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PART 1 

CHROMATOGRAPHIC CONCENTRATION AND ASSAY OF HALPHEN AND 

BESSON REACTIVE COMPONENTS IN COTTONSEED OIL 



INTRODUCTION 

Elver since Thompson (83) reported discoloration in eggs 

stored for periods of three to six months, many investigators have 

tried to find the cause of this discoloration. In 1928, Sherwood 

(77) showed that stored eggs, layed by hens fed cottonseed products, 

had pink whites and enlarged watery, salmon-colored yolks. Die 

coloring of the egg white was shown by Schaible and Bandemer (68) 

to be due to a complex between the conalbumin of the egg white and 

the iron of the egg yolk. Hie increased permeability of the vitel-

lin membrane to water in eggs from hens fed cyclopropene fatty 

acids was clearly demonstrated by water-balance studies conducted 

by Doberenz (29). 

As early as 1897, Halphen (h2) discovered that cottonseed 

oil gave a red color when heated with a mixture of sulfur in carbon 

disulfide and isoamyl alcohol. In 193^> Lorenz (if9) postulated 

that the component in cottonseed oil giving the Halphen test was 

responsible for egg discoloration when the oil is fed to laying hens. 

Phelps (6l) has compiled a list of thirty-seven plants which have 

been reported to give the Halphen test. The oils from only a few 

of these plants have been tested for pink egg formation. Shenstone 

(73, 7*0 has stated that Ceiba (kapokseed oil) and Malva parviflora 

oils cause egg discoloration. 
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The nature of the Halphen reactive components in Sterculia 

foetida oil vas not elucidated until 1952, when Nunn (60) obtained 

a pure sample of sterculic acid from Sterculia foetida oil and 

postulated sterculic acid to be 8-(2-n-octylcycloprop-l-enyl)octanoic 

acid (I). CH2 
/\ 

CH3-(CH2)7-C = C-(CH2)7-C02H 

I 

The synthesis of sterculic acid by Castellucci (l8) and the analysis 

of the acid by nuclear magnetic resonance by Rlnehart (65) confirmed 

Nunn's sterculic acid structure to be correct. 

In 1956, Shenstone (73) reported a 20$ concentration of 

Halphen reactive material in the lipid fraction from three malvaceous 

plants. MacFarlane (50) proposed a tentative structure for an 

l8-carbon acid concentrated from the seed oils of Malva verticollata 

and Malva parviflora and assigned the name malvalic acid to it. 

From crystal structural analysis Craven and Jeffrey (21) have shown 

dihydromalvalic acid to be dl-cis-8,9-methyleneheptadecanoic acid. 

From this evidence and assuming Nunn's structure for sterculic acid 

to be correct, Craven and Jeffrey assigned the structure II 

CHg 

/\ 
CH3-(CH2)7-C = C-(CH2)6-C02H 

II 

to malvalic acid. 



In a more recent study Shenstone (76) found that both mal-

valic and sterculic acid are present in Sterculla foetlda seed oil 

as veil as in the oil from both the leaves and the seeds of the 

plants in the Malva family. Wilson and Smith (91, 8l) substantiated 

these findings and in addition shoved evidence for the presence of 

dihydrosterculic and dihydromalvalic acids in the oil from these 

seeds as well as in the seed oils of two other malvaceous plants, 

Hibiscus syriacus and Lavater trlmestris. The concentrations of 

cyclopropene fatty acids in the former was 16.3$ malvalic and 3*^ 

sterculic. Shenstone (j6) has concentrated a third cyclopropene 

fatty acid.which from column chromatographic data corresponds to a 

17-carbon fatty acid. 

Masson (5^) concentrated a Halphen active material from 

cottonseed oil but was unable to obtain a separate peak for methyl 

malvalate when the methyl, esters were subjected to gas chromatography. 

The weak malvalate peak was postulated to be masked by the large 

methyl linoleate peak. This postulation was later verified by 

Miwa (57). 

Brown (l6) attempted to isolate malvalic acid by low temper

ature crystallization of the methyl esters of cottonseed oil from 

acetone. Complete isolation was not possible, presumably due to 

mutual solubilities of malvalic and linoleic acid methyl esters. 

She also noted that the Halphen acid methyl ester was not distillable. 
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Webb (88), modifying the general urea clathration-low temper

ature technique first used for cyclopropene fatty acids by Nunn, 

obtained an 8156 concentrate of malvalic acid from cottonseed oil. 

This analysis of 8l$ was based on gas chromatography with a capillary 

column. When this concentrate, as the urea adduct, was fed to laying 

hens less than 1$ of the eggs stored for three months were pink dis

colored. Upon further concentration of the cyclopropene fatty acid 

by silver salt crystallization, he reported a preparation containing 

98$ malvalic acid. Erom the evidence it is likely that the acid 

isolated by Webb was linoleic acid or an isomerized linoleic acid 

and not a cyclopropene fatty acid. Webb did not observe sterculic 

acid in any of the concentrates. 

Sterculia foetida oil and sterculic acid were noticed by the 

early investigators to be quite reactive chemically. When the oil 

was heated only slightly it formed a thick gel. The acid formed a 

polymer when allowed to stand at room temperature. The nature of 

the acid polymer has been elucidated by the studies of Masson (5*0 

and RLnehart (66, 67). Kie polymers give negative Halphen tests. 

Evans (36) reported that cottonseed oil heated to 150°C. for 

4 hours gave a product that was negative to the Halphen test, yet 

still gave pink egg whites when fed at concentrations that normally 

would give pink egg formation. Evans postulated that a polymer 

similar to Sterculia foetida oil polymer had been formed. In a 

recent paper (37) Evans gives further data on this finding. He 

postulates that there is a component of cottonseed oil that does not 
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contain the cyclopropene ring but is biologically active. He does 

not rule out the possibility that the cyclopropene fatty acids may 

be changed during the heat treatment to non-cyclopropene fatty acids. 

Besson (4) discovered that cottonseed oil heated in an alco

hol solution containing 2$ silver nitrate gave a brown to black pre

cipitate within one minute. Jamieson (45) has reviewed the studies 

reported for the Besson test on other oils. Kapokseed oil and 

cottonseed oil can be detected in other oils at a concentration of 

5$. Kapokseed oil can be detected at a concentration of .05$ by 

the Halphen test. 

When Wiberg (90) conducted studies on synthetic cyclopro

pene, he noted a complex readily formed with silver nitrate. He 

observed that this complex was not reversible, but that vhen the 

complex was acidified a polymer was formed. Rius, it seemed very 

likely that the products formed when silver nitrate reacts with cotton

seed oil might arise from the cyclopropene fatty acids in the oil. 

Bie objectives of Part 1 of this thesis are: l) to re-examine 

the conflicting evidence for the presence of one or more cyclopro

pene fatty acids in cottonseed oil, 2) to show correlation between 

infrared cyclopropene bands and pink egg formation, and 3) to present 

a method for concentrating the Halphen reactive fatty acids of 

cottonseed oil. 

* In agreement with early investigators, the term Halphen 
acid has been retained in portions of this dissertation. It is used 
as a descriptive term to include all cyclopropene fatty acids in 
cottonseed oil giving a red color when tested with the Halphen reagents. 
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EXPERIMENTAL 

l) General Methods and Analysis 

a) Spectrophotometrlc Analysis. 

l) Infrared analysis. All infrared spectra were run on 

a Perkin-Elmer Model 137 Infracord Spectrophotometer. The samples 

were analyzed at a concentration of 2$ in spectroscopic grade CCII4. 

in 0.5 mm. sodium chloride cells. 2) Ultraviolet analysis. The 

samples were run in a Cary Recording Spectrophotometer with 95$ 

ethanol as solvent. 3) Refractive indexes were obtained on a 

Zeiss-Opton Refractometer at 25° or 20°C. k) Halphen test color 

intensities were determined on a Beckman DU Spectrophotometer. 

b) Halphen Tests. 

Quantitative Halphen tests were carried out by the procedure 

of Deutschman and Klaus (27) for the first two clathration-crystal-

lation concentration experiments. For the first series of silicic 

acid column chromatography experiments the A0CS (2) Halphen method 

was used. Hie cyclopropene derivatives were assayed qualitatively 

by an unpublished method of Schneider and Sheehan (71)• 

c) Besson and Mercuric Nitrate Tests. 

Preliminary experiments with methyl sterculate, silver nitrate 

and various solvents revealed that 95$ ethanol gave the best results 

for the Besson reaction. Mercuric nitrate could be used as a replace

ment for silver nitrate. The general procedure used for these two 

tests was to add 1 drop of sample into a test tube containing 1 ml. 

of a 95$ ethanol solution saturated with either of the two nitrates. 
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2) Thin Layer Chromatography 

Kie procedure sent with the instrument (64) was used. The 

general procedure was as follows: Five glass plates were washed with 

chromic acid solution, rinsed with distilled water and dried at room 

temperature. The plates were placed in an aligning tray. Thirty 

grams of Silica Gel G was mixed with 40 ml. of water. An additional 

20 ml. of water was added to give a smooth liquid mixture. The mix

ture was poured into the spreader and with a smooth, steady motion 

applied to the glass plates. After 5 minutes, the plates were 

placed in sm oven at 100°C. for 30 minutes. After allowing the 

plates to cool, they were stored in a rack in a cabinet containing 

drying agent. Application of the sample to the thin layer plate was 

made with a micropipette. The plate was placed on the developing 

rack and set in the developing chamber which had been equilibrated 

for at least 2 hours with the developing solvent. The plate was 

removed from the chamber when the solvent front had ascended to within 

an inch of the top of the plate (30-^0 min.). After drying for 10 

minutes, the plates were sprayed and the Rf values of the spots were 

calculated. Fine-mesh silicic acid was^used exclusively as the 

absorptive material since aluminum oxide failed to give as good a 

resolution as was obtained with silicic acid. Various fatty acid 

sprays supplied with the apparatus failed to give good detectable 

colored spots, so the Besson reagent or concentrated H2SOI4. were used 

* Research Specialties Company, Richmond, California. 
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in the majority of the prepared plates for spot identification. 

For separation of individual methyl esters, a recent modi

fication of TLC by Morris (58) was studied. The modification con

sisted in spraying the plate with an aqueous solution of silver 

nitrate and drying the silver nitrate-impregnated silicic acid plate 

for 1 hour at 100°C. Very good separation was obtained with various 

mixtures of fatty acid esters with various degrees of saturation. 

Cyclopropene esters formed yellow complexes with the silver nitrate 

and would not move from the origin of the chromatogram. 

3) Glass Paper Chromatography 

Hie procedure of Hamilton (U3) was followed. Glass papers 

10 x 25 cm. were heated for 1 hour at 600°C. in a muffle furnace. 

After cooling, the papers were dipped in a supersaturated silicic 

acid solution which was prepared by mixing 30 ml. of 5$ NHlj.Cl solu

tion with 100 ml. of 2$ aqueous potassium silicate solution. The' " *" 

silicic acid solution was prepared as needed since a thick gel is 

formed within 10 minutes after mixing. Excess reagent was removed 

from the glass paper by passing a glass rod over the surfaces of 

the papers. The papers were air-dried for 1 hour and then dried an 

additional hour in an oven at ^80°C. to remove NH3 and KC1. The 

papers were wrapped tightly in aluminum foil until used. The samples 

were spotted 2 cm. from the bottom of the paper and 2 cm. apart. 

At work done at New Orleans, the chromatograms were developed 

in glass jars using iso-octane-2^ benzene as the developing solvent. 
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In Tucson, the solvent used for development had to be changed to 2$ 

1,2-dichloroethane in iso-octane due to the lower humidity in Tucson. 

Hie papers were hung in glass jars from a wire hook secured 

to the glass cover plate by a cork placed in a hole in the plate. 

The solvent was allowed to rise 15 to 20 cm. over a 30-50 minute 

period. The papers were then removed, dried for 20 minutes at room 

temperature and sprayed with concentrated H2SOI).. She charred spots 

were black on a white background. 

This method gave separation based on degree of unsaturation, 

and thus ideally was suited for separation of methyl malvalate from 

methyl linoleate where methyl oleate was absent. Methyl sterculate 

and presumably methyl malvalate had the same retention time as 

oleate by this method. 

U) Gas Liquid Chromatography (GLC) 

Since it had been reported (57) that methyl malvalate could 

not be separated from methyl linoleate by gas chromatography, this 

method was limited to testing for the removal of other esters from 

malvalate-linoleate concentrates. The instrument used for this 

purpose for the first two concentration experiments was an Aerograph 

A-100-C. The optimum conditions were 5 lambda samples, sensitivity 

1, 5 ft* 2056 DEGS on Firebrick column, column temperature 200°C. and 

30 p.s.i. of helium. Under these conditions sterculic, as well as 

the other esters, were resolved within 20 minutes and had effective 

chain lengths (ECL) comparable to those reported by Miwa (57) for a 
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similar polar column. 

For quantitative analysis, a Research Specialty Company 

(RSC) 600 Series Chromatograph was used. Dae instrument was equipped 

with a Strontium 90 Ionization detector and a disk integrater. The 

optimum conditions using a 6 ft. 10$ DECS on acid washed-chromasorb 

W. column were column temperature 170°C. and a flow rate of 222 cc./ 

min. of Argon (5 p.s.i.). Under these conditions malvalate had an 

ECL value of 18.1 and sterculate 19-2. 

The various sterculic derivatives (hydrocarbons, ethers, 

alcohols), as well as their homologs, also were studied on GLC in 

order to find derivatives which would give the same resolution as 

the methyl esters but at a lower temperature. The fatty hydrocarbons 

and ethers could be resolved at 150° and l60°C. respectively, while 

the methyl esters were resolved at 200°C. But even at these lower 

temperatures, isomers of sterculene and sterculyl methyl ether were 

produced. 

Studies were made on the 600 Series instrument using capil

lary columns (100 ft. DEGS, 0.1 mm. 3D and 100 ft. Apiezon N, 

0.1 mm. ID). Although resolution was excellent, failure of the 

instrument prevented the use of these columns for continued isola

tion work. 
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5) Preparation of Esters 

Procedure 1. 

The esters used in concentration experiment k and the Sterculia 

foetida esters used for the preparation of the sterculic acid deriva

tives were prepared by transesterification of the glycerides. The 

general procedure was as follows: A 1$ solution of sodium in dry 

methanol was prepared. While the solution was still warm (45°C.), 

one-fifth wt./vol. of the oil was added and the mixture stirred 

rapidly for U5 minutes. The esters were extracted into Skellysolve B, 

washed free of fatty acids with 5$ sodium bicarbonate followed by 

water, and dried over NagSO^ or MgSOl^. 

Procedure 2. 

Patty acids were esterified with diazomethane prepared from 

two commercial intermediates (DuPont EXR-101 and Diazaid ). In both 

procedures a sodium hydroxide solution was added to an ether slurry 

of the intermediate. Kie diazomethane distilled over with the ether 

into a flask containing the fatty acid sample in ether. The esters 

were washed and dried after 20 minutes reaction time. 

Procedure 3-

In the later part of this research, the esters were prepared 

by the BF3~MeOH (55) method. The fatty acid (100 mg.) was refluxed 

with 2 ml. of 1$ (wt./vol.) EF3 in MeOH for 3 minutes. The mixtures 

* Aldrich Chemical Company, Inc., Milwaukee 10, Wisconsin. 
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were chilled in ice-water hath and extracted into Skellysolve B. 

For larger samples, the amount of reagent was increased and the 

reflux time extended. To detect any degradation of the cyclopropene 

ring upon esterification with BF3 methanol reagent, a 1 g. sample of 

Sterculia foetida methyl esters prepared by transesterification was 

saponified at room temperature and the acids recovered. Two hundred-

fifty milligrams of the acids were re-esterified with the HP3 methanol 

reagent. Die IR spectrum of the re-esterified acid had the same 

intensity at 9-92 M as the original esterified acid. When the esteri

fication was carried out for 50 hours at room temperature, the 9*92 )* 

band was completely absent. 

6) Lithium Aluminum Hydride Reduction (LiAlHlt) 

Procedure U. 

Lithium aluminum hydride (LiAlHlj.) reductions generally were 

carried out as follows: In a three-neck round-bottom flask equipped 

with mechanical stirrer, condenser and dropping funnel was placed a 

four-fold excess of LiAlHl). in ethyl ether. The sample dissolved in 

ethyl ether was added dropwise to the stirred LiAlHlj. solution at 

gentle exothermic reflux temperature. The reaction was continued 

10 minutes beyond the addition of the last, drop of sample solution. 

The excess L1A1H4 was decomposed by slowly adding an ethyl acetate-

ether solution until refluxing subsided. Iced-water was then slowly 

added, followed by dilute (10$) HC1 and the product quickly extracted 

into Skellysolve B and recovered. Drying agent used for all alcohols 

was Na2S04-
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7) Besson Destruction of Cyclopropene Compounds 

Procedure 

In the isolation studies and cyclopropene synthesis, various 

techniques were devised and examined to use the Besson test or the 

mercuric nitrate test as a means of destroying the cyclopropene ring. 

These reagents react with the cyclopropene fatty acids but not the 

other fatty acids. Hie procedure was to treat 0.2 ml. or less of 

fatty acid or ester sample with 5 ml. of Besson solution for 20 min

utes at 60°C., cool, add 3 ®1. of Skellysolve B and shake with 20$ 

sodium chloride solution. Kie Skellysolve fraction was washed and 

dried by the usual procedure. The products obtained were then used 

for infrared analysis, chromatographic analysis and, in one case, 

for biological experimentation (Table 8, Part 2). 

8) Paper Chromatography Experiments 

Hie basic procedure used was that of Mangold (52). One per 

cent solutions of oleic (OA), linoleic (LA) and sterculic (SA) acids 

in methanol were used as standards along with Halphen concentrate (1J). 

Dow Corning 555 Silicone Fluid and Paraffin Oil were used as the 

non-polar phases. Hie spray reagent used for the detection of the 

unsaturated fatty acids was a 1$ aqueous solution of potassium per

manganate. Less satisfactory reagents were HgS-FbAcl^, Halphen reagent 

and iodine vapors. The two satisfactory solvent systems used were: 

a) formic acid, acetic acid, water (10:10:1) and b) 85$ acetic acid. 
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Six to eight samples vere applied as 0.5 cm. diameter spots 

with a micropipette. The papers were developed by descending chrom

atography with developing times of 6 l/2 to 16 hours. The papers were 

dried 2 hours in a hood and then sprayed. Excess permanganate was 

removed by washing in tap water. The fatty acids were revealed as 

brown spots on a white to light-brown background. Rf values taken 

from two typical chromatograms are given in Table 2. 

A semi-preparative procedure was devised, wherein the Halphen 

concentrate was placed on the paper in a strip. The paper was dev

eloped in the usual manner. A 3 cm. strip was cut from the side of 

the chromatogram and sprayed with permanganate reagent. The bands 

corresponding to the various fractions were cut from the remainder 

of the chromatogram. Using a small chromatocab, the samples were 

eluted from the paper by pyridine. The pyridine was allowed to 

descend the paper until 10 ml. of eluent had been collected. The 

Halphen test was then run on these eluents. 

9) Countercurrent Studies 

A methanol-water-hexane solvent system was used in four 

experiments. The general procedure was as follows: A mixture of 

the solvents was shaken in a separatory funnel and allowed to separ

ate overnight into two layers. Hie non-polar layer (hexane) was 

placed in the sixty tubes of a Craig countercurrent apparatus. The 

fatty acid sample was transferred into the first tube with 10 ml. of 

the polar solvent (methanol), the remainder of the polar layer was 
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placed in the reservoir. The mixing was continued until all 120 

tubes had been equilibrated. The samples vere then individually-

transferred to test tubes. Halphen tests were run on every fifth 

tube by the AOCS (2) method. Results of the four experiments are 

given in Table 3» 

10) Low Temperature Crystallization and Urea Clathration Concen
trations 

Experiment 1. 

Seven hundred-fifty grams of crude cottonseed oil was sapon

ified by allowing the oil to stand for 2k hours in 2500 ml. of 10$ 

ethanolic KOH. The soaps were diluted with distilled water and the 

non-saponifiable material removed by extraction with ethyl ether. 

The soaps were acidified, extracted into ethyl ether, washed with 

water and dried over sodium sulfate. Yield of fatty acids upon 

removal of solvent under reduced pressure was 569 S-

Five hundred-forty grams of the above acids were subjected 

to a series of clathrations and low temperature crystallizations. 

Hie flow sheet is given in Figure 1. The concentration was followed 

by the Halphen test according to Deutschman and Klaus (27). 

Experiment 2. 

The same procedure was followed as in experiment 1, but on a 

larger scale. Three gallons of crude cottonseed oil was saponified 

and the acids recovered. After removal of saturates by urea clathra

tion, the fatty acids were further fractionated by low temperature 
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Figure 1. Flow Sheet, Concentration Experiment 1 

Total Fatty Acids 
(5^0 g.) 

ppt. 

0.1*4# H 

Clathration #1 
(1:1:3, Urea, F.A., 
MeOH) ppt. 

Clathration^ 
(Urea sat. 
solution) 

Filt. 

Crystallization #1 
(10# in MeOH, -70°C.) 

Crystallization #2 
(10# in MeOH, -50°C.) 

ppt. 

ppt. 

Crystallization #3 
(reduced volume to 1.2 1., -65 C.) 

Crystallization #k 
(reduced volume to 100 ml., -50°C.) 

Filt. 

0.64# H 

Flit. 

Filt. 

ppt. 

3-4l# H 

B 

ppt. 

I 

6.13# H 

H 

Filt. 

Filt. 

(IJ) 
(3-8 g., 
8.45# H) 
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crystallization in 2 1. batches. The final Halphen acid concentrate 

2J was packed in dry ice and taken to the Southern Regional Research 

Laboratory in New Orleans for column chromatography experiments. 

Experiment 

This experiment was conducted to determine if the non-sapon-

ifiables needed to be removed from the fatty acids. The same pro

cedure was followed as in experiments 1 and 2, except that the non-

saponifiables were not removed and two additional clathrations were 

carried out on the filtrates. Prom 920 g. of fatty acids, 2.5 g. of 

a final Halphen acid concentrate (3N) was recovered from the filtrate. 

The twelve fractions from this experiment were analyzed by IE, GLC, 

qualitative Besson test, TLC and qualitative Halphen test. A portion 

of fraction 3N was esterified with the HFg-MeOH reagent. Another 

portion was reduced to the alcohol with LIAIHI4. and reduced still 

further to the hydrocarbon by the sterculene preparation procedure (59)-

Experiment 4. 

Experiment k was devised to eliminate the necessity of work

ing with free fatty acids. Methyl esters were prepared by trans-

esterification with dry methanol and sodium as described in procedure 1. 

The methyl esters were concentrated as in experiment 1 and analyzed 

by IR and GLC. 
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Experiment £. 

In order to verify the results obtained in experiments 3 and 

4, experiment 5 was conducted on crude cottonseed oil. The concen

tration was performed essentially as in experiment 3, with the 

exception that the non-saponifiables were extracted with ethyl ether. 

Experiment 6. 

Biis experiment was conducted in order to detect any differ

ences between crude cottonseed oil and alkali-refined cottonseed oil. 

The procedure followed is shown in Figure 2. The fractions were 

esterified and subjected to GLC analysis (RSC, 6 ft. 10$ DEGS on 

acid-washed chromasorb W. column 170°C., 222 cc./min. of Argon). 

Samples of the last five fractions (6K-6P) were reacted with the 

Besson reagent and the products recovered. Kie GLC analyses on 

these five products were compared with their corresponding untreated 

counterpart esters by GLC. 

11) Silicic Acid Column Chromatography Studies 

The following was performed at Tulane Medical School and 

at the Southern Regional Research and Development Laboratory: The 

Halphen acid concentrate was esterified by reacting it with diazo-

methane just prior to its placement on the silicic acid column. A 

25$ excess of diazomethane was used in each preparation. After a 

30 minute reaction time, the excess reagent was decomposed with water. 

The silicic acid (Mallinckrodt chromatographic grade) was 

prepared by removing the fine-mesh silicic acid with absolute ethanol. 
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Figure 2. Flow Sheet, Concentration Experiment 6 

Alkali Refined Oil 
(2000 g.) 

Cold saponification 

Non-saponifiables 
extracted vith 
ether 

nonsaps. 
(6A5 

Clathration #1 PPt-
(1:1:3* Urea, F.A., 
MeOH) (6C) 

ppt. 

Hit. 

Clathration #2 
(Urea saturated 
solution, 0°C.) (6E) 

Clathration #3 PP"^ 
(reduced volume l/2, 
saturated sol. with Urea) 

Crystallization #1 
(10# MeOH, -60°C.) 

Clathration $4 
(saturated vith Urea at U0°C.; 
-6°C., 16 hours) 

Clathration #5 
(saturated vith Urea, 
reduced volume l/2) 

Clathration jf6 
(saturated vith Urea, 
reduced volume l/2) 

Filt. 

(60) 

ppt. 

Filt. 

(61) 

ppt. 

illt. 

(6K) 

ppt. 

Filt. 

(6M) 

ppt. 

Filt. 

(6N) 

(60) (6] 

Filt. 

) 
(18.8 g.) (12.1 g.) 
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Approximately equal volumes of silicic acid and alcohol were mixed 

and the acid allowed to settle overnight. Die fine-mesh silicic 

acid which formed a cake on top of the alcohol was discarded. The 

ethanol was removed by evaporation and the adsorbent dried 1 hour 

at 150°C. in an oven. The cool adsorbent was placed in the eluting 

solvent and kept in a sealed jar until used. The silicic acid 

solvent slurry was allowed to fill the column by settling under 

gravitational force. 

Samples from the silicic acid chromatographic column were 

collected on a fraction collector on a time-volume basis. The 

contents of each tube was tested for the presence of lipid material 

by spotting a 10X sample on preheated glass paper, spraying the 

paper with concentrated sulfuric acid and charring over a hotplate. 

The tube contents giving positive chars were subjected to further 

analysis by glass paper chromatography with iso-octane or iso-

octane-2^ benzene solution as the eluting solvent. The eluted 

samples were compared with standard samples of methyl linoleate, 

methyl oleate and methyl Halphenate. 

These silicic acid experiments with a few modifications were 

continued at the University of Arizona. Considerable time was 

spent trying to duplicate the glass paper chromatography results 

obtained in the studies at New Orleans. During the same time, the 

Besson reagent was observed to be a specific reagent for cyclopro-

pene fatty acids. Hiis test was modified into a spot test to com
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plement the char test. The tubes giving a positive char were 

respotted on glass paper, sprayed with Besson reagent and heated 

gently over a hotplate. This method eliminated the need to chrom-

atograph every fifth tube on glass paper. 

In the second series of column chromatography experiments, 

the fine-grain silicic acid was not removed. The silicic acid was 

mixed directly with the eluting solvent mixture. The eluting sol

vents were varied to include ethyl ether as a replacement for 

benzene as the polar component of the solvent. The samples used 

for all experiments in this series, except one, were the methyl 

esters of 6P Halphen concentrate, the composition of which is shown 

in Table 2. The esters were prepared by the BF3-MeOH reagent 

(procedure 3)• The fractions obtained from the column were further 

purified by combining the fractions giving positive Besson and 

Halphen tests and rechromatographing. Infrared, GLC, as well as 

TLC and Halphen analyses were run on a number of these fractions. 

12) Feeding Experiment 

Capsules were prepared containing various levels of three 

of the last four concentrates (6K, 6M, 60) obtained from experi

ment 6. Hie amount of cyclopropene methyl ester present in the 

capsule for each lot was calculated as follows: 

Wt. cyclopropene methyl ester = (wt. sample) (jo malvalate*) 

100 

These values were obtained from Table 2. 
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For this experiment, four lots of five and one lot of two' 

laying White Leghorn hens were utilized. The hens were individually 

caged in order to identify the eggs, fed a practical laying ration 

and given water, ad libitum. The various Halphen acid concentrates 

were administered orally by capsule once daily for 15 days. The 

eggs were collected daily after the fifth day of supplemental diet 

for 15 consecutive days. They were stored at 2°C. for periods of 

1 to 3 months. The eggs were examined for pink discoloration and 

pH change at 1, 2 and 3 months storage. The degree of discolora

tion was rated visually on a five-point scale as used by Kemmerer, 

et al. (l»-6). The pH of the whites and the yolks were determined 

with a Beckman pH meter. 



RESULTS AND CONCLUSIONS 

l) Specific Goals and Methods Used to Attain These Goals 

The ultimate goal was to obtain a pure Halphen acid from 

cottonseed oil and compare It to malvallc and stercullc acid with 

respect to structure and biological activity. 

Masson (54) postulated that reverse phase column chromatog

raphy would be a good method for concentrating the Halphen acid from 

cottonseed oil. This method had been used by Shenstone (76) in his 

work on Halphen acids. As a first approach it was necessary to 

obtain data on the optimum solvent system to use in eluting the fatty 

acids from the column. To obtain this data, studies were conducted 

on reverse phase paper chromatography. Paper chromatography could 

also serve as a means of assaying the fractions eluted from the 

column. Thus, paper chromatography experiments were devised with 

unsaturated fatty acids and sterculic acid. 

As an alternative to reverse phase column chromatography, 

counter-current distribution can be used. Although both methods 

require controlled temperature and humidity conditions, it was felt 

that counter-current separation would give more reproducible separa

tions. Therefore, a few preliminary trials were run at the Southern 

Regional Research Laboratory by the author on leave from the 

University of Arizona. 
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To obtain a Halphen acid concentrate from cottonseed oil 

sufficiently high for chromatography, removal of saturated fatty 

acids was the first essential step. Clathration vith urea has been 

used extensively for this purpose and was used as the first step for 

obtaining a Halphen acid concentrate. Low temperature crystalliza

tion is the method of choice for separating heat sensitive fatty 

acids and was used in conjunction with urea clathration. Thus, con

centrates of Halphen acid were prepared by combinations of the above 

two methods. 

When the isolation problem was discussed with the members of 

the oilseed group at the Southern Regional Research Laboratory at 

New Orleans, silicic acid absorption chromatography was deemed more 

feasible than reverse phase partition chromatography. Glass paper 

chromatography appeared to be a good replacement for paper chromatog-

raphy for assaying the fractions eluted from the column. The feasi

bility of using silicic acid column chromatography became apparent 

when studies with glass paper chromatography revealed that methyl 

sterculate behaved as a mono-unsaturated fatty ester in its adsorp

tion properties. Since the problem previous workers had encountered 

was the separation of linoleate from malvalate, this finding appeared 

to be the answer to the problem. 

The use of silicic acid chromatography required the use of 

the methyl esters and subsequently studies were conducted on the 

stability of the cyclopropene ring to transesterification reagents (59). 
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Of greatest importance was the need of a method for the quan

titative assay of the Halphen acid. The Halphen test was used in the 

first work on this problem but was limited in its use with cottonseed 

oil because the dark color of the crude oil masked the red color of 

the Halphen test. Studies were conducted on the Besson test as a 

possible replacement for the Halphen test. These studies included 

the use of the Besson test as a possible complement to sulfuric acid 

as a spray reagent in glass paper chromatography. 

The infrared spectra of sterculic and malvalic acids have 

bands at 5-38 and 9*92 H which are characteristic of the cyclopropene 

ring. To confirm the presence of the cyclopropene ring in the various 

concentrates obtained from cottonseed oil, the infrared spectra of 

the fractions were taken. Although Masson (5*0 had reported that 

the methyl malvalate peak could not be resolved from the methyl lin-

oleate peak by gas chromatography, samples of the various fractions 

were saved for gas chromatographic analysis. Since there was a pos

sibility that compounds other than cyclopropene fatty acids were 

responsible for the Halphen and Besson tests in cottonseed oil, thin 

layer chromatography was also investigated as a tool in assaying for 

the Halphen acid and Besson reactive material. 

Bie isolation of pure Halphen acid was essential for the 

remaining goals of Part 1 of this thesis. Since the acid was not 

isolated in pure form, this portion of the research was limited to 

obtaining a relationship between the concentration of Halphen acid, 



26 

its reactivity toward the Besson and Halphen reagents and its ability 

to form pink eggs when the concentrate was fed to laying hens. 

2) Results from the Various Concentration Methods 

a) Paper Chromatography and Countercurrent Distribution. 

The results described in Table 2 show that when a Halphen acid 

concentrate (u) was assayed by paper chromatography four spots were 

observed for one solvent and three spots were observed with another 

solvent. When these bands were eluted from preparatory scale chromato-

grams with pyridine and the Halphen tests determined on the eluates, 

a band with an Rf of 0.33 (solvent a) gave a Halphen test of inten

sity much less than that given by the band with the Rf of 0.U6. A 

band with an Rf of 0.21 (solvent b) was the only Halphen reactive band 

using the other solvent system. In general, attempts to separate 

fatty acid methyl esters by paper chromatography were unsuccessful. 

The results in Table 3 do not give much information on the 

concentration of Halphen acid achieved by countercurrent distribution. 

Although some concentration of Halphen color was observed, the results 

do not show whether this color was due to concentration of Halphen 

acid or concentration of total fatty acids. 

b) Urea Clathration, Low Temperature Crystallization, 
Silicic Acid Column Chromatography. 

As observed from Figure 1 a concentrate of Halphen 

acid (U) was obtained in the first experiment. Die percentage was 

lowered to 6$ (2J) when this procedure was carried out on a larger 

scale. These were the only concentration experiments quantitatively 



Table 1. Percentage Composition of the Fatty Acids in Fractions from 
Experiment 6 and of Hibiscus syricus Oil as Determined by GLC(a) 

Methyl Ester 

Effective 
Chain 
Length 

(ECL) (57) 

Hibiscus syricus Esters 

Experimental Lit. (9l) 

6K 6M 
Fraction 

6N 60 6P 

Laurate 12.1 0.1 0.1 1.0 
Ifyristate i4.o 0.6 0.2 2.8 0.2 0.1 1.4 
Palmitate 16.0 14.8 17.2 1.4 0.5 
Palmitoleate 16.5 1.1 0.8 6.2 5.2 1.7 1.4 0.7 

17.4 0.8 0.7 
17-9 0.6 1.0 1.3 0.2 1.8 

Stearate 18.0 3.0 1.6 
Malvalate 18.1 17.2 16.3 '1.6 11.0 7-9 14.6 
Oleate 18.5 15.2 13.0 38.9 5-2 0.7 0.7 1.0 
Linoleate 19.2 

44.6(b) 
56.5 

77.8 
19.2 

44.6(b) 
56.5 

1*8.6 84.8 84.7 89.I 77.8 
Sterculate 19.2 3.2 
Linolenate 19.5 1.4 1-9 0.7 1.0 
Stearoleate 20.0 

(a) BSC, 6 ft., 10$ DEGS column, 170°C., 222 ml./min. of Argon. 

(b) Total per cent for linoleate and sterculate. 
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assayed "by the Halphen tests. Infrared spectra of the fractions 

from the other four experiments showed the 9»92 band to be present 

only in the final concentrates. Hiese bands were all of the same 

intensity. 

An instant black spot developed at room temperature when the 

final concentrate from experiment 3 (fraction 3N) was chromatographed 

on a thin layer plate and sprayed with the Besson reagent. When the 

plate was heated another black spot developed which corresponded in 

Rf value to a normal l8-carbon fatty acid. When fraction 3N was 

esterified and chromatographed along with fraction 1<-G, the final 

ester concentrate in experiment b, both concentrates gave two instant 

black spots. Hiese same two black spots were observed when fraction 

3N was reduced with LiAlHlj. to the alcohol. These spots were not 

observed in the final concentrates from experiments 5 ami 6 in which 

the non-saponifiables were removed. 

Gas chromatographic analysis on the fractions obtained in 

experiment 6 before and after treatment with the Besson reagent, 

revealed that a peak present for the last five fractions (6K-6P) was 

absent when these five fractions were treated with the Besson reagent. 

For identification of this peak Hibiscus syrlcus oil methyl esters, 

* ' 
prepared by transesteriflcation of the oil from the seeds , were 

analyzed by GLC under the same conditions as the fractions in exper-

* Courtesy of Northern Regional Research Laboratory, 
Peoria, Illinois. 



Table 2. Paper Chromatography, Rf Values of 
Standards and the Fatty Acids in 
Fraction U from Experiment 1 

Rf Values in 
Compound Solvent a Solvent b 

Fraction 1J •33 .14 

.41 .21 

.46 .32 

• 54 

Sterculic acid .19 

Oleic acid .46 .24 

Linoleic acid • 54 .32 

Solvent a = 85acetic acid. 

Solvent b = (l0:10:l) formic acid, acetic acid, water. 

Spray = 1$ KMnOlj. in water. 



Table 3* Countercurrent Distribution Studies for Partitioning of Halphen Acid 

Experiment 
Number 

Sample Description 
Composition Size 

Solvent Mixtures 
Used 

Tubes giving Positive 
Halphen Test (AOCS) 

Wesson oil 2.5 ml. 
fatty acids 

Wesson oil 2 ml. 
fatty acids 

6% Halphen 2 ml. 
acid concentrate 
(2J) 

Patty acids 1.22 g. 
from tubes 
25-60 of experi
ment No. 3 

Hexane:MeOH:H20 
(100:99:1) 

Hexane :MeOH :H20 
(100:96:1*) 

Hexane:Me0H:H20 
(200:195:5) 

Hexane:Me0H:H20 
(200:195:5) 

No separation on apparatus 

MeOH: 51 — 60 
Hexane: -

MeOH: 26 — 60 
Hexane: 26 — 60 

MeOH: 26 — 41 pink 
MeOH: U6 -— 56 orange 
MeOH: 57 -— 60 dark orange 
Hexane: 51 — 60 orange 

* The 120 samples vere air-dried in tared flasks and sample weights determined. The 
wift-yirmiTn concentrations of fatty acids were 3*65 mg. in MeOH tube No. U3 and 0.6 mg. in 
Hexane tube No. 60. 
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iment 6 were analyzed. Only one Besson reactive peak was observed. 

This peak with an ECL value of 18.1 was 17.2# of the Hibiscus syrlcus 

methyl esters and had the same retention time as the Hialphen acid 

concentrates 6K-6P. Smith (8l) reported the malvalic acid concentra

tion in Hibiscus syricus oil to be 16.3$. The complete GLC analysis 

of fractions 6K to 6P are given in Table 1, along with the GLC analy

sis of Hibiscus syricus esters and the values reported by Smith. 

As observed from Table the Besson reactive material was 

eluted off the column before the majority of the other fatty acid 

methyl esters were eluted from the column. Under these conditions, 

the Besson reactive material could be further concentrated by this 

method. When the Besson reactive fractions from the silicic acid 

columns were combined and rechromatographed, a concentrate (CFll) 

was obtained. Hiis concentrate appeared to be greater than 50$ 

cyclopropene fatty acid methyl ester as determined by the intensity 

of the 9-92 p IR band. 

Since the RSS gas chromatograph became inoperative at the 

time concentrate CFll was obtained, the concentration of malvalic 

acid in this sample could not be quantitatively determined by the 

GLC-Besson method. Hiis method consisted in assaying the methyl 

esters before and sifter reacting the esters with the Besson reagent. 

The decrease in the area of the 18.1 ECL peak was considered to cor

respond to the amount of malvalic ester present in the sample. Thus, 

the Besson reactive peak-GLC method was adapted to glass paper 



Sable 4. Silicic Acid Column Fractionation of Halphen Acid 
Methyl Ester Concentrates (2nd Series) 

Sample used Eluting Solvent Positive Tube Numbers 
Expt. No. for Chrom. $ in Skellysolve B Char Besson Halphen 

1 6P 5$ ether 1-15 
6P 5^ benzene 180-435 185-245 190-230 
to 5$ iso-octane 107-469 107-285 107-200 

- 4 6P 2$ ether 30-65 35-45 
5 6P 2$ ether 

ViAny prip 
40-75 41-56 

6 Hydrocarbon 2^ benzene 15-45 15-20(a) 

7 6P 2$ ether 
2$ benzene 

15-70 16-22 

8 6P 2$ ether 
2% benzene 

15-75 21-27 

9 6P 2# ether 
2$ benzene 

60-97 60-67 

10 6P 2$ ether 
2$ benzene 

15-75 15-27 

Combined all the Besson positive tubes from experiments 3, 5, 7, 8, 9 and 10 and rechromato-
graphed (experiment 11). 

11 combined Besson 2$ ether 60-115 60-67^^ 
positive tubes 2$ benzene 

(a) IR spectrum given in Figure 3a, GLC analysis 27.4$ malvalene. 

(b) IR spectrum given in Figure 4b, glass paper chromatography analysis approximately 70$ 
Halphen acid methyl ester, Code No. CF11. 
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chromatography. On a glass paper chromatograph the reaction prod

ucts of CFll and methyl sterculate with the Besson reagent had Rf 

values of 0.2, while the methyl esters had Rf values from 0.5 to 0.9-

When the product of CFll with the Besson reagent was chromatographed, 

the charred area with an Rf of 0.2 was estimated to be 70% of the 

total sample. The other 30$ being linoleate (Rf 0.6) and polymer 

(Rf 0.0). Since the Halphen tests on the concentration fractions 

complemented the Besson tests for the same, the final concentrate 

(CFll) can be designated 70$ Halphen acid. 

c) Feeding Experiments. 

When the esters front fractions 6K, 6M and 60 (Fig. 2) were 

fed to laying hens at various levels (Table 5)> pink eggs were 

observed from hens fed 2.0 mg. of cyclopropene methyl ester per hen 

per day (calculated as methyl malvalate) when the eggs were stored 

for three months. At a level of 14.8 mg. of cyclopropene methyl 

ester per hen per day, pink eggs were detected after two months 

storage. 

3) Conclusions 

a) Paper Chromatographic and Countercurrent Studies. 

Although the results given in Table 2 show excellent separa

tion of oleate from linoleate and Halphen acid from linoleate, it 

does not indicate separation of oleate from malvalate and/or stercul

ate. Thus, paper chromatography needs to be supplemented with other 



Table 5. Feeding Experiment with Halphen Acid Methyl Ester 
Concentrates from Experiment 6 

of 2H 
Methyl Egg Discoloration* ' 2 Months 3 Months 

Lot No. Sample Sample 
vt. mg. 

Malvalate 
mg. 

2 Months 3 Months White Yolk White Yolk 

1 corn oil 125 - - 9.2 6.2 9-0 6-3 

2 6K 125 - - 9.2 6.2 9.0 6.^ 

3 6M 25 O.k - 9-2 6.3 9.0 6.6 

k 6M 125 2.0 1. pink 9.2 6.3 8.9 6.9 

5 60 187.2 ik.a 1. pink 1. pink 8.9 7.0 8.7 7-5 

(a) Methyl malvalate calculated from values given in Table 1. 

(b) Kemmerer (U6). 

U) 
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chromatographic methods If It Is to be used for the assay of 

malvallc acid and sterculic acid. 

One disadvantage of reverse phase paper chromatography of 

fatty acids is that acetic or formic acids are needed in most cases 

for developing the chromatogram. The reactivity of the cyclopropene 

ring may be too great to withstand this acid medium. Although the 

cyclopropene ring acids eluted from the papers gave positive Halphen 

tests, no correlation data was obtained between concentration of 

propene ring fatty acids and Halphen color intensity. 

The countercurrent studies were not carried on long enough 

to determine fully the feasibility of this method. At the time these 

studies were run, the Halphen test along with weight of samples were 

the only two assay methods utilized. The Halphen test (AOCS) used 

In these experiments was at its best only qualitative. Various 

colors were obtained for different samples, making accurate intensity 

readings impossible. 

b) Urea Clathration-Low Temperature Crystalllzatlon-Slliclc 
Acid Chromatography. 

In experiment 1 (Fig. l) data has been presented giving quan

titative values for the concentration of the Halphen acids. Bailey, 

et al. (3) has shown that the intensity of the Halphen test color 

solution is affected by many nitrogen-containing substances as may be 

present in crude cottonseed oil. However, the author feels that 

these values, reproducible within the limits of 10$, give 
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a truer picture of the Halphen acid concentration than the visual 

matching of color intensities used by Shenstone (7*0 • 

The lover Halphen value for the second concentrate (2J), 

as against 8$ for the first experiment (U) may have been due to the 

length of time and the many more steps Involved in the producing of 

this concentrate on a stepwise basis (the total length of time vas 

7 weeks.) As was pointed out by Masson (5k), low temperature crystal

lization on a macroscale is very hard to control. Although the final 

concentrate was stored in a deepfreeze or on dry ice 90$ of the time, 

a Halphen test at the end of 10 weeks (AOCS) gave a value of or 

lower for this concentrate. Unfortunately, infrared analyses were 

not run on these concentrates. 

The results of experiment 3 are very interesting in the light 

of the work reported by Webb, et al. (88). This experiment was per

formed shortly after a rough draft of Webb's paper was sent to the 

author for review. The procedure followed was essentially as out

lined by Webb. Fraction 3N was obtained four steps beyond the 8l$ 

concentrate reportedly obtained by Webb. Although a 9.9 p. band was 

reported by Webb, it appeared quite broad. The 9*92 )i band generally 

associated with the cyclopropene ring is quite sharp. A broad band 

in this region is characteristic of cyclopropane fatty acids. 

The final concentrate of experiment 3, after it had been 

reacted with the Besson reagent, showed a band at 9*8 One could 

assume that this is a cyclopropane band, but the question arises if 

this really is a cyclopropane band, from where did it come? It is 



37 

possible that the Besson reagent lsomerizes the cycloprqpene ring to 

a cyclopropane ring conjugated with a double bond, or that the cyclo

propane band vas present all the time but vas masked by the cyclo-

propene band. The presence of cyclopropanes in cottonseed oil would 

substantiate Smith's (8l) data of saturated ring fatty acids in 

other Malva oils. 

Comparison of experiments 3 and 4 shows that clathration and 

low temperature crystallization are just as effective with methyl 

esters as with fatty acids. In light of this and the fact that cyclo-

propene methyl esters sure much more stable than their acids, it seemed 

advisable to work with the methyl esters. Non-saponifiable Besson 

reactive components which fail to give the Halphen test can be removed 

by column chromatography. This procedure eliminates the use of min

eral acids for the acidification of the soaps prepared in the saponi

fication step. The results obtained from experiments k, 5 and 6 

indicated that there was little difference, if any, in the Halphen 

acid content in alkali-refined oil and crude oil. Both oils contained 

two non-saponifiable components that were active toward the Besson 

reagent. 

It was very interesting to discover that methyl malvalate 

had about the same retention time as methyl stearate when a 10$ DEGS 

column was used on the RSC instrument under the optimum conditions 

reported for GLC analysis. Mlva (57) and Smith (8l) both reported 

malvalate as being masked by linoleate when chromatographed on a 

polar column. An hypothesis for this discrepancy is as follows: 
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Under the conditions of 170°C. and 222 ml./nln. of Argon for the 

10$ DEGS column used in this laboratory, the malvalate vas not 

isomerized on the column. It thus behaved as a 17-carbon straight-

chain fatty ester having a non-conjugated pair of double bonds and a 

retention time equal to an l8-carbon saturated fatty methyl ester. 

Die two non-conjugated double bonds can be considered chromatograph-

ically as equal to a cyclopropene ring (57)« By the same analogy, 

methyl sterculate would resemble a non-conjugated octadecadienoic 

methyl ester. It should have the same retention time as methyl 

linoleate. When samples of distilled methyl sterculate, Sterculla 

foetida methyl esters and methyl linoleate were chromatographed 

under the optimum conditions described above, all three esters had 

the same retention times. 

Thus, it seems that the conditions used with this chromato

graphic column were ideal for the preservation of the cyclopropene 

ring and the conditions used by previous investigators were "non-

ideal." It might be that they were reporting isomerized cyclopro-

penes rather than true cyclopropenes. Upon reviewing 87 chromato-

grams run on various esters and standards under our conditions, 

none refuted this hypothesis. Unfortunately, this correlation was 

not detected at the time these chromatograms were obtained. An 

experiment to substantiate this theory would be to recover a sample 

of the cyclopropene ester from the chromatograph. A positive Halphen 

test and the 5-38 and 9*92 peaks on the IR would indicate whether 
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the ester had or had not been changed. 

When the same Halphen concentrates and Hibiscus syricus 

esters were run on the Aerograph instrument on a 20$ DEGS column at 

200°C., peaks indicating Besson reactive compounds were not noted. 

Presumably, these were the conditions used by other investigators, 

the malvalate peak being masked by the linoleate peak. 

The use of silicic acid column chromatography for isolation 

of Halphen acids was quite successful, although isolation of a pure 

sample of malvalate was not achieved. The percentage of malvalate 

in the final concentrate, although not determined quantitatively, 

agreed quite closely with the intensity of the 9-92/1 band, of the 

IR spectrum (Fig. ̂ b). 

One can only speculate on the identity of the various com

pounds in the fractions from the silicic acid column giving IR bands 

at IO.38 and 11.30 These bands have been observed (5*0 in isomer-

ized methyl sterculate and postulated to arise from a conjugated diene 

system. When methyl sterculate was placed in a flask with silicic 

acid and Skellysolve B and left for 60 hours, the recovered esters 

gave sharp peaks at 10.38 and 11.30 ji. Thus, precautions need to be 

taken in recommending silicic acid column chromatography for cyclo-

propene methyl ester separation. For the separation of hydrocarbons 

(silicic acid column 6B, Table k) there were no indications that the 

isomerized product formed (IR analysis). The same was observed for 

the final 70$ Halphen acid methyl ester concentrate CF11. Therefore, 

one can say that silicic acid isomerizes cyclopropene methyl esters 
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sometimes, but column chromatography on silica separates the 

unisomerized methyl malvalate from the isomerized product. 

c) Feeding Experiment. 

This feeding experiment clearly shows correlation between 

the Besson test, GLC analysis, IR analysis and the ability of the 

Halphen concentrates to produce pink eggs. Hie amount of sterculate 

present in the concentrates could not be calculated from GLC analysis. 

The amount of this acid present in the concentrate was not included 

in the calculation of the weight of cyclopropene methyl ester for 

the various concentrates. The values for a given weight of cyclo

propene agree quite well with Masson's data (5^) in which he reported 

33$ pink egg formation in eggs stored three months when the hens 

were fed 8.5 mg. sterculic acid (Sterculia foetida oil) per hen 

per day. 



SUMMARY 

Various Isolation procedures have been examined as possible 

means of concentrating and identifying the Halphen active constit

uent (s) of cottonseed oil. The following results have been obtained: 

1) Crude cottonseed contains two or more non-saponifiable 

constituents which are reactive to the Besson test. These Besson 

active materials, which are not reactive to the Halphen test, can 

readily be separated from the Halphen reactive material present in 

the saponifiable portion of the oil. 

2) The cyclopropene fatty acid material in the oil is stable 

to transesterification reagents. The oil thus can be transesterified 

into methyl esters eliminating the use of mineral acids. Bie cyclo

propene methyl esters thus produced are more stable than the acids 

and are just as readily concentrated by urea clathration and low 

temperature crystallization. 

3) Reverse phase paper chromatography detected two Halphen 

components in the oil. Countercurrent distribution studies indicated 

that the Halphen acids could be separated to some extent but the 

method was not fully studied. Thin layer chromatography can only 

be used to detect non-fatty acid material in the oil such as the 

4l 



Besson reactive material. 

k) A cyclopropene fatty acid methyl ester concentrate can 

be further concentrated by silicic acid adsorption column chroma

tography. The degree of concentration can be followed by glass 

paper chromatography, gas liquid chromatography, infrared analysis 

and by Besson and sulfuric acid char tests. Using this procedure 

a concentrate containing approximately 70$ malvalic acid was 

obtained. 

5) Hiere was a direct correlation between the presence of 

the 9.92 P IR band, the percentage of malvalic acid in the concen

trate as determined by GLC, and the ability of the concentrate to 

form pink eggs. 



PART 2 

SYNTHESIS OF CYCLOPROPENE DERIVATIVES AND THBIR REACTIVITY 

IN FINK EGG FORMATION, TOWARD THE HALPHER 

TEST AND TOWARD THE BESSON TEST 



INTRODUCTION 

Masson (53) prepared dlhydrosterculic add from sterculic 

acid by the procedure of Nunn (60). When fed to laying hens this 

acid failed to produce pink eggs. This Is the only derivative of 

any cyclopropene compound that has been tested for biological 

activity. Thus, it vould be interesting to tabulate the various 

cyclopropene derivatives that have been synthesized. 

Denyanov and Dajarenko (26) first synthesized cyclopropene 

in 1923, by a Hoffknan degradation of cyclopropylamine. This syn

thesis has been repeated by Schlatter (69) and by Viberg (90). 

Kohler (b7) synthesized the first substituted cyclopropene 

derivative I CO2CH3 

^C-C02CH3 

M-N02<|>-C =\ - <J> 

I 

by eliminating nitrous acid from the nitrocyclopropane derivative. 

This intermediate was prepared by condensing 2-bromomalonic acid 

dimethyl ester with the corresponding substituted ethylene. In a 

similar manner Darling (22) prepared compound II. 



JiU 

C02CH3 

C - CO2CH3 

4> - c « c - 4> 

II 

Upon hydrolysis the dlacid was obtained. 

Dyakonov and Komendantov (31, 32) prepared the cyclopropene 

monoester III _ CO2C2H5 

t> - C - CH3 

III 

by coupling phenyl methyl acetylene vith ethyl diazoacetate. Breslow, 

utilizing dlazo compounds as the source of divalent carbon, synthesized 

IV, V and VI, and from them, diphenylcyclopropenecarboxylic acid. 

C02&t H H 
I C - CQ2Et C - CN 
C-C02K /\ and A 
/\ <> _ C = c - <> • - c - c 

_ c = c - 4> 

IV (8) V (8) VI (5, 6) 

Dyakonov (32) prepared compounds V, VII and VIII 

H H 

A- C02Et C - C02Bt C - COpEt 
/\ and /% 

Fr - C = C - Pr Bu - C = C - Bu <> - C—C - £ 
H 

VII VIII IX 

in a synthesis similar to that of Breslov's synthesis of compounds IV, 

1 
V and VI. Dyakonov noted, however, that when anhydrous cupric sulfate 

was used as a catalyst, compound IX was formed which was resistant to 

hydrolysis. Compound V on the other hand was prepared without a 
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catalyst and could readily be hydrolyzed. Breslow (9) refuted 
1 
Dyakonov1B preparation of compound IX, stating that he had obtained 

IXb 
lnstead of IX. 

OEt • 

IXb 
1 

Breslov further postulated that Dyakonov formed analogs of compound IXb 

when cupric sulfate was used In synthesizing compounds VII and VIII. 

On further investigation Dyakonov (3̂ , 35) reported that Breslow's 

statements concerning his synthesis using cupric sulfate were correct. 

Dyakonov1s evidence for the furan structure was that the compounds 

prepared with cupric sulfate readily formed Diels-Alder adducts with 

maleic anhydride. 

Viberg (89) attempted to prepare cyclopropenecarboxylic add 

by elimination of hydrogen bromide from 2-bromocyclopropanecarboxylic 

acid. The bromine in the compound was inert toward sodium iodide in 

acetone and also toward silver nitrate solution. The bromo derivative 

did react with potassium t-butoxide in t-butyl alcohol giving 2-t-butoxy-

cyclopropanecarboxylic acid. He postulated that cyclopropenecarboxylic 

acid was an intermediate. 

Yarma (84) reported the preparation of methyl sterculate X and 

the 23-carbon homolog XI 

H /H EL 

/  / \  
CH3-(CH2)T-C = C-(CH2)7-C02CH3 CH3-(CH2)9-C = C-( 012)9-CO2CH3 

X XI 
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by coupling dlazomethane vlth stearolic and behenolic acids respec

tively. Brooke and Smith (15) rejected Vitrma's synthesis of these two 

compounds on the grounds that dlazomethane does not react with double 

or triple bonds of fatty acids. They did point out, however, that 

ethyl diazoacetate would react with methyl oleate and methyl stearolate 

to form the carbethoxy derivatives of methyl dihydrosterculate (XII) 

and methyl sterculate (XIIl). 

H H 

I I 
C-CQ2Et C-COgEt 

l\ /\ 
CH3-(CH2)7-C-C-(CH2)7-C02CH3 CH3-(CH2)7-C = C-(CHS)T-C02CH3 

H H 

XII XIII 

The ability of dlazomethane to react with a triple bond was 

proved by Doering (30), who prepared 1,2-dimethylcyclopropene (XIV) 

X 
Me - C = C - Me 

XIV ^ 

in 1656 yield by reacting methylene with 2-butyne. !Hie methylene was 

generated photolytically from dlazomethane at a very low temperature. 

In a similar manner Doering prepared XV. 

H 
C - COpMe 

/\ 
Me - C • C - Me 

XV 
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Mahler (51) pyrolyzed (CF3)3PEl2 at 100°C. to obtain dlfluoro-

carbene. Upon reacting this carbene with 1,2-bistrifluoromethyl-

ethyne, he obtained the perfluoro analog of compound XIV. 

Voipin (86) in 1959 reported the preparation of 1,2-diphenyl-

cyclopropenone (XVI) 0 

C 

i /\ . 
<P - C = C - <p 

XVI 

by hydrolysis of the addition product of dibromocarbene vith tolan. 

Independently, Breslow (j) prepared the same compound by reacting 

phenylketene acetal with phenylchlorocarbene. Later, Breslow (10) 

reported the synthesis of dipropylcyclopropenone (XVIl). 

0 

II 
C 
/\ 

Pr - C = C - Pr 

XVII 

Hoffman (WO synthesized dihydrosterculic acid by a very 

involved process. Simmons (79) obtained a 51$ yield of dihydro

sterculic acid by coupling oleic acid with carbene. Die carbene 

was generated from methylene iodide vith a zinc-copper couple. He 

stated that in a few experiments with acetylenes, only tars were 

obtained. By use of Simmons' method, Castellucci (l8) obtained a 

k<£ yield of sterculic acid from stearolic acid. 
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Closs and Closs (19* 20) have prepared alkylcyclopropenes 

(mil) 

RC - C - Me 

XVIII 

by reacting alkylhalides with organo lithium compounds. The labile 

hydrogen (R • H) on compound XVIII can, under suitable conditions, be 

replaced by a carboxyl or an alkyl group. 

In addition to the salts of the cyclopropenones, Breslow has 

prepared a number of cyclopropene cations (11, 12, 13, 1^). The usual 

* procedure in the preparation of these carbonium ions has been by 

decarboxylating the carboxylic acid derived from V and VI with per

chloric acid. An alternate procedure has been to vise triphenylmethyl 

perchlorate and triphenylmethyl fluoroborate (24) as hydride ion 

abstractors (23). Reid (63) modified this abstraction procedure by 

using various quinones in conjunction with the perchlorates. 

heteroaromatic compounds. By replacing carbene with carbenoids—other 

Group IV elements having electron valence shells similar to that of 

carbenes—he has formed "germirenes" XX and "silirenes" XXI. 

M. E. Volpin (87) has recently synthesized three membered 

- C =\ - <(> 

XX XXI 
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TCiese compounds are very stable, high melting and readily undergo 

substitution. Thus, three ways of producing cyclopropenes have been 

introduced: l) elimination reactions, 2) ring closures and 3) carbene 

additions to acetylenes. 

Research on the modification of the cyclopropene ring has 

been limited to sterculic acid due to the limited availability of 

other cyclopropene compounds. Nunn (60) showed that the unsaturated 

ring of sterculic acid could be hydrogenated to the cyclopropane 

ring with Pd/CaC03 as catalyst. When sterculic acid was reacted 

with lithium aluminum hydride, the carboxyl group was reduced to an 

alcohol leaving the cyclopropene ring intact. 

Fawcett (39) reported that under mild conditions sterculic 

acid absorbed one mole of bromine. Iodine could replace the bromine 

atoms, but the diiodide compound could not be dehalogenated to 

recover the cyclopropene ring. Smith (80) noted that cyclopropenes 

reacted with hydrogen bromide under the conditions of the Durbetaki 

test, a quantitative test for epoxides. This susceptibility of the 

ring to destruction by mineral acids has prevented the use of mineral 

acids as catalysts for the esterification of cyclopropene fatty 

acids. The ring is quite resistant to bases under mild conditions. 

Wiberg (90) noted that cyclopropene formed a Diels-Alder 

adduct with cyclopentadiene and butadiene and would quantitatively 

add bromine and iodine. Hie dibromide could be transformed further 

into a di-Grignard reagent from which the dicarboxylic acid could 

be obtained. 
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It is interesting to note that the Halphen test has been 

reported to have been tested on only two of these synthetic cyclopro-

pene compounds. The compounds tested vere XIII, vhich vas negative, 

and synthetic sterculic acid prepared by Castellucci, vhich gave a 

positive Halphen test. In the same vein only one of these cyclopro-

pene compounds vas tested by the Besson test, this being WLberg's 

cyclopropene. Compound VI gave a black precipitate vith alcoholic 

silver nitrate, but Breslow attributed this reaction to the silver-

cyanide complex. 

The purpose of Part 2 of this thesis is to correlate chemical 

structure of cyclopropene derivatives vith their ability to produce 

pink eggs and to correlate structure vith Halphen and Besson activity. 

The specific chemical modifications undertaken vere: 

a) reduction of the carboxyl group of sterculic acid 

b) formation of sterculic polymers 

c) replacement of one hydrogen on the third carbon of the 

ring vith other substituents 

d) replacement of the first and second carbon substituents on 

the ring vith shorter chain aliphatic and phenyl substituents. 
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EXPERIMHITAL 

l) Preparation of Methyl Sterculate 

* 
The oil from 2 kg. of ground Sterculla foetlda seeds was 

extracted at room temperature with Skellysolve F (3 x 3 1*)• The 

extracts were dried"over anhydrous Na2S0i* and the solvent removed by 

distillation at room temperature under reduced pressure. The yield 

was 568 g. of a golden-yellow oil. 

Two hundred grams of this oil was transesterified by the 

method described previously with sodium methoxide as catalyst. After 

drying and removing solvent, 186.5 g. of methyl esters remained. 

The methyl esters (125 g.) were added to urea-saturated boiling 

methanol (12 5 g. urea in 365 ml. dry methanol). After 3 hours of 

occasional shaking, the adducts were filtered and washed with 100 ml. 

of urea-saturated methanol. Hie filtrate and washings were combined. 

A second urea adduct on the combined filtrate and washings removed 

essentially all the saturated esters. The methyl esters in the fil

trate from the second clathration were extracted with Skellysolve P. 

The yield was 36.6 g. of semi-pure methyl sterculate. The methyl 

sterculate was crystallized from a 10$ solution of methanol at -35°C. 

The crystals obtained at this temperature were pure methyl sterculate 

20 
as determined by GLC, njj = I.U57I. Distillation of 750 mg. of the 

ester under reduced pressure (b.p. 123°C./.035 mm.) revealed no 

Seeds procured through the courtesy of F. R. Amos, Director 
of Forestry, Manila, Philippines. 
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appreciable polymerization or decomposition. Quantitative infrared 

spectral analyses on the crystallized (Fig. Ua) and on the distilled 

esters were superimposable (bands at 5*38, 8.27, 8.55# 9-92 >i). 

The yield of crystallized methyl sterculate was 20.8 g. 

2) Synthesis of Sterculyl, Oleyl and Linoleyl Alcohols 

Sterculyl alcohol was prepared according to Nunn (60), 

n|° = 1.1*61*7 |it. (60), nj° = 1.1*617]. Die yield was 8.5 g. (93-5$) 

from 10 g. of methyl sterculate. IR analysis (Fig. 5&) showed bands 

at 2.80, 5.38, 9.52 and 9.92 jj. 
20 

Under the same conditions linoleyl alcohol (rij = 1.1*565) was 

prepared from methyl linoleate. This ester was purified from a linol-

eate fraction of distilled cottonseed oil esters. The fraction con

tained 10$ methyl oleate and a trace of palmitate as determined by GLC 

Bie Halphen test was negative. A single urea adduct removed the trace 

of palmitate and most of the oleate. Upon distillation, a fraction 

was collected (b.p. 12l*-126°C./.06 mm.) which contained 1$ or less of 

methyl oleate as the only impurity (GLC), n^ = 1.1*627 [lit. (62) 

1»!*695^^J. This ester was used for the preparation of the linoleyl 

alcohol and subsequent derivatives. 

Twenty grams of methyl oleate was obtained from Dr. Henry 

KLrcher of this laboratory. The ester had been obtained by fractional 

distillation of commercial methyl oleate on a spinning-band column. 

The ester contained 5$ or less of linoleate as the sole impurity (GLC) 

n|° = I.U52520 [lit. (62) = l.l^lT2̂  • Kie ester when reacted with 



WAVELENGTH (MICRONS) 

Figure 3. a) Besson Reactive Hydrocarbon from Cottonseed Oil 
IR b) 1,2-Diprqpylcyclopropene 
Spectra c) 1,2-Dioctylcyclopropene (Sterculene) 
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Figure 4. a) Methyl Sterculate 
IR ID) "7C$" Besson Reactive Cottonseed Oil Methyl Esters 
Spectra c) Sterculla foetlda Esters Reacted with 
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LiAlHli. in the above manner gave 16.6 g. (92%) of oleyl alcohol (n^® = 

1.V592) [lit. (62) - l.lf582p7*5]. 

3) Synthesis of Sterculyl, Oleyl, Linoleyl and Sterolyl Methyl Ethers 

Preliminary methylation studies were carried out on oleyl 

alcohol and sterculyl alcohol. Conventional polysaccharide methylation 

reagents were used. When the alcohols were reacted with methyl iodide 

and silver oxide in dimethyl formamide, numerous side-products were 

obtained. 

Procedure 6. 

Sterculyl alcohol (5 g«) in 60 ml. of freshly distilled tetra-

hydrofuran and k g. of powdered NaOH were combined and the heterogenous 

mixture stirred rapidly for 10 minutes. Four milliliters of dimethyl 

sulfate was added. After 30 minutes of rapid stirring, a gentle exo

thermic reaction was noted. Hie mixture was stirred 16 hours and then 

diluted with 70 ml. of ice water and extracted with ^0 ml. of Skelly-

solve F. After removal of the excess alkali by washing with water, the 

extract was dried and the product recovered (U.9 g>, 93%)• Distillation 

of 0.5 g. of the product under reduced pressure revealed no appreciable 

decomposition and superimposable IR spectra for the distilled (Fig. 5b) 

and the undistilled preparation, b.p. ll6°C./0.35 mm., nj^ = 1.^567> 

IR bands at 5-38, 8.98, 9-92 n-

Oleyl methyl ether and linoleyl methyl ether were prepared by 

procedure 6. The distilled oleyl methyl ether (b.p. 125°C./0.1 mm.) 
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Figure 5* ®) Sterculyl Alcohol 
IR b) Sterculyl Methyl Ether 
Spectra c) Stearolyl Methyl Ether 
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had a refractive index of l.l*52ljg°, the distilled linoleyl methyl ether 

(b.p. 115°C./.07 mm.) 1.̂ 89§°> The IR spectra vere superimposable on 

the IR spectrum of sterculyl methyl ether (Fig. 5b) except for the 

absence of the 5-38 and 9*92 cyclopropene bands. These ethers vere 

used for chromatographic standards. 

For use as an intermediate in the synthesis of cyclopropene 

derivatives, the synthesis of stearolyl methyl ether was carried out by 

two paths. 

In the first path, commercial methyl oleate (approximately 80jt 

pure) was transformed into crude oleyl methyl ether by procedure 6. 

This ether (120 g.) was bromiriated in Skellysolve B at 0°C. by adding 

the bromine dropwise over a 2 hour period. The dibromide solution was 

washed free of mineral acids, the Skellysolve evaporated and the dibrom

ide recovered. The dibromide was refluxed for ̂  hours with potassium 

hydroxide in ainyl alcohol. T5ie amyl alcohol was removed by distillation. 

The solid residue was dissolved in Skellysolve F, acidified and washed 

free of salts and excess acid. The yield of crude stearolyl methyl 

ether was 81.2 g. The crude preparation was distilled on a spinning-

band column. Fraction U (b.p. l68-171°C./l mm.) consisted of 9-7 nil. 

of 85# pure (GLC) material. 

The second path involved preparation of stearolic acid from 

methyl oleate (U8) and subsequent esterification, reduction and methyl-

ation by procedures 4, 5 and 6. From 200 g. of commercial methyl oleate 

(80# pure) 2k.2 g. of stearolyl methyl ether (b.p. 131°C./0.1 mm., 

np° = I.U537) was obtained. Chromatographic analysis revealed the 
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ether to he 97# pure, the yf> Impurity being palmityl methyl ether. 

Portions of the stearolic acid and oleyl methyl ether prepared as 

intermediates were used in feeding experiments. 

*0 Synthesis of Sterculene (1,2-Dloctylcyclopropene), 9-0ctadecene 
and 9.12-Octadecadiene 

Procedure 7* 

One gram of sterculyl alcohol was dissolved in 20 ml. of fresh 

dry pyridine in a 125 ml. Erlenmeyer flask placed in an ice bath. 

While the contents were stirred by a magnetic stirrer, 1.1 g. of 

p-toluenesulfonyl chloride was added over a period of 10 minutes. The 

mixture was transferred to a separatory funnel with 15 ml. of Skelly

solve F and 20 ml. of water and extracted with 30 ml. of Skellysolve P. 

The combined extracts were washed three times with water (pH of 7-8), 

dried and solvent removed on a Rotovac at room temperature. The yield 

was 1.1*3 g. (92.5#) of a yellow oil. 

The oil (1.2 g.) was dissolved in 20 ml. of anhydrous ether and 

added dropwise over a 30 minute period to 0.3 g. of L±A1H1|. in 100 ml. 

ether. After 1 hour the excess L1A1H1|. was decomposed by the addition 

of ethyl acetate followed by ice water. Thirty milliliters of Skelly

solve F was added and the mixture shaken and filtered through fine-

grain filter paper into a separatory funnel. The Skellysolve layer was 

washed with water (3 x 30 ml.), dried over anhydrous NagSOii solvent 

removed on a Rotovac at room temperature. The yield of sterculene was 

O.69 g. (9I+.6#). Upon distillation no appreciable decomposition was 

noted, b.p. 102°C./.0l*0 mm., np° = l.U^l, IR bands at 5-38 and 9*92 ja. 
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The IR spectra of the distilled hydrocarbon (Fig. 3c) lacked the weak 

hand at 2.8 }i (free hydroxyl group) found In the IR spectrum of the 

undlstilled hydrocarbon. 

20 
In a similar manner 9-octadecene, njjj * 1.4478 and 9,12-octadec-

adiene, b.p. 10eoC./.075 nm., r^° » 1.^557 [lit. (l) 1.1^95j)0]were pre

pared from their respective alcohols. 

5) Synthesis of Sterculic Acid and Methyl Sterculate Polymers 

The method followed was essentially that of Rinehart (67)• The 

Sterculla foetlda acids were prepared from Sterculia foetida methyl 

esters by cold saponification with 10$ KDH In ethanol. Fifteen grams 

. o 
of the Sterculia foetida fatty acids were heated for 26 hours at 150 C. 

The polymer mixture was removed from the oil bath, cooled to approxi

mately 60°C. and washed free of any monomers by rinsing with warm 

ethanol (3 x 50 ml.). The polymer was taken up in ethyl ether and dried 

over Na2S01».. The Sterculia foetida methyl ester polymer was prepared 

in a similar manner. Die solvent-free polymers gave negative Halphen 

tests. The IR spectrum of the acid polymer is given in Figure 10c. 

The IR spectrum of the ester polymer was identical to that of methyl 

sterculate minus the two cyclopropene bands. 

6) Feeding Experiment with the Sterculic Derivatives 

Four lots, each containing 5 White Leghorn laying hens, were 

used. The hens, fed a practical laying ration and given water ad lib

itum, were Individually caged in order to identify the eggs. The 

various sterculic derivatives were administered orally by capsule once 
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daily for 15 days. The eggs were collected dally after the fifth day 

of supplemental diet for 15 consecutive days and stored at 2°C. for 

periods of 1 to 3 months. They were checked for the pink discoloration 

vhich is known to occur in eggs from hens fed propene ring fatty acids. 

Die capsules were prepared to contain an amount of cyclopropene 

equivalent to 25 mg. of Sterculia foetida oil. The quantities of the 

derivatives were calculated on the basis that Sterculia foetida oil 

contains 70£ sterculyl ester (5^> 85). In ten of the twelve trials, 

the derivatives were diluted to 125 mg. with corn oil per capsule. 

The capsules were stored at 7°C. until administered. The supplemental 

diets are given in Table 6. 

7) Synthesis of l,2-Diphenyl-3-carboxycyclopropene, lt2-»Diphenyl-3-
carbmethoxycyclopropene and Attempted Synthesis of the 3-Hydroxy-
methyl Derivative 

Tolan (diphenylacetylene) was synthesized by the method of 

Smith (82). From 105 g. of benzil (0.5 mole) IO9.9 g* crude product 

was obtained in the form of a dark-red oil. A number of crystalliza

tions were attempted which failed to remove the mercuric oxide and free 

mercury. Crystallization from hot 95$ ethanol followed by distillation 

(l20-122°C./0.5 mm.) gave a white crystalline product (30.8 g., 3^.6$) 

having a melting point of 59-60°C. [lit. (82 ) 60-6l°C^. The UV spectrum 

was superlmposable with commercial tolan with bands at 297, 288, 279, 

272, 269 mp. 



Table 6. Feeding Experiment with Sterculyl Derivatives 

Expt. No. Lot No. Composition of Capsule 
Egg 

Discoloration 
PH 

White Yolk 

1 1 125 mg. corn oil 0 9-05 6.20 

2 
100 
25 

mg. 
mg. 

corn oil 
oleyl ether 0 9.05 6.20 

3 
100 
25 

mg. 
mg. 

corn oil 
Sterculia foetida oil dark pink 8.70 8.25 

4 
108 
17 

mg. 
mg. 

corn oil 
sterculyl methyl ether dark pink 8.75 8.25 

2 5 125 mg. corn oil 0 9.O5 6.15 

6 
75 
50 

mg. 
mg. 

corn oil 
sterculic acid polymer 0 9.00 6.20 

7 
75 
50 

mg. 
mg. 

corn oil 
methyl sterculate polymer 0 9.05 6.00 

8 
100 
25 

mg. 
mg. 

corn oil 
Sterculia foetida esters dark pink 8.45 8.00 

3 9 125 mg. corn oil 0 9-10 6.35 

10 17 mg. sterculyl alcohol dark pink 8.70 7.60 

n 18 mg. sterculene dark pink 8.60 7.90 

12 
100 
25 

mg. 
mg. 

corn oil 
Sterculia foetida esters dark pink 8.60 8.15 
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Procedure 8. 

Diazoacetic acid ethyl ester vas prepared from glycine ethyl 

ester hydrochloride by the method of Womack (92). 

Twenty-eight grains (0.2 mole) ethyl glycinate hydrochloride 

vas dissolved in ̂ 0 ml. water. One hundred-twenty milliliters of 

dichloromethane was added, the two-phase mixture was stirred, cooled 

to -5°C., and then flushed with nitrogen. A solution of 16.6 g. 

(0.24 mole) sodium nitrite was added and the temperature lowered to 

-9°C. Over a period of 3' minutes, 19 g. of 5$ sulfuric acid was added 

while the bath temperature was lowered to -23°C. After being stirred 

for 10 minutes, the mixture was transferred to a separatory funnel and 

the aqueous layer removed and washed with an additional 30 of 

dichloromethane. The organic-phase was drained into a flask containing 

200 ml. of 5$ sodium bicarbonate solution. The mixture was returned 

to the separatory funnel, the aqueous-phase discarded and the organic-

phase dried 5 minutes over calcium chloride. The dichloromethane was 

removed under reduced pressure (32 mm.) with a maximum bath temperature 

of 27°C. Yield was 19-2 g., 87-3#. 

In subsequent synthesis of this diazo compound, the quantities 

of the starting materials were increased three-fold. The material was 

kept in a deepfreeze for periods of up to 2 weeks before use. 

Procedure £. 

l,2-Diphenyl-3-carboxycyclopropene was prepared by the procedure 

reported by Breslow (8). 
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In a three-neck 25 ml. flask containing thermometer, dropping 

funnel and stirrer were placed 8.9 g< (0.05 mole) of diphenylacetyl-

ene and 0.5 g. of copper dust. ®ie mixture was stirred and heated to 

135°C. Six and nine-tenths grams of ethyl diazoacetate was added drop-

wise over 1 3A hours at a rate which kept the temperature of the 

exothermic reaction between 135 and lUO°C. The mixture was cooled in 

an ice "bath, dissolved in Uo ml. of absolute ether and the copper 

removed by filtration. The yield was 15-5 g* of a black oil. An 

attempt was made to crystallize the ethyl ester from hot ethanol. Two 

crystallizations produced a product with a melting point of 59°C. 

(presumed to be recovered tolan). Breslow reports a melting point of 

83-85°C. for the ethyl ester. The filtrates from the crystallizations 

were refluxed for 2 hours with potassium hydroxide (10$) in ethanol. 

After cooling, the non-saponifiables were removed by extraction with 

ether. The soaps were acidified, the acids extracted into ethyl ether 

and dried over sodium sulfate. The product was crystallized three times 

from hot acetone. The final product had a melting point of 205°C.; 

maximum absorption in the ultraviolet at 227, 232, 307 and 323 ntyi 

(reported (8) m.p. 210°C., UV absorption at 225, 232, 306 and 323 n^i); 

yield of product was 0.8 g. In three additional syntheses the yields 

were slightly greater. For feeding experiments the products from the 

four trials were combined and recrystallized, yielding a product which 

melted at 205°C. The infrared spectrum is recorded in Figure 6c. A 

portion of the product was esterified with EF3-MBOH reagent. Upon 

crystallization from hot ethanol, the final product gave a melting point 
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of 78-79°C. (Pig. 6a). 

An attempt vas made to reduce the diphenylcarboxycycloprqpene 

to the hydroxymethyl derivative. Two grains of the carboxy derivative 

was dissolved in 150 ml. of a 1:1 mixture of ethyl ether:tetrahydro-

furan. Two grams lithium aluminum hydride in 100 ml. anhydrous ether 

was added over a l/2 hour period and the mixture refluxed l/2 hour. 

The excess LiAlHlj. was destroyed with dilute ethyl acetate in ether. 

One hundred milliliters of benzene were added and the mixture was 

acidified with dilute hydrochloric acid. The benzene solution was 

washed free of acid, dried over sodium sulfate and the solvent 

removed on a Rotovac. The residue was crystallized twice from hot 

carbon tetrachloride. The white crystals had a sharp melting point 

at 89°C. In a further literature search, it was discovered that 

Breslow, et al. (13) had synthesized an identical compound. He had 

identified the compound as the cyclopropane derivative 

H 
C - CH2OH 

* A * 0 - c - c -
I I 
H H 

The infrared spectrum band at 9-8 p. corresponding to the cyclopro

pane ring was present in his, as well as our infrared spectrums 

(Pig. 6b). 
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Figure 6. a) l,2-Diphenyl-3-carbmethoxycyclopropene 
IR b) l,2-Diphenyl-3-hydroxymethylcyclopropane 
Spectra c) l,2-Diphenyl-3-carboxycyclopropene 



66 

8) Synthesis of Carbethoxy, Carboxy and Hydroxymethyl Derivatives of 
1,2-Dipropylcyclopropene 

a) 1t2-Dlpropyl-3-carbethoxycyclopropene. 

Breslov's (8) method for synthesizing diphenylcarbethoxy-

cyclopropene was modified for the ester preparation by using n-butyl 

ether as a solvent. Ethyl diazoacetate (20 ml.) was added dropwise 

to a stirred mixture of 15 g. 4-octyne, 1 g. copper dust and 20 ml. 

butyl ether at a rate which kept the temperature at 140 to l4-5°C. 

3he hot mixture was filtered into a distilling flask and distilled 

at 0.05 mm. Three fractions were collected as the distilling temp

erature rose from 35 to 57°C. Fraction 3 (b.p. 55-57°C./0.5 mm.) 

when analyzed by GLC (51 20$ DEGS, 105°C./20 lbs.) consisted of only 

one component, n^5 = 1.41+21. The IR spectrum is given in Figure 8a. 

b) 1,2-Dipropyl-3-carboxycyclopropene. 

A series of preparations of l,2-dipropyl-3-carboxylcyclo-

propene was carried out. In the first two syntheses, a portion of 

the distilled ester fraction was saponified for 2 l/2 hours at reflux 

temperature and 68 hours at room tenqperature respectively with 10$ 

alcoholic KOH. The first preparation gave a product l.M+82 

[lit. (l4) n|p = 1.1+625] which had an IR spectrum (Fig. 9®>) identical 

to the second preparation. When the compound was prepared by the 

method of Breslow, the redistilled acid (b.p. 103-10U°C./0.35 mm.) 

had a refractive index of = 1.4667. It was noted frcm infrared 

studies that methylene bands at 5-70, 6.13 and 6.25 were present, 

indicating some rearrangements to have occurred during the preparation. 



67 

For the final tvo preparations, a modification of Burger's 

(17) method was utilized. Hie procedure was as follows: Sixty grams 

of If-octyne was dried over sodium sulfate. The 4-octyne was cooled 

to 0°C. and then filtered into 60 g. of ethyl diazoacetate at 0°C. 

In a three-neck, 1 liter flask equipped with nitrogen inlet, conden

ser, dropping funnel, stirrer and thermometer was placed 6l g. of 

dry 4-octyne and one-half gram of copper powder. !Hie reaction 

vessel was flushed with nitrogen and the temperature raised to 130°C. 

The 1:1 mixture of 4-octyne:ethyl diazoacetate was added dropwise 

over a 4 hour period to the stirred mixture of ^-octyne and copper 

powder. The mixture was filtered into 300 ml. of a 10$ KOH in 

ethanol solution. This mixture was refluxed for 6 hours and the 

excess 4-octyne extracted from the diluted soap solution with Skelly-

solve B. Hie acid was recovered from the soap solution "by the usual 

procedure. The undistilled recovered acid (29.3 g-, = l.W-96) 

had an infrared spectrum identical to preparations 1 and 2. 

When the quantities of reactants were increased to 68 g. 

diazoester and 120 g. of if-octyne, a yield of 52 g. was obtained. 

This product = I.U508) had an IR spectrum identical with prep

arations 1, 2 and ^ (Fig. 9a)* 

c) 1t2-Dipropyl-3-hydroxymethylcyclopropene. 

l,2-Dipropyl-3-hydroxymethylcyclopropene was prepared from 

3 g. of the carbethoxy preparation above. Hie ester was reduced with 
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Figure 7. a) 1,2-Dipropyl-3-hydroxymethylcyclopropene 
IR b) 1,2 -Diethyl - 3 -hydroxyme thylcyc lopr opene 
Spectra c) l,2-Dinonyl-3-hydroxyinethylcyclopropene 
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Figure 8. a) 1,2-Dipropy1-3-carbethoxycyclopropene 
IR b) 1,2-Diethyl-3-carbethoxycyclopropene 
Spectra c) l-0ctyl-2-(oj -methoxyoctyl)-3-carbethoxycyclopropene 
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Figure 9- a) l,2-Dipropyl-3-carboxycyclopropene 
Ht b) 1,2-Diethyl-3-carboxycyclopropene 
Spectra c) 1,2-Dipropyl-3-methoxycyclopropene 
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0.6 g. of LiAlHlj. in 100 ml. of ethyl ether by the usual procedure. 

A yield of 2.2 g. (80$) « 1.M86) of a light-green liquid was 

obtained. Upon distillation (b.p. 48°C./.09 mm.) the liquid kept 

25 
its pale-green color, n£ = 1.^533- The IR spectra before and after 

distillation (Pig. 7a) were superimposable. Die product failed to 

form a crystalline urethane derivative (78) with phenylisocyanate. 

d) 1t2-Dipropyl-3-methylcyclopropene. 

An attempt was made to prepare 1,2-dipropyl-3-methylcyclo-

propene. The method used was essentially procedure 6. A 2.8 g. 

sample 6f 1,2-dipropyl-3-hydroxymethylcyclopropene was dissolved in 

20 ml. fresh pyridine. The mixture was stirred in an ice bath until 

the temperature was lowered to 0°C. p-Toluenesulfonyl chloride 

(1<-.17 g.) was added and the mixture stirred for 3 hours in an ice 

bath. The product was extracted into Skellysolve B, washed, dried 

and product (l.O g.) recovered. Hie low yield was presumed due to 

incomplete separation of organic-aqueous layers. The infrared spec

trum on this compound revealed the complete absence of the 3*0 ji 

hydroxyl doublet and the presence of the 5*38 )i cyclopropene band. 

When this compound was reduced with lithium aluminum hydride by 

procedure 5, 0.6 g. of a near-white liquid was obtained. This 

product showed the presence of the 5>38 >1 band, as well as a broad 

band from 9*0 to 10.0 p. When the Halphen test was run on this 

product a bright blue-green color developed. No further studies 

were performed on this product. 
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9) Synthesis of Carbethoxy, Carboxy and Hydroxymethyl Derivatives 
of 1,2-Diethylcyclopropene 

a) 1,2-Diethyl-3-carbethoxycyclopropene. 

The first synthesis of l,2-diethyl-3-carbethoxycyclopropene 

was by the procedure given for the first synthesis of the corres

ponding dipropyl derivative. The maximal temperature that was 

obtainable with a 1:2 ratio of 3-hexyne:butyl ether mixture was 

124°C. The infrared spectrum was essentially the same as for the 

dipropyl derivative with the exception of a strong dibutyl ether 

band at 9-0 p. being present for the diethyl compound. 

In a second synthesis, 30*75 g- of 3-hexyne, 130 ml. of 

butyl ether and 0.5 g. of copper dust were heated to 108°C. under 

nitrogen and with stirring. The diazoester (57 g.) was added over 

a 2 hour period. The mixture was cooled and 10 ml. of the solution 

was filtered. An unsuccessful attempt was made to remove the ether 

by atmospheric distillation. The maximum distillation temperature 

1 /-O obtained for the product was 146 C. Infrared spectra before and 

sifter distillation revealed almost complete elimination of the 5-38 A1 

cyclopropene band. 

The remainder of the second preparation was refluxed with 

10$ alcoholic potassium hydroxide for 2 hours, diluted with water, 

and the unsaponified ester and butyl ether extracted with Skelly-

solve B. Most of the butyl ether was removed by heating the solu

tion to 90°C. Tinder a water aspirator pressure of approximately 

30 ram. The infrared spectrum of the product revealed a slight ether 
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band. This band vas completely eliminated upon distillation 

(b.p. 50-52°C./0.07 mm., n^® = 1.UUl6), the other bands remaining 

the same. Figure 8b gives the spectrum of the distilled product 

(7-7 g.). 

b) 1,2-Diethyl-3-carboxylcyclopropene. 

!Hie soaps obtained as a byproduct from the second preparation 

of the ester were acidified and the acids were recovered. Two grams 

of this product upon distillation (b.p. 92-9^°C./0.4 mm., njp = 

1.k506) has essentially the same IR spectrum (Fig. 9b) as the 

undistilled 1,2-diethyl-3-carboxycyclopropene. 

c) 1,2-Diethyl-3-hydroxymethylcyclopropene. 

Two grams of the second preparation of the ester was reduced 

to the alcohol by the usual procedure. The IR spectrum of the pro

duct (1.2 g., njp = 1.^352) indicated incomplete reduction of the 

carboxyl group (5-9 band). A reduction carried on for 16 hours at 

room temperature on a second ester sample produced a product (4° = 

l.M*88) with nearly complete absence of the 5-9 .M band and complete 

absence of the 9*0 ether band (Fig. 7b). 

10) Synthesis and Chromatographic Purification of l,2-Dlnonyl-3-
hydroxymethylcyclopropene 

Two preliminary preparations of 10-eicosyne were carried out 

by Grignard reactions between l,U-dichloro-2-butyne and octyl bromide. 

For the second preparation a cupric chloride catalyst was added. 

The recovered products in both preparations contained 30$ 10-eicosyne. 
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The other two products revealed "by GLC analysis were calculated to be 

hexadecane and an undetermined elcosadlene. When the two products 

were subjected to urea clathratlon (1:1:3 hydrocarbon:urea:methanol) 

the clathrated product contained 551> 10-eicosyne. When this product 

was reacted with ethyl dlazoacetate and the subsequent product 

reduced with LiAlHlf, a product was obtained which was reactive toward 

the Besson reagent. 

a) 10-Eicosyne. 

Hie major synthesis was as follows: Octyl bromide (210 g.) 

in 200 ml. of ether was added over a 4 hour period at gentle reflux 

temperature to 29.1 g. of magnesium turnings and an iodine crystal 

in 1.5 1. of anhydrous ether. Dichlorobutyne (53*13 g>) was added 

dropwise over a 2 hour period and the mixture stirred at room temp

erature for 16 hours. Die mixture was refluxed for 1 hour, cooled 

and acidified with iced 10$ hydrochloric acid. The organic product 

was washed, dried and recovered by the usual procedure. Bie product 

(172 g.) was negative to the Besson and mercuric nitrate tests. 

b) 1,2-Dinonyl-3-carbethoxycyclopropene. 

The eicosyne (170 g.) was reacted with 31 g» of ethyl dlazo

acetate, the diazoester added dropwise over a 3 hour period at a 

temperature of 130-llj-0°C. Hie product obtained was cooled, diluted 

with Skellysolve B and refluxed 15 minutes over charcoal. The crude 

dark-red substance (182 g.) was negative to the Besson and mercuric 

nitrate tests and produced a carbonyl band in the IR spectrum. 
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c) 1,2-Dlnonyl-3-hydroxymethylcyclopropene. 

One hundred-eighty grains of this ester was reacted with 13 g. 

of LiAlHlt. for 6 hours at room temperature. Kie recovered product 

(ll6.1 g.) was slightly yellow and gave a positive reaction toward 

the Besson test and toward mercuric nitrate. Infrared analysis 

revealed an OH hand at 3*05 >1 and complete absence of the carbonyl 

bands. A carbonyl band was present, however, upon distillation . 

The resulting alcohol (93-5 g-) was placed on a large silicic 

acid column (5 cm. diam. x 4 5 cm. ht.). The preparation was eluted 

from the column in 100 ml. fractions with Skellysolve B for the first 

2500 ml. of eluant and with 20$ ethyl ether in Skellysolve B for the 

remainder of the 36 fractions. The 36 fractions were assayed by the 

char test, Besson spot test and thin layer chromatography. Frac

tions 30 to 35 gave positive Besson and char tests. Fraction 36 was 

negative to the char and Besson test. Fractions 30 to 35 were com

bined and the product (36 g.) recovered. This product was used as 

such for one of the feeding experiments. A 1 ml. sample of this 

product was distilled (b.p. 132-l45°C./.05 mm.) giving a clear dis

tillate which was very reactive toward the Besson and mercuric 

nitrate tests. The IR spectrum (Fig. 7c) revealed a strong OH band 

at 2.9 p. and a 9.92 JJ. band with a strong shoulder extending to 9*65 p.-

Hie product failed to form a crystalline urethane derivative. 

* The distilled product obviously underwent some rearrange
ment and decomposition. 
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11) Synthesis of Carbethoxy, Carboxy and Hydroxymethyl Derivatives 
of l-0ctyl12-(CJ -methoxy-octyljcyclopropene 

Stearolyl methyl ether (U0.5 g.) was reacted with 20.k g. 

of ethyl diazoacetate. The diazoester was added dropwlse into the 

reaction flask held at l45°C. containing the stearolyl ether and 

0.5 g. of copper dust. The addition was complete after 2 hours. 

The product was distilled under reduced pressure. Fractions 3 and 

k, boiling at 135-l**2°C./.06 mm. and 1^3-l6U°C./.06 mm. respectively, 

were subjected to urea clathration by the previously described 

procedure. Hie filtrates from both clathrations showed infrared 

bands at 5.38 (Fig. 8c) while the clathrated material failed to 

give an 5.38 >1 IR band. The product from the filtrate of fraction 4 

was used for feeding experiments. 

One gram of the fraction 3 ester was saponified for 16 hours. 

Uhe acid obtained retained the 5•38 band. Two and one-half grams 

of fraction 3 of the ester was reduced with lithium aluminum hydride 

by procedure 5 with the exception that the mixture was refluxed for 

30 minutes. The product (1.8 g.) failed to give a crystalline 

urethane derivative but reacted quite strongly with the Besson test. 

12) Attempted Syntheses by the "Simmons" Reaction (79) 

The following procedure was followed with stearolic acid, 

4-octyne and methyl oleate. A zinc-copper couple prepared by the 

method of Shank (72) was stored in a desiccator. Molar ratios of 

1:1.25:2 of methylene iodide, zinc-copper couple and acetylene 

derivative together with a trace of iodine were refluxed in anhydrous 
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ether for 5 hours. Kie mixture vas cooled and filtered. The fil

trate vas vashed vith satvirated ammonium chloride solution folloved 

by vater. The product vas dried and the solvent removed on a Rotovac 

vith maximum "bath temperature of 25°C. The products vere tested for 

cyclqprqpene activity by the Halphen and by the Besson tests. All 

products vere negative tovard these tests. 

In another experiment, distilled methylene iodide (b.p. 35°C./ 

0.05 mm.) vas used vith distilled 4-octyne. The product formed vas 

negative to the qualitative cyclopropene tests and failed to shov 

infrared cyclopropene bands. Under these conditions syntheses vere 

attempted vith ^-octyne and dichlorobutyne using a couple prepared 

and dried 2k hours previously. The results vere all negative vhen 

analyzed by gas chromatography, infrared spectra and qualitative 

tests for the cyclopropene ring. 

Using a technique discovered by Green and Deutschman (4l), 

it vas found that a 1:1 ratio of dry ether and tetrahydrofuran vould 

give a refluxing solvent in vhich an exothermic reaction could be 

initiated. The general procedure vas as follovs: In a three-neck, 

100 ml. round-bottom flask vere placed 2.6k g. (0.01 mole) freshly 

distilled methylene iodide, O.78 g. (0.012 mole) zinc-copper couple 

and a trace of iodine. Fifty milliliters of 1:1 mixture of ethyl 

ether:tetrahydrofuran vas added and the mixture heated to reflux 

vhile stirred vith a magnetic stirrer. In most cases after 10 min

utes of gentle refluxing an exothermic reaction resulted in rapid 

refluxing vhich lasted for 10 to 15 minutes. When the refluxing 
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subsided 0.02 mole of an acetylene or olefin derivative (2.2 g. of 

U-octyne) was added and the mixture stirred at reflux temperature 

for 16 to 18 hours. The products obtained were treated according 

to the procedure described for the first series of preparations. 

Seventeen syntheses were attempted with only one being 

successful. Dihydrosterculic acid methyl ester was prepared in 

30$ yield from methyl oleate. Qhe purity of the product was ascer

tained from gas chromatography analysis by comparison with authentic 

methyl dihydrosterculate obtained by hydrogenation of methyl ster-

culate. The infrared spectrum of the product (band at $.02 }i) 

compared favorably with the infrared spectrum of the sample obtained 

by hydrogenation. 

13) Synthesis of 1,2-Dipropyl-3-methoxycyclopropene and 1,2-Dipropyl-
cyclopropene 

The synthesis of the methoxy derivative was carried out 

essentially as reported by Breslow (,1k) with the exception that the 

perchlorate intermediate was not isolated. Two grams of 70$ per

chloric acid was added to 56 g. of acetic anhydride previously cooled 

to 0°C. in an ice bath. Three grains of the l,2-dipropyl-3-carboxy-

cyclopropene described previously (b.p. 103-104°C./0.35 ran.) was 

added slowly with gentle swirling. After 5 minutes at room temper

ature, 900 ml. of cooled anhydrous ether was added. The mixture was 

left for 30 minutes in the ice bath. The solvent was removed from 

the white crystals and black oil with a filter stick. The residue 

(crystals and black oil) was washed with 50 ml. of cold anhydrous 
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ether and was dissolved in 20 ml. of dry methanol at 0°C. After 

10 minutes at ice bath temperature, the reaction mixture was made 

alkaline by the addition of iced 5$ NaHC03 solution. The product was 

extracted into ethyl ether, dried over HgSOij. and solvent removed on 

a Rotovac with maximum bath temperature of 25°C. The red liquid was 

distilled (b.p. 55°C.A ) giving a clear liquid with an irritating 

odor. Infrared spectra before and after distillation (Pig. 9c) were 

essentially unchanged with characteristic^ bands at 5-48 ;j (cyclopro-

pene) and 9.23 p. (ether) as reported by Breslow (l4). A later 

undistilled preparation was used for feeding experiments. 

Dipropylcyclopropene was synthesized by reducing the dlpropyl-

cyclopropene perchlorate with LiAlHl^.. The perchlorate, prepared as 

described above, was washed once with 50 ml. of dry cold ether. An 

additional 50 ®1« of ether was added to the reaction mixture and the 

mixture cooled to -25°C. With stirring, 4.6 g. of lithium aluminum 

hydride (10-fold excess) in 150 ml. of anhydrous ether was added 

over a 15 minute period. The mixture was allowed to react for an 

additional 45 minutes and then taken out of the ice bath. The excess 

lithium aluminum hydride was decomposed by adding 5<yf> ethyl acetate 

in ethyl ether until refluxing subsided. The salts were then decom

posed by slowly adding ice water. The ether was washed with water 

until the washings were neutral, dried over magnesium sulfate and 

o 
ether removed on a Rotovac with maximum bath temperature of 20 C. 

The light-yellow liquid remaining gave very positive Halphen, Besson 

and mercuric nitrate tests. The infrared spectrum (Fig. 3*>) was 
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identical to di-n-octylcyclopropene (sterculene) with characteristic 

bands at 5«38 and 9-92 >i. These bands were eliminated by reacting 

the product with the Besson reagent (Fig. 10 a,b). 

Two additional syntheses were carried out to determine 

whether the reduction needed to be carried out at -25°C. and whether 

larger samples could be used. Hie amount of carboxylic acid was 

increased to 6 g. The reduction temperatures were increased to -10° 

o 
and 0 C. respectively. The three products were analyzed by gas 

chromatography (Aerograph, silicone column 108 C., helium flow 

103 ml./min.). Two peaks were noted for each preparation. The first 

peak (k.6 cm.) corresponded to l+-octyne in retention time. Hie 

second peak (6.3 cm.) corresponded to the product (peak absent in the 

Besson reacted material). Approximate purities of these prepara

tions were 80, 60 and 60$ respectively. 

lU) Attempted Synthesis of Sterculyl Fluoroborate and Sterculyl 
Perchlorate 

The procedure of synthesis of trqpenium salts by Dauben (2^) 

was followed in an attempt to synthesize l,2-dioctyl-3-methoxycyclo-

propene. Triphenylmethyl perchlorate was prepared by the procedure 

of Dauben (2k). The crude preparation was used without further cry

stallization. For the first preparation of trityl fluoroborate the 

fluoroboric acid was made in situ from boric acid and hydrogen 

fluoride (56). The two salts were dried 6 hours under vacuum and 

then stored in sealed brown bottles in the refrigerator until used. 
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In the first two trials, equivalent amounts (0.01 mole) of 

trityl perchlorate and sterculene (Sterculla foetida methyl esters 

in second experiment) vere allowed to react in 20 ml. of dry distilled 

acetonitrile for 10 minutes. Upon removal of solvent under reduced 

pressure and addition of 20 ml. of dry ether, yellow crystals were 

obtained. Washing these crystals with ether (3x5 ml.) and subse

quent removal of solvent gave a product identified from its infrared 

spectrum as unreacted trityl perchlorate. 

In a series of experiments, 2 g. samples of 9-octadecene 

oleyl methyl ether, methyl oleate, l,2-dipropyl-3-carboxycyclopro-

pene, Sterculia foetida hydrocarbons and Sterculia foetida methyl 

esters respectively were reacted with 2 g. of trityl perchlorate in 

the above described procedure. The ethyl ether extractions were 

reacted with methanol in the manner described for the preparation of 

l,2-dipropyl-3-methoxycyclopropene. The infrared spectra of the 

ten products obtained revealed three things: The yellow crystals in 

all instances were trityl perchlorate, ester and ether groups were 

not attacked, but the cyclopropene ring was attacked. 

In another experiment, 1.6 g. of freshly crystallized trityl 

fluoroborate was reacted for 8 minutes with U.3 g. of Sterculia 

foetida methyl esters in 30 ml. of acetonitrile. The infrared spec

trum of the product obtained revealed a 9-8 band. The Besson test 

was positive. 

A preparation of the methoxy derivative of methyl sterculate 

was attempted using an in situ technique for the preparation of trityl 
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fluoroborate. Ten grains of triphenylcarbinol (0.08 mole) was dis

solved in 100 ml. of acetic anhydride. Fluoroboric acid (6.25 ml., 

0.10 mole) was added dropwise with cooling to keep the temperature 

at 25°C. or below. The dark-brown liquid was placed in an ice bath 

and 37 g- of Sterculia foetlda methyl esters were added. After 

15 minutes the solution had turned cherry-red. One hundred milli

liters of ether was added and the solution was refrigerated. No 

crystals had formed after 1 hour. Methanol (100 ml.) was added to 

the mixture and after 1 hour the product was extracted into Skelly-

solve B, washed with water and the remaining acetic acid neutralized 

and removed with sodium bicarbonate solution. Upon drying and re

moving the Skellysolve B, the product began to crystallize. Three 

crops of crystals were obtained by subsequent cooling of the red oil. 

The final filtrate was analyzed by gas chromatography (Aerograph, 

DEGS solumn, 200°C., 200 ml./min. helium). The GLC analysis of the 

product did not reveal any reduction in the sterculic peak when com

pared with the sterculic peak of the starting material. The product 

gave a positive Besson test, a negative Halphen test, as well as a 

negative mercuric nitrate test. No difference was noted by gas 

chromatography in the Besson reacted product from the non-reacted 

product. The above product was used in feeding experiments, ftie 

IR spectrum of this product is given in Figure kc. 
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15) Halphen, Besson and Mercuric Nitrate Tests on Cyclopropene 
Derivatives 

All cyclopropene derivatives presented in this study were 

analyzed for Besson and mercuric nitrate activity by the previously 

described method. A compound not giving a black precipitate within 

5 minutes at room temperature was rated negative. 

The Halphen test was conducted on five drops of the product 

by the method of Schneider and Sheehan (T1)- The color intensities 

were rated on a 30-point scale with 30 being the maximum red color 

obtained from any sample. 

In Table J are summarized the results of these three tests 

along with the tabulations of the presence or absence of the two 

major IR bands characteristic of the cyclopropene ring. The com

pounds are listed as substituents (R, R', R'*) on the three-carbon 

atoms of the ring. H 
C - R" 

/\ , 
RC = CR' 

16) Cyclopropene Derivative Feeding Experiments 

The procedure described for the sterculic derivatives was 

followed in conducting these experiments. Capsules were prepared to 

contain an equivalent of the amount of cyclopropene ring present in 

25 mg. of Sterculia foetida oil or to contain a concentration of 

cyclopropene great enough to equal the Halphen test of 25 mg. of 

Sterculia foetida methyl esters. For confounds in which the purity 

was not determinable, 125 mg. were fed. The experimental data is 

recorded in Table 8. 
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Qualitative Halphen and Besson tests vere conducted on the egg 

yolks from the feeding experiments before and after transesterifica-

tion. Twenty grains of egg yolk was mixed with 100 ml. of ethyl ether 

and 20 g. of sodium sulfate and allowed to stand for 48 hours. The 

ether solution was decanted and dried for an additional 2k hours over 

sodium sulfate. The ether was removed on a Rotovac from a tared 

flask and a sample of the fatty material was saved for Halphen and 

Besson tests. The remainder vas transesterified with 1$ sodium 

methoxide in 20 ml. of dry methanol. The mixture was refluxed for 

30 minutes, allowed to cool overnight and the esters extracted, washed 

and dried in the usual manner. The composition of these egg yolk 

methyl esters was determined by gas chromatography. The egg yolk 

methyl esters from all non-pink eggs had the following compositions: 

26$ palmitate, 6$ palmitoleate, 6$ stearate, k&f> oleate and 1^$ 

linoleate. The yolk methyl esters from pink eggs showed an increase 

in the stearate content to 22$ with subsequent reduction of the 

oleate content. The Besson and Halphen tests were all positive for 

the pink egg esters and negative for all others. 

RESULTS AMD CONCLUSIONS 

The cyclopropene compounds were synthesized for qualitative 

biological studies and not for organic standards, and thus they were 

not extensively purified and assayed for purity. The criteria of 

authenticity were IR analysis, Besson and Halphen activity and in a 

few cases physical constants, GLC and UV analysis. 



Table 7- Cyclopropene Color Tests and Infrared Bands for Cyclopropene Derivatives 

Compound 
No. 

R,(a) R,.(a) 
Halphen Besson HFIFO>3L 

IR 
5.38 >1 

IR 
9.92 )X 

1 C-9̂ ) C-9 CH2OH - + + + ?(e) 

2 C-8 C-8 H + + + + + 

3 C-8 C-8-OCH3 H + + + + + 
k C-8 C-8-OCH3 C02Bt - - - + 10.1 
5 C-8 C-7-002CH3 H + + + + + 
6 C-8 C-8-0H H + + + + + 

7 C-8 C-8-CQ2CH3 BFU(d) - + - - 9.8 

8 C-3 C-3 H + + + +, x + 

9 C-3 C-3 (BFlj.)" + + + ?(e) ? 
10 C-3 C-3 OCH3 + + + 5.1*8 ? 
11 C-3 C-3 CHgOH - + + + + 
12 C-3 C-3 C02H slight - - + 10.1 
13 C-3 C-3 C02Et - - - + 10.1 

Ik C-2 C-2 CH2OH + + + + 

15 C-2 C-2 C02H slight^ - - + 10.1 
16 C-2 C-2 C02Bt - - - + 10.1 

17 <^(c) * CO2H • - + + 

18 1> • OO2CH3 • ? 10.1 

(a) Basic unit is RC 

(b) C-9, C-8, C-3, C-2 = n-nonyl, n-octyl, etc. 

(c) = phenyl 

(d) BJty. = reaction product with 
<)>3CHFi|. 

(e) ? = specific band not determinable 



Table 8. Feeding Experiments with Cyclopropene Derivatives 

Conqpound(a) 
No. 

wt» 
mg. 

Yolk 
Discoloration 

pH(°) 
White 

pH(c) 
Yolk 

5 25 pink 8.5 8.3 

12 10 0 8.9 6.5 

5-AgN03 25 0 8.8 6.2 

k 2k 0 8.9 5-9 

11 10 0 8.8 6.0 

corn oil 125 0 8.9 6.2 

no capsule 0 0 8.9 6.2 

5. 25 pink 8.7 7-5 

stearolic acid 25 0 9.0 6.2 

8 11-9 0 9.0 6.1 

10 11.8 0 9.0 6.2 

12 125 0 8.9 6.3 

1 125 0 9.0 6.k 

7 125 0 9.0 6.k 

17 iU.4 0 8.8 5-7 

(a) Compound numbers refer to compounds in Table J. 

(b) Wt. mg. = amount of sample made up to 125 mg. with 
corn oil. 

(c) pH values after 2 months storage. 
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1) Preparation of Msthyl Sterculate 

A procedure has been developed for the isolation of a cyclo-

propene compound in which the use of mineral acid has been eliminated. 

Elimination of the saponification-acidification step eliminates the 

need to clathrate the heat-sensitive sterculic acid. The method is 

not presented as a quantitative isolation procedure but as a means 

of obtaining a pure compound under conditions favorable to mainten

ance of the cyclopropene ring. 

2) Synthesis of Sterculyl Alcohol, Sterculene, and the Oleyl, 
Linoleyl and Stearolyl Analogs 

During the Halphen acid isolation studies, it seemed that by 

working with derivatives of the Halphen acid such as the methyl ether 

of sterculyl alcohol or the hydrocarbon sterculene (l,2-di-n-octyl 

cyclopropene), which were less heat-sensitive than the acid, a better 

isolation'procedure could be obtained. The analogs of the sterculyl 

derivatives were thus prepared to serve as standards. The yields in 

most cases were almost quantitative, an exception being stearolyl 

methyl ether. Although a fairly pure product of stearolyl methyl 

ether was obtained by fractional distillation of the crude methyl 

ethers, the yield was quite small. The most advantageous method seems 

to be to prepare pure stearolic acid, esterify it, reduce the ester 

to the alcohol and methylate the latter. A purer product could have 

been obtained if the methyl palmitate had been removed from the 

methyl oleate before bromination. The saturated palmitic acid being 

a solid could not be separated to any extent from the stearolic acid 
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by crystallization. Although the stearolic acid could be reduced 

directly to the alcohol, esterification of the acid before reduction 

prevented the formation of lithium and aluminum salts. These salts 

vere insoluble in ethyl ether and thus prevented the acid from being 

completely reduced to the alcohol. 

The synthesis of stearolyl methyl ether was attempted after 

results from feeding experiments indicated that sterculyl methyl 

ether was as effective as methyl sterculate in egg discoloration. 

In using the methyl ether as the starting material for synthesis of 

cyclopropene compounds, the carbethoxy group of the product could 

easily be detected by its infrared spectrum. Figure 8c clearly shows 

that the ester bands, as well as the cyclopropene band, are present 

in the product when stearolyl methyl ether is reacted with ethyl 

diazoacetate. 

9-0ctadecene and cis,cis-9,12-octadecadiene were first pre

pared by Deatherage (25). The compounds were obtained by reduction 

of the magnesium bromides. Since the cyclopropene ring is quite 

sensitive to mineral acids, this method was not attempted in the syn

thesis of sterculene. It is quite feasible that non-acidic halogen-

ating agents such as thionyl bromide could have been used for the 

preparation of sterculyl bromide, although none were attempted. 

When cetyl alcohol was tosylated, a considerably longer reaction time 

than for the unsaturates was needed to complete the reaction. Biis 

may be due to the cetyl alcohol being less soluble than unsaturated 

alcohols in pyridine. No attempts were made to determine the optimum 
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conditions for the synthesis of sterculene as veil as the other 

hydrocarbons. 

3) Feeding Experiments with Sterculyl Derivatives 

A great deal of research has been performed concerning feed

ing various ratios of fatty acids or their esters to hens. Fatty 

acid derivatives such as the alcohols, ethers or hydrocarbons have 

not been reported as constituents in the diet of the hen. It thus 

was impossible to predict whether a lack of pink egg formation vould 

be due to the derivative not being absorbed by the hen, or whether 

the lack of pink egg formation was due to the nature of the cyclo-

propene derivative. Fortunately, all the sterculic derivatives, 

except the polymers, formed pink eggs. It seems probable, therefore, 

that the hen's digestive system is well adapted for absorption of 

small portions of all hydrocarbons with chain lengths of l8-carbons. 

It was not surprising to observe that the polymer of ster-

culic acid would not form pink eggs since it no longer contains the 

cyclopropene ring. If one assumes that the hen is capable of hydro-

lyzing esters, it seems probable that these polymer linkages could 

be hydrolyzed by the hen. The depolymerized acids thus obtained 

would then be capable of being absorbed by the hen in the usual manner. 

If one assumes that the structure of these depolymerized acids cor

respond to the structures obtained by in vitro hydrolysis (5*0> then 

further evidence is presented for the cyclopropene ring being the 

only structure capable of forming pink eggs. 
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Since the structure of the methyl ester polymer has not been 

studied, one cannot draw any conclusions from feeding this compound. 

It is known, however, that the polymer is not made up of ester-linked 

monomeric units and thus could not be hydrolyzed into depolymerized 

fatty acids. 

M Synthesis of Dlphenylcyclopropene and Dlphenylcyclopropane 
Derivatives 

The synthesis of diphenylcarboxycyclopropene (XXIl), according 

to the procedure of Breslow (8), proceded normally although low yields 

were obtained in the four trials that were attempted. Attempts to 

crystallize the carbethoxy derivative failed, presumably due to the 

large amount of polymer formed during the reaction. Although the 

acid derivative normally seems to be quite stable, this stability 

seems to be lost upon reacting the acid with lithivun aluminum hydride. 

The cyclopropene ring is hydrogenated to a cyclopropane ring. Pre

sumably this is due to a double bond between a carbonyl group and a 

benzene ring. On the other hand, the ring seems to be stable to 

boron trifluoride, the carboxy derivative being readily esterified 

by the BFgMeOH reagent. Farnum (38) has shown that the carboxy der

ivative is capable of perchlorate formation. Thus, it seemed feasible 

to synthesize 1,2-dlphenylcyclopropene by LiAlHlj. reduction of the 

salt. This compound which has not been reported would be very inter

esting to study in relation to pink egg formation, the Besson and 

the Halphen tests. 
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5) Synthesis of Dipropyl, Diethyl and Dlnonyl Cyclopropene 
Derivatives 

®ie optimum conditions for the synthesis of dipropylcarboxy-

cyclopropene (XXIII) have not been reported. There seems to be 

complete disagreement as to the optimum temperature at which the 

diazoester should be added to the acetylene derivative. When pre

paring the diethyl derivative, butyl ether was added to the hexyne 

to raise the boiling point of the hexyne to the approximate temper

ature at which the diazoester decomposes. Whether this was neces

sary is not certain, although sua exothermic reaction was not noted 

until the temperature of the reaction was raised to 120°C. Hie use 

of the method of Burger (17) improved the yield of the dipropyl 

derivative, but this increased yield may have been due solely to 

the use of excess dlazo reagent. 

Hie synthesis of the hydroxymethyl derivatives is interesting 

in that, unlike the diphenyl derivative, the dipropyl and the diethyl 

cyclopropenes sure not reduced to cyclopropane derivatives by lithium 

aluminum hydride, presumably due to the absence of a benzene ring-

double bond-carbonyl linkage. This finding seems to correlate with 

the findings of Breslow (10), that dipropylcyclopropenone is more 

stable than diphenylcyclopropenone towards heat and base. 

For the synthesis of the dinonylcyclopropene hydroxymethyl 

derivative, it seemed reasonable to assume that purification of the 

intermediates was unnecessary since the final product would be detec

ted on the column by the specific Besson reagent. The isolation of 



92 

a product that was-reactive to the Besson reagent Indicated that 

this assumption was correct. The product was assumed to be a homolog 

of the dipropyl and diethyl hydroxymethylcyclopropene derivatives. 

Infrared analysis (Fig. 7c) showed a hydroxy hand at 2.9 ju and only 

a very weak 5*38 M hand. The lower homologs on the other hand gave 

strong 5.38 bands. This difference in intensity of the cyclopro

pene band (5*38 *0 may be attributed to the difference in chain length 

of the three compounds. It is possible that silicic acid might have 

the same detrimental effect on the cyclopropene ring of these hydroxy-

methyl derivatives as it has on methyl sterculate and had destroyed 

it during the isolation of the l,2-dinonyl-3-hydroxymethylcyclqpro-

pene during column chromatography. This question was not investiga

ted since at the time of this preparation the isomerization effect 

of the silicic acid on the cyclopropene ring was not known. 

The two attempts to synthesize 1,2-dlpropyl-3-methylcyclo-

propene were failures. The failure may have been due to the close 

proximity of the hydroxyl group to the cyclopropene ring. This 

proximity may also account for the fact that the hydroxymethyl deri

vatives do not form crystalline urethane derivatives. Since these 

are the first reported hydroxymethylcyclopropene derivatives, these 

assumptions cannot be verified. 

6) Attempted Synthesis of Cyclopropenes by the "Simmons" Reaction 

The failure to synthesize a cyclopropene ring by the "Simmons" 

reaction seems to indicate that there are many conditions of this 
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reaction not reported in the literature vhich are necessary for 

optimum yields. The complex betveen the couple and methylene iodide 

is readily formed as indicated by the exothermic reaction. The 

problem seems to be in finding the ideal conditions necessary for 

the reaction of this complex with the triple bond and inhibition of 

further side reactions. 

7) Synthesis of 1,2-Dlpropylcyclopropene 

Since the cyclopropene ring in l,2-dialkyl-3-carboxycyclo-

propene compounds was found to be resistant to LiAlHlj. reduction, it 

seemed quite possible that the perchlorate salt of dipropylcyclo-

propene might be reduced with LiAlHlj. without destruction of the 

unsaturated ring. This was indeed the case. Since this is the 

first reported reduction of a perchlorate salt with LAH, the optimum 

conditions for reduction were not obtainable from the literature. 

The use of L1A1H1). instead of milder reagents such as sodium boro-

hydride was necessary because a solvent was required which would not 

react with the perchlorate salt and would dissolve the reducing 

reagent. Ethyl ether, em inert solvent toward perchlorate salts, was 

found to be a satisfactory solvent. The optimal conditions were not 

determined although there did not appear to be a great difference in 

yields from reductions at -20°C. from that at 0°C. 

The Infrared spectrum of 1,2-dipropylcyclopropene (Fig. 3b), 

when compared with the infrared spectrum of sterculene (Pig. 3c), 

offers good evidence for the validity of the assigned structure. 
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The cyclopropene bands are present in both spectra. The complete 

absence of other bands, except the tvo methylene bands at 6.8 and 

is strong evidence that the tvo compounds are similar. 

When both of these compounds were reacted vith the Besson reagent 

the infrared spectra of the products (Fig. 10a and 10b) vere very 

similar having tvo bands in the ketone-aldehyde region of the spectrum. 

8) Attempted Synthesis of Sterculyl Perchlorates, Fluoroborates 
and lhelr Derivatives 

From the data presented, it appears that the cyclopropene 

ring in sterculic derivatives is too unstable to undergo hydride 

abstraction vith trityl perchlorate or fluoroborate. Since by GLC 

analysis the product appeared to be the same as the starting material 

(Sterculia foetida methyl esters), it seems there had to be some 

rearrangement of the cyclopropene ring to account for the negative 

Halphen test of the product. There did not appear to be any addition 

or oxidized product, both of vhich vould increase the retention time 

of the product, 

9) Halphen, Besson and Mercuric Nitrate Tests on Cyclopropene 
Derivatives 

As shovn in Table 7, there is a direct relation betveen qual

itative cyclopropene tests, the infrared analysis and the structure 

of the compound. A cyclopropene ring vith tvo hydrogens on the 

third carbon of the ring is reactive toward all three reagents and 

hat both of the cyclopropene IR bands. Whether this is true for 
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Figure 10. a) Besson Treated 1,2-Dipropylcyclopropene 
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1,2-diphenylcyclopropene remains to be seen. When one of the hydro

gens on the third carbon is replaced by a methoxy group, all three 

reagents give positive tests but the IR bands have shifted. A 

hydroxymethyl group in the third position increases the intensity 

of the 9-92 ji band, makes the derivative inactive in the Halphen test 

and positive in the Besson and H^O^tests. A carboxyl substituent 

in the third position reduces the intensity of the Halphen color test 

to a slight pink and makes the Besson and Hg(lOj^tests negative. 

When this carboxyl group is esterified the compound becomes non-

reactive to all three reagents. Although both the 3-carboxy and the 

3-carbalkoxy derivatives retain the 5.38 >1 IR band, the 9.92 p. band 

has shifted to 10.1 ji. The presence of a band in the 5*38 ji region 

in all the cyclopropene derivatives, indicates that this band is 

very characteristic of the cyclopropene ring. It appears that elec

tron -withdrawing groups such as carboxy and carbethoxy substituents 

will deactivate the ring, making the ring less reactive toward the 

three reagents. On the other hand, electron donating groups such as 

methoxyl will activate the ring toward the reagents. The methoxy 

derivative proved to be quite unstable even when mixed with corn oil 

and stored in the refrigerator for 6 weeks. This is further evidence 

that the methoxy substituent has activated the ring. 

10) Feeding Experiments of Cyclopropene Derivatives and Effg Analysis . 

The absence of pink eggs from hens fed carbethoxy sterculyl 

methyl ether is evidence that a deactivated cyclopropene ring in a 

fatty acid is not biologically active. When the ring in the fatty 
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acid has been destroyed, as in the Besson-reacted fatty acid, or 

when there has been some rearrangement of the cyclopropene fatty 

acid, as in the trityl fluoroborate-reacted fatty acid, the ability 

of the compound to produce pink eggs has been destroyed. It is 

regrettable that a sterculic derivative, having the cyclopropene 

ring activated by a methoxyl substituent at the third carbon of the 

ring, could not be synthesized. 

Since all the propyl, ethyl and phenyl cyclopropene deriva

tives were inactive in pink egg formation, the digestibility of 

these compounds is uncertain. As stated previously, capsules 

containing l,2-dipropyl-3-methoxycyclopropene in corn oil failed to 

give a Halphen test after 6 weeks storage. The negative pink egg 

formation with this compound may thus be due to the instability of 

the compound. Dipropylcyclopropene on the other hand did not show 

an appreciable decrease in Besson and Halphen activity when stored 

in corn oil for 6 weeks under refrigeration. Likewise, IR spectra 

of 3-hydroxymethyl and 3-carbethoxy-l,2-dipropylcyclopropene stored 

15 to 22 months in the deepfreeze revealed little, if any, decomposi

tion. The hydroxymethyl derivative was very reactive toward the 

Besson reagent. It seems, therefore, that if all the derivatives are 

digested and absorbed equally well into the egg yolk that these com

pounds should be able to be detected in the egg yolk by the cyclo

propene color tests. Since only the sterculic derivatives which pro

duced pink eggs could be detected in the egg yolks by the Besson and/or 

the Halphen test, it was assumed that the non-fatty acid cyclopropene 
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derivatives vere not absorbed into the egg yolk. 

The question arises, therefore, as to whether short-chain 

cyclopropene hydrocarbons or even short-chain cyclopropene fatty 

acids are absorbed into the egg yolk. Feigenbaum and Fisher (^0), 

as well as Schneider (70), have presented evidence for the possibil

ity of fatty acid selectivity by the ovarian membrane. It is very 

probable, therefore, that even the carbethoxy sterculyl methyl ether 

was not absorbed into the egg yolk, and thus did not produce pink 

egg discoloration. In view of the fact that both malvalic and 

sterculic acids have an 8-carbon chain substituent on the first 

carbon of the cyclopropene ring, it seems-reasonable to postulate 

that this 8-carbon chain cyclopropene structure is a necessary cri

terion for pink egg formation. Pink egg formation with sterculic 

derivatives substantiates this postulation. 

The increase in stearic acid in egg yolks from hens fed 

malvalic and sterculic acids, as well as their derivatives, indicates 

an interference of the cyclopropene fatty acids in the normal desat-

uration process of stearic acid to oleic in the egg yolk. Schneider 

(70) also noticed an increase in egg yolk-fat saturation, as indica

ted by a drop in iodine value from the normal egg value. The veri

fication of this postulate can only be accomplished by the synthesis 

and feeding of 14, 16 and 20-carbon homologs of sterculic acid as 

well as 19-carbon cyclopropene fatty acids with the cyclopropene ring 

in positions other than the 9-1° position of the carbon chain. 
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SUMMARY 

The following results vere obtained vhen various synthetic 

cyclopropene compounds vere studies for Besson and Halphen activity 

and for pink egg activity: 

1. The Halphen activity of a cyclopropene ring Is independ

ent of the aliphatic substituents on the first and second carbons 

of the ring. Substituting one hydrogen on the third carbon of the 

ring vith various substituents has a marked effect on the ring's 

Halphen activity from no activity with a carbethoxy group to an 

increased activity vith a methoxy group. 

2. The Besson and mercuric nitrate tests complement the 

Halphen test with two exceptions. When the third carbon is substi

tuted vith a hydroxymethyl group the Besson and H^JO^tests are 

positive and the Halphen test is negative. When a cyclopropene 

fatty acid has been reacted vith HBJfy the compound vhich is formed 

is still positive toward the Besson test but negative toward the 

H^JO^and Halphen tests. 

3. Pink eggs were only obtained from hens fed cyclopropene 

compounds derived from natural sources or from derivatives of these 

natural products in which the cyclopropene ring is retained. When 

a carbethoxy group is substituted on the cyclopropene ring of ster-

culyl methyl ether, the compound becomes inactive. None of the 
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cyclopropene compounds synthesized from synthetic starting mater

ials produced pink eggs. 

k. Egg yolk fats from all pink eggs vere positive in regard 

to the Halphen and the Besson tests. The egg yolk fats from these 

pink eggs all shoved an increase in stearic acid content and a 

lowering of oleic acid content. The yolk fats from hens fed com

pounds vhlch did not give pink eggs were also inactive toward the 

Besson test and the Halphen test. They did not show any change 

from the normal egg yolk fat in fatty acid composition. 
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