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III.  Animal Fat Concentrate No. A-21 

Collab- 
orator 

No. 

1 
2 
3 
4 
5 
6 
7 
8 

Avg.  

Conju- 
ga t ed  
Diane 

% 
2.08  
2 .12 
2 ' 1 7  b 
2 .31  
2 .32  

2 .06  
2 .14  

Method No. A-21 

Conju-  
g a t e d  

T r i e n e  

% 
0 .04  a 
0 .03 a 
0 .05  a 
0 .01 a 
0 .50  a, b, e 

0 .04  
0 .03 

Conju- Lino-  Line- 
gated le ic  lenic 
Te t r a -  Acid Acid 

ene 

% % % 
0.00 4 .6  a 7.9 a 
0 .00  c 6 .4  a, b 8 .4  a, b 
0 .00a,  b 7.3a, b 3.3a, b, d 
0 .00  b 5 .1a  4.0 a 
0 .00  e 4 ,6  a !11.8 a 

6.7a,b 4 .4  a, b 
0.00b, a 8.9a, b, Oi16.2a, b,~ 
0.00  7.5 [ 9.0 
0.OO 6.3 I 8.1 

Araeh i -  
donic  
Acid  

% 
21.2  
22 .2  
26.2  b 
2 5 . 6  
23 .5  
25.3  b 
14 .9  ~ 
21 .1  
22 .5  

P e n t a -  
enoic  
Acids  

% 
2.0  
2.3 
2.5 b 
2.5 
2.2 
2 .6  
1.3 d 
1.5 
2.1 

a Indicates that one or more  of the slit wid ths  involved in  measu re -  
ments  from which these va lues  w e r e  ca l cu la t ed  were  not  w i t h i n  the r a n g e  
0.8 to 0.9 ram. r e q u i r e d  by T e n t a t i v e  Method  Cd 7-48 for  m e a s u r e m e n t s  
in the triene region. 

b Indicates that one o r  more  of the  abso rbanc ie s  involved  in  th i s  
calculation were  not within the r a n g e  of 0 .2  to 0.8 r e q u i r e d  by Ten ta -  
t ive  l~Iethod Cd 7-48.  

e V a l u e  ca lcu la ted  by c h a i r m a n .  
a Va lue  r e c a l c u l a t e d  by c h a i r m a n .  
e Not inc luded  in  ave r age .  

ples known to contain no arachidonic acid, i.e., most 
vegetable and drying  oils, by elimination of all val- 
ues in the tetraene region, about 300 m~. Can a 
fu r ther  simplification of similar nature  be made for 
oils known to contain no linolenic acid, i.e., cotton- 
seed, sesame, peanut  oil, etc., by elimination of all 
values in the triene region, about 268 mt~ ? 

In  your  opinion has this collaborative work sat- 
isfactorily demonstrated that  such a simplification 
should be recommended and included in Method Cd 
7-48 ? 

Objective: Certain laboratories dealing pr imari ly  
with animal fats, fish oils, etc., prefer  to work with 
21% alkali for determinations of araehidonic acid, 
pentaenoic acids, etc. O the r  l abora to r ies ,  working 
pr imari ly  with vegetable and drying oils, consider 
the 6.6% alkali more convenient. Can Tentative 
Method Cd 7-48 provide 21% and 6.6% alkali as 
alternate methods for all samples, thus eliminating 
the requirement for some groups to work with both 
concentrations ? 

In  your  opinion does the collaborative work on Lin- 
seed Oil, reported here, jus t i fy  this alternate method ? 

Objective: A method involving 21% alkali is pro- 
posed as superior for  determination of arachidonic 
acid and essential for  determinations of acids more 
unsaturated than arachidonic acid. 

In  your  opinion should the 21% alkali be intro- 
duced into Tentative Method Cd 7-48 for all polyun- 
sa tu ra ted  acids more unsaturated than araehidonie? 

Should determinat ion of araehidonic acid be rec- 
omnlended with 6.6%, 21% alkali, or optional use of 
either ? 

I V .  T u n g  Oil  M e t h o d s  N o .  T - 1  a n d  T - 2  

Method T-1 

1 
2 b 
3 b 
4 
5 
6 b 
7 c 
8 

Avg.  

Collab- 
o r a to r  Conju- 

No. ga t ed  
Diene  

% 
0.12  
0 .00  
1.22 
0 .00  

0 .08  
2 .32  
0,16 
0.26  

Con juga t ed  T r i e n e  

a-Eleo- ~-Eleo- 
s t ea r i c  s t ea r ic  

Acid  Acid 

% % 
8 0 . 6  0.0 a 
81 .0  0.0 
77 .0  2 .4  
81 .2  10 .4  

74 .8  5.5 
41 .1  35 .7  
79 .3  0.0 
79 .0  3.0 

i Method T-2 

Lino-  Lino-  
leic leic 

Acid Acid 

% 
6.4 
5.8 
4.2 
4 .0  

4.5 
2.2 
6.2 
5.2 

% 
7.0 
7.0 
6.4 
4 .4  

5.2 
3.0 
7,4 
6.2 

a A:etuall r epo r t ed  as a n e g a t i v e  va lue .  
b I n d i c a t e s  t h a t  one or  more  absorbanc ies  used  in  the  ca lcu la t ions  

were  not  obta ined on a B e c k m a n  D U  w i t h  m a x i n m n l  sens i t iv i ty .  
c Not  inc luded  in  ave rages .  

Objective: At the present time no official method 
exists for the determination of non-conjugated acids 
in the presence of large quantities of conjugated con- 
stituents. The linoleic a~id content of tung oil stud- 
ied is one example. Should Tentative Method Cd 
7-48 be extended to include the method studied here ? 
I f  so, should the simplified calculation of Method T-2 
be used or is the more rigorous Method T-1 desirable ? 

Properties of the Methylene Group in 1,4-Dienes. I. Catalytic 
Polymerization of 1,4-Pentadiene 1 
OLIVER GRUMMITT and C. C. CHUDD, 2 Western Reserve University, Cleveland, Ohio 

T 
HE METHYLENE GROUP in the 1,4-diene system of 
linoleic and linolenic acids is a key s tructural  
feature in the chemical behavior of non-conju- 

gated drying  oils. The simplest compound containing 
this s tructure is 1,4-pentadiene. While this is not an 
exact model of the fa t ty  acids, because of the termi- 
nal double bonds in 1,4-pentadiene, its chemical be- 
havior should be closely analogous. The purpose of 
this work was to s tudy catalytic isomerization and 
polymerization reactions of 1,4-pentadiene in relation 
to those reactions of drying oils. 

According to the current  theory of thermal  poly- 
merization (heat bodying),  non-conjugated oils, such 
as linseed and soybean, initially isomerize on heating 
so that  a fract ion of the ethylenic groups are conju- 

t P r e s e n t e d  before  the  O r g a n i c  Chenf is t ry  Div is ion ,  A m e r i c a n  Chemi- 
cal  Society, Atlantic City, September ,  1 9 5 2 .  

z Present  address: D e p a r t m e n t  of Chemis t ry ,  U n i v e r s i t v  of Dayton ,  
Dayton, O. 

gated. Polymerization then proceeds by Diels-Alder 
addition between a 1,3-diene group in one acid radical 
and a double bond in another. 

While many substances accelerate the thickening 
of f a t ty  oils, the important  catalysts, i.e. substances 
which  do not permanent ly  combine with the oil, are 
sulfur  dioxide, quinones, and nickel. These com- 
pounds are also isomerization catalysts because they 
accelerate the conversion of 1,4-diane groups to con- 
jugated structures. Among other isomerization cata- 
lysts, alkali metal hydroxides are best known. Typi- 
cal catalysts of these types have now been investigated 
for their quanti tat ive effects on 1,4-pentadiene. 

P o l y m e r i z a t i o n  of 1 ,4-Pentadie~e  

Thermal and boron fluoride-catalyzed polymeriza- 
tions of 1,4-pentadiene have been reported by Ahmad 
and Farmer  (1), who showed that  1 ,4 -pen t ad i ene  
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without  catalyst  was stable up to 200 ~ . At  250 ~ the 
d imer  port ion of the polymer consisted in pa r t  of 
1-methyl-2-allylcyclohexene-5. The format ion of this 
product  was in terpre ted  as a Diels-Alder condensa- 
t ion of a molecule of 1,3-pentadiene, formed by isom- 
erization, with 1,4-pentadiene as the dienophile. Thus 
the conjugation and addition paralleled the reactions 
which occur in the thermal  polymerization of non- 
conjugated oils. 

1,4-Pentadiene is not commercially available. There- 
fore the Boord synthesis (5, 6, 18) was developed to 
give consistent yields. In  this synthesis alpha-ehloro- 
ethyl ethyl ether, made f rom paraldehyde,  ethanol, 
and hydrogen chloride, is brominated to alpha, beta- 
dibromoethyl  ethyl ether, which is alkylated with 
al lylmagnesium bromide to alpha-allyl-beta-bromo- 
ethyl  ethyl  ether. Reaction with zinc removes bro- 
mine and ethoxyl to give 1,4-pentadiene. No 1,3-pen- 
tadiene is formed. The pu r i ty  of the intermediates  
was checked by  quant i ta t ive halogen analyses, and 
the over-all yield of purified 1,4-pentadiene was 35- 
37%. 

The isomeric 1,3-pentadiene (piperylene)  was ob- 
tained in 48% yield by the alumina catalyzed dehy- 
dra t ion  of 3-penten-2-ol, which was made f rom cro- 
tonaldehyde and  methylmagnes inm bromide (8).  

To detect the format ion of :l,3-pentadiene, ultravio- 
let absorption spectra  were determined on mixtures  
of 10-90% of 1,3 and 1,4-pentadienes. The average 
deviation of this method was • 1.4%, and the maxi- 
m u m  was _+ 2.4%. A more sensitive test is the or- 
ange-red color given by the coupling of 1,3-pentadiene 
with p-nitrobenzenediazonium chloride to form an azo 
derivat ive (9). 1,4-Pentadiene is negative in this test, 
and 1% of 1,3-pentadiene in 1,4 is easily detected. 

The isomerization and polymerizat ion experiments  
were run  in a 250-ml. stainless steel bomb, electrically 
heated and magnetical ly stirred. The products  were 
separated by  fract ional  distillation into C~, dimer, 
and polymer fractions. With  20 g. (30 ml.) of penta- 
diene in the bomb and no catalyst,  heat ing at 250 ~ 
for  36 hours gave no reaction. The addit ion of 2.5% 
of anthraquinone had no  effect. These results contra- 
dicted the earlier work (1),  where the uncatalyzed re- 
action at 250 ~ (in a copper bomb) gave 15% of poly- 
mer. That  copper had no catalytic effect was shown 
by  adding copper wool in one of our experiments. 

A possible explanation for this discrepancy was 
tha t  all of the 1,4-pentadiene was in the gas phase as 
a consequence of heating above the critical tempera-  
ture.  I f  this were the case, then the relative volumes 

of liquid and bomb would determine the concentration 
of 1,4-pentadiene. Crit ical data  for  1,4-pentadiene 
do not appear  to have been published. An approxi-  
mate determinat ion of the critical t empera tu re  gave 
200 ~ which showed tha t  only gaseous pentadiene was 
present  in these 250 ~ experiments.  Next, experiments  
were run  with increasing charge in the bomb so as to 
increase concentration in the gas phase. With  65 g. 
(100 mL)  of pentadiene at 250 ~ the initial  pressure 
was 900 p.s.i., and, a f te r  36 hrs., the yield of polymer  
was 8.2% (Exp.  1). 

Neither  the initial pressure of 900 p.s.i, nor the final 
pressure of about 700 p.s.i. (Exp.  1) is critical. For  
example, with the charge adjusted to an initial pres- 
sure of 760 p.s.i, at  250 ~ the final pressure was 650 
p.s.i, and the yield of polymer  was only slightly less 
than  tha t  of Exp.  1. 

As soon as polymer  forms, the reaction becomes 
heterogeneous because 1,4-pentadiene is distr ibuted 
between the liquid polymer  and the gas phase. 

Table I smnmarizes experiments  run  at  varimls tem- 
pera tures  and times, with and without catalysts. The 
catalysts, compared under  identical conditions, were 
anthraquinone ( I ) ,  anthraquinone-fl-carboxylic acid 
( I I ) ,  fi-chloroanthraquinone ( I I I ) ,  su l fur  dioxide 
( I V ) ,  and  aqueous sodium hydroxide (V) .  The cata- 
lyst concentration was 0.8% by~ weight with respect to 
1,4-pentadiene. In  no case was 1,3-pentadiene found 
in the reaction products,  either by  ultraviolet  absorp- 
tion or the color test. Af te r  recovery of unreac ted  1,4- 
pentadiene, a f ract ion distilling at 168-182 ~ was shown 
to be C~oH16 or dimerized pentadiene. The boiling 
range and refract ive index (n~)  of 1.4786 (1.4672- 
1.4733 if catalysts are used) were close to t h e  values 
repor ted  earlier (1):  176 ~ and ca. 1.4808. Thus at  
least pa r t  of the reacted 1,4-pentadiene had presum- 
ably isolrlerized and condensed to dimeric products. 
The va ry ing  values of the refract ive index indicate 
that  isomeric dimers are present.  

Wi th  sulfur  dioxide as a catalyst,  no 1,3-pentadi- 
ene sulfone or polysulfone was found. The sulfone 
decomposes at about 100 ~ (4), but  under  p r e s su re  
this t empera tu re  is undoubtedly  higher. 

The strong catalytic action of sulfur  dioxide was 
demonstrated in experiments  r u n  under  conditions 
where 1,4-pentadiene is recovered unchanged. With  
a bomb charge of only 20 g. plus 2.5% of sul fur  di- 
oxide, a reaction at 250 ~ for  36 hrs. had an  initial  
pressure of 365 p.s.i. The total  polymer  yield was 
10.5%, the dimer yield was 2.0% (19% of the 
polymer) .  

T A B L E  I 
Polymer iza t ion  of 1 ,4-Pentadiene  

Exper imen t  

1 ........................................... 
2 ........................................... 
3 ........................................... 
4 ........................................... 
5 ........................................... 
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8 ........................................... 
9 ........................................... 

10 ........................................... 

Cata lys t  
0.5 g. (0.8%) 

Hone 
A n t h r a q u i n o n e  ( I )  
A n t h r a q u i n o n e  ( I )  
A n t h r a q u i n o n e  ( I )  
A n t h r a q u i n o n e  ( I )  
A n t h r a q u i n o n e  ( I )  
An th raqu inone - -~ -ca rboxy l i c  

acid ( I I )  
~-ch loroanthraquinone  ( I I I )  
S u l f u r  dioxide ( I V )  
Sodium hydroxide  (V) 

Tempera- 
tu re  

+_3~ 

25O 
195 
225 
25O 
25O 
250 

250 
250 
25O 
250 

P res su re  a 
(psi .)  

8 5 0 - 7 9 0  
450 
7 2 5 - 7 0 0  
900 a 
900--720 a 
9 0 0 - 7 5 0  

9 0 0 - 7 0 0  
9 0 0 - 7 0 0  
9 0 0 - 5 5 0  
9 0 0 - 4 0 0  

Time 
(hours )  

36 
36 
36 
12 
24 
36 

36 
36 
36 
36 

Total  polymer 
yield, 

g. (%)b 
5.5 (8.5) 
0.6 (0.9) 
3.5 (5.4) 
5.2 (8.0) 

10.6 (16.3)  
12.7 (19.5)  

16,4 (25.2)  
16.0 (24.6)  
26.7 (41.0)  
36.8 (56.5)  

Dimer,  
g. (%)b 

1.0 (1.5) 

0.3 (0 .5)  
0.6 (0.9) 
1.3 (2.0) 
1.8 (2.8) 
1,9 (2 .9)  
2.3 (3 .5)  
4.0 (6.2)  

11.9 (18.3)  

H i g h  boi l ing  
polymer, g. (%)b 

4.5 (6.9)  

3.2 (4.9)  
10.7 (16.5)  
10.7 (16.5)  
10.9 (16.8)  

14.5 (22.3) 
13.7 (21.1)  
22.7 (34.9)  
24.9 (38.3)  

% 
Dimerr 

18.2 

8.6 
11.5 
12.3 
14.2 

t l . 4  
14.4 
15.0 
32,4 

a Observed in i t i a l  and f inal  pressures.  The other m i n i m u m  pressures  l isted were taken  at  
d u r i n g  the n igh t  at  36 hrs.  by an automat ic  t i m e r .  

Based on in i t i a l  charge, 65 g. (100 ml.) ,  of 1,4-pentadiene. 
c Based o n  t o t a l  yield of polymer. 

about  the 28th  h o u r ;  these react ions  were stopped 
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The catalysts not only increased the total yield of 
polymer and lowered the reaction temperatures  but  
in some cases changed the d imer /polymer  ratio. This 
ratio was 18.2% with no catalyst (Exp.  1). The 
quinones and sulfur  dioxide decreased the ratio 
slightly, sodium hydroxide ahnost doubled it. 

Under the conditions of these experiments there is 
no dissociation or decomposition of polymer to form 
1,4-pentadiene. This was demonstrated in an experi- 
ment with anthraquinone as the catalyst (Exp.  6) 
by removing the monom@, reheating the polymer and 
catalyst for  21 hours at 250 ~ . There was no pressure 
increase, and no C 5 products were obtained. 

Reactions of 1,3 and 1,4-Pentadienes 
Reactions of mixtures of 1,3 and 1,4-pentadienes 

represent the second step in the isomerization-poly- 
merization of 1,4-pentadiene and of non-conjugated 
oils. The effect of the catalysts on the interaction of 
equimolar mixtures of 1,3 and 1,4-pentadienes was 
determined under  conditions where 1 ,4 -pen tad iene  
does not appreciably react (Table I I ) .  Hence it was 
assumed that  the products  formed either by conden- 
sation of 1,3-pentadiene with 1,4 or by polymeriza- 
tion of 1,3-pentadiene. 

T A B L E  I I  

React ions of 1 ,3-Pentadiene and 1,4-PentacIiene a 

Catalyst 
Experi- 0.5 g. 

ment  (2.5%) 

11 N o ~  

12 I V  13 
14 

Total  polymer 
yield, g. (%)b 

10.2 (51.0)  
11.3 (56.5)  
11.9 (59.5)  
17.9 (89.5)  

Dimer,  g. (%)~) 

4.7 (23 .5)  
4.2 (21.0)  
3.8 (19.0)  

10.4 (52.0)  

H i g h  boi l ing  
polymer, g. (%)P, 

5.5 (27 .5)  
7.1 (35.5)  
8.1 (40.5)  
7.5 (37.5)  

Dimer  c 

46 
37 
32 
58 

a Charge :  20 g., 10 g. of each hydrocarbon;  temp. 250~ in i t i a l  press., 
350 p.s. i . ;  t ime, 36 hrs.  

b Based on 20 g. charge of dienes. 
c Based on total  yield of polymer. 

With no .catalyst at 250 ~ and an initial pressure of 
350 p.s.i. (Exp.  11) the mixture gave about 50% 
po;lymer, almost one-half of which was dimer. No 
1,3-pentadiene was recovered from this or subsequent 
experinlents. Anthraquinone (I) and sulfur dioxide 
(IV) catalyze the formation of total polymers by 
11-17% and decrease the proportion of dimer. So- 
dium hydroxide (V) almost doubled the yield of 
polymer and increased the relative amount of dimer 
by 25%. All of the catalysts gave about the same 
yield of polymer exclusive of dimer. Because Diels- 
Alder additions are rarely catalyzed (13), it appears 
that alkali promotes condensation reactions other than 
diene addition. From the standpoint of catalyzed oil 
polymerization, it may be noted that anthraquinone 
and sulfur dioxide catalyze considerably the isom- 
erization-polymerization of ],4-pentadiene (Table I), 
but the coreaction of 1,4 and 1,3-pentadienes is o~ly 
slightly catalyzed. 

Experimental 
1,4-Pentadiene2 A mixture of 200 g. (201 ml., 4.54 

moles) of paraldehyde (redistilled, b.p. 121-122.5 ~ 
and 200 g. (254 ml., 4.34 moles) of absolute ethanol 
in a 2-1., three-necked flask fitted with a mechanical 
s t irrer  and gas inlet tube reaching to the bottom of 
the flask is cooled to - -5  ~ in d ry  ice-acetone. D ry  

a The assis tance of E. P. Budewitz  in developing  this synthesis is 
acknowledged.  

hydrogen chloride (cylinder gas dried with sulfuric 
acid and calcium chloride) is passed into the stirred 
reaction mixture maintained at - -5  ~ unti l  200 g. 
(5.48 moles) have been absorbed. This requires about 
2 hrs. The reaction mixture  separates into two layers, 
the upper  layer of a-chloroethyl ethyl ether is re: 
moved, and dissolved hydrogen chloride is displaced 
by bubbling in dry nitrogen gas. Af te r  drying with 
25 g. of anhydrous calcium sulfate overnight, the yield 
of ether is 411-432 g. (87-92% based on ethanol). 
This ether is a lachrymator,  hydrolyzes rapidly in 
air, and resinifies readily above 0 ~ Therefore it is 
not distilled but  is stored in a d ry  ice chest during 
drying and until  the next  step. 

Then 425 g. (3.92 moles) of a-chloroethyl ethyl 
ether are placed in a 1-1., three-necked flask fitted 
with a dropping funnel,  stirrer,  and gas outlet tube. 
With the flask cooled in ice, 625 g. (200 ml., 3.92 
moles) of bromine are added portionwise so that  the 
mixture  becomes almost colorless af ter  each addition. 
At the end of this step, which requires 5-6 hrs., d ry  
nitrogen is slowly bubbled through to remove hydro- 
gen chloride; otherwise decomposition of the dibromo- 
ether is accelerated. The product, dried overnight 
with 25 g. of anhydrous calcium sulfate, is distilled 
at 70-75~ ram. to remove aldehyde, alcohol, and 
water before the Grignard step. The yield of col- 
orless a, f l-dibromoethy] ethyl ether is 599-663 g. 
( 6 6 - 7 3 %  based on the a -ch lo roe thy l  e thyl  e the r  
taken) ; n~) ~ 1.5097-1.5102. This ether is also a lach- 
rymator.  

Then 195 g. (8 g. atoms) of d ry  magnesium turn- 
ings and 2,400 mI. of absolute ether are placed in a 
5-1., three-necked flask fitted with a mercury sealed 
stirrer,  reflux condenser and drying tube, dropping 
funnel, and nitrogen inlet tube. The flask is cooled 
in ice, a small crystal of iodine is added, and then 
400.5 g. (287 ml., 3.31 moles) of allyl bromide (re- 
distilled, b.p. 69-71~ dissolved in an equal volume 
of absohlte ether, are added dropwise in about 17 
hrs. while a slow stream of dry, oxygen-free nitrogen 
is passed through the flask. After  the addition the 
reaction mixture is s t irred for one-half hour, and the 
reagent is ready for the next step. However, in find- 
ing optimal conditions, the Grignard yield was meas- 
ured in several runs by decanting the ether solution 
into a dry,  graduated storage bottle, rinsing the flask 
with 150-200 ml. of d ry  ether, and t i t ra t ing the com- 
bined solutions (11). The yield of allylmagnesium 
bromide is 2.62-2.95 moles (79-89%).  

AlIyl chloride (6) may replace the bromide, but 
in our experience it gave lower yields of Grignard 
reagent and the volume of solution is inconveniently 
large. 

The flask containing allylmagnesium bromide is 
immersed in ice, and a solution of 579.5 g. (2.5 moles) 
of a,fl-dibromoethyl ethyl ether, dissolved in an equal 
volume of d ry  ether, is added slowly with stirring in 
3-4 hrs. The excess of Grignard reagent (ca. 10%) 
increases the yield. Af ter  standing overnight, the 
mixture is hydrolyzed with 75 ml. of 20% acetic acid 
in water, followed by 500 ml. of water. The ether 
layer is washed four  times with 100-ml. portions of 
10% sodium bicarbonate solution and four  times with 
100-ml. portions of water. After  dry ing  with 100 g. 
of anhydrous calcium sulfate overnight and distilla- 
tion at 72-75~ ram., the yield of colorless a-allyl- 
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fl-bromoethyl ethyl ether is 370-396 g. (77-82% based 
on the a,fl-dibromoethyl ethyl ether taken) ; n}~ 1.4606. 

Next, 380 g. (1.97 moles) of ~-allyl-fl-bromoethyl 
eth~l ether are dissolved in 550 ml. of n-butyl  alcohol 
in a 2-1., three-necked flask fitted with a s t i r rer  and a 
reflux condenser, 28 cm. long, at the top of which is 
a 2.5 x 35 cm. Vigreux f rac t ionat ing column. The 
take-off of the column is at tached to an efficient water  
condenser set for  distillation. Wate r  at  35-40 ~ is 
pumped  through the reflux condenser and ice water  
through the distillation condenser. The receiver is 
cooled in ice, and its outlet is connected to a dry-ice 
cooled trap.  To the solution in the flask are added 
550 g. (8.4 g. atoms) of zinc dust and 2 g. of anhy- 
drous zinc chloride (catalyst) .  The reaction mix ture  
is st irred vigorously and heated gradual ly  (caution) 
so that  the distillation rate  is about one d rop / two  
seconds. The reflux condenser and column re tu rn  
most of the n-butyl  alcohol to the flask. The reaction 
takes 5-6 hrs. for  completion. The distillate is washed 
with five 100-ml. portions of ice water  (to remove 
alcohol), then dried overnight  with 15 g. of calcium 
chloride. The dried product  is distilled through the 
Vigreux column to give 97-102 g. (72-76%) of col- 
orless 1,4-pentadiene; b.p. 25.5-26.0 ~ n~) ~ 1.3887. The 
over-all yield f rom the four  steps is 35-37%. 

1,3-Pentadiene. 3-Penten-2-o~l, b.p., 72-79~  
mm.;  n~) '~ 1.4257, was made f rom erotonaldehyde and 
methyhnagnesium bromide (8) in 76% yield. Dehy- 
drat ion by heat ing with 10-15% of aniline hydro- 
bromide gave lower yields than  vapor  phase dehy- 
drat ion over alumina.  The 100 g. (1.16 moles) of 
3-penten-2-oI were placed in a 500-ml. distilling flask 
fitted with a capi l lary  ebullition tube. The flask was 
connected to a slightly til ted 2.5 x 77 cm. combustion 
tube, filled with act ivated a lumina (8-15 mesh, Alu- 
minum Ore Co.) and electrically heated to 460 ~ The 
outlet of the tube was connected to a vertical spiral  
air  condenser, an ice-cooled t rap,  and a cold-finger 
condenser filled with d ry  ice-acetone. The side a rm 
of the receiver a t tached to this condenser was con- 
nected to a manometer ,  manostat,  and vacuum pump.  
The system was evacuated to 20 ram., the alcohol was 
distilled through the heated tube in about 2 hrs. 
Wate r  and unreaeted alcohol (20 g.) in the t rap  were 
separated, and the alcohol was recycled. The total  
crude piperylene obtained was 66.7 g. (84%).  This 
was purified in the same way as for 1,4-pentadiene to 
give 49.0 g. (62%),  b.p. 41.5-42.3 ~ n~  1.4309. The 
over-all yield based on erotonaldehyde was 48%. 

Ultraviolet Analysis of Mixtures of 1,4 and 1,3- 
Pentadiene. The low boiling points of these hydro-  
carbons necessitate careful  handl ing in quant i ta t ive 
work. Samples were weighed in ta red  glass ampoules 
cooled in d ry  ice and  then sealed. The solvent was 
ice-cold isooetane (Phill ips Pe t ro leum Spectrograde) ,  
and the spectra were measured with a Beckman Model 
DU spectrophotometer.  The s tandard  solutions of 1,4 
and 1 ,3 -pen tad i ene  each contained 0.022 g./1. and  
these solutions were used to make known b inary  mix- 
tures at concentrations of 0.0022 g./l. Nine mixtures  
va ry ing  in steps of 10% over the range of 10-90% 
were used. 

The maximum for  1,3~pentadiene is a flat port ion 
in the curve at 2230-2235 3., specific extinction (k) 
369. The previously reported max imum was 2235 3_ 
(3). 1,4-Pentadiene is very  low in absorption, and 
there is pract ical ly  a s t ra ight  line at  2180-2300 3_. 

The absorption by  mixtures,  which is almost linear, 
is slightly higher at 2230 A than  at 2235 A. The spe- 
cific extinction for  1,4-pentadiene at 2230 A was 29.6. 
Therefore, assuming l inearity,  

% 1,3-pentadiene ---~ k~23o - -  29.6 
369 - -  29.6 X 100. 

The composition of our 1,3-pentadiene as cis and 
trans isomers was not determined. The absorption of 
the isomers differs (14). 

Critical Temperature of 1,4-Pentadiene. Samples 
were sealed into tubes 3 ram. in diameter  and 1.0 era. 
long. A tube at tached to a thermometer  was heated 
in an oil bath as in the determinat ion of a mel t ing 
point. A magni fy ing  glass and spot lamp allowed 
observation of the liquid-to-vapor transition. With  
liquid filling 1~ or more of the tube, bubbles formed 
at 173 ~ and the meniscus gradual ly  disappeared at  
about 200-202 ~ . 

Thermal Polymerizatioii. The bomb (Autoclave 
Engineers  Co., Erie,  Pa.)  was swept out with dry,  
o x y g e n - f r e e  ni t rogen at room tempera ture  while 
cooling in ice. A 67.0 g. (100 ml.) charge of 1,4- 
pentadiene, f reshly distilled f rom sodium, b.p. 25.3- 
26.0 ~ n~  1.3888, was poured into the bomb, which 
was then sealed as quickly as possible. The tempera-  
ture  was raised rap id ly  to the desired point. With  a 
constant voltage source, variable t ransformer ,  and 
shielding of the bomb, the t empera ture  control was 
• 3 ~ 

At  the end of the reaction period the bomb was 
atlowed to cool to room temperature ,  volatile materiM 
was distilled through the exhaust  valve and copper 
tubing connected to a cold-finger type condenser and  
a 150-ml. round bottom flask with a s idearm stopcock. 
This was connected to a t rap,  which in tu rn  was con- 
nected to the vaeumn line. The condenser, receiver, 
and t r ap  were cooled with d ry  ice-acetone. 

The stopcock on the receiver was used to eontro'l the 
distillation rate  at room tempera ture  while the pres- 
sure was reduced to 150 ram. Then the bomb was 
slowly heated to 70 ~ The distillate, 61.0 g. (Exp.  1), 
was redistilled through the Vigreux ealumn to give 
59.9 g. of 1,4-pentadiene, b.p. 25.5-26.5 ~ n~) ~ 1.3888. 
The color test for conjugation was weakly positive 
(9). A sample of distillate, 0.2233 g., diluted with 
isooetane to 0.0022 g./1., contained 1.3% piperylene 
by UV analysis, a value below the limit of accuracy 
of the method ( •  2 .4%).  

The polymer in the bomb was removed with ben- 
zene, and this solution was distilled through a micro 
concentric tube column (Metro Industr ies,  Long Is land 
City, N. u  13 cm. long, with the larger  tube 9 ram. 
in diameter  and the smaller, 5 ram. Disti l lation gave 
1.0 g. of colorless dimer, b.p. 165-180 ~ n~  1.4786; a 
residue of 4.5 g. The total  was 5.5 g., 8.5% of the 
1,4-pentadiene taken, and the dimer yield was 18.2% 
of the total polymer.  The dimer was analyzed: calcd. 
for  C~oH~6: C, 88.2; H, 11.8; tool. wt. 136. Found:  
C, 88.5; H, 11.6; mol. wt. 136. 

Catalyzed Polymerizations. The quinone catalysts 
were purified by crystallization: I, m.p. 283-5~ I I ,  
284-6 ~ ; I I I ,  205-6 ~ The catalyst,  0.5 g. (0 .8%),  was 
put  in the bomb first, then the 65.5 g. of 1,4-penta- 
diene were charged as described above. Volatile prod- 
ucts were isolated and analyzed in the usual way. 
The residue in the bomb was extracted with petro- 
leum ether (Skellysolve B) ,  which is a good solvent 
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for  the polymer but  not for the quinones. The cata- 
lyst was removed by filtration, recrystallized f rom 
toluene, and dried. For  example, 0�9 g. of an- 
thraquinone was recovered (Exp.  6), m.p. 282-284 ~ 
It  gave no depression in a mixed melting point with 
authentic anthraquinone. 

The sodium hydroxide catalyst (40% aqueous solu- 
tion, carbonate-free) was handled like the quinones, 
but the procedure was modified for sulfur  dioxide. 
A 25 x 200 ram. side-arm test tube, with a dry ing  
tube on the side arm, was fitted with a stopper and a 
7-mm. gas inlet tube, which reached almost to the bot- 
tom. The tube was sealed by rubber  tubing and a 
pinch clamp, then cooled in d ry  ice-acetone, weighed 
rapidly,  re turned  to the cooling mixture, and con- 
nected to a tank of sul fur  dioxide. Gas was passed 
in unti l  approximately 0.5 g. had liquefied, the tube 
was resealed, quickly reweighed, and re turned to the 
dry  ice. A 20-25-ml. portion of previously weighed, 
cold 1,4-pentgdiene was added to the test tube, and 
the mixture  was quickly poured into the bomb, which 
was already cooled in d ry  ice. The remainder of the 
1,4-pentadiene was added to the bomb. 

The distillation system was changed to include a 
gas washing bottle containing 20% sodium hydroxide 
solution connected to the bomb exhaust valve. The 
gas f rom this passed through calcium chloride and 
then to the condenser and receiver previously de- 
scribed. The gain in weight of the sodium hydroxide 
solution about equalled the sulfur dioxide taken. A 
qualitative sodium fusion test for  sulfur  on the high 
boiling polymer showed only a trace of sulfur. 

The reactions of 1,4 with 1,3-pentadiene (Table I I )  
were run  by the same general procedure. The C~ ma- 
terial distilled was 1,4-pentadiene; no 1,3-pentadiene 
was recovered. The residue in the bomb was worked 
up according to the catalyst used. The polymer was 
distilled at atmospheric pressure to collect a dimer 
fraction, b.p. 165-180 ~ The refractive indices for  
the four dimer fractions were: uncatalyzed, n~ 1.4676 ; 
anthraquinone, nD ~ 1.4674; sulfur dioxide, n}~ 1.4672; 
sodium hydroxide, n~  1.4686. 

~echanisms 

The 1,4 to 1,3-isomerization of dienes, a three-car- 
bon prototropic change (12), may occur by either a 
polar or a free radical mechanism. A hydrogen of 
the active methylene group shifts as a proton if the 
cleavage of the C-H bond is heterolytic (VI)  and 
as a hydrogen atom if it is homolytic (VI I ) .  The 
hydrogen shift is 1,3 (allylic) as the ~r electrons of 
the double bond rearrange. The driving force for 
this reaction is the greater  stability through reso- 
nance of the conjugated structure. 

c=c-cTc~c 
H ~  

C=C-C-C-C 

For  the quinone catalyzed reaetions a free radi- 
cal meehanism appears most logieal. A hydrogen 

atom from the active methylene group adds to an 
oxygen of the quinone to give an intermediate semi- 
quinone free radical (VI I I )  which is resonance sta- 
bilized (15). This may be hydrogen-bonded to the 
pentadiene group (14, 15). Rearrangement  of the 
pentadienyl radical to a 1,3-diene radical ( I X ) i s  
followed by t ransfer  of hydrogen from the semiqui- 
none radical. 

C = C - C - C = C  

0 

O 
(ANTH RA- 
QUINONE) 

C = C - C - C = C  

l 
C = C - C = C - C  

OH 

9 
XIE 

SEMIQUI- 
NONE FREE 

RADICAk 

VlIL § 13t" T C=C-C =C'C § QUINONE 
l 
H 

The greater  catalytic activity of beta-chloro- and 
beta-carboxyanthraquinones compared to anthraqui- 
none is probably due to the inc reased  resonance  
stabilization of the intermediate semiquinone free 
radicals as a result of participation of unshared 
electrons f rom the substituent. The oxidizing power 
of naphthoquinones, which is a measure of catalytic 
activity (7, 17), is also increased by beta substitution 
of groups such as halogens and earboxyl (10). 

When quinones are used with oils, conjugated 
isomers can be obtained (7, 17)�9 In  this work 1,3- 
pentadiene could not be isolated from catalyzed or 
non-catalyzed reactions. Therefore the conjugated 
hydrocarbon must be more reactive than the conju- 
gated ]inoleate and linolenate in addition and other 
polymerization reactions. 

For  sulfur  dioxide a polar mechanism seemed more 
probable than the free radical process proposed ear- 
lier (2) because a )  sulfur  dioxide is eleetrophilie; b) 
free radical conditions, light and peroxides, are ab- 
sent; and c) when sulfur dioxide adds to an olefinic 
double bond by free radical addition, polysulfones are 
formed (16). 

C=C-C-C='~C + SO 2 ~ ~ C=C-C-~-C 
I I _i 

H H : SO 2 

1 
r  § s o a ~ r 1 6 2  

I - t 
H HSO2 

The highly polar nature  of aqueous sodium hy- 
droxide undoubtedly catalyzes a polar isomerization 
through the nucleophilie activity of the hydroxide 
ion. ~ 

4 The mode of addition shown for both sulfur dioxide and sodium hy- 
droxide is the normal or IVIarkownikoff addition. I t  is recognized how- 
ever that the other vinyl group is electron-attracting, as shown by the 
zero dipole moment of styrene and the acid strengthening effect found 
in acids such as CH2----CH--Ctt~--COOH; and therefore reversed addi- 
tion is a possibility. 
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H H 
I t',4 I 

C:C-C-C:C + O H - ~  C:C-C-C-C- 
I 
OH 

17 
H H 
m i 

C = C - C , = C - C  + O H - ~  C=C-C~CI'Ca" 
OH 

Summary 
Attempts to obtain 1,3-pentadiene from the uneat- 

alyzed or catalyzed isomerization of 1,4-pentadiene 
at 200-250 ~ were not successful. Dimers and higher 
polymers were formed, presumably by conjugation 
and addition reactions. The activity of several cata- 
lysts was measured by the yields of polymer. Sodium 
hydroxide was most effective, followed by sulfur di- 
oxide, beta-chloroanthraquinone, anthraquinone-beta- 
earboxylic acid, and anthraquinone in order of de- 
creasing activity. In 1,4 and 1,3-pentadiene mixtures, 
anthraquinone and sulfur dioxide catalyze slightly 
the formation of high polymers, but sodium hydrox- 
ide catalyzes both total polymer and dimer. The qui- 
nones are believed to function in 1,4 to 1,3-diene 
isomerization by a free radical mechanism, sulfur 

dioxide and sodium hydroxide by polar mechanisms. 
These results are related to the polymerization of 
non-conjugated drying oils. 
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Dilatometric Investigations of Fatty Acid Methyl Esters 1 
B. M. CRAIG, Prairie Regional Laboratory, National Research Council, 
Saskatoon, Saskatchewan, Canada 

ILA~O~TI~Y Or the measurement of volume 
D change with is of study- temperature a means 

ing physical changes in solid and liquid states 
in which adequate time may be allowed for attaining 
equilibrium. The melting dilations and coefficients of 
expansion of liquid and solid states have been re- 
ported for a number of glycerides (3, 5, 10, 11) and 
fatty acids (8, 9, 13). 

A linear volume-temperature relationship has been 
found for the liquid state of all fat ty acids and glyc- 
erides. However the same relation does not appear to 
be valid for the solid state of the same materials. 
Bailey and Singleton (3) used the temperature inter- 
val from --38~ to --20~ to calculate the coeffi- 
cient of expansion of the solid state of a number of 
saturated glycerides. The validity of this tempera- 
tare interval for the solid state was corroborated by 
calorimetric data and the coefficients varied in mag- 
nitude from 0.00019 to 0.00030 ml. per gram per de- 
gree. A number of unsaturated fat ty acids were 
found to have coefficients greater than 0.00030 ml. 
per gram per degree in the temperature region above 
--38.87~ On the basis of calorimetric data (where 
temperatures below the melting point of mercury 
could be used) and the large observed coefficients of 
expansion, these materials were not in a completely 
solid state even at ~38~ and an arbitrary coeffi- 
cient of 0.00030 ml. per gram per degree was used to 
calculate the melting dilation. 

An examination of existing dilatometric data on 
fat ty acids and glycerides shows that there is a curvi- 

~Presented at the fall meeting, American Oil Chemists' Society, 
Mnneapolis, Minn., October 11, 1954. Issued as Paper No. 196 on 
the "Uses of Plant  Products" and as N.Y.C. No. 3671. 

linear relation between volume and temperature 
within a few degrees of the melting point. The rela- 
tion between volume and temperature in the tempera- 
ture interval from that of the completely solid state 
to the melting temperature has not been thoroughly 
investigated. Vaeek (12) reported an inflection point 
in the solidus line for cocoa butter at around --20~ 
and a linear relation for volume-temperature from 
--20~ to 14~ Craig, Lundberg, and Geddes (5) 
reported two coefficients of expansion for the solid 
state of a number of saturated glyeerides and indi- 
cated that the "break-point"  might be related to the 
melting point of the particular glyceride. 

The present work on methyl esters of fa t ty  acids 
was undertaken to provide additional data on melting 
dilations and the coefficients of expansion of solid and 
liquid states. The methyl esters appeared to be espe- 
cially appropriate for this type of study since they 
may be obtained easily in a state of high purity. Par- 
ticular attention was directed to a study of the vol- 
ume-temperature relation in the solid state. 

Experimen:tal 
Methyl palmitate, methyl stearate, methyl arachi- 

date, methyl behenate, and methyl oleate were 
purified by fractional distillation and fractional crys- 
tallization and their properties have been described 
elsewhere (4). The esters were thoroughly degassed 
under vacuum by agitation during repeated melting 
and solidification, and the saturated methyl esters 
were formed under vacuum into solid rods of 4 ram. 
diameter. 

The gravimetric dilatometer described by Bailey 
and Kraemer (2) was modified for use in this study. 


