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The non-equivalence of the N-methylene protons of anidcs R C0.N.aJ2R* .Ar (RI - als,CiIs, 

Ar = CsiIrX,X = ortho substituent) has been reported for a laryc nwnber of compounds and 

attributed to (i) restricted mtaticn about the N-C&,X bond and (ii) the unsynsnetrical nature 

of the C,H,X group’ *‘. A further case is reported hcrc of non-equivalence of methylene protons 

in such an amide (I) and also in a closely related N-nitmso canpound, (II). In direct relation 

to this general topic it has been reported that the line width of theester methyl proton 

resonake of carbonates of the type Ar SOzClIzN RCO.o(II, (R = Il,al,) is terrperaturc dependcnt3. 

It was concluded that there is a barrier to internal rotation within the ester ~~roup itself 

which arises possibly as a result of a corrbination of electronic and steric effects ‘and that 

the f3-arylsulphonyl group (8 to nitrogen) is an csscntial factor. A similar phenomenon hns 

been observed in a study of the amide I which contnins no &nrylsulphonyl moup. 

fknide, I. :Jitrosaninc, J J. 

Benzyl Methylcnc kotons of the Anir!c. J 

The nm-equivalence of the benzyl methylene protons of I was observed in all solvents used, 

over a wide temperature range (up to the coalescence tempcraturc), as expected’. This aspect 

will not be considered further since it reveals nothing: new about the intramolecular dynamics 

of this type of amide. 
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Benzyl bkthylene Protons of the Nitrosandne. II 

'Ike benzyl ethylene resonance of the N-nitroso cmpomd II kver pmvides a hitherto 

lnreportedexampleofaverysimilarphenanenanenhancedbytheobsblvationoftwostructural 

isomers (IIA and IIB) with rather different properties. 

IIA (cis) IIB (tram) 

The trans isomr is believed tobetbepmdomimntc4mpmentinthe~0f thetwo 

ISXUMSTS over a temperature range -60' to +40°C. The protcm resamncespectnmoftheneat 

liquid showed a sharp line at 5.&7 ppn from 'IM assigned to the tram is-r (631). A'nuch 

broader line (at36'C) at5.68 ppnfromlI+S has been assigned to the cis isomer. This broad 

resonance line first begm to split at about 20% and at lower tempera-s (in acetone 

solution) a well resolved AB quartet (IJI = 14.76 v) was observed while the trans isomer still 

gave the sharp single line. ThetempetaturedependenceoftheABchemLcalshiftisgivenin 

table 1. 

TABLE 1 

AB Chemical Shift Tempera- Dependence for the Cis Isomer, IIA 

Temperature°C p 20 10 0 -10 -20 -30 -40 -50 -60 

Chemical Shift* t 25.3 26.2 27.1 27.0 26.5 26.1 25.3 24.7 23.8 

t Very broad lines. l vo6 2 0.2 cps. 

A maximnn was observed at about 0'. lhis behaviouris ratherdifficulttomderstandsince 

at lower temperatures onewouldexpectthetime-averagedenvi rcaanents ofthemethyleneprotons 

tobemostdissimi1ar. A possible explanation lies in solvent-solute associaticm which 

fortuitously reduces the differences in the chemical envirmmkm. lkis associatiukprocess 

may be related to the similar phenanam discussedbelou. 

The different behaviour of the cis and tram isomers is explicable in term of steric 

effects which result in'kritical' restricted rotation about the N-O-chlorophenyl oond in the 

cls isaner but not in the tram isomer in the temperature range studied. 'iTllere is evidence 
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from molecular models that rotation about the relavant carbon-nitrogen bond is not completely 

free (disregarding mesornsric effects which appear not So be important) and that eimilar splitting 

might be observed for the trans isamsr at aven lower temperatures. 

Chloroacetvl Methylene FTotons ef the Amide, I 

The chloroacetyl methylene resonance of the amide, I has been observed to be solvent and 

temperature dependent. The proton resonance spectnnn of the amide, I, in carbontetrachloride, 

chloroform and carbon bisulphide includes a very sharp line, attributable to the chloroacetyl 

nmthylene protons, which shared little or no temperature dependence. However in a ntier of 

other solvents the chloroacetyl methylene resonance was temperature dependent and a clear AD 

pattorn of lines with varying uo6/J has been observed (for example see figure I). Table 2 

includes the chemicalshifts and coupling ccnstants derived from the AB spectra for solir: 

solvents which induce the non-equivalence of the chloroacetyl nmthylene protons and others, 

which do not, are listed for canparison. 

TABLE 2 

Solvent Dependence of Chemical Shift and Coupling Constant for the Chbroacetyl &tllylene AD of 

the Amide I, at 36’C 

SOLVENT CMXNTRATIcoJt 

N,N, DIMEEMKgMMILE 8.0 6.8 

N,N, DIDAMIDE 6.0 8.4 

MElWLACETATE 10 0 

ACElUND 8.0 0 

DIMS~WXIDE 8.0 8.9 

SuLFilALANE 6.0 0 

BENZENE 6.7 4.4 

MIUEW 5.8 5.5 

NITROBENZFNE 5.0 0 

m-NITWKWEXE 4.6 0 

PYRIDINE 6.7 0 

J* 

13.6 

13.7 

13.5 

13.2 

13.1 

-. 

t Concentration expressed as r = Mols. solvent/Mols amide I. 

* Units cps z 0.2 (averaged over five spectra). 
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FIG 1 
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both the chemical shift vo6 and the coupling constant J are solvent and temperature dependent. 

hb clear correlation exists between the type of solvent or the dielectric of the solvent and 

the observed chemical shifts or coupling constants. 

In acetone solution the couplin,: constant varied from 13.6 2 0.2 cps at 100 to 14.2 2 0.2 

cps at -6O’C,a small but significant change in magnitude. The chemical shift was more 

sensitive to temperature change in acetone solution and the results are illustrated in figure 2. 

Similar behaviour is expected of dimethyl sulphoxide but the temperature range is restricted 

to 5O - lCU°C within which it is possible to observe collapse of the AB multiclet into a 

single line. The variation of the chmical shift with temperature in r = 5.8 toluene solution 

is shown in figme 3. It is interestinS to note the maximum observed at about 0’. Figure 4 

sumarises the concentration dependence of the N) chemical shift in toluene solution. 

‘Ihe physical constants of some of the solvents studied restricted the feasible temperature 

rang so that even though no induced chemical shift was observed at the normal probe temperature 

it is conceivable that ti?e effect responsible would be detected if low temperature studies 

were possible. 
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FIG 4 AB Chemical Shift/Concentration in Toluenc 36’~ 
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The inference drawn from these results is that the non-equivalence of the chloroacetyl 

methylme prow is induced in specific cases by the assooiation of solute and solvent 

molecules. The N.M.R. time-scale (relaxation times - 1 set in mobile liquids) implies that 

such a molecular association can be thought of as a complex in which rotation about the 

amide I CO-01,Cl bond is restricted. Cis-trans isomerism, theoretically possible in the 

amide I, was not observed in the temperature range studied and can play no part in producing 

the observed AB nultiplets. A molecular model suggests that the isomer in which the benzyl 

group and the urbonyl oxygen are cis relative to the amide carbon-nitrogen bend is the more 

stable. 

Ihe results obtained for the aliphatic solvents, acetone in particular, are consistent 

with the formation of a ccmplex involving solvation on cne side of the planar amide group, 

within the temperature range studied. Such a complex would be more stable at lower temperature 

and the time-averaged envim ts of the chloroacetyl methylene protcns are then mDst 

dissimilar because one protcm spends more tinm near to the associated solvent molecule. The 

data obtained for toluene however suggest a second step in the solvent-solute association 

process which occurs at low temperatures. The chemical shift in toluene solution reaches a 

maximum at about 0’ and falls off with both increasing and decreasing temperature (figure 3). 

Ibis is ccmpatible with the association of a second toluene molecule on the side of the 

amide remote from the first solvent molecule, forming a ‘tandwich~’ complex. Therefore at the 

lower temperatures rotation about the CO-(II,Cl bond is restricted but the synrnetrical 

environment of the methylene protons leads to a small, if obeervable, chemical shift. Raising 

the temperature results in dissociation of one toWne molecule preferentially leaving the 

relevant methylene protons in an unsynnietrical envi ronmnt where the chemical shift is a 

maximum. In the higher temperature ranges complete dissociation occurs and the methylene 

proton envircmments are averaged by relatively free rotation about the CO-CH,Cl bond. 

Preliminary studies of a second amide - N-benzyl, N-methyl, 2-chloroacetamide indicate 

that the ChlOrOaCetyl methylene protons are chemically equivalent in dimethyl sulphoxide, 

toluene and N,N-dimthylacetamide at 36’C. ‘Ike two possible isomers have been observed. 

lhese results infer that extended delocalisation involving the tide group and the N-phenyl 

group might be a significant factor facilitating canplex formation. 

All spectra were obtained using a Varian A6OA instnmmnt with a V6040 variable temperature 

accesoly. The amide I (m.pt. 73’C) was prepared by reacting chloroacetyl chloride with 
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N-benzyl,~chlor~~aniline amdwas recoveredmchanged fmnthe solvents used. l'henitrosamine. 

II, Was prepared by the reaction of nitrous acid and the N-benzyl, O-ciloroaniline. 
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