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The conformations of three 3-benzyl-3-azabicvclo[3.3.1]nonanes substituted with 2-exo-alkyl groups have been
studied by analysis of their proton and carbon-15 nuclear magnetic resonance spectra. These compounds were pre-
pared by stereoselective alkylation of aldimmonium ion 4 with Grignard reagents. The presence of 2-methyl and
2-ethyl substituents was shown to cause the ring system to prefer a flattened double-chair conformation similar to
that of the unsubstituted compound (3a). Introduction of a 2-isopropyl substituent, however, caused a change in

favor of the chair-boat conformation.

Considerable attention has been directed toward synthe-
sis and conformational analysis of substituted bicyclo[3.3.1]-
nonanes and heterocyclic analogues, compounds which have
potential as models for extension of the concepts and theories
of stereochemistry.! In this connection, our interest has been
centered on the 3-azabicyclo[3.3.1]nonane ring systera (1).
According to relative energy minima, 1 may exist in any of four
conformations: double chair, chair-boat, boat—chair, and
double boat. The most stable conformer of 1 is the double
chair, as is the case with its N-alkyl analogues.? However, in
this and in the conformationally similar diazabicyclic com-
pound 2a,32 minor structural modifications have been shown

€ / NR CH.N EX NCH,

1 2a. X =H
b. X =0H

to cause conformational changes. For example, the methiodide
of 1 (R = CHj3) and N,N’-dimethylbispidinol (2b) appear to
prefer chair-boat conformations.3»¢ While there have been
a number of conformational studies of symmetrical derivatives
of 1 and isomers, less information is available concerning the
conformational preferences of unsymmetrical derivatives.
Accordingly, we have investigated the effect of 2-exo-alkyl
substituents on the conformation of 1.

0022-3263/78/1943-2910$01.00/0

Among other methods, proton magnetic resonance (1H
NMR) spectrometry has proven to be effective in resolving
configurational and conformational features in azabicyclic
systems.? More recently, carbon-13 nuclear magnetic reso-
nance (13C NMR) spectrometry has been shown to be a par-
ticularly powerful tool in such studies.® In this paper, we re-
port the synthesis of 3-benzyl-3-azabicyclo[3.3.1]nonane (3a)
and three of its 2-exo-alkyl analogues (3b-d) and some con-

NCH,CH. @NEHZC(;H;
/ -
- _H X
R 4
3a, R=H

b, R =CH.

c. R=CH.CH

d. R=iC

clusions regarding the preferred conformations of these last
compounds as determined from analysis of their 'H and 13C
NMR spectral features.

Results and Discussion

Compounds 3b—d were each prepared from 3a in two steps.®
Oxidation of 3a with bromine in methylene chloride’ fur-
nished aldimmonium salt 4 (X = bromide or perchlorate).
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Table I. 'H NMR Spectral Features of 2-Alkyl-3-benzyl-3-azabicyclo[3.3.1]nonanes®

H,

3

@_:_

R H,

Registry Chemical shifts, ppm (J, Hz)¢
Compd no. CCH;of R Aliphatic NCHy and NCH Hi; Ho
3a 19015-40-8 1.95-2.29 (dd,® 2 H), 2.65-3.00 (dd,® 2 H) 3.28 (s); 3.28 (s)
3b 66224-91-7 0.97 (d) (7) 2.562-3.17 (m, 3 H) 3.42 (d); 3.62 (d) (14)
3c 66224-92-8 0.75 (t) (7) 2.50-2.90 (m, 3 H) 3.45 (d); 3.65 (d) (14)
3d 66224-93-9 0.88 (d) (7), 2.15-2.45 (m, 2 H), 2.90-3.20 (m, 1 H) 3.50 (d); 4.07 (d) (14)
1.00 (d) (7)

@ Spectra were taken at 60 MHz using chloroform-d as solvent and 1% tetramethylsilane as an internal standard. Aromatic protons
were seen as broad singlets centered at 7.31 ppm (average value). ? J; = 10.5 Hz and J5 is unresolved.

Addition of this salt to an excess of the appropriate Grignard
reagent gave 3b-d. The relative configurational assignment
of the alkyl groups in these compounds is based on the as-
sumption that nucleophilic attack will be from the less hin-
dered exo side of 4, in analogy with the reported preference
for addition of various nucleophiles to bicyclo[3.3.1]non-2-ene
and bicyclo[4.3.1]dec-2-ene derivatives.8

I'H NMR Studies. The extent of chemical shift nonequiv-
alence in benzylic methylene protons in XH NMR spectra® has
been utilized not only in determination of relative configu-
rations of piperidines,1%2 piperazines,!® and 1-azadecalins!!
but also in qualitative conformational analysis of heterocyclic
and azabicyclic systems.®12 From these investigations it has
become clear that nonequivalence will be observed in these
cyclic systems if the benzyl group is vicinal to a single equa-
torial alkyl substituent, as in 5.19¢:12 However, if this substit-
uent is axial as in 6, nonequivalence will not be seen.!%¢

< Y

- N.
“SCH Ph “CH,Ph

5 6

Salient features in the 'H NMR spectra of 3a—d are shown
in Table I. The benzylic methylene protons of 3b-d exhibit
observable nonequivalence. The chemical shift difference
between these protons is 0.20 ppm in 3b and 3¢ and is in-
creased to 0.57 ppm in 3d. Based on the above analysis, two
explanations may be offered to account for this increase. The
isopropyl group could cause an increased disparity in benzyl
rotamer populations in 3d relative to 3b and 3¢,!3 assuming
that all three compounds prefer the conformation in which
their alkyl groups are equatorial, as represented by partial
structure 5. This in turn would result from a more severe steric
interaction of the isopropyl substituent with the benzyl group
in 3d, as compared with that of the methyl and ethyl substit-
uents with this group in 3b and 3e¢, respectively. In support
of this, inspection of molecular models of these compounds
showed that the methyl and ethyl substituents should have
about the same influence on benzyl group rotamer popula-
tions, with the isopropyl substituent having an increased in-
fluence. Alternatively, the greater Aé could be due to a pre-
dominance, in 3d, of conformer 5 over conformer 6, with a
relatively smaller percentage of 5 (greater percentage of 6)
representing both 3a and 3b.

Consideration of the region of the spectra in which aliphatic
N-methylene and N-methine protons are found lends further
support to the contention that 5 best represents the hetero-
cyclic ring in 3d but casts doubt as to the conformations of this

ring in 3b and 3c. The spectrum of 3d features a broad one
proton multiplet centered at 3.05 ppm and a two proton
multiplet at 2.15-2.45 ppm. From analysis of the 'H NMR
spectra of numerous related cyclic and polycyclic compounds,
it has been suggested that protons anti to the nitrogen lone
pair electrons appear below 2.50 ppm and those gauche to
these electrons between 2.70 and 3.10 ppm.!* Therefore, 3d
has two protons anti and one proton gauche to the lone pair,
indicative of the predominance of conformer 5. The spectra
of 3b and 3¢ exhibit no signals indicative of anti protons, but
multiplets integrating for three protons are present in the
region of the spectra where gauche protons are generally
found. These data do not seem to support the presence of ei-
ther 5 or 6 as being representative of the heterocyclic ring of
3b and 3c.

In order to clarify the conformational preferences of the ring
systems in 3a—d in general and in 3b and 3c in particular, a
comparison of their 13C NMR spectra was made.

13C NMR Studies. The sensitivity of carbon-13 chemical
shifts to changes in molecular geometry is the basis for the
application of 13C NMR spectrometry in conformational
analysis.515

In Table IT are listed the carbon-13 chemical shifts of
compounds 3a-d. Assignments were made in the following
manner. Off resonance decoupled spectra were obtained in
order to distinguish between methyl, methylene, and methine
carbon atoms. Most of the individual assignments of meth-
ylene and methine carbons of 3b-d could be made by con-
sideration of the 13C NMR shift values of 3a and related bi-
cyclo[3.3.1]nonanes,!6 taking into account the anticipated
substituent parameters.

In addition to the greater complexity of the spectra of 3b-d
in relation to that of 3a, consistent differentiating features are
the positions of C-4, C-9, and the benzylic methylene carbons,
which are found at 6.1-7.5, 5.3-6.2, and 4.6-5.8 ppm upfield
from the corresponding carbons in the spectrum of 3a, re-
spectively. The upfield shift of the benzylic methylene carbons
is indicative of steric congestion due to the presence of the
2-alkyl groups; those of C-4 and C-9 seem to be due to ste-
reochemical features which will be discussed below.

The spectral positions of C-7 and C-2’ appear to provide the
most unambiguous evidence regarding the ring system con-
formations of 3b-d. A 5.0 ppm upfield shift of C-7 is seen in
3d relative to 3a. Based on the 'H NMR spectral character-
istics of 3d (see above), which suggested that its piperidine ring
was mainly in the boat conformation, we attribute this dif-
ference to a gauche relationship of the 7-endo-hydrogen with
the endo hydrogens at C-2 and C-4. This interaction has been
proposed to account for the ca. 5 ppm upfield shift of C-7 in
the spectra of chair-boat conformers with respect to those of
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Table I1. 13C Chemical Shifts of 2-Alkyl-3-benzyl-3-azabicyclo[3.3.1 Inonanes®
Compd R C-1 C-2 C-4 C-5 C-6 C-7 C-8 C-9 C-2 CHyPhe
3a H? 29.7 59.9 (59.9) (29.7) 31.5 22.6 (31.5) 34.4 64.3
3b CHs 36.5 57.7 52.4 29.6 32.8¢ 22.1 32.0¢ 28.3 10.1 59.7
3¢ CoH; 29.9¢ 65.1 52.9 29.3¢ 32.74 22.0 32.04 28.2 15.41 59.5
3d 1-C3H, 27.7¢ 67.2 53.8 29.1¢ 33.0¢ 17.6 31.6¢ 29.1 27.2¢f 58.5

a Spectra were taken using chloroform-d as solvent. Shifts are given in ppm downfield from internal tetramethylsilane. ® Chemical
shifts of symmetry-related atoms are enclosed in parentheses. ¢ These assighments are interchangeable. ¢ Phenyl ring carbons were
found at 140.3 («-C), 128.7 (5-C), 128.0 (m-C), and 126.4 (p-C) ppm (average values). / Chemical shifts for C-CHaz: 3¢, 11.8 ppm; 3d,

16.2 and 19.8 ppm.

chair—chair conformers in the closely related 9-
azabicyclo{3.3.1]nonan-3-ols.16b This implies that the cyclo-
hexane ring of 3d prefers the chair conformation and that the
overall ring system may be best represented by I. Since the

H

position of C-7 in 3b and 3¢ does not differ greatly from that
in 3a, the gauche endo hydrogen relationship must not be
present, and the rings of all of these compounds therefore
appear to prefer a flattened double-chair conformation (II;
R= H, CH3, and CQH5).

Additional evidence in favor of these conformational rep-
resentations is provided by the position of C-2: methyl,
methylene, and methine in the spectra of 3b—d, respectively.
The methy! carbon of 3b is seen at 10.1 ppm, which is about
10 ppm upfield from its position in 2-methylpiperidine de-
rivatives in which it assumes an equatorial orientation.)” We
attribute this high-field position to a gauche relationship of
it with the 4-exo- and 9-syn-hydrogens, as a result of its being
in an axial orientation (conformer II; R = CHj3). When cne of
the hydrogens of this group is replaced with a methyl group,
the resulting methylene is shifted downfield by 5.3 ppm. Since
the substituent parameter for a-CHj in piperidines is 5.4
ppm,17P the downfield shift of this methylene seems to be due
primarily to the influence of the methyl group and not to any
reduction in its proximity with respect to the 4-exo- and 9-
syn-hydrogens. Replacement of another hydrogen with a
methyl group, giving 3d, would be expected to result in a
further shift of C-2’ to about 20.6 ppm. However, C-2’ is found
at least 6.6 ppm farther downfield, presumably as a result of
the relief of steric crowding due to a shift in favor of conformer
L

The positions of C-2, C-4, and C-9 in the spectra may be
interpreted in a manner consistent with the above analysis.
In 3b and 3¢ the C-4 carbon is shifted 7.5 and 7.0 ppm upfield
relative to its position in 3a due to the gauche interaction of
the 2-exo-alkyl groups with the respective 4-exo-hydrogens.170
This effect is partially offset at C-2 in 3b by the downfield shift
caused by the a-CHj contribution, resulting in a net upfield
shift of only 2.2 ppm relative to C-2 in 3a; in 3¢ the effect at
C-2 is overridden by downfield «-CH; and 3-CHj contribu-

tions, resulting in a net downfield shift of 5.2 ppm. In 3d, C-4
is shifted 6.1 ppm upfield relative to its position in 3a due to
the gauche 2,4,7-endo-hydrogen interaction. This relationship
also undoubtably causes C-2 to appear upfield from where it
would appear in the absence of such an interaction, but the
magnitude of the relative difference cannot be reliably esti-
mated due to the lack of a suitable reference compound.

The upfield shift of C-9 in 3b and 3¢ relative to its position
in 3a is due to the syn-9-hydrogen-2-exo-alkyl interaction,
and in 3d relative to 3a is probably due to transannular
shielding by the nitrogen lone pair electrons on the 9-syn-
hydrogen.1®

Conclusion

The 'H and 13C NMR spectral features of 3d indicate that
it prefers a chair-boat conformation (I). Analysis of the 13C
NMR spectra of 3b and 3¢ shows them to prefer flattened
double-chair conformations, similar to that of 3a, while the
observable nonequivalence of the benzylic methylene protons
in the 'H NMR spectra of these compounds implies the
presence of the chair-boat conformer. However, in these
compounds this nonequivalence, suggestive of close proximity
of the 2-alkyl and 3-benzyl substituents, seems to result from
conformational flattening rather than from the presence of
equatorial alkyl groups.

Experimental Section

Melting points were taken in a Thomas-Hoover capillary melting
point apparatus and are uncorrected. Infrared (IR) and 60-MHz
proton magnetic resonance spectra were obtained using Beckman IR
33 and Hitachi R 20A spectrometers. Carbon-13 magnetic resonance
spectra were measured at 25.035 MHz with a Joel JNM PS-100
spectrometer interfaced with a Jeol JEC-980A computer, using 10-mm
tubes. Elemental analyses were performed by Atlantic Microlab, Inc.,
Atlanta, Ga. Analytic gas-liquid chromatography (GLC) was done
using a Perkin-Elmer 881 gas chromatograph equipped with flame
ionization detection: carrier gas, helium (30 mL/min); detector gasses,
hydrogen (40 mL/min) and compressed air (250 mL/min); tempera-
tures, injection port (210 °C), oven (150 °C), and detector (210 °C);
6 ft X 0.125 in stainless steel column containing 3% OV-17 on Gas
Chrom Q (80-100 mesh), ca. 2400 theoretical plates (caled). Reactions
were monitored by thin-layer chromatographic analysis, which was
carried out using 5 X 10 cm glass plates precoated with 0.25-mm layers
of silica gel GF (Analtech): developing solvent, chloroform-metha-
nol-28% aqueous ammonia (95:5:0.5) unless stated otherwise; spots
were visualized with iodine vapor.

General Methods. All reactions were carried out under dry ni-
trogen. Solutions of products were concentrated on a Buchi Rotavapor
(10-40 mm) at water bath temperatures of 40 °C or less. Free bases
of hydrochloride salts were prepared by partitioning them between
ether and 10% aqueous sodium hydroxide, followed by drying (an-
hydrous sodium sulfate) and concentration as above. Traces of water
in the samples were removed azeotropically with benzene in vacuo.
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3-Benzyl-3-azabicyclo[3.3.1lnonane (3a) was prepared as de-
scribed previously.!® Tts hydrochloride salt was crystallized from
chloroform-carbon tetrachloride, mp 215-216 °C subl (1it.1 217 °C
subl).

3-Benzyl-3-azoniabicyclo[3.3.1Jnon-2-ene Bromide (4). To 200
mL of methylene chloride was added 7.52 g (35 mmol) of 3a and 31.5
g (296 mmol) of anhydrous sodium carbonate. To the magnetically
stirred mixture was added dropwise a solution of 6.76 g (42 mmol) of
bromine in 100 mL of methylene chloride over a period of 1.5 h. After
stirring for another 2 h, the mixture was filtered and concentrated to
give a red solid, which separated from ethyl acetate—ether as white
crystals: 3.5 g (34%); TLC showed one spot, Ry 0.5. A small amount
of this was converted to the perchlorate salt and crystallized from
ethanol: mp 126-127.5 °C; IR (KBr) 1680 cm~! (C=N*) (1it.2° mp
122 °C, IR (KBr) 1669 cm™1).

2-exo-Methyl-3-benzyl-3-azabicyclo[3.3.1]lnonane (3b). To
a cold (0 °C) 1 M solution of methylmagnesium bromide in tetrahy-
drofuran (5 mL) was added 0.185 g (0.5 mmol) of 4 bromide in one
portion. The stirred suspension was allowed to warm to room tem-
perature, and after 15 h excess Grignard reagent was destroyed by the
addition of 30% aqueous ammonium chloride. The supernatant was
decanted and the precipitate washed with tetrahydrofuran. The
combined organic extracts were concentrated. The residue was dis-
solved in ether and dried (anhydrous sodium sulfate), and the solution
was treated with excess ethereal hydrogen chloride. The precipitate
was crystallized from chloroform-~carbon tetrachloride: 0.06 g (35%);
mp 197202 °C (darkening).

Anal. Caled for C16H24CIN: C, 72.29; H, 9.10; N, 5.27. Found: C,
72.32; H, 9.12; N, 5.35.

This salt was converted to the free base: GLC retention time of 5.8
min and ca. 100% purity.

2-exo-Ethyl-3-benzyl-3-azabicyclo[3.3.1]nonane (3¢). To 1.0
mL of 1.3 M ethereal ethylmagnesium bromide was added 0.056 g
(0.18 mmol) of 4 perchlorate in one portion. After stirring for 24 h, the
reaction mixture was found to contain no starting material by TLC
analysis. Excess Grignard reagent was destroyed as above, the residual
solvent decanted, and the precipitate washed well with ether. The
combined extracts were dried (anhydrous sodium sulfate) and con-
centrated to give 0.02 g (46%) of a colorless oil: GLC retention time
of 7.7 min and >99% purity. This was dissolved in ether and, excess
ethereal hydrogen chloride was added. The precipitate was crystal-
lized from chloroform-carbon tetrachloride, mp 204.5-207 °C
(darkening).

Anal. Caled for C17HogCIN: C, 72.96; H, 9.37; N, 5.01. Found: C,
72.85; H, 9.38; N, 5.05.

2-exo-Isopropyl-3-benzyl-3-azabicyclo[3.3.1]lnonane (3d). The
reaction of 0.58 g (2 mmol) of 4 bromide with 10 mL of 1 M ethereal
isopropyl magnesium bromide was carried out in the same way as that
used to prepare 3c¢. After stirring for 4.5 h, TLC analysis indicated
complete consumption of the starting material. Excess Grignard re-
agent was destroyed us before, 10-mL portions of ether and water were
added, and the aqueous phase was adjusted to ca. pH 7 with 10%
aqueous hydrochloric acid. The ether layer was removed, and the
aqueous phase was reextracted with two 10-mL portions of ether, The
combined ethereal extracts were dried (anhydrous sodium sulfate)
and concentrated to give 0.34 g of a yellow oil. TLC analysis (the de-
veloping solvent was methylene chloride-methanol, 90:10) showed
four components. The product was chromatographed on 26 g of
60-200 mesh silica gel. Elution with 100 mL of methylene chloride
followed by 300 mL of 1% methanol in methylene chloride gave two
fractions. TLC analysis of the first fraction (the developing solvent
was methylene chloride-methanol, 99:1) indicated the presence of
two components (Ry 0.32 and 0.63), the first of which (major) was
indistinguishable from an authentic sample of 3a and the second of
which (minor) was not identified. Analysis of the second fraction re-
vealed a single component (R 0.06). This fraction was concentrated,
and the residue was dissolved in ether and treated with excess ethereal
hydrogen chloride. The precipitate was crystallized from chloro-
form-carbon tetrachloride: 0.11 g (19%); mp 217-219 °C (darken-
ing).
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Anal. Caled for CigHogCIN: C, 73.57; H, 9.60; N, 4.77. Found: C,
73.47, H, 9.60; N, 4.69.

The free base was prepared from 0.1 g of this salt: GLC retention
time of 11.3 min and ca. 98% purity.
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