
Tetrahedron Letters No.46, pp. 4635-4639, 1967. Pergamon Press Ltd. Printed in Great Britain. 

INlR SPECTRAL PABlvIETws Op MONOSUBSTITUlTD WN2ENES:UALOBENZlINlIS 

S. Castellano, B. Koatelnik and C. Sun 

llellon Institute, Carnegie+iellon University, 
Pittsburgh, Pennaylvania 15213 

(Received in USA 3 July 1967) 

The general trends of the variations of the proton-proton coupling constants of mono- 

substituted benzene6 versus the electrooegativity of the substituents have been briefly re- 

ported in an earlier paper (1). The determination of accurate mnr spectral parameters (chemical 

shifts and coupling constants) is of central importance in this type of study, since, in many 

instances, only minor variations of the parameters are observed by changing the nature of the 

substituent. 

In this coevsunication, we present the complete results obtained from the analyses of 

the nmr spectra of monohalogenated beneener. Both the spectra of the neat liquids and of solu- 

tions in CC14 were recorded on a Varian A-60, DP-60, or HA-100 spectrometer and then analyzed 

with the aid of the LAOCN3 program (2.3). using either a 7090 IW or a 1604-A CDC computer. 

The parameters obtained from the analyses are reported in Table I. The Labelling of the protons 

and of other magnetic nuclei present in the molecule is as follows: 
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The data pertaining to chlorobenzene, both as a neat liquid and in Ccl,,, solutions.refer to in- 

dependent determinations on different samples using, as indicated in Table I. different full- 

scale weep width for the recording of the spectra. All the spectral parameters of fluoroben- 
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benzene as a neat liquid and in CC14 solution were obtained freer the analyses of the proton 

spectra. However, in the case of the sample containing 15% of l,l,l-trifluorotrichloroethane, 

both the proton and fluorine spectra were analyzed. The two sets of parameters reported in 

Table I for this sample were obtained from spectra recorded at two different msgnetic field 

strengths (ill : 60 and 100 Mcps. ; 
19 

F : 56.4 and 94.1 Mcps.). In Table I the proton chemical 

shifts are referred to ‘MS used as an internal standard; all parameters are given in cps. The 

data are reported with three decimal places as obtained from the output of the computer; 

the calculated probable errors were always < 0.05 cps. As a typical example of our analysis, 

we present in Figure 1 the experimental and calculated spectrum of iodobenzene as a neat 

liquid.* 

The trends of the proton-proton coupling constants of halobeneenes versus the elec- 

tronegativity of the substituent follow the general pattern previously described (1). The 

largest changes are observed for J (1,2) and J (1,s) which increase in the order: I < Br < 

Cl < F. Definite trends are also bbserved for some of the other coupling constants but in 

general the variations are quite small. Of particular interest is the magnitude of J (3.6) in 

f luorobenzene ; earlier analyses of the spectrum assigned a value equal to zero to this param- 

eter (4,5,6,7). As expected, large variations of the proton chemical shifts are observed in 

passing from the neat liquids to dilute solutions in CC14. The data resulting from the anal- 

yses of the latter spectra follow the trends already obtained by Spiesecke and Schneider (8) 

from the nmr spectra of deuterated samples. We believe, however, that our data are more ac- 

curate and better suited for the extrapolation of the chemical shifts at infinite dilution. 

A complete discussion of our analysecl ad the interpretation of the experimental results will 

be reported elsewhere. 

* 
The sharp single peak of the experimental spectrum, which is not matched in the 

calculated spectrum is due to bensene,which was used as a second internal standard in this par- 
ticular sample. 
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