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ABSTRACT. The synthesis, as well as spectroscopic and biological studies of a novel class of [3-(4-substitutedphenylamino)-8-

azabicyclo [3.2.1] oct-8yl]-phenyl-methanone derivatives are described. All the synthesized compounds were characterized by

elemental analysis FTIR, 1H-NMR, 13C NMR, and Mass spectral data. All the synthesized compounds were exhibit in vitro

antibacterial activity.
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INTRODUCTION 

The synthesis and the use of conformationally rigid

unnatural compounds have attracted the chemist’s inter-

est since long time.1,2 It is commonly assumed that the

restriction of the flexibility by structural modifications,

such as the insertion of a cyclic scaffold, is an efficient

tool to reduce the possible structural conformations of a

molecule. The 8-azabicyclo[3.2.1]octane ring is a central

structural element in a number of neuroactive com-

pounds, including cocaine and atropine.3 Because of their

importance in synthetic and medicinal chemistry and in

peptide research, conformationally rigid, alicyclic β-amino

acids have been subject to considerable interest during the

past 20 years.4 N-Heterocyclic β-amino acids have also

attracted attention in view of their biological properties

and their applications in peptide synthesis.5 Bicyclic α- or

β-amino acids in which the N atom of the amino function

is part of the ring system are a class of compounds of

appreciable importance. Thus, bicyclic α-amino acids with

the N atom in the ring system, such as 7-azabicyclo[2.2.1]

heptane-1-carboxylic acid, its derivatives and compounds

with an 8-azabicyclo[3.2.1]octane skeleton are conforma-

tionally restricted analogs of proline, hydroxyprolines and

related proline derivatives.6,7 7-Azabicyclo[2.2.1]heptane-2-

carboxylic acid β-amino acids key compounds in novel β-

peptide syntheses8 were recently reported to behave as

conformationally restricted proline analogs, acting as effi-

cient catalysts in organocatalytic aldol processes9 More-

over, both bicyclic α- and β-amino acids with the N atom

in the ring system serve as key precursors for the syn-

thesis of medicinally valuable alkaloids such as anatoxin-

a,10 epibatidine, epiboxidine etc.11 A number of pharma-

cologically active 3-azabicyclo[3.2.1]octanes have been

reported as bioactive molecules,12 the most important of

them probably being those with an amino or carboxyl

function in their structure. 3-Azabicyclo[3.2.1]octane α-

amino acids were recently synthetized in enantiomeri-

cally pure form.12a Because of the importance of the con-

formationally constrained alicyclic or heterocyclic β-amino

acids, our work was directed toward the synthesis of novel

[3-(4-substitutedphenylamino)-8-azabicyclo [3.2.1] oct-

8yl]-phenyl-methanone derivatives.

RESULTS AND DISCUSSIONS

In biological and chemical systems, one-pot reductive

amination of aldehydes and ketones is an important trans-

formation, which allows the direct conversion of carbonyl

compounds into amines using simple operations.13 The

reductive aminations with NaBH3CN are successfully car-

ried out using a five-fold excess of amine at pH 6-8.14

The synthetic pathway employed to prepare the title

compounds is outlined in Scheme 1. [3-(4-substitutedphe-

nylamino)-8-azabicyclo [3.2.1] oct-8yl]-phenyl-methanone

derivatives were synthesized by the reaction of tropinone

1 with 1-chloroethyl chloroformate in presence of dichlo-

romethane to get the compound 2 in the form of brownish

white solid. The amine salt of compound 2 was dissolved

in dry dichloromethane under nitrogen atmosphere and

stirred for 15 minutes at room temperature. After 15 min-

utes Et3N was added and stirred for 10 minutes then dif-
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ferent acid chlorides were added and the reaction mixture

was stirred at room temperature for over night to get com-

pound 3. Reduction of compound 3 with NaBH3CN in

presence of MeOH, and in neat conditions in the presence

of small amounts of AcOH to get title compounds 4a-n.

All the synthesized compounds were characterized on the

basis of FTIR, 1H-NMR, 13C-NMR and Mass spectro-

scopic analysis. The IR spectral data of all compounds

showed the characteristic peaks of NH stretching at 3325-

3389 cm-1, aliphatic tertiary C-N stretching at 1354-1340

cm-1. The peaks at 3415 and 1523 cm-1 indicating the pres-

ence of OH- and NO2- groups respectively were also

observed in the corresponding synthesized compounds. 

Antibacterial activity

The minimum inhibition concentration (MIC) was

determined using the streak plate and cup plate method by

measuring the zone of inhibition according to a standard

procedure.14 All the synthesized compounds were screened

in vitro for their antibacterial activity against a variety of

bacterial strains such as Staphylococcus aureus, Salmonella

paratyphi, Escherichia coli, Shigella flexneri, Pseudomo-

nas auregenosa (Table 1). The MIC of the compounds

was defined, as the lowest concentration at which there

was 80% inhibition of growth compared with the growth

for a drug free control.15 Standard inhibition of zone size

for Ciprofloxacin, Cloxacillin and for Gentamycin15 is

(++++) at 50 µgm/mL against all microbes.

EXPERIMENTAL

Melting points were recorded using a digital Gallen-

kamp (Sanyo) model MPD BM 3.5 apparatus and are

uncorrected. 1H and 13C-NMR spectra were determined in

deuteron chloroform solutions using a Bruker AM-300

spectrophotometer. FTIR spectra were recorded on an FTS

3000 MX spectrophotometer. Mass spectra (EI, 70eV)

were obtained on a GC-MS instrument of Agilent tech-

nologies.

General procedure for the preparation of title

compounds

Tropinone 1 (10 g, 0.071 mol) was dissolved in dry

DCM (100 mL) under nitrogen atmosphere and stirred for

15 minutes. To this solution 1-chloroethylchloroformate

(22.6 g, 0.158 mol) was added and the reaction mixture

was refluxed for 4 h at 40 oC. After completion of reaction

DCM was concentrated under vacuum and then dry MeOH

(200 mL) was added to the residue and refluxed for over

night at 65 oC. Concentrate MeOH under high vacuum till

complete dryness. Filter off the brownish white solid under

nitrogen atmosphere. The Compound was pure enough to

go further for next step.

The compound 2 (5 g, 0.03 mol) was dissolved in dry

DCM (150 mL) under nitrogen atmosphere and stirred for

15 minutes at rt. After 15 minutes Et3N (15 mL) was

added and stirred for 10 minutes then RCOCl (4.3 g, 0.027

mol) was added and reaction mixture was stirred at rt for

over night. Filter off the salt precipitated. The filtrate was

taken in dry DCM and given saturated NaHCO3 solution

washings. Combined organic layers were concentrated

under vacuum to get compound 3. The Compound was

purified by column chromatography using 20% Ethyl ace-

Scheme 1. Synthesis of 4, reagents and conditions: (i) MeCH
(Cl)OCOCl/DCM or MeOH. (ii) RCOCl-Et3N/THF. (iii) R1NH2,
NaBH3CN/MeOH-AcOH.

Table 1. Anti bacterial activity of the compounds 4a-n

Compound
Antibacterial activity

S.a E. c S. a S. f P. a

4a ++ ++ ++ ++ +++

4b ++ ++ ++ ++ ++

4c +++ ++++ +++ ++ +

4d +++ +++ ++ + ++

4e ++++ ++ + + +

4f +++ ++ ++ ++ ++

4g +++ ++ +++ ++ +++

4h ++ ++ + ++ ++

4i ++++ ++ ++ ++ +++

4j ++ ++ ++ ++ +++

4k ++ ++ ++ ++ +++

4l ++ ++ +++ ++ +++

4m ++ ++ ++ ++ +++

4n ++ ++ ++ ++ ++

50 µgm/mL = ++++, 100 µgm/mL = +++, 150 µgm/mL = ++, 200

µgm/mL = +, Not active upto 200 µgm/mL = – Ciprofloxacin,

Cloxacillin & Gentamycin21 is (++++) at 50 µgm/mL S. a = Sta-

phylococcus aureus, S. p = Salmonella paratyphi, E. c = Escheri-

chia coli, S. f = Shigella flexneri, P. a = Pseudomonas auregenosa.
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tate in Hexane.

Compound 3 (0.15g, 0.0005 mol) was dissolved in dry

MeOH (5 mL) followed by the addition of Anhydrous

MgSO4 (300 mg) and R1 NH2 (0.064 g, 0.0006 mol). The

reaction mass was stirred for 6 h. at rt. Then add NaBH3CN

(0.134 g, 0.0021 mol) and Acetic acid (0.1 mL) and stir

the reaction mixture at rt for over night. The reaction mix-

ture was filtered and the filtrate was taken in DCM and

given saturated NaHCO3 solution washings. Combined

organic layers were concentrated under vacuum. The

compound was purified by column chromatography using

15% Ethyl acetate/Hexane to get pure compound 4a-n.

(3-phenylamino-8-aza-bicyclo [3.2.1] oct-8-yl)-phe-

nyl-methanone 4a. Yellow precipitate; yield: 68%; Rf:

0.45; IR (KBr, υ/cm-1): 3328, 3286, 3065, 2960, 890,

1725, 1652, 1596, 1340, 1143, 664; 1H NMR (CDCl3, 300

MHz): δ 8.06-6.88 (m, 10H, Ar-H), 4.59 (brs, 1H, NH),

3.95 (m, 1H, CH), 2.56 (d, J = 6.8 MHz, 4H, CH2), 2.17 (t,

J = 6.4, 6.8 MHz, 4H, CH2); 
13C NMR (CDCl3, 75 MHz):

δ 172.7, 149.5, 144.9, 132.3, 131.7, 129.3, 127.0, 121.2,

115.7, 52.6, 49.1, 43.0, 28.7; MS (ESI): m/z 306.42 (M+).

[3-(2-chlorophenylamino)-8-aza-bicyclo [3.2.1] oct-

8-yl]-phenyl-methanone 4b. Yellow precipitates; yield:

59%; Rf: 0.45; IR (KBr, υ/cm-1): 3356, 3287, 3020, 2960,

2855, 1230, 1651, 1587, 1343, 1144, 668; 1H NMR (CDCl3,

300 MHz): δ 8.00-6.95 (m, 9H, Ar-H), 4.65 (brs, 1H, NH),

3.84 (m, 1H, CH), 2.76 (d, J = 6.2 MHz, 4H, CH2), 2.13 (t,

J = 6.0, 6.4 MHz 2H, CH2), 1.86 (m, 4H, CH2); 
13C NMR

(CDCl3, 75 MHz): δ 172.7, 149.5, 144.9, 132.3, 131.7, 129.3,

127.0, 121.2, 115.7, 52.6, 49.1, 43.0, 28.7; MS (ESI): m/z

340.85 (M+).

[3-(3-chlorophenylamino)-8-aza-bicyclo [3.2.1] oct-8-

yl]-phenyl-methanone 4c. White solid, Mp: 139-141 oC;

yield: 59%; Rf: 0.47; IR (KBr, υ/cm-1): 3358, 3289, 3022,

2961, 2852, 1728, 1650, 1589, 1342, 1145, 669; 1H NMR

(CDCl3, 300 MHz): δ 8.05-6.82 (m, 9H, Ar-H), 4.69 (brs,

1H, NH), 3.82 (m, 1H, 2CH), 2.82 (d, J = 6.6 MHz, 4H,

CH2), 2.18 (t, J = 6.2, 6.8 MHz, 2H, CH2), 1.76 (m, 4H,

CH2); 
13C NMR (CDCl3, 75 MHz): δ 174.1, 147.9, 143.9,

131.7, 130.7, 129.0, 127.6, 122.2, 114.6, 51.5, 47.1, 44.8,

27.4; MS (ESI): m/z 340.85 (M+).

[3-(4-chlorophenylamino)-8-aza-bicyclo [3.2.1] oct-8-

yl]-phenyl-methanone 4d. Dark yellow solid, Mp: 192-

194 oC; yield: 69%; Rf: 0.45; IR (KBr, υ/cm-1): 3363,

3294, 3018, 2963, 2859, 1733, 1652, 1580, 1348, 1147,

653; 1H NMR (CDCl3, 300 MHz): δ 8.00-6.75 (m, 9H,

Ar-H), 4.59 (brs, 1H, NH), 3.89 (m, 1H, 2CH), 2.85 (d, J =

6.4 MHz, 4H, CH2), 2.25 (t, J = 6.1, 6.6 MHz, 2H, CH2),

1.8 (m, 4H, CH2);
 13C NMR (CDCl3, 75 MHz): δ 174.3,

147.0, 143.9, 132.0, 130.9, 129.2, 127.7, 122.3, 114.8, 51.0,

47.8, 44.5, 26.9; MS (ESI): m/z 340.85 (M+).

(3-o-tolylamino-8-aza-bicyclo [3.2.1] oct-8-yl)-phe-

nyl-methanone 4e. Yellow powder; yield: 39%; IR (KBr,

υ/cm-1): 3397, 3268, 3060, 2950, 2862, 1721, 1651, 1590,

1326, 1145; 1H NMR (CDCl3, 300 MHz): δ 8.00-6.67 (m,

9H, Ar-H), 4.48 (brs, 1H, NH), 3.63 (m, 1H, 2CH), 2.86

(s, 3H, CH3), 2.54 (m, 4H, CH2), 2.16 (t, J = 6.4 MHz, 2H,

CH2), 1.74 (m, 4H, CH2); 
13C NMR (CDCl3, 75 MHz): δ

172.1, 145.9, 142.0, 132.9, 131.2, 129.4, 127.5, 123.8, 114.0,

51.5, 47.8, 44.1, 27.0, 14.5; MS (ESI): m/z 320.62 (M+).

(3-m-tolylamino-8-aza-bicyclo [3.2.1] oct-8-yl)-phe-

nyl-methanone 4f. Brownish-black solid; yield: 49%; IR

(KBr, υ/cm-1): 3345, 3275, 3085, 2925, 2840, 1720, 1640,

1589, 1350, 1152; 1H NMR (CDCl3, 300 MHz): δ 8.05-

6.70 (m, 9H, Ar-H), 4.45 (brs, 1H, NH), 3.69 (m, 1H, 2CH),

2.81 (s, 3H, CH3), 2.53 (m, 4H, CH2), 2.12 (t, J = 6.4, 6.6

MHz, 2H, CH2), 1.75 (m, 4H, CH2); 
13C NMR (CDCl3, 75

MHz): δ 172.8, 145.2, 141.9, 133.0, 131.7, 129.3, 127.9,

124.0, 114.8, 52.8, 41.6, 44.8, 27.3, 13.9; MS (ESI): m/z

320.62 (M+).

(3-p-tolylamino-8-aza-bicyclo [3.2.1] oct-8-yl)-phenyl-

methanone 4g. Solid; yield: 73%; IR (KBr, υ/cm-1): 3358,

3269, 3081, 2927, 2842, 1717, 1648, 1587, 1353, 1153;
1H NMR (CDCl3, 300 MHz): δ 8.01-6.74 (m, 9H, Ar-H),

4.48 (brs, 1H, NH), 3.60 (m, 1H, 2CH), 2.88 (s, 3H, CH3),

2.54 (m, 4H, CH2), 2.19 (t, J = 6.2, 6.8 MHz, 2H, CH2),

1.70 (m, 4H, CH2); 
13C NMR (CDCl3, 75 MHz): δ 172.0,

144.9, 142.0, 132.8, 131.4, 129.8, 128.9, 124.2, 115.1, 53.4,

42.8, 45.0, 27.7, 13.7; MS (ESI): m/z 320.62 (M+).

[3-(2-nitrophenylamino)-8-aza-bicyclo [3.2.1] oct-8-

yl]-phenyl-methanone 4h. Yellow powder; yield: 49%;

IR (KBr, υ/cm-1): 3428, 3358, 3296, 3117, 2952, 2864,

1729, 1663, 1587, 1358, 1149; 1H NMR (CDCl3, 300 MHz): δ

8.16-6.95 (m, 9H, Ar-H), 4.75 (brs, 1H, NH), 3.95 (m, 1H,

2CH), 2.88 (m, 4H, CH2), 2.23 (t, J = 6.4, 6.9 MHz, 2H,

CH2), 1.85 (m, 4H, CH2); 
13C NMR (CDCl3, 75 MHz): δ

172.9, 145.4, 143.7, 142.8, 133.4, 132.0, 130.8, 128.1, 126.7,

118.4, 54.5, 43.7, 41.6, 28.2.C20H21N3O3: MS (ESI): m/z

351.42 (M+).

[3-(3-nitrophenylamino)-8-aza-bicyclo [3.2.1] oct-8-

yl]-phenyl-methanone 4i. Dark brown powder; yield: 58%;

IR (KBr, υ/cm-1): 3415, 3386, 3245, 3110, 2955, 2860,

1735, 1663, 1584, 1354, 1146; 1H NMR (CDCl3, 300 MHz):

δ 8.10-6.99 (m, 9H, Ar-H), 4.78 (brs, 1H, NH), 3.99 (m,

1H, 2CH), 2.82 (m, 4H, CH2), 2.35 (t, J = 5.8, 6.2 MHz,

2H, CH2), 1.46 (m, 4H, CH2); 
13C NMR (CDCl3, 75 MHz):

δ 172.2, 145.2, 142.6, 141.9, 133.5, 132.2, 130.8, 128.6, 126.7,

118.4, 54.7, 43.2, 41.5, 28.5; MS (ESI): m/z 351.42 (M+).
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[3-(4-nitrophenylamino)-8-aza-bicyclo [3.2.1] oct-8-

yl]-phenyl-methanone 4j. Oil; yield: 86%; IR (KBr, υ/

cm-1): 3415, 3359, 3284, 3118, 2951, 2869, 1730, 1664,

1582, 1358, 1143; 1H NMR (CDCl3, 300 MHz): δ 8.15-

6.94 (m, 9H, Ar-H), 4.72 (brs, 1H, NH), 3.97 (m, 1H,

2CH), 2.84 (m, 4H, CH2), 2.30 (t, J = 6.4, 6.6 MHz, 2H,

CH2), 1.51 (m, 4H, CH2); 
13C NMR (CDCl3, 75 MHz): δ

172.7, 145.2, 142.7, 140.4, 133.6, 132.8, 130.2, 128.4, 126.4,

117.9, 53.9, 43.4, 41.8, 28.4; MS (ESI): m/z 351.42 (M+).

1-(3-phenylamino-8-aza-bicyclo [3.2.1] oct-8-yl)-pro-

penone 4k. White solid, yield: 79%; IR (KBr, υ/cm-1):

3389, 3257, 3015, 2907, 1718, 1655, 1348, 1145, 1093, 987,

689; 1H NMR (CDCl3, 300 MHz): δ 7.86-7.28 (m, 5H,

Ar-H), 6.89 (t, 1H, J = 6.7, 6.9 MHz), 6.56 (d, 1H, J = 6.4

MHz, =CH2), 5.96 (d, 1H, J = 6.5 MHz, =CH2), 4.15 (brs,

1H, NH), 3.65 (m, 1H, 2CH), 2.75 (m, 4H, CH2), 2.36 (t, J

= 6.7, 6.9 MHz, 2H, CH2), 1.58 (m, 4H, CH2); 
13C NMR

(CDCl3, 75 MHz): δ 170.9, 146.3, 132.8, 131.2, 130.9, 118.4,

113.3, 53.1, 49.7, 41.5, 27.8; MS (ESI): m/z 256.58 (M+).

1-[3-(2-chlorophenylamino)-8-aza-bicyclo [3.2.1] oct-

8-yl]-propenone 4l. White solid, yield: 75%; IR (KBr, υ/

cm-1): 3384, 3252, 3017, 2917, 1716, 1653, 1349, 1147,

1099, 980, 688; 1H NMR (CDCl3, 300 MHz): δ 7.78-7.16

(m, 4H, Ar-H), 6.99 (t, 1H, J = 6.2, 6.4 MHz), 6.64 (d, 1H,

J = 6.8 MHz, =CH2), 5.99 (d, 1H, J = 6.2 MHz, =CH2),

4.19 (brs, 1H, NH), 3.69 (m, 1H, 2CH), 2.78 (m, 4H, CH2),

2.34 (t, J = 6.5, 6.8 MHz, 2H, CH2), 1.75 (m, 4H, CH2);
13C NMR (CDCl3, 75 MHz): δ 171.4, 146.0, 133.5, 132.6,

131.8, 118.4, 115.3, 53.4, 49.5, 42.0, 26.9; MS (ESI): m/z

290.86 (M+).

1-[3-(3-chlorophenylamino)-8-aza-bicyclo [3.2.1] oct-

8-yl]-propenone 4m. White solid, yield: 59%; IR (KBr,

υ/cm-1): 3387, 3249, 3019, 2912, 1717, 1650, 1348, 1145,

1080, 989, 689; 1H NMR (CDCl3, 300 MHz): δ 7.71-7.18

(m, 4H, Ar-H), 6.98 (t, 1H, J = 6.5, 6.8 MHz), 6.69 (d, 1H,

J = 6.9 MHz, =CH2), 5.95 (d, 1H, J = 6.6 MHz, =CH2), 4.24

(brs, 1H, NH), 3.75 (m, 1H, 2CH), 2.72 (m, 4H, CH2), 2.37

(t, J = 6.0, 6.4 MHz, 2H, CH2), 1.82 (m, 4H, CH2); 
13C

NMR (CDCl3, 75 MHz): δ 171.0, 145.8, 133.7, 132.6,

130.1, 117.3, 115.7, 53.8, 49.4, 42.8, 26.1; MS (ESI): m/z

290.86 (M+).

1-[3-(4-chlorophenylamino)-8-aza-bicyclo [3.2.1] oct-

8-yl]-propenone 4n. White solid, yield: 84%; IR (KBr, υ/

cm-1): 3374, 3252, 3024, 2919, 1725, 1663, 1351, 1143,

1084, 981, 687; 1H NMR (CDCl3, 300 MHz): δ 7.75-7.17

(m, 4H, Ar-H), 6.92 (t, 1H, J = 6.0, 6.7 MHz), 6.65 (d, 1H,

J = 6.2 MHz, =CH2), 5.94 (d, 1H, J = 6.8 MHz, =CH2),

4.26 (brs, 1H, NH), 3.70 (m, 1H, 2CH), 2.78 (m, 4H, CH2),

2.31 (t, J = 6.5, 6.8 MHz, 2H, CH2), 1.72 (m, 4H, CH2);

13C NMR (CDCl3, 75 MHz): δ 171.5, 146.0, 133.8, 132.1,

130.6, 117.9, 114.7, 54.0, 49.8, 42.1, 26.6; MS (ESI) : m/z

290.86 (M+).

REFERENCES

1. Kyung-Ho, P.; Kurth, M. J. Tetrahedron 2002, 58, 8629.

2. Komarov, I. V.; Grigorenko, A. O.; Turov, A. V.; Khilya,

V. P. Russ. Chem. Reviews 2004, 73, 785.

3. Korolkovas, A. Essentials of Medicinal Chemistry, 2nd

Ed.; Wiley Interscience: New York, 1988.

4. (a) Kiss, L.; Forró, E.; Fülöp, F. Amino Acids, Peptides

and Proteins in Organic Chemistry, In Synthesis of car-

bocyclic β-amino acids, Vol. 1; Hughes, A. B., Ed.; Wiley:

Weinheim, 2009, p 367. (b) Fülöp, F. Chem. Rev. 2001,

101, 2181. (c) Mittendorf, J.; Kunisch, F.; Matzke, M.;

Militzer, H.-C.; Schmidt, A.; Schönfeld, W. Bioorg. Med.

Chem. Lett. 2003, 13, 433. (d) Yang, D.; Zhang, D.-W.;

Hao, Y.; Wu, Y.-D.; Luo, S.-W.; Zhu, N.-Y. Angew. Chem.

Int. Ed. 2004, 43, 6719. (e) Rathore, N.; Gellman, S. H.;

Pablo, J. J. Biophys. J. 2006, 91, 3425. (f) Porter, E. A.;

Weisblum, B.; Gellman, S. H. J. Am. Chem. Soc. 2005,

127, 11516. (g) Roy, O.; Faure, S.; Aitken, D. J. Tetrahedron

Lett. 2006, 47, 5981. (h) Chandrasekhar, S.; Sudhakar, A.;

Kiran, M. U.; Babu, B. N.; Jagadeesh, B. Tetrahedron

Lett. 2008, 49, 7368. (i) Rua, F.; Boussert, S.; Parella, T.;

Diez-Perez, I.; Branchadell, V.; Giralt, E.; Ortuno, R. M.

Org. Lett. 2007, 9, 3643. (j) D’Elia, V.; Zwicknagl, H.;

Reiser, O. J. Org. Chem. 2008, 73, 3262. (k) Fülöp, F.;

Martinek, T. A.; Tóth, G. K. Chem. Soc. Rev. 2006, 35,

323. (l) Hetényi, A.; Mándity, I. M.; Martinek, T. A.; Tóth,

G. K.; Fülöp, F. J. Am. Chem. Soc. 2005, 127, 547. (m)

Torres, E.; Acosta-Silva, C.; Rua, F.; Alvarez-Larena, A.;

Parella, T.; Branchadell, V.; Ortuno, R. M. Tetrahedron

2009, 65, 5669. (n) Fernandez, D.; Torres, E.; Aviles, F.

X.; Ortuno, R. M.; Vendrell, J. Bioorg. Med. Chem. 2009,

17, 3824. (o) Fernandes, C.; Pereira, E.; Faure, S.; Aitken,

D. J. J. Org. Chem. 2009, 74, 3217. 

5. (a) Kiss, L.; Kazi, B.; Forró, E.; Fülöp, F. Tetrahedron

Lett. 2008, 49, 339. (b) Kazi, B.; Kiss, L.; Forró, E.;

Fülöp, F. Tetrahedron Lett. 2010, 51, 82. (c) Porter, E. A.;

Wang, X.; Lee, H.-S.; Weisblum, B.; Gellman, S. H.

Nature 2000, 404, 565. (d) Porter, E. A.; Weisblum, B.;

Gellman, S. H. J. Am. Chem. Soc. 2005, 127, 11516. (e)

Wang, G. T.; Chen, Y.; Wang, S.; Gentles, R.; Sowin, T.;

Kati, W.; Muchmore, S.; Giranda, V.; Stewart, K.; Sham,

H.; Kempf, D.; Laver, W. G. J. Med. Chem. 2001, 44,

1192. (f) Brown, J. R.; Nishimura, Y., Esko, J. D. Bioorg.

Med. Chem. Lett. 2006, 16, 532. (g) Ott, G. R.; Asakawa,

N.; Lu, Z.; Liu, R. Q.; Covington, M. B.; Vaddi, K.; Qian,

M.; Newton, R. C.; Christ, D. D:; Traskos, J. M.;

Decicco, C. P.; Duan, J. J. W. Bioorg. Med. Chem. Lett.

2008, 18, 694. 

6. (a) Avenoza, A.; Barriobero, J. I.; Busto, J. H.; Cativiela,

C.; Peregrina, J. M. Tetrahedron: Asymmetry 2002, 13,



Synthesis and biological activity of azabicyclo derivatives 973

2011, Vol. 55, No. 6

625. (b) Gil, A. M.; Bunuel, E.; Lopez, P.; Cativiela, C.

Tetrahedron: Asymmetry 2004, 15, 811. 

7. (a) Casabona, D.; Jimenez, A. I.; Cativiela, C. Tetrahedron

2007, 63, 5056. (b) Demizu, Y.; Shiigi, H.; Mori, H.; Mat-

sumoto, K.; Onomura, O. Tetrahedron: Asymmetry 2008,

19, 2659. 

8. (a) Otani, Y.; Futaki, S.; Kiwada, T.; Sugiura, Y.; Muranaka,

A.; Kobayashi, N.; Uchiyama, M.; Yamaguchi, K.; Ohwada,

T. Tetrahedron 2006, 62, 11635. (b) Pandey, G.; Laha, J.

K.; Lakshmaiah, G. Tetrahedron 2002, 58, 3525. 

9. Armstrong, A.; Bhonoah, Y.; White, A. J. P. J. Org. Chem.

2009, 74, 5041. 

10. (a) Parsons, P. J.; Camp, N. P.; Edwards, N.; Sumoreeah,

L. R. Tetrahedron 2000, 56, 309. (b) Brenneman, J. B.;

Machauer, R.; Martin, S. F. Tetrahedron 2004, 60, 7301.

(c) Marc, M.; Outurquin, F.; Renard, P-Y.; Créminon, C.;

Franck, X. Tetrahedron Lett. 2009, 50, 4554.

11. (a) Soriano, E.; Contelles, J. M. J. Org. Chem. 2009, 74,

4061. (b) Armstrong, A.; Bhonoah, Y.; Shanahan, S. E. J.

Org. Chem. 2007, 72, 8019. (c) Chen, Z. M.; Trudell, M.

L. Chem. Rev. 1996, 96, 1179. (d) Aggarwal, V. K.; Olof-

sson, B. Angew. Chem. Int. Ed. 2005, 44, 5516. (e) Daly,

J. W. J. Med. Chem. 2003, 46, 445. (f) Runyon, S. P.;

Burgess, J. P.; Abraham, P.; Keverline-Franz, K. I.; Flip-

pen-Anderson, J.; Dechamps, J.; Lewin, A. H.; Navarro,

H. A.; Boja, J. W.; Kuhar, M. J.; Carroll, F. I. Bioorg. Med.

Chem. 2005, 13, 2439. (g) Jin, C.; Navarro, H. A.; Car-

roll, F. I. Bioorg. Med. Chem. 2009, 17, 5126. 

12. (a) Gelmi, M. L.; Cattaneo, C.; Pellegrino, S.; Clerici, F.;

Montali, M.; Martini, C. J. Org. Chem. 2007, 72, 9811.

(b) Caputo, F.; Cattaneo, C.; Clerici, F.; Gelmi, M. L.;

Pellegrino, S. J. Org. Chem. 2006, 71, 8467. (c) Brocke

C.; Brimble, M. A.; Lin, D, S-H.; McLeod, M. D. Synlett

2004, 2359. (d) Buckley, B. R.; Page, P. C. B.; Heaney,

H.; Sampler, E. P.; Carley, S.; Brocke, C.; Brimble, M. A.

Tetrahedron 2005, 61, 5876. (e) Yamashita, A.; Taka-

hashi, N.; Mochizuki, D.; Tsujita, Yamada, S.;

Kawakubo, H.; Suzuki, Y.; Watanabe, H. Bioorg. Med.

Chem. Lett. 1997, 7, 2303. (f) Lew, W.; Wu, H.; Chen, X.;

Graves, B. J.; Escarpe, P. A.; MacArthur, H. L.; Mendel,

D. B.; Kim. C. U. Bioorg. Med. Chem. 2000, 10, 1257. 

13. (a) Baxter, E. W.; Reitz, A. B. Org. React. 2002, 59, 1. (b)

Hutchins, R. O.; Natale, N. R. Org. Prep. Proced. Int. 1979,

11, 201. (c) Lane, F. Synthesis 1975, 135.

14. Gradwol’s Clinical Laboratory methods and diagnosis

7th ed.; C. V. Mosby, Company: Germany, 1970; Vol. 2,

p 1407.

15. National Committee for Clinical Laboratory Standards.

1997, Reference method for broth dilution antifungal sus-

ceptibility testing of yeast. Approved standard NCCLS

document M27-A. (ISBN 1-56238-328-0, ISSN 0273-3099).

National Committee for Clinical Laboratory Standards,

940, West Valley Road, Suite 1400, Wayne, Pennsylvania,

19807.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


