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The compound under dlscusslion is a synthetlc
member of the naturally occurring tropane alkalolds.
wWithin this grouplng there are two major subdividilons,
the csolanaceous alkalolds and the coca alkaloids. Atro-
pine (dl-hyoscyamine) ] and scopolamine (hyoscine) 2a |
are the two best known of the solanaceous variety
while cocaline J is the best known of the coca alka-
loids. \
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The novel compound 3—benzy151.5-d1phony1-9,3—
oxazatrloyeld(}.}.l.02'4)nonan-7—one 4, which 1s under
discuesion, 1s most closely related to those compounds
mentioned of the solanassaus valety. This group of
compounds are gensrally d;rived from plants belonging
to the poatdto family solanseeose. Atropine is extract-
ed, predominately, from the Atropa belladonna.(doadly
nightshade), Hyoseymus niger (black hembane); and Da-
turs lt§£hohiﬁm (thorn applo). Seopalamine is extraet-
od prcdominatoly from Daturs metel end gcagglia gar-
nieolies - (Hamorllas, 1950).

Tho new hotorotrioyolic ketone 4 has struo-
tural similarlty to the hyliolosieally active sco~

xne 2b. The structural eonr1suritions are similar
with the~ex;§p£1on of tho'intorchunsing of the ring
" oxygen and n1troson (Turner amd Lutz, 1968).

There Is also great similarity: between these compourds

-4nd the prov1oully nentioned atropine and sscopolamine.
-Atropine 1 and scopolamine 2& exhibit a host

or.prfoetl-ot‘bath & peripheral and a ceatral nervous

system mature. .These effeets are attributed to the




effinlty of atroplne towards the receptors of the
cholinergic synaptic units. The atropline molecule
thereby blocks asymaptie transmission in acotylchoiine
mediated neuronal systems, producing muscarinolytle

effects (Goodman and Gilmarn, 1941).

Mechenlsms of synaptie blockade

There are at least two prineipal theoriles
explaining how this symaptic blockade occurs. Clark
(1937) has indicated,through his experiments, that neu--
ronal tramsmission occurs due to acetylcholine's abil-
ity to combine with very specific chemlcal receptor
sites. He further expresses the view that the quan-
“titative effe¢ts of amy synaptic blocker or transmitter
are proportional to the number of receptor sites with
wvhich these molecules can combine. This view is adop-
ted by Lands (1951) in explaining the route of agtion
of chelinolytic ecompounds. He views the blockade as
a saturation of the receptor's sutraco,by the ¢ho~
linoclytic substamce. The substance, whemn in combina-~
tion with the recepter, creates a highly stable com-
plex. The stabillity of this complex suppresses the
ability of the membrane to depolarize. It, whem bonded

to the receptor, renders the membrane, due to the stable
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complex, inactive. The inaetivity of thls complex 1s
explained by & more stable connectlon of moloculo‘to
receptor. The cholinolytic compounds generally have
larger molecules than cholinomimetic compounds giving
them the abllity to protect, by their bulk, the bonds
formed. These lnactivating substancee are gapable of
mechanically or electrostatically inactivating both

the receptors directly attacked by them &nd adjacent re-
ceptors. This theory, hovever, has led to further work
and & new postulation of asctivity.

This new proposition states that the effect
of a substance on & receptor is due to the substance's
affinity for the receptor and with its abllity to sti-
" mulate the recptor, "internal sotivity". This group
thinks “that affinity is caused by the interaction of
the electron fields of the substance and receptor in.
the most general sense, while intermnal activity is caused
by some specific part of the intersction of the fields"
(Ruznetsov, 1965),

In figure 1b, page 5, it can be seen that
the anlon receptor site attractas electrostatiocally the
cation hesdl :of the asetylcholine molecule. These anion
receptor sltes are represented in the figure as nega-

tivély oharged humps om ltraight protein chains, the
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Fige 1 Sehematie representation of the interactien
of ac¢etylchoeline arnd & eholinelytic wth a
- receptor. (Kugznetsov, 1965),
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horizontal lines. A positively charged component of
the receptor then attracts the oxygen of the carbonyl
in the ester linkage of the molecule. These bonds are
strengthensd by Van der Waals forces, but as ean be
seen there 1s ne interaction with the oppesing protein
chain, a-b. This produces & rather unsﬂéble complex
which 1s easily degraded by ehelinesterass. This 1is
not to say that the receptdr setuslly resembles this
representation in nature but rathér these a&re theoretical
representations that may_aid‘in;picturing the lnteraction
of the molecule and receptor (Kuzmetsov, 1965).

Figure 1¢ 1llustrates a cholinolytie sub-

stance's interaction with the protein chains., As ean

- be seen there are differences in the structure of the

compound used &8s & cholinolytic substance and scetyl-
choline., These funetional groups will be dealt with
later. It can be seen, by the structure of thls com=-
pound when placed in the diagram, that there may be
electrostatic interaction between the anlonic receptor
and the cation head, electrostatic attracﬁion between
cation receptor or positively polarized protein and the
oxygen of the oarbonyl. Im addition,there could be

Van der Waals ferces between the molecule and both pro-

tein chains,e~f and g-h. An extremely stable complex




1s formed,vwhlch may be attributeld to the cyclic siruc-
tures which bond to both protein chains. Orn the one
hand, acetylcholine causes a change inr the receptor.
This results in the membrane being depolarized, causlng
the propagation of the impulse. The cholinelytic
compound 18 inert{, or, due to 1ts dual bomdlngs, causes
no c¢hange in the receptor,and thus no membrane perme-
abllity chaﬁge. Exactly how this occurs 1s still in
doubt (Kuznetsov, 1965). |

Those areas of chemical structure which have
been found to be, or are thought to be, of signigfi-
cance 1in producing c¢holinolytic activity will now be
discussed., There are several scharacteristics which
- appear cpltical for the manifestation of this activity:
a cation head, one or more cyclic structures removed
slightly from this head, the main chain of the mole-
cule, & complex ester grouping, and a hydroxyl group.
(Gymermekanﬂ'uedor, 1957). The importance of these
groups will be discussed as they relate to the theore-
tical material Just presented. In discusgsing the
theoretical aspesia of these various structures, the
heterotrieyelic compeund 3-benzyl-1,5-dipheyl-9,3-oxa-
,zatrlcyclo(}.}.l.02’4)nonan-7-one will be used as the
model,-and only substituents which it has, will be
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discussed in depthe.

The presence of the cation head appears
crucial in the exhibition of cholimolytic properties.
The specific central atom of the catiom head 18 usual-
ly mitrogen but may be sulfur or phosphorus. As was
described previously, this cation head ionieally bonds
to the anlon receptor site. Thll;banding is theorized
t6 be the initial instant of adsorption of the compound
by the receptor. The diagram, figure 1, indicates that
the slze and shape of the eation head complex effects
the cholinolytlc activity. Thls same consideration 1s
present in cholinomimetlic compounds also,for certain
- types of cation heads allew. stronger bondinge. When
the central atom, N, in cempourids similar to the hetere-
tricyelic compound umder discussion, 18 bound in a eyeie,
there 1s optimal ceholinolytic effect reashed by the
N-methyl molety. "The reason for this phenomenon
obviously lies in the fact that the elements of the
cyclic structure themselves oecupy a sufficiently large
epace beside the atom of nitrogen" (EKuznetsov, 1965).
The test compound obviously does not have the N-methyl
group described,but instead has & N-benzyl group whiech
should obstruct the activity if the theory is sound.




There appears to be a significant effect

on the cholinolytic properties of a compound 1f vare
ious cyclic moietiesa are present in the substance.
In those ecompounds where there 18 an aminoe group pre-
sent, such as this one, the exact position of the
¢ycelic structures doesa not appear to be a major con-
cern. There is evidenece that suggeats there may be
increased cholinelytic activity 1f the oyclic strue-
tures are on the third caiben from the amino groupe.
In cases of esters of amino alcohols the position of
the eyclic groups are more erucial than they are in
other compounds.(Gymermek and Nador, 1957).

The presence of oyclic moleties in compounds
without the aforementiened cation head can produce sho-
linolytic activity. This is 1llustrated by the 3,3«
dimethylbutyl ester of benzilic acld 5.

5 (OgHs)2C(O0H)COOCHCHAC(CH3 ) 5

A general rule for lincreased chollinolytiec
activity is that the eompound must contain two eyelie

- structures on the same carbon atom. There are, however,

& large number of compounds whereln this generalization

 does mot hold. Thers does appear to be a correlation i




between high cholinolytic activity and the presence
of at least one phenyl group-slightly removed from
the cation head.

The increased effeet, due to the cyclic
structures, 1s apparently caused by the additional

strength of the Van der Waals forces from the compound

to the receptor. Thils stronger bonding causes the re-
ceptor to be blocked from the acetylcholine molecules.

The basice chaln of the compound has been g
the teple of much discussion. There have been somne r
people, Sueh as Ing (1949), who bellieve that the max-
imum anticholinergie activlity 1s obtalned by & main
chaln of five atoms. There are others who would try
- to predict the exact size in Angstroms which ylelds

maximum aetione. Thls 18 an unresolved topic of theorye.

In a structure such as 4 the conformation of the main :
chaln 18 flxed in the chalr form. There can be no

deviatlion in chain length in this compound and in

comparing this compound with atropine, this topie eof
description would appear frultless. ' i

This leads to thé topic of greatest con- ;
troversy 1n the predicting of substituents increasing %
anticholinergic effeects. The presence of\the ester N

group-18 an unsolved and much discussed toplic. This é
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controversy 18 particularly troublesome because , in

early research with atropine-like substances, activity i
wag known only in compounds containing this group. At
thet time the ester linkage was conslidered the most
important single substituent. Today this is still a
widely purported bellef and the res?arch appears in- ;

conclusive., It does appear, however, that this group

is not absolutely necessary for cholinolytic action.
There 1s the debate as to 1t belng a sufficlent cause,
however. (Kuznetsov, 1965),

In discussing the theories of pharmacologlical
action 1t was concluded from Figure 1 that the ester
group 1s hypothesized to participate in the bonding
between molecule and reeceptor. The electronegative
oxygen of the carbonyl is attracted to the positive
fleld of the active surface of the receptor.
| It 18 hypothesized by Welsh and Taub (1950)
that thls bonding occurs through hydrogen bonding;

Compound 4 does not have this ester carbonyl,but does
have the ketone carbonyl which should pelarize and can '
be 1involved 1n hydrogen bondinge. | ' ?

There is the opinlon expressed by Kuznet- ?
sov (1965) that the bonding propertles of the ester
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function are of & minor comsequence. He feels that
the maln function of this grouping 1s in its influ-
ence on the molecule's conformation. Thls conformation
determines the effectiveness of the interaction with
the receptor by the malin grouvs. This 1dea 1s not im-
portant in a cyclle structure such as atropine, sco-
pelamine, or compound'i. -The cyclizetion of these
compounds flxes the conformation permitting the car-
" benyl group to be free., .

The presence of, and even more specifically,
the exact position of the hydroxyl group appears to
be of great importane¢e in increasing the cholinolytic
action of a compound. In amino aleehols, & derivative
.of which 1s under discussion, it appears that the pres-
ence of & hydroxyl group on the carbon atom gamma to
the nitrogen ylelds optimal effects. This 1s calou-
lated to be from 4 to 7 § in length., The presence of
the hydroxyl group on the same or adjacent carbon atom
in relation to the c¢yclic moleties also appears to be
of great eignificance, The cyclie structures are re-
sponsible for protecting the hydrogen bonding from de-
composing agents., Lands (1951) theorizes that this
hydroxyl group is in positlonvto form hydrogen bonds
to the protein receptor, The‘hydroxyl group appears

 aamigisn Spaiiies DO .o



neither necezsary nor suffieient te cause cholinolytic
action, although 1t does increzse & molecules effect
greatly. Compound 4 does not contain the hydroxyl
group but contains lnstead free oxygens, one 1in .
cyelic ring, the other &8s a carbonyl. Both of thLese
are available for partleclpzting in hydrever bonding.

In comparing the structure of ithe novel heterotri-
cyclic molecule to those structures that appesar to
yield maximum chelinolytic eetivity, it seems thct the
molecule may not exhibit as potent effects &s atropine
or scopolzmine. There ig no ester function in this

nevw molecule, although the free carbonyl should yleld
gimilar bonding. The two c¢yclle radicals removed from
-the cztiocn head,that do exist,are not on the same or

an adjacent carbon. There 1is, however, one phemnyl group
on each of two carbons, slightly removed from the cat-
ion head, and as was mentioned earlier, this &ppears

to be & generalized rule for the increzsing of eanti-
cholinergic effecte, The cation head 1is tertlary, with
respect to carbon atoms, but the free benzyl group
seems a8 though it would be inhibltery && teo chelin-
olytic potencye. There is no hydroxyl group ir the com-
pourd, 3lthough it was mentioned that the carbonyl &nd

the g;clic oxygen might sct in & similar mannere.
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Physlological Activity

Atropine and scopolamine inhibit the se-
cretion of tears, sweat, sallva, and secretions of the
pencreas and the gastrointestinal tract. These effects
occur only in cases where glands of the above mentloned
secretions are innervated by cholinerglc systems. .

Atropine and atroplne-llike compounds, in
general, have an antispasmodic action on smooth mus=
cle, They antagonlize the stimulant action of acetyl-
choline on smooth muscle innervated by parasympathe-
tic nerves. 1In this regard atroplne and its analogs
have a marked and important effect on the eye.muscles,

- The eye musc¢les are innervated by the third cranial
nerve, fibers of which are cholinergic. Wwhen applied
locally oF systemically in large deses, it blocke trans-
mission at the nerve endings thereby producing mydri-
2818 and cyecloplegia. These effects may be for several
days duration, and are not readily overcome by present-
1y used antimydriatius,

In reference to heart rate, atropine causes
initial bradycardis, thep & more pronounced acceler-
s&tion. Thils tachycardia 1s greater, eccurs earlier, and

© lasts longer, as the dese of atropine is increased. The
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initial slowing is sald te be due to atropine sti=
mulating the eardloimhibitory center in the medulla.
This change in heart rate presents an 1nterest1ns.
method of prensatal investigation. Atropine rapldly
passes across the placenta, and the intravenous in-
Jeetion of this compound into the mother should proe
duce tachycardla in the fetus. This occurs 10 to 15
minutes after injectlion i1f the plasenta 1s normal
{Hellmen et al., 1963).

Atropine causes inlitial stimulation of
the higher cerebral centers snd then a marked depres-
elon. The ultimate depre;sien is 80 characteristie
that, at toxic doses, death is due to medullary pa-
"ralysis which causes respiratory cessations Not all
ereas of the brain are affeeted by this stimulatery so«
tion as is indicated by the sedative action of atro-
pine on the tremors ¢of Parkinaanllm.. Soopolamine, on

the other hand, exhibits ar initial and marked depres-

sion.

The nature of peripheral action in the two
oompounds &lso seems to differ. scopolsmiﬁolia the
stronger blooking agent for the iris, ciliary body, and
certain secretory glands. The action of atropine 1s

more pronounced and more prolonged than that of scoe-
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polamine on thé heart, intestine, and bronchiolar %
musoulature. i

Man has exhiblited the ablllity te adapt to
continuous injections of atropline and develop tol-
erance. This quality has been noted in patients re-
celving atropine for Parkinson's d7sease.

Atropine is absorbed rapidly by the gastro-
intestinal tract. It ¢an also be absorbed by the eye
and to a limited extént by the skin. Once in the cir-
eulatory system atropine is distributed rapidly through-

out the body. Once dispersed in this mammer most of

the alkalold is converted, by hydrolysis te trepine and

trepic acide. The remaining amount 1s excreted through

Athe kidneys (Gosselin et al., 1960).
Thies vast myriad of effects 1s the major

SIEAULY PWNYD SY . -

PP .5 £ |

drawback of the'natural alkaloids. The search for
less general cholinolytics 1s the basis fer further
research in the area of synthetic alkaloids. It 1s 3

hoped that more specificec action e¢an be foumnd in one %

of these compounds. ' ni
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" Physlelegical Experiments

A. Generzl Screeniny Procedure

| The physiolorlcel testing begaﬁ with a blind
cere«nin nrocedure lald out by Irwin (1959). Thiskpro-
cedure was chésen because of 1ts sixplicity, inexpensilve
reture, and veraclty. Although the compound under dlscus-
“sion, due to 1its chemiéal similarity to other compounds
of a parasympatholytic nature, 1s believed to exhibit sim-
ilar properties, a general testing vrogram was needed to
outline the real properties of thevdrug. The purpose of
this serles of tests is to ihdicate the general nature of
the drug and indicate the path further Investization should

take.

Methods
Fourteen male mice of body welght 23 to 29 grams
were used in thé teat. They were placed in seven groups'
of two mlce each. The groups were tesfed at 10, 30, 50,
100, 200, 300, and 500 mg of test substance per kg of body
welght. All mice were injJected intraperitoneally (IP). The
mice were kept in groups of two, in separate cages durilng
the testing; both mice in the same cage receilved the same
dosage. Whlle observations were being made however they
were placed in a different cage the;eby producing a nbvel
environment.

A

Each mouse received three injections on succes-

|
|

arBaLy SERIEY
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sive days. The injections were given via a .85% saline
solution. For dosages greater than 100mg/kg)a 24 solution
of the test substance was used and for doses of less than
100 mg/kg,a.2% solution was used. The time of onset and
termination of effects were recorded in tabular form using
numbers from O to 8 to designate intensity of the effect,
Table 1,éives the averages over the three day interval

for each dosage level. A base scofe for abnormal signs was
o wiih an 8_max1mum. Four was uaea as & baseline in in-
stances where the normal could be depressed or stimu-
lated. The scores were given subjectively by the éxperi-
menter but there was dlwa}ahat least one other person

- present to collaborate the results. The scoring was done

in accordance with the procedure of Irwin and his descripe

tion.(Irwin, 1959).

Results
The program bggan with & behavioral profile in-
dicating the aukuzneés. mood, and motor activity of the
animal. The alertness of the mice was depressed. The
resulting stupor was enhanced by increased dosages. Also,
at higher dosages the animals appeared abnormally passive,.
able to be placed in unéccuetomed positions. These findings

suggest centrql_depra!sion;and-poeeibly myorelaxation,
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paralysis,?or anesthesla. There were,however no indlca-
ti&ns of aiereotypic movements which would aid in the
coLfirmation of the possible central depression hypotheslas.

i‘l. . The mice di not evidence excesslve grooming,

vocalizitionai Restlessness, irritabllity, or fearfulness,
all signs of eympathetic or central stimulation. The ex-
perimenter did notice apparent grooming movements at very
high dosages which may have been vomiting motions instead.
Motor activity was measured by four indlcatlons
reactivity to a novel environment, spontaneous activity,
touch response, pain response. At low levels of the test
materlal the mice appaared-inquisitive toward their new
environment but the.higher the dosage, the less exploratory
behavior, until they became totally unreactive at 300 mg/kg.
&here wés incrementally less spontaneous activity, less
eadtion to being touched, and less indication of pailn,

e decrease in spontaneous activity and reactivity to a
ovel environment could indicate central nervous system
epression and gansiia and neuromuscular blockade. The
ncereased reactivity that ocourred at low dosages could be
ust stimulation of a new situation overwhelming the ef=-

eots of the minimal dosage. The increasing lack of response

0 pain m;} signify analgeslia, sedation, and central de-




pression. The unreactivity the mice exhiblted toward belng
touched may evince anesthetlic activity.

The second phase ia a neurological profilile which
consists of a series of tests on central excitation, motor
1néoord1nation, and muscle tone. The startle response, re-
action to loud noise,was normal at low dosages but was ele-
vated at higher intake levels. Theré was a normal Straub
tall response. Tremor and convulslions resulted from in-
Jectlions of 100mg/kg or sreate;. The animalﬁ’ posture was
also_affecfed only at higher dosages,showing & deterlora-
tion of body and limb posture. This deviation in body and
1imb position may indicate neuromuscular blockade or cen-

tral disturbance.

Motor incoordinatlion was exhibited only at elevated

dosages. The animals began to stagger and walk abnormally
at 100 mg/kg or greater. Despite this apparent diffioculty,
the righting reflex was normal until 200 mg/kg. The high
scores recorded here may indicate central nerfous depres-
sion or an agent causing synaptic blobkade in some part of
the nervous system, '
The section on muscle tone was very diffiocult
to Judge thereby weakening the reliability of the results,

but here again there was the hint of neuromuscular blockade

et e e h D & A &
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and central depression. The areas of scrutlny here
were limb, abdominal, and bedy tone, body sag, and
grip strength.

The third area considered in the screening
wage the autonomic profile. The general areas here were
optical, secretory, and general signs., The optlcal
signs used were the size of the palbebral opening and
indication of exopthalmos, bulging of the eye. The slze
of the palbebral opening rendered varying information.
At the 10 mg/kg dosage there was apparent widening of
the opening, but at increased doasage levels there was
increnental narrowlng of the openinge. Thls can be

explained in many ways for thls widenlng indicates

sympathomimetic activity 1f accompanied by other signs,

There was no 8sign of exopthelmos exhiblted at any time.
If there had been any corroborating evidence ylelded
here, more credence could have been given the findings
on the low dosage effects on the paldbebral opering.
There was no sign of any undue urination or
sallvation, two secretory signs, both indloative of
musgariniec astivitye. The general signs used wvere
writhing, pfloereetion, and skin oolor.change. All
these areas remalned normal at all dosages, unless the

writhing was masked by the convulsions at higher levels.

sy m ey
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The last part of the examination wza the
LDgge The apparent meximal toxlelty level was between
300 and 500 mg/kg, for at 500 mg/kg all the mice died,
at 300 mg/kg none died. At 300 mg/kg, however, all
mice evidenced severe convulsicns.

The results of these tests appear to indicate
neuromuscular blockade and central depression &as chare
acteristic of the druge This will have to be born out
by further tests, however, for the findinge are only
generalizations, The repeated positive implication
of the synaptic blockade lymptomi confirms the expecta=-
tions of the experimenter based on chemical structure

alone.

4 = my———we—z g

This screening procedure yielded only quile
itative information and the overall effectiveness and
potency of the drug can not be estimated at this time.
The drug now appears to be & cholinolytic one,and sev-
eral of the confirmatory as well as quantitative pro-
cedures will be dealt with shertly (Lawrence and Bac-
herach, 1964).
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Be LDSQ 3

This experiment is a oruclal one for it is
impossible to conduct further research without know=-
ing the dosago'rango at which the compound exhiblts
nontiaxic effects.This procedure indicates the point
a£ which‘one half of the total experimental group
injected at one dosage dies.(Turaer, 1965).

Method

Twelve‘femalo mice were used, their body
welghts ranging from 22-to 26 grams. The general
screening procedure had 1ﬁd1cated that the LDSO lay
between 300 and 500 mg/kg. This more exact procedure
therefore began at 325 mg/kg and inoreased at 25
ng/kg increments. Four mlce were placed in each group,

'the members of the group all residing in one cage.

Due to the type of test,only one dosage level was

given on a single day, to spare as many animals as

possible. The animals were injected ﬁt dosages of

325,350, and 375 mg/kg with & 2% solution of the test

substance. The solvent was & +85% saline solution.
Results |

The reiults of the procedure indicated that
at both 325 and 350 mg/kg the groups suffered two
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deaths out of four mices 1In thew37szlg/kg group all
mice dlied. The results indlcate & rﬁnge'for the LDgg.
Due to lack of experimental animals and the purpose

of the testing, these results appear exact enoughe.

The LDgo of atropine injected into mice IP has been
found to be 250 mg/kge Thls lesser toxiclty expressed
by the novel heterotricyclic ketone, however, indicates
nothing in respect to the pharnaooiogioal potency or
overall usefulness of 3=benzylel,5-diphenyl=9,3-0xaza=

trioyolo(3§3.1.02-¢)nonan-7-ono (Merok Index,1960).

P



C. Lacrimation

The purpoée of this experiment was to ald in
the characterization of the Hrus under discussion. This
test 18 designed so that if the drug being tested has
parasympatholytic properties 1t will yleld a negative
test. The lacrimal glands of the eye are innervated by
the parasympathetic systems. On injection of €he drug
the synapses of‘these glanda are blooked. if the drug
is antiohoiinorsic,and laorimatloh should not occur
when carbamyl ocholine is injected. This drug, ocarbamyl
choline, is oommeroi&llyAavailablo a8 Isopto earbachol
and ia par#aympathomimotic. It 1nduo§s lacrimation and

"

is used in the treatment of glaucoms. The procedure

* followed was similar to that of de Jongh et als (1955). !

' Method

Thirteen Wistar rats, no sex differentiation
was made, weighing between 170 and 225 gms. were useds
De Jongh called for the rats to be kept at 36°C for
ten minutes prior to 1nJoct1§n of the test compound.
This was not dons: The rats were kept at about 25°¢
before injection. The presoribed inorease in temperasw
ture was to cause vasodilation but longer periods of

t;mo wvere alotted during.the experiment to Beunter-



balsnee the effeets of the non vasedilative pre-
cedure. The animals were injected with the test com-
pound via the tail veln. The volume of solution injec-
ted varlied depending on the body welght of the rat but
it was always approximately the directed, 1 ml/kg. The
durétion of the injection was from 17 to 26 seconds.
Those rats injected wiﬁh greater than 30 ng/kg were
injJected IP, for the injection‘was not feasible via the
tail vein. Rat number 13 was not injected with the test
substance but rather0.10 ml of sterillzed distilled
water. This was to insure that just simple breaking of
the skin did not 1lnduce lacrimatlon.

The dose of carﬁamyl choline was held at

. +5 mg/kg, given intraperitoneally, for each animal.

This injJection was to occur at 15,45, 75, and 105 min-
ute intervals for each animal.A plece of cotton was
thén lightly touched to the eye of an injected animal
3 minutes after each.injection. If a colored spot ap-
peared on the cotton this waéia poslitive sign. In other
words the compound being tested would mot be blocking
theisynaptio units leading to the lacrimal glands, and
would not be exhiblting parasympatholytic activity.

Two of ﬁhe-rats, 11 and 12, were used as

control animals. They were injected only with carb-
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amyl choline in order to ascertaln visually what & nor-
mal response was te Q5 mg/kg of the compound without
any other drug present (de Jongh et ale., 1955). |

Results

The test began with the injection of rats
1 and 2 in Table 2., The rats were injected with 10
mg/kg of the test compound. The two rats died due an
inadvertant overdose in the amount of carbamyl choline;
ten times the presecribed quantity was injected., The
LDSO of carbamyl choline, 1njected IV, in mice is 0.3
ng/kge Before'deatn,hewever,hthey evinced a great deal
of laerimatione. |

The procedure was followed correctly for the

mice 3 through 10 The results achleved were less than

conclusive in any qulhﬁtaﬂv; waye. A8 can be seen on the

charp,the rats did not ever display eomﬁleto parasym-
pathetic blockade even &t the 15 minute interval and
were not tested at any stage later than 45 minutes,
There was, however, &an apparent difference 1n the de-
gree and duration of lacrimation &t the deses of 30
mg/kg IV and 100 mg/kg IP when compared to the control
rats, 11 and 12, and the preceding fntl &t lower dos-

ages..- These observations canmot be used im amy quan-



Table 2

Lacrimacion Dosages and Ubservations

Test carbamyl
Compound choline
Rat Grou Body ml. of ml. of observa-
number | mg/kg Weightl 2% test «75% tions
1 10 170 .085 110 Dead
3 10 173 .085 - 010 no inhibition
4 10 181 .086 .010 no inhibition
5 30 173 «260 .010 s8light inhilb.
6 30 185 «270 «015 slight inhib.
7 50 185 460 . .010 no inhibition
-8 50 178 «450 .010 no inhibition
9 100 201 1.000 013 slight inhib.
10 100 206 1.000 013 slight inhib.
11 0 225 «000 «015 .
12 0 210 «000 014
13 0] 193 «000 «10 Hp0 | no lacrimatlon

\

N

~ tltative. way huty there.idid avem Lo be. an. extiremely weak

cholinolytic activity. These effects were noted only at

the 15 minute interval injection of carbamyl choline

and were not preéent-at the 45 minute interval injec-

tion. This would indicate, aside from weak cholino-

lytic activity, relatively transient actlon.

the literature in terms of the ED

The results of this test are described in

50°*

the dose neces-

sary to prevent the appearance of a colored spot in

half of the animals after 105 minutes. The recognized

dose of atropine required to do this 1is only 3.9 mg/kg.
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titative. way huty there.idid sven Lo be.an.extremely weak

- cholinolytic activity. These effects were noted only at

the 15 minute interval injectlon of carbamyl choline

and were not present at the 45 minute interval injec-

tion. This would indicate, aside from weak cholino-

lytic activity, relatively transient action.
The results of this test are described in

the literature in terms of the'EDSO. the dose neces-

sary
half

dose

to prevent the appearance of a colored spot in
of the animals after 105 minutes. The recognized

of atropine required to do this is only 3.9 mg/kg.



This figure indicates that the test drug 1s at best
10 times less potent than atropine in this partioular
test,

To interpret these results is very diffi-
cult. They do,however, colncide with the screening pro«.
cedure dlagnosis in that the drug appears to exhibit
at least slight parasympathetic properties and that
the effects are transitory in nature. In the soreening
procedure the animals also appeared to return to nor-

mal activity in a relatively short time.
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D. Mammalian Smooth Musecle

Thie test:1s another in the,génera} proge-
dures for oharaéterization of the oompéund. It differs
from the previous testa, The drug has shown properties,
although moderately, of an apparent parasympathetie
~ bleckade. This enables the use of & more apecifie test.
The test is deasigned to monitor specifically,the drug's
inhibtion of acotylohqlino, the parasympathetic synaptile
tranamission agent. The 1ntoltind'of the gulnea pig
and rat is an ergan of smooth muscle exhibiting spon-
tanecus rhythmieity and innervated by the‘paraoynpathotic
system. (Turner, 1965). ‘ I ﬁ

| "~ Method

A male quinea pig weighing 315 gus and a
| male albino Wistar rat of 335 gms were used. Both anile
mals were not fed for 32 hourl previous to their sae-
rifice in order to minimize fecal wastes in the intes-
tine. Tﬁo animals were sacrificed by a sharp blow te
the nape of the neck. These animals were not used on
the same day, but the precedure was the lamo_ezoopt-w:q 
where indloated to be differente After aaorifice, the
abdomens were opened as quiokly as possible and the |

intestine was eut free Just belew the pylorus and



Jjust above the colon. The 'small intestine was then
placed in a finger bowl containing Tyrode's solution
and & segment of approximately 2.5 cm was cut free

from the lower end. This segment was then bound at

both ends and placed in the apparatus.

_ The aapparstus.sonsis tefl 0£: 0 250 =l beskemcon-
taining 100 ml of Tyrodé's eoiutién aerated constantly.
Below this, in the case of the rat but not the guinea
pig, there was a ‘th'nihr which kept the water at approxe-
imately 39 °C. Above this entire mechanism was an A
myograph Jolined to the.physiograph. The paper speed
of the phyaiograph was aeiﬂat 5‘cm/l00..The small strip
of intestine was then attaéhed to the bottom of the

- aeration rod and to the lever of the myograph. the strip

being suspended in the solution. Care was takeﬁ not to

overdistend: the smooth muscle atrip,rnl-this ruins

its contractile prOpeftiea..The amplitude of the re-’
oorder‘wag adjusted until the pontractioh peaksa were
recorded at 3 om in height. Thls occurred only for the
rat. The experimenter was unadble to record any contrac-
yion frdﬁ several strips of the guinea pig intestine.
Even with the addition of 10 dropa of 1.5:10,000 sol~

ution of acetylcholine no response was obtained. The
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rat intestine,on the other hand, exhibited contractile
properties.‘After & baselline contractlon rate had been
established, the acetylcholline was added dropwise. Two
drops were added in total and the results were record-
ed. The water bath was then washed out and the tissue's
contractile rate was allowed tq stabalize. Two drops

of acetylcholine ‘were:then added.again but this time
the test compound was added dropwise immediately after=-

¥
ward.

" Results

The results of this test again seem to indi-

. cate transient and weak cholinolytic properties. Two

drops of 13500 of the test compound were added and

there was a short lived, 12 seconds, and 1ndoﬁplete
1hh1b1tion, 67 %. For total 1nh1b1tion there was requir-
ed s8ix drops of the compound. When eompared  to the ife.
hibniﬁr:;ltronsjh:or'atrpp;no.,xhllxgl:voat.~Atrop1no ‘
has 1000 times the potency of aootyloholing..



Food Consumption

This procedure is deslgned to determine any
subacute toxicity.effects of the compound. The oontinued’
druging of the animal permits the detection of any long
range toxicity effeots of a compounds The body welghts,
food consumption, and fecal wastes are keys to these

effects on the body.
v, Method

8ix adult female mice between 27 and 29 gme
were used., Two were in a'control group and the other
four were in twd*gfoupa_re&nivins 30 and 50 mg/xg in-
Jlectione, respectively. Food was &s’.t?;‘Ql the animale
for 2 hours each day. The injections ocourred 1 hour
before feeding time. The animals were welghed before
and after the feédins period. The differenoe in weight
was considered the amount of food consumed. The fecal
pellets were counted at the end of each 22 hour period
and the amount of waste waa thereby caloulated. The 1n-\
Jections were given subocutaneously. This procedure wae

followed for twelve dnyd.(aanllon, 1961).

~Results
-~ The results of this test indicated nothing
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- in térms of long range effects. After an initial drop
in welght, ae was to be expected on the feeding sche-
dule, the animals galned the welght back and ended at
approxlmately thg same weigh% as they had begun the
teste |
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F. Inhibitien of Perphenazine-induced

Catatonlec Reaction

This procedure is a more speciflc,and also
& quantitative analysis, of cholinolytic compounds than
those preceding it. Morpurgo (1955) enalyzed many anti-
parkinson drugs with respect to thelr inhibition eof
phenothlsazine-induced catatonic resctions. She did
this testing in the hope that 1t could provide a useful
test in the se¢reening of antiparkinson drugs. The re-
sults she achleved appeared to confirm these hopes and
the rellability ef the test has been quite good. "The
term cataionie reaction 18 used to deseribe the fallure
te correct spontaneously &n unphysiologleal posture
of the body" (Morpurgo, 1955). It waes found that per-
ﬁhenazine was one of the most useful phemothiazine de-
rivatives for the induction of the catatonle reaction
due to its rapld aetion and constancy of resultse. This
reaction 1s very simllar to symptoms exhibited by pati-
ents having Parkinson's disease,

Methed

Elght male albine Wistar rats w&igming be-
tween 225 and 275 gms were used., They were placed in
four groups of two rats eache. The groups of rats were
first injected with 0,5,10, and 30 mg/kg of the test
compound. In the 5 mg/kg group, & 0.2% solutlon was




used and in the higher dosages a 2% solution was employ-
ed. A tlime perlod of fifteen minutes was alloted for the
drug to ceirculate, and the animals all then received an
injection of 5 mg/kg of perphenazine (Trilafon by Sch-
ering). The animals were placed in separate cages and
observations were made at fifteen minute intervals. The
degree of inhibition wasicalculated in a subjective
manner, as the percent of inhibition of the experimental
animals, in relatlion to those animals glven only the
perphenazine injectlon.
Results
Again the drug did exhibit transient and mod-’

erate action. As 18 indicated in Table 3, the drug

‘appeared to exhiblt & noticeable effect after an hour

at the 30 mg/kg dosage. The graphs in Figure 2 serve

as & comparison between this compound and already known
antiparkinson agents. It can he seen that the drug
evinces extremely transient and weak effects when compar-
ed with the effects induced py much zsmiier amounts of
several of the already exlsting gampeunds used in medi-

einal treatment.




'Table 3

Dosages and observations of inhibition
- of perphenazine

P
Hougrs

3

rat | body mg/kg tost mi. test[dose of [ % inhib.
‘number [weight compound| compound|Trilaton | at 1 hr,
1 275 0 0,000 0,280 control
2 250 . 0 0,000 0.250 control
-3 225 5 0456 0,225 0-5
L 230 S 0.58 Vo225 0=5
5 235 ' 10 0412 V6230 10
-6 236 10 "0e12 06230 15
g ‘ 255 - 30 0438 04250 30
' 267 30 Oel42 04255 30
100 2 mqh’;‘ aco}o\o.m'mt.
[ *ﬁ\\s\\\
F7) ! MM'K‘ d\'ﬁ?'\\\b
.gto
%
= |
<] _ ‘
“v' . . 2 maixg m\copint
- o \(‘ )‘ "y “q _\,““ 30 m‘lhq +¢‘T

F!g. 2 ' Comparison of the % inhibition of the
pherphenagzine~induced catatonic reaction
of the test eompound with already used
.oompounds. ,



‘precise, the preponderance of data indicate that it is

Discussien

The data gathered in the testing of this com-
pound would indicate 1t to be of weak and transient
cholinolytic aectivity. The general screening procedure
indicated hints of some other action, but due to the
inhibition of acetylcholine exhibited by the drug, this
must be discounteds These devliations were explalned at
the time as injection shoek and general excitemmt This
reaction may have come also from almost total sympathetle
input after the parasympathetic synaptie blockade and
before muscular blockade occurred. In every lnstance,
the'compound did display this anticholinergle action ang,

although in many cases it was nelther quantitative nor %

parasympatholytiec in nature.

In a quantitative sense,the compound does not

display the potency of atropine or scopolamine, but the
present theoretigal orlentation on the pharmacologlical
action caused by the structures of these ¢ompounds would
indicate this to be the case. A8 was dlscussed previ-
ously, there are many substituent groups which the com-
pound lacks or has in a position that dees not lncrease

its affinity for the synaptic receptor sites.
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Previously, 1t was mentloned how the compound
eould bond with the receptor, end 1t appears that there
are several pharmacologlcal actions of the compound
which are not as were theorized. The ketone c¢arbonyl
group of the test compound would seem & logical point
to dispute with the previously offered bonding repre-
sentation. There would be less hydrogen bonding here
than with the hydroxyl group that was characterlzed as
a group that greatly increased the molecule's affinity
for the receptor. The presence of the bulky eation
head may, as was mentioned earlier, be & detriment to
cholinolytic activity. Finally, the lack of c¢yclic
substituents in the positions theorlzed as useful, in

‘increasing chollnolytic actlion,may also be an obstacle. .

(Ruznetsov, 1965).

This lack of potency and duration of effeet,
ho:;mvewnar"J
effectual druge There was'a need for compounds other

does not in itself provide a medicinally in-

than atropine that exhibited weaker and more temporary

effects 1n producing mydriasis. Thlis, however, has been
remedied and there are now many compounds that are used
&8 suche There is stlill & need for compounds exhibiting

weaker action than atropine in the 1nhibition of cholin-

ergic action in other areas of the bedy.(Kuznetsov, 1965).



Many atropine-~like substances, especlially the
synthetic compounds, exhiblit specific effects on 1indi-
vidual organs. Therefore, i1f a compound has the struc-
tural promlise, 1t should be tested more specificallye.
In future work concerning thils drug or in evaluation
of those compounds derived from it, specific action

should be evaluated more closelye.

—
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Future Work ?

The compound under discussion introduces an
interesting opportunity in the struetural and theoretiecal
analysis of cholinerglc receptors and thelir blockers.

The interchanging of the ring nitrogen and oxygen, in
relation to scopine, introduces a new concern to the
theory. How, if at all, will this effect neuronal trans-
mission? It would seem an oecasiom to add to the pre-
sent understanding of the theory involving the reeeptor,
to syntheslize and test a number of similar compounds.

The first change that could be executed 1is
the substitution of the N-benzyl group by a N-methyl

~groupe This could be accomplished by the use of methyl-

amine in order to synthesize trans-1-methyl-2,3-dibenzoyl-
aziridine (Turner, 1965). The change would remove the
bulky benzyl group that theory states separates the catlion
head from the receptor, and introduce a less bulky
methyl group. This methyl group is theofized'tc be- the
most advantageous substlituent on the nitrogen for in-
creased cholinolytie activity (Kuzmetasov, 1965).

A sescond change could be the synthesis of the
methyl chleride salt.instead of the hydreechleride salt
(Turner, 1968). "In the transition from tertiary to



quaternary compounds the chelinelytic activity (in the
area of nerve endings), as a rule, increasses strongly"
(Gymermek and Nador, 1957). This is reasonable when

the structure of acetylcholine is reviewed. This quater-
nary compound 1s stereochemically adapted to the receptor.
It is logical that the dimethylammonium group in the
hypothesized compound would appear to increase 1lts
bonding stability.

There are other poessibllities of lnterest, The
reduction of the ketone would yleld & structure 6 simi-
lar to scopine 2b in that 1t would also contaln a hy-
droxyl group on C-3. Compound 6§ differs skelletally
from 2b in that the ring oxygen and nitrogen are inter-

changed (Turner and Lutz,. 1968). %

naps R \

\
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The next proposed structure of interest is
also an analog of scopine., It 1s the bilsquaternary am-
monium salt of 6. It would be synthesized by the at-
tachment of two molecules of § 5y means of & polymethyl-

ene chaln, n number of carbons in length. Kuznetéov
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(1965) indicated the synthesis of such & molecule, the
parent compound being atropine instead of 6. He also
indicates an increase in curariform activity due to the
chelating effect of the two cation centers atiacking
two anion centers of the choline receptor.

There are several other structures which would
be of interest to theereticians and possibly would have
medicinel value. One is the ester of f. It and ite de-
rivatives could be used to compare the properties of the

esters and the alcohol derivatives now under discussione.




Appendix

Syntheses
The melting points were taken on an Eimer-

Amend Melting Polnt Apparatus. The lnfrared absorptioen
spectra were made on & Perkin-Elmer instrument, Model

137B.

meso~1,2-dlbenzoyl-1,2-dibrompethane. The literature

preparation was followed and the melting polnt wes
177.5=-178.5° as compared to & liter;ture value of
178.5=1799.(Turner, 1965).
trans-l-bqux;-a.3-d1benzoy;az1r1d1ne. The procedure

given in the literature was followed. The melting point
wag 132.5-133.5° as ocompared to the literature value
of 134-136° (Turner, 1968).

}-benzzl-l,5gd1pheqxl-2,zacxazatricyclo(ég}.1.02’4)nonan-
7{-one., Thlis procedure was followed as 1n the literature

except that care was taken not to use ény stirring dur-
ing the refluxing,as stirring prevented the reaction
from ocourring. The reason 1s unknown. The melting
point was 140.5-143° as compared with the literature
value of 143-144® (Turner, 1968).
2-benzzl-1,ﬁ-dighegll-g,2-oxazatrio;olo(2;}.1.0a’a)nonan-
T=ene hydrochloride. The progcedure was followed as was

51vgn in the literature. There was one problem, however.
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when filtration was attempted, repeated decomposition
occurred. Separation was achleved by decanting the sol-
vent. It was found that 1f the hydrochloride salt was
allowed to dry while in contact with glass,instead of
the fllter paper, no such decompositlen was observed.
The melting point was 112.5=116° as compared with 116-
118° 1h the literature ( Turner, 1968).
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