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Abstract

In the preparation of 12-aminostearic acid by
reductive amination of 12-ketostearic acid, the
keto acid is first contacted with ammonia under
pressure to produce an intermediate, not isolated,
which is then hydrogenated to give the produet.
Variables such as time and temperature of reac-
tion, hydrogen pressure, and amount and type
of catalyst were examined to find optimum con-
ditions for high yield and purity of 12-amino-
stearic acid. With a hydrogenation pressure of
500 psi and 10% Raney nickel catalyst an essen-
tially quantitative yield of product was obtained
having a purity of 94%. With 34% catalyst and
260 psi hydrogen, a 98% yield of 98% pure
product was obtained.

Introduction

The preparation of 12-aminostearic acid from 12-
ketostearic acid was examined because 12-aminostearic
acid has potential as a monomer, as a surface active
agent, and as a chemical intermediate for other in-
dustrial products. A laboratory method has been
reported for preparing this amino acid by sodium-
aleohol reduction of the oxime of 12-ketostearic acid
(1). An economically more attractive process is re-
ductive amination of 12-ketostearic acid to 12-amino-
stearic acid (2,3). We have reexamined the reductive
amination of 12-ketostearic acid as described with a
twofold objective: 1) to raise the reported yield of
62% and purity of 829% (estimated) and 2) to lower
the hydrogenation pressure of 2000 psi to pressures
more easily obtainable.

Experimental Procedures
Materials

12-Ketostearic acid was obtained by saponification
of methyl 12-ketostearate prepared by dehydrogena-
tion of methyl 12-hydroxystearate (4). Raney nickel
and Raney Cobalt catalysts were purchased from
W. R. Grace and Co., Raney Catalyst Division,
Chattanooga, Tenn.

Thin Layer (TLC) and Gas Liquid Chromatography (GLC)

Crude reaction mixtures containing the amino acid
were examined by TLC. The amino acid was also
converted to its trifluroacetylated methyl ester which
was then examined by TLC and GLC (5). These
analyses were used to determine extent of conversion
and product purity.

Reductive Amination Procedure

An example of the reductive amination procedure
is as follows. A 300 ml stirred autoclave (Magnedrive,
Autoclave Engineers) was charged with 10 g of keto-
stearic acid, 0.17 g of ammonium chloride, 2.4 g of
potassium hydroxide dissolved in methanol, and 3.4 ¢
of Raney nickel catalyst washed three times with
methanol to remove most of the water. The catalyst
was washed into the autoclave with methanol so that
the total volume of methanol was 110 ml. After the

1 Presented at the AOCS Meeting, San Francisco, April 1969,
3W. Utiliz. Res. Dev. Div.,, ARS, USDA,
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autoclave was cooled in an ice bath to 1 C, ammonia
was added to the stirred, cooled solution until 16.6 g
was introduced (20 molar excess).

The autoclave was then heated to 100 C and kept
at this temperature for 4 hr during which the pres-
sure rose to 150 psig. Hydrogen was then added
until the total pressure was 260 psi at 100 C. Even
though the pressure leveled after stirring for 1.3 hr
(pressure drop was 35 psi) heating was continued for
a total of 2.756 hr to insure complete reaction. After
the autoclave was cooled and vented, catalyst was
separated from product by filtration with Celite. The
Celite was washed with a total of 600 ml hot methanol,
and the filtrate was evaporated to dryness. The
residue was redissolved in 74 m! hot methanol, and
this solution was added to 756 ml distilled water in a
2 liter beaker. The addition of 16.2 ml of 10% aqueous
acetic acid brought the pH to 7.0 and caused the
precipitation of 12-aminostearic acid. The amino acid
was filtered, washed thoroughly with water, and dried,
giving 9.8 ¢ (98%) of product melting at 136.1-
136.5 C. Based on a correlation between a number
of melting point determinations and GLC purity, the
crude product was ca. 98% pure. Recrystallization,
when required, is best effected with ¢-butyl aleohol-
water (80:20) v/v.

To obtain an analytically pure sample, the amino
acid was recrystallized until the melting point was
137.0 t0 137.1 C. Calculated for CsH3;NO2: C, 72.18;
H, 12.46; N, 4.68. Found: C, 72.0; H, 12.3; N, 4.62.
The reported melting point for 12-aminostearic acid
is 137 to 138 C (3). TLC and GLC (5) as well as
IR, NMR and mass spectra further confirmed the
purity and structure of the 12-aminostearic acid.

Results and Discussion
Reductive Amination of 12-Ketostearic
Acid to 12-Aminostearic Acid

The potassium salt of the keto acid is allowed to
react with ammonia under pressure causing ammonia
to add to the carbonyl group to give a hydroxyamino
intermediate which is not isolated (6,7). This inter-
mediate may undergo dehydration to give an imino
intermediate (also not isolated) which is then hydro-
genated to the amino acid salt, or the hydroxyamino
intermediate may be hydrogenated directly to the
amino acid salt. Neutralization of the potassium salt
with acetic acid gives free 12-aminostearic acid. In
one experiment the reaction was stopped after the
amination stage in an attempt to isolate the inter-
mediate (s). The only compound obtained was the
starting keto acid indicating intermediate formation
was reversible,

Sodium 12-ketostearate may be used in place of the
potassium salt and would be less expensive. In the
laboratory preparation, however, potassium hydroxide
was used rather than sodium hydroxide because it is
more soluble in methanol. Ammonium chloride is
claimed to aid the replacement of a keto group by
an imino group (8); otherwise the keto group would
be reduced to a hydroxyl function.

A competing reaction is the formation of a secon-
dary amino diearboxylic acid. It has been proposed
that secondary amines are formed during the prepara-
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TABLE 1
Preparation of 12-Aminostearic Acid2

NHs/keto

Product

Reaction . Time, hr Hydrogen : Melting
1;‘\1};“ temperature, f“fgi Oav,::ly:t, pressure, bl;uélﬁ% point,
¢ ratio NHs Ha psig b ¢
ie 150 16:1 84 2 3 2600 82 128.0-128.5
2 150 10:1 34 2 3 2000 86 128.8-129.2
8¢ 150 20:1 34 4 3 2000 89 129.56—-129.8
44 100 20:1 34 4 1.5 2000 97 136.0—136.2
b 100 10:1 17 2 3 2000 94 134.0-134.5
] 100 10:1 17 4 3 2000 93 133.5-134.0
7 100 20:1 34 2(125C) 1.5 2000 94e 134.2-134.8
8 100 20:1 34 4 1.5 1000 96° 135.8-136.0
9 100 20:1 34 4 1.5 500 95 135.0-135.1
16 100 20:1 84 4 2.75 260 98e 136.1-186.5
11 100 20:1 10 4 3.5 500 94 134.6-135.0

210 g XKetostearic acid, Raney nickel catalyst.
b Solvent was 45% H:0-55%

CHs:0H, v/v. Solvent for all subsequent runs was 1009, CHsOH.

¢ An identical run with Raney cobalt in place of Raney nickel gave 879 product purity.
4 Qatalyst for this run was two years old. A repeat run with fresh catalyst gave identical product purity.
e Product purity estimated from melting. point. Accuracy is approximately *=1%.

tion of primary amines by addition of the primary

amine to the imino intermediate followed by hy-

drogenation with loss of ammonia (9):
RCH.NH:+ RCH =NH —»

H,
RCH (NH:) NHCH:R -» RCH.NHCH.R + NH:

TLC analysis of the crude reductive amination reac-
tion mixtures did show the presence of slight amounts
of a compound with lower R, than 12-aminostearic
acid which may have been the secondary amino di-
carboxylic acid. Under favorable reaction conditions,
however, this by-product is almost completely
eliminated. ‘

Study of Reaction Variables

Table I shows modifications of the reductive amina-
tion procedure designed to achieve milder reaction
conditions while improving yield and purity of prod-
uct. Run 1 uses the conditions described by Hanford
(3) as a starting point for systematic variation of
conditions. In the runs shown crude yields of product
were 90-100% once we acquired skill in avoiding
mechanical losses during produect isolation. There-
fore crude yields are not reported.

Since water is a product of reaction, decreasing its
concentration in the system could improve product
yield. As shown in Run 2 where no water was used
product yield increased slightly, so no water was
added in subsequent runs. Doubling the ammonia
concentration and amination time (Run 3) further
improved product purity. No improvement was noted
when Raney cobalt was used in place of Raney nickel
although the former has been claimed to produce less
secondary amine by-product (10).

The remaining runs illustrate the effects of several
variables at 100 C compared to 150 C. In general,
this decrease in temperature was beneficial because
fewer side reactions took place. Thus significantly
purer product was obtained in Run 4 compared to
Run 3. Identical product purity was obtained when
a new batch of catalyst was used in place of the two-

year-old catalyst of Run 4. Decreased catalyst and
lower ammonia concentration (Runs 5 and 6) caused
longer reaction times for hydrogenation and some
decrease in product purity. The purpose of Run 7
was to determine if the amination time could be
shortened. In Run 7, 2 &ir at 125 C was used instead
of 4 hr at 100 C. The purity in Run 7, however,
was not as great as in Run 4, so aminations in all
subsequent runs were conducted for 4 hr at 100 C.

Runs 8-11 represent attempts to achieve adequate
reductive amination at lower hydrogen pressures. Al-
though a somewhat longer hydrogenation time was
needed below 500 psi execellent products were pro-
duced. Even lower pressures might be employed if
cne is willing to trade time for pressure.

The final run, Run 11, was carried out to determine
if 10% Raney nickel could replace the 34% nickel
used above. At this lower catalyst level the hydro-
genation required 3.5 hr, but gave a product of 94%
purity. To remove impurities from this produect,
mainly 12-ketostearic acid and 12-hydroxystearic acid,
the crude material was slurried first with acetone and
then with chloroform followed by filtration. This
raised the purity to 98% with only a 9% loss in
gross yield. To further purify the produet, it was
recrystallized from ¢-butyl alcohol-water giving finally
a 99% pure product in 89% yield.
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