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The biological properties of some tetrahydroisoquinolines, 

piperazines, and piperidines are described with particular reference to 

derivatives with analgesic or C.N.S. activity. A brief account is given 

of the development of narcotic analgesic antagonists. 

The mechanism of action of sympathomimetic amines is described 

together with the biological properties of some B-phenylethanolamine 

derivatives. 

The difficulties involved in the direct 1-alkylation of pyrrole 

are discussed and a summary is given of the methods most usually employed. 

The biological properties of some pyrroles are described. 

The practical work described in this thesis is divided into three 

sections. The first concerns the preparation of alkyl and acyl 

derivatives of 1,2,3,4-tetrahydroisoquinoline, 1-phenylpiperazine, and 

4-diphenylmethyl piperidine. 

In the second part the synthesis of B-amino alcohols, by the 

fission of epoxides with amines, is discussed. Cyclisation of the 

B-amino alcohols gave examples of the oxazolidine, 2-oxazolidinone, 

2-oxathiazolidinone, 2-morpholinone, and morpholine-2,3-dione ring systems. 

A previously claimed synthesis of 3,5~diphenyloxazolidin-2-one, from 

phosgene and styrene oxide, is shown to yield the 3,4-diphenyl isomer. 

The possible conformation of 4-cyclohexyl-6—phenylmorpholine-2,3-dione is 

discussed on the basis of n.m.r. data. Preparation of the N-amino 

derivative of 2-cyclohexylamino-1-—phenylethanol is described together 

with the cyclisation to yield the first reported example of the 2H-1,3,4— 

oxadiazine-2-thione ring system.



The preparation of some novel 1~substituted pyrroles, from the 

reaction of methyl pyrrole~2—carboxylate and epoxides, is described in 

the third part. Examples of the 1H-pyrrolo 2,1-c][ 1,4] oxazine and the 

novel 4H-pyrrolo b,1-c] {1 4] benzoxazine ring systems are described. 

A mechanism is suggested for the reaction of pyrrole salts with epoxides. 

Various unsuccessful attempts to cyclise 1-substituted vinylpyrrole-2— 

carboxylic acids to pyrrole [2,1-0] [1,4Joxazines ‘are described. The 

photochemical isomerisation of trans-i-styrylpyrrole-2-carboxylic acid 

is discussed. Mass spectral data of some 1-substituted pyrroles is 

presented, 

In conclusion the pharmacological results of a selected number 

of compounds are reported and discussed. 1-Cyclopropylme thyl-4— 

phenylpiperazine has interesting C.N.S. activity and produces effects 

similar to chlorpromazine.
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Ae STRUCTURS-ACTIVITY RELATTON:    HPS IN SOME TETRAHYDROISOQUINOLINES, 

PIPERAZINES, AND PIPERIDINES . 

The compounds described in Part A of the discussion are 

derivatives of 1,2,3,4-tetrahydroisoquinoline (1), 1-phenylpiperazine (2), 

and 4-diphenylmethylpiperidine (3). These ring systems show an increasing 

separation of the aromatic ring(s) from. the R~substituted nitrogen by two, 

three, and four atoms respectively. There appeared a possibility that 

some useful structure-activity relationships could be drawn between 

v wot 
(1) (2) (3) 

derivatives of these compounds. 

a
=
 

1. Biological properties. 

(a) ®etrahydroisoquinoline. 

The isoquinoline nucleus, either in its aromatic or partially 

hydrogenated form, is found in many naturally occurring drugs (see 

Table 1.).



  

  

Isoquinoline Drug Action 

Emetine (6) Emetic, anoebicidal 

Papaverine (4) Vasodilator 

Morphine (7) Analgesic, euphoric 

Tubocurarine (8) Neuromuscular blocking agent         

Table 1 

Papaverine (4) has a direct action on organs containing smooth 

muscle causing a reduction in tone and motility. The action is more 

prominent when the smooth muscle tone is high dve to drugs or nervous 

activity. It also has a general dilatatory effect on arterial blood 

vessels, and as such is useful in the treatment of angina pectoris. 

Med SS 

MeO zm 

Meo 
= 

re 
“me 

‘OMe 

OMe 

(4) : (5) 

The simple 1,2~dihydro compound (5) is reported to cause a marked 

and sustained fall in blood pressure in hypertensive dogs.” Many 1,2,3,4- 

tetrahydroisoquinolines, however, possess a pressor activity greater than



MeO 

MeO 

MeO 

(6) 

    
(8) 

Me



  

that of the corresponding phenethyl. nes. The increased toxicity that 

  

is produced outweighs any useful increase in pharmacological activity. 

(9) 

Analgesic activity comparable to codeine, has been observed in 

3 The 1-phenylpropyl some i-substituted tetrahydroisoquinolines. 

derivative of cotarnine (9) has codeine-like activity with the advantage 

of low physical dependence. In general, however, the tetrahydro 

isoquinoline series has yielded few analgesics of clinical interest. 

(b) Piperazine. 

The piperazine ring system is found in a wide variety of 

pharmacologically active compounds. The simplest piperazine derivatives 

are useful as anthelmintics whilst the more complex derivatives have C.N.S. 

activity. 

Piperazine (10) is a very good vermifuge in the treatment of 

oxyuriasis (enterobiasis) and ascariasis (roundworm) infestations.“?? 

It is employed as the adipate, citrate or tartrate salt, the worms being 

narcotized, paralysed and expelled alive.



Diethylcarbamazine (11) is a most effective antifilarial drug 

used in the treatment of infestations caused by W.bancrofti 

6,7 

  

L.loa. The drug appears to sensitize the microfilariae to the actions 

of phagocytes in the blood, 

K NE 

cnn 
a CONE, 

ao (11) 

Cyclizine (12) and chloreyclizine (13) were developed as 

antihistamines and have an activity approximately equal to diphenhydramine.® 

They have a slow onset and a prolonged duration of action, and are now 

widely used as motion sickness preventatives. 

Me 

PH—cH—N N—Me R—N N 

| Ney. Ney, 

(14) Re (cH,),co-4-PC gl, 

12) R= Ph (12) Bt 

(13) R= 4-ClC Hy 

cl 

(15) R= (CH) ,CO-4—FC gH, 

Fluanisone (14) is the piperazine analogue of a large group of 

g chemically related butyrophenones” of which Haloperidol (15) is the



prototype. These compounds have potent anti-psychotic or neuroleptic 

properties and act in a similar manner to chlorpromazine, They are 

used in the treatment of schizophrenia characterised by paranoid and 

catatonic symptoms. 

Analgetic activity in the piperazine series is not very common. 

The 3-cinnamyl-8—propionyl-3,8-diazobicyclo [5.2.1] octane (16) possesses 

significant analgesic activity (10 x morphine), © It may be regarded 

as a piperazine derivative with the 1,5-position linked by a bimethylene 

bridge. 

Activities of the order of one-third to one-fifth that of morphine 

are claimed for the Mannich bases (17) obtained from 1~phenylpiperazine 

and a cycloalkanone. HN 

EtCO—N. 10 

(16) R = CH CH=CHPh i (17) n=1 or 2 

(c)  Piperidines. 

The piperidine ring is found in many compounds of widely differing 

pharmacological activity. Although piperidine itself has little or no 

activity, it provides a cyclic structure containing one basic centre 

from which structural analogues of high activity can be prepared. 

Some structurally similar compounds have quite different 

pharmacological actions. 4—Benzyl-1 E(o diuethylauives thei) el perttine 

dihydrochloride (pimetine hydrochloride, 18) slows down the development ,



e 

of atherosclerotic lesions in the rabbit. . This action is not due to 

a hypocholesterolemic effect but to a direct mobilisation of deposited 

cholesterol or the inhibition of its deposition. The B-anilinoethy1 

derivative (19), however, which is related to piminodine (20) has 

considerable analgesic activity (1300 x petiidinayy 2 

HoPh. 
o Ph R 

NY N 

(CH). R’ 

Mite), (19) R = OcoRt; R= cH,cH,WPh 
' 

(18) (20) R = COOEt; R = CH,CH,CH,NPh 

The benzhydrol piperidines show a similar diversity of action. 

a-(2-Piperidy1)benzhydro1( pipradrol, 21) is a ganglion stimulating agent of 

similar activity to amphetamine and is used in the ‘treatment of depressive 

ptateneLe It rouses animals from a barbiturate hypnosis but it differs fron 

amphetamine in that the animals do not “become irritable and their appetite is 

not affected. a-(4-Piperidyl)benzhydrol(azacyclonal, 22) is a behavioural 

depressant and is used in the treatment of mild conditions characterised 

by agitation, anxiety, and pireaee 

 



The activities of the diphenylmethylpiperidines closely resemble 

their benzhydrol analogues. The 2-diphenylmethylpiperidine (23) has 

C.N.S. stimulant activity © whereas the 4-diphenylmethylpiperidine (24) 

has depressant sets. | 

Cheek 
H 

Cl 

N: CH N 
Meo | CONH, 

Ph 

(23) (24) 

Resolution of 1-benzyl-3—diphenylme thylpiperidine (25) has shown 

that the two optical isomers possess quite different pharmacological 

acti eae The (+)-isomer causes a marked decrease in gastric secretion 

and protects animals against tremorine induced tremors. ‘The (-)-isomer 

however, has C.N.S. stimulant activity. 

. 

CH 
as 

Ph 

N 
CH Ph 

(25) 

2. Narcotic analgesic antagonists. 

The rationale behind the preparation of many of the N-substituted 

analogues in Part A of the discussion is found in the develoyment of
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clinically useful narcotic analgesic ansconieest zee 

For many years the effective treatment of severe pain has relied 

upon the use of morphine. The strong analgesic properties of morphine 

are, however, accompanied by several side effects which limit its 

usefulness. The two main disadvantages are respiratory depression and 

the tendency to cause addiction. Since the early 1930's a multitude of 

chemical compounds has been prepared in an attempt to separate analgesic 

activity from addiction liability. 

In 1943 it was discovered that N-allylnormorphine (nalorphine, 26) 

would antagonise some of the actions of morphine, especially that 

associated with respiratory depression. Nalorphine has an analgesic 

potency similar to that of morphine but its hallucinogenic side effects 

preclude its clinical use. These findings led Archer and his anecer a reba 

to synthesise many N-substituted derivatives of a~(t)~2' -hydroxy-5,9~ 

dime thyl-6,7-benzomorphan of which pentazocine (27) and cyclazocine (28) 

are in current use. 

4 CHCH=CHz 

  

OH 

  

(27) R CH2CH=CMe2 

(28) R= <<] 

Both compounds antagonise the effects of pethidine in the rat tail flick 

test but fail to give positive analgesic responses when used alone in 

this or similar tests. This failure to give positive responses in the
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usual analgesic screening tests (tail flick and hotplate) has led to the 

phenylquinone writhing test being used to detect potential narcotic 

analgesic antagonists. 

All of the active narcotic analgesic antagonists possess an 

N-substituted allyl or N-cyclopropylmethyl group. It is known that the 

eyclopropylmethyl group possesses significant allylic character.-* It is 

not, however, suggested that the mere possession of an N-—cyclopropylmethyl 

group will confer narcotic analgesic activity on a molecule, although 

such a compound might be expected to possess some interesting 

pharmacological activity.



1 

B. BIOLOGICAL PROPERTIES OF SOME B—PHAN 

  

  

1, Mechanism of action of sympathomimetic amines. 
  

The majority of compounds described in Part B of the discussion 

are derivatives of either B-phenylethanolamine or pene ty lanine: For 

an understanding of the pharmacological actions of these amines it is 

necessary to consider the mechanism of action of pireserie drugs in 

general.-°?>4* 

Stimulation of a postganglionic adrenergic nerve fibre causes 

noradrenaline to be released from the nerve ending. The interaction of 

noradrenaline with the adrenergic receptor can lead to either an excitatory 

or inhibitory response, depending on which organ is innervated. 

Stimulation of the coronary blood vessels causes them to dilate whilst 

blood vessels in the skin are constricted. 

Abiquist=? suggested that different effector cells contain 

different receptors which he designated a~ and B-receptors, The a—receptor 

is associated with an excitatory response whilst the B-receptor is generally 

associated with an inhibitory response. It has been shown that not only do 

some tissues contain both a- and B-receptors but that the same receptor has 

different properties in different tissues. The nature of the structural 

differences between the different receptors has yet to be resolved 5° 

The sequence of events that follow stimulation of the adrenergic 

nerve is shown in Figure 1. 2 Noradrenaline, released from the bound 

pool (NA-ATP complex), diffuses from the nerve ending and can then interact 

with the adrenergic receptor. The released noradrenaline is then taken up 

by an active transport mechanism into the nerve ending against a 

concentration gradient of about 10,000:1. The re-uptake of noradrenaline 

into the sympathetic nerve is the major process by which its actions,



    
     

ton
i    

      

     
Adreneegi 
terminal    

  

of 
po
st
ga
ng
l 

Deaminated 
metabolites 

  

Effector tissue 

nx Possible sites of action of drugs interfering with adrenergic mechanisms, 
(1) Action potentials propagate to the terminals of sympathetic postganglionic 

neurones. Propagation in terminal regions may be blocked by adrenergic neurone- 
blocking drugs such as bretylium and guanethidine. Propagation may also be 
blocked at tho synapse between pre- and postganglionic neurones by ganglion 

_ blocking drugs such as pempidine and chlorisondamine. 
(2) Circulating tyrosine is the probable precursor used by adrenergic terminals 

for the biosynthesis of noradrenaline, circulating tyrosine enters the adrenergic 
terminal possibly by a carrier-mediated transport process (2). Structurally related ~ 
drugs such as «-methyl-m-tyrosine can take the place of tyrosine and be converted 
by the biosynthetic process into false adrenergic neurotransmitiers. 

(3) False neurotransmitters can also be synthesized-from drugs which are re- 
* lated to other intermediates in noradrenaline biosynthesis, for instance @-methyl 
DOPA can take the place of DOPA. 

(4) Free noradrenaline in the axoplasm is destroyed by monoamine oxidase, 
situated in intrancuronal mitochondria. This enzyme can be inhibited by a wide 
range of MAO inhibitors such as pheniprazine, nialamide or iproniazid. 

(5) The rate-limiting step in noradrenaline biosynthesis, tyrosine hydroxylase, 
can be inhibited by drugs such as a-methyl-p-tyrosine or 3-iodotyrozine. 

(©) The storage of noradrenaline in intrancuronal storage particles is prevented 
by drugs such as reserpine. 

(7) The re-uptake of noradrenaline released by nerve impulses is effected by a 
membrane transport process which can be inhibited by many drugs, including 
cocaine, desipramine and many sympathomimetic amines. 

(8) Many drugs can also be taken up into the adrenergic neurone by acting as 
substrates for this transport process. Once inside the neurone, drugs may displace 
noradrenaline from intraneuronal stores (indirect acting sympathomimetics), and 
may further take the place of noradrenaline by acting as false ncurotransmitters 
(metaraminol, octopamine, «-methyl noradrenaline). ‘ 

(9) The extraneuronal metabolism of noradrenaline by catechol-O-methyl 
transferase can be inhibited by pyrogallol and tropolones, 

(10) The interaction of noradrenaline with «- and f-adrenergic receptors can be 
blocked by receptor blocking drugs such as phenoxybenzamine, phentolamine, 
DCI and pronethalol. The actions of noradrenaline on adrenergic receptors can be 
mimicked by direct-acting sympathomimetic amines such as adrenaline or 

synephrine, . . 

Figure 1
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following adrenergic stimulation, are terminated. The metabolism of 

noradrenaline by catechol-o-methyl transferase and monoamine oxidase may 

be considered minor processes in this context. The taken up 

noradrenaline, which is in a free form, will be changed into bound— 

noradrenaline or metabolised by monoamine oxidase in the intraneuronal 

mitochondria. 

There is evidence that the uptake of catecholamines from the 

circulation into tissues constitutes an important route for the rapid 

removal of catecholamines from the circulation after injection. This 

might be an important route for terminating the actions of catecholamines 

released from the adrenal medulla. However, the presence of high 

concentrations of catechol-o-methyl transferase and monoamine oxidase in 

the liver in most species will inactivate, though more slowly, circulating 

catecholamines if tissue uptake is blocked. 

B-Phenylethanolamine and phenethylamine are sympathomimetic 

amines and have similar pharmacological actions to adrenaline and 

noradrenaline, Fleckens tein’! has divided sympathomimetic amines into 

three classes according to their action on the chronically denervated cat 

nictitating membrane: 

1, Direct acting: Those that are potentiated by denervation 

and cocaine. 

2. Mixed acting: Those that are essentially unaffected by 

these procedures. 

3. Indirect acting: Those that are ineffective or significantly 

less effective afterwards. 

Noradrenaline (29), B-phenylethanolamine (30), and phenethylamine (31), 

are respectively, representatives of these three classes.



OH \ ji lee ah (prot 

OH OH 

(29) (30) 

C pretemohe 

(31) 

OH 

The basic structural requirements for direct acting compounds 

among the phenethylamines appears to be the presence of a catechol group 

ora 3 -phenolic and B-hydroxy group. It should be noted, however, that 

a rigid classification into direct, mixed, and indirect acting Bee is. 

not possible, and that each amine probably possesses both direct and 

indirect actions. The overall action of any amine will depend, therefore, 

on the relative potency of its two types of action. An amine may be 

direct acting on one tissue but have indirect or mixed actions on another 

tissue in the same animal. 

The mechanism of action of indirectly acting amines remains 

controversial. Current Gpinicnc? holds that phenethylamine and other 

indirectly acting amines enter the nerve terminal through the catecholamine 

uptake mechanism and displace noradrenaline from intraneuronal storage 

granules. Some indirectly acting amines which are taken up into the 

nerve may be B-hydroxylated to give compounds (false transmitters) which 

are themselves released by noradrenaline but which lack the pharmacological 

activity of noradrenaline. Displacement of noradrenaline also occurs from 

tissue storage sites simultaneously with inhibition of the re-uptake 

mechanism of the catechol amine. This explains why the very small amount 

of noradrenaline released by indirectly acting amines can have such potent 

effects.



2. Biological properties of some related derivatives, 
  

The mechanism of action of sympathomimetic amines has been 

discussed. It is appropriate to discuss some derivatives of 

phenethylamine and B-phenyle thanolamine in which the sympathomimetic 

activity is either enhanced or diminished. Reference is also made to 

derivatives that possess quite different pharmacological activity. 

(a) Hydrazines and hydrazides. 

Many hydrazines and hydrazides have been tested for monoamine 

oxidase (MAO)inhibitory action and several comprehensive reviews on 

structure-activity relationships are eval eie ce Although hydrazine 

lacks any significant MAO-inhibitory getion,© alkyl substitution may 

confer strong activity. 1,1-Dialkyl substituted hydrazines, (r'r°in,), 

however, have insignificant MAOQ-inhibitory activity. A hydrogen atom on 

the alkyl substituted hydrazine nitrogen seems to be essential for 

MAO-inhibitory activity. 

Phenylhydrazine (32) is a relatively weak MAO-inhibitor in vitro 

and is devoid of significant in vivo activity (reversal of reserpine 

induced sedation in mice).°° Benzylhydrazine (33) however, has 

considerable in vitro and in vivo inhibitory activity (40 x iproniazid).°° 

Potencies are expressed relative to iproniazid (35) which was the 

prototype of these antidepressant drugs. Further lengthening of the 

alkyl chain gives phenelzine (34) which has decreased inhibitory activity 

(4 x iproniazid) ie
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if \ CONHNHCHMe, \ )— (CH) ),,— NHNH 

(35) (32)n = 0 

(33) 4 

(34) n= 2 

Cp eeosit 

the 
(36) 

Branching of the side chain to give pheniprazine (36) produces enhanced 

activity (40 x iproniazid) ae Due to the occurrence of side effects, the 

use of iproniazid has been discontinued, in favour of less toxic compounds. 

Although unsubstituted hydrazides, (R-CONHNH) do not possess 

significant MAO-inhibitory activity, monosubstitution of the free amino 

group of the hydrazide, R-CONENH-R! » may, however, introduce powerful 

inhibitory eetivity. °° The main function of the acyl group appears to be 

as a "carrier", it being hydrolysed metabolically to release a MAO— 

inhibitory substituted hydrazine. WNialamide (37) has considerable NAO- 

inhibitory activity (3-12 x iproniazia) without producing liver damage.°° 

‘o> NH NH—(CH2)2 comer —¢ 

(37)



The clinical use of oxazolidines is limited but they have been 

used in the treatment of epilepsy in children’ and as appetite 

suppressants (anorexigenic Beents)e 

5~(3~Aminopheny1)-2,2,3-trimethyloxazolidine (38) possesses 

greater sympathomimetic activity than the B-amino alcohol (39) from which 

it is derived and is also less toxic.”? 

Ar Ar 

erate NMe 
OH  NHMe 

Me Me 2 

(38) Ar = 3—NH2CgH, (39) 

(c) Oxazolidinones. 

Furazolidone (40) has a very broad antimicrobial spectrum and is 

34 tt is 
35 

especially useful in the treatment of Trichomonas infections, 

also used in the treatment of coccidiosis in fowl,and giardiasis. 

ees 9 

on. 
oN 

(40) oR " H 

LEN 
(41) R=CHy-N 9 

(-)-Furaltadone (41) has found some use in the treatment of South 

American trypanosomiasis (Chagas! disease), a disease that is still
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ah 3 
difficult to treat,207>! It is also reported to have good antibacterial 

properties, especially against Staphylococcus infections.°“ 

In addition to these antibacterial oxazolidinones are also those 

with C.N.S,. and muscle relaxant properties. Mephenoxalone (42) is an 

anti-anxiety agent? of similar action to meprobamate (44). These 

compounds are interneuronal blocking agents and act by depressing nerve 

39 impulse transmission in polysynaptic reflex pathways. Metaxalone (43), 

is used clinically as a muscle relaxant. 

OCH: OCH 
\ 7 oh rie 

0. NH H 
OMe Y Me are 

(42) (43) 

i 

HjNCO, CHy— me CH207C NHz 

CH2CH2CH3 

(44) 

Bele 
O. NH 

CF3 ae 

(45) 

The 2-oxazolidinethione (45) was synthesised as a potential 

muscle relaxant but was found to have antifertility activity in the rat,/°
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(a)  Morpholinones and morpho rediones, 

The pharmacological activity of 2-morpholinones and morpholine~2,3- 

diones has been little studied. 3,3-Diphenyl-4-methyl~2-morpholinone (46) 

showed no activity in tests for analgetics, anhistamines, anticonvulsants 

and eyapetiomimatics:: | 

Similarly, 4,5-dibenzylmorpholine=2,3-dione (47) showed no 

antihypertensive, anti-inflammatory or analgetic activity.4* 

Whereas 3-methyl~2-phenylmorpholine (phenmetrazine, 48) has 

sympathomimetic activity similar to amphetamine and is used clinically as 

an appetite suppressant, *? the N-substituted oxazine (49) is inactive.“4 

HPh 

a NCH Ph 

Ph 
Ph 

O% oO 

(46) (47) 

Me 

PI 

eet 

(48) R= H 

(49) R= Alkyl
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ME 1-SURSTETURED PYRROLES. 

  

c. CHEMICAL AND _BIOLOGL 

a Preparation of i-allkyl derivatives of pyrrole. 

Pyrrole (50) is a five membered 1r~excessive heterocyclic compound 

possessing considerable aromatic character arising from the delocalisation 

of four carbon TT electrons and two paired electrons donated by the nitrogen 

atom. ‘This combination forms a sextet of delocalised electrons which has 

a high degree of aromatic Character, <217° 

The structure of pyrrole can be described as a hybrid of several 

resonance forms (eg. 50a to 50c). Dipole moment studies’! indicate that 

the dipolar resonance forms (eg. 50b and 50c) contribute significantly to 

    

the hybrid. 

L x \ ag ( \p <>) C \e 
N: NZ NZ 
H H H 

(50a) (50c) 

{ \ Sane) <— > C es 

(Sia) (51b) (Sic) 

Pyrrole, with a Ean of greater than 15, is weakly acidic and 

can form alkali metal salts and Grignard reagents. There are two reasons



for the acidic nature of pyrrole. The tf electron system of the resultant 

anion (eg. 51a to Sic) is stabilised by delocalisation and, in contrast to 

pyrrole, involves no charge separation. A second factor is the greater 

s-character of the N-H bond in pyrrole compared to ammonia and amines. 

The bonding electrons are held more tightly by the nitrogen, allowing the 

hydrogen to leave more easily as a proton. 

(a) Alkali metal salts. 

The reaction of alkali metal salts of pyrrole with alkyl halides 

usually gives t~alkylpyrroles. Although i-alkylation does occur with 

potassium salts and methyl iodide? 70 or dimethyl sulphate, with higher 

alkyl halides the situation is confused. With ethyl iodide and potassium 

salts, 1-ethylpyrrole is obtained together with some 2~ and 1,2- 

diethylpyrro re?! 

The situation has been clarified to some extent by work on the 

alkenylation of pyrrole.?- In these experiments lithium, sodium and 

potassium pyrrole were treated with allyl, crotyl and benzyl halides in 

the presence of different solvents. Mixtures of 1- and 2-substituted 

pyrroles were obtained with traces of 3-substituted pyrrole. It was 

found that the nature of the solvent and cation employed had a considerable 

influence on the products obtained. The following conclusions were drawn: 

1. For a particular cation, the most polar solvent gave the 

greatest proportion of N-substituted product. 

2. For a given solvent the proportion of N-substitution 

depended on the cation in the order ui <Hat<Kt tesitPh 

3. For potassium pyrrole, the proportion of N-substitution 

increased with increasing solubility of the salt in the 

solvent employed.
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It was suggested that dissociation (i) of the pyrrole salt in the 

solvent would favour N-substitution whilst ionic association (ii) 

favoured C-substitution. It can be seen from Figure 2 that dialkylated 

products could arise from the 2-substituted product (53) but not from the 

1-substituted product (52). 

= Ci) = 

RCH)X 

ie 

  

H 

CHpR+ MYp x7 

| \ | \ 

(52) Figure 2 (53) 

Tosylate salts are useful in the preparation of 1~alkyl derivatives of 

pyrrole. The original procedure”> has recently been improved by 

Collington and Jones.°* Sodium pyrrolide was reacted with 4- 

tolylsulphonyloxybutyl chloride to give the N-chlorobutylpyrrole (54) 

in good yield.



  

(CHp),Ct 
OS = 
— 

(54) 

A comparison of the ability of allyl tosylate and allyl bromide 

to alkylate the alkali metal salts of pyrrole has been capried out.” 

When allyl tosylate was reacted with potassium pyrrole in dimethylsulphoxide 

the relative proportion of the 1-allylpyrrole produced increased from 8% 

to 99%, compared to allyl bromide. This experiment demonstrates that good 

leaving groups, like tosylate, favour N-substitution. 

Ethylene oxide has been reacted with potassium pyrrole to give 

1-(2—hydroxyethyl)pyrrole in moderate yieta,© 

(>) Pyrryl magnesium halides. 

The alkylation of pyrryl magnesium halides leads almost exclusively 

ot Both 2~ and 3-alkylpyrroles are produced by to C-substituted products. 

the reaction of pyrryl magnesium bromide with alkyl halides, 

The reaction of pyrryl magnesium chloride with ethylene oxide has 

been reported recently” to give the 2- and 3-(2~hydroxyethyl)pyrrole, (55) 

and (56) respectively. When the reaction was performed in ether the 

product ratio of (55):(56) was 1:3. With tetrahydrofuran as solvent the 

sole product was the pyrrole (56), 

HyCH OH 

ee ee ey 
EtpO 

MgCl 4 

(55) (56)
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An explanation was given in terms of the relative solvating 

powers of the ethers : 

4) 55> 6-> 3-membered ring >Bt,07 

Ether molecules will complex with the magnesium and sterically hinder 

the 2—position, Ethylene oxide, having a stronger solvating power, will 

displace the ether molecules from the magnesium and then react at the 

2-position to give the pyrrole (55). The formation of the pyrrole (56) 

proceeds without any steric hindrance. 

The stronger solvent tetrahydrofuran will not be displaced from 

its magnesium complex and so pyrrole (56) will be formed exclusively. 

The reaction of pyrryl magnesium chloride with trimethylene oxide 

leads to the formation of 2-(3~propan-1-ol)pyrrole (57) and 3-(3-propan- 

1-01) pyrrole (58) in the ratio ast f° 

oO (CH2)30H 

® Betas Ce + Cs 
act Et 

(57) (58) 

Trimethylene oxide, being the strongest solvent among the ethers, 

will complex preferentially to the magnesium leading to a greater 

proportion of the 2-substituted pyrrole (57). 

N.m.r. piraiees. on pyrryl magnesium chloride, in ether, have 

shown that it has the structure (59). An ionic structure, though not 

highly dissociated, can also be postulated. In this case the mainly 

C-substitution reactions can be explained in similar terms as the 

alkenylation reactions of the alkali metal salts of pyrrole.
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O 
MgCl 

(59) 

(c) Direct alcylation. 

  

A suitably substituted pyrrole (60) has been reacted with 

ethylene oxide to give the pyrrolooxazine (61) Eivectivn a 

NH 

(61) 

2s Biological properties of some related pyrroles. 

The porphyrin ring system (62) consists of a fully conjugated 

cyclic structure of four pyrrole rings linked together through their 2- 

and 5—positions by four methine bridges. It is found in several important 

natural products, notably, haemoglobin, chlorophyll, and vitamin Bj2. 

The chemistry of porphyrins has recently been eye? 

 



A few monopyrrole compounds which possess antibiotic activity 

have been isolated from natural sources. Pyrrolonitrin (63) is used 

clinically in Japan as an antifungal agent and was isolated from 

Peendomonas culairess + Pyoluteorin (64) is produced by a certain 

strain of Pseudomonas Berusincsaes] The antibacterial, bromine rich 

66,67 
pyrrole (65) has been isolated from a marine bacterium. 

cl : 4 

UN Z fos £ 
H H 

0 (63) : 
Br 

(65) 

(64) HO 

69 
Recent Japenese’? and German ~ patents have listed the synthetic 

pyrroles (66 and 67) respectively, as useful antibacterial and 

antiprotozoal compounds, 

A Oh. N77 ~COEt O.N\ yy SCONHNH2 
ct H Me 

(66) (67)



eT 

The potential analgesic activity of some bridgehead nitrogen 

compounds has been investigated but 7-acetoxy-7—phenylindolizidine (68) 

was found to be inactive, /° 

  

(68)
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   JINOL Ae SYNTHESIS OF SOME TETRAHYDR    
   

AND DIPHENYLMETHYLPLPERIDINE DERI 

  

VATIVES. 

2-Cyclopropy me thyl~1 ,2,3,4~tetrahydroisoquinoline (69) was 

obtained in good yield by the reaction of 1,2,5,4~tetrahydroisoquinoline 

with cyclopropanecarboxylic acid chloride in benzene, ‘ The infrared 

spectrum of the intermediate amide Pipeed the characteristic carbonyl 

absorption at 1640 oe The known conjugating ability of the cyclopropane 

ring with suitably constituted carbonyl groupe*> is partly responsible for 

the absorption figure being towards the lower limit of the normally quoted 

aly The amide was reduced with lithium aluminium range (1680 - 1630 om. 

hydride in ether to give 2-cyclopropylmethyl-~1,2,3,4-tetrahydroisoquinoline 

(69) which was characterised as the hydrochloride. Although cyclopropanes 

may undergo hydrogenolysis under certain conditions, the ring is normally 

stable to metal hydride reductions /@?"9 and was observed as a strong 

14 absorption at 1020 aoe in the infrared spectrum'" of the amine 

hydrochloride (69). 

(69) R= CHp-~o-CoH, 

e (70) R= CHy-¢-0 

(71) R = CH cH=cue, 

2-Cyclobutylmethyl-1,2,3,4-tetrahydroisoquinoline (70) was 

prepared from 1,2,3,4~tetrahydroisoquinoline and cyclobutanecarboxylic 

acid chloride. The intermediate amide showed the carbonyl absorption 

at 1650 cua indicating the lack of any conjugation with the cyclobutane 

ring. Reduction of the amide with lithium aluminium hydride gave 

2-cyclobutylmethyl-1,2,3,4-tetrahydroisoquinoline (70) which was


