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N-(2-Dimethylaminoethyl)carboxamide (1a—d), 2-dimethylaminoethyl alkyl ether (2a,b), and 2-dimethylami-
noethyl 2-hydroxy-2-phenethyl ether (3a—c) and its amino and methylene analogues (3d, 4) have been screened for
antiamnestic and antihypoxic activities in mice. A clear reversing effect on electroconvulsive shock-induced amnesia
was found with 1a—d, 2a,b, and 2-dimethylaminoethyl 2-hydroxy-2-phenylethyl ether (32). However, a protective
effect against hypoxia was only observed with 3a. Compound 3a, which displayed the dual activity, was further
investigated for ameliorating effect on CO,-induced memory impairment, and it was found to be more potent than
indeloxazine and bifemelane. In addition, the acute toxicity of 3a in mice was significantly lower than that of tacrine,
but its serum-to-brain penetration ability in rats was less than that of the reference drugs.
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With the rapid increase in the number of elderly people
throughout the world, senile dementia of Alzheimer’s type
(SDAT) and multi-infarct dementia, which is associated
with aging, are becoming increasingly important diseases.
SDAT is apparently associated with the loss of cholinergic
activity in the cortex and hippocampus.? In addition, it
has been reported that monoaminergic systems, which also
control brain functions, are disturbed in Alzheimer’s
patients.”’ Based on this neurochemical background, a
number of cholinesterase inhibitors including tacrine® and
its analogues® and some monoamine oxidase inhibitors
such as L-deprenyl® (Chart 1) have been developed for the
treatment of SDAT, but all of the known agents have
some drawbacks in terms of toxicity and/or effectiveness.®

Multi-infarct dementia, on the other hand, is linked
primarily with disruption of cerebral blood flow, which
leads to insufficient supply of oxygen and glucose to the
brain cells, ultimately resulting in irreversible damage to
neurons.” This oxygen deprivation is pathologically
characterized by hypoxia, a state in which impairments of
memory and learning abilities have been reported for some
animals® and humans.” Agents for the clinical treatment
of multi-infarct disease include an array of cerebral
vasodilators'® and also some cerebral metabolism-en-
hancers such as indeloxazine!? and bifemelane,!? which
are believed to have protective effects against cerebral
damage due to oxygen deprivation. However, the currently
available drugs are only moderately effective in reversing
memory and cognition deficits,'® and, therefore, are
occasionally administered in combination with a psycho-
tropic drug (an antidepressant or a tranquilizer).14

Our present investigation, which was directed to
developing a new cognitive enhancing agent with anti-
hypoxic activity as well as neurotransmitter-activating
action, started with the search for a prototype com-
pound among  N-(2-dimethylaminoethyl)carboxamides
and 2-dimethylaminoethyl ethers, which ‘are chemically
more stable analogues of choline O-acetate. The idea
of such structural modification of acetylcholine was
obtained from the report of Fries and Andrako in 1977;

* To whom correspondence should be addressed.

they showed that 2-dialkylaminoethyl 2,2-diphenyl-2-
hydroxyethyl ethers such as 3¢ display significant
anticholinergic activity, much higher than that of the
corresponding esters, in the assay of inhibitory activity
against perphenazine-induced catatonia in rats.!® In
addition, the amino ether function in our designed com-
pounds can be seen in the antihypoxia drugs indeloxazine
and bifemelane, both of which are known to inhibit the
uptake of cerebral noradrenaline and serotonin.!®

In this paper, we report the results of bioassay of our
designed compounds listed in Chart 2 for antiamnestic
and antihypoxic activities in mice, as determined by using
contemporary techniques. 2-(2-Dimethylaminoethoxy)-1-
phenylethanol (3a) displays both activities and has
significantly lower acute toxicity than tacrine, and so
has been chosen as a prototype compound for further
structural modifications.

Chemistry

All the tested compounds except 1d, 3b, and 3d have
been reported in the literature,'” mostly as free amines.
The amide 1d was obtained by heating ethyl mandelate
with N,N-dimethylethylenediamine and isolated as its
hydrochloride. The 2-hydroxy-2-phenylpropyl ether (3b)
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R _9 =NHCHzCH,N(CHs)2

(o)
1a-d R salt
a CHg3 NDS
b CH3CH, NDS
c CsHsCH2 HCI
d CeHsCH(OH)  HCI

NDS = naphthalene-1,5-disulfonic acid

R=0=CHyCHoN(CH3)»

2a,b R salt
a CHCH,CH, HCI
b CgHsCHoCH, NDS
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2. (CHg)oNH
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Chart 3

and 2-hydroxyphenethylamine (3d) were prepared from
the corresponding phenyloxiranes by reaction with the
requisite aminoethanol or ethylenediamine (Chart 3).
Compound 4 was prepared in our hands starting with
5-0x0-5-phenylvaleric acid and using standard functional
group transformations. For biological assays, all amino
compounds were converted to their salts by using an
appropriate acid, depending on ease of crystallization.
The characterization data of the salts are recorded in
Table 1.

Pharmacological Results and Discussion

It has been reported that electroconvulsive shock (ECS)
treatment causes amnesia and confusion in humans'® and
also in rodents'® and decreases the acetylcholine level in
rat brain.2® The compounds listed in Chart 2 were
examined for the ability to reverse ECS-induced amnesia
in mice, by using the step-through passive avoidance
response procedure.? The test compounds (3 mg/kg) were
administered intraperitoneally 1h before the passive
avoidance training, and memory-retention testing was
performed 24 h after ECS treatment. Antihypoxic activity
was evaluated in mice using a hypoxia model obtained by
exposure to an oxygen-deficient atmosphere. Test samples
(100 mg/kg) were given orally 30min before the hypoxia
treatment, and survival times were recorded. Results of
the assays for the antiamnestic (AA) and antihypoxic (AH)

activities are summarized in Table 2.

All of the amides (1a—d) displayed AA activity, but no
AH activity. The same phenomenon can be seen with the
propyl and phenethyl ethers (2a,b), though their AA
activities are equal to or less than those of the amides
la—d. However, as the data for 3a indicate, introduc-
tion of a hydroxy group at the benzylic position of 2b
enhances not only AA activity but also, more important-
ly, leads to a remarkable advent of AH activity. In con-
trast, compounds 3b and 3¢, which are tertiary alcohol ana-
logues of 3a, show neither AA nor AH activity. Further-
more, NH and CH, analogues (3d,4) of 3a were
totally inactive.

Compound 3a, which showed both AA and AH ac-
tivities, was further evaluated for ability to ameliorate
CO,-induced memory loss in mice, since it has been
reported that appearance of some memory disorder can
be observed in patients with cerebrovascular disorders and
that memorizing and learning abilities are impaired by
hypoxia in animals® and humans.” This assay was
performed by using a passive avoidance training technique.
The results obtained with 3a and the reference drugs
(tacrine, indeloxazine, and bifemelane) are shown in Table
3, together with acute toxicity data in mice. Although the
minimum effective dose (MED) of 3a (30 mg/kg) in oral
administration proved significantly greater than that of
tacrine (1 mg/kg), the acute toxicity of 3a was found
to be much less than that of tacrine (LDs,: >500mg/kg
vs. 68 mg/kg). Furthermore, it should be noted that the
MED of 3a is smaller than those of indeloxazine and
bifemelane.

We then determined the brain-to-serum concentration
ratio of 3a in rats in order to examine its penetration
ability into brain cells. As shown in Table 3, the ratio for
3a (4.96) proved to be smaller than those observed with
tacrine and indeloxazine by 60% and 25%, respectively.

In conclusion, we have discovered the prototype com-
pound 3a (Chart 4) among simple analogues of acetyl-
choline. It is characterized by moderate ability to
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Table 1. Characterization Data for 1a—d, 2a, b, 3a—d, and 4
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Combustion analysis

mp (° Caled o
Compd. Formula (Solse(ntcf)'or (Found) (%) 'H-NMR spectral data 6 in D,O solvent, J in Hz
crystallization)” C H N
1a® C¢H,,N,0-0.5NDS 152—153.5 46.92 - 6.73 995 1.97 (3H, s), 2.83 (6H, s), 3.0—3.3 (2H, m), 3.3—3.6 (2H, m),
‘04H,0 (MeOH-IPA) (4704 684 9.71) 7.78 (1H, dd, J=8.5, 6), 8.22 (1H, d, J=6), 8.94 (IH, d,
J=8.5)
1 C,H,;¢N,0-0.5NDS 153—154.5 4998 6.99 9.71  1.05 (3H, t, J=1.5), 2.22 (2H, q, J=1.5), 2.83 (6H, s),
(EtOH) (49.75 - 6.99 9.49) 3.0—3.3(2H, m), 3.3—3.6 (2H, m), 7.78 (1H, dd, J=8.5, 6),
8.28 (1H, d, J=6), 8.94 (1H, d, J=8.5)
e C;,HyN,0-HCI 142—143 5938 7.89 11.54 291 (6H, s), 3.1—-3.4 (2H, m), 3.4—3.7 (4H, m), 7.40 (5H, s)
(EtOH) (59.28 8.06 11.40)
1d C,,H3N,0,-HCl 168—169 5570 740 1083 290 (6H, s), 3.1—3.5 (2H, m), 3.5—3.8 (2H, m), 5.22 (1H, s),
(IPA) (55.55 739 10.65) 7.47(5H,s)
2a® C,H;NO-HCIl QOil ND9 0.88 3H, t, J=7), 1.3—1.8 (2H, m), 2.91 (6H, s), 3.36—3.6
’ . (4H, m), 3.7—3.9 2H, m)
2b» C,,H,,NO-0.5NDS 148—149 60.51 6.87 4.15  2.67 (6H, s), 2.7—2.9 (2H, m), 3.0—3.2 (2H, m), 3.4—3.8
(IPA) (6043 7.01 4.08) (4H, m), 7.27 (5H, s), 7.70 (1H, dd, J=8.5, 6.5), 8.24 (I1H, d,
J=6.5), 8.93 (1H, 4, J=8.5) -
3a C,,H,,NO,-HCl1 184—185 5865 820 570 2.84 (6H, s), 3.1-3.5 (2H, m), 3.6—4.0 (4H, m), 4.95 (IH, t,
(EtOH) (5844 829 5.63) J=5.5),7.44 (5H, s)
(Lit.'%9 186—187)
3b C,3H,;NO,-HCI . 158—159.5 60.11- 8.54 539 153 (3H, s), 2.75 (6H, s), 3.1—3.4 (2H, m), 3.6—3.9 (4H, m),
(EtOH) (5998 8.65 5.30) 7.46 (5H, s)
3 C,sH,3NO;-HCl 168.5—169 67.17 171.52 435 282 (6H, s), 3.2—3.5 (2H, m), 3.7—4.0 (2H, m), 4.28 (2H, s),
(EtOH) (66.89  7.50 4.26) 7.47 (10H, s)
(Lit.'®® 167—168)
K| C;;H,N,0- 164—166 5454 641 6.36 - 3.00 (6H, s), 3.4—3.7 (6H, m), 5.09 (1H, t, J =6), 6.68 (4H,
(fumaric acid), (MeOH-EtOH) (5443 6.43 6.33) s), 7.46 (5H, s)
4 C,,H,;NO-HCl Oil ND? 1.2—2.1 (6H, m), 2.84 (6H, s), 2.9—3.3 (2H, m), 4.7—4.9

(1H, m), 7.45 (5H, s)

a) IPA: iso-PrOH. b) Free base data are given in the literature for la—c,!™ 2a,17 2,170 and 4,47 ¢) Not determined.

Table 2. Antiamnestic and Antihypoxic Activities in Mice

Antiamnestic activity® Antihypoxic activity®

Compound (3mg/kg i.p. dosing) (100 mg/kg p.o. dosing)
1a + -
1b ++ -
Ic +++ -
1d ++ -
2a + -
2b + -
3 ++ ++
3b - -
3c —_— —
“ - -—

4 - -
Tacrine ++9 ND?
Indeloxazine - ++
Bifemelane - +

a) Determined by testing reversal of electroconvulsive shock-induced amnesia.
Symbols represent mean latency: —, < 60s; +, 60—100s; + +, 101—150s; + + +,
151—300s. b) Determined with hypoxia models. Symbols represent % increase
in survival time against untreated animals: —, <25%; +, 26—50%; + +,
51—75%. «¢) 0.3mg/kg. d) Not determined.

reverse memory impairment as well as protective effects
against hypoxia, and also by low acute toxicity, while
having sufficient lipophilicity to cross the blood-brain
barrier.

Melting points were determined on a Buchi melting point apparatus
and are uncorrected. IR spectta were recorded on a Perkin-Elmer FT-IR
spectrometer. 'H-NMR spectra were recorded on a JEOL FX-60

Table 3. Memory-Ameliorating Activity, Acute Toxicity, and Brain-
to-Serum Ratio of 2-(2-Dimethylaminoethoxy)-1-phenylethanol (3a) in
Oral Administration :

Ameliorating activity of

Compound ('Doz-i‘ndnoed_ memogl Ac;ten:l%)::)nty Brgiq/umn:)
Impairment in mice LD, ( ) ratio in rats
MED® (mg/kg) so (mg/kg
3a 30 > 500 496
Tacrine 1 68 847
Indeloxazine >30 4449 18.46
Bifemelane >100 10349 ND#?

a) Amnesia was induced by exposure to CO, immediately after the acquisition
trial. b) Minimum effective dose. ¢) LDy, were calculated from lethality during
7d after dosing. d). Rats were killed 30 min after administration of test com-
pounds (30mg/kg). e) Ref. 23. f) Ref. 24, g) Not determined.

OH
CH
0\/\N, 3
CH,
3a(R.S)
Chart 4

spectrometer. Chemical shifts are expressed in & (ppm) downfield from
internal tetramethylsilane (for CDCl, solvent) or sodium 3-(trimethyl-
silyl)propionate (for D,0 solvent). Splitting patterns are described as
s=singlet, d=doublet, t=triplet, q=quartet, m =multiplet, and br=
broad. Mass spectra were recorded on a JEOL JMA-D300 spectrometer.
Column chromatography was carried out with E. Merck Silica gel 60
(70—230mesh). Distillation of oily products were carried out on a
Kugelrohr apparatus. and boiling points are uncorrected. High-
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performance liquid chromatography (HPLC) was carried out with
a Shimadzu LC-64A equipped with an SPD-6A UV detector. All organic
solvent extracts were dried over anhydrous magnesium sulfate and
concentrated with a rotary evaporator under reduced pressure.

N-[2+(N,N-Dimethylamino)ethylJmandeloamide Hydrochloride (1d)
A mixture of ethyl mandelate (10g, 56 mmol) and N,N-dimethylethyl-
enediamine (7.4 g, 84 mmol) was heated at 100°C under stirring. After
2h the mixture was cooled to room temperature, and ether (100ml)
was added to precipitate crude mandeloamide. This material was
dissolved in acetone (200ml), and dry HCl was passed through the
solution at 10—20°C. The resulting crystalline precipitate was col-
lected and recrystallized from iso-PrOH to give analytically pure 1d
(11.1g, 77%) as colorless needles, mp 168—169 °C.

2-[2-(N,N-Dimethylamino)ethoxy]-1-methyl-1-phenylethano! Hydro-
chloride (3b) 2-Methyl-2-phenyloxirane (10.6g, 79 mmol) was added
to a stirred and heated (65 °C) mixture of potassium tert-butoxide (26 g,
0.23mol) and N,N-dimethylethanolamine (43g, 0.48mol) in dimethyl
sulfoxide (DMSO) (50ml). After continued stirring at 65—70°C for
30 min, the mixture was poured into a mixture of ice-water (300 ml) and
CHCl, (200ml). The layers were separated and the organic layer was
washed with water (100ml x 3), dried, and concentrated. The residual
oil was dissolved in EtOH (50ml) and dry HC] was passed through the
solution at 10—20°C. The crystalline precipitate was collected and
recrystallized from EtOH to give 3b (7.8 g, 33%) as colorless needles,
mp 158—159.5°C.

2-[2-(N,N-Dimethylamino)ethylJamino-1-phenylethanol Difumarate
(3d) A solution of styrene oxide (3.0g, 25mmol) and N,N-dimethyl-
ethylenediamine (2.4 g, 27mmol) in iso-PrOH (60 ml) was heated under
reflux for 3h. The reaction mixture was concentrated and the residue
was purified by silica gel chromatography (elution with CHCl,:
MeOH=5:1) to give a diamine as an oil. This material was dissolved
in EtOH (10 ml) and the solution was treated with fumaric acid (0.62g,
Smmol). The precipitate was collected by filtration and recrystallized
from a I:1 mixture of MeOH and EtOH to give analytically pure 3d
(1.0g, 9%) as colorless needles, mp 164—166°C.

5-(N,N-Dimethylamino)-1-phenylpentanol Hydrochloride (4) Ethyl
chloroformate (0.50 g, 4.6 mmol) was added over Smin to a stirred and
cooled (ice-water) mixture of 5-oxo-5-phenylvaleric acid (0.8 g, 4.2 mmol)
and N-methylmorpholine (0.46g, 4.6mmol) in dry CH,Cl, (10ml) at
0—5°C. After 1h the reaction mixture containing a mixed anhydride
was added over Smin to a stirred and cooled (0—5 °C) mixture of 50%
aqueous Me,NH (4 g, 89 mmol), CH,Cl, (10 ml), and ice-water (20 ml).
After continued stirring of the two-phase mixture for 15 min, the organic
layer was separated, washed with brine, dried, and concentrated. The
residual oil was purified by silica gel chromatography (elution with
hexane: AcOEt=10:1) to give N,N-dimethyl-5-oxo-5-phenylvalero-
amide (0.80g, 88%) as a colorless oil. IR (neat): 1685, 1638cm™1.
1H-NMR (CDCl,) 6: 1.9—2.2 (2H, m), 2.2—2.6 (2H, m), 2.8—3.2 (8H,
m), 7.2—7.6 (3H, m), 7.8—8.0 (2H, m). MS m/z: 219 (M*).

A solution of the keto amide obtained above (0.70g, 3.2mmol) in
tetrahydrofuran (THF) (5ml) was added to a stirred suspension of
LiAIH, (0.24 g, 6.3 mmol) in THF (10 ml). The mixture was heated under
reflux for 3 h before quenching with AcOEt followed by addition of 10%
NaOH (5ml). The whole was filtered through a layer of Celite and the
remaining solid was washed with MeOH. The combined filtrates were
concentrated, and the residue was subjected to silica gel chromatogra-
phy (elution with CHCl,:EtOH=10:1) to give the free base of 4
(0.64g, 97%) as a colorless oil, bp 115—120°C/0.5 Torr (lit.*8") bp
126.3°C/1 Torr). *H-NMR (CDCl,) é: 1.2—1.8 (6H, m), 2.14 (6H, s),
2.2—2.4 (2H, m), 3.26 (1H, brs), 4.63 (1H, t, J=6Hz), 7.1—7.4 (5H,
m). MS m/z: 207 (M™). Treatment of this material with dry HCI gas in
EtOH followed by removal of the solvent provided 4 as a colorless oil.

Reversal of ECS-Induced Impairment of a Passive Avoidance Re-
sponse Ten male ddY mice, 6—7 weeks old and weighing 26—37g,
were used in each group. Assay was carried out according to a re-
ported procedure?® by using a two-compartment step-through passive
avoidance apparatus consisting of an illuminated compartment (10 x
13x1Scm) and a darkened grid-floor-equipped compartment (25 x
13x23cm) with an opening (3 x4cm) between the boxes. The pas-
sive avoidance training was given by application of 1.5mA current
for 3s to the gtid. Eachi test compound dissolved in physiological saline
was dosed intraperitoneally 1 h before the training. Immediately after
the training, ECS (20mA, 0.5s) was administered to the eyes, then after
24, retention of the inhibitory avoidance response was measured over
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a period of 300s.

Antihypoxic Activity Ten female ddY mice (6 weeks old) were used
in each group. Two mice were placed in a 300 ml glass container into
which a 4:96 (v/v) mixed gas of O, and N, was passed continuously at
a flow rate of 51/min. A test compound was orally administered 30 min
before this treatment. Time in seconds to respiratory cessation was
recorded as the survival time.

Reversal of CO,-Induced Impairment of a Passive Avoidance Re-
sponse Ten male ddY mice (6—7 weeks old) were used in each group.
This assay was performed according to a published procedure.??
Immediately after being given the passive avoidance training described
in the foregoing section, each mouse was brought to suspended animation
by placing it in a 300 m! glass container into which CO, gas was passed
continuously at a flow rate of 51/min for 30s. The mouse was then
animated by artificial respiration, and a test compound was administered
orally. Retention of the passive avoidance response was evaluated.
Dosages for MED determination were: 3a=1.0, 3.0, 10 and 30 mg/kg;
tacrine=0.1, 0.3, 1.0, 3.0, and 10 mg/kg; indeloxazine=1.0, 3.0, 10, and
30 mg/kg; bifemelane =10, 30, and 100 mg/kg. MED as determined by
the Kruskal-Wallis test followed by the Mann—Whitney U-test were
statistically significant (p <0.05).

Determination of Serum and Brain Levels Five male Wistar rats (8
weeks old) were used in each group. Serum (Iml) or a brain tissue
homogenate prepared with 4 volumes of saline (1 ml) was treated with
acetonitrile (1 ml), and the mixture was centrifuged to precipitate proteins.
The supernatant was concentrated to dryness and the residue was
dissolved in a 0.1M sodium carbonate buffer of pH 10.5 (1 mi). The
solution was applied to a Chem Elut column (Varian, 1.2 x2.6cm),
which was eluted with CH,Cl, (9 ml). The eluate was concentrated, and
the residue was dissolved in a 0.1M phosphate buffer (pH 2) before
extraction with hexane-AcOEt (1:1). The aqueous layer was separat-
ed by centrifugation and extracted with CH,Cl, (5mlx2) after ad-
dition of sodium 1-heptanesulfonate (40mg). The combined CH,Cl,
solution was concentrated, and the residue was analyzed by HPLC
using an ODS-II column (4mm x 15cm) and with the solvent system
of acetonitrile—0.5 M phosphate buffer (pH 3)-0.5M C¢H,380,Na-H,0,
14:2:1:83 for serum samples and 12:5:1:82 for brain samples
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