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Novel bicyclic a-amino acidsexoandendol-azabicyclo-
[2.2.1]heptane-2-carboxylic acid, 1-azabicyclo[2.2.1]heptane-
7-carboxylic acid, and 1-azabicyclo[3.2.2]nonane-2-carbox-
ylic acid have been readily synthesized for the generation
of neuronal nicotinic receptor ligands. Alkylation of glycine-
derived Schiff bases or nitroacetates with cyclic ether
electrophiles, followed by acid-induced ring opening and
cyclization in NH,OH, allowed for the preparation of
substantial quantities of the three tertiary bicyadi@mino
acids.

o
x=0,1,2
y=01

Non-naturala-amino acids have been the subject of much
synthetic effort, primarily as a result of their usefulness as
intermediates in the synthesis of polypeptides, natural products,
and pharmaceutical agerits! For these applications consider-

able effort has focused upon multicomponent syntheses of amino

acids® To further our research program at Targacept, we
required a robust synthesis of bicyclic tertiaxyamino acids
1-3 (Figure 1)® These amino acids were anticipated to be key
intermediates in the synthesis of neuronal nicotinic receptor
(NNR) ligands. Upon further review of the literature, it was
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FIGURE 1. Bicyclic a-amino acids.

evident that there was a lack of synthetic methodology available
for their synthesis. DielsAlder reactions witha,S-didehy-
droalaninate and cyclopentadiene in the presence of chiral Lewis
acids have given rise to 2-aminonorbornane-2-carboxylic acids
enantioselectively Several 1-carboxy-7-azabicyclo[2.2.1]heptane
amino acids, from-glutamic acid through an enantiomerically
pure proline analog, have also been descridddwever, neither

of these approaches were suitable for synthesizing amino acids
1-3.

SCHEME 1. Retrosynthetic Analysis of Bicyclica-Amino
Acids
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Retrosynthetic analysis (Scheme 1) of tertiargmino acids
1-3indicates that they could be synthesized via an acid (HBr)
induced ring opening of tetrahydrofuran or tetrahydropyran rings
and subsequent cyclization in NBIH. Alkylation of Schiff
basest and9, an approach that has been used successfully by
others in the synthesis of various non-naturamino acids;1°
will give the desired substituted tetrahydrofuran and tetrahy-
dropyran rings. Schiff base$ and 9 are in turn synthesized
from readily availableN-methyl or ethyl glycine. This note
details the racemic synthesis of novel bicydieamino acids
1-3.
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SCHEME 2. Synthesis of 1-Azabicyclo[2.2.1]heptane-2-carboxylic Acid
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aReagents and conditions: (a) &b, 3-iodomethyltetrahydrofuran, DMF/toluene (1:1), 5 (b) (i) 2 N HCI, (ii) NaHCQ, (c) 48% HBr, HB{g), 120
°C sealed tube, 8 h, (d) Nj@H, 60°C, (e) EtOH, concd BEBQO,, reflux, 8 h, and (f) (i) NaHC@ (ii) concd HCI.

SCHEME 3. Synthesis of 1-Azabicyclo[2.2.1]heptane-7-carboxylic Acid
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aReagents and conditions: (a) LDA, 4-iodotetrahydropyran, THR °C, (b) (i) 2 N HCI, (i) NaHCQ, (c) (i) 48% HBr, HByg), 120°C sealed tube,
8 h, (ii) NH4OH, 60°C, (iii) HSO, EtOH, reflux, (iv) concd HCI, reflux, (d) tetrahydropyran-4-one, Gi@-methylmorpholine, THF, OC, and (e) H,
EtOH, Raney Ni.

A number of groups have described the alkylation of a sealed tube reaction with HBr at 120 for 8 h followed by
benzophenone imine glycine enolaté$. O’Donnell et al. treatment with NHOH at 60°C for 4 h (Scheme 2).
pioneered use of ester analogtiéor glycine ester alkylation Determination oexo andendoisomers was based upon the
under remarkably mild conditiorfsSubsequently, other workers  chemical shift and coupling constants for H atoms attached to
have employed related glycine amide benzophenone ififines c-2 and C-3 in the bicyclic system. We have proposed that the
or bis(methylthio)methylene imin&sfor similar alkylations. In hydrogen attached to C-2 fexaisomer8awill be shielded to
our work, we found that when the electrophile tetrahydro-3- g greater extent than that fendeisomergb. Esterification of
iodomethylfurart® a primary iodide, was used, the alkylated picyclic amino acidl allowed for the separation @xo and
imine 5 was obtained in accordance with the observations of ongeisomers8a andsb. Assignment of theitH NMR spectra
O’Donnell and Wojciechowski? and subsequent hydrolysis  4jowed us to designatga (C2-H, ¢ 3.15-3.20, dtd,J = 6.6
with 2 N HCI gave amino acid estér(68% fr0m4). BiCyC'iC Hz, lH) asexo and 8b (CZ-H, 0 3.67-3.73, dddd,J = 5.2,
tertiary a-amino acidl was obtained in 90% yield froré via 10.6 Hz, 1H) aendo Saponification 0Baand8b with NaHCO;
gave amino acidda and1b as racemic mixtures.

(11) Hansen, M. M.; Bertsch, C. F.; Harkness, A. R.; Huff; B. E;

Hutchison, D. R.; Khau, V. V.; LeTourneau, M. E.; Martinelli, M. J.; Misner, Alkylation of benzophenone imine$ and 9 with KO'Bu
J.hW.; Peterson, B. C.; Rieck, J. A.; Sullivan, K. A.; Wright, 1.JJ.0rg. failed to yield product when the electrophile tetrahydi$-4
Chem.1998 63, 775-785. _Aiadi i

(12) Oppolzer, M.; Moretti, R. Thomi, STetrahedron Lett1989 30, pyran-4-iodide, a secondary lodide, was used (Scheme 3).
6009-6010. However, deprotonation of benzophenone iméneith LDA

(13) Ikegami, S.; Uchiyama, H.; Hayama, T.; Yamaguchi, Tétrahe- at —78 °C gave the desired alkylated produd, albeit in low
dron 1998 44, 5333-5342. i 0 is Wi i i

(14) Echavarren, A. M.; Cardenas, D. J.; Castano, A. M.; Cuerva, J. M; yield (22%), anq hydrolysis wit2 N HCI gave amlr.]o acid eSt.er
Mateo, C.Bull. Soc. Chim. Belgl994 103 549-558. 11 An alternative approach t@l was to use highly acidic

(15) O’Donnell, M. J.; Wojciechowski, KSynthesis1984 313-315. nitroacetates in Lehnert's modification of the Knoevenagel
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SCHEME 4. Synthesis of endal-Azabicyclo[2.2.1]heptane-2-carboxylic Acid (1b), 1-Azabicyclo-
1-Azabicyclo[3.2.2]nonane-2-carboxylic Acid [2.2.1]heptane-7-carboxylic Acid (2), and 1-Azabicyclo[3.2.2]-
0 nonane-2-carboxylic Acid (3).o-Substituted amino acid ester is
taken up in 48% aq HBr. HBr gas was passed through the solution
0 4 Br o until full saturation. The contents were heated at-1120 °C for
g — O/\/ — i»@ 8 hin a sealed tube. The contents were taken up in a round-bottom
14 H om N—H flask and the acid was removed in vacuo by azeotroping with EtOH.
HaN © Hel COH The resultant solid was dissolved in 28% MM (~10 mL for
15 O 3 each 1 g) and heated at 8C for 4 h. The solid obtained after
removal of NHOH was taken up in EtOH to which concd.$0,
#Reagents and conditions: (a) NaH, (E®DCHCO.Et, benzene, 25  \as added and heated at reflux for 8 h. The reaction mixture was
°C, (b) Hp, EtOH, Pd/C, (c) LiAlH, THF, 0°C, (d) (i) MsCI, EEN, CH,Cl, cooled, basified with saturated aq NaHElution, and extracted
0°C, (ii) LiBr, acetone, reflux, (e}, K.OtB‘j DMFfoluene (1:1), 0C, () with CHCl; (4 x 10 mL). Combined organic extracts were dried
fgbi"\é E,C(Ii’i)(",\?,rgﬂ ’CG%Léng“)(g& géééc}ﬁ r’reqﬁg)’ (gocoﬁczealgﬂ over NaSO, and filtered and_ solvent was remc_)ved in vacuo. Ethyl
reflux. ester was heated at reflux with concd HCI to give the hydrochloride
salt.

condensation, employing Tigin the presence oK-methyl- (a) exo-1-Azabicyclo[2.2.1]heptane-2-carboxylic Acid (1a)H
morpholine in THF With use of these conditions, tertrahy- g'\élg(gogH'\;'H;lg?)zg ?513;:)'12 géJ(l)_r i5fH§'Zig!'?’li'2(g
dropyran-4-one and ethyl nitroacetate gave a mixture of isomers3i_|) 1.6'3—1.6756 '(m 1'H)'13C’NMFé (7'5 MHz ,DZO),(S 1'71"5 64_8’
12 (nonconjugated, major) arid (conjugated, minor) that were 58.é, 52.4. 35.1, é3.4,'26.2. Anal. Calcd ’fOfl'GdNOz'HC’k C,’
not separated (70%). Hydrogenation of this mixture of isomers 47 33: H, 6.81; N, 7.89; CI, 19.96. Found: C, 47.28: H, 6.87: N,
with Raney Ni gave amino acid ethyl estet in quantitative 7.78; Cl, 19.82.
yield. Bicyclic tertiary a-amino acid2 was obtained in 90% (b) endo1-Azabicyclo[2.2.1]heptane-2-carboxylic Acid (1b).
yield, in racemic form, as the HCI salt frofml via a sealed 1H NMR (300 MHz, D,O) 6 4.43-4.50 (ddddJ = 20.8 Hz, 1H),
tube reaction with a 48% solution of HBr saturated with gRr 3.42-3.56 (m, 1H), 3.323.34 (m, 1H), 3.2#3.30 (br d,J = 9.3
followed by cyclization in NHOH, esterification to the ethyl Hz, 1H), 3.18-3.21 (br d,J = 9.3 Hz, 1H), 2.96-2.93 (t,J = 8.8
ester, and subsequent hydrolysis with concd HCI. This procedureHz, 1H), 2.24-2.36 (m, 1H), 1.942.06 (m, 1H), 1.76-1.83 (dddd,
removed ammonium or hydrobromide salts. J=21.0 Hz, 1H), 1.59-1.69 (m, 1H);**C NMR (75 MHz, D,O)
Bicyclic a-amino acid3 (racemic mixture) was synthesized i‘ é6£|3_|&(3:|6?:84$%; ﬁgéoéi’?i\?’fgés-’ é?-fé ’an'F‘ Calgg g’“j‘% g7
in nine steps from tetrahydropyran-4-one (Scheme 4). Alkylation H é 84- .N 7 82" (fl 2’0 '04’ » £.69, 1, 19.90. Found. L, 45.61;
of imine 4 with 4-(2-bromoethyl)tetrahydropyréhl4 gavel5 o

. . . . c) 1-Azabicyclo[2.2.1]heptane-7-carboxylic Acid (2)Crystal-
in good yield (70%). Sealed tube reaction with HBr opened the Iizéd) from IPAyancEI ethe]r az a light brownysolid (gél) mré‘ 85%).

pyran ring to the dibromo intermediate which was cyclized in m.p. = turned brown at 232C and melted at 254C. 'H NMR
NH,OH, esterified to the ethyl ester, and subsequently hydro- (300 MHz, D,0) 6 4.15-4.16 (d,J = 1.2 Hz, 1H), 3.56-3.67 (m,
lyzed with concd HCI to give the desired amino a8if85%). 1H), 3.24-3.36 (m, 1H), 3.043.16 (m, 2H), 2.922.97 (t,J =

In conclusion, the syntheses of three non-natural bicyclic 8.1 Hz, 1H), 2.0+2.14 (m, 1H), 1.841.97 (m, 1H), 1.59-1.76
o-amino acids have been accomplished from readily available (m, 2H);13C NMR (75 MHz, D,O) 6 168.8, 71.4, 53.4, 51.6, 37.8,
starting materials. Currently, we are investigating the nonracemic 27.2, 26.5; MS (FDywz 142 (M + H). Anal. Calcd for GHys-
synthesis of these tertiary bicyclicamino acids, and the results  NO2"HCI: C, 47.33; H, 6.81; N, 7.89; Cl, 19.96. Found: C, 47.07;
of these efforts will be reported in due course. We will also H, 6.73; N, 7.92; Cl, 19.76.

report the transformation of these amino acids into biologically ~_ (d) 1-Azabicyclo[3.2.2Jnonane-2-carboxylic Acid (3):H NMR
active NNR ligands. (300 MHz, D,O) 6 4.11-4.17 (dd,J = 16.6 Hz, 1H), 3.19-3.42

(m, 4H), 2.19-2.30 (m, 2H), 1.78-2.08 (m, 6H), 1.581.72 (m,
1H); 13C NMR (75 MHz, D;0) 6 171.9, 67.5, 49.1, 44.1, 32.3,

Experimental Section 24.6, 24.4, 23.6, 20.5. Anal. Calcd fogiG;NO,HCI: C, 50.14;
General Experimental Procedures See the Supporting Infor-  H, 7.36; N, 7.31; Cl, 18.50. Found: C, 52.37; H, 9.00; N, 6.63; CI,
mation. 17.42.
General Procedure for the Synthesis of Bicyclioo-Amino
Acids: exo-1-Azabicyclo[2.2.1]heptane-2-carboxylic Acid (1a), Supporting Information Available: Experimental details,
synthetic methods for starting material preparation, characterization
(16) Kolbach, D.; Rill, M.; Cerkovnikov, EActa Pharm. JugostL956 data, andH NMR and*3C NMR spectra of compoundsa, 1b, 2,

6, 65. (b) Prelog, V.; Kohlbach, D.; Cerkovnikov, E.; Rezek, A.; Piantanida, and3. This material is available free of charge via the Internet at
M. Liebigs Ann. Chim1957 532 69. (c) Radzisewski, J. G.; Kaszynski,  http://pubs.acs.org.

P.; Littmann, D.; Balaji, V.; Hess, B. A.; Michl, J. Am. Chem. S04993

115(18), 8401-8408. JO061977A
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