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AMract--The stereospccifk synthesis of the three isomers of 3.7dimcthytbicyclo(3.3.l]nonane is described. Tbc 
conformations of these compounds were studied with the use of “C and ‘H NMR spectroscopy. The 3&7fl- 
dimethyl derivative exists predominantly in the cc conformation. the 3o.7~dimcthyl derivative predominantly in 
the bc conformation. whereas 3a.7adimethysicyc~3.3.I]nonane exists as a mixture of the cblk and the I# 
conformations, which rapidly in~erconvert. The AH and AS v&s for the confomuGonal qtibrium in question. 
were determined by variabk temperature “C NMR. The results of these experiments fit well with thoK of 
mokcular mcchanks. The enthalpk of activation of the interconversion of the various confonen of 30,7a- 
dimethylbicyc&o(3.3.l]nonarK were alsa calculated 
bicyclc43.3.I]rlollaM. 

The chemistry of bicyckj3.3.l)nonanes is of interest 
because of the relation of these compounds with several 
natural products (e.g. alkaloids) as well as with adaman- 
tanoid compounds. In particular, the 3- and 3.7~substituted 
bicyclo[3.3.l]nonanes are potential precursors of other- 
wise difficult accessible 1.2disubstiluted adamantane 
derivatives.’ In addition, the bicycl43.3.llnonanc system 
shows some interesting conformational features.‘” Three 
groups of conformations must be envisaged: (i) the rigid 
doubk chair conformation (cc). (ii) the rigid chair-boat 
conformations (&be), and (iii) the flexibk double boat 
conformations (bb. tW). For the systems studied up IO 
now, the eclipsed double boat conformation (bb) appeared 
to be a transition state between the two double twist-boat 
conformations (tab). Severe interactions between both 
six-membered rings occur in all bicycloI3.3.l.lnonane 
conformations. e.g. in the cc. Hb and HT., are in CIOK 
proximity, whereas in the be unfavourabk interactions 
occur between HJH, and H7_ and between Has and one 
of the H*aloms. Consequently, the wings in both the ce and 
the be are strongly flattened.’ 

It is now well-established that in bicyclo[3.3.l)nonane 
(1) the energy difference between the cc and the be is 
10.5 kJ mole- ,&’ whereas the energy difference between 
the be and the a-W is computed to be 22.6 kJ mok-‘.4 
Substituents al the 3- and 7-positions have a strong 
influence on the conformational preferences.’ A sub 
stituent at the 3/3-or ‘Ifl-position stabilizes the cc; on the 
other hand a 3a/7a-group forces the substituted wing 
into the boat conformation. When substituents are 
present on both the 3a- and ‘la-positions. the cc is 
strongly disfavoured. whereas the population of the 
other conformations depends on the size of the sub 
stituents. With two bulky groups such as in compound 2 
(Scheme 1). the Mbpredominates; with one small and one 
bulky group both the Mb and the eb contribute (e.g. 
compounds 3. 4). When the 3a- and 7a-substituents are 
small (e.g. compounds U) both the cb and the bc can 
contribute. A special situation arises when the 3a- and 
‘la-positions are substituted with small and identical 
groups: then the eb and the bc are isometric and play an 
important role. The dicarboxylic acid 6 and its di-Me ester 7 
have been shown to exist predominantly of the rapidly 

and compared with those of the parent system 

interconverting eb and be,‘* which is reflected in averaged 
‘H and “C signals for the exchanging nuclei in the two 
wings of the system. The interconversion is fast with 
respect to the NMR time scak, therefore, until now no 
activation energy for this interconversion could be deter- 
mined. Empirical force field calculations seem an attrac- 
tive approach to obtain an estimate of this barrier. This 
method has been shown to be a very reliable tool for the 
determination of the energy barriers between confor- 
mations, in particular of hydrocarbons.’ 

From an extrapolation of the conformational data of 
compounds $7 it may be expected that in 3a.7a- 

dimethylbicyclo(3.3.ljnonane (8) the Mb and the cblbc 
are populated. Therefore, this compound seems suitable 
for the determination of conformational energies and 
energy barriers. The present investigation deals with a 
conformational analysis of that compound with the use 
of ‘H and “C NMR spectroscopy and molecular 
mechanics. For comparison the two cpimcric 3.7- 
dimethylbicyclo(3.3. I)nonanes (%lO) are included in the 
“C NMR study. Stereoselective syntheses of the three 
isomers are described. 

=‘LTsANDDLpcussIo(y 
Syntheses 

The three epimcric 3.7-dimethylbicyclo(3.3.l]nonanes 
(6-M) have been synthesized by Zetirov CI 01. via cataly- 
tic hydrogenation of 3.7dimethyknebicyclo[ 3.3.l]non- 
ane. but the configurations of these compounds were not 
established.” In the present study, the conesponding 
methyl 7-methyl-9-oxobicyclo[3.3.l]nonane-3-carboxyl- 
ales. the configuration and the conformation of which has 
been established previously.” were used as starting com- 
pounds in the synthesis of compounds Ilh 

A Ckmmensen reduction of methyl 7o-methyl-%oxo- 
bicyck(3.3.1.faonanc-3a-ccvboxyhte (11) gave cxclus- 
ively the conesponding 9-CHx compound 12 (Scheme 2). 
Then, reduction with LAH yielded the 3o-hydroxy- 
methyl derivative 13. which was converted into the 
desired 3a,7adimethyIbicyclo[3.3.I]nonane (8) via 
tosylation and another LAH reduction. Starting from 
methyl 7~-methyl-9-oxobicycb[3.3.I]nonanc-3a-car- 
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Fig. I. Schematic reproentations of Ihc conformations of bicyclo(3.3. I]nonanc (I). 
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Scheme I 

boxylatc (14). 3a,7fJ-dimethylbicyclo[3.3.l)nonane (9) 
was synthesized in an analogous way. 

Compound 14 was also the starting compound in the 
synthesis of 3~,7fSdimethylbicyclo[3.3. Ilnonanc (10). 
During a Huang-Minlon reduction of 14, almost com- 
plete epimerization towards the reduced 3fl-carboxylk 
acid 15 occurred (Scheme 3). The 3fSposition of the 
COOH group in compound 15 was proved by the split- 
ting patterns of the ‘H NMR signals. Moreover. the Me 

ester of 15 differed from 12 and from the product of the 
Ckmmcnsen reduction of 14. Tbe COOH group of com- 
pound 15 was reduced to Me again via the hydroxy- 
methyl and the tosylate derivative. 

Confonolionol analysis 
The “C chemical shift data of the three 3.7-dimethyl- 

bicyclo[3.3.t)nonanes (al@) are collected in Tabk 1. 
Peak assignments were made with the use of the off- 
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Tahk I Exprimcntal “C chemical shifts (ppm) of the three 3.7dimcthylbicyc~3.3.ljnoaom &IO) at 3tP in 
CCCI, solution (I.1 M); comparisw with cakulatcd chemical shifts (in parentheses) ._. _ _._. __. . .._ _._._... _ .._. _.__.-.----- - -___ _____. _. _..-- 

~%TpOW,<! :. :j !: 2 C(. :.; cg * 

:I~Lllr.:z-nf!.7r:) 
_ .__ .__,-_.. _..__ . . . ______-- _.__._.__ _-_- 

P 2’;. 7 cc! ?Ss 43.3 25. u ?%Q > 2:. c 

:e-t-en: (27.7) (kc.6: (26.3) (scL.6) G’6.3) (23.‘; 

i 26 u U?.:! 21.9 39 7s. 7 2% P 23.7; 22.9 

(9-c: ) (i’.3) cu2.s: (2i.C) (35.9) C2L.h) (29.6) 

.u 79.7 4:. 1 ?P.L 1;:.: 38. L; 3F3 2u.P 

::6_r‘E) :29.5) (UC.‘: (77.9) rL;3.7: :?7.9) (3Q.b) 

.___-_--- .___ . .._ - _ _ . _ - -.-_- 

resonance technique. the relative intensities and the 
magnitudes of the longitudinal relaxation times. Pre- 
viously, we have shown that for the various conlor- 
mations of bicyclo(3.3.l]nonanes with (pseudo)_equa- 
torial groups at the 3- and ‘I-positions. the “C chemical 
shifts can be calculated by addition of substituent effects 
to the “C chemical shifts 01 the conformation in ques- 
tion of the parent system.“.” Unfortunately. this pro- 
cedure is not yet applicable to conformations with axial 
or pseudo-axial 317 groups (e.g. the cWk of compound 
8). since for these forms no reliabk substituent effects 
are available. In Table I a comparison of experimental 
and calculated “C chemical shifts is made. The data 
support the configurational and conformational assign- 
ments 01 corn 

Pp 
unds ClO. The differences between the 

experimental C chemical shifts of compound 8 and 
those calculated for a t-h41 conformation are somewhat 
larger. Moreover. the “C chemical shifts of that com- 
pound show non-linear temperature dependencies. 
Usually, for conformationally homogeneous bicy- 
clo[3.3.l]nonanes. temperature effects are linear, 
downfield and small (0.004ppm~). After correction for 
these non-conformational effects. the “C chemical shifts 
of C, and C, appeared to be upfield and rather large (Fig. 
2). 
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Fii. 2 Tcmpcnturc dcpcnda~ks of the “C chemical shifts of 
ccmrnxmd 8 (conected for ncm-conformrtion?l inbxccs) 

For CP the substituent effects of the 3- and 7-W 
groups will be rather small. Tkrefort. the “C chemical 
shifts of Ce in the cb and t-bb of bicyclo[3.3.I]nonane. 
which amount to 28.6 and 23.7ppm. respectively.” will 
provide good estimates for the corresponding chemical 
shifts in compound 8. So the temperature dependence of 
the Ce chemical shift in compound 8 indicates an in- 
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crease of the amount of t-bb in the conformational 
mixture with increasing temperature. Since only 5 “C 
signals are observed at -IO@‘, the interconversion be- 
tween the conformations of compound 8 must be fast 
with respect to the NMR time scale. 

The temperature dependence of the “C chemical shift 
of Cp was used to estimate AH and AS between the t-b&r 
and the &/be conformations of 8. The thermodynamic 
parameters given in Table 2 were calculated using eqn 
(I)” and assuming that the non-conformational influence 
on the “C chemical shifts is 0.004 2 0.001 ppmr, and that 
the chemical shifts of Cp in the 1-M and the cb are in the 
ranges 22.7-23.3 and 27.628.6 ppm. respectively. As 

ST - &b AH AS 
-lnSI_hh&= FT- j( 

a result of the rather large ASvahrc. the t-bb is the major 
conformalion at room temperature. 

In Table 2. the experimental AH and AS values are 
compared with those obtained by mokcular mechanics. 
The AH values calculated with the Engkr and with the 
Allinger MM2 force field agree well with the experimen- 
tal values. The AS values, however, differ significantly: 
the large entropy difference between the 1-M and the 
eb/be is not predicted by the force field calculations. 

The calculated geometries of the various conformers 
of compound 8 are analogous to those of the 3(.7)- 
substituted bicyclo[3.3.l]nonanes. described previously:’ 
the boat wings in the eb/k are not twisted and the rings 
in all conformers are distinctly flattened. From the dihe- 
dral angles obtained, the vicinal proton-proton coupling 
constants in the 1-W. be, and eb conformers were esti- 
mated with the use and the semi-empirical relationship of 
Altona ef 01. (Table 3).“.‘r A best fit between experi- 
mental and calculated coupling constants exists for a 
conformational mixture containing 87% t-b&t and 13% 
eb/k. which agrees well with the AG value obtained 
from the “C NMR chemical shifts (Table 2). 

In order to get an impression about the energy barriers 
between the various conformers of 8. dynamic force field 
calculations’ with the use of the Engler force field were 
performed (Fig. 3). For comparison, the analogous data 
on the parent system bicyclo(3.3.I.]nonane are also in- 
cluded (Fig. 4). A striking difference in the conformational 
energy profiles obtained is that in 3a.7odimethylbicy- 
clo[3.3.l.]nonane (8). a twisted cc is the transition state 
between the k and the e4. whereas in bicyclo[3.3.l]nonane 
(1). the ee is the IOWCSI energy minimum. As should be 
expected, in compound 8 the interconversion between the 
bc and the eb, predominantly occurs via the 1-W con- 
formers, whereas in 1 a route via the cc is favourable. All 
energy barriers calculated for compound 8 are rather low. 

TaMe 2. Ui. AH. and AS values for the cb/k = 1-b) equilibrium in 3a7odimethylbicyclo[3.3.l]nonanc (8) at W: a 
comparison between experimental and calculated values 

*rALx9 al As AC? (?@‘) 

kJ ml-l : rwl-1 K-1 w ml-! 

‘3, chsplca? ahlfta :.7 - 5.P 2046 -4.2 - -O.P 

1H coup:ing cal8taX.S -4.6 

KM khg:er force fle:d 3.e 3 2.8 

W Allirger K?Q force field 0.8 3 c.1 

a nn - k1eaAlar kchanica. 

Tabk 3. Experimental and cah~htcd vicinal proton-proton coupling constants 
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Fig. 3. Conformational energy protik 3~.7odimethylbicyclo(3.3.l]nonane as obtained by molecular mechanics 
with the use of the Engkr force Md. 

AH con1 

hJ mol -’ 
40 - 

bb 

rtactlan coordmatt 

Fig. 4. Conformational energy profik of bkyclo(3.3.Ijoonanc as obtained by mokcular mechanics with the use of 
the En&r force licld. 

which is in agreement with the fact that the slow exchange 
region in ‘H and “C NMR experiments on this compound 
could not be reached. 

Several 3a.7adisubstituted bicyclo(3.3. I]nonanes can 
be converted smoothly into 1.2disubstituted adamm- 
tanes. The energy difference between the transition state 
(cc) and the minima of the eb = he equilibrium for com- 
pound 8. gives an impression of the magnitude of the 
conformational energy barriers. involved in ring closures 
of e.g. bicyclo(3.3.l]nonane-3a.7adicarboxylic acid (6) 
and its derivatives.’ Often, the ring closures occur via a 
carbanion transition state with a planar configuration 

around C, or C,. It should be expected that for this type 
of reactions the conformational energy barrier is even 
lower. II may be concluded that the strain in the cc 
transition state is hardly an obstacle in ring closure 
reactions of this class of compounds. 

-AL 

NA4R rpectrorcopp. “C NMR spectra were recorded on a 
Nicok~ hT-IM) WB spectrometer (50.3 MHz) and on a Varian 
UT-20 apparatus (2OMHz). ‘H NMR spectra were obtained 
with a spectrometer buih at the Deporrroent of Applied Physics 
(3&I MHz)” and with a Varian T44 spectrometer WMHz). 




