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In recent carmicatiom (1,2,3) accurate mr spectral pumatare of mveral moo- 

substituted benaeoes have bean reported and the short rau2a effects of the eubrtituent on the 

proton-proton coupling conetenta he been repaatedly apharizad. Tha absence of correlatlonr 

batween cbamical l hiftr md coupling constanta (3) haa been interpreted aa evidence of the 

minor influence axartad by ma*owrFc effect0 on the m8&tUde6 of the latter parameters. It 

follows that the variations of these proton-proton coupling coustants are primarily determlued 

by effect6 of tha inductive type (1,3). On this basis, the effects 

proton-protoo coupling coastants of dirubetituted benaenes vould be 

propertler . 

AXI additivity relation for the coupling conatanta between 

rtitutad benaenea has already been proposed by Dischler (k),but the 

of the submtltuentr on the 

expected to shou additive 

mete protons in paro4isub- 

1m.k of date on mowsubsti- 

tuted benaener (the knowledge of precise values of the cmpliag coaatentr Fn benrene itself is 

not errential) prevented e thorough invertigation of the coaairtency of that relation. If 

rubrtituent effects era indeed additive, aete of equationa can be established connecting the 

perawterr of benzene (Jo, Jm, Jp) and those of the mono- ($,, Jz,) and dirubstituted benaenes 

(Jz) aa rhmm in Pig. 1 where the labelling of the arctic protons used in this paper is also 

given. If experimental data on mono- l nddisubstituted benaener ere available, and the additi- 

vlty rcheme hold., ixuertion of these data in the right head aide of the equations of Fig. 1 

should yield values of J J 
0’ P’ 

and Jp constant for the whole series of compounds. Constancy ir 
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Figure 1 

3 

Jo = J;s + J& - J;; 

Jo = J&+ J;s - J;; 

Jo = J&+ J& - Jxy 
34 

J,,, = J;3 + Ji4 - J“ I3 

J,,, = J;,+ Jt3 - J;: 

JP = J:, + J:4 - J,“’ 

X(Y) 
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Jo = J$ + J;, - J:: 

Jo - Ji3 + J& - J;; 

‘/ 5 

4: 
2’ 4 

Y 

Jo = J& +J:s - 5; 

J,,, = Jf3 + J13 - J;;’ J,,, = J;s + J:,- J;; 

J, = J;s + J:, - J;; J, = J;. + J:s - J;: 

J,,,’ JT3 + J:s - J” 35 

J, = J& + J/. - Jxy 25 J, = J:4 + J:. - J;: 

also required of the values of Jo detemined from caspouuds with the slmc substituentr in e 

and meta positions; and of the values of J, determined from ortho, mata and m-dirubstituted 

benrenes. This treatment of the data offers the opportunity of deducing spectral parameters of 

benzene as accurate as those obtained experimentally for tbe mono- and disubstituted coppounds. 

To check the above additivity SC~~IWI we have analyzed the msr spectra of 13 e- 

disubstituted bensenes (‘j’ as both neat liquids and lO$ solutions in CC$+); some of these com- 

pounds had been studied before (5,6),but an accuracy of the spectral parsmeters greater than 

that reported in the literature was needed for our purpose. The results of our analyses, which 

were performed with the same procedures and methods previously described (2,J), are sramsarired 

in Table I. The calculated probable error for each of the parameters was always smaller than 

0.01 cps, but we prefer to adopt a more conservative estimate of 2 0.05 cps. 

Application of the equations given in Figure 1 to the experimental data presented in 
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this cossnunication and previous reports * (2,3) furnished results in good agreement with the 

additivity scheme in all cases except four (X,Y: #-C(CH3)3,-C(C~)3#-al,-ND2#-No2,-~2#-C1,No2#) 

whose anomalous behavior will be considered later. The treatment of this data furnished 48 

values of J o, 32 values of J, and 16 values of Jp whose averages, standard and maximum (in 

bracket) deviations we have reported in Table II, (entry 1). Also included in Table II are the 

results of a similar treatment of data in the literature: on 6 xneta-disubstituted derivatives 

quoted in a recent review (5) and elsewhere (71, yielding 32, 13, and 6 calculated values of 

J o’ c, and Jp respectively, (entry 2); on the 27 para-disubstituted derivatives analyzed by 

Dischler (4) yielding 27, 54, and 27 values of J o, J, and Jp respectively, (entry 3); on 43 

para -disubstituted derivatives quoted in Bothner-By’s review (5), yielding 43, 56 ** and 43 

values of J o, J, end Jp respectively, (entry 4). Finally we have reported in Table II the 

values of J o, J, and Jp determined experimentally in two ways (8,9), (entries 5 aud 6) or de- 

rived fraa a different statistical treatment of the parameters of sw?nOsubstituted benzenes 
*++ 

( 1C I, (entry 71. 
TABLE II 

Experknental and Calculated Values of the Proton-Proton 

Coupling Constants of Benzene (in cps.) 

Entry 3 
0 

1 7.52 + 0.07 IO.151 
& 7 .y f, + ^ .I. - ,,a :rAh$-$ 

T ;‘;& > r. -cr. ,-rr rrrrs “.lr: L”.C,, 

4 7.56 2 0.13 [0.28] 

$ I? w 

6 7.56 f 0.04 

7 7.50 + 0.05 

3 
m 

1.31 + 0.08 Lo.201 
+.. 1.‘& - Sz& 5s1=:> 

2.39 + - 0. c”+’ t-c ‘iT,? 

1.39 + 0.12 to.371 

2’. &P 

1.38 + 0.04 

1.35 + 0.05 

0.65 + 0.02 to.063 
+_ Sk_;? - ds :rscs$ 
+ n T-C cr. P.&T - “. LA L”.Cay 

0.64 + 0.08 [o. 181 

d-i p 

0.69 + 0.04 

0.66 + 0.05 

fiafarancaa 

5 

B 

9 
10 

In all cases the agreement between experimental and calculated average values of 

J o, J, and Jp is excellent. Standard and maximum deviatione lie within Che expected lfmits of 

accuracy for the values derived from ortho and meta compounds as well; larger deviations are - - 

found for the values derived from the para canpounds reflecting the uncertainty (2 0.1 cps) 

in the determination of the corresponding meta coupling constants 
++H 

. The values of Jo are, 

however , quite reliable for this series of compounds. Large departures fram edditivity, due 

to mesomerfc interactions of tbe two substftuents, should have been particularly noticeable in 

this series of compounds yielding an averaged value of Jo smeller than in benzene. All the 



No.51 5215 

results presented in Table II seem, therefore, to verify that the substituent effect on the 

proton-proton coupling constants are indeed additive and can be calculated, within the limits 

of accuracy of the data, from simple group contributions. 

We smst, however, point out that our experimental results on the ortho-disubstituted 

benrenes, show that the additivity rule fails in cases of strongly interacting ortho substi- 

tuents. In Table III are reported the values of Jo calculated for the four compounds whose 

parameters deviate strongly from the additivity rule. 

TABLE III 

Calculated Values of J frae or&o-di-g-Butylbentene, ortho- 
Nitrophenol, &-Din?trobenG and a-Nitrochlosxene 

x 

4cF8& 
-OH 

-*2 
-Cl 

Y - Jo as calculated from: 

-c(c%j)j 7-255 7.796 7.255 

-No2 7.139 7.710 7.216 

+O2 7.706 7.205 7.706 

-NO2 7.406 7.624 7.767 

We think that these anomalies can be rationalized in terms of variations of bond 

length and bond angles of the aromatic ring caused by the repulsions of the bulky C(C 
?53 

) groups 

in e-di-s-butylbensene and by the closure of a sfx membered ring, through hydrogen bonding, 

in nitrophenol. Evidence for the occurrence of the chalate is the measured long range coupling 

constant between the -CH and the aroxatlc proton in position 2. Such a coupling is not observed 

in phenol. Smaller variations of Jo, but with trends similsr to that reported for the first 

two compounds of Table111 are also detected In the data derived from the parameters of ortho- 

diiodobeusene. The variation of Jo observed in the case of e-dlnftrobeneene shows a reverse 

trend and seems to indicate geometrical distortion of the aramatic ring opposite to the ones 

occurring in the first two compounds. If our interpretation is correct, careful detection of 

deviations from the addftivity rule may prove to be more illuminating than tha mere application 

of the additive scheme itself. 
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* 

** 

** 

*iw44 

The spectral parameters of 

E they are (in cps. at v 
0 

No.51 

I-butylbanseoe (lO$ w/w in.CCl4) have uot been reported before; 

60 plcps.): w(l)= 436.804; W(2)= 430.390; W(3)&2.700; 

J(1,2)= 7.961; J(1,3)= 1.164; J(1,4)= 0.570; J(1,5)= 2.180; J(2,3)= 7.399; J(2,4)= 

Jm was not calculated for those cases in which only averaged or identical values of 

met8 coupling constants were given. 

1.554. 

the 

These values, obtained from least squares correlations of the coupling constants awog 

themselves, are more accurate than those reported ia Reference 1. 

Many of these spectra of 

are poorly determined. 

misassigned. 

the AA'BB' type are deceptively simple, so that JAA, and Jag, 

Furthermore, the values of these two parameters can be easily 

\ 
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