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Synthesis of orthogonally protected 3,8-diazabicyclo[3.2.1]octane-2-
carboxylic acid––a versatile building block for the synthesis of

cocaine analogues
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Abstract—An eight-step synthesis of an orthogonally protected 3,8-diazabicyclo[3.2.1]octane from commercially available pyro-
glutamic acid was developed. The target compound can be used as a versatile building block for combinatorial synthesis of
pharmacologically useful compounds and features a hidden a-, b-, d- and e-amino acid, which can also be seen as an example of a
new class of cocaine analogues.
� 2003 Elsevier Ltd. All rights reserved.
The demand for multi-functionalized building blocks
with pharmaceutical applications is growing. Many
drugs in modern medicinal chemistry have been devel-
oped, which contain piperazine as subunits.1a–e 2-Car-
boxyl-piperazine subunits have been incorporated into a
number of medicinally useful compounds: for example,
N-methyl-DD-aspartate (NMDA) antagonists,2a HIV
protease inhibitors and metalloproteinase inhibitors.2b–f

Bridged piperazine analogues have been studied exten-
sively for treating immune disorders, as constrained
bicyclic peptidomimetic synthons,3a;b as dopamine
uptake inhibitors for the treatment of cocaine abuse
and as analogues of the potent natural analgesic
epibatidine.3c;d

Several syntheses of the 3,8-diazabicyclo[3.2.1]octane
skeleton have been reported.3a;b;4 The synthesis of an
orthogonally protected 3,8-diazabicyclo[3.2.1]octane-2-
carboxylic acid, featuring an a-, b-, d- and e-amino acid
has, to date, not been reported. This structure can also
be envisioned as an aza analogue of pseudococaine.
Herein we report the synthesis of the orthogonally
protected and functionalized 3,8-diazabicyclo-
[3.2.1]octane 1.
Keywords: Orthogonal amine protection groups; 3,8-Diazabicy-
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* Corresponding authors. Tel.: +43-1-58801-15401; fax: +43-1-58801-

15499; e-mail addresses: stefan.pichlmair@univie.ac.at; ujordis@

pop.tuwien.ac.at

0040-4039/$ - see front matter � 2003 Elsevier Ltd. All rights reserved.

doi:10.1016/j.tetlet.2003.12.031
MeN H
O Ph

O

CO2Me
MeN CO2Me

O Ph

O

H

N
N

CO2HPG1

PG2

H

1 1

Cocaine Pseudococaine 1

Starting from 5-methoxy-3,4-dihydro-2H-pyrrole-2-car-
boxylic acid methyl ester 2 prepared by esterification
and O-methylation of commercially available pyroglu-
tamic acid,4g;5 heating with stoichiometric amounts of
methyl nitroacetate afforded 3 as a mixture of E=Z iso-
mers in 44% yield. Hydrogenation of 3 resulted in
cyclization of the intermediate to the methyl 3,8-diaza-
bicyclo[3.2.1]octane-2-carboxylate 4 as a mixture of the
axial and equatorial products. Isolation of the equato-
rial product was achieved by crystallization of the
fumarate in 57% yield.6

Protection of 4 with di-tert-butyl dicarbonate (Boc2O),
followed by protection of the sec-amide with allyl
chloroformate (AllocCl) using n-BuLi as base followed
by reduction with Super Hydride (LiBHEt3) gave
hemiaminal 6. Neither the reaction with Et3SiH/BF3–
OEt2 nor O-acetylation followed by NaBH4 reduction
led to the desired compound (Scheme 1) 7.7

Selective reduction of the amide 4 to the diamine 8
and protection with di-tert-butyl dicarbonate yielded
65% of monoprotected product 10 and 16% of dipro-
tected product 9. Compound 9 was deprotected with
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Scheme 2. Reagents and conditions: (a) BH3–SMe2, dry THF, rt, 3 h, 76%; (b) Boc2O, Et3N, CH2Cl2, 1 h, 0 �C, 65%; (c) CF3CO2H, CH2Cl2, 3 h, rt,

95%; (d) AllocCl, Et3N, CH2Cl2, 4 h, 0 �C, 99%; (e) LiOH, Dioxane:H2O¼ 1:1, 3 h, rt, 95%.
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Scheme 1. Reagents and conditions: (a) O2NCH2CO2Me, 60 �C, 30 h, neat, 44%; (b) H2, 10%-Pd/C, MeOH, 4 d, rt, 57% of the equatorial diaste-

reomer; (c) Boc2O, Et3N, CH2Cl2, )5 �C then warm up to rt, 92%; (d) n-BuLi, dry THF, )78 �C then AllocCl, rt, 1 h, 83%; (e) LiBHEt3, dry THF,

)78 �C, 30 min, 100%; (Boc2O¼ di-tert-butyl dicarbonate, AllocCl¼ allyloxycarbonyl chloride).
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trifluoroacetic acid in order to recover diamine 8. By
repeating the protection deprotection sequence a second
time, the overall yield of 10 could be raised to 75%.
Protection of compound 10 with allyl chloroformate and
Figure 1. Structural view of 5 in the solid state.9 Selected bond lengths

and angles (�A, �): N(1)–C(1) 1.458(2), N(1)–C(4) 1.468(2), N(1)–C(9)

1.361(2), N(2)–C(2) 1.338(2), N(2)–C(3) 1.458(2), C(1)–C(2) 1.519(2),

C(1)–C(6) 1.527(2), C(3)–C(4) 1.543(2), C(3)–C(7) 1.516(2), C(4)–C(5)

1.538(2), C(5)–C(6) 1.539(2), C(1)–N(1)–C(4) 104.2(1), C(2)–N(2)–C(3)

126.1(1), N(2)–C(2)–C(1) 116.0(1).
hydrolysis of the methyl ester gave target compound 1 in
94% yield (Scheme 2).8

The stereochemistry of the carboxyl group in 4 (axial or
equatorial) could not be determined from the NMR
spectra. However X-ray crystallography of 5 established
the expected equatorial position for the carboxylate
group (Fig. 1).9

In summary, we have achieved a diastereoselective
synthesis of the 3,8-diazabicyclo[3.2.1]octane-2-carbox-
ylic acid framework, readily available from cheap
pyroglutamic acid. Additionally, we have shown a way
to protect both amino groups orthogonally.
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