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i s a continuation-in-part of our copending applicatiion Serial No.

08/ 323,954, filed Cctober 17, 1994. The invention relates to a process for
the production of sucral ose wi thout internediate isolation of
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Background of the Inventjon

' The artificial sweetener 4,1',6'-trichloro-4,1',6'-trideoxy-
galactosucrose ("sucralose") is derived from sucrose by replacing
the hydroxyls in the 4, 1', and 6' positions with chlorine. In the
process of making the compound, the stereo configuration at the 4
position is reversed. Therefore, sucralose is a galactb-sucrose
having the following molecular structure:

6
CH 0N

The direction of the chlorine atoms to only the desired
positions is a major synthesis problem because the hydroxyls that
are replaced are of differing reactivity; two are primary and one
is secondary. The synthesis is further complicated by the fact
that the primary hydroxyl in the 6 position is unsubstituted in the
final product.



sucral ose. Several of such synthesis routes involve tin-nediated synt heses

of sucrose-6-esters. |llustrative are the tin-nedi ated routes di sclosed by
Navia (U.S. Patent No. 4,950,746), Neiditch et al. (U. S Pat ent No.
5,023,329), Wal kup et al. (U S. Patent No. 5,089,608 - "Wal kup et al.-1"),

Vernon et al. (U S. Patent No. 5,034,551)_,and Sankey et al., U S. patent
application Serial No. 08/237,947, filed Nﬁy 2, 1994, and assigned to the
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U. S. patenpsdaap"géppoﬁlledﬁgay 2, 1994, and assigned to the same assignee as
this application.

The sucrose-6-esters produced by the above~cited synthesis
routes are typically chlorinated by the process of Walkup et al.,

" U.S. Patent No. 4,980,463 ("Walkup et al.-II"). The chlorination
process produces as a product a sucralose-6-ester, such as 4,1',6'~
trichloro-4,1',6'~trideoxygalactosucrose-6~acetate- ("TGS-6-Ac",
when the sucralose-6-ester is the acetate ester, or, more general-
ly, "TGS-6-ester”) in solution in a tertiary amide, typically N, N~
dimethylformamide ("DMF"), plus salts (produced as a result of
neutralizing the chlorinating agent after completion of the
chlorination reaction), and impurities. In one aspect, the present
invention provides a process for the recovéry of the TGS-6-ester
from the solution in tertiary amide that is the product of the
chlorination process of Walkup et al.-II.

In previous processes that have been disclosed, such as the
processes disclosed in Walkup et al.-II and the process disclosed
in Navia et al., "RECOVERY OF SUCRALOSE INTERMEDIATES", United
States patent application Serial No. 08/198,744, filed February 18,
1994 (and re-filed on January 1, 1995, as U.S. Patent application



Serial No. 08/368, 466), and assigned to the same assignee as this

application, sucralose is produced fromthe chlorination reaction m xture

of Val kup et al.-I11 by the follow ng procedure: a. after the

neutralization step, the tertiary amde reaction vehicle for the

chlorination reaction is renoved, as by steamdistillation (disclosed in

Navi a et al. whi ch forns an aqueous m xTare containing salts, TGS-6-ester
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purified by crystallizatio he present I nvention des a process
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effectivel educes, the equi pment needed (e.g., |ess need for centrifuges
used for séﬁ&ygtﬁﬁﬁtsgeﬁolids fromliquids);
c. the crude TGS-6-ester is then de-acylated to form sucra-

lose; and
d. the sucralose is recovered by counter-current extraction
and purified by crystallization.

The present invention provides a process whereby the TGS-6-
ester is de-acylated directly, to produce an aqueous solution of
sucralose plus salts and impurities, from which sucralose is
recovered, as by extracting with an organic solvent, and preferably
the sucralose is then purified by counter-current extraction,
crystallization or a combination of both techniques.

The process of this invention has several potential economic
advantages over sucralose processes described before, e.g., the
process disclosed in Navia et al., Serial No. 08/368,466. These
include the following: :

1. Reduction of solids handling steps in the overall
process, in that TGS-6-Ac is not discretely isolatead. This
effectively reduces the equipment needed (e.g., less need for
centrifuges used for separation of solids from liquids);



-4- 2. Probable reduction in the need to re-crop nother liquors (i.e.,
fewer re-crystallization steps). This is because crystal- Iization of
sucral ose seens to be easier than crystallization of sucral ose-6-acetate;
and 3. Overall vyields appear to be increased slightly. This may be due to
t he conversion of diacetates that have the correct chlorination
substitution to sucral ose. These di acetat&8™would be lost in the Navia et
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process for producing sucralose froma feed m xture of (a)
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The invention provides a process for producing sucralose from
a feed mixture of (a) 6-0O-acyl-4,1',6'-trichloro-4,1',6'-trideoxy-
galactosucrose ["TGS-6-ester"), (b) salt including alkali metal or
alkaline earth metal chloride, (c) water, and (d4) other chlorinated
sucrose by-products, in a reaction medium comprising a tertiary
amide, wherein said process comprises: -

(i) deacylating the 6-0O-acyl-4,1',6'-trichloro-4,1',6'~
trideoxygalactosucrose, to produce an agqueous solution comprising
sucralose, (b) salt including alkali metal or alkaline earth metal
chloride, and (d) other chlorinated sucrose by-products; and

(ii) recovering sucralose.from the product of step (i), as by
extraction followed by crystallization or by extractive techniques
alone.

Detailed Description of the Invention
In one aspect, the invention provides a process for producing
sucralose from a feed mixture of (a) 6-O-acyl-4,1',6'-trichloro-



4,1',6 '-trideoxygal actosucrose, (b) salt including alkali netal or

al kaline earth netal chloride, (c) water, and (d) other chlorinated sucrose
by-products, in a reaction nediumconprising a tertiary am de, wherein said
process conprises: (i) deacylating t he
6-0-acyl-4,1",6'-trichloro-4,1",6"- trldeoxygalactosucrose as by raising
the pH of the aqueous solutlon of (a), (bT '(c) and (d) to about 11 [err]
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chlorinated sucrose by-products, in a reaction medium comprising a
tertiary amide;

(ii) removing said tertiary amide, as by steam distillation
or by extraction; and

(iii) -recovering sucralose from the product of step (ii), as
by extraction followed by crystallization, or- by extractive
techniques alone.

In another aspect, the process of the invention is carried out
by removing the tertiary amide prior to deacetylation, for
instance, by the following steps:

(1) removing said tertiary amide, as by steam distillation,
to produce an aqueous solution of (a), (b) and (d) from which a
major proportion of the tertiary amide in said feed mixture has
been removed; :

(ii) deacylating the 6-0O-acyl-4,1',6'-trichloro~4,1',6'-
trideoxygalactosucrose, as by raising the pH of the aqueous °
solution product of step (i) to a pH of about 11 (*1) at a tempera-



ture and for a period of tinme sufficient to effect said

deacyl ation, to produce an aqueous sol ution conprising sucral ose, salt

i ncluding al kali metal or alkaline earth nmetal chloride, and ot her

chl ori nated sucrose by-products; and (iii) recovering sucralose fromthe
product of step (ii), as by extraction follQwed by crystallization or by
extractive techni ques alone. The process of the invention enploys as its
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about 2N), é:ﬂ?n pEQQBEB.oﬁt h%@@ﬁ%‘é%’*% Walkup et al.-II, cited above. The
preferred 6-O-acyl-4,1',6'-trichloro-4,1',6'-trideoxygalactosucrose
esters are 6-O-acetyl-4,1',6'-trichloro-4,1',6'-trideoxygalacto-
sucrose and 6-O-benzoyl-4,1',6'-trichloro-4,1',6"'~-trideoxygalacto-
sucrose. '

On the laboratory scale, the crude chlorination product may be
quenched in a batch operation by the addition (in one portion) of
one molar equivalent (basis phosgene) of ice-cold aqueous solutions
or slurries of the alkali or alkaline earth metal hydroxides
following the teachings of Walkup et al.-II. Preferred alkaline
agents include the hydroxides of sodium, potassium, and calcium.
More dilute agueous alkaline solutions, such as for example 3 to 4N
sodium hydroxide, are preferred. Broader ranges of concentration
can be used (such as, for example, 2 to 8N sodium hydroxide). At
the lower concentrations, precipitation of salts is reduced or
avoided, which significantly reduces the amount of solids the
process stream must accommodate. However, when the concentration
becomes too low (e.g., below about 2N), the product stream becomes



-7- diluted to an extent that may adversely affect the efficiency of the
process. In a preferred nmethod of practice of this quench method, cold
aqueous alkali is added with vigorous stirring as rapidly as possi- ble in
a quantity sufficient to raise the pHto 8-10. After stir- ring several
mnutes at this mldly elevated pH, the gq@fenched solution is neutralized to
pH 5-7 by the addition of an acid, such as, for_exanple, concentrated
aqueous hyHrltRd tQ an|exteny| that maycadvensely affpetpther effigiepcy of
the quenchase P¥ogdsit i on reaction mxture at pH 8-10 has the beneficial
effect of insuring that all of the hydroxyl groups of the sucrose-6-ester
that have not been replaced by chlorine atons are returned to their
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not been replaced by chlorine atoms are returned to their original
hydroxyl group form. '

Alternatively, one can add sufficient aqueous alkali to attain
a pH of 11 ($1) and hold for sufficient time to remove the 6-acyl
function and obtain sucralose directly, in the presence of all the
salts, residual tertiary amide (DMF), etc. This is carried out at
the expense of some DMF which is lost by caustic hydrolysis to
dimethylamine and sodium formate. For this reason, and as is
explained in more detail below, the deacylation prior to removal of
DMF is less preferred, since it is desired to recover all the DMF
for recycle and re-use.

The batch method for quenching the crude chlorination product
mixture suffers from scale limitations owing to inefficiencies in
heat and mass transport. An improved method, known as the "dual-
stream" or "concurrent addition" method, involves mixing streams of
agueous alkali and cooled (to about room temperature) crude chlori-
nation product together at carefully metered rates with vigorous
agitation under conditions of pH and temperature control. The
primary advantages of the dual-stream quench method are that it



aqueous al kali and cool ed (to about roomtenperature) crude chlori- nation
product together at carefully nmetered rates with vigorous agitation under
conditions of pH and tenperature control. The primary advantages of the
dual - stream quench nethod are that it provi des for conplete control of
pH, tenperature, and rate of m xing throughout the course of the quench.
Thus, side reactions resulting in product |osses are mnimzed. A further
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quench st agrwdel sheralose-6-ester product mixtures can be quenched effi-
ciently using a chlorination mixture constant feed rate of about 10
ml per minute, a quench mixture temperature of about 15°C (coolant
temperature 5°C), a four-bladed propeller-type stirrer 24 with a
stirring rate sufficient to insure good mixing, and a pH control
setting of pH 8.5 on the pH control pump. These results were
obtained with 3N or 4N NaOH as the alkaline agent, and with a
starting charge of about 100 ml of between 3:1 to 1:3 DMF-H,0 in
the guench vessel (in order to have sufficient solution volume for
accurate pH measurement during the early stages of the quench) .

DMF_REMOVAL

_ Wwhen sodium hydroxide is used in the quench step and the
tertiary amide is DMF, the salts that are formed in the quench step
include sodium chloride, dimethylamine hydrochloride and small
amounts of sodium formate. If the quench were to be continued with
a deacylation by increasing the pH sufficient to effect de-
acylation, the extraction of sucralose from' the quenched and thus
deacylated product mixture would be complicated by the presence of
'DMF (or other tertiary amide) and its propensity to distribute



tertiary amde is DVMF, the salts that are formed in the quench step include
sodi um chl ori de, di nethyl am ne hydrochl oride and snmall anobunts of sodi um
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The steam stripping operation is carried out so as to remove
a major proportion of the DMF (or other tertiary amide) in the
quenched feed mixture (preferred mode) or in the guenched and
deacylated reaction mixture. It is desired to remove at least 95%,
and preferably, from about 98 to 99.9%, of the DMF in order to
avoid the undesirable consequences outlined in the previous para-

graph.

Upon removal of the DMF (or other tertiary amide) by steam
stripping, the DMF is effectively replaced with water in the
process stream and the DMF can subsequently be recovered from the
aqueous overheads by distillation and can be recycled;

An example of a 1aboratory-éca1e falling-film packed-column
steam distillation apparatus designed for stripping the DMF from
gquenched sucralose-6-ester chlorination products is a 5.0-cm
diameter, 90-cm long vacuum-jacketed distillation column packed
with 5-mm Raschig rings or other suitable packing. Alternatively,
a 15-plate, jacketed, Oldershaw column can be used. The quenched



graph. Upon renoval of the DMF (or other tertiary am de) by steam
stripping, the DMF is effectively replaced with water in the process stream
and the DVMF can subsequently be recovered fromthe aqueous overheads by
distillation and can be recycled. An exanple of a |aboratory-scale
falling-film packed-col um steanmdistillal%@p appar atus designed for
stripping t he DNF from quenched sucral ose ester chlorination products is
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abbut 4:1.

The preheating of the gquenched chlorination feed before it is
introduced onto the top of the column is conducted in order to
increase the efficiency of the stripping operation. Preheating is
typically conducted in the laboratory by passing the feed through
an enclosed glass coil apparatus heated with a secondary source of
stean. The feed is normally heated to about 90-95°C. The
efficiency of DMF removal can also be enhanced by employing a
"reboiler” (i.e., by heating the bottoms product in such a way that
it refluxes up into the stripping column).

. Temperatures are advantageously measured at two places on the
apparatus using thermocouple devices. In addition to the quenched
chlorination feed temperature described above, the temperature of
the vapors passing through the distillation column head are also
measured. Head vapor temperatures are typiéally_in the range of
from about 99°C to about 104°C.



The preheating of the quenched chlorination feed before it is introduced
onto the top of the colum is conducted in order to increase the efficiency
of the stripping operation. Preheating is typically conducted in the

| aboratory by passing the feed through an encl osed gl ass coil apparatus
heated with a secondary source of.steam -jfbe feed is normally heated to
about [err]. .The efficiency of DMF renoval can al so be enhanced by

enpl oying a "relpidypical . endmdwaimmﬁdﬁdwrp&mw ofugucrosesehazetate

ggsgnlt ;g;g[#?%ﬂwmb&é‘ tE"?wg’t a e§ EQ{;#%E‘ %@ﬁs%‘ﬁg ﬁe@nﬁo&ppgp'

devi ces. | rakouti 35045 wtt Re watienre hardcabout nhz-r:bm tﬁeéj sﬁr‘q&r afAfter passage
described gho V%ucthhe %'i:atﬂ stte! h&ﬁ‘&l?&ﬁ gdiie steam-

S

distillation colum are a SO neasured.” Hea va or te efatures are
typical |y iSFR im#%@n#tﬁ% abBottomg, PF°F‘U°§§0M11[]er‘|"SIP1°31Wt?ﬁl"%hﬁt of
quenched cmwumat-asoﬂtptoshﬁamswmﬁ AP ©.200. 8 WE VIDME, hbout 8b-

% sucr al os s about _35-4 35,45 wt % nd
about | 12- 19 Guno s B, \npdabeut 621 810 £ KA es] Tekamilangd U hncd prgec
| abor at or y-ast el isme and szhllq:}ideg amgaysdt.us, bottoms products will

typically consist of about 1-3 w % sucral ose-6-ester, about 0.1-0.5w %
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feed is neutral to slightly acidic (pH 5.0-7.0).

Similar conditions can be used for steam-stripping the DMF
from a quenched and deacylated reaction mixture. '

SUCRALOSE-6~ESTER DEACYLATION
In the preferred mode of the invention, following removal of
the tertiary amide, the sucralose-é~ester is deacylated by
increasing the pH of the reaction mixture to about 11 (+ 1) at a
temperature and for a period of time sufficient to effect the
deacylation. This step is typically carried by adding sufficient
- alkali metal hydroxide, such as sodium hydroxide, with agitation,
to increase the pH to the desired level. Reaction times and
temperatures within the range of about 30 minutes to 2 hours at 15-
35°C have been found - -to be useful. At the conclusion of the-
deacylation, the base present will normally be neutralized, as by
.addition of hydrochloric acid, to a pH of about 5 to 7. After the
neutralization, the agueous reaction mixture contains sucralose,
salts (as above, plus the salt produced by the neutralization step



Simlar conditions can be used for steamstripping the DM froma quenched
and deacyl ated reaction m xture. SUCRALCSE- 6- ESTER DEACYLATION In the
preferred node of the invention, followi ng renoval of the tertiary amide,

t he sucral ose-6-ester is.deacylated by increasing the pH of the reaction
m xture to about 11 [err] at a tenperaturgand for a period of tine
sufficient to effect the deacylation. This step is typically carried by
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agitation, ﬁrease the pHto the desired |evel. Reaction tines and
tenperatur 81 the range of about 30 minutes to 2 hours at 15- [err]

have been found to be useful. At the conclusion of the deacylation, the
base prese j eutralized, as by addition of hydrochloric
acid, to a .- After the neutralization, t he agqueous
reaction nixture contains sucral ose, salts (as above, plus the salt
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safety, extraction selectivity, ease of recycle, and toxicological safety,
is ethyl acetate.

Sucralose isolation is typically conducted in the laboratory
by first partially evaporating the crude neutralized deacylation
reaction product. About half the water present may optionally be
removed, producing a solution containing about 2-5 wt % carbohy-
drates and about 15-25 wt 3 salts. Isolation is normally conducted
by carrying out three sequential extractions with ethyl acetate or
other appropriate solvent. The extracts are combined, and may
optionally be washed with water (to partially remove any residual
DMF and dichlorodideoxysucrose derivatives which to some extent are
partitioned into the organic phase).

In addition to the batch extraction technique outlined above,
extraction may also be carried out continuously on the dilute (not
concentrated by evaporation) stream in a counter current mixer-
settler extraction system. The advantage is that no prior
evaporation-concentration step is required. Such counter-current
extraction techniques are known in the art.



i's ethyl acetate. Sucralose isolation is typically conducted in the

| aboratory by first partially evaporating the crude neutralized deacyl ation
réaction product. About half the water present nmay optionally be renoved,
produci ng a solution containing about 2-5 wt % car bohy- drates and about
15-25 wt % salts. Isolation is normally cgaducted by carrying out three
sequential extractions with ethyl acetate or other appropriate sol vent.
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Another noteworthy aspect of the purification/recovery process
described above (that is, extraction followed by crystallization)
is that the same solvent can be used for extraction and the

- purification step. Typically (i.e., with other chemical materi-
als), it is rare that the chemical product to be purified will
crystallize from the same solvent that is used to extract it. 1In
the present case, however, a combination of dilution and relatively
low levels of impurities allows the sucralose to remain in solution
during the extraction , and then after the solution containing the
extracted sucralose is concentrated, the sucralose product can then

- be crystallized from the same solvent.

EXPERIMENTAL

A solution of crude sucrose-é6-acetate in DMF (1.447 Kgq)
containing 416.94 g (1.084 moles) sucrose-6-acetate was diluted
with 2.51 kg fresh DMF. The solution was cooled to -2°C (dry
ice/acetone/water bath) and st:.rred vigorously while phosgene



the possibility of a direct liquid fill process (i.e., no material

i sol ati on needed; the final process stream having the requisite _
specifications to be directly packaged for use). Another noteworthy aspect
of the purification/recovery process described above (that is, extraction
foll owed by crystallization) is that the-game solvent can be used for
extraction and the purification step. Typically (i.e., with other chem cal
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nost of the addition. The reaction m xture was allowed to stir at anbi ent

tenpera- ture for 30 mnutes, then heated to [err] over a 2-3 hour period,

t hen hel d DYAL STREAMIOUENCH hrs, then cooled to [err] over 30

The chlorinated mixture (typically about 3.5-4.5 kg) was
pumped with an FMI Lab pump (model RP-G20) at 10 ml/min into a
jacketed, 2-L resin kettle (without the top) with stopcock at the
bottom, containing 200 ml of 1:1 mixture of DMF-water. Aqueous
NaOH (3N, 12%) 5 kg, was delivered at the same time by a pH-
controlled prominent pump with the pH set point at 9.0 and pump
stroke set to 25%. The proportional bandwidth was at the maximum
setting (¢ 1 pH unit) to minimize any overshoot of pH. The jacket
temperature of the quench flask was controlled with Forma Scientif-
ic circulating bath. The jacket temperature was maintained at 5°C.
The temperature of the quench mixture was initially at 6°C, and
rose to 20°C in the first 10 minutes. Thereafter, the temperature
stabilized at about 17°C over the entire period of qi:ench. During
the quench, pH fluctuated between 8.0 to 8.5 in the flask. The
mixture was vigorously agitated with a ' heavy-duty laboratory
stirrer. The quenched mixture was removed from the vessel in
portions as the quench vessel filled to capacity. Each batch was
quenched in approximately 6 hours at the above conditions. For
most batches, approximately 9 kg of quenched mixture were obtained.
4,1',6'-Trichloro-4,1',6'-trideoxygalactosucrose-6-acetate ("TGS-6-
Ac”) was present at 2%-wt in the mixture. The conditions and



mn. The final mass, 4.34 kg, was carried on to the dual stream caustic
quench and further processing. DUAL STREAM QUENCH The chl orinated m xture
(t'ypically about 3:5-4.5 kg) was punped with an FM Lab punp (nodel RP-@&0)
at 10 mM/mn into a jacketed, 2-L resin kettle (without the top) with
stopcock at the bottom containing 200 Mgk 1: 1 m xture of DVF-water.
Agueous NaCH (3N, 12% 5 kg, was delivered at the sane tine by a pH
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portions as the quench vessel filled to capacity. Each batch was quenched
I n approxi%xﬁ_mﬁmat t he above conditions. For nost batches,
approxi mately g ol quenched m xture were obtai ned.
4,1',6'-Trichloro-4,1",6"-trideoxygal act osucrose-6-acetate ("TGS-6- Ac")
was present at 2% w Labor&topyxSca&ke: The conditions and - 15-
parameters were optim zed to achieve |less than 2 nol e-percent de-

acetyl ation during quenchi ng.
The quenched mixtures were steam stripped in batches. Two

things were accomplished via steam stripping - 1) removal of DMF to
ease extraction : 2) removal of tarry, polymeric soluble material
found in quenched mixtures. The steam stripping was carried out in
a well insulated 4 foot tall glass column with an I.D. of 4 inches.
The conditions were optimized to obtain less than 1% DMF in the
bottoms. The column was packed with %" size Raschig rings. The
steam to feed ratio was maintained in the range of 6 to 8. After
every three batches steam stripped, the column was cleaned with 1IN
caustic solution, which removes the tarry, polymeric materials from
the packing and column surfaces. A typical run of steam stripping
was completed in 6 hours time. For every 9 kg batch of feed,
approximately 13 kg of steam-stripped bottoms were produced with a
TGS~6~Ac concentration of about 1.5%-wt.

The usual method of operation was to pump the quenched,
filtered mixture with an FMI Lab pump (RP-G20) through a pre-
heater, consisting of a 4" Graham-type condenser with steam in the
jacket, then directly into the center of the top of the column.
Steam was passed through .a reboiler (a 3-neck, 500 ml flask with a
magnehelic low pressure gauge, and a heating mantel) to remove



Al the quenched batches were vacuumfiltered to renove insol uble
particulate matter using either vacuumfiltration through a sintered gl ass
Buchner funnel or centrifugation. The filtrate was sanpled for analysis and
carried on to steam.strippi ng. STEAM STRI PPI NG 1. Laboratory Scal e: The
quenched m xtures were steam stripped in bgégches. Two things were
acconplished via steamstripping - 1) renoval of DVF to ease extraction, 2)
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usual net hdd ffleremceat(STEAMas TOPSUADBORPOMScRCRBRBD)Li I tered m xture with
an FM Lab punp (RP-&0) through a pre- heater, consisting of a 4"

Graham type condenser with steamin the jacket, then directly into the

center of the t@p of lakgexoSgate Steam REX1PRI®G t hrough a reboiler (a
3-neck, 500 m flask with a magnehelic | ow pressure gauge, and a heating

mentel) to remoyg, oy 6QMEahs WlSiched BrbBEsk "SGR, 2or "8oRBbE M on
similar to preceding laboratory scale examples, were fed above the
top tray of a 10 inch diameter column containing 20 sieve trays
- while steam was directed into the bottom of the column. A
steam/feed ratio of approximately 3 was maintained to achieve the
desired removal of DMF in the bottoms stream (> 99.2% removal based
on assayed amount of DMF charged to the column in the feed). Pre-
heating the feed stream to 80-90°C was beneficial in improving the
stripping efficiency in the column. The DMF/Water stream is
stripped overhead by the counter-current steam flow. The column
bottoms containing the TGS-G-Ac, salts and water was delivered to
the next process area for purification. The overheads are sent to
another column for DMF recovery ( typical composition 12% DMF, 88%
water). In this manner, quenched feed containing 1.8% TGS-6-Ac,
8.5% salts, 54.6% water, and 30.4% DMF, was stripped to produce
bottoms containing 1.6% TGS-6-Ac, 9.8% salts, 84.9% water, and 0.1%
DMF residual (99.6% removal of DMF). The ratio of steam strip feed
mass to bottoms mass was about 1.22.



packi ng. Colum pressure remained at 0-3 in. of water throughout the
operation. Feed rate was determned initially by timng the punping rate
froma graduated reservoir. The bottons collection rate was neasured by
collecting in a graduated receiver. The distillation rate was neasured,

by condensing the effluent fromthe top of_l he colum, as m/mn. The steam
rate was determ ned by dlfference (STEAM = TOPS + BOTTOMS - FEED). 2.

Larger Scal gpA¢Lpvia SP OSTEAMO&IREY esbpsgiuenched process streans, of
conposition Si mlar to prece| ng Taboratory scal e exanples, were fed above
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The crude deacetylated mixture was extracted continuously with
ethyl acetate using a ROBATEL counter-current extractor. The
aqueous phase (feed) and ethyl acetate (extractant) were delivered
to the ROBATEL by two Masterflex Digistat peristaltic pumps in the
proportion of 4:1 (extractant:feed). |

. The ethyl acetate solution containing the desired product was
evaporated to a thick syrup which was dissolved in water. This
agqueous solution was treated with decolorizing carbon, then
evaporatéd again to a thick syrup. The syrup was diluted with
fresh ethyl acetate. The solution was seeded with sucralose
crystals and allowed to stand and crystallize at ambient tempera-
ture over several days. Sucralose was obtained as a white
crystalline solid (24 g; 92.7% w/w). Additional crops were
obtained by repeatedly evaporating the solvent and redissolving the
syrup in fresh ethyl acetate. In all, 33.5 g (40.6%) of the
sucralose was recovered as solid product with a similar purity as
before. The remainder in the mother liquor continued to crystal-



DEACETYLATI ON OF STEAM STRI P BOTTOMS The crude brine solution of TGS-6-Ac
(15.4 kg.) obtained after renoval of DVF by steamdistillation, simlar to
the procedure descri bed above, was subjected to deacetylation by raising
the pH of the solution to 11.5. This was acconplished by addi ng 50% w w
sodi um hydroxide to the rapidly stirred sags#ti on using a netering punp
under pH control. Sufficient caustic was added to the solution to raise
the pH to 11z2é omtl Memsdiqwljyt oyert heVetalle:laysmr Additisnadumateriabimaytbe
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was recovered as so roduct with a simlar puri

remai nder FORPSEALR¥Ger ??Qﬂﬁﬂ dkh , suerad °§PysFHY¥ta ls, and allowed to
crystallize while stirring over S days. The crystalline slurry was

concentrated slightly by vacuum distillation of water to about 70-
75% sucralose and the crystallization continued a further 24 hours.
The crystalline product was recovered by filtration and air dried
to give 20.2g of product.

Sucrose-~6-acetate (18.93g) and DMF (172g) were charged into a
500 mL, 4-neck round bottomed flask equipped with an overhead
stirrer, thermometer, and vacuum distillation set-up. The mixture
was vacuum distilled until about 50 mL of distillate was collected
(54.8g lost) [This is a drying step to remove residual moisture].

The residue was cooled to 0~5°C, the distillation apparatus
was replaced with a water condenser and drying tube, and chloro-
methylenedimethylammonium chloride (Arnold's Reagent; 46.8g, 347.34
mmol) was added in large portions while keeping the internal
reaction temperature below 30°C. The mixture was then heated to
65°C over 20 minutes, held at this temperature for 5 minutes,



lize out nore slowy over several days. Additional material may be obtained
I n subsequent crops or by recycle of the nother |iquor into subsequent
crystallizations. Isolation of Crystalline Sucralose fromWter. An ethyl
acetate solution obtained as described previously was concentrated to a
thick, dark syrup (62 g, 95-97% sucral osepg-The syrup was- diluted with
sufficient water to make a 20% sucral ose sol ution, the solution was treated
with 5 g dreatedi €6 mnoe<1is C ovetr f3s minutesoapdvheddl wibhint that ceasge For

anbent ' chpi? Aows G redaEIoh A1 5PutS FP ingit Goblgdlea f5 60 Rk dhe
crystal | i zeaske| bystheraddition of dk§3g afie3 mqbahlamtss sodiwmdhydroxide
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sucral ose and t I zation continued a further hour s.
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and vacuunmﬂxturelqontnimd 1d. SMe(m&tnield\hsofjmmmaq |l ed until
about 50 nL of distillate was collected (54.8g lost) [This is a drying step

to renove residual m)ls%gg l The residue s, cooled to [er t he

distillation apphfa® Strirring was pPerierne 'E%rr%%‘d%r?‘s’&ﬁ ‘?#Ei afrgeTAing ke

and chIor0previbubbyedesefhyédnpnaeuomthtor|nhs¢¥tsmtrbmsEknqxuﬂs dﬁidﬁnna-

347. 34 mmmo, S d or |3k§r

reacti on tg%pﬁga &?e%%ﬁ %f'% 1‘%1e m x re%eﬁ hg %eatej‘ c%:Jerr over

20 m nut espheggeme: o] 9!i?errgelat&%sf L5 smmsesﬁ-acetate indicate that
between 80-90% of the theoretical amount of DMF can be recovered.

The crude sucralose product is recovered from the DMF depleted
stripper bottoms by extraction with an appropriate aqueous brine-
immiscible organic solvent [examples include dichloromethane,
chloroform,lz-butanone, cyclohexanone, ethyl acetate; with the
latter two being particularly effective and desirable for process

~ and toxicological reasons). The aqueous organic extracts were
back-extracted with water to transfer the sucralose to the aqueous
phase. The water solution was decolorized with carbon, concentrat-
ed, and the sucralose crystallized in >91% w/w purity on a
carbohydrate basis. The mother liquors may be used for recycle to
obtain additional material. Alternatively, the sucralose may be
purified by a prior crystallization from the organic extraction
medium (particularly ethyl acetate), which will facilitate
separation of the desired product from less polar materials and
- color-bodies. |




-19- heated to [err] over 25 mnutes and held within that range for 3.75
hours. The reaction m xture was then cooled to [err] and nade basic by the
addition of 189g of 3 nolal aqueous sodi um hydroxi de sol ution which had
been pre-cooled to [err]. After 45 mnutes the deacylation to crude

sucral ose was conplete (nonitored by TLC)_ ,qnd the m xture was neutralized
by the addition of 17.8g of glacial acetic acid. HPLC assay of the crude

m xture indi cat gghe 1 2hA: >é§é&5n§a 0&%&%@::&&35%@5&%?' eOLucrose-s-
sucral ose. _Steam_stri ppl ng or ned to _renove DVF according to
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sucral ose nmay be purified by a prior crystallization fromthe organic

extraction medi um (partl cularly ethyl acetate), which wll facilitate
CHLORINATION OF SUCROSE-6-BENZOATE
S

To a 100 mL, 3-necked round bottomed flask, equipped with
magnetic stirring, thermometer, addition funnel, air-cooled
- condenser, and argon inlet was charged 18 mL of DMF. This was
cooled to -5°C, and to it was added 6.8 mL (99% pure; 71.7 mmol) of
phosphorus oxychloride dropwise at such a rate as to maintain the
internal temperature at or below 10°C.  After completion of this
addition, the mixture was cooled to ~-10°C, and to it was added
dropwise a solution consisting of 5.0g (91.2% pure; 10.21 mmol)
dissolved in 9 mL of dry DMF at such a rate as to ensure that the
internal temperature did not exceed 6°C. After completion of this
addition, the clear reaction mixture was warmed to 60°C over 20
minutes. The heating was then increased over a 15 minute period to
attain an internal temperature of 85°C, at which temperature the
mixture was maintained for 1 hour. The resulting golden-yellow
solution was then heated to 115°C and maintained there for 3 hours.
The resulting red-brown mixture was then cooled to ca. 50°C, and to
it was added in a single portion, 145 mL of 4N aqueous sodium
hydroxide (580 mmol) which had been pre-cooled, along with 35 g of
ice. The alkaline mixture was stirred at ambient temperature for



separation of the desired product fromless polar materials and

col or - bodi es. -20- The foll ow ng exanpl e denonstrates the use of the
sticr ose- 6- benzoate anal ogue to performthe sane transformation, i.e.,
debenzoyl ati on i nmedi ately subsequent to the chlorination step to generate
crude sucralose. In this case, the DV was, 10t renoved by steam stri ppi ng,
and the extractive purification approach was enpl oyed. Thi s aspect of the

nvent i on. 45 fimut8 dFEELE 9 WbaF1aNARBEREE tiat T Bonverpion of

distillation o oper at | is not preferre ecause t
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such a rat 3-hutapopesextragtionke i nternal tenperature did not exceed

[err]. After conpletion of this addition, the clear reaction m xture was
warmed to [err] over 20 -



m nutes. The heating was then increased over a 15 mnute period to attain
an internal tenperature of [err], at which tenperature the m xture was

meii ntai ned for 1 hour. The resulting gol den-yell ow sol uti on was then heated
to [err] and naintained there for 3 hours. The resulting red-brown m xture
was then cooled to ca. [err], and to it wea2«added in a single portion, 145
nm. of 4N aqueous sodi um hydroxi de (580 nmol) which had been pre-cool ed,

al ong wi t h WA I QLAIMEDhASal kal i ne m xture was stirred at anbi ent
tenperature for -21- 45 m nutes whereafter TLC anal ysis indicated that
the conversion of sucral ose-6-benzoate to sucral ose was conpl ete. The

m xture was ext dact ed PKosess £ari1pyoducing sueralese (fFrond feedmiysuze of

izngu { ities, (ae)n_d}-r-laanyhega gl sl-ﬁeﬂmwﬁuwdls prél J TL el dédkyddiadtosil by S (B
2Dt anone g nel e NS WS Wbl S5 SATHE ABUR BRI 3R, (o
reddi sh symatexhi andc(d) sotier Thlexinated sucraBeshy-(-ﬁnodﬁeysel'rh @veeathion
ecover ed ERIdaE LompRIningod VALY dultad unslELA| G55 SRR RollPr Lses:
A process for pridducidepcyiatdngse themn a Srézacilgdudd . §f -txichloracgr1),6'~
1", 6 -tri chirdideckyyalactosuta®eedbyofa Psing Adfe pHopLSthé ddifdoul BH1UtidN of
L al&%',' r}%)e'ar(tc g%hal(d?hl:gr'aggut(f (£ 1) at a temperature and for a
period of time sufficient to effect said deacylation, to produce an
aqueous solution comprising sucralose, salt including alkali metal
or alkaline earth metal chloride, and other chlorinated sucrose by-
products, in a reaction medium comprising a tertiary amide;
(ii) removing said tertiary amide; and
.{1ii) recovering sucralose from the product of step (ii).

2. The process of Claim 1 wherein step (ii) is carried out
by steam stripping. B}

3. The process of Claim 2 wherein the tertiary amide is N, N-
dimethylformamide.

4. The process of Claim 3 wherein the 6-0O-acyl-4,1',6'-
trichloro-4,1',6'-trideoxygalactosucrose is 6-O-acetyl-4,1',6'~
trichloro-4,1',6'-trideoxygalactosucrose or 6-O-benzoyl-4,1',6'-
trichloro-4,1',6'~-trideoxygalactosucrose.

5. The process of Claim 4 wherein the step of extracting
sucralose from the product of step (iii) is carried out by a batch,
continuous, or continuous counter-current extraction.

RO



water, and (d) other chlorinated sucrose by-products, in a reaction medi um
conprising a tertiary ami de, wherein said process conprises: (i) '
deacyl ati ng t he 6-0-acyl-4,1",6"'-trichloro-4,1",6" -

tri deoxygal act osucrose by raising the pH of the aqueous solution of (a),
(b), (c) and (d) to about 11 [err] at a iggperature and for a period of
time sufficient to effect said deacylation, to produce an aqueous sol ution
Cﬁ{mri Zi ng sucrél os@hes Priocessd Wi M) adlnk S iwhariedn thealsueraleseaish fuether
chl ori de, t her | J2at ose by- products, in a reaction nedium
conpri si n%@rﬁgﬁmﬁdﬁﬁlﬁ%ﬁﬂﬁlﬁovi ng said tertiary amde; and (iii)
recovering sucralose fromthe product of step (ii). 2. The process of

Caim1l wherei iy St elrne iﬁrééeié‘rifeélﬂih tg_y v&ié_l‘&ﬂrﬁtﬁﬁépbﬂ?stﬁuiﬁeion is
process of C a,le§2 wherein the tertiary_am di is N, N dinmethylformam de. 4

The proceS@rgied Quh from Mater or G—"@&}cﬂcﬂ ate.q

trichloro-4,1,6'-trideoxygal actosucrose is 6-0-acetyl-4,1",6"-

trichloro-4,1" _ 6" -tyi t 6= Os -4 16 -
ol orod 1 8% K GARLE! BRUALEYAshuCe 1R B b Fechl migtyee of
wherei n t Ha)s6e@-acydxz4s ili 6 hotrichloveed i 1 baét terideoxygabictnsycraose,) (b3

carri ed_ Olally i@\dlfﬁdl*hg @AKa13U Yéta10lorC %'ﬁcia'lli?&s ca¢h! fetald’ chlbride, (c)
extraction. ein_the sucral ose

Further paiAteTa B ()<other Ehlaninated spezoseoRysBrotughs; b ARepetion
t he cryst alddiamt comprisdiagr acrertiary amide,cwherethhgaid prioriess comprises:
| (i) removing said tertiary amide to produce an agqueous
solution of (a), (b) and (d) from which a major proportion of the

tertiary amide in said feed mixture has been removed;

(ii) dQeacylating the 6-0-acyl-4,1',6'-trichloro-4,1',6'~
trideoxygalactosucrose by raising the pH of the aqueous solution
product of step (i) to a pH of at least about 11 (%) at a tempera-
ture and for a period of time sufficient to effect said deacyla-
tion, to praduce an aqueous solution comprising sucralose, salt
including alkali metal or alkaline earth metal chloride, and other
chlorinated sucrose by-products; and

(iii) recovering sucralose from the product of step (ii).

9. The process of Claim 8 wherein the 6-0O-acyl-4,1',6'-
trichloro-4,1',6'-trideoxygalactosucrose is 6-O-acetyl-4,1',6'-
trichloro-4,1',6'-trideoxygalactosucrose or 6-0O-benzoyl-4,1',6'-
trichloro-4,1',6'-trideoxygalactosucrose.

10. The process of Claim 9 wherein step (iii) is carried out
by extrécting sucralose from the product of step (ii) by an organic
solvent, followed by crystallization of sucralose from said organic
solvent.
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8. A process for producing sucralose froma feed mxture of (a)
6-0-acyl-4, 1',6"'-trichloro-4 ,1',6'-trideoxygal actosucrose, (b) salt

i icluding al kali netal or al kaline earth nmetal chloride, (c) water, and (d)
ot her chl orinated sucrose by-products, in a reaction nedium conprising a
tertiary am de, wherein said process conugsses: (i) renmoving said tertiary
am de to produce an aqueous solution of (a (b) and (d) from which a nmgjor

proportion of the, teThbab¥oéahde?fnc§alﬂ ieednaréiureaga3o£@@niéeasmv@ht is

(i) deacylgé gg g g 6-0-acyl-4,1",6"-trichloro-4
trideoxygaPaB¥osBEPEBE®DyY raising the pH of the aqueous sol ution product of
step (i) to a pH of at |east about 11 [err] at a tenpera- ture and for a

period of tine inf'EhE“§r68e§£f thﬁﬁﬂ‘%“WﬂE@%ina%%@B EQFPnguefrffed out

aqueous so} ution” conpris sucr ose incl u
al kal i ne elYtextragk Eﬂlﬂ‘i’%lO%cf%a‘ecareﬁpﬁﬁt%ﬂ %*tﬁl? ddd )oPyprpderganic

and (iii) B839eft, Ngoll6waldopg Etibtiﬁéﬁﬂuﬁtoﬁfsﬁéﬂﬂlésé)fram watlée,
process of Caim8 wherein the 6- -acyl-4,1',6" -

trichloro-4,1,6 -trldeoxygalactosucrose is 6-0- acetyl 4,1',6" -
trichloro-4,1', 83+t r THeopyoeess tafs @ladme 9owhéréihcthe\tiertibry @mide is N, N-

trichloro- al act osucrose. 10. The process of Caim?9
wherein sté%i tﬁy}k?ﬁﬂ%&?ﬁ?ed out by extracting sucral ose fromthe product

of step (ii) by an organic solvent, followed by crystallization of
sucral ose from gaid Qhearpﬁbads/eaf c1at£41311wn&1ﬁrpr ehesSréiovdRi Bfllthe

wher ei n Sagerelga”'c $35" ei?Y'iace feGted by steam distillation.

15. The process of Claim 11 wherein the step of extracting
sucralose from the product of step (ii) is carried out by a batch,
continuous, or continuous counter-current extraction.
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12. The process of Claim9 wherein step (iii) is carried out by extracting
sucral ose fromthe product of step (ii) by an organic solvent, followed by
crystallization of sucralose fromwater. 13. The process of Claim9 wherein
the tertiary amde is N, N dinethylformam de. 14. The process of Claim 13
wherein the renoval of the tertiary am.de in Step (i) is effected by steam
distillation. 15..The process of Caim1l wherein the step of extracting

sucral ose fromthe product of step (iiABSERAGEried out by a batch,
continuous, or contipREBECPLON' 6F SUERRDOSE WIPEStP INTERMEDIATE
ASOLATION OF CRYSTALLINE SUCRALOSE-6-ESTER

There is disclosed a process for producing sucralose from
sucralose-6-ester whereby the sucralose-6-ester is deacylated
directly either prior to or after removal of the tertiary amide
reaction vehicle from the neutralized chlorination reaction
mixture, to produce an agqueous solution of sucralose plus salts and
impurities, from which sucralose is recovered by extraction and is
then preferably purified by crystallization.



