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This invention relates to the production of high
molecular weight alecohols and more particularly
to the reduction of esters of high molecular weight
fatty acids by reaction with alkali metal and a
lower aliphatic alcohol.

The reduction of esters of high molecular
weight acids to form the high molecular
weight alcohol by reacting the esters with alkali
metal and a lower aliphatic alcohol in a solution

in the lower alcohol has long been known. The,

method criginally proposed (U. S. Patent 868,252)
consisted in placing pieces of alkali metal in a
closed container and slowly adding thereto an
ethyl alcohol solution of the ester to be reduced.
A large excess of the solvent alcohol and the
alkali metal were used. After the reaction was
completed excess alkali metal and the alkali
metal compounds were decomposed by treating
with alcohol and water and the higher alcohol
formed was recovered by distillation. The re-
actions involved may be represented as follows:

(1) R COOCH3--2C:H;0H+-4Na—~R CH20Na-+
CH:ONa-2C2Hs50Na

(2) R CH:20Na-}-CH3ONa-2C:Hs0Na|-4H20->
R CH:0H-CH30H-+2C:H;0H-}-4NaOH

This methed has not been adapted for econom-
ical commercial practice because of low yield of
product and poor reduction efficiency, that is, a
considerable portion of the alkali metal used is
consumed with the evolution of hydrogen from
the solvent alcohol rather than being used to re-
duce the ester. Another disadvantage of the proc-
ess as originally proposed is that generally as
the reaction proceeds the viscosity of the reac-
tion mixture progressively increases until a highly
viscous gel-like mass is produced and the sur-
face of the alkali metal becomes coated over and
is rendered unreactive,

In order to overcome the above disadvantages,
various improvements have been proposed from
time to time. One such improvement consists in
the use of hydrocarbon solvents. In accordance
with this improvement finely divided alkali metal
is suspended in a hydrocarbon and the ester to
be reduced, together with the hydrolytic alcohol,
are added to the alkali metal suspension. In
order to insure complete reduction of the ester
an excess of both the alcohol and the alkali metal
is used.. While this improvement has resuited in
an increase in yield and some increase in reduc-
tion efficiency, nevertheless it still permits con-
siderable amounts of gaseous hydrogen to be
evolved, which constitutes a waste of alkali metal.
To decrease the amount of alkali metal lost by
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hydrogen evolution it has been proposed to op-
erate the reaction under hydrogen pressure. This
method, however, has not resulted in high reduc-
tion efficiencies on a commercial scale.

An object of this invention is to provide an im- 5
proved method for reducing esters to produce high
molecular weight alcohols by reaction of alkali
metal and aliphatic alcohol which will result in
high sodium reduction efficiencies and high yields
of the product. Other objects will be apparent 10
from the following description of our invention.

We have discovered that the reaction of alkali
metal and hydrolytic alcohol on high molecular
weight esters may be carried out with substan-
tially no side reaction between the hydrolytic 15
alcohol and sodium to evolve gaseous hydrogen if
the ratio between the alcohol and the ester added
to the reaction mixture is at all times equal to
not more than two moles of hydrolytic alcohol
for each mole of ester group to be reduced. For 20
example, if the ester to be reduced is a simple
ester of & mono-basic, saturated fatty acid, e. g.
methyl stearate, two moles of alcohol will be
used to one mole of the ester. The correspond-
ing glyceride, e. g. stearin or olein, will require six 25
moles of alcohol per mole of glyceride, since the
glyceride molecule contains three ester groups.
Our improved process is distinguished from the
prior methods in one respect by the fact that
whereas prior methods used an excess of alcohol 3¢
so that the alcohol functioned both as reactant
and as solvent, in our process the alcohol func-
tions only as reactant and does not exist in ex-
cess. In fact in our process, there is at all times
substantially. no free hydrolytic alcohol in the 35
reaction mixture, since the alcohol reacts sub-
stantially as fast as it is added to the reaction
mixture to form alkali metal alcoholate.

We have further discovered that improved re-
sults may be obtained by using secondary or ter- 40
tiary alcohols as hydrolytic alcohols in the here-
in described reduction process. The use of these
alcohols results in better yields of produect and
more satisfactory operation, as more fully ex-
plained hereinafter. 45

In reducing unsaturated fatty acid esters in
accordance with our invention, we have found that
the ethylenic linkages present in such esters are
not reduced to any substantial extent, even when
two or more double bonds are present, provided 80
there is no conjugate unsaturation. In the case
of esters containing conjugated double bonds,
only one of the double bond$§ in the conjugate
system will be reduced. Therefore, in accordance
with our invention, in addition to two moles of 85
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hydrolytic alcohol for each ester group t{o be re-
duced, we also add two moles of hydrolytic alcohol
(together with at least an equivalent amount of
alkali metal) for each conjugated double bond
system (—CH=CH-—-CH=CH-—) in the ester
molecule. If the ester contains only one double
bond or a plurality of double bonds not conjugated,
we add only two moles of the alcohol per ester
group. In any case, the amount of alkali metal
used will be sufficient to react with all of the
alcohol added; an excess of alkali metal may be
used if desired, without deleteriously affecting
the result as long as the amount of hydrolytic
alcohol does not exceed that theoretically required
for the reduction of the ester. ‘

In practicing our invention it is important that
the hydrolytic. alcohol and the esters to be re-
duced be added substantially simultanecusly to
the alkali metal and that there be no large excess
of either alcohol or ester during the operation.
If some of the alcohol should be added before
adding the ester, or if the alcohol is added in ex-
cess of that required to reduce the ester present,
the excess alcohol will react with the alkali metal
to evolve hydrogen, even when the alkali metal is
not present in excess, thus resulting in a waste
of the alkali metal. On the other hand, we have
found that if the ester is added to the sodium
in the absence of the hydrolytic alcohol, the ester
reacts with the alkali metal to form certain poly-
meric compounds (acyloins) which will not there-
after take part in the desired reaction.

In practicing our invention we prefer to use
close to the theoretical amounts of alkali metal
(that is, 4 gram atoms per mole of ester group to
be reduced, plus 2 atoms for each conjugated
double bond system), or at most only a slight ex-
cess, e. 8. 1% excess to take care of traces of water
or other reactive impurities which may be present.
As mentioned above, a substantial excess of alkali
metal may be used if desired without deleteriously
affecting the reaction, provided that the hydro-
lytic alcohol is not used in excess. However the
use of excess alkali metal ordinarily is of no
advantage in practicing our invention and gen-
erally results in a loss of metal because of the
difficulty of recovering unreacted metal after the
reaction has been completed. .

It will be apparent that various methods may
be used to bring the ester, hydrolytic alcohol and
alkali metal into reaction in accordance with our
invention. We prefer first to form a suspension
of finely divikded alkali metal in a hydrocarbon
solvent such as xylene and to add to this suspen-
sion with efficient agitation a hydrocarbon solvent
solution of the ester to be reduced together with
the hydrolytic alcohol in the ratio of 1 ester
equivalent to 2 mols of the hydrolytic alcohol.
The alcohcl-ester solution is added slowly with
rapid agitation, while the reaction mixture is
heated or cooled as required to maintain the de-
sired reaction temperature.

The temperature of the reaction mixture may
vary between wide limits, for example from ordi-
nary room temperatures of around 20-30° up. to
the boiling point of the solvent. In most cases
we have found that the best yields are obtained
by using a reaction temperature above the melting
point of the alkali metal, e. g. between 100 and
110° C. when using sodium as the alkali metal.

After the reaction is complete, a small amount
of a lower aliphatic alcohol, e. g. methanol, is
added to decompose any traces of unreacted
sodium which may be present. Water or acid
then is added to decompose the alcoholates pres-
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ent; we prefer to use a solution of about 9 normal
sulfuric acid for this purpose. The acid solution
should be added cautiously with rapid agitation
and cooling as necessary. The reaction mixture
then is washed with water to remove sulfates and &
distilled to separate the reaction product from
the solvent. We prefer to distill off the hydro-
carbon solvent at atmospheric pressure and then
to distill off the product in a pure form by vacuum
distillation. 10
The following examples illustrate specific
methods of practicing our invention:

Example 1

Methyl laurate, 535 gms., together with 370 15
gms. of tertiary butyl alcohol were dissolved in
1500 cec. of xylene and slowly added during the
course of one hour to a suspension of 230 gms.
of finely divided sodium in another 1500 ce. of
xylene, maintained at a temperature of 105° C. 20
After neutralizing the alkali with sulfuric acid
and washing the xylene solution of the higher al-
cohol with water, the solvent was removed by
distillation and the crude lauryl alcohol produced
was vacuum distilled at 15 mm. pressure. The 25
yield of the crude lauryl aleohol, was 436 gms.
or 92.9% of theory; the yield of pure lauryl alcohol
was 88.0% of theory.

Ezample 2 30

Bayberry tallow (containing 6.5% free palmitic
acid) 225 gms., together with 172 gms. of cyclo-
hexanol were dissolved in 700 cc. of xylene and
the mixture added in the course of one hour and
forty minutes to a suspension of 79 gms. of finely 35
divided sodium in another 700 cc. of xylene main-
tained at a temperature of 100-105° C. The
product, which consisted of cetyl alcohol, mixed
with other higher alcohols, was separated and
purified as in Example 1. The yield of the puri- 40
fied product was 81.2% of theory.

Example 3

Cottonseed oil, 450 gms., and 244 gms. of ter-
tiary butyl alcohol were dissolved in 1500 cc. of 49
xylene and slowly added in the course of two
and one-half hours to a stirred suspension of
152 gms. of finely divided sodium in another
1500 cc. of xylene at 100-110° C. Yield of high-
er alcohols, 90.4%. Iodine number of higher al- 50
cohol mixture, 123 (gms. Iz per 100 gms. alcohol).
Todine number of original cottonseed oil 110,
Calculated iodine value for mixture of alcohols;
122,

Ezxample 4 55

Beef tallow, 666 gms., along with 346 gms. of
secondary butyl alcohol were dissolved in 700 cc.
of xylene and added in the course of 3 hours and
40 minutes to a stirred suspension of 217 gms. g
of finely divided sodium in 1000 cc. of xylene at
105-110° C. The yield of higher alcohols was
90.6% of theory.

Example 5

China-wood oil, 407 gms., and 412 gms. of 05
tertiary butyl alcohol were dissolved in 1500 cc.
of xylene and the mixture added in about three
hours to a stirred suspension of 256 gms. of fine-
ly divided sodium at 100-110° C. The ratio of
ester to sodium to hydrolyzing alcohol was made 70
1:6:4 instead of 1:4:2, since one of the conju-
gated double bonds is reduced along with the
eleostearic acid ester group giving an alcohol:
isomeric with linoleyl alcohol. The yield of this
alcohol was 91.8% of theory. The lodine num- 78
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ber (Method of Ber. 59B, 1390-7 (1926)) of
the China-wood oil was was 230-235, The higher
alcohol produced had an iodine number of 166.
The calculated value, assuming the unsaturation
to be ¥ reduced, would be 165. )

Example 6

Spermacetti, 200 gms., together with 65.0 gms.
of tertiary butyl alcohol was dissolved in 700 cc.
of toluene and this solution was added slowly to
a stirred suspension of 40.5 gms. of finely di-
vided sodium in 700 cc. of toluene at 105° C. The
yield of higher alcohols ‘was 96.2% of theory.

Example 7

Cocoa butter, 132 gms., together with 43.2 gms.
of absolute ethanol was dissolved in 700 cc. of
xylene and the mixture added in 45 minutes into
a suspension of 43.2 gms. of finely divided so-
dium in 1000 cc. of xylene. The yield of purified
higher alcohols was 84.9% of theory.
~ In a similar manner abietic acid esters, wool
grease, menhaden oil, cod liver oil, linseed oil
and phenyl acetate esters can be reduced to
higher alcohols corresponding to the acids pres-
ent in the ester or glyceride reduced.

In practicing our invention it is important
that sufficient of the hydrocarbon solvent is used
in proportion to the amount of ester to be re-
duced, in order to prevent the excessive increase
in the viscosity of the reaction mixture. The
increase in viscosity of the reaction mixture as
the reaction proceeds appears to be due to. the
various alkali metal alcoholates which are
formed by the reaction. As shcwn by the equa-
tion given above, three alkali metal alcoholates
may be formed, namely (a) from the hydrolytic
alcohol used (b) from the alcohol component of
the ester and (¢) the alcoholate of the higher
molecular weight alcohol produced by reduction
of the ester. We have found that alkali metal
alcoholates are insoluble or only slightly soluble
in hydrocarbon solvents. In general, the alkali
metal alcoholates of the lower alcohols, e. g.
ethyl cr methyl alcohol, are substantially insolu-
ble in most hydrocarbon solvents, while those
formed from higher alcohols and especially
branched chain higher alcohols have a slight de-
gree of solubility which tends to increase in pro-
portion to their molecular weights. In most
cases it would be practically impossible to use
sufficient hydrocarbon solvent to dissolve more
than a small portion of the alcoholates formed
by the reaction. If the alcoholate is formed by
a reaction of alkali metal with the alcohol in the
presence of the hydrocarbon solvent, an insolu-
ble precipitate forms which is more or less gelat-
jnous in nature and greatly increases the visco-
sity of the mixture. On the other hand, we have
found that when the alcoholates are formed by
reacting sodium with the alcohol and the ester
in substantially the theoretical proportions, the
alcoholates produced are formed chiefly In the
form of colloidal suspensions, that is, in the form
of sols rather than gels and hence increase the
viscosity to only a relatively small extent. The
amount of solvent required in the reduction of
a given amount of ester depends therefore on
the alcohol component of the ester and on the
alcohol used as hydrolytic alcohol. For exam-
ple, we have found that the formation of sodium
methylate in the reaction mixture tends to in-
crease the viscosity of the mixture to a greater
extent than the alcoholates of higher alcohols;
hence in general, smaller amounts of solvent are

3"

required in the reduction of the glycerides than
in the reduction of methyl esters of the high
molecular weight acids. As regards the hydroly-
tic alcohols to be used, as stated above, those of
higher molecular weight form alkali metal al- 5
coholates which are somewhat more soluble in
hydrocarbon solvents than those formed from a
lower molecular weight alcohol.” The alkali
metal compounds of methanol, for example, are
highly insoluble in hydrocarbon solvents and for 10
this reason methanol is not recommended as hy-
drolytic alcohol. Other alcohols such as ethanol
and normal butanol may be used with good re-
sults, however, providing that the concentration
of the ester to be reduced is kept stfiiciently low 15
and an excess of hydrolytic alcohol is avoided.

‘We have discovered that the use of alkali metal
alcoholates of secondary and tertiary alcohols,

i. e. alecohols having two or more carbon atoms
attached to the carbon atom to which the hy- 20
droxyl group is attached, permits a much greater
amount of a given ester to be reduced in a given
amount of & hydrocarbon solvent than the alco-
holates of normal alcohols of the same molecular
weights. For example, when using either tertiary 25
or secondary butyl alcohol as the hydrolytic al-
cohol in the reduction of the higher fatty acid
esters in accordance with our invention and using
xylene as a solvent, good results may be obtained
with a concentration of 38 grams of a glyceride 30
per 100 cc. of solvent. On the other hand, if
ethanol or normal butyl alcohol is used as the
hydrolytic alcohol, the concentration of the gly-
ceride cannot be more than 10 to 15 grams per 100
cc. of solvent; if the concentration is higher than 35
this, the reaction mixture becomes too viscous
to permit efficient stirring before the reaction is
completed.

The employment of the aforementioned sec-
ondary and tertiary alcohols in accordance with 40
our invention is not restricted to the alkali metal
reduction processes where the ratio of hydrolytic
alcohol to ester is limited as described above.
The above enumerated advantages accruing from
the use of the secondary or tertiary alcohols may 45
be obtained over a wide range of ratio of hydroly-
tic alcohol to ester. Furthermore, the addition
of secondary or tertiary alcohol to & reaction mix-
ture employing a primary alcohol will give im-
proved results, the degree of improvement de- 50
pending chiefly upon the proportion of secondary
or tertiary alecohol present. i

Various organic liquids, inert to alkali metals
and having boiling points sufficiently high to al-
low of their use at the desired reaction tempera- 55
tures, may be used as solvents in accordance with
our invention. Examples of suitable solvents are
aromatic hydrocarbons such as xylene or toluene
and gliphatic hydrocarbons, e. g. petroleum frac-
‘tions, preferably those high in paraffin hydrocar- 60
bons, ethers, e. g. dibutyl ether, tertiary amines,
ete. If the solvent selected contains substances
reactive with alkali metal, an excess of the metal
should be used to allow for the consequent side-~
reactions, or, preferably, the solvent should be 65
purified before use, e. g. by treatment with so-
dium to remove the reactive constituents.

An important advantage of our novel method
resides in the discovery that it permits reduction
of unsaturated esters with little or no reduction 70
of the ethylenic linkages, thereby resulting in the
production of unsaturated higher alcohols, which
have useful properties. This is illustrated by Ex-
ample 3. Heretofore it has not been possible to
reduce the unsaturated esters with alcohol and 75
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alkalli metal without materially reducing the dou-
ble bonds. A further important advantage is
that substantially no free hydrogen is evolved,
waste of alkali metal and hydrolytic alcohol is
avoided, the material cost is decreased and the
process is consequently more efficient than prior
methods. A further advantage resides in the em-
ployment of secondary and tertiary alcohols, e. g.
secondary or tertiary butyl alcohel, as hydrolytic
alcohols, which results in a more fluid reaction
mixture.

Although our method does not require the em-
ployment of high pressures-or the addition of ex-
tra reactants such as hydrogen or carbon dioxide
during the reduction reaction, these may be used
in practicing our invention if desirable. . How-
ever, such additional measures ordinarily are of
no advantage in our process.

We claim:

1. A process for the reduction of a higher or-
ganic acid comprising reacting an ester of said
acld simultaneously with alkali metal and the
approximately theoretical quantity of a hydrolyt-
ic alcohol in a solvent medium substantially in-
ert to alkali metals.

2. A process for the reduction of a higher fatty
acid comprising reacting an aster of said acid
simultaneously with alkali metal and the approxi-
mately theoretical quantity of a hydrolytic al-
cohol in a hydrocarbon solvent medium.

3. A process for the reduction of a higher or-
ganic acid comprising reacting an ester of said
acid simultaneously with the approximately theo-
retical quantities of both alkali metal and a hy-
drolytic alcohol in sufficient hydrocarbon solvent
to maintain the reaction in a state of fluidity.

4. A process for the reduction of a higher fatty
acid comprising reacting an ester of said acid
simultaneously with sodium and the approximate-
ly theoretical quantity of a butyl alcohol in a
solvent medium substantially inert to alkali
metals.

5. A process for the reduction of a higher fatty
acid comprising reacting a glyceride of said acid
simultaneously with the approximately theoretical
quantities of both sodium and tertiary butyl al-
cohol in suficient xylene to maintain the reaction
in a state of fluidity. ‘

6. A process for the reduction of a higher fatty
acid comprising reacting a glyceride of said acid
simultaneously with the approximately theoret-
ical quantities of both sodium and secondary butyl
alcohol in sufficient xylene to maintain the re-
action in a state of fAluidity.

7. A process for the reduction of a higher fatty
acid comprising reacting an ester of said acid
simultaneously with alkali metal and a hydrolytic
alcohol in a solvent medium substantially inert to
alkali metals, the amount of hydrolytic.alcohol
added per mol of ester being approximately equal
to 2 mols of alcchol for each ester group plus 2
mols of alcohol for each conjugated pair of
ethylenic linkages in the ester molecule and the
amount of alkali metal present being- sufficient
to react with the alcohol added.

8. A process for the reduction of a higher fatty
acid comprising reacting an ester of said acid
simultaneously with sodium and a hydrolytic al-
cohol in a hydrocarbon solvent, the amount of
hydrolytic alcohol added per mol of ester being
approximately equal to 2 mols of alcohol for each
ester group plus 2 mols of alcohol for each con-
jugated pair of ethylenic linkages in the ester
molecule and the amount of alkali metal present
being sufficlent to react with the alcohol added.
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9. A process for the reduction of an unsatu-
rated fatty acid comprising reacting an ester of
said acid simultaneously with sodium and a hy«
drolytic "alcohol in a hydrocarbon solvent, the
amount of hydrolytic alcohol added per mol of 5
ester being aproximately equal to 2 mols of al-
cobol for each ester group plus 2 mols of al-
cohol for each conjugated pair of ethylenic link-
ages in the ester molecule and the amount of
alkali metal present being sufficient to react with 10
the alcohol added.. .

10. A process for the reduction of higher fatty
acids comprising dissolving an ester of a higher
fatty acid and a hydrolytic alcohol in the ratio
of approximately 2 mols of alcohol to one mol 15
of the ester in a hydrocarbon solvent and re-
acting the solution with a suspension of alkali
metal in a solvent inert to alkali metals.

11. A process for the reduction of higher fatty
acids comprising dissolving a glyceride of a high- 20
er fatty acid and a hydrolytic alcohol in the ratio
of approximately 6 mols of alcohol to one mol
of the glyceride in a hydrocarbon solvent, the
atmospheric boiling point of which is not lower
than about 100° C. and reacting the solution 25
with a suspension of sodium in an organic liquid
containing approximately 12 atoms of alkali
metal per mol of said glyceride at a tempera-
ture above the melting point of the alkali metal,

12. A process for the reduction of higher fatty 30
acids comprising dissolving an ester of a higher
fatty acid and a butyl alcohol in the ratio of
approximately two mols of the alcohol to one mol
of the ester in xylene and reacting the solution
with approximately four gram-atoms of sodium 35
per gram-mol of said ester suspended in a liquid
hydrocarbon having a boiling point above 100°
C., at a temperature above the melting point of
sodium.

13. A process for the reduction of higher fatty 40
acids comprising dissolving a glyceride of a high-
er fatty acid and tertiary butyl alcohol in the’
ratio of approximately 6 mols of the alcohol to
one mol of the glyceride in xylene and react-
ing the solution with a hydrocarbon suspension 43
of sodium containing approximately 12 gram-
atoms of sodium per gram-mol of said glyceride
at a temperature of 100° to 110° C.

14. A process for the reduction of higher fatty
acids comprising dissolving a glyceride of a high- 50
er fatty acid and secondary butyl alcohol in the
ratio of approximately 6 mols of the alcohol to
one mol of the glyceride in xylene and reacting
the solution with a hydrocarbon suspension of
sodium containing approximately 12 gram-atoms 55
of sodium per gram-mol of said glyceride at a
temperature of 100° to 110° C.

15. A process for the reduction of a higher

. fatty acid comprising reacting an ester of said

acid simultaneously with alkali metal and an o7
alcohol having at least two carbon atoms at-
tached to the carbinol group.

16. A process for the reduction of a higher
fatty acid comprising reacting an ester of said
acid simultaneously with alkali metal and the °°
approximately theoretical amount of an alcohol
having at least two carbon atoms attached to
the carbinol group in a solvent medium substan
tially inert to alkali metals. ) 7

17. A process for the reduction of a higher
fatty acid comprising reacting an ester of said
acid simultaneously with alkali metal and terti-
ary butyl alcohol.

18. A process for the reduction of a higher 75
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fatty acid comprising reacting an ester of said
acid simultaneously with alkali metal and an
alcohol having at least two carbon atoms at-
tached to the carbinol group in a hydrocarbon

5 solvent medium.
19. A process for the reduction of a higher

fatty acid comprising reacting an ester of sald
acid simultaneously with alkali metal and terti-
ary butyl alcohol in a hydrocarbon solvent me-
dium. .
NORMAN D. SCOTT.
VIRGIL L. HANSLEY,



