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tion from methanol afforded 0.55 g. ( 5 3 % )  of white needles, 
m.p. 46.8-48.0'. The analytical sample was obtained by 
one further recrystallization from methanol yielding lyhite 
needles, m.p. 47.3-48.3'. 

Anal. Calc'd for CljHlr: C, 88.16; H, 11.84. Found (G):  
C, 88.02; H, 11.73. 
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The eqiiilibria between conjugated and unconjugated isomers in two highly branched -{-alkyl unsaturated ester systems 
have been investigated. The proportion of unconjugated olefin has been shorn  to decrease with increasing branching in the 
?-substituent. These reeults have been correlated with a number of earlier data and evidence has been presented supporting 
an interpretation in terms of steric interactions. 

It was recently reported that  the alkoxide-cata- 
lyzed isomerization of ethyl 4-ethyl-2-methyl-3- 
octenoate (Ib) leads to  an equilibrium mixture con- 
taining approximately one third of this ester (or its 
glycol analog) and tTvo thirds of the corresponding 
conjugated ester, ethyl 4-ethyl-2-niethyl-2-octeno- 
ate (IIb).z The substitution of other n-alkyl groups 
for ethyl or n-butyl in the y-position exerted little 
effect on the position of equilibrium in this system 
(IC-IIc). Hon-ever. when ethyl was replaced by 
methyl, the proportion of uiiconjugated isomer (Ia) 
in the equilibrated mixture with I Ia  was reported to  
be 567G. 

R, CH, 
Ia-e 

Ie , ' I Ie :  R; = n-C;Hil R; = lert-C41-Ig 

Enhanced hyperconjugatire stabilization of the 
P,y-double bond by the methyl group and re- 
duced strain of the cis-type about the P,y-double 
boiid n-ere considered as alternative explanations 
of the higher proportion of uncoiijugated isomer 
found in the equilibrated y-methyl compounds. To  
examine these alternatives in systems containing 
more highly branched substituents, the correspond- 
ing esters with y-isopropyl aiid y-tert-butyl substit- 
uents (Id-IId and Ie-IIe, respectively) have been 
synthesized and the equilibriurn mixtures of the two 
isomers determined after isonierization.3 

(1) Presented in part a t  the 130th National Ueeting of 
the AMERICAN CH&ICAL SOCIETY, Atlantic City, Sipt.  
16-21, 1966. 

(2) J. Cason and K. L. Rinehart, Jr., J .  Org. Chem., 20, 
1591 (1955). 

SIXTHESIS 

Unsaturated esters required for these studies 
were prepared by dehydration of the p-hydroxy es- 
ters (TrIIIa, T'IIIb) formed in the Reformatsliy re- 
action of the corresponding a-alkyl aldehydes 
(T'ITa, TIIb) xvith ethyl a-bromopropioiiate. The 
aldehydes were obtained by Rosenniund reduction 
of the corresponding acid chlorides. Branched acids 
n-ere prepared via modifications of the malonic es- 
ter synthesis. Thus, the synthesis of 2-tert-butylhex- 
anoic acid (TTb) via ethyl isopropylidenecyanoace- 
tate, ethyl tert-butylcyanoacetate and the dialkgl- 
cyanoacetate (111) is shomi in the series of equa- 
tions belon-. The corresponding 2-isopropylhexa- 
noic acid (T'Ia) n-as prepared by a reaction sequence 
Ivhich is iiot shown, but n-hich involved successive 
alkylations of malonic ester with isopropyl bromide 
and n-butyl bromide, folloJTed by alkaline hydroly- 
sis, acidification and decarboxylation. 

COzCpHj COgCgH: 

( 3 )  The a-methyl substituent has been retained both as a 
point of reference throughout the series and to prevent 
thermal equilibration of the tn-o isomers during distillation 
of the isomerized mixtures. Such equilibration is known to 
occur in the absence of an a-alkyl group [J. Cason, S. L. 
Sllinger, and C. F. Allen, J .  Ory. Chent., 18, 857 (1953)]. 
The a,y-dialkyl system is further convenient in that no 
addition of alkoside to the double bond has been found to  
occur for these compounds [cf. R. P.  Linstead and E. G. 
Noble, J .  Chem Soc:, 610 (1934); R. P. Linstead, J .  Chem. 
Soc., 2498 (1929)]. 
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HOXO 
n-C.jHgCHCONH2 -+ n-CdHgCHCOOH 

1) soc12 
n-C4HgCHCOOH - 

I 2 )  "Rosenmund" 
I R 
VIa,b 

I OH B ~ C H C O Z C Z H ~  

CIlS 
n-CJ-IgCHCHO ---+ T Z - C I H ~ C H C H C H C O ~ C ~ H ~  

I Zn I I 
rl 

T'I1a.h 

4 POCh- 
C ~ H E A  

Id,e + IId,e 
VI-VIIIa: R = ZSO-C3Hi 
VI-VIIIb: R = tert-C4Hs 

Alkylation of ethyl tert-butylcyanoacetate pro- 
ceeded smoothly v i th  sodium ethoxide as base (in 
contrast to the alkylation of isopropylmalonic es- 
ter, lyhich required the stronger base potassium 
tert-butoxide). The ease of alkylation of the former 
compound despite the bulky tert-butyl group is ex- 
plained by the stronger activation of the alpha hy- 
drogen by the adjacent nitrile group. Hydrolysis of 
the a-krt-butyl nitrile (IT') gave the amide (Yj, 
which resisted further hydrolysis during 48 hours 
in a refluxing mixture of sulfuric acid, acetic acid, 
and water. Steric inhibition of amide hydrolysis has 
been observed p r e ~ i o u s l y ~ " - ~  and is to  be ex- 
pected Tvith the bulky tert-butyl group in the posi- 
tion adjacent t o  the a n ~ i d e . ~  Treatment of the am- 
ide n-ith nitrous acid,4c' 4e however, gare the de- 
sired acid (T-Ibj in 807, yield. 

Over-all yields from aldehyde (TII) to the mixed 
unsaturated esters (I, 11) were about 65%. Dehy- 
dration, effected with phosphorus oxychloride and 
pyridine, gave approximately equal quantities of 
conjugated and unconjugated esters (Id and IId) in 
the isopropyl series, but only 25y0 of the conjugated 
ester (IIe) and a preponderant amount of the P,y- 
unsaturated isomer (Ie) in the y-tert-butyl series, 
as estimated from refractive indices of distillation 
fractions containing the tnTo isomers. From spectral 
and distillation data given prex-iously it may be es- 
timated that the corresponding dehydration mix- 
tures of unsaturated esters obtained for the y- 

(4) (a) J. Cnroii and H. J. Wolfhagen, J .  Org. Chem., 
14, 155 (1949); ( b )  J. Cason, C. Gastaldo, D. L. Glusker, 
J hllinger, and L. B Ash, J Org. Chem., 18, 1129 (1953): 
( e )  K Sperber, D. Papa, and E Schmenk, J .  Am. Che7n. 
Soc , 70, 3091 (1948): ( d )  F. C. B. Illarshall, J .  Chem SOC., 
2754 (1930); ( e )  TT. F, Parharn, JT. X, Noulton and A. 
Zuckerbraun. J Org. Chenz., 21, 72 (1956). 

(5) It m a r  be noted that the empirical "rule of six" pro- 
posed by Senman  [AT. S. Newrnan, J .  $m. Chem. Soc., 72, 
4783 (1950); h1. S Nenman, Sterzc Effects zn Organzc 
Chemzstry, John \Tiley and Sons, Seiv York, 1956, pp. 206, 
2271 correlates amide hydrolyels and other carbon.1 addi- 
tion reactions with the degree of branching in aliphatic 
acids and their derivatives. 

methyl, y-ethyl and 7-heptyl series (Ia and IIa ,  I b  
and IIb,  IC and IIc) contained approximately 
56%) 42%) and 537, of the conjugated esters, re- 
spectively. There is, then, no observable trend in 
the proportion of a$-unsaturated ester obtained in 
these dehydration mixtures as the y-alkyl group is 
varied progressively from methyl (567,) to ethyl 
(427,) to isopropyl (50%) to tert-butyl (25%). 
Khile these relative percentages of the two isomers 
are, unfortunately, not highly accurate and are 
based on differing physical methods of analysis, 
they are presumed correct to  within 107,. Withiii 
this accuracy i t  may be noted that the only mixture 
differing significantly in composition from one con- 
taining about 50% of each isomer is that obtained 
with the tert-butyl compounds, ivhere the p,y-un- 
saturated isomer was obtained in a ratio of 3 : 1 .  

Preferential formation of the uiiconjuga ted iso- 
mer in the dehydration of the y-tert-butyl-,&by- 
droxy ester contrasts markedly n-ith its lack of sta- 
bility in the isomerizations described in the next 
section. I t  is also surprising in light of the recent 
work of Brown, Noritani, and Nakagaiva, who have 
shown that both E,  elimination6 and E,  eliminatioi~~ 
proceed to give an increasing proportion of the iso- 
meric olefin with the double bond further re- 
moved from the bulky group as the size of the 
group is increased. Factors influencing the dehy- 
dration, a rate-controlled process, have not bceii 
investigated for the present compounds and the 
mechanism of dehydration is in doubt, although a t  
least a portion of the dehydration has been shown 
to occur via a &alkyl phosphate.8 

The isomeric unsaturated esters in each series 
were first purified by careful fractional distillation. 
The best samples of conjugated ester obtained 
from distillation were then further refined by sa- 
ponification and partial re-esterification, Tvhich elim- 
inated small quantities of the more readily esteri- 
fied unconjugated Similarly. partial esteri- 
fication of the best distillation samples of unconju- 
gated acids gave highly pure p, y-unsaturated es- 
ters, TT-hich could be readily separated from the 
unesterified a,p-unsaturated acids. By this proce- 

n-CdHgCHCH=CCOgH n-C4HsC=C"CHCOgH 
I 

11 ' AH, R CH, 
IXa,  Xa IXb,  Xb  

IXa,b: R = ZSO-C~H~ 
Xa,b: R = teit-CIHs 

(6) (a) H.  C. Brown and I. AIoritani, J .  Am. Chenz. SOC., 
77, 3607 (1955); ( b )  H. C. Broxn and 11. Kakagawa, J .  
8 7 % .  Chem. Soc., 77,  3610 (1985); ( c )  H. C. Brown and M. 
Nakagama, J .  Am. Chem. SOC., 77,  3614 (1955); ( d )  H. C. 
Bronm and I. Moritani, J .  Am. Chem. Soc., 77, 3623 (1955). 

(7)  (a) H. C. Brown, I .  Morit,ani, and AT. 3-akagama, 
J .  Ana. Chenz. SOC., 78 ,  2190 (1956); ( b )  H. C. Broil-n and 
1. Xoritani, J .  Ana. Chem. SOC., 78,2203 (1956). 

(8) K. L. Rinehart, Jr., Ph.D. dissertation, University 
of California, Berkeley, June, 1954, p. 42. 

(8a) J .  J. Sudborough and E. R. Thomas, J .  Chem. SOC., 
99, 2307 (1911). 



JAKUARP 1957 OLEFIR'IC STABILITY AND TAUTOMERIC EQUILIBRIA. I. 15 

TABLE I 
PHYSICAL PROPERTIES O F  2,4-DIALKYLOCTEKOIC ACIDS AND ESTERS 

Compound B.P., "C./Mm. n 'g E (mp) 
4-Isopropy1-2-methyl-2-octenoic acid 121-122i1.4 1.4639 
4-Isopropyl-2-methyl-3-octenoic acid 107-108/0.9 1.4507 
Ethyl 4-isopropyl-2-methyl-2-octenoatc 95-9612,s 1 ,4488 
Ethyl 4-isopropyl-2-methyl-3-octenoate 85-85.5/2.6 1,4368 

4-tert-Buty1-2-methyl-3-octenoic acid 110-1 11/0,9 1.4541 
Ethyl 4-tert-butyl-2-met,hyl-2-octenoateb 101-102/2.4 1,4513 

4-tert-Butyl-2-methyl-2-octenoic acid 128-13Oi1.4 M.p. 74-75O 

Ethyl 4-tc~t-butyl-2-methyl-3-octenoate 88-90/2.6 1.4395 

a Maximum. * Estimated to contain ea. 37, of saturated lactone (cf. Experimental). 

dure, both the isomeric esters (Id and IId,  Ie  and 
IIe) and acids (IXa,b and Xa,b) mere obtained 
for each homolog; physical properties are summa- 
rized in Table I. 

Ultraviolet absorption spectra and refractive in- 
dices are seen to be quite different for the isomeric 
compounds. Refractive indices were employed in 
estimating the composition of the dehydration 
mixtures described above, while the ultraviolet ab- 
sorption spectra of the isomeric acids IXa and IXb, 
X a  and X b  (cf. Fig. 1) were used for the calcula- 
tion of the composition of isomerization mixtures, 
described in the next section. The conjugated iso- 
mer has a strong maximum near 220 mp, in agree- 
ment with earlier observations for acids of this 
type.2 The unconjugated acid has no strong absorp- 
tion in this region. The spectra obtained for the 
unconjugated isomers in the present study have 

FIG. 1 .--ULTRAVIOLET ABSORPTIOS 
SPECTRA OF ISONERIC UNSATURATED 
- 4 ~ 1 ~ s .  I. 4 -  Isopropyl-2- methyl-2- 
octenoic acid. 11. 4 - Isopropyl - 2- 
methyl-3-octenoic acid 

13,900 (220)" 

13,200 (218)a 
1950 (218) 
13,800 (220)' 
1925 (220) 
12,860 (218)" 
2040 (218) 

2120 (220) 

somewhat lower absorption than those described 
earlier, which indicates the higher state of purity 
achieved by the partial esterification procedure. 
Vhile Fig. 1 gives the spectra of the isopropyl com- 
pounds IXa and IXb  only, those of the tert-butyl 
compounds are nearly identical with these. The 
corresponding conjugated and unconjugated esters 
show similar spectral properties (cf. Table I). 

RESULTS O F  EQUILIBRATIOSS 

The unsaturated esters were isomerized, em- 
ploying sodium glycolate in refluxing ethylene 
glycol. Previous studies on the y-ethyl analogs had 
shown that 27 hr. is a sufficient period to  insure 
complete equilibration in esters of this type?; how- 
ever, a somewhat longer time (36-41 hr.) m-as em- 
ployed in the present studies to  allom- for the more 
highly branched substituents. 

The work-up procedure after isomerization gives 
a mixture of isomeric unsaturated acids and the 
spectra of pertinent acids have been given in Fig. 1. 
From the absorption of the mixed acids isolated, 
compositions of the equilibrated mixtures have 
been calculated, as explained in the Experimental 
section.g 

Two runs were made with the y-isopropyl com- 
pounds to  insure complete equilibration; the equili- 
brated mixtures were identical from the two runs 
and were calculated t o  contain 7 i %  of the a,P- 
unsaturated isomer. The ultraviolet spectra of the 
equilibrated mixed y-isopropyl acids IXa,b are 
given in Fig. 2 ,  together with a theoretical spec- 
trum calculated for a mixture of '77% conju- 
gated isomer and 23% of the unconjugated com- 
pound : the three spectra are very nearly identical. 
The product from the y-tert-butyl isomers con- 
tained 867, of a,p-unsaturated acid. Pertinent data 
are presented in Table TI. 

I n  order t o  insure that contamination of the 

(9) The present ultraviolet method of analysis is similar 
to that employed by Bateman and Cunneenlo and is more 
convenient and reliable than the iodine or bromine addition 
procedures employed by earlier investigators of tautomeric 
unsaturated acids and esters [R. P. Linstead and J. T .  IT'. 
Mann, J .  Chenz. Soc., 723 (1931); G. A. R. Kon, R. P. Lin- 
stead and J. 31. Wright, J .  Chenz. Soc., 599 (1934)l. 

(10) L. Bateman and J. I. Cunneen, J .  Chenz. SOC , 2283 
(1951). 
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FIG. ~.-CLTRATIOLET SPECTRA OF MIXTURES OF 4-IYO- 

retical curve for a mixture containing iic/, of the conjugated 
acid. 11. Mixed acids isolated after 36 hours of equilibra- 
tion by 3.4 N sodium glycolate in refluxing ethylene glycol 
(Run I ) .  Mixed acids isolated after 39 hours of equili- 
bration by 3.1- r\' sodium glycolate in refluxing ethylene 
glycol (Run TI). 

PROPYL-2->lETIIYL-2 ( A X D  -3\-OCTEXOIC k1DS. I. Theo- 

111. 

TABLE I1 
RESULTS O F  EQUILIBRATIOSS O F  UXShTERhTED ESTERS 

Per Cent of 
Con j ug at'ed Isomer 

Reflux Before After 
Time, equili- equili- 

Compound Hr." bration bration 
_ _ ~  ~ 

4-Isopropyl-2-methyl- 
octenoatcs 

TS 
Itun I1 39 67 1 1  

octenoat es 41 16 86 

r- 
Run I 36 27 

-i-~e&But~y!-2-methyl- 

a All equilibration3 xere performed n-ith 3 . 4 s  sodium 
- 

glycolate in refluxing et,hylene glycol. 

isomerization niixt'ures by noilequilibrat'ing ma- 
terial n-as a,bsent', the infrared spectra of the equili- 
brated y-isopropyl acids (7iyo conjugated isomer) 
were examined aiid shown to  be nearly identical 
Tyith tha t  of pure 4-ethyl-2-methyl-2-octenoic acid 
(1%) except for minor differences in those regions 
-where strong bands are shown by the correspond- 
ing 8-octenoic acid. 

The equilibrium coiistailt, ICobs, has been calcu- 
lated for each of the isomerizatiolis from the rela- 

tive proportions of conjugated and uiiconjugated 
isomers measured by the spectral determinatioiis. 
These are given in Table 111, together with the 
corresponding coiistaiits for the y-methyl and y- 
ethyl compounds studied previously. 

TABLE I11 
EQUILIBRIUM CONSTAXTS -4s~ FREE ENERGY DIFFERENCES 

FOR ISO~IERIC LNSATCRATED ESTERS 

-CH2CH?-C-CH-C-COICIHj 
I 

CHI 
I R 

Con- 
jugated 
Isomer, - AF," 

R % Koijsa Kcorrb Kcal. 

CHa 45 0 82 1 9-2 7 0 60-0 93 
C2Hj 68 2 1  4 2  1 33 
ZSO-C3H7 78 3 5 4 9-6 1 1 48-1 68 
fert-C4Hs 86 6 1  6 1  1 68 

A41 + 1 1 2 ,  
a Kobs = ___ dl and A2 are tians and cis a,P-un- 

saturated isomers, respectively. B1 and B, are t ian5 and cis 

p,r-unsaturatcd isomers, respectively. K,,,, = ~ AF = 

- R T  In K,,,,: T = 468°K. 

Bi + Rz' 
A 1 

B1' 

It is apparent that the obserred equilibrium con- 
stants are in reality a measure and summation of six 
distinct and separate equilibria, since both a,& and 
P,  -punsaturated forms exist as trans aiid cis isomers, 
A ,  and i12, B1 and BZ, respectively, and each can 
isomerize ilia an enolate ion t o  any of the others. 
Thus, 

-CHzC€$ 
'CH , C 0 0 H  

\ 
R' >C=C 

CHB 
-CH&Hz 

\ 

H 

H 

\ 
c=c 

R' CHCOOH 

In  order t o  compare the effect of the methyl, 
ethyl, isoprop>*l, and tert-butyl substituents in a 
single series of compounds it is desirable to  isolate a 
single equilihriunl from the six above. l'or each of 
the pairs of trans isomers A ,  and B1 there has been 
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calculated a corrected equilibrium constant, K,,,, = 
A,/B,, and from these constants the free energy dif- 
ferences between the pairs of trans isomers.’: The 
results of these calculations are also given in Table 
111. 

I n  calculating K,,,, from Kobs it  has been as- 
sumed that none of the cis conjugated isomer A2 is 
present. The pure conjugated acids in the present 
series have physical constants nearly identical to 
those of the trans isomers described by Cason and 
Kalm, who studied both cis- and trans-2-methyl-2- 
alkenoic acids.I2 I n  particular, the ultraviolet ab- 
sorption spectra of the trans compounds of these 
authors showed maxima a t  217 mp, emax 13,600 (in 
good agreement TYith the present spectral data in 
Table I), while the cis isomers had A,,, 218 mb, 
emax 8,800. After isomerization of the present com- 
pounds the absorption maxima (11,300 for the y- 
isopropyl mixtures, 12,200 for the y-tert-butyl) re- 
mained considerably above that of the cis com- 
pounds (8800) and, as indicated above, the spectra 
were nearly identical in shape with that calculated 
for a mixture of trans conjugated and mixed uncon- 
jugated isomers. Further, as indicated above, the 
infrared spectrum of the isomerized y-isopropyl 
acids agrees well with that of the pure conjugated 
acid, and i t  in turn with that  of the trans isomer of 
Cason and Kalm, n-hich is different from the spec- 
trum of the cis isomer, particularly in the regions 
1475-1325 cm. and 1300-1265 cm.-l Then 

The value of K’ differs for each of the systems 
studied and can only be approximately estimated 
since pure cis and trans isomers of this type have 
not been obtained and would be expected to be not 
only difficultly separable, but very similar in prop- 
erties. Hon-ever, two limiting cases are apparent 
among the present isomerides. For the y-tert-butyl 
compounds, K’ may be taken as zero and Kobs = 
K,,,,, since in the cis-isomer B, the bulky tert-butyl 
group would exhibit very large steric interactions 
with the propionate group. That this approxima- 
tion is reasonable is sho rn  by molecular models 
(Stuart-Briegleb), from which the cis-isomer can- 
riot be made. It may also be noted that Brown and 
Nakagawa obtained an 83 : 1 : trans :cis ratio of the 
isomeric 4,-l-dimethyl-2-pentenes (sym-tert-butyl- 
methylethylenes) from the solvolytic elimination of 
2 - (4,4-dimethylpentyl) - p - bromobenzenesulfoiiate 
( c j .  Table IV) .6c 

The other limiting case is that  of the y-ethyl 
compounds, where the tm-o P,yunsaturated isomers 

(11) The trans a,p-unsaturated isomer is that  x i th  the 
6-alkyl group trans to the carboxyl. In the present discus- 
sions we have taken the trans P,r-unsaturated isomer to 
be that n i th  the varied alkyl group (methvl, ethyl, iso- 
propyl, ter t-butyl) trans to the propionate residue 

( 1 2 )  J. Cason and LI. J. Xalm, J .  Org. Chenz, 19, 1947 
(1954). 

should be formed in equivalent amounts, as the ef- 
fect of n-alkyl substitution is nearly identical to  
that of ethyl.2 Here K’ = 1 and K,,,, = 2 Kobs. 

For the y-methyl and y-isopropyl esters, estima- 
tion of K’ is more difficult, although K’ is certainly 
greater than unity for the methyl compounds and 
less than unity for the isopropyl isomers. Brown 
and Sakagawa have determined the relative 
amounts of cis and trans olefins formed in El elimi- 
nations and from these data an estimate may be 
obtained of the relative effects of varying alkyl 
groups on olefin stability (Table IT).6c It may be 
seen that r = translcis is 1.39 for syrn-methylethyl- 
ethylene, 1.08 for sym-dimethylethylene and 1.94 
for sym-isopropylmethylethylene. Khile these val- 
ues may not involye equilibrium mixtures the rela- 
tive effects for the various isomers undoubtedly par- 
allel the equilibria involved. Thus, to compare the 
relative interaction of isopropyl and ethyl, rerhvl/ 
r,so,,ropsl = 1.3911.94 is taken as a first approxima- 
tion to  K’, and K,,,, = 1.71 ITobs. Since the cr-pro- 
pionate group attached to  the double bond (p-car- 
bon) in the present compounds is larger than the 
methyl group of the compounds investigated by 
Brown and il’akagawa, the cis interaction in the es- 
ters under consideration would be considerably 
larger. To correct for this effect a second approxi- 
mation may be introduced, r m e t h p l  /rlsopropvl = 
1.0811.94, where the bulk of an isopropyl group has 
been assumed to  approximate that of the a-propi- 
onate group of the esters investigated. Then, to  this 
second approximation, 

KC,,, 1.40 Kobs = 1 + (1.39/1.94)(1.08/1.94); Kcor‘ = 

TABLE I V  

BROSYLATES~ 
COMPOSITIOS O F  OLEFIXS FORMED I N  SOLVOLYSIS OF A L K Y L  

obs 
trans-2- 

cis-2- 1- 
~ ~~ 

Per Cent of 
Total Olefin 

trans-2, cis-2, 
R 5% 70 1- rc 1-/2- 

CH3b 46 5 43 5 10 3 1 0 8  0 .11  
48 8 35 5 15 7 1 30 0 19 C2Hj 

~ s o - C ~ H ~  53 .0  27.3 19.7 1.94 0 . 2 5  
fert-CdHg 7 4 . 8  0 . 9  24 3 83 0.32 

Data of Brown and Xakagawa.6c Solvolysis in anhydrous 
acetic acid at, 70”. Tosylate. T = trans-2,/cis-2. 

Similarly, for the 7-methyl compounds rethy,/ 
?-methyl = 1.39’1.08 and K,,,, = 2.29 K o h s  (first ap- 
proximation) and K,,,, = 3.32 Kobs (second approxi- 
mation). Both the first and second (underlined) ap- 
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proxiniations of the equilibrium constants and free 
energy differences in the two series are given in 
Table 111. 

DISCUSSIOS 

Jironi the data presented in Table 111 it is appar- 
ent t'hat' the stability of an olefinic system depends 
upon the nature of the alkyl substit'uents a t  t'he 
double bond. The relative stabilizing effect of an 
alkyl group decreases from methyl through tert- 
butyl and may be summarized methyl > ethyl > iso- 
propyl > tert-butyl. The over-all effect is rat'her large 
arid the summation of the various equilibria involved 
( K o ~ J 8 )  shifts from an equilibrium slightly favor- 
ing the unconjugated isomer (y-methyl substituent) 
to  one in n-hich the unconjugated compound is pres- 
ent in only small amount (y-tert-butyl substituent). 

In evaluating the equilibrium constant Koba = 

(A1 + A2j,'(R1 + Bz) the amount of Az, t'he cis 
conjugated isomer, has, as indicat'ed above, been 
assumed to  be negligible. The value of Kohs de- 
pends theii on the concentrations of the trans con- 
jugated isomer A, and of t,he two unconjugated iso- 
mers B, arid Bz, and thus on t'he relative stabilities 
of these t'hree species. A major portion of the change 
in Kobs in this series as t8he y-alkyl subst'ituent is 
made progressively more branched is due t o  a sharp 
decrease in the amount of BS. I n  this cis uiiconju- 
gat'ed isomer (B2) a bulky group (as tert-butyl) on 
the same side of the double bond as the a-propio- 
nate residue gives rise t'o strong st'eric repulsions. 
Iiiteraction of t'his type bet'neen cis alkyl groups 
has long been recognized t'o lead t,o olefin destabili- 
zation6" 13, 26 and v a s  earlier suggested as the pre- 
dominant reason for the higher proportion of conju- 
gated isomer found at  equilibrium in the y-ethyl 
substituted system compared to  y-methyl. 

On t'he other hand, the equilibrium constant 
li,,,;, = A,,)B, at'tempts to estimate the variation 
in the relative stabilit'ies of t'he various trans un- 
conjugated isomers, as distinct from t'he recognized 
increasing iiistabilit'y of the cis unconjugated iso- 
mers. From these calculations, equilibria between 
the tram isomers -41 and B,  are seen to  favor the con- 
jugated compound (A1) in every case. Tariations in 
K,,,, for the various y-alkyl unsaturated systems 
are not large ; the equilibrium constant varies from 
2.7 t o  6.1 and there is a free energy difference of 
less than 0.8 Itcal. bet'xveen the methyl substituted 
coinpound and the tert-butyl. l 4  These differences, 

(13) h value niay be assigned t,o the cis-int'eraction of 
two methgl groups, based on heat of hydrogenation data 
for c is-  and trans-2-butenes, where the difference between 
the t\vo isomers is 1.0 lrcal. [G. B. KistiakoTvsky, J. R. 
Ilithoff, H .  A. Smith, arid W. E. Vaughan, J .  Anz. Chenz. 
Soc., 57, 876 (In%)] (Table IT, D and E).  

(14) Although a good bit of approximation has been 
cxnployed in thc estimation of the meth:-l and isopropyl 
equilibria, t.he ethyl and teh-bu 7 1  figures rest on firmer 
support. Since K,,?, and AE' var in a direct' qualitative 
izishion throughout the series, discussion may be extended 
Iyithout, serious inaccuracy from a comparison of et'hyl and 
tpd-hutyl to t,he rhole  series 

~ ~ ~ . ~ _ _ _ _  

though small, are, however, real and may be inter- 
preted iii varying mays.15 

Bateman and Cuiineen, who investigated equili- 
brations in y-alkyl-phenylpropenes, observed a 
similar shift in equilibrium from the uncoiijugated 
isomer as the size of the y-alkyl group was in- 
creased.'O Pertinent data from this work, together 
with corrections based on relative amounts of cis 
and trans isomers similar to  those described above, 
are presented in Table T'.16 These and other au- 
t h ~ r s " - ~ ~  have attributed the decreased stability of 
the olefins substituted with larger alkyl groups to  a 
loss of carbon-hydrogen (C-H) hyper conjugation 
in progressing from methyl (with three a-hydro- 
gens) to  ethyl (two) to  isopropyl (one) t o  tert-butyl 
(no a-hydrogens), and have assigned a value of 
0 .24 .3  kcal. t o  each possible C-H hyperconjuga- 
tion structure.21 Changes in free energy with altcra- 
tion of the alkyl substitueiit in the present series 
are seen to  be of the same order of magnitude as 
those observed by Bateman and Cuniieen, and C-- 
H hyperconjugation remains a useful tool for the 
prediction of relative olefin stability. 

TABLE v 
EQUILIBRIUV COVPOSITIONS I.U SYSTETW 

RCH-CHA-CHC~H~ 

% Con- 
jugated - AF,d 

R Icomera Kobeh KcOrrc Kcal. 

CHa 82 4 56 4 90 1 38 
ZSO-C~HT 80 8 10 8 10 1 82 
tert-ChHg 91 10 12 9 16 1 93 

a Data of Bateman and Cunneen.lo Isomerization in 20yl  
methanolic potassium hydroxide at 165'. ' Kobs = 

(15) It has been assumed that the stability of the con- 
jugated isomer ill remains constant throughout the present 
series. Thus, both conjugation ITit'h the carboxyl group and 
hyperconjugation, the latt,er treated in detail for the P , r -  
unsaturated isomers, do not vary for the a,p-unsaturat'ed 
isomers. Further, steric interaction, judged from models, 
does not differ significantly for t,he variously substit'ut'ed 
esters. 

(16) The first indication of the lessened st,abiliaing effect 
of higher alkyl substituents relat,ive to methyl is to be found 
in the work of Linstead [A. -4. Goldberg and R. P. Linstead, 
J .  Chenz. Soc., 2343 (1928)] (Table VII, B, C,  and I)). 

(17) ( a )  C. K. Ingold, Structure and Mecha&?)i in o r -  
gunic Chemistry, Cornell University Press, Ithaca, Xew Yorli, 
1953, p. 564. ( b )  P. B. D. de la ;Clare, E. 11. Hughes, and 
C. K. Ingold, J .  Chem. Soc., 22 (1948). 

(18) F. Becker, Portschr. chem. E'orsch., 3,  187 (1955). 
( 19) J. W. Baker, HUperconjuqation, Oxford University _. " "  

Press, London, 1952, p. 64. 
120) E. R. =Ilexander. Prznczples of Ionzc Orqanlc R e -  

actrons, John Wiley and Sons, Xck Yoi-k, 1950, p- 283. 
(21) Bateman and Cunneen attributed 0 3 lccal. to each 

C-H hyperconjugation structure in their phenyl-propenrs, 
but only 0.2 kcal. to each structure in unsaturated esters, 
nitriles and acids 
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There are certain theoretical considerations, 
however, which lead one to question seriously the 
validity of C-H hyperconjugation as the true 
reason for the enhanced stability of methyl over 
tert-butyl substituted olefins. There seems little 
doubt that  alkyl substitution generally enhances 
the stability of a double bond, Thus, the studies of 
Kistiakowsky (cf. Table VI) have shown that the 
heat of hydrogenation of trans-2-butene, with two 
alkyl substituents, is 2.7 kcal. more than that of 1- 
butene, with one substituent (Table VI, E and C, 
respectively). Further, in progressing from ethene 

to 1-propene to trans-2-butene (Table VI, A, B, and 
E), the heat of hydrogenation is progressively re- 
duced by about 2.6 kcal. per additional alkyl sub- 
stituent and additional, somewhat smaller effects 
are observed with further methyl substitution 
(Table VI, F and G). 

Similarly, the position of equilibrium in isomer- 
ized unsaturated acids was early shown to depend 
on the degree of substitution a t  each of the centers 
of unsaturation and while the equilibrium mixture 
of butenoic acids (no alpha or gamma substituents- 
Table 7-11, A) contained 98% of the conjugated 

TABLE VI 
HEATS OF HYDROGENATION OF OLEFINS~ 

Compound 

Heat of 
Hydrogena- 

Ri R? R3 R4 tion," Kcal. 

A Ethene 
B Propene 
C 1-Butene 
D cis-2-Butene 
E trans-2-Butene 
F 2-Methyl-2-butene 
G 2,3-Dimethyl-2-butene 
H 3-Methyl-1-butene 
I 3,3-Dimethgl-l-butene 
J 2-Methyl-1-butene 
K 2,4,4-Trimethyl-2-pentene 
L 2,4,4-Trimethyl-l-pentene 

H 
H 
H 
H 
H 
CH3 
CHa 
H 
H 
CHa 
H 
CHI 

H 
H 
H 
CH3 
H 
CH3 
CHI 
H 
H 
H 
CH3 
H 

H 
H 
H 
H 
CH3 
H 
CHI 
H 
H 
H 
CH3 
H 

32. 8b 
30.1" 
30.3" 
28.6" 
27.5' 
26. gd 
26.Bd 
30. 3e 
30. 3E 
28. jd 
28.4" 
27, 2e 

a Data of Kistiakowsky et al. Heats of hydrogenation are for gaseous reactants and products a t  1 atmosphere and 82°C. 
G. B. Kistiakomsky, H. Romeyn, Jr., J. R. Ruhoff, H. A. Smith, and W. E. Vaughan, J .  Am. Chem. Sac., 57, 65 (1935). 
G. B. Kistiakon sky, J. R. Ruhoff, H. A. Smith and IT. E. Vaughan, J .  Am. Chem. Soc., 57, 876 (1935). G. B. Kistiakow- 

M. A. Dolliver, T. L. Gresham, sky, J. R.  Ruhoff, H .  A. Smith and IT. E. Vaughan, J .  Am. Chem. Soc., 58, 137 (1936). 
G. B. Kistialioasky and IT. E. Vaughan, J .  Am. Chem. Soc., 59, 831 (1937). 

TABLE VI1 
EQVILIBRIUM COMPOSITIOSS I N  UNSATUR.4TED SYSTEMSa 

R1-C--.C.....C-COn - 
I l l  

Rz RB R4 

70 - A F , ~  
Item Ri Rz R3 R4 a,P" KObsb K,0,rC Kcal. 

A H H H H 98 49 98.0 3.40 
B CH, H H H 68 2 .12  2.55 0 . 7 0  
C CZH5 H H H 74 2 .85  3 .30  0.89 
D iso-CsH? H H H 82e 4.56 5.07 1 .21  
E CH3 CH3 H H 6' 0.064 0.128 1 .48  
F CHI H H CHI 81f 4 .26 4.88 1.17 
G CH3 H CzHj H 218 0.266 0.532 0.47 
H C2H5 H n-CsH; H 3 4b 0.515 1 .03  0.02 
I ~ s o - C ~ H ~  H ~ s o - C ~ H ~  H 49 f 0 .96 1 . 9 2  0.50 

a From data of Kon, Linstead et  al. Isomerizations conducted in aqueous potassium hydroxide (10 equivalents) a t  100°C. 

[cf. R. P. Linstead and E. G. Soble, J .  Chem. Soc., 614 (1934)l. Kobs = total, P,r-unsaturated isomers. K,,,, = gl, where 

AF = - R T  In K,,,,; T = 373°K. e R. Fittig, Ann., 283, AI is R z > C = C < ~ 4  

total, a#-unsaturated isomers AI 

coz - 
. 

CHC02- 
and B1 is "'>=C< 

Ra-CH R4 R, I 
R1 

I 
Ri 

Ref. (9) in text. 
47 (1894). Cited in Ref. (16) in text. 
J .  Chem. Soc., 1411 (1931). 

Ref. (16) in text. 8 G. A. R. Kon, E. Leton, R. P. Linstead and L. G. B. Parsons, 
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Isomer, the pentenoic acids (one gamma substitu- 
ent) contained 6870 aiid t’he J;-methglpent,enoic 
acids (tu-o gamma subst’itueiits) only 67, (Table 
YII, B and E, respectively). Con\-ersely, alpha sub- 
st’itution, as in 2-met’hylpeatenoic acids (Table 
TII, F) ga;-e a shift to higher percentages of conju- 
gated isomer (81Yc). 

Khjle it may then be agreed that alkyl substitu- 
t’ion on a double bond in general increases the sta- 
bility of the olefin, the degree to  n-hich a particu- 
lar alkyl group stabilizes the olefin varies. Hyper- 
conjugation of the C--H type has been invoked in 
this regard as indicated above. Recently, hou~ever, 
C-1-T hyperconjugation as the most important 
niode of alkyl electron release in substituted heii- 
ze1ie:j has i:eeii criticized by sweral authors”-24 
aiid these criticisms are equally d i d  iii application 
to the preselit studies, Schubert aiid Sn-eeiiey hare  
pointed out that in inany of those properties which 
depend least 011 so!vent effect the iiiflueiice of 
methyl, ethyl, isopro;,?yl; and tcrt-butyl substitu- 
ents is very similar and is in the opposite direction 
to  that predicted from C-€I hSpercoii,jugatioii. 
I n  particu!ar, tErc E-bands in the ultrarioler spec- 
tra of p-all<j~l. nitrobenzenes, acetophenones and 
1)eiieoic acids, aiid especially of their conjugated 
acids and of the triphenylniethy1carbo:iium io:is, 
shon-ed shifts in \!-aye length aiid extinction coef- 
ficient more iii keeping with a greater electron re- 
lease by tcrl-butyl thaii methyl. =i!though these 
authors did iiot attempt to disriiiguish betn-een 
(?---~C hypercoiijugation and other modes of elec- 
tron relcase as the predominating alkyl effect, it is 
ctlear that C--FT hyperconjugatioii is not the only 
variable t o  be considered.?j In the present com- 
poriiids solvetit effccts should be relatively small 
since the tx;o isomeric o!efins are uncharged : hence 
by the ab0L-e reasoniilg C--E hypercoiijUgatioii as 
a doniiiiar,t effect is iiot t o  be expected. Further 
evitleiice against, C,--H hyperconjugation as the 
predoiiiiiiatiiig influence may be seen in the heats of 
hydrogenation of methyl, ethyl, isopropyl. and 
tc;rt-hutyl ethylenes (Table 1-1, 13, C. E, a d  I, re- 
spec t idy )  ~ nhich, 11-ithin e:;perinieiital error, are 
ideiitical. 
dn alteriiative explaiiatioii of the present ob- 

servations exists in steric interactions. These have, 
as indicated aboye, heeii recognized as important 
n-hen inm1vii-g alkyl-alkyl (R-13) interaction cis 
about a double bond. The magnitude of these effects 
is ofteil large, as inay he assessed by coniparing the 
heats of hydrogenation of the isomeric 2-methyl-2 
(and -1 )-butenes and the 2,4,4-trimethyl-2 (and 

~~~~ - 

( 2 2 )  IV, 11. Srhubert and 

(19%). 
(2-1) V. J. Shiner, Jr . ,  J .  Am. Chem. Soc., 76 ,  1603 (1954). 
(23) Bateman and CunneenlO assigned a value 0.03 kcal. 

to each C--C hyperconjugation structure and assumed 
these eoiiltl bo neglected. 

-1)-pentenes (Table YI, F-J a i d  K-J). I n  the 
former pair the 2-isomer is more stable by 1.6 kcal., 
m-hile in the latter pair the 1-isomer is favored by 
1.2 kcal., even though the double bond is less highly 
substituted. From these data, if methyl-methyl in- 
teraction involves about 1.0 kcal. of hindrarice,lS 
then methyl-Led-butyl R-R interaction may be es- 
timated a t  ca. 3.8 kcal.26 

In the present ronipounds interaction of the cis 
R-R type remains nearly constant in the 9,y-uiisat- 
urated isomer, involving interaction of a n-alkyl 
group with the a-propionate residue. There is, 
hon-ewr. an increasing amount of steric repulsion 
between the /%hydrogen and the y-alkyl suhstitu- 
ent (methyl < ethyl < isopropyl < twt-butyl) in 
the series (cis R-H interaction). That such interac- 
tion is small is shon-n by the small inereinelit in AF 
between the variously substituted cornpourids (0.2- 
0.4 kcal.). H o w r e r ,  interference is not negligible 
arid may be obseroed in molecular models of the 
unsaturated esters. 

Such models suggest that the influence of 
branched substituents is somen hat more complex 
than that of simple R-E1 repulsion nien tioned 
above. In particular, interaction betn-een the tn-o 
gamma substituents becomes serious TT ith the 
larger substituents (rear R--Il interaction) .26a The 
methyl-sul-stituied compound is the only one i n  

n-hich there is 110 compression of the n-alkyl group 
by the second y-substitueiit. 1.1 all others there is 
restriction of rotation of the ~2-alkyl TI hoii the see- 
ond alkyl substituent is in such a conformation as 
to minimize its interaction n ith the @-hydrogen (rear 
R-R repulsion) and there is repulsion hy the P-by- 
drogen when the y-alkyl substltueiit is in such a (mi- 
formation as to minimize its iiiteractioii n-ith the n- 
alkyl substituent (cis R- H icteraction) . I n  the y-tert- 
butyl compound the total effect reaches a niaxiinuiii 
and the compound is effective!y locked in one ( 2 0 1 1 -  

(26) Brorin has recently :issigned a value of 6.0 lical. 
to t,his cis methyl-fert-hiit>-l strnin.6b 

(26a) Steric compression of a similar nature (“R-sti.ain”) 
has heen employed hy Bron-n [for a reviev, c j .  €I. C .  13ron-n, 
J .  Chem. SOC., 1248 (1936)I to explain the relative basicities 
of primary, secondary, arid tertiarj- amines and the en- 
hanced solvolytic rates of highly hranched te r t ixy  halides. 
The results in bot,h of these q-stems were considered to  tie 
dut to a relief of strain in going from a tetrahedral to a 
trigonal state. The present “rear R-3’’ interact,ion makes 
no attempt to  evaluate the relative stabilities of the tetra- 
hedral and t,rigonal states, but is considered :is a contribut- 
ing part of the general steric rigidity about the douhle 
bond. 
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formation, in which there is repulsion of the tert- 
butyl group by both the P-hydrogen aiid the n-butyl 
group and also an enhanced n-butyl-a-propionate 
(cis R-R) interaction. From these considerations 
it may be been that  the steric interactions are quite 
complex, and involve both primary and secondary 
effects. 
h primary advantage of the steric approach in 

describing the results of isomerizations of unsatu- 
rated systems is that  steric interactions are quite 
useful in explaining a number of anomalies unre- 
solved by the hyperconjugation treatment. Thus, 
p-alkyl (or phenyl) substitution in an unsaturated 
ester system has been shown to increase the propor- 
tion of uncoiijugated isomer present a t  equilibrium 
(cf. Table T'II, B us. G, C us. H, D us. I) and this 
cannot be easily explained by C-H hyperconju- 
gation since the 0-substituent can hyperconjugate 
equally with either an a,@- or a p,y-double b ~ n d . ~ ~ , ' ~  
A portion of this effect may be ascribed to the pres- 
ence of a greater number of P,y-unsaturated iso- 
mers present in the mixture, but even after correc- 
tion for this statistical effect (Table T'II) there is 
a definite shift toward the unconjugated isomer with 
P-substitution. The equilibria measured by K,,,, are 
given below (XI-XI1 and XIII-XIT-), where i t  
may be seen that the introduction of a @-alkyl sub- 
stituent introduces a cis opposition between P- 
alkyl and carboxylate in the conjugated isomer 
(XIII) and a cis opposition between p-alkyl and y- 
alkyl in the unconjugated isomer (XIT'). 

XIa,b,c XII,a,b,c 

XIIIa,b,c XIVa,b 

XIa, XIIa,  XIIIa,  XIVa: R = CH3 
XIb, XIIh,  XIIIb,  XIVb: R = C,Hj 
XIC,  XIIC,  XIIIC, XIVc: R = iso-CaH7 

The results of isomerizations of P-substituted 
systems are readily interpreted if it is assumed that 
a carboxylate anion exerts a higher degree of repul- 
sion on a cis-alkyl group than the repulsion exerted 
by another alkyl group.27 If this be the case, then 
the relative effect of carboxylate us. alkyl should de- 
crease in the series methyl > ethyl > isopropyl. 
That this is indeed so is seen from the data of Ta- 
ble VII. By comparing appropriate systems it is 
seen that  the difference in the free energy between 
the conjugated and unconjugated isomers without 
p-substituent and the free energy between the con- 

( 2 7 )  Judged from bond radii and van der Waal's radii, 
the size of a carboxylate group is somewhat smaller than an 
isopropyl group, although the geometry is somewhat dif- 
ferent, as the carboxylate is planar rather than tetrahedral. 
However, the full negative charge of the carboxylate anion 
might well repel other groups more strongly than the neutral 
alkyl residues. 

jugated and uiiconjugated isomers with P-substit- 
uent (AFunsub - AFP-sub) is greatest in the case of 
the y-methyl systems B and G (Table JrII), \There 
this difference is ca. 1.2 kcal. I n  the y-ethyl systems 
(Table VII, C and H) the difference amounts to  ca. 
0.9 kcal., TThile in the y-isopropyl systems (Table 
T'II, D and I) it  is about 0.7 kcal. Thus, in agree- 
ment with the above prediction, the order of re- 
pulsive effect is -COz- > iso-C3H7 > CzHs > CHs. 
On the basis of this explanation it may be predicted 
that equilibration of a system similar t o  the present 
ones with y-tert-butyl group but with a 0-alkyl sub- 
stituent (XT', XT'I) would probably lead to a higher 
proportion of conjugated isomer (XT'I) than the 
present systems lyithout such P-substitution. K e  
hope to  report on results in such 6-substituted com- 
pounds in a future communication. 

-CH2CH2 /7HC02C2H6 -+ 
CH3-C-CHa >C=C\gH3 f- 

I 
CHI 

XV 

CHI 

CHI-C-CHI 
I 

CHs 

XVI 

The present study deals with equilibrium or ther- 
modynamically controlled processes and no at- 
tempt has been made to correlate these data with 
the numerous literature references concerning rate 
or kiiietically controlled processes. It may be 
noted, hon-ever, that the recent work of Bron-n has 
shown that ai1 increasing proportion of the less sub- 
stituted isomer is formed in elimination reactions 
(both El and Ez) as the size of the alkyl group R to  
be substituted on the olefin is i i i ~ r e a s e d . ~ ~ ~  Fur- 
ther, the influence of the branched alkyl in effecting 
this shift is more pronounced in the secoiid series in- 
volving the elimination from a tertiary center (cf. 
Table T-III), than in the series dealing with elimi- 

TliBLE VI11 

BROVIDES" 
COhIPOSITIOX OF OLEFINS FORKED I N  SOLVOLYSIS O F  ALKYL 

H ,,CHI CH3\ 
>C=C + ,C=CH2 

I R \CH3 RCHl 
Br 

~ 

Per Cent of Total 
Olefin 

R 2-, 70 I-, 7% 1-/2- 

CHI 79 21 0 27 
CzHs 71 29 0 .41  
~ s o - C ~ H ,  59 41 0.70 
tert-CdHg 19 81 4 26 

a Data of B r o m  and Nakagawa.Gb Solvolysis in %-Butyl 
Cellosolve at  25°C. 
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nation from a secondary center (Table IV). This 
has been attributed by Bran-n to  steric repulsion be- 
tween alkyl R and methyl groups (c is  R-R) in the 
former series,6b which should be considerably larger 
than the repulsion betTTeeii alkyl and hydrogen 
(cis R--I-I) in the latter series.Gc 

In suiiimary, then, the stability of substituted 
unsaturated esters is determined largely by the 
number of alkyl substituents on each isomeric olefin. 

more highly branched substituent is generally 
less eff'ective ill stabilizing the double bond, and 
while this is in agreement with C-H hyperconju- 
ga tion predictions, steric interactions are believed 
t o  offer x soineu-hat more satisfying explanation of 
the rfrect. 

EXPERIXEST.IL'~ 

2-Isopropylhexanoic acid was prepared via trvo malonic 
c,ster sptheses .  Diethyl isopropglmalonate,31 obt,ained in 
805: j-ield by a standard p r o c e d ~ i r e , ~ ~  had b.p. 212-214" 
(100-112°/21 mm.), n y  1.4178 (lit.32 b.p. 132-135'/41 
mm.) .  The monoalkyl malonic ester vias heated for one 
hour under reflux 17-ith potassium tei~t-butoxide33 before the 
addit'ion of ri-but,>-l bromide. Diethyl n-butylisopropyl- 
nialonate,3' 1vliic.h was obtained in 6OY0 yield by this niodi- 
fird procediire, had b.p. 141-142"/28 mm., nz: 1.4310 (lit,.34 
b.p. 13Goi/l4 mm., n g  1.4291). The dieubatitiited malonic 
ester (1543 g.)  Iyas saponified v-ith refluxing ethanolic 
pot'assiuni hj-droxide to give the crude dibasic acid, vhich 

lated by heating for tn-o hours at  180". 
'iht'ion oi the product gave 89.1 g. (74%) 

of 2-ieopropylhesanoic acid, b.p. 121"/12 mni., n'," 1.1266 
(lit.85 b.p. 1Z5°,/10 mm., n'g 1.4270). 

2-Isoprop{jlheranaZ was synthesized cia the Rosenmund 
ivdiiction of tiir corresponding acid chloride, prepared ac- 

( 2 8 )  I\Ielting points and boiling points are uncorrected. 
s other\\-ix? noted, distillations n-ere through a 4-ft. 
e ln iak- t jp  column.29 Refractive indices are cor- 

rect,ed t o  25' u&ig 0.0004/deg.30 Ultraviolet spectra were 
determined, in diiplic n-ith a Beckman quart'z spectro- 
photomet,er, Aliotiel 1) mples n-ere prepared in Ppeciallj- 
purificd iiept':u:e in concentration5 such that  the absorb- 
ances n.crc i n  t,he range 0.3-0.6. Infrared spectra have been 
tietprminetl lor :ill the compoiinds described and are on file 
in t,lie Iiiir~ircd Laborat,ory, Department' of Chemistry and 
Chxuical E!igiiiwring, University of Illinois. K e  are in- 
clebtrd to 111.. ,Jozwf Serneth, 1 h s .  LIaria Renassi and I l rs .  

. Rapoport, Laboratory Tezl in 
Organic C / i ~ ~ ~ ; i s / r ~ / ,  Prentice-Hall, Iiic., Xew York, 1950, 
p. 237. 

( 3 0 )  J. C';i<on, S. I,. Allinger, C .  Sumrell, and 1). E. 

cniployed for dliylation of isopropylmalonic ester by h l .  
houbar, N i d i .  SOC. chim. F m n c e ,  30 (1951). 
onle and A. Iloment', J .  Am.  Cheiii. Soc., 

ltori and A. -4, Holzschuh, U. S. Patent 
Abstr.,  45, 2019i (1951)j. 

cording t,o Bishop.aB A mixture of 62 g. of 2-isopropyl- 
hexanoic acid and 125 g. of thionyl chloride was heated 
overnight under reflux and excess thionyl chloride was re- 
moved under aspirator preseure. Distillation t.hrough a short 
Vigreux column yielded 65 g. (947,) of 2-isopropylhexanoyl 
chloride, b.p. 75-78'/12 mm., n y  1.4336 (lit.3' b.p. 155- 
158"). 

The procedure of Hershberg and Cason38 was follon-ed for 
reduction. I n  a run employing 65 g. of 2-isopropylhexanoyl 
chloride, 225 ml. of sodium-dried xylene, 11.2 g. of palladium- 
barium sulfate catalyst and 0.68 mi. of stock poison re- 
action had nearly ceased after 9 hrs., \\-hen 8070 of the 
theoretical amount of hydrogen chloride had been evolved. 
The mixture vas  t>reated with Korit and filtered and the 
entire filtrate was fractionally distilled to give 34.6 g. 
(6653) of 2-isopropylhexanal, b.p. 85-86"/40 mm., n g  
1.4236. The aldehyde decomposed slo~vly on standing and 
gave unsatisfactory element,al analyses. 

The R,~-dinitrophenylhydrazone39 had m.p. 140.5-141' 
after t1T-o cryst,allizat,ions from 95% ethanol. 

Anal. Calc'd for CljH&,Oa: C, 55.88; H, 6.87; N, 17.38. 
Found: C, 55.82; H, 6.65; S, li .14. 
In a second run the Tieid of aldehyde TTas 687;. 
Preparat ion  and dehydration of efh.yl &-isopropyl-Z-meth,yl- 

3-hydroxyoctanoate was effected by a procedure vr-hich has 
previously been described in detaiL2 A4 solution of 8.3 g. 
of 2-isopropylhexsnal and 28.8 g. of ethyl a-hromopropion- 
ate in 83 ml. of sodium-dried benzene T ~ S  added during one 
hour to 10.4 g. of zinc €oil and 70 ml. of refluxing dry benzene. 
ReAiixiiig was continued for t#\ro additional hours. M-ork up 
in the usrial manner,2 follo\vxl by fractional distillation, 
yielded 8.; g. (61 5) of ct,hyl 4-isopropyl-2-nirthvl-3-h.- 
droxyoctanoate, b.p. 111°/2.3 mm., 7~'; 1.44%. 

Anal. Calc'd Cor CI,H2s0,: C, 68.41; H, 11.48. Foiind: 
C, 68.40; H, 11.23. 

In a second run carried out in the same manner a s  lhe 
first, employing 34.6 g. of 2-isopropylhesans1, 120 g. of 
et'hyl a-bromopropionate and 43.1 g. of zinc foil, the crude 
@-hydroxy ester  vas not, distilled biit ivas combined with 
the fractionated product, from the first rim and dehydrat cd 
directly t,o the mixed unsaturat,ed esters, as described in th(. 
next' paragraph. 

The hydroxy est,er obtained from the t,wo runs a h v e  \WX 
dissolved in  312 g. of pyridine and cooled to ea. 0". To t'hr 
soliltion \vas added s l o ~ l y  \\-it,h vigorous sivirling 68 g. of 
phosphorus oxychloride. The mixture was allonecl t o  stand 
18 ho lm at room t,emperature> then 77-as lieated for 1 ' ' ~  
hr. on t,he steam bath. IYork-up in the usual manner, fol- 
Io~ ied  by fractional dist,illntion, yielded 44.6 g. (65(,;, hased 
on t,otal etarting aldehyde in the tm-o Reformatsky r i i n ~ )  of 
mixed inisaturated esters contained in eightcen frartior . 
These included 5.1 g. of the p,-f-unsatiiratod ester ((36 
pure), h.p.  87-90"/2.8 mm., nzg 1.1372, X . 0  g. of inter- 
mediate fractions (cont,aining ca. 307; of each isomcr), 
b.p. 90-99'/2.8 mm., and 13.5 g. of the ~,,~-iirisatur:Ltetl 
isomer (985; piire)> b.p. 07"/2.6 mm., n*g 1.4489. Thr coni- 
position of the above fractions r a s  estimated from the re- 
fractive indices of the pure compounds ( c j .  belowj; t'hc 
dehydration mixture thus contained approximat<.ly equal 
quantities of the two isomers. 

Ethyl ~ - i soprop~ l -R-n~e thy l -~ -oc lenoa te .  The hest sample of 
@,-!-unsaturated est,er from the fractional distillation ill 
the preceding seerion (n': 1.4372) Tva9 saponified TT-ith 
refluxing 2 S  ethanolic pot,a,ssium hydroxide. The cr~ide acid 
obt,ained \vas dissolved in 22.4 ml. of commercial absoliite 

(36) \Y. S. Bishop, Org.  Syr l theses, 25,  71 (1945). 
( 3 7 )  €2. C. S. Jones and F. 1,. Pymnn, J .  Chem. Soc., 127, 

2596 (1925). 
(38) E. B. Hershberg and J. Caeon, Org. Syntheses, Coll. 

Vol. 3,  627 (1956). 
(39) R. 1,. Shriiier, It. C. Fuson, and D. k-. Curtin, 

The Xystenaatic Identijication o j  Organic C'omponnds, 4th ed., 
John TTiley and Sons, X e r  Yorlr, 1956, p. 219. 
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ethanol and 0.95 ml. of concentrated sulfuric acid was added. 
The solution was allowed to stand for 10 hr. a t  room tem- 
perature and was then diluted with water and extract,ed 
with hexane. The hexane extracts were washed with satu- 
rated sodium carbonate to remove any unreacted acid. Tbe 
solution was dried, solvent was removed, and the residue 
was fractionally distilled to  give 3.1 g. of ethyl 4-isopropyl- 
2-methyl-3-octenoate. A center cut had b.p. 85-85.5'/2.6 
mm., nzi 1.4368. The ultraviolet absorption spectrum has 
no maximum above 205 mp and no inflection near 218 mp 

Anal. Calc'd for CI4Hz6O2: C, 74.28; H, 11.58. Found: 
C, 73.65; H,  11.66. 

4-Isopropyl-2-methyl-S-octenoic acid. A solution of 1.5 g. 
of pure ethyl 4-isopropyl-2-methyl-3-octenoate (na; 1.4368) 
in 10 ml. of 2-V ethanolic potassium hydroxide was allowed 
to  stand for 12 hr. a t  room temperature and was then 
refluxed for one hour. The usual work-up procedure and 
fractional distillation yielded 0.8 g. of 4-isopropyl-2-methyl- 
3-octenoic acid, b.p. 107-108"/0.9 mm., nzg 1.4507. The 
ultraviolet absorption spectrum (Fig. 1, Curve 11) shows no 
maximum above 205 mp and only low absorption near 219 
mp (€220 2120). 

Anal. Calc'd for C12H2202: C, 72.68; H, 11.18; eq. x t . ,  198. 
Found: C, 72.68; H, 11.53; eq. wt., 195. 

4-Isopropyl-b-rnethyl-2-octenoic acid. A solution of 6.5 g. 
of the best sample of @,/+unsaturated ester from the frac- 
tional distillation above ( n y  1.4489) was refluxed for 7 hr. 
in 25 ml. of 2-T etlianolic potassium hydroxide. The crude 
acid obtained was allowed to stand for 10 hr. a t  room t'em- 
perature in a solution of 48 ml. of absolute ethanol and 2 ml. 
of concent'rated sulfuric acid. The solution mas diluted v i th  
iyater and extracted xvith hexane. The hexane solution was 
extracted exhaustively lvith saturated sodium carbonate 
and the sodium carbonate extracts in turn n-ashed with 
hexane. Acidification of the sodium carbonate solution then 
precipitated the conjugated acid, which was worked up in 
the usual way to give 2.3 g. of 4-isopropyl-2-methyl-2- 
octenoic acid. A center cut had b.p. 121°/1.4 mm., nz2 
1.4639. The ultraviolet absorption spectrum (Fig. 1, 
Curve I) has A,,, 219 mp, emax 13,900. 

Anal. Calc'd for C I Z H ~ ~ O ~ :  C, 72.68; H I  11.18; eq. m-t'., 
198. Found: C, 72.77; H,  11.41; eq. wt., 200. 

Ethyl 4-isopropyl-2-methyl-3-octenoate was prepared by 
esterifying 1.5 g. of the acid (n'; 1.4539) in dilute refluxing 
ethanolic sulfuric acid. Fractional distillation yielded 1.4 
g. of the conjugated ester, b.p. 95-96"/2.5 mm., n'," 1.4488. 
The ultraviolet absorption spectrum has A,,, 217 mp 

Anal. Calc'd for ClaH2602: C, 74.28; H, 11.58. Found: 
C, 73.98; H ,  11.68. 

Ethyl fert-butyZcyanoacetate3~ was prepared by the method 
of Alexander, McCollum, and Paul.40 The intermediat'e 
ethyl isopropylidenecyanoacetate,31 prepared according to 
Cope and I l a n ~ o c k , ~ ~  1%-as obtained in 377,  yield, b.p. 117- 
119"/18 mm., m.p. 28" (lit'.42 m.p. 28"). X solution of 
126.2 g. of ethyl isopropylidenecyanoacetate in ether was 
added to the Grignard reagent, from 140 g. of methyl iodide 
and 24.3 g. of magnesium turnings. The mixture v a s  stirred 
overnight a t  room temperat,ure and then refluxed for one 
hour. The usual Iyork-up procedure gave on fractional dis- 
tillation 67.4 g. (49%) of ethyl tert-butylcyanoacetate, b.p. 
87-89°/20 mm., n p  1.4246 (lit.40 b.p. 88"/5 mm., ny 
1.4268). 

Ethyl n-butyl-2ert-butyZ~yanoacetate~~ was prepared by the 

(€218 1950). 

(emax 13,200). 

(40) E. R. Alexander, J. D. McCollum, and D. E. Paul, 
J .  Am. Chena. Soc., 72, 4791 (1950). 

(41) A. C. Cope and E. A l .  Hancock, Org. Syntheses, 
Coll. Vol. 3, 399 (1955). For an alternative procedure, cf, 
F. S. Prout, R. J. Hartman, E. P.-Y. Huang, C. J. Korpics, 
and G. R. Tichelaar, Org. Syntheses, 35, 7 (1955); F. S. 
Prout, J .  Org. Chem., 18, 928 (1953). 

(42) G. Komppa, Ber., 33, 3530 (1900). 

usual malonic ester alkylation procedure43 from 99.5 g. 
of ethyl tert-butylcyanoacetate, 14 g. of sodium and 98.5 g. 
of n-butyl bromide. The sodium ethoxide-malonic ester 
solution was refluxed for one hour before the addition of 
the butyl bromide and for 9 hr. after the addition. Dilution 
with water and the usual work-up procedure and fractional 
distillation yielded 75 g. ( 5670) of ethyl n-butyl-tert-butyl- 
cyanoacetate, b.p. 121-123"/15 mm., n p  1.4401. 

Anal. Calc'd for C13H23N02: C, 69.28; H,  10.28; S, 6.22. 
Found: C, 69.20; H ,  10.15; N, 6.65. 

d-tert-BzLtylhezanenitr~le. A solution of 117.2 g. of ethyl 
n-butyl-tert-butylcyanoacetate and 135 ml. of 5 s  et'hanolic 
potassium hydroxide was refluxed for 2 hr. The react'ion 
mixture was diluted d h  water and acidified to give an oily 
layer. The two phases were Eeparated; when the organic 
layer was washed with water it solidified to white crystalline 
n-butyl-tert-butylcganoacetic acid. The acid had n1.p. 113- 
114' aft'er recrystallization from hexane. 

Anal. Calc'd for CllHI9SO2: C, 66.97; H ,  9.71; N,  7.10. 
Found: C, 67.04; H,  9.82; IT, 7.29. 

The aqueous phase was extracted with ether and the ether 
extracts were combined with the solid acid, then washed 
with water, and dried over sodium sulfate. Ether was 
removed by flash distillation and the cyano acid was de- 
carboxylated by heating for two hours a t  195". The result- 
ing 2-tert-butylhexanenitrile was distilled rapidly a t  atmos- 
pheric pressure, b.p. 202", then fractionally re-distilled to 
yield 73.0 g. (927,) of nitrile, b.p. 99-100"/31 mm., ny 
1.4241. 

Anal. Calc'd for CloHlsN: C, 78.36; H,  12.50; S, 9.14. 
Found: C, 78.65; H ,  12.48; S, 9.33. 

2-tert-Butylhezanoic acid was prepared by the method 
of Parham.4e A solution composed of 30 g. of 2-teit-butyl- 
hexanenitrile, 30 g. of concentrated sulfuric acid, 120 g. of 
glacial acetic acid, and 60 g. of water was heated for 48 hr. 
under reflux. The cooled reaction mixture 71-as poured over 
ice to give a white solid, which was extracted from the 
aqueous layer with ether. The ether extracts were ext'ract'ed 
with saturated sodium carbonate; however, acidification 
of the carbonate extracts yielded no organic acid. Ether 
was removed by distillation to  give 31.1 g. (939%) of 2-lert- 
butylhexanamide. A small sample was crystallized txice 
from acetone as long transparent needles, m.p. 102-103". 

Anal. Calc'd for C10H21KO: C, 70.12; H ,  12.36; K, 8.17. 
Found: C, 69.97; H, 12.26; S, 8.37. 

The amide obtained above (31.1 9.) mas mixed i-cith 165 
ml. of Concentrated sulfuric acid and 150 ml. of glacial acetic 
acid. The r e s u l h g  mixture iyas cooled to 0' and a solution 
of 12.3 g. of sodium nitrit'e in the minimum amount of water 
was added wit'h mechanical stirring. The reaction was 
allon-ed to warm to room temperature, and was then heated 
t'o 60"; evolution of nitrogen began a t  36". After gas evolu- 
tion had ceased, the mixture was cooled t'o 0" and the diazo- 
tizat'ion procedure Yas repeated. The reaction mixture was 
then decanted slowly into 300 ml. of ice Tyater. The oily 
layer which formed was extracted into hexane. Removal 
of solvent, and fractional distillation yielded 25.4 g. (81%) 
of 2-tert-butylhexanoic acid, b.p. 120-124'/7 mm., n'," 
1.4304. ~ ~. ~ 

Anal. Calc'd for C10H2002: C, 69.72; H I  11.72. Found: 
C, 69.36; H, 11.93. 

In a second run a solution of 35.2 g. of nitrile, 35 g. of 
concentrated sulfuric acid, 75 g. of acetic acid, and 35 g. of 
water \vas refluxed for three days. The intermediate amide 
was not isolated but was diazotized directly. To the crude 
reaction mixture was added 97 ml. of concentrated sulfuric 
acid. The resulting mixture was cooled to 0" and diazotized 
twice with 15.8 g. quantities of sodium nitrite solution, as 
above. Work-up as before and fractional distillation yielded 
31 g. (787,) of 2-tert-butylhexanoic acid. 

2-tert-Butylhezanal was prepared by Rosenmund reduc- 

(43) C. S. Xarvel, Org. Syntheses, Coll. Vol. 3, 495 
(1955). 
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tion of the acid chloride, as described for 2-isopropylhexanal 
above. The intermediate 2-tert-butylhexanoyl chloride, 
from 56.4 g. of 2-tert-butylhexanoic acid and 117 g. of 
thiongl chloride, was obtained in 9470 yield (59 g.) after 
distillation through a short Vigreux column, b.p. 95'/20 
mm., ny 1.4393. The acid chloride (59 g.) was convert,ed 
to t'he aldehyde, employing 10.25 g. of palladium-barium 
suliate and 0.62 ml. of sulfur-quinoline poison in 210 ml. 
of sodium-dried xylene. The reaction appeared complete 
after S1/2 hr., when 79% of the theoretical amount' of hydro- 
gen chloride had been evolved. Kork-up and fractional dis- 
tillation of the entire solution yielded 28.6 g. (59Yc) of 
2-tert-butylhexanal. A center cut' had b.p. 85-86"/23 mm., 
T L ~  1.4280. 

The 2,4-dinitrophenylhydrazone had m.p. 163-164" after 
two crystallizations from 95% ethanol. 

Anal. Calc'd €or CL6H24S404: C, 57.12; H, 7.19; N, 16.66. 
Found: C, 57.38; H, 6.89; h-, 16.71. 

An unsuccessful at't'empt \\-as made to prepare 2-tert- 
butylhexanal via lithium aluminum hydride reduction of 
2-terl-butylhexanenitrile. A solution of 0.684 g. of lithium 
aluminum hydride in 100 ml. of ether was added at  dry ice- 
temperature t80 11.3 g. of the nitrile in 100 ml. of et.her. 
h€tmer the mixture had been st'irred for one hour a t  this 
temperature i t  was allowed t,o warm t'o room t'emperature. 
Hydrolysis a t  0' and distillation of the product gave oiily 
recovered starting nitrile. 

Preparation awl dehydration of ethyl 4-tcrt-butyl-8-iiiethyl- 
3-hydrozvoctanoate. This 0-hydroxy ester iva6 prepared by 
the Reformatsky reaction as described above for the 
preparation of ethyl 4-isopropyl-2-methyl-3-hydroxyoctano- 
ate. The present sequence employed 28.0 g. of 2-tert-butyl- 
hesanal, 100 g. of ethyl a-bromopropionate and 35.8 g. 
of zinc foil. A small portion of the hydroxy ester was dis- 
tilled through a 3-ft. modified Vigreux column,4* b.p. 

I - 
11-1"/2 mm., ny  1.4482. 

C. 69.86: H. 11.57. 
Anal. Calo'd for CljH3003: C, 69.72; H, 11.70, Found: 

'This material n-as combined rr-ith the undistilled crude 
hydroxy ester and dehydrated as described for the -1- 
isopropyl hydroxy ester. I n  this case 285 g. of pyridine and 
62 g. of phosphorus oxychloride m-ere employed. A%fter the 
usual work-up procedure, the product \vas fractioiially 
distilled to yield 26.5 g. (62%) of mixed unsaturated esters, 
obtained in 16 small fractions. The composition of each 
fraction was estimated from the refractive indices for the 
pure conjugated arid unconjugated esters given belon--. Thus, 
there xvere obtained 16.6 g. of j3,yunsaturated ester (96YG 
pure) b.p. 89-92"/2.4 mm., naj 1.4399, 4.5 g. of inter- 
mediate fractions (containing 28y0 of a,5-unsat'urated 
ester), b.p. 89--91'/2.2 mm. and 5.4 g. of a,@-unsaturated 
est,cr (SSLi ,  pure) b.p. 94-95'/2.2 mm., n g  1.4502. From the 
composition of these fractions it \vas estimated that the 
dehydration gave a mistiire containing only 25y0 of the 
conjugated isomer. 

E t h y l  4-tert-Dutyl-&-methyi-~-octenoate v a s  obtained in 
pure form by the partial esterificat,ion method described 
above for ethyl 4-isopropyl-2-methyl-3-octenoate. From 
16.6 g. of @,-,-unsatiirated ester ( 7 1 7  1.4399) there was 
obtained after saponification and partial esterification 12.9 
g. of puIe et,hyl -1-tert-buty1-2-meth~l-3-octenoate; the best 
sample had b.p. 88-90"/2.6 mm., ny 1.4395. The ult'ra- 
violet absorption spectrum shoned no maximum above 205 
m p  and only lon- absorption at, 218 mp ( ~ 2 ~ 8  2040). 

Anal. Calc'd for C15H2802: C, 74.92; H, 11.77. Found: 
C, 74.80; H, 11.66. 

4-tert-Butyl-Z-inethyl-3-octenoic acid v-as prepared by 
saponification in ethanolic potassium hydroxide of 3.0 g. 
ol ethyl 4-tert-butyl-2-methyl-3-octenoate (ny  1.4395). 
The pure arid (1.2 g.) had b.p. 109-11l0/O.9 mm., ny  
1.4541. The ultraviolet spectrum s h o w  no inflection point 

(14) Ref. (29), p. 245. 

above 205 mp and only low absorption near 220 mp 
2120). 

Anal. Calc'd for C,sH2aOn: C, 73.53; H, 11.39; eq. wt., 
212. Found: C, 73.98; H, 11.38; eq. wt., 211. 

4-tert-Butyl-2-methyl-2-octenoic acid m-as initially purified 
by partially est'erifying the acid obtained on saponification 
of the high-boiling dietillat,ion fraction above (naj 1.4502), 
as previously described for the isopropyl conjugated acid. 
The unsaturated acid obtained in this mariner had b.p. 
130°/1.5 mm., m.p. 68-70" and the ultraviolet absorption 
spectrum (A,,, 220 mp, emax 11,800) showed it  to be rela- 
tively impure. 

The unconjugated isomer \vas accordingly removed by a 
procedure involving lact,onization, as has been previously 
described.2 A mixture of 7.5 g. of 4-tert-butyl-2-rnethyl-2-jand 
3-) octenoic acids (consisting of 86% of the A2 isomer), 35 ml. 
of ethylene glycol and 2 .5  ml. of concentrated sulfuric acid 
?vas refluxed.for 40 hr. The reaction mixture \vas poured 
into water and the mixture of conjugated glycol ester and 
lactone was isolated in the usual manner. Saponification of 
this mixture and fractiorial distillation yielded 1.5 g. of pure 
4-tert-butyl-2-methyl-2-octenoic acid, b.p. 129-130"/1.3 
mm., m.p. 74-75'. The ultraviolet spectrum of this sample 
had I,,, 220 mw, emax 13,800. 

Anal. Calc'd for C1SH2,0e: C, 73.53; H, 11.39; eq. Tvt., 
212. Found: C, 73.50; H, 11.63; eq. wt., 216. 

Ethyl -$-tert-butyl-&-i,~ethyl-R-octenoate was obt,ained in 
someJvhat impure form by est'erification of the acid (n1.p. 
68-70') obtained from the partial esterification technique 
above. From 1.0 g. of acid t,here was obtained 0.8 g. of ethyl 
4-tert-butyl-2-methyl-2-octenoate, b.p. 101-102°/2.4 mm., 
n y  1.451.3. Although there mere no bands in the infrared 
spectrum indicating presence of p,-punsaturated ester, a 
small shoulder at, 1775 em,-' is indicative of the presence 
of saturated -,-lactone.2 The ult'raviolet absorption spectrum 
(I,,, 218 mp, emax 12,860) s h o w  the sample to contain ca. 
37, of unconjugated material. 

Anal. Calc'd for Cl&Op: C, 74.92; H, 11.77. Found: 
C, 74.73; H, 11.51. 

Determination of the composition of mixtures of a,& and 
P,y-unsaturated acids and esters. A.  Vltraviolet absorption 
spectra. I n  the isomerization experiments described below, 
mixtures of conjugated and unconjugated unsaturated acids 
were obtained. Ultraviolet spectm of these mixtures w r e  
det'ermined and compared algebraically and graphically 31-it.h 
the spectra of the pure isomeric acids given above. I n  the 
algebraic method the extinction coefficient of the mixture 
\vas determined at the wave length for d i i c h  the two pure 
isomers show the maximiini differential between their 
ext'inction coefficients. For both the isopropL-1 and tert-butyl 
acids this wave length is 220 mp. The compositions of mix- 
tures were then calculated from the follorviiig formula.2 

For 4-isopropy1-2-methyl-2(and -3)-octenoic acids: 

139X + 21.2(1 - X)  = 8'220 

For 4-terl-butyl-2( and -3)-oct,enoic acids : 

138X $. 19.2(1 - X) = 6'220 

I n  each case X is the fraction of conjugated isomer, while 
~ ' 2 2 0  = €220 X for t,he mixture of acids. 

For each mixture analyzed in this manner, a theoretical 
curve 11-as prepared, based on the percentage calculated 
from the above formulas of the t T r - 0  isomers present in the 
mixture and the observed spectra of the piire isomers in the 
range of high absorption (205-230 mp). In  each case the 
theoretical curves 80 prepared mere in excellent agreement 
with those obtained for the equilibration mixtures (cf. Fig. 
2). Thus, the shapes of the curves2 confirm the compositions 
calculated algebraically. 

B .  Refractive indices. For mixtures of unsaturated isomeric 
esters, obt,ained from fractional distillation of the dehydra- 
tion products above, the composition was estimated alge- 
braically from t,he refractive indices of t'he mixture and of 
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the two pure isomeric esters. A linear dependence of refrac- 
tive index on composition was assumed. While this method 
is subject to distortion by small amounts of impurities and 
is not so accurate as that  employing the ult'raviolet spectra, 
it has the advant'ages of speed and simplicity and was also 
employed in roughly estimating the composition of the 
mixtures of unsaturat,ed acids obtained from equilibrations. 

Equilibrations of mixed esters were performed according 
to a previously described procedure.2 

A. Ethyl 4-isopropyl-3-methyl-W(and -3)-octenoates. Run I .  
A solution of 3 . 4 s  sodium glycolate was prepared in a metal 
flask by dissolving 5.8 g. of sodium in 75 ml. of anhydrous 
ethylene glycol. This had been previously dried by distilling 
150 ml. of glycol from over sodium into the metal flask and 
then redistilling half of this quantity to  remove last traces 
of water. To the sodium glycolate solution jyas added 10 g. 
of a mixture of ethyl 4-isopropyl-2-methyl-2( and -3)- 
oct'enoates (ny 1.4410) containing ea. 27% of the conjugated 
isomer. The resulting mixture was refluxed for 36 hours, 
cooled, and diluted with water, then refluxed an additional 
hour to saponify the glycol esters. The reaction mixture 
was poured into wat'er, acidified, and worked up in the usual 
manner. The mixed acids, which vxre distilled rapidly, 
weighed 8.1 g. and had b.p. 115-124"/1 mm., ny 1.4602. 
A small sample taken just prior to distillation had n y  
1.4605, showing that no separation of isomers had occurred 
during distillation. From the refractive index of the dis- 
tilled mixture it' was est'imated to contain of the con- 
jugated isomer. The ultraviolet absorption spectrum (Fig. 

2, Curve 11) has e220 11,270, from which the mixture may 
be calculated to contain 78% of the a,p-unsaturated isomer. 

Run 2, The second run was performed in the same manner 
as the first. A mixture of 10 g. of mixed +sopropy1 unsatu- 
rated esters ( n y  1.4488), containing 67% of conjugated 
isomer, and 75 ml. of 3.4117 sodium glycolate solution was 
heated for 39 hr. under reflux, then diluted with water and 
Tyorked up as before. The mixed unsaturated acids obtained 
weighed 8.1 g. and had b.p. 114-130°/1 mm., n y  1.4602. 
From the refractive index the mixture was estimated to 
contain 72% of the conjugated isomer. The ultraviolet 
absorption spectrum (Fig. 2, Curve 111) has e220 11,170, from 
which it may be calculated that the mixture contains 777, 
of the a,@-unsaturated isomer. 

B. Ethyl 4-tert-butyl-Z-methyG2(and -3)-octenoates. The 
same procedure was employed as that described above for 
the y-isopropyl esters. A mixture of 10 g. of mixed e/-tert- 
butyl esters (ny 1.4413), containing ea. l6Y0 of the con- 
jugated isomer, and 75 ml. of 3.4.V sodium glycolate solu- 
tion was heated for 41 hr. under reflux and worked up as 
above. The isomerized product 'ivas distilled to give 7.9 g. 
of a solid mixture of acids, b.p. 115-135"/0.9 mm. The 
ultraviolet spectrum had ~2~~ 12,200, from which the mixture 
may be calculated to contain 86y0 of the conjugated isomer. 
The shape of the absorption spectrum between 205 and 230 
mp also agrees well with that calculated for a hypothetical 
mixture containing 86% of the conjugated acid. 
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By suitable choice of the order of addition of the reactants, the acetylation of p-t-butyltoluene can be directed to give 
either 2-met~hyl-4-t-butylacetophenone or 2-methyl-5-t-butylacetophenone. 

There is considerable confusion in the literature 
concerning the orientation of the ketones resulting 
from the aluminum chloride catalyzed acetylation 
of certain p-dialkylbenzenes in which one or both 
of the alkyl groups are secondary or tertiary. It has 
been variously reported that the product is a 2,4- 
dialkylacet~phenone,'-~ a 2,s-dialkylacetophe- 
none,5j6 and a mixture of 2,4- and 2,5-dialkylaceto- 
p h e n ~ n e s . ~  These conclusions were based on lion- 
quantitative data-the isolation of ketone deriva- 
tives, often in small yield. 

We have investigated the acetylation of p-t-butyl- 
toluene under a variety of conditions and deter- 
mined the composition of the acetylated products 
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by means of infrared spectrometry. Our results sup- 
port a mechanism in which the rate-determining 
step is the ionization of acetyl chloride and the 
rate of acetylation of p-t-butyltoluene is slower than 
the rate of acetylation of m-t-butyltoluene. 

It was further shown that 2-methyl-4-t-butylace- 
tophenone (117) and 2-methyl-5-t-butylacetophe- 

slow 
CHjCOCl + AlClj CHaCO+ + AIClI- 
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