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Our data for the acid-catalyzed equilibration 
of the All9- and AS,l0- octalin mixture suggests 
that the apparent enrichment in the latter is 
more likely the result of removal of the former by 
polymerization side-reactions. Thus, while the 
ratio of A9*l0-hrner to A1%somer increases with 
time of exposure to phosphoric acid, the undistil- 
lable residue shows. a corresponding increase (see 
Experimental). 

This explanation is supported by the composition 
of the equilibrated system when a ca.rbanion cat- 
alyst3 is used. In contrast to strong protic acid 
catalysts, such carbanion catalysts cannot effect 
polymerization. A mixture composed of 72% 
A9~10-octalin, 26% A1,9-oct~alin and 2% trans- 
decalin after 42, 48, and 65 hours a t  reflux over a 
“benzylsodium” catalyst3 had the constant com- 
position 70% A91l0-, 2OY0 A1s9-, 4% trans-A112-, 
4% trans-A213-, and 2y0 trans-decalin. Thus the 
equilibrium ratio of A9*lo- to A1%xtalin is con- 
siderably smaller (7/2) than can be realized by the 
acid catalyzed “isomerization”. The latter is 
really an enrichment of the unpolymerked octalin 
mixture by a preferential polymerization of the 
A1.s-isomer. 

Our experience with the lithium-ethylamine re- 
duction of tetralin or naphthalene by Benkeser’s 
procedure4 has been essentially that reported by 
Dauben. 

EXPERIMENTAL 

Dehydration of 2-decalol. A mixture of ?.-decal01 isomers 
obtained from the hydrogenation of Znaphthol over nickel- 
kieselguhr was added to three times its weight of 100yo 
phosphoric acid with stirring and the system was rapidly 
raised to 150’. A slight vacuum was applied to the system 
and water was added dropwise while maintaining the tem- 
perature a t  150’. After all of the steam-volatile product had 
distilled, considerable (ca. 20%) of the reaction product 
remained as nonvolatile residue. The volatile product waa 
analyzed by vapor partition chromatography through a 
lo00 plate tri-m-cresyl phosphate-on-firebrick column and 
was found to consist of 80% Ag~lO-Octalin, 20yo A1.o-octdin, 
yield 75-800J0. 

AQ*lO-Octalin nitroso chloride. Equimolar amounts of 
isoamyl nitrite and iced hydrochloric acid were mixed at - 10’ with 0.5 mole of the octalin mixture. After 1.5 hr. the 
blue precipitate was filtered and washed with ice cold eth- 
anol; yield, 75%. Recrystalbzation from acetone-ether gave 
5545% of blue prisms, m.p. 91-92°.6 

Regeneration of A9~1O-octalin. The blue nitroso chloride, 
19.0 g. (0.094 mole), and 30 ml. of N,Ndimethylaniline in 
a 100 ml. flask with a reflux condenser were slowly warmed 
to 70’ when gas evolution began. (Caution! If the tempera- 
ture is raised too rapidly to this point, gas evolution becomee 
violent.) The temperature was gradually raised to 85’ and 
maintained there for 2.5 hr. a t  which time gas evolution 
was complete. Dilution with water, extraction with pentane, 
and washing of the pentane extracts with dilute hydro- 
chloric acid served to isolate the product. This distilled at 
77.5‘ at 14 mm., ny 1.4990: yield 11-12 g. (85-950/,). This 
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product exhibited a single peak when anslyred on the tri- 
m-creayl phosphate column. 

Isonaeridion studies. A. Over phosphorus p m k n d e .  A 
22.0-g. sample hsving the composition %yo As~lO-Octalin, 
9% A1.g-octalin and 38% transdecalin waa heated on the 
steam bath for 2 hr. over 10 g. of phosphorus pentoxide. 
It waa then extracted with ether and distilled. The undis- 
tillable re-sidue amounts to 5 g. The volatile product had the 
composition 47% of A 0 9  7y0 A1**-, and 46% t ram-dech .  
A second Zhr. treatment of the mixture left 5.2 g. of poly- 
meric residue. The volatile material had the composition 
32% A0.lo-, 4% A1vO-, and 64% transdecalin. 

B. Over “ h y k o d i u m ”  eatolyst.’ A sample of mixed 
octalina having the composition 72% AS9l0-, 26% A109, and 
20/, transdecalin was refluxed with “benzylsodium” cata- 
lyst.’ A sample was removed periodically for analysis on the 
lo00 plate tri-m-cresyl phosphate column. After 42 hr., 
the composition was constant a t  70% A0*lo-, 20% Also-, 

4% tram-A1P2-, 4y0 tram-Asga-, and 2% transdecalin. 
Additional samples removed a t  48 hr. and a t  65 hr. had the 
same composition. 
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The consenam of opinion is that group influences 
are additive. Jaff6 states in summary that the 
effect of multiple substitution in the reactivity of 
a functional group can be expressed in the Ham- 
mett equation by the s u m  of the substituent con- 
s t a n t ~ ~ :  log K/Ko = pZa. Since the publication of 
this work, Benkeser and co-workers4 have shown 
that the sigma constants of 3,5-diaUryl groups, 
including the bulky tert-butyl group, are additive 
in the loss of a trimethylsilane group from an 
aromatic ring. The predicted dissociation constant 
of 3,5di-tert-butylbemoic acid, calculated in this 
laboratory from published data,5 does not sub- 
stantiate Benkeser’s conclusions. As the data of 
Ref. 5 are less extensive and our calculation de- 
pendent on two ditrerent sources of information, 
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we place more confidence in the data of Benkeser. 
Crocker and Jones’ claim that group influences 
are additive, except for groups adjacent to the 
methoxyl group, in the quaternization of dimethyl- 
anilines with allyl bromide. The abnormality of the 
methoxyl group under these conditions may be 
attributed to steric inhibition of resonance. Brown 
states that the prediction of relative rates in 
aromatic substitution of polyalkylbenzenes is 
“moderately satisfactory.”8 Such predictions are 
based inherently on additivity of the influences 
of the groups attached. Keefer and Andrews,9 how- 
ever, found that iodination of polyalkylbenzenes, 
compared to bromination, showed a retardation 
in rates, i e . ,  the alkyl group influences were not 
additive. They attributed the retardation to a 
direct steric influence. Recently’O we found a most 
striking deviation from the additivity of 3,4,5- 
trialkyl groups in the Beckmann rearrangement of 
substituted acetophenone oximes. The 3,4,5-tri- 
methylacetophenone oxime rearranged at  a rate 
18% slower than predicted,” and the 3,4,5-triethyl 
oxime at  a rate 30% slower than predicted.1° 
As few trisubstituted derivatives have been studied 
in the conception of the idea of additivity,12 we 
thought that nonadditivity of group effects 
might have escaped detection in other reactions. 
We therefore determined the dissociation constants 
of the trisubstituted benzoic acids by potentio- 
metric titration. l 3  The difficulties of determining 
dissociation constants in aqueous ethanol solution 
have been pointed out by Grunwald6 and Kilpi.14 
But since the absolute dissociation constants for 
benzoic acid are now available for various aqueous 
ethanol solutions,6 we made the assumption that 
all values determined in this paper could be cor- 
rected by application of the ratio 1.2/1.86 (Grun- 
wald’s value for benzoic acid in 57.6% ethanol 
divided by our value in the same solvent). Some 
doubt may be raised about the absolute values 
reported using this assumption, but very little 
doubt can be raised about the relative values.6 
In addition precaution was taken to minimize 
changes in activities of ions or in liquid junction 
potentials by using 57.6% ethanol for every solu- 
tion including the standard alkali and the potas- 
sium chloride salt bridge. 
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Fig. 1. Plot of log K/Ko of substituted benzoic acids in 
57.6% aqueous ethanol us. sigma. The slope, rho, = 1.73; 
s, the standard deviation, = 0.078; r,  the standard cor- 
relation coefficient, = 0.97.’’ Sigma for 4-ethyl = -0.16; 
u for 4-methyl = -0.17; u for 3-methyl and -ethyl = 
-0.07; u for trimethyl = -0.31 

The results are given in Table I and illustrated 
in Fig. 1. As can be noted, correlation of the disso- 
ciation constants with sigma is only moderately 
satisfactory-the 3,4,5triethyl point falls on the 
line but the 3,4,5trimethyl point falls above the 
line. At least we can say that no trend is established 
here where the points deviate further from the line 
as the groups become bulkier. Thus we arrive at  
the conclusion from our work and from the work 
summarized earlier that group influences are addi- 
tive in predicting dissociation constants of acids 
having up to and including three adjacent ethyl 
groups. On the other hand, we have concluded 
previouslyI0 that in the Beckmann rearrangement, 
an electrophilic reaction, group influences are not 
additive with three adjacent alkyl groups. A very 
definite trend was detected, i .e.,  triethyl deviated 
more than trimethyl. This behavior may be general 
for all electrophilic reactions. Perhaps anions or 
molecules with free pairs of electrons which are 
necessary to solvate the transition complex of an 
electrophilic reaction are bulkier than the hydro- 
nium ions, protons, or Lewis acids necessary to sta- 
bilize the transition complexes of nucleophilic 

(15) Basing our definition on the Hammett equation, we 
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negative slope (rho), a nucleophilic reaction as one with a 
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reactions. Thus, the former may be more sensitive 
to bulk effect of substituents. On the other hand, 
the explanation may be as simple as stating that 
the canonical forms with positive charges in the 
ring are more important in the transition complex 
hybrid of electrophilic reactions than the cor- 
responding negative charges in nucleophilic re- 
actions. If either or both of these explanations are 
true, they focus attention on the importance of 
solvation forces in attempts to study influences 
of groups remote from the reaction center.l0 

TABLE I 
DISSOCIATION CONSTANTS OF SUBSTITUTED BENZOIC ACIDS~ 

K X lo" 
K' X 1W (Corrected) 

Benzoic Acid (Uncorrected) (K' X 1.20/1.86) 

Unsubstituted 1.86 1.20 
3,5-(CHa)z 1.15 0.741 
3,5-(C*H6)1 0.851 0.588 
3,4,5-(CHs )a 0.759 0.490 
3,4,5(CnHs)8 0.589 0.380 
PNitro 49.0 31.6 

a In  57.6% aqueous ethanol at 25'. 

EXPERIMENTAL 

Materials. Baker and Adamson benzoic acid was twice 
recrystallied from water. The alkyl substituted benzoic 
acids were prepared by hypobromite oxidation of the cor- 
responding ketones,lO the melting points of the pursed 
acids being as follows: 3,5-diethyl, 129-129.5"; 3,5dimethyl, 
171.5-172.5'; 3,4,btrimethyl, 220.5-221.5'; 3,4,5-triethyl, 
142-143'; Pnitro, 242". The water and ethanol each were 
refluxed and distilled, and the distillates stored under a 
nitrogen atmosphere. 

The standard sodium hydroxide was prepared by dilution 
of 3.6 ml. of saturated sodium hydroxide solution with 330 
ml. of carbonate-free water and 570 ml. of 95% ethanol. 
The solution was approximately 0.1N in 57.6% (by weight) 
of alcohol. It was tested daily for carbonate by adding 5 
drops of 0.5N barium chloride solution to a 10-ml. aliquot. 

Apparatus. Titrations were followed with a b e d s  and 
Northrup p H  meter, Model 76634 ,  using glass and calomel 
electrodes. The saturated potassium chloride bridge was 
made from 57.6% aqueous alcohol, and the glass electrode 
stored in aqueous alcohol of the same concentration. The 
p H  meter was calibrated by means of the known p K  of 
benzoic acid in 57.6% aqueous ethano1,e and the correction 
applied to all the other acids as shown in the procedure. 

The titration system consisted of storage delivery bottles 
for water, ethanol, and sodium hydroxide solution, titration 
jar, and a nitrogen inlet, all in a closed system under about 
2.5 lb./sq. in. pressure. The solution was stirred with a mag- 
netic stirrer at a temperature maintained a t  25' f 0.5'. 

Procedure. The amount of acid added was always sufficient 
to make the concentration of the acid one tenth that of the 
strength of the base.ls The p H  meter was checked by buffers 
a t  p H  7 and 4, and the base added to the 10 ml. buret 
under nitrogen pressure. After the acid was dissolved in 22 
ml. of ethanol, 13 ml. of water was added to make the solu- 
tion 57.6% aqueous ethanol. The jar was sealed with a rubber 
stopper containing electrodes, burette tip, and pressure fine 
while the system was swept with nitrogen. The system was 
then maintained under about 2.5 lbs. of nitrogen pressure. 

(16) M. M. Davis and H. B. Hetzer, J. Phys. Chem., 61 ,  
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The pH of solution was recorded at 0.1-ml. intervals in the 
4040% neutralization range. Endpoints were also obtained 
to check the neutral equivalent of each acid. .At two points 
on either side of the half-neutralization point and at the 
half-neutralization point itself, the five points averaging 0.1 
ml. apart from each other, the pK was calculated from the 
formula 

where C B  is concentration of base added, CA is concentration 
of unneutralized acid, and QH+ is the hydrogen ion activity. 
The formula was used in lieu of extrapolation of the acid 
dissociation constant to zero concentration. The five values 
of pK were averaged, and the average value shown in Table 
I as K' (uncorrected). As the value of K for benzoic acid 
in 57.6% aqueous alcohol is 1.2 X as reported,' the 
correction factor, 1.20/1.86, was applied to all the other 
uncorrected dissociation constants. These values are given 
in the column for K (corrected). As a further check, the pK 
values were determined about a month after the initial 
values were obtained using new solutions and new electrodes. 
No difference in K was noted for any acid except p-nitro- 
benzoic acid. The new value was used in the table. Standard 
deviations and correlation coefficients were calculated by 
regular procedures." 
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Two different melting points are reported in the 
literature for 2-ethyl-3-methylhexanmide. Vol- 
wiler and Tabern' found 97-98' while Maynert 
and Washburn2 gave a melting point of 91-93'. 
This compound was also synthesized in these labo- 
ratories by the sequence of reactions formulated 
below. Although the "purified" end-product (VI) 
gave the correct analytical values it melted at 95- 
109'. Since 2-ethyl-3-methylhexanamide has two 
asymetric carbon atoms, it is likely that compound 
VI consisted of a mixture of racemates. The separa- 
tion of the mixture into two racemic pairs was ac- 
complished by chromatography on an aluminum 
oxide column. Two products were isolated, one 
melting at  89-90.5' and another at 123-124'. 
These melting points are uncorrected, and there- 
fore, one may assume that the melting point of the 
lower melting product is in agreement with that re- 
ported by Maynert and Washburn.2 The analytical 
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