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Rates o f  methanolysis o f  a series o f  substi tuted benzyldimethylcarbinyl chlorides a t  three temperatures obey the 
H a m m e t t  equation w i t h  p ca. -0.9. AS* is in most cases about -4 gibbs/mol. Rates of  reactions of  p -n i t ro -  and 3,5- 
dichlorobenzyldimethylcarbinyl chlorides w i t h  N a O M e  in M e O H  t o  fo rm isomeric olefins have been measured. 
When taken in conjunction w i t h  l i terature data, our measurements for ArCH=CMeZ format ion necessitate use o f  
u- for p-NOz t o  give good H a m m e t t  correlation, w i t h  p +1.2. For format ion o f  ArCH&(Me)=CHZ, p is essentially 
zero (-0.07). T h e  data for the N a O M e  reactions are successfully interpreted in terms of  variable transit ion state 
E2 theory, but d o  n o t  support a n  alternative theory tha t  postulates attack of base on an ion  pair.  

The kinetics of solvolysis of benzyldimethylcarbinyl 
chloride ( la)  and of elimination induced by NaOMe, both in 
methanol a t  75.8 OC, were studied by Bunnett, Davis, and 
Tanida.3 A few years later, Blackwell, Fischer, and Vaughan4s5 
extended such kinetic study to  a number of ring-substituted 
benzyldimethylcarbinyl chlorides, all a t  66.5 "C. We now re- 
port, a further extension of these studies, to  include two sub- 
strates not previously investigated and, for the first time, to  
include the influence of temperature and enable the calcula- 
tion of activation parameters. 

The solvolysis of substituted benzyldimethylcarbinyl 
chlorides in 80% aqueous ethanol has been reported by Landis 
and VanderWerf,6a Tessler and VanderWerf,6b and Brown 
and Kim.7 However, these investigators did not determine 
product compositions or the kinetic effects of added bases. 

Results 
From either methanolysis or methoxide-induced elimina- 

tion, the products are two olefins (2 and 3) and an ether (4).  
Synthesis of Substrates. Although most of the substrates 

were obtained straightforwardly, the synthesis of one calls for 
special comment. p-Nitrobenzyldimethylcarbinyl chloride 
(If)  is conspicuously absent from the reports of Landis and 
VanderWerfG" and of Brown and Kim.7 Blackwell et al.485 
mention specifically their inability to obtain it. We succeeded 
in synthesizing If by nitration of la with nitric acid in acetic 
anhydride a t  ca. 60 OC and in isolating it as a crystalline 
solid. 

Products of types 2,3, and 4 were obtained by treating the 
various substrates with bases in methanol. They were isolated, 
ultimately by gas-liquid chromatography (GLC), character- 

CH 

1 2 

3 4 

a , R = H  d, R = p-CI  

C .  R = p-OCH, 
b, R = p-CH, e ,  R = 3,5-C1, 

f ,  R = p-NO, 

ized by their NMR and other spectra, and used for qualitative 
and quantitative calibration of the GLC product analyses on 
reactions under kinetic conditions. 

Rate and Product Determinations. Inasmuch as the 1- 
aryl-2-methyl-1-propenes (2) strongly absorb ultraviolet light 
a t  about 250 nm, except that  A,,, for 2f is a t  316 nm, while 
compounds of types 1,3,  and 4 have little absorption a t  these 
wavelengths, it was possible to estimate the yield of 2 from any 
reaction by spectrophotometry. In most cases the photometric 
estimate agreed with the GLC determination within f2%,  but 
the GLC yield was used for treatment of data. 

We determined rate constants for solvolysis of compounds 
la-f a t  three temperatures except in the case of la, and our 
determinations are summarized in Table I. In order to avoid 
acid-catalyzed interconversion of products, all solvolysis re- 
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Table I .  Rate Constants and Product Compositions for Methanolysis of Substituted Benzyldimethylcarbinyl Chlorides" 

substrate temp,h 104kc.u products. ,,a 

suhstituent IS I no. "C n L  5-1 2 3 1 

H la 56.0 5 0.28 f 0.04 27.4 18.8 53.8 
96.0 4 15.4 f 1.1 30.8 22.9 46.3 

75.8 3 2.68 32.2 80.2 37.7 
95.8 3 20.7 31.6 46.2 22.2 

P - O C H ~  IC 55.8 2 0.36 32.9 25.0 42.0 
75.8 2 3.73 31.2 27.6 41.2 
96.2 2 25.2 31.5 29.6 39.0 

75.8 2 1.27 32.8 23.2 44.0 
96.0 3 8.78 36.1 22.1 41.8 

3,5-C12 l e  56.0 2 0.038 26.4 20.6 j3.0 
75.8 2 0.425 29.6 24.4 46.0 
96.0 5 3.51 32.0 27.4 40.6 

75.8 3 0.411 28.2 24.6 47.2 
96.0 3 3.25 30.6 27.5  41.8 

f O . l  "C at 56 and 75.8 "C, f0.2 "C at  96 "C. Number of replicate runs. 
is shown. Yields by GIX.  

P-CHH lb 55.9 1 0.28 29.1 25.3 45.7 

p-c1 Id 55.8 2 0.12 30.4 26.2 43.4 

P-NOZ If 56.0 3 0.039 25.5 21.J 53.1 

Substrate concentration ca. 0.01 M; 2,6-lutidine present in all runs, 0.01-0.08 M, as well as NaBr, 0.20 M. Temperature variation 
Averages from n replicate runs; for la, the standard deviation 

actions were conducted in the presence of 2,6-lutidine to  
neutralize the HCl byproduct. I t  was shown earlier3 that  
2,6-lutidine does not measurably react with la. Sodium bro- 
mide, 0.2 M, was also present in solvolysis runs. It was our 
purpose to use the solvolysis data for treatment of kinetic data 
concerning the reactions of NaOMe and NaSEt with the same 
substrates, and 0.2 M NaBr was provided to  approximate 
somewhat the salt effects that  those bases would have. 

By GLC analysis of "infinity" solutions, the yields of sol- 
volysis products of types 2,3,  and 4 were in each case deter- 
mined. These also are listed in Table I. Yields of the methyl 
ethers ( 4 )  were in the vicinity of 50% a t  56 'C but in all cases 
diminished as the temperature increased. Yields of l-aryl- 
2-methylpropenes (2) were in the vicinity of 30% and in most 
cases increased somewhat with temperature. Yields of ter- 
minal olefins (3 ) were m the vicinity of 20% and in most cases 
increased with temperature, sometimes steeply. These sol- 
volyses are believed to occur via carbocation intermediates, 
and the changes in product yields with temperature indicate 
that coordination with the solvent to form ethers generally has 
a lower activation energy than proton abstraction, especially 
to  form the terminal olefins. 

Inasmuch as there i s  a statistical factor of three in favor of 
elimination to the terminal olefin, our results show that there 
is roughly a preference of fourfold for elimination to Saytzeff 
olefin (2) rather than Hofmann olefin (3). 

Rates and product compositions were also determined for 
reactions of l e  and If with NaOMe a t  several levels of con- 
centration a t  each of three temperatures. Runs were con- 
ducted with the base in great excess over the substrate, and 
pseudo-first-order kinetics prevailed. The  techniques em- 
ployed were substantially the same as used for solvolysis runs. 
The data obtained are presented in Table 11. The conjugated 
olefins (2) were the predominant products from these reac- 
tions, with minor amounts of 3 and 4 being formed. 

A potential clr actual complication in the reactions with 
NaOMe is base-catalyzed isomerization of terminal olefin (3) 
to conjugated olefin (2). For the conversion of 3a to  2a in the 
presence of 1.2 M NaOMe at 114 "C, a pseudo-first-order rate 
constant of 2.8 X IOp6 s-l has been measured.8 Assuming that 
AH* for isomerization is 25.6 kcal/mol, that p for rearrange- 
ment of a series of 3 to 2 is +4.0, and that  u- prevails for p -  
Nos,  one reckons pseudo-first-order rate constants for rear- 
rangement of 3f to 2f that  somewhat exceed the k +  values 

listed for If in Table 11. By the same approach, isomerization 
rate constants <lo% of the h+ values listed for l e  in Table I1 
are estimated. 

Also relevant, as we report e l ~ e w h e r e , ~  is that  3f on treat- 
ment with 0.42 M EtSNa and 0.21 M EtSH in methanol under 
the conditions of kinetic determinations with tha t  reagent 
suffered partial isomerization to 2f. Inasmuch as the basicity 
of NaOMe solutions is greater, the rate of 3f to 2f isomeriza- 
tion is likely to  be higher in the NaOMe reactions. 

We therefore deem it probable that much isomerization of 
3f to 2f did occur in the course of the NaOMe rate measure- 
ments. Accordingly, we have not attempted to calculate k ?  
values for If. As for the k~ values, they may be overestimated 
by as much as 20%; even the extreme 20% overestimate would 
not significantly affect our conclusions below concerning 
Hammett correlation of our data. 

Our photometric observation of the reaction of l e  with 
NaOMe a t  96 'C did show some upward drift of absorbance, 
by about 6%, after ten half-lives had passed, that  is, after the 
main reaction was essentially finished. That  upward drift was 
probably due to slow isomerization of 3e to 2e. Scrutiny of our 
raw data has led us to conclude that our kinetic and product 
data for that  reaction a t  96 "C are partially affected by that 
subsequent isomerization, but we don't think that it affected 
our measurements a t  56 and 75.8 "C very much. 

I t  is apparent from rate data that part of the total reaction 
of l e  or If with NaOMe in MeOH is solvolysis. Some dissec- 
tion of the rate and product data in Table I1 is therefore nec- 
essary in order to evaluate the rate constants and product 
compositions that  pertain to reactions with the base itself. 
Such dissection has been performed previously.3-5 and what 
we have done is similar to but not exactly the same as what was 
done before. One assumes (a) that  the rate of solvolysis is the 
same in the presence of NaOMe as in the solvolysis determi- 
nations, (b)  that  the ether product (4e or 4f) is derived only 
from solvolysis, and (c) that  the product composition from 
solvolysis in the presence of NaOMe is the same as in its ab- 
sence. Subtraction of k $  for solvolysis from k4 for the total 
reaction in the presence of NaOMe gives a pseudo-first-order 
rate coefficient pertaining only to bimolecular (E2) elimina- 
tion and enables an estimate of the fraction of the total reac- 
tion that is E2. Multiplication of the yield of 4 by the 2/4 and 
3/4 product ratios from solvolysis gives, respectively, esti- 
mates of the yields of 2 and 3 derived from solvolysis, and the 
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Table 11. Rate Constants and Product Compositions for Reactions of 3,5-Dichloro- and p-Nitrobenzyldimethylcarbinyl 
Chloride with Sodium Methoxide in Methanola 

substrate temp, [NaOMe],C 104k+, Products, %d 
su bstituent(s) no. "C M S-1 2 3 4 

If 

3,5-C12 l e  56.0 0.561 0.59 91.8 5.5 2.7 
0.749 0.82 93.0 5.1 1.9 
0.935 1.04 93.7 5.0 1.3 
1.185 1.34 94.5 4.6 0.9 

75.8 0.182 1.88 84.1 8.3 7.6 
0.547 5.06 91.0 6.2 2.8 
0.730 6.55 91.9 5.7 2.4 
0.911 8.23 93.0 5.5 1.5 
1.155 10.7 93.7 5.3 1.0 

96.0 0.118 10.2e 77.2e 13.4' 9.4' 
0.237 19Ae 86.4' 8.4' 5.2e 
0.354 30.3' 86.6" 9.6' 3.8e 

56.0 0.517 2.84 93.3 2.0 4.7 
0.670 4.52 96.4 1.8 1.8 
0.956 7.92 95.4 1.8 2.8 

75.8 0.064 2.57 92.2 2.3 5.5 
0.126 5.85 94.3 1.8 3.9 
0.196 10.5 94.6 3.1 2.3 
0.391 19.8 95.0 2.4 2.6 
0.652 39.0 95.2 1.8 3.0 
0.943 50.5 89.6 1.9 8.5 

96.0 0.063 16.6 92.2 2.5 5.3 
0.122 40.2 93.6 2.0 4.4 
0.635 203.0 95.8 1.9 2.3 

(1 Substrate concentration ca. 0.01 M. See footnote b, Table I. Corrected for thermal expansion of methanol. Yields by GLC. 
e Average from duplicate runs. 

Table 111. Dissection of Rates and Product Yields, Reactions of l e  and If with Sodium Methoxide in Methanola 

E2 fraction of reaction fraction of 
substit- substrate temp, [NaOMe],b from from 2 in E2 104k2,b 104k3,b 
uent(s) no. "C M rates products olefins M-1 s-l M-1 s-l 

3,!j-C12 l e  56.0 0.561 0.94 0.95 0.952 0.94 0.047 
0.749 0.95 0.96 0.954 1.00 0.048 
0.935 0.96 0.98 0.954 0.96 0.046 
1.185 0.97 0.98 0.956 0.97 0.045 

75.8 0.182 0.77 0.84 0.949 7.6 0.41 
0.547 0.92 0.94 0.950 8.0 0.43 
0.730 0.94 0.95 0.954 8.0 0.39 
0.911 0.95 0.97 0.951 8.1 0.42 
1.155 0.96 0.98 0.951 8.5 0.43 

96.0 0.118 0.66 0.77 0.91 52 5 
0.237 0.82 0.87 0.94 65 4 
0.354 0.88 0.91 0.92 70 6 

0.670 0.99 0.97 c 6.6 
0.956 0.99 0.95 c 8.2 

75.8 0.064 0.84 0.88 C 33.6 
0.126 0.93 0.92 c 43.2 
0.196 0.96 0.95 C 50.4 
0.391 0.98 0.94 c 49.0 
0.652 0.99 0.94 C 59.0 
0.943 0.99 0.82 c 53.1 

96.0 0.063 0.81 0.87 C 213 
0.122 0.92 0.90 c 302 
0.635 0.98 0.94 c 314 

Concentrations and rate constants are corrected for thermal expansion of methanol. 

P - N O Z  If 56.0 0.517 0.99 0.91 c 5.4 

a Reckoned from data in Tables I and 11. 
c Within experimental error, 100% of the olefins via E2 is 2f. 

remainder of the measured yields of 2 and 3 are ascribed to E2 
reactions. These product data also enable an estimate of the 
fraction of the total reaction tha t  is E2. Division of the 
pseudo-first-order rate coefficient for E2 by the NaOMe 
concentration gives a total E2 second-order rate constant, 
which is then separated into components k z  (for formation of 
2) and k3 (for formation of 3) in proportion to the yields of 
these olefins from E2. What we did differs from Bunnett, 

Davis, and Tanida3 and from Blackwell, Fischer, and 
Vaughan4>5 in that we evaluated E2 rate constants a t  each 
concentration of NaOMe from the measured k+ value, whereas 
earlier the total h ~ 2  for each compound was evaluated as the 
slope of a plot of k +  vs. [NaOMe] and was separated into k z  
and k 3  components.'O 

The results of this dissection are presented in Table 111. I t  
will be noted that the E2 fraction of the total reaction is in 
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Table IV. Activation Parameters 
reaction AH*, kcal/molu AS*, gibbs" 

la solvolysis 
1 b solvolysis 
IC solvolysis 
Id solvolysis 
l e  solvolysis 
I f  solvolysis 
l e  t NaOMe -* 2e 
If t NaOMe -+ 2f 
le  + NaOMe -* 3e 

23.5 
25.3 f 0.1 
24.7 f 0.8 
25.1 f 0.7 
26.6 f 0.3 
26.0 f 0.3 
24.9 f 0.1 
22.5 f 0.5 
27.2 f 1.8 

-8.2 
-2.6 f 0.2 
-3.8 f 2.2 
-4.9 f 2.0 
-2.6 f 0.9 
-4.4 f 0.8 
-1.5 f 2.1 
-4.8 f 1.3 
-4.9 f 5.1 

0 The uncertainty shown in the standard deviation from linear 
Reckoned from regression analysis, unless otherwise indicated. 

average rate constants at 56 and 96 "C. 

Table V.  Summary of Hammett Correlations 

reaction temp, log h vs. u log h vs. u- 
series 0 c: 0 r 0 r 

la-f solvolysis" 56.0 -1.0 0.972 
66.:jh -0.9 0.981 
75.8 -0.9 0.992 
96.0 -0.9 0.998 

1 t NaOMe -+ L'( 66.6 $1.4 0.909 +1.2 0 
1 t NaOMe - 3 d  66.5 -0.07' 0.275 

,986 

Experimental data from the present work only. Based on 
interpolated values. Data for l e  and If from the present work 
plus data for benzene derivatives from ref 4. Data for le from 
the present work plus data for benzene derivatives from ref 4. 
e Standard deviation 50.08. 

most cases very high, 90% or more, and that the E2 fraction 
as estimated from rates generally is very close to that as esti- 
mated from products. Inasmuch as the solvolysis component 
is small, any defects in the assumptions stated above are not 
likely to affect the estimates of hz and k3  very much. 

Discussion 
Activation Parameters. Enthalpies and entropies of ac- 

tivation for the solvolysis reactions and the reactions of l e  and 
If with NaOMe are listed in Table IV. The solvolysis reactions 
have AS* about -4 gibbs/mol.ll 

For the reactions of le and If with NaOMe to form conju- 
gated olefins, AS* is about the same as for the solvolyses de- 
spite the fact that the reactions with NaOMe are second order. 
We note tha t  reactions of 2-hexyl bromide, iodide, and p -  
bromobenzenesulfonate with methanolic NaOMe have AS* 
around -6 to -8 gibbs/mol,lz not much different from the 
values we found for the E2 reaction. 

Hammett Correlations. Several correlations are sum- 
marized in Table V. Our data for solvolysis of la-f, inclusive, 
correlate satisfactorily with the usual Hammett u constants. 
The p value is -1.0 at  56 and 66.5 "C, and -0.9 at  75.8 and 96 
"C. Blackwell, Fischer, and Vaughan4 reckoned p for solvolysis 
of compounds of structure 1 in methanol a t  66.5 "C to be 
-1.15. Their study involved more substrates but less spread 
in u values. We attempted correlation of our solvolysis data 
with n+ values, hut the quality of correlation was much poorer 
than with U.  

For the react ions of substrates of type 1 with NaOMe to 
form olefins of types 2 and 3, we have combined our data with 
those of Blackwell, Fischer, and Vaughan4 (excepting only 
theirs for naphthalene derivatives) for correlation purposes. 
As reported in Table I?, correlation of log k z  for formation of 
conjugated olefins with u- is much better than with U,  and the 
p value for the superior correlation is +1.2. Combination of 
our data for le and If with those of the New Zealand workers 
increased the spread of (J values represented and slightly in- 

B 

d 

Paenecar ben ium Central Paenecarbanion 
Figure 1. Extremes of variation of E2 transition-state character. 

creased the p value (from the +1.0 tha t  they reported). The 
better correlation with U- than with u is entirely due to the 
behavior of the nitro compound; log hz for If fits the line de- 
fined by the rest rather well when u- is used but poorly when 
u is used. 

For reactions with NaOMe to form terminal olefins of type 
3, our study contributes only one additional substrate and the 
calculated p of -0.07 is not significantly different from theirs 
of -0.10 nor from zero. 

Mechanism. Solvolyses of tertiary alkyl chlorides are 
generally ~ o n s i d e r e d l ~ J ~ ~  to occur via carbocation interme- 
diates, and we do not question that insofar as the methanol- 
yses of la-f are concerned. There is the complex question of 
whether or how much the elimination components of the 
solvolyses involve proton abstraction from solvent-separated 
ions or directly from carbocations in ion pairs.15 but our data 
do not provide much if any insight into it. 

We shall consider two mechanisms for the bimolecular 
eliminations observed. One is the familiar E2 mechanism, and 
we shall give attention especially to variation in the character 
of the transition state as structural and environmental fea- 
tures are changed.16Ji The other, sometimes symbolized 
(E2),,, involves attack of proton-abstracting base on the car- 
bocation of an ion pair in virtual equilibrium with the covalent 
substrate.18 The most general form of variable E2 transi- 
tion-state theory focuses attention on an energy contour map 
which can represent variation both of the amount of carben- 
ium character a t  C, vs. carbanion character a t  C8 in the 
transition state, and of the amount reactant vs. product 
~ h a r a c t e r . ' ~  However, most of the experimental evidence in- 
dicates variation in the former sense, as dealt with in an earlier 
form of variable E2 transition state theory,16J7 and we shall 
therefore deal with the matter in those terms. 

I t  is convenient to visualize three extremes of E2 transition 
state character. named as shown in Figure 1. In view of C,, 
being tertiary, of chlorine being a moderately good nucleofugal 
group, of methanol being a solvent with good capacity to hy- 
drogen bond with chloride ion. and of methoxide ion in 
methanol being a moderately strong base, the transition state 
for transformation of substrates 1 to olefins 3 is judged to lie 
rather toward the paenecarbenium side with some develop- 
ment of positive charge on C,, in the transition state. The 
transition state between substrates 1 and olefins 2 is judged 
to have less of that character and indeed to have some 
paenecarbanion character" because of the polar effect of the 
d-aryl group, which will stabilize partial carbanionic character 
a t  Cd. 

The observed Hammett p values are consistent with these 
views. The very small negative p value (-0.07) for the former 
reaction series ( 1  + NaOMe - 3) is consistent with the de- 
velopment of a small amount of positive charge at C,, and with 
the fact that  C,, is separated from the benzene ring by a 
methylene group. The modest positive p value (+1.2) for the 
latter series ( 1  t NaOMe - 2) indicates some development 
of negative charge a t  Cd, but much less than in ethoxide-in- 
duced elimination from 2-phenylethyl chlorides (+2.6).14a It  
is noteworthy that even when the p value is so low as +1.2 the 
reactivity of the p-nitro compound (If)  I S  better correlated 
with u- than with u. These p values and interpretations are 
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similar to those of Blackwell, Fischer, and V a ~ g h a n . ~  
As discussed previously,3 the H$ primary hydrogen isotope 

effects observed in methoxide-induced elimination from l a  
are difficult to reconcile with the (E2)i, mechanism. The 
Hammett p value for the reaction series 1 + NaOMe - 2 
presents a furt,her difficulty. In the (E2)i, mechanism, if 
overall second-order kinetics are observed, the rate-limiting 
step must be proton abstraction from the carbocation in the 
ion pair. Because such a process would be highly exoenergetic, 
the transition state should be reached early on the reaction 
coordinate and the amount of positive charge of C, should be 
not much less than in the carbocation itself. I t  would not be 
expected, in terms of that mechanism, that a significant 
amount of negative charge would develop at  Co, certainly not 
enough to give a Hammett p value of +1.2 or to require use of 
(T- to correlate the s u b s t h e n t  effect of the p-nitro group. 

Experimental Section 
Synthesis of Benzyldimethylcarbinyl Chlorides (1) .  Except in 

the case of If, the corresponding benzyldimethylcarbinols were pre- 
pared by Grignard procedures resembling those used by other 

for the synthesis of compounds in this series. Generally 
the corresponding benzyl chloride was converted to a Grignard re- 
agent, which was then allowed to react with acetone. In synthesis of 
IC,  CH3MgI was allowed to react with methyl p-methoxyphenyl- 
acetate. The carbinols were treated with thionyl chloride in benzene 
containing about 3% of pyridine, after Bunnett, Davis, and Tanida,,! 
in order to obtain compounds of type 1. Our I C  had mp 33-34 "C (lit.' 
:13-34 " C ) .  

For synthesis of le, o-toluidine was acetylated to acet-o-toluidide, 
mp 109.5-110.5 "C; chlorination gave 2',4'-dichloro+6'-methylacet- 
anilide, mp  185-186 "C (lit.'O" 188 " C ) ;  hydrolysis gave 2,4-di- 
chloro-6-methylaniline. mp 40-42 "C (lit.'Ob 57-59 "C); protodeam- 
ination by diazotization and heating the diazonium salt in ethanol 
after Wallingford and Krueger?' gave 3,5-dichlorotoluene, obtained 
as a liquid with GLC indicating contamination probably by m-chlo- 
rotoluene; side-chain bromination by means of N-bromosuccinimide 
in CCA gave 3,5-dichlorobenzyl bromide, first crop mp 5 W 0  "C (lit.22 
57-68 " C ) ,  a larger second crop mp 38-40 " C ;  formation of the Gri- 
gnard reagent and addition to acetone gave 3,5-dichlorobenzyldi- 
methylcarbinol, mp 53-54 "C: and reaction with SOC12 gave le, mp 
26 "C. A4nal. Calcd for C'l,,H11Cl:3: C. 50.56; H ,  4.67. Found: C, 50.35; 
H. 4.'78. 

For synthesis of If, a solution of 9.9 g of 70% nitric acid in 20 mL 
of ice-cold acetic anhydride was added dropwise to a solution of 21 
g (0.13 mol) of la in 45 mL of acetic anhydride at  0 " C .  After addition 
was complete. the mixture was heated at  50 "C for 11 h and then at  
65 "C for nearly 2 h. The cooled reaction mixture was poured into a 
large volume of cold water. The yellow oil which appeared was sepa- 
rated and the water layer was extracted thrice with diethyl ether 
(150-mL portions). The yellow oil was washed with water, and the 
water washings were extracted with ether. The combined ether ex- 
tracts were extracted thrice with water, four times with 5% aqueous 
NaOH, and with saturated aqueous NaC1; they were dried over an- 
hydrous CaCIZ and the ether was removed by evaporation. The re- 
maining orange-red viscous oil (24.5 g) was dissolved in petroleum 
ether; the solution was passed through a column of silica gel, and the 
petroleum ether was removed by evaporation, yielding a yellow oil 
( 2 2  gi. This material was dissolved in a minimum amount of hexane; 
the solution was placed in a compartment at about -20 "C, and If 
slo\vly crystallized. After recrystallization by the same technique, it 
had mp 42.5-44 "C. Anal. Calcd for ClOH&lNOZ: C.  56.21; H,  5.67. 
Found: C, 56.54: H. 5.68. 

Proton KMR :spectra were determined for the several benzyldi- 
methylcarbinols and henzyldimethylcarbinyl chlorides i l l ,  all in CCL. 
For the carbinols: 6 1.1-1.2 (s, 6 H, CHz), 2.6-2.8 (s, 2 H, CH2), 1.1-1.5 
(hr s, OH, exact shift dependent on concentration), aromatic protons 
7.2-7.4 except for p-OCH:j, 6.8 (center of AA'BB' pattern), and 3,5432, 
7.05 (1 H )  and 7.20 (2  H) ,  also for p-CH3, 2.4 ( 3  H),  and p-OCH3,3.7 
(3 H I .  The 'H NMR spectrum observed for p-methoxybenzyldi- 
methylcarbinol agrees with that reported by Rappoport and 
For suhstrates of structure 1: 6 1.j-1.6 (6 H, CH3), 2.9-3.0 except 3.2 
for If (2  H, CH?); aromatic protons 7.2 (s) for la  and lb, 6.9 (center 
of AA'BB' pattern) for I C ,  7.0 im) for Id, 7.2 (d. 2 H )  and 7.3 (br t ,  1 
H) for le,  and 7.8 1 center of AA'BB' pattern, J,ZB = JAB = 8.5 Hz) for 
If; al.jo for Ib, 2.3 (p-CH:]), and for IC,  3.7 (p-OCH,). 

Samples of Products of Types 2,3,  and 4. Each substrate was 

heated at  reflux (except in sealed tubes at  97-98 "C for l e  and If) in 
methanol containing a base, the base being NaHC03 for la, IC, and 
le, NaOCH3 for lb, and 2,g-lutidine for Id and If. The period of 
heating varied from 16 to 72 h. Each cooled solution was combined 
with water and the mixture was extracted with cyclohexane. The 
cyclohexane extracts were dried over anhydrous MgS04. In some cases 
a partial separation of the products was achieved by distillation in 
vacuo, with ultimate separation by GLC, while in other cases GLC 
separation was performed directly. A GIX column (1.21 m X 6.3 mm) 
of 10% SE 30 on Chromosorb G (AW-DMCS treated) a t  110 OC was 
used, except that for the products from If a column (1.21 m X 6.3 mm) 
of 10% Carbowax 20M on Chromosorb P operated at 190 "C was used. 
The products were all characterized by IR, 'H NMR, and MS, and 
for the conjugated olefins (2) UV spectra in methanol were ob- 
served. 

For the samples so obtained, the 'H NMR spectra of 2b,2*3 2c,23-25 
2d,*j 2f,24 and 3cP6 agree with literature reports as cited. Also, the IR 
spectra of 2b, 2c, 2d, 3b, 3c, and 3d agree with the report of RU- 
chardt.27 For 2e: 'H NMR (CC14) 6 1.8 (3 H),  1.9 (3 H), 6.1 (m, 1 H) ,  
7.1 (m, 3 H); IR 660,695,790,830,850,880,930,1100,1115,1225,1375, 
1405,1550,1580,1650,2920,2945, and 2985 cm-'. For olefins of type 
3: 'H NMR (CC14) showed 6 1.6-1.7 (except 6 1.1 for 3f) (br m. CH3), 
3.2 (except 3.5 for 3d and 2.9 for 3f) (br m. benzylic CH2), 4.6-4.8 
(except 6 4.3 for 3f) (br m, vinylic CH2), 6.8-7.1 (aromatic H),  also 2.3 
for 3b (p-CH3) and 3.7 for 3c (OCH3). For the methyl ethers (41, the 
IH NMR (CC1.d showed: 6 1.0-1.1 i s .  6 H, CHB), 2.5-2.8 (s, CH2), 
3.0-3.2 (s, OCH3), and 6.8-7.1 (except d 7.8 for 4f) (aromatic H),  also 
for 4b, 2.2 (p-CH3), and for 4c, 6 3.7 (0CH:j). 

For the conjugated olefins, UV A,,, ( c )  observed were: 2b, 247 nm 
(15 550); 212,251 nm (17 590); 2d, 251 nm (17 340); 2e, 253 nm (13 350); 
and 2f, 316 nm (12 170) (with precision in t about *l%).  

Kinetic Techniques. For solvolyses, solutions in methanol (reagent 
grade, redried by the magnesium metal method and stored under Nz) 
of composition as indicated in Table I were prepared at  room tem- 
perature, and measured aliquots (1.3, or 5 mL) were dispensed into 
ampules which were flushed with N2 and sealed. All the ampules for 
a run were placed in the thermostat bath at once. Ampules removed 
at  recorded times were cooled immediately to  0 "C and maintained 
at  0 "C until further processing. The ampules were opened and their 
contents were transferred quantitatively to volumetric flasks and 
diluted to the mark with methanol. The absorbance at  A,,, for the 
relevant conjugated olefin (see above or ref 3) was measured by means 
of a Gilford 240 spectrophotometer, the reference solution being a 
solution of NaBr and 2,6-lutidine in methanol at the same concen- 
tration as used for rate measurement. Plots ot'ln ( A ,  - A,)  vs. time 
were linear, and the negatives of their slopes (reckoned by linear re- 
gression analysis) were taken as the solvolysis rate constants ( k J ,  as 
listed in Table I. 

For reactions with NaOMe, the technique was essentially the same. 
The reference solution for the photometric determinations was pure 
methanol inasmuch as no NaBr or 2,6-lutidine was present in the 
NaOMe runs. The negatives of the slopes of In ( .AE - A,)  vs. time were 
taken as k + ,  as listed in Table 11. 

Product Analyses. An ampule from each kinetics run at "infinity" 
time was opened and the contents were transferred quantitatively into 
a separatory funnel containing 10 mL of redistilled cyclohexane. The 
mixture was extracted with 20 mL of water, and the water layer was 
extracted twice with 10-mL portions of cyclohexane. The combined 
cyclohexane extracts were washed with 10 mL of 0.5% H2S04 in water, 
20 mL of water, and 10 mL of saturated aqueous NaHCO:I, dried over 
anhydrous NaZSO? and concentrated to a small volume by distillation. 
About 0.01 mmol of internal standard, accurately measured. was 
added and the solution was analyzed by GLC with application of 
freshly determined molar response factors. The internal standard was 
p-xylene for la reactions, biphenyl for lb, IC,  and Id, 1,2,4-trichlo- 
robenzene for le, and p-nitrotoluene for If. The GLC columns were 
those described above in connection with the obtaining of authentic 
samples of the various 2,3, and 4. Also, the absorbance of "infinity" 
samples from the rate determinations enabled an independent eval- 
uation of the yield of conjugated olefin (2) that has been formed. 

Calculations. Activation parameters were reckoned according to 
standard procedures.I1 The u values used for Hammett correlations 
were those tabulated by Bunnett.28 

Registry No.-la, 1754-74.1; lb, 18503-92-9; IC,  18503-98-5; Id, 
18503-93-0; le, 69278-41-7; lf, 69278-42-8; 2a, 7fi8-49-0; 2b, 5916-22-3: 
2c, 877-99-6; 2d, 19366-15-5; 2e, 69278-43-9: 2f, 1012-18-6; 3a, 
3290-53-7: 3b, 40296-92-2; 3c, 20849-82-5; 3d, 23063-65-2; 3e, 
69258-44-0; 3f, 18755-60-7; 4a, 69278-45-1; 4b, 69278-46-2: 4c, 
69278-47-3; 4d, 69278-48-4; 4e, 69278-49-5; Jf, 69278-50-8. 
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For reactions of a series of substituted benzyldimethylcarbinyl chlorides ( 5 )  with ethanethiolate ion in methanol 
solution, product ratios and rate constants have been measured. Dissected rate constants ( k 2 )  for E t S i n d u c e d  
reaction to  form substituted @,@-dimethylstyrenes (2)  furnish a U-shaped Hammett plot vs. u. The change in p 
from negative with electron-releasing to  positive with strongly electron-attracting substituents is easily rationalized 
in terms of the theory of the variable E2 transition state; the character of the transition state is considered to  change 
as substituents change. The  reversal in sign of p can alternatively be rationalized in terms of a change from the 
(E2 l i p  to  the E2 mechanism. The  "EZC" mechanistic hypothesis provides little insight into these phenomena. Com- 
parison of I ? ?  values with two reagents shows that  ethanethiolate is more reactive than methoxide ion except in the 
case of the p-nitro substrate. 

Mercaptide ions in alcoholic solvents, despite their lesser 
basicity, are frequently more effective than alkoxide ions in 
generating olefins from secondary and tertiary alkyl halides 
(eq 1). This phenomenon, discovered in 1956, has been studied 
in several laboratories."15 

H 

x 
The high efficacy of the low-basicity mercaptide ions has 

been discussed with respect to three different mechanisms. 
One view is that  these reactions proceed essentially by the 
normal E2 mechanism and that for special reasons mercaptide 
ion induced reactions are sometimes remarkably fast. The 
dependence of the mercaptide/alkoxide reactivity ratio and 
of the Hammett p value for substituted thiophenoxide ion 
reagents on the identity of nucleofugal group X have found 
interpretation in terms of the theory of the variable E2 tran- 
sition 

A second view invokes covalent interaction between the 
reagent (which may he called a base or a nucleophile) and C,, 
of the substrate in the elimination transition state. Structures 

suc.. as 1 have been proposed for the transition state,1a20 and 
such a mechanism has been dubbed "E2C". This mechanism 
as originally proposed1* would call for a high sensitivity of the 
reaction rate to the steric effects of CY substituents, a sensitivity 
which is not observed. In recent discussionsz0 less emphasis 
has been placed on covalent interaction of the base (nucleo- 
phile) with Ccy. 

A third view is tha t  eliminations induced by weakly basic 
reagents occur via ion pair intermediates.21.22 According to 
this view, such a reagent may be too weak to effect elimination 
from a neutral substrate molecule, but it may be quite good 
a t  taking a proton from Cu of the carbocation in an ion pair. 
If such an ion pair were in mobile equilibrium with the sub- 
strate, the overall process would be kinetically second order, 
first order in substrate, first order in base, and therefore dif- 
ficult to distinguish from the E2 mechanism. 

We now report a study of the effects of aromatic substitu- 
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