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ABSTRACT

This second report describes the char-
acterization of C,, aromatic esters from
the heated linoleate and the independent
synthesis of two of them. The esters were
isolated by a combination of molecular
distillation, urea adduction, column chro-
matography, and gas chromatography.
They were characterized by infrared, ultra-
violet, NMR, and mass spectrosecopy. The
analytical data for the isolated esters were
compared with the data for the synthetic
esters, methyl 11-(2"-methylphenyl)unde-
canoate, methyl 7-(2-pentylphenyl)hep-
tanoate, and methyl 8-(2-butylphenyl)
octanoate. The latter two compounds were
found to be components of the aromatic
fraction isolated from heated linoleate, and
their synthesis is deseribed in detail.

INTRODUCTION

ETHYL LINOLEATE was heated at 200C for

200 hr and the reaction mixture was
separated by a combination of molecular distil-
lation, urea adduection, column chromatography,
and gas chromatography (1). As reported
previously, a fraction whose infrared spectrum
showed it to be rich in aromatic compounds was
concentrated from the urea filtrate monomers
by column chromatography. The quantity of
this fraction isolated corresponded to about
0.69% of the methyl linoleate heated. This frae-
tion was further purified by preparative gas
chromatography. The analytical data were
consistent with the empiriecal formula,
C,:H.,CO.CH,. The NMR, mass spectroscopy,
and infrared data indicated that the material
was a mixture of isomers different from methyl
11-(2’-methylphenyl)undecanoate (I) described
by Hutchinson and Alexander (2). On this
basis the following structure was proposed:

CH,
|
(CH:)n

( CIIZ) m’C OgCH;{

wheren = 34 andn + m = 10

The two compounds postulated to be present
in the mixture, methyl 7-(2-pentylphenyl)
heptanoate (IIa) and methyl 8-(2-butyl-
phenyl)octanoate (IIb), were independently
synthesized. Figure 1 is an outline of the
synthetic secheme, which comprised the fol-
lowing steps. Butyl bromide was allowed to
react with magnesium, and the resulting
Grignard reagent was treated with cadmium
chloride to give dibutyl cadmium (IITa). 2-
Bromobenzoyl chloride was added to the
eadmium reagent to yield a ketone (IVa) which
was reduced by the Haung-Minlon (3) modifi-
cation of the Wolff-Kishner reaction to
amylbromohenzene (Va). The bromide was
converted to the corresponding cadmium rea-
gent (VIa) which, upon interaction with the
ester chloride of pimelic acid (VIIa) (4) at-
forded the keto-ester (VIIIa). The keto-ester
was reduced to the acid by the Wolff-Kishner
reaction. The acid was esterified by the Fisher
procedure (5) to give methyl 7-(2-pentyl-
phenyl)heptanoate (ITa). Methyl 8-(2-butyl-
phenyl)octanoate (IIb) was made by following
the same procedure but using propyl bromide
and suberic acid in place of butyl bromide and
pimelic acid. The aromatic esters were hydro-
genated to cyclohexane derivatives (IXa, IXh)
with a platinum oxide catalyst and a trace of
acid (6). The mixture of esters isolated from
heated methyl linoleate was similarly hydro-
genated. Comparison of the physical properties
of the synthetic material IIa and b, and IXa
and b, with the properties of the isolated ma-
terial before and after hydrogenation, respec-
tively, confirmed that the isolated esters con-
sisted largely of Ila and b, with possibly small
traces of Ile.

The synthesis of methyl 11-{2-methylphenyl)
undecanoate was reported previously (2,7).
Comparison of its properties with those of the
isolated mixture showed that the mixture con-
tained none of this substance.

)
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EXPERIMENTAL

Isolation of Aromatic FEsters

The preparation of the methyl linoleate, the
heating conditions, and the isolation procedures
used in this investigation were deseribed pre-
viously (1). The fractions from the silicic
acid—silver nitrate columns which were richest
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F16. 1. Syntheses of aromatic esters.

in aromatic compounds were combined. The
aromatic components were purified by prepara-
tive gas chromatography. The materials col-
lected from the gas chromatograph were again
injected, fractionated, and collected until the
final produet showed only one peak upon
reinjection.

The instrument used for the gas chroma-
tography was an Aerograph Model A-90-P.
The column was a 34 in. (0.D.) X 5 ft eopper
tube packed with Chromosorb W (30-60 mesh)
containing 259 ethylene glycol adipate. The
following operating conditions are representa-
tive: helium pressure 60 psi; helium flow rate,
200 ml/min; oven temperature 205C; injection
temperature 295C; detector temperature 350C;
injection volumes 50-100 xl. The aromatic
component of the mixture had a retention time
of about 70 minutes. The material was collected
in a 16-mm tube containing glass wool wet with
methanol.

Absorption bands were observed in the in-
frared spectrum of the isolated material at
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the following wavelengths: 3.21, 6.22, 6.70
(arvomatic); 13.34¢ p (1,2-disubstituted ben-
zene); 572, 850 u (ester); 13.75 u (tetra-
methylene). The ultraviolet spectrum showed
absorption maxima at 263, 267, and 270 mp;
this spectrum was consistent with an ortho
substitute benzene (8). The NMR spectra were
obtained on a Varian A-60 spectrometer. The
NMR spectrum gave the following = values:
3.02 ppm (aromatic protons); 640 ppm
(—OCH,); 7.20-8.00 ppm (a-methylene pro-
tons) ;' 8.20-8.90 ppm (methylene protons);
8.90-9.30 ppm (terminal methyl protons).

Anal. Cale. for C,H,0,: C, 78.6; H, 10.4.
Found: C, 78.2; H, 10.7.

2-Amylbromobenzene (Va)

To a suspension of 7.5 g (0.30 g-atom) of
magnesium and 20 ml of dry ether was added
slowly with stirring 52 g (0.37 mole) of =-
butyl bromide in 200 ml of dry ether. When

1 g-Methylene designates methylene protons a to an
electron withdrawing substituent.
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the addition of the n-butyl bromide was com-
plete, the reaction was stirred at reflux tem-
perature for an additional 15 min. The reaction
was carried out in a nitrogen atmosphere.

The reaction flask was cooled in an ice bath
and 30 g (0.26 mole) of cadmium chloride was
added over a period of 5-10 min. The reaction
mixture was stirred and heated under reflux
for 3 hr. The ether was distilled and 300 ml
of anhydrous benzene was added. A solution
of 58 g of 2-bromobenzoyl chloride (prepared
from 2-bromobenzoic acid and thionyl chloride
at 60C) in 100 ml of anhydrous benzene was
added over a period of 5 min. The reaction
mixture was then heated under reflux for 4 hr.
Approximately 300 g of erushed ice and 100 ml
of ice-cold 209, sulfuric acid were added to
the reaction mixture. The benzene and aqueous
layers were separated and the aqueous layer
was extracted with 100 ml of benzene. The
benzene layers were combined and washed with
water, 209 sodium carbonate, water, and satu-
rated sodium chloride solution. The benzene
layer was dried over anhydrous sodium sulfate
and the benzene was removed by distillation.
The 2-bromovalerophenone (IVa) distilled at
124-134C (4.5-5 mm). The yield was 40 ¢
(62% based on 2-bromobenzoyl chloride).

The ketone (IVa) (65g) was heated under
reflux with 80 g of potassium hydroxide and
60 ml of 859 hydrazine hydrate in 600 ml
of ethylene glycol for 1 hr. The water formed
was removed by distillation and the tempera-
ture of the solution was allowed to rise to
175C; after 16 hr at this temperature, the
reaction mixture was poured into one liter of
ether and the layers were separated. The ether
layer was washed with water. The solvent was
removed on a rotary evaporator to leave a
tight yellow liquid. The 2-amylbromobenzene
(Va) was collected by distillation at 80-120C
(0.3-0.5mm). The yield was 28 g (45% based
on the ketone (IVa)).

Anal. Cale. for C,H.Br: C, 58.2; H, 6.6;
Br, 35.2 Found: C, 58.8; H, 6.9; Br, 31.8.

Methyl 7-(2’-Pentylphenyl)heptanoate (IIa)

Twenty-eight grams (0.123 mole) of 2-
amylbromobenzene (Va) in 200 ml of dry
ether was added slowly to a flask containing 4 g
(0.162 g-atom) of magnesium i 20 ml of dry
ether under a nitrogen atmosphere. When the
addition of the 2-amylbromobenzene was eom-
plete, the reaction mixture was stirred at reflux
temperature for an additional 15 min.

The reaction flask was eooled in ice and 12 g
(0108 mole) of cadmium chloride was added
over a period of 5-10 min. The reaetion mix-

ture was stirred and heated under reflux for 3
hr. The ether was distilled off and 300 ml of
anhydrous benzene was added. A solution of
4 g (0.194 mole) of monoethyl pimeloyl ehloride
[prepared by the method of Cason and
Rapoport (4)] in 100 ml of anhydrous benzene
was added over a period of 5 min. The reaction
mixture was heated under reflux for 4 hr. The
reaction work-up was identical with that de-
seribed for 2-bromovalerophenone. The result-
ing keto-ester (VIIIa) was distilled at 155-
165C (0.1-0.2 mm), and 21.7 g of produet
was obtained.

The keto-ester (VIIIa) (21.7 g) was reduced
by the Wolff-Kishner method described above
with 40 g of potassium hydroxide, and 30 ml
of 859 hydrazine hydrate in 200 ml of ethylene
glyeol. After the initial one-hour heating,
water was removed by distillation and the
temperature was allowed to rise to 175C where
it was maintained for 16 hr. The produet
obtained from the reaction was heated under
reflux with 100 ml of methanol and 600 mg
of sulfuric acid for 3 hr. The yield of ester
(I1a) was 152 g (429 based on 2-amylbromo-
benzene). A 1.25 g portion of the produet was
chromatographed on silicic acid (20 g, 15 in.
column). Elution with benzene:hexane (1:1
vol) afforded a produet having nyj 1.4882.

Anal. Cale. for C,Hy0,: C, 78.6; H, 104.
Found: C, 78.7; H, 10.7.

Absorption bands were observed in the in-
frared spectrum of the isolated material at the
following wavelengths: 3.21, 622, 671 g
(aromatic); 1340 p (1,2-disubstituted ben-
zene); 5.72, 850 u (ester); 13:80 p (tetra-
methylene). The ultraviolet spectrum gave
absorption maxima at 263, 267, and 270 mp.
The NMR spectrum gave the following r
values: 3.02 ppm (aromatic protons); 6.40
ppm (—OCH,); 7.20-8.00 ppm (a-meihylene
protons) ; 8.20-8.90 ppm (methylene protons);
8.90-9.30 ppm (terminal methyl protons).

2-Butylbromobenzene (Vb)

This intermediate was prepared using the
same reaction sequence and eonditions described
above for 2-amylbromobenzene.

2-Bromobutyrophenone (IVb) was synthe-
sized from 58.9 g (0.475 mole) of propyl bro-
mide, 12 g (0.50 g-atom) of magnesium, 45 g
(0.25 mole) of cadmium chloride, and 834 g
{0.368 mole) of 2-bromobenzoyl chloride. The
ketone IVb (62.5 g) was distilled at 115-120C
(4.5-5 mm).

The ketone (IVb) (62 g) was reduced by the
Wolft-Kishner procedure with 40 g of potas-
sium hydroxide and 30 ml of 859 hydrazine
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hydrate in 300 ml ethylene glycol. The product
was distilled at 74-84C (0.5 mm). The yield
was 18 g (239 based on 2-bromobenzoyl
chloride). The refractive index was n¥ 1.5313.
Anal. Cale. for C HBr: C, 56.4; H, 6.1;
Br, 37.5. Found: C, 56.7; H, 6.3; Br, 35.1.

Methyl 8-(2’-Butylphenyl)octanoate (IIb)

The aromatic-keto ester VIIIb was prepared
from 13 g (0.061 mole) of 2-butylbromoben-
zene, 1.5 g (0.0625 g-atom) of magnesium, 6 g
(0.033 mole) of cadmium chloride, and 19.7 g
(0.0895 mole) of monoethyl suberyl chloride.
The ester (3.5g) was purified by distillation
at 180-195C (0.25 mm).

Methyl 8-(2-butylphenyl)octanocate (IIb)
was prepared from 3.5 g (0.0124 mole) of the
keto-ester (VIIIb) by the Wolff-Kishner pro-
cedure with 20 g of potassium hydroxide and
20 ml of 859 hydrazine hydrate in 100 ml
ethylene glycol. The isolated acid was esterified
and the resulting 2.75 g (159% based on 2-
butylbromobenzene) of methyl 8-(2-butyl-
phenyl)octanocate (IIb) was purified by distil-
lation at 155-165C (0.20 mm). The refractive
index was n% 1.4888.

Anal. Cale. for C,H.0,:
Found: C, 78.6; H, 10.7.

The infrared and NMR spectra were identi-
cal with those of methyl 7-(2-pentylphenyl)
heptanocate.

C, 78.6; H, 104.

Hydrogenation of Aromatic Esters

A 124 mg quantity each of the synthetic
esters and the isolated esters was hydrogenated
by the method of Brown, Durand, and Marvel
(6). Three moles of hydrogen were consumed
per mole of ester. The moleenlar weights of
the hydrogenated materials as determined by
mass spectroscopy were 296.

Mass Spectroscopy

Mass spectra of the isolated and synthetic
esters were ohtained on a Bendix Time-of-
Flight mass spectrometer. The spectra are
reproduced in Figure 2.

All of the spectra showed parent peaks at
m/e 290, as expected for aromatic C,s methyl
esters, as well as the expected peaks at m/e
259, corresponding to loss from the molecule
of the elements CH,O.

The following peaks were aseribed to loss of
part or all of the hydrocarbon side chain
(CuHeny) from the molecule: for IIa, 233
(corresponding ton = 4) and 219 (n = 5); for
IIb, 247 (n =3) and 233 (n =4); and for
the isolated ester, 247, 233, and 219 (n = 3,4,
5, respectively). The following peaks were
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attributed to loss both of the hydrocarbon side
chain and of the elements CH,O from the
ester group: for IIa, 201 and 187 (n =4,
5); for IIb, 215 and 201 (n =34); and
for the isolated esters, 215, 201, 187 (n = 3,
4,5). Additional peaks apparently arose from
loss of the hydrocarbon side chain, the elements
CH,O, and the elements H.O as follows: for
ITa, 183, 169 (n =4,5); for IIb, 197, 183
(n = 3,4); for the isolated esters 197, 183,
169 (n = 3,4,5).

Another series of peaks in each spectrum was
attributed to the loss of part or all of the ester
chain, C,H,,CO,CH,, as follows: for Ila, 175,
161 and 147 (corresponding to n = 4,56,
respectively) ; for ITb, 161, 147, 133 (n = 5,6,

7); for the isolated esters, 175, 161, 147, 133
(n = 4,5,6,7).

Intense peaks at m/e 91 and 105 were seen
in all three spectra. These peaks are common
to the mass spectra of dialkylbenzenes, and
correspond to the ions CH." and C.H,"

Figure 3 shows the mass spectra of the
hydrogenated esters. Parent peaks at m/e 296
and peaks corresponding to loss of CH,O at
265 were seen as expected.

Peaks apparently related to the loss of hy-
drocarbon side chain (C.H:.,) from the ring
were the following: for IXa, 225 (eorrespond-
ington = 5), for IXbh, 239 (n =4); for the
isolated esters, 253, 239, 225, (n = 3,4,5). The
following peaks were attributed to loss of the
side chain plus the elements CH.O: for IXa,

193 (n =5); for IXDb, 207 (n=4); for the
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Fie. 2. Mass spectra of synthetic esters and
tsolated mixture.
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isolated esters, 221, 207, 193 (n=3,4,5).
Peaks which apparently arcse from loss of the
hydrocarbon side chain, the elements CHLO,
and the elements H.Q were these: for IXa,
175 (n=15); for IXh, 189 (n =4); and for
the isolated esters, 203, 189, 175 (n = 3,4,5).
Note that the hydrogenated synthetic esters,
unlike their aromatic counterparts, did not give
peaks corresponding to fragmentation within
the hydrocarbon chain. Peaks resulting from
the loss of the hydrocarbon side chain, there-
fore, gave an indication of the length of the
chain and of the numbers of components in
the isolated mixture.

Peaks which apparently arose through the
loss of the ester chain; C,H.,CO.CH, were
the following: for IXa, 153 (n = 6); for IXb,
139 (n=7), for the isolated esters, 153, 139,
125 (n=6,7,8). Again it appeared that
fragmentation did not oeceur within the ester
side chain, and that the peaks seen for the
mixture indicate the number of eomponents
in the mixture and the lengths of their side
chains.

Bioassay of Aromatic Esters

The toxicity of IIa was cheeked by the
bioassay method deseribed previously (1).
One-half milliliter per day for 3 days was
administered by stomach tube to 5 weanling
rats. All rats died on the third day.
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F16. 3. Mass spectra of hydrogenated synthetic
esters and isolated mixture.
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Fie. 4. Possible mechanism for formation of
eyelic esters.

DISCUSSION

The analytical data for the isolated ester frac-
tion are cousistent with the empirical formula
for the proposed structure C,,H-CO,CH,. The
final determination of struecture for the frac-
tion depends upon the interpretation of the
infrared, ultraviolet, NMR, and mass spectral
data. The spectra of the synthetic compounds
methyl 11-(2’-methylphenyl)undecanoate (I),
methyl 7-(2-pentylphenyl)heptancate (IIa),
and methyl 8-(2-butylphenyl)octanoate (IIb)
were compared with the spectra obtained from
the isolated mixture.

The infrared spectra and ultraviolet spectra
of the synthetic materials were indistinguish-
able from the spectrum of the isolated material.

The NMR spectra for all four materials
showed peaks at 3.02 ppm corresponding to
the 4 protons on the aromatic nucleus. Each
compound and the isolated material showed
a peak at 6.40 ppm which corresponded to the
three protons of the methyl ester. Compound
I differed from compounds ITa and IIh and
from the mixture in the regions 7.20-8.00 ppm
and 8.90-9.30 ppm. For Compound I a strong
peak at 7.68 ppm corresponding to the methyl
protons adjacent to the benzene ring was found.
The other two synthetic compounds (IIa and
IIb) and the isolated mixture showed only
peaks of low intensity which would be expected

Lrpips, Vor. 1, No. 5
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for the a-methylene protons adjacent to the
benzene ring and adjacent to the carboxyl
group. In the 8.90-9.30 ppm region each of
the latter compounds showed a triplet corre-
sponding to the three methyl protons. This
triplet was not present in the spectrum of
compound I. A triplet at 8.90-9.30 ppm cor-
responds to a terminal methyl group of a
hydrocarbon chain, as would be expected if
the proposed structure (IT) were correet. Thus
it was apparent from the infrared and NMR
data that the isolated ester fraction was a
1,2-disubstituted benzene with an ester chain
of more than two and less than 11 carbons
and a hydrocarbon chain of more than one and
less than 10 carbons.

The mass spectra of the four materials were
compared to determine the chain lengths of the
radicals attached to the benzene ring. The
spectrum of the isolated fraction was much
more complex than the speectra of the three
synthetic materials (Fig. 2). It was im-
mediately apparent that this was not one pure
compound but a mixture of isomers differing
from each other by the length of the chains
attached to the benzene ring. Comparisons of
the mass spectra of synthetic 1Ta and ITbh with
the mass spectra of the isolated mixture
strongly indicated that Ila and ITb were com-
ponents of the mixture. Comparions of the
mass spectra of IXa and IXb with the mass
spectrum of the hydrogenated mixture con-
firmed that conclusion. The peaks at m/e 253,
221, 203, and 125 in the mass spectrum of the
hydrogenated mixture suggested the presence
of IXe; from this it was concluded that methyl

Taeips, Vor. I, No. 5

9-(2-propylphenyl)nonanoate (Il¢) was a com-
ponent of the mixture of aromatic esters iso-
lated from heated methyl linoleate.

Aromatic esters have not hitherto been iso-
lated from the reaction produets of heated fats.
A mechanism based upon a single ring closure
via a free radical allylic proton abstraction
(Fig. 4) may account for the presence of these
esters in the urea filtrate monomers. This
mechanism, in part, predicts that nonaromatie
cyelic compounds should be formed during the
heating process. Indeed, this does happen, and
the isolation and characterization of such ma-
terials are reported in a subsequent paper in
this series.

In an earlier paper (1), the urea filtrate
nionomers were reported to be toxie to weanling
rats. Methyl 7-(2-pentylphenyl)heptanoate,
shown to bhe a component of these monomers,
was found to be toxic when administered to
weanling rats at a level of 25 g/kg.
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