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ABSTRACT: A series of esters derived fromsyn- andanti-2-methyl-2-azabicyclo[2.2.2]octan-6-ols were synthesized
and studied by NMR spectroscopy. The unambiguous assignment of all bicyclic proton and carbon resonances was
achieved by the combined analysis of the COSY,1H–13C correlation spectra and double resonance experiments (spin
decoupling). The crystal structure of 6-anti-(2-chlorobenzoyloxy)-2-methyl-2-azabicyclo[2.2.2]octane hydro-
chloride, was determined by x-ray diffraction, which confirmed the configurational assignment. Copyright 1999
John Wiley & Sons, Ltd.
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INTRODUCTION

As part of a research program aimed at the development
of new antagonists for the 5-HT3 receptor,1–7 we are
currently involved in studies in which the 2-azabi-
cyclo[2.2.2]octane (isoquinuclidine) ring system is being
utilized as a conformationally restricted framework,
bearing in mind the importance of conformational
effects in the ligand–biological receptor interaction.

Thus, a series of new esters derived fromsyn- andanti-
2-methyl-2-azabicyclo[2.2.2]octan-6-ols have been
synthesized. Owing to the complexity of the isoquinu-
clidine system, its proton magnetic parameters have not
been reported, to our knowledge, in sufficient detail.8,9 In
this paper we report the configurational study of com-
pounds3a–g and 4a–g (Scheme 1) by NMR spectro-
scopy. The unambiguous assignment of all bicyclic
proton and carbon resonances was achieved by the
combined analysis of the1H–1H COSY and 1H–13C
correlation spectra of3a and 4a and homonuclear spin
decoupling experiments in all cases. The crystal structure
of 6-anti-(2-chlorobenzoyloxy)-2-methyl-2-azabicyclo
[2.2.2]octane hydrochloride,4b�HCl, was determined
by x-ray diffraction.

Scheme 1
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RESULTS AND DISCUSSION

Synthesis

Therequisitealcohols1 and2 (Scheme1) wereprepared
by reduction with lithium aluminum hydride in tetra-
hydrofuranof 2-carbethoxy-2-azabicyclo[2.2.2]octan-6-
one,which waspreparedby themethodof Krow et al.10

This method involves addition of benzeneselenyl
chloride to 2-carbethoxy-2-azabicyclo[2.2.2]oct-5-
ene,11 followed by dehydrohalogenation and hydrolysis
of thederivedvinyl selenideto give the2-carbethoxy-2-
azabicyclo[2.2.2]octan-6-one,regioselectively.The syn-
thesisof the new esters3a–gand4a–g (Scheme1) was
achievedby treatmentof theepimericmixtureof thesyn-
andanti-2-methyl-2-azabicyclo[2.2.2]octan-6-ols1 and2
with the appropriatecarboxylic acid in the presenceof
N,N'-carbonyldiimidazole. The carboxylic acid was
activatedas the imidazolide and then treatedwith the
lithium alkoxide,which wasgeneratedfrom the alcohol
andn-BuLi. Theresultingresiduewaschromatographed
on silica gel with the appropriatesolvent system to
separatetheepimericmixtureof thecorrespondingesters
3 and4.

X-ray crystal structure analysis of 4b�HCl

The ORTEP12 view of the molecule,togetherwith the
atomnumberingusedin the x-ray analysis,is shownin
Fig. 1. Bond lengthsandbondanglesaregiven in Table
1. The Cl atom in phenyl ring occupiesthe two ortho
positionswith occupancyfactorsof 0.55(1) and0.45(1);

thewholering is disorderedinto two positions,180° apart
aroundC-8— C-9,with poorgeometryandhigh thermal
parametersfor C-11,C-12andC-13atoms,ascanbeseen
in Fig. 1. The geometryof the six-memberedrings is
similar to that foundin similar compounds.13 Pharmaco-
logically interesting14 aretheintramoleculardistancesof
N-1 andO-2 to thecentroidof thephenylring, 7.198(4)
and3.674(6)Å respectively,andthedistanceO-2…N-1,
which is 4.787(8)Å . The Cl-1 atomsupportsthe whole
structure;thereis ahydrogenbondwith N-1 throughH-1
anda seriesof shortcontacts(rangeof distancesH…Cl
from 2.77to 3.23Å ) from theCl-1 atomto thehydrogen
of severalC atomsin different cells (seeTable1).

NMR study

1H NMR (500MHz) and 13C NMR (75 or 125MHz)
spectroscopywereusedto providetheinformationgiven
in Tables 2–4. The proton magneticparameterswere
deducedby analysisof thespectrameasuredat500MHz,
taking into accountthe couplingmodificationsobserved
in thedifferent irradiationexperiments.

Compounds 3a±g. All the syn esters show similar
featuresin their 1H NMR spectra.The signals corre-
sponding to the bicyclic system protons are well
differentiated.The respectivemultiplets are due to one
proton,exceptthoseassignedto H-7a and H-8a, which
overlap.The interpretationof thesespectrais basedon
the unambiguousassignmentof the most deshielded
signalin thealiphaticregion.Thus,for 3a, basedon the
deshielding effect of the nitrogen atom and on the
observedcoupling interactions,the signalsat 2.80,3.04
and2.51ppmarerespectivelyassignedto H-1 andto the
geminatedH-3 protons.The analysisof the COSY map
(Fig. 2) shows correlations between H-6 and H-1,
betweenH-6 andthegeminatedprotonsH-5 andbetween
H-1 andthegeminatedprotonsH-7. The last signalsare
assignedto thegeminatedprotonsH-8.Thestereospecific
assignmentsof geminatedprotons is basedon long-
range4J coupling interactionsappearingin the COSY
map,namelybetweenH-3x, H-5a (2.51,2.20ppm) and
H-3n, H-8a (3.04,1.45ppm).15,16 Finally, H-7s is more
deshieldedthanH-7aowing to their respectivepositions
with respectto thenitrogenatom.17,18

Bearingin mind thesimilarity of the1H NMR spectra
for thesynesters3a–gandthesuccessivespindecoupling
experimentsperformedin all cases,a similar behavior
canbeassumed.This allowsthecompleteandunambig-
uousassignmentof theindividualprotonsfor thebicyclic
systemof synesters3a–g.

For the assignmentof the 13C NMR chemicalshifts,
the similarity of the spectrafor compounds3a–g, the
analysisof theDEPTexperimentsperformedin all cases
andtheHETCORspectrumof 3a (Fig. 3) weretakeninto
consideration. Moreover, the heteronuclear 1H–13C

Figure 1. ORTEP9 plot showing the molecular structure of
4b�HCl with the atom labeling. Displacement ellipsoids are
shown at the 30% probability level.
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correlatedspectrumconfirmsthepreviousprotonassign-
ments.

Compounds 4a±g. The 1H NMR spectraof anti esters
4a–gareverysimilar.Themultipletscorrespondingto H-
6,H-1,H-3n,H-3x andH-5sappearwell differentiatedin
all cases.Othersignals,exceptthoseof H-5aandH-7sfor
4a, appearpartially overlapped.Following a systematic
study analogousto that discussedabovefor 3a–g, the
assignmentof theindividualprotonandcarbonatomsfor
the anti esters4a–gwascarriedout with the aid of the

COSY andHETCORspectraof 4a and the useof spin
decouplingandDEPTexperimentsin all cases.Thus,in
thecaseof 4a,theanalysisof thecorrelationsobservedin
the COSY spectrumbetweenthe C-3 protons(2.61 and
2.76ppm) with the signalscenteredat 1.58ppm (H-5a)
and1.63ppm(H-8) showtheW long-rangecoupling,and
leadsto the assignmentof H-3x (2.61ppm) and H-3n
(2.76ppm).Theassignmentof theC-7 protons(1.79and
1.91ppm) and the C-8 protons (multiplet centeredat
1.63ppm) is confirmedon the basisof the decoupling
experiments.Hence the irradiation of the resonance

Table 1. Bond distances and bond angles with e.s.d. values in parentheses

Bonddistances(Å)

N1—C1 1.502(7) O1—C8 1.305(8)
N1—C5 1.515(7) C8—O2 1.201(9)
N1—C15 1.480(8) C8—C9 1.477(8)
C1—C2 1.522(8) C9—C10 1.397(11)
C1—C7 1.522(8) C9—C14 1.361(11)
C2—C3 1.527(9) C10—C11 1.427(22)
C2—O1 1.448(7) C10—C12B 1.417(11)
C3—C4 1.522(9) C11—C12 1.380(30)
C4—C5 1.512(8) C12—C13 1.202(34)
C4—C6 1.520(9) C13—C14 1.394(13)
C6—C7 1.540(8) C14—C12A 1.536(11)

Bondangles(°)

C5—N1—C15 111.6(5) C2—O1—C8 119.3(5)
C1—N1—C15 113.8(4) O1—C8—C9 113.9(5)
C1—N1—C5 109.7(4) O1—C8—O2 122.3(6)
N1—C1—C7 110.2(4) O2—C8—C9 123.6(6)
N1—C1—C2 105.3(4) C8—C9—C1 126.1(6)
C2—C1—C7 111.4(4) C8—C9—C10 118.4(6)
C1—C2—O1 105.4(4) C10—C9—C14 115.5(7)
C1—C2—C3 108.6(5) C9—C10—C12B 130.1(7)
C3—C2—O1 109.8(5) C9—C10—C11 119 (1)
C2—C3—C4 109.9(5) C11—C10—C12B 110 (1)
C3—C4—C6 108.6(5) C10—C11—C12 118 (2)
C3—C4—C5 109.9(5) C11—C12—C13 124 (2)
C5—C4—C6 108.4(5) C12—C13—C14 120 (1)
N1—C5—C4 108.3(4) C9—C14—C13 123.2(7)
C4—C6—C7 108.5(5) C13—C14—C12A 108.0(9)
C1—C7—C6 108.9(5) C9—C14—C12A 128.4(7)

Shortcontactsinvolving C-11atom

X—H…Y
a

X—H H…Y X…Y X—H…Y

N1—H…C1b 0.77(8) 2.23(8) 3.007(5) 177(7)
C2—H2…C1 0.87(9) 3.05(9) 3.608(5) 124(7)
C3—H32…C1 0.95(7) 3.10(7) 3.807(6) 132(6)
C5—H52…C1 0.88(8) 3.23(7) 3.650(7) 112(5)
C5—H51…C1 (i) 1.01(7) 3.17(7) 4.086(7) 151(4)
C7—H72…C1 (i) 0.90(10) 2.98(10) 3.696(6) 138(7)
C15—H151…C1 (i) 1.04(9) 2.83(9) 3.810(7) 157(6)
C1—H111…C1 (ii) 0.91(6) 2.78(6) 3.602(5) 150(4)
C4—H4…C1 (iii) 1.08(8) 2.92(8) 3.710(6) 130(5)
C12—H12…C1 (iv) 1.09(–) 2.77(–) 3.789(17) 156(–)c

a Symmetrycode:(i) ÿx� 1� 1/2, y� 1/2, z; (ii) ÿx� 1� 1/2,ÿy, z� 1/2; (iii) ÿx� 1� 1/2,ÿy, z; (iv) x� 1/2, y, ÿz� 1� 1/2.
b Hydrogenbonding.
c (—) No e.s.d.asH-12 waskept fixed in the refinement.
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frequencyof H-6 showsa simplification of the signals
centeredat 2.80, 1.58, 1.82 and 1.91ppm, that corre-
spondto H-1, H-5sandH-5aandH-7s,respectively.The
simplification of the signalsof H-1 (J = 4.1Hz), H-5s
(J = 9.5Hz) andH-5a(J = 3.0Hz) is dueto thelossof the
correspondingvicinal couplings,while the modification
of the signal of H-7s showsthe lossof aW long-range
coupling (1.5Hz). This last coupling is the key to
distinguishthesynfrom theanti esters.

In conclusion,the completeandunambiguousassign-
ment of the individual protonsfor the isoquinuclidine
systemof syn- and anti-6-arylcarbonyloxy-2-methyl-2-
azabicyclo[2.2.2]octanes3a–gand4a–ghasbeencarried
out.Thex-ray analysisof 4b�HCl confirmsthestructure

andconfigurationof thesecompoundsdeducedby NMR
studies.Molecular modeling (MM) calculationswere
performedfor 4b�HCl. Selectedtorsion anglesfor the
AM1 optimized conformation are comparedwith the
correspondinganglesfrom x-ray analysisin Table5.

From the 1H and 13C NMR data (Tables 2–4) for
compounds3a–g and 4a–g it can be deducedthat all
compoundsof thesamefamily showthesameorientation
of thearylcarbonyloxygroup.Also, coplanaritybetween
carbonyl and aryl group in all compoundscan be
assumed.This coplanarityis alsoobservedin the x-ray
andAM1 results.Themaindifferencebetweenthex-ray
and MM dataconsistsin the valuesof dihedralangles
implicated in the rotation aroundC-2—O-1 bond; this

Table 2. 1H chemical shifts (�, ppm) for compounds 3a±g and 4a±g in CDCl3

Atom 3a 3b 3c 3d 3e 3f 3g 4a 4b 4c 4d 4e 4f 4g

H-1 (m) 2.80 2.82 2.83 2.83 2.82 2.83 2.91 (m) 2.80 2.82 2.81 2.81 2.81 2.82 2.88
H-3n (dt) 3.04 3.04 2.94 2.96 3.01 3.01 3.09 (m) 2.76 2.75 2.76 2.76 2.75 2.78 2.79
H-3x (dt) 2.51 2.48 2.66 2.64 2.59 2.58 2.51 (dt) 2.61 2.61 2.61 2.61 2.63 2.60 2.61
H-4 (m) 1.84 1.82 1.84 1.83 1.84 1.85 1.87 (m) 1.82 1.81 1.80 1.80 1.83 1.83 1.84
H-5a(m) 2.20 2.21 2.17 2.18 2.18 2.21 2.27 (m) 1.58 1.62 1.59 1.60 1.59 1.60 1.63
H-5s(m) 1.76 1.78 1.75 1.76 1.76 1.77 1.83 (m) 2.27 2.28 2.27 2.27 2.27 2.29 2.34
H-6a(ddd) 5.04 5.10 5.06 5.07 5.06 5.10 5.20
H-6s (m) 5.29 5.32 5.29 5.30 5.28 5.34 5.42
H-7a(m) 1.52 1.53 1.52 1.54 1.53 1.53 1.57 (m) 1.79 1.87 1.88 1.84 1.87 1.84 1.88
H-7s(m) 2.04 2.04 2.02 2.02 2.02 2.05 2.10 (m) 1.91 1.87 1.89 1.89 1.87 1.90 1.88
H-8a(m) 1.46 1.44 1.45 1.48 1.46 1.45 1.49 (m) 1.63 1.62 1.62 1.62 1.63 1.63 1.64
H-8s(m) 1.61 1.61 1.62 1.62 1.62 1.63 1.64 (m) 1.63 1.62 1.62 1.62 1.63 1.63 1.64
N-CH3(s) 2.44 2.42 2.48 2.48 2.47 2.46 2.45 (s) 2.46 2.46 2.46 2.46 2.47 2.46 2.48
CH3 (s) 3.82 3.85 2.35 3.83 3.85 2.36
H-2' 7.94 7.22 7.59 7.68 9.26 7.93 7.87 7.17 7.55 7.63 9.21 7.86
H-3' 7.42 9.00 7.44 9.01
H-4' 7.53 7.38 6.63 7.08 7.16 8.77 7.54 7.40 6.64 7.09 7.18 8.77
H-5' 7.30 7.33 7.38 8.78 7.31 7.34 7.39 8.78
H-6' 7.94 7.79 7.22 7.66 7.68 8.33 7.75 7.87 7.81 7.17 7.62 7.63 8.28 7.75
H-7' 7.64 7.64
H-8' 8.15 8.18

Table 3. 1H±1H coupling constants (J, Hz) for compounds 3a±g and 4a±g

J Atoms 3a 3b 3c 3d 3e 3f 3g 4a 4b 4c 4d 4e 4f 4g

2J H3n–H3x 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.7 9.5 9.5 9.6 9.5 9.5 9.5
H5a–H5s 13.7 13.9 13.5 13.5 13.7 14.2 13.9 13.9 14.1 13.5 14.3
H7a–H7s 12.7 13.2 13.2 13.9 13.6

3J H1–H6a 2.0 2.2 2.2 2.2 2.2 2.2 2.2
H1–H6s 4.1 4.0 4.0 4.1 4.0 4.0 4.0
H1–H7a 2.0 2.7
H1–H7s 3.4 3.4
H3n–H4 3.3 2.7 2.6 2.7 2.7 2.7 3.0 2.9 2.9 2.9 2.9 3.3 2.9
H3x–H4 2.2 2.2 2.6 2.4 2.4 2.4 2.3 2.2 2.0 2.2 2.2 2.2 2.2 2.2
H4–H5a 3.8 3.4 3.7 3.7 3.7 3.0 2.9 2.9 3.1 2.9 2.9
H4–H5s 2.6 2.6 2.7 2.4 2.6 2.5 2.8 2.9 2.6
H5a–H6a 9.8 9.5 9.8 9.5 9.5 9.5 9.8
H5a–H6s 3.0 2.9 2.9 3.1 2.9 2.9 2.9
H5s–H6a 4.9 4.8 4.4 4.4 4.8 4.8 4.6
H5s–H6s 9.5 9.5 9.5 9.2 9.2 9.5

4J H3x–H5a 2.2 2.2 2.6 2.4 2.4 2.3 2.2 2.0 2.2 2.1 2.2 2.2 2.2
H6s–H7s 1.5 1.3 1.5 1.5 1.5
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couldbeexplainedasfollows: in thecrystalstructure,the
packingforcesaredeterminantin theconformationof the
benzoyloxygroup,but in theMM results,a promediated
distancebetweenthe carbonyloxygenatom and H-111
andH-2 (seeFig. 1 for numbering)is preferred.

EXPERIMENTAL

General. Melting points are uncorrected.The mass
spectrawere obtainedwith a Hewlett-PackardModel
5988 spectrometer(EI, 70eV). The IR spectrawere
measuredasKBr pelletson a Perkin-ElmerModel 883
spectrophotometer. Results obtained in the elemental
analysis(C, H, N) of compoundswerewithin �0.4%of
theoreticalvalues.All NMR spectrawere recordedat
298K using solutionsof about10mg of compoundin
0.5ml of CDCl3 and referencedto the corresponding
solventsignal (�1H 7.26ppm and �13C 77.0ppm). The
13C spectrawere obtained on a Varian UNITY-300
spectrometeroperatingat 75.437MHz. DEPT experi-
mentswere performedwith standardpulse sequences.
The 1H spectra and double resonanceexperiments
(homonuclearspin decoupling) were registeredon a
Varian UNITY-500 Plus spectrometeroperating at
499.81MHz. The COSY and HETCOR spectrawere
obtainedon a VarianUNITY-500 Plusspectrometer.

Molecular modeling was carried out with Quanta/
CHARMm19 software running on a Silicon Graphics
workstation.Thestartingmolecularstructureof 4b�HCl
wasobtainedfrom thex-ray crystallographicstudy.The
structure was optimized by semiempirical molecular
orbital calculationsusing the AM120 Hamiltonian as
implementedin MOPAC 7.21

Synthesis of syn- and anti-2-methyl-2-azabicyclo-
[2.2.2]octan-6-ols 1 and 2. To a stirred suspensionof
1.28g (34mmol) of lithium aluminum hydride in dry
THF (20ml), underargonat 0°C, wasaddeddropwisea
solution of 6.68g (34mmol) of 2-carbethoxy-2-azabi-
cyclo[2.2.2]octan-6-one10 in 10ml of dry THF. The
mixture wasstirredunderreflux for 5 h, thencooledto
near0°C andquenchedby successiveadditionof (1.3ml)
of waterand1.3ml of 15% aqueoussodiumhydroxide,
and stirring was continued at room temperaturefor
30min. Filtration and concentration under reduced
pressureyielded a mixture of alcohols1 and 2 (4.42g,
93%combinedyield). 1H NMR indicateda40:60ratioof
1:2. IR (NaCl, film), 3356cmÿ1; MS, m/z 141 (M�,
14%),97(29),96(57),94(38),82(100),70(40),68(42),
57(66),56(25),55(49),54(28),53(26).1: 1H NMR (�),
1.29(1H,m,H-7a),1.39(1H,m,H5s),1.50(2H,m,H-8),
1.63 (1H, m, H-4), 1.95 (1H, m, H-5a), 1.99 (1H, m,
H-7s), 2.14 (1H, dt, J = 9.6, 2.1Hz, H-3x), 2.31 (3H, s,
Me), 2.39 (1H, m, H-1), 3.06 (1H, ddd, J = 9.6, 3.8Hz,
2.7, H-3n), 3.67 (1H, m, H-6a); 13C NMR (�), 17.80
(C-7),24.74(C-8),26.53(C-4),36.79(C-5),42.67(Me),
56.94(C-3), 57.67(C-1), 68.69(C-6). 2: 1H NMR (�),
1.31(1H,m,H-5a),1.50(2H,m,H-8),1.67(1H,m,H-4),
1.75 (1H, m, H-7s), 1.80 (1H, m, H-7a), 2.04 (1H, m,
H5s),2.37(3H, s, Me), 2.43(1H, m, H-1), 2.44(1H, dt,
J = 9.6Hz, 2.1, H-3x), 2.65 (1H, dt, J = 9.6, 2.7Hz,
H-3n), 4.10 (1H, m, H-6a); 13C NMR (�), 16.22(C-7),
24.74(C-8),26.53(C-4),36.01(C-5),42.55(Me), 55.99
(C-3), 56.35(C-1), 66.62(C-6).

Synthesis of syn- and anti-6-arylcarbonyloxy-2-methyl-
2-azabicyclo[2.2.2]octanes/General procedure. A solu-
tion of n-BuLi (1.6M solution in hexane, 0.88ml,

Table 4. 13C chemical shifts (�, ppm) for compounds 3a±g and 4a±g in CDCl3

Atom 3a 3b 3c 3d 3e 3f 3g 4a 4b 4c 4d 4e 4f 4g

C-1 54.94 54.96 55.56 55.41 54.88 55.29 55.00 53.13 53.20 55.54 55.39 52.98 53.23 53.18
C-3 56.92 56.98 56.99 57.04 57.06 56.65 56.87 55.95 56.12 56.09 56.03 55.80 55.97 55.97
C-4 26.30 26.48 26.35 26.39 26.44 25.67 26.37 26.25 26.35 26.40 26.28 26.05 26.27 26.30
C-5 32.73 32.92 33.27 33.27 33.15 32.59 32.88 33.24 33.36 33.42 33.36 33.07 33.36 33.41
C-6 75.80 75.46 75.20 75.13 74.79 73.72 75.59 71.17 71.03 70.27 70.13 69.52 70.73 71.32
C-7 20.10 20.25 21.51 21.34 21.03 20.25 19.94 17.65 17.77 17.71 17.65 17.53 17.56 17.65
C-8 23.76 23.92 23.48 23.60 23.70 22.90 23.84 24.50 24.50 24.58 24.52 24.21 24.55 24.55
N-CH3 43.25 43.25 43.76 43.71 45.56 43.32 43.13 42.40 42.47 42.43 42.42 42.13 42.40 42.42
CH3 54.64 54.73 21.13 53.33 53.24 20.83
C=O 164.40 165.92 166.36 166.51 166.99 165.05 166.21 163.71 165.34 165.82 165.93 166.04 164.73 165.63
C-1' 133.31 131.17 132.44 131.88 130.40 125.95 135.50 133.43 131.39 132.65 131.92 130.18 126.46 135.23
C-2' 128.15 133.43 107.43 114.30 127.41 150.99 122.14 127.87 133.60 107.33 114.17 126.80 150.82 121.95
C-3' 135.09 130.77 160.53 159.44 137.78 149.70 135.23 130.59 160.72 159.50 137.58 149.73
C-4' 132.63 132.12 105.43 119.15 134.38 153.39 132.66 132.34 105.33 119.08 134.09 153.34
C-4'a 149.00 149.14
C-5' 135.09 126.43 160.53 129.26 137.78 123.23 129.91 135.23 126.54 160.72 129.34 137.58 123.26 129.64
C-6' 128.15 130.97 107.43 122.17 127.41 137.37 129.55 127.87 131.05 107.33 121.82 126.80 126.46 130.03
C-7' 127.92 128.07
C-8' 125.61 125.52
C-8'a 125.10 125.13
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1.42mmol) was addeddropwise to a solution of the
epimeric mixture of alcohols 1 and 2 (200mg,
1.42mmol) in dry THF (5 ml) at 0°C underargon.The
mixture wasstirredat the sametemperaturefor 30min.
To the reactionmixture wasaddeddropwisea solution
containingthe appropriateimidazolidepreparedby the
following method: N,N'-carbonyldiimidazole (CDI)
(229mg, 1.42mmol) was added to a solution of the
correspondingcarboxylic acid (1.42mmol) in dry THF
(5 ml); themixturewasstirredat roomtemperatureunder
argonfor 2 h. Thewholewasstirredat roomtemperature
underargonfor 48h. Then100ml of methylenechloride
were added,and the mixture was washedsuccessively
with asaturatedaqueoussolutionof NaHCO3 (25ml) and
brine (3� 25ml), dried over MgSO4, filtered and the
filtrate concentratedunder reducedpressureto give a
mixtureof thecorrespondingepimericesters3 and4.The
resultingresiduewasthenchromatographedon silica gel
with the appropriatesolvent system to separatethe
epimeric mixture of the desiredesters3a–g and 4a–g.

After this separation,eachepimerwasconvertedinto its
hydrochloridesalt andcrystallized.

syn- and anti-6-(3,5-dichlorobenzoyloxy)-2-methyl-2-
azabicyclo[2.2.2]octanes (3a, 4a). Colorlessoil; yield
54%. The crude mixture of epimers was chromato-
graphedby eluting with hexane–acetone–triethylamine
(9.3:0.2:0.5),affording first the synepimer3a, MS, m/z
315 (M�, 5%), 173 (11), 147 (13), 145 (20), 140 (100),
124 (16), 110 (11), 109 (17), 97 (30), 96 (42), 94 (19);
convertedinto its hydrochlorideand crystallized from
acetone,m.p. 232–233°C; IR (KBr), 1728cmÿ1; and
secondthe anti epimer4a, MS, m/z315 (M�, 6%), 173
(13), 147 (16), 145 (26), 140 (100), 124 (22), 110 (11),
108(26),98(24),96(36),94(18),82(32);convertedinto
its hydrochloride and crystallized from acetone,m.p.
223–224°C (decomp.);IR (KBr), 1727cmÿ1.

syn- and anti-6-(2-chlorobenzoyloxy)-2-methyl-2-aza-
bicyclo[2.2.2]octanes (3b, 4b). Colorlessoil; yield 48%.

Figure 2. 1H±1H COSY spectrum of 3a (aliphatic region)
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The crudemixture of epimerswaschromatographedby
elutingwith hexane–acetone–triethylamine(9.6:0.2:0.2),
affordingfirst thesynepimer3b, MS, m/z280(M�, 2%),
141(24),140(82),139(53),113(23),111(72),96 (31),
94 (27), 82 (100), 75 (59), 70 (20); convertedinto its
hydrochlorideandcrystallizedfrom acetone,m.p. 191–
192°C; IR (KBr), 1724cmÿ1; andsecondtheanti epimer
4b,MS,m/z280(M�, 2%),140(100),139(24),101(29),
97 (21),96 (30),82 (25),59 (87),58 (37); convertedinto
its hydrochloride and crystallized from acetone,m.p.
211–212°C (decomp.);IR (KBr), 1725cmÿ1.

syn- and anti-6-(3,5-dimethoxybenzoyloxy)-2-methyl-
2-azabicyclo[2.2.2]octanes (3c, 4c). Colorlessoil; yield
56%. The crude mixture of epimers was chromato-
graphedby eluting with hexane–acetone–triethylamine
(7:2:1), affording first the syn epimer3c, MS, m/z305
(M�, 27%),165(57),140(100),137(29),124(19),122

(30),97(28),96(39),94(25),82(29),70(17);converted
into its hydrochloride and crystallized from ethanol–
diethyl ether,m.p.161–63°C; IR (KBr), 1708cmÿ1; and
secondtheanti epimer4c, MS, m/z305(M�, 29%),165
(50),140(100),137(31),124(18),122(30),97 (37),94
(21), 82 (20), 70 (19); convertedinto its hydrochloride
and crystallizedfrom acetone–diethylether,m.p. 214–
16°C; IR (KBr), 1720cmÿ1.

syn- and anti-6-(3-methoxybenzoyloxy)-2-methyl-2-
azabicyclo[2.2.2]octanes (3d, 4d). Colorlessoil; yield
51%. The crude mixture of epimers was chromato-
graphed by eluting with diethyl ether–triethylamine
(9.9:0.1),affordingfirst thesynepimer3d, MS, m/z275
(M�, 20%),140(100),124(27),97(28),96(38),94(23),
82(29),77(25),70(20);convertedinto its hydrochloride
and crystallized from hexane–ethylacetate,m.p. 104–
10°C (decomp.);IR (film), 1714cmÿ1; and secondthe

Figure 3. Expansion of 1H±13C HETCOR spectrum of 3a
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anti epimer4d, MS, m/z275(M�, 17%),140(100),124
(23), 97 (31), 96 (45), 94 (24), 82 (44), 77 (32), 70 (22);
convertedinto its hydrochlorideand crystallized from
hexane–ethyl acetate, m.p. 132–135°C; IR (KBr),
1720cmÿ1.

syn- and anti-6-(3,5-dimethylbenzoyloxy)-2-methyl-2-
azabicyclo[2.2.2]octanes (3e, 4e). Colorlessoil; yield
43%. The crude mixture of epimers was chromato-
graphedby eluting with hexane–acetone–triethylamine
(9:0.5:0.5),affordingfirst thesynepimer3e,MS,m/z273
(M�, 18%),140(100),97 (28),96 (39),94 (26),82 (27),
79(25),77(24),70(24);convertedinto its hydrochloride
andcrystallizedfrom hexane–acetone,m.p.176–180°C;
IR (KBr), 1720cmÿ1; andsecondtheanti epimer4e,MS,
m/z273(M�, 29%),140(100),105(25),97(32),96(41),
94 (25),82 (37),79 (34),77 (31),70 (25); convertedinto
its hydrochlorideandcrystallizedfrom hexane–acetone,
m.p.206–209°C; IR (KBr), 1720cmÿ1.

syn- and anti-6-(3-piyridincarbonyloxy)-2-methyl-2-
azabicyclo[2.2.2]octanes (3f, 4f). Colorlessoil; yield
47%. The crude mixture of epimers was chromato-
graphedby eluting with ethyl acetate–ethanol–triethyla-
mine(9.6:0.2:0.2),affordingfirst theanti epimer4f, MS,
m/z246(M�, 18%),140(100),124(29),97(28),96(49),
94 (25), 82 (82), 78 (48), 70 (24); convertedinto its
hydrochlorideand crystallizedfrom acetone–propan-2-
ol, m.p. 176–177°C; IR (KBr), 1710cmÿ1; and second
the synepimer3f, MS, m/z246 (M�, 18%), 140 (100),
124 (21), 97 (29), 96 (43), 94 (23), 82 (42), 78 (44), 70
(27); convertedinto its hydrochlorideand crystallized
from acetone–propan-2-ol,m.p. 181–186°C; IR (KBr),
1730cmÿ1.

syn- and anti-6-(4-quinolincarbonyloxy)-2-methyl-2-
azabicyclo[2.2.2]octanes (3g, 4g). Colorlessoil; yield
60%. The crude mixture of epimers was chromato-
graphedby eluting with ethyl acetate–acetone–triethyl-
amine(8.5:1:0.5),affordingfirst theanti epimer4g,MS,
m/z296(M�, 19%),141(9),140(100),128(18),125(7),
101(12),97 (10),96 (15),82 (8), 70 (24); convertedinto

its hydrochlorideandcrystallizedfrom acetone–ethanol,
m.p. 140–143°C (decomp.);IR (KBr), 1720cmÿ1; and
secondthesynepimer3g, MS, m/z296(M�, 10%),140
(100), 128 (67), 101 (55), 96 (32), 94 (24), 82 (70), 75
(33), 70 (24); converted into its hydrochloride and
crystallizedfrom acetone–ethanol,m.p. 171–173°C; IR
(KBr), 1719cmÿ1.

Crystal data for 4b�HCl. A plate,colorlesscrystal was
used to collect the experimentaldata on a four-circle
Philips PW1100automaticdiffractometerwith Cu Ka
(� = 1.5418Å) radiationanda graphiteorientedmono-
chromator.Formula, C15H18NO2Cl�HCl; Mr, 316.219;
crystal size,0.40� 0.27� 0.10mm. Lattice parameters
were refined using 82 reflections,12< 2 � < 88°. The
crystal is orthorhombic, space group Pbca, with
a = 24.418(2), b = 13.283(1), c = 9.661(1)Å, Z = 8;
2668 reflections were measured in the range
2< � < 65°; two standardreflections,measuredevery
90min, showed no intensity variation; 2055 were
consideredobservedwith the I > 2s(I) criterion.Lorentz
and polarizationcorrectionswere applied.All calcula-
tions were performedon a VAX 6410 computer.The
structurewas solved by direct methodsusing SIR9222

and Fourier synthesis;subsequentscalculations used
XRAY8023 with full-matrix least-squaresrefinementon
F magnitudes. All the non-H atoms were refined
anisotropically.All H atoms,exceptH-32, H-153 and
thoseof the phenylring, werelocatedfrom a difference
synthesisandrefinedisotropically.After severalcyclesof
refinement, H-11, H-12 and H-13 and the thermal
parameterof C-12 weremaintainedfixed. An empirical
weighting schemewas applied as to give no trendsin
< wD2F> vs< jFoj> and< sin �/� >, PESOS;24 ratio
of maximum shift/s = 0.039; 245 parametersrefined.
Maximum andminimum peakheightsin the difference
Fouriermapwere0.72 andÿ0.84 eÅ ÿ3, respectively;
S= 2.767. Final R factors were R = 0.087, Rw = 0.107.
All geometricalcalculationswere performedby using
PARST.25 Atomic scatteringfactorsweretakenfrom the
InternationalTablesfor X-RayCrystallography.26

Table 5. Selected torsion angles (°) for 4b�HCl

Dihedralangle X-ray MM Dihedralangle X-ray MM

C1—C2—O1—C8 ÿ125.5 ÿ79.9 C3—C2—O1—C8 117.7 162.4
C2—O1—C8—O2 3.8 8.6 C2—O1—C8—C9 179.1 ÿ172.4
O1—C8—C9—C14 7.1 ÿ0.3 O2—C8—C9—C10 2.6 ÿ2.1
C1—N1—C5—C4 ÿ20.0 ÿ11.9 C1—C2—C3—C4 ÿ10.3 ÿ7.3
C4—C6—C7—C1 ÿ15.3 ÿ10.1 C2—C3—C4—C5 64.5 62.8
C5—N1—C1—C7 ÿ46.4 ÿ51.5 C5—N1—C1—C2 73.8 67.8
C2—C3—C4—C6 ÿ54.0 ÿ56.1 C3—C4—C5—N1 ÿ46.7 ÿ52.7
N1—C1—C2—C3 ÿ54.8 ÿ56.9 N1—C1—C7—C6 66.9 65.2
N1—C1—C2—O1 ÿ172.4 ÿ173.5 C7—C1—C2—O1 ÿ53.0 ÿ53.3
C15—N1—C5—C4 ÿ147.1 ÿ137.0 C15—N1—C1—C2 ÿ160.3 ÿ167.1
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