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ABSTRACT: Compatibility between a hydrophilic nanoclay re-
inforcement and organophilic polymer matrix resin is achieved
by ion exchange reaction substitution of intra gallery mono- or
divalent cation with foreign aliphatic long-chain cation. The ex-
change of long-chain cation increases the organophilicity of the
clay layers and provides sufficient layer separation for polymer
chains to impregnate into the formation of a nanocomposite. This
study demonstrates the synthesis of hydroxy functional long-
chain amine hydrochloride from Vernonia galamensis oil (VO).
Vernonia galamensis oil, containing a naturally epoxidized long-
chain TG, was transesterified under basic conditions to yield VO
methyl esters (VOMe). The VOMe were reduced using lithium
aluminum hydride (LAH) in hexane to obtain cis-12,13-epoxy-
cis-9-octadecenol (vernanol) as the primary product. Vernanol
was then converted to vernanyl mesylate, followed by reaction
with potassium cyanide to obtain cis-13,14-epoxy-cis-10-nona-
decenitrile (C, nitrile). The C, 4 nitrile was reduced with LAH in
diethyl ether medium and later reacted with hydrochloric acid to
obtain the title product. "H and "3C NMR, FTIR, and matrix-
assisted laser desorption/ionization time-of-flight mass spectrom-
etry (MALDI-TOFMS) techniques were used to characterize the
intermediates and the title product.
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Vegetable oils are generally TG of long-chain FA. Some of
these long-chain FA contain functional groups such as double
bonds, hydroxyl, and the like. For example, the castor oil de-
rivative ricinoleic acid contains a hydroxyl group and an
olefinic bond, whereas the vernonia oil (VO) derivative verno-
lic acid contains an epoxy group and an olefinic bond. These
double bonds provide potential reactive sites for polymeriza-
tion and cross-linking. This aspect has been widely exploited
to make a polymer that is completely derived from natural ma-
terials as well as to form interpenetrating polymer networks
between TG oil polymers, vinylic polymers, and a semi-inter-
penetrating network phase-separated material (1,2). Several ar-
ticles also have highlighted the potential usefulness of VO in
plastic formulations, adhesives, plasticizers, stabilizers, surfac-
tants, and as a diluent for coatings (3-5). Furthermore, VO is a
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more ecologically attractive feedstock than petroleum-based
chemical feedstock for certain applications, because the seed
(vernonia galamensis) from which VO is derived can be culti-
vated in arid climates.

Besides recovering functionalized oil from oilseed crops,
there is growing interest in synthesizing new derivatives and
intermediates from functionalized oil. At present, laboratory
methodology exists for derivatizing VO to vernolic acid (6),
vernamide (7), and vernanol (8). In particular, the reactivity
study between VO and lithium aluminum hydride (LAH) gives
useful information about the reactivity of epoxy functionality
in VO as it relates to solvent medium, temperature, and time
(8). Elhilo et al. (8), showed that the epoxy group in VO methyl
esters (VOMe) can be retained to give vernanol during LAH
reduction. The present paper exploits this chemistry to synthe-
size a functionalized long-chain primary ammonium chloride
from VOMe. Long-chain amine salts (C,, amines) with func-
tional group(s) along the backbone chain can be a useful clay
intercalant in promoting compatibility between the nanoclay
platelets and polymer matrix in nanocomposite (9—11). This ar-
ticle reports the synthesis of a long-chain amine that has multi-
ple functionality for possible use in nanocomposites.

EXPERIMENTAL PROCEDURES

Reagents. Crude VO was procured from International Exchange
of Trade and Technology Inc. (Culver, IN). LAH, hexane,
sodium methoxide in methanol, methane sulfonyl chloride,
dichloromethane, triethylamine, potassium cyanide, and diethyl
ether were purchased from Fisher Scientific (Atlanta, GA). Tri-
ethylamine was further purified by distillation, and the remain-
ing chemicals were used without further purification.
Instrumentation. An FTIR spectrophotometer (Nicolet-
Magna IR 560; Thermo Nicolet, Madison, WI) was used to ob-
tain IR spectra. Liquid samples were run neat (NaCl plate), and
solid samples were run using the KBr pellet method. Synthetic
conversions were monitored with a Hewlett-Packard 5890 se-
ries I gas chromatograph (GC) coupled to a Hewlett-Packard
5989A mass spectrometer (Avondale, PA). The interface oven
and transfer line were set at 285°C and the injection port
at 150°C, using EI mode, with electron energy at 70 eV. High-
resolution capillary GC was conducted with a Supelco fused-
silica SPB-1 (30 m, 0.32 mm inside diameter, 0.25 um film
thickness; Bellefonte, PA) as the column, oven temperature
programmed at 40°C for 3 min, 20°C/min to 300°C, and 300°C
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for 1 min, injector temperature at 240°C, and detector temper-
ature at 285°C; helium was used as the carrier gas with a head
pressure of 10 psi. By dissolving an aliquot of sample in
dichloromethane and injecting 1 pL of sample at the port,
GC-MS measurements were performed. 'H and 13C NMR data
were obtained with a General Electric 300 MHz NMR spec-
trometer (GE NMR Instruments, Fremont, CA). Deuterated
chloroform was used as solvent and source of internal refer-
ence in performing NMR experiments for all samples except
the final product, C,, salt. Deuterated dimethyl sulfoxide
(DMSO-d,) was used as solvent in performing NMR experi-
ments for the final product, C, 4 salt.

Matrix-assisted laser desorption ionization/time-of-flight
mass spectrometry (MALDI-TOFMS) characterization. We
used meso-tetrakis (pentafluorophenyl) porphyrin (F20TPP)
(Mid-Century Chemicals, Chicago, IL) as the matrix for
MALDI-TOFMS characterization. Ninety microliters of ma-
trix solution (prepared by dissolving 10 mg of porphyrin in 1
mL of CHCI,) was added to 10 uL of analyte solution (1% so-
lution in CHCI,) and vortexed for 15 s (13). One microliter of
(analyte + matrix) solution was deposited on the sample plate.
The solvent was allowed to evaporate from the sample plate,
leaving behind matrix and analyte. The sample plate was
loaded into the MALDI ion source. MALDI-TOFMS experi-
ments were performed using a PerkinElmer Biosystems Voy-
ager-DE STR workstation (Foster City, CA). Positive ion
MALDI spectra were acquired using both delayed-extraction
and reflector modes with accelerating voltage at 20,000 V, grid
voltage at 75%, nitrogen laser (337 nm) with the attenuator set-
ting at 2300 or 2500, and the low mass gate set at m/z 300. Min-
ima of 20 experiments were performed to confirm reproducibil-
ity of the MALDI-TOFMS spectra. MALDI-TOFMS experi-
ments were performed with a two-stage acceleration ion
source. A signal-to-noise ratio of greater than five was treated
as sufficient signal for peak assignment.

Methodology. (i) Transesterification of VO to VOMe fol-
lowed by conversion to vernanol. We followed the procedure
outlined by Elhilo ez al. (8) to convert VO into VOMe and then
to vernanol. Crude vernanol was purified by repeating the crys-
tallization at 5°C in n-hexane medium. The yield from recrys-
tallization was about 5.6 g (56%). Using GC, we characterized
vernanol before and after crystallization. Details on purity of
vernanol can be found in the Results and Discussion section.

(ii) Conversion of vernanol to vernanyl mesylate. In a dry
three-necked 100-mL round-bottomed flask equipped with
magnetic stirring bar and a nitrogen inlet, a mixture of ver-
nanol, 4.4 g (0.016 mol), and triethylamine, 2.36 g (0.023 mol),
in CH,Cl, (25 mL) was prepared and cooled to 0°C. Methane
sulfonyl chloride, 2.68 g (0.023 mol), in CH,Cl, (5 mL) was
gradually added to the cooled mixture over 30 min by syringe.
The reaction mixture was then stirred for an additional 30 min
at 0°C, transferred to a separatory funnel, washed with cold
water (100 mL), 5% HCI (100 mL), 20% NaHCO; (100 mL),
and saturated aqueous NaCl (100 mL) solution. The resulting
CH,Cl, extract was dried over MgSO,, filtered, and concen-
trated by rotary evaporator to give 5 g (90%) of a yellowish lig-
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uid. "H NMR of product: 8, 0.86 (1, J = 7 Hz, 3H), 1.04—1.34
(m, 16H), 1.44 (m, 2H), 1.69 (m, 2H), 1.99 (m, 2H), 2.08-2.37
(m, 2H), 2.9 (m, 2H), 2.95 (s, 3H), 4.2 (t, J = 7 Hz, 2H),
5.36-5.47 (m, 2H); 3C NMR: §, 12.9, 21.9, 25.13, 25.16 (2C),
27.2-28.4 (7C), 31.46, 36.63, 56.1 (2C), 69.6, 123.6, 132.1; IR
(NaCl) (cm™) 3022, 2960, 2924, 2852, 1655, 1460, 1352,
1184, 974, 943, 820-845 (broad epoxy group), 523; MS m/z
360 (M%), 359 (M — 1), 341, 121, 109, 95, 79, 67, 55.

(iii) Conversion of vernanyl mesylate to C 4 nitrile. To a so-
lution of 1.625 g (0.025 mol) of potassium cyanide in water
(18.5 mL), 4.5 g (0.013 mol) of vernanyl mesylate was added.
The solution was refluxed for 6 h and allowed to cool to room
temperature. The product was extracted with diethyl ether (150
mL), dried over MgSO,, filtered, and concentrated in a rotary
evaporator to give 3.1 g (85%) of liquid. 'H NMR: §, 0.86 (1, J =
7 Hz, 3H), 0.99-1.37 (m, 16H), 1.47 (m, 2H), 1.57 (m, 2H),
2.0 (m, 2H), 2.08-2.3 (m, 2H), 2.28 (t, J =7 Hz, 2H), 2.9 (m,
2H), 5.38-5.46 (m, 2H); '>*C NMR 124, 15.8, 21.4, 24.9 (2C),
25.6, 26.7, 27.0-27.9 (6C), 31.1, 55.4 (2C), 118.4, 123.1,
131.3; IR (NaCl) (cm™") 3534, 3017, 2960, 2935, 2853, 2238,
1485, 1352, 846, 821, 528; MS m/z 291 (M%), 292 (M + 1),
162, 148, 134, 95, 81, 67, 55.

(iv) Reduction of C,, nitrile with LAH in diethyl ether
medium. In a 200-mL flask, a mixture of 1.21 g (0.032 mol) of
LAH in 100 mL of diethyl ether was allowed to stir for 1 h at
room temperature. Then 3.1 g (0.011 mol) of C, 4 nitrile was
gradually added to the mixture in the flask, and the reaction
mixture was allowed to stir overnight. The reaction was termi-
nated by addition of water (5 mL) in small increments to hy-
drolyze the complex product and unreacted LAH. The super-
natant ether layer was filtered and collected. An equivalent
amount of concentrated HCI (0.88 mL) was added to the fil-
trate and stirred for 1 h. The diethyl ether was stripped from the
mixture to recover 3.25 g (92%) of a white solid of 13(14)-
hydroxy-cis-10-nonadecenyl amine hydrochloride. The m.p. of
this final product was a broad range of 72 to 85°C, presumably
as a result of the mixture of two positional isomers. 'H NMR:
§,0.85 (1, J =7 Hz, 3H), 1.05-1.41 (22H), 1.52 (m, 2H), 1.96
(m, 2H), 2.01 (m, 2H), 2.7 (m, 2H), 3.37 (m, 1H), 4.31 and 4.42
(s, 1H), 5.29 and 5.35 (m, 2H), 8.14 (s, 3H); '*C NMR: §, 13.4,
21.6,22.5,24.7,25.0,25.7, 28.06-28.2 (6), 31.1, 35.0, 36.3,
38.3, 69.0, 69.6, 126.4, 129.1, 129.13, 129.6; IR of 13(14)-
hydroxy-cis-10-nonadecenyl amine hydrochloride: (KBr pellet)
(ecm™1) 3360, 3210, 3017, 2960, 2925, 2848, 1583, 1521, 1470,
1132, 1070, 718. MALDI characterization of the title product
is presented in the Results and Discussion section. The overall
yield from purified vernanol to the title product, 13(14)-hy-
droxy-cis-10-nonadecenyl amine hydrochloride was about 70%.

RESULTS AND DISCUSSION

The synthetic route to convert VO into VOMe and the subse-
quent reduction of methyl esters to the corresponding alcohol
and purification of vernanol are available (8). The steps adopted
to synthesize the title product from vernanol are summarized
in Figure 1. Because we were interested in synthesizing a
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FIG. 1. General overall reaction scheme for the synthetic conversion from vernonia oil through 13(14)-hydroxy-cis-
10-nonadecenyl amine hydrochloride. For simplicity, until the vernanol formation step, only the prominent chemi-
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cal ingredient of the reactants/products mixture is shown in the reaction scheme.

surfactant molecule with an ammonium cation functionality
only at the terminal position, our synthetic strategy required the
retention of the epoxy group during transesterification of VO
and LAH reduction of VOMe. The opening of an epoxy group
in VOMe during reduction could lead to an unwanted diamine
product. Similarly, if an alternative feedstock were considered
(e.g. the major fatty alcohol derivative of castor oil contains two
alcohol groups) instead of vernanol, this could also lead to un-
wanted diamine formation in the proposed synthetic strategy.
Using GC, we recrystallized vernanol to test its purity. The
gas chromatogram of vernanol before purification showed mul-
tiple peaks representing fatty alcohols, i.e., vernanol, linoleyl
alcohol, palmityl alcohol, oleyl alcohol, and stearyl alcohol.
Upon crystallization, GC showed a peak for vernanol and the
absence of peaks representing other compounds. The mass
spectrum of purified vernanol showed a molecular ion peak at
m/z 282 and a fragment peak at m/z 264 (M* — 18). The remain-
ing fragmentation pattern is that of a normal alkane type. The
"H NMR and '3C NMR spectra (data not included) for purified
vernanol were in agreement with reported literature values for
vernanol (8). The "H NMR spectrum showed a signal for the
epoxy group corresponding to a chemical shift of 3.0 ppm, the
olefinic hydrogens at 5.5 ppm, the alcohol hydrogen at 1.6

ppm, and an o. methylene group at 3.6 ppm. We also assigned
the various signals in the '>*C NMR spectrum for the olefinic,
epoxy, and oo methylene groups in vernanol. The absence of a
secondary alcohol signal in the region of 60—75 ppm suggests
that the recrystallized vernanol is free of 12(13)-hydroxy-cis-
9-octadecenol, i.e., a product of epoxy ring opening.

The purified vernanol was then subjected to mesylation so
that the introduction of the mesylate group at the terminal posi-
tion can assist in subsequent nucleophilic substitution of the
CN™ group at the terminal end of this intermediate product. The
13C NMR spectrum of vernanyl mesylate showed a signal at
69.6 ppm, which corresponds to a carbon o to the mesylate
group, thereby indicating the presence of the mesylate group at
the terminal hydroxyl group of vernanol. Other significant sig-
nals include a signal corresponding to a chemical shift of 56.1
ppm due to the epoxy group in the intermediate product. The
absence of other signals in the region of 60—75 ppm confirmed
the retention of the epoxy group. FTIR of the product showed
absorption peaks at 821 and 840 cm™ (epoxy group) and strong
absorption peaks at 1350 and 1175 cm™! for the mesylate group
in vernanyl mesylate.

The '*C NMR spectrum of the C,y nitrile product showed the
disappearance of the signal at 69.6 ppm and the appearance of a
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FIG. 2. '"H NMR spectrum of 13(14)-hydroxy-cis-10-nonadecenyl amine hydrochloride. Chemical shifts (ppm):
8.14 amine hydrochloride proton (-NH,-HCl); 5.29 and 5.35 (CH=CH); 4.3 and 4.4 (-O-H), 3.37 alkyne protons
(CH-O-H); 2.7 (CH,~NH,-HCl); 1.96 and 2.01 (CH,-CH=CH-CH,), 1.05-1.41 (CH,),; and 0.85 (CH,). Deuter-
ated DMSO solvent signal appears at 2.49 ppm.
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FIG. 3. '3C NMR spectrum of 13(14)-hydroxy-cis-10-nonadecenyl amine hydrochloride. Chemical shifts (ppm):
126.4,129.1,129.13, and 129.6 (CH=CH), 69.0 and 69.6 (C,; and C,,), 21.6-38.3 (CH,),, and 13.37 (CH,).
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FIG. 4. Matrix-assisted laser desorption/ionization time-of-flight mass spectra for 13(14)-
hydroxy-cis-10-nonadecenyl amine hydrochloride. The peak corresponding to the m/z 298.4
value is assigned to the primary ammonium cation part of this product (M*); the peak corre-
sponding to the m/z 299.4 value is assigned to the (M + 1) isomer of this cation.

signed characteristic of the nitrile group at 118.4 ppm, which is
indicative of the conversion of vernanyl mesylate to C, nitrile.
The interesting feature is that 13C NMR shows a prominent sig-
nal at 55.4 ppm, which corresponds to epoxy group carbon
atoms, i.e., major retention of the epoxy group and only a small
amount of epoxy ring opening at this stage of conversion. The
less intense signal at 62 ppm was assigned to the secondary al-
cohol functionality in the nitrile intermediate product, i.e., an in-
dication of minor epoxy ring opening. The assignment for sec-
ondary alcohol in C 4 nitrile was further supported by FTIR data,
which indicated the diminishing intensity (absorbance) of the
epoxy group and the appearance of a less intense peak at 3500
cm™! for the hydrogen-bonded hydroxyl group. Furthermore, a
peak at 2245 cm™! was observed for the nitrile functional group.
MS fragmentation data for the C, 4 nitrile showed a molecular
ion peak at m/z 291.

In the subsequent step, the nitrile intermediate product was
converted to 13(14)-hydroxy-cis-10-nonadecenyl amine hy-
drochloride. Figures 2 and 3 show the 'H and '*C NMR spec-
tra, respectively, of 13(14)-hydroxy-cis-10-nonadecenyl amine
hydrochloride. The signal at a chemical shift of 8.14 ppm in the
"H NMR spectrum is characteristic of the primary amine hy-
drochloride in the final product. The '3C NMR spectrum of the
final product shows characteristic signals for secondary alco-
hol groups at 69.0 and 69.6 ppm, which suggests that the epoxy
ring has opened during LAH reduction of the nitrile intermedi-
ate product. Unlike vernanol, where only two signals were ob-
served in the 130 ppm region, the final product showed four
signals. Observation of two additional signals in the 130 ppm
region can be accounted for by the different chemical environ-
ments generated by the presence of hydroxyl groups at either
the C,; or C |, position. In other words, the olefinic carbons ap-
pear as four signals in the 130 ppm region (8). In the C-13 hy-
droxyl positional isomer, the double bond (C-10-C-11) is in

close proximity () to the hydroxyl carbon, whereas in the
C-14 hydroxyl positional isomer, the double bond is further
away () from the hydroxyl carbon. Therefore, we assign the
more scattered and high intense pair of olefinic carbon signals
that appear at 126.4 and 129.6 ppm to the olefinic group of the
C-13 positional isomer, whereas the less scattered and less in-
tense pair of signals that appear at 129.1 and 129.13 ppm are
assigned to the olefinic group of the C-14 isomer. Based on
similar reasoning, we assign the hydroxyl proton signals in 'H
NMR that appear at 4.42 and 4.31 ppm to the C-13 and C-14
isomers, respectively.

Based on 'H NMR and '*C NMR data, the final product was
found to be a mixture of 13-hydroxy-cis-10-nonadecenyl
amine hydrochloride and 14-hydroxy-cis-10-nonadecenyl
amine hydrochloride. Appearance of internal hydroxyl carbon
signals in the 69.0 and 69.6 ppm region confirms there are two
different (C-13/C-14 hydroxyl) isomers of this product. The
ratio of the two isomers was determined by integration of the
hydroxyl proton signals from the "H NMR result and found to
represent 70% C-13 hydroxyl positional isomer plus 30% C-14
hydroxyl positional isomer. Since both isomers can be useful
for the nanocomposite application, we did not attempt to iso-
late the two positional isomers.

The MALDI-TOF mass spectra for 13(14)-hydroxy-cis-10-
nonadecenyl amine hydrochloride appear in Figure 4. The di-
agnostic ions observed in the MALDI-TOFMS spectral data of
the primary ammonium ion are M* and M + 1* peaks at m/z
298.4 and 299.4 amu, respectively. This spectrum shows the
cation form of the amine salt [RNH3]+, consistent with the re-
ported results of studies on FA from vegetable oils in which the
mode of ionization was by cationization (13).

We also performed the LAH reduction of C4 nitrile in
hexane medium to yield cis-13,14-epoxy-cis-10-nonadecenyl
amine hydrochloride. Because of the limited solubility of the
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intermediate lithium alkylate salt of the C, 4 nitrile complex in
hexane, we expected limited ring opening of the epoxy group
and a high yield of cis-13,14-epoxy-cis-10-nonadecenyl amine
hydrochloride. Instead, the reaction yielded only a small frac-
tion of cis-13,14-epoxy-cis-10-nonadecenyl amine hydrochlo-
ride. The reason is that cis-13,14-epoxy-cis-10-nonadecenyl
amine hydrochloride is highly unstable and amine hydrochlo-
ride has been known to react with epoxy in the C;; ammonium
salt to form branched molecules through intermolecular reac-
tion (14). Therefore, attempts at synthesizing the epoxy func-
tionalized ammonium salt were discontinued.

In summary, a methodology to synthesize the title product
from VO, a renewable raw material, was reported. The present
study represents the first report of a hydroxyl functional and
long-chain primary amine hydrochloride surfactant for poten-
tial nanoclay polymer hybrid composites application. The hy-
droxyl group in the backbone chain of the amine salt can assist
in condensation/addition polymerization with an appropriate
monomer or in bonding between the clay and polymer matrix,
and the double bond in the backbone chain of the amine salt
can serve as a potential reactive site for olefinic polymerization
and cross-linking with the polymer matrix.
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