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Selective Monoamine Oxidase Inhibitors. 4. 4-Aminophenethylamine Derivatives

with Neuron-Selective Action

Lennart Florvall, *' Ingrid Fagervall,} Anna-Lena Ask,! and Svante B. Ross*!

Departments of CNS-Medicinal Chemistry and Biochemical Neuropharmacology, Research & Development Laboratories,
Astra Likemedel AB, S-151 85 Sidertdlje, Sweden. Received March 7, 1986

Nine 4-aminophenethylamine derivatives were synthesized and tested for monoamine oxidase (MAOQ) inhibitory
effects with particular attention to their selectivity for MAO within monoaminergic neurons in the rat brain. All
compounds selectively inhibited the A form of MAO in vitro. Some of the compounds inhibited the MAO within
the monoaminergic neurons at much lower doses than those required for inhibition of MAO within other cells in
vivo. The most potent compounds in this respect were 4-amino-2-fluoro-a-methylphenethylamine (5) and 4-

amino-2-chloro-a-methylphenethylamine (4).

The enzyme monoamine oxidase (MAO, EC 1.4.3.4)
exists in two forms, A and B.! The A form is defined as
that inhibited by low concentrations of the acetylenic in-
hibitor clorgyline, whereas the B form is inhibited by low
concentrations of the acetylenic inhibitor selegiline ((-)-
deprenyl).!? The transmitter amine serotonin is in man
a selective substrate for the A form, whereas nor-
epinephrine and dopamine are deaminated by both en-
zyme forms.®* Although relatively little is known about
the distribution of the A and B forms within the monoa-
minergic neurons in the human brain, MAO-A is probably
involved in the regulation of the concentrations of the
transmitter amines in these neurons.? Thus, selective and
reversible inhibitors of the A form are interesting com-
pounds with potential action as antidepressive drugs.® By
selective inhibition of the A form it is thought to be pos-
sible to reduce serious or unpleasant side effects displayed
by the nonselective inhibitors, since the B form is still
active and is able to deaminate substrates for the B form
and those common for both enzyme forms, e.g., tyramine.
A number of selective and reversible MAO-A inhibitors
have been developed and are now in clinical trials.®

Since MAO-A within the monoaminergic neurons is the
target for MAO inhibitors aimed to interact with the
transmitter amines, a further selectivity would be obtained
if MAO within these neurons could be inhibited at lower
doses compared with those inhibiting MAO in other cells.
This could be achieved if the compound is accumulated
in the aminergic neurons. The mechanism for the trans-
port of aromatic amino acids into the neurons and the
subsequent enzymatical decarboxylation has been used to
concentrate irreversible MAQ inhibitors in the neurons,
e.g., 3-(fluoromethylene)-m-tyrosine.”  Other uptake
mechanisms that can concentrate MAOQ inhibitors are the
carrier mechanisms responsible for the reuptake of the
transmitter amines. For instance, bretylium and amezi-
nium have been shown to be accumulated by the nora-
drenergic uptake mechanism in the peripheral sympathetic
nerve terminals causing MAO inhibition, although their
MAO inhibitory potencies are quite low.®® It was there-
fore of interest when we observed that amiflamine ((S)-
(+)-4-(dimethylamino)-2,a-dimethylphenethylamine),
which is a selective and reversible MAO-A inhibitor,!°
inhibited MAO in serotonergic and noradrenergic neurons
in the rat brain at lower doses than those inhibiting MAO
in other cells in the brain.!! The N,N-didesmethyl de-
rivative of amiflamine was found to be a very selective
inhibitor of MAO in noradrenergic neurons with quite low
activity in serotonergic neurons. The preferred inhibition
of MAO in the monoaminergic neurons is most likely due
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Table I. 4-Aminophenethylamine Derivatives®

compd mp,} yields

no. ° % formula anal.
2 154-155 48 C,HNyCH,COOH C,H,N
3 134-135 33 C,H,N,CH,COOH CSH,N,O0
4 171-172 30 CyH,;;CIN,-CH;COOH C,H,C,N,O
5 136-137 65 C,H;,FN,CH,COOH C, H, F,N
6 197-198 82  CoH;,CL)N,-CH,COOH C,H,CL N, O
7 172-173 48  C,H;;BrN,CH;COOH C, H, Br, N, O
8 190-191 25 C,H;;NyCH,COOH G, H,N,O
9 186-187 14° C,H,;,CINyCH,COOH C, H, Cl, N

10 197"198 370 ClesFNg'cHacOOH C, H, F, N

% The structures are given in Table ITII. ® Compounds 2, 4, 6, and
8-10 are recrystallized from ethanol-isopropyl ether and 5 from
ethanol-ether. Compounds 3 and 7 were obtained pure without
recrystallization. °The yield is calculated from the corresponding
aldehyde (five steps). ¢C: caled, 65.51; found, 65.0.

to uptake and accumulation of the compounds by the
amine pumps, since these preferences were antagonized
by uptake inhibitors.!¥? The structural requirements for
transport by the various amine pumps are different,'® and
it might therefore be possible to develop MAO inhibitors
selective for one particular system as evidenced by the
potent inhibition of MAO in noradrenergic neurons by
N,N-didesmethylamiflamine. This selectivity was not
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4- Aminophenethylamine Derivatives

Scheme I°
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= C,H;NO,; d = LiAlH; e = H,/Pd; f = (CHy),CHMgBr; g = A;h
= CH,CN/H,S04 i = Ht,

observed for the (-)-enantiomer, since it was active also
in serotonergic neurons.41%

In order to further explore the possibility to develop
selective MAO inhibitors for the various amine systems,
we have now synthesized and tested a series of compounds
related to 4-aminoamphetamine (1).

Chemistry. Compounds 2-6 in Table I and III were
prepared as illustrated by compound 5 in Scheme L
Similar methods have previously been used in the prepa-
ration of various 4-aminophenethylamine derivatives.!618

(14) Ask, A.-L.; Fagervall, L; Florvall, L.; Ross, S. B.; Ytterborn, S.
Br. J. Pharmacol. 1985, 85, 683.

(15) Ask, A.-L.; Fagervall, L.; Florvall, L.; Ross, S. B.; Ytterborn, S.
Neuropharmacology 1986, 25, 33.

(16) Florvall, L.; Ask, L.; Ogren, S.-O.; Ross, S. B. J. Med. Chem.
1978, 21, 56.
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The route started from the corresponding aniline, which
was N,N-dibenzylated with benzyl chloride in the presence
of dimethylformamide and anhydrous potassium carbonate
(11-14 in Table II). The preparation of compound 11
from m-toluidine and benzyl chloride in aqueous solution
has been previously described.!®* The N,N-dibenzyl de-
rivative of 3-ethylaniline was isolated as an oil and was
used without further purification.

In the next step the N,N-dibenzylanilines were for-
mylated by a standard Vilsmeier-Haack procedure to the
corresponding benzaldehydes (15-19 in Table II). The
intermediate 4-(dibenzylamino)-3-methyl-3-nitrostyrenes
were prepared by the condensation of the benzaldehydes
with nitroethane in the presence of ammonium acetate.!6'7
All the B-nitrostyrenes, except 4-(dibenzylamino)-2-
fluoro-B-methyl-B-nitrostyrene (20), were isolated as
dark-red viscous oils, which were used directly in the next
step involving lithium aluminum hydride reduction. The
obtained 4-(dibenzylamino)-a-methylphenethylamines
were not isolated but debenzylated in situ by catalytic
hydrogenation in the presence of palladium.

The introduction of two methyl groups in the a-position
of the phenethylamine side chain was achieved by a pre-
viously used route involving the reaction of the corre-
sponding benzaldehyde with isopropylmagnesium bromide,
thermal dehydration of the benzyl alcohol, and Ritter re-
action of the obtained styrene.!®!” The acetamide was
hydrolyzed with hydrochloric acid and debenzylated by
means of catalytic hydrogenation in the presence of pal-
ladium (8-10). The procedure is exemplified by the
preparation of compound 10 in Scheme I. Compound 7
was prepared from N-[1l-methyl-2-(2-methyl-4-acet-
amidophenyl)ethyl]acetamide (21) by nuclear bromination
and hydrolytic deacetylation.

A different route of reactions leading to the target
compound 2 has recently been published.?

Pharmacology. MAO Inhibition in Vitro. All the
compounds examined were considerably more potent as
inhibitors of the deamination of serotonin than of phen-
ethylamine (Table III); i.e., they are selective inhibitors
of the A form of MAQO. The 2,6-dichloro derivative 6 had
the highest potency and was 20 times more potent than
the corresponding monochloro compound 4. Substituents
in the 2-position increased the inhibitory potency in the
order Cl (4) > F (5) > CH; (2) > H (1). Enlargement of
the 2-substituent to ethyl (3) decreased the potency con-
siderably, which also was the case for «,a-dimethyl sub-
stitution (8 vs. 2 and 10 vs. 5). A bromo substituent at the
5-position did not change the inhibitory potency for
MAO-A but increased that for MAO-B (cf. 7 and 2).

MAUO Inhibition in Vive. The MAO inhibition in vivo
was examined with the phenelzine protection technique
combined with the assay of the MAO activity of crude
synaptosomal preparations using low concentrations of the
amine substrates, i.e., [*C]-5-HT (0.1 uM), [*“C]nor-
epinephrine (0.25 uM), and ['*C]dopamine (0.25 uM) in
the absence and the presence of selective amine uptake
inhibitors.!*'41% This method allows the determination of
the in vivo inhibition of MAO inside and outside the
monoaminergic neurons in the rat brain.!?> The rats were
given the test compound orally 1 h before the subcutaneous

(17) Florvall, L.; Ask, A.-L.; Ross, S. B.; Ogren, S.-0.; Holm, A.-C.
Acta Pharm. Suec. 1983, 20, 255.

(18) Florvall, L.; Kumar, Y.; Ask, A.-L.; Fagervall, I.; Rényi, L.;
Ross, S. B. J. Med. Chem. 1986, 29, 1406.

(19) Gomberg, M.; Buchler, C. C. J. Am. Chem. Soc. 1920, 42, 2059.

(20) Florvall, L.; Persson, M.-L. Acta Chem. Scand., Ser. B 1982,
B36, 141.
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Table II. N,N-Dibenzylanilines and 4-Dibenzylaminobenzaldehydes

Florvall et al.

Ry
(( t :}—- CH2>N Rs3
R2
compd yield,?
no. R, R, R, mp, °C % formula anal.
11 H H CH; 75-76° 92 CyuHyN
12 H H Cl 67-68 90 CyHsCIN C,H,CI,N
13 H H F 47-48 76 CqHsFN C,H,F,N
14 H Cl Cl 78-79 65 CyH;,CLLN C,H,CL,N
15 CHO H CH; 84-85 81 CyHy NO C,H,N
16 CHO H Cl 113-114 83 CyHsCINO C,H,CLN,O
17 CHO H F 95-96 93 C,;H;gFNO C,H,N
18 CHO Cl Cl 118-119 66 CyH,CLNO C,H,Cl°N,O
19 CHO H C,Hj; 73-74 80 C,HyNO C,H,N, 0
sReported!® mp 78 °C. ®Compounds 11-13 are recrystallized from ethanol, 15 and 19 from dilute ethanol, 16-18 from dimethylform-

amide-ethanol, 14 from methanol, and 17 from petroleum ether-ethanol. °Cl: caled, 19.15; found, 19.6.

injection of phenelzine sulfate. The animals were killed
48 h later when the reversible inhibition had disappeared.
Protection given by the test compound against the irre-
versible inhibition is then an expression of the in vivo
inhibition during the initial phase after the phenelzine
injection.?!

Several of the new compounds were very potent inhib-
itors of MAO within the aminergic neurons with low effect
outside these neurons (Table III). The 2-fluoro derivative
5 was very potent, particularly within the catechol-
aminergic systems. Also, the 2-chloro derivative 4 was very
active and neuron selective with the highest inhibition
occurring within the noradrenergic neurons. The 2,6-di-
chloro compound 6 also had high activity but lacked a
neuron-selective effect in all three aminergic systems. The
2-methyl derivative 2 had quite high activity in the no-
radrenergic system but had less effect in the serotonergic
and dopaminergic systems. A bromine at the 5-position
(7) decreased the in vivo activity in all three aminergic
systems, but the neuron selectivity remained in the no-
radrenergic neurons. The nonsubstituted p-amino-
amphetamine 1 inhibited the dopamine MAO at lower
doses than those inhibiting MAO within noradrenergic and
serotonergic neurons. Enlargement of the 2-substituent
to ethyl (3) almost abolished the in vivo MAO inhibitory
effect. «,a-Dimethylation also decreased the potency and
reduced the neuron selectivity (8 vs. 2, 9 vs. 4, 10 vs. 5).

Inhibition of Amine Uptake. Since the neuronal se-
lectivity of the compounds studied most likely is due to
their uptake and accumulation in the neurons by the am-
inergic uptake mechanisms,!! the uptake inhibitory effects
were determined as a measure of their affinities for the
uptake sites. As shown in Table III all compounds had
higher affinity for the noradrenergic uptake site compared
with that for the serotonergic uptake site. There was no
significant correlation between the inhibition of the sero-
tonergic and noradrenergic uptake when tested with the
Spearman rank test (Table V). Only one compound (4)
was more potent in inhibiting the dopaminergic uptake
than the noradrenergic uptake. However, there was a
highly significant correlation between the inhibition of the
dopaminergic and noradrenergic uptake in the rank test
(Table V). No significance was obtained between the in-
hibition of the serotonergic and dopaminergic uptake.

The compounds substituted with a halogen in the 2-
position (4 and 5) had high affinities for all three uptake

(21) Green, A. L.; El Hait, A. S. Biochem. Pharmacol. 1980, 29,
2781.

systems, whereas the dichloro derivative 6 had low affinity
for these uptake sites. A methyl substituent in the 2-
position (2) decreased the affinities, and an ethyl group
(3) did so pronouncedly.

Behavioral Changes in Reserpinized Rats. Com-
pounds that release the biogenic amines cause typical
behavioral changes in rats pretreated with reserpine.?
Release of serotonin evokes a syndrome consisting of ab-
duction of the hind limbs, forepaw treading, wet dog shake,
and Straub tail. Release of norepinephrine and dopamine
produces reversal of the reserpine-induced ptosis and the
motor activity, respectively. Since transport of a com-
pound by the aminergic uptake mechanism may cause
release of this transmitter amine by accelerated exchange
diffusion,? it was of interest to examine if the compounds
examined in this study produced any behavioral changes
that would indicate amine release. The results of this test
are shown in Table IV. The compounds 1 and 5, which
inhibited MAO within all three aminergic systems with
high selectivity, produced marked signs of amine release
in these systems. The compounds 2, 4, and 7 produced
behavioral changes that indicated release of serotonin and
norepinephrine, whereas compound 10 appeared to release
norepinephrine and dopamine. Compounds 6 and 9 re-
versed ptosis, possibly due to release of norepinephrine.

Discussion

The results in the present study confirm the conclusion
in previous works that it is possible to inhibit MAQO within
monoaminergic neurons at doses of the inhibitors that have
much less effect in other cells.!}!21415 This neuron se-
lectivity is most likely explained by the high concentrations
of the inhibitors within these neurons due to accumulation
via thie membranous uptake mechanisms. The increased
MAO inhibition by a compound within a particular ami-
nergic system reflects accordingly the ability of the com-
pound to be transported by the amine pump, the MAO
inhibitory action being a necessary prerequisite. In the
series of compounds examined, substitution with fluorine
or chlorine in the 2-position (5 and 4) had a favorable effect
on the transport of the compound into all three aminergic
nerve terminals. The effect of fluorine is obviously caused
by its electron-withdrawing character. Steric hindrance

(22) Rényi, L.; Ross, S. B. Acta Pharmacol. Toxicol. 1985, 56, 416.

(23) Paton, D. M. Br. J. Pharmacol. 1973, 49, 614.

(24) Trendelenburg, U. In The Release of Catecholamines from
Adrenergic Neurons; Paton, D. M., Ed.; Pergamon: Oxford,
1979; p 333.



Table III. Inhibition of MAO in Vitro and Inside and Outside Monoaminergic Neurons in Vivo and Monoamine Uptake in Vitro by 4-Aminophenethylamine
Derivatives

R1
Re
HaoN CH2—C —NH;
CHga
Ry R
MAO inhibn
in vitro® I1Cs, in vivo® EDsg, pmol/kg, po inhibn of amine
uM 5-HT NE DA uptake,®
compd PEA/ EN/ EN) EN/ _ 1CspuM
no. R, R, Ry Ry 5HT PEA 5-HT N EN N N EN N N EN N 5HT NE DA
1 H H H H 6.8 7000 1030 28* >143 »>5  15% >143 >10 8.5% 160 19 20¢ 0.07 0.16
(1%) (22%)
2 CH; H 1.6 2500 1560 14* >69 >5 5.8* >69 (5%) >12 35* 338 9.7 9.0 032 11¢
(13%)
3 CCHs H H H 60 1200 20 >269 (0%) >269 >269 >269 >134 (6%) >134 (0%) 10¢ 2,0 204
(0%) (17%) 0%)
4 Cl H H H 0.27 750 2780 3.9% 78 20  1.9% >131 >70 6.1 20 3.3 3.0 0.19 0.07
(33%)
5 F H H H 0.75 800 1070 5.2% 48 9 0.8* 57 71 0.8* 18 23 1.3 0.05 0.42
6 Cl Cl H H 0.012 340 28300 3.4 3.5 1 1.8 3.9 22 3.1 4.8 1.5 30¢ 22 304
7 CH; H Br H 1.5 290 193 61 >106 >2 30* >106 >4  33* 69 2.1 6.5 055 2.0
(18%) (15%)
8 CH; H H CH; 20 1500 75 105 >134 >1  >134 >134 >134 (23%) >134 (11%) 2.6 0.36 40¢
(10%) (40%) 5%)
9 Cl H H CH; 13 1700 1310 22%* 1304 6 26* 116 4.5 48¢ 120 2.5 55 0.60 15¢
10 F H H CH; 6.0 2800 467 83 132 1.6 66* >132 >2  209% 120 4.1 274 0.32 1.6
(23%)

¢ Determined from log concentration-inhibition curves using a rat brain mitochondrial preparation as enzyme and [C]serotonin (5-HT) (50 pM) and phenethyl-
amine (PEA) (2.5 uM) as substrates (ref 10). ? Determined from the protection by the test compounds against the irreversible MAQO inhibition produced by phenelzine,
The rats were sacrificed 48 h after the phenelzine injections, and the MAO activity remaining inside (N) and outside (EN) the synaptosomes prepared from hypo-
thalamus (serotonin and norepinephrine (NE)) or striatum (dopamine (DA)) was determined as described in the Experimental Section. The EDg, values were esti-
mated from log dose-response curves. Percent inhibition at the highest dose tested is given in parentheses. An asterisk indicates significant difference N vs. EN at
three different doses (p < 0.05, Mann-Whitney U-test). ¢ The compounds were preincubated with the synaptosomal preparations for 10 min at 37 °C and incubated
for an additional 2 min with [C]-5-HT + [H]NE (cerebral cortex) or [MC]DA (striatum), each at 50 nM. ¢Extrapolated values.

Table IV, Behavioral Changes in Reserpinized Rats That Indicate Release of Serotonin (5-HT Syndrome), Norepinephrine (NE)
(Reversal of Ptosis), and Dopamine (DA) (Increase in Motor Activity)

least dose with behavioral changes, least dose with behavioral changes,
compd. umol/kg, sc compd. umol/kg, sc

no. 5-HT NE DA no. 5-HT NE DA

1 276 72 72 6 >229 115 >229

2 270 270 >270 7 211 211 >211

3 >269 >269 >269 8 >269 >269 >269

4 33 16 >131 9 >247 247 . >247

5 140 17 35 10 >264 264 264
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Table V. Spearman Rank Order Correlation between the Various Parameters Measured (Correlation Coefficient (r;))

MAO inhibn within mono-
aminergic neurons in vivo

inhibn of amine

uptake in vitro behavioral changes

5-HT NE DA 5-HT NE DA NE®

MAO-A inhibition in vitro 0.92° 0.83° 0.73¢ 0.10 0.01 0.25 0.44
MAOQ inhibition within

monoaminergic neurons in vivo

5-HT 0.95% 0.77% 0.05 0.18 0.31 0.46

NE 0.85% 0.13 0.40 0.44 0.61

DA -0.04 0.48 0.58° 0.77¢
inhibition of monoamine

uptake in vitro

5-HT 0.40 0.13 0.46

NE 0.79% 0.47

DA 0.58

“n =8 bp<00l(n=10). ‘p < 0.05.

at the uptake carrier is probably the reason for the lack
of neuron-selective action of the 2,6-dichloro derivative 6.
This substitution is, however, very favorable for the affinity
for the A form of MAO and increases the potency 20 times
compared with the monochloro derivative 4.

The compounds in this series generally caused higher
inhibition of MAO in the noradrenergic than in the sero-
tonergic neurons in the rat hypothalamus. This is in
contrast to the p-dimethylamino derivatives, reported in
a previous study,'* which caused somewhat higher inhib-
ition within the serotonergic neurons. Thus, the larger
p-dimethylamino derivatives appear to be better trans-
ported by the serotonin pump, while the smaller p-amino
derivatives are preferably transported by the nor-
epinephrine uptake mechanism.

Although several of the new compounds were very po-
tent in inhibiting the MAO within the aminergic nerve
endings, they showed only small differences between the
three aminergic systems. However, it might be possible
to change this by resolution of the compounds into their
enantiomers. For instance, the R-(-) isomer of compound
2 was found to inhibit MAO in both the serotonergic and
noradrenergic nerve terminals in vivo, while the S-(+)
enantiomer was a very potent inhibitor of MAO within
noradrenergic neurons but a weak inhibitor of the enzyme
in serotonergic neurons.'*1%

In this series of compounds the MAO-A inhibitory po-
tencies in vitro were significantly correlated with the po-
tencies of the inhibition of MAO within the aminergic
neurons in vivo when examined with the Spearman rank
order test (Table V). The MAO inhibition within the
aminergic neurons was also highly significantly correlated.
However, the rank order of the uptake inhibition and that
of the MAO inhibition in vitro was only significant for the
dopaminergic system. If the compounds that did not show
selectivity for the MAO within the aminergic neurons are
excluded, a significant correlation could also be found for
the noradrenergic system (r, = 0.77, p < 0.05, n = 7). It
should be noted that the affinities for the aminergic uptake
sites do not reflect the rates of transportation of the com-
pounds into the neurons. Furthermore, the compounds
tested may inhibit the amine uptake by being either
transported inhibitors or nontransported inhibitors.

Transport of a compound by the aminergic uptake
system may induce an outward transport of the transmitter
amine by an accelerated exchange diffusion mechanism,
which has been suggested as being the mechanism for the
release of norepinephrine by amphetamine.?* This may
be the mode of action of the indirectly acting amines that
release the transmitter amines.?* In the reserpinized rats
the release of the biogenic amines causes typical behavioral
changes for each amine. In the series of compounds ex-
amined in the present study the most neuron-selective

MAO inhibitors (4 and 5) were also the most potent ones
in producing the behavioral changes. If the amine release
is coupled to the inward transport of the releasing com-
pound, the much higher doses of the compounds that were
required for the release compared with those required for
the neuron-selective MAO inhibition indicate that the
amine pump has to be almost saturated with the com-
pounds to induce the release. The reversal of the reser-
pine-induced ptosis may be a sign of norepinephrine re-
lease, although inhibition of the norepinephrine reuptake
may give the same effect, which may explain the observed
effect of compound 6, which appears to lack transporting
ability. The correlation between the reversal of ptosis and
the MAO inhibition in the dopaminergic neurons is
probably a false one. No other significant correlation
between the reversal of ptosis and the other parameters
was found.

Experimental Section

Melting points were determined in a Mettler FP 61 melting
point recorder. 'H NMR spectra were recorded on a Varian
EM-360 60-MHz spectrometer. The analyses were performed by
the Department of Analytical Chemistry, University of Lund,
Sweden; where analyses are indicated by symbols of the elements,
analytical results obtained for those elements were within
(£0.4%)m of the theoretical values. The absence of impurities
was examined by GC with a Carlo Erba 4300 gas chromatograph
equipped with a 25-m X 0.35-mm fused silica capillary column
(SE52) and an FID detector.

N,N-Dibenzyl-3-fluoroaniline (13). To a mixture of 96.0
mL (1.0 mol) of 3-fluoroaniline, 276.0 g of K,CO; and 5.0 g of KI
in 400 mL DMF were added dropwise in 254 mL (2.2 mol) of
benzyl chloride while stirring and heating at 100 °C. The mixture
was heated, stirred overnight, and poured into 3 L of an ice-water
mixture. The obtained oil solidified gradually upon standing.

4-(Dibenzylamino)-2-fluorobenzaldehyde (17). To a stirred
solution of 201.1 g (0.69 mol) of compound 13 in 230 mL of DMF
was added while stirring and cooling in tap water 65 mL (0.71
mol) of POCl;. The mixture was heated for 2 h in a steam bath
and poured into 2 L of an ice-water mixture. The mixture was
made basic with 10 M NaOH, and the product was filtered, washed
with water, air-dried, and recrystallized from ethanol-petroleum
ether: yield, 204.0 g.

4-(Dibenzylamino)-2-fluoro-8-methyl-g-nitrostyrene (20).
A mixture of 70.2 g (0.22 mol) of compound 17, 22.0 mL of ni-
troethane, and 15 g of ammonium acetate in 250 mL of EtOH
was heated under reflux for 5 h. After cooling the crude product
was filtered and recrystallized: yield, 59.1 g (71%); mp 96-97 °C.
Anal. (CgaHglFN202) C, H, F, N.

4-Amino-2-fluoro-a-methylphenethylamine Acetate (5).
A solution of 58.3 g (0.15 mol) of compound 20 in 350 mL of THF
was added dropwise to a stirred mixture of 20.0 g of LiAlH, in
350 mL of dry Et,0. The mixture was stirred and heated under
reflux for 2.0 h. After dropwise addition of 100 mL of saturated
Na,S0, solution while stirring and cooling in ice, the mixture was
filtered. The filtrate was collected, and the solvent was evaporated
under reduced pressure. The residual oil was dissolved in a
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mixture of 100 mL of 12 M HC! and 500 mL of 50% AcOH and
was hydrogenated with Hy/Pd (5%) at normal pressure and
approximately 50 °C. When the uptake of hydrogen had stopped,
the catalyst was filtered off and the filtrate was evaporated to
about 100 mL and alkalized with 10 M NaOH. The mixture was
extracted with Et;0, and the extract was dried over NaOH and
Na,S0,. The solution was treated with 10 mL of AcOH, and the
semisolid salt was collected and recrystallized: 'H NMR (D,0)
§7.2-6.9 (m, 1 H, Ar), 6.7-6.4 (m, 2 H, Ar), 3.7-3.2 (m, 1 H, CH),
2.9-2.7 (d, 2 H, CH,), 1.9 (s, 3 H, CHj), 1.3 (d, 3 H, CHy).
4-Amino-2-fluoro-a,a-dimethylphenethylamine Acetate
(10). A solution of 35 mL (0.35 mol) of isopropy! bromide in 50
mL of Et,O was added dropwise with stirring to 8.0 g (0.33 mol)
of magnesium turnings in 300 mL of Et,0 under dry nitrogen.
When all the halide had been added, the solution was heated under
reflux for 10 min. The mixture was cooled in an ice bath and
stirred while 49.8 g (0.15 mol) of compound 17 was added in
portions. The mixture was refluxed for 1 h, and 65 mL of 12 M
HCl in 500 mL of water was added dropwise while stirring and
cooling in ice-water. The mixture was neutralized with concen-
trated ammonium hydroxide and extracted with CHCl;. The
extract was dried with Na,SO,, and the solvent was evaporated.
The residue was heated under nitrogen at 200 °C for 1 h, and the
obtained product was dissolved in 50 mL of acetonitrile. To the
stirred solution was added dropwise, while cooling in ice, 30 mL
of concentrated HySO,. The mixture was left overnight at room
temperature and was then poured into 1 L of water and neu-
tralized with 10 M NaOH. The semisolid product was collected
and dissolved in a mixture of 150 mL of 12 M HCl, 756 mL of
AcOH, and 75 mL of water. The solution was refluxed for 40 h
and evaporated to half the volume. After the addition of 300 mL
of EtOH the mixture was hydrogenated with H,/Pd (5%) at
normal pressure and approximately 50 °C. The catalyst was
filtered off, and the filtrate was evaporated to half its volume.
The solution was made basic with 10 M NaOH and extracted with
Et,0. The extract was dried over Na,SO, and treated with 9.5
mL of AcOH. The obtained precipitate was filtered off and
recrystallized: 'H NMR (D,0) § 7.3-6.9 (m, 1 H, Ar), 6.8-6.5 (m,
2 H, Ar), 2.9 (s, 2 H, CH,), 1.9 (s, 3 H, CHjy), 1.4 (s, 6 H, 2CHj,).

N-[1-Methyl-2-(2-methyl-4-acetamidophenyl)ethyl]acet-
amide (21). A solution of 16.0 g (0.07 mol) of compound 2 in 25
mL of AcOH and 50 mL of acetic anhydride was refluxed for 0.5
h. The mixture was diluted with water to 800 mL, neutralized
with aqueous ammonia, and extracted with CH,Cl,. The extract
was dried with Na,SO,, and the CH,Cl, was evaporated. The solid
residue was suspended in water, filtered, and dried: yield, 11.5
g (66%); mp 180-181 °C. Anal. (C14H20N202) C, H, N.

4-Amino-5-bromo-2,a-dimethylphenethylamine Acetate (7).
To a mixture of 10.0 g (0.04 mol) of compound 21 in 50 mL of
AcOH was added dropwise 2.3 mL (0.044 mol) of Br, in 20 mL
of AcOH. The mixture was stirred at room temperature for 0.5
h and poured into 500 mL of an ice-water mixture. The pre-
cipitated product was collected and recrystallized twice from
aqueous EtOH yielding 6.7 g of the brominated amide, melting
at 180-185 °C. The product was dissolved in 50 mL of 12 M HC1
and 30 mL of water and was refluxed overnight. The solution
was alkalinized with NaOH solution and extracted with Et,;0. The
extract was dried over Na,SO,, and 2.4 mL of AcOH was added.
The obtained precipitate was filtered off and washed with ether:
yield, 5.8 g; TH NMR (D,0) 6 7.2 (s, 1 H, Ar), 6.8 (s, 1 H, Ar),
3.7-3.2 (m, 1 H, CH), 3.0-2.6 (m, 2 H, CH,), 2.2 (s, 3 H, CH,),
2.0 (s, 3 H, CHjy), 1.4 (d, 3 H, CHjy).

Monoamine oxidase inhibition in vitro was determined with
a mitochondrial preparation of rat brain as described by Ask et
al.10 [14C]-5-HT (50 uM) and {}*C]phenethylamine (2.5 uM) were
used as substrates. ICj, values were estimated from log con-
centration curves based on at least five different concentrations
of the inhibitor.

Monoamine Oxidase Inhibition in Vive. The phenelzine
protection method combined with the assay of the deaminating
activities in crude synaptosomal preparations of hypothalamus
(serotonin and norepinephrine) or striatum (dopamine) was used
for the determination of the MAOQ inhibition in vivo inside and
outside the monoaminergic neurons.!! In this assay low con-
centrations of [1C]serotonin (0.1 uM), [*4C]-1-norepinephrine (0.25
uM), or [MC]dopamine (0.25 uM) were incubated with the sy-
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naptosomal preparation in the absence and presence of selective
uptake inhibitors (citalopram, maprotiline, and amfonelic acid).

Sprague-Dawley rats weighing 160-200 g were given the test
compound orally 1 h before the injection of phenelzine sulfate
(4 mg/kg sc in the hypothalamus experiments; 2.5 mg/kg sc in
the striatal experiments). The rats were killed 48 h later when
the effects of the test compound were presumed to have disap-
peared. The hypothalami or striata were rapidly dissected out,
homogenized in 20 vol of 0.25 M sucrose, and centrifuged at 800g
for 10 min. After a 10-min preincubation of 50 uL of the sy-
naptosome-rich supernatant in 925 uL, of Krebs-Henseleit’s buffer,
pH 7.4, containing 5.6 mM glucose, 1.1 mM ascorbic acid, and
0.13 mM disodium edetate, the incubation was continued for a
further 10 min at 37 °C with [C]serotonin (0.1 uM) or [1*C]-
dopamine (0.25 uM) in the absence or presence of 0.12 uM ci-
talopram (5-HT) or 0.1 uM amfonelic acid (dopamine). In the
[*C]norepinephrine (0.25 uM) experiments 200 uL of the hy-
pothalamic supernatants was used in the absence and presence
of maprotiline (3 uM). The deaminated products were extracted
into ethyl acetate, and the monoamine oxidase activities were
calculated from the radioactivities.

The MAO inhibition inside and outside the aminergic neurons
was estimated from the protection against the irreversible action
of phenelzine as described by Green and El Hait.?! The percent
inhibition produced by the reversible inhibitors was calculated
according to the formula

In (100 /1)
1-———— )%
( In (100/p) )

in which ¢ is the MAO activity in the synaptosomes from the
animals treated with the test compound + phenelzine, and p is
that from the rats treated with saline + phenelzine, the activity
expressed in percentage of that in the control animals. The EDj,
values were estimated from log dose-response curves based on
at least three doses with four rats in each dose group.

Inhibition of the Synaptosomal Uptake of Monoamines.
Crude synaptosomal preparations from rat cerebral cortex and
striatum were made by homogenizing the tissues in 10 vol of
ice-cold 0.32 M sucrose with all-glass Potter-Elvehjem’s homo-
genizers. The homogenates were centrifuged at 800g at +2 °C
for 10 min. The supernatants were centrifuged at 12000g at +2
°C for 10 min, and the pellets were rehomogenized in 0.32 M
sucrose to the original volume. The incubation of the preparations
with [14Clserotonin + [*H]norepinephrine (cerebral cortex) or
[**Cldopamine (striatum) with final concentrations of 50 nM of
each amine was performed in a Micronic PPN Storage-Block-96
(Flow Laboratories) with 8 X 12 wells using two rows at each
incubation. Four different concentrations of two test compounds
in duplicate were examined at each incubation. Fifty microliters
of the synaptosomal preparation, 400 uL of the Krebs-Henseleit’s
buffer, pH 7.4, containing 5.6 mM glucose, 1.1 mL ascorbic acid,
0.13 mL disodium edetate, and 50 uM pargyline, and 25 uL of
the inhibitor or distilled water were added to the wells. The
solutions were mixed by vortexing the block for 10s. After 10-min
preincubation at 37 °C in a water bath 25 uL of the solutions of
the radioactively labeled amines was added to the two rows with
a Titrertec multicannel pipette, type 12-Channel (Flow Labora-
tories). The reaction was immediately started by vortexing the
block for 10 s on a Super-Mixer, and the incubation was continued
for 2 min at 37 °C. The uptake reaction was stopped by filtration
and washing for 15 s with ice-cold 0.15 M NaCl through a
Whatman GF/B glass filter paper in a 24-channel cell harvester
(Brandel) using the standard harvesting probe. The filters were
left to dry at room temperature for about 1 h. The punched filters
were transformed to counting vials; 10 mL of the scintillation
liquid (Aquasol, NEN) was added, and the vials were shaken and
allowed to stand for 1 h before counting. The radioactivity was
measured in a Packard Tri Carb liquid scintillation photometer.
The active uptake of the amines was defined as the difference
between the accumulation of the radioactivity in the absence
(quadruplicates) and the presence (quadruplicates) of selective
uptake inhibitors, determined at each incubation. These inhibitors
were citalopram (0.3 uM) for the uptake of serotonin, maprotiline
(1 uM) for the uptake of norepinephrine, and amfonelic acid (0.3
M) for the uptake of dopamine in striatal synaptosomes. The
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inhibition was calculated in percent of the active uptake. The
ICy, values were obtained from log concentration-response curves.

Behavioral Studies in Reserpinized Rats. Reserpine, 5
mg/ kg sc, was injected 18 h before the oral administration of the
test compound. Behavioral changes (abduction of hind legs, wet
dog shake, forepaw treading, Straub tail, and ptosis) were observed
for 1 h after the administration of the test compound.Z The lowest
doses causing these changes were noted.

Registry No. (%)-1, 103882-44-6; (£)-2, 103818-17-3; (%)-3,
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Arachidonate 5-lipoxygenase plays a pivotal role in the biosynthesis of leukotrienes. Cirsiliol (8’,4’,5-trihydroxy-
6,7-dimethoxyflavone), a selective inhibitor of the enzyme, was derivatized by introducing alkyl groups of various
chain lengths at positions 5, 6, 7, and 8 of the A ring of the flavone skeleton. Modification of the positions 5 and
6 with an alkyl group of 5-10 carbons markedly decreased the ICy, values for 5-lipoxygenase inhibition to the order
of 10 nM. As tested with 5- or 6-hexyloxy derivatives, a relatively selective inhibition of 5-lipoxygenase was shown.
Inhijbition of 12-lipoxygenase required much higher concentrations of these compounds, and cyclooxygenase was
not inhibited. Modification of positions 7 and 8 did not increase the inhibitory effect of most flavone compounds.

Arachidonate 5-lipoxygenase catalyzes the oxygenation
of arachidonic acid at the 5-position to produce 5-hydro-
peroxy-6,8,11,14-eicosatetraenoic acid, which is further
transformed to various leukotrienes.! In view of the im-
portant role of leukotrienes as mediators of anaphylactic
reactions,! various synthetic compounds have been re-
ported as specific inhibitors of the 5-lipoxygenase.?°
Previously we reported that cirsiliol (3/,4’,5-trihydroxy-
6,7-dimethoxyflavone)!! (la) and pedalitin (3’,4’,5,6-
tetrahydroxy-7-methoxyflavone)!? were the most potent
5-lipoxygenase inhibitors (IC;, 0.1 uM) among about 80
flavones tested.!®4 The vicinal diol on the 2-phenyl
substituent (the B ring) was necessary for the inhibition
of 5-lipoxygenase. On the basis of this finding we deriv-
atized cirsiliol in a variety of ways to find out the struc-
ture—activity relationship and to develop a more potent
and selective inhibitor. The results suggest that the ac-
tivity of the 3’,4’-dihydroxyflavones such as cirsiliol was
enhanced by modifying the oxygenated functions in the
A ring with lipophilic alkyl groups. In this paper we report
the synthesis of these flavones with alkoxy groups and their
structure~activity relationship as inhibitors of 5-lip-
oxygenase.

Chemistry. The synthetic routes employed for the
preparation of the 5,6,7- and 5,7,8-trioxygenated 3’,4’-di-
hydroxyflavones are illustrated in Schemes I and II. As
shown in Scheme I, the crude 3-alky! ethers 13a-k derived
from 3,6-dihydroxy-2,4-dimethoxyacetophenone (12)'° by
the partial alkylation were condensed with 3,4-bis(ben-
zyloxy)benzoyl chloride in pyridine, and the resultant
benzoates were converted into the diketone derivatives
14a-k by the Baker-Venkataraman transformation. Cy-
clization of 14 with anhydrous sodium acetate afforded
6-alkoxy-3',4’-bis(benzyloxy)-5,7-dimethoxyflavones 15a-k.
The flavones 15 were also synthesized from 3’,4’-bis(ben-
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zyloxy)-6-hydroxy-5,7-dimethoxyflavone (16)!%!7 by the
alkylation with alkyl iodides. The hydrogenolysis of com-
pounds 15 with palladium on charcoal afforded 6-alkoxy-
3’,4’-dihydroxy-5,7-dimethoxyflavones (6a-k), which were
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