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Synthesis of Unsaturated Fatty Acids!

By W. RowLaND TavLor? aND F. M. STRONG

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

CHy(CH) mC==CH + T(CHg)aCl —>
CH;(CH,),,C==C (CHy),Cl —>
CH;(CHy) mCH==CH (CH,)4COO0H
I

In the present work » has been varied from three
to five and # from four to five. In two cases acet-
vlene itself was condensed to produce w-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,?® but failed when =

was one or*two.® It may be concluded that the
present method of synthesis offers a cotivenient
and practical route to monoethenoid acids of for-
mula I, where m isless than ten and #» 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
CHz(CH2)4C.=_"CH — Grlgna.rd reagent W

PBI’s
CH,(CH,),C=C—CH,;0H —>
BrMgC=C—(CH,);Cl
CHa (CH2)4—'C-=—'C—'CH2BI'
11 CU2 Clz
CH;(CHz) 4C-=—-"CCHQCEC (CH ¢) 5Cl
111

Condensation of 1-bromo-2-octyne® (II) with
the sodium salt of 1-chloro-6-heptyse 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,” 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 ¢an be ap-
plied successfully to the preparation of diethenoid
acids in which the unsaturated bonds are separated
by several carbon atoms.®

Expetimental

Chlorinated Acetylenic Hydrocarbons.—The 1-chloro-
acetyleni¢ hydrocarbons Histed in Table I were prepared by

TABLE I

CHLORINATED ACETYLENIC HYDROCARBONS

B. p.,

Compound °C. mm.
1-Chloro-5-hexyne 4748 17
1-Chloro-6-heptyne® 78-80 33
1-Chloro-5-decyne® 78-80 2
1-Chloro-5-hendecyne 90-92 1.5
1-Chloro-6-hendecyne 77-79 1
1-Chloro-5-dodecyne 98-100 1
1-Chloro-6-dodecyne 105-~106 2
1-Chloro-6-tridecyne 112-113 2

Chlorine, %

0B % vield Caled. Fouud
1.4480 80 30.41 30.33
1.4490 85 27.15 25.80
1.4594 82 20.53 20.2%
o 61 18.99 17.61°
1.4502 72 18.99 18.88
1.4597° 48 17.66 17.11
c 94 17.66 15.87°
1.4593 86 16.51 16.46

¢ Newmun and Wotiz, Turs JOURNAL, 71, 1292 (1949), found b. p. 166° (1 atm.); »%®p 1.4507. Ahma.d and Strong?

found b. p. 116-112° (15 mum.); »%p 1.4592.
tal loss.

(1) Published with the approval of the Director of the Wisconsin
Agricultural Experitnent Staties.

(2) Division of Biochemistry, University of Illinois, Utbana.

(8) (a) Ahmad and Strong, Tuts JourwaL 70, 1660 (1948); (b)
Ahmad, Bumpus and Strong, ibid., 70, 3391 (1948).

(4) In addition the preparation of 6-hendecenoic acid® 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%.

¢ Used without further purification.

4 29.5°. ¢ Low yield due to acciden-

condensing 1-iodo-4-chlorobutane® or 1-iodo-5-chloropen-
tane with the sodium salts of acetylene, l-hexyne, 1~

(5) Henne and Greenlee, Tité JOURNAL, 67, 484 (1945).

(6y Tchao, Buil. soc. chim., [4] 58, 1533 (1638).

(7) Danehy, Killian and Nieuwland, THis Jourwar, 88, 611
(1936).

(8) Clayton, Taylor and Strong, unpublished work.
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quinone. The ether and unreacted l-heptyne were re-
moved as quickly as possible at reduced pressure, and the
residue distilled through a 15 em. Vigreux column. A
vield of 35.6 g. (66.5%), b. p. 75-80° (2 mm.) was ob-
tained. The higher boiling material in the distilling flask
(80-40 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 mm.), n®p 1.4550.

1-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-1-01, 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.
(72.89%,) 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.), n%p 1.4839, 4%, 1.1666.

Anal. Caled. for CsHpisBr: Br, 42.26.
41.28.

1-Chloro-6,9-Pentadecadiyne.—Preliminary experi-
ments indicated that the Grignard reagent from 1-chloro-
6-heptyne could be condensed with 1-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 1-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 Crignard 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
yvellow after standing ten minutes at room temperature.
Since experience had shown that very extensive decom-
position occurred on redistillation, no further purification
was attempted.

Found: Br,
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Anal. Caled. for Ci;HyCl: Cl, 14.84; H, uptake,
4.00 moles. Found: Cl, 13.22; H, uptake, 3.82 moles.

All attempts to convert this chloride to the correspond-
ing acid vig 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
vielded 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 I1I) 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.l4 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 III 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 7.19, caproic acid.

Attempted Preparation of 1-Chloro-5-heptadecyne.li—
A number of attempts were made to condense 1-tridecyne
with 1-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 ¢-
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, WIs. RECEIVED 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 X. Ahmad.



