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ABSTRACT

A review of stereochemical studies of anthistaminic
agents is given to illustrate the marked stereospecificity
of the histamine receptor in its relation to antagonists.

In the light of this knowledge, an extended series of mole-
cularly rigid aminoalkene isomers were synthesised and
examined for their antihistaminic activities. The structure
and configuration of pure isomers were established from
spectroscopic data and the most potent derivatives were
shown to possess similar spatial arrangements of molecular
unifs and functions. These results are discussed in terms
of the possible structural and conformational requirements
of histamine antagonists and the likely preferred conforma-
tions of a number of more flexible antihistamines in clini-
cal use have been correlated with the stereochemical charac-
teristics of the most active aminoalkenes.

A study of the conformational preferences of histamine
itself under close to physiological conditions was carried
out aided by PMR spectroscopy. Various analogues of hista-
mine substituted in the terminal N atom or the ethyl side
chain were also examined by the PMR method and the present
state of knowledge of the histamine-like agonist activities
of such derivatives is reviewed. -

Finally, attempts were made to introduce the imidazole

heterocycle into an antihistaminic structure.
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INTRODUCTION

Histamine (1) first appeared in the literature in
1907, after its synthesis by Vogt and Windraus, only three
years before its isolation as a natural product from ergot

(Barger and Dale 1910a, b; Kutscher 1910). During the
H

4 \ 5
3 rlz | CH,CH,NH, 1N ' CH,CH,NH,
2 k 5  a— 2|§. 4
N N
1¥H 3

(1)

next two decades histamine was identified as a natural con-
stituent of many body tissues and fluids (Barger and Dale
1911; Abel and Kubota 1919; Best et al. 1927) and Grant and
Lewis (1924) showed that its cellular release depended upon
either injurious stimuli or antigen-antibody reactions. The
latter phenomenon is now known to produce anaphylactic
shock or troublesome allergic conditions such as hay fever,
asthma and uticaria (Burger 1963).

Dale and Laidlow (1910) carried out the first pharma-
cological investigation of histamine and discovered its
potent stimulation of the contraction of smooth muscle;
after this initial study, a great volume and variety of
biological research revealed other physiological actions of
histamine including the relaxation of the smooth muscle of

the arterioles leading to decreased blood pressure, greater
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permeability of the capillary walls producing oedema, and
increased activity of the gastric secretory glands (Barlow
1964).

| Counteraction of one of the main biological effects
of histamine was first demonstrated by use of 2 (l-piperidino-

methyl) 1, 4-benzodioxane (2) which protected guinea pigs from

SR

(2)

bronchial spasms induced by a histamine spray (Bovet et al.
1937). This compound was the foferunner of a profusion of
active molecules termed 'antihistamines' which suppress many
of the symptoms of allergic conditions. These compounds
appear to act as competitive antagonists of histamine by
occupying the receptor sites of the effector cells without
eliciting a response (Gilman and Goodman 1965). Antihista-
mines may thus be classified as having high 'affinities’
but negligible 'intrinsic activities' according to the
theory of Ariéns (1964). However, the gastric secretory
action of histamine is unaffected (Trendelenburg 1960; Ash
and Schild 1966) by these compounds.

The classic concépt of a stereospecific "lock-and-
key" drug:receptor interaction mediating a biological

response was postulated by Paul Erlich (1913) after Langley



(1906; 1909) had recognised the presence in muscular
tissue of a 'receptive substance' to curare and nicotine.
Although Ehrlich's theory was a great scientific break-
through which laid the foundations of medicinal chemistry
philosophy it is now realized that the idea is an over-
simplification considering the problems of multistructure
complexes and conformational changes in macromolecules
(Mautner 1969, and references there cited).

Since histamine has several well defined effects
it may be assumed that the biological response is via a
receptor or receptors. Pharmacological characterisation
of histamine receptors indicates at least two distinct
types; the H, receptor is implicated in histamine induced
spasm of the guinea pig ileum and is selectively antagon-
ised by antihistamines (Ash and Schild 1966). The other
receptor type or types are involved in the action of hista-
mine on gastric acid secretion, the rat uterus and mammalian
heart (Paton 1970).

In this thesis, unless otherwise stated, the term
'receptor' will refer to the H, type for histamine as all
our potential antihistamines were tested for their ability
to antagonise histamine induced spasms of the guinea pig
ileum.

Indirect knowledge of receptor characteristics may
be gained by study of the stereochemistry of the agonists

with which they interact and the antagonists by which they
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are blocked, assuming a complementary 'fit' between the
receptor and the drug or agent forming the complex. In
the absence of direct methods, and inspite of the limita-
tions of the "lock-and-key" approach, this remains one of
the most sucbessful avenues for the design and understand-
ing of more effective or selective agents.

When receptors may be shown to discriminate between
stereoisomers, some knowledge may be obtained about the geo-
metrical disposition of the active sites of the receptor.
However, all structure:activity studies are complicated by
factors other than receptor events such as differences in
drug absorption, distribution, metabolism, uptake at storage
sites and excretion and many of these processes may be stereo-
selective. Although enantiomorphs do not‘differ in physical
properties in symmetric media, within asymmetric environments
their properties can differ greatly. Physiological media
are generally asymmetric so that pronounced differences can
occur in the absorption, transport and metabolism of enantio-
mers within a biological matrix and such phenomena have been
observed. A few sélected.examples will now be mentioned.

Steric factors can influence the penetration of natu-
ral membranes and it has been found that R-amino acids are
absorbed more rapidly in the small intestine than the corres-
ponding S-enantiomers (Beckett 1963). Radiochemical study
of the distribution of (+) and (-)=-o~-methyldopa in the rat

has shown that the (-)-isomer attained higher concentrations



in most organs in accord with the specific hypotensive
activity of the laevo enantiomorph (Sjberdsma and
Udenfriend 1961). A careful study of the two-step meta-

bolic pathway for amphetamine (3) was very revealing in

QHZ_?H-NH2 -y HO@CHZ-CI:H-NHZ - HO@CHOH-?H-NHZ
Me —— Me

Me
p-hydroxylation g-hydroxylation

(3) (4)
that only the dextro isomer suffered the second hydroxyla-

tion process to yield the metabolite (4). (Anagnoste and
Goldstein 1965). This may correlate with the more signi-
ficant pharmacological properties of the dextro antipode
(6alland and Gunne 1967)..

In contrast, geometrical isomers normally differ in
physical and sometimes chemical properties (irrespective of
the media) whether they are of the ring or alkenic type

(see Figure 1) and the relative amounts reaching the

a
a

a a a b

- e

b a b b u a

Figure 1. Geometrical isomerism in cyclic or
alkenic structures.



receptors may differ significantly under the influence

of the preceding physiological processes.. These compli-
cating factors can be minimised by the use of isolated
tissue preparations for testing rather than whole animals.

Alkenic cis:trans isomers are relatively rigid in
structure and this can be a great advantage in the deline~
ation of receptor characteristics. Cyclic geometrical
isomers are more flexible and conformational equilibria
must always be considered. In addition the latter type of
isomerism is often associated with optical activity because.
of. the lack of a plane of symmetry (Eliel 1962) and this
can further complicate the interpretation of structure:
activity data.

Histamine itself is formally a symmetric agonist
but there is the possibility of an 'asymmetric preferred
conformation' (see later) interacting with the receptor
(Kier 1968) . Some antagonists may also interact in prefer-
red conformations. A number of antihistamines provide
possibility for geometrical isomerism and others are in-
herentlyvasymmetric producing optical isomers. The pure
forms of both types of isomers have been examined pharma-
cologically in several instances and activity differences
have been shown.

Thus, chlorpheniramine (5) has been resolved and
the enantiomorphs tested. The dextro form was 12 times

more active than the laevo in ability to protect guinea
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H

6

CH-CH,CH,NMe = p-Cl-
Y 2CHoNMe, Ar = p-Cl-CH,

Ar
(5)

pigs against the effects of intravenously administered
histamine and a histamine aerosol (Govier and Roth 1958).
The absolute configuration of the dextro isomer has been
established by chemical correlative methods (Hite and
Shafi'ee 1969) to be S according to the nomenclature and
sequence rule of Cahn, Ingold and Prelog (1956).

Green (1953a) has similarly reported significant
activity differences in the optical isomers of two 3,3-
dithienylalkenylamines (6). From Table I it can be seen

that the dextro antipode is the more potent antihistamine.
/ \ H R = (a) NMe2

VT e

TABLE I

Antihistaminic Activity Ratios of the Optical Antlpodes of
Two 3,3-Dithienylalkenylamines

Compound (+): (¢) activity fatio (-): (%) activity ratio

6a 1.41 0.60
6b 1.33 0.81




The clinically useful antihistamine, Promethazine
(7), has also been resolved (Borsy et al. 1959a) but the
dextro and laevo isomers had the same antihistaminic and
CNS activity (Borsy et al. 1959Db).

A number of racemic antihistamines including

Chlorcyclizine (8), Toladryl (9) and Phenindamine (10)

Ck CH-N -Me
T LDy
H,CHMeNMe , Ph

(7) ' (8)

Me
2
Me- l NS l
H-O-CH,CH,NMe, Q
I £
(9) (10)

have high activity but there are no reports in the litera-
ture on the individual activities of optical isomers.

Large antihistamine activity differences are known
amongst several classes of compoundswhere the possibility
of geometrical isomerism exists. Adamson and coworkers

(1951) separated the isomers obtained from dehydration of
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the tertiary alcohol (11) and found that the trans
(2-pyridyl/CH;N)  compound (12) was 80 times more po-

tent that the corresponding cis isomer (13) in ability

/N 7/ W

Q o
C (OH) CH,CH) c=c
/ N4 \CHZNO

Ar
(11) - ‘ (12)
Ar = 27C1—C6H4
. o
X =c c = c\c
/ \N \CHZO / \ HzNO

(13) Me (14)

to antagonise histamine-induced spasm of guinea pig
ileum. Extension of their studies (Green 1953b; Adamson
et al. 1957; 1958) lead to the introduction of
Triprolidine (14) as an antihistamine drug.

A series of antihistaminic 4-aminobutenes have
been reported (15, 16 and 17) and the diphenyl but-2-ene
(15a; R = R' = Ph) and but-l-ene (l6a; R = R' = Ph) had
significant activity whereas the potency of the 3-methyl
but-2-ene derivative (17a; R = R' = Ph) was only moderate
(Frey et al. 1950). However the compounds were not

satisfactorily characterised in regard either to double
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R R R = Aryl,
\c = C(H)CH,R" R'(H)C = e/ | thienyl
R'CHZ 2 \
2 CH,CH,R" R' = Aryl,
cyclohexyl
(15) | (16) R = (a) e,
R\ (b) NEt,
/c = C(Me)CHZR“ O
R'CH (e)=
(17) (@-N. 0

bond position or configuration. Casy and Pocha (1967) re-
investigated the reactions aided by PMR spectroscopy and
several pure geometrical isomers were isolated. Subsequent
pharmacological testing of these isomers and several others
from a later study suggested that the disposition of func-

tions about the double bond in cis (Ar/H)1,2-diary1but—2-enesI

Ar Ar = Ph
~ /H (a)
PN
PhCH2 CH2NMez (b) Ar = EfMeO-C6H4
(18)

(18) was optimal for antihistaminic activity (Casy and
Parulkar 1969).

Nearly two decades earlier more than fifty 1,2-diaryl-
but-2-enes were screened at the Lilly Research Laboratories
and the potent antihistaminic drug 'Pyronil' (19) was dis-

covered. The isomeric purity and configuration of the drug



- 12 -

Ph
Ne = - = 1-CH
/C = CH-CHZ- Ar = p-C 64
ArCH2
(19)
have never been reported although the compound is
described as a 4-amino-1,2-diarylbut-2-ene (Anderson
et al. 1952), and not a but-l-ene.

From all the preceding discussion it is clear
that the histamine receptor, at least in its relation
to antagpnists, displays stereospecificity. Thus a fur-
ther study of the stereochemical features of blocking
agents may well provide data about histamine receptor

features and the nature of its interaction with agonists

and antagonists.
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CHAPTER 2

AIMS AND OBJECTS -
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AIMS AND OBJECTS

It is evident from the preceding introduction that
the activities of several different types of compounds with
antihistaminic properties are affected by their molecular
shapes. It is therefore of interest to search for further
examples amongst the stereoisomers of antihistaminic deriva-
tives and to ascertain whether or not common stereochemical
features exist for compounds with this type of pharmacologi-
cal activity. If a specific arrangement of molecular units
and functions does, in fact, prove to be asscciated with a
high order of antihistaminic potency, information will be
provided regarding the preferred 'active' conformations of
known antihistamine agents which do not formally exist in
stereoisomeric modifications. This conformation may not
necessarily correspond with the energetically preferred
arrangements and allowance must be made for conformational
changes as a result of drug-receptor interactions.

The amino-propene and amino-butene antihistaminic
types are intrinsically rigid about the carbon-carbon
double bond in their structures and from thermodynamic
considerations it is most unlikely that their configuration
will change after formatioh of the complex with the recep-
tor. It was hence thought desirable to investigate an
extended series of basic propene and butene isomers to ob-

serve general structure:activity relationships and to



- 15 -

identify the optimum geometry (if any) necessary for sig-
nificant antagonist activity against histamine. If this
was possible some of the more flexible antihistamines would
then be studied in relation to the aminoalkene configura-
tions to search for possible analogies resulting from likely
preferred conformations.

Accordingly, investigation of the following structu-

ral series was proposed:

(i) 4-aminobut-2-enes

| | J—
R\\ R" = (a) NMe2
/c = C(H)CH,R" 1
R'CH, (b) -
(15)

cis and trans (c)-ﬂ(C:]

Compound R R’
15a Ph Ph
15a t-Bu Ph
15a o-Me-C H, Ph
15a 2-pyridyl Ph
15a Ph 2-pyridyl
15b Ph Ph
15¢ Ph » Ph

15¢c Ph p-Cl-CgHy
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(ii) 4-aminobut-l-enes

R R" (a) NMe
r' (m)c=c? 2

\ ]
CH.,CH,R
(16) 2 2 (b) '< >
cis and trans o

Compound R R'
le6a Ph Ph
l6a £-Bu Ph
l6a o-Me-C H, Ph
l6a 2-pyridyl Ph
l6a Ph 2-pyridyl
leéb Ph Ph
léc Ph Ph

léc Ph EfCl-C6H4
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(iii) 3-aminopropenes

An\\ Aq\\
//C = C(H)CHZR" /,C = C(Me)CHZR"
Ar' Ar'
(20) (21)

cis and trans . (where applicable)

R" = (a) NMej

O

Compound Ar Ar'
20a - Ph 2-pyridyl
20a o-Me-CgHy 2-pyridyl
20a Ph
20b EfMe-CGH4 2-pyridyl
21a Ph 2-pyridyl
21a Ph
21b . Ph 2-pyridyl

21c Ph 2-pyridyl
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Each series involves

(i) Syntheses
(ii) Separation of isomers:
(iii) Assignment of configuration using various
physica1 methods

(iv) Pharmacological evaluation

In the event, numerous. other structures were pre-
pared during the course of this work; the reasons for
making them are discussed at appropriate points in the

text.

It was also felt that a study of the conformational
preferences of histamine itself under close to physiological
conditions was desirable to complement the work on the anta-
gonists. 1Included in this section are various analogues of
histamine substituted in the terminal N atom or the ethyl
side chain.. |

Finally, it was noted that the o-nitrophenyl and 2-

pyridyl analogues (22 and 23) of histamine have negligible

X
CH,CH,NH, 7 CHCHNH,

N02
(22) (23)
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agonist effects on the guinea pig ileum (Jones, 1966)
and yet the‘phényl and 2-pyridyl moieties are common
aromatic featﬁrés of many potent antihistamines. There-
fore andthe: aim of the work was to introduce an imidazole
nucleus into a molecular structure having potential anti-

histaminic properties.
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CHAPTER 3

4-AMINOBUTENES AND ANALOGOUS COMPOUNDS

RESULTS AND DISCUSSION
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(i) HISTORICAL INTRODUCTION

Just 20 years ago, the antihistaminic activity of
4-aminobutenes was fortuitously discovered by Frey and co-
workers (1950) at the Geigy Laboratories. The group were
investigating analogues of the known antihistamine,

Antergan (24), in which the nitrogen atom was isosterically

PhCH2 PhCH2 R
- - - . - - . " =
N CH2 CH2 NMe2 /,H H CH2R R H, Me
Ph Ph R" = (a) NMe2
(24) ' (25) (b) NEté

(e) > '

/\

(d) N (o)

replaced by a saturated carbon. It had’been decided to
prepare a series of aminobutanes (25) in the hope of

finding increased pharmacongical activity and ‘the penulti-
mate stage of the synthetic.écheme involved acid catalysed
dehydration of the tertiary alcohols (26). However, double-
bond positions in the aminoalkene products were not rigor-
ously established inspite of the possibility of loss of
water in either of two ways to form but-2 (15 and 17) or
but-l-enes (16 and 27). 1In addition, no configurational

assignments were made of the cis and trans butene isomers.
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Ph-&-CH(R)CHZR" R" = (a) NMe
H_Ph 2
2 (b) NEt2
(c)-N >
(@) -N o
/
(26; R = H)

(-HZO) (-HZO)

Ph\ ' Ph
///C = C(H)CHZR" Ph(H)C = C//
PhCH | | CH,CH,R"
(15; R = R' = Ph) (16; R = R' = Ph)
(26; R = Me)

(-HZO) (-H20)

Ph\\ //Ph

_C = CMe)CH,R" Ph(H)C = C
PhCH, CHMeCH,R"
(17; R = R' = Ph) (27)

These deficiencies had no effect on the last step of the
synthetic route (catalytic hydrogenation to the required

aminobutane) because both the cis and trans compounds of
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each positional isomer gave the same reduced product (25).

N P}\]
. = R' =
(15; R =R Ph) Hy . ch, r'z
(16; R = R' = Ph) p———3 /cn-cn-cnzn"
(17; R = R' = Ph) Pt Ph
(27) J

(25)

However, the Swiss group reported the aminobutene
intermediates to be but-2-enes (15 and 17) on two points
of evidence:

1. The 4-aminobutene defived from acid catalysed elimina-

tion of the 1,2-diphenylbutanol (26a; R = H) yielded

PhCH2
Sc=o
Ph

(28)
desoxybenzoin (28) after oxidative cleavage Qith potassium
permanganate. It was noted that the latter product could
only be produced by fission of the double bond in the
but-2-ene.
2. An authentic but-l-ene (l6a; R = R' = Ph) prepared by
an unambiguous route from desoxybenzoin (28) had distinctly
different physical properties and was less active as an

antihistamine than the assumed but-2-ene (l15a; R = R' = Ph)
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\\C==O

Phcf
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(i) NaNH

" > Phe=o0
(ii) MezN-CHZCHZCI FH-CH2CH2me2
H2 Ph
Ph-CH-OH
CH-CH:CHZNMeZ
Ph

v

PhCH = C(Ph)CHZCHzNMe2

(16a; R = R' = Ph)

(see Table II) obtained from the tertiary alcohol (26a,

R = H).

Table II

Comparative Antihistaminic Activities of Some Aminobutenes

and Aminobutanes

Dosage equivalent in effect to

Compound ly of Anterggg
(1 mg = 1000Y)
25a (R = H) 53.0Y
(15a; R = R' = Ph) 3.4y
(l6a; R = R' = Ph) 12.7y
(17a; R = R' = Ph) 11.1y

(15b; R

R' = Ph) 3.3Y
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Thevbiological tests conducted by the Geigy workers
produced some unexpected results and it was found that the
precursor aminobutenes were significantly stronger anti-
histamines than the aminobutanes (25) iéeé Table II). For
example, the aminobutane (25a; R = H) showed only a low
activity (53.0Y) whereés the corresponding butene (l5a;

R = R' = Ph) had an activity (3.4Y) approaching that of
Antergan.

In view of the inconclusive nature of the double
bond positional assignment and the lack of configurational
data on these compounds, Casy and his group (1966, 1967,
1968 and 1969) decided to reinvestigate the elimination
reactions aided by modern physical methods. The 3-methyl
alcohol (26a; R = Me) which yielded the least active anti-
histaminic compound (l17a; R = R' = Ph) was initially

studied and PMR examination of the products of acid catalysed

?H
Ph-C—CH(Me)CHzNMe2
H2Ph
(26; R = Me)

dehydration showed, in contradiction to the Swiss workers
report, that the but-l-enes (27a) were exclusively produced

//Ph
Ph(H)C = C
CHMeCHzNMe2

cis and trans

(27a)



- 26 -

(Casy et al. 1966). The spectrum of the total base pro-
duct showed two closely overlapping vinylic singlets,
two NMezsinglets and the sec Me proton signal was com-
posed of two overlapping doublets. The duplication of
each signal was due to the presence of cis and trans
isomers and integration of the signals-indicated the
correct number of protons for a but-l-ene formulation.
The complete absence of any singlet attributable to a
tert 3-methyl croup (=CMe) characteristic of a but-2-ene
confirmed the sole formation of but-l-ene products (27a)
under the prevailing reaction conditions.

The cis and trans but-l-ene isomers of (27a) were
later separated by fractional crystallisation of the hydro-
chloride salts and configurations were inferred on the
basis of PMR characteristics of isomeric pairs. Differences

in the NMe, and 3-Me signals were used and comparisons were

2
made with the appropriate resonance positions of a number of
authentic cis. and trans c-substituted stilbenes (Casy et al..
1968) .

The overall study was continued and dehydration of

the nor-analogues (29) under the same reaction conditions

lOH Ar = (a) Ph
Ph-lC-CH2-CH2NMe2 (b) p-Me~C,H,
C

(c) 2-pyridyl
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was reinvestigated to examine the validity of Frey and
coworkers' (1950) but-2-ene structural assignments (Casy
and Pocha 1967). Elimination of the tertiary alcohol
(29a) was of particular importance as the aminoalkene
product or products were known to be of comparable po-
tency to Antergan (see Table II, compound l1l5a; R = R' =
Ph).

Just as before, loss of water could theoretically
occur in two ways to produce either but-2 or but-l-ene
products. Each of these products could exist in the cis

and trans forms so that a total of four isomers was

expected.
Ph-|-CH2CH2NMe2 —_— Ph\
CHzPh C = C(H)CHZNMez
PhCH2
' cis and trans
(29a) (15a; R = R' = Ph)
Ph
Ph(H)C = C
\CH CH..NM
2+ Ne,

cis and trans

(16a; R = R' = Ph)

The PMR spectrum of the total base product derived
from the butanol (29a) after a three hour reflux period with

an acetic-hydrochloric acid mixture indicated it to be a
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mixture of all four possible butenes (cis and trans
15a  and 16a; R = R' = Ph). The vinylic signals consist-
ed of two singlets and two triplets, characteristic of
the but-1 and but-2-enes respectively; in addition, four
closely spaced singlets. were evident in the dimethylamino
resonance region of the spectrum. Isomeric separations:
were attempted by fractional crystallisation of the butene
mixtures after acidification with ethanolic hydrogen
chloride and a large number of crops were obtained. The
varying compositions of each sample were deduced from UV
and PMR spectroscopic evidence and the arguments for struc-
tural assignments are fully discussed during the extended
aminobutene study described at a later point in this thesis
(see p. 34 et seq.).

Three isomers were finally separated as’pure hydro-
chlorides from the mother liquor and they were the cis
but-l-ene (30), the trans but-l-ene (31) and the trans

(H/Ph) but-2-ene (32). The initial crop in one experiment

h
Ph\\\C i c’/,P H\\\ ///Ph

C=¢C
H CHZCHZNMeZ Ph CH2CH2NMe2
(30) (31)
PhCH2 H
~N _ c,//
N
Ph CHZNMe2



- 29 -

was revealed as a ternary mixture of the two but~l-enes
(30 and 31) and the cis (H/Ph) but-2-ene (33) and its

composition was found to be virtually identical to a

"N o

PhCHz/ \CHZNMe

2,
(33)

sample of the aszumed but-2-ene (15a; R = R' = Ph) obtained
by Frey and coworkers (1950) in their earlier study. The
Geigy workers kindly supplied a sample of this, their
most active antihistaminic butene, and a PMR spectrum in
CDCl3 immediately disclosed its three component formulation.

A pure sample of the cis (H/Ph) but-2-ene (33) hydro-
chloride could not be obtained and no pure isomers were
isolated from the four-component mixture of butenes derived
from the p-tolylaminoalcohol (29b). A solitary bu-l-ene
(16a; R = Ph; R' = 2-pyridyl) was obtained from a base
catalysed elimination of the 2-pyridyl alcohol (29c) after
acid catalysed elimination had failed.

Study of the dehydration of 4-dimethylamino-2-p-
methoxyphenyl-1l-phenylbutan-2-o0l (34) in a similar maﬁner

yielded pure samplesof all four aminoalkene hydrochlorides

OH
PhCHZ-I&-CHZCHZ-NMe2 Ar = p-MeO-CgH,
Ar

(34)
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(Casy and Parulkar 1969). The antihistaminic potencies
of these isomers together with the previously prepared
3-methylaminobutenes (27a) and the nor-aminobutenes
including the ternary mixture identical to the most ac-
tive Geigy sample, were measured for their ability to
antagonise the histamine-induced contraction of guinea-
pig ileum. Wide differences in actiVity amongst amino-
butene isomers indicated that antagonism of histamine is
stereoselective in nature. The 3-methylaminobutenes
(27a) had only moderate activity but certain of the nor-
aminobutenes were extremely potent. The cis (H/Ph) but-
2-ene (35) and the trans but-l-ene (36) were far more ac-
tive than their corresponding geometrical isomers and the

duration of action of compound (35) was particularly

Ar H H Ar
N N yd
C=2¢ C=2¢C
pher? \CH ~NM Ph Ncn CH.NM
2 278y 2-HNey
(35) Ar = p-MeO-C,H, (3¢

prolonged. However, its pAz* value was 6.94 which indica-

ted considerably less activity than that possessed by

* The value of pAz is the logarithm of the reciprocal of

the concentration of antagonist which necessitates.doubl-

ing the concentration of agonist in order to keep the
effect constant (Barlow 1964). This pharmacological
parameter was originally conceived by Schild (1947). All

the pA; values quoted in this thesis were evaluated after
the drug had been in contact with the tissue for a 2 minute

period.
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Mepyramine (37) (pA, 8.67), the standard antihistamine used

as the control in the pharmacological testing. The most highly

AICHZ\N
-CHZ-CHZNMez Ar = EfMeO-C6H4
/ N @37

active diphenylaminobutene proved to be the ternary mix-
ture identical to the Geigy groups' sample which had been
wrongly allocated a but-2-ene structure (Frey et al. 1950).
It had a pA, value of 9.4 comparable with those of highly
active antihistaminic agents (Barlow 1964). The mixture
was composed of the cis and trans but-l-enes (30 and 31)

and the cis (H/Ph) but-2-ene (33) and since both but-l-enes

Ph Ph H Ph
Ne - Ne-o”
e N yd N
H CH,CH,NMe,, Ph CH,CH,NMe,
(30) (31)
Ph H
~c - c//’
/ —\
PhCH, CH,NMe,

(33)

were much less active than the mixture it was deduced
(assuming synergism is not operative in the mixture) that

the cis (H/Ph) but-2-ene (33) must be an extremely active

antihistamine.



- 32 -

It was therefore considered important to attempt
to isolate this compound in pure form and to prepare
other pure cis (H/Ph) but-2-enes to confirm that the dis-
position of pharmacophoric groups about the double bond.

in these molecules are optimal for histamine antagonist

action.

(ii) ISOLATION OF CIS (H/Ph)-4-DIMETHYLAMINO-1,2-DIPHENYL-

BUT-2-ENE (33) AS A HYDROBROMIDE

Following the unsuccessful attempt to separate the
cis (H/Ph) but-2-ene (33) as a pure hydrochloride salt
(Casy and Pocha 1967) it was decided to repeat the synthe-
sis and to acidify the total alkenic product instead with
hydrégen bromide. It was hoped that subsequent fractional
crystallisation would lead to isolation of the required
but-2-ene isomer (33) as the hydrobromide.

The reaction route commenced with the preparation:
of the Mannich ketone (38) from acetophenone, dimethylamine
hydrochloride and paraformaldeﬁyde in the classic manner.
The ketone was then treated with ethereal benzylmagnesium
chloride to form the tertiary alcohol (29a). Acid cata-
lysed elimination of the latter using an acetic-hydrochloric
acid mixture and a four hour reflux period produced all four
aminobutene isomers (30, 31, 32 and 33) as shown by the PMR
spectrum of the total base. Acidification of the mixture

with ethanolic hydrogen bromide yielded a large number of
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ﬁ; Mannich 0
Ph-C-Me ' ———) Ph-c-CH CH,-NMe
2772 2
reaction
(38)
PhCHZMgCl
in
Ph-L-CHchZNMe2
CHzPh:
(29a)

HC1/HOAC (-H,0)

Ph Ph H Ph
//,C _ c//’ \\\C _ C’/,
N “ N y
H CHZCHZNMe2 Ph CHZNM?Z"”
(30) (31)
PhCH H Ph H
\%c:= ” Ne =
yd . ’,/’ Y
Ph CHZCHZNMe2 PhCH2 CH2NMe2
(32) (33) _j
HBr fractional crystallisation
\ /
’//, \\\
PhCHJ CHZNMez( .HBr)

(33)
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crystal crops after successive additiors of ether over a
period of about two months. Numerous recrystallisations
were carried out and PMR spectra of selected crops were
run té determine their isomeric compositions (see later
for configurational inferences by PMR and UV spectro-
scopy). Eventually a crude mixture of the required cis .
(H/Ph) but-2-ene (33) hydrobromide contaminated with a
trace amount of the cis but-l-ene (30) was obtained. These
two isomers. were identified by the characteristic chemical
shifts and multiplicities of the various proton signals
in their structures which were known from Casy and Pochas'
(1967) earlier work.

Several further‘recrystallisations of the crpde
product from ethanol/ether finally yielded the pure:gig‘

(H/Ph) but-2-ene (33) hydrobromide as colourless needles,

m.p. 179-180°. The PMR and UV characteristics of this
compound and the other three isomers (30, 31 and 32)
obtained by Casy and Pocha (1967) are shown. in Table III.
The assignment of configurations to the four isomers is

based upon these spectral parameters.

In the case of the but-l-enes (30 and 31) molecular

Ph /Ph H ~ - Ph
C C=2¢C

\C _
H . CHZCHZNMeZ Ph CH2CH'2NM62

(30) (31)
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models indicate greater overall planarity in. the trans
isomer (31) than in the corresponding cis compound (30).
In conséquence, the vinylic proton of the.ggggg isomer
lies more in the plane’ of the aromatic rings and should
thus be deshielded to a greater extent than the corres-
ponding cis proton (Bovey and Johnson 1958). Furthermore,
the absorption maximum of the phenyl double bond chromo-
phore should be more intense and at longer wavelength in
the more planar Egggg}isamer. Hence, the but-l-ene isomer
(31) with the lower field vinylic singlet (416 Hz*) and
the more intense UV absjorption-(xmax 263; ¢ 16800) was
assigned the trans and the other but-l-ene (30) (vinylic

chemical shift 401 Hz; ax 2557 € 11270) the cis configu-

Am
ration. |
Comparison of molecular models of the but-2-enes

(32 and 33) indicates that the double bond. and 2-phenyl

PhCH, H Ph /H
X =c¢ Nc=c
Ph~/ NcH. NMe PhCH/ "N CH.NMe
oNMe, 2 oNMe,
(32) (33)

* Tt should be noted all chemical shifts expressed in Hz
from TMS have been recorded at 60 MHz unless otherwise
stated. Hz have been used in this thesis so that shifts
are described by whole numbers, unlike the ppm (§) and
tau (tr) systems which are expressed to two decimal
places. The Hz nomenclature, however, does suffer the
disadvantage of denotion of lower field by higher Hz
value. '
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group may only be coplanar in the cis (H/Ph) isomer (33)
because in the trans isomer (32) the same conformation is
markedly unfavoured by orthohydrogen-aminomethyl non-
bonded interactions. In consequence, the but-2-ene (33)
with the lower field vinylic triplet (378 Hz) and the
styrenoid absorption band (Amax 241; ¢ 11500) was assigned
the cis (H/Ph) but-2-ene configuration. The trans (H/Ph)
compound (32) displayed a higher field vinylic signal

(358 Hz) and its UV spectrum showed only end absorption
which-confirméd>twisting of the 2-phenyl group out of the

plane of. the double bond as a result of steric interaction

with the adjacent methyleneamino group.:

(iii) PHARMACOLOGICAL EVALUATION OF THE 4-DIMETHYLAMINO-1,

2-DIPHENYLBUTENE ISOMERS (30, 31, 32 AND 33)

Thus, the required cis (H/Ph) but-2-ene (33) was
isolated and characterised as the hydrobromide salt and its
antihistaminic potency was measured by its ability to anta-
gonize the histamine-induced contraction of the guinea-pig
ileum. The other three dimethylamino isomers (30, 31 and
32) had been tested previously (Casy and Parulkar 1969) and
were found to have feeble activity. However, a sample of
the trans (H/Ph) but-2-ene (32) and a ternary mixture were
retested at the same time as the cis (H/Ph) but-2-ene so
£hat semi-quantitative activity comparisons could be made.

Drs. R.T. Brittain and R.G.W. Spickett of Allen and Hanburys,
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Ware, England, kindly arranged these tests and were also
responsible for all the other antihistaminic evaluations
cited in this thesis.

The data obtained are shown in Table 1V and the
cis (H/Ph) but-2-ene (33) had significantly greater poten-
cy and duration of action than the trans analogue (32),
bearing in mind the tenfold solution concentration differ-
ence of the two compounds. In addition, the cis isomer
(33) possessed greater activity than the ternary mixture which
was of similar composition to the previously mentioned three
component mixture (see page 29) already known to be strongly
antihistaminic and having a”pA2 of 9.4 (Casy and Parulkar
1969). These results confirmed previous suspicions that
the cis (H/Ph) but-2-ene (33) is an extremely potent anti-
histamine and most importantly, that it is the most active

4-dimethylamino-1,2-diphenylbutene isomer.

(iv) PREPARATION OF FURTHER 4-AMINO-1,2-DIARYLBUTENE

GEOMETRICAL ISOMERS

It was thought nece8sary to synthesize further examples
of 4-amino-1,2-arylbutenes to extend knowledge of the anti-
histaminic activities of the cis and trans alkenic isomers
of these compounds. In this regard it was decided to pre-
pare and dehydrate the alcohols shown below (26c; R = H; 39

and 40).
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OH OH OH
Ph-é-CHZ-CﬁzﬂN ) Ph—%-CH2CH2-N<::] Ph-C-CHZCHz-N<::]

CHzPh - CHzPh CHZAr

(Axr = p-Cl-C.H,)
(26c; R = H) (39) (40)
The N-piperidino (26c; R = H) and N=-pyrrolidino

alcohols (39) were prepared by reaction. of. the appropriate

Mannich ketones with benzylmagnesium chloride and the

o PhCH,MgC1
ph-t-ch,-cH,-N —%—3  (26c; R = H)
(41)
! PhCH,MgC1 :
ph-d-cn'-cn-- --——-——-%> (39)
2 T2 _
(42)

resulting carbinols were dehydrated to form aminobutenes
containing tertiary amino groups wéll known in many,bio-
logically active compounds.

The tertiary alcohol (40) was synthesized from p-

chlorobenzylmagnesium chloride and the aminoketone (42)

Ph

ArCH, -
(19)
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and formed the intermediate for preparation of the potent
antihistamine, Pyronil (19). The isomeric purity, double
bond position and configuration of this drug have nevet
been reported although Anderson and coworkers (1952) have
described it as a 4-amino-1,2-diarylbut-2-ene. It was
hence considered particularly interesting to reinvestigate
the elimination of this alcohol (40) and to attempt isola-
tion of the aminobutene products. If pure iscmers were
obtained they would be compared physically and spectro-
scopically with a commercial sample of Pyronil to ascertain

the true composition of this drug.

Acid,Cata;ysed Elimination of 1,2-Diphenyl-4-(1-

piperidino)butan-2-o0l

The alcohol (26c; R = H) was dehydrated using an
acetic-hydrochloric acid mixture and a 2.5 hour reflux
period which allows for equilibration (Casy et al. 1966).
The PMR spectrum of the total base product indicated the
presence of all four aminobutene isomers (41, 42, 43 and
44) which were identified by the previously discussed method
qf Casy and Pocha (1967). The approximate proportions of
each isomer in the quaternary mixture were estimated from
the integral values of the vinylic proton signals and were

as follows:
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trans. but-l-ene (44) 55%
cis but-2-ene . (41) 25%
cis but-l-ene (43)  15%

trans but-2-ene (42) 5%

OH \
1=h-é-c1i2c112 -N >
&H Ph’

2
(26¢7 R = H)
(—HZO)
K2
Ph\ c/ PhCH2 /
phcn»z/ \ b{ > Ph/ \ t{ >
) .
(41) (42)
Ph Ph H :
Ne = o \c = /
v N | 1{ > 7 \
H CH,CH,,- Ph CH,CH,N
(43) (44)

Acidification with ethanolic hydrogen chloride and
successive~additions of ether followed by cooling at 0°
produced a large number of aminobutene hydrochloride crops.
The first two collections from the fractional crystallisa-
tion gave crystalline samples with sharp and equal melting

points (248-249°). PMR spectra in CDCl3 identified them as
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the isomerically pure cis (H/Ph)’but-z-ene (41) hydro-
chloride exhibiting a characteristic vinylic triplet at

382 and benzylic and methyleneamino signals at 237 and

226 Hz (see Table V). These parameters agreed well with
the corresponding figures of 378, 240 and 231 Hz respective-
ly (see Table III), for the 4-dimethylamino cis (H/Ph) but-
2-ene (33) as did the UV. absorption maxiumum of 241 my (cf.

compound 33, Ama 241 mu).

X
In the meantime, PMR spectra were used to observe.
the prdgressing fractional crystallisation and a number of
mixtures enriched with the trans but-l-ene (44) began to
emerge until eventually two crops of the pure trans but-1-

ene (44) hydrochloride m.p. 195°, were collected. Continued

workup of the crystallisation also provided the isomerically

pure cis but-l-ene (43) hydrochloride m.p. 160-161°, but a

sample of the minor trans but-2-ene (42) (only 5% abundant
in the total mixture) could not be obtained even after con-
version of the mother liquor to a hydrobromide mixture.
Frey and coworkers (1950) at the Geigy laboratories
(see start.of Chapter 3) had previously carried out an
acid catalysed elimination of the same carbinol (26c ; R =H)
and they isolated an aminobutene hydrochloride. The melt-
ing point of this product was 246-249° which is very close
to that of the authentic cis (H/Ph) but-2-ene (41) hydro-

chloride described above, which crystallised out first from
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our own reaction mixture. It therefore seems probable
that this Geigy product was the isomerically pure cis
but-2-ene.

The spectral paraﬁeters.of the pure isomers (41,
43 and 44) are given in Table V and subsequent biological
testing revealed the cis (H/Ph)'but-z-ene (41) as the
most potent antihistamine of the three compounds (see
Table VI), having a PA, value of 8.76 comparable to those
of antihistaminics in clinical use e.g. chlorpheniramine
(5) 8.82 and Chlorcyclazine (8) 8.63 (Barlow 1964). How-
ever, further tests on the cis. (H/Ph) but-2-ene (41) re~
vealed undesirable CNS depressant properties.

Concurrent sedative side effects of a number of
antihistamines are well known and Hansson and Schmiterldw
(1961) effectlvely ellmlnated this unwanted property in the
antihistamine, Prometha21ne (7), by formation of the qua-

ternary ethylene chlorhydrin derivative, Aprobit (45).

00 OO0

|
CH2CHM6NM€2 H2CI-lMe
HCl o1 CHzCHzOH

(7) (45)



penut3uod

"495-10-3=xv (0%)
_ _ 14 4> 88¢ (¥S) (£9) aseq 2 7 T
TLE S Eob (29) (19) Te303 ﬁuﬂvzu HO muuwunm
, H
! - - TOH *DUue
(00¥02Z) 192 STY (05) —l-3nq SEEES .
* N‘l
6CC :HD"HON TIOH " 9uUS-¢
(00L2T) ove ® 8€e At LLe - (Ly) ~-3n4q(4d/H) 510 ’
(6€)
_ _ LEE 98¢ (0S) (6¥%) oseq . a%Hy
§°L9E €0¥ (8%) (L¥) Te303 -“Ho“Ho-J-ud
| HO
_ _ 1OH*2us
(00002) €92 | 90¥ (v9) ~T-30q S0CT )
. - - TOH”
(00TLT) SST | S6€ (e9) sus—T-3nq 55 )
(8r) gozz *HOCHON _ TOH*Sus-g
(00PST) TvT JLET ualmo  °8F (1) ~3n9 (4d/H) 570 )
(H=¥9 ¢097)
- _ 1343 16€ (v¥) (€7) oseq UgeHD
TLE 80¥ (2v) (17) Te303  ( N-PHOTHO-)-Ud4
HO
. OITAUTA _OTTAUTA
(3)X°u SI9Y30 P "g-D ° "1-D - 3IXe3 ut g ®3RI3SqNS
F _ . ,Amvuwnesz STdues UOTJBUTWTITH
. n.mmuwﬁnm TeoTwayD punodwo) * T

SYEAWOSI INIALAGTIANVIA-Z‘T-ONIWY=-f YFHIMNI J0 SOILSINTIOVIVHO TVdLOddS

A JT9VYL




- 46 -

*397dT3Tnu peoaq JO 3I3U3D

C
*39Tqnop poabrxauwqns AlTeI3aRd -
*€71000 pue 0Ca UT STQNTOSUT ST punodwod 3yl ° (SHL) 2P-OSWd UT umijoads POATOSaI HHH,m
. *39Tqnod g
*sTsoyjuaxed UT UMOYS (3) JUSTOTIISOO UOTIOUTIXD {dw uT yjbuaTaaem st XPUy (I1393PM JUDATOS 5
*3oThuts proag s
*(L0) 3I=Tdran o
*3e1buts
*suotjdrosqe ausaTAyzaw Hutx outrprioxxid
pue outptaadtd oay3z Aq Hurisew o3 Hutmo pejondb suorjzdaosqe snonbHrqueun pue JFOUTISTP ATUQ q
*zHg utr (£) szuezsuoo Huridnoo ‘E1poap jusatos
{ZHW 09 3Jo Acuanbsxy Hutjeasdo ue je (paepuels TeUIDIUT) SKWI WOXIF ZH UT SIFTYS TeoTWadYD e
Ty AT : | . IgH °9ud
(ooze6T) 892 cvet HOCHON - : S°LOY (vs) —-T-3nq sueIy .
ATV AT . IdH *
(008ST) 99¢ 268T CHOCHON - G°L6E (€S) ous-~T-3nq SID .
‘uotjdrosqe 1STZ°2 :HO®HON IgH " 2Ud-2~-
pus ) 202¢ yacHo vot Ava.uanﬁsm\mvmcmuu N
- (L£) 86T :HOCHON opTIOTYOOIPAY
JTEZ UdCHD 0Lt - (19 sn0qe woxz sseq "
(o%)
¥u90-10-d=1v
TOH*duUa-¢ 1
(00s27) 1ve y89t - (TS)  _3nq(ua/ms% ﬁHHVZINmonouwusm
H
xeu SI9430 GOﬁthﬂb ooﬁﬂhaﬂb
wawv X €£-0 -0

(pSnuUTIUOD) A FTEVL



- 47 -

. Their idea was to increase the hydrophilicity of the drug
so that it was insufficiently lipophilic to cross the
hypothetical 'blood-brain barrier' into the CNS. They
prepared a series of quaternary derivatives of Promethazine
(7), and pharmacological testing showed that Aprobit (45)
retained the antihistaminic activity of its parent (7) but
lost all its sedative action. The other quaternary deri-
vatives also showed reduced sedative properties but lost
all or most of their antihistaminic activity.

It was therefore decided to préparedthe ethylene
chlorhydrin quaternary derivative of the cis (H/Ph) but-2-
ene (41) in an attempt to remove its undesirable CNS effects.:
The aminobutene free base was refluxed with ethylene chior-
hydrin in benzene for 66 hr. but the resulting gum could

not be crystallised. However, the quaternary methiodide

(46) was synthesised quite easily and this derivative was

submitted for antihistaminic testing.

Ph H
\ C = C/ Me
PhCH-z/ \cnz-w

I
(46)
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Acid Catalysed Elimination of 1,2-Diphenyl-4

-(l-pyrrolidino)butan-2-ol

The carbinol (39) was eliminated under acid-

catalysed conditions just as the previously described

}
Ph-c-cn--cn~-ﬁ::]
] 2

OH
2
CH,Ph
(39)
(~1,0)
Ph H
Ne-c” Y
PhCH;/ \\\cnzﬁ::]
(47)
Ph Ph
Ne oo
TN
H CH.,CH,-N
(49)

piperidino analogue (26c; R =

H).

PhCH H
z\t -
pﬁ// \\‘cnz-ﬁ<::]
(48) :
H Ph
\\‘c = c’// ‘
yd N
Ph CH,CH,N
(50)

PMR examination of

the product showed formation of all four aminobutene

isomers (47, 48, 49 and 50) as evidenced by the presence

of two singlets and two triplets in the vinylic region of

the spectrum. Examination of

the integral values of the

vinylic proton signals gave the following approximate

proportions of each isomer:
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trans but-l-ene (50) 55%
cis but-l-ene (49) 20%
cis but-2-ene (47) 15%

trans but-2-ene (48) 10%

Fractional crystallisation of the aminobutene
hydrochloride mixture in the normal way yielded
initial crops of the pure cis (H/Ph) but-2-ene (47)

hydrochloride, m.p. 198°, with characteristic PMR spec-

tral parameters (see Table V), closely followed by the

major trans but-l-ene (50) hydrochloride, m.p. 160-162°.

Further crops were collected over several weeks and were
mostly irresolvable mixtures of the two but-l-enes (49 and
50) . Conversion of the mother liquor to a hydrobromide
mixture was no advantage and only ied to the isolation of
more trans. but-l-ene and thus pure samples of the cis
but-l-ene (49) and trans but-2-ene (48) could not be ob-

tained for pharmacological testing.

Acid Catalysed Elimination of 1(p-chlorophenyl)-2-

phenyl-4- (1-pyrrolidino)butan-2-ol

The carbinol (40) precursor. of Pyronil (19), a
potent antihistamine of unknown configuration (see pages
11 and 12), was dehydrated in the normal way and PMR

examination of the total base product revealed the presence
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Ph |
. -
/c = CH-CH,~N Ar = p-Cl-C.H,
2

ArcH
(19)
o8
Ph-clz-cnz-cnz-xo Ar = p-Cl-C.H,
CH,Ar
(40)
Ph. H ArCH H
\\\C _ C’// v '2, _ C’/,
' ArCHz/- | \Cl-lztO o’ \CHsz
(51) (52)
Ar Ph H Ph
N = c/ \c =c”
H/ \CHZ-CHZ-X\O Ar/ \CH-Z-CH -»O
(53) (54)

of all four possible aminobutene isomers (51, 52, 53
and 54). The integral values of the four vinylic sig-
nals (two triplets and two singlets) showed that the
isomeric mixtﬁre consisted of the following proportions

of each compound:
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trans but-l-ene (54) 45%
cis but-l-ene (53) 20%

cis (H/Ph) but-2-ene (51) 20%
trans (H/Ph) but-2-ene (52) 15%

Acidification of the mixture with ethanolic
hydrogen chloride gave initially the cis_(H/Ph)~but-2-

ene (51) hydrochloride, m.p. 227-2280, which agreed

with the m.p. (227-228°) previously reported for Pyronil
hydrochloride (Patent, 1953a), This strongly suggested
that Pyronil is the cis (H/Ph) but-2-ene (51) and the
assumption was confirmed by the PMR spectrum of the free
base isolated from a commercial sampie of,gyrohil phos-
phate, which correspoﬁded exactly to that (see Table V)
of the free base derived from (51).. The quaternary
methiodide derivative (55) of the cis (H/Ph) but-2-ene
(51) was also prepared to compare the activity of this

less lipophilic compound with its parent.

Ph\ H
Pl c< M Ar = p-C1-CH,
ArCH; ' CH, N

+ -
1)

(55)
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The remaining three isomers (52, 53 and 54) would
not crystallise as hydrochlorides, a result which may
explain why the only compound previously isolated by the Lilly
workers (Patent, 1953a) was Pyronil hydrochloride whose
potent antihistaminic properties had earlier been report-
ed by a group of pharmacologists from the same Company
(Anderson et al. 1952). The residual base in the mother
liquors was recovered, acidified with ethanolic hydrogen
bromide, and the product fractionally crystallised to pro-
duce the three remaining isomers (52, 53 and 54) whose spec-
tral characteristics are given in Table V. The major trans

but-l-ene (54) hydrobromide, m.p. 191°, was initially iso-

lated and continuation of the crystallisation over a period
of several weeks eventually yielded crude samples of the
last two isomers. Several recrystallisations in each case

gave the cis but-l-ene (53) hydrobromide, m.p. 184-1850,

and the trans (H/Ph) but-2-ene (52) hydrobromide, m.p.

152-153°. Thus, all four pure isomers (51, 52, 53 and 54)

and the methiodide (55) were submitted for pharmacological

testing.

(v) PHARMACOLOGICAL RESULTS AND DISCUSSION OF THE ANTI-

HISTAMINIC ACTIVITIES OF FURTHER EXAMPLES OF 4-AMINO-1,

2-DIARYL BUTENE ISOMERS

N-Piperidino- and N-Pyrrolidino-1,2-diphenylbutene

Isomers

The in vitro antihistaminic potencies of these isomers

were assessed by their ability to antagonise histamine-induced
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contractions of isolated éuinea—pig ileum and the data
obtained are given in Table VI. These results allow at
best, semi—quaﬁtitétive activity comparisons to be made as
only when a highlf active compound is uncovered’are paral-
lel dose-response curves determined from which a pA2 value
may be calculated. This constant pharmacological parameter
for a compound caﬁ then be used for meaningful comparisons
with other antihistamines.

However, it is clear that the two'most active com-
pounds (41 and 47) are both cis (H/Ph) but-z-eneé which are
effective at a concéntration of 0.01 ug/ml and cause over
95% inhibition three minutes after application and over 50%
'six minutes later. The cis (H/Ph)-4-piperidinobut-2-ene
(41) is significantly more potent than its related isomers
(43 and 44) while the 4-pyrrolidino isomers (47 and 50)
‘although initially of similar activity, differ in duration
of action, with the effect of the cis (H/Ph) but-2-ene (47)
being more prolonged.

The cis (H/Ph)-4-piperidinobut-2-ene (41) , is the
most active member of the series and was found to have a
pA2 of 8.76 comparable to the value of 8.71 kSchild 1947)
for the standard antihistamine, Mepyramine (37), which was
used in these tests. This result precipitated examination
of compound (41) in greater detail and its in vivo anti-
histaminic activity was assessed in the anaesthetized

guinea-pig. Animals were prepared for recording the
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resistance of the lungs to positive inflation following

the method of Konzett and Rossler (1940).. The intra-

venous injection of acetylcholine, histamine, 5-hydroxy-
tryptamine or bradykinin normally causes a temporary
increase in the resistance of the lungs to positive pres-
sure inflation, and following the application of these
spasmogens, compound (41) was found to selectively

antagonise only the effect of histamine which clearly
demonstrated its potent and specific antihistaminic activity
in whole animals.

Depression of the CNS by the cis (H/Ph) piperidino-
but-2-ene (41) were then considered as sedation is one of
the most common side-effects of antihistaminic drugs in
clinical use, and thus experiments were undertaken to deter-
mine whether compound (41) caused any such effect. Winter
(1948) had reported that the ability of a drug to potentiate
the duration of a drug-induced hypnosis can be used to
assess its sedative activity and therefore the effects of
compound (41) together with the commercial antihistamines
chlorpheniramine (5), Mepyramine (37) Benadryl (56) and

Cyproheptidine (57) on hexobarbitone~induced hypnosis in

Ph

N

CH-0-CH,CH NMe2

e 2772

Ph

(56)
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the mouse were determined. The antihistamines were admini-
stered orally one hour prior to the intravenous injection

of hexobarbitone (50 mg/kg) and the mice were observed at
five minute intervals until all animals regained their
righting reflex. The results are shown in Table VII and
compound (41) just as Mepyramine, Benadryl and Cyprohepti-
dine, significantly potentiated the hexobarbitone induced
sleeping time in mice. This depression of the CNS precluded
potential utilisation of compound (41) in any clinical trials
but nevertheless the extreme activity and specificity of
action of the cis (H/Ph) but-2-ene isomer was of great in-
terest in our structure:activity studies.

An attempt to remove the undesirable CNS depressant
properties of (41) with full retention of its antihistaminic
activity by formation of the quaternary methiodide deriva-
tive (46) was unsuccessful, as seen by the pharmacological
results in Table VI for this compound. Antihistaminic acti-
vity of this cgmpound was only evident at a very high solu-
tion concentration of 1.0 ug/ml.

However, all these pharmacological results on the N-
piperidino- and N-pyrrolidino-1,2-diphenyl butene isomers
further emphasised the association of cis (H/Ph)1l,2-diaryl-

butenes with optimum antihistaminic activity.
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1(p-Chlorophenyl) 2-phenyl-4 (1-pyrrolidinojbutene or

'Pyronil' isomers

The comparative antihistaminic activities of the
four Pyronil isomers (51, 52, 53 and 54) and the methiodide
derivative (55) were assessed by the normal in wvitro tests,
using isolated guinea-pig ileum. The results obtained to
date are shown in Table VIII and the trans (H/Ph) but-2-ene
(52) is the most potent isomer of the three examples so
far tested. It had a PA, value of 7.97 which indicated
high activity and in addition, specific in vivo antihista-
minic action was again demonstrated in anaesthetized
guinea-pigs by the method previously described (see page 53)

The quaternary methiodide (55) had low activity but
the but-l-ene isomers (53 and 54) were quite active and
the more potent trans compound (54) had a fairly prolonged
duration of effect, exhibiting over 50% inhibition after
15 minutes. The pA2 value for the latter compound was
determined as 7.4 which confirmed its reduced activity com-
pared to the trans (H/Ph) but-2-ene (52) isomer (pA2 7.97).

. Determination of the pA, value of a commercial "
sample of Pyronil phosphate, which has the cis (H/Ph)
but-2-ene (51) structure (see page 51), is now in progress
for comparative purposes (the insolubility of the corres-
ponding hydrochloride precluded its pharmacological evalu-

ation). It is anticipated that Pyronil will prove to be
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the most active of the four isomers in line with previous
data on other sets of compounds. However, the moderate
potencies of the trans (H/Ph) but-2-ene and both but-l-
enes of the Pyronil group together with the fairly high
activity shown by another N-pyrrolidino but-l-ene isomer

(50) previously discussed (see p. 53), indicates a

H Ph

\c =
Ph/ \CH2CHZKO

(56)

diminished stereospecific dependence for activity amongst
N-pyrrolidino aminobutenes. This may possibly be due to
their common basic group which might enhance interaction

of these isomers with the receptors to a significant

extent inspite of their unfavourable molecular geometries.
This postulate is examined further at a later point (see

p. 111) but generally speaking, all the pharmacological data
presently available, suggests that the disposition of
pharmacophoric groups in cis. (H/Ph) but-2-enes (58) are.

optimal for antihistaminic activity, as shown by the hlgh

777 7277 //&// VAN AV N4

R

(a) NMe2

(b) -N )
(c) ‘&::]
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potency of these compounds and of the significant acti-
vity fall following a confijurational change. This éon—
cept is in accord with previous studies (Casy and Pocha
1967; Casy and Parulkar 1969).

In cis. (H/Ph) but-2-enes (58) the phenyl ring and
the carbon-carbon double bond are coplanar (PMR and UV
evidence) and also in the same molecular plane as the
methyleneamino moiety (see shaded area of formular 58).
This is in contrast to the trans (H/Ph) analogues (59), of
lower antihistaminic potencies, in which the phenyl and
olefinic bond planes greatly diverge as a result of non-
bonded interactions between the phenyl ring and the adja-

cent methyleneamino group (UV and evidence of models).

ArCH H R = (a) NMe2

¢ =
ph”” \cqu (b) 'N: >

(59) © _O

Assuming that the aromatic function(s) and the
basic group are essential pharmacodynamic groups for
antihistaminic activity in these aminoalkenes, then the
- planar area of cis (H/Ph) but-2-enes depicted in struc-
ture (58) may be of importance for maximum interaction
and formation of the complex with the receptors. It

therefore seemed of interest to disturb the planarity in
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cis (H/Ph) but-2-ene examples by suitable structural

changes and to ascertain the effect on antihistaminic

activity.

(vi) DISTURBANCE OF THE COPLANARITY BETWEEN THE PHENYL

RING AND THE CARBON-CARBON DOUBLE BOND OF CIS (H/Ph)

BUT-2-ENES (56)

One obvious structural change to distort the planar-
ity in a cis (H/Ph) but-2-ene system was to reduce a
suitable compound to the corresponding aminobutane. The
latter saturated molecule is sterically crowded and the
phenyl ring and the basic group cannot lie in the same
molecular plane (evidence of models). Frey and coworkers
(1950) had already prepared and examined a series of such
aminobutanes (25; R = H) and their antihistaminic activi-

ties were much less than those of the precursor amino-

Ph\ R" = (a) NMe, .
CH-CH.,-CH..-R (b) NEt

/// 2 2 2

2
(25; R = H) (c¢) =N >

7\

@ " Vo

PhCH

butenes. These data suggest that the lack of planarity
amongst aminobutanes is responsible for reduced activity.
As part of our own study, a sample of the cis (H/Ph)

but-2-ene (51) hydrochloride (Pyronil hydrochloride) was
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Ph
™ CH-CH.CH. - Ar = p-Cl-CH
//’ 2772 e 6 4

ArCH
2 (60)

catalytically reduced to the corresponding aminobutane
(60); it was found that the activity of this derivative

was extremely low (for full pharmacologicai.details,.see

Table IX).

The second approach was to prepare the o-tolyl
carbinol (62) by the normal synthetic route and to dehy-

drate it to form the four aminobutene isomers (63, 64,

8 Mannich g
Ar-8-Me ———) Ar-C-CH,CH, NMe, — Ar-é-cn CH.NMe
2-iNey [ re2rzire2
reaction CH.Ph

(61) 2 (62)

Ar = o--Me-C6 4

(-H20)

Ar H PhCH H

7 N 7 N
PhCH2 CHZNMeZ Ar CHzNMe2
(63) (64)

Ph Ar
\\\C ) c’/’ \\\c /,/
/ N | v \

H CH2CH2NM32 Ph CH2CH2NMe2

(65) (66)
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65 and 66). These compounds all contain the o-tolyl
aromatic group which sterically interacts with adjacent
groups (evidence of models) so that each isomer is dis-
tinctly non-planar in character. Acid-catalysed elimi-
nation of the tertiary alcohol (62) using a 2.5 hour
reflux period (which allowed for isomeric equilibration)
produced both but~l-enes (65 and 66) but only a single
but-2-ene as shown by the vinylic region of the PMR
spectrum of the total basic product (two singlets and a
triplet viscible). Acidification with ethanolic hydrogen
chloride and a subsequent fractional crystallisation lead
to the isolation of isomeridally‘pure hydrochlorides of
each of the three aminobutenes. Their spectral parameters
are given in Table IX and assignment of configuration to
the but-l-enes (65 and 66) was by the previously described
method involving considération of the overall planarity

of each isomer.

The absence of the second but-2-ene in the elimina-
tion product was initially thought to be the result of an
unusual kinetic effect by the o-tolyl group on the elimi-
nation mechanism rate of the aminobutene isomers; as it
was desirable to have the PMR characteristics of the mis-
sing but-2-ene for comparative purposes, it was decided
to repeat dehydration of the carbinol (62) using three
different reaction periods to see whether the second but-

2-ene might be present in the aminoalkenic product after
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either a short or very long equilibration period. 1In
fact, only the same but-2-ene isomer that had already
been isolated appeared in the PMR spectrum of the reac-
tion product after either 0.25, 1.0 or 85 hours. The
ratios of the three isomers present (calculated from
amplified integrals of the vinylic signals) varied very
little as shown below but the complete absence of the

Reflux Period (Hr.) & Trans-l-ene Cis-l-ene But-2-ene

0.25 27 39 34
1.0 24 37 39
85 20 30 40

second but-2-ene isomer ihdicated a highly unfavoured
structure from a thermodynamic viewpoint. Examination

of molecular models (Catalin and Frameworkj strongly
suggested that the energetically unfavoured compound was

the trans (H/Ar) isomer (64). In this molecule, severe
non-bonded interactions occur between the o-tolyl methylene-
amino groups in juxtaposition. However, steric interaction

PhCH H Ar H

2 .
e = o c=c” A= o-Me-CH,

N
//’ \\\ e N
Ar CHZNMe2 PhCH2 CHZNMe2

(64) (63)
between the o-tolyl and vinylic hydrogen of the cis (H/Ar)

but-2-ene (63) was also undoubtedly in operation so that

in both the cis and trans but-2-ene isomers there was no
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possibility of a UV styrenoid chromophore which pre-
cluded the use of this spectroscopic method for a con-
figurational assignment. The steric clashing of vinylic
and o-tolyl groups cis to one another has been reported
previously following a UV study on a series of tetra-
hydropyridines (67) which exhibited end absorption or

greatly reduced absorption maxima whenever the ortho

/ Nere

(67)

group (R) was other than hydrogen (Fullerton 1960).
However, the configuration of the o-tolyl but-2-

ene isolated has been deduced by comparison of its PMR

Ph PhCH H

H
Ne = o | 2\c _ o
PhCHz/ \cnzrme2 o’ N CH,NMe,
(33) (32)

parameters with those of the cis and trans (H/Ph)1,2-
diphenyl analogues (32 and 33). The appropriate PMR
characteristics of the three compounds are shown below
and the methyleneamino (231 Hz) and the dimethylamino
(166 Hz) chemical shift positions of the cis (H/Ph) di-

phenyl but-2-ene (33) agree very closely with the
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respective figures of 235 and 166.5 Hz for the o-tolyl
isomer, but there are significant shift differences
between the vinylic and benzylic proton signals of these
two isomers. The absorption frequencies of the latter
two groups are markedly higher field in the o-tolyl but-
2-ene. These variations in chemical shifts together with

Chemical Shifts (Hz) relative
to TMS in CDCl3 solution

Compound

Vinylic CHp,Ph NCH,CH: NMe,

o-tolylbut-2-ene
hydrochloride. 341.5 227 235 166.5

cis (H/Ph) diphenyl
but-2-ene (33)
hydrobromide 378 240 231 166

trans (H/Ph) diphenyl
but-2-ene (32) ‘
hydrochloride 358 225 213.5 160

the comparable values in the o-tolyl and cis (H/Ar)
diphenyl but-2-ene isomers have been interpreted as indi-
cative of the former's configuration as the o-tolyl cis
(H/Ar) but-2-ene (63) by the following arguments:

The probable spatial arrangement of the cis but-2-
ene o-tolyl isomer is depicted in Figure 2 with the o-
tolyl ring existing in a preferred conformation which
involves twisting of the aromatic function out of the
plane of the double bond. The o-tolyl group in this’con-

formation exerts a screening effect on both the vinylic
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Figure 2. Probable preferred conformation
of the cis H/grtolyl)but-z-ene
(63).

and benzylic protons which lie in the shielding cone of
the aromatic ring. Thus the chemical shifts of these
two proton groups should fall at significantly higher
field in the o-tolyl but-2-ene (63) than in the corres-
ponding diphenyl isomer (33) whose 2-phenyl function is
coplanar with the olefinic bond and hence deshielding in
effect on other groups in the molecule.

Moreover, in the o-tolyl structure (63) the remote
dimethylaminomethyl grouping should be largely unaffected
by the non-planar orientation of the o-tolyl ring, as
Tobey (1969) has demonstfated that aryl groups have negli-
gible effects on the shifts of groups trans to them. 1In
addition, any anisotropic effect exerted by the cis
benzylic aromatic function in the o-tolyl compound should
be very close to that operating in the cis (H/Ph) diphenyl
isomer (33) as these groups will have very similar con-

formational tendencies.
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Finally, it should be noted that in all previous
eliminations of 1,2-diarylcarbinols (see earlier) the
trans (H/Ph) but-2-enes have always proved to be the
minor isomer (in such low abundance as 5%) in the four
component aminoalkene mixtures. As the trans (H/Ar)
but-2-ene (64) in the o-tolyl case is sterically unfavoured
even more than usual it is not too surprising that no
trace of this isomer was évident in the PMR spectrum of

the elimination reaction product.

(vii) PHARMACOLOGICAL RESULTS AND DISCUSSION OF COMPOUNDS

DESCRIBED IN (vi)

The pharmacological data obtained are shown in
Table X. The reduced Pyronil structure (60) shows markedly
decreased activity compared to its aminobutene parents (see
Table VIII).

In the case of the o-tolyl isomers, the but-l-enes
(65 and 66) are significantly less potent than the cis
(H/Ar) but-2-ene (63), which causes 92% inhibition after
three minutes at the low dose level of 0.01 ¥g/ml. This
initial potent effect decreases rapidly with time and is
completely absent after 12 minutes. It is significant that
the potency of the cis (H/Ph) but-2-ene (63) isomer is
undoubtedly less than that of the corresponding diphenyl
cis (H/Ph) but-2-ene (33) (see Table IV). Moreover, the

decreased activity shown by the four compounds in which the
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Ph H R = (a) NMe2

//C = C
ArCH2 | CH2R (b) -N >
(58) (c)-I\O

overall planarity is disturbed lends further support to
the postulate that the molecular geometry of cis (H/Ph)
but-2-enes (58) is optimal as a result of the Ar ring,
olefinic bond and methyleneamino group all lying close

to a mean molecular plane.

(Viii) THE ROLE OF THE AROMATIC GROUPS IN CIS (H/Ph)1l,2-

DIARYLBUTENES

The structure:activity relationships so far dis-
cussed and the previous studies of Casy and his group (1967
and 1969) indicate that cis (H/Ph) but-2-enes (58) possess
optimal molecular arrangements for antihistaminic activity.
It has been proposed (see page 60) that the planar region
present in such compounds is an important general feature
for antihistaminic potency, but as yet the exact role of
the aromatic groups present in cis (H/Ph) but-2-enes and
other aminobutene isomers is unclear. It was thus consi-
dered of interest to study the biological activities of
new structures in which the aromatic rings were replaced

by groupswhich had widely differing steric and electronic
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characteristics such as the cyclohexyl, 2-pyridyl and

t-butyl (t-Bu) moieties.

(a) Replacement of the Benzyl Ring by the Cyclohexyl

and 2-Pyridyl Moieties

The role of the benzyl ring as an adjunct for
antihistaminic activity amongst aminoalkenes was initial-

ly studied and the cyclohexyl carbinol (67) was synthesized

8 CGH11CH2MgBr H
Py o J — -l
Ph-C-CH,CH,NMe, > Ph-C-CH,CH, e,
(38) - CHyCeHyy
(67)
(-H,0)
Ph__ /H Ce11CH, P
/c = C\c e =c(
C¢Hy 1CH; H,NMe, Ph CH,NMe,
(68) (69)
Ph
Cep () C = €
CHZCHZNMe2

(70)

as the necessary intermediate for preparation of amino-
alkene isomers containing a cyclohexylmethyl grouping.

The tertiary alcohol (67) was prepared by a Grignard
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reaction in poor yield (17%) and its dehydration in the
normal manner yielded a mixture of both but-2-enes (68
and 69) together with only a very minor amount (5%) of
a but-l-ene {70) (but-l-enes are clearly unfavoured when
an extended stilbene feature cannot arise).. Fractional
crystallisation of the hydrochloride mixture produced
several crystal crops whose m.p. (243-2440) agreed
exactly with the cyclohexyl aminobutene obtained by Frey
and coworkers (1950) who had eliminated the same carbinol
(67). The PMR spectrum of the product in'CDCl3 indicated
that it was a pure but-2-ene (no duplication of signals);
it exhibited the following assignable resonance absorp-
tionsé

Phenyl (singlet) at 440 Hz

Vinylic (triplet; J 7.5) at 355 Hz

NCH,CH: (doublet of
doublets; J 7.5 and 5) at 230 Hz

NMe, (doublet; J 5) at 168 Hz

The corresponding vinylic triplets for the diphenyl
analogues were at 378 for the cis (33) and 358 Hz for the
trans (32) isomer (see Table III), which at first sight
favoured a trans structural assignment to the cyclohexyl
compound. However, these vinylic shift values may be mis-
leading if used for the assignment of configuration to the

cyclohexyl isomer as steric interactions of the C6H11CH2
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group (this moiety is bulkier than PhCH2) probably lead
to a different conformationdl equilibrium than obtains in

either of the benzyl analogues (32 and 33).

PhCH H H
2\\ C’// '\\ C’(/
/ \CHZNMez PhCH / N CH,NMe,

(32) (33)

Indeed, comparison of the NCH,CH: and NMe, resonance

absorptions of the three compounds which agreed very

Chemical shifts (Hz) relative
to TMS in CDCl3 solution

NCH, CH: NMe

Compound
2

l-cyclohexyl-2-phenyl-4-

dimethylaminobut-2-ene

hydrochloride (68) or (69)

TX?'unEhown configuration) 230 168

cis - (H/Ph) diphenyl but-2-
ene (33) hydrobromide 231 166

trans (H/Ph) diphenyl but-
2-ene (32) hydrochloride 213.5 160

closely (see above) suggested that the confiéuration of
the cyclohexyl but-2-ene was the cis (H/Ph) but-2-ene (68).
This supposition was confirmed by the UV spectrum of the
hydrochloride (68) in water, which exhibited an absorp-

tion maximum (A 238 mu, ¢ 11850) characteristic of a

max
styrenoid chromophore, which was attributed to the cis
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(H/Ph) but-2-ene (68) the only but-2-ene isomer which has
its phenyl ring and double bond in the same molecular

plane (see p. 37).

Ph H
Ne oo
C.H CHZ/ ~

6811 CH NMe2

2
(68)

It therefore appeared that the vinylic chemical
shift exhibited by compound (68) was anomalously high
field and this may be due to the NCHZCH:/vinylic spatial
relationship being more disturbed by the c6H11CH2 substi-
tuent in (68) than by the corresponding PhCH2 function in
the analogue (33). Dreiding models indicate that the
geminal Ph/CHzR interaction in these compounds is more
serious than R = CeH,; than when R = Ph; this deflects the
C6H11CH_2 group away from the Ph ring and towards the
CH,NMe, function in structure (68) which causes serious
steric clashing between the latter two groups.

Hence the solitary cyclohexylaminobutene isomer
obtained from dehydration of the alcohol (67) was for-
tunately the most useful compound for continuation of the
structure:activity studies.

The carbinol (71), which contained the 2-pyridyl
nucleus as the benzyl aromatic function, was then prepared

by the method of Casy and Pocha (1967). These authors had
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reported the appearance of all four possible aminobutenes
(72, 73, 74 and 75) after base catalysed elimination of
this tertiary alcohol and a subsequent fractional crystal-

lisation of the acidified product had yielded a sample of

0 ArCH,Li OH
Ph-C-CH,CH)NiMe, ——=—> Ph-C-CH,CH,NMe,
CH,Ar
(38) (71)
Ar = 2-pyridyl
(-8,0) pyridy
Ph H ArcH H
Ne-o” 2\c = c/
e N e N
ArcH, CH,NMe,, PH CH,NMe,
(72) (73)
Ar Ph H Ph
\c - | \C _ c/
s N e N |
H CH,CH,NMe,  Ar CH,CH,NMe,

(74) (75)

the trans but-l-ene (75) dihydrochloride. Elimination
of the carbinol (71) using an acetic-hydrochloric acid
mixture had failed and therefore more vigorous acid con-
ditions were used in our own study. The carbinol (71)
was treated with 85% aqueous sulphuric acid solution at
100-110° for 2.5 hours and the PMR spectrum of the basi-

fied product showed the presence of both but-l-enes (74



TABLE XI

SPECTRAL CHARACTERISTICS OF 1l-(2-PYRIDYL) 2-PHENYL-4-DIMETHYLAMINO-BUT-1- AND BUT-2-ENES

Compound Chemical shifts®
number e
Sample in text c-1 c-3 ZZmNU Others ‘max (¢)
. vinylic® vinylicC¢ —
CH,~2-pyridyl
trans but-2-ene _— m .
—_— . (73) - 357.5 165 256 end absorption
dihydrogen oxalate NCH.,CH: 225
v J7.5)
cis but-l-ene ; - CH,CH,N 246 (6350)
dihydrogen oxalate (74) 414 173.5 ~ {93 294 (6000)
base from above mmHnm (74) 402 - - - -
1 g - CHoCHoN 260.5 (11980)

trans but-l-ene.2HCl (75) 422 173 198 293 (14500)

base from above salt®? (75) 406 - 139 - -

@ Chemical shifts in Hz from DSS (internal standard) € solvent water;Apax is wavelength
at an operating frequency of 60 MHz; solvent D50, in mp; extinction coefficient (g
coupling constants (J) in Hz. shown in parenthesis.

b Singlet. £ Solvent OUOHw.

€ rriplet (J7.5) 9 casy and Pocha (1967).

d

Broad singlet. | h poublet.

- 8L



- 79 -

and 75) together with a single but-2-ene (see Table XI),
as shown by the appearance of two singlets and a triplet
in the vinylic region of the spectrum. The total base
product was acidified with ethanolic hydrogen chloride
but no dihydrochloride compounds could be induced to
crystallise. Solid oxalates of the basic mixture were
obtained, however, and numerous recrystallisations of
these led to the isolation of pure samples of the cis but-
l-ene (74) and the trans but-2-ene (73) dihydrogen oxalate
salts. The diagnostic spectral parameters of these isomers
are shown in Table XI together with the isomer (75) isola-

ted by Casy and Pocha (1967).

(b) Replacement of the 2-Aryl Ring by the t-Butyl Group

and Related Studies

It was decided to synthesize and attempt to isolate
the t-Bu analogue (76) of a typical cis (H/Ph) but-2-ene
(33) to examine the effect of replacing the 2-phenyl group
by a bulky non-aromatic function. A comparative pharmaco-

logical evaluation of the two compounds (33 and 76) was

£-Bu H Ph H
> c=cl Nc -
g yd N

PhCH; CH)NMe,  PhCH; CH,NMe

(76) (33)
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then envisaged to evaluate the importance of the 2-aryl
ring in cis (H/Ph) but-2-enes for effective interaction
and blockade of the histamine receptors.

The preparative scheme involved formation of the
Mannich base (77) using pinacolone as the reaction sub-
strate, followed b& addition of benzylmagnesium chloride
to the aminoketone to produce the desired tertiary alco-

hol (78).

o Mannich g
t-Bu-t-Me >  t-Bu-C-CH,CH,NMe,
reaction ’

(77)

PhCH

2MgCl

H
£-Bu-C-CH,CH NMe,

I 2
CHzPh

(78)

Acid-catalysed elimination of the carbinol followed
by the usual work-up yielded an aminoalkenic mixture. The
PMR spectrum showed that only three of the four possible
butenes (76, 79, 80 and 81) had been formed as indicated by
the presence of three distinct NMe2 singlets and three
vinylic signals (two triplets characteristic of 79 and 80;
one singlet characteristic of either 81 or 82) in the
appropriate resonance regions. There was no breakdown of

the t-Bu signals which indicated the absence of any
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Wagner-Meerwein products. These might theoretically
occur by rearrangement of the t-Bu grbup via the

carbonium ion intermediate in the E-1 elimination reac-

tion.
(78)
HC1/HOAc (~H,0)
t-Bu H PhCH H
- TING yd 2 S
C=2C cC=¢C
pher?” \cn NMe t~-Bu \cn NMe
2 oNMe, t oNMe,
(76) (79)
Ph t-Bu H t-Bu
Neoco” | \c -
e N e N
H CH,,CH,NMe,, Ph CH,CH,NMe,
(80) (81)

The individual components were separated as hydro-
chloride salts after fractional crystallisation over several

weeks and the various configurational assignments based on PMR
(see Table XII) and UV spectroscopic evidence are described

below:

(1) The trans (t-Bu/Ph) but-l-ene (81) hydrochloride, m.p.

176-1770. Catalin models indicated that non-bonded inter-
actions between the various double-bond substituents in

this compound were of a less serious order than in the cis
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but-l-ene (80) isomer which had its t-Bu and phenyl
functions cis to one another. The sole but-l-ene

formed was thus assigned a trang configuration since

this isomer was undoubtedly the more stable form, the
elimination procedure being one which allowed equilibra-
tion. UV evidence was corroborative as the absorption
maximum (Amax 238 mu, ¢ 8600) was characteristic of, at
least, a partially effective phenyl-double bond chromo-
phore. The superior thermodynamic stability of the trans
compared to the cis but-l-ene isomer was further empha-
sised by equilibration of the pure but-l-ene (81l) in a hot
acetic-hydrochloric acid mixture which failed to produce
the second but-l-ene compound (no vinylic signals other
than that of the starting material were evident in the
PMR spectrum of the equilibrated product) .

(2) The two but-2-ene (76 and 79) hydrochlorides, m.ps.

24P and 183-184°. Integrals of the two vinylic PMR sig-
nals in the total elimination mixtures indicated that the
former preponderated slightly. The PMR spectra of the pure
hydrochloride isomers (see Table XII) differed in several
respects, most notably in regard to the t-Bu signal; the
lower m.p. (183—1840) hydrochloride exhibited two signals
which could only be attributed to the presence of a
magneticallz non—eguivalent t-Bu group. A sharp six plus

a broad three proton singlet (wH 2.5 Hz) were evident in

the high-field région of the spectrum (see Figure 3 for
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i
200 100 0 Hz

Figure 3. 100 MHz Signals arising from the magnetically
non-equivalent t-Bu group containsd in the
t-Bu aminobut-2-ene, m.p. 183-184" in DMSO-dg.
A: both signals at room temperature. B: 3-
proton (lower field) signal at 100° c: 3-
proton signal at 100° when sample irradiated
at the frequency of the vinylic signal (sweep
width 1000 Hz for A, 100 Hz for B and C).

the 100 MHz spectrum). The latter, originally noted in the
spectra of mixtures from the progressing fractional crystal-

lisation, was first thought to be an impurity but its per-

gistence in the spectrum of an analytical sample showed it
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to represent one of the three t-Bu/Me proton groups.
A unique environment for one of these Me groups must
be responsible for the observed magnetic non-equivalence,
and manipuiation of molecular models indicated that the

. . . . PhCH2
most likely explanation is the adoption by the

t-Bu—

fragment of the molecule, of the preferred conformation

shown in Figure 4, provided restricted rotation about. the

t-butyl-alkene link may be assumed.

Figure 4. The postulated preferred conformation of
the 2-t-Bu-4-dimethylemaino-1l-phenyl-
but-2-ene isomer exhibiting magnetic non-
equivalence of its t-Bu group.

In this conformation two of the t-Bu Me groups are
in essentially equivalent environments (allowing for some
degree of rotational freedom about the -CHz-phenyl linkage)
while the third group lies in the plane of the double bond.

This latter Me group falls in the deshielding cone of the
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anisotropic carbon-carbon double bond (ApSimon et al..
1967) which accounts for its lower field position com-
pared to the other two Me groups. The alternative co-

planar conformation (see Figure 5) cannot feasibly

Me
R' e
N Z Me
R CH,Ph

Figure 5. Alternative coplanar conformation of
the t-Bu group in the 2-t-Bu-4-di-
methylamino-l-phenylbut-2-ene isomer
showing magnetic non-equivalence of
its t-Bu group.
explain the observed t-Bu chemical shifts because this
arrangement requires theé solitary Me group to be shielded
and hence higher field than the remaining two Me functions.
No other conformations of the molecule seemed likely to
produce the necessary restricted rotation of the t-Bu
group and although the magnetic influence of the benzylic
aromatic ring in the postulated preferred conformations
(see Figure 4) was difficult to assess from models it did
appear more likely to augment the deshielding effect of
the olefinic bond.’
As the conformation depicted in Figure 4 qualitative-

ly explains the observed t-Bu signals it should now be con-

sidered how this arrangement might arise; the aromatic ring
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must be deflected towards the t-Bu substituent as a re-
sult of steric clashing with the adjacent R substituent.
This grouping is either the vinylic hydrogen or the large
dimethylaminomethyl radical and only the latter bulky
group can be expected to instigate reorientation of the
benzyl function. This provides evidence for the configu-
ration of the but-2-ene hydrochloride isomer (m.p. 183-184°)
possessing a magnetically non-equivalent t-Bu group as
being the cis (t-Bu/H) isomer (76), with R = CH,NMe, and
R' = H in Figure 4.

In the trans isomer (79) a partial conformation as

in Figure 6 is more probable as the t-Bu group is cis to

the bulky methyleneamino moiety so that, in this case, the
aromatic ring is free to move towards the vinylic éubstitu-‘
ent. This allows free rotation of the t-Bu. function so
that each Me is equivalent and the group comes to resonance
as a sharp nine proton singlet.

Double resonance experiments at 100 MHz on the cis
(t-Bu/H) but-2-ene (76) reveal that the vinylic (and
benzylic) protons are weakly spin-spin coupled (J = 0.6 Hz)
to the isolated three proton t-Bu methyl signal (see
Figure 3) (the six-proton signal remained a sharp singlet
at higher field). This observation further supports a
coplanar Me-double bond conformation which allows the

coupled protons separated by greater than three bonds to
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Figure 6. The proposed partial conformation of
the trans (t-Bu/H)-aminobut-2-ene
(79) isomer.
be linked by near-planar zig-zag paths (showed in
Figure 7 for Me and vinyl protons). Such a closely
coplanar 'W' configuration is an established requirement

for long-range spin-spin coupling (Sternhell 1964; 1969;

Garbisch 1964).

T N

MeZNCH2 2

Figure 7. The coplanar 'W' configuration of the
isolated Me group and the coupled
vinylic (and benzylic) protons in the
cis (t-Bu/H)but-2-ene (76) isomer.
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The remainder of the PMR spectral differences
between the but-2-ene isomers can now be interpreted in
terms of the conformations depicted in Figures 4 and 6
as follows:

Vinylic signals. In the cis (t-Bu/H) but-2-ene (Figure

4; R* = H; R = CHZNMez) the vinylic proton is remote
from the benzylic aromatic group but in the trans isomer
(Figure 6) these functions are much closer in space;
hence the aromatic influence upon the vinylic resonance
should be greater in the trans (t-Bu/H) compound, and in
fact the trans signal (352 Hz) is significantly lower
field than that of the corresponding cis proton (315 Hz).
This fact is in accord with the anticipated deshielding
effect of the aromatic ring in the partial conformation
shown in Figure 6. In addition, the trans value (352 Hz)
corresponds closely with the vinylic chemical shift (358
Hz) observed for the 1,2-diphenyl butene (32) (see Table
III) whose vinylic hydrogen has a very similar molecular

environment.

(32)
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Benzyl methylene signals. From the modified Shoolery

rules (Dailey and Shoolery 1955; Royal Institute of
Chemistry Summer School 1964) the expected chemical shift
for PhCH, in a PhCH,C(t-Bu) = CHCH,NMe, structure is 198
Hz at 60 MHz*; thus the gisg signal (161.5 Hz) has an
unusually high field, and the trans (215 Hz) a low field
position. Diagrams for the theoretical shielding 2zones
(ApSimon et al. 1967) arising from a carbon-carbon double
bond predict that the methylene protons of the cis isomer
(76) will be screened and high field in the preferred con-
formation shown in Figure 4 (R' = H; R = CHZNMez). Con-~-
versely, the methylene protons of the trans isomer (79)
depicted in Figure 6 willlbé at lower field than the
expected value as a result of their presence in the deshield-
ing cone of the‘double bond. Thus, the deviation from the
calculated chemical shift values are consistent with the
assigned configurations.

Methyleneamino and dimethylamino signals. The similar

resonance positions of the isomeric CH,N and NMe, signals
show that the cis and trans dimethylaminomethyl substitu-

ents differ little in their molecular environments. This

* = 8.75 - £0.75 (}={) + 1.3 (Ph) = 6.7 (198 Hz) (the

TCH
metﬁylene protons are flanked by the double bond and phenyl
groups in the structure)
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is only likely to be the case if the‘aromatic group
is removed from the aminomethyl function in the cis
(t-Bu/H) isomer (76) (as it must be in the trans form).

An arrangement of this type is an essential feature of

the proposed cis conformation (Figure 4, R' = H; R =
CHZNMez) which therefore receives further support.

At this point, it was decided to investigate
further the observed magnetically non-equivalent t-Bu
group and PMR temperature studies in DMSO-d6 at 100 MHz
were carried out. It was anticipated that at higher
temperatures the remote Me group in the cis (t-Bu/H)
but-2-ene (76) might be freely rotating or less restric-
ted to cause the separate t-Bu signals to coalesce into
a solitary singlet or move more closely together. How-
ever, the separation of the t-Bu singlets diminished only
slightly as the temperature was raised (separations:

80.4 Hz at room temperature, 75.6 Hz at 100°, 72.4 Hz at
150° and 71.8 Hz at 180°). This indicated that observa-
tion of the non-equivalent signal must be associated with
large barriers to rotation of the t-Bu group about its
link to the double bond, as may reasonably be expected on
account of the highly crowded nature of the cis molecule
(see Figure 4, R' = H; R = CH2NMe2).

The question of the novelty or otherwise of the
phenomenon of a magnetically non-equivalent t-Bu group

then arose and, accordingly, a thorough literature search
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was made. Although four low temperature examples were
noted, only a single previous report of non-equivalence
withina t-Bu group at normal temperatures was evident.
This concerned the adduct (82) formed from tetrafluoro-

benzyne and t-butylbenzene which exhibited a PMR spectrum

(82)

at 33° containing a six-proton singlet 12 Hz downfield of
a three-proton singlet (Brewer et al. 1967). The splitting
was interpreted as a result of a preferred conformatigh
caused by restricted rotation of the t-Bu group as shown
in structure (82). The two methyl groups adjacent to thé
ortho fluorine substituent are presumably deshielded by the
aromatic ring to effect their low field position.

The four low temperature examples reported seem
more conventional, as at -100° or greater the enormously
increased solution viscosities assist the necessary restric-
ted rotation to a significant extent (Cupas and Heyd 1969)
in addition to the normal low temperature effect. Anet
and his group (1966; 1968) have observed 2:1 t-Bu signal
splittings at -160° to -130° in a series of t-Bu cyclo-

alkanes. The separation of the t-Bu singlets were considered
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too large to be attributed to ring inversion and the
higher field three proton singlet was explained by the

Newman diagram in Figure 8. The fully staggered

Me*

Me Me

Figure 8. Restricted rotation in t-Bu
cycloalkanes.

rotamer was postulated as the preferred conformation at
these low temperatures so that the asterisked Me group
was more screened by the adjacent ring methylehes than
the remaining two methyl radicals. The actual separations
of the t-Bu singlets are given below and they can be seen
to be of a low order. However, a probable explanatiqn of
these order of magnitude is the lack of markedly aniso-
tropic groups (such as phenyl) within these structures;
only such strongly magnetic moieties may be expected to

produce large splittings.

Separation of the t-Bu singlets I _
in Hz at 60 MHz (solvent, 2:1, n(n caiﬁogfa:g;:lar)
vinyl chloride: CH2HC1) _

7 5
8 6
11 7
13.5 8
10 9
9 10
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Kessler and coworkers (1968) have also reported
t-Bu magnetic non-equivalence after conformational
freezing and slowing of the rotation of t-Bu group in a
number of cyclohexadienones at -100°; more recently,
Cupas and Heyd (1969) published the first example of a
t-Bu group splitting into three singlets. These authors
designed a t-Bu cycloheptatriene which existed in the

two invertomers (83 and 84). At —104°, the invertomer

EfBu
H
A/
—
Me
(83) _ (84)

(84) predominated and the rotation of the t-Bu group was
slowed sufficiently to produce the preferred conformation
shown in Figure 9. The presence of the ring Me substitu-

ent then produced the necessary asymmetry to split the

Figure 9. Preferred conformation of the t-Bu
cycloheptatriene (84) at -104°%
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t-Bu group into three separate signals in the ratio
1:1:1.

As a continuation of our own work, it was decided
to prepare the cis (t-Bu/H) analogue (86) containing a
phenyl substituent in place of the benzyl function of
compound (76), to examine the effect on the t-Bu resonance

absorption and to further our structure:activity studies.

- H
£ Bu\\ //,

C =2¢C
yd N
2 CHZNMe2

(76)

PhCH

The necessary carbinol (85) was synthesized by

reaction of the aminoketone (77) with phenyl-lithium but

g Ph Li QH
t-Bu- -CH2CH2NMe2 ——) E-Bu-cl:-CI-Iz-CHz-NMe2
Ph
(77) (85)
(-u,0)
tBu H
///C = C\\\
Ph CHZNMe2
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samples isolated were heavily contaminated with unchanged
ketone and could not be resolved. The alcohol (85) was
isolated as a hydrochloride, however, from the product of
treating unpurified material from the reaction with an
acetic-hydrochloric acid mixture (reflux, 4 hours), to-
gether with a l-t-butyl-3-dimethylamino-l-phenylprop-l-ere.
The dehydration procedure allowed equilibration of isomers
and hence the product obtained represented the more stable
form. Moreover, the PMR spectrum of the total base dis-
played a single vinylic sighal so that only one isomer
appeared to be produced. This was probably the cis (t-Bu/H)
propene (86) since molecular models (Catalin and Framework)
revealed that interactions between adiacent substituents
are undoubtedly of a higher order in the corresponding
trans (t-Bu/H) isomer.

The PMR spectrum of the pure cis (t-Bu/H) prop-l-ene

(86) hydrochloride (see Table XII) showed a sharp nine-

proton t-Bu singlet indicative of free rotation of this
group. Such evidence suggested that the molecular struc-
ture of the benzyl analogue (76) was ideal for the requi-
site restricted rotation situation to produce magnetic non-
equivalence within its t-Bu group.

Catalytic hydrogenation of the cis (t-Bu/H) prop-

l-ene (86) to the aminopropane (87) was also carried out
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H t£-Bu

Pd/C/H, <=

Nc - c::: —_2 :>CH-CHZCH2NMe2

7 CH,NMe,, Ph
(86) (87)

t-Bu

Ph

as the t-Bu group in the reduced product appeared to be
in a hindered situation on the evidence of models. This
made the PMR spectrum of the compound (87) of potential
interest but again the t~Bu signal appeared as a sharp
nine-proton singlet, indicative of a freely rotating t-Bu
group. |
It was therefore decided to examine the PMR effects
of-ggggg substitution within the benzyl ring of the cis
(t-Bu/H) but-2-ene. To this end, synthesis of the pre-
cursor tertiary alcohols (88) was pursued by treatment of
the Mannich ketone (77) with the appropriate Grignard
reagents. Acid-catalysed elimination of the carbinols was
then envisaged to produce the usual aminoalkenic mixtures

from which the required cis (t-Bu/H) but-2-enes might be

isolated.
?H
t-Bu-C-CH,CH, NMe, Ar = (a) o-Cl-C.H,
éHZAr

(b) 2,6-diCl-C H,
(88)
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The o-chloro carbinol (88a) was obtained in good
yield and its dehydration in the normal manner yielded the
expected three isomers (89, 90 and 91). Fractional crystal-
lisation of the hydrohalide mixture resulted in the isola-

tion of the three pure isomers (89, 90 and 91) whose PMR

(88a)

l (-H,0) Ar = 0-Cl-C.H,

t-Bu\\\ ,// ArCHz\\ _ ///H

c=C
-‘,“CHz/ \CHZNMez Ar/ | \cnztméz
(89) ' (90)
H t-Bu
\ -
Ar/ \CH ,CH,NMe,,
(91)

characteristics are entirely comparable (see Table XII)
with the corresponding members of the original series.
The spéctrum of the cis (t-Bu/H) but-2-ene (89) again
displayed a two component t-Bu signal and the observed
separation was equal to that seen in the phenylbutene
example; the absolute chemical shifts were slightly lower
field (see Table XII) than in the unsubstituted benzylic
compound due to the presence of the electronegative
chlorine substituent. It was therefore thought that the

o-chloro isomer was still able to adopt the postulated
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Figure 10. Proposed preferred conformation of
the cis (t-Bu/H)-o-chlorobenzyl-
aminobut-2-ene (89).

preferred conformatibn of the benzyl analogue (see Figure
4), possibly by positioning of the large o-chloro sub-
stituent in the more remote ortho position (see Figure 10).
Furthermore, the increased steric bulk of the suhstituted
aromatic function should augment its non-bonded interactions
with the adjacent dimethylaminomethyl group which, in turn,
should increase the driving force necessary to place the
benzylic function close to the t-Bu group as required for
the preferred conformation depicted in Figure 10.

Further work upon this problem involved dehydration
of the mixture resulting from reaction between the Mannich
base (77) and 2,6-dichlorobenzyl magnesium bromide after
failure to isolate a pure sample of the tertiary alcohol
(88b) intermediate. Fractional crystallisation of the
elimination product provided three aminoalkenes, the yields

being low owing to the substantial amount of non-alcoholic
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impurity (chiefly 77) contained in the substrate. Two
of the products were the isomeric aminobut-2-enes (92

and 93) derived from the carbinol (88b). The third,

t-Bu H Ar'CH H

SN L 2\ /
TN 27N

Ar‘cH, H,NMe, t-Bu CH,NMe,
(92) - (93)

however, was the aminopropene (86); this unexpected re-
sult was corroborated by subsequent isolation of its
tertiary alcohol (85) precursor from the total product

OH t-Bu H
{ - /
t-Bu-C-CH CH2NMe2 = C

C =
2 |
Bh H/ \CH2NMe2
(85) (86)

of the Grignard reaction. Suspicions that the commercial
sample of 2,6-dichlorobenzy1 bromide used might be con-
taminated with bromobenzene* which could ultimately be
responsible for formation of the carbinol (86), were
allayed by the following observations and experiments:

1. Microanalytical figures for cafbon and hydrogen. agreed

very closely with the calculated values for 2,6-dichlorobenzyl

* Chlorobenzene, another possible contaminant, does not under-
go the Grignard reaction under normal conditions (Rharasch
and Reinmuth 1964; Fieser and Fieser 1961).
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bromide as shown below:

c H
C7H5Br012 requires 35.04 2.10
Found ~ 35.24 1.90

2. Amplified PMR integral values of the aryl:methyl
proton signal ratio obtained from a 10% solution of 2,6-
dichlorobenzyl bromide gave an observed ratio of 1.49:1
respectively (theoretical 3:2 or 1.50:1). The sensitivity
of this PMR method to small amounts of bromobenzene was
tested by integral measurements of a series of standard
gsolution of 10% 2,6-dichlorobenzyl bromide mixed with

known amounts of bromobenzene (see below).

w/w % PhBr contained Calculated aryl:methyl Observed

in standard solution integral ratio ratio
0 1.50 1.49
1.3 1.51 1.56
3.6 1.64 1.75
8.5 1.86 1.91
13.6 2.10 2.10

These data showed that, if anything, slightly high values
for the observed ratio were obtained so that even 1.3%
contamination with bromobenzene was detectable. Thus,
this method gave further support for the purity of the

bromide substrate.
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3. The observed m.p. (55°) of the sample agreed pre-
cisely with the value (55°) quoted in the literature
(Bertram et al. 1956).
4. The final and most concluisive evidence was provided
by a GLC examination of the sample using an F and M
Scientific 700 laboratory chromatograph with a hydrogen
flame ionisation detector (see experimental for full
details). A silicon gum rubber column at 120° was used
and a solution of the 2,6-dichlorobenzyl bromide in ether
recorded only a single peak for the compound (retention
time 20.5 minutes). An analytical sample of bromobenzene
was then passed through the column under the same condi-
tions and its retention time was much less (1.2 minutes).
Re-examination of the chart for the dichloro compound
showed absolutely no trace of any peak at the 1.2 minute
mark. Addition of bromobenzene to the pure dichloro
solution did, however, provide the expected two peaks at
20.5 and 1,2 minute retention times. The extreme sensiti-
vity of the instrument used, together with the observed
results, gave final proof of the high purity (399%) of
the sample of 2,6-dichlorpbenzyl bromide used in our
experiments.

Thus, reaction between 2,6-dichlorobenzyl magnesium
bromide and the aminoketone (77) involves, to some extent,
the loss of aryl halogens and the methylene group from the

substituted benzyl fragment. This unusual Grignard
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reaction may be linked with the highly hindered nature
of the two components of the reaction since the less

crowded Mannich base (38), with the same Grignard

0 OH
] o
Ph-&—CHz-CHZNMe2 Ph—?-CHZCHzNMez Axr = 2,6-d1Cl-CGH3
CHzAr
(38) (94)

reagent gave a 40% yield of the expected tertiary alco-
hol (94), no abnormal products being detected. There

are few references to the use of 2,6-dichlorobenzyl
halides in Grignard reactions (Kharasch and Reinmuth
1954), and the degradative phenomenon noted here appears
to be novel. However, the mechanism involved in this un-
usual cleavage reaction of 2,6-dichlorobenzyl magnesium
bromide is obscure.

The configurationsof the two isomeric aminobut-2-
enes (92 and 93) obtained were based on the differences
in the chemical shifts of their vinylic, benzylic methylene,
and t-Bu signals, as previously described for the related
PhCH2 and g_-Cl-C6H4CH2 compounds (76, 79, 89 and 90).

Once again the t-Bu signals differed in a striking
manner, that of the trans isomer (93) being a sharp nine-
proton while the cis signal was a sharp six plus a broad

three proton singlet (see Table XII).
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£-Bu H Ar'CH H
T Nc=c 2\c = c”
\,
ArtcHs “\ CH.NMe t-Bu/ \CH NMe
2 oNMe, b= oNMe,
- -dicl-
Ar' = 2,6-diC1-C/H,
(92) (93)

As argued before (see p. 86), it is proposed that
interactions between the substituted benzyl function and
the dimethylaminomethyl substituent cis to it result in
the former being deflected towards the t-Bu group. The
increase in bulk of the benzylic function following the
entry of ortho chloro substituents must render the close
approach of the two cis groups correspondingly less
favoured and this factor appears to outweigh any increase
in the t-Bu/benzyl interaction energy.

Comparison of the benzylic methylene proton reson-
ance positions (see below) for the three cis (t~-Bu/H) but-
2-enes (76, 89 and 92) showed a progressive and significant

CH, Ar chemical shift

Compound Benzylic Structure =2 in Hz (Cbcli)
(76) (HC1) -CH2Ph 161.5

(89} {(HC1) —CHz-ngl-C6H4 172

(92) (HC1) -CH2—2,6-diCl-C6H3 186

lower field shift as substitution in the ortho aromatic
positions increased. At first sight, this apparent increased

deshielding effect on the methylene protons indicated that
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the greater steric bulk of the aromatic function con-
taining the chloro group(s) was causing progressive
tilting of the ring away from the t-Bu group and towards
the plane of the carbon-carbon double bond in the postu-
lated preferred conformation (see Figure 4).

This supposition, however, is invalidated by the
following two reasons:
1. Magnetic non-equivalence of the t-Bu groups was ob-
served in all three cis (t-Bu/H) compounds (76, 89 and 92).
This demonstrated the continuance of the highly hindered
situation and the accompanying restricted rotation in
each molecule. In addition the chemical shifts of the re-
mote Me signals (three protons) of each t-Bu group were
almost unaffected in the unsubstituted (111.5 Hz), o-chloro
(113 Hz) and 2,6-dichloro (112 Hz) isomers, which indicated
maintenance of the preferred conformation (see Figure 4) in
each molecule.
2. Examination of the benzylic methylene chemical shifts
of the three benzyl halides used as the Grignard reaction
substrates in our studies (see below) showed that the reson-
ance positions of the methylene signals, as chloro substi-
tution in the ortho ring positions increased, fell at lower
field just as in the case of the corresponding cis (t-Bu/H)
but-2-enes. Thus shifts in the benzyl resonances seen in
the aminobutene isomers may be attributed largely to the

deshielding effects of the chlorine substituents rather
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CH.,-Ar chemical shift

Halide -2 in Hz (CDClj)
Benzyl chloride 275
o-chlorobenzyl chloride 283
2,6-dichlorobenzyl bromide 287*

than any effect caused by a change in orientation of
the aromatic ring in these structures.

All of the aminoalkenes containing the cyclohexyl,
2-pyridyl and t-Bu groups in the 1- and 2-positions were
submitted for pharmacological testing and the data obtained

are now discussed.

(ix) PHARMACOLOGICAL RESULTS AND DISCUSSION OF COMPOUNDS

DESCRIBED IN (wviii)

The pharmacological results obtained for the compounds
discussed in section (viii) are given in Table XIII; activity
in all cases was low. Each structural type will now be
briefly discussed:

1. cis (H/Ph)l-cyclohexyl-4-dimethylamino-2-phenylbut-2-ene
(68) . This compound possessed the optimal molecular struc-

ture for activity amonst aminobutene isomers as previously

* The chemical shifts of the corresponding 2,6-dichlorobenzyl
chloride (a better comparative model not to hand) will
almost undoubtedly be a few Hz lower field than this value
because of the greater inductive effect of chlorine com-
pared to bromine.
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known from data on 1,2-diarylbutene compounds (see Tables
III and VI). The presence of the alicyclic cyclohexyl
group in the l-position sharply reduced antihistaminic
activity which'suggested that a benzylic aromatic function
is a necessary adjunct for blockade of the histamine recep-
tors. Indeed, the latter group may well occupy an addi-
tional receptor area which is not implicated in the uptake
of histamine itself (see later for speculations in this
respect).

2. 4-Dimethylamino-2-phenyl-1(2-pyridyl)but-l-ene isomers
(74 and 75). From previous considerations, both isomers
had unfavourable molecular geometries and the low ordefs

of activity observed were therefore as anticipated. Un-
fortunately, the cis (H/Ph) but-2-ene analogue (with the opti-
mal structure for activity) was not isolated so that the effect
of having a 2-pyridyl benzylic function could not be tested.
3. t-Butylaminoalkenes. All the various isomers tested
had feeble antihistaminic properties with the exception of
the trans (t-Bu/H) but-2-ene (79) which had moderate acti-
vity at a fairly high solution concentration (0.10 ug/ml).
Both cis (t-Bu/H) but-2-enes (76 and 89) tested had sharply
reduced potencies comparea to the parent cis diphenyl but-
2-ene (33) compound. These data emphasised the need for

an aromatic function in the 2-position of cis but-2-enes
(rather than merely a bulky group) which suggested that

the coplanar 2-aryl function was an important factor for
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uptake by the histamine receptors.

At this point, it seems pertinent to summarize
all the conclusions reached from the pharmacological
results for the various aminobutene isomers described
and discussed in Chapter 3 of this thesis:

1. The most important deduction to emerge from the
pharmacological data is that the molecular geometry of
cis (H/Ph)1,2-diaryl butenes (58) is optimal for anti-

histaminic potency amongst aminobutene isomers.

"////////////////

Ph H

(58)
(c) -&C:]

2. The 1,2-aromatic functions of these most pctent
isomers (58) appear necessary for activity and the planar
region (see shaded area of 58) of these molecules is con-
sidered essential for significant interaction with the
histamine receptors.

3. The high activities of the dimethylamimno (33), pyrroli-
dino (47) and piperidino (41) cis (H/Ph) but-2-enes indi-
cates that the nature of the basic group (R) amongst these
most active aminobutene isomers (58) is not too critical.
There is some evidence, however, that the N-pyrrolidino

tertiary amino function is associated with the highest
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orders of potency which may possibly be due to superior
transport characteristics of isomers containing this

basic group.
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CHAPTER 4

3-AMINOPROPENES AND RELATED COMPOUNDS

RESULTS AND DISCUSSION
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(1) HISTORICAL INTRODUCTION

In 1949, Adamson prepared a series of 4-amino-1l-

diphenylprop-l-enes (95) which were shown to possess

Ph\\ /H R= (a) NMe,
/C " (b) NEt,

Ph CH,R

| (c) —N(j

(d) —N: >

(e) -l\f >0

only moderate antihistaminic potencies (Green et al. 1951).

- (95)

However, during the previous year, Huttrer (1948) had ob-
served that replacement of the phenyl group by 2-pyridyl in
several known antihistamines increased activity. For example,
substitution of the N-phenyl group of Antergan (24), led to
the more potent drug Pyribenzamine (96) which, in turn, led
to the introduction of the clinically useful antihistamine,
Mepyramine (37).

Accordingly, Adamson and Billinghurst (1950) prepared
2-pyridyl analogues of the diphenylprop-l-enes, by dehydra-
tion of the éppropriate tertiary alcohols (97). The amino-
propene products were separated as the pure cis and trans
isomers and one compound, the trans (2-pyridy1/CH2N) prop-
l-ene (12), was found to be extremely potent; most signifi-

cantly, it was about 80 times more active than the related
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PhCH2 PhCH2
.
// CHZCHZNMe2 N CHZCHZNMe2
Ph / \N
(24) = (96)
ArCH Ar'
2\ \ H P
-CHZCHZNMe2 } ngHz-CHz-N\
\ \
/ (37) /' Ny (97)

(Ar = p-MeO-C.H,)

7 Ny
//C i C<::H A:\\C i C:::H
ar” cH, AN CHz"‘O
(12) — (13)

(Ar = p-C1-C_H,)

cis isomer (13) (Adamson et al. 1951). Further examples
of 2-pyridyl aminopropenes were then prepared (Adamson
et al. 1957) and the most active member of the series
was found to be the trans (2-pyridyl/CH2N) prop-l-ene

(14) (Green 1953b) later marketed as the antihistamine

Triprolidine.
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7 \
— H Ar = p-Me~C
c=c” FTETTe
/ N

Ar CH2-N

(14)

Apart from the three isomers (12, 13, and 14)
discussed above, no pharmacological data for any of the
other aminopropenes prepared were reported by either
Adamson or Green. It was therefore decided to synthesise
examples of the Triprolidine type together with some
suitably substituted Me derivatives from two standpoints:
l. To examine the previously undetermined PMR spectra of
pure isomers in an attempt to make configurational assign-
ments by the same arguments used for the aminobutene
series (see_Section 2). If the PMR method proved success-
ful, it was intended to check the configurations based on
UV assigned to several isomers by Adamson and his group
(1951; 1957; 1958).

2. To obtain our own pharmacological data for various

aminopropene isomers so that a full stereochemical structure:

activity study of these compounds could be made.

(ii) PREPARATION OF 3-AMINO-1-ARYL-1l-(2-PYRIDYL)PROP-1-~ENE

ISOMERS

The dimethylamino isomers (99 and 100) were initially

prepared using the method of Adamson and Billinghurst (1950)
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who had reported easy separation of the two compounds by
fractional crystallisation or ion-exchange chromatography.
2-Pyridyl-lithium was the reagent used for introduction of

the 2-pyridyl group into the carbinolic structure (98) and

g 2-pyridyl-lithium gH
I o I 3\ o D -
Ph-C-CH,CH,NMe,, > Ph-C-CH,CH,-NMe,
(38) | | NN (98)
-H,0
(=H70) _
/ \
— H Ph H
c=c” + N - c/
VAN TN
Ph CH, NMe - CH,NMe,,
y ) N 27€)
(99) N7/ (100

its synthesis was by the two stages shown below. These
consisted of the preparation of an ethereal solution of
n-butyl-lithium (we used the improved method of Akhtar and

Barton, 1964, for this step) followed by its treatment with

-10° to +10° l
l. n-BuBr + 2 Li N —> n-BulLi + LiBr
' 2
ether

(\J.B-so° to -50° | N
2. n-BuLi+ 3 + BuBr

2-bromopyridine under nitrogen at -60° to -50°. During
the course of the second stage, great care was taken to

ensure continual maintenance of the reaction temperature
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below -45° as Adamson and Billinghurst (1950) had
reported an explosion after one of their preparations
had warmed above this temperature.

Dehydration of the alcohol (98) was effected by
heating in a solution of 85% sulphuric acid at 100-1leo
for two hours. The basic reaction product was isolated
in the normal manner and its PMR spectrum revealed two
methyleneamino doublets and a single vinylic triplet.

This suggested that the vinylic absorptions for the two
free base isomers were coming to resonance at exactly the
same field position (a point confirmed later). Acidifica-
tion of the basic mixture with ethanolic oxalic acid and
subsequent fractional crystallisation yielded pure oxalate
salts of each isomer; their PMR spectra were determined in
D,0 and the characteristics observed are shown in Table
X1v.

Configurational assignments of the two oxalate iso-
mers were initially made from observation of their UV
spectra in ethanol using the method of Adamson and his
group (1957). The EEEES (Zepyridyl/CHzN) compound (99)
exhibited absorption maxima at 245 (¢ 7800) and 283 mp
(e 5690) to produce a UV spectrum very similar to that of
2-vinylpyridine (101), whereas the cis (2-pyridyl/CH2N)

isomer (100) exhibited a single band (X 252 mp, e 10,000)

max
typical of styrene (102). Adamson and his group obtained
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comparable UV parameters for these compounds and inter-
preted their results according to the relative spatial
positions of the aromatic functions about the olefinic

bond. In the trans isomer (99) non-bonded interactions

Ph\\\c _ C///H
H’// \\\H

(101) (102)

betwéen the adjacent phenyl and dimethylaminomethyl groups
twists the aryl ring out of the plane of the double bond
to obliterate the chromophoric effect of the styrenoid por-
tion of the molecule. At the same time, the 2-pyridyl fun-
ction remains essentially coplanar with the double bond to
constitute a system of extended conjugation much akih to
the conjugated section of the 2-vinyl pyridine molecule.
Thus, there is a distinct resemblance‘between the UV spectra
of the trans isomer (99) and the 2-vinyl pyridine (101)
model. Similarly, within the cis isomer (100), only the
phenyl ring and carbon-carbon double bond may be coplanar.
Thus the UV spectrum of the cis isomer strongly resembles
that of styrene (102).

Having determined the configurations of the two iso-
mers (99 and 100) by the UV method it now remained to con-
sider and explain the appropriate PMR absorptions of each

compound. In this context, knowledge of the comparative
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deshielding effects of the 2-pyridyl and phenyl aromatic
functions was reéuired; the order of these effects was
obtained by observation of the respective chemical shifts

of the vinylic protons cis. to the aromatic functions of

the same two model systems, 2-vinylpyridine (10l1) and

styrene (102), used for the UV assignments. Within these
compounds, the 2-pyridyl and phenyl rings are in uncrowded
molecular environments so that each cis vinylic shift posi-
ktion reflects the time-averaged deshielding influence upon

it by the adjacent aromatic function. The literature values
for the cis vinylic signals in CDC1, of 2-vinyl pyridine and
styrene are 373 (Bhacca et 21. 1962) and 337 Hz (Tobey 1969)
respectively from TMS at 60 MHz. Thus, a sterically uncrowded
2-pyridyl function appears to have a more significant deshield-
ing effect than a phenyl ring upon a group cis to it within

an olefinic structure.

The observed PMR values for the two isomers in the free
base and oxalate states are given in full in Table XIV and the
chemical shifts for the methyleneamino and vinylic protons
are also shown below. The relative field positions of each

isomeric group will now be discussed:
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Chemical Shifts in Hz

Compound Form §§2N =C-H
trans(Z-pyridyl/CHzN) base? 183 380
(99)
" oxalate? 232 398
'cis(2-pyridy1/CH2N) pased 190 380
(100) .
" oxalate® 226 382
a .
in CDCl3 (TMS)
b

in DZO (DSs)

l. Vinylic Signals. In the two oxalate isomers the

chemical shifts are in the expected order i.e. the vinylic
shift of the trans (Z;pyridyl/CHzN) isomer (99) is lower
field than the cig compound (100). This is probably due

to the greater deshielding effect of the 2-pyridyl function
on its adjacent group in the trans compound.

The vinylic shifts of the free base isomers are pre-
cisely the same (380 Hz), however, but the field position
for thé cis (2-py£idyl/CH2N) compound is rather low when
compared to the value of 371 Hz (aL&aﬁxCDC%) for the viny-
lic proton of the model compound (95a) (described later).

The diphenyl analogue (95a) should be a suitable comparative
Ph. H

Ph// CH NMe2
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model as its vinylic proton is in a very similar mole-
cular environment. It therefore appears that the free
base vinylic shift of the cis isomer (100) in CDCl, is
anomalous (see p. 126 for further discussion on this
point).

2. Methyleneamino Signals. The appropriate shifts of

the free base compounds are in the predicted order from
consideration of the relative-deshielding influences of
the adjacent aromatic functions, but the separation of
the cis and trans signals is only small (7 Hz).

The shifts of the oxalate isomers, howéve:, are
in the opposite order to that of the free base compounds.
It therefore seems probable that solvation effects of the

D,O medium are altering both the electronic and bulk pro-

2
perties of the two N centres. Furthermore, in solution

only the dimethylamino function is positively charged as
it is known that the pKa's for isomers of this type are
approximately 9.5 for the éliphatic amino group and only
3.0 for the 2-pyridyl centre (Adamson et al. 1957).

It is therefore postulated that in the cis(2-pyridyl/
CH2N) isomer (100) the adjacent solvated N structure fea-
tures sterically interact to force the 2-pyridyl ring sig-
nificantly out of the plane of the double bond. Hence,
the overall effect may be to produce a slight screening
influence on the methyleneamino group inspite of its juxta-

position with the 2-pyridyl ring. The methyleneamino
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signal of the gig'(z-pyridyl/CHzN) oxalate isomer (100)
therefore comes to resonance at higher field than the
corresponding absorption for the trans (2-pyridy1/CH2N)
compound (in the free bases, the cis methyleneamino
signal is 7 Hz lower field than the corresponding trans
signal). 1In the latter isomer, it is proposed that
steric clashing between the adjacent phenyl and methylen-
amino groups is of a less serious order; the phenyl ring
remains more closely in the plane of the double bond so
that the adjacent methyleneamino protons are more effect-
ively deshielded. |

Thus, PMR spectroscopy appeared to provide a suit-
able method for configurational assignments of 2-pyridyl
propene isomers. A further check of the technique was
provided by examination of the PMR'spectra of Triprolidine
(14) and its cis (2—pyridy1/CH2N) isomer (105). These
compounds were synthesized by dehydration of the approp-

riate carbinol (104) after the latter had been prepared

0 | 2-pyridyl-lithium H
Ar-é-cnz-cnz-&i:] ' > Ar- -cnz-CHz-ﬁ::]

(103) | N (104)

/T_Qx Ar ='27M§-C6H4
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by reaction of the Mannich ketone (103) with 2-pyridyl-
lithium. Dehydration with 85% sulphuric acid at 100-110°
for a two hour period gave only one product (14) which
was presumably the thermodynamically more stable isomer.
Kinetic control of the elimination reaction was achieved,
however, by use of a fifteen minute heating time which
yielded approximately equal amounts of the two isomers
(14 and 105) (PMR evidence). The unique effect of the
p-tolyl group to bring dehydration reactions rapidly to
equilibrium has been previously noted by Beckett and co-
workers (1967) during their study of a. series of tetra-
hydropyridines.

Fractional crystallisation of the oxalate mixture
ied to the isolation of pure oxalate salts of both
Triprolidine (14) and its cis isomer (105). As before,
configurations were based on the UV characteristics and
relative field positions of the vinylic proton shifts of
the pure oxalate isomers. The field positions of the methyl-
amino doublets of each compound were again in the reverse
order (see p.123) in the free base and oxalate forms. More-
over, the vinylic shift (376 Hz) of the cis free base (105)
agreed very well with the value of 377.5 Hz for the vinylic
proton of the model diphenyl analogue (95c¢) (descfibed later).
This shift for the cis isomer was significantly higher field
than the corresponding submerged signal for the trans com-

pound (see Table XIV), a result which emphasizes the
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anomalous nature of the vinylic chemical shift of the

Ph H
\\‘C _ C’//
Ph’// \\‘cnz-
(95¢)

cis (2-pyridyl/CH2N) dimethylamino free base (100) (see

p. 123). The latter phenomenon may now be explained by
the différences in steric bulk of the two amino functions
of the related cis compounds; the deshielding effect of an

uncrowded 2-pyridyl group upon a function trans to it

Ph H Ar
¢ = c’// e - c’/H
= -
CH.,NMe CH,-N.
7\ pNMe, 7 \N 2
(100) Ar = p-Me-CgH, (105)

appears to be significant when the respective trans.vinylic
shifts of 327 (Bhacca et al. 1962) and 308 Hz (Tobey 1969)
(from TMS) of the model 2-vinylpyridine (101) and styrene
(102) compounds are compared; this observation contrasts
to the negligible deshieldihg effect of a trans phenyl ring
(Tobey 1969).

It is therefore proposed that the EEEEE deshielding
influence of the 2-pyridyl group on the vinylic proton of

the cis dimethylamino free base (100) is of significance
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inspite of some twisting by the heterocyclic function

out of the plane of the double bond; accordingly, the
vinylic shift is reduced to an apparently anomalous low
field position (in the cis aoxalate this effect is much
£éduced due to the increased bulk of the solvated 2-
pyridyllgroupf. In the cis pyrrolidino frée base (105)
the greater non-bonded. interactions. between the 2-pyridyl
riﬂg and the bulkier basic function are considered to
minimise the trans deshielding effect upon the vinylic
proton because of thevincreased lack of coplanarity of the
2-pyridyl ring with the double bond. This concept is
further supported by the very small‘(+0.2 Hz) separation

of the cis and trans methylene amino signals- of the free

base compounds. Thus, the vinylic shift of the cis isomer
agrees. very closely with that of the model diphenylpyrroli-
dino compound (95c).

‘ The order of vinylic shifts of the free base isomers
was therefore the same as for the oxalate isomers; both
forms were now in accord with arguments based on the pro-
posed relative deshielding effects of the 2-pyridyl and
phenyl‘functions upon adjacent groups within aminopropene
molecules.

Finélly, the four pure aminopropene isomers (99,
100, 14 and 105) were submitted for pharmacological evalua-
tion to assess the importance of thebstereochemical features
of these compounds in determining their antihistaminic pro-

perties.
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(iii) ~ PHARMACOLOGICAL RESULTS AND DISCUSSION OF THE

3=-AMINO-1-ARYL-1~- (2-PYRIDYL)PROP-1-ENE ISOMERS

The pharmacological data obtained are given in
Table XV and the cis and trans dimethylaminopropenes
(99 and 100) had only feeble antihistaminic activities
of short duration. In addition, there was no significant
difference in the activities of these two compounds but
in the case of the Triprolidine isomers (14 and 105) the
trans (2-pyridy1/CH2N) compound (14) (Triprolidine oxalate)
was markedly more potent than its cis isomer (105). The

pA., value for the trans isomer (14) was determined as 9.0

2
indicating its extreme antihistaminic activity as might
be expected of a drug in current clinical use.

However, it is clear that our own pharmacological
results do not wholly support the contention of Adamson
and his group (1951) that high and specific antihistaminic
activity is shown only by the isomers with the trans (2-
pyridyl/CHzN) configuration.. A firm conclusion on this
point could only be obtained by the testing of a large
number of aminopropene isomer pairs containing various
basic and aryl functions.

Nevertheless, we continuved our study of aminopropenes
containing the 2-pyridyl group by synthesizing some analogues
containing Me substituents to examine the effect on activity

of increased non-planarity within these structures.
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(iv) 3-AMINO-1-ARYL-1l (2-PYRIDYL)PROP-1-ENES CONTAINING

METHYL GROUPS

(a) o-Tolyl Derivatives

The o-tolyl carbinol (106) was prepared in low
yield (11%) from 2-pyridyl-lithium and the appropriate
Mannich ketone (62). Acid-catalysed elimination of the

carbinol in 85% sulphuric acid at 100-110° for 2.5 hours

0 2-pyridyl-lithium H
Ar-&-cnz-cnzeNMe2 3 Ar-C-CH,CH,NMe,

A
(62) "\/’ (106)
S

Ar = o-Me-CgH,

— H Ar H
c=c + Nl
e N N
Ar CH,NMe, 7\ CH,NMe,
(107) =/ (108)

yielded a mixture of 65% of the trans (2—pyridyl/CH2N)
(107) and 35% of the cis (2-pyridy1/CHéN) (108) amino-
propenes (PMR integral data). Both compounds were novel
and acidification of the basic product with ethanolic
oxalic acid folloWed by fractional crystallisation yielded
one isomer in the pure oxalate form. Its related isomer
could not be resolved but PMR spectra of ﬁhe pure compound

and a mixed oxalate crop (see Table XVI) gave comparative
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spectral parameters of the two isomers. The vinylic
signal of the pure oxalate came to resonance at much
lower field (409.5 Hz) than the same signal (363 Hz)

for the other isomer contained in the mixture. The
large cis/trans vinylic shift difference was explained
by the assignﬁent of the EEEEE (2-pyridy1/CH2N)‘(lo7)
configuration to the pufe cémpound (confirmed by the UV
spectrum of this isomef being of the 2-vinylpyridine
type, see experimental). Within the latter isomer there
is undoubtedly a Stﬁongdeshieiding effect by the 2-pyridyl
ring on the adjacent vinylic préton; the similar effect
by the o-tolyl function in the related cis isoméi is
greatly reduced by ﬁhe}non;planérity of thé o-tolyl and
vinylic groups as a result of their steric interaction
(evidence of models and UV evidence of related o-tolyl
aminobutenes; see p. 66).

Liberation of the bases from the mother liquors and
re-acidification with ethanolic hydrogen bromide led to
the isolation of a 50:50 dihydrobromide mixture of the two
isomers, but a pure sample of the cis (2-pyridy1/CH2N)
isomer (108) could not be obtained.

PMR spectral data for the two isomers (the values
for the cis isomer being obtained from the mixtures) are
given in Table XVI. 1In contrast to the phenyl analogues
(99 and 100), the methyleneamino signals for the trans

isomer (107) are at higher field (225.5 and 172 Hz) than
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the corresponding absorptions (236 and 205 Hz) in the
cis isomer (108) in both the oxalate and free base
forms, respectivély. These observations can be attri-
buted to the serious steric clashing between the adjacent
o-tolyl and methyleneamino groups contained in the trans
(2-pyridy1/CH2N) (107) isomer. Molecular models (Catalin
and Framework) of the trans isomer suggest that the o-
tolyl ring preferentially orientates itself at an angle
of about 90° to the plane of the carbon-carbon double
bond. Thus, there is a distinct screening effect by the
aromatic function 6n the cis methyleneamino protons which
therefore resonate at high field. 1In the cis (2-pyridyl/
CH2N) (108) isomer, the adjacent solvated N functions do
not interact so markedly as the o-tolyl/methylamino situa-
tion of the other isomer; Hence the 2-pyridyl ring is
disposed at an angle of significantly less than 90° to the
double bond which results in the methylamino absorption
of the cis isomer being lower field than the corresponding
signal of the trans isomer.
The PMR authenticated trans (2-pyridyl/CH2N) isomer
and the 50:50 mixture of both isomers (107 and 108) were
submitted for antihistaminic evaluation. The pharmacolo-
gical results obtained are given in Table XVII and are

discussed in section (iv).
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(b) 2-Methyl Derivatives

It was decided to prepare several 2-Me aminopropene
derivatives as models indicated serious disturbances as
a result of both Aryl/Me and Aryl/CHzN steric clashing.
Such interactions caused the UV spectra of these isomers
to appear as hybrids of both the 2-vinylpyridine and styre-
noid types which rendered the method unsuitable for configu-
rational assignments (Adamson et al. 1957).

It was anticipated that the complexity of the steric
interactions within these molecules would make utilisaticn
of the comparative PMR characteristics of various isomers
difficult for configurational assignments. Nevertheless,
it was hoped that several previous configurational assign-
ments (based on order of elution from ion-exchange columns
and magnitudes of m.ps.) made by Adamson and his group (1957)
might be checked by appropriate application of PMR spectral
parameters.

These tertiary alcohols of structure (112) were
prepared from the appropriate .Mannich ketones (109, 110
and 111) and 2-pyridyl-lithium. The PMR spectra of each
of the three alcohols suggested that they were pure dia-
stereoisomers (no duplication of signals) of the same con-

figuration (see below for similarity of Me shifts).



Ph-g-gg-cnzmvlez
(109)

Ph-g éH-CH O

(110)

Ph-g-gg—CHz-ﬁ‘ >

(111)

Tertiary Alcohol

112a
112b
112¢

(N.B.
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-pyrldyl-llthium H Me
— —A'Ph- -—-%F
| Ny CH,R
2

Chemical shift in Hz (from TMS)
of Me signal of free base in CDCl3

59 (J7)
56 (J7)
58 (J7)

All other group shifts were masked in the pyrrolldlno

and plperldlno carbinols)
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Each.carbinol'was therefore designated with an arbitrary
a=-notation. Examinétion of the mother liquors of each
preparation showed no sign of the g-diastereoisomer (only
unchanged ketone precursor) which indicated a stereospecific
reaction mechanism for formation of: the alcohols.
Dehydration of the novel dimethylamino carbinol
(112a) by the usual method yielded an approximately equal

mixture of both isomers (113 and 114). Their presence was

(112a)
-H20
N- , _
\)/,c i C:::Me Ph\\C =vvc:::Me
Ph CH,NMe, 7\ CH,NMe,
(113) — (114)

shown by the appearance of two signals in both the olefinic

Me and dimethylamino resonance regions‘of~the basic product.
Fractional crystallisation of the oxalate salts yielded a
pure isomer which was tentatively assigned the cis (2-pyridyl/
CHZN) configuration (114). The second isomer could not be
resolved but a mixed oxalate was obtained which was con-
siderably enriched (70% from integral data) with this com-

pound.
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Inspite of the complex steric interactions within
the two isomérs an attempt has been made to make tentative
configurational assignments. The PMR values for the
groups used for assignment of configurations are shown

below and a brief discussion of the arguments used now

follows:
Chemical shifts in Hz .
Compound Form CH, N =C-Me
trans(2-pyridyl/CH2N)(113) base? 148 114
" " oxalate? 223 110.5
cis (2-pyridyl/CH,N) ~ (114) base? 178 111.5
" " oxalateb 232 108

2 in CDCl, (TMS)

b in D,O (DSS)

1. Methyleneamino Signals. In both the free base and

oxalate forms the methyleneamino signals of the cis
(2-pyridyl/CH2N) isomer (114) are considered to fall at
lower field than the correspondin&ishifts for the trans
compound because of their close molecular proximity to the
2-pyridyl ring. The latter heterocyclic function is con-
sidered (see p. 120) to have a greaterdeshielding influence

than the phenyl ring..

2. . Olefinic Me Signals. The observed trend of the isomeric

Me signals is also in accord with the proposed relative de-

shielding effects of the adjacent aromatic functions.
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Elimination of the pyrrolidino carbinol {(112b)

yielded a mixture of the two isomers (115 and 116) as

(112b)
-H.,0
2
720\"

e ;/,Me y Ph\\\ ///Me

c=cC - Yc=¢C

yd N N
Ph cnz-:O /—-\( CHZ\\O
N
(115) = (116)

shown by the duplication of olefinic Me and methylene-
amino signals in the PMR spectrum of the basic product.
Fractional crystallisation of the oxalates only led to
the isolation of a mixture of 85% of one isomer and 15%
of the other compound (PMR integral data). Differences
in chemical shifts of the characteristic absorptions of
the two isomers were not very marked and the olefinic Me

shifts of the isomeric oxalates were identical (see below).

Chemical shifts in Hz

Compound Form _ =
— CHN =c-He
trans (2-pyridyl/CH,N) (115) base? 176.5 116.5
" " oxalateb 230 113.5

cis (2-pyridyl/CH,N)  (116) base? 190.5 115
" " oxalate? 238 113.5

4 in CDCl, (TMS)

b in D0 (DSS)
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However, tentative assignments to the major and minor
components of the enriched mixture were made; the higher
field olefinic Me and lower field methyleneamino signals
of the major isomer as the free base led to its designa-
tion as the cis isomer (116) after again considering the
2-pyridyl ring to be a more effective deshielding agent
than the phenyl moiety. Thus the mixture (subsequently
submitted for antihistaminic evaluation) was considered
to be composed of 85% of the cis isomer (116) and 15% of
the trans compound (115).

Acid catalysed dehydration of the piperidino carbi-
nol (1ll2c) over a period of two hours yielded a basic pro-
duct which exhibited only single signals for the olefinic

Me (112 Hz from TMS) and methyleneamino (177 Hz) groups in

(112¢)
~H,0
/ \
N
= ’/’Me ?h\\\ . ///Me
2
cC=cC c=2cC
e N / > I< >
Ph | CHy-N / \N \cnz_- _
(117) —/ (118)

CDCl3. Each signal appeared as a sharp singlet which

suggested that equilibration had occurred with the forma-

tion of the thermodynamically most stable compound.
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The elimination was therefore repeated using a
fifteen minute heating period but the PMR spectrum of
the product was unchanged. Formafion of the oxalate salt
and numerous recrystallisations led to a compound with a
constant m.p. so that stereospecific dehydration of the
alcohol (11l2c) to form a single isomer appeared to have
occurred. However, the PMR spectrum of the oxalate in

D,0 showed two methyleneamino sign%ls at 222 and 232 Hz

2
(from DSS) apart from a single broad Me singlet at 113 Hz.

An additional spectrum of the sample in DMSO-d6 showed the
presence of two separate Me singlets (1 Hz apart) together
with the two methyleneamino signals. Thus the olefinic

Me and methyleneamino signals of the free base isomers in
CDCl3 appear to be fortuitously identical to give this
spectrum the appearance of a pure compound. It therefore
seemed probable that the oxalate sample was a 50:50 mixture
of both isomers (117 and 118). Conclusive proof of this
postulate was obtained by use ofkthe ASIS (Aromatic Solvent
Induced Shifts) éffect (Laszlo 1967 and references there
cited). Thus, a spectrum of the free base in benéene sepa-
rated the Me singlets by 6 Hz although the separation of
the methyleneamino signals was reduced to 6 Hz. The dis-
tinct alteration of the olefinic Mé shifts effects by this
method is due to the differential solute:solvent collision
complex structures for the two isomers in the magnetic

field. The different anisotrbpic shielding effect by the
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benzene solvent then causesthe changes in resonance

absorptions of the solutes.

The 50:50 mixed oxalate sample was submitted for

pharmacological test together with the other 2-Me compounds.

(v) PHARMACOLOGICAL RESULTS AND DISCUSSION OF 3-AMINO-1

(2-PYRIDYL) PROP-1-ENES CONTAINING METHYI GROUPS

The pharmacological results obtained are given in
Table XVII; generally speaking the activities of all these
compounds were very low. The most active isomer was the
o-tolyl trans (2—pyridy1/CH2N)prop-l-ene (107) which still
showed a figure of 40% inhibition after fifteen minutes
when a.0.10 ug/ml. solution concentration was uSed.y The
potency of this compound, however, dropped markedly Qhen
the solution above was diluted tenfold. The related cis
isomer (108) present in a 50:50 mixture 6f both compounds,
appeared to be less active. It therefore appeared that
the geometry of the o-tolyl trans -isomer was quite favour-
able for blockade of the histamine receptors; most signifi-
cantly this isomer was the only compound of all the Me
derivatives tested which could have its cis aromatic/H (or
Me) and dimethyleminomethyl functions predominantly in the
same molecular plane (cf. the cis (H/Ph) aminobut-2-enes,

the most active of the aminobutene isomers discussed inp

Chapter 3).
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The 2-methyl compounds existed in isomeric mixtures
in three out of the four samples (see Table XVII) tested
but in each case extremely low antihistaminic potency was
recorded; this suggested that the distinctly non-planar
structures of these compounds were unsuited for effective

interaction with the histamine receptors.

(vi) PREPARATION OF 1,1-DIARYLPROP-1-ENES

Adamson (1949) has previously prepared a series of
l,1-diphenylprop-l-enes (95) (see p. 114) which were
shown to possess only moderate antihistaminic activities
(Green et al. 1951). However, as our own results on
l-phenyl-1(2-pyridyl)prop-l-ene isomers did not conclu-
sively indicate a stereospecific dependence upon activity
it was decided to reprepare two typical examples of the
l,1-diphenyl series together with two Me derivatives for
appropriate potency comparisons. In addition, preparation
of the mono- and di-gfto1y1-3?pyrrolidinoprop-l-enes (125
and 127) was envisaged so that their activities could be
compared to 'Triprolidine' (14). The latter potent anti-
histamine also contains the 3-pyrrolidino and 1l-p-tolyl
functions.

The two diphenylpropenes (95a and 95c) were the
products of dehydration of the tertiary alcohols (119)
which had been synthesized by reaction of phenyl-lithium

with the appropriate Mannich ketones (Adamson 1949). The
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PMR spectra of the two propenes were recorded for

H
Ph- -CH2CH2R R = (a) NMe2
(119) (©) O
\\\C C’// \\\ //’
\\\ //’ \\\
Ph CH NMe CH2 qi:]
(95a) (95¢)

reference purposes (see Table XVIII).

Preparation of the 2- and 3-Me prop-l-enes (121
and 123) was achieved by acid catalysed elimination of
the appropriate carbinols (120 and 122) (Kjaer and
Peterson 1951) using an acetic-hydrochloric acid mix-

ture. The PMR spectrum of the 2-Me derivative (121)

Ph 0H Me ~H,0 Ph e
/é CH-CH,NMe, —=—> ¢ =
Ph ph” CH,NMe,
(120) (121)
 Ph Ph H
H Me -H,0
\g—cnz-(’:H-NMe2 -2, e - c< He
Ph ph”” CH

(122) (123) NMe,,



- 147 -

panutjuod

(oo¥¥1T) LSZ
pue

(00SST) LET

(009€T) SS¢
pue

(009%T) vee

(ooLzZT) oOSeC

(00€EET) L2t

(008€T) zSz

(0oo8eT) 1S

Xewu
s(?) \

P . Ly (L) . , mnwuoano
mmma ~mmvﬁ SHaY @wmﬁ vLE (L2T) -0XPAYy sAOge wOoIF 9seq I391d-
. ' =0 (s°LrD) A 10H *sua-T-doad
gST6ET "S¥VT SWAIV 5922 “c. ge L2V _(rurprrozxAd-1) ¢-1KT03-d-TP-T'T
wmma ~mm.H¢H NIV awbw mmﬂ mmMM (821) 9AOde WOXI SANIXTW 9seq 991J
— ° whnv ‘g, TOH"dus-1-doadTA103-d
6€T ‘_EVT SWIY - /8¢ (s2T) -~ (ouTpTToxx&d-T) £ -TAuayd-1
¥ ¥ C SUeI] pue STO JO SINFXTW 0S:0S
(§°90) S°TL_p®W _ (0TL) (£21) SPTIOTYD
‘3S°€ET TSORMN ‘yLLT H-D- 89¢ -capAy saoqe woxJ oseq 99xJ
(S°9r) S°66_psSKH _ (0TL) (£2T) TOH* suo-T-doxdoutureT Ay3suTp
‘5T9T TIWN ‘gZ€T H-O- 9LE -¢-TAyrsu-g-TAusydra-1‘1
e . _ 9pPTIOTYO
gLTT “SWN . G°0TT SW-O=  3SLT - (T21) -oxpiy sAoqe woxj Sseq 9914
so) — (sp) _ (12T) T0H * sua-T-doxdoutureT Ay3zawTp
pEIT “OWN ‘. TET SW-0= 82T -€-TAy3sw-z-TAuaydra-1’1
- (6°9r) (s°9r) (956) apTIOTYD
pS T6T  S°LLE . -0xpAy saoqe woxl aseq 9914
. (LD) 10H *@ua-T-doxd
- 09t zee  (°S6)  _(outprroazXd-1)g-TAueudTa-T’T
= (Lr) (L) 9pTIOTYD
el mwmzz cwba TLE (®s6) -0IPAY SA0qe woxJ o9seq 9913
=0 (S°Lp) 10H *2ua-1-doxd
(6P €9T “omn  zzz c-gge  (=S6) —outweTAYyz SUTp-§ T Ausydra-T T
8I9U30 NCHD- OTTAUTA 3Ixe3 ut
. - d IoqumnN o1dureg
eS¥ITUS TedTUWeYD punodwo)

SYTWOSI IANAJOYJONIWVIXEVIA-Z’'T dHI J0 SOILSINIALOVIVHO TWVHIOIJS

ITITAX dIHVY.L



- 148 -

*spueq outptioxxAd Aq paysen
*s3aT7dta3 posodutasdng C
*393uTtnb ‘3o axjzua)

*39300 JO 3I3UID 6

A.»mﬂmcﬂm_m
*sTsayjuazed UT UMOUS (3) JUSTOTIFS0O UOTFOUTIXD {Mu ut Yjbusrsaem st XeWly .on JUSATOS
*3I9TANno
I9Tqnoa
*(s pue g°L s,r£) S3ISTqnOp FO 3ISTAnROA
*3otdrar
*ZH UT (L) s3juezsuoo Hurtdnoo .MHUQU JUDATOS
{ZHW 09 30 Aousnbaxy burjeasdo ue e (pIepuels [eUISIUT) SWI WOIT ZH UT SIFTYS TedTWSYD

(penuT3uo)) TIIIAX FAIAVIL



- 149 -

was straightforward but that of the 3-Me compound (123)
was more complex; several signals of the latter com-
pound (given below and in Table XVIII) were of interest

and will now be discussed.

Chemical shifts in Hz (from TMS)

CDCl3 solution
Vinylic Methine Me
Form doublet multiplet NMe, goublet
. 368 177 17.5
123 (free base) (7102)  (centre)® 133:5  (36.5)
376 232
123 (.HC1) (J10%)  (centre)® 162° (gg'g)

A. Vinylic Signals. The exceptionally large coupling

constant (J = 10) between the methine and vinylic hydro-
gen is probably explained by the existence of the preferred

conformation shown by the Newman diagram in Figure 1l.

Hvinylic
Me | NMe2
Preferred conformation of
compound (123) looking down
the C,~-C, bond.
: 2 73
H

Figure 11.
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This conformer allows an angle of 180° between the
coupled vicinal protons which according to Karplus'
(1959; 1963) relationship (describing the magnitude

of vicinal proton-protén coupiing as a function of the
dihedral angle in the H-C-C-H bond system) should re-.

sult in J being of the order of 9-10 Hz.

vicinal

B. Methine Signals. First order treatment of the

methine proton (using the observed coupling constants
of 10 and 6.5 Hz) predicts a multiplet with the rela-
tive line intensities and parameters shown in Figure 12.

Actual examination of the expanded and amplified methine

1774z
]
]
]
]
| 11—
. b_ql ha >& N\
3.6Hz 3.4Hz ° 6.6Hz S 6.6Hz

Figure 12. Theoretical and observed 60MHz line positions
and intensities of the methine multiplet of
compound (123) in the free base form.

signal of the free base revealed it to have precisely
the same characteristics'to those predicted. In the

case of the hydrochloride salt, additional coupling

(J type) broadens the lines of the multiplet so

+
NH
that overlap occurs and a quintet is observed.
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C. Dimethylamino Signals. In the hydrochloride spec-

trum, the,dimethylamino group is seen as an overlapping
doublet of doublets. This observation is a direct re-
sult of the preferred conformation shown in Figure 11
which causes the two N-Me groups to be magnetically non-
equivalent; coupling with the ﬁ-H proton then produces
the doublet of doublets. The whole phenomenon is only
observed, however, because of the inversion rate of the
Me groups on the ﬁ?H centre presumably being slow on the
NMR time scale.

Synthesis of the mono p-tolyl carbinol (124) was

realized by reaction of phenyl-lithium with the appropriate

gn
Ar-{;-cnz-cnz-xo Ar = p-Me-C¢H,

h
(124)

AE\ 50:50 mixture of cis
C = CH-CH,N, and trans isomers
/ 2 —
Ph
(125)

Mannich base (103). Acid-catalysed elimination of the
tertiary alcohol and fractional crystallisation of the
hydrochloride mixture led to no dissociation of the origi-
nal 50:50 mixture of the cis and trans aminopropenes (125)
(shown by the duplication of the aryl-Me and methyleneamino

signals in the PMR spectrum of the product). It therefore
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appears that the physical properties of the two isomers
are extremely similar.

The di-p-tolyl carbinol (126) was prepared by reac-
tion of the appropriate p-tolyl Mannich base (103) with
p-tolyl-lithium reagent. Dehydration of the tertiary

alcohol then yielded the novel di-p-tolylaminopropene (127).

8 p-tolyl-lithium gH
Ar-C-CH,CH,-N > Ar-C-CH,CH
2772 [ 2 2

. Ar
(103) (126)

Ar = p-Me-C.H,

(-HZO)
Ar\\\ ///H
c=¢C
Ar/ \CHZN .
(127)

The PMR characteristics of this compound together with
the previously discussed mixture (125) were unexceptional
and are given in Table XVIII.

All the phenylpropene compounds described in this
section were submitted for antihistaminic evaluation and

the results so far obtained will now be discussed.

(vii) PHARMACOLOGICAL DISCUSSION AND RESULTS OF THE 1,1~

DIARYL-AMINOPROPENES

The results received to date are given in Table XIX;
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the three related diphenyl isomers (95a, 121 and 123)
testedhad either very low activities or were completely
inactive as in the case of compound (121).

The 50:50 mixture of the cis and trans l-phenyl-3
(1-pyrrolidino)-1-p-tolyl-prop-1l-ene hydrochloride isomers
(125) had significant activity as shown by the semi-
quantitative results given in Table XIX. A subsequent
PA, determination produced a figure of 8.5 for the mixture
which was close to the value of 9.0 for 'Triprolidine'

(14). The isomers contained in the mixture only differ

from Triprolidine by the substi;ution of a phenyl ring for
the 2-pyridyl group; it therefore seems likely that either
or both of the isomers is interacting with the histamine |
receptors in much the same way as Triprolidine to produce

the high activity. A decision on whether only one or both

of the isomers are responsible for the activity may yet be
reached when data on the di-p-tolyl compound (127) is avail-
able (separation of the isomers for individual testing
appears extremely difficult owing to the very close physical
properties of the two compounds, see p. 151). If the di-p-
tolyl isomer (127) is largely inactive this would suggest
that the cis (Ph/H) isomer of structure (125) (with its
p-tolyl group out of the plane of the double bond) is stereo-
specifically active assuming that the antagonists have re-
lated modes of action. Conversely, if the compound (127)

has very potent antihistaminic activity then the cis
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(p-tolyl/H) isomer of (125) should be the active compound

responsible for the high activity of the mixture (125).

(viii) ATTEMPTS TO INTRODUCE THE 2-PYRIDYL HETEROCYCLE

INTO AN AMINOBUTENIC STRUCTURE

So far the most potent antihistaminic compounds
discovered during the course of this work are the cis
(H/Ph) 1,2-diarylaminobut-2-enes (58) which were discussed
in Chapter 3; the key to their activity is considered to
be the coplanar 2-phenyl-vinylic methyleneamino features
of their structures which appear to éllow'marked inter-
‘action and blockade of the histamine receptors (see p. 1lll).
The most active member of the cis (H/Ph) aminobut-~-2-enes
is the piperidino derivative (41) which has a PA, value of
8.76; however, the magnitude of this pharmacological para-

meter is still less than the corresponding figure of 9.0

/ \
N

Ph H —
\/c = c< P \ = p-Me-C 6}1 .
PhCH2 CH2 Ar CH N<::]
(41) (14)

for Triprolidine (14). As the latter antihistamine may also
adopt a similar conformation to this cis (H/Ph) aminobut-2-
enes (58) (with the 2-pyridyl ring in the same molecular
plane as the vinylic and methyleneamino functions) the ques-
tion arises of the necessity or importance of the 2-pyridyl

function for high activity.
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Adamson (1951) and Green (1953b) have already shown
that the trans (2-pyridyl/CH2N) p-chlorophenyl compound
(12) and Triprolidine (14) itself are considerably more
active than their corresponding cis (2-pyridyl/CH2N)
isomers; such evidence suggests that it may be an advan-
tage to have a coplanar 2-pyridyl rather than a substi-
tuted phenyl function present in aminopropenes to produce

7\

H
= /
¢ = c_

)

potent antihistaminic compounds. This observation is in

Ar = 27C1-C H
64
Ar/

(12)

line with the common appearance of the 2-pyridyl group in
clinically used antihistamines e.g. Pyribenzamine (96).
Accordingly, attempts were made to synthesize the
cis (2-pyridyl/H) aminobut-2-ene (128) which would contain
a coplanar 2-pyridyl function within the active cis (H/Ar)
aminobut-2-ene structure. It was anticipated that this

new molecule would possess high antihistaminic activity.
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The first synthetic route envisaged for prepara-
tion of the required aminobut-2-ene (128) is shown below;
the 2-pyridyl Mannich base (129) has been mentioned only
once in the literature (DeStevens 1963) but no experi-

mental details were given. Unfortunately, our own

Manm.ch | N 0 |
&_Me P &-cnzcnzmaez
l (129)

N
| H
l\,/ E-CHZCHZNMeZ_
HyPh
(130)
fractional
crystallisation
(128)

Mannich reaction failed with an intractable black solu-
tion being formed when the reactants were heated under
reflux (either with or without the employ of an atmosphere
of Nz)' Myers (1963) similarly failed to isolate any pro-
duct from a Mannich reaction using 2-propionyl pyridine as
the substrate. A sample of the related 3-pyridyl Mannich
ketone (131) was prepared, however,rin low yield (35%)
after modifying the literature method of McElvain and

Snell (1934); it was found necessary to use an adequate
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ﬂ:zij—g-CHZCHZNMeZ
N/

(131)

excess of hydrochloric acid for this reaction to pro-
ceed. Unfortunately, treatment of the 3-pyridyl base
(131) with benzylmagnesium chloride (in both ether and
toluene) yielded only the unchanged ketone precursor;
- thus, the 3-pyridyl function could not be introduced into
a cis (H/Ar) aminobut-2-ene as an alternative pyridyl
moiety.

Attention was then focused onto other possible
routes to the precursor carbinol (l30);kin this context,
the reaction of phenylacetone under Mannich conditions was

investigated. Two ketonic products (132 and 133) are

0
Phcnz-é—Me

Mannich

0 o
Phcnz-&-cnzcn NMe, Ph-CH-C-Me

2 ]
CHZNMe2

(132) (133)
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possible from this reaction and if the benzylic ketone
(132) could be isolated, its treatment with 2—pyr£dy1—
lithium would yield the required carbinol (130).

The amounts of each Mannich product will be con-
trolled by the relative labilities of the methylenic or
methyl a-hydrogen atoms present in the substrate. On
this basis, the methyl ketone (133) should be the pre-
ferred product as the methylenic protons will be the more
reactive a-hydrogens of phenylacetone, being doubly acti-
vated by the inductive influences of both the phenyl and
carbonyl groups. A paper by Kyi and Wilson (1952) supports
this contention as these authors actually obtained the
methyl ketone (133) (which gave a positive iodoform test)
after Mannich reaction of phenylacetone. However, a later
reference (Patent, 1953b) by the Sharp and Dohme Company con-
cerning the same reaction under similar conditions was
completely contradictory in reporting sole formation of
the required benzyl ketone (132).

We therefore reinvestigated the Mannich reaction of
phenylacetone so that examination of the product by PMR
spectroscopy would establishthetrue course of the reactioﬁ.
A pure crystalline hydrochloride of the product was obtained
and its PMR spectrum in CDCl3 proved the exclusive formation
of the methylketone (133). The PMR characteristics of this
compound are given below and several interesting signals

will now be discussed:
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Chemical shifts in Hz
from TMS; CDCl1l3 solution

C-H  -CH,N NMe, B-me
Compound (133) .HCl 2882 244°,187° 167.5% 130°

a _
doublet of doublets, JAx 4.5 and.JMx 7.5 Hz

b
(HB) octet, JAM 13, JMx 7.5 and JNH* 5 Hz

c .
centre of (3A) quintet, JAM 13, JAx 4.5 and JNH* 5 Hz

d joublet of doublets, J's 7 and 5 (NH')

e singlet

Methyleneamino Signals. These signals appear as a low

field octet and a higher field quintet whose separation
is 57 Hz. Methylene protons directly linked to an asym-
metric carbon atom (as in this example) are intrinsically
non-equivalent but the observation of pronounced chemical
shift differences usually indicates the existence of a
preferred conformation (Hall and van Gorkom 1968). The
favoured rotamer most suited to interpretation of the re-

sults is shown in Figure 13, with the methylene protons.

Hy

Q
Ph-—-?-—-C"Me
HA-_'?'_'HM

HNMe

b2

Figure 13. The postulated preferred conformer of the AMX
methyl ketone (133).
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(HA and HM) forming part of an AMX spin-system with the
methine proton (Hx). Within the preferred conformation,
Hy will form the lower field multiplet due to the com-.
sinedvdeshielding influences of the adjacent carbonyl
and phenyl groups. The appearance of the Hy multiplet as
an octet is explained by the splitting pattern shown in
Figure 14 using the appropriate three coupling constants
Jyy (13 Hz), Ty, (7.5 Hz) and Jf, (5 Hz) (the higher

value of J (7.5 Hz) compared to JAx (4.5 Hz) is explained

MX
by the respective vicinal dihedral angles of 180° and 60°

and the cosz¢/3J relationship of Karplus).

N
[}

in

Figure 14. Splitting pattern for the Hy proton of compound
' (133).
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Similarly, the HA multiplet arises from splitting

by JAM' JAx (only 4.5 Hz) and JﬁH’ some overlap occurs
during the final splitting so that only a quintet is

actually observed.

Methine Signals. This signal is observed as a doublet of

doublets as the methine proton is coupled to each of the

non-equivalent methylene hydrogens.

Dimethylamino Signals. The dimethylamino group becomes

magnetically non-equivalent as a result of the preferred
conformation depicted in Figure 13; coupling between each
N-Me group (the inversion rate of the Me groups on the
§-H centre presumably being 'NMR slow') together with fur-
ther signal splitting by the f-H proton produces the ob-
served doublet of doublets.

Although the 'wrong' ketonic product (133) had now

been obtained from the Mannich reaction of phenylacetone

0 Ph Li OH
PhCH-8-Me N MeZN—CHz-'CH-é-Me
CH,NMe, Ph Ph
(133) (134)
Ph Me Ph H
rrd + N
Me NCHZ en neNem? e = cn
2NCH, NCHy 2
PH

(135) (136)
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the former was nevertheless treated with phenyl-lithium
and the resulting carbinol (134) dehydrated to afford
two new aminoalkenes (135 and 136). These two products
were identified by their PMR characteristics (see experi-
mental) but subsequent testing for antihistaminic potency
revealed that both compounds had negligible activities.
After the failure of the second Mannich route, a
final attempt to obtain the required benzyl ketone (132)

was pursued according to the following scheme:

Me.NH + CH =—=CH-8-OEt — Me.,N-CH.,CH.,-C-OEt
- Ney 2 2 252
(137)

PhCHzMgCI.(excess),

[ueZN-cnzcnz-g-cnzph]

é””’, PhCH H
(~H,0)

Phcnz-t-cnzcnzuuez —_— ///c = C
H,Ph PhCH CH,NMe,
(138) (139)
+
)
0 oxidative PhCH,
- (P £ -
PhCH, & CH,CH,NMe,, — //c = C(H)Ph
g Me ,NCH,CH,

(132) . (140)
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The first step of the synthetic pathway involved
condensation of dimethylamine with ethyl acrylate to
afford the dimethylamino ethyl propionate (137). Treat-
ment of the latter with excess benzylmagnesium chloride
yielded the dibenzyl carbinol (138) possibly after tran-
sient formation of (132). The penultimate stage of the
sequence then consisted of dehydration (under acid-
catalysed conditions) of the carbinol product (138) which
yielded a mixture of the dibenzyl aminobut-2-ene (139) and
a cis/trans mixture of the aminobut-l-enes (140) in approxi-
mately equal amounts (PMR integral data). Fractional cry-
stallisation of the hydrochloride salts yielded a pure
sample of the but-2-ene (139) together with a 50:50 mixture

of the required cis and trans but-l-ene hydrochlorides

(140). Finally, the latter mixed but-l-ene sample was
treated wiﬁh potassium permanganate solution at 0-10°
according to the method of Frey et al. (1950); oxidative
cleavage to the ketone (132) undoubtedly occurred (a black
precipitate of manganese dioxide and the smell of benzalde-
hyde being observed) but unfortunately further oxidation,
probably to phenylacetic acid, aborted use of this method
for preparation of the required compound.

Future use of this route to obtain the benzyl ketone
{132) might be successful if a milder oxidative cleavage
reaction such as ozonolysis or use of the osmium tetroxide-
iodate reagent were employed. However, our own efforts

were terminated at this point.
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CHAPTER 5

EFFECTS IN OLEFINIC COMPOUNDS FOR CONFIGURATIONAL ASSIGNMENTS

IN 4-AMINOBUT-2~ENES



- 166 -

APPLICATION OF THE PRINCIPLE OF THE ADDITIVITY. OF SHIELD-

ING EFFECTS IN OLEFINIC COMPOUNDS FOR CONFIGURATIONAL

ASSIGNMENTS IN. 4-AMINOBUT-2-ENES

The cis (H/Ph) 4-aminobut-2-enes (58) have proved
to be the most active of all the novel antihistamine com-
pounds described in this thesis. The configurations of
these iscomers were assessed by comparison of their PMR
characteristics with related trans (H/Ph) but-2-ene
isomers; consideration of the differential shielding-

Ph H R = (a) NMe2

N e

c=¢C -
Arcng// \\\CHZR
(b)-N,
(58) | |
_ (c) -O

effects of the various groups present in these molecules
then led to appropriate assignments (see Chapter 3).
However, it was considered desirable to verify the
assignments by an alternative PMR approach. To this end,
application of the principle in the additivity of shield-
ing effects in olefinic compounds was investigated. This
phenomenon is now well documented (Tobey 1969, and refer-
ences there cited) and an international group (Meier et al.

1966; Matter et al. 1969) initially established a method
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for configurational assignments based on the independence
and additivity of vinyl substituent shielding effects.
These authors computed a large number of vinylic shifts
{in CDCl, or cCl, solution) derived from the literature
and established the following expression for the chemical

shift (6) of any olefinic proton:

§ = base value + & Z,
i 1

where zi are the respective shielding increments for sub-

stituents (R) in the gem, cis and trans relationships to

the proton.
R H
c:.'i.s\_c _ C’//
~ g
trans gem

The shielding increments for hydrogen were taken as
zero and the base value used was the calculated value for
ethylene (5.25 ppm). A statistical treatment of the
chemiéal shift data obtained from the numerous olefinic
compounds afforded a number of substituent constants
' Zc. and 2

(zgem 1s trans
for various groups could be substituted into the expression

). These characteristic 'Z' values

given below to predict the chemical shift (in ppm) of an

6C=C—H = 5.25 4 dem * Zcis * Zirans
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olefinic proton (GC=C-H) from internal TMS. Thus, the
method could be applied to configurational problems in
cis and trans olefinic isomers. Differentiation of the
isomers could be achieved by comparison of predicted and
observed olefinic chemical shift values in suitable
examples.

However, a number of conspicuous exceptions from
the calculated values were noted by the group; these were
attributed primarily to conjugative interactions between
substituents. An attempt to take this into account was
.made by listing two sets.of Z values for carbonyl and
other unsaturated substituents. One set was used when
such substituents were present alone on the double bond
('solo' Z values). The other was used when two or more
groups capable of conjugation were present together
('conj.' 2 values).

Tobey (1969) criticized this approach as an over-
simplification of the whole problem; he postulated that
~ the co-operative shielding effects of two substituents
capable of conjugatiVe interaction depended markedly on
the relative geometries of the two groups. He also specu-
lated that significant dipole-dipole and steric inter-
actions (in addition to conjugate interactions) were fre-
quently operating between highly polar, anisotropic
subStituents. Tobey established his own series of mean

substituent constants (o values) which he derived from
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a relatively small number of appropriately substituted
ethylenes as solutes in CDCl3 or CCl4. Moreover, the
o values were obtained only from olefins containing
small and symmetrical functional groups; in this way, it
was hoped to minimise the erratic shielding effects pro-
duced by the various substituent interactions. ‘Never-
theless, Tobey's constants agreéd closely with the 2
values cited by Matter and Meier's group.

Furthermore, the equation quoted by Tobey (see
below) for the prediction of the resonance position of a

vinylic proton was necessarily of much the same form as

X . H
018\\ L
c=2¢C
Y/ \z
trans gem
6C=C-H (ppm) = =5.27 + Icis-X + °trans~Yfggem-Z

that previously proposed by the international group.
However, he also postulated a 'model compound'

approach for prediction of the resonance positions of

vinylic protons within trisubstituted ethylenes bearing

two interacﬁing substituents. In such cases, use of 2

or ¢ 'constants' for configurational assignments is

often misleading, especially if one or both of the inter-

acting.groups are anisotropic. This is because the

average orientation and effective shielding influences

of two interacting groups depend upon the complexity of
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their interactions which, in turn, is controlled by
the relative dispositions of these groups within the
molecule.

Tobey's solution to this problem was to choose
a disubstituted olefinic compound or compounds from
the literature which contain(s) the interacting substi-
tuents in appropriate, unambiguous molecular environ-
ments. The model compound was then 'converted' into
the desired trisubstituted ethylene by application of
the appropriate o value for the third substituent
(ideally, small and symmetrical). This procedure thus
automatically accounted for any major aberrations from
the normal shielding effects of the two interacting sub-
stituents.

As an example of this approach Tobey cited the
unambiguous assignment of configurations to the cis
(Ph/Me) and trans (Ph/Me) B-methylatropic acids (141 and
142) using atfdpic acid (143) as the model compound. The
chemical shifts of protons HA and Hy in atropic acid are
-5.95 and -6.52 ppm respectively and the observed vinylic
resonance positions of the two g-methylatropic acids (of
unassigned configurations) are =-6.40 and ?7.0 ppm. Con-
version of the model compound (143) to the cis (Ph/Me)
isomer (141) by appropriate application of Ggem Me (-0.44

ppm) affords a predicted vinylic shift of -6.52 + (-0.44)



Ph Me Ph H Ph -5.95ppm
Ne-c” Ne - Ne - c/H'A
pd '\\\H el A vl ~N

COOH COOH Me COOH Hy -6.52ppm

(141) (142) (143)

= 6.96 ppm. .Similarly, the theoretical value for the
vinylic proton of the trans (Ph/Me) isomer (142) is -5.95 +
(-0.44) = -6.39 ppm. Hence the predicted values for the
cis (-6.96 ppm) and trans (-6.39 ppm) isomers agree very
closely with the observed values of -7.0 and -6.40 ppm
which leads to appropriate configurational assignments to
the two B-methylatropic acids (141 and 142).

In our own work we wished to check the configura-
tions of a pair of cis and trans (H/Ph) aminobut-2-enes
using the additivity principle. The dimethylamino isomers

(32 and 33) were considered the most suitable compounds

PhCH H Ph H
2\\ ‘\\C _ c//’
e
’/, \\\cn NMe, PhCH, \\‘cnznuez
(32) | (33)

as they contained the smallest basic group in our series;
thus, the overall steric interactions would be minimised
in these two isomers which would enhance the possibility of
successful application of the additivity principle.

It was decided to obtain our own ¢ values for the

benzyl and protonated dimethylamino groups (in CDC13)
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as no precise o or Z values were available for either of
these two moieties (Matter and his group, 1969, have
only published 2 values for the CHZNR2 and CHZ-Aryl functions

using data from variously substituted groups of these

types). Then, having obtained the required ¢ values the
predicted vinylic shifts of the cis and trans isomers
(32 and 33) could be calculated by two methods:
l. Straightforward substitution of the appropriate Ggem’
Oais and O¢rans values into Tobey's equation.
2. The single model compound approach of -Tobey (1969)
using 2,3-diphenylprop-l-ene (144) as the reference struc-
ture.

The model prop-l-ene (144) also served as an appro-

priate compound from which to obtain cis and trans o values

for the benzyl function positioned geminal to_a phenyl ring.

The former compound}was prepared by fragmentation of 4-
dimethylamino-1,2-diphenylbutan-2-~-ol (29a) with cyanogen

bromide (the probable mechanism is shown below); the latter

) H CNBr Ph /HA
Me,NicHlCHFC-CHPR  — e = e
h PhCH, Hy
(29a) (144)

reagent has previously been shown to induce the fragment-
ation of 4-dimethylamino-3-methyl-1,2~diphenylbutan-2-o0l
and related v-hydroxy acyclic tertiary amines (Casy et al., 1969).

The 60 MHz spectrum of the distilled product (in CDC13)
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provided the required shifts (from TMS) of the Hy (327
Hz or -5.45 ppm) and HB protons (300 Hz or -4.99 ppm)
(see structure 144); it was reasonably assumed that 3A
will be the lower field vinylic proton because of its
cis relationship to the strongly deshielding phenyl
group.

The Hy and Hp vinylic characteristics agreed pre-
cisely with the values calculated from the reported 100 MHz
data on the same compound (Bumgardner 1966). Comparison

of the'HA and Hy vinylic shifts (in ppm) of the model

Ph H -5.45 Ph H -5.62
Ne * Ne-co

= C R
PhCHE// \\\HB -4.99 H’// \\\H -5.14

(144) (102)

prop-l-ene (i44) with the appropriate absorptions quoted

(Tobey 1969) for styrene (102) gave:

Otrans PhCH,, = -5.45 - (-5.62) = +0.17

cis. - PhCH,

In a similar fashion the cis and gem ¢ values
for the protonated dimethylaminomethyl function were
calculated by comparison of the appropriate vinylic shifts
of styrene and trans 3-dimethylamino-l-phenylprop-l-ene

(146). The latter compound was synthesized as shown
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below with the secondary alcohol (145) being dehydrated

g LAH H
Ph-C-CH,CH,NMe, ———> Ph- —CHZCH NMe,,
ether
(38) (145)

‘//////'—H 0)
Ph
\ e /
nf// \\\cn NMe,
(146)

with the usual écetic-hydrochloric acidlmixture.~ The
styrenoid UV spectrum (A 252 mu, ¢19,000) of the
product confirmed its speculated trang configuration

(Holmes and King 1947). The PMR spectrum of the trans

Ph "H. -6.45 Ph H -5.62
‘\\c - HB : \\\C _ c///
u \cn NMe H/ N -5.14
A oNMe,
-6.81 -6.65
(146) (102)

propene (146) as a solute in CDCls at 60 MHz revealed
seven peaks in the vinylic region. A repeat spectrum

in the same solvent at 100 MHz was simplified by irradia-
tion of the CH,N signal which allowed the HA and HB
protons to appear as an AB quartet. Analysis of. the

latter spin system using Bible's tedhnique (1965) 1led

to chemical shift values in Hz for HA and HB at 100 MHz.
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Simple conversion to 60 MHz values then gave HA = 408.6 Hz
or -6.81 ppm and HB = 387 Hz or -6.45 ppm. It was assumed
that the H, resonance absorption was lower field than that
for Hp because of the greater geminal deshielding effect
on the former (ogemPh = -1.43 ppm) by the phenyl group
(Tobey 1969) compared to the combined cis phenyl and gem
CH2§Me2 influences on the HB proton. This fact was con-
firmed during the decoupling experiment; the low field HA
'doublet’' was unaffected by the irradiation of the CH,N
signal in contrast to the higher field Hp signal (5 peaks)
which collapsed to form the other half of the AB quartet.
Only the HB vinylic proton is in a position to be coupled
to the CH,N protons which thus proved the positional assign-

ments of EA and H, within compound (146).

B
Using the gA and HB data the following o values were
calculated:
ogem CH2§Me2 = -6,45 - (-5.62) = -0.83
: + = - - (= = -
Ois CHZNMeZ 6.81 (-6.65) 0.16

Hence, we were now in a position to apply the additivity
principle to the cis and trans dimethylaminobut-2-enes
(32 and 33).

Initially the predicted vinylic shift value for
the cis (H/Ph) isomer (33) was calculated directly from

Tobey's equation:
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+
2

s .(33) = -5.27 + ¢

. +
c=c-H cisPh ¥ “trans PhcH, * gem CH,NMe,

(Tobey, 1969, gives Ocis Ph = -0.39)

:.GC=C_H(33) = -5.27 + (-0.39) + (+0.17) + (-0.83) = -6.32

Tobey's 'model compound' approach was then employed
for a second evaluation of the vinylic resonance; this

involved addition of ¢ to the appropriate Hy

gem CHzﬁMe2
vinylic shift of the model compound (144) to 'convert' the

Ph H. =-5.45 Ph H
\\\c - c/// A \\\c _ C’//
PhCH/ “NE -4.99 PhCH/ N cH.NM
2 B 2 2"ey
(144)  (33)

latter into the cis (H/Ph) isomer (33):

Thus, § (33) = =5,45 + ¢

+
C=C-H gem CHZNMe2
= -5,45 + (-0.83)

= -6.28

Hence, the predicted values of -6.32 and -6.28 ppm
from the two additivity methods agreed very well with the
observed value of -6.30 ppm for the postulated cis (H/Ph)
isomer. In contrast, the observed figure (-5.97 ppm) for
the proposed trans (H/Ph) isomer (32) diverged markedly

from the calculated value for the cis isomer; therefore,
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the PMR additivity principlé gave strong support to our
original configurational assignment to the cis compound.
In the same fashion the predicted vinylic shift

value for the trans (H/Ph) isomer (32) was determined

Ph H. -5.45 PhCH H
A 2
Ne=c” N¢c=c

/
phcné”’ \\‘HB -4.99 o \\\CHzNMez

(144) (32)

by the two methods. Direct substitution of the approPri-

ate ¢ values in Tobey's equation gave:

Sc=c-n(32) = =527 * 9¢4q pnen, * “trans Ph * %gem cH,NMe,
(Tobey, 1969, gives Otrans Ph = +0.06)

= 5,27 + (+0.15) + (+0.06) + (-0.83)

= -5.89

Use of the model compound method gave:

Somgop (32) = =4.99 + (-0.83)

= -5,.82

Thus the predicted values were in fair agreement with the
observed shift of -5.97 ppm for the trans isomer. The
somewhat low figure of the predicted vinylic shift derived

from the model compound approach is probably attributable
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to the undoubted steric interactions between the adja-
cent phenyl and methyleneamino groups (Casy and Pocha
1967). Such steric clashing must invalidate use of the
' : ' -
°gem CHzﬁMez value for 'conversion' of the model com
pound to the trans isomer because this figure represents

the shielding effect of the protonated methyleneamino

group in a freely rotating, unhindered situation. 1In

addition, the orientation and trans shielding effect of
the phenyl ring in the trans isomer (32) will also be
affected.

The superior agreement of the predicted vinylic
shift derived by the direct substitution method is pre-
sumably due to a cancellation of any errors derived from
the particular o 'constants' used. Indeed, Tobey (1969)
has commented that uncertainties in ¢ values tend to

compensate rather than propagate when used additively.

He also noted that the 'model compound' approach is most

fruitful when the o value for a small and non-interacting

substituent (unlike the CHzﬁMe2 group in our example) is
used to 'transform' a disubstituted model structure into
the desired trisubstituted ethylene.

Moreover, it was found that the predicted Vinylic
shift for the trans isomer (32) could be refined to a value
closer to the observed figure of -5.97 ppm. This was

achieved by obtaining a value from

9trans Ph perturbed
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the diphenyl reference compound (95a) (preparation,

p. 146) to replace the unperturbed o figure

trans Ph
originally used; the phenyl dimethylaminomethyl inter-

action in the latter compound was considered to be very
similar to tuat contained in the trans. (H/Ph) but-2-ene

as both compounds contained the interacﬁing groups in

Ph H (observed = -6.48 ppm)

::;c = c\\\
Ph’ cH. fiMe
2 2
(95a)
juxtaposition. Appropriate substitution in Tobey's

equation yielded

= - -_ s +
6c=C_H(95a) 6.48 5.27 + 9is ph T Ogem CH,NMe,,
+ 0
- trans Ph perturbed
But o .. pp = -0.39 (Tobey 1969)
+ = =

%gem CH,NMe,, 0.83 (see p. 175)

" = -6.48 + 0.39 + 5.27 + 0.83

** Y%rans Ph perturhed

Substitution of the perturbed phenyl value into
[} : : —
Tobey's equation (instead of ¢rans Ph = +0.06) afforded
a predicted vinylic shift of -5.94 ppm which was in excel-.

lent agreement with the observed value of -5.97 ppm for
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the trans isomer.

Thus, application of the additivity principle to
the cis and trans aminobut-2-ene compounds (32 and 33)
provided strong corroborative evidence for the original
configurational designations to the two isomers which had
been based on consideration of the differential shielding
effects of the various groups present in these molecules.

It was also decided to apply the principle to the
£-Bu aminoalkenes (76, 79 and 86) discussed at the end of

Chapter 3. The configurations of the benzyl compounds

t-Bu H PhCH H
T Nec=c” 2\c e
Pher? \CH NM t-B d \cn M
CH, oNMe, t-Bu 2NMe,
(76) (79)
t-Bu H
TN o
Ph/ "N CH.NMe.
2NMe,
(86)

(76 and 79) have already been assigned using arguments
based on a qualitative assessment of differential shield-
ing effects operating in the two isomers, and a preferred
conformation (causing magnetic non-equivalence of the

£-Bu group) for the cis (t-Bu/H) isomer (76) has been
postulated (see Chapter 3, Sectidn (viii) (b)) . The stereo-
chemical arrangement of the aminopropene (86) was designa-

ted from thermodynamic considerations of the relative
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stabilities of this compound and its corresponding trans .
(t-Bu/H) isomer.

Initially,‘the benzyl compounds (76 and 79) were
considered, and it was decided to use Tobey's (1969).
direct substitution method; both of the aminobutene.
isomers are sterically crowded to a significant extent
and indeed, the very existence of the conformation pro-
posed for the cis compound (76) depends upon this assump-
tion (see Chapter 3); thus, it was considered more advan-
tageous to use the direct method where the appropriate o
values might compensate rather than propagate. the o
'constant' uncertainties (see earlier) produced by the
steric clgshing within these molecules.’

Before Tobey's methéd could be used, it was neces-
sary to obtain shielding constants for the t-Bu group
because no 2 or ¢ values were available in the literature
for this grouping. trans-1l-t-Butyl-3-dimethylaminoprop--

l-ene (148) was selected as a suitable compound with which

to obtain the required'cis or trans.oc values for this
group. A first order (AX) vinylic spectrum‘was antici-
pated for the propene (148), and knowing the gquantitative
shielding effects of the protonated dimethylamino function.
from the earlier work, it was hoped to evaluated meaning--
ful cis and trans o,_p, Vvalues.

Synthesis,of_fhe required propene was intended by

the reaction route given below and the initial reduction
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of the aminoketone (77) to the secondary alcohol (147)

8 LAH gH-
t-Bu-C-CH,CH,NMe, —> E;-Bu-I-CHZCHzNMe2
(77) | (147)
("Hzo)
t~-Bu H
- \\‘C _ c/// X
e N
HA CHZNMez
(148) .

proceeded smoothly and in good yield. Treatment of the
latter with an acetic-hydrochloric acid mixture in an
attempt to dehydrate the substrate to the propene (148)
only fesulted in the isolation of the acetate derivative
(149). The PMR spectrum of the latter (see experimental)
exhibited a doublet of doublets for its methine proton
which indicated the existence of a preferred conformation

as shown in the Newman diagram (149a).

Hmethine
£-Bu o
— H CH,NMe
CH,CH,NMe, oNMe,
i |
O-C-Me P
Melo t-Bu
H

(1495 (149a)
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This conformer allows dihedral angles of 60 and 180°
between the coupled methine and C2 methylene protons
which according to Karplus' (1959; 1963) relationship
(see p. 150) should result in the vicinal coupling con-
stants being of the same order to those observed (3.5
and 9 Hz respectively).

A more vigorous acid-catalysed elimination reac-
tion using 85% sulphuric acid at 100-110° led to oxida-
tive decomposition of the precursor. Milder acid con-
ditions for the attempted dehydration reaction were also
tried (40% HZSO4) and although no pure products were
isolated, there was no positive trace of the required
propene (148) and it appeared that Wagner-Meerwein re-
arrangement of the t-Bu group had occurred (PMR evidence).
Similar carbonium ion rearrangement products were isolated
when elimination of the precursor alcohol was attempted
using phosphorus pentachloride,

Hence, attention was turned to other possible t-Bu
alkenes which might be used to obtain the relevant shield-
ing constants for the t-Bu group. The commercially avail-

able 3,3-dimethylbut-l-ene (150) (Aldrich Chemicals)

EfBu\\\c i C,/’HA
Hc/ \HB

(150)



- 184 -

appeared to be a suitable standard compound as compari-
son of the vinylic shifts of this molecule with those of

ethylene itself would allow calculation of the cis, trans,

and gem o, _p Parameters in an unhindered, freely rotat-
ing situat;on.'

The vinylic region of the 60 MHz spectrum of the
but-l-ene (150) in CDCl3 was of the ABC type with 11 peaks
being evident (see experimental). The corresponding 100
MHz spectrum (also in CDC13) produced a vinylic spectrum
with a pseudo AMX appearance i.e. three quartets appeared
in the low field area. The latter spectrum therefore
appeared to be of the 'weakly coupled' ABC category
(Mathieson 1967) in which the coupling constants between
the protons were significantly smaller in magnitude than
the chemical shift differences, although the appropriate
ratios were still too small to create a true first-order
spectrum. Nevertheless, the degree of mixing in such
spectra is small and the combination lines become extremely
weak comparéd to the fundamental absorptions and the A, B
and C quartets. can be readily recognised. In such cases,
treatment of the spectrum as if it were first order leads
to very reasonable approximations to the true chemical.
shifts and coupling constants values (Mathieson 1967). In-:
'strongly coupled' ABC systems'(those in which J values
between the protons are of the same order or exceeds the

difference in their chemical shifts), first order treatment
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can be grossly misleading.

We decided to check this approach for a weakly
coupled ABC system for which the real chemical shift
values derived by a mathematical analysis were avail-
able. Comparison of values obtained by a simple first
order treatment of the spectrum would be compared to the
true resonance positions.

The published spectrum of styrene (102) (Bovey
1969), complete with calculated vinylic shifts, was very
similar in overall appearance to 3,3-dimethylbut-l-ene

(150) and a first order analysis gave chemical shifts for

Ph H ’ t-Bu H
=N\, L c’// A

C =
Cc | B
(102) (150)

the three vinylic protons which were within»tS‘Hz (at

60 MHz) of the true values. Suitabiy encouraged, we then
applied a first order treatment to the vinylic quartets
present in the 100 MHz spectrum of the but-l-ene (150).

A lin? diagrém of this region is shown in Figure 15.

Thé H, proton was assigned to the low field quar-
tet (consisting of lines 9, 10, 11 and 12) which was
slanted towards the 3A and HB signals. This quartet con-
tained the two largest (trans and cis) of the three inter-

vinylic coupling constants of the ABC system and the

chemical shift of the HC proton was obtained by assessing
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Figure 15. 100 MHz line diagram of the vinylic region.
of 3,3-dimethylbut-l-ene in CpCl,.

the centre of gravity (X) between the two innermost peaks
(11 and 10); the relative intensities of the two lines

(I1 and 12) separated by a distance D (see below) were

line 11
line- 10 1
A |
! D ‘
1| T2
' )
\Y2 { 4
X
I

taken into accouht so that X = I% (D-X). This correction
was applied to produce a more realistic chemical shift
value from the first order analysis (Bigham 1970). Thus,
Ve = 584 Hz ét 100 MHz or ~5.84 ppm. |

An attempt ;o decouple the HC protons from the HA’
and Hy nuclei (to form an upper field AB quartet) failed

due to the wide: spread of the H, signal. Hence, the Hy

C
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and HB quartets were separately considered.:

The H, (cis vinylic proton)'quartet»Was split by

A
the largest (trans) and. the smallest (gem) in magnitude
of. ‘the intervinylic coupling constants and thus consisted.

of lines 5, 6, 7 and 8 of Figure 15. ThiS'meaﬂt that the

Hy

of the spectrum. However, the inter-relation of the four

and.HB quartets were overlapping in the vinylic region

lines of the-HA multipiet was cohclusively emphasised by
the broadening of each peak (J ~ 0.1 Hz, as judged from
100 MHz sweep width expansion) by long-range (5-bon&)
coupling of the H, proton to the t-Bu nuclei. Determination
of the centre of gravity of the Hy quartet gave v, = 501.6 Hz
at 100 MHz or -~5.00 ppm.

Finally, the HB quartet (trans vinylic proton), which
was split by the intermediate (cis) and smallest gem) of

the three intervinylic coupling constants, was assessed to

have v, = 491.2 Hz at 100 -MHz or -4.91 ppm. Subtraction of

B
the -5.32 ppm value for ethylene. from the approximate'HA,

HB and Hc_vinylic shifts of 3,3-dimethylbut~l-ene (147)
gave:
EfBu_ HA -5.00
C=¢C
ne” “NH -4.91
C B °
-5.84 .
Ocis t-Bu = -5,00 -(-5.32) = +0.32
= -5,84 -(-5.32) = =0.52

“gem t-Bu



- 188 -

Thus, the predicted vinylic shift values for the
cis and trans (t-Bu/H) but-2-enes (76)and (79) could now

be evaluated.

observed observed
t-Bu -5.25 ppm PhCH -5.87 ppm
Nc - c’///H i::c = C’//H
,//” \\\\ N
PhCH2 CHZNMe2 t-Bu CHZNMe2
(76) (79)

Considering the cis isomer (76), from Tobey's equation:

Sc=c-g (76) = -5.27 + %cis t-Bu + °trans‘PhCH2
* %em Cﬂzﬁﬁez
(dtrans PhCH, =+ 0.17, see p..173)
(Ggem CH2§Me2A= ~-0.83, see p. 175)
Substituting,
% 6C=C-H (76) = =5.27 + (+0.32) + (+0.17) + (-0.83)

-5.61. (observed -5.25)

Similarly, for the trans .isomer (79):

+ 0 +

S (79) = =5.27 + o trans t-Bu * “gem CH,NMe,

C=C-H cis PhCH2

(ccis PhCH, = +0.15, see p. 173)
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(79) -5.27 + (+0.15) + (+0.41) + (-0.83)

$c=c-H

-5.54 (observed -5.87)

Hence, both predicted vinylic shifts (-5.61 and
-5.54 ppm) were considerably different to either of the
two observed values (-5.25 or -5.87 ppm) and no definite
conclusions as to the configurations of the isomers could
be made. It appears that the steric and electronic inter-
actions between the t-Bu group and two other substituents
in trisubstituted vinylic molecules are too complex and
diverse foﬁ such a simplified approach. In addition, the
close similarity (+0.32 and +0.41) of the cis and Egggg
O ¢-Bu values, which are within the $0.10 ppm uncertainty>
o; the method (Tobey 1969), also contributes to the in-
effectiveness of the additivity principle to differentiate
between isomers such as compounds (76) and (79).

Nevertheless, the predicted resonance positions
of the vinylic protons of the aminopropene (86) and its
trans (t-Bu/H) isomer (151) were still calculated (the cis

(t-Bu/H) configuration of (86) had been assigned after

gfsu\\\c _ //,H Ph\\\c c/’/H
- “cx, nMe Efau’// Nex

Ph 2 2
(86) (151)

2NMe2

consideration of the likely relative stabilities of the

two isomers) (see p. 95):
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Thus, Scc-g (86) = =5.27 + 0544 t-Bu * %¢rans ph perturbed
+ “gem CH2§Me2
(O¢rans Ph perturbed +0.01, see p. 179)

Substituting,

<o Socg (86) = -5.27 + (+0.32) + (+0.01) + (-0.83)
= =5.77

Similarly,

6C=C-H (151) = =5.27 -+ 9,55 ph * %trans t-Bu * %em CH:&MeZ

Substituting,
.o 6C=C-H (151) = -5.27 +-(—0.39)'+ (+0.41) + (-0.83)
= -6.08

Hence, the observed vinylic shiftv(-5.94'ppm) of
the aminopropene which had been isolated in our studies
was almost midway between the two predictéd values (-5.77
and -6.08 ppm). Furthermore, the +0.10 ppm uncertainty
‘of the method (Tobey 1969) made both of the calculated
figures correlatable with the observed value so that once
again a firm configurational designation to a t-Bu substi-

tuted aminoalkene could not be made using Tobey's method.
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The overall molecular interactions in such structures
appear to drastically disturb the simple additivity
principle of the various shielding effects of the substi-
tuents. Finally, it should be noted that it is doubtful
whether the 'single model compound' approach would be any
more fruitful; ‘conversion' of a disubstituted olefinic
model (containing a t-Bu group) to the requiredvtrisubsfi- '
tuted compound would again take no account of the complex
steric interactions of the 'introduced' group with the

other substituents.
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CHAPTER 6

A GENERAL THEORY FOR THE POSSIBLE STRUCTURAL- AND

CONFORMATICNAL REQUIREMENTS OF HISTAMINE ANTAGONISTS
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A GENERAL THEORY FOR THE POSSIBLE STRUCTURAL  AND . CONFORMA-

TIONAL REQUIREMENTS OF. HISTAMINE ANTAGONISTS

The majority of compounds which effectively anta- 
gonise histamine at low dose levels may be described by

the general formula (152) where Ar is aryl (including

\/X-C-C-N<
Ar ]
(152)

heteroaryl), Ar' is aryl or arylmethyl, and X is nitrogen,.
C-oxygen or saturated carbon; X-C in-(152) may be repiaced
by. a carbon-carbon double bond and the terminal nitrogen
atom is part of a tertiary acyclic or alicyclic basic
group. (Barlow 1964; Burger 1963; Grisvold and Wilson 1962).
If it is assumed that the aryl function(s) and the basic
group are the essential pharmacodynamic moieties- of these
molecules, it is probable that their relative dispositions
at the histamine receptor are similar in all active com-
pounds if these antagonists have related modes of action.

A clue to the bptimal arrangement may-bé gained by‘
examination of the stereochemistry of antihistaminés in
which the key groups are attached to a carbon-carbon double
bond. In these alkenes, the relative dispositions of mole-

cular components are greatly restricted in comparison with
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derivatives based on the general formula (152 itself. The
two known groups of alkene compounds with antihistaminic
properties, namely 4-aminobuténes and 3-aminopropenes have
been studied and discussed in Chapters 3 and 4, respectively,
of this thesis. The most potent isomers of both groups

possess the common structure (153) rigidly orientated in

Ar H
\c = c/
7 '\cn N,

(153)

the same manner and it is proposed, in view of the high po-
tency of these compounds and the act1v1ty fall whlch follows
a configurational change, that thls unlt is an optimal con-
formation for activity in antihistaminlc agents. It~shou1d
be noted that in the 3-aminopropene isomers (see Chapter 4,
section (i)) thevarrahgement (153) can exist in both the
gig»and trans compounds (154 and 155) (since Ar = 2=pyridyl

as well in structure 153). Adamson and his group (1951)

7/ N\

— H Ar H
c=c” N\c
ar”” \CH2N< / N \CH NS
trans (2-pyridy1/CH2N) cis‘(2-pyridy1/CH2N)

(154) v (155)
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claimed that high and specific antihistaminic activity
is shown only by the trans (2—pyridy1/CH2N) isomers but
pharmacological data on our own examples of this series
was not wholly in support (see p. 128). Hence there is
some doubt as to the specificity in regard to the nature
of the aryl group cis to the vinylic hydrogen in 3-amino-
propene isomers. An answer to the.lattg; problem is not
crucial to the following general arguments as the stereo-
chemical featuresof both the cis and trans aminopropene
isomer types will be very similar (owing to the close
steric characteristics of the aryl and 2-pyridyl rings).
The overall shape of the more potent aminoalkene
antihistaminics will now be considered in terms- of probable
conformations. In the 4-aminobutene series the cis (H/Ph)
aminobut-2-enes (58) have been shown to possess steric
features which are optimal for activity (see Chapter 3).

Thus R = CH2Ar and Ar = Ph in the common structural (153)

\ / \ /
/ \ / '\
(58) (153)

unit proposed for high potency. Within these isomers, the
Ph ring and the carbon-carbon double bond are approximately
coplanar (physical evidence see p. 37); in addition, to

minimize non-bcnded interactions, the plane of the second
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aryl group (Ar) attached to methylene must lie at about
70° to the Ph-(C=C) plane (as indicated from examination
of Catalin and Framework Molecular models). Thus the net
shape of the cis (H/Ph) aminobut-2-ene molecule in its

preferred conformation, is shown diagrammatically in

Figure 16.

4.8 83—

Figure 16. The pteferred conformation of cis. (H/Ph)
aminobut-2-ene isomers.

The planes of the two aromatic rings are thus nearly
at right angles while the components of the ArC=CHCH,N
unit lie close to a mean molecular plane. The distance
between nitrogen and an ortho aromatic carbon atom shown
in Figure 16 relates to the work of Kier (1968) on hista-
mine and Triprolidine (14), discussed later. In trans
(H/Ph) analogues of (58), of much lower antihistaminic
potencies (see Chapter 3), the Ph and carbon-carbon double

bond planes greatly diverge; conformers are probable in
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which the benzyl aromatic ring lies in a similar plane to
the C=CHCH,N feature but the comparable N-ortho aromatic

carbon distance is at least 1 g unit greater than that of
the cis isomer.

In isomeric 3-aminopropenes (154 and 155) of the
Triprolidine type only one aromatic ring may be coplanar
with the alkenic double bond. Models indicate that aryl
cis to vinylic hydrogen within each structure is more

H
. C= C’//
-~ \cn NZ

Ar NS

Ar\c _ C/H
~ H, N
/ \
(154) — (155)

probable as the coplanar grohp and this has been confirmed
by physical methods (UVJdata, Adamson et al. 1957; also
PMR data see p. 122). The preferred conformation of this
class shown in Figure 17 (see also Barlow 1964) is thus very
similar to that of the 4-aminobut-2-enes (see Figure 16)
the only difference being the absence of an aryl methylene
feature in the former.

Formally less rigid antihistaminic drugs will now
be examined to establish whether or not they are likely to

adopt conformations in which their aryl and'CHZN features

are disposed in a similar fashion to the aminoalkene



Figure 17. The preferred conformation of 3-aminopropene
isomers.

preferred conformations depicted in Figures 16 and 17 (Hite
and Shafi'ee, 1967, have pointed out that there is no evi--
dence that conformationally mobile antihistamines are bound
in their most stable conformations).

l. Pheniramines

These compounds have the general formula (156) and
may be regarded as hydrocérbon analogues of the 3~amino-

propenes (154 and 155). In these models, 2-pyridyl is made

7/ \

N

CH-CH,,~CH,N(

(156)
the aryl group most nearly planar with the alkylamine chain
(by analogy with Triprolidine (14) whose 2-pyridyl and

tertiary amino group are in the same molecular plane). The
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three-dimensional representation of this conformation is
shown in Figure 18(A), and the dihedral angle* 0 between

the aromatic rings is not far removed from 90°, as shown

v (B)

Figure 18. (A) The postulated pre-
ferred conformation of Pheniramines
in solution. (B) Newman diagram
looking down the C-1 atom towards
the phenyl ring.

(A)

AV MANNAMNWINY

by Figure 18(B). A model in which the near planar
ArCH(CHz)ZN:: unit is maintained may also be made when
the inter-aryl dihedral angle isﬁbreater than 90°
("butterfly" arrangement of Ph2CH) but non-bonded inter-
actions are judged to be greater in this conformation.
Dr. M. James and Mr. G. Williams of the Department
of Biochemistry, University of Alberta, have carried out
an X-ray crystallographic study of Bronpheniramine (157)
and have kindly informed us of some of their preliminary
results. The dihedral angle between the planes of the

aromatic rings was found to be 103° 7', a value somewhat

* Defined as the angle between planes containing a) C-1
and C-2 of one aryl group and b) C-1 and C-2 of the
other aryl group, with the quaternary carbon atom
common to both.



- 200 -

/7 N\

//CH-CHZCHZNMez Ar = EfBr-CGH4
Ar

(157)

greater than the postulated 90° of the molecule as a
solute. ’

The spatial arrangement of Brompheniramine in

the solid state is depicted in Figure 19; both aromatic

~ Br

10397

Figure 19. Ring orientationsof Brompheniramine (157)
' maleate in the crystalline state.

functions appear capable of acting within a near planar
Ar/NMe2 unit in much the same way to the aromatic groups
contained in the preferred conformers of the aminoalkenes
shown in Figures 16 and 17.

However, the calculated interatomic distances be-

tween the ortho ring atoms'(c3, C5, C60 or Nzo) and the
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acyclic nitrogen.(Nl) (see below) suggest that the side-
chain is not symmetrically disposed between the rings

: o)
Interatomic distances in A

Nl-C5 4.98
Nl-C3. 5.40
Nl-C60 5.24
NNy 6.145

and that it has a bias towards the non-heterocyclic func-
tion, Thus the p~bromophenyl moiety may well be the
aromatic feature which occupies and antagonises the recep-
tor area which is filled by the aryl ring (Ar) of the active

aminoalkenic structures (153).

Ar *H
N¢ = ¢
R’// \\\CH

(153)

”~
N~

This conclusion follows from the fact that of the
four ortho atom‘(c or N)tolﬁ.distances of Brompheniramine
(see Figure 19), the one closest to the N; to N distance
of Triprolidine (4.8 g) is the N,-Cg value (4.98 g); the
Nl—N20 a~d Nl-ceo separation being much greater. The
possible significance of these interatomic distances in

regard to antihistaminic properties, as proposed by Kier

(1968), is discussed at the end of this Chapter.



- 202 -

Such observations suggest that it would be of great
interest to prepare a series of p-halogenophenyl cis. (H/Ar)

but-2-enes (158) and to assess their antihistaminic acti-

vities.

H
d X=F, Cl, Br, I

c=cC
PhCHZ/ \CH2N<

(158)

2. Ethylene Diamines

These compounds depicted in the general formula (159)
(2-pyridyl being replaced by phenyl in some derivatives e.g.
Antergan (24)), have an aryl and arylmethyl group linked

N- / | (+) _cn.
N-CH,CH N ¢ SN =CH CH N

2
ArCH ArCH2

2
(159)

to one of the diamine nitrogen atoms; restricted rotation
about the N-aryl bond is probable as a result of resonance
interactions as shown. Once again it is possible to con-
struct a molecular model of (159) which is markedly similar
to tﬁe 4-aminobut-2-ene conformation (see Figure 16) except
that the CHz-ﬁff' (planar nitrogen) unit replaces the carbon-
carbon double bond of the latter. The planar nitrogen form
is probable on the groups of minimum steric interactions and

also maximum operation of N-Ar resonance effects.
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3. Diphenylhydramines

The variant of the qeneral.structure (160) in
which X is C-oxygen and the terminal carbon atom is
attached to two aromatic groups (e.g. Benadryl (160);
Ar=Ar'=Ph) similarly yields a strain-free model (Figure

20), akin to the 4-aminobut-2-ene (see Figure 16), in

Ar

\ .
_CH-O-CH,CH,NMe,
]

Ar
(160)

which the ether oxygen bonds lie close to the plane of

one of the aromatic rings with an inter-aryl dihedral

Z
Z
Z
Z
]
=

Figure 20. Strain-free conformational model of
Benadryl comparable to the preferred
conformation of cis (H/Ph) aminobut-2-
ene antihistamines.
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angle near 90°. Harms and coworkers (1966),have proposed
an 'active' diphenylhydramine conformation similar to
Figure 20 and cited IR and UV spectroscopic evidence for
the coplanarity of oxygen and the p-tolyl substituent in
4-methyldiphenylhydramine (160; Ar=Ph, Ar'=gfne-csﬁ4).
4. cXciic Derivatives

These are formed when the two aryl substituents of

(152) are fused at o-positions to sulphur or carbon atoms.

'In phenothiazine derivatives (e.g. Promethazine 7) a model

ses)

CH2CH(MQ)NMe2
(7)
may be constructed in which the g-aminoethyl side chain

attached to ring nitrogen and one of the aromatic rings
lie more or less in one plane‘with the secornd aromatic

ring removed from this dimension (see Figure 21).

Figure 21. Strain~free butterfly conformation of
Phenothiazines.
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However, the dihedral angle between the planes of the
afomatic rings is significantly greater (ca. 120°) than
the close to 90o angle in the 4-aﬁin6but¥2-ene (Figure
16), as a result of the rings being constrained to a
"butterfly” conformation by their linkages to the hetero-
cycli§ atoms (the alternative "butterfly" conformation is -

unlikely on account of steric interactions between the N-

side chain and adjacent aromatic hydrogen atoms). Similar

B
NI’

|
CH,CH (Me) NMe,
. (161)
considerations of molecular shape apply to Isothipendyl

(lel).
In the fused ring derivatives (162 and 163) the

angle between the aromatic planes is less than that in the

H! !O-CHZCHZNMeZ ! !o-—cnzcnzmaez

(162) (163)

phenothiazines and molecular models of these compounds
closely resemble Figure 20 in having a near planar

NCH CH,OCH-Ph unit with the second ring approximately

2
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at right angles to this feature (Harms et al. 1966).
These derivatives can be regarded as analogues of
Benadryl (160; Ar=Ar'=Ph) and both are sigﬁificantly
more active than the parent compound in which the two
rings are unconstrained.

The recentlylintroduced antihistamine,

Cyptoheptadine'(57) also has a shape similar to (162) and
P s
\I

i
Me

(57)

(163), except that the planes of the aminoalkyl residue and
one aromafic ring do not coincide so closely since they
are held apart by the double bond linkage within the
system. '

The preceding account has demonstrated that many
anthistamine drugs in clinical use may adopt conformations
similar to those of the model aminoalkene antihistaminics
without serious non-bonded intéractions being generated.
If the overall molecular arrangements of these compounds

typified in Figures 16 and 17 be accepted as specially
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conducive to the blockade of histamine receptors, it
appears most regéonable-to postulate that the near-
planar aminoalkyl-aryl section of the antagonist mole-
cule occupies the histamine receptor itself, since
this unit has a similar shape to and dimensions of the
histamine molecule (see below). It is assumed that
histamine sites occupied by protonated amino and the
ﬁﬁhazole ring of the agonist probably interact with the
protonated side chain nitrogen and the planar aryl group
respectively of the antagonist. The second aromatic
feature of the molecule (antiplanar with the rest of the
molecule) is assumed to occupy an additional receptor
area which is not implicated in the uptake of histamine
itself (the concept of antagonists utilising more recep-
tor sites than the molecules which they antagonise has
been discussed by Ari¥ns and Simonis 1964). Speculationg
along these lines have previously been made by Harms agd
.coworkers (1966) in respect of 4-methyldiphenylhydramines.
The importance of having two aromatic groups present
in an antihistaminic compound is enphasized by the negli-
gible activity (only 7% inhibition of histamine-induced
contraqtions of isolated guinea-pig ileum after 6 min. at
0.10 png/ml solution concentration) of the tetrahydropyridine

(164), which contains the near plamar ArC=CHCH,NZ unit
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]

Ta
L33

Ny H

|
Me

(164)
of the potent aminoalkenes, while results upon the t-Bu
derivatives (see p. 110) underline the importance of the
planar feature itself. In the latter derivatives, all
of low potency (see Table XVIII), coplanarity of the
aromatic and double bond planes is seriously distuxbed :::
by the bulky t-Bu substituent.

Kier (1968) has proposed favoured trans and gauche
§H3/Ar conformations for histamine (1) (see next Chapter)
based on molecular orbital calculations and has suggested
that the similar N to N interatomic distances of the trans
conformer (4.55 A) (see Figure 22) and Tripreolidine (4.8 A)

may be of significance in explaining the latter compound's

NH) ¢
H H
4.55 8
H H
2z "N ————

Figure 22. Newman diagram of the trans conformer of
histamine looking down the aminoethyl
sidechain of the molecule.
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antagonist properties. It is of interest that the 4.8 g
distances between the side-chain nitrogen atom and an
aromatic ortho atom (N or C) comprising tﬁe near planar
feature of the conformations proposed for the cis (H/Ph)
aminobut-2-enes and Triprolidine type aminopropenes (see
Figure 16 and 17 respectively) are all close to the hist-
amine N to N distance (4.55 g) specified above. This
observation shows how the shape and dimensions of the
histamine molecule may be reproduced in antihistaminic
agents. Finally, it should be noted that many antihist-
amines are active at about one hundredth the concentration
of histamine required to induce contractioen:r of the
guinea~pig ileum (Barlow 1964). This observation provides
some evidence thatvthe additional aromatic features of
various potenf antihistaminics significantly improves their

binding and 'fit' at the H, receptor compared to histamine

itself.
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CHAPTER 7

CONFORMATIONAL STUDIES OF HISTAMINE AND VARIOUS m;\meﬁi:s |
AND ATTEMPTS TO INTRODUCE THE IMIDAZOLE NUCLEUS INTO AN
ANTIHISTAMINIC STRUCTURE
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CONFORMATIONAL STUDIES OF HISTAMINE'AND‘VARIOUS‘ANALOGUES
AND AETEMPTS.TO-INTRQDUCE THE IMIDAZOLE NUCLEUS INTO.AN

ANTIHISTAMINIC STRUCTURE

(i) PMR COnformational_Studies-of‘Histamine'and'Various

Analogues Substituted in the Terminal N Atom or the

Ethyl Sidechain

Our interest in the conformational preferences of
histamine (1) was initiated by the theoretical work of
Kier reported during 1968; this author had carried out

U CH,CH,NH,
N

H
(1)
extended Hlickel molecular orbital calculations on the
histamine molecule and had revealed (on the basis of. cal-
culated minimum energies) that two conformations of nearly
equal preference were apparent.  These were the trans (6r
anti) (165) and gauche (166) rotamers depicted below.
Kier postulated that the dual in g;gg.agonist action of
histamine (gﬁinea-pig ileﬁm contractory effect or
gastric secretory stimulation) was due £o each preferred
conformation interacting specifically at one of the two
receptor types (H1 or Hz)‘known for histamine.
He differentiated which of the two histamine con-

formations was associated with the Hl receptor by comparing
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, ‘ + enl H
H-N/\/?“C/}f\ trans
~H
|}
—y : |
H H
(165) 4.55 A
H-N gauche

-(166)

certain molecular features of the potent antihistaminic
Triprolidine (14) with the trans rotamer of histamine

(165). Triprolidine, in common with other antihistamines,

/// \\ Me-C_-H
‘< = peTtets
<) /
4.80
(14)

is considered to antagonise only those effects of histamine
mediated via the H; receptor (Ash and Schild 1966); as the
internitrogen distance of Triprolidine in its preferred
conformation is 4.80 3 (compared to the calculated inter-

o
nitrogen distance of 4.55 A for histamine in its trans
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conformation) Kier concluded that the H, receptor is

complementary to the N-N relationship obtaining in the

trans conformer:

o]
AN 4,55 A +
=N ¢—— N

In addition, he predicted that the H, receptor should be
complementary to the N-N relationship of the gauche con-

former:

A year earlier Martin-Smith and coworkers (1967)
reviewed evidence for proposals that the dual action of
acetylcholine (167) may be attributed to the specific

action of two distinct conformers acting on either the

+
Me N-CH2fCH2-OCOMe

3

(167)

'muscarinic' or 'nicotinic' receptors; in this case Kier
(1967) was again able to demonstrate that two preferred
confbrmers of close total energies could theoretically
exist. Culvenor and Ham (1966), however, showed by a
PMR approach that the gauche form of acetylcholine pre-
dominated in aqueous solution and later Canepa

et al. (1966) proved by an X-ray analysis that this
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conformation was preferred in the solid state.

In the case of histamine, X-ray studies (Palenik and
Veidis 1969; Palenik et al. 1969) have revealed that hista-
mine (as the acid phosphate monohydrate) existed solely
in the trans conformation (165) in the solid state;
this contrasted to the éig'conformation of the amino-acid,
histidine (168), in the same phase. Accordingly, these

authors speculated that the same conformational differences

N CH.,~CH=NH.
2 2
LT Loon
N
H
(168)

between the two compounds might also exist in solution.

We decided to investigate the conformational pre-
ferences of histamine as a solﬁte under close to physio-
logical conditons and to compare results with Kier's
theoretical conclusions. PMR spectroscopy appeared to be
the obvious technique with which to pursue this study
following Culvenor and Hams' (1966) successful applica-
tion of the method to acetylcholine. It was also in-
tended to prepare and conformationally analyse 4(5) (di-
methylaminoethyl)imidazole (169), the quaternary methiodide
(170) of the latter, and a-methylhistamine (171). The dimethyl-

amino derivative and its methiodide have distinctly diverse
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NU-CHZCHZNMeZ Ucnzcnzﬁue3 Ucuzﬁg-unz
?1 N I N
H H

(169) (170) (171)

agonist properties (see later) which were thought possi-
bly to be correlatable with the different conformational
equilibria of each of the two compounds. Furthefmore,
a-methylhistamine is known to be a weak agonist (see later)
and it was therefore of additional interest to examine

this compound using the PMR method.

(a) PMR Examination of Histamine in Aqueous Solution

Histamine (1) may be regarded as a 1,2-disubstitu-
ted ethane (with unlike substituents) which at room
temperature will exist as a mixture of rapidly rotating
and interconverting conformational isomers. Unless
the rotation about the carbon-carbon single bond is re-
stricted by some form of molecular interaction the ob-
served coupling constants will be representative of the

weighted mean of the couplings of the distinct isomers.

This is the result of the exceedingly small (ca. 5 k cal/mole)
energy required to rotate substituents about a saturated
bond; even at low temperatures the signals from the
individual isomerscannot be 'frozen out' in derivatives

of this type (Thomas 1968).
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The bimethylene fragment of histamine comprises

a 4-proton spin system described by the AA'BB' notation
(Emsley et al. 1965; Bovey 1969) and within this portion
of the molecule the individual nuclei of the AA' and BB'
pairs are equivalent in the chemical shift sense and come
to resonance at identical field positions. However, in
the AA' pair, A and A' show finite geminal coupling and
are unequally coupled to B (and B'). Thus the four nuclei

forming the AA' and BB' pairs are magnetically non=

equivalent. [N.B. The A,B, notation is only used when

both A nuclei are equally coupled to each B nucleus i.e.

J =J B! and few molecules satisfy the latter criterion

AB A
(Emsley et al. 1965)].
Thus, four coupling constants (JAA" JAB’ Jap' ’

and JBB') are involved in the 4-proton bimethylene spin

system of histamine:

J.
AA!
H, € -> H
e A’
Jare = Iap’
J J J ] | I
AB AB' A'B'= JAB
because of symmetry
J
v BB'
HB‘I > HB'



- 217 -

JAB and JAB' are the time-averaged coupling con-

stants made up of contributions from the three staggered

rotamers shown below.

Ar r Ar
. + +
HA HA! Ngs Ha HAE:Z;E //§H3
NH3 Har “a
trans gauche gauche
(172) ‘ (173) ' (174)

(Ar = 4(5)~imidazolyl)

When there is no preference between the trans (172) and
two equivalent gauche (173/174) forms, JAB = JAB' because
both of these average coupling constants will be made up
of one trans and two gauche J contributions. If there is
a predominance of one conformer then, obviously, JAB ¥ JAB"
AA'BB' spectra are complex and cannot be analysed
by first order treatment and often contain a number of
ambiguities, not least the frequent appearance of fewer
lines than the theoretically anticipated number of 24; the
latter such spectra have been termed as 'deceptively
simple' (Abraham and Bernstein 1961; Jackman and Sternhell

1969) owing to their resemblance to first order spectra.
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Moreover, AA'BB' systems form centrosymmetric* line
patterns arising from the A and B group protons of the
moleculé so that only one half of the spectrum need be
considered for spectral analysis.

The detailed analysis of these systems is outside
the scope of this thesis but the nzo spectra of histamine
dihydrochloride at 100 MHz that we observed will presently
be discussed. We were indeed fortunate to obtain the col-
laboration of Dr. Norman Ham (c.S.I.R.0., Division of
Chemical Phyéics, Victoria, Australia) who had previously
solved the acetylcholine conformational problem of PMR
spectroscopy in association with Dr. Culvenor (1966).

Dr. Ham took N and L values (see below) from appro-
priate line separations according to Garbisch (1968) and-
by use of Bothner-By's LAOCOON computer program (1964) was
able to carry out calculations using various chemical
shifts and coupling constants to afford numerous theore-
tical PMR spectra of acetylcholine. This indirect
‘jterative' approach was continued and values refined
until a 'fit' of the calculated and observed spectra was
obtained. By this means the precise L and N spectral

parameters (see next page) were determined which led to

* the A and B portions themselves are not symmetrical
as in AA'XX' spectra.



K = Jpa0 + Jgp
L = Jp ~ Jas’
M = Jgar " Ippe
N o= Ty + Jyp

the finding of the gauche conformer predominating in
solution.. |

In the case of histamine the actual spectrum of
the dihydfochloride obtained at 100 MHz in D,0 solution

~is shown in Figure 23 and will now be discussed.

(Hg) (Hp)

NI—-E[— CH2 - CHp ~ NI-I2
H-\N""Hy

The undecoupled but expanded bimethylene region of the
spectrum (determined at pH 7) is shown and the lack of
symmetry about the mid-point of the line pattern is due
to additional coupling by the higher field Hy nuclei with
the vicinal (HV) proton of the imidazole ring (see above).
The chemical shifts (from external TMS) of the H and Hy,
protons were 884.6 and 775.3 Hz respectively and the
cross ring coupling between the two nuclei was +1.2 Hz.

In addition, the benzylic coupling between Hy and the Hp
sidechain protons was -0.8 Hz. Dr. Ham was able to triple
irradiate the histamine sample so that Hy (and HL) were

effectively decoupled from the HB protons and the resulting
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centrosymmetric bimethylene spectrum (at pH 7) is shown
in Figure 24, This spectrum was used for a series of
computerised iterative calculations (in the same manner
as for acetylcholine) which gave the precise N (14.4 Hz)
and L (zero) parameters; these values of L and N together
with the observed bénzylic coupling between the Hp and Hy
protons were then used to compute a tbéoretical spectrum
for histamine af pH 7 which was identical to the experi-
mental spectrum recorded at the same pH (see Figure 23).

Thus, L = 0, i.e. Iap ~ Tapt = 0 (see p. 219),
for histamine under close to physiological conditions,
and hence the trans (172) and the two gauche (173 and 174)
conformers are equally populated. This result supports
Kier's theoretical postulate that the trans and gauche
forms are of very close total energies.

Dr. Ham was also able to demonstrate that 100 MHz
spectral changes occurred in the bimethylene AA'BB' multi-
plet of the D20 spectrum as the pH of the solution was
varied by the addition of sodium deuteroxide. The approxi-
mate methylene shift differences (48) (see below) were
accountable in terms of the HA}and Hp chemical shift
changes as various N centre ijonisations occurred. Thus,
the increased AS value at pH 7 compared to pH 3 is probably
due to the progressive deprotonation of. the planar ring
nitrogen atom. This sequence causes a decreased deshielding

influence on the higher field HB protons which therefore
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undergo upfield shifts to increase A8, - At pH 10.6,

+ : + '
- H- CH,=CH,-NH, -
pH 3 QN ll "2 , 273 A6 18 Hz

B A
y & @
pH 7 CHZ-CHZ-Nna‘ A8 30 Hz
kj ® o

' CH2 "CHz"NHz . :
pH 10.6 A8 18 Bz
(B) :

neither of the two amino nitrogen centres is protonated
so that the H protons can also shift upfield which re-

duces AS back to a value of. ‘about 18 Hz."

(b) Preparation and PMR Examination of 4 (5) (Dimethyl-

aminoethyl) imidazole (169)

A search of the literature revealed that 4(5) (di-

methylaminoethyl)imidazole (169) had previously been pre-
pared either by heating the appropriate g-chloroethyl
derivative with dimethylamine in a sealed tube (Garforth
and Pyman 1935) or by refluxing these reactants in propanol

(Huebner et al. 1949; Huebner 1951).



- 224 -

u:jc 2CH NH CHZO ‘ NUCHZCHZNMeZ

H2/Pd/c g
(1) (169)

We prepared the required compound in good yield
under the fairly mild conditions. of reductive methylation
using histamine dihydrochloride as the reaction sﬁbstrate.
At the time of writing, Dr. Ham has only yet completed a
' 60 MHz analysis of the AA'EB' bimethylene region of the
dimethylamino compound (169).  His preliminary results
indicate that N = 14.7 and L = 2 and is negative, which

suggests that. the trans conformer (175) predominates in

Ar
HA HA '
' Ar = 4(5)-imidazolyl
Hy Hp:
Hl_:_IMe 2
(175)

aqueous solution at pH 7 (see discussion in next section,
for the significance of N and L values). A 100 MHz analy-
sis is presently being carried out to confirm the 60 MHz

results.

(c) Preparation and PMR Examination of 4(5) (Trimethylamino-

ethyl) imidazole iodide (170)

The required methiodide was prepared by reaction of

the dimethylamino base (169) with methyl iodide in ether
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solution. The use of a large excess of methyl iodide was

L L] +
Unzcnzumz Mel UCHz'Cﬁz'NM%
N ethex (Hy) (By) I

(169) | (170)

avoided to prevent possible substitution of the planar and
imido ring nitrogen céntres. Isolation of the dimethylamino
base (169) from its salt was impossible by conventional
means owing to its infinite solubility in water (Garforth
and Pyman 1935). We therefore obtained an ethereal solution
of the required base by trituration of the dihydrochloride
with sodium hydroxide’pellets in ether containing just a
trace of water.

The 100 MHz spectrum of the bimethylene and imidazole
ring proton regions of the methiodide in Dzo is shown in
Figure 25. The syétem was again AA'BB' and Dr. Ham carried
out computerised jterative calculations using only the low-
field Hy multiplet. This avoided further complication by
the significant (1.5-2.0 Hz) three~-bond Me3N-C-g- coupling
acting on the higher field Hy protons (Culvenor and Ham
1966 and references there cited). The parameters obtained

were:
N = 15.9 Hz

5.02 Hz

e
il

M = l.1 Hz
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330 Hz Offset

750 Bz Offset’

(B)

100 ' 50 0 Hz

Figure 25.(A) Offset 100 MHz bimethylene region of the
quaternary methiodide (170) in D,O (pH 6.8)
relative to external TMS. (B) Oifset
100 MHz imidazole ring proton resonance
absorptions of the same compound.

Tl
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Determination of the sign of L was obtained by use
of Abraham and Pachlers' relationship (1964) (cf. acetyl-

choline, Culvenor and Ham 1966):

*. "‘_'1‘ , '
Javerage vicinal ~ 3 (Jtrane +.2 Jgauche?

= GN+EL =IE

where J

trans = vicinal coupling constant of the trans

rotamer

Jgauche = vicinal coupling constant of the gauche
conformers ‘
IE = sum of. the electronegativities of the R
substituents attached to the vicinal |

carbon atoms on the Huggins scale (see

belowT.

Dr. Ham obtained J = 6.4 to 6.8 Hz de-

average vic.
pending on the magnitude of the 'E' values (Huggins 1953)

assumed.- for the NMe3 and imidazole moiety substituents used

in Abraham and Pachler's equation.

_ 1 1
But J,verage vicinal N+ GL

= 7.95- + F (¢ 5.02)

= 7.95 + (& 0.84)

or 7.11 if L is -ve

*
This value will be independent of the conformer populations..

¥ This value is constant (Abraham and'Pachler 1964)
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The closer. proximity of IE (6.4 to 6.8) to the

J ‘value (7.11) calculated from considera-

average vicinal
tion of L being negative strongly suggested that L =

-5.02 i.e. > J (L =J - JAB') with the trans

Tppr.> Iap AB
conformer (176) being favoured.-

Ar

Hy Hy o
Ar = 4(5)-imidazolyl

HB HB'

yres

(176)

In addition JAB'and'JAB' could be calculated:.

N = JAB + JAB' = 1509

L_='JAB - JAB' = _5o02'

o.. 2J = 10. 88

AB ,
l.e- JAB = 5-44
and JAB' = 10.46

These time averaged JAB and JAB' parameters were
consistent (Karplus theory, see earlier) with the gauche
and trans couplings in the preferred trans rotamer (176)
i.e. one 'small' (5.44 Hz) and one 'large' (10.46 Hz)
value respectively.

If the gauche conformers (177 and 178) had been

favoured then JAB would have been about (10 +5)/2 =

7.5 Hz and JAB' = ca. 5 Hz because:
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1

IaB = 5 Wirans * Jgauche’
1
2

and Iap' *© (Jgauche * Jgauche) = Jgauche
r Axr
+ +
MeN Hy Hy, Ne, ,
Hy Hp, Hy B,

Hyo H
Ar = 4(5)-imidazolyl
(177) (178)
Thus, the observed 'small' and 'large’ JAB and JAB'
values provided further evidence for the trans methiodide
rotamer (176) predominating in aqueous solution as would

reasonably be expected from qualitative energy considera-

tions.

(d) Preparation and PMR Examination of a-Methylhistamine

The preparation of a-methylhistamine has been des-

. cribed once in the literature by Alles and his group in 1957
(see flow sheet. below). These workers commenced their syn-
thetic route by conversion of 2-phthalimidobutyric acid (179)
to the acid chloride (180); the latter was treated with dia-
zomethane to yield l-chlofo-4-phthalimidopentane-z-one (181)
which was then reacted with potassium phthalimide in dimethyl
formamide to form l1,4-diphthalimidopentane-2-one (182). |
Hydrolysis then yielded 1,4~diaminopentan-2-one (183) which

was converted to a-methylhistamine (171) by Pyman's (1911)
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classic synthesis for the preparation of imidazoles from

aminoketones..

0 0
F ze Me O
| )-co-crcoon —mo ~&¢B-cH,C-c1
N

(179) CH2N2
0
Z I/'{
NS
l (181)
0

e

M
N-cn-cnz-g-cnz-

(182)
HC1l
1. KSCN
H.N-CH-CH -E-CH NH B mmsar 4
2 2 )
3. HNO3
(183)

(180)

Me
~éH-cnz-g-cn2c1

0

o

CH.,-CH—-NH
2 2
o de
:ﬁ |
(171)
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We did not utilise the literature preparation but

instead gave thought to other possible routes arising from

' ' | o) o)
il
E—BCHZ-?{-NHZ PhCC1 Nl-j Cﬂz-?HrNH-H-Ph
N - COOH NaOH ‘\ COOH
H H )
(168) + (184) -
H /MeOH
2
N | HZ-ZH-NH-C,-Ph LAH cnz-cn-NH-c-Ph
' OOMe ]
(‘I‘HF)
H
(185) (186)
TsCl . SOCl2
. o ﬁ
rf?j-cnz-cn-nu-g-l?h N]—j-cnz-fn-nu-c-m
(187) (188)

0
N—"— CHZ-CH-NH-(!-Ph

L\N/) he
(189)

7 HZ-CH-NH

N

H

(171)
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more readily accessible starting materials. In the event
we. chose L-histidine (168) as the precursor and pursued

the alternative synthetic pathway shown on the previous
page; the aminoacid was initially converted to N-benzoyl-
histidinol (186) by three stages using the method of Adams
et al. (1955); initially it was intended to O-tosylate the
histidinol derivative (186) and then to reduce the tosylate
(187) to N=-benzoyl a-methylhistamine (189) which might
easily be hydrolysed to the required product (171). How-
ever, all three O-tosylation reactions failed when the sub-
strate was treated with gfﬁoluene sulphonyl chloride in
either aqueous potassium carbonate, sodium hydroxide solu-
tion or pyridine (see experimental).

Conversion of N-behzoylhistidinol (186) to the chloro-
methyl intermediate (188) (see previous synthetic scheme)
which might similarly yield the required Me derivative also
failed. Use of thionyllchloride (neat or in CHCl3 solution),
phosphorus oxyxhloride or phosphorus pentachloride as the
chlorinating agents all lead to decomposition of the reaction
mixture with the formation of intractable tars (see experi-
mental) . The;e failures may have been due to:

(a) Acid cleavage of the amide bond to form the free amine
which could yield unstable N-oxide produéts, or (b) O > N
acyl migration (Fodor and Kiss 1950) occurring between the
vicinal -CH-NH-@—Ph and -CH20H groups which would again lead

to an unprotected and oxidatively vulnerable amino grouping.
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We therefore focused our attention on further pos-
sible synthetic routes to a-methylhistamine (171); while
searching a review by Klyne and Mills (1954) concerned
with absolute stereochemical correlations, an interesting
reference (Barrow and Ferguson 1935) was noted. This con-
cerned the conversion of the aminoalcohol (190) via the
bromo compound (191) to a-methylisobutylamine (192). The

aminoalcohol (190) may be regarded as an analogue of

CHO0H  catd HBr/HOAC TH2%" g, /pa Me
NH,-C-H > NHZ-E- NH. -G~
éHMe (sealed tube) &Hne HOAc éHMe
2 1200 2 2
(190) (191) (192)

histidinol (193) as both compounds contain the -CH(NHz)
CHZOH«unit. It was therefore decided to use Barrow and
Ferguson's method to attempt to prepare the appropriate
bromo derivative (194) of histidinol which might then be

reduced to a-methylhistamine (171).

CHz EH-NHZ
H,OH

ﬁ

HB/ (193)

D‘CH -CH-NH '—j:rCH -CH-NH
(Q\g &H Br Pd/C L\

(194) (171)
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Initially, a sample of histidinol dihydrochloride
(193) was prepared by acidic hydrolysis of the N-benzoyl
derivative (186) according to Adams et al. (1955). Treat-
ment of the former with a 32% solution of hydrobromic
acid in acetic acid at atmospheric pressure under reflux
conditions yielded only unchanged starting material. It
was therefore decided to simulate the sealed tube conditions
used by Barrow and Ferguson for their preparation of a-
bromomethylisobutylamine (191); a sample of histidinol in
the free base form was treated with the brominating agent
in a pressure bdttle (Fisher Scientific) at 100-120° for
35 hr but this reaction afforded only the dihydrobromide
of the substrate. A fresh bottle of 32% hydrobromic acid
had been used for this experiment and the straw colour. of
this reagent was noticably lighter than that of an older
sample to hand. A repeat experiment using the older bromina-
ting reagent (red-brown in colour) under the same conditions
as above was successful with the required bromo derivative
(194) being obtained in gobd yield. It is therefore pos-
sible that traces of free bromine catalyse this reaction.
Attempts to hydrogenolyse the bromo compound (194)
using P4/C in ethanol or PtO, in ethanol or methanol all
failed with only unchanged starting material being recovered.
However, reduction to c-methylhistamine was successful (PMR
evidence) when Barrow and Fergusons' reaction conditions

were employed; this involved use of a polar 10% aqueous
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acetic acid solvent system containing 2% sodium acetate
- and the Pd/C: catalyst.

Unfortunately this reaction yielded a sample of
s-methylhistamine contaminated with sodium acetate solid
(see experimental) and several recrystallisation attempts
failed to remove the inorganic contaminant. Purification
of the product by release of the free base and extraction
into organic solvents also failed (even after saturation
of the aqueous phase with sodium chloride) owing to the in-
finite solubility of the base in water. However, a-methyl-
histamine was finally isolated as the dipicrate derivative
which was formed by addition of picric acid to the basified
layer. The latter deriﬁatiVe melted about 20° lower than
the dipicrate monohzdréfe obtained by Alles and others (1957).
However, avsubsequent;IR spectrum and micro-analysis revealed
that our compound was the‘anhxdrous dipicrate. A PMR spec-
trum of the pure derivative was not feasible owing to its
very high molecular weight and insolubility in D20 and thus
the conformational equilibrium of a-methylhistamine could
not be studied and compared to histamine or its dimethyl-
amino (169) and quaternary methiodide (170) derivatives.

A A
r ¢’a r .

+4
H3N H Me NH,

H H H H

Me Ar = 4(5)-imidazolyl H
(195) (196)
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H Me H3N | H S
H H H H

NH3  Ar = 4(5)-imidazolyl (173)

(197)
This was unfortunate as the gauche rotamer (195) of a-

methylhistamine might well be favoured over the other
possible trans (197) and gauche (196) forms in contrast

to the previbusly discussed Me analogues of histamine;
this deduction is defived from the fact that the similar
gauche conformer of histamine (173) is of almost equal
energy to iﬁs corresponding trans form (Kier 1968, and
present PMR evidence) inspite of the closer proximity of
the Ar and §H2 groups in the former. It-therefore appears
that some favourable form of electronic interaction between
the adjacent Ar and §H2 groups in the gauche form (173) of
histamine overcomes any repulsive steric energies which
might be present in the molecule.

In the case of a-methylhistamine it was therefore
considered that the Ar <« Me steric clashing in the gauche
(196) and EEEBE (197) fotaﬁers might be of. a more serious
nature than in the gauche form (195) which may result in
the latter cohformer being energetically more stable.

However, the 60 MHz spectra of the crude o-methyl-
histamine producé (contaminated with sodium acetate) clearly
established the presence of a secondary Me group (doublet
in high field region); the details of this spectrum and
those of histamine, its methylated analogues and all the

imidazole intermediates mentioned in this Chapter were
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recorded at 60 MHz for reference purposes and are shown in
Table XX. |

Finally, it should be noted that the a-methylhistamine
dipicrate derivative has been submitted for antihistaminic
-evaluation but no results are yet to hand; this was done
because it is weli known that introduction of small alkyl
groups may radically alter the pharmacological properties
of an agonist. For example, o-methylacetylcholine has en-
hanced nicotinic but reduced muscarinic properties compared
to acetylcholine. This trend is reversed in the g-methyl
analogue with the muscafinic activity being increased and
the nicotinic reduced (Simonart 1932). A further example
is shown by the conversion of morphine (N-Me agonist) to
nalorphine (N-CHZ-CH=CH2 analogue) which results in the

formation of a potent analgesic antagonist.

(ii) Pharmacological Discussion of Histamireand its Side-

chain Methyl Analogues

(a) Antihistaminic Data

The dimethylamino (169) and quaternary methiodide
(170) derivatives of histamine together with the two inter—‘
mediates isolated during the synthesis of a-methylhistamine
were routinely evaluated for antihistaminic potency. The
pharmacological data obtained are given in Table XXI; none

of the compounds tested showed any appreciable activity.
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(b) Agonist Activities

The histamine-like agonist activities of several
appropriate Me analogues were obtained from the literature
and are given in Table XXII. Included are the monomethyl
derivative (198) and the quaternary methchloride hydro-

chloride (199) (comparable to the methiodide (170) previously

described).

lkw ]'CH CH NHMe Ni_j_CH CH NMe

.HC1
(198) | (199)

The data available is not extensive and only in one
- case has two of the histamine derivatives been examined in
the same laboratory. This sparsity of pharmacological data
together with the lack of knowledge about how distribution
factors affect the potency of histamine agonists do not
therefore allow any firm conclusions to be drawn about the
conformational preference, if'any of the H; and H, histamine
receptors.

Under physiological conditions, it has already been
shown that histamine has no preferred conformation. This
means that statistically there is 1/3 of the trans and 2/3
of the gauche conformers present at any given moment. It
therefore might be tacitly assumed that there is a greater

chance of the gauche conformers associating at the receptor.
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However, the energies of the trans and gauche forms are very
similar (Kier 1968, molecular orbital calculations and

our own PMR evidence) so that transfer from the gauche

to trans conformation might easily occur at the receptor.

In contrast, crystallire histamine (acid phosphate) exists
entirely in the trans conformation (Palenik and Veidis

1969; Palenik et.al 1969; X-ray evidence).:

Thus it is very difficult to come to any conclusion
as to whether or not there is ; preferred 'active' hista-
mine conformation; considerably more comparative pharmaco-
logical and conformational data on histamine analogues of
greater molecular rigidity are required before any firm
theories may be drawn. However, it is of interest to note
that the gastric secretory activities of the mono- (198)
and dimethyl (169) derivatives of histaminé are distinctly
more potent than histamine itself. The dimethyl analogue
has been shown to exist predominantly in the trans con-
formation and the monomethyl compound might also be expec-
ted to exist to a greater extent in this conformation.
From this evidence it therefore appears that the trans con-
former may be preferentially taken up by the H2 receptor
which is held to be responsible for the gastric secretoryk
effects of histamine. However, a recent report (Burger
et al. 1970) concerning 2-(4-imidazolyl)cyclopropylamihe
(200) contradicts such speculation; the gastric secretory

(0.016) and guinea-pig ileum (0.008) activities of this



(200)

compound relative to histamine (activity =1) were found

to be extremely weak. Most significantly, this molecule

is rigid and the imidazolyl and amino functions are trans
to one another and separated by a distance which will be

very close to that obtaining in the trans conformer of
histamine. It is interesting to note that Kier's postu-
late (1968) and our own structure:activity work on the model
aminoalkene antihistaminics (see'Chapters 3 and 4) have in-
dicated that the trans conformer is interacting at the

Hl receptor.

(1ii) Attempts to Introduce the Imidazole Nucleus Into an

Antihistaminic Structure

1
It has previously been noted (see Chapter 2) that

the o-nitrophenyl and 2-pyridyl analogues (22 and 23) of

7

| « l
CH,CH,NH, y~~CH,CH,NH,

NO :
(22) (23)

2

histamine have negligible agonist effects on the guinea-pig
ileum (Jones 1966) and yet the phenyl and 2-pyridyl moieties

are common aromatic features of many potent antihistamines.-
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In addition, there appeared to be no reference in the
literature to any antihistamines containing the imidazole
nucleus and it therefore seemed of interest to attempt to
introduce this heterocycle into a molecular structure
having potential'antihistaminic properties.

v In this regard it was decided to investigate use
of the ethereal‘2-lithio-l-methylimidazole (201) complex
previously described by two sources (Alley and Shirley
1957; Roe 1963). It was intended to treat a Mannich

JO

(201)
ketone (38 or 103) with the latter reagent to produce the

corresponding carbinol (202) whose dehydration might yield

o]
_ep (201) on
Ar-é-cnzcnzk >  Ar-C-CH,CH,R
N7 'N-Me
(38; Ar = Ph; R = NMe,) l—] (202)

. = -— - - =" )
(103; Ar = p-Me-C.H,; R O

Ar H
~. _
c=cC

N \\\CH R

<§§:§;-Me 2

cis and trans

(203)
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cis and trans aminopropene isomers (203) possessing
tactive' antihistaminic structures containing the
imidazole nucleus.

Initially, effective preparation of the organo-
lithium reagent (201) was investigated; both Roe (1963)
and Alley and Shirley (1957) had synthesised the complex
by treatment of 1-methylimidazole with n-Buli at room
temperature for three hours. We prepared the complex
according to the literature conditions and repeated Roe's

reaction of this reagent with cyclohexanone.

ﬁ:;:ﬂ n-Buli Liﬁ:;jﬂ

Me Me

(201)

(201) 4
5 J

AN

Me

N

(204)

Oonly a 4% yield of the imidazolyl product (204)
was thus obtained (Roe claimed a 56% yield in a very much
smaller scale reaction). However a classic review (Gilman
and Morton 1954) on metalation reactions quoted quite un-
equivocally that '‘metalation involves boiling under reflux
in ether solution of a substance to be metalated together

with an excess of n-butyl lithium from four to twenty four
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hours'; therefore we reprepared the lithio-imidazole re-
agent under reflﬁx conditions and subseguent treatment
with cyclohexanone produced the much improved yield. of
52% of the expected product (204).

Héving established suitable conditions for effec-
tive preparation of the organolithium reagent attempts
were then made to react the latter with two different
Mannich ketones (38 and 103). No detectable reaction
occurred and only unchanged ketone was isolated in either
case. The experimental failure of these reactions was
thought possibly to be due to the presence of a basic
centre in the substrates. Indeed, a further reaction of

the organolithium reagent with N-phenethyl-4-piperidone

Me
l N
0 HO \;\>
- (201).
——
2H2CH2Ph HZCHzPh
(205) . (206)

(205) (an analogue of cyclohexanone containing a basic
group) afforded only an 11% yield of the tertiary alcohol
product (206). Thus it did appear that reaction of the
imidazole-lithium complex is inhibited by the presence of
a basic group in a ketonic substrate. Hence, the imida-

zole nucleus could not be introduced into an antihistaminic
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structure by use of the reagent.

Fux;thermoré, attempts to dehydrate the model imida-

gole carbinol (204). (uéing- an. acetic-hydrochloric acid

(204)

mixture or. sulphuric acid) to form an alkenic structure
(207) of poteptial antihistaminic, interest also failed

(see experimental). -
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CHAPTER 8

EXPERIMENTAL
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Notes on the Experimental Data

All Melting Points are,uhcorrected and were deter-
mined using a Thomas Hoover Capillary melting point

apparatus. Infrared Spectra were recorded on a Beckmann

Infrared Spectrophotometer Model 10 (solids as Nujol mulls
and liquids as thin films unless otherwise specified). UV
Spectra were obtained by use of a Beckmann DK-2 Recording

Spectrophotometer.

PMR Spectra were determined at 60 MHz on a Varian

Associates Model A-60D spectrometer at the normal operating
temperature of 39°; 100 MHz spectra were recorded on a

Varian HA-100 instrument. In both instances, the chemical
shifts were recorded in Hz relative to TMS or DSS as inter-

nal standards.

Elemental Analyses were carried out by Drs. G. Weiler

and F.B. Strauss, Microanalytical Laboratory, oxford, England
and by the microanalytical laboratorles of the Department of
Chemistry and the Faculty of Pharmacy and Pharmaceutical
Sciences, University of Alberta.

Bases, unless otherwise indicated, were recovered
from their acidic solutions by making alkaline with ammonia.
The liberated bases were extracted with ether, dried over
anhydrous sodium sulphate, filtered and the extracts evapo-

rated to dryness.
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~ All the commercial cnemieals were used»withqut/,jfﬁfa‘a* 8
further purification unless otherwise spec;fied. Thé“'
anhydrous ether reagent (Ex Fisher Chemicals) was . used 5
directly for the Grignard and organolithlum reacticns
| and it was found. unnecessary to stand this solvent overffd o

'sodium wire.-




- 253 -

EXPERIMENTAL WORK RELEVANT TO CHAPTER 3, SECTIONS (ii) TO

(vii) GENERAL STUDIES ON 4-AMINOBUTENES

Synthesis of the 1,2-Diaryl Mannich Ketones

All the ketones described below exhibited strong
-1

IR carbonyl absorption bands in the 1700-1650 cm ~ region.
3-Dimethxlamino-l-ghenzlgrogan-l—one-(38)

Acetophenone (40 g; 0.33 M), dimethylammonium chlor-
ide (35 g; 0.43 M) and paraformaldehyde (13 g; 0.43 M) in
ethanol (50 ml) containing 1 ml of HCl, were heated under
reflux for 4 hr, cooled and diluted with ether until the
solution was close to the coalescence point. After storage
at 0o for several hours, the colourless, crystalline Mannich
ketone (38) hydrochloride (46.3 g; 66%) separated, m.p. 153=-
154° (Maxwell, 1943, gave m.p. 155-156°).

3%1-Pigeridino)-l-ghenxlgrogan-l-one (41)

Prepared as above using acetophenone (60 g; 0.5 M),
piperidine (42.6; 0.5 M) and paraformaldehyde (19.8 g; 0.65 M)
The organic base was carefully acidified to litmus with con-
centrated HCl, cooling the solution in an ice-bath, before

being treated with the other reactants. The hydrochloride

product (41) separated as colourless needles (66.1 g; 52%),
m.p..190-—191° (EtOH/ether) (Mannich and Lammering, 1922,

gave m.p. 192-193°).



- 254 -

1-Phenyl=~3-(1-pyrrolidino)propan-1l-one (42)

Prepared as above using acetophenone (60 g; 0.5 M),
paraformaldehyde (19.8 g; 0.65 M) and acidified pyrrolidine
(35.6 g; 0.5 M) to yield the crude hydrochloride product

(42) (99.7 g; 83%), m.p. 162-163° (EtOH/ether) (Adamson

et al., 1950, gave m.p. 162-164°).

3-Dimethylamino-1-g-tolylpropan-1l-one (61)

| o-Methylacetophenone (49.2 g; 0.37 M), dimethylammonium
chloride (37.3 g; 0.46 M) and paraformaldehyde (15.0 g; 0.5 M)

were treated as before to give the hydrochloride product (61)

(62.1 g; 74%), m.p. 154° (EtOH/ether) (Burckhalter and
Johnson, 1951, gave m.p. 156°).

Found: C, 62.91; H, 7.91; N, 6.12. C,,H,,NO.HCl
requires: C, 63.28; H, 7.97; N, 6.15%.

Pregaration of the 4-Amino-l,2-Diarxlbutan—2-ols

The hydrochlorides of all the carbinols described

below showed characteristic hydroxyl absorptions. in the 3300-

1

3250 em - region of their IR spectra.

General Preparative Method

The appropriate Mannich ketone in the free base form
(1 mole) was treated with the Grignard reagent prepared from
benzyl chloride (2 mole) and magnesium (2.2 g atom) in an-

hydrous ether at reflux temperature for 3 hr. The reaction
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mixture was then decomposed with crushed ice and ammonium
chloride. The ether layer was separated, dried (Na2804)
and evaporated to dryness to yield the crude basic pro-
duct-as a yellow oil. The latter was dissolved in ethanol
and acidified to litmus with a stream of dry HCl gas,
cooling the reaction flask in an ice-bath (to prevent pos-
sible dehydration). Addition of anhydrous ether to the
solution and storage at 0° yielded the crystalline hydro-
chloride product.. |

In the above manner, the following carbinols were

isolated:

4-Dimet§z}amino~l,2-d;2penxlbutan-2-ol (29a) hydrochloride,
yield 41%, m.p. 157-158° (EtOH/ether) (Pohland and Sullivan,

1953, gave m.p. 156-157°).

llz-gigheny1-4(lrpiperidino)butan-z-ol (26c; R =.H) hydro-
chloride, yield 42%, m.p. 233-234° (EtOH/ether) (Pohland

and Sullivan, 1953, gave m.p. 232-2339),

1,2-Diphenyl-4 (l-pyrrolidino)butan-2-ol (39) .hydrochloride,

yield 42%, m.p. 163° (EtOH/ether).
Found: C, 72.03; H, 7.80; N, 4.22. C, H, NO.HCl

requires: C, 72.38; H, 7.90; N, 4.22%.

l—g-Chlorophenyl-2-pheny;-4(l-py;rolidino)butan-Z-ol (40)

hydrochloride, yield 71%, m.p. 190° (EtOH/ether). (Eli

Lilly Co., Patent 1953a, gave m.p. 185-187°).

4
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Found: C, 65.82; H, 7.03; N, 3.82. C20H24C1NO.HC1

requires: C, 65.57; H, 6.88; N, 3.82%.

4-Dimetgy1amino-l:phegy1-2-Qrtoly1butan-2-ol (62) hydro-

chloride, yield 65%, m.p. 169° (EtOH/ether) (Pohland and
Sullivan, 1953, gave m.p. '169-170°) .
Found: C, 71.41; H, 8.57; N, 4.47. C19H25NO.HCI

requires: C, 71.34; H, 8.19; N, 4.38%.

Acid-Catalysed Elimination of 4-Amino-1l,2-diarylbutan-2-ols

General Method of ngg and Pocha (1967)

The aminobutan-2-ol hydrochloride (10 to 20 g) was
dissolved in a mixture of hydrochloric (75 ml) and acetic
acids (175 ml) and heated under reflux for 4 hr. The cooled
solution was made alkaline with strong, agueous ammonia and
the base extracted into ether. The dried (Na2304) extracts
were evaporated down to dryness and a sample of the total
base examined by PMR spectroscopy (see Chapter 3). The pro-
duct was then acidified to litmus with ethanolic hydrogen
chloride or bromide and small amounts of ether‘were succes-
sively added to the solution over a period of several weeks.
Continuous standing at 0° led to the isolation of a large
number of crystalline hydrohalide crops. Numerous recrystal-
lisations from EtOH/éther were carried out and PMR spectra
of selected crops were run to determine their isomeric com-
positions. In this manner, certain pure samples or enriched

mixtures of the various aminobutene isomer products with
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characteristic PMR parameters (see Tables III and V) were

isolated.

By the above method, the following carbinols were

dehydrated:

4-Dimethz;amino-1,2-diphegylbutan—2-ol (29a) hydrochloride

(20 g) gave several diversely mixed crops of the various
aminobutene isomers until eventually a crude mixture of the

required cis (H/Ph) but-2-ene (33) hydrobromide, (2.30 g),

and a trace amount of the cis but-l-ene (30) was obtained
(PMR evidence, see p. 36). Several recrystallisations of
this crop from EtOH/ether finally yielded the pure cis
(H/Ph) but-2-ene (33) hydrobromide as colourless needles,
m.p. 179-180°,

Found: C, 64.71; H, 6.57; N, 3.93. cléﬁziN.HBr
requires: C, 65.07; H, 6.67; N, 4.22%,

Also isolated was a mixture, (3.13 g), m.p. 127-1300,
consisting mainly of the cis and trans but-l-ene (30 and

31) hydrobromides together with a trace amount of the cis.

(H/Ph)-but-2-ene (33) salt (PMR evidence). A sample of
this mixture was subsequently evaluated for antihistaminic

activity (see Table IV).

Dehydration of 1,2-diphenyl-4«1l-piperidino)butan-2-ol

(26c; R = H) hydrochloride, (10 g), led to the isolation of

the following aminobutene isomers in the order given below:
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gcis (H/Ph) but-2-ene (41) hydrochloride, (1.54 g), m.p.

248-249° (EtOH/ether).
Found: C, 76.68; H, 8.12; N, 4.23. C,,H, N.HC1

requires: C, 76.91; H, 8.00; N, 4.27%.

trans but-l-ene (44) hydrochloride, (1.42 g), m.p. 195°

(EtOH/ether) .-
Found: C, 76.71; H, 8.04%.

cig but-l-ene (43) hydrochloride, (0.67 g), m.p., 160-161°

(EtOH/ether).
Found: C, 76.97; H, 7.98%.

Dehydration of 1,2-diphenyl-4(l-pyrrolidino)=butan-

2-0l (39) hydrochloride, (13.5 g¢), produced the following

aminobutene isomers in the order given below:

gls (H/Ph) but-2-ene (47) hydrochloride, (0.77 g}, m.p.
198° (RtOH/ether). |

Found: C, 76.58; H, 7.48. C20H23N.Hcl requires:
c, 76.30; H, 7.68%.

fraps but-l-ene (50) hydrochloride, (1.53 g), m.p. 160-162°

(EtOH/ether).

Found: C, 76.28; H, 7.83%.

Conversion of the mother liquor to a hydrobromide
mixture only led to the isolation of more trans but-l-ene

(50) as the hydrobromide (see Table VI), (0.56 g), m.p.
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141-142° (PMR spectrum in CDCl, identical to that of the

hydrochloride of this isomer - see Table V).

Dehydration of 1l- -chlorophenyl-2-phenyl-4-1-

pyrrolidino)butan-2-ol (40) hydrochloride, (12.0 g), led

to the isolation of the following aminobutene isomers in

the order given below:

gis (H/Ph) but-2-ene (51) hydrochloride, (1.73 g), m.p.

227-228° (this isomer is 'Pyronil' hydrochloride, see p.

51).
Found: C, 69.06; H, 6.59; N, 4.16. C20H22C1N.HC1

requires: C, 68.96; H, 6.66; N, 4,02%.

trans but-l-ene (54) hydrobromide, (2.01 g), m.p. 191°

(EtOH/ether).
Found: C, 61.16; H, 6.07; N, 3.69. C20H22N'HBr

requires: C, 61.15; H, 5.90; N, 3.57%.

gis but-l-ene (53) hydrobromide, (1.30 g), m.p. 184-185°

(EtOH/ether).
Found: C, 61.36; H, 6.16; N, 3.29%.

trans but-2-ene (52) hydrobromide, (0.44 g), m.p. 152-153°

Found: C, 60.96; H, 6.03; N, 3.69%.
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Dehydration of 4-dimethylamino-l-phenyl=2-o-

tolylbutan-2-ol (62) hydrochloride, (15.0 g), led to

the isolation of the following products in the order

given below:

cis (H/g-tolyl) but-2-ene (63) hydrochloride, (1.33 g)
m.p. 188-190° (EtOH/ether). |
Found: C, 75.63; H, 7.89; N, 4.54. C19H23N.HC1

requires: C, 75.58; H, 8.01; N, 4.64%.

cig but-l-ene (65) hydrochloride, (1.66 g), m.p. 172°

(EtOH/ether).
Found: C, 75.30; H, 7.99; N, 4.40%.

traps but-l-ene (66) hydrochloride, (1.39 g), m.p. 176~
178° (EtOH/ether).
Found: C, 75.56; H, 8.05; N, 4.41%.

Attempt to prepare the ethylene chlorhydrin quaternary

derivative of the gis (H/Ph) 4 (1-piperidino)but-2-ene (41)

The free base was isolated from the cis (H/Ph)
but-2-ene (41) hydrochloride (0.13 g) and dissolved in
anhydrous benzene (25 ml). The mixture was refluxed for
66 hr after which the solution was concentrated down to a
small volume and some ether was added. Standing at 0° and-

repeated scratching would only afford an intractable gum.
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Preparation of the guaternary methiodide derivative (46)

of the g;gbiﬁ/Ph)4(l:p;peridino)but-2-ene'(41)

The free base isolated from the cis (H/Ph) but-2-
ene (41) hydrochloride (0.66 g) was dissolved in A.R.:
acetone (25 ml) and methyl iodide (0.2 ml) was added
dropwise. Anhydrous ether was édded to the solution
until close to coalescence point and on standing at 0°

lustrous platelets of the methiodide product (46) (0.44 g)

separated, m.p. 163-164° (dec.).
Found: C, 61.18; H, 6.78. C22H281N requires:

C, 60.95; H, 6.51%.
The product had the following PMR characteristics

in CDCl, (TMS) at 60 MHz: =C-H, triplet, 358 Hz (78);
-CH,-f, doublet, 275 Hz (J8); -CH,Ph, broad singlet, 252

Hz; ﬁ-gg, singlet, 196 Hz.

Preparation of the quaternary methiodide derivative (55)

of 'Pyronil' (51)

This compound was prepared as described above using
free base isolated from 'Pyronil' (51) hydrochloride (0.61 g).
The product consisted of colourless needles (0.35 g), m.p.
117°.

Found: C, 55.62; H, 5.65. CZlHZSClIN requires:

C, 55.56; H, 5.55%.
The product had the following PMR parameters in CDCl3

+
(TMS) at 60 MHz: =C-H, triplet, 359 Hz (J8); *gﬂz-N, doublet
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+
279 Hz (J8); -CH,Ph, broad singlet, 250 Hz; -N-Me, sing-

let, 196 Hz.

catalytic hydrogenation of Pyronil hydrochloriae (51) to

form the corresponding aminobutane (60)

A mixture of Pyronil hydrochloride (0.35 g), 10%
palladized charcoal (0.2 g) and ethanol (100 ml) was
stirred with hydrogen at atmospheric pressure until gas
absorption ceased (4 hr required). Tis product was fil-
tered through kieselguhr, the filtrate evaporated and the
residue recrystallised from an acetone/ether/hexane sol-
vent system to yield l-gfchlorophenyl-2-phenyl-4(l-pyrroli-
'~ dino)butane (60) hydrochloride, (0.15 g), m.p. 158°.

A PMR spectrum of the product in CDCl3 showed the
complete absence of any vinylic signals which indicated
that reduction was complete. When the product was dried
at 60° under reduced pressure in preparation for micro-
analysis its colour was observed to turn from white to
pink which indicated some decomposition tofthe compound.

Found: C, 75.09; H, 8.17. C20H24C1N.HC1 requires:
C, 68.59; H, 7.19%.

The analysis is unsatisfactory, hence the material

is impure.
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EXPERIMENTAL WORK RELEVANT TO CHAPTER 3, SECTION. (viii)

THE ROLE OF AROMATIC GROUPS IN CIS (H/Ph) 1,2-DIARYL-

BUTENES

(a) Replacement of the Benzyl.Riggﬁbyuthe,Cyclohexyl and

2-Pyridyl Moieties

freparation of 49Dimethy;amino-l—gyclohexyl-vahenylbutan-Z—

ol (67)

The Mannich ketone (38) free base which had been iso-
lated from the hydrochloride salt (19.2 g; 0.09 M) was
treated with a solution of cyclohexylmethylmagnesium bromide
prepared from cyclohexylmethyl bromide (17.7 g; 0.01 M) (Ex
Aldrich Chemicals) and magnesium (4.0 g; 0.17 g atom) in
’anhydrous ether (250 ml). The reaction mixture was refluxed
for 3 hr before it was decomposed with crushed ice and
ammonium chloride. The ether }ayer was separated, dried
(Nazso4) and evaporated to dryness to yield the crude basic
product. _The latter was acidified with ethanolic HCl, cool-
ing the reaction flask in an ice-bath, before the addition
of anhydrous ether and storage of the solution at 0°. The
initial crystal crop consisted of the ketone precursor (38)

hydrochloride (5.3 g), m.p. 151-152° which had a character-

istic IR spectrum identical to an authentic sample.
Further crops consisted of the butanol (67) hydro-

chloride (4.8 g; 17%) with m.p. 152-153°,
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IR spectrum (nujol mull): vméx(c=o) absent,

-1
Vmax 3270 cm " (OH).
Found: C, 69.05; H, 9.69. C18H29 NO.HC1 requires:

C, 69.33; H, 9.70%.

Acid-Catalysed Elimination of 4-Dimethylamino-l-cyclo-

hexyl-2-phenylbutan-2-ol (67)

The butanol (67) hydrochloride (3.0 g) was dehy-
drated in the usual manner using an acetic-hydrochloric
acid mixture (see p. 256), and fractional crystallisation
(EtOH/ether) of the hydrochloride salts yielded the pure
cis (H/Ph) but-2-ene (68) hydrochloride, (0.23 g), as

colourless crystals, m.p. 243-244° (Frey et al., 1950,
gave m.p. 244-245° for an aminobutene hydrochloride of
unassigned configuration obtained by dehydration of an un-
purified sample of the carbinol (67)). |

Found: C, 73.33; H, 9.46. C18H27N.HC1 requires:

C, 73.57; H, 9.60%.

Preparation of 4-Dimetgylamino-z-phenyl-l%2—pyridyl)butan-

2-0l (71)

This tertiary alcohol was prepared by method of Casy
and Pocha (1967). Basic pg-dimethylaminopropiophenone
(38) isolzted from its hydrochloride (16.0 g; 0.075 M) was
added to lithium 2-picolyl, prepared from 2-picoline (23.0 g;

0.25 M), bromobenzeme (33.7 g; 0.21 M) and lithium strips
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(4.5 g; 0.65 M) in anhydrous ether (250 ml). The reac-
tion mixture was stirred at room temperature overnight

and then decomposed with crushed ice. The ethereal phase
was dried (caCl,), and evaporated down to dryness to
afford the crude product (40.8 g; 72%). An IR spectrum

of the unpurified carbinol showed the absence of carbonyl
peaks and a broad hydroxyl peak was evident (vmax 3500-
3100 cm-l, bonded OH). The crude product was then used for

the elimination reaction described below.

Acid-Catalysed Dehydration of 4-Dimethylamino-2-phenyl-

1 (2-pyridyl)butan-2-ol (71)

The carbinol (71) (15 g; 0.06 M) was treated with
85% v.v. aqueous H2804 (100 ml) and the solution magnetic-
ally stirred at 100-110° (oil-bath) for 2.5 hr. The cooled
mixture was poured onto crushed ice and basified with
strong aqueous ammonia and the products extracted into
ether, dried (Na2804) and the solution concentrated down
to a small volume. Acidification with ethanolic HC1 wbuld
not afford any hydrochloride products and thus the free
bases were re-isolated from the mother liquor and treated
with a solution of oxalic acid dihydrate (7.0 g) in ethanol
(25 ml). Addition of ether and standing at 0° yielded a
number of oxalate crops and after numerous recrystallisations
from EtOH/ether the following two pure aminobutene isomers

were obtained:
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¢ig but-l-ene (74) dihydrogen oxalate, (0.92 g), m.p.

130-131°.

IR spectrum (nujol mull): Vmax

3300-3150 cm T
(bonded OH).
Found: C, 58.30; H, 5.65; N, 6.59. C,;H,,N,Og

requires: C, 58.32; H, 5.59; N, 6.48%.

;;ggg;(H/Ph) but-2-ene (73) dihydrogen oxalate, (0.34 g),

m.p. 154-155°,
IR spectrum (nujol mull); v__. 3400-3200 em™t

(bonded OH).
Found: C, 58.80; H, 5.71.

Replacement of the 2-Aryl Ring by the f£-Bu Group and

(b)
Related Studies

Preparation of l-;-Butyl-3-dimethy;aminopropan—l-one (77)

Pinacolone (49.5 g; 0.49 M), paraformaldehyde
(20.0 g; 0 67 M) and dimethylammonium chloride (53.0 g;

0.65 M) were heated under reflux in ethanol (40 ml) con-

taining c-HC1l (1 ml) for 6 hr. The cooled mixture was di-

luted with acetone (250 ml) and stored at 0o when the

Mannich ketone (77) hydrochloride, (82.2 g; 88%) separated,

m.p. 173-174° (EtOH/ether).
IR spectrum (nujol mull): vmax'l700 cm-l (C=0).

Found: C, 55.79; H, 10.20; N, 7.24. C9H19NO.HC1

requires: C, 55.80; H, 9.88; N, 7.23%.
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Preparation of 2-§;Bu§y1-4-dimethglamino-1—phenx}butan-

2-ol (78)

1-t-Butyl-3-dimethylaminopropan-1-one (77) (27.8 g;
0.18 M) in ether (50 ml) was added to a solution of benzyl-
magnesium chloride prepared from benzyl chloride (45 g;
0.36 M) and magnesium (9.7 g; 0.4 g atom) in anhydrous
ether (400 ml), the mixture heated under reflux for 2 hr and
decomposed with crushed ice and ammonium chloride. The
organic phase was dried (Mgso4), concentrated, and the resi-
due acidified with ethanolic HCl cooling the reaction flask
in an ice-bath. Dilution of the solution with ether until

close to the coalescence point followed by storage at 0°

yielded the carbinol (78) hydrochloride, m.p. 193° (EtOH/

ether).

IR spectrum (nujol mull): v__  3500-3250 em ! (bonded

OH) .
Found: C, 67.38; H, 9.92; N, 4.70. 016H27N0.HCI

requires: C, 67.19; H, 9.51; N, 4.90%.

Acid-Catalysed Elimination of Z:E;Butyl-4-dimethylamino-l-

phenylbutan-2-o0l (78)

The tertiary alcohol (78) hydrochloride (15 g) was
dehydrated in the usual manner using an acetic-hydrochloric
acid mixture (see p.256), and fractional crystallisation
(EtOH/ether) of the hydrochloride salts over several weeks

afforded the following pure aminobutenes in the order given:
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trxang (£-Bu/H) aminobut-2-ene (79) hydrochloride, (1.08 g),

m.p. 243°,
Found: C, 71.37; H, 9.42; N, 4.89. 016H25N.HC1

requires: C, 71.72; H, 9.75; N, 5.23%.

cis (t-Bu/H) aminobut-2-ene (76) hydrochloride, (0.58 qg)

m.p. 183-184° (this isomér exhibits a magnetically non-
equivalent t-Bu group in its PMR spectrum - see Table XII).

Found: C, 71.47; H, 9.70; N, 4.99%.

trans (t-Bu/Ph) but-1l-ene (81) hydrochloride, (0.36 g),
ax 238 mu (e 8600 in HZO)’

v o
m.p. 176-177%; A

Found: C, 71.54; H, 9.73; N, 5.39%.

Isolation of 1-:rButyl-l-phenyl-3-dimethylaminopropan—l-ol

(85) and its propene and propane analogues.

2 mixture of the Mannich base (77) (17.1 g; 0.11 M)
and phenylflithium prepared from bromobenzene (17.1 g;
0.11 M), lithium (1.65 g; 0.24 g atom) and anhydrous ether
(100 ml) was heated under reflux for 1 hr before decompo-
sition of the complex with crushed ice and ammonium chloride.
The organic layer was dried (CaClz) and evaporated to give
a mixture of the unchanged ketone (77) and the expected
butanol (85) (IR spectrum showed both v___ 1705 cm © (C=0)
and Vmax 3430 cm-l OH); fractional crystallisation from

EtOH/ether of the hydrochloride, m.p. l70-l75°, obtained

from the mixed base product, failed to separate the
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components. A similar product resulted after the Mannich
ketone (77) and phenyl-lithium had been heated in toluene
at the reflux temperature for 18 hr.

The hydrochloride mixture (6 g) was heated under
reflux with acétic acid (40 ml) and concentrated HC1l
(20 nl) for 4 hr, the base recovered as usual, (its 60 MHz
PMR spectrum in CDCl3 displayed a single vinylic signal at
340 Hz) acidified with ethanolic HCl and fractionally
crystallised after dilution of the solution with ether.

The products isolated in the same order as given below

were:

A‘cia (t-Bu/H) prop-l-ene (86) hydrochloride, (0.45 g),
m.p. 2500; UV absorption spectrum in water showed end-
absorption only.

Found: C, 70.76; H, 9.46; N, 5.80. ClsH23N.HC1

requires: C, 70.98; H, 9.53; N, 5.52%.

1-t-Butyl-1-phenyl-3-dimethylaminopropan-1-ol (85) hydro-

chloride, (0.60 g), m.p. 185-187°.

1

IR spectrum: (nujol mull) v 3390 cm — (OH) (no

max
carbonyl absorption present).
Found: C, 66.45; H, 9.73; N, 4.95. C15H25N0.HC1
requires: C, 66.28; H, 9.64; N. 5.15%.
A mixture of the aminopropene (86) hydrochloride

(0.38 g), 10% palladised charcoal (0.3 g) and ethanol

(100 ml) was stirred with hydrogen at atmospheric pressure
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and room temperature until gas absorption ceased (5 hr
required). The reaction mixture was filtered through
kieselguhr and the filtrate evaporated to dryness before
the residue was crystallised from acetone to yield

1-:rbutyl-3-dimethylamino-l-pheny;ggopane (87) hydrochloride,

0.30 g), m.p. 201-202°. The 60 MHz spectrum of the product
in CDCl3 (TMS) showed complete absence of any vinylic signals
and a sharp t-Bu singlet at 54.5 Hz relative to TMS.

Found: C, 70.22; H, 10.03. C15H25N.HC1 requires:

C, 70.46; H, 10.24%.

Preparation of 2-t-Butyl-l-g-chlorophenyl-4-dimethylamino=

butan~2-o0l (88a)

The required butanol (88a) was prepared by treatment
of the Mannich base (77) (19.0 g; 0.12 M) with a solution
of gfchlorobenzylmagnesium>chloride prepared from o-chloro-
benzyl chloride (39.0 g; 0.24 M) (Ex Aldrich Chemicals) and
magnesium (7.3 g; 0.3 g atom) in anhydrous ether (300 ml).
The reaction work-up was identical to that employed for the
phenyl analogue (78) previously described and the butanol

(88a) hydrochloride, (23.5 g; 61%) separated as colourless

prisms, m.p. 174° (EtOH.ether).

1l

IR spectrum (nujol mull): v 3360 cm — (OH).

max
Found: C, 60.21; H, 8.65; N, 4.21. C16H26C1NO.HCl
requires: C, 59.98; H, 8.50; N, 4.37%.

Acid-Catalysed Elimination of 2-t-Butyl-1l-g-chlorophenyl

-4-dimethylaminobutan-2-ol (88a)

The butanol (88a) hydrochloride (13 g) was dehydrated
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in the same manner as the phenyl analogue (78) and
subsequent fractional crystallisation (EtOH/ether) of the
hydrohalide mixtures over a period of several weeks yielded
the following aminobutenes in the order given:

trans (t-Bu/H) but-2-ene (90) hydrochloride, (0.78 g) m.p.

233-234°,
Found: C, 63.83; H, 8.54; N, 4.36. C,.H,,CIN.HC1

requires: C, 63.57; H, 8.34; N, 4.63%.

gis (t-Bu/H) but-2-ene (89) hydrochloride, (0.60 g), m.p.

195-196° (this isomer exhibits a magnetically non-equiva-
lent t-Bu group in its PMR spectrum - see Table XII).
Found: C, 63.76; H, 8.60; N, 4.41%.

irans (t-Bu/Ar) but-l-ene (91) hydrobromide

(1.83 g), m.p. 175°; UV absorption spectrum in water showed

end absorption only.

Found: C, 55.27; H, 7.40; N, 4.17. C16824C1N.H3r

requires: C, 55.42; H, 7.27; N, 4.04%.

Reaction of the t-Bu Mannich base (77) with 2,6-dichloro-

benzylmagnesium bromide and dehydration of the product

The aminoketone (77) (15.0 g; 0.096 M) was added
dropwise to a Grignard reagent prepared from 2,6-dichloro-
benzyl bromide (45.8 g; 0.19 M) (Ex Aldrich Chemicals),
magnesium (4.9 g; 0.2 g atom) and anhydrous ether (250 ml),
and the mixture heated under reflux for 2.5 hr, before

decomposition with crushed ice and ammdnium chloride. The
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ethereal layer was dried (Na2804), concentrated down to’
small volume and the basic product acidified with ethanolic
HCl, cooling the reaction flask in an ice-bath to prevent
dehydration. Dilution with ether and cooling to 0° yielded

a hydrochloride (14.1 g), m.p. 150-160°, composed of the

unchanged ketone starter (77) and the butanol product (68b)

(IR evidence), and a pure crop of l-j-butyl-l-phenyl-3-

dimethylaminopropan-1-ol (85) hydrochloride, (0.8 g), m.p.

and mixed m.p. 185-187° (IR and PMR spectra identical with
those of authentic sample).

Found: C, 66.55; H, 9.64; C15H25NO.HC1 requires
C, 66.28; H, 9.64%.

The mixed hydrochloride crop, composed of (77 and
88b), could not be resolved by fractional crystallisation
(EtOH/ether) and thus the total base (10 g) mixture was
recovered and treated with a mixture of acetic and hydro-
chloric acids as before. Subsequent fractional crystalli-
sation from EtOH/ether of the acidified reaction product

lead to the isolation of the following products:

cis (t-Bu/H) prop-l-ene (86) hydrochloride, (0.58 g), m.p.

and mixed m.p. 242-243° and IR and PMR spectra all iden-

tical to those of authenic sample.

gis (t-Bu/H) but-2-ene (92) gydrochloridé, (0.39 g), m.p.

208-210° (this isomer exhibited a magnetically non-equivalent

t-Bu group in its PMR spectrum - see Table XII).
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Found: C, 57.36; H, 7.39; N, 4.07. C16H23C12N.HC1

requires: C, 57.07; H, 7.19; N, 4.16%.

Lrans (t-Bu/H) but-2-ene (93) hydrobromide, (0.25 g),

m.p. 223°.
Found: C, 50.70; H, 6.54; N, 3.49. C, H, Cl N.HBr

requires: C, 50.42; H, 6.35; N, 3.68%.

Experimental Checks for Possible Contamination with Bromo-

benzene of the Commercial Sample of 2,6-dichlorobenzyl

Bromide Used in the Above Reactions.

The m.p., micro-analysis and PMR studies (see main
text, p. 101 et seq.) all suggested that the 2,6-dichloro-
benzyl bromide (Ex Aldrich Chemicals) was of high purity.

A final check by GLC was carried out using an F
and M Scientific 700 Laboratory Chromatograph incorporating
a hydrogen flame ionisation detector.

A 6 ft 1% silicon gum rubber column, diameter 1/8%,
with OV-17, 80-100 mesh DMCS stationary phase at 120° was
employed for the experiments; the temperatures at the in-
jection port and the detector were 260° and 280° respec-
tively. 1Initially, the purity of the ether solvent used
for this study was checked and then a12 ul aliquot of a
solution of 2,6-dichlorobenzyl bromide (13.5 mg/ml) in
ether was run under the conditions given above. A single

peak was observed for this compound with a retention time

of 20.5 min.
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A 2 ul aliquot of a solution of bromobenzene

(12.0 mg/ml) in ether was then injectéd into the chromato-
graph and a single peak (retention time 1.2 min) was again
observed. Careful re-examination of the recorder chart

for the dichloro compound showed absolutely no trace of

any peak at the 1.2 minute mark. Addition of bromobenzene
to the pure dichloro solution did, however, provide the
expected two peaks at 20.5 and 1.2 min retention times.
These observations gave final and conclusive proof of the
high purity of the sample of 2,6-dichlorobenzyl bromide

used in the previously discussed Grignard reactions.

Reaction of 2,6-Dichlorobenzyl magnesium bromide with the

less crowded Mannich base (38)

3-Dimethylamino-lfgpenylpropan-l-one (38) free base,
isolated from the hydrochibride salt (16.0 g; 0,075 M) was
treated with a Grignard reagent prepared from 2,6-dichloro-
benzyl bromide (35.9 g; 0.15 M) and magnesium (4.9 g;
0.2 g atom) as before. The base product after acidification
with ethanolic hydrogen chloride yielded crops of the ke-

tone substrate hydrochloride (0.58 g) (IR spectrum, m.p.

and mixed m.p. identical to those of authentic material) and

l-(2,6—dichlorophenyl)-4-dimethylamino-z-phegylbutan-2-01

(94) hydrochloride, (11.2 g; 40%), m.p. 234-235° (EtOH/ether).
1

IR spectrum (nujol mull); v 3240 cm © (OH). PMR

max
characteristics at 60 MHz in DMSO-d6 (10% w/v) relative to
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TMS: 8 proton aryl signal at 441 Hz; cnzAr, broad singlet,
204 Hz; NMe,, singlet, 160 Hz; the hydroxyl signal was at
318 Hz (broad singlet, which collapsed after the addition
of a drop of D, o). ' | |

Found: C, 57. 645 Hy 5.65. Cyg 21C12N0 JHCL. gq;;uir'éégf

c' 57071, H' 5.92%. - )
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EXPERIMENTAL WORK RELEVANT TO CHAPTER 4, AMINOPROPENES

AND. RELATED COMPOUNDS

Synthesis of 3-Dimethylamino-l-phenyl-l~(2-pyridyl)propan-

l-o0l (98)

(a) Initially aan ethereai solution of n-butyl-lithium
was prepared by the method of Akhtar and Barton (1964) as
follows: A magnetically stirred suspehsion of lithium
strips (2.8 g; 0.404 M) in anhydrous ether (100 ml) was
cooled to -10° (acetone/co2 bath) and a slow stream of
nitrogen gas was bubbled through the mixture. n-Butyl
bromide (27.4 g; 0.2 M) was then added dropwise to the
suspension keeping the temperature between -10 and 0°,
after which the reaction mixture was stirred under nitro-
gen between -10 and +10° for 2.5 hr.

(b) The aforementioned metalating reagent was then used
to generate a solution of 2-pyridyl-lithium using the
technique of Adamson and Billinghurst (1950).

The n-butyl-lithium solution was cooled to -60°
(acetone/CO, bath) and 2-pbromopyridine (31.6 g; 0.2 M) was
added dropwise over 15 min, keeping the temperature of the
mixture between -60 and -50° and continuing to bubble
nitrogen gas into the reaction flask. The brown complex was
then stirred at -60 to 50° under nitrogen for 1.5 hr after
which a solution of the Mannich ketone (38) (31.4 g; 0.18 M)

in ether (50 ml) was added at -50°.
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The reaction mixture was stirred for a further
1.5 hr at -60 to -50° before being allowed to warm to
room temperature. The suspension was then decomposed
with crushed ice and the dark-red ether layer separated
and dried (Na2804). Evapqration of the solution under
reduced pressure yielded the crude product as a dark-red
oil. The latter was treated with hexane (200 ml) and
the mixture refluxed for 0;5 hr before filtering the solu-
tion free of insoluble, tarry,.bi-products. The filtrate
was concentrated down to dryness and the residual oil
.solidified on cooling. The product was immediately re-
crystallised from EtOH/charcoai fo afford buff crystals of

3-dimethylamino-l-phenyl-1l- (2-pyridyl)propan~l-ol (98),

(23.1 g; 53%), m.p. 92-93°, ' A second recrystallisation
elevated the m.p. to 97-99° (Adamson and Billinghurst,

1950, gave m.p. 99-100°).
IR spectrum (5% CCl4): Vhax 3450-3100 (strongly

bonded OH).

Acid-Catalysed Dehydration of 3-Dimethylamino-l-phenyl-

1-(2-pyridyl)propan-1-ol (98)

Dehydration of the carbinol (98) was achieved after
following the method of Adamson et al. (1958). The sub-
strate (6.9 g) was dissolved in 85% v.v. aqueous HZSO4
(100 ml) and the solution stirred at 100-110° (oil-bath)

for 2 hr to allow for equilibration of the isomeric
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products. After cooling, the reaction mixture was pouredi
onto crushed ice and basified with strong aqueous ammonia
before the product was extracted into ether and dried
(Na2804). Evaporation of the ethereal éolution afforded
the total base product (examined by PMR at this point)
which was dissolved in ethanol (50 ml) and treated with
an ethanolic solution of oxalic acid dihydrate (2.7 g).

Dilution with ether and fractional crystallisation yielded:

trans (2-pyridyl/CH2N) prop-l-ene (99) oxalate, (1.14 g),

m.p. 176° (Adamson et al., 1957, gave m.p. 179°).

UV characteristics (EtOH): A_ .. 245 my (e 7800) and
A max 283 mp (£5700) (2-vinylpyridine type) [Adamson et al.,
1957, gave Amax 238 mp (log ¢ 4.32) and Amax 280 mp (log
e 4.03) (EtOH/CHC1,)].

Found: C, 65.56; H, 6.26; N, 8.37. C18H20N204

requires: C, 65.82; H, 6.14; N, 8.53%.

gis (2-pyridyl/CHpN) prop-l-ene (100) oxalate, (0.76 g),

m.p. 178-179° (adamson et al., 1957, gave m.p. 180-181°).
UV characteristics (EtOH): A max 252 my (e 10,000)
(styrenoid type) [Adamson et al., 1957, gave A . 247
(log ¢ 4.35) (EtOH/CHCl3)].
Found: C, 65.81; H, 6.03; N, 8.73. C18H20N204

requires: C, 65.82; H, 6.14; N, 8,53%.
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Synthesis of the 'Triprolidine' Isomers

Preparation of 341-Eyrrolidino)-l-g;tolylpropgnrl-one

(103)

An aqueous solution of pyrrolidine hydrochloride
was prepared by careful acidification of pyrrolidine free
base (35.6 g; 0.5 M) with concentrated HC1, cooling in
an ice-bath. Paraformaldehyde (22.0 g; 0.7 M), p-methyl-
acetophenone (60 g; 0.448 M) and ethanol (100 ml) were.
then added to the reaction flask and the mixture heated
under reflux-“for 13 hr. Dilution of the cooled solution
with ether and storage>at 0° failed to separate the pro-
duct which suggeSted'that the Mannich hydrochlo:ide was
extremely water soluble. Accordingly, a Dean-Stark head
was attached to the reaction flask and after addition of
some benzene (200 ml) the water (and ethanol) present were
removed by azeotropic distillation. The residual solution
was evaporated to dryness and the solid mass triturated
with ethyl acetatewhich led to separation of the crystal-
line product. Recrystallisation from EtOH/ether gave the

pure 3~(l-pyrrolidino)-l-p-tolylpropan-l-one (103) hydro-

chloride, (56.2 g; 50%), m.p. 167° (Adamson et al., 1958,

gave m.p. 1700).

.

1

IR spectrum (nujol mull); v 1680 cm — (C=0).

max
PMR characteristics of the free base in CDCl3 (TMS)

at 60 MHz: Aromatic A,B, quartet, 453 Hz (centre); CH,CH,N,
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182 Hz (centre of A,B, multiplet); Aryl Me, 144 Hz

(singlet).

Preparation of 1-(2-Pyridyl)-3-(l-pyrrolidino)-1-p-tolyl-

propan-1-ol (104)

This tertiary alcohol was synthesized in the same
manner as the 3-dimethylamino-l-phenyl analogue (98) using
n-butyl bromide (20.6 g; 0.15 M), lithium (2.1 g; 0.3 ¢
atom), 2-bromopyridine (17.3 g; 0.11 M) and the appropriate
Mannich base (103) isolated from its hydrochloride salt
(25.4 g; 0.1 M). The product separated as buff crystals of

1- (2-pyridyl)-3- (1-pyrrolidino) ~1-p-tolylpropan-1-ol (104),

(8.3 g; 28%), m.p. 116-117° (EtOH) (Adamson et al., 1958,
gave m.p. 119-120°).

IR spectrum (10% CC14): Vmax 3450-3100 (strongly

m
bonded OH).

Acid-Catalysed Dehydration of 1-(2-pyridyl)-3(l-pyrrolidino)-

1-g-tolylpropan-l—ol (104)

Dehydration of the carbinol (104) (7.0 g) using 85%
sto4 over a 2 hr period yielded solely the thermodynamically
controlled trans (2-pyridy1/CH2N) product (14) (PMR evidence).
Acidification with a solution of oxalic acid dihydrate (3.0 g)
in ethanol (50 ml) yielded buff crystals of the ifrgng (2-
pyridyl/CHoN) prop-l-ene (14) oxalate, (5.6 g) ('Triprolidine’

oxalate), m.p. 171° (Adamson et al., 1958, gave m.p. 173-174°).
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UV characteristics (EtOH): Amax 238 mu (e 14700)
and 283 mu (¢ 6650) (2-vinylpyridine type) [Adamson et al.,
1958, gave Amax 233 mpy (e 16200) and 283 mu (e 8200)
(EtOH)].

Kinetic control of the elimination reaction was
achieved, however, by dehydration of the alcohol (4.5 9)
over only a 15 min heating period (Adamson and Billinghust,
1950, have discussed this effect); fractional crystallisa-
tion of the oxalates from EtOH/ether yielded the pure cis (2-

pyridyl/CH,N) prop-l-ene (105) oxalate, (2.46 g), m.p. 147~

148° (Adamson et al., 1958, gave m.p. 149-150°).

UV characteristics (EtOH): A . 244 mu (e 14100) and
258 my (¢ 14500) (styrenoid type) [Adamson et al., 1958,
gave A .. 233 mp (e 13600) and 260 mu (e 13800) (EtOH)].

Synthesis of Aminopropenes containing Methyl Groups

Preparation of 3—Dimethylamino-l—(2—pyridy1)flfg£polyl-

propan—-1-ol (106)

Syntpesis of the required carbinol (106) was carried
out in the usual way using n-butyl bromide (30.1 g; 0.22 M),
lithium (3.2 g; 0.47 M), 2-bromopyridine (34.4 g; 0.22 M) and
the appropriate aminoketone (62) (36.6 g; 0.19 M). A low

yield of 3-dimethy1amino-1-(2-pyridyl)-l-Qrtolylpropan-l-ol

(106), (5.1 g; 11%), m.p. 96°, was thus obtained.

1

IR spectrum (10% CCL,): v 3480-3150 cm ~ (strongly

max
bonded OH).
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Found: C, 75.82; H, 8.40. p17H22N20 requires:

C, 75.51; H, 8.20%.

Acid-Catalysed Elimination of 3-Dimethylamino-1-(2-pyridyl)-

l-g-tolylpropan-1-ol (106)

Dehydration of the tertiary alcohol (106) (5.0 g)
over a 2.5 hr peried using 85% H,S0, at 100-110°,_followed
by the usual reaction work-up yielded the basic isomeric
products. Fractional crystallisation of the oxalate salts
from EtOH/ether yielded a pure sample of the trang (2-

pyridyl/CHoN) prop-l-ene (107) oxalate, (1.65 g), m.p.

160° (dec.).
UV characteristics (EtOH): Amax 233 mu (e 14600)

and xmax 282 my (e 7500) (2-vinylpyridine type).

Found: C, 66.62; H, 6.50; N, 8.11. C,gH,,N,0,
requires: C, 66.65; H, 6.48; N, 8.19%.

Also isolated were a number of mixed oxalate crops
of both geometrical isomers from which relevant PMR data |
for the cis oxalate (108) wére obtained (see Table XVI).
Liberation of the bases from the mother liquors and re-
acidification with ethanolic hydrogen bromide led to the

isolation of 50:50 mixture (PMR Integral data) of cis and

trans aminopropene dihydrobromides (107 and 108), (0.61 g),

m.p. 213-214° (dec.) (EtOH/ether).

Found: C, 49.08; H, 5.54. C17H20N2.2HBr requires:

C, 49.29; H, 5.36%.



- 283 -

Preparation of the Mannich Ketone Precursors Required

for Synthesis for the 2-Methylaminopropenes

The following compounds were prepared by the

Mannich reaction as previously described (see p. 253

et seq.):

3-Dimethzlamino-2—methzl-l-ghenxlgrogan-lrone (109) hydro-

chloride, yield 63%, m.p. 153° (EtOH/ether) (Buckley and

Ruddy, 1950, gave m.p. 153-154°).

2-Métgyl-1rphenyl-3-(lepyrrolidino)p;gpan-l—one (110)

hydrochloride, yield 50%, m.p. 150° (EtOH/ether) (Adamson
et al., 1958, gave m.p. 149-150°).

2-Methyl-l-phenyl-3- (1-piperidino)propan-l-one (111) hydro-
chloride, yield 60% (only after a 66 hr reflux period - no

product could be isolated after a 4 hr heating period), m.p.
176-177° (EtOH/ether) (Buckley and Ruddy, 1950, gave m.p.
176-177°).

All the ketones described above exhibited strong

IR v___ (C=0) absorption bands in the 1700-1680 cm * region.

Preparation of the 3-Amino-2-methyl-l-phenyl-1l-(2-pyridyl)-

propan-l-ols (112)

The following intermediates were synthesized in the
usual manner by reaction of 2~pyridyl-lithium with the

appropriate Mannich ketones:



- 284 -

3-Dimethylamino-2-methyl-1l-phenyl-1-(2-pyridyl)propan-

1-01l. (112a), yield 49% (using 0.15 M of the aminoketone

substrate), m.p. 74-75° (EtOH).
Found: C, 75.63; H, 8.01; N, 10.10. C17H22N20
requires: C, 75.51; H, 8.20; N, 10.36%.

2-Methyl-l-phenyl-3- (l-pyrrolidino)propan-1-ol (112b),

yield 9% only (using 0.06 M of the aminoketone substrate),

m.p. 112° (hexane) (Adamson et al., 1958, gave m.p. 1119).

2-Methyl-1-phenyl-3- (l-piperidino)propan-l-ol (1l12c),

yield 18% (using 0.06 M of the aminoketone substrate),
m.p. 125-126° (hexane) (Adamson et al., 1958, ‘gave m.p.
134°).

Found: C, 77.44; H, 8.36; N, 9.26. CZOH26N2°
requires: C, 77.38; H, 8.44; N, 9.03%.

All the above carbinols exhibited IR Vmax (bonded
1

OH) absorption bands in the 3400-3100 cm -~ region (10%

CCl4 solutions).

Acid-Catalysed Dehydration of the 3-Amino-2-methyl-1i--

phenyl-1- (2-pyridyl)propanols (112)

(a) Formation of the 3-Dimethylamino-2-methylaminopro-

penes (113 and 114)

Dehydration of the carbinol (112a) (8.7 g) using

85% HZSO4 at 100-110° over a 1.5 hr period, followed by

the usual reaction work-up afforded the basic isomeric
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products. Fractional crystallisation of the oxalate
salts from EtOH/ether yield a pure sample of gis (2-
pyridyl/CH-oN) 2-methylprop-l-ene (114) oxalate, (2.01 g),

m.p. 184-185°,

Found: C, 66.76; H, 6.58; N, 8.08. C,gH,y,850,
requires: C, 66.65; H, 6.48; N, 8.19%.

Also isolated was a mixed oxalate crop composed
of 70% of the trans and 30% of the cis (2-pyridyl/CH,N)-
2-methylprop-l-ene oxalates (113 and 114) (PMR integral

evidence), (2.04 g), m.p. 158°.

(b) Formation of the 3~(1-Pyrrolidino)-2-methylaminopro-

penes (115 and 116)

Dehydration of the tertiary alcohol (112b) (1.43 g)
by the usual method afforded the isomeric aminopropene
mixture. Acidification of the latter with ethanolic oxa-
lic acid and a fractional crystallisation would only
afford an enriched mixture comﬁoséd of 85% of the cis and
15% .of the trans (2-pyridyl/CH2N)-2-methylprop-l—ene
oxalates (116 and 115 respectively) (PMR integral evidence),
(0.35 g), m.p. 154-155° (EtOH/ether). |

Found: C, 68.22; H, 6.36. C21H24N204 requires:

C, 68.45; H, 6.57%.

(c) Formation of the 3{l-Piperidino)-2-methylaminopropenes

(117 and 118)

Acid~-catalysed elimination of the carbinol (1l1l2c)
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(3.0 g) over-a 2 hr period afforded, at what first
appeared, a single aminopropene (PMR evidence, see p.
140 for discussion). A repeat elimination using only
a 15 min heating period yielded a product with an
identical PMR spectrum to that obtained from the ori-
ginal experiment. |
Acidification of the basic product derived from
the 2 hr-dehydration reaction with ethanolic oxalic acid
yielded a 50:50 mixture of the cis and trans aminopropene
oxalates (117 and 118) (1.84-9’ but numerous recrystalli-
sations (EtOH/ether) of the product failed to alter the
m.p. (159-160°) or the overall composition (PMR evidence)
of the mixed crystals. |
Found: C, 69.25; H, 6.82. c22H~26N204 requires:

C, 69.07; H, 6.85%.

Synthesis of 3=-Amino-1l,l-diarylprop-l-enes

Preparation of the 3-Amino-l-diphenylpropan-l-ol (119)

Intermediates

(a) 3-Dimethylamino derivative

This compound was'prepared by the method of Adamson
(1949) as follows: the Mannich ketone (38) (14.2 g; 0.08 M)
was treated with a solution of phenyl-lithium prepared from
bromobenzene (15.7 g; 0.1 M) and lithium strips (1.39 g;

0.2 g atom) in anhydrous ether (250 ml), and the mixture
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refluxed for 3 hr. The complex was decomposed by pouring
onto crushed ice and ammonium chloride and the ethereél
phase was filtered free of the suspended product. The
residue obtained from the organic layer was added to the
first product before recrystallisation of the total crude
mixture from benzene. The product separated out as
colourless crystals of 3rdimethxlamino-l-dighenxlgrogan-
1-ol (119a), (10.3 g; 51%), m.p. 164-165° (Adamson, 1949,

gave m.p. 166°).

(b) 3«1-Pyrrolidino) derivative

This compound was similarly prepared by Adamson's
method (1949) using 0.05 mole of the Mannich ketone (42).
The product formed cream coloured cfystals ofhl-dighenzl-
3- (1-pyrrolidino)propan-1-ol (119c) (5.9 g; 42%), m.p.

168-169° (EtOAc) (Adamson, 1949, gave m.p. 171°).

Acid-Catalysed Elimination of the Amino-propan-1l-ols (119a,

119¢, 120 and 122)

The 3-amino-l—diphenylpropan-l-ol (119) precursors
were both dehydrated by the method of Casy and Pocha (1967)
- using anlacetic-hydrochloric acid mixture (see p. 256
for general method). Acidification of the basic products

in each case with ethanolic HCl afforded:

3-dimethylamino~-l-diphenylprop-l-ene (95a) hydrochloride,

m.p. 168° (EtOH/ether) (Adamson, 1949, gave m.p. 168-1700).
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1-diphenyl-3- (1-pyrrolidinc)prop-l-ene (95c) gydrochlpride,

m.p. 163° (EtOH/ether) (Adamson, 1949, gave m.p.,165-167°)‘-
Samples of 3-dimethylamino-l-diphenyl-2-methylpro-

pan-1-ol (120) and its 2-Me analogue (122), prepared by

the method of Kjaer and Peterson (1951), were kindly sup-

plied by Dr. M.M.A. Hassan of the Faculty of Pharmacy and

Pharmaceutical Sciences, University of Alberta. Dehydra-

tion of these compounds using acetic-hydrochloflc acid |

mixtures yielded:

3-dimethylamino-1-diphenyl-2-methylprop-l-ene (121) hydro-.

chloride, m.p. 190° (EtOH/ether) (Kazaryan and Nazarov,

1957, gave m.p._lQlo).

3-dimethylamino-1l-diphenyl-3-methylprop-l-ene (123) hydro-.

chloride, m.p. 161° (EtOH/ether) (Armstrong et al., 1961,

gave m.p. 162-163°)..

Preparation of 1—Phenyl—3-(l:py;rolidino)rl-grtolylpropane
1-ol (124) | '

Treatment of the Mannich ketone (103) with phenyl-
lithium in ether at reflux temperature over a 2 hr period
failed to produce any of the required carbinol product
(the IR spectrum of the recovered base was identical to
the authentic aminoketone precursor).

However, when the aminoketone (103) base (isolated

from 20.3 g, 0.08 M, of the hydrochloride) was treated
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with phényl—lithium»prepared from bromobenzene (15.7 g;
0.10.M) and lithium (1.39 g; 0.20 g atom) in ether (350 ml),
and the latter solvent was removed by distillation after
the addition of anhydrous toluene (350 ml), heating in the
higher boiling point (120°) solvent produced the tertiary
alcohol (124) in low yield. Decomposition of the lithium
complex with crushed ice and ammonium chloride and evapora-
tion of the dried (MgSO4) organic layer, before acidifica-

tion of the residue with ethanolic HCl, yielded l-phenyl-3-.

(lepyrrolidino)-l-g-tolylpropan-l-oi'Y124) hydrochloride,

(4.03 g; 16%), m.p. 167-168° (EtOH/ether).

_ -1
ax 3250 cm

IR spectrum (nujol mull): v (OH) .

m
Found: C, 72.21; H, 8.05. C20H25N0‘Hc1 requires:

C, 72.38; H, 7.90%.

Preparation of 341—Py;rolidino)-l-di-g;tolg;propan—l-ol

(126) .

The Mannich base (103) (isolated from 25.4 g, 0.10 M,
of the hydrochloride) wés,treated with a solution of p-
tolyl-lithium which was prepared with some difficulty (even
after rigorous drying of all the apparatus and reagents)
from 4-bromotoluene (20.0 g; 0.117 M) and lithium strips
(1.63 g; 0.234 g atom) in anhydrous ether (400 ml). The
mixture was heated at réflux temperature for 1.5 hr before
pouring onto crushed ice and ammonium chloride and separa-

ting and drying (Na2804) the ethereal phase. Evaporation
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of the latter yielded the basic product as an oily solid

which separated out as colourless crystals of 3(l-pyrroli-

dino)-1-di-p-tolylpropan-1-ol (126), (18.4 g; 60%), m.p.

131—132°, after the addition of some ethanol.

1 (om).

IR spectrum (nujol mull): v . 3180 cm-
Found: C, 81.64; H, 8.59. C21H27N0 requires:

C, 81.49; H, 8.80%.

Acid-Catalysed Dehydration of the 3 (l-Pyrrolidino)-p-

tolylpropan-l-ols (124 and 126)

Both carbinols were eliminated using an acetic-
hydrochldric acid mixture (see p. 236, for general method).

Thus, 1-phenyl-3-(l-pyrrolidino)-l-prtolylpropan-
1-0l1 (124) hydrochloride, (3.9), gave a 50:50 mixture (PMR

integral evidence) of the cis and trans l-phenyl-3-

(1-pyrrolidino)-l-p-tolylprop-l-ene hydrochlorides (125),

(1.83 g), m.p. 143-144° (EtOH/ether).

Found: C, 76.54; H, 7.83. C20H23N.H01-requires:
C, 76.30; H, 7.68%.

Similarly, 3-(l-pyrrolidino)-1-di-p-tolylpropan-
1-ol (126), (3.0 g), yielded 3-(l-pyrrolidino)-1-di-p-

tolylprop-l-ene (127) hydrochloride, (1.97 g), m.p. 217°

(EtOH/ether).
Found: C, 76.82; H, 7.99. C21H25N.HC1 requires:

C, 76.91; H, 8.00%.



- 291 -

Attempts to Introduce the 2-Pyridyl Heterocycle into an

Aminobutenic Structure

Attempted Preparation of 3-Dimethylamino=-1- (2-pyridyl)-

propan-l-one (129):

2-Acetylpyridine (12.1 g; 0.10 M) (Ex Aldrich
Chemicals), dimethylamine hydrochloride (10.2 g; 0.125 M)
and paraformaldehyde (4.1 g; 0,135 M) were dissolved in
a mixture of ethanol (50 ml) and concentrated HCl (20 ml),
and the solution heated under reflux for 6 hr. A tarry
black solution resulted and after removal of the water
present, by addition of benzene (200 ml) and~azeotr6pic
distillation using a Dean-Stark head, an intractable black
tar was obtained.

The same sequence of events occurred when the above
reaction was repeated (on the same scale) under an atmos-

phere of nitrogen.

Preparation of 3-Dimethylamino~l-(3=-pyridyl)propan-l-one

(131)

This compound was synthesized by modification of
the literature method of McElvain and Snellb(l934) as
follows: 3-Acetylpyridine (24.2 g; 0.20 M) (Ex Koch-
Light Chemicals), dimethylamine hydrochloride (20.4 g;
0.25 M) and paraformaldehyde (8.2 g; 0.27 M) were dis-

solved in a solution of ethanol (150 ml) and concentrated
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HC1 (40 ml), and the mixture refluxed for 23 hr. The
water present was removed by azeotropic distillation
(benzene, Dean-Stark head) and the solution concentrated
down to dryness under reduced pressure. The residual
syrup was treated with ethanol (100 ml) and after storage
of the solution at 0°, cream crystals of the Mannich

ketone (131) dihydrochloride, {17.7 g; 35%), separated,

m.p. 179-180° (McElvain and Snell, 1934, gave m.p. 178-

180°).

1

IR spectrum (nujol mull}: v__. 1700 cm - (C=0).

m
A previous experiment under the same conditions
as those above, but using only 2 ml of concentrated HC1l
(according to the literature method) afforded no reaction
and only the isolation of unchanged ketone substrate

(IR evidence).

Attempted preparation of 4-Dimethylamino-l-phenyl-2-

(3-pyridyl)butan-2-ol

_ Treatment of the Mannich base (131), isolated from
its dihydrochloride (16.0 g; 0.064 M), with benzylmag-
nesium chloride prepared from benzyl chloride (15.2 g}
0.12 M) and magnesium (2.9 g; 0.12 g atom) in anhydrous
ether (300 ml) yielded only unchanged ketone precursor
(IR evidence) after the reaction mixture had been worked

up in the usual way following a 3.0 hr reflux period.
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A repeat reaction attempt conductea in toluene
(400 m1l) also afforded only the unchanged ketone after

heating for 24 hr at the higher reflux temperature.

Reaction of Phenylacetoneunder Mannich Conditions.

Phenylacetone (67.1 g; 0.50 M), dimethylamine
hydrochloride (52.7 g; 0.65 M) and paraformaldehyde
(19.8 g; 0.66 M) were heated at reflux temperature in
ethanol (80 ml) containing concentrated HC1l (2 ml) cver
a period of 5 hr. The reaction mixture was cooled and
ether added until the solution was close to the coalescence
point. Storage at 0° afforded the crude aminoketone (133)
hydrochloride, (82.6 g; 73%). Recrystallisation from iso-

propanol gave the pure 4-dimethylamino-3-phenylbutan-2-one

hydrochloride (133), product as colourless prisms, m.p.

152° (Ryi and Wilson, 1952, gave m.p. 155-156°).

IR spectrum (nujol mull): Vnax 1720 cm-1 (C=0)

Reaction of 4—Dimethy}aminoQ3-pheny1butan-2-one with Phenyl-

lithium

The aminoketone base (23.3 g; 0.122 M) was treated
with phenyl-lithium prepared from bromobenzene (21l.1 g;
0.134 M) and lithium (1.91 g; 0.275 M) in ether (150 ml)
at reflux temperature for 3 hr. The mixture was then
poured onto crushed ice and ammonium chloride and the

organic layer separated and dried (CaClz). Evaporation
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of the ethereal solution yielded the crude 4-dimethylamino-

2,3-diphenylbutan-2-0l (134) product, (23.8 g; 73%) which

was immediately used for the elimination reaction described

below:.

IR spectrum (thin £ilm): v

3400 cm ™t

ax C=0 (absent, v

m max

(bonded OH).

Acid-Catalysed Elimination of 4-Dimethylamino-2,3-diphenyl-

butan-2-o0l (134)

The carbinol (134) (22.8 g) was dehydrated with an
acetic~-hydrochloric acid mixture in the usual manner.

Fractional crystallisation of the acidified products

gave:

tkang-4-dimethylamino-2,3-diphenylbut=2-ene (135) hydro-

chloride, (4.85 g), m.p. 234-235° (EtOH/Ether).

UV spectrum: lmax 249 mu. (e 9840) (HZO). PMR charac-
teristics at 60 MHz in CDC1l; (TMS): 10 proton aryl broad
singlet, 426 Hz; CH,N, doublet, 261 Hz (Thy 4-5)7 NMe,,
doublet, 161 Hz (J§H 4.5); =C-Me, singlet, 146 Hz.

Found: C, 74.99; H, 7.83; N, 4.88. C;gH,,N.HC1

requires: C, 75.11; H, 7.71; N, 4.8%.

4-dimethylamino-2,3~diphenylbut-l-ene (136) hydrochloride,

(4.48 g), m.p. 188° (EtOH/ether).

UV spectrum: A . 235 mu (e 8570)(H20). PMR charac-

teristics at 60 MHz in CDCl3 (TMS) : =C-H's, singlets, 333
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and 318 Hz; ;;c-g, triplet, 289 Hz (J7); QEQN, broad
band centred at 215 Hz; NMe,, doublet of doublets

centred at 160 Hz (J§H 4.5).
Found: C, 74.99; H, 7.62; N, 4.79.

Condensation of Dimethylamine with Ethyl Acrylate

Anhydrous dimethylamine (100 g; 2.22 M) (contained
in ampoules which were cooled in an acetone/co2 bath before
opening because of the 1ow.b,p. (7°) of the secondar§ amine)
was dissolved in absolute methanol (500 ml) and the solu-
tion cooled to -30° (acetone/CO, bath). Ethyl acrylate
(180 g; 1.80 M) was added dropwise over 20 min, keéping the
temperature at -40 to -30° before the mixture was stirred
at -30 to -10° for 5 hr. The reaction mixture was then
allowed to warm to room temperature before stirring the
cherry-red solution overnight after which the methanol was
carefully removed under reduced pressure.

Distillation of the residue at atmospheric pressure

yielded 2-dimethylamino-ethylpropionate (137), (171.5 gj

66%), b.p. 147° (Tammelin, 1957, gave b.p. 59°/10 mm).

1

IR spectrum (thin film): v 1745 cm — (C=0). PMR

max
characteristics at 60 MHz in CDCl, (TMS) : CHzMe, quartet,

247 Hz (J7.5); EEZQEZ’ centre of A2B2 multiplet, 160 Hz;

NMe., singlet, 134 Hz; CH,Me, triplet, 75 Hz (J 7.5).
—_—2 2—
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A sample of the base formed the hydrobromide,

m.p. 113° (EtOH/ether) (Tammelin, 1957, gave m.p. 112°).
PMR characteristics at 60 MHz in D,0 (DSS): CH,Me,

quartet, 253 Hz (J7); CH,CH,, deformed triplets (J6) at
209 and ca. 175 Hz (masked by ;JMe2 band); NMe,, singlet,

175.5 Hz; CH,Me, 75.5 Hz).

Preparation of 4-Dimethylamino-2-benzylbutan-2-ol (138)

The ester (137) (29.0 g; 0.20 M), was treated with
benzylmagnesiwm.chlqride prepared from benzyl chloride
(63.3 g; 0.5 M) and magnesium (13.6 g; 0.6 g atom) and the
q}xture-heatgd at reflux temperature for 5.5 hr. The com-
plex was then decomposed with crushed ice and ammonium
chloride and the organic layer separated'and dried (Nazso4).
Evaporation of the ethereal solution gave the basic product
which was acidified with ethanolic HCl (cooling the reac-
tion mixture in an ice-bath). The product immediately
separated out as colourless crystals of the carbinol hydro-

chloride, (39.1 g; 61%), m.p. 177-178°.

1

(OH) .

IR spectrum (nujol mull): v .. 3330 cm

m
PMR characteristics at 60 MHz in D20 (DSS): 10 proton
aromatic singlet, 451 Hz; ggzPh, 4 proton broad singlet,
179 Hz; -CH,-CH,, broad bands centred at 195 and 115 Hz;
Nggz, singlet, 176 Hz.

Found: C, 71.54; H, 8.04; C19H25NO.HC1 requires:

Cc, 71.34; H, 8.19%.
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Acid-Catalysed Dehydration of 4-Dimethylamino-2-benzyl-l-phenyl

butan-2-ol (138)

The tertiary alcohol (138)¥hydrochloride (12 g)
was dissolved in a solution of concentrated HCl (75 ml)
and acetic acid (150 ml) aﬁd-the mixture heated under
reflux for 6 hr. After cooling, the solution was poured
onto ice and basified-with strong aéueous ammonia before
extraction of the aminoalkenic products into ether.
Evaporation qf.fhe drigd (Na2804)_solution gavé the basic
products (9.4 g)‘whose PMR speétruﬁ (CD013, TMS)vshowed
three vinylic signals (394 and 385 Hz singlets and 333 Hz
(J7) triplet) due to the presence of the cis and trans
"’ but-l—enes (140) and the but-2-ene (139) in approximately
equal amounts (PMR integral da£a). .Acidification of the
product with ethanolic HCl and fractional crystallisaﬁion

afforded:

-

4-dimethylamino-2-benzyl-l-phenylbut-2-ene (139) hydro-

chloride, (1.93 g), m.p. 201-202°. PMR characteristics
at 60 MHz in CDCl3_(TMS): =C-H, triplet, 349 Hz (J7);
N, doublet of doublets, 228 Hz (J's 7 and 5); ggzPh,

cH,

broad singlets, 205.5 and 203 Hz; Nggz, doublet, 165 Hz

5).
Found: C, 75.62; H, 7.98. C19H23N.HCl~requires:

(JNH

c, 75.58; H, 8.01%.
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Also isolated was a 50:50 mixture (PMR integral

data) of the cis and trans 4-dimethylamino-2-benzyl-1l-

phenylbut-l-ene (140) hydrochlorides, (5.7 g), m.p.

140-144°,

PMR characteristics at 60 MHz in CDCl, (TMS) :
=C-H, broad singlets, 401 and 394 Hz; CH,Ph, broad
singlets, 220 and 212 Hz; ggaggzﬁ, broad singlets,

164.5 and 159 Hz; NMe 2 singlets, 155 and 149.5 Hz.

Treatment of the 4-Dimethylamino-2-benzyl-l-phenylbut-

l-enes (140) with Potassium Permanganate

This reaction was carried out according to the
method of Frey et al., (1950), as follows: the 50:50

mixed but-l-ene hydrochlorides (140), (5.0 g), were

dissolved in water (100 ml) and the solution cooled to
59, 1%‘aqueous.potassium permanganate (400 ml) was
then added dropwise over 30 min to the stirred mixture
keeping the temperature in the 0 to 10° range and the
mauve colouration was discharged after each addition.
Stirring was continued at 0-10o for a further 1 hr after
which the reaction mixture was allowed to warm to room
temperature.

The suspension was then filtered free of MnO2 and
the filtrate was acidified with concentrated HCl (a strong
smell of benzaldehyde was observed at this point). The

benzaldehyde globules were extracted out of the acidic
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phase with ether and the organic layer discarded. The

aqueous mother liquor was then basified with ammonia

and thoroughly extracted with ether. Evaporation of'the

dried (Nazso4) ethereal solution gave no trace of any

product. | | |
It was therefore deduced that further oxidation

of the expected ketonic produdt (132) , probably to

phenylacetic acid, had occurred, and that this final

oxidative product must héve been present with the benzal-

dehyde in the discarded ethereél extracts obtaineddfrdm',

the acidic phase.
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EXPERIMENTAL WORK RELEVANT TO CHAPTER 5 -~ APPLICATION OF

THE PRINCIPLE OF THE ADDITIVITY OF SHIELDING EFFECTS IN

OLEFINIC COMPOUNDS FOR CONFIGURATIONAL ASSIGNMENTS IN

4-AMINOBUT-2-ENES

Preparation of 2,3-Diphenylprop-l-ene (144)

4-Dimethylamino-1,2-diphenylbutanol (29a) (12.3 g;
0.046 M) (see p.255) was stirred with cyanogen bromide
(4.2 g; 0.039 M) and sodium carbonate (7.5 g; 0.07 M) in
chloroform (200 ml) for 3 hr at room temperature. The
mixture was then heated under reflux for 13 hr before
filtration via kieselguhr to remove the inorganic preci-
pitate. The filtrate was washed with three 200 ml portions
of 10% HCl (to remove basic impurities or unchanged amino-
alcohol) and then with water after which the organic layer
was separated and dried (Na2804). Evaporation to dryness
gave the crude prop-l-ene product, (3.5 g; 40%). Distilla-
tion under reduced pressure led to the isolation of pure

2,3-diphenylprop-l-ene (144), b.p. 90-920/0.85 mm (Cram

and Hunter, 1964, gave b.p. 81-83°/0.12 mm).

UV spectrum: Amax 243 mp (e 12550) (EtOH). PMR

characteristics at 60 MHz in CDCl3 (TMS): 10 proton aryl
singlet, 432 Hz; =C<:§, broad singlets, 327 and 299 Hz;

CH,Ph, broad singlet, 229 Hz.

2
The above chemical shifts agreed very well with

the 60 MHz values calculated from Bumgardner's (1966)
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100 Hz data (also in CDCl3) for the same compound (10

proton aryl singlet, 432 Hz; vinylics, 327 and 300 Hz;

ggzPh, 228 Hz).

Synthesis ofAsgggg:E;Dimethylamino-l-phenylpropfl-ene

(146)

Preparation of the Secondary Alcohol Precursor (145)

(a) The Mannich base (38), isolated from the hydrochloride
(10.7 g; 0.05 M) was added dropwise to a suspension of
lithium aluminium hydride (3.8 g; 0.1 M) in anhydrous ether
(200 ml), over 15 minutes at a rate just sufficient to keep
the reaction mixture gently on the boil. The suspension

was refluxed for 1.5 hr and then stirred overnight at room
temperature. Careful decomposition of the remaining lithium
aluminium hydride with water produced an alumina gel from
which the ethereal solution was decanted. The gel was
washed several times with ether and the extracts were added
to the mother liquor. Evaporation of the combined and dried
(Na2804) ethereal solution gave the basic secondary alcohol
product. The latter was acidified with ethanolic HCl and
dilution of the solution with ether, followed by storage

at 0° yielded pure 3-dimethylamino-l-phenylpropan-1-ol (145)

hydrochloride, (7.0 g; 62%), m.p. 135° (Denton et al., 1949,

gave m.p. 134-135°).

IR spectrum (nujol mull): v ___ 3270 em 1 (om). .
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(b) Acid-Catalysed Dehydration of the Alcohol (145)

The alcohol (4.0 g) was heated under reflux with
concentrated HCl (20 ml) and acetic acid (35 ml) for
3 hr. The basic product was isolated in the normal way
(NH3, ether) and acidification with ethanolic HCl afford-

ed the trans-prop-l-ene (146) hydrochloride, (2.1 g),

m.p. 190° (Holmes and King, 1947, gave m.p. 190-191°).
PMR characteristics at 60 MHz in CDCl, (T™MS): 7
vinylic peaks at 419.5; 404, 397, 391, 384, 374, and
368 Hz; ggzN, doublet of doublets, 230.5 Hz (J's 7 and 5);
NMe,, doublet, 171 Hz T3y 5)-
Decoupled PMR characteristics at 100 MHz in CDCl3
(TMS): Irradiation at the CH,N frequency (386 Hz) allowed
the vinylic protons to appear as an AB quartet with peaks

at 647, 639, 626 and 618.5 Hz.

Preparation of 1:;;Buty1-3-dimethy1aminoprogan—l-ol (147)

The Mannich base (77), isolated from the hydrochlor-
ide (13.5 g; 0.07 M) was added dropwise with stirring to
a suspension of lithium aluminium hydride (3.8 g; 0.01 M)
in anhydrous ether (200 ml) at a rate which kept the mix-
ture gently on the boil. The total time of addition was
25 min after which the mixture was heated under reflux for
3.5 hr. After cooling, the excess lithium aluminium
hydride was carefully decomposed with water and the result-

ing gel was allowed to settle overnight. Decantation
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and several ether washings of the gel allowed extraction
of the product and subsequent evaporation to dryness of
the solution gave the crude alcohol as a yellow oil.

The latter was acidified with ethanolic HC1 and after
dilution of thevsolution with ether, the secondary alco-

hol product separated as the hydrochloride, (8.2 g; 60%),

m.p. 159° (EtOH/ether).

IR spectrum (nujol mull): v_.  3450-3250 cm~ !

(bonded OH)

PMR characteristics at 60 MHz in CDCl3 (TMS) : -OH,
broad singlet (which collapsed after the addition of a
drop of DZO)’ 223 Hz; NMe,, doublet, 174 Hz (J§H 5);
CH

CH N, centres of A2x2 multiplets, 201 and 111 Hz; t-Bu,

2==2
singlet, 55 Hz.

Found: C, 55.16; H, 11.50. C9H21NO.HC1 requires:

C, 55.24; H, 11.33%.

Treatment of 1-t-Butyl-3-dimethylaminopropan-l-ol (147)

with an Acetic-Hydrochloric Acid Mixture

The alcohol hydrochloride (2.0 g) was dissolved
in a mixture of concentrated HCl {20 ml) and acetic acid
(35 m1) and the solution heated under reflux for 12 hr.
The basic product was isolated in the normal manner and
acidified with ethanolic HCl. Addition of ether and stand-
ing at 0° gave a crop of prisms consisting of the acetate

ester hydrochloride (149) (0.16 g) of the alcohol substrate,
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m.p. 207°.

1

IR spectrum (nujol mull): v 1720 cm — (C=0)

max

PMR characteristics at 60 MHz in CDCl, (TMS) :
c-H, doublet of doublets, 280 Hz (J's 3.5 and 9); NMe,,
doublet, 171 Hz (Jfy, 5)7 CH,CH,, centres of broad bands,
ca. 180 and 130 Hz; Og-gg, singlet, 126 Hz; t-Bu, singlet,
54.5 Hz.

Found: C, 55.81; H, 10.06. C11H23N02.HC1 requires:

C, 55.55; H, 10.17%.

Treatment of the Alcohol (147) with Aqueous Sulphuric Acid

Solutiongof Varying Strength

(a) The alcohol hydrochloride (147) (1.84 g) was treated
with 85% aqueous H,SO, at 100-110° for 2 hr. A black
solution was formed and after basification with strong
ammonia and extraction with both ether and chloroform, no
products were evident in either of the evaporated extracts.
It was therefore concluded that oxidative decompositién

had occurred.

(b) In two separate experiments, the alcohol hydrochloride
(147) (1.2 g) was treated with 40% aqueous HZSO4 under
reflux for 1.5 hr. Isolation and PMR examination (in
CDCl3) of the basic products showed breakdown of the t-Bu
signal and the appearance of several overlapping peaks in
the vinylic and aryl-Me resonance regions. In one experi-

ment the acidified product yielded a crop of the unchanged
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alcohol hydrochloride (0.16 g) (m.p., mixed m.p., and IR

spectrum identical to authentic material).
These observations were interpreted as being due
to the occurrence of Wagner-Meerwein carbonium ion re-

arrangements of the substrate under the reaction conditions.

Treatment of the Alcohol (147) with Phosphorus Pentachloride

The alcohol hydrochloride (147) (2.6 g) was inti-
mately mixed with phosphorus pentachloride (3.0 g) and
spontaneous reaction occurred to form a tarry solution.

The latter was heated under reflux for 30 min before pouring
onto ice and basifying the solution with strong ammonia.

The emulsion was extracted with ether and evaporation of

the separated and dried (Na2804) organic layer gave the
basic-prqducts. PMR examination of the latter (in CDCl3)
again indicated the formation of Wagner-Meerwein rearrange-

ment products (see previous experiment).

PMR Spectra of 3,3-Dimethylbut-l-ene (150)

The sample used in these experiments was an unpuri-
fied product obtained from the Aldrich Chemical Company.

60 MHz spectral characteristics in CDCl3 (TMS) ¢ ABC
vinylic pattern showed peaks at 368, 359, 350.5 and 340 Hz
(Hc 'slanted' quartet) and also at 305, 303, 296.5, 294,
287, 285.5 and 284 Hz (AB overlapping area); t-Bu, singlet,

62 Hz.
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100 MHz spectral characteristics in CDCl, (TMS) ¢
ABC vinylic peaks (see Figure 15 of the main text);

t-Bu, singlet, 99 Hz.
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EXPERIMENTAL WORK RELEVANT TO CHAPTER 6 - A GENERAL THEORY

FOR THE POSSIBLE STRUCTURAL. AND CONFORMATIONAL,REQUIREMEﬂTS

oF HISTAM;NE.ANTAGONISTS-

Only one compound was obtained for this Chapter of
the thesis and this was l-methyl-4-phenyltetrahydropyridine
(164) .. This compound was kindly supplied by Dr. M.M.A.
Hassan, Faculty of-Pharmacyvénd Pharmaceutical Sciences,
University of Alberta, who had prepared the sample by the

method of Mansfield and Schmidle (1955).
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EXPERIMENTAL WORK RELEVANT TO CHAPTER 7 = CONFORMATIONAL

STUDIES OF HISTAMINE AND VARIOUS ANALOGUES AND.ATTEMPTS

TO_INTRODUCE THE IMIDAZOLE NUCLEUS INTO AN ANTIHISTAMINIC

STRUCTURE

Reductive Methylation of Histamine to form 4 (5) (Dimethyl-

aminoethyl)imidazole (169)

Histamine dihydrochloride (1) (2.00 g) (Ex Aldrich
Chemicals) was dissolved in water (3 ml) before dilution
of the solution wtih ethanol (125 ml)., After the addition
of formaldehyde (4 ml, 40% aqueous solution) and 10%
palladised charcoal (0.5 g) the mixture was stirred with
hydrogen at room temperature and atmospheric pressure until
gas absorption ceased (1.5 hr required). The reaction
mixture was filtered through keiselguhr and the filtrate
evaporated to dryness under reduced pressure. Benzene
(150 ml) was added to the residual syrup and the last re-
maining traces of moisture were removed by azeotropic dis-
tillation using a Dean-Stark head. Removal of the benzene
solvent by rotary evaporation left the crude product as
an oil. The latter was dissolved in a few ml of hot
methanol and after the addition of methyl ethyl ketone
until the solution was close to coalescence point, the pure

dimethylamino hydrochloride derivative (169) (1.63 g; 70%),

m.p. 186° (Huebner et al., 1949, gave m.p. 1840), separated

out. A routine 60 MHz PMR spectrum of the hydrochloride
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(see Table XX) was compatible with the structure of the

product.

Preparation of 4 (5) (Trimethylaminoethyl)imidazole iodide
(170) |

The dimethylamino (169) hydrochloride (0.42 g)
derivativ: was suspended in ether (50 ml) containing 2
drops of water and after the addition of one pellet of
sodium hydroxide the mixture (contained in a mortar) was
vigorously triturated witn a pestle. In this way, the
free base of the substrate passed into the éther and
sodium chloride solid began to appear. The ethereal solu-
tion was decanted off, dried (Na2504) and methyl iodide
(0.15 m1) added to the filtered solution. After a few
min the quaternary methiodide began to separate. Stand-

ing at 0° and several collections yielded the methiodide

(170), (0.22 g; 40%), m.p. 236° (MeOH/ether).
Found: C, 34.20; H, 5.82. C8H16IN3 requires:

C, 34.17; H, 5.73%.

THE SYNTHESIS OF o-METHYL HISTAMINE (171) FROM L-HISTIDINE

(168) .

N.B. The characteristics of the routine 60 MHz
PMR spectra of all the imidazole intermediates described

below are given in Table XX of the main text.
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Preparation of N-Benzoylhistidinol (186)

This three-stage synthesis wés carried out (with
some modifications) essentially by the methods of Adams
et al., 1955; thus, a solution of L-histidine (168) mono-
hydrochloride monohydrate (50.4 g; 0.24 M) (Ex Aldrich
Chemicals) in 2N-sodium hydroxide (240 ml) was cooled
to 5°, and then benzoyl chloride (37.2 ml; 0.32 M) and
further 2-N sodium hydroxide solution (520 ml) contained
in two separate dropping funnels, were simultaneously
added to the substrate over.1.5 hr keeping the tempera-
ture of the mixture between 0 and 10° by vigorous stirring
and cooling of the reaction flask in an ice-bath. When
the addition was complete, the reaction mixture was stirred
for a further 1.5 hr at 0 to 10° before being neutralized
with concentrated HC1l (85 ml) and glacial acetic acid
(10 ml). After storage at 0° overnight, the product was
filtered off, washing with cold water and ether (to remove
unwanted benzoic acid) before beingldried at 110° under

reduced pressure (vacuum oven). The crude monobenzoyl-L-

histidine (184) product (58.1 g; 93%), m.p. 240-242° (dec.)
(Adams et al., gave m.p. 247°), was used for the next stage
without purification.

Hence, the monobenzoyl derivative (184) (70 g; 0.27 M)
was suspended in absolute methanol (700 ml) and after fitting
the reaction flask with a gas inlet tube and a reflux conden-

ser (protected by a CaCl2 tube), dry HCl gas was bubbled
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through the mixture (without cooling) over a period of

3 hr. The saturated solution was allowed to stand over-
night at room temperature before the HC1l and methanol
were femoved by evaporation under reduced pressure. The '
residue was dissolved in water (300 ml) before crushed
ice and strong ammonia solution were added until the mix-
ture was faintly ammoniacal. After storage at 0° the
crystalline product separated and after collection was
dried at 60° under reduced preséﬁre (vacuum oven). The
crude methyl ester (185) product (53.5 g; 73%), m.p. 155-
157° (Adams' et al., gave m.p.,159°) showed a well resolved
IR spectrum (see below) and was therefore used for the

next reaction as obtained.

1 (c=0).

IR spectrum (nujol mull): v . 1750 cm

The last reaction of the three-stage sequence was
considerably modified from the literature method after
several experiments had yielded only about 30% of the re-
duced product (186). The amount of lithium aluminium
hydride used was reduced and the alumina gel (formed during
the latter stages of the reaction) was extracted with metha-
nol to afford more product.

Thus, theester (185) (30 g; 0.1l1 M) was suspended
in ahhydrous fetrahydrofuran (1000 ml) and added dropwise
to a stirred suspension of lithium aluminium hydride (12 g)

in anhydrous ether (150 ml), keeping the reaction mixture

gently on the boil. When the addition was complete, the
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suspension was heated under reflux for 9 hr before cooling
and carefully decomposing the excess hydride with water

(25 ml). The mixture was stood overnight to allow the
alumina gel to settle and then the organic phase was de-
canted off and concentratior of the solution gave a crop of
white crystals of the reduced product (186) (7.9 g), which
were suspended in ice-water and filtered off.

A further 12.090f the product was obtained hy ex-
‘traction of the gel with hot methanol. The cooled methanolic
extracts were filtered via kieselguhr and concentration to
dryness gave further product. Hence, the total yield of

N-benzoyl histidinol (186), (19.9 g; 74%), m.p. 207-208°

(Adams et al., 1955, gave m.p. 210°) was considerably im-

proved by the gel extraction.

IR spectrum {nujol mumll): Vpax 3270 cm-l (OH) .

The product (186) formed a hydrobromide, m.p. 166° (EtOH/

ether).

Found: C, 47.90; H, 4.94. C13H15N302.HBr requires:

C, 47.85; H, 4.94%.

Attempted Tosylations of N-Benzoyl-L-Histidinol (186)

(a) N-benzoyl histidinol (186) (1.23 g) and p-toluene
sulphonyl chloride (tosyl chloride) (0.95 g) were suspend-
ed in water (100 ml) containing potassium carbonate (1 g),
and the mixture heated under reflux for 15 hr. Thorough

extraction with ether and concentration of the extracts
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to dryness gave the unchanged substrate, (0.50 g), m.p.

miked m.p., and IR spectrum identical to those of

authentic material. _

(b) N-Benzoyl histidinol (186) (1.23 g) was stirred with
tosyl chloride 11;04 g) in N/5 NaOH solution (100 ml) at
room temperature for 12 hr and then at 60° for 3 hr.

After standing for 2 days at room temperature the unchanged
substrate (0.55 g) separated out (IR sééctrum identical to
that of authentic material). '

(c) N-Benzoyl histidinol (186) (1.23 g) was suspended in
pyridine (50 ml) and after addition of tosyl chloride (1.04 q),
dissolution of the substrate occurred. The reaction solution
was stored at 0° for 120 hr (following the methods of Mikhail
and Portoghese, 1966, and Schleyer 1967), after which the
pyridine solvent was removed under reduced pressure. The
residual tar was dissolved in chloroform (lOOlml) and the
solution washed several times with dilute sodium hydroxide.
The dried (K2C03) chloroform extract was then concentrated
down to dryness and a crystalline sample of the N-benzoyl
histidinol substrate (0.25 g) was isolated (IR spectrum

identical to that of authentic material).

Attempted Preparationsof the Chloromethyl Intermediate (188)

(a) N-benzoyl histidinol (186) (1.0 g) was heated under
reflux with thionyl chloride (25 ml) for 3 hr. Removal of

unchanged thionyl chloride under reduced pressure left an
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intractable tar.

(b). N-Benzoyl histidinol (186) (2.42 g) was suspended

in chloroform (100 ml) and fresh thionyl chloride added
(2.0 ml) which effected the dissolution of the substrate
and the evolution of heat. The reaction mixture was
heated under reflux for 6.5 hr and after cooling, the
buff precipitate (m.p. 185-188°) (2.8 g) was filtered off,
washing with chloroform. A PMR spectrum of this product
(in DMSO-dG) was identical to that of authentic N-benzoyl
histidinol hydrobromide (see Table XX) which suggested

that it was the hydrochloride salt of the unchanged sub-

strate.

(c) N=-Benzoyl histidinol (186) (2.5 g) was heated under
‘reflux with phosphorus oxychloride (20 ml) for 5 hr. The
oxychloride and other volatiles were removed under reduced

pressure to leave a bituminous material which proved in-
tractable.
(d) N-Benzoyl histidinol (186) (0.5 g) was heated under

reflux with phosphorus pentachloride (0.5 g) for 30 min.

Pouring onto ice gave yet another intractable tar.

Preparation of Histidinol Dihydrochloride (193)

The literature method of Adams et al. (1955) was
followed exactly; thus, N-benzoyl histidinol (10 g) was
heated under reflux with 5-N HC1l (150 ml) for 2 hr. The

cooled solution was extracted free of benzoic acid using
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ether, and concentration of the aqueous layer to a small
volume afforded the crystalline product (after scratching

and the addition of a little ether). The dihydrochloride

(193) (6.86 g; 79%) had m.p. 197-198° (EtOH/ether) (Adams

et al., 1955, gave m.p. 198°).

Treatment of L-Histidinol (193) with a 32% Solution of

'Hydrobromic Acid in Acetic Acid

(a) (L)-Histidinol dihydrochloride (193) (4.5 g) was dis-
solved in a few drops of strong agueous anmonia contained
in a 200 ml pressure bottle (Fisher Scientific Company) and
a 32% soiution of HBr in acetic acid (75 ml) (Ex Eastman
Organic Chemicals) (obtained from a freshly opened bottle)
was added. The sealed vessel was then heated at 110-120o
(oil-bath) with internal magnetic stirring for 36 hr.
After cooling, the bottle was carefully‘opened and the solu-
tion concentrated down to dryness under reduced pressure.
A 50:50 ether/hexane solution was added to the residual
oil and white leaflets of the unchanged histidinol (193)

dihydrobromide substrate (4.86 g), m.p. 185—1860, separated

out (PMR and IR spectra identical to those of the dihydro-

chloride).

Found: C, 23.67; H, 4.06. CGH11N3O.2HBr requires:

C, 23.79; H, 4.32%.

(b) L-Histidinol dihydrobromide (193) (1.80 g) was dis-

solved in an aged solution of 32% of HBr in acetic acid
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(40 ml) (Ex Eastman Organic Chemicals) (red-brown in
colour) and heated at 110-120° (oil-bath) in a pressure
bottle for 19 hr. After cooling, the solution was con-
centrated down to dryness and an oily red-brown solid
formed the residue. Trituration of the latter with

ethanol gave o-bromomethyl histamine (194) dihydrobromide,

(1.86 g), m.p. 214-215° (EtOH/ether).
Found: C, 20.05; H, 3.28. C6H11N3.2HBr requires:

C, 19.69; H, 3.31%.

Hydrogenolysis of o-Bromomethyl Histamine (194) to form

a-Methyl Histamine (171)

Initially, several attempts to hydrogenolyse the
bromo derivative (194) using Pd/C (in ethanol) or Pto2
(in ethanol or methanol) failed, with only unchanged start-
ing material being recovered (IR and m.p. evidence).

Successful reduction was achieved using Barrow and
Fergusons' method (1935); thus, a-bromomethyl histamine,
dihydrobromide (194) (0.40 g) was dissolved in a solution
of sodium acetate (0.5 g) in 10% aqueous acetic acid (25 ml)
containing 10% palladised charcoal (0.5 g). The mixture
was hydrogenated at room temperature and pressure until
gas absorption had ceased (18 hr required) and the filter-
ed solution was concentrated down to dryness. The residual
solid was extracted with hot ethanol and the organic solu-

tion evaporated to dryness to yield a pink and oily solid.
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The latter was triturated with anhydrous. ether to afford
a buff solid (0.51 g), m.p. 110-115°. A PMR spectrum of
the product in D20 (see Table XX) showed a high-field
gsecondary Me doublet which clearly established the pre-
gsence of the required a-Me histamine (171) . However,
sodium acetate was also present (showing a sharp Me sing-
jet at 120 Hz). Several recrystallisation attempts from
EtOH/ether failed to remove the inorganic impurity.
Release of the free base by addition of ammonia gave an
aqueous solution from which the a-Me histamine could not
be extracted (CHCl,, ether) even after saturation with |
NaCl, which suggested that the base is infinitely soluble
in water. »

In a repeaﬁ'expefiment using 0.50 g of the dihydro-
bromide substrate (194) another ammoniacal solution of
a-Me histamine was obtained, and treatment of the solution
with aqueous picric acid led to the isolation of a.pure
sample of the product as the dipicrate, (0.39 g), m.p.
182-183° (H,0) (Alles et al., 1957, isolated a dipicrate

monohydrate, m.p. 202-2040).

IR spectrum (nujoi mull): v .o OH (absent)
Found: C, 37.06; H, 2.94; N, 21.54. C18H17N9014

requires: C, 37.06; H, 2.94; N, 21.61%.
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ATTEMPTS TO INTRODUCE THE IMIDAZOLE NUCLEUS. INTO AN

ANTIHISTAMINIC STRUCTURE

Preparation of the 2-Lithio-1l-methylimidazole (201)

Complex and its Reaction with Cyclohexanone

(a) Initially, the complex was prepared according to

the method of Roe (1965); thus, an ethereal solution

of n-BuLi was prepared by Akhtar and Barton's method
(1964) (see p.276) ﬁsing n-butyl bromide (17.8 g; 0.13 M)
and lithium (1.81 g; 0.26 g atom). 1-Methylimidazole
(6.6g) (Ex Aldrich Chemicals) in anhydrous ether (100 ml)
was added dropwise to the n-Buli solution (at 0 to 10°)
and the mikture allowed to warm at room temperature before
stirring fbr 1.5 hr. The yellow suspension was then cooled
to 0° and cyclchexanone (7.85 g; 0.08M) added, after which
the mixture was stirred at room temperature for 5.5 hr.
The complex was decomposed by pouring onto crushed ice and
diluﬁe HC1 and the ethereal layer discarded. The aqueous
layer was basified with strong ammonia sdlution and the
basic product extracted into ether and dried (Na2504).
Evaporation of the organic solution gave the crude 1-(1-

methylimidazol-2-yl)cyclohexanol (204) product, (0.55 g;

4%), m.p. 175° (Roe, 1965, gave m.p. 177-178°).

(b) The very poor yield obtained from the previous reaction
was greatly improved by refluxing the n-BuLi and l-methyl-

imidazole mixture for 3 hr instead of stirring at room
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temperature. In this way, a repeat reaction carried

out on the same scale gave 7.48 g (52%) of the product

(204) .

Attempted Reaction of the 2-Lithio-l-methylimidazole

Complex (201) with Two Mannich Ketones

(a) The lithio complex (201) was prepared by the improved
method described above using n-butyl bromide (23.3 é;

0.17 M), lithium (2.35 g; 0.34 g atom), l-methylimidazole
(12.0 g; 0.15 M} and anhydrous ether (200 ml). A solution
of the phenyl Mannich base (38) in ether (50 ml) isolated
from the hydrochioride (31.2 g; 0.15 M) was added dropwise
and the mixture stirred at room temperature for 3 hr.
After pouring onto crushed ice and ammonium chloride, the
ethereal layer was separated and dried (Na2804). Evapora-
tion of the organic phase yielded 23.2 g of the unchanged
ketone starting material (IR and PMR spectra identical to
those obtained from authentic material).

The aqueous phase was then further extracted using
chloroform and concentration to dryness of the extracts
afforded 11.0 g of the l-methylimidazole starting material
(IR and PMR spectra identical to those obtained from authen—
tic material).

(b) The lithio complex (201) was prepared from n-butyl

bromide (10.0 g; 0.073 M), lithium (1.02 g; 0.146 g atom) ,

l-methylimidazole (4.8 g; 0.06 M) and anhydrous ether
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(200 ml). Reaction with the p-tolyl Mannich base (103)
(0.047 M) and work-up as before gave 6.9 g of the
unchanged ketone substrate (103) after the ether extrac-
tion.

Hence, no detectable reaction had occurred in
either of the two reactions of the lithio complex (201)

with the Mannich ketones (38 and 103).

Reaction of the 2-Lithio-l-methylimidazole Complex (201)

Rms————

with N-Phenethyl-4-piperidéne (205)

The lithio complex (201) was prepared as before
using n-butyl bromide (11.5 g; 0.084 M), lithium (1.2 g;
0.17 g atom), l-methylimidazole (6.6 g; 0.08 M) and an-
hydrous ether (200 ml). 1-Phenethyl-4-piperidone (205)
(15.0 g; 0.074 M) (kindly supplied by Dr. M.M.A. Hassan,
University of Alberta) dissolved in dry benzene (250 ml)
was added dropwise and the mixture stirred overnight at
room temperature. The complex was decomposed with crushed
ice and the organic layer separated and dried (MgSO4)._
Evaporation to dryness yielded a brown semi-solid which
was dissolved in ethanol and acidified with a stream of
HCl gas. After addition of ether a crop of the ethyl ketal
hydrochloride, (2.5 g), m.p. 179° (Beckett et al., 1959,
gave m.p. 178-179°) separated out (this side product must
habe been formed by the action of ethanolic HCl on unchanged

N-phenethyl-4-piperidone starting material).
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The free base was then isolated from the mother
liquor and evaporation of the ethereal extracts gave the

4- (1-methylimidazol-2-y1)-1l-phenethylpiperidin-4-ol (201),

(3.6 g; 11%), m.p. 196-197° (hexane).
Found: C, 71.21; H, 7.99. C17H23N20 requires:
c, 71.55; H, 8.13%.

The product formed a dihydrochloride monohydrate,

m.p. 207-208° (EtOH/ether).

1

IR spectrum (nujol mull): v 3500 cm

max (HZO)‘

Found: C, 53.85; H, 7.68. C17H23N30.2HC1.H20

requires: C, 54.24; H, 7.23%.

Attempts to Dehydrate 1l-(l-Methylimidazol-2-yl)cyclohexanol

(204)

(a) The alcohol (204) (3.0 g) was heated under reflux with
a mixture of hydrochloric (25 ml) and acetic acids (50 ml)
for 3 hr. 1Isolation of the base in the usual way yielded
the unchanged alcohol substrate (204) (1.9 g) (m.p; and

mixed m.p. identical to that of authentic material).

(b) The alcohol (204) (1.5 g) was heated at 11i0-120°
(oil-bath) in a solution of 85% sto4 (50 ml) for 3 hr.
The reaction mixture was poured onto crushed ice and after
basification with strong aqueous ammonia an intractable
tar was obtained. It was therefore deduced that oxidative

decompcsition of the alcohol-had occurred..
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