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these groups possess closely similar values of ¢, and
op.  Extending the similarity to other strong electron-
withdrawing groups, = should again be independent of
the mode of substitution.

A consideration of eq 20 suggests that the dynamic
process of forming a hydrophobic bond may be
associated with a covariant behavior of the polar-
izability and desolvation characteristics of a drug or
drug substituent. On the other hand, under statie, or
equilibrium, conditions such covariant behavior may no
longer predominate and a drug-receptor interaction
may then be considered as either polarizability or
desolvation controlled. Under the latter conditions,
eq 20 would reduce to

T = pPg (21)
and
(22)

T = Mme £ m'g?

In general the ¢? term may be deleted from eq 22 gince
for all but strongly electron-withdrawing substituents
this term is negligible. The correlations observed
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between = and ¢'»* and the linear relationships found
between chloramphenicol activity and Pg* and between
sulfonamide activity and ¢?* may be interpreted on the
basis of eq 21 and 22. It must be stressed, however,
that interactions with pharmacologically inert sub-
stances may also be described in similar terms.

Conclusions.—The possibilities for further study
and the interpretations of available data suggested by
the present approach are by no means exhausted in
the discussion. It is clear, however, that appropriate
modifications of current chemical theories are them-
selves the general frame of reference on which physico-
chemical approaches to the study of diug action should
be based.
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A number of 2-aryleyclopropylamines exhibit po-
tent inhibitory activities on monoamine oxidases? from
various tizsuex.®  Likewize, 2-phenoxycyclopropyl-
amine? and several of its derivatives,? as well ag 2-
cyclohexyloxyeyelopropylamine,® share these properties
in vitro and in vivo.  The o-toloxy homolog, o-CHs-
CsHiOC;HoNH," is almost as potent as the parent
phenoxy compound, whereas orthio substitution of 2-
phenyleyclopropylamine decreases the activity.* The
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number of conformations of phenoxycyclopropane com-
pounds is limited and must be restricted further by
ortho substituents. Even in o,0'-disubstituted ani-
soles™ and sterically hindered 2-aryloxyethylamino-
guanidines® the oxygen atom does not appear to be con-
jugated with the aromatic ring, making it impossible
for the groups at the ether oxygen to lie in the plane of
the phenyl group. The decrease in conjugative ef-
fects, the enhanced basicity of the ether oxygen, and
the bulk of the ortho substituents should lead to altera-
tions in biological profile, and may lead to a block of
metabolic reactions attacking the ecyclopropoxy side
chain. A study of o,0'-disubstituted phenoxyeyclo-
propylamines has therefore been made in our labora-
tories.

The o,0'-disubstituted analogs (R = CH;, Cl) were
synthesized according to the outline in Chart I. The
addition of carbethoxycarbene to vinyl ethers furnished
mixtures of ¢is and trans esters, the trans isomer pre-
vailing.5®

2-(2,6-Xylyloxy)eyclopropylamine was also quater-
nized to a cyclopropylog (6) of xylocholine. !

Effects on the Central Nervous System of Mice.
Gross Observation.—Compounds 1-3 produced signifi-
cant behavioral changes while 4-6 were inactive at
400 mg/kg. Compounds 1-3 showed stimulatory
effects consisting of inereased motor activity, clonic and
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(8) T.J. Frolen and L. Goodman, J. Am. Chem. Soc., 83, 3405 (1961).
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and J. J. T. Tiddy, J. Med. Chem., 10, 391 (1967).
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CHART I
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tonie convaltiong, tremors, exophthalmos, salivation,
and piloereetion at 100 mg/’kg.  Compounds 1 and 3
did not cause death until 100 mg kg was administered,
whereas 2 did 1ot produce death at this dose.

Spontaneous Activity.-—The time-comrse effect of
1-3 on =pontaneous activity indicated that the com-
pounds are depressants with the greatest effect generally
ocarring approximately 15 min after drug administra-
tion.  However, this interpretation might be suspect
sinee it is possible that the compounds are stimulating
to the point where the animals undergo disorieuting
tremors and thus do not move laterally to interrupt
the photocell beams.  Doses of 12,5, 25, and 50 mg kg
of 1 produced decreases of 49.6, 85.9, and 92.29%; 2,
27.90.25.6. and 33.99%; and 3, 50.3. 62.8, and 84.57
of aetivity. Al three test compounds greatly poten-
tinted hexobarbital sleeping times: mice treated with 2
and 3 all slept in exeess of 4 hr, whereas the control
aniials, treated only with hexobarbital, slept an aver-
age of 349 min; animals treated with 1 all slept in ex-
cess of 3 lu: however, the control animals slept an
avernge of 33.5 min.  This was an unexpected finding
in view of the stimulatory effects noted in the gross
obscrvation studies,

Reserpine Inhibition.---Table T shows the behavioral
effects of 1-3 in ecomparisoun with imipramine (non-
MAO iuhibitor), amphetamine, and a-ethyltryptamine
acetate (NTAO inhibitor), both before and after rveser-
pine administration.  Inipramine administered before
reserpine prevented ptosis in all four animals tested
but there were 1o other behavioral changes.  Amphet-
amine also prevented ptosis but also produced saliva-
tion. general inerease in activity, exophthahnos, pilo-
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1A min
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bhehavioral effeers
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after 1 min

a-Ithylirypt-
amine 1271 t acl., exophthalmos

1-3 Same as o-ethylirypt-
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Puwis, | acl.

RReverses plosiz, dmin,
+oaet.
Reverse ptosis, 4 ael.
in 30 min

Ralivation, piloercetvm,

Rexerpine Ptosix even when =tin,

no act, when stim

erection, and stereotypy behavior.  thyltryptamine
produced the same cffect ns amphetamine but without
the stereotypy bcehavior. Test compounds 1-3. in
doses of 25 and 50 mg/kg, produced the same effect az
ethyltryptamine.

When administered after reserpine. imipramine. in
doses of 25 and 50 mg,/ kg, did not reverse depression
nor counteract rescrpine-indueed ptosis.  Amphetamine
i doses of 5 and 10 mg kg reversed ptosis approxi-
mately 20-45 min after jection, increascd aetivity.
and produced the stercotypy eircling behavior,  Fthyl-
tryptanmine reversed ptosi< within 5 min and also in-
creased activity.,  Componnds 1-3 also reversed prosis
and inereased activity in all four animals tested. Ani-
mals treated with reserpine alone showed profound
ptosiz and depressed aetivity.  In this test. then. the
test ecompounds mimicked both amphetamine and
ethyltryptamine.

Experimental Section

Melting poinis are corvected, and hoiling poinis are ubcor-
rected,  lelemental analyses by Galbraith Laboratories, Knox-
ville, Tenn.  Where analys=es are indicated only hy svmbnls of
the elements, anulytical resnlix obtained for those elenments were
within 204, of the theoretieal values.  Ir spectra were deter-
mined on a Perkin-Elner specumphotometer Madel 537 in KB
isolid=) or neat dliquids), pnu =pectra on a Varian Model A-GQ
CTAIR internal standard). Where 1.0 was used, the standaml
was sodinm 2,2-dimethyl-2-<ilapentane-3-sulfonate iDDR) Sal-
vents were remnved on oa lineo rotary evaporator at a water
aspirator.  Pmu =peetra are on file with one of the anthors oJ
F. Rindaj.

Chemistry. g-Bromoethyl 2,6-Xylyl Ether.-—Althongh thi~
cther had been mentioned previously (ref 10, p 172) it had non
heen described in detail. Ta a solution of 2,6-xyvlenol (2 malex)
in 1 L oof 959 E10H was added 82 g /2.1 malesy of NaOH
H.0 1230 ml) and then 1,2-dibrmoethane (800 g).  After ve-
fluxing for & hr, the vow nentral <olntion was treated with NaOIl
41 g) and dibromocthane (400 1), vefluxing was contimied, and
this treatment was repeated at intervals for 48-G0 hye nntil the
solution o lenger tarmed acidie, T8O was vemaved, the
residue was extracted three times with 1960, and the extract
wis washed (NaOIT-11,0, YH.Cl, [LOY dried (MgR0y), and
fractinnated through o ti-cm Vigrenx columm: yield 61717,
hip 90-91° (1.2 mmj, v and v spectra ax oxpected.  Anad,
(CyHi:BrO) C, H, Br.

3-Bromoethyl 2,6-dichlorophenyl ether wus prepared in an
analogous manner; vield 78, bp 140° (1 mm), pur spectrum
as expected.  Andl. JCILBrCLO) C, H.

Vinyl 2,6-xylyl ether was prepared fram the g-hromoethyl
ether and pawdered KOIT; bp 78-80° (19 nun), yield 447,

(11) M. . Shostakovskii, A, V. Kalabina, and J. G, Pernva [{ze. [z
Khim. Nnuchn.-Isded, ast. pei Lebutskom Gos. Uriin,, 8, 111 710611 Chem.
Adutr,, B8, 80462 (196:) ] reponed Lip T4-75° 10 mm}.
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TasLe I1
2-(2,6-D1SUBSTITUTED PHENOXY )CYCLOPROPANE DERIVATIVES
R
O—LY
R
R Y Yield, %° Mp® or bp (mm).¢ °C Formula Analyses
Cl COsEte 34 118-125 (0.7) C1:HuClLOy C,H
Ae CO;Et¢ 55 112-116 (1.4)
Cl CiS-COzH 107 112.5-114.57 CmHgClgOg C, H
Cl trans-CO,H 76.7 107-108.57 CroHsCLOy C H
Me CO.H¢ 82 65-68¢
Cl cis-NHCO,CH,CH, 73 80.5-82.5¢ CirHi:CLNOs CHN
Cl Zrans-NHCOQCHzCsHa (5) 81 81-82¢ C]7H15012N03 C, H, N
Je NHCO2CH208H58 (4) 80 88.5-90¢ ClgHgll\-Oa C, H
Cl cis-NH;+Cl— (3) 81 170-171 dec? CyH,,CL3NO C,H N
Cl trans-NH,;+Cl~ (2) 79 180.5-181.5 dec? C¢H,CI;NO C,H, N
Me NH;*Cl- ¢ (1) 81 201.5-203.5 dec* CuH s CINO C,H N
e N+(CH;)s-1- (6) 171-173 dect CiHION H, N;Ci
a Crude product. ® Corrected. ¢ Uncorrected. ¢ Mixture of isomers. ¢ Probably trans. / From C¢He. ¢ From Et,O-petrolenm

ether (bp 30-60°). * From absolute EtOH-EtOAc. ¢ C:

pmr spectrum as expected. 2,6-Dichloropheny! vinyl etheri?
was obtained from the corresponding 8-bromoethyl ether with
absolute ethanolic NaOEt, bp 106-109° (12 mm), yield 499,
pmr spectrum as expected.

The physical and analytical data for the following compounds
are given in Table I1.

Ethy! 2-(2,6-Disubstituted phenoxy )cyclopropanecarboxylates.
—A mixture of 0.5 mole of the vinyl ether and 1.2 moles of ethyl
diazoacetate was added dropwise to 0.5 mole of the stirred vinyl
ether and ca. 2.5 g of copper bronze at 130° at such a rate that
vigorous Nu evolution was maintained. The temperature rose
to 150-155°; addition was complete after ca. 1 hr, and heating
and stirring at 150° was continued for 0.5 hr. After cooling
and filtering, the brown residue was distilled. The crude di-
chloro ester had bp 83-155° (4 mm); the crude xylyl ester, 95—
122° (0.2 mm). Redistillation gave the esters as cis—{rans mix-
tures.

2-(2,6-Disubstituted phenoxy)cyclopropanecarboxylic Acids.
—cis—trans mixtures were obtained by refluxing the ethyl esters
(1 mole) in EtOH (600 ml) with 309 aqueous NaOH (1 mole)
for 1 hr, removing EtOH, and extracting continuously (36-48
hr) the carboxylic acids from the acidified residue with ether.
The geometric isomers of 2-(2,6-xylyloxy )eyclopropanecarboxylic
acid conld not be separated. For the separation of the mixture
of 2-(2,6-dichlorophenoxy)cyclopropanecarboxylic acids, the
crude mixture was dried at 0.1 mm, yield 92.5 g, mp 77-105°.
It was dissolved in a minimum of hot EtOAc and allowed to crys-
tallize overnight. The filtered material was washed with hex-
ane and consisted of 54.1 g of the frans acid, mp 107-109.5°.
Recrystallization of the material in the mother liquor from
EtOAc gave another 5.3 g (total 59.4 g) of pure trans acid.

The combined mother liquors contained 30 g of a solid which
could not be crystallized fractionally any further. The best
separation was achieved by dissolving 30 g of this mixture in a
minimun of Me;CO and chromatographing through 450 g of
60-100 mesh Florisil. The column (121 X 3 cm) was eluted with
hexane (500 ml) until most Me,CO was removed, then AcOH-
hexane (1:99¢7) was used, and 80-ml fractions were collected.
The first 49 fractions (4240 ml) contained no solid; fractions
50-70 gave 10.6 g of the trans acid. Elution with AcOH-hexane
(2:98%), until evaporation furnished no more solid, yielded 9.9 g
(10.7¢%) of cis acid. The total yield of trans acid was therefore
71.0g (76.757).

Benzyl N-[2-(2,6-Disubstituted phenoxy)cyclopropyl]carba-
mates.—The  2-(2,6-disubstituted phenoxy)cyclopropanecarb-
oxylic acids (0.1 mole) were converted to the corresponding
azides by a modified Curtius procedure,!® the oily azides being
dried (MgS0,) and dissolved in toluene. The toluene solution was

(12) V. L. Tweedie and B. G. Barron, J. Org. Chem., 28, 2023 (1960).
(13) J. Weinstock. 7bid., 26, 3511 (1961).

caled, 48.42; found, 47.71.

refluxed gently with dry benzyl alecohol (62 ml) for 6-12 hr, the
solvent and excess PhCH,OH were removed (60°, 0.1 mm), and
the residual amber oil was crystallized from Et,O-petroleum ether
(bp 30-60°).

2-(2,6-Disubstituted phenoxy)cyclopropylamines.—A solution
of one of the above urethans (10 mmoles) in absolute EtOH (35 ml)
containing 1 ml of concentrated HCl was hydrogenolyzed over
109, Pd-C. After about 5 hr the catalyst was filtered off, the
solution was evaporated to dryness, and the solid residue was
washed well (Et,0). The amine hydrochlorides were colorless
solids which were recrystallized from EtOH-EtOAc.

In the case of the 2,6-dichlorophenoxy derivative, the same
amine hydrochloride (mixture melting point, ir spectral compari-
son) was obtained by the method just described, and by refluxing
trans-1-(2,6-dichlorophenoxy)-2-isocyanocyclopropane!t with 159
HCl for 15 hr.

Pharmacologic Methodology. Gross Observation.—A gross
observation rating scale which reflects qualitative drug effects
on gross behavior was employed for evaluating the compounds.
The scale was divided into four major drug actions: (1) stimu-
lation, (2) depression, (3) autonomic activity, and (4) reflexes
and tone. Each of these actions is, in turn, subdivided into com-
ponent characteristic responses (increased motor activity, body
tremors, ete.). Each trial consisted of the simultaneous ob-
servation of a drug-treated and nontreated control animal.
Items on the scale were checked 15, 30, 60, 90, 120, and 240 min
after drug administration, so that the time course of the drug
effect might be ascertained. The test compounds were ad-
ministered intraperitoneally to mice (four animals per dose level)
in doses ranging from 12 to 400 mg, kg.

Spontaneous Activity.—This test was performed simultaneously
on four photocell activity cages (Metro Industries, Inc., New
York, N. Y.) for 1 hr, utilizing five mice per photocell unit.
The mice were placed in the unit immediately after intraperi-
toneal administration of the compounds. The doses (12.5, 25,
and 50 mg/kg) were selected on the baxis of the gross observation
study and were randomized in a factorial design among the four
activity cages in order to negate the difference in sensitivity
among the test units.

Hexobarbital Sleeping Times.—Groups of mice (ten animals
each) received either 25 or 50 mg/kg of each compound followed
by the intraperitoneal administration of 100 mg/kg of hexo-
barbital sodium 30-45 min later. The control group received
hexobarbital sodium only. Sleeping times for the animals of all
groups were recorded as the interval between loss and return of
the righting reflex. The criteria for the loss and return of the
reflex were the inability and ability, respectively, of the animal to
right himself within 30 sec in three successive trials when placed

(14) This was obtalned by gently refluxing the toluene solation of the
corresponding azide for several hours.
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on itz back,  Trials were terminated arbitrarily -4 hr after the
bisx of righting reflex if the animals continued tasleep.

Reserpine Inhibition.-——Three group= of male albino mice
(forr animals each) were administered 1 (27 mg/kg), 2 (50 mg/
kg), and 3 (50 mg/kg) intraperitaneally followed by 2.5 mg/kg s¢
of reserpine 45 min later. The animals were then checked for
ptosix and other behavioral effects 437 min after reserpine. A
fonrth group received reserpine only (2.7 mg/kg).  Similar tests
were performed using imipramine (i0 mg‘kg), amphetamine (10
mg kg), and a-ethyliryptamine (25 mg 'kg) as the ecantrol com-
ponnds.

Three additional groups of mice (bmr animals each) were
trented with reserpine (2.5 mg kg =c), followed by the imraperi-
toneal admitdstration of either 1, 2, or 3 (xame dasex as above) 4
hr later.  Albino mice were used on the same test design using
imipramine (23 and 10 mg kg ip), amuphetamine (5 and 10 mg kg
ip), nnd a-ethyltryptamine (25 mg kg).
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2 - Pheny! - 4 - dimethylaminomethyl - 1,3 - dioxolanc
methiodide (ITI) is a parasvmpatholytic agent?® of un-
defined geometry.® Beeauzse the eis arrangement of
the 2 and 4 substituents ix known to be of importance!+
in the potent parasympathomimetic agent, 2-methyl-
4-cdimethylaminomethyl-1,3-dioxolane methiodide (V),
it appeared to be of interest to prepare the ¢/s and
trans 1somers of IIT and determine their parasym-
patholytic propertics.

We now report that I11. ax prepared by the method
of Fourneau and Chantaloux,S ix a 1:1 mixture of the
cis and frans isomers, thus further substantiating our
previous observations!” that molecular complex forma-
tion appears to be common among quaternary and
other devivatives of 1.3-dioxolane.  Samples of the
cis and trans isomers of ITI, each enriched to the extent
of about 809, have been prepared by partial separation
of the isomers at the intermediate 2-phenyl-t-chloro-
methyl-1.3-dioxolane stage. The assignment of strue-
ture was by nmr spectroscopy! and has been dix-
cussed in detail in the previons paper of this series.
The parasympatholytic properties of Illa and IIIb
were determined using the rat jejunum preparation
previonsly deseribed.® IITa and IIIb were found to

1y Pare IT: DL R, Garrison, M. May, H. . Ridley, and D, J. Trigele,
J. Med, Chem., 12, 130 (1960).

{2} This work was shpported Ly grants fromn 1lie National Insinntes ol
Healih {GM 11603) and NASA (NGR-33-015-016).

3p J. ML van Rossimp and L. J. Avitns, eel, [nt. Phovmacodyn, Ther.,
118, 418 11959).

) DOJ Trigele, “Chemieal Aspewrs ol al:e Antonomic Nervous Sysiem,”
Academie U'ress, London. 1963, p 112,

i3 1. J. Triggle and B. Bellean, Corx, /. Ciem.. 40, 1201 (1962),

i6) K. Vonrnesn and 3. Chancalonx., Bull, Sor. Cham, Fronee, 12, 845
S10-43),

iT1 N, Baggerr, I W, Boek, A, B. Fnarer, R Jefivies, B, H. Rees, anild
J. Al Welidber, J. Chem. Sor., 3382 (1465,

81 ML .\Ia,\"aml .0, Trigele, S, Phorm, Ses. 87, 011 i 1D6G8).
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Figure 1--Daose-rexponse curves tor ¢is-2-methyl-4-dimethyl-
aminomethyl-1,3-dioxolane methiodide (V) in the absence 1O}
and in the presence of ITa (A1 and ITITh (a), both 4 X 1a~?
g ‘ml.

be cquipotent as antagonists ol eds-2-methyl-t-di-
methylaminomethyl-1,3-dioxolane  methiodide  (lMig-
nre 1),

CH,C CH,NMe, 1~
/S CHO
HO OH — 9 0 0\<o
Rl RJ Ri R‘.’
R' R R' R,
Ila H CH; Hla H CH;
Ma CH, H b CH, H
CH,NMe, I CH,NMe,
0o 0 0o 0
CaH, CH, X
v v

This laek of stereospeciticity i= of =ome interest and
suggests that a large nonpolar binding surface cxists
at the receptor surface capable of binding cqually well
the phenyl groups of IIIa and IHIb. It accordance
with this, introduction of a sccoud phenyl gronp (IV)H
produces 1 marked increase¢ in  parasympatholytic
activity.”  However, the relationship between  this
binding site and that occupied by the methyl group
of the agonist compound remains nndetermined.  Con-
ceivably, the methyl group ocenpies a unique portion
of the large nonpolar area as suggested in the model of
the cholinerzgic receptor  advanced by Bellea”
Alternatively, the two binding ites may be completely
distinet ax would be the ease if the agonist and antago-
nist molecules bind to differeut areas of the receptor
surface.

Experimental Section

Melting points were determined on a Thomas-Kofler hnt stage
and are corrected.  The nmr spectra, in CION =olutian,
methiodides, or neat material (TMR), were recarded an a Varlan
A-60 spectrotneter.  Glpe analyses, on 100 Carbawax colimns,
were carried out nsing an F & M Seientific instrunment (Model

a3 B, Bellean, Ao, fling. Rex, 2, 80 (1965,
P10y B, Bellenn, don, N Y0 dewd, Sed, 144, 705 14967
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