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ABSTRACT: A series of esters derived from 3-methyl-2,4-diphenyl-3-azabicyclo[3.3.1]Jnonah(2) was synthe-

sized and studied byH and *3C NMR spectroscopy, and the crystal structure of 3-methyl-2,4-dipheny8%-
dimethylbenzoyloxy)-3-azabicyclo[3.3.1]Jnonane (2) was determined by x-ray diffraction. The compounds studied
display in CDC} a preferred flattened chair—chair conformation. This bicycle conformation is similar to that found for

2 in the crystal state. Pharmacological assays on mice were performed to evaluate drug-induced behavioral alteration,
peripheral or central acute toxicity and analgesic activityl998 John Wiley & Sons, Ltd.

KEYWORDS: 3-methyl-2, 4-diphenyl-3-azabicyclo[3.3.1]Jnonand) esters; analgesics; synthesis; structure;
conformation; pharmacological assays

INTRODUCTION tion and in the solid state, the crystal structure2aofias
determined. To complete our studies on these structures,

As part of a continuing effort to develop novel analgesic pharmacological testing was also carried out.

agents analogous to 4-anilidopiperidiha,series of aza-

bicyclic esters were prepared and the analgesic activity of

the new compounds was measured. RESULTS AND DISCUSSION

As the number of surgical outpatients is increasing,

agents which can be used in short surgical procedures ar&ynthesis

in high demand. The 4-anilidopiperidine class of syn-

thetic opioid analgesics is characterized by high potency Compounds2-5 were prepared by the two general

and rapid onset of action. Fentarfythe prototype of the  methods illustrated in Scheme 1. Reaction of 3-methyl-

series, used concurrently with a skeletal muscle relaxant2 4-diphenyl-3-azabicylo[3.3.1]nonan-®! (1) with the

and an inhalation anaesthetic agent, is widely applied in corresponding acid in the presence of dicyclohexylcarbo-

ambulatory surgeries. diimide (DCC) and 4-dimethylaminopyridine (DMAP) as

Our intention with the design and synthesis of new catalyst led to the ester8 4 and 5 (method A)?

analgesic analogues is both to achieve a measurable&compound3 was prepared by reaction df with the

analgesic activity and to gain a better understanding of gppropriate acyl chloride (method B).

the conformational enhancing factors on the opiate

receptor affinity. We report here the synthesis and

structural analysis, based dHl and**C NMR spectro-  X.ray diffraction

scopy, of a series of esters derived from 3-methyl-2,4-

diphenyl-3-azabicyclo[3.3.1]nonan:®| (2-5). In order  Compound2 gave crystalline prisms belonging to the

to determine their preferred conformation both in solu- orthorhombic P,., space group. The main crystallo-
graphic data and the structure determination procedures

*Correspondence toE. Gdvez, Departamento de Quica Orgaica, are given in Table $7*'Tables 2 and 3 give bond lengths

Universidad de Alcdlale Henares, 28871 Alcatie Henares, Madrid, and bond and torsion angles, respectively. Figure 1 shows

Spain. . . f .
Contract/grant sponsor:Comision Interministerial de Ciefe1y a view of the mOIeCUIe with the numbering used in the
Technologa; contract grant numberSAF 95-0639. crystallographic study?
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Scheme 1.

Table 1. Experimental data and structure refinement procedures

Crystaldata:
Formula C3oH3aNO,
Symmetry Orthorhombic,Pyca

Unit cell determination  Least-squarefit from 45 reflectigns(d < 45°)
Unit cell dimensions 24.084(2),8.941(1), 22.868(2) A

90.0,90.0,90.C°
Packip%
V (A)*, Z 4924.6(3), 8
D, (gcm3), M, F(000) 1.1859,439.596,1888
pemY) 5.358
Experimentaldata:
Technique Philips PW 1100four-circle diffractometer.Bisectinggeometry Graphiteorientedmonochromator:
CuKu

w/20 scansscanwidth 1.5° upto 8 ,ax 65°
Numberof reflections:

Measured 4207
Observed 3125[30(1) criterion]
Rangeof hkl 0-29,0-11,0-27
Solutionandrefinement:
Solution Direct methods
Refinement Leastsquareon FqpsWith oneblock
H atoms Differencesynthesis
w Scheme Empirical soasto give no trendsin <wAf> vs <Fgns> and< sin 6/A>
Final AF peaks 0.2¢/ A3
Final R andRw 0.066,0.073
Computerandprograms  Vax 6410,Multan 802 Xtal,® Pesos, Xray 808, CSU? Parst®
Scatteringfactors International Tablesfor X-RayCrystallography*
Anomalousdispersion.  International Tablesfor X-Ray Crystallography*
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Table 2. Bond lengths (A ) with estimated standard

deviations in parentheses

010—C4 1.453(3)
010—C11  1.342(4)
012—C11  1.207(3)
N1—C2 1.474(4)
N1—C6 1.474(4)
N1—C33 1.472(4)
C2—C3 1.544(3)
c2—C21 1.520(3)
Cc3—C4 1.514(4)
C3—C9 1.531(4)
c4—C5 1.516(4)
C5—C6 1.542(3)
C5—C7 1.540(5)
C6—C27 1.520(4)
c7—Cs8 1.520(6)
Cc8—C9 1.530(5)
C11—C13  1.478(3)
C13—C14  1.386(4)
C13—C18  1.391(4)

C14—C15
C15—C16
C15—C19
C16—C17
C17—C18
C17—C20
C21—C22
C21—C26
C22—C23
C23—C24
C24—C25
C25—C26
C27—C28
C27—C32
C28—C29
C29—C30
C30—C31
C31—C32

1.379(6)
1.395(6)
1.509(7)
1.384(6)
1.388(6)
1.503(6)
1.386(5)
1.384(3)
1.380(6)
1.375(6)
1.380(6)
1.382(5)
1.381(5)
1.393(5)
1.399(6)
1.364(7)
1.369(6)
1.387(5)

Table 3. Bond angles and torsion angles (°) with estimated
standard deviations in parentheses

C4—010—C11 118.5(2)
C2—N1—C6 114.8(2)
C2—N1—C33  108.6(2)
C6—N1—C33  108.9(2)
N1—C2—C3 114.0(2)
N1—C2—C21  111.0(2)
C3—C2—C21  109.6(2)
C2—C3—C4  107.8(20
C2—C3—C9 115.4(2)
C4—C3—C9 110.9(2)
010—C4—C3  106.3(2)
010—C4—C5  112.1(2)
C3—C4—C5 108.1(2)
C4—C5—C6 107.0(2)
C4—C5—C7 110.2(2)
C6—C5—C7 116.2(2)
N1—C6—C5 113.8(2)
N1—C6—C27  111.6(2)
C5—C6—C27  109.6(2)
C5—C7—CS8 113.4(3)
C7—C8—C9 111.9(3)
C3—C9—CS8 112.6(3)
010—C11—012 123.6(3)
010—C11—C13 111.0(2)
012—C11—C13 125.3(3)
C11—C13—C14 121.3(3)
C11—C13—C18 118.9(3)

Sometorsionangles:
010—C11—C13—C14
012—C11—010—C4
012—C11—C13—C14
N1—C2—C21—C22
N1—C6—C27—C32
C3—C4—010—C11
C4—010—C11—C13

C14—C13—C18
C13—C14—C15
C14—C15—C16
C14—C15—C19
C16—C15—C19
C15—C16—C17
C16—C17—C18
C16—C17—C20
C18—C17—C20
Ci13—C18—C17

C2—C21—C22

C2—C21—C26
C22—C21—C26
C21—C22—C23
C22—C23—C24
C23—C24—C25
C24—C25—C26
C21—C26—C25

C6—C27—C28

C6—C27—C32
C28—C27—C32
C27—C28—C29
C28—C29—C30
C29—C30—C31
C30—C31—C32
C27—C32—C31

11.1(4)
—5.4(4)

~170.6(3)

158.7(3)

~155.9(3)

175.2(2)
173.0(2)

119.8(3)
120.8(3)
118.5(4)
120.1(4)
121.4(4)
122.0(4)
118.4(4)
121.0(4)
120.7(4)
120.6(3)
118.8(3)
123.0(2)
118.1(3)
120.9(4)
120.4(4)
119.4(4)
120.1(4)
121.1(3)
122.5(3)
118.6(2)
118.8(3)
120.0(4)
120.4(4)
120.4(4)
119.9(4)
120.6(3)

0 1998JohnWiley & Sons,Ltd.
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Figure 1. Pluto view of the molecule with the atom labelling
used in this section

The bicycle systemshowsa chair—chairconformation,
both chairs being flattened at the N1 and C8 atoms,
respectively.The displacemenbf N1 and C4 from the
C2,C3,C5,C6 plane are —0.509(2) and 0.772(3)A,
respectively,and that of C8 and C4 from the_plane
throughC3,C5,C7,C@re—0.577(3)and0.733(3)A. The
value for a normal unflattenedchair is 0.63A. This
systempresentsa pseudo-mirromplanethroughthe N1,
C4, C8 and C33 atoms, although the m,mdimethyl-
benzoyloxymoiety deviatesfrom this symmetrywith an
angleof ca 60° betweerthe phenylring andthe pseudo-
mirror plane. The carbonyloxy group is in a plane
forming an angleof 11° with the aromaticring.

Packingin the crystaf® could be explainedin termsof
aromatic—aromatiinteractions As canbe seenin Table
4 and Figure 2 thereis a stackingpatternof the m,m
dimethylphenylgroup(ring 1) alongthe b-axis, which is
the shortestin the unit cell. There is also an inter-
molecularstackinginteractionbetweenthe two phenyl
ringsof thebicycle system(rings 2 and3), definingpairs
along the samedirection. Along the a-and c-axes, in
contrast,a herringbonemotif can be observedin the
interactions between pairs of rings 3-1 and 1-2,
respectively.

JOURNAL OF PHYSICAL ORGANIC CHEMISTRY, VOL. 11, 125-132(1998)



128 I. IRIEPAETAL.

Table 4. Interaction between phenyl rings in crystal of 22

Ring? GG o GP SG p GP SG P Symmetry

lvsl 5.2 3 3.4 3.9 99 35 3.8 114 1/2 —x -1/2+y z
2vs3 4.8 12 3.6 3.7 104 3.6 3.7 99 X 1+y z
3vs?l 5.3 58 4.8 3.0 158 12+ x y 12—z
lvs?2 5.4 70 49 3.0 172 1/2—x 1-y -1/2+z

& For eachpossiblePh--PH interactionthe following parameteraregiven: GG, the distancebetweencentroids;x, the anglebetweerieast-squares
planes;G'P, the distancefrom G’ to the least-squar@laneof thefirst ring; SG, the distancefrom the closestsubstituenof the secondring to the
centroidof thefirst one; 5, theangleC—H'---G at this substituentGP, SG andp’ analogouslyfor theseconding vsthefirstring. All distancesre
in A andanglesin degreesThe symmetryoperationrefersto the secondring.

P Ring 1, C13—C18;ring 2, C21—C26;ring 3, C27—C32.

Figure 2. Packing in the unit cell projected on to the ac plane. The phenyl rings 1, 2 and 3, involved in the interactions, are
dotted and numbered in the asymmetric unit

NMR spectra Spectral analysis. 'H NMR. In CDCl; at 300MHz, the
signalsdueto H9, H2(4),, H7.x H1(5) andthe methyl
The *H and **C NMR data for compounds2-5 are  grouparewell differentiated The H9 signalappearssa

summarizedn Tables5-7. triplet due to the vicinal coupling with H1(5). The
Assignmentsof proton and carbonresonancesvere H2(4).x signal appearsas a doubletdue to the vicinal
madeon the basisof the literaturedatafor 3-methyl-2,4- couplingwith H1(5), andthe H7,4 signalasa quartetof
diphenyl-3-azalsiyclo[3.3.1]Jnonan-8-0l° and related triplets becausd®J(H7ax — H7eg)| ~ 2J(H7ax — H6(8)a0)-
systems:? To clarify the assignmenbf the signalsandto deduce

0 1998JohnWiley & Sons,Ltd. JOURNAL OF PHYSICAL ORGANIC CHEMISTRY, VOL. 11, 125-132(1998)
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Table 5. "H chemical shifts (6, ppm) for compounds 2-5%

2 3 4 5
H9 5.42(t) 5.43(t) 5.56(t) 5.59(t)
H2(4)ax 3.76(d) 3.74(d) 3.77(d) 3.80(d)
H7.x 2.6(qt) 2.61(qt) 2.59(qt) 2.63(qt)
N-CHs3 2.35(s) 2.0(s) 2.0(s) 2.02(s)
H1(5) 2.17(brs)(Wyp~8.6Hz)  2.17(brs)(Wy,~8.8Hz)  2.22(brs)(Wy,~8.5Hz)  2.26(brs)(W,,,~8.4Hz)
H6(8)ax 1.74(tt) 1.62(tt) 1.67(m) 1.66(tt)
eq _b _P 1.46(m) _b
H6(8)cq 1.37(dd) 1.38(dd) 1.39(dd) 1.42(dd)
H2-H6(m) 7.14-7.45 7.14-7.46 7.14-7.46 7.14-7.47
7.72-7.90 7.72-7.89
H2" 7.65(d) 7.89(d) 9.0(d)
H3" 9.29(s) 7.92(d)
H4” 7.17(d) 7.53(t)
H5" 8.74(s) 8.20(dd)
H6" 7.65(d) 7.89(d) 8.74(s) 7.67°(ddd)
H7” 7.79(ddd)
H8" 8.81(dd)

& Abbreviations:brs, broadsinglet; d, doublet;dd, doubletof doublets;ddd, doubletof doubletof doublets;m, multiplet; g, quartet;qt, quartetof
triplets;s, singlet;t, triplet; tt, triplet of triplets. The § valueswerededucedrom thefirst-orderanalysisof the correspondingystemprotonswith an

errorof 4+ 0.05ppm.

P Thesechemicalshifts were not determinecowing to the low resolutionof the signal.

¢ Thesevaluesmay be interchanged.

Table 6. Coupling constants (J, Hz) deduced from the
analysis of the "H NMR spectra of compounds 2-5°

2 3 4 5
H9—H1(5) 3.7 3.4 3.7 3.7
H2(4)—H1(5) 3.2 2.9 2.9 2.9
H6(8)a—H1(5) 4.7 _b 4.5 4.9
H6(8)—H6(8ky,  —135 -142 139 137
H6(8)a—H7ax 13.1 12.7 13.2 13.7
H6(8)ax—H7eq 4.7 _b 5.4 5.4
H6(8)eH1(5) <2° <2° <2° <2°
H6(8)eq—H7ax 5.5 5.1 — 5.6
HB(8)eq~H7eq <2° <2 <2° <2°
H7axH7eq -131 -127 -132 -137
H2'—H3’ 4.6
H2'—H4" 0.5 1.9

H3'—H5’ 0.5

H4"—H6’ 0.5 1.9

H5"—H6" 8.5
H5"—H7" 1.46
H5"—Hg’

H6'—H7" 6.8
H6"—Hg’ 1.46
H7"-Hg’ 8.5

& Values deducedfrom the first-order analysisof the corresponding
systemprotons.Error + 0.05Hz.

®’Not determinedowing to the low resolutionof the signal.

¢ Approximatevalue.

the proton magnetic parameters,double resonance
experimentsn deuteriochlorofornfor 5 wereperformed
at 300MHz. By irradiation of the H1(5) signal at
2.26ppm, both the triplet and doubletcorrespondingo
H9 andH2(4),,, respectivelysimplify to singletsandthe
unresolved triplet of triplets at 1.66ppm [H6(8)4

0 1998JohnWiley & Sons,Ltd.

Table 7. '3C chemical shifts (8§, ppm) for compounds 2-52

2 3 4 5
C9(d) 76.21 77.56 77.99 77.82
C2(4)(d)  73.08 72.99 72.96 73.14
N-CHz(C) 44.04 43.98 43.97 44.02
C1(5)(d)  40.21 40.09 40.09 40.19
C7(t) 20.48 20.34 20.34 20.37
C6(8)(t)  20.68 20.65 20.61 20.72
CHs (c) 21.20

C=0O(s) 166.23 16350 163.19  165.46
CI(s) 14261 14228 14228  142.31
c2(6) - 127.04(d) 128.15  127.5(d)
C3(5)(d) 128.20  128.26 ~ 128.26  128.27
c4(d) 126.71  126.84  126.85  126.92
c1’ 130.58(s) 132.60(s)

cz 127.23(d) 127.90(d) 143.98(s) 149.60(d)
c3 137.99(s) 135.90(s) 146.05(d) 122.07(d)
ca 134.56(d) 133.30(d) 135.49(s)
C4'a 126.61(s)
cy’ 137.99(s) 135.29(s) 147.44(d) 125.57 (d)
ce’ 127.23(d) 127.91(d) 144.68(d) 125.20 (d)
c7 129.88(d)
ceg’ 129.88(d)
C8a 148.92(s)

& Abbreviationsd, doublet;s, singlet. The § valueswerededucedrom
the first-orderanalysisof the correspondingsystemprotonswith an
errorof + 0.05ppm.

P Not determinedowing to the low resolutionof the signal.

¢ Broadsignal.

4 Thesevaluesmay be interchangedC5’ for C6").

becomesa triplet of doubletswith splittings of 5.4 and
13.7Hz due to the couplingswith H7., H6(8)q and
H7. respectively.

The H6(8)q signal appearsas a doubletof doublets
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with splittings of 5.6 and 13.7Hz due to the couplings
with H7,, andH6(8),,, which is confirmedby saturating
the H7, signal at 2.63ppm, whereuponthe H6(8)cq
signalcollapsego a doubletwith a splitting of 13.7Hz.

On saturating the H6(8).q and H7., signals at
1.42ppm,H7,,, H1(5) andH6(8)., simplify to adoublet,
quadrupletandapparentdoublet,respectively.

In summary the following constantcanbe deduced:

2J[HB(8) g — HB(8) 5l I[HE(8) o — H7ax],

3J[H6(8) 5 — H7eq), and>J[H6(8)., — H7ay.

'’C NMR. Chemical shifts and signal assignmentof

compound2-5 arelisted in Table 7. Substituentsteric
andelectroniceffectson *3C chemicalshifts, andsignal

multiplicity obtained from off-resonance decoupled
spectrafrom our previousstudiesof relatedcompounds
weretakeninto consideratiory.

Conformational study. Fromthe*H and*3*C NMR data
for 2-5, the following generalfeaturesmay be deduced:

(a) thebicyclic systemexistspredominantlyin aflattened
chair—chairconformation;

(b) the cyclohexanering is more flattened than the
piperidinemoiety;

(c) the N-CH5 groupis an in equatorial position with
respecto the piperidinering;

(d) the phenylgroupsarenearlycoplanamwith respecto
H2(4). the shapeof the multiplets due to proton
aromaticsignalsaccountdor a distinctconformation
of phenylgroups(dueto restrictedphenylspinning);

(e) the conjugatedbenzoyloxy group lies in a plane
nearly coincidentwith respecto the symmetryplane
of the bicycle; in this conformation,the carbonyl
groupoccupiesa cis dispositionwith respectto HO.

These conclusionsare supportedby the following
observationsln the *H NMR spectrathe Wy, valuefor
the H1(5) signals (ca 8-9Hz) is in agreementwith
previously reported values for a flattened chair—chair
conformationin relatedbicyclic systems*~°For a boat
dispositionof oneof theserings,thesignalcorresponding
to H1(5) would beanunresolvedioubletwith acoupling
constan@about18Hz !

In all casesthe 3J [H2(4)a~H1(5)] value of ca 3Hz
accountdor a dihedralangleof about60° accordingto
the Karplus relationship®® In componds 2-5, 3J
[H2(4)a—H1(5)] is smallerthan3J [H6(8)a—H1(5)] and
consequentlyhe H2(4),,—C—C—H1(5 dihedralangle
is greaterthan H6(8),,—C—C—H1(5); this is in close
agreementwith a flattenedchair conformationfor the
cyclohexaneing. Ontheotherhand,3J [H6(8)a—H1(5)]
is greaterthan>J [H6(8)eq-H1(5)] and>J [H6(8)ax—H7eq
is greater than 3J [H6(8)eH7ed; therefore, the
H6(8).—C—C—H1(5) and H6(8)e —C—C—H7q di-

0 1998JohnWiley & Sons,Ltd.

hedral anglesare greaterthan H6(8),,—C—C—H1(5)
and H6(8).,x—C—C—H7., respectively;this confirms
the distortionof the cyclohexaneing.

In the*3C NMR spectrathetwin-chairconformatioris
confirmed by the C2(4) and C6(8) chemical shifts’
(Table 7). For a boat conformation,the carbonsignals
would be shiftedto a higherfield becauseof the steric
compressingffectdueto theeclipsingbetweerH2(4),—
H1(5) andH6(8),,—H1(5) hydrogenatoms.

In all cases A6 [H7 4« (2-5)—H7¢q (2-5)] =~ 1.2ppm
was attributedto the field effect exertedby the nitrogen
lone pair on H7,.

The N-CHjz *°C chemicalshift of thesecompoundsf
about45 ppmis similarto thatfoundin equatoriaN-CHs
substitutedpiperidine$? andin 1.2 Owing to the small
differencedn the chemicalshiftsof the H7,, andH2(4).x«
betweerthealcohol(1) andesterg2-5), we canconclude
thatthe positionadopteddy the phenylgroupsin 2-5 will
be the sameas that found in the alcohol 1,2 with near
coplanaritywith respectto H2(4),,, aswasobservedn
the x-ray structureof 2.

The differencesAé [H2(4)ax (2-5) — H2(4)ax ()] =~
0.2ppmandAé [H6(8)ax (2-5) — H6(8)ax (1)] ~ 0.1 ppm
canbe attributednot only to the o-effect exertedby the
acyloxy group, but also to the decreasinganisotropic
effectexertedby thelone pairsof the oxygenatomwhen
the hydroxyl groupchangesnto an acyloxy group.

The Aé [H9 (2-5) — H9 (1)] value of 1.5ppm canbe
partially attributedto the = deshieldingeffectexertedfor
the carbonylgroup.

The'H and*3C datafor theacyloxygroupsaccounfor
conjugatiorbetweerthearomaticringsandthe carbonyl-
oxy group.

Pharmacology

Pharmacologicabhssayson mice were performedwith
compounds2-5 to evaluatedrug-inducedgross beha-
vioral alterationandboththewrithing test® andhot-plate
test* wereappliedto evaluateanalgesiactivity.

Concerningthe behavioraleffects, evaluatedin mice
with the Irwin screeningproceduré?® no peripheralor
central toxic signs were observedwith 2-5 dosed at
10mgkg? (i.p.); all the animalsappearechormal 24 h
after treatment and remained so during the 7 day
observatiomperiod.

The results of the pharmacologicalevaluation for
analgesicactivity are summarizedn Table 8. Although
all thecompound$10 mgkg~(i.p.)] showa partial anti-
nociceptiveeffectin the aceticacid writhing testin the
mouse;this appearedo be a non-statisticallysignificant
activity when we comparedit with the degreeof pro-
tection afforded by acetylsalicylic acid [200mgkg™*
(p.o.)] or diclofenac[10 mgkg *(p.0.)].

The samehappenedvhenthe hot-platetestwasused
becausealthough2-5 exhibit someperipheralanalgesic
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Table 8. Analgesic activity? of compounds 2-5, using as
comparators acetylsalicylic acid, diclofenac and morphine

Compound Writhing tesf Hot-platetesf
2 —-24 +11.2

3 -14 +3

4 -23 +28

5 -29 -7
Acetylsalicylic acid —53* n.d®
Diclofenac —50%* n.d?
Morphine n.d. +113.2*

& Seemethals. Statisticalsignificanceversuscontrolwasevaluatedy
the Wilcoxon’s two-sampledest (writhing test) or by Fisher'sexact
test(hot-platetest).

® All compoundsadministerecat 10mgkg ™ (i.p.) exceptacetylsali-
cylic acid [200mgkg (p.o.)] anddiclofenac[10 mgkg~*(p.0.)]
€*p<0.01;* p< 0.001.

9 Not determined.

effect, they would never achievethe grade of activity
showedby morphine[8 mgkg(i.p.)].

EXPERIMENTAL

All melting pointsweremeasuredn opencapillarytubes
in an ElectrothermallA6304 apparatusand are uncor-
rected. Elemental analyseswere performed with a
Perkin-Elmer Model 240E Elemental Analyzer. IR
spectrawere recordedon a Perkin-ElmerModel 883
spectrophotonterin the solid state(potassiunbromide).

NMR spectrawererecordedon a Varian UNITY-300
spectrometem deuteriochloroform.

The'H NMR spectravereobtainedat 300MHz using
spectral width of 4000Hz in 24K memory and an
acquisitiontime of 3.0 s over 64 transients Resolution
enhancement using LB =-0.80, GF=0.50 and
GFS=0.20 was followed by zero filing into 32K
memory prior to Fourier transformation.Conventional
irradiation was used for the double resonanceexperi-
mentsin the samesolvents.

The'*C NMR spectravereobtainedat 75.429MHz on
aVarianUNITY-300 spectrometeat a spectralwidth of
16501Hz in 64K memory,anacquisitiontime of 1 sand
a relaxation delay of 1s. Two types of spectrawere
recorded:proton-noisedecoupledspectraand off-reso-
nancedecoupledspectra.

Synthesis of the esters 2-5: general procedures.
Method A. To a stirred solution of 3-methyl-2,4-
diphenyl-3-azaliyclo[3.3.1]Jnonan-8-01 (1) (3.3mmol)
and the correspondingacid (3.3mmol) in anhydrous
methylene chloride (30ml) was added dropwise a
solutionof DCC (3.5mmol) andDMAP (0.33mmol) in
anhydrous methylene chloride (5ml). The reaction
mixture was stirred at room temperaturefor 1-3 days
then filtered under reducedpressure.The filtrate was

0 1998JohnWiley & Sons,Ltd.

concentratedn vacuo, diethyl etherwas addedto the
resultingoil, the mixture wasfiltered andthefiltrate was
evaporatedinderreducedpressureThe residualoil was
purified on a silica gel column prepackedn a suitable
solvent.Elution of the columnwith ethyl acetate—hexane
(4:1, 3:1 and 4:1, vlv, for compounds2, 4 and 5,
respectively)gave a solid which was crystallizedfrom
hexane.

Method B. A solution of the acyl chloride (3.3mmol),
triethylamine (3.3mmol) and 3-methyl-2,4-dipheyl-3-

azabicyclo[3.3.1Jnona9%-01 (1) (3.3mmol) in an-
hydrousmethylenechloride (25 ml) werestirredat room
temperaturefor 1-2 days. The reaction mixture was
washedwith saturatedNa,CO; solution and then with

water. The organiclayer was separateddried (magne-
siumsulphateandthe solventevaporatedinderreduced
pressure.The residualoil was purified on a silica gel

column prepackedn a suitablesolvent. Elution of the
columnwith ethylcetate—hexan@:1, v/v) for compound
3 gavea solid which wascrystallizedfrom hexane.

3-Methyl-2,4-diphenyl-9x(3, 5-dimethylbenzoyloxy)-3-

azabicyclo[3.3.1Jnonane. (2). This compoundwas ob-
tained(methodA) in 74%yield, m.p.178-179C (from
light petroleum);IR (KBr): v CO,1712cm™*. Analysis:
calculatedfor C3gH33sNO,, C 81.97,H 7.57, N 3.19;
found,C 81.68,H 7.41,N 3.17%.

3-Methyl-2,4-diphenyl-9x(3, 5-dichlorobenzoyloxy)-3-
azabicyclo[3.3.1]Jnonane. (3). This compound was
obtained (method B) in 52% yield, m.p. 176-177C
(from hexane);IR (KBr): v CO, 1725cm™*. Analysis:
calculatedfor C,gH>-NO,Cl,, C 70.00,H 5.67,N 2.92;
found,C 70.24,H 5.87,N 2.77%.

3-Methyl-2,4-diphenyl-9a(pirazine-2-carbonyloxy)-3-a-
zabicyclo[3.3.1]jnonane. (4). This compoundwas ob-
tained(methodA) in 59%yield, m.p.170-172C (from
hexane):IR (KBr): v CO, 1715cm 1. Analysis: calcu-
latedfor C,6H>/N3O,, C 75.52,H 6.58,N 10.16;found,C
75.30,H 6.74,N 9.92%.

3-Methyl-2,4-diphenyl-9x(quinolin-4-carbonyloxy)-3-
azabicyclo[3.3. 1Jnonane. (5). This compoundwas ob-
tained(methodA) in 68%yield, m.p.151-152C (from
hexane):IR (KBr): v CO, 1713cm *. Analysis: calcu-
latedfor C31H30N>O5, C 80.49,H 6.54,N 6.06;found,C
80.19,H 6.77,N 5.80%.

Pharmacological Methods. Male Albino Swiss mice

(18-22g) wereused.Theanimalswerestarvedfor about

15h before treatment. All the test compoundswere

administeredintraperitoneallyin a 5% ethanol—-saline
solution. The doseemployedthroughoutthe pharmaco-
logical assaysvas10mgkg ™ (10mlkg ™).
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Gross behavioral effects and acute toxicity in mice.
Irwin’s multi-dimensimal screening proceduré* was
usedin groupsof threemicesto evaluatedrug-induced
behavioral alteration. Testing of mice was performed
30min, 1 h, 3h and 24 h after treatment(total observa-
tion period 7 days). b-Amphetamine(5 mgkg %) and
diazepam(5 mgkg™ ") wereusedfor comparison.
Analgesic activity. 1. Writhing test?? Groupsof 10 mice
wereinjectedintraperitoneallywith a 0.75%aceticacid
solution (0.01mlg™?) 30min after administrationof the
testcompound.The writhing movementof eachanimal
were counted for 20min. The analgesic effect was
expresse@sthe percentag®f protectioncomparedwith
the control group. Acetylsalicylic acid [200mgkg*
(p.0.)] and sodiumdiclofenac[10 mgkg~*(p.0.)], admi-
nisteredé0 min beforeinjection of theirritant, wereused
asreferencestandards.

2. Hot plate test®®* Groupsof eight mice were used.
Theywereplacedindividually on a hot-plate(Socrel,D-
537), maintainedat 55+ 0.5°C, andthetime of reaction
(endpoint:licking of thehind paws)wasrecorded30 min
afteradministratiorof thetestcompoundThemicewere
removedassoonastheyreactedr, if theyfailedto react,
after 60 s. The analgesiceffect was expressedas the
percentagevariation of time comparedwith the control
group.Morphine (8 mgkg ') wasusedfor comparison.

SUPPLEMENTARY MATERIAL

Datafrom the crystallographicstudy of 2 are available
from the authorson request.
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