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Summary : With the help of the interactive computer program CABSA the carbon 
connectivity pattern of representative known terpenes was established by 
measuring the one-bond I3C - '3C coupling constants in the presence of the 
signals of molecules containing one l3C isotope. 

The determination of one-bond 13, 13 - C coupling constants at natural 

abundance may be of considerable importance for spectral analysis of com- 

pounds of known constitution or for structural investigations on new 

substances. The observation of carbon-carbon couplings requires two 13 c iso- 

topes in the same molecule. In proton decoupled 13 
C nmr spectra the reso- 

‘nances due to these species (1 molecule out of 104) appear as weak doublet 

type satellites unsymmetrically situated on both sides of the strong signals 

of molecules containing only one 13 C isotope. The spectra of interest are 

always of the AX or AB type as a result of the very low natural abundance 

of species with three 13 C spins. 

This paper describes the results of an investigation on the measure- 

ment without enrichment of the one-bond carbon-carbon coupling constants of 

representative abundant terpenes. The proton decoupled natural abundance 

13 C FT nmr spectra of the following four chromatographically homogeneous 

compounds were recorded at 25.16 MHz : the monoterpenes Carvone (1) and 

Limonene (2), the sesquiterpene Nootkatone (3) (mp. 37°C) and the diterpene 

Mannool (4) (mp. 560~). A Varian XL-100-15 spectrometer equipped with a 

Varian 620/~-100 computer operated with the MOS-E disk system was used. The 

spectra were recorded at a temperature of 600~ in 12 mm o.d. tubes contai- 

ning 2.5 g samples and 0.4 ml C6D6. For the measurement of the 13C - 13C 

couplings the spectra were accumulated for 8 hours. After resolution enhan- 

cement with the gaussian multiplication technique 
1 

the width at 0.55% height 

of the strong central lines, due to moleaules containing only one l3C 

isotope, was only 4 - 5 Hz and 2 Hz for proton bearing and quaternary carbcms 

respectively. In preliminary experiments carbon-13 spin-lattice relaxation 

times were measured. On the basis of the relatively long T1 values (typical 

NT1 values of proton bearing ring carbons of the terpenes : 2 sec.) the 

required very sharp signals for the detection of the 13, 13 - C couolings 

were predicted. On the Figure the spectral section of C-l of Carvone (I) 

is represented. 
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CABSA', (Connectivity by AB Satellite Analysis), a recently developed 

computer program for the determination of matching satellite pairs, affords 

unambiguous proof for the carbon oonnectivity pattern, for the carbon si- 

gnal assignments and for the 13, _ 13C coupling constants (Tables). As the 

experiments were carried out at a relatively low magnetic field strong AB 

effects were observed in the spectra studied. In three cases 
[ 
(I) c-4/c-5 

J/nf 2.8075 ; (3) ~-8/c-q J/Af 1.3827 and (4) C-IO/C-l J/Af 1.80621 , only 

the intense inner satellites of the strong AB systems were detected, the 

very weak outer satellites were hidden in the spectral noise. However, the 

13, 13 - C coupling constants could be calculated from the inner satellites 

f2 and f3 
3 

using the following formula derived from AB rules : 

J=; Af2 
- -(f2-f3) 
f2 -f3 I 

A considerable advantage of this method of nmr spectral analysis, based 

on the measurement of one-bond carbon-carbon coupling constants, over other 

techniques is that carbon signals of the same off-resonance multiplicity can 

be specifically attributed even though they appear very close to one another. 
>^ 

On the basis of an early "C nmr spectral 

analysis of limonene (2) the signals at 

31.3 and 31.0 ppm were assigned respecti- 
4 

vely to C-3 and c-6 . From the determina- 

tion of the one-bond 13, _ 13 C coupling 

constants and the corresponding satellite 

distributions the reverse assignment pro- 

ved to be correct 
5 . With respect to C-3 

and c-6, the C-4 signal comes at about 

10.5 ppm lower field while C-5 appears at 

higher field by 2.6 or 2.9 ppm. AS a con- 

sequence, c-6 should be the signal which 

exhibits a strong AB system, having its 

outer satellite downfield while C-3 should 

show a much weaker AB pattern, having its 

outer satellite upfield as indicated in 

the detailed 
13 C nmr spectral data of 

Table 1. 

Inspection of the Tables reveals 

remarkable differences in the coupling 

constants between the corresponding bonds 

of (I), (2) and (3) where sp 
2 

hybridized 

sites are involved. These differences 

reflect conJugation and substitution 

effects. In the a,P-unsaturated carbonyl system of (I) and (3) large two- 

bond couplings through the ketone could be also measured (Figure). It is also 

of interest to note that in the case of mannool (4) the coupling constants 
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J9,11 
and J 11 12 are larger than those corresponding to other linkages within 

the cyclohexane rings and formed by sp 3 hybridized carbons. 

The determination of the one-bond 13, _ 13 C coupling constants of the 

much more complex triterpene cyclolaudenol (5) (mp. 124'C) was also attempted. 

In view of the large molecular size of this substance, spin-lattice re- 

laxation times for the proton bearing carbons of its backbone were too short 

at 600~ to insure the required very narrow lines and extremely high signal to 

noise ratio. The average NT1 values of the mentioned carbons could be increa- 

sed to about 1 sec. by preparing a saturated solution of (5) in p.xylene-d10 

and measuring the spectrum at 11O'C. However, in spite of these practiaally 

optimal experimental conditions only a few coupling constants could be de- 

termined for this highly complex molecule since many satellites were hidden 

by the strong closely spaced signals of species containing only one 
13 C iso- 

tope. Results on the measurement of the 13, _ 13C coupling constants for (5) 

and for more complex substances with Freeman's "INADEQUATE" technique 
8 
, in- 

volving the elimination of the signals due to species with one 
13 C isotope, 

will be reported later. 

It is obvious that the determination of one-bond 13, 13 
- C coupling 

constants will be extremely useful to establish the carbon connectivity 

pattern of new medium molecular weight abundant materials. 
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