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Synthesis of 1-Azabicyclo[3.3.0]octane Derivatives and Their Effects as

Piracetam-like Nootropics
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A useful pharmaceutical intermediate, 5-nitromethyl-1-azabicyclo[3.3.0]octane (1), was prepared in one step
from 1,7-dichloro-4-heptanone (4) under mild conditions. Catalytic hydrogenation of 1 over Raney Ni in the pres-
ence of sodium hydroxide afforded 5-aminomethyl-1-azabicyclo[3.3.0]octane (2) in high yield. Piracetam ana-
logues 20—23, which were pyrrolidine derivatives involving a 1-azabicyclo[3.3.0]octane ring, were synthesized.
Pharmacological tests showed that /NV-[(1-azabicyclo[3.3.0]octan-5-yl)methyl]-2-oxo-1-pyrrolidineacetamide (20)

improves cerebral function.
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Senile dementia, which is increasingly becoming an object
of public concern, is classified into the categories of multiin-
farct dementia and Alzheimer-type dementia. As cerebral
function activators have been used as therapeutic agents for
the former, which is caused by cerebro-vascular accidents,
we have become interested in piracetam analogues' such as
piracetam, pramiracetam,” and aniracetam® (Chart 1).

Several kinds of compounds having the 1-azabicy-
clo[3.3.0]octane moiety have also shown good biological ac-
tivity, however.” 1-Azabicyclo[3.3.0]octane has a unique al-
kaloid skeleton in which the lone pair on the bridgehead ni-
trogen atom is in the syn direction in relation to the sub-
stituent at the S-position (Chart 1). It is therefore likely that
the amine moiety acts differently on macromolecules than
other amine moieties, and in some cases the action might be
specific for enzymes or receptors.

In this study, we designed, prepared and assayed com-
pounds having 5-aminomethyl- and 5-aminoethyl-1-azabicy-
clo[3.3.0]Joctane moieties in place of the amino group in
piracetam analogues to improve the interaction with the bind-
ing site. We also describe here a novel synthesis of a useful
intermediate, S-aminomethyl-1-azabicyclo[3.3.0]octane (2).

Chemistry

Until now, 2 has been prepared only by the reduction of 5-
cyano-1-azabicyclo[3.3.0Joctane (3), obtained in four steps
from 2-pyrrolidinone.” In the present study, however, we de-
veloped an alternative preparation method for 2.

We have already reported the synthesis of 3 from 4 by a
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nucleophilic attack of a cyanide anion on the iminium chlo-
ride 6.° Taking into account the pK, values for a methyl
group of nitromethane (10.2) and the ammonium ion (9.2),
we expected the generation of nitromethyl anion from ni-
tromethane in the presence of ammonia. Thus the reaction of
four equivalents of nitromethane with one equivalent of 4 in
the presence of 2.6 equivalents of ammonia in methanol af-
forded 1 in 66.5% yield” along with 10.8% of byproduct
10.¥ The proposed mechanism of the reaction is shown in
Chart 2. The reaction of 4 with ammonia would initially pro-
vide the imine 5 and the enolate 7. The double cyclization of
5 gives 6, which is then attacked by the nitromethyl anion to
give 1 (path A). At the same time, the enolate 7 undergoes
cyclopropane formation to give 8, followed by dihydropyr-
role ring formation to give 10 (path B).

We subsequently carried out the catalytic hydrogenation of
1 to 2. The reduction of 1 with Raney Ni in ethanol followed
by treatment with HCI provided not only 2 dihydrochloride
but also iminium chloride 6.” The 'H-NMR spectrum
showed a molar ratio of the dihydrochloride to 6 of 2.4:1
(Chart 3). On the other side, the 'H-NMR spectrum of 1 in
deuterated methanol showed that the methylene group at the
a-position in relation to the nitro group was readily deuter-
ated; surprisingly, however the protons on the methylene
groups at the 4- and 6-positions were also deuterated at room
temperature.'” These results suggest that there was an equi-
librium between 1 and 1-dg, as shown in Chart 4. Interest-
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ingly, the reduction of 1 with Raney Ni in the presence of a
stoichiometric amount of NaOH afforded 2 in high yield
without the formation of 6 (Chart 3). We therefore presume
that the conversion of 1 to the sodium salt 15'" by NaOH
suppresses the shift to 11. This reduction method using a
base could also be applicable to S-aminonitroalkanes.

Compound 2 was allowed to react with the 2-oxopyrroli-
done derivatives 16, 17,'? and 18'> at 90 °C to give 20, 21,
and 22, respectively. Compound 23 was obtained by heating
a mixture of 16 and 19'¥ (Table 1).

Pharmacological Results and Discussion

The step-through passive avoidance tests were performed
with mice to determine the effects of the test compounds on
memory retrieval (Table 2). Both latency and % retention in
the test differed significantly between the sham operation
group and the cycloheximide-treated control group. Both de-
creases were significantly reversed by the administration of
10 mg/kg of 20. The administration of 10 mg/kg of piracetam
reversed the % retention significantly, and that of pramirac-
etam reversed the latency, respectively. Compounds 21, 22,
and 23 had no effect in this model.

Further, the effect of 20 on cerebral energy metabolism
was clarified compared with that of pramiracetam, anirac-
etam, and piracetam using spontaneously hypertensive rats
(SHR) exhibiting cerebral ischemia induced by bilateral
carotid ligation (BLCL).'> As shown in Table 3, the concen-
trations of ATP and the ratios of lactate concentration to
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Table 1. Preparations of 2-Oxo-1-pyrrolidine Derivatives with 1-Azabicy-
clo[3.3.0]octane

NH2
{ o 4
M [EHzh
+
OR: 9 “L ah N"[CH?)n
R4 N
0

16:R; =11 Ry~ Me -1
IR, -, Ry=Tt 19:n=2
18:%; =Ph, Ry=Me
Entry Ester Amine Product Yield (%)?
1 16 2 20 (R,=H,n=1) 73.4
2 17 2 21 (R,=Et, n=1) 69.3
3 18 2 22 (R,=Ph,n=1) 83.0
4 16 19 23 (R,=H, n=2) 69.3

a) Isolated yield.

Table 2. Effects of 20—23 on Cycloheximide-induced Passive Avoidance
Deficit in ICR Mice”

Dose Latency in .y
Treatments (me/ke, p.0.) n | tention i;st ) % Retention”
Sham operation 20 223.4+233%* 60" "
Cycloheximide control 20  148.9*18.8 10
20 1 20  148.8%+20.9 15
10 20 237.1%£21.1%* 47
21 1 20  155.6*24.6 30
10 20  114.5%+24.0 10
22 1 20 148.5*+25.0 30
10 20  135.9=%253 20
23 1 20 121.2%22.7 15
10 20  145.0*24.8 20
Piracetam 1 20 129.0%x22.1 15
10 20  206.8+27.5 55+
Pramiracetam 1 20 200.0*£22.2 30
10 20  223.5+20.3* 35

a) Each latency represents the mean*S.E. b) The percentage of good performers
per group. [p<<0.05, [ p<<0.01: significantly different from control (Student’s
t-test). + p<<0.05, ++ p<<0.01: significantly different from control (Fisher’s exact prob-
ability test).

pyruvate concentration (L/P) differed significantly between
the sham operation group and the saline-treated control
group with BLCL. The oral administration of 3 mg/kg or
10 mg/kg of 20 caused a significant increase in the concen-
trations of ATP compared with the control group. The con-
centrations of lactate and the L/P ratios in the 20-treated
group remained at lower levels than in the control group. In
contrast, the administration of pramiracetam and aniracetam
caused a slight increase in the concentrations of ATP and
slight decreases in the L/P ratios. The administration of
10 mg/kg of piracetam was also not significantly effective in
the same test (Table 4).

These results indicate that 20 ameliorates memory distur-
bance and that the effects on energy metabolism in cases of
cerebro-vascular accident are superior to those of pramirac-
etam, aniracetam, and piracetam. Compound 20 can there-
fore be expected to function as a therapeutic agent for multi-
infarct dementia.

In conclusion, we have developed a convenient synthetic
method for the novel compound 1. The reduction of 1 to 2
was improved based on the observation of the deuteration of
1. This method may be readily applicable to large-scale pro-
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Table 3. Effects of 20 on Cerebral Metabolism in SHR with Brain Ischemia Induced by Bilateral Common Carotid Artery Ligation (BLCL)"
Treatments Dose (mg/kg, p.o.) n ATP (umol/g) Lactate (umol/g) Pyruvate (umol/g) Ratio (L/P)
Sham operation 5 1.54%0.09** 2.04%0.79 365.5+8.4 5.68+£2.17*
Control 6 0.65+0.23 10.50+4.26 351.9£30.1 41.07£14.26
20 3 6 1.35%0.18* 7.54%2.96 308.9+30.4 21.68%7.80
10 6 1.53+0.14** 2.47+0.75 408.1£65.5 6.27+1.63
Pramiracetam 3 5 1.212£0.30 6.87x1.77 360.9+31.8 18.25*3.46
10 5 1.11%0.25 6.04+2.63 410.1%£37.9 13.80*5.64
Aniracetam 10 6 0.89%+0.19 6.77+2.04 320.6+£45.7 23.49+8.10
30 5 1.07%0.25 9.23x1.91 351.7x21.7 25.88+4.77
a) Each value represents mean=S.E. [p<<0.05, [ p<<0.01: significantly different from control (Student’s #-test).
Table 4. Test for Piracetam on Cerebral Metabolism in SHR with Brain Ischemia Induced by Bilateral Common Carotid Artery Ligation (BLCL)"
Treatments Dose (mg/kg, p.o.) n ATP (umol/g) Lactate (umol/g) Pyruvate (umol/g) Ratio (L/P)
Sham operation 5 1.88+0.02** 1.80£0.14%** 379.8£8.2%* 4.75£0.44%*
Control 4 0.70+0.24 29.04%2.01 543.7%36.1 54.65+6.99
Piracetam 1 5 1.38+0.34 20.35+6.40 412.2+95.0 44.53+£6.95
10 6 1.37%0.31 16.03£5.26 341.0£99.7 62.68+£29.78

a) Each value represents mean=+S.E. [ p<<0.01, [ p<<0.001: significantly different from control (Student’s #-test).

duction. Piracetam analog 20 involving 2 showed satisfactory
bioactivity. The 1-azabicyclo[3.3.0]octane moiety might
therefore successfully interact with the biopolymer. Addi-
tional applications of intermediate 2 to various bioactive sub-
stances might cause increases in the activities of these sub-
stances.

Experimental

Melting points were measured on a Yanagimoto micromelting point appa-
ratus and were uncorrected. Infrared (IR) spectra were obtained on a JASCO
FT/IR-8000, 'H-NMR spectra on a JEOL JNM-GSX 270 spectrometer
(270 MHz for 'H and 68 MHz for '*C) using tetramethylsilane as an internal
standard; mass spectra were obtained on a JEOL JMS-DX 300 spectrometer;
and elemental analyses for C, H, and N were obtained on a Yanaco CHN
Analyzer MT-5.

5-Nitromethyl-1-azabicyclo[3.3.0]octane (1) and 5-cyclopropyl-3,4-di-
hydro-2H-pyrrole (10) A solution of 4 (4.79g, 26.2mmol) and ni-
tromethane (6.40 g, 0.105 mol) in MeOH (2.8 ml) was saturated with ammo-
nia gas at 20 °C, followed by stirring for 24 h. The reaction mixture was con-
centrated, made basic with 0.1 ~ NaOH, and extracted with methylene chlo-
ride. The organic extract was dried over sodium sulfate and concentrated in
vacuo. Chromatography of the residue on silica gel (CH,Cl,/MeOH=30:1)
afforded 2.94 g (66.0%) of 1 and 0.307 g (10.8%) of 10 as pale yellow oils,
respectively. 1: '"H-NMR (CDCly) &: 1.59—1.96 (6H, m, 3, 7-CH, and two
protons of 4, 6-CH,), 2.10—2.19 (2H, m, two protons of 4, 6-CH,), 2.56—
2.66 and 3.01—3.09 (4H, m, 2, 8-CH,), 4.27 (2H, s, CH,NO,). BC-NMR
(CDCly) 6: 25.33 (C3, C7), 36.00 (C4, C6), 55.48 (C2, C8), 72.75 (C5),
82.96 (CH,NO,). IR (neat) cm™': 2958 (C-H), 1547 (NO,). MS (EI) m/z:
170 (M*). HRMS (EI) Caled for CgH,,N,0, (M™) m/z: 170.1055. Found
170.1071. 10: 'H-NMR (CDCl;) &: 0.82—0.87 (4H, m, CH, of cyclo-
propane), 1.77—1.91 (3H, m, 3-CH, and CH of cyclopropane), 2.32—2.38
(2H, m, 4-CH,), 3.75—3.80 (2H, m, 2-CH,). *C-NMR (CDCl,) &: 7.16
(CH, of cyclopropane), 14.06 (CH of cyclopropane), 22.35 (C3), 34.68
(C4), 60.45 (C2), 179.72 (CS). IR (neat) cm™': 1460 (C=N). MS (EI) m/z:
109 (M¥). HRMS (EI) Caled for C;H;)N (M") m/z: 109.0891. Found
109.0880.

5-Aminomethyl-1-azabicyclo[3.3.0]octane (2) To a solution of 1
(1.00 g, 5.88 mmol) and NaOH (0.235 g, 5.88 mmol) in ethanol (5 ml), was
added 0.40 g of Raney nickel and the mixture was placed under hydrogen at
20°C for 12h. After filtration, the filtrate was poured into 5.0 ml of 33%
HCl-isopropanol solution below 20 °C. The mixture was concentrated, and
the HCI salt of 2 was recrystallized from the mixed solvent of ethanol and
isopropanol. Excess ammonia gas was introduced into the suspension of the
salt in ether, and the solution was then stirred at 20 °C for a few hours. The
precipitate was filtered off, and the filtrate was concentrated to afford 716 mg

(86.9%) of 2 as a colorless oil. 'H-NMR (CDCl,) &: 1.40 (2H, br, NH,),
1.49—1.82 (8H, m, 3, 4, 6, 7-CH,), 2.53 (2H, s, CH,NH,), 2.53—2.65 and
2.93—3.01 (4H, m, 2, 8-CH,). *C-NMR (CDCl,) &: 24.93 (C3, C7), 35.90
(C4, C6), 51.10 (CH,NH,), 55.49 (C2, C8), 73.98 (C5). IR (neat) cm™:
3380 (N-H), 2950 (C-H). MS (CI) m/z: 141 (M+H)". Caled for
CsH¢N,-2HCI: C, 45.08; H, 8.51; N, 13.14. Found: C, 45.22; H, 8.39; N,
13.38.
N-[(1-Azabicyclo[3.3.0]octan-5-yl)methyl]-2-oxo-1-pyrrolidineac-
etamide (20) A mixture consisting of 16 (14.1g, 89.6mmol) and 2
(11.4 g, 81.4 mmol) was stirred under argon at 90 °C for 6h. The resulting
mixture was concentrated and then purified by chromatography on alu-
minum oxide (CH,Cl,/MeOH) to give an oil. The oil was converted to the
terephthalate by heating with terephthalic acid (13.5 g, 81.4 mmol) in EtOH
(2000 ml). EtOH was removed until the solution reached a volume of ap-
proximately 700 ml. The precipitate was dissolved in NaOH solution and ex-
tracted with dichloromethane. The organic layer was dried over MgSO,, and
the solvent was evaporated to give 15.5 g (73.4%) of 20 as a pale yellow oil.
'"H-NMR (CDCLy) 6: 1.5—1.9 (8H, m, 3, 4, 6, 7-CH, of azabicyclooctane),
2.10 (2H, quintet, J=7.8Hz, 4-CH, of oxopyrrolidine), 2.45 (2H, t,
J=7.8 Hz, 3-CH, of oxopyrrolidine), 2.57—2.66 and 2.95—3.01 (each 2H,
m, 2, 8-CH, of azabicyclooctane), 3.19 (2H, d, /=5.4 Hz, CONHCH,), 3.50
(2H, t, J=7.8 Hz, 5-H of oxopyrrolidine), 3.94 (2H, s, NCH,CONH), 6.65
(1H, brs, NH). IR (neat) cm™': 3308 (N-H), 1669 (C=0). MS (CI) m/z: 266
(M+H)*. 4nal. Caled for C;,H,3N;0,-C,H O, (terephthalate): C, 61.24; H,
6.77; N, 9.74. Found: C, 61.19; H, 6.91; N, 9.58.
N-[(1-Azabicyclo[3.3.0]octan-5-yl)methyl]-a-ethyl-2-0xo0-1-pyrro-
lidineacetamide (21) By using a similar procedure as described for 20,
compound 21 was prepared from 17 and 2 as a pale yellow oil. '"H-NMR
(CDCl,) &: 0.89 (3H, t, J=7.3 Hz, CH,CH,), 1.52—1.83 (10H, m, 3, 4, 6, 7-
CH, of azabicyclooctane and CH,CH,), 1.94—2.08 (2H, m, 4-CH, of ox-
opyrrolidine), 2.38 (2H, m, 3-CH, of oxopyrrolidine), 2.54—2.61 and
2.92—3.00 (each 2H, m, 2, 8-CH, of azabicyclooctane), 3.13 (2H, d,
J=5.4Hz, CONHCH,), 3.38—3.49 (2H, m, 5-CH, of oxopyrrolidine), 4.43
(H, dd, J=8.8, 6.8 Hz, NCHCONH), 6.49 (1H, brs, NH). IR (neat) cm™:
3316 (NH), 1658 (C=0). MS (CI) m/z: 294 (M+H)". Anal. Calcd for
C,¢H,;N;0,-CgH O, (terephthalate): C, 62.73; H, 7.24; N, 9.14. Found: C,
62.49; H, 7.41; N, 9.18.
N-[(1-Azabicyclo[3.3.0]octan-5-yl)methyl]-@-phenyl-2-o0xo-1-pyrro-
lidineacetamide (22) By using a similar procedure as described for 20,
compound 22 was prepared from 18 and 2 as colorless prisms. mp: 110—
112°C. "H-NMR (CDCl,) 6: 1.45—1.81 (8H, m, 3, 4, 6, 7-CH, of azabicy-
clooctane), 1.81—2.13 (2H, m, 4-CH, of oxopyrrolidine), 2.31—2.52 (2H,
m, 3-CH, of oxopyrrolidine), 2.31—2.50 and 3.73—3.82 (each 1H, m, 5-
CH, of oxopyrrolidine), 2.50—2.70 and 2.88—3.07 (each 2H, m, 2, 8-CH,
of azabicyclooctane), 3.13 and 3.24 (each 1H, dd, J=13.2, 59Hz,
CONHCH,), 5.81 (1H, s, NCHCONH), 6.32 (1H, brs, NH), 7.36 (5H, s, aro-
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matic H). IR (neat) cm™': 3318 (NH), 1660 (C=0). MS (CI) m/z: 342
(M+H)*. 4nal. Caled for C, H,,N;0,-2/3(C{H,O,) (terephthalate): C,
67.28; H, 6.91; N, 9.29. Found: C, 67.23; H, 7.11; N, 9.33.

N-[2-(1-Azabicyclo[3.3.0]octan-5-yl)ethyl]-2-oxo0-1-pyrrolidineac-
etamide (23) By using a similar procedure as described for 20, compound
23 was prepared from 16 and 19 as a pale yellow oil. "H-NMR (CDCl;)
6: 1.58—1.82 (10H, m, 3, 4, 6, 7-CH, of azabicyclooctane and
CONHCH,CH,), 2.09 (2H, quintet, J=7.8 Hz, 4-CH, of oxopyrrolidine),
2.44 (2H, t, J=7.8Hz, 3-CH, of oxopyrrolidine), 2.55—2.63 and 2.90—
2.98 (each 2H, m, 2, 8-CH, of azabicyclooctane), 3.35—3.40 (2H, m, CON-
HCH,CH,), 3.47 (2H, t, J=7.8 Hz, 5-CH, of oxopyrrolidine), 3.92 (2H, s,
NCH,CONH), 8.83 (1H, brs, NH). IR (neat) cm™': 3294 (NH), 1668
(C=0). MS (CI) m/z: 280 (M+H)*. Anal. Calcd for C,sH,sN;0,- C(H;N,0,
(picrate): C, 49.60; H, 5.55; N, 16.53. Found: C, 49.51; H, 5.54; N, 16.53.

Reference Compounds Pramiracetam and aniracetam were synthesized
at our laboratory, and piracetam was purchased from Sigma-Aldrich.

Step-through Passive Avoidance Tests in Mice ICR mice weighing
24—40¢g were used for the passive avoidance cycloheximide model. The
training apparatus consisted of two compartments (light and dark) with a
small gateway between them. The floor of the dark compartment was made
of a grid through which a foot shock was delivered with a shock generator-
scrambler. Mice were placed in the light compartment. Immediately after a
mouse would step through to the dark compartment, a foot shock would be
delivered until the mouse returned to the light compartment (acquisition
trial). Twenty-four hours after the training, the mice were again placed into
the light compartment, and the latency period for the mice to enter the dark
compartment (step-through latency) was recorded up to 300 seconds (reten-
tion test). Compounds 20—23 with equimolar fumaric acid were dissolved
in saline and administered p.o. (1 or 10 mg/kg) 30 minutes before the acqui-
sition trial, respectively. Piracetam and pramiracetam dissolved in saline
were administered in the same manner, respectively. Cycloheximide was ad-
ministered i.p. (120 mg/kg) 15 minutes before the acquisition trial. The sham
operation group received two injections of saline.

Measurement of Cerebral Metabolites in Rats Spontaneously hyper-
tensive rats, each of which weighed 340 to 410 g, were anesthetized with
ether. Bilateral common carotid arteries were exposed and simultaneously
double-ligated. One hour after the operation, oral administrations (5 ml/kg)
were performed. Compound 20 with equimolar fumaric acid dissolved in
water was administered; pramiracetam and piracetam dissolved in water
were administered, respectively; or aniracetam dissolved in 5% gum arabic
solution was administered. For the sham-operated group and the control
group, saline was administered. Four hours after the administrations, each of
the animals was irradiated with microwaves (Toshiba Microwave Applicator,
5.0kW output for 1.5 sec). The cortex portion of each brain was isolated and
used for the measurement of concentrations of ATP, lactate, and pyruvate.
The concentrations of ATP, lactate, and pyruvate were determined by an ATP
test, Lactate test, and Pyruvate test (Boehringer Mannheim), respectively.
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