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Abstract:

A simple, inexpensive, one-step general procedur e was developed
for the preparation of medium-chain fatty acid (MCFA) metal
salts. Thisapproach offersthe advantage of a practical route and
issuperior to literature methods. Also, it overcomes many of the
limitations previoudy reported for the preparation of fatty acid
salts. The potential utility of this method is illustrated by the
production of pilot-scale quantities of high-purity (>99.9%)
sodium decanoate.

Introduction

Medium-chain fatty acids (MCFAS), such as hexanoic,
octanoic, decanoic, and dodecanoic acid and their metal salts
are known to be nontoxic compounds with numerous com-
mercia applications.*~” They are major components of seed
and coconut oil and are used in the food, perfume, and
pharmaceutical industries.

MCFA metal salts are generdly produced on a commercia
scale by either the fusion method® (double decomposition), the
precipitation method,® or other less common methods.® How-
ever, they all possess drawbacks and are often fraught with
technical difficulties. This limits the potential for scale-up of
these procedures.

The literature methods do not differentiste between the
preparation of medium- and long-chain fatty acids. In fact,
MCFAs have propertieswhich are different from the usud fatty
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acids.** This includes the solubility of the acid, lipophilicity,
acid strength as reflected by the dissociation constant of the
carboxyl group, the surfactant aggregation, and the molecular
association of the resulting salt. These characteristics must be
taken into consideration when scaling up the synthesis of MCFA
metal salts. Herein we report asimple, efficient, and high-yield
genera one-step procedure for the synthesis of water-soluble
or insoluble MCFA metd salts from water-insoluble MCFAS.

Results and Discussion

Kilogram quantities of high-purity MCFA sdtswere required
for our therapeutic program. One approach was the trestment
of the acids with strong base. It was reported™? that sodium
hydroxide (5% in excess) reacted with long-chain fatty acids
such as stearic acid to form the corresponding sodium sdlt. This
procedure was followed for the preparation of sodium de-
canoate. In our hands, this reaction tended to be problematic
with regard to product yield (43%) and purity (<90%). For
example, the use of water in the workup to remove excess of
sodium hydroxide aso solubilized a portion of the sodium
decanoate salt and consequently reduced the yield. However,
thisis not the case with sodium stearate which is not soluble!3
in water and can be obtained in respectable yield. Solubility in
water is one of many differences that distinguish long-chain
fatty acid salts from MCFA sdts. Sodium decanoate obtained
by this procedure was contaminated with a residual amount of
sodium hydroxide which explained the low purity of the MCFA
sdt. The next step was to find other bases. For example, the
use of aluminum alkoxides** was reported in the literature for
the preparation of aluminum salts of long-chain fatty acids. No
examples were reported for the preparation of MCFA sdlts.
Again, this may be due to the differences in the physica
properties of these fatty acid sats. Accordingly, a variety of
aternative synthetic strategies were evaluated with a view to
scale-up for manufacture.

Development Scale Production, 1 to 500 g. Sodium
decanoate was chosen as a representative example of an MCFA
metal sat. The first step was to select the appropriate base to
react with the acid and a suitable solvent. It was reported that
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Table 1. Scale-up of sodium decanoate (production batch size)2

final product test

solubility (appearance)

entry  number of batch purity LC—MS in water 100 mg/mL  in MeOH 60 mg/mL sodium content melting point
(batch)  batches size >99.5% to be clear to be clear 11.3—11.6% expected 249 + 2 °C
1 2 500 g fail clear not clear® 125 fail
2 2 5009 fail cloudye® clear ND fail
3 6 500 g pass clear clear 11.4-115 pass
4 20 2.5kg pass clear clear 11.3—11.6 pass
5 4 8.5kg pass clear clear 11.4-115 pass

aln all cases the fina product was a white amorphous powder. ° Presence of trace sodium bicarbonate in the final product. ¢ Presence of trace decanoic acid in the final

product.

a mixture of sodium carbonate/sodium bicarbonate was used
for the industrid preparation of the sodium salts of long-chain
fatty acids (C14 to C22) asintermediatesto the cacium sdts.®®
In this case, the sodium sat was subsequently reacted with
cacium oxide to give the corresponding calcium sdt. This
method is not suitable for scae-up because it is limited to the
ratio and purity of the bicarbonate/carbonate mixture (recycled
from another industrial process) which can only generate a
calcium sat with a maximum purity of 85%.

A smple solution wasto use sodium bicarbonate exclusively.
This solved purity concerns and is cheap and readily available.
Our process strategy was the trestment of a dight excess of
decanoic acid (10%) with sodium bicarbonate in a solvent that
could precipitate the corresponding salt from the reaction
mixturein high yield and purity. A variety of reaction solvents
were investigated including water, acetone, and toluene/waeter,
but ultimately we found the best choice to be ethanol. Thus,
the use of 95% ethanol prevented foaming, produced high
solubility of the acid in ethanol, and rapidly precipitated the
sodium salt from the reaction medium. The reaction temperature
was also optimized. The reaction was refluxed for 12 h and
then cooled to 45 °C at arate of 1 °C/min. This rate helped to
obtain a precipitate which could be easily filtered; otherwise
rapid cooling of the reaction mixture produced a heavy, waxy
solid contaminated with the corresponding acid. This impure
solid was very difficult to manipulate or filter from the reaction.
These above efforts resulted in the smplified general synthesis
illustrated in Scheme 1.

Scheme 1

o)
CHg(CHg)n—<OH + NaHco, EOH

O
CH3(CH2)D_< + HO + COs
ONa

n=4-10

This procedure served to produce 17 batches of 1—50-g
sodium decanoate at yields of 80—85% and ~99% purity.
However, three batches (2 x 1 g, 1 x 20 g) from this route
till did not give satisfactory purity, causing concern for the
robustness of this process. This was due to contamination of
the final product with decanoic acid in excess in the reaction
mixture. In order to remove any residud acid, different wash
solvents were investigated. Decanoic acid was typically present
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in 10% excess in order to eiminate any unreacted sodium
bicarbonate which would otherwise be difficult to remove during
the workup. While 95% ethanol was the best wash solvent, the
resulting solid mass was dense and led to adow filtration rate.
Ultimately, we discovered the best overall solvent was the use
of tert-butyl methyl ether. This alowed the decanoic acid metal
sdlts to be isolated in >90% yied and 99.9% purity. This
optimized procedure was successfully repeated at 2 x 100 g
and 1 x 300 g scae and then scaled up to 500 g (Table 1).
Our acceptance criteriafor the final product included specifica
tions such asvisua appearance, mdting point, purity, solubility,
and sodium content. Using the above procedure, 10 x 500 g
batches of sodium decanoate were prepared. The first four
batches of 500 g did not pass the product specification due to
the presence of traces of bicarbonate (Table 1, entry 1) or
decanoic acid (Table 1, entry 2). It was hypothesized that batch
failure on this scale was due to the rate of cooling of the reaction
mixture (1 °C/min). On smaller scae, up to 300 g, this
procedure was suitable. Slowing the rate of cooling from 1 °C/
min to 5 °C/h did lead to satisfactory results for the larger
batches (Table 1, entries 3—5). Thus, this fina process
modification led to our optimized process to produce sodium
decanoate.

L arge-Scale Production, 2.5—8.5 kg. This procedure was
used for kilogram scale. However, the quantity of ethanol was
reduced by 80% from the optimized procedure used on small
scale to solve the problem of low throughput. The rate of
cooling (5 °C/h) was kept constant, and tert-butyl methyl ether
was added at the end of the reaction to maintain in solution
any excess of decanoic acid and ensure arapid rate of filtration.
Table 1 demonstrates that al batches at 2.5 kg passed the
specifications (Table 1, entry 4). Overall, 20 x 2.5 kg batches
of sodium decanoate were synthesized by this route in >90%
yield and 99.9% purity. For the pilot-plant scale, the synthesis
was outsourced, and the manufacture of four batches of 8.5 kg
each of high-purity product was undertaken (Table 1, entry 5).
Again, al batches passed QC requirements confirming the
reproducibility and the robustness of the process.

The sodium decanoate obtained from these batches was a
white fluffy solid. For formulation purposes, it is preferable that
the final product be prepared as a dense uniform solid. As a
result, a smple wet granulation process was developed for
densification and enhancement of the flow properties of this
material. The fluffy solid (200 g, density = 0.1 g/mL) was
suspended in 95% ethanol (1.6 L) and stirred vigoroudy for



1 h. A homogeneous nongticky paste was obtained. The
precipitate was filtered and dried to give a dense solid (175 g,
87%, density = 0.35 g/mL).

This procedure was aso applied to the preparation of
unnatural MCFA metal salts with odd-numbered carbon atom
chain lengths (nonanoate and undecanoate). In addition, other
metal salts of MCFAs such as the potassium and calcium salts
were prepared by this method using potassium bicarbonate and
calcium carbonate, respectively.

Conclusion

A smple, practical, one-step genera procedure was devel-
oped for the preparation of MCFA meta salts. The starting
materias are inexpensive, available, and easy to handle.. This
approach overcomes many of the limitations previoudly reported
for the preparation of fatty acid salts. The potentia utility of
this method is exemplified by the production of pilot-scale
quantities of high-yield (>90%) and purity (99.9%) sodium
decanoate.

Experimental Section

All HPLC chromatograms and mass spectra were recorded
onaHP 1100 LC—MS Agilent instrument using a conductivity
detector. An analytical Zorbax-SB phenyl column (250 mm x
4.6 mm, 5 um) with a gradient of 25—99% acetonitrile/water
containing 0.1% phosphoric acid over 10 min and a flow of 2
mL/min (temperature 30 °C) was used. The purity of sodium
decanoate was assessed by HPLC analysis and *H and 3C
NMR. By HPLC, retention times were the following: decanoate
sat, 17 min; sodium cation, 4 min; decanoic acid, 7 min.

Example 1: Preparation of Sodium Decanoate. Decanoic
acid (2.5 kg, 14.5 mol) was dissolved in 95% ethanol (10 L) at
room temperature. This solution was diluted with ethanol (16
L) and stirred vigoroudly for 15 min. Sodium bicarbonate (1.1
kg, 13 moal) was added portionwise under nitrogen to the clear
solution. The pH of the reaction was 8.5. The resulting cloudy
mixture was heated under reflux overnight. At the end of the
reaction the pH was 6.5. The clear solution was cooled for 7 h
(rate of cooling: 5 °C/h) to 45 °C (£3 °C) under vigorous
stirring. A white solid precipitated which was diluted with tert-
butyl methyl ether (25 L) in order to maintain any excess of
decanoic acid in solution and to avoid the formation of adense,
difficult to filter solid. The gtirring was continued for an
additional 17 h, and the temperature cooled (rate of cooling: 1
°C/h) to 27 °C (%3 °C). The homogeneous white precipitate
was filtered and washed with tert-butyl methyl ether (2 L), and
the wet solid was dried for 15 h. The product was broken up
into small pieces using a spatula and kept under high vacuum
(60—100 mTorr) at 52 °C (42 °C) for 17 h. The pure sodium
decanoate was isolated as a white solid. Yield of product: 2.3
kg (90%); mp = 248—250 °C; 'H NMR (D,0);1¢ °C NMR
(D,0);Y LRMS (ESI): mz 171 (acid, MH™); HPLC: ty = 6.6
min (purity >99.9%).

The following examples were prepared as described in
Example 1.
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Example 2: Sodium Dodecanoate. mp = 244—246 °C; *H
NMR (D,0);%¢ 3C NMR (D,0);*8 LRMS (ESI): mVz 199 (acid,
MH™); HPLC: tg = 7.5 min (purity >99.9%).

Example 3: Sodium Hexanoate. mp = 232—234 °C; *H
NMR (D,0);*® 3C NMR (D,0); LRMS (ESI): mVz 115 (acid,
MH™); HPLC: tg = 4.0 min (purity >99.9%).

Example 4: Sodium Octanoate. mp = 243—245 °C; *H
NMR (D,0);*® 3C NMR (D,0);%: LRMS (ESI): mVz 143 (acid,
MH™); HPLC: tg = 5.5 min (purity >99.9%).

Example 5: Sodium Nonanoate. mp = 240—244 °C; *H
NMR (CDs0D);*” *C NMR (CD30D);}” HPLC: tg = 4.0 min
(purity >99.5%).

Example 6: Potassum Nonanoate. mp = 280—282 °C;
H NMR (CDs0D, 400 MHz) o: 214 (t, J = 7.4 Hz, 2H);
1.53—1.64 (m, 2H); 1.22—1.38 (m, 10H); 0.89 (t, J = 6.7 Hz,
3H); B¥C NMR (CDs0D);? HPLC: tg = 4.0 min (purity
>99.5%).

Example 7: Sodium Undecanoate. mp = 246—250 °C;
H NMR (CDs0D, 400 MHz) o: 214 (t, J = 7.4 Hz, 2H);
1.53—1.64 (m, 2H); 1.22—1.38 (m, 14H); 0.89 (t, J = 6.7 Hz,
3H); 33C NMR (CD30D, 100 MHz) ¢: 182.0; 38.2; 31.9; 29.7;
29.6 (2C for unresolved signa); 29.5; 29.3; 26.7; 22.6; 13.3;
HPLC: tr = 4.9 min (purity >99.5%).

Example 8: Calcium Decanoate. This compound was
prepared as in Example 1 using calcium carbonate as the base.
In this case more water was added to the reaction (80% more
than in the reaction with decanoic acid) to solubilize the
carbonate, and the resulting mixture was heated under reflux
for afew days.

mp = 172—176 °C, *H NMR (CD50D, 400 MHz) ¢6: 2.18
(t, J= 7.6 Hz, 4H); 1.56—1.68 (m, 4H); 1.24—1.42 (m, 24H);
0.91 (t, J = 7.0 Hz, 6H); *C NMR (D0, 100 MHz) §: 183.0,
38.0, 32.4,30.2,30.1, 30.0, 29.8, 26.9, 23.1, 13.9; LRMS (ES)):
m/z 171 (acid, MH™); HPLC: tr = 6.6 min (purity >99.5%).
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