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ABSTRACT 

Hypoglycin (P-methylenecyclopropyl alanine) and 

sterculic acid (w-(2-n-octyl-cycloprop-l-enyl)octanoic acid) 

are structurally similar in that part of the molecule which 

is concerned with their respective biological activities, 

yet these activities are quite diverse. In order to 

contribute to the understanding of why the structural 

similarities do not result in overlapping of activities, 

10,ll-methylene-9-nonadecene was synthesized via a five step 

reaction sequence. This molecule contains the methyl-

enecyclopropane ring of hypoglycin and the long aliphatic 

side chains of sterculic acid. 

When tested for its ability to inhibit stearyl CoA 

desaturase in chickens, 10,ll-methylene-9-nonadecene was 

found not to have the biological activity of sterculene 

(9,10-methylene-9-octadecene). Consequently, this work 

demonstrates that a methylenecyclopropane will not substi

tute for a cyclopropene as an in vivo inhibitor of stearate 

desaturation. 

vii 



CHAPTER I 

LITERATURE REVIEW 

Interest in the biological properties of cyclo-

propenoid fatty acids was initiated by the confirmation that 

sterculic acid was responsible for the pink-white discolora

tion phenomenon in stored eggs (1). Schaible and Bandemer 

(2) found that when cottonseed oil, containing about 0.7% 

cyclopropene fatty acids, was fed to laying hens, the 

vitellin membrane became permeable to iron which migrated 

out of the yolk forming an orange colored iron-conalbumin 

59 
complex in the white. Recently, direct evidence using Fe 

verified this migration (3). The yolks take on an orange-

brown color, presumably due to conalbumin migrating to the 

yolk and complexing with iron (4). 

In addition to these discoveries, numerous other 

biological effects have been attributed to sterculic acid 

which may or may not be related to its effect on membrane 

permeability. Schneider et al. (5) reported that the daily 

administration of 200 mg of Sterculia foetida (j3.jE. ) oil, 

containing about 50% cyclopropenoid fatty acids, to sexually 

immature pullets impaired ovary, oviduct, uterus, and comb 

development and prevented egg production. Schneider et al. 

also showed that sterculic acid could retard the growth of 

.1 



weanling rats (6). A study of cyclopropenoid biological 

activity in the mammalian system was carried out by Rascop, 

Sheehan, and Vavich (7) and Miller, Sheehan, and Vavich (8). 

They found that sexual development of female rats maintained 

on a 1% safflower-3% S>f.. oil diet from weaning was signifi

cantly retarded. The estrus cycles were prolonged and 

irregular, and the reproductive organs were smaller than 

those of the controls. Later, they tested the teratological 

effects of cyclopropene fatty acids and found females fed 

2% S.f. oil suffered a large per cent of stillborn offspring. 

The young which survived were much smaller than the controls 

and died within forty-eight hours after birth. Examination 

of these newborns revealed areas of hemorrhage in the lungs, 

pale swollen kidneys, yellowish areas in the livers, and a 

yellow discoloration of the intestine. The primary cause of 

death was anoxia due to hemorrhaging into the alveolar 

spaces of the lungs. These researchers suggested that the 

hemorrhagic sites were due to capillary fragility resulting 

from an alteration in cell membrane permeability. It was 

further hypothesized that cyclopropenoid fatty acids may be 

incorporated into the phospholipids of the membrane. 

Alternatively, their effect on general lipid metabolism may 

alter the amounts of other fatty acids incorporated into the 

phospholipids. 

The theory of membrane permeability involvement is 

further substantiated by the fact that -cyclopropenoid fatty 
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acids increase the permeability of the vitelline membrane of 

eggs to water (9) and by the observation that higher oleic 

to stearic ratios increase the stability of erythrocytes to 

osmotic hemolysis (10). Several attempts were made to 

identify that part of sterculate which was essential to its 

biological activity. The conversion of sterculic acid to 

methyl sterculate, sterculyl ether, and sterculene did not 

alter its ability to cause the pink discoloration of eggs 

(11). However, the destruction of the cyclopropene ring by 

mild hydrogenation (12), by polymerization (13), and by 

treatment with the acidic gases sulfur dioxide or hydrogen 

chloride (14), rendered sterculic acid biologically 

inactive. Kircher (15) postulated that the cyclopropene 

ring participates in the manifestation of the biological 

activity of sterculic acid by accepting the irreversible 

addition of sulfhydryl groups from physiologically active 

proteins. Demonstrating that this type of reaction may 

occur, Kircher added mercaptans to sterculic acid under mild 

conditions. 

Although there is evidence to indicate that 

sterculate affects membrane permeability and that the 

cyclopropene ring is somehow involved, there is little 

agreement on the mechanism of action of sterculate. An 

example of a molecule exerting a direct action on membrane 

permeability was provided by Jensen (16) who showed that 

vasopressin increased the permeability of the kidney tubules 



by forming a new disulfide bond which disrupts the normal 

disulfide-sulfhydryl interchange. Opposing a direct action 

for sterculate, a recent electron microscope study revealed 

that cyclopropene fatty acids do not physically alter the 

structure of the vitelline membrane in hens' eggs in such a 

way as to account for its change in permeability (17). 

The effect of sterculate on the desaturation of 

fatty acids may serve as an indirect explanation of its 

action on membrane permeability. It has been known for many 

years that when seed oils containing cyclopropenoid compound 

are fed to hens or cows, a decrease in the oleic acid 

content of the lipids of the yolk and milk with a correspond 

ing increase in the saturated fatty acids is observed (18). 

It is now well established that this results from the 

inhibition of desaturation of stearic to oleic acid in the 

animal (19). This inhibition has been demonstrated in vivo 

in rats (20) and chickens (21), and in vitro in cell-free 

yeast extracts (22). The mechanism by which inhibition of 

this desaturation takes place is still debatable. Raju and 

Reiser (19) further elaborated Kircher's hypothesis by 

demonstrating that when either cysteine, glutathione, or 

fatty acyl desaturase were allowed to react with graded 

amounts of cyclopropene fatty acids there was a correspond

ing disappearance of sulfhydryl groups (19). Raju and 

Reiser (19) have demonstrated the sensitivity of stearyl 

CoA desaturase to the sulfhydryl binding reagents 
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p-chloromercuribenzoate, . N-ethylmaleimide, and iodoacetate. 

The inhibition caused by p-chloromercuribenzoate was 

reversed by 2-mercaptoethanol. Using highly purified yeast 

alcohol dehydrogenase, Raju and Reiser (19) found that the 

enzyme activity was increasingly inhibited by increased 

quantities of cyclopropene fatty acids. Yeast alcohol 

dehydrogenase is known to contain forty sulfhydryl groups of 

which less than four are inactive. Ory and Altschul (23) 

have reported that Ricinus communis lipase, which had been 

shown to be a sulfhydryl containing enzyme, was also 

inhibited by cyclopropenoid fatty acids. 

Allen et al. (21) determined the Lineweaver-Burk 

plot for the stearyl CoA desaturase system from hen liver in 

the presence of other fatty acids. This plot revealed a 

common Y-axis intercept for the control and cyclopropene 

treated enzyme, providing good evidence for competitive 

inhibition. Experiments with fixed concentrations of 

substrate and enzyme and with varying concentration of 

inhibitor were performed and the conversion of stearate to 

oleate was determined as a function of time. As higher 

levels of inhibitor were used, the rate of desaturation 

decreased respectively until a level of inhibitor was 

reached which, after a short period of time, completely 

inhibited the enzyme. These data suggested that inhibition 

of the system by cyclopropene acids was irreversible. In 

addition, preincubation of stearyl CoA desaturase with 
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sterculic acid caused complete inhibition even though the 

enzyme was later exposed to 100 times as much substrate as 

inhibitor. Allen et al. concluded from these data that the 

inhibition of stearyl CoA desaturase by sterculic acid was a 

competitive-irreversible inhibition. 

Contrary to the preceding information, Pande and 

Mead (24) reported that their data did not support the 

suggestion that microsomal stearyl-CoA desaturase inhibition 

is mediated by the binding of the thiol groups of the enzyme 

by the cyclopropene moiety of sterculic acid. They proposed 

that in vitro inhibition stemmed from a nonspecific detergent 

effect of the fatty acid but they were unable to offer a 

mechanism for the dji vivo inhibition they obtained. 

The metabolism of sterculic acid has not yet been 

elaborated. However, preliminary evidence allows specula

tion. By analogy with the metabolism of dihydrosterculic 

acid (25, 26), (3-oxidation of sterculic acid may not degrade 

the molecule further than 2-(2-n-octylcyclopropenyl) acetic 

acid. With an impure carbon-14-tagged methyl sterculate, 

only one-fifth as much of the absorbed sterculate was 

metabolized to CC>2 as compared to labeled methyl oleate 

(27). Also, when (methylene-C^)-sterculic acid was 

injected into a checken fed a normal diet, only 1,1% of the 

recovered radioactivity was found in expired CO2, and 68% 

was found stored in the adipose tissue (28). These data, 

plus the evidence that dihydrosterculate and thermally 



rearranged sterculates (to conjugated dienes), are 

biologically inactive (21, 25, 26) supports the concept of 

the involvement of the cyclopropene ring in the inhibition 

of stearyl CoA desaturase. 

A compound bearing a structural resemblance to 

sterculic acid is hypoglycin. Hypoglycin (p-methylenecyclo 

propyl alanine) occurs as a natural amino acid in the fruit 

of the akee tree (Bliqhia sapida) which grows in Jamaica 

and West Africa. The concentration of hypoglycin is 

particularly high in the unripe fruit and diminishes as the 

fruit ripens (29). When eaten by an undernourished child, 

unripe akee fruits are responsible for a syndrome known as 

Jamaican vomiting sickness. This toxic state is charac

terized by a dramatic drop in the blood sugar, a depletion 

in the liver glycogen content, an accumulation of lipids in 

the liver, and an increase in the levels of unesterified 

fatty acids in the blood plasma (30). Comparable results 

are seen when hypoglycin is injected or fed to various 

experimental animals (31, 32). These symptoms have been 

attributed to the ability of methylenecyclopropaneacetic 

acid, a metabolic product of hypoglycin (33), to inhibit 

P-oxidation of fatty acids and thus promote a shift in the 

energy source from fatty acids to carbohydrates. If 

sufficient hypoglycin is administered, the carbohydrate 

reserves are quickly used up and the animal dies of hypo

glycemia. 
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Before long-chain fatty acids can be oxidized, they 

must be activated by one of at least three ATP dependent 

long-chain acyl CoA synthetases. Two of these enzymes have 

similar activities. One enzyme is located in the microsomal 

fraction and the other in the outer mitochondrial membrane 

(34). The outer membrane contains 90% of the total long-

chain fatty acid CoA synthetase activity of the mitochon

drion (35). The inner membrane and the matrix fraction of 

the mitochondrion also contain long-chain fatty acid 

activating enzymes. One of these is GTP dependent (36) and 

the1 other is ATP dependent (35). The function of the matrix 

enzymes appear to be involved with noncarnitine dependent 

fatty acid oxidation (35), while the function of the GTP 

dependent system is not well understood. 

Once activated, fatty acids must be converted to 

their carnitine esters before they can penetrate the inner 

mitochondrial membrane (37) (Fig. 1). It has been suggested 

that these carnitine esters function as a storage form of 

activated fatty acids which can pass into the matrix of the 

mitochondria or participate in extramitochondrial reac

tions (34). Support for this idea comes from the observa

tion that during palmitate oxidation by isolated mitochondria 

in the presence of a physiological concentration of carni

tine, palmitoylcarnitine accumulates (37). The enzymes 

responsible for the formation of the carnitine esters are 

found in two cellular locations. All of the mitochondrial 
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palmitoyl-CoA:carnitine palmitoyltransferase activity is 

located in the inner membrane, while the extra-mitochondrial 

enzyme is located in the microsomal fraction. Evidence has 

been acquired which indicates that the mitochondrial 

activity is due to two carnitine palmitoyltransferases, one 

on each side of the acyl CoA membrane barrier. Transferase 

A functions to transfer the fatty acid from its CoA ester to 

its carnitine ester and transferase B converts the fatty 

acid back to its CoA form following its transition across 

the mitochondrial membrane (38, 39). The CoA that partici

pates in this reaction, and in other intramitochondrial 

reactions is from a small, rapidly circulating pool. This 

pool is completely segregated from extramitochondrial CoA. 

Consequently, the regeneration of free CoA which occurs 

when acetyl CoA combines with oxaloacetate is necessary for 

the continuance of fatty acid oxidation (40). It is this 

CoA pool that is currently thought to be the target for the 

inhibition of fatty acid oxidation by hypoglycin. Comparable 

in vitro effects have been observed with the methylenecyclo-

propaneacetic acid analog, 4-pentenoic acid (41). In the 

presence of this acid, pigeon liver mitochondria form 4-

pentenoylcarnitine, acryloylcarnitine, and acetylcarnitine. 

These carnitine esters are in equilibrium with their respec

tive CoA esters causing significant depressions of the 

normal pool of free carnitine and CoA (42). Inhibition of 

P-oxidation and reduced concentrations of the products of 
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this catabolic pathway have pronounced effects on other 

pathways. A drop in free intramitochondrial CoA and 

concomitantly, the NADH + H+ / NAD+ ratio results in a 

significant decrease in the conversion of labeled lactate to 

glucose or to The reason for this is that gluconeo

genesis from lactate requires acetyl CoA to form oxalacetate 

from pyruvate. Oxalacetate then must be transaminated to 

form aspartic acid or reduced with NADH + H+ to form malate 

in order to leave the mitochondria. Once past the membrane, 

malate and aspartate are reconverted to oxalacetate, 

decarboxylated and phosphorylated to form phosphoenol-

pyruvate. The NADH + H+ for the formation of malate and the 

acetyl CoA to form oxalacetate come largely from P-oxidation. 

These reactions establish the dependency of gluconeogenesis 

on fatty acid metabolism. A decrease in the free intra

mitochondrial CoA diminishes the activity of the pyruvate 

dehydrogenase complex. This effect on pyruvate utilization 

provides an explanation for 4-pentenoic acid inhibition of 

lactate oxidation and its ability to increase the synthesis 

of alanine and decrease the synthesis of glutamic acid. 

Placed in a possible sequence of events, 4-pentenoic 

acid and, presumably, the hypoglycin metabolite, methyl-

enecyclopropaneacetic acid, are first activated to their CoA 

derivatives and then transferred to their respective 

acylcarnitine esters. Since 4-pentenoic acid or methyl-

enecyclopropylacetic acid molecules are continuously 
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competing for endogenous coenzyme A and carnitine they 

effectively lower the levels of these compounds available 

for fatty acid esterification. 4-Pentenoylcarnitine then 

enters the mitochondria and is converted back to 4-pentenoyl 

CoA. Pentenoyl CoA is oxidized via P-oxidation to acryloyl 

CoA which can not be readily oxidized to release CoA. This 

diminishes intramitochondrial CoA which results in the 

inhibition of p-oxidation and consequently, insufficient 

generation of acetyl CoA and NADH + H+ needed for gluconeo-

genesis (42). From the foregoing, it is evident that while 

hypoglycin and sterculic acid bear some structural similari

ties, their mechanisms of action appear very different. 

In an effort to add insight into why this diversity 

exists, 10,ll-methylene-9-nonadecene was synthesized via a 

five step reaction sequence. This compound contains the 

long aliphatic side chains of sterculic acid together with 

the methylenecyclopropane moiety of hypoglycin. 

The preparation of 10,ll-methylene-9-nonadecene 

proceeded according to the following scheme: 

CH3-(CH2)7-CH=CH-(CH2)7CH2OH + P-CH3-(C6H4)-SO2-CI > 

CH_(CH0)_CH=CH(CH0)_CHo0—S0_—(C c H . )—CH_ + LiAlH. > 
3 2 7  2 7 2  2 6 4  3  4  

0 
II 

CH3(CH2)7CH=CH-(CH2)7CH3 + Cl3CCOCH2CH3 + NaOCH3 > 

sCC12 / \ 2 
CH3(CH2)?CH—CH-(CH2)7CH3 + n-BuLi >• 



CH3(CH2)7CH=C=CH(CH2)7CH3 + CH2I2 + Zn-Cu >-

CH„ 
/\ 2  

CH3(CH2)?CH=C CH-(CH2)?CH3. 

The reduction of the alcohol to the hydrocarbon is readily 

accomplished through tosylation and reduction of the 

tosylate. This procedure has recently been refined by Dyen, 

Hamann, and Swern (43). The 9-octadecene obtained by the 

reduction of oleyl alcohol is converted to the qem-

dichlorocyclopropane derivative by the addition of a 

dihalocarbene to the double bond. Three reactions are 

possible for the preparation of 1,l-dichloro-2,3-

dioctylcyclopropane. The Doering-Hoffmann reaction (44), 

which involves the alkaline hydrolysis of chloroform, was 

one of the early attempts to provide structural evidence for 

the formation of a dihalocarbene. In the Doering and 

Hoffmann report, dichlorocarbene was trapped by cyclohexene 

to form the expected carbene addition product, 7,7-dichloro-

bicycloheptane. The mechanism of this addition was estab

lished by Skell and Garner (45). These researchers compared 

the relative rate constants obtained by allowing a variety 

of olefin pairs to compete for a carbene (:CBr2), a radical 

(•CC13), or a three-center-type addition (bromination, 

epoxidation). The order of the relative activities of the 

olefins obtained with dibromocarbene closely paralleled the 

order obtained with bromination and epoxidation thereby 
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excluding the possibility of a biradical addition mechanism. 

This suggested a common intermediate complex for bromination-

and dibromocarbene addition involving a partially formed 

cyclopropane with a carbonium ion character. The stereo-

specificity of dibromocarbene was also consistent with the 

formulation of this intermediate. 

\ + / C C — 
/ 

: C 

/ 

Br 

Doering and Henderson (46) found that the reactivity of the 

addition increased with the increasing degree of alkyl 

substitution of the double bond. For example, tetramethyl-

ethylene was found to react 390 times faster than 1-pentene. 

This further verified the hypothesized carbonium ion transi

tion state since those structural factors which stabilized 

the carbonium ion lowered the energy of the transition state 

and increased the reaction rate. 

A second dihalocarbene generating reaction which was 

considered for this work was a variation of the Doering-

Hoffmann reaction to increase the yield of carbene addition 

to disubstituted symmetrical olefins. Seyferth et al. (47) 

reported the preparation of phenyl (trihalomethyl) mercury 

compounds which decompose thermally to produce dihalo-

carbenes. To synthesize this reactant, bromoform or 
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chloroform is reacted with potassium t-butoxide in the 

presence of phenyl-mercuric bromide. The product is then 

isolated and thermally decomposed under neutral conditions 

in the absence of any nucleophile other than the olefin. 

The third dihalocarbene generating system explored 

was reported by Kenney et al. (48) and was the first attempt 

to apply carbene chemistry to the field of lipid chemistry. 

In this reaction, sodium methoxide and ethyl trichloro-

acetate were used to generate a dichlorocarbene which added 

to 9-octadecene, methyl oleate, and triglycerides. Kenney 

et al. compared several carbene producing reactions for 

addition to these olefins and found that ethyl trichloro-

acetate and sodium methoxide gave better results than the 

Doering-Hoffmann reaction. 

The conversion of qem-dichlorocyclo pro panes to their 

respective allenes using alkyllithium reagents was reported 

by Moore and Ward (49). These investigators found that qem-

dibromocyclopropanes reacted with either butyllithium or 

methyllithium to form allenes, while qem-dichlorocyclopro-

panes reacted only with butyllithium. Based on their 

observations of the reaction of 1,l-dibromo-2-methyl-3-

propyIcyclopropane with methyllithium in the presence of 

cyclohexene, Moore and Ward concluded that an intermediate 

carbene was not formed during this reaction. Further 

substantiation of this was the fact that no dimerization 

products were found in any of their reactions. If a carbene 
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intermediate did occur, it would have been likely that some 

of it would have reacted with previously formed allene. 

According to a review article by Taylor (50), when 

7,7-dibromonorcarnane was treated with methyllithium no 

allene was formed. The only product formed was the dimer. 

Presumably, allene formation in this case was prohibited by 

excessive ring strain and the carbene intermediate was 

stabilized. 

A one step allene synthesis was reported by Untch, 

Martin, and Castellucci (51). They treated a fourfold 

excess of 1r5-cyclooctadiene with one equivalent of carbon 

tetrabromide and two equivalents of methyllithium to give a 

70% yield of 1,2f6-cyclononatriene. When methyllithium was 

substituted with n-butyllithium, the yield dropped to 37%. 

The synthesis of substituted methylenecyclopropanes 

from their respective allenes requires the selective addi

tion of a single carbene. Ball and Landor (52) discovered 

that dibromocarbene additions always occurred at the most 

alkylated double bond. Once formed, the dibromoalkylidene-

cyclopropanes were successively reduced with tri-n-butyltin 

hydride to the monobromo derivatives and then to the 

hydrocarbons (53). This hydrodehalogenation reaction can be 

avoided by reacting the allene with diiodomethane in the 

presence of zinc-copper couple. Ullman and Fanshawe (54) 

treated methyl 3,4-pentadienoate with an eightfold excess 

of methylene iodide and zinc-copper couple and obtained a 
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35% yield of equal amounts of the methylenecyclopropane and 

the spiropentane derivatives. Increasing the reagent-allene 

ratio to 10:1 resulted in the production of 4.5 times more 

of the spiropentane than the methylenecyclopropane deriva

tive. 

Studies concerned with the chemistry of alkylidene-

cyclopropanes have been largely limited to hypoglycin and 

methylenecyclopropane. Anderson (55) reported that 

methylenecyclopropane would accept the addition of hydrogen 

bromide, bromine, hypobromous acid, heptafluropropyl iodide, 

tetrafluoroethylene, and methanethiol. These additions 

resulted in the formation of stable compounds containing 

cyclopropane rings. The methanethiol addition was carried 

out in a Carius tube in ether at room temperature for 24 

hours and at 100°C for 1.5 hours. Methyl cyclopropylmethyl 

sulfide was obtained in a 63% yield. Kircher (15) obtained 

a 50% addition of methyl mercaptan to dioctylcyclopropene in 

benzene after 18 hours at room temperature in the dark. 

Both Kircher1s and Anderson's mercaptan addition reactions 

were carried out using a 1:1 olefin-mercaptan ratio. 



CHAPTER II 

STATEMENT OF PROBLEM 

If the current concepts of the primary biological 

activities of sterculic acid and hypoglycin are correct, it 

is hard to rationalize why these two compounds do not have 

overlapping mechanisms of action. While possessing obvious 

structural variations, sterculic acid and hypoglycin have 

important similarities. Both of these compounds have a 

reactive double bond in conjunction with a cyclopropyl ring. 

Each of these ring systems will accommodate the addition of 

a sulfhydryl group which may be the basis for sterculic 

acid's mechanism of action. In addition, both of these 

compounds have access to the interior of the mitochondria. 

Apparently by different mechanisms, sterculic acid and 

hypoglycin both disturb normal lipid metabolism and have 

teratogenic properties (56). If the results of the studies 

of the metabolism of cyclopropanoid compounds ((3-oxidation 

to the cyclopropane acetic acid derivative) (25, 26) hold 

true for cyclopropanoid compounds, the end metabolic products 

of hypoglycin and sterculic acid are even more similar than 

the original compounds. 

18 
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CH_ O 
l \ 2  i i  

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

3,4-Methylene-3~dodeceneoic acid 

CH2=C-CH-CH2-COH 

3,4-Methylene-4-pentenoic acid 

3,4-Methylene-3-dodecenoic acid, the probable end 

metabolic product of sterculic acid, appears to have all of 

the structural requirements necessary to produce hypoglycemia 

by the same mechanism as does hypoglycin. Although the 

effect of sterculic acid on lipid desaturation has received 

much attention, its effect on blood sugar has never been 

reported. Another facet of comparison is the effect of 

hypoglycin on stearyl CoA desaturase. While hypoglycin is 

known to produce dramatic increases in serum nonesterified 

fatty acids and an increased deposition of fat in various 

tissues (57), alterations from normal saturated-unsaturated 

ratios have never been reported. The active metabolite of 

hypoglycin has two structural deviations from sterculic 

acid; the length of the aliphatic side chains differ and the 

bond is displaced adjacent to, rather than within, the three-

membered ring. Neither of these variations have been 

evaluated with respect to stearyl CoA desaturase inhibition. 
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Only two pieces of evidence have been acquired to establish 

any structural requirements for this inhibition by sterculic 

acid type compounds. They indicate that the carboxyl group 

is not essential (58, 59) but that the double bond is (25). 

What remains to be determined is the requirement of long 

aliphatic side chains and what restrictions limit the loca

tion of the double bond with respect to the cyclopropyl 

ring. For this reason, 10,ll-methylene-9-nonadecene was 

synthesized from oleyl alcohol via a five step reaction 

sequence. If this compound inhibits stearyl CoA desaturase, 

then this would demonstrate that the enzyme is vulnerable to 

reactive double bonds other than cyclopropene, provided the 

prerequisite aliphatic side chains are present. An absence 

of inhibition would indicate an absolute specificity for the 

cyclopropene ring or a comparably reactive structure. 



CHAPTER III 

EXPERIMENTAL 

Methods and Materials 

Gas liquid chromatography (GLC) of those compounds 

not containing a carboxyl group was performed on a Gow-Mac 

69-500 gas chromatograph using a 41, 1/4" column of 20% DC 

200 on Chromosorb P. The column was heated to 235°C and the 

flow rate was 80 ml per minute. Separation of fatty acid 

me t h y l  e s t e r s  w a s  d o n e  w i t h  a n  A e r o g r a p h  A - 9 0  u s i n g  a n  8 1 ,  

1/4" column packed with 15% diethyleneglycol succinate on 

Chromosorb W. The column was maintained at 195°C with a 

flow rate of 80 ml per minute. All infrared spectra were 

run on a Perkin-Elmer Infracord 137B using 0.5 mm cells. 

The samples were analyzed as dilute solutions in carbon 

disulfide. The NMR spectra were obtained with a Varian 

A-100 and 'the mass spectra with a Hitachi Perkin-Elmer 

RMV-GE. Elemental analysis of 10,ll-methylene-9-nonadecene 

was performed by Schwartzkopf Microanalysis Laboratory. 

Compounds with varying degrees of unsaturation were 

separated using (0.25 mm) 10% AgNO^-silica gel thin layer 

chromatographic (TLC) plates. Differentiation of unsaturated 

from saturated compounds was achieved by spraying the plates 

with 3% aqueous potassium permanganate (unsaturates) followed 

21 
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by a second spraying of 50% aqueous sulfuric acid and heat

ing at 110°C for five minutes (saturates plus unsaturates). 

When 9-octadecene, 1.l-qem-dichloro-2.3-dioctylcyclopropane 

(dichlorodioctylcyclopropane), 9,10-nonadecadiene 

(dioctylallene), and 10,ll-methylene-9-nonadecene 

(dioctylmethylenecyclopropane) were separated by TLC, 

development was carried out using a 20% benzene in cyclo-

hexane solvent system. Alcohols and tosylates were 

separated using-a 90:10:1 petroleum ether (bp. 30-60°C), 

diethylether and acetic acid solvent system and silica gel 

plates without AgNO^. The locations of the compounds were 

determined by placing the plate in an iodine chamber for 30 

minutes, spraying with 50% aqueous sulfuric acid and heating 

for fifteen minutes at 110°C. This procedure was found to 

be more sensitive than just spraying with sulfuric acid and 

heating. 

The petroleum ether used in this research was that 

fraction which boils between 30 and 60°C. All solvents were 

removed with a Buchi model VE 50, rotary vacuum evaporator 

purchased from the Rinco Instrument Company, Inc. 

n-Butyllithium was purchased from Alfa Inorganics, Inc. 

Results and Discussion 

Oleyl Tosylate 

Technical grade oleyl alcohol was distilled on a 

spinning band column and the fraction boiling between 135 
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and 145°C at 0.2 mm of mercury was tosylated. Distillation 

was only partially successful in removing the lower molecu

lar weight analogues. This became apparent when the progress 

of distillation was monitored by GLC following silation with 

bis-trimethylsilylacetamide and with TLC on silica gel 

plates. 

The partially purified alcohol was tosylated in dry 

pyridine at 0°C according to Dyen et al. (43). The work-up 

procedure was modified slightly to accommodate a scaled up 

reaction. After the reaction mixture was refrigerated over

night and transferred to a separatory funnel, 1/4 of its 

volume of saturated aqueous sodium chloride solution was 

added and the funnel was allowed to stand undisturbed over

night. The next day, Dyen's procedure was resumed without 

difficulty. 

The crude oleyl tosylate was crystallized from a 10% 

V/V methanol solution at -16°C to render it free from un-

reacted oleyl alcohol. This purification procedure was 

conveniently monitored by TLC as the tosylate has a much 

higher Rf than the alcohol. While recrystallization gave a 

purified product, it also resulted in loss of product and 

yields of only 60%. The infrared spectrum of the tosylate 

showed strong absorption at 1200 cm""'' due to the sulfonate 

ester and absorption below 900 cm"'1' characteristic of out-

of-plane bending of the C-H bonds of an aromatic group. 
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9-Octadecene 

This compound was synthesized from oleyl tosylate by 

reaction with lithium aluminium hydride in dry refluxing 

tetrahydrofuran as described by Gelb, Port, and Ault (60). 

The addition of the LiAlH^ in several portions over the 

reaction period greatly increased the yield of 9-octadecene. 

When this reaction was run on a large scale, it was necessary 

to alter the work up procedure of Gelb et al. to accommodate 

the large quantitites of metallic salts and complexes. 

After decomposition of excess hydride with water, the crude 

reaction mixture was added to a large Erle.nmeyer flask with 

an equal volume of petroleum ether and stirred with a 

mechanical stirrer for two hours. The organic phase was 

decanted from the gelatinous salts and transferred to a 

separatory funnel. This procedure was repeated several 

times; the solvent phases combined and washed once with 

dilute acid, once with sodium bicarbonate, and twice with 

water. After drying with magnesium sulfate the solvent was 

removed to give a 90% yield of crude 9-octadecene. Analysis 

by AgNO^-silica gel TLC showed traces of unreacted tosylate 

which was removed by distillation. Further purification of 

9-octadecene was achieved with a 20% AgNO^-SiC^ column using 

petroleum ether as the eluant. A 10:1 ratio of olefin to 

silicic acid (100 mesh) was sufficient to remove impurities 

which were assumed to be saturated analogues of 9-octadecene. 

On TLC these impurities moved further up the plate and failed 
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to react with potassium permanganate. On GLC they had a 

shorter retention time than 9-octadecene. Both GLC and TLC 

of the final product found it to be free of the contaminants. 

The average yield of the pure product was 80% and it boiled 

at 110°C/0.15 mm Hg (lit. 133°C/0.5 mm) (43). 

1,l-Dichloro-2,3-dioctylcyclopropane 

9-Octadecene was reacted with ethyl trichloroacetate 

and sodium methoxide in dry heptane as described by Kenney 

et al. (61). Scaling up this reaction is dangerous unless a 

modification of the Kenney et al. procedure is used. If 

this reaction is initiated at 0°Cf an induction period 

causes the addition of excessive amounts of ethyl trichloro

acetate before the reaction starts. At a certain point in 

this addition, the sodium methoxide and ethyl trichloro

acetate will react with the production of an uncontrollable 

amount of heat. The problem is avoided if the reaction is 

initiated slightly above room temperature and the addition 

of ethyl trichloroacetate carefully restricted until the 

reaction mixture begins to reflux. Slow additions and 

vigorous stirring gave the best results. 

Purification of the product involved removal of 

ethyl trichloroacetate with an aluminum oxide column and 

the removal of unreacted 9-octadecene by clathration with 

urea. The crude reaction product was filtered through the 

alumina column with no attempt to collect fractions. The 
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ratio of aluminum oxide to olefin was 10:1 and petroleum 

ether was used as the eluant. The removal of ethyl tri-

chloroacetate was followed by infrared analysis as the 

compound has strong absorption peaks at 1760, 1240, and 

830 cm~^" which are absent in the I.R. spectrum of 

1,l-dichloro-2,3-dioctylcyclopropane. The latter has a 

strong characteristic doublet at 790-805 cm"'1' which has 

been assigned to the two chlorine atoms (61) (Fig. 2). 

Removal of 9-octadecene was more difficult but was 

easily monitored by GLC. The large geometrical size differ

ence between 9-octadecene and 1,l-dichloro-2,3-dioctylcyclo

propane allowed purification by urea adduction. Varying the 

ratios of urea to olefin and olefin to solvent makes a 

considerable difference in the quantity of 9-octadecene 

complexed (62). The best ratios found here were ethanol to 

olefin 4:1 (vol./wt.) and olefin to urea 1:6 (mole/mole). 

In a typical procedure, 276 ml of dry ethanol were brought 

to reflux on a steam bath and 1.8 moles of urea were added 

in small portions. After most of the urea was in solution, 

0.2 moles of the crude qem-d i chlo ro cy clo pro pane was added 

slowly. The mixture was heated and stirred vigorously for 

several minutes before it was allowed to crystallize at room 

temperature overnight. The mixture was filtered three times 

through a fine fritted glass filter under vacuum and the 

solid on the filter was washed four times with anhydrous 

diethyl ether to remove occluded product. The filtrate, 
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washings, and twice the volume of dilute aqueous hydro

chloric acid were transferred to an Erlenmeyer and heated 

on a steam bath for several minutes. The contents of the 

flask were extracted with several volumes of petroleum 

ether, the organic solvent washed once with dilute aqueous 

sodium bicarbonate, three times with distilled water, dried 

over magnesium sulfate, and evaporated. 

Although GLC analysis of the crude reaction product 

often indicated"that it contained as much as 50% unreacted 

9-octadecene, the nonadducted fraction of the purification 

process usually contained less than 5% of this compound 

(Fig. 3). Repeated adductions were not useful in improving 

the purity of the dichlorocyclopropane. The I.R. spectrum 

of this product (Fig. 2) was in complete agreement with that 

of Kenney et al. (48). Silver nitrate-silica gel TLS of 

this material showed a very faint spot corresponding to 

9-oc —~ene and a very large spot which moved higher on the 

pi? . The latter spot failed to react with aqueous 

pc uassium permanganate but produced a dark spot when the 

plate was allowed to stand at room temperature overnight or 

when sprayed with sulfuric acid and heated. 

9,10-Nonadecadiene 

This allene was synthesized from 1,l-dichloro-2,3-

dioctylcyclopropane using n-butyllithium in anhydrous ether 

at 0°C by modifications of the procedure described by Moore 
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and Ward (49). These modifications were instigated to 

minimize suspected dimerization of the carbene intermediate. 

Dimerization was suspected when urea adduction failed to 

complex 20 to 30% of the crude reaction product. An I.R. 

spectrum of this nonadductable fraction showed no 19 50 cm"'1' 

absorption, characteristic of the asymmetric stretching of 

the allene moiety. This same fraction failed to distill at 

200°C at 0.1 mm Hg and did not give a peak on the GLC. 

Dimerizations of this type have previously been described in 

the literature (50). 

In a representative experiment, 0.225 moles of n-

butyllithium (22.3 wt.% in hexane) was added to a two-liter, 

three-necked, roundbottomed flask fitted with a condenser, a 

mechanical stirrer, and a by-pass addition funnel. A number 

of balloons were arranged to maintain a static nitrogen 

atmosphere in the system and the flask was chilled to 0°C. 

During vigorous stirring, 0.075 moles of 1,l-dichloro-2,3-

dioctylcyclopropane in 200 ml of anhydrous ether was added 

dropwise over a three hour period. Two hours after the 

completion of the addition, water was added cautiously and 

the reaction was brought to room temperature. The reaction 

product was extracted with petroleum ether, the ether phase 

dried over magnesium sulfate, and the solvent removed. 

Distillation gave a partially purified product which was 

free of dimer but still contained traces of 9-octadecene. 

Chromatography on a 10% AgNO^-silicic acid column with 
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petroleum ether as the eluant removed this contaminant 

giving a 10% yield of purified dioctyallene. Allene elution 

preceded that of 9-octadecene from the column. 

9,10-Nonadecadiene was identified from its I.R. 

spectrum by the appearance of a sharp peak at 1950 cm-"'" and 

the disappearance of the gem-dichloro doublet at 790-805 cm""'' 

(Fig. 4). The retention time of the allene was slightly 

longer than 9-octadecene on GLC but considerably shorter 

than that of 1,l-dichloro-2,3-dioctylcyclopropane. On 

AgNO^-silica gel TLC, the purified allene had an Rf between 

that of 9-octadecene and dichlorodioctylcyclopropane without 

showing a detectable spot corresponding to either of these 

compounds. 

10,ll-Methylene-9-nonadecene 

This compound was synthesized from dioctylallene by 

reaction with diiodomethane and zinc-copper couple in 

refluxing anhydrous ether. The reaction used here was a 

modification of the procedure reported by Rawson and 

Harrison (63). 

Three-tenths of a mole of zinc and 0.3 moles of 

cuprous chloride were added to 200 ml ether in a three-

necked, roundbottomed flask fitted with a mechanical stirrer, 

a condenser, and a by-pass funnel. Balloons were arranged 

to maintain a static nitrogen atmosphere during the reaction. 

The couple was r.efluxed for 30 minutes after which 0.015 mole 
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of allene in 50 ml of anhydrous ether was added dropwise 

over a 30 minute period. Immediately following the allene 

addition, 0.12 mole of diiodomethane in 50 ml of anhydrous 

ether was added dropwise over a one hour period. 

On conclusion of this addition, samples were with

drawn every half hour. The samples were washed with dilute 

hydrochloric acid, extracted with petroleum ether, and 

immediately analyzed by GLC. This procedure made it 

possible to follow the reaction process. When reactions 

were run longer than four hours, they often resulted in an 

increased synthesis of dioctylspiropentane at the expense of 

both dioctyallene and dioctylmethylcyclopropane. Since it 

was possible to recover the unreacted allene for future use, 

the reaction was stopped prior to the formation of signifi

cant quantities of dioctylspropentane (Fig. 5) by filtration 

from the couple under vacuum through a fritted glass filter 

into an equal volume of dilute aqueous hydrochloric acid. 

This mixture was then extracted with petroleum ether, washed 

three times with water, dried over magnesium sulfate, and 

the solvent removed. 

The unreacted diiodomethane was distilled from the 

crude reaction product at 32°C at 0.4 mm of Hg. Dioctyl-

allene and dioctylspiropentane were separated from the 

dioctylmethylenecyclopropane with a 20% AgNO^-silicic acid 

column using 5% anhydrous diethylether in petroleum ether as 

the eluant. The ratio of AgNO^-silicic acid to crude 
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reaction product was 100:1. Chromatography was carried out 

slowly enough to effect separation but rapidly enough to 

avoid decomposition. When the reaction product was allowed 

to remain on the column longer than 24 hours, decomposition 

of the dioctylmethylenecyclopropane took place. An I.R. 

spectrum of material left on the column for 48 hours showed 

absorption peaks at 1635, 1278, 862, and 760 cm""'". Johnson 

et al. (64) reported that methyl sterculate decomposed on 

AgNOg-silica gel to methyl 9 (or 10)-(nitratomethyl)-octadec-

9-enoate which has the same sequence of I.R. absorption 

peaks given above. Consequently, it is probable that 

analogous compounds are formed when 10,ll-methylene-9-

nonadecene is given extended exposure to AgNO^-silicic acid. 

These nitrated contaminates were separated from dioctyl

methylenecyclopropane by vacuum distillation and their 

removal was verified by I.R. analysis. 

The structure of the newly synthesized 10,11-

methylene-9-nonadecene was substantiated by three chemical 

reactions: bromination, oxidation, and hydrogenation. The 

purified reaction product was found to take up bromine 

rapidly from a 5% bromine in carbon tetrachloride solution, 

indicating the presence of a double bond. An I.R. spectrum 

of the brominated compound, following removal of excess 

bromine and carbon tetrachloride under vacuum, revealed that 

the characteristic methylenecyclopropane doublet at 990-

1010 crn"^" had shifted to a single peak at 1040 cm-"*" 
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(Fig. 6). This suggested that the location of the unsatura-

tion was adjacent to the cyclopropane ring. To further 

verify the location of the double bond, the synthesized 

dioctylmethylenecyclopropane was oxidized. Oxidation was 

carried out according to Lemieux and Rudloff (65). To 

0.5 mM of 10,ll-methylene-9-nonadecene in 100 ml of tertiary 

butanol, a 100 ml aqueous solution containing 0.85 gm of 

sodium periodate, 0.1 gm of potassium permanganate, and 

0.159 gm of sodium carbonate was added. The mixture was 

stirred overnight at room temperature. The next day, the 

oxidation mixture was acidified and extracted with petroleum 

ether. The ether phase was washed three times with water, 

dried over magnesium sulfate, and the solvent removed. 

Infrared analysis of the resulting acid gave a spectrum 

which was superimposable on that of nonanoic acid. When the 

oxidation product was esterified with 1% boron trifluoride 

in methanol and subjected to GLC analysis it had the same 

retention time as methyl nonanoate. 

Another piece of evidence to support the presence of 

a methylenecyclopropane moiety was acquired by reducing the 

double bond to form a cyclopropane derivative. Five-tenths 

millimole of 10,ll-methylene-9-nonadecene was hydrogenated 

using 0.2 gm of a 5% palladium on carbon catalyst in 20 ml 

of ethyl acetate-ethanol. 

The reaction was run in a semimicro analytical 

hydrogenation apparatus at room temperature. The 
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hydrogenation occurred very rapidly, taking up 0.5 mM of 

hydrogen within five minutes. The reaction mixture was 

filtered, the solvent removed under vacuum, and the residual 

oil was passed through an aluminum oxide column. As with 

the bromination reaction, the I.R. doublet of the methylene-

cyclopropane group at 990-1010 cm~^ disappeared during 

hydrogenation and was replaced with a single peak at 1020 

cm"''" which is characteristic of a cyclopropane ring (Fig. 

7). The I.R. spectrum of the hydrogenated dioctylmethylene-

cyclopropane was superimposable on the spectrum of 1,2-

dioctylcyclopropane synthesized from sterculic acid. 

The nuclear magnetic resonance spectrum of 10,11-

methylene-9-nonadecene showed six species of protons. Of 

particular significance was the vinyl proton multiplet at 

T 4.3-4.5, the ring methylene proton multiplet at T 9.3-9.5, 

and the vinyl methylene proton doublet at T 7.8-8.0. These 

data agree with published NMR data of methylenecyclopropane 

(55). The integration of the peaks was consistent with the 

quantity of each proton species in 10,ll-methylene-9-

nonadecene. Mass spectrometry added further verification of 

the presumed structure by showing a parent peak at 278 m/e, 

which is the molecular weight of 10,ll-methylene-9-

nonadecene, and a P+l peak which was 25% of the height of 

the parent peak. The fragmentation pattern was also con

sistent with this assignment showing fragments corresponding 

to the loss of the ring methylene group (264 and 14 m/e) and 
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breaking at the double bond (126 and 152 m/e). Elemental 

analysis showed 13.85% hydrogen and 86.14% carbon; calcu

lated values for 10,ll-methylene-9-nonadecene (C2oH38^ are 

13.67% hydrogen and 86.33% carbon. 

Biological Evaluation 

To evaluate the ability of 10,ll-methylene-9-

nonadecene to inhibit stearyl CoA desaturase, 75 mg daily 

were administered orally by capsule to mature laying S.C. 

White Leghorn hens (University strain) for eight days. The 

limited amount of 10,ll-methylene-9-nonadecene available 

restricted the bioassay to two birds at one level of feeding. 

The eggs were collected periodically and the fatty acids 

were extracted from the yolks and analyzed by GLC. Compari

sons were made with methyl sterculate and sterculene each at 

two levels (25 and 75 mg/day). These compounds are known to 

cause the inhibition of stearyl CoA desaturase (21, 58). 

Additional comparisons were made with 4-pentenoic acid (25 

and 75 mg per day), a hypoglycemic agent (42), and corn oil 

which has no effect on stearyl CoA desaturase in vivo (58). 

Inhibition was determined on the basis of the ability of the 

various compounds to alter the normal stearic to oleic ratio 

in the lipids of the yolk. 

Prior to the experimental period, twelve eggs were 

selected at random over a one week period to establish the 

normal variation in egg yolk fatty acid concentrations. 
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After this determination, eighteen hens were divided into 

eight treatment groups according to Table 1. Each hen 

received one gelatin capsule per day over an eight day 

period and eggs were collected for analysis on day 2, 5, and 

8. The fatty acids were extracted from the yolks and pre

pared for GLC analysis according to the following procedure. 

Table 1. Treatment groups in the biological evaluation of 
10,ll-methylene-9-nonadecene. 

Group 
No. 

birds 
Corn oil 

mg Test oil mg 

1 2 125 0 
2 2 50 75 methyl sterculate 
3 2 100 25 methyl sterculate 
4 2 50 75 4-pentenoic acid 
5 2 100 25 4-pentenoic acid 
6 2 50 75 10, ll-methylene-9-nonadecene 
7 3 50 75 sterculene 
8 3 100 25 sterculene 

Ten grams of egg yolk were mixed vigorously with an 

equal volume of magnesium sulfate. Fifty ml of 2:1 

chloroform-methanol were added and the mixture stirred 

occasionally over a period of fifteen minutes. The extract 

was filtered through Whatman #1 paper and the solvent 

removed. Twenty-five ml of methanol and five ml of 50% 

aqueous potassium hydroxide were added to the residue and 

the lipid samples were saponified for approximately two 

hours at 60°C. The saponification mixture was acidified 
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with 6N hydrochloric acid and extracted with petroleum 

ether. Following removal of the solvent, the fatty acids 

were esterified with 10 ml of 1% boron trifluoride in 

methanol over a fifteen minute period at 60°C. Water was 

added to this mixture and the esters extracted with 

petroleum ether. The solvent was evaporated and the methyl 

esters examined by gas chromatography. The area under each 

peak was estimated by triangulation. 

By the eighth day of treatment, the relative oleic 

acid content of egg yolks from hens fed sterculic acid had 

fallen almost 40% compared to the corn oil group (Table 2). 

In the same comparison, methyl sterculate had increased 

approximately 60%. This phenomenon also occurred with the 

administration of 75 mg of sterculene. As expected, 4-

pentenoic acid and corn oil did not change relative fatty 

acid concentrations. These observations were in agreement 

with the literature (58, 59) and established the validity of 

the experimental procedure. 10,ll-Methylene-9-nonadecene 

did not markedly increase the relative concentration of 

•fr 
stearic acid or lower the concentration of oleic acid in a 

manner coiriparable to sterculene or methyl sterculate. 

A plot of the ratio of stearic to oleic acid over an 

eight day period revealed that inhibition of stearate to 

oleate desaturation by sterculene progressively increased 

this ratio from 1:6.7 to approximately 1:1 (Fig. 8). 



Table 2. Relative concentration of fatty acid methyl esters in egg yolks of hens 
in specified treatment groups after eight days of administration — Data 
are reported as mean _+ standard deviation. 

% % % % % No. eggs 
Treatment—mg Palmitic Palmitoleic Stearic Oleic Linoleic analyzed 

125 corn oil 25.6 • 00
 00 • 

00 

46.4 14.4 1 

75 4-Pentenoic acid 27.2+3. 3 6.8+0. 4 8.2+1. 0 44.9+2. 8 13.0+0. 3 2 

25 4-Pentenoic acid 26.0 6.7 7.8 48.0 11.0 1 

75 9,10-methylene-
10-nonadecene 28.3+1. 7 6.8+1. 3 8.5+0. 7 41.9+1. 3 14.6+0. 3 2 

75 methyl sterculate 28.4+3. 1 4.3+0. 1 24.9+1. 8 27.9+3. 0 14.6+2. 1 2 

25 methyl sterculate 25.7 4.2 14.5 41.0 14. 5 1 

75 sterculene 33.3+0. 7 - 29.1+3. 5 26.9+2. 1 10.7+0. 5 3 

25 sterculene 32.5+0. 3 - 30.8+1. 7 27.3+1. 5 9.5+0. 7 3 

No Treatment 29.0+2. 2 4.6+0. 9 7.5+0. 7 47.5+2. 8 11.4+1. 7 12 



Fig. 8. Changes in the stearic-oleic ratio in the egg yolks 
of hens in seven treatment groups over an eight day 
period. 

a = 75 mg methyl sterculate; 
b = 25 mg methyl sterculate; 
c = 75 mg sterculene; 
d = 25 mg sterculene; 
e = 75 mg 4-pentenoic acid; 
f = 25 mg 4-pentenoic acid; 
'g = 75 mg 10,ll-methylene-9-nonadecene; 
h = 125 mg corn oil. 
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Fig. 8. Changes in the stearic-oleic ratio in the egg yolks 
of hens in seven treatment groups over an eight day 
period. 



Methyl Mercaptan Reactions 

To determine the reactivity of 10,ll-methylene-9-

nonadecene towards sulfhydryl addition and compare its 

reactivity to that of sterculene, both compounds were 

reacted with methyl mercaptan under mild conditions. When 

0.133 mM of sterculene was reacted with 0.4 mM of methyl 

mercaptan in 0.33 ml of ethanol at room temperature for 6 

hours, addition appeared to occur progressively. GLC 

analysis of the reaction product showed that after two hours 

43% of the olefin had reacted, in three hours 56% had 

reacted, and by six hours 70% of the sterculene was con

sumed. An I.R. spectrum of the final product indicated a 

considerable reduction in the sterculene 1010 cm~^ cyclo-

propene peak and the appearance of a new peak at 1023 cm""*" 

(Fig. 9). Absorption in the 1600-1750 cm~^ area indicated 

the presence of oxidative by-products. 10,ll-Methylene-9-

nonadecene did not react under these conditions. However, 

when 0.054 mM of 10,ll-methylene-9-nonadecene was reacted 

with 1.2 mM of methyl mercaptan in 1 ml of ethanol at room 

temperature for ten days, GLC analysis indicated that 60% of 

the olefin had slowly reacted. An I.R. spectrum of the 

crude reaction product showed a complete disappearance of 

the methylenecyclopropane doublet at 990-1010 cm""'" and the 

appearance of a new peak at 1023 cm~^ (Fig. 10). As with 

sterculene, the I.R. spectrum of the reaction product also 
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Fig. 9. I.R. spectrum of 1,2-dioctylcyclopropene (sterculene) and the crude 
reaction product following its exposure to methyl mercaptan. 
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Fig. 10. I.R. spectrum of 10,ll-methylene-9-nonadecene and the crude reaction 
product following its exposure to methyl mercaptan. 



contained a peak at 1700 cm~^ suggesting oxidative by

products. 



CHAPTER IV 

CONCLUSIONS 

The findings of this research indicate that 10,11-

methylene-9-nonadecene does not inhibit jln vivo stearyl 

CoA desaturase under the conditions where similar cyclo-

propenes cause inhibition. This suggests that the cyclo-

propene ring is directly involved in inhibition and that its 

integrity is essential. However, it has not been estab

lished whether or not other equally reactive double bonds 

can substitute for the cyclopropene ring. Lack of inhibi

tion by 4-pentenoic acid and 10,ll-methylene-9-nonadecene 

also implies that hypoglycin will not inhibit stearyl CoA 

desaturase because of its lack of a cyclopropene ring rather 

than the absence of long aliphatic side chains. It is also 

reasonable to assume from this work that any metabolic 

transformations of cyclopropenoid compounds resulting in the 

translocation of the double bond would render the products 

inactive. 
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CHAPTER V 

SUMMARY 

A synthesis of 10,ll-methylene-9-nonadecene, a 

structural analog of the biologically active 1,2-

dioctylcyclopropene, has been described. In this synthesis, 

oleyl alcohol was tosylated with p-toluenesulfonyl chloride 

and the tosylate reduced with lithium aluminum hydride to 

form 9-octadecene. This compound reacted with ethyl 

trichloroacetate and sodium methoxide to yield the gem-

dichlorocyclopropane derivative, 1,l-dichloro-2,3-

dioctylcyclopropane. This reacted with n-butyllithium to 

form the allene, 9,10-nonadecadiene, which with methylene 

iodide and a zinc-copper couple, gave 10,ll-methylene-9-

nonadecene. The structure of this compound was deduced from 

reactions with bromine, periodate-permanganate and hydrogen, 

from its GLC retention time and Rf by TLC, its infrared 

analysis, nuclear magnetic resonance, mass spectra, and its 

elemental analysis. 

When tested for its ability to inhibit stearyl CoA 

desaturase, 10,ll-methylene-9-nonadecene failed to alter the 

stearic-oleic acid ratio in the yolk of eggs from hens that 

had been fed 75 mg of the compound per day for eight days. 

Evidence was also gathered which indicated that 
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10,ll-methylene-9-nonadecene was much less reactive to 

methyl mercaptan addition in dilute solution at room 

temperature than sterculene. 
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