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of 186 °C , and is attributed to restncted rotation around the polarized carbon-carbon double bond . The
free energy of activation (A G ) for this process is 105 * 2k J mol’ ! in nitrobenzene as a solvent .
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The concept of polarized (or push-pull ) olefinic systems has played an important role in organic chemistry for three
decades.! The barrier 1o rotation around the carbon-carbon double bond in ethylenes with strong donor groups on
one carbon atom and strong acceptors on the other may be quite Jow owing to a superior stabilzation of the
zwitterionic transition state. Thus, substitution of one. carbon atom of the double bond with electron-donating groups

and of the other with electron-withdrawing groups diminishes the double bond order by charge separation.
While the configurational properties of polarized ethylenes with strong electron-donating substituents, such as
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carbon aiom have been studied both experimenially’-? and theoretically,’ there are no published experimentai or

theoretical data on the configurational features of push-pull ethylenes with a dimethylamino group separated by a

benzene ring, such as 1. The combination of the very strong electron-

donating ability of the dimethylaminobenzene systemand the strong ~

electron-attracti ive ri larized olefin ich O

- ing acyl groups gjve rise to a polarized olefine whic Vs \ Y

exhibits a dynamic 'H NMR effect in the vicinity of 186 °C for double (CHs)ZNW
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00NaG rolation . we now re
spectroscopic study for 3-{
dione (1).*

The 'H NMR spectrum’of 1 in nitrobenzene solution at ambient temperature displays three sharp singlets for the
methyl groups: one due to the NMe, protons at 63.01 , and two for the acetyl protons at 6 2.57 and 2.62 . At about
100 C, the resonances arising fiom the acetyl protons are appreciably broadened when compared to the same bands

ratire \nl'nlt-’- the NN'Me. regonance remaine mmchanoed w acetvl nrotong
A’ W AW "y A LAEWw “VV‘J. Plv\vvl

a tha grmantmmm maaaired at raom tenmera ~
I UL SpLULU UL IRADSUWILL U Al F UL IV Wi Gl vy UiV INIVIL) AWoViiiiie ALMAMAS  LMLEWAIAL A 3
107 9 at et e 100 O sl Lt a1 ]
have coalesced near 186 C and appear as a fairly broad symmetrical band at 198 "C, the highest temperature reached.
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Although an extensive line-shape analysis in relation to the dynamic "H NMR effect observed for 1 was not under-
taken in the present work, the variable temperature spectra are sufficient to calculate the free energy barrier ( if not the
enthalpy and entropy of activation ) for the restricted carbon-carbon double bond rotation in 1. From the coalescence
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of the acetyl proton resonances and using the experession
k=nAviNZ

we calculate that the first-order constant ( & ) for carbon-carbon double bond rotation in 1 is 10s-1 at 186 °C.
Application of the absolute rate theory with a transmission coefficient of 1 gives a fiee-energy of activation (AG™) of
1052 kJmol ™, where all known sources of errors are estimated and included.® The experimental data available are
not suitable for obtaining meaningful values of A #/7 and AS7, even though the errors in AG™ are not large.”

The 'H NMR Spcctrum of 1 was also nvestigated in 1,2-dichlorobenzene as a solvent in the temperature range of
3010 198 0(’ and the results are shown in Table 1.

Table 1 Selected proton chemical shifts (in ppm, Me,Si) and activation parameters ( kJmol'l) for 1.

Solvent NMe, COCH; Av(Hz) Te(C) AG* k(s
Nirobenzene 3.01 2.62 2.57 4.5 i86{(459K) 1053 10

1,2-Dichlorobenzene 2.99 2.64 2.56 7.2 197470K) 106.0 16
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for example, merely the result o tcnpcrauzrc-ucpenucm chemical shifts. Restricted rotation of the acetyl groups m i
almost certainly has a barrier lower than 50 kJmol Tand should be a very fast process above 100 C. Rotation around
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> NMR effect, and not,
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the polarized car bon—carbon double bond i 1, on the other hand, is expected to have a quite high barrier. Thus we
attribute the observed H dynamic NMR effect to the latter process.
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Compound 1 was prepared by known methods ( Mcentee, M. E. and Pinder, A. R. J. Chem. Soc., 1957, 4419 )
and identified as deep yellow crystals m.p. 85 “C (cyclohexane), 'HNMR (CDCly )6:2.38 and 2.41 (6H, 2s,

2CH;),3.10 (6H, s, NMe, ) , 6.67 (2H, d J=9.0 Hz, arom LH),7SG(2H, dJ=9.0 Hz, arom CH),

2 i 9.62 ( NMe, ), 111.41 (arom

: . 96.11 and 206.78 (2 C=0).

5. Proton and carbon— 13 NMR spectra were recorded o Jeol INM-EX90 FT NMR spectrometer operating
ata field of 21.15 kG . The temperature of the nrobg was adjuq t

heating element. To reach the equilibrium temperature, each sample tube was left in the probe for at least 5 min
before measurement .

6. Giunther, H. NMR Spectroscopy , 2nd ed., Chapt. 9, 1995 ,Wily , New York .

7. Aret, F. A. L. and Anet, R. Dynamic Nuclear Magnetic Resonance Spectroscopy, Cotton, F. A.and
Jackman. L. M. ,Ed., Academic Press , New York , N. Y., 1975, pp 543-619 .

8. We have studied the temperature dependence of the methyl region of the 13C NMR spectrum of 1 in nitro-
benzene as a solvent. Although the Av value of the acetyl CH, resonances slightly decreased with increasing
temperature, two fairly sharp signals was still visible at 190 °C, the highest temperature investigated.
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