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In order to obtain reproducible results f rom day 
to day, it is extremely important  that  the chromato- 
graphic ja r  be emptied once every two or three days 
m order to avoid contamination of the chamber with 
moisture. I t  is fu r the r  necessary to prepare the im- 
pregnating solvent mixture  and the heptane-methanol 
solution fresh before use. The ethylene glycol ~md the 
methyl alcohol should be free f rom moisture, other- 

matographic system has been described. Whatman 
No. 1 filter paper  was impregnated wi th  ethylene 
glycol-methanol (1:4, v /v ) ,  and n-heptane saturated 
with methanol was used as a developing solvent. Com- 
plete separation was achieved in 3 hrs. I t  has been 
shown that  the method can also be used for the sep- 
aration of  2,4-dinitrophenylhydrazone derivatives of 
ketones. 

T A B L E  V 
Effect  of V a r i a t i o n  in  A m o u n t  of I m p r e g n a t i n g  A g e n t  on R f  Va lues  

I R f  va lues  a 

Mi x tu r e  of 2 4-din i t rophenyl-  / ~ h  I n ~ "~ " �9 1 ~ .  y e e g.ycol ~/6 in  lue~nanol hyd r azones  _ _  ~'" -~"  '~ - -  

_ _  l O 2 o  _ 3 0  

]~e thana l  ................................................ I 0 .30 [ 0.22 I 0.18 
E t h a n a l  .................................................. [ 0.45 [ 0.38 [ 0.35 
n - B u t a n a l  ............................................... I 0.75 I 0.70 / 0.67 

a Based  on a v e r a g e s  of 3 p a p e r  s t r ips .  

wise the spots have a tendency to streak. In the sep- 
aration and identification of unknown compounds, a 
mixture  of known compounds should be run  simul- 
taneously on the same paper. The sensitivity of this 
chromatographic system is shown by efficient separa- 
tion of compounds having close Rf  values. 

Summary 
A rapid method of separating the 2,4-dinitrophenyl- 

hydrazones of C1 to C9 aldehydes by descending chro- 
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The Reaction of Methyl Vinyl Ketone with 
alpha- and beta-Eleostearic Acids 
LIDA L. P L A C E K  and W. G. BICKFORD, Southern Regional Research Laboratory, 1 New Orleans, Louisiana 

I 
N CONTINUING the exploration of the scope of the 
Diels-Alder reaction of alpha- and beta-eleostearic 
(9,11,13-octadeeatrienoie) acids (1, 2, 3), we have 

now investigated the suitabili ty of methyl  vinyl  ke- 
tone as a dienophile for  these conjugated acids. The 
prior  l i terature appears to contain only a single ref- 
erence to the use of methyl  vinyl ketone as a dieno- 
phile for  conjugated fa t ty  acids, in which a cursory 
examination was made of its reaction with trans,trans- 
9,11-octadecadienoic acid (4).  I t  seemed of interest 
therefore to evaluate the dienophilic activity of methyl  
vinyl ketone with both alpha- and beta-eleostearic 
acids. 

This communication presents an account of the 
reaction of methyl vinyl ketone with the eleostearic 
acids as well as certain considerations regarding the 
s tructures  of the resultant  adducts. 

Experimental 
Starting Materials 

Methyl Vinyl Ketone. This material, supplied by 
Chas. Pfizer and Company, was used without fu r the r  
purification. 

1 One  of the  l abora to r ies  of the  Sou the rn  Ut i l i za t ion  Resea rch  and  
D e v e l o p m e n t  Div is ion ,  A g r i c u l t u r a l  R e s e a r c h  Service,  U.  S. Depa r t -  
m e n t  of Agr i cu l t u r e .  

beta-Eleostearic Acid. Pure  beta-eleostearic acid 
was prepared by the low-temperature fractional crys- 
tallization of the mixed fa t ty  acids obtained from 
isomerized tung oil (5).  The acid, m.p. 71-72~ had 
an absorptivity, (a) = 201.8 at 269.0 millimicrons in 
cyelohexane. 

The Methyl Esters of Tung Oil Fat[y Aci~cls. These 
esters were prepared by methanolysis of alpha-tung 
oil, employing sodium methylate catalyst as described 
in a previous publication (6).  This material,  boiling 
range 152-155~ microns, contained 82% alpha- 
and 3% beta-methyl eleostearates. 2 

Preparation of Methyl Vinyl Ketone-Methyl alpha- 
Eleostearate Adduct. Approximately  100 g. of the 
methyl esters of tung  oil f a t ty  acids (ca. 0.25 mole 
methyl alpha-eleostearate), 50 g. of methyl  vinyl 
ketone (ca. 0.70 mole), and 100 ml. of benzene were 
heated at 150~ in a 325-m1., sealed stainless steel 
bomb for 16 hrs. Benzene and the excess m e t h y l  
vinyl ketone were removed by vacuum-stripping on 
a steam bath, employing a stream of carbon dioxide 
as a sweep gas. Approximately  130 g. of the crude 
product  were obtained, which had only 2.7% of unre- 
acted eleostearates. High-vacuum distillation of this 

The  a m o u n t  of e leostearates  p r e s e n t  w a s  d e t e r m i n e d  by  t h e  method 
of H o f f m a n n  et al. ( 5 ) .  
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material, employing a short path column, yielded 
81 g. of the methyl vinyl ketone-methyl alpha-eleo- 
stearate adduct with a boiling range 171-1750C./5 
nfierons. 

A~al. Calcd. for  C2aHa~Oa: C, 76.22; H, 10.57; 
OCHa, 8.56; earbonyl O, 4.42. Found:  C, 76.22; H, 
10.59; OCH3, 8.44; earbonyl O, 4.34; n 2~ 1.4838. 

Preparation of Methyl Vinyl Ketone-Methyl beta- 
Eleostearate Ad~duct. An 80.6-g. sample of pure beta- 
eleostearic acid (0.29 mole), 44.2 g. of methyl  vinyl 
ketone (0.63 mole), 100 nil. of benzene, and 0.5 g. of 
hydroquinone were heated at 150~ in a 325-m1., 
sealed stainless steel bomb for 16 hrs. Benzene and 
the unreaeted methyl  vinyl ketone were removed by 
vacuum-stripping on a steam cone, employing carbon 
dioxide as a sweep gas. The crude product  weighing 
125.9 g. was dissolved in 1,000 ml. of methanol con- 
tainiug 5 ml. of concentrated sulfuric acid, and the 
solution was refluxed for 16 hrs. After  removal of 
500 ml. of methanol by distillation, the remaining 
solution was diluted with 1,000 nil. of water  and 
extracted three times with 400-ml. portions of ether. 
The ether extract  was washed three times with 300- 
ml. portions of a 5% sodium carbonate solution and 
three times with 300-ml. portions of water. Af ter  
drying over anhydrous sodium sulfate, the ether was 
evaporated, and the residue (106.1 g.) was frac- 
t ionally distilled under  high vacuum, yielding 78.6 g. 
of the methyl beta-eleostearate adduct with a boiling 
range 170-173~ microns. 

Anal. Calcd. for  C23tt-~sOa: C, 76.22; H, 10.57; 
OCHa, 8.56; carbonyl O, 4.42. Found:  C, 76.21; 
H, 10.60; OCH3, 8.51; carbonyl O, 4.41; n ~~176 1.4821. 
Absorptivity, (a) = 0.365 at 10.3 microns in CSe. 

Hypobromite Oxidation of the Methyl Vinyl Ke- 
tone-Methyl alpha-Eleostearate Adduct. Oxidation of 
the aeetyl group of the adduct  to a earboxyl group 
was effected by t reatment  of the sodium salt derived 
from the methyl vinyl ketone-methyl alpha-eleoste- 
arate adduct  with an alkaline sodium hypobromite 
solution. A 2.86 N solution of sodium hypobromite 
was prepared by the slow addition of 28 inl. (87.5 g.) 
of bromine to a st irred solution of 80.0 g. of sodium 
hydroxide in 200 ml. of water, which was maintained 
at 0-10~ A 36.5-g. sample of the adduct (0.10 
mole) was saponified with 8.0 g. of sodium hydroxide 
in 175 nil. of water. This solution was added dropwise 
over a 30-rain. period to 300 nil. of the sodium hypo- 
bromite solution (0.43 mole), which was rapidly 
st irred and maintained at 25~ The reaction mix- 
ture was kept  at 25~ for an additional hour, af ter  
which the temperature  was raised to 60~ and the 
st irr ing continued for 2 hrs. On cooling to room 
temperature,  the evolved bromoform was extracted 
with three lO0-ml, portions of chloroform, and the 
excess sodium hypobromite (0.012 mole) was de- 
stroyed by t reatment  with sulfur dioxide gas. The 
aqueous solution was then acidified with 96 ml. of 
concentrated hydrochloric acid (2.5 mole), and the 
organic material  was extracted with three 150-ml. 
portions of ether. The ethereal solution was repeat- 
edly washed with 100raft. portions of water unti l  free 
of mineral  acid and then dried over anhydrous so- 
dium sulfate. On evaporation of the ether, 35.3 g. 
of a semisolid material was recovered, neut. equiv., 
205.7. Several reerystallizations of this material f rom 
80% ethanol at -20~  yielded 7.0 g. of fine white 
crystals, m.p. 88.5-89.0~ 

Anal. Calcd. for C21H3404: C, 71.96; H, 9.77; neut. 
equiv., 175.24. Found:  C, 71.70; H, 9.81; neut. equiv., 
175.0. 

Aromatization-Oxidation of the Methyl Vinyl Ke- 
tone-Methyl alpha-Eleostearate Adduct2 A mixture 
consisting of 27.1 g. of the adduct (0.075 mole) dis- 
solved in 600 ml. of carbon tetraehloride and 133.5 g. 
of N-bromosuccinimide (0.75 mole) was heated at 
reflux for 6 hrs. The solution was cooled and allowed 
to stand over-night at  room temperature.  At  this 
time 80.0 g. (theoret., 87.1 g.) of solid sueeinimide 
was filtered off and rinsed with fresh carbon tetra- 
chloride. The combined filtrates were evaporated to 
dryness. The brominated material  was dissolved in 
200 mI. of N,N-diethylaniline and heated at 130~ 
under  a nitrogen atmosphere for 2 hrs. Af te r  cooling, 
the semisolid reaction mixture  was dispersed in 1,000 
ml. of water and extracted five times with 200-ml. 
portions of ether. The ether extract  was washed with 
four 200-ml. portions of water and finally dried over 
anhydrous sodimn sulfate. Evaporat ion of the sol- 
vent  yielded 15.2 g. of the aromatized adduct, absorp- 
tivity, (a) = 50.52 at 265 millimicrons in ethanol. A 
3.0-g. sample of this material  was saponified by heat- 
ing under  reflux for 1 hr. with 100 ml. of water con- 
taining 3.0 g. of potassium hydroxide. During the 
following period of 2 hrs. 50.0 g. of powdered potas- 
sium permanganate were slowly added to this solution 
at a near reflux temperature.  After  an additional 5 
hrs. of heating the excess permanganate was destroyed 
by the addition of 10 ml. of ethanol, and the solution 
was filtered while hot. The solid was extracted with 
two 100-ml. portions of boiling water. The combined 
filtrates were acidified with 40.0 ml. of concentrated 
hydrochloric acid, and the volume was reduced to 150 
nil. by distillation. This solution was continuously 
extracted with ether for  24 hrs. in an efficient liquid- 
liquid extractor. On evaporation of the ether 0.2 g. 
of the oxidation product  was recovered. 

Chromatography of the Oxidation Product. Ap- 
proximately 0.2-g. samples, accurately weighed, of 
the oxidation product  and of authentic trimellitic 
acid were each dissolved in 5.0 ml. of distilled water. 
One-ml. aliquots of each of these solutions were sep- 
arately chromatographed on columns prepared by 
the procedure described by Marvel and Rands (8),  
employing 20 g. of d ry  silieie acid, 11.5 ml. of water, 
and 80 nil. of chloroform. The acids were eluted with 
successive 100-ml. portions of chloroform solutions 
saturated with water containing 0, 5, 10, and 15% 
of n-butanol. The eluate was collected in 10-ml. 
fractions, diluted with 10 ml. of absolute ethanol, 
and t i t ra ted with s tandard 0.0255 N aqueous sodium 
hydroxide to the phenolphthalein end-point. The 
ehromatograms of authentic trimellitic acid and the 
oxidation product  each exhibited peak effluent vol- 
umes of 295 ml. Trimel]itic acid was recognized in 
the oxidation product  by the occurrence of a single 
major  peak in a ehromatogram obtained on a mix- 
ture consisting of the oxidation product  and a known 
quant i ty  of authentic trimellitic acid. 

Solid Isomer of the Methyl Vinyl Ketone-Methyl 
alpha-Eleostearate Adduct. A 100-g. sample of the 
adduet  was maintained at 5~ over a period of two 
months, dur ing which time 30 g. of a solid material  

~The method of ~k. L. Cl ingman et al. (7)  was  modifie4 for  this 
aromatizat ion procedure  by increas ing the amounts  of N-bromosuccini- 
mide and  N,N-diethylaniline~ by extending the time of react ion and  
by increas ing  the tempera ture  of the reaction. 
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separated, m.p. 30-32~ Several reerystallizations 
from petroleum ether (1 g./5 ml.) yielded 15 g. of 
white needle-like crystals, whose melting point re- 
mained unchanged upon fur ther  recrystallization 
from either ethyl ether or 95% ethanol, m.p. 36.5- 
37.0~ 

Anal. Calcd. for  C23H380a: C, 76.22; H, 10.57; 
earbonyl O, 4.42. Found:  C, 76.12; H, 10.53; car- 
beRyl O, 4.39. This isomer gave a semiearbazone, 
which was recrystallized from 80% ethanol to a con- 
stant melting-point, m.p. 111.0~ 

Anal. Caled. for C24H41N~Oa: C, 68.75; H, 9.78; N, 
10.02. Found:  C, 68.71; H, 9.71; N, 9.98. 

Discussion 

I t  is well known that under  mild conditions the 
Diels-Alder reaction of conjugated fa t ty  acids pro- 
ceeds with the formation of substituted cyclohexene 
compounds by the addition of the dienophile across 
trans, trans-ethylenie bonds only (9, 10). Thus the 
expected product  front the reaction of methyl  vinyl  
ketone with alpha-eleostearie (cis-9, trans-11, trans- 
13-octadecatrienoic) acid would consist of two posi- 
tional isomers, 10- [5 (6)-acetyl-4-n-butyl-2-cyclohex- 
ene-l-yl]-cis-9-decenoic acid ( I ) ,  differing only in the 
position of the acetyl group on the ring. Since there 

,,C=G.. 
CH3(CH~,)3HG . H. ~CH CH=CH (CHi~).tGOGH 3 

H-C~'C-H 0 
C--CH a 
0 

are two positions open for dienophilic attack in the 
beta-eleostearie (trans-9, trans-11, trans-13-octadeea- 
trienoic) acid, it follows that  four positional isomers 
would result  f rom the addition of methyl vinyl ke- 
tone to this acid. 

I t  was found that  both alpha- and beta-eleostearates 
react smoothly with methyl vinyl ketone under  the 
conditions described above, producing near ly  quan- 
ti tative yields of adducts as judged by the disap- 
pearance of the triene conjugation in the reaction 
mixtures. In  early experiments hydroquinone was 
employed as a stabilizer during the reaction of 
methyl alpha-eleostearate. However its use was dis- 
continued in later  experiments because the adducts 
formed in its presence showed considerable absorp- 
tion at 10.3 microns, indicating the presence of an 
isolated trans-ethylenie bond. Apparen t ly  hydro- 
quinone at elevated temperatures may act as an 
isomerization catalyst for the conversion of eleoste- 
arates f rom the alpha to the beta form. Since these 
reactions were carried out at higher temperatures  
and pressures than those usually employed in the 
adduetion of f a t t y  acids, evidence was desired con- 
cerning the constitution of the resulting compounds. 
To obtain this information, the methyl vinyl ketone- 
methyl  atpha-eleostearate adduct  was subjected to 
quantitat ive hydrogenation,  aromatization-oxidation, 
hypobromite oxidation, and fractional crystallization. 

Quantitative hydrogenation experiments were per- 

formed on the adduets to determine the amount of 
unsaturat ion present. When palladium-carbon was 
employed as a catalyst, it was observed that  the theo- 
retical amount  of hydrogen required for  the complete 
saturation of the two expected ethylenie bonds was 
absorbed. In  an experiment employing Adam's  cat- 
alyst sufficient hydrogen was absorbed to reduce the 
carbonyl group to a secondary alcohol as well as to 
saturate the ethylenic linkages. I t  has been observed 
previously (11) that  carbonyl compounds can be 
readily reduced to alcohols by the use of Adam's  
catalyst. 

Pre l iminary  studies showed that  the methyl vinyl 
ketone-Inethyl alpha-eleostearate adduct  is remarkably 
resistant to dehydrogenation of disproportionation 
under  conditions which produce both results in the 
mMeic anhydride-beta-eleostearie acid adduet. The 
action of palladium-carbon catalyst on the lat ter  ad- 
duct in xylene resulted in the loss of the exoeyelic 
trans-ethylenie bond with at tendant  aromatization and 
disproDortionation (12, 13). tIowever, under identical 
conditions as well as without a solvent at 210~ 
the methyl vinyl ketone-methyl al~)ha-eleostearate 
adduct  was entirely unaffected, as indicated by in- 
f rared and ultraviolet  soectra. Aromatization was 
finally achieved, establishing the presence of a 6- 
membered unsaturated ring in the original adduct, 
by the bromination-dehydrobromination procedure as 
well as by the use of palladium-carbon catalyst with 
nitrobenzene as a hvd-ogen aecept0r (14~. Since the 
permanganate oxidation of the aromatized adduet 
resulted in the formation of trimellitic acid (1,2,4- 
tr icarboxybenzene),  it follows that  the unsaturated 
ring of the original adduet contained three sub~titu- 
eats in the Dositions reauired by the s t ructure  of the 
exnected Diels-Alder adduct. 

The presence of an acetyl group in the adduct has 
been confirmed by the selective oxidation of this 
moiety to a earboxyl group employing, the alkaline 
hyDobromite oxidation procedure. This tyDe of oxi- 
dation is known to convert unsaturated methyl ke- 
tones to the corresponding acids (15~. Fractional  
crystallization of the mixed ,eids obtained by the 
oxidation of the adduet  yielded a ~roduct  which ao- 
peared to be identical with the mixture of isomers 
of the acrylic acid adduct obtain-d Dreviously from 
the reaction of propiolactone with alpha-eleostearic 
acid (1). 

The occurrence of the two positional isomers in the 
reaction product  of methyl vinyl k~tone-methyl 
alpha-eleostearate was demonstrated by the separa- 
tion of the adduet  into solid and liquid fractions. 
The solid product  appears to be a pure isomer, as 
indicated by chemical analyses and the constancy of 
its melting point. Presumably the liquid fraction 
obtained contains a high concentration of the other 
positional isomer. 

On the basis of the above observations and consid- 
erations, carried out on alpha-eleostearate adduct, 
it may be concluded that  methyl  vinyl ketone reacts 
with the eleostearates to. yield normal Diels-Alder 
addition products. 

Summary  

Methyl vinyl ketone was f o u n d  to be an active 
dienophile for  the modification of the eleostearate 
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moiety of tung oil by means of the Diels-Alder reac- 
tion. Moderate quantit ies of methyl  vinyl  ketone- 
methyl  alpha- and methyl  beta-eleostearate adducts  
have been prepared  in good yields. A portion of the 
former  mater ial  has been subjected to aromatizat ion 
and selective oxidation in establishing a proof that  
the reaction proceeds by  the Die]s-Alder addition. A 
sample of the methyl  vinyl  ketone-methyl alpha-eleo- 
stearate adduct  has been fract ional ly crystallized and 
one of its two positional isomers isolated in pure  form. 
A semiearbazone derivat ive of this isomer has also 
been prepared.  
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An Extrapolation Procedure for 
Solubilities of Mixtures 

Determining 

WILLIAM B. BUNGER, Department of Chemistry, Alabama Polytechnic Institute, Auburn, Alabama 

D 
IFFERENCES in solubility form the basis for  the 
resolution of m a n y  complex mixtures  of chemi- 
cal compounds into simpler ones. In  some cases 

the solubility characteristics of the substances present  
are so different tha t  the desired separat ion can be 
achieved by exhaustive extraction with an appro- 
priate solvent. Methods for  the determinat ion of fa t  
in cereals and of volatile oils in spices are well-known 
examples. In  other cases however the constituents of 
the mixture  have such similar solubility character-  
istics that  exhaustive extraction results in the dis- 
solution of the entire mixture.  Clear-cut separat ions 
are not obtainable, and it is impossible to establish 
a value for  the percentage of the more soluble frac- 
tion without resort ing to pure ly  a rb i t r a ry  cri teria 
for  the amounts of solvent and sample used. The 
percentages of na tura l  waxes which will dissolve 
in a certain solvent have been determined in this 
manner  (1, 2). 

The solubilities of na tura l  waxes also have been 
expressed in terms of the grams of wax which will 
dissolve in 100 g. of the solvent (3). Although 
sat isfactory for  pure  compounds, this expression of 
solubility is ra ther  indefinite when applied to a 
mixture  whose composition is changed dur ing extrac- 
tion. The solution in appa ren t  equilibrium with un- 
dissolved wax may  or may  not be sa tura ted  with 
respect to every consti tuent of the mixture.  The 
solubility thus obtained will be dependent  upon the 
original amount  of wax nsed. 

The present  paper  describes a nlethod which per- 
mits the calculation of the total  amount  of the 
more soluble fract ion of a mixture  f rom the amounts 
of mater ia l  dissolved in each of several successive 
extractions. 

An accurately weighed sample of the mixture  is 
successively extracted with equal volumes of solvent 
to obtain a series of fractions. Following removal 

of the solvent by evaporation, each of the fract ions 
is weighed. The total  weight extracted, w, is then 
plotted against  the number  of extractions, n. The 
result ing curve is a section of a hyperbola,  the shape 
of which has been determined by the solubility o f  
the more soluble fract ion of the mixture.  The equa- 
tion describing this curve is 

11 w - (1)  
A + B n  

where A and B are constants. Rear rangement  of 
this equation shows tha t  a s t ra ight  line should be 
obtained by plott ing n / w  vs. n. The constant, B, 
is the slope of the line while A is its intercept  on 
the n / w  axis. 

n /w  = A + Bn (2) 

Mult iplying through by w / n  gives 
Aw 

1 -- + Bw (3) 
n 

To determine the amount  of the more soluble fract ion 
present  in the mixture,  let the number  of extractions 
approach infinity. The first term on the r ight-hand 
side of equation (3) approaches zero, and the maxi- 
mum value of w equals 1/B. The amount  of the 
more soluble f ract ion in the mixture  is equal to the 
reciprocal of the slope of the linear graph. 

Experimental 
The solubility of sugar  cane wax in ethanol was 

determined at 50~ The extractor,  designed to op- 
erate at constant temperature ,  is shown in Figure  1. 
I t  consists of a 250-ml. boiling flask fitted with a filter 
tube and a reflux condenser. The tube extends to 
within 1 ram. of the bottom of the flask, and the end 
is packed with a glass wool plug. Joints  connecting 
the filter tube assembly to the flask and the con- 
denser are made secure by springs. 


