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Abstract - l3c NMR spectra of carbarnates of the 9-azabicyclo- 

[3.3.llnonane and 8-azabrcyclol3.2.lloctane systems have been 

measured at various temperatures, and their free energies of 

activation I A ~ + ~ I  were estimated at the coalescence temperature 

(r,l to be 60.6-69.7 i 0.8 kJimol (14.5-16.6 + 0.2 kcal/moll. 

The rotation about C-N bond of amides was studied rn detail by means of high 

resolution NMR spectroscopy with respect to both the amide structure and solvent 

type.2 A certain trend between the barrier and the size of N-substituents is 

suggested; smaller barriers with rncrease in size of the alkyl groupZr3 and the 

decreased barrier in amides of cyclic amines due to an &1,3 strain4 operating in 

the enolate form of the amides considered. The calculation of the free energy 

of activation (Ac$,) for the acetamide of 9-acabicyclo[3.3.1 Inonan-3-one from its 

coalescence temperature (r,: 86'CI has been reported to be difficult because of 

the conformational mobllity.5 As the bicyclo[3.3.1 lnonane system exists in 

double-chair conformation at around room temperature,6 lower Zc (ca. 10-50aCl for 

the carbamates as compared to those far the corresponding amides makes it easier 

to estimate the bgtc values from their rc. 
In this paper we wish to report the rotational barriers in the alkyl 9-azabicyclo- 

[3.3.1]nanan-3-one-9-carboxy1ates (1, 2, 2) and in their onimes (4, 2, 5 ) .  examined 
in order to elucidate the effect of the structural constraint on the barrier in the 

urethane system. Comparison of the A$, with those for smaller analogs, ethyl 

8-azabicyclo[3.2.1 loctan-3-one-8-carboxylate (7-1 and its oxlme (I?), or with that 

for methyl N,N-diisopropylcarbamate (21, an exampie of acyclic analogs, 1s also 

described. 



COORl I 
I I 

1: Rl=Me, Rz=O COONe COOEt COOMe 
2: R1=Et, R2.O - 2:  R.0 - 7: R=O 9 
4: Rl=Me, R2=NOH - 6: R=NOH 8 :R=NOH 

- - - 
5: R1=Et, Rz=NOH - 

Y-~zabicyclo[3.3.llnonane System 

The I H  NMR spectrum of 1 at 0°C exhibits two peaks at 4.68 and 4.79 ppm each repre- 

senting one proton, assignable to the bridgehead protons at C-1 and C-5. when 

the spectrum was measured at higher temperatures, both peaks gradually broadened 

and coalesced into the one at 4.72 ppm at 35'C. From this '&, the barrier to 

rotation was calculated to be 65.6 k.l/mo17 using the expression ~$~=2.3~,(10.32 + 

log(~,/kC)), where kc is the exchange rate given by ~c=nAv,,,/fi (Avma,=22.0 Hz for 

the bridgehead protons of 11. The axial protons at C-2 and C-4, which were also 

under the influence of rotation of the N-substituent, showed a pair of double 

doublets at lowered temperatures. Unchanged coupling pattern of some srgnals aver 

the temperature range 0-40aC, a doublet at 6 2.38 due to the C-2 and C-4 equatrial 

protons and a multiplet at 6 1.50-1.90 due to the methylene protons at C-6, C-7,  

and C-8, suggests that the conformation of 1 is of double-chair, whlch is reported 

to be most stable among the three possible  conformation^.^ 

The 13c NMR spectrum of l- at room temperature showed three broad peaks corre- 

spondlng to the positions a and B to the nitrogen, each of which was split into 

two with equal intensity at lowered temperatures. The values (Table: 66.1 

66.7 kJ/mol for L) obtained by the 13c dynamic NMR were in good accordance with 
that obtained by the I H  dynamic NMR experiments. 

Similar behavior was observed in its analogs (2  and 3 ) .  Introduction of the e- 

substituent at C-7 position, as in compound 2 ,  gave no significant effect on the 

barrier to restricted rotation. When the carbonyl oxygen at C-3 was substituted 

by the hydroxyimino group, coalescence was observed with sir lines owing to its 

asymmetric structure, and the T ,  for each oxime (4, 5 ,  61 was higher by ca. 20°C 

than that for the parent ketone (1, , I .  It is interesting to note that the 

Av,,, values for the =-carbons IC-21 were smaller by 5-6 Hz than those for 

anti-ones (C-4) in every case, which would be another method8 for discrimination - 
of these carbons. 
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Table Spectral Data and Free Energies of Activation I A ~ ' , ~  
Estimated at t h e  Coalescence Temperature ITc) .  

Compd . 

1  - 

2  - 
3 - 

4 
# 

Position 

1 . 5  
2 . 4  
6 , 8  

1 . 5  
2 .4  
6 . 8  

1 . 5  
2 . 4  
6 . 8  

1  
2  
4 
5  
6  
8  

1  
2  
4 
5 
6  
8  

1  
2  
4 
5  
6 
8 

1 , 5  
2 .4  
6 . 7  

1  
2  
4 
5  
6  
7 

0 

B 



8-Azabicyclo[3.2.lloctane System 

Estimation of the ~5'" values for 7' and by either a-carbons (C-1 or C-51 or 

a-protons was difficult in their 13c and 'H NMR experiments owing to their small 

Av,,, values1° and to the large half- and base-widths of the spectral lines. 11 

Lower T ,  as compared to their analogs (1 - $1 were obtained for the carbons at 

2, 4, 6, and 7 in their 13c dynamic NMR experiments. The AC', values calculated 

from Tc were ca. 60.6-61.0 kJ/mol. 

Conclusion 

The activation energy for the doOMe rotation in 9 was calculated from the 'T, for 

the a and B carbons to be 59.1 kJ/mol. 12 

In consequence, relatively large A?, values (65.2-69.7 kJ/mol) among carbamates 

(58-67 kJ/mol for simple carbarnates1 l3 were obtained for the bicycloL3.3. llnonane 

system. The distinct enhancement of the AgZc for the system in comparison with 

those for bicyclo[3.2.lloctanones may be ascribed to the steric hindrance between 

the four ex0 protons at C-2, C-4, C-6, and C-8 positions and the carbomethoxyl 

in the transition state where the COOR plane is perpendicular to the C-1, N, and 

C-5 plane. It is noteworthy that, in the bicyclo[3.3.llnonane system, the barri- 

er to rotation is affected by modification of the functionality at the position 

Y to the nitrogen. The correlation between the type of the functional moieties 

at C-3 and the rotational barrier in this system is under investigation. 

Experimental conditions are as follows: The ketones used for the experiments were 

16 synthesized according to the known methods (&,l4 2,15 2 ,  ;,171. The mimes 

were prepared by treatment of them with hydroxylamine hydrochloride in the pres- 

ence of sodium acetate. NMR spectra were measured on a JEOL JNM-FX 200, operat- 

ing at 199.5 MHz for 'H and 50.1 MHz for l3c nuclei. Temperatures were con- 

trolled by a JEOL PVT-32 temperature control unit, and the sample temperatures 

were determined by a thermometer (Shigemi NMR thermometer TM-003) placed within 

the 10-mm sample tube. The compounds were dissolved 10.3 M) in Chloroform-dl 

and TMS was used as an internal standard. 
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