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The NMR spectra of some polychlorinated dibenzo-p-dioxins. 
A calculation of 13C chemical shifts 
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The 13C NMR spectra of a number of polychlorinated dibenzo-p-dioxins (PCDD) were 
measured. These and previously known spectra were used for the development of a method 
for calculation of 13C NMR spectra of chloroaromatics in the framework of a two-particle 
increment scheme for carbon chemical shifts. The scheme one allows to calculate 13C 
chemical shifts for all 75 PCDD. 
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Low solubility and high toxicity are the principal 
reasons that prevent the application of 13C and IH N M R  
spectroscopy 1,2 to studies of polychlorinated dibenzo- 
dioxins. 

Previously, 3 we made a first at tempt based on the 
data of Ref. l to generalize the topological characteristics 
of 13C chemical shifts in P C D D  in the framework of an 
increment  scheme. 4,s In this work we present new results 
of measurements  of 13C N M R  spectra of P C D D  which 
al lowed us to improve  the i n c r e m e n t  scheme of 
Ref. 3 and to predict the spectra for all 75 PCDD. 
Prel iminary results of  this study were reported in 
Refs. 6, 7. 

Experimental 

Dibenzo-p-dioxins chlorinated in the 1-, 2-, 2,3-, 1,2,3-, 
2,3,7-, 1,3,7,8-, 1,2,3,7,8-, and 1,2,4,7,8- positions were syn- 
thesized according to known methods. |,8,9 

The lac NMR spectra were recorded on a Gemini- 
200 NMR spectrometer (Varian). The working frequency for a 
carbon nucleus was 50.3 MHz. The measurements on 1-, 2-, 
and 1,2,3-chlorinated dioxins were performed at 19--22 ~ 
and for other derivatives, at 55 ~ The measurements were 
performed with wide-band H--C decoupling. The pulse dura- 
tion was 5 gs; the build-up factor was within 1500--150000. 
Saturated solutions in CDC13 were used (2--6% for low- 
chlorinated dioxins and below 1% for tri- and higher chlorin- 
ated dioxins). 

Results and Discussion 

tn this work we employed the topology of chemical 
shifts and their dependence on structure to predict the 
spectra of all 75 PCDD,  in a way similar to that 
previously performed in Refs. 4, 5 for halogenated 
benzenes  and oxybenzenes.  The data are partially 
presented in Table 1. 

The primary assignment of the signals was performed 
using the increment  s c he me )  The chemical shifts for 1- 
and 2,3-chlorinated dioxins were repeatedly measured 
and were found to agree well with the data of Ref. 1. 
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Table 1. The experimentally measured and calculated (given in brackets) 13C N M R  chemical shifts of certain PCDD. 

Position of  Position of 1~C nucleus, ppm with respect to tetramethylsilane 

chlorine(s) C - l a  C-1 C-2 C-3 C-4 C-4a C-6a C-6 C-7 C-8 C-9 C-9a 

1 138.8 121.2 124.5 123.0 114.7 143.1 141.5 116.6 124.2 124.0 116.2 141.5 
1 * - - 124.6 123.2 114.7 143.1 141.6 116.6 124.3 124.6 116.2 141.6 

(138.9) (121.2) (124.5) (123.4) (114.5) (142.9) (141.6) (1165) (124.1) (124.0) (116.1) (141.6) 
2 142.6 116.7 128.2 123.6 117.1 140.9 141.5 116.4 124.2 124.0 116.7 141.8 

(142.5) (116.6) (128.2) (123.4) (116.6) (141.0) (141.8) (116.3) (124.1) (124.0) (116.6) (141.9) 
1, 2 140.0 120.5 127.5 123.7 114.7 141.6 141.2 116.7 124.3 124.7 t 16.3 141.4 

(140.0) (120.5) (127.8) (123.7) (114.9) (141.6) (141.2) (116.6) (124.5) (I24.4) (116.5) (141.3) 
1, 3 * - - 124.3 - 115.2 143.3 141.2 116.7 124.5 124.3 116.3 141.1 

(137.6) (121.8) (124.3) (127.6) (114.8) (143.2) (141.3) (i16.9) (124.5) (124.4) (116.2) (141.2) 
2, 3 141.2 117.8 126.7 - - - 141.5 116.6 124.4 - - - 
2, 3* 141.1 117.5 126.3 - - - 141.1 116.3 124.2 - - - 

(t41.3) (1t7.8) (126.8) - - - (141.5) (116.8) (I24.5) - - - 
2, 7* - 116.6 - 123.9 ~ 117.0 . . . . . . .  

(142.1) (116.7) (128.6) (123.9) (117.0) (140.7) . . . . . .  
1, 2, 3** 138.8 121.6 126.5 127.3 115.8 141.5 140.9 116.8 124.9 124.7 116.4 140.9 

(138.8) (121.7) (126.5) (127.0) (116.1) (142.0) (t40.9) (117.0) (t24.9) (124.8) (116.7) (141.0) 
1, 2, 4* 140.7 119.6 127.2 124.1 119.6 - 140.7 116.9 I24.9 124.8 116.9 140.7 

(140.6) (118.9) (127.2) (124.5) (120.0) (138.2) (140.7) (I16.5) (124.8) (124.7) (117.2) (140.3) 
2, 3, 7 140.8 117.9 126.9 127.2 117.9 14t.0 141.9 I17.0 129.2 124.4 117.3 140.2 

(140.9) (117.9) (126.7) (127.2) (117.4) (141.0) (141.8) (117.1) (129.1) (124.3) (117.2) (140.3) 
I, 2, 3, 4* 138.9 119.9 i26.9 - - 140.4 116.6 125.0 . . . .  

(139.4) (120.0) (126.7) - - (140.4) (116.9) (125.3) . . . .  
1, 3, 7, 8 137.2 122.4 125.1 128.8 115.5 - 140.3 118.3 127.7 127.7 l l7 .9  t40.3 

(136.9) (122.3) (125.2) (128.5) (115.4) (142.5) (140.4) (118.4) (127.7) (127.6) (117.8) (140.3) 
2, 3, 7, 8 ** 140.8 . . . . . .  = . . . .  

(140.6) (118.3) (127.7) . . . . . . . . .  
1, 2, 3, 7, 8 137.7 - 127.5 127.8 116.0 - 140.0 118.4 128.2 128.0 I18.0 140.0 

(138.1) (122.3) (127.4) (127.9) (116.6) (141.3) (140.0) (118.6) (128.1) (128.0) (118.2) (140.0) 
1, 2, 4, 7, 8 139.9 119.9 128.3 125.1 120.2 137.8 139.9 118.3 128.3 t28.3 118.3 140.0 

(139.9) (119.3) (128.1) (125.4) (120.6) (137.6) (139.8) (118.l) (128.0) (128.0) (1t8.3) (139.9) 

*According to ref. 1. 

**The spectrum was not employed in the increment scheme. 
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