PREPARATI ON OF CYCLI C, KETALI ZED KETONES BY FAVORSKI

REARRANGEMENT AND THE USE THEREOF FOR THE PREPARATI ON
WOR00GWCOKI NASE ACTI VATOR 70 Case 23524 PCT/EP2006/067395

ALPHAFUNCTI ONAUZATI ONOF CYQUC, KETAUZEDKETONES The

invention relates to a process for the preparation of

a carboxylic acid of fornmula |a wherein Z1 and Z2

i ndependently represent a nonoval ent group, or as

PREEA%E‘?&?%% DYt her B0k ddoREs BT FA\%%SM%E%A%%EQENT AND THE
usE [HReSE FHE [4fEE PQXA o‘i\‘rgR%? G@'UM&% RREE TR EY

and each of R2 roug substituents I ndependently
represents a nnnovalent group or any tw of the R2
t hrough R6 substituents are co-nenbers of a ring
Gldugbyre and the use of the process for the
ture of the glucokinase activator of formula V.

The gl ucoki nase activator 70 shown in Fig. 9 and in
fornula vV |s under evaluatlon in Phase | clinica

i NAL THAN, QI S TAILED, I

of Type 2 dlabetes Thls conpound has al so been
described in PCT Patent Publication No. WO 03/095438.
An ThpEVERHN Tefptestaadiragess foR ha RFERRIRYIOT: Pfed @ybryls pgd gf formula
[dhis activator is a chiral salt, specifically, an
S-ketal -acid S-MBA (S—nethylbenzylanine) sal t havi ng
fol |l owi ng structure:Previog gates to this
Fihno

i nt ermedi ate have proceede
of 3- oxo-1- cyclopentaneqa '
the schenme shown in Fi g.R

ugh the ketalization
¥ ic acid according to
art). It would be
his chyral salt that
on@entlonal schene al so
suffers fromwaste |ssuea peci\fically, the keto acid
precursor of the salt is h|gﬁ1y Sol“uble in water. In
order to acconplish workup antOi sol ation, relatively
| ar ge anDunts of salt, e.g., sodiumsulfate, are

add I
oo P B MG B ) et
5 tltfedaéletdrlmt aig cormembers of gaing stregineampviding ardivfierd en@etyo Z'-Z>

afd Q&%‘htocf ROYh R LI R sfstif@his iR&peR@nkly ¥ &b B mBfovalent group or
conpou
any {Tvyo of the R* through R® substituents are co-members of a rin g structure and the use

of the process for the manufacture of the glucokinase activator of formula V.
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Cl
10 The glucokinase activator 70 shown in Fig. 9 and in formula V is under evaluation in

Phase I clinical studies as a potentially new therapy for the treatment of Type 2 diabetes.
This compound has also been described in PCT Patent Publication No. WO 03/095438.

An important intermediate involved in the synthesis of this activator is a chiral salt,

specifically, an S-ketal-acid S-MBA (S-methylbenzylamine) salt having following structure:
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may be required to acconplish this. In the end, the
salt nust be handl ed as waste. It would be highly

wale®rneihe to provide a synthesis that reducesPOI/ER2@61067395

avoi ds such waste issues. (bject of the present
invention therefore is to provide an alternative
synthesis for the kgto id precursor which does not
suffer fromthe di sadydntiages outliggd above. The

a- hal ogenati on of aggégjne I's knowt Since the
reaction is believed to |proceethyiatyg enol, it is

of ten base or aci d-@at alG/zed ever, base cataIyS|s
usually results in pe hi orinagion. Acid @ataly5|s
therefore, is prefe when a nonohal ogenat ed ket one
Is desired. However,“-when a ketone includes a ketal or
acetal noiety, the presepgg of the acid catalyst
causes degradation of the reactant and/or hal ogenated
product, e.g., loss, of the ketal noiety. Thus, the
monohevioge nattesan this inteyestiste havegtratdededithives ghntbe efghzagion of 3-

%bné%%/égpéé% e?%%??ﬂﬁ%c@%%f%rrd]len gkto thei 3Ch€S:I|I]18 \%}own 1nFF16 laéprlor art). It
Wasldﬂ]@ehtmqahlet ® m“Df’IﬁB amdmte tdthes dnrarbszﬂﬂ that oférs hnlgh@fthrou ghput. The
convantoé/naﬁ oc%%{nglalso saﬁgrs\f\#onhrvos [ 1ss d${) 1calgfnﬁlteq<epo acup precursor of

ase’ca Aonoc
thedale ydligitie X@lnbldnm natendn @eddrytb ame)nqﬂeh alorkut dndNKBation, relatively

Cet om L) lﬁﬁsaﬂave ﬁbqgfeqq%:sfgl%a%%talré/ %fdgan lﬁgren%keﬁﬁe aqueoug sdlution
slﬁﬁ@efﬁi%eiﬁncho Ahdt Zﬁ@éﬁocﬁl@@ﬁtar@?ﬁfﬁox&lﬁﬁ acide€hn ‘tﬁl’@’tracted into an

43: 5501. The ,conbj s been used fo

ISR AYETIoAS BRCARGOAT grts Py wel%fjéa]éﬁ%r Re0Y Helght of compound
HayBe rddulived ¢d 8&Binplish Big In Gleadid, the sal8 Bt beithdRid as waste. It would
aromatics, WIlkerson, WW U S. Pat. No. 4,652,582
pashighlyrisgiable forprawde p srghesisthpigefuses poeeadvegpuch waste issues.

al dehyde and ketone chlorinations can be catalyzed by

or gapbfecSeH the pﬂa@éiﬁ hifeB o ﬂﬁi"éf@m 1@@5’5%)@9136 @R raﬁé%)ﬂlif&synthesm for the
acids. Mrig M ; Bachmann,

ksta eﬂti@ﬁecwor wWhishass gnt swife;z\fm{nzt@e&!)sa%&&es elingd ahpve.
Ed. Engl : 5507 Hal  and, N.; Braunton A.; Bachnann

Jor gensen,
J}@ ghalo genatlon of"a keton€ is nown (§ 1nce t?le reactlon 1s believed to proceed

via the enol, it is often base or acid-catalyzed. However, base catalysis usually results in
polychlorination. Acid catalysis, therefore, is preferable when a monohalogenated ketone is

desired.

However, when a ketone includes a ketal or acetal moiety, the presence of the acid
catalyst causes degradation of the reactant and/or halogenated product, e.g., loss, of the
ketal moiety. Thus, the monohalogenation of a cyclic, ketalized ketone such as the 1,4-
cyclohexanedione mono(2,2-dimethyltrimethylene ketal) shown in Fig. 3 has been quite
difficult.

The monochlorination of tetrahydropyran-4-one with NCS in dichloromethane and
acid-base catalyzed monochlorination of 1,4-cyclohexanedione monoethylene acetal with
NCS in acetonitrile have been recently described. See Marigo, M.; Bachmann, S.; Halland,
N.; Braunton, A.; Jorgensen, K.A. (2004) Angew. Chem. Int. Ed. Engl., 43:5507.
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Chem Soc. 126: 4790. Brochu, MP.; Brown, S.P.;
MacM Il an, D.WC (2004) J. Aner. Chem Soc. 126:

wWa2®0/044717 al so i s known that aryl ketones can BPEI/EP2006/067395

nmonooxygenat ed usi ng i odosyl benzene. Handbook of
Reagents for Organic Synthesis: Oxidizing and Reducing

Agen’h?e cq é‘lblga‘u%sngrg Eﬂ\d?&g%bee%@{%%%&?gﬁqa%n of] zﬁﬁ]&umes Liu, K-

Co @bglyqrb&& ehewe.R. &H@B@kké’nf dﬁﬂ’dﬂ%é@i@)@&ld@tﬁ etvematishVilkerson,

WW‘[PQtI%?‘UédeEZ@'S@}%/Q@/I%W)”Et hanol at 25 C. Under
the sane conditions (Phl(QAc) 2, KOH CH3OH), there

ool SRE (5 G 1 1B A IR G0 e gRuean be catalyzed

53 Gﬂg@me mhlmﬁarabﬂxydm amddsAnd I@a@osjflﬂtgalcﬁls Oylerigd, M) Bachmann, S.;

1984) Tet rahedron
ﬁaﬁey as %tg ’aA r%f.:n;sa{/e 'é’quj z) 'L}-Mgeew éhenbl \ (55018’53)1 5307,
H@tlarahéu,rlimuruentA Bachnggays.; Mecige dMadotgensneK.A. (2004) L Amer.
@HQ&?%E@DB @f%)t B&cRE %qﬂtBeregf" %c@hﬁﬁrquﬁxscf @bOi)hﬁAmer

%reparatl on o car oxy Ic acid

e e d 2008 % alzg I%ﬁwmthah%k}@mwryb? @ﬁpe@éﬁ@na&ed using
BB NN atte. Ha@b&ﬁbok@fRa% ﬁt@ﬁrreﬁgmcesynbh/eﬂkmng@ﬁﬁg%d Reducing
|

I t
B SoDHGRERSTR, Dol LS SN G oN R oo oo
$2ih$24. fThe idd sylheleprndentdryted éprediaaitsxydo dobaoaeat edith potassium

h
BRURALY, AMNahYy B DB e o DLAHED R BBAI bUBR! ROH. B0
BorpaTE See exdneplet \élpﬁse ayrydehrexangye lbn)deW@es @pnoqusitl@lwhaa)tlon and

ﬁi‘ﬁﬁﬁﬁ%&@éﬁt H‘ﬁrordﬁé&éﬂc%el‘?tfanécahﬁ)t ac@cpfﬁpfpéiﬁ‘ e Qf)erﬁth@n Daum, S.J.
faornmu erein hr ou ar e

as
B Phbdrdedive léfﬁd?5R2ﬁ255 %glfi%‘ﬁ d\rgqa&htM @r’ ZpemHtyedd fo - (2005)
Tavpeund en. Ameg97an al pha hal ogenat ed ket one of the
formula wherein X is a hal ogen and Z1 and Z2 and Rl
through R6 are as defined above; and wherein step b)

conprises a Favorskii rearrangenent of the al pha
hal ogesvadied tkenoenebadfiment of the present invention a process for the preparation

of a carboxylic acid of formula I a is provided

z‘[----z2

wherein Z' and Z* independently represent a monovalent group, or as represented by
the dashed line, are co-members of a ring structure providing a divalent moiety - Z'-Z*;
and each of R* through R® substituents independently represents a monovalent group or
any two of the R through R® substituents are co-members of a rin g structure and the

process comprises the steps a) and / or b) wherein



formula Ilia in an alkaline reaction nediumto form

the carboxylic acid of fornmula la. In a preferred
weedodisTent t he carboxylic acid has the fornmul BCT/ERione/@67395

further preferred enbodi ment the al pha hal ogenated

ketone has the fornula: wherein Xis O or | . The

dono '

R g R T S e e
chlorine can be selected frgm N-ghl orosucci ni m de,

di chl or odi net hyl hydant oi n, FFEiloroisocyanurate and
combi nations of these. Prefeyreo donor conmpound is
N- chl or osucci ni m de. For R\ge ¥gr ngBi on of the al pha
hal ogenat ed ket one of form azmherfin Xis

chl orine the reaction pr%fe gyes Hibce in a
pol ar sol vent conpri si n@g DVMENHOwever, ot her pol ar
organi ¢ sol vents such as di ehllloribret hane or
acetonitrile mght be suitabl ® when used al one or in
conmbi nation with other reagents in reactions carried

out ?he&in@leegl.dzf e rlﬁttl‘é!troﬁgh RF aftR %féi;i\ﬁeﬂeab@bé bl tRhits ta monovalent
reacti.on conditions and/or w | erent reactants.
ﬂ@&?ﬁwgh%ﬁ?%ﬂrqﬂnPPHP€§3%¥H1 Héh% h&FH@FEEQPBFOgmﬁzﬁﬁ%uh

sol vents such as dichl oronethane or acetonitrile would
be within the scope of th&[pradent invention. As an
alternative the formation gf Eﬁe al pha hal ogenat ed
ketone of forrmula Il aR! ( R’i s chlorine can be
performed in the presence ami ne and a carboxylic
acid or in the presenceéof amho atRd. In a
preferred enbodi nent tphe . a?ogenation tal es
pl ace in the presence of Lprglixne. The al pha

5 halogenation in step a) for ®he formation of the al pha
hal ogenated ketone of fornula Il a wherein Xis
chl orine can take place at a tenperature in the range
of - wheredCKiso 1880 Ba.anEa! ahth&’ funt RhthirowghoR’ drhes d¢fipied above; and
Rakegenated ketone of fornula Ilia wherein Xis

step b) comprises a Favorskii rearrangement of the alpha halogenated ketone of

formula IlTa in an alkaline reaction medium to form the carboxylic acid of formula Ia.

10 In a preferred embodiment the carboxylic acid has the formula:
H,C_ CH,
O O
Ib
O

HO



i odi ne the donor conpound preferably is

di acet oxyi odobenzene. The al kal i ne reacti on nedi um used
wo evo7pksg1Favor skii rearrangenment in step b) i SPEI/EP2006/067395

solution of an alkali hydroxide in a | ower alcohol,

preferably potassi um hydroxi de”i n net hanol or ethanol.

Si nc f ' : t t .
For mi e R Ao P BB A A A cTormula
presence of an al kal i ne rqgetioeHnediun1the f or med

al pha hal ogenat ed ketone o nuta 11l a wherein Xis

i odi ne under this conditiong”13\directly rearranged to

the carboxylic acid of fornula lla. The al pha

hal ogenat ed ket ones of the @ a

hal ogen; each of Z1 and Z2 jmtfependent®y represent a
nmonoval ent group, or as rep ted by the dashed
line, are co-nenbers of ar gtructure providing a
di val ent noiety - Z -Z2- ; each of Rl through R6
substituents independently regresents a nonoval ent
group or any two of the RL through R6 substituents are
co-nenbers of a ring structure, are novel conpounds
and twhermf ¥isClard. a further enbodi nent of the present
invention. Preferred al pha hal ogenated ketones of the

¢
A N e
fospyudasdba wherets nol shlopine grpbpselestedfeom Ay eldoeaseqnipyide. he

GRERESH ileNih yAhS oGO tENINSIS cyhufatd AltOcorh BiHEHIH®T these.
providing a divalent noiety - Z -Z2- ; and each of

thro ubstituents. i endent.l y represents a

ronob Tt GROUE ISy Mg BIOSNRIE b ough Re
substituents are co-nenbers of a ring structure are

nov eForctberfouration afi thetdygradfabrgen atee ketohepf foemubnibloavhenin X is
HiotibeRT-EREBL pré’rﬁB‘lty't%s place in a polar solvent comprising DMF. However,

other polar organic solvents such as dichloromethane or acetonitrile might be suitable

when used alone or in combination with other reagents in reactions carried out at higher
temperatures or otherwise different reaction conditions and/or with different reactants.
Additionally, mixtures of DMF with other polar organic solvents such as dichloromethane

or acetonitrile would be within the scope of the present invention.

As an alternative the formation of the alpha halogenated ketone of formula IIT a
wherein Xis chlorine can be performed in the presence of an amine and a carboxylic acid

or in the presence of an amino acid.

In a preferred embodiment the alpha halogenation tales place in the presence of L-

proline.

The alpha halogenation in step a) for the formation of the alpha halogenated ketone
of formula III a wherein X is chlorine can take place at a temperature in the range of -10 °C
to 35 °C.

For the formation of the alpha halogenated ketone of formula IIla wherein Xis

iodine the donor compound preferably is diacetoxyiodobenzene.
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Preferred ketone of fornmula Ha has the fornula The
present invention further conprises the use of the

w@emcosss1as descri bed before for the preparati PCT/BP2086/067395

conpound of the formula In yet .anot her enbodi nent of
the present invention a process for the preparation of

a Co’ﬁl)é) &ailn fre&éagslfn\?égi%%lsgd {6& ?ﬁ/é lf’a%grsﬁﬁ ?@arrllaﬁ Q‘ﬁ rhrﬁ stepb)isa

steps a) an rises

brdv toyepizan adkalidfydgotids ivredower ale@ﬁ,mrnfﬁtaélmptﬁwm hydroxide in
ﬁ{egﬁﬁoh@lmt ed ketone of the fornula wherein X is

d or and wherein step b) conprises a Favorskii

rear an nt of t al ogenat ed ketone
for Ortnbat]PBrO&&E%aé&&ag]Ff’g 3&65%&9@8 Og or F%‘ll%{ﬂaa‘”her ein X is
lodTeds pdirﬁﬁrﬁﬂ:ﬁ ih riveeprtiente @framvaﬂdeQQe neictionl ﬁiedgjne shefformédalpha
ﬁalg enaa[gﬁ po%le%??nr,amt Iallzg da wélgrﬁelénd sise 1% inltgleu;ﬁ% i t% d:o&é%tlons is directly
mrr@mgdatp plnmbpxmh ecitef fmmuﬂzslar eact ed wit h a hal ogen
donor conpound, e.g., N-chlorosuccinimde, in
anhy@ﬁ@M?haHME&M%&H%E&%cQBQ@EmﬁnhﬁﬁgentS such as
di met hyl tormanide (DMF) . The reaction is clean and
occurs with high yleld sthQ“g_fugh selectivity for
t he desired nonohal ogenat ed &etope. By- product s

associ ated with base catalys@s etal degradation
associated with acid cataffy ubstantially

avoi ded. As anot her nonoQg . 1 appgoach, it has

been observed that organit slaltslgenerated from am nes

and car boxylic acids cat%lyze frhe nonohal ogenati on of
ketal i zed ketone in reagent  clongri si ng al coho

sol vent (et hanol, ethanol, is%propanol, etc.). The

nmonohal ogenation is fast even at -5C. The salt can be

r api @hyrefnox [mhaldsgeﬁ; ¢adh Hf Bhan gt iede@nidsntynepresindg monovalent
A e Ol BRI B B Mt i ine strcture providing
éwslpetrmpmry of! ZZh pandesigh bAR thive g rabssitu ks oxdepéndently represents
Qhﬁﬁ%%]ﬁlﬁ? 1@?0} z{rﬂﬂ%q{f E]?éjl&?t;h[‘&%ﬁll e sh@stftﬁ'énttg]ﬁre co-members of a ring

processin a Fav rran enent
structure, are novel compounds and therefore are a furt er embodiment of the present

invention.

Preferred alpha halogenated ketones of the formula Ila are the compounds of

formula
0O O 0O O

lllc ld
Cl I
) or )
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As noted above, it is known that aryl ketones can be
nonooxygenat ed usi ng i odosyl benzene. Thi s net hodol ogy

worey7hes7very efficiently applied to nonohal ogepet/ERI006667395

an acid sensitive nonoketal ketone and is especially
useful to provide iodine (e.g., in a higher oxidation
statﬁ B&o&g%fg%ﬂ¥hﬂghgr°uD The ability to prepare
nono ogenate acl'd sensitive ketones has al so
facilitated syntheses using,hal ggenated, acid
sensitive ketones. As just ‘9ne gxanple, facile
synt hesi s of hal ogenat ed, id g jti
provi des a new approach o f hesfze t g S-ketal -acid
S- MBA (S-net hyl benzyl am ne seful as an
intermediate in the mandfac
activator 70 shown in FRgT P
schenme, which is shown in Rigll H, a nonohal ogenat ed,
cyclic, ketalized ketone is p@epared usi ng
nmonohal ogenati on net hodol ogi es of the present
|nven al o t
%rggl e gﬁ‘ Sf?e%nrd?f;r}ﬁé%nggﬂﬁf d efr;‘r%sen? 8%{‘0%%&%@ ogefSuﬁdor as
mpmsmded bhtherdaglead lmea@e@om@mb@s pha rlngfstrweredésvid@@ a divalent

flidial z8akt an JBRHAER! HfRgu Rqf ﬁlbsﬁﬁleﬁts '11§de$3 %represents a
recovered in enantionerical l formfromt

PaerentF Qe TANFEO oh dedh ctBrOUa%é 1% BRI LG compem bgsgof a ring
Ar bR ARELYSIeDREN NN 2B (HERMBR: ¢ & RA¥IRS eMibddiment of the present
mono: al pha-chlorination of a commercially avail able

PVEISPe| ohexanedi one nono(2, 2- di met hyl tri met hyl ene

ketal) 54. The hal ogenated 1, 4-cycl ohexanedi one
nonoP2freddictratetny farmuieilhhhethe flatdh) 52 i s subj ected

to a Favorskii rearrangenent to give 8, 8-

di net hyl - 6, 10- di oxaspi r o[ ;&) d ne- 2- carboxylic acid

56. This product is then co ted to the (S)-MBA

salt. In one aspect, the prfesen] invention relates to

a conpound, conprising a cyclichnoiety conprising a
backbone of at |east 4 atons>a havi nlp first and

second al pha positions adj a keto group; at |east

one hydrogen substituent pg pned at the first al pha
position; a |leaving group s tuent positioned at

t he second al pha position;

The present invention further comprises the use of the process as described before

for the preparation of a compound of the formula

0

H
NN v
&
N

In yet another embodiment of the present invention a process for the preparation of

MeO_S
Cl

a compound of the formula



ketal substituent positioned at a third position that
is at a beta position or further fromthe keto group.

WO poanet7ner aspect, the present invention rel aPE@FEPHOG067395
nmet hod of al pha-hal ogenati ng @Sketone compound i s
provi ded. The ketone conpound conprises a cyclic
noi ety conprising a bagkbone of at |east 4 atons and
having first and seconfl al pha positions adjacent a

keto group; at |east gme_hydrogen substituents
positioned at the fi r pha position; a |eaving
group substituent posNtidpned at the second al pha
position; and a ketal or agetal substituent positioned
at a third position that i a beta position or
further fromthe keto-g

al so is provided. |

pol ar so that al pha- Egnctionalization of the keto
conpound occurs. |In antther aspect, the present
invention relates to a nethod of hal ogenating a
ketravid abebnk@ishrethe $leps Ketndre b) svheadiogenat ed i n an
anhydrous, organic reagent in the presence of a salt

%‘cﬁ% ?Léeloﬁﬁ%ris\é’pﬁg);ﬁé F%%E&aﬁgﬁgfﬁ‘ket‘éﬁg{}f h ?osmfcg% al cohol . I'n

spec present 1nvention relates to a
met hod of making a ketal, @ci dygonprising reacting a
ketal i zed ketone with an®iwsgine donor conpound in an

al kal i ne reaction nmedi um - n~Nanot her aspect, the
present invention relategq to nmet hod of making a
conpound. Aketalized, cy®&Jc Retone js hal ogenated at
an al pha position rel ativg a keto group. The

hal ogenat ed, ketalized c ketone is subjected to a
ring contraction reactiomn ef Description of the
Drawi ngs: Fig. la shows a pffior art reaction schene
for preparing an (S)-MBA saht.Fig. Ib shows a reaction
schene of the present invention for preparing an

(S)-MBA
5 to form an alpha halogenated ketone of the formula

H,C CH,

) )
b

wherein X is Cl or I and wherein

step b) comprises a Favorskii rearrangement of the alpha halogenated ketone of formula

IIIb to form the carboxylic acid of formula Ia



10

15

20

25

salt. Fig. 2 shows a fornmula of cyclic, ketalized
ket ones useful in practicing aspects of the present

wo ewents7on. Fig. 3 shows a preferred enbodi meneCDEPR06/067395

cyclic, ketalized ketone. Fig. 94 shows an illustrative
reaction scheme for preparing the conpound of Fig. 3.
Fig. 5 shows an illustragive rgaction scheme for
functionalizing the cyclit\Ketalized ketone of Fig. 3
at an al pha position relaig%é;to the ketone noiety.
Fig. 6 schematically illugtrates how a Favor ski

rearrangenent reaction isOsar
schematically illustrates
rearrangenent reaction is
a cyclic, ketalized, alpha
Fig. 8 schematically shows one\appyoach for obtaining
an enantionerically pure chiral (S) salt internediate
froma cyclic, ketalized ketBHe. Fig.. 9 shows the
fornmul a of a gl ucoki nase activator. Detail ed
Desc

a*tﬁéé;fniegé?ltt I}}Il\)gnf?&ﬁg gﬁg hegl%d?ﬁl%e??%ﬂﬁlg f'ﬂ?)‘ﬁg q‘ngd)r%halo genation of
gce% sinsitive kgtenemn e@e@albhcyahc acidysensidve, ketaliged kewnrethsgae approach,

theQ¥EnleGs reK&E@{Vﬁtfl %Cha@hg ﬂ?n&edﬂ)%{@dn)d é. Ntﬂﬁ&oﬁl&ﬁﬁﬁﬁ& in
| € poratin eto grou .
gy BGR L PRLE belu shmafs b oo g (VY The resction

ts@leBn apd eécarra{a/ity h5ghoy1e16 shm)/‘h{g mgleﬁ@efcalbityfoﬁ tlod dm;’ﬁred The

keto I Oup f.the b kb ne or
ah%u at %{Ek uc‘%sra(s)sr%c aﬁ VE%Q}:E sg ﬁ%tnfa)éls S E§a1 degradation

p&sectlac@b/htia acsl q@tsadstsmcafre subetabtiglkonaledThe backbone at ons
may include C, O N S, conbinations of these and the

I keas Jﬁ&h&%ﬁbﬁ&aﬁ%@ﬁgﬁﬁ%ﬂﬁ?&ﬁﬁ % AhUbRh @8séled that organic salts
unsat ur ated, but preferab s saturated. Apreferré&d

BEACRIGHGomSiy BF 7 qafhﬂw%fa%%rfa%@ﬁéhe ropohalgenagen gfketalized
Eéto@m&’éﬁgéﬁtsu:bﬁﬁ)rlsﬁ%raldoﬁf)li‘tfdw&ﬁe(Iﬁbth@l@@eahaﬁd] Ssdfbpanol, etc.). The

thoR6Rald e¥1agon 1s%£rs‘% even Cat §°C The salt can be rapidly formed in situ from

ingredients including amines and/or carboxylic acids without undue degradation of the

Ped oyf. Fig. 7

a Favorski i

led out with respect to
ynctional i zed ket one.

acid sensitive ketal. The suspension of the resultant halogenated ketone in alcohol can be

transferred directly to further processing, e.g., a Favorskii rearrangement.

As noted above, it is known that aryl ketones can be monooxygenated using
iodosylbenzene. This methodology may be very efficiently applied to monohalogenation of
an acid sensitive monoketal ketone and is especially useful to provide iodine (e.g., in a

higher oxidation state) as the leaving group.

The ability to prepare monohalogenated, acid sensitive ketones has also facilitated
syntheses using halogenated, acid sensitive ketones. As just one example, facile synthesis of
halogenated, acid sensitive ketones provides a new approach to synthesize the S-ketal-acid
S-MBA (S-methylbenzylamine) salt useful as an intermediate in the manufacture of the
glucokinase activator 70 shown in Fig. 9. As an overview of this scheme, which is shown in
Fig. 1b, a monohalogenated, cyclic, ketalized ketone is prepared using monohalogenation
methodologies of the present invention. The halogenated compound is then subjected to a
Favorskii rearrangement under conditions to provide the racemic acid counterpart of the
desired chiral salt. The desired chiral salt is readily recovered in enantiomerically pure form

from the racemic mixture.
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part of a substituent that is ndant fromthe
backbone. The cyclic, ketalized ketone used in the
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posi tione a ion~or romth
grooapiphPhedsorifasionepf sicemmearbiet eevadyt il d-eyrlobetanedionqmono(2,2-

& ek b e ERAIPSY T 1Alosbhifiod™ 4RQSIDALARedib REMbRbAL2-

roup maybe position
gmlwlgtm%th@emk%& e }Séﬁbﬁ%t% F%ql E%Wéﬁﬂwfﬁ%rrm@%m@tpcm 8,8-
diesdtli @, J0-didxaxpiropd, 51dbdaner2-akphglipasi 56 0rhis ploatitnie tHe@ converted
fqgfkgﬁggg£o§p, e.g., at either the C2 or C6 position

h S85f a six-nenbered ring, so as not to
interfere with al pha functionalization or subsequent
Fav olnsdaid aspesarthaprpeens mi vein fois ol eetvbrondinmening, cokaisal g 4 gyclic
?WUO fgﬂl_ﬁal[ln&ll QBQ&BO Obf / léggﬂ LHYhS aﬁ ghg?t ? ag@ %%ond ali)ha

I on a carbon atom
g(pﬁytlor@zg]aﬁ@rg@ﬂ@to gyﬁgp it feastzs hodrogen éﬁl@ptlﬁgnt positioned at the first

hIpHEpeHtEen ta'lé’avﬁ%)’gr@@ leéhﬂl@nﬁ/}%sitﬁirﬁéd af th@@él%‘\l:l@'aﬁ{hta position; and a
efa

or co ructure
QR Be Rl PR BEPL At anthirf gosion Bt At Aiia oS o oiarther from the
kdie gt@ipns are used i nterchangeably. In sone uses, a
di fference between an acetal and a ketal derives from

the I ﬁl%ttlll«f‘q yﬂe%@tthe\cl}ger% 'ﬁ?ﬂw% CorDfe iR to 2 %tﬁ!)(? of zfl%}é%h%logenatmg a

tradition romthe reactlon 0
ketenesarereng ig prayidedwlbe atong eerapaund epiplissha Fyojic mowty

aahpNgnd & 95@1&)9@6 Bﬁﬁ@éa's@ﬂat@fns%nﬂ %ﬁ@ﬂg fivdt bid 86688 8lpha positions
aIcohoI For oses OL$$ sent invention

f“H%‘ES‘ﬁhak?tHér? lp?@seape r@&@% SUfUERIS BRSNS ithigfinshapha

p@ﬁtlﬂirt amndaviegtaabp ﬁﬂ)@tltallentsﬁdsmbhkdd at ﬂhe gafodﬂ afha@hbsitibe; and a ketal or
I tat.

d I
ﬁg%ubsﬁgq g?stltgonnea ta# %t[}k”é(% g?sm i)f(::}% gosrlg%l‘? )O/ID Hl?ther from
iheddetedgsupt A helagdn domer bblaponmchalswm@ro‘fld@m éngbgbes including the

8§hé é an%l a%tti' tHE d& 6ha o 1%&'&6 i?lraesfu%gt@m 1 a‘ﬂhydrous
ot ha

east atomis a so resent at e her a
prowInt Fhﬂﬁ is seléfwénﬂmppiﬂr st thafy é@éaéﬁ%@mmﬁ@n ioh thethietthcanpeound
s¢pbha- functlonallzed product is used in a subsequent
Favorskii rearrangenent,

In another aspect, the present invention relates to a method of halogenating a
ketalized ketone. The ketone is halogenated in an anhydrous, organic reagent in the

presence of a salt catalyst, wherein the reagent comprises an alcohol.

In another aspect, the present invention relates to a method of making a ketal acid
comprising reacting a ketalized ketone with an iodine donor compound in an alkaline

reaction medium.

In another aspect, the present invention relates to a method of making a compound.
A ketalized, cyclic ketone is halogenated at an alpha position relative to a keto group. The

halogenated, ketalized cyclic ketone is subjected to a ring contraction reaction.
Brief Description of the Drawings:

Fig. 1a shows a prior art reaction scheme for preparing an (S)-MBA salt.
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descri bed further bel ow. Mst preferably, each al pha
position bears only H substituents. In addition to the

waedoa/ogg7oup, ketal group, and al pha hydrogen( shCT/EP®06/067395

cyclic backbone of the cyclic, ketalized ketone may
i ncl ude one or nore other subs}ltuents. General ly,

t hesg. o r L: I t

ol aruR] on A ety SRt P eSSk R BB Pngin (5-MEa
#dlpha- functionalization to mininmze the formation of
undesirabl e by products. Additionally, when the

r esuffyanth dsRBrm i Mg bidio alet AREd REOARLGEefuBin practicing aspects of the
subsequent.l y subjected to a Favorskii rearrangenent,
P?m?gﬂﬂﬁgpwgble that the other substituents also be
selected so as to be relatively nonreactive under the
condFigi dsiowssgdefenrd tindodieant ahgeyohotketaliz¢dkdtbres e

concerns in mnd, exanples of other substituents that

cyol T8 AR R e R g G g Rare e Fie 3
the like. Hydrogen and | ower alkyl of 1 to 4 carbon, )

at onEiZat & Prendlydativeseastinmeshepe frHanctiongizing thepyelic, ketalized
k&tahe SErS L rRdla) afiHa pavitioA elative 8 GREkIBEIEROREy. Pr act i ce,
especi alTy when a Favorskii rearrangenent is

ConL B ST P B BB A DE Y o

groups that may be deprotonated and/ or condense with a

ket ohig, 7 sshdmiahenllyiilkestrags viveniragbrskh ecasipo pamemideaction is carried out
Mtﬁlr&sggét,qaﬁ Blicadranes Sifia (Ragean §né. s provided

in Organic Reactions, 11: 261-316 (1960). Preferred

enbodj nents of the cyclic ketalized ketone are, .

r epr B€eht@amByicallyshewt oA PPEPARSIACT Pt Higrd epantigiaerigal]y pure
adeh (9f saf Intatle e iddepeyte ket dizécptesent s a

nonoval ent group, or as represented by a dashed I|ine,

are go-senber f a ri structure. providi ng adi val ent
noi e %‘gﬁfmféﬁegnF%m}%grlgghlbs?ggwéﬁﬁodinents, Z1 and
Z2 al one or as conenbers of a ring structure are

| i neRetailgst Resshigtionior cyclic al kyl (ene); preferably

al kyl (ene) of 1 to 15, preferably of 2 to 5 carbon

at omg, onkRp&tis MRE BRkent B RAGHE sbiabiv tRESIpRAEKRABRalization of acid
RO B o RS LSt RSl AT Sgne senray
Bicludes aiewlic moiety incorporating a keto group, -C(O)-, and comprising a backbone of
at least 4 atoms, typically 4 to §, preferably 5 or 6, most preferably 6 atoms. The keto group
may be part of the backbone or may be part of a substituent pendant from the backbone,
but preferably is part of the backbone. The backbone atoms may include C, O, N, S,
combinations of these and the like. The cyclic backbone may be saturated or unsaturated,
but preferably is saturated. A preferred backbone is formed from carbon atoms, e.g., C1-
C5 or C1-C6 structures. For reference purposes, the keto group may be deemed to be

associated with the C1 carbon.

The ketalized character of the ketone means that the molecule incorporates a ketal
moiety, €.g., as a portion of the backbone or as part of a substituent that is pendant from
the backbone. The cyclic, ketalized ketone used in the present invention includes at least
one ketal moiety positioned at a beta position or further from the keto group. Thus, for a
six-membered cyclic structure in which the keto moiety is at the C1 position, the ketal

group may be at the C3, C4, or C5 position. A ketal group at the C4 position is preferred.
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Thus, nore preferably, Z1 and Z2 are co-nenbers of a
ring structure and together conprise a divalent,

whe@nokssdr al kyl ene group. Most preferably, sai BCT/EPZP06/067395

al kyl ene group has the fornul a;, Each of the Rl through
R6 substituents independently represents a nonoval ent

gﬁgﬁgﬁl e%&lib agslrtaﬁ&%enost%k gll‘fﬁe?q H{lr %’&1{1}59 'im?gt?\% to tlﬁéql?e% %roup, e.g.,at

ic al conbi nat
gither Hees@? ol ppﬁ@om jrktde cmyaf BWG- mﬁmhmeé g, ohs nmto interfere with

LIBh AR (5Ra SRS bt 4SM R el BRoFRY P& A BANEH SoiRE e@bodiments.
ring structure. Preferably thhroug% are

hydr oge en t he al functi onal |zed duct is to
be 53%6@&8 F‘&loéla]%\9gl°=s% 8 Mplegitl Sﬂﬁéﬁ&%tﬁe ?‘{ncflgnal group, of a
ceBo afohebdiirt t@hﬁ‘&l GiZ'tahé -8Z* phrugkigih dREn eadhsdfiZ' wad tzs

1n%e;§e%1ld§:c égd f % a tVVé(? txga?ie ? ofrﬁlg:%n:]oo %%gg gI%uPsnonrD éoErtnlter% erfsho§ a amg
sthe:tlhneké kefahls stnucttugalla @gmvalelmtdOtao apefaly arflsometaaestthe terms are used

Hl@&@ﬁa %Eﬁaégg N @&ﬁg lukesr @&?ﬁf’cﬂg@f)@%erpﬁpgge{a'l NP a kDRt &erives from the

that t ound of 1 g. are based on a
e‘:aﬁ%%@late@e@% @%@% éﬁﬁétabmbﬁdﬂtmau:d éera%e T dhe igagtion of an

SldBISidetal @ Bkcedd al@dh ol viepeald Q@ﬂatsltﬁaufoeﬂa Hatevetfonh iR e&dtdn of a

NG LR NE R
Afar td £ olodachile havmkehe edulexakphBacefal stroomeoatguddless of the reaction
f’i’?e‘&%? Do @&9 2 is shown in Fig. 3. This conpound

a

'S pre erre nunber of reasons. First, it is a
symmetric nol ecule, and thus al E - functionalization
¢fa

occue fagilitsie rlpga dwnagioaplizatipg, the kefalizer kstone dptirpbbringpdes at least
Bﬁwgta&&ﬁ@k bﬁ@@lf thY aphe uﬁtlﬁﬁélamgmth@k%rg%w P‘P&&%gﬂ §t least one
e ket asynmetrica ]Ié(y osi ti ng
t%1p|1§, sq aﬁglle&t}@qraﬁ%a p@s@on egPecg 1@%1%? e@g iments in
Wﬁﬁ:htth@ﬁipﬁﬁ}lfuﬂdﬂlshﬂm& proflusois ubdil i acxobRouBitt Hasonkii ranlayigement,
8eos L fuathl 1y belo Val e‘p[ )Préfer%%fyalgal[ch %[au oSt neﬁtbegr%%nIyo[II sﬁtt)s%ituents.

syn esi'S Fr om Wi avai arvals "af'e °a
known. One representative reaction schene for formng

t he boaddatinmotoghe ket er@ipt, keipd gronpraidtaipherhydiagan ). ithe cyclic

ﬁm%rtlé 5‘f| tlﬁé Byclit; ketdliz&d kdthSd maY BRIuddiofk BY mo2t6HeP @R ifRnts.
essenti a
Generally, thesé:/ other substituents may be selected so as to be relatively nonreactive under

the conditions used for alpha-functionalization to minimize the formation of undesirable
by products. Additionally, when the resultant alpha-functionalized product is subsequently
subjected to a Favorskii rearrangement, it is desirable that the other substituents also be
selected so as to be relatively nonreactive under the conditions used for the rearrangement.
With these concerns in mind, examples of other substituents that may be present include
hydrogen; linear, branched, or cyclic alkyl; alkoxy, aryl, combinations of these and the like.
Hydrogen and lower alkyl of 1 to 4 carbon atoms are preferred. Examples of other
substituents that desirably are avoided in some modes of practice, especially when a
Favorskii rearrangement is contemplated, include ketones, nitro groups, aldhehyde
moieties, or other ketone reactive groups such as groups that may be deprotonated and/or
condense with a ketone, and the like. A review of the scope and limitations of a Favorskii

Rearrangement is provided in Organic Reactions, 11: 261-316 (1960).

Preferred embodiments of the cyclic ketalized ketone are represented by the formula
shown in Figure 2, wherein each of Z' and Z* independently represents a monovalent

group, or as represented by a dashed line, are co-members of a ring structure providing a
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di meri zed by heating at reflux in anhydrous ethanol in
the presence of NaOEt. This conpound is then heated in

wowRe048707 pr oduce t he 1, 4-cycl ohexanedi one. ThECTIEP2066/067395

is then reacted with neopentyjlgjycol (NPG in acidic,
aqueous solution in the presence of a hexane phase to

a%ﬂht‘ Ilﬂgle t en%i af[n regﬁgein%p%gﬁb%ﬁhﬂ%%tf %1 ‘dﬁh 92 1}8& HP as co-

exane an 0 avoid a@?
misebgi sadtaging simeturearctlingr, bta@pl@,edu seeyclipalkhiéenseuptsrabty alkyl(ene)

5t Do 15, BfferkNgWh2 808 c£188£ hidied ThQ diviRnl, 'bhﬁlrcﬁ&d‘ﬁlﬁylefé)&ackbone
I nst.ance, the nonoketalization of 1,4-¢ ghexanedi one

goca%tgq: Mt@é)&opqptgﬂcg} isa \Prqurre(gﬁrq%ure p(vhpn Z( (é Z) are co-members of
Sying ktruererun.  14: 39; and Reguri, B.R ; Kadaboina, R
Gade, S. R ; Ireni, B.l. US. Pat. Pub. No

5024'@9530%?63 glge% Hﬁleﬁf I gi)l%z The %Ir S%rrsgotf Iﬁlgr?n éosiructure and together

dggpmse@eﬁvalwt]\]br@h@@d alkylene grc@a;nr b@st preferylR saidrggsikylene group
ﬁ&ghe§ﬁﬁhp§ses 45:25. \Wen the nonoketal ketone of
Fig. 3 1s synthesized using illustrative processes as
descri bed and/ or referenced herein, a bisketal
by- product may tend to pett ﬁGKﬁ%Eh*F H2is desirable to
separate the nonoketal fromthe bisketal at as high a
p ur i Eychas thesttrhamI ghcfaﬂ sub@ﬁﬁMﬁmndepmideh&yafupmwﬁs a mcgi'(’btvalent group
bPM/reco

ey a8 those se ?ﬁté/d fo rom hry%alro F%SH qn%ear lbﬁanch l?r {:%ﬁhc aﬁ<y{ afk 5t aryl

mmblmhuy@tsrqﬁthase, apdithalkkd. dny prvooeswreleltbe leddohghr Bu substituents
3§ bEEE! et ¢ EB?%( tﬂtgtlyreplbireferz{m %%ﬁlu gftf Iy Qﬁ%ydrodgen When

rom nmono | m xt ure SUC as th obt al’ne
pcthpaﬂ,qze =g ﬁ%{ 1s o o submgtgdr)to g Ay skiiasarrrgement, it is

d4irdBle tHNindnk SOIhAER" QRroRER RESHHs(iaRAtBERBIEEE® ALA ketones, nitro

section a ed. the separation of t
ﬁ&?HB%é?%FtleﬁagBB%&%‘t‘Lﬂpf?&P’E%‘L?nq/8’”s%‘1“tdF 3l £ PerBbs GRGme tike, s
slichtardu @tterahtolredarduly ghctivacuden th FAvomiig pammndepreovecheitions.
nonoket al ketone at a purity of over 99% One aspect

°f tﬂ%te"nﬂ&é tEE g&hh%ﬁg?‘@g?vem %54 01r§ g&&%&@&/ﬁhgf B&ckbone and

the ri ract
mC@fdé Bhlshsf oa@ H wibstitughtat apaiphe poyien mléts\@rw thakatmefayn. more

PreRyhisi@at Rasy 8hY HCuBtuél (Rl Bach WilisHal fRAIoh Z8thii Rt oQhe k&6 group.
cyclic, ketalized ketones. In preferred enbodi nents,

the g pgrhc%:ularfilf%(rzft:fjer?g(? L:)éa%nap fI: 8 a (I:os‘fn;?o%n%l ccr:](?r %1' g tg %“gaﬁ is shown in Fig.

3. This compound is preferred for a number of reasons. First, it is a symmetric molecule,
and thus alpha-functionalization occurs with higher yield and with a lesser number of
functionalized by-products as might otherwise occur if the ketal group were to be
asymmetrically positioned relative to the keto group, e.g., at the C3 or C5 position for
instance. Also, this compound is not only commercially available, but literature methods

for its synthesis from widely available materials are also known.

One representative reaction scheme for forming the compound of Fig. 3 from
commodity chemicals is shown in Fig. 4. In a first step, diethyl succinate is essentially
dimerized by heating at reflux in anhydrous ethanol in the presence of NaOEt. This
compound is then heated in water to produce the 1,4-cyclohexanedione. The dione is then
reacted with neopentyl glycol (NPG) in acidic, aqueous solution in the presence of a
hexane phase to form the monoketal. The monoketal is soluble in the hexane and tends to
go to that phase to avoid forming the diketal. The reaction steps used in the scheme of Fig.

4 are known and described in the literature. For instance, the monoketalization of 1,4-
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nore preferably an al pha-nono- hal ogenati on with no
addition of a catal yst being required, because a

wG@ovakd7e7 cat al yti c agent is believed to form PEI/BP1006/067395

Al phahal ogenation refers to fu%g_ti onal i zing the
cyclic, ketalized ketone with Br, and/or I,

@ciﬁll%#%%fhgnf sﬁde’é‘&féed%f[? %”B’lﬁiil I‘i?ie aﬁﬁ 2&%; CEBIGAT BSmmun. 14:39;

Fesu unctiona
@IubR@JIT eBR. oK@abngelﬁ uende, IseRxdlf@kJ BI.Agadat dihlb Noe2004/0230063

&l 1@@26@ Olgl%rbrw&idnt Sent-c c%fékérféﬁﬁ)n%%d%l LRAWI Rékcinate is described
graou n1s no only leaving group in

e t th
PhieBimt bkt CarPonfie, WA I Ok eanPHHEARERT O hors
i ncl ude al pha-hydroxy (see Craig, J.C.; D nner, A ;

Mul | V&Qﬁﬂ tReL6ApkdPal. ketbne@f Fig. ﬁﬁ%th%ﬁzéiﬁﬁ;ﬁ] g ilodrdtive processes as
é/scrl ed an ed?or Ie &t?ecrllc% ereln an%}/skgalsbsb]?reodu(f#t r{l?ly s tend t(% ‘P]e formed. It is

U Nnctl ona
lesaablago @p@nq@@thasn@teﬂqetaé&omﬁhg bisketghag\as hegh a purlty as is practical.

Cbh%‘ﬁ%ﬁ%l t&g‘e cﬁ.@g ki aﬁgag%vbﬁra%ﬁ&llﬂoﬁol&x lk'e&me ata a purity of 95%

ketalize oun reacted wth

By weieh cwith sihert sztl@émhe%bxr@r%i%g dcBugrative extgacsiop pyocess
H&cfigddndr&ig 'L@E(Phﬁobtﬁlﬁ 19 Padel B&bkefa kétofie from a monoketal-

etalized ke uct | n X as u
Rk S R SR R AP B X B Ra  BLCRBULER. Commun.
148 rthiioigg latlompryp cxe (&e \Hxﬁﬁlmaﬂ@laeafonf tirahpledafaciitategp she

J‘ayg %gtgrnm%ket ancgt;l két r{pﬁﬂ)%tt QORi ft tf t?gn‘ril glfhﬁ?on under
1B kecdt g Ebls SRR R8Ra L o RIS REy

Bghivacrwact édnlwu Hgl) aaildl mawdﬁ:ﬁgngm@@pﬂ Heinoe at:fowaiur@ﬁ 06@1 99% One

hpe@df M5%§01§ 1ot8Reldr®Ed heredUh{d1GiaRi yth@ﬂkﬁ‘trkmd of solvents
such that" al %&a funct| onal i .zati on occurs to provid

[ ST RGN pPSEIRYY Bi4he tgheRlPty, if the sol vent is
insufficiently polar, the reaction may not occur
and/ The ple&mtt 'nmmasmplmtc&s aayryk@&au ragiha wheanloaflifacibretlthe cyclic,

EHRR FaaRy PR g ShEnbRE e S Ratipn y agatona-
REOLnianch, ud@retméeﬂmbgfmnwl}ph}i Bon DA o gemattomewidt he nddition of a catalyst

i)éin uirg %Célﬁétd Slglltﬁm% &rtﬁﬁct %@ﬁ@s ﬁ&gavé&ﬁ)t faﬁhtlﬁ ﬁlltl? Al]%h a-

ficirentl | one in otherw
balﬁgqnatlmareéﬁa t‘bfﬂ“@ Pli*?éltzmcgﬁbe faxchzé@tahmkqtmwmel Bryad/or I,

|Gl hid MBtiedth SGhical fredeatly. ZRHen HRI QNG aRCH dlﬂ{adfulﬁgtléﬁhhzed
Oor osuccl ni
amﬁief 1 i i, o e AIeBPBirRCHAE B SR algen substiuen
functlons as a leaving group. But, halogen is not the only leaving group in the context of
the Favorskii rearrangement. Others include alpha-hydroxy (see Craig, J.C.; Dinner, A.;
Mulligan (1972) P.J. J Org. Chem. 37:3539, and the cyclic ketalized ketone may also be

alpha-functionalized with any one or more of these other leaving groups as desired.

Fig. 5 shows an illustrative reaction scheme in which a cyclic, ketalized, ketone
compound 60 may be reacted with a donor compound 62 serving as a source of the group
X to form the mono-alpha-functionalized, cyclic, ketalized ketone product including X as a
substituent at an alpha position. In the practice of the present invention, X may be a wide

range of functional groups, including Cl, Br, I, OH, combinations of these and the like.

As shown in Fig. 5, the cyclic, ketalized ketone 60 is reacted with a leaving group
donor compound 62 in an anhydrous solvent that is sufficiently polar such that alpha
functionalization occurs to provide reaction product 64. Generally, if the solvent is

insufficiently polar, the reaction may not occur and/or reaction products may be unstable
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was eval uated at 25C. The solvents were substantially
fully deuterated (i.e., all H were replaced by

walewross7um) . No reaction of 1 equival ent of tPer/krioosies7395

wWith 1 equivalent NCS was obsefyed in
di chl oronet hane-d2 after 22 h at 25C. The reaction of
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during aging. In contrast, the reaction of the ketone
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other polar organic solvents such as dichloromethane or acetonitrile would be within the

scope of the present invention.

The alpha-functionalization reaction of Fig. 5 desirably is substantially noncatalyzed.
Except for reactants themselves, which may be slightly inherently acidic or basic in some
embodiments, the alpha functionalization preferably occurs in the substantial absence of
added base and acid catalysts or other acidic or basic materials. This helps to avoid
generating by-products otherwise associated with basic catalysts and/or ketal degradation
otherwise associated with acid catalysts. While it is possible that some moderately acidic or
basic species may be generated in the course of the alpha functionalization of the present
invention, such species (if any) are not present in amounts that cause undue degradation

of the ketal or that unduly impair yield.

The donor compound 62 serves as at least one source of the group(s) to be added to
the alpha position of the cyclic, ketalized ketone 60. A wide variety of such compounds are
known, and any of these can be used. For alpha-halogenation, preferred donor compounds

62 are those in which the halogens are attached to nitrogen. These are preferred donor
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At least until the reaction is complete, water is desirably excluded as much as is
practical from the reaction. Preferred reaction media include less than 1%, preferably less
than 0.2, more preferably less than 0.15 weight percent water based upon the total weight

of reaction media.

Some of the reactants and/or product may be photosensitive. Thus, it is desirable
that the reaction occurs in the substantial absence of ultraviolet light, e.g., in the dark. The
optional work up and isolation of the resultant functionalized product also may occur in

the absence of ultraviolet light, e.g., the dark, as well.

The reaction of Fig. 5 optionally may occur under ambient atmosphere or in a
protected environment, €.g., in an inert atmosphere of one or more gases including

nitrogen, argon, helium, carbon dioxide, combinations of these, and/or the like.

Other procedures to carry out alpha-halogenation of an acid sensitive monoketal

ketone such as the compound shown in Fig. 3 may also be used in the practice of the
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proline.

As another approach, a monoketal ketone may be alpha-functionalized with an iodo
group by reacting the ketone with a suitable iodine donor. Iodo is very reactive and alpha-
functionalization of the monoketal ketone occurs readily in the presence of a suitable
iodine functional donor compound. Preferred iodine donor compounds are those that
incorporate iodine in a higher oxidation state. An example of one such compound that is
commercially available is iodosylbenzene. Iodosylbenzene may also be formed in situ to
alpha-halogenate a monoketal ketone from a suitable precursor compound in an alkaline,
substantially anhydrous reagent. An example of a suitable precursor is

diacetoxyiodobenzene.

Advantageously, the reagent used to convert diacetoxyiodobenzene to
iodosylbenzene and then functionalize the ketal ketone with iodo provides those
conditions under which a Favorskii rearrangement (discussed further below) occurs. Thus,

when the ketone is alpha-functionalized with the iodo group, the desired Favorskii
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Feiulddl) Ba BleSGHaSQh EAAR2UHAL rbddiiBR sl el §)Mscribed above. In
representative reaction schemes the resultant ring-contracted product includes a
substituent comprising a carbonyl, -C(O)- moiety. Such substituent may be an ester, acid,

salt, amide or other carbonyl derivative.

In the practice of the invention, the Favorskii rearrangement is one illustrative
example of a ring contraction reaction scheme that can be applied to convert a cyclic,
ketalized, alpha halogenated ketone into a ring contracted, cyclic, ketalized, carbonyl
functional product. The Favorskii rearrangement is widely discussed in the technical and
patent literature. See, e.g., March et al., March’s Advanced Organic Chemistry: Reactions,
Mechanisms, and Structure, fifth edition (2001).

As generally shown in Fig. 6, the Favorskii rearrangement generally involves the
reaction of an alpha-halo ketone 30 (e.g., chloro, bromo, or iodo) with alkoxide ion 32 to
give a rearranged, carbonyl containing product 34, The R'’, R, R", and R moieties may
be any monovalent moieties, but are desirably free of portions including adjacent keto and
leaving groups to avoid generation of rearrangement by-products. Often, the R' through

R" groups may be linear, branched, and/or cyclic alkyl and/or alkoxy moieties. For
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Eq)rﬁﬂgpg.ﬁté of Yuafratiogg product 44 is an ester. In a manner analogous to the Favorskii

rearrangement of ketone 30 of Fig. 3, the moiety X is shown for purposes of illustration as
the leaving group in the alpha position in ketone 40. For purposes of clarity, only the keto,
alpha substituent X, and the ketal group are shown in the reactant. It is understood that
the six-membered ring bearing these moieties may also include other substituents such as
the R' through R® substituents as defined above with respect to the reaction product of Fig.
5. Otherwise, the X, RIS, Z1, and Z2 moieties are as defined above. The bond between the
C6 and CI1 carbons of ketone 40 corresponds to the bond between the keto carbon and the

R group in Fig. 6.

When the leaving group X leaves the C2 (alpha) carbon at the alpha position of
ketone 40, the C6 carbon may be viewed as detaching from the C1 carbon and then
attaching to the C2 carbon, occupying the vacancy left by the leaving group. Additionally,
the keto group that was part of the cyclic backbone of the reactant becomes a pendant
carbonyl substituent in the product. In the meantime, alkoxide anion occupies the

resultant vacancy on the newly pendant C1 keto carbon to form the ester moiety.
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suitable.

The rearrangement reaction may be carried out over a wide range of temperatures
such as those ranging from about -10°C to 35°C to the reflux temperature. Preferably, the
reaction medium is heated at reflux to accomplish the rearrangement at a relatively quick

rate.

The rearrangement reaction desirably occurs in a protected environment such as
those described above. An inert atmosphere of dry N, would be one example of a suitable

environment.

The product 44 of this Favorskii ring contraction reaction is an ester, which is often
hydrolyzed to the acid salt under suitable reaction conditions. This is advantageous
inasmuch as salt formation avoids subsequent base-induced condensations of the product
44. Upon completion of the rearrangement reaction, the resultant ring contracted product

44 may be subjected to conventional work up and isolation procedures. In the course of
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thieerquedves phasedo devér theaHrQim]g@medmm ® aé)ppt { &5 tlo thdeourse of doing

{h‘?@@ﬁé é%ﬂi é&ﬁ%"@cﬁf%ﬁéﬁ {o| thistit &hﬁ u%b!&é dnfeh or?ﬁﬁ@bhgs@éjmay be

functionalized ket one a reac
%}fﬁﬁeﬂéwﬂgadaiﬁl%akes&a@@ sahplefrpn&@rémors figresr Hsreopungdogreanic

&Qracfddh tatfin € el defel radiamydy thebadféd) GiltBie@ e ordébn cditfated to
he al koxi de ani on 42 may be an al cohol. For

sourczgof t >
P O LSPIOAUSY | ustration, product 44 is an ester. In a

manner anal ogous to the Favor ski | rearr angenent of
ket ohig. BOilloftr#esgthe Brintipkes nbihetpyesknti is vattiowapploed to making the

fﬁléérﬁmtc‘al Q&d shit 5'@“[&1"1‘5 dd o}%dt@gpé&a&’és&%eﬁﬁﬁgﬁgr&l ‘E!&@nt

ositron in ur poses o

é@ﬂwnqnﬁ%D%i 1@57@@%18%3116@52 tTllilérliﬁcemlc é?fhfoﬁotlﬁ@y kfé@fﬁilﬂtlomerlcaﬂy

?ﬁ t@rré‘cozfgloﬂ’i@ C?Ll&ta{l @@igrsﬁl@%}ﬁﬂ{ lﬁ aldseﬂuﬁln%}%ﬁfa%oﬂﬁcmé Bahufacture
si x-menbered, ring. beari e noi |es

ﬂfqrda%araehae% luoipateiapiiany énﬁ%e# fpshatVHb% qrmlﬂa é?%m Fig. 9.

Thid %IquhﬁaieSacaSatdlelfnbreedle abavendst tvalugidpes Phhe Itchigical studies as a

r%?et%r(fttlzlﬂ ar}]f r gr%Ct for thf':: {rgatment g 'P egl etetshe X, RL3

Y18 " ar & A" o8t i R bove. The bond

bet ween the CB and G carbons of ketone 40 corresponds
t o thea fsheeapreanmsemastshewr én bige 4. ladnh aaghdororie nRiqnagkasglized ketone

ijflls ﬂ &)aréi frMaRliRGT kRS LU THE QUB ketal SN BFent Raiftéd by subjecting
? carbon at the al pha position of
the a pha chloro-functional ketalized ketone 52 to a Favorskii rearrangement. This acid

ketal 56 is then converted to the racemic ketal salt 50 by reaction with S-
methylbenzylamine (S-MBA).

Fig. 8 schematically shows one approach for obtaining the enantiomerically pure
chiral (S) salt intermediate 50 of Fig. 1b from the ketalized ketone 54. The chiral S-ketal-
acid S-MBA (S-methylbenzylamine) salt intermediate has the following structure:

H,C CH,

o

COO

In STEPS 1 and 2, and in accordance with the reaction scheme of Fig. §, the alpha-
chlorinated ketone 52 is prepared from the ketalized ketone 54, and the ketone 52 is
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ketone 40, the C6 carbon maybe vi ewed as detachi ng
fromthe O carbon and then attaching to the C2

w@20000#871DCccupyi ng the vacancy | eft by the | eaRCTIBP2006/067395

group. Additionally, the keto_Q%pup that was part of
the cyclic backbone of the reactant becones a pendant

&ﬁﬁ&%&y 0 asli“ﬁggltskltl HeRkn %&n‘%rﬂ Gnd 'ﬂ?egﬂl ?Mé:d%‘ 801%?1:”[}1% EEVorskn ester

(0) ¢! e anl on ocCccu resul vacancy on
et yaqemvielisatal acid 6e be tsebisketad agigrisnencied with ¢ MBA to form the

MREAIMeNI LAt ihhatppket one 40 conprises a si x-nmenbered
backbone i ncluding the CL-C6 carbons. In contrast, the
cyclic ester proqu§ 44}ponpr|ses only a five- menber ed

backbone. Thus, as’apgliéd to cycl E&; al pha- hal ogenat ed
ket ones, the Favor [ earrangenent s an exanpl e of

a ring contraction lreaction. a rF$k|
rearr angenent of FO% Opre‘ yis acconpllshed by
heating the ketone 5§ ant an al kal\{!

substantially anhyd sol vent. Exanpl es of SU|tabIe
anhydrous organi c sotvents include ethanol, nethanol,

conbi nati ons of these argbdhe |ike. The concentration

of the reactant 40 in the solvent can vary over a w de

range, although it is desirable that enough sol vent be

us edisSTEI&theabcdntiakbtabahshiniire alregtyahllizedf setdiel times from a suitable

{ %? gﬁgitﬁtulﬂs IV§1 %;bthgtlég rr]glégfnrg%% I%{?T l?,llse'lgllgg gl?oa)sta%tihcreasin gly S-rich
ppEpipdpeitabelscosatd aith ehdtecrygalbrain. Ooeaba vére nuiseude fhfat may be used
%%F.fd%g clo%lég eaadgfoz?l%t An‘ﬁe‘wéﬁ@[u e V%%L&eé g lr}fsﬁ Ixture maﬁ/ then be used,

anci'ng suc concerns USIH%V out art y we
B infnce s @ anerpediata osbsential, aditenal Wsmre@mh%mvolve
1RQifRaliVe Bt thwiithieh RBats Ubll Al dep rzszct%%tmgthtah&m@l@ﬁinm@@o build the

ree of alkali he reactlon medi um desi rably
gﬁg 1$®F§F€@“Hﬁ%g%?ﬁﬁ% ‘e suitabl e bases. Exanpl es

i ncl ude NaCOH, KOH, sodium carbonate, potassium
car bRefatreng ageidito i BcEPHRO gitkls nsecdpn dar S¢rialmcoraposition but also an
ﬁyﬁéhcu rodﬁ&mﬂl ﬁ)hgﬂqﬁ%/ ﬁIq&E?%% be%?ﬁenlilge% \lv t}§ ?tro r#;%se and

con Ce ron o ase
miy’eV@d sp a)mém@ kgtadjacid sptye, STHRRStFou ghf9 ttchréfed;ti\tem rgcycle the
We&dired Rﬁgbma%%h?@els&ﬁ&vtﬁﬁﬁb&ﬁo{t @8 khb bridhal recr;tfsl‘g]alhzatlon

m xtures. On the o too nmuch i s used
This rasepdg mixture 1s subsequently resolved in STEP 10, which is the equivalent

operation as carried out in STEP 4. Accordingly, the feed-forward/feedback recycle
procedure of STEPS 5 through 10 is intended to accomplish this recovery.

In STEP 35, a strong base is used to deprotonate the chiral carbon of the non-racemic
ketal acid salt. The ketal acid salt now exists as an achiral dianion. In STEP 6, water is

added to convert the dianion into a racemic, water-soluble carboxylate monoanion.

In STEP 7, the ketal acid monoanion is protonated with an acid to form a racemic
ketal acid. The resultant racemic ketal acid is less soluble in aqueous mixtures than the

monoanion and is therefore extracted into an organic composition in STEP 8.

In STEP 9, the racemic ketal acid is reacted with S-MBA to form a racemic ketal-acid
S-MBA salt. In STEP 10, the racemic mixture is again resolved via multiple

recrystallizations to obtain the relatively pure S-ketal salt enantiomer. The S-rich material
from STEP 10 is combined with the S-rich material obtained from STEP 4, and the
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base is wasted, and additional acid may be required to
| ater neutralize the excess base. Bal ancing such

w@eneoe81s7 usi ng fromabout 0.1 to about 5, predBEERDY067395

about 0.5 to about 2 parts by_ﬂfjght of the base per
about 1 to 10 parts by weight ©of the reactant woul d be

Shb ARG of R 86 §fr{c§%?[%££%5‘¥s JSERRL AR TRYRE iﬁg FhE REGeHOW: product
over a w de range of tenperatures such’as Those

framgb i’ ¢isnecadedito STHROOC to 350C to the refl ux

tenperature. Preferably, the reaction nmediumis heated

at reflux to acconplish the rearrangenent at a

r el arhygleYend iivektisaivill ndBe g eHel ABREIBRNIWith @&filch&to the following
desi rably occurs in a protected environnment such as

PRIV descri bed above. An inert atnosphere of dry N

woul d be one exanple of a suitable environnent. The
product 44 of this Favorski Examplgs contracti on reaction

is an ester, which is often hydrolyzed to the acid

salt under suitable reactiop.fonditions. This is

advant ageous i nasnmuch as salt fornmation avoi ds

subsequent base-i nduced condensati ons of the product
24-Digpsshylclorplosaindie [P ungecdiedrnangement reaction, the
resultant ring contracted product 44 may be subjected

t 0 cArvetiii@Raktradiok apparatd is Sednalbledm HIDBEENtr8&Sionlsdlvent pot is
t.he cours fthis work nd i.sol.ation, the e :

g ee R TPl Bt g PO USal R Shdihad 5 BPbEh ighenced 0
A (d ési00enll. ra@ntaoni potus elraagddvieiting2.k 2up.7dh tholl.So0d Fatguon neopentyl

reri r ' t I loRaV. o
?ggﬁ’?ﬁ L Tﬂb‘?b.“’@?ﬁL ﬂ%vg,fig IHI%OE .3\5%610/{1)%f R ﬁllljfgrlc acid, and

syrup contal ni ng tﬁe product. The resi )
33085 (Pr3dP MRBPf B &-wslphesmedioperibisingr Sagud duidieppddes to bring the
P o O f PR iektr @SR turd RRle Sl AMhie @x@4dtHoRAGHo$ isGMmh didielly Mimersed in
eutral.s &g products .and side products) ., A swtable}1 .
(U1 S TGO 8§ RS B e P iRgHRete there i
eltjuienus ixpiameht Hwed(eyuedte phhkedfut nbeinnddiuppert(o-tedsant) phase in the
&Rra%torl ﬂlcflt e{lgragtg&lri%%ogtfin%ﬁ'f&%é ltﬂl s, the acid salt is

converte e acl e agueous and organi c phases
may be L TN .
The suspension is cooled to 25°C and the precipitate is suction filtered, washed with

50 mL r-hexane, and air dried 2 h at 25°C to afford 10.71 g of crude bisketal as a colorless
solid. The bulk of the n-hexane is distilled from the combined mother liquors and the
resulting suspension is cooled (95 g). Methanol (250 mL) is added and 163 mL of a
mixture of the methanol-hexane azeotrope (28:72) and methanol are distilled to a head
temperature of 60°C (bath 90°C). The suspension (168 g) is cooled to 25°C and water (100
mL) is added dropwise over 10 min. After stirring overnight, the precipitate is suction
filtered, and air dried several h at 25°C to afford 7.22 g of additional crude bisketal as a

colorless solid.

The mother liquors are concentrated by distillation (dry ice-acetone cold finger
condenser) at 30-35°C and 40-45 mm Hg (146 mL distillate collected). The resulting
suspension is cooled to 0-5°C and stirred for 90 min. The precipitate is suction filtered
(mother liquors are used to complete the transfer) and air dried 24 h at 25°C to afford
50.17 g (74.5%) of the monoketal 54 as a colorless solid.

The combined crude bisketal crops (17.62 g) are resuspended in 200 mL water and
stirred for 1 h. The insoluble material is suction filtered and air dried 6 h at 25°C to afford

13.06 g of bisketal as a colorless solid.
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extracted with additional organic solvent one or nore
times. The conbi ned organi c extracts containing the

wa@edod/ogs7oduct may then be dried, filtered, andP@I/EP2006/067395

concentrated to recover the pf@ﬁyct. Fig. Ib
illustrates the principles of e present invention
applied to making the racent nhgeal acid salt 50. This
compound has been described In rman patent docunents
DE43 16576 and DE43 12832. The racemi c salt 50 maybe
&&dpimeashodrG, Khdioyaspiriol 4P Wgcans-Fexboeiicpd S-ketal acid

salt, which is a useful intermediate in the
man Ufna@folﬂl[&w@lfcd flaS, alsORtioR ©€ 1.080 gl 510D KINAAS Bf ﬂl@tnhd’rﬂ)tk@fal of

RS 5add 2 G ShSb L B0 e e Bt e v

stirrddnea 26°Q fax|69rh. Fdikh Ehtcl]ﬂi kshtasffavpat @ntlgl Wgs aﬂé&wl and the mixture

%ﬂ?a%féﬁ% ho§ mLhISI 'E Sts.O @m{ﬂe cl-g%tﬁ:ﬁ_.lnéi ﬂT%%eck?rgcts wc]rcaﬁricd (MgSO.),

Irst reaction s
Altgrhd.- a@ldlcon@-ntnatedtm mratlo (kbarlevagatoe ioHECEHRA 180 mm Hg then

PARA! Bfnp homRekehal i rﬁﬁfjHQ%IOﬁ)emﬁf} to Aft6rdAC1 B K&lRhdeBloroketone
is then obtained j‘yq)subj ecting the

BrogHet i psteoretaneelidnal ~ ket al i zed ketone 52 to a
Favorskii rearrangenent. This acid ketal 56 is then

CO%AﬁSI‘FgﬂEbﬁCPK@H Loaﬂtﬁm @z@%&g&ﬁ%ﬂlsﬁﬂvﬁlﬂgl neacty. ijanD of 85%

€ stln use Q Lolutio mmol) of
Wﬁ) WBS'Sne p?lga}c{‘ y4n8 BELAT DY HA SR gﬁg’ﬁ ggal %/ﬁ

pude clclhrcrlaton(e@ Tdahk. of miterdnedicttamob@astheradded dyopwpeto the
%tﬂgn&ﬁt@)tlzsgﬁlt filaP '?@°c56‘v§ ;[@ Gift hifal sﬁlﬁgiﬂé%k&l was'YPfixed for 1

enzyl am né) s It er medi at €
hébf}tb\ﬁp (diyrN@t ure: In STEPS 1 and 2, and in
accordance with the reaction schene of Fig. 8, the
al phTﬂB@&Lﬂpérﬁﬂin&das@bIéHQn5 2thafoPleRidaEEon ﬁ&@tﬁf}l dV@porator at 30°C and

t al ket and the t one te
A ki LT SR SR b BBk PSRy S RE P, The
es tay¢rheaskeatrastakwith s ke MTRE twiee maceitheselegtradts amitain the
E e racem ¢ ketal acid is reacted with S-MBAto
ormthe racem ¢ ketal salt in STEP 3: In STEP 4 the

racem c ketal salt mxture is recrystallized several
t i meM B alswas adged followed by 1.0 M aqueous citric acid (7.0 mL) to bring the

pH to 4-5. The layers were separated. The aqueous layer was extracted with 5 mL MTBE
five times. These extracts contain the resultant carboxylic acid. The combined organic
extracts containing carboxylic acid were dried (MgSO,), filtered, and concentrated in vacuo
(rotary evaporator at 30°C and 100 mm Hg then vacuum pump at 25°C and 1 mm Hg for
15 h) to afford 679 mg (62.8%) of compound 56 as tan solid.

Example 3
8,8-Dimethyl-6,10-dioxaspiro[4,5]decane-2-carboxylic acid

A mixture of 10.00 g (50.44 mmol) of the monoketal of Example 1, 7.072 g (53.0
mmol, 1.05 equiv) of N-chlorosuccinimide, 581 mg 95.04 mmol, 10 mol%) of L-proline,
and 50 mL isopropanol was stirred at -5°C for 21.5 h to produce a suspension of crude

chloroketone.

A solution of 15.02 g (227.6 mmol) of 85% potassium hydroxide in 60 mL

anhydrous ethanol was prepared at 70°C. The suspension of crude chloroketone was then
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solvent mxture in which the Rformis nore sol uble.
This allows an increasingly S-rich precipitate to be

wo ewowes7ed wWith each crystallization. One sol VEEIL/EP2006/067395

m xture that maybe used i ncl u_d%§ cycl ohexane, acetone,
and water. The recovered S-rich m xture may then be

u , . for instance, an inte |at I n substanti al
st feondghe e ere Dl Thr Ty ar i rudpe bR asaenured
Odfath B@d)Mver hedi ate, foll owed by reaction with other
conpounds to build the gl ucokinase activator nol ecul e

'gﬁr | C Iﬂg)naxgé?sléaofeﬁ aEH Qolvéhts gﬁﬁgfﬁé aﬁjogﬁy Q\Qagapﬂ(l)ryat 30°C and

ut also an

5%4@ np Hg i hbpesgskl@d@éttak@a Rphe 5P adeHuQe\MaShm wﬂgtSﬁ)cmﬁgtoluene twice,
fo}tiégas?lg@ t\&ﬁt‘h%@ﬁL%@‘TE}Q tl??é @I?@WIFIC léﬁép@hm?? bvtgs &h tagdiéﬂ to 300 mg of
O errectli Yy recycl e e undesi
% % Grpala Liyﬂpo’@sq sASPOT Pt (hraesneden aﬁmﬁ‘awf (28 and 36
82 pgithdbr IEkrfetatdlyszatd @movddb$ ﬁl’tﬁl@lﬁmtlﬁlroﬂ'gbﬁ telit€ Toduene was
S&J(Peﬁ%qﬁle loéfle{ Fsoolrv quc acj m{'gf 2 Ivgalg | t ereduce the pH to 4.
AT P

eqU|vaIen oper as‘“ca
Aee byelis Mgrqzsepmhwdfaeé dhe mumuﬂhﬁ@@d@mtw witle @8 Ind. toluene four more

BRE lércgﬁl%ﬁlh ?}gfégg\\yg%r&fégra]\%f%dﬁ ﬂlf%}e%n gﬁ(ﬂc&&entrated in vacuo

acconp 5 a St rong base i1 s
U@éaéy EEPaEY9T SRGa8d A énrarﬂg ien Faguydm P ptah @5C and 1 mm Hg for 4

AP AFREE B150 oB1.8%) @k coimpahitd 5d e tehkalid.aci d salt now
exi sts as an achiral dianion. In STEP 6, water is

added to convert the dianion into a racemc,

wat er - sol ubl e car boxyl ate noarll gn In STEP 7, the
ketal acid nonoanion is proto with an acid to
forma racem c ketal acid. The resul tant racem c ket al
a.8ildimeshyles K)-diokapite [4.hl dacpnechicarhpxitligraeid t han t he
nmonoani on and is therefore extracted into an organic

g 2@@%1111}122 &fg 3%@’0 8.mrh8l) %Tgﬁo%roﬁ%sﬁﬁrrrgg}gl%éﬁﬁe p&ledlin 10 mL
idi
REITNO BT DI PBRILSRoIe 1t SYEP P, TeACI eGP0 el of the

mnaigaalrbfr&smblbeld wab addedIfbil plel H;epmyshahhndarh@yeﬂow@olutlon was
ur - ket a | t nant | r,

TRl bR DB S B Eos B0 LR PR AP IR e fottowea

By t ndhmetiteel. dhe sldo@dmeds ftrmh 87650 #r 1dn &Under these reactions

%ﬁ%ﬁﬁ@iﬂ%‘nﬁ%é xos n%lﬁz 1pﬁ)rr o i QJ}V ta@ %%@ﬁof ccbn"ﬂﬁ(ﬁgldftg alpha-
functlonahze the ketal ketone with iodo funcp onahty Also the reaction medium used to

functionalize the ketal ketone with iodo functionality generally provides the conditions to
carry out a Favorskii rearrangement reaction. Consequently, once the alpha-iodo-
functionalized material is formed, the material automatically proceeds to rearrange

according to the Favorskii scheme.

Methanol was removed on a rotary evaporator at 30°C and 70 mm Hg. The residue
was separated between 15 mL water and 15 mL toluene. The aqueous layer was washed
with 15 mL toluene four more times. Toluene (15 mL) was added to the aqueous layer
followed by 2 M citric acid (10 mL) to reduce the pH to 4. The layers were separated and
the aqueous layer extracted with 15 mL toluene four more times. The combined post-acid
toluene extracts were dried (MgSQO.), filtered, and concentrated in vacuo (rotary
evaporator at 30°C and 25 mm Hg then vacuum pump at 25°C and 1 mm Hg for 3 h) to
afford 0.757 g (70.0%) of compound 56 as a pale yellow solid.
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from STEP 10 is recycled to STEP 4. The present
i nvention will now be further described with reference

wo eoovies7ipl | ow ng exanpl es. Exanpl es Exanpl e 1PCT/EP2006/067395

3, 3-Di net hyl -1, 5-di oxaspi ro[ 5. gé_undecan- 9-one. A

conti nuous extraction apparatus is assenbled. A 500 nL
extraction solvent pot is char with 250 nlL - hexane
and 5.00 g sodi um bi car bona% oil bath is heated
to 90C. A 500 nL reaction pot is charged with 82.5 ¢
(0. 79%%684% fo% 'tl?’egpl%ﬂé%hﬂdn 8@29&1?5‘&@10 9diY SPFormegBlamH 20 -,
0.79 % of 98% sul furic
aci d, and 38 08 g (O 340 _1)_Zof 1, 4 cycl ohexanedi one.
-Hexane (85 nL) is then ddded{to bring the pot vol une
to the extractor return, siodegdm The extraction pot is
i mredi ately i mrersed i R\{ hedi | Rdath and the reaction
mxture stir rate is incrx tg the point where
there is efficient nmixRng helRl ower (aqueous) phase
but not in the upper ( Reb 8) phase in the
extractor. The extraction i¥ comPnued for 99 h . The
suspension is cooled to 25Crmd the precipitate is
suction filtered, washed with 50 niL -hexane, and air
dried 2 h at 25C to afford 10.71 g of crude bi sketal

eﬁml ?j aglrdl 29Rd thcgltl TE‘&C%H no%\gnt L#i‘@? gé Iselgresented by the

from he conbi ne
dabed ing Gresirsmemdes Pt |a§m<gc§81uédrf( gtavgi)mg Whl%fdm]@%ﬂz -Z’-;and
8ch JfR* afdesh Rﬁﬁlbl;ﬁt%eﬂﬂsﬁ)ﬁd emdent] g‘@@r@sl‘entsﬁ&nonovalent group or any

B b ST R R BB ol G Bt R Ik O Sompydsing the

s;tam)aermaddmblﬁrae@)n is cooled to 25C and water (100 nlL)
'S added dropwi se over 10 mn. After stirring

o e Bl S BLLE |So BRI B

addi ti onal crude bi sket aIZ1Q§__§2

lla

2

wherein Z' and Z* and R* through R® are as defined above and R' is a monovalent group,

with a donor compound to form

an alpha halogenated ketone of the formula

z‘[----z2

wherein X is a halogen and Z' and Z* and R through R® are as defined above, and



colorless solid. The nother liquors are concentrated
by distillation (dry ice-acetone cold finger

w@eonndessser ) at 30- 35C and 40-45 mm Hg ( 146 nlPCT/EP2006/067395
distillate collected) . The resylting suspension is
cooled to 0-5C and stirred for/90 mn. The precipitate

1S S . ae
corplidt & Rirabite S ER TN 08 e A adslicd kstone of
rmadallBon an 2lkgliggreagign medivpetorforia ket erbeglig geig of formula Ia.
colorless solid. The conbi ned crude bisketal crops (
17.62 g) are resuspended in 200 nL water and stirred
for 2 HocesdiRotdis@lodMifh Neh@httetizddSin $hid tthOshrbddyli€ k@M of formula
ggd air drieg ? h at 25C to afford 13.06 g of bisketal
S hecsrgrag ot MU Exanpl e 2

8,8-D nethyl-6,10-dioanﬁQ{o[%%F]decane-2-carboxy|ic
acid In a foil-covered fl'a 3solution of 1.000 g
(5.04 mol) of the nonoke&2$<;L]Exanple 1 and 0.674 g
(5.04 mmol ) of N-chlorosugcinimde in 1.0 nL dry DM
was stirred at 25C for 690k . GVt h Ehe lab I'ights off,
water ( 10 nlL) was added a he mi B ure extracted
with 5 nL MIBE five tines. conbi ned MIBE extracts
were dried (MgSO ), filter&d—~and concentrated in
vacuo (rotary evaporator at 30 100 mm Hg t hen
vacuum punp at 25C and 1nm Hg for 30 nmin) to afford

s 1.135 g of crude chl or oket onHOproduct, as a pal e yel | ow
solid. An ethanolic KOH sol ution was prepared by
dissolving 1.14 g (17.3 mmol ) of 85% KOH pellets in
5.0 nmL anhydrous ethanol at 70C. A solution of 1.135 g
(~ 43.88omsvhccontingroudemes Hlc2okiet aneized iivthdt tile abfha halogenated

was then added dropw se to the

E@E%%%@?@n g% ution at 70C over 12 mn. The
resul ting suspension was geflgyed for 1 h (bath 80C)
(dry N2) . The suspension cbol ed and et hano
renmoved on a rotary evapogdt at 30C and

) )
b

wherein X is Cl or 1.

10 4. Process according to claims 1 to 3, characterized in that in step a) for the
formation of the alpha halogenated ketone of formula IIIa wherein X is chlorine the donor
compound is selected from N-chlorosuccinimide, dichlorodimethylhydantoin,

trichloroisocyanurate and combinations of these.

5. Process according to claim 4, characterized in that the donor compound is N-

15 chlorosuccinimide.
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40 mm Hg. The residual syrup was separated between 5
nmL H2O and 5 nL MIBE. The aqueous | ayer was extracted

wowvdoh/oss7m. MIBE twi ce nore. These extracts conpEi/BEP100&067395

neutrals. MIBE (5 nlL) was addeggfollowed by 1.0 M
aqueous citric acid (7.0 nL) to bring the pHto 4-5.

The h S
AL B ERARR o TS PREOE | B1PD B e
toomabpm of e ai;él@matmmat@hkm&wﬁ fermaeiad!la Pherato it efderine a polar

ggl&%@b&nﬁﬁglﬁgmpgqg&gi ning carboxylic acid were dried
(MySO ), filtered, and concentrated in vacuo (rotary

evaporator at 30C and 100 mm Hg t hen vacuum punp at

ggﬁ.pz&%aceg%acgg %%to C ;FP% ltt%)ég&t.p%g r 126(? 1nngla$ ‘Sle forr/%atlon of the alpha

Bal8gdiiated teydne®f IdindiloMésipi step| 4 i Sjadfocmre iR thegnésengd dfan amine and
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equi v) of N-chlorosuccinimde, 581 ng 95. 04 nmol , 10
rml%%7 of L-proline, and 50 nL isopropanol was stirred

at - SErpesss acponling torlymoH Ghaagedzrsia flsit dhe nineragidlel-proline is
gdldor oketone. A solution of 15.02 g (227.6 mmol) of

85% pot assi um hydroxi de in 60 nL anhydrous et hanol was

pr epar ed at 70C. The suspension of crude chl oroket one

\.?ﬁ: ? I'ep}o etss z?c(cj:o}/ g%g)ecflalrgl% lﬁ\g;éncl;he éflezgd zrgt}{rhrnllssg% 25(%0r thf
formatipe 0§d@p@i@| lmtpgwargectb@be@ofafndnsbllﬂe mlsrm@%wédonm the

?eaEt% a)(e 90@% QEéPﬁ ﬁtul?éolg tﬁ@panég of 40P 1685 othe

resi s taken O washed with 50 niL
t ol uene tw ce, and vvashed W|th 25 mL. MIBE t hree tInES.

The ensi on S th n adde o 300 18 wt

pal | i@ﬁ’[’?ﬁeﬁw%r 1@536%% %&C{%@%ﬁ%@ |SE‘P|R %) for the
forahacige Iﬂth@(ilpﬂia h%ﬁ@eﬂz[tdd BEon8af foshukAITh evhelein KX is iolliie the donor
cat al Yot was (Yeo fiItrationthrough celite.
CrOoI?[l%ene 18 aCCtOXYIO (0] CI’IZ c.

11. Process according to claims 1 to 10, characterized in that the alkaline reaction
medium used for the Favorskii rearrangement in step b) is a solution of an alkali hydroxide

in a lower alcohol.

12. Process according to claim 11, characterized in that potassium hydroxide in

methanol or ethanol is used.

13. Process according to claim 10, characterized in that the formation of the alpha
halogenated ketone of formula IIla wherein X s iodine is performed in the presence of an
alkaline reaction medium as defined in claims 11 and 12 and that the formed alpha
halogenated ketone of formula IIla wherein X is iodine under this conditions is directly

rearranged to the carboxylic acid of formula Ia.



added to the nother liquor. Ctric acid (70 Ml of 2 M

was added to reduce the pHto 4. The |layers were
waeepans7ed and the aqueous | ayer extracted w tPCRBEP2006/067395

toluene four nore tines. The cedrbi ned extracts were

dried (MgSH4), filtered, and concentrated in vacuo

(rotayy Hg then vacuum
pum%tM%épag%%hg{%%ﬁ%ﬁ% ﬁgq%@lgmaf ford 6.59 ¢
(61.0% of conpound 56 as_a t solid. Exanple 4

8, 8- Di nethyl-6,10-dioxaspﬁ£6[',5]decane-2-carboxy|ic
acid A solution of 1.33 g ©@20.2 mmol) of 85% potassi um
hydroxi de pellets in 10R%L 1

cooled in a water bath. (1”000, 5.04 mmol )

of the monoketal of Ex& add%d fol | oned by

1mL nmet hanol. The yel IR #a)on was stirred at 25C

for 60 sec. Di acetoxyi odobenzere (1.625 g, 5.04 nmol)

was added fol |l owed by 1nl mé& hanol. The, sol ution was

stirred at 25C for 1 h . Under these reactions

condi ti ons, iodosyl benzene is fornmed, which serves as
aheemoX icolmpagendedch odZphad Bhiotiemenaki therepteserit atradnovalent group, or
SETSPRSenfhd B bR R AP Hhofyny 30 it Pl REE ph iing a dvalent
5 Moy f 4néi ardbedchy! Gelupagh i prbstiiugets indeperdendy r¢nsessnts a

hRn6ad1EM Bl & MIURD DK tHe R'ABFJRAIEER:itE@RELE @-members of a ring
Cbnse%uently, once the al pha- iodofunctionalized

tHtEMCal is forned, the material automatically
proceeds to rearrange according to the Favorski

schene. t.hanol renoyed .on rotary evaporator at
30C gﬁ&“&%’mﬁh$ﬁ?£@%gbpggfgﬁéoﬁﬂ@aseparated bet ween 15
nm. water and 15 nlL tol uene. The aqueous | ayer was
washed with 15 nL tol uene,d oulCHjore tinmes. Tol uene (15
nm.) was added to the aqueous{l ayer followed by 2 M
citric acid ( 10 nL) to regduceythe pHto 4. The |l ayers
wer e separated and the agleous! | ayer extracted with 15
mL tol uene four more timMESNFHE confyi ned post-acid

Cl

10 16. Alpha halogenated ketone of the formula

H,C CH,
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tol uene extracts were dried (MgSO ), filtered, and
concentrated in vacuo (rotary evaporator at 30C and 25

WOonReoRHg487nen vacuum punp at 25C and 1nm Hg f or BCTEP1006/067395

afford 0.757 g (70.0% of conpgypd 56 as a pale yellow

solid. CLAIM5S 1. Process for the preparation of a

carb9%¥ihﬁ?q&hgnghnﬁﬁrnula la wherein Z1 and Z2

indepéngen 'y Tepresent a nonoval ent group, or as

represented by the dashed, ling, are co-nenbers of a

ring structure providing“‘d diYalent noiety - Z -Z2- ;

and each of R2 through R6lsubstituents independently

represents a nonoval enB\gr oup Rany typo of the R2

t hrough R6 substituents o~oerbers of a ring

structure conprising the & S F1and / or b) wherein

step a) conprises theRreagthyo a ketone conpound of

the formula wherein Z1 and H2Hand R2 through R6 are as

defi ned above and Rlis a npfAoval ent group, with a

donor conpound to form an al pha hal ogenat ed ket one of

the fornmula wherein X is a hal ogen and Z1 and Z2 and

Rhertehr awlybf Rbarat 2 iadetaflentbd epiesane o naondsrtlept grpup, or as represented
rj \Y; i | . 152

RO aE R B 3 sherb Gt bADARTRct e S R B Malent motery - 22

r aulcach af Retireraht B ubstipee indgpdwieyily tepsrspirts 8 Mmanevagnigeroup or

Ay twd: ofth OREES 0 RACIRT b Retubifts Gle@blhdmbE&RAF A6he kirg&drd. N

t hat the carboxylic acid of fornula la is the conmpound
of forrmula 3. Process according to clains 1 or 2,

char rized . in.that the al pha hal ogenated ketone of
fornﬁﬁquef e QHBF%in X is O or | . 4. Process
according to clains 1 tﬂ(§, Q?gracterized in that in
step a) for the formati ofi’\Qf e al pha hal ogenat ed
ketone of fornmula Ilia N0 X is chlorine the donor
compound i s selected from N-chl orosucci ni m de,

di chl or odi net hyl hydant oi 0 O b

19. Use of the process as claimed in claims 1 to 13 for the preparation of a

compound of the formula

B '
@) s
MeO,S N
Cl



trichl oroi socyanurate and conbi nati ons of these. 5.
Process according to claim4, characterized in that

wo bw7des1or conpound i s Nchl orosucci ni m de. 6. PPODEBBI06/067395
according to claims 1 to 5, characterized in that in
step a) for the formati on of the al pha hal ogenat ed
ket o%ﬁgcegsofromeﬁ)&%@io grein Xis chlorine a polar
sol verit “conpri si g I's used. 7. Process according
toclainse 1 to 5, chargcterized in that the formation
of the al pha hal ogenatgd ketone of fornmula Ilia in
step a) is perforned i m{he presence of an am ne and a
carboxylic acid or i presence of an am no acid.
8. Process according Nod|laim7, characterized in that
the amno acid L-proline iy used. 9. Process accordi ng
toclains 1 to 8, characterfizedyin that in step a) for

the formati on of the ahy al o ket one of
formula Ilia wherei @ chlipri ng|the|reaction takes

pl ace at a tenperat theoran ol J- 10 0Cto 35
0C. 10. ProceswCagcortfrng to clains N to 3,
characterized in that in step a) for the formati on of

t he al pha hal ogenat ed ketone of fornmula Ilia wherein X
is 1odine the donor conpound is diacetoxyi odobenzene.
11. Pr.oc sstaccorQ£n tg cl.ains 1 to 10, characterized
onpye Rty R S 8n redi um used for the
Favorskii rearrangenment in step b) is a solution of an
al kastep myehmaidisdealpha halpganetiombtakabne dfxhe Rrouds s
according to claim1ll, characterized in that potassium
hydr oxi de i n net hanol oH; is used. 13. Process
according to claim10, ch terized in that the
formati on of the al pha hdl ogenated ketone of fornula
Ilia wherein Xis iodinejs pgrformed in the presence
of an al kaline reaction megklim as deflt ned in clains 11

and 12 and that the for ha

to form an alpha halogenated ketone of the formula

b

wherein Xis Cl or I, and

step b) comprises a Favorskii rearrangement of the alpha halogenated ketone of

10  formula IIIb to form the carboxylic acid of formula



hal ogenat ed ketone of forrmula Ilia wherein X is iodine
under this conditions is directly rearranged to the
wa@200bo8717 ¢ acid of fornmula la.14. Al pha hal ogeRCTHERZN0G6/067395
ketone of the formula wherein % is a hal ogen; each of
Z1 and Z2 independently represent a nonoval ent group,
or as represented by theHggsh line, are co-nenbers
of a ring structure providi a’divalent nmoiety - Z
-Z2- ; and each of R1 thriégﬁ;ﬁﬁ substituents
I ndependent|y represents nonpval ent group or any two
of the RL through R6 subsPituedts ape co-nmenbers of a
ring structure. 15. Al pha kahqgenat ed ket one of the
fornmula 16. Al pha hal ogen etone of the fornula
i1idl7. Ketone of the for a{wherein each of Z1 and
Z2 independently represent a npreyal ent group, or as
represented by the dashed Iine/ are co-nenbers of a
ring structure providing a di?alent moiety - z -z2- ;
and each of Rl through R6 substituents independently
represents a nonoval ent group or any two of the Rl
t Nr 00 B8 oS4 Rl MO Pin Mo RrdTBU R b Herdn bR
structure. 18. Ketone o?’t e formula 19. Use of the
process as clainmed in clains 1 1o 13 for the
preparation of a conpound of e fornul a20. Process
for the preparation of conprising the steps a) and or
b) wherein step a) conprises al pha hal ogenation of a
ketone of the formula to form an al pha hal ogenat ed
ketone of the fornula wherein Xis O or |, and step
b) conprises a Favorskii rearrangenent of the al pha
hal ogenat ed ketone of fornmula IHo to formthe
carboxylic acid of fornmula2l. The novel processes and
i nternedi ates as defined herein before.




