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PROCESS FOR THE MANUFACTURE: OF SODI UM [err]-[err] ALKOXI DE Sodi um -
[err]al koxides are inportant, .versatile chemcals- -ysefyl in g@;’ﬁ Q’KO\%?%WZ'
of synthétlc reacti ons and manufacturing proceduﬁes/

orgami c base is desired. Although the formation 21 .8,.500
by the reaction of sodiumnetal and a C4-C8 al ka dT*’l'ii
actual practice, the reaction on a |arge scalge may ‘be_hal
In many 5 processes, the addition of a catalyst is requi red or
energy-intensive reaction conditions, such as high tenperature [err] and
hi gh pressure, are required. Therefore, it is an object of this invention

to 33, 15100

TINTOUS PR S8 FOR TEE ACTURE OF
SODTUM ¢;-CeAIKOXTDE

.-

Sodium C4-Cgalkoxides are important, ver'sat.ile
chemicals useful in a wide variety of synthetic reactions
and manufacturing procedures wherein a strong organic
base is desired. Although the formation of a sodium
C4-Cgalkoxide by the xeaction of sodium metal and a C4-Cg
alkanol is well-known, in actual practice', the reaction
on a large scale may be hazardous and costly. In many

5 processes, the addition of a catalyst is required or
energy-intensgive reaction conditions, such as high
temperature (»>160°C} and.high pressure, are required.

Therefore, it is an object of this invention to
provide a safe, efficient ‘process for the production of

10 sodium C4-Cgalkoxide.

It is another object of this invention to provide a
continuous, integrated source of sodium C4-Cgalkoxide,
suitable for use in a manufacturing process wherein a
strong organic base is required.

15 It is a further object of this invention to provide

- a ready and convenient source of essentially pure

i crystaliine sodium C4-Cgalkoxide suitable for storage and
. shipping.

It is a4 feature of this invention that essentially
20 quantitative conversion of the C4-Cgalkanol is obtained.
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prOV|de a‘safe,. eff|C|ent proé@EQ* TP the productloﬁ of 18R sodi um
C4- C84l koxide. It is another object of this invention to provide a

continuous, integrated source of sodium [err]alkoxide, SU|£QQL- Or —HSe—FH
a nanufacturlng process wherein a strong organic base is: ,g% QgerQESBEEN
It is a further object of.this invention to provide a redo§ %ﬁéﬁ@@ﬂﬂm ent

source of essentially pure crystalline sodiu Ierr]aIKOXMn-
storage and shipping. It is a feature of this invention that essentlally 20
guantitative conversion of the [err]al kanol is obtained.

It is an advantage of this invention that by
continuous recycle and essentially complete conversion of
the reactants, the process is effective with little or no

_negat:ve envircnmental impact.

5 Further objects and features of the invention will
become apparent by the detailed description set forth
hereinbelow.

10 The present invention provides a safe, efficient and

eggentially quantitative process for the manufacture of.
sodium C4-Ceaikaxide which comprises treating a stirred
dispersion of sodium metal in a solvent optionally undex
an inert atmosphere with a less than stoichiometric

15 amount of a C4-Cgalkanol at a tewperature of about 110°-
140°C to form.a two phase mixture and separating the top
phase to obtain the product sodium C;-Cgalkoxide as a
solvent solution, optionally continuously recyeling the
remaining phase mixture. T

20 The sodium C;-Cgalkoxide solution, thus obtained, may
ba used as a manufacturing intermediate and directly
integrated inteo an existing manufacturing process stream
or, altermatively, the solution may be cooled and £il-
tered to give a pure crystalline sodium C4-Cgalkoxide

25 Pproduct suitable for storage and shipping.

The production and bandling of sodium Cu-Cgalkoxides

are'frequently costly and hazardous, particularly sodium

30 tertiary-alkoxides, such as sodium g-butoxide. Even so,

such strong organic bases are commonly used in synthétic
reactions and manufacturing processes.
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-2- It is an advant age 0 i nven |on t hat by cont| nuous recycle and

essential]y conplete conversion of the reactants, the process is effectll/g_
with little or no negative environnental inpact. 5 Fur.t-her—obf —~rEN
and.features of the invention will becone apparént by theldghglcjl—@&T HAS B
description set forth * .  hereinbelow. 10 The present i nuRAGE

provides a safe, efficient and essentially gt@ntjtative process™ T’OT'T‘H-'—//
manuf acture of sodium [err]al koxi de which conprises treating a stirred

6

It has now been found that sodium C4-Cgalkoxide may be
prepared safely and effectively on a large manufacturing
scale with essentially quantitative conversion of the C,-Cy
alkanol and optionally the continuous recycle of the

5 aunreacted sodium metal. BAccordingly, sodium metal is
dispersed in a solvent, preferably an aromatic hydro-
carbon or mixture thereof having a beiling polnt greater
than 100°C, optionally under an inert atmosphere, at about
100° to 140°C, preferably about 120° to 130°C. A less than

io stoichiometric amount of a C4-Cgalkanol, preferably about
0.1 to 0.9 molar equivalents, more preferably about 0.4 to
0.6 molar equivalents, alone or in combination with a
solvent, preferably an aromatic hydrocarbon oxr mixt:ux;e
théreof, is added to the heated dispersion with rapid

15 stirring to form a two phase reaction mixture. Said
reaction mixture is held without stirring at about 100° to
140°C, preferably at about 120° to 130°C, until the phase
separation is complete. The top phase is removed by
decantation to give a solvent solution of the product

20 sodium Cy-Cgalkoxide. Optionally, the remaining phase
mixture may be cooled to room temperature, treated with
additional sodium metal and solvent, heated to about 100°
to 140°, preferably 120° to 130°C, optionally under an
inert atmosphere with rapid stirring to form a dispersion

25 and treated with a less than stoichiowmetxic amount of a C4-
Cp alkanol as described hereinabove to produce a sol-vent
solution of the product sodium C4-Cgalkoxide and a phase

i wixture containing unreacted sodium metal. Said solvent

solution of sodium C4-Cgalkoxide may be removed by

30 decantation and said phase mixture containing unreacted
sodium may be continuously recycled in the above manner.
The inventive process is illustrated in Flow Diagram I
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di spersion of sodiumnetal in a solvent optionally under an inert
at nosphere with a less than stoichionetric 15 anount of a [err]al kanol _at
a tenperature of about-[err] [err] to forma two phase _
sepanrating the top phase to obtain the product Sodiun1[e4r*§$§§§£§W$MSBEE‘M}
sol vent solution, optionally continuously recycling the
m xture. 20 The sodium [err]al koxi de 3®tution, thus obtai ned, may be
used as a manufacturing internediate and directly |ntegrated into an

exi sting manufacturing process streamor, alternatively, the solution may
be cooled and fil- tered to give a pure crystalllne sodi um [ err] al koxi de 25
product suitabl e whereimogagadap arshimediarg equivalents of Na and Cq-Cg

alochol, respectlvely, and y < %-

F Di am I

5
solvent
: Na + yC,~C,OH———> §C,-C,ONa + z—yNa
A .
YNa

Since Y is always less than %, i.e. less than’'a

stoichiometric amount, the starting C;-Cgalkancl is

10 essentially quantitatively converted to the product
sodium Cy-Cgalkoxide. Purther, since the unreacted sodium
is continuougly recycled, the inventive process '
is essentially waste free and, therefore, highly environ-
mentally desirable. Moreover, the inventive process

.15 allows for relatively mild reaction conditions,
atmospheric pressure, lower reaction temperatures and
shorter reaction times which result in high throughput
and high productivity without the loss of safety or the
burden of hazardous or toxic waste.

20 Among solvents suitable for use in the process of
the invention are aromatic hydrocarbons or mixtures
therecf having a boiling point greater than about 100°C,
such as xylene, toluene, xylidene, cumene or the like,
either alone or in combination.

-28 Rll C4-Cgalkanols are suitable for use in the process
of the invention, particularly branched alkanols such as
L-butanol or t-amyl alcchol, more particularly t-butanol.

Alrhough the inventive process may be carried out in
the presence of air, the introduction of an inert atmosphere

4
¥

This 'Sheet Has Been Re

i

v U nes Nea w8 WY mese



[ RECEIVED B85/31 1708 199§ AT 6 PﬁGE 8 {PRINTED PAGE__ B) ]
31 MY~ 1996 5338654

| ar gé
[err

10

15

20

25

B9:S7  FROM ETH PATE] TO DREW NAPIER SIN FP.B8

.and handllng o} sodlun1[err]aIkOX|des are frequently costly
particularly sodium 30 tertiary-alkoxides,
_ Even so, such strong organi c bases are comp
synt%ﬁflc reactions and manufacturing processes.’ - 3-
founﬁrthﬁt sodium [err] al-koxi de may be prepared safely 4
nuf acturing scale with essentially g@antitative
al kanol and optionally the continuous recycle of the

such as

onver si on of the

such as nitrogen, helium, argon or the like, preferably
nitrogen, greatly enhances the safe handling of the hydrogen
gas which is produced during the reaction.

In one embodiment of the invention, the product
sodium C;-Cgalkoxide solvent solution may be integrated
directly into an existing manufacturing process stream,
such that a continuous productién of a solvent solution
of a strong organic base is supplied to a manufacturing
scale reaction such as a base condensation or Knoevenagel
reaction. .

In another embodiment of the invention, the product
sodium Q4-Cgalkoxide solvent solution may be cooled and
filtered to give an essentially pure-crystalline sodium
C4-Cgalkoxide product suitable for storage and ahippiﬁg
and as a resource for a high quality, reagent grade,
organic base.

For a more clear understanding of the invention,
specific examples are set forth below. Thege examples
are merely illustrative and are not to be undexstood as
limiting the scope and underlying principles of the
invention in any way. Indeed, variocus modifications of
the invention, in addition to those shown and described
herein, will become apparent to those skilled in the art.
Such modlflcatlons are also 1ntended to fall within the:
scope of ‘the _appended cla:.ms.
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5 unreac?- e'Estodl um netal. Accordingly, sodiumnetal is dispersed in a

sol vént, preferably an aromatic hydro- carbon or m xture_thereof i
boi ling point greater than [err] optionally under an in#f ngtgmmhﬁ&BE@i‘
abouy [err] to [err] preferably about [err] to [err]. A}l esS RRRNACED !
stoichionetric anobunt of a [err]al kanol, preferably abo ; ar
equi val ents, nore preferably about 0.4 to 386 nol ar equival ents, al one or
in combination with a solvent, preferably an aromatic hydrocarbon or

m xture thereof, is added to the heated dispersion with rapid 15 stirring
to forma two phase reaction m xture. Said reaction m xture is held w thout
stirring at about 1000 to [err] preferalBZaMPLEafout [err] to [err] until

the phasé Con Production Of Sodium &= ide Ag A 17
wt /s dlutd
5 A mixture of sodium metal (87.6 g, 3.81 mole) in

752g of CYCLOSOL®S53, a solvent consisting of a mixture of
arcdmatic hydrocarbons manufactured by Shell O0il Company,
Houston, Texas, in a 1.5L double wall reactor with fouxr
baffles and a double 4-bladed skew propeller is blanketed

10 with nitrogen and heated to 125°C. At 125°-130°C, the -
mixture is stirred rapidly to disperse the molten sodium
metal and 5g of a 1:1 mixture of f-butanol and
CYCLOSOL®53 (2.5g, 0.03 mole t-butanol) is ad@ed to
initiate the reaction. The rerhaining t-butanocl is added

15 over a 3 hour period as a 1:1 mixture with CYLCOSOL®53
(277.3g, 1.87 mole t-butanol) at 130°C. The resultant
mixture is held at 130°C with no stirring for 0.25 hours
to se'parate the phases. A portion of the top phase
{670.9g) is separated by decantation to give a 17% wt/wt

20 solution of sodium t-butoxide in CYCLOSOL®53. The
remaining'phase mixture consisting of a sodium t-butoxide
solution in CYCLOSOL®53 (415.7g) and molten sodium metal
(44g, 1.91 mole) is coocled to room temperature.

This cooled phase mixture is treated with a second

25 mixture of fresh sodium metal (26.3g, 1.14 mole) and 452g of
CYCLOSOL®53, blanketed with nitrogen and heated to 125°C. At
125-130°C, the reaction mixture is stirred rapidly to disperse

4 ‘the molten sodium metal. The heated, stirred reaction

mixture is treated with 169.6g of a 1:1 mixture of t-butancl
30 and CYCLOSOL®53 {1.14 mole t-butanol) over a 1.5 hour period
at 125°-130°C. The resultant two phase mixture is held with

no stirring at 130°C for 0.25 hours. A 640.2g portion of the
top phase is separated by decantation to give a 17% wt/wt

. £,

.,
'~

This Sheet Has Been Relilaced

AT




ECEIVED @5/31 17:89 1996 AT ssgassq PABE 1@ (PRINTED PAGE _1@) 1] W NGPIER SIN  P.18
se;[);r%tlﬂn""f" TBmR e e Y& PRSI s renoved Bc;/ decantation to give a
sol vent sol ution of. the product 20 sodium [err]al koxide. Optionall :
remai ni ng phase mxture may be cool ed to room tenperatur Eeﬁetgmg BEEN
addi-¢ional sodium nmetal and sol vent, heated to about [er#i] T‘f“g’ %f:{_}\CED :
preferably [err] to [err] optlonally under an inert atnogph
stirring to forma -di spersion 25 and treatedwith a | ess
stoichionetric anount of a C4- [err] al kanol as descri bed herei nabove to :
produce a sol -vent solution of the product sodium [err]al koxi de and a phase;

[or 18l koxi de. meysaiessiems e a9gian Boppddeor lahd Yart Ru B pRheatdelth,

ase m Xture
cont ai ni ng unr eaqkr®.0801.°53. The remaining phase mlxture of 411.7qg of a

solution of sodium t-butoxide in cycrosor®s3 and 44g of molted
sodium (1.91 mole) is cooled to room temperature.

5 The above procedure is then repeated to give a contin-
uous production of sodium t-butoxide as a 17% wt/wt solution
in ‘CYCLOSOL®53.

oD o ah

L

EXAMPLE -2 .
10 Continu Producti dium t-Butoxide A i

o et Wb Al AR s tmE s ws P W oe v A

A mixture of sodium metal (77.3kg, 3.36 kmole) in
668kg of CYCLOSOL®53 in a reactor fitted with baffles and
a propellex is blanketed with nitrogen and heated to 120°- :
15 130°C. The heated mixture is rapidly stirred to finely !
disperse the molten sodium metal and a 1:1 mixture of t-
butanol and CYCLOSOL®53 (3.9kg, 0.026 kmole of g-butanol)
is added to initiate reaction. The remaining t-butanol is
added as a 1l:1 mixture with cycLosor®s3 (245.1kg, 1.65
20 kmole of t-butanol) at 130°C over a 1.5 hour period. The
resultant two phase reaction mixture is held at 130°C with
" no stirring for about 1 hour. A portion of the top phase
(570kg) is removed and cooled to zbout 20°C. The result-
ant white crystall:me precipitate is filtered. The
25 filtercake is washed with about 101, of isohexane and dried
at 30°C/400mBar to give the title product as a white
solid, .96kg (1.0 kmole), 99-100% purity.
The mother liquor and ischexane washings containing

[ sodium £-butoxide {0.65 kmole) i S¥f qanTts1 are rnohinad

30 recycled to the original reactor countaining the remaining
reaction phase mixture and heated to 135°C to remove the
isohexane. . The resultant remaining reaction phase mixture

ig then. included in a subsequent 1.0 kmolar reaction process
as described hereinabove. '
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‘The invention also provides a process. for the
preparation of an organic compound by reaction of a
nucleophile with a substrate, which comprises:

(a) preparing a sodium C4-Cg alkoxide by a process of the ..

invention;

{(p} converting an organic compound into a sodium salt
thereof by reaction with the sodium C4-Cg alkoxide; and

(¢} using the sodium salt as nucleophile for reaction with
the substrate.

The above process is based upon the utility of the
sodium C4¢-Cg alkoxides for promoting aliphatic nucleophilic
substitution reactions. For example, compounds containing
active methylene groups can be converted into their sodium
salts for reaction with alkyl halides for the purpose of
alkylation. Ancther example is where an N-unsubstituted
sulfonamide is converted into its sodium salt for reaction
with alkyl halides for the purpose of N-alkylation.

The invention also provides a process for the preparation
of a condensation product, which comprises

{a) preparing a sodium C4-Cg alkoxide by a proceas of the
invention; and

(b) .subjecting one or more condensable organic compounds
to base-catalysed condensation in the presence of, as
catalyst, sodium C4-Cg alkoxide prepared according to step

{a).

Condensation reactions for this purpose include, for
example, the Michael reaction, <Cannizzaro reaction and
aldol condensations. One example is the process disclosed
in EP 0 329 256 B.

_
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10 essenti ally gquantitatively convert to the product sodium[err]
Further, since the unreacted sodiumis continuously recycled, the inventive

process |ﬁlm mnmm“m te free and, therefore, highly environ- nentally
desi‘rabl e nventive process 15 al |l ows MMWJA
reaction cdnditi'ond, &tnbspheric pressure, |awer reacti-on-t-e

shorter reaction tines which result in high throughput

productivity wi t hoGhEMRL | 0ss of safety or the burden }
waste. 20 Anong sol vents suitable for use in the'

i nvention are aromatic fydr%%P@&@s@rfatxtt%esnatﬂl&rae.ctfuﬁ@vwgs@da@m | Og-cg

poi nt greater than about [err
alkoxide which comprises treating a stirred dispersion of
sodium metal in a solvent optionally under .an inert
atmosphere with a less than stoichiometric amount of C4~C8
alkancl at a temperature of about 100° to 140°C to form a
mixture comprising a first phase and a secand phase,
wherein the first phase comprises a solution of the sodium
C4-Cg alkoxide in the solvent and the second phase

comprises the sodium metal, separating the first phase to
obtain the product sodium C4-Cg alkoxide as the solution,

and optionally continuously recycling the remaining

mixture.

2. The process according to claim 1 wherein the
solvent is an aromatic¢ hydrocarbon or a mixture of aromatic
hydrocaxbons.

3, The process according to c¢laim 1 or 2 wherein the
process is carried out under insert atmosphere.

4. The process according to claim 3 wherein the
inert atmosphere is nitrogen.

S. The process according to any of claims 1 to 4
wherein the amount of C4-Cg alkanol is about 0.10 to 0.90

molar equivalents.

-~ 6. The process according to claim 5 wherein the
4 amount of C4~Cg alkancl is about 0.4 to 0.6 molar,

. 7. The process according to any one of ¢laims 1 to 6
wherein the remaining the remaining phase mixture is
continuously recycled. '

8. The process according to any one of claims 1 to 7
wherein the temperature is about 120° to 130° C.

This Sheet Has Been R Rep

LD e

—— s




[ RECEIVED 05/31 1/.11 1996 ar 5333694 PAGE 13 (PRINTED PABE 13) ]
31-MAY-1 CHS ;:Ror éf*ET“ PATENTS TQ . DREW NAPIER SIN P.13
such as xykene_—tglueneT_xy ene, cunene or the like, either alone or in
t

are suitable for use j e 0gess 0 e
|nvent|o m,w ]B "I'"ﬂujmnbanched al kanol s such as t- b.ﬁsﬁ’rmw {

al cohol , t-butanol. Although the inventiwve
carried out in the presence of air, the intreggetion o ﬁ.ﬁ]slgﬁ-@&'{[}" M&BE@M%
such as nitrogen, helium argon or the like, preferably nit rpgemcgﬁaeat I Y

enhances the safe handling of the hydrogen gas which i $=predweed=during the
reaction. 9. The process according to any one of c¢laims 1 to B

wherein the C4-Cg alkanol is a tertiary C4-Cg alkanol.

10. The process according te claim 9 wherein the
tertiary C4-Cg alkanol is t-butanol or L-amyl alcohol.

11, The process according to claim 10 wherein the
terﬁiary C4-Cg alkanol is t-butancl.

12. The pxocess according to claim 6 wherein the Cg4-
Cg alkanol is f-butanol and the temperature is 120° ~ 130°

c.

13. The process according to any one of claims 1 to
12 wherein the first phase is coocled after separation and
filtered to yield the sodium C4-Cg alkoxide as a solid.

14. The process according to claim 1 whenever carried
out substantially as hereinbefore described with reference
to Example 1 or 2.

- 15. Sodium Cg~Cg alkoxide whenever prepared by a
process according to any one of claims 1 to 14.

16. A process for the preparation of am orxganic
compound' by reaction of a nucleophile with a substrate,
which comprises:

{a) preparing a sodium C4-Cg alkoxide by a process

K as claimed in any one of claims 1 to 15;
{b} converting an eorganic compound into a sodium salt
u' thereof by reaction with sodium C4-Cg alkoxide:
(¢} using the sodium salt as nucleophile for reaction
with the substrate.
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sol uti on—rmy-be integrated dlrectly I nto an existing manufacturing process
stream ;uch that a conti-puous production of a sol vent solutlon of a Sstrong

organic to a nanufacturlng scal e reac#t
E %E reaction. In another g
the praduc i

condensa
I nventi on, dlun1[err] sol vent solution

filtered to give an essentially pure crystallT 'sodid
suitable for storage and shipping 15 and as a resourcé& for a hlgh quallty,

reagent grade, organic bhase.p process of preparation of a condensatlon

product, which comprises:
(a) preparing a sodium Cq~Cg alkoxide by a process as

claimed in any one of claims 1 to 15; and

(v} subjecting one or more condensable drganic
compounds to base-catalysed condensation in the' presence
of, as catalyst sodium C4-Cg alkoxide prepared according

to step (a).
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understdod as 20 limting the scope and underlying principle
i nverftion’in any way. |ndeed, -various nodifications of {fg
addition to those shown and descri bed herein, wll becogpe
skilled in the art. Such nodifications are al so ‘i ntendeflt
25 scope of the appended cl ai ns.- - 6-

33,1581 00

CONTINUOUS PROCESS FOR THE MANUFACTURE OF .
: SODTUM C, -CpALKOX :

ABSTRACT OF THE INVENTION _
There ié provided a safe, efficient process for the
production of sodium C4-Cgalkoxide which utilizes a less
than stoichiometric quantity of a C¢-Cgalcohol ang the
option of a continuocus recycle of the pnreacted sodium _
metal. :

_\
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EXAMPLE 1 Continuous Production O Sodi um t - But oxi deFAS=A=47H W
Solutton 5 A m xture of sodiumnetal (87.6 g, fLﬁGEUFNTﬁ*#ga of
CYCLOSOL[err] 53, a solvent consisting of a mxture aronai&cuhu dgeg afibons
mahuf actured by Shell Ol Conpany, Houston, Texas, 'R Datel:..54--doubt-ewal

reactor with four baffles and a double 4- bladed ske 'prnpeftﬁﬁagp hhpplket ed
10 with nitrogen and heated to [err]. Atiferr] the mx
rapidly to disperse the nolten sodiumnetal and 5g of a JfH;ksﬂEHw\éB(ﬁFN
t-butanol and CYCLOSOL[err]53 (2.5g, 0.03 nole t-butanol}) isrERA&EPt o

initiate the reaction. The remaining t-butanol is added

CONT 0UsS PROC FOR ACTURE OF
SODTUM C,-CgALEOXIDE

Sodium C4-Cgalkoxides are important, versatile
chemicals useful in a wide variety of synthetic reactions
and manufacturing procedures wherein a strong organic
base is desired. Although the formation of a sodium
C4-Cgalkoxide by the reaction of sodium metal and a C4-Cg
alkanol is well-known, in gctual-practice, the reaction
on a large scale may be hazardous and costly. In many

5 processes, the addition of a catalyst is required or
energy-intensive reaction conditiomns, such as high
temperature (>160°C) and high pressure, are required.

Therefore, it is an object of this invention to
provide a safe, efficient process for the production of

10 sodium C,u-Cgalkoxide.

It is another object of this invention to provide a
continuous, integrated source of sodium C4-Cgalkoxide,
suitable for use in a manufacturing process wherein a
strong organic base is required.

15 It is a further object of this invention to provide
a ready and convenient source of essentially pure
crystalline sodium C4-Cgalkoxide suitable for storage and
shipping.

It is a feature of this invention that essentially

20 gquantitative conversion of the C4 -Cgalkanol is obtained.

Sheet Has Been Reilaced
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15 ‘over a 3 hour period as a 1:1 mixture with CYLCOSE
1.87 nole t-butanol) at [err]. The resultant m xture
no stirring for 0.25 hours to separate the phases. A
phase (670.9q) is separated by decantation to give a
of sodiumt-butoxide in CYCLOSOL[err]53. The remaini =
consisting of a sodiumt-butoxide solutior2i-n CYCLCSCL[err]53 (415 7g) and
nolten sodium nmetal (44g, 1.91 nole) is cooled to roomtenperature. This
cool ed phase mxture is treated with a second 25 m xture of fresh sodi um
nmetal (26.3g, 1.14 nole) and 452g of CYCLOSCOL[err]53, blanketed with

ni trogen and heat edrg oi § e4h] adthnt 8] of t BRiseRfiveAPiShXtHae by stirred

rapidiy to mf%“%éﬁnﬁous recycle and essentially complete conversion of

the reactants, the process is effective with little or no

negative environmental impact.

5 Further objects and features of the invention will
become apparent by the detailed description set forth
hereinbelow.

10 The present invention provides a safe, efficient and
essentially quantitative process for the manufacture of
sodium C4-Cgalkoxide which comprises treating a stirred
dispersion of sodium metal in a solvent optionally under
an inert atmosphere with a less than stoichiometric

15 amount of a C4-Cgalkanol at a temperature of about 110°-
140°C to form a two phase mixture and separating the top
phase to obtain the product sodium C4-Cgalkoxide as a
solvent solution, optionally continuously recycling the
remaining phase mixture.

20 The sodium C4-Cgalkoxide solution, thus obtained, may
be used as a manufacturing intermediate and directly
integrated into an existing manufacturing process stream
or, alternatively, the solution may be cooled and fil-
tered to give a pure crystalline sodium Cg-Cgalkoxide

25 product suitable for storage and shipping.

The production and handling of sodium C4-Cgalkoxides

‘are frequently costly and hazardous, particularly sodium

30 tertiary-alkoxides, such as sodium t-butoxide. Even so,

such strong organic bases are commonly used in synthetic
reactions and manufacturing processes.



t'he nolten sodiumnetal. The heated, stirred reaction mxture is
with 169.6g of a 1:1 mxture of t-butanol 30 and CYCLGEE

mol e t-butanol) over a 1.5 hour period at [err]. The reg
m xture is held with no stirring at [err] for 0.25 hour}. :
of the top phase is separated by decantatign to give a I 708 M AL
sol ution of sodiumt-butoxide (1.13 nole s di um t - but oxi*geyT n
CYCLCSOL[ err]53. The remai ni ng phase m xture of 411.7g of a solution of
sodi umt-butoxide in CYCLOSOL[err]53 and 44g of nolten

It has now been found that sodium C4-Cgalkoxide may be
prepared safely and effectively on a large manufacturing
scale with essentially quantitative conversion of the C4-Cg
alkanol and optionally the continuous recycle of the

5 unreacted sodium metal. Accordingly, sodium metal is
dispersed in a solvent, preferably an aromatic hydro-
carbon or mixture thereof having a boiling point greater
than 100°C, optionally under an inert atmosphere, at about
100° to 140°C, preferably about 120° to 130°C. A less than

10 stoichiometric amount of a C4-Cgalkanol, preferably about
0.1 to 0.9 molar equivalents, more preferably about 0.4 to
0.6 molar equivalents, alone or in combination with a
solvent, preferably an aromatic hydrocarbon or mixture
thereof, is added to the heated dispersion with rapid

15 stirring to form a two phase reaction mixture. Said
reaction mixture is held without stirring at about 100° to
140°C, preferably at about 120° to 130°C, until the phase
separation is complete. The top phase is removed by
decantation to give a solvent solution of the product

20 sodium C4-Cgalkoxide. Optionally, the remaining phase
mixture may be cooled to room temperature, treated with
additional sodium metal and solvent, heated to about 100°
to 140°, preferably 120° to 130°C, optionally under an
inert atmosphere with rapid stirring to form a dispersion

25 and treated with a less than stoichiometric amount of a C4-
Cg alkanol as described hereinabove to produce a sol-vent
solution of the product sodium C4-Cgalkoxide and a phase
mixture containing unreacted sodium metal. Said solvent
solution of sodium C4-Cgalkoxide may be removed by

30 decantation and said phase mixture containing unreacted
sodium may be continuously recycled in the above manner..
The inventive process is illustrated in Flow Diagram I



sodium (1.91 nole) is cooled to roomtenperature. 5 e

procedure is then repeated to give a contin- uous produchg@nhggmgg¢@wggr
t-butoxide as a 17% w/wt solution in CYCLOSO.[err]53. |EXAMPLE

Conti nuous Production OF Sodiumt-Butoxide As A Solid A »gét_yf_ _____ oB Qs __________
metal (77.3kg, 3.36 knole) in 668kg of CYCLOSCOL[ err] 53 kA—a-—+eactar *f@“
with baffles and a propeller is blanketed 4fth nitrogen and heat ed to [err]
15 [err]. The heated mixture is rapidly stirred to finely disperse the
nolten sodiumnetal and a 1:1 mxture of t- butanol and CYCLOSOL[err]53
(3.9kg, 0.026 knole of t-butanol) is added to initiate reaction. The
remai ni ng t-bwharelin ¥ and y are molar equivalents of Na and C4-Cg

alcohol, respectively, and y < X-

Flow Diagram I
5
solvent

wNa + yC,~C,OH——>> YC,~C,0Na + z—yNa

T yNa

Since y is always less than ¥, i.e. less than a

stoichiometric amount, the starting C4-Cgalkanol is

10 essentially quantitatively converted to the product
sodium C4-Cgalkoxide. Further, since the unreacted sodium
is continuously recycled, the inventive process
is essentially waste free and, therefore, highly environ-
mentally desirable. Moreover, the inventive process

15 allows for relatively mild reaction conditionms,
atmospheric pressure, lower reaction temperatures and
shorter reaction times which result in high throughput
and high productivity without the loss of safety or the
burden of hazardous or toxic waste.

20 Among solvents suitable for use in the process of
the invention are aromatic hydrocarbons or mixtures
thereof having a boiling point greater than about 100°C,
such as xylene, toluene, xylidene, cumene or the like,
either alone or in combination.

25 All C4-Cgalkanols are suitable for use in the process
of the invention, particularly branched alkanols such as
t-butanol or t-amyl alcohol, more particularly t-butanol.

Although the inventive process may be carried out in
the presence of air, the introduction of an inert atmosphere



added as a 1:1 m xture with CYCLOSOL[err] 53 (245.1kg, 1.65 20 knol e of
t-butanol) at [err] over a 1.5 hour period. The resu]tasst ,-r' :
reaction mxture is held at [err] with no stirring f D GEE
portion of the top phase (570kg) is renoved and cool &d to a
result- ant white crystalline precipitate is filtere
washed wi th about 10L of isohexane and dried at [err
product as a white solid, 96kg (1.0 knole), 99-10096pur|ty. The nDther

| i quor and i sohexane washi ngs cont ai ni ng sodi umt-but oxide (0.65 knole) in
CYCLOSOL[ err] 53 are conbined, 30 recycled to the original reactor

contal ning tNe S G LG6 | M PIARS Jhdh & AMe hEAkE pPekeELbLYO
nitrogen, greatly enhances the safe handling of the hydrogen
gas which is produced during the reaction.
In one embodiment of the invention, the product
5 sodium C4-Cgalkoxide solvent solution may be integrated
directly into an existing manufacturing process stream,

(0]
5

such that a continuous production of a solvent solution

of a strong organic base is supplied to a manufacturing

scale reaction such as a base condensation or Knoevenagel
10 reaction. _ -

In another embodiment of the invention, the product
sodium C4-Cgalkoxide solvent solution may be ccoled and
filtered to give an essentially pure crystalline sodium
C4-Cgalkoxide product suitable for storage and shipping

15 and as a resource for a high quality, reagent grade,
organic base.

For a more clear understanding of the invention,
specific examples are set forth below. These examples
are merely illustrative and are not to be understood as

20 limiting the scope and underlying principles of the
invention in any way. Indeed, various modifications of
the invention, in addition to those shown and described
herein, will become apparent to those skilled in the art.
Such modifications are also intended to fall within the-

25 scope of the appended claims.



| sohexane. The resultant remaining reaction phase m xture_ is_then included
In asubsequent 1.0 knolar reaction process as descri 1 A CRMERNA N ST
-8- The invention al so provides a process for the 5 pjfeparation of an

or'gani ¢ conpound by reaction of a nucleophile with a %%rat(e[]&&q%
conprises: (a) preparing a sodium[err] al koxide by a
i nvention; (b) converting an organic conpdumd into a sodi um salt

EXAMPLE 1

Continuous Production Of Sodium t-Butoxide As A 17%
wt/wt Solution

5 A mixture of sodium metal (87.6 g, 3.81 mole) in
752g of CYCLOSOL®53, a solvent consisting of a mixture of
aromatic hydrocarbons manufactured by Shell 0il Company,
Houston, Texas, in a 1.5L double wall reactor with four
baffles and a double 4-bladed skew propeller is blanketed
10 with nitrogen and heated to 125°C._ At 125°-130°C, the
mixture is stirred rapidly to disperse the molten sodium
metal and 5g of a 1:1 mixture of t-butanol and
CYCLOSOL®S53 (2.5g, 0.03 mole t-butanol) is added to
initiate the reaction. The remaining t-butanol is added
15 over a 3 hour period as a 1:1 mixture with CYLCOSOL®s3
{(277.3g, 1.87 mole t-butanol) at 130°C. The resultant
mixture is held at 130°C with no stirring for 0.25 hours
to sebarate the phases. A portion of the top phase
(670.9g) is separated by decantation to give a 17% wt/wt
20 solution of sodium t-butoxide in CYCLOSOL®S3. The
remaining phase mixture consisting of a sodium t-butoxide
solution in CYCLOSOL®S3 (415.7g) and molten sodium metal
(44g, 1.91 mole) is cooled to room temperature.
This cooled phase mixture is treated with a second
25 mixture of fresh sodium metal (26.3g, 1.14 mole) and 452g of
CYCLOSOL®53, blanketed with nitrogen and heated to 125°C. At
125-130°C, the reaction mixture is stirred rapidly to disperse
the molten sodium metal. The heated, stirred reaction
mixture is treated with 169.6g of a 1:1 mixture of t-butanol
30 and CYCLOSOL®53 (1.14 mole t-butanol) over a 1.5 hour period
at 125°-130°C. The resultant two phase mixture is held with
no stirring at 130°C for 0.25 hours. A 640.2g portion of the
top phase is separated by decantation to give a 17% wt/wt



10 ‘thereof by reaction with the sodium/[err] al koxide;
sodiumsalt as nucleophile for reaction with the substr
process is based upon the utility of the 15 sodium/[eri]
pronoting aliphatic nucleophilic substitution reaction
conpounds containing active nethyl ene grougs can be conwerEed
sodiumsalts for reaction with alkyl halides for the purpose of alkyl ation.
Anot her exanple is where an N-unsubstituted 20 sulfonam de is converted
into its sodiumsalt for reaction with alkyl halides for the purpose of
N-al kyl ati on. The invention al so provides a process for the preparation of
a condensat i omginodiot ofveeii wnprihsesxide (1.13 mole sodium t-butoxide)in

CYCLOSOL®S3. The remaining phase mixture of 411.7g of a
solution of sodium t-butoxide in CYCLOSOL®S3 and 44g of molten
sodium (1.91 mole) is cooled to room temperature.

5 The above procedure is then repeated to give a contin-

......

uous production of sodium t-butoxide as a 17% wt/wt solution
in ‘CYCLOSOL®s3.

EXAMPLE 2

10 Continuous Production Of Sodium t-Butoxide As A Solid

A mixture of sodium metal (77.3kg, 3.36 kmole) in

668kg of CYCLOSOL®S3 in a reactor fitted with baffles and
a propeller is blanketed with nitrogen and heated to 120°-

15 130°C. The heated mixture is rapidly stirred to finely
disperse the molten sodium metal and a 1:1 mixture of t-
butanol and CYCLOSOL®S3 (3.9kg, 0.026 kmole of t-butanol)
is added to initiate reaction. The remaining t-butanol is
added as a 1:1 mixture with CYCLOSOL®53 (245.1kg, 1.65

20 kmole of t-butanol) at 130°C over a 1.5 hour period. The
resultant two phase reaction mixture is held at 130°C with
no stirring for about 1 hour. A portion of the top phase
(570kg) is removed and cooled to about 20°C. The result-
ant white crystalline precipitate is filtered. The

25 filtercake is washed with about 10L of isohexane and dried
at 30°C/400mBar to give the title product as a white
solid, 96kg (1.0 kmole), 99-100% purity.

The mother liquor and isochexane washings containing

sodium t-butoxide (0.65 kmole) in CYCLOSOL®53 are combined,

30 recycled to the original reactor containing the remaining
reaction phase mixture and heated to 135°C to remove the
isohexane. The resultant remaining reaction phase mixture
is then included in a subsequent 1.0 kmolar reaction process

as described hereinabove.



25 (a) preparing a sodium[err] al koxide by a proce;%@%&éégﬁng%ﬁﬂ&ﬁp ;

and (b) subjecting one or nore condensabl e organic cg
base-catal ysed condensation in the presence of, as cagg% st HPER r i)
al koxi de prepared according to step 30 (a). CondensdLli rederonsTTor

this purpose include, for exanple, the Mché&el reaction, Cannizzaro
reacti on and al dol condensations. One exanple is the process disclosed 35
in EP O 329 256 B

5

10

15

20

25

30

35

The invéfition alsoc provides a process for the
preparation of an organic compound by reaction of a
nucleophile with a substrate, which comprises:

(a) preparing a sodium C4-Cg alkoxide by a process of the
invention;

(b} converting an organic compound into a sodium salt
thereof by reaction with the sodium C4-Cg alkoxide; and

(c) using the sodium salt as nucleophile for reaction with
the substrate.

The above process is based upon the utility of the
sodium C4-Cg alkoxides for promoting aliphatic nucleophilic
substitution reactions. For example, compounds containing
active methylene groups can be converted into their sodium
salts for reaction with alkyl halides for the purpose of
alkylation. Another example is where an N-unsubstituted
sulfonamide is converted into its sodium salt for reaction
with alkyl halides for the purpose of N-alkylation.

The invention also provides a process for the preparation
of a condensation product, which comprises

(2a) preparing a sodium C4-Cg alkoxide by a process of the
invention; and

(b) subjecting one or more condensable organic compounds
to base~catalysed condensation in the presence of, as
catalyst, sodium Cy4-Cg alkoxide prepared according to step

{(a) .

Condensation reactions for this purpose include, for
example, the Michael reaction, Cannizzaro reaction and
aldol condensations. One example is the process disclosed
in EP 0 329 256 B.
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REPLACEMENT SHEET 9 CLAI MS: 1. A process for the ”ﬁn1hEﬁUNﬁmMHN g
C4- C8 al Hmﬂﬂmmllﬁﬂ rises treating a stirred dispgrsion &)fqgsp%m
nmet al u;ﬂWally under an inert atnosphergpmdh a less than
st0|ch|on§trﬁcLanﬁunf of C4-C8 al kanol at a tenper at urle—ef—aboui [ errT "t
[err] to forma mxture conprising a first pPase and a second phase
wherein the flgggggﬁﬁ§e conprises a solution of the sodium.[£iEt naklsem de
in the sol vent and the second phase conprises the sodiui1ﬂ%€ﬁimjﬁﬁparatlng
the first phase to obtain the product sodium[err] al koj}i de _as-the

sol ution, and 1. A process for the manufacture of sodium Cy4-Cg

alkoxide which comprises treating a stirred dispersion of
sodium metal in a solvent optionally under an inert
atmosphere with a less than stoichiometric amount of C4-C8
alkanol at a temperature of about 100° to 140°C to form a
mixture comprising a first phase and a second phase,
wherein. the first phase comprises a solution of the sodium
C4-Cg alkoxide in the solvent and the second phase

comprises the sodium metal, separating the first phase to
obtain the product sodium C4-Cg alkoxide as the solution,

and optionally continuously necycling the remaining

mixture.

2. The process according to claim 1 wherein the
solvent is an aromatic hydrocarbon or a mixture of aromatic

hydrocarbons.

3. The process according to claim 1 or 2 wherein the
process is carried out under insert atmosphere.

4. The process according to claim 3 wherein the

inert atmosphere is nitrogen.

5. The process according to any of claims 1 to 4
wherein the amount of C4-Cg alkanol is about 0.10 to 0.90

molar equivalents.

6. The process according to claim 5 wherein the
amount of C4-Cg alkanol is about 0.4 to 0.6 molar.

7. The process according to any one of claims 1 to 6
wherein the remaining the remaining phase mixture is
continuously recycled.

8. The process according to any one of claims 1 to 7
wherein the temperature is about 120° to 130° C.

This Sheet Has Been Rei
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gptional I'y continuously recycling the renaining mxture.
according to claim-t-wheréin the solvent is an aromatic yﬁgﬁﬁi
m xture of aronmatic rbons 3. The process accordjfng to é%@ﬁ*ﬁ&ﬂsgr
wheér'ei n ”\t ‘“ﬁm m ied out under inert atnospher %%“4TB§C'
accordlng‘“a reln the inert atnosphere is nit¥regen 5S.:---The
process accbrdﬁng to any of clains 1 to 4 mgﬁreln t he amount of T\““T-w—n\ﬁ
al kanol is about 0.10 to 0.90 nol ar equi val The process accordi ng
to claim5 wherein the amount of [err] al kanol is about 0.4 to 0.6 nolar.

9. The process according to any one of claims 1 to 8
wherein the C4-Cg alkanol is a tertiary C4-Cg alkanol.

2-—__The process

10. The process according to claim 9 wherein the
tertiary C4-Cg alkanol is f-butanol or f-amyl alcohol.

11. The process according to claim 10 wherein the
tertiary C4-Cg alkanol is t-butanol.

12, The process according to claim 6 wherein the Cyg-
Cg alkanocl is t-butanol and the temperature is 120° - 130°
CO

13. The process according to any one of claims 1 to
12 wherein the first phase is cooled after separation and
filtered to yield the sodium C4-Cg alkoxide as a solid.

14. The process according to claim 1 whenever carried
out substantially as hereinbefore described with reference
to Example 1 or 2.

~15. Sodium C4-Cg alkoxide whenever prepared by a
process according to any one of claims 1 to 14.

16. A process for the preparation of an organic
compound by reaction of a nucleophile with a substrate,
which comprises:

(a) preparing a sodium C4-Cg alkoxide by a process
as claimed in any one of claims 1 to 15;

(b) converting an organic compound into a sodium salt
thereof by reaction with sodium C4-Cg alkoxide;

(c) using the sodium salt as nucleophile for reaction
with the substrate.



7. 'The process according to any one of clains 1 to 6
t he remai nirng—phase—+wxtureis continuously recycl ed. {j

accordi ng to of claims 1 to 7 wherein the te [

[efr] to [er lmmm@i’ u!ﬂiu The process according to |[af§teoné..&cPRs

to 8 wherein Is a tertiary [err] al IR preeess
according to claim9 wherein the tertiary [err] al kanol is t-butanol or

t-anyl al cohol . | “11-

17. A process of preparation of a condensation

product, which comprises:
(a) preparing a sodium C4-Cg alkoxide by a process as

claimed in any one of claims 1 to 15; and

(b) subjecting one or more condensable organic
compounds to base-catalysed condensation in the presence
of, as catalyst, sodium C4-Cg alkoxide prepared according

to step (a).

THIS SHEET HAS BEEN
REPLACED




11. "The process according to claim10 wherein the tertla@*pigbéhgﬁh&ﬁﬁgh S
t-but"anol . 12. The process according to claim6 whereinjthe C4- C8 al kano
is:t-butanol and the tenperature is [err] C. 13. The pragg&s-dcﬁﬁcqgagugp
any one of clains 1 to 12 wherein the first phase is c ed-—at-ar
separation and filtered to yield the soéi2«n [err] al koxide as a solid. 14.
The process according to claim1 whenever carried out substantially as

her ei nbef ore described with reference to Exanple 1 or 2. 15. Sodium/|[err]

al koxi de mhenever prepared by a process according to any one of clains 1 to
14.

CONTINUOUS PROCESS FOR THE MANUFACTURE OF
SODIUM C,-CgALKOXIDE

ABSTRACT OF THE IO
There is provided a safe, efficient process for the
production of sodium C4-Cgalkoxide which utilizes a less
than stoichiometric quantity of a C4-Cgalcohol and the

option of a continuous recycle of the unreacted sodium
metal.



-

sodium [err]

16. A process for the preparation of an organic conpoundJ bLlUH EF
nucl eophite with a substrate, which conprises: (a) prepatj 5 ]
arkoxfde by a process as clai med i'n any one of claims 1 tio 15 }
convertlng an" organi ¢ conpound into a sodium salt thereof

al koxi de; (c) using the sodiumsalt as nucl %ggmébéé§?

JG JE0 preO- A

Bger-eact i-on Wit

reaction with the substrate. -11-

10

15

20

PROCESS FOR THE MANUFACTURE OF
SODIUM C4-CgALKOXIDE

Sodium C4-Cgalkoxides are important, versatile
chemicals useful in a wide variety of synthetic reactions
and manufacturing procedures wherein a strong organic
base is desired. Although the formation of a sodium
C4-Cgalkoxide by the reaction of sodium metal and a C4-Cg
alkanol is well-known, in actual practice, the reaction
on a large scale may be hazardous and costly. In many
processes, the addition of a catalyst is required or
energy-inténsive reaction conditions, such as high
temperature (>160°C) and high pressure, are required.

Therefore, it is an object of this invention to
provide a safe, efficient process for the production of
sodium C4-Cgalkoxide.

It is another object of this invention to provide a
continuous, integrated source of sodium C4-Cgalkoxide,
suitable for use in a manufacturing process wherein a
strong organic base is required.

It is a further object of this invention to provide
a ready and convenient source of essentially pure
crystalline sodium C4-Cgalkoxide suitable for storage and
shipping.

It is a feature of this invention that essentially
quantitative conversion of the C4-Cgalkanol is obtained.



17. ;A éFeeess_ef preparation of a condensation product, | CONTT Ses=

’WF% T 9l ET)f
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(a) a sodium[err] al koxide by a process as c
cl ai mé i@i(’ iﬂ lﬂﬂﬂ lm"Eubj ecting one or nore condensablie qrgdnﬁc 0cT
conmpoun ed condensation in the presenceiiQl ? as: caﬂaiyst -----

sodium [err] al koxi de prepared accordi ng toskfep (a).

CLAIMS:

1. A process for the manufacture of sodium C4-Cg alkoxide
which comprises treating a stirred dispersion of sodium
metal in a solvent optionally under an inert atmosphere
with a less than stoichiometric amount of C4-C8 alkanol at
a temperature of about 100° to 140°C to form a mixture
comprising a first phase and a second phase, wherein the
first phase comprises a solution of the sodium C4-Cg

alkoxide in the solvent and the second phase comprises the

sodium metal, separating the first phase to obtain the
product sodium Cg4-Cg alkoxide as the solution, and

optionally continuously recycling the remaining mixture.

2. The process according to claim 1 wherein the solvent
is an aromatic hydrocarbon or a mixture of aromatic

hydrocarbons.

3. The process according to claim 1 or 2 wherein the
process 1s carried out under inert atmosphere.

4, The précess according to claim 3 wherein the inert

atmosphere is nitrogen.

S. The process according to any of claims 1 to 4 wherein
the amount of C4-Cg alkanocl is about 0.10 to 0.90 molar

equivalents.

6. The process according to claim 5 wherein the amount of
C4-Cg alkanol is about 0.4 to 0.6 molar.

7. The process according to any one of claims 1 to 6
wherein the remaining the remaining phase mixture 1is
continuously recycled.

8. The process according to any one of claims 1 to 7
wherein the temperature is about 120° to 130° C.



-11-

17. A process of iareparation of a condensation product, which comprises:
(a) preparing & sodinm C4-Cg alkoxide by a process as claimed in any one of

claims 1 to 15; and
{b) subjecting one or more coudensable organic compounds to base-catalysed
condensation in the presence of, as catalyst, sodium C4-Cg alkoxide prepared according

to step (a).
18.  An organic compound whenever prepared by a process as claimed in claim 16.

19, A condensation product whenever prepared by a process as claimed in claim 17,

. |REPLACEMENT SHEET
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