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Absiract

A new analog of the tropane alkaloids, 3-methyl-l,5-

2'u')nonan-']-one, was syn-

diphenyl-9,3-=oxazatricyclo(3.3.1.0
thesized. Since this hetero-tricyclic ketone is structurally
similar to atropine and scopolamine, it was predicted that

this new compound would exhibit parasympatholytic action.

Following the preparation of the hydrobromide salt of the new
analog, its physiological activity was established, in part,
through a pharmacological screening. In order to determine whether
or not the synthetic alkaloid would produce parasympatholytic
action, its effect on mydriasis, antisialagogue activity, pre-
vention of intestinal spasm, lacrimation, acetylcholine-induced
contraction of isolated ileum of the rat, and gastrointestinal
propulsion was examined. This novel analog, however, failed

to exhibit the predicted parasympatholytic activity, inasmuch

as ;t displayed only central nervous system excitation.
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Iniroeduction
The hydrobromide salt of a novel analog of the tropane

alkaloids was prepared,

HBCN
R \j\; ¢ = CgHs

0

1

The hetero~tricyclic ketone, 3-methyl-l,5-diphenyl-9,3~

oxazatricyclo(B.3.1.02'4)n0nan-?-one 1, structurally resembles

the naturally~occuring tropane alkaloids, atropine 2 and sco-

polamine 3.

i\ICH3 NCH,
[::: H H
[
2 S
O CH_OH

2
~In fact, the novel compound 1 is curiously similar, in

terms of its structural configuration, to scopolamine 3, except
for the interchanging of the oxygen atom and the N-methyl moi-
ety (Turner and Lutz, 1968), However, there are two additional
structural features which should not be eschewed: first, the
new analog 1 lacks the tropic acid ester found in both atropine
and scopolamines second, compound 1 contains two phenyl groups

which are not seen in the naturally-occuring alkaloids.




Correlation hetwecn Chemical Structure
and Parasympatholytic Activity

There exists a myriad of parasympatholytic cowmpounds,
all sharing certain charscteristics in their chemical structures.
irst of all, in the overwhelming majority of cases, they con-
tain a substituted ammonium group or, less frequently, a sul-
fonium or a phosphorous group with a positively charged central
atomn (i1,5,P) which is ordinarily caslled a cation head. lio less
characteristic of parasympatholytic compounds is the presence in
their structure of one or, more often, two cyclic moieties which
are somewhat removed from the cation head. Sometimes one or both
cyclic moleties are replaced by rathef long alkyl substituents.
The chain which connects the dation head and the cyclic moieties
consists ordinarily of three to sy atoms of which one or, less
frequently, two may not be carbon atoms. In addition, in the
most active substances, there is a hydroxyl group which is con-
nected most'often to the same carbon atom to which the cyclic
moieties are connected or to an adjacent atom (Kuznetsov, 1665).

It was natural to assume that the role of the cation head,
with its positive charge, consists of attraction of the negatively
charged field (anion center) of the choline receptor. The cat-
ion head seemingly begins the process of adsorption of the sub-
stance by the receptor. Following the attraction of the oppositely
charged groups, the weaker dipole-dipole and van der Waals forces
go into action; their multiplicity, especially in the case of
barasympatholytic compounds, provides great stability of the

cémplex of the substance and the receptor. It is clear that in
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such an interaction, not only the presence of a positive charge

at the central atom of the cation head, but also the size and

shape of the cation head is of vital importance (lLuznetsov, 1965).

In the hetero-tricyclic ketone 1, as in all ammonium com-~
pounds, the presence of a positive charge on the nitrogen atom
is determined by the degree of electrolytic disassociation
which, for a constant pH, is, in turn{idetermined by the basicity
of the substance. Inasmuch as the basicity of different amino

derivatives varies over a rather broad range, the degree of their

ionization under the conditions of an organism ranges from several

percent up to one hundred percent. It is clear that the more
ionized particles of the parasympatholytic compound which are
in solution and which have akpositive\Lharge at the nitrogen
atom, the greater will be the progability of their coming in
contact with the anion center of the receptor and of the forma-
tion of a complex with it. 1In addition, the stability of the
complex which has been formed should depend on the basicity of
the compound, inasmuch as it is known that the weaker a base
is, the gasier it is to hydrolize its salt. Thus, high basicity
should favor the parasympatholytic activity of a substance
(Kuznetsov, 1965).
Mechanism of Interaction of Atropine-like

Since there is a correlation between the activity and
chemical structures of the various compounds which exhibit para-
sympatholytic activity, it could be possible that a single mech-

anism of physiological action is responsible for the observed



h
nroperties of thege drugs. As ecarly ag 19237, Zlarl ahownd
that acetylcholine combines with specific recentors (which were
later termed chelinoreceptors) on the surface of the effector

cell., l¢ was the first to demonstrate the antagsonism bhetween

acetylcholine and atropine and some other suhstancaa, advanc
the hypothesis of concurrent antagonism between strneturally
similar and physiologically active suhstances, The antoronism
of these substances iz due to the reversibility of their inter-
aztion with the receptor, whereby onc substance can displace
another from its complex with a receptor, decpendirgs on ite
affinity for the receptor and its concentration., The magnitude
of the action of a physiologically acﬁ}ve suhstance, acccrdéing
to Clark, is proportional to fhe number of receptors engaged by
it (Kuznetsov, 1965), 1In other WKnﬂs, atropine successfully
compretes with acetylcholine for a receptor with which it will
react, thus preventing acetylcholine from forming a complex
with that choline receptor.

Parasympatholytic action is viewed by Pfeiffer (1948),
Cugrenhedim (1951), and Lands (1951) as a blockade of the cholino-
receptors, following the saturation of their surfaces with
molecules of a parasympatholytic. Parasympatholytics possess
n more stable connection with the receptor and a larger molecular
size so that they are capahle, according to the above-named
authors, of mechanically or of electrostatically inactivating
botﬁ<the receptors engaged by them and the adjacent receptors,

thereby rendering them unavailable to the acetylcholine molecule,

This accounts for the large molar capacity of atropine, one
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molecnule of which i3 known to block the action of geveral

9!
o+
%]
i3
}_J
Q

mnlecnles of acetylcholine (Iffuznetsov, 1965). Althourh the

hindranece produced by the larger molecular size of the parn-
syrmpatholytiec compound would contribute to the mechenicel inacti-

vation of a receptor, the effect of this larger molecnlar aize

[So R

in relation to the electrostatic inactivation of a receptor is

not as apparent. In fact, according to Coulomb's law, n larger u
molecular size should reduce the force of the electrostatic é

I
attraction between the parasympatholytic molecule and the ?
recentor in that the force of electrostatic attraction is

inversely proportional to the square of the distance between the

charges which, in this case, would be gncreased by the larger
molecular size, A

In recent years, the emphasidguwhich Clark placed on *the
importance of affinity has come under serious attack in that
Clark sucggests that the physiological activity of a substance
is solely dependent on its affinity for the cholinoreceptor

(Fuznetsov, 1965). If one considers the fact that the ability

of a compound to both combine with a receptor and %o cauvse a
response which is characteristic of that receptor is as varied

22 the number of compound displaying physiological activizty,

one must, therefore, look more carefully at the concents of
affinity and internal, or intrinsic, activity. Affinity may he
regarded as the attraction for and the recognition of a receptor
by a-bhysiologically active compound which leads to the formation
of a complex between that compound and the receptor, Internal,
of intrinsic, activity simulates the physiological activity

which ia brought about by the interaction of a medintor suneh ag,
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acetycholine, with the receptor, possibly throush zn oltora-

tion of the structure of the rcceptor (Huschinshky and Lallman:,

In order to further explore these two concepts, acetylcholine
L 111 be employed as a model, since it is endowed with both
the affinity for a receptor and the ability to clicit internel
activity. The bosis for acetylcholine's physiolosical activity
is its chemical structure. Kuschinsky and Ballmann (1073) main-
tain that acetylcholine 4 contains thrce spatially scparated
cernters which determine its physiological activity: & positively
charged nitrogen, a carboxyl oxygen with a partizl necstive

charge, and an esteratic oxysen cerrying a partial positive

N

charge.
i~ s
E CH3
§¢ o .
HBC-—C—O-CHZ—CHZ-'-IiI-CH3
L CHj

Althbugh there are three reactivec sites, these autlicrs
suggest that only two of the three are necessary to produce the
characteristic physiological activity. That is to say, a
reaction invariably occurs between the quaternary nitrogen and
the receptor, whereas an additional reaction occurs either
betwveen the partially positive oxygen and the receptor cr between
the partially negative oxygen and the receptor. This indicates

that the receptor possesses two active centers: an anion center
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which probably determines its affinity and an esteratic center
which may be responsible for its internal activity.

Some theories of receptors embrace the notion that
" ¢« o affinity is caused by the interaction of the electric
fields of the substance and receptor in the most general sense,
. while internal activity is caused by some specific part of the
interaction of the fields (Kuznetsov, 1965)." There still
remains the unanswered question of what structural feature of
the molecule is the determinant of its internal activity.
Kuznetsov and other investigators speculate that the internal
activity of acetylcholine (and other substances with similar
physiological activity) depends on the structure of the cation
head and "¢ ¢« ¢ is determined by the effectiveness of the positive
charge o0f their ohium group with respect to changes in a certain
part of the electric field of the receptor (Kuznetsov, 1965)."

These theories can be better understood by examining the
structure of the cholinoreceptor. it is possible that the
active portion of the receptor consists of two parallel protein
chains which are linked by lonic and hydrogen bonds. The
acetylcholine molecule disrupts the bond of the anion center
with the principal group of the receptor located on the other
protein chain and forms a bond between its cation head and the
anion center. Simultaneously, the hydrogen bond between the two
prq}ein chains may be broken by the ester function of the
.acetylcholine molecule, producing a break in the structure of
the receptor protein. Consequently, the extracellular and

intracellular concentrations of sodium and potassium ions can
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be equslizeds The acetylcholine molecule can somevhat atrengtlien
its 1link with the protein chain throursh van der ‘zals lcorces,
but its complex with the receptor will necessarily remaln sui-
ficiently unstable so thaf the processes which return the
receptor to its original state can be carried out in the shortest
time possible. Ctherwise, the automatism of nerve trarnsmission
would be impaired (Kuznetsov, 1965).

Since the mechanism apparently involves a membrane-like
structure, comvosed of protein and phospholipids, it is reason-
able to assume that amino acid residues of ‘the protein portion,
as well as phosphate moieties of the phospholipid segment, of
this structure are intimately associated with the process.

A
This is the contention of hugchinsky and Tullmann (1973) who
assert that the reaction at the ‘guion center occurs between
carboxyl or phosphate moieties and a molecule of acetylcholine.
Cn the other hand, the reaction at the esteratic ceﬁ%er is
between a molecule of acetylcholine and the hydroxyl groups oi
serine or tyrosine residues, in addition to a reaction which
can ocaur between the acetylcholine and an imidazole nitrogen
of a histidine residue. Furthermore, the involvement of two
protein chains is supported by Kuschinsky and Tullmann (1¢73)
in that they contend both-the anion center and the serine and
tyrosine residues of the esteratic center are contained within
the structure of one protein chain while the imidazole nitrogen
ofﬂthe histidine residue is found as part of another protein
chain,

Kuznetsov (1965) notes that the interaction of a para-

sympatholytic molecule with @ cholinoreceptor partly resembles
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the above description of the interaction of acetylcholine with
5 cholinoreceptor. The parasympatholylic moleculeelecaves the
ionic bond, as well as occasionally rupturing the hydrogen bond,
Letween the protein chains. Because of the prescnce ol
Tunctional groups such as, cyclic moieties and hydroxyl sroups,
not only is the rance of the interaction of the parasympatholytic
substance with the receptor broadened, but also the stability
of the bond between them is substantially increased. Lioreover,
a point which Kuznetsov (1965) emphasizes is the ability of the
parasympatholytic compound, with structural characteristics
unlike those of acetylcholine, to form a bond with both protein
chains of the cholinoreceptor, simultaneously "sewing them
together" more Tirmly tian in the caé; of the native protein.
As a8 result of the structural in@sgrity of the cholinoreceptor
being nreserved, there can be no alteration in ionic permea-
bility; hence, there can be no depolarization of thg membrane.
In addition, since te.s3tability of the complex comprised of
the parasympatholytic compound qnd the cholinoreceptor is so
great, the receptor is not available to acetylcholine and is

thus excluded from participation in nerve transmission.

.



The initial step in establishing a profile of the

physiological activity elicited by the test compound was a pharma-

cological screening. This procedure was employed in order to en-
sure that any physiological activity, in addition to the expected
parasympatholytic activity which was predicted on the basis of
a structural similarity to scopolamine, could be observed. The
particular screening method which was chosen (Irwin, 1959) was
selected because it is claimed that it can detect not only
sedatives, hypnotics, tranquillizers, psychomotor stimulants,
muscle relaxants, analgesics, and convulsants; but also
neuromuscular blocking agents, atropine-like drugs, ganglion-
blocking agents, anti-pyretics, peripheral vasodilators, and
acetylcholine-like compounds (Vane, 1964),
Method

The screening was performed on groups of four mice,
consisting of two males and two females. The weights ranged
from 20 g to 30 g« The dose levels which were examined included
0.01 mg/kg, 0.1 mg/kg, 1.0 mg/kg, 10.0 mg/kg, 25.0 mg/kg,
50.0 mg/kg, and 100.0 mg/kge All doses were given by intra-
peritoneal injections. Members of a control group conforming
to the above conditions were injected intraperitoneally with
an equivalent volume of a 0.85% saline solution.

“The screening was accomplished by repeatedly employing
the same basic technique. After intraperitoneally administering
the test compound to two experimental mice and saline to two

controls (N.B., unless otherwise noted, it should be assumed
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that all mice are of the same sex), observations were made.
The observations are assigned to the following major categories:
awareness, mood, motor activity, excitation of the central
nervous system, posture, motor inco-ordination, muscle tone,
reflexes, and autonomic profile. Comparisons with the controls
were made at 15, 30, 60, 90, and 120 minutes with the results
recorded and scored according to the suggestions purported by
Irwin (1959). The reader's attention is directed to Tables 1
and 2 for a listing of the subdivisions of the categories
which were examined and to Irwin's published works (1959,
1962, 1963) for a detailed description of the screening tech-
nique which was used in effecting an evaluation of these para-
meters. A brief’consideration of the method of scoring these
parameters is needed so that any possible confusion may be
averted. The various effects are assigned scores over an arbi-

trary rating scale from O to 8; 4 for a characteristic normally

present, allowing increases to 8 for increases in the character-

istic and decreases to 0 for diminution of the characteristic.

Signs normally absent begin at 0, and the relative activity of

the drug is recorded as an increase in score up to 8 (Vane, 1964).

Resultis

The pharmacological screening was performed once on each

dose group; the results are compiled in Tables 1 and 2 in

terms of the average of a given dose. At relatively low dosages,

the only observed deviations from the normal were increased

grooming, increased touch response, and increased pain response.

It is not known if a one unit change is significant. If, however,

. Fuywandy

46} sdagey
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these observations are valid, the excessive grooming, increased
touch response, and increased pain response may indicate
central nervous system stimulation or sympathetic stimulation.
In short, the data for the doses from 0.01 mg/kg to 25.0 mg/kg
indicate that the compound exhibits stimulatory activity and
not parasympatholytic as hypothesized.

The data for the higher doses (i.e., 50.0 mg/kg and 100,0
mg/kg) are equally as dubious as the data for the lower doses.
That is, these observations were made at approximately 3
minutes after the intraperitoneal injection of the test compound
when the laboratory animals were the victims of violent convul-
sions which would mask a host of physiological changes.

On the other hand, the increased passivity may be indica-
tive of myorelaxation; the reduced spontaneous activity and
reactivity may measure neuromuscular blockade; the deviations
in both body posture and limb position may indicate neuromuscular
blockade; the appearance of abnormal gait may manifest myore-
laxation; the abrogation of the righting reflex may demonstrate
the action of an agent causing synaptic blockade; and the
absence of the ipsilateral flexor reflex may show that the test
substance may be active in blocking synaptic transmission.
These observations would indicate more strongly the expected
presence of a parasympatholytic compound if there were a reduc-
tion in body and abdominal tones. It may be the case that
myorelaxation did occur in these areas, but it perhaps was not
"detected because of an insufficient level of expertise in
effecting such determinations. Nevertheless, it should be
emphasized that the test compound does, in fact, display

stimulatory action.
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Acuze Toxicity
Yethod

Twelve female mice whose welghts ranged between 20 g and
30 g were employed in the determination of the acute toxicity of
the test compound. The testing began at 50 mg/kg, since the
pharmacological screening had shown that death results at both
50 mg/kg and 60 mg/kge The test compound was administered
intraperitoneally to four mice of a given dose group. There
were three doses which were studied: 50 mg/kg, 55 mg/kg, and
60 mg/kge After receiving the test compound, the mice were
placed in separate litter-free cages. Twenty-four hours later,
the number of deaths was recorded., The data which are contained
in Table 3 were utilized in the calculation of the LD501 for the
intraperitoneal injection of the test substance. Using the
method of Reed and Muench (1938), a statistically valid calcula-
tion of the LD50 can be made with an extremely small sample,
This method involves addition of mortalities and survivals for
the various groups of animals and computation of the LD50
from the cumulative mortalities and survivals which bracket the
50% point (Diehl, 1973). The following formula which is an
adaptation of this method was employed in the calculation of the
LD501°

0 - (% mortality<50%
log LD, = log (dose<LD50) + > (7%_mortality<50%)

(% mortality>50%) - (% mortality<50%
log (dose increment)

RBesults

The data presented in Table 3 were used in the calculation

)X

of the LD5o by the method of Reed and Muench (1938) to give an
1

LDSOl of 56.6 mg/kg.
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Table 3. Acute Toxicity Data

Actual Cumulative
50 mg/kg 4 3 1 7 1 12.5
55 mg/kg b 3 1 b 2 3343

60 mg/kg k4 1 3 1 5 83.3

il o
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Hepatotoxicly
Ve c

This simple test for hepstotoxicity makes use of the
fact that the damaged liver does not metabolize, or detoxify,
drugs such as, pentobarbital sodium, thus prolonging the effect
of the drugs (Turner, 1965).

Six male albino mice weighing between 20 g and 30 g were
given subcutaneously 0.05 ml of a2 0.2% solution of the test
compound in propylene glycol per 10 g of body weight. Twenty-
four hours later, 45 mg/kg of pentobarbital sodium was adminis-
tered intraperitoneally and the duration of sleep measured.

Two controls were given an equivalent volume of propylene glycol
and subsequently injected intraperitoneally with 45 mg/kg of
pentobarbital sodium. The mean sleeping-time is 9.0 T 7.3
minutes for the control mice. A sleeping-time of 23 minutes or
more is selected as being significantly prolonged, indicating
possible liver damage (Turner, 1965).

Results

The initial data (Table 4) are ambiguous in that some
mice either had no sleep or had sleep lasting as long as 75
minutes. After repeating the procedure, it was found that the
replication data (Table 5) did not differ greatly from the
data in Table 4, However, if one examines the mean sleep-times
for the data of Table 4, one will notice that the experimental
mice exhibited a mean sleep~time of 25.67 minutes which may
suggest that liver damage had occurred. On the other hand, if
the mean sleep-times of Table 5 are scrutinized, one will

observe that the controls had a mean sleep-time (26.00 minutes)
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which was two-fold larger than that of the experimental nice
(13.00 minutes). Nevertheless, an entirely different inter-
pretation of the data is possible if all the data are combined
and the mean sleep-times calculated. Upon doing so, the mean
sleep-time of the controls beccmes 13.00 minutes, whereas

the mean sleep~time of the experimental mice becomes 19.33
minutese This may indicate that the test substance does not

produce liver damage.
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Mydriasis
lethod
Two adult rabbits, a male and a female, were used to test
for mydriasis. Two drops of a 2.0% solution of the test com-
pound were placed in the left eye of each rabbit. The right
eye of each rabbit served as a control. The pupiilary dizmeter
of each eye was measured at 15 minute intervals. The pupillary
diameters were determined by restraining the rabbit in a
stockade and then measuring the diameter of both pupils with a
transparent metric rule. This was facilitated by using a
hand-held magnifying lense,
Regulis
No significant change in pupillary diameter was dbserved
in the experimental (left) eye of either rabbit when it was
compared with the control (right) eye of that rabbit. The

reader is referred to Table 6 for actual pupillary diameters.

JTable 6, Pupillary Neasurements of Rabbits used in Testing
or Mydriasis

Rabbit Time (Min.) Left Diapeter (em.) Righi Diameter (cme)

Male 15 70 «70
30 065 .70

45 .70 .70

60 .70 .70

Female 15 .60 .60
30 .60 .65

14'5 065 .60

60 »60 .60

B ity At b At I L T i ]

e o Bl Tt B L LYY
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Antisinlagasue Activity
The blockede of salivaztion in rats welghing between
225 g and 270 g was studied. Because of the limited number ol
rats avallable for experimentation, only one rat per dose wes

used. The test compound wes given at 40 mg/kg and 80 ms/xz

4]
}...I
o
B

2
:S‘
o

by intraperitoneal injection. Five minutes later
intraperitoneal injection of methacholine was administered to
induce salivations The 1interim between injections of the Tecst
compound and the methacholine was increesed to 15 minutes when
the test compound was administered intraperitoneally at 100 mg/kg
and 200 mg/kg. Comparisons were made with a control which
received an intraperitoneal injection of a saline solution before
being injected with 10 mg/kg of methacholine. Gross observations
were used to determine if salivation had been blocked, as all-
or-none responses were recorded. |

e

Results
The results of the testing are compiled in Table 7. ZEven

with the increased amount of time interposed between injections

of the test compound and the methacholine and with doses as large

as 100 mg/kg and 200 mg/kg (which eventually produced death),

the synthetic analog did not effect the blockade of salivation.

In fact, in all cases the salivation was as copious as that

manifested by the control.
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Table 7. Resulis of Zenking for Antisialagosue Acliviiy
(+=salivation)

Rat se Teg pmnound Inierim Belween Injections Response

Control - 5 min. +
Expt. 1 Lo mg/xg 5 mine +
Expt. 2 80 mg/kg 5 min. +
Expte. 3 100 mg/k- 15 min. F
Expt. & 200 »g/keg 15 min. +
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Prevention ol Intestinsl Svasn
waethod

Pour fasted, albino mice weilghing between 20 g and 25 g

were given 50 mg/kg of a 0.2% soiution of the test compound by

ct

S

e}

stomach tube. One half hour a{ter administering the t
substance, the animals were anesthetized by an intraperitonsal
injection of 10 mg/kg of pentobarbital socium (Turner, 16565;.
When the animels no longer responded to a vigorous tail pinch,
the abdominal cavity was opened, exposing the intestines.
Methacholine (0.2 ml containing 0.25Mg) was applied topically

via pilpette to the intestines in order to produce an intestinal

spasme The intestines were observed for a three-second perilod.

Although the primary concern was observing prevention of intestinasl

spasm, gross observations were made for not only a reduction i:
intensity of the spasm, but also for a restriction of the spasa
to a limited area. Comparisons were made by gross observation
with the exposed intestines of a control that received an
equivalent volume of distilled water by stomach tube.

Results

The results are presented in Table 8. The synthetic alkaloid

being evaluated did not prevent the induced spasm, reduce the
intensity of the spasm, nor restrict the spasm to a limited area
when compared with the response of a control which received

distilled water by stomach tube instead of the test compound.

|



Vouge Weight (g} Yol. Test Compound

Control
Exp't. 1
EXpt. 2
Expt. 3
Expt. 4

Table 8.

20
21
2k
20
25

Prevention 9. Infesiinal Spas
(+=unafiected intestinal i

0«52 ml
C.60 ml
0,50 ml
0.62 ml

q
spasi)

Spasmodis §

k-3

+ o+t

CThy FEPETERS
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T e s 48
LEICRAN2 Rion

rothod

-

fAdult rats whose weignis ranged between 375 g and 595 g

)

were employed in an attempt to demonstrate blockade ol lscri-
mation produced by carbamylcholine, a parasympathcmimeltic zgont.

An incandescent light was placed in close proximity to the rat’

«
o

compound

(48

tail in order to cause vasodialation so that the Tes:

led included

a

cculd be injected into the tall veln. The doses stu

-~

20 mg/kg, 100 mg/kg, and 200 mg/kg; the duraticn of intravernous
injection injection was approximately 20 seconds. 4 doce of
0.5 mg/kg of carbamylcholine was given by intraperitonesal
injection 15 minutes after the administration cf the test
compound. 4 control which received an intravenous injection
of saline (into the tail vein) before being given an intra-
peritoneal injection of carbamylcholine was used for comparisons.
The appearance of a yellowish-brown spot on a cotitlton swao when
pressed against the eye within 3 minutes after administering the
carbamylcholine is regarded as a positive response (Turner, 1965).
This is accompanied by an increased flow of tears which can be
detected by gross observation.
Results

The results obtained by using the above methed are given
in Table 9 As compared with a control that received szline
prior to being injected with carbamylcholine, the experimensal
rats showed neither a blockade of lacrimation nor a dimirished

volume of tear flow.



Control
Expt. 1
oxpt. 2
Expt. 3

510
555
375
505

25

1 m <.
Yole Test

6 ml

ml
ml

Vol. Carbamylicholine

q
M
~1
e
s}
i

ml

Kesoonse

F o W
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Acetyicholine-Induged _C_c.,&m_c_tm;a in
ihe Isoloted IJeunm of the Rat

Kexhod

-

4 rat was sacrificed by cervical dislocation after which

H

the abdominal cavity was opened quickly, and a segment of <The

3 AR Y

ileum was removed. The tissue was placed in an aserated tath

of Tyrode's solution kept at 370 Ce A segment, 1 to 2 c¢ca in
leﬁgth, was ligated and cut from the remaining svissue. This
ligated segment of ileum was secured to an anchor in a specially
designed muscle chamber, as well as to a myograph that was

-

connected to a vnhysiograph. The temperature of the muscle chamber
o

seb!

was maintained at 37 C by being suspended in a weter bath. The
system was designed in such a way that the Tyrode's solution
could be aerated, as well as drained and replenished, without
altering the tension on the intestinal segment. In addition,
the design allowed acetycholine and/cr any test substance to be
injected through a small opening in the top of the muscle
chamber.,
A series of spontaneous contractions were recorded (paper
speed 0.5 cm/sec.)s With continued recording, acetylcholine ?
was added to the Tyrode's solution, bringing the concentration

of acetylcholine to 0.1 Mg/ml. The muscle chamber was then

emptied, and fresh Tyrode's solution was added. Spontaneocus

contractions were again recorded. While recording, acetylcholine
(0s1 Mg/ml) was added to the Tyrode's solution immediately after
which the new analog (16 Mg/ml) was introduced into the

muscle chamber. The above procedure was repeated with scopola-

mine substituted for the test compound. The procedure was
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later performed as follows: after a brief recording of sson~

taneous contractions and 2 reafiiirmation of Tthe charscicr ol the

acetylcholine-induced contraction, the Tyrode's solutlcn was drairned

and the chamber filled with fresh Tyrode's solution. Sponitancousg

contractions were again recorded. At this point, the elfect of

o}

adding the test compound (16 4g/ml) immediately followed by
intreducing the acetylcholine (0.1 Mg/ml) waz recorded.
Begults
Figure la shows the spontaneous contractlions rollowed by
an acetylcholine-induced contraction. The efiect ol aading the
test compound immediately after the introduction of acetylcholine

%)

can be seen in Figure 1lbe. In this case, no apparent alterction

in the acetylcholine~induced contraction was recorded. However,
when the procedure was repeated, the test compound appesred 10O
have caused a slight reduction in the intensity ol the acetyl-
choline~induced contraction (figure lc). 4lthough the procedure
was repeated again, the previously discribed results weré nst
obtained. Instead, the test compound appeared 1o have blocked
the smooth muscles response to acetylcholine (Figure 1d). This
apparent blockade of an acetylcholine-induced contraction
(Figure 1d) does not resemble the recorded zctivity of scopola-
mine (Figure le), a compound known to be a parasympatholytic
agent. In addition, 1t appears as though the order of the intro-
duction of the test compound and the acetylcholine is not

crucial in that rigure 1f which represents the introduction

of the test compound followed by the addition of the acetylcholine

_is not significantly different from Figure 1lb.

e e .
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Although ambiguous results were obtained, one, neverthelesg,
can conclude that the test compound doegs not exhibit para-
sympatholytic activity., Iore importantly, this novel analog

does not appear to display parasympathomimetic activity, nor -

e

does it appear to have any effect on smooth muscle.
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Lathod

Six aduls, female zlbino mice were

=

Four mice were then ntraperiton

of & test compound

The remaining two mlce which recelived an

injection of saline (0.1 ml/1Cg) were
Exactly one hour later, 0.2 ml
10% charcoal and 5% gum zcacia

food substitute that would nos

killed two hours later by cervical

intestinal tract was then exised from the car

and examined for the presence of the black susp

quantal criterion for antispasmodic activity

oI
RIS WA

control mice which were injected with saline have dlack cocu.,

those mice to which re

are free of charcoal (Turner, 1965).

ceived an antispasmodic h

Regulse
The analog under scrutliny failed to 1nhibit peristalsis,
inasmuch as the ceca of all four mice that received the tcos
compound contained charcoal., In other words, the test compourd
does not show any antispasmodic activity.
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Anoicnilice Fropertiog

=othod

ince the test compound may produce excitation oi the

)

central nervoug system as inalcated by the pharmacologiccl
screening; in addition to the fact that some mice did not suc-
cumb To the barbitdfate adminlstered during the hepatcioxicl
testing, 1t was hypothesized that the compound may possecs

analeptic properties. One of the primary uses of an anaiegiic

is a function of 1ts restorative action; that is, anzlepiics cre

employed to revive a patient whe has taken a lethal overdoce of
a hypnotic drug such as, a barbiturzte (Turner, 1665).

Groups of six adult mice (20 g to 30 g in weight) were

o4

sodium (Turner, 1965) immediately after which the

B
s
O
@
)..J
<
('\
o

a
subcutaneous injection of the test compound. The ftest compound
was administered in doses of 120 mg/kg, 180 mg/kg, 240 mg/kg
300 mg/kg, and 360 mg/kg.  The number of survivors in each
group was recorded 24 hours later.
Results
The results of the testing are presented in Table 10,

The only mice which did not die as a result of the lethal dose

}—l
<

\_)
o

of pentobarbital sodium were those in the group which receil

a dose of 300 mg/kg of{ the test compound. Thet 1s to say, &

~

33.3% survival rate was obtzined because the stimulator:

Q)

%

©
iy

of the hetero-tricyclic ketcne offset the depressive zcvtion

<t

>

the pentobarbital sodium. However, all of the mice in

o)

group receiving a dose of 360 mg/kg of the test compound died

Ey

probably because of the toxicity of the test compound and not

as a result of the depressive action of the pentcovorbital sodiunm

€IIeCcTs
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This polint is supported by the types of behavicr prior To death.
The mice which received 120 mg/kg to 240 mg/kg of the teos
compound exhibited a2 flaccld paralysis prior to deaths
the mice receiving 360 mg/%s of the test compound displayed
tetanic paralysis prior to death. In addition, thosc mice Thet

survived (300 mg/kg of test compound) were victims of tetenic

paralyses from which tThey eventually recovecred,

Table 10. Arsleptic rxonertiecs Dais

Dogse Test Comnound Numbex Survivors  Survival Hehai

120 mz_,/..o 0 0 riaccid varziyois
180 mz/xg C 0 rlaccld perzlycis
240 mg/xg 0 0 Placelid tarslysis
300 mg/kg 2 33.3 Tetanic paralysis
360 mg/kg 0 Tetanlc paralycis
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ilisepsgion
If one examines the dats obtained from the pharmacologiceal
screening (Tables 1 and 2) and the various tests 1

fo i o e =
N 38n &7TsennTe

to construct a proiile of <he novel, hetero-tricyclic ketocne's

physiologlical activity, onc can conclude that such a prellic

s

would incluce central nervous system cxcitation. &1t

various intervpretations of the data collected during

screening procedure are poczcible, most interpretstions would
be of nebulous merit, since the presence of tremocrs and coa-
vulsions could overshadow other physiologicel changes
over, the tremcrs, convulsions, and perslysis could be conducive
to the making of faulty inferences. Paralysis, for examdle,

might be misinterpreted as excesslive passivity

By

I

The test compound produces ceniral nervous excitatiocn zs
demonstrated by the 33% survival rate which was found durings
the exploration oI possible anaieptic properties. However,

the compound does not exhiblt the predicted parasympathclytic

activity; that is, it falled to induce mydriasis

8

anticsialogogue activity, to prevent intestinal spasm, o
abrogate lacrimation, to block an induced contraction in the

solated ileumr of the rat, an

o

to inhibit gastrointestinal
vrropulsion. The lack of parasympatholytic properties
surprising since a similar compound, 3-benzyl-l,5-diphenyl-9,3-
. 2,4, ) .
oxazatricyclo (3.3.1.0 ) nonan-7-one 5, possesses weak ana

transient cholinolytic vroperties (Kramer, 1972).



¢ = CeH,

A3 can be scen, the only structural difference between the

therefore, infer that the diiferent physiological activitics
of these two analogs are a result of the varietion in cetion
heads. Although the I-methyl group should contribute sipgnii-
cantly ©to lncreased parssympatholytic action (Kuznetsov, 1G55),
the data collected falls to support This claime This secmingly
inexplicable situation may be rationalized 1f one considers

¢ hindrance which could resuls from the combinatlion of

|

ster

48}

three cyclic moleties per molecule, In other words desolie &
possible reduction in affinity, the k-benzyl analocg could,

with ite three bulky phenyl groups, mechaniczlly or elegciro-

«

statically prevent the receptors from reacting with acetyi-

3

cholines The feasability of this occurring is enhanced by

the fact that the phenyl groups are onc oi the primary anchor
groups which, through Van der VWaals Zorces, can strengthen

the bond between the parasympatholytic molecule and the recentor

\

(Kuznetsov, 1965). Since this argument eschews the importance

v

of the positicning of the cyclic moieties, it is subjcct to

. The reversal of the N-methyl moiety and the oxygen bridpe,

as contrasted with that of scopolamine, may contribuite %o a




)
Lt

reductiorn or an abscnce 0f parasymratholytic activity in <he
oge Tals structural alteration may be more crucisl
A sesume in that it constitutes a relocation of

the cation head with respect to the oxygen atoms of

That is to say, this intsrchange of an oxygen stom agnd an
=methyl nitrogen group could impalr greatly the invteracilon ol
the compound with tThe amino =2c¢id residues oi the proteln struc—
ture of the receptor, thereby causing a diminution oI The com-
pound's physiologicael activity. In acddition, this contention na

seem more plausible in light of <tThe predictions maode DY

{1949), wno was concerned with the size of the main chain of
the molecule, as well as in view oI the hypotacsis advanced by
others wno have attempted to calculatec the maxins
nzZstroms between functlional groupss This indlcates that thcre
can be little or no modification of the coniiguratiocn ol <the
molecule, if one is to ensure meximel parasympatholytic actl
£1lthough the importence of the esteratic linksge has been

a moot point, the ester function has

o
[
(@3]
o]
(@7
4]
=2
(o]
o
"
ct
~
©
¢}
o
o3
&,

¥
<
C

be necessary for the manifestation of parasympatholytic activity
(Rama Sastry, 1970). Cbviou 1y, the synthetic alkaloid 1s nct

esterified. This may explsin, in pert, the absence oi para-

sympatholytic activity. The ester may eifect optimsl physiolo-

=3

gical action in atropine-like compounds through its adility to
influence the comformation of the parasympzthclytic molecu
which, in turn, determines the extent of the interaction boiwoen

the major bonding groups (the cation head and the cyclic

moieties) and the receptor (Rama Sastry, 1970).

vity.
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The tropane slkalcide are widely distributed in nsiure,
especlally in plents velonging to the order Solanacssc.

Atropine (dl-hycscyemine) 2 and scopolamine (l-hyoscire; 3
the most important and best known of the neturally-cccuring

alkalolds, are derived from Atropa belliadonrs (desdly nishi-

: PR N S o TN ey e e s g D e
shade), Hypscvamus niger (black henbane), snd Dature siroronion

(jamestown weed, Jjimson weed, thron apple, or stink weed;

(Rama Sastry, 1970; Cullumbine, 1967; Goodmazn and Gilman, 1652;
Hamerslag, 1950). 4Although the aforementioned solanaceosus
plants contain mainly l-hyoscyamine, atropine is formed upon
extraction when l-hyoscyamine racemizes to the more sgiecble form

dl-hyoscyamine (Cullumbine, 1967). Scopolamine, however, ic

obtained predominately from Daturz meiel and Sconolia carninils

(Jenkins et al, 1967). In addition, it is important to ncte
that the relative amounts ol these two alkaloids differ nol
only from species {0 specles, but also vary with the pars, tne
location or origin, and the age of the plant from wihich they sre
150) .

Since the plants from which these compounds are derived are

extracted (Hamerslag,

-
O

found the world over, these drugs have enjoyed a long and rica
nistory which is affirmed by allusions to them in the Ibors

FARPING)

nanyrusg, the Greek herbal of Dioscorides, and the Grznd Herblex.

Cne of the earliest applications of the solanaceous alkololds is
credited to the Greexs who used Daturs at the oracular shrine of

Apollo at Delphl where the prietess, rJythis, who wss scated on

a tripod, would reply +to questions with incoherent words wnich
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were uttered in divine ecstasy. Pythla was intoxicated by
inhalation of fumes from burning leaves of Datura. A common
use of Datura was to facilitate robbery or conspiracy: Indian
courtesans placed Datura in their visitors' wine so that their
viectims could be robbed with ease. As recently as 1908, Dotura
was to play a key role in a nefarious performance that included
a plot to stupefy and murder the European Garrison at Hanoci,
Viet Nam (Rama Sastry, 1970).

The practice of habitually smcking the leaves of Datura
stamonium for pleasure hacs been witnesszed 1in various parts of
Africa and India. DMoreover, the leaves are frequently mixed

with other intoxicants such as, cannabls, alcchol, or tobacco,

5]

producing an inebriating concoction., The American Indians
averted these time consuming practices without compromising the
desired effects by simply chewing the leaves of the plant. In

addition, several forms of Datura were employved by the American

Indians in their religious ceremonies as a means of promoting
visions and as a way of providing for intoxication of the young

braves of the tribe in order to ensure that they could with-
stand the painful initiation ceremonies (Hollister, 19£&8),.
The most animated and amusing account describing the osten-

sible effects of Datura stramonium occurred in 1676 among the

British troops bivouacked in Jamestown, Virginia:

They had cooked the plant as food, and for
several days many behaved in a strange and comical

. manner, some talking eleven days to recover and
having amnesia for the entire event. The narcotic
properties of the Jamestown, or Jimson, weced soon
became known among the colonists, though 1t was not
news to the Indians (Follister, 1968). . « .
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Similarly, the pharmacoleogical vroperties of the shrut

Hyescvamus niger did not go unnoticed for as early as the first

century, the Romans were well aware that the black variety of

Hyecscyamus caused insanity. Later, during the Middle Ages,

the plant was used by sourcerers as a potion for conjuring up
demens, Its biological distribution is further demonsirated
by the fact that a species of henabene with dry, feli-like

y Py J’

leaves flourished in Egypt and surrounding lands.,

Leaves of Sekaran, as it was termed by *the Arabs, were

smoked in order to produce a state of inebriation (Hollister,
1968).

Atropa belladonna did nect escape the annals of history

nor the pages of great literature. Barton and Castle exvress

this sentiment with thelr assertion that Atrova belladonna was

alluded to by Shakespeare in the speech of Banguo to Macbeth
(Goodman and Gilman, 1952):

Or have we eaten of the insane root,
Thet takes the 3on prisoner?

The history of Atropa bellzdonna does not begin with Shakesponre

for the Ancient Hindus employed galenical pre
donna in the practice of medicine, However, the properties of
the plant were not always utilized with noble intentiong, inos-
much as the professional poisoners oir the MNiddle Ares oficn

sed deadly nightshade to produce prolenged and otscure irntovi-
cation (Goodman and Gilman, 1952). Gceodman and Gilman (2952)
rémind us that this prompted Linne to nzme the shrub Atroreo

belladonna, after Atraopos, the eldest of the Threc Fate:, who

severs the thread of life. It is interesting to note that the



werd "belladonna" is itself zn indication of the antiguiiy of
ttropa bellzdsrnza in that it means "beautiful lady." That 1z,
in order to induce dialzstion of the puplls, a sign of comeli-

ness, Venetftlan woren would instill a decoction of velladonna

A

into their eyes. Evidently, *this was a smzll price tc pay for

beauty, despite the disturbance of vision {(Gocldian and i

~ 3 ~
[52%  ayS)

19523 Cullumbine, 1967).
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Appendix 2

Synthesis of the Test Compound

meso-1,2-Dibengoyl-1,2-dibromoethane

17,18,19

The procedure which was delineated in the literaure
was employed. A melting point of 179-1800 C was observed
(1it mp 178.5-179.0° C).

trans-1-=Methyl-2,3-dibenzoylaziridine

The compound was prepared as 1t was described in the iiter-

17,18

ature Ten g (0.025 mole) of meso-1,2-dibenzoyl-T,2-
dibromoethane gave 5.37 g (C.02 mole) of aziridine (804 yield)
which melted at 85-87° ¢ (lit mp €8-88.5° ¢).

<y i&*"\
In

3=lethyl-1,5-diphenyl-9,3-oxazatricyc lO(% 3.1, O nonan-7-ong, 1

This hetero- -tricyclic ketone was obtained by modifying the
previously rported proceaure12
To 5.0 g (C.019 mole) of trans-l-methyl-2,3-dibenzoyl-
aziridine in 788 ml of refluxing absoclute ethanol was added, witn

stirring, 62 ml of refluxing absolute ethanol containing 1.0 g

of sodium and 5 ml of acetone. The solution was refluxed for

two minutes and then cooled in an ice bath. Ice was adced O

the solution. Precipitation resulted, and the product was col-

lected by filtration (3.65 g; 63.2% yield). The product was rc-
crystallized three times from 95% ethanocl; mp 124-124.5" C;
ir 1680 m_1; nmr (CDC*B) S 1.97 {(S,3), 2.18 (S,2), 2.565 (S) and
2.68 (S) 4H , 7.07-7.57 (M,10).

B-Wethy;—1,S—diphenyl—Q,3—oxazatricyclo[3.3.7 ’hjncn an-7-one
Hydrooromide

To a stirred solution of 1 g (0,003 mole) of 3-metnyli-1,5-
. AR o 2,47 o .
c1phenyl-9,3-0xazatr10yc¢o\;.j.1.O ’ jnonan—?—one in 50 1l of

anhydrous diethyl ether cooled to 0° G was added dropwise to 30 ml



L
of a saturated anhydrous hydrogen bromide solution. Tihe pro-
duct was collected in a dry atmosphere, using & "glove cox'.
The dry atmosphere was created bv passing nitrogen tarougn two
six inch drying tubes containing molecular sieves befcre cator-
ing the "glove box". Further protection against tne possivis
presence of any wator vapor was afforded by a large evaporating

m

dish liberally filled with phosphorous pentoxide. The "gi
box" was then periodically swept with nitrogen.

Although several attempts were made to recrystallize the
compound in the "glove box," purification of the salt was aban-

doned because of the extreme hydroscopic nature of the compound.

The compound sublimes at 134-137° C.
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