WO 2007/048717 PCT/EP2006/067395 1 PREPARATION OF CYCLIC,
KETALIZED KETONES BY FAVORSKII REARRANGEMENT AND THE
USE THEREOF FOR THE PREPARATION OF GLUCOKINASE

VACHIVATOR 70 Case 23524 ALPHA FUNCTIONALIZATIORGERYERE?
KETALIZED KETONES The invention relates to a process for the
preparation of a carboxylic acid of formula lazj----2 00 R'R3 R5R2la
R6 HO HO wherein Z' and Z2 independently represent a monovalent
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substituents independently represents a monovalent group or any two of

the R2 through R6 substituents are co-members of a ring structure and
the use of the process for the manufacture of the glucokinase activator of
fersaafi4 0 H V M902S O xN) CI 10 The glucokinase activator 70
shown in Fig. 9 and in formula V is under evaluation in Phase | clinical
studles as a otentiall ew thera fothe treatment of T _oe 2 diabetes.

WO 03/095438 An |mportant mtermedlate mvolved in the syntheS|s of thls

aCtlvafBE ﬁx%rﬁmﬂéétés t§Q\eF$ lgé’%wo;aéﬂesp @aggt{jo%al\é%x hc acid of formula
S-methylbenzylamine) salt having following structure: WO 2007/048717
T/EP2006/067395 -2-

wherein Z' and Z* independently represent a monovalent group, or as represented by
5 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 use
of the process for the manufacture of the glucokinase activator of formula V.

O

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 (3/095438.

An important intermediate involved in the synthesis of this activator is a chiral sals,
specifically, an S-ketal-acid S-MBA (S-methylbenzylamine) salt having following structure:
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H3C CH3 CH3 O O | NH: Via COO Previous routes to this intermediate
have proceeded through the ketalization of 3-
oxo-1-cyelopentanecarboxylic acid according to the scheme shown in Fig,
s ﬁgpi%?“g?f). It would be desirable to provide a route to this %ﬂﬁ%&%ﬂf/{ﬁzpa
offers higher throughput. The 5 conventi@nal scheme also suffers from
waste issues. Specifically, the keto acid precursor of the salt is highly
soluble in water. In ordet't5 %plish workup;and isolation, relatively
large amounts of salt, e.g.{%fdc&t(m sulfate, are?aaded. This makes the
agueous solution sufficiemtly ionic so #fat
acid can be extracted intoa [
weight of salt per part by v - '
accomplish this. In the end 'salt must be handled as waste. It would
be highly desirable to provide a hesis that reduces or even avoids
such waste issues. Object of the é]r sent invention therefore is to provide
an alternative synthesis for the keto acid precursor which does not suffer
from tHEMiSa8VaHEdR shiLimitsan by o d avhar acchdid dervandritsf eeebreheniof 3-
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M.; Bachmann, S.; Halland, N.; Braunton, A.; Jorgensen, K.A (2004)
Angewotibarst thatpieednbmgtn 43i9h8éfo2-id iepeeviidinatian aiINE SIS for the

h%%tg q&d lpjlsé%grfs% \%[}11'1% ”&%gz? Irllo?fsu 2RO %hfli_ !.Héalévantages outlined above.

The o~halogenation of a ketone is known. Since the reaction is believed to proceed

15 via the enol, it is often base or acid-catalyzed. However, base catalysis usually results in

polychlorination. Acid catalysis, therefore, is preferabie when a monochalogenated 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

20 ketal moiety. Thus, the monohalogenation of a cyclic, ketalized ketone such as the 1,4-

25

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. Fd, Engl., 43:5507.



C.; Shelton, B.R.; Howe, R.K. (1980) 1 Org. Chem. 45: 3916, and of
aromatics, Wilkerson, W.W. U.S. Pat. No. 4,652,582 (3/24/1987). It has
recently been reported that aldehyde and ketone chlorinations can be
catalyzed by organic salts generated frgm amines and carboxylic acids.
Mango, M.; Bachmann, S.; Halland, N.;Braunton, A.; Jorgensen, K.A.
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monooxygenated using iodosylbenzene. Handbook of Reagents for
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According to a first aspect, there is provided a process for the preparation of a carboxylic

actd of formula Ib

MO

comprising the steps a) and b) wherein

step a) comprises the reaction of 2 ketone compound of the formula



the alpha halogenated ketone of the formula H3C™ CH O/x\lio llls cl or
with a donor compound selected frogydiacetoxyiodobenzene to form the
alpha halogenated ketone of the formula yy~, "3Ka 0 lild and step b)
comprises Favorskii rearrangement of the alpha halogenated ketone of
formula llic or Illd in a solution of an alkali hydroxide in a lower alcohol.
-3b- According to a second aspe t, there is provided an alpha 7
halogenated ketone of the formti .Cl--I3 Q Ct We CI According to a
third aspect, there is provided a halogenated ketone of the formula
H3 ,CH3 Q O 111d 1 O Accordihg to one embodiment, a process for the

preparation of a carboxylic acid ula | aidiprovided z} Z 00 Ra RJ
R5RZla R6\HO

o

}

with a donor compound seiected from N-chlorosuccinimide, dichlorodimethylhydantoin,

trichloroisocyanurate and combinations of these in the presence of L-proline and 2 polar
~ solvent to form

the alpha halogenated kefone of the formula

H,C. CH,

<

O
lite

Cl
Q

or with 2 donor componnd selected from diacetoxyiodobenzene to form the alpha
halogenated ketons of the formula

HC_ CH

% |
O o
ilid

and

step b) comprises Favorskii rearrangement of the alpha halogenated ketone of
formuta Iic or ITid in a solution of an alkali hydroxide in a lower alcohol.



HO wherein Z' and 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 R6
substituents independently represents a monovalent group or any two of
the R2 through R6 substituents are t6%iembers of a ring structure and
the process comprises the steps a) and / or b) wherein WO 2007/048717
PCT/EP2006/067395 -4 step a) comprises the reaction of a ketone
compound of the formula zf----zZ2R4'OORaRSRIlla RsR HHO
whereh@tdmgl 17 2: anebR2atheou dfieR Gsape tided efin edrabenesenatRkpgope of the
appnevalent group with a donor compound to form an alpha halogenated
ketone of the formula zf--- i2 R5fl 2 llia R4 O O R3Rs R H X O wherein
Xis a halogen and Z' and Zg, %nd Redhrough R6 are as defined above;
and wherein step b) comprlses avorskii rearrangement of the alpha
halogenated ketone of formulg IflaTh an alkaline reaction medium to form
the carboxylic acid of formulaa. 1Q4n a preferred embodiment the
carboxylic acid has the formula; 313C CH8i¢b O '

According to a third aspect, there is provided an alpha halogenated ketone of the formula

H3><H3
o O

i; iid

According to one embodiment, a process for the preparation of 2 carboxylic acid of

formula I a is provided

wherein 7! and Z° independently represent a monovalent group, or as represented by
the dashed line, are co-members of 2 ring structure providing a divalent moiety - YANAS
and each of R” through R® substituents independently represents @ monovalent group o
any two of the R? through R® substituents are co-members of 2 ring structure and the

process comprises the steps a) and / or b wherein



HO WO 2007/048717 PCT/EP2006/067395 5 In a further preferred
embodiment the alpha halogenated ketone has the formula: 1IsCi" t1 0 0
llb X O wherein X is Cl or I. The donor compound used for the formation

Wt thE A3AY halogenated ketone of 5 formula llia wherein XIS EHBHIE OIS
be selected from N-chlorosuccinimide, -dichlorodimethylhydantoin,
trichloroisocyanurate and combinations of these. Preferred donor
compotRIs RIS DG CERTIRRQE 2 BRI IR RIS R & AT HA
halogenated ketone of formula Il a wherein X is chlorine the reaction
preferably takes place in a polar sol\;éﬁ't'&%mprising DMF. However, 10
other polar organic solvents such as @ichjéromethane or acetonitrile might
be suitable when used alone or if cqmbfRaten with other reagents in
reactions carried out at higher tethpe s (ﬁﬁothérm@ise different
reaction conditions and/or with ¢ regetants, Additionally, mixtures
of DMF with other polar organic solvent§ spich as dichloromethane or
acetonitrile would be within the scope oPthe present invention. 15 As an
alternative the formation of the alpha halogenated ketone of formula Il a
wheremh¥érisrchlaridezCandtie petfogmBtiir thelgiest noeve o Rirsinenand-alent
carbexulienacithnr RS PRRSERGRCLARMNING Aclth:df ReRIflered formula
embodiment the alpha halogenation tales place in the presence of L-
proline. 20 The alpha halogenatiorz}nmste_vﬁ a) for the formation of the alpha
halogenated ketone of formula llI whecgein X is chlorine can take place
at a temperature in the range okil C
alpha halogenated ketone of form --« erein X is iodine the donor

compound preferably is diacet(’igxyiobe zepe, W8 2007/048717
PCT/EP2006/067395 R

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

wherein

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

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

10 In a preferred embodiment the carboxylic acid has the formuia:
H,C_ CH,
0 O
ib
0

HO



-6 The alkaline reaction medium used for the Favorskii rearrangement in
step b) is a solution of an alkali hydroxide in a lower alcohol, preferably

Wpotassium hydroxide in methanol or ethanol. Since the formation of the

10

15

20

é?ﬁﬂ%f”ﬂ%%’denated ketone of formula Illa wherein Xis 5 iodihEj&F2006/067395

performed in the presence of an alkalinefeaction medium the formed
alpha halggenated ketone of formula Il a wherein X is iodine under this
conditlrfs e NP &S TRRG RN e AR BB AR O PRI A SrREm v a:
alpha halogenated ketones of the fopmula,4f-- z 2 R4 0 0 R3 R5 R2 llia
R6 Ri H X 0 10 wherein Xis a halogenyeach of Z' and Z2 independently
represent a monovalent group, or ag’represented by the dashed line, are
co-members of a ring structure providing a, divalent moiety - Z' -Z2-; and
each of R' through R6 substituents indsgéendently jgpresents a
monovalent group or any two of the R pugh R6 substituents are
co-members of aring structure, are ompounds and therefore are a
further embodiment of the present 15 ifiventiok. Preferred alpha
halogenated ketones of the formula Ila@re the compounds of formula
H3H3 H3CCH "\ 3 00 llic or Cl 0 or 0 -7- The ketones of the formula Z'

22 w4e!‘|§ml l%is ClorL

The donor compound used for the formation of the alpha halogenated ketone of
formuta [Tla wherein X is chlorine can be selected from N-chlorosuccinimide,

dichlorodimethylhydantoin, trichloroisccyanurate and combinations of these.
Preferred donor compound is N-chlorosuccinimide.

For the formation of the alpha halogenated ketone of formula III a wherein Xis
chlorine the reaction preferably takes place in a polar solvent comprising DMF. However,
other polar organic solvents such as dichioromethane 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 III a
wherein X is 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 II 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 1ila wherein Xis

iodine the donor compound preferably is diacetoxyiodobenzene.
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R5 R2 R6 R H H wherein each of Z' and Z2 independently represent a
monovalent group, or as represented by the dashed line, are co-members
of a ring structure providing a divalent moiety - Z'-Z2-; and each of R1

“fﬂr%?ﬂa *Ré’substituents independently represents a monov%?érfﬁpﬁp(%(ﬁﬁa?gs

any two of the R1 through R6 substituents-are co-members of a ring
structyre are novel compounds and therefore are a further embodiment of |
the predEit ISR IB BT KEOHE BIrSARIR HEHAS R BYLFLEP B) is 2
H3l4Z00 9fr0 alkisl bidefosdrenfattver ebwiprisesttreilisevithenp fodeesidssin
desciibed hefara dor the preparation of a compound of the formula 0 N IIN

\' 0 Me02S N Y CI In yet another embodiment, a process for the
prepargientué & eaRRAUIdHR 1A farUa \WDIRAAY BB hIa 111a wherein X is
P&:&I{{%%Z%O%/QGJ@ 2onE; i‘oesléhg'e\éf MeQes.Q %!ac{isoﬁ r%\élcﬁl? % Ry %I. ha
the steps a) and or Ik])) wherein step a) comprises a pha a}ogenat_lon 0 3
KBAREETHEGH S SR Qroga dgd 1l a wherein X is iodine under this conditions is directly

rearran ged to the carboxylic acid of formula fa.

The alpha halogenated ketones of the formula

4f
R ° &
Rt R® il
R R
H ol X

wherein X is a halogen; each of 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
amonovalent group or any two of the R” through R® substituents are co-members of a rin g

structure, are novel compounds and therefore are a further embodiment of the present
mvention,

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

O O C O

fic {Hd
Gl
O 0]

or



O, (Ollb O 5to form an alpha halogenated ketone of the formula H3Oy
O lllb x O wherein Xis Cl or I and wherein step b) comprises a Favorskii
rearrangement of the alpha halogenated ketone of formula Illb to form the
carboxylic acid of formula la -9- H3C CH3 00 lb 0 HO The disclosure
provides methodologies for the alpha-monohalogenation of acid sensitive
ketongs, espesialyneyekenagid-sensitive, ketalized ketones. As one
approach, the ketone is reacted with a halogen donor compound, e.g.,
N-chlorosuccinimide, in anhydroug;-highly polar organic reagents such as
dimethylformamide (DMF). The reaction {is clean and occurs with high
yield, showing high selectivity fagithe dg |re3monohalogenated ketone.
By-products associated with base ‘& d keta'adegradatlon
associated with acid catalysis dfe s tially avoided. As another
monohalogenation approach, ithas|beefi pbserved that organic salts
generated from amines and carboxVIic ditls catalyze the
monohalogenation of ketalized ketone’in reagents comprising alcohol
solvent (methanol, ethanol Isopropanol, etc.), The monohalogenation is
fast evérnein-&€h PHE sald Eam@emé@wgcme@m snPhoRich gredhentss

Pgé%@ﬁe@'ﬁy@ﬁ@c&@ﬁié@mﬁarﬂﬂ:‘%l@x@QQ&WﬁMﬂhu@aw,ﬁegfa%m@&\tmm
e sensiiyeketal. ] it s sesulienplREMAlcR elane n

can bé trans erre eCt]E¥ to furtherdarqbcess 9 a\éOI‘S I
r%ﬁﬁﬁ@%ﬁ%ﬁ’?p or any two of through R’ substituents are co-members of 2 ring

structure are novel compounds and therefore are a further embodiment of the present

mvention.

Preferred ketone of formula Ia has the formuls

H,C._ CH,

i

G

The disclosure further comprises the use of the process as described before for the

preparation of a compound of the formula

In yet another embodiment, a process for the preparation of a compound of the formuie



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.
V%%ﬁ%ﬂ(?i’gﬂvyseful to provide iodine (e.g., in a higher oxidatioﬁ@%"%"ﬁ??s
leaving group. The ability to prepare morfbhalogenated, acid sensitive
ketones has also facilitated syntheses using halogenated, acid sensitive
ketones. As just one example jfacile synthesis of halogenated, acid
sensitive ketones provides a I y approach to synthesize the S-ketal-acid

S-MBA (S-methylbenzyiamir it useful as an intermediate in the
manufacture of the glucokinase-égtivator 70 shown in Fig. 9. As an
overview of this scheme, which is shown in Fig. Ib, a monohalogenated,
cyclic, ketalized ketone is prepared fising ﬁmnoh@logenation
methodologies of the presg ventio i he halogenated com%ound is
then subjected to a Favorg grranggment Wndegjconditions to provide
the racemic acid cous gf'the desired chiral"salt. The desired chiral
salt is readily recovered in engntiomerically pure form from the racemic
mixture. -10- For instance, as shown in Fig. Ib, the 2-chlorocyclohexanone

52 may.be prepared via mono-al ha—c_:t%gorina_tion of a commercially
a\ligaﬂlzfgfé?ef, Qé%lgﬂlé’fgﬁéﬁ%snaﬁ#}gn%( | 30§iBthyltrimethylene ketal) 54.
The halogenated 1,4-cyclohexanedione mono§2,2- dimethyltrimethylene
k&t % STBUHjR R L BERGH R e kFtaify fotnyive 8,8-
dimethyl-6,I0-dioxaspiro[4,5]decgne-2-¢arboxylic acid 56. This product is
then converted to the (S) -MBA sa another embodiment, there is
provided a compound, comprising-a cyti{ic moiety comprising a backbone
of at least 4 atoms and having first and second alpha positions adjacent a
keto group; at least one hydrogen suhstituent poHitioned at the first alpha
position; a leaving group substitug sitioned at the second alpha
position; and a ketal substituent pa ped at a third position that is at a
beta position or further from the keto roup. In another embodiment, there
is provided a method of alpha-halogenating a ketone compound. The
ketone compound comprises a cyclic moiety comprising a backbone of at
'et%%r‘}n@}f?mﬁh%'}ﬁl@géﬂ@&éi@&%?%@R@;ﬂﬂpa positions adjacent a keto
group; at least one hydrogen substituents positioned at the first alpha
position; a leaving group substithght pasitioned at the second alpha
position; and a ketal or acetal substipdent positioned at a third position
that is at a beta position or further{from the keto group. A halogen donor
compound 0 O

Hib

wherein X is Cl or I and wherein

step b) comprises a Favorskii rearrangement of the alpha halogenated ketone of formula
Ib to form the carboxylic acid of formula Ia



also is provided. Ingredients including the ketone compound and the
donor compound are reacted in a substantially anhydrous solvent that is
~sufficiently polar so that alpha- funcuonalization of the keto compound
occurs. In another embodiment, there isgrovided a method of
halogenating a ketalized ketone. The ketone is halogenated in an
anhydrous, organic reagent in th@ resgAce of a salt catalyst, wherein the
reagent comprises an alcohol. In a er embodiment, there is provided a
method of making a ketal acid cofnprising a ketalized ketone with an
iodine donor compounds in an alkaline ggaction medium. In another
embodiment, there is provided a of making a compound. A

ketalized, cyclic ketone is halogeR t an alpha position relative to a

keto group. The halogenated, ketalzed cyclic ketone is subjected to a

ring contraction reaction. Brief Descriptiog=afrthe Drawings: Fig. la shows

a prior art reaction scheme for preparing an (S)-MBA salt. WO

2007/048717 PCT/EP2006/067395 -11 Fig, Ib shows a reaction scheme

of the present invention for preparing an (S)-MBA salt. Fig. 2 shows a
formuIE}SFWEIWWP&H%&‘@P&HE’?E% epchemgegsaterdtthe

paegeRh Mveniio b, EigechBh oyl paiefesredi eyibodime htwhascyeliae approach,

k%@%&%ﬁ%@@%ﬂ asﬂaw&e@@a%%ﬂaﬁomcgqn 8CB8HEsR nimide, in
preparing the 3. Fi

und o aws an.illustrative
PR RS LB PG ASTE. Wt i EOOCRRERE Ay The rescion
akp nmﬂmam rethediesheviisiaigh spcedoHentaticaiyeliustrates
h%@Eﬂ&%ﬁk&&m@fﬁwWaﬁﬁeamﬁbismwiedb@m catflykigan@ ketal degradation

SS o Mlyﬁfr&g %zeas]ﬁjq.‘yaqlrﬁgwg%{@&gement reaction is carried

out wit respect toacycllc ketalized, alpha-functionalized ketone, Fig. 8

schemat shows approach for o %LaJ g;an epantiomerically '
chiral ( tln]ferme E?a??é g%oga dic, étgf1 etone}vle—‘ 5?% i Sals

th@v@rmeﬂaﬁeﬂaae}%%s%m%ﬁldw |T€d %Egiﬁﬁﬁ?ﬁaﬂ%ﬁékﬂm
adpeaic hepresenbimyestionielatt sofviing mighanhingtienali mtoopehacicc.). The
sensiivekeiongssyenasa aychec ketplizad-ketonapRicyshicketalizedom

ketongd s IE}aCH'deU amines and/or carboxylic acids without undue degradation of the

acid sensitive ketal. The suspension of the resultant halogenated ketone in alcohol can bé
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 efficientiy applied to monohalogenation of
an acid sensitive monoketal ketone and 1s especially useful 1o 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 manufacmure of the
elucokinase 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 1s 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.



includes a cyclic moiety incorporating a keto group, -C(O)-, and

comprising a backbone of at least 4 atoms, typically 4 to 8, preferably 5 or

6, most preferably 6 atoms. The keto group 20 may be part of the

backbone or may be part of a substituent pendant from the backbone, but

preferably is part of the backbone. FHé backbone atoms may include C, 0O,

N, S, combinations of these and the like. The cyclic backbone may be ,

satfivategiercanseshe e Fitud prtte Ashlqsosyeiphesan one faratpEge prepared via
mérckonedadeimeshfeoaconiherialbrassitigle Ci-c@iohedhaifont notures,2-
b RSNSOI ARATESA G KRR SIQUR NS HARTIRIDRE Ao 22-

_assoclated with the C1 carbon, ng ketalized character of the ketane 2
dimREAAERSIHERIALRS 1 EBNSGHTS & KRS R a X oo of

dinfrstyhSk oA raspisqhédt] 6tcarsubsutbenvinacis pendunprasivct thihen converted
to BREKDONEBA higrcyclic, 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 30 six-membered cyclic structure in which
the Ket@ Ao ERROGIAY: GYHOSITBN AP YFTup MBS HS ALTRECERS Y
cofefhi O GHRAsitierAKRER] grois ahihe G pesition s preteptacovitdns adjacent a
2007/048717 PCT/EP2006/067395 - 12 The ketal-aro I ' o
ke R e R At o el e e AR SRR ke
21 @p positiomindisosad el dfeswisuthdmberstiongrds haH subseateeaioned at 2
milpladunatienalizationpeisybseanant Favarekibiearsapgement in some
embodiments. A ketal is a functional group, or a molecule containing the
functional group, of a 5 carbon atom bonded to both -0Z1 and -OZ2
groufsanyREr STADEAERFBF ek BrOVidsfonBRESGR) HRlp-BRICEMRIRS ARERPs
coRbHANOMA RBbHF QURS A6 QoNBFRBEESCOSiR FiltGer bt anPakntise of at least
4 Shuctur |l .e%ujvalerat to an acetal, and sometimes the terms, are used
+ HErERANGE R/r.s}r?%osr%cg Uses, T aHerenae Btk en ah acetal and a ketal
hydenve subreintite prstiction aHar Crshanhiinosron s Javongleroapibrang
poSidN&: o) e rRaioLelia:0a!deBYds: and e xeass.ale aatiNbereAgir

ketals traditionally derive from the reaction of a ketone with excess i
POSTERh R BT BORTORRESF e BRSSP T tRdh SHhgL ghP e T AP Rt oo
aisefemdaadrialeetilerhavingithairekuitantkeialiadetal structurecregandibss

QA0 PaH O RPELIR AU I AGHR  JOAGUIBIEBIENG na: aiph.
?unctlonaﬁzatlor}, the Ketalized ketone desira y Includes at least 15 one
fupragarization el SItHEGHIRPPBSiA6F Telative to the keto group. Preferably,

at least one H atom is also present at the other alpha position, especiall

in those ambadintedis:ént. there is provided 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 embodiment, there is provided a method of making a ketal acid comprising a

ketalized ketone with an iodine dopor compounds in an alkaline reaction medium.

in another embodiment, there is provided a method of making a compound. A ketalized,
cvelic 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 & prior art reaction scheme for preparing an (S)-MBA salt.



which the alpha-functionalized product is used in a subsequent Favorskii

rearrangement, described further below. Most preferably, each alpha
“Position bears only H substituents. In addition to the keto group, ketal B

é?&ﬂ 7,/ Oéiﬁa%lpha hydrogen(s), the cyclic 20 backbone of thg@gﬁéf}w 067395

ketalized ketone may include one or modd other substituents. Generally,

these gther substituents may be selected so as.to be. relatively |

nonredtie? GRCEE THE BRI RGBT A TR LI BARH 1S 2" (9-MBA

nitiimize the formation of undesirable by products. Additionally, when the

resultant alpha-functionalized product is subsequently subjected to a

Favorshi. éreangdmentlapisdesiredshidithdkthenotherfslibsspitertivis mdspebie of the

2preelaciedsas to be relatively nonreactive under the conditions used

for the rearrangement. With these concerns in mind, examples of other

5 substitugnistiakMasdee Rieserbinclkide favdeaganlingandwaached, or
cyclic alkyl; alkoxy, aryl, combinations of these and the like. Hydrogen

and lower alkyl,of Jioih Garban-alams afe-RIeisiiads LXAMRIeS RF o180t Fig. 3.

substituents that desirably are avoided in some modes of practice,

especigly 3"@%Qfé"‘n?f911’1:1&}‘&{5%‘9@%%@5“1‘?9&%%%J?ﬁ‘%é‘%%%%@%ei 069G etalized

ketones, nitro groups, aldhehyde maieties, or. o etone feactive
gFStps Shitka %M%%&?%’ﬁi} B%%@f)f&@ﬁé‘t@ﬂ%ﬂ%‘?ﬁycondense with a
ketone, and the like. A review of the scope and limitations of a Favorskii
Rearrﬁi@éﬁmtﬁﬁ@@i d’é‘b‘tﬁﬁt@rb%’ié Ruatdrisat il?-%l‘?@f@f(ti%ﬁ)‘?mmd out.
Preferred embodiments of the cyclic ketalized ketone are represented by

10 the forMaila sg5sHEeMITAIRIGaEs RoNHeratRiekiE reaf Zr ANt reaction is carried out

ZRindeperdenilyrdipr@salited dpdnovalaiin giosddkasas represented by a
dashed line, are co-members of a ring structure providing a WO

2007/048 /4l delrinh{ RHRONGI0G 308 prd i ivalenb e i <darddmdically pure
reREEIRRIANG RINBOSIMEDIS, £ A0k 42,3008 19 @R CO- members of a ring

structure are linear, branched, or cyclic alkyl(ene); preferably alkyl(ene) of

L o 15:preTarablyol 2,18 .crba aleme, The dxalent, branched
alkylene®ackbone associated Wwith neopenty gaiycol is a preferred
_ structu}r)e W, rIbZ anq.ZZ_ are co-members of 5 a ring structure. Thus,
15 % ye 1

D CEaLIC (1Pt .
more pre%era 7F84d"Z2 are co-members of a ring structure and

together comprise a divalent, branched alkylene group. Most preferabl _

said rirl) SRIERTS gPOLP A T RORRGRE Celo2Re 1S A D i

ofthElRe kposg iRB susttisektslnde pervaentyr yelprdstnted mionoeatentlly

ghatkpdes a cyclic moiety mcorporating a keto group, -C{Q)-, and comprising a backbone of
at least 4 atoms, typically 4 to §, preferably 5 or 6, most preferably 6 atoms. The keto group

20 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, §,
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 atems, e.g., Cl-
CS or C1-C6 structures. For reference purposes, the keto group may be deemed to be

25 associated with the CI carbon.

The ketalized character of the ketone means that the molecule incorporates a ketal
moiety, e.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. Thusg, fora

30 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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such as those selected from hydrogen; linear, branched, or cyclic alkyl;

alkoxy, aryl, combinations of these, and the like. Any two or more of the

R' through R6 substituents also may be co-members of a ring structure.
QE%\/ R through R6 are hydrogen. When the alpha- fuﬁ%ﬁ@ﬁéﬁ%‘&mgs

product is to be subjected to a Favorskii Yearrangement, it is 15 desirable

th t no fthe R' thrﬁi é%% R6 substituents be selected from ketones, nitro

IR REEATN A B TOTOARRAPR T R HEAS TR S KEBnE £ 2
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Prefeiably alsast.one substituent 6t eqch alnfia.position safive fodne
keto group. partlcu?arfil preferre examp cora compound according to

FigdePra dHvmraY B Y4 de HETH STIB ORI RS T 88 FoF TR ERMISET @2 ring

regsonseHrsttid is arsymrbtagumveletule pnamdtthusd sometimes the terms are used
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were to asymmetrlc Hg?{ posmone reliatl ot eto group, .g.,

ey 4 prssiicir P indieirasketor iisicentp St & b tigaction ofa
chntrnercitllyxassitidsibo biittiterateses nidtlegdsscoriitsesyinthélsis: flomne term ketal

wigiely vaitahie Raleralsia e-alsaknewnaLne Kepiese Mative-£eactiReaction
s%hgdqg501rl1{q{1@ gu‘%e compound of Fig. 3 from commodity chemicals is

shown in Fig. 4 rst step, diethyl succinate is essentially 30

cimerizeckDASEUng SISl A0hdious a9l R O PIESEEE e, o

NaOEt |s com ed inw

ro
1%%%?61%@@&%@&8?\@ PO URSRPIABR e de B bt Fiee %ébbe%ﬁfFﬁﬂWQPt least one
(NP@)riniadidipregueaussolutianpinthespiasessenflaihtxanenphaka ¢ots in

fqmmct{m%m%pp)g%&ma%yar}gge&k a§d§§z-!a1 megr '%&%h%ﬁ@@ﬁ;@@ﬂﬂ?é&ﬁ%ﬂ%mem
g a 0.,avoid formi e reaction ste

thgé3 Ss% tge‘f%h%eJ 3‘ elgév 4 aorset ng%v?aggfhg@e rhoep AR F?eraﬁyéﬂf ﬁ&smuemq
instange, the mono t%hzatlon of 1,4 WO 2007,

0
P TIEBARIB8T55 L4 SRl bR A s s CEEE,
Shirkb a POl ioaayiSy eklics kinnn My 3Tlugn ¢ IRy WioB RieKadsHiPRS
RGGaedty, Subke tndat, Blstith&SitPakyPuleNae20D4/ 0280083 ively nonreactive under
(]ﬁ]xé]&(g&gg%g uIé}%fglr%%@H%E%n]aﬁaQY&{%%%gigﬂ?eff(%ﬂ Hicih undesirable
succinale Is aesgcrl
R e, ST e s sl RERRL B e B sesuentl
u§;ﬁ>gemggﬁ<aﬁ\?@\@r§%@§g@§aagement 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, arvl, 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 Favorskij
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-meimbers of a ring structure providing a



described and/or referenced herein, a bisketal by-product may tend to be
formed. It is desirable to separate the monoketal from the bisketal at as

Vp(i)gzh a B)urit¥ as is practical. Conventional techniques might allow
FECOVE rflsg% the monoketal ketone at a purity of 95% by Weigﬁfr(/?ﬁﬁ%mm”s
respect to the bisketal by-product. An iliustrative extraction process 10
described herei ybe used to obtain highly pure monqgketal ketone from
BB BisRerar rRACPE SR S TR SLRRRG P by bl afoDg g2 o
SpiHabRsP! OB IRHiFe To et Tawizg, Phiviseipieprocess (gde alkyl(ene)
Expetime/atetionf Exafpled) {aciitated dielseparatiordiitiene backbone
mRRRkeLa!and r@%ﬂh‘éﬁ Ayt E%Qf%tgrf&@&tt}g Q@J&I%ﬂl&%ﬁ@ﬂ %l:_dc%[members of

high vacuum _g< 1 mm™Hg) and provides monoketal ketone at a purity of
> oVErEgY BN 15 aspect of the purification process described herein

involves using the right kind of solyents for extraction, preferably at the

right ratiBs: Fet gg%‘ﬁﬂhv%ﬁﬁ&?p%%f&é@s*m elbingipiacture and together
fureetioiralizdiioleot tenclrefielkketalizod kétbriesrafephdfesaatiing alkylene group
embaogimenisiahe alpha-functionalization is an alpha- halogenation, more
preferably an alpha-mono-halogenation with no addition of a catalyst 20
being required, because a suitabteicatalytic agent is believed to form in

situ. Alpha- halogenation refers to functionalizing the cyclic, ketalized

10 ketonepwitho&ip 51%1%%1%' REURNAR 1@(@%%%&899&&9@an g%ﬁgﬁlé(vaient group

When the resultant alpha-functionalized product is to be s ctedto a
LA RUATSAA NG, e Uisha Psdeh SUBSILARY falkciori s
aqeabingtiprsiy. tBeie- RBfoGenlis. MontHeoshlRavih g gRoupith Bidc ombesituents
of:25 the Favenskintersrahgenent @thesdiclite Riphatydray(8edogen. When
CrigQiph & fu PINBEEA MHIGR0 CHY Q)ofeclel Qra e 33 naRnfind it is

s the yclc ketalized ketone may glao b albhafunctipnalized with any o

7 o ore of these other feaving grodps as ST = SRS GHnes:
il G REVE TSHEN B SEERTIRPIWHIERL] ApdHer keraipee Mikbtaletonsnapa drilike, as
66untay hepseacted witmaudpraritampoent R sersingeas & sausae @hthgons.
group 30 X to form the mono-alpha-functionalized, cyclic, ketalized

ketoneNyedtia! inekuehing wh &Sca sttt enaataRaphaResiten. AAdheckbone and
Peaclice aNthe BRERSREHMAIION, A MAY.DR 8:Wide.1anoe ofd %Q&)“QHEA% , more

groups, including ClI, Br, I, OH, combinations of these and the like.’ i
2 s%%ﬁﬁhﬁﬁ@.%?%ﬂaecgcﬁ?é*’fzéltafﬁ&%‘f&%&aw&%B%ff%%é?@alwifﬂ QidAgOP
group donor.compound 62 in an anfgégrous solvent that is sufficiently

polar sUERTHETHISHASSE 9 RABRL ARG terpréiee (g ctisrshown in Fig,
prodilict GaniGendralpyeititied solventideindufficientlipoléristheyreactionmolecule,
M RS QGEHE-AREHOE TERGHRN PEQCYGISHTANHRE NSRRIGMIQ lesser number of
2987:!@(%%?&(2(1%9—-{;4%5&99 z?s/ gggkﬁélféherwise occur if the ketal group were to be
25  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, diethy! succinate is essentially
30 dimerized by heating at reflux in anhydrous ethanol in the presence of NaOFt. 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.

35 4 are known and described in the literature. For instance, the monoketalization of 1.4-
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- 15 when formed. Examples of an anhydrous solvents found to be
sufficiently polar to carry out alpha-chlorination at 25C include the highly
olar DMFE. On the other hand, it was found that dichloromethane and )

“Z\%é‘fg?{ﬂﬁ@?/vere insufficiently polar when used alone in. otHériide¥iita®s

alpha chlorinations at 25C. 5 For instancl, the monochlorination of a

ketalized, ketone according to Fig. Ib with N-chlorosuccinnnide%S) in
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other reagents in reactions carried out a igher ferﬁ’pera ures or otherwise
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dichloemethapeerateionitienvomd e within the scope of the present
invention. The alpha-functionalization reaction of Fig. 5 desirably is
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e
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25
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genéerated’in the cour pha-Tuncton alization of the prese

iNRERHShis SR8 SuesEs! @ anyh Brv Ht Brasent ipreibUitsRBe Balpsen substituent
ufidueictegradition g 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. [ 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 6{ may be reacted with a donor compound 62 serving as a source of the group

30 Xto form the mone-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, 1, 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 soivent that is sufficiently polar such that alpha

35 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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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
W%{ any of these can be used. For alpha- halogenatlgﬁ ‘E}P&Oeﬂlﬁrlg?jn%

donor compounds 62 are those in whichlfhe halogens are attached to
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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 fonctionalization 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 aipha-halogenation, preferred donor compounds

62 are those in which the halogens are attached to nitrogen. These are preferred donor



of reaction media. Some of the reactants and/or product may be
photosensitive. Thus, it is desirable that the reaction occurs in the
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At least until the reaction is complete, water is desirably exciuded as much as is
practical from the reaction. Preferred reaction media inciude less than 1%, preferably less
than 0.2, more preferably less than (.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, e.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 alse be used in the practice of the



aqueous solution and may be chiral to help form chiral products. Example
3 below describes an alpha halogenation of a monoketal ketone that
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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, lodosylbenzene 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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15 to eliminate this extractive workup and carry a solution of f inctionalized
ketone directly into the rearrangement. In another aspect, the present

invention relates to subjecting an alpha-funetionalized, cycllc ketalized
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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 1s widely discussed in the technical and
patent literature, See, e.g., March et al., March’s Advasiced Organic Chemistry: Reactions,
Mechanisms, and Structure, fifth edition (20013,

As generally shown in Hig. 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 rearran gement 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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10 leaves the ketone 30, resulting in a vacancy at the corresponding alpha
carbon. The R10 moiety migrates from its alpha position to occupy the

resultant vacancy left by the leaving halogen. Then, the alkoxide ion 32
&E?Pﬁf%q%e vacancy resulting from the migration of the RL&W@WGWW‘S
actuality, it is more likely that the rearrangement may involve a
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vacancy left by the leaving group. Additionally, the keto group that was
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ketones; vors I rearrangement Is an examp 1€ ot alrin contr
réga]iwnu group in the alpha position in ketone 40, F01 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 alse 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, R™, Z1, and Z2 moieties are as defined above. The bond between the
C6 and C1 carbons of ketone 40 corresponds to the bond between the keto carbon and the
R" group in Fig. 6.

When the leaving group Xleaves 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 C1I keto carbon to form the ester moiety.



5 The Favorskii rearrangement of Fig. 7 preferably is accomplished by
heating the ketone reactant 40 in an alkaline, substantially anhydrous
solvent. Examples of suitable anhydrous organic solvents include
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The rearrangement reaction may be carried out over a wide range of temperatures
25 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 rearran gement reaction desirably occurs in a protected environment such as
those described above. An inert atmosphere of drv N> would be one example of a suitable
30 envircnment.

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

35 44 may be subjected to conventional work up and isolation procedures. In the course of



-21 this work up and isolation, the ester may be converted to an acid, salt,
or other derivative as desired. One illustrative work up and isolation

“procedure involves removing the solvent to leave a residual syru
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In a first reaction step as shown in Fig. 1b, alpha-chloro-functional ketalized ketone
52 is prepared from ketalized ketone 54, The acid ketal 56 is then obtained by subjecting
the alpha-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 $-
methylbenzylamine (S-MBA).

Fig. 8 schematically shows one approach for obtaining the enantiomerically pure
chiral (S) salt intermediate 30 of Fig. 1b from the ketalized ketone 54, The chiral §-ketal-
acid S-MBA (S-methylbenzylamine) salt intermediate has the following structure:

H.C. ,CH,

CoO

In STEPS 1 and 2, and in accordance with the reaction scheme of Fig. 8, the alpha-
chlorinated ketone 52 is prepared from the ketalized ketone 54, and the ketone 52 is
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In STEPS 1 and 2, and in accordance with the reaction scheme of Fig. 8,
the alpha- chlorinated ketone 52 is prepared from the ketalized ketone 54,

and the ketone 52 is WO 2007/048717 PCT/EP2006/067395 -22

%?82{%% {8 a Favorskii rearrangement and then hydrolyzec}) fo ESAUpe739s
the Favorskii ester to the racernic ketal &€id 56. The racemic ketal acid is
re cted with S-MBA to form the race ke n STEP 3: HC, CH3

e R B RS SR oL RECA S TGvorss eter

ré%ﬁiﬂmﬁ@w sevbrsiditteSearrandtieaplacsbivenetbaite Sviifdh frenRhe
foneisicherg solubl€THhE allows an increasingly S-rich precipitate to be
recovered with each crystallization. One solvent mixture that may be used
includes cyclohexane, déétonglland water. Thg,recovered S-rich mixture
may then be used, forins as an intermediate in substantial,
additional synthesis stepd that ifvolve-48 dificgtion of the intermediate,
followed by reaction with Bther€o ﬁ}_‘ the glucokinase

activator molecule 70. Refefring :

the S-rich composition but an R-rich by-product. This R-rich
by-product can be racemized with strong base and converted to a
racemic ketal acid salt in STEPSC@@nrough 9 to effectively recycle the 15
undesired R-isomer and any S-isomer that was lost during the original

rl%cryiﬁ%lﬁ?zl?%ﬁ!g tggméeiﬁﬁ‘il@ﬁe%dgﬁgr{]%fegy bse ;ﬁﬂgé’cg ?_f%%%(ﬁﬁﬁ@s%gﬁfa suitable
which i iV i

B e SO o R AR SOyl LBt o ey Srich
tm@a@ht% % YR iEReedco e iab ks iz reenVERe I STEPISuE shasnpay be used
bastuidesisedotedepratenale ihe chital Tasbarn of- e nan-rAsemian 20tketde used,
agid salinlhedortakasid salt npw%ﬁ@ﬁ%cﬁfmﬁmr@n%aweg@ﬁ%ﬁxﬁve
walet o addiec o convert the danion o 2 acemit, Waler sWIe o i o
cArBOXVAIR monoa%nlon IR kST A b REAITHT RO AS 0 Duild the
pﬁ%‘féﬁlﬁf@é%ﬁw@ﬁ?%@@@*ﬁéﬂﬁ aracemic ketal acid. The resultant

racemic ketal acid is less soluble in aqueous mixtures than the
monoaki&nrarch igithir Eeré, SlirEctedtidto @rvohgdib-cosmpuositioitipn but also an

SRERWBhy-product. This R-rich by-product can be racemized with strong base and

converted to a racemic ketal acid salt in STEPS 5 through 9 to effectively recycle the
undesired R-1somer and any S-isomer that was lost during the original recrystallization.
This racemic mixture is 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 carboxvlate 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 saltl. In STEP 10, the racemic mixture is again resolved via multiple
recrystaliizations 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



25 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
&858!}\4%%\4'6‘ multiple recrystallizations to obtain the relatlvelly Qure S0 kg)(;[% os
RhaRtiomer. The S-rich material from STEP 10 is combined with the

S rich material obtained from STEP 4, addthe WO 2007/048717

PCT/EP2006/ 7395 2 combination S is
PR SR S ot TRy LRSS H R RN e DB Ha G product
Srep STFHE ﬂﬁé%—"é’ﬁ‘?ﬁww%%%ll now be further described Wlth

reference to the following examples. 5 Examples Example 1 3,3-Dimeth

yl-1,5-dioxaspiro [5.5] un decan-9-one. A continuous extraction apparatus

is asseMDRIESA BB LRI RRAT PSSR petabehaigetriRitAos S0 th following
nekaxaiee. and 5.00 g sodium bicarbonate. An oil bath is heated to 10

90C. A 500 mL reaction pot is charged with 82.5 g (0.792 mot, 2.33 equiv)

5 neopentyl glycol, 338 mL H20, 0.79 rBkafdpds g, 14.8 mmol, 4.35 mol%) of
98% sulfuric acid, and 38.08 g (0.340 mol) of 1,4-cyclohexanedione.
n-Hexane (85 mL) is then added to l@iagthe 1pot volume to the extractor
return sidearm. The extraction pot is immediately immersed in the oil bath

agg.ﬂjgﬂgﬁgﬂgﬁ_ﬁ]iﬁwﬁﬁﬂsjﬁ'{gﬂﬁaﬂamgaﬁ@d to the point where there is
15 efficient mixing in the lower (aqueous) phase but not in the upper

(n hexﬁr&lﬁﬂ@é@s '&@H@tl@%tﬁg fefbhe.extaatonis @rRinYed o5 D& Rent pot is

pens is.coqled to dth recipitate is suction filtere

R A B LRSS SR e R RRA SRS 0 B Reaged 1o

10 oPB5Ged BRoKelareastiornBRIie SR s I B %f/?ﬁ@wlhe%éﬁ@q%mwawl
fralycthessombiHed, hdthet.liguors ahd thw A0S ubidih sulgrshsidfuisk acid, and
cagleg {950) Mathanal @5@1@@@@@9 ad, 16 3Al0h & mtgé@&f@ﬁ ing the
me thélomeet’é eeatzecottm%%é s{th drmethan ‘areod']%tﬂ%%%t e?ﬂ mersed in
epmpera ure O ﬂ‘l e SUS enS|on ?]I.Déhp IS [ol0]0] e yZ%l&
atitewiistrod tHﬁ’EF‘ié‘&’@d@H‘%ﬁ\?ﬁgé%VéM@%%t e PstiNgere there is

15 ovéinightnihe phe dipitateis spction) filtexeld; and airtldriechseyetaldana) 3bGe in the

to.afford 7 B2 9xehagidlitiong) grude Lisketal as a 25 colorless solid. The
mother liquors are concentrated by distillation (dry ice-acetone cold finger

The suspension is cooled to 25°C and the precipitate is suction filtered, washed with
50 mL n-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

20 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 selid.

jand
L

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 s suction filtered
{mother lguors are used to complete the transfer) and air dried 24 h at 25°C to afford

30 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 coloriess solid.



condenser) at 30-35C and 40-45 mm Hg (1.46 mLdistillate collected). The
resulting suspension is cooled to 0-5C and stirred for 90 min. The

“p()r%i }Ea};ehi; suction filtered (mother liquors are used. to com I%te t@&)msgs
transfer) and air dried 24 h at 25C to afford 30 50.17 g (74.%5/% oFhe -

monoketal 54 as a colorless solid. Thec#mbined crude bisketal crops
(17.62 g) are resuspended in 200 mgﬁ(wat r and stirred for 1 h. The
insoluble material is suction filtered "X Gfied 6 h at 25C to afford
13.06 g of bisketal as a colarless solid. WO 2007/048717

PETHEPSBY6/06 7885 25pH Haislsrans-2-carboxylic acid
8,8-Dimethyl-6,10-dioxaspiro[4,5]decane-2-carboxylic acid In a
foil-covRreldfraskeradsisicirol ool § (8% mtanBehef Msmmakeiat of
Exeemple 1 awid) 6672 §.45 104 nimdINefbohiordsiminimide i 6y MM Eryas

5 Déml%ewgﬁz(?ﬁifste@ﬂ .%%fqreﬁtgmigﬂgmﬁaé&@& tighﬁgf%a\é@t@@é&lagﬁ?m mixture
was a an e Xxtrac wi m ve times.
S TR AT T R IR i s
i V850 (B CHY EVANE ALY A A O TR FIG 1T g therndddhunmptisib et
25€amd dumpeHTora80 him) td @ffordd nii86t g asfociut €30h ofgketenb loroketone

PrRductas ahaleaipwiselid. 10 An ethanolic KOH solution was
prepared by dissolving 1.14 g (17.3 mmol) of 85% KOH pellets in 5.0 mL

10 anhydrouseihaRokesry 0% dhsAULIBROf 1y dgg;cs}é@;mmgé)m% FIMAS of 85%

c ketone in. 7,0 mL of anhydrous eth as then a ropwise to
R G e SR B T S e g R B g o
WaE teflkselesene i (bAm BoCIaNAND) s THevan Sarisidelwerrbwsiéithe
anth etbanBYEmovednon ZfGlarge\aparaiticat SOG andpdsivinuagrelingsd for 1

residual Sy passeparated between 5 mLH20 and 5 mLMTBE. The
aqueous layer was extracted with 5 mL MTBE twice more. These extracts

15 Cpr,]tai':![ﬂ%esu ts@l?%@ﬁe@%&‘ﬂ%%%&éﬁ'@1%%%ny%@1%1%9%9§§°€ and
citric acid g7. mL), togtl)rln.g the 20 pH to 4-5. The I%e\}és#r\%ere separa,'gre}?gzlE ™
TR g B B S S A T OB STHbad (. The
erfaRIs deyrainisaresaftanthcambXiBE erdcTmecomisSited tgaaistain the

extraetsscontaining carboxylic acid were dried (MgSO4), filtered, and
concentrated in vacuo (rotary evaporator at 30C and 100 mm Hg then

vacummpems %%m&mﬁeﬁegz 1.0 M aqueous citric acid (7.0 mL) to bring the
20 pH to 4-5. The layers were separated. The aqueous layer was extracted with 5 mi. MTBE
five times. These extracts contain the resultant carboxylic acid. The combined organic
extracts containing carboxylic acid were dried (MgSQ4), filtered, and concentrated in vacuo
(rotary evaporator at 30°C and 100 mm Hg then vacuum pump at 25°C and I mm Hg for
15 h) to afford 679 mg (62.8%) of compound 56 as tan solid.

25 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, 58] mg 95.04 mmol, 10 mol%) of L-preline,
and 50 mL. isopropancl was stirred at -5°C for 21.5 h to produce a suspension of crude

30 chloroketone,

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

anhvdrous ethanol was prepared at 70°C. The suspension of crude chloroketone was then



15 h) to afford 679 mg (62.8%) of compound 56 as tan solid. 25 Example

3 8,8-Dimethyl-6,1.0-dioxaspiro[4,5]decane-2-carboxylic acid A mixture of

10.00 %'30.44 mmol) of the monoketal of Example 1, 7.072_ g (53.0 _
Wrﬁr%%?%’f 7Eyequiv) of N-chlorosuccinimide, 581 mg 95.04 m ,‘/ﬁ%z??\%ﬂ%f)m
of L-proline, and 50 mL isopropanol wasXtirred at -5C for 21.5 h to
produce a suspension of crude 30 chloroketone. A solution of 15.02 g
(29??@ Wﬁ%’f W&lﬁd’(ﬁ’és?rg RRRae! r@?@eﬁh%@smﬂn%ﬁhﬁ?&%ﬁél Stpligpxed
wastprépareshat Z0C. The suspension of crude chloroketone was then
WO 2007/048717 PCT/EP2006/067395 -25 added via Teflon cannula

over anahmgieﬂa_ﬁh Whecresulting scispen siomnowaisorefluxedy ¢oaibrB8REE0°C and
14p- dN@5US .e%%‘?@sx‘g@é&&%%@i iﬁ@M%ﬁH?ﬂ%@ﬁe?%ﬁH QY é{;bluerlx_e twice,
evaporator.at 30C a -40 mm Hg. The residue was taken up, i .

5 D A B MR MRS B NGAOR b oA DS e P e o

thretiesslatienduslseridiornwad ther  dtfet Be300 Mg BP 18 ditdet 25°C and 36-
paliadidin foydrdxide«oniebbonsanat thedshisfiension thydrgheeclsted @t 25Cvas

aQ&’d@@i@%@ﬁi&'&?&@fq&Zf!@%@@&%QW&W@?f @f@%‘%%ﬁ%&%%@&&% to 4.
celite, Toluene was_a de%}—tf the mother liquor. Citric.ac gGE | of 2 1}
el TS, were separat arn ﬂea HCOLS er extracied wit to C IOUr more
was adged 1o redice the p ofﬂ.' € layers weré separate and'?ﬂe.
10 a¢ussubhagenBingad cretrdithersdriedio fieRRstern © iness trpfrsl n vacuo
combined extraotsaniske adeXt (vig 54 efiltarad rapahgoackitratdd imm Hg for 4

VRGO 2 ffOIAR/ 50 \ARA RO A3RGRN 28 Mg ign vacuum pump at
25C and 1 mm Hg for 4 "h) to afford 6.59 g (61.0%) of compound 56 as a

tan solid. Example 4
8,8-Dimethyl-6,10-dioxaspiro[4,5]deganargrearboxylic acid 15 A solution
of 1.33 g (20.2 mmol) of 85% potassium hydroxide pellets in 10 mL

methpnakwas PrerasesAnd £8piechin 2 watsrbathddhe ketone (1.000,
5.04 mmol) of the monoketal of Example 1, was added followed by | mL

15 methanol, They 8#?.‘3’3?@6‘9%%) SHyed AL 2R 0% 08 S66e pellets in 10 mL
Diacetoxyiodobenzene .GZi ,2.04 mn (1363_ W ‘dded fall eéd % _ 1 qu
BRI PR CEIRTArF S0 S e S5 RoP 1 R A Ok e HToRgD of he
20resAtYr Heveplpberizetised fohewer Which sarvdsned dtoydlow solution was
cothpaund teCaiphes fenClienadizgdhebketahkelas withvioadmbinetionatisg followed
Al§§31 fhe reartion MRIMMSedCtirred at 25°C for 1 h. Under these reactions
20 conditions, iodosylbenzene is formed, which serves as a donor compound to alpha-
functionalize the ketal ketone with iodo functionality, Also, the reaction medium used to
fanctionalize 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

25 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. teluene, The agueous layer was washed
with 15 mL toluene four more times, Toluene (15 mlL) was added to the aqueous laver
followed by 2 M citric acid (10 mL) to reduce the pH to 4. The layers were separated and

30 the agueous layer extracted with 15 mL toluene four more times. The combined post-acid
toluene extracts were dried (MgSQOy), 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.



TR - functionalize the ketal ketone with iodo functlonallty generally provides the _
- Printed: DS/OQ&ﬁﬂﬂtlons to carry out a FavoSkigRAkiigement reaction. ConsequentlEP2006067395
4 once the alpha-iodo- functionalized material is formed, the material

automatically proceeds to rearrange -25 according to the Favorskii

scheme. Methanol was removed on a r'o%gr“y evaporator at 30C and 70

rpl@?/ktggégmem@@@uecawagm@rated between 15 mL water and 15 mL

tg!g%Q%aTh %Ue;\%‘étf‘s %ay? hed with 15 mL toluene four more
times. Toluene 15 mL was added 10 the aqueous layer followed by 2 M

citric acid (10 mL) to reduce the pH to 4. The layers were separated and
30 the aqueous layer extracted with 1.5 mLtoluene four more times. The
combined post-acid toluene extracts Prétied (M,aS04), filtered, and
concentrated in vacuo (rotary evaporator at 30C and 25 mm Ha then
vacuum ideags &2k egak{noh ldgfel By iR ffosd BrAdda1 70.0%) of
compound 56 as a pale yellow solid. Printed: 05/09/2007 CLMSPAMD
EP2006067395 {S -26- PCT/EPB@RE/08M395; Our case 23524 WO
Claims as amended on August 13% Clean Copy CLAIMS 1.
Process for the preparation of a carboxylic acid of formula Ib HaHs O Ib
0 5 HO comprising the steps a) afkd)AWherein,step a) comprises the
reactlon of a ketone compound of thé formula HsC\'-CHa 0~X | Ib’ 0 with.a
donor compound selected from N-chlorgsuccinimide,
d|chlorod|methylhydant0|n 10 trichloroispcyanurate and comblnatlons of
P solvent to form the alpha

3

5 halogenated ketone of the formula HO

_comprising the steps a) and b) wherein

step a) comprises the reaction of 2 ketone compound of the formula
H3’C><H3
o o b

)

b

with a donor compound selected from N-chlorosuccinimide, dichlorodimethylhydantoin,
10 trichloroisocyanurate and combinations of these in the presence of L-proline and a polar
solvent to form

the alpha Ealogenated ketone of the formula
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AMENDED SHEET 16/08/2007 Printed: 05/09/2007 CLMSPAMD

Pnnted OS/OQEQQBO6067395 -27 H3IrCiV\W/(EINGBSPAME Ci 0 or with a donor . EP2006067395

o

- formula lllc DMF is used as polar

10

IS

compound selected from diacetoxyiodobenzene to form the alpha

“halogenated ketone of the formula H3C (;H3 0 hid 5 and step b)

comprises Favorskii rearrangement of tﬁe alpha halogenated ketone of
formula llic or Ilid in a selution oﬁam all@qshydromde in a lower alcohol. 2.
Process according to claim 1, chara rized in that the donor compound to
form the alpha halogenated ketorfe of the formula 111c is
N-chlorosuccinimide. is 3. Process accgyding to claims 1 and 2,
characterized in that for the forma the alfiha halogenated ketone of

t. 4. Process according to claims
lto 3, characterized in that the forrhatioa~ef the alpha halogenated ketone
of formula llic takes place at a temp atureSh the range of -10 C to 35 C.
15 5. Process according to claim 1, éharacterized,in that potassium
hydroxidé in methanol or ethanol is used for the Favorskii rearrangement
in step b). AMENDED SHEET 16/08/2007 Printed: 05/09/2007
CLMEPIIPPEESsDpRY e ted Sempdinseicauiodebsrarig to Ehihe alpha
dhtnzanerdddtionthaf thefformubition.of the alpha halogenated ketone of
formula 1lld is performed in the presence of potassium hydroxide in
methanol or ethanol and that the i &%pha.halogenated ketane of
formula I id Pﬁ

o
Hid

and
step b) comprises Favorskii rearrangement of the alpha halogenated ketone of -

formula IIc or I11d in a solution of an alkali hydroxide in a lower alcohol.

2. Process according to claim 1, characterized in that the donor compound to form
the alpha halogenated ketone of the formula Ilc is N-chiorosuccinimide.

3. Process according to claims 1 and 2, characterized in that for the formation of the
alpha halogenated ketone of formula Ic DMF is used as polar solvent.

4. Process according to claims 1 to 3, characterized in that the formation of the alpha
halogenated ketone of formula Iflc takes place at a temperature in the range of -10 °C té 35
°C.

5. Process according to claim 1, characterized in that potassium hydroxide in
methanol or ethanol is used for the Favorskii rearrangement in step b).
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under this conditions is directly rearranged to the carboxylic acid of

Prmted 05/09)fgmomla Ib. s 7. Alpha halogenateg&etanof the formula H3CCH3 file @P200B8067395
O Cf 8. Alpha halogenated ketone of the formula H3CCCH3 11 O 111d
i 0 xW+," AMENDED SHEET 16108/2007

6. Process according to claim 1, characterized in that the formation of the alpha
halogenated ketone of formula Iild is performed in the presence of potassium hydroxide
in methanol or ethanol and that the formed alpha halogenated ketone of formula 1IId
under this conditions is directly rearranged to the carboxylic acid of formula Ib.

5 7. Alpha halogenated ketone of theformula

Haxﬂa
o 0

T
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