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C6H6 gave 1.60 g (16% yield) of 3a: mp 191-193°; v (mineral 
oil) 1675 cm" ' (CO); r (DMSO-d) 4.69 (CH2), 3.82 (NH2). 
Anal. ( C M H U C I N J O J ) CI, N. 

5,ll-Dihydrodibenz[6,e] [l,4]oxazepine-5-carboxamide (3b).— 
The experimental conditions described above were employed with 
8.20 g (0.042 mole) of the heterocycle; the intermediate crude 
carbamoyl chloride could not be induced to crystallize and as a 
black tar was treated with absolute ethanolic ammonia for 18 
hr at 100°. Chromatography on 100 g of activated alumina 
gave 2.50 g (30% recovery) of unreacted heterocycle and 4.10 g 
(37%. yield) of crude 3b, mp 195-196°. Recrystallization from 
C6H6 gave 2.75 g (25% vield) of 3b: mp 201-203°; v (mineral 
oil) 1655 cm"1 (CO); r (DMSO-d) 4.70 (CH2), 3.95 (NH2). 
Anal. ( C H H 1 2 N 2 0 2 ) C, H, N. 

Inh ib i t i on of M o n o a m i n e Oxidase by 

N- (Phenoxye thy l ) cyc lopropy lamines . 

Correlat ion of I n h i b i t i o n w i t h H a m m e t t 

Cons tant s and Part i t ion Coefficients 

RAY W. FULLER, M A X M. MARSH, AND J. M I L L S 

The Lilly Research Laboratories, Eli Lilly and Company, 
Indianapolis, Indiana ^6206 

Received October 9, 1967 

We have investigated the relation of physicochemical 
properties of a series of N-(phenoxyethyi)cyclopropyl-
amines to their inhibition of the enzyme, monoamine 
oxidase [E.C. 1.4.3.4 Monoamine :0 2 oxidoreductase 
(deminating)]. This approach was based upon the 
success of Hansen and his co-workers1 in applying sub
stituent constants to correlate structure and activity 
of a variety of biologically active compounds. They 
used the Hammett a, an electronic parameter, and -T, a 
constant derived from the partition coefficient, to cor
relate with biological activity. 

Experimental Section 

Compounds of structure 

«f VcH2CH2NH<] 

were synthesized as hydrochloride or hydrobromide salts, and 
their identities were verified by physical methods.2 Table I 
shows the H substituent for all compounds included in this study. 

Enzyme Inhibition.—Monoamine oxidase inhibition was de
termined by a method previously described,3 measuring enzyme 
activity spectrophotometrically with kynuramine as substrate.4 

Inhibition by four to ten different concentrations of each in
hibitor was determined. The inhibitor was, in each case, allowed 
to react with the enzyme for 30 min prior to the initiation of 
enzyme action by substrate addition. The results were plotted 
as percent inhibition vs. the negative logarithm of the inhibitor 
concentration. From the plot, the p/so value (negative logarithm 
of the inhibitor concentration producing 50% inhibition) was 
determined. The source of enzyme was mitochondria prepared 
from rat or human liver by the method of Hogeboom.6 
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Calculations.—When a correlation of inhibition with a and 
T was attempted, it was noted that the meta positioning of a 
substituent had a deleterious effect on the inhibitory activity of 
the compound. For this reason, an arbitrary parameter, y, was 
introduced to account for this assumed steric influence of meta 
substituents. In general, the decrease in inhibitor efficiency 
produced by a single meta substituent on the parent molecule 
[N-(phenoxyethyl)cyclopropykmine] was about twentyfold, 
aside from its electronic and partition contributions. With other 
substituents present, however, this effect was less pronounced; 
the decrease per substituent in this case was about tenfold. 
These sterically attributed alterations represent changes in 
effective concentration of the inhibitor and can be presumed to 
be logarithmically related to the 50% inhibition level as indicated 
in the correlation equation. On this basis, 7-substituent con
stants were assigned as follows: 0 for a para substituent, —1.3 
for a lone meta substituent, and —1.0 for a meta substituent 
in the presence of other substituents. Table I lists substituent 
constants for all of the compounds reported in this study. 

Results and Discussion 

Table II shows the inhibition of the rat liver enzyme 
by 16 meta- and para-substituted compounds in the 
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series. The equation derived by linear regression 
analysis of these experimental data was 

p/5„ = ().S().-)7 + 0.20'JTT + l.rATa + r>.<)2N 

The square of the correlation coefficient was 0.S2, and 
the correlation was signiticant at the 'J")% confidence 
level. Using the equation, theoretical p/6u values were 
calculated for the inhibitors. There was generally 
good agreement between calculated and observed val
ues. 

The observed p / M values varied by more than 3 log 
units, corresponding to a 1000-fold difference in inhibi
tor concentration required for o0% inhibition. This is 
a large variation in the potency of these compounds as 
A1AO inhibitors. The equation was used to predict the 
activity of two additional compounds that had not yet 
been synthesized. One of these, the 4-phenyldiazo 
compound, had a predicted \)I-M of 7.2S, higher than any 
of flie compounds included in the initial study. This 
compound was synthesized, and the experimental p / s o 

was 7..">(). This inhibitor is more potent than any pre
viously known MAO inhibitors tha t we have studied in 
this assay system. A p/ 5 0 of T o " was predicted for the 
4-ainino derivative, and the experimental value tha t 
was later found was 4.40. Both predictions were thus 
substantiated. 

A smaller number of inhibitors were studied with the 
human enzyme (Table I I I ) . In this case, the equation 
was 

p/6li + 1.31*7 + 0.S137T + 0.727<7 + 0..S9S 

This regression is-significant at P = 0,01, and the 
square of the correlation coefficient was O.SS. The 
calculated pl-o0 values shown in Table I I I are from this 
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(•((nation. The coefficients for the human enzyme, indi
cate a considerably different relative importance for 
the parameters than was noted for the rat. enzyme. 
Both T and 0- appear to have about equal effect in the 
human preparation, whereas a had a stronger influence 
on inhibition of the rat enzyme. The steric effect of 
mela substi tueuts was greater with the human prepara
tion. 

The compounds in the tables all have meta and /o r 
para substitutions. Some orf/io-substituted compounds 
were also studied, and these were not accommodated by 
the equations derived from meta and para derivatives. 
Other equations, for both rat and human liver enzymes, 
were developed tha t accounted for the observed p/-,0 

values of the oiiho derivatives with very low error, a 
constants for the ortho substi tueuts were those derived 
by Bray and Barnes" from nuclear quadrupole resonance 

data. Statistical significance was not obtained, prob
ably because the number of compounds studied was. 
small. Conclusions about the ortho series were not 
drawn, except that the compounds behaved differently 
from the meta and para series. 

In summary, X-(phcnoxyethyl)cydopropylamines 
are very powerful inhibitors of monoamine oxidase, from 
rat and human liver mitochondria, and the degree of 
inhibition correlates well with a and IT in a series of 
meta- and para-substi tuted compounds. 
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During an investigation in these laboratories, nine 
4-methyl-l(2H)-phthalazinones (4) were synthesized 
for pharmacological screening. They were obtained 
when 2-acetyl-l-nitrobenzoic acid1 (1). 7-amino-3-
hydim'y-3-methylphthalide ' (2a), and 3,7-dihydroxy-o-
methylphthalide1 (2b) were allowed to react with the 
corresponding hydrazines (3) according to reported 
procedures.2 
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According to the excellent reviews on the chemistry 
of l(2H)-phthalazinones3 compounds with electron-
withdrawing and electron-donating groups at position S 
have not been extensively studied. Xi t ter and Sen4 

studied the mechanism of the closely related reaction 
between phthalaldehydic acid and phenylhydrazine. 
They succeeded in isolating an intermediate hydrazone 
and characterized it prior to cyclization to the 2-phenyl-
l(2H)-phthalazinone. Since we assumed that the 
reactions reported here followed a similar mechanism, 
we made no effort to t rap an intermediate. 
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