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We recently described a stereospecific modification of the Wittig reaction [2] which permitted the development
of a new stereospecific method for the synthesis of natural cis-ethylenic fatty acids by the scheme:

CH; (CHg),, CHO - PhsP = CH (CHa), COOR
m

cis
— CHg (CHs),,, CH = CH (CH,),, COOR -+ PhsPO
{11

By this method we synthesized cis-11-efcosenoic (II; m = 7, n= 9, R= H) and cetoleic (I: m=n =9, R= H)
acids for the first time [3].

In further development of these investigations on synthesis, we havenow carried out the total syntheses ofsome
difficultly accessible acids that we required as reference compounds in the analysis of the acid fractions of natural
lipids. Starting with octanal and ethyl 8-(triphenylphosphoranylidene)octanoate (I; n = 8, R = Et), we prepared cis-8-
hexadecenoic acid (I; m=n = 6, R = H) for the first time. This acid has not been isolated previously in the pure
state, but it has been proved that it is present in herring fat [4]. By the condensation of valeraldehyde with ethyl
11-(miphenylphosphoranylidene)undecanoate (I; n = 9, R = Etj we carried out the first total synthesis of paimitovac-
cenic acid (II; m = 3, n = 9, R = H), which was isolated some years ago from the lipids of streptococci [5]. The con-
densation of undecanal with ethyl 7-(triphenylphosphoranylide)-heptanoate (I; n = §, R = Et) led to cis-7-octadecenoic
acid (I m = 9, n =5, R=H). It has been shown recently that this acid, or possibly its rans isomer, is one of the prod-
ucts of lipid exchange in man [6], but it has not yet been isolated in the individual state.

As starting compounds for the preparation of the phosphoranes (I) we used 9-chlorononanocic and 11-chloro-
undecanoic acids [T} and also 8-chlorooctanoic acid, whichwe synthesized from the readily available 7-chorohep -
tanoic acid [7] by the Arndt-Efstert method. In the course of the investigation we improved the previously described
procedure in the preparation of phosphoranes, using sodium methoxide for this purpose instead of the ethoxide, because
the methoxide reacts more rapidly with phosphonium salts and enables us fo obtain solutions of phosphoranes that are
neutral to phenolphthalein. We also changed the method of isolating the acids (II3, for it was found that the iatter
are readily separated from triphenylphosphine impurity by chromatography on silica gel.

We also worked out a new variant of the method of synthesizing unsaturated acids of the type (II; R = H), in
which the latter are obtained by the condensation of alkylidenetriphenylphosphoranes (Iily with ethyl w-formylal-
kanoates (IV: R = Etl.

* Communication 5 in the series "Sterecregular Synthesis of Unsaturated Compounds”; for preceding communication
see [1%.
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7 g CH; (CHs),,, CH = PPh3 + OCH (CH.),, COOR
N\ A (11D , a)
\ ! C1s
v — CH3 (CH,),,,CH = CH (CH,),, COOR -- PhsPO.
a /\ ‘50 an
The modified method may be found useful for the
. . : ' ' ' ' 750 preparation of higher acids of type (ID for which m > 11,
/\[ for the higher alkyl bromides are usually more accessible
'E’Q_ than the corresponding aildehydes. We applied the new
b R variant in the total synthesis of cis-9-hexacosenoic acid
2 (VIII; R = H) in accordance with the scheme:
' &
. A 1 L 4106 § CHa (CHy)ifCHaBr ICH, (CH,); COOR
' /1 & v ‘1? Ph,p 4 ' }1. Me,NO
: 2. MeQNa(IICONMe,) 2. H;0+
) W _‘51] | |
CH;3 (CHy)ys"CH = PPhs OCH'(CH,),.COOR-
o | |(VIT)
1 1 1 1 1 . L L ]"" al l CiS
S CH3 (CHz);5 CH = CH (CHg); COOR
' (VIID

\/M\/ - Ep With the aid of the Borodin-Hunsdiecker reaction,

d from stearic acid we prepared heptadecyl bromide (V), which
was then converted into the phosphorane (VI). Attempts to

. L ot ! ! ' ‘ bring about the condensation of this with ethyl 8-formyloc-

” 200 100 800 797 vem?

oo 4 7y.cm tanoate (VII) prepared by Rosenmund reduction of ethyl
Fig. 1. Infrared spectra of the esters (II) in car- 8-(chlorocarbonyl)octanoate did not give satisfactoryresults
bon disulfide at a concentration of 100 g/ ml at because the product contained difficultly separable impu-
a layer thickness of 0.104 mm: a) methyl cis-7- rities which reacted with the phosphorane. Ethyl 8-formyl-
octadecenoate; b) methyl cis-11-hexadecenoate; octanoate was therefore synthesized by the actionofanhy-
c) ethyl cis-11-hexacosenoate; d) methylelaidate. drous wimethylamine oxide on ethyl 9-iodononanoate with

subsequent acid hydrolysis [8]. This gave pure ethyl 8-
formyloctancate (VII), from which by condensation with the phosphorane (VI)andsubsequent hydrolysis of the ester
(VIII; R = Et) we obtained cis-9-hexacosenoic acid (VIII; R = H)., This acid was earlier found in the acid fraction of
the hydrolyzate of the lipids of the marine sponge Shpeciosponga vesparia, but was not isolated in the pure state [9]).

The infrared spectra of the esters synthesized showed that they were almost pure cis isomers [3] (Fig. 1)

EXPERIMENTAL

8-Chlorooctanoic Acid. A mixture of 60 g of 7-chloroheptanoic acid and 72 ml of thiony! chloride in 70 mi
of dry benzene was boiled for five hours. Solvent and excess of thionyl chloride were distilled off, and by vacuum
distillation of the residue we isolated 60.7 g (8%%) of 7-chlorcheptanoyl chloride, b.p. 66-67° (0.4 mm). A solution
of 35 gofthisacid chloride in 100 ml of ether was added dropwise at 5° to a solution of diazomethane (from 75 g of
methylnitrosourea) in 900 ml of ether; the mixture was stirred for one hour at 5% and then left overnight at room tem-
perature. On the next day ether and excess of diazomethane were vacuum-distilled off, and the noncrystalline diazo
ketone (38 g) that remained was dissolved in 500 mi of warm dioxane. This solution was added dropwise to a suspen-
sion of 23 g of freshly precipitated silver oxide and 37 g of sodium thiosulfate in 900 ml of water warmed to 80°.
Stirring was continued for three hours at this temperature, after which the mixture was left overnight and the precip-
itate of silver was filtered off. The filtrate was acidified with concentrated nitric acid and extracted with four 100-ml
portions of ether; the ether extract was washed with sodium carbonate solution, and the aqueous solution was acidified
and again extracted with ether. The extract was dried with magnesium sulfate and solvent was distilled off. We ob-
tained 11.2 g (33%) of 8-chlorooctanoic acid (b.p. 133-135° (1,5 mm); nlzg 1.4581), which gradually solidified at 0%
m.p. 34.5-35° (from a 1: 1 mixture of ether and heptane). Found: C 53.61; H 8.63%. CgHy;z0,Cl. Calculated:

C 53.78; H 8.46%.
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Ethyl 8-Formyloctanoate. 200 mi of dry m-xylene was added to 12.0 g of wrimethylamine oxide dihydrate,
and the azeotropic mixture of xylene and water was quickly distilled off, after which the residue of solvent was re-
moved in a vacuum. The anhydrous rimethylamine oxide was dissolved in 50 ml of dry chloroform, the solution
was warmed slightly, and a chloroform solution of 0.05 mole of ethyl 9-iodononanoate, prepared from the corre-
sponding w -chloro ester {3}, was added. The mixture was boiled for two hours, cooled, and treated successively with
2 N HC1, 5% sodium bicarbonate solution, and water. By distillation we isolated 4.83 g (48%) of ethyl 8-formyloc-
tanoate; b.p. 100-105° (1.5 mm); n20 1.4383; d§4 0.9604. 2,4-Dinitrophenylihydrazone: m.p. 62-63° (from alcohol)
Found: N 14,65%. Cy7HyOgNy. Calculated: N 14.73%.

Heptadecyltriphenylphosphonium Bromide. A mixture of 20.3 g of heptadecyl bromide [10], 21 g of wiphenyl-
phosphine, and 10 ml of benzene was heated for 15 hours at 150°. When cool, the reaction mixture was treated with
dry ether, and the crystalline phosphonium salt was filtered off, washed with ether, and vacuum-dried. A fter crystal-
lization from a mixture of acetone and dry ether we obtained 34.6 g (94%) of heptadecyiwiphenylphosphonium bro-
mide, m.p. 88-91°, Found: C 72.36; H 8.82; P 5.83%. CgysHsoBrP. Calculated: C 72.27; H 8.68; P 5.33%.

Preparation of Unsaturated Acids of Type (II). a) A solution of 0.025 mole of the phosphonium salt in40 ml
of dry N,N~dimethylformamide was added rapidly to 0.02 mole of dry sodium methoxide in an atmosphere of nitro-
gen, and the mixture was stirred for one hour at room temperature. A solution of 0.015 mole of the aldehyde in
10 ml of N,N-dimethylformamide was added to the orange-red sclution of the phosphorane with cooling, stirring was
continued for 2-3-hours, and the mixture was left overnight at room temperature. On the next day the mixture was
dituted with water and extracted with hexane. The evaporated extract was subjected to alkaline hydrolysis under
the previously described conditions [3], and the unsaturated acid (II) was chromatographed on KSK stlica gel (40-70
mesh, column 500X 15 mm); the triphenylphosphine impurity was eluted with hexane, and the unsaturated acid was
eluted with a 1: 1 mixture of hexane and ether. The yields of the acids (II), their constants, and the analytical re-
sults are shown in Table 1. By the esterification of these acids with excess of ethereal diazomethane we obtained
the corresponding methyl esters (Table 2).

b) A solution of 12 mmoles of heptadecyltriphenyiphosphonium bromide in 30 mi of N,N-dimethylformamide
was added to 0.01 mole of dry sodium methoxide. After 30 minutes 7.5 mmoles of ethyl 8-formyloctanoate was
added to the reddish-brown solution of the phosphorane, and the mixture was stirred for three hows and left at room
temperature. On the next day N,N-dimethylformamide was distilled off, the residue was extracted with hexane, and
the extract was evaporated and chromatographed in hexane on 250 g of neuwral alumina (activity IV, column 400 x
30 mm). The course of the separation of the mixture was followed by means of thin-layer chromatography onplates
carrying an unbound layer of alumina (development with a 1% solution of potassium permanganate in 2 N H;SO4).
After the separation of wiphenylphosphine we obtained 1.16 g (44%) of ethyl cis-9-hexacosenocate. By the hydrolysis
of 0.2 g of this ester (for conditions see [3]) we obtained 0.17 g of cis-9-hexacosenoic acid, which was purified by
recrystallization from petroleum ether (see Table 1); m.p. 43-45°,

TABLE 1. Unsaturated Acids CH3(CHy),y, CH= CH(CH,),,COOH

L\ o= Found, % Cale.% i  Amide
Acid 5| <& o ; S
min | 8] & AR I L A - o I
> o & | { L EZ10Z
cis-11-
Hexade-
cenoic 31 9159140(1,5-10-2)11.4611, 76.04 [ 11.82]75.53 | 11.89 (60—7015.46 1 5.5
¢cis-T7-Octa- [ '
decenoic 91 5153 {164—165 (1) [1.4740] 76.36 [ 14.70 | 76.53 112,13 183—8614.78 1 4_0&
cis-8-Hexa -
decepoic 6] 6155 150 (1.5)** [1.4665] 75.82 | 11.91175.53 | 11.89
cis-9-Hexa- - i
COSCﬂOiC 15 7 /i[,!: 1().i{)f12.6{)) 7‘).*2 12,77

* Based on the amount of aldehyde taken.
+ Temperature of bath.
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TABLE 2. Unsaturated Esters CHs(CHZ)mCH= CH(CHZ)n COOR

o Found, % Cale. %
B.p., C
mlnl R p 220 | g2
Ester (E’ mm) D 4 G H I H
I

Methyl cis-11
hexade- .
cenoate ' 319 | CHs | 90(2-1072) |1.4519/0.8826; 76,17 [12.10|76.06 | 12.02
N.Ietl,;yl
cis-T- ' :
octadecenoate 9] 5| CHs | 145(1.5)* |1.4535|0.8724]77.32|12.0276.97|12.22
E!:hyé
cis-9-
hexacosenoate i15 7 | G:Hs 1(85—161%2 1.4584] — 179.31)12.74)79.55]12.88
* Temperature of bath.

SUMMARY

1. with the aid of a stereospecific modification of the Wittig reaction the total syntheses of the following
were carried out: cis-8-hexadecenoic acid, .cis-11-hexadecenoic acid, cis-7-octadecenoic acid, and cis-9-hex-
acosenoic acid.

2. A new variant of the stereospecific synthesis of unsaturated fatty acids having cis configuration at the dou-
ble bond is proposed: it is based on the condensation of alkylidenetriphenylphosphoranes with w-formylalkanoic
esters.
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All abbreviations of periodicals in the above bibliography are letter-by-letter transliter-
ations of the abbreviations as given in the original Russian journal.. Some or all of this peri-
odical literature may well be available in English translation. A complete list of the cover-to-
cover English translations appears at the back of this issue.
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