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TABLE I1 
VAPOR PHASE CHROMATOGRAPHY RETENTION TIMES AND INFRARED SPECTRA FOR ETHYLCYCLOHEXANOLR 

Retention time, Characteristic 
min. % Compound absorption bands, cm-1 

12 3 
16 4 
18 1'1 2-Ethylcyclohexanol (cis- and trans-) 880,845,820 

trans-3-Ethylcyclohexanol 1036,1014,968,857,815 
cis-4-Ethylcy clohexanol 1144,990,952,897 
trans-4-Ethylcyclohexanol 1090,1052,965,897 
cis-3-Ethylcyclohexanol 1111,1049,957,839 

20.5 71 
23.5 44 

56.5 41 

hexanol, cis,trans-4-ethylcyc~ohexanol, cis,trans-~-ethy~cyc~o- 
hexanol, 2-methyl-l-ethylcyclohexane, 3-methyl-1-ethylcyclo- 
hexane, 4-methyl-l-ethylcyclohexane, and ethylcyclohexane. 
Each waa obtained by a method reported in the literature. The 
physical properties were in agreement with the reported values. 

Analysis of the Residue.-Approximately 25 g. of the residue 
waa placed in the bulb of a small modified retort and heated in a 
60' oil bath for 24 hr. under vacuum (0.5 mm.). The volatile 
material (5.6 9.) waa trapped in a second bulb contained in a Dry 
Ice-acetone bath. When the volatile material waa chromato- 
graphed it gave two peaks with only minor impurities (leas than 
3%) .  This material waa identified by means of infrared as the 
dehydro dimer. 

The remaining viscous residue waa chromatographed using the 
thin layer technique (t.1.c.). The adsorbant was silica gel g and 
the eluent benzene (or petroleum ether, b.p. 30-60"). 'Two 
spots were observed when the plate was treated with iodine. One 
of these had an Rr value identical with that of the dehydro dimer. 
By V.P.C. it waa ehown that this viscous residue still contained 5.3 
g. of dehydro dimer. The original 33 g. of residue, therefore, waa 
composed of 14.5 g. (0.068 mole baaed on perester) of dehydro 
dimer and 18.5 g. of higher molecular weight material. Infrared 
of the entire residue showed i t  to be very much like the dehydro 
dimer but contaminated with acetate esters. 
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The fatty acids that contain a cyclopropene ring, 
sterculic acid and malvalic acid, are formed as triglycer- 
ides in Sterculia foetida oil and in cottonseed oil 
and are remarkable both for their unique chemical 
structure and for the physiological effects that  have 
been observed when they are included in poultry 
Because destruction of the cyclopropene ring by hy- 
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drogenationJ2 rea~angement ,~  or reaction with gaseous 
hydrogen chloride or sulfur dioxidea eliminates the bio- 
logical effects, we have been interested in the struc- 
tures of the products that are formed by these pro- 
cedures. 

This paper concerns the nature of the products formed 
when the cyclopropene ring is destroyed by rearrange- 
ment with alumina. The simplicity of sterculene (I, 
1,2-di-n-octylcyclopropene) together with its ready 
availability7" led to its choice as a model compound for 
the isomerization. 

Sterculene was stirred at  roQm temperature under 
nitrogen with an equal weight of activated alumina in 
ten volumes of petroleum ether (b.p. 30-60 "). During 
the reaction its characteristic cyclopropene infrared 
bands a t  5.38 and 9.92 p7b gradually diminished in size 
and were replaced by bands at  6.13 and 11.15 1.1 (un- 
symmetrical disubstituted olefin) and 10.37 p (trans 
double bond). 

After 35 hr. the cyclopropene infrared bands had 
disappeared and the reaction mixture no longer gave 
the Halphen test,* an empirical test for sterculic and 
malvalic acid derivatives. The solution was filtered 
and distilled to give a 72y0 yield of a clear colorless oil 
having the same boiling point as I ;  redistillation showed 
the same boiling point and did not yield any residue, 
A portion (12%) of the product polymerized during 

the isomerization, and the remainder (16%) could not 
be extracted from the alumina with petroleum ether. 

The isomerized material smoothly consumed 1.7 
moles of hydrogen per C1(IHSB, which suggested that it is 
a mixture of compounds, 30y0 of the material containing 
one double bond and 70% containing two double bonds. 
Under the same conditions, I consumed 0.95 mole of 
hydrogen per C19H36. 

The ultraviolet spectrum of the isomerized material 
showed an absorption peak with a maximum a t  232 
mp. By assuming a molar extinction coefficient of 
22,0009 the material was calculated to contain 640/, of 
compounds having conjugated double bonds. 

The isomerized material reacted with maleic anhy- 
dride in refluxing xylene. After removal of solvent and 
saponification, 36% of the starting material was ex- 
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CHz CHI 
I 

CHI-( C H 2 ) r  -CH=CH-( CHz)aCH3 + CHa-( CHz)eCH=C-CH=CH-( CHz)a-CHj 
11 I11 

A 
CH, 

CH3-( CHz),-C=CH-CH=CH-(CH2)r-CH3 + C19HaB compound with one double bond + polymer 
I V  V 

tracted from the alkaline saponification liquors. This 
suggested that 64% of the jsomerized sterculene con- 
tained conjugated double bonds. The infrared spec- 
trum of the material not reacting with maleic anhy- 
dride showed no characteristic bands for unsaturation. 

A portion of the isomerized material was ozonized in 
methylene chloride a t  -50". The ozonide was de- 
composed with zinc and aqueous acetic acid and sepa- 
rated into water-soluble, acidic, and neutral com- 
ponents. Formaldehyde was identified in the aqueous 
solution by its dimedone derivative. 

The acid fraction, comprising 35% of the isomerized 
material ozonized, was methylated with 7% boron 
trifluoride in methanol and the methyl esters separated 
into three fractions by distillation. The fractions were 
analyzed by gas-liquid chromatography (g.1.c.) and 
the relative amount of methyl enanthate, caprylate, 
and pelargonate in each estimated from the areas under 
the peaks of the chromatogram and are given in Table 
I .  The pure esters were separated on a preparative 
column, saponified, and the three acids positively iden- 
tified as their crystalline p-toluidides. 

TABLE I 
PRODUCTS OBTAIXED FROM OZONOLYSIS OF ISOMERIZED 

STERCCLENE 
Acidic Xeutrd----- 

Compound Yield,n % Compound Yield," '?& 
Methyl enanthate 26 Enanthaldehyde l b  

Methyl caprylate 1 I* Caprylaldehyde 21b 
Methyl pelargonate 16* 2-Decanone 2b 
Distillation residue 6 Cls compounds 6 

Distillation residue 19 
a Expressed as per cent of the isomerized sterculene ozonized. 

b Calculated from g.1.c. data. 

The neutral fraction comprised 49% of the isomerized 
sterculene ozonized and was separated into four frac- 
tions by distillation. Enanthaldehyde, caprylalde- 
hyde, and 2-decanone were recognized by g.1.c.; the 
amounts of each were estimated from the chroma- 
tograms and are given in Table I. The latter two com- 
pounds were identified by their crystalline 2,4-dinitro- 
phenyl hydrazones. 

From the spectral, hydrogenation, maleic anhydride 
adduction, and ozonolysis data, the scheme, at the top of 
this page, for the isomerization of I is suggested. 

Under the conditions of the reaction about %yo of 
I or its isomerization products polymerize or cannot 
be removed from the alumina for other reasons. About 
20-25y0 of I rearranges to substances whose structure 
is unknown. Presumably this is the portion of the 
distillate that absorbs 1 mole of hydrogen, does not 

react with maleic anhydride, and forms high molecular 
weight compounds on ozonolysis. At the present time, 
no further work is contemplated on this fraction. 

The remaining 5G55y0 of I isomerizes to 9-methyl- 
ene-10-octadecene (11), 9-methyl-8,lO-octadecadiene 
(111), and 9-methyl-9,ll-octadecadiene (IV). The 
latter is formed only to a small extent, 2-3%, for 
only that quantity of enanthaldehyde, enanthic acid. 
and 2-decanone were found in the ozonolysis mixture 
(Table I). 

The relative quantities of the major isomerization 
products I1 and 111 can be calculated from the ratios of 
the c8 and C9 compounds obtained by ozonolysis. 
Compound I1 should give 1 mole esch of Cs and Cs 
compounds and compound I11 should give 2 moles 
of C8. It was observed (Table I) that twice as much 
CS as C9 material is obtained; therefore, twice as much 
I1 is present in the isomerization mixture as 111. 

Theoretically, ozonolysis of structure I1 should give 
a-ketodecanoic acid or a-ketodecanal. Seither of 
these compounds were observed. The large quantity 
of pelargonic acid obtained arose from overoxidation 
of the primary ozonolysis products of 11. 

To test this theory, ethyl vinyl ketone (VI) was 
ozonized and the ozonide decomposed with zinc and 
acetic acid. Formaldehyde was identified as its dime- 
done derivative and propionic acid was the only other 
fragment found. 

0 
I1 On 

VI 
CHD-CHZ-C-CH=CHz + HCHO + CHs-CHz-COOH 

Experimental 

Sterculene (I) was prepared as described p r e v i o ~ s l y , ~ ~  b.p. 
99-104' (0.05 mm.), ~ L ~ D  1.4543, infrared a t  5.38, 9.92 r ;  lit.7b 
b.p. 102" (0.04 mm.), n Z o ~  1.4540, infrared a t  5.38, 9.92 r .  The 
alumina (Bluminum Company of America, Alcoa, grade F-6, 
mesh 8-14) was activated a t  200 to 220" under nitrogen. Gas- 
liquid chromatography (g.1.c.) was performed with the Aero- 
graph A-90-C apparatus. Ten-foot analytical columns with 30Y0 
diethylene glycol succinate or with 10% ethylene glycol succinate, 
and a 5-ft. preparative column with 20% diethylene glycol suc- 
cinate were used. 

Isomerization Reaction.-I (48.2 g.) was dissolved in 500 ml. of 
petroleum ether (b.p. 30-60") and added to the activated alumina 
(50 g.). The mixture was stirred under nitrogen a t  room tem- 
perature for 35 hr. The mixture was filtered, the alumina 
extracted several times with fresh petroleum ether, and the com- 
bined filtrates evaporated zn vacuo to leave 40.7 g. (84y0) of an 
oil. The product was distilled, b.p. 100-118" (0.07 mm.), to 
give 35.1 g. (72.37, of I) of a colorless oil. This distillate was 
used for all further characterization studies. 

Hydrogenation.-Two samples of 0.2881 g. and 0.2736 g. of 
the distillate were hydrogenated in absolute ethanol (15 ml.) 
over 57, palladium on charcoal (0.1 g.) a t  atmospheric pressure 
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and room temperature in a standard Hershberg apparatus; 1.71 
and 1.72 moles of hydrogen per ClSH38 were consumed, respec- 
tively. 

Maleic Anhydride Addition.-The distillate (2.5 g.) was re- 
fluxed for 5 hr. with maleic anhydride (3.0 g.) in xylene (10 ml.). 
After cooling, petroleum ether was added and the mixture ex- 
tracted with water to remove unchanged maleic anhydride. 
The residue after removal of solvent (3.08 g.) was refluxed with 
sodium hydroxide (2.0 9.) in methanol (25 ml.) overnight. 
Water was added and the alkaline solution extracted with petro- 
leum ether to yield an oil (0.9 9.) representing 36% of the distil- 
late used in the experiment. 

I n  a second run, the distillate (2.18 g.) wa8 refluxed with maleic 
anhydride (2.00 9.) in xylene (10 ml.) overnight. Petroleum 
ether was added and the unchanged maleic anhydride extracted 
with water. Evaporation of the solvent left an oil (2.66 g.) 
which was distilled. .4 product (0.77 g., 357, of starting material) 
was obtained at 107" (0.05 mm.) whose infrared spectrum was the 
same as the neutral fraction obtained from the first run. 

Ozonolysis.-The distillate (33.0 9.) of isomerized sterculene 
in dry methylene chloride (250 ml.) was cooled to -50" and ozone 
(3.36 g. /hr . )  was passed through the solution for 7 hr. The solu- 
tion was allowed to warm to room temperature and was added to 
a suspension of zinc dust (16.0 9.) in 507' aqueous acetic acid 
(150 ml.) in a 1-1. flask fitted with stirrer, dropping funnel, and 
Vigreux condenser. Considerable heat was evolved during the 
addition, enough to distil most of the methylene chloride. The 
mixture was stirred overnight, refluxed an hour, filtered, and 
extracted three times with petroleum ether. 

A portion of the aqueous layer was added to a solution of 10% 
dimedone in ethanol. White crystals were obtained, m.p. 190- 
19l0,  unchanged on admixture with an authentic sample of the 
dimedone derivative of formaldehyde, lit.Io m.p. 187". 

The petroleum ether solution was extracted twice with 5% 
aqueous sodium hydroxide, dried over sodium sulfate, and evapo- 
rated to leave the neutral oxidation products (16.2 g.) .  G.1.c. 
showed four peaks and three of them corresponded to enanthalde- 
hyde, caprylaldehyde, and 2-decanone. The aqueous solution 
was acidified and extracted to yield the acidic oxidation products 
(11.5 9 . ) .  These were esterified with a solution (80 ml.) of 77,  
boron trifluoride in methanol. G.1.c. showed three peaks cor- 
responding to methyl enanthate, caprylate, and pelargonate. 
The neutral fraction was distilled. Four fractions were obtained: 
X-1, 5.50 g., b .p .  90-120" (45 mm.);  N-2, 1.85 g., b.p. 60-100" 
(0.10 mm.); N-3, 2.62 g., b.p. 10Ck148O (0.10 mm.) ;  3-4,  - 
residue, 6.20 g. 

The methvl esters of the acidic fraction were distilled to vield 
three fractions: A-1, 8.45 g., b.p. 110-124" (45 mm.); ".4-2, 
1.00 g., b.p. 60" (0.05 mm.) ;  A-3, residue, 2.00 g. 

Identification of Neutral Constituents.-A sample (0.6 9.) of 
N-1 was treated with 2,4-dinitrophenylhydrazine (0.4 g.) in 
ethanol (20 ml.). Yellow crystals were obtained, m.p. 104-105", 
unchanged upon admixture with an authentic sample of capryl- 
aldehyde 2,4-dinitrophenylhydrazone, lit.11 m.p. 106'. 

Fraction N-2 on similar treatment yielded the 2,4-dinitro- 
phenylhydrazone of 2-decanone, m.p. and m.m.p. 73-74', lit.12 
m.p. 73-74'. 

Fraction 5 - 3  on g.1.c. showed a small peak corresponding to 2- 
decanone and a large peak of long retention time, similar to that 
observed for 9,ll-nonaderadione obtained by ozonolysis of ster- 
culene (see below). It did not yield any crystalline carbonyl 
derivatives or a chelate with cupric acetate. It is presumed to be 
a dicarbonyl compound arising from structure V. 

9,ll-Nonadecadione.-I (10.0 g.)  was ozonized as were the 
rearrangement products above and worked up in the same way. 
The product was distilled, b.p. 130-140' (0.10 mm.),  to give 7.9 
g. (70% of I) of a pale yellow sirup. 

Anal. Calcd. for C19H1e0z: C ,  76.97; H ,  12.24. Found: 
C, 76.85; H ,  12.39. 

A sample of this compound yielded readily a bluish precipitate, 
m.p. 104-105', on treatment with cupric acetate in ethanol. 

Anal.  Calcd. for Cu(CI~Ha60~)2:  C, 69.74; H ,  10.78. 
Found: C, 69.83; H, 11.05. 

Identification of Acidic Constituents.-Fraction A-1 showed 
peaks on g.1.c. corresponding to the methyl esters of enanthic, 
caprylic, and pelargonic acid. Fraction A-2 contained only 

(10) W .  Vv-elnberger, Ind .  Eng. Ckem..  Anal .  Ed..  3, 365 (1931) 
ill) C. F. H. Allen. J .  A m .  Chem. Soc. .  62, 2955 (1930). 
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methyl pelargonate. Fraction A-1 was separated on a prepara- 
tive g.1.c. column into its constituents. 

Each was saponified and the p-toluidides of the acids prepared 
by the method given in Shriner and Fuaon.'3 In  this way, the 
p-toluidides of enanthic acid (m.p. 79-80', lit.13 m.p. SO"), 
caprylic acid (m.p. 69", lit.13 m.p. io"), and pelargonic acid (m.p. 
82", lit.13 m.p. 84') were obtained. The melting points of the 
derivatives were not depressed upon admixture with authentic 
samples. 

Ozonolysis of Ethyl Vinyl Ketone (VI).--A solution of ketone 
VI (10.5 g.) in methylene chloride (200 ml.) was cooled to -50' 
and ozone (2.88 g./hr.) was passed through it for 5.5 hr. The 
solution was allowed to warm to room temperature and added to 
zinc dust (11 g.) in 50% acetic acid (60 ml.) .  

The mixture was extracted with petroleum ether to yield an 
acid that was esterified with the 7% boron trifluoride in methanol 
reagent (70 ml.). Methylene chloride was added to the esterifi- 
cation medium and the solution washed several times with water, 
dried, and distilled. When about 30 ml. of material were left in 
the distillation flask, 20 ml. of bromobenzene were added and the 
distillation resumed. h fraction was collected, b.p. 75-78' 
(3.5 g.). It was saponified and its p-toluidide prepared. The 
melting point of the derivative, 123", was unchanged on ndmix- 
ture with the p-toluidide of propionic acid, lit.13 m.p. 124'. 

The dimedone derivative of formaldehyde was obtained from 
the aqueous layer as before, m.p. and m.m.p. 190-101", lit.10 
m.p. 187". 

(13) R. L. Shriner, R. C. Fuson, and. D. Y.  Curtin,  "The Systematic 
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In  connection with another investigation, various 
substituted trityl halides have been prepared by free- 
radical halogenation of the corresponding triphenyl- 
methanes. An interesting example of the steric pro- 
tection of the tertiary position of the triphenylmethane 
molecule by a bulky ortho substituent has been en- 
countered in the course of this synthetic work. Gen- 
erally, trityl halides can be prepared in good quantity 
from the corresponding triphenylmethanes by photo- 
chemical methods or by reaction with N-bromosuccin- 
imide. For example, a pure sample of trityl chloride 
itself has been obtained in 67% yield through photo- 
chlorination of triphenylmethane. Methyl o-benz- 
hydrylbenzoate readily undergoes radical-type halo- 
genation to give 3,3-diphenylphthalide (eq. 1). Pre- 

8 
I 

C60CH3 
I1 

sumably the tertiary halide derived from the ester is 
highly unstable with respect to lactone formation. 
S o  reaction occurs, however, when phenyl o-benz- 


