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Description

Process for the preparation of the non-toxic salts of
6—methy113,4-dihydro-l,2,3—oxathiaiin-4-one 2,2—dioxide

5 and arrangement for carrying out this process

6-Methyl-3,4-dihydro~1,2,3~oxathiazin-4-one 2,2-dioxide
(hereafter acesulfam—-H) has been used for some time in
the form of its potassium salt (hereafter acesulfam-K)

becanse of its intensive sweet taste as a sweetener in
10 the food sector.

A series of different processes are known for the pre-

paration of acesulfam-K (see inter alia Angewandte

‘Chemie, 22(1973), pages 965 to 973). Of particular

~ current interest is a process in which, in a solvent,

15 | preferably methylene chloride, amidosulfonic acid, but

| preferably a soluble salt of amidosulfonic acid, is first
reacted with diketene to form the acetoacetamido com- ;

pound. The salts of amidosulfonic. acid used are generally

alkaline metal salts or ammonium salts, preferably

20  trialkylammonium salts. In the reaction with diketene,

the salt of acetoacetamidosulfonic acid (I) is formed in
accordance with the reaction equatioh |

NH24503M +CH,=C - O - This Sheet Has Been Replaced
S L
‘LCHz - CO :
CH,-CO-CH,CONH-SO,M (I)

(¥ = base cation, in particular HN{alkyl c;«Q),)
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clrﬁorlde, and thus cyclized; the SO, is preferably used in

-excess (see ‘for this EP-A 155,634, EP-A 159,516,

EP-A 217,076 and EP-A 218,076). A cyclization product is
formed in this manner, from which by reactidn with water
(hydrolysis) in a hydrolysis vessel, acesulfam-H, the so-
called "sweetener acid" (II), is formed:

CH3~C0-CH2—CORI-f-503H + SO, (excess)

| cyclization

undefined intermediate

| + water (excess)

hydrolysis
ot
/SN
( +mso§ L4 ) 0=z ’ 0
H,S0, and ' u-—-sﬁ, (I1)
water) :
acesul fam-H
( "sweetener acid")
$ + MTOH
)|| /CH’
[ [
\ L]
e=c 0
/ (III)
H—S$0,

acesulfam salt. (aceéulfam—K)
(M’ = base cation, preferably K)

S

This Sheet Has Been Replaced




accordance with the reaction equati on ' NH err]-SQ err]M
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Both the cyclization and the hydrolysis ai':e_ rapid, highly

exothermic xreactions.

The reaction mixture separates intc an organic phase,
preferably a methylene chloride phase, and an aqueous

5 sulfuric acid phase. The majority (about 4/5) of the
sweetener acid .(II) is situated in the organic phase,
about 1/5 is dissolved in the sulfuric acid phase. The
sulfuric acid phase contains almost the entire amount of
the alkali metal or ammonium, preferably trialkyl-

10 ammonijum, as sulfate, preferably trialkylammonium hydro-
gen sulfate. The sulfuric acid phase, after stripping off
any solvent still present, preferably methylene chloride,
can be further utilized in another place.

The isolation of the sweetener acid in the form of the

15 desired salt (III) is expediently carried out by the
" method described in the abovementioned EP-A 218,076. In
this, the sweetener acid contained in the sulfuric acid
phase is first extracted therefrom in an extraction
vessel using a solvent, preferably methylene chloride.

20 The solvent used here is combined with the normal solvent
phase which contains the majority of the sweetener acid.

The small amount of sulfate dissolved in the solvent
phase is then extracted from the combined solvent phases
using only a little water in an extraction vessel and

25 returned with the -extraction water to react the cycliz-
ation product with water in the hydrolysis vessel to form
sweetener acid. The sweetener acid is extracted from the
remaining, substantially sulfate-free sclution of the
sweetener acid in the solvent, in the form of the desired

30 salt, preferably the p‘otassium salt, using aqueocus alkali
metal hydroxide solution, preferably potassium hydroxide
solution. The aqueous solution of the sweetener (III) can

be worked up by conventional methods, for example by
evaporation or precipitation using extexnal solvents, to

35 give the pure crystalline sweetener {III). -
This Sheet Has Been Replaced

TRET
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cycli zat i on 1large part of the b t Fermedo iiothe Leaqikion, such
+ water (excesgy acetone, trialkylamine and trialkylalmdndlmpsisalt of

the sweetener acid when the trialkylammonium salt of

5 amidosulfonic acid was used, undefined high boilers and

dissolved resins.

The solvent thus contaminated cannot be reused in this
form. Thus in the mixing of the SO; in the cyclization
stage with the contaminants, dark-colored solid insoluble
10 compounds are formed which lead to blockages in the
' . piping. . In addition, with acetone, colored secondary
products occur which pass through to the sweetener
solution. A colorless sweetener can no longer be isclated
from such solutions. Neither can this contaminated
15 gsolvent be used in the preparation of the acetoacetamido

ons
t hus

on
0-

compound (I) from the salt of amidosulfonic acid and

‘diketene, since the yield of acetoacetamido compound

decreases and highly colored by-products are formed.-

These are carried over into the sweetener soclution
20 obtained later and prevent the isolation of colorless
solid acesulfam salt (IIY) from the solution. '

The solvent used for the mixing with SO, and for the
preparation of the acetoacetamidoe compound must therefore
contain only small amounts of contaminants. The recovery
25 of pure solvent from the crude solvent which is produced
downstream of the neutralization of the sweetener acid in
the form of its salt requires complex apparatus with a
considerable energy consumption, since, for reasons of
yield and the limited solubility of the sweetener acid in

30 the solvent, only higlily dilute solutions can be employed

in the synthesis. The concentration of the sweetener
acid, for example, in the methylene chloride. solution
which then passes on to the neutralization with the
alkali metal hydroxide solution is generally only about
35 2 to 3% by weight. Therefore, in the purification by
' distillation of the crude solvent to recover pure
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‘reusable solvent, with consideration of the reflux ratios
required, up to 100 kilograms of solvent must be evapor-
ated per kilogram of prepared sweetener.

In the methods conventional hitherto, the purification of
the solvént is carried out in more than two distillation
columns. The bottom product of the last column, which
contains trialkylamine, higher boiling cdmponents such as
acetone, undefined high boilers, solid residues such as
resins and small amounts of the salt of the sweetener
acid and still about 70% solvent as soclubilizer for the
solid residues, must be incinerated. A further evapor-
ation, .ie. a continuing recovery of solvent, is mnot
possible since otherwise encrustations of solids occur
which lead to mechanical fanlts. .

In view of the disadvantages of this known process, the
object was therefore in particular to provide a method
for the preparation of acesulfam salts which permits a
simpler récovery of the solvent used from the crude
solvent with the use of at most two columns and at least
substantially avoids the incineration of the resulting
by-product and residues.

A process has now been found by which the discarding of
solvent-containing bottom streams is avoided and which
additionally permits carrying out the solvent recovery to
give pure solvent, suitable for the preparation of the
acetocacetamido compound (I) and for the preparation of
the SO; mixture, in, optionally, one or at most two
distillation columns, dispensing with a special distil-
lation column for the removal of high boilers and resi-

dues.

The present invention therefore relates to a process for
the preparation of acesulfam salts by reaction of salts
of amidosulfonic acid with diketene to give a salt of
acetoacetamidosulfonic acid (¥), ring closure by the
action of at least about an eguimolar amount of SO,, at
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the organic phase} with water and conversion of the
resulting acesulfam-H (II} into the fofm of a non-toxic
salt (III), which comprises, in the work-up by distil-~
lation of the resulting crude solvent, after removal of
water and low-boilers and recovery of solvent suffi-

ciently pure for reuse in the preparation of compounds

(I) and/or (IX), directly returning the remaining,

solvent-containing distillation residue, without further -

purification, into the system downstream of the reaction

vessel for carrying out the ring closure reaction.

This solvent-containing distillation residue is prefer-
ably returned to the vessel for treating the organic
phase with water (hydrolysis vessel (5)), into the phase
separation vessel {ll) and/or into the extraction vessel
(13); see Figure 1 below for this. .

The preparation of the acesulfam salt, preferably
acesulfam-K (III), is carried out in a manner known per

se as described in the abovementioned EP-A 155,634,

EP-A 159,516, EP-A 217,024 and EP-A 218,076, which are
referred to here. Accordingly, the acetoacetamido com-
pound (I} is first prepared by reaction of, preferably,
a salt of amidosulfonic acid, in particular the tri-
alkylammonium salt, at temperatures of generally 0 to
100°C, preferably 20 to 45°C, with diketene in an inert
solvent, preferably likewise a halogenated, aliphatic
hydrocarbon, in particular methylene chloride. The ring
closure reaction is then carried out using S0,, which: is
preferably used in a more than equimolar amount, to give
an S0, adduct as an unisolated intexmediate, the solvent
used being preferably the same as that in the first
stage, in particular methylene ghloride, The temperatures
here are generally between -20 and 40°C, préferably -10
and 15°C. This SO, adduct is then hydrolyzed to give the
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are preferably those having up to 4 carbon atoms wh;ch
form an azeotrope with water, such as methylene chloride,

10 chloroform P 1,2-dichlorcethane, trichloroethylene,
tetrachlorcethylene, trichlorofluoroethylene etc.,

methylene chloride being particularly preferred.

In a preferred embodiment of the invention, the same
solvent, preferably methylene chloride, is used both for
15 the salt of acetoamido-N-sulfonic acid (I) and for SO,.

Although .the molar ratio of acetoacetamido-N-sulfonate
(I) to SO, can be about 1:1, a one to about 20~fold SO,
excess is preferred, preferably about a 3- to 10-fold, in
particular about a 4~ to 7-fold molar excess.

20 In the preferred case of the use of salts of acetoacet-
| amido-N-sulfonic acid (I) and SO, in a molar ratio of 1 to
more than 1, an "S0, adduct" is formed in the ring closure
reaction, from which the acesulfam-H (IX) must be set

" free by hydrolysis. This hydrolysis is carried out by

25 addition of water or ice  and/or addition of dilute
aqueous sulfuric acid, expediently in about a 2- to
6-fold molar amount, in relation to the SO, excess used.

Foxr this hydrolysis,- both water and dilute aqueous
sulfuric acid are preferably used, which dilute aqueous

30 - sulfuric acid ori—ginatés from the downstream extractor
{18) and generally has a concentration of 2 to 20% by

weight. '
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organic phase and in the sulfuric acid phase. The organic
phase is then removed. The organic phase removed from the
aqueocus sulfuric acid phase, or the corresponding com-~
bined organic phases, are, preferably, then purified by
extraction with water im the extractor (18) mentioned
above, the sulfuric acid contained therein being first

extracted from the organic phase.

The wvolume ratioc of the organic phase to the. aqueous
extraction phase is generally about {20-5):1. However,
even with substantially smaller amounts of water, an
effective purification can still be achieved.

The extraction is carried out in the simplest case by
stirring the two phases in a stirred flask or in a
stirred tank; special apparatuses which are useful are,
in principle, all industrial extraction apparatuses such
as mixer-settlers, sieve-plate columns, packed cdlumns,
Karr columns etc. Mixing elements such as static mixers
can also be used to inténsify the contact of the extrac-
tion phases. '

The proportion of acesulfam-H extracted simultaneously

with the sulfuric acid is generally, depending on the

wéte: amount used, between about 2 and 30% of the total
acesulfam-H contained in the organic. phase. For the
economic efficiency of the overall process, it is impor-
tant te return the water phase to the hydrolysis of the
50, adduct*. S '

recovered from the purified organic phase or the purified
combined organic phases by neutralization with bases.
Bases which are useful here are those having non-toxic
cations. Preference 1is given to potassium bases

in

- The non-toxic salts (III} of the acesulfam-H are
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of the sweete@dkali metal hydroxide solution. The intensive contact is
generally carried out in the manner of an extraction by
the processes conventional therefor in the conventional
10 apparatuses as have already been described above. Mixing
- elements, such as static mixers, can alsc be used here.

In the neutralization, sufficient base is generally used
so that the aqueous phase achieves a pH of about 5 to 12,
preferably about 8 to 11l. The acesulfam salt is then

15 recovered from the aqueous phase in a conventional manner
(by crystallization).

According to a preferred embodiment, the work-up of the
solvent, preferably methylene chloride, by distillation
is carried out in one distillation column only. According

20 to a further prefer‘red embodiment, the solvent-containing
distillation residue is returned to the system at more
than one point, in particular to the phase separation
vessel (11) and/or the extraction vessel (13).

A further preferred embodiment provides that
25 the salt of acetoacetamidosulfonic acid (I) used is

trialkylammonium acetoacetamidosulfonate, dissolved in

methylene chloxide, o

the xing closure is carried out by the action of a more

than equimolar amount of S0,, if desired, likewise in
30 methylene chloride as solvent,

the undefined cyclization product produced as an SO,

adduct after the xing clesure reaction is hydrolyzed in

a hydrolysis vessel to form acesulfam-H,

e
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aci d, for -exanpte;Tnm the methyl ene chloride. solution whi ch then
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columms. The bpiéemyBE8ElCHneh Hit difdn o pidse Wah&8Naqueous sulfuric
acid-containing phase, this agueous phase is then ex-
tracted in an extraction vessel with methylene chloride
5 and this methylene chloride, together with the organic
phase from the phase separation vessel is fed to a
further extractor for washing out sulfuric acid residues

and sulfate residues using water,
the non-toxic salts of acesulfam-H are recovered, by
10 neutralization using bases, from the organic phase thus
purified and a separation into aqueous salt solution and
- -a methylene chloride phase is carried out in a downstream

phase separation vessel, and

this methylene chloride phase is fed, if desired via at
15 -least one further extraction stage, to the distillation

column.

The work-up and recovery of the solvent (methylene
chloride) is preferably carried out in the context of the
process according to the invention in such a manner that
2¢ the crude solvent is introduced into a distillation
column in the bottom thereof or above the bottom thereof,
the distillation-residué, which in addition to parts of
the solvent, contains solid by-products and high~boilers,
is withdrawn from this distillation column and returned
25 to the system, preferably to the hydrolysis vessel (5);
the phase separation vessel (11) and/or the extraction
vessel (13) for extraction of the sulfuric acid phase,
‘water, small amounts of the sclvent and any low-boilers
which mey'be present with this are withdrawn at the head
30 of this distillétion_colﬁmn, while the majority of the
solvent is returned as reflux to the distillation column,
and |
sufficiently purified solvent is withdrawn from the
central part of the column from an intermediate plate
35 which is located beneath the reflux and above the feed of
crude solvent into the column and this purified solvent
is returned into the system, prefe:ably into the reaction
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. additionally gern1ts carrying _qut the sol vent
tam:.nants, can also used in the following points of

the system.

The process according to the invention offers surprising
advantages. Thus, the complexity of the apparatus is
significantly less, since only one column or at most two
columns are required instead of three columns. In. addi-
tion, no solvent-containing residues are produced, the
disposal {incineration) of which would require additional
special devices. Furthermore, the energy consumption for
purification by distillation of the crude soclvent is

lower.

The practicabiiity of the process according to the
invention was surprising, since on return of the by-
products, such as acetone and polymeric solids, into the
system, a concentration in the total circulation was to
be expected which would finally pass through to the end
product (aéesulfam salt (K) solution}). Contaminants in
the acesulfam salt (K} solution, which -:i.s further worked

up to give pure solid acesulfam salt (K), make the

recovery thereof in pure form more difficult or impos-
sible if highly colored polymers are present in the
solution. '

‘Furthermore, it was to be expected that the solvent

withdrawn from the intermediate plate in the distillation
column described would contain significantly more water
than was actually found; however, the water content in
the solvent discharged from the intermediate plate was

- surprisingly significantly lower than in the bottom and

the head of the colin_nn.
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essentially comprising the reaction vessel (3) for
carrying out the cyclization reaction from the compounds

5 (I) and SO,, a downstream hydrolysis vessel (5} for the
recovery of the sweetener acid (II), a phase separation
vessel (11) connected thereto for the separation of the
organic phase and the sulfuric acid phase, preferably an
extractor (13) for the extraction of the isolated sul-

10 furic acid phase using the solvent, preferably a further
extractor (18) for the extraction of the organic phases
combined from (11} and (13) using water, a neutralization
vessel (22) for the conversion of the sweetener acid (II}
into the corresponding salt (III), a phase separation

15 vessel (25) for the separation of the agueous sclution of
the salt (III) from the solvent and a distillation column
(32).

A phase separation vessel (36) is preferably connected to

the distillation column (32), into which phase separation

20 vessel the vapor condensate passes over from the column

head and is here separated into an aQueous phase and a

solvent phase. The latter is returned into the column.

Pure solvent is withdrawn from an intermediate plate of

the column, which generally has 15 to 50, preferably 20

25 to 30, theoretical plates. The solvent—conta1n1ng distil~

" lation residue is preferably returned from the column

bottom into the hydrolysis vessel (5), into the phase

separation vessel (11) and/or into the extraction vessel

(13). This distillation residue generally still contains

30 at least 10% by weight, preferably 50 to 98% by weight
and, in particular, 75 to 95% by weight of solvent.

The process according to the invention is now described
by way of example with reference to Figure 1:

via line (1), a solution of SO, in methylene chloride is
35 fed to the reaction vessel (mixér) (3); the feed of
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and liquid product passing together via line {4) to the
vessel (S) furnished with the stirrer. Wafer i_s. fed to
the vessel (5) via the line {6}; the heat of reaction of
" 10 the hydrolysis (hydration) step is alsc removed via
methylene chloride evaporation. The methylene chloride
.vapors pass via line {7) to the condenser (8); the
condensate returns via line (9) to the vessel (5)}. The
liguid mixture in vessel (5) passes via line (10) to the
15 phase séparation vessel (};1) . The lower sulfuric acid
phase of the vessel (11) is passed via line (12) to the
extractor (mixer-settler vessel) (13), in which this
sulfuric acid phase is stirred with methylene chloride
. from line (14) for the extraction of the sweetener acid.
20 The sulfuric acid phase is withdrawn from the extractor
(13) via line (15). The methylene chloride loaded with
sweetener acid leaves vessel (13} via line (16). The
methylene chloride phase from the phase separation vessel
(11) is withdrawn via line (17) and is transported with
25 the methylene chloride from line (16) to the extractor
(18)., Water is fed to the extractor {18) for the extrac—-
tion of dissolved sulfate below via line (19}, which
water, after leaving the extractor (18), is conducted via
line {20) to the hydrolysis vessel (5). The methylene
30 chloride phase of the extractor (18) is conducted via
line (21) to the stirred neutralization vessel (22), to
which aqueous potassium hydroxide solution is passed via
line (23), the rate of which is controlled via the pH in
the stirred vessel (22). The mixture is conducted via
35 line (24) to the phase separation vessel (25). The upper
phase is aqueous acesulfam-K solution, which is withdrawn
via line '(26) . The lower methylene chloride phase is
conducted via line (27) to the mixer-settler vessel (28),
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whlch is passed via line (31) intc the bottom of the
distillation column (32). The vapors from the column (32)
pass via line (33) to the condenser (34) and the two-

~ phase condensate passes via the line (35) to the phase

separation vessel (36). The aqueous phase separating in

. the phase separation vessel (36) is withdrawn via line

15

20

25

(37): the methylene chloride phase is returned via line
(38) as reflux into column (32). The by-product-
containing methylene chloride is withdrawn at the bottom
of column (32} via line (14) for the extraction of the
sweetener acid from sulfuric acid in extractor (13). Pure
methylene chloride is taken off from an intermediate
plate situated in the column via line (39), which pure
methylene chloride is reused for the SO; mixture and/or to
prepare the trialkylammonium acetoacetamidosulfonate
solution.

Comparison Example 1

Only pure fresh methylene chloride is -nployed without
reprocesslng. The rates glven are per hour.

A solution of 11.0 kg of S0, in 46.0 kg of methylene

chloride at a temperature of +5°C is fed via line (1) to

. the reaction vessel {3). 15.0 kg of methylene chloride

30

3s

solution at 0°C, which contains 6.6 kg of triethyl-
ammonium acetoacetamidosulfonate and 1.0 kg of polymeric
components of different composition and unreacted start-

ing material in a small amount are introduced into the

reaction vessel (3) via line (2). This solution is

diluted with 12.0 kg of methylene chloride via line (2’).
The preparation of the solution is carried out in a
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acetic acid “and then careful addition of 2.2 kg of
diketene after the above components have completely
dissolved. The mixture formed in the reaction vessel,
which céntains a not precisely definable cyclization
product as a solution in méthylene chloride, by-products
formed and methylene chloride evaporated by the heat of
reaction, is fed via line (4) to the so-called hydrolysis

vessel (5) (stirxed tank).

8.0 kg of water are added .via, line (6) to the hydrolysis
tank (5). 20.0 kg of the methylene chloride evaporated by
the heat of reaction pass via line (7) to the condenser
(8), while the condensate returns via line (9) to the
stirred tank (5). The liguid mixture in hydrolysis tank
{S), which is held in a constant state, is conducted via
line (10) to the phase separator {11). The lower sulfuric
acid phase flows via line (12} to the mixer-settler (13}).
30.0 kg of pure fresh methylene chloride are conveyed via
line (14) to the mixer-settler (13). 26.0 kg of sulfuric
acid phase are withdrawn via line (15). This sulfuric
acid phase contains 41% sulfuric acid, 31% water, 21%
triethylammonium hydrogen sulfate, 0.5% acetic acid, 1%
acetone, 0.1% sweetener acid, 3% undefined organic
compounds and 1% dissolved methylene chloride. Via line
(16}, the methylene chloride phase is passed from the
mixer-~settler (13) into line (17). 100.5 kg of methylene
chloride phase are withdrawn from the phase separator
{11) via line {17) wh:l.ch contain, in addition to other
components, 0.2% water, 2.4% sweetener acid and 0.4%
sulfate. The combined methylene chloride streams from the
lines {16} and (17) are fed to the extractor (18). 2.7 kg
of water are introduced at the bottom of the extractor
via line (14); the extraction water is returned via line
(20) to the hydrolysis tank (5). The methylene chloride
phase of the extractor (18) is fed via line (21) to the

wat er, Such as netEyleq? chlo%lde,
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to the mixer-settler ' (28) in which this methylene

chloride phase is washed using 6.4 1 of water via line

10 (29). The washing water passes, together with the potas-
sium hydroxide solution, via line (30) to the neutraliza-

tion vessel (22).

99.0 kg of methylene chloride are withdrawn via line
(31). The methylene chloride contains 0.15% water, 0.1%
15 triethylamine, 0.4% acetone and 0.5% polymers.

17.6 kg of acesulfam-K solution are withdrawn as the
upper phase of the phase separator (25) via line (26).
The light-yeilow solution contains 1% methylene chloride,
17% acesulfam-K, 0.3% potassium sulfate and 0.5% acetone,

20 0.1% triethylamine _and' <0.5% unknown compounds.

On evaporation of this sweetener solution to approx-
imately 30% of the original volume, cocling and filtra-
tion, colorless acesulfam-K is obtained as a solid.

Comparison Example 2

25 Feed of crude methylene chloride to the reaction by
dilution of the triethylammonium acetoacetamido sulfonate
solution with crude instead of pure methylene chloride.

The experimental arrangement and <rates are as in
Comparison Example 1, but to dilute the acetocacetamido
30 compound in line (2), instead of pure methylene chloride,
dilution is carried out via line (2‘} using 12.0 kg of
crude methylene chloride from line (31) in Comparison
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- 8- After the hydrol SIS a 2- or (if acesul famH has already

pr eci pi t at edhis She e is then present. The . acesulfamH (IIl) is

present esse ‘ﬁmn ed in the (F)rganl C phase and in the sulfuric

acid phase phase is thanlfenoved. 0 jenoved
fromt aqueous suI furic acid phase, or the ccrﬁ@gm Jf ggf“

bi ned organl CERAapee, 1are, preferably then purified by REP Pactiof with

water in the extractor (18) nmentioned above, the sulfuric acid

contained therein being first 10 ‘extracted fromthe organi c phase.
On evaporation of the acesulfam-K solution obtained via

line (26), which solution is now dark-colored, in corres-
pondence with Comparison Example 1, yellow acesulfam-X is

5 obtained as a solid which can only be obtained in a
colorless foxm via redissolﬁtion and further treatment of
the solution using adsorbents. '

Example 3

The experimental arrangement is as in the comparison

10 examples. However, the crude methylene chlor:.de from the
mixer-settler (28) is now conducted via line (31) into
the bottom of the distillation column (32) for reprocess-
ing.

99.0 kg of crude methylene chloride are introduced via

15 line (31) into the bottom of the column (32) (45 sieve
plates, intermediate plate for liquid withdrawal at plate
30).

Tﬁe crude methylene chloride corresponds in the composi-
tion to the crude methylene chloride .in Comparison

20 Example 1; the other individual streams also initially
correspond to the individual streams of Comparison
Example 1. ‘

The bottom heating of column (32) is régulated so that
110.0 kg of distillate are produced via vapor line (32)
25 in the condenser (34) (cooling:cold water), which distil-
late is conducted via line (35) to the phase separator
~{36). 0.13 kg of water phase are withdrawn via line {37).
The lower organic methylene chloride phase is returned
via line (38) as reflux into the column. 66.0 kg of pure
30 methylene chloride are withdrawn at the intermediate
plate via line (39). This methylene chloride contains, as
contaminant, 140 ppm of water, 40 ppm of acetone,
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29.7 kg of material are withdrawn from the bottom of
column (32) via line (14) which are used for the extrac-
tion of the sweetener acid from the sulfuric acid phase
in the mixer-settler (13) and are returned via line (16)
to the methylene chloride phase via line (17).

10 The bottom material from the column (32) in line (14) is
essentiallir composed of methylene chloride which contains
300 ppm of water, 1.4% of acetone, 0.3% of ‘triethylamine
and 1.7% of polymers.

After an experimental duration of several days,' when all
15 individual streams are in concentration equilibrium, the
bottom stream (14) shows a slight increase in acetone |
concentration to 2%, but a concentration of the polymers
‘or other components does not occur. The sulfuric acid
wa.thdrawn contains 2% acetone, 0.5% condensation products
20 of the acetone, 5% polymers and undefined organic com-

pounds.

17.6 kg of acesulfam-X solution are withdrawn wvia line
(26); the light-yellow solution contains 17% acesulfam-K,
1% methylene chloride, 0.3% potassium sulfate, 0.6%
25 acetone__, 0.1% triethylamine, <0.5% unknown compounds. On
evaporation of this solution to 30% of the original
volume, cooling and filtration, colorless acesulfam-K is

obtained as a solid.

In principle, an identical result is obtained if the
30 bottom product of column (32) is fed to the hydrolysis
vessel (5). In this case, for example, head product of
column (32) can also be used for the extraction of the
sweetener acid from the sulfuric acid phase in vessel
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‘purified organic phase I s advantageously carried out by 5 intensive
contact of tThe purifred-organtc phase, or of t he correspondi ng conbi ned
organic phases wi t h aqueous al kali metal hydroxide solution. The

i ntensi ve cofmiisSheet; SBeenR @rally carried out in the nmanner of an
extraction by ses conventi ppal therefor in the conventional
10 apparat us ady been descri bed above. M xi ng eI enent s,
such as static mxers, can al so be used here. In t Rggtioh,
sufficient base is generally used so that the aqueous p ase achreves a
pH of about SPREENE CLAYMSref erably about 8 to 11. The acesulfamsalt is

t hen 15 recovered fromthe agueous phase in a conventional manner  (by
crystallization). According.to a preferred enbodi Work up of

the sol vént, Pr PEOFSSey IRK: Weﬁgeepfraﬁae,ogya‘a%”ffm pafts by g
carried out in onexéh&ulurﬁtd@nsamtummmr&mdmmcsﬂitg '88id twiitth f dither
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returned Po the sy
phase separation aecid, ring closure by the actlon of at 1east about

an equivalent amount of $S0,, at least this ring
closure reaction being carried out in the presence
of a halogenated, aliphatic hydrocarboh as an inert
10 solvent, treatwent of the cyclization product with
water and conversion of the resulting acesulfam-H
into the form of a non-toxic salt, which comprises,
in the work-up by distillation of the resulting
crude solvent, after removal of water and low-
15 boilers and recovery of solvent sufficiently pure
' for reuse in the preparation of compounds (I) and/or
(II), directly returning the remaining, solvent-
containing distillation residue, without further
purification, into the system downstream of the
20 reaction vessel for carrying out the ring closure
reaction.

2. The process as claimed in claim 1, wherein the
solvent used is methylene chloride. |

3. The process as claimed in claim 1 or 2, wherein the
25 . work-up by distillation is carried out in only one
distillation column.

4. The process as ciaimed in at least one of claims 1
to 3, wherein the solvent-containing distillation
residue is returned at least at one point of the

30 system, preferably into the vessel for treating the
cyclization product with water, the phase separation
vessel downstream of this and/or the extraction
vessel following this.

- ,
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vessel (11) and/or the extraction vessel (13). A further ‘?ETETTEd-—
enbodi nent provides that 25 the salt of acetoacet am dosul THRuge;

used is trial kyl ammoni um acet oacet am dosul f onat e, dIS nm@h%d
met hyl ene chl ori de, the ring closure is carried out b

nor e t han equi nol ar amount of SO[erB},-if desired, Ii

net hyl ene chl ori de as sol vent, t he undefined cyclization product

produced as ag. SO ghe g%wa A ddilid 140 Al Qwet r&ﬁactdprhiéiﬁydiol yzed

in a hydronS|s veéssel orm acesul ram :

REPLACEMENT SHEET to 4. where:.n the salt of acetomtamldosulfomc
acid {I) used is trialkylammonium acetoacetamido-
sulfonate,

5 the ring closure is carried out by the action of a
more than equimolar amount of S0,, if desired,
preferably in methylene chloride as solvent,
the 80, adduct produced after the ring closure
reaction is hydrolyzed in a hydrolysis wvessel to

10 give acesulfam-H, |
a separation is carried out in downstream phase
separation vessel into an organic phase and aqueous
sulfuric acid-containing phase, this aqueous phase
is then extracted in an extraction vessel with
15 methylene chloride and this methylene chloride,
together with the organic phase from the phase
separ'ation vessel is fed to a further extractor for
washing with water,
' the non-toxic salts of acesulfam-H are recovered, by
20 neutralization using bases, from the organic phase
thus purified and a separation into aqueous salt
solution and a methylene chloride phase is carried
out in a downstream phase separation vessel, and
this methylene chloride phase is fed, if desired via
25 at least one further extraction stage, to the
distillation column. -

6. The process as claimed in at least one of claims 1
to 5, wherein the crude solvent is introduced into
 a distillation column in the bottom thereof or above
30 the bottom thereof,
the distillation residue, which in addition to parts
of the solvent, contains solid by-products and high-
boilerxrs, is .withc_lrawn_ from this distillation column
and returned into the vessel for the treatment of
35 the cyclization product, the phase separation vessel
downstream of this and/or the extraction vessel
following this for extraction of the sulfuric acid

(UM IRV s steer was aeen
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a separation is carried out in downstream phase separa- tion vessel
I nto an organi ¢ phase and aqueous sul furic acid=contai ni ng phase, this
aqueous phase is-then ex- - tracted in an extraction Ve aghee' ced
met hyl ene chloride 5 and this nethylene chloride, t e
organic phase fromthe phase separati @2 vessel is 3{“ ilvﬁ Efurther
‘extractor for washing out sulfuric acid residues si dues
usi ng water, theynQn-toxic salts of acesulfamH are recovered, by 10
neutralization usi ng’hb'asés, fromthe organi c phase thus purified and a
separation into aqud¥etersal smabl uemonntadof the neelxentkeandl otielpWase is
,Ca”] ! fd out h: n fiddowralﬁtl'é‘if%r%]pichpﬁf&§§b§?ﬁlﬂ%ﬁdt@ﬂrit‘ﬁﬁigﬁlis a?g with&i??.ﬁn
met hyl ene chl ori de phase | ed, esited via gl east one, further
extracti on stage, t&% ﬁé‘edi%ﬁ%‘fl%éiﬂ?ﬂ-s él%%‘r]tﬂrﬁfmn °°Lﬂﬂ‘m%ﬁ{.ﬁ ERS
recovery of the sol wardor(itgt Bfl ehe solveht ais deturned aberelilluxctorthd out
i n the context of the processoz_a{_ccordi glg to the invention in such a

u

manner that 20 the &F&&&l?&l\?@ntc Fo Mt P8Guced into a distillation
colum in the bottosutflifdcdentdy poaidiedesbdventn iscwibiidrawn from the

central part of the column from an intermediate

plate which is located beneath the reflux and above
10 the feed of crude solvent into the column and this

purified solvent is returned into the system.

7. The process as claimed in claim 6, wherein the
purified solvent is returned into the reaction
vessel.

15 8. The process as claimed in at least one of claims 1
to 7, wherein the solvent-containing distillation
residue is returned into the hydrolysis vessel.

9. The process as claimed in at least oné of claims 1
to 8, wherein the solvent-containing distillation
20 residue is returned into the extractor, provided
downstream of the hydrolysis vessel, for the extrac—
tion of the acesulfam-H compound still present in
the aqueous phase.

10. The process‘ as claimed in at least one of claims 1

25 to 9, wherein the distillation residue from the
distillation column still contains at least 10% by

weight, preferably up to 98% .by weight of solvent.

11. An arrangement for carrying out the process accord-

ing to the invention, essentially comprising the

30 ~ reaction vessel (3) for carrying out the cyclization
reaction from a salt of acetoacetamidosulfonic acid

(I) and SO;, a downstream hydrolysis vessel (5) for

the Wweetener acid (II}, a phase
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the distillation residue, which in addition to parts of t he sol vent,
contains solid by-products and hi gh-boilers, Is wthdrawn fromthis
distillation colum and returned 25 to the system preferably to the
hydr ol ysi s vessel (5), t he phase separation vessel (11) and/or the
extraction vessel (13) for extract4 @B of .the sulfuric acid phase,

wat er, small amounts of the solvent and any | ow boilers whi ch may be

present with this as d&ém:ﬁmeﬁhelhe(iﬁa céfneétedhithatictld | F8} Xhe

colum, while the A 2 solvent hgretur ed. as ref lux to
the distillation coﬁ‘%ﬂﬂ?‘a 164 9fig the oxganig;p ;?d’r‘ff?@ﬂ SHURLS S
wi thdrawn fromthecid phasépala pasitedlider ton Uii‘éss*‘:‘.éﬂ!rﬂiI )y nE€f Mtient €

I whi ch h f d_ah feed of
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into the system pragxredponding sakt r(dah)i,om phase separation vessel
REPLACEMENT SHEET (25) for the separation of the agqueous solution of

the salt (III) from the solvent and a distillation
column (32). '

12. The arrangement as claimed in claim 11, which is
10 additionally provided with an extractor (13) for the
extraction of the separated sulfuric acid phase
using the solvent and a further extractor (18) for
the extraction of the organic phases combined from
{(11) and (13) using water.

15 13. ‘The arrangement as claimed in claim 11 or 12,
wherein a phase separation vessel {36) is connected
to the distillation column (32), into which phase
separation vessel the condensed vdpors pass from the
column head and in which a separation is carried out

20 into an aqueous phase and a solvent phase.

14. The arrangement as claimed in at least one of claims
11 to 13, wherein the distillation column (32) has:
15 to 50 theoretical plates. '

* [+ L M s *

Sheet Has Been Replaced

T

[THIS SHEET HAS BEEN
REPLAGED




\;essel for the preparation of conpounds (1) and/or (I1I)
preparation o SO[err]wambnmwumomlcwybgssmemwpart of g

sol vent, »&qwzaié XNRAAIGUNS VEROETENTTISLT RACEY DRRH ERTRARS @ wty at
most 1% byrm@ﬁnoﬁrue@mwwmnmmm DmlqmﬁET DES GADENPWBSENG(PGN)  Of

—

con iuﬁ,éu a,—uﬂgl arsbu be—used—T the ot UV\II_IIQ POT TS Of

syst € (5H Interationalp fon3écor di ng t o| ¢RIl W‘BF?W%’"'ETFI’DH gY(Rg‘B%WS"
gdv.ant agyp-29T/6s, the conpl exity fAY 1@3)W1:°§&% lel‘,f?ﬁT 10 3§re§| fi | ¢ {1&%3?/%0{03 )
s _are Y

ess, since only one colum or at |nps

of fhree colums. In addi- tion, nojsolvent- contalnln re5|dues are

pr ofiGi8uematiprales Aktensgichenios a| (i T REBA0G0S 1)(8113?%&?“"% adle (0 Sﬁ:&n%%

. SPeF b el GibiafeSAnm gwmnqwaé@@m@w con i 1 €81
by dgistillation o e crude solvent 1S
" | (30) Prioritatsdaten:
P4208513.6 17. Marz 1992 (17.03.92)  DE| Veroffentlicht

Mit internationalem Recherchenbericht.

(71) Anmelder (fiir alle Bestimmungsstaaten ausser US): HO-
ECHST AKTIENGESELLSCHAFT [DE/DE]; Post-
fach 80 03 20, D-6230 Frankfurt am Main 80 (DE).

(72) Erfinder; uad
(75) Exfinder/Anmelder (nur fiir US) : ROSCHER, Giinter [DE/
DE]); HslderlinstraBe 64, D-6233 Kelkheim (DE). LIT-
- TERER, Heinz [DE/DE.], Hardtstrake 77, D-6208 Bad
;R Schwalbach (DE). ENGELMANN, Axel [DE/ DE}; Am
R - Waldchen 17, D-6240 Konigstein (DE). KAUFMANN,
Wolf-Dietmar [DE/DE}; Guaitastrale 12, D-6242 Kron-
berg (DE). LAUGWITZ, Bernd {DE/DE]; Am Carlus-
baum 30, D-6232 Bad Soden (DE). SCHNABEL, Hans-
" Dietmar [DE/DE); Blrkenweg 8, D-6239 Eppstein (DE).

(54) Title: PROCESS AND DEVICE FOR PREPARING THE NON-TOXIC SALTS OF 6-METHYL-3,4-DIHYDRO-
1,2,3- X ATHIAZIN-4-ON-2,2-DIOXIDE

(54) Bezeichnung: VERFAHREN ZUR HERSTELLUNG‘ DER NICHT-TOXISCHEN SALZE DES 6-METHYL-34-DiH-
YDRO-1 ,2,3-0XATHIAZIN-4-ON-2 2-DIOXIDS UND ANORDNUNG ZUR DURCHFﬂHRUNG DIE-
SES VERFAHRENS

(57) Abstract

T - According to a process for preparing acesulfam salts by reacting amido-

"7 1 sulfonic acid salts with diketen, yielding an acetoacetamidosulfonic acid salt (I),
ring closure is effected under the influence of an at least equivalent amount of
803, and at least the ring closure reaction is carried out in the presence of an
halogenated, aliphatic hydrocarbon as inert =oslvent. The cyclization product
is treated with water and the thus obtained icesulfam-H (II) is converted in-
to a non-toxic salt. During distillation of i!;: crude solvent developed, once
water and low boiling products have been :cparated and a suffiently pure

,solvent to be reused to prepare the compounds (I) and/or (II) has been rec- *® E .
overed, the remaining solvent-containing distillation residue is directly rein- ® ﬁn

troduced, with no further purification, into the system, downstream of the ®
e. . | reaction vessel, in order to effect the ring closure reaction. Also disclosed is
a device for carrying out this process. .. _ ¥

b2

i s

., K1Y




The practicability of the process according to the i nvention was
surprising, since on return of the by- products, such as acetone and
polymeric solids, into the 20 system a concentration in the total
circulation was to be expected which would finally pass through to the
end product (acesulfamsalt (K) solution). Contami nants in t he
acesul famsalt (K) solution, which is further worked up to give pure
solid-acesul famsalt (K), make the 25 recovery thereof in pure formnore
difficult or inpos- sible if highly colored polyners are prH9&n82i/ik 064
t he - sol ution. Furthernore, it was to be expected that .the

sol vent withdrawn fromthe internediate plate in the distillation 30
col um described would contain significantly nore water t han was
actual |y found; however, the water content in t he sol vent di scharged
fromthe |nternediate plate was surprisingly 519n|f|cantly | ower than
in the bottom and t he head of the col um.

~ -
o L 0 ]
i d
0
(.“.
g T
b4 .
t
o~
o~
|
™ o~ .
o~ ~ - ™
1 1 oS 1 §
&
2 9-—\'— .. -
] & o
< > 1 Vi ZZ
< .
~ O
o_| 1 ™
-t od
[
=
) ]
-
[+ %
[~ )
4 [ s
v
= o
O b St
~ = ]
| 1
Q 3
1
T L !
- o

This Sheet Has Been Rep. THIS SHEET HAS BEEN 1
LT e AcED



The present |

out the procesgs,
reacti on vessél-

conmpounds 5

recovery of the

connected the
sul furic acid

fo e 141 Ty T r e T

\Y

he i nventi on, SPEWHOR aPpgede.

(3& for
) QbR |

sweet ener__aci

( downst r eamjhyHPoiwisgs) v pagad . .!1( pegpd

LUABBMENT IGMBET Pl ates to an] aiZ{l)g EﬁgﬁMENT SHEETS 5, (36 N

chrtying out t hd §/€laimén i onprgesdos --nguﬂﬁzsceinf h

fhe
1), a phase %MSmcton pagedv’gssapagﬁl)’

eto tor the separ§tion of-i-he organi c phase and the _
Qhas.e___p.L_e.L.esabL-yj an ext ractEiATéJ@p; ﬁmﬂ.ﬁe ekfl 'Jf(:t ion ¢f

1372y /e

the isolated sul- 10 furic acid phase usi nd—the—seFrert—nreterabty—=

LA~ QU VO

further = BROGESS QNI DEVICH FORc PREPARING oFHE, {NQ Epheis I;afl UIN g
sel ,

combi ned from METEYBn3, (4SPIHYRROL vixt 2 OXATHIALINA-O

for the conversion of the sweetener acid (I1)

10

15

20

Description

6~Methyl-3,4~dihydro~1,2,3~oxathiazin~4~one 2,2-dioxide
(hereafter acesulfam-H) has been used for some time in
the form of its potassium salt (hereafter acesulfam-K)

k]
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/ N\
*=c o
\N_/
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W e

because of its intensive sweet taste as a sweetener in
the food sector.

A series of different processes are known for the pre-
paration of acesulfam-K (see inter alia Angewandte
Chemie, 22(1973), pages 965 to 973)}. Of particular
current interest is a process in which, in a solvent,
preferably methylene chloride, amidosulfonic acid, but
preferably a soluble salt of amidosulfonic acid, is first
reacted with diketene to form . .the acetoacetamido com-
pound. The salts of amidosulfonic acid used are generally
alkaline metal salts or ammonium salts, preferably
trialkylammonium salts. In the reaction with diketene,

"the salt of acetoacetamidosulfonic acid (I) is formed in

accordance with the reaction equation

(22)

NH,$OM +CH,= C - O is Sheet Has BeenReplaced

Jon, - o T
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into the corresponding salt (Il1l1), a phase separation 1 REPLACE ENT
the separation of the aqueous sol ution of the saltf (ill) fromthe
solvent and a distillation colum (32). A phase U dAN99?N
vessel (36) is preferably connected to the distilljatlion colum (33)
I nto which phase separation 20 vessel "thze'vapor condgnsat e passes over
fromthe colum head and is here separated into an-agueaus. phase-angd a
sol vent phase. Tﬁbedmawmmqmﬂo (e prsfilenably digsolved|imnt is

wi t hdrawn fromg {;ﬁm ﬁuakgda'f&ecﬁ&n ;eactfeheuﬁaéﬂnaefmémmiah' y

has 15 to 50, pre egretica

5 t.0
sol vent - cont ai f sI L4 tﬁ a Q%i't‘*"d"r?‘} 8% e Pre EF(%PS&XM"? IP%’{-'m.%'aef rom
t he col umm clﬂmrlimla,l and thes h;yhligezis thes 80} i preferabliyecusedsin

separation gVesy or gbpt Ochlig ©EP.CY ns‘gqsselgp -A %/g%i ghl S
di stlllatlon resu?ue erally Stl| cont ai_ns :';’ ast 10 wef ght ,
preferably 50 F@'@B%lgy A 238, |ﬁ)paﬁtF¥‘alh?at#BntBr9§‘}9b’y fei ght
of sol vent. formB@® i m&smm&ql Egomowhiieni byecpéaevion wovhowaterbed

{hydrolysis) in a hydrolysis vessel, acesulfam-H, the so-
called “sweetener acid” (II), is formed:

10 CH,~CO-CH,~-CONH~SO,M + SO, (excess)

| cyclization

undefined intermediate )

|

15 | + water (excess)
hydrolysis

H,80, and
water) ‘

/ (11)

20 acesul fam-H
' ( "sweetener acid")
¢ + M’CH

N
~

III)
n—30, (TI1)
!
-
acesulfam saltﬁ (acesul fam-K)

25 {M* = base cation, preferably K)

Q;,,f:“-" :
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by way of exanple with reference to Figure 1: Vi aj | et

sol:ution of SO[err] in nethylene chloride is 35 fed tp th e

vessel (mixer) (3); the feed of _ %éﬂ%l}w
REPLACEMENT SHEET - - 13- acetoacetam dp
trial kylammonium salt solution in meth-~ 3 “ylene chlor{de is carried out}
via line (2) into the reaction vessel (3). Additi onclfeifi-ene
chloride is Baddenhd cyb&u.zatmbutamh theahiydnely®is fagre diapddi, ohighily 5
heat of reactlo(;gx ShéSHRY a‘@t%. waporation of part of t he met hyl ene
chl ori de, evapora I'ng net hyl ene c Ioride and |iquid product passing
together via line (4) to the vessel (5) furnished with the stirrer.

Water is fed torhe reaction mixture separates into an organic phase,
preferably a methylene chloride phase, and an agqueous
5 sulfuric acid phase. The majority (about 4/S) of the
sweetener acid (II) is situated in the organic phase,
‘about 1/5 is dissolved in the sulfuriec acid phase. The
sulfuric acid phase contains almost the entire amount of
the alkali metal or ammonium, preferably trialkyl-
10 ammonium, as sulfate, preferably trialkylammonium hydro-
gen sulfate. The sulfuric acid phase, after stripping off
any solvent still present, preferably methylene chloride,

can be further utilized in another place.

The isolation of the sweetener acid in the form of the
15 desired salt (III) is expediently carried out by the
method described in the abovementioned EP-A 218,076. In
this, the sweetener acid contained in the sulfuric acid
phase is first extracted therefrom in an extraction
vessel using a solvent, preferably methylene chloride.
20 The solvent used here is combined with the normal solvent
phase which contains the majority of the sweetener acid.
The small amount of sulfate dissolved in the solvent
phase is then extracted from the combined solvent phases
using only a little water in an extraction vessel and
25 returned with the extraction water to react the cycliz-
ation product with water in the hydrolysis vessel to form
sweetener acid. The sweetener acid is extracted from the
remajining, substantially' sulfate-free solution of the
sweetener acid in the solvent, in the form of the desired
30 salt, preferably the potassium salt, using aqueous alkali
metal hydroxide solution, preferably potassium hydroxide
‘solution. The aqueous solution of the sweetener (III) can
be worked up by conventional methods, for example by
evaporation or precipitation using external sélvehts, to
35 give the pure crystalline sweetener (III).



the vessel (5) via the line (6); the heat of reactiom ¢f 10 the hyd
(hydratton) step is also renoved via met hyl ene ¢hlf orQ §eJ AN J99¥ a
The net hyl ene chl ori de vapors pass via line (7) fo|the condenser

"t he condensate returns via line (9) tqQ the vesse 5). 1he
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m xture in vessel (5) passes via line (I0) fo the 15)_phase separatio
vessel (11). The lower sulfuric acid - phase of the vessel (11) 1Is

passed via |inetke 2emaining solvent dac wmatexmisatprated| apd,gentaing 18) i
1564 Wdrt oF dhalBsprcdifit ToRthedi in tHR ReaeBt ol Sudne

which this

fromline (14) for _th
aci d phase is wit hifFs

ofysis
I pn.
(§)
qpid

n

lagpenivas #aly 1of

541 oSFLREuEhm Ll g8 emﬁfim iorfitm, ' bR ©

net hyl ene chl ortkie syeesenert racid wheretbgertzia

he

Vi a

line (16). ghée amidosElfonfnadid aidsl adeids adeFinkie hifASBos2aRS ahhaN
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conducted via
chl ori de phase
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stage with the contaminants, dark-colored solid insoluble
compounds are formed which lead to blockages in the

. piping. . In addition, with acetone, colored secondary
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products occur which pass through to the sweetener
solution. A colorless sweetener can no longer be isolated
from such solutions. Neither can this. contaminated
solvent be used in the preparation of the acetoacetamido
compound (I) from the salt of amidosulfonic acid and
diketene, since the yield of acetoacetamido compound
decreases and highly colored by-products are ZLformed.
These are carried over into the sweetener solution
obtained later and prevent the isolation of colorless
solid acesulfam salt (XIXY) from the solution.

The solvent used for the mixing with 80, and for the
preparation of the acetoacetamido compound must therefore
contain only small amounts of contaminants. The recovery
of pure solvent from the crude solvent which is produced
downstream of the neutralization of the sweetener acid in
the form of its salt requires complex apparatus with a
considerable energy consumption, since, for reasons of
yield and the limited solﬁbility of the sweetener acid in
the solvent, only highly dilute solutions can be employed
in the synthesis. The concentration of the sweetener
acid, for example, in the methylene chloride. solution
which then passes on to the neutralization with the
alkali metal hydroxide solution is generally only about
2 to 3% by weight. Therefore, in the purification by
distillation of the crude solvent to recover pure



- T
line (21) to the stirred neutralization vessel (22), tREPLACEMENI SHEE
pot-assi um hydr oxi de solution is passed via l'ine (23) the rg%h
which is controlled via the pHin the stirred vieskel®
i's conducted via 35 line (24) to the phage_separatipn vessel (25) ,
upper phase i s aqueous acesul fam K solution, which 1s withdrawn ‘
via line (26). The |l ower neth Iene chI or| de phase S conduct i
line (27) to tl”?'eeqiﬁ%@le selyven ¥ Ferat:.on of the reflux ratios

REPLACEMENT SHRfelquired, up to 100 kilograms of solvent4must beie@vagporh it is
washed W|thaI| tyar ' leS m xer-settler (28) via
line (29) The é%&%gpl&lv\gyaﬁp of ggged swé&%xt&er

via 't ne (30), toget her with
the aqueousIlp(ﬁhfSElie&hpﬁﬁdﬁ’%‘kY%Fétwq}t bdkhestencthp purifisation of

5 the solvent is carried out in more than two distillation
columns. The bottom product of the last column, which
contains trialkylamine, higher boiling components such as
acetone, undefined high boilers, solid residues such as
resins and small amounts of the salt of the sweetener

10 acid and still about 70% solvent as solubilizer for the
solid residues, must be incinerated. A furthexr evapor-
ation, .ie. .a continuing recovery of solvent, is not
possible since otherwise encrustations of solids occur
which lead to mechanical faunlts.

15 In view of the disadvantages of this knowh process, the
object was therefore in particular to provide a method
for the preparation of acesulfam salts which permits a
simpler recovery of the solvent used from the crude
solvent with the use of at most two columns and at least

20 substantially avoids the incineration of the resulting
by-product and residues.

A process has now been found by which the discarding of
solvent-containing bottom streams is avoided and which
additionally permits carrying out the solvent recovery to
25 give pure solvent, suitable for the preparation of the
acetoacetamido compound (I) and for the preparation of
the SO, mixture, in, optionally, one or at most two
distillation columns, dispensing with a special distil-

lation column for the removal of high boilers and resi-
30 dues.

The present invention therefore relates to a process for
the preparation of acesulfam salts by reaction of salts
of amidosulfonic acid with diketene to give a salt of
acetoacetamidosulfonic acid (I), ring closure by the
35 action of at least about an equimolar amount of SO,, at



5 ation vessel (22). The nethyl ene chloride phase

m xer-settl er

(31) into the bottom of the distillation colum

t he col um (32) pass via line (33) to.the conden

10 phase condensate passes via the line ?35) to the} phase separ atli
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Conpari son Exanjdtidn of the resulting crude solvent, after removal of
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water and low-boilers and recovery of solvent suffi-
ciently pure for reuse in the preparation of compounds
(I) and/oxr (II), directly returning the remaining,
solvent~-containing distillation residue, without further
purification, into the system downstream of the reaction
vessel for carrying out the ring closure reaction.

This solvent-containing distillation residue is prefer-
ably returned to the vessel for treating the organic
phase with water (hydrolysis vessel (5)), into the phase
separation vessel {11) and/or into the extraction vessel
{(13); 'see Figure 1 below for this.

The preparation of the acesulfam salt, preferably
acesulfam-K (IXI), is carried out in a manner known per
se as described in the abovementioned EP-A 155,634,
EP-A 159,516, EP-A 217,024 and EP-A 218,076, which are
referred to here. Accordingly, the acetoacetamido com-
pound (I) is first prepared by reaction of, preferably,
a salt of amidosulfonic acid, in particular the tri-
alkylammonium salt, at temperatures of generally 0 to

100°C, preferably 20 to 45°C, with diketene in an inert

solvent, preferably likewise a halogenated, aliphatic
hydrocarbon, in particular methylene chloride. The ring
closure reaction is then carried out using S0,, which is
preferably used in a more than equimolar amount, to give
an SO, adduct as an unisolated intermediate, the sclvent
used being preferably the same as that in the first
stage, in particular methylene chloride. The temperatures
here are generally between -20 and 40°C, preferably -10
and 15°C. This SO, adduct is then hydrolyzed to give the



Only pure fresh nethylene chloride is enployed w thout

The rates given are per hour. A solution of 11§0]kg of SO err]
46. 0 kg of nethyl ene chloride at a tenperature of +%{ér~HN§ fe
line (1) to the reaction vessel (3). 15.0 kg of t hyl ene chl or

solution at Jerr]C, which contains 6.6=kd of triethyl- 30 anmoni um
acet oacet am dosul fonate and 1.0 kg of polyneric

di fferent conposidetunedthcit egrstigd thelemperatuk8g héié€’béing

solution is
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5

10

18

20

25

30

in a neutralization stage into a non-toxic salt (III),
preferably the potassium salt.

The halogenated, aliphatic hydrocarbons used as solvent
are preferably those having up to 4 carbon atoms which
form an azeotrope with water, such as methylene chloride,
chloroform, 1,2-dichlorcethane, trichloroethylene,
tetrachloroethylene, trichlorofluoroethylene ete.,
methylene chloride being particularly preferred.

In a preferred embodiment of the invention, the same
solvent, preferably methylene chloride, is used both for
the salt of acetoamido~N-sulfonic acid (I) and for SO;.

Although the molar ratio of acetoacetamido-N~sulfonate
(I) to SO, can be about 1:1, a one to about 20~fold SO0,
excess is preferred, preferably about a 3- to 10-fold, in
particular about a 4~ to 7-fold molar excess. -

In the preferred case of the use of salts of acetoacet-
amido-N~-sulfonic acid (I) and SO, in a molar ratio of 1 to
more than 1, an "50, adduct* is formed in the ring closure
reaction, from which the acesulfam-H (II) must be set
free by hydrolysis. This hydrolysis is carried out by
addition of water or ice and/or addition of dilute
aqueous sulfuric acid, expediently in about a 2- to
6-fold molar amount, in relation to the 50, excess used.
For this hydrolysis, both water and dilute aqueous
sulfuric acid are preferably used, which dilute aqueous
sulfuric acid originates from the downstream extractor

{(18) and generally has a concentration of 2 to 20% by
weight. ' '

€ (2).



-15 - stainl ess steel stirred tank by the intr dREPLACEME I SHEE]-O 0 kg

of -nmet hyl ene chloride, addition of 2.5 kg of amjdesul fonic acidf P.8 kg
of triethylanine, 0.1 kg of acetic acid and thef ¢ar@buwANINE i bn|of
2.2 kg of 5 diketene after the above copgponents hgve¢ conpletely
di ssol ved. The mixture formed in the reaction vessel whi ch contaftns a
not precisely definable cyclization product as | | yl ene
chloride, by-pmdhext £he hydoolysisnd 2et oyl tik acesulfde-Bvhasrakrady t he
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| ower sulfuric bined organic phases, are, preferably, then purified by
extraction with water in the extractor (18) mentioned
above, the sulfuric acid contained therein being first

1¢ extracted from the organi.c.phase.

The volume ratio of.the organic phase to the. aqueous
extraction phase is generally about (20-5):1. However,
even with substantially smaller amounts of water, an
effective purification can still be achieved.

15 The extraction is carried out in the simplest case by
stirring the two phases in a stirred flask or in a
stirred tank; special apparatuses which are useful are,
in principle, all industrial extraction apparatuses such
as mixer-settlers, sieve-plate columns, packed columns,

20 Karr columns etc. Mixing elements such as static mixers

can also be used to intensify the contact of the extrac-
tion phases.

The proportion of acesulfam-H extracted simultaneously
with the sulfuric acid is generally, depending on the

25 water amount used, between about 2 and 30% of the total
acesulfam-H contained in the organic phase. For the
economic efficiency of the overall process, it is impor-
tant to return the water phase to the hydrolysis of the
"S0, adduct*.

30 The non-toxic salts (III) of the acesulfam-H are
recovered from the purified organic phase or the purified
combined organic phases by neutralization with bases.
Bases which are useful here are those having non-toxic
cations. Preference is given to potassium bases



acid phase flows via line (12) to the m xer-settler
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m xer-settler (13). 26.0 kg of sulfuric acid phpsg N B%avh Vi a
line (15). This sulfuric acid phase contains 41pogulfuric acid, %
water, 21% tri et hyl ammoni um hydr ogen Xmrfate, 0]5%acetic acid, 1% 25
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extractor C

oxtractor 38 vi ArEnstys, ponthetCbf! shel nnep el Shohit RoA%or ok nf
(20) to the hydtbeysezregprnding gpsbinedoxganich phasgs, withlapwears t he
extractor (18) wmixhed séeal impirodlidet Qolﬁﬂ.on_. The intensive contact is
generally carried out in the manner of an extraction by
the processes conventional therefor in the conventional
10 apparatuses as have already been described above. Mixing

elements, such as static mixers, can also be used here.

In the neutralization, sufficient base is generally used
so that the aqueous phase achieves a pH of about 5 to 12,
preferably about 8 to 11. The acesulfam salt is then
15 recovered from the agqueous phase in a conventional manner
(by crystallization). |

According to a preferred embodiment, the work-up of the
solvent, preferably methylene chloride, by distillation
is carried out in one distillation column only. According

20 to a further preferred embodiment, the solvent-containing
distillation residue is returned to the system at more
than one point, in particular to the phase separation
vessel (11) and/or the extraction vessel (13).

" A further preferred embodiment provides that
25 the salt of acetoacetamidosulfonic acid (I) used is
trialkylammonium acetoacetamidosulfonate, dissolved in
methylene chloxide,
the xring closure is carried out by the action of a more
than equimolar amount of SO,, if desired, likewise in
30 methylene chloride as solvent,
the undefined cyclization product produced as an SO,
adduct after the ring closure reaction is hydrolyzed in
a hydrolysis vessel to form acesulfam-H,
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Zjat i on
vessel .(22) (stirred tank, water cooling In oute a t 997
approxi mately 10% strength potassi um hydr oxi de spl pti'on TS transported
via line (23) into the tank (22) with pH control |t &—pH-B—~n—t-he—t ank
(22). The 5 resulting two-phase nixtur€ i's conducte V|a line (24) .to
t he phase separator (25). The | ower nethylene chloride prase 15 1ed
fromthe phase %mna‘ti(om)iwicarrﬁ-nd o2%) in downstrémm phase ssepaxa~- (28)
in which this Wédel 1nwlasldfgm liésé’vaéﬁh?daq%&gs Cad) fufic Vat er
via line 10 s‘?ﬁ% The washlng wat er qbf %{ethe*;wthtt}&%ﬁtas-
si um hydr oxi de <iftifligaptajning’ phassy) this aayechs ;phase is 3sel
(22). 99. Ctrartsdd nigt an enetreidtdiond veaselwwihbr nebhylenéi akloridé 31) .

The methyl eng chygfi Of; £oRtehpfelte IRIEPIEL, Cogefher with the organic

phase from the phase separation vessel is fed to a
further extractor for washing out sulfuric acid residues
and sulfate residues using water,
the non-toxic salts of acesulfam~B are recovered, by
10 neutralization using bases, from the organic phase thus
purified and a separation into aqueous salt solution and
- -a methylene chloride phase is carried out in a downstream
phase separation vessel, and
this methylene chloride phase is fed, if desired via at

15 -least one further extraction stage, to the distillation
column.

The work-up and recovexy of the solvent (methylene
chloride) is preferably carried out in the context of the
process according to the invention in such a manner that
20 the crude solvent is introduced into a distillation
' column in the bottom thereof or above the bottom thereof, |
the distillation residue, which in addition to parts of
the solvent, contains solid by-products and high~boilers,
is withdrawn from this distillation column and returned
25 to the system, preferably to the hydrolysis vessel (S),
the phase separation vessel .(ll) and/or the extraction
vessel (13) for extraction of the sulfuric acid phase,
water, small amounts of the solvent and any low-boilers
which may be present with this are withdrawn at the head
30 of this distillation column, while the majority of the
solvent is returned as reflux to the distillation column,
and '
sufficiently purified solvent is withdrawn from the
central part of the column from an intermediate plate
35 which is located beneath the reflux and above the feed of
crude solvent into the column and this purified solvent
is returned into the aystem, preferably into the reaction
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15 triethylamne, 0.4% acetone and 0. 5% pol yners. - 47, 6 kg of

~acesul fam K solution are withdrawn as the upper %ﬁbé}ﬂ‘i{ﬂ@%hase
separator (25) via line (26). The light-yellow spliutigon _containg 1%
met hyl ene chl ori de, 17% acesul fam K, & 3% pot asgi um sul fate and 0.}5%
acetone, 20 0.1%triethylam ne and <0. 5% unknown corpetrds e
evaporation of this sweetener solution to approx- I mately 30% of the
ori gi nal vol une vess®) foryther preparation of orompenpAs otk) % ARH i s

obt ﬁi Ined ash? S_Qié{tﬂ-for the GRr&RL ﬂd!ﬂbnE)bfmﬂH_él %Q,ZEolfemhpfowitsh?slly, _
met ene chl ori 0 J4e . I I nmoni um
acet gacet am do spua%%noaé g?h 1s %’Isll&%ﬁ%gr? oleﬂ',' Hg’ér E}éke'gﬁng%%%%#i p"ﬁérgyargrﬁyl ene
chl ori de. athanasthe? $ nbyit Height arppefenabll atamastarld day jweight,
Conpari son @awmxﬁi,l,nbu%aiﬁaiiaﬂ,e drllgr - s el A dsy Jebigi et nsban | i ne

(2), instead of tpéjr&fnanxﬁ‘fs, Iceanne a sloorllmfi “sed in the following points of

the system.

The process according to the invention offers surprising
advantages. Thus, the complexity of the apparatus is

10 significantly less, since only one column or at most two
columns are required instead of three colummns. In. addi-
tion, no solvent-containing residues are produced, the
disposal (incineration) of which would require additional
special devices. Furthermore, the energy consumption for

15 purification by distillation of the crude solvent is
lower.

The practicability of the process according to the
invention was surprising, since on return of the by-
products, such as acetone and polymeric solids, into the
20 system, a concentration in the total circulation was to
be expected which would finally pass through to the end
product (acesulfam salt (K) solution). Contaminants in
the acesulfam salt (K} solution, which is further worked
up to give pure solid acesulfam salt (K), make the
25 recovery thereof in pure form more difficult or impos-

sible if highly colored polymers are present in the
solution. '

Furthermore, it was to be expected that the solvent
withdrawn from the intermediate plate in the distillation
30 column described would contain significantly more water
than was actually found; however, the water contemnt in
the solvent discharged from the intermediate plate was

surprisingly significantly lower than in the bottom and
the head of the column.
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dilution is carried out via line (2) using 12.0 kg |of crude-mmt Hyl ene
chloride fromline (31) in Conparison

X aRpl . On
evaporation of the acesul famK sol ution obtained vila ﬂ'ﬂ ﬁﬁé ?%) 4 wWhich

m

solution is now dark-colored, in corres- ondence ' i don
Example 1, yell ow acesul famK is 5 obtal n]e?d as a dolid which can onlly be
obtained in a colorless formvia redi ssol uti on ami~frrttrer—~t+eatnent of

t he sol ution Lunwkygggggqagﬂﬁpvention further relates to an arrangement
for carrying out the process according to the invention,
essentially comprising the reaction vessel (3) for
carrying out the cyclization reaction from the compounds

5 (I} and SO,, a downstream hydrolysis vessel (5) for the
recovery of the sweetener acid (II), a phase separation
vessel (11) connected thereto for the separation of the
organic phase and the sulfuric acid phase, preferably an
extractor (13) for the extraction of the isolated sul-

10 furic acid phase using the solvent, preferably a further
extractor (18) for the extraction of the organic phases
combined from (11) and ({13). using water, a nentralization
vessel (22) for the conversion of the sweetener acid (II}
into the corresponding salt (III), a phase separation

15 vessel (25) for the separatien'of the aqueous sclution of
the salt (IIX) from the solvent and a distillation column
(32).

A phase separation vessel (36) is preferably connected to
the distillation column (32), into which phase separation

20 vessel the vapor condensate passes over from the column
head and is here separated into an aqueous phase and a
solvent phase. The latter is returned into the columm.
Pure solvent is withdrawn from an intermediate plate of
the column, which generally has 15 to 50, preferably 20

25 to 30, theoretical plates. The solvent-containing distil-~
lation residue is preferably returned from the column
bottom into the hydrolysis vessel (5), into the phase
separation vessel (ll) and/or into the extraction vessel
{13). This distillation residne'generally still contains

30 at least 10% by weight, prefexably 50 to 98% by weight
and, in particular, 75 to 95% by weight of solvent.

The process according to the invention is now described
by way of example with reference to Figure 1:

Via line (1), a solution of SO, in methylene chloride is
35 fed to the reaction vessel (mixer) (3); the feed of



Exanpl e 3 The experinental arrangenment is as
exanpl es. However, the crude nethylene chloride fro
(28) is now conducted via line (31) into the botfo

colum (32) for reprocess- i ng. - 199.0 kg of jcqiude nethylene

chloride are introduced via 15 line (31) 1nto the b ttomof the coI um

(32) (45 sieve plates |nter[re late plate for
pl ate 30). acetoaggtamidp (15‘("1

REPLACEMENT SHEET ")

| er
1tion

conposi - t i pheh® Hm.omidée Jraat tgtehed clohbr m;l@ |hix&)moaoi simt0thé&xanpl e

1; the other '“Qexw Yelssa1® @30 mufﬁ;aidan methyl@ne SO fde D8
I ndi vi dual .streans I son n’g ,

added to t s solution v;.a :I.ne {2’) for dilution. The

5 heat of reaction is removed via evaporation of part of

the methylene chloride, evaporating methylene chloride

and liquid product passing together via line (4) to the

vessel (5) furnished with the stirrer. Water is fed to

the vessel (5) via the line (6); the heat of reaction of

10 the hydrolysis (hydration) step is alsc removed via

methylene chloride evaporation. The methylene chloride

wvapors pass via line (7) to the condenser (8); the .

condensate returns via line (9) to the vessel (5). The
liquid mixture in vessel (5) passes via line (10) to the
15 phase separation vessel (11). The lower sulfuric acid
phase of the vessel (l1) is passed via line (12) to the
extractor (mixer-settler vessel) (13), in which this
sulfuric acid phase is stirred with methylene chloride

from line (14) for the extraction of the sweetener acid.

20 The sulfuric acid phase is withdrawn from the extractor
(13) via line (15). The methylene chloride loaded with
sweetener acid leaves vessel (13) via line (16). The
methylene chloride phase from the phase separation vessel
(11) is withdrawn wvia line (17) and is transported with

. " 25 the methylene chloride from line (16) to the extractor
{18). Water is fed to the extractor (18) for the extrac~
tion of dissolved sulfate below via line (19), which
water, after leaving the extractor (18), is conducted via
line (20) to the hydrolysis vessel (5). The methylene

30 chloride phase of the extractor (18) is conducted via

line (21) to the stirred neutralization vessel (22), to -

which aqueous potassium hydroxide solution is passed via
line (23), the rate of which is controlled via the pBH in
the stirred vessel (22). The mixture is conducted via
35 line (24) to the phase separation vessel (25). The upper
phase is aqueous acesulfam-K solution, which is withdrawn
via line (26). The lower methylene chloride phase' is
conducted via line (27) to the mixer-settler vessel (28),



The bottom heating of colum (32) is regulated so tratREI:’LI-‘CHV"H\“I §‘H§1€T f

distillate are produced via vapor line (32) 25 in tthg condenser (34)
(cooling:cold water), which distil- late is cojdct@6 JAN B9he|(35) to
t he phase separator (36). 0.13 kg of ter phagelare w thdrawnjvifa
l'ine (37). The | ower organic net hyl'er‘}

chlori dd phase 1s returneg
via line (38) as reflux into the colum. 66.0 kg of gﬁLﬂJﬂ__rrp_Lh,yJ,en
chl oride are wi timdwhichatitt he vashednwith @ littlg| weateriwhichclig 3oidedrh s

nmet hyl ene chl origde €ROt HiRer-8sttler ¢28Y2RIRANLine 4929pM Qhe\/\/aﬁﬁé%? ppm
of acetone, ?I]\IT
| a e; it

SHEET water is conducted vigg line (3Q) ﬁ?ﬂe&’wﬁ IRgshé‘
is reused as solagueousorpatassium hydroxide solution to the neutraliz-

5 ation vessel (22). The methylene chloride phase withdrawn
from the mixer-settler (28) is crude methylene chloride
which is passed via line (31) into the bottom of the
distillation column (32). The vapors from the column (32)
pass via line (33) to the condenser (34} and the two-

10 phase condensate passes via the line (35) to the phase
separation vessel (36). The aqueous phase separating in

. the phase separation vessel (36) is withdrawn via line
(37); the methylene chloride phase is returned via line

{(38) as reflux into column {(32). The by-product-

15 containing methylene chloride is withdrawn at the bottom
of column (32} via line (14} for the extraction of the
sweetener acid from sulfuric acid in extractor (13). Pure
methylene chloride is taken off from an intermediate
plate situated in the column via line (39), which pure

20 methylene chloride is reused for the S0, mixture and/ox to

prepare the trialkylammonium acetoacetamidosulfonate
solution.

Comparison Example 1

Only pure fresh methylene chloride is employed without
25 reprocessing. The rates given are per hour.

A solution of 11.0 kg of 50, in 46.0 kg of methylene
chloride at a temperature of +5°C is fed via line (1) to
the reaction vessel (3). 15.0 kg of methylene chloride
solution at 0°C, which contains 6.6 kg of triethyl-
30 ammonium acetoacetamidosulfonate and 1.0 kg of polymeric
components of different composition and unreacted start-
ing material in a small amount are introduced into the
reaction wvessel (3) via line (2). This solution is
diluted with 12.0 kg of methylene chloride via line (27). |
35 The preparation of the solution is carried out in a



REPLACEMENT SHEET

preparation of the acetoacetam do conpound and for {he diTutronfjof the
sol.ution prior to the reaction and for the prepgrati JAN 997 SPLprrl
solution. 5 29.7 kg of material are w thdrawn frof {he ottomof

colum (32) via line (14) which are used ig the ex r ton—o he
sweetener acid fromthe sulfurlc aci d pha he m xer-settler (13)

and are returned via_line to the metmene chloridé phase via line

(17). 10 Thesﬁeﬁ-%‘bﬁ’?ﬁatsé:ﬁ% stirrede tagkunby ( $he | Introdugtinn | of
essential |y conmesedkgf ofethytieyerd| emdem&;chaa@aienn%f 2. 806y Pyp Of

water, 1.4% of ace rietRy 7% 0 nmer.s
After an ex(;)erl ﬁﬁ'ﬁ%@?sé 3??/0%;%{1 vgrié "%ﬁgﬂaﬁ"%"is B Ed*‘é &Eal
streans are in ecstdat r%id)n%éuﬁh%ﬂll weﬁhé addiggano ot rka?nl(q.4)ofshovvs
a slight ingr eaaikbﬂeﬁéet&f&r theONaBavé alddiibonentd Rage a Qi1 | On

o ot e SasoSbafl She” B o6RR T Bhbsentiion versel,
which contains a not preg::.sely definable cyclization
product as a solution in methylene chloride, by-products
formed and methylene chloride eva.pdrated by the heat of

10 rxeaction, is fed via line (4) to the so-called hydrolysis
vessel (5) (stirred tank).

8.0 kg of water are added via line (6) to the hydrolysis
tank (5). 20.0 kg of the methylene chloride evaporated by
the heat of reaction pass via line (7) to the condenser
15 (8), while the condensate returns via line (9) to the
stirred tank (5). The liguid mixture in hydrolysis tank
{5), which is held in a constant state, is conducted via
line (10) to the phase separator (11). The lower sulfuric
acid phase flows via line (12) to the mixer-settler (13).
20 30.0 kg of pure fresh methylene chloride are conveyed via
line (14) to the mixer-settler (13). 26.0 kg of sulfuric
acid phase are withdrawn via line (15). This sulfuric
acid phase contains 41% sulfuric acid, 31% water, 21%
triethylammonium hydrogen sulfate, 0.5% acetic acid, 1%
25 acetone, 0.1% sweetener acid, 3% undefined organic
compounds and 1% dissolved methylene chloride. Via line
(16), the methylene chloride phase is passed from the
mixer-settler (13) into line (17). 100.5 kg of methylene
chloride phase are withdrawn from the phase -separator
30 (11) via line (17) which contain, in addition to other
components,  0.2% water, 2.4% sweetener acid and 0.4%
sulfate. The combined methylene chloride streams from the
lines (16) and (17) are fed to the extractor (18). 2.7 kg
of water are introduced at the bottom of the extractor
35 via line (14); the extraction water is returned via line

(20) to the hydrolysis tank (5) . The methylene chloride
phase of the extractor (18) is fed via line (21) to the
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20 of the acetone, 5% pol yrrer's and undefi ned orgatJ q-cony —poynds.

17..6 kg-of acesul famK solution are withdrawn via lji

> tlhg
i ght-yellow solution contains 17% acesul fam K, 1%"?&%&?@%@ ¢hlfori de,
0. 3% potassium sul fate, 0.6% 25 acetone, g 1% tridtHylanne <0 5% dnknown
conmpounds. On evaporation of this sol1 tion to 30% of the ori gi nal
vol unme, cooling and filtration, col orless acesul f am-#k—ts———abt-at-ned as a
sol i d. | nnpoknelpzation veesel ct22) etattirned diamki,novatier ceoliag

bﬁt tom prod]tgct 9h QﬁilﬁéF‘h Jatiet)) Sdf ztdauua%ehydrmbysa&ength \g&%@uhﬁ.) Idn
1Eo|rst ﬁgsgm rg(r:t ?‘gﬁr;g'f&fz 88 8{%7\;% e @r"sé’é’r&e?r Kﬁ?t%Q %uﬁ:{}r ié’m gegﬁ:se
in vessel tank (22) with pH control to pH 9 in thepItzoRVENRR )SHDER
5 resulting two-phase mixture is conducted via line (24) to
the phase separator (25). The lower methylene chloride
phase is fed from the phase separator (25) via line (27)
to the mnixer-settler (28) in which this methylene
chloride phase is washed using 6.4 1 of water via line
10 (29). The washing water passes, together with the potas-
sium hydroxide solution,. via line (30) to the neutraliza-
tion wvessel (22). '

—.
D

99.0 kg of methylene chloride are withdrawn via line
(31). The methylene chloride contains 0.15% water, 0.1%
15  triethylamine, 0.4% acetone and 0.5% polymers.

17.6 kg of a.césulf_am-l( gsolution are withdrawn as the

upper phase of the phase separator (25) via line (26).

The light-yellow solution contains 1% methylene chloride,

17% acesulfam-K, 0.3% potassium sulfate and 0.5% acetone,
20 0.1% triethylamine and <0.5% unknown compounds.

On evaporation of this sweetener solution to approx-
imately 30% of the original volume, cooling and filtra-~
tion, colorless acesulfam-K is obtained as a solid.

Comparison Example 2

25 Feed of crude .methylene chloride to the reaction by
dilution of the triethylammonium acetoacetamido sulfonate
solution with crude instead of pure methylene chloride.

The experimental arrangement and rates are as in
Comparison Example 1, but to dilute the acetocacetamido
30 compound in line (2), instead of pure methylene chloride,
dilution is carried out via line (2’) using 12.0 kg of
crude methylene chloride from line (31) in Comparison
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Exaxnplle 1.

On evaporation of the acesulfam-K solution obtained via
line (26), which solution is now dark-colored, in corres-
pondence with Comparison Example 1, yellow acesulfam-XK is
obtained as a solid which can only be obtained in a
colorless form via redissolution and further treatment of
the solution using adsorbents.

Example 3

The experimental arrangement is ag in the comparj.son

examples. However, the crude methylene chloride from the

mixer-settler (28) is now conducted via line (31) into
the bottom of the distillation column (32) for reprocess-
ing. :

99.0 kg of crude methylene chloride are introduced via
line (31) into the bottom of the column (32) (45 sieve

plates, intermediate plate for liquid withdrawal at plate
30) »

The crunde methylene chloride corresponds in the composi-
tion to the crude methylene chloride in Comparison
Example 1; the other individual streams also initially

correspond to the individual streams of Comparison
Example 1.

The bottom heating of column (32) is fegulated so that
110.0 kg of distillate are produced via vapor line (32)
in the condenser (34) (cooling:cold water), which distil-
late is conducted via line (35) to the phase separator
(36). 0.13 kg of water phase are withdrawn via line (37).

The _].ower oxganic methylene chloride phase is returned

via line (38B) as reflux into the column. 66.0 kg of pure
methylene chloride are withdrawn at the intermediate

plate via line (39). This methylene chloride contains, as

contaminant, 140 ppm of water, 40 ppm of acetone,
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5 ketene to give a salt of acetoacetam dosul f opi —gttd,{ ring
cl osure by the action of at |east about an geqli f
SJerr], at least this ring closure reactio in
t he presence of a hal ogenat ed, | phatic hyfr] rt
10 sol vent, treatnent of the cyclT I'on produft with V\!ater

and conversion of the resulting acesul famH of- a
non-toxi ¢ sal t ,<3fthippm efhprietbylamine; it ig rewsedras gplyyn@. forithe i on of
the resulting repazati%l@f sale/eéﬁet@&d@faﬂi«a@\wmp&nuataefd ek lewe 15

boil ers and rec V. er sol vent f|C|entI use in the
preparation of "g’o‘r&%’lﬁ{'d t?l'ﬁh tion pride Q‘r‘f )the dFFa% ttlﬁp r*’e‘}‘ﬁ ?hg the
remai ni ng, sol Vi -preparationcoﬁt sthei 80 daogmﬂuoat ion residue, w thout
further purification, into the syst em downstream of the 20

2 the pr ceess2e) O R RSSEiatmare FLPRFA fron the ‘BR of se
i s methyl ene ckﬂ:mtumte.(:iz) via31in€h¢l4) owhich are lusiededforntbeaenttacr 2,
wherein the tion of the sweetener acid from the sulfuric acid phase

in the mixer-settler {(13) and are returned via line (16)

to the methylene chloride phase via line (17).

10 The bottom material from the column (32) in line (14) is
essentially composed of methylene chloride which contains

300 ppm of water, 1.4% of acetone, 0.3% of triethylamine
and 1.7% of polymers.

After an experimental duration of several days, when all
15 individual streams are in concentration equilibrium, the
bottom stream (14) shows a slight increase in acetone
concentration to 2%, but a concentration of the polymers
or other components does not occur. The sulfuric acid
withdrawn contains 2% acetone, 0.5% condensation products

20 of the acetone, 5% polymers and undefined organic com~
pounds.

17.6 xg of acesulfam-K solution are withdrawn wvia line
(26); the light-yellow solution contains 17% acesulfam-K,
1% methylene chloride, 0.3% potassium sulfate,‘ 0.6%
25 acetone, 0.1% triethylamine, <0.5% unknown compounds. On
evaporation of this .solution to 30% of the original

volume, cooling and filtration, colorless acesulfam-K is
obtained as a solid.

In principle, an identical result is obtained if the
30 bottom product of column (32) is fed to the hydrolysis
vessel (5). In this case, for example, head product of
column (32} can also be used for the extraction of the
sweetener acid from the sulfuric acid phase in vessel
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25 wor k-up by distillation is carried out in} oty ome—
distillation colum. 4. The process as claipef i : t-pne of
clainms 1 to 3, wherein the solvent-contajn n%gﬁdmtl on
residue is returned at | east at one point of the 3p system
preferably into the vessel for treating the cyclization prjoduct
wth water, the phase separation vessel s and/ or

the extraction 43y, whe Whasel bepheutsg t{8%) is not necessarily
REPLACEMENT SHEE - 21- 5. The

process as cl aFHEHTFE & s vETdeEci aims 1 to 4, wherein the
salt of acetoacetam dosul fonic



acid (1) used is trialkyl anmoni um acet oacet am do- H-f
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the ring closure is carried out by the action of REPLACEMEN Hf-

hqin

ciortae' oo SMRMTRIAT N ve 5ct o 1ol

chl or| de as s he sq err adduct rc elri
y %ﬂ srjﬁésv“é‘;‘l‘sle@ 1

clo + rceact! en s s nydrol yzed

gi ve acesul famH, a separ at ion is car r| e c -

separation vessel into an organic phase and aqueoys sul furiic

aci d- cont ai ni ngypbmm aqueous phase €d in an
extraction vessel with 15 met hyl ene chl oride and this. nethyl ene

chl ori de, together with the organi c phase fromthe phase
separation vesdel i3 pracess £9% tha preparation ehracesulfam saldshibyg with
wat er, | tthEﬁﬁlbﬁXb(f Ss'anhﬁ £ asﬂsa&éhmdﬁm eadBd Owthd diby f20 .
neutra | zatgi on usin s r o [ | I e
and a sepafation mgo g%%eous g% 2 OBH1E %ﬁo %éétoanc%% 0%
chloride phase i s cafiflegring closurg by;he heasts | on
vessel, and an ldgqwivaldnt camowrit ootdesqgham: |]sei$|d thisdasingd via

closure reaction being carried out in the presence
of a halogenated, aliphatic hydrocarbon as an inert
10 solvent, treatment of the cyclization product with
water and conversion of the resulting acesulfam-H
into the form of a non-toxic salt, which comprises,
in the work-up by distillation of the resulting
crude solvent, after removal of water and low-
15 boilers and recovery of solvent sufficiently pure
for reuse in the preparation of compounds (I) and/or
(II), directly returning the remaining, solvent-
containing distillation residue, without further
purification, into the system downstream of the

20 reaction vessel for carxrying out the ring closure
reaction. '
2. The process as claimed in claim 1, wherein the

solvent used is methylene chloride.

3. The process as claimed in claim 1 or 2, wherein the

25 work~up by distillation is carried out in only one
distillation column,

4. The process as claimed in at least one of claims 1
to 3, wherein the solvent-containing distillation
residue is returned at least at one point of the

30 system, preferably into the vessel for treating the
cyclization product with water, the phase separation

vessel downstream of this and/or the extraction
vessel following this.
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separation vessel acig (1) URMPTILELLLLN St ddidRddiliddL vessel

followng this for ex iractlon of the sulfuric acid
sulfonate,

S . the ring closure is carried out by the action of a
more than equimolar amount of 80,, if desired,
preferably in methylene chloride as solvent,
the S0, adduct produced after the ring closure
reaction is hydrolyzed in a hydrolysis vessel to

10 give acesulfam-H,
a separation is carried out in downstream phase
separation vessel into an organic phase and aqueous
sulfuric acid-containing phase, this aqueous phase
is then extracted in an extraction vessel with

15 methylene chloride and this wmethylene chloride, .
together with the organic phase from the phase
separation vessel is fed to a further extractor for
washing with water,
the non-toxic salts of acesulfam-H are recovered, by

20 neutralization using bases, from the organic phase

' thus purified and a separation into aqueous salt
solution and a wethylene chloride phase is carried
out in a downstream phase s‘eparation vessel, and
this methylene chloride phase is fed, if desired via

25 at least one further extraction stgge, to the
distillation column.

6. The process as claimed in at least one of claims 1
to 5, wherein the crude solvent is introduced into
a distillation column in the bottom thereof or above

30 the bottom thereof,
the distillation residue, which in addition to parts
of the solvent, contains solid by-products and high-
boilers, is withdrawn from this distillation column
and returned into the vessel for the treatment of
the cyclization product, the phase separation vessel
downstream of this and/or the extraction vessel
following this for extraction of the sulfuric acid

35
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returned into the rea he process as
claimed in at | east 8hethe bpa.p”gflthis d:.st:.llation column, while t

5 majority of the solvent is returmed as reflux to the
distillation column, and
sufficiently purified solvent is withdrawn from the
central part of the column from an intermediate
plate which is located beneath the reflux and above
10 the feed of crude solvent into the column and this
puri.f:i.ed solvent is returned into the system.

7. The process as claimed in claim 6, wherein the
purified solvent is returned into the reaction
vessel,

15 8. The process as claimed in at least one of claims 1
to 7, wherein the solvent-containing distillation
residue is returned into the hydrolysis vessel.

9. The process as claimed in at least one of claims 1

to 8, wherein the solvent-containing distillation

20 residue is returned into the extractor, provided
downstream of the hydrolysis vessel, for the extrac-

tion of the acesulfam-H compound still present in
the aqueous phase.

10. The process as claimed in at least one of claims 1

25 to 9, wherein the distillation residue from the
distillation column still contains at least 10% by

weight, preferably up to 98% by weight of solvent.

11. An arrangement for carrying out the process accord-
ing to the invention, essentially comprising the
reaction vessel {3) for carrying out the cyclization
reaction from a salt of acetoacetamidosulfonic acid
(I) and SO;, a downstream hydrolysis vessel (5) for
the recovery of the sweetener acid (II}, a phase

30
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The arrangement as claimed in claim 11, which is
additionally provided with an extractor (13) for the
extraction of the separated sulfuric acid phase
using the solvent and a further extractor (18) for

a

the extraction of the orxrganic phases combined from

(11) and (13) using water.

The arrangement as claimed in claim 11 oxr 12,
wherein a phase separation vessel {36) is connected
to the distillation column (32), into which phase
separation vessel the condensed vapors pass from the
column head and in which a separation is carried out
into an aqueous phase and a solvent phase.

The arrangement as claimed in at least one of claims
11 to 13, wherein the distillation column (32) has
15 to 50 theoretical plates.
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separation vessel (11) connected thereto for the on of the
organi ¢ phase and the sulfuric acid phasp,|a neutralizatjon vesse
(22) for the conversion of the sweetenerfalbi @¢IJAN %o [ he 5

I

corresponding salt (111), a phase separation vessg
the
solvent and a distillation colum (32).

separation of the aqueous sol ution of = 24 -

(25)] fpr the
salt (I1l) from{he
12 The .arr-ahgenent

as claimed in claim11l, which is 10 additionally provided with an
extractor (4Padiis 'A¥p DEVICE FOR PREPARING THE NON-TOXIC SALTS OF 6-

METHYL-3, 4-DIHEYDRO-1,2,3~-OXATHIAZIN-4-ON-2,2-DIOXIDE

ABSTRACT

According to a process for preparing acesulfam salts by reacting
amidosulfonic acid salts with diketen, yielding an
acetoacetamidosulfonic acid salt (I), ring closure is effected
under the influence of an at least equivalent amount of'scg, and
at least the ring closure reaction is carried out in the presence
of an halogenated, aliphatic hydrocarbon as inert solvent. The
cyclization product is treated with water and the thus obtained
acesulfam-H (II) is converted into a non-toxic salt. During
distillation of the crude solvent developed, once water and low
boiling products have beeh separated and a suffiently pure
solvent to be reused to prepare the compounds (I) and/or (II) has
been recovered, the remaining solvent-containing distillation
residue is directly reintroduced, with no further purification,
into the system, downstream of the reaction vessel, in order to
effect the ring closure reaction. Also disclosed is a device for
carrying out this process.

Figure 1
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PROCESS FOR THE PREPARATION. OF THE NON-TOXIC SALTS OF 6-
METHYL-3, 4-DIHYDRO-1, 2,. 3 -OXATHIAZIN-4-ON-2,2-~-DIOXIDE
AND ARRANGEMENT FOR CARRYING OUT THE PROCESS

Description

6~-Methyl-3,4-dihydro~1,2,3-oxathiazin~4~one 2,2-dioxide
(hereafter acesulfam-H} has been used for some time in
the form of its potassium salt (hereafter acesulfam-K)

cuy

ﬁ-z
~\

"l

because of its intensive sweet taste as a sweetener in
the food sector.

A series of different processes are known for the pre-
paration of acesulfam-K (see inter alia Angewandte
Chemie, 22(1973), pages 965 to 973}. Of particular
current interest is a process in which, in a solvent,
preferably methylene chloride, amidosulfonic acid, but
preferably a soluble salt of amidosulfonic acid, is first
reacted with diketene to form the acetoacetamido con-
pound. The salts of amidosulfonic acid used are generally
alkaline metal salts or ammonium salts, preferably
trialkylammonium salts. In the reaction with diketene,
the salt of acetoacetamidosulfonic acid (I) is formed in
accordance with the reaction equation

NH,SO,M + CH, = C - O

I |
YeH, - co

CH,-CO-CH,CONH-SO,M (1)

(i = base cation, in particular HN(alkyl C,-Cq)i)
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PROCESS FOR THE PREPARATION OF THE NON-TOXIC SALTS OF 6-
METHYL -3, 4-DIHYDRO-1, 2, 3 ~OXATHIAZIN-4-ON-2, 2-DIOXIDE

ABSTRACT

According to a process for preparing acesulfam salts by reacting
amidosulfonic acid salts with diketen, yielding an
acetoacetamidosulfonic acid salt (I), ring closure is effected
under the influence of an at least equivalent amount of S0O,, and
at least the ring closure reaction is carried out in the presence
of an halogenated, aliphatic hydrocarbon as inert solvent. The
cyclization product is treated with water and the thus obtained
acesulfam-H (II) is converted into a non-toxic salt. During
distillation of the crude solvent developed, once water and low
boiling products have been separated and a suffiently pure
solvent to be reused to prepare the compounds (I) and/or (II) has
been recovered, the remaining solvent-containing distillation
residue is directly reintroduced, with no further purification,
into the system, downstream of the reaction vessel, in order to
effect the ring closure reaction. Also disclosed is a device for
carrying out this process.

Figuras 1



