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In a preceding communication the hemi-acylal formation leading to a fixed 

chair-boat form 5 in bicyclo[3.3.l]nonanes has been discussed2). Aiming at a 

better understanding of this unusual phenomenon 
31 

two hydroxyketones capable of 

formation of the acetal derivative B were synthesized in which the eventual Y-Z 

OH bridge had been shortened by one carbon atom. 

The N-tosyl-3-asa- -exo acetate 3 

prepared in an unequivocal manner 
4) 

from the 

H 
0 known N-tosyl-3-asa-7-carbohydroxy-9-oxo- 

A X=CH2 or NTs , Y= -c- ,Z=O 
bicyclo[3.3.llnonane 

5) 
6 X=CH;! or NTs , Y-Z =O 

gave upon hydrolysis 

Fig.l_ (NaOH-H20/CH30H) a mixture of two iSOmeriC 

compounds to which structures la and lb were assigned on the basis of the follow- - - 

ing 'H and 13C NMR evidence. C7-H signals in the 'H NMR spectrum (CDC13; 35OJ 

were found at 5.20 ppm for la (Hax) - and at 4.25 ppm for _l& (H J; the ratio of 
eq 

the two C7-H absorptions being determined at 45:55 for 1a:lb 6) respectively. -- 

From variable temperature 'H NMR studies in different solvents the amount of la - 

present at -6O'C (CDC13/C5D5NJ is estimated at 15% while at 90°C(toluene-d8) the 

ratio of la and lb is almost equal. - - In diphenylether the ratio of la and lb at - - 

3S°C was found to be 30:70 while at 130' coalescence of the C,-H signals occurred. 

Acetylation of the mixture la+lb (BF30Et2/HOAc) yielded 3 in quantitative yield -- - 

indicating that upon hydrolysis isomerization at C7 had not taken place. The 

C -endo isomer 4 possessing the chair-boat conformation is synthesized via an 
7- - 
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independent route 
4) and shows completely different spectral behaviour. These 

results strongly point to the existence of a conformational or tautomeric equil- 

ibrium between the two isomers la and E, however without proving the hemi-aceta - 

form of lb. - 

& X=NTs R=OH 
& X=CH2 R=OH 
a X = NTs R=OAc 

X 

% 
H 

R 

3 X=NTs R=OH 
5 X=CH;! R=OH 

@ X=NTs 
211. X=CH2 

Fig.2 

A "C NMR spectrum in C5D5N of the mixture la+lb demonstrated a conspicuous -- 

signal at 104.9 ppm (Table) in addition to the C (9) =Osignal at 213.8 ppm. At 

-35OC the latter signal had almost vanished together with the other absorptions 

assigned to &, while at higher temperature (7O'C) the peaks of both isomers were 

still present. The assignment of the 13C data was based upon analysis of the off- 

resonance decoupled spectra at different temperatures and selective 13C- 'H de- 
I I 

coupling experiments and is given in the table. The spectral data of la clearly - 

indicate the double chair conformation 7) . The signal at 104.9 ppm is most likely 

attributed to the hemi-acetal carbon at C of lb*)'). 
9 - 

TABLE 

Compound 

la - 

lb - 

2a - 

2b - 

a) 

b) 

c) 

13C Chemical shift data of 7-hydroxy-9-oxo-bicycle 

[3.3.l]nonanes in C5D5N at 37" a)b) 
. 

cl,5 
C cl cl cl c) 
2,4 c3 

C 
6,8 c7 c9 

45.8 53.3 41.7 62.9 213.8 

40.5 46.2 35.4 71.0 104.9 

45.2 35.2 19.6 41.6 63.8 218.6 

35.6 25.0 15.1 39.9 70.8 107.1 

Spectra were recorded on a Varian XL-100 15 in FT-spectrometer in 5 mm 
tubes at 25.2 MHz. Chemical shifts, relative to internal TMS, were 
obtained from the proton noise decoupled spectra. 

Data were measured from -35'C to 70°C; no appreciable solvent effects 
could be found. 

See note 10. 
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1n order to ascertain the above conclusion the corresponding carbocyclic deriv- 

atives were also prepared. The 7-exo-hydroxy-9-oxo-bicyclo[3.3.l]nonane 2a 
10) 

- 

was obtained as a byproduct in the decarboxylation of 7-endo-carbohydroxy-9-oxo 

bicyclo[3.3.l]nonane 
11) 

with Pb(OAcj4. Hydrolysis by base and chromatography 

of the two isomeric alcohols yields 16% of z and 8% of 2. 
C7-Hax 

signals in 

the 'H NMR spectra (CDC13) were found at 4-60 ppm for 2 and 3.70 ppm for 5. - 

Variable temperature 13C NMR experiments in C5D5N of 2a+2b also showed an -- 

absorption at 107-l ppm next to other characteristic signals assigned to 2b - 

(Table). The latter peaks indicate a minor contribution of 2b to the equilibriun - 

at 37OC and also explain the virtual absence of 2b signals in 'H NMR. At lower - 

temperatures the proportion of 2b increases while at 70°C absorptions of 2b - - 

cannot be detected. As compared to lb however the hemi-acetal form 2b appears - - 

to be present in significantly lesser amounts suggesting an extra stabilizing 

effect on the boat form of the bulky tosyl substituent in lb. The spectral data - 

for 2a are in agreement with a double chair conformation 
12) 

. - 

Apart from the signals at 104.9 ppm and 107.1 ppm a number of other data 

also support the cyclic hemi-acetal structure. The value of'J(13C-'H) for C7 of 

158.9 Hz for lb and 156.9 Hz for 2b is in entire agreement as to the literature - - 

13 
value for the corresponding carbon atom in 7-oxa-bicyclo[2.2.1]heptane (157Hz) . 

The influence of the hemi-acetal moiety is noticeable by the shift of C 2 4 from 53.3 
, 

ppm for la to 46.2 ppm for E and from 35.2 ppm for d to 25.0 ppm for 2b 
14) . - - 

Furthermore C 
6,8 

insand C6,8 and C3 in 2b are shielded by the effect of inter- _ 

actions of the tosylgroup and the C 12) 
3-endo protons respectively . The C 

7 
signals 

at 71.0 ppm for lb and 70.8 ppm for 2b are highly indicative for an ether bondirq - - 

15)16) 
rather than the free C7-OH moiety which shows an absorption at higher field . 

The presently discussed examples of a chair-boat equilibrium once again 

illustrate the importance of chemical stabilization of an a priori unfavorable 

conformation. It should be noted that the presence of the hemi-acetal form can 

Only be verified by 13C NMR; the combination of 13C NMR and 'H NMR therefore 

proves to be a method of choice for studying these phenomena. 
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