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Synthesis of Unsaturated Fatty Acids1 

BY W. ROWLAND TAYLOR2 AND F. M. STRONG 

The method for synthesis of unsaturated fatty 
acids recently developed in this Laboratory8 has 
been used for the preparation of six additional 
monoethenoid acids of chain lengths varying 
from seven to fourteen carbon atoms, (Table III).4 

The position of the unsaturated bond was verified 
by oxidative degradation which in each case 
yielded the expected monocarboxylic acid frag
ment. Chromatography of these products estab
lished their homogeneity and thus provided 
strong evidence for the purity of the original un
saturated acids. Evidence of contamination with 
minor amounts of position isomers was obtained 
in three cases. 

The general synthetic procedure followed was 
to condense an alkylacetylene with an iodochlo-
ride and convert the product into the olefinic acid 
via the nitrile and partial hydrogenation 

was one or* two.5 It may be concluded that the 
present method of synthesis offers a convenient 
and practical route to monoethenoid acids of for
mula I, where m is less than ten and n may be varied 
from three to at least nine. 

An attempt was also made to extend the synthe
sis to a diolefinic acid of the linoleic type. It was 
proposed to build the Carbon chain by the reaction 
sequence 

1. HCHO 
CHs(CH2)4C3sCH —>• Grignard reagent -

H2O 

C H s ( C H j ) 1 C = C - C H 2 O H 
PBr3 

C H 8 ( C H a ) 1 - C ^ C - C H a B r 
II 

BrMgCSsC-(CHa) 6Cl 

Cu2Cl2 

CH8(CHa)1C=CCHaCs 

C H 3 ( C H 2 V C = C H + 1(CHa)nCl — > 
CHa(CHa)1nC=C (CHa)nCl -

CH8(CHa)1nCH = 
I 

=CH (CHa)nCOOH 

In the present work m has been varied from three 
to five and n from four to five. In two cases acet
ylene itself was condensed to produce co-olefinic 
acids. 

An attempt to prepare petroselinic acid (I, m — 
10, n = 4) by the present method was unsuccess
ful because of the failure of tridecyne to condense 
with iodochlorobutane. It would appear that 
this step in the synthesis occurs readily only if m 
is less than ten. The condensation proceeded 
satisfactorily when n was nine,3b but failed when n 

SC(CHa)6Cl 
I I I 

Condensation of l-bromo-2-octyne6 (II) with 
the sodium salt of l-chloro-6-heptyne in liquid am
monia failed to yield the expected product. Con
densation through the Grignard reagent was suc
cessful provided cuprous chloride was used as a 
catalyst,7 but the diacetylenic chloride (III) was 
obtained in poor yields, and all efforts to convert it 
to the acid failed. 

However, preliminary results have been ob
tained which indicate that the synthesis can be ap
plied successfully to the preparation of diethenoid 
acids in which the unsaturated bonds are separated 
by several carbon atoms.8 

Experimental 
Chlorinated Acetylenic Hydrocarbons.—The l-chloro-

acetylenie hydrocarbons listed In Table I were prepared by 

Compound 0C. 

l-Chloro-5-hexyne 47-48 
l-Chloro-o-heptyne" 78-80 
l-Chloro-S-deqyne* 78-80 
J-Chloro-5-hendecyne 90-92 
1 -Chloro-6-hendecyne 77-79 
l-Chloro-5-dodecyne 98-100 
l-Chloro-6-dodecyne 105-106 
l-Chloro-6-tridecyne 112-113 

" Newman and Wotiz, T H I S JOURNAL, 71, 
found b. p. 110-112° (15 mm.); rcMD 1.4592. 
tal loss. 

TABLE I 

CHLORINATED ACETYLENIC HYDROCARBONS 

B. P-. 

17 
33 

2 
1. 
1 
1 
2 
2 

1.4480 
1.4490 
1.4594 

1.4502 
1.4597d 

1.4593 

ro yield 

80 
85 
82 
Ol 

72 
48' 
94 
86 

Chlorine, 
Caled. 

30.41 
27.15 
20.53 
18.99 
18.99 
17.66 
17.66 
16.51 

% 
Found 

30.33 
25.80 
20.28 
17.6I" 
18.88 
17.11 
15.87' 
16.46 

1292 (1949), found b. p. 166° (1 atm.); W26D 1.4507. b Ahmad arrd.Strong3 

c Used without further purification. d 29.5°. ' Low yield due to acciden-

(1) Published with tke approval of the Director of the Wisconsin 
Agricultural Experiment Station. 

(2) Division of Biochemistry, University oi Illinois, Ufbaaa. 
(3) (a) Ahmad and Strong, TMs JOWKNAL 70, 1699 (1948); (b) 

Ahmad, Butnpus and Strong, Md., 70, 3391 (1948). 
(4) In addition the preparation of 6-hendecenoic acid3a was re

peated. Previous results were confirmed in every respect except 
that the over-all yield from 1-hexyne was raised from 8.5 to 26%. 

condensing 1-iodo-4-chlorobutaneSil or l-iodo-5-chloropen-
tane with the sddiunl salts of acetylene, 1-hexyne, 1-

(5) Henne and Greenlee, tuiS JOURNAL, «7, 484 (1945). 
(B) Tchao, Bull. soc. chhn., [4J 8«, 1833 (JS3S). 
(7) Danehy, Kiltian and Nieuwland, THIS JOURNAL, 58, 611 

(1936). 
(8) Clayton, Taylor and Stroag, unpublished work. 
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heptyne or 1-octyne, respectively, in 
liquid ammonia solution by the gen
eral procedure previously described .3b,s 

The l-iodo-5-chloropentane was pre
pared in 62% yield by reaction of 1,5-
dichloropentane'0 with sodium iodide 
in acetone solution as described for 
other homologs.3a'sb The redistilled 
product showed the constants: b . p . 
104-105° (14 mm.) , «25D 1.5282. 

Anal. Calcd. for C6H10ClI; I, 
54.58. Found: 1,54.15. 

Acetylenic Acids.—The chloroacet-
ylenic hydrocarbons were converted 
over the nitriles to the corresponding 
acetylenic acids as previously de
scribed,' and the products purified by 
distillation in vacuo, except for 7-te.tra-
decynoic acid which was recrystallized 
from acetone at —60 °. Physical prop
erties and analyses of the acids and 
derivatives are given in Table I I . 

Ethylenic Acids.—The acetylenic 
acids were reduced over Raney nickel 
at low pressure as previously described.3 

Using the catalyst prepared by the. 
method of Adkins and Billica11 the re
duction was accomplished smoothly in 
from four to fifteen minutes. The 
products were purified by low tempera
ture recrystallization from acetone, ex
cept for 6-heptenoic and 7-octenoic 
acids which could not be induced to 
crystallize and were therefore distilled. 
All of the acids were colorless oily 
liquids when freshly prepared. 7-
Dodecenoic acid turned light yellow on 
standing thirty days but the others re
mained colorless. Physical properties 
and analytical data are collected in 
Table I I I . 

2-Octyne-l-ol.—A modification of 
the methods of Guest12 and Tchao15 

was used. To an ether solution of 
ethylmagnesium iodide prepared from 
12.2 g. (0.5 g. atom) of magnesium was 
added 48 g. (0.5 mole) of 1-heptyne 
with constant stirring during a period 
of two hours. After one hour addi
tional refluxing gaseous formaldehyde 
generated from 45 g. of paraformalde
hyde was swept by means of dry nitro
gen into the reaction flask through a 
14 mm. inlet tube reaching to within 
1 cm. of the surface of the reaction 
mixture. This process required two 
hours. The Grignard complex was 
then decomposed with 100 g. of crushed 
ice and 100 ml. of cold 10% sulfuric 
acid, and the ether* layer separated. 
The aqueous layer was extracted with 
ether and the combined ether solutions 
were washed with water and dried over
night at —5° with calcium chloride 
after the addition of 50 mg. of hydro-

!9} Additional experimental details found 
to be helpful in securing consistently good 
yields are given in the Ph.D. dissertation of 
W. R. Taylor, University of Wisconsin, 1949. 

(10) Kindly supplied by the Electrochem
ica l Department, E. I. du Font de Nemours 
Co., Wilmington, Delaware. 

(11) Adkins and Billica, THIS JOURNAL, 
70, 695 (1948). 

12) H. FT. Guest, ibid., 47, 860 (192o). 
.'13'I V. L. Tchao, Hull soc. chini., (i) 53, 

US2 '193H). 
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quinone. The ether and unreacted 1-heptyne were re
moved as quickly as possible at reduced pressure, and the 
residue distilled through a 15 cm. Vigreux column. A 
yield of 35.6 g. (56.5%), b . p . 75-80° (2 mm.) was ob
tained. The higher boiling material in the distilling flask 
(30-40 g.) was found to be explosive if allowed to come in 
contact with air before cooling. The products from five 
runs were combined and redistilled to give 155 g. of color
less liquid, b . p . 76-78° ( 2 m m . ) , »2 0D 1.4550. 

l-Bromo-2-octyne.—In a 500-ml., r. b . flask equipped 
with stirrer, condenser and dropping funnel, and protected 
by magnesium perchlorate drying tubes, was placed 63.1 
g. (0.5 mole) of 2-octyne-l-ol, 10 ml. of dry pyridine, and 
75 ml. of ether. The flask was cooled in an ice-salt-bath 
and 54.1 g. (0.2 mole) of redistilled phosphorus tribromide 
added with constant stirring over the course of thirty 
minutes. Stirring and refluxing were continued for three 
hours. After cooling, 100 ml. of water was slowly added, 
and the organic material was collected in ether. The 
dried (calcium chloride) solution on distillation gave 71 g. 
(72.8%) of the bromide, b . p . 74-78° (2 mm. ) . Redis
tillation of the crude products from three runs through a 
30 cm. Vigreux column gave a purified product, b . p . 
69.5-70.5° (1 mm.) , W20D 1.4839, dw

t 1.1666. 

Anal. Calcd. for C8H13Br: Br, 42.26. Found: Br, 
41.28. 

l-Chloro-6,9-Pentadecadiyne.—Preliminary experi
ments indicated that the Grignard reagent from 1-chloro-
6-heptyne could be condensed with l-bromo-2-octyne 
provided cuprous chloride was used as the catalyst. If 
no catalyst was present, the reactants were recovered un
changed. 

To an ether solution of ethylmagnesium bromide pre
pared from 2.97 g. (0.12 g. atom) of magnesium was added 
15.5 g. (0.12 mole) of l-chloro-6-heptyne with stirring 
over the course of one hour. Stirring and refluxing were 
continued for two hours longer after which time the evolu
tion of ethane had apparently ceased. The mixture was 
allowed to cool and 50 mg. of cuprous chloride previously 
well dried at 125° was added. A solution of 23 g. (0.12 
mole) of l-bromo-2-octyne in 75 ml. of ether was then 
run in with stirring during one hour. Since after fourteen 
hours of stirring and refluxing the Michler ketone test for 
the presence of Grignard reagent was still positive, an 
additional 2.4 g. of l-bromo-2-octyne was introduced 
and the reaction continued six hours longer until the test 
became negative. 

The mixture was decomposed with ice and solid ammo
nium chloride, and the ether layer washed with water and 
dried over calcium chloride. The ether was removed, and 
the residue quickly distilled through a 15 cm. column. 
After a 40-60° forerun, the desired product distilled at 
136-140° (1 mm.) . There was obtained 7.1 g. (24.7%) 
of a clear, colorless liquid, which, however, began to turn 
yellow after standing ten minutes at room temperature. 
Since experience had shown that very extensive decom
position occurred on redistillation, no further purification 
was attempted. 

Anal. Calcd. for Ci5H23Cl: Cl, 14.84; H2 uptake, 
4.00 moles. Found: Cl, 13.22; H2 uptake, 3.82 moles. 

All attempts to convert this chloride to the correspond
ing acid via the nitrile or Grignard reagent were unsuccess
ful. The Grignard reagent could be formed after conver
sion to the iodide, but reaction with carbon dioxide 
yielded only resinous material. Attempted formation 
and alkaline hydrolysis of the nitrile gave a low yield of 
impure acidic material from which nothing definite could 
be isolated. 

Degradation of Ethylenic Acids.—Each of the ethylenic 
acids prepared (Table III) was subjected to an oxidative 
degradation process designed to reveal the presence of 
position isomers present as impurities. Details of the 
procedure have been presented elsewhere.14 Briefly each 
unsaturated acid was cleaved at the double bond, and the 
lower saturated monocarboxylic acid or mixture of acids 
analyzed by partition chromatography. The expected 
degradation acid was obtained in each case, and was iden
tified by comparing the position which it assumed in the 
chromatogram with that of known acids. In questionable 
cases mixed chromatograms were carried out. The formic 
acid from 6-heptenoic and 7-octenoic acids was accom
panied by 7 -8% of higher acids, probably propionic or 
above, thus indicating that these two products were not 
entirely homogeneous, but were contaminated by small 
amounts of isomeric acids in which the double bond had 
shifted toward the carboxyl group. 

Of the remaining acids listed in Table I I I all gave rise to 
homogeneous lower acids except 7-dodecenoic acid. The 
acids recovered from the chromatographic column in this 
case consisted of 92.9% valeric and 7 . 1 % caproic acid. 

Attempted Preparation of 1-Chloro-S-heptadecyne.16— 
A number of attempts were made to condense 1-tridecyne 
with l-iodo-4-chlorobutane with the object of synthesizing 
petroselinic acid. Reaction of the sodium and lithium 
salts in liquid ammonia and of the potassium salt in t-
butyl alcohol led only to recovery of unreacted starting 
materials. More drastic conditions were not tried. 

Summary 

Seven monoethylenic straight chain fatty acids 
varying in chain length from seven to fourteen 
carbon atoms were prepared from the corre
sponding 1-chloroacetylenic hydrocarbons. Ef
forts to extend the synthesis to a doubly unsatu
rated acid of the linoleic type and to petroselinic 
acid were unsuccessful. 

MADISON, W I S . RECEIVBD FEBRUARY 27, 1950 

(14) (a) Bumpus, Taylor and Strong, THIS JOURNAL, in press; 
(b) Taylor, W. R. Doctoral Dissertation, University of Wisconsin, 
1949. 

(15) Work carried out by K. Ahmad. 


