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a nmethod according to which a sul fonium of said conpound is obtained,
said sulfoniumfitting the formula (I1)
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a method according to which

a sulfonium of said compound is obtained, said sulfonium fitting the

formula {il)
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The first step consists of obtaining an activated form of said
conpound or of its salt, the authors have unexpectedly discovered
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in the scope of the present invention:

35 - An alkyl group designates a linear, cyclic, alicyclic or

branched saturated hydrocarbon monovalent radical. As



The present invention and its advantages are illustrated in the
fol l owi ng exanples. 5In the experinental part herafter, TT means
transfermation rate, RR yield on reagent, SAAT88 neans AT88 acetic
sul-foni um SBAT88, AT88 benzyl sulfonium MHACa cal cium salt of AT88,
SBVHACa, MHACa benzyl sul fonium TOE and TMR tenperature of the

j acket and of the reaction nediumrespectively, DCM dichl oronet hane.
10 Exanple 1: Preparation of 2HBL from HMIBA (or AT88) via a
sul f oni um obt ai ned by reaction of bronDacetlc acid 1.1
Preparation of 24DHBA: 15Reaction schem#* HO211 1120 (250nﬁ) 15RH

2CUz| 1.1 85C (1h30; U4 W IT

| e? lavgal ua’?gd) as 38f(%Ci | i @]'ggéli\%)&fﬁasvﬁ%®50%0f1 atoms, pretseréﬁofy 1106
1) 1401C01( 1. 6eq.) aq., 3( 1cargou+sBonis+ A\h@xamﬂcmeqmemlmlémi 40Dy,
429m Lk WC (191Y)COH 24 , e

(12 Ig]Rea engs a:% t abl E_Eb (%’:I oad I?'éggBUTkMeﬁ)PUty é&% 5“ Ebewﬂll

Quality % Density (g/n) %\‘?R)‘?ﬁﬂ ¢ g-NMbnre ( Gahexyl QFOUDS "enter  this
definition;

- An aryl group designates an aromatic hydrocarbon
monovalent radical. As examples the phenyl, benzyl, tolyl,
naphthyl, biphenyl groups enter this definition.

- An alkoxy group designates an O-alkyl radical, wherein the

10 alkyl term meets the above definition;

- A counter-ion X is an entity which will ensure electric
neutrality of the sulfonium of formula (11).

This method comprises the steps for obtaining the sulfonium, for
hydrolyzing the sulfonium into 24DHBA, and for cyclizing the 24DHBA into

15 2HBL. As this will be indicated below, these steps are consecutive or
concomitant depending on the reagents used.

The first step consists of obtaining an activated form of said
compound or of its salt, the authors have unexpectedly discovered that the
sulfonium form may lead to the formation of 2HBL as indicated above, notably

20  under the canditions which will be described later on.

Documents FR2150605A1 and DE2161991A1 describe the
preparation of the sulfonium from a 2-hydroxy-4-alkylthiobutyric acid and
notably from HMTBA, by action of an alkyl halide, preferably in excess, on said
acid, in the presence of water, at a tfemperature comprised between 10 and

256 100°C, and then by isolation of the sulfonium by extraction with an alcohol,
after removing the water. According to the invention, the sulfonium may be
obtained in this way or by any other suitable so-called alkylation reaction on the
compound (1) or its salt.

For this first step, the reagent is preferably an agent of formula

30 [CR6R7RBIX where R6, R7 and R8 are as defined above and X is selected
from halogens and OH, sulfate, suifonate and phosphate groups. When X
designates a halogen, a preferred agent for applying a method of the invention
at an industrial scale is selected from methyl jodide, bromo-acetic acid and
benzyl bromide. When X designates OH, the agent is selected from alcohols

35  having from linear or branched alcohols having from 2 to 6 carbon aioms and is
preferably used in an acid medium, for example in the presence of sulfuric acid:



mmol Eq. AT88 150.2 88 - 50.0 - 293 1.0 BrCH2002H 138.9 >98% - 45.4 -
326 1.1 Water - deionized 1.0 250 250 - - NaH CO3 84.0 - - 39.1 - 466

£

5

an advantageous agent notably with respect to an industrial process, is
tertio-butanol. In the case when the agent is an alcohol and notably
tertio-butanol, a favorable reaction medium is an acid hydro-aicoholic medium.

According to another alternative, the sulfonium is obtained by

5 reaction on the compound, of an agent of formula [CR6R7RS]™X wherein
[CRBR7R8]" is a carbocation formed from a corresponding linear or branched
alkene having from 2 to 10 carbon atoms, in the presence of an acid. This acid
will be selected by one skilled in the art from his/her general knowledge for
forming the carboeation. This is preferably a mineral acid, for example sulfuric

10 acid or hydrochloric acid.

Preferentially, the agent is of formula [C(CHg)oH]*X wherein X
represents HSO, or Cl and is formed from propene in the presence of sulfuric
acid or hydrochloric acid, respectively. According to another advantageous
alternative, the agent is of formula [C(CHa)s]*X wherein X represents HSO, or

15 Cland is formed from isobutene in the presence of sulfuric acid or hydrochioric
acid, respectively.

All the other agents leading to the formation of the sulfonium may of
course be used. Moreover, the alkylation agent may be supported.

The step for hydrolyzing the sulfonium according to the method of

20 the invention may be contemplated under all suitable conditions. As an
example, it is carried out by simply heating the reaciion medium directly from
the previous alkylation step. Preferably the pH is not too high, advantageously
it is maintained at a value of the order of 6.

The last step of the method of the invention is the cyclization of

25 24DHB into 2HBL which may be achieved by one skilled in the art under
conditions for example described in the aforementioned documents
AU2004200948A and WO2008/022953A1.

At least two, or even all the steps for forming the sulfonium, for
hydrolyzing the suifonium into 24DHBA and for cyclizing the 24DHBA may be

30  simultaneous. Conditions for heating to a temperature varying from 30 to
150°C, preferentially from 60 to 100°C are sufficient. The authors further
observe that by adding halide salis, such as NaPBr, it is possible to increase the
reactivity and selectivity of these reactions.

As indicated earlier, the thereby formed 2HBL may be easily

35  purified and isolated from the reaction medium. The examples which follow, will
iHlustrate this but one skilled in the art will resort to his/her general knowledge in



1.6 NaHCOsag. 84.0 8.7% - (36.5) 420 435 1.5 20Qperating conditions
and results: 1.1.1. Al kylation 7 in a 500nL jacketed reactor
equi pped with-a condenser, a thernoneter and nmechanical stirring with
four tilted bl ades, are successively introduced at 20C. 50g of HMIBA
and 200nL of deionized water (TDE=20C). The nmediumis stirred at 400
rpm (m | ky solution) and then bronmpacetic acid (45.4 g, 1.1eq., 5 no
exotherny) is added within 5 mnutes and rinsing is performed with
50nmL of deionized water. 8 m nutes after_addition of BrCH2CO2H, an
orangey linpid nmedium (stirring at 400 r?)rr) i s obtained, no clear
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NaHCGO3 (3991Déwﬁ%ﬁbl-)loﬂoﬁ19%!%?ed portionwi se within 30 mnutes; strong
del ayed > effervescence. At the end of the addition, neasured pH

=3.1 at BkC Orangey linpid solution. Heating the nedi um
to 90C (set val uERAMBROG: rRepaestion téh RHEY 2R5th "HMABA TOF=RTE8) via a
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the set val ue pH=6 by addi ng an 8. 7% NAHCO2 aqueous solution (via a
syringe punp conty,ol pesafition Geapwmes) . After 3h 30m ns of
regul ati%n, t he a’gour%.t of . added NaHCO3 is 410nL 30(pH=6.0). The
stirrings reduc %a%'S”fGBe‘P"ﬁm and the HPea&}i*ng is maintained for the
Af 3h of regul ation, the pH
qgreou
G

of the nmediumis 6.1. ) Sanpl P Pphase (100pL 500pL D20)
for 1H NM R anal ysi sg zwcamept OpPi (NG srit grion: di sappearance of
the characteristic Si?ﬁfl of SAAT88 _(Ssicmj,jl t 8=2.81ppm and

mul tiplet at 6=3. Z3PPH T%9) cr> conplSMTf result (SAAT88 non
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(420mLy, O°C (18H) oH ~Jfe
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Reagents and table of the loads:

Reagents |Molecular weight] Quality |Density| Amount| Volume| mmol| Eq.
% @mh | @ (ml)
AT88 150.2 88 - 50.0 - 293 1.0
BrCH.CO.H 138.9 >08% - 45.4 - 326 |11
Water - deionized| 1.0 250 250 - -
NaHCO4 84.0 - - 38.1 - 466 |1.6
NaHCOaag. 84.0 8.7% - (36.5) | 420 | 435 |15
20 Operating conditions and results:

1.1.1. Alkylation



8 Return to 25C within 1 h 30mns with mld stirring. 748g of
aqueous crude is obtained. Results: TTAT88>99% (step 1, estimated
by 1H NMR) 5RR240HMs=95% (assayed by 1H NMR ) RRmrANa=35% (assayed
by 1H NMR ) Residual AT88: <2 nol % (estimated by 1H NWR) 1.2

Synt hesis and isolation of 2HBL from 24DHB 10Reacti on schene: HO
co2Na CO2Na OH 24D118MUM 0414411%$0, enteaft MatVIZOS Ma W.: 12EO03
Crude aqueous solution 5)Eaken up in DOLL dried on 14a2SO4 6)
Filtration, oancentratlan Reagents and tagble of the | oads. Reagents
Mol ecul ar Weight Quality % Density (g/m) Amount (g) Volume (ni) mol

In a 500mL jacketed reactor equipped with a condenser, a thermometer
and mechanical stirring with four tilted blades, are successively introduced at
20°C: 50g of HMTBA and 200mL of deionized water (Tpe=20°C). The medium
is stirred at 400 rpm (milky solution) and then bromoacetic acid (45.4 g, 1.1eq.,

5 no exothermy) is added within 5 minutes and rinsing is performed with 50mL of
deionized water. 8 minutes after addition of BrCH.COH, an orangey limpid
medium (stirring at 400 rpm) is obtained, no clear exothermy (Tyr=20°C,
Toe=20°C 10 minutes after adding the bromoacetic acid).

Heating of the medium with stirring (400 rpm) up to 80-85°C (set value

10 Twmpr=80°C reached within 30 minutes, Toe=95°C).

Maintaining heating and stirring for 1h 30mins at 80-85°C (Toe=80°C
(30min) and then Tpe=85°C (1h)). An arangey impid liquid is obtained.

Sampling for 'H NMR analysis (1 00uL of crude solution + 500l D20).

Stopping criterion: residual AT88 <1%mol (triplet $=2.4ppm, 2H, D:0) =
15  compliant result.

1.1.2. Hydrolysis at pH 6
The previous crude reaction mixture is cooled down to 30°C with stirring
(300 rpm, set value Twe=30°C reached within 20 minutes, Toe=20°C). A pH
20 probe is introduced inio the same reactor. Once the medium is at 30°C, solid
NaHCOs (399, 1.6eq.) is added portionwise within 30 minutes; strong
« delayed » effervescence. At the end of the addition, measured pH =3.1 at
25°C. Orangey limpid solution.
Heating the medium to 90°C (set value Tur=90°C reached within 30
25  minutes, Tpe=95°C). Stirring at 400 rpm.
Al Tur=80°C (30 minutes after starting the heating; measured pH =3.0),
the regulation of the pH is started with the set value pH=6 by adding an 8.7%
NAHCO; agueous solution (via a syringe pump controlled by a computer).
After 3h 30mins of regulation, the amount of added NaHCO; is 410mL
30  (pH=6.0). The stirring is reduced to 100 rpm and the heating is maintained for
the whole night (Tpe=95°C, Tyr=90°C}.
After 19h of regulation, the pH of the medium is 6.1. Sampling of the
aqueous phase (100uL + 500uL D;0) for "H NMR analysis.
Stopping criterion: disappearance of the characteristic signal of SAATSS

35 (singlet 8=2.81ppm and multiplet at 8=3.33ppm, D0} = compliant resuit
(SAATES8 non detected.)



Eq. Aqueous crude 142.1 0.37mol kI 74.8 - 27.8 1.0 37% HCO ag. 36.5
37% 1.2 7.2 6 73 qsp pH<1l Acidified aqueous crude 120.1 0. 34nmmol ig
82 27.-8 1.0 CH3ICN HPLC
8
Return to 25°C within 1h 30mins with mild stirring.
748g of aqueous crude is obtained.
Results:
. TTaTee>99% (step 1, estimated by "H NMR)
5 . RR24pHe=95% (assayed by "H NMR )
° RRuTaNa=95% (assayed by 'H NMR )
. Residual AT88: <2 mol% (estimated by 'H NMR)
1.2 Synthesis and isolation of 2HBL from 24DHB
10 Reagction scheme:
HO..COsNa 1 HCiag, 37% qep pHet  OH
COMNa o concentralion . COzH
* . 3) Shippings wih CHsON, ~ | O '
OH @ {ikration She
24DHE KTANa 4) Concentration JHEL MTA
_ (tifer 36%}  {Tiler 37%)
G i Il sl CHO, GH,0.5
el Wi: 14208 ol Wi 123,42 TAc Wi+ 40200 Mek Wt 108,44
Crude aqueous solution Crude oil
Sliaken up in DGM, OH
dried ot Nag@0s ES’: . gfcoz"’
6] Filtrafion, O ua
concentration Q
2HBL WTA
(ifer 47%)  (Hler 48%)
isolated 2HBL
Reagenis and table of the loads:
Reagents Molecular | Quality | Density | Amount {Volume| mmol | Eqg.
Weight % (g/mL) (@) (mb)
Aqueaus crude 142.1 0.37mmol - 74.8 - 27.8 1.0
/9
37% HClag. 36.5 37% 1.2 7.2 6 73 qsp
pH<1
Acidified 120.1 0.34mmol - 82 - 27.8 1.0
aqueous crude g
CHaCN - HPLC - 2x100 - -
+100
Crude ol 102.1 - - 1.0 - - -
DCM - PA 1.33 - 40 - -
Na,S0., - Anhydrous - 2.0 - - -




2x100 +100 -
- Anhydrous

- Crude oil 102.1 - 1.0 - - DCM PA 1.33 40 - Na2soa
2.0 - - 9 Qperating conditions and results: a)

Acidifi-cation‘In a 250nL 3-neck flask provided with magnetic stirring
and equi pped

10

15

20

25

30

Operating conditions and resuits:

a) Acidification

In a 250mL 3-neck flask provided with magnetic stirring and equipped
with a pH electrode, are introduced the 74.8¢ of the aqueous solution of 24DHB
and then 37% HCly Is added dropwise down to pH=0.5 (addition of BmL).
Limpid orangey solution.

b) Concentration and strippings with CHsCN

The previously prepared acidified solution is introduced into a 250mL
flask and concentrated under reduced pressure (20mbars, 60°C). The crude
concentrate (oil+solid) is taken up with 100 mL of acetonitrile, and the obtained
suspension is then concentrated (60°C, 20mbars). This operation is renewed
once and 100mL of acetonitrile are then added and the obtained suspension is
filtered on a frit of porosity N0.3; the salts and insclubles are rinsed with
2x10mL of acetonitrite and the filtrate is then concentrated (17mbars, 60°C).
6.6g of a pale yellow-orangey oil are obtained.

¢) Drying on Na,S0,

In a 100mL Schoit tube provided with magnetic stirring, 1.0g of crude oil
obtained earlier are dissolved by 40mL of dichloromethane (cloudy, milky
solution and slight presence of a gum residue) and then 2g of Na,SQ, are
added with stirring. The stirring is maintained for 30 minutes followed by
filtration on a frit of porosity No.3 (limpid filtrate); rinsing of the salts with 40mL.
of DCM. The filtrate is concentrated under reduced pressure (19mbars, 35°C}.

0.75g of a pale yellow oil are obtained. 'H NMR analysis (CDCls}

Resulis (assaved by 'H NMR );

° RRane =82%,; titer 2HBL = 47% (from 24DHB)

L RRmra=81%; titet MTA = 48% (from MTANa)

Example 2: Preparation of 2HBL from HMTBA (or AT88) via a
sulfonium obtained by reaction of benzyl bromide

2.1, Preparation of 24DHBA:
Heaction scheme;



5 with a pH electrode, are introduced the 74.8g of the aqueous

sol ution of 24DH3 and then 37% HC ag. |s added dropw se down to
pH=0.5:(addi tion of 6nL). Linpid orangey solution. b) Concentration
and strippings with CH3CN The previously prepared acidified solution
is introduced into a 250nL 10 flask and concentrated under reduced
pressure (20nbars, 60C). The crude concentrate (oil+solid) is taken
up with 100 nL of acetonitrile, and the obtained suspension is then

concentrated (60C, 20nbars).

Thi s operat

of acetonitrile are then added and the

filtered on a fri@ ofGporosity No.3;

concentrated (1l7npars,
c) Dryis
with magnetic,s}

obt ai ned.

sl i ght presence "0

60C) .
g_on NaZSoéF@'m

Q0 of crude oil
yr onmet hane (cl oudy,

g of "Na2s

ek

a gumresidue) and then

bon is renewed once and 100nL
tai ned suspension is

the salts and |nsolubles are

'ngey oi |
ube provided
ier are

ar e

mlky 20} sol ution and

are added

with stirring. The stirring i s nmaintai ne%%gm es followed by
filtration on a frit of porosity No.3 (li trate?‘g rinsing of
the salts with 40nL of DCM Theflltratelsd‘iﬁ? ¥ at el under
reduced pressure (19nbars, 35C). Pttt 2. pal yellow il aLe
obt ai ned. 1H NWVR anal yS|s (CDCl 3) 28Resul ts (dssayed by NVR ) :
RR2HBL=82% titer 2HBL 47% (from 24DHB) RFi 'H-SA:81% er MIA =

48% (from MIANa)
HMIBA (or AT88) via a 30 sul fonium obtained ¥
bromi de 2.1. Preparation of 24DHBA: Reacti orfP

Mol ecul ar Wi ght

Exanpl e 2: Prepagghdopn of 2HBL
Wi gt | smwotbenzyl

from

ipraqfm: ol Relsgyenitss

I%?%énttsyarﬁ%bﬁ%e(l%d"sll) Amount (g) Volume (i -)

nmmol Eq. AT88 150
Reagents| Molecular Quality | Density] Amount | Volume| mmol Eq.
Weight % (@mb) ]| (@ (mb)

ATE8 150.2 88 - 60 - 352 1.0
BnBr 171.0 100 1.438 66 48 383 1.09
Water - Deionized 1.0 60 60 - -
30% 40.0 75N - 100 750 213
NaQOHag.

Operating conditions and resulis:
1) Alkylation
In a 250mL jacketed reactor equipped with a condenser, a thermometer
and 4-blade mechanical stirring, are successively infroduced at 25°C: 60g of
10 AT88 and 60mL of deionized water (Tpe=25°C). The medium is stirred at 500
rpm (beige emulsion) and then benzyl bromide (46mL, 1.1éq.) is added within 3
minutes; biphasic medium, stirred at 1,000rpm in order to obtain a well
emulsified medium (pale brown milkky medium). The addition of BNBr is
exothermic (6 minutes after adding BnBR: Tyg=36°C, Tpe=25°C).
15 Heating the medium with stirring (1,000rpm) up to 62°C (set value
Twr=62°C reached within 30 minutes, Tpe=65°C).
Maintaining the heating and the stirring for 1h 30mins and at 62°C
(Toe=65°C). An orangey limpid solution is obtained.
Sampling for "HNMR analysis (50uL of crude solution +500uL D,0).



60 - 352 1.0 BnBr 171.0 100 1.438 66 46 383 1.09 Water - Deionized

1.0 60 60

30% NaOHaq. 40.0 7.5 N _ - 100 750 2.13 5 Operating

conditions and results: 1)Al kyl ation In a 250nL j acketed
react or equi pped with a condenser, a thernoneter and 4-bl ade

mechani cal
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stirring, are successively introduced at 25C. 60g of

11

Stopping _criterion: disappearance of the characteristic signal of AT88
(triplet 8=2.4ppm, D,0) = compliant result (AT88 not detected).

2) Hydrolysis at pH 6

A pH probe is introduced into the same reactor. Heating of the medium
to 80°C (set value Tyr=91°C reached within 30 minutes, Toe=100°C and then
93°C). Stirring at 700 rpm.

At Tur=85°C (24 minutes after starting the heating; measured pH =-0.86),
sampling of the medium is carried out for 'TH NMR analysis (50uL. + 500uL D,0)
in order to check formation of AT88 before the beginning of the regulation
=confirmed presence of AT88 (characteristic signals: triplet 8=2.4ppm and
singlet 6=1.87ppm).

Regulation of the pH is started after the sampling with the set value
pH=6 by adding 30% soda (via a syringe pump controlled by a computer). At
pH=3.5, the reaction medium becomes turbid and miky (3 minutes of
regulation). After 7 minutes of regulation (pH=6.0, set value reached), formation
of a floating orangey oil. After 1h of regulation, significant presence of oily
supernatant. Stirring at 400 rpm.

After 5h of regulation, the added amount of soda almost no longer varies
(pH=6.13). The stirring is reduced to 100 rpm and the heating is maintained for
the whole of the night (Tpe=93°C, Tur=20°C).

After 18h of regulation, the pH of the medium is 6.04. Sampling of the
aqueous phase (50uL + 500uL D;O) and of the floating oil (30mg + 600uL
CDCly) for 'H NMR analysis.

Stopping criterion: disappearance of the characteristic signal of SBATS8
(singlet 8=2.58ppm, D,0) = compliant result (SBATS8 not detected).

Return to 25°C within 3h with mild stirring. Both phases are separated by
simple decantation and drawn off,

142g of brown oil and 2459 of agueous crude medium are obtained.

Resulis:

° TTaree=100% (step 1, estimated by 'H NMR )

L HR24DHB=83% (assayed by 1H NMR)

. RRaTes=8% (assayed by 'H NMR )

2.2. Synthesis and isolation of 2HBL. from 24DHB
Reaction scheme:



10 AT88 and 60nmi of deionized water (TDE=25C). The nediumis stirred
at 500 rpm (bei ge enul sion) and then benzyl brom de (46nL, 1.10.) is
added within -3 m nutes; biphasic nmedium stirred at 1,000rpmin order
to obtain a well emulsified nedium (pale brown m | ky mediun. The
addition of BNBr is exothermc (6 mnutes after adding BnBR TnR=36C,
TDE=250C). 15Heating the nediumw th stirring (1,000rpm up to 62C
(set val ue TnR=62C reached within 30 m nutes, TDE=65C).

Mai nt ai ni ng the heating and the stirring for | h 30m ns and at 62C
(TDE=65C). An orangey linpid solution i 2obt ai ned. Sanpling for 1HNWR
anal ysis (50pL of crude solution +500pL D20). 11 St oppi ng
criterion: disappearance of the characterl stic signal of AT88
(triplet 8=2.4ppm w820 '

Heating of the nedi
m nut es, TDE=100C ahd
TnR=85C (24 m nut es“‘é{:ﬁg&w@ta T ; _
sanpling of the nmedi¥mPitsi4s¥rried out for 1H y@gg
500pL D20) 10 in orderetamuebeskofutisrati on of AT

begi nning of the regulation *confirmed presence of
(characteristic signals: triplet 8=2.4ppm and si 1g|@g “8=T. 87pprr)

Regul ation of the pH is started s@fl 6ok S 508) | th t val ue
pH=6 by addi ng 30% soda (via a %Wm' | /&t by

conputer). At 15 pH=3.5, the reaction nedi um beceo ng@,_turaggjZ m | ky
(3 minutes of regulation). After 7 m nutes of regul&tipn plﬂc:&}C, set
val ue reached), formation of a floating orangey o¢il. Isfﬁgiédqﬂﬁgh of
regul ation, significant presence of oily supernatemt—sttrt+reg—edt 400
rpm Af t emeadbrdd ahg BHiabt Ml loade added ampunt of soda al nost

no | onger. vari es 20(pH:6 13) The stirring is reduced to 100 rpm and

the heating is bhaole of the night (TDEZ03C

TnmR=90C) . _ BE Qldaiint n&lé%%un‘ K]@ur}rg mrnlcllnéq
6. 04. Sanpling of t he aqueous hase 50pL 500pL D20) and th
floating oil (joore =t A 2 aj_@g_j_sszkl: St-oppi.n

criterion: di sampﬁadrr@a,agam@f t he ghar behahhBtic [signal of 554\]’8,&,
(singlet 8=2. Egg) 020) 4. coppliant result (3BAT88 not |det ecteq)
g%;:: . P -

Return to 25C A1 st} ire—Both—bhaddindr ¢ Lonadat ed

1 111G Do oTYg popc

4 - |

U U S
by sinpl e decamtiat$zen and drawn edd . 7% 1.2 | ¥42d of hreawnsgid] and
2459 of aqueoys &hHds, iLum are obtpgined. | 30Rasul t 3g: TTAT88=1Q0%
(step 1, estinated by tr- ue‘ﬁ% J‘Qm—"g'i‘:%(abaiyu by—HF R
RRAT88=8% (asq&& by 1H NVR )| 352 2| i®ydit hesi sl and |gs@bet i-oh of |2HBL
from 24DHB Redetuhon schene: Rnag,gpt s and tabl g pf..tthe | qads] 5
Reagent s

DCM - PA 1.38 - a0 -

Na2S0, - Anhydrous - 2.0 - -

Operating conditions and resulis:
a) washings with AcOET
In a 100ml Schott tube, are successively introduced 50g of crude
10  agueous phase isolated by simple decantation of the reaction crude medium
from hydrolysis and then 15mL of ethy] acetate.
Intensive stirring and decantation. The organic phase is removed.
Washing with AcOEt of the aqueous phase is reproduced twice.
49.1g of aqueous crude medium, a limpid orangey solution are obtained.
15 "M NMR analysis (100uL + 500L D20).
Stopping criterion: benzy! residues <1mol% evailuated by comparison of




Mol ecul ar Weight Quality % Density (qg/m.) Amount (q) .... Volune (ni)
mmol Eg. Aqueous crude nedium 142.1 1.2mol/q - 50 59.6 1.0 AcOEt
PA - 3x15nl ¢ HClaq. 37%36.5 37% 1.2
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the characteristic benzyl signal (bulk, 8=7.3ppm, D,0) with that of 24DHB

(characteristic signal $=3.62ppm) = compliant result (benzyl residues
<1mol%).

b} Acidification

In a 100mL 3-neck flask provided with magnetic stirting and equipped
with a pH electrode, are introduced the 49g of the previous aqueous solution
and then 37% HClag. Is added dropwise down 1o a pH=-0.5 (addition of 6 mL).
Limpid orangey solution.

¢) Concentration and CH,CN strippings.

12.3g of the acidified solution are introduced into a 100mL flask and
concentrated under reduced pressure (20mbars, 65°C). The concentrated
crude product (oil+solid) is taken up with 50mL of acetonitrile, and the obtained
suspension is then concentrated (65°C, 20mbars). This operation is renewed
three times and then 50mL of acetonitrile are added and the obtained
suspension is filtered on a frit of porosity No.3, the salts and insolubles are
rinsed with 2x5mL of acetonitrile and the filtrate is then concentrated (20mbars,
65°C). 1.73¢ of a pale yellow-orangey oil are obtained.

d) Drying on NapS0,

In a 100mL 3-neck flask provided with magnetic stirring, 1.73g of the
crude oii obtained previously are dissolved with 50mL of dichloromethane
(cloudy solution, slight formation of off-white flakes which decant) and then 2g
of NapSQ, are added with stirring. The stirring is maintained for 30 minutes and
followed by filtration on a frit of porosity No.3 (slightly cloudy filtrate); rinsing of
the salts with 2x256mL of DCM. The filtrate is concentrated under reduced
pressure {18mbars, 35°C).

1.52g of pale yeliow oil are obtained. 'H NMR analysis (CDCls)

Results (assayed by '"H NMR ):

° RR2H5L=81 %; titer ZHBL = 80%

° REaTes=8%; titer AT88 = 14%

Example 3: Preparation of 2HBL from a caicium sait of HMTBA via a
sulfonium



7.2 6 73 gsp pH Acidified washed aqueous crude 120.1 1.2nolip - 12.6
- 14.6 1,0 CH3CN HPLC  3x50+50 Crude oil 102.1 1.735 DCM PA
.33 -. : :
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\SI\/LY,G-_ C2™ _pnbr,90°C Ants} B";\/LF o
L d;- no solvent ‘ﬁ
MHACH ? |
Mohlar ratia
SEBREIACST AR » 4.4
OH

85C (Zhd0) HG /\ﬂ;jx 240HB
JO7C w0y FE~ [[}:m ZHRL

noselvent * 4]

The formation of 2HBL (or of derived open forms) is not observed even

after extended heating to 90°C (4h 30min) of the alkylation crude product.

5 Conversely, the effect of adding water and sodium hydrogen carbonate onto

the alkylation crude product (gsp pH 8) followed by heating is expressed by

significant formation of 24DHB. Under the tested conditions, the presence of
water is therefore required for displacement of the sulfonium.

10 Example 4: “1 pot” preparation of 2HBL and effect of adding a salt
(NaBr)
i BCHL0H 2 61)
o v smsts s e IHBL
¥ oM o, 1 o (R/':G o
AT ER C;Hmﬁ;!; Nige {Bor é:q}} & 5.&03.%1:% %efms
Scate 108mg

| Clearty actestea

15

The conditions used for test B were reproduced with the following

performances ("H NMR assay, after 3hours at 135°C): complete TTgaaTsa
RRotp =33-39%.

20 Example 5: Preparation of HMBA methyl sulfonium



50 Na4SO4 Anhydrous - 2.0 Qperating conditions and results: a)
washi ngs with AcCET In a 100nml Schott tube, are successively
i-ntroduced 50g of -crude 10 aqueous phase isolated by sinple
decantation of the reaction crude nediumfrom hydrolysis and then

15nmL of ethyl acetate. I ntensive stirring and decantation. The
organi c phase is renoved. Washing with AcOEt of the aqueous phase is
reproduced tw ce. 49. 1g of aqueous crude nedium a linpid

orangey sol ution are obtained. 15H Nl\/RrTilgal ysis (100pL + 500pL D20).
Stopping criterion: benzyl residues <I % eval uat ed by conpari son of
13 the characteristic benzyl signal (bulk, 8=7.3ppm D20) with that
of 24DHB (characteristic si gn&k 8=3. 62ppm => conplignt result

c

(benzyl residues <lnol % i dipfd, @atd 5 . "/\IpLa 100mL 3- neck
flask provided with magne‘él ¢”stPM Tang @nd equi pped W PPa pH

el ectrode, trodu of the preyiou eou

ond t hen 379 Prlng BPRGReR: Sl Biireatiat Al zeCaeddee St Afhe lasde.
6 m). Li npllaa(br(%mgby\/leb(éﬂﬁpbhancimen Mﬁ@tﬁr@ﬁﬁ(bmréﬁhomﬁmncemration

2 ToonL 1 asit e e ?22?}"5%%@“ i @Bﬁ%gt?%’? L e (20mbars. 650) -
The concentr ?%E céﬁﬁ%yeﬂ' Bﬂu@tNM Qﬁsfpt%lﬁgﬁ!a‘ﬁp( RN =83%,
acet oni tri | ejitenfsdifbhiambregned suspen5| on is then concentrated (65C,
20nbars). This operation is renewed 15 three tinmes and then 50nL of
acetonitrile are added and the obtai ned suspension is filtered on a
frit of porosity No.3, the salts and insolubles are rinsed with 2x5nL

of acet o t rEkempisle! PRddrhfic R be HMBARSR-MAPremMtssuad (20nbars, 65C).
1.73g of a pale yellow orangey oil are obtained. d) Drying on Na2304

20l n a 100nmL 3-neck flask provided with nmagnetic stirring,_1.73g of
t he crude oil obtained gﬁew ously are dissolved with gdby

di chl or onet hane (ch LHt i oAl 1BelH (4ee). (86} on of Dike

fl akes which decant) and then 24 gt O are added)&Lth stirring.
The stirring is maintained for 30 mnutes and followed by filtration
on a frit of porosity No.3 (slightly cloudy filtrate); rinsing of 25

t hg saldt s W b e?atﬁgrﬂor@iuoﬁg\/boﬁhaséndﬁ ’Lruébeai ﬁswnﬁ@@ad@bﬁ%fwm (3. 4g)
educed 8 o BRReAETE Shoor bty Merd BASIChOR G e adaing
RR2HEL=81% tp$@5 (3123Bhl, SS&DPYFSORRANBBIEBYDY tmale’raimﬂ'@& ierﬁp@tﬁture T<15°C;
returned to 20°C after the end of the addition of acid and 20°C is maintained for
2h.
Results (estimated by 'H NMR ): complete TT AT88, RRassayed (suifonium)
20 >90%




Mol ar ratio SELIFIACall Al A HO 2ff ilL O The formation of
2HBL (or of derived open forns) is not observed even after extended

heating to
Conver sel y,
onto the al

90C (4h 30mi n) of the al kylation crude product. 5
the effect of adding water and sodi um hydrogen carbonate
kyl ati on crude product (qgsp pH 8) followed by heating is

expressed by significant formation of 24DHB. Under the tested

condi ti ons,
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Scale i ClOWQ .. 11s; .
drilla 100 <10 Low CLAIMS
1. A method for preparing 2-hydroxybutyrolactone (2HBL) from a
compound, or from its salt or its oligomers, said compound fitting formula (f)
CHs-8-CHCH.CR1R2R3

wherein

R1 represents H

R2 represents a group selected from OH; QR4 and OCOR4
wherein R4 represents a group selected from linear, cyclic, alicyclic, or
branched alkyl groups having from 1 to 10 carbon atoms, and aryl groups
having from 6 to 10 carbon atoms, optionally substituted with substituent(s)
selected from linear or branched alkyl groups having from 1 to 10 carbon atoms
halogens and hydroxyl, amino, nitro and alkoxy groups having from 1 to 10
carbon atoms; and OSIRR'R” wherein R, R’ and R” are selected independently
of each other from linear, cyclic, alicyclic, or branched alkyl groups having from
1 1o 10 carbon atoms, aryl groups having from 6 to 10 carbon atoms, optionally
substituted with substituent(s) selected from linear or branched alkyl groups
having from 1 to 10 carbon atoms, or R1 and R2 represent together =0,

R3 represents COOH or a COOR5 wherein R5 represents a group
selected from linear, cyclic, alicyelic or branched alkyl groups having from 1 to
10 carbon atoms, benzyl groups and benzyl groups substituted with one or two
substituents selected from linear or branched alkyl groups having from 1 to 10
carbon atoms, halogens and hydroxyl, amino, nitro and alkoxy groups having
from 1 to 10 carbon atoms, or R3 represents a cyano group,

method according to which

a sulfonium of said compound is obtained, said sulfonium fitting the
formula (1)

[CH3][CH.CH,CR1R2CRIJ[CRER7RE]S X

wherein R1, R2 and R3 have the above definition, and R6 and R7
are selected independently of each other from H, linear, cyclic, alicyclic or
branched alkyt groups having from 1 to 10 carbon atoms, and aryl groups
having from 6 to 10 carbon atoms optionally substituted with substituent(s)
selected from linear or branched alkyl groups having from 1 to 10 carbon
atoms, halides and hydroxyl, amino, nitro and alkaxy groups having from 1 to
10 carbon atoms; R8 is selected from H, linear, cyclic, alicyclic or branched
alkyl groups having from 1 to 10 carbon atoms, aryl groups having from 6 10 10
carbon atoms, optionally substituted with substituent(s) selected from linear or



>90 Clearly detected 15 The conditions used for test B were
reproduced with the follow ng performances (H NVR assay, after 3hours
at 135C): conplete TTsAAT88, RR2HBL=33-39% 20 Exanple 5: Preparation
of ‘HVBA net hyl sul fonium 15 OHOH CO2H D90, Mel (2.6eq.)

" SLCORH' St 40C (24h) Qperating conditions: 5nlL mni-reactor; at
25C, introduction of AT88 (644ng), D20 (3nL), Mel (478pL) and then
heating to 40C for 24hours. Concentration 5 of the totality of the
reaction nedium (18nmbars, 65C). Results (assayed by 1H NVR): TT
AT88>95% RRi sol ated (sul fonium =89% fl¥ter (sulfonium=70% 10

Ex le 6: R Lon of HVBA tert-butyl, K sulfonium erating
coﬁg})t i ons: %’gﬁ@q@:ﬁ@(ﬂgrpﬂ%, aying SiR qi%ﬂ%%@?ﬂ&ﬁorﬁﬁ gliiegiof grounss
D20 (3.2nL),netBuigrhgse eamplisingd funetiorc sektieg fawmacid) b, aythRlfichdhs

H2SO4 (5. 2”Lan08ﬁ%brefs@ﬁts?§ccm LiBS, &g M ntaining a tenperature
T<15C, returned to 2QC after t el

% e “end of the addition of acid and 20C
i s maintained for 2niheiherehyabigiped splionivis BydiplyZBINIRI ) : conpl et e

TT AT88, SRRassayed (id-tibmpdionyb@frie-9086id 160CLAIVE shit Aigret BRMizdd" into
preparing 2-@%?&%”%93&%%%@%_0% (2HBL) from a conpound, or fromits
goners

salt or its o , _sald Compound fitting formula (1)
CH3- S- CH2CH2CR11R2R326Whe riapior apegidiegetn <iaim 1, characteri@2dr @prteste fies

a Igr otjpds fel esdrasborido 67 ?ﬂm@ﬂt)ggfbéﬁ%&ﬁ% fVéﬂ?ﬁ@bWrﬁ’%y-S@ﬁ%tﬁi@ﬂ%?gﬁrigra%HJO
pavi ng. 1r om N bR s hane By eb i ofk gl FTS ettt o e,
to 10 cdfborsaiisdhersobpnd oligamersdoereot.t ut ed with substituent (s)

o fon” ol S AT Sty 1 SUE il s e
havi ng from rfp{%'%e%g;; @ilr’ E%na %K&%e ftprepperreeiopied &om R and ('gHaﬁd RS
are sel ect edsiseltefesiiientt und CHraphewyi bat GOOM drongar . cyclic,
alicyclic, or branchgdral kydingd QRS Y td End 5P Vaims 1 to 3, characterized in

15 that the sulfonium is obtained by reaction on the compound, of an agent
selected from agents of formula [CRBR7RS8]X wherein X is selected from
halogens and OH, sulfate, sulfonate and phosphate groups.

5. The method according to claim 4, characterized in that said
agent is selected from bromoacetic acid and benzyl bromide.

20 6. The method according to claim 4, characterized in that said
agent is selected from linear or branched alcohols, having from 2 to 6 carbon
atoms and is used in an acid medium.

7. The method according to claim 4, characterized in that sulfonium
is obtained by reaction on the compound of an agent of formula [CR6R7R8]’X

25  wherein [CR6R7R8]" is a carbocation formed from a corresponding linear or
branched alkene having from 2 to 10 carbon atoms, in the presence of an acid.

8. The method according to claim 7, characterized in that the agent
is of formula [C{CHs)H]"X" wherein X represents HSO, or Cl and is formed
from propene in the presence of sulfuric acid or hydrochloric acid respectively.

30 9. The method according to claim 7, characterized in that the agent
is of formula [C{CHa)s]"X wherein X represents HSQ, or Cl and is formed from
isobutene in the presence of sulfuric acid or hydrochloric acid respectively.

10. The method according to claim 1, characterized in that at least
two of the reactions for forming the sulfonium, for hydrolyzing the sulfonium and

35  for cyclizing 2,4-dihydroxybutyric acid (24DHBA) are simultaneous.



15 1 to 10 carbon atons, aryl groups having from®6 to 10 carbon
atons, optionally substituted with substituent(s) selected from
I-inear- or branched al kyl groups having from1l to 10 carbon atons, or
R1 "and R2 represent together =0, R3 represents COON or a
COOR5 wherein R5 represents a group selected fromlinear, cyclic,
alicyclic or branched al kyl groups having from1 to 20 10 carbon

at ons, benzyl groups and benzyl groups substituted wth one or two
substituents selected fromlinear or brqﬁched al kyl groups havi ng
from1l to 10 carbon atons, hal ogens and 'Mfydroxyl, am no, nitro and

| k h t
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char act er 2610 {Ral0 SAIMEB A1 SPRERe AU BYioRde P GHTprand alkoxy
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a carbocation formed de g ﬁﬁé’rb%%?éb‘?&ﬁ’hﬁ%géh&@ﬂ@ & 'oabh R A H FREar,

havi ng fromZCé %[O carbon atons, Int
8. The net hoBYHECHUPIROK yragrhgdilry! @REPS @»@mr@aﬂmﬂ&ﬁrw@tag@nand
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acid respectiv
carbon afoms, halides and hydroxyl, amino, nitro and alkoxy groups having

from 1 o 10 carbon atoms; R8 is selected from H, linear, cyclic, alicyclic or
branched alkyi groups having from 1 to 10 carbon atoms, aryl groups having
35 from 6 to 10 carbon atoms, optionally substituted with substitueni(s) selected
from linear or branched alkyl groups having from 1 to 10 carbon atoms, and



30 9. The nethod according to claim7, characterized in that the
agent is of forrmula [C(CH3)311X" wherein X represents HSO4 or C and
irs formed fromisobutene in the presence of sulfuric acid or
hydrochl ori c acid respectively. 10. The method according to
claim1, characterized in that at |least two of the reactions for
formng the sulfonium for hydrolyzing the sulfoniumand 35 for
cyclizing 2,4-di hydroxybutyric acid (24DHBA) are sinultaneous. 18
11. The method according to claim 10, c? racterized in that the
reaction tenperature varies from30 to 0C. 12. The

met hod accoraltragtot greli MotdBlyaho ' ' i te. halj

salts such Ngﬁg%ﬁgé?é&%ggy 5f%%C%ﬁgﬂﬁggEﬁ%hgsgB?@Fﬁ%ﬁf&ﬂ@ﬁ?ﬂgﬁsmn
claims 1 to 2 OdH% PRTRSEMSA GoUNiE-1ahaNd ed on an i ndustri al
scal e. 14. The use oforpreparrgn2-bydrokybutpeidaomul a (11)

[ CH3] [ CH2CH2CR1R2CR3] [ CR6R7R8] S+ X. wherein 10Rl represents H

R2 represents a group selected from OH, OR4 and OCOR4 wherein R4
represents a group selected fromlinear, cyclic, alicyclic or
branched al kyl groups having from1l to 10 carbon atons and aryl
groups having from6 to 10 carbon atons optionally substituted with
substituent(s) 15 selected fromlinear or branched al kyl groups
having from1 to 10 carbon atons, hal ogens and hydroxyl, amno, nitro
and al koxy groups having from1 to 10 carbon atons; and OSi RR R’
wherein R and R' are sel ected independently of each other from

| inear, cyclic, alicyclic or branched al kyl groups having from1l to
10 carbon atons, aryl groups having from6 to 10 carbon atons,
optionally 20 substituted with substituent(s) selected fromlinear or
branched al kyl groups having from1 to 10 carbon atons, or Rl and R2
represent together =0, R3 represents COOH or a COORS
groups wherein R5 represents a group selected fromlinear, cyclic,
alicyclic, or branched al kyl groups having from1 to 10 carbon atons,
benzyl groups, and benzyl groups substituted wth 25 one or two
substituents selected fromlinear or branched al kyl groups havi ng
from1l to 10 carbon atons, hal ogens and hydroxyl, am no, nitro and

al koxy groups having from1 to 10 carbon atons, or R3 represents a
cyano group, R6 and R7 are sel ected i ndependently of each
other fromH, linear, cyclic, alicyclic or branched al kyl groups
having from1 to 10 carbon atons, and 30 aryl groups having from®6 to
10 carbon atons, optionally substituted with substituent(s) selected
fromlinear or branched al kyl groups having from1l to 10 carbon
atons, halides and hydroxyl, am no, nitro and al koxy groups having
from1l to 10 carbon atons; R8 is selected fromH, |inear, cyclic,
alicyclic or branched al kyl groups having from1l to 10 carbon atons,
aryl groups having 35 from6 to 10 carbon atons, optionally
substituted with substituent(s) selected fromlinear or branched

al kyl groups having from1l to 10 carbon atons, and 19 attractor
groups notably those conprising a function selected fromacid, ester,
cyano functions and X represents a counter-ion and for preparing

2- hydr oxybut yr ol act one.



