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Introduction 

The carbon NMR spectroscopy is well known as a powcsr physical-chemistry method of 
structural determination of unknown compounds. Earlier vm shovt/ed that in polysubstituted 
aromatic compounds^'^\ NMR ^̂ C shifts and molecular structures are connected by a limited 
number of parameters. This allows to reconstruct NMR spectra of all species under studying 
including unknown. The ^̂ C NMR structural analysis Is mainly based on the topological 
dependence of chemical shifts, and large volume of spectni predictions has been achieved 
with the aid of empirical increment schemes. However, those schemes must have some 
contradictory properties: an accuracy enough for high resolution of NMR, reliable predictivity 
and sufficient simplicity in direct using or in programming for expert systems. 

Results and discussion 

Our method of simulating NMR ^̂ C spectra of organohalogen compounds in frame of mono-
and two-particle increment scheme^' was firstly developed for prediction of NMR ^̂ C spectra 
of polysubstituted benzenes with homogeneous substituents and this investigation became a 
basis for elucidation by NMR ^̂ C of various environmental aromatic pollutants as 
polychlorinated and polybrominated oxybenzenes^"^', polychlorinated dibenzo-p-dioxins^', 
polychlorinated naphthalenes^', polychlorinated^ and polybrominated biphenyls^'. 

But It Is evident that future ecological problems will be conrected with analysis of pollutants 
with different halogens in one molecule. Now we offer thei next step of this program: the 
analysis of NMR ^̂ C spectra of mixed polyhalogenated benzenes with Cl and Br. This step is 
very important for study of great number CI,Br-dioxins, -furans and -diphenyls and other 
ecotoxicants with mixed halogen substitution. For the development of our method, in which 
two-particle increment scheme for prediction of NMR '^C ispectra is constructed, we used 
published data'°"'^' and our own NMR "C measurements. 
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After the corresponding regression analysis we found out that all homogeneous mono- and 
two-particle increments coincide with those obtained in paper^', so the last column of the 
Table 1 contains new increments for Ci-Br influence. 

Tablet . 
Two-particle increments of ortho-halogens in benzene C chemical shifts 

""v̂  o 
x > ^ 

Carbon under 
infiuence 

Ci 
C2 
Cs 
Ce 

X=C1 
Y=C1 

-1.21 
-1.21 
0.77 
0.77 

X=Br 
Y=Br 

-1.07 
-1.07 
0.46 
0.46 

X=C1 
Y=Br 

-2.05 
0.00 
1.24 
-0.69 

Table 2 demonstrates some examples of using the presented increment scheme. 

Several discrepancies in Table 2 between experimental and calculated chemical shifts show 
that we need in some extension of the group of model compounds for better statistic, but in 
very limited amounts. After such an extension the presented increment scheme will include 
all structural features which detemiine the changes in NMR '^C chemical shifts. 

Table 2. 
The experimental (our data and ref^*^^') and calculating NMR *̂C chemical shifts of 

some polyhalogenated benzenes (solvent CDCU) 

Substituent positions 

1-Br,2-Cl, re f ' " 

calc. 

1-Br,3-CI, re f ' " 

calc. 

1-Br,4-CI, ref."" 

calc. 

1-Br,2,6-Cl2 
calc. 

1-Br,2,6-Cl2 
calc. 

C, 

122.56 
122.54 
122.95 

122.75 
123.30 
123.07 

120.27 
120.29 
120.53 

123.50 
123.52 

124.00 
123.84 

C2 

13458 
13450 
135.21 

131.49 
132.09 
131.76 

132.75 
132.76 
131.76 

136.40 
136.21 

13400 
133.67 

"C , ppm 
C3 

130.14 
130.43 
129.83 

135.13 
135.70 
135.23 

130.19 
130.17 
129.04 

128.30 
127.54 

132.23 
133.33 

from TMS 
C4 

127.31 
127.88 
127.73 

127.34 
127.83 
127.04 

133.17 
133.24 
132.54 

128.40 
127.54 

127.95 
128.50 

Cs 

127.84 
128.43 
127.88 

130.75 
131.24 
130.42 

129.36 
128.57 

Cs 

133.53 
133.80 
132.76 

129.74 
130.28 
129.91 

131.99 
131.84 
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Nevertheless, even exisfing data are enough to trust that the direcfion of structure 
recognizing by spectra prediction is very promising, beouse in general it is significantly 
more economic both in the synthesis and in the personnel tjspects. 

The increment scheme, which will be obtained after studying of some else compounds, may 
be algorithmized and transformed to a corresponding ssrvice program for the personal 
computer. 

Considering this investigation as a model we can suggest the new approach to solving of the 
analytical problem under considerafion with an intensification of NMR part. It is possible to 
create new chromatographic procedures arranged witfi NMR '^C for identification of 
hundreds compounds of aromafic classes when the synthesis or at least the separafion of 
individual references is not beneficial. 

We are grateful to Dr.M.McLachlan (Germany, Bayreuth) and Dr.V.Sheychenko (Russia, 
Moscow) for their assistance of this work. 
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