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Abstract. The high resolution, proton-decoupled 
13 
C NMR spectra of several oxygenated 

hexalin, octalin and decalin derivatives have been obtained in solution and in the solid 
state (cross polarization, magic angle spinning). The results are used to deduce both 
the static (solid state) and dynamic (solution) conformational properties of these 
systems, and it is demonstrated that the solid state spectra provide information on the 
number of independent molecules in the crystallographic asyrmnetric unit. 

In a previous publication' we demonstrated that high resolution solid state 13C 

NMR spectroscopy' can be used for the conformational analysis of derivatives of the 

oxygenated cis-hexalin system 1. In this communication we (1) extend the method to the 
,-I, 

corresponding octalin and decalin systems, (2) compare the solid state spectra with the 

solution spectra both above and below the coalescence temperatures, (3) calculate the 

free energies of activation for the conformational interconversions in solution, and 

(4) demonstrate that solid state 
13 
C NMR can be used to indicate the number of independent 

molecules in the crystallographic asymmetric unit. Spectra are reported for compound 1 
2, 

itself' and for its reduction products 2, 3 and 2 as well as for the trans isomer 5 and 
'Ir % 

cyclohexane-1,4-dione ($).4 Table I summarizes the data for compounds $, 2 and 5. 
?r 

The data clearly indicate that compounds 2 and 3 crystallize in conformations in 
'L 2, 

which nominally equivalent carbon atoms are magnetically non-equivalent, whereas in 

solution, an average plane of symmetry is achieved through rapid conformational 
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isomerisation. .The enantiomeric conformations 2a and 2b (below) fulfill these 
VL VII 

requirements for compound ,2; an analogous pair of conformers can be drawn for compound 

fi /\I -3. The ketone-containing ring of 

0¶&&=0¶&& Q ~ 2, compounds 2 and 3 is assumed to exist 

2a 2b 
VIJ preferentially in a twist-boat confor- 

mation in analogy with cyclohexane 1,4-dione. 
5 

The X-ray crystal structure of cyclo- 

hexane-1,4-dione itself reveals a slight distortion from perfect C2 symmetry,6 and this 

is clearly evident from its solid state spectrum which shows two well resolved carbonyl 

resonances at 212.4 and 214.9 ppm as well as a multiplet centered at 36 ppm due to the 

four magnetically non-equivalent methylene carbons. In contrast, trans-decalin-1,4-dione 

Table I. 
13 

m 
C NMR Chemical Shift Data for Compounds $, 2 and ;" ',5) exhibits only singlets, 

Carbon 2 3 5 both in solution and the solid 
Atorn Solution* Solid Solution- Solid Solution* Solid 

state, indicating in the latter 

C(l,b) 209.1 212.7 210.2 212.7 
213.4 213.5 

209.2 211.2 
medium, a conformation witb 

C(2.3) 35.9 33.7 38.3 36.5 34.9 37.1 36.8 36.3 essentially perfect C2 symmetry. 

C(ba,Sa) 44.9 43.9 confor- 
44.4 

48.2 46.5 

49.4 
49.9 48.0 The twist-boat/chair 

C(5,S) 23.6 22.0 
22.2 mation 

25.8 
23.5 

shown below seems most 
25.1 

24.8 26.6 

C(6.7) 124.5 125.5 
likely, but a chair/chair 

25.9 25.4 
127.1 27.6 

26.5 27.6 

BThe solid state spectra were obtained et room temperature on a 
Bruker CXP-200 FT NMR spectrometer, and the solution spectra were 
measured et the came temperature on a Bruker US-400 FT instrument. 
The chemical shifts ewe given in ppm relative to 'MS. Assignments 
are based on SFORD splitting patterns. The C(5.8) and C(6,7) 
assignments for compounds 2 and 2 are tentative end may be reversed. 

conformation also fits the data. X-ray studies on this point are planned. 

In the case of compound 1, carbon atoms which appear as singlets in solution give 
Q, 

rise to four Zincs rather than the expected two lines in the solid state (Figure 1). 

This can be attributed to the fact that the 

crystallographic asymmetric unit of compound 1 
?. 

contains two independent molecules, 
I 
each of 

which contributes two lines. A similar effect 

202 *pm 140 ppm is noted for diol 4 and its 6,7-dimethyl 
C(1) and C(4) C(Z) snd C(3) QJ 

w PL)lYUl BOlid state spectrum Of compound t. derivative, both of which also crystallize with 



two independent molecules per asymmetric unit. 
8 

Cooling solutions of compounds 1 and 2 
'L 'Ir 

to -9O'C has no effect on their NMR spectra. However, when solutions of diol 4, are 

cooled, the room temperature spectrum, which consists of singlets at 130.2, 127.9, 69.0, 

35.0 and 25.4 ppm, is replaced by a series of doublets at essentially the same chemical 

shifts. 
9 

This can be attributed to the static spectrum of the half- 

a 

+@ 
=L+ 

H 
chair/half-chair conformation of this compound, and further indicates 

that the four line pattern observed for each pair of "equivalent" 
half-chair/half-chair 2 

carbons of 4 in the solid state is due to two independent molecules in the asymmetric unit. 

Ene-diones with methyl substituents at C(4a) and C(8a) also have coalescence 

temperatures between 25°C and -9O"C, and the temperature-dependent spectra can be used 

to calculate the conformational free energies of activation. Figure 2 shows the 

C(4a)/C(8a) methyl signal pattern of ene-dione 7 as a function of temperature. The 

c%c I I 

7 

coalescence temperature is -58“C, and making use 

the relationship AG*= 19.14 Tc(9.97 + log Tc/6v) 

(J mole 
-1) 10 

, in which 6v is the chemical shift 

of 

difference between the signals in the slow exchange 

limit, an energy barrier of AG$15 = 38.5 k.l mole -1 

(9.2 kcal mole-') may be calculated. The 6,7-dimethyl 

derivative of < has similarly been determined to 

have a ring inversion AG$o, = 36.3 k.J mole -1 

(8.7 kcalmole 
-1 
). These barriers, which are of 

interest with respect to the conformation-controlled 

solution photochemistry of these and related 

compounds, 
11 

are well below that of 9,10-dimethyl- 

+ cis-decalin (AGzga = 15.2 kcalmole -1 12 
). This is 

consistent with the diminution of cyclohexane 

inversion barriers which accompanies the introduction 

of sp2-hybridized carbon atoms. 
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