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In general, coupliog between bemylic protons and rin# protam in aubntifutd 

aromatic compounds is considered to be nqllglble, the m W Maw 

to the benzylic methyl, freely-rotating beneylio wth~lena and wl.%O 

methine protons being usually described 88 “sharp” SiWtita. w, l 

number of authors have reported splitting of the r~ml m- illQ_ 

derivatives and ascribed it to ooupling with the ring aOQlu. Iioffml 

showed tbat the apUttIng of the methyl signals In a mpbe? of m 

substituted toluenea depends on the n&ore of tba mbmtitUmts md -.I’& 

Bovey and Shapiro2 proved that the multiplicity of tbs wthyl re- in 

2,2~-dimetbyldlpbenylether Is due to l~rmge ooupUn# and not to rr&rlob 

ed mtstion, aa previously reported 3.4 . 

Nra?lge coupung bss al.30 been reported betwon ths al&@dio 

5.6.7 and ring protons in some substituted bensaldehydes , and 8.Vataatio 
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studies" showed that the ring protons involved are five bonds evav from the 

aldehvdic protons end that the phenomenon can be observed only in the case of 

certain substituted benzaldehyde derivatives. Similar observations were made 

concerning some heterocyclic nldebades 8,9,10 . 

We now wish to report evidence showing that, in a representative nlurber 

3 of examples, the cou~linn between benaslic protons bound to an so carbonend 

rinu protons. in oara-disubetituted benzenes. occure princirallv ecroee four 

The aromatic protons of ~-3isubstituted benzene derivatives give rise 

to en A2B2 pattern in their NKR spectra, which because of its relative aimplio 

ity, hae been the subject of a number of investigations 11.12 . We have observed 

(Table I) that, in a number of m-disubstituted beneenes where one of the mab- 

stituents is an 99' oarhe- -som aafiping one, two, or three hy&ogens, & 

go inofthe B 1 orthot the 

methvl. methslene. or methine substituent is OonspicuoueP? broadened. 

Figure 1 shows en example of this effect, which we interpret es due 

to long-range coupling between the benzylic protons and the rin(: protons in the 

-position to the benzglic substituent, i.e. ecmss four bonds. The 

possibility of less strong coupl% to the meta position (i.e. acro~e five 

bonds.) cannot, of course, be excluded by our evidence. 

SJ.B, Leane end B.E. Bichards, Trans. Farad. Sot. & 518 (1959). 

qlLA. Hoffman end 9. Cmnowlte. Arklv. Kmi. l&, 563 (1960). 

10 R.J. Abraham and H.J. Bernstein. canad.. 1p, %)5 (l%l). 

“FL Suhr. Z.Electrochem. &, 466 (1962) and references therein. 

=P.F. Cox, ,J. Amer. Chem. Sot. & 380 (1963) and referencas therein. 
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Table I : NME data'3 on some tiisubetituted bexwene derivatiws 

Substancei 
Chemical shift of ring protone' (c/s er Tnx) 

%=dHg a"dH5 
4-aminotoluene 404.5(b),412.5(b)'6 
4-hydroxytoluene 4%5(b),415(b) 
4-methoxytoluene 414(b).422.5(b) 
4-chlorotoluene 414(b),422.5(b) 
4-cyanotoluer.e 
4-sodiumcarboxylatetcluene17 

428(b),436.5(b) 
419.5(b),427.5(b) 

4-carbethoxytoluene 
4-carbethoxytoluene d3 

414.5(b),423(b) 
421.51430 

4-carboxytoluene 431.5(b),439.5(b) 
4-nitrcto1uene 
4-hydroxybenzylalcohol'7 

437.5(b),446.5(b) 
425.5(b),434(b) 

4_methoxybenz".lalcchol 418(b),426.5(b) 
4-methoxybenzylchloride 426(b),434.5(b) 
4,4'-dimethoxybibenzyl 41'%5(b),427(b) 
4-nitrcphenylaceticacidmethylester 439.5(b),*(b) 
4-nitmbenzylcyanide 449.5(b),458(b) 
4-methoxybenzaldehydediethylacetal 432(b)&Cl.5(b) 
4-methoxya-chloroethylbenaene 429.5(b),478(b) 
4-nitrc-~bromoethylbensene 449(br8457.5(b)ls 
4_nitrobenzalder,yded~ethylacetal 449.5(b),458(b) 
4aitrcbenzaldehydediacetate 45C(b),466.5(b) 
4-methoxybenzaldehyde 463.5,472 
4-hydroxybenzaldehyde'9 460,468.5 
rl-nitrobenzaldehyde 473,487.5 
._ 

375.5.383.5 
390.5.399 
395,403.5 
424.51433 
4441452.5 
463.5.471.5 
4671475.5 
4711479.5 
476.5,4@4.5 
@,3.5,492.5 
393.51402 
394.5,403 
399,407.5 
4@1.5,410 
479.e7.5 
4w.5,499 
399.5,408 
400,400.5 
481.409.5 
4e3,491.5 
491.499.5 
412.5(b),421(b) 
413(b),421.5(b) 
498(b),506.5(b) 

'3Taken in CC14 or CECl3 solution with !I%¶ as internal reference on a Parian A60 
spectrometer. As concentrations varied betveen 5 and 15 per cent, the values 
of chemical shift have no general significance and were used only to identify 
various groups of signals. 

14 All compounds gave m.p.'s or b.p.'s in accord with the literature, and their 
YM spectra were in full agreement with their etructures. 

15 Frequencies refer to the four principal rescnances of the A$2 system. A~~sign- 
ments are based on empirical correlations (cf. L.M. Jackman, "AuDlicatione of 
NMR 8Dectrcscopp in Organic Chemistry", p.63. Pergamon Press, London (1959)). 

16 br Bmadened 5 .,iial, i.e. the resonance is broader (and less high) than the 
corresponding opposite number in the A2B2 system (cf. Fig.1). The broadening 
was determined on at least six runs, the field being swept in alternate 
directions. 

17 In I@ solution, the signal due to H20 being assumed to lie 285 c/s downfield 
frcmTMS. 

'%cadening barely detectable. 

19 In dinethylsulphoride with TM as internal reference. 
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b 

\ i”v 
412.5 404.5 383.5 375.5 c/e ex TMS 

Pigura 1. -Portion of 6O-MC PMR spectra of ptoluidine. 

It is most unlikely that the obaemed broadening of one of the two 

symwtrlcal pcrtione of the A2B2 pattern is due to factors other than spin-spin 

COUPON, and XB have foUr independent llnea of evidence wLict iwiicate that 

the -metric broadening Of half Of the A2B2 pattern is. in fact, !ue to long- 

range Coupling with bemylic pr~tcm, at least with the toluene derivativea. 

The CLLBB for methylene and methine derivatives depends, at present, on analogg 

with the methyl derivatives. 

(8) The aawmetric broadening of part of the A2B2 pattern due tc the 13.q 

20 J.A. Pople, W.G. Schneider and ?.J. Bernstein, "Hi 
f@etic Resonance". p.28. 

nh Resolution Nuclear 
&Craw-Hill, New York (1959). 
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protons in toluene derivatives (Table I) was alwavs accompanied by a pmnounoed 

broadening of the resonance assigned to the methyl group bound to the &tic 

nucleus. This was measured by comparing the line widths at half-height (WE) 

of the methyl signclls with those assigned to the methyl resonances of either 

anisole or acetone (introduced Into the asmple In equivalent molar ratios). 

This method avoided the necessity of degassing the sample and otherwise relsing 

on achieving minimum line widths*'. 

More convincingly, in all three methoxy toluenes, the methyl resone.noes 

are considerably broader than the methoxy resonances: 

compound U, methyl/m methoqv 

+methoxytoluene 2.54 ? 0.05 

3_methoxytoluene 2.50 T 0.05 

*-methoq-toluene 1.98 5 0.05 

In contrast, the ratios of half-height widths of the methoqv and 

carbomethoxg resonances in methyl snisate is 1.02 r 0.05 end of the methoxy and 

methylketone resonances in pmethowacetophenone is 1.15 7 0.05. 

The apparently significant difference in these ratios between P-methoq- 

toluene on the one hand snd the 3- and 4-methoxytoluenes on the other (see above) 

constitutes supporting evidence for the occurrence of long-range coupling 

primarily across four bonds. No attempt was made, at that stage, to interpret 

the fine structure of the methyl resonances, but It is interesting to note that 

the methyl resonance of toluene itself is broad, inaicatinglo~range ooupliq 

with some ring protons, in contrast to the aldehydic proton of benzaldebyde 

where no long-range coupling was reported7. 

(b) In a number of para-disubstituted benzene8 where none of the sub- 

stituents carries any benaylic protons (e.g. methyl &sate, pmethoxyacetophen- 

one) no asymmetry in the Ap2 pattern comparable with that observed in the 
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bensylio ccmpcmde (Table I) could be detected. This indicates that any 

aspmaetry in the A2B2 system introduced by other faators 20 is negligible for 

benzene derivatives 0ar@.n6 the range of substituents investigated hers. 

(0) In a number of M-substituted benssldeWes (Table I) an 

asymmetric broadening of the A2B2 system was also observed, but here the pair 

of protoss affected is fivebonds may from the aldehpdic PrOtons, as 

expected from the established relationships'l. 

(d) Table I includes 801118 PHE data on ethyl-p-toluate which had been 

21 
selectiveb deuterated in the beneylic portion of the molecule to the extant 

of go prcmt of thetotalhydrogen. 1n this CBSB, no wmmetrg was obsemd 

in the resonances assigned to the ring protons. The integrated intensities 

of the twc halves of the A2B2 system were identical, shoving that the number 

of prOtons in the positions ortho and meta to the methyl group remained -- 

errOtlY the same (I.e. PO selective deuteration in the ring had taken Pl.ac$ 

The different types of lowrange coupling in bensaldehydes (across 

five bOnds7) and in the presently investigated bensplic derivatives (across 

four bOnds) are of interest. One reason for such differences mayhave 

22,23 been steric , the sldehydio protons in bensaldehyde derivatives beind'in 

the plane Of the bensene 24 ring while those of the methyl groups are nscessBr- 

ils On average out of this plane. However, the NMR spectra of some bensylic 

methins derivatives (Table I), where the bensylic protons should be on average 

closer +X the Plane of the benzene ring, give 1~) indication of lowrang coupling 

"g*g* Ikdonald and J.S. Shannon, private ccmmun.ication (1963). 

22il *Jo ~ltit J-J. Hobbs and S. Sternhell, Te m 197 (1963). 

23J*T- %W ti a- %ernhell, Tetrahedron Letters, 273 (1963). 

2%.Yatsa and& gte'o='d, canad. J. '&em. p, 664 (1959). 
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across five bonds. With +ni~bromethylbeene (Table I) there is aonm 

22,23 qualitative indication of rruppression of lollg-range coupling . 

The most likely reason for the observed differenaes in long-range coupling 

behaviour of bemaldehyde and toluene derivatives is, in OUT opinion, the different 

state of hybridieation of the benzyllc aarbon in the two series. Investigation OZ 

suitably substituted styrenes, hydrasonea, eto. q hould throw light on this problem. 

Further aspects of lon~+aage ooupling in benzylic syatema, including 

quantitative aspects and the influence of rmbatltuents, are under investigation 

in these laboratories. 
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