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18omeriution 8romd 8 double baad mey be wrded 8. l torelamlproceae 

involving rotetim eroued the l im bond uie of this system (2.3). Actlvetlon 

energies for thernl ieaerie8tion of olefhe l re 25-65 kul/rol (2). Extensive 

delomlir8tioa of tb8 v electnme of the double bond, in the ~rouad etete of the 

molecule, Is expected to lou8r the l ctivetioo energy for this proceu (3). A 

simple reeoneace picture prov%dee me wey of qurlttetlvely deecribiug ouch A 

eltu8tlon. Coruidering the forul l tructare I. its electroam dietributioo uy 

be rapreuoted qu8litetlvely by Ie. The group6 Xl md X2 8re cep8ble of st8bi- 

lizlog a negative clmrge. while the nltro~en eta, oo the l ecoad trigonel carboo, 

beare a positive charge. The l tructure of 18 cle8rly implies reduction of the 

bond order of the formally locallred double bond in I 8nd a concoliturt lncre8se 

of the order8 of the C-I9 and C-X boode. Activation energy for a torsional proce8e 
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l round a covelent bond depeade, emong other fectore, on the 1 electron d8wity 

ueoci8t.d with this bond (3). 
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It ir of interest to investigate vhether the energy barrier for rotatloa 

arouad a carbon-aarbou double bond ceu be sufficiently reduced to altar tha 

eatablishmsnt of a dynamic equilibrium betwen the rotamers I and II (FIR. 1) 

in the ground stata of the ayetern. The complete equllibriuu mst also include 

the tranafomation I*111 and II’c_ IV. which are associated with restricted 

rotation around the C-N bond (4). 
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A third type of equilibrium, which may ex%st. involves the Inversion of the 

pyrimldal nitrogen atom. On the tlm scale of our measurement (nmr) this pro- 

cess would be fast (5). and therefore for s-try analysis the nitrogen ata 

may be considered planar. For the sake of simplifying the equlllbriuu nystem 

in Fig. 1, we have first investigated the compounds vhere X1=X2 and R1-R2. For 

such a case, the tvo typea of equilibrle. I- -J II and I*IIf, involve equiva- 

lent structures. In any of the equivalent conformsrs. the tvo constitutionally 

equivalent X Sroups are dlastereouerically related (6) in the min energy (Emin) 

conformation of the molecule (vlda infra). They should, therefore, In principle, 

exhibit two chemically shifted signals in the nmr spectrum. Similar analysis 

applies to the two R groups. 

The olefins listed in Table 1 have been prepared from the corresponding 

uethoxy or ethoxyuethylene compounds by reaction with the appropriate 

amine (7). Their gross structure has been confirmed by comparison of 

properties to literature data, by elementary analysis, and by nmr and 

spectra. 
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The most striking feature in the nmr spectra of these compounds (Table 

1) is the reversible temperature dependence of the shape of the X signals, and 

also of the R signals. The general behavior clearly indicates that the two X 

groups and also the two R groups. are involved in a kinetic process whereby 

they exchange their identities (8). The free energy of activation for the 

observed process at the temperature of coalescence (tc) was calculated in the 

usual way (8) from the max chemical shift separation of the two equal intensity 

signals (A6) and from tc using Eyring equation (transmission coefficient was 

taken as unity). All experimental data points towards rotation around the C-C 

double bond as the process responsible for the interchange of the tvo X groups, 

vhich was observed in the nmr spectra. Plausible 

not fit the experimental results. Conformational 

different interpretations do 

exchanges which might be 

associated either with rotation around the C-X bond or the-C-R bond (in the 

di-esters series) are incompatible with observed nmr spectra. The conceivable 

addition-elimination of an amine (possibly present as an impurity) to the 

double bond, which could provide a route for the interconversion IsI, has 

been ruled out. Thus. the addition of dimethyl amine to a solution of 2 in 

CRzClz did not cause a detectable change in the rate of coalescence of either 
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the wthoxyls or the dlmethytino signals. It %s noteuorthy that in the nmr 

epectra of the msthoxymathylene cap-de, which are the precursors of the 

corresponding aminomethylsrie compounds, the two X groups give rise to two 

chemically shifted signals which do not respond to temperature variations. 

Nmr results require that in the Eti comformatiaw of the two interchmg- 

5ag species (I and II), the two X groups should be diastereomrically releted 

(6). This cm be reelised either in sn all planar structure, or if steric inter- 

actions prevail, in a tvisted conformstloo where the X-C-X plane makes an angle 

of 8ny value, except 90.. with the C-C-R plane. The 90. Mated form (X groups 

are snsntiomerically related (6)) is probably the MX energy conformation 

required for the interchange of the two X groups. Similar -try analysis can 

be invoked to describe the conformatioos associated with the two interchanging R 

groups, as it has been observed In the nmr. 

Should our interpretation be correct, then certain qualitative correlations 

between AG* values, for the two rotational procssses, and the electronic nature 

of the double bond substituents should be predictable. By resonance argument, 

enhancement of the capacity of the X groups to stabilize a negative charge should 

decrease AC* for rotation around C-C bond and increase AG* for rotation around 

C-N bond. An inversed trend Is predicted for R groups which are caoable of inter- 

acting competitively with the nitrogen lone pair. Accordingly. nG* of 6 is lower 

than those of ths dl-esters 1 and 2 for C-C rotation. The AG* value of 6 

(C-N rotation) might be expected to be higher than those of 1 and 2, but all three 

vslues have been found to be similar (9). Replacement of one N-msthyl by a phenyl 

group In both 2 and 6 (to give 4 and 8 respectively) Is accompanied, as predicted, 

by an increase In AG* (C-C rotation) of 3.8 and 1.9 kcal/mole respectively. Further- 

more, the above predicted trends have been confirmed by the introduction of p- 

methoxyl and p-nitro functions into the N-phenyl group of 4 and 8. Thus, while 
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the p-methoxyl substitution (3 and 7 respectively) is accompanied by a decrease 

in the AG* values (C-C rotation), the p-nitro substitution (5 and 9 respectively) 

results in a substantial increase in the AG* (C=C rotation). 

The equilibrium I* III (Pig. 1) must also be considered wherever Rl#R7. 

In the range of temperatures where nmr exchange effects have been observed for 

C=C rotation, no such effects could be detected with respect to C-N rotation, 

except for 7 (of course, this does not exclude the existence of the equilibrium 

I;---sIII). Indeed, in this series (Rl#Rg), the nitrogen lone pair in 7 is the 

least delocalized by the aromatic N-substituent and the most delocalized by 

the two X groups. This accounts for the observation that in 7 the dlacetyl 

singlet splits upon cooling into two unequal intensity broad signals with con- - 

comitant broadening of the N-methyl signal (10) (%4 cps at -35'). 

In conclusion, our experimental results support the dynamic model for 

the delocalized systems where two kinds of torsional processes have been detected. 

One could not a priori exclude a synchronus mode of rotation of the two systems, 

involving the p orbital of the nitrogen atom and one p, orbital of the double 

bond. Inasmuch as different AG*values have been found for the two rotational 

processes this, most probably, is not the case. Further work is under way to 

clarify this point and various other aspects of this phenomenon. 
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We shall comment on this apparent discrepancy in the full account. 

The lack of any nmr exchange effects associated with C-N rotation when 

Rl#R2 on one hand and, on the other hand, its observation in the spectrum 

of 7, imply that the life time of conformations involved in this process 

is short on nmr time scale. Actually, it is irrelevant to our argument 

of qualitative correlation of AG + with the electronic nature of the sub- 

stituents, whether we are msasuring the equilibrium IdI1 or III+IV 

or rate contributions from both of them. 
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