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these groups posseis closely similar values of um and 
up. Extending the similarity to other strong electron- 
withdrawing groups, s should again be independent of 
the mode of substitution. 

A consideration of eq 20 buggesti that  the dynamic 
proce\> of forming a hydrophobic bond may be 
ahsociated with a covariant behavior of the polar- 
izability and desolvation characteristic. of a drug or 
drug zubstituent. On the other hand, under static, or 
equilibrium, condition> such covariant behavior may no 
longer predominate arid a drug-receptor interaction 
may then be coniidered a i  either polarizability or 
desolvation controlled. Under the latter conditions, 
eq 20 would reduce to 

and 
H = m u  f m ' d  

In  general the u2  term may be deleted from eq 22 since 
for all but rtrongly electron-withdrawing iubstituents 
this term i.: negligible. The correlation. observed 

7 = pPE (21) 

( 2 2 )  

between x and and the linear relationships found 
between chloramphenicol activity and PE?' and between 
sulfonamide activity and uZ9 may be interpreted on the 
basis of eq 21 and 22.  I t  must be stressed, however, 
that  interactions with pharmacologically inert sub- 
stances may also be described in similar terms. 

Conclusions.-The possibilities for further study 
311d t,he interpretations of available data suggested by 
the present approach are by no means exhausted in  
the discussion. It is clear, ho\\-ever, that  appropriate 
modifications of current chemical theories are them- 
selves the general frame of reference on which physico- 
chemical apyiroaches to the study of drug acticiii ,should 
be based. 
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o,o'-Disubstituted Phenylcyclopropylaminesla 

A number of 2-arylcyclopropylamiries exhibit po- 
tent inhibitory activities on monoamine oxidases2 from 
various tissues.3 Likewise, 3-phenoxycyclopropyl- 
:tniine4 and several of its derivatives,j as well as 2- 
cyclohexyloxycyclopropylamirie,6 share these properties 
in citw and in riiw. The o-toloxy homolog, o-CH3- 
C6H.,0C3H4SHn,j') is almost as potent as the parent 
phenoxy compound, whereaw oitlio substitution of 2- 
pheriylcycloprol,ylamirie decreases the a c t i ~ i t y . ~  The 
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number of conformations of phenoxycyclopropaiie com- 
pounds is limited and must be restricted further by 
ortho substituents. Even in o,o'-disubstituted ani- 
soles7js and sterically hindered 2-aryloxyethylamino- 
guanidines9 the oxygen atom does not, appear to be coli- 
jugated with the aromatic ring, making it impossible 
for the groups a t  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 
nietabolic reaction!: attacking the cyclopropoxy side 
chain. A study of o,o'-diwbstituted phenoxycyclo- 
propylamines has therefore been made in our lahora- 
tories. 

The o,o'-disubstituted analogs (R = CH3, C1) were 
synthesized according to the outline in Chart 1. The 
addition of carbethoxycarbene to vi11~7l ether? furiiished 
mixtures of cis arid ti*ans esters, the t m n s  isomer pre- 

2-(2,6-Xylyloxy)cyclopropylarnine was nlso quat er- 
riized to a cyclopropylog (6) of xylocholine.'@ 

Effects on the Central Nervous System of Mice. 
Gross Observation.-Compounds 1-3 produced signifi- 
cant behavioral changes nhile 4-6 were inactive a t  
400 mg/kg. Compounds 1-3 showed st'imulatory 
effect's consisting of increased motor activity, clonic and 
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TABLE I1 
2-(2,6-I)IsuBSTITCTED PHEN0XY)CYCLOPROPASC DERIVATIVES 

R 
I 

R 
R Y Yield, %" Mpb or bp (mm).c O C  

c1 COpEtd 34 118-125 (0.7) 
A r e  COTE t 5 5 112-116 (1.4) 
c1 c ~ s - C O ~ H  10.7 112.5-114.3 
c1 trans-C02H 76.7 107-108.58 
AIe COrHd 82 65-688 
CI C ~ S - X H C O ~ C H ~ C ~ H ~  73 80.6-82.50 
C1 trans-KHCOaCHnCsH5 ( 5 )  81 81-828 
N e  N H C O B C H ~ C ~ H ~ '  (4)  80 88. S-90e 
c1 Cis-XHs+Cl- (3) 81 170-171 dech 
C1 trans-NHI+C1- (2) 79 180.5-181.5 dech 
11e NHa'CI-e (1) 81 201.5-203.5 dech 
11e ?;+(CHs),.I- (6)  171-173 dec* 

Crude product. b Corrected. c Uncorrected. Mixture of isomers. 6 Probably trans. 
ether (bp 30-60"). * From absolute EtOH-EtOAc. C:  calcd, 48.42; found, 47.71. 

pmr spectrum as expected. 2,6-Dichlorophenyl vinyl ether'* 
was obtained from the corresponding 0-bromoethyl ether with 
absolute ethanolic XaOEt, bp 106-109" (12 mm), yield 49%, 
pmr spectrum as expected. 

The physical and analytical data for the following compounds 
are given in Table 11. 

Ethyl 2 4  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 ea. 2.5 g of copper bronze at  130' a t  such a rate that 
vigoruw X, evolution was maiiitained. The temperature rose 
to 1.70-1.7.5'; additioii was complete after ea. 1 hr, and heating 
and .>tirring at 150" was continued for 0.5 hr. dfter cooling 
and filtering, the brinvn reaidue was distilled. The crude di- 
chloro ester had bp 83-135" (4 mm);  t,he crude xylyl ester, 95- 
122' (0.2 mm). Redistillation gave the esters ai: cis-trans mix- 
tures. 

2 4  2,6-Disubstituted phenoxy )cyclopropanecarboxylic Acids. 
-cis-irans mixtures were obtained by refliixing the ethyl esters 
(1 mule) in EtOH (600 ml) with 30% aqueous S a O H  (1 mole) 
for 1 hr, removing EtOH, and extracting continuouslj- (36-48 
hr) the carboxylic acids from the acidified residue with ether. 
The geometric isomers of 2-(2,6-xylyloxy)cyclopropanecarboxylic 
acid could not be separated. For the separation of t,he mixture 
of 2-(2~6-dichlorophenoxy)cyclopropanecarboxylic acids, the 
crude mixture was dried at  0.1 mm, yield 92.3 g, mp 77-105". 
I t  was dis.dved in a minimum of hot EtOAc and allowed to crys- 
tallize overnight. The filtered material was Ryashed with hex- 
ane and consisted of 54.1 g of the trans acid, mp 107-109.5". 
Necrj-stallization of t,he 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 t,his mixture in a 
minimum of MeKO and chromatographing through 430 g of 
60-100 mesh Florisil. The column (121 X 3 cm) was eluted with 
hexane (500 ml) until most Me&O was removed, then AcOH- 
hexane (1: 9 9 5 )  was used, and 80-ml fractions were collected. 
The first, 49 fractions (4240 nil) contained no solid; fractions 
50-70 gave 10.6 g of the trans acid. Elution with AcOH-hexane 
( 2 :  98ccj, until evaporation furnished no more solid, yielded 9.9 g 
( lO. icy)  of cis acid. The total yield of trans acid was therefore 
71.0g (76.75) .  

Benzyl N- [ 2 4  2,6-Disubstituted phenoxy)cyclopropyl] carba- 
mates.-The 2-(2,6-disubstituted phenoxy)cjdopropanecarb- 
oxylic acids (0.1 mole) were converted to the corresponding 
azides by a modified Curtius procedure,'s the oily azides being 
dried OigSOa) and dissolved in toluene. The toluene solution was 

(12) V. L. Tweedie and  B. G. Barron, J .  Org. Chem., 26, 2023 (1960). 
(13) .J. \Veinetock. ?bid . ,  26, 33911 (1961). 

Formula Analyses 

CisHirClnOs c, H 

refluxed gently with dry benzyl alcohol (62 ml) for 6-12 hr, the 
solvent and excess PhCHpOH were removed (60", 0.1 mm), and 
the residual amber oil was crystallized from EtyO-petroleum ether 

2-(2,6-Disubstituted phenoxy)cyclopropy1amines.-A solution 
of one of the above urethans (10 mmoles) in absolute EtOH (3.5 nil) 
containing 1 nil of concentrated HC1 was hydrogenolyzed over 
10% Pd-C. After about 5 hr the cat,alyst m-as filtered off, the 
solution was evaporated to dryness, and the solid residue was 
washed well (EtaO). The amine hydrochlorides were colorless 
solids which were recrystallized from Et,OH-EtOhc. 

I n  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-l-(2,6-dichlorophenoxy)-2-isocyanocyclopropa1ie~~ with 15 
HCl for 15 hr. 

Pharmacologic Methodology. Gross Observation.-A gros6 
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, i l l  turn, subdivided into com- 
ponent characteristic responses iincreased motor activity, body 
tremors, etc.). Each trial consisted of the simultaneous ob- 
servation of a drug-treated and liontreated control animal. 
Items on the scale were checked 15, 30, 60, 90, 120, and 240 min 
after drug administration, en 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 -rap performed simultaneoLisly 
on four photocell activity cages (Metro Industries, Inc., Xew 
York, X. 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 basis of the gross observation 
study and were randomized in a fact,orial 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 3 0 4 5  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 see in three successive trials when placed 

(bp 30-60"). 

(14) This  was obtained by gently refluxing t h e  toluene solution of t h e  
corresponding azide for several hours. 




