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A single-step synthesis on a gram scale of four pure

acid (GABA)? the major inhibitory neurotransmitter in the
vertebrate central nervous system implicated in many physi-
ological and pathological eventsThe GABA, receptor gates

a Cl-selective channel in response to the binding of the
transmitter as well as of benzodiazepines, barbiturates, and
steroids® Selective targeting and modulation of GABA trans-
porter subtypes is of biological interest and additionally of
importance for the elucidation of their specialized physiological
function and individual structure. Different constrained amino
acids have been prepared and tested on GABA receptors such
as nipecotic acid and guvacifétiagabine® compound SK&F
89976-A? and the pyrrolidine-2-alkanoic acid$.

Considering the general biological interest in new derivatives
possessing affinity for GABA receptors, we planned the
biological evaluation of amino aciddand7 (Schemes 2 and
3) containing the azabicycloctane skeleton. The fact that the
stereochemistry plays a fundamental role in the interaction
between a bioactive molecule and the receptor prompted us to
revisit the previous synthetic procedure, aiming to make
available all the possible stereoisomers ofand 5 which
themselves were prepared in a single step. Furthermore, a series
of N-alkyl derivatives were directly prepared from tRebenzyl
derivatives4ab and 5ab taking advantage of a “one-pot”
reaction consisting in the deprotection and reductive alkylation
of N-3.

The synthetic strategy previously adopted obtain com-
pounds4a and 5a took advantage of the use of exo and endo

stereoisomers of the 6-amino-3-azabicyclo[3.2.1]octane-6- norbornene amino esters, which were transformed into

carboxylic acid was carried out using)(1-phenylethylamine

to confer chirality. The phenylethyl group, and frenethoxy
group linked to the N-atom, are easily removed by hydro-
genolysis to afford the corresponding NH-3 derivatives. A
series of N-3-alkyl compounds were prepared by way of a
“one-pot” deprotection-alkylation procedure starting from

cyclopentyl amino ester and 3 functionalized on gand G

with two formyl groups with the required cis stereochemistry
(Scheme 1). Their reactions wighmethoxybenzylamine, as the
nitrogen donor, and NaBH(OAg) as the reducing agent,
allowed the preparation of compounda and5a. The corre-
sponding enantiopure compounds were also prepared starting

the above key compounds. Their biological activity has been from norbornene derivatives related 1p containing the )-

evaluated on the GABA receptor.

8-phenylmenthyl group as the chiral auxiliary, which were
obtained in very high de and exo selectivity (exo/endo, 83:17)
through a Diels-Alder reaction. This result obviously disfavored

Compounds containing the 3-azabicyclo[3.2.1]octane scaffold the preparation of the endo series of compouhaiien starting

are of biological interest as evidenced by recent literatane

a large number of patents. Receritlyye reported on the
synthesis of diastereoisomeric 6-amino-3-azabicyclo[3.2.1]-
octane-6-carboxylic acid derivativego4a andende5a (Scheme

1), as well as of the correspondiigH-3 derivatives. Com-
pounds4 and5 are constrained analogues pfaminobutyric
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SCHEME 1. Synthesis of 3N-Alkyl-6-amino-3-azabicyclo[3.2.1]octane-6-carboxylic Acids by Reductive Amination Procedufe
Me,OC j t NHCOMe
MeCONH A /7 CO,Me
(18*%28*4S5*-exo-1 \ / (1R*25*4R"-endo-1

CHO cHO
MeO.C i MeZOC@ E'>;002Me i NHCOMe
- R N — M
MeCONH MeCONH ” v NHCOMe C0:Me
CHO OHC
NR RN
(15%55"6S"-exo-4a,c 2 3 (1R*5R*,6S"-endo-5a,c

a:R=PMB : a:R=PMB

¢: R = Me (24%) l i c:R=Me (11%)
CO,Me MeO,C NHCOMe MeCONH
\'NHCOMe + MeCONH"/ \'/CO,Me + MeOC")

N N N N
Me)\Ph MeJ\ph Me’kPh MeJ\ph
(+)-(1R,5R,6R,1'R)-exo-4b (-)-(1S,56S,6S,1'RA)-exo-4b' (+)-(1R,5R,6S,1'R)-endo-4b (-)-(1S,5S,6R,1'R)-endo-4b'
(25%) (28%) (12%) (10%)

a2 Reagents and conditions: (i) RMHNaBH(OAc), AcOH (cat.), CICHCH,CI, 25 °C.

SCHEME 2. Synthesis of 3N-Alkyl-6-amino-3-azabicyclo[3.2.1]octane-6-carboxylic Acids by a “One-Pot”
Deprotection—Alkylation Procedure?

(+)-exo-4a (+)-endo-5a
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MeCONH l orii ior ||
1]
(Ph),C=CH CHZ):\ MeO,C NHCOMe
1 MeCONH CO,Me
(+)-exo-4g R' = Me (30%)
-exo-4c: R = Me (74%) (+)-endo-5¢: R = Me (70%)

iv
; ()
l V ()-ex0-4d: R = H (97%)  (+)-endo-5d: R = H (93%) NH
E:;-exo—4e: R = Et (93%) (+)-endo-5e: R = Et (86%) 2
=+,

HO,C
HeN PMB-N

N-R R=PMB
(-)-(1R,5R,6S5)-endo-7a
\ §
(-)-exo-6a': R = PMB (100%) /
(+)-ex0-6e: R = Et - 2HCI (100%) HOLC, NH,
(+)-ex0-6g: R = (Ph),C=CH(CH,), HoN 2HCI 2HCI COH
- 2HCI (100%)

NH HN
(-)-(18,565,6S)-exo0-6d' (100%) (+)-(1R,5R,65)-endo-7d (100%)

-exo-4f: R = iPr (86%) CO,H

aReagents and conditions: #d,5d,6d',7d: H,, Pd/C, MeOH; (ii) b, Pd/C é4c5c. MeOH/HCHO; 4e5e EtOH/MeCHO; 4f: MeCOMe); (iii)
(PhpC=CH(CH,).Br, K-CO3, Nal, DMF; (iv) 6 N HCI, A; (v) anhydrous HCI, EtOH.

esters ofexol andendoel which have been prepared in a 70:  materials, using a cheaper chiral reagent such Rs1{

30 ratio and on a multigram scale.Following the same phenylethylamine in place of)-8-phenylmenthol. The above
synthetic protocol adopted for the preparation of compounds method was applied to the preparation of théN-Baethyl
4aand5a,? all enantiopure stereoisomeaso4b/4b andendo compounds £)-exa4c (24%) and {)-ende5c (11%), which
5b/Sb were prepared starting from a mixture of racemic bis- ere obtained in poor yields from the mixture of aldehy@es
aldehyde<2 and 3 and performing the reductive amination in 5143 and methylamine. The-methoxybenzyl derivativeda

the presence off)-(R)-1-phenylethylamine and NaBH(OAC) 5454 were then selected as key reagents aiming to find a
n ‘?"Ch'oroeth"?‘”e (25C, 12 h) Wh'l.e using A(,:OH as thalyst. . general procedure to minimize the number of the synthetic steps.
Using an efficient chromatographic separation, the dlastere0|-.|.hiS allowed theNH-compounds as well as a seriesNblkyl

someric azabicycloderivativesxo4b (25%), exo4b’ (28%), compounds to be synthesized efficiently. The deprotection of
endaeb5b (12%), andende5b’ (10%) were isolated (Scheme 1). P y enty. P .
N-3 was performed by hydrogenolysis which made possible an

The preparation of the above amino acids was performed on ficati £ th . d Sch %) Th
the gram scale (7 g), thus ensuring the availability of enantiopure easy pur |ca§|on of the reaction product (Scheme 2). The
hydrogenolysis of£)-exa4aand &)-ende5a (Pd/C, MeOH,

(11) Bueno, M. P.; Cativiela, C.; Finol, C.; Mayoral, J.@an. J. Chem. 25°C, 1 atm, 2 days) gave tieH derivative (t)-exo4d (97%)
1987, 65, 2182-2186. and (&)-ende5d (93%), respectively.
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SCHEME 3.

i CO,R
(+)-exo4b — \'NHR?

RN

(+)-(1R,5R,6R)-exo0-4,6¢
(+)-4c: R = Me, R = Me, R2 = MeCO (80%)
(+)-6¢: R =Me, R'=R2 =H - 2HCI (100%)

NHR2
\'CO,R!

RN

iorii
—_—

(+)-endo-5b

(+)-(1R,5R,65)-endo-5,7¢c,d
(+)-5¢: R = Me, R = Me, R2 = MeCO (83%)
(+)-7c: R=Me, R'=R2=H - 2HCI (100%)
(+)-5d: R = H, R' = Me, R? = MeCO (73%)
(+)-7d: R =R' = R%2=H - 2HCI (100%)

1}

i [
il [
aReagents and conditions: (i) R Me: H,, Pd/C, MeOH, HCHO; (ii) R=

The same protocol was used efficiently (36 h) to deprotect
(-)-exo4b’ and ¢)-ende5b, and the purdlH enantiomers (-)-
exa4d (85%) and {)-endae5d (73%) were isolated (Scheme
3). In principle, compounds of the series could also be
precursors for the preparationdfalkyl compounds using well-
known methods. Here, we report on the use of an alternative
strategy to achieve this synthetic target consisting in a “one pot”
deprotecton and alkylation reaction of the nitrogen atorile3)
taking advantage of the use of catalytic hydrogenation in
presence of a carbonyl compound, starting from reagéats
and 5a or enantiopure compoundtb/4b and 5b/58. When

JOCNote

Enantiopure 6-Amino-3-azabicyclo[3.2.1]octane-6-carboxylic Acids and Their 8-Methyl Derivatives?

. R'OC
iorii \
—_— R2NH"
NR

()-(15,55,68)-ex0-4,6¢',d"
(-)-4c": R = Me, R = Me, R2 = MeCO (70%)
(-)-6¢": R=Me, R'=R2=H - 2HCI (100%)
()-4d": R = H, R = Me, R2 = MeCO (85%)
()-6d": R =R'= R2=H - 2HCI (100%)

. R2NH
L . R0,

NR

(-)-exo-4b'

L.
(-)-endo-5b'

(-)-(18,58,6R)-endo-5,7¢'

()-5¢": R = Me, R" = Me, R2 = MeCO (85%)
()-7c: R=Me, R'=R2 = H - 2HCI (100%)

H: Hy, Pd/C, MeOH: (ii) 6 N HCI, A.

7d ([a]p = +4.0) derived from the catalytic hydrogenolysis
(Scheme 2) of the known amino acids)fexc6a? and )-
endoe72 followed by their treatment with anhydrous HCI in
EtOH.

The hydrolysis of 4)-exa4c, (—)-exo4c, (+)-endebc, and
(—)-endoe5c as well as of £)-exa4eg performed as described
before gave the corresponding amino acidg-éxe6c, (—)-
exo6c, (+)-enda7c, (—)-ende7c, and ()-exa6eg in quan-
titative yields.

Amino acids exo6 and endo7, as well as some of the
correspondingN-acetyl derivatives (see Table TS1 in the

the hydrogenolysis was performed in presence of a methanolicSupporting Information) were tested for their binding ability to

solution of formaldehyde (37%), ti¢-methyl derivatives£)-
exa4c (74%) and {)-endae5c (70%) were isolated, respec-
tively, from (£)-exo4a and &)-endeb5a (Scheme 2). It has to

GABAA, receptors in rat cerebral cortical membranes using
labeling tests withJH]muscimol (for GABA, sites) and H]-
flunitrazepam (for the benzodiazepine site). In general, these

be emphasized that this synthetic approach is a valuablecompounds did not display an appreciable affinity for the

alternative to the reductive amination lig-aldehydes and3
in the presence of MeNHwhich gave the sam&-methyl
derivatives4c and 5c but in very low yield (Scheme 1). The
reductive alkylation of £)-exa4awas also performed in EtOH/
acetaldehyde and in acetone and the expettexthyl and
N-isopropyl derivatives£)-exa4e (93%) and £)-exc4f (86%)
were isolated, respectively (Scheme 2). Compoutténdo
5e (85%) was obtained frondf)-endoeba.

The “one-pot” deprotection-methylation reaction of tkie3
atom of the four stereoisomers-Y-exa4b, (—)-exo4b’, (+)-
endaebb, and ()-ende5b’ using formaldehyde gave the pure
enantiomers-{)-exo4c (80%), (—)-exa4c (70%), (+)-ende
5c (83%), and {)-ende5c (85%), respectively (Scheme 3).

Finally, considering that the 4,4-diphenylbut-3-en-1-yl group

GABAA receptor. Only theN-Me compounds displayed low
affinity for GABA A receptors but the biological activity resides
solely in the () enantiomers (i.e.)-(1R,5R,6R)-exa-6¢ and
(+)-(1R,5R,69)-enda7¢), thus confirming that the stereochem-
istry of the skeleton is an important feature in the binding to
GABA receptors.

In conclusion, a very efficient method to prepare the four
stereoisomers of 6-amino-3-azabicyclo[3.2.1]octane-6-carboxy-
lates on the gram scale in a single step is described uBRg (
1-phenylethylamine as the chiral-inducing moiety. The phenyl-
ethyl and thep-methoxy groups are easily removed by
hydrogenolysis to give the correspondiNgl-3 derivatives. By
way of a “one-pot” deprotectionalkylation reaction, a series
of N-3-alkyl compounds were synthesized. It can be concluded

is a typical residue that increases selectivity (see compoundthat compounds of the series are valuable synthons for the

SK&F 89976-A) on GABA receptors and taking into account
that the appropriate aldehyde is not available, compouf)d (
exo4g (30%) was prepared starting front)-exo4d and 4,4-
diphenylbut-3-en-1-yl bromide operating in DMF and in the
presence of KCO; and Nal (Scheme 2).

Aiming to ensure the correct stereochemistry of each stere-
oisomer of theb series, isomers<)-exo4d and ()-ende5d
were hydrolyzedn 6 N HCI (100°C, 24 h) to give {)-exo
6d and (+)-enda7d, respectively, in quantitative yield as the
bishydrochlorides (Scheme 3). Compound3-éxa6d ([olp
= —9.3) and {+)-ende7d ([a]p = +4.9) were correlated to
the same compounds-§f-exa6d ([a]p = —9.0) and ¢)-endo

preparation of enantiopud-3-alkyl substituted derivatives.

Experimental Section

Compound®, 3, (+)-exo4a, (+)-ende5a, (-)-exo6a, and (-)-
endoe7a are known compounds.

General Procedure for the Reductive Amination from Alde-
hydes 2 and 3: Synthesis of 3-Azabicyclo[3.2.1]octanexo-
4b,b',c and endo5b,b',c. A mixture of aldehyde® and 3 (241
mg, 1 mmol) was dissolved in anhydrous dichloroethane (4
under N with stirring at 25°C. (R)-1-Phenylethylamine (5@L,
1.1 mmol) or MeNH (32.6 mg, 1.05 mmol), NaBH(OAg)530
mg, 2.5 mmol), and AcOH (catalytic amount) were added. After

mL)
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36 h, the solvent was removed, and the mixture was taken up with 0.044 mmol) at 283C and 1 atm for 24 h. The catalyst was removed

CH,ClI; (5 mL), washed with KO (5 mL), and dried over MgS©

by filtration through celite and the solvent was eliminated affording

In the case of phenylethylamine (1.45 mL, 31.9 mmol), the reaction the expected compounds of tkeseries [from {)-excda (4)-

has been scaled up starting from aldehy®857 g, 29 mmol) to
give a mixture of diastereoisomers (7.6 g, 80%), which were
chromatographed on silica gel (gEl,/MeOH, 20:1). This afforded
a mixture ofexa4b/4b (5.3 g, 56%) an@ndoe5b/5b (2.3 g, 24%).
Using a Biotage chromatographic system (column: FLASH 65i,
KP-SIL, 65 x 200 mm;exa4b/4b: cyclohexane/AcOEt, 3:2nde
5b/5b: CH,Cl,/MeOH, 10:1) pure {)-exo4b (2.3 g, 25%) was
separated from «)-exa4b’ (2.65 g, 28%) and «)-ende5b
(1.15 g, 12%) from {)-ende5b’ (0.95 g, 10%). Pureff)-exo4c
(57 mg, 24%) and+)-ende5c (21.6 mg, 11%) were isolated after
column chromatography (GBl,/MeOH, 50:1) and crystallization.
General Procedure for the Deprotection ofN-3. Compound
(£)-exo4aor (+)-endo5a (346 mg, 1 mmol), £)-exo4b' or (+)-
ende5b (330 mg, 1 mmol), or €)-exo6d or (—)-ende7a (290
mg, 1 mmol) was dissolved in MeOH (10 mL). Pd/C (10%, 100

exa4c (90 mg, 88%); from £)-endeb5a (+)-ende5c (88 mg,
85%); from (+)-exo4b: (+)-exa4c (50 mg, 70%); from )-exo
4bh'": (—)-exoe4c (58 mg, 80%); from {)-endoe5b: (+)-ende5c
(60 mg, 83%); from {)-ende5b’: (—)-endoe5c¢ (62 mg, 85%)]
or (x)-exo4e (from (£)-exc4a 100 mg, 90%) or £)-endobe
(from (£)-endoba: 75 mg, 68%) or £)-exo4f (from (£)-exo
4a: 81 mg, 70%) after crystallization.

Synthesis of Methyl &)-(1S*,5S*,65*)-6-Acetamido-3-(4,4-
diphenylbut-3-enyl)-3-azabicyclo[3.2.1]octane-6-carboxylatexo-
4g.To a solution of £)-exa4d (297 mg, 1.3 mmol) in DMF (20
mL) were added 4-bromo-1,1-diphenylbut-1-ene (565 mg, 1.96
mmol), K;CO; (370 mg, 2.68 mmol), and Nal (78 mg, 0.52 mmaol).
The reaction was stirred at reflux for 48 h (TLC: &EFh/n-hexane,
4:1) and then poured into water (10 mL) and extracted wit®©Et
(3 x 10 mL). The organic layer was washed with a saturated

mg, 0.1 mmol) was added, and the mixture was hydrogenated solution of NaCl (3x 10 mL) and dried over N&O,. After flash

(25 °C, 1 atm;exo4a andendoba: 48 h; exo4b’ and ende5b:
36 h;exo6d andenda7a 24 h). The mixture was filtered through

column chromatography on silica gel (g&,/MeOH, 40:1) pure
compound £)-exa4g was obtained (170 mg, 30%).

a Celite pad, the solvent was removed, and the residue was purified General Hydrolysis Procedure to obtain Amino Acid Dihy-

by column chromatography on silica gel (g8,/MeOH, 1 : 1).
The pure compounds [fromH)-exo4a (+)-exo4d (165 mg,
73%); from ()-endob5a (+)-endo5d (158 mg, 70%); from{)-
exo4b': (—)-exo4d (192 mg, 85%); from+)-ende5b: (+)-endoe
5d (165 mg, 73%), from+)-exo6d: (—)-exc6d (142 mg, 84%);
from (—)-ende7a (+)-endoe7d (160 mg, 95%)] were obtained

drochlorides. Operating in a sealed tube, compounrk)-exo4c

or (—)-exo4c, (+)-endae5c or (—)-ende5c, (+)-exo4d or (—)-
exo4d', (+)-ende5d or (—)-ende5d, or ()-exa4e or (£)-exc

49 (1 mmol) was suspended 6 N HCI (1 mL), and the mixture
was heated at 120C for 14 h. The solvent was removed, and the
corresponding acidsxo6, exa6', endo7, andendo?' were isolated

after crystallization. Spectroscopic data of known compounds are in quantitative yield. The spectroscopic data of the known com-

in agreement with literature.
6-Amino-3-azabicyclo[3.2.1]octane-6-carboxylic Acidexo-6d'
and endo7d-2HCI. The hydrochloride salts were obtained after
treating compounds~)-exc6d’ and (+)-endoe7d individually with
a solution of anhydrous HCI in EtOH.
(—)-(1S,55,69)-ex0-6d - 2HCI: [a]?5 —9.0 (€ 0.5, MeOH).
(+H)-(1R,5R,65)-endo7d-2HCI: [a]?% +4.0 (€ 0.5, MeOH).
General Procedure for the “One-Pot” Deprotection—Alky-
lation Reaction of N-3. Compound £)-exo4aor (+)-endo5a (150
mg, 0.432 mmol), {)-exo4b or (—)-exo4b’, or (+)-endae5b or
(—)-enda5b’ (100 mg, 0.303 mmol) was dissolved in the appropri-
ate solvent (see below: 10 mL). A catalytic amount of AcOH and
a carbonyl compound were added [forMeOH and formaldehyde
(37% MeOH solution, 20Q«L, 1.2 mmol); for e EtOH and
acetaldehyde (2BL, 0.476 mmol); forf: acetone and water 1:3].

pounds are in agreement with the literattire.
(—)-(1S,5S,65)-6-Amino-3-azabicyclo[3.2.1]octane-6-carboxy-
lic Acid exo-6d'-2HCI: [a]?% —9.3 (€ 0.5, MeOH).
(+)-(1R,5R,69)-6-Amino-3-azabicyclo[3.2.1]octane-6-carboxy-
lic Acid endo7d-2HCI: [a]?, +4.9 € 0.5, MeOH).
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Supporting Information Available: General technique. Ana-
lytical, spectroscopic daté and3C NMR spectra of compounds
exa4b—g, exa4b'—d’, ende5b—e, ende5b'—c', exa6c,e,g, X
6¢, ende7c, andendo7c. Biological activity of compoundsxo
6a.c,c,d,g, ende7ac,c,d, exa8, and ende9. This material is
available free of charge via the Internet at http://pubs.acs.org.

The mixture was hydrogenated over a Pd/C catalyst (10%, 47 mg, JO7019702
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