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ABSTRACT

In part A, the aryloxypropanolamine class B compounds, which are considered to
be an important chemical group of B-adrenergic blocking agents, have the general structure
R1-0-CH;-CH(OH)-CH,-NH-RZ2. Most investigations to design new B-blockers have
involved modification of the R! and R2 substituents. The discovery of propranolol (7),
and its extensive structural modifications, provided a large number of compounds having
greater activities and selectivities. The replacement of the aryloxy moiety of propranolol by
a 1,2-, 1,4-, or 1,6-dihydropyridine ring system, that is stablized by a single electron-
attracting 3-cyano, or 3-(4,4-dimethyloxazol-2-yl) substituent, afforded (146-151).
Replacement of the NH-R2 moiety of propranolol by a 1,2-, 1,4-, or 1,6-dihydropyridine
ring system, that is stablized by a single electron-attracting 3-cyano or 3-(4,4-
dimethyloxazol-2-yl) substituent, afforded (171-178) or (179-184). Replacement by an
isoquinolone, 4-quinazolone or 1-(4-diphenylmethylpiperazinyl) ring afforded (255-256),
(259-260) or (222) respectively. The R1 substituent of (222) was a 5-quinolyl ring
system. The test results indicate that the activity of these two series of compounds exhibited
a weak [-adrenergic antagonist activity on both atria and trachea relative to propranolol and
that they are non-selective /B9 antagonists. Structure-activity correlations suggest an
oxygen atom with a free electron pair or an amino hydrogen substituent may be essential
for an efficient B-adrenergic receptor interaction involving the free electron pair on the
oxygen atom or hydrogen bonding. Other heterocyclic analogues of propranolol (7) were
prepared that possess a S-quinolyl (211, 212, 213), 4-quinolyl (233a), 2-quinolyl
(242a,b), 2-pyrimidinyl (245a,b), or 2-isoquinolyl ring system (248-251). Some of
these compounds exhibited potent and selective B-adrenergic antagonist activity. The test
results indicate that these hetereocyclic analogues of propranolol (7) were generally
equipo;ent on atria, when the R2 substituent was isopropyl or t-butyl and less potent

when the steric properties or lipophilicity of the R2 substituent was increased, relative to



propranolol. These compounds were highly selective B1/B7 antagonists. Structure-activity
correlations suggest an oxygen atom having a free electron may be essential for an efficient
B-adrenergic receptor interaction since activity was reduced when the oxygen atom was
attached to a electronegative heteroaryl group.

The effect of chirality upon B-adrenergic antagonist activity for (2R or 28)-1-
(guinol-5-yloxy)-3-alkylamino-2-propanols was investigated by the preparation of the
(2‘R)-1~(q’uinol-5-yloxy)-3-alkylamino-2-propanols (214, 215) and (2S)-1-(quinol-5-
yloxy)-3-alkylamino-2-propatols (216, 217). The test results indicate that compounds
having the (R,S)-, or (S)-configuration were equipotent with propranolol on atria. In
addition they were ten times more active, and more B1/B2-selective antagonists, than
compounds having the (R)-configuration. The structural modification of (S)-(216), by

replacement of the R2 substituents by cyclohexyl (218), 1-(3-phenylpropyl)-(219),
2-indolyl-t-butyl (220), or (S)-a.-methylbenzyl (221) was investigated to determine the

effect of these R2 substituent upon B-adrenergic antagonist activity. The test results indicate
that these compounds (218, 219, 220, 221) exhibited weaker B-adrenergic antagonist
activity than (216) but they possessed a high B1/B2-selectivity.

The B1- and PBy-adrenergic antagonist activity of selected compounds were

determined using the chronotropic and inotropic response of guinea-pig right and left

atrium, and trachea respectively. The B1- and f7-antagonist activity was quantitated from
the dose dependent displacement of the isoproterenol concentration-effect curve. The
structure-activity relationships for B1- and B;-adrenergic antagonist activity have been
described.

In part B, alkylating groups have been incorporated into many types of molecules
among which heterocyclic compounds are well represented. There has recently been a
considerable degree of pharmacological interest in 3,3-epoxy-a,B-dialkylstilbenes and
their corresponding oxides, o.,3-epoxysuifoxides and methenomycins which contain an

oxirane ring system activated by different electron-withdrawing groups such as phenyl,



sulfonyl or carbonyl. A new class of oxiranes which are activated by a pyridine ring system
and an alkyl carbonyl group (27a,b,c,d and 28a,b,c,d) were synthesized and evaluated
as cytotoxic agents to determine their structure-activity relationships (SARSs) using the P388
Lymphocytic Leukemia screen. The Darzen's reaction of a 2-pyridinylcarboxaldehyde (24)
with methyl bromoacetate afforded a 1:1 mixture of the trans-(25) and cis-methyl 3-(2-
pyridinyl)-2,3-epoxypropanoate (26) stereoisomers. Subsequently, the reaction of a 1:1
mixture of (25) and (26) with a Grignard reagent (RMgX; a, R= n-butyl; b, R= n-hexyl;
¢, R=n-decyl; d, R= n-hexadecyl) afforded a mixture of trans-(27a,b,c,d) and cis -1-(2-
pyridinyl)-1,2-epoxyalkan-3-ones (28a,b,c,d) which were separated.

The pharmacological test results obtained indicated that the stereochemistry (cis and
trans ) of the oxiranyl substituents and/or size of the alkyl substituents of (27a,b,c,d) and
(28a,b,c,d) are determinants of cytotoxic activity. The test results suggest that the
increased steric effect of alkyl substituents is responsible for the greater activity of the cis-
isomer, relative to the corresponding trans-isomer since the lipophilicity of the alkyl

substituents is not expected to be a significant determinant of activity.
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PART A

" HETEROCYCLIC ARYLOXYPROPANOLAMINES AS B-ADRENERGIC
ANTAGONIST AGENTS"



1.0.0.0.0 INTRODUCTION.
1.1.0.0.0 NOREPINEPHRINE AND ADRENERGIC RECEPTORS.
1.1.1.0.0 A DﬁSCRIPTION OF TﬁE NERVOUS SYSTEM.

The nervous system can be conceptually divided into the central
and peripheral nervous systems as illustrated in Figure 1. The
peripheral nervous system can be further subdivided into the autonomic
and somatic nervous systems. Both systems which are controlled by higher

centers present in the brain, are stimulated by neurotransmitter

release.
Nervo?s System

f v
Central nervous system includes Peripheral nervous system constitutes the total
the brain and spinal cord outflow of motor nerve fibers from the brain

and spinal cord
{
Somatic nenfous system Autonomic'nervous system
(voluntary system). (involuntary system).
Innervates skeletal muscles Innervates smooth muscles,

cardiac muscle and glands

Figure 1. CLASSIFICATION OF THE NERVOUS SYSTEM

1.1.2.0.0.THE ADRENERGIC NEURONAL SYSTEM.

The branch of the autonomic nervous system in which norepinephrine
(la), and to a lesser extent epinephrine (1b), act as neurotransmitters
between a nerve ending and the effector muscle is known as the
adrenergic nervous system. The adrenergic nervous system plays an

important role in regulating many physiological functions including



blood pressure, heart rate and force, gastrointestinal motility and

bronchial tonel.

H H—CH,~NHR

OH
HO

1
la) Norepinephrine R= H
1b) Epinephrine  R= CH3

lc) Isoproterenol R= CH(CH3)p

The adrenergic nervous system, which is also called the
sympathetic nervous system, is located in both peripheral and central
areas. Peripherally, all organs are innervated by either the adrenergic
or cholinergic systems. In most cases the adrenergic ar+ion of the
peripheral nervous system is cpposite to the cholinergic effects.
Centrally, the two system can be distinguished, (1) the noradrenergic
pathways which are primarily located in the locus ceruleus, a deeply
pigmented small celi group, involved in behaviour, mood, and sleep; (2)
the adrenergic pathways which use epinephrine as a neurotransmitter,
have been explored only recently. The functional role of adrenergic and
noradrenergic neurons can be assessed by selective destruction of these

neuronsZa@ or by radioligand studies?b,

1.1.3.0.0 BIOSYNTHESIS OF CATECHOLAMINE NEUROTRANSMITTERS.
The adrenergic system utilizes neurotransmitters belonging to the

class of substances known as catecholamines. Some biogenetically related



catecholamines and the pathways leading to their biosynthesis are shown

in Figure 23:4,3,

-

CH,-CH-COOH CHz-QH-COOH CH,-CH;-NH; CH-CHz-NI'Iz CH'CHZ' -CH;
NH,
Tyrosine DOPA Dopamine Norepinephrine Epinephrine
2 5
5
OH
H OH
= 3 4
| - >
2
OH OH
Tyramine Octopamine Synephrine
Enzymes involved:
1 Tyrosine hydroxylase 4 Phenylethanolamine
2 Aramatic amino acid decarboxylase  N-methyltransferase
3 Dopamine B~hydroxylase 5 Catechol-foming enzyme

Figure 2. Biosynthesis of Catecholamine Neurotransmitters.

1.1.4.0.0 ADRENERGIC RECEPTORS.
Adrenergic receptor56r7 have been studied extensively using

pharmacological methods, although little is known regarding their
biochemistry. The concept that catecholamines bind to specific receptors

in various tissues to initiate physiological responses was first



suggested by Langleye. Langley further proved that receptors for
epinephrine may contain substances which excited or inhibited the
physiological processes. This hypothesis was also supported by a study
by Daled which showed that the excitatory actions of epinephrine were
blocked by ergot, but the inhibitory effects were not, suggesting the
existence of two types of receptors for epinephrine. Ahlquistl0
investigated the effects inhibited by six drugs that could stimulate the
adrenergic system, which showed differences in the order of
responsiveness. In one case, norepinephrine was the most active and
isoproterenol (le) was least active. However in other cases, the
potency order was reversed, where isopreterenol was the most active. On
the basis of these results, Ahlquist postulated the existence of two
types of adrenergic receptors designated as o and B (Figure 3). a-
Receptors are generally excitatory and mediate a constrictive effect on
vascular, uterine and intestinal muscle upon stimulation by o-agonists.
0-Receptors respond to different adrenergic agonists where the potency
order is epinephrine > norepinephrine > isoproterenol. Evidence for the
existence of a heterogeneous class of postsynaptic O-receptors in
vascular smooth muscle was recently reported!l that opens up additional

approaches for drug development.



1
J
o-Receptors. B-Receptors.
Stimulation results in excitation Stimulation results in inhibition
(except in case of heart)
f | Y
) B

Peripheral receptors Cardiac receptors
responsible for vasodilation responsible for
and brochodilation stimulation

Figure 3. Classification of adrenergic receptors.

B-Receptors are usually inhibitory on smooth muscle but stimulate
the myocardium by adrenergic agonist drugs. Their sensitivity to drugs
is isoproterenol > epinephrine > norepinephrine. B-Adrenergic receptors
have been further subdividedl? into Bj- and Pa-receptor subtypes. Pp-
Receptors which are present in heart, induce positive chronotropic

(rate), dromotropic (conduction) and inotropic (contractility) effects.
Bo-Receptors located in blood vessels and bronchi produce dilation of

these structures. Liver p-adrenoceptors also belong to the Pp-
adrenoceptor subtype13r14. The major differences between these two

receptor subtypes is that norepinephrine exhibits a potent activity at

B;-adrenergic receptors, whereas norepinephrine exhibits a weak effect
at Po-adrenergic receptors. The advent of subtype-selective agonists and
antagonists also provides evidence that both subtypes can be present in

the same tissue such that cardiac responses in many species can be
evoked by stimulation of either the P1- or B,-adrenoceptor15-20, The



location of 0~ or P-receptors is not tissue specific since many organs
contain both - and PB-adrenoceptors, although one type usually

predominates. The predominant receptors present in human cardiac tissues

are Pj-receptors, although Pp-receptors are also present in right21-24

and left atrium?5:23, In addition to the B1- and By-subtypes, a third

adrenergic receptor subtype has been isolated from a human gene that
encoded for it that is referred to as a "B3-adrenergic receptor”. A f3-

adrenergic receptor has been implicated in the control of various

metabolic processes of catecholamines?f,

1.1.4.1.0 PROPERTIES OF THE (-RECEPTOR.

The properties of the O-receptor have been investigated2?. The

development and investigation of polyamine disulfides (2,3), a novel

class of irreversible selective o-agonist, 28 ocpened up new

possibilities to study O-receptors. Investigations using benextramine

(2) analogues resulted in the provision a tentative hypothetical

receptor model?9, On the basis of drug selectivity, there is now

considerable evidence for the existence of two a-adrenoceptor

subtypes30,

H,N~(CH;)5s-NH—(CH,),~S~8~(CH,),~-NH~(CH,)s~NH,

2
CH,0

X1
@CHTNH-(CH2)6-NH-(CH2)2-S-S-(CHZ)Z-NH-(CH2)6-NH-CH2

3 (Benextramine)



1.1.4.2.0 CHARACTERISTICS OF THE [(-RECEPTOR.

The characteristics of the B-receptor are well-defined due to the
many investigations carried out3143. A various techniques including
functional, 4450 second-messenger,51/52 radioligand binding,54-56 and
molecular biology studies®’—00 have been used to assess the properties
of Bj~ and Py-adrenoceptors in human cardiac tissues. The results of
these studies have been reviewed®l. Functional studies were used to
determine the inotropic and chronotropic responses for atrial or
ventriculér myocardium, whereas radioligand binding and adenylate
cyclase studies provided information on the overall cardiac receptor
population. The development of radioligands selective for P-
adrenoceptors stimulated many investigations which resulted in their

characterization, classification, and tissue localization2, The key to

investigate properties of P-receptors successfully at the molecular
level was the development of selective ligands. The two radiolabelled f3-
antagonists [3H] alprenolol (4) and [125I]iodohydroxybenzpindolol (5)
were used for this purpose. Since the heart is composed of many
different cell types, it is clearly important to identify which cells

possess receptors and how they respond. The development of highly
selective antagonists for Bj- &nd Po-adrenoceptors and autoradiographic

techniques®3-67 developed by Kuharb8 facilitated the determination of -

adrenoceptor location in cardiac tissue.
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1.2.0.0.0 B-RECEPTOR AND ADENYLATE CYCLASE.

Three of the four subtypes (o3, Op, By and By) of adrenergic
receptors are linked to the enzyme adenylate cyclase, which generates
the well-known second messenger 3',5'-cyclic adenosine monophosphate
(cAMP) 51,69 as shown in Figure 4.

Adenylate cyclase catalyzes the conversion of adenosine
triphosphate (ATP) to cyclic 3',5'~adenosine monophosphate (cyclic AMP) .
Cyclic AMP is released from the membrane-bound enzyme into the cell

where it functions as a "second messenger"”. According to this concept,

the B-adrenergic agonist acts as the "first messenger" since it carries

information to the cell by interacting with B-receptors on the cell

membranes.



NH2 NHZ

X
o g N '

I I L
“0-P-O-P-0-P-0O- :
0 E) 0 (I) OE)O H,C 0\ Adenylate cyclase’

N
NZ I \> Catecholamine
N

activation

inhibition
B-Blocker V4

OH OH

Figure 4. Adenylate cyclase converts ATP (Adenosinetriphosphate) into

cyclic AMP.

The receptor-agonist interaction results in stimulation of
adenylate cyclase and production of cyclic AMP, which acts as "a second
messenger” by carrying the information to intracellular sites?0. Cyclic
AMP functions as the mediator of the action of the drug or
neurotransmitter that originally interacted with the [-adrenergic
receptor’/l, The enzyme adenylate cyclase is stimulated by catecholamines

as well as a number of hormones including norepinephrine in virtually

every tissue believed to contain pharmacologically defined B-
receptors,72r73 and is inhibited by 09 receptors. The @3 receptors
mediate cellular calcium ion fluxes. Other receptors are also coupled to
adenylate cyclase in either a stimulatory fashion, such as receptors for
glucagon, prostaglandins, secretin or vasopressin; or in an inhibitory
mode such as muscarinic or angiotensin receptors’4. The coupling of

receptors to adenylate cyclase is dependent upon a group of guanosine



triphosphate (GIP) binding proteins called "G-proteins" that couple
either stimulatory or inhibitory receptors, thus defining the "Gg" and
"Gi" subtypes?S.

The intimate association of the B-receptor and adenylate cyclase
is well supported by both qualitative and quantitative indices?6:73,
Although, stimulation of P-adrenoceptors produce a rise in cAMP levels
in human left and right atrium, and ventricles;23:47,49,77 it should
also be noted that, in certain instances that a B-.drenergic response
may occur without a measurable increase in cyclic AMP levels’8. At one
time it was proposed that adenylate cyclase itself was the B-adrenergic
receptor. According to this concept, B-adrenergic agonists and
antagonists interact directly with the catalytic site of adenylate
Cyclase to either activate or inhibit the enzyme’9. However, it is now

well established that the P-adrenergic receptor site that binds B-

agonists and antagonists resides on a portion of the cell membrane that
is separate from adenylate cyclase. The B-adrenergic receptor and
adenylate cyclase are separated, membrane-bound macromolecules that
appear to interact via a "coupling system" involving membrane
1ipids80-83, 1n adidition, guanyl nucleotides are involved in modulation
of the binding of agonists and antagonists to the receptor84, a
comparison of the potencies of agonists for stimulation of adenylate

cylase and their affinities at [31- and Bz-adrenergic receptors suggested

close coupling of the enzyme to both receptor subtypes49. The most

common f-agonists and B-antagonists activate adenylate cyclase in a

stereospecific fashion85.

10



1.3.0.0.0 P-ADRENERGIC RECEPTOR BLOCKERS AS THERAPEUTIC

AGENTS.
Ahlquist's classification of adrenergic recept:ors10 into two
distinct groups provided the basis for the emergence of a class of drugs
which has made substantial impact on the understanding and the treatment

of a wide spectrum of disease states. During the early era of [-

blockers, their initial proposed therapeutic use was for the treatment
of angina pectoris. The first effective B-blocker for the treatment of
angina pectoris was pronethalol (6)86,87, Propranolol (7) was
developed8d shortly after clinical trials on pronethalol were terminated
due to carcinogenin effectsS8, Propranolol was found to be beneficial

for the treatment of angina pectorisgo. Propranolol is one of the most

widely investigated and extensively used Pf-blocking agents.

At ithe same time P-blockers were also being considered as anti-

anginal agents, and other therapeutic applications in cardiovascular
diseases. In animal studies, it was observed that pronethalol induced
bradycardia which suggested B-blockers may be suitable for the treatment
of arrhythmiases. Dichloroisoproterenol (DCI) (8) and pronethalol were
found to exhibit antiarrhythmic activity against experimentally induced
cardiac arrhythmias91r 92, Subsequently, pronethalol was reported to
exert effective antiarrhythmic activity in humans?3 which was also

observed for propranolol94r 95, B-Blockers were also considered for use

in the treatment of myocardial infarction. In this respect, the first
clinical trial using propranolol demonstrated that f-blockers reduced
mortality in this patient population%. The observation that propranolol
lowered blood pressure in patients who were being treated for angina97

and the significant antihypertensive effect observed in clinical trials

11



with propranolol98:99 led to the use of B-blockers as primary drugs for

the treatment of hypertension. An excellent review describing the use of
B-blocking agents in hypertension has been published100, Numerous B-

blockers have been developed and additional therapeutic indications have
been suggested subsequent to the development of pronethalol and
propranolol as clinically useful agents for the treatment of various
cardiovacular disorders. The B-adrenoreceptor antagonists are safe and
effectivel01,102 grugs for the treatment of systemic hypertension,103
arrhythmias, 104 angina  pectoris,105 myocardial  infarction,106

thyrotoxicosis, 107 open-angle gloucomalO8 and for prophylaxis against
migraine headachel09, Recently, the utilization of B-blockers for the

treatment of migrainell0 headache has been reviewedlll, Antimigraine
activity is not a pharmacological action shared by all B-blockers, since
this effect has been demonstrated clinically only for propranolol (7),

timolol (9), metoprolol (10), nadolol (11) and atenolol (12).111 qne
P2-selective antagonist,l12 ICI-118551 (13) has undergone Phase II

clinical trials as an antimigraine agent. P-Blockers have also been
reported to be useful drugs for the treatment of anxiety, 113 ang

tremorlm .

1.4.0.0.0 ADVERSE EFFECTS OF ﬂ-BLOCKING DRUGS.

Although B-blocking drugs are for the most part highly effective,
unexpected rises of blood pressure have been reported occasionally with
atenolol (12),115 oxprenolol (14),116 propranolol (7)117 and pindolol
(15)118, There is no cbvious reason for this unusual effect. There have

been reports that patients have developed heart failure during
propranolol chemotherapyll®, oOther B-blockers that exhibit ISA

12



(intrinsic sympathomimetic activity) can also precipitate heart failure;
this has been reported with alprenolol (16) ,1201121 oxprenolol (14) ,122

penbutolol (17)121 and pindolol (15)123, Heart failure has also been
reported with non-ISA B-—blocking drugs such as timolol (9) 124,

frequent side-effect of P-adrenergic blocking drugs is cool
extremitiesl?S, There is some evidence that Pj-selective drugs are
associated with a decreased incidence of cool extremitiesl26, B-Receptor
inhibition produces a significant increase in airway resistance in
asthmatic individuals due to inhibition of sympathetic tone in bronchial
smooth musclel??, Generally PBj-selective drugs exhibit less adverse
effects than non-selective agent5128“13°. Other central nervous system
side-effects that have been reported include sleep disturbances,
insomnia, hallucinations, depression, delirium, headachel31/132, preams
occur more frequently with the lipid-soluble drugs33,134 and there is
some evidence that the B-blocking drugs which are lipid insoluble, such
as atenolol (12),133,135 or sotalol (18),136 induce fewer central

nervous system side effects.

0.0 QL

€ R= CHyCH(OH)CHpNHCH(CH3)2; 7 R= OCHCH (OH)CHpNHCH (CH3) 2,

8 Re CH,CH(OH) CHyNHCH (CH3) 2.
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o) R R
(?N R R
HO

N/ \N

Ng” CH,CH,0CH; HO CH,CONH,

9 10 11 12

9 R= OCHCH(OH)CHpNHC(CH3)3 11 Re OCH,CH (OH)CHoNHC(CH3) 3
10 R= OCHCH (OH) CHpNHCH(CH3)p, 12 R=OCHCH (OH) CHoNHCH (CH3) 5

R R R R
© O'CHZ' CH=CH2 @ CHz- CH=CH2
| N
H

CH;

13 14 15 16
13 R= OCH2CH (OH) CH (CH3) NHCH (CH3) 2
14 Re OCHpCH(OH)CHNHCH(CH3); 16 Re OCH,CH (OH) CHoNHCH (CHs) 5
15 Re OCH,CH (OH) CHNHCH (CH3)

NHSO,CH;,
17 Re= OCHCH(OH)CHoNHC(CH3)3 18 Re= CHpCH (OH) CHoNHCH (CH3) 2

1.5.0.0.0 PHARMACOLOGIC PROPERTIES OF B~BLOCKING AGENTS.

All of the f-blockers, whether cardioselective or non-
cardioselective that exhibit or do not exhibit ISA (intrisic
sympathomimetic activity), ﬁow in common clinical use world-wide appear
to be effective in lowering blood pressure in the majority of patients

with essential hypertension. However the mechanism of their



antihypertensive action is still uncertainl00,137, There have been a
nutber of suggested mechanisms by which PB-adrenergic blocking drugs
exert their hypotensive effect including a direct action on the central

nervous system, adrenergic neuron blockage, anti-renin activity and an

increase in vasodilator prostaglandinsl38, Although B-blockers inhibit
renin release from the kidney, probably by an action on f;1-
receptors,l39' 140 there is generally a poor correlation between the
decrease in plasma renin activity (PRA)141l and reduction blood pressure
during therapy. Other studies showed a much better correlation with
sympathetic responsiveness,l‘l2 or with a decrease in sympathetic nerve
activity (SNa)143-145, Tnhis decrease in SNA may be an indirect reflex

effect due to dampening sensory input to the CNS from the heart or to a

direct central actionl46, The existence of central P-receptors has been
investigatedl47. Direct injection of P-blockers into the brain lowers
blood pressure but this is not necessarily due to blockade of [-
receptorsl48,149, Aithough the antihypertensive potency of six B-
antagonists in man correlated well with their ability to penetrate rat
brain; this is not conclusive evidence for a central mechanism of
actionl50, Although there have been many attempts to explain the

antihypertensive action of P-blocking drugs, the mechanism is still

controversial.

15



1.6.0.0.0 STRUCTURE-ACTIVITY RELATIONSHIPS OF ADRENERGIC

AGENTS.
1.6.1.0.0 STRUCTURAL REQUIREMENTS FOR o~ and B-ADRENERGIC

ACTION.
Variation of the N-substituent of norepinephrine (1a)

demonstrated that increasing the bulk of the N-substitutent decreased

activity at the o-receptor and increased activity at the B-
receptorlSl, 152, perivatives possessing large substituents, particularly
arylalkyl groups on the amino group, exhibit O-adrenergic blocking
activity for, increase affinity and maintain intrinsic activity for [B-
receptorslS3, Flucrine substitution at the 2 or 6 positions of

norepinephrine (NE) and related amines alters binding interactions with

adrenoceptors where 2-F analogs are selective for O~receptors and 6-F

analogs are selective for B-adrenoceptorsl54:155,156, The mechanism or

fluorine-induced adrenergic selectivities has been investigatedlS7-159,

1.6.2.0.0 STRUCTURE ACTIVITY RELATIONSHIPS FOR [-ADRENERGIC

AGONISTS160,

The structural requirements for agonist activity at B-adrenergic
receptors are: (1) a parent phenethylamine moiety; (2) a 3-hydroxy
substituent, or preferably 3,4-dihydroxy substitution on the phenyl
ring. Only one hydroxy substituent is required for Bo-agonist activity
that is usually at C-4, but may also be located at C-3; (3) a B-hydroxy
group with the D-(or R) configuration at the B-position for the "levo"
enanticmer; (4) small R substituents H, CH3, CH3CHp may be located on
this carbon without affecting agonist activity; (5) bulky alkyl or

aralkyl R'groups; (6) the nitrogen must have at least one hydrogen.



1
I
H
CH ICH N<
OH | R R’
4 5

Incorporation of a substituent containing a second asymmetric

| R"

2

w

carbon onto the side chain amino group of isoproterenol (ISO) as
illustrated for the p-triflucromethyl-analide derivative (PTFMA) (19)161
enhanced P-adrenergic agonist activity and receptor affinity. It was

found that the RR diasteroisomer has a binding affinity for P-receptors

roughly two orders of magnitude higher than that of (-)-(RS)-ISOl62,
OH CH,
HO-@—%H—CHZ—NH-CH—(CHZ)‘,—'('?-NHCF:,
| Aok 5
HO
PTFMA

The catecholamine nucleus is the most significant structure

required for the intrinsic activity at P-receptors. Elimination of the

catechol hydroxyl groups from isoproterenol or substitution by other
groups results in loss of intrinsic activity, although affinity for B-

receptor3163 is maintained. Isoproterenol, (le¢) a potent pure
nonselective B-agonist, activates Po~adrenergic receptors and stimulates

By-cardiac adrenergic receptors to cause tachycardia. This cardiac

stimulation has been implicated in the rise in asthma mortality thus
indicating a need for a drug that has little fj-activity. The

development of P-stimulant bronchodilators, their pharmacology,

17



evaluation, metabolism and structure activity relationships have been
reviewed163,164, structural analogues of iscproterenol continue to be
synthesized and evaluated in the search for agents with fewer systemic
side effects, more selectivity and longer duration of action than the
prototype catecholamines. Introduction of new substituents and altering
the positions of classical substituents on the benzene ring have
provided compounds that are more resistant to catechol-o-methyl-
transferase (COMI) and have a longer duration of action. Modification of
the ethylamine side chain has provided compounds with increased Bo/By
selectivity1 65,

Metaproterenol (20), the 3,5-dihydroxy positional iscmer of
isoproterenol exhibits a longer duration of action and greater
selectivity than isoproterenol in patients with obstructive lung
diseasel66,167.

HQ
OH

|
H~CH,~NHR
HO

(20) R = CH(CH3;), , Metaproterenol

(21)R= —FH‘CHz'\ / H | Fenoterol
CH,

(22)R = C(CHy);, Terbutaline

(23) R=-(CH,),CH, CH,

i 0
<\N i \( Reproterol
NN
(0]
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Fenoteroll®8 (Th 1165a) (21), terbutaline (22),16° reproterol

(23),170 which are analogues of metaproterenol (20), were investigated
in asthamics and found to be more Py-selective than ISO. The two

lipophilic terbutaline ester prodrugs, bambuterol (24) and D 2438 (25)

are more active and selective than terbutaline (22)171,

o+

HO,

R R

(24) R = CON(CHjy), , Bambuterol

(25) R= <:o-<3—c02-C(c1+13)3 ,D 2438

Replacement of the meta hydroxy substituent in the aryl ring of
isoproterenol (l¢) by a hydroxymethyl group which afforded salbutamol
(26) is representative of a new type of Po-adrenergic stimulantl72, The
duration of action and potency of salbutamol (26) are superior to that
of isoproterenol (ISQ) 173, The pharmacology and toxicology of (26) have
been studied extensively174. Two series of compounds have been
investigated where the ethanolamine side chain is meta and para to the
hydroxymethyl group. Significant adrenergic actions were exhibited by
the former group of compounds where the ethanolamine and hydroxymethyl
substituents were metal’S. Similar results were observed for a "mixed
catechol" compound which contains alkanesulfonamino and phenolic

hydroxyl groups such as soterenol (27)176,
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HO, HO

H,OH NHSO;CH;

OH OH
26 27

Most arylethanolamine By-selective agonists possess a para-hydroxy
substituent on the aryl ring in conjugation with a variety of meta-

substituents. Replacement of the phenyl ring by a pyridyl ring also
provided compounds that are more Bp_-selective agonists than ISO or

salbutamol as summarized in Figure 5177-185,

1.6.3.0.0 STRUCTURE-ACTIVITY RELATIONSHIPS FOR B-ADRENERGIC

ANTAGONISTS186,160,
B-Adrenergic antagonists acting as blockers at the receptor site
require only those structural requirements that impart affinity for the

receptor, but not intrinsic adrenergic activity. The general structural
requirements for B—adrenergic antagonist drugs are similar to those for

B-adrenergic agonists. The catechol hydroxyl groups are replaced by

other groups.
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CH,
]
HO /N4 HO, N-CH-CHy{,_)—OCH;
H
R, R,
OH

OH
R, = NHCONH,, Carbuterol'”’ R, = CH,0H, Salmefamol'”?
Ry = NH-CH{_)-OCH;, QH 25" R, =NHCHO, BD-40A™%

CH; CH,
HO ] H; CH;
I;I-CH-CHTO-Q HO |
I I}I—CH-CHZ-CHTQ
H
OH L
Isoxsuprine’®! Nylidrin!®!
HO
NH+4- HO, NH+4-
(1
# \CH,OH c a
OH NH,
Pirbutero]#2 Clenbutero]'®
e HO [
HO, N-CH-CHj N=-CH-CH,
H . H
V" -
N SN
1
OH H OH
Procaterol!® Quinprcnalinelss

Figure 5. Structures of Pr-selective agonists.
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There are two major classes of B-adrenergic antagonist drugs which
include the arylethanolamine class A and aryloxypropanolamine class B

compounds.

OH
G—CH—CH,—NHR,

A, G= Ar
B, G= ArOCHp; B', G= RRC=NOCH,
C, G= ArCOOCHp; C', G= RCOOCH

The difference between the two principle classes of P-blocking
adrenergic drugs A and B illustrated above is the presence of the OCHp
moiety located between the Ar ring and the ethanolamine group in type B
derivatives. The CH(OH) -CHp-NHR; moiety is associated with the drug's
affinity for adrenergic receptors whereas, its stimulating or blocking
properties are determined by the nature of the aryl groupl87,188,
Several hypotheses have been proposed87,189-195 to explain the similar
pharmacological activity of the two classes of drugs and the mechanism
by which the CHy~O-Ar moiety of class B agents can substitute for the
aromatic moiety (Ar) of class A compounds in the drug-receptor
interaction. X-ray diffraction studies have shown,196 as illustrated in
Fig.6 that the C(3)-0(2)-C(4)-C(5) atoms of the class B drug define a
plane, and the spatial relationship between this plane and the
ethanolamine side chain is the same as that obéerved between the

aromatic ring and the ethanolamine side chain in class A drugs.



B' C, R = Aryl
C', R= Alkyl

Fig 6. Perspective view of 2-arylethanolamine (), 3-(aryloxy)propanol
amine (B), 3-(iminooxy)propanolamine (B'), 3-(aroyloxy)propanol
amine (C), and 3-(acyloxy)propanolamine (C') derivatives.

On the basis of this observation, it was hypothesizedl97 that
C(3)-0(2)-C(4)-C(5) moiety of class B adrenergic P-blocking drugs might
in some way "simulate" the aromatic ring of class A drugs to serve as a
"bioisostere"l98 of the Ar group. This hypothesis was subsequently
supported187,194,199 py quantum mechanical studies which indicated that
the C(3)-0(2)-C(4)-C(5) structural feature of class B drugs and the aryl
moiety of class A drugs possess a comparable "chemical reactivity”.
Further studies,188,200,201,202 yutilizing type B drugs, showed that a

marked competitive B-blocking activity was also exhibited by compounds

lacking aromatic groups. This lead to the develcpment of "non=classical®
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B-blockers such as the aliphatic oxime ether derivatives of class
B'203,204,205 and propanolamine ester derivatives  of class

c206,207,208,209 a5 i1justrated in Figure 7.

1.6.4.0.0 ARYLETHANOLAMINE, B-ADRENERGIC BLOCKING AGENTS OF
CLASS A.

Most class A B-adrenergic blocking agents have been made by
modification of the basic isoproterenol structure (1c). For example,
replacement of catechol OH groups by Cl provided dichloroisoproterenol
(DCI) (8),210 whereas replacement of C-3 and C~4 hydroxyl substituents

with fused phenyl ring system gave pronethalol (6),86/87 which is a
better blocker than DCI (8), small O-methyl substituent is a useful

structural feature for Po-selective blocking activity as reported for

H35/25 (28),211 metalol (29),211 and butoxamine (30)212,

NH NH
CH3O
OCH,

NHSO,CH,

(28) H 35/25211 (29) Metalol4ll  (30) Butoxamine212

Further modification of isoproterenol where the isopropyl group
was replaced by an arylalkyl substituent, and the catechol meta OH group
was substituted by a carboxamide moiety gave labetalol (31)213,214,215

which was the first member of new a class of antihypertensive agents
having both o~ and B-adrenoceptor blocking properties?l3, rLabetalol
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(31) possesses two chiral centers and the clinical formulation is
comprised of equal proportions of 4 diastereomers (RR,RS, SR,SS). The
individual diastereomers have recently been synthesized,216 and were
found to differ widely in their pharmacological profiles. The most
potent [P-adrenocsptor blocker is the RR-diastereomer, dilevalol
(32)217,218,219 The pharmacological properties of labetalol and its
diasteromers has been reviewed?20, Other structurally related
arylethanolamines have also been shown to possess combined o~ and B-
adrenoceptor blocking properties such as amosulalol (33),221 and

medroxalol (34)222, sulfinalol (35), which is structurally related to
Labetalol (31), exhibits both B-agonist and direct vasodilating actions

but not a—blockade223. Other structural modifications carried out on

isoproterenol (lc) have provided a larxge nunber of potent B-blockers

which are listed in Figure 7.

HO
/I\/\O v N7
H R,R
C

ONH, CONH,
OH

(31) Labeta101213'215 (32) Dilevalo1217-219

. NN 0 )\/\Q:
i
H

CH;0
CONH, CONH2

SO,NH,

(33) Amosulalol??l (34) Medroxa101222
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CH,
HO 1:1
H
OCH;
SOCH;,
OH
35 Sulfinalo1223
R= ('ZH-CHZ-NH ({
: R
NHSO,CH;3
Butidrine2? NJ.fenalol225 Sotalo1226

Rz= -CHz-NH-C(CH3)3
OH

CH,CH;
o._ R,

Bufuralol227

Figure 7. Some structures of class A B—adrenoceptor blocking agents.
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1.6.5.0.0 ARYLOXYPROPANOLAMINE, [(-ADRENERGIC BLOCKING AGENTS

CLASS B.

The aryloxypropanolamine class B compounds are recognized as an
important chemical group of P-adrenergic blocking agent3228'229.

Introduction of an oxypropanolamine group at the O-position of the
naphthyl ring, relative to an ethanolamine side chain at the B-position
of the naphthyl ring as in pronethalol (6) culminated in the
introduction of propranolol (7)230 which became known as a second
generation PB-blocker. The discovery of propranolol and extensive
structure-activity relationships which were acquired, demonstrated a
bioisosteric relationship between the arylethanolamine (A), and
aryloxypropanolamine (B) classes of adrenergic agents. Nevertheless,

there have been few systematic studies aimed at ascertaining the

essential structural features for aryloxypropanolamine B-

OH II-I O/Y\N/<
N

OH H

antagonist323 1,

(6) Pronethalol (7) Propranolol

It is known?32 that replacement of the ethereal oxygen atom of
propranolol by a methylene group reduced potency markedly (>100 times),
thus indicating that this atom is directly involved in the binding to
the receptor by means of its unshared electrons233, Recently, a group of

compounds of general structure (36, n= 0-4) were reported234 where the
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B1~blocking activity for the ethylene analog (n=2) was found to be

surprising high (pApo= 7.85).

(CHyn 0 CONH,
), V\N/\/
OH H
OCH; OH

36

It was concluded that an ethereal oxygen may be important with
respect to affinity for the receptor, but is not an absolute

prerequisite for potent PB-blockade. It is also plausible that the

electron donor effect of the ethereal oxygen enhances aryl group

receptor binding. However, some potent class B' oxime ether PB-

antagonists such as falintolol (37) 235 and class C
aroyloxypropanolamine B-antagonists such as (38) are known where the

ethereal oxygen is not directly bonded to an aromatic ring.

%
4 0 PH E:I C\O/\/\NX
/C=N/ \/\/ 7L H OH I!I
H,C N CH,
37 38

The interposition of aliphatic fragments between the aromatic ring
and the oxypropanolamine side chain (39) , reduces potency236. This
result indicates the important distance between the arcmatic ring and

the aminonalcohol group.

28



(CHpny )\
Ny

OH H

39

Replacement of the naphthalene ring of propranolol (7) by
quinoline, benzofuran, ‘benzothiophene, indole, methylenedioxyphenyl or
oxoxanthene did not appreciably alter P-blocker activity237. Likewise,
replacement of the naphthalene ring of pronéthalol (6) by indole,
quinoline, phenothiazine, benzodioxan, dibenzofuran, or quinazoline
caused little che~ge in activity238. Other compounds, such as
benzodioranylethanolamines (40) ,239 and (41) ;240 and benzofuranyl-
ethanolamines (42),241 and (43),242 which are ring-closed ortho-
substituted (aryloxy)propanolamines, act as P-blockers that exhibit

antihypertensive properties.

SO PN lﬁ@@

40 41

HAC
N\ CH-CH,NH-CH(CHy), N CH-CH; NH-C(CHy);
HC O OH O OH

CHs
42 43
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30
In contrast, to the P-antagonist (42), S-hydroxy analog (44) was

report;ed243 to be a cardioselective adrenergic agonist with a high

intrinsic activity.

OH

\ CH-CHzNH-CH(CHy),
O OH

44

The structural modifications carried out on propranolol (6) and

its congeners have provided a large number of potent PB-blockers, some of

which are listed in Figure 8244-271,



CH.
/ 3
Re= O-CHZ-CIH-CHz-NH QI
Rs
Q C@ HsC-(D
CHCONH  COCH, &,
Acebutolol?* ICI-118,551245 Befunolol
Rs RS
CrLC )(j OO
N
i e 248 Exaprolol?*
Carazolol?¥ D-32 .
R 5
g ¢
OH O 252
K-351
Indenolol? Iprocrolol®!
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Figure 8. Structures of B-blocking aryloxypropanolamine class.
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Figure 8. (cont.)
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Most P-adrenergic blocking agents were found to be non-selective
since they interacted with both P; and Pp-adrenergic receptors. The
discovery of practolol (45a) 272 gtimulated the search for PB-
adrenoceptor blockers having a higher affinity and selectivity toward
the Bj-adrenoceptor. A significant enhancement in cardioselectivity can
be achieved by the placement of (1) a polar substituent R; at the 4
position of the 3-aryloxy group present in l-aryloxy-3-[(arylalkyl or

alkyl)amino]propan-2-ols (45) ;273 (2) certain arylalkyl or alkyl groups
Ry on the amino <_:;roups;274 or (3) l-methyl substitution in the propan-2-

ol moiety?7S. Thus, the skillful simultaneous manipulation of Rj, and Ry
or R3 aleng with the side chain substitution seems to give the highest
available cardioselectivity. There is no definite pattern for
substituents on the aromatic ring as both electron donating and electron
withdrawing groups are present in active compounds. However, it has been
cbserved that para-substitution in the aryloxy moiety appears to result
in greater Pi-selectivity. For example, for practolol and its positional
isomers, it has been observed that para-substitution on the aryloxy ring.
tends to give greater cardioselectivity than do the corresponding orthov
isomers?’®, In case of esmolol (46) , the cardioselectivity is
attributed to the location of the ester in the para position since the
ortho ester analog of esmolol is non-selective?83. Esmolol is an ultra-
short acting, cardioselective P-blocker with no  intrinsic
sympathomimetic activity. The capability of rapid reversal makes esmolol
uniquely suitable for the acute management of supraventricular
tachycardia, and the control of blood pressure and heart rate during

surgery or other cardiac emergencies.
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a)
b)
c)
d)
e)
£)

9)

(45a) by the heterocyclic ring shown in compound (47) provided a high

OH H
O\A/N
X ™
Rl R3

45 (Ry= CH(CH3)2'. R3= H)

Ry NAME
CH3CONH Practolol272
Hy)NCOCH» Atenolo1277
¢c-C3HgCH2OCHCHp Betaxolol278
CH30CH,CHy Metoprolol272
CH30CHoCH0 H87/07280
CH30pCNHCH,CHy Pamatolol281
(CH3) 2CHO (CHp) 20CH, Bisoprolol1282

OH

O\A/gY

46

The replacement of the para-acetamido substituent in practolol

cardioselectivity ratio (B1/B = 100/1)284,
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47

The interesting compound (48)285 exhibits a direct vasodilating
effect in addition to its P-blocker action. Although compound (48) is

structurally similar to compound (47) it does not possess PB1/B

cardioselectivity.

OH H
0 N
\NX

N

re—
’ _Q/NH

A potentiation of P-blocker activity could theoretically occur

48

when a multifunctional drug is able to span several binding sites, but

these types of compounds were found to exhibit low potencyzss. In order
to increase receptor affinity fo P-blockers, the concept of bivalent

ligands based on the structure of practolol (45a) was employed?87, 288
to make binary phenoxypropanolamines (49) that exhibited potent and P-

cardioselective blockade289 .



O/Y\I:IA O/Y\I,V A

NH NH
\(X) /

49
X= ~0C- (CHp) ,~CO-
X= ~OC~-CHp-NH- (CHp) o-NH-CHy-CO~

Another serizs of binary aryloxypropanolamines (50) linked
through the 2,2'; 3,3'; and 4,4° positions of the aromatic rings of the

pharmacophores indicated that the 2,2 compounds tend to be selective
Bz-adrenergic blocking agents, the 4,4' binaries tend to be potent and

selective B;-blocking agents, and those compounds with 3,3’ linkages
exhibit intermediate selectivities??0, The binary ortho-substituted

aryloxypropanolamine nebivolol (51) is also a chemically novel, potent,
and selective (;-adrenergic antagonist291,

A A

QeF g

50
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OH H OH

51

Although cardioselectivity has been shown to be associated with a
variety of para-substituents in the aryl moiety of <class B
aryloxypropanolamines,292'293'294 it also appears to be associated with
a low pKa value for the side chain amine nitrogen295. More recent
investigations have shown that cardioselectivity can also be obtained by
replacing a conventional N-isopropyl or t-butyl substituent in the B-
blocker by aminoethyl,296 phenoxy alkylamine,.‘?g'7 or 3,4-dimethoxy-
phenethyl subst ituents?93, Bevantolol(52)299'300 and HOE 224 (53)301

which have a N-(3,4-dimethoxyphenethyl) substituent, exhibit potent B~

blocking activity and high cardioselectivity.

oH H
O\/\/ N

OCHj
R

52 R= CH3, Bevantolol

53 R= CH=CH-CN, HOE 224, (B1/B2>4000/1)

Further modification of (52) and (53) at para-position gave a

highly cardioselective compound (54) that displayed about a 9000-fold

greater affinity for 8- relative to By-adrenergic receptors301'302'303.
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OCH,
OCH,;

54

Replacement of the phenyl ring in class B aryloxypropanolamines by
tricyclic ring system provided compound (55) that exhibited a greater
Bo-selectivity than propranolol304'305. The oxime derivative of 9-

fluorenone, IPS-339 (56),:30"”'307'308'309 exhibited significant B-

blocking action with preferential action at Bo-receptors.

55 56

These results provided a new lead for the design of Pj-selective

blocking agents, since oxime derivatives possessing smaller rings such

as (57)310 ang (58)311 naqg been reported to exhibit non-selective B-

blocking action.
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/ \A/ on H
N
NnO N )<
s
58

Other studies to develop more selective PB~blockers have provided a

57

variety of potent class B P-blockers such as propafenone (59) ,3 12

diprafenone _(60),312 OF-4452 (61)313 and nicaincprol (62)314.

0]
Ph | e Ph
p A
NN N
OH H OH H
59 60

61 62
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Reports continue to appear describing structurally novel agents
that extyibit unique pharmacological properties such as the long duration
of actium cbserved with FM 24 (63)315, N 69¢ (64)316 and tertatolol
65)3'7.  compound (66)318 and - iavodilol (67)319 represent an
intgresting new class of nevronal catecholamine depleting agents of the
diphenylchromonoxy ana  monophenylchromonoxy propanolamine types.
Although, (66) and (67) clearly fall within the p-adrenoceptor
antagonist structural class and exhibited marked antihypertensive

activity, they did not possess significant B-adrenoceptor antagonism

that was manifested, by a reduction of peripheral noradrenergic stores.

OH H OH H OH H
N N3
X |
“CH,
o
63 64 65

66 67

Some B-blocking drugs exhibit partial agonist activity, also known

as intrinsic sympathomimetic activity (ISA), that is demonstrable in the



absence of, or at very low levels of, prior stimulation of the fB-
receptor. These drugs can either block or stimulate the receptor. One of
the most potent P-blocking drugs with partial agonist activity pindolol
(68a)320. Extensive clinical studies with pindolol have shown that it
was effective in reducing blood pressure with only a slight or
clinically insignificant reduction in pulse rate321, Although
concommitant agonist activity would minimize adverse effects associated
with P-blockade such as precipitation of bronchospasm, augmentation of
heart failure, and ccldness of the extremities in cold weather, the
beneficial aspect have not been substantiated by clinical trials of
agents possessing partial agonist activity322. The structure-activity
relationships for pindolol have been studied extensively by introduction
of various substituents at the 2~indolyl ring position te gilve
mepindolol,254r323 (in Figure 8) and 2-cyanopindolol (68b);32% which
have been shown to lower the blood pressure. BWAS75C (68)32% is a novel
antihypertensive agent that displays angiotensin converting enzyre (ACE)
and B-adrenoceptor blocking properties.

68a, X= H HOOC Q
68b, X= CN \/\/\ N
69, X= CONH/ COOH
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Replacement of the isopropylamino side chain of pindolol (68a) by
other bulky alkylamino groups resulted in the syntheses of benzpindolol
(70),326 that exhibited antihypertensive and vasodilator activity, and
(71)327 that was found to be a potent irreversible B-blocker lacking
agoniist activity. Bopindolol (72), a derivative of mepindolol in which
the secondary hydroxyl group of the aliphatic side chain is esterified,
was effective in reducing blood pressure without pronounced
bradycardia328. Replacement of the secondary amine moiety of pindolol by
a Ni-diphenylmethylpiperazinyl moiety afforded DPI 201-106 (73) which

is a positive inotropic agent:'p'9 .

OH gy OH gy
QVK/&\{/\G 0\)\/§1\,/\N)?\/Br

N N
] !
H H
70 71
HsCgOCO H OH
!
o\/K/N_,'_ 0
CH3, \ CN
) N

< H
o

72 73

Related compounds, in which the amino groups of class B
aryloxypropanolamines were replaced by a N4-arylpiperazinyl moiety
provided a large number of active cufpounds with a broad spectrum of
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biological activities. For example, 1-(m-methoxyphenoxy)-3- (N4-—phenyl-
piperazinyl)propan-2~ol (-“)330 exhibited hypotensive activity due to
ganglionic blockade, 1-(p-chlorophenoxy)-3- [N4-(3,4-dimethoxyphenyl) -
piperazinyl]propanol ('75)330 displayed anticonvulsant activity, 1-
phenoxy-3- [N4— (o-tolylpiperazinyl)propan-2-ol (76)330 acted as an
adrenoceptor  blocker and  1-phenoxy-3-{N%-(3,4-dimethoxyphenyl)-
yiperazinyl]propan-2-ol (77)330 exhibited hypotensive activity. These
studies indicate that biological activity can be modulated by

elaboration of either the aryloxy component or the amine moiety.
f © N OCH;
OCHj; © OCH;4

OCH;

OCH;

1.6.6.0.0 STRUCTURE-ACTIVITY RELATIONSHIPS FOR ARYLOXYPROPA-
NOLAMINE, PB-ADRENERGIC BLOCKING AGENTS CLASS B.

It has been suggested that the "combined action" blockade of both
B- and O-receptors, which is the case for labetalol (class A), offers

an advantage over conventional [-blockers for the treatment of
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hypertension331. The addition of a 2-isoxazolethenyl moiety onto the
plienoxypropanolamine moiety (class B) introduces an O-blockade effect

to yield (78) which is a more potent o,B-adrenoceptor antagonist and

antihypertensive agent than labetalol332. Other products which possess
combined O~, and P-adrenoceptor blocking properties include arotinolol

(79)333 and adimolol (80)334.

80

The use of f-adrenoceptor antagonists (B-blockers) for the
treatment of essential hypertension is effective in only about 50% of
hypertensive patients. Clinically it has been shown that addition of a
vasodilator to P-blocker therapy tends to increase the controlled

population to about 70%33%, Compounds possessing both B-blocking action
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and vasodilator activity have been developed with the primary goal of

attenuating the tachycardia associated with vasodilator therapy336.

Several reports describe campounds that conbine B-blocking and
vasodilating activity in a single molecule336:337-343 gome of these
compounds include (81),340 carvedilol (82),344 N-696 (83)345 and SKF-

95018 (84)346,

H
X
81, X= CH3, CF3, CN, CONH) 82
H,3C 0
N
N~ “H
o
O/v\til/\)KfiT
OH
H
O/V\rH— H
OH
X H
N
“CH; 0
o)

83 84
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An alternative approach to the design of novel antihypertensive
agents with combined vasodilator and B-adrerioceptor antagonist activity
involves the joining of an aryloxypropanolamine side chain (85) via a

spacer link to the amide moiety of the potent vasodilator (86 )347 to
give (87). The Rp,Sp diastereomer of (87) is the most active348,

A
0" N Ny—z )\

OH
HsC
0 \f
N\H
0
85 | 86
0
2 /\/\ .
o/v\N N/
[]
OH g
o HiC A
N
)
N‘H
0

87
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The combination of a calcium channel antagonist with a f-

adrenergic blocking agent structure349 for the treatment of severe
hypertension has been reported350. Structural hybrids of the

dihydropyridine class of compounds having an oxypropanolamine moiety
capable of inducing P-adrenergic antagonist activity have been prepared

(88) . However, vasodilation does not appear to be the mechanism for its

%

antihypertensive effect351,

HsC,0,C COZCZHS

HiC CH;

o —=

Diuretic drugs are used extensively to treat hypertension.
Attempts to combine diuretic activity and B-adrenergic antagonism into a

single molecular entity have been unsuccessful392, However, recently

ICI-147,798 (89)3%3 was found to exhibit both diuretic and P-blocker

activity.
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1.6.7.0.0 STEREOSELECTIVITY OF B-ADRENERGIC BLOCKING AGENTS .

89

The ethanolamine side chain of B-adrenoceptor agonists and
antagonists possesses a chiral B-carbon atom. The (=)=(S) or (-)-(R)-
configuration?94 seems to be a prerequisite for proper binding to the 8-
receptor. The absolute configurations of the (-) enantiomers have been

establisned to be "R" for class A, and "S" for class B compounds355. The
stereoselectivity of B-blockers has been reviewed in considerable detail

recent1y396, The activity of racemic B-blockers is attributed mainly to

the S(-) -enantiarer348' 357 .

1.7.0.0.0 PHARMACOLOGICALLY ACTIVE PYRIDINES AND REDUCED
PYRID‘INES.
The pharmacological activity of pyridines and reduced pyridines
has been reviewed358,359,

1.7.1.0.0 PYRIDINES.

Compounds containing a pyridine ring and derivatives thereof
exhibit a wide spectrum of pharmacological activities. Some of these
include analgesic (90)3%0, antiarrnythmic (91)361, antiinflammatory

92)3%2, antimalarial (93)363, vasodilator (94)364, (95)365,366 g
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N
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(96)367/368,  vitamine (97,98,99)369, nhypotensive (100)370 and

(101)371, anticonvulsant (102)372 and antipicornavirus agents (103)373
The pyridyl coampound FR 46171 (104), has been used for the treatment of

angina374:375,

920 91 92
7 I S _
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CEN=N=C=N Y | « J . tarrate
CH; H H N~ TNHNHR N
93 94 95
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\(1 HO CH,0R, HO cnzoaz Horj/CHZOR,_
COOH
96
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b) n-Bu b) PO(CH)
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103 104

The recent discovery of a new class of nonglycoside and
noncatecholamine inotropic agents culminated in the development of

(1.05),376 amrinone (106) and milrinone (].0'1)377 that are used in the

treatment of congestive heart failure.

105 106 107

1.7.2.0.0 PYRIDINE AND NITROBENZENE BIOISOSTERISM.
Bioisosteres are defined as groups or molecules which possess
similar chemical and physical properties that induce similar bioclogical
effects378, Application and example of bioisosterism in drug design has
been reviewed recently379. Although the pyridyl and nitrobenzene rin

are bioisosteres that have similar electron density distributions



similar positions, in some instances pyridyl compounds have been found
to display better pharmacological profiles. For example, the pyridine
isostere (109) of INPEA (2-(p-nitrophenyl)-1l-isopropylamino-2-ethanol)
(108) was found to act as beth a partial B-agonist and a partial B-
antagonist in isolated guinea pig atrial strips against isoproterenol
challenge. On the other hand, the 4-pyridyloxypropanolamine (110)
(class B) derivative of (109) (class A) was a pure antagonist (pAy = 7)
that was 10 times »s potent as its p-nitrophenoxy isostere380. Many
substituted pyridines possess vasodilator activity364'368. A combination
of vasodilator and P-adrenergic blocker activities for scme pyridine-
containing compounds such as SC-36859 (111)381 and (s)-2-(3-(tert-
butylamino) -2-hydroxy propoxy]-3-cyancpyridine (112)382 have been

reported.
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There ire three positional isomers for compounds containing a
pyridyl ring substi‘uent (2-, 3- or 4-pyridyl) that may exhibit a
variety of pharmacological activities. For example, replacement of the
4~(2-nitrophenyl) substituent present in nifedipine (113) by a 4-
(pyridyl) ring afforded calcium channel antagonist. Compounds where the
relative potency profile was 2-pyridyl> 3-pyridyl> 4-pyridiny1383,384, a
study in this research group also showed that the point of attachment of

a pyridyl ring was a determinant of histamine Hp-receptor antagonist

activity where the potency order was 2~ > 4- > 3-pyridinyl385.

1.7.3.0.0 PEARMACOLOGICAL APPLICATIONS OF REDUCED PYRIDINES.
Since the discovery of 1,4-dihydropyridines (DHPs) by Hantzsch
more than a 100 years ago386, many DHP derivatives387 have attained
considerable importance as coenzymes in dehydrogenases (NAD (P)H)388, as
intermediates in alkaloid synthesis, 389 ang as biological agents with a
spectrun of biological activities387, DHPs with calcium channel
antagonist activity are useful drugs390. The most potent and most
specific calcium channel antagonists belong to the 1,4-dihydropyridine
class which is represented by symmetrical nifedipine (113)39 and
unsymmetrical nitrendipine (114)392, Nifedipine has proved to be
clinically - for the treatment of cardiovascular diseases
including ang:i.na393'39'4 and hypertension395/396, qne high lipophilicity
and the ease of aromatirzation of procrug dihydropyridines to pyridinum
salts has besa used to deliver acetylcholinesterase reactivator drugs to
the brain*397’7398'401. This concept has also been used to enhance the

delivery of amines, cztecholamines, and steroids to the brain328-40L,402
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In recent vears, a new concept of a brain-specific drug delivery

system has been developed that is based on a redox system analogous to
the endogenous NADH = napt coenzyme system397'398'400. The utilitv of
the dihydropyridine = pyridinium salt redox system for the specific
delivery and sustained local release of unti-AIDS  (acquired
immnodeficiency syndrome) antiviral nucleosides (£15) via a chemical
delivery system (118) (see Scheme 1) to the brain of mice has prompted
a potentia’ly useful approach for the treatment of AIDS dementia
complex4°3. Success 1s also being achieved by using this redox system to
deliver polar P-lactam antibiotics as benzyl penicillin (120) 404,405 ¢
the brain for the treatment of cephalic infections. An extensive
bibliography describing the biology and chemistry of dihydropyridines

has been published?06,407,
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Scheme 1. The dihydropyridine & pyridinium salt redox system for

cephalic delivery of an anti-AIDS nucleoside (115).
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1.7.4.0.0 THE CHEMISTRY OF DIHYDROPYRIDINES.

The synthesis, physical and chemical properties ard reactions of
dihydropyridines have been reviewed?07-410 rhere are five possible
isomeric dihydropyridines; 1,2-(121), 1,4-(122), 2,3-(123), = '-(124),

and 2,5-(125).

000 0C
N’J N/| \\N N// \\N
: :

121 122 123 124 125

All these isomers are very unstable since they decompose rapidly
in air®ll, The ~wajority of dihydropyridines are of the 1,2-, and 1,4
types, since these have a more extensively conjugated % electron system
than the others. Electron-withdrawing substituents, such as COOH, COCH3,

CONHp, CO,CH3, CN, NO, and oxazolin-2-yl at the C-4 and/or C-5 position

stakilize dihydropyridines by extending the conjugationqlz. In contras",



electron donating substituents at these same positions exert a

destabilizing effectd12f,

1.7.4.1.0 3YNTHESIS OF DIHYDROPYRIDINES.
1.7.4.1.1 SYNTHESIS OF DIRYDROPYRIDINES BY REDUCTION OF
PYRIDINES AND PYRIDINIUM SALTS.

The synthesis of dihydropyridines by the reduction of pvridines »r
pyridinium salts with complex metal hydrides413"”-Zf is often
corplicated b he formation of iscmeric mixtures of 1,2-, 1,4~ and /or
1, 6~dihydropy:idines as well as tetrahydropyridines4l4. Knaus et a1l
found that the reaction of benzenesulfonyl chloride (126) with pyridine
(127) (as both solvent and reactant) in the presence of sodiim
borohydride at 25 ©C afforded a 5:4 ratio of 1,4 (128) to 1,2 (129)

isomers whereas at -65 ©C the ratio was 1:8.

N
N + |
lk P +  PhSo,Cl ——t X
N SO,Eh
127 126 128 129
25 ¢ 5 : 4
-65 CC 1 : 8

The isomeric dihydropyridine product ratio can also be altered by
using different reducing agents such as sodium cyanoborohydride
(NaCNBH3) 411, por example, reduction of pyridine-3,5-dicarboxylate

(130) using NaCNBH3 afforded high yields of 1,4-dihydropyridines (131).




with only a trace of 1,2-isomer (132), whereas reduction using borane
afforded only 1,2 isomer (132)41l, Lithium aluminum hydride reduction
of (133) has been reportec .o yield a 1,2-dihydropyridine416. These
cbservations suggest that the steric effect of the bulky hydride reagent

also plays an important role in determining the position of hydride

attack.
. = . \L j U
\L )
N/ I |
H H
R= COCEt
130 131 132 133

1.7.4.2.0 SYNTHESIS OF 1,4-DIHYDROPYRIDINE BY CYCLOCONDENSA-
TION REACTIONS.

The Hantzsch synthesis386 and related cyclocondensations are the
main methods used to synthesize 1,4-dihydropyridines. Various
rmodifications of this type of cyclocondensation reactions have been
reviewed 206/ 409'417. The principal synthetic pathways are outlined in

Scheme 2.
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Scheme 2. Synthesis of 1,4-dihydropyridines by cyclocondensation

reactions.
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1.7.4.3.0 SYNTHESIS OF DIHYDROPYRIDINES USIN3 NUCLECPHILIC
ORGANOMETALL.LC REAGENTS.

Nucleophilic addition of organometallic reagents to pyridinium
salts has provided valuable and convenient methods for the synthesis of
2- and 4-substituted 1,2- and 1,4-dihydropyridines409'410. The
regioselectivit "@ reactions has been fourd to be dependent upon
the propertie . Jrganometallic reagent. Thus 4-substituted-1,4-
dihydropyridine . :vatives are produced exclusively when organocopper
reagents are used418'419, whereas Grignard,‘lzo'423 and organocadmium
reagents423 have been reported to attack predominantly at the 2-position
of pyridinium salts. These results can be explained using the hard and
soft character concept (Figure 9)424 and steric size425 of nucleophiles.
Figure 9 shows on the right the antibonding molecular orbitals of
pyridinium ions. The circles represent the (an)z, the square of the
coefficients of the atomic orbitals for positions 2 and 4 which are the
two possible reacting centers. On the left side, five nucleophiles of
incr.asing hardness (k, = -0.3, -0.2, -0.1, 0, 0.1) are represented
through their highest filled orbital. For the hard nuclecphiles (kp =
0.1), the most reactive center is position 2, but as the softness of the
nucleophile increases ( k, decreases), a progressive change to position
4 occurs. This lias been observed for hard nucleophiles such as BHg ,
aniline, and hydroxide ions which attack position 2, whereas the soft
CN™ and 8204'2 nucleophiles react at position 4426, In the case of 3-
substituted pyridines it is highly desirable but not possible to conttol
the regioselectivity of 1,2 and 1,6—addition425'427'429. 1,4-Addition is

not affected by various 3-substituentsd28,429,
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Fig. 9. Schematic representation of the interaction between several
nuclecphiles and the antibonding orbitals of pyridinum salts.

Knaus and Dul:.aey43°'41251 found that the reaction of 3-(4,4-
dimethyloxazolin-2-yl)pyridine (134;“3! with nuclecphilic organolithium
reagents as phenyl-, n-butyl- and methyllithium afforded stabilized N-
unsubstituted 1,2-dihydro, 1,4-dihydro and/or 1, 6~dihydropyridines
(135-137). The regiochemistry of the nucleophilic addition reaction
was solvent and temperature dependent and upon the nature of the
organolithium reagent430. Reactions carried out using the less polar
ether as solvent, provided higher yields of C-2 (135) and C-6 (137)
substituted products, whereas reactions performed in tetrahydrofuran
provided higher yields of C-4 substituted products (136). A decrease in
reaction temperature, increased the yield of the 1,4-dihydre isomer

(136) in both solvents. Reactions employing phenyllithium were more
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regioselective than those utilizing n-butyi- or methyllithium since the
former reagent afforded only 1,2- (135) and 1,4- (136) dihydro

products, whereas the latter reagent yielded all three isomeric products

(135-137).
RA H
R N 7
R o | | 4B
I | |
H H H
134 135 136 137
Q=
CH; )
R1 — (\ R = Ph, n-Bu, CH;
N CH;

Several other regioselective methods have been developed for the

sythesis of 1,2-dihydro,4327436 ang 1, 4-dihydropyridines?37,438,

1.7.4.4.0 SYNTHESIS OF CHIRAL 1,4-DIHYDROPYRIDINES.
Unsymmetrical 4-aryl-1,4-dihydropyridines such as nitrendipine
(114) possess a chiral atom at C-4 and therefore exist as a mixture of
two enantiomers that exhibit biologically different actions (ca*
antagonist and ca?t agonist)439. Thus, enantioselective syntheses of
chiral 4-aryl-1,4-dihydropyridines are highly desirable. Some chiral
synthetic methods have been developed440"443, one of which is outlined

in scheme 3441'443.
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Scheme 3. Synthesis of chiral 1,4~dihydropyrigines,



2.0.0.0 0 OBJECTIVES OF RESEARCH.

Cardiac diseases and vascular disorders are two of the primary

causes ~f death today. Calcium channel and P-~adrenoreceptor antaqonist
druys have been suczessfully used to treat some of these disorders. B-
Adrenoreceptors play an important functq'.on in the regulation of the
autonomic nervous system. [-Adrenoreceptor blocking drugs were
originally developed as a treatment for angina pectoris. Their efficacy
as antihypertensive agents was discovered as a result of observationg
made during angina clinical trials. In addition, [-adrenoreceptor
blocking drugs are useful therapeutic agents for the treatment of
arrhythidias, 104 myocardial infarction, 106 thyrotoxicosis, 107
glaucoma, 108 ang migraine headachel09, Dichloroisoproterenol was the
first nonselective P-adrenoreceptcr antagonist discovered. Subsequentl;:,

many potent P-adrenoreceptor antagonists were syn-hesized which belong

to two general classes, viz class A phenylethanolamines and class B

arylasy- propanolamines. These two classes of compounds are structurally

similar since they differ only by an OCH; spacer in the side chain. The
discovery of propranolol, the first clinical B-ad+energic antagonist,
stimilated the initiation of many structure-activity studies that
subsequently provided a large number of compounds exhibiting greater
potency and selectivity. Most structural modifications involved changes
in the aromatic ring substituents and more recently, substituents on the
basic amino group.

A group of propranolol analogues was therefore synthesized to
investigate: _

1. The effect which replacement of the aryl or aryloxy moiety by

novel heterocyclic rings, and the secondary alkylamino moiety by
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diffevent alkylaryl groups had upon B-adrenergic antagonist activity
suckh: 4s:

a. The aryloxy moiety of propranolol was replaced by a 1,2-, 1,4-,
or 1,6-dihydropyridine ring system that is stabilized by a single
electron-attracting 3-cyano, or 5-(4,4-dimethyloxazolin-2-yl) substi-
tuent, or an isoquinolone or quinazolone ring system,

b. The secondary alkylamino moiety of propranolol was replaced by
al,2-, 1,4-, or 1,6~dihydropyridine ring system.

c. The aryl moiety of propranolol was replaced by a 2-, 4-, or 5-
qQuinolinyl, 2-pyrimidinyl or 5-isoquinolinyl ring system, the N-alkyl
substituent of these heterocyclic compounds was replaced by a
cyclohexyl, 3-phenyl-1-propyl or 3-indolyl-t-butyl group, and the N-
alkylamine moiety was replaced by a piperazinyl moiety.

2. The effect of the configuration of the oxypropylamino side
chain and the incorporation of a substituent containing a second chiral
carbon such as a S-O-methylbenzyl substituent onto the ox, nropylamino
chain, upon P-adrenergic antagonist activity.

The design, svnthesis and pharmacological evaluation of these
different classes of structurally related compounds was investigated to
develop structure-activity relationships (SARs) with respect to B1- and

Bo-adrenergic antagonist activities.
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3.0.0.0 0 RASULTS AND DISCUSSION.
3.1.0.0 0 SYNTHESIS OF 1-{1-[2-, 4- OR 6-ALKYL ¢HENYL)-3-SUB-
STITTTED; ] DITHYDROPYKLIIYL} -3-ALKYLAMINO-2-PROPANOLS.
The discovery and clinical success of propranolol (7) stimulated
the initiation of meny structure-activity studies tlhat subsequently
provided a large nunber of compounds having greater potency and
selectivity. The replacement of the aryloxy moiety of propranolol by a
1,2-, 1,4- or 1,6-dihydropyr. ine ring system that is stablized by a
single electron-attracting 3-cyano, 444 op 3-(4,4-dimethyloxazolin-2-
v1)430,412a guhstituent afforded corwounds of general structure (142).
These studies were initiated to determine the effect which replacement
of the naphthyloxy moiety of propranolol by a dihydropyridyl ring system
has uwpon B - .-~ . = antagonist activity.

0 CHs
x = -{\ 4 "'CN
N CHj
CHZ—?H—CHZ—N—RZ
OH H
142

Rl= Ph, n-Bu, t-Bu, Me;  R2= ~CH(CH3)2, -C(CH3)3
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3.1.1.0.0 SYNTHESIS OF 1-{1~[4-ALKYL(ARYL)-3~(4,4-DIMETHYL-
OXAZOLIN-2-YL) -1, 4-DIHYDROPYRIDYL] } -3-ALKYLAMINO-2-
PROPANOLS .

The  N-lithio-4-alkyl(aryl)~1,4~-dihydropyridines (143) were
prepared by the reaction of (134)431 with organolithium reagents such
as phenyl-, n-butyl- or methylithium in dry tetrahydrofuran under a
nitrogen atmosphere at -78 ©C. Reaction under these conditions affords
predominately (n-BuLi, > 88.5%; MeLi, > 95%) or exclusively (PhLi) (143
a-g), respectively. Treatment of (143) with 1 equivalent of water
yields the respective N-unsubstituted-4-alkyl(aryl)-1,4-dihydropyridines
(144)430. Two synthetic methods (A and B) used for the synthesis of
(146-151) are outlined in Scheme 4. The direct reaction of (143) with
epibromohydrin in THF (method A) at ~78 ©C followed by warming to 25 ©C
afforded (145) in 30-45% yields, whereas reaction of the pure isolated
1,4-dihydropyridines (144) with epibromohydrin in DMSO solution in the
presence of NaH (method B) at room temperature afforded (145) in 60-70%
vields. The lower yields obtained using method A are attributed to
concomitant reaction of (143) with the epoxide ring and to the
formation of intractable material. The subsequent reactions of 1-{1-[4-
alkyl (aryl) -3-(4,4~-dimethyloxazolin-2-yl) ]-1, 4-dihydropyridyl}-2, 3~epoxy
-propane (145) with alkylamines in 2-propanol afforded (146-151). The
analytical data for (146-151) are summarized in Table 1 and the lH nmr
and ir spectroscopic data are recorded in Table 2. The lH nmr spectra
for compounds (146-151), prepared using either method A or B,
exhibited dual resonances for the dihydropyridyl H-2, H-6 and H-5
resonances (ratio 1:1) which is attributed to the presence of

diastereomers that exhibit different spectra. It is plausible that
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(146-151), which possess two chiral centers, exist as a mixture of
four diastereamers (SS, RR, SR, RS). The diastereomers could not be
separated by thin layer or column chromatography. Interpretation of the
mass spectra for 1-{1-[4-alkyl (aryl)-3-(4,4-dimethyloxazolin-2-yl)]-1i,4-
dihydropyridyl }-3-alkylamino-2-propanols (146-151) indicated that the
most prominent fragmentation involves the loss of the C-4 group444.
Less extensive fragmentations include the loss of the N-alkyl
substituent, and cleavage of the N-substituted side chain (Path A) for
compounds (148-150). The other major fragmentation pathway for
compounds (146,147 and 151) involved the loss of a dihydropyridyl
radical (Path B) as illustrated in Scheme 5.

Compound (146) undergoes a characteristic major loss of a
dihydropyridine radical as indicated by the presence of the base peak at

m/z 130.1231 (C7H3gNO*, 100%) shown im Scheme 6 Path A. A less extensive

fragmentation is the loss of the C-4 DHP phenyl group shown by the
presence of an ion at m/z 306.2190 (C37HpgN302%, 79.9%), as illustrated

in Scheme 6 Path B.
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Scheme 4. Synthetic routes for the preparation of 1-{1-[4-alkyl (aryl)-3-
(4, 4-dimethyloxazolin-2-yl) -1, 4-dihydropyridyl} -3-alkylamino-
2-propanols.
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Path A

CH, —fH—CHz—t'\I —R?

OH H OH H
-gl
4
\N
Path B - I
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-a |
CH, —Cl.ZH—CHz —Iil —R?
/>< OH H
m/z (100%)
N

(148-150)
+ q
H,C —fH cnz—rir —R?
OH H
CH, —lcn —CHZ—Il\I —=R? m/z (100%)
OH H ‘ ~ CH,=CH-OH
+ +

cnz-rl« =—R? e caz—rlq —R?
H H
(146,147 and 151)
Rl= Ph, n-Bu, Me; R2?= CH(CH3)p, C(CH3)3

Scheme 5. The major fragmentation pathways for 1-{1-{4-alkyl (aryl)-3-
(4, 4-dimethyloxazolin-2~yl) }~1, 4~dihydropyridyl }-3-alkylamino-
2-propanols (146~151).
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Scheme 6. The major fragmentation pathways for 1-{1-[4-phenyl-3-(4,4-
dimethyloxazolin-2-yl) ]-1,4-dihydropyridyl} -3-t-butylamino-2-~
propanol (146).



3.1.2.0.0 SYNTHESIS OF 1-[1-(2-ALKYL-3-CYANO-1,2-DIHYDROPYR~
IDYL) ] -3-ALKYLAMINO-2-PROPANOLS, and 1-[1-(6-ALKYL-
3-CYANO-1, G-DIHYDROP!RIDﬁ) ]1-3-ALKYLAMINO-2-
PROPANOLS .

Addition of 3-cyanopyridine (152) to an ethereal solution of an
organolithium reagent (R1-Li; Rl= t-Bu and n-Bu) at -78 ©C afforded a
mixture of 1,2- and 1,6-dihydropyridines (153)444 which on hydrolysis
with water yield the corresponding analogues (154). The ratios of 1,2-
:1,6-dihydro products (154) are about 3:5 (t-Buli) and 1:3 (n-Bu).
Under these reaction conditions, no 1,4-dihydropyridyl product is
produced. Since the 1,6-dihydropyridines are 1less soluble in
ether:hexane (1:1 v/v), the mixture (154) can be separated to obtain
the pure 1,2- and 1,6-isomers (154a and 154b). The isomers (154c and
154d) were similarly separated. The two synthetic methods (A and B)
used to synthesize (156~167) are outlined in Scheme 7. The direct
reaction of N-lithio-2-(and 6-)-alkyl-1,2~-(and 1,6-) dihydropyridines
(153) with epibramohydrin (method A) provided (155) in 40-50% yields,
whereas reactions employing the pure 1,2- or 1,6-isomers (154a or
154b) by method B jave 70-80% yields of (155). The physical data for
(156-167) are presented in Table 3, and the 1H nmr and ir
spectroscopic data are summarized in Table 4. There are two chiral
centers present in (156-167) which are likely a mixture of four
diasterecmers (RR, SS, RS, SR). The lH nmr spectra usually showed the
presence of two different diastereamers (RR=SS and RS=SR) in a ratio of
1:1 (156, 157, 159, 160, 167).The ratios of the two diastereomers (lH
nmr) for compounds 161, 162 and 166 after purification of the

diastereomeric mixture, were 2:1, 1:2 and 3:2, respectively. The
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diasterecmeric mixture (157) was separated by tlc chromatography using
ether:ethanol (7:3 v/v) as development solvent to give one pure
diasterecmer (158). The two diastereomeric mixtures 161 (2:1 ratio)
and 162 (1:2 ratio) were successfully separated by multidevelopment tlc
chromatography using ether:ethanol (7:3 v/v) as development solvent to

afford two pure diastereomers (163-164) as shown in Table 3. The

nmr spectrum (8) of the pure diastereomer (165), as illustrated in
Figure 10, indicated that the chiral carbon (CH4OH) causes the adjacent
methylene protons (Hp and Hg; Hp:, and Hgr) to be chemically non-
equivalent giving rise to ABX and A'B'X spin systems (4 lines). For
example, Hp (3 2.36) and Hy (8 2.69) exhibit Jgem coupling constants of
12.2 Hz, whereas the vicinal coupling constants Jax and Jpx were 8.4 and
3.75 Hz, respectively. The Ha: (8 3.26) and Hgr (8 3.25) protons showed
Jgem coupling values of 15.0 Hz, and the vicinal coupling constants Jp'yx

and Jgrx were 6.5 and 3.75 Hz, respectively.

CN
— Hp» OH Il-IA
Ne===C o==C===C==N=—C (CH3) 3
\ [0 1 |
Hp» Hy Hpg
g t-Bu

165

Figure 10. The coupling pattern for 1-{1- (6-t-butyl-3-cyano-1, 6=

dihydropyridyl) }-3-t-butylamino-2-propanol.
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152 154 (a, c) 154 (b, d)
(a,b), Rl= t-Bu; (¢,d), Rl= n-Bu
R'Li/ether
o 1. NaH/DMSO
-78°C hod 0
Method B
o 2. Br-CH,“4=
1. Br-CH,4= y CN
2. NaOH I ~ H |
Method A N r! T 0
0]
AN VA
CH,
155(a,c) 155(b,d)

(a,b), R'= t-Bu; (e¢,d), R'= n-Bu

CN
N
I H
N Rl

|
R?-NH-CH,-CH-H,C

H
159-160, 166-167

R?-NH, /CH3~GH-CHy

OH
CN
H (/, I
R? ?

R?-NH-CH,-CH-H,C
H

156-158, 161-165

Rl= t-Bu, n-Bu; RZ= -CH(CH3)p, -C(CH3)3

Scheme 7. Synthesis of 1-{1-[2-(or 6~)alkyl-3-cyano)-1,2- or (1,6-)
dihydropyridyl] }-3-alkylamino-2-propanols.
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3.2.0.0.0 SYNTHESIS OF 1-ARY¥LOXY-3-{i-[2-, (4- OR 6-)-ALKYL-
(ARYL) ~-3-SUBSTITUTED) ]-1,2-( 1,4- or 1,6-)-DIHYDRO-
PYRIDYL}-2-PROPANOLS.

Replacement of the secondary alkylamino moieties of aryloxy-
propanolamines by tertiary amino groups has provided a large number of
active compounds with a broad spectrum of biological activities330 1t
was therefore of interest to prepare a series of compounds in which the
alkylamino group of aryloxypropanolamines was replaced by a 1,2-, 1,4-,
or 1,6-dihydropyridine moiety (168) to investigate the effect of

terminal 1,2-, 1,4- and 1,6-dihydropyridine ring systems upon J-

adrenergic antagonist activity.

R 0
R?>—0—CH,CH=—CH, =N CHs
2 2 X = -{\ s CN
OH N CH;
%
168

3.2.1.0.0 SYNTHESIS OF 1-ARYLOXY-3-{1-[2-(OR 4-)ALKYL (ARYL) -
3-(4,4-DIMETHYLOXAZOLIN-2-YL) -1, 2~ (ox 1,4)~DIHYDRO-
PYRIDYL] }-2-PROPANOLS.

This class of compounds was prepared by the reaction of a 1-
aryloxy~2, 3-epoxypropane (169), that was prepared using a literature
procedure445,446 in 40% (Ar= Ph) and 20% (Ar= l-naphthyl) yield, with a
pure N-unsubstituted 1,4-dihydropyridine (144) or a pure N-
unsubstituted-1,2-dihydropyridine (170)431 in DMSO solution in the
presence of NaH to afford the target compounds (17.-178) as

illustrated in Scheme 8.
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a, Ar= Ph; 144 170
b, Ar= l-Naphthyl
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ox = -
N CH,

—ZS /Z

Ph
Ar-O-CHz-?H—HzC Ar-OfCHz-CIIH—HZC
OH OH
171-172, 175-178 173-174

Ar= Ph, l-Naphthyl; Rl= pPh, n-Bu, Me; Ar=Ph, 1-Naphthyl; Rl= ph.

Scheme 8. Synthetic routes used for the synthesis of l-aryloxy-3-
{1-[2-(or 4-)alkyl(aryl)-3-(4, 4-dimethyloxazolin-2-yl) ]-1,2-

(or 1,4-)dihydropyridyl] }-2-propanols.



Compound (170) was prepared by the reaction of (134) with
phenyllithium in ether at 25 OC which afforded a mixture of the 1,4- and
the predominate 1,2-dihydropyridine product. These two isomers were
separated by recrystallization from ether: hexane (1:1 v/v) which gave
pure 1,4-dihydropyridine (144a) in 18% yield. Further recrystallization
from ether:hexane (3:7 v/v) gave pure (170) in (65%) yield. The
reaction of N-unsubstituted-1,4-dihydropyridines (144) and N-
unsubstituted-1,2-dihydropyridines (170) with 1l-aryloxy-2,3-epoxy-
propanes (169) provided higher yields of (171-178) than the related
reactions of the N-lithio-dihydropyridines (143) with (169). All of the
products (171-173) and (175-178) prepared in this way (Scheme 8) were
obtained as a mixture of two different diastereomers [RR(SS) and RS(SR)
in a ratio of 1:1] as indicated by the lH nmr spectroscopy (see data in
Table 6). In contrast, l-(l-naphthyloxy)-3-{1~[2-phenyl-3-(4,4-dimethyl-
oxazolin-2-yl) -1, 2-dihydropyridyl] }-2-propanol (174) was isolated as a
single diasterecmer {RR(SS) or RS(SR)} by column chromatography using
ether:hexane (8:2 v/v) as eluant, or by preparative silica gel tlc
chromatography using ether:hexane (7:3 v/v) as development solvent. The
physical data for (171-178) are summarized in Table 5, and the ir and
1H nmr are presented in Table 6. Interpretation of the mass spectra for
(171-178) indicated that expulsion of the C-2 or C-4 alkyl(or aryl)
substituent present on the dihydropyridyl ring system was a major
fragmentation as shown in Scheme 6 Path A. Less important fragmentations
included the loss of the N-alkyl substituent and cleavage of the N-

substituted side chain as illustrated previously in Scheme 6 Path B.

91



92

96£T¥3E TIVT¥8E POINCEHELD qzs0 1o 6L ¥‘lt ng-u
(68°S) (59'9) (95°9L)

Ud SLY

68S Vv69 6£9L 9STTYSY 9sTTvSy POUNOEHOLD q€90 1Mo T T1  ud 14pydeN-1  pLY

101790y 0600y COUNBCHSTD S0 Sy T8 1 ud ud  €LI

6sTTysy 9stzysy COUNOEH6CD 5090  LL S8 1 ud KuywydeN-1 LY

060TY0v 060T+0F ESOUNSBCHSTD  q0s0 SS €8 1T ud ud 1Ll
N% H% O% punoy "PoreD e[nuLIO] 3 Do ‘dN V POYIIN J0wosfy A zd pdwo)

UPI[e)) PUno] "SSAEUSORNN ~ SSEWToexy PRIX %
PLI-ELT SLI-SLY “TLI-ILI
X0 X0
HO N mn_v
ZleUImn-unlleUIOINm ZINEUIZUINmolnvINm
H

sjouedoid-z-{[ApuAdorpAyrp- ¢*1-[(1A-g-urozexolAytownp-i'y)-¢ -parmnsqns-p]-1 }

-g-Axojre- pue sjouedoxd-z-(1KpukdorpAyrp- 7*1-[(1A-z-urozexoiAyrowp-{*y)-¢ -[Auayd-z]-1 }-¢-AxofAre-1 10§ wrep [eaisAyd °g a[qel,






93

“JUQAOS JudwdO[IAP Of1 SB (A/A Z:8) SUBXAY:IOYIAq ‘(A/A €:L) SUBXIY Iy

"IAWOAIIISEIP S[SUIS € Se PAISIXD YoM (pLY) punodwiod 10§ 1d30xo 11§ ones e ut ‘Answonoads Jur Hi

4q parearput st “[(4S)SH PUE (SS)AY] SISWOIAISEIP JUAIAP OM} JO AMIXTUI € SE PIISIX (SLI-SLT ‘CLI-TLI) S1onpoad ap 3o Ve

Wi (6r'L) (el

vVIL  6UL eveL T60TT6E 660TT6E COUNSTHYCO  p8s0 Mo ¢8 YU AN 1AywdeN-1 8Ly
81'8) (99°L) G10L)

L6l ZLL S869 Iv61THE Ev61THE EOINITHOTD o8y0 o |8 YT W ud  LLI
(S¥'9)  (68'L) (Z9vL)

Y09 L8L ¥SvL  eSSTYEY  69STYEy EOUNVEHLTD 5790 €67S 08 V'l ng-u [AqydeN-1 9.7
N H% % punog ‘Pored P[ouLOq 3 Do ‘dW V pPos 1omosgq ¢y zd ‘pdwo),
POl SSeur 1oexyg

PIVIX %
(1w09) "G 3[qe],



“(suaSoipAy (Kuayd ‘HOT ‘W) ¥°L-96'9 [Z-H JHA ‘1810 HI (11

onel) s om1] Z6'9 Pue 06°9 19-H JHA ‘210 HI ‘ZH 69 =9 St “(1:1 ones) p om] 209
puz 96° “[S-H dH ‘T80 HI ZH £'S =SV ‘P J0 ZH 6'9 =9°Sf ‘P om] p8'v Pue 78y
“p-H dHd ‘HI ‘zH €S =S'r *p) 19'% ((-HO)AD-CHO-O- ‘H1 ‘W] ZI'y ‘(-(HOHO
THD-O- ‘HZ ‘W) §6°¢ Y(-CHDO- 1Autjozexo ‘HE ‘w) 9L°¢ (dHA-CHO-(HO)HD- ‘HT

‘w xapdwos) 6p°¢ ‘(HO ‘HI S 1) 0°€ (SIAyaw [AuljoZexo ‘Yoea He ‘s om) T'1 Pue 90'I ove | 7A |
q
(wdd) @ s 1y (HO) (jwo) ;  “pdwo)
PLI-ELY SLI-SLT ‘TLY-ILY
X0
—— HO
Hm ]
N—2HD)— HO~—~HD) =04
H

‘sjouedoud - Z-{ [1ApuAdorpAyrp
(-#°1 30)-T°1-(1A-z-utjozexo[Ayiaump-4')-¢-(1Kuayd J0)jAxre(-y 10)- 71-1)-¢-Ax0[Axe-| 1oy erep [enoads HIU Hy pue el "9 AqBL



-O- ‘HZ ‘W] $1'¥ (-CHDO- 1Autjozexo ‘HZ ‘s ) 06°€ ¢ (dHA-CHD-(HO)HD ‘W xajduiod
omy) 69'¢ pue ¢°¢ ((HO ‘HI ‘s 1q) L' “(SIAypowr [Aurjozexo ‘yoea H¢ ‘s om1) 871 pue Z'[

(suoSoIpAy Auayd ‘HOY ‘wr) 9°£-98°9 (b-H JHA ‘HI ‘(1:1 oney) 2 9°9 =S'¥f

‘P om1) 78°9 PUE 08'9 ‘(9-H dHA ‘T8101 HT (131 oney) ZH 09'9 =9°Sf ‘p om1 ) 969 pue
7S99 “[T-H dHA ‘Te101 H1 “(1:1 ones) s om1] 84°G pue 9/°G “(S-H JHA ‘™10 HI ‘ZH 9'9
=S'Vf ‘P Jo zH 9'9 =9°C (1:1 ouwy) p om1] Z6'v PUE 88 [-HOYHD-CHD-O- ‘1101 HY
“(1:1 oner) w om1) 97y pue 1"y [-(HO)HI-CHI-O- ‘HT ‘Wl 76°€ {(-CHDO- [Autjozexo
‘HT ‘W) 88°¢ * (dHA-THD-(HO)HD ‘[¥10) HT ‘W 0M1) gp'¢ pue ¢°¢ “(IpIX0 mnusinap
M sa3ueyoxa ‘HO ‘HI ‘s 19) '€ “(siAyiow [Kurjozexo ‘yoed HE ‘som)) g1 pue Z°'{

‘(suaBouphy [Ausyd pue [Kipdeu ‘Y 1 ‘w) £'8-1°L (-H JHA 12101 HT ‘(1:] one)

‘s 0M1) ZL'9 PUe 89°9 ‘(9-H dHA ‘Te10) HT “ZH §°L =9°Sr *(1:1 oney) p omy) g6's pue
96'S “(S-H dHA “HI * ‘T10} HI ‘ZH 'S =S V1 ‘p Jo zH 'L =9°St ‘p om1) o' pue gL'
“(b-H dHA ‘HI ‘ZH +'S =S¥[ °P) 99°% [-(HOYHD-CHD ‘HI ‘w] L1t {-(HO)HD-THD
“O" ‘HZ ‘W] 10°v {(-CHDO- Autjozexo ‘Te101 HZ ‘W1 om1) £9°€ PUR €9°¢ (dHA-CIT)
(HOHD- ‘HT ‘w %9[dwo0) £p"¢ *(SIAYIoW [AUT[OZEXO ‘9B HE ‘S OM1) 91| PUe Z('|

e8IvE ZA |
qCIvE €LT
qOOvE Ll

(1w00) 9 ayqe],



“(9-H JHA ‘00! HI ‘(1:1 oney) zH 78 =9'Sf ‘P OMI) T6'S PUe 88°S (S-H dHA ‘T8N
HI “(1:1 oney) zH S =S ¥ *p Jo ZH 7'8 =9°ST ‘P om1) 69y PUe 29'¥ “[-(HO)HDTHO
-0 ‘HI ‘W] ¥ (HO)HD-CHD-0- ‘HT ‘W) 1'y *(-CHDO- 1Autjozexo ‘HE ‘) CL'E
“(b-H JHA ‘HI ‘W) 8¢ (dHA-THD-HOMHD- ‘HT ‘W) +'¢ (HO ‘HI *$19) T€ {(EHO
-€(THD) ‘stAyow [Aujozexo ‘HZ [ ‘w) §9°1-ST'T (EHD-$(CHD)- *HE ZH L =( 1] ¥8°0 qoIvE 9LY

-(suaSoIpAy (Ausyd ‘HOT ‘W) b€'L-6'9 ‘[Z-H JHA ‘12101 HI ‘(131 oney) s om1]

889 Pue 98°9 *(9-H dHA ‘1210 HI ‘(1:1 one) ZH T'8 =9°Sf ‘p om1) £6'S (S-H dHA

‘@01 J1 ‘(131 vt N ZH 'S =S Vr °p Jo zH 7'8 =9°S[ ‘P om1) 99°p Pue 19y [-(HO)HD

THO-O- ‘HI ‘W 1Y {-HOYHI-CHD-O- ‘HE ‘W] 66°¢ {(-CHDO- 1Autjozexo ‘H ‘w)

¢8'c ‘(b-H dHA ‘H1 ‘W) 6v°€ ((HO ‘dHA-CHD-(HO)HO- ‘HE ‘W x2[dwod) £¢°¢ ((EHD
-€(CHD)- ‘siAyow [Aurjozexo ‘He1 ‘w) L1-S1'T {EAD-E(CHD)- “HE ‘ZHL =f 1] $8°0 v00VE SLY

*(suaScapiy

(usyd pue (apdeu ‘g 71 ‘W) TT'8-E'L PUE 8'9 (r-H dHA ‘HI ‘ZH L'9 =5 V[ P) §8'9

(9-H dHA * H1 ‘ZH L'9 =9°St ‘P) 65°9 (¢-H JHd ‘HI ‘s) 98°S *(S-H dHA ‘HI “ZH L9

=S'Vg p Jo zH L9 =9°S1 *P) 26 (-(HOYHD-THD-O- * HI * Wl #1'v [-(HO)HI-CHO
(002) ‘9 3[qeL,



6'L =f ‘P) T8'9 (9-H dHA ‘Te101 HI ‘(1:1 ones) zH 9'1 =9°Cf ‘p jo zpy ¢'g =9°Sg *p) 88°C
PUe £8°C *(S-H dHA ‘HI ‘ZH 0'S =S"¥r ‘P 30 zH 0'8 =9°S1 °P) Lv -~(HO)HD-CHD-O
‘HI ‘W] T'v “(-(HOMHD-CHI-O- ‘HT ‘W) ¥1'v (-CHDO [Aurjozexo ‘[z ‘w) 08°¢ ‘G

“H dHQ ‘HI ‘W) $$°€ (dHA-CHI~(HO)HD- ‘HZ ‘W) 9b°€ (HO ‘HI ‘S 1q) 7°¢ ‘(SiAytow

1Aurjozexo ‘Yoes He ‘s om) 97'1 Pue $Z'T ‘(AP p-3 JHA *HE “ZH 99 = °P) ¥T'[

“(suaBorpAy (Auayd ‘H ¢ ‘w) 1169

(Z-HdHA &0 1T “(1:1 onex) ‘s om1) 78'9 pue 18'9 (9-H JHA ‘210! H1 ‘(1: oner)
zH 1'8 =9'S[ ‘P 0m1) 98°G Pue £8° (S-H JHA ‘TR0 HI “(1:1 oney) zf 1°C =S'bf *p jo
zH 1'8 =9°S[ ‘P om)) €Ly Pwe Ly [-(HO)HO-CHO-O- ‘HI ‘@] I 1'Y {-(HOHD-TAD-O-
‘HZ ") 86°¢ *(-CHDO- 1Aujozexo ‘Hg ‘w) $8°¢ ‘(b-H dHA ‘HI ‘W) 9p°€ (dHd-CHD
-(HO)HD- ‘HT ‘W) LE'€ *(3PIX0 WINUINGp yim S3uydXa “HO “HI *S 1q) $T°€ (SiApaum
1AUIOZex0 “Yord HE ‘s 0m1) L' PUR §Z°1 {(IANSW $-D JHA ‘HE “ZH L=[ ‘P) ¥’

(8-H Kipdeu ‘HI ‘w) ¢°g (c-H [Aqideu ‘Y1 ‘w) 78",
(L-H'9H ‘v-H 1fqdeu ‘He ‘w) 9¢° -1 (¢-H 1fydeu * K1 ‘211 9°L =[ 9) S°L TH
dHA 101 H1 ‘(11 0Be) s 0M1) 96°9 PUe 26'9 (Z-H IAqdeu ‘K ‘zH 9L =f *P) 9L°9

|JA%2% 8LI

e8Tee LLY

(we0) ‘9 3[qe,



£10aD, 19 q Witde

“(8-H 1hydeu ‘Hi ‘w) 97'8 (S-H 1Kydeu ‘HY ‘w) 68°L

L -H ‘9-H ‘v-H Appdeu ‘He ‘w) 09°L-9¢'L (€-H 1Adeu ‘HI ‘ZH 6'L = V) ¥'L “(TH

JHA Te101 HI ‘(1:1 ones) Z 9'1 =9°r ‘p om3) 889 pue 98°9 ‘(z-H 1Awpndeu ‘HI ‘ZH
(u02) "9 3[qe],



3.2.2.0.0 SYNTHESIS OF 1-ARYLOXY-3-{1-[2-(or 6-)ALKYL-3-CYANO
-1,2~(or 1,6-)DIHYDROPYRIDYL] }-2-PROPANOLS.

The reaction of N-unsubstituted 1,2- or 1,6-dihydropyridines
(154, Rl= n-Bu, t-Bw) 431l  with a l-aryloxy-2, 3-epoxypropane
(169)445,446 in DMSO solution in the presence of NaH afforded (179-
184) in 70 to 80% yields (method B). Similar reactions employing (153)
(method A) gave lower yields of the respective products as illustrated
in Scheme 9. The physical data for (179-184) are summarized in Table
7. 1H nmr and ir spectral data are presented in Table 8. The ir spectra
for (179-184) showed a free OH absorption band in the 3410-3427 cml
range, and a strong absorption in the 2188-2196 cm™l range for the CN
group. The mass spectra for (179-184) showed the major important
fragmentation is the loss of the C-2 or C-6 alkyl group which provided
the base peak as illustrated previously in Scheme 6 Path A. In the case
of compound (182), the largest mass ion [M-57)% present was attributed
to the loss of a C-2 t-butyl radical, whereas the base peak originated
from the loss of the N-substituted side chain. This fragmentation has
been attributed to the steric strain of the t-Bu group present on the
1,2-dihydropyridine447, Examination of the 1H nmr (8) spectra for
compounds (179-184) indicated that the oxygen methylene protons (O-
CH>-) exhibited the same chemical shift, whereas the methylene protons
attached to the dihydropyridyl nitrogen were chemically and magnetically
non-equivalent. The lH nmr spectra for compounds (179-184) indicated
the presence of two different diastereomers [RR(SS) and SR(RS)] in a
ratio 1:1, except for (180) and (183) where the ratio was 1:2. These
diastereomeric mixtures were obtained after preparative tlc purification

on silica gel G plates with ether:hexane (7:3, v/v) as the development



solvent using the multiple development tlc technique. Attempts to

separate the two diasterecmers were unsuccessful.

CN CN CN
N 1.R'Li/ether N H 7
o H
-78°C |
F N - 1 N
N 2.H,0 ) t-Bu R |
H H
152 154a 154b
1. NaH/DMSO
1 0
R'Li/ether Method B
-78°C 2.Ar-o-cnr1Ll(159>
3.H,0
r CN
CN Z
N H I
| H
N
Rl
? t-Bu |
Ar-0-CH,-CH-H,C Ar-0-CHz-CH-H,C
- H
181-182 179-180, 183-184
AN
—O- 169
1. Ar-0-CH, (169 Method A

2. H0

Ar= Ph, l-naphthyl;

Rl= n-Bu, t-Bu

Scheme 9. Synthetic routes used for the synthesis of l-aryloxy-3-
{1-[2-(or 6-alkyl)-3-cyano]-1,2- (or 1, 6-) -dihydropyridyl}
—2-propanols.
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3.3.0.0.0 SYNTHESIS OF 1-{1-[4~-(S)~ALKYL(ARYL)-3-[4-(S)-METH~-
OXYMETHYL~5-~ (S) ~-PHENYLOXAZOLIN-2-YL] ~1, 4-DIHYDRO-
PYRIDYL}-3~-ALKYLAMINO-2-PROPANOLS.

A study to replace the aryloxy moiety of class B aryloxypro-
panolamines, by a chiral 1,4~dihydropyridine ring system that is
stablized by an electron-attracting 3-[4-(S)-methoxymethyl-5-(S)-phenyl-
oxazolin-2-yl] substituent was initiated to investigate the effect which
a C-4 chiral center in a 1,4-dihydropyridyl ring system has upon B-
adrenergic antagonist activity (see structure 189). The syntheses of
(+)-4-(S) -alkyl (aryl) -3- (oxazolin-2-yl) -1, 4~dihyhydropyridines  (141b)
under acid conditions have been reported?41-443 yusing the procedures
illustrated in Scheme 3. Since low yields were obtained using this
method, and the mixture of imidate salt (139) and quarternized pyridine
salt (138) were difficult to separate, the alternative synthetic method
outlined in Scheme 10 was used to synthesize (185) under alkaline
reaction conditions?48, The reaction of 3-cyanopyridine (138) with
absolute ethanol in the presence of NaOCH3 at room temperature for three
days afforded (185) in 70% yield together with unreacted (138) which
were separated by distillation (60 ©C, 20 mm Hg). Subsequently, compound
(187) was prepared in 70% yield by heating a solution of the imidate
(185), 1.0 equivalent of triethylamine in dry 1,2-dichloromethane, and

1.0 equivalent of the (+)-aminodiol (186) at reflux for 16 h. The mp
and optical rotation for (187) were 125-126 OC and [0]p23= - 34.36 (c

0.40, CHC13), respectively. The literature values443 were mp 124-125 ©C
and [a]p?3= - 33.30 (c 10.5, CHCl3) respectively. Reaction of (187)
with NaH/CH3I in THF afforded (140) as a pure liquid in 95% yield. The

optical rotation for (140) was [a]D23= +44.16 (c 0.60, CHCl3), relative
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to the literature value?43 of [a]y2= +42.70 (c 0.60, CHCl3). The
physical data, and the 1§ nmr and ir spectroscopic data for (187 and
140) are presented in experimental section 6.1.0.0.0. 2ddition of an
alkyl (aryl) organolithium reagent to (140) in THF at -78 ©C followed by
hydrolysis with water afforded (141b). Since compound (141b) was
unstable at room temperature, the direct reaction of (14la) with
epibromohydrin was used (method A) for the synthesis of (188). Compound
(188) was very unstable. Further attempts to synthesize (189) by
reaction of (188) with isopropylamine or t-butylamine as illustrated in

Scheme 10 were unsuccessful.

3.4.0.0.0 GENERAL METHODS FOR THE SYNTHESIS OF HETEROARYLOXY-
PROPANOLAMINES.

Most [-blocking agents in current clinical use are class B

aryloxypropanolamines. Following the discovery of propranolol and
related aryloxypropanolamines, most investigations to design new B-
blockers have involved primarily class B compounds. The procedure that
is generally used to prepare heteroaryl (aryl)oxypropanolamines involves
the reaction of an epihalohydrin (188) with a hetercaryl or aryl
alcohol (187) by four different procedures (C446, p448, E449 and F450).
Procedures C and D afforded both 189 and 190. Procedures E and F yield
189 as the major product. The intermediate chlorohydrin (190) or
epoxide (189), which is usually not isolated, was reacted immediately
with the appropriate amine to afford the corresponding heteroaryl-

(aryl) oxypropanolamine (191) as outlined in Scheme 11 method A.

i1UB



HO_s4Ph
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NH ;I: Q OH
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N N Et;N/CH,C1, N
138 185 Reflux 187
1. NaH/THF
Ph - Ph - 2. CH;I
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."\\\
OCH; 1 0 .‘\\\\
! ocH,
. ==N
R'Li X
-— ~— |

-78°%C/THF SyZ

140
1. NaH/DMSO_ 0
B 2. Br—CHZ_Ll all- Br—CHZ-LX
3. Hzo 2- Hzo
3. NaOH
‘ .
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07N
OCHj
R®NH,
. - N
CH3~CH (OH) -CHj |
CH,~CH=CH,-NH-R?
189

Rl= Ph, n-Bu ; R?= CH(CH3)p, C(CH3)3

Scheme 10. Synthetic routes for the attempted preparation of 1-{1-[4-
(S) ~alkyl (aryl) -3-[4~-(S) -methoxymethyl-5~ (S) -phenyloxazolin—~
2-yl) }-1, 4-dihydropyridyl }~3-alkylamino-2-propanol (189).
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Method A 0
R'-0H + x—cnz—l-l

187 188
Plpendlne K,CO3 NaOH
Reflux Acetone | ©F KOH NaH/DMF or DMSO
o D E F
] ]
0 1
Rl-0-CH,- £ + R'-0-CH,~-CH (OH) ~CHp-X
189 190
R’NH,
1 2 H30'
R'~-0-CH,~-CH (OH) ~CH,-NH-R
191
Method B
2 2
R ~-R
: N”  NaH/DMF_ _, N
R'X + pno-cu, /kph —————— Rrl0~CH, /kph
0
0 . H
192 193 194

Rl= Heterocyclic ring

Scheme 11. General method for the synthesis of hetero-

aryloxypropanolamines.



Procedure F offers advantages over procedures C and D, since the
former procedure uses stoichiometric amounts of the highly toxic
epihalohydrin, provides higher chemical yields and cleaner reactions
than procedures C, D and E. Procedure F was therefore utilized for the
synthetic studies described in this thesis.

Another common method used to synthesize (191) involves the
reaction of a heterocaryl halide (192) with S-hydroxymethyl~-2-phenyl-
1,3-oxazolidine (192)451 ipn a suspension of NaH in DMF as illustrated
in Scheme 11 method B. Several approaches to the synthesis of chiral
heterocaryloxypropanolamines (191) have been developed. The most direct
method involves the reaction of a heteroaryl reagent bearing a facile
leaving group (192) with the sodium salt of a chiral glycido145l to
afford chiral heteroaryloxymethyloxiranes (196). Further reaction of
(R)- or (S)-(196) with appropriate amines yielded chiral heterocaryloxy
propanolamines (198) with retention of configuration as reported452,
Compounds (198) were also synthesized by the reaction of (192) with a
chiral (R~ or §-) -5-hydroxymethyl-2-phenyl-1, 3~oxazolidine452 in the
presence of sodium hydride in DMF (see Scheme 12). Alternative
procedures involve the reaction of a chiral epichlorohydrin (199),453
chiral glycidyl tosylate (200)454 or glycidyl arensulfonate (201)455
with the preformed phenoxide of (187) in DMF to yield a chiral
heteroaryloxymethyloxirane (196 ) . The subsequent reaction of (1 96) with
selected amines afforded the corresponding chiral heterocaryloxy-

propanolamine (198)452 as illustrated in Scheme 12,

ill
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Scheme 12. General method for the synthesis of chiral hetero-

aryloxypropanolamines.



3.4.1.0.0 SYNTHESIS OF 1- (QUINOLYLOXY)-3-(ALKYLAMINO)PROPAN-
2-0L.

Quinoline, which is an isostere of naphthalene, is present in a
large number of compounds that exhibit a wide spectrum of biological
, activities?6. It was therefore of interest to replace the nahpthyl ring
of propranolol (7) by a 2-, 4- or 5-quinolyl moiety and the N-
alkylamino group by selected cycloalkyl or arylalkyl groups to determine

the effect of these replacements upon B-adrenergic antagonist activity.

3.4.1.1.0 SYNTHESIS OF RACEMIC AND CHIRAL 1- (QUINOL-5-YLOXY) -
2, 3-EPOXYPROPANES.

McClure and co-workers?48 have investigated regioselectivity for
reactions of optical active glycidol derivatives (202) with aryloxide
nucleophiles. This study showed a substantial loss in optical purity
when the leaving group X (202) was a chloro or mesylate substituent
(Scheme 13). Since the configuration of the products produced using an
optically enriched oxirane (202) according to path a or b in Scheme 13
would not be identical, the determination of the absolute configuration
and chiral purity of (203) would establish the mode of nucleophilic
substitution. In other investigations, the reaction of (2S) -glycidyl
tosylate with different preformed aryloxides in DMF, prepared using NaH
as base, indicated that the formation of aryloxymethyloxiranes (203)
occurred with retention of configuration454,455, 1n addition, sodium or
potasium  hydroxide could be wused with no decrease in

regioselectivity495,



Path a B/\ X~ Displacement
/\)/\ +  Nu - 0 % °

: = N
0 7}{ X H u (retention)
(S)-202 (S)-203
Path b
Epoxide Attack
M X Path b I S} (Inversion)
H o H
(R)~-203

¥= Cl; OMs; OTL.

Scheme 13. Mechanism of nucleophilic addition to epichlorohydrin and

related species: Chiral aryloxymethyloxiranes (203).

This method was used to prepare (R,S), (R)- and (S)-1-(quinol-5-
yloxy) -2, 3-epoxypropanes by reaction of the preformed sodium salt of 5-
hydroxyquinoline (204) in DMF at 25 ©°C with (R,S)-epibromohydrin (205),
(2R) -glycidyl tosylate [a]p*® = -17° (c= 2.75, CHCl3) (206) or (2S)-
glycidyl tosylate [0]1%= +17° (c= 2.75, CHCl3) (207). The respective
products (R,S) (208), (R)-(209) and (S)-1-(quinol-5-yloxy)-2,3-
epoxypropane (210) obtained were purified by column chromatography to

provide 80-83% isolated chemical yields as shown in Scheme 14.



0 I o
NaH/DMF
+ _sz)& ° #
X-CH, 25 °C N
204 205 X= Br 208
206 X= (2R)-Tosylate 209
207 X= (2S)-Tosylate 210

Scheme 14. The synthesis of (R,S), (R)- and (S)-1-(quinol-5-yloxy)-

2, 3-epoxypropanes (208-210)

The physical data for (208-210) are shown in Table 9 and lH nmr
and ir spectroscopic data are summarized in Table 10. The ir spectra of
oxiranes (208-210) exhibit three intense bands at 1271 (aromatic C-O
ether), 1250, 1180 (oxirane C-O ether), and 805 cm~1.458,459 The latter
band at 805 am~l is due to the asymmetrical stretching vibration for the
oxirane ring452, The absorption band at 3066 cm~1 is due to the aromatic
protons and that at 1614 cm~l is due to an aromatic C=C stretching
vibration. An examination of the l1H nmr spectra of (208~210) indicated
that the C-1 and C-3 methylene protons were chemically and magnetically
nonequivalent appearing as a typical AMX pattern as illustrated by the

structures in Figure 11. Generally, the two C-3 protons appeared as one
quartet centered at § 2.85-2.86 (Jgem= 4.23-4.60 Hz and Jyjc= 2.42-3.29

Hz), a triplet at & 3.0 for Hy (Jgex= Jyic= 4.23-4.60 Hz). The two C-1
protons (Har and Hyr) appeared as a pair of quartets at 4.14 § (Jgem=
10.82-11.15 Hz and Jyjc= 5.64-5.80 Hz) for Hpr and at § 4.47-4.48 (Jger=

10.82-11.15 Hz and Jyjc= 2.40-1.91 Hz) for Hyp.



(S)-210 (R)-209

Figure 11. A typical AMX coupling spin system for (R)- and (S)-1-

(quinol-5-yloxy) -2, 3-epoxypropanes (209-210) .

Cis-Vicinal coupling constants for oxiranes are generaly larger
than the corresponding trans-coupling constants.460 Thus the lH nmr
spectra showed that Jayx= 3.29 Hz [(R)-209] > Jax= 2.42 Hz [(S)-210].

The optical rotations of (R)-209 and (S)-210 were calculated
using the equation illustrated below:

o
l1xd

[o]
[alg =

observed rotation (degrees)

specific rotation =
length (dm) x g/cc

where d represents density or concentration of (209 and 210) using
chloroform (CHCl3) as solvent, T° is the temperature (23°C) and D is the
wavelength of light used in the measurement (D line of sodium, 5893 A).
The measurement was performed three times for each compound using

different tube lengths (1= 1.0 and 2.0 dm) at different concentrations.
The optical rotation for (R)-209 was [a],® = -27.27° (c = 0.01, CHCL3)



while that for (S)-210 was [&]?3=~+27.279 (c = 0.01, CHCl3) (see Table

9).

The enantiomeric purity of these products was determined by
acquisition of lH nmr () spectra for (209-210) in the presence of a
chiral shift reagent (CSR), Eu(hfbc)3 {tris [3-heptafluorcbutyryl-d-
camphorato]europium}458:455, The information presented in Table 11
indicates that the 1H triplet at § 3.0 assigned to Hy for racemic (208)
is resolved into two multiplets at 6 3.16 and 3.18 with a 1:1 ratio in
the presence of 3.0 x 10™> M CSR. Increasing the concentration of the
CSR to 6.0 x 1073 M results in a further deshielding effect where the Hy
resonances appeared at & 3.33 and 3.38. When the concentration of CSR is
3.0 x 1075 M or higher, the initial 1H triplet at 8 3.0 assigned to Hy
in the absence of CSR, for both (R)-209 and (S)-210, collapsed to a
singlet and is shifted to lower field. This indicates that the purity of
(R)=209 or (S)-210 can be estimated at a number of concentrations of
CSR greater than 3.0 x 102 M. However, when the same concentration of
CSR is employed, the protons in (R)-209 are deshielded more than the

corresponding proton in (S)-210 shown in Table 11.
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(S)-210 (R)-209
Chemical shift & (ppm)
aComp. bcsr Configuration Hp Hy Hy
208 0 Racemate 2.85 3.00 3.52
3.0 x 10-5 Racemate 3.06 3.16 and 3.18 3.75
6.0 x 109 Racemate 3.24 3.33 and 3.38  3.94
9.0 x 10™3 Racemate 3.40 3.50 4,12
12.0 x 1073 Racemate 3.55 3.60 4.25
209 0 R 2.86 3.00 3.52
3.0 x 1072 R 3.40 3.46 4.14
6.0 x 105 R 3.79 3.85 4.60
9.0 x 10™5 R 4.10 4.15 4.91
210 0 S 2.86 3.00 3.52
3.0 x 1073 S 3.08 3.20 3.75
6.0 x 1075 S 3.30 3.40 3,98
9.0 x 1073 S 3.46 3.56 4,16
12.0 x 1075 S 3.64 3.72 4,32

aconcentration of compound = 1.0 x 10~1 M, PConcentration of CSR.

Table 11. Chemical shifts, 1H nmr (§) ppm for (R,S)-, (R)- and (S)-1-

(quinol-5-yloxy) -2, 3-epoxypropanes in the presence of CSR.



3.4.1.2.0 7YNTHESIS OF (R,S)-1-(QUINOL-5-YLOXY)-3-ALKYLAMINO-
2- PROPANOLS .

Reaction of racemic (208) with 2 to 4 -equivalents of

isopropylamine, t-butylamine or cyclohexylamine in 2-propanol &t room

temperature for 24-36 h, and recrystallization of the respective product

from ether:hexane afforded (211-213) in 90-96 % yield (see Scheme 15).

o H R?
/
O/\<J- ON/\I.‘]
H OH o
N , i-PrOH Ny
+ R NHZ
=~ o, P
N 25 °C .
(R,3)-208 (R,S8)-211-213

211 R2= -CH(CH3),, 212 R2= -C(CH3)3, 212 R2= cyclohexyl.

Scheme 15. The synthesis of (R,S)-1-(quinol-5-yloxy)~-3-isopropyl,

(t-butyl or cyclohexyl)amino~-2-propanols.

The physical data for (211-213) are presented in Table 12, and
the 1H nmr (§) and ir spectroscopic data are summarized in Table 13.
Compounds (211-213), which possess one chiral center, are racemates.
Examination of the lH nmr spectra for compounds (211-213) indicated
that the oxygen methylene protons (O-CHy~) exhibited the same chemical
shift. In contrast the methylene protons attached to the isopropyl,
t-butyl or cyclohexylamino groups were chemically and magnetically non-
equivalent. The ir spectra (cm™l) for compounds (211-213) exhibited

absorptions at 1617-1622 (C=N), 1264-1268 (aromatic-C-0), 1172-1175



(aliphatic-C-0) and 1140-1096 (alcohol C-O stretching vibration). The NH
absorption for (211,212) coincided with the OH absorptions at 3230
anl and was present at 3264 cm 1 for (213). The strong hydrogen

bonding absorptions at 3066-3262 (OH) are illustrated in Figure 12.

Figure 12. The hydrogen bonding absorptions of OH for (211-213).

The strength of hydrogen bonding is dependent upon the electron
density on N which is determined by the electron donating (+I) and
steric effects of the RZ2-substituent. The relative strength of the
hydroxyl hydrogen bond for compounds (211-213) 1is cyclohexyl <
isopropyl < t-butyl which give rise to the absorptions at 3066, 3230 and

3262, respectively.
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2-PROPANOLS.

Reaction of (-)=-(R)-1-(quinol-5-yloxy)-2,3-epoxypropane (209)
with isopropylamine or t-butylamine in 2-propanol at 25 ©C for 24-36 h,
afforded the respective free bases (214-215) as oils. Dissolution of
each free base in dry ether, treatment with anhydrous HCl gas until no
further precipitation of (214-215) was observed, followed by recryst-
allization from absolute ethyl alcohol yielded (214 and 215),
respectively as the 2HCl salts in 95-96% yield as outlined in Scheme 16.
Compounds (214-215) were predicted to have the same configuration as

the epoxide configuration (209) as illustrated in literature452,

2
/R
o) & O/y\N
H 0 HO" “H é
NN ) i-PrOH N
+ R NHZ —
NP 25°C N
(2R) -209 (2R) -214-215

214 R?= -CH(CH3),, 215 R2= -C(CH3)3.

Scheme 16. The synthesis of (2R)-1-(quinol-5-yloxy)-3-isopropyl (or

t-butyl) amino-2-propanols.

The physical data for (214~215).2HCl are presented in Table 14, and

the 1H nmr spectra and ir spectroscopic data are summarized in Table 15.
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the oxygen methylene protons (O-CHp-) exhibited the same chemical shift,
whereas the methylene protons attached to the isopropylamino and
t-butylamino groups were chemically and magnetically non-equivalent. The
ir spectra for compounds (214-215).2HCl exhibited absorptions in the
1638-1641 (C=N), 1280-1283 (aromatic~C-0), 1205 (aliphatic-C-0), 1107-
1108 (alcohol C-O stretching vibrations), 2600-3284 (quaternary NH) and

3400 (OH) am™l ranges.

3.4.1.4.0 SYNTHESIS OF (2S)-1-(QUINOL-5-YLOXY)-3-ALKYLAMINO-

2-PROPANOLS.

It is known that f-adrenergic blocking activity resides

primarily in the levorotatory enantiomer which has the (S)-
configuration355,357,348, since many potent B-adrenergic blocking agents
such as propranolol and practolol356 possess the (S) -configuration, a
series of (S)-1-(quinol-5-yloxy)-3-alkylamino-2-propanols were prepared
to determine the effect ‘of the (S)-configuration upon [-adrenergic
antagonist activity. Reaction of (+)=(S)-1-(quinol-5-yloxy)-2, 3~epoxy~
propane (210) with isopropylamine, t-butylamine or cyclohexylamine in
2-propanol at 25 °C for 24-36 h afforded (216-217) as oils and (218)
as a white solid. The free bases (216-217) were converted to the
corresponding dihydrochloride salts by reaction with anhydrous HCl in
dry ether and subsequently recrystallized from absolute ethyl alcohol
(92-98% yield) as outlined in Scheme 17. The physical data for (216-
218) are presented in Table 16a, and the 1H nmr and ir spectroscopic

data are summarized in Table 17.



H ~ o v g

N , i~-PrOH SN
+ R"NH, -
N7 25°C N
(28)-210 (28)-216-222

216, R2= -CH(CH3)p; 217, R%= -C(CH3)3;

218, R2= cyclohexyl.

Scheme 17. The synthesis of (2S)-1-(quinol-5-yloxy)-3-isopropyl,

(t-butyl or cyclohexyl)amino—2-propanols.

The 1H nmr spectra for compounds (216).2HC1 and the free base
(218) indicated that the oxymethylene protons (O-CHp-) exhibited the

same chemical shift whereas, the corresponding -OCHp~ protons for
(217) .2HC1 were chemically and maé'netically non~equivalent. The
methylene protons attached to the isopropylamino (216) .2HC1 and
t-butylamino (217).2HCl were chemically non-equivalent whereas the
corresponiding methylene protons attached to the cyclohexylamino (218)
were chemically and magnetically non-equivalent. The optical rotation
for (216).2HCL was [o];” = -10.84° (c = 0.03, MeQH). Further
modifications to compound (216) were made where the R2 isopropyl
substituent was replaced .by an arylalkyl substituent such as 1-(3-
phenylpropyl) (219), 3-indolyl-t-butyl substituent (220), a second (S)-
o-methylbenzyl (221), or replacement of the isopropylamino moiety by a
tertiary amino group such as a N4-diphenylmethylpiperazinyl group that

provided (222). These compounds ars listed in Scheme 18.






S 5T NA

(S)-210 (S)-219-222
219, R2=-(CH2)3'©; 220, R2=-C(CH3)2—CH27_Q;
N
H
S ,CHj
; ~— Ph
221, R%*=-pCc* . 222, NHR’==—N N-CI-; )
N d ¢ B \
Ph N/ Ph

Scheme 18. The synthesis of (2S)-1-(quinol-5-yloxy)-3-[phenyl-l-propyl,
(S) -0-methylbenzyl, or 2-(3-indolyl)-1, 1-dimethylethyl]amino

or 1-(4-diphenylmethylpiperazinyl]-2-propanols

A mixture of (+)-(S)-(210) and 1 equivalent of 3-phenyl-1-
propylamine in Z-propanol was heated at reflux for 5 h to yield (219)
after purification or silicz gel G plates using ether:methanol (7:3 v/v)
as the development sclvent. Extraction of the band having Re 0.48 with
methanol gave (21%; as a colorless liquid in 90% yield. The physical
data for (S)- {219} are presented in Table 16b. The structure assigned
to (28)-1-(quinol~-5-v"..ky) -3~ (3-phenyl-1l-propylamino) -2-propanol (219)
was consistent with the ir and 1H nmr data shown in Table 17. The high
resclution mass spectrum exhibited a molecular ion at m/z 33€.1843.
Fragmentaion of the molecular ion occurrs via the two major pathways

illustrated in Scheme 19.



—e'
| —_—
-
N
219 m/z 336.1543 (8.89%)
H
® \o+
(@]
[\ S
CHp-N=(CHz) 3"Ph  + -
H N

m/z 145.0531 (CqH,NO®, 100%)

Path B.

(CHp) 3~Ph
o/V\N/

OH !
N H -e’
| —_—
Z
N

219 m/z 336.1843 (8.89%%)

(oM l
A~ : G
\/]j\ +  HC=N=(CHp) 3-Ph == H,CY-N— (CHp) 5-Ph

+QO\Q\ /(CH2)3'Ph
0] N
OH é

N

N

m/z 148.1130 (CioHyeN', 73.92%)

Scheme 19. Major fragmentations of (2S) -1- (quinol-5-yloxy) -3 (3-

phenyl-1-propyl) amino-2-propanol (219;.



and vascdilating activities has been reported344r446. It was therefore
of interf:st to replace the isopropyl group present in (216) by a 3-
indciyl~t-butyl substituent *to determine the effect which this
teplacement has upon P-adrenergic untagonist activity. A mixcure of (+)-
(8)-(210) and 3-indelyl-t- uutylamine (226), which was prepared by a
literature procedure>i4,445 wich some modifications, in a small amount
of 2-propancl was heaterdl at reflux for 12 h, as outlined in Scheme 21.
Compound (220) was c¢btained as a white solid in 80% yield after
purification by recrystallization from ether:hexane or preparative tlc
chromatography using chloroform:ethanol (7:3 v/v) as development solvent
and extraction of the band at Rg= 0.48. The physical data for (S)-(220)
are presented in Table 16b. The structure assigned to (220) was
consistent with its ir and 1H nmr spectral data that are listed in Table
17. The ir spectrum indicated the presence of an indole NH at 3411, a OH
at 3286, a C=N at 1617, an aromatic C-O at 1267, an aliphatic C-O at
1172 and an alcohol C-O at 1096 cm™l. The high resolution mass spectrum
displayed a molecular ion at m/z 389.2089 (CpsHy7N307). The major
fragmentation was expulsion of a 3-methylindole radical from the

molecular ion to give the base peak at m/z 259.1451 ((CysHioN2O,%) as

shown in Scheme 21.



CH2-N\ i1 W avwy

CH;
+ (CH3) ,CH-NO;
N DMF N
I I
H 225 H
1.10% pd/C
2 .NH,NH,
CH,
" |
H“‘ CHz'CI:-NHZ
I h + | CHj
Z N
N |
H H
(+)-(S)-210 ? 226
CH3-CH-CHaj
‘ A
0/>./\N ‘ ﬂ j
%y}
H OH H l |
N Iil
® !
N
(S)-220

Scheme 20. Synthesis of (2S) -1- (quinol-5-yloxy) -3-[2- (3-indolyl) -

1,1-dimethylethyl]amino~2-propanol (220) .



HoC
]

-2

m/z 259.1451 (Cys5HyoN,0,°, 100%)

Scheme 21. Major fragmentation of (2S)~-1-(quinol-5-yloxy)-3-[2-{3-
indolyl) -1, 1-dimethylethyl Jamino~2-propanol (220).

Incorporation of a second chiral carbon onto the side
chain amino group of class A aryléethanolamines, enhanced fB-
adrenergic agonist activity and receptor affin‘ity161'162. It

was therefore of interest to replace the iscpropyl

substituent of (S)-(216) by a (S)-O-methylbenzyl substituent such
that the effect upon P-adrenergic activity could be determined. The
target compound (221) was prepared by reaction of (+)-(S)~(210) and
one equivalent of (S)-0-methyl-benzylamine in 2-propanol at 25 ©C
for 36 h. The vicous o0il obtained which was recrystallized

from ether:hexane to afford (SS)-(221) as a white solid in



aryloxypropanolamines by a N4-arylpiperazinyl group has provided a large
number of active compounds330. These results stimulated us to

investigate the synthesis of (222) as outlined in Scheme 22.

N\ NaH/DMF L "/_\N Ph
H—N N=—H + Br-CH;-(Ph); F{—i —<
\ 25°C \—/ Ph
227 228 229
+
™\ Ph
y, N N—<
o\, —/  pp 7\
%Ol H'
H N NaH/DMF | N
l 25 °c &
2
N N
(8)-222 (s)-210

Scheme 22. Synthesis of (2S)-1-(quinol-5-yloxy) -3-[1-(4-diphenylmethyl
-piperazinyl])~-2-propanol (222).

Reaction of 1-(diphenylmethyl)piperazine (229) prepared from
piperazineé and benzhydryl bromide (228) with (+)-(S)-(210) in 2-
propanol aforded a liquid which was recrystallized from ether:hexane to
give (S)- (222) as a white solid in 93% yield. The physical data for
(S)-(222) are presented in Table 16b, and the !H mmr and ir
spectroscopic data are sumarized in Table 17. The ir spectrum showed
the presence of a free OH at 3400, C=N at 1617, aromatic C-O at 1267,

aliphatic C-O at 1201 and alconol C-O 1095-1141 anl.
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possessing a propanolamine group that is attached to the 5-position of
quinoline exhibited a very potent and selective B1/By PB-adrenergic
receptor antagonist activity. These encouraging results prompted further
studies to determine the structure-activity correlations for the

isomeric 2- and 4-quinolyl analogues.

3.4.2.1.0 SYNTHESIS OF (R, S) -1~ (QUINOL-4-YLOXY) ~2,3-EPOXYPRO-
PANE, AND (R,S)-1-[1- (1, 4-DIHYDROQUINOLIN-4-ONE) ] -
2, 3-EPOXYPROPANE.

The :waction of 4~hydroxyquinoline (230) with epibromohydrin in
the presence of NaH and DMF at 25 Oc afforded both O-alkylated (231la)
and N-alkylated (232a) products which were separated by fractional
crystallization from ether:hexane to afford pure {232a) in 68% yield as
a yellow solid with a mp of 106 ©C. The residue from the mother liquor
was purified by preparative tlc chromatography using ether:ethanol (9:1
v/v) as development solvent. Extraction of the band having Rg= 0.40 with
methanol gave (231a) as an oil in 10% vield. Extraction of the band
having Rg= 0.10 afforded additional (232a) in 3% yield as outlined in
Scheme 23, method A. The ratio of N:O alkylated products was about 7:1.
The structures assigned to (231a and 232a) were consistent with their
ir and 1H nmr spectra as presented in Table 18.

2



4 200 Q)

2

(R,S)-231a
230 205, X= Br (S)-231a" H,C
} _ O (R,S)~-232a
207, X= (2S)-Tosylate (5)-232a°
RNHz
OH H
®» \N
N/ ! OH
H
(R,S)-233a (R,S)-234a
(S)-233a’ (S)y~-234a’

Scheme 23. Synthesis of (2R,2S)-, and (2S)-1-[quinol-4-yloxy]-3-
isopropylamino-2-propanols (233a) and (233a'); and (2R,2S)-
and (2S)-1-[1-(1,4-dihydroquinolin—-4-one) ] -3-isopropylamino-
2-propanol (234a) and (234a').

The ir spectrum (ecm™l) for (231a) showed the presence of C=N
(1621), arcratic C-O (1276) and epoxide C-O (1250) absorptions, whereas
(232a) displayed absorptions for C=C at 1610 and C=O at 1633 cm™!. e
low frequency for the C=0 absorption for (232a) is attributed to
conjugation with the o,B-olefinic group and tke aryl ring. The 1H nmr
oL v-alkylation product (231a) and N-alkylation product (232a)
were sufficiently different to allow facile structure assignments. For

example the hetercaryl C-2H of (231a) is at lower field (8 8.81) than



3.4.2.2.0 SYNTHESIS OF (S)-1- (QUINOL-4-YLOXY)-2,3-EPOXYPRO-
PANE, (S)-1-[1- (1, 4-DIHYDROQUINOLIN-4-ONE) ]-2, 3~
EPOXYPROPANE.

(3) -1- (quinol-4-yloxy)~2,3-propane (231a') was prepared as
described for (231a) in section 3.4.2.1.0. A mixture of (S)-O-alkylated
(231a') and (S)-N-alkylated products (232a') were separated by
preparative tlc caromatography using ether:ethanol (9:1 v/v) as

development solvent. Extraction of the band havir ; Rg 0.48 with methanol

gave (S)-(231a') as an oil in 8% yield. Extraction of the band having
R 0.10 with methanol gave the (S)-N-alkylated product (232a') as ar
oil in 80% yield which was used without characterization by 14 nme
spectrometry. The structure assigned to (S)-(231a') was consistent with
its ir and 14 nmr spectra as presented in Table 18. The enantiomeric
purity of (S)-(231a') was determined by acquisition of IH nmr (9)
spectra in the presence of a chiral shift reagent (CSR). Similar
information to that illustrated in Table 11 indicates that the 14

triplet at (8) 2.91 assigned to Hp collapsed to a singlet at a CSR

concentration of 2 x 105 M and it is shifted to lower field.

3.4.2.3.0 SYNTHESIS OF (R,S), (S)-1-(QUINOL-4-YLOXY}-3-ISOPRO-
PYLAMINO-2-PROPANOLS, AND (R,S)-, (S)-1-[1-(1,4-DI-

HYDROQUINOLIN--4-ONE) ] ~3-ISOPKOPYLAMING-2-PROPANOLS.



(233a’' and 234&') as i.; Jith the retained configuration452 as
illustratel in Sche: 23. DY :>lution of the free bases (233a' or
234a) in dry ether, tveatment with anhydrous HCl gas until no further
precipitation of (iI7-' oxr 234a) was okserved, followed by
recrystallization from absolute ethanol yielded (232a' or 234a)
respectively as the 2HCl salts in 92% yield. The physical data for
(233a, 233a'.2 HC1l, and 234a) are presented in Table 20. The
structures assigned to (233a, 233a‘'.2 HCl, 234a and 234n'; were
consistent with their ir and lH nmr spectra as p:csented in Table 21.
The low vield of the target O-alkylation intermediate (231a), prompted
us to use an alternative method to synthesize 1-(quinol-4-yloxy)-3i-
alkylamino~2-propanols (233a) as outlined by method B in Scheme 24. A
mixture of glycidol (235) and excess of iscpropyl- ~r t-buylamine was
allowed to react at 25 ©C for 24 h to give the respective 3-
(isopropylamino)-1,2-propandiol (236a) in 97% vyield or I-(t-
butylamino) ~1,2-propandiol (236b) in 98% yield. The structures assigned
to (236a and 236b) were consistent with their ir and lH nmr (see in
Table 19). Examination of the lH nmr spectra for (236a and 236b)
indicated that the oxymethylene protons [HO-CHo-CH(OH)-] and
aminomethylene protons (—CHZ-NHRZ) were chemically and magnetically non-
equivalent. The ir spectra of 236 (a,b) showed a hydroxyl absorption at
3254 anl, The subsequent reaction of 236a with excess benzaldehyde at
160-180 OC for 5 L afforded 193a [R%= CH(CH3),] in 80% yield.



nuUT ™ - ' I

H
235 PhCHO ;36 :
160-180°C (a,b)
H 0 .
(CHs) sC=Y=H,C /k + HJ-Hzc-L(\/k.H +
H 0
Ph Ph
237b 193 (a,b) *
SN
C(,\l Natl/DME
~ o
N TCL/ wan/ouE 25 ¢
[]
240 25°C (cHj)CH . 4

N e
N Hb‘;\
I H o) 0
2 Fh

N o/\f'\N’Rz 5 N

4 O\(“H X | N>
+ Ph +

H30 d32/ 239

H

' CH (CH3)
= / 372
SO SV 4
Z
\ N o/‘%nn/R / \ JH H
! I
OH H P
x N
242 (a,Db) 233a

a, RZ= CH(CH3); b, R2= C(CH3)3.

Scheme 24. Synthesis of 1-(quinol-2-yloxy) -3-alkylamino-2-propanols
(242) and 1-(quinol-4-yloxy) -3-isopropylamino-2-
propanol (233a).



ether:hexane (8:2 v/v) as eluant to yield 193b anz 237b in 80% and 20%
yields, respectively. Ther: are two chiral certers present in (193a,
193b and 237b) which are 1likely comprised of 2 mixture of four
diastereomers (RR, SS, RS, SR). An attempt to separate the two
diastereomers {RR(SS), RS(SR)} of (193a, 193b) by silica gel tlc using
ether:hexane (7:3, or 8:2 v/v) as development solvent was unsuccessful,
although the 1H nmr spectrum of (193a, 183b) showed the presence of
two different diastereomers [possibly RR(SS) and RS{SR) in a ratio of
1:1) as summarized in Table 19. Two diastereomers of 237b were
se~%vated by preparative tlc chromatography ‘''sing ether:hexane (8:2 v/v)
ag -ievalopment solveint. Extraction of the bands having Re= 0.55 and Re=
0.3 with methanol provided two pure diastereomers (237b' and 237b'')
which were characterized by lH nmr as summarized in Table 19, The ir
spectrum (cm~l) showed free OH absorptions at 3427 and 3414 for (193a
and 193b), and an NH absorption at 3336 for (237b' and 237b'').
Further reaction of (193a) with 4-chloroquinoline in DMF in the
presence of NaH afforded (239) which was hydrolyzed with 1.5 N HCl to
yield (233a) as a white solid in 92% yield. The physical data for
(233a) i3 presented in Table 20, and the lH nmr and ir spectroscopic
data are summarized in Table 21. The physical, 14 mmr and ir
spectroscopic data for (233a) prepared by method B in Scheme 24 are

identical to the product prepared by method A in Scheme 23.
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3.4.2.4.0 SYNTHESIS OF (R,S8)-1-(QUINOL~2-YLOXY)-3-~ISOPROPYL-

| AMINO-2-PROPANOL AND (R, S)-1- (QUINOL-2-YLOXY) -3~t-
BUTYLAMINO-2-PROPANOL.

A similar reaction of (193a or 193b) with 2-chloroquinoline gave

(242a or 242b) in 90-91% yield. The physical data for (242a, 242b)

are presented in Table 20, and the lH nmr and ir spectroscopic data are

summarized in Table 21. The lH nmr spectra for (242a, 242b) indicated

that the chiral carbon (CHxOH) causes the adjacent methylene protons to

be magnetically and chemically non-equivalent as illustrated in Figure
10, whereas the oxymethylene protons (O-CH>-CHxCH) for (233a) exhibited

the same chemical shift. The chemical shift for the oxymethylene protons
(O-CHp-CHyOH) of (242a, 242b) is shifted to lower field than the
corresponding protons in (233a), since the former methylene group is
attached to a 2-quinolyl substituent (242a, 242b) that has a stronger
deshielding effect than the 4-quinolyl substituent present in (233a).
The ir spectra (cm™l) revealed a NH absorption at 3266 for (242a) and a
hydroxyl absorption at 3266, 3143 and 3181 for (242a, 242b and 233a),
respectively which showed strong hydrogen bonding as illustrated in

Figure 12.

3.4.3.0.0 SYNTHESIS (R,S)-1-(PYRIMIDIN-2-YLOXY)-3-ALKYLAMINO-
2-PROPANOLS .

Many substituted pyridines possess vasodilator activity364-368 p
combination of vasodilator and P-adrenergic antagonist activities have
been reported for some pyridine compounds such as (S)-1-[3-Cyano-2-
pyridylyloxy) 1-3-t-butylamino-2-propanol (112)382, pyrimidine could be

an isostere of 3-cyano or 3—nitropyridine382. A study was therefore
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initiated to replace the 3-cyanopyridine ring of (112) by a 2-pyrimidyl
ring to determine the effect of the second nitrogen atom in the
heteroaryl moiety upon B-adrenergic antagonist activity. Reaction of 2-
chloropyrimidine (243) with (193a,b) in DMF in the presence of NaH
afforded (244a,b) in 92-95% yields, which were hydrolyzed using 1.5 N

HCl to give the target compounds (245a,b) in 90-92% yield as outlined

in Scheme 25.
R’ Na/DME
| o + HO HC-L<\ 25 C (\
=H;
N¢LC1 /l{‘ I /\?/\
243 193(a, b) 244 (a,b) 0
Ph
l H;0"
NN
H 2
| R
7/
SN
OH g
245(a,b)

a, Re= CH(CH3)2; b, R2= C(CH3) 3

Scheme 25. Synthesis of (2R,2S)-1- (pyrimidin-2-yloxy) -3~
isopropyl (or t-butyl)amino-2-propancls (245a,b).
The physical data for (245a,b) are presented in Table 22. The
Structures assigned to (244a,b and 245a,b) in Scheme 25 were
consistent with their ir and 1H nmr spectral data which are summarized
in Table 23. The lH nmr spectrum showed the presence of two different
diasterecmers [RR(SS) and RS(SR)] in a ratio 1:1 for (244a) and 1:2 for
(244b), which were obtained after purification by column

chromatography.
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The ratio of the two different diastereomers [RR(SS) and ﬁS(SR)]
for (244a) and (244b) was calculated from the integrals of the
respective absorptions for the oxazolidinyl H-2 and H~5 protons. These
ratios were similar to the ratios of starting materials (193a,b). The
ir spectrum (cm™l) indicated the presence of a hydroxyl absorption at
3301-3319 for (245a,b).

3.4.4.0.0 SYNTHESIS OF 1-({ISOQUINOL-5-YLOXY)-3-ALKYLAMINO-2-
PROPANOLS.

Previously, a series of highly potent and selective f1/B;
adrenergic antagonists were investigated where the heterocaryl moiety was
a 5-quinolinyl group. It was therefore of interest to investigate the
effect which the position of the nitrogen atom in the heteroaryl moiety
has upon activity. This study was initiated to determine the effect of a
5-isoquinolinyl group upon B-adrenergic antagonist activity. Reaction of
S5-hydroxyisoquinoline (246) with epibromchydrin (205) in DMF in the
presence of NaH afforded 1-(isoquinol-5-yloxy)-2,3-epoxypropane (247)
in 85% yield. The subsequent reaction of (247) with various alkylamines
gave 1-(isoquinol-5-yloxy)-3-alkyl (aryl)amino-2-propanols (248-251) in
90-98% yield as outlined in Scheme 26. The physical data for (247-251)
are presented in Table 24. The structures assigned to (247-251) in
Scheme 26 were consistent with their ir and lH nmr spectral data which
are summarized in Table 25. The 1H nmr spectrum for the oxirane (247)
indicated that the C-1 and C-3 methylene protons were chemically and
magnetically non-equivalent and appeared as a typical AMX pattern shown

previously in Figure 11.

173



0
OH /\<,
0
o NaH/DMF H

H ° N
| + %A 25 c | + RNH,
N Br-CH, N
246 205 247
i-ProH
H 2
/V\ R
0 N
OH
H
I N
ZN

248, R?= CH(CH3)p; 249, R2= C(CHj3)s3;
250, R?= Cyclohexyl; 251, R2= (CHp)3-Ph.

Scheme 26. Synthetic method for the synthesis of (2R,2S)-1-(isoquinol-5-

yloxy) -3-alkylamino~2-propanols (248-251).

In contrast, the lH nmr spectra for (248-251) displayed the same
chemical shift for the methylene protons [O~-CHo-CH(OH)-], but chemical
and magnetic non-equivalence for the methylene protons [-CH(CH) —-CHoNH~] .
The ir spectra (am™l) indicated the presence of an OH absorption in the
3082-3377 range for (248-251) and a NH absorption at 3238-3254 for
(248-250) . The order of hydrogen bonding strength is as explained
previously in Figure 12 for similar campounds. The high resolution mass

spectrum for (251) displayed a molecular ion at m/z 336.1844
(C21Hp4N202, 3.73%). Loss of an epoxide radical from the molecular ion

gave rise to the base peak at m/z 145.0529 ((CgH7NOt, 100%) as shown in

Scheme 20 Path A.
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3.4.5.0.0 SYNTHESIS OF 1-[2-(ISOQUINOLIN-1-ONE)]-3-ALKYLAMINO
-2-PROPANOLS.

The isocarbostyril moiety, commonly referred to as l-hydroxyiso-
quinoline, is present in compounds that exhibited a combination of B-
blocking and vasodilating activity such as (83)345. cardiac stimulant
activity was observed when a 2(1H)-quinolone460 moiety was present. A
nutber of class B adrenergic compounds have been reported, where the
aryloxy moiety was replaced by a N-substituted-2-quinolinone, with N-
substituents such as isopropyl, t-butyl or cyclohexylamino to determine
the effect of these modifications upon B-adrenergic antagonist activity.
A synthetic reaction similar to Procedure F described earlier in Scheme
11 was employed. Thus, reaction of l-hydroxyisoquinoline (252) with
(205) in DMF in the presence of NaH afforded the N-substituted product
(253) which was purified by column chromatography to yield (253) as a
white solid in 85% yield. The presence of the isomeric O-alkylation
product was not observed by tlc or 14 nmr. Further reaction of (253)
with isopropyl, t-butyl or cyclohexylamine at 25 ©C for 24-36 h provided
the corresponding products (254-256) in 92-98% yield as outlined in
Scheme 27. The physical data for (253-256) are presented in Table 26.
The structures assigned to (253-256) in Scheme 27 were consistent with

their ir and lH nmr spectral data which are summarized in Table 27.
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N
I 0 N
ZN NaH/DMF H
+ Br-CHzA ——— I N 0 + RZNHZ
OH 25 °c
252 205 0
253
i-PrOH

254, R%= CH(CH3)p; 255, R%= C(CH3)3;

256, R2= Cyclohexyl.

Scheme 27. Synthesis of 1- [2-(1—isoquinolonin-1-one)]-3-isopropyl
(t-butyl, or cyclohexyl)amino-2-propancls (254-256 ).

3.4.6.0.0 SYNTHESIS OF 1-[3—(QUINAZOLIN-4-ONE)]-3-ALKYLAMINO
~2-PROPANOLS.

The introduction of a second annular nitrogen atom into the 3-
position of a 4-hydroxyquinoline moiety was initiated to prepare class B
aryloxypropanolamine analogues. It was of interest to determine the
effect which a 3-(quinazolin-4-cne) moiety, that can be envisaged as a
3~aza-4-hydroxyquinolyl group, has upon [-adrenergic antagonist
activity. The reaction of 4-hydroxyquinazoline (257) with epibromo-
hydrin (205) in DMF in the presence of NaH afforded exclusively the N-
substituted product (258) in 78% yield. Reaction of (258) with
isopropyl- or t-butylamine gave (259-260)in 98% yields as outlined in

Scheme 28. The physical data for (258-260) are presented in Table 28,
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The structures assigned to (258-260) are consistent with their ir and
1# nmr spectral data which are summarized in Table 29. The lH nmr
spectrum for (258) exhibited the typical AMX pattern described earlier

for similar compounds in Figure 11. The lH nmr spectra for (259-560)
showed that the methylene protons of the [O-CHp-CH(CH)-1 and ([-CH(CH)-

CHoNH-] groups are chemically and magnetically non-equivalent. The ir

spectra (cm~1) showed a strong absorption for the C=O group of (258~
260) at 1659-1679. A hydroxyl absorption band at 3407-3425 and a NH

absorption band at 3265-3280 cm™} for (259-260) were also present.
OH

o | ‘}Z 3 NaH/DMF
L /' ¥ Br-CH, 25 9C /I + R'NH
258

257 205

i-PrOH

SRS
N) OH g

259, R2=isopropyl;
260, R2= t-butyl.

Scheme 28. Synthesis of (2R,2S)-1-[3-(quinazolin-4-one)]-3-isopropyl (or

t-butyl) amino-2-propanol (259-260) .
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3.5.0.0.0 ATTEMPTED SYNTHESIS OF 1-{2~-[4-(or 6)-SUBSTITUTED-
1,4-(or 1, 6-)DIHYDROPYRIDYLOXY] }-3~ISOPROPYLAMINO~
2-~-PROPANOL (266).

The general procedure for the synthesis of 1-(3-cyano-2-
pyridyloxy) -3-isopropylamino-2-propanol (264) and the corresponding
analogue (265)382,452 pe outlined in Scheme 29. The physical data for
(264-265) are presented in Table 30. The structures assigned to (264-
265) are consistent with their ir and 1H nmr spectral data which are
summarized in Table 31. The 3-cyano substituent present in (264) is a
significant determinant of antihypertensive and vasodilating activity.
Replacement of the cyano substituent present in (264) by a hydrogen
substituent provides (265) which possesses antihypertensive activity
but is essentially devoid of any vasodilating effect382, These results
stimulated us to investigate the effect which reduction of the pyridine
ring of (264-265) to a dihydropyridine ring had upon activity. Thus,
reaction of (264) or (265) with either phenyl- or methyl lithium in THF
at -78 OC did not occur to yield the target 1,4- or 1,6-dihydropyridyl
analogues (266) since starting material was recovered. When the
reaction was carried out at 25 ©C, the reaction mixture was comprised
of many compounds without any major product as indicated by tlc, from
which 1,4- or 1, 6-dihydropyridyl products (266) could not be isolated

by silica gel G tlec.
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“
NH CN

< I + 2poci, + 3 mC

! N~ Cl
0]
261b
26la
AR u N/CH(CH3)2 .
W HO-CHZﬂH 1.NaH/DMF /l )
Cl « I
) 0 Ph 2.H30+ N O/#/\Il\(
263, R'= H 264, mle o
1.3 equiv. RLi 265, Rl= H
THF /-78°C
2.H,0

266

Rl= cN, H; RZ= Ph, Me.

Scheme 29. Synthetir procedure for the attempted synthesis of 1,4- or
1, 6-dihydropyridyl analogues (266) of 1-(2-pyridyloxy)-3-

isopropylamino-2-propanols (264-265).
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4.0.0.0.0 TISSUE PREPARATION AND DETERMINATION OF IDgqn AND
PA2 VALUES.
4.1.0.0.0 By1-ADRENERGIC ANTAGONIST TEST PROCEDURE.

White male guinea-pigs (GP) between 400-600 g in weight were
killed by a sharp blow to the head, bled and then decapitated. The chest
wall was opened and the right and left atria were carefully dissected,
freed from adhesive tissue and mounted in separate jacketed water baths

containing Hepes buffered physiological saline solution (HPSS) at 37 ©C
that was aerated with Oy. The HPSS had the following composition (mM/L):

NaCl 135.0, CaCly 2.2, KCl 5.6, MgCly 2.1, glucose 10.0, Hepes-NaOH (pH
7.4) 10.0. Contractions were recorded isotonically with a preload
resting tension of 0.75 g. The isolated left atrium was electrically
stimulated at a constant rate by square pulses of 1.5 msec duration and
an intensity approximately twice that of threshold (2.0 volts). The
pulses were delivered by an electronic stimulator (Grass S44) through an
isolation unit (Grass SIU5) at a stimulation rate of 2 Hz, which
corresponded to 85-95 per cent of the maximal activity. After an
equilibration period of 45 to 60 minutes, cumlative dose response
curves were obtained for the P-agonist isoproterenol (INA) using the
method described by D. Horii.46l poses of the INA were added
cumilatively to the spontaneously beating right and electrically
stimulated left atria in a geometrical fashion in steps of one half log
10 molar doses. The next dose was not added until the response to the
previous dose had reached a plateau. The total volume of solution added
to the tissue bath during the experiment did not exceed more than 4% of

the total bath volume. Cumilative dose-response curves were obtained to

the B-agonist isoproterenol (INA) for the Pj-receptor (heart) for the
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By-receptor (trachea). The maximal dose for isoproterenol (INA) and
carbachol were determined from the dose response curves as shown in Fig.
13 (a, bor c).

Right atria

8

o]
o
1

% of maximal response
3

40
20 -
0 T - T v T Y
-10 -9 -8 -7 -6
log[INA](M)

Fig. 13a. The dose response curve for determination of the maximal dose
for isoproterenol (INA) on right atrium. Each point represents

the mean of 30 experiments * SEM.

From the dose response curves (Fig. 13a, b, ¢), the maximal dose
required to produce an effect was determined for each agonist. The
maximal doses were 3 x 10~/ M/L for INA on atria and 1 x 10~5 M/L for
carbacol on trachea. The maximal dose was chosen as the control dose for
subsequent experiments where the ID5g of the test drug (antagonist) was

evaluated for the determination of negative inotropic and chronotropic

effects.
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Fig. 13b.

Fig. 13c.

Left atria

° 100
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5 40-
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O 20 ~
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o Y T v T v T v T v

-10 -9 -8 -7 -8 -5
log{INA](M)
The dose response curve for determination of the maximal dose
for isoproterenol (INA) on left atrium. Each point represents
the mean of 30 experiments * SEM.,
Trachea

o 100 4
g
% 80
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®

0 ' r r r ' - '
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log [CA}(M)

The dose response curve for determination of the maximal dose

for carbachol (CA) on trachea. Each point represents the mean
of 40 experiments + SEM.
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The ID5g value [+/- SEM (standard error of the mean)] is defined

as the concentration of the antagonist that inhibits the control
response by 50% of the starting inotropic contractility or chronotropic
rate of the atrium (Fig. 14). A minimum of three determinations were
acquired and the ID5p value was determined graphically or by linear
regression analysis of three points on the linear portion (20 to 80%
inhibition) of the dose-response curve of the antagonist. A minimum of
three tissues were used for each test compound. The relative potency
order for the antagonists was determined by comparison of the test drug

IDsg with the IDgy of the standard antagonist (propranolol or

metoprolol) which was determined by the same procedure as the test

compounds.
Right atria
@ 120
g
= 100 -
E
S 80-
E Antagonist was added
é 60
= .
g 40+ —®— INA control
§ ] ——%= Antagonist
8 20-
“ -
R -1 ' ' - ' v . :
-10 -8 -6 -4 -2

Concentration (log M)

Fig.14. Dose-respose curve for the determination of the IDg5n value for
. the chronotropic effect of the antagonist (255). Each point

represents the mean of 3 experiments + SEM.
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Consequently, the right and left atria were incubated with the PB-
blocker at two different doses chosen as a factor of ten in the ID3g to
ID7o range for 30 minutes, and the cumulative dose-response curve for

INA was again established in the presence of P-blocker as illustrated in

Fig. 15.
Right atrium
2 120
]
| ™
= 100 -
N
Q o
]
-1 80"
£
“ L
S 60+
o -
2
S 40-
é —_— a
- 204
E —
%" 0- —_—
5]
E p
@ '20 T ] v T v T
-10 -8 -4 .2

-6
Log[INA](M)

a= Dose-response control curve for INA

b= Dose-response curve for INA in the presence of 3 x 10-6 M of (212)

c= Dose-response curve for INA in the presence of 3 x 107> M of (212)

Fig. 15. Dose-response curves for the determination of pA; value for the
antagonist (212). Each point represents the mean of 3

experiments *+ SEM.

The dose-response curve was shifted to the right when the

concentration of antagonist was increased by a factor of ten, as

199



illustrated in Fig. 15. Two IDgy values were determined for dose-
response curves (b or ¢) and pAy; values were calculated according to the
method of Schild462 which is a graph of log (X-1) plotted against the
molar concentration of the antagonist. To find log (X~1), where X is the
dose ratio (DR), which is the ratio of the dose of isoproterenol
(isoprenaline) (INA) (IDsg of curve b) acting in the presence of the
antagonist divided by the dose of isoproterenol (IDgg of curve a) acting
alone, that both produce the same percentage increase in heart rate; for
example X= b/a or c/a (ID5p of curve b or ¢ divided by the ID5p of curve
a). The X value in equation (X-1) was replaced by b/a or c/a to give
(b/a ~1) or log(X-1) = log(b/a -1) in Fig. 15. The pA; value was
determined graphically or by linear regression analysis by plotting the
log(X~1) value against the molar concentration of the antagonist

present. The pA; value which is read from the graph, is the point where

the line crosses the X axis (Fig. 16).

4.2.0.0.0 P>-ADRENERGIC ANTAGONIST TEST PROCEDURE.

The trachea from a guinea-pig was removed by dissection,
transferred to a dish containing HPSS solution and cut transversely
between the segments of cartilage to obtain a number of rings of
tracheal muscle. These rings were freed of all fat tissue and blood
vessel with extreme care to avoid stretching the ring. Several rings,
usually 6, were sutured together, side by side, using polyester thread

to form a chain, which was then mounted vertically in a HPSS solution
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Fig. 16. A typical plot for the calculation of the pA; value.

[B] is the concentration of antagonist. The arrow indicates

the pAy value.

water-jacketed bath (10 mL) at 37 ©C that was aerated with O as
illustrated in Fig. 17. An initial basal tension of 0.25 g was applied
to each tracheal chain and the tisuue was allowed to stand for 1 h prior
to use. A constant level of tone was induced by the administration of
carbachol to achieve the maximum response. Following this, and without
washing, a cumlative dose-response curve to the antagonist was
determined to calculate the IDgg. Cumuilative dose-response curves to
isoproterenol were determined before and after treatment with the
antagonists cited above. Two concentrations of each antagonist were used
for each tracheal ring chain where the difference between the two

concentrations was a factor of ten. The pA; values were calculated using

the method of Schild462 described previously.
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Fig. 17. Schematic representation of the guinea-pig trachea chain set up



4.3.0.0.0 PHARMACOLOGICAL RESULTS AND DISCUSSIONS.

4.3.1.0.0 PHARMACOLOGICAL EVALUATION OF 1-~{1-[2-,4- or 6-
ALKYL (PHENYL) -3- (CYANO or 4, 4-DIMETHYLOXAZOLIN-2-
YL) ] DIHYDROPYRIDYL}~3-ALKYLAMINO-2-PROPANOLS, 1- (2-
ISOQUINOLIN-1-ONE) -3-ALKYLAMINO-2-PROPANOLS and 1-
(3-QUINAZOLIN-4-ONE) -3-ALKYLAMINO-2-PROPANOLS.

A number of selected compounds from the 1-{1-[2-,4-~ or 6-
alkyl (phenyl)-3-(cyano or 4,4-dimethyloxazolin-2-yl)]-1,2-(1,4- or 1,6-)
dihydropyridyl}-3-alkylamino-2-propanol series of compounds were tested
in vitro to detemmine the effect which a dihydropyridyl ring system and

the absence of an ethereal atom had upon [-adrenergic antagonist

activity. The pharmacological test procedures are described in section
4.0.0.0.0. The ID5y values for selected campounds are presented in Table
32. The test results indicated that replacement of the aryloxy moiety of
propranolol by a 1,2-; 1,4- or 1,6-dihydropyridine ring system resulted
in a marked decrease in pharmacological activity that was non-selective
for B; and PBp-adrenergic receptors. Bi/Ps Activity was reduced
approximately 100 fold relative to the reference drugs metoprolol or
propranolol. Although (159) is about three times more potent than (148)
and (156), this observation is based on only one compound in each group
and the differences are small. Thus, the isomeric 1,2-; 1,4-; or 1,6-
dihydropyridyl rings present in compounds (148, 156 and 159) confer
similar potencies. Compound (161), which posesses two chiral centers,

exists as a mixture of four diastereomers (SS, RR, SR and RS). These

diastereomers could in theory possess different B-adrenergic antagonist

activites.
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However, compound (164), which is a pure (RS,SR) or (RR, 8SS)
diastereomer is equipotent with (161). This result suggests the
difference in potency between diastereomers may be small. The most
logical explanation for the low activity is the absence of an ethereal
oxygen atom which is present in propranolol. The distance between the
terminal nitrogen and the dihydropyridyl ring is longer than that in
class A arylethanolamines but shorter than that in class B
aryloxypropanolamines. This explanation is also supported by the
observation that replacement of the aryloxy moiety by a l-isoquinolone
or 4-quinazolinone ring system as in compounds (255, 256, 259 and 260)
also resulted in low activity. The 1-isoquinolonyl or 4-quinazolinonyl
moieties which are planar, were expected to possess a higher affinity
for the B-adrenergic receptor than the dihydropyridyl moiety. However
the test results in Table 33 indicate that the latter campounds exhibit
low activities similar to the dihydropyridyl analogs described in Table
32. Compound (260) having a 3- (quinazolin-4-one) moiety exhibited a 3
to 4 fold decrease in pharmacological activity [1.63 x 10~3 M (right

atrium); 5.09 x 1074 M (left atrium); 1.0 x 10~2 M (trachea)] relative

to the 2-(isoquinolin-l-cne) (255-256).
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4.3.2.0.0 PHARMACOLOGICAL EVALUATION OF 1-ARYLOXY-3-{1-[4-
ALKYL (PHENYL) -3- (4, 4-DIMETHYLOXAZ20LIN-2~YL) ] -1, 4~
DIHYDROPYRIDYL}~2-PROPANOLS and 1-ARYLOXY-3-{1-[2-
PHENYL-3- (4, 4-DIMETHYLOXAZOLIN-2-~YL) ] -1, 2-DIHYDRO-
PYRIDYL}-2-PROPANOL.

Replacement of the terminal secondary alkylamino moieties of
aryloxypropanolamines by a 1,2- or 1, 4-dihydropyridine ring system, that
is stabilized by a 3-(4,4~dimethyloxazol-2-yl) substituent, gave a
number of compounds which were tested in vitro to determine the effect
Of the terminal dihydropyridine ring system upon R-adrenergic antagonist
activity. The pharmacological test procedures were identical to those
described previously in section 4.0.0.0.0. The IDgg values for selected
compounds (171, 172, 174, 176 and 178) are presented in Table 34.
Compounds (172 and 174) are propranolol analogues in which the
terminal N-substituent was replaced by a 1,2-(or 1,4-)dihydropyridine
ring system. Compounds (172 and 174) are equipotent in the right
atrium and trachea assays, although (172) was slightly more potent (3
times) in the left atrium relative to (174) . Thus the 1,2- or 1,4~
dihydropyridine ring system is not a useful terminal substituent for [~
adrenergic antagonist activity. Compounds (172, 176, 178) possess a
terminal 1,4-dihydropyridine ring where the C-4 Rl-substituents are Ph,
n-Bu, and Me, respectively. The potency order of (172, 176, 178) was
dependent upon the C-4 dihydropyridyl substituent where the relative
order of activity was Ph < n-Bu < Me in right, left atrium and trachea.
Compound (172), which is more lipophilic was less potent in the right,
and left atrium and in trachea than (176, 178). It appears that

lipophilicity may be a significant determinant of activity in this in
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vitro assay as it determines solubility. The low activity for this class

of compounds could be the lack of hydrogen atom on the terminal nitrogen
which may be important to the P-adrenergic receptor interaction.

4.3.3.0.0 PHARMACOLOGICAL EVALUATION OF 1-ARYLOXY-3-{1-[2-AL-
KYL-3~CYANO] -1, 2-DIHYDROPYRIDYL}-2-PROPANOLS AND 1-
ARYLOXY-3-{1-[6~-ALKYL-3-CYANO] -1, 6-DIHYDROPYRIDYL}~
2~-PROPANOLS.

A similar replacement of the secondary alkylamino moiety of
aryloxypropanolamines by a 1,2- or 1,6-dihydropyridine ring system, that
is stabilized by a 3-cyano substituent, provided a number of compounds
that were tested in vitro as P-adrenergic antagonists to determine the
effect of a terminal dihydropyridine ring system upon PB-adrenergic
antagonist activity. The pharmacological test procedures used were
identical to those described previously in section 4.0.0.0.0. The IDgp
values for selected compounds (179, 180, 181 and 182) are presented
in Table 35. The R! n-butyl compounds (179) and (181) were more potent
than the corresponding Rl t-butyl analogues (180) and (182) on right
and left atria, which may be due to their lower lipophilicity. The 1,2-
dihydropyridyl compounds were generally more active than the
corresponding 1, 6~dihydropyridyl isomer in the right atrial chronotropic
and left atrial inotropic assays, although the activity of (182) was
greater than (180) in the left inotropic assay. The weak P-adrenergic
antagonist activity exhibited by compounds (179-182) is most likely
due to the absence of a terminal amino hydrogen atom which may be

involved in the receptor interaction.
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4.4.0.0.0 PHARMACOLOGICAL EVALUATION OF (R, S)-1-[QUINOL-5-,
(4-, OR 2-)YLOXY]-3-ALKYLAMINO-2-PROPANOLS AND (R)-
OR (S)-(QUINOLIN-5~YLOXY)-3~-ALKYLAMINO-2-PROPANOLS.
4.4.1.0.0 PHARMACOLOGICAL EVALUATION OF (R,S)-1-[QUINOL-5,
(4-, OR 2-)YLOXY]-3-ALKYLAMINO-2-PROPANOLS.
Replacement of the l-nahpthyl ring of propranolol by a 5, 4, or 2-
quinoline ring afforded (211, 233a, and 242a), respectively. The in

vitro pharmacological test results (IDsg and pAy values) are presented

in Table 36 and 37. The relative potency order for the isomeric
quinolines based on IDsp and pAp values was (5-) 211 > (4-) 233a >
(2~) 242a on atria. Thus, placement of the oxypropranolamine side
chain at the 5-position of quinoline (211) afforded the most active
compound which exhibited a 9 fold increasé in activity on right atrium
(1.03 x 107 M) and a 10 fold increase on the left atrium (3.55 x 1078
M) relative to propranolol (9.07 x 10~7 M). Compound (211) was also the
most cardioselective of these three compounds since it exhibited a 64
fold increase in cardioselectivity (B1/Po= 1.33 x 1074) relative to

metoprolol (B1/Po= 8.5 x 1073). The corresponding pA; values listed in
Table 37 also showed that compound (211) is the most active and
cardioselective isomer in the atria and trachea assays. The pAp value of
(211) is equipotent with the literature pAs value for propranolol on
both atria and trachea and slightly less potent than our experimental
pAy value. The relative activity order for the quinolyl positional
isomers (5 > 4 > 2) in the atrial assays correlates with electron
density on the oxygen atom. The electron demsity on the oxygen atom is
reduced by the inductive and/or resonance effect of the quinolyl

nitrogen atom where the relative effect is 2 > 4 > 5. This correlation

213



confirms the reported finding that the unshared electron pair on oxygen
is directly involved in the binding to the adrenergic receptor233,
Replacement of the isopropyl substituent of (211) by a t-butyl or
cyclohexyl substituent afforded (212) and (213), respectively. The IDg
values in Table 36 indicate the order of activity on right and left
atria is (211) = (212) > (213). Compound (212) is equipotent to
(211) on atria, but two-fold more active on trachea. The N-isopropyl

(211) and N-t-butyl (212) analogues exhibited the highest B1/B>
selectivity. The selectivity ratios (Bl/Bz), based on IDgy values
listed in Table 36, indicate the order of the B1 selectivity is (211) >
(212) > (213). Similarly, the order of activity and Bj-selectivity

based on pA; values (see in Table 37) for atria is also

(211) (iscpropyl) > (212) (t-butyl) > (213) (cyclohexyl).

4.4.2.0.0 PHARMACOLOGICAL EVALUATION OF (R or S)-1-(QUINO1l-5
—¥LOXY) -3-ISOPROPYL (or t-BUTYL) AMINO-2-PROPANOLS .

Class A, ethanolamines usually have the (-)-(R) ~configuration,
whereas the more active class B oxypropanolamines have the (-)-(S)-
configuration355,356, since (R,S)-(211) and (R,S)-(212) were the most
active and cardioselective campounds, the (R)-1-(S5-quinolinyloxy)-3-
isopropyl (or t-butyl)amino-2-propanols (214, 215) and (S) -1~ (5~
quinolinyloxy) -3-isopropyl (or t-butyl) amino-2-propanols (216, 217)
dihydrochloride salts were synthesized and tested in vitro as B-
adrenergic antagonists to investigate the effect of the (R) or (S)
configuration, relative to the racemates (211) and (212). The 1IDg
values for (214-217) are presented in Table 36. Compound (214) having

the (R)-configuration was less potent than the racemate (211) or (S)-

214



(216) on atrial tissues. Compound (-)-(S)-(216) was equipotent with the
racemate (211) but more potent than propranolol on both right and left
atria. Compounds (S)-(216) and (R)-(214) are slightly less potent than
the racemate (211). Typical dose-~response curves for the right atria,
which were used for the calculation of the IDgy values of (R,S)-(211),
(S)-(216) and (R)- (214) are presented in Fig. 18. These results
indicate the relative potency profile is (R,S)-(211) and (S)-(216) >
(R)-(214). Replacement of the isopropyl moiety of (R)-(214) by a t-
butyl group gave (215) which exhibited a two fold decrease in activity
on right atrium, was equipotent on left atrium and was more active on
trachea. In contrast, réplacement of the isopropyl moiety of (216) by a
t-butyl group afforded (217) which exhibited a slight decrease in
activity on both right and left atria, but exhibited an increase in
activity on trachea. A general correlation was cbserved where there was

a decrease f1/Po~selectivity when the N-isopropyl substituent (211,

214, 216) was replaced by N-t-butyl substituent (212, 215, 217).
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Fig.18. Dose-response curves illustrating the pharmacological activity
of compounds possessing the (R,8)-(211), (S)-(216) and (R)-
(214) configurations. Each point represents the mean of 3

experiments + SEM.

The above results are generally in agreement with existing

knowledge pertaining to the stereoselectivity of B-adrenoceptor
antagonists. Thus, the most potent B-adrenoceptor antagonist activity is

exhibited by the (~)-enantiomer having the (S) absolute configuration

for class B oxyprcpranolamines. A comparison of ID5g values for right
and left atria, and trachea for compounds (211-212, 214-215, and
216-217) having the (RS), (R) and (S) configuration relative to

metoprolol are presented in Fig. 19.
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Fig. 19. Comparison of the -log IDsp values for (R,S)-(211, 212), (R)-

(214, 215) and (S)-(216,217) with metoprolol.

Examination of the pAz values of (214-217) listed in Table 37
indicate that compounds having the (R)-configuration are less potent
than compounds having the (R,S)- and (S)-configurations on atria (see
Fig. 20). This observation is in agreement with the 1IDgg values
illustrated in Fig. 19. The pAp value for compound (-)-(S)-(216)
indicates it is more active than the racemate (211), (R)-(214),
equipotent with propranolol (experimental pAy value) and more active
than propranolol (literature pAs value) on both right and left atrium.
Compound (-)-(S)-(216) displays the highest cardioselective ratio
(-6.7) compared to (R,S)-(211) (-0.9) and (R)-(214) (0.60).
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Fig. 20. Comparison of the PAy values for (R,S)-(211, 212), (RY-(214,

215) and (S)-(216,217) with propranolol.

The markedly different values for the cardioselective ratio
between the ID5g (Fig.19) and PA2 values (Fig. 20) is likely due to the
high antagonist dose used on trachea which required a very high

concentration of isoproterenol (INA) to displace the antagonist at the
B-receptor. Compound (217) was 2300 times more selective for the B;

relative to the Pp-receptor from the ID5g calculation. In contrast, it
was more selective for the B, relative to the B1-receptor from the PA2
calculation. These diametrically opposite results are at:t_ributed to a
non-parallel shift of the dose-response curve to the right when the
antagonist concentration is increased (Fig. 21). This is likely due to
the high concentration of (217) used in the assay (3 x 105 to 3 x 10~4
M range) as explained above. The results in Fig. (19,20) indicate that
(R)~(214) is equipotent with (S)-(216) on tracheal tissue.
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a= Control curve for INA
b= Control curve for INA in the presence of 3 x 10~ M antagonist (217)

c= Control curve for INA in the presence of 3 x 10~4 M antagonist (217)

Fig. 21. Dose-response curves of INA without and in the presence of
antagonist (217). Each point represents the mean of 3

experiments + SEM.

A parallel shift of the dose-response curve to the right for
(216) on trachea, when the concentration of antagonist (216) was
increased ten times (5 x 1076 to 5 x 10”5 M), required a ten fold higher
concentration of agonist (INA) to the same response relative to when the
antagonist was absent (see Fig. 22a); similar results were found on
atria (see Fig. 22b). Compound (216) is considered to be a competitive

adrenergic antagonist.
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a= Control curve for INA
b= Control curve for INA in the presence of 5 x 10~6 M antagonist (216)

¢= Control curve for INA in the presence of 5 x 10~5 M antagonist (216)

Fig. 22a. Dose-response curves for INA without and in the presence of
the antagonist (S)-(216) for trachea. Each point represents

the mean of 3 experiments + SEM.
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a= Control curve for INA

b= Control curve for INA in the presence of 5 x 108 M antagonist (216)

c= Control curve for INA in the presence of 5 x 1077 M antagonist (216)

Fig. 22b. Dose-response curves for INA without and in the presence of
the antagonist (S)-(216) for right atrium. Each point

represents the mean of 3 experiments % SEM.

4.4.3.0.0 PHARMACOLOGICAL EVALUATION OF (S)-1-(5-QUINOLINYL-
OXY) -3-ALKYL (ARYL) AMINO-2~-PROPANOLS .

Compound (S)-(216) is the most active and cardioselective JB-
adrenergic antagonist prepared in this study. It was therefore of
interest to replace the substituent on the basic amino group of (216)
by different alkyl and heteroarjl groups to develop more selective and

potent compounds. A number of analogues of (216) were synthesized (218,



220, 221, 222) which were subjected to pharmacological evaluation. The
ID50 and pAy values for (218, 220, 221, 222) are listed in Tables 36
and 37. Replacement of the isopropyl substituent of (S)-(216) by
cyclohexyl gave (S)-(218) which was more potent on atria than the
racemate (213) (see Table 36). (S)-(218) was also more selective for
the Pi-receptor than the racemate (213). The PAy values for (S)-(218)
listed in Table 37 showed a similar profile of activity. The results
indicate that elaboration of (5)-(216), in which the amino substituent
on the side chain is replaced by a more steric and/or lipophilic group,
than than isopropyl moiety affords less potent and more cardioselective
compounds. Similar results were observed for the indolyl-tert-butyl
compound (S)-(220). Compound (S)-(220) exhibited a five fold decrease
in activity on right atrium (8.84 x 10~7 M) relative to (S)-(216) (1.74
x 1077 M) (see Table 36), but compound (S)-(220) was slightly more
potent (pAy= 9.81) than (S)-(216) (PRo= 9.11) (see Table 37). This
difference may be attributed to the sensitivity of the tisuue, since the
tissue responded at a maximal dose for INA (3 x 1076 M) which was higher

than the normal control dose INA (3 x 1077 M) causing a decrease in
activity (IDsg). The high maximal control dose of INA did not affect

the calculation of the pAy value when the dose-response curve shifted to

the right as illustrated in Fig 23.
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a= Control curve for INA with maximal concentration (3 x 10-6 M)
b= Control curve for INA in the presence of 7 x 10~7 M antagonist (220)

c= Control curve for INA in the presence of 2 x 106 M antagonist (220)

Fig. 23. Dose-response curves for INA without and in the presence of
antagonist (220). Each point represents the mean of 3

experiments + SEM.

It is known that the incorporation of a second chiral substituent

onto the class A ethanolamine side chain gave rise to four diastereomers

in which the (Sz,R,) diasterecmer was more potent than the complete
mixture (S, is the absolute configuration of CH(CH), and Ry, is the
absolute configuration of the second chiral carbon) .162 mhus, it was of

interest to replace the isopropyl substituent of (S)-(216) by a second

50
30
1o
-10 Y - v T . r v Y .
-10 -8 -6 -4 -2 0
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chiral (S)-o-methylbenzyl substituent which would yield (S,S)-(221) to
determine the effect upon class B P-adrenergic blocking activity. The
ID50 and pAy results in Table 36 and 37, indicate that (S,S)-(221) was
less potent than (S)-(216) and propranolol in reducing chronotropic
(right atria) and inotropic (left atria) activity. (S,8)-(221)
exhibited a greater [j-selectivity (heart) than (S)-(216) and
propranolol (see Table 37). This result indicated that the second ()~
chiral center may enhance affinity for the Bi-receptor. Since the (S,R)
diastereomer was not synthesized for comparison with (S,S)-(221), the
pharmacological results just described for (S,8)-(221) are to be
considered as preliminary. Replacement of the isopropyl moiety of
(5)-(216) by a N%-benzhydrylpiperazinyl group provided (S)-(222) .
(S)-(222) was significantly less potent than (S)-(216) with respect to
its ability to reduce chronotropic and inotropic activity. The
cardioselectivity of (S)-(222) was also reduced markedly relative to
(S)-(216) . This reduction in potency on both atria and trachea may be
due to the absence of an amino hydrogen which could be required for the
receptor interaction. A similar result was described previously for

compounds lacking an amino hydrogen substituent (see section 4.3.2.0.0).
The pRy value for (S)-~(222) was not determined in view of its low

activity and non-selectivity for B-adrenergic receptors. A summary of

the pAy values for the 5-quinoline substituted analogues are presented

in Fig. 24. These pharmacological results indicated that the most
B1-selective compounds were in the order of 211 < 216 < 218 < 221. The
order of activity on atria based on configuration was (S)-(216) >
(R,S)-(211) > (R)-(214) or (8)-(217) > (R,S)-(212) > (R)-(215). When

the size of the N-substituent was increased, the activity on trachea was
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increased in the order ((R,S5)-211 < (R,S)-212 < (R,S)-213, or (R)-214
< (R)-215, but was decreased for (S)~configuration compounds where the
potency order was (S)-211 > (S)-2i:

P Right atri 2 2 7
2 5. ight atrium Z é
B Leftatium X Z s
15 B Trachea )
| -
> N v -
.25 Cardioselective ratio ; s
17(217), Actual number = {1 x 47) '
.35 —

l’ L] "’ LJ l v l L 4 —'7 v v l v r L3 —' L4
211 212 213 214 215 216 217 218 221propranolol

Compound number

Fig. 24. A summary of the pAs values for 5-quinoline substituted

analogues.

4.5.0.0.0 PHARMACOLOGICAL EVALUATION OF (R,S)-1-(PYRIMDIN-2-
YLOXY) -3~-ALKYLAMINO-2-PROPANOLS (245a,b).

Pyrimidine could be an isostere of 3-crano or nitropyridine
(112)382, A study was therefore initiated to replace the
3-cyanopyridine ring of (112) by a 2-pyrimidinyl ring to determine the
effect upon B-adrenergic antagonist activity. Two compounds (245 a,b),



which are analogues of (112), were prepared and tested using the test
procedures described in section 4.0.0.0.0. The ID5g and pAy values for
(245 a,b) are presented in Tables 38 and 39. Compound (245a) was about
ten fold less effective in reducing chronotropic and inotropic activity

relative to propranolol (see Table 38). Compound (245a) also possessed
a high cardioselectivity with a [31/[32 ratio = 2.28 x 10~4. The results

for (245a) as illustrated by the pAy; values for atria and trachea in
Table 39, are similar with high cardioselectivity B1/B2 ratio = -10.7
relative to (S)-(216) (-6.7) . Replacement of the isopropyl substituent
(245a) by a t-butyl group gave (245b) which was less effective in
reducing chronotropic activity but more effective in reducing inotropic

activity than {245a). The cardioselectivity of (245b) was also less
than that of (245a). The PRy for (245b) for atria that are sumarized

in Table 39 are similar. The abnormal PA2 = 29.3 value for (245b) on
trachea was attributed to the high concentration of antagonist used and
a non-parallel shift of dose response curve as described previously in

section 4.4.2.0.0 (Fig.21).

4.6.0.0.0 PHARMACOLOGICAL EVALUATION OF (R,S)-1- (ISOQUINOLIN
-5-YLOXY) -3~ -ALKYLAMINO-2-PROPANOLS .

Most structural modifications employed for the improvement of
B-adrenoceptor affinity and selectivity have involved aromatic ring
substituents, but more recently, a variety of substituents on the basic
amino group have also been studied. The nature and position of aromatic
substituents has been shown to dramatically influence the

pharmacological profile. In recent years, the electronic features of
B-adrenergic agents belonging to the three classes of udrenergic agents;
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namely class A ethanolamines; class B aryloxypropanolamines; and class C
oxime ethers have been reported455. The electronic features for the

class B compounds are illustrated in Fig. 25.

Fig. 25. The regional electronic features for class B

aryloxypropanolamines.

In the solid state, it has been cbserved that the conformation of
the side chain present in aryloxypropanolamines is consistently found in
an extended conformation465 as illustrated in Fig. 24. A negative

potential can be induced by either the side chain or the aromatic region

of ' the molecule. A negative minimum in the M; region is an essential
feature for binding to the B-adrenergic receptor. A negative minimum in
the M3 region is required for [;-selective full and partial agonist
activity. A positive maximum (P4) is an additional requirement in the M3
region for Pj-selective antagonist activity. In view of these various
electronic regions present on an aromatic ring, a study to investigate
the electronic features of a second fused ring was initiated. In an

earlier series of 5-quinolinyl compounds, the quinolinyl nitrogen atom

could have provided the negative minimum in the My or M3 region. The

pharmacological results support this hypothesis since the 5-quinolinyl



analogue (211) exhibited potent cardioselective activity relative to
propranolol. We now describe further studies in which the S5-quinoline
ring is replaced by an isoquinoline ring to provide compounds (248, 249
and 250). The IDgg and pAy values for (248, 249 and 250) are presented
in Tables 38 and 39. Compound (248) exhibited a ten fold decrease in

its ability to reduce chronotropic and inotropic activity relative to

(211). The Pj-selectivity of (248) was also reduced markedly relative
to (211). This result confirms that a negative minimum in the My region
is associated with the potency and selectivity of these B-antagonists.
Modification of (248) by replacing the isopropyl moiety by a t-butyl or
cyclohexyl gave (249 ~r 250), respectively. The pA; values (Tatile 39)
indicate that the relative potency order is (249) > (248) > (250) with
respect to their ability to reduce chronotropic and inotropic activity.

The Pj-selectivity profile was (250} (-1.5) > (249) (1.4) > (248)

(5.3). These results indicate that larger and/or more lipophilic
substituents on side chain nitrogen enhance Pj-selectivity.

4.7.0.0.0 STRICTURE-ATTIVITY RELATICNSHIPS FOR ARYLOXY
(HETEROAE ¥1,0XY) PROPANOLAMIMES AS B-ADRENOCEPOR
ANTAGONISTS
The general structure of aryloxypropanolamines such as propranolol
7) was elzborated by - lacing the aryl ring by various heteroaryl
rings and/or the terminal amino moiety by sterically larger and/or
lipophilic groups. Some generai structure-activity correlations have

been acquired which are summarized below based on B1/B2-adrenergic

antagonist. pharmacological results.
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A) PB-Adrenergic antagonist structure-activity correlations were
obtained for selected compounds of general structure (7) where the

aryloxy group was replaced by a:
a) 4-n-Butyl-3- (4, 4-dimethyloxazolin~2-yl) -1, 4~dihydropyridine

moiety and R? was an isopropyl or t-butyl group (148-149). The
pharmacological results indicated thz: (148-149) are weak P-adrenergic
antagonists on heart and trachea (10~4 M range) relative to propranolol
(1077 M range), and that they do not exhibit any By/Bp-selectivity.

&) 2-(or 6)-n-Butyl(or t-butyl)-3-cyano~1,2-(or 1,6-)dihydro-
pyridine ring system and R2 was an isopropyl or t-butyl group (156,
157, 159, 161, 164, 166). These compounds, like (148-149),
exhibited weak B-adrenergic antagonist activity (10~3 to 10~5 M range)
and they are non-selective f;/Bo-antagonists. This group of campounds
was equipotent with the 1,4-dihydropyridyl anclogues described above.

8) 1-Isoquinolone ring system and R2 was a t-butyl or cyclchexyl
substituent (255, 256). These compounds exhibited weak B-adrenergic
antagonist activity (103 to 10°4 M range). The t-butyl compound (255)
exhibited a lower Bj/B, selectivity than the (256) cyclohexyl analogue.

@) 4-Quinazolone moiety and RZ2 was an isopropyl or t-butyl
substituent (259-260). Compound (260) was a less active P-antagonist

on both atria and trachea than tlie corresponding analogue (255, R2=
t-Bu). The N-isopropyl analogue (259) exhibited a higher f1/B;
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selectivity (1.57 x 10~2; a greater selectivity for the Bl-receptor)
than the N-t-butyl analogue (260) where the B1/B> selectivity ratio was
0.16. This is a general correlation since the PBy/B, selectivity is
higher for Ré= i-Pr relative to R2= t-Bu when the hetercaryl group is a

1,2-, 1,6-dihydropyridyl or l-isoquinolone moiety.
B) Structure-activity correlaticns A(1-4) suggest an oxygen atom

with a free electron-pair may be esseritizl for an efficient B-adrenergic

receptor interaction.

B) PB-Adrenergic antagonist structure-activity correlations were

obtained for selected compounds of general structure (7) where the aryl
and NHR2 groups were:

d) Phenyl and 4-phenyl—3-(4,4-dimethyloxazolin—2-yl)-1,4-dihydro
pyridine (171). This campound exhibited weak antagonist activity on
both atria and trachea (104 to 105 M range) .

&) 1-Naphthyl and 4-phenyl (172), n-butyl (176) or methyl-3-
(4, 4-dimethyloxazolin~2-y1) ~1,4-dihydropyridine (178). The test results
indicated that the C-4 substituent on the dihydropyridine ring was a
determinant of activity with Me > n-Bu > Ph on both atria and trachea.
Compounds (172, 178) are non-selective B/Bp-antagonists (B1/B2 ratio
of 1). Compound (176) had a higher Bo-selectivity (B1/Bo= 8.72)
relative to (172, 178). The B;/Bp-selectivity of these compounds was
in the order Me = Ph > n-Bu.

8) 1-Naphthyl and 2-phenyl-~3-(4, 4-dimethyloxazolin-2-y1) -1, 2-di-
hydropyridine (174). This compound exhibited weak B-adrenergic

antagenist activity (10~3 to 1074 M range).
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4) Phenyl (179) or 1-Naphthyl (180) and 6-n-butyl-3-¢yano-1,6-
dihydropyridine. These compounds were non-selective antagonists, that
were equipotent with the compounds described in B(2). The phenyl
compound (179) was slightly more active than the 1l-naphthyl compound
(180) on tracheal tissues .

B) Phenyl (181) or 1-Napthyl (182) and 2-t-butyl-3-cyano-1,2-
dihydropyridine. These compounds exhibited weak P-antagonist activity in
the 10~3 to 10™5 M range.

B) The structure-activity correlations described in B(1-5) above

suggest an amino hydrogen substituent may be essential for an effective
B-adrenergic receptor interaction possibly via H-bonding.

c) P-Adrenergic antagonist structure-activity correlations were

obtained for selected compounds of general structure (7) where the
aryl, configuration of oxypropanolamine side chain and R? groups were:
d) 5-quinoline ring system, (R,S) configuration and iscpropyl,
t-butyl or cyclohexyl (211, 212, 213). The pharmacologial results in
Table 36 indicate these compounds are very potent and selective
f-adrenergic antagonists. Compounds (211, 212) are equipotent on
right atrium (1077 m range} and left atrium (108 M range), and 9 fold
more potent than propranolol and wetmnrolol. Compound (213) is less
potent on atria (10~% M range; and equipctant on trachza ( 1074 M range)
relative to the (211, 212) analogues. The teést results in Tables 36
and 37 indicated that the activity on atria sna the By/By selectivity of
(211, 212, 213) were dependent upon R2 groups where the potency order
was isopropyl > t-butyl > cyclohexyl. This general correlation was also

found in A(4).
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2) 4-quinoline ring system, (R,S) configuration and isopropyl
(233). This compound was a markedly less active P-adrenergic antagonist
on both atria (10~5 M range) and on trachea (103 M range) than the
(211, 212, 213) analogues.

8) 2-quinoline ring system, (R,S) configuration and iscpropyl or
t-butyl (242a, 242b). Compound (242a) is equipotent to (242b) on
right atrium (10~ M range) and left atrium (10~6 M range) . The activity
on atria and the By/B, selectivity ratio for (242a, 242b) are much
lower than the 4- and 5-positional isomers described in C(1-2).

@) S5-quinoline ring system, (R) configuration and isopropyl or
t-butyl (214, 215). The test results listed in Table 36 indicate that
compounds (214 and 215) are ten fold less potent and s¢):ctive on

atria than the racemate (211, 212), respectively.
8) 5-quinoline ring system, (S) configuration and isopropyl,

t-butyl, cyclohexyl, indolyl-t-butyl, or (S) —O-methylbenzyl (216-218,
220-221). The test results in Tables 36, 37 indicate compounds (216-
217) are equipotent with the racemate (211, 212) on atria. The
N-isopropyl analogue (S)-(216) exhibited the highest B-adrenergic
antagonist activity on atria and the highest B1/B; selectivity (1.26 x
1074 relative to (217) (4.34 x 10~%), (218) (3.22 x 1073), (220)
(5.10 x 10™3) and (221) (see Table 36). Similar results were listed in
Table 37 for atria but the B;/B, selectivity ratio are in the order
(216) < (-6 7) < (218) (-14.3) < (221) {(-19.%) which may be due to
the high antagonist concentration dose.

8) The structure-activity correlations C(1-3) suggest an oxygen

atom with a free electron pair may be essential for an efficient

B—adrenergic receptor interaction. Otherwise, tlie Guinoline ring
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substituent was more selective for the PB,-receptor than a naphthalene
ring which may be due to the negative region generated by nitrogen atom

on the second fused ring.

7) The structure-activity correlations C(4-5) suggest that

compounds with the (S)-configuration are more active and selective than.

compounds possessing the (R)-configuration.

D) P-Adrenergic antagonist structure-activity correlations were

cbtained for compounds of general structure (7) where the aryl,
configuration of the oxypropanol side chain and aHR2 groups were:

&) 5-quinoline ring system, (S)-configuration and N4-benzhydryl-
piperazinyl substituent (222). The test results in Table 36 indicated
that (S)-(222) was a weak PB-adrenergic antagonist on heart (10~5 M
range) and on trachea (104 M range) relative to propranolol (10~7 M
range) . (S)-(222) exhibited a marked decrease in PB;/Bj-selectivity (2.0
x 1071) relative to (S)-(216) (1.26 x 10~%) or metoprolol (8.5 x 10~3).

2) These structure-activity correlations suggest that the amino

hydrogen substituent may be essential for an effective B-adrenergic

receptor interaction as described previously in B(6).

E) P-Adrenergic antagonist structure-activity correlations were

cbtained for compounds of general structure (7) where the aryl, and R2
greaps were a:

1) 2-pyrimidine ring system, and isopropyl or t-butyl (245a,
245b) . Compound (245a) is equipotent to (245b) on atria (10™5 M range
for right atrium and 106 M range for left atrium) and less potent than

propranolol on both atria and trachea (10~7 M range). Compound (245a)
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possessed a high cardioselectivity with a Bq1/B, ratio of 2.28 x 10~4
(Table 38) or -10.7 (Table 39) relative to (216) 1.26 x 10-4 or -6.7

(Table 36 or 37)

2) 2-isoginoline ring system, and isopropyl, t-butyl or
cyclohexyl (248, 249, 250). The test results in Tables 38 and 39
indicate that compounds (248) and (249) are equipotent on both atria

((10~6 M range for right atrium and 10=7 M range for left atrium) and
trachea (10~4 M range) and ten fold less active B-adrenergic antagonist

activity than (211). Compound (250) is ten times less active on atria
but slightly more active on trachea than (248) and (249). The
Pi-selectivity of these compounds (248)=(249) (10-3) > (250) (10-1)
was reduced markedly relative to (211) (10~4) (Table 38). In contrast
the Bj-selective order (248) (5.3) > (249) (1.4) > (250) (-1.5) may be

due to the high antagonist dose.
8) The structure-activity correlations E(1-2) suggest that the

free electon-pair on the oxygen atom and an electron negative region on

the fused ring may be essential for an effective f-~adrenergic receptor

interaction.
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5.0.0.0.0 EXPERIMENTAL.

Melting points were determined with a Bilichi capillary apparatus
and are uncorrected. Nuclear magnetic rescnance spectra were determined
for solutions in deuterochloroform unless otherwise stated with TMS as
internal standard with a Varian EM-360A or Bruker AM-300 spectrometer.
Mass spectra were measured with an AEI-MS-50 mass spectrometer. Infrared
spectra (potassium bromide unless otherwise noted) were taken on a
Nicolet 5DX spectrometer. All of the products gave rise to a single spot
on tlc using a solvent system of low, medium and high polarity. Analyses
of compounds prepared in this study were in most cases within * 0.40% of
the theoretical values for C, H, and N. If this was not the case
accurate mass wAs acquired. Flash column chromatography was carried out
utilizing Merck 60 silica gel. Column chromatography was performed using
JT Baker 60-200 mesh silica gel. Preparative thin layer chromatography
was performed using Kieselgel silica gel DF-5 (Camag) plates, 1 mm in
thickness. Reactions employing NaH were carried out wunder an atmosphere
of nitrogen. Dry nitrogen gas was obtained by passage through
concentrated sulfuric acid, solid potassium hydroxide and then anhydrous

calcium sulfate.

5.1.0.0.0 SOLVENTS AND REAGENTS.

Tetrahydrofuran and ether were dried by heating at reflux in the
presence of sodium metal and benzophenone under a nitrogen atmosphere,
followed by distillation immediately prior to use. Epihalohydrins were
double-distilled and stored under an atmosphere of nitrogen prior to
use. Dimethyl sulfoxide (DMSO) and dimethyl formamide (DMF) were dried

by heating at reflux for five hours in the presence of calcium hydride
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prior to distillation and storage over 4A molecular sieves under a
nitrogen atmosphere. 1-Naphthol was recrystallized from ether prior to

use,

5.2.0.0.0 PREPARATION OF 4-PHENYL- (144a), 4-n-BUTYL- (144b),
AND 4-METHYL-3- (4, 4-DMTHYLOXAZOLIN-2-¥L) -1,4-DI-
HYDROPYRIDINE (144c) (in Scheme q).

A solution of the organolithium reagent [27 mmol, PhLi in
cyclohexane-ether (70:30 v/v), 13.5 mL; n-Buli in hexane, 10.75 mL; or
Meli in ether, 16 mL] in dry tetrahydrofuran (20 mL) was added dropwise
with stirring to a solution of (134) (4 9, 22 mmol) in dry tetrahy-
drofuran (60 mL) under a nitrogen atmosphere at -78 ©C. The reaction
mixture was stirred at -78 ©C for an additional 2 h, and then was
allowed to return to 25 ©C for 2 h. The reactiem mixture was cooled to
0 ©°C and cold water (10 mL) was added dropwise. The tetrahydrofuran
fraction was separated, and the aqueous layer was extracted with ether
(2 x 200 mbL). The conbined tetrahydrofuran fraction and ethereal
extracts were dried (MgSO4) and concentrated in vacuo. The crude product
contained exclusively (144a), whereas the products (144b and 144c)
were contaminated by the analogous 1, 6-dihydropyridyl isomer. The
individual products (144a-c) were purified by dissolution in ethyl
ether (10 mL). Addition of cold hevane (10-15 mL) yielded crystalline
solids which were filtered and recrystallized one more time from the
same solvent. Products (144a) (93%), (144b) (70%) and (144c) (80%)

prepared in this way were identical (mp, 1H mmr) to literature
datad30,412a
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5.3.0.0.0 PREPARATION OF 4-PHENYL-3-(4, 4-DIMETHYLOXAZOLIN-2-
YL)-1,2-DIHYDROPYRIDINE (170).

A solution of the organolithium reagent {27 mmol; PhLi in
cyclohexane-ether (70:30 v/v)] in dry ether (20 mL) was added dropwise
with stirring to a solution of (134) (4 g, 22 mmol) in dry ethylether
(60 mL) under a nitrogsn atmosphere at 25 ©C and the reaction was
allowed to proceed for 2 h. The reaction mixture was cooled to 0 ©C and
then cold water (10 mL) was added dropwise. The ether fraction was
separated, and the aqueous layer wc.: extracted with ether (2 x 200 mL).
The combined ethereal extracts were dried (NazSO4) and concentrated in
vacuo to yield a solid residue. This residue contained a mixture of 1,2-
and 1,4-isomers which was separated by fractional crystallization from
ether-hexane (1:1 v/v) to afford pure 1,4-dihydropyridine (l144a) (1 g,
18%), followed by further recrystallization from ether-hexane (3:7 v/v)
to yield pure 1,2-isomer (170) (3.6 g, 65%), mp 169-170 ©C, or by
elution from a 3 x 60 cm silica gel column with ether:hexane (6:4 v/v)
as the eluant. Removal the solvent from the 200-600 mL eluate afforded
thé pure 1,2-isomer (170). Further elution using ether gave the 1,4-
isomer. Compound (170) prepared in this way was identical (rp, 14 nmr)

to literature data?30s412a

5.4.0.0.0 PREPARATION OF 2-t-BUTYL-3-CYANO-1,2-DIHYDROPYRIDYL
(154a) AND 6-t-BUTYL-3-CYANO-1, 6-DIHYDROPYRIDINE
(154b) .
A solution of 3-cyanopyridine (152} (10 g, 96 mmol) in dry ether
(70 mL) was added #dded dropwise during 2 h to a solution of
t-butyllithium in pentane (57.7 mL, 0.11 mol) in dry ether (50 mL) under
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a nitrogen atmosphere at -78 ©C with stirring. After complete addition,
the reaction mixture was stirred at -78 ©C for an additional 3 h, and
then was allowed to return to 25 ©C. Cold water (70 mL) was added
dropwise and stirring was continued for 0.5 h. Extraction with ether,
drying (NapSO4) and removal of the solvent in vacuo yielded a pale
yellow oil containing a mixture of the 1,2- and 1, 6-dihydropyridine. The
crude mixture was separated by fractional crystallization from ether-
hexane to give pure (154b) as a yellow solid (6.4 g, 41.13%), mp 71 °C
(1it.444 as an oil). Evaporation of the ether-hexane mother liquor gave
a mixture of 1,2- and 1, 6-dihydropyridines (7.4 g) that were separated
by elution from a 3 x 60 cm silica gel column with ether:hexane (4:6
v/v) as the eluant. Removal the solvent from the 200-600 mi eluate
afforded the pure 1,2-isomer (154a) and from the 650-1000 mL eluate
afforded the 1,4-iscmer. (154b) . Removal of the solvent gave (154a) (4
g, 25.70%) as an oil and (154b) as solid (3 g, 19.28%), mp 71 ©C.
Compounds (154a,b) prepared in this way were identical (IH nmr) to
literature data, 444 except for the 1,6-dihydropyridine which was

isolated as a yellow solid.

5.5.0.0.0 PREPARATION OF 2-n~BUTYL-3-CYANO-1,2-(154c) and
1, 6-DIHYDROPYRIDINE (154d).

Compounds (154c,d) were prepared using a procedure similar to
that described for (154a,b). The residue cbtained was separated by
elution from a 3 x 60 cm silica gel column with ether:hexane (2:8 v/v)
as the eluant. Removal of the solvent from the 200-600 mL eluate
afforded pure 1,2-isomer (154c) as a yellow oil in 20% yield. Further

elution using increasing amounts of ether (ether:hexane = 1:1 v/v)
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afforded the 1,6-isomer (154d) as a yellow oil in 58% yield.. Compounds
(154c,d) prepared in this way were identical (mp, 14 nmr) to literature

data44,

5.6.0.0.0 GENERZL METHOD FOR THE PREPARATION OF 1-[ARYL{OR
1-NAPHTHYL) OXY] -2, 3-EPOXYPROPANES (169a,b).

A solution of the appropriate phenol (4 g, 42.5 mmol), or
l-naphthol (6.12 . 42.5 mmol) in epichlorohydrin (0.25 mmol, 20 mL) was
treated with 7 J-ps of piperidine and heated at reflux for 6 h.
Unreacted epibromohydrin was removed under vacuum. Toluene (150 mL) was
added to the residue. This procedure was repeated a second time, and the
solvent removed in vacuo. The residue was stirred with tetrahydrofuran
(100 mL) and 1N NaOH (42.5 mL) for 15 min at 60 ©C and for 1 h at 25 ©C.
The solvent was removed in vacuo and the resulting suspension was
extracted with methylene chloride (3 x 150 mL), dried (NaySO4) and
concentrated to yield (169a) as an oil (3.82 g, 60%), Reg= 0.85 with
ether as development solvent which could be wused without further
purification or (169b) as an oil (5.52 g, 65%), Rg= 0.55 using ether-
hexane (1:1 v/v) 2s development solvent which could be purified by
distillation (0.3 mm Hg/140 ©C). Compounds (169a,b) prepared in this

way were identical (mp, l1H nmr) to literature data?45.446
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5.7.0.0.0 GENERAL METHOD ¥CR THE SYNTHESIS OF 1-{l1-[4-PHENYL
-3-(4, 4-DIMETHYLOXAZOLIN~2-YL) ~1 » 4-DIHYDROPYRIDYL] } -
3-t-BUTYL {or ISOPROPYL)AMINO-2-PROPANOLS (146-147).
METHEOD A.
A solution of phenyllithium in cyclohexane-ethyl ether (70:30 v/v)
(3.1 mmol, 1.56 mL) in dry tetrahydrofuran (THF) (5 mL) was added
dropwise with stirring to a solution of (134) (0.5 g, 2.8 mmol) in dry
THE (50 mL} under a nitrogen atmosphere at -78 ©C. The reaction mixture
was stirred for 2 h at -78 o, epichlorchydrin (2.8 mmol, 0.23 mL) in
dry THF (2 ml) was added dropwise and the mixture was stirred at -78 ©C
for 1 h. The reaction mixture was allowed to warmm to 25 OC, stirred at
25 O¢ for an additional 2 h, and cold 1 N NaOH (3 mlL) was added. The
reaction mixture was then stirred for 10 min at 60 OC and 30 min at 25
©C. The solvent was removed in vacuo and the resulting suspension was
extracted with ether (3 x 150 nl). The organic layer was dried (NapSOy)
and evaporated to give (145) as an oil which could be used without
further purification. Subsequently, the mixture of (145) aﬁd
t-butylamine (14 mmol, 1.41 mL) in 2-propanol (5 mL) was stirred for 36
hr at 25 ©C. The solvent and excess amine were evaporated in vacuo. The
crude product was purified on silica gel G plates using ether-methanol
(70:30 v/v) as development solvent. Extraction of the band having R¢
0.48 with methanol yielded (146) as a light yelliow solid (0.48 g, 45%),
mp 43-65 ©C.
Campouna \.«/) wes prepared using the same procedure described
for the synthesis of (%46). The crude product was purified by elution
from a 2.5 x 3C an silica colum with ethyl acetate-methanol (9:1 v/v)

as eluant. Removal of the solvent from the 200-6C0 ml eluate afforded
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(147) as a light yellow solid (0.34 g, 33%), mp 73-75 €C. The physical,
ir and 1H nmr spectral data for (146-147) are listed in Tables : and

2.

METROD B,

NaE (0.1 g, 3.36 mmol, 80% suspension in mineral oil) was washed
with dry hexane and dried under a nitrogen atmosphere prior to addition
of DMSO (5 mL). A soluticn of (144a) (0.72 g, 2.8 mmol), prepared using
the method described in section 4.2.0.0.0, in DMSO (30 mL) was added
dropwise under a nitrogen atmosphere at 0°C. After comp.+:ion of the
addition, the mixture was stirred at 50 ©C for 30 min. and at room
temperature until no further evolution of hydrogen gas was observed
(1.5 h). A soiution of epibromohydrin (205) (0.24 mL, 2.8 mmol) in DMSO
(2 mL) was then added during a period of 10 min. After stirring for 12 h
at 25 ©C, the excess DMSO was partially removed undar reduced pressure.
The mixture was poured into ice-water (5 mL), extracted with ether (200
x 3 mL), dried (NapSO4) and concentrated in vacuc to yield (145) as an
oil which was used without further purification. t-Butylamine (14 mml,
1.41 mL) or isopropylamine (14 mmol, 1.2 mL) in 2-propanol (S5 mL) was
added and.the reaction mixture was stirred for 36-48 hr at 25 ©C. The
solvent and excess amine were evaporated in vacuo to afford (14€) (0.7
g, 70%) ana (147) (.7 g, 68%) as a light yellow solids, respectively.
The physical, ir and 1§ nmr spectral data for (146-147) were the same

as those described in method A.
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5.7.1.0.0 SYNTRESIS Oi 1-{1-[4-n-BRUTYL-3- (4, 4-DIMETHYLOXA-
ZOLIN-2-¥L) -1, 4-DIHY".."W¥RIDYL] } -3 -t-BUTYL {OR
ISOPROPYL) AMINO~2~L ....ev"ILS (148-149).
METHOD %,
A solution of n~butyllit®:.. in hexane (3.1 mmol, 1.24 mL) in dry
THE (S5 mL) was added dropwise with stirring to a solution of (i34) (0.5
g, 2.8 mmol) in dry THF (40 mL) under a nitrogen atmosphere ac -78 ©C.
The reaction mixture was stirred for 2 h, epichlorohydrin (2.8 nmal,
0.23 mL) in dry THF (2 mL) was added dropwize and the mixture was
stirred at -78 OC for 1 h. The reaction mixture was allowes %o warm to
25 OC, stirred at 25 O°C for an additional 2 h, and cold 1 N NaCH (3 mL)
»- % added. The reaction mixture was then stirred for 10 min at 60 °C and
30 min at 25 OC. The solvent was removed in vacuo and the resulting

T

suspension was extracted with ether (3 x 150 mL) . The organic layer was
dried (NapsO4) and the solvent was removed in vacuo to give (145)
containing a trace of the analogous 1,6-dihydropyridyl isomer.
t-Butylamine (14 mmol, 1.41 mL) in 2-propanol (5 mL) was added and the
reaction was allowed to proceed with stirring for 36 h at 25 ©C. The
solvent and excess amine were evaporated in vacuo. The crude product was
purified on silica gel G tlc plates using ether-methanol (70:30 v/v) as
development solvent. Extraction of the bright yellew band having Rs 0.5
with methanol yielded (148) as an oil (0.35 g, 35%). Compound (149j,
which was prepared using a similar procedure as (148), was obtained as
an oil (0.3 g, 30%). The physical, ir and 1§ nmr spectral data for

(148-149) are provided in Tables 1 and 2.
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METHOD B.

Compounds (148-149) were prepared using method B as described
for the preparation of (146-147). The crude product was purified on
silica gel G plates using ether-methanol (7):30 v/v) as development
solvent as described in method A to yield (148) (63%) and {149) (60%),

respectively.

5.7.2.0.0 SYNTHESIS OF 1-{1-[4-METHYL-3-(4,4-DIMETHYLOXAZOL-
IN-2-YL)~1,4-DIKYDROPYRIDYL] } -3-t-BUTYL (oxr ISOPROP-
YL) AMINO-2-PROPANOLS (150-151).

Method A.

Compounds (150-151) were prepared as described in method A for
the synthesis of (148-149). The crude products were contaminated by
traces of the analogous 1, 6~dihvdropyridyl isomer which exhibited a more
colorful band and moved faster on a tlc plate than the 7 ° -isomer. The
individuul products were purifi¢.l on silica gel G tlc plates using

ether-methanol (70:30 v/v) as ucvelopment solvent. Extraction of the
bright yellow band having Re 0.46 with methanol yielded (150) as an oil

(0.34 g, 38%), and the band having Rg 0.45 with methanol yielded (151)
as an oil (0.3 g, 36%). The physical, ir and 14 nmr spectral data for

(150-151) are listed in Tables 1 and 2.

Method B.
Compounds (150-151) were prepared as described in method B for

the synthesis - (146-147). The residual oil obtained was purified on

silica gel G tlc plates using ether-methanol (70:30 v/v) as development
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solvent to provide the same products cbtained in methoc A .58 g, 65%

yield, 150) and (0.53, 62% vyield, 151).

5.8.0.0.0 GENERAL METHOD FOR THE SYNTHESIS OF 1-{1-[6-n-BUTYL
-3-CYANO-1, 6~DIRYDROPYRIDYL] } ~3-ISOPROPYLAMINO-2-
PROPANOL (156) AND i-{1~-[2-n-BUTYL-3-CYANO-1 ré=
DIHYDROPYRIDYL] }-3~ISOPROPYLAMINO-2~PROPANOL (159).

METHOD A.

A solution of 3-cyanopyridine (152) (1 g, 9.6 mmol) in dry ether
(20 mL) «:. added dropwise during 0.5 h to a solution of n-butyllithium
in pentane (5.8 mL, 0.01 mol) in dry ether (30 mL) under a nitrogen
atmosphere at -78 OC with stirring. After complete addition, the
reaction mixture was stirred at -78 ©C for an additionai 2 h.
Epibromohydrin (9.6 mmol, 0.82 mL) in dry ether (2 mL) was added
dropwise and the reaction mixture was stirred at -78 ©C for 1.5 h. The
reaction mixture was allowed to warm to 25 OC, stirred at 25 °C for an
additional 1 h, and cold 1 N NaOH (9.6 mL) was added. The reaction
mixture was then stirred for 15 min at 60 °C and for 40 min at 25 °C.
The solvent was removed in vacuo and the resulting suspension. was
extracted with ether (3 x 150 mL). The organic layer was dried (Nap304)
and evaporated to give a mixture of (155a,b). The residual o.?
(155a,b) was used without further purification by mixing with
isopropylamine (57.6 mmol, 4.9 mL) in 2-propanol (10 mL). The reaction
mixture was stirred for 36 h at 25 OC. The solvent and excess amine
were evaporated in vacuo. The crude product was purified on silica gel

plates wusing ether-methanol (70:30 v/v) as development solvent.



Extraction the band having R¢ 0.45 with methanol yielded (156) as an
oil (1.0 g, 40%), and the band having R¢ 0.5 with methanol yielded
(159) as an oil (0.34 g, 13%). The physical, ir and 1H nmr spectral

data for (156) and (159) are summarized in Tables 3 and 4.

METHOD B.

NaH (0.14 g, 3.3 mmol, 60% suspension in mineral oil) was washed
with dry hexane and dried under a nitrogen atmosphere prior to addition
of DMSO (5 mL), A solution of pure (154a) or (1%4b) prepered in
section 4.4.G.0.% {9.5 g, 3.C mmol) in DMSO (30 .mL) was added dropwise
under a nitrogen atmosphere av 0 ©C. After conpletion of the addition,
the mixture was stirred at 50 ©C frir 30 min ard at room temge¢rature
until no further evolution of hydrogen gas was evident (1 h). A solution
of epibromohydrin (205) (0.26 mL, 3.0 mmol) in DMSO (2 mL) was then
added during a period of 10 min. After stirring for 8 h at 25 ©C, the
excess DMSO was partially removed under reduced pressure. The mixture
was poured into ice-water (5 mL), extracted with ether (2 x 200 mL),
dried (NapSO4), concentrated in vacuo to yield (155a) or (155b).
Subsequently, a mixture of (155a) or (155b) and isopropylamine (14
mmol, 1.41 mL) in 2-propanol (5 mL) was stirred for 36-48 h at 25 ©C.
The sclvent and excess amine were evaporated in vacuo to afford (156)
(0.58 g, 70%) and (159; (0.54 g, 65%), respectiveiy. The physical, ir
and 1H nmr spectral data for (146-147) were identical to that

described in method A.
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5.8.1.0.0 SYNTHESIS OF 1-{1-[6-n-BUTYL~% CYANO-1, 6-DIHYDR)-
PYRIDYL] } -3-t-BUTYLYLAMINO-2~PROPANOL (157) 1-{1-
[2-n-BUTYL~3-CYANO-1, 2-DIHYDROPYRIDYL] }-3-t~
BUTYLAMINO~2-PROPANOL (160) .

METHOD A.

Compounds (157) and (160) were prepared using the procedure
described for the synthesis of (156) and (159). A mixture of (1552 or
b) (1.6 g, 7.6 mmwl) with t-butylamine (57.6 mmol, 6.0 mL) in
2-propanol (15 mL) was stirred for 48 h at 25 OC. The solvent and
excess amine were evaporated in vacuo. The c:ids product was purified on
silica gel G plates using ether-methanol (70:30 v/v) as dAuvslopment
solvent. Extraction of the band having Rz 0.46 with methanol yielded
(157) as an oil (1.17 g, 42%); and the band having Re¢ 0.52 with
methanol yielded (160) as an oil (0.44 g, 16%). The physical, ir and l§

nmr spectral data for (157) and (160) are presented in Tables 3 and 4.

METHOD B.

Compounds (157) and (160) were prepared by method B using the
procedure described for the synthesis of (156) and (159). A m': - :e of
(155a or 155b) (0.49 g, 2.4 mmol) and t-butylamine (14 mmol, 1.. i)
in 2-propanol (5 mL) was stirred for 48 h at 25 ©C. The solvent and
excess amine were evaporatec in wvacuo to give (157)(0.63 g, 73%) and
(160) (0.6 g, 70%) as an oil. Compound (157) is comprised of two
different diastereomers (RR=SS and RS=SR) which were separated on silica
gel G tlc plates with ether:methanol (7:3 v/v) as development solvent

using the multiple development tlc technique (repeated three times).
Extraction of the top part of the band having R¢ 0.5 with methanol



affor’ad a pure diastereomer (158) (0.22 g, 25%) as an oil. Compounds
(157, and 160) exhibited the same physical, ir and 1H nmr spectral
data as described esrlier in method A . The physical, ir and lH nmr

spectral data for (158) zre presented in Tables 3 and 4.

5.8.2.0.0 SYNTHESIS OF 1-{l1-[6-t-BUTYL-3-CYANO-1,6-DIHYDRO-
PYRIDYL] }~3=ISOPROPYLAMINO-2-PROPANOLS (161-164)
z '2-+~-BUTYL-3-CYANO-1, 2-DIE{DROPYRIDYL] } -3~
i - JLAMINO-2~PROFANOL (1$6).

Compounds (161-164) were prepared by method B as described
earlier for the synthesis cf (156) and (159}. A mixture of (155¢)
(0.51 g, 2.49 mmol) and isopropyiamine (i4 mmol, 1.41 mL) in 2-propanol
(5 mL) was stirred for 36 h at 25 OC. The solwvent arid excess amine were
evaporated in vacuo. The residual oil cbtained contained two different
diastereomexs (RR=SS and RS=SR) which were separated on silica gel G tlc
plates using ether:methanol (7:3 v/v) as development scivent using the
muiltiple development TLC technique (repeated two times). Extraction the

top part of band having Rg 0.5-0.55 with methanol afforded a partially

pure diastereomer mixture with a 2:1 ratio (161) (0.3 g, 33%) as an
oil, and the lower band having Rf 0.4-0.5 with methanol afforded a
partially pure diastereomer mixture with a 1:2 ratio (162) (0.27 g,
30%) as an oil. Compound (161) was further separated on silica gel G
plates with ether:methanol (8:2 v/v) as development solvent using the
multiple development TLC technique (repeated three times). Extraction of
the top part of band having Rg 0.55-0.6 afforded a pure single
diasterecmer (163) (£.2 g, 22%) as an oil. Similarly, (164) was

separated using the same solvent as described for (163). Extraction of
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the lower part of band having Rf 0.46-0.50 afforded a pure uingle
diastereomer (164) (0.23 g, 27.5%) as an oil. The physical, ir and 1H
nmr spectral data for (161-164) are summarized in Tables 3 and 4.
Compound (166) was prepared using the procedure described for the
preparation of {161-164). A mixture of (155d; (0.49 g, 2.4 mmol) and
t-butylamine (14 mmol, 1.5 mL) in 2-propanol (5 mL) were stirred for
48 h at 25 °C and the solvent was removed in vacuo. The residue was
purified on silica gel G tlc plates with ether:methanol (7:3 v/v) as
development solvent using the multiple Jes=icoment tlc technique

(repeated three times). Extraction of the barw “#wving Re 0.5 afforded

(166) (0.64 g, 78%) as an oil .

5.8.3.0.0 SYNTHESIS OF 1-{1-[6-t-BUTYL-3-CYANO-1, 6-DIHYDRO-
PYRIDYL] } -3-t-BUTYLAMINO-2-PROPANOL (165) AND
1-{1~[2~-n-BUTYL-3~CYANO~1, 2-DIHYDROPYRIDYL] }-3-t-
BUTYLAMINO-2-PROPANOL (167).

Compounds (165 and 167) were prepared by method B using the
procedure described for the synthesis of (161-164). A mixture of
(155¢) or (155d) (0.53 g, 2.55 mmol) and t-butylamine (14 mmol, 1.5
mL) in 2-propanol (5 mL) were stirred for 48 h at 25 ©C and the solvent
was removed in vacuo. The residual oil obtained from the reaction with
(155¢) was purified on silica gel G tlc plates using ether:ethanol (7:3
v/v) as development solvent using the multipie development TLC technique
(repeated three times). Extraction of the band having R¢ 0.5 with
methanol afforded (167) (0.69 g,80%) as a yellow solid, mp 82-84 ©C.
The residual oil obtained from the reaction employing (155d) was

purified using the same solvent as described for (167). Extraction of
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the band having Rf 0.46-0.5 afforded a pure single diastere - or (165)

(0.34 g, 40%) as a white solid, mp 117 ©C.

5.9.0.0.0 GENERAL METHOD FOR THE SYNTHESIS OF 1-ARYLOXY-3-({1~-
[2-(or 4-)ALKYL(OR PHENYL)-3-(4, 4~-DIMETHYLOXAZOLIN-
2-YL)-1,2-(or 1,4)-DIHYDROPYRIDYL] }-2-PROPANOLS
(171-178) .

The general method used for the synthesis of (171-178) (see
Scheme 8) inwvolved the reaction of pure 1,2~ or 1, 4-dihydropyridyl
compound (170 or 144) (prepared in section 4.3.0.0.0 and 4.2.0.0.0)
with the aryloxyepoxypropane (169) (prepared in section 4.6.0.0.0) in

the presence of NaH in DMSO.

5.9.1.0.0 SYNTHESIS OF 1-PHENOXY-3-{1-[2-(or 4-)ALKYL (ARYL) -
3~ (4,4-DIMETHYLOXAZOLIN-2~YL)~1, 2~ (cr 1,4-)BIHYDRO-
PYRIDYL] }-2-PROPANOLS (171,173,175,177).

NaH (0.175 g, 4.3 mmol, 60% suspension in mineral oil) was added
dropwise to a solution of [144 a,b or ¢) 4-(phenyl, butyl or methyl)-
3-(4,4-dimethyloxaznlin-2-y1)~-1,4 dihydropyridines (0.9 g, 0.8 g or 0.7
g: 3.64 mmol] in DMSO (20 mL) under a nitrogen atmosphere at 0 ©C. This
mixture was stirred at 50 ©C for 30 min. and then at room temperature
until no further evolution of hydrogen gas was observed (1.5 h). A
solution of the l-aryloxy-2,3-epoxypropane (169a, 0.54 g, 3.64 mmol) in
DMSO (12 mL) was then added during a period of 10 min. After stirring
for 7 h at 25 OC, the excess DMSO was partially removed under reduced

pressure. The mixture was poured into ice-water (5 mL), extracted with
ether (200 x 3 mL), dried (NaySO4) and concentrated in vacuo. The
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residual oil obtained from the (144 a) reaction was purified on silica
gel G plates with ether:hexane (7:3 v/v) as development solvent.
Extraction of the bright yellow band having R¢ 0.5 with methanol
afforded (171) (1.21 g, 83%) as a yellow foam-like solid with mp 55 ©C,
The residual oil obtained from the (144b) reaction was purified on

silica gel G plates using ether:hexane (7:3 v/v) as development solvent.
Extraction of the band having Rg 0.52 with methanol afforded (175)

(1.09 g, 79%) as a yellow oil. The residual 0il cktained from the
(144c) react’on was purified on silica gel G plat~s with eti-* :hexane
(7:3 v/v) as development solvent. Extraction of the hand having Re 0.48
with methanol afforded (177) (1 g, 81%) as a yellow oil. Similarly, the
reaction of (170) (0.5 g, 1.96 mmol) with (169a) (0.29 g, .96 mmol)
in the presence of NaH (0.08 g, 2.36 mmol, 60% suspension in mineral
0il) gave a residue which was purified on silica gel G plates using
ether:hexane (8:2 v/v) as development solvent. Extraction of thz yellow

color band having Re 0.55 with methanol afforded (173) (0.64 g, 82%) as

a yellow foam-like solid, mp 45 ©C.

5.9.2.0.0 SYNTHESIS OF 1- (1~NAPTHOXY) -3-(1-[2- (or 4~)ALKYL
(ARYL) -3~ (4, 4-DIMETRYLOXA:NLIN-2~-YL) -1, 2~ (oxr 1,4-)
DIHYDROPYRIDYL] } -2~-PROPANOLS (172,174,176,178) .
Compounds (172,174,176,178) were prepared using the procedure
outlined in section 5.1.0.0.0. Reaction of 4- (phenyl, butyl, or me:hyl)-
3-(4,4-d.1'methyloxazolin—2-yl) -1,4-dihydropyridine (144 (a, b or c)
0.63 g, 0.58 g, 0.48 g; 2.5 mmol] with 1-napthyloxy-2, 3-epoxypropane
(169b 0.5 g, 2.5 mmol) was carried out in the presence of NaH ( 0.12

g, 3 mmwl, 60% suspention in mineral oil) in DMSO (20 mL) under a
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nitrogen atmosphere at 25 ©C for 10 h. The crude product from the
(144a) reaction crystallized from ether:hexane upon standing in the
refrigerator to give (172) (0.96 g, 85%) as a yellow solid, mp 70 ©C.
The c:ide oil from the (144b) reaction was purified on silica gel G

plates using ethe ~:hexane (8:2 v/v) as development solvent. Extraction
of the yellow band having R¢ 0.62 with methanol afforded (176) (0.82 3,

80%) as a yellow foam-like solid, mp 45 ©C. The crude oil from te
(144c) reaction was purified on silica gel G plates using ether:baxzre
(8:2 v/v) as development solvent. Extraction of the yellow bkand hawirn;
R¢ 0.58 with methanol afforded (178) (0.8 g, 83%) as a yellow oil.
Similarly, the reaction of (170) (0.5 g, 1.96 mmol) with (169b) (0.39
g, 1.6 mmol) in the presence of NaH (0.08 g, 2.36 mmol, 60% suspension
in mineral oil) gave a residue which was purified on silica gel G plates
using ether:hexane (8:2 v/v) as development solvent. Extraction of the
yellow band having Rg 0.63 with methanol affard:d (174) (0.37 g, 42%)
as a yellow oil. Alternatively, the product was purified by elution from
a 7.5 x 30 cm silica colum using ether:hexane (7:3 v/v) as eluant.
Removal of the solvent from the 200-~600 mL eluate afforded (174) as an

yellow oil (0.35 g, 40%).

5.9.3.0.0 GENERAL METHOD FOR THE SYNTHESIS OF 1-ARYLOXY-3-{1l-
[2-(or 6-)ALKYL-3-CYANO-1,2-(or 1,6-)DIHEYDROPYRIDYL
]1}-2-PROPANOLS (179-184).

The general method used for the synthesis of (179-184) (see
Scheme 9) involved the reaction of the intermediate N-organolithium
compound (153) with the aryloxyepoxypropane (169) in ether using method
A or the reaction of a pure 1,2- or 1,6~dihydropyridyl compound
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(154¢ b; or 154c,d) with the aryloxyepoxypropane (169) in the

preserce of NaH in DMSO using method B.

5.8 £.0.0 SYNTHESIS OF 1-PHENOXY-3-{1-[6-n-BUTYL~3~CYANO-
1, 6-DIBYDROPYRIDYL] } -2~PROPANOL (179) anND 1-(1-
NAPTHOXY) ~3-{1- [ 6-n-BUTYL~3-CYANO-1 » 6~DIHYDRO-

PYRIDYL] } -2-PROPANOL (180).

METHOD A.

A solution of 3-cyanopyridine (152) (1 g, 9.6 mmol) in dry ether
(20 mL) was added added dropwise during 0.5 h to a solution of
n-butyllithium in pentane (5.8 mL, 0.01 mol) in dry ether (30 mL) under
a nitrogen atmosphere at -78 OC with stirring. This solution was stirred
at -78 ©C for an additional 2 h, l-phenoxy-2,3-epoxypropane (169a, 1.43
g, 9.6 mmol) in dry ether (20 mL) was added dropwise and the reaction
was allowed to proceed at -78 OC for 1.5 h. The reaction ..ixture was
allowed to warm to 25 OC, stirred at 25 °C for an additional 10 h, and
then cold water (5 mL) was added. The solvent was removed in vacuo and
the resulting suspension was extracted with ether (3 x 150 mL). The
organic layer was dried (NapSO4) and the solvent was evaporated to give
a mixture of 1,2- and 1, 6~diastereomers which were separated on silica
gel G plates with ether:hexane (7:3 v/v) as dewvelopment solveni.
Extraction of the yellow band having R¢ 0.6 with methannl afforded the

1,2-isomer that decomposed upon standing at 25 OC. Extraction of the
band having R¢ 0.52 with methanol gave (179) (1.19 g, 40%) as an oil.

Similarly, the reaction of the intermediate (153) with l-napthoxy-2, 3-




eroxypropane (169b, 1.92 g, 9.6 mmol) gave a crude product which was
purified on silica gel G plates using ether:hexane (7:3 v/v) as
development solvent. Extraction of the yellow ba i having Re 0.62 with
methanol afforded the 1,2-isome. that also decompesed upon standing at

25 ©C. Extraction of the band having R¢ 0.60 with methanol gave (180)

(1.46 g, 42%) as & light yellow solid, mp S5 ©C .

METHOD B.

Compound (179) w. prepared by method B using the procedure
described for the preparaticn of (156) and (159). NaH (0.46 g, 11.52
mmol, 60% suspension in mineral oil) was washed with dry hexane and
dried under a nitrogen atmosphere prior to adding DMSO (5 mL). A
solution of pure (154d, 1.55 g, 9.6 mmol, prepared in section
4.5.0.¢ © JMSO (30 mL) was added dropwise under a nitrogen
atmosphe . © 3t 7 2. The mixture was stirrec at 60 ©C for 30 min and then
at room temperature until no further evolution of hydrogen gas was
evident (2.5 h). A solution of 1l-phenoxy-2,3-epoxypropane (169a, 1.43
g, 9.6 mmol) in DMSO (25 mL) was then added during a1 period of 30 min.
After stirring for 8 h at 25 ©C, the excess DMSO was partially removed
under reduced pressure. The mixture was pcured into ice-water (10 mlL),
extracted with ether (3 x 200 mL), dried (NapSO4) and the solvent was
removed in vacuo. The crude oil obtained was purified, as described in

method A, to afford (179) (2.4 g, 80%).
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5.9.5.0.0 SYNTHESIS OF 1-PHENOXY-3-{1-[2-(or 6-)-t-BUTYL-3-
CYANO]-1,2- (OR 1, 6-)~-DIHYDROPYRIDYL}-2~PROPANOLS
(181,183) AND 1-(1-NAPTHOXY)-3-{1-[2-(or 6-)-t-
BUTYL-3-CYANO}-1,2-(oxr 1,6-) -DIHYDROPYRIDYL}-2~-
PROPANOLS (182,184).

Due to the low product yield using method 3, compounds (181-184)
were prepared by method B using the procedure described for the
synthesis of (179). The reaction of 154a (0.5 g, 3.0 mmol) with 169a
or 169b (0.45 g or 0.6 g; 3.0 mmol) was carried out in the presence of
NaH under a nitrogen atmosphere at 25 °C for 8 h. The oil obtained from
reaction of (154a) with (169a) was purified on silica gel G plates

using ether:hexane (7:3 v/v) as development solvent. Extraction of the
band having Rg 0.55 with methanol afforded (181) (0.73 g, 78%) as an

oil. Extraction of the band having Rg 0.65 (ether:hexane 7:3 v/v) with
methanol, obtained by tlc purification of the crude oil obtained from
reaction of (154a) with (169b), afforded (182) (1.0 g, 82%) as an oil.
Similarly, the reaction of 154b (0.5g, 3.0 mmol) with 169a or 169
(0.45g or 0.6 g; 3.0 mmol) was carried out in the presence of NaH under
a nitrogen atmosphere at 25 ©C for 7 h. The crude oil obtained from
reaction of (154a) with (169a) was purified on silica gel G plates
using ether:hexane (7:3 v/v) as development solvent. Extraction of the
band having Re 0.53 with methanol afforded (183) (0.7 g, 76%) as an

oil. Extraction of the band having Rg 0.62 (ether:hexane 7:3 v/v) with

methanol, obtained by tlc purification of the crude oil obtained from
reaction of (154b) with (169b), afforded (184) (0.86 g, 80%) as an

oil.
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6.0.0.0.0 SYNTHESIS OF ETHYLIMINONICOTINATE (185).

Sodium methoxide (0.25 g, 4.8 mmol) was added to a flask
containing nicotinonitrile (138) (5 g, 48 mmol) in absolute ethanol (50
mL) . The reaction mixture was stirred at room temperature for three days
and glacial acetic acid (0.27 mL, 4.8 fmol) was added. The mixture was
stirred for an additional 30 min. The solvent was evaporated in vacuo to
give an oil, which was contaminated with unreacted nicotinonitrile
(138), was separated by distillation. Collection of the fraction (bp 60
oc / 20 mm Hg) gave ethyliminonicotinate (185) (5.0 g, 70%) as an oil.
14 nmr (CDCl3) & 1.45 (t, J= 6.9 Hz, 3H, O-CHp-CH3); 4.35 (quartet, J=
6.9 Hz, 2H, O-CHp-CH3); 7.38 (d, J4,5= 8.1 Hz of d, Js5,¢= 4.76 Hz, 1H,
pyridyl H-5); 7.9 (br s, 1H, imidate NH, exchanges with deuterium
oxide); 8.12 (d, Jg4,5= 8.1 Hz of d, Jg,6= 1.9 Hz, 1H, pyridyl H-4);
8.72 (d, J5, ¢~ 4.76 Hz of d, Jy, 6= 1.9 Hz, 1H, pyridyl H-6 ); 9.08 (s,

1H, pyridyl H-2); ir (KBr) (am~l): 1638 (C=N) and 3287 (NH).

6.1.0.0.0 SYNTHESIS OF 2-(3-PYRIDINYL)-4- (S) -METHOXYMETHYL-5-
(S) ~-PHENYL-2-0OXAZOLINE (140).

A mixture of ethyliminonicotinate (185) (2.0 g, 13.3 mmol), (+)-
(1S, 2S) -2-amino-1~phenyl-1, 3-propanediol (186) (2.22 g, 13.3 mmol) and
triethylamine (13.3 mmol, 1.85 mL) in dry 1,2-dichlorocethane (40 mL) was
heated at reflux for 16 h and the solvent was removed in vacuo. The
resulting oil crystallized from ether:hexane on standing in a cooling
bath at 0 ©C to give 2-(3-pyridyl)-4-(S)-hydroxymethyl-5-(S) -phenyl-2-
oxazoline (187) (3 g, 90%) as a solid, 125-126 OC, optical rotation
[)p?= -34.36 (c 0.40, CHCl3), Rg 0.48 with ether:ethanol (7:3 v/v) as

development solvent. lH nmr (CDCl3) §: 3.82 (m, 1H, CHOH, exchanges
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with deuterium oxide); 3.88 (d, Jyie= 3.51 Hz of d, Jgem= 11.7 Hz, 1H,
oxazolinyl C-4 CHHIOH); 4.24 (d, Jyjc= 3.51 Hz of d, Jgen= 11.7 Hz, 1H,
oxazolinyl C-4 CHHlOH); 4.33 (m, 1H, oxazolinyl H-4 proton); 5.56 (d, J=
8.0 Hz, oxazolinyl H-5); 7.35 (m, 1H, pyridyl H-5); 7.42 (m, S5H, phenyl
hydrogens); 8.22 (d, J4,5= 7.7 Hz of d; J4,6~ 1.6 Hz of d, J2,4= 1.6 Hz,
1H, pyridyl B-4); 8.72 (d, J5,¢= 5.3 Hz of d, Jg,6= 1.6 Hz, 1H, pyridyl
B-6); 9.26 (d, J2 4= 1.6 Hz, 1H, pyridyl H-2). Subsequently, 2-(3-
pyridyl) -4~ (S) -hydroxymethyl-5- (S)-phenyl-2-oxazoline (187) (3 g, 11.8
mmol) in THF (60 ml) was added dropwise to a stirred heterogeneous
suspension of sodium hydride (0.56 g, 14.1 mmol, 80% suspension in
mineral oil where the mineral oil had been removed by washing with 15 mL
of dry hexane) prior to adding THF (15 ml) at a rate to maintain a mild
evolution of hydrogen gas at 25 oc under a nitrogen atmosphere. When the
addition was complete, the mixture was heated at 60 °C for 20 min,
cooled to 25 OC and a solution of methyl iodide (11.8 mmol, 0.73 mL) in
THF (5 mL) was added dropwise. The reaction mixture was stirred for 2 h
at 25 OC and slowly poured into ice-water (50 mL) prior to extraction
with ether (2 x 200 mL). The caubined extracts were dried (NapSO4) and
concentrated to give (140) (3 g, 95%) as an oil having optical ratation
[a]?= +44.16 (c 0.60, CHCl3). lH nmr (CDCl3) &: 3.5 (s, 3H, oxazolinyl
C-4 CHpOCH3); 3.68 ( d, Jyic= 5.8 Hz of d, Jgen™ 9.8 Hz, 1H, oxazolinyl
c-4 CHHlOCH3); 3.77 (d, Jyic= 4.1 Hz of d, Jgem= 9.8 Hz, 1R, oxazolinyl
c-4 cuplocHs); 4.39 (m, 1H, oxazolinyl H-4); 5.56 (d, J= 7 Hz 1H,
oxazolinyl H-5); 7.42 (m, 5H, phenyl hydrogens); 8.35 (d, Jg,5= 7.9 Hz
of d, Jg,6= 1.6 Hz of d, J2,4= 1.6 Hz, 1H, pyridyl H-4); 8.78 (d, J5,6™
4.8 Hz of d, Jy,¢= 1.6 Hz, 1H, pyridyl H-6); 9.30 (d, J2,4= 1.6 Hz, 1H,

H-2); ir (KBr): 1654 (oxazolinyl C=N) em-1l; microanalysis for (140)
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C1H1¢Np0z: found (caled) C, 71.26 (71.62) ; H, 5.92 (6.01); N, 10.31

(10.44).

7.0.0.0.0 GENERAL PROCEDURE FOR THE SYNTHESIS OF (2R,2S8),
(2R), OR (28)-1- (QUINOL-5-YLOXY) -2, 3-EPOXYPROPANES
(208, 209, 210).

To a dry 150 mL three neck flask, NaH (0.54 g, 17.9 mmol, 80%
suspension in mineral oil) that had been washed with dry hexane and
dried under a stream of nitrogen gas for 1 h, DMF (6 mL) was added. A
solution of S-hydroxyquinoline (204) (2 g, 13.77 mmol) in DMF (25 mL)
was added dropwise over 1 hr, with stirring at ice-bath temperature. The
reaction mixture was then stirred at room temperature for 3 h at which
time there was no further evolution of hydrogen gas. A solution of
epibromohydrin (205) (1.53 mL, 17.9 mrol) was' added to the reaction
mixture over a period of 30 min, and the reaction was allowed to proceed
at room temperature with stirring at which time tlc indicated the
reaction was complete. The solvent was removed in vacuo, cold water (10
mL) was added to the residue, and the mixture was extracted with ether
(2 x 200 mL). The ether extract was washed with cold water, dried
{NaySO4) , the solvent was evaporated, and the residue was dissolved in
ether:hexane (6:4 v/v). The product crystallized upon cooling to yield
(R,S)-(208) (2.21 g, 80%) as a yellow solid. The crude product (R,S)-
(208) could also be purified by elution from a 3.0 x 60 cm silica gel
column u_sing ether:hexane (6:4 v/v) as the eluant. Removal the solvent
from the 300-800 mL fraction afforded (R,S)-(208). The physical, ir and
1H nmr spectral data for (R,S)-(208) are listed in Tables 9 and 10.

(2R)~, and (2S)-1-(quinol-5-yloxy)~2,3-epoxypropanes (209-210) were



prepared using the same procedure described for (2R, 2S)~(208) above.
Reaction of 5-hydroxyquinoline (204) (0.64g, 4.38 mmol) with (=)-(R)-
glycidyltosylate (206) (1 g, 4.38 mmol) in DMF (15 mL) and NaH (0.16 g,
5.25 mmol of an 80% suspension in mineral oil) that had been washed
with dry hexane under a nitrogen atmostphere was allowed to proceed at
room temperature for 12 h. The solvent was removed under reduced
pressure, cold water (10 mL) was added to the residue, and the mixture
was extracted with ether (3 x 200 mL). The ether extract was washed with
cold water, dried (NagSOz), and the solvent was evaporated. The crude
product was purified on a silica gel column (3.0 x 60 cm) using
ether:hexane (4:6 v/v) as eluant. The first 400 mL fraction was
discarded. Further elution with ether:hexane (1:1 v/v) (800 mL) afforded
(-) - (R) -1- (quinol-5-yloxy) -2, 3-epoxypropane (209) as a white cotton-
1ike solid (0.7 g, 80%) with a Rf of 0.67 using ether as development
solvent. The optical rotation for (2R)-(209) was [a]2= =-27.27 (c

0.013, CHCl3). The synthesis of (S)-(210) was performed using the same

procedure as for (R)-(209) . Reaction of 5-hydroxyquinoline (204) (0.57
g, 3.94 mmol) with (+) - (S) -glycidyltosylate (207) (0.9 g, 3.94 mmol) in
DMF (15 mL) in the presence of NaH (0.14 g, 4.73 mmol, 80% suspension in
mineral oil) that had been washed with dry hexane under a nitrogen
atmostphere, was allowed to react at room temperature for 12 h. The
crude pruduct was purified by elution from a 3.0 x 60 cm silica gel
column using ether:hexane (1:1 v/v) as eluent. Removal of the solvent
from the 500-1000 mL fraction gave (S)-1- (quinol-5-yloxy) -2,3-
epoxypropane (210) as a white cotton-like solid (0.65 g, 83%) having Rf

0.67 using ether as development solvent. The optical rotation for (2S5)-
(210) was [0]@= +27.27 (c 0.013, CHCl3) . The physical, ir and 1H nmr
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spectral data for (2R)-(209) and {(2S)-(210) are listed in Tables 9 and
10. The enantiomeric purity of these compounds was determined by 4 nme
using the chiral nmr shift reagent, Eu (hfbc) 3 {tris[3-
heptafluorobutyryl-d-camphorato]europium}. These results are listed in

Table 11.

7.1.0.0.0 GENERAL PROCEDURE FOR THE SYNTHESIS OF (2R,2S),

(2R), OR (28)-1- (QUINOL-5-YLOXY)-3-ALKYLAMINO-2-

PROPANOLS .
7.1.1.0.0 SYNTHESIS OF (2R,28)-1-(QUINOL-5-YLOXY)-3-ISOPROPYL

(OR t-BUTYL)AMINO-2-PROPANOLS (211-213).

A mixture of (2R,2S)-1-(quinol-5-yloxy)-2,3-epoxypropane (208)

(0.3 g, 1.49 mmol) and isopropylamine (3.17 mL, 29.8 mmol), t-butylamine
(2.53 mL, 29.8 mmol), or cyclohexylamine (3.31 mL, 29.8 mmol) in
2-propanol (20 mL) was stirred at 25 OC for 24-36 h, at which time tlc
indicated that (208) was absent. The excess amine and solvent were
removed under reduced pressure, water was added to the residue (10 mL),
the mixture was extracted with ethyl acetate (4 x 50 ml), dried
(NapSO4), and the sclvent was evaporated. The residue from the selected
reaction was crystallized from cold ether:hexane to give (211) és a
white solid (0.35 g, 90%) or (212) as a light yellow solid (0.39 g,
96%) . The residue containing (213) was purified by elution from a 30 x
60 cm silica gel column using chloroform as eluant. The first 400 mL
fraction was discarded. Further elution with chloroform (400 ml)
afforded (213) (0.42 g, 96%). The physical, ir and lH nmr spectral data
for (2R,2S)-(211-213) are listed in Tables 12 and 13.
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7.1.2.0.0 SYNTHESIS OF (R)-1- (QUINOL-5-YLOXY) -3-ISOPROPYL
(£-BUTYL) AMINO-2-PROPANOLS (214, 215).

A mixture of (-)-(2R)-1-(quinol-5-yloxy)-2,3-epxypropane (209)
(0.06 g, 0.2 mmol) and isopropylanmine (0.5 mlL, 5.96 mmol) or
t-butylamine (0.73 mL, 6.95 mmol) in 2-propanol (10 ml) was stirred at
25 O¢ until all the epoxide had been consumed (24-36 h). The excess
amine and solvent were removed under reduced pressure. The resulting
liquid residue was dissolved in dry ether (40 ml) into which anhydrous
HCl gas was butiled slowly until no further formation of precipitate was
observed. Remival of the solvent in vacuo, and crystallization of the
respective product from absolute ethyl alcohol gave (214 .2HCL) (0.09 g,
96%) and (215.2HC1) (0.09 g, 95%). The physical, ir and 1H nmr spectral

data for (2R)-(214-215) are presented in Tables 14 and 15.

7.1.3.0.0 SYNTHESIS OF (2S)-1- (QUINOL-S-!LOXY)-3-ISOPROP!L(t-
BUTYL, OR CYCLOHEXYL) AMINO-2-PROPANOLS (216-218) .

A mixture of (+)-(2S)-1- (quinolyl-5-yloxy) ~2, 3-epoxypropane (210)
(0.094 g, 0.46 mmol) and isopropylamine (0.79 mL, 9.3 mol), or (210)
(0.068 g, 0.33 mmol) and t-butylamine (0.70 mL, 6.87 mmol) or (210)
(0.3 g, 1.49 mmol) and cyclohexylamine (0.17 mL, 1.49 mmol) in
2-propanol (15 mL) was stirred at room temperature until all the epoxide
had been consumed (24-36 h). Isolation, using the procedure described
previously for (214-215), gave the (2S)-1-(quinol-5-yloxy) -3~isopropyl
(216) [(or-t-butyl (217) }Jamino-2-propanol dihydrochloride salts (0.1l g
and 0.09 g, respectively, 98%) as indicated in Table 16a. The crude
product, (2S)-1- (quinol-5-yloxy) -3-cyclohexylamino-2-propanol (218) was

purified by elution from a 2.0 x 40 cm silica gel column using
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chloroform:ethanol (3:1 v/v) as eluaté. The initial 100 mL fraction was
discarded. Further elution with the same solvent (300 mL) gave a residue
which crystallized from cold ether upon addition of hexane to give
(218) (0.41 g, 92%). The physical, ir and lH nmr spectral data for

(2S)~(216-217. 2HC1) and (2S)-(218) are listed in Tables 1l6a and 17.
The optical rotation for (216.2HC1) was [&] 2= -10.84 (c 0.03, MeCH).

7.1.4.0.0 SYNTHESIS OF (2S)-1-(QUINOL-5-YLOXY) ~3- (3-PHENYL
PROPYLAMINO) ~2-PROPANOL (219).

A mixture of (+)-(2S)-1-(quinol~5-yloxy)-2,3-epoxypropane (210)
(0.3 g, 1.49 mmol) and 3-phenylpropylamine (0.25 mL, 1.49 mmol) in
2-propanol (15 mL) was refluxed for 5 h. The solvent was removed in
vacuo and the residue was purified on preparative silica gel G tlc
plates using ether:methanol (7:3 v/v) as the development solvent.
Extraction of the band exhibiting a R¢ of 0.48 with ether:methanol (7:3
v/v), using methanol gave (219) as an oil (0.45 g, 90%). Compound
(219) could also be purified by silica gel column chramatography (2.0
x 40 cam) using ether:methanol (7:3 v/v) as eluant. The initial 200 mL
was discarded. The desired product (219) was eluted in the 200-500 mL
fraction. The physical, ir and 1§ nme spectral data for (2S)-(219) are

listed in Tables 16b and 17.

7.1.5.0.0 SYNTHESIS OF (S)-1-(QUINOL-5-YLOXY)-3-[2-(3-INDCL-
YL) -1, 1-DIMETHYLETHYL] AMINO-2-PROPANOL (220).

A mixture of 2-methylgramine (223) (1.3 g, 6.9 mmol),

2-nitropropane (4.3 mL, 49 mmol), and NaOH pellets (0.29 g, 7.2 mmol) in

DMF (30 mL) was heated at reflux for (10 h). The mixture was coolied to
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25 OC and filtered. This solid was dissolved in 10% AcOH (50 mL)
whereupor the color changed from light brown to green. The mixture was
stirred for a further 2 h at 25 °C, extracted with ether (3 x 200 mL),
washed with cold water (3 x 100 mL) and dried (MgSO4). The solvent was
evaporated in vacuo to give (225) as a brown liquid which was purified
by distillation (160 oc / 6.02 mm Hg) to afford a brown liquid which
slowly crystallized on standing at 25 ©C to a solid (1.35 g, 90%), mp
73-74 OC (lit.446 mp= 72-74 OCy. Alternatively, the product could be
purified by silica gel column chromatography (2 x 40 cm) using
ether:hexane (6:4 v/v) as eluant where the desired product was present
in the 300-700 mL fraction. Ir (KB8r): indole NH (3414) and NOp (1534,
1342) anl; 14 nmr (cDCl3) O: 1.65 (s, 6 Hy ~CH,C(CH3) 2NO2) ; 3.38 (s,
2H, -CHoC(CH3)oNO2); 7.0 (dr Jeu-Ne™ 2Hz, 1H, indolyl H-2); 7.14 (d,
Js, 6= 8.0 Hz of d, Jg,7= 8.0 Hz, of d, Jg,6= 1.5 Hz, 1H, indolyl H-6);
7.2 (d, Jg,5= 8.0 Hz of d, Js ¢= 8.0 Hz of d, J5,7= 1.5 Hz, 1H, indolyl
H-5); 7.38 (d, J4,5= 8.0 Hz of d, Jg,6= 1.5 Hz, 14, indolyl H-4); 7.56
(d, J¢,7= 8.0 Hz of d, J5,7= 1.5 Hz, 1H, indolyl H-7); 8.1 (br s, 1H,
indolyl -NH, exchanges with deuterium oxide) .

3- (2,2—Dimethyl—2-nitroethyl)'-m-indole (225) (1.35 g,6.2 mmol)
was added to 95% ethanol (150 mL), palladium-on-charcoal (0.5 g, 10%)
and hydrazine hydrate (0.8 mL, 25.2 mmol). The resulting dark red
mixture was refluxed for 2 h to give a colorless solution which was
filtered, while still hot, through Celite. The filter cake was washed
with hot ethanol (25 mL), the combined filtrates were dried (NaSO4),
and the solvent was removed in vacuo. Crystallization of the residue
from ether:chloroform afforded 3- (2,2-dinethyl-2-aminoethyl) -1H-indole

(226) as a white solid (0.2 g, 80%), mp 129-130 °C; ir (KBr) : indole NH
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(3412) and NHp (3280 and 3349) am~l; IH nmr (CDCl3) & : 1.20 (s, 6€H, -
CH,C(CH3) oNHp) ; 1.36 [br s, 2H, -CHC(CH3)oNHp, exchange with deuterium
oxide]; 2.84 (s, 2H, -CHoC(CH3)2); 7.04 (s, 1H, indolyl B-2); 7.13 (4,
Js,¢= 8.0 Hz of d, Jg,7= 8.0 Hz, 1H, indolyl H~6); 7.19 (d, J4,5= 8.0 Hz
of d, J5, ¢ 8.0 Hz, 1H, indolyl H-5); 7.36 (d, J4,5= 8.0 Hz, 1H, indolyl
H~4); 7.64 (4, Jg, 7= 8.0 Hz, 1H, indolyl H-7); 8.52 (br s, 1H, indolyl -
NH, exchanges with deuterium oxide).

A mixture of (+)-(S)-1-(quinol-5-yloxy)-2,3-epoxypropane (210)
(0.5 g, 2.48 mmol) and 3-(2,2-dimethyl-2-aminoethyl)-1H-indole (226)
(0.46 g, 2.48 mmol) in 2-propanol (12 mL) was refluxed for 12 h. Removal
of the solvent in vacuo gave a residue which was purified by
recrystallization from ether:hexane or on silica gel G plates with
ether:ethanol (3:1 v/v) as development solvent. Extraction of the band
having R¢ 0.48 with chloroform:ethanol (7:3 v/v) as development solvent,
with methanol gave (S)-1-(quinol-5-yloxy)-3-[2-(3-indolyl)~-1,1-dimethyl-
ethyl]amino-2-propanol (220) (0.77 g, 80%), mp 80 ©C. The structure
assigned to (220) was consistent with its ir and 1H nmr spectral data.
The ir and 1H nmr spectral data for (220) are listed in Tables 16b and

17.

7.1.6.0.0 SYNTHESIS OF (28)-1-(QUINOL-5-YLOXY)-3-[ (S)-0-METH-
YLBENZYL] AMINO-2-PROPANOL (221).

A mixture of (+)-(S)-1-(quinol-5-yloxy)-2, 3-epoxypropane (210)

(0.2 g, 0.99 mmol) and (-)-(S)-0~methylbenzylamine (0.12 g, 0.99 mmol)

in 2-propanol (10 mL) was stirred at 25 ©C for 36 h. The solvent was

evaporated in vacuo to give a crude residue which was purified either

by recrystallization from ether:hexane upon cooling, or by silica gel
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colum chromatography (2 x 40 cm) starting with chloroform (300 mL) and
increasing the amount of ethanol to cobtain a final solvent mixture
containing chloroform:ethanol (8:2 v/v) as eluant. The target product
(221) was present in the 300-600 ml fraction and was obtained as a
white solid (0.3 g, 95%), mp 59 °C, R 0.55 using ether:ethanol (7:3
v/v) as tlc development solvent. The physical, ir and 1H nmr spectral

data are shown in Tables 16b and 17.

7.1.7.0.0 SYNTHESIS OF (28)-1- (QUINOL-5-YLOXY) -3-[1-(4-DIPHE-
NYLMETHYL) PIPERAZINYL] AMINO-2~-PROPANOL (222).

NaH (0.46 g, 13.93 mmol, 60% suspension in mineral oil) was washed
with dry hexane and dried under a nitrogen atmosphere and suspended in
DMF (5 mL). A solution of piperazine (1 g, 11.6 mmol) in DMF (15 mL) was
added dropwise under a nitrogen atmosphere at 0 °C and the mixture was
stirred for 3 hr at 25 °C. A solution of br iphenylmethane (2.86 g,
11.6 mmol) in DMF (40 mL) was then added during a period of 1.5 h. After
stirring for 18 h at 25 °C, the mixture was filtered, the filtrate was
concentrated in vacuo and the residue was purified by silica gel column
chromatography (3 x 60 cm) using chloroform as eluant. The desired
product was cbtained in the colorless 300-700 mL fraction. Removal of
the solvent gave (229) as a white soiid (2.64 g, 90%), mp 78 oc. Ir
(KBr): NH (3400) cm~l; 1H nmr (cDCl3) 8: 1.52 (s, 1H, N, exchanges with
deuterium oxide); 2.36 (br m, 4H, H-N (CHp) 2 (CHp) 2N-CH(Ph) 21 2.88 (t, J=
4.97 Hz, 4H, H-N(CHp)p(CHp)oN-CH(Ph)2]; 4.21 [s, 1H HN (CHp) 2 (CHp) oN-
CH(Ph)2]: 7.18 (t, 2H, J= 7.5 Hz, phenyl para-hydrogens); 7.27 (t, 4H,

J= 7.5 Hz, phenyl meta-hydrogens); 7.42 (d, J= 7.5 Hz, 4H, phenyl
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ortho-hydrogens) . Microanalysis for CjjHpoNz: found (caled.) C, 81.22
(80.91); H, 7.98 (7.98); N, 11.14 (11.10).

The reaction of (+)~(2S)-1-(quinol-5-yloxy)-2,3-epoxypropane
(210) (0.3 g, 1.49 mmol) with (229) (0.37 g, 1.49 mmol) in 2-propanol
(10 mL) was allowed to proceed for 5 h at reflux followed by stirring at
25 OC for a further 12 h. The solvent was evaporated in vacuo to afford
a liquid which was recrystallized from ether:hexane to give (222) (0.62
g, 93%), mp 139 OC. The physical, ir and 1H nmr spectral data for (222)

are listed in Tables 16b and 17.

7.2.0.0.0 GENERAL PROCEDURE FOR THE SYNTHESIS OF (2R, 28),
-1~ (QUINOL-4~YLOXY) -2, 3-EPOXYPROPANE (231a) AND
1-[1-(1, 4-DIHYDROQUINOLIN-4-ONE) ] -2, 3~-EPOXYPROPANE
(232a), METHOD A IN SCHEME 24.

NaH (0.5 g, 16.53 mmol, 80% suspension in mineral oil) was washed
with dry hexane, dried under a nitrogen atmosphere, and suspended in DMF
(10 mL) . A solution of 4-hydroxyquinoline (230) (2 g, 13.7 mmol) in DMF
(30 mL) was added dropwise at 0 ©C. The reaction mixture was heated at
50 ©C for 30 min, allowed to cool to 25 °C and stirred until there was
no further evolution of hydrogen gas (3 h). A solution of epibromohydrin
(205) (1.41 mL, 16.53 mmol) in DMF (10 mL) was added during a period of
30 min, the reaction was allowed to continue with stirring for 18 h at
25 ©C, and the excess DMF was partially removed under reduced pressure.
The mixture was poured into ice-water (10 mL), extracted with chloroform
(200 x 3 mL), dried (NapSO4) and concentrated in vacuo to yield a
mixture of O-alkylated (231la) and N-alkylated (232a) products which

were separated by fractional crystallization. The solid cbtained was
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filtered and recrystallized from ether:hexane to yield pure 1-(1-
quinolin-4-one)-2, 3~epoxypropane (232a) (1.9 g, 68%) as a light yellow
solid, mp 106 ©C. The filtrate containing a mixture of predominantly
(231a), together with some additional (232a) was then concentrated and
separated on silica gel G tlc plates using ether: etharol (9:1 v/v) as

development solvent. Extraction of the band having Rg 0.48 with methanol

gave (2R,2S)-1- (quinol-4-yloxy) -2, 3~epoxypropane (231a) (0.27 g, 10%)
as an oil, and the band having Rf 0.1 with methanol gave (232&) (0.07

g, 3%). The structure assigned to (231a) and (232a) were consistent

with their ir and 1H nmr spectral data which are listed in Table 18.

7.2.1.0.0 SYNTHESIS OF (2R,28)-1-(QUINOL—4-YLOX¥)-3-ISOPROP¥L
AMINO-2~-PROPANOL (233a) AND 1-[1- (1, 4-DIHYDROQUINO-
LIN-4-ONE) ]-3-ISOPROPYLMNO-2-PROPANOL (234a) .
METHOD A IN SCHEME 24.
A mixture of (R,S)-1-(quinol-4-yloxy) -2,3-epoxypropane (231a)
(0.2 g, 0.99 mmol) or (R,S)—l-[l—(1,4—dihydroquinolin—4-one)-2,3—
epoxypropane (232a) (0.2 g, 0.99 mmol) in 2-propanol (10 mbL) was
stirred at 25 ©C for 36 h. The solvent was evaporated in vacuo to give
a crude residue which was purified by recrystallization from ether:
hexane to provide (R,S)-(233a) (0.23 g, 92%), mp 61-62 oc, and from
chloroform: hexane to afford (R,S)-(234a) (0.24 g, 95%), mp 127 ©C. The
physical, ir and lH nmr spectral data for (R,S)-(233a) and (R,S)~
(234a) are listed in Tables 20 ang 21. Compound (234a) was dissolved
in dry ether (50 mL) into which anhydrous HCl gas was pubbled slowly
until no further formation of precipitate was cbserved. Removal of the

solvent in vacuo and recrystallization of the respective product from
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absolute alcohol gave (234a. 2HCl). Ir (KBr): OH (3353), C=O (1626),
C=C (1607), C-O (1239) cm~l; 1H nmr (CDCl3 and DMSO-dg): 1.33 [m, 6H, -
" CH(CH3)2): 3.05 [br m, 1H, -CHHl-NH(HC1)-]; 3.35 (br m, 2H, -CHH-
NH(HCl)-, ~-NH-CH(CH3)p]; 4.34 [br m, 2H, quinolone-CHHI~CH(CH)-,
quinolone-CHHI-CH(OH)~], 4.40 (br s, 2H, OH and NH, exchange with
deuterium oxide); 4.86 [br m, 1H, quinolone-CHH!-CH(OH)-]; 6.70 I[d,
Jz,3= 8.1 Hz, 1H, guinolone H<3]}; 7.65 [d, J5 6= 7.42 Hz of d, Jg,7=
7.42 Hz, 1H, quinolone H-6]; 7.96 [d, Jg,7= 7.42 Hz of d, Jp,g= 7.42 Hz
of d, Js,7= 1.35 Hz, 1H, quinolone H-7]; 8.19 (d, J7,g= 7.42 Hz, 1H
quinolone H-8]; 8.38 (d, Js,¢= 7.42 Hz of d, Js,7= 1.35 Hz, 1H,
quinolone H-5]; 8.40 (d, J2,3= 8.1 Hz, 1H, quinolone H-2]; 7.77 and 9.0
(two br s, 1H each, NH, exchanges with deuterium oxide). Microanalysis

for Cp5HpgNOp, 2HCL: found (calcd.) C, 53.57 (54.05); H, 6.46 (6.65);

N, 8.10 (8.40).

7.2.2.0.0 SYNTHESIS OF (2S)-1-(QUINOL-4-YLOXY)-3-ISOPROPYL-
AMINO-2-PROPANOL (233a') AND (28)-1-[1-(1,4~-DIEYDRO-
QUINOLIN—4-ONE)]-3-ISOPROPYLAMINO-Z-PRORANCL (234a')
METHOD A IN SCHEME 24.

(2S) -1~ (quinol-4-yloxy) -2, 3-epoxypropane (23la') and (2S)-1-[1-
(1,4-dihydroquinolin-4-one) 1-2, 3-epoxypropane (232a') were prepared
using the same procedure described for the synthesis of (231a or 232a)
in section 8.4.0.0.0. Reaction of 4-hydroxyquinoline (230) (0.64 g,
4.38 mmol) with (+)-(2S)-glycidyltosylate (207) (1 g, 4.38 mmol) in DMF
(15 mL) and NaH (0.16 g, 5.25 mmol of an 80% suspension in mineral oil
that had been washed with dry hexane under a nitrogen atmosphere), was

allowed to proceed at 25 ©C for 10 h with stirring. The solvent was
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removed under reduced pressure, cold water (10 mL) was added to the
residue, and the mixture was extracted with ethyl acetate (2 x 200 mL).
The extract was washed with cold water (2 x 50 mlL), dried (NapSO4), and
the solvent was removed in vacuo. The crude product was purified on
silica gel G tlc plates using ether:ethanol (9:1 v/v) as development
solvent. Extraction of the band having Re 0.4 with methanol gave (S)-
(231a') (0.08 g, 10%) as an oil. Extraction of the band having Rg 0.1
with methanol gave (S)-(232a') (0.57 g, 65%) as an oil which was used
without characterization. The ir and 1§y nmr spectral data for (S)-
(231a') are listed in Table 18. Subsequently, a mixture of (S)-(231la’')
(0.08 g, 0.39 mmol) and isopropylamine (0.5 mL, 5.96 mmol), or (S)-
(232a') (0.3 g, 1.49 mmol) and isopropylamine (3.5 mL, 32.9 mwol), in
2-propanol (10 mL) was allowed to react at 25 OC for 24 h, at which time
tlc indicated that (S)-(231a') or (S)-(232a') was absent. Removal of
the excess amine and solvent gave (S)-(233a') (0.09 g, 97%) as an oil
which was converted to the dihydrochroride salt, using the procedure
described for (234a), to afford (S)-(233a‘', 2HC1), mp 207 ©C; or (s)-
(234a') which was purified by crystallization from chloroform:hexane to
give (0.34 g, 90%) as a white solid, mp 127 ©C. The physical data for
(S)-(233a', 2HC1) is listed in Table 20. The ir and 1§ nmr spectral

data for (S)-(233a', 2HCl) and (s)-(234a') are presented in Table 21.

'7.2.3.0.0 PREPARATION OF 2-PHENYL-3-ISOPROPYL (OR t-BUTYL) -5~
(HYDROXYMETHYL) OXAZOLIDINES (193 a,b).
Isopropylamine (15 mL, 0.17 mol) or t-butylamine (15 mL, 0.12 mol)
was added dropwise to glycidol (235) (5 mL, 74.66 mmol) at O°C and the

reaction mixture was stirred at 25 Oc for 24 h. The excess alkylamine
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was removed in vacuo to give the respective 3-iscpropylamino-1,2-
propanediol (236a) which was distilled (80-85 °C / 0.1 mm Hg) (9.7 g,
97%) as an oil, or 3-t-butylamino-l,2-propanedicl (236b) which was
washed with ether:hexane (1:1 v/v), filtered and dried to yield a white
solid (10.8 g, 98%); mp 68-69 ©OC; Ir (KBr): OH (3254) (am™l).
Subsequently , a mixture of (236a) or (2346b) and benzaldehyde (20 mL)
was heated at 160-180 ©C in an o0il bath for 5-6 h. The mixture was
cooled to 25 OC and distilled under reduced pressurs to give 2-phenyl-3-
isopropyl—S-hydroxymethyloxazolidine450 (193a) which was distilled at
145-150 ©°C / 0.2 mm Hg to yield an oil (12.9 g, 80%), or a mixture of
2-phenyl-3-t-butyl~5-hydroxymethyloxazolidine (193b) and 2-phenyl-5-t-
butylaminomethyl-1,3-dioxolicine (237b) which was distilled (120-125 ©C
/ 0.2 mm Hg) to give an oil (15.5 g, 90%). The mixture of (193b) and
(237b) which was separated by elution from a 7.5 x 80 am~l silica gel
column chromatography using ether:hexane (8:2 v/v) as eluant gave
(193b) (12.4 g, 80%) and (237b) as an oil. Two diastereomers [RR(SS),
RS(SR)] of (237b) were separated on silica gel G tlc plates using ether
as development solvent. Extraction of the band having Rge= 0.55 and 0.3
with methanol vielded two pure diasterecmers (237b', 237b'') as oils
(1.2 g each). The ir and !H nmr spectral data for (236 a,b), (193
a,b), and (237 b', b'') are listed in Table 19. Microanalysis for

(193b) Cy4Hp1NOp; found (caled.) C, 71.0 (71.45); H, 9.03 (8.99); N,

5.94 (5.95).
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7.2.3.1.0 SYNTHESIS OF (R,S)-1- (QUINOI.-4-¥I.OX¥)-3-ISOPROPYL
AMINO-2-PROPANOL (233a).

METHOD B IN SCHEME 25.

The synthesis of (233a) which was outlined in Scheme 24 method A
were prepared by an alternative procedure as described in Scheme 25,
method B. NaH (0.22 g, 7.33 mmol, 80% suspension in mineral oil) was
washed with dry hexane and dried under a nitrogen atmosphere prior to
addition of DMF (10 mL). A solution of 2-phenyl-3-isopropyl-5-
hydroxymethyloxazolidine (193a) (1.35 g, 6 mmol) in DMF (30 mL) was
added dropwise under a nitrogen atmosphere at 0 ©C, the reaction mixture
was heated in an oil bath at 70 ©C for 30 min, and then at 25 ©C for 4 h
with stirring. A solution of 4-chloroquinoline (238) (1 g, 6 meol) in
DMF (30 ml) was then added dropwise over a period of 30 min, and the
mixture was stirred for 24 h at 25 ©C. Excess DMF was partially removed
under reduced pressure, the reaction mixture was poured into ice-water
and extracted with ether (3 x 200 mL). The combined extracts were washed
with cold water, dried (NapSOs) and the solvent was removed in vacuo to
give 2-phenyl-3-isopropyl-5-[ (quinol-4-yloxy)methyl]oxazolidine (239)
as an oil having Re 0.41 with ether:methanol (8:2 v/v) as development
solvent (see Scheme 25). Compound (239) was dissolved in 1.5 N HC1 (25
mL), and the solution was heated on a steam bath for 1 h prior to
stirring at 25 °C for an additional 1 h. This acidic solution was poured

into a.cold solution of saturated NapCO3, basified to pH 9-10 and

extracted with ether (3 x 200 nl). The organic extracts were dried
(NapSOg), filtered, and the solvent was removed in vacuo. The residue

was crystallized from ether:hexane to give (233a) (1.45 g, 92%), mp 61-

62 ©OC. This product was identical (mp) to that prepared using the
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procedure described in Scheme 24, method A. The physical, ir and 1y nmr

spectral data for (233a) are presented in Tables 20 and 21.

7.3.0.0.0 SYNTHESIS OF (2R,2S)-1-(QUINOL-2-YLOXY)-3-
ISOPROPYL (OR t-BUTYL)AMINO-2-PROPANOLS (242 a,b).
The syntheses of (242a) and (242b) were carried out using method
B outlined in Scheme 25 as described for (233a). Reaction of (240)
(1 g, 6.1 mmol) and (193a) (i.35 g, 6 mmol) in the presence of NaH
(0.22 g, 7.33 mmol, 80% suspension in mineral oil), that had been washed
with dry hexane prior to addition of DMF under a nitrogen atmosphere at
25 OC for 24 h, extraction with ethyl acetate, drying (NaSO4) and
removal of the solvent in vacuo yielded the intermediate 2-phenyl-3-
isopropyl-5-[ (quinol-2-yloxy)methylloxazolidine (241a). This product
was recrystallized from ether to provide (24la) as a solid, mp 62 ©C,
having Rf 0.56 using ether as development solvent. Compound (241a) was
dissolved in 1.5 N HCl (25 mL), and the solution was heated on a steam
bath for 1 hr prior to stirring at 25 ©C for an additional 1 h. This

acidic solution was poured into a cold solution of saturated NajCO3,

basified to pH 9-10 and extracted with ether (3 x 200 mL). The organic
extracts were dried (NaySO4), filtered, and the solvent was removéd in
vacuo to yield (242a) as a white solid (1.40 g, 90%), mp 130-131 ©C,
The physical, ir and lH nmr spectral data for (242a) are summarized in
Tables 20 and 21. Similarly, the reaction of (240) (1 g, 6.1 mmol) with
(193b) (1.41 g, 6 mmol) in the presence of NaH (0.22 g, 7.33 mmol, 80%
suspension in mineral oil) gave 2-phenyl-3-t-butyl-5-[(quinol-2-
yloxy)methyl]oxazolidine (241b) as a solid, mp 123 ©C, having Rf 0.56

with ether as development solvent. Ir (KBr): C=N (1619), C=C (1603),
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arcmatic C-O0 (1274), aliphatic C-O (1257), oxazolidinyl C-O (1110 and
1239) cm-l; M nmr (CDCl3) 8 : 1.18 (s, 9H, t-Bw); 3.0 (d, Jgem= 8.73 He
of d, Jyic= 8.73 Hz, 1H, oxazolidinyl HH!-4); 3.5 (d, Jgen™ 8.73 Hz of
4, Jyi= 8.73 Hz, 1H, oxazolidinyl Hl-4); 4.43 (m, 18, oxazolidinyl H-
5); 4.59 (d, Jyjc= 5.82 Hz of d; Jgem= 12.12 Hz, I1H, -O~-CHH1-
oxazolidinyl); 4.69 (d, Jyjc= 3.88 Hz of d, Jgen~ 12.12 Hz, 1H, -O-CHH1-
oxazolidinyl); 5.82 (s, 1H, oxazolidinyl H-2); 6.91 (d, J3,4= 8.6 Hz 1H,
quinolyl H-3); 7.32 (m, 5H, phenyl hydrogens) ; 7.40 (d, Js, 6= 7.9 Hz
of d, Jg,7= 7.9 Hz of d, Jg,8= 1.3 Hz, 1H, quinolyl H-6); 7.66 (d, Jg, 7=
7.9 Hz of d, J7,g= 7.9 Hz of d, J5 7= 1.3 Hz, 1H, quinolyl H=T7); 7.74
(d, Js,¢= 7.9 Hz of d, Js5,7= 1.3 Hz, 1H, quinolyl H-3); 7.84 (d, J7,8=
7.9 Hz, 1H, quinolyl H-8); 8.0 (d, J3,4= 8.6 Hz, 1H, quinolyl H-4).
Microanalysis for Cp3HpgNpOp; found (caled.) C, 76.11 (76.21); H, 7.20
(7.23); N, 7.56 (7.73).

Compound (241a) was dissolved in 1.5 N HCl (25 mL), and the
solution was heated on a steam bath for 1 h prior to stirring at 25 ©C

for an additional 1 h. This acidic solution was poured into a cold
solution of saturated NayCO3, basified to pH 10 and extracted with ether

(3 x 200 mL). The organic extracts were dried (NapSO4), filtered, and
the solvent was removed in vacuo to yield (242b) as a solid (1.49 g,
91%), mp 130-131 ©C. The physical, ir and 1§ nmr spectral data for

(242b) are summarized in Tables 20 and 21.

7.4.0.0.0 SYNTHESIS OF (2R,28)-1- (PYRIMIDIN-2-YLOXY) -3-
ISOPROPYL (OR t-BUTYL) AMINO-2-PROPANOLS (245 a, b).
Compounds (245 a,b) outlined in Scheme 26 were prepared using

the procedure described for the synthesis of (233a) . Reaction of
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2-chloropyrimidine (1 g, 8.7 mmol) with (193a) (1.93 g, 8.7 mmol) or
(193b) (2.05 g, 8.7 mmol) in the presence of NaH (0.41 g, 10.5 mmol,
60% suspension in mineral oil) gave 2-phenyl-3-isopropyl (or t-butyl)-5-
[ (pyrimidin-2-yloxy)methyl]oxazolidine (244a) or (244b) as an oil
having R¢ 0.52 and 0.62, respectively with ether:hexane (8:2 v/v) as
development solvent. The lH nmr spectral data for (244a) and (244b)
are listed in Table 23. Compound (244a) or (244b) was dissolved in 1.5
N HC1 (20 mL), and the solution was heated on a steam bath for 45 min
prior to stirring at 25 ©C for an additional 1 h. This acidic solution

was poured into a cold solution of saturated NayCO3, basified to pH 10

and extracted with ether (3 x 200 mL). The organic extracts were dried

(NapSO4), filtered, and the solvent was removed in vacuo to yield
(245a) (1.65 g, 90%) as a solid, mp 52 ©C; and (245b) (1.80 g, 92%),
mp 82 ©C. The physical, ir and lH nmr spectral data for (245a and

245b) are summarized in Tables 22 and 23.

7.5.0.0.0 GENERAL SYNTHESIS OF (2R, 2S),-1-(ISOQUINOL-5-YLOXY)
-=3-ALKYL (ALKYLARYL) AMINO-2-PROPANOLS (248-251).

The syntheses of (248-251) are cutlined in Scheme 27.

7.5.1.0.0 SYNTHESIS OF (2R, 2S)-1-(ISOQUINOL-5-YLOXY)-2,3-
EPOXYPROPANE (247).

Sodium hydride (0.96 g, 24 mmol, 60% emulsion in mineral oil) was
washed with dry hexane and dried under a nitrogen atmosphere prior to
addition of DMF (10 mL). A solution of S-hydroxyisoquinoline (246) (3
g, 20 mmol) in DMF (60 mL) was added dropwise under a nitrogen

atmosphere at 0 ©C, the mixture was stirred at 50 ©C for 30 min and then
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at 25 °C until no further evolution of hydrogen gas was abserved (4 h).
A solution of epibromohydrin (205) (2.12 mL, 24 mwol) in DMF (15 mL)
was added during 30 min, the mixture was stirred for 18 h at 25 ©C and
the excess DMF was partially removed under reduced pressure. The mixture
was poured into ice-water (20 mL), extracted with ether (3 x 300 mL),
dried (NapSO4) and the solvent was removed in vacuo to give
1- (isogquinol-5-yloxy) -2, 3-epoxypropane (247) . This product was purified
by elution from a 3 x 60 cm silica gel column using ether:hexane (8:2
v/v) as eluant Removal of the solvent from the 300-1000 mL fraction
afforded pure (247) as an oil (3.45 g, 85%). The physical, ir and 1l

nmr spectral data for (247) are summarized in Tables 24 and 25.

7.5.2.0.0 SYNTHESIS OF (2R, 28) -1~ (ISOQUINOL-S-YLOXY) -3~
ISOPROPYL (OR £-BUTYL) AMINO-2-PROPANOLS (248-249) .

A mixture of 1-(isoquinol-5-yloxy)-2,3-epoxypropane (247) (0.1 g,
0.5 mmol) and isopropylamine (0.5 mL, 5.96 mmol) or t-butylamine (0.73
mL, 6.95 mmol) in 2-propanol (10 mL) was allowed to stir at 25 ©C until
all the epoxide had reacted (24-36 h). Excess amine and solvent were
removed in vacuo to give (248-249), respectively as solids in 98%
yield. Compounds (248-249) could be recrystallized from ether. The

physical, ir and 1y nmr spectral data for (248-249) are summarized in

Tables 24 and 25.
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7.5.3.0.0 SYNTHESIS OF (2R,28)-1-(ISOQUINOL-S-!LOXY)-3-CYCLO

~-HEXYLAMINO~2-PROPANOL (250) AND (2R, 2S)-1-(ISOQUIN
-0L~-5-YLOXY) ~3-PHENYLPROPYLAMINO-2-PROPANOL (251).

A mixture of 1-(isoquinol-5-yloxy)-2,3-epoxypropane (247) (0.5 g,

2.5 mmol) and cyclohexylamine (0.28 mL, 2.5 mmol) or 3-phenyl-1-

propylamine (0.35 mL, 2.5 mmol) in 2-propanol (10 mL) was heated at

reflux for 3 h prior to stirring at 25 °C for an additional 2 h. Removal

of the solvent in vacuo and recrystallization from cold ether gave

(250) and (251) as solids in 92 and 90%.yield, respectively. The

physical, ir and 14y nmr data for (250) and (251) were summarized in

Tables 24 and 25.

7.6.0.0.0 SYNTHESIS OF (28,28)-1-[2-(ISOQUINOLIN-1-ONE)]-2,3-
EPOXYPROPANE (253).

Sodium hydride (0.96 g, 24 mmol, 60% suspension in mineral oil)
was washed with dry hexane and dried under a nitrogen atmosphere prior
to addition of DMF (10 mL). A solution of l-hydroxyisoquinoline (252)
(3 g, 20 mmol) in DMF (60 mL) was added dropwise under a nitrogen
atmosphere at 0° C, the mixture was stirred at 50 °C for 30 min and then
at 25 °C until no further evolution of hydrogen gas was evident (2 h). A
solution of epibromchydrin (205) (2.12 mL, 24 mmol) in DMF (15 ml) was
added during 15 min at which time the color changed from a brown to
green color. After stirring for 18 h at 25 OC, the excess DMF was
partially removed under reduced pressure. The mixture was poured into
ice-water (20 mlL), extracted with ether (3 x 300 mL), dried (NazSO4) and
the solvent was removed in vacuo to yield 1-[2-(isoquinolin-l-one)-2,3-

epoxypropane (253). This product was purified by elution from a 3 x 60
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cm silica gel column using ether as eluant. Removal of the solvent from
the 400-1000 mL fraction afforded pure (253) as a white solid (3.45 g,
85%). The physical, ir and 1H nmr spectral data for (253) are

summarized in Tables 26 and 27.

7.6.1.0.0 SYNTHESIS OF (2R, 28)-1- [2- (ISOQUINOLIN-I-ONE)]-B-
ISOPROPYL (t-BUTYL OR CYCLOHEXYL) AMINO-2-PROPANOLS
(254-256) .
A mixture of 1-[2-(isoquinolin-1-one)-2,3-epoxypropane (253) (0.5
g, 2.5 mmol) and isopropylamine (0.5 mL, 5.96 mmol) or t-butylamine
(0.73 mL, 6.95 mmol) or cyclohexylamine (0.28 mL, 2.5 mwol) in 2-
propanol (10 mL) was stirred at 25 OC until the reaction was complete as
indicated by tlc (20-36 h). The solvent was removed in vacuo to afford
the respective products (254-256) as solids in 92-98% yield. The
physical, ir and 1H nmr spectral data for (254-256) are sunmarized in

Tables 26 and 27.

7.7.0.0.0 SYNTHESIS OF (2R,2S)-1- [3- (QUINAZOLIN-4-ONE) ] -3-
ISOPROEYL (t-BUTYL) AMINO-2-PROPANOLS (259-260).

Sodium hydride (0.8 g, 26.7 mmol, 80% suspension in mineral oil)
was washed with dry hexane and dried under a nitrogen atmosphere prior
to addition of DMF (15 mL). A solution of 4-hydroxyquinazoline (257) (3
g, 20.5 mmol) in DMF (80 mL) was added dropwise under a nitrogen
atmosphere at 0 ©C, the mixture was stirred at 50 ©C for 30 min and then
at 25 OC until no further evolution of hydrogen gas was evident (2 h). A
solution of epibromohydrin (205) (2.28 ml, 26.68 mmol) in DMF (15 mlL)

was added during 30 min, the reaction was stirred for 15 h at 25 °C, the
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excess DMF was partially removed under reduced pressure. The mixture was
poured into ice-water (20 mL), éxtracted with ether (3 x 300 mL), dried
(NaySO4) and the solvent was removed in vacuo to yield 1-[3-(quinazolin-
4-one)-2,3-epxypropane (258). This product was purified by
recrystallization from ether to give pure (258) (3.23 g, 78 %) as a
white solid, mp 86 ©C. The physical, ir and lH nmr spectral data for
(258) are summarized in Tables 28 and 29. Subsequently, a mixture of
(258) (0.5 g, 2.47 mmol) and isopropylamine (0.85 mL, 10 mmol) or
t-butylamine (1.05 mL, 10 mmol) was stirred at 25 ©C for 18~24 h. The
solvent was evaporated in vacuo and the crude product was recrystallized
from ether to yield the respective product (259 or 260) as a solid in
98% yield. The physical, ir and lH nmr spectral data for (258-260)

are summarized in Tables 28 and 29.

7.8.0.0.0 SYNTHESIS OF 1-(3-CYANO-2-PYRIDYLOXY)-3-ISOPROPYL
AMINO-2-PROPANOL (264) AND 1-(2-PYRIDYLOXY)-3-
ISOPROPYLAMINO-2~-PROPANOL (265).

A mixture of nicotinamide-l-oxide (261a) (4.25 g, 0.03 mol) and
phosphorous pentachloride (12.81 g, 0.06 mol) was stirred thoroughly.
Phosphorous oxychloride (12.0 mL) was added slowly with skaking. The
flask was then placed in an oil bath that was preheated to 50-60 ©C. The
temperature was then raised up to 100 ©C. The evolution of hydrogen
chloride gas increased in the 90-100 ©C range, and a spontaneous
vigorous refluxing of the phosphorous oxychloride began. The reaction
flask temperature was controlled by cooling in an ice-water bath, as
required until the vigorous reaction had subsided. The oil bath was

removed and the reaction mixture was heated under reflux at 115-120 ©C
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for 1.5 h. After cooling, excess phosphorous oxychloride was removed by
distillation under reduced pressure. The residue was poured into 300 mL
ice-water, stirred at 5 ©C overnight and extracted with ether (2 x 300
mL) . The ether extracts were washed with 5 % NaOH and the ether layer
was washed with water until the water extract was no longer alkaline,
Charcoal (50 mg) was added to the ether solution which was heated at
refluxed for 10 min, filtered, dried (NapSO4) and the solvent was
removed in vacuo to give a white solid (261b) (1.6 g, 38%), mp 105-106
oc (1it466, 105-106 ©C). Subsequently, reaction of 2-chloro-3-
cyanopyridine (261) or 2-chloropyridine (261b) with (193a) in the
presence of NaH, as described previously for the synthesis of (233a)
gave (264) and (265), respectively. The physical, ir and 1y nmr

spectral data for (264-265) are summarized in Tables 30 and 31.

8.0.0.0.0 PEARMACOLOGICAL TEST PROCEDURE.
8.1.0.0.0 DETERMINATION OF GUINEA PIG ATRIA CHRONOTROPIC AND
INOTROPIC RESPONSES.

White male guinea-pigs (GP) between 400-600 g in weight were
killed by a blow to the head, bled and then decapitated. The chest wall
was opened, the heart was removed as quickly as possible and placed in
a container of Hepes solution (pH 7.4). All ventricular tissue was cut
away, the right and left atrium were carefully dissected, separated with
great care, and freed from adhesive tissue. The right atrium is more
elongated, should be spontaneously beating due to S-A mode; and the left
atria is lcbe-like. A polyester thread was tied to the upper most and
another to the lower part of the right and left atrium tissue in proper

geometry. The spontaneously beating right atrium was placed in the glass
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jacketed water baths (10 mL) containing Hepes solution (HPSS) at 37 oc,
and held in place midway down, by tucking the bottom thread into the
rubber tubing (see Fig. 16). The individual organ bath was aerated with
oxygen by using syringes connected to the oxygen tank and inserted into
the rubber tubing (Fig. 16). The rates of bubbling oxygen were adjusted
to give a steady streams of small bubbles The temperature was maintained
by a constant temperature circulator (Haake Model E52). The upper end of
the muscle was connected to a Force transducer (Grass FT03) under a
resting tension of approximately 0.75 g. Isometric tension was then
recorded on a Grass polygraph (Model 7D). The right atrium should start
to beat spontaneously once placed in the bath. The rate of beating was
recorded using a Grass force-displacement transducer as described above
and the rate was counted. The procedure for the left atrium differed
from that of the right atrium in that the bottom thread was used to
anchor the left atrium to a stimulating electrode. The back side of the
left atrium should be in contact with the wires of electrode. The
electrode and tissue were placed in the glass organ bath (10 mL)
containing Hepes solution (HPSS) at 37 ©C, adjusted to the appropriate
position, using the clamp and aerated with oxygen at the proper rate as
described for the right atrium. The upper end of the muscle was
connected to a Force transducer (Grass FT03) under a resting tension of
approximately 0.75 g and the isometric tension was then recorded on a
Grass polygraph (Model 7D). The isolated left atrium was electrically
stimulated at a constant rate by square pulses of 1.5 msec duration and
an intensity approximately twice that of threshold (2.0 volts). The
pulses were delivered by an electronic stimulator (Grass S44) through an

isolation unit (Grass SIUS) at a stimulation rate of 2 to 4 Hz, which
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corresponded to 85-95 per cent of the maximal activity. Following a 45
min equilibration period during which the physiological medium solution
was changed every 15 min, cumlative dose-response curves for the
agonist isoproterenol dihydrochloride (increments of half-log units from
1010 to 3 x 10~7 M) were prepared for right and left atrium. The
response of the tissue to each dose of agonist was allowed to develop
and plateau (about 3 minute per dose) prior to administration of the
next higher dose. The rate was counted after 3 min., Immediately
following the maximum increase in rate for the right atrium
(chronotropic), and force for the left atrium (inotropic) were cbtained.
The antagonist was added to inhibit the agonist maximal response from
100 % to 20-30%. The IDg5p values were calculated by plotting the
increase (agonist) or the decrease (antagonist) in rate and tension of
each agonist or antagonist from individual experiments as a percentage
of their own maxima or minima. The right and left atrium tissues were
washed and allowed to return to the resting rate, amplitude and basal
frequencies (about 1 h). The buffer was changed every 20 minute during
this period. The test compound (antagonist) was then added at the
concentration which provided a ID35 to IDgg range and was incubated for
30 min. Following the 30 min incubation, ancther dose-response curve to
isoproterenol dihydrochloride was obtained as described above. After
maximal development of the ‘final response, the tissues were washed and
allowed to rest until the tissues returned to their resting rate and
basal frequencies. Subsequent dose-response curves to isoproterenol
dihydrochloride were carried out as described above using increasing

concentrations of antagonist (in IDgo-IDgp range). The difference

between the two concentrations of antagonist was usually a factor of



ten. Normally three doses of antagonists could be used for the same

tissue. IDgp values for the antagonists and each-dose response curve

were established and the pA; value was calculated according to the

method of Schildd462,

8.2.0.0.0 GUINEA-PIG TRACHEA CHAIN ASSAY (B»).

The trachea assay was conducted at the same time as the experiment
on heart. The throat from a guinea-pig described above was cut as near
the head as possible. The trachea were dissected out, transferred to a
dish containing HPSS solution and cut traversely between the segnents of
cartilage to obtain a number of rings of trachea muscle. These rings
were freed of all fat tissue and blood vessel with extreme care to avoid
stretching the ring. Several rings, usually 6, were sutured together,
side by side, using polyester thread to form a chain, which was then
mounted vertically in a HPSS solution water-jacketed bath (10 mlL) at
37 ©C that was aerated with 100% oxygen as illustrated in Fig. 16. The
temperature was maintained by a constant temperature circulator (Haake
Model E52). One end of thread was fixed to the bottom of the bath using
rubber tubing to anchor the tissue and the upper end of each tracheal
chain was connected to a force-displacement transducer (Grass E“TO3)
under a resting tension of 0.25 g. Isometric tension was then recorded
on a Grass polygraph (Model 7D). Following a 1 h equilibration period
during which the physiological medium solution was changed every 15 min,
bcmnulative dose-response  curves for the  agonist carbacol
(carbamylcholine chloride) (increments of half-log units from 3 x 1078
to 1 x 1079 M) were prepared. The response of the tissue to each dose of

carbacol was allowed to develop and plateau (about 5 minute per dose)
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prior to administration of the next higher dose. A constant level of
tone was induced to achieve the maximum response. Following this, a
cummlative dose-response curve to the agonist  isoproterenol
dihydrochloride (increments of half-log units from 109 to 3 x 1076 M)

was prepared to determine the IDgy value for the control curve.

Subsequently, without washing, a cummlative dose-response curve to the
antagonist were carried out to determine the IDgg value for the
antagonist. The tissue was washed and allowed to return to the resting
tension (about 1 h). The buffer was changed every 20 minute during this
period. The test compound (antagonist) was then added at a concentration
which provided 35 to 50% inhibition (ID35-ID50 range) and incubated for
30 min. Following the 30 min incubation, another dose-response curve to
carbacol was carried out as described above. After maximal development
of the final response, a cummlative dose-response curve to the agonist
isoproterenol dihydrochloride were established again to determine IDsp
of INA in the presence of antagonist. The tisuue was washed and allowed
to return to the resting tension (about 1 h). The buffer was changed
every 15 minute during this period. Subsequent dose-response curves to
isoproterenol dihydrochloride were carried out as described above using
increasing concentrations of antagonist (in IDgg-IDgg range). The
difference between the two concentrations of antagonist was usually a

factor of ten. Normally three doses of antagonist could be used on the

same tissue. IDgg values for the antagonists and each-dose response

curve were established and pAy values were calculated using the method

of Schild462 described previously.
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8.3.0.0.0 Materials.
All chemicals used to prepare HPSS solution were purchased from

Sigma. Carbachol and isoproterenol dihydrochloride were purchased from
Aldrich. The novel dihydrochloride compounds were dissolved in HPSS
solution. The novel free-base comppounds were first dissolved in DMSO to
produce a 10~2 M solution and thereafter diluted with HPSS solution if
possible. Test solutions were freshly prepared prior to use and placed

them in an aluminum foil to protect them from light.
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PART B

" HETEROCYCLIC 1,2-EPOXYALKAN-3-ONES AS CYTOTOXIC
AGENTS"



1.0.0.0.0 INTRODUCTION.
1,1.0.0.0 NATURE OF CANCER.

Cancer is a common cause of death that is second only to
cardiovascular ailments in incidence467, However, the
treatment of cancer is much more difficult since it spreads
rapidly and has a protracted course which results in a high
incidence of mortality. The medical term for "cancer" or
"tumor” is neoplasm which is defined as a hereditarily
altered, relatively autonomous growth of tissues468. The
proper use of this term includes both benign and malignant
growths, although neoplasm is frequently interpreted as
malignant. The critical difference between a benign and
malignant neoplasm is that benign tumors do not metastasize,
whereas malignant tumors do. A metastasis is a secondary
growth originating from the primary tumor that starts to grow
elsewhere in the body. Generally, the most common routes
leading to the development of metastases are through the
blood circulation and 1lymphatic system?69. cCertain
significant cytological differences exist between cancer and
normal cells and these differences are often very useful in
the diagnosis of the disease470,/471, For example, the size
and shape of cancer cells are different and more variable
than normal cells from the same tissue in morphology. Cancer
cells undergo more rapid mitotic cell devision, the nucleus
of cancer cells is often large with more apparent chromatin
than normal cells, the ability to grow into adjacent tissues

(invasiveness) 1is characteristic of cancer cells, and
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neoplastic transformation is accompanied by a wide variety of

piasma membrane and cell surface changes472.

1.2.0.0.0 CAUSE OF CANCER.

The majority of human cancers are probably induced by
external environmental agents, acting singularly or in
combination473. These include chemical carcinogens, 474
radiation energy,474,475 and certain viruses376,477 such as
human T-cell leukemia virus, or HTLV, which are the only RNA

tumor viruses (retrovirus) known to occur in man478.

1.3.0.0.0 CANCER TREATMENT.
1.3.1.0.0 SURGERY.

Surgical excision is the oldest and the most extensively
tested modality for the control of cancer. Although surgery
can effectively remove & large tumor, it has limitations
since surgical techniques are effective only for primary oOr
regional lymphatic tumors. .Non-operable disseminated
neoplasms and microscopic tumor deposits present at the time

of surgery ultimately indﬁce further metastatic diseased7?.

1.3.2.0.0 RADIATION.

The discovery of the X-ray by Roentgen, of radioactivity
by Becquerel, and of radium by the Curies was promptly
followed by the therapeutic application of these new
techniques. In 1899 the first cancer, 2 basal cell

epithelioma had been cured480. Radiation therapy is often
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superior to surgery, if it effectively destroys the tumor.
Although there is minimal damage to the surrounding normal
tissue, some side effects including anorexia, nausea,
vomiting, diarrhea, esophagitis, skin reactions, mucosal
reactions, epilation, and hematopoietic suppression481 are
often observed. Laser radiation has also been used for cancer
therapy. The effect of dose, frequency of irradiation, and
other conditions for most effective suppression of tumor
growth have been investigated482. In clinical oncology, laser
radiation is used to coagulate or excise tumor tissues in

situ483.

1.3.3.0.0 IMMUNOTHERAPY484,

The concept that cancer patients may develop an immune
response against their neoplasm is not new. Tummor immunology
began in 1953 when Foley485 and then in 1957 when Prehn and
Main486 conclusively demonstrated the presence of tumor
specific antigens in methylcholanthrene-induced sarcomas in
mice. Immunotherapeutic agents that stimulate host resistance
to cancer may be described as nonspecific, active specific or
passive immunotherapy agents. Nonspecific immunotherapy
involves the use of agents such as BCG (bacillus calmette
guerin) or Corynebacterium parrum, which are potent
activators of multiple host defense mechanisms. Active
specific immunotherapy studies to elicit specific antitumor
immune responses by vaccination with tumor cells or tumor

antigens have been carried out. Passive immunotherapy
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involving transfer of immune cells or antiserum with
appropriate specificity to the patient may assist in

suppressing tumor growthd87.

1.3.4.0.0 HYPERTHERMIA.
Tumors have been warmed to 42-439C using ultrasound or
microwaves. This approach to cancer therapy is still new and

under experimental study488.

1.3.5.0.0 CHEMOTHERAPY.

Cancer chemotherapy has been reasonably successful over
the last four decades and now it has an established role to
play in the treatment of many malignances. For example, the
chemotherapeutic treatment of childhood acute lymphocytic
ljeukemia (ALL) has been a major success. Choriocarcinoma, a
neoplasm of the conceptus, was the first human cancer to be
cured using methotrexate alone489, The first recorded
clinical trial of a chemotherapeutic agent took place in
1942, when nitrogen mustard was administered to a patient
with an advanced lymphosarcoma490. By 1950 the rate of
introduction of useful new agents began to accelerate, and
during the 1960's research in tumor cell biology and
pharmacology jed to more rational drug therapy491. In
contrast to surgery and radiotherapy, the efficacy of
chemotherapy is limited less by metastases, than the total

mass of the tumor, since chemotherapy is usually not

effective in destroying all cells in large tumors.
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1.3.6.0.0 COMBINATION THERAPY.

Every effective therapeutic procedure elicits
undesirable and at times dangerous side effects. The
combination of radiation therapy with surgery, chemotherapy

or immunotherapy or any combination thereof is now common

practice492'495.

1.4.0.0.0 ANTINEOPLASTIC AGENTS.

The major antineoplatic agents in use have been
reviewed,496 and classified on the basis of their chemical
structure and mechanism of action. The following classes of
commpounds are used in clinical cancer chemotherapy:497,498
alkylating agents (nitrogen mustards, nitrosoureas),
antimetabolites (cytarabin, 5-fluorouracil, methotrexate),
antibiotics (actinomycin D, mitomycin C, doxorubicin,
dactinomycin), vinca alkaloids (vincristin, vinblastin),
miscellaneous drugs including various natural products
(elipticines499), enzymes (l-asparginase), and cis-
platinum500, which is the most exciting antineoplastic drug
that has entered general clinical practice in a number of
years (inorganic complex), as well as a number of non-

platinum antitumor metal complexes including Rhodium I,

Iridium I and RutheniumS01l,

1.4.1.0.0 CANCER DRUGS AND CELL CYCLE.
The cell cycle consists of four phases, which are

related to DNA synthesis and mitosis502, certain interesting
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features of this cycle have been reviewed50315°4. Many of the
effective cancer chemotherapeutic drugs exert their action on
cancer cells as they pass through the celi cycle. Certain
drugs are effective only during specific phases of the cell
cycle, such as the S phase of cellular synthesis, called
cycle- or phase-specific, whereas others are relatively
independent of the cycle which are known as cycle- or phase-

nonspecific5°5 (Fig. 26).

1.4.2.0.0 SELECTIVE TOXICITY.

The clinically useful antineoplastic agents exhibit a
greater toxicity toward sensitive malignant cells than
normal cells of the tumor-bearing host. They are considered
to exhibit selective toxicity. The most useful
chemotherapeutic agents appear to act by affecting enzymes or
subtrates that are acted upon by enzyme systems. For most
agents, the target is an enzyme or substrate that is related
to DNA synthesis or function,5°6 and consequently, these
drugs exert their major toxic and antitumor effects by
inhibiting cells that undergo DNA synthesis at some time in
their life cycle. The mechanism and sites of action of
selected drugs that are useful in the treatment of the
neoplastic diseases are given in Table 40507, some new
developments on the mechanism of action of anticancer
drugs508 and specific antitumor antibiotic55°9 have been
reviewed. Most antineoplastic agents are toxic and non-

selective.



. Vincristin
Bleomycin Vinblastin
Cyclophosphamide

Actinomycin D
Mitomycin
6-Mercaptopurine
6-Thioguanine

M PHASE
G, Phase (1 hr)
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6-Mercaptopurine
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G, phase: Time gap between DNA synthesis and mitosis

G; phase: Time gap between mitosis and DNA synthesis

Fig.26 Phase-specific cancer drugs are effective only at
certain stages in the cell cycle. During the Gg

period, none of the chemotherapeutic agents are
particularly effective. Some agents are useful at more

than one stage.



Table 40. Summary of the mechanisms and sites of action of selected drugs used in

cancer chemotherapy>07 .

Site of action Drug Mechanism of action
Purine synthesis Methotrexate Inhibits one-carbon transfer required for purine
ring synthesis.
6-Mercaptopurine Inhibit purine ring synthesis.
and 6-thioguanine
Hydroxyurea Inhibits ribonucleotide reductase
Pyrimidine synthesis Fluorouracil Inhibits dTMP formation by blocking
thymidylate synthetase
Azaribine Inhibits UMP formation
DNA polymerase Cytarabine Competitively inhibits incorporation of dCTP
into DNA
DNA (direct interaction) Alkylating agents React covalently with DNA, often cross-linking
the strands
Bleomycin Damages DNA and prevents repair
Doxorubicin, Intercalation into DNA
Daunorubicin,
and Actinomycin D
Mithramycin Non-intercalative binding to DNA to inhibit
nucleic cid synthesis
Protein synthesis L-Asparaginase Deaminates asparagine, starving the cell for this
amino acid
Protein function Vinca alkaloids Disrupt microtubes, producing metaphase arrest



Undesirable side effects result from their use as listed
in Table 41510, The search for new approaches to the
discovery and development of more specific and less toxic

antineoplastic agents are being investigated511.

1.5.0.0.0 ALKYLATING AGENTS AND THEIR CHEMICAL MODE OF
ACTION.

Alkylating agents, which were the first clinically
useful compounds employed to treat patients with
malignancies, are still the most widely utilized class of
antineoplastic drugssos. There aré six major chemical classes
of alkylating agents (See structures in Fig.27) 1) nitrogeh
mustards (mechlorethamine, melphalan), 2) nitrosoureas
(semustine, carmustine), 3) methanesulfonic acid esters
(busulfan), 4) triazenes (décarbazin), 5) ethylenimines
(aziridines) and 6) epoxides [dianhydrogalactitol,
epipropidine (eponate), epoxypiperazine, etoglucid
(epodyl)512 and crotepoxide513]. Most alkylating agents are
highly reactive, since the formation of a highly reactive
electrophilic alkyl cation (RC*Hp, carbonium ion) can react
with the ionized carbonyl groups of amino acids and proteins,
the ring nitrogen of histidine, the ionized primary and
secondary hydroxyl groups of phosphoric acid and the oxygen

atoms at position four and six of thymine and guanine514.



Table 41, CLINICALLY UNDLESIKADLE DUJE DEFEA 113 WA 343880 2t v wemes

DRUGSS10,

Tissue or em_affe

Bone marrow

Digestive tract

Hair root

Gonads
Tissue undergoing repair (surgical

wounds, etc.)

Tumor mass

Fetus

Toxic effects
Leukopenia and lymphocytopenia with an
increased risk of infection or activation of
quiescent infection.
Immunosupression.
Thrombocytopenia leading to hemorrhage.
Anemia.
Oral uiceration
Intestinal ulceration, diarrhea
Alopecia.
Menstrual irregularities, amenorrhea, infertility.
Impaired spermatogenesis, sterility.
Impaired healing.

In the case of leukemias and lymphomas
rapid destruction of the tumor mass can
result in the release of large amounts of
nucleic acid breakdown products, anda
consequent increase in uric acid can
cause renal damage.

Teratogenesis
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Fig.27. Representative alkylating antitumor agents.



1.5.1.0.0 MECHANISM OF ACTION OF ALKYLATING AGENTS.
i .5.1.1.0 NITROGEN MUSTARDS.

A typical proposed mechanism of action for
mechlorethamine (a nitrogen mustard) 913 is shown in Fig.28.
In neutral and alkaline aqueous solution, a chloride ion
(c1-) is liberated from one of the chloroethyl side chains
with subsequent internal cyclization to give the biologically
active immonium ion intermediate. This strained three-
membered ring can open to give a carbonium ion which
alkylates the nitrogen at position seven of the guanine
residue of nucleic acids. The second chloroethyl group can
also undergo cyclization and subsequent reaction with another
nucleophile or guanine as shown in Fig.28. This sequence of
reactions can produce breaks in the DNA molecule and cross-
linking of its twin strands. This process interferes with DNA
replication (due to altered base pair formation of the
alkylated guanine with thymine), RNA transcription and

ultimately preventing cell division.

1.5.1.2.0 MECHANISM OF' ACTION OF NITROSOUREAS.

The nitrosoureas are groups of lipophilic alkylating
agents that can cross the blood brain barrier and are used to
treat brain tumors. Nitrosoureas undergo extensive biotrans-
formation in vivo, producing a variety of biologic effects,
including alkylation, carbamoylation and inhibition of DNA
repair516. The chloroethylnitrosoureas were among the first

anticancer drugs to be studied by DNA filter elution methods.
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Fig. 28. The mechanism by which nitrogen mustard is covalently bonded

to the 7-nitrogens of two guanine residues.
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The mechanism517 of their proposed action .is illustrated in

Fig.29.

RNCO +  CHp=CH-N=N-OH + RNCO

H20
Not ‘ Hzo/ l 2
CH3CHO RNHCOOH

=, e h o
\ /

2
1 2 R DRUG
ﬁ) I'{ —CH,CH,Cl
Cl-CH;- CHz-].'q-C-N-R yAdly) BCNU
NO O CCNU
Chloroethylnitrosourea
[‘1 "O'CHB MeCCNU

/\

Cl-CH,CH,-N=N-OH OC=N-R
Chloroethyldiazohydroxide Alkyiisocyanate

& of

]
+
) -C-NH-
Cl-CH,CH, Protein-NH-C 5Carbamoylatlon

/ \ Protein=S—C-NH-R products
(0]

DNA-Protein DNA guanine -0%-CH;-CH,-Cl
crosslinks + Slow

Guanine-CH,-CH,Cytosine

DNA interstrand crosslink

Fig. 29 Reaction paths and products of chloroethylnitrosourea.
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Chloroethylnitrosoureas such as BCNU, CCNU, and MeCCNU
decompose spontaneously to give two types of highly reactive
compounds that engage in two different types of addition
reactions: a;kylation and carbamoylation (Fig.29).

Alkylation reactions derive from the chloroethyl diazo-
hydroxide [1] which adds a chloroethyl group to various sites
on nucleic acids, proteins and the guanine—o6 position; and
from [2] where two possible cyclic intermediates can add a
hydroxyethyl group to these sites318, The carbamoylation
reactions evolving from alkylisocyanates do not contribute to
antitumor activity. Nitrosourea antineoplastic drugs have
peen reviewed519. A new class of very potent nitrosoureas (1)
and a chlorozotocin analog (2), possess B-hydroxy groups that
activate the molecule nonenzymatically by intramolecular
cyclization without the generation of an isocyanate moiety.
These compounds possess a therapeutic ratio 3-5 times greater

than that of CCNU toward L1210 leukemia in mice520,

lf H,-OH
N-CH,-CH,-OH
R OH
N-CH,-CH,-Cl H
NO OH
1 2
R= Alkyl R=NHCO-N-CH-CHyCl

NO
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1.6.0.0.0 EPOXIDES.
1.6.1.0.0 NOMENCLATURE.

Three-membered ring systems containing oxygen can be regarded as
derivatives of ethylene oxides or 1,2-epoxides (3). The nomenclature of
epoxides is somewhat confusing. For example, the ethylene oxide (4) is
often referred to as an epoxyethane or oxirane derivative, a cyclohexane
derivative or 7-oxabicyclo[4.1.0]heptane. In addition, several simple
epoxides have been given trivial names such as epichlorchydrin (5), and

glycidic acid (6).

0 0 9]
0
A O Aaa Do
3 4 5 6
Ethylene oxide Cyclohexene oxide Epichlorohydrin Glycidic acid

1.6.2.0.0 PHYSICAL PROPERTIES OF OXIRANES.

The bond lengths and bond angles present in oxirane have been
obtained primarily by microwave spectroscopy, electron diffraction, and
more recently, the NMR spectrum in the liquid-crystal phase52l, The
geometric data of oxirane determined from the various proceduresd?l are
summarized in Table 42522, p11 of the measurements clearly show that the
plane of the hetero-ring is perpendicular to the plane defined by the
four hydrogen atoms. The two carbon atoms of the ring are symmetrically

located above the plane of the four hydrogzn atoms.
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0,
o
B
H H
Reference S22
a b c d e
Cc-C 1.54 1.472 1.4728 1.47 1.483
Cc-0 1.43 1.436 1.4363 1.44 1.433
C-H 1.05 1.082 1.0802 1.08 1.088
o 67° 61°24' 61°41' 61°24' 62.3°
B 57°26' 59°18' 59°9' 59°18' 58.85°
Y - 159°25' 158°5' 158°¢' 155.3°
) 117°28' 116°41' 116°51' 116°15' 114.5°

Table 42. Geometric data for the oxirane ring measured by different
methods. The letters a-c refer to the reference numbers

522 a-e.

The C-C bond length is intermediate between those for a single
(1.54 A) and a double (1.33 A) bond; similarly, the H-C-H bond angle
lies between tetrahedral (109928') and trigonal (120°) bonding922, The
same situation is observed for the C-C-C bond angle in the case of

substituted oxiranesd2l,

1.6.2.1.0 IR SPECTROSCOPY OF OXIRANES.
Oxirane exhibits three intense IR bands523,524 at 1265, 1165 and

865 cm~l. The latter band is due to the asymmetrical ring-stretching



vibration. A band at 1250 cm ! is characteristic for the oxirane
ringszs. This band is usually attributed to the symmetrical stretching
vibration and is present in both cis- and trans-oxiranes, cis-Oxiranes
are further characterized by absorptions between 829 and 838 em~l, and
trans-oxiranes by a band between 882 and 917 cm~1,526 The IR and Raman
spectra of alkyl-substituted oxiranes have been reported27 and are the

subject of a reviews28,

1.6.2.2.0 NMR SPECTRA OF OXIRANES.

 The NMR spectra of the three-menbered heterocycles display
resonances which are of great value in structure assignment. The proton
chemical shifts for various substituted oxiranes are repori:ed in a
nunber of reviews and handbooksS29, 530,531, Mortimer332 has determined
the coupling constants for the three-membered heterocyclic ring systems
shown in Table 43. cis-Vicinal coupling constants are generally larger
than the corresponding trans coupling constants333. This is in contrast
to large rings, where Jgrans > JeisoSt. The magnitude of Jgem and Jvic
coupling constants depend more on the number of non-bonding electron

pairs at the heteroatom than on its electronegat;',vity534 as illustrated

in Table 43.

Jeis Jtrans Jgem
Oxirane 4.45 3.1 5.5
Thiirane 7.15 5.65 0.4
Aziridine 6.3 3.8 2.0

Table 43. Proton coupling constants for three-membered heterocyclic rings.
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1.6.3.0.0 CHEMICAL PROPERTIES.
The mechanism for the opening of the epoxide ring can be

considered under three headings: a) orientation of ring opening Db)

stereochemistry and c¢) kinetics of ring opening.

1.6.3.1.0 ORIENTATION OF RING OPENING INVOLVING THE C-O BOND.
Oxiranes undergo facile ring-opening wupon reaction with
nucleophilic reagents which is attributed to ring strain and the basic
nature of the oxygen atom in the heterocycle®35. The reaction of
oxiranes with nucleophiles to form C-C, or C-X where X= N,0,S,Se or Te,
bonds is facilitated by electrophilic assistance from protic solvents or
Lewis acids®36,537, The mechanism of oxirane ring-opening with respect
to regio- and stereoselectivity of oxiranes has been
reviewedd36,538,539, The opening of oxiranes by reaction with
nuclecphiles in basic or neutral conditions, usually involves an Sy2
mechanism. For asymmetric oxiranes, attack by nuclecphiles generally

takes place with inversion at the least-substituted carbon atom (Eq.l).
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In acidic medium, the first step is the pre-equilibrium addition

of a proton to oxygen. An oxonium ion is formed that can react further

either by a Sy2 (Eq.2) or Syl (Eq.3) mechanism.



Nucleophilic attack proceeds via a transition state (Eq.2) where

both bonds are longer than usual (borderline Sy2), and the configuration
of the carbon at which the nuclecphile attacked is inverted54°. In the
Syl mechanism (Eq.3), which favors tertiary carbons, nucleophilic attack
occurs at the more highly substituted carbon. However, even when
protonated epoxides react by the Sy2 mechanism, attack is usually at the
more highly substituted carbon which occurs with inversion of
configuration541. when the substituent at the most substituted carbon
atom is phenyl or vinyl, a stablized carbonium ion may be formed
resulting in a Syl mechanism’0 (Eq 3). Thus, it is often possible to
change the direction of ring opening by changing the reaction conditions

from basic to acidic or vice versa. When an epoxide ring is fused to a



cyclohexane ring, Sy2 ring-opening invariably affords diaxial rather
than diequatorial ring-opened product5542. BAccording to Krassusky's
rule,543r 544 the opening of oxirane involving nucleophilic attack at the
least substituted carbon is defined as "normal opening" whereas, opening
involving attack at the more substituted carbon is defined as "abnormal
opening”. Under basic or neutral conditions, the isomer produced by
"normal opening" is usually the major product544. This provides strong

evidence for an Sy2 mechanism.

1.6.3.2.0 STEREOCHEMISTRY OF RING OPENING.

With certain epoxides, the products obtained upon reaction with
nucleophiles can be two stereoisomers. Thus, reaction of ammonia with
trans-2,3-epoxybutane can yield either erythro- or threo-3-amino-2-

butanol (Eg.4).

H, o H;
H;C H HO—C—H
H—r—O0H ____ [ (b
H,N—C—H H, H,N—C—H
+
CH, CH,
NH,
Threo Erythro

In fact, only the erythro isomer is formed due to inversion of
configuration at the point of attack which is the expected result of an
Sn2 mechanism>45,



1.6.3.3.0 KINETICS OF RING OPENING.

The kinetics of a considerable number of ring-opening reactions of
epoxides have been studied. Kinetic studies covering a range of epoxides
have been carried out in basic or neutral solution for the reactions
with amwonia and various amines in aqueous amine solventsd46,
thiocyanate :Lon,547 nitrate ion, 548 thiosulfate ion in aqueous
acetone,s‘l9 and thiosulfate ion in aqueous ethanol55°. Barlett and

Ross551 have shown that all these reactions proceeded via a Sy2

mechanism.

1.7.0.0.0 PREPARATION OF OXIRANES.

Ethylene oxide (1), the parent epoxide, was first prepared in
1859 by the French chemist ‘A. Wurtz who recognized it was a ncyclic
ether". The importance of oxiranes as intermediates in organic synthesis
is well-docmented552r553. Epoxides can be synthesized by a variety of

methods.

1.7.1.0.0 SYNTHESIS OF OXIRANES FROM ALKENES AND ARENES.
Oxiranes are typically prepared from alkenes on a laboratory scale
by reaction with organic peroxides in the presence of 2 metal catalyst
[t-butylhydroperoxide (TBHP) in the presence of Mo(C0)g catalyst]333 or
by a variety of peroxy acid5552r554 such as meta-chloroperbenzoic acid
(MCPBA) 555 or trichloroperoxyimidic acid®56 (Eq.6) which are used for
alkene epoxidations on a molar scale. Peroxytrifluoroacetic acid, 557 one
of the most electrophilic peroxyacids is used for the epoxidation of
electron deficient olefins, but it suffers the disadvantage of having to

be prebared in situ by the reaction of trifluorocacetic anhydride with



90% hydrogen peroxide. The resulting solution is highly acidic and can
have deletorious effects upon the yield of epoxide. A convenient
alternative to peroxytrifluoroacetic acid is 3, 5-dinitroperbenzoic acid
which can be stored for an extended period of time558, Alkenes can also
pe epoxidized with HyOp in contact with basic alumina (alumina/H05) 559
or in the presence of one of the following catalysts: ortho-nitrophenyl-
selenic acid, 2, 4-dinitrophenylselenic, 560 hexafluoro-acetone hydrate
(Eq.5),561 tetrachloroacetone,362 arsonated polystyrene resins, 63 and

trichloroacetonitrile in a neutral biphasic solvent system (Eq. 6) 556,

OH OH
| | ./
F3 C—C—CF 3 + H202 F3C_—f—"CF3 + /C=
' N\
OH OCH
l (Eq.5)
0 H

>Ll< + F3C——IC—CF3
OH

+1
CbCC=N + H202 (aq.) -kﬁ- CI3C?=NH + \C-‘-'-<:<
k! bouw /7
Trichloroperoximidic acid

pH 6.8 (Eq.6)
CH2C12

0

+ C13C'F-NH2
0]



Some other reagents which are suitable for the epoxidation of
alkenes are 3-bromo-3-phenyl-4, 5-dihydro-5-hydroperoxy-4, 4-dimethyl-3-H-
pyrazol (7),564  N-benzoylperoxycarbamic  acid (8),565  the

2-benzensulfonyl-3-aryloxaziridine (9)366 and peroxycarboximidic acid

(10)567'
H;C, CH,;
Ph h
Br OOH C6H5CONH-$-O.Q-H
N==N 0
7 8
R
0, |
N‘
2
CsHsSO R
? 10

1.7.2.0.0 SYNTHESIS OF OXIRANES VIA CARBONYL ADDITIONS.

1.7.2.1.0 SULFUR YLIDES.

The synthesis of oxiranes via condensation of aldehydes or ketones
with sulfur ylides has become an important synthetic technique568.
Dimethyloxosulfonium methylide (11) and dimethylsulfonium methylide

(12) react with ketones to afford oxiranes969 via a methylene transfer

reaction (Eq.7).
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.-
[Me2§=CH2 ~—— Me§CH, | 11
0 o

[ —— MeSC 12
Me,S=CH, Me,S-CH,

(CH3)2§-C'C\R[>‘@ — ) \/ O\ (Eq.7)

R2 CH2 sz

\s

1.7.2.2.0 ARSONIUM YLIDES.

A number of aldehydes react cleanly with arsonium ylides to yield
trans-oxiranes with stereoselectivity 250:1 as illustrated in equations
8 and 9. The stereoselectivity is dependent upon the arsonium salt

counterion370,

+ -
CHO Ph;AsC,Hs B
NN\ ko 5 AANASL oo

KN(Me;Si)y, THF+10% HMPA (rans:cis =99:1)

= 0

(trans:cis = 98:2)



1.7.2.3.0 DIAZOALKANES.

Aldehydes and ketones can also be converted to epoxides Dby
treatment with a diazoalkane, most commonly diazomethane, but an
important side reaction is the formation of an aldehyde and ketone with

one more carbon than the starting compound571.

1.7.2.4.0 GEM-DIHALIDES.

Gem-dihalides upon reaction with a carbonyl compound and Li or

BuLi give epoxide3572 (Eq.10) .

R? R2
. . . |
1
Ri Br Li or BuLi RL L o+ ;
B R R*
£ Br
(Eq. 10)

2 R 3 2(-?11
- R c—R?
B

T R4
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1.7.2.5.0 OXIRANES FROM O, J-UNSATURATED KETONES.

o, B-Unsaturated ketones react with HyOp and alkali to give @, B-

epoxyketonesd’3 (Eq.11).

[ oH
Rl ¢ R, COCH;

. IR O
H0, /OH ‘\. —r (Eq 11)
CHCOCH; ———— CH-COCHy{ p :

1.7.2.6.0 OXIRANES FROM 0~-HALOESTERS, NITRILES, KETONES.
Aldehydes and ketones, upon condensation with o@-haloesters,
nitriles or ketones in the presence of bases, in an anhydrous organic
solvent or liquid ammonia,>’4 yield the respective o,B-epoxyesters,
nitriles or ketones. This reaction is «called the Darzen's
condensation375 (Eq.12). The reaction involves an initial Knoevenagel-

type condensation (aldol condensation),576 followed by an internal Sy2

reactiond77,

R} 1 O'W R® A
Ba
Nca=0 + Cl-tH—R = — (Eq.12)
R

3 (c1 R

R= COOEt, CN, COR




1.7.3.0.0 SYNTHESIS OF B-SUBSTITUTED 0., B-EPOXYKETONES.

1.7.3.1.0 FROM @, ﬁ-EPOXYACYLCHLORIDES USING ORGANOMETALLIC

REAGENTS.

o, B-Epoxyacyl chlorides,5'78 synthesized from epoxyesters using
the Claisen reaction, react cleanly and under mild conditions with
1ithium dialkylcopper reagents to give high yields of «,B-epoxy
ketone5579. Another type of organometallic reagent that gives good
yields of @, B-epoxyketones upon treatment with acyl halides are

organocadmium reagents RpCd (Eq.13).

1 R R3 Y Y
1) NaOEt /H,0O (one equiv.)
—
COOEt 2) (COCl), coc
R,CuLi or R,Cd (Eq.13)
1 Q R3
C-R
i
0

1.7.3.2.0 SYNTHESIS OF KETONES FROM ESTERS, ANHYDRIDES OR
AMIDES USING ORGANOMETALLIC REAGENTS.

Anhydrides and esters give tertiary alcohols when treated with
Grignard reagents. At low temperature, 580 the solvent aMpTo8l  and
inverse addition have been used to increase the yield of ketones. Amides
give better yields of ketones at room temperature, put the yield is

still only in the 10 to 50% range.
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1.7.3.3.0 OXIRANES FROM (,3-EPOXYNITRILES USING ORGANOMETALLIC

REAGENTS.
o,B-Epoxyketones can also be synthesized from the reaction of

o,B~epoxynitriles with organometallic reagents (RoMg) ,982  or with

alkylithiums383, The oxirane ring in both cases is maintained (Eq.14)

Other organometallic reagents such as MgBrp and RMgX react with o,f-
epoxynitriles by different mechanisms (Egs. 15 and 16) to afford

different product5584'.
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_ - ’ _ , ]
1 R3 Rl / R3 1 R
| C=N R> ';": ‘‘‘‘‘ ¥ C=NMgR
L Br OMgBr MgBr I R ]
H,0 H,0 H,0
1 R3 3 1 ' R3
R! /R
| C=N > H—C\\ : ; ; : 0
Br OH R 0O 0 !

(Eq. 16) (Eq. 15) (Eq. 14)



2.0.0.0.0 OBJECTIVES OF RESEARCH.
o,pf-Unsaturated ketones have been classified as alkylating agents

based on their ability to undergo addition reactions (Michael reaction)
with biologica;ly important cellular nuclecphiles. There has recently
been a considerable degree of pharmacological interest in 3,3'-
diacetoxy-o,B-dialkylstilbenes and their corresponding oxides, o,p-
epoxysulfoxides and methenomycins. All of these compounds contain an
oxirane ring system that is activated by an electron~-withdrawing
substituent such as phenyl, sulfonyl or carbonyl. Activated oxiranes
that react readily with cellular nucleophiles and exhibit significant
cytotoxic activity are potientially useful antineoplastic agents. The
synthesis of activated cis- and trans-1-[1-oxido-2~(3-, 4~)pyridinyl] -2~
methyloxiranes, methyl  3-[l-oxido-2-(3-,4-pyridinyl) ]-2, 3-epoxypro-
pancates, and their reaction with sulfur, oxygen and nitrogen
nucleophiles were previously investigated in this research group.
Although these activated oxiranes react readily with model nucleophiles,
they were inactive in the P388 Lymphocytic leukemia screen. This lack of
antinecplastic activity is likely due to their failure to act as
biological alkylating agents. The cbjectives of this study were i) to
synthesize a new class of activated 1-(2-pyridinyl)-2-alkylcarbonyl-
oxiranes; and ii) to determine their structure-activity relationships
(SARs) using the P388 Lymphocytic leukemia screen with particular
emphasis on the stereochemistry of substituents (cis or trans) and the

length of the alkyl group (lipophilicity).
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3.0.0.0.0 RESULTS AND DISCUSSION.
3.1.0.0.0 RATIONALE FOR THE PRESENT INVESTIGATION.

Alkylating groups have been attached to many types of molecules
among which heterocyclic compounds are well represented. The design of
activated alkylating agents, that react with cellular nuclecphiles such
as L-cysteine, glutathione or sulfohydryl-containing enzymes can be used
as a model to develop new classes of cytotoxic drugs585 such as Mannich
pases586-588 (13), o-methylene-y-lactones589 (14) and N-(3-oxoprop-1-
enyl)pyr:‘.rm'.dines590 (15). The antineoplastic activity of compounds

containing an o,f-unsaturated moiety has been attributed to their

reaction with cellular nucleophile5591‘593. Nucleophilic attack at the
B-position of o,B-unsaturated carbonyl compounds is known as the Michael
reaction, and it has been studied extensively primarily due to its
synthetic usefulness586. A number of compounds, which can be conceived
as prodrugs to putative alkylating species, have been developed by
Sartorelli and coworkers. Thus, the antineoplastic activity of
arylsulfonylhydrazones of 2-formylpyridine N-oxide594-596 (16) has been
attributed to the potent alkylating species 1l-oxidopyridin-2-
yldiazc:methane59'7l598 (17). Activity was retained when the pyridine
N-oxide moiety was replaced by pyridazine N-oxide. However, replacement
of the pyridine N-oxide moiety by benzene, quinoline N-oxide,
isoquinoline N-oxide, or pyrimidine N-oxide resulted in a complete loss
of antinecplastic activity. o,B-Epoxysulfoxides (18) react readily with
nuclecphiles. The p-carbon of (18) is highly reactive to nucleophiles

yielding dialkyl ketones or aldehydes in high yield under mild
conditions399-600,  3,3'-Diacetoxy-op-dialkylstilbene oxides  (19)

exhibit strong mammary tumor-inhibiting effectsf0l, The oxirane moiety



was found to be the most common functional group present in compounds
with 12 or less carbon atoms that exhibited antitumor activity602 (Table
44) . Oxiranes also have other important biological roles. Leukotriene A4
(LTA4) methylester (20) is the biogenetic precursor of the leukotrienes
LTC4, LTD4, and LTE4 which are important natural mediators of allergic
asthma®03. Arene oxides have been postulated to be intermediatés in the
metabolism of aromatic compounds to phen018504. The ultimate
carcinogenic metabolites of polycyclic aromatic hydrocarbons are
tetrahydrodiol epoxides®05. The biological activities of aflatoxin Bj
and precocenes are due to oxiranes derived from themb06, Because of the
biological importance of oxirane, the synthesis of 1-[1-oxido-2-(3-,4~)
pyridinyl]-2-methyloxiranes and their reaction with sulfur, oxygen and
nitrogen nuclecphiles was previously investigated in this research
group6°7'608. It was therefore of interest to extend this study to
include a new class of 1-(2-pyridinyl)-2-alkylcarbonyloxiranes and

determine their cytotoxicities in the P388 leukemia screen®09,
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Table 44. Antitumor activity for compounds with 12 or less carbon®02,

GROUPS NCI ACTIVE NCI TESTED NORMALIZED
_ ACTIVITY RATIO

Hydroxy 1 2296 0.03
Ethers 2 266 0.
Epoxides 7 33 9.
Aldehydes 2 133 0.65
Acetals, ketals, ketenes 0 1 0
Ketones 1 463 0.09
Quinones 0 65 0
Carboxylic acids 0 701 0
Ester or lactones 3 1278 0.10
Acyl halides, anhydrides 2 128 0.8
Amides 8 893 0.38
Imides 0 14 0
Hydrazides 7 151 2.0
Hydroxamic acids 2 38 2.3
Azides 1 17 2.5
Cyanides 3 135 0.96
Diazo 0 0 0
Diazonium 0 0 0
Sulfoxides 4 145 1.2
Sulfinic acids 0 3 0
Sulfonic acid esters 8 90 4.0
NORMALIZED =— NO. ACTIVES IN CLASS . ALL NCI ACTIVES

ACTIVITY RATIO  ToTAL NO. IN CLASS ~ ALL NCI COMPOUNDS
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1, 2-EPOXYALKAN-3-ONES.
o B-Epoxyketones have been synthesized starting from o,B-

epoxynitriles (Eq. 14). However, when Rl was 2-pyridinyl (21), the
epoxynitrile was unstable and decomposed at room temperature. Although,

the reaction of O,B-epoxyacyl chlorides with organometallic reagents

(Eq.13) is often a suitable procedure, when R! was 2-pyridinyl, the

reaction of (22) with oxalyl chloride gav arized product rather

than the desired o,f-epoxycarbonyl culoride B. 17).
/
N
N
7 s
NaOEt / H,O (one equiv.)
\N 0,Et

The method of choice to synthesize trans- and cis-1-(2-pyridinyl) -
1,2-epoxyalkan-3-ones was reaction of O,B-epoxyesters with Grignard

reagents at low temperature. The Darzen's reaction of 2-pyridine-

carboxaldehyde (24) with meth 1 bromoacetate in the presence of



(25) and cis-methyl 3-(2-pyridinyl)-2,3-epoxypropancate (26) stereoiso-
mers®10, The ratio of isomers can be changed by using LiN(SiMe3)p as
base at -78 ©C which affords predominantly the trans-isomer (86%) 611,
Further reaction of a 1l:1 mixture, obtained after purification of (25)
and (26), with n-butylmagnesium bromide afforded a mixture of trans-
(27a) and cis-1-(2-pyridinyl)-1,2-epoxyheptan-3-one (28a) together with
traces of the trans-(29a) and cis-(30a) alcohols, which were separated
by silica gel column chromatography. Similar reactions of (25) and (26)
with n-hexyl-, n-decyl-, and n-hexadecylmagnesium bromide yielded the
corresponding trans-(27b-d), cis-(28b-d); trans-(29b-d) and cis-
(30b-d) alcohols as outlined in Scheme 30. The analytical data for
trans-(27a-d) and cis-(28a-d) are summarized in Table 45. The
stereochemistry of the products was readily assigned since the lH nmr
spectra exhibited Jp 2 coupling constants of 1.5 and 4.5 Hz for trans-
(27) and cis-(28), respectively, 607,608,610 as summarized in Table 46.
Karplus has shown that the mutual spin-spin interaction experienced by
the protons of a HCCH system is dependent upon the vicinal dihedral
angle612r513. In the case of oxiranes, the coupling constants are
smaller than would be predicted on the basis of such a correlation. It
is noteworthy that Jgois is always significantly greater than Jypang for
any given set of epoxide stereomers. However, the absolute values of J
can not be singly used to assign ring substituent stereochemistry. This
is based on the fact that the coupling constants for oxiranes are not

dependent solely on the dihedral angle.



"\ / + Br-CH,CO.Me EBUUR / bDUURL Qe w2 + ‘N - -
N” “CHO Hj O,Me Hj 26 H,
25
24
RMgX
THF/ -78°C
O O QAL
2, \\’COR \N "“. ,.t‘Hz X "o,. o
\N I... . o + H%X:R + NHAl \R
Hj ! R ! 2
OH
27 28 29 30

R = a) n-butyl; b) n-hexyl;

c) n-decyl; and d) n-hexadecyl.

Scheme 30. Synthesis of trans- and cis-1-(2-pyridinyl) -1, 2-epoxyalkan-

3-ones.

Other variables such as bond length and electronegativity, as well
as hybridization, must be taken into account if reliable quantitative
predictions are to be madeb14, Abundant data summarizing the coupling
constants for substituted oxirénes have been compiled515l616. The
magnitude of vicinal coupling constants for trans- and cis-oxiranes

decreases linearly as the electronegativity of  substituents

increases®15, The chemical shift for proton Hj adjacent to the pyridine

ring appears at lower field than Hp for both cis- and trans-oxiranes

(Table 46). This low field shift has been attributed to a ring current

effect of the pyridine rin9617. The chemical shifts for the cis protons
of 28(a-d) appear at lower field (§ 0.1-0.3) than those for the



corresponding trans 27 (a-d) isomers. This can be explained by the
direction of the polarization effect due to the electric dipole moment
of one CH proton on the other CH proton616. The 1H nmr and ir
spectroscopic data for trans-27(a-d) and cis-28 (a-d) are summarized
in Tables 47 and 48, respectively. The oxirane ring has C-C bond
properties intermediat: between those of a saturated C-C and olefinic

C=C bond. It is expected that the stretching frequency of a carbonyl

group in o,B-epoxyketones will be intermediate between the frequencies
reported for saturated and o,B-unsaturated ketones18, The ir spectra
displayed carbonyl stretching frequencies at 1712 el for trans-27 (a-
d) and at 1720 an ! for cis-28(a-d) stereoisomers. The oxirane C-O
stretching band appeared at 1212 am . for both isomers. The lH nmr

spectra for 27 and 28 exhibited two overlapping multiplets in the )

2.4~2.5 range which weire assigned to the non-equivalent protons of the
-CHo~- roiety adiacent to +he carbonyl group (~CO-CHp-R) (31).

-

C—C—C—R

1

O Hb He
31
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The mass spectrum of trans-1-(2-pyridinyl) -1, 2-epoxynonadecan-3-
one (27d) exhibited a molecular ion at m/z 373.2974 (4.9%) . The major
fragmentation pathwa s for 27d are shown in Scheme 31. The base peak at
m/z 148.0398 (100%) arises from cleavage of the -C-CO- bond to give an
acylium ion from which carbon monoxide is subsequently expelled to form
an ion at m/z 120.0450 (42.01%) as illustrated in Path a. There was no
evidence for a McLafferty rearrangement involving the ketone side chain
or fragmentation of an alkyl acylium side chain ion. The only hydrogen
rearrangement observec was elimination of ketene to give an ion at m/z

<21.0525 (37.13%) as illustrated by Path b.

3.3.0.0.0 PHARMACOLOGICAL RESULTS.

The trans-(27) and cis-1-(2-pyridinyl) -2~-alkylcarbonyloxiranes
(28) were investigated to determine the stereochemical effect of the Rl
(2-pyridinyl) and R (alkyl) substituents upon cytotoxicity. It has been
reported that trans-(32) and cis-methyl 3-(l-oxido-2-pyridinyl) -2,3-
epoxypropanoates  (33)  undergo regiospecific and stereospecific
reactions with amine nucleophiles at the C-2 position to yield the
respective 2R,3R or 25,35 (threo) and 2R,3S or 2S,3R (erythro) B-

aminoalcohol diasterecmers as presented in Scheme 32610,



"—CH,-(CH,);4-CH

1
27d 6

J
- 00 ‘.,
H

CH,-(CH,),4-CH;

10

~CH,-(CH,),4-CHj

D
H,

I'I2 1 l

*o

m/z 120.0450 m/z 148.0398
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Scheme 31. The major fragmentation pathways for trans-1-(2-pyridinyl)-

1,2-epoxynonadecan-3-one (27d).
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Scheme 32. The mechanism of ring opening of the trans-(32) and cis-

methyl—3—(1—oxido~2-pyridyl)—2,3-epoxypropanoates (33).

The relative reaction rates of the Michael PhCH=CH-R
compounds with thiols is R = COMe > R = COpMe > R = CONH, 619,
It was expected that oxiranes (27) and (28) having electron-
attracting carbonyl and pyridinyl substituents would be
highly activated to regiospecific attack by cellular thiol

nucleophiles (R-SH) at the C-2 position as illustrated in

Scheme 33.



Scheme 33. The mechanism of ring opening of the trans-(27) and cis-

1- (2-pyridinyl) -2-alkylcarbonyloxiranes (28).

The test results (Table 49) indicate that the stereochemistry of
the oxiranyl substituents and/or size of the R alkyl substituents of
(27) and (28) are determinants of cytotoxic activity. A comparison of
the relative activities of trans-27 with the corresponding cis-28
isomer (Fig.30) indicated that n-butyl 27a > 28a*, n-hexyl 28b -~
27b**, n-decyl 28c > 27c¢* and n-hexadecyl 284 > 27d*. The trans-
isomer 27a was more active than the cis-isomer 28a for compounds hairing
a smaller n-butyl R substituent, whereas the cis-isomers (28c and 28d)
were more active than the corresponding trans-isomers (27¢ and 27d),
for compounds having larger n~decyl and n-hexadecyl R substituents. It
is plausible that the increased steric effect exhibited by the 2-pyridyl
and R substituents for compounds possessing the larger n-decyl and

n-hexadecyl subétituents is responsil.e for the greater activity of the



result in a more facile TIEacLlON WiLil CSiiudasn  ssswewwgpm=—--

31lustrated in Scheme 33. A comparison of the relative activities of
the trans-27 products possessing a variety of R alkyl substituents at
concentrations of 10 Hg/ml indicated n-butyl 27a ~ n-hexyl 27b** >
n-decyl 27c¢* > n-hexadecyl 274* (Fig.31). These results indicate that
increasing the size of the R alkyl substituents of trans-27 decreases
activity probably due to increased steric effects. Increasing the size
of the R alkyl substituent of trans-27 would be expected to decrease
the rate of attack by cellular nucleophiles at the C-2 position of 27.
On the other hand, the relative potency order for the cis-28 compounds
was n-decyl 28¢ > n-hexyl 28b*** > n-butyl 28a* > n-hexadecyl 28d***
(Fig.32). The effect of the R substituent on lipophilicity is not
expected to be a significant determinant of activity, since the relative
potency sequences for trans-27 and cis-28 would be similar if

lipophilicity was the major determinant of activity.

*ANOVA (analysis of variants) indicated the result is statistically

significant (p < 0.001).

x* ANOVA indicated the result is not statistically significant
(p > 0.05).

*%* ANOVA indicated the result is statistically significant
(p < 0.05).



Table 49. Invitro cytotoxiciiv of 1-(2-pyridinyl)-1,2-epoxyalkan-3-ones 27a-d and
28a-d against mouse L1210 leukemia cells.

Compound % Survival + SD*?
10 pg/ml 1 pg/ml
27a 34.64 + 3.83 96.21 + 1.87
28a 69.32 + 4.59 99.12 +1.45
270 38.69 + 4.02 95.33 + 3.47
28b 35.67 £2.70 95.74 + 6.05
27c 78.82 + 3.11 93.00 + 5.48
28c 28.43 £ 1.45 92.54 +3.32°
27d 96.09 £ 3.57 96.25+2.75
28d 78.47 £ 6.47 98.71 +1.14°
Melphalan® 0.00 2.82 4 0.68°

aThe result is mean value + SD for three experiments.

bEDsg= 5.6 ug/ml (1.93 x 10-3 pM).
CEDs0= 10.2 pg/ml (2.73 x 102 pM).
d4-[N-bis-(2-chloroethyl)amino]phenylalanine.
eEDsg=0.15 pg/ml (5.45 x 104 pM).
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Fig.30. Structure activity relationship comparisons for trans-27a-d andcis-28a-d based
on the length of alkyl substituent R (% survival for a 10 mg/ml concentration
using the in vivo L1210 leukemia screen).
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4.0.0.0.0 EXPERIMENTAL.

Melting points were determined with a Biichi capillary apparatus
and are uncorrected. Nuclear magnetic resonance spectra were determined
for solutions in deuterochloroform unless otherwise stated with TMS as
internal standard with a Varian EM-360A or Bruker AM-300 spectrometer.
Mass spectra were measured with an AEI-MS-50 mass spectrometer. Infrared
spectra (potassium promide unless otherwise noted) were taken on a
Nicolet SDX spectrometer. All of the products gave rise "o a single spot
on TLC using a solvent system of low, medium and high pouiarity. Analyse~
of all compounds prepared in this study were within % 0.40% of the
theoretical values for C, H, and N. Flash column c