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Abstract-A method is proposed for differentiating brominated carbons from chlorinated carbons by means of 
natural-abundance “C NMR spectroscopy. The basis of the method is that the spin-lattice relaxation behaviour of 
brominated carbons is influenced by carbon-bromine s&r interactions? which can lead to shortened “C _....._.._ - 
spin-lattice relaxation times and reduced values of the nuclear Overhauser enhancement. C-Cl scalar interactions 
make a negligible contribution to the spin-lattice relaxation of chlorinated carbons. These effects are illustrated by 
measurement of the “C spin-lattice relaxation times and integrated intensities of chloro-, bromo and iodobenzene 
and chloro-, bromo- and iodocyclohexane. The method is then tested on four polyhalogenated marine natural 
products. The results indicate that ‘sC relaxation measurements can be used to distinguish brominated carbons 
from chlorinated carbons in the case of halogenated quaternary carbons, sp’ hydridized methine carbons and some 
sp3 hydridized methine carbons, but not in the case of halogenated methylene carbons or gemdihalo substituted 
methine carbons. 

A number of polyhalogenated metabolites have recently 
been isolated from marine organisms,‘.’ in particular 
algae.- Many of these metabolites contain both 
bromine and chlorine. In these cases it has often been 
difficult to locate the halogens in the molecule without 
recourse to X-ray crystallography, a situation that has 
arisen partly because natural-abundance 13C NMR spec- 
troscopy, which is used extensively in structure deter- 
mination,‘.’ does not permit the differentiation of 
brominated carbons from chlorinated carbons. The sub- 
stituent effects of bromine and chlorine on ‘“C chemical 
shifts are similar,’ and the 13C-‘H scalar coupling con- 
stants of chlorinated and brominated carbons are com- 
parable.’ 

In this report we show the potential and some li- 
mitations of the measurement of 13C spin-lattice relax- 
ation times and integrated intensities as a means of 
distinguishing brominated carbons from chlorinated car- 
bons. The basis of this approach is that brominated 
carbons are influenced by carbon-bromine scalar in- 
teractions,“* which can lead to shortened “C spin- 
lattice relaxation times and reduced values of the NOE. 
On the other hand, C-Cl scalar interactions make a 
negligible contribution to the spin-lattice relaxation of 
chlorinated carbons. This behaviour is confirmed in the 
present communication by measurement of the 13C spin- 
lattice relaxation times and integrated intensities of three 
monohalogenated benzene derivatives, three mono- 
halogenated cyclohexane derivatives, and &bromo- 
styrene. The general applicability of the method is then 
examined with the use of a number of polyhalogenated 
marine natural products. 

THFX3RETlCAL CONSIDERATIONS 

A number of interactions can contribute to the relax- 
ation of ‘V nuclei,a’z but the relaxation of most pro- 
tonated carbons of large organic molecules is dominated 
by “C-‘H dipole4ipole interactions with directly-bond- 
ed hydrogens.&13 The relaxation of nonprotonated car- 
bons is also dominated by the IC-‘H dipolar mechanism 

in many cases.‘3.‘4 Contributions from the spin-rotation 
relaxation mechanism’5.‘6 can usually be ignored for 
large organic molecules,“-‘4 and chemical shift aniso- 
tropy’5*‘6 makes a negligible contribution to 13C relax- 
ation at low magnetic field strength.“.‘2.‘7 Dipolar in- 
teractions of carbon with nuclei other than protons (e.g. 
“N) must be taken into account, but these contributions 
can be calculated fairly accurately,‘* provided the ap- 
propriate rotational correlation times are known. In the 
absence of paramagnetic impurities, the only other sig- 
nificant contribution to “C relaxation is likely to come 
from scalar interactions. 

If a 13C nucleus interacts with a nucleus X which is 
relaxing rapidly, such that its spin-lattice relaxation time 
T,” is short compared with the reciprocal of the 13C-X 
spin-spin coupling constant, A (in radians sec.‘), then 
the 13C may undergo relaxation by a mechanism known 
as “scalar relaxation of the second kind”.15 In the case 
of a molecule undergoing isotropic rotational reorien- 
tation, the contribution of this interaction to the spin- 
lattice relaxation time (T,) of a “C nucleus is given by 
eqn (1).‘5“6 

I 2A2 
-=3S(St 1) T,” 
T, I + (0, - o,)~(T,“)~ (1) 

where S is the spin quantum number of nucleus X, TIX is 
the spin-lattice relaxation time of nucleus X, and O, and 
w, are the resonance frequencies (in radians sect’) of 
‘“C and X, respectively. Nuclei with Sa I may undereo 
efficient relaxation as a result of quadrupolar L- 
teractions.‘5.‘6 In this case, T,” is given by eqn (2),15 
where 

1 
-+~(l+;)(+q)z. (2) 
TIX 

n is the asymmetry parameter’5.‘R and (e*Qq/h) the 
quadrupole coupling constant.‘5.‘8 Note that eqn (2) is 
valid only in the “extreme narrowing limit.“““” 
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