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2-(2-Aminoethoxy)-1-hydroxyethyl derivatives of bicyclic arenes (naphthalene, thianaphthene, benzofuran, and
indole) were prepared and screened for antiamnestic (AA) and antihypoxic (AH) activities which were evaluated by
measuring the reversing potency in electroconvulsion-induced amnesia and the protective effect against hypoxia,
respectively, in mice, Compound 30, 1-(benzo[5]thiophen-5-yI)-2-(2-diethylaminoethoxy)ethanol, showed the best
AA and AH activity profile, being superior to our prototype compound, 2-(2-dimethylaminoethoxy)-1-phenylethanol
(1). Elongation of the ethylene linkage in the side chain of 30 to 3- and 4-carbon moieties brought about a significant
decrease in AH activity. Compound 30 was further investigated for its protective effect against CO,-induced memory
impairment and for acute toxicity in mice. It is ten-fold more potent than tacrine in the amnesia-reversal assay and

is considerably less toxic than tacrine.

Key words antiamnestic activity; antihypoxic activity; acute toxicity; 1-bicycloaryl-2-(aminoethoxy)ethanol; 1-(benzo-

[b1thiophen-5-y1)-2-(2-diethylaminoethoxy)ethanol

Our continuing efforts directed toward developing a new
cognition-enhancing agent, which would be more effective
than currently available drugs (tacrine,? bifemelane, and
indeloxazine,® have resulted in the discovery of a lead
compound 1.19 The structure of 1 is characterized by the
presence of a 2-phenyl-2-hydroxyethyl ether group, quite
different from bifemelane and indeloxazine, which are aryl

as described for the preparation of 1.!9 To obtain 3k,
an indirect route was devised, since the aldehyde 7 de-
rived from the N-protected dihydroindole (6) in two steps
failed to produce an oxirane intermediate (5) on reaction
with dimethylsulfonium methylid. Thus, the aldehyde 7
was allowed to react with (2-chloroethoxy)magnesium

ethers and do not have a hydroxy function. We also OH NH,
reported that, in the assay of antihypoxic (AH) and R O~ e SN
antiamnestic (AA) activities, the 3-methyl derivative of 1 H | P
(2) was found to be most active among a variety of benzene 8 N
ring-substituted compounds, but compound 2 proved 1R=H tacrine
much less active than tacrine in its reversing effect on 2:R=CH,
CO,-induced learning impairment in mice.'” Thus, in
order to find more active compounds by further structural o~ NHCH,
modifications of 1, we focused our attention on a series
of bicyclic aryl analogues 3 (Chart 1). This paper reports ‘/\‘
the discovery of the thianaphthenyl compound 3o, which
is much more effective than the three reference drugs ) )
(Chart 1) in reversing the memory impairment generated bifemelane indeloxazine
by CO, anoxia in mice.
Ch ™ Ar = naphthalene
emistry o _R r =nal
All compounds except the indole derivative 3k were \/\'I‘ 1 gﬂgﬁﬂg‘: ne
prepared from arylcarboxaldehyde (4) by means of the 3 Rz indole
two-step reaction shown in Chart 2, i.e., the same method Chart 1
CH,=8(CHa), o) HO - (CHa)n=NR,
Ar=CHO ————— o ArCH(OH)CH,O(CH,),NR
4 5 3alz
e 1. (CHg)oNH
1. C%:I:iocm ~ CHO CIMgCHZO(CHz)ZCIV (/D)\ 2. KOFEh0 N
N 2.0DQ 'NIJ N O~ai
COE CO,Et CO,Et
6 7 8

Chart 2
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Table 1. Characterization Data for 3a—z

Combustion analysis

. 124 mp (°C) o
Compd. Y(‘ﬁ/"; ’  Formuh (Solvent for __ Calod (Found) (%) 1H-NMR spectral data & in D,O solvent, J in Hz
o crystallization)® ~ C H N
3 17 C,H,NO,-HCl 196—197 6496 7.50 475  2.85 (6H, s), 3.2—3.5 (2H, m), 3.7—4.0 (4H, m), 5.79
(BtOH) (6490 743 474) (IH, 1, J=5.5), 7.5-7.8 (4H, m), 7.9—8.3 (3H, m)
B 2B CuH,NO,HC 1555157 6584 8.3 427 124 (6H, t, J=7), 3.15 @H, g, J=7), 3.0—3.4 CH, m),
-0.25H,0 (IPA) (6581 820 431) 3.7—4.0 (4H, m), 5.80 (IH, t, J=5.5)
% 23 C,,H,,NO,-HCI 174—1745 6794 780 417  12—20(6H, m), 2.5—3.6 (6H, m), 3.6—4.41 (4H, m),

(EtOH-Et,0) (67.86 7.96 4.18) 5.79 (1H, t, J=5.5), 7.5—7.8 (4H, m), 7.9—8.4 (3H, m)

3d 16 C,¢H,,NO,-HCl 116.5—118 6497 750 474  3.08 (6H, s), 3.4—3.7 2H, m), 3.8—4.1 (4H, m), 5.28
(Me,CO) (6495 7.3 472) (IH,t,J=5.5), 7.5~7.9 (3H, m), 7.9—8.3 (4H, m)
3e 5 C,sH,sNO,-HCI 100.5—101.5 6675 809 433  1.15(6H, t, J=7), 2.8—3.4 (6H, m), 3.7—3.9 (4H, m),
(IPA-E,0) (6645 839 429) 5.13(IH,t, J=5.5), 7.4—7.7 (3H, m)
3f 14  C,oH,;NO,-HClI 156.5—158 6706 7.50 412  13—1.8 (6H, m), 2.8—3.3 (6H, m), 3.7—4.0 (4H, m), 5.13
-0.25H,0 (BtOH-Et,0) (6735 779 4.24) (IH,t, J=5.5), 7.4—7.8 (3H, m), 7.8—8.1 (4H, m)
3 24 C,,H,3NO,-HCl 198—199.5  63.04 846 490 18—2.3 (2H, m), 2.7—3.1 (10H, m), 3.2—3.5 (2H, m),
(IPA) (6297 862 485 3.6—4.0 (4H, m), 492 (1H, t, J=6), 7.0—7.4 (3H, m)
3h 7 C,H,;;NO,;-HCl 168.5—169.5 S7.70 775 481  2.92(6H, s), 3.0—3.5 (4H, m), 3.6—4.0 (4H, m), 4.4—4.8
-0.2H,0 (IPA) (5799 780 4.66) (2H, m), 490 (1H, t, J=6), 6.80 (1H, d, J=8), 7.0—7.4
(2H, m)
3 11 C,H,;,NO,S-HCl  207.5—210 5534 730 461 263 (6H, s), 2.9—3.9 (10H, m), 4.0—5.2 (3H, m),
(EtOH) (5501 728 444) 69—7.3(3H, m)
3 16 C,H,,NO,-HCl 168—169.5  58.84 7.05 490 287 (6H, s), 3.2—3.5 (2H, m), 3.7—4.0 (4H, m), 5.07
(IPA-AcOEt)  (58.56 7.15 4.69) (IH,t, J=6), 6.94 (1H, d, J=1.5), 7.2—7.6 (2H, m),
7.6—7.8 (2H, m)
3k 73 CuH;0N;0,: 197—200 (dec) 6270 723  9.18  2.81 (6H, s), 3.1—3.4 (2H, m), 3.6—4.0 (4H, m), 5.01
(0.5 fumaric acid) (MeOH) (6259 744 9.02) (IH,t,J=6), 6.56 (1H, 5), 6.60 (1H, d, J=2), 7.22 (IH,
dd, J=9, 2), 7.4—1.5 (2H, m), 7.6—7.7 (1H, m)
3 18 C,;H,,NO,S- 204.5-2055 5693 580 474  3.1—3.4 (2H, m), 3.6—3.9 (4H, m), 5.09 (1H, t, J=6),
(0.5fumaric acid) ~ (MeOH-EtOH) (56.64 564 4.87) 6.54 (1H, s), 7.2—7.5 (2H, m), 7.63 (1H, d, J=5.5),
. 7.8—8.1 (2H, m)

3m 43 C,H,,NO,S-HCl 194—195 5571 6.68 4.64 131 (3H,t, J=1.5), 2.9—3.4 (4H, m), 3.7—4.0 (4H, m),
(MeOH) (55.58 680 447) S5.12(1H,t, J=55),73—75(H, m), 7.68 (1H,d,
J=5.5), 7.8—8.1 (2H, m)

3n 6 C.HNOS-HCl  191.5—1925 5571 668 4.64 2385 (6H, s), 3.2—3.4 (2H, m), 3.6—3.9 (4H, m), 5.09
(EtOH-Me,CO) (5581 6.73  4.06) (IH,t, J=6), 7.3—7.5 2H, m), 7.63 (1H, d, J=6),
7.8—8.1 (2H, m)
30 52 C,H,;NO,S-HCl  138.5—139 5825 7.33 425  LI8 (6H,t, J=1.5), 2.9—3.4 (6H, m), 3.6—3.9 (4H, m),
(IPA) (58.10 747 398) 508 (1H, t, J=5.5), 7.3—7.5 (2H, m), 7.63 (1H, d,
J=5.5), 7.8—8.1 (2H, m)
3 6 C,sH,,NO,S-HCI 167—168 6040 789 391 124 (12H, d, J=6.5), 3.1—3.4 (2H, m), 3.4—3.9 (6H, m),
(IPA) (6026 806 3.63) 5.07(1H, t, J=55), 7.2—7.5 (2H, m), 7.67 (1H, d,
J=55),78—8.1(QH, m)
3q 8 C,,H;;NO,S-HCl  168.5-170 5972 708 410  1.2—19 (6H, m), 2.7—3.4 (6H, m), 3.6—4.0 (4H, m), 5.10
(EtOH-ACOEt) (59.80 7.08 4.08) (IH,t, J=6), 7.3—7.5 (2H, m), 7.63 (1H, d, J=6),
7.8—8.1 (2H, m)
3r 11 Cy6H,;NO;S-HCl ~ 166.5—167.5 5446 657 397  3.0—3.4 (6H, m), 3.5—4.0 (8H, m), 5.09 (1H, t, J=>5.5),
(EtOH-Me,CO) (5429 6.54 4.08) 7.3—7.5 (2H, m), 7.63 (1H, d, J=>5), 7.8—8.1 (2H, m)
3% 7 CyH;N,0,8-2HCl  232—234 5191 666 7.12 294 (3H, s), 3.2—3.6 (10H, m), 3.7—4.0 (4H, m), 5.12
(EtOH-Me,CO) (5214 626 7.02) (IH,t,J=55), 7.3—7.5 (2H, m), 7.65 (1H, d, J=5.5),
‘  78—8.1(H, m)
3t 2 C,H;,NO,S-HCl  188.5—189 5571 6.68 464 286 (6H, s), 3.2—3.5 (2H, m), 3.7—4.0 (4H, m), 5.30

(EtOH-ACOEY) (55.59 678 4.39) (IH,t, J=6), 7.3—7.6 (3H, m), 7.7—8.1 (2H, m)
3a 29 C,H,NO,S-HCl 210211 5571 668 4.64 286 (6H,s), 3.1—3.5 (2H, m), 3.7—4.0 (4H, m), 5.39
(EtOH) (5583 697 482) (1H,t,J=5.5), 7.3—7.6 3H, m), 7.8—8.1 (2H, m)
3v 23 C,H,,NO,S-HCl  190.5—192 5571 668 4.64  2.87 (6H, 5), 3.2—3.5 (2H, m), 3.6—4.0 (4H, m), 5.50
(EtOH-IPA) (5544 695 463) (IH,t, J=6), 7.2—8.1 (5H, m)
3w 18 C,H,(NO,S-HCI 171—172 5571 668 4.64 287 (6H, s), 3.2—3.5 (2H, m), 3.6—4.0 (4H, m), 5.09
(IPA-ACOEt) (5545 692 443) (IH,t,J=55), 7.2—7.5 (2H, m), 7.63 (1H, d, J=6),

; 7.8—8.1 (2H, m)
3x 19 C,H;)NO,S-HCl  168.5—169.5 5490 670 4.58 293 (6H, s), 3.2—3.5 (2H, m), 3.8—4.0 (4H, m), 5.30
025H,0 ' (IPA-AcOEt) (5475 669 4.5 (IH,t, J=6), 7.3—8.0 (5H, m)
3y 30 C,,H,,NO,S 59.5—60.5 6641 820 456 1,04 (6H, t, J=7), 1.5—2.0 (2H, m), 2.3—2.8 (6H, m),
(IPA) (6607 834 4.64) 3.2—3.8 (4H, m), 4.02 (1H, brs), 4.9 (1H, dd, J=8.5,
3.5), 7.2—7.5 (3H, m), 7.7—7.9 (2H, m)°
3% 9  CH;,NO,S-HCI 86—88 6040 7.89 391 114 (6H, t, J=1.5), 1.3—1.7 (4H, m), 2.7—3.2 (6H, m),
(Me,CO-AcOEt) (6025 7.80 4.02) 3.4—3.8 (4H, m), 5.02 (1H, t, J=6), 7.3—7.7 (3H, m),
7.8—8.1 (2H, m)

a) Overall yield from the arylaldehyde 4, except for 3k (% from yield from 8). ' b) TPA: iso-PrOH. ¢) DMSO-d,.
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chloride to give the indolyl carbinol 8, which was then
converted to 3k by aminolysis with dimethylamine
followed by N-deprotection (72% overall yield). Char-
acterization data for all new compounds are given in
Table 1.

Pharmacological Results and Discussion

All of the new compounds prepared in this study were
screened for AA and AH activities in mice according to
the procedures described in a previous paper,'® i.e., assay
for reversing effect on electroconvulsive shock-induced
learning impairment® and measurement of the survival
time under hypoxia, respectively. As shown in Table 2, all
the compounds (3a—z) except 3h and 3m showed AH
activity at oral dose of 100 mg/kg, being mostly superior
or comparable to 1 and indeloxazine. At 30mg/kg,
however, only three compounds (3m,0,w), which are
thianaphthenyl analogues of 1, were more potent than 1
and reference drugs, and the AH activity of compound 3o
is much greater than that of 3n or 3w.

On the other hand, AA activity proved quite sensitive
to the structure of the aryl group as well as the N-alkyl
group, as can be seen in the data for 1- and 2-naphthyl
compounds (3a—f) and for indan and its heterocyclic
analogues (3g—k). Furthermore, none of 3a—k showed
AH activity at 30mg/kg. Compounds 3y and 3z, which
are methylene homologs of 3o, exhibited good AA
activities at 3mg/kg as well as 0.3 mg/kg, but they again
failed to show acceptable AH activity. Among thianaph-
then-5-yl compounds (3}—s), only 3n (N,N-dimethyl)
and 3o (N,N-diethyl) showed both AA and AH activities
superior to indeloxazine and bifemelane. Lastly, com-
pound 3w, a side chain-positional isomer of 3n, showed
well-balanced AA and AH activities comparable to those
of 3n.

Based on the results in the preliminary bioassay de-
scribed above, three 1-thianaphthenyl-2-(2-aminoethoxy)-
ethanols (3m,0,w) were evaluated for their reversing
activity in CO,-induced memory impairment by a pas-
sive avoidance technique, and for acute toxicity in mice.
As shown in Table 3, the best efficacy was obtained with
30. Its minimum effective dose (MED) (0.1 mg/kg) was
found to be some 300-fold smaller than that of the
prototype compound 1 (30mg/kg) or indeloxazine
(>30mg/kg), a cerebral metabolism enhancer. Moreover,
30 proved to be 10-fold more potent than tacrine (a
cholinesterase inhibitor). Other notable features of 3o in
comparison with tacrine are its low toxicity (LDso:
300mg/kg vs. 68 mg/kg) and better brain-to-serum ratio.

In conclusion, the present study on structural modifi-
cations of our prototype compound 1 in its benzene
ring has been rewarded by the discovery of the thianaph-
then-5-yl compound 3o that displays excellent AA
and AH activities in mice and yet: has remarkably low
acute toxicity. Optical resolution of the racemate and the
pharmacological properties of the enantiomers will be
reported in due course.

Experimental®
1-(Benzo[ 5]thiophen-5-yl)-2-[ 2-(N, N-diethylamino)ethoxyJethanol Hy-
drochloride (30) (General Procedure) A mixture of dimethylsulfate (34 g,

Vol. 43, No. 9

Table 2. Antiamnestic and Antihypoxic Activities of 1-Bicycloaryl-2-
(w-aminoalkoxy)ethanols in Mice

Antiamnestic activity®
(mg/kg, i.p. dosing)

Antihypoxic activity?
(mg/kg, p.o. dosing)

Compound
03 3 30 100
1 + ++ + ++
2 - +++ + +++
3a - - - ++
3b - + - ++++
3c - ++ - ++
3 - + - ++
3e + + - +++
3f - - - +
3 - ++ - +++
3h - + - -
3i - - - ++++
3j - - - ++++
3k - - - ++4
3 + + - +
3m ++ - - -
3n + - ++ ++++
3o + - ++++ ++++
3p - + - ++
3q - - + ++++
3r - - + ++
3s + - + ++++
3t + + - ++
3u - - - +++
3v - + + ++
3w - ++ ++ +4++4+
3x + ++ - ++++
3y + + - ++
3 ++ ++ - +
Tacrine ++ - + 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 control: —, <25%; +, 25—50%; + +, 51—75%; + + +,
76—100%; + + + +, >100%. c) Not determined.

0.27 mol) and dimethyl sulfide (18.5g, 0.30 mol) in CH;CN (90 ml) was
stirred at 0—5°C for 2h, then at room temperature for 10h before
addition of sodium methoxide (16 g, 0.30 mol). The reaction mixture was
stirred at 10—15°C for 1h, and a solution of benzo[b]thiophene-5-
carboxaldehyde (30g, 185mmol) in CH,CN (60ml) was added at
5—10°C over a period of 30min. The reaction mixture was stirred at
10—15°C for 1h, then poured into ice-water (250ml) and extracted
with Et,0 (200m x 2). The ether extract was washed with brine, dried,
and concentrated to give 5-(1,2-epoxyethyl)benzo{b]thiophene (32.6g,
99%). A small amount of this material was purified by distillation under
reduced pressure to give a colorless oil, bp 115—120°C/0.7 Torr, which
solidified on standing at room temperature, mp 48—51°C. 'H-NMR
(CDCl,) 8: 2.80 (1H, dd, J=5.5, 2.5Hz), 3.14 (1H, dd, J=5.5, 4Hz),
3.94 (1H, dd, J=4, 2.5Hz), 7.0—7.5 (3H, m), 7.6—7.9 (2H, m). 4nal.
Calcd for C,HgOS: C, 68.15; H, 4.58. Found: C, 68.14; H, 4.50.

A solution of the oxirane (5.4g, 31 mmol) obtained above in di-
methyl sulfoxide (DMSO) (5ml) was added to a mixture of potassium
tert-butoxide (10.4g, 93mmol) and N,N-diethylethanolamine (22g,

_ 1883 mmol) in DMSO (15ml) at 60—65°C. The mixture was stirred at
the same temperature for 1h, then poured into a stirred mixture of

ice-water (100ml) and toluene (100 ml). The whole was acidified to pH
2 with 6N HC), and the layers were separated. The aqueous layer was
brought to pH 10 by addition of K,CO, and extracted with AcOEt
(100ml x 2) . The combined extracts were washed with water (S0ml x 5)
and then brine, dried, and concentrated. A solution of the residual oil
in acetone (20 ml) was treated with ethanolic HCI (6 M, 3.5mli, 21 mmol)
at 10—20°C before dilution with AcOEt (25ml). Precipitated crystals
were collected by filtration and recrystallized from iso-PrOH to give 30
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o -(CHNHCH
3t-x CHj,
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A e " N(CHy), v - 4isomer / > (CHp)y ~ N(CaHs)2
e w 6-isomer
s X  7-somer S ,
7 3y (n=3)
3z (n=4)
Chart 3

Table 3. Learning Impairment-Ameliorating Activity, Acute Toxicity,
and Brain-to-Serum Ratio of 1-Thianaphthenyl-2-(2-aminoethoxy)ethanols
(3n, 0, w) in Oral Administration

Reversal of learning Acute toxicity Brain/serum

Compound impairment in mice®  in mice® o a

o MED (mglkg) LDy, (mg/kg) T °HO B rats?

1 30 >500 496

3n 30 "> 500 13.5

k) 0.1 300 11.5

3w >30 > 500 ND?
Tacrine 1 68 8.47
Indeloxazine >30 4449 18.5
Bifemelane >100 ND?

1034/

a) Amnesia was induced by exposure to CO, immediately after the acquisition
trial. b) Minimum effective dose. ¢) LD, were calculated from lethality during
7d after dosing. d) Rats were killed 30min after administration of samples
(30mg/kg). e) Ref. 9. f) Ref. 10. g) Not determined.

OH
oy
/ NEt,
S
30
Chart 4

(5.1g, 52%) as colorless prisms, mp 138.5—139°C.

Characterization data of new aryloxirane intermediates used for the
preparation of 3h, i, and 3v—x are given below.

5-(1,2-Epoxyethyl)-2,3-dihydrobenzofuran: 100% yield, bp 95—
99°C/0.45Torr. 'H-NMR (CDCl;) 6: 2.76 (1H, dd, J=5.5, 2.5Hz),
2.9—3.3 (3H, m), 3.77 (1H, dd, J=4, 2.5Hz), 4.53 (2H, t, J=8.5Hz),
6.5—6.8 (1H, m), 6.9—7.2 (2H, m). Anal. Calcd for C,,H,,0,: C, 74.05;
H, 6.22. Found: C, 73.71; H, 6.17.

5-(1,2-Epoxyethyl)-2,3-dihydrobenzo[b]thiophene: 92% yield, bp
125—135°C/3 Torr. *H-NMR (CDCl,) §: 2.78 (1H, dd, J=5.5, 2.5Hz),
3.0—3.5 (5H, m), 3.83 (1H, dd, J=4, 2.5Hz), 6.8—7.2 (3H, m). Anal.
Calcd for C,,H,,08: C, 67.38; H, 5.65. Found: C, 67.18; H, 5.63.

4-(1,2-Epoxyethyl)benzo[b]thiophene: 94% yield, bp 102—106°C/
0.18 Torr. 'H-NMR.(CDCl,) 6: 2.83 (1H, dd, J=5.5, 2.5Hz), 3.16 (1H,
dd, J=5.5, 4Hz), 4.24 (1H, dd, J=4, 2,5Hz), 7.0—8.0 (SH, m). Anal.
Caled for C;oH408S: C, 68.15; H, 4.58. Found: C, 68.22; H, 4.61.

6-(1,2-Epoxyethyl)benzo[b]thiophene: 95% yield, bp 120—125°C/
0.9 Torr.(mp: 36—40°C). 'H-NMR (CDCl,) é: 2.78 (1H, dd, J=5.5,
2.5Hz), 3.11 (1H, dd, J=5.5, 4Hz), 3.90 (1H, dd, J=4, 2.5Hz), 7.1—1.5
(3H, m), 7.6—7.9 (2H, m). Anal. Calcd for C,,HgOS: C, 68.15; H, 4.58.
Found: C, 67.96; H, 4.63. .

7-(1,2-Epoxyethyl)benzo[ b]thiophene: 95% yield, bp 95—98 °C/0.18
Torr. *H-NMR (CDCl,) é: 2.95 (1H, dd, J=5.5, 2.5Hz), 3.15 (I1H,
dd, J=5.5,4Hz), 4.12 (1H, dd, /=4, 2.5Hz), 7.1—7.5 (4H, m), 7.5—7.8
(1H, m). 4nal. Calcd for C,yHzO0S: C, 68.15; H, 4.58. Found: C, 67.88;
H, 4.56.

1-(Ethoxycarbonyl)-1H-indole-S-carboxaldehyde (7) Titanium(IV)
chloride (11.7 g, 62 mmol) was added to a stirred and cooled (ice-water)
solution of 6 (4.0g, 21 mmol) in dry CH,Cl, (40ml) at 0—5°C over a

_ period of Smin before addition of dichloromethyl methyl ether (2.9g,
25mmol). The reaction mixture was stirred at the same temperature for
I h, then poured into a stirred mixture of ice-water (60ml) and 6N
HCIl (4ml). The layers were separated, and the organic layer was washed
with brine, dried, and concentrated. The residue was subjected to silica
gel chromatography (elution with hexane: AcOEt=10:1) to give 1-
ethoxycarbonyl-5-formyl-2,3-dihydro-1H-indole (2.4 g, 52%) as a white
solid. An analytical sample was obtained by recrystallization from
iso-PrOH as colorless needles, mp 94—95 °C. IR (KBr): 1704, 1682cm ™1,
'H-NMR (CDCl,) é: 1.37 (3H, t, J=7Hz), 2.9—3.3 (2H, m), 3.8—4.5
(4H, m), 7.5—7.9 (3H, m), 9.85 (1H, s). 4nal. Caled for C,,H,;NO,:
C, 65.74; H, 5.98; N, 6.39. Found: C, 65.63; H, 5.98; N, 6.37.

A mixture of the dihydroindole obtained above (6.5 g, 30 mmol) and
2,3-dichloro-5,6-dicyano-1,4-benzoquinone (1.0 g, 45 mmol) in benzene
(65ml) was refluxed for 4h. After having been cooled to room tem-
perature, the mixture was filtered and the remaining solid was washed
with benzene. The combined filtrates were washed successively with
aqueous 10% K,CO, and brine, dried, and concentrated. The residue
was purified by silica gel chromatography (elution with hexane:
AcOEt=5:1) to give 7 (4.2g, 65%) as a white solid. A small amount
of this solid was recrystallized from iso-PrOH to give colorless needles,
mp 70—71°C. IR (KBr): 1736, 1681cm™*. 'H-NMR (CDCl,) &: 1.48
(3H, t, J=7Hz), 4.54 2H, q, J/=7Hz), 6.71 (1H, d, J=3.5Hz), 7.6—8.5
(4H, m), 10.10 (1H, s). Anal. Calcd for C,,H,,NO;: C, 66.35; H, 5.10;
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N, 6.45. Found: C, 66.43; H, 5.12; N, 6.38.

2-(2-Chloroethoxy)-1-[ 1-(ethoxycarbonyl)-1 H-indol-5-yI ]Jethanol (8)
1-Chloromethoxy-2-chloroethane (4.5g, 35mmol) was added dropwise
to a stirred suspension of Mg turnings (0.85g, 35mmol) and HgCl,
(0.10g, 0.4mmol) in tetrahydrofuran (THF) (10ml) at 0—5°C. After
30min, the resulting Grignard reagent was added to a solution of 7
(3.0g, 14mmol) in THF (30 ml) at — 50— —40 °C over a period of 5 min.
After 15 min, the reaction mixture was poured into a mixture of NH,Cl
(3.1g, 58 mmol), ice-water (100 ml), and AcOEt (100 ml), then the whole
was acidified to pH 2 with 6 N HCL The layers were separated, and the
organic layer was washed with brine, dried, and concentrated. The resi-
due was subjected to silica gel chromatography (elution with hex-
ane:AcOEt=10:1) to give 8 (4.3g, 99%) as a white solid, mp
40.5—42°C. IR (KBr): 1735cm™*. 'H-NMR (CDCl,) é: 1.45 (3H, t,
J=THz), 2.92 (1H, brs), 3.3—3.9 (6H, m), 4.46 (2H, q, J=7Hz), 4.95
(1H,dd,J=7.5,4.5Hz), 6.54 (1H, d, J=4Hz), 7.1—7.4 (1H, m), 7.4—7.6
(2H, m), 8.07 (1H, d, J=8.5Hz). Anal. Caled for C,sH,3CINO,: C,
57.78; H, 5.82; N, 4.51. Found: C, 57.64; H, 5.80; N, 4.55.

2-[2-(N,N-Dimethylamino)ethoxy]-1-(1H-indol-5-yl)ethanol Fumarate
(3k) A mixture of 8 (1.5g, 4.8 mmol), aqueous Me,NH (50%, Sml,
95mmol), and KI (0.8 g, 4.8 mmol) in EtOH (4.5ml) was refluxed for
3 h before addition of a solution of KOH (0.6 g, 11 mmol) in water (2 ml).
After 15min the reaction mixture was cooled to room temperature,
poured into ice-water (20ml), and extracted with CHCl; (30ml x 2).
The combined extracts were washed with brine, dried, and concentrated.
The residue was subjected to silica gel chromatography (elution with
CHCl,:MeOH =1:1) to give a colorless oil. This material was dissolved
in MeOH (20 ml) and the solution was treated with fumaric acid (0.3 g,
2.6mmol). The resulting crystals were collected by filtration and
recrystallized from MeOH to give 3k (1.2 g, 73%), mp 197—200 °C (dec.).

Reversal of Electroconvulsive Shock (ECS)-Induced Impairment of a
Passive Avoidance Response Groups of 10 male ddY mice, 6—7 weeks
old and weighing 26—37 g, were used. Assay was carried out according
to a reported procedure” by using a two-compartment step-through
passive avoidance apparatus consisting of an illuminated compartment
(10x13x15cm) and a darkened grid-floor-equipped compartment
(25 x 13 x 23 cm) with an-opening (3 x 4cm) between them. The passive
avoidance training was given by application of 1.5mA current for 3s to
the grid. Each test compound dissolved in physiological saline was dosed
intraperitoneally 1h before the training. Immediately after the training,
a 20mA current was administered to the eyes for 0.5s, then after 24 h,
retention of the inhibitory avoidance response was measured over a
period of 300s.

Antihypoxic Activity Groups of 10 female ddY mice (6 weeks old)
were used. 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 t respiratory interception was recorded
as the survival time.

Reversal of CO,-Induced Impairment of a Passive Avoidance Re-
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sponse Groups of 10 male ddY mice (6—7 weeks old) were used.
This assay was performed according to a published procedure.® Im-
mediately 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 ml 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 test compound was administered
orally prior to evaluation for retention of the passive avoidance response.
Dosages for MED determination were: 1=1.0, 3.0, 10 and 30mg/kg;
3n=3.0, 10 and 30 mg/kg; 30=0.03,0.1,0.3, 1.0, and 3.0 mg/kg; 3w=1.0,
3.0, 10 and 30mg/kg; tacrine=0.1, 0.3, 1.0, 3.0, and 10mg/kg;
indeloxazine=1.0, 3.0, 10, and 30mg/kg; bifemelane=10, 30, and
100 mg/kg. Values of MED as determined by the Kruskal-Wallis test
followed by the Mann-Whitney U-test were statistically significant
(p<0.05).
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