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SYNTHESIS OF THE NATURALLY OCCURRING 
CYCLOPROPENOIDS MALVALIC AND 

STERCULIC ACIDS 

INTRODUCTION 

Certain vegetable oils,   notably cottonseed oil,   contain small 

quantities of an unusual class of lipids.     These naturally occurring 

lipids  contain a cyclopropene ring (6,   26,   28).     When these lipids 

were fed to chickens and rats unusual physiological effects were 

noted (20).     Our interest has been in the existence of malvalic acid, 

7-(2-octyl- 1-cyclopropen- 1 -yl) heptanoic acid (I),  which is found in 

cottonseed oil triglycerides (6,   26,   28) and okra seed oil (6) 

CH_ 
/\2 

CH3(-CH2-)7C = C(-CH2-)6COOH (I) 

Most of the biological studies have been carried out using 

sterculic acid, 8-(2--octyl-l -cyclopropen-l.-yl) octanoic acid(II), aC-19 

fatty acid and the next higher homologue of malvalic acid,   since it 

occurs in high percentage in Sterculia foetida oil (18,   31). 

CH_ 
/\2 

CH3(-CH2-)7C = C(-CH2-)7COOH (II) 

Sterculic acid has been synthesized and there is more than 

adequate evidence that the physiological activity associated with this 

compound is due to the cyclopropene ring (27).     On the other hand, 

malvalic acid has not been synthesized nor even isolated in significant 



quantities for biological studies. 

This research had as its object the development of a suitable 

procedure for the synthesis of malvalic acid.     The method used was 

a modification of a new technique for cyclopropene synthesis (12). 

Methyl sterculate was prepared in 54 percent yield using 

methyl stearolate (Via),, diethyl aluminum chloride and diazomethane. 

CH3(-CH2-)7C==C(-CH   -)  COOMe + 5Et A1C1 + 7CH2N^ *■ 

(Via) 

CH 
/\ 2 

CH3(-CH2-)7C=C(-CH2-)7COOCH3 (Ha) 

Methyl malvalate was also prepared in 55 percent yield using 

the same procedure.    Methyl 7-heptadecynoate (Va) was used 

instead of methyl stearolate. 

CH3(-CH  -)  CS'C(-CH  )6COOCH3 (Va) 



REVIEW OF LITERATURE 

Long before the chemical constituents of cottonseed oil were 

known,   chemical tests were used to detect the presence of cotton- 

seed oil as an adulterant in other oils.    In 1897,   Halphen discovered 

that a red color   developed when a mixture of cottonseed oil and car- 

bon disulfide  was   heated (11).    However,   it was found that the test 

was not specific for cottonseed oil,  but also was positive for oils 

from the species,  Malvales,  Sterculiaceae,   Tiliaceae,   and 

Bombaceae. 

In 1953,   Nunn isolated a sample of sterculic acid,   C.-H     O  , 

from Sterculia foetida seed oil,   and determined its structure.    He 

proposed the structure II (18).    Using a purified sample of sterculic 

acid,   Faure in 195 6 determined that the cyclopropene moiety was 

responsible for the Halphen test (10).    Upon the basic x-ray diffrac- 

tion studies of dihydromalvalic acid,   and the close similarity of 

sterculic and malvalic,   C   0H     O0,   the latter was assigned the 
1 O       id,      L, 

structure I (7,   14). 

For a complete review on the occurrence and chemistry 
of cyclopropenes see reference four. 



Physiological Effects of Cyclopropenes 

When cyclopropene fatty acids or oils that contain cyclopropene 

fatty acids as triglycerides are fed to laying hens unusual physiologi- 

cal effects have been reported.     Their eggs after a period of storage 

developed a condition known as pink white-     This discoloration was 

believed to result from a diffusion of iron from the egg yolk,   through 

the vitellin membrane,   into the egg white.     This discoloration has 

been attributed to a pink iron-conalbumin complex (22).    Apparently 

the membrane permeability was disturbed,   the water content of the 

yolk became abnormally high and the pH of the yolk and white 

approached the same value .(22).    Earlier the pink egg white dis- 

coloration was thought to be caused by the same substance that gave 

a positive Halphen test.     This assumption was later confirmed by 

feeding experiments with sterculic acid (15).     Other feeding studies 

with oils rich in malvalic acid gave similar results (27).    It was 

noted that hydrogenation of the oils to give dihydrosterculic acid and 

dihydromalvalic acid did not cause the egg white discoloration (15). 

It was  concluded that the cyclopropene moiety was responsible for 

disruption of the vitellin membrane permeability. 

Other physiological effects were noted when sterculic acid and 

mixtures of sterculic and malvalic acids were added to the diet of 

chickens.     The lipid metabolism of the animals was altered and there 



was an increase of the stearic acid and a depression of oleic acid. 

This not only occurred in the depot fat,  but in the fat of the liver, 

heart,   ovaries,  blood plasma,   and egg yolk (9)-     Other syndromes 

were noted such as decreased egg production,   higher rate of chick 

embryo mortality (25),   and retardation in the development of 

reproductive organs (24).    It also has been shown that when cyclo- 

propene acids were fed to female rats a temporary sterility was 

induced (23). 

The exact mechanism for the physiological action of cyclo- 

propenes is not known.    However,   Kircher has shown that cyclo- 

propenes react readily with sulfhydryl groups in vitro at room 

temperature (13).    This particular reaction has caused speculation 

that cyclopropenes may react with sulfhydryl groups of proteins 

and enzymes.    It has been shown that some  enzyme systems,  which 

depend upon sulfhydryl groups,   are inhibited by the addition of 

cyclopropene fatty acids to the substrate (19). 

Seed oils rich in cyclopropenes contain mixtures of sterculic 

and malvalic triglycerides (20).    Most of the biological studies have 

been conducted with such mixtures or with purified samples of 

sterculic acid.    The exact physiological role of malvalic acid and 

For a complete review on the physiological effects of 
cyclopropenoids see reference 20. 



its chronic effects have not been ascertained,  and will require the 

isolation or the synthesis of sufficient quantities of malvalic acid. 

Synthesis of 1, 2 Disubstituted Cyclopropenes 

The synthesis of 1, 2 disubstituted cyclopropenes is limited to 

a few known reactions.    In general the synthesis of cyclopropenes 

with this substitution pattern is limited to methylene addition across 

an acetylenic linkage.     1, 2-dimethyl cyclopropene was synthesized 

by Doering using the addition of methylene to 2-butyne (8),   the 

methylene being generated by the photolysis of diazomethane in the 

vapor phase. 

Recently,   Castellucci synthesized sterculic acid (5).    He used 

the Zn/Cu,   CH  I    method of Simmons and Smith to add the methylene 

unit to the acetylenic linkage.    But this method suffered from the 

serious drawback of giving very low yields- 

Recently a reaction analogous to the Simmons-Smith reaction 

was introduced by Hoberg (12).    This method involves the reaction of 

a multiple bond with diazomethane and diethyl aluminum chloride. 

Using this method 1, 2 dimethyl cyclopropene was produced in 5 0 

percent yields.     The reaction introduced by Hoberg makes use of the 

known reaction of insertion of a methylene unit into an aluminum 

halogen bond (1).    In this particular case,   diethyl aluminum chloride 

was the aluminum compound used.     Diaz-omethane and diethyl 



o 
aluminum chloride were mixed at -50    to form the reactive species 

diethyl aluminum methylene chloride (III)- 

Et2Al -CH2 -Cl (III) 

o 
III was generated in situ and could not be isolated.    At 0   ,   III 

decomposed to diethyl aluminum chloride and a methylene. 

The solvent for this reaction was important.     If ethyl ether 

was used no methylene addition was detected.     This particular 

phenomenon was accounted for by coordination of the electrons on 

the ether oxygen to the aluminum. 

(C-HJ.O: »-R_AlHal + CH_N_—»• (C_H.)_0: 9-R0AlCH_Hal 
L     0    L C L     <L CDC. C C 

H
CH 

(C_H_)_0: ^R.AlCH.Hal + \ = C     "VV V^-^C 
2   5 2 2 2 / \   /\     / \ 

When the aluminum is coordinated in such a manner III is rendered 

inactive,   and the methylene addition reaction does not proceed. 

When the reaction is carried out in an inert solvent such as pentane 

the reaction proceeds in high yield (12). 

As was mentioned earlier this reaction is analogous to the 

Simmons-Smith reaction.     When Zn/Cu CH?I    are reacted an iodo 

zinc methylene iodide-(IV) is formed (29) which in turn reacts with 

the olefin as shown below. 

CH I    + ZnCu »-IZnCH  I *■       U^ C        + Znl2 

(IV) 



The reaction of III with an olefin is analogous.    This can be 

seen below. 

Et0AlCH_-Cl + C = C—^    /   \_     ^C—^C   + Et.AlCl 
I     2    | 

,TTT, Cl---Al-Et 
(III) \Et 

The reaction of III with an acetylene is thought to proceed through a 

similar mechanism (12). 

III + -CSC >C = C —* -C   =^C- + Et^AlCl 
_     _ _ ^^     + 

Cfe   /Et 

Cl     ET 



RESULTS AND DISCUSSION 

In this research,   an attempt was made to synthesize malvalic 

acid (2-octyl-l -cyclopropene-1 -heptanoic acid).    Although sterculic 

acid (2-octyl-l-cyclopropene-1-octanoic acid) had been synthesized, 

the synthesis of malvalic acid presents more problems. 

General Plan 

Two features of malvalic acid make its synthesis more difficult 

than that of sterculic acid.     These are the availability of an appro- 

priate acetylenic acid (7-heptadecynoie acid,   V) and a method for 

addition of the methylene across the acetylenic linkage. 

CH3(-CH2-)7C=C(-CH2-)6COOH (V) 

The first feature considered was the availability of the acety- 

lenic acid.     There are at least three possible ways to approach this 

problem.     The first method would be the preparation of the acetylenic 

acid from a readily available,   naturally occurring,   unsaturated 

fatty acid,  with a double bond in the appropriate position.    The 

second would be the degradation of an available fatty acid.     The third 

would be the total synthesis of the acid.     The first consideration 

would be the method of choice,  but since odd number carbon atom 

fatty acids are not common in nature,   and their source would be very 

limited; this method was not considered. 

Two possible methods remain:    The degradation of an available 

compound and the total synthesis of the acid.     Oleic acid could be 
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degraded by the Barbier-Wieland degradation (16).     However,   the 

Barbier-Wieland degradation usually does not lend itself to the 

preparation of large amounts of material.     This leaves the third 

method,   which is the total synthesis of the acetylenic acid,  which 

was the method of choice. 

The other difficult feature of malvalic acid synthesis is the 

method of methylene addition across the acetylenic linkage.    "When 

large amounts of starting material are available,   the yield in the 

methylene addition reaction is not too critical.     This was the case 

when Castellucci synthesized sterculic acid.    Since methyl stearolate, 

VI,   is available in three steps from oleic acid (30),   he had a large 

supply of starting material. 

CH3(-CH2~)7C5C(-CH2-)7COOMe + CH^ + ZnCu 

(VI) 

CH3(-CH2-)7C   =^C(-CH2-)   COOMe (Ha) 

Unfortunately in the synthesis of malvalic acid this was not feasible. 

With the difficulty in obtaining 7-heptadecynoic acid,   and its limited 

supply,   the methylene addition reaction had to be specific,   and result 

in high yields. 

The first reaction attempted in our laboratories was the 

Simmons-Smith reaction.    This reaction was tried on methyl stearo- 

late (VI),   diphenyl acetylene (VII),   and dimethyl octadiynediol (VIII) 
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with negative results. 

CH,     OH OH^CH. 

(VII) (VIII) 

The photolysis of diazomethane in the presence of an acetylene 

was not attempted.    Diazomethane decomposes to give a carbene 

which randomly inserts and gives a large number of isomers (8). 

The method used was a modification of Hoberg's procedure 

and it was specific and gave high yields in excess of 50 percent for 

methyl malvalate and methyl sterculate.    This method is presented 

in the remaining section. 

Synthesis of Cyclopropene Fatty Acids 

7-Heptadecynoic acid. (V) was the material needed for a 

methylene addition to form malvalic acid.     The initial part of the 

experimental procedure dealt with the preparation of this compound. 

Diethyl malonate was the starting material for the synthesis 

of V.     The first step was a condensation with 1, 5-dibromopentane 

according to the method of Salmon-Legagneur (21) to give,   in two 

steps,   7-bromoheptanoic  acid  (IX) in 30 percent yield. 

1) NaOEt 
COOEt                                                  ETOH,   Ether 
CH. + Br(-CH0-)cBr       — *—    Br(-CH,-), COOH 

--< 2,HBr-A 
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The next step in the synthesis of V was the preparation of 

1-decyne (X).       X was prepared by adding 1-bromooctane to sodium 

acetylide in liquid ammonia,   according to the method of Campbell 

(3).    X was prepared in 40 percent yield. 

ILiq 
CH  (-CH  -)  Br + NaC~CH  5-    CH (-CH  -)   CELCH 

NH3 
(X) 

With the two compounds,   7-bromoheptanoic acid (IX) and 

1-decyne (X) on hand the next step of the synthesis was the coupling 

of the two to form   7-heptadecynoic   acid (V).     This step also involved 

liquid ammonia as the reaction medium.    The method used was that of 

Ames and Covell (2).    Lithium amide was the base employed.    It was 

observed that the yields of V were decreased when sodium amide was 

used.     This was explained upon the basis of solubility of the acetylide 

formed.     The lithium acetylide was more soluble allowing the reac- 

tion to proceed more readily.    Also the solubility of the 

7-bromoheptanoic acid (IX) -was increased by adding anhydrous 

tetrahydrofuran (THF).     The yield of V varied from 5 0 to 70 percent. 

1)   LiNH 
CH3(-CH2-)7C,C-H + Br(-CH2)6COOH THF* - 

(IX) 2)    CH2N2 

CH3(-CH2-)7C=C(-CH2-)6COOCH3 

(Va) 
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In order to test the methylene addition reaction it was neces- 

sary to have an available supply of an acetylenic compound.    Since 

malvalic acid and sterculic acid are homologs,   it was decided to 

first prepare sterculic acid (II),   and sterculene (XII).    Sterculene 

is 1, 2-dioctyleyclopropene. 

/C^2 
CH3(-CH2-)7C   =*C(-CH2-)7CH3 (XII) 

First,   stearolic acid was prepared,   then methylated to give 

methyl stearolate (VI) in 45 percent yield. 

1)   Br   ,   ether 1) MeOH 
CH  (-CH  -)   C = C(-CH  -J.COOMe   jr-r^TT ^  ,    *>        77 on    ^ 3 2    7 '        '27 2)   KOH,   ethylene        H_SO 

H     H glycol,   150OC 2     4 

CH3(-CH2-)7C=C(-CH2-)7COOMe 

(VI) 
LiNH 

CH,(-CH0-)^C=CH + CH,(-CH  -LBr 
3' 2   '7   ~ 3V 2   '7 Li.q NH  ,   THF 

CH3(-CH2-)7C=C(-CH2-)7CH3 

(XI) 

Dioctylacetylene   (XI) was prepared using the method of Ames and 

Covell (2) in 80 percent yield.     The availability of significant amounts 

of VI and XI permitted us to test the reaction and to improve the 

techniques before V was used. 

Sterculene was prepared first using the method of Hoberg. 

The reaction went smoothly and XII was prepared in 20 percent 

yield. 



14 

Synthetic sterculene was compared by gas liquid partition 

chromatography with a sample of known composition and the two 

were found to be identical.     The known was prepared from methyl 

sterculate,   according to the method of Norbley (17). 

CH 1)   LiAlH  ,   ether 
CHJ-CH^-LC   ^Ct-CH^-LCOOCH.   - 4 — 

3V 2   '7 v 2   'y^^^^   3   2)   Py,   TsCl 
3)   LiAlH,,   ether 

4 
(Ha) 

CH3(-CH2-)7C   ^C(-CH2-)7CH3 

(XII) 

When an authentic sample of XII was mixed with a sample of 

the crude reaction mixture,  no new peaks were noted when the 

material was analyzed by gas liquid partition chromatography. 

With the knowledge that our technique was correct,  we 

attempted the synthesis of methyl sterculate.     First,   we attempted 

a 1:1:2 ratio of methyl stearolate (VI) ,   to diethyl aluminum chloride, 

to diazomethane.     This gave negative results.    No cyclopropene 

peaks were visible in the infrared spectrum.    At first it was thought 

that the diethyl aluminum chloride was coordinating with the ester 

oxygens,   as it does with ether oxygens.    A 1:5:2 ratio of methyl 

stearolate (VI) to diethyl aluminum chloride to diazomethane was then 

attempted,   again with negative results.    Still it was assumed that 

the reaction should work,   so a 1:5:7 ratio of methyl stearolate to 
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diethyl aluminum chloride to diazomethane was tried.     This time the 

infrared spectrum showed strong characteristic cyclopropene peaks 

at 1870 and 1010 cm      respectively.     The crude reaction mixture was 

subjected to gas liquid partition chromatography and two distinct 

compounds were found to be present.     The first peak was shown to 

be methyl stearolate (VI).     The second peak,   corresponding to 54 

percent was shown to be methyl sterculate.     When the crude reaction 

mixture was mixed with an equal volume of methyl sterculate and 

subjected to gas liquid partition chromatography,   no new peaks 

were noted; and the peak corresponding to methyl sterculate was 

enhanced. 

CH3(-CH2-)7C=C(-CH2-)7COOCH3+ 5Et A1C1 + "^CH^ *- 

(VI) 

CH3(-CH2-)7C   =<:C(-CH2-)7COOCH3 

(Ha) 

With the successful preparation of methyl sterculate accom- 

plished,   the synthesis of methyl malvalate was attempted.     The 

reaction -was carried out in the same manner,   using the same mole 

ratio that was used in the preparation of methyl sterculate.     When 

the reaction mixture was subjected to infrared analysis the spectrum 

gave characteristic peaks at 1870 and 1010 cm     .     Gas liquid parti- 

tion chromatography indicated that two compounds were present. 

One represented 45 percent of the mixture; the other represented 
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55 percent.     The peak corresponding to 45 percent of the mixture 

was  compared with and -was identified as methyl 7-heptadecynoate. 

The other was assumed to be methyl malvalate.     The reaction mix- 

ture -was then analyzed by nmr.    The sample was dissolved in 

carbon tetrachloride with tetramethylsilane as an internal standard. 

The spectrum of the reaction mixture gave a peak at 4. 52 6 corre- 
O 

spending to JZ-O.-CH- protons,  2.05 6 corresponding to a methylene 

protons adjacent to a triple bond,   and 0.7 6 which is a characteristic 

peak of the cyclopropene methylene protons. 

CH-(-CH  -),C=C(-CH   -),COOCHL + SEt^AlCl + 7CH0N0 

(Va) 

CH-(-CH   -LC   ^C(-CH,-),COOCH_ *    —^r*/   r'tr     \   r,o<~>r,tj (la) 

A sample of the reaction mixture was hydrogenated in the 

presence of five percent palladium on barium sulfate to give methyl 

dihydromalvalate (XV). 

CH^ H  /Pd 
CH3(-CH2-)7C =,X:(-CH2-)6COOCH3    *- 

(la) 

/C^2 
CH_(-CH0-)_C    -^C(-CH9-),COOCH- 

3 2    7ii        H 2    6 3 

(XV) 
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A sample of XV was prepared by an alternate route.     Oleic 

acid -was degraded to 7-heptadecenoic acid by a typical Barbier- 

Wieland degradation.    The resulting C-17 unsaturated acid was 

esterified to give XIV and then reacted with ZnCu/CH  I    to give in 

40 percent yield methyl dihydromalvalate (XV). 

1)   MeOH,   H SO 
CH_(-CH0-LC = C(-CH   -LCOOH 3 2    7H      H 

2    7 2)    2i? MgBr 
3)   Ac20, •A   24 hrs. 

CH_(-CH0-)J,C =-C(-CH,-).C = C 
^        1)    Cr03)   HOAc 

3 2  '7H     ^ 2   '6 ^       2)   CH2N2 

CH2I2 
CH3(-CH2-)7C = C(-CH2-)6COOCH3   -^^ 

(XIV) 

CH3(-CH2-)7C -^C(-CH2-)6COOCH3 

(XV) 

The sample of methyl dihydromalvalate,  which was prepared 

by the degradation of oleic acid,  was compared with a sample from 

the hydrogenation of methyl malvalate by gas liquid partition chroma- 

tography.     The respective acids were compared by mixed melting 

points.     There was no depression of melting point noted. 
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EXPERIMENTAL 

The reported melting points and boiling points are uncorrected 

values.     The infrared spectra 'were recorded -with a Beckman IR 

-5 spectrophotometer.     The spectra were taken either in a sandwich 

cell or as a five-to^sevenpercent solution in CHCI3 in a 0. 0.1 mm 

matched set cell.    Nuclear magnetic resonance (nmr)   spectra 

were taken with a Varian Associates A-60 spectrometer.    In all 

cases,   the compounds were dissolved in carbon tetrachloride with 

tetramethylsilane as an internal standard.    All gas liquid partition 

chromatography analyses were taken with a Wilkens Aerograph 

Hi-Fi Model 600 B using a hydrogen flame detector.     The column 

was a l/8" x 10',ten percent Apiezon L on 100-120 mesh Celite. 

The column temperature for all analyses was 240  C,   the injection 

port was kept at 290  C     The carrier gas was nitrogen with a flow 

rate of 44 ml/min. 

1-Decyne 

1-Decyne was prepared according to the method of Campbell 

(3) via the liquid ammonia reaction of 1-bromooctane with sodium 

acetylide.     1-Decyne was obtained in 40 percent yield; b. p.   62 

19 -1 
(15mm); n       1.4270; infrared spectra peaks at 3300,   2120cm 

The reported physical constants are b. p.   174  C (760 mm); n     1.4269. 
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7-Bromoheptanoic Acid 

7-Bromoheptanoic acid was prepared according to the method 

of Salmon-Legagneur (21) using diethyl malonate and 1,5 dibromo- 

pentane in the presence of sodium ethoxide.     The acid had a b. p.   of 

125     (1.0 mm),   m. p.   31   ,   infrared spectra peaks at 3000,   1705, 

1410,   725 cm     .    The reported physical constants are b. p.   159 

(3 mm),   m. p.   31   . 

7-Heptadecynoic Acid 

7-Heptadecynoic acid was prepared,   m. p.   335   ,   infrared 

spectra peaks at 1710,   1456,   1437,   725 cm     ,   according to the 

method of Ames and Covell (2) using 1-decyne and 7-bromoheptanoic 

acid in the presence of lithium amide.    In the presence of PtO 

62. 7 mg of the product was hydrogenated.     The mole ratio of hydro- 

gen to the substrate was 1. 9:1.     The hydrogenation product showed 

no depression of m. p.  with heptadecanoic acid. 

Anal.    Calculated for C     HO  :    C,   76. 60 percent; H,   11.40 

percent.      Found:    C,   76. 36 percent; H,   11.30 percent. 

8-Octadecynoic Acid (Stearolic Acid) 

o 
Stearolic acid was prepared,   m. p.   44-45   ; infrared spectra 

peaks at 1710,   1460,   1432,   720 cm"     (literature value m. p.   46.2- 
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46. 6   ),   according to the method of Tenny et al.   (30).    Methyl oleate 

was brominated in ether,   and the dibromide was dehydrohalogenated 

with potassium hydroxide in ethylene glycol. 

A sample of the material -was hydrogenated in the presence of 

PtO_-     The mole ratio of hydrogen to substrate was 1. 95:1. 

8-Octadecyne 

8-Octadecyne was prepared according to the method of Ames 

and Covell (2) using 1-decyne and commercially available 1-bromo- 

o 
octane in the presence of lithium amide.     The boiling point was  116 

25 
(0.5 mm); n      1.4485; infrared spectra peaks at 2910,   2845,   1466, 

1 oc 
1380,   722 cm     .    Literature values were b. p.   163-7    (7 mm),  n 

1.4488. 

Methyl Sterculate 

Methyl sterculate was kindly supplied by Dr.   R.   H.   Engebrecht 

at Eastman Kodak Corporation.     The infrared spectra gave peaks 

-1 
at 1870,   1735,   1010 cm     . 

1 

Formerly of   the Department of Food Science and Technology, 
Oregon State University. 
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1,  2-Dicotylcyclopropene   (Sterculene) 

Sterculene was prepared from methyl sterculate according to 

the method of Norbley et al.      Methyl sterculate was reduced to 

sterculyl alcohol with LiAlH..     The tosylate was formed,   and again 

reduced with LiAlH..    The material was a clear oil.    The infrared 
4 

spectra gave peaks at 1870 and 1010 cm 

I, .'2-DioctylcYclopropene- (Sterculene) 

Sterculene was prepared using the method of Hoberg (12). 

A 1:1:2 ratio of dioctyl acetylene to diethyl aluminum chloride to 

diazomethane was used.     The crude reaction mixture was not 

purified.    All analyses were carried out on the crude reaction mix- 

ture.     The infrared spectra showed peaks at 1870 and 1010 cm     , 

which are characteristic of the cyclopropene ring.     Gas liquid 

partition chromatography indicated the yield  to   be    20   percent 

The    synthetic   material was compared by gas liquid partition 

chromatography with known sterculene and found to be identical. 

Methyl 7-Heptadecenoate 

Methyl  7-heptadecenoate   was prepared according to the 

method of Mitter and Bagchi (16) by a Barbier-W.ieland degradation. 

It had a b. p.   of 120-124    (0.5 mm); infrared spectra peaks at 
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2920, 2835, 1740, 1468, 1441, 1366, 1170, 725 cm"1. The litera- 

ture b. p.   value was 159-162    (6 mm). 

7-( 2-octvl- 1 -cycloprop- 1 --yl) heptanoic acid 
(Dihydromalvalic acid) 

Dihydromalvalic acid was prepared according to the method 

of Simmons and Smith (29) using methyl   8-heptadecenoate,    Zn/Cu 

couple and CH  I    in refluxing ether for 40 hours.     It had a m. p.   of 

37.5°; infrared spectra peaks at 3050,   2925,   2850,   1020 cm"   . 

The product was purified by recrystallization from hexane,   and by 

urea inclusion.     The nmr spectrum showed a peak at 0. 3 6 which is 

indicative of a cyclopropane ring. 

Anal.    Calculated for C   8HO:    C,   76. 54 percent; H,   12.13 

percent.      Found:   C,   76.16 percent; H,   11.99 percent. 

Methyl 8-(Z-o£tyl- l-cyclopropen- 1 -yl) octanoate 
(Methyl Sterculate) 

A solution of 0. 7 grams (0. 0025 moles) of methyl stearolate 

in 25 ml of anhydrous,   olefin-free pentane was cooled to -50  C in 

a dry ice,  acetone bath.   The reaction flask was swept with com- 

mercially prepurified dry nitrogen (80-100 ml/min).     Then the 

addition tube of the diethyl aluminum chloride    tank was introduced, 

Diethyl aluminum chloride is commercially available from 
K & K   Laboratories,   Inc. ,   Plainview,  New York. 
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and the neck of the flask shielded with aluminum foil.     The nitrogen 

flow rate was increased slightly to further eliminate oxygen from 

back-diffusing into the system.     When all of the oxygen was displaced 

2. 3 grams (0. 018 moles) of diethyl aluminum chloride was dripped 

into the pentane solution.    After the addition of the diethyl aluminum 

chloride the addition tube was lowered into the pentane to remove 

the small amount of diethyl aluminum chloride adhering to the 

sides of the tube.    After approximately five minutes the diethyl 

aluminum chloride tank was removed and the tip of the addition tube 

was placed in hexane,  and stored in this manner until further use. 

Once again the flask was allowed to equilibrate with the nitrogen 

flow rate at 80-100 ml/min.    To this solution was added a cold 

(-80  C) solution of diazomethane (0. 04 mole) in 100 ml of anhydrous 

olefin-free pentane.    The reaction occurred rapidly with the lively 

evolution of nitrogen.    The reaction mixture was cooled to -80  C 

in a dry ice,   acetone bath.     Then 15 ml of isopropyl alcohol was 

added followed by 50 ml of water.    The reaction mixture was 

transferred to a separatory funnel and 25 ml of three percent HC1 

was added and the. contents shaken.     The aqueous layer was re- 

moved and discarded.     The pentane layer was dried with anhydrous 

sodium sulfate and the pentane was removed on a rotary evaporator. 

The reaction mixture was a clear oil.    An infrared spectrum of the 

crude reaction mixture showed characteristic cyclopropene peaks 
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at 1870 and 1010 cm     .     Gas chromatographic analysis of the reac- 

tion product indicated methyl sterculate was produced in 54 percent 

yield.     The presence of methyl sterculate was substantiated by direct 

comparison with an authentic sample. 

Methyl 7~(2-octyl-l"CycloprQpen~l~yl) heptanoate 
(Methyl Malvalate) 

Methyl malvalate was prepared using the same conditions as 

prescribed in the synthesis of methyl sterculate.     The: reaction 

mixture upon ga's liquid partition chromatography indicated that 

methyl malvalate was produced in 5!p. percent yield.     The infrared 

spectrum showed characteristic cyclopropene peaks at 1870 and 

1010 cm     .   Nmr analysis of the mixture produced a peak at 0. 76 

which is characteristic of the methylene protons in the cyclopropene 

ring. 

A sample of the reaction mixture was hydrogenated in the 

presence of five percent palladium on barium sulfate.     The mixed 

esters were hydrolyzed and the dihydromalvalic acid was isolated 

by urea inclusion. 

The product from the hydrogenation was mixed with a sample 

of dihydromalvalic acid prepared by the degradation of oleic acid. 

There was no depression of the melting  point. 
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SUMMARY AND CONCLUSION 

A method for the preparation of naturally occurring cyclopro- 

pene fatty acids has been developed. The method is superior to the 

preparation previously reported by Castellucci (5) and Doering (8). 

The reaction used is an adaptation of a method introduced by 

Hoberg (12).     The reaction used diethyl aluminum chloride and 

diazomethane in the presence of an acetylenic compound.    It was 

found that when a 1:1:2 ratio of methyl ester to diethyl aluminum 

chloride to diazomethane was used the reaction gave no yield.    When 

the ratio of methyl ester to diethyl aluminum chloride to diazo- 

methane was 1:5:7 the reaction gave yields exceeding 50 percent. 
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