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and 12.9 Hz, one of 2-CH2), 8.85 and 9.09 (2 H and 1 H, re
spectively, each s, 2'-CH, 4'-CH, and 6'-CH). Anal. (CnH16-
N3.HCl-0.75H2O) C, H, N. 

3-(2-Methyl-l,3-pyrimidin-5-yI)quinuclidine dihydro-
chloride (40) was prepared from 38 (0.57 g, 2.6 mmol) via 42 using 
the procedure described for the synthesis of 39. The product 
obtained (0.1 g, 19%) was dissolved in MeOH (2 mL), and a 
solution of ethereal HC1 was added to give the dihydrochloride 
salt: mp 256-258 °C (MeOH/EtjO); MS m/z 203 (M+ of free 
base); XH NMR (D20) 6 1.84-1.94,2.06-2.27, and 2.32-2.44 (2 H, 
2 H, and 1H, respectively, each m, 4-CH, 5-CH2, and 8-CU^), 2.78 
(3 H, s, CH3), 3.32-3.54,3.56-3.62,3.66-3.74, and 3.82-3.90 (4 H, 
1 H, 1H, and 1H, respectively, each m, 2-CH2,3-CH, 6-CH2, and 
7-CH2), 8.90 (2 H, s, 4'-CH and 6'-CH). Anal. (C12H17N3-2HC1) 
C, H; N: calcd 52.18; found, 51.58. 
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Selective ligands are known for the three M 1 /m 1 -M 3 /m 3 
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The X-ray structure of muscarone analogues 3 and 4 was determined and compared with that of muscarone (1, iodide 
and picrate salts), muscarine 2, dioxolane 5, oxathiolane 6, and tetrahydrofuran 7. In order to better define the 
pharmacological stereoselectivity of muscarone, the conformational profiles of compounds 1,2,3, and 5 were analyzed 
using Allinger's MM2(85) program or, in the case of 4, by XH NMR spectroscopy. The conformation of the ring 
in 1 proved similar to that of the other derivatives. MM2 calculations predicted a preferred gauche arrangement 
of the side chain for 1 and its analogues; such an arrangement was also observed in the solid state of muscarone 
picrate. Thus, the antiperiplanar arrangement reported for crystalline muscarone iodide appears to be due to 
crystallographic packing forces. As a consequence, the rationalization of the pharmacological profile of 1 based 
on the antiperiplanar arrangement is now highly questionable. The lack of stereoselectivity of 4 can be attributed 
to the absence of a stereocenter at C-2 whereas, in our opinion, there are currently no sound explanations for the 
low values of eudismic ratios for the muscarone enantiomers. 
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Table I. Muscarinic Potencies of Compounds 1-7" 

compd 

(±)-l 
(±)-2 
(±)-3 
(±M 
(±)-5 
(±)-6 
(±)-7 

guinea pig 
atria 

8.62 ± 0.08 
7.23 ± 0.07 
6.10 ± 0.08 
7.62 ± 0.05 
8.02 ± 0.04 
7.37 ± 0.03 
5.88 ± 0.06 

ileum 
9.00 ± 0.07 
7.50 ± 0.05 
7.38 ± 0.03 
7.95 ± 0.03 
8.38 ± 0.06 
8.23 ± 0.06 
6.87 ± 0.08 

ER6 

3.1c 

331d 

2.5e 

59/ 
170* 

eutomer 
config 

2S.5S 
2S,3fl,5S 

5fl 
2S,5fl* 
2fl,5fl* 

rat 
jejunum 

7.89 ± 0.03 
6.81 ± 0.04 
6.78 ± 0.03 
7.13 ± 0.03 
7.58 ± 0.11 
7.55 ± 0.03 
6.19 ± 0.05 

bladder 
7.28 ± 0.05 
6.24 ± 0.05 
6.13 ± 0.03 
6.44 ± 0.03 
6.91 ± 0.05 
6.64 ± 0.04 
5.62 ± 0.03 

0 Potencies are expressed as -log EC^,, values taken from refs 18 and 20. 6Eudismic ratio, 
19. 'Reference 9. 'Due to the priority rules, enantiomers (2S,5i?)-5 and (2R,5fl)-6 
(2S,3fl,5S)-2, and (5S)-4. '•Reference 22. 

subpopulations of receptors.5 Nevertheless, there is a 
demand for compounds having selective central stimu
lating muscarinic activity due to their therapeutic potential 
in Alzheimer's disease.6 Recent papers have reported the 
synthesis7,8 of spirocyclic analogues of muscarone 1 which 
are characterized by a pronounced selectivity for the Mx 
subtype.8 It is noteworthy that the pharmacological profile 
of 1 differs significantly from that of the major muscarinic 
agonists,9,10 i.e. it has been claimed that 1 possesses a re
versed enantioselectivity11 and a low eudismic ratio (ER) 
(2.4-10.1)12 in a variety of test preparations.1113 Even 
though it was later demonstrated that the eutomer of 
muscarone [(-)-l] had chirality at C-2 and C-5 identical 
to natural muscarine [(+)-2],14 the low ER values have not 
been well-rationalized. These aspects have been discussed 
by different groups and some explanations have been set 
forth.11,15"17 

(5) Eberlein, W. G.; Engel, W.; Mihm, G.; Rudolf, K.; Wetzel, B.; 
Entzeroth, M.; Mayer, N.; Doods, H. N. Structure-Activity 
Relationships and Pharmacological Profile of Selective Tri
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in Human Neurodegenerative Disorders: Focus on Alzheimer's 
Disease. In ref 3, pp 80-84. 
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Rat ileum, ref 9. ''Reference 21. 'Reference 
the same spatial arrangement of (2S,5S)-1, 
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Figure 1. Plots of compounds 3 and 4 as determined by X-ray 
crystallography. 

Table II. Selected Geometrical Data from Crystallographic 
Analysis of Compounds 1-7 

compd 
1° 
l*b 

2 
3 
4 
5 
6 
7 

Q 
0.33 
0.32 
0.26 
0.40 
0.26 
0.23 
0.46 
0.14 

<j>2 

343 
335 
301 
346 
163 
99 

354 
279 

T 

+157 
+69 
+73 
+84 
+61 
+94 
+77 
+68 

<fl,7 (A) 

3.69 
3.07 
3.07 
3.22 
3.07 
3.20 
3.16 
3.09 

d7,8 (A) 
6.01 
5.39 
5.40 
5.61 
4.86 
4.84 
5.49 
5.22 

ref 

23 
23 
24 
c 
c 
25 
26 
27 

"Muscarone iodide. bMuscarone picrate. °This work. 

In connection with an ongoing research program on the 
topography of the cholinergic recognition sites, we pre
pared and tested the muscarone analogues 3 and 4 in order 
to study the direct influence of the polarity of the carbonyl 
group of 1 on the biological activity and selectivity.18 We 
also prepared and tested the two enantiomers of 4.19 

Table I reports the potencies and the ER's of muscarone 
l,20 its analogues 319 and 4,19 the structurally related 
muscarine 2,20,21 cis-dioxolane 5,20,9 cis-oxathiolane 6,22 and 
tetrahydrofuran 7.18 All the derivatives are potent mus-

(17) Beckett, A. H. Stereospecificity in the Reactions of Cholin-
esterase and the Cholinergic Receptor. Ann. N.Y. Acad. Sci. 
1967, 144, 675-688. 
De Amici, M.; De Micheli, C; Grana, E.; Rodi, R.; Zonta, F.; 
Santagostino Barbone, M. G. Synthesis and Pharmacological 
Investigation of Cholinergic Ligands Structurally Related to 
Muscarone. Eur. J. Med. Chem. 1989, 24, Ill-Ill. 
De Amici, M.; De Micheli, C; Grana, E.; Lucchelli, A.; Zonta, 
F. Nitrile Oxides in Medicinal Chemistry. 3. Synthesis and 
Bioenantioselectivity of (+)- and (-)-2-Methyl-5-[(dimethyl-
amino)methyl]-3-oxo-isoxazolidine Methiodide. Farmaco 
1990, 45, 859-866. 
Grana, E.; Lucchelli, A.; Zonta, F.; Santagostino Barbone, M. 
G.; D'Agostino, G. Comparative Studies of the Postjuctional 
Activities of Some Very Potent Muscarinic Agonists. Nau-
nyn-Schmiedeberg's Arch. Pharmacol. 1986, 332, 213-218. 
De Amici, M.; Dallanoce, C; De Micheli, C; Grana, E.; La-
dinsky, H.; Schiavi, G. B.; Zonta, F. Synthesis and Pharmaco
logical Investigation of Stereoisomeric Muscarines. Chirality, 
submitted for publication. 
Teodori, E.; Gualtieri, F.; Angeli, P.; Brasili, L.; Giannella, M.; 
Pigini, M. Resolution, Absolute Configuration, and Cholinergic 
Enantioselectivity of (+)- and (-)-cis-2-Methyl-5-[(dimethyl-
amino)methyl]-l,3-oxathiolane Methiodide. J. Med. Chem. 
1986, 29, 1610-1615. 

(18) 

(19) 

(20) 

(21) 

(22) 
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carinic agonists but, whereas muscarone 1 and its analogue 
4 show low ER values, the other partners are characterized 
by high eudismic ratios. Furthermore, compound 4 has 
a reversed enantioselectivity with the 5R enantiomer acting 
as the eutomer (Table I). Since the pharmacological profile 
of muscarone has also been rationalized on the basis of its 
conformation in the solid state,15 we became interested in 
the conformational preferences of 3 and 4. This paper 
deals with the X-ray analysis of compounds 3 and 4 and 
a study of the conformational profile of compounds 1-7, 

Table III. Relative Energies (kcal/mol), Equilibrium 
Percentages, and Selected Geometrical Data for Calculated 
Conformations of Compounds 1, 2, 3, and 5 

l: x = c=o * 
2: X = CHOH (rraw) 
3: X = C=CH2 

5: X = 0 
6: X = S 
7: X = CH2 

carried out through molecular mechanics calculations and 
XH NMR spectroscopy. 

Results and Discussion 
As shown in Table I, the moiety X, located at the 3-

position of the heterocyclic ring, is responsible for the 
modulation of the potency and the selectivity of the 
muscarinic ligands 1-7. Its influence might be exerted 
either directly, i.e. it might be due to the electronic nature 
of the group, its orientation, etc. or indirectly through 
changes of the conformation of the entire molecule. This 
indirect influence is analyzed in the present paper through 
a detailed study of the conformational profile of the 
five-membered ring as well as the side chain bearing the 
ammonium group. 

In Figure 1 structures of compounds 3 and 4 are re
ported, derived from the X-ray coordinates. Hydrogens 
have been omitted for clarity with the exception of H-2 
and H-5. Table II reports the main geometrical data for 
3 and 4 which are compared with those reported for l,23 

2,^ 5,25 G,26 IP The conformation of the ring is expressed 
as the amplitude Q and phase 02

28 whereas the orientation 
of the ammonium group is characterized by the value of 
the dihedral angle 01-C5-C6-N7 (T). The phase value 
indicates that while the ring assumes very similar con
formations in compounds 1, 2, 3, and 6 (tf>2: 301°-354°; 
^-Es conformations, Table II) and a conformation close 
to them in 7 (<£2: 279°), it is differently puckered in 4 (02: 
163°; ^Ti conformation) and 5 (tf>2: 99°; ̂ 4 conformation). 
Furthermore, the value of T shows that all the compounds 
crystallize with the ammonium group (N7) gauche to the 
ring oxygen (01) (T = +61° - +94°). The sole exception 

(23) Frydenvang, K.; Jensen, B. Structures of Muscarone Iodide 
and Muscarone Picrate. Acta Crystallogr., Sect. C, in press. 

(24) Jellinek, F. The Structure of Muscarine. Acta Crystallogr. 
1957, 10, 277-280. 

(25) Pauling, P.; Petcher, T. J. Muscarinic Agonists. Crystal and 
Molecular Structure of 2-Methyl-4-trimethyIammonium-
methyl-l,3-dioxolan Iodide and Similar Substances. J. Med. 
Chem. 1971,14, 3-5. 

(26) Bardi, R.; Piazzesi, A. M.; Del Pra, A.; Villa, L. Structure of 
Trimethyl[(cis-2-methyl-l,3-oxathiolan-5-yl)methyl]ammoni-
um Iodide. Acta Crystallogr. 1983, C39, 214-216. 

(27) Bardi, R.; Piazzesi, A. M.; Del Pra, A.; Villa, L. Structure of 
Trimethyl[(cis-5-methyl-l-oxolan-2-yl)methyl]ammonium Iod
ide. Acta Crystallogr. 1983, C39, 762-764. 

(28) Cremer, D.; Pople, J. A. A General Definition of Ring Puck
ering Coordinates. J. Am. Chem. Soc. 1975, 97, 1354-1358. 

conformn 
1A 
IB 
2A 
2B 
2C 
2D 
2E 
2F 
3A 
3B 
5A 
5B 

•^rel 

0.00 
1.86 
0.00 
0.03 
0.77 
2.08 
2.12 
2.83 
0.00 
2.09 
0.00 
1.31 

equil % 
95.8 
4.2 

43.7 
41.5 
11.9 
1.3 
1.2 
0.4 

97.1 
2.9 

90.1 
9.9 

Q 
0.35 
0.34 
0.39 
0.39 
0.39 
0.38 
0.38 
0.38 
0.37 
0.36 
0.42 
0.42 

02 
344 
353 
322 
321 
323 
16 
15 
15 

329 
332 
31 
29 

T 

+77 
+163 
+78 
+78 
+78 

+161 
+161 
+162 
+77 

+155 
+74 

+164 

T"' 

-
-
+177 
+68 
-58 
+68 
+177 
-59 
-
-
-
-

V : dihedral angle C2-C3-0-H. 

10 

6 

Z 

• 

• V ' 
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Figure 2. Conformational energy Elel (kcal/mol) of compounds 
1 (•••), 2 (—), and 3 (---) as a function of the torsional angle 
01-C5-C6-N7 (T). For a better comparison of the profiles the 
E = 0 coordinate of 1 and 3 has been shifted by +1 and +0.5 
kcal/mol, respectively. 

is represented by muscarone 1 where the N7 and Ol 
moieties assume an antiperiplanar arrangement (T = 
+157°). 

An alternative manner to describe and compare the 
geometry of muscarinic ligands consists in the evaluation 
of the interatomic distances among the three major centers 
of interaction: the ammonium nitrogen, the ring oxygen, 
and the terminal methyl carbon atom. Table II reports 
the 01-N7 and N7-C8 distances (d17 and dlj8) for the set 
of compounds 1-7. The distance dli7 is almost the same 
(3.1-3.2 A) for all of the compounds but 1 in which case 
it is higher (3.69 A). The parameter d7 8 lies in the range 
5.2-5.6 A for 2, 3, 6, and 7 but is smaller in 4 (4.86 A) and 
5 (4.84 A) and greater in 1 (6.01 A). Since the anomalous 
values of d17 and d78 in 1, 4, 5 parallel the anomalous 
values of $2 and T, in the following discussion we will make 
use of these two latter parameters. 

The conformation of the side chain was first investigated 
since its unusual antiperiplanar arrangement in muscarone 
iodide 1 has been used to explain the low ER values.15 In 
order to find out if such a disposition was due to intra
molecular forces or could be attributed to crystallographic 
packing forces, we carried out molecular mechanics cal
culations on 1 and, comparatively, on 2, 3, and 5. Table 
III reports the selected geometrical data concerning the 
conformations which significantly contribute to the overall 
populations of compounds 1, 2, 3, and 5 determined by 
exploration of their conformational space with the MM2(85) 
program.29 Comparison of the calculated and X-ray data 
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Figure 3. Newman projection along bond C5-C4 of X-ray con
formation (^i) and proposed solution conformation (E6) of 
compound 4. 

for muscarone iodide 1 shows that it crystallizes in the 
second lower energy minimum (IB). It is worth pointing 
out that a change of the counterion of 1 from iodide to 
picrate causes a switch in the conformational preference 
from antiperiplanar to gauche (T = +69°, Table II). In
terestingly, the solid-state conformation of muscarone 
picrate corresponds to the calculated global minimum (1A). 
The conformational behavior around the C5-C6 bond of 
compounds 1-3 was determined by using the driver option 
of the MM2 program (5-deg incremental steps). Figure 2 
shows that the conformational profiles are quite similar 
for 1, 2, and 3. Three minima are found higher in energy 
than the global minimum, and the energy barriers are all 
comparatively high. In summary, the solid-state confor
mation of muscarone iodide, which possesses an antiper
iplanar orientation of the ammonium group, seems ener
getically disfavored over the other with the side chain in 
a gauche arrangement. The difference in energy (about 
2 kcal/mol) is probably balanced by more favorable in-
termolecular interactions. 

Compounds 4 and 5 exhibit an anomalous value of 4>2. 
Compound 4 has structural features which might favor a 
ring conformation different from that of the other com
pounds under study. In fact, it has two sp2-hybridized ring 
atoms, and therefore the four atoms 0 1 , N2, C3, C4 should 
lie in about the same plane with atom C5 pointing above 
or below this plane. Such an arrangement gives rise to two 
ring conformations close to 6E and to E5. X-ray analysis 
shows that the molecule assumes the 5Tj conformation 
with a pseudoaxial orientation of the CH2NMe3 group. 
This orientation is not disfavored by 1,3-interactions as 
both the atoms located 1,3 to C5 are sp2 hybridized. Un
fortunately, the lack of parameters for the nitrogen-oxygen 
bond did not allow us to carry out molecular mechanics 
calculations on compound 4. 

Information on the conformation of 4 in solution (D20) 
was obtained from the *H NMR spectrum. The coupling 
constants J^b and Jib$ are 8.6 and 8.7 Hz, respectively. 
These data are in sharp contrast with the solid state 
conformation of 4 (^T^, Figure 3) in which the dihedral 
angles H4a-C4-C5-H5 and H4b-C4-C5-H5 are -95° and 
+25°; in fact, introduction of these two values into the 
Altona equation30 gives two calculated constants of 1.5 and 
8.7 Hz, respectively. So, the conformational population 
of 4 in D20 cannot be described by the only solid-state 
conformation ^ ^ Another conformation, which probably 
gives a percentage contribution larger than that of the 
conformation ^T^ should be present. This conformation, 

(29) Tai, J. C; Allinger, N. L. Molecular Mechanics Calculations on 
Conjugated Nitrogen-Containing Heterocycles. J. Am. Chem. 
Soc. 1988,110, 2050-2055. 

(30) Haasncot, C. A. G.; de Leeuw, F. A. A. M.; Altona, C. The 
Relationship between Proton-Proton NMR Coupling Con
stants and Substituent Electronegativities-I. An Empirical 
Generalization of the Karplus Equation. Tetrahedron 1980, 
36, 2783-2792. 
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Figure 4. Conformational energy Eiel (kcal/mol) of compounds 
1 (•••) and 5 (—) as a function of the phase <j>2. 

more compatible with the NMR data, should possess 
torsional angles between H-5 and the two H-4's of about 
-20° and -140° (Figure 3). These torsional angles are 
consistent with a conformation close to E5 where the <j>2 
value is 324°, within the range of the other compounds. 

The X-ray structure of cis-dioxolane 5 shows also an 
anomalous <t>2 value (99°), at variance with molecular 
mechanics calculations. The calculation gave 4>2 equal to 
31° (conformation 5A), proximate to the usual range. We 
traced the energy profile for the pseudorotational path of 
the ring by calculating the energy of several points in the 
path through proper use of the driver option of MM2 pro
gram (the gauche orientation of the ammonium group was 
maintained throughout the path). Figure 4 shows the 
profile of 5 in comparison to that of muscarone 1. Only 
the part of the curve representing conformations in the 
range of 3 kcal/mol greater than the global minimum is 
reported. The profile of 5 is flatter than that of 1. About 
2 kcal/mol are necessary to force the ring from the min
imum (</>2 = 31°) into the solid-state conformation (02 -
99°), an energy cost similar to that necessary to reach the 
solid-state conformation of muscarone iodide. Even easier 
(1 kcal/mol) is the transformation from the most stable 
conformation (E2; <t>2 - 31°) to the common one (^5; 02 
= 342°). Thus, the presence of two oxygen atoms in the 
ring apparently increases its conformational mobility. 

In summary, the X-ray data of compounds 1-7 show 
that most of them assume conformations with the ring 
similarly puckered (<j>2: 300-360°) and the side-chain in 
a gauche arrangement with respect to the ring oxygen. 
These experimental results confirm the conformational 
data obtained by molecular mechanics calculations with 
the major exception of muscarone iodide (1) where the 
calculations predicted the gauche form as the most stable 
conformation of the side chain whereas the X-ray analysis 
showed that 1 crystallized in the antiperiplanar arrange
ment. This case is of particular importance since such an 
argument has been used to rationalize the peculiar phar
macological profile of 1, i.e. the low values of eudismic ratio. 
Here we conclude that there are no strong intramolecular 
interactions to induce muscarone iodide to crystallize with 
the side chain in the antiperiplanar disposition since our 
theoretical results indicate that the gauche conformation 
is more stable by about 2 kcal/mol and the same confor
mation was observed in the solid state of muscarone picrate 
(l*).23 Moreover, an inspection of the stereodrawings of 
muscarone and of its analogues has shown that the am
monium group is in about the plane of the five-membered 
ring not only when it has an anti orientation but also when 
it is gauche oriented. Also in this respect muscarone be
haves like the other examined muscarinic agonists. 

An alternative explanation of the low ER's of 1 could 
be due to an isomerization of muscarone (cis form) to 
a/Zo-muscarone (trans form) during the biological tests. It 
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is well known that the chirality at C-2 strongly influences 
the enantioselectivity.9,10 As an example, the two enan-
tiomers of the alio (trans) form of dioxolane 59 and oxa-
thiolane 622 are almost equipotent, their eudismic ratio is 
2.0 and 1.5, respectively. On the same basis, the absence 
of a stereocenter at C-2 can account for the lack of enan
tioselectivity of derivative 4. Since the biological tests are 
performed in a buffer solution, at room temperature and 
at physiological pH, we recorded the : H NMR spectrum 
of 1 in D20 at room temperature. After several hours, we 
observed the complete disappearance of the signals cor
responding to the two H-4's (2.38 and 2.69 ppm), but there 
was no change either in the intensity or in the chemical 
shift (4.04 ppm) of H-2. As a consequence, we exclude this 
possibility as the explanation of the low values of eudismic 
ratio. Since the reported values of ER are not accompa
nied by any indication about the optical purity of the 
samples, in our opinion it is necessary to collect new 
pharmacological data on compounds with a well-estab
lished enantiomeric excess. Work along this line is in 
progress and will be published in due course. 

Experimental Section 
*H NMR spectra of 1 and 4 were recorded on a Bruker AC-E 

300 spectrometer. Molecular mechanics calculations were per
formed with the MM2(85) program29 obtained from QCPE. 

X-ray Analysis. Crystals of 3 and 4, obtained by evaporation 
of 2-propanol, were mounted on an Enraf-Nonius CAD4 dif-
fractometer with graphite-monochromated Mo Ka radiation (X 
= 0.71073 A) and using the w-28 scan technique. The cell con
stants were determined from a least-square fit of the setting angles 
for 25 accurately centered reflections. Three standard reflections, 
measured every 3500 s of X-ray exposure, showed no intensity 
decay over the course of data collection. The intensity data were 
corrected for Lorentz and polarization effects, and an empirical 
absorption correction was performed [min. trans. 83.9% (89.5%), 
max. trans. 99.6% (100.0%), av trans. 93.7% (94.7%) for 3 (4)]. 
The structure was solved by standard heavy atom Patterson 
methods followed by weighted Fourier synthesis. Refinement was 
by full-matrix least-squares techniques based on F to minimize 
the quantity Su;(|F0| - \FC\)2 with w = 1/<T2(F). Non-hydrogen 
atoms were refined anisotropically and hydrogen atoms were 

included as constant contributions to the structure factors and 
were not refined. 

Compound 3, C^H^INC-, crystallized in the monoclinic space 
group P2i/n (systematic absences ftOl: h + 1 = odd; OfeO: k = 
odd) with a = 7.486 (1) A, b = 17.289 (4) A, c = 9.979 (2) A, 0 
= 100.91 (2)°, V = 1268.2 (8) A3, Z = 4, and d ^ = 1.556 g/cm3. 
A total of 2215 reflections were measured over the ranges: 4 < 
20 < 50°, 0 < h < +8, -20 < k < 0, - 11 < I < +11. Refinement 
converged to Rt = 0.035 and R2 = 0.051. 

Compound 4, CgH^D^Cy^O, crystallized in the triclinic space 
group PI with a = 5.763 (1) A, b = 7.914 (2) A, c = 14.080 (6) A, 
a = 100.71 (3)°, 0 = 90.46 (2)°, y = 93.07 (1)°, V = 629.9 (6) A3, 
Z = 2, and d^ = 1.677 g/cm3. A total of 2211 reflections were 
measured over the ranges 4 < 28 < 50°, -6 < h < +6, 0 < k < 
9, -16 < I < +16. Refinement converged to i?! = 0.056 and R2 
= 0.092. 

'H NMR spectrum of 1: (D20) S 1.20 (d, J = 6.8 Hz, 3 H, Me), 
2.38 (dd, J = 18.4,10.3 Hz, 1 H, H-4a), 2.69 (dd, J = 18.4, 6.0 
Hz, 1 H, H-4b), 3.17 (s, 9 H, NMe3), 3.63 and 3.65 (AB part of 
an ABX system, J ^ = 14.0, JAX = 10.5, JBX = 0.5 Hz, 2 H, H-6a 
and H-6b), 4.04 (q, J = 6.8 Hz, 1 H, H-2), 4.80 (m, 1 H, H-5). 

XH NMR spectrum of 4: (D20) « 2.71 (dd, J = 17.0, 8.6 Hz, 
1 H, H-4a), 3.12 (dd, J = 17.0, 8.7 Hz, 1 H, H-4b), 3.14 (s, 3 H, 
Me), 3.20 (s, 9 H, NMe3), 3.60 (dd, J = 14.5,0.8 Hz, 1 H, H-6a), 
3.91 (dd, J = 14.5, 9.8 Hz, 1 H, H-6b), 5.30 (m, 1 H, H-5). 
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