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ABSTRACT: A series of esters derived fragn 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 CO8Y53C correlation spectra and double resonance experiments (spin
decoupling). The crystal structure of ai-(2-chlorobenzoyloxy)-2-methyl-2-azabicyclo[2.2.2]octane hydro-
chloride, was determined by x-ray diffraction, which confirmed the configurational assignment. Copyri§i9o

John Wiley & Sons, Ltd.
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INTRODUCTION Thus, a series of new esters derived freym and anti-

2-methyl-2-azabicyclo[2.2.2]octan-6-0ls have been
As part of a research program aimed at the developmentsynthesized. Owing to the complexity of the isoquinu-
of new antagonists for the 5-HTreceptor:™ we are clidine system, its proton magnetic parameters have not
currently involved in studies in which the 2-azabi- been reported, to our knowledge, in sufficient detdiln
cyclo[2.2.2]octane (isoquinuclidine) ring system is being this paper we report the configurational study of com-
utilized as a conformationally restricted framework, pounds3a—g and 4a—g (Scheme 1) by NMR spectro-
bearing in mind the importance of conformational scopy. The unambiguous assignment of all bicyclic
effects in the ligand—biological receptor interaction. proton and carbon resonances was achieved by the

combined analysis of théH—*H COSY andH-'C

correlation spectra o8a and 4a and homonuclear spin
*Correspondence toM. J. Ferradez, Departamento de Quica, decoupling experiments in all cases. The crystal structure
grg’f_nica, Universidad de Alc&Je28871 Alcalade Henares, Madrid, of 6-anti-(2-chlorobenzoyloxy)-2-methyl-2-azabicyclo
C[c))ﬁ![rr]éct/grant sponsor:Comision Interministerial de Ciencia y [2-2-2]0Cta;ne hydrOChlorideéfb'HCI- was determined
Tecnologia;Contract/grant numberSAF 95-0639. by x-ray diffraction.
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Figure 1. ORTEP? plot showing the molecular structure of
4b-HCl with the atom labeling. Displacement ellipsoids are
shown at the 30% probability level.

RESULTS AND DISCUSSION
Synthesis

Therequisitealcoholsl and2 (Schemel) wereprepared
by reductionwith lithium aluminum hydride in tetra-
hydrofuranof 2-carbethoxy-2-azabicya2.2.2]octan-6-
one,which waspreparecby the methodof Krow et al.°
This method involves addition of benzeneselenyl
chloride to 2-carbethoxy-2-azabjclo[2.2.2]oct-5-
ene!! followed by dehydrohalogenain and hydrolysis
of the derivedvinyl selenideto give the 2-carbethoxy-2-
azabicyclo[2.2.2]otan-6-oneregioselectively The syn-
thesisof the new esters3a—gand4a—g (Schemel) was
achievedy treatmenbf the epimericmixture of thesyn
andanti-2-methyl-2-azabicyclo[2.2]octan-6-o0l4 and2
with the appropriatecarboxylic acid in the presenceof
N,N-carbonyldiimidazée. The carboxylic acid was
activatedas the imidazolide and then treatedwith the
lithium alkoxide,which wasgeneratedrom the alcohol
andn-BuLi. The resultingresiduewaschromatographed
on silica gel with the appropriatesolvent systemto
separatehe epimericmixture of the correspondingsters
3 and4.

X-ray crystal structure analysis of 4b-HCI

The ORTEP? view of the molecule,togetherwith the
atom numberingusedin the x-ray analysis,is shownin
Fig. 1. Bondlengthsandbondanglesaregivenin Table
1. The CI atomin phenylring occupiesthe two ortho
positionswith occupancyfactorsof 0.55(1) and0.45(1);
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thewholering is disorderednto two positions 180° apart
aroundC-8— C-9, with poorgeometryandhigh thermal
parameterfor C-11,C-12andC-13atomsascanbeseen
in Fig. 1. The geometryof the six-memberedings is
similar to thatfoundin similar compounds> Pharmaco-
logically interesting” aretheintramoleculadistanceof
N-1 andO-2 to the centroidof the phenylring, 7.198(4)
and3.674(6)A respectivelyandthe distanceO-2...N-1,
whichis 4.787(8)A . The CI-1 atomsupportshe whole
structurethereis a hydrogerbondwith N-1 throughH-1
anda seriesof shortcontacts(rangeof distancedH...Cl
from 2.77t0 3.23A ) from the CI-1 atomto thehydrogen
of severalC atomsin differentcells (seeTablel1).

NMR study

'H NMR (500MHz) and **C NMR (75 or 125MHz)

spectroscopyvereusedto providetheinformationgiven
in Tables 2—4. The proton magnetic parametersvere
deducedy analysisof thespectrameasureét 500MHz,

taking into accountthe coupling modificationsobserved
in the differentirradiation experiments.

Compounds 3a-g. All the syn estersshow similar
featuresin their *H NMR spectra.The signals corre-
sponding to the bicyclic system protons are well
differentiated.The respectivemultiplets are due to one
proton, exceptthoseassignedo H-7a and H-8a, which
overlap.The interpretationof thesespectrais basedon
the unambiguousassignmentof the most deshielded
signalin the aliphaticregion. Thus,for 3a, basedon the
deshielding effect of the nitrogen atom and on the
observedcoupling interactions the signalsat 2.80, 3.04
and2.51ppmarerespectivelyassignedo H-1 andto the
geminatedH-3 protons.The analysisof the COSY map
(Fig. 2) shows correlations between H-6 and H-1,
betweerH-6 andthegeminategrotonsH-5 andbetween
H-1 andthe geminatedprotonsH-7. The lastsignalsare
assignedo thegeminategrotonsH-8. Thestereospecific
assignmentof geminatedprotonsis basedon long-
rangéJ coupling interactionsappearingin the COSY
map, namelybetweenH-3x, H-5a (2.51, 2.20ppm) and
H-3n, H-8a(3.04, 1.45ppm)*>® Finally, H-7s is more
deshieldedhanH-7aowing to their respectivepositions
with respecto the nitrogenatom?’*8

Bearingin mind the similarity of the™H NMR spectra
for thesynesters3a—gandthesuccessivepindecoupling
experimentsperformedin all cases,a similar behavior
canbeassumedThis allowsthe completeandunambig-
uousassignmenof theindividual protonsfor thebicyclic
systemof synesters3a—qg.

For the assignmenbf the **C NMR chemicalshifts,
the similarity of the spectrafor compounds3a—g, the
analysisof the DEPT experimentperformedin all cases
andthe HETCORspectrunof 3a(Fig. 3) weretakeninto
consideration. Moreover, the heteronuclear *H-'C

J. Phys.Org. Chem.12, 69-77(1999)
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Table 1. Bond distances and bond angles with e.s.d. values in parentheses

BonddistancegA)

N1—C1 1.502(7) 01—Cs8 1.305(8)
N1—C5 1.515(7) Cc8—02 1.201(9)
N1—C15 1.480(8) c8—C9 1.477(8)
Cl—C2 1.522(8) C9—C10 1.397(11)
Cci1—-C7 1.522(8) C9—C14 1.361(11)
C2—C3 1.527(9) Cl0—C11 1.427(22)
Cc2—01 1.448(7) Cl10—C12B 1.417(11)
C3—C4 1.522(9) Cl1—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—CI12A 1.536(11)
Bond angles(®)

C5—N1—C15 111.6(5) C2—01—CS8 119.3(5)
C1—N1—C15 113.8(4) 01—C8—C9 113.9(5)
C1—N1—C5 109.7(4) 01—C8—02 122.3(6)
N1—C1—C7 110.2(4) 02—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—cC10 118.4(6)
C1—C2—O01 105.4(4) C10—C9—C14 115.5(7)
Cl1—C2—cCs3 108.6(5) C9—C10—C12B 130.1(7)
C3—C2—01 109.8(5) C9—C10—C11 119 (1)
C2—C3—C4 109.9(5) C11—C10—C12B 110 (1)
C3—C4—C6 108.6(5) Cl10—C11—C12 118 (2)
C3—C4—C5 109.9(5) C11—C12—C13 124 (2)
C5—C4—C6 108.4(5) Cl2—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-11 atom

X—H--Y" X—H H---Y XY X—H--Y
N1—H...C1° 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—H1112..-C1 (ii) 0.91(6) 2.78(6) 3.602(5) 150(4)
C4—H4...C1 (jii) 1.08(8) 2.92(8) 3.710(6) 130(5)
C12—H12..C1 (iv) 1.09(-) 2.77(-) 3.789(17) 156 (-)°

& Symmetrycode: (i) —x+ 1+ 1/2, y+ 1/2, z; (i) —x+ 1+ 1/2, —y, z+ 1/2; (ii) —x+ 1+ 1/2,—y, z (V) x+1/2,y, —z+ 1+ 1/2.

® Hydrogenbonding.
¢ (—) No e.s.d.asH-12 waskeptfixed in the refinement.

correlatedspectrunconfirmsthe previousprotonassign-
ments.

Compounds 4a-g. The *H NMR spectraof anti esters
4a—garevery similar. Themultipletscorrespondingo H-
6, H-1, H-3n,H-3x andH-5sappeanvell differentiatedn
all casesOthersignals excepthoseof H-5aandH-7sfor
4a, appearpartially overlappedFollowing a systematic
study analogousto that discussedabovefor 3a—g, the
assignmenof theindividual protonandcarbonatomsfor
the anti esters4a—gwas carriedout with the aid of the
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COSY and HETCOR spectraof 4a andthe useof spin
decouplingand DEPT experimentsn all casesThus,in
thecaseof 4a,theanalysisof the correlationsobservedn
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 assignmenbf H-3x (2.61ppm) and H-3n
(2.76ppm).The assignmenof the C-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

J. Phys.Org. Chem.12, 69-77(1999)
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Table 2. "H chemical shifts (§, ppm) for compounds 3a—g and 4a-g in CDCl3

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

H-1 (m) 280 282 283 283 282 283 291
H-3n (dt) 3.04 3.04 294 296 3.01 3.01 3.09
H-3x (dt) 251 248 266 264 259 258 251
H-4 (m) 184 182 184 183 184 185 1.87
H-5a(m) 220 221 217 218 218 221 227
H-5s (m) 176 178 175 176 176 177 1.83
H-6a(ddd) 5.04 510 506 5.07 506 510 5.20

H-7a(m) 152 153 152 154 153 153 157
H-7s(m) 204 204 202 202 202 205 210
H-8a(m) 146 144 145 148 146 145 149
H-8s(m) 161 161 162 162 162 163 1.64
N-CHjs(s) 244 242 248 248 247 246 245

CH; (s) 3.82 3.85 2.35

H-2' 7.94 7.22 759 7.68 9.26 7.93
H-3 7.42 9.00
H-4 753 7.38 6.63 7.08 7.16 8.77

H-5 7.30 7.33 7.38 8.78
H-6 7.94 7.79 722 7.66 7.68 833 7.75
H-7' 7.64
H-8 8.15

(m) 2.80 2.82 281 281 281 2.82 288
(m) 2.76 275 276 2.76 275 2.78 2.79
(dt) 2.61 261 261 261 263 2.60 261
(m) 1.82 1.81 180 1.80 1.83 1.83 1.84
(m) 1.58 1.62 159 1.60 159 1.60 1.63
(m) 2.27 228 227 227 227 229 234

(m) 529 532 529 530 528 534 542
(m) 1.79 187 1.88 1.84 1.87 1.84 188
(m) 1.91 187 1.89 1.89 1.87 1.90 1.88
(m) 1.63 1.62 162 1.62 163 1.63 1.64
(m) 1.63 162 1.62 1.62 163 1.63 164
(s) 2.46 246 246 246 247 246 2.48

7.44 9.01

7.31 7.34 7.39 8.78
787 781 717 762 7.63 828 7.75

8.18

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

J Atoms 3a 3b 3c 3d 3e 39 da 4b 4c 4d de Af 4q
23 H3n—-H3x 95 95 95 95 95 95 97 95 95 96 95 95 95
H5a—H5s 13.7 139 135 135 137 142 139 139 141 135 143
H7a-H7s 12.7 13.2 13.2 13.9 13.6
3; H1-H6a 20 22 22 22 22 2.2
H1-H6s 41 40 40 41 40 40 40
H1-H7a 2.0 2.7
H1-H7s 3.4 3.4
H3n-H4 33 27 26 27 27 27 30 29 29 29 29 33 29
H3x—H4 22 22 26 24 24 24 23 22 20 22 22 22 22 22
H4-H5a 3.8 3.4 37 37 37 30 29 29 31 29 29
H4—-H5s 26 26 27 24 26 25 28 29 2.6
H5a-H6a 98 95 98 95 95 95 938
H5a-H6s 30 29 29 31 29 29 29
H5s-H6a 4.9 48 44 44 48 48 46
H5s-H6s 95 95 95 9.2 92 95
4, H3x-H5a 22 22 26 24 24 23 22 20 22 21 22 22 22
H6s—H7s 15 13 15 15 15

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,respectivelyThe
simplification of the signalsof H-1 (J=4.1Hz), H-5s
(J=9.5Hz) andH-5a(J = 3.0Hz) is dueto thelossof the
correspondingricinal couplings,while the modification
of the signal of H-7s showsthe loss of aW long-range
coupling (1.5Hz). This last coupling is the key to

distinguishthe synfrom the anti esters.

In conclusion.the completeand unambiguousssign-
ment of the individual protonsfor the isoquinuclidine
systemof syn and anti-6-arylcarbonyloxy-2-mihyl-2-
azabicyclo[2.2.2]otanes3a—gand4a—ghasbeencarried
out. The x-ray analysisof 4b-HCI confirmsthe structure

CopyrightO 1999JohnWiley & Sons,Ltd.

andconfigurationof thesecompoundsieducecby NMR
studies. Molecular modeling (MM) calculationswere
performedfor 4b-HCI. Selectedtorsion anglesfor the
AM1 optimized conformationare comparedwith the
correspondingnglesfrom x-ray analysisin Table5.
From the *H and *3C NMR data (Tables 2—4) for

compounds3a—g and 4a—g it can be deducedthat all
compound®f the samefamily showthe sameorientation
of thearylcarbonyloxygroup.Also, coplanaritybetween
carbonyl and aryl group in all compoundscan be
assumedThis coplanarityis also observedn the x-ray
andAML1 results.The maindifferencebetweerthe x-ray
and MM dataconsistsin the valuesof dihedralangles
implicatedin the rotation around C-2—O-1 bond,; this

J. Phys.Org. Chem.12, 69-77(1999)
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Table 4. "3>C chemical shifts (5, ppm) for compounds 3a—g and 4a-g in CDCls

4e Af

52.98
55.80
26.05
33.07
69.52
17.53
24.21

3a

54.94
56.92
26.30
32.73
75.80
20.10
23.76
43.25

3c

55.56
56.99
26.35
33.27
75.20
2151
23.48

3d

55.41
57.04
26.39
33.27
75.13
21.34
23.60

3e 3f

54.88 55.29
57.06 56.65
26.44 25.67
33.15 32.59
74.79 73.72
21.03 20.25
23.70 22.90
43.76 43.71 45.56 43.32 42.43 42.13
54.64 54.73 21.13 53.33 20.83
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
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
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
135.09 130.77 160.53 159.44 137.78 149.70 135.23 130.59 160.72 159.50 137.58 149.73
132.63 132.12 105.43 119.15 134.38 153.39 132.66 132.34 105.33 119.08 134.09 153.34
149.00 149.14
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
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
127.92 128.07
125.61 125.52
125.10 125.13

4a

53.13
55.95
26.25
33.24
71.17
17.65
24.50
42.40

4c

55.54
56.09
26.40
33.42
70.27
17.71
24.58

Atom 49

53.18
55.97
26.30
33.41
71.32
17.65
24.55
42.42
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couldbeexplainedasfollows: in thecrystalstructurethe
packingforcesaredeterminantn theconformationof the
benzoyloxygroup,butin the MM results,a promediated
distancebetweenthe carbonyloxygenatomand 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(El, 70eV). The IR spectrawere
measurecdas KBr pelletson a Perkin-ElmerModel 883
spectrophotonter. Results obtainedin the elemental
analysis(C, H, N) of compoundsverewithin £0.4% of
theoreticalvalues. All NMR spectrawere recordedat
298K using solutionsof about10mg of compoundin
0.5ml of CDCl; and referencedto the corresponding
solventsignal (6*H 7.26ppm and §*3C 77.0ppm). The
13C spectrawere obtainedon a Varian UNITY-300
spectrometemperatingat 75.437MHz. DEPT experi-
mentswere performedwith standardpulse sequences.
The 'H spectra and double resonanceexperiments
(homonuclearspin decoupling) were registeredon a
Varian UNITY-500 Plus spectrometeroperating at
499.81MHz. The COSY and HETCOR spectrawere
obtainedon a Varian UNITY-500 Plusspectrometer.

Molecular modeling was carried out with Quanta/
CHARMmM®® software running on a Silicon Graphics
workstation.The startingmolecularstructureof 4b-HCI
wasobtainedfrom the x-ray crystallographicstudy.The
structure was optimized by semiempirical molecular
orbital calculationsusing the AM12° Hamiltonian as
implementedn MOPAC 7.2*

CopyrightO 1999JohnWiley & Sons,Ltd.

Synthesis of syn- and anti-2-methyl-2-azabicyclo-
[2.2.2]octan-6-0ls 1 and 2. To a stirred suspensiorof
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-6-0&'° in 10ml of dry THF. The
mixture was stirred underreflux for 5 h, then cooledto
near0°C andquenchedy successivadditionof (1.3 ml)
of waterand 1.3ml 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). *H NMR indicateda 40:60ratio of
1:2. IR (NaCl, film), 3356cm % 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: *H 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); *C NMR (6), 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: *H 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); *3C NMR (6), 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,

J. Phys.Org. Chem.12, 69-77(1999)



74 M. J.FERNANDEZ ET AL.

1

F2
H7a, H8a (ppmy)
HS H8s 1 4
Ha TS ]
H7s 2 ‘0—.
H5a ] 3
CH ol N
3 H3x = 2.5:
H1 — 1 °
} 3.0+
H3n ]
3.5{
a.0]
a.5-

H6 __<| 5.0——_: ]

g 2 maggg
s - 2 gRL
| o dib
] .9 I -]
o ;d"m b
0 o= -~
@ o a "

LU0 S B B R B B

'[I"l'lT'l]' T
4.0 3.5 3.0 2.5 2.0 1.5

F1 (ppm)

Figure 2. "H-"H COSY spectrum of 3a (aliphatic region)

1.42mmol) was added dropwiseto a solution of the
epimeric mixture of alcohols 1 and 2 (200mg,
1.42mmol) in dry THF (5ml) at 0°C underargon.The
mixture was stirred at the sametemperaturdor 30 min.
To the reactionmixture was addeddropwisea solution
containingthe appropriateimidazolide preparedby the
following method: N,N-carbonyldiimidazole (CDI)
(229mg, 1.42mmol) was addedto a solution of the
correspondingcarboxylic acid (1.42mmol) in dry THF
(5 ml); themixturewasstirredatroomtemperatureinder
argonfor 2 h. Thewholewasstirredatroomtemperature
underargonfor 48 h. Then100ml of methylenechloride
were added,and the mixture was washedsuccessively
with asaturate@queousolutionof NaHCG; (25ml) and
brine (3 x 25ml), dried over MgSQ,, filtered and the
filtrate concentratedunder reducedpressureto give a
mixture of thecorrespondingpimericesters3 and4. The
resultingresiduewasthenchromatographedn silica gel
with the appropriate solvent systemto separatethe
epimeric mixture of the desiredesters3a—g and 4a—g.

CopyrightO 1999JohnWiley & Sons,Ltd.

After this separationeachepimerwasconvertednto its
hydrochloridesaltandcrystallized.

syn- and anti-6-(3,5-dichlorobenzoyloxy)-2-methyl-2-
azabicyclo[2.2.2]octanes (3a, 4a). Colorlessail; yield
54%. The crude mixture of epimerswas chromato-
graphedby eluting with hexane—acetoneigthylamine
(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. 232-233C; IR (KBr), 1728cm % 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); convertednto
its hydrochloride and crystallized from acetone,m.p.
223-224C (decomp.)]R (KBr), 1727cm™*.

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

J. Phys.Org. Chem.12, 69-77(1999)



STRUCTURESOF ESTERSOF AZABICYCLO[2.2.2]OCTAN-6-OLS 75

H1 H3x
Ha H7a
H3n H5a H7s H55 H8a
H8s
F2 -
7 — (PP"Q —_— —_—
C8 — 25; — =
30-:
c5 —_— ] — —_—
35—
a0
CH3 ——————-—J ) P
a5+
50—:
c1 557 ——
o — = —
'I[llllll'll]lIllll‘ll|1l|lllllllllllIIVYI]T‘l'llll”]l"lrﬁll[VVll]ll"]lllllIl"]I‘lllllll[l'
3.0 2.8 2.6 2.4 2.2 2.0 1.8 1.6 1.4

F1 (ppm)

Figure 3. Expansion of '"H-"C HETCOR spectrum of 3a

The crudemixture of epimerswas chromatographety
elutingwith hexane—aceton&iethylamine(9.6:0.2:0.2),
affordingfirst the synepimer3db, 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
hydrochlorideand crystallizedfrom acetonem.p. 191—
192°C; IR (KBr), 1724cm™*; andsecondheanti epimer
4b,MS, m/z280(M ™", 2%),140(100),139(24),101(29),
97(21),96(30),82(25),59(87),58 (37); convertednto
its hydrochloride and crystallized from acetone,m.p.
211-212C (decomp.)iR (KBr), 1725cm ™.

syn- and anti-6-(3,5-dimethoxybenzoyloxy)-2-methyl-
2-azabicyclo[2.2.2]octanes (3¢, 4c). Colorlessoil; yield
56%. The crude mixture of epimers was chromato-
graphedby eluting with hexane—acetone—triethylamei
(7:2:1), affording first the syn epimer3c, MS, m/z 305
(M, 27%),165(57), 140(100),137(29), 124 (19), 122
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(30),97(28),96(39),94 (25),82(29),70(17); converted
into its hydrochloride and crystallized from ethanol—
diethyl ether,m.p.161-63C; IR (KBr), 1708cm%; and
secondhe anti epimer4dc, 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—diethykether,m.p. 214—
16°C; IR (KBr), 1720cm™*.

syn- and anti-6-(3-methoxybenzoyloxy)-2-methyl-2-
azabicyclo[2.2.2]octanes (3d, 4d). Colorlessoil; yield
51%. The crude mixture of epimerswas chromato-
graphed by eluting with diethyl ether—triethylamine
(9.9:0.1),affording first the synepimer3d, MS, m/z275
(M*, 20%),140(100),124(27),97 (28),96 (38),94(23),
82(29),77(25),70(20); convertednto its hydrochloride
and crystallized from hexane—ethyhcetate,m.p. 104—
10°C (decomp.);IR (film), 1714cm™; and secondthe

J. Phys.Org. Chem.12, 69-77(1999)
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Table 5. Selected torsion angles (°) for 4b-HCI

Dihedralangle X-ray MM Dihedralangle X-ray MM

C1—C2—01—C8 —-1255 -79.9 C3—C2—01—C8 117.7 162.4
C2—01—C8—02 3.8 8.6 C2—01—C8—C9 1791 -172.4
01—C8—C9—C14 7.1 -0.3 02—C8—C9—C10 2.6 -2.1
C1—N1—C5—C4 -20.0 -11.9 C1—C2—C3—C4 -10.3 -7.3
C4—C6—C7—C1 -153 -10.1 C2—C3—C4—C5 64.5 62.8
C5—N1—C1—C7 —-46.4 515 C5—N1—C1—C2 73.8 67.8
C2—C3—C4—C6 -54.0 -56.1 C3—C4—C5—N1 —-46.7  -52.7
N1—C1—C2—C3 -54.8 -56.9 N1—C1—C7—C6 66.9 65.2
N1—C1—C2—O01 —-172.4 -1735 C7—C1—C2—o01 -53.0 533
C15—N1—C5—C4 —-147.1 -137.0 C15—N1—C1—C2 -160.3 -167.1

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. 132-135C; IR (KBr),
1720cm ™.

syn- and anti-6-(3,5-dimethylbenzoyloxy)-2-methyl-2-
azabicyclo[2.2.2]octanes (3e, 4e). Colorlessoil; yield
43%. The crude mixture of epimerswas chromato-
graphedby eluting with hexane—acetone—triethylamei
(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); convertednto its hydrochloride
andcrystallizedfrom hexane—acetone).p.176-180C;
IR (KBr), 1720cm™*; andseconaheanti epimerde,MS,
m/z273(M™, 29%),140(100),105(25),97 (32),96 (41),
94 (25),82(37),79(34),77 (31),70(25); convertednto
its hydrochlorideand crystallizedfrom hexane—acetone,
m.p. 206—209C; IR (KBr), 1720cm 1.

syn- and anti-6-(3-piyridincarbonyloxy)-2-methyl-2-
azabicyclo[2.2.2]octanes (3f, 4f). Colorlessail; yield
47%. The crude mixture of epimerswas chromato-
graphedby eluting with ethyl acetate—ethanol-triethyla-
mine (9.6:0.2:0.2) affordingfirst the anti 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 crystallized from acetone—propan-2-
ol, m.p. 176-177C; IR (KBr), 1710cm™*; 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-om.p. 181-186C; IR (KBr),
1730cm .

syn- and anti-6-(4-quinolincarbonyloxy)-2-methyl-2-
azabicyclo[2.2.2]octanes (3g, 4g). Colorlessaoil; yield
60%. The crude mixture of epimerswas chromato-
graphedby eluting with ethyl acetate—acetone—triethyl-
amine(8.5:1:0.5) affordingfirst the anti epimer4g, MS,
m/z296(M™*, 19%),141(9), 140(100),128(18),125(7),
101(12),97 (10),96 (15),82(8), 70 (24); convertednto
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its hydrochlorideand crystallizedfrom acetone—ethangl
m.p. 140-143C (decomp.);IR (KBr), 1720cm *; and

secondhe synepimer3g, MS, m/z296 (M™, 10%), 140

(100),128 (67), 101 (55), 96 (32), 94 (24), 82 (70), 75

(33), 70 (24); convertedinto its hydrochloride and

crystallizedfrom acetone—ethanom.p. 171-173C; IR

(KBr), 1719cm™*.

Crystal data for 4b-HCI. A plate, colorlesscrystal was
usedto collect the experimentaldata on a four-circle
Philips PW1100automaticdiffractometerwith Cu Ka
(A=1.5418A) radiationand a graphiteorientedmono-
chromator. Formula, C;5sH1sNO,CI-HCI; M,, 316.219;
crystalsize,0.40x 0.27 x 0.10mm. Lattice parameters
were refined using 82 reflections,12< 2 6 < 88°. The
crystal is orthorhombic, space group Pbca, with
a=24.418(2), b=13.283(1), c=9.661(1)A, Z=8;
2668 reflections were measured in the range
2 < 0 < 65°; two standardreflections,measuredevery
90min, showed no intensity variation; 2055 were
consideredbservedvith thel > 24(1) criterion. Lorentz
and polarizationcorrectionswere applied. All calcula-
tions were performedon a VAX 6410 computer.The
structurewas solved by direct methodsusing SIR9Z?
and Fourier synthesis; subsequentsalculations used
XRAY80% with full-matrix least-squaresefinementon
F magnitudes. All the non-H atoms were refined
anisotropically.All H atoms,exceptH-32, H-153 and
thoseof the phenylring, werelocatedfrom a difference
synthesiaindrefinedisotropically.After severakyclesof
refinement, H-11, H-12 and H-13 and the thermal
parameteiof C-12 were maintainedfixed. An empirical
weighting schemewas applied as to give no trendsin
< WAPF > vs< |Fo| > and < sin 6/\ >, PESOS* ratio
of maximum shift/lc =0.039; 245 parametersrefined.
Maximum and minimum peakheightsin the difference
Fouriermapwere0.72and —0.84eA ~3, respectively;
S=2.767.Final R factorswere R=0.087,R,,=0.107.
All geometricalcalculationswere performedby using
PARST?® Atomic scatteringactorsweretakenfrom the
International Tablesfor X-Ray Crystallography?®

J. Phys.Org. Chem.12, 69-77(1999)
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