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injected." The cell was shaken with a standard laboratory shaker. 
After the shaker was switched off, data from the conductivity 
amplifier were recorded on millimeter graph paper with a Phillips 
PM8041 recorder (maximum chart speed 2 cm s-l). 

Experimental conditions for each solvent composition and 
temperature were optimized within the following general con- 
straints. The cell was shaken briefly, and the shaker was then 
switched off before satisfactory conductance readings were made. 
The shaking process causes a t  least a ripple and often more 
extensive oscillation of the conductance reading. The vigor of 
and length of time for shaking were varied and must be sufficient 
to dissolve the compound rapidly, so that acceptable kinetic runs 
showed no "drift" of the infinity conductances.2f For the faster 
kinetic runs the recorder and the shaker were first switched on; 
the acetone solution was then injected, while simultaneously the 
shaker was switched off. The zero time for the kinetic run was 
taken after the conductance readings became steady, and 15-25 
data points about equally spaced in conductance were read from 
the chart on at least one of the millimeter grid lines and with the 
aid of an 8X magnification chart reader. Satisfactory rate con- 
stants could be obtained if there was a t  least a 1-2-cm change 
in the conductance scale after the zero time. In the fastest reaction 
for which satisfactory results were obtained (1-adamantyl mesylate 

(20) A typical injection was 2-5 pL, but in some difficult cases 20 fiL 
of a very dilute acetone solution was injected. The corresponding change 
in solvent composition leads to <5% error in the rate constant. In 
general, 1-adamantyl mesylate dissolved more readily in acetone > eth- 
anol > trifluoroethanol. 

in 20% acetone/water at 14.9 "C; tllz = 0.4 s), the zero time was 
0.6 s after the start of the injection, and the first 50% of the total 
reaction was excluded from the calculations of kinetics. During 
the optimization process for each of the faster kinetic runs, a 
significant number of runs had to be discarded, usually by in- 
spection of the recorder trace (e.g., drift of infinity conductance) 
but occasionally after attempts to refine the data by computer. 
Many attempts to follow even faster reactions (t112 = 0.2 s) in 
continuously stirred solutions (as in method A, discussed pre- 
viously8) were unsuccessful; although the data appeared to be 
satisfactory, the rate constants were 30-100% lower than the 
values obtained by temperature extrapolation; such erroneous 
results, presumably caused by substrates dissolving during the 
kinetic run, have been discussed previouslyaZf 

Slower kinetic runs (tIjz 0 120 s) were monitored by using a 
Wayne Kerr Model B331 autobalance conductance bridge, but 
the conductivity amplifier/chart recorder procedure is satisfactory 
for long kinetic runs (tlj2 = several hours).8 
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The equilibrium constant for isomerization of 5-methyl-4-hexen-2-one to trans-5-methyl-3-hexen-2-one in 
tert-butyl alcohol a t  25 "C has been found to be 0.40, which is smaller by 250-fold than a literature value. This 
and other equilibrium constants for reactions of the type XCHzCH=CMez + XCH=CHCHMe2 are shown to 
be consistent with the double bond stabilizing abilities of various groups as measured by equilibrium constants 
for reactions of the type XCH2CH=CHY + XCH=CHCH2Y. The general case of isomerizations of the type 
XCH,CH=CYZ F= XCH=CHCHYZ is also discussed. 

Equilibrium constants for reactions of the type shown 
in eq 1 can be correlated in terms of Dx and Dy, the double 
trans-XCH,CH=CHY F+ trans-XCH=CHCH,Y (1) 

bond stabilizing parameters for X and Y.2 It is expected 
that Dx will be useful in correlating data on other processes 
in which the XCH,CH=C group is transformed to a 
trans-XCH=CHCH group. Sirokg and Prochbka have 
combined their data with literature data to report that 
equilibrium constants for reactions of the type shown in 
eq 2 are fairly linearly correlated with those for reactions 

XCH2CH=CMe2 + XCH=CHCHMe2 (2) 

of the type shown in eq 3, except for the case where X is 

XCH,CH=CHMe XCH=CHCH2Me (3) 

hydr~gen.~ For the reaction where X is acetyl, they noted 
a failure to achieve eq~ilibration.~ There is a recently 
reported equilibrium constant of 100 for this reaction, the 
isomerization of 5-methyl-4-hexen-2-one (1) to 5-methyl- 
3-hexen-2-one (2).5 This value, when combined with 

Me,C=CHCH,Ac + Me,CHCH=CHAc (4) 
1 2 

subsequent data on the isomerization of 4-hexen-2-one to 
3-hexen-2-one, gives a major deviation from their corre- 
lation. We thought it unlikely that equilibrium 2 would 
lie much further to the right when X is acetyl than when 

(1) (a) This research was supported in part by National Science 
Foundation Grant CHE 79 26319. Part 27 in the series "Structural 
Effects on Rates and Equilibria". (b) For part 26 see: Hine, J.; Skoglund, 
M. J. J. Org. Chem. 1982,47, 4766-70. 

(2) Hine, J.; Flachskam, N. W. J. Am. Chem. SOC. 1973,95, 1179-85. 

0022-3263/83/ 1948-0584$01.50/0 

(3) SirokJ, M.; Prochizka, M. Collect. Czech. Chem. Commun. 1978, 

(4) Eccot, E. N.; Linstead, R. P. J. Chem. SOC. 1930, 905-19. 
( 5 )  Muir, D. M.; Parker, A. J. J. Org. Chem. 1976, 41, 3201-4. 
(6) Hine, J.; Linden, S.-M.; Wang, A.; Thiagarajan, V. J. Org. Chem. 

43, 2635-42. 

1980, 45, 2821-5. 
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Table I. Equilibrium Constants for Reactions of the Type XCH,CH=CMe, e XCH=CHCHMe, 
% product A GChem 

X trans medium temp, "C K kcal /mol ref 

H 

Me 

Ph 

Ac 

NO2 co; 

BUS 
C0,Et 
CN 

a 
a 
86 
86 
99.2 
f 
h 
99.5 
h 
f 
f 
f 
91k 
f 
75m 

b 
gas 
Me,SO 
Me,SO 
Me,SO 
MeOH 

Me,SO 
THF 

t-BuOH 

HZO 
HZ0 
H'O 
Me,SO 
(Me,N),PO' 
t-BuOH 

20 
25 
55 
30 
30 
20 
25 
30 
20 

100 
20 
20 
20 
20 
30 

0.01 
0.002Be 
0.090 
0.079 
1.82 
1.53g 
0.40 

0.52 
0.14 
0.031 
0.181 
0.063 
0.20 
0 .32  

100 

3.32C*d 
4.14d2e 
1.57 
1.53 

-0.36 
-0.25g 

-2.77 
0.54 

0.38 
1.46 
2.32J 
1.00' 
1.61 
0.94 
0.69 

3, 9 
16 
10 
5 
5 
3 , 1 1  
i 
5 
3, 15  
3 
3 ,  1 3  
3, 14 
3 
3 
1 2  

a No cis-trans isomerism is possible. Not stated in the references available to us. Obtained by changing the value of 

PTreated as if 100% trans. g Extrapolated by 
Not determined. I Present .work. I Extrapolated by Siroky'and Prochgzka 

11.2 kJ/mol in ref 3 to kcal/mol and making the symmetry correction. 
AS values obtained from equilibrium constants measured at 268-430 "C. 
Siroky'and Proch&ka from data at 165 "C." 
from data at 100 0C.13,14 
catalyst, cis-trans isomerization gave 59% trans at equilibrium at room temperature. 
The possibility that significant amounts of the conjugate base of the ester were formed was not mentioned. 
value from the range 65-85%. 

Kc em = 3 K o b d .  e Calculated from A H  and 

This is the percent present at "equilibrium" for positional isomerization. With iodine as a 
Using 1 M ester and 1 M t-BuOK. 

The average 

i t  is phenyl or nitro while equilibrium 3 lies further to the 
right for the phenyl and nitro cases than for the acetyl case. 
Therefore, we have redetermined the equilibrium constant 
for isomerization of 1 and 2. 

The previous study was carried out in dimethyl sulfoxide 
solution at  30 "C for 30 min in the presence of excess 
potassium tert-butoxide, but very little experimental detail 
was given. The acidities of 1 and 2 should certainly be 
greater than that of acetone, whose pKa in dimethyl sul- 
foxide is 26.5, and probably nearer that of benzyl methyl 
ketone (pKa = 19.8),' which is around 1O1O times as acidic 
as tert-butyl alcohol in dimethyl sulfoxide.8 Therefore, 
the ketones would be expected to be present largely as their 
potassium salts under the equilibration conditions. To 
avoid such complications, we carried out the equilibrations 
in tert-butyl alcohol using 1,8-diazabicyclo[5.4.0]undec-7- 
ene (DBU) as a catalyst. Equilibrium was approached 
from both sides. Reaction mixtures were quenched with 
aqueous acid and extracted with ether. After removal of 
most of the ether, the residues were analyzed by 'H NMR 
measurements on each of the methyl peaks. Experiments 
using known mixtures showed that this workup procedure 
did not detectably change the composition of the mixtures. 
The 2 used was shown to be trans by its 16-Hz CH=CH 
coupling constant. In none of the spectra could peaks 
clearly attributable to the cis isomer be seen. The 'H 
NMR peaks of 2 used to determine the equilibrium con- 
stant were assumed to arise solely from the trans isomer. 
The equilibrium constant (2/1) was found to be 0.40 at 25 
"C and 0.44 at reflux (-85 "C). We estimate the uncer- 
tainty from all sources to be about 10%. These data give 
AH" and AS" values of 0.3 f 0.5 kcal/mol and -0.7 f 1.4 
eu. 

Discussion 
The equilibrium constant we have obtained for reaction 

4 is only '/250 of the value reported earlier,5 and it gives 
much better agreement with Sirokg and Prochdzka's 
correlation of equilibrium constants for reaction 2 with 

(7) Bordwell, F. G.; Bares, J. E.; Bartmess, J. E.; McCollum, G. J.; Van 
Der Puy, M.; Vanier, N. R.; Matthews, W. S. J. Org. Chem. 1977, 42, 

(8) Ritchie, C. D.; Uschold, R. E. J. Am. Chem. SOC. 1967,89,2960-3. 
321-5. 

those for reaction 3. In addition, we think that the cor- 
relation is probably better for the case where X is hydrogen 
than is suggested by the data they quote. These data are 
from a sourceg that is not available to us but that appears 
to be a secondary source. In Table I is a compilation of 
equilibrium constants for reactions of the type shown in 
eq 2, where the reactant is trans. Sirok4 and Prochdzka 
considered the total, cis plus trans, reaction. In the present 
case it makes little difference but we will continue our 
preference for minimizing complications arising from cis 
interactions. We list data from all the  source^^,*'^ quoted 
by Sirokg and Prochdzka, as well as additional sources. 
Extrapolation to 25 "C of equilibrium constants deter- 
mined over the range 268-430 "C for the case where X is 
hydrogen16 gives a AGchem value of 4.14 kcal/mol, which 
is near the value (4.26 kcal/mol) that may be calculated 
from the thermodynamic functions of the two species in- 
volved." We have used this value in our subsequent 
calculations. For the cases where X is methyl and phenyl 
we have used AGchem values (1.53 and 0.36 kcal/mol, re- 
~pectively)~ determined at 30 "C because this is nearer our 
standard reference temperature of 25 "C, but these values 
differ little from those used earlier. For the acetyl sub- 
stituent we used our own value. The equilibrium in the 
case where X is a nitro group had been studied earlier by 
Prochdzka and co-workers, who observed complications 
arising from side  reaction^.'^ We have used the equilibrium 
constant extrapolated to 20 "C by Sirokg and Prochdzka, 

(9) Kochloefl, K.; Kraus, M. "Preparativni reakce v organickg chemii"; 
Academia: Prague, 1967; Vol. 9, p 66. 

(10) Schriescheim, A.; Rowe, C. A. J. Am. Chem. SOC. 1962,84,3160-4. 
(11) Bateman, L.; Cunneen, J .  J .  J .  Chem. SOC. 1951, 2283-9. (This 

is a correction of the journal listed by Sirokjl and Prochizka.) 
(12) Prochizka, M.; Uchytil, B.; Zelinka, J .  Collect. Czech. Chem. 

Commun. 1974,39, 1342-55. 
(13) Goldberg, A. A.; Linstead, R. P. J .  Chem. SOC. 1928, 234340. 

(This is a correction of the page number and year listed by Siroky and 
~~ 

Prochizka.) 
(14) Letch, R. A.; Linstead, R. P. J. Chem. SOC. 1932, 443-56. 
(15) Leitickjr, L.; Prochizka, M. Collect. Czech. Chem. Commun. 1973, 

38,459-64. 
(16) Radwk, Z. A.; Kabo, G. Y.; Andeevski, D. N .  Neftekhimiya 1973, 

13, 356-60. 
(17) Benson, S. W.; Cruickshank, F. R.; Golden, D. M.; Haugen, G. R.; 

O'Neal, H. E.; Rodgers, A. S.; Shaw, R.; Walsh, R. Chem. Reu. 1969,69, 
279-324. 
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Table 11. Correlations of AGchem Values for Eq 2 

X 
H 
Me 
Ph 
Ac 
NO* 
BUS 
C0,Et 
CN 
co; 

4.14 
1.53 

0.54 
0.38 
1.61 
0.94 
0.69 
1.46 

-0.36 

C'Me, 
(eq 10) 

4.53 
4.16 
4.41 
4.38 
4.30 
4.68 
4.54 
3.95 
5.77 

4.14 
4.44 
4.17 
4.31 
4.71 
4.63 
4.30 
4.16 
5.52 

A Gchem 

kcal/mol 
2.95 
0.00 

-1.83 
-0.92 
-1.48 

-0.94' 
-1.48 
-0.71 

(eq 3La 

-0.18b 

(eq 3)  - A GChem 

AGChem(eq 2), 
kcal/mol 

1.19 
1.53 
1.47 
1.46 
1.86 
1.79 
1.88 
1.86 
2.23 

avd (u) 4.44 (0.25) 4.37 (0.23) 1.53 (0.30) 

X is MeS. 
ages (standard deviations) become 4.59 (0.50), 4.50 (0.44),  and 1.61 (0 .37 ) ,  respectively. 

a These values are from ref 18, except as noted. The values of DX and of A G ~ ~ ~ ~  (eq 3) were those for the case where 
Not including the case where X is CO,-. When this case is included, the aver- The value where X is C0,Me. 

even though we get substantially different values by 
treating the data in Tables I and I1 of the original study15 
ourselves. We also used data obtained by Prochbka and 
co-workers for the cases where X is C02-,3 C02Et,3 
and CN.12 

Although eq 2 is not a reaction of the type (eq 1) that 
our previous correlation2 was devised to fit, the reasoning 
we used previously plus additional approximations may 
be used to treat a more broadly defined type of reactions, 
of which eq 2 is a special case. Let us consider a set of 
equilibria of the type shown in eq 5, where X is varied but 

Y and Z are held constant. The fact that the XCHz group 
can rotate so as to orient the X group away from the Z 
group lets us hope that direct interactions between the 
XCHz and Z groups will often be fairly nearly constant if 
there are no substantial attractive interactions such as 
hydrogen bonding between X and Z. When Z is hydrogen, 
as in eq 1, or when Y and Z are both methyl, as in eq 2, 
this hope seems particularly likely to be realized. A de- 
rivation (in the Appendix) in terms of a group contribution 
correlation gives eq 6, in which AGchem is the statistically 

CY2 - DX + ItX,CHYZ- ItY,CHpX - ICZ,CH2X (6) AGchem = 

corrected value of AGO for eq 5, Cyz is a constant whose 
value depends only on the nature of Y and Z, Dx is the 
double bond stabilizing parameter for X, and the I terms 
are energies of interaction of the subscripted pair of groups 
across the carbon-carbon double bond (cis or trans, as 
indicated by the superscript). In the present case, where 
Y and Z are both methyl groups, eq 6 becomes eq 7 .  Let 

CMe2 - DX + ItX,Pr-i - ItMe,CH2X - ICMe,CH2X ( 7 )  AGchem = 

us assume that ICMe,CH2X contains a constant component 
plus a component whose magnitude changes with the na- 
ture of X in exactly the same way that ItMe,CH2X does (eq 
8). We have previously assumed that Ity,CH2X may be 

ICMe,CH2X = ICoMe,CH2X + ItMe,CH2X (8) 

expressed as shown in eq 9, in which the u's are Hammett 

ItY,CH2X = rv'YuCHpX (9) 

para substituent constants and T, is a proportionality 
constant whose least-squares best value is 10.0 kcal/mol.lb 
These assumptions give eq 10, in which C',,, is equal to 

AGchem = C'Mq - DX + rv(UXUP,.i - 2'JMeuCH2X) (10) 

CMe2 plus Ico~e,~H2XibUsing the values of Dx and u in a 
recent compilation, we have calculated a value of Cl,,, 
for each X group listed in Table I. The results are shown 
in Table 11, along with the Ch,, values that may be cal- 
culated by neglecting the interactions calculated by using 
eq 9. In this case we obtain eq 11 and use the Dx values 

(11) 

that were obtained in a least-squares treatment in which 
polar interactions of substituents across the carbon-carbon 
double bond were neglectedIb instead of the Dx values 
obtained in a treatment allowing for such interaction,lb 
which were used with eq 10. Table I1 also contains the 
A G ~ ~ ~ ~  values for eq 3 for the various X groupsls and also 
values of the difference between AGchem(eq 3) and 
AGchem(eq 2). These values tell how well the equilibrium 
constants for eq 2 are correlated with those for eq 3. 

The average values for Cl,,, in Table I1 are well within 
the combined experimental uncertainties of the value 4.05 
kcal/mol that may be calculated from the appropriate 
group contributions (referring to the gas phase at 25 "C). 

Because of the tendency of electrically charged sub- 
stituents to give deviations from linear free energy rela- 
tionships, the COz- substituent was the only substituent 
involved in several equilibria that was not used in the 
least-squares treatments from which the value of rv was 
obtained.1b,2 It is not surprising that this substituent gives 
the largest deviation from each of the three correlations 
covered by Table 11. Hence, the COz- data were neglected 
in calculating the average values listed. The values of Cbe, 
and AGchem(eq 2) - AGchem(eq 3) are seen to be constant 
within standard deviations of about the same size as ob- 
tained in correlating reactions of the same type as eq L2JS 
We conclude that the Dx values we have obtained are more 
broadly applicable than just to reactions of the same type 
as eq 1. 

Experimental Section 
Reagents. The 5-methyl-3-hexen-2-one (2) available com- 

mercially (Aldrich), after distillation, gave only one major peak 
upon VPC with 6 f t  X 0.25 in. columns with diethylene glycol, 
diisodecyl phthalate, polyphenyl ether (five ring), or Carbowax 
20M or on a 20-ft Apiezon L column. However, the 'H NMR 
spectrum showed that about 20% 5-methyl-4-hexen-2-one (1) was 
present. Gravity chromatography on a 2 f t  X 1.5 in. Florisil column 
(elution with pentane containing increasing amounts of ether) 
did not cleanly separate the isomers, but the conjugated isomer 
tended to be eluted more slowly. From 10.5 g of ketone some of 
the later fractions gave -0.5 g of 2 in which no 1 could be seen 

AGchem = Cl,e, - DX 

(18) Hine, J.; Skoglund, M. J. J. Org. Chem. 1982, 47, 4758-66. 
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Hz, COCHNH) ,  6.02 (dd, 1, J = 16 Hz, J' = 1.1 Hz, COCH=C), 
2.41 (m, 1, CHMez), 2.22 (8,  3, CH3CO), 1.07 [d, 6, J = 6.8 Hz, 
(CH,),CH]; IR (neat) 2970, 2800, 1675, 1625, 1470, 1360, 1260, 
985 cm-' UV max (methanol) 221 nm (6 12400), 306 (30) [lit.19 
IR (CzCl,) 1702, 1683, 1626 cm-'; litz0 IR (neat) 1661, 1615, 982 
cm-'; UV (96% EtOH) 222 nm (c 13000), 298 (46)]. As little as 
1% of 1 should have been detectable. 

Irradiation of four 20-g batches of redistilled commercial 2 
under the conditions of Yang and Jorgensonzl for 12 h gave 
material in whose 'H NMR spectrum no clear evidence for the 
presence of trans-2 could be found. Distillation gave (in the early 
fractions) a yield of 50% 1: bp 55 "C (30 mm); 'H NMR (CDC13, 
90 MHz) 6 5.31 (m, 1, CH=C), 3.1 (br d, 2, J = 6 Hz, CHz), 2.13 
(s, 3, CH3CO), 1.76 (br s, 3, CH3C=C), 1.66 (br s, 3, CH3C=C); 
IR (neat) 2980,2920,1715,1445,1380,1360,1160 cm-'; UV max 
(methanol) 283 nm (c 98) [lit.z1 'H NMR 6 5.32 (t, 1, J = 7 Hz), 
3.05 (d, 2, J = 7 Hz), 2.06 (s, 3), 1.80 (s, 3), 1.65 (8 ,  3); lit.20 bp 
76 "C (50 mm); IR (neat) 1700,1664,844 cm-'; UV (96% EtOH) 
283 nm (c 123)]. We estimate that no more than 4% 2 was present 
in the 1 thus obtained. 

Equilibrations. In a typical equilibration run 10 mL of 4.19 
M 1 in t-BuOH and 10 mL of 2.27 M DBU in t-BuOH were mixed 
and kept a t  25 "C. At  8, 24,33,54,78,102, and 126 h, -2-mL 
samples were removed and added to the amount of dilute HC1 
needed to neutralize the base. The aqueous solution was extracted 
with three 10-mL portions of ether, which were combined, dried 
over MgS04, and concentrated to remove almost all the ether. 
The 90-MHz 'H NMR spectrum of the residue in CDC1, was 
integrated and relative concentrations were calculated from the 
areas of the methyl peaks. According to the 8-h point the half-life 
of the equilibration reaction under the preceding conditions is 
about 3 h. The data from all the points taken after 9 half-lives 
(which showed no trend) were averaged. The equilibrium constant 
(standard deviation) calculated from the size of the acetyl methyl 
peaks was 0.401 (0.005), and the value from the gem-dimethyl 
peaks was 0.394 (0.006). When equilibrium was approached by 
starting with 80% 2-20% 1, values of 0.403 (0.006) and 0.399 
(0.006) were obtained. When mixtures of weighed amounts of 
1 and 2 were subjected to the workup procedure and analysis, the 
average results agreed with the known values, but the, average 
deviation from the mean was 8%. 

In the runs at  -85 "C, extraneous peaks appeared in the NMR 
spectra for points taken at  30 h and later. The data from these 
points were not used. 

by 'H NMR (CDC13,gO MHz): 6 6.78 (dd, 1, J = 16 Hz, J'= 7 

(19) Barlet R.; Montagne, M.; Arnaud, P. Spectrochim. Acta, Part A 

(20) Heilmann, R.; de Gaudemaris, G.; Arnaud, P.; Scheuerbrandt, G. 

(21) Yang, N. C.; Jorgenson, M. J. Tetrahedron Lett .  1964, 1203-7. 

1969,25A, 1081-104. 

Bull. SOC. Chim. Fr. 1957, 112-8. 
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When equal volumes of 0.96 M 80% 2-20% 1 and 0.25 M 
t-BuOK, both in Me2S0, were mixed at room temperature, the 
mixture became hot and had become black within 20 min, when 
it was worked up. The 'H NMR of the product contained many 
peaks, but neither 1 nor 2 was clearly present. Neither 0.25 M 
E5N nor 0.21 M 1.4-diazabicyclo[2.2.2]octane in t-BuOH produced 
any significant change in the 211 ratio over a period of 24 h a t  
25 "C. 

Appendix 
By use of a correlation of thermodynamic properties in 

terms of group contributions,22 AGchem for eq  2 may be 
expressed as shown in  eq 12. Since Dx is defined in eq 
C\Gchem = [CHYZ(Cd)] - [CdYZ] - [CH&(cd)] 

[CdHXl + FX,CHYZ - ItY,CH2X - ICZ,CH2X (12) 
13, we may change eq 12 to eq 14, from which eq 15 follows. 

Dx = [CdHz] + [CH&(Cd)] - [CH,(Cd)] - [CdHX] (13) 
AGchem = [CHYZ(Cd)] + [CdH,] - [CH,(Cd)] - 

[cdyzl - D x  + FX,CHYZ - ItY,CH2X - ICZ,CH2X (14) 

cyz = [CHYZ(Cd)I + [CdHzl - [CH,(Cd)l - [cdyz] 
(15) 

The cases where Y and Z are  both methyl groups give eq  
16. T h e  parameter values give a AH of 4.52 kcal/mol and 

(16) 
a ASchem of -1.79 eu, which may be combined to give a 
AGchem(298 K) or CMs value of 5.05 kcal/mol. Subtraction 
of an ICC,CH2C value of 1 3 0  kcal/mol gives a value of 4.05 
kcal/mol for C',,,. 

Registry No. 1,28332-44-7; (E)-2,1821-29-0; CH3CH=CMe2, 
513-35-9; CH2=CHCHMez, 563-45-1; MeCHzCH=CMez, 625- 
27-4; (E)-MeCH=CHCHMe,, 674-76-0; PhCHzCH=CMe2, 
4489-84-3; (E)-PhCH=CHCHMe,, 15325-61-8; NOzCHzCH= 
CMez, 1809-65-0; (E)-NOZCH=CHCHMez, 27675-38-3; 
-OZCCH=CHCHMez, 69113-34-4; (E)--O2CCH=CHCHMeZ, 
69113-36-6; BuS(CH2CH=CMez, 69113-33-3; (E)-BuSCH= 
CHCHMez, 69152-79-0; CO2EtCHZCH=CMez, 6849-18-9; (E)- 
COZEtCH=CHCHMez, 15790-86-0; CNCHzCH=CMe2, 4786- 
23-6; (E)-CNCH=CHCHMez, 1119-15-9; DBU, 6674-22-2; 4- 
hexen-2-one, 25659-22-7; 3-hexen-2-one, 763-93-9. 

CMeP = [cH(c)~(cd)I  + [CdHzI - [CH,(Cd)I - [cd(c)Z] 

(22) Hine, J. 'Structural Effects on Equilibria in Organic Chemistry"; 
Robert E. Krieger Publishing Co.: Huntington, NY, 1981; Section 1-2. 


