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CeHs gave 1.60 g (169 yield) of 3a: mp 191-193°; » (inineral
oil) 1675 em™ (CO); = (DMSO-d) 4.69 (CH,), 3.82 (NH.,).
Anal. (C14H“C1N202) Cl, N.

5,11-Dihydrodibenz[b,e] [1,4)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 iuduced 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 (309, recovery) of unreacted heterocycle and 4.10 g
(379% yield) of crude 3b, mp 195-196°. Recrystallization from
CeHg gave 2.75 g (259, yield) of 3b: mp 201-203°; » (mineral
oil) 1655 e¢m~1 (CO); = (DMSO-d) 4.70 (CH,), 3.95 (NH,).
Anal. (CsH,N,0,) C, H, N.
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We have investigated the relation of physicochemical
properties of a series of N-(phenoxyethyl)cyclopropyl-
amines to their inhibition of the enzyme, monoamine
oxidase [E.C. 1.4.3.4 Monoamine:O; oxidoreductase
(deminating)]. This approach was based upon the
success of Hansch and his co-workers! in applying sub-
stituent constants to correlate structure and activity
of a variety of biologically active compounds. They
used the Hammett o, an electronic parameter, and , a
constant derived from the partition coefficient, to cor-
relate with biological activity.

Experimental Section

Comnpounds of structure

PKDOCHZCHQNHQ

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

Enzyme Inhibition.—Mounoamine oxidase inhibition was de-
termined by a method previously described,® measuring enzyme
activity spectrophotometrically with kyniramine as substrate.4
Iuhibition by four to ten different councentrations 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 s. the negative logarithm of the inhibitor
courcenttration. From the plot, the pls value (1legative logarithm
of the inhibitor concentration producing 509 inhibitionn) was
determined. The source of enzyme was mitochoudria prepared
from rat or human liver by the method of Hogeboom.?
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194, 178 (1962); (b) C. Hansch, R. M. Muir, T. Fujita, P. P. Maloney,
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Hansch and T. Fujita, ibid., 86, 16168 (1964); (d) J. Iwasa, T. Fujita, and
C. Hansch, J. Med. Chem., 8, 150 (1965); (e) T'. Fujita, J. Iwasa, and C.
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TasLE 1
SUBSTITUENT CONSTANTS
R Sy Zo S
4-Br 0 0.232 1.02
3,4-Cl, -1.0 0.600 1.48
3-NO, —-1.3 0.710 0.11
4-Me 0 —0.170 0.52
3,5-Cl, -2.0 0.746 1.52
3-CF; —-1.3 0.415 1.07
3-Cl-4-Me —-1.0 0.203 1.28
3-Br -1.3 0.391 0.94
3-Me-4-Cl -1.0 0.158 1.21
3-Cl —-1.3 0.373 0.76
4-MeO 0 —0.268 —-0.04
3,4-Mey -1.0 —0.239 1.03
3,5-Meq —-20 —0.138 1.02
3-Me —-1.3 —0.069 0.51
3,5-Mey-4-Cl -2.0 —0. 1458 1.02
3,4,5-Me; -2.0 —0.308 1.54
4-N=NC¢H; 0 0.640 1.71
4-NH, 0 —0.660 —1.63

Calculations,.—When a cotrelation of inhibition with ¢ aund
T was attempted, it was noted that the mefa positioning of a
substituent had a deleterious effect on the inhibitory activity of
the compound. For this reason, an arbitrary parameter, v, was
itroduced to account for this assumed steric iufluence of mela
substituents. In general, the decrease in inhibitor efficiency
produced by a single meta substituent on the parent molecule
[N-(phenoxyethyl)cyclopropylamine] was about twentyfold,
aside from its electronic and partition contributious. With other
substituents preseut, however, this effect was less prononnced;
the decrease per substituent in this case was about teufold.
These sterically attributed alterations represent changes in
effective coucentration of the inhibitor and cau be presumed to
be logarithmically related to the 509, inhibition level as indicated
in the correlation equation. On this basis, y-substituent con-
stants were assigned as follows: 0 for a para substituent, —1.3
for a lone meia substituent, and —1.0 for a meia substituent
i1t the presence of other substituents. Table I lists substituent
constants for all of the compounds reported in this study.

Results and Discussion

Table I1 shows the inhibition of the rat liver enzyme
by 16 meta- and para-substituted compounds in the

TasLe I1
InmBITION OF RAT LIVER M1rrocHONDRIAL MAO
- pls

R Caled Obsd
4-Br 6.50 6.64
3,4-Cl, 6.30 6.30
3-NO, 5.93 H.76
4-Me 5.77 5.69
3,6-Cle 5.67 5.68
3-CF3 5.67 4,98
3-Cl-4-Me 5.65 5.7
3-Br 5.61 5.64
3-Me4-Cl 5.06 6.06
3-Cl 5.54 5.82
4-MeO 5.501 5.46
3,4-Mes 4.91 4.71
3,5-Me: 4.81 4.85
3-Me 4.81 4.78
3,5-Me-4-Cl 4.70 4.70
3,4,5-Me; 4.04 3.54

Predictions

4-N=NC¢H; 7.28 7.06
4-NH, 4.57 4.40
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scries. The cquation dertved by lincar regression
analbvais of these experimental data was

plg. = 0865y + 0.2007r + 1.5470 4 5.925

The sgve of the correlation cocfhicient was 0.82, ad
the correlation was significant at the 959 confidence
level. Using the cquation, theovetical plye values were
wleulated  for the ivhibitors. There wus generally
zood agreement between caleulated and observed val-
nes.

The observed pli values varied by more than 3 log
units, corresponding to a 1000-fold difference in inhibi-
tor concentration required for 509, inhibition.  This is
- Lrge variation in the poteney of these compounds as
MAO inhibitors. The equation was used to predict the
activity of two additional compounds that had not vet
been synthesized. One of these, the 4-phenyvldiazo
contpound, had a predicted pfs of 7.28, higher than any
of the compounds included i the tnitial study.  This
componnd was synthesized, and the experimental ply
wits 7.56.  This inhibitor is more potent than any pre-
viously known MAO inhibitors that we have studied in
this assay system. A ply of 4.57 was predicted for the
4-nino derivative, and the experimental value that
was later found was 4.40.  Both predictions were thus
substuntiated,

A snuadler number of nhibitors were studied with the
Inmnan enzyme (Table ITT).  In this case, the equation

Wils
Pl 4+ 1318y 4 0.81837 + 0.7270 + 6,898
This regresston is.significant at 2 = 0.01, and the

sqnave of the correlation coefficient was 0.88. The
alenlated ply values shown in Table IIT ure from this

Tauve 1T
Iy or Henax Liver MrrocnoNouiag, MAO

B LY LR

R Cab-d Obxl
A-N==NCGI 866 S.80
1-C1T; T (.67
5,4-Cly .03 700
4-0CT 6.5 7.07
3-C1 6.3l .52
3-Cl G104 G045
5,0=( 1 OIS ). 20
=N 5N 5089
Sya=Mes 4.8 S.o10

cqnation.  The coeflicients for the hnman enzyme indi-
cate u considerably different relative importance for
the pawranteters than was noted for the rat enzyme.
Both 7 and ¢ appear to have abont cqual effeet in the
huwan preparatiou, whereas ¢ had a stronger influence
on inhibition of the rat enzyme. The steric effect of
mela snbstituents was greater with the human prepara-
tion.

The compounds in the tables all have mela and/or
para substitutions.  Some ortho-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 that aceounted for the observed plig
valnes of the ortho derivatives with very low error. o
constants for the oitho substituents were those derived
by Bray nnd Barnes® from nuclear quadrupole resonance
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data. Btatistical significance was not obtained, prob-
ably because the number of compounds studied wus
snall. Conclusions about thie ortho serics were not
drawn, except that the compounds behaved differently
from the meta and para series.

In smimary,  N-(phenoxyethyheyclopropy unines
are very powerful inhibitors of mouoamine oxidase from
rat and human hver mitochondria, and the degree of
inhibition correlates well with ¢ and = in 2 series of
nreta- and para-snbstituted compounds,

WGy PO Borayand ROGL Barpes, . Clenn, Fhys., 287, 531 (19351,
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During au wmvestigation m these luboratories, nine
4-methyl-1(2H)-phthalazinones  (4) were synthesized
for pharmacological sereening. They were obtained
when 2Z-acetvi-I-nitrobenzoie  acid! (1), 7-amino-3-
hydroxy-3-methylphthalide! (2a), and 3,7-dihydroxy-3-
methylphthahide! (2b) were allowed to react with the
corresponding hydrazines (3) according to reported
procedures.®

CH,
H.NNHR J\\i
NR
R O
2a, 1 = NI, 3a, ' = 1l 4a, IL = NO»; ' = I
b, I = OIT b, ' = (L b, R = NO.; R = (Il

¢, ' = CH.(ll: ¢, B = NOu
= CHLCIL
d, ® = NIlL; R =1l
< S

= CILCGH:

According to the excellent veviews on the chemistry
of 1(2H)-phthalazinones® compounds with cleetron-
withdrawing and electron-donating groups at position 8
have not been extensively studied. Nitter and Sen?
studied the mechanism of the closely related reaction
between phthalaldehydic acid and phenylhydrazine.
They succeeded i1 isolating an intermediate hydrazone
and characterized it prior to eyelization to the 2-phenyl-
1(2H)-phthalazinone.  Since we assumed that the
reactions reported here followed a similar mechanizm,
we made 1o effort to trap an intermediate.
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Jr., S Am Chem, Sov., 68, 1311 (1046),

3) R. €. Eblerfielbd and 2 1. Wyche, “1Tereroeyelin Compounds,”™ Vel
B, R. oL BEblerheld, Mol dobn Wiley ol Sous, ne, Now Vork, NV
1957, p 18a; . L 1L Simpsen, "The Chemisary of HeGuoeyeli Can
ponnds,” Vol. 5, M. Weisshorger, Ed., Inrerseienee Pubbshers, e, Now
Yok, NUYLL 1903, p G

(1) P. C. Nitter and J. M. Sen, J. Chem, Sec,, 1115 1914,




