PROCESS FOR THE PREPARATI ONOF GLYCERALDEHYDE ACETONI DE
The invention relates to a process for the preparation
woboogloyway al dehyde acet oni de by oxi dation of tPE€I/EP2004/012064

correspondi ng 2, 2-di nmet hyl - 1, 3- di oxol ane- 4- net hanol
by an oxidi zing agent. Such a process is known from
Er nol enko et al. 2001 , Synlett, 565- 1566 "An
expedi ent one-step preparation of

-O i sopropylidene-gl yceral dehyde". Ernol enko et
‘éﬁaﬂgf”im ose that (S)-gl ycérﬁ’l dehyde acetoni de can be
prepared by oxidi zi ng
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di chromate (PDC) in dichloronethane. A major
di sadvantage of this process is that very | ow yields
(of 30% are obtained due to severe by-product
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This object is surprisingly achieved by oxidizing 2,2-dimethyl-1,3-

ACETONIDE

20  dioxolane-4-methanol by an organic N-chloro compound in the presence of an inert
base and TEMPO or a TEMPO-derivative of formula 1,

R4 R3 (1)

wherein R", R?, R® and R* each independently stand for an alkyl group with 1 to 6 C-
25  atoms and wherein R® and R® either both stand for H or an alkoxy group with 1 to 6 C-
atoms or one stands for H and the other stands for an alkoxy group with 1 to 6 C-
atoms, an alkylcarbonyloxy group with 1 to 6 C-atoms, an arylcarbonyloxy group with
the carbonyloxy group having 1 to 6 C-atoms or an alkylcarbonylamino group with 1 to

6 C-atoms; or wherein R® and R® together stand for ketal groups of formula a-c
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0- 0- - RO wherein R7 stands for an alkyl group with 1
to 6 Catons and R8 and R9 each i ndependently stand

wo eoosieaand a n al kyl group with 1 to 6 C atons BOTEP2004/012064
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wherein Y stands for a group of2-general fornula d-f N
NOH def wherein X stands for an anion. Wth this
process a higher yield is achieved and substantially
| ess byproducts are formed. Additionally, the process
of the invention dogg not require the environmentally
unfriendly oxidizi agents PCC or PDC. The fact that
prorey and ary al caholg_can bgsoxidized to the
correspondi ng al dehydes by an o c N-chloro
cogpound in %pe resence of T 3

TENPO deri vative and a base 1S known™rom EP-B-0O 775
684 and is shown for a specific set of alcohols.
However,2it is surpri® ng that specifical¢y this

oxi dation nmethod works so well in the oxidation of

2, 2-di et hyl - 1, 3-di oxol ane- 4- net hanol to
gl Yeerekl eqﬁm fercan aiyldroumhits 1ite 6sGraterns Bng R° bad K sach
B YenRgkt ér#H)fé?th? élﬂ lt§ 626- J{%O
noneei"(())g th eyn”%Ei has een %@R@Eit&?gﬁgt or%\gn&em\(ﬁands
oxkﬁa@ﬂﬁwCﬁﬁeQ?@L@mﬁﬁﬁhyf 1,3 di oxol ane- 4- met hanol to
gI cer al dehyde acetoni gde in reasqnable yields (see
e/A). Preferablyy, /t he procesg\ the invention is
per rmed in the prggence of TEMPON
gI

ﬂL d§ tetranet hyl 'peridinyloxy'radical) n one
ydera

nt of the inkvention, enantponerically enriched
dehyde acetdiiide is prepared fromthe
corresgondi ng enantiongrically enriched
2, 2-di et hyl - 1, 3- di oxo! ane- 4- net hanol . The
enantionerically enriched gl yceral dehyde acetoni de can

ei Whgrtinbe sfaibis edreainflfiehyde acetonide or (R)-- 3 -
gl ycer al dehyde acetoni de. Preferabl

gl ycer al dehyde™V 5'&8?'%9”0&@5%&@%?@@&%{3@%@?@ apgt glesgantially less by-
( egbdictS 8% folmice ARBRbEARP e 5ro8894 of the WEH!IW&@JS r?& ?d4uire the

nore in particular >98% nost I cular >
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The fact that primary and secondary alcohols can be oxidized to the
corresponding aldehydes by an organic N-chloro compound in the presence of TEMPO
or a TEMPO-derivative and a base is known from EP-B-0 775 684 and is shown for a
specific set of alcohols. However, it is surprising that specifically this oxidation method
works so well in the oxidation of 2,2-dimethyl-1,3-dioxolane-4-methanol to
glyceraldehyde acetonide. This is surprising, because many other methods to oxidize
alcohols are known and none of them has been found to be suitable for the oxidation of
2,2-dimethyl-1,3-dioxolane-4-methanol to glyceraldehyde acetonide in reasonable
yields (see Table A).

Preferably, the process of the invention is performed in the presence
of TEMPO (2,2,6,6-tetramethylpiperidinyloxy radical).

In one embodiment of the invention, enantiomerically enriched
glyceraldehyde acetonide is prepared from the corresponding enantiomerically
enriched 2,2-dimethyl-1,3-dioxolane-4-methanol. The enantiomerically enriched

glyceraldehyde acetonide can either be (S)-glyceraldehyde acetonide or (R)-



nmet hanol has an enantionerica excess (ee) > 80% nore
preferably > 90% in particular >95% nore in

weansioeuhar >98% nost in particular > 99%  PCT/EP2004/012064
Surprisingly, with the process of-3he invention, the
ee of the starting product, the corresponding 2, 2-
di met hyl - 1, 3- di oxol ane- 4- net hanol is al most equal to
the ee of the glyceral dehyde acetonide prepared. Thltsw
i mpl i o) [ uring.
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base, askiodlderraepaied olijisipaties thatifardly Bhy aaqeiisatdni ccurs during the

used. plﬁ;éygpl ' t bases include sodi um acetate
and sodi um 8?@3?@\/&?3?@1 Preferably an anount of base

i d0used that is atlniheastops o8 theinsentiy, withlaariherb hssdisaneant a base

the t Wﬁ%bﬁ&de@ﬂolt Ved@@dgﬂlfroﬁpheﬂalaawgés orfeagl%nsﬁ @E@{hceagrganic N-chloro

be formed I n the reaction, nore preferably a

0. 9 msPEworRdPRenetitils degsadapivefrsedusty TRVP@ as b TEMPOaterivative of

equi v T, RIPeRAtpsr B4 0fs L henrPLOC t .

[ nven?di) @Lmai‘ ; V?ﬁer%ﬁirﬂn]c’: F{p’ng’ ﬁo’t ﬁc%ﬁfﬁcé% S%?%fﬁ{eerd a%%i/’e’a”” with

t enpedhicaraidehydegcatonie oe 2 3rdimatiath 1y3-tiogolgne-evmathanole The inert base is
pref er, [ I . . ion.
orSt cran] o e fatiess ot muelien GRBAHA: it HE a5 pusd in the reaction
it is Pyeferabht2base wiigh hestaeprivgatad aciievitiee pK, > 20 isarsed. Examples of

100G, jHepf,sRS ﬂcﬂd@@oﬁjm%ﬁfbﬁr@j %cg:‘#urﬁ(%% rl;r%r der of

addi tion of the organic mpoun O or a
TEMPO-deri vati ve direfemiliamamounheftsse iRusdbthat is aideast 0.8 molar

def i nedyi kS ol a(el cChit ]
e L APoON G koA, B A g )t can e o
wRRr eiththr reagdion, raoegspraferabiedt lgast/@9 molanellidhlénd, most preferably at least 1
m Xt Upgsi&feqdivaredt et hyl - 1, 3- di oxol ane- 4- net hanol , the

organi ¢ N-chl oro conpound and the inert base in a o

sol vent. Suit abl e Toedemperaivresif dreoprooegsoefithis invaotiandie in principle not

N- chl @fisaft Preferably a temperature > -20°C, more preferably > 0°C, even more preferably
>15°C is used. The temperature is preferably < 100°C, more preferably < 80°C. In
25  practice, it is preferred to use a temperature between —20 and 100°C, more preferably
between 15 and 80°C.

The order of addition of the organic N-chloro compound, TEMPO or a
TEMPO-derivative of formula 1, wherein R'-R® are as defined above, is in principle not
critical. Preferably, TEMPO or a TEMPO-derivative of formula 1, wherein R'-R® are as

30 defined above, is added to a mixture of 2,2-dimethyl-1,3-dioxolane-4-methanol, the
organic N-chloro compound and the inert base in a solvent.

Suitable organic N-chloro compounds include N-chloro-4-
toluenesulphonamide sodium salt, N-chloro-benzensulphonamide sodium salt,
trichloroisocyanuric acid and dichlorodimethylhydantoin. Preferably, the organic N-

35 chloro compound is trichloroisocyanuric acid or dichlorodimethylhydantoin.



t ol uenesul phonam de sodi um salt,
N- chl or o- benzensul phonam de sodi um salt,
WO eooslohaan®di socyanuri c acid and PCT/EP2004/012064
di chl or odi met hyl hydantoi n. Preferabty, the organic
Nchl oro compound is trichloroisocyanuric acid or
di chl or odi met hyl hydant oi n. - AThe anmount of organic
N-chl oro corrpound isin pri nci pl e not cnt]: cal. t is
referred to use i chloro .. . . . .
gon‘pound such that there I atgoﬂr g:glgtc%{j)rgc%pgpnd Is In principle not critical.
equi val igmrefersed ipaiserdncam orentixd eghnimNtdidoraompbued such that there is at
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N-chl oro Conpou I'S 1 n princi _ _
econorW galic Nehlbomeompdimddsin ptinople aot t:rvt&:ac Hop et dYonhiSal reasons, the

g:rgzﬁ:aﬁ?fuyﬁb@a%gvé a?ﬁr qse %ﬂg@fgr&gﬁ lelsglt]eannt 5 a?rgﬁgg{\]/efer?ﬁgased on the
am)untanwntrngetayl'nabﬁ@xdmnevﬁameﬂmmf formula ,
wherein R -R6 areag (ef, h?%PTEm)—’\ﬁebr %sfgﬁ/gicﬁgpnvatrve of formula 1, wherein

process af the |nvent|on I's I'n
cifti &atR’ aﬁbmdefrnedrahovemaﬂmdm proeasmnsmemﬁ\mfnebmbé W prrncrple not
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#_Sﬁ/goog % ?fc@gtét:ﬂgly‘r ?tdﬂﬁ(o HBUAF e?ﬁan}%@'\@?sgzﬁ F;}eferably, the amount of TEMPO

2, 2- dPRetTEMPC dem@‘tlmdtaaael mthﬁammm‘bbﬁ 2 2sditnethyB1, 3-dioxolane-4-
”’Pi) e%ne'@ﬁéfn%l)@sf96%@{?&1%/%%@%&8#23}{% @mgpe{e SYpR§Rore preferably

preferably >0 nost
pract PE&5 'T‘Q]e%smSSTG?r@in%dN . [hsn;)l%% htm)racticeoft isTifeDedrto use an

a TEMRRoder df“’l'@MP@ 895 TﬁﬁﬁF}“‘\@%éQ%ﬂve%e eep ﬁéteﬁt f]gr?toI%A) based on the

t he anount of i oxola
Pr ef ePEBH Qfﬁe? @ﬁ‘@ﬁb’éé 3dilot<h|ene14weaiﬂ'naonl is carried out

in the presence of-’ré?erﬁelg\fﬂﬁé‘roc%% Rl laéegrﬁ%/)ﬁﬂ%ﬁaérred out in the presence

i ncl ude ket ones, for ace one,
n&t hyPf 3 sty | ketone esters, for exanple ethyl

acetate or nethylg éa?t]cﬁverl?t@lr er A e%gney%roe%%ﬁtg) e adetone 2-butanone,

for exanple dlchloro ane;
net hymet thyl ﬁgl@qiylé{etﬁ)@e, esters, éQﬂﬁ)damﬁiﬂeethyba@tme ioc methyl acetate;

sol verd|sgerad W&%Hérﬁon%oﬂdree@(gm fB GikhibfSnethQle: &2 n@ for example methyl-t-

acetonitrile; am des
N, N- dPyfeether prfigthmether argﬁ’t’aétWOlVﬁth ox erpihpleNioleehg; | nitriles, for example

D 1 OhdebriiARE ambies| R¥ LLBS plel 19N- &@@)It%rmamrde, lactams, for example N-
di met hyl sul foxi de. The preference ra

methyl pyrrolidinone; sulfoxides, for example dimethylsulfoxide. The preference for a
solvent depends amongst others on the solubility of the chosen base and can easily be
determined by the person skilled in the art.
Glyceraldehyde acetonide, in particular (S)-glyceraldehyde

30  acetonide, is a useful intermediate in the synthesis of, for instance drugs, in particular
anti-viral drugs, agrochemicals and the like. W003/022853 describes for instance a
process for the preparation of the following compounds (in particular the preparation of
several compounds in enantiomerically enriched form): (2-(2,2-dimethyl-[1,3]dioxolan-
4-ylmethylene)-malonic acid diethyl ester: 2-[1-(2,2-dimethyl-[1,3]dioxolan-4-y)-2-

35  nitroethyl]-malonic acid dimethyl ester; 4-methoxy-2-oxo-hexahydro-furo[3,4-b]furan-3-



sol vent depends anobngst others on the solubility of

the chosen base and can easily be determ ned by the
w@eoosomigki |l led in the art. G yceral dehyde acePONER®)4/012064

in particular (S)-glyceral dehyde-&cetonide, is a

useful internediate in the synthesis of, for instance

drugs, in particular anti-viral drugs, agrochemcals

and the |ike. W0O03/022853 descri bes for instance a

pr ocessod:glic 4dRe NSRRI 5’-'?4-9?9f‘g??—zfr%th8W-@%ﬁﬁ§%ﬁ§§rgﬁ%-yn-manomc

(in particul ar therf{zrepar atio Severa
enant3shdiredul egtesr-methaxyteratyydro-furo[3,4-blfuran-2-one, 4-hydroxy-2-

g gi- <(:| Zma?tg%y;il%&gz{#%@#u?éndé-sm Ak acla ¥leMRh DY R PR TR SR S12 3-bifuran--

2- 1-q)startipy fﬁ@'ﬁh@);ﬁiﬂme@lm@wela@ﬁtm@. ) FHigse compounds can be used, in
nit r Q)%Hl&la}Tmmlo%ﬁ‘ggﬁ&o%ﬂl}ﬁ%?%%@?% %’ preparation of anti-viral drugs, in

4- met hoxy- 2- oxo- hexa _
] f ur BRSVRA ARERVidsugss inprain particelst BV protease inhibitors. These compounds

2- (4viyee ?ﬁwﬁéﬁgpw&%.ﬁﬁg Zé)}é?e{ngg‘;ngh@bgpsga%’ h%%{rig"vﬁ{%g/ozzssa. The
] fur gﬁm@pgmfé,arg-quﬁwmterest in prepa_ring HIV protease inhibitors as disclosed
met haxwad eb/pasys! fwdgé{ez%}%g_é;\{@ 0G4 881, 'o@@?{s%bd U8,6,127,372, WO

ter: hexahydro-furo uran-3-'0
?é) - Qs I RRAVIS GlEcanshM:99/6 e Eealtionprporatisd baﬁifnb@ reference, and in
used paitidulBAintd i ' j . enriched form
in tF%ﬁlp?lepgrﬂgtg?%ﬁﬁg&h%afﬁ@@{ﬁ Bawf Et]o?%%gse% nri"ﬁ't?ﬁ'rt i cul ar
ant i [Py RardysroxsBdl(#-metheypbendisulbnyil(@-obtaieopyl)amino]-1-
i nhi HeRVIT VPSR | indicat ed bel o
usi nqd t hp reé%ﬁﬁ%e r)u_B e%:acysééﬁég%’i n%isﬁgyfé%g@\ﬁ,&b]furan—&yl
The gﬁbgﬂﬁd’émﬁ?ée&h'tkjwm:cul ar interest in preparing

R i U S A
WO 09Negymsthybpr Y-t IBRaie N3R5 8aR)- ledahydrofuro[2, 3-blfuran-3-yl

I ncoegter dMIeprdienss mhmﬂopa&erence, and in particular in
' "V protease inhibitors:

pre@%n% the follow ng

(1S, P %:—31{9@"rngd'm'vﬁ-w'ﬂ@oxwmﬂunwmaynamgio]—_earyamxy-1-

t e s \Y; - car bam
ciyd%%;%fm’%ﬁ%ﬂ’ o B P S I DR R oLE 3 uran-3.

@st efs ?r mp@@@gg@hlpmﬁ i rany Pharmaceutically acceptable addition salt

[ (1SheRof.3- [ [ (4- am nophenyl ) sul f onyl ] (2- net hyl propyl ) a

m noj - 2- hydroxy-1 - (phenyl net hyl ) propyrj-carbam c

aci d (3R, 3aS, 6aRf\CRLHISEVYPOB/OR2858, B} R12-dimet{1, Blsiforolan-4-

f ?;éf'?gi?ﬁ?@@?gdﬁ*siﬁﬁ'giﬂ'%&% o PSRBT SRR RiAegres! fom
oyl ifckife SR RACEAYA LI FIBRI ieelnre)ep 2P P-diametigf c3]cioxolan 4
) ARG s GRS
ACC é'g?‘gw’é) gdé,l dimetawili ,314!@10@5‘(-4-y methylene)-malonic acid diethyl ester
(compound I1l.2) with nitromethane in the presence of a catalytic amount of 1,8-
diazabicyclo[5.4.0]Jundec-7-ene (DBU). 4-Methoxy-2-oxo-hexahydro-furo[3,4-bJfuran-3-
carboxylic acid methyl ester (compound 1il.4) and 2-(4-hydroxy-2-methoxy-tetrahydro-
30  furan-3-yl)-malonic acid dimethyl ester (compound 111.4°) can be prepared from 2-[1-
(2,2-dimethyl-[1 ,3]dioxolan-4-yl)-2-nitroethyl]-malonic acid dimethyl ester (compound
[11.3) by using first a base and subsequently an acid. The compounds 4-methoxy-
tetrahydro-furo[3,4-b]furan-2-one (compound lil.5) and 4-hydroxy-2-methoxy-
tetrahydro-furan-3-yl) acetic acid methyl ester (compound 111.5') may be prepared by
35  decarboxylation of the compounds 4-methoxy-2-oxo-hexahydro-furo[3,4-b]furan-3-



Accordi ng to W03/ 022853,

2-(2,2-dinmethyl-[1, 3] di oxol an-4- yl net hyl ene) - nal oni ¢
wa@edod/odilgs hyl ester (conmpound I11. ) can be prPQEERIN04/012064
from gl ycer al dehyde acetoni de usi®g di met hyl nal onat e.
2-[1-(2, 2-di met hyl -[ 1, 3] di oxol an- 4-
yl)-2-nitroethyl]-mlonic acid dinethyl ester

(conmpound I11. ) can be prepared by reaction of

2- (2 cridkyret

> | dcdl et)ﬂk a@éélsp{e%hﬁ]eg{eﬁ){ggmﬁpml Q?EH%’%?E%%G%?hanhoxy -tetrahydro-
int ﬁg dRE&ONG agd @Igﬁqhthstera(n@npour@fllm )8Hexahydro-furo[2,3-b]furan-3-

d' az @b c@%%b@rﬂé 7H) &L%&ﬁ'@p%reﬁ rg)? éé%ﬂ)})f ©f 4-methoxy-tetrahydro-furo[3,4-

hoxy- 2- oxo- hexahy uro
car b@ltwan@ Qe feareraiid 188), evhi¢h tasutis mathe Irlterrr)edaa’aei compound: 4-(2-
25(%?&?6&;%% —ﬁ%é?ﬁ%-t&ﬁé L}%'Pé(fl{ ?E @Qcorr;fp%lé\h o%rr%pl (6)). which can

acid dimeth y ester onpo of Epar &
f r omihen[be.cyclisized to form hexahydro-furo[2,3-bJfuran-3-ol (compound 7.1.).

(2,2-dinethyl-[1,
c acid di nmet hyl e@%égﬂr)r%%gésa&-tﬁe Wv%vfoﬁ\gvil ng%dg%%c'@?ggy way of the
a bafdowing exabydes wibout f@wew keind fimitedthecaiods

4- met hoxyt etrahydro- furo[3 ,4- ]furan-2-one (conpound

11 ) and 4 hydroxy 2- met hoxyt etrahydro- furan-3-yl)

Ret idgni®npound 111. 5') may be

prepared by decar boxyl ation o f the conpounds

4- met hoxy- 2- oxo- hexahydro-furo[ 3,4- ]Jfuran-3-- 6 -

car bMeigrials and meihadsy| ester (conpound 111.4) and

2- (4- hydr oxy- 2- m?(hh@XS!olkééf (agkdé)oégrfﬁﬂeth§r¥b)d"c§>88%'n8% fethanol, 97

acid di nmet hyl ester ‘(conpoun
Hex alial 1§ Uped G eselss?ci U@'ﬁrﬁ%os ¢- M@thmwnuolmeily -ogide (enohydrate),

wep rRfheDN-b@al! 1i8d in E _
Q{] oxy-tetrah dr%ﬂbf]urg[ XprEImﬁnFSE RuCé, %rOCI JEMPO (=2,2,6,6-

||| fe@?me{;mlpélﬁerﬂ §¥JP>E&sradh>at)hBCCAt(eﬁMralsecwnp@md 1 mole

?C gzmréﬁgbﬁ%\’?\ﬁgp %Mgreé a@ﬁ&é‘%&li@tg@gl&%ﬁf@ (%éfe%ﬂs 2otion, containing 12

cycl Felyetdlpdnen elﬁ@k'é @9 troeivigdd{om 8ldrith.uhceterdtrilel of p.a. quality
( CO”@MG@ i/ uéed )Nlthoﬂmﬁrtﬁér%@lﬁ tfbfpof-l:gg V\}%‘(ﬁexa%om kbiution) is used as

el uci dated by way o
 t hGGeIvablRTePegesay PVHW%&OXI%(@ sedix axpirinents | - L) is prepared in

SCT esni H}grééftln??% ganficn dyRaingl(5.a28GaIfF ARES) in cHel, (p.a. quality, Merck)

So| ket
s%t Oz%zwgh %bﬁq;ﬁﬂo mokar gagivaleahbaspdhen puidisle, 50 Wittarueous solution,
I S us&glisea)s sfi ﬁi—‘r@tﬁ@%édtl@mnﬁﬁﬁﬁésove‘}myﬁf E¥%§F‘a ryﬂ’lb' pqeanlc phase,

OXl

/ -oLxi de (nonohydrate di ne-
in E¥ %ﬂ@ ce p_ylth w@ter vaporgtipgithe sql'@ppb@ give a reSIdue which is used

B3, 2,0 e oilﬁtﬁiﬁaﬁﬂé@Wﬁﬁddt%rﬂ%@r%yfléﬁghCa' ), TCCA (=
trichl oroi socyanuric acid, nol e corresponds with 3

nmol es active chl 5P7W§)G%ﬁaa'b(ﬂwe Ysag anodelesbP@RA G@ combined with a
cont RB43 ddfnd? with a length of 10 m, an internal diameter of 0.10 mm and a film

thickness of 0.10 pm and using a split-flow inlet system (helium as carrier gas, column
flow 0.5 mL/min and split 100:1). The injection volume was 1.0 uL. For detection an FID
30  was used at 300 °C. The injection temperature was 250 °C and the column

temperature programme consisted of 0.5 min at 100 °C followed by an increase to 280
°C with 40 °C/min.

General procedure

35 0.50 g (3.79 mmole) (R,S)-Solketal is dissolved in 5 mL acetonitrile



wt % active chlorine) are used as received from
Al drich. Acetonitrile of p.a. quality (Merck) is used
wowvdasowuti4d urt her purification. H O (50 wt % aqUBOLIEP2004/012064
solution) is used as received from/Degussa. Pyridine-
L/ -oxide (as used in experinments - L) is prepared in
situ by treating a solution of pyridine (p.a. quality,
Merck) in CHCI (p.a. quality, Merck) at 0O Cwith HO
(10 nokad [
sol uti on. s@@é@q‘gggﬁ)ﬂ(t) Stb??ﬁ?'ﬁg toﬁglrnro%'r%‘au%%gpr’tl%e{éoea%‘r‘a(ﬂﬁ -Solketal) of the
over ni G#gl ys’é%ﬁaﬁhﬁl"'ﬂn@ Teble /origaddasl. Thdbie sowtiohivag atided (at room
once 0
oot dug ARt oA URPRPIRL) Soliith ShhY Siah 1 U dar cauivatent
wi t houPagag emer SySelketat sasi shownpo T ableeA)Oreseak yof #anatkylmorpholine-N-oxide,
W ih a)eaRSgRTa FCRRATR, Bl iaadedEs o sERYBTR 2 acetonitie, in
and a F39eRTtMIr-NNPNOGFarg H.® the axidauisis mgdded sphn bgfidaus solution. The
i nl et S H; | 0,5 .
L1 i kbt P SR8 e e (R SfignBiay conversion t
For %?é@?lkﬁfﬁlﬁiﬁewdé ivenitered ba(tGQO'UlecmaX‘ el conversion measured is
i nj ectdigpayedperafig/ae was 250 C and the col um
tegperature programe consisted of 0.5 mn at 100 C
| oned by an increase to 280 Cwith 40 C mn.
General procedure 0.50 g (3.79 mmole) (R S)- Sol ket al
is dissolved in 5 L acetonitrile- 7 - and subsequently
0.38 mmole (= 0.1 nol ar equi val ent based on
(R S)-Sol ketal) of the catalyst (as shown in Table A)
is added. To this solution was added (at room
tenperature and during 30 min.) a solution of the
oxidant (1 or 2 nolar equival ent based on
(R S)-Sol ketal, as shown in Table A). n case of
4- et hyl nor phol i ne- L/-oxide, pyridine- L/-oxide and
TCCA the oxidant is added as a solution in 2 m.
acetonitrile, in case of Pyr-NO, NaOCl and H O the
oxi dant is added as an aqueous solution. The reaction
m xture is stirred at roomtenperature and the
(R S)-Sol ketal conversion to (R, S)-Sol ket al al dehyde is
nmoni tored by GC. The maxi mal conversion neasured is
di splayed in Table A - 8 - Results Table A The
conversion is defined as area% (R, S) - Sol ket al al dehyde
di vided by [area% (R S)- Sol ketal + area%
(R 'S) - Sol ket al al dehyde] fromthe GC chronmat ogram



Experiment Oxi dant Mol ar Catal yst Conversion _
equi val ent (% oxidant* A 4-methyl norpholine- L/-oxide

wa 2008/Ck01749 B 4- et hyl nor phol i ne- /-oxi de 2 RuCl PAWEE2004/012064
4- et hyl nor phol i ne- L/-oxide 1 TEMPO8 D
4- et hyl nor phol i ne- L/-oxide 2 TEMPO 3 E
Pyridine-L/-oxide 1 ZrOC F Pyridine-L/-oxide 2 ZrOC
< 1 GPyridine-L/-oxide 1 TEMPO H Pyri di ne-L/-oxide 2
TEMPO Pyridine-L/-oxide* * 1 RuCl <1 J .
Pyrigﬁﬁlé’tﬁ_/-oxi de* * 2 RuCl < 1 K Pyridine-L/-oxide
1 ZrOCl L Pyridine-L/-oxide* * 2 ZrOCCl M NaOCl 1 RuC

N
Q

NaQCl 2 RuCl < 1 NaOCl 1 ZrOCl 12 P NaOCl 2 zrOCl 11
Na&giple 1ATHIPOCNVErFomMEOTlelided EeParea’d (R 3)-SiketdB@Bhyde divided by

o 08 Bl A § I AL yommoran.

rreihazd@)“‘r“ﬁe'tton Pxidanbn, the above scrlgdoiamg of [oodtsl@at S | Conversion

shows that the conbination of TCCA (a%ﬁ&a%ﬁn! cC (%)

N-chl oro conpound) w th TEMPO (or a [TEMPQderi vative)

used_in the prlocess of the invent.ion Q&RBple (U) is

t he |gnl y conbi iatetbpinofpholine-N-oxide 1 RuCl, 7
B 4-methylmorpholine-N-oxide 2 RuCl, 11
C 4-methylmorpholine-N-oxide 1 TEMPO 2
D 4-methylmorpholine-N-oxide 2 TEMPO 3
E Pyridine-N-oxide 1 ZrOCl, 0
F Pyridine-N-oxide 2 ZrOCl, <1
G Pyridine-N-oxide 1 TEMPO 0
H Pyridine-N-oxide 2 TEMPO 0
| Pyridine-N-oxide** 1 RuCl; <1
J Pyridine-N-oxide** 2 RuCl, <1
K Pyridine-N-oxide** 1 ZrOCl, 0
L Pyridine-N-oxide** 2 ZrOCl, 0
M NaOCI 1 RuCl, 0
N NaOCI 2 RuCls <1
o) NaOCI 1 ZrOCl, 12
P NaOcCl 2 ZrOCl, 11
Q NaOCl 1 TEMPO <1
R NaOCl 2 TEMPO <1
S H,0, 1 ZrOCl, <1
T H.0, 2 ZrOCl, 12
u TCCA 0.4 TEMPO 44

5

10

prepare n" si

* based on (R,S)-Solketal
** prepared in situ (see materials and methods)

In conclusion, the above screening of oxidants shows that the
combination of TCCA (an organic N-chloro compound) with TEMPO (or a TEMPO-
derivative) used in the process of the invention (example U) is the only combination of
oxidizing agent with catalyst that leads to an acceptable conversion of 2,2-dimethyi-1,3-

dioxolane-4-methanol to glyceraldehyde acetonide.



oxi di zing agent with catalyst that [eads to an
accept abl e conversion of 2,2-dinethyl-1, 3-
waelc@zohame- 4- net hanol to gl yceral dehyde acet onPAEEP2084/012064
Exanpl e 2 Influence of paraneters-Raterials and
nmet hods (R)-Sol ketal (=
(R) -2, 2-di net hyl -1, 3-di oxol ane-4-net hanol, 97 wt% 5
e.e. 99.6%, (R S)-Solketal (=
(R S) - ExdmfliePliflibndb chpdrgigbane- 4- et hanol , 97 wt ),
CCA (= trichlororsocyanurtrc acid, 99 w % 1 nol e
corresponds wth 3 noles active chI orine), DCDWVH (=
di chl onpeiard Byd hedpakoin, 1 nole corresponds wth
1.33 noles active chforine), TEMPO (=
2,2, 6, 6-tetranet hyl(Bl-pelkei (vy(R)3/2-dimktioe 1, 3-0i8x0itid-4-methanol, 97 wt%,

Na@Ac §: b .
bi car bojneatg 2@ F@\ggsaﬁ(stag ?-‘%}(%t ass?&ﬁ car@oq{%iﬁng'd’ “ggthanol, 97 wt%),
w9 ah MﬁArlglaiorpﬁp@ywnc hids phatbat etcde eqrre@pomtiAyith 3 moles active

are uselodse)! 9@9]\)!4—‘?@- &lﬁﬂmdﬁﬁﬁ&ﬁylﬂﬁan\fﬁh g %‘Ble Bresponds with 1.33 moles

sol vent s. acet one, but anone
acet onf¢tive|cBlosing). JlEMﬁ’%K-oﬁé‘l;fhéﬁ@tra(rmthylprbelpxdlayloxy radical, 98 wt%), NaOAc

it
0 S oA S R 0. oo
co Ay carimeated 81 ve%) and Tﬁﬁ’é‘r(t: tnethidthQplﬁﬂﬁacetate 97 wt%) are
Supel c@dedvid facaivb&REIMPbs, B8 w lla% thgtsglwl’ﬂ% agétgﬁg tggutanone ethyl

0.25 nmmand a filmthickness

spl i t -F9e4E; ?ﬁeé?n'*é'iﬁsﬁ@h@'wl@@rfdﬁih@mﬁﬁ Oflbequ(aWI)l um as

carrier gas, colu

flow 4 [mn annp%rgtﬁ??; ??ﬁéﬁ%ﬁlg%ﬁf{?ah A@IIerﬁ%lSBH‘E;C (EPC) and an
det ectAYleNL A0 Arigmatic sisyicSampler combioed wile a Betadex column (part number
quant lzmosvs Wi { or

(S)-glycer al gl%ﬂ e 'ggéellteggﬁd(g G{G‘hrgaéd Iﬂ{eze(grt?gl g@etera&% q3/P@ and a film
was 20NEsRESS %fquiZEt e afglusing a %‘be@ﬁ\ﬂtlﬂlﬁeﬁypﬁ%gwﬂnmmstant flow (Helium as
consi =6k 3cdtim

& o as Jodllfin Hoal Drdsguid S EREE Counhiflod 15 and spit low

Wi th HRIN).- FFd-Tr defretion an iR meis weed at2SA IG dor the quantitative analytical

det er rﬁelf@’tﬂn‘i’élloﬁfof &) -andg)- ?cheraldel(‘:yde acetonide the injection temperature was

(§§ l - %3@5) sopr opy
) - didty Gr Aenperateieceipgraties corjsisted of8 min at 60 °C, increase

t errpertatmo eCWath @E@/rrﬁn aetHdne rﬁﬂ'agqgo bEIRG RIS to 280 °C with 25
progr@\grg;re consisted of 1 mn at I NnCrease to

225 C wi'TH- OGhﬁWaaWaﬂwahé\cakﬁqﬁermmaz@s of(R)- 80d {S)-ethyl-((4,5)-O-

| nfl umomfhdérﬁ@ gyggrogﬁ -, %)Opénrg%r{eo;%?é}féaﬁéct éﬁgerggerature was 250

sol ven [
nol e% gﬁgéqgggé@rt;ﬁmg[qz@pagrogramme consisted of 1 min at 80 °C, increase to

25 225 °C with 5 °C/min and another 10 min at 225 °C.



Exanpl e Solvent Yield (% of glyceral dehyde acetonide
(based on Sol ketal) 2.1 Acetone 80 2.2 2-Butanone 77

wQ2®s5mid1yd acetate 67 2.4 Acetonitrile 64 2.5 PCT/EP2004/012064

Di chl oronet hane 61 Exanple 2.1: Oxil@ati on of

(R) - Sol ket al

to (S)-glyceral dehvde acetonide in

acetone n a 100 ml 4-necked round-bottonmed fl ask, 5.46

g (40.0

nmol e) (R)- Sol ket al

is dissolved in 25.9 ¢

acet ongnflidn?d oftheddienfmol e) NaCAc and 3.72 g (16.0

mmol e) TCCA are subsequently added and the resulting
suspension is stirred at 25 C. 10 A solution of 15.7 ¢

(0. 10 nmmiee): m{’fﬁhé’r@eldftﬂe SolfeRGR}

the reaction
grpeﬁ'ﬁsipms@lh%a'stl rred dur| ng anot her

m nut es,
59 C.
30 mnu
wth 25
denonst
on (R)-
99. 5%
(R S-S
but anon
4.09 ¢
18.9 g
g (12.0
resul ti

al | owi n

Thde eI

n%“fzo' ﬁo@@dﬁgoﬂ‘éeﬁo thole% TCCA and 0.25

ERampR [S&VSRI TUS are
g acetone. C anal ysis

atestht429(322

élz’ti ﬁ%)“?‘f. q‘l’;{crerztcl‘%e%yé’g acetonide (based on
mmew) 80% yi el d based

o

rycet &

1a's1 15 Aén ob al ned.

T

2 n

bR Ret al Z}B(Jt%,nS)'leg| vce
(300 mipred! ZEER S) -

ol =¥ | l‘lt‘\
yUC u.u\_L UTIT OC \\_
ardehvde acetonide Tn 2-

nple 2.2: xidation of
g;ketal i s dissolved in

2214ut andnlecetéhlmt‘e g (36

CCA .- arpo cirihea

B84mmol e) NaOAc and Z. 79

IUIC}

NG “suspe n%ﬂrq'%etg?'?er r

huent| Vi added and the

=
a)

at 25 C. A solution of

1.8ng (0.075 mmol e) TEMPO in 8.5 g Z-butanone 1S

aI I VVI n the reaction mxture to
ag(rjrenduver 2 4 % yralveeraidehydgjacetonide in acetone

during anot her 30 nmaubesnlamb&ea r&@idttsb%toﬁ{e@ flfa'sIU5ec{63€(4OOmmole) (R)-
- of f anggtﬁaﬁhed h 20 - but anone, C analysis o

the fi 2! Sodé?‘ﬁ?i 3P s(9 9 ﬁ%ﬁto@e 6% 4 ¥8.2mmed) NaOAmend 3.72 g (16.0
- yield' hmsae) mCABr§%ub%éhl§@ﬁt@| édd%ﬁzaﬁ%l 16 hé@@lﬁ@ gl‘?srb%qgon is stirred at 25 °C.

acet oni de has been obt aj ned.

oxltation of (R S)AAwionaf 158 fogz(@sjtlglm@r%&l\d@ﬂymm 3 g acetone is
acet ona@eed dveBihuRee4IRWg the reaction mixture to warm up to 59 °C. The reaction

mixture is stirred during another 30 minutes and the solids are filtered off and washed
with 25 g acetone. GC analysis of the filtrate demonstrates that 4.2 g (32.2 mmole,

80% yield based on (R)-Solketal) (S)-glyceraldehyde acetonide (e.e. =99.5%) has
been obtained.

15

Example 2.2: Oxidation of (R,S)-Solketal to (R,S)-glyceraldehyde acetonide in 2-
butanone ‘

In a 100 ml 4-necked round-bottomed flask, 4.09 g (30.0 mmole)
(R,S)-Solketal is dissolved in 18.9 g 2-butanone. 2.96 g (36.1 mmole) NaOAc and 2.79
g (12.0 mmole) TCCA are subsequently added and the resulting suspension is stirred
at 25 °C. A solution of 11.8 mg (0.075 mmole) TEMPO in 8.5 g 2-butanone is added

over 9 minutes, allowing the reaction mixture to warm up to 74 °C. The reaction mixture

20

is stirred during another 30 minutes and the solids are filtered off and washed with 20 g
2-butanone. GC analysis of the filtrate demonstrates that 3.0 g (23.2 mmole, 77% yield
based on (R,S)-Solketal) (R,S)-glyceraldehyde acetonide has been obtained.

25



A solution of 4.09 g (30.0 mole) (R S)-Sol ketal in

19.0 g ethyl acetate is oxidized in ethyl acetate
waewsndiimg to the procedure of exanple 2.2 excR@I/EB2004/012064

that the TEMPO solution is added ovéf-m nutes,

allowing the reaction mxture to warmup to 77 and

that the solids are washed with ethyl acetate. C

anal ysis of the filtrate denonstrates that 2.6 g (20.2

ol e, G796 yi.o) 8 g -

gl ycer ardenyde @ '

2. 4: Oxaegdateon of (R S)-Sol ketal to

(R S)-gl yceral dehyd t onj [ etoni tril .

sol ution of 4.09 g (('E\S%ﬁglg%%g?)g é{]ﬁa fI’@S’%&é‘%ﬁ'ﬁ%ﬁeﬂ.’%}Og ethyl

g acet ondetatelig oxidized indéthy cicetateasetonding td the peasedud sig@xample 2.2 except
to e f . 42 X t that the TEMPO . .

sol it oo ERCHERS so RO Stckrave 7 Plngiio o I festton mixture o
react i omamm xp tw &7 £O antimt tipe $@id6 Graweshidtatitt Sayisktat GC analysis of the

are was i th acetonitrile. anal ysi.s, of the

o Dot PR Bai2e § ad Aol il Ppssion (R.9)-Sokketa) R,5)-
yi el d bgipeataldehyd® SetGoddiedsatden(dBtohed.gl ycer al dehyde

acetoni de has been obtained. Exanple 2.5: Oxidation of

(R S)-Sol ketal to (R S)-glvceral dehvde acetonide in 20

di il or ExerbiblaPed: Oxiddtiohiod (R,6§-SIkel tb (F3S)-Glysaraldedvde acetonide in
(R'S) - Séelfo%t?i in 28.0 g dichloronethane is oxidized
indic ane according to the procedure of

exanpl e 2.2 exce}ot Almtutiﬁhefl[ﬁg’la@ 8.0l rhinbleN (R S)-Bdketh! in 19.2 g acetonitrile
over m. ng.the reaction mxture to wa p
Do a2 gkendy =pHbRGis A GRE e B8 R orspal e B S Brcent that the
di chl orodPReswutiodSs @d:deﬁm]eyﬁiminmlfesl dllwing thélﬁiéébtt)ion mciixture to warm up to
denpnst s that 2.4 . 18. 4 mmol.e, 61%yVie ase( _
on 'CR 5‘%?%%‘ fhe %9,“% g@ ‘%%P&l"ﬂgﬁﬁ&? ity 9% ABRE the fitrate
_tFegln 0 ?a?mf | atesltBat 2.5 gf(h sle neaolef 6?%?&%&5&_ oo (RI%%@@Aetal) (R,S)-
able 2; Intluence of the anmpunt . usi ng
ol e% I@Y‘ﬁéalgﬁlayd%oa%iﬂ%&hﬁﬁ&eﬁa@gﬂn% Sol ket al and
usi ng acetone as the solvent. Exanple TEMPO Yield (%

of gl er al dehyde 0 , ketal) acetonj de
gy ' yi b 2 R e/ceraldehvde acetonide in

gcetonide in ethyl

A solution of 4.09 g (30.0 mmole) (R,S)-Solketal in 28.0 g
dichloromethane is oxidized in dichloromethane according to the procedure of example
2.2 except that the TEMPO solution is added over 15 minutes, allowing the reaction
mixture to warm up to 42 °C and that the solids are washed with 30 g dichloromethane.
25  GC analysis of the filtrate demonstrates that 2.4 g (18.4 mmole, 61% vyield based on
(R,S)-Solketal) (R,S)-glyceraldehyde acetonide has been obtained.



2.1 0.25 80 2.8 0.15 74 2.9 0.081 70 2.10 0.023 60
Exanple 2.6: Oxidation of (R S)-Sol ket al

a 100 nm

mmol e) (R ' S)- Sol ket al

4- necked round-bottoned fl-atks

to

w@ R)oSp4ghycer al dehvde acetonide with 1.0 nol edPTEEPD0#012064

4.09 g (30.0

is dissolved in 18.0 g acetone.

2.96 g (36.1 nmmole) NaOAc and 2.79 g (12.0 nmole) TCCA
are subsequently added and the resulting suspension is

stirred
TEMPO i n

| g cecoftﬁe r‘ﬁ HH&F\'

over 7

48.0 g (0.30 mmol e)

m nut es,

al | owi ng the reaction mxture to warmup to 59 C. The

reacti onTablEtaJrIm‘ILjeace;bf theeamountiofl TEMRD leihg 3Q0msle¥eNaOAc and 40 mole%
r.ed ,of f and, wash

¢ HEFSIP AR HE 4D

and t he
acet one.

T

Eostaegire

E@% \?M"al‘% ! 2to hat

2.9 g (22

(R S) - Sol
been obt 4

HExamsié ¢
ket al )
i ned. EX

TEMPOYI el d 15 based on

Yield (%) of glyceraldehyde

~—+

ace{onlde (%ased on Solketal)

gl 50 RS oo seslont

(R S) - Sol

kegal td

1R S)-gl yceral dehyde ¢
A solution of 4. 10 g (’

dcgtonide wtn
Q1 mml e)

0. 33 nol e
(R'S) - Sol

06 TENMPO

ketal i

013 3 g acetone is 20 d

Xi’di zed

accor di ng
a solutio

29 the
of 15

ypredure of exanpie 2.
8 ng (0.10 mmle) TEMP

o except trhat

in 9.3 g

acetone i

s2-8&dded

& 12 minutes, all ow

r?éthe

reacti on
filtrate

M BT UT & ndfa

denpnst 1

_ rmup to 60 C—Car
ates that 3.0 g (23.1 1

Fysis—of —tte

mole, 77%

yi el d bas

ed18n (K

0923501 ketal) (R 'S)-gly

&€r al dehyde

acet gni de~fras” peem optarmed—25-— 13—~ anptre—2-8:
Oxi dation of (R S)-Sol ket al to (R S) - gI vceral dehvde
acet oni dExainple 206:Nidakiom PR all tooiR Igcetaldghyde acetonide with 1.0
(40.0 mplfdy, GBMBDo Sol ket al |n 25.6 ¢ acetone IS
oxi di zed to the procedure of exanple 2.1,

except that a sol uti tmadf0 ol 4-ngcked BOd-pRtidroed T&v@.09rg (30.0 mmole)
9.3 g ac r; I t

ot onm gzgalrkéta?%doﬁ%roﬁn)ég in 75 6?‘950%0 b%}é‘)gr@G ‘ﬂ'ﬁmoheg NaOAc and 2.79 g
filtthat e(1Proneie)atGEA armeutzsesuently added and the resulting suspension is stirred at

25 °C. A solution of 48.0 mg (0.30 mmole) TEMPO in 12.2 g acetone is added over 7

minutes, allowing the reaction mixture to warm up to 59 °C. The reaction mixture is

stirred during another 30 minutes and the solids are filtered off and washed with 20 g

acetone. GC analysis of the filtrate demonstrates that 2.9 g (22.1 mmole, 74% yield
15  based on (R,S)-Solketal) (R,S)-glyceraldehyde acetonide has been obtained.
Example 2.7: Oxidation of (R,S)-Solketal to (R.S)-glyceraldehyde acetonide with 0.33
mole% TEMPO

A solution of 4.10 g (30.1 mmole) (R,S)-Solketal in 19.3 g acetone is
20  oxidized according to the procedure of example 2.6, except that a solution of 15.8 mg
(0.10 mmole) TEMPO in 9.3 g acetone is added over 12 minutes, allowing the reaction
mixture to warm up to 60 °C. GC analysis of the filtrate demonstrates that 3.0 g (23.1
mmole, 77% yield based on (R,S)-Solketal) (R,S)-glyceraldehyde acetonide has been
obtained.

25



g (29.6 mole, 74%vyield based on (R, S)-Sol ket al )
(R, S)-gl yceral dehyde acet oni de has been obt ai ned.
waEx@aph|4®. 9: Oxidation of (R S)-Sol ketal to PCT/EP2004/012064
(R S)-glvceral dehvde acet oni de wiiBh 0. 081 nol e% TEMPO
n a 100 m 4-necked round-bottoned flask, 6.14 g (45.0
mole) (R S)-Sol ketal is dissolved in 30.2 g acetone.
4.44 g (54.23 nmmole) NaOAc and 4.19 g (18.0 mmol e)
TCCA ‘ﬁwﬁé’? kRO 1J>r¥ ofa(ﬁdﬁgscﬁfggal tQ ?R r§ T\Jcte'rep]c%hvde acetonide with 0.15

SUSpl:‘llbl O TS St

(0. O360IH%)TI§VIPG)EI\/PO | n 2 3 g acetone I s added over

59'C. “Thereact | h MRS 4€8 48 ¢ rithlial B HESThfihRs 6 o scetone i

30 maxidizesi snedrdifyctotind pabsedure of Exdreple@. ‘ofe&cemmatvasb&nion of 9.4 mg

h fothegfiLts
asrodS P BEEEREEvESIn T Faeettla g syel | Eions alpwing he
on ( Re&gtichohiketeiojwdr &) togﬂaltcer(;ﬂ) dediysle otipetfiiitdlderhasstrates that 3.8

been o ned l.e, 2.10: Ldatjon.o ,
(R ST S ERge. 3% Beid pagidn RishShlaRIIRS yasenids e acetonide
0. 02hastdeetoobteifé@. A sol ution of 4.10 g (30.1 ol e)

(R S)-Solketal in 19.7 g acetone is oxidized according

to the procedure of exanple 2.6, except that a

40! utBxampid 2. OxidgtidrlofIRES)-Samkdial)to TRIFPQhcardddhyde acetonide with 0.081

acetone J’ﬁ&f@g d over mnutes, allow ng the reaction

m xt up to 46 C. GC anal ysis of the
filtrate denonst riataef0thied-n@ckedgoriBbditanmeyl ftask 6% g (45.0 mmole)

et dRrReo i deSQiedingD o =gine 44 HEELES ffiRvaonc and .10 g

anmour(il 8 6fmmMEIBATTEW ae 3ubderfukniynadziedfandhiee sssnliing soépensmn is stirred at

BT CANKORTREEY 5 ME AT B IR BB S s e 19 acded over 10

sol vehihutebXaowirey the'réactioR hﬂxtﬁP@toWar&' L){ﬂ%r@l °‘¢e|‘lflvié‘ feaction mixture is

acetoni de (nol e% based on Sol ket al ) ed
Sol kStiHPY dsiring angiher30minuies agg the i@!decﬁrewltqeqsff 800 waghed with 28 g

acetone. GC analysis of the filtrate demonstrates that 4.1 g (31.5 mmole, 70% yield

based on (R,S)-Solketal) (R,S)-glyceraldehyde acetonide has been obtained.
20
Example 2.10: Oxidation of (R,S)-Solketal to (R,S)-glyceraldehyde acetonide with
0.023 mole% TEMPO
A solution of 4.10 g (30.1 mmole) (R,S)-Solketal in 19.7 g acetone is
oxidized according to the procedure of example 2.6, except that a solution of 1.1 mg
25 (0.0068 mmole) TEMPO in 8.6 g acetone is added over 10 minutes, allowing the
reaction mixture to warm up to 46 °C. GC analysis of the filtrate demonstrates that 2.3
g (18.0 mmole, 60% vyield based on (R,S)-Solketal) (R,S)-glyceraldehyde acetonide
has been obtained.
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acet oni dB-rqPkeldds AissvsdiicdR -0 aceatone. A5 Ug (%b&érmnole) NaOAcand 2.35 g

round- boig o
(R S)- S& A e{ﬁg’%'lgjsﬁéfgé\s(goéégﬂgn@?ﬂ ﬁgﬁﬁég)gcgﬂe/? gnlorln%) arg subsequently added

(98. 5 m@prdhe 1esaiing suerensiop iystireel. & 2mi6l A)solrdoof 12. 3 mg (0.077 mmole)
(contai A 3 86 e?oﬁt%ﬁllé 'a)ﬁ&ed:{i\%e%' rﬂtﬂbte@rﬁlowmﬁ; the reaction mixture to

subsequent |y adde e resu suspensi
stirredvwarm2ap Q. 59RCs éftar therl EMPQBdGltlg’l (sO:oﬁﬁﬂetantbb e&actlon mixture is cooled

a1 1 o nie ReC YRR Millied Tl ERE i Eisrd it Sisted et 25 g acetone. oo
anal§si sanalysitloétHei flltrataidemdastrtss that 2.9 d (2a19 @l 76%lyidld based on (R,S)-

(R 5" or e Ry G BBnlR pieioria s bohmiosiamens

Example 2.12: Oxidation of (R,S)-Solketal to (R,S)-glyceraldehyde acetonide with 50
mole% TCCA

20 A solution of 4.09 g (30.0 mmole) (R,S)-Solketal in 22.2 g acetone is
oxidized according to the procedure of example 2.11, except that 3.77 g (45.45 mmole)
NaOAc and 3.52 g (15.0 mmole) TCCA (containing 45.0 mmole active chlorine) are
used and that the TEMPO solution is added over 12 minutes, allowing the reaction

mixture to warm up to 59 °C. GC analysis of the filtrate demonstrates that 3.0 g (23.0

25 mmole, 77% yield based on (R,S)-Solketal) (R,S)-glyceraldehyde acetonide has been
. Obtained.



10 I nfluence of the anmount of NaQAc relative to TCCA

Tabl e 4: Influence of the anmount of NaOAc based on
waagsowdisng 40 nol e% TCCA and 0. 25 nol e% TEMPQPOBERZNOO0 2064

Sol ket al and using acetone as the st8vent. Exanple

NaOAc Yield (% of glyceral dehyde (nol e% based on

Sol ket al ) acetoni de (based on Sol ketal) 2.14 80 37

2.15 108 73 2.1 120 80 15 Exanple 2.14: xidation of
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bnzég( iz.goaﬁ]iglog;e Té@g?%(?E‘i%u%%Cé‘San?]‘fr?%é\%@Hb@d’a%%ﬁz‘%%g9 (32.6 mmole)
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up to 5§nc(1he/ké§muingté18pé'@4ﬁ’ﬁs&dde@ abP5 PG, A odThiic 613t @g (0.082 mmole)
oL PRPEL 7 b Sednt e B Ao eB o mocur t
acet Onewaﬁ:uﬁlttﬂ‘o'g’s@ SGOfanhhsis bf {He"fﬂﬁéte @I@H%H&Ht@é it £93f (21.9 mmole, 67%

25 1.4 37% vyield
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(R S) - Sol ket aI R S)-ql vceral dehvde acetonl de with

108 ol BhHNee,C ountioh NaQAc relgtiveto FeCA ol e)
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to the cedur e of earrpe214 except that _2. g .
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been obtlained

2.14 80 37
2.15 108 73
2.1 120 80

15

Example 2.14: Oxidation of (R,S)-Solketal to (R,S)-glyceraldehyde acetonide with 80
mole% NaOAc

In a 100 ml 4-necked round-bottomed flask, 4.09 g (30.0 mmole)
(R,S)-Solketal is dissolved in 19.3 g acetone. 2.00 g (24.1 mmole) NaOAc and 2.83 g
20  (12.0 mmole) TCCA are subsequently added and the resulting suspension is stirred at
25 °C. A solution of 12.0 mg (0.075 mmole) TEMPO in 8.9 g acetone is added over 9
minutes, allowing the reaction mixture to warm up to 57 °C. After the TEMPO addition
is complete, the reaction mixture is stirred during another 30 minutes. The solids are
filtered off and washed with 25 g acetone. GC analysis of the filtrate demonstrates that

25 149 (11.1 mmole, 37% yield based on (R,S)-Solketal) (R,S)-glyceraldehyde acetonide
has been obtained.



I nfl uence of the type of base Table 5: Influence of

the type of base using 40 nol e% TCCA and 120 nol e%
whaws/olaged on Sol ket al Exanpl e Base Sol vent YPel/@P1094/012064

of gl yceral dehyde acetoni de (baséd on Sol ketal) 2.1

NaQAc Acetone 80 2.5 NaQAc Dichl oronet hane 61 2.16
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wash i 25 di chl o hane nal ysi s of the

o onRel. gavord parelor HESFboReEn (2 sTshinkEn e aaapstonde nas been
yi elabtdiased on (R)-Sol ketal) (S)- gl yceral dehyde

acetonide (e.e. = 99.6% has been obtained.- 17 -

| nfluence of the addition time of the TEMPO sol ution

10abl lefl@Ence of thednseofdfast he addition tine of the TEMPO

sol ution using 120 nol e% NaQAc, 40 nol e% TCCA and 0. 25

nol e% TEMPO based on Sol ketal and using acetone as the

sol vieble EXafiqEnee Dbthernygpd ofrmsyiueing 40%ole% TCCA and 120 mole% base

gl )1/%3%%%%?@%??0& onide (mn.) (based on Sol ket al)

8 80 Exanple 2.17: Oxidation of

(R Sy E3aimpkt pBaden ( R. S) - ql veeoRedtehyde acEvrid @6) ofidhyderaldehyde
fast |additi on of TEMPO . i
A acetonide
. (based on Solketal)
2.1 NaOAc Acetone 80
2.5 NaOAc Dichloromethane | 61
2.16 NaHCO, Dichloromethane | 44

15 Example 2.16: Oxidation of (R)-Solketal to (S)-glyceraldehyde acetonide with NaHCO,
in dichloromethane
In @ 100 ml 4-necked round-bottomed flask, 4.19 g (30.7 mmole) (R)-
Solketal is dissolved in 24.8 g dichloromethane. 3.07 g (36.2 mmole) NaHCO; and 2.84
g (12.1 mmole) TCCA are subsequently added and the resulting suspension is cooled
20  to 3 °C. A solution of 24.1 mg (0.151 mmole) TEMPO in 10.6 g dichloromethane is

added over 15 minutes at 3-8 °C. The reaction mixture is stirred during 60 minutes at 5

°C and the solids are filtered off and washed with 25 g dichloromethane. GC analysis of
the filtrate demonstrates that 1.8 g (13.6 mmole, 44% vyield based on (R)-Solketal) (S)-
glyceraldehyde acetonide (e.e. = 99.6%) has been obtained.

25
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Influence of temperature

20 Table 7: Influence of the reaction temperature using 120 mole% NaOAc, 40 mole%
TCCA and 0.25 mole% TEMPO based on Solketal and using acetone as the solvent

Example | Temperature Yield (%) of glyceraldehyde acetonide
(based on Solketal)

218 6-15 °C 59

2.1 25-59 °C 80

Example 2.18: Oxidation of (R)-Solketal to (S)-glyceraldehyde acetonide at low
temperature

25 In a 100 mi 4-necked round-bottomed flask, 4.10 g (30.1 mmole) (R)-
Solketal is dissolved in 24.4 g acetone. 2.99 g (36.1 mmole) NaOAc is added and the




I nfl uence of addition order Table 8:Influence of the

addi tion order using 120 nol e% NaQAc, 40 nol e% TCCA
war@s0501® 25 nol e% TEMPO based on Sol ket al andPOUBEEPRZH04/012064
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sol vent and NaOAc as the base Exanpl e Oxidizing Anount
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gl ycer arde ge* 2.1 1 TCCA 33 100 73 2.1
TCCA 40 120 0 2. 12 TCC‘A 50 150 77 2 13 TCC‘A 100 300 67

2.20 Dci%hé'i g?nﬂ%izrg?ce c?ft%e %&dlmer using QQO mole% NaOAc, 40 mole% TCCA and

15 0.25 mole% TEMPO based on Solketal and using acetone as the solvent

Example | Dosed reagent Yield (%) of glyceraldehyde acetonide (based on
Solketal)

219 TCCA 67

2.1 TEMPO 80

Example 2.19: Oxidation of (R,S)-Solketal to (R,S)-glyceraldehyde acetonide using
addition of TCCA instead of TEMPO
In a 100 mi 4-necked round-bottomed flask, 4.21 g (30.9 mmole)
20  (R,5)-Solketal is dissolved in 16.6 g acetone. 3.09 g (37.3 mmole) NaOAc and 12.3 mg
(0.077 mmole) TEMPO are subsequently added and the resulting suspension is stirred
at 25 °C. A solution of 2.90 g (12.4 mmole) TCCA acid in 22.6 g acetone is added over

15 minutes, allowing the reaction mixture to warm up to 47 °C. The reaction mixture is
stirred during another 60 minutes and the solids are filtered off and washed with 25 g

25  acetone. GC analysis of the filtrate demonstrates that 2.7 g (20.7 mmole, 67% vyield
based on (R,S)-Solketal) (R,S)-glyceraldehyde acetonide has been obtained.
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Oxi di Exagplact. 20 exId=Mee of (R)-SdlkeXhiab dSx-dcerhildEhRie R@®Mide with 90
chlorine, o) glyceral dehyde (% (nol e%)

aceto . cetone TCCA 120 0.25 25-59 80 99.5 2.1

Di chl oro- TCCA 120h 8150 nd4&hetkedBDubidbotteinBamask, 4.11 g (30.1 mmole) (R)-

10 Solketal is dissolved in 30.1 g acetone. 6.73 g (81.2 mmole) NaOAc and 5.33 g (27.0

mmole) DCDMH (containing 36.0 mmole active chlorine) are subsequently added and

to warmpp to ol tTate 75

65

the resulting suspension is stirred at 18 °C. A solution of 12.2 mg (0.077 mmole)

TEMPO in 8.7 g acetone is added over 9 minutes, allowing the reaction mixture to

warm up to 51 °C. The reaction mixture is stirred during another 30 minutes and the
15 solids are filtered off and washed with 25 g acetone. GC analysis of the filtrate
demonstrates that 2.8 g (21.6 mmole, 72% yield based on (R)-Solketal) (S)-

glyceraldehyde acetonide (e.e. = 99.6%) has been obtained.

Example 2.21: Oxidation of (R)-Solketal to (S)-glyceraldehyde acetonide with 120
moie% DCDMH

A solution of 4.10 g (30.0 mmole) (R)-Solketal in 30.5 g acetone was

20

oxidized according to the procedure of example 2.20, except that 5.98 g (72.2 mmole)
NaOAc and 7.10 g (36.0 mmole) DCDMH (containing 48.0 mmole active chlorine) were
used and that the TEMPO solution is added over 10 minutes, allowing the reaction

25  mixture to warm up to 57 °C. GC analysis of the filtrate demonstrates that 2.5 g (19.4

mmole, 65% yield based on (R)-Solketal) (S)-glyceraldehyde acetonide (e.e. = 99.5%)



2.1 Acetone TCCA 120 0.25 0-24 59 99.6 8 2.2 Acetone
DCDVH 120 0.25 18-51 72 99.6 0 2.2 Acetone DCDVH 160

wW@2@5/048457 65 99.5 1 2.2 Acetone TCCA 180 0. SECREP1H84/012064
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enantionerically enriched glyceral dehyde athonide
with si n be prepared. 10 Exanple 2.22:
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5 * Based on Solketal

As can be seen from Table 10, starting from enantiomerically

enriched solketal with an enantiomeric excess (e.e.) of 99.6, enantiomerically enriched

glyceraldehyde acetonide with similar e.e. can be prepared.
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Example 2.22: Oxidation of (R)-Solketal to (S)-glyceraldehyde acetonide with more
TEMPO and TCCA

In a 100 ml 4-necked round-bottomed flask, 4.14 g (30.3 mmole) (R)-
Solketal is dissolved in 19.1 g acetone. 4.49 g (54.2 mmole) NaOAc and 4.25 g (18.1

mmole) TCCA are subsequently added and the resuiting suspension is stirred at 25 °C.
A solution of 24.3 mg (0.15 mmole) TEMPO in 9.0 g acetone is added over 12 minutes,
allowing the reaction mixture to warm up to 58 °C. The reaction mixture is stirred during
another 105 minutes and the solids are filtered off and washed with 25 g acetone. GC
analysis of the filtrate demonstrates that 2.8 g (21.5 mmole, 71% vyield based on (R)-
Solketal) (S)-glyceraldehyde acetonide (e.e. = 99.6%) has been obtained.
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wherein R5 and R6 together stand for ketal groups of
formul a a-c In conclusion, as is shown by example 2, with the process of the

invention glyceraldehyde acetonide can be prepared with a high yield (higher than
30%) and with a high e.e.
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15 alkylcarbonylamino group with 1 to 6 C-atoms; or wherein R® and R® together
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conmpound and the inert base in a solvent. 10. Process
according to any one of clains 1-9, characterized in

WO ba@s/0st1e9 anount of organic N-chl oro conpound PGT/ERZNN4/012064
that there is at |east 0.5 nolar 223%quival ent active
chl ori ne based on the anount of
2, 2-di et hyl - 1, 3-di oxol ane- 4-nethanol. . Process
according to any one of clainms 1- , characterized in
that an amount of TEMPO or a TEMPO-derivative of
formula , wherein R -R6 are as defined above, of
bet ween 0.1 awvterdind®betulbised amori.he anount of

2, 2-di npt hyl 'lgrbg’ésssa%cgridﬂ?éqlo %meA‘l %%%%%Pe(”zeh?n H\%?Qnantiomerically enriched
glyceraldehyde acetonide is prepared by oxidation of the corresponding
5 enantiomerically enriched 2,2-dimethyl-1 ,3-dioxolane-4-methanol.

3. Process according to claim 1 or claim 2, characterized in that the organic N-
chloro compound is trichloroisocyanuric acid or dichlorodimethylhydantoin.

4, Process according to any one of claims 1-3, characterized in that 2,2-dimethyl-
1,3-dioxolane-4-methanol is oxidized in the presence of TEMPO.

10 5. Process according to any one of claims 1-4, characterized in that the inert
base has a conjugated acid with a pK, > 2.

6. Process according to any one of claims 1-5, characterized in that the amount
of inert base is at least 0.8 molar equivalent based on the theoretically
maximal molar amount of HCI that can be formed in the reaction.

15 7. Process according to any one of claims 1-6, characterized in that the inert
base is sodium acetate or sodium bicarbonate.

8. Process according to any one of claims 1-7, characterized in that the process
is performed at a temperature between 15 and 80°C.

9. Process according to any one of claims 1-8, characterized in that the TEMPO

20 or a TEMPO-derivative of formula 1, wherein R'-R® are as defined above, is
added to a mixture of 2,2-dimethyl-1,3-dioxolane-4-methanol, the organic N-
chloro compound and the inert base in a solvent.

10. Process according to any one of claims 1-9, characterized in that the amount
of organic N-chloro compound is such that there is at least 0.5 molar

25 equivalent active chlorine based on the amount of 2,2-dimethyl-1,3-dioxolane-
4-methanol.

11. Process according to any one of claims 1-10, characterized in that an amount
of TEMPO or a TEMPO-derivative of formula 1, wherein R'-R® are as defined
above, of between 0.1 and 1 mole% based on the amount of 2,2-dimethyl-1,3-

30 dioxolane-4-methanol is used.



