WO 03/ 059901 PCT/ NLO2/ 00876 1 PROCESS FOR PREPARATI ON OF 2- (6-SUBSTI TUTED
-1, 3-DI OXANE-4-YL) ACETIC ACI D DERI VATES The invention relates to a
process fwp oBlosoopr eparati on of a 2-(6- substituted)-1, 3- diPCTANI®2/40876 )
acetic acid derivative according to fernula 1, RL R2 0>~ 0 10 YO OR3 (1)
wherein R, R2 and R3 are each independently a Cl-4 al kyl group or wherein
R and R2 together wwth the CGatomto which they are bound forma 5- or
6- menbered cycl oal kyl and wherein Y stands for RA-CO or for
R(err)-SQ er N P3 ly|gr aryl
wth 1-12 C g?g%ﬁ%%PﬁEEAggqléﬁ (é%ﬁg‘sg 1%;)[553;1“5)?66)&@1“%3& 3. oxane 15
4-yl) acetic acid derivative accor |ng to R1 R2 0>< 00 X OR3
(2) wherein Rl, R2 and R3 are as defined above and wherein X stands for a
hal ogen, in the presence of a phase transfer catal yst and an oxyl ating
agent. Such a process is knowmn fromEP 1 024 139, wherein the preparation
20 of a conpound according to formula | froma conpound according to
formula 2 is achieve salt (phase
transfer catal yst) anﬁhé@vé@%%%ﬁe‘%’l&% & e@s %‘Ei@% %)'ié;[/l at| n%%g]gent) It is
t he obj ecSub&tltultdm&—h,?padlenanaaﬁ-yb@Cptrocﬂnldj@eraﬁtl\@l QQ@@WQ tpdorprudedss for the
preparation of a 2-(6-substituted)-1, 3-di oxane-4-yl) acetic acid derivative
according 25 to fornulaR its correspondi ng
2-(6-substituted)-1,3-dio acetic acid derivative according to
formula 2. This is achle ed agcorgfng to the invention by using a
quarternary phosp ing to fornula 3 as a phase transfer
cat al yst, OR3 (1)

10

wherein R', R? and R® are each independently a C1-4 alkylgroup or wherein R' and R

together with the C-atom to which they are bound form a 5- or 6-membered cycloalkyl

and wherein Y stands for RA-CO- or for R®-SO,- with R*, R® are chosen from the group

of alky!l or aryl with 1-12 C-atoms,'from its corresponding 2-(6-substituted)-1,3-dioxane-
15  4-yl) acetic acid derivative according to formula 2,

XM
OR3 (2)

wherein R', R? and R® are as defined above and wherein X stands for a halogen, in the
presence of a phase transfer catalyst and an oxylating agent.
Such a process is known from EP 1 024 139, wherein the preparation
20 of a compound according to formula 1 from a compound according to formula 2 is
achieved in the presence of a quaternary ammonium salt (phase transfer catalyst) and
a carboxylic acid salt (acyloxylating agent).
It is the object of the invention to provide an alternative process for
the preparation of a 2-(6-substituted)-1,3-dioxane-4-yl) acetic acid derivative according
25 to férmula 1 from its corresponding 2-(6-substituted)-1,3-dioxane-4-yl) acetic acid
derivative according to formula 2.
This is achieved according to the invention by using a quarternary

phosphonium ion according to formula 3 as a phase transfer catalyst,



WO 03/ 059901 PCT/NL0O2/00876 2 R7 '-~R6 + "R5 R4 (3) wherein R4, R5,
R6, R7 each independently stand for an al kyl, cycloal kyl, aral kyl or aryl
with | towdd3@sambons, and an ion according to forrmula 4, @CTANL0Zpos56 wher ei n
Y is as defined above, as an oxyl atin@ agent. The reaction has a high
yield. The quarternary phosphoniumion according to fornula 3 used as a
phase transfer catal yst and the ion according to fornula 4 used as an

oxyl ating agent may be present in a quarternary phosphonium salt accordi ng

to formula 5, R7 (OY ---~Rg ) + RS R4 (5) 10 wherein Y, R4, R5, R6 and
R7 are as defined above. The phgsphonium salt according to fornula 5 can be
used as both a phase transf tal yst and as an oxyl ating agent. The

guarternary phosphoni um sal f\acR@ordi ng to fornula 5 can be prepared
according to nethods knowgsto the person skilled i )the art (e.g.
anal ogous to the preparation of tetra-n-butyl amonium acetate as

described {Rertla P, R7 RBR3 bachlpdéperdieRyedtarid RF af BIRI byiisHikyP fardik@ of BNeNt i on,

t he phase transfer catalyst and the oxylating agent are not present in the
same nol ectite tq #2 Eratams Asian ina @ecording infofmariady y phosphoni um sal t
according to fornula 3a, R7 %?( (A + "

5 wherein Y is as defined above, as an oxylating agent. The reaction has a high yield.
The quarternary phosphonium ion according to formula 3 used as a
phase transfer catalyst and the ion according to formula 4 used as an oxyiating agent
may be present in a quarternary phosphonium salt according to formula 5,
RY

R6
oyY" l/
) |+ s

R4 (5)

10  wherein Y, R, R® R®and R’ are as defined above. The phosphonium salt according to
formula 5 can be used as both a phase transfer catalyst and as an oxylating agent. The
quarternary phosphonium salt according to formula 5 can be prepared according to
methods known to the person skilled in the art (e.g. analogous to the preparation of
tetra-n-butylammoniumacetate as described in US 5 278 313).

15 In a preferred embodiment of the invention, the phase transfer
catalyst and the oxylating agent are not present in the same molecule. In this
embodiment, a quarternary phosphonium salt according to formula 3a,

RY

(A) + L/
| Sré
R4

RS

(3a)

wherein R*, R®, R® and R are as defined above and wherein A stands for the anion of
20  the quarternary phopshoniumsalt and is selected from the group of halogens, for
example Cl, Br, | is used as a phase transfer catalyst and the acid salt according to

formula 4a,
(OY") , mn+ (42)

wherein Y is as defined above, wherein M stands for alkali metal or an alkaline metal,



'"R6 R4 (3a) wherein R4, R5, R6 and R7 are as defined above and wherein
A stands for the anion of 20 the quarternary phopshoniunsalt and is
sel ect ed wopmniosdeel gr oup of hal ogens, for exanple O, Br, PCTINLOZS@d6 as a
phase transfer catalyst and the acid 8alt according to formula 4a, (OY) n
Mh+ (4a) wherein Y is as defined above, wherein M stands for alkali netal
or an al kaline netal, WO 03/059901 PCT/ NL02/00876 3 for exanple Li, K Na,
My, Ca, Ba and wherein n represents an integer of 1 or 2, depending on the

val ence oforMxhmplkds K, a6a, My, @ayBatanagvr@mh reﬂ?égér@géremteg%rwart( or Na. In

t he process according to t he nvent | on, ens X , Br
o P oo BRndtiing aibihe velence of MY Hesc s 08108 GPant Bl M RS NEn, P,

R2 and R3 are preferﬁbﬂh}é p@oc@sséc@dr&bﬁ? t(gﬂ'\gllirWenﬂM ?ﬁﬂ{g@ﬁ@ﬁ(&iﬁé)ﬁl&%ra@lpd R2 are
erably a nethyl group is

a net hyl or an nore pre
pref er abl ! a@rr%rﬁﬁre&r“% aEB’t@/' most preferably a t-butyl. In the process
accordsng to the Invemh@rpra@e@s@umdmgeom@eﬁ\@ha@i R'1R? sepRearnt ed by RA-CO

al ky! “or BMoRier bR BB or ek R AT SRAAFI SV chosen

fromthe rcmpmow‘ pr@feyébly EDficthy igedLgy. RBIsypreferitil a fratriynolRf BUty), most CH(err) ),
benzenesul ho t\% RB is benzene), nore preferably nitro substituted
benzenesquBGﬁ é a( Rt R(err) is p-nitro- benzene), tosyl (with RBis

p- et hyl - benzene) or el prsdss féncRBdiing toreiehiftehtiod ¥ gréugshee pféf@@%@ accor di ng
L Ao BB Ko BSSRNI o 28l aCepringofo (R 32 or
same (e. galkﬁ%r A witR®- 80 e-dibing | Inanstefdrret @mBHiMant, Oﬁlslaﬁosé?ﬁrorR@we’:\gr@uphenW
o R oPal e TR Bl i A RIS AR DRl bl Ao oL e
R6, R7 ar @epfafle), Chﬁore@f&b&blynntr@&%dﬁmt@m&ehmoﬁﬂr(wftfx A g-nittct h
substit ue%teﬁzecngs)%osyl M&”&* is p-l%e%lflﬁbé)gzene) or mesyl (with R® is methyl).
15 In the process according to the invention, preferably a phosphonium
salt according to formula 3a or according to formula 5, with at least three out of four R
groups are the same (e.g. R*, R®, R® are butyl and R’ is methyl or R*, R®, R® are phenyl
and R’ is butyl), more preferably a phosphonium salt with all four R groups are the
same, is used. '
20 R” and R® and R*, R% R®, R, -in case R*, R®, R®, R’ are aryl or
aralkyl-, may be substituted for example with substituents chosen from the group of
halogens, alkoxy (e.g. methoxy or ethoxy) with 1-6 C-atoms, alkyl with 1-6 C atoms,
(e.g. methyl if R® is toluene) or nitro, preferably only R* or R® are substituted.
The quarternary phosphonium salt according to formula 3a is
25  preferably used in a molar equivalent amount of 0.01 to 1.0, more preferably 0.05 to
0.7, most preferably 0.1 to 0.5 relative to the amount of compound according to formula
2.
The quarternary phosphonium salt according to formula 5 is
preferably used in a molar equivalent amount of 0.8 to 5, preferably 1 to 3, most
30 preferably 1to 1.5.
The acid salt according to formula 4a is preferably used in a molar
equivalent amount of 1 to 5 relative to the amount of compound according to formula 2
present. More preferably, a molar equivalent amount of acid salt according to formula
4a of 1 to 4, most preferably 2 to 3, is used.

35 The solvents suitable for use in the present invention are a various



hal ogens, al koxy (e.g. nethoxy or ethoxy) wth 1-6 Catons, alkyl with 1-6
C atons, (e.g. nethyl if RBis toluene) or nitro, preferably only RA or RB
are substwOouwBeshooiThe quarternary phosphoni um salt accordi RgTINLOR/O0STEI a 3a
is 25 preferably used in a nol ar equi ¥al ent anount of 0.01 to 1.0, nore
preferably 0.05 to 0.7, nost preferably 0.1 to 0.5 relative to the anount
of conpound according to formula 2. The quarternary phosphoni um salt
according to formula 5 is preferably used in a nolar equival ent anmount of

0.8 to 5, pumberdlyanlc é&ve’ﬁts Wch aré RndefrthaBbsod skifed inghe TReoRfhft sal t
accordi ng to formyla 4a fer%@%used in a nolar equi vaI ent anount of

1to5 reld? Y%S’t"ﬂ""t‘rh@a& l&'ﬁ? tho sghiedpsRlvsids. ey anpla kenzengyr esent .
More pref efchidng, c@ldmkaﬁe %wnéméredéhe@aawms %r Sairplesdbthyargr ding to

formula 4a of 1 r ef er abl is used. 35 The sol vents
suitabl e f rang%ro uﬁ"‘"t Héng’Pé%'%mfnqﬂ?WéHg"Wkﬂh%@'”@thﬂi‘b’?@ﬁﬁe \RLS- OetesBYeY
PCT/ NLG2/ 088Vénts 4orréidéhﬁﬂe @ﬁhyFHcﬁﬁd’ﬂé (bu%ﬁp bé’é%él*esetcWﬂhl@@er@&&w’t&ﬂfh%o%nfshf%r per son

skilled in the art. gani c ol v whi ¢ be used are ydrocarbon

series sol G¥rRe meéhyl%r}@aqﬁgqr@ebgmg@mgm, 1’t1o1l Ué'?f@roewe?&féxaﬁ@ge@‘[ c.: ether

series sol M@rﬂélﬁmgfsﬁfveﬁ%afépbﬁarﬂbl@%ﬁ&ﬂan@dé’ﬁfrmbﬁﬁdeaab!éibﬂfrhlé@t‘& aile F@tlexa”e
nmet hyl -t-butyl ether, di net hoxyet hane, etc.: ester series vents, for

exanpl e et RYPT sRiwiS, dor Sraple dimethut gulfoxide, N Nh%l'f“@ﬁé’ﬁor&ﬁﬁ‘?'ﬁ? rN‘ng sol vent s,
for exarrph@trryﬁiymsl.m FaPRdtEAphRBhOTfianie ol hréfe?a‘bhﬁmeoédﬂ@nh@% is€t C.

ni trogen containi ng [vents, for exanple acetam de, fornam de,
acet oni4 r PRagfogic p 'éFlﬁO'é?ﬂtdf‘P'@ prefsrally ©gsolentdised i Nanelyipuraiiarg ey |

sul f oxi de, NNJ Bﬁnﬁhtlﬁ@ﬂfbhﬁé%%”ﬁﬁé g6iverlt cBh 8 D¥EPNIBAE bi HBbination with one or
hexanet hyl Fﬂé’F fgg Ytl‘l am de _etc. Preferably, the solvent used is 10 an

aprotic po ent §pRGies, fuEsrmBleN-methviRyirolidane g sempigatignyith
et hyI pyrrolditeee or N N-di net hyI formam de. The sol vent can be used al one
or in conbination with_one or EHWS‘t er solvent species, for exanple NNm

ethyl pyrrolidone in cohBf Fﬁi‘ﬂﬁ’%ﬁt“{}ﬁ oIt Recess R the imyentionds éref%'j‘b'Wm ch
the pregessafibd biigisi betREdH 80ah®200°€f Rilopdpisferdily Bativebrd00dhd 166° R todeen 80
and 200C, groe?eeralg)ly %etewre%P]IMOba%%v%%pC 100 and 160C, nost
The reaction product can be isolated from the reaction medium, if
desired, according to methods known to the pérson skilled in the art (e.g. the method
as described in US 5 278 313).
20 The invention will be illustrated by way of the following examples.

However, these examples are not meant to restrict the invention.

Examples

Example 1
25 0.5 molar equivalents tetrabutylphosphoniumbromide (TBPB) and 2.5

molar equivalents potassiumacetate were added to a solution of | (tert-butyl 2-[(4R,6S)-
6-(chloromethyl)-2,2-dimethyl-1,3-dioxan-4-yl]Jacetate in the solvent N-
methylpyrrolidone (1g/3ml) at 100°C. The conversion of | in the presence of TBPB was
87.6% after 20 hours reaction time, the conversion of | into 11 (tert-butyl 2-{(4R,6S)-2,2-
30  dimethyl-6-[(methyl-carbonyloxy)methyl]-1,3-dioxan-4-yl} acetate) thereof being 90.3%.

Example 2
Example | was repeated whereby the reaction temperature for the

conversion of | into [l was kept at 115°C. The conversion of | in the presence of TBPB
35 was 95.1% after 3 hours reaction time, the conversion of | into Il thereof being 91%.



preferably between 110 and 150C. The reaction product can be isolated from
the reaction nmedium if desired, according to nethods known to the person
skill ed iwotohes®mnrt (e.g. the nmethod as described in US 5PRTANI®LB()876 20 The
invention will be illustrated by way &f the foll ow ng exanples. However,

t hese exanples are not nmeant to restrict the invention. Exanples Exanple 1
25 0.5 nol ar equi val ents tetrabutyl phosphoni unbrom de (TBPB) and 2.5 nol ar
equi val ents potassi um acetate were added to a solution of | (tert-butyl

2- [ (4R, 6S) Exémbktd or onet hyl ) - 2, 2-di net hyl - 1, 3-di oxan-4-yl ] acetate in the

oresence of | TBPB was 87 BOREPrarIgEt iapdo et e e TBbAKE2S: on - of
| into Il (icdrteguivhlehtsdoofdsbiinteftetate delOadded to a solution of | (tert-butyl 2-[(4R,6S)-
oS SRR PSR PR i N e o o

t enper ab ur eneftioyipyiriofidor@0(y3ns) & 407C.| Afterta Hours\@ise d@Rbrsith okl Bfas 9THE the

conversion of 1 .in ftlhe gc@sen?g .of 7?’55’8 35 was 95.1 %after 3 hours
reaction t CRECYHROLINOLTEFET BFNY (A% 11 thereof being 91 % WD 03/ 059901
PCT/ NLO2/ 00876 5 Exanple 3 0.1 nol ar equival ents

t et raphenyl phosphoni unbrom de (TTB) and 2.5 nolar equival ents potassium
acetate were added to a solution of |I (tert-butyl 2-[(4R, 6S)-

6- (chl oronet hyl ) -2, 2-di net hyl -1, 3-di oxan-4-yl]acetate in the solvent N5
met hyl pyrrolidone (1g/3m ) at 140C. After 20 hours, the conversion of | was
97% the <conversion of | into Il thereof being 77.2% WD 03/059901

PCT/ NLO2/ 00876 6 CLAIMS 1 Process for the preparation of a
2-(6-substituted)-1, 3-di oxane-4-yl) acetic acid derivative according to
formula 1,



RLR2Z 0>~ 0 YO1lOR3 (1) wherein Rl, R2 and R3 are each independently a
Cl-4 al kyl group or wherein Rl and R2 together with the Gatomto which

t hey are wowad@sfor m a 5- or 6- nenbered cycl oal kyl and wheceiNLoYosvands f or
R(err)-CO or for R(err)-SOlerr)- with R(err), RB are chosen fromthe
group of alkyl or aryl with 1-12 Catons, fromits 10 correspondi ng

2- (6-substituted)-1, 3-di oxane-4-yl) acetic acid derivative according to
formula 2, RLCR2 0>00 X OR3 (2) wherein Rl, R2 and R3 are as defined
above and wherein X stands for a hatogams in the presence of a phase
transfer catal yst and an oxyl ating agent, 15 characterized in that a
guarternary phosphoniumion according to formula 3, R7 ~-~R6 1 "R5 R4 (3)
wherein R4, R5, PrfcesRforeide prebacEipr b Di(6¥uisdtianed)i 08-dRRamd-U¥l).acelichaal Kyl ,
aral kyl or aryl wi.th | to éZp&qg}t ons,, i s used as a phase transfer catal yst
and an ion accAPayailye ageardin mulagly oy - (4) wherein Y is as defined
above, is used as an oxyIRQti ng,agent. 2. Process according to claim 1,
characterized in that RA"~RB dre chosen fromthe group of CL-C4 al kyl or
aryl with 6-10 C atons. cess~according to any of clainms 1-2,

y
characterized in t%MOS/ 059901 PCT/ NLO2/ 00876 7
OR3

5 (1)
wherein R', R? and R® are each independently a C1-4 alkylgroup or wherein
R' and R? together with the C-atom to which they are bound form a 5- or 6-
membered cycloalkyl and wherein Y stands for R*-CO- or for RB-SO,- with R”,
R® are chosen from the group of alkyl or aryl with 1-12 C-atoms, from its

10 corresponding 2-(6-substituted)-1,3-dioxane-4-yl) acetic acid derivative
according to formula 2,

X\/K)\/U\
OR3 @)

wherein R', R? and R® are as defined above and wherein X stands for a

halogen, in the presence of a phase transfer catalyst and an oxylating agent,

15 characterized in that a quarternary phosphonium ion according to formula 3,
R7
+ /R6
| TR
R 3)

wherein R*, R, R®, R each independently stand for an alkyl, cycloalkyl,
aralkyl or aryl with 1 to 12 C-atoms, is used as a phase transfer catalyst and
an ion according to formula 4,

20 oy (4)
wherein Y is as defined above, is used as an oxylating agent.
2. Process according to claim 1, characterized in that R*, R® are chosen from the

group of C4-C, alkyl or aryl with 6-10 C-atoms.
3. Process according to any of claims 1-2, characterized in that as a phase



transfer catal yst a quarternary phosphonium salt according to fornula 3a,
R7 R R6 R4 (3a) wherein R4, R5, R6 and R are as defined above and
wher ei n Avetoansi®of or a hal ogen, is used and in that an aeca/Nakvosaecor di ng
to fornula 4a, 5 (OY -) n M+ (4a) whérein Y is as defined above, wherein M
stands for alkali netal or an alkaline netal, is used as an oxyl ating
agent. 4. Process according to claim3, characterized in that the
quarternary phosphoniumsalt according to formula 3a is used in a nolar
equi val ent 10 antansferabtalys0a quartéaryrptbationint Salt d2oriMy otioiul# 8gpound
according to formula 2. 5. Pr ocess, accor ding to claim4, characterized in
that the quarternary phosphonium$alt according to forrrul a 3aisusedina
nol ar equi valent amount of 0.1 to 955rel ative to the anount of conpound
according to 15 fornula 2.A6. Pro {s according to any of clainms 1-5

characterized in that the process Rtarried out at a tenperature between
100 and 160C. 7. Process accordl ngR4to any of clain®al-6, characterized in
that the process is rr d out at a tenperature between 110 and 150C. 20

8. Process accor"tf"%@'”t ﬁ FdR Arergs ﬂefmedc,abavgan@mmz@m Arstalﬂatfortme

conpound accor digdihehOisiiRe
di net hyl - 6-[ ( net hd;k?g cgr%o%hgi@t)h?ri?ﬁ §M SQP& gﬁl%@"@% acet ate and in

that the corrpound accordi ng t o f{qr nw,ua 2 |s t Ft but yl
2-[ (4R56S) - 6- (chl oronet hyl ) - 2, 2 difret hyl 1, 348 oxan-4yl]acetate. 25 30

wherein Y is as defined above, wherein M stands for alkali metal or an alkaline
metal, is used as an oxylating agent.

4, Process according to claim 3, characterized in that the quarternary
phosphonium salt according to formula 3a is used in a molar equivalent

10 amount of 0.05 to 0.7 relative to the amount of compound according to formula
2.

5. Process according to claim 4, characterized in that the quarternary
phosphonium salt according to formula 3a is used in a molar equivalent
amount of 0.1 to 0.5 relative to the amount of compound according to

15 formula 2.

6. ° Process according to any of claims 1-5, characterized in that the process is
carried out at a temperature between 100 and 160°C.

7. Process according to any of claims 1-6, characterized in that the process is
carried out at a temperature between 110 and 150°C.

20 8. Process according to any of claims 1-7, characterized in that the compound
according to formula 1 is tert-butyl 2-{(4R,6S)-2,2 dimethyl-6-[(methyl-
carbonyloxy)methyl]-1,3-dioxan-4-yl} acetate and in that the compound
according to formula 2 is tert-butyl 2-[(4R,6S)-6-(chloromethyl)-2,2-dimethyl-
1,3-dioxan-4yllacetate.

25

30



