanolic sodium ethoxide 

and removal of the solvent, was heated with a small excess of 

ethyl bromoacetate and a little copper powder to form ethyl 

9, 9-dimethylfluoren-4- oxyacetate. This gave the acid on alkaline 

hydrolysis. 
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(d) 2-(2-Biphenyloxy)pr02ioriic acid. 

The dry sodium salt of 2-hydroxybiphenyl was heated 

with ethyl 2-brornopropioriate and a little copper powder. Hydrolysis 

of the ethyl 2- (2-biphenyloxy)propionate formed using aqueous 

potassium hydroxide followed by acidification gave the acid. 

3- (2-Biphenyl oxy)propioriic acid. .55 

3- (2- Biphe'yloxy)propionitrile was prepared by the base-

catalysed reaction of 2-hydroxybiphenyl with acrylonitrile. 

Hydrolysis of the nitrile gave the acid. 

2- (2Biphenyloxy)i s obutyric acid. 

A mixture of 2-hydroxybiphenyl, acetone and sodium 
56 

hydroxide was treated with chloroform and refluxed . Removal 

of excess solvent followed by acidification gave the acid. 

Biphenyl-2-thioacetic acid. 

T-io methods were used in this preparation. In the first, 

2-arninobiphenyl was diazotised and the diazonium salt added to an 

aqueous solution of potassium ethyl xuithate57. 	Hydrolysis of 

the xanthate ester formed gave biphenyl-2-thiol which was 

converted to the thioacetic acid by treatment with sodium 

chioroacetate in alkaline solution. The other involved treatment 

of biphenyl-2-diazoniurn zhloride in neutral solution with aqueous 

thioglycollic acid to give the azothioglycollic acid which lost 

nitrogen on heating forming biphenyl-2-thioacetic acid. 



2.7 The reactions of Aryloxyalkanoyl Chlorides with Aluminium 

Chloride. 

Towards the end of an earlier study 58of the reactions of 

substituted phenoxyacetyl chlorides with aluminium chloride in 

benzene, those of 2- and 4-phenyl.phenoxyacetyl chlorides were 

investigated 59 

In the case of the 4-isomer (89, .'Fi) the reaction- gave five 

1 

Ph) 

(89 ,R9+-Ph ) 

01-I 

+Ph CH 
~Pll 

29% 
(90 )m5-Ph) 

OH 

PbL ,) 

+ Ph 3 
9% 

(91,R4-Ph) 

Ph2CH2 

16% 	 23% 	 15% 
(92,R-Ph) 	 (93,R4-) 	 (94) 

products. The cyclic ketone, 5-phenylbenzofuranone (90, 1=&-? was 

formed in only 29% yield and the acetophenone (9i,R4'?h) W. 9% yield. 

Decarbonylation was by far the major reaction. The low yield 

of cyclic ketone is probably due to cycisation having to take place 

at the 3-position in the biphenyl nucleus. Normally electrophilic 

substitution of biphenyl takes place entirely in the 2- and 4-positions 

with the 4- predominating as in nitration when the products are the 

4-nitro (over 75 74) and the 2- nitro ((250/0). 



or 

Ph 

7 

This reaction is fairly typical of an aryloxyacetyl chloride 

with a weakly electron-withdrawing substituent and can be 

compared with those of 2- and 4- halo g enophenoxyac etyl chlorides. 

When biphenyl- 2-oxyacetyl chloride (127) was reacted 

with aluminium chloride in benzene, the result was quite different. 

Only one product was formed and in good jield (0%). This was 

shown by P.M. R. spectroscopy and microanalysis to be a cyclic 

ketone but it was not possible to differentiate between the two 

possible isomeric products, 7-phenylbenzofuranone (901',.7...Th) or 

dibenz[b, d]oxepin- 7(6H)one(i 2(3) using I. R( c0 1680 cm 1) 

(127) 	 (901R7-Ph) 	 (12:) 

or 60 MHz N.M.R. spectroscopy (TCH2  = 5.2). A similar 

result was obtained when the reaction was performed using carbon 

disulphide as solvent. 

To resolve this problem an unambiguous synthesis of 

7-phenylbenzofuran- 3- one (90, 17-?i) was attempted but it proved 

impossible to hydrolyse and decarboxylate the ester (129). 
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Ph 

	

/JO2b 	
CO 

 211- 
(90,R7-ph) 

(i 29) 

In the synthesis of (129)  a serieF of 3-substituted 

derivatives of 2-hydroxybiphenyl were prepared (130 , a - c) 

	

02R 	

(b) R = Et; 	= H 

(a) R = 	H 

OR' 
Ph 	 (c) R = Et, R1  CH2CO2Et. 

(130 ) 

In the 60 MHz NMR. spectra of these compounds the 

deshielcling effect of the 3-carboxyl group was sufficient to lower 

the chemical shift of the 4-proton relative to the remaining 

aromatic mu].tiplet. In all cases this proton (H4) was identified 

as an ortho-meta split quartet centred at around 2. OT 

(J45  = 8 Hz, J46  = 2 Hz). A similar effect is found in the 

spectra of 7-substituted benzofuranones and it may be expected 

that 7-phenylbenzofuranone would have such a low-field quartet 

in the aromatic region due to a single proton (H4). 

While the 60 MHz N.M.R. spectrum of the cycisation 

product derived from biphenyl-2-oxyacetyl chloride gave a low-

field multiplet centred on 2. 1 T from a single proton, this did not 

appear to be a quartet. The 100 MHz spectrum showed this to 



Br 

(132) 
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be an octet, consistent with the proton being coupled to protons 

ortho.-, meta- and para- to it (J
ortho 	meta 

7 Hz; J 	= 1.8 Hz; 

3 	= 0. 7 Hz). Clearly the observed multiplicity cannot be 
para 

due to the 4-proton of 7 -phenylbenzofuran- 3 -one. 	The additional 

para-coupling allows the multiplet to be assigned to the 8-proton 

of dibenz[b, d}oxepin-7(6H)one (128). 

Cycisatio of 3, 5dibromobiphenyl-2-oxyaCetyl chloride 

(131 ) also leads to only one product. 	This was shown by 

analysis and NM. R. spectroscopy to be a cyclic ketone and 
S8 

must be 2, 4-d ibromodibenz[b, d]oxepin- 7(6H)one (132). 

Oh2OO1 

Br 61B r 

(131) 

The N.M.R. spectrum of this compound also shows a low-field 

octet at 2 15 T, integrating for one proton providing further 

evidence for the cyclic ketone from (127) being (128). 

Comparison of the U.V. spectrum of this cyclic ketone 

with that of the known oxepinone (132) and with those of a series 

of 7-substituted benzofuran- 3- ones also confirms the structure 

as (128). 	The long wavelength absorptions in benzofuran-3-ones 

= 320 - 340 nm) are due to a rr_rr* transition involving the 
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carbonyl group and are shown to be subject to the normal 

bathochrornic (and presumably hpochrornic) effects of nuclear 

substituents (Table 1). 	The introduction of a phenyl group 

in the 7-position of benzofuran-3-one ( >Vrnax325  nm) may 

be expected to give rise to two competing effects, a resulting; 

increase in conjugation being offset by a Qteric inhibition of 

the conjugative effect of the hetero-tom with the benzofuran 

60 
nucleus. 	It has been shown that the non-coplanarity of 

phenyl groups in the biphenyl series is only of consequence when 

both the 2- and 2' -positions are substituted by large groups, 

resulting in the electronic interactions being isolated within each 

ring. For example 2, 2'-dibromobiphenyl( >''max 207 rim) 

has a U.V. spectrum similar to that of bromobenzene 

max = 210 nm). However in 2-substituted biphenyls non-

coplanarit; is not significant and the spectrum is that of a typical 

biphenyl. That 2-phenylanisole ( A/Max = 246 nm) shows a 

large bathochromic shift relative to anisole (A'max= 217 nm) 

and a small hypaochromic shift relative to biphenyl 

(k max = 243 nm) suggests that the steric effects in the former 

are of secondary importance and it may be expected that the U. V. 

spectrum of 7-phenylbenzofuran- 3 -one (90 ) would show a marked 

bathochromnic shift relative to benzofuran- 3-one. 

* 
However, since the long-wavelength carbonyl ir-i 
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absorptions in both 2, 4-dibrornodibenz[b, d]oxepinone (132) 

300 urn) and the unknown cyclic ketone QV 	= 307 urn) 
max 	 max 

show a large hypsochrornic shift relative to the corresponding 

absorption in benzofuran-3-one = 325 nm), there can be 
max 

little doubt that the cyclic ketone formed by the cycisation of 

biphenyl- 2- oxyac etyl chloride is dibenz [b, d]oxepin- 7 (6H)one (128). 

60 
It has been shown that seven-membered ring systems 

of the type (133), which are readily formed by ring closure of 

2, 2'-substituted biphenyls, are strain-free when the ring-plane 

(133) , x = 0, CHCO2R 

angle of the benzene rings is approximately 50°  and it would 

appear that formation of the oxepinone is a result of the non-

coplanarity of the biphenyl system allowing the extreme roximity 

of the acylium ion and the cycisation site in the transition state. 

2:8 The effects of Side-Chain Substituents. 

To investigate the effects of alkyl side-chain substituents 

on the cydisations of biphenyl-2-oxyacetyl chlorides, the 

reactions of 2- (2-biphenyloxy)propiony3. chloride (i 34) and 

2- (2- biphenyl oxy)i sobutyryl chloride (i ') were studied. 

The reaction of 2_(2_biphenyloxy)propionyl chloride 0 3) 
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with aluminium chloride in benzene gave four types of product. A 

Ph 	 Ph 
	

Ph 

1
O1HMctO11 	

11 

	

C" 
(131+) 	 (135) 

Ph 
OH 

Ph2CHMe 	 ( 
(136) 	

T 

(93.,R = 2-Ph) 

(137) (138) 

cyclic ketone formed in only 5% yield was identified by I.R. 

( 	= 1710cm 1) ad N.M.R. spectroscopy (T CH = 5.3 k quartet, 

no downfield aromatic octet at 2. OT) as 2_methyl_7phenylbeflZOfUrafl 

3-one (135). 	2-Hydroxybiphenyl (93, R = 2-Ph) and 

1, ldiphenylethane (13.6) were found in 17% and 19% yields 

respectively. 	The benzylphenolic fraction contained t'vo 

components in roughly equal amounts which could not be separated. 

The n. n-i. r. spectrum of this rr.ixture suggested the components 

to be 3- (l-1±Lenylethyl)- 2-hydroxybiphenyl (137) and 

9-methylfluoren-4-ol (138). These decarbonylation products 

suggest that the carbonium ion (139) formed by decarbonylatiOn 

of the acid chloride is reacting in two distinct ways. 	It can 

attack a benzene molecule forming the ether (11~0) which 



1.. 

TO 	60 PPM1OMK 50 	40 	 30 	 24  

-• '  
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II 	9 
h 

'I 	öPh PI-,'IRJePh 
0eC

6H6> 

(141) 	 (139) 	 (140) 

1' 
(138) 	 (93 (R=Ph); 136,137) 

rearranges normally or it can cyclise on the 21 -position giving 

(141), effectively a cyclic benzyl-type ether, which rearranges to 

(138). 

When 2-(2-biphenyloxy)isobutyryl chloride (142) was 

reacted with aluminium chloride in benzene, three products were 

isolated after hydrolysis. 	These were identified as 

2, 2-dimethyi-7-phenylbenzofuran-3-On e (143)  (31%), 

2-hydroxybiphenyl (93,  R = 2-Ph) (37%)  and 9,9 -dimethylfluoren-

4-ol (144) (Zi%). Some tarry material was also formed which 

Ph 
1 

L) 

Ph 

-0 	 011 

Le 	 L 

(93, R = 2-Ph) (142): 0 

 

 

 



proved to be intractable but was probably polymerised a-methylstyrene. 

This reaction has followed a similar course to the 

previous one. The relative rate of cycisation to the benzofuranone 

has been increased by the two methyl groups in the side-chain. 

Decarbonylation is again the major process and again the initial 

carbonium ion (145)  is reacting in two ways. It can attack a 

Me 
Ph 

OMc2 	 jP(Je 21'h 

(127) 
\ 	

(145) 	 (146) 

Ph 

(i) 	 (9, R = 2-Ph) 

benzene molecule forming the ether (i46) which then forms 

2-hydroxybiphenyl and a cumyl cation which loses a proton to give 

a-methylstyrene which is polymerised by the aluminium chloride. 

Alternatively it can cyclise at the Z'  position to 6, 6- 

dimethyldibenz[b, d}pyran (147),  effectively a cyclic benzyl-type 

ether, which rearranges to (144). 
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This was substantiated by preparing (147) and reacting 

it with aluminium chloride under similar conditions to the acid 

chloride. 	The fluorenol (144) was formed in quantitative yield. 

It is difficult to find an explanation of why the 

c yc ii sation of biphenyl- 2- oxyac etyl chloride gives the 7-membered 

ring oxepinone but that introduction of metnyl groups in the side-

chain of the acid chloride leads to benzofuranone formation. 

The answer probably lies in the substituted side-chains having a 

smaller 0-C-CO angle than in the unsubstituted case which 

reduces their effective lengths and increases their curvature. 

This results from there being a greater steric repulsion between 

two geminal methyl-groups or a methyl-group and a hydrogen atom 

than there is between the two hydrogen atoms of a methylene group. 

In consequence the CH3-C-CH3  and CH3-C-H angles are slightly 

increased Lom the normal tetrahedral angle of 109. 
50 

 and this 

has the effect of causing the 0-C-CO angle to contract, reducing 

the effective length of the side-chain. 

With the shorter effective length of the side-chain it 

is possible that the acylium ion may no longer be able to reach the 

2'-position of the biphenyl nucleus but, more probably, being more 

bent it is better able to attack the 3-position. 

For comparative reasons, 2-phen,xyisobutyryl chloride 

(148) was reacted with aluminium chloride in benzene. Only two 



AX 

products were isolated after hydrolysis, the cyclic ketone, 

2, 2-dimethylbenzofuran-3-one (149) in 36% yield and phenol, also 

in 36% yield. Again some tarry material was formed, probably 

2 

a 
	Me 

(148) 
	

(149) 

polymerised olefin. 

These results fit very well into a pattern. The reaction 

of (134)  can be compared with that of 2-(Z-chlorophenoxy)propionyl 

chloride (150) which, when reacted with aluminium chloride in 

benzene,gives 2-chiorophenol (151) and 1,1-diphenylethane (136) as 

the only products 
58. 	This side-chain appears to have difficulty 

OIl 	+ (136) 

in adopting the conformation required for cycisation and 

decarbonylation is enhanced since a secondary carbonium ion is 

formed. 

When the side-chain has two methyl substituents the 
41 

rate of cycisation is enhanced as has been previously reported 
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and decarbonylation is also favoured with a tertiary carbonium ion 

resulting. 

In order to investigate further the effects of side-chain 

substitution on these reactions an attempt was made to prepare 

compounds of the type (152), where R1, R2  are alkyl groups and 

R1  + RZ  = cyclohexyl, by base catalysed reaction of 2-hydroxybiphenyl 

h 	 OH 	ryji 
.0 r,?, R20 	 3 2H 	

"N. //  

2 

(152) 	 ( 1 53) 
with chloroform and the appropriate ketone, 	The only example 

prepared in very poor yield was R1  = Me, R2  = Et by reaction with 

butan-2-one. All other examples failed presumably because of 

steric hindrance to attack by the o-phenylphenoxide anion on the 

trichloromethylcarbinol intermediate (153). 	The reactions were 

also attempted using previously prepared (153) with simil.r 

negative results. 	This approach was then abandoned. 

2:9 Other cycisations 

When biphenyl-2, V-bisoxyacetyl chloride (154)  was 

treated with aluminium chloride in benzene a complex reaction 

took place. Only two products were isolated pure from the 

mixture, diphenylmethane in 33% yield and a double cyclic ketone 

in 22% yield. 	The structure (155) is proposed for this ketone 
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0 

L12000 

(1 5)4W) 
	

(155) 	 (156) 

based on the spectral data and its ready reaction with aqueous base 

forming a red colour. The I. R. spectrum shows a carbonyl 

absorption at 1710 cm 1  which is characteristic of benzofuranones. 

The N. R. spectrum shows that the molecule has a centre of 

symmetry and shows absorptions at 5. 0 'F, singlet (ZH); 2.65 'F, 

triplet ( J = 8 Hz); 2. 12 T, quartet (3 = 8 Hz, 1.5 Hz) and 1.82 'F, 

quartet (J = 8 Hz, 1. 5 Hz). 	The absorption at 5. 0 'F is assigned 

to the methylene groups, that at 2. 65 'F to the 5-H, 2. 12 T to the 

6-H and 1.82 'F to the 4-H. 	In the case of the possible isomer 

(156) one would expect the peaks to have the same multiplicities as 

those observed but the order should be different with the 6-H 

absorbing at highest field in the aromatic region. 

The remaining material was a mixture of compounds 

containing both phenolic and ketonic groups. None of the 

components could be identified. 

In order to simplify the reaction but preserve similar, 
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overall characteristics, 21  -methoxybiphenyl- 2- oxyac etyl chloride 

(17) was reacted with aluminium chloride in benzene. 	This also 

proved to be a complex reaction and not all the products could be 

isolated. 	They could, however, be identified spectroscopically 

and the proportions estimated from the integrated N.M.R. spectrum. 

The reaction products were 7_(2-methoxyphenyl)benzofuran-3-one 

(i 58) (33%), 2- (2-methoxyphenyl)phenoxyacetophenone (159) (20%), 

the benzyl phenol (160 ) (7%), 2'-hydroxy-2-methoxybiphenyl (161) 

(19%) and diphenyirnethane (11%). 	The I.R. spectrum of the cyclic 

ketone 058 ) showed a carbonyl absorption at 1710 cm . 
	

This is 

01 	 ,2*)iJ e 

:2 	Oi1fO.1 (_2' COPh 

 

(157) 	 (158) 	 (159) 

OH 	 OU 

I 	Ii 	 I 	Ii 

(160) 	 (161) 

corroborative evidence that the cyclic ketone formed by double 

cyclisation of (15+) is, in fact, (155). 

In the cycisations of biphenyl-2-oxyacetic acids described 



so far the two aromatic rings have been free to rotate with respect to 

each other. To investigate the effect of having the rings 

constrained to coplanarity, the reaction of 9, 9-dimethylfluoren-4-

oxyacetyl chloride (162) with alurththurn chloride in benzene was 

studied. The 9, 9 -dim ethyl- derivative of 4-fluorenol was used only 

because it is more simply prepared than thi parent compound. An 

attempt was made to synthesise 4-fluorenol by a lengthy route 

starting from diphethc acid but this was unsuccessful. The 

methyl groups are sufficiently remote that their effect should be 

Me 	 Me\ 	 5 Me 

Me 	 Me\ 	 Me 

( 1 63) 
(162) 
	

(16L) 

Ph CH 
22 

(9z1.) 

negligible. The major reaction in this case is cyclisation to a 5-

membered ring with the product (163)  accounting for 87% of the 

product. 	That (163)  and not the isomeric seven-membered ring 

system is the correct structure is shown by a low-field multiplet 

at 2. 15 T in the N.M. R. spectrum from the 5-H which characteristically 

shows a low-field resonance in 4-substituted fluorenes. 	The other 



products were 9, 9-dimethyLfluoreu-4-ol (164) and diphenylmethane, 

each formed in 3% yield from decarbonylation. In this case the 

ortho-position of the second ring is not in a suitable position for 

acylation and the oxepinone is not formed. However the 3-

position of (162) is activated by the isopropylidene- group of the 

fluorene nucleus and cyclisation readily occurs there. An 

analogy can be drawn with the reaction of 3-methyiphenoxyacetyl 

chloride (165 ) which cyclises to (166) in 83% yield 42  where the 

methyl group activates the position para-to itself to electrophilic 

 

J 

 

attack. 

 

(165) (166) 

At a later date, during a study of the cycisation reactions 

of substituted pyrrole alkanoic acids, 2 (l.-pyrrolyl)phenoxyac etic 

acid (167a)  was prepared. 	This acid had previously been cycised, 

61 
using polyphosphoric acid as a condensing agent, by Cheesernan and Roy 

who found that 4-oxopyrrolo [a, 1-d}-1, 5-benzoxazepin (168) was 

formed in only 8% yield along with 6% of benzo-2H, -1,4-oxazin-3(4H)one 

(169). 	The latter product has presumably arisen from attack of 

the acyl group on the nitrogen atom of the pyrrole ring followed by 



21  

b02c0 ,R 

(167) 
	

(168) 
	

(i 69) 
ROH 

R = NMe2  

elimination of the rest of the ring. 	The formation of (168) as the 

primary acylation product is analogous to (12&,)  resulting from 

cycli sation of biphenyl- 2- oxyac etyl chloride when the 21 -position 

is easily attacked by the acylium ion. 	In this case, the 2'-site 

is also an a-position of a pyrrole ring and highly activated to 

electrophilic attack. The low yield of (168) is presumably due to 

acid-catalysed decomposition of the pyrrole ring during the 

cyci sati on. 

62 
It is well-known that the Vilsmeier reaction, involving 

treatment of a five-membered-ring heterocycle with a tertiary 

amide and phosphorus oxychloride is a better method of introducing 

acyl substituents than normal Lewis-acid-catalysed acylation. The 

reaction is thought to proceed via the intermediate (170) formed 

by interaction of the amide and phosphorus oxychloride. 



0 

(172) 

ME 

R. CO. NMe2  

+ 

Cl 

With this in mind the dim ethylami1e7  the acid (i 67b) was 

prepared and treated with phosphorus oxychloride in ethylene 

dichloride as solvent. 	Cyclisation to (168) occurred in 53% yield 

and no other products were observed. 

2:10 Cycli sation of 3- (2- biphenyloxy)p ropionyl chloride 

One example of the reaction of a 3-aryloxypropionyl 

chloride with aluminium chloride in benzene was examined, that of 

3-(2-biphenyloxy)propionyl chloride (171). 	In this case, 

cycisation at the 21 -position would give an 8-membered ring and 

55 
at the 3-position a 6-membered ring. A previous report states 

that (171 ) cylises to 8-phenylchrorrxanone (172). 	Only one 

product is formed in the reaction. Its I. R. spectrum shows a 

1jJ2I 

L,J3 

(171) 



carbonyl absorption at 1690cm 1  and the N.M,R. spectrum has 

absorptions at 7.4 T, triplet (J = 7 Hz), ZH; 5.68 T, triplet 

(J = 7 Hz), 2H; 2. 66 T, multiplet, 8H. 	The fine structure of the 

aromatic region reveals a triplet at 3. 07 T (J = 8 Hz) assigned to 

H-6 and a quartet centred on 2. 04 T (J = 8 Hz, 2Hz) assigned to 

H-5, showing that (172) is indeed the product formed. 

2.11: Reaction of Bi2henyl-2-thioacetyl chloride 

a) 	In Benzene 

When biphenyl-2-thioacetyl chloride (173)  was reacted with 

aluminium chloride in benzene, the only acylation product formed 

was 2- (2-biphenylthio)acetophenone (i74). A trace amount of a 

Ph 	 Ph,  

0,v1H2Otl ir!1ii2(:o4c// 	

Ph 	
:IIIIii 

(173) 	 (174) 	 (175) 

Ph 
Sli a 

(176) 	 (177) 

second component was isolated which did not contain a carbonyl 

group. Although not fully identified this was thought to be 2-biphenyl 

disulphide (175)  formed by air oxidation of biphenyl-2-thiol (176). 

The I. R. spectrum of the crude reaction product did show a small 
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absorption at 2250 cm 
-1

which could be a thiol S-H stretch. No 

other decarbonylation products were found, however. 

b) In an Inert Solvent 

The reaction was repeated using sym-tetrachioroethane as 

solvent to prevent intermolecular ketone formation. 	The sole 

product under these conditions was a cycli.. ketone to which the;  

structure 7-phenylbenzotMophe none (177)  has been assigned from 

its I. R. 	1700 cm) and N.M.R. (absence of low-field 

octet in aromatic region) spectral characteristics. This compound 

was air-sensitive and oxidized readily on exposure to the atmosphere 

and could only be isolated as the c,dme derivative. 



Eel 

Chapter Three 

Rearrangements of Aryl Benzyl Ethers. 
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Section One. 

Introduction 



9. 

3:1 Scope of the Investigation. 

The rearrangement reactions of a number of aryl benzyl 

ethers when treated with aluminium chloride in benzene have 

been investigated with particular reference to cases where the 

aryl group is biphenyl. It was found that in most cases the 

distribution of products was consistent with the reaction 

proceeding via a 7r-complex intermediate wthch either rearranged 

to an ortho-benzylphenol or was attacked by a solvent molecule. 

3z 2 Historical Background. 

The general method of synthesis of the aryl benzyl ethers 

used in this study has been by the reaction of the sodium salt of a 

phenol with an equimolar proportion of benzyl chloride in ethanol 

solution. 	Conversion to the ether is high and alcoholysis of 

the halide of little importance. 	These reactions are reported 

extensively .a the literature and take place under a variety of 

basic conditions63' 64 

- H- 	EtOH 
R  

Ta 	 j2oi iOCE1 
() 

Aryl benzyl ethers 	have long been known to rearrange 

when treated with Lewis Acids but only comparatively recently 

has it become apparent that two distinct mechanisms operate 
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depending on the conditions of the reaction. 

Benzyl phenyl ether (9), R=H) undergoes zinc-chloride 

catalysed rearrangement at 1600  in the absence of a solvent to 

give a mixture of 2- and 4- benzylphenols (92, RH, 179) in a 

molar ratio of 1:2 
63 with some 2, 4-dibenzylphenol (174) also 

produced. In ani sole at 100°C these same products are also 

formed in similar molar ratios together with large amounts of 

4-benzylanisole (180) and 2, 4-dibenzylani sole (181). 

OHFh Ph!H2 	 PhaH2 CH2Pb 

OH 	 t.)Joii 	CD oj 

R=H) 	 (179) 	 (178) 

1/ Rearr't. 

PhOZnC1 + P. CH + .' 	Ph. OCH ?h 
2 	g 	2 

I PhOMe 	'' - 

PhCH2 	 - 

OMe 

(180) 

The nature End proportions of the products are consistent with the 

formation of a free benzyl carboniurn ion which attacks the 

phenol or athsole in a competitive intermolecular reaction. 	The 

intermolecular nature of such rearrangements has been 

substantiated by the zinc chloride- catalysed rearrangement of 

benzyl 2-methylphenyl ether (, R = 2-Me) where the ratio of 

2 " 
011e 

(181) 

4- and 6-benzyl- and 4, 6-dibenzyl-2-methyl phenols obtained was 
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similar to that found in the direct benzylation of 2-methylpbenol 

(, R = 2-Me) using benzyl alcohol and zinc chloride6 . 
66 

Hickinbottom has shown that aryl benzyl ethers will also 

undergo thermal rearrangement. 

the reaction is intermolecular. 

The product ratio again suggests 

When benzyl phenyl ether 

(J\, R=H) is refluxed for several days the phenolic fraction of the 

products contains 2-benzylphenol (i;, RH), 4-benzylphenol (179) 

and 2,4-dibenzylphenol (178). 	Similar results were obtained 

using substituted aryl benzyl ethers. 

A striking contrast is shown in the aluminium bromide- 

catalysed rearrangement of benzyl phenyl ether at low temperature 
67 

in chlorobenzene as solvent . 	Kinetic studies showed that the 

ether was rapidly converted to a mixture of 2-benzylphenol 

(:..., R=H) (55%) , phenol (9j, R=H) (40%) and a mixture of 

isomeric di- (chiorophenyl) methanes (182). 	This was followed by a 

A1Br 	 j Ph 

0 21' PhCl. 	
LOH 	 0 OR 

(z. R=H) 	 (, R=H) 

PhC1 

-1-- 	
ci. 	> 

(182) 
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slow unimolecular conversion of 2-benzylphenol to phenol and 

(182). 	The notable feature of this reaction is the formation of 

2-benzylphenol as the sole rearrangement product. 	The absence 

of 4-benzylphenol and 2, 4-dibenzylphenol suggests an 

intramolecular process. 

68 
Palmer and McVie studied the reactions of a series of aryl 

benzyl ethers with aluminium chloride in benzene and found that 

when there was a vacant ortho-position in the aryl nucleus, the 

rearrangement product was always the 2-benzylphenol with no more 

than a trace of other isomers. 	The other products in these 

rearrangements are always the parent phenol () and 

diphenylmethane (s.) formed in equirnolar proportions by 

intermolecular attack of solvent on the intermediate. 

Only when both ortho-positions were blocked were meta- and 

para-benzylpenols formed vith the meta-isomer predominating. 

In the reaction of 2, 6-dimethylphenyl benzyl ether (183), the 

rearrangement products were 3-benzyl-2, 6-thmethylphenol (184), 

the meta isomer, and 4-benzyl-2, 6-dimethylphenol (185), the 

para isomer, in the ratio 3:1. The same compounds were formed 



M. 

OH CH 

 O0h 

1c:Jir 
(183) 	 (184) 

OH. 
Off 

± 
(186)  

rff3  

OH -4- 
",2101 CIT3  

(185) 

Ph2CH2  

(94-) 

in opposite proportions by direct benzylation of 2, 6-xylenol (186) 

using benzyl chloride and aluminium chloride. Thus intermolecular 

electrophilic attack gave largely para- substitution while 

intramolecular rearrangement gave mainly meta- substitution. 

These results are consistent with the formation of a ir-cornplex 
69 

intermediate (187b), as suggested by Dewar , in which the two 

rings rotae with respect to_tach other. 

013A1—OH2ph 

- 
(187a) 	 (187b) 

	
(187c) 

Further evidence for a Tr-complex intermediate is found in 

70 
the work of Hart and Ella who showed that the aluminium bromide- 

catalysed rearrangement ef optically active cL-methylbenzyl 4-methyl 

phenyl ether (188) gave 2- (c-rnethylbenzyl)-4-methy1phe.nol (189) 

with 75% retention of optical activity. 
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A1Br3  

1O-.Me 	
> 

PhC1 (P 
188) (188) 

73 	CHiviePh 

Ø,JOH 

(189) 

These results and others to be presented later lead to the 

conclusion that the Lewis-Acid catalysed rearrangements of aryl 

berL.yl ethers in aromatic solvents at low temperatures proceed 

via a r-complex interiediate. At higher temperatures a free 

carboniurn ion mechanism operates. 
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Section Two. 

Results and Discussion. 



3:3 	Rearrangements of Aryl Benzyl Ethers. 

The reactions of a series of benzyl biphenyl ethers with 

aluminium chloride were investigated. 	These were all carried 

out at low temperatures (5-10°) by adding a solution of the 'bther 

in benzene to a stirred suspension of aluminium chloride in benzene. 

Af.., r a reaction time of around two hours tL.e mixture was 

hydrolysed by pouring into ice-cooled dilute hydrochloric acid. 

The reaction products were extracted into benzene from the 

hydrolysis mixture. 	From the integrated n. m. r. spectrum of the 

crude product it was possible to obtain a good indication of the 

relative amounts of each product formed. Separation of these 

products was generally achieved by extraction of the parent 

hydroxybiphenyl into aqueous 2M sodium hydroxide followed by 

chromatography of the residue on alumina to isolate diphenylrnethane 

and the benz'u'l phenol. 

The product distributions from the rearrangements of benzyl 

2-biphenyl (190) and benzyl 4-biphenyl (191) ethers were very 

similar. 	In the latter case 3-benzyl-4-hydroxybiphenyl (192), 

the ortho-benzyl phenol accounted for 33% of the product. Also 

isolated were 4-hydroxybiphenyl (193) (43%)  and diphenylmeth'ne 

(67%). 	The molar amounts of these two components should be 

equal. 	However (193) is only moderately soluble in dilute sodium 

hydroxide and not all can have been extracted. The remainder 



	

h 	 Ph 

OCH2Ph 	 011 	 OH 

(191) 	 (192) 	 (193) 
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would remain on the column during the chromatographic separation 

of (192) and (41 The proportion of rearrangement is quite low 

probably because the ortho-position in this case while being 

activated by the oxygen atom is also the 3-position of the biphenyl 

nucleus and meta- to the other phenyl group. 	It is therefore 

not tarticularly favoured in electrophilic at*ack. 	In the case 

of benzyl 2-biphenyl ether (190), 3-benzyl-2-hydroxy biphenyl 

(194), the product of ortho-rearrangement, comprised 31% of 

the total along with 67% and 69% of 2-hydroxybiphenyl (195) and 

diphenylmethane respectively. 	I t is interesting to note that 

none of the isomeric 2'-benzyl-2-hydroxy biphenyl (196) was 

detected in the benzyl phenolic fraction. 	This is further 

confirmation that such rearrangements proceed through a ir-complex 

intermediate (187b) in which rotation of one ring leads to substitution 

at a vacant ortho-position (187c) since the 2' position, although 

quite sterically hindered, is very susceptible to ekctrophiuic 

attack and if a free benzyl cation had been formed it would probably, 

in part, have attacked that position. 

A more striking example of the intramolecular nature of this 

rearrangement is found in the reaction of benzyl 2-(1-pyrrolyl) 

phenyl ether (197) with aluminium chloride. The benzyl group 

again rearranges to the 3-position although only 11% of 2-benzyl-6 

(1-pyrrolyl)-phenol (198) is formed. 	Also isolated were 
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2-(1-pyrrolyl) phenol (199) and diphenyl methane () in yields of 

35% and 64% r&cpectively.During the alkaline extraction of (199) 

)CPh 

O(HP1T 	 OH 	 OH 	 OH 

(197) 	 (198) 	 (199) 	 (200) 

Ph2CH2  

(p4) 

some dark insoluble material was encountered. This was thought to 

be the salts of the polymeric phenols formed by the action of the 

Lewis acid on (199) and probably accounts for the small amount of 

(199) actually isolated. 

There was no evidence at all of benzyl substitution of the 

pyrrole ring which would be inevitable if a free carbonium ion was 

involved in the rearrangement. 	The CL-positions especially are 

so highly activated to electrophilic attack that a benzyl caiothum 

ion would certainly substitute there forming (200). 	The total 

absence of this is further strong evidence in support of the 

intermediate being a species of the type (187b). 

2-biphenyl 1-phenyl ethyl ether (201) rearranges in a very 

similar fashion to (190). The ortho-(l-phenylethyl) phenol (202) 

forms 35% of the product and 2-hydroxybiphenyl (195) and 
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Ph 	 Ph 	 Pb 
1 0;rilhJePb 	 On 	 Oi 

0}flffePh  

(201) 	 (202) 	 (195) 

Ph2CHMe 

(203) 

1,1-cliphenylethane (203) account for 48% and 55% respectively. 

Methyl substitution of the bezy1 Sroup appeaa to have negligible 

effect on the reaction. 

3:4 Rearrangements of Cyclic Ethers. 

One of the products formed when 2-(2-blphenyloxy) isobutyryl 

chloride (142) was treated with aluminium chloride in benzene was 

shown to be 9, 9-dimethylfluoren-4-ol (144). 	This was thought to 

occur by decarbonylation of the acid chloride giving the carbonium 

ion (145) which then cycised to 6, 6-dimethyldibenzo[b, d]6'H)-pyran 
0CM4 

-Co 

(142)6
Me  

> 

(145) 	15e 

(147) 1 	2 	 (144) 

OF 
(147) which is in effect a cyclic, side-chain substituted benzyl 

ether. This then rearranged in the presence of aluminium 



104 

chloride by cleavage of the 5-6 bond, rotation abort the bond 

joining the t 	..4.romatic rings and cycisation at the 1- position 

to give (144). 

To investigate this hypothesis, (147) was synthesised using 

the method described by Cahn71  wherein the thazomum sulphate 

of nthranilic acid was reacted with phenol o give 3, 4-benzo-

coumarin (204). Treatment of this with methylmagnesium iodide 

formed the cliol (205) which cyclodehydrated, under acid catalysis 

to (147). 

jj MeMgI 	

L

H 	(147) 

, 	0 	
__,___) aL20ii 

ON. 

(204) 	 (205) 

When (147) was reacted with aluminium chloride under identical 

conditions to the acid chloride it underwent quantitative ccrersion 

to the fluorenol (144j. 	Although this reaction was carried out at 

low temperature using a strong Lewis acid a free carbonium ion 

must be involved in the intermediate, probably of the form (206) 

tf e2C 	) 

1111Jf 0_  

(206) 
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since it is impossible for this molecule to adopt a sandwich-complex 

structure. 

A very similar observation has been reported by Anchell and 

72 
Blatt 	They found that when the dial (207) was heated in a 

sealed tube at 200°  for twenty-four hours with a mixture of 

hyochloric acd acetic acids the product was 1, 9, 9-trimethy]Iluoren-

4-ol (209). It seems reasonable to assume that (207) initially 

1 2  

L fe ON 	 Me 

Me 

>b Ilk) 	 I-IT 	 Mt 

(207) 	 (208) 	 (209) 

underwent acid-catalysed cyclo- dehydration to the pyran derivative 

(208) which was rearranged by the acid to (209). 

In these two cases, cleavage of the pyran ring leads to the 

formation of a stabilised tertiary carbonium ion. 	To assess the 

effect of the side-chain methyl substituents on the reaction, the 

unsubstituted dibenzo [b, dJ-6(H)pyran (210) was treated with 

aluminium chloride in benzene under the 

(210) 

e conditions. 	This 



time the rearrangement product, fluoren-4-ol (211) was formed 

in only 15% -,-* -!d with the remaining material being recovred as 

unchanged (210). 	Cleavage of the ether ring in this example 

leads to a primary, benzyl-type carbonium ion and obvio usly 

does not rey.cc.cu . This reaction was performed by adding 

a L,, lution of (210) in benzene to a stirred suspension of aluminium 

chloride in benzene at 5 - 10°C over 15 rninutes.followed by stirring 

the mixture at this temperature over a further 1 5 hours. 

In anali tempt to promote the rearrangement reaction, the 

experiment was repeated initially as above. At the end of the 

first 1. 5 hours stirring at 5 - 100, the mixture was warmed to 

50 - 600 and stirred at this temperature for a further 1. 5 hours. 

After hydrolysis the product was shown by thin-layer 

chromatography to have three components. These were separated 

by chromatog raphy on silica-gel and found to be 2-hydroxybiphenyl 

2 off Ph2CH 	 Ph3C-OH 

OLO 	 (212) 
(195) 

(195) (87%),  diphenyirnethane  (7'.:) (80%) and triphenylcarbinol (212) 

(20%). At first sight tbi'5 is a rather odd result but the 

explanation almost certainly Lies  in the reactivity of the primary 
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carbonium ion (213) formed by the initial ether cleavage. This ion 

attacks a ben. - Lie molecule forming a benzyl group in (214). It can 

Ph 

13 

(213) 

  

now be envisaged that (214) will react in one of two ways. 	The 

benzyl group can be cleaWed off by aluminium chloride as a benzyl 

carbonium ion complex which will then alkylate a benzene molecule 

forming diphenylmethane (9.). 	The other fragment from (214) 

is 2-hydroxybiphenyl probably co-ordinated with aluminium 

chloride. Alternatively the -0-A1C13  substituent can act as a 

neighbouring group promoting i.nnisation of the benzyl substituezit 

to a carbonium ion which alkylates a benzene molecule. 

Introduction of a second phenyl group by the same means would 

lead to the triphenylm ethyl- subs tituted species (215). 	The bond 

between the triphenylmethyl group and the aromatic ring will be 

considerably weakened b, steric overcrowiing and will break easily 

forming 2-hydroxybiphenyl and a triphenylmethyl cation. 	During 

hydrolysis this cation is concerted to triphenylcarbinol (212). 



(215) 

The above mechanism seem preferable to the alternative one 

wherein (214) loses the benzyl group exclusively to form 

diphenylmethane and 2-hydroxybiphenyl since the aluminium 

chloride present will almost certainly remain co-ordinated to an 

oxygen atom throughout the series of reactions and would not be 

available to promote progressive substitution of the methylene 

group of the diphenylmethane formed in the reaction which could 

also lead to triphenylcarbinol and probably some other species. 

Indeed when diphenylmethane was treated with aluminium c. iloride 

in benzene for 1 hou.. at 
550 

 no triphenylmethanol was detected in the 

complex mixture of products formed. 

The rearrangements of (147) and (210) provide a convenient 

route to 4-substituted fluorene derivatives (216, X = OH) which are 

not otherwise readily accsible. The preparation of fluorene 

derivatives with a carbon-contning substitutent in the 4-position 

is quite straightforward with the first step generally being the 
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y J02" 

JP02H 

 

'4 

(216) 	 (217) 	 (218) 

cycisation of diphenic acid (217) 4-carboxyfluorenone (218). 

However, conversion of the carboxyl group to groups such as 

hydroxyl- or amino- is difficult. 

Accordingly, in an attempt to extend this rearrangement 

reaction to compounds containing hetero-atoms other than oxygen, 

5, 6-dihydro-5, 6,6-trimethylphenanthridine (219) was prepared by 

the Grignard reaction of methylmagnesium Iodide on 5-

methyiphenanthridone (220) and treated with aluminium chloride in 

(219) 	 (220) 	 (221) 

benzene at 5 - 100 for two hoi'rs. No reaction occurred and (219) 

was recovered unchanged. The reaction of the sulphur analogue 

(221) was not investigated owing to non-availability of starting 

materials. 



Chapter Four 

The Dibenz[b,  d}oxepin Ring System 
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4:1. Dibenz[b, d]oxe$n. 

(222) 

Although the other, isomeric libenzopins are fairly well-

described in the chemical lite'.re, little is known of this ring 

system. Its derivatives have been reported only four times and 

the parent compound was unknown at the start of this investigation. 

Three of the examples 73,74,75are intermediates in terpene 

syntheses and are substituted polyhydro-lactones of 2'-hydroxy- 

76 
biphenyl-2-acetic or -glyoxylic acids. 	The fourth example 

6,7-dihydroclibenz[b,d]cxepin (223) was prepared by the Pschorr 

cyclisation of o_aminophenyl 13-phenethylether (224) during a 

study of pyran and homopyran derivatives. Sieglitz and Loch then 

(224) (223) 



1.13 

converted (223) to a mixture of phenanthrene and hydrophenanthrenes 

by treatment v, .th hydriodic acid. 

4:2 Dibenzojb, dJçhiepin and Dibenz[b,  djazepin 

Little also is known of the sulphur and nitrogen analogues of 

(2), dibenzo[b, d]thiepin and clibenz{b, d]azepin. 	In neither case 

is the parent compound known. 	The simplest derivative of the 

former which has been described is dibenzo[b, d]thiepin.-7(6H)-

one-1, i-dioxide (225) which was prepared by Dieckmann 

77 
cycisation of (226) 	An analogous cyclic ketone, 5-p-tcluenesulphonyi- 

5(H)diben[b,d]azepin-7(6H)-one (227) has been prepared by 

00202H5  

(226) (225) 

cyclisation of the acid chloride (228) at low temperature using 

aluminium chloride as catalyst in chloroform as solvent. The 

ketone has been reduced to the corresponding alcohol with lithium 

aluminium hydride and derivatives of the type (229), where R is an 

ailcoxy group, have been prepared by the action of base on (227). 

Several cirneric species have also been reported? 



(227) 

1 14 

H2 Ora 

(228) 

 

(229) 
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Sec1io 

Results and Dirmission 
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Results ,a.zid Discussion 

The cyc]i ketone dibenz[b, d]oxepin-7(6H)-one(128) was the 

starting material used in the preparation of all other derivatives 

of the ring system. 	It is therefore appropriate to consider first 

the chemistry of this compound. 

4:3 Reactions of Dibenzfb, d]oxepin-7(6H)-one 

Inmost of its reactions dibenz[b, d]oxepin-7(6H)-one behaves 

as a fairly typical, if rather unreactive ketone. The carbonyl 

group is readily reduced by liim aluminium hydride in ether or 

more slowly by sodium borohydride in ethanol to the secondary 

alcohol (230, RH). It reacts readily with Grignard reagents 

OH 

(230) (128) 

methylmagnesium iodide and phenylmagnesium bromide to form 

the tertiary alcohols (230, R = Me, Ph). 	These alcohols are all 

very viscous, almost colourless oils which have shown no tendency 

to crystallise. 

The ketone forms a crystalline oxirne when treated with 

hydroxylamine hydrochloride in basic alcoholic solution. When 

Beckmann rearrangement of this oxime was attempted the product 
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was a pale brown, amorphous solid which was quite insoluble in 

organic solvents and did not appear to be the desired eight-

membered ring lactam. The I. R. spectrum of this substance 

was very indistinct but a broad, rounded peak at 1640 cm may 

have been due to an amide C=0 stretch. In general the N-methyl 

derivatives of amides are much more soluble than the unsubstituted 

compounds and an attempt was made to methylate this substance 

using dimethylsuiphate and aqueous potassium hydroxide but this 

met with no success. 

Three different methods were used in attempts to reduce the 

carbonyl-group to a methylene-group. Hydrogenation over 

palladium-charcoal at one hundred atmospheres did not reduce 

79 
the compound at all. 	Clemrnensen reduction using the Martin 

modification gave a complex mixture of products several of which 

were identifieda 	The crude product partially crystallised and 

crystallisation from ethanol gave a colourless compound, 

M.P. 216 - 
	

The n.m.r. spectrum of this compound showed 

only aromatic protons as a complex multiplet (8H) and a singlet 

methyl group. 	The mass spectrum showed a small parent ion 

peak at m 
	 m 
/e 390 with a large half-mass peak at /e 195 and 

strong peaks at 
m 

 /e 165 (9-fluorenyl cation) and 
m

/e 152 

(biphenylene radical cation). 	From these observations the 

compound was identified as 6, 6-bis-(6-methyldibenzo[b, d]pyranyl) 

and subsequently found to be the meso-isomer. 
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tE3  Cu3 
	 ic2H5 

OH 

(231) 	 (232) 

rd 

CH  OtT 

 

(233) 

 

The I. R. spectrum of the - .aterial remaining after the 

crystallisation showed a phenolic -OH stretch and extraction with 

2M sodium hydroxide gave a small amount of phenolic material 

whose nrn.r. spectrum showed - C 
2  H  5 

 and -CHMe- groups, 

suggesting a mixture of 2'- ethyl- Z-hydroxybiphenyl (232) and 9- 

rnethylfluoren-4-ol (233). 	Low temperature crystallisation of 

the remain from light petroleum gave a colourless compound, 

M. P. 146 - 8°C. 	The n.m. r. spectrum was similar to that of 

the meso-isomer of (231) but the aromatic region showed a 

distinct upheld ortito-, meta- quartet (3 
ortho = 

8Hz, J meta = 1.4 Hz) 

integrating for one proton when compared with the singlet for the 

methyl group (3H). 	The mass spectra of the two compounds 

were identical. 	On this basis, the structure was assigned as 

the di-forin of (231). 	From the photographs of the Dreicling 

models of these isomers it cn be seen that the 4- and 41_  protons 

of the dl-form in what is most probably he preferred conformation 

lie directly above a benzene ring in the other half of the molecule 
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and are shielded by the effect of the ring current in that ring, 

appearing as the upfiekl aromatic signal in the n. m. r. spectrum. 

The n. m. r. spectrum of the liquors from this crystallisation showed 

the presence of a small amount of a compound containing a 

-CHMe- group with the methine proton absorbing at 4 85 T 

(quartet, J = 7 Hz). This is probably 6-methyldibenzo[b, d].-6H-

pyran (234). 

H 

(234) 

The Clemmensen reduction is thought to proceed by a radical 
80 

mechanism and, in this case, the initial intermediate is probably 

the hydroxy-radical (235) which rearranges to (236), 

OH2' 

(235) 
	

(236) 
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(237) (238) 

Loss of a hydroxyl radical ieds to (237) which adds a proton and 

an electron to form the 6a 1idibenz[b,d]pyranyl radical (238). 

Coupling of two of these radicals leads to the xrxeso- and dl- forms 

of (231) dependent on the orientations of the two halves at the time 

of reaction. Addition of a hydrogen atom leads to the pyran(234) 

which can undergo acid-catalysed rearrangement to the fluorenol 

(233). 	2'-Ethyl-2-hydrcxybiphenyl (232) can arise by cleavage 

of the 5, 6-bond of (236) foliowed by reduction of the acetyl group 

formed. 

This proposed scheme finds a close analogy in the Clemmensen 
81 	 82 

reductions of cyc1oexenone and related systems when ring 

contraction occurs which has been shown to proceed through a 

cyclopropanol intermediate of the type (239). 

0E lu 
(239) 
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Wolff- Ki shne r reduction (using the Huang- Minion 

modification) also failed to give the dihydrooxepin (223). 	Two 

major pro .s were formed in this reaction which were identified 

as phenanthrenequinone (240) and 2'- ethyl- Z-hydroxybiphenyl (232). 

(240) (241) 
	

(242) 

The n.m.rd spectrum of the crude product also showed a third 

component, present in small amount, which contained a -CI-Me-

group with the methine proton absorbing at 6. 03 T (quartet, 

3 = 7Hz). This was thought to be 9-methylfiuoren-4-ol (233), 

although not isolated. 

The formation of phenanthrenequinone must have occurred 

by Wittig rearrngement of the cyclic ketone. Abstraction of 

a proton by the base would lead to the anion (241) which 

rearranged to the alcoholate anion (242). 	Subsequent 

oxidation, presumably by atmospheric oxygen gives the quinone. 

This was confirmed by heating the oxepinone with potassium 

hydroxide in digol, omitting the hydrazine, when phenanthrene-

quinone was formed in high yield. 

Although dibenz[b, d]oxepin.'7(6H) one undergoes the Wittig 
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rearrangement when strongly heated with potassium hydroxide, 

the methylene group is generally unreactive. No reaction was 

observed w 	the ketone was treated with Claisen alkali (35 g. 

potassium hydroxide, 75 ml. methanol, 25 ml. water) in the cold 

and (128) was recovered unchanged. No methylation of the 6-

position occurred when the pyrrolicline enarnine was treated with 

methyl iodide and reaction oi the ketone with sodium nitrite in 

glacial acetic acid failed to give the 6- isonitroso derivative. 

When the ketone (IM) was ea:od with phenyihydrazine the 

phenylhydrazone readily formed. Addition of glacial acetic acid 

followed by further heating resulted in the formation of indolo 

[3, 2-g}dibenz[b,d]oxepin  (243) by the Fischer Indo1ireaction. In 

this reaction the initially formed phenylhydrazone is known to 

(243) 
	

(244) 

rearrange to an ene-hydrazine8 bich subsequently cyclises under 

acid catalysis with the el4 mination of ammonia. In this case the 

ene-hydrazine intermediate will be (244). 

The formation of the pyrolidine enamine and the ene-

hydrazine (244) show that enoliation does occur in species of 

these types. 
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4:4. Preparation of the Dibenz[b,  d] oxepin System 

When the secondary alcohol (230, R=}fl formed by 

reduction "f .ibenz[b, d]oxepin-7(6H)-one with sodium borohydride 

or lithium aluminium hydride was heated with a suspension of 

phosphorus pentoxide in benzene, the n. m... spectrum of the 

product showed, along with an aromatic multiplet centred on 2. 8T, 

wo small doublets (J = 6Hz) centred on 3. 45 T and 4. 05 T. 

These were assigned to the 6.1-1 and 7H of dibenzlb,  d]oxepin 

(222). Numous peaks in'he upfield rerion of the Lipectrum 

(245) 
	

(246) 

suggested the presence of large amounts of polymeric material 

and wher this product, ditsolved Li a little benzene, was poured 

into methanol the polymer separated as a white, amorphous solid. 

This obviously, was not a satisfactory preparative method. 

When the alcohol (230, R=H) was htedwith thionyl chloride 

in benzene solution it was converted to 7- chloro-6, 7- dihydrodibenz 

[b, d]oxepin (245, R=H) which distilled as a colourless liquid, 

B.P. 116 - 20 (0.01 m. m) but rapidly darkened on standing. 

After several trial attempts it was found that when this 
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chloro- chloro- compound was refluxed with a 25% solution of potassium 

hydroxide in ethanol for four hours it was converted to 

thben'[b, d] oxepin without polymeric impurities in good yield. 

Chromatography of the product on alumina followed by distillation 

under nitrogen gave dibenz[h, d]oxepin as a colourless liquid 

B. P. 102 - 4°/0.2 mm. 

Similar results were obtained with the 7- methyl- and 7- 

phenyl- substituted alcohc (23C, R= Me, Ph). 	When these 

were heated 'vIth phoh1 	ntzid in berene some oxepin 

was formed but much polymeric material resulted. Reaction 

with thionyl chloride gave the 7- chioro- derivatives (245, R 

Me, Ph) along with some of the oxepins. Heating these 

mixtures with ethanolic potassium hydroxide solution gave the 

oxepin s (246, R = Me, Ph) in good yields. 

The acid-catalysed polymerisation of these oxepins 

probably occurs by protonation of the 6- position. This will 

create a carbonium ion at the 7- position which can then attack 

another oxepin ir.olecule and so on forming a chain. 

4: 5 Reactions of Dibenz{b, dioxepin 

From the n. m. r. spectrum of this compound, which shows 

the 6-1-1 as a doublet centred on 3.45 T and the 7-H as a doublet 

(with the peaks slightly broadened by long-range coupling) centred 

on 4.05 T, it appears that the 6-7 bond is olefinic in character. 
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This is also supported by an absorption at 1647 cm 11n the I. R. 

spectrum. One would not expect the system to be aromatic 

since there are sixteen ri-electrons in the periphery and eight 7r,- ' 

electrons electrons in the oxepin ring and in its reactions it behaves as a 

cyclic vinyl ether. 

The mlecule is u'n-.planar with the 7- membered ring 

held in a boat-type conformation. 	Frm models of the mole- 

cule, the angle between the two brm...cue ing is ±oud to he 

around 400  ax 	rIOr lie 

Dibenz[b, dl oxepin reacts readily with acid and is poly-

merised by it. This was shown by adding one drop of trifluoracetic 

acid to a solution of the oxepin in deuteriochloroform in an n. m. r. 

tube and recording the spectrum at intervals. 	The doublets 

from the 6-H and 7-H diminished in intensity to be replaced by 

multiplets centred on 7.0 T and 8. 7 T. After twenty-two hours 

this process was complete. 

Attempts to nitrate the ring system were unsucessful, 

both with fuming ritric acid in acetic anhydride and with cupric 

nitrate in acetic anhydride, when complex mixtures of products 

were formed. No nitro- derivatives were detected from either 

reaction. 

The most charcteristic reaction of the system is addition 

to the 6, 7- double bnd. 	ihenz[h, d] oxepin was slowly 

hydrogenated at atmospheric pressure over Raney nickel to form 

6,7- dihydrodibenz[b, d]oxepin (27-3). 
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Bromine readily adds to the double bond to give the 

crystalline but unstable 6, 7- dibrorro.6, 7-dihylrodibenz[b, d]oxepin 

(247). T: n. m. r. spectrum of this product was interesting 

Br 

(z4 7) 
	

(248) 

in that, instead of showing the 6- and 7- hydrogen atoms as two 

doublets, they appeared as two pairs of doublets &ith coupling 

constants of 3. 5 Hz and 9. 5 Hz respectively. 	From Dreiding 

models it was seen that these resonances could arise from either 

a mixture of cis- and trans.- isomers or from two conformers of 

the trans- isomer. 	This ambiguity could be resolved by 

recording the n m. r. spectrum at several different temperatures. 

If the product ws a mixture of conformers, the ratio of the two 

should change with changing temperature and a mixture of cis-

and trans- isomers should give the same spectrum at different 

temperatures. When the spectrum was recorded at _600,  00  

and +20°C, the intensities of the peaks remained constant 

showing that it was, indeed, a mixture of cis- and trans- 

isomers. 	The two crystallised together from light petroleum 

as colourle 	 M. . : oi - 0c. 
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Such cis- additions have been reported and rationalised 

by Dewar and Fahey in the reactions of deuter4 um bromide and 

chloride 	acenaphthylene 6indeJ.fld cis- and trans- i- 

phenylpropene 8  They showed that the reactions were polar 

and not free radical in nature and rejected the idea of a IT- complex 

intermediate which would lead exclusively to the trans- isomer 

or of a free carbonium ion intermediate which should give an 

equimolar mixture of cis- and trans-. 	Their suggested inter- 

mediate is a classical carbonium ion which does not exist free but 

as an ion pair (249) with the bromide ion on the same side of the 

D-*Br 	 D 	B 

- c — c = 

(249) 

olefin. 	Quick collapse of this ion pair leads to a high 

proportion of the cis- isomer and the trans- isomer is formed 

only if the ion pair survives long enough for the bromide ion to 

migrate to the opposite side of the planar carbonium ion. This 

should be enhanced in polar solvents which can stabilise the ion 

pair and, indeed ul-v-c workers found that a greater proportion 

f ti 'cis- isomer was formed in less polar solvents. 

It is possible that a similar process is operative in this 

bromination although the ion-pair effect will be weaker owing to 

the larger size of the bromine atom when compared with deuterium 

or hydrogen. 	Similar cis- additions have been observed in 

89 	 90 
the chlorination of phenanthrene and acenaphthylene and in the 
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bromination of styrene derivatives where a non- symmetrical 

bromoniurn ion has been proposed as intermediate?1'92  

The r :oduct ratios from this reaction were not found to 

be consistent. On one occasion equimolar amounts of the two 

isomers were formed but in all other cases the trans- isomer 

formed around 80% of the total. 

The reac.tivity of the a-bromine atom of a 13-dibromo-

ethers is well-known to be many thousands of times greater 

than that of the 3-bromine in both acyclic and cyclic systems 
93 

and dehydrobromination to 3- bromovinylethers readily occurs. 

This dibromide (247) is very readily dehydrobrominated 

by ethanolic potassium hydroxide to 7- bromodi nz[b, d]oxepin 

(248), a viscous, colourless liquid which showed no tendency to 

crystallise. 	The n. m. r. spectrum of this compound shows 

H-6 as a very sharp singlet at 2. 98 T. 	None of the 6- isomer, 

which woi'.ld be expected to show H-7 as a singlet, broadened by 

long-range coupling and absorbing at higher field was detecLed. 

Attempted nucleophilic displacement of bromine by cyanide 

was attempted with (248) by heating with cuprous cyanide in 

dimethylformamide. A complex reaction which appeared to 

involve opening of the oxepin ring occurred and there was r.o 

evidence that the 7- cyano- derivative had formed. 

Dibenz[b, d]oxepin reacted sluggishly with ethyl diazoacetate 

both when warmed in the presence of copper powder and when 

the mixture was strongly heated alone. A small amount of the 
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cyclopropane derivative (250) formed by addition of ethoxycarbonyl 

carbeneto the 6,7- double bond was formed along with large 

co2Tt 

7 

YB 

 

(250) 
	

(251) 

amounts of diethyl fumarate. 	After hydrolysis of the ester it 

was possible to isolate the acid (251) in a fairly pure state but 

in very low yield. 	The high-field region of th n. m. r. spectrum 

of this compound was of considerable interest. The resonances 

occurred at 5.43 T (quartet, JAB = 6. 0 Hz, 3 
 A 2. 5 Hz; lH 

HA) 7. 15 7 (triplet, 
J
AB' BC = 6.0 Hz 1H; HB) and at 

7. 72 T (qiartet, J 
BC 

 6. 0 Hz, J AC = 2. 5 Hz; 1H 

showing that the hydrogen atom of the CH. CO2H group is trans-

to the other two hydrogens of the cycicpropane ring which originate 

from the oxepin ring and that those two are cis- with respect to 

each other. 	The structure of the acid must therefore be (247) 

or its enant.cier formed by cis- addition of the carbene to the 

double bond. 	This is in accord with previous observations that 

alkoxycarbonylcarbenes undergo stereospecific dc- additions 

94,95 	
i 	 i  with olefins, and is also an indication that there s no intermediate 

formation of a pyrazoline. 
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EXPEPIMENTAL SECTION 
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GENERAL NOTES 

Melting points were recorded using a Koffler hot-stage 

melting point apparatus. 

Microanalyses were carried out in this department using 

a Perkin Elmer Elemental Analyser, Model 2+0. 

Nuclear Magnetic Resonance spectra were recorded using a 

Perkin Elmer R.10 (6e flHz) or a Varian Associates HA 100 
lOOj.) spectrometer with tetramethylsilane as internal 

standard. Data are given for 60 IjHz spectra unless 

otherwise stated. 

. Infra-red spectra were recoiled on a Unlearn SP 200 

Spectrophotometer. 

Mass spectra were recorded using an AE1-GEC MS 902 double-

focussing mass spectrometer. 

Solutions were dried over magnesium sulphate monohydrate. 

Boiling points are uncorrected. 
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CHAPTER 1 

1.1. Preparation of 3-Arylpropionic Acids. 
29 

3-(Biphenyl-2) propionic acid. 

A solution e diethyl malonate (.5g.,  0.028 mile) in ethanvl 

(10 ml.,) was added to a stirred solution of sodium ethoxide 

prepared by adding sodium (0.625g.,  0.027 mole) to ethanol 

(40 ml.). After 0.5 hours, a solution of 2-ch1romethy1b±pheny1 

(5.5g., 0.027 male) in ethanol (30 ml.) was added slowly. After 

the a.dition was completed, stirring at room temperature was 

continued for a further two hours and then the mixture was 

refluxed for 0.5 hours. After co.ling it was poured into cold  

water (500 ml.) and extracted wix benzene. After drying the 

extract, the benzene was remved under vacuum leaving the crude 

diethyl o-phenylbenzylmalonate as an oil. This was .iydro1ysed 

by refluxing with aqueous potassium hydrLexide for 3 hours. The 

hydrolysis mixture was poured into water and washed with benzene 

to remove any non-acidic material present. 0-henylbenzylmalonic 

acid was precipitated on acidification of the basic solution. 

It was filtered, dried and recrya1lised from benzene to give 

colourless clusters M.P. 126-70  (lit.125.50  - 127.50  ). YieLi 671/o 

When this acid was heated at 130_10  for 2.5 hours, it 

decarboxylated snioothJy t. give 3-(biphenyl-2) propionic avid 

purified by recrystallisation from benzene/light petroleum 

(60/80°). 

M.P. 111-120  (lit. 110-1130 ). 

(b) 3_0_luoreny1)  prpionic acid. 
96 

Using the method described by Quelet and Barge, -chloromethyl- 

fluorene was prepared in several stages from diphenic acid. 
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The chl.r.methyl compound (5.0g., 0.023 mole) was reacted 

with sodio-diethyl nialonate (0.023 mole) as above. Hydrolysis 

of the diester followed by decarbxy1ation gave 3-(4-fluorenyl) 

propionic acid w'.ch was recrystallised fr.-,,m benzene. 

M.P. 	175-70 (lit. 1770 ) 	Yield 67%. 

1.2. Cyclisatiens of 3-arylprpionyl chlorides with aluminium 
chloride. 

(a' 3-(iphenyl-2) propionyl chloride 

(i) In benzene. 

To a suspension of 2.22g. (e.0167 moles) aluminium chlorite 

in 14 ml. dry benzene at 5-100C .,,As added a solution of 

3-(biphenyl..-2) propionyl chloride (prepared from 2.70g., 0.01314 

moles of the acid) in 14 ml. benzene over 15 minutes and with 

vigorous stirring. The reaction mixture was stirred for a further 

1.5 hours at this temperature and then poured into iced, diluted 

hydrochloric acid and the mixture hydrolysed over 0.5 hours. The 

product was extracted into benzene and the organic layer washed 

with saturated sodium bicarbonate solution from which no unreacted 

starting material was recovered after acidification. 

The benzene solution was dried and the benzene was distilled 

out under vacuum leaving the product as a yellow oil, 2.61g. The 

t.l,c. of this product on silica gel, eluting with benzene showed 

three components, a strong band at R 0.3, a weak one at RF 0.14 

and a trace at RF 0.6. The n.m.r. spectrum showed a complex 

aromatic multiplet centred on 2.5(8H), two triplets (J=7Hz) 

centred on 6.827 and 7.27 "( and a singlet at 7.05'r. The I.R. 

spectrum showed~I c=o at 1705 cm-1 with a shoulder at 1680cm. 

The product was chromatographed on 250g. silica-gel when 

three fractions were obtained: 
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Fraction 1. (eluent 2057o CHC13/C6110). This contained C.11g. and 

the I.R. spectrum awed no carbonyl absorption. It was thought 

to contain a hydrocarbon, possibly 9, 10-dihydrophenamthrene 

which could have resulted from decarbonylation of the acylium 

ion followed by cyclisation, but was not fully identified. 

Fraction 2. (eluent 50010 CHC13/C6H6). Yield 1.77g.  This was a 

mixture of two cyclic ketone. 

Fraction 3. (eluent 50% CHC13/C6H6). Yield 0.49g. 14-henylindanone. 

The I.R. spectrum showed )) C=o  at 1705 cm-1 and the n.m.r. spectrum 

showed a multiplet at 2.35 t (8H, aromatic protons), a triplet 

(J=7Hz, 2H, 2-methylene group) at 6.82 'T and a triplet which also 

showed some fine structure at 7.3 	(J=7Hz, 2H, 3-.methylene group). 

Further chromatography of fraction 2 and recrystallisation 

failed to isolate the second cyclic ketone, dibenzocycloheptadienone, 

in a pure state. From the n.m.r. spectrum of the crude product, 

it was estimated to account for 20% of the total. 

The total amount of 14-phenylindanone isolated was 1.2g. (58%), 

M.P. 84-60c. 
Oxime: Riff-coloured needles, MP. 166-80 . 

C15H13N0 requires: C,80.69; H 5.87; N 6.271% 

found: C,90-38; H 50; N 00% 

(ii) It sym-tetrachioroetbane. 

A solution of 3-(bipheryl-2) propionyl chloride (from 

2.0g., 0.0089 mole of the acid) in sym-tetrachioroethane (10 ml.) 

was added to a suspension of aluminium chloride (1.47g., 0.011 mole) 

in the same solvent (10 ml.) and the reaction carried out as above. 

The reaction complex became dark red in colour and homogeneous. 
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After hydrolysis the solvent and products were extracted into 

chloroform. The chloroform solution was washed with sodium 

bicarbonate solution which, on acidification yielded 0.014g., 

2%recovered 3- iphenyl-2) propionic acid. After drying, the 

chloroform was distilled out under vacuum and the residue steam-

distilled to remove tetrachioroethane. This left the product as 

a yellow oil (1.82g.). T.L.C. again showed three bands and the 

n.m.r. spectrum showed the two cyclic ketones present in the same 

ratio as before. 

The product was chromatographed. on silica-gel and also on 

alumina but again only -phenylin''none could be isolated pure 

(1.19. 9  53%). 

(b) 3.(4.fluoreny1) propionyl chloride. 

A solution of the acid chloride (from 1.06g., 0.005 mole 

acid) in dry benzene (5 ml.) was added over 10 minutes to a 

stirred suspension of aluminium chloride (0.74g., 0.0056 mole) in 

dry benzene (5 ml.) at 5-10 0C. Stirring was continued at this 

temperature for a further 1.5 hours. The reaction mixture became 

dark green and was not homogeneous. It was hydrolysed by pouring 

into iced dilute hydrochloric acid and stirring for 30 minutes. 

The products were extracted into benzene and the organic layer 

washed with sodium bicarbonate solution. No starting material was 

recovered on acidification. The benzene solution was dried and the 

benzene distilled out under vacuum leaving the product as a yellow 

oil, 0.95g. T.L.C. showed only one component at RF o.+ along with 
some impurity on the baseline. The product was purified by 

chromatography on alumina followed by crystallisation from light 

petroleum (B.P. 80-1000c.) which gave white clusters M.P. 87-90C. 
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Yield 0.79.  The I.R. spectrum showed V 	at 1675cm  and the 

n.m.ro spectrum showed a quartet at 2.10 t (J=7.5, 1.0Hz; 1H; 

H-7), a multiplet centred on 2,6 T  (5H; remaining aromatic 

protons), a siJ b..et at 6.2 'C (2H, CH2) and a broad singlet at 

6.95 T (4H, 9-CH2 and 1c-cH2). This enabled the product to be 

identified as 9,10-di1aydrocyclohepta [def] fluoren-8(14H)one. 

C16H120 requires: C,87.25; H 5.49% 

found: C,87.4; 	H 5.57% 

1.3. Preparation of Pyrrole-2-propionic Acids. 

I. Without a 5-methyl subs titue". 

N-substituted pyrrole-2-propionic acids without a 5-methyl 

substituent were prepared by reaction of the appropriate pyrrole 

with 	-propiolac tone. N-me thylpyrrole was availaLle commercially 

and was purified by distillation. N-phenylpyrrole was prepared 

as described below: 

N-phenylpyrrole. 

A solution of aniline (20.0g., 0.215 mole) in glacial acetic 

acid (100 ml.) was cooled in a cold water bath while 2,5-

diethoxytetrahydrofuran (34.4g., 0.215 mole) was added slowly. The 

mixture was r€fluxed for 1 hour during which time it became dark 

in colour. It was poured into 500 ml. water and steam-distilled. 

N-phenylpyrrole crystallised in the distillate as white plates, 

M.P. 57-580C. Yield = 25.4g., 82%. 

(a) N-phenypyrrole-2-proionic acid. 

A mixture of N-phenylpyrrole (2.59.) and 	-propiolactone 

(5.0g.) was refluxed for two hours. A further 5g. of propiolactone 

were added and refluxing was continued for a further two hours. 
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On cooling, the mixture solidified. 100 ml. of 15%  aqueous 

potassium hydroxide were added and the mixture refluxed for 

30 minutes. The cooled solution was extracted twice with 

enzene. Afte. •ashing with water, drying and removing the 

benzene under reduced prssure, this extract yielded 2.0g. of 

unreacted N-phenyi..pyrrole. After acidifying the alkaline solution 

to pH 1  and stirring for 30 minutes, N-phenylpyrrole-2-propionic 

acid precipitated as a brown solid. This was filtered off, 

washed with water and dried. Recrystallisation from light 

petroleum (80-1000 ) gave the product is white needles M.P. 87-90c. 

Yield 0.5g., 13%. 

The n.m.r. spectrum showed peaks at -0.2 T (singlet; lH; -OH), 

2.66 T (singlet; 5H; phenyl), 3.11 (multiplet; lH; H-5), 3.8r 

(multiplet; 2H; H-4 and H-5), 7.2 r (multiplet; 	H; methylene 
groups). 

C13H13NO2 requires: C, 72.54; H, 6.D9; N, 6.51 

found: C, 72.35; H 5.914; N 6.14 

(b) N-methylpyrrole-2-propjonjc acid. 

A mixture of N-methylpyrrole (10.0g.) and 	-propio1- ctone 

(20.0g.) was refluxed (11460c) for three hours. The work-up was 

as above. The acid did not precipitate when the alkaline solution 

was acidified and was extracted into ether. The ether extract 

was washed with water, dried and distilled under reduced pressure 

to remove the ether, leaving the product as a brown oil which was 

crystallised from light peLoleum (80-ioc0c) to give N-methylpyrrole-

2-propionic acid as white need1s M.P. 80-820. Yield 0.8g., 14.2%. 

The nm.r. spectrum of this acid showed peaks at -2.0 

(singlet; lH; -OH), 3.5 T (multiplet; tH; 11-5), 14.05 i (multiplet; 
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2H; H-3 and H-14), 6.147"( (singlet; 3H; -Me), 7.25t (multiplet; 

14H; methylene groups). 

C8H11NO2 req'ires: C, 62.73; H, 7.214; N, 9.114% 

found: C, 62.8; H, 7.31; N, 9.08% 

II. 5-methylpyrrole-2-propionic acids. 

These were prepared by reaction of the appropriate amine with 

14, 7-- dioxo.octanoic acid. This, in turn, was formed by acid 

hydro3rsis of furylidene acetone 

Furylidene acetone. 

A mixture of furfural (.0g ) acetone (614g.), water (1400 ml.) 

and 5% aqueous sodium hydroxide (20 nil.) was stirred at room 

temperature for four hours. After neutralising with acetic acid, 

it was extracted thoroughly with methylene chloride. This extract 

was dried and the solvent removed under reduced pressure. The 

residue was distilled and two fractions were colleted. The first 

which distilled at 1214-60C/19 mm. was furylideneacstone. 

Yield 143.6g. The second, distilling at 221+_60/17 mm, and 

subsequently solidifying was difurylideneacetone. Yield 20.2,. 

141 7 Dioxooctanoic acid. 

Furylideneacetone 42.8g.)  was refluxed wish a mixture of 

ethanol (11.) and concentrated hydrochloric acid (1400 ml.) for 

16 hours. The resulting solution was evaporated to dryness under 

reduced pressure. A mixture of concentrated hydrochloric acid 

(1400 nil.), glacial acetic acid (200 ml.) and water (600 ml.,) was 

added to the residue and the mixture heated under reflux for 

5 hours. After cooling the solution was filtered and the 

filtrate evaporated to dryness leaving 4, 7-dioxooctanoic acid 

as a brownish solid which was used without further purification. 

Yield 37.3cr. 
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5-tlethyl-1-phenylpyrrole-2-2ropionic acid 

A solution of k, 7-dioxooctanoic acid (5.09.,  0.029 mole) in 

glacial acetic acid (25 ml.) was added to a cooled solution of 

aniline (2.7g.,  0.029 mole) in 2.5 ml. acetic acid. The mixture 

was heated under reflux for one hour and poured into cold water 

(300 ml.) containing 5 ml. concentrated hydrochloric acid. The 

product was extracted into chloroform. The extract was washed 

with water, dried and distilled under reduced pressure to remove 

the solvent, leaving the product as a brown gum. This was 

crystallised from Jight petroleum (B.P. 80-1000c) to give pale 

yellow needles M.P. 109-110C. Vid 4.2g., 63%. 

The n.m,r. spectrum showed absorptions at -1.3 Z (broad 
singlet; 1H; -OH), 2.5 - 3.0 	(complex multiplet; 5H; phenyl), 

4.13 t (singlet; 2H; 11-3  and H-1+), 7.15 - 7.75 	complex 

multiplet; 1+H; methylene groups), 8.05 	(singlet; 3H; Me). 

C14H15NO2  requires: C. 73.31+; H, 6.59; N, (.11% 

found: C, 73.5; 	H, 6.7; 	N, 6.02% 

1, 5-. Dimethylpyrrole-2--propjonjc acid. 

The reaction was carried out as above using 5.0g. of 

4, 7-dioxooctanoic acid and 5.5 ml. of a 25% aqueous solution of 

methylamine. Crystallisation of the product from light petroleum 

(B.P. 80-1000c) gave pale pink leaflets M.P. 103.5 - 106.50  

Yield 2.5g.,  43%. 

Some decomposition occurred on standing. 

The n.m.r. spectrum shwed absorptions at -1.2( (broad 

singlet; 1H; -OH), 4.21+t (singlet; 2; H-3 and H-'+), 6.65 1 

(singlet; 3H; N-Me), 7.0 - 7.1+51 (complex multiplet; kH; 

methylene groups), 7.83T (broad singlet; 3H; 5-Me). 
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C9H13NO2  requires: C, 6.65%; H, 7.814%; N, 8.38%. 
found: C, 614.814%; H, 7.81%; N, 8.5%- 

Attemed preparation of 5-methylpyrrole-2-2ropionic acid. 

Reaction of 5.g. (0.029 mole) of 14,7-dioxoctanoic acid and 

2.59. (0.032 mole) of ammonium acetate in 50 ml. glacial acetic 

acid gave 3.59g.  of a dark oil which subsequently solidified. 

The n.m.r. spectrum showed it to be a complex mixture and no 

absorption from a -0O2H group could be detected. None of the 

desired acid could be isolated by re'yst1lisation. 

5-Methyl-1-(l-pyrro1yl) pyrrole-2-propionic acid. 

1-Amiriopyrrole was prepared in low (7%) yield from 

phthalimide as described by Flitsch, Kramer and ZimLermann. 
36 
 

A solution of l-aminopyrrole (0.9g., 0.011 rno2e) and 

14, 7-dioxooctanoic acid (1.56g., 0.011 mole) in 10 n1. glacial 

acetic acid was heated at lO0C for 30 minutes. The normal work- 

up procedure gave 0.52g.  of a red oil which subsequently 

partially crystallised. The n.m,r0 spectrum of this product 

showed that it contained around 35% cf the desired compou.'3.. The 

other component; was also a pyrrole and was probably 5-methylpyrrole-- 

2-propionic acid. Recrystallisation from light petroleum 

(B.P. 80-1000c) using a little decoloLirising charcoal gave 5- 
methyl-1-(1-pyrrolyl) pyrrole-2-propionic acid as colourless 

needles M.P. 95-960C. Yield 0.12g., 5%. 

The n.m.r. spectrum shoved absorptions at 0.3 1 (broad singlet; 

1H; -OH), 3.26 'C (trip.et, J=2.3 Hz; 2H; H-2' and H-51 ), 3.75 

(triplet, J=2.3 Hz; 2H; H-3' and H-14 1 ), 14.16T (singlet; 2H; 

H-3 and H -14), 7.142 ' 	(broad singlet; 14H; methylenes), 8.614C 

(singlet; 3H; -CH 3)' 
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012H14N202  requires: C, 66.014; H, 6.47; N, 12.814% 

found: C, 66.4; 	H, 6.81; N, 12.62% 

1.14. Other proplonic acids. 

5-ethy1thiophene-..--ropionic acid. 

A mixture of 14,7-dioxooctanoic acid (5.8g.,  0.0336 mole), 

phosphorus pentasuiphide (7.59.,  0.0336 mole) and dry tolUene 

(50 ml.) was refluxed with stirring for four hours. After 

cooling, water (200 ml.) was added and the mixture allowed to 

stand for twelve hours with occasion-1 shaking. It was filtered 

and the organic layer separated, "ied and dLstilled under 

reduced pressure to remove the toluene. This left the product 

as a dark oil (3.0g.) which slowly solidified. It was 

crystallised from light petroleum (B.P. 60-8o0c.), asing 

decolourising charcoal, at -780C. to give pale yellow needles 

M.P. 37-380C. 

The n.m.r. spectrum showed absorptions at -0.4 1C (singlet; 

IH;-OH), 3.45 r (singlet slowing some fine structure; 2H; H-3 
and H-k), 6.75 - 7.5 T (complex multiplet; 4H; methylenes), 

7.62t' (singlet; 3H; -Me). 

C8H10020 requires: C, 56.47; H, 5.92% 

found: C, 55.9; 	H, 5.69% 

5-1'ethy1furan--2--propionic acid. 

Phosphorus pentoxide (10.0g.) was added to a solution of 

4, 7-dioxooctanoic acid (5.3g.,  3.029 mole) in dry benzene 

(lao ml.) and th mixture heated under rf1ux for two hours. 

After cooling it was pour3d into water (200 ml.) and the benzene 

layer separated. The benzene solution was washed with water, 



1/+2 

dried and distilled under redt'cEd pressure to remove solvent, 

leaving the product as a red oil (2.6g.) which subsequently 

solidified. It ws recrystallised from light petroleum 

(B.P. 80-1000c.) at -780C. to give white needles M.P. 54_560 . 

The n.m.r. spectrum showed absorptions at -1.1 r (broad 
singlet; IH; -OH), 4.13 T(singlet showing some fine structure; 

2H; H-3 and H_L+), 6.85 - 7.55r (two A2B2 triplets, J 	6-7Hz; 

24H; &ethylenes), 7.78 T (singlet; 3H; -Me). 

C8H1003  requires: C, 62.3 	H, 6.5% 

found: C, 61.9; H, 6.28% 

1.5. 5-methyl-1-phenyl-pyrro1e-2-acetic acid. 

(i) Ethyl 2-ethoxycarbonyl-3, 6-dioxohexanoate. 

Levulinic acid (23.2g., 0.20 mole) was converted to its acid 

chloride by refluxing with thionyl chloride for 15 minutes. Excess 

thionyl chloride was distilled out under vacuum; 50 ml. dry 

benzene were added and distilled out to remove the last traces 

of thionyl chlccide. This was dissolved in ether (100 ml.) and 

added to a suspension of diethyl ethoxymagnesiomalonate (0.25 mole) 

in dry ether. after the normal work-up, the product was found, 

from its n.m.r. spect.-tm, to contain around 55% of the desired 

compound with diethyl malonate accounting for the remainder. 

T.L.C. showed two components. This mixture was distilled and 

the fraction which came over at 190_2100/11 mm, was collected. 

Yield 20.1g. The n.m.r. spectrum showed this to be almost 

entir1y the product s  rontaminated by a little diethyl malonate. 

It was used without further purification in the following reaction. 
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(ii) A solution of the above product (5.09., 0.0191+ mole) and 

aniline (1.80g., 0.01911 mole) in acetic acid (100 ml,) was 

heated under reflux for one hour. After cooling, it was poured 

into water (30u iJ.) containing 5 ml. concentrated sulphuric 

acid and the product was extracted into ether. The ether extract 

was washed with sudiuzn bicarbonate solution, dried and distilled 

under vacuum leaving the crude diester as a red oil. This was 

hydrolysed by boiling with 30 ml. of 107o aqueoua/methanolic 

potasbium hydroxide. After cooling, the solution was poured 

into water and washed with ether to 'emove any non-acidic material. 

Acidification, followed by extrac'-4 n into benzene, washing with 

water, drying and removal of solvent under reduced pressure gave 

the product as a ,e11ow crystalline solid. Yield 3.7g.  It was 

recrystallised from light petroleum (B.P. 8o-loO°c. to give pale 

yellow needles M.P. 109.110 . 

The n.m..r. spectrum showed as-rptin at -0.63 	(broad 

singlet; IH; -OH), 2.1+5 - 2.95 T (coaplex multiplet; 511; 

phenyl), 3.89 -'-  (doublet, 	= 3.5Hz; 11-3), 4.01+ 	(octet, 

J = 3.5, 0.8 Hz; 	111; H-i-f), 6.58 Z (singlet; 211; 0112), 8.oi 

(singlet; 3H; Me). 

C13H33NO2 requires: C, 72.5; H, 6.09;  N, 6.5176 

found: C, 72.2; 11, 5.e8; N, 6.3% 

1.6. Pyrrole-2-butyric Acids. 

I. Unambiguous preparatiors of 5-methylpyrrole-2-butyric acids 

could thQoretically be achieved by reaction of a suitable primary 

amine with 5, 8-ioxononanoic a'd in reactions ana1ogus to the 

preparations of the 5-metlyl-2-propionic acids from 1, 7. 

dioxooctanoic acid. With this in view, several attempts were 

made to prepare derivatives of 5, 8-dioxononanoic acid. 



(i) Attempted preparation 
dioxononanitrlle 

(a) A solution of diethyl malonate (0.2 mole), acrylonitrile 

(0.2 mole) and - ethylamine (20 ml.) in isopropanoJ. (60 ml.) and 

water (60 ml.) was allowed to stand for three days at room 

temperature. It was then heated under reflux for twelve hours, 

cooled, diluted with water (00 ml.) and extracted with ether. 

The ether extract was washed with dilute hydrochloric acid and 

water, dried and distilled under reduced pressure leaving the 

product as a colourless oil which then solidified. The product 

was still slightly contaminated with diethyl malonate which was 

removed by trituration with light petroleum (B.P. 60-800C,), 

3 x 100 ml., which left the product, 4 4-.bisethoxycarbonyl-

butyronitrile, as colourless needles. Recrystallistion from 

benzene gave M.P. 690. Yield 19.7g. 

Magnesium (2.14g., 0.089 mole), etha!lcl (2 ml.) and carbon 

tetrachloride (0.2 ml.) were warmed to start reaction. After 

several minutes dry ether (c5 ml.) was added caitiously with 

stirring. A solution of the above compound (19.0g., 0.089 mole) 

in 6 ml. ethanol and 10 ml. dry ether was added to the stirred 

mixture at such a rate that gentle boiling was maintained. The 

mixture was then refluxed on the steam bath for three hours. 

A solution of levulinyl chloride (prepared by reaction of 

10.32g., 0.089 mole the acid with thionyl chloride) in 30 ml. 

dry ether was added over 15 m-.nrtes. A dark red, insoluble complex 

was formed. The mixture wac refluxd and stirred for five hours, 

cooled and hydrol:'sed by pouring into dilite sulphuric acid. The 

products were extracted into ether and the ether extract washed 

with sodium bicarbonate which gave a very dark aqueous solution 
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with some suspended material. The ether solution was dried and 

evaporated under reduced pressure leaving a red oil (25.09.) 

which was found to be almost entirely Etarting material and soon 

crystallised. 

A solution of ethyl 2-ethoxycarbonyl-31  6-dioxohexanoate 

(l.0g.), acrylonitrile (2.1g.) and 20% methanolic potassium 

hydroxide (1.g.) in kQ ml. tert-butarol was kept at 300C. for 

four hours. No reaction occurred and there was a quantitative 

recovery of starting material. 

A solution of ehyl 2-ethoxycarbonyl-3, 6-dioxohexanoate 

(5.)g.), acrylonitrile (5.0g.) and potassium tert-butoxide (2.17g.) 

in tert-butanol (35 ml.) was refluxed fcr three ho-irs, cooled and 

poured into water (200 ml.). Extraction with ether gave a yellow 

oil (6.1g.) which crystallised. The mass spectrum sh ed a parent 

ion at m/e 213 and the product was thought to be a cyclopentenone 

derivative. This reaction was not pursued further. 

(ii) Attempted preparation 0f.CO.CH2.CH2.CO.CH2.CH2.CH2.CN. 

Solid potassium tert-butoxide (2.8g., 0.05 mole) was added 

to a solution of hexan-2, 5-dione (5.7g.. 0.05 mole) and 

acrylonitrile (2.659., O..0 mole) in 50 ml. tert-butanol. The 

mixture was refluxed for one hour. The usual work-up gave a dark 

oil (5.39.)  which was found to be a complex mixture and no 

identifiable products could be isolated. 

II. At this point it was decided to attempt direct substitution 

of the pyrrole nucleus which would lead to pyrrole-2-butyric 

acids with a free 5-position. 
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(a) 	3-(l -henyi-2-py olo) pro_pionic acid and 1-phenylpyrrole 
-2-butyric acid. 

Reaction of N-phenylpyrrole (5.0g., 0.035 mole) with 

succinic anhyd"i 1  (3.5g., 0.035 mole) and aluminium chloride 

(5.60g., 0.042 mole) in syxntetrachloroethane (50  ml.) at 5-100C. 

gave no readily identifiable products. 

A similar reaction using 9 -butyrolactone and stannic 

chiori,de in an attempt to alkylate the ring led to recovery of 

starting materials. 

3-Nethoxycarbonyipropionic acid was prepared by refluxing 

succinic anhydride with an excess of methanol for twelve hours. 

A solution of 3-methoxycarbonyipropionyl chio-'ide (from 

4.62g., 0.035  mole the acid by reaction with thionyl chloride) in 

tetrachloroethane (2C ml.) was added slowly to a stirred solution 

of N-phenylpyrrole in tetrachioroethane simultaneously with a 

solution of stannic chloride (10.95g.,  0.042 mole) in 20 ml. of 

the same solvent. The reaction was carried out at 5-100C. 

Hydrolysis followed by steam distillation of the solvent left the 

product as a red oil, 6.039.  The n.rnr. spectrum was rather 

complex and suggesced the product was a mixture of keto esters. 

This product was reduced using the Huang Minion modification 

of the Wolff-Kishner method by heating with potassium hydroxide 

(4.7g., 0.084 mole) and 85% hydrazine hydrate (k nil.) in 35 ml. 

digol. This also hydrolysed the ester group. The product after 

the usual work-up was again an oil, 5.0g. The n.m.r. spectrum 

showed that this was a mixture of 1-phenylpyrrole-2-butyric acid 

and 1-phenylpyrrole-3-butyric  acid in the ratio 1:2. It was found 

impossible to separate this mixture even by chromatography of the 
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(b) 3_(1r1eth.yl_2-pyrroloyl) propionic acid and 1-methylpyrrole-
2-butyric acid. 

N-methylpyrrole (6.60g., O.O814 mole) was reacted with 

3_nethoxycarbo'v'propiony1 chloride (from 10.74g., 0.0814 mole of 

the acid) and stannic chloride (22.0g., Oo81+ mole) in tetra-

chioroethane as above. The usual work-up gave the crude product 

as a red oil, 114.1g., which the n.m.r. spectrum and t.l.c. showed 

to be a complex mixture. After lengthy chromatography on silica 

gel, 1.15g.  of methyl 3-(l-methyl-2-pyrroloyl) propionate was 

isolated as a yellow oil which did not crystallise. 

Without further purification this was reduced by the VJolff-

Kishner method, the ester being hydrolysed during the reaction. 

This acid could not be crystallised even from petroleum at -780  
and was obtained as an oil, O.6g. 

1.7. Cyclisations of Heterocyclic Alkanoic Acids. 

These were performed by heating the acid (1 part) with 

polyphosphoric acid (approximately 100 parts) at 100°C. with 

vigorous stirring. Heating was biopped when the reaction mixture 

darkened noticeably or after three hours if no colour change 

occurred. The reaction mixture was hydrolysed by pouring into 

cold water (300 1400 LI.) and stirring for 30 minutes. The 

products were extracted into chloroform and any unreacted acid 

removed by washing the chloroform extract with saturated sodium 

bicarbonate solutin. It was recovered by acidification of the 

washings. The chloroform solution was dried and a t.l.c. was run 

on silica gel eluting with chloroform. Removal of the chloroform 

left the crude product whose n.ru.r. spectrum was recorded. 

Mixtures of cyclic ketones were separated by column 

chromatography generally on alumina and the ketones were 
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recrysta1lis'd from light petroleum (B.P. 8c_1000c.) unless 

otherwise stated. 

(a) Cyclisation of 1-Phenylpyrrole-2--propionic Acid. 

From the reaction .f 1-phenylpyrro1e-2-popionic acid 

(0.114g.) and polyphosphoric acid (15g.)  for 3 hours, 0.13g.  of 

non-acidic product was recovered. The t.1.c. showed two major 

bands n.t RF values of 0.3 and 0.6 with a minor one at RF °•• 

The n.mr. spectrum alsc showed the presence of three components. 

Chromatography of the product on altmina 1€.d to isolation of the 

two major components which were foi  d to be 5,6-dihydro-1-phenyl-

14H-cyclopenta[b] pyrrol-6-one ( 61  ), eluted first and 5,6-

dihydro-1-phenyl-JH-cyc1openta[b] pyrrcl-k-one ( 62 '. The third 

component was not isolated. 

The cyclisation was repeaced using 0.95g. cf  the acid 

and 100g. polyphosphoric acid for 3 hours. The product was a 

brownish oil, 0.80g., whose t.Uc. again showed three bands. After 

chromatography on 309. alumina lasting two days the three components 

were isolated: 

Fraction l. Eluent tuene 5, 6_dihydro_1_phenyl_bH_cyclopenta[bJ 

pyrrol-6-one, 0.30g. It was recrystallised from petroleum ether 

giving colot'.rless rods, M.P. 88.50_89.50 . 

The n.m.r. spectrum showed absorptions at 2.32-2.87 IC 

(complex multiplet; 611; pheryl and H-5),  3.86 Z (doublet, 

J = 2.9 Hz; III; H_4), 7.24 	(singlet; kH; znethylenes) and 

the I.P. shows V co  ' 	at 1660 cm- 

C131111N0 requires: C, 79.17; H, 5.6; N, 7.10% 

found: C, 79.25; H, 3.714;  N, 7.014% 
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rraction 2. Eluent 20% chloroform/toluene. 5 9  6-ihydro-2- 

phenyl_14H_cyclopenta[c]pyrrol_4_one, ('.05g. Recrystallisation 

gave colourless needles, M.P. 126_80 . 

The n.m,r, 6pectrum showed absorptions at 2.61 	(mu1tip1et; 

5H; phenyl), 2.68 T (doib1et, J=1.6Hz; IH; H-3), 3.16 

(multiplet; IH; H-i), 7.1t t'(multiplet; 14H; methylenes). 

Irradiation at 7.10 4t' caused the multiplet at 3.16 Tto collapse 

to a doublet, J = 1.6 Hz. The I.R. spectrum showed V Co 
at 

167. cm -. 

C13H11N0 requires: C, 79.17;  H, 5.2; N, 7.10% 

found: C, 78.9; H, 5.14; 	N, 6.9% 

Fraction 3. Eluent 20% chloroform/tciuene. 5, 6-ihydro-1-

phenyl-4H-cycloperita [bJ pyrrol-1+-one, .114g Reciystallisation 

gave white needles, M.P. 8788.50 . 

The n.nir. spectrum showed absorptions at 2.57 	(singlet; 

5H; 	phenyl), 290 r (doublet, J = 3.2 Hz; IH; H-2), 3.52 t' 

(doublet, J = 3.2 Hz; IH; H-3), 7.12 t(singLet; 1+H; methylenes). 

The I.R. spectrum showed 	at 1680 cm. 

C13H11N0 requires: C, 79.17; '1, 5.62; N, 7.1057o 

found: C, 79.22; H, 5.76; N, 743% 

The n.m.r. spectrum of the crude product from the first 

cyclisation showed that the ratios of the prod'cts in the above 

order were 145%, 20% and 35% while in the second cyclisation they 

were 50%, 25% and  25%. 

(b) 1-tlethy1py:-ro1e-27propjonjc acid. 

(i) 	yo1.isation of the acid (0.5g.) with po1ypiosphoric acid 

for 1 hour gave 0.39g. of crude product. The L1.c. showed two 
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bands at RF values of 0.3 and 0.5 and the n.m.r. spectrum showed 

two productE in the ratio 7:2. The rthg protons of the major 

component showed absorption at 3.06 tnJ 14.02 -C (doublets, 

J 3Hz) and c ,he minor component at 3.29 tand 3.80(doublets 

J = kHz). Attempts to Eeparate them by chromatography on alumina 

failed as did attemped frationa1 crystallisation of the oximes. 

(ii) The cyclisation was repeated using 0.50g. acid and 

509. polyphosphoric acid for 1.5  hours giving 0.389. crude 

product. The t.l.c. again showed two bands and the n.m.r. spectrum 

showed the same two compounds bu* this time present in equal 

amounts. Surprisingly, this crude product crystallised. 

Chromatography or alumina again gave no separation but this was 

achieved using silica-gel: 

Fraction 1. Eluent 60% chlo'oform/140% toluene. 5, 6-ihydro-

1-methyl-14H-cyclopenta[b]pyrrol-6-one, 0.12g. Recrystallisation 

gave off-white needles, M.P. 57_80 . 

The n.m.r. spectrum showed absorptions at 3.08 	(doublet, 

J = 3.0Hz; Ih; H-2), 4.02T (doublet, J = 3.0Hz; IH; H-3), 

6.25 "r(singlet; 3H; -CH 3), 7.23 t (singlet; 14H; methylenes) 

and the I.R. spectrum showed \/ co at 1665 cm-1  

C3H9NO requires: C, 71.69; H, 6.71; N, 10.36% 

found: C, 71.17; H. 6.78; N, 10.31% 

Fraction 2. Eluent chloroform then methanol. 5, 6-.Dihydro-1-

methyl-14H-cyclopenta[bJpyrrol-4-one, 0.12g. Pecrystallisation 

froxi petroleum ether gave white needles, M.P. 1401.0 

The n.m.r, spectrum showed absorptions at 3.361 (doublet, 

J = 2.8 Hz; IH; H-2), 3.79 	(doublet, J = 28 Hz; IH; 
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H-3), 6.45 'C (singlet; 3H; -CH3), 7.19 	'(singlet; 24H; 

xnethylenes) and the I.R. showed \) c  at 1675 cm-1  

C8H9NG requires: C, 71.09; H, 6.71;  N, 10.36% 

found: C, 71.124; H, 6.82; N, 10.29% 

5-Methyl-1-phenylpyrrole-2-propionic acid. 

Cyclisation of the acid (1.240g.) with 100g. polyphosphoric 

acid for three hours gave the product as a dark oil, 1.30g. 

The t.1.c. showed only one band as did the n.m.r. spectrum. 

Pecrystallisation gave 5, 6-dihydro 2-methyl-1-phenyl-24H-cyclo-

penta[b]pyrrol-6-one as pale yel2.i needles M.P. 103-5-105.5°c, 

The n.m.r. spectrum showed absorptions at 2.35 - 2.80T 

(complex multiplet; 5H; -phenyl), 3.87t (quartet, J = 1.0 Hz; 

IH; H-3), 7.23 't' (singlet; 24H; methy..Lenes), 7.8c t (doublet, 

J = 1.0 Hz; 3H; -Me) and the I.P. showed 	co at 1675 cm 

C124H13I,0 requires: C, 79.55; H, 6.e0; N, 6.63% 

found: C, 79.81; 	1, 6.17;  N, 6.927o 

1, 5— Dimethylpyrrole-2-propionic acid. 

Reaction of the acid (0.5.) with polyphosphoric a'.. d 

(50g.) fcr 2.5 hourc gave the product as yellow crystals, 0.22g., 

along with 0.16g. recovered acid. The t.1.c. of the product 

showed only one component. Recrystallisation gave very pale 

yellow needles, M.P. 1245-70, shown to be 5, 6-dihydro-1, 2-

dimethyl-24H-cyclopenta[b] ryrrol-6-one. 

The n.m.r. spectrum showed absorptions at 24.0T (quartet, 

J = 0.9 Hz; IH; H-3), 6.53 	singlet, 3H; N-CH3), 7.21t 
(singlet; 24H; methy1ens), 7.78 Z' (doublet, J = 0.9 Hz; 3H; 

-CR3) and the I.R. spectrum showed) co at 1672 cm1 



152 

C9H11NO requires: C, 72.46; H, 7.43; N, 9.39% 

found: C, 72.58; H, 7.61; N, 9.18% 

5-Methyl-1-(l.-pyrrolyl) pyrrole-.2-propionic acid. 

Reaction of the acid (0.042g.) with polyphophoric acid 

(20g.) for twenty minutes gave the crude neutral product as a 

brown oil (0.034g.). The t.1.c. showed a strong band at RF 

0.7 al-I trace bands at 0.2 and 0.3. The n.m.r. spectrum 

suggested that the major product was the bis-pyrrolodiazepinone, 

formed by attack at the 2' position of the second ring, accounting 

for around 50% of the total. Th uownfield region showed a 

quartet (J = 4.2, 2.7 Hz) at 3.73 T of the same intensity as a 
singlet at 14.131',(H-3  and H-'). attempts to separate the 

mixture or recrystallise the major product were unsuccessful. 

5-Methylthiophene-2-propionic acid. 

Reaction of the acid (0.54g0)  with polyphosphoric acid 

(30g.) for 45 minutes gave 0.41g. neutral product along with 

0.10g. recovered acid. The t.1.c. of the neutral product sho'ed 

only one band. It was crystallied from petroleum ether to give 

very pale yellow neodls, M.P. 65.5 - 66.50c. The n.m.re spectrum 

at 60 MHz showed absorptions at 3.30'r (broad singlet, 1H), 

6.75-8.30' (multiplet, 4H) and 7.57t (singlet, 3H). At 100 MHz, 

the downfied singlet was found to be a quartet (J = 1.2 Hz), the 

four-proton multiplet separated into a triplet (J = 6Hz) centred 

on 6.q21 and a triplet (J = 6Hz) showing further fine structure 

centred on 7.17T' T. On expansion, the 3-proton singlet at 7.571 

was found to be a 1:2:2:2:1 quintet (J = 1.2, 0.6 Hz). Irradiation 
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at 3.3caused this to collapse to a triplet (3 = 0,6 Hz) and 

irradiation at 7.57l caused the quar..et at 3.3 "to collapse to 

a singlet. The I.R. spectrum showed V 	at 1708  cm. These 

data allow the product to be identified as 5, 6-dihydro-2-

methyl-4Ii--cyclopenta[b] tai ophen-24-one. 

C8H80S requires: C, 63.15; H, 5.30; 

found: C, 62.7; F, 51% 

5-Methylfuran-2-propionic acid. 

Reaction of the acid (0.5g.)  with polyphosphoric acid 

(50g.) for 0.5 hour gave 0.140g. n'tral product along with 0.f59. 

recovered acidic material. The t.l.c. of the neutral product 

showed two bands, a major one at R1 0.24 and a minor at 0.3.  The 

n.m.r. spectrum showed singlets in the Lownfield region at 4.1+ 

and 3.724 T in the ratio 3:1 indicative of tl'e rearranged and 

normal cyclic ketones. However, the upfield region was very complex 

suggesting that considerable hydrolysis of the furans had 

occurred. No separation was achiever. by chrozratography on neutral 

alumina. Recrystallisation from petroleum ether gave a white 

microcrystalline solid which melted, with decomposition, in the 

range 11+0-170. The analysis was correct for a cyc.ic ketone 

but this was thought to be polymeric material. 

C8H802  requires: C, 70.58; H, 5.92% 

found: C, 69.9; H, 5.6% 

Attempted cyclisaticn of 5-methyl.-1-pheny1pyrro1e-2acetic 
acid. 

When the acid (0.5g.)  was reacted with polyphosphoric 

acid (50g.) for three hours, the product was a brown gum. The 

n.m.r. spectrum showed the absence of all pyrrole protons. No 
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identifiable products could be isolated by chromatography. 

(ii) Similarly when the acid (0.59.)  was heated under reflux 

with acetic anhydride (30 ml.) and anhydrous sodium acetate (1.0g.), 

no identifiable products we39 formed and no pyrrLle protons could 

be seen in the n.m.r. spectrum of the product. 

Ci) Cyclisation of a mixture of 1-phenylpyrrole-2- and —3 
-butyric acids. 

The mixture of acids (41% 2- acid) (1.23g.) was reacted with 

pol'Tphosphor.c acid (100g.) for two hours giv..ng the product as a 

yellow oil, 0.84g. The t.1.c. showed three bands and the n.m.re 

spectrum showed three components. Thp product was chromatographed 

on alumina giving three fractions all e1ted with t luene: 

Fraction 1. 6, 7..Dihydro-1-pheny.indol-7(EH)-one (86). Yield 0.19g. 

Recrystallisaticn from petroleum ether gave white needles, 

M.P. 1.00 - 100,50C. The n.m.r. spectrum showec absorptions at 

2.68t (singlet; 5H; -phenyl), 3.08t (doublet, J = 2.8 Hz; 

IH; H-2), 3.85 T (doublet, J = 2.8 Fz; IH; 11-3), 7.1 - 8.1 T' 

(multiplet; 6H; methylenes). The I.R. spectrum shwed 

at 1655  cm 

C14HlN0  requires: C, 79.59; H, 6.20; N, 6,6357o 

found: C, 79.51;  H,  6.13;  N, 6.66% 

Fraction 2. 	k, 5,  6, 7-Ietrahydrc-2-phenylbenzo[c]pyrrol-. 

k-one (87). Yield 0.2.4g. but slightly crntaminated by (86). 

The n.m.r. spectrum Lhowed absr'rptior.s at 2.36 ' (doublet, 

J = 2.1 Hz; IH; H-3), 2.61C(sing1et; 511; -phenyl), 3.14r 



155 

(two overlapping triplets, J = 2.1, 1.1 Hz; IH; H-i), 7.1 - 

8.1T (multipiet; 611; methylenes) and. the I.P. showed )) co  

at 1665 cm- 

Fraction 3. 6, 7-ihydro--phenyiindo1--1+(5H)-one (85). Yield 0.22g. 

Reeryetallisation from petroleum ether gave white needles, 

M.P. 65_6600. The n.m.r. spectrum showed absorptions at 2.38- 

2.88' (muitipiet; 511; -phenyl), 3.23 T(doubiet, J = 3.2 Hz; 

IH; L--2), 3.35t' (doublet, J = 3.2 Hz; IH; H-2), 7.1 - 8.05 

(xnultiplet; 6H; methylenes) and the I.R. showed V co at 

1665 cm-1  

C14H13N0 requires: C, 79.59; H, 6.20; N, 6.63% 

found: C, 79.76; H, 6.34; N, 6..32% 

(j) 	1-Me thylpyrrole-2-butyric acid. 

Reaction of the acid (0.28g.) with polyphosphoric acid 

(509.) at 10 0  for 1.5 hours gave 0.18g neutral product. The 

t.i.c. showed only one band and the product was crystallised from 

petroleum ether giving white needles, M.P. 8350c. The n.m.r. 

spectrum showed absorptions at j.149 C (singlet; 211; H-2 and 11-3), 

6.47 t (singlet; )11; -CH3), 7.15 - 8.c5 't' (multiplet; 611; 

metLy1enes) and the I.P. showed 'V Go at 1665 cm. This enables 

the product to be identified as 6, 7-dihydro-1-oaethylindol-

4(511)-one (82). 

C9H11N0 	requires: 	C, 72.46; H, 7.43; N, 9.390% 

found: 	C, 72.28; H, 7.31; N, 9.17% 
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CHAPTER 2 

2.1. Preparation of Phenols. 

(a) 9, 9-Dimethylfluoren--.l. 

6, 6-imethy1dibenzo[b, d] -6H-.pyran was prepared from 

anthranilic acid and pheiol, as described by Cahn, in 12% 

overall yield. 

A solution of the above comptnd (5.5g.,  0.0254 mole) 

in dry benzene (25 ml.) was added over 20 minutes to a stirred 

suspension of aluminium chloride (4g•,  0.0318 mole) in dry 

berzene (25 ml.) at 5-100C. Stir:'ing was co.itinued at this 

temperature for a further 1.5 hours. The mixture was hydrolysed 

y pouring into i.ed dilute hydrochicric acid and stirring for 

30 minutes. The benzene layer was separated and tha aqueous 

extracted with benzene (2 x 50 ml). The combined benzene 

solutions we--e washed with sodium bicarbonate solution, dried 

and distilled uider reduced pressure leaving the product as a 

pale oil which crystallised to small white cubas. Yield, 5.314g., 

100%. Recrystallisation from light petroleum (i.P. 80_1000C.) 

gave M.P. 90-10 . 

(b) 1-(o.4y'1roxyphenyi) pyrrole. 

A solution of 2-aminophenol (259.)  and 2, 5-dimethoxy- 

tetrahydrofuran (30.3g.) in 150 ml. acetic acid and 150 ml. 

water vwas heated under reflu4c 2or  1.5 hours. It was then added 

to 11. hot water and steam distilled. 1-(o-.ydroxypheny1) pyrrole 

partially separated in the distillate as a colourless oil. It 

was extracted into chloroform; the chloroform solution was dried 
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and distilled under reduced pressure leaving the product as a 

colourless oil which slowly turned pink on standing. Yield 

28.9g., 79%. 

2.2. Preparation of Aryiyacetic Acids. 

I. From the phenol and sodium chioroacetate. 

Biphenyl-2-oxyacetic acid. 

A solutin of 2-hydrxybiphenyl (/1g., 0.418 mole), 

chioroacetic acid (39g.,  0.418 mole) and sodium hydroxide 

(33.6g., 0.84 male) in 300 ml. water was refluxed for four 

hours. The cooled xiixture was pot-3d into 1.. water and acidified 

with 50% hydrochloric acid. The crude acid separated as a pink 

oil and was extracted into chloroforn. Extraction into sodium 

bicarbonate followed by acidification gate the prodLct as a pale 

pink solid which was filtered, driel and rec:ystallised from 

bcnzene, M.P. 99-1000C. Yield 80., 84%. 

2-(1-Pyrrolyl) pheiioxyacetic acid. 

A solution of 1-(o-hydroxyphenyl) pyrrole (11.379.,  0.0714 

mole), chioroacetic acid (10.00., 0.107 male) and sodium 

hydroxide (7.159.,  0.179 mole) in water (100 ml.) was refluxed 

for four hou'E. The cooled mixture was poured into water and 

acidified to pH k when the product separated a8 a pink oil. This 

was extracted into benzene and the acid back-extracted into sodium 

bicarbonate. Acidification gave a precipitate of pinkish crystals 

which was filtered off and u.ried. Pecrystallisation from light 

petroleum (B.P. o01000C.)  gave colourlejs crystals, M.P. 109-10°. 

Yield 8.6g.., 57%. Unreaci.ed phenol (3.2g., kO?o) wa$ recovered 

when the dried benzene extract was evaporated. 
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C12H11NO3 	requires: 	C, 66.35; H, 5.1; N, 6.1+596 

round: 	C, 66.58; H, 5.23; N, 6.29% 

((;) BiphenLd, 2'-hisexyacetic acid. 

A solution of 21  2'..dihydroxybiphenyl (20.0g., 0.107 mole), 

chu.roacetic acid (1+0.0g., C1+3 mole) and sodium hydroxide 

(25.6g., 0.61+ mole) in water (100 nil.' was refluxed for five 

hours. The croled solution was acidif..ed wi'-.n dilute 

hydrochloric acid and extracted with chlorform. Back-extraction 

into sodium bicarbonate followed by aoidification gave an orange 

oil which was extracted into ch1rf.rm. The dried chloroform 

solution was distilled to remove solvent leaving the product as 

a pL:k, oily solic. Recrystallisatic4i from benzene ga:e the product 

as fine, white needles, M.P. 11+890. Yield 7.2g., 

C16H11106  requires: C, 63.57; H, 4.67 

found: c, 63.7, H, 1+,8 

The liquor from the crystallisat..on contained 2-hydroxy-

iphenyl-2-ox;acetjc acid which was recovered as an orange oil 

after ditil1atjon of the benzene. This was used without furt'-'er 

purification in the preparation of the methoxy-acid below. 

(d) 2' -M€thoxJbphey1_2_oyacetjc acid 

The zrude hydroxy-acid, above, 9.6g., was dissolved in an 

excess of aqueous sodium hydroxide solution. This stirred 

so1utioi was treated dropwiae with dimethyl sulphate (25 ml.) 

sr,dium hydroxide pellets being added to keep the pH above 7. The 

mi:ture was poured into water, acidified and extracted with benzene. 

Back-extraction of the Lenzene solution with sodium bicarbonate 



159 

followed by acidification gave the methoxy-acid as a pale-pink 

slid. This was filtered, dried and recrystaliised from benzene/ 

light petroleum (.P. 800- 100°C.) using a 1it.le decolourising 

charcoal tc give colourless needles, M.P. 109.100.  Yield 7.8g. 

C15 H1404 requires: C, 69.76; H, 5.46% 

found: C, 69.81; H, 5.38% 

II. From the sodium salt of the pherol and ethyl bromoacetate. 

Bipheny1-1 -oxyacetic acid. 

4_Hydroxybipheny1 (17.0g., 0.1 mole) was dissolved in a 

solution of sodium ethoxide (frL' .39.,  0.1 mole sodium) in 150 ml. 

ethanol. Ethyl bromoacetate (17.0g., 0.11 mole) was added and the 

solution refluxed for 4•5  hours. On cooling, ethyl iphenyl-14-

oxyacetate precipitated as a colourless solid. Yield 8.Og., 33%. 

This ester (8.0g., 0.03 mole.", was refluxed with 100 ml. 

10% sodium hydroxide containing 30 ml. ethanol for three hours. 

The insoluble solid formed on cooling was collected, washed with 

water and refl".xed with 50% hydrochloric acid for two hours. The 

scud product was filtered from the cooled mixture, washed wi1.h 

water, dried and recrystallised from ethanol to give pure 

biphenyl--oxyacetic 	id, M.P. 1880. Y&eld 7.0g., 96%. 

9, 9-Dimethylfluoren-4-oxyacetic acid. 

A solution of sodium ethoxide (from 0.739., 0.032 mole 

sodium) in 20 ml. ethanol was added to 9, 9-dimethylfluoren-1+-

ol (E.79.1  0.032  mole). Evaporation to dryness, under reduced 

pressure, of the resulting solution gave the sodium salt of the 

phenol as a yellow solid. Ethyl bromoacetate (20 ml.) and a small 
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amount of copper powder were added and the mixture refluxed for 

four hours. After cooling, 50 ml. of 15% alcoholic potassium 

hydroxide were added and the mixture was' :efluxod for one hour. 

The resulting Eolation was filtered, added to water (500 ml.) and 

acidified with 50% hydrochloric acid. The product was filtered 

and recrystallised frcm benzene/light petroleum (BIP, 60-80°c.) 

giving pale yellow crystals, M.P. 193-5°C. Yield 6.9g., 80%. 

C17H1603 requires: C, 76.10; H, 6.01% 

found: C, 76.32; H,  6.17% 

2.3. 2-(Biphenyl-2)oxypropionic_acid. 

2-Hydroxybiphenyl (15.09.,  0.088 mole) was added to a 

solu4 ion of sodium ethoxide (from 2.OZg., 0.088 mole sodium) in 

50 ml. ethanol. The resulting solution was evapora.ed to dryness 

under reduc€d pressure. Ethyl 2-bromopropionate (20 ml.) and a 

small amount of copper powder were added ard the mixture refluxed 

for three hours. After cooling, 100 ml. of 15% aqueous potassium 

hydroxide were added and the mixture was refluxed for one hour. 

The cooled solution was filcered and diluted witi water (200 ml.). 

Acidification with 50% hydrochloric acid gave a pinkish oil which 

was extracted into benzene. Back-extraction into soc'ium bicarbonate 

followed by acidification gave the product as a pale pink solid. 

This was f:.ltered, washed with water, dried and recrystallised 

from benzene giving colourless needles, M.P. 137-5 - 1390c. 

Yield 12.1g. 

C15H1403  requires: C, 7+.36; H, 5.82% 

founa: C,  74 29; H, .91% 
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2.14. 3-(Biphenyl-2) oxypropionic acid. 

3-(Biphenyl-2)oxypropionitrile. 	A mixture of 2-hydroxy- 

biphenyl (25g., 0.1147 mole), acry'.onitrile (39 uI., 31.2g. 2  

0.59 mole) and Tr;on-B (1.5 ml., 14056 aqueous benzyltrixnethylammonium 

hydroxide) was refluxed for 72 hours. After cooling the solution 

was neutralised with dilute hydrochloric acid and the excess 

acrylonitrile removed under vacuum. After pouring into water 

and stirring for 10 minutes the product solidified. It was 

filterd, washed with water and dried. Yield 20.1g. 

The nitrile (20.0g., 0.09 mole) was heated at 1000  for 

five hours with a mixture of glacial acetic acid (60 ml.) and 

concentrated hydrochJiric Ujid (145 ml.). The cooled solution was 

poured into iced water and the product precipitated as a pinkish 

solid, 114.3€ 	Pecrystallisation frna oenzene gave 3-(biphenyl- 

2) oxypropionic acid as colurles' crystals, M.P. 950c. 

2.5. 	phenyl-2-oxyisobutyric acid. 

Sodium hydroxide pel1es (70g.) were added 'o a solution of 

2-hydroxybiphenyl (514g.) in 300 ml. acetone. The mixture was 

refluxed and 50g. chlorfurm were adda.t dropwise during one hour 

to the reflu:ing mixture. A red colour developed and refluxing 

was continued for a further six hours. Excess acetone was distilled 

out and water (500 ml.) was added to the dry residue. Acidification 

of the resulting solution gave the product as an oily solid. This 

was taken up in chloroform atd the product extracted into oodium 

bicarbonate solut4.on. Acidification gave the product as a pale 

pink solid which was filtered and dried. Pecrystallisation from 

water gave colourless needles, M.P. 102 24c. Yield 56.lg., 69%. 
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016H1603 requires: C, 74.98; H, 6.297, 

found: C, 75.03;  H,  6.37% 

2.6. Phenoxyisobuyric acid. 

By the same method, using 30g. phenol, phenxyisobutyric auld 

was prepared in 73% yield. 3ecrystallisation from water gave 

colourless crystals, M.P. 96.5 - 97.50C. (lit. 97-980). 

2,7. 4ttempted preparation of 1-(biphenyl-2)oxycyclohexane-
carboxylic acid. 

P. mixture of 2-hydroxybiphenyl (20.0g.), powdered potassium 

hydroxide (70g.) and cyclohexanone (200 ml.) v as stirred at 600c. 

Chloroform (50 ml.) was added slowly and the mixture became very 

hot requiring exte:nai cooling in anice-bath. The addition of 

chloroform was completed very slowly with cooling. The mixture was 

stirred at €00C. for twelve hors, cooled, pcured into water and 

the organic layer discarded. After the usual wo:k-'p, l-hydroxy-

cyclohexanecarboxylic acid was found to be the only acidic product. 

The reao 4 ion was repeabed several times using different 

temperatures, concentrations, bases and states oi division of bases 

but none of the desired product was formed. 

l-Trichl.oromethylcyclohexanol was prepared by reaction of 

cyclohexar&one with chloroform and potassium hydroxide. B.P. 110-

1160/9 mm. Yield 845/. 

A niixture of 2-hydroxybiphenyl (17.0g., 0.1 mole) and 

potassium hydroxide (23.0g., 0.41 mole) in ert-butanol (25 ml.) 

wac stirred and treated dropwis with a solution of l-trichloro-

methylcyclohexanol (21.7g., 0.1 mole) in 24 Lal. tert-butanol. 

Stirring was continued for a further hour after the addition was 
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completed. The mixture wac poured into water and the usual work-

up again gave only the hydroxy-acid. 

(iii) The re"on (i) was repeated using other ketones but 

only in the case of butan-2-one was a small amount of substituted 

biphenyloxyacetic acid formed. 

2.8. Biphenyl-2-thioacetic acid. 

(i) 2-Aminobiphenyl (42.0g., 0.25 mole) was added slowly to a 

stirrec mixture of 50 ml. concentrated hydrochloric acid and 

50g. ice. A precipitate of .he hydrochloride separated. This 

was diazotised at 3°C. using a solution of sodium nitrite (18.3g.) 

in 40 ml. water. The solution of the diazonium salt was filtered 

and kept at 0°C. It was added slowly and in small nortions to a 

stirred sol1tion of po'assium ethyl xcnthate (46.79.) in 60 ml. 

water kept at 450c. After stirriig for a further 30 minutes the 

xanthate ester was extracted into chL.roform. The chloroform 

solution was washed with 2M sodium hydroxide till iieutral, dried 

and the chloroiorm distilLd out under reduced pressure leaving 

the xanthate as a deep red oil, 45.l, 

The crude xanthate was dissolved in 150 ml. ethanol and the 

solution boiled. Potassium bydroxide peJet (GOg.) were added 

and the mixture refluxed a firther six hour. Most of the ethanol 

was distilled ot.t under vacuum and the residue was dissolved in 

200 ml. water. The aqueous 'oJution was washed with ether (3 x 

100 ml.) and the washings 0- scarded before being vigorously 

stirred and acid.fied Nith sulphuric aci-1. Carbon oxysulphide was 

liberated and the prduct thiol was extracted into 7hloroform. 

The chloroform solution was dried and the solvent removed under 
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reduced pressure leaving the crude thiol as an oil, 19.6g., 

0.105 mole. 

To this was added a solution of chloroacetic acid (10.0g.) 

and sodium hydroxde (8.4g.) .'n 100 ml. water. The resulting 

solution was refluxed for four hours. After cooling it was 

acidified and extracted witi chloroform. The product was 

extracted into sodium bicarbonate solution and liberated, on 

acidification, as a white solid which was filtered, dried, and 

recry.'tallised from benzene giving M.P. 172-3.50C.  Yield 610g. 

Tae chloroform solution conlainad biphenyl-2-disulphide 

which crystallised on removal of the solvent. 

(ii) 2-Aminobiphenyl (30.09., 0.177 mole) was diazotised in 

100 ml. of 50% hydrochloric acid at 000. by the ad'Iition of a 

solution of sodium nit-Lite (14.7g., 0,2 mole) in 30 ml. water. 

The diazonium salt solution was almost neutralised witn sodium 

bicarbonate and added to a solution of thioglycollic acid (12.5 ml., 

16.5g., 0.1E mole) in 100 ml. water. Ar oily solid precipitated 

and was extrac';ed into chloroform. This was bi'ohenyl-2-

aothioacetic acid. It was extracted into 2M sodium hydroxide 

and the alkaline solution stirred at 1000C. till evolution of 

nitrogen ended. The cooled solution was acidified and the orange-

colcured product filtered. Recrystallisation from benzene 

(charcoal) gave biphenyl-2-thioacetic acid as pale yellow needles, 

M.P. 172-1?3.50C.  Yield  12.39. 

2.9. The Preparation of Aryloxyalkanoyl Chlorides. 

The aryloxyalkonoic acid and a twofold excess of thionyl 

chloride were refluxed in dry benzene (30-60 ml.) for 1+5-60 minutes. 
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The be].zene end excess hionyl chloride were removed under 

reduced pressure. 	0 ml. dry benzene were added and distilled 

out under reduced pressure to remo'e th. last traces of thionyj.. 

chloride. 

The acid chlorides vere not further purified before use 

but their purity vas always checked spectroscopically; the 

requirement being a single CH2  or other resonance in the n.m.r. 

spectrum ani 19 co  1800 t 15 cm -1 	the I.R. &pectrum. 

2.10. Reactions of 1ry1oxyacetyi Chlorides wit1 Aluminum 
Chloride in Benzene. 

All reactions with benzene a- oivent were performed in the 

following general manner. 

The acid chloride, previously prepared from the acid (one 

molar equivalent), in dry benzene (15 molar equivalents) was added 

dropwise over 20-30 ninuts to a vigorously stirred suspension of 

freshly powdered anhydrous aluminium chloride (1.25 molar 

equivalents) in dry benzene (is molar equivalents) at 5-100C. 

Stirring at this temperature was continued for a further two 

l-ours. Moisture was carefully excluded throughout the reaction. 

The reaction mixture was hydrolysed by pouring into crushed 

ice and dilute hydroch rric acid and stirring vigorously for 

30-60 minutes. The benzene layer was separated from the acidic 

aqueous solution which was extracted twice with further 

quantities of benzene. The combined benzeL.e extracts were 

washed several times with saturated sodium bicarbonate solution, 

washed with water, dried and the solvent removed under reduced 

pressure. Acidification of the bicarbonate wash gave recovered 

acid (i.e. unreacted ecid chloride which had been hydrolysed during 
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the decomposition) which was identified in the usual manner. The 

crude product of the reaction (after removal of carboxylic acid) 

was examined by I.R. and n.m.r. s;ectroscpy to cetermine the 

nature and rang rf products o.tained. The n.m.r. spectrum also 

provided a quantitative measure of these products. 

The general method used to separate the products was as 

follows: 

The crude product was divided into two protions, treated 

separately. 

Chromatography on silica gel gave diphenylmethane and in 

some cases the o-b€nzylphenol and the ketonic products. 

The s€cond portion was dissolved in benzene - r ether and 

was washed ;horoughly vith 2M. sodium hydroxide and alcoholic 

potassium hydroxide (35g.  KOH, 25 ml. H20, 75 ml. MeOH). The 

neutral fraction obtained from the organic layer gave the 

aryloxyacetonhenone and diphenylmethane, separated by chromato-

graphy and the potassium hdroxide extract gave, on acidification, 

the benzylphenol. The 2M sodium hydroxide extract generally gave 

the parent phenol along with self-condensation products of the 

benzo furanone. 

(a) Biphenyl-14-oxyacetyl chloride (14-phenylphenoxyacety]. 
chirride). 

Reaction of the acid chloride (from 1+.639., 0.2014 mole the 

acid) with aluminium chloride (3.65g., 0.0275 mole) in 145 ml. 

benzene gave 14 02g. neutral product and no recovered acid. This 

was divided into two equal portions. The first was chromato-

graphed on 200g. silica gel: 



-167 
Fraction 1. DiphenyLnethane, 0.23g.  Eluent 5e% benzene/light 

petroleum. 

Fraction 2. Eluent benzene. 2-enz1-+-pheny1pheno1, 0.5g. 

M.P. 181-20c, 	0H = 3600 cm-1. 

Fraction 3. Eluent 50 ether/benzene. j mixture of the 

benzylphenol and two ketonic components. 

The second portion was dissolved in ether and extracted in 

turn with 1M NaOH and alcoholic KOH. Acidification of the NaGH 

extract gave 4-hydroxybiphenyl, 0.39g.  and acidification of the 

alcoholic KOH extract gave, after chromatographic separation on 

a silica-gel column, 2-benzyl-14-phenylphenol, 0.I2g. and products 

of self-condensation of 5-phenylbenzofuranone, 0.3 4g. 

The material remaining in the ether solution was chromato-

graphed on silica gel giving diphenymethane, 0.25g., and +- 

phenyiphenoxyacetophenone, 0.25g., 'jco  = 1690 cm-1  

The products of the reaction are: 

5-phenylbenzofuran--3(2H)-one 	 16516 (I) 

Lf_phenylphenoxyacetophenone 	 9% (II) 

2-benzyl-4-phenylphenol 	 16% 

14-hydroxybiphenyl 	 23% 

diphenylmethane 	 15% 

Notes: (I) Estimated from the integrated n.m.r. spectrum of 

the crude product. Only products of self-condensation were 

isolated. 

(II) M.P. 9-6°C. when recrystallised from ethanol," 

light petroleum (B.P. 6o-8o°c.). 

C20H162  requires: C, 83.3; H, 5.59% 

found: C, 	3-I ; H, 5550l'o 
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2methy1-7-pheny1benzofUrafl-3 (2H) one, 0.42g., 5% The I.R. 

spectrum showed V 	at 1710 cm- and the n.m.r. showed 

absorptions at 2.2 - 2.7 Ir (aroratic xnuJtiplet; 7H), 2.90w 

(triplet, J 	7H7, 1H; H-5), 5.33 t (quartet, J = 8Hz; 1H; 

H-2), 8.46 	(doublet, J = 8Hz; 3H; 2 - CH3). 

2-hydroxybiphenyl, 1,00g., 17% 

1, 1-diphenylethane, 1.25g. 9  19% 

A ben7ylphenolic fraction, 3.01g., 	36% containing two 

compoents which could not be separated. The n.m.r. spectrum 

showed. 	0}I at 4.6 and two - CHMe - groups. These were thought 

to be 2-phenyl-6-(1-phny1ethyl) phenol and 9-rnethylfluoren-14--ol. 

(d) Biphenyl-2-oisobutryl_chloride. 

From tha reaction of the acid chloride (prepa:'ed from 

10.79.1  0.C42 mole the acid) with aluminium chloride (6.9g., 

0.052 mole) in dry benzene (total 84 ml.) 11.9g.  of non-acidic 

product were recovered. This was dissolved in benzene and 

extracted w2tri 2M sodium hydroxide (k x 25 ml.) Aidification 

of this gave 2-hydroxybiph2nyl, 2.64g., 37%. 

The residue was chromatographed on an alumina column when 

two fractions were obtained: 

Fraction 1. Eluent b€izene. 21  2-Dimetnyl-7-phenylbenzofuran- 

3 (H) - one. Yield 3.089. 31%. Recrystellisation from light 

petroleum (B.P. 80-1000c.) gave M.P. 112-1110C. The I.R. spectrum 

showed Vco  at 1710  cm- and the n.m.r. spectrum at 100 MHz 

showed 2.22 - 2.68 t (arozr3tic multiplet; 7H), 2.89t 

(triplet, J 	7.8Hz; lH; H-5), 8.52 t' (singlet; 3H; -CMe2_), 

C16H1402 requires: C, 80.65: H, 5.92% 

found: C, 80.45; H, 5.72% 
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Fraction 2. Eluent chljroform. 9, 9-Pirnethylfluoren-4-ol. 

Yield 1.839., 21%. Recrystallisation from light petroleum 

(BIP. 80-1000c.) gave M.P. 90 - 1°C. 

The produc.. oas contaminated with some tarry material, 

probably polymerised - rnethyl styrene, which could form by 

loss of a proton from a cumyi cation which would be produced 

along with 2-hyth'oxybiphenyl. 

Phenoxyisobutyryl chloride. 

Reaction of the acid chloride (from 5.0g., 0.028 mole the 

aci-1) with a..uminiun chloride (14.6'., 0.035  wole) in benzene 

(56 mL total) gave 1+.6g. non-acidic product contaminated with 

some tarry material. Extraction with 2M NaOH gave pherol, 0.95g., 

36%. The remainder was chromatographed un an aluntha column. 

Elution wit. benzene gave 2, 2-dime'hy1benzofuranone, 1.81g., 

36%. The I.E. spectrum showed 	at 1'1 cm-1.  

Biphenyl-2, 2 -bisoxyacety1 chloride. 

Reaction of the bis-acid chloride (from 5.2g., 0.0172 moJ. 

the diacid with aluminium chloride 5.659.,  0.025 mole 

1.25 molar equivalents per chlorocarbonyl group) in benzene 

(68 ml. tota,) gave the crude product, 7.0g., as a red oil whi3h 

partially crystallised. Crystallisation from benzene gave 1.0g., 

(22%) of very pale yellow needles, M.P. 2530  (dec.). This wa 

found to be a double cyclic. ketone. The I.R. spectrum showed 

Co at 1712 cm"- and the parent ion in the mass spectrum had 

rn/c 26. The nm.r. spectrum was very simple, showing a high 

degree of symmetry in the molecule, showing absorptions at 1.80 

(o-, rn-quartet, J = 7.2, 1.5 Hz; 2H; H-14 and H-a'), 2.04 
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(o-, r-quartet, J = 7.6, 1.5 Hz; 2H; H-6 and H-6'), 2.64t 

(triplet, J = 7.5 Hz; 2H; H-5 and H-5'), 5-00'r(singlet; 

4H; methylenes). This allows te prodw't to lue identified as 

7, 7' -bisbenzc'i' anane. 

C16Hl094 requires: C, 72.18; H, 3.79% 

fovnd: C 72.11; H, 3.92% 

Chromatography of the remainder on silica gel gave 

diphenylme 4thane, 0.96g. (33%) and several other fractinns found 

to be complex mixtures of ketonic and phenolic products which 

were not identified. 

(g) 2' -Methoxybiphenyl-2-oxyacetyl chloride. 

The acid chaoride (from 2.71g., 0.0105 mole the acid) was 

reacted with aluminium chloride (1.54g.. 0.0116 mcl.e) in benzene 

(22 ml. toal) giving 2.90g. crude neutral product which was 

chromatographed on silica gel: 

Fraction 1. Eluent benzene. Diphenylmethane. Yield 0.16g., 9% 

Fraction 2. Eluent 10% chloroform/benzne. 2-Bex.zyl-6-(2-

methoxpheny1)phenol. Yield 0.22g., 7576. Recrsta11isation from 

petroleum ether (B.P. 80-1000c.) gaTe white crystals, N.P. 
109.5 - 110. 0C. 

C20H182  requires: C, 82.7; H, 6255 

found: C, 82.5; H, 6.2217, 
Fraction 3. Eluent chloroform. 7-(2-Methoxyphenyl) 

benzoLiran-3 (2H) - one. Y.-"e--'d 1.6g.1  2%. The I.R. spectrum 

shows 	co at 1702 cm-1  an. the n.m.r. spectrum shows 77CI12 

at 5,k7 

Fraction 4. Eluent methnol. 21-Methox_2_hydrox:rbjpheny1. 

Yield 0.19g., 9%. 
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9, 9-D.methylflucren---oxyacety1 chloride, 

The acid chloride (from 1.02g., 0.0038 mole the acid) was 

reacted with aluminium chloride (C.63g., 0.0043 mole) in benzene 

(8 ml. total) .ing 0.96g.  crude product. The t.J..c. showed 

three bands and the prodt was chromatographed on alumina: 

Fraction 1. Elueit benzene. Diphenylmethane. Yield 0.02g., 35'6 

Fraction 2. Eluent benzene. 9, 9-binethyifluorenoE14 ,3-b]furanone. 

Yield 0.83., 37%. The I.R. specrum showed 70co  at 1710 cm' 

and the n.m.r. spectrum showed absorptions at 2.20 t' (multiplet; 

1H; H-5),  2.55 	(doublet, J = 8Hz; 1H; H.-2), 265-2.90 

(m.1tiplet; 3H; H-.6, H-7, H-.8), 3.00t (doublet, J = 8Hz; 1H; 

H-i), 5.+ 1' (singlet; 2H; cH2), 8.6o ' (singlet; 6P; CMe2). 

This material decmposed very rapidly and was not fully 

characterised. 

The IR. spectrum of the cruth' product showed a weak 

absorption at 3+00 cm-1  indicat3rg that scnie phenoliz material 

was present. 9, 9-dimethylfluoren-24.ol must have been formed along 

with the dip'ieny2methane but it was hot. isolated from the 

chromatography. 

2-(l-Pyrrolyl)Dhenoxyacet-dirnethylamide. 

(i) 2-(l-Pyrrolyl)phenoxyacetic acid (a.Og.) was converted 

to the etnyl ester by refluxng with a solutien of ethanol (1 ml.) 

and a crystal of p-toluenesulphonic acid in 10 ml. ethylere 

dich1o'ide for 15 hours. 	after cooling, the solution was poured 

into water and extractel with chloroform (30  ml.). The chloroform 

extr.ct was washed with sodium bicarbonate solution (2 x 25 ml.), 

dried and the solvent removed under reduced pressu.e. Yield l.Sg. 
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Thi ester, above, was dissolved in methanol (10 ml.) and 

t'eated with an excess of a 30% solution of direthylamine in 

methanol. The mixture was refluxed for 1 hour, cooled, poured 

into water and extractea with chloroform. The chloroform extract 

was washed with dilute (0.3M) hydrochloric acid then with water, 

dried and the solvent removed under reduced pressure leaving 

the dimethylamide which was used i.i the cyclisation without 

further purification. The n.m.r. spectrum sowed absorptions at 

2.60-2.96(multiplet 	14H; benzene ring protons), 3.01 

(triplet, J = 2.0 Hz; pyrrole o(-. p'tont), 3.72 t (triplet, 

o = 2.0 Hz; 211; pyrrole 	- prn is), 5.39 t (singlet; 2H; 

CH2), 7.lO 	and 7.12 1 (two signals; 6H; 	NNe2). Yield 1.69g. 

The dimethylamide (169g.)  was dissolved n ethylene 

dichloride 9 ml.). This sclution 4as cooled in an ice-bath 

while phosphorus oxychioride (l.L7g.)  dissolved in ethylene 

dichloride (5 ml.) was added and then for a further 15 minutes 

with occasional shaking. The solution vas ref.Luxed for 1.5 hours, 

cooled aud a solution of sodium acetate (0.6g.) in 15 ml, wat' 

was added and the mixture boiled for 15 minutes. After puring 

into watei, the produ-t was extracted into chloroform. Removal 

of solvent gate the product as a yellow waxy solid which was 

purified by chromatoraphy on alumina and identified as 

oxopyrrolo [2, 1-dJ - 1, 5 benzoxazepin. Yield 0.739., 53%. 

Recrystallisation from light petroleum (B.P. 80-1000C.) gave 

M.P. 78-79°C. 

The I.R. spectrum showed 	at 1680 cm-1  and the n.m.r. 

spectrum showed absorptions at 2.72 T(broad singlet; 6H; H-1, 
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H-3, H-7, H-8,  H-9,  H-ic), 3.53 	(quartet, J = 3.91  3.0 Hz; 

11:; H-2), 5331 (singlet; 2H; CH2). 

C12H9NO2  recaires: C, 72.35;  H, +.55; N, 7.0% 

found: C, 72,4; H, 1+.6; N, 6.9% 

3-(Biphenyl-2) ox propionyl chloride. 

Reaction of the acia chloride (from 1.5g., 0.0062 mole the 

acid) Nith aluminium chloride (1.0g., 0.0075 mole) in benzene 

(l+ ml. total) gave 8-phenylchromanoLe, i.g., as the only 

product. Recrystallisation from methanol gave pale yellow 

needles, M.P. 6+-60 (lit. 65-70). The I.R. spectrum showed 

at 1700 cm-1and  the n.m.r. spectrum showed absorptions 

at 2.15 '(quartet, J56=7.6 H, 757  = 2.0 Hz; 1H; H-5), 

2.5 - 2.8 'C'(multiplet;  6H; H-? and 8-Ph), 3.07 '(quartet, 

8.7 Hz, J56  = 7.6 liz; 1H; 	-6), 5.68 -r- (triplet, J 

7 Hz; 211; 2 - CH2), 7.37(triplet, J = 7 Hz; 211; 3-CH2). 

Fipheny2-2-thioacety1 chloride. 

(i) In benzene. 

The acid chloride (from 1.6g., c.008 mole the acid) was 

reacted with aluminiun chloride (0.79g., 0.006 mole) in benzene 

(10 :fl. total) to give the produce as a red oil, 1.25g.,  which 

was chromatographed on alumina. Elution with benzene gave trace 

amounts of what appeared to be biphenyl-2, 2'-disulphide from the 

I.R. spectrum (by comparisor with the spectrum of an authentic 

samp1). Using 50% chloroform/benzene, 0.93g. of 2-biphenylthio-

acetophenone was eluted as the only other product. The I.R. 

spectrum showed V.,  at 1675 cm- and the n.m.r. spectrum showed 
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absorptions at 2.21 - 2.12 	(tiiu].tip1t; 211; ortho rotcns of 

bnz(,y1 group), 2.115 - 3.J2 'C(roi..ti.c muti;]ot; 12H; 

remaining arumatic protolis), 5.22 	sinJ.et; 2H; nathy1one 

group). This c ucqound was rather unstable and was isolated as 

the yel1o, crystalline oxiie I  M.P. 161_4°C. 

C201-'t1d0S requires: C. 75.22; H, 5.37; N, 4.99b 

fcunu.. C, 75.5, H, 3.i7; N, 4.26% 

(±i) In syr-i-tetrjtchl-c)roeth,-.,.ne. 

The acid chloride (frou 0.6g., 0.025 mole the acid) 

was reacted with :.lurnixiium chlori(te (0.141g., 0.0031 ).iiole) in 

tetrchlorr'ethane (1 ru. tita1). J4 dark green homoaeneoUs 

mixture wa3 formud v.diLch, after hydrolysis and the usual work-

up gave tho product ie a very dark red oil, 0.1-5g.,  which 

rapidly darkened furt:r. The t.l.c.. showed one band and the 

product was purified 	chromatodraphy on silica gel, proviig 

to be 7-phenylbenzo[bthiophen-3(2H)-one. The I.R.spectrum 

showed -vOC"  at 1700 c- and the n.ro.r. spectrum showed 

absorptions at 2.15 - 2,89 	(aroiiiatic roultiplet; 8H), 6.20 

(singlet; 2H; OH2). The eompDunci was characterisd as the 

oxime which crystallied from ethanol/light petroleum (B.P. 0-

6ee as cclpurless plates, M.P. 182-40C. 

rqurea: C, 69.7; H, 4.6; N, 5.8% 

found: 	C, 61,SI ; H, 	; N, 5-% 
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CHAPTER THREE 

3.1.P 	 Benzi Ethers. 

The preparation of biphenyl-4 benzyl ether outlined below 

illustrates the general method of preparatien. 

A solution of -hydroxybipnenyJ- (16'.79., 0.11 mole) in 

ethanl (50  ml.) was added t) a solutin of sodium ethoxide 

(prepared from 2.53g., 0.11 mole sodium metal) in ethanol (50 ml.) 

A solution of benzyl chloride (12.6g., 010 male) in 50 ml. 

ethanl was added t ths and the mixture refluxed for three 

hcurs during which time sodium chloride separated out. After 

coaling, this aix'Lure was poured into 1M sodium hydrxide (300 ml.). 

The product was extracted in 	ether (2 x 1€0 cii,) and the ether 

solution washed with hater, dried anr evaprated under reduced 

pressure leaving t}'e pr.duct as a pinkist sid which was 

recrystallisod from ethanol to give crl.urless needles, 

M.P. 133 - 133,5°C. 	y:Ld 11.11g., 41+'o. 

Table II 

ioicaiC 	tents 	Ary 1 Benzy 1 E thers 

ri 	nzyL Ether 	M.P.orB.P. 	Yield 	T  CH (a) 	Notes 

Biphenyl-4 	 133 	LfI 	545 

Biphenyl-2 	 273/11 mm. 	85 	5.2 

2-(1--Pyrr.lyl)phenyl 	 53 	 5.2 	('a), (c) 

Biphenyl-2 	 38 	14 .75 	(d), (e) 
1-phenylethyl 

Notes (a) 'CH2 denotes the chemical shift of the methylene 

group relative t3 T.M.S. Spectra were recirded in CDC13 solution. 

Pecrystailised from light petroleum (B.P. 80 -. 100°c). 

C17H1N0 requires; C, 81.90; H, 6.06; N, 5.62% 

f.und' C, 92.2 ; H, 	06 ; N, 45-93 116. 

CH (quartet, J =Tiz), 	CH3= 8.52 (doublet, J = 7Hz) 

Did net distil below 2510/7 mm. 
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3.2. Preparation of Cyclic Ethers. 

6, 6-Dimethyldibenz.[b, d]-6Hyyran. 

(1) 3, 14-Benzoumarin was prepared in 12% yield from phenol 

and the diazniuni sulphate of anthranilic acid using the method 

described by Cahn. 
71 

(ii) Again following Cahn's method, 3, 14-benzocoumarin 

(14.79. 9  0.075 mole) was reacted with methyirnagnesium iodide 

(from 7.Cg. magnesium) in ether/be.izene solution. The usual 

work up gave dimethyl-2-(2'-hydroxyphny1)pheny1 carbinol as the 

initial product. This was taken up in benzene (100 ml.) and the 

solution refluxed with 1C ml. diLit. sulphuric acid for 

30 minutes. The benzene layer was separated, washed with sodium 

bicarbonate solution, dried an'l the solvent removed under reduced 

pressure. The product distilled as a colourless liquid, 

B.P. 1800/20 mm. Yield 14.1g., 89%. 

Dibenzo 1 b, d]-6H-pyran. 

(i) A solution of 3, L+_benzocoumarin (2.0g.) in ethanol 

(50 ml.) was added to a stirred suspension of sodium borohdrir-

(1.0g.) in ethanol (20 ml.) at 0C. The mixture was stirred 

for two hours at room emperature then hydrolysed by pouring 

into iced dilute hydrochloric acid (200 ml., 0.5 m.) and stirring 

for 30 minutes. The rreduct was extracted into methylene 

chloride. The extract was washed with sodium bicarbonate 

solution, dried and evaporated leaving the product, 2'-hydroxy-

bipbenyl-2-methanol, as a white solid, 1.9g. Pecrystallisatien 

from benzene gave white prisms, H.P. 131_20C. 
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(ii) 21 - ydroxybiphenyl-2-methanol (1.9g.) cdssolved in dry 

'seuzene (50m1.) was treated wish phosphorus pentoxide (4g.). 

The mixture was re'luxed for four hours, cooled and decomposed 

using aqueous ammonia. Alter acidification, the product was 

extracted into benzene. The benzene solution was washed with 

sodium bicarbonate solutiin, dried, and distilled, giving, after 

removal of benzene, diben'o[b, d]-6x1-pyran as a colourless oil, 

B.P. 1090/0.2 mm. Yield 1.3g. 

3.3 The Reactions bf Acyclic Aryl bezyl hthers with Aluminium 
Chloride in Benzene. 

The method eutined below for the reacton of biphenyl-2 

benzyl ether with aluminium chloride in benzene illustrates the 

general scheme used. The results obtained are giver in table III. 

(a) Biphenyl-2• benzyl ether. 

A solution of biphenyl-2 benzyl ether (5.09.,  0.0192 mole) 

in dry benzene (20 ml.) was added dropwise over 20 ninutes to a 

stirred suspension of finelj powdered aluminium chloride (3.2g., 

0.02+ mole) in dry benzene (2 ml.) at 5-10°C. Stirring was 

continued for a further 1.5 hours at tais temperature. The reaction 

mixture was hydrolysed by pouring into iced dilute hydrochloric 

acid and stirring for 30 minutes. The benzene layer was 

separated and the aqueous solution extracted with further portions 

(2 x 50 ml.) of benzene. The combined benzene solutions were 

washed with sodium bicarbonate solution, dried and evaporated 

under reduced pressure leaving the product as a yellow oil, 

6.18g. The n.m.r. and I.R. spectra of this product were 

recorded. 
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This crt.de  product was di'solved in benzere (100 ml.) and 

extracted with 2M scdium hydroxide (3 x 50 ml.). Acidification 

f this extract gave, after exrac,ion into chloroform, washing 

with water, dryg and removal of solvent, 2-hydroxybiphenyl, 

2.20g., 67%. 

The remaining material 'as chromatographed on 150g. 

alumina giving: 

Fraction 1. Fluent benzene. Diphenylrethan, 2.28g., 70%. 

Fracticn 2. E1ient 75% chloroform, 2% benzene. 2-.Benzyl 

6-pieny1pheni, 1.6g., 30%. 

(b) The Reactions of Aryl  Benzyl Etaers with ACI3 ir Benzene 
at 5-10°C. 

TableIII. 

Aryl Benzyl Ether 	Diphenylmethane 	Phenol 	2-Benzyl- 

	

% 	heno1 To 

Biphenyl-2 	 70 	 67 	30 

Biphenyl-4 	 67 	 43 	33 

2-(1-Pyrrelyl)phenyl 	64 	 11 	35 

Biphenyl-2 	 55(a) 	 48 	35(b) 
1-phenylethyl 

Notes: (a) 11  1-Diphenylethane 

(b) 2-(I_Phenylethyl)_6_phenylphenol. 

3.4. R€actions of Cyclic Ethers with Aluminium Chloride in Benzene. 

(a) 6, 6-Dimethy1diben: o[b, d]-6H-pyran. 

solution of 6 9  6-dimethy1dibeno[b, dl-6H.-pyran (5.35g., 

0.025 male) in dry benzene (25 ml.) was added over 20 rainutes to 

a stirred suspension of finely powdered aluminium chloride (4.2g., 
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0.032  mole) in dry benzene (25 nil.) at 5_100.  After the addition 

was completa, stirring was continued at this temperature for a 

further 1.5 hours before the reaction mixture was hydrolysed by 

pouring into iced dilute hydrochlric acid. After the usual 

work-up, the product was oltained as a white solid, identified 

as 9, 9-dimethylfluoren-14-ol, 5.3g., 99%. Recrystallisation 

from light petroleum (B.P. 80-1000 .) gave white cubes, 

M.P. 90-910C. 

(b) Dibenzo[b, dl-6H-pyran. 

(1) This 	mpound (1.259., 0.C69 mole) was reacted with 

aluminium chloride (1.14g., 0.0086 mole) in dry benzene (14 ml. 

total) as above. The crude prwduct was cbtained as an almost 

colourless oil, 1.22g., after the usual work up. The n.m.r. 

spectrum of this product showed it o comprise 85% unreacted 

starting material and 15% fluorei-4-ol which was io1ated by 

chromatography on 100g. silica gel in a yield of 0.11g., 9%. 
M.P. 1o680c. 

(ii) The reaction was repeated as above using 1.1g., 

0.0063 mo:'.e of the ether and 1.04g., 0.0078 mLle of aluminium 

chloride in d:'y benzene (20 ml. total). After being stirred 

for 1.5 hours at 5-10°C., the mixture was warmed to 550 and 

stirred for a further 1.5 hours at this temperature before being 

hydrolysed by pouring into iced dilute hydrochloric acid and 

stirring for 30 minutes. After the usual work up the product 

was obtained as a dark red oil, 2.02g. The t.1.c. showed three 

bands; the n.m.r. spectruin showed a complex aromatic multiplet 

and a single-CH2-resonance at 6.05 	and the I.P. spectrum 
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showed VoH  at 3600 and 3400 cm. This product was chromato-

gvaphed on 200g. silica gels 

Fraction I. Eluent benzene. Dipheny1methane 1.86g., 805vo. 

Fraction 2. Eluent 556 chloroform, 50% benzene. 2-Hydroxy--

biphenyl 0.93g., 87%. 

Fractirn3. Eluent chloroform. Trinhenylmethanol, 0.359., 20%. 

The mass vpectiuin of this mat-rial also showed traces of 

the meihyl anc ethyl ethers which would be formed by acid-

catalysed reaction on the column with methanol and ethanol 

present in the chloroform. 
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CHAPTE? F0U. 

1+.1. Preparatin of Dibenz[b, doxepin-.7(6H)-on6. 

This was prepared by cycJisation of b 4.pheryl-2-oxyacetyl 

chloride with aluminium chloride in benzene as described in 

2.10(b). The yield was typically around 9t%.  Rcrystallisation 

from benzene gave very pale yellow needles, M.P. 79-80°c. 

C14H1002 requires: C, 80.0; H, 4.8% 

found: C, 79.8; H, 4.9% 

Oxime: Straw-coloured needles from aqueous ethanol, 

M.P. 188-90c. 

C14h11NO2  requires: C. ,T.65; H, 4.92; N, 6.22% 

found: C, 71..59; H, 5.01; N, 6.15% 

4.2. 7-Hydroxy Derivatives. 

(a) 6,7-iihydro-7-hydroxydibenz[b, dJoxepn. 

(1) Lithium aluminium hydride (.99., 0.05 mole) was placed 

in a dry 500 ml. three-necked flask fitted with a double- 

surface ref1uc condenser, a sealed sti.rxer and a dropping funnel. 

Dry ether (150 ml.) was added cautiously and the mixture stirrd 

br 10 minutes. 

A solution of dikenz[b, dJocepin-7(6H)-one (15.5g.) in dry 

benzene (100 ml.) waE added dropwise at such a rate that the 

solution :efluxed gently. After the addition was complete, the 

mixture was refluxed for 30 minutes. After cooling, excess 

LAH was decomposed by the cautious addition of 5 ml. ethyl acetate 

followed by stirring for 15 minutes. The mixture was hydrolysed 

by pouring into iced dilute hythoch.eric acid (+Oo ml.) and 

stirring for 30 minutes. The organic layer was separated and the 

aqueous phase extracted with ether (2 x 100 ml.). The combined 
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organic sol'tions were washed with sodium bicarbonate solution, 

dried and eraporatod under redLced pressure leaving the product 

as a viscou', pale yellow oil, 18.4g. This was purified by 

chromatography on alumina which gave the alcohol as a colourless 

very viscous oil which did not crystallise and did net distil 

without decomposition. 

The n.m.r. spectrum showed abortions at 2.5 - 3.2 

(aromatic multiplet; 8H), 5.5 - 6.0 ' (ABC r.ultiplet; 3H; 

CH2 and 11-7),  7.0 'r (broad singlet; lH; (H). 

(ii) A solution of dibenz[b, c1lxepin.7(6H)-one (5.09.) 

in ethanol (15 ml.) was treated with a solution of sodium 

borohydride (0.6g.) in 15 ml. ethanol and the mixture 3tirred 

for one hour before being poured into iced dilute h;drochloric 

acid (50  ml.). The product was ext.-acted ine chloroform and 

the extract vas washed with sodiiu'i icarbo:iate solution, dried 

and distilled uider reduced pressure leaving the product as a 

pale yellow oil which was jurified by chromato-raphy on alumina. 

Yield 4.8g. 

(b) 6, 7-Dihydro-7-hydr.xy-7-rnethy1dibenzb d]oxepin. 

A solution of dibenz[b, d]sxepin-7(6:i)-ne (15.0g.) in dry 

benzene (75 ml.) was added to a stirred soltin of methylmagnesium 

iodide (prepareu from 5.1g. magnesium and 30.09. methyl iodide) in 

dry eU-er (150 ml-'/  at such a :'ate that gentle refluxing was 

maintained. When the addit.on was complete, the mixture was 

refluxed for 30 :iinutes, cooled and hydrlysed by pouring into 

iced dilute hydrochloric acid and stirring for 30 minutes. The 

organic layer was separated and the aqueous extracted with 
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benzen€ (2 x 100 ml.) The combined organic solutions were washed 

with sodium bicarbonate solution, dried, and disbilled under reduced 

pressure to remove solvent laving the product as a brownish oil, 

1610g., which was purified by chromatography on alumina. Eluti.n 

with 75% chloroform/25% ben7ene gave the alcohol as a very 

viscous, orange oil, 15.5g.  The n.m.r. spectrum showed 

absorptions at 2.35 - 3.05 l.'(xnultiplet; 8H; aromatic protons), 

5.63 and 5.82 r(0 14B doublets, J = 12H3; 2H; CH2), 7.78t 

(broad singlet; lH; OH), 8.73 (" (sing]et; 3H; CH3). 

(c) 6, 7-Dihydro-7-hydroxy-7-phei ldibenz[b, djoxepin. 

In a similar fashion, a solution of dibenz[b, d]oxepin-

7(6h)-one (10.59., 0.05 mole) in dry benzene (50 ml.) was added to 

a solution of phenyirnagnesiurn bromide (prepared from 7.99. 

bromobenzene and 1.2g. magnesium) in 50 ml. ary ether. After 

the addition, the mixture was ref.ued fo' three ho'.trs, cooled 

and hydrolysed using ammoniacal ammonvm chloride solution. 

After the usu1 work up the product was obtained as a very viscous, 

yellow oil which was purified by chromatography on alumina. 

Yield 7.6g., 53%- 

4-3- Other Reduction Reactions of Dibenz[b, djexepin-7(6H)-.one. 

(a) Catalytic Hydrogenation. 

A solution of dibenz[b, dJoxepin-7(6H)-rie (10,0g.) in ethanol 

(100 ml.) was treated with 10% palladium charcoal (0.5g.) and 

subjected to hydrogen at 100 ats. pressure for 8 hours at 500C. 

No reuction occurred and the sarcing material was recovered 

unchanged. 
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b) Clemm'exisen Reduction. 

Following the method des'ribed by Martin. 9.1g. of 

dibenz[b, d]oxepin-7(6H)-one was reduced, in toluene solution, 

using zinc amalgam and hydrochloric acid. The crude product, 

8.39., was a reddish oil wiich partially crystallised. The 

crystalline component was is1ated in 1.79.  yield by crystallisation 

from ethanol as colourless plates, M.P. 21680C. The n.m.r. 

spectrum showed only two absorptions, at 2. 	- 3.3(comple 

multiple; 8H; aromatic protons) and 8.1'r (singlet; 3H; 

CH3'). The mass spectrum showed the parent ion at m/e 390 with 

a large half-mass peak at m/e 195 along with its doubly charged 

ion ac ra/e 97.5. From the cracking pattern (See text) and the 

very simple n.m.r. spectrut, this product was identified as 

6, 6-ois-(6-r.ethyldibenzo[b, d]pyranyl)  and subseqwnt1y found 

to be the flV3SO- form. 

The I.R. spectrum of the liqtors showed a phenolic -OH 

group. This material was dissolved in benzene (100 ml.) and 

extracted with 8 x 25 ml. portions of 2M sodium hyLroxide. 

Acidification of this extract gave an inseparable mixture of two 

phenols, O.Lg., which was found from the r.m.r. spectrum to 

comprise around 70% of 2'-ethyl-2-hydroxybiphenyl and 30% of 

9_methylflucren_4_ol. The residue was chromatographed on 

200g. alumina. Elution with benzene gave 4 79. of a golden oil 

whose n.m.r. spectrum showed it to be a mixture of two components. 

The minor component (30%  of the mixture) showed absorptions at 

+.85T (quartet, J = 7Hz; 'H; CHIe) and 8.45 	(doublet, 

7 = 7Hz; 3H; CH3) with the aromatic region obscured by the 

major component which showed a methl group as a siiglet at 8.31', 

The first compound was thought to be 6-methyldibenzo[b, d]-6H-. 

pyran although it could not b isolated in a pure state. 
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The majr component was is'1a ed by cyst;al].isatin from light 

petroleum (B.P. 60-.8) at -780C. in 1.3g.  yield, M.P. 146-80c. 

The mass spectrum f this auterial was identical with that of 

mes- 	6-his--(-.inetny1dibenzo1b, dipyranyl) and the n,m.r. 

spectrum at 100 MH3  showed absorptions at 2.62 	3.40 ( (complex 

multipet; 7H; aromatic protons except H-14).3.61 T (quartet, 

ortho 	8.oH , J,eta  = 1.14H3; 111; H-14) and 8.31( (singlet, 

3H; 	CH 3). This allowed the comp;und to be identified as the 

di-form of 6, 6-bis(6-.methyldIbenzo[b, d]pyranyl). 

Meso-. 6, 6-bis-(6-methyldibenzo[b, dipyranyl): 

C28H222  requires: C, 86.13; H, 5.68% 

found: C, 86.2; H, 5.53% 

DL - 6, 6-bis-(6-methyldibenzr,[L, d]pyranyl): 

C28H2702 requires: C, 86.13; H, 5.')8% 

founu: (, 858 ; H, s7% 

(c) Welff-Kishner Reduction. 

J mixture of diberiz[b, d]xepin-7(6H)-one (9.5g.), potassium 

hydroxide (5.0g.) and 85 hydrazine hydrate (5 ml.) in 140  ml, 

digol was refluxed for one hour. Th-  condenser was removed 

and replaced when thu internal temperature reached 20)°c. 

Refluxing was continued for a further three hours. Ifter cooling, 

the mixture was poured into dilute hydrochlric acid (100 ml,) and 

extracted wiUi benzene (2 x 5Q ml.). The benzene solution was 

washed with sodium bicarbonate uolution, dried and the solvent 

was removed under reduced pressure leaving the product as a 

brown, semi-solid mass. Crystallisation of this frrni ethanol 

gave phenanthrenequinne. 14.9g., as orange needles, M.P. 202_3D. 

The melting point was not depressed in a mixture with an authentic 
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sample. The mass spectrum showed the parent ion at xn/e 188 

with two consecutive losses of 28 mass units, and the I.R. 

spectrum showed 	co  at 168o Cr,. -- 

The I.R. E 	trum of the remaining material showed a 

phenolic -OH at >'OH = 3430 cm. 	Extraction with 2M sodium 

hydroxide followed by acidification and extraction of the product 

into chloroform gave, after removal of the solvent, 1.59.  of 

phenolic ma.eria1 which the n.m.r. spectrum showed to be a 

mixtur3 of 2'-ethyl-2-hydroxybiphenyl (86%) and 9-methyifluoren- 

-o1 (14%).  Crystallisation from light petroleum (B.P. 

6 0c) gave the former in 0.9g.  yield, M.P. 1c3-100c. 
further 1.9g.  of phenanthrenequi.none was isolated from 

the .iquors after alkaline extraction 

14 .14. Other xeactions of DibenzTb, d]e;epin-7(6H)-one. 

Wittig Rearrangement. 

solution of dibenz[b,  d]oxepin-7(6H)--one  (1.5g.)  and 

potassium hydroxide pellets (3.09.) ir. digol (50  ml.) was 

refluxed for four hours. After cooling, the mixture was poured 

in.o dilute hydrochloric acid (250 ml.). The product was 

extracted into ether (2 x 50 ml.) and benzene (2 x 50 ml.). 

The combined extracts were washed with sodium bicarboaate 

solution, dried and distillee. under reduced pressure, leaving 

the product as a brownish sold which was recrjstallised from 

ethanol giving phenanthrenequtnone as fine, orange needles, 

M.P. 202-30C., in 0.95g.  yield. 

Attempted preparation of the E-isoni.rosr-derivative. 

Sodium nitrite (5.0g.) was added in portions to a stirred 

solution of the oxepinone (14.0g.) in glacial acetic acid 50 ml.,) 
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at 5-100C. After 14  hours a further 5.0g. of sodium nitrite were 

added and the mixture was stirred at rD.xu temperature overnight 

before being p.ure. into cold water. A pale yellow solid 

precipitated which was filtered, dried and recrystallised from 

aqueous methanol giving almost colourless needles, M.P. 79_800. 

It was fr,und to 4e unchanged starting material. 

(c) itiernpted Methylation of 6-position. 

A solution of the oxepinone (ic'.ug., 0.081 mole), 

pyrrolidina (11.59., 13.Q  ml., 0.16 mole) and a few crystals of 

p-i-.oluenesulphonic acid in dry ti1une (50 ml.) was refluxed with 

removal of water for 5 hours. Removal of the toluene under 

reduced pressure left the pyrrolidine enamine as a daik viscous 

oil which was used without further purifiratian. The I.R. 

spectrum showed 'i 	at 26140 cm. 

Methyl iodide (25 m'..) and diixan (75 ml.) were added to 

the enamine and the solution was refLixed for 16 hours. A 

solution rf actic acid (2 ml.) in water (30 ml.) was added. and 

this solutirn was refluxed for L hours before being poured into 

water (300  ml.). After acidification, the product was extracted 

into chlorofom and obtained after drying the solution and removal 

c-f solvent as a dark oil, 15.9g. This was founcA to be almost 

entirely starting material and ncne of the 6-methyl derivative 

was detected. 

(d) With Phenyihydrazine. 

A mixture of the oxepinone (21g.) and phenyihydrazine (11.8g.) 

was warmed on the water bath and the pheny')iydrazone separated. 
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Glacial acetic acid was added with stirring, at 1000C., till 

tl'e solid all dissolved. lifter heating for a further one hour, 

the mixture was cooled and a solid separated which was filtered 

off and re.rystallised twice from ethanol giving 14.79.  of 

pale yellow needles, M.P. 2CO2°C. The mass spectrum showed the 

parent ion at m/e 283,  the n.m.r. showed absorptions at -0.3 ( 

(broad singlet; 1H; NH) and 2.15 - 3.05T(complex multiplet; 

12H; aromatic protons) and the I.R. spectrum showed )) H at 

30 cm.. 	showing the product to be indol.[3,2-gjdiberz[b,d1 

xepin. 

C20H13N0 requires: C (',.', .8;  H, 24.62; N, 14,924% 

found: C, 85.0; H, 14.7;  N, 14.8% 

45 Preparation of Dienz[b, d]oxepin. 

Phosphorus pentoxide ('Og.) was added to a solutin of 

6, 7-dihydro-?-hydroxydibenz[b, djoxepin (13.Eg.) ii dry benzene 

(200 ml.) and the mixture was refluxed with stirring for three 

hours. After hydrolysis with aqueouLi ammonia the benzene layer 

was separated, dried and the solvent was removed under reduced 

pressure leaving the product as a brown oil, 13.0g. The t.l.c. 

showed two components. Chromatcgraphy on alumina gave a red oil, 

12.0g., eluted with benzene. When this was treated with methaxiol, 

a white sulid was pre-ipitated. This scftened at around 1050C. 

with some decomposition. The n.m.r. spectrum showed aromatic 

protons and some broad peaks in the region 7-8 ( and the material 

was found to be polymeric. 

A solution of the alcohol, 6,7-dihydr.-7-hydroxydibenz[b,d] 

oxepin, (4.8g,) and thionyl chloride (2.5 n.1.) in dry benzene (50 ml.) 
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was retluxed with the exclusion of moisture for 30 minutes. The 

scivent and any excess thisnyl chloride were removed under 

reduced pressure 1aving the chloro-compound as a paJe red oil 

(24,9g.) 7-Chloro-6,7-dihydrcdibenZ[b,d]OXePin distilled under 

nitrogen as a colourless oi, B.P. 116-200/0.01 mm. which rapidly 

darkened on standirg. Yield 14.2g. 

After several trials, the most satisfactory conditions for 

the p"earation of dibenz[b, d]oxf  pin were found to be those 

given t'elow., A solution of 7-chloro-6,7-dihydrodibenzCb,dJ 

oxepin (38g.) and potassium hydroxide pellets (lOg.) in ethanol 

(140 mJ.) was refluxed fcr four 	durng which a precipitate 

of potassium chicride frmed. The mixture was poured into water 

(150 ml.) and the product extracted into ether. The ether extract 

was washed with rater, dried and the solvent removed under 

reduceC. pressure leaving the product as pale yellow oil (2.5g,). 

This was purified by chromatography on alumina followed by 

distillation under nitrogen to give dibenz[b,dJixepin as a colour-

less oil, B.P. 12 1+e/0.2 mm., which slowly reddened on standing. 

The I.R. spectrum showed 	C=C  at 16147 cm. -  and the n.m.r. 

spectrum showed absorptions at 214 - 3.5'C (multiplet; 8H; 

aromatic protons), 3.75 l (doublet, J = 6.0 H- ; 1H; H-6), 

T(doublet slightly broadened by lr. coupling, J = 6.0 H 

1H; H-7). 

C114H100 requires: C, 86.6; H, 5.19% 
found: C, 86.8; rI, 5.3%. 

+.6. 7-Substituted Dibenz[b,d].xepins. 

(a) 7-Methyldibenz[b,d]oxepin. 

(i) 6, 7-Dihydro-7-hydroxy-7-methy1I.benz[b,d]oxepn (7.59., 
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0.032 male) d...ss.1ved in dry benzene (100 ml.) was treated with 

thionyl chloride (3,C  xil,, 4.8g.) and the solution refluxed for 

1 hour. The solvent and any exess thionyl chloride were 

distilled out uchr reduced pressure; 130 ml. dry benzene were 

added and distilled out ts remove the last traces of thionyl 

chloride leaving the product as a pale yellow oil, 7.4g., which 

was found, from the n.m.r. spectrum, tu be a mixture of the 

7-chloro-derivtive and the 7-methyl-ox;pin. 

(ii) The product, above, was dissolved in 20% ethanolic 

pctassium hydrxide (70 ml.) and the solution refluxed fcr 

3 hours cefore being poured into water (200 nil.). The product 

was extracted into methylene chloride and the extract was washed 

with water, dfied and the solvent removed under reded pressure 

leavirg the product as 	da:k yellow oil which was purified by 

chromatography on alumina to give a pale yellow oil, 6.0g. 

Crystallisatirn from light petroleum (B.P. 60-8'c.) gave white 

clusters, M.P. 72-40C. 

The I.R. spectrum showed Vc_c at 1640 cm. 	and the n.m.r. 

spectrum showed absorptions a.. 2.4 - 3. r (ciultiplet; 8H; aromatic 
protons), 3.45 	(quartet, J = 1.6 H ; lH; H-6) and 8.13( 

(doublet, S - 1.6 H ; 311; CH3). 

C15H120 requires: C, 86.5; H, 5.810/6 

found: C, 86.8; H, 5.97% 

(b) 7-Phenyldibe-iz[b,d1oxein. 

In a similar fashion, 7-pheny3dibenzTh,d]oxepjn was prepared 

from the alcohol by reaction with thionyl chloride followed by 

dehydrochlerinati.n with ethanolic potassium hydroxide. 

Crystallisation from light peiroleum (B.P. 60-800  C.) gave small 
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white clust3rs, M.P. 97-9°C.  Yield  59%. 

The I.R. spectrum showed V 	at 1630 cw. 	and the n.m.r. 

spectrum showed absorptions at 2.20 - 2.94 -C (multiplet; 13H; 

aromatic protons including 7-Ph) and 3.12t  (singlet; lH; H-6). 

C20H1140 requires 	C, 88.9; H, 522% 

foundt C, 89.1; H, 5.141% 

14.7. Reactions of 	 Din. 

Hydrogenation. 

A solution of dibenz[b.djexepin (l.')g.) in ethanol, 

containing 0.2g. Raney nickel was ydrogenated at atmospheric 

pressure. After five hours, approximately half of the theoretical 

volume of hydrogen had been absorbed. The catalyst uas filtered 

off and the solvent removed leaving the product as a pale yellow 

oil, 1.02g. The t.-L.C. sho'ed two bands and the n.m.r spectrum 

showed approximately equimolar amounts of 6,7-dihycxrodibenz[b,d] 

oxepin and unreduced starting materie±. These were separated by 

chromatography on silica gel with the starting material being 

eluted with light petroleum and the dihydro-derivative with b jizene. 

6, 7-Dihydrodibenz[b,d3oxepin crystallised from light petroleum 

as small, white need1s, M.P. 112-13°c. (Sieglitz and Koch 

report 11600.). 

The n.m.r. specruu shows absorptions at 2.5 - 3.05 

(multiplet; 8H1 arrmatic protons), 5.63 	(triplet, J=  7H 

2H; 6-CH2) and 7.33' (triplet, J = 7 H ; 2H; 7-CH2). 

Bromination. 

A stirred solution of dibenz[b,d]oxepin (1.0g.) in chloroform 

(20 ml.,) was treated dropwise at room temperature with a solution 
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.f bromine (0.8g.) in chlor.form (10 ml.). The b:oinine colour 

'.isappeared quickly and no Hr was liberated. After the addition 

was completed, tie solvent was removed under reduced pressure; 

30 ml. of carbon tetrachlor:de were added and distilled out under 

reduced pressure leaving t-'--e product as a piak uji (1.9g.). The 

I.R. spectrum showed the absence of a double bond and the n.m.r. 

spectrw'i showed two pails of doublets centred on 3.157 and  +.70 

(J = 38 H ) and on 3.145(and 14.95 Z (J = 9.5 H ) respectively 

if aproximately equal intensity. The intensities of the peaks 

did not change when the spectrum was recorded at -60
0 
 C., 0°C and 

+2800. showing that th two coxioents ere the cis- and trans. 

dibromides. 

When tae reaction was repeated, the product coitained 80% 

trans.- and 2"% cis- isomers. This product crystallised from 

light petroleum (BP. 6O-8 0C.) as colourless needles, M.P. 

101-9°C. 

C1jH1oBr0 requires: C, 47.5; H, 3.39% 

found: C, 47•4; H, 3.18% 

(c) -Attempted Nitration. 

(i) A solution of fuming nitric acid (0.6 ml.) and acetic 

anhydride (2.0 ml.) in methylene chloride (10 ml.) was added 

over 30 minutes to a stirred solution of dibenz[b,d].xepin  (1.Jg.) 

in methyleie chloride (" ml.) containing 1 drop of glacial acetic 

acid at 0°C. Stirring was continued for a further hour at this 

temperature. The mixture was poured into crushed ice and the 

products extracted into methylene chloride when the ice had 

melted. The extract was washed with 3odium bicarbonate solution, 

dried and the solvent removed leaving the product as an orange gum, 
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(ii) A uspension of cupric nitrate (1.2+g.) in acetic 

anhydride (yo ml.) was added El.wly to a stirred solution of 

dibenz[b,d]oxepin (lOg.) in acetic anhydride (30 ml.) at -78°C. 

After the addition was complete, stirring was continued for a 

further 15 minutes at this temperature. Thp extcrnal cooling was 

removed and the mixture was allowed to come to room temperature. 

100 ml. water were added and the mixture was shaken with a further 

300 ml. of water before the products were extracted into methylene 

chloride. This extract was wahed with dilute ammonia and water, 

dried and the solvent was removed under reduced presaure leaving 

the product as a brown oil, 1.5g. 

In neither case were any nitro-derivatives isolated and both 

products were found tL be complex mixtures. Both polymerisation 

and hydrolysis oi the oxepin ring seemed to have taken place. 

.8 7-Bromodibenz[b,d]oxepin. 

A solution of 6,7-dibrmo-6,7-dihydrodibenz[b,d]oxepin (0.95g.) 

and potassium hydroxide (1.0g.) in echanol (10 ml.) was refluxed 

for 15 minutes. Potassium bromide precipitated quickly. The 

mixture was poured into water (100 ml.) and the product extracted 

inbo methylene chlorics. The extract was washed with water, dried 

and the solvenc removed under reduced pressure leaving the nreduct 

as a pale yellow oil, 0.6g. 7-Bromodibenz[b,d]oxepin crystallised 

from light petro1eu. (B.P. o-60c.) at -780C. as fine, white 

needles which melted below 0°C. 

The I.R. spectrum showed V 	at 1630 cm. 	and the n.m.r. 

spectrum at 100 NH showed absorptions at 2.18t' (octet, JorthR 

?.0 H 1 imetq 1.6 H 	para = 0.6 H ; 1H; H-8), 2.26 - 2.96 

(multiplet; 7H; remaining aromatic prots), 3.05 T (singlet; 
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iF; H-6). The mass spectrum showed parent ions of equal 

intensities at m/e 274 and m/e 272  witii the fragmentation pattern 

consistent with the proposed sruciure. 

4.9. Attempted preparation of 7-cyanodibenz[b,djoxepin. 

A mixture of 7-bromodibnz[b,d]oxepin (1.0g.), cuprous 

cyanide (O.-7g.) pyridine (1 drop) and dinethy1formamide (5 ml.) 

was refluxea for 1 hour during whch it becatre homogeneous. 

After ceding it was poured into aqueuus arrmonia and the product 

extracted into methylene chloride. The extract was washed with 

dilute hydro hl.ric acid ihen three times with water, dried and 

the solvent removed under reduced pressure leaving the product 

as a brown tar. The I.R. spectrum shwed C = 0, C 	N and OH 

groups. Chromatography on alumina isolated 0.1g. o, unreacted 

startng material. The remainder ws a complex mixture and no 

identifiable products were isolated, 
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