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The invention relates to improvements in the
manufacture of metal alkoxides and more particu-
larly to the preparation of alkali metal alkoxides

by the interaction of alcohols with alkali metal

salts of weak acids. .

Alkali metal alkoxides have been prepared by
direct reaction of the alkali metal as such with
an alcohol or by action of an alkali metal hy-
droxide.upon an alcohol. ‘The higher cost of the
first of these methods has limited somewhat the

~ industrial use of the alkoxide thus prepared and
much effort has been expended in endeavors to
make the second more commercially practicable.
In spite of a number of improvements, the latter
process has not been given full commercial ac-
ceptance due to problems resulting from the in-
complete character of the reaction. '

An object of the present invention is to provide

improved processes for the preparation of alkali
‘metal alkoxides, which processes have eliminated
"many of the difficulties inherent in the processes
known prior to the invention. Another object
is to provide a process for the preparation of the
alkali metal alkoxides by the reaction of an al-
kali metal salt of a weak acid with an alcohol.
Yet another object is to provide a process for the
preparation of alkali metal alkoxides by the
interaction- of alkall metal salts of weak acids
with alcohols, which reaction gives, together
with the alkali metal alkoxides, a salt which is
relatively insoluble in and readily separable from
the alcohol. = Still another object is to provide a
process wherein alkali metal alkoxides are pre-
pared by interacting alkali metal salts of weak
acids with alcohols, which reaction gives, together
with the alkali-metal alkoxide, a.gaseous reac-
tion product. A further object is to provide a
process for the interaction of an- alkali metal salt
of a weak acid with an alcohol in which the salt
is soluble and thereby producing the correspond-

- ing alkali metal alkoxide. Other objects and ad-
vantages of the invention will hereinafter ap-
pear. : :

The above and other objects may be realized
by dissolving an alkali metal salt of a weak acid
in an alcohol until a saturated solution .is ob-
‘tained, and when equilibrium has been substan-
tially established between the solid and liquid
phases and the reaction is substantially com-
blete, filtering the resulting mixture, separating
-from the filirate the undissolved alkali metal salts

" and recovering the alkali metal alkoxide from
the filtered solution. The reaction may be con-
_ ducted:in accord with the following equations:

1. MzX++ROH=MOR-+MHX
2. . Mi3X{+ROH=MOR+4M:HX
M is an alkali metal ion, X—, X=, or X= (see
equations below for use of X—) are the anions
of weak acids which may or may not be volatilT.

.and R is an alkyl, or aralkyl radical which may be

saturated, unsaturated, substituted or unsub-

- stituted.
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In Reactions 1 and 2, an alkali metal salt of a
weak acid is digested with an alcohol at an ap-
propriate temperature, the digestion being con-
tinued until equilibrium has been substantially
reached. The equilibrium mixture is fltered for .
the separation of any undissolved (M:2X or MsX) .
salt and the resulting solution (or filtrate) is

‘found to contain an alkali metal alkoxide, or

aralkoxide, (MOR) hereinafter called “al-
koxides,” as well as small amounts of the
(M2X and M:X) salts which have not reacted and
traces of the corresponding alkali' metal acid
salts (MHX and M:HX). Substantially all of

© the (M2X, MsX, MHX, and MsHX) salts can be
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. tion stage.)

precipitated from the solution by concentra-
tion, which may be effected by simple distillation
of a portion of the alcohol present therein.
Specific examples of Reactions 1 and 2 for the
preparation of potassium: methoxide, sodium
methoxide and sodium glycolyloxide proceed in
accord with the following equations: !

le. K3CO3+CH30H=KOCH:+4+KHCO;

1b. NA2S{CH3:OH=NaOCH:3:+NaHS

2a. NazPOs+CH20HCH:OH=.
NaOCH:2:CH20H--NazHPO4

The reactions described can be forced to the
right, in accord with the known laws of mass

.action, by removal of the alkali metal alkoxide

(MOR), or the acid salt (MHX or M:HX). By

this. means it is possible to obtain concentrations

of the “alkoxides” in excess of those resulting
from equilibrium conditions such as are indi-
cated by the equations. This effect may, for ex-
ample, be realized by continuously extracting a
solid alkali metal salt with an alcohol at the ap-
propriate temperature. The extract, containing
the “alkoxide,” alkali metal salt and alkali metal
acid salt, is concentrated by distilling off a por-
tion of the alcohol whereupon the alkali metal
acid salt precipitates and is removed by filtra-
tion. (For continuous operation of the process
this precipitate may be returned to the extrac-
During the concentration step it
has been found that the small amount of alkali

. metal acid salt present reacts with an equivalent -
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amount of the “alkoxides” to produce the normal
alkali metal salt (M2X or MsX) and the alcohol,
which reaction is the reverse of Reactlons 1 and 2.
The distilled alcohol may, if desired, be returned
to the extraction stage. This cyclical process is
continued until the concentration of the “al-
koxides” in the extract has reached the desired
figure, preferably the concentration of a solu-
tion saturated at room tempeérature or a tempera-
ture which is most suitable for handling the solu-
tion during subsaquent operations, or the extract
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may be distilled to completely remove the alcohol,
leaving the solid “alkoxides.” The attached
drawing, in the form of a flow sheet, illustrates
the flow of materials with especial reference to a
continuous process. The alkali metal acid salt,
which is filtered out, may be reused as such, if
desired, while in the case of the carbonates, the

acld carbonate may be calcined to produce the
corresponding normal carbonate, water, and
carbon dioxide.

The equilibria of Reactions 1 and 2 are shifted
by the removal of the salt formed from the zone
of the reaction. Another class of reactions cov-
. ered by the present
cussed wherein the equilibrium is forced to the
right by the removal from the reaction mixture
of a gaseous product. These reactions may be
designated by the following chemical formulas:

3. MX+4+ROH=MOR+HX {
4 MsCO3+2ROH=2MOR+H:0 1 +CO2 1

M, X, and R have the same designations as they
have in Equations 1 and 2.

In accord with the Equations 3 and 4 a solid
alkall metal salt of a weak acid, which salt will
hydrolyze to give a volatile acid, under reaction
conditions, 1s mixed with an alcohol and heated
to the boiling point of the mixture, whereupon
the acid, formed by the reaction of the salt with
the alcohol, distiils off leaving unreacted alkali
metal salts and “alkoxides.” In lleu of & salt
of a weak acld giving a volatile acid, a salt may
be used which gives an acid that 1s substantially
insoluble in the reaction medium. When con-
ducted in this manner it is difficult to separate
the acld formed from the metal alkoxide and,
accordingly, this process s most useful
the mixture of metal -alkoxide and acid can be
employed for catalyzing the same reaction or at
least for reactions in which the acid has no
undesirsble effect. The solution is concentrated
by distillation with simultaneous removal of part
or all of the alkall metal salt by filtration. In
those cases such, for example,
below, the metal alkoxide is insoluble in the alco-
hol and may be recovered by filtration, while in
case 4a the carbonic acld formed decomposes

into water and carbon dioxide during’ the reac-

tion and are removed in the vapor phase. The
equations which follow fllustrate specific exam-

ples of Reactions 3 and 4: _
'3a. NuCN+CH:OHCB:OH=NaOCH:CH:OH+
. . Hi

4a. K:CO:+2CK:OHCH:OH=2KOCE:CH:OH
+H10+4CO1
40. K:CO:+2CH:00H:CH:OH+2KOCH:CH:
: OCH3+4+-H20+4-COn

class of iea.ctions involving similar
by the following

Yet another
principles may be designated
chemical formula:

5. MERCO++R'OH=MOR'+ROH1+CO0s1

For meaning of M, X and R, see above. R’ may
beanalkyl,orarslmradlcalwhmhmube
similar or dissimilar to R. This general class
of reactions may be specifically illustrated by
the equation:

. CH,C CHy0OH.CHj0H=
ba. NsCHiCOrtOHy N S0CH;CH;0H+CH0H 1 +C01

HCHICOs is-a weak acid which is unstable and
readily decomposes into CHsOH+COz at ordinary
temperatures.

The reactions designated above may be car-
ried out under reduced pressures or pressures in

invention will now be dis- .

when
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excess of atmospheric ranging generally from 10
mm. mercury pressure to 5 atmospheres or more,
although the reaction is preferably conducted at
1 atmosphere pressure. The temperatures of the
reactions are determined in large measure by
the particular alkali metal salt and alcohol to
be reacted. Generally, however, it may be stated
that the following temperatures are best suited

* for the reactions designated:

Temperature range 1 Preferred

la 15-25
1b 86-70
2a 100-160
30 170-200
4a |- 190-210
4b 120-125
ba 105-205

Reactions 3a, 4a, 4b, and 5a are preferably car-
ried out at the boiling point of the mixture, the
preferred temperature being from 0 to 10° C.
above the normal boiling point of the perticular
alcohol used. ) .

In addition to potassium carbonate, already
designated 8s suitable for Reaction 1a, lithium
carbonate (1i:CO;), rubidium carbonate
(Rb2CO2), and caesium carbonate (Cs2:C0O3) may
be employed, to prepare «alkoxides” by reaction
of the salts with methanol, ethanol, propenol,
ethylene glycol, propylene glycol, and benzyl al-
cohol.

In Reaction 1b, lithium sulfide (LiS), potas-
sium sulfide (XiS), rubidium sulfide (RbaS) and

caeslum sulfide (Ce:S) may be used in leu of

sodium sulfide and these sulfides may be reacted
with the alcohols designated above for Reaction
1a. -

In Reaction 2a; lithium phosphate (LisPOW),
potassium phosphate (E3POy), rubidium phos-

‘phate (RbsPOs) and caesium phosphate (Cs:POO

may be used as well as sodium phosphate to
react with the glycols.

Reaction 3¢ may be conducted with lithium
cyanide (LICN), potassium cyanide (KCN), ru-
bidium cyanide (RbCN), caesium cysnide
(CsCN), calcium cyanide (Ca(CN)32) and barium
cyanide (Ba(CN)2) In place of the sodium cya-
nide designated above, in the specific formula
given. The alcohol used in this reaction should,
for atmospheric pressure reactions, preferably
have a boiling point in excess of 100° C., although
if the reaction is conducted under elevated pres-
sures alcohols which boil below 100° C. may be
used. There are included for use in this reaction
the aliphstic monohydric alcohols such, for ex-
smple, as N-propyl, N-butyl, isobutyl and the
higher straight and branch chain saturated and
unsaturated monohydric alcohols, and the poly-
hydric alcohols such as ethylene glycol, pro-
pylene glycol, glycerol, ete. -

In Reactions 4a, and 4b any alkali metal or
alkaline earth metal carbonate may he employed,
such as sodium carbonate (Na:COs), barium car-
bonate (BaCOa), magnesium carbonate
(MgiCO3) in place of the potassium carbonate
designated in the specific formulaz given. Pur-
thermore, these alkall metal salts may be reacted
with any aliphatic monohydric alcohols such ss
methanol, ethanol, the propanols, the butanols
and the like; the glycols, such as ethylene glycol,
propylene glycol and benzyl alcohol. Preferably
the alcohol should boj' above 100° C. but will be
suitable if it can be made to boil above that

‘temperature under the elevated pressures of the
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reaction and has a definite solvent power for the
carbonate used. This reaction is preferred for
‘the preparation of the alkali metal alkoxide from
ethylene glycol, ethylene glycol monomethyl
ether and propylene glycol having the solubilities
designated.

The process is generally applicable to.the prep-
aration of “alkoxides” from alcohols and metal
salts of weak acids. One of the primary requisites
of a successful reaction is that the metal salt is
soluble in the alcohol, the alkyl group of which is
to form a part of the “alkoxide.” This solubility
need not be great, for the reaction will proceed
satisfactorily if from 0.0001 to 1.0 part of the
metal salt will dissolve per part the alcohol. It
may, therefore, be generally stated that metal
alkoxides and more particularly alkali metal
alkoxides can be prepared from all metal salts
and especially alkali metal salts which are soluble

-in the alcohol.

At least 1 molc of the mono or polyhydric
alcohol per mole of salt should be employed, al-
though more than 1 mole of the alcohol per mole
of the salt will fucilitate handling since the con-
centrated soluticns tend to be viscous or gelati-
nous and are difficult to handle.

The more detailed practice of the invention is
tllustrated by the following examples in which
parts given are by welght unless otherwise stated.
There are, of course, many forms of the inven-
tion cil:er than these specific embodiments.

Ezample 1
A. X:C03+CH3;:0H—=KOCH3+4+KHCO: (solid)

Petessium methoxide was prepared by a single
extraction process wherein 8.6 parts of KiCO:z
and 94.6 parts of CH:OH were reacted at 20° C.
for 8 hours. A solution containing 2.2 parts of
KOCHs3, 0.9 part of KHCOs, 2.9 parts of KsCOs
and 93.3 parts of CHiOH was obtained. 3.2 parts
of solid KHCO: precipitated from this solution,
After filtering the KHCOs; from the reaction mix-
ture, the remaining carbonates were separated
by evaporating the methanol from solution
whereupon the carbonates precipitated and were
readily filtered from the saturated potassium
methoxide solution. This latter solution may be
further evaporated to give solid potassium
methoxide.

B. A ¢ontinuous extraction process may be em-.

ployed wherein methanol is allowed to trickle
at 15° to 25° C,, through an extraction chamber
containing potassium carbonate. The extract
flows into a distillation vessel from which the
methanol is distilled at a temperature between
65° and 105° C. and the methanol being returned
to the extraction chamber. This cycle 18 re-
peated and as the coricentration of KsCOs in the
distillation vessel passes the saturation point this
. salt will precipitate and may be flltered from the
other products. The precipitate, if desired, may
be continuously returned fo the extraction
column. The potassium methoxide may be sepa-
rated from the methanol and small amounts of
potassium carbonate, after removing sufficient
methanol by distillation to give a saturated solu-
tion of potassium methoxide, the carbonate being
separated by flltration and the remsining meth-
anol being removed by distillatiori to leave the
solid potassium methoxide. By such a process
it has been found that 1.97 parts of potassium
carbonate could be extracted by 2.02 parts of
methanol to give a solution containing 1 part of
potassium methoxide and 1.58 parts of methanol,
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143 parts of potassium acid carbonate pre-
cipating from solution in the extraction chamber.

Example 2 oL
Na:8-|+CHsOH=NaOCH:--NaHS (solid

Sodium methoxide is prepared by reacting 21.7
parts of anhydrous Na:S and 78.3 parts of meth-
anol which will give a solution containing 4.2
parts of NaOCHs, 1.9 parts of NaHS, 15.6 parts
of Na:S and 78.3 parts of CH;OH at a temper-
ature of approximately 62° C. 2.5 parts of solid
anhydrous NaHS precipitates from such a solu-
tion and the remaining 1.9 parts of NaHS and

- the 15.6 parts of NasS are precipitated from the
solution by concentration in a manner similar to
that disclosed in Example 1A.

Example 3

NaiPOs -+ CH:0H.CH:OH= . :
NaOCH2CH:0H 4+ NasHPO: (solid)

10.8 parts of anhydrous NasPO: and 93.2 parts
of ethylene glycol, CHzOH.CH20H are reacted at
a temperature of approximately 100° C. to give
a reaction. mixture containing 4 parts of solid
Na;HPO4 and 100 parts of a sohition containing
2.7 parts of NaOCH1.CH3sOH, 0.6 part of Na;HPO:,
5.5 parts of NaiPO« and 9812 parts of
CH:O0H.CH:0H. The sodium glycolyl oxide is
.separated from the reaction mixture in a man-
ner analogous to the process disclosed above in
Example 1, :

Exzample 4

NaCN+CH:OHCH20H=—=
, "NaOCH2:CH:OH+HCN (gas)

4.78 parts of NaCN are reacted with 95.6 parts
of ethylene glycol, CHIOH.CH20H. The reaction
mixture is, in the discontinuous process refluxed
for approximately 2 hours at 200° C., whereupon
there is obtained a solution containing 0.99 part
of NaOCH1.CH20H, 4.2 parts of NaCN and 94.8

'parts of CH2OH.CH:OH.' 0.33 part of HCN gas
is-evolved during the reaction,

Example 5
K:CO§+2CH:OHCH:OH=3KOCH:CH:OH+H_,O 14C0s7

This reaction may be conducted by the single
extraction or continuous extraction process of
Example 1. It has been found that 17 parts of
'K2COs3 and 86.8 parts of glycol refluxed for 12
hours at 200° C. give as the products 1.1 parts of
water, 2.7 parts of CO: (the water and CO:-
are vaporized during the reaction) and 100
parts of a solution containing 12.3 parts .of
KOCH1.CH20H, 8.5 parts of K2COz and 79.2 parts
of glycol. The potassium glycolyl oxide may be
recovered in accord with the method described
above in Example 1. ’

Example 6
K;00:+2CH;0CH;CH:0H=2KOCH,CH;0CH;4+H;0 1 +C 0;4

A mixture containing 9.7 parts of K:CO; and
97.8 parts of CH;OCH2.CH2OH are refluxed at a
temperature of 126° C. for approximately 4%
hours. The products obtained were 0.5 part of
water, 1.1 parts COz (which vaporized during the
reaction), 5.8 parts of solid KOCH:CH2OCH: and:
100 parts of a solution containing 6.2 parts of
K2COs and 93.8 parts of CH3OCH2CH20H. The
solid KOCH:CH20CH: may be filtered directly
from the resulting product.

Example 7

NaCH:CO3+CH;OHCH20H=
' - NaOCH:CH:OH -+ CHiOH4-COa
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17.1 parts of NaCH3COs were reacted with 974
parts of CH:0H.CH:0H at 200° C. for 4 hours.
100 parts of the solution obtained contained 3.39
parts of NaOCHa2.CH2:OH, 1.69 parts of NazCOa,
and 94.92 parts of CHiOH.CH;OH. 5.6 parts of
a solid were likewise obtained which contained
in addition 0.45 part of NaOCH:.CH20H and 5.15
parts of NasCOs. 4.7 parts of COs, 2.9 parts of
CH;OCH: and 1.4 parts of CHi;OH distilled oft
during the reaction.

The “alkoxides” are used &8 catalysts for var-
jous reactions such, for example, as ester con-
densations and addition of CO to alcohois to form
alkyl formates, and to ammonia and addition of
CO to alcohols to form alkyl formates, and to
ammonia and amines to form formamides.

From & consideration of the above specifica-
tion it will be appreciated that many changes
may be made in the details therein given without
departing from the scope of the invention or sac-
rificing any of the advantages that may be de=-
rived therefrom. .

We claim: .

1. A process of preparing an alkali metal alco-
holate which comprises reacting an alkali metal
salt of & weak acid with an alechol in which the
salt is soluble and recovering the metal alcohol-
ates from the reaction products in accord with
the equation: MiX+4+ROH=MOR-+{MHX; M isan
alksli metal ion, X is the anion of a weak acid
and R is s radical selected from the group con-
sisting of alkyl, and aralkyl radicals.

2. A process of preparing an alkall metal alco-
holate which comprises reacting an alkali metal
salt of a weak acid withanalcohol in which the salt

is soluble and recovering the metal alcoholate

from the reaction products in accord with the
equation: MaX+ROH=MOR+-M:HX in which M
is an alkali metal {on, X is the anion of & weak
acid and R is a radical of the group consisting
of alkyl, and aralkyl radicals. _

3. A process of preparing an alkali metal al-
. coholate which comprises reacting an alkali metal
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salt of & weak acid and an alcohol in which the

salt is soluble and recovering the metal alcoholate
from the reaction products in accord with the
equation: MX+ROH=MOR-+HX in which M is

'y

_ an alkali metal ion, X is the anion of & weak acid

and R is & radical of the group consisting of

alkyl;, and aralkyl radicals and HX is volatile at.

reaction temperatures.

4. A process of preparing an alkali metal alkox-

- ide which comprises reacting an alkali metal salt

of a weak acid with an alcohol in which the salt
is soluble and recovering the alkali metal alkoxide
from the resction products.

S. A process of preparing a potassium alkoxide
which comprises reacting the potassium salt of a
weak acid with an alcohol in which the salt is
soluble and from which resulting solution the

_potassium acid salt of the weak acid formed by
- the resction is crystallisable and recovering the
potassium alkoxide from the resction mixture,

- 6. A process of preparing an alkali metal alk-

oxide which comprises reacting an alkall metal

salt of & weak acid with an alcohol in which the

65

salt is soluble and from which resulting solution -

the alkall metal acid salt of the weak acid formed
by the reaction is crystallizable and recovering

2,378,550

the alkali metal alkoxide from the reaction mix-
ture,

7. A process of preparing an alkali metal alk-
oxide which comprises reacting an alkali metal
salt of & weak acid with an alcohol which will
dissolve at least 0.0001 part of the salt per part
of the alcohol, from which resulting solution the
alkall metal acid salt of the weak acid is crystal-
lizable and recovering the alkali metal alkoxide
from the reaction product.

8. A process of preparing a potassium alkoxide
which comprises extracting potassium salt of &
weak acid with an alcohol in which the salt is
soluble, concentrating the extract to precipitate
the potassium salts contained therein and sub-
sequently recovering the potassium alkoxide from
the extracted product.

9. A process of preparing an alkali metal alk-
oxide which comprises heating to its boiling point
a solution containing an alkali metal salt of &
weak acid and an alcohol which, under the con-
ditions of the reaction, boils at approximately
100° C. and subsequently récovering from the re-
action product the metal alkoxide formed.

10. A process of preparing an alkali metal alk-
oxide which comprises heating to its boiling point
& mixture containing an alkali metal salt of &
weak acid and an aliphatic monohydric alcohol
in which the salt is soluble, which alcohcl boils
above 100° C. under the conditions of the reac-
tion, and subsequently recovering from the reac-
tion product the alkali metal alkoxide formed. -

11. A process of preparing a potassium alkoxide
which comprises extracting a potassium salt of
a weak acid with an alcohol in which the salt is
soluble, concentrating the extract to precipitate
the potassium salts contained therein and subee-
quently recovering the potassium alkoxide from
the extracted product. .

12. A process for the preparation of potassium
methoxide which comprises extracting potassium
carbonate with methanol, concentrating the ex-
tract, separating the potassium carbonate present
by filtration and recovering potassium methoxide.
13. A process for the preparation of sodium
methoxide which comprises extracting sodium
sulfide with methanol, concentrating the extract
to separate the sodium sulfide contained therein
and recovering sodium methoxide.

14. A process for the preparation of potassium
glycolyloxide which comprises heating to its boil-
ing point potassium carbonate and ethylene gly-
col and recovering from the reaction product the
potassium glycolyloxide formed.

15. A process for the preparation of potassium
methoxide which comprises saturating methanol
with potassium carbonate, heating the saturated
solution, separating the potassium acid carbonate
formed and the potassium carbonate unresacted
from the solution and recovering the potassium
methoxide from the substantially potassium car- .
bonate and. potassium acid carbonate free solu-

“tion.

16. A process for the preparation of potassium.
alkoxide which comprises reacting the potasstum
salt of & weak acid with an alcohol in which it is -
soluble, ’

DONALD J. LODER.
DONALD D. LEE.



