WO 03/ 106447 PCT/ NLO3/ 00435 -1 PROCESS FOR THE PREPARATI ON OF DI OXANE
ACETI C ACI D ESTERS 5 The invention relates to a process for the preparation
of an estwpofioed4iprnmula (1) R3 R4 OO O (1) OR2 10 wher @Ca/NRO3O@RS esent s
a leaving group, CN, OH or a COORS group, R3 and R4 each independently
represent a Cl-3 al kyl group and R2 and RS each i ndependently represent an
ester residue, wherein the correspondi ng'éalt with formula (2) 3 R4 ><- 0
0 (2) OM15 wherein Mrepresents Hor an alkali (earth) nmetal in an inert
sol vent is contacteedcadst Ror amrapiEbaciioNi ok phoxANENgemAge Metpoed e t he
corresponding acid chloride, and the acid chloride is contacted with an

al cohol with formula R20H in the presence of N-nethyl norpholine (NWM. 20
Many processes for theaﬁre aration of esters e}re known in the art, for

i nst anc® the preparat i JREHVEBERRIELIRS t0 & OCeSSTRBINP HFERF IRt 28881 Rl or i de.
It was, hegRI(1)to be expected that such processes would not |ead to high
yields due to the lack of stability of the present conpound under acidic
conditions. It is the object of the invention to provide a process for the
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10  wherein R' represents a leaving group, CN, OH or a COOR® group, R® and R* each
independently represent a C1-3 alkyl group and R? and R°® each independently
represent an ester residue, wherein the corresponding salt with formula (2)

0 O 0
(2)
R1
oM
15
wherein M represents H or an alkali (earth) metal in an inert solvent is contacted with
an acid chloride forming agent to form the corresponding acid chloride, and the acid
chloride is contacted with an alcohol with formula R?OH in the presence of N-methyl
morpholine (NMM).
20 Many processes for the preparation of esters are known in the art, for

instance the preparation of esters via the formation of the acid chloride. It was,
however, to be expected that such processes would not lead to high yields due to the
lack of stability of the present compound under acidic conditions.

It is the object of the invention to provide a process for the



preparation of esters with high yield in a robust process, even at |arge
scale and with relatively high concentrations. Surprisingly it has been
found t hawoaesams4gt erically hindered esters that are diffiPCOHINLOB/OO4BBt ain in
esterifications |like t-butyl esters of _phe acid unstable 5 nol ecul es of
formula (1), can be obtained in high yield in an easily reproducible
process. Wth the process according to the invention esters with formul a

(1) that aggpatagdrbl &tér@d@thrggmdéla it Psbubi So8essf Qﬁeri RIHABELa¥Iahl wiH < 4,
can be prepared in  hi 10 R1 represents a | eaving group, CN, OH or

a COOR5 grdﬁl?t'\l\ﬂ\éh&hrmnﬂe'y"qﬂ@fﬁ -esents an ester residue, for exanple an

al kyl group with for i r@@r’éﬂgﬁ I%t@ma@be@ﬁ fUIlﬁd tﬁHt e36n 8Vibalg HHHRrM EdledsOr
i nstance 6-12 C-atons. IeaV|n pflrou \Zpte Inition 1s™ a group that can

easily be rioplaedfficyitde oé’t?mrweé eiifipeiiong tike @yl asipss ghibe acid unsfablg 1; a

tosyl at & gryiRculds BERh@R]1)JESW Be 0BRirda YA RigH yidlcHRin Msfrept@uciist ance, 1-6
C-atons in 15 particular an acetoxy group; "a phenacetyl oxy group; an al koxy

group w t h,PrPeRssi nstance, 1-6 C-atonms or an (hetero) aryloxy group wth,

for instance, 6-12 C atwgs tne Flogb ey abitingTo tERUARRAESId w.tﬁfo%nrufaoqﬁsents
an ester residue, preferably an a roup, for instance an al gr oup

with 1-6 C-thelare Upstable under aaw@&snd'%/ms for gsiance with Pkt 5 1. @aro@mpr@pmd@n 12 20

C- at ons, |rh@a§,,g;dcul ar a nethyl, ethyl, propyl, isobutyl or f.butyl group.
An inportant group of esters that can be prggared W th thg process
accordi®y to the inventRofepegsentsia lsavigg gospceN. OR @& ap@OR” grasorherein

i ndependent gy, ebﬁegéﬁé%{ates@er%sngeR A%gg?qgre%maukﬁ FoudMﬁtﬂFﬁ%&a@c%ﬁtwl or

et hyl group. Preferab R3 an res in formul a
(2) can be HABSH emramhgrnup witld fy ingtange 6a1 % +atornsatAaﬂegvrngcrour3|hy§te§mﬁen is

Lithi um = sodyug, RRlas eh Wt?é‘:‘é Rl&dirér Frﬁoﬂe é‘ﬁél@%t aféﬂﬁstéﬁk?@l”ﬁ?oﬂmgnes' um

or calcium Pregerab repr sents s I um or ssium The’ aci chI oride
form ng agdpsylaiggre; émgsedaw PEWPt Areagyiaxy 9rep, wrtbefgéwstgmma% Csatgwadm al | y

known ag syghiculitidhabfoxs 4R8lY; §Dhehackflicky Gré: bA%IKeR) B with, for instance,
1-6 C-atoms or an (hetero) aryloxy group with, for instance, 6-12 C-atoms . Preferably
R' represents Cl.
R? represents an ester residue, preferably an alkyl group, for instance
an alkyl group with 1-6 C-atoms or an aryl group, for instance an aryl group with 6-12

20  C-atoms, in particular a methyl, ethyl, propyl, isobutyl or t.butyl group. An important
group of esters that can be prepared with the process according to the invention are
t.butyl esters. '

R® and R* each independently represent a C1-C3 alkyl group, for
instance a methyl or ethyl group. Preferably R® and R* both represent methyl.

25 M in formula (2) can be chosen from the group of H, alkali metals, for
instance lithium, sodium, potassium and alkali earth metals, for instance magnesium or
calcium. Preferably M represents sodium or potassium.

The acid chloride forming agent can be chosen from the group of
reagents that is generally known as such. Suitable examples of acid chloride forming

30 agents are oxalyl chloride, thionyl chloride, PCls, PCls, and POCI,. Preferably the acid
chloride forming agent is used in an excess relative to the amount the salt with formula
(2), for instance between 1 and 3 equivalents, more preferably between 1.2 and 1.8
equivalents.

If desired, in the acid chloride formation also a catalyst may be

35 present. The amount of catalyst may for instance vary from 0-1, preferably 0-0.5

equivalents, calculated with respect to the amount of salt with formula (2). Higher



30 agents are oxalyl chloride, thionyl chloride, PC13, PCl,5, and PCCL3,
Preferably the acid chloride formng agent is used in an excess relative to
the amounwotlgo@alt with fornula (2), for instance bet we@QTNIaBMOBS

equi val ents, nore preferably between 1.2_.and 1.8 -equivalents. If desired,
in the acid chloride formation also a catalyst may be 35 present. The
anount of catalyst may for instance vary fromO0-1, preferably 0-0.5

equi val ent %mdl@tsﬁcbﬂo@t t\akd Hsé Eéé%‘ﬂﬁé Mwﬂlhﬁrﬁﬂﬁﬁgveq{o S@ala c{%\ﬁtjagé sl a
(2). Higher 3/ 10 447 PCT/ NL03/ 00435 -3 anpunts of catalyst-are al so

possi bl e, lﬁﬁftec [qferaBlyiae pinoHakaL calgivek ifrany awill Setheiuenns0.02 ane 812 Preferably
the anount egfivarhe dsfdulated wﬂm’esp%ﬂtb tl’&esék%m-ﬁ%ﬂn&’l géﬁmé %"I r‘-éa' ents

cal cul ated resp ect'r_ai{'( he salt with f ormJIa e ca alysts
Y g0

are the cél[‘%f’ﬁl}@%tsé’@ﬁ@ W HoAFcelsrate aeidshlor 'éeéarmh@mnf@rrm@tenm)r mat i on,
for i nssaneméth@forahidd W@@Wh@tﬁﬂlﬂ:}romwww pyrrolidone (N VI P)

The conversion of the aC|d chl ori de |nto the ester wwth formula (1) is

carried out in the presERGEN¥ersign ohthemss chipride interthe paterwith Trmmlse(1hisount  of
al cohol  wichhiet@uiH the BrekeRtd bﬁarﬂ&l&oﬁfﬂv}fh %rHMaCIQiOI'@‘nﬂIeDérﬁ&ﬁﬁ ?PLIX Péc? bet ween

1 d 15 alent _calculated with respect to the anount
fo?gul a ((Za;a“l#h\r%%ﬁ“?é"?)Re@@r'%ﬂ?ﬁﬂeﬂé‘?%@é'rﬁnﬁ@@eéﬁw libetWﬁ@@t" bl pequivajeniet vveen 3

and 6. Sur I@élcﬁlla&!ai' Wi tH fespést t®#RMM U B §Mltl~ﬁ%ﬁﬂula :(m) sk #re‘f‘e?&t@{/] ?eﬁfé@n be

prepar?g eld using a relatively, | ow anount o
al cohol't Tl?e""@omm iTessbly Retweend Al SugTsinglot harbesstforndvhahaveor mul a

(1) is carrhupg eetels Edh b@ﬁre%%‘él%ﬁﬁu?’@ yieNksidga @ |Z?ﬁ&?m%pﬁﬂ e agpynt of

NW efficient to 15 catch eventual remal Ni ng nce 1.5
to 2.5, pré F‘%Jbly 1.8 to 2.0 equivalents cal cuI ated with respect to t he

amount of salt with fO'T‘FiB'c%n\Qe?%loh of ﬁ@@cid%i%ldmﬁe the é&éﬂﬁltﬁ&ﬁ%m of saci d

chloride form ng agent is used, preferably higher anount AP e used,
and when aCP%‘ﬁEPUE%dE%Qr@P”%&@fd‘JMMI iy praetice ey smalbamgenitof NMMsdiiient o ef er abl y

| ower  g&OUBhEEH @leAtlyAl W@ﬁe@ﬂcmﬁﬁ' ithitbeChs B 5. geprfe%rr% 13 Z%Ct on

preferably is carried out at
equivalents calculated with respect to the amount of salt with formula (2) is applied.

When a large excess of acid chloride forming agent is used, preferably higher amounts
of NMM are used, and when a lower excess of acid chloride forming agent is used,
preferably lower amounts of NMM are used.

20 The acid chloride formation reaction preferably is carried out at a
temperature between -30° and 60°C, more preferably between 20 and 50°C. The
conversion of the acid chloride into the ester with formula (1) preferably is carried out at
a temperature between 20 and 80°C, more preferably between 20 and 50°C.

The process of the present invention may be carried out in one step.

25  Preferably first the salt with formula (2) is converted into the corresponding acid
chloride, and subsequently the acid chioride is contacted with the alcohol with formula
R?0OH and NMM. In a particularly preferred embodiment the acid chloride formed is
quenched with NMM and the alcohol with formula R2OH.

The product with formula 1, wherein R’ represents a leaving group

30  may subsequently be converted into the corresponding compound wherein R!
represents an acyloxy.group. This can be achieved in a manner known per se, for
instance by reaction with an acyloxylating agent for instance a carboxylic or sulphonic

-acid, a quaternary ammonium or phosphonium salt, a carboxylic or sulphonic acid
quaternary ammonium or phosphonium salt or a combination thereof. Preferably a

35  combination of a quaternary phosphonium salt and a carboxylic or sulphonic acid salt is

used as the acyloxylating agent.



tenperature between -300 and 600C, nore preferably between 20 and 50' C. The
conversion of the acid chloride into the ester with formula (1) preferably
IS carri edogatlo@s?7 a tenperature between 20 and 800C, nor @Cpmaianassy

bet ween 20 and 50*C. The process of thepresent invention may be carried
out in one step. 25 Preferably first the salt wwth fornula (2) is
converted into the corresponding acid chloride, and subsequently the acid
chloride is contacted ‘@uh?e &fb‘ﬁﬂ@{r@%mpo%& Wtﬁ%rmﬂla’ﬂ v%e?eﬁﬂ%ﬂﬂe&&ﬂ% In a
particularly preferred enbodi nent the acid chloride for mav% | s quenched
with NvM aﬁd atcw@xxagr@yn@an\bewﬁnv%ﬁeﬁum thergopregponFing NRormula 1,
wherein R | Bé&ﬁ§g'hzdr"6 ﬁ%ﬁhn%r PisfiinBe b§9u5§8&’tm§‘4ﬂ%%@%l}%lb%ﬂ@&@ééﬁ%ét ed

into the correspon erein Rl represents an acyl oxy. group.

This can b@facblaﬁ@\&wlablﬁ t@smaweeformmep@kals@aﬁm)dnetal hydreides ¥y reaction
with ansacylgopbal o iRt %Qrfot‘ RSGAOC A ERRANKKL CarBExibkabombe aci d,

guat er nary anmoni um or oniumsalt, a carboxylic or sul phonic acid
quat er nar y instannei agatates, pmmimrwmfn%wam"aﬁs @fmcﬁéﬁtbﬂamﬁ‘@r@éﬂhe like.
Preferabl y a 35 combi naieqidifiof wfiltd SESESK BY SRDOAMHGLRAhpIeand 2
carboxylic or sulphonic acid salt is used as the acyl oxyI ating agent. WO
03/ 106447 PCT/ NLO3/00435 -4 Subsequently the conmpound with formula 1,
wherein RLgenresents an acyloxy group can be converted in the
correspondi—ng—gm'pound wherein RL represents a hydroxy group, for instance
by subjecting it to solvolysis in the presence ase. Suitable bases

are, fd@ instance, al ka1l854(9é2iraﬂﬁﬂuﬁ%ltsa?roms¢ﬂr°5meo(ég Qaﬁ) -(B-chlorgrpethylise. 26r
organi c ba?ﬁﬁ%tp&l°f3'd‘b§éﬁ@ﬁ%’l-%b& déc;cﬁ 88l RS 3l nidle) x4 &1 afiollenef or -

i nst ance a amoni a, pyri nes, am nes, for instance tri etﬁggl am ne
and the | i keere mixesl ancgater was t@maved by sraelrenie digtilgjion HROYr sedusRA MEESSKEI es.

Exanpl e | g{. %?@J ﬁ}?oa%‘oﬁ[@%ﬂc?ﬂ Hﬁe' éU?de@fanH R€moved by distillation. To the

(4R-cis)-( 3- di oxane- 4-yl -acetic acid,
sodi um sal tob{aineglisuspersion wagl addegl :E3€ﬂ Of NMﬁe?ﬁBen ﬁ%&éoﬁ%@éﬂ CHIRHIGWEES was

removeqzby 220t hzirfthithh thehratides 2628UeR4 rdduRRG Wikure was stirred for
6 hours at 20-25 °C and then slowly added to a mixture of 979 g of t.-butanol and 836 g
of N-methyl morpholine. After stirring for 1 hour, 3966 g of an 8% (w/w) aqueous NaOH

solution was added and the resulting mixture stirred for 1.5 hours at 40 °C. After
washing the organic phase with 3300 g of water, 3064 g of a toluene solution of the
20 desired t.-butyl ester was obtained, corresponding to 751 g (81%) of product.

Example li

In a 100 ml HEL Vessel with 4 blade stirrer 8.0 g (4R-cis)-(6-

25  chloromethyl)-2,2-dimethyl-1,3-dioxane-4-yl-acetic acid, sodium salt (92.4%; 30 mmol)
was suspended in 41 g toluene and 0.3 g NMP (3 mmol). In 1h 4.5 g (36 mmol)
oxalylchloride was dosed at a temperature of 15-20°C. The reaction mixture (50 g) was
stirred for 2.5 hours. The reaction mixture was split into 2 parts: Part A (23.83 g) and
part B (24.25 g). Part A of the reaction mixture was dosed during 1 h. to a mixture of

30 22.2g(20eq.) t.-butanol and 3.0 g (2 eq.) NMM at 25°C. The reaction mixture was
stirred overnight and analyzed by GC. The yield of the t.-butyl ester was 88%.



Subsequently, 870 g of fresh toluene were added and renoved by
distillation. To the obtained suspension was added 33.4g of NWP. Then 588
g of oxalwyboshb@ni de were 15 added whil e maintaining the rerpanavuse at 20
OC. The resulting m xture was stirred_.gar 6 hours at 20-25 OC and then
slowy added to a m xture of 979 g of t.-butanol and 836 g of N-nethyl
nor phol ine. After stirring for 1 hour, 3966 g of an 8% (w w aqueous NaCH
sol ution V‘@)?anﬂ]ﬂgsem‘ﬂnd the resulting mxture stirred for 1.5 hours at 40
OC. After e organi c phase with 3300 g of water, 3064 g of a
toluene solution of the 20 desired t.-butyl ester was obtained,

corresponding to 751 gFélmvw@th@fsa @gjﬁ&gdure fe?@é’&h@edlﬂa E)dérrﬁ)lémﬂ'\d\éthﬂEL

Vessel with 4 blade stirrer cis)-
chl or onet higbpropylznd mnlmwywqrsare@p el aeyrep@é%q weergtyipsteadaf 4if0sal t

92. 4%5 30 d weed) . |
11 4.5 o pEolngW RSgoURRR Py, Shidpdhol B0 fE, PhSkeRey ré’sd&g{?’ ;ﬁi it Jooc,
|

The r eact i Tine yiekitai the dexireg ptiwhdsopsenyt arain-hexyl estsr Was ng m
m xture Wa§4 A p@%ﬁ/e?# RafchiSted i re@pécggb 3 saliuaéhit arihg Patetidl. 25 g) .

Part A of The reac I xture was dosed during 1 h. to a mxture of 30
22.2 g (20 eq.) t.-butanol and 3.0 g (2 eq.) NW at 25*C. The reaction
m xture vas, s Ile\fled overni ght and anal yzed by GC. The yield of the
t.-butyl e 88% WD 03/106447 PCT/ NLO3/00435 -5- Exanples |11
Fol | omthg t he sane procedure as described in Exanple 1, the ethyl,

,SOpropyl and n-hexyl RShids of SE0GGH ikl 4rRER) @tmqu%mw ead of

4 eq. 5 butanol, now 4 e g I sopropanol . n- hexanol ,
respect i vehB-disxansetlyl- ace‘lﬂ‘h@ Wiy of tsfraby R!I@§Phcl§tﬂil"ébmlde,|1§@fbseby| and

n-hexyl est &a?%\@'f‘ 2t 5%% @BI%%@Qere%a'f@H t@fo@séﬁ.ﬁﬁbM%IMGeoCﬂbﬁd#@t ed

wth respee he~“sodrum ting teri al 0 A mxture
of 35.0 g éftet22hduys at(thiRtempgraiues thelreactinR iR vzaszzoeleﬁéq ﬁsnblent

1 3-di ox an?empéfatun% SePlfich %008 & nBhtahELAESE ¥ br RAGSRERHAHEY LIt Brgkhic 16. 0 g
phase was washed with 150 g of water and subsequently treated with 3.0 g of activated
carbon. After filtration of the carbon, the solution was concentrated and subsequently
cooled to -10 °C after which crystallised product was isolated by means of filtration. Yield
24.9 g (76%) of a white crystalline material
20



pot assi um acetate and 5.9 g of toluene were heated to 105 ' C under reduced
pressure. After 22 hours at this tenperature the reaction m xture was

cool ed t owerbBiteqs7 15 tenperature after which 400 g of heptrensNiasdo4350 g of
wat er were added. The organic phase wgs washed with 150 g of water and
subsequently treated with 3.0 g of activated carbon. After filtration of
the carbon, the solution was concentrated and subsequently cooled to -10
OC after which crystallised product Pl ated by nmeans of filtration.
Yield 24.9 g (7699 of a white crystdalTine material 20 WD 03/106447

PCT/ NLO3/ 00435 -6- CLAIMS 1 Process for the preparation of an ester of
formula (1), R i j ts a | eaving group, CN,
H or a R5 grgbo%%qéhnegp%&%@ﬁﬁ%ééjpoé?lﬁgﬁﬁs(ﬁﬂrepresent a 1-3 C al kyl
group, and R 2 and R each 10 independently represent an ester residue,
wherein the corresponding salt w'git;h formula (2), R 4 000 (2) R OM15
wherein Mrepresents H an al i (earth) netal in an inert solvent is
contacted with an acid ch%form’ ng agent to formthe correspondi ng
acid chloride, and the %'d C d)ride is contacted with an al cohol wth
formula R2 OH in the pgesence gpf N hyl - nor phol i ne. 20 2. Process

according to claiqnl, whdrein My epresdnts an al kali etal.
R

5 OR?

wherein R' represents a leaving group, CN, OH or a COOR?® group, R® and R*
each independently represent a 1-3 C alkyl group, and R? and R® each

10 independently represent an ester residue, wherein the corresponding salt with
formula (2),

R1\/k*/“\ ”
oM

wherein M represents H or an alkali (earth) metal in an inert solvent is

15

contacted with an acid chloride forming agent to form the corresponding acid
chloride, and the acid chioride is contacted with an alcohol with formula R*0OH
in the presence of N-methyl-morpholine.
20 Process according to claim 1, wherein M represents an alkali metal.
Process according to claim 1 or 2, wherein R? represents an alkyl group.

Process according to claim 3, wherein R? represents a t.-butyl group.

o > 0Dn

Process according to any one of claims 1-4, wherein the acid chloride forming
agent is oxalylchloride.
25 6. Process according to any one of claims 1-5, wherein the acid chloride
formation is performed in the presence of a catalyst.
7. Process according to any one of claims 1-6, wherein the amount of alcohol



3. Process according to claiml or 2, wherein R 2 represents an al kyl

group. 4. Process according to claim3, wherein R 2 represents a t.-butyl
group. 5.wPBrosaesg7 accordi ng to any one of clainms 1-4, whePermIiobeosasi d
chloride formng agent is oxalylchlociyde. 25 6. Process according to any
one of clains 1-5, wherein the acid chloride formation is performed in the
presence of a catalyst. 7. Process according to any one of clains 1-6,
wherein the a PIRP WA/ LRI qUialédis CaIcARLERAwith réspédt ko f or mul a
R2 His betmng@ﬂ{fgﬂéunlgl:g equi val ents cal C?J| ated with respect to the
amount of salt ttnmamouotmaﬁwtb)forr@'a focess according to any one of clains
1-7, wherein f'ﬁ,%éeé{{‘ccﬁ?d (ﬁeg Watnp oh@ro?rls!lb?ﬁws{?)whéreﬁﬁﬂmhé e4lt with forinDR

correspondlng aci d” subsequently the acid chl ori de |s
contacted with @his converted intg thh Cﬂ@?&ﬁ?ﬂd‘“ﬂa@d@hb&'ﬁa aNdﬁBPﬁ‘ﬁﬂ”eHW B@ldhe. o.

Pr ocess, accor di (o i€ LAy Wi ehEhBold AT FhuIREDH 4Ad NEmatigRChed wi th

the alcohol and N-net hyl - nor phol i ne. 10. Process
accordi ng to anyomheling. clains 1-9, wherein Rl represents a |leaving 10

group, and whergin %J]gcc%?&lﬁ#tooééal&oé We?eu%tﬁ@%‘@brﬂoﬁ%ﬂe i§ QRERHRA Withahé eavi ng

group is subsequen y conv he corresponding ester with fornula 1
wherein Rl reprasehi withforauya B)@Hgn@bn!}bmeﬁwl mpHHeESs according to claim 10,

wherein f1rstioah éseécc%frcg %@fd%fon% AHRRIFL P-oRwholchPRERARIENEML REVhgXy g oup

is prepared a d su sequen ester of fornula is converted into
t he cotQ espondi ggup oarmbuhmewthﬁ ester pfifpanula hideesin Rﬁ?lepr?%%\i%é avingoH,

group is subsequently converted into the corresponding ester with formula 1

wherein R1 represents an acyloxy group.
11. Process according to claim 10, wherein first an ester of formula 1 wherein R!
represents an acyloxy group is prepared and subsequently the ester of formula
15 1 is converted into the corresponding compound with formula 1 wherein R’

represents OH.



