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production of a conpound of fornmula (2) as the major internediate for
synt hesi zi ng a conpound of formula (1), which exhibits good inhibitory
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which exhibits good inhibitory activity for Dipeptidyl Peptidase-1V (DPP-IV) and thus

can be used as a medicinal product.

Background Art

[2] The compound of formula (1), as the compound which has been disclosed in Inter-

national Patent Publication WO 06/104356, exhibits a good inhibitory activity for

Dipeptidyl Peptidase-1V enzyme, and therefore can be effectively used for treatment

and prevention of diseases caused by the action of Dipeptidyl Peptidase-1V, including

diabetes (particularly, type II diabetes), obesity, etc.

[3] The methods for preparing the compound of formula (1) by means of the compound
of formula (2) as the intermediate have been disclosed in WO 06/104356. Regarding

said prior reference, the compounds of formulas (1) and (2) can be prepared by

methods—for example, such as the following reaction scheme 1:

[4] Reaction Scheme 1
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[6] However, in mass-scale production said prior method is difficult to obtain the

compound of formula (2) having a high optical purity due to the racemization of a
stereogenic center on which the amine group is present in the compound of formula (2)
to some extent, and therefore it is also difficult to obtain the compound of formula (1)

with a high optical purity.



Compound of fornula (1) [6] However, ingdmss-scale production said prior
method is difficult to obtain the conpound of forrmula (2) having a high
opti cal puoi2012/30®6t 0 the racem zation of a stereogeni c PCEMR201100062601 ch t he
am ne group is present in the conpound of fornula (2) to sone extent, and
therefore it is also difficult to obtain the conpound of fornmula (1) with a
high opyjcal purity. 2 WO 2012/ 030106PCT/ KR2011/ 006260 [7] Di sclosure of

| nvention Te ical Pr em [ 81The object of the present invention is to
provi de a nojﬁgcm%ﬁﬁ]& eﬁll[t%rl ng the conpound of fornmula (2), with high
optical puri ty, ProBi i nternmedi ate for preparing the conpound of
formula (1), v&clﬁﬁcéanrgﬁ (ﬁrr%dl cally used as an agent for inhibiting DPP-IV.

Sol uti Bl t o Pridisiadiact ofithh erasemrieventipe ippesevide & nywhuieghrddeopicgasngthpovel

net hod for prgpy ?Bﬁrﬂﬂoftfﬂﬁnﬁﬁ OWi‘tﬂ n3fh &R fcmﬁhﬁ«n&?a)stl?esmhj&@lﬂ?@fh{%ﬁla't&ﬁo?r nedi at e,
whi ch can be effectively used for pre aratlon of @&P‘I nd of forrrula

(1) as an ag@fPafipg therﬂerrmow g @fﬂiﬂuha\? s MaghreRn RS meodl Usgsnas 480 {ipy [ 11]
I n the above iflabitiul ®PP-1V.
Solution to Problem
[9] Therefore, the present invention provides a novel method for preparing the
compound of formula (2) as the major intermediate, which can be effectively used for

preparation of the compound of formula (1) as an agent for inhibiting DPP-IV:

[10] »
g
[11] In the above formula,
[12] R1 is hydrogen or CF;,
[13] R2 is selected from the group consisting of hydrogen, substituted or unsubstituted C, -
C)o alkyl, substituted or unsubstituted C;-C,, cycloalkyl, substituted or unsubstituted C,
-C; aryl, and substituted or unsubstituted C;-C; heteroaryl; and
[14] each of R3, R4, R5 and R6 is independently hydrogen, halogen, or substituted or un-
substituted C;-C, alkyl.
[15] .
HO R3
N
O  NHP,
R4
R6 RS (2)
[16] In the above formula, R3, R4, R5 and R6 are as defined above, and P, is an amine-

protecting group. Preferably, P, is Boc (butyloxycarbonyl), Cbz (benzyloxycarbonyl)
or Fmoc (9-fluorenylmethyloxycarbonyl) and more preferably, Boc.

[17] In the above formulas (1) and (2), if C,-C, alkyl is substituted, it can be preferably
substituted with halogen, and more preferably, fluorine.

[18]

[19] 1. Preparation of the compound of formula (2)

[20] The method for preparation of the compound of formula (2) according to the present



[12] Rl is hydrogen or CF3, [13] R2 is selected fromthe group consisting
of hydrogen, substituted or unsubstituted ClL - Cl10 al kyl, substituted or
unsubst i tWDed1208010860 cycl oal kyl , substituted or unsubst PCHKRROM06268 aryl ,
and substituted or unsubstituted C3-C7 heteroaryl; and [14] each of R3, R4,
R5 and R6 is independently hydrogen, hal ogen, or substituted or

unsubsti t ut edn\@ihtl&ﬂlsaﬂhkﬁébtenkécﬁl]n th&ﬂ@%l}ﬁtbﬂﬂ?gf%ﬂﬁﬁlal%ﬂ i&)rez[ci@l] witthat he above

formul a, R3, R4 ned .a
i e or ot ect e BR6OBRaf S Py st OR B BRTKE e P e by tegsio
(benzyl oxycampbaesting goouprdmioed S-ofr o cemybwret ¢fyfbonyle &) dtey the reavtionof eaid
preferably, '?\98100151?{3‘%) kn the above fornmulas (1) and (2), if C1-C4 alkyl is
substituted, It cah be preferably substituted with hal ogen, and nore
preferdblly, flpoyi 18] [19] 1. Preparation of the compound of fornula
(2) 11201The net hod or”";‘;reparatl on of the compound of fornula (2)
according to the Bre¥¥&at 3 W 2012/ 030106PCT/ KR2011/ 006260 i nvention is
characterized in that a conpound of formula (4) is reacted with a conpound
of fornptja (5) and fHIt er conprises the step of renpbving a carboxylic acid
protecting group derijved fromthe conpound of fornula (4) after the
reaction of sabB@®t - nsFunds. [21] P2NH2 O NHP, (4) [22] R4 O

R3

R6
(%)

[23] In the above formulas,

[24] P;, R3, R4, R5 and R6 are as defined above;

[25] each of P, and P; is independently benzyl group, methyl group, ethyl group, i-propyl
group or t-butyl group;

[26] G, functions as a good leaving group together with oxygen. G,0 is triflate
(trifluoromethanesulfonate), mesylate, tosylate, besylate or nonaflate
(nonafluorobutanesulfonate) and preferably triflate or nonaflate.

[27] The method of the present invention produces the compound of formula (2) from the
compound of formula (4) and the compound of formula (5) via a compound of formula

(2a), and specifically comprises:

[28] (a) the step of coupling reaction by addition of a base to the compound of formula (4)
and the compound of formula (5),

[29] (b) the step of cyclization by addition of an acid to obtain the compound of formula
(2a), and

[30] (c) the step of removing the carboxylic acid protecting group by hydrolysis of the

resulting compound of formula (2a) to obtain the compound of formula (2).
[31] The method of the present invention can be represented as the following reaction

schemes 2 and 3.

[32]
[33] Reaction Scheme 2
[34] PO R4 O o
2 WNHQ + W a PO R3
G,0 oP, — N
O NHP, ""R6" RSgy b mK Ra
R6 RS ’
4) (5) (2a)
[35] Reaction Scheme 3

[36]



OP, (5) [23] In the above fornmulas, [24] Pl1, R3, R4, R5 and R6 are as

defi ned above; [25] each of P2 and P3 is independently benzyl group, nethyl
group, etWolowrsus i -propyl group or t-butyl group; [26CTER2WA®sIENs as a
good | eavi ng group together with oxygen. GlO is triflate
(trifluoronethanesul fonate), nesylate, tosylate, besylate or nonaflate
(nonaf | uorobut anesul fonage) and preferably triflatge or nonaflate. [27] The

met hod of theppyesent inyengion produceget he compdundiof fornula (2) from
t he conpound of for Iﬁ‘j}:ﬁ{ an conpound pf WNortula (5) via a conpound

of formula (2a),%and"Bpecifigal |y conpriséd: [¥g] rd he step of coupling
reaction by addition okesardase to the conpound ofks frarnula (4) and the
conmpound of formula (2‘;) [29] (b) the step of gyclization by addition of an
acid to obtain the conpound of fornula (2a), and [30] (c) the step of
renovi Ng7t he dantxoabolve scheaies, prot ecti ng group by hydrolysis of the

resul ti compaund of for 2a),to obtain the conpound of formula (2).
[ 31] Ti@gmat h&dsgga%ehsém%rasggléﬁt filmrll\gesrPtalseor‘?’ECC’an be represented as the
fol | owi[AY r eadtis en asidhadtess Rc@Hdet8., afid@] orghB8 olReztcutlom Cdidnet; [ 34] R4 O

[ 35] Ree[‘&@]i on ChERBwhh tﬂéﬁ%gectiﬁ’g group and typically is selected from the conditions (1) a
strong acid such as H,SQOy, etc. and CH,Cl,, aq. NaOH, Boc,0, and (2) NaOH, EtOH,
H,0, reflux, when P; is Boc and P; is t-butyl group or is the hydrolysis condition
utilizing the base specified in the above condition (2), when P, is Boc and P; is benzyl
group, methyl group, ethyl group and i-propyl group. R3, R4, R5, R6, Py, P,, P5 and G,
are as defined above.

[41]

[42] Specifically, in step (a) the unprotected primary amine of the compound of formula
(4) is coupled with a carbon atom having the leaving group in the compound of
formula (5) under the basic condition, and -OG; is removed. This reaction uses C;-C,
trialkylamine, preferably triethylamine or diisopropylethylamine, as the base. As the
reaction solvent, common organic solvents such as dichloroethane or dichloromethane,
or cyclic ethers (e.g., tetrahydrofuran (THF) or dioxane) can be used. To facilitate the
reaction, the base used alternatively serves as the solvent. The reaction can be
conducted at any temperature between 0°C and the refluxing temperature.

[43] In step (b), the compound of formula (2a) is synthesized through cyclization of the
secondary amine group of the compound produced from said step (a), with the internal
ester group under the acidic condition. In this reaction, as the acid inorganic acids such
as hydrochloric acid, sulfuric acid, nitric acid, phosphoric acid, etc. or organic acids
such as formic acid, acetic acid, tartaric acid, etc. can be used, with acetic acid being
particularly preferable. The solvent and temperature conditions as described in the
above step (a) can be used in this step. Said steps (a) and (b) are conducted in a
continuous manner.

[44] In step (c), the compound of formula (2a) obtained from step (b) is hydrolyzed to
obtain the compound of formula (2). Specifically, in case of the compound of formula
(2a) where P, is Boc and P is t-butyl group, first a strong acid such as sulfuric acid,
hydrochloric acid, phosphoric acid, TFA (trifluoroacetic acid), etc. can be used to
remove both protecting groups and Boc protecting group can then be attached again to
the amine group under the basic condition to obtain the desired compound of formula

(2). Alternatively, the hydrolysis under the basic condition, rather than the acidic



WO 2012/ 030106PCT/ KR2011/ 006260 0 R3HOgy---,",(--"N --11", R3 0 NHP1R40
NHP1R4 R6 R5R6 R5 (2a)(2) [37] In the above schenes, [38] a is a base such
as Et 3N, wonog/sotwase, etc.; [39] b is an acid such as RCOKR2eti¢n0p26and an
organi ¢ sol vent such as CH2Cl12, etc.; [40] c varies with the protecting
group and typically is selected fromthe conditions (1) a strong acid such
as f :—|2 SO4\,Nh et ¢ondition, Chiz (chd E;[Io 8djectiMa Q‘ﬂgo&l) oR0nly P dmbORY t}i\dqﬁﬁ;e(r:]tﬁ‘fj@gﬂloup‘m ,and

refl ux, en is Boc and P2 is.t-bu r or 1s the r Si S

Condi 11 onat Ry e e Buistuy B formill oy Ao 18 Bsobet B0 VRIS Sotgen pa
i s Boc and P2zffigetyefizierabdy,cogiumigtdngiidgsaungmn ietiksd asghobyse aldpon equngptjin
group. R3, R¢ Iﬂg@eaéﬁ%n, tjﬁ% COlﬁé@UIﬁ%ﬁ%ﬂ% ((jﬁrcﬁn 82 ogﬁiﬂea(ﬁg a‘g?ﬁ)d/ ﬁrodilép'] [ 42]
Specifically, in step (a) the unprotected primary am ne of the conpound of
fornula (4) ikrorguplidificaiianisenecdrassh at om having the | eaving group in the
conmpoungsiof f qh B (R camsiind tWherdRSk Bos aRd P} is ®enzy@ BEbupOfabihlyd ofoR PRMEA.-
This reaction uses Cl- trial killggrmlne, refer bl%lr}')trl e hyl arg ne_or

di i sopr opy! eEFHPAilRLOPYA 8quRe ey drolyRsS qapdbecandyciesbysgpansif 2 éﬁﬁwﬁgﬁ &t gani ¢
sol vent s sucprasctihigabdonivo &t dvmdected udng bil,/BdaimehbaRreis @z, oywlingcBeNEr8hdpe. g. ,
t et r ahydr of ur, Ign'nl'(l)-(l:F) or di oxane) can be used. To facilitate the reaction,

n
t he base use 1%ﬂterﬁatively serves as the solvent. The reaction can be
conductléel at dhgfetabiypdreatomppuhé piEemuBQ2aean benebtaindd und ngh yefpehert Brie.t- [ 43]
In step (b), LhRe oFRPRRUBELAN ofRp bR hré@lablySe- BT H68H 260 Pt rAug
cyclization ofty?ﬁe ?ebgo%dﬁygathe grpgrup aof}st heplc%rr%%und f)r oducgldgr?lrl%(r)ﬁ said
step (a), wi €HYIE®UPnternal ester group under the acidic condition. In this

reacti quq7] as tiheddiébs, th@ﬁie@@ﬁﬁﬁveﬁﬁbﬂﬁroﬂdﬁba@ﬁetﬁﬁﬁb@ﬁﬂb@faﬁ@n acihd, sulfuric
ori| c acl et or .organi.c acl

acid, nitric acid h : such as formc
21, aceti o cagpaindap FRRRLSIAT S 6 i R daetets ieconaispietie phHBL: ng
parti cul ar | y cpmpberdadfl fermila€2)sol vent and tenperature conditions as

descri ti’ﬁgl in the above step (a) can be used in this step. Said steps (a)
and (b) are conducted in a continuous nmanner. [44] In step (c), the
conpoundflof f & Rueparatian obtheomppundmhfetmawla(®) i s hydrol yzed to obtain the

conpounspof f ofibapoddd ofSBERLEhI(SRkL ¥Yne Sthé §ERING mMAEGa1E AIRIYNSeplrafid Gl @
(2a) where Pl is BoCc and P2 -butyl group, first a strong acld such as
c

Is t p.
sul furic aci de $YRRGEAPLErEULCe cap kb fsRaier droge the, knpA copppiind of foam Rk
acid), etc. canwhehusede bbraidoxen bobippimt &Tbin@a 06)abfdsgR i BaBoPsifwact i ng

roup can then.b ttached. .agai.n to, the am ne t he basic

Sond t1on t o bbrIPivRE M uRrSal st AR ABSE o (o pati vel y, the
hydr ol y§lls undée métkobfs ipeepaciidn of ge,conpohet of foanulat(s) @mimises 5 WO

2012/ 0393,06PCT/, 1S /o?Pe%%@Qng%“airﬁsﬂoggd gﬁf}”f&lz“ﬁa@) tPobi gﬁ{riﬁféﬁ% LRERy@l  of

Q
only P2 anong the protecting~group to” provi onpound of
formula (2), camgowl: éndranner of the procedure is nore efficient.

Preferablly, Sqgj WBsRYr a8 &Rlaltih8NdnSHduseBb@mel TRNPALbowPANL G@P! et i on

of the reaction, the conpound of fornul 2). can be obtajned as a sol.id
product t hr o§gRPE¥Idasee W%H}% gdherpPrann gleéd“?f ﬂ[ezf@rnnoain@aﬁémalfﬂat@étoc Bund
where Pl is BeccamnmbuR2 of forbainiz(f). Tiiompthodetinyé represeified ed shphvngnohep or

i -propyl gro he hydrol ysi an be conducted by nmeans of a base. The
de-protecti ng&}oéygal{:l ir%a\ég?%sc)égrr? L?gt ed using H2/Pd-C when P1 is Cbz, or using
BudN+F{54hen MReacorEbeheme[4#46] Preferably, the conpound of fornmula (2) can
be obtqg ed in a high yield when P2 is t-butyl group or i-propyl group,
nmore preferably t-®Butyl group, and P24 ig nmethyl group or ethyl group. [47]

I'n addition, thegg &nt—i H%I 0 %s a method for preparation of the
conpounds of formmReasRy4) and ‘:?)Re %Qe tarting materials used for
preparation of the conpound of formula®(2). [48]
(6) @)
[56] In the above scheme,

[57] a is ethyl acrylate (where P, is ethyl), Cu powder, TMEDA
(tetramethylethylenediamine) or THF;
[58] X is a halogen such as Br, F or Cl, etc.;



[49] 2. Preparation of the conpound of gornula (5) [50] The conpound of
formula (5), as one of the starting materials used for preparation of the
conpound WP 2bvasedoa (2), can be prepared fromthe knownPCORRNA06I60f or nul a
(7), which can be obtained froma conpound of fornula (6) through the

met hod shown in the follow ng reaction schene 4, as disclosed in WO

06/ 104359. [ SH, isThazpetbas rhahylpiepaedlyl goupfi-grogyl gesmosmndudfl darpaul a (5)

conpri [ 52] tep,of re i t he conpound of fornula (7) to
obt ai nﬁgﬁpri n&?{)% }ég%i?a ‘gﬁb%ﬁﬁag%&ﬁg%ﬁ%- (b) the step of reacting the
al cohol[6tlonpoRudcidit S¢heed S rom t he above with a Gl conpound correspondi ng
to the rtion GLO of the conpound of formula (2) to obtain the conpound of
f or mul 41@%5). Thi s qretfdod> can be represent eRfk a3 shown in the follow ng
reaction schemeP / %gctj_of?_,Sch 4 0 R4 0 P40, R6 R5 R3 OP3
(6)(7) [56] In thesale gscherre?) [57]" as’ &s 5hy|P3acryI ate (where P4 is
ethyl), Cu powder, TMEDA (tetranethyl et hyl eneédi am ne) or THF;, 11581X is a
hal ogen such as Br, E or d, etc.; 6 W 2& 2/ 030106PCT/ KR2011/ 006260
11591P4 i s benzyl g‘17 up, methyl group, ethyl group, i-propyl group or

t - but yl[63)r oup;In [i@dboRE scHiRhe, RS, R6 and P3 are as defined above. [61]

React QpuSenen®, Rapkf 2dna AOH GNED & iffofe F3R6 R R

[65] b is trifluoromethane sulfonic acid anhydride (Tf,0), trifluoromethane sulfonyl
chloride (TfCl), methanesulfonyl chloride (MsCl), toluenesulfonyl chloride (TsCl),
bromobenzenesulfonyl chloride (BsCl), (CF;(CF,);SO,)F or (CF;(CF,);50,),0,
pyridine or trialkylamine, and CH,Cly;

[66] R3, R4, R5, R6, P3, P, and G, are as defined above.

[67] Specifically, in the above step (a) sodium borohydride (NaBH.,) is used to selectively
reduce only the ester group, P4, protecting the carboxylic acid to obtain the primary
alcohol compound, which in step (b) is then reacted with the G, compound corre-
sponding to the portion G;0 of the compound of formula (2)—i.e., G; compound
selected from the group consisting of trifluoromethane sulfonic acid anhydride (Tt,0),
trifluoromethane sulfonyl chloride (TfCl), methanesulfonyl chloride (MsCl), toluene-
sulfonyl chloride (TsCl), bromobenzenesulfonyl chloride (BsCl), (CF;(CF,);SO,)F and
(CF;3(CF,);S0,),0, in CH,Cl, as the solvent in the presence of pyridine or trialkylamine
to obtain the compound of formula (5). By way of example, when G,0O of the desired
compound of formula (2) is triflate, the reaction is conducted using trifluoromethane

sulfonic acid anhydride to obtain the compound of formula (5).

[68]

[69] 3. Preparation of the compound of formula (4)

[70] Meanwhile, the compound of formula (4) as the remaining one of the starting
materials for preparing the compound of formula (2) can be prepared according to any
one of the following methods.

[71]

[72] The first method for preparing the compound of formula (4) comprises

[73] (a) the step of converting a carboxylic acid group of a compound of formula (8) into
an ester group by introducing P, group to obtain a compound of formula (9),

[74] (b) the step of selectively reducing an ester group Ps present in the compound of

formula (9) to obtain a compound of formula (10),

[75] (c) the step of introducing a G,0O leaving group into the compound of formula (10) to



(7)(5) [63] In the above schene, [64] & is NaBH4, and EtOH or MeOH or
i-PrOH;, [65] b is trifluoromethane sulfonic acid anhydride (Tf20),
trifluorowethesomdl f onyl chloride (TfCl), nethanesul f orgii/KR20OG0620( M5Cl) ,
t ol uenesul fonyl chloride (TsCl), bronobenzenesul fonyl chloride (BsCl),
(CF3(CF2) 3502) F or (CF3(CF2)3502)20, pyridine or trialkylamne, and CH2C12;
[66] R3, R4, oBfin Bﬁomﬁamdlﬁf@ﬂdmﬁmla,re as defined above. [67] Specifically,

inth t di d d | ect I
reduce [0t y v it B b8P GRS B BRRIAER MURFHE baTub R sl B8 ba: 2 n
the primary abtohotormpmpdutidormwha €2) emd step (b) is then reacted with the Gl
oMU O T SERRBLICRO! LR LRAL LR Oy Rl PAARMATkL Ao BHla
trifluoromnet ﬁ@@nﬁiﬂuﬂéﬁfﬁﬂﬁ@ia&%nhydrl de (Tf20), trifluoronethane sulfonyl

chlori qeg)(Tf Chihe fﬁ'@ttrﬁétﬁ%fﬂrfp%ﬁéhn El{le uﬁ%%}muta@};&?r}%g%%@%gv&hl oride
an

(TsC1), brom)benzeneﬁul fon |OI’I 6 Cl%nﬂé
( CF3(CF2) 350§)”?6““i5ﬁ CHPEX f%? Of Hérogft %ﬂ}e A rl%tgél?f‘c‘éﬂ‘ N HOMiQi ne or
trial kyl am nevhich mbbaemgmhplmmﬂmalnd tlm‘cdnqrdmuﬂaf {dmnulaBy) wed/canfbeereprpl e,

when GLO of th e r.oul a is triflate, the reaction
i s conduct edrﬁsg{ltﬁ:g%% ?lf(}anu%ggneqﬁ)W?n reg ()(?ns’ldé‘g a%:|6d anhydride to obtain the

conpoundlof f diaantion $Aeme[(68] [ 69] 3. Preparation of the conpound of
f or mul 38 ]4) [ 70] Meanwhil e, the conpound of formula (4) as the renaining
one of the starting erials for prepariﬂg t he conpound of fornula (2) can

be prepared acdttdi ANy #ne & PwWi Ry et h onl 721 The
first nethod for mEl ng the conpo nd érnula (4) cofpr ﬁ@S [73] (a)
the step of convert §Ng a carboxylic acj d g?oup of a conpoung of' formula (8)
into an ester groud by introducing P2 (a oup to obtain a coz‘pbund of formula
(9), [74] (b) the step of selectively reducing an ester group P5 present in
t he conpound of fornula (9) to obtain a conpound of forrmula (10), 11751(c)
the step of introducing a G0 | eaving group into the conmpound of formula

(10) to 7 WO 20124030 6P /KR20 1/ Nau n a CIBZ &Hfor mul a
(11), [76] (d)_the_step o a %I; Wth an
azi de conpound to obtaPn HH%onpound of for (12) and €) the step

of subjecting the conpodHd of formula (12)1fo hydrogenat i 0|‘1 to obtain the

conpoung of qul@%@oo@ggche[n@] The first method for preparing the conpound
of formula (4) descri bed” above conprises the Chgrocedures for introducing

the anmil®@ groups Wé t Bec-Odmhsts BatdhPytyl sipeh ap QHerr Yilldup i s attached

i n the [gnpoungs ofaBH! &id MeOB)oranidzan be represented as shown in the

Fol low pg reacti gl KRBT, (CF(CF;):SOF or (CE(CE,);80,),0 etc.. pyridine or tri-
alkylamine, CH,Cl,;

[85] d is NaN;, DMF or NMP or DMAc or DMAC/EtOAc or DMAc/H,O or DMACc/
MeOH, heating;

[86] e is selected from the conditions (1) H,, Pd/C, MeOH or EtOH, (2) NaBH.,, Pd/C,
MeOH, (3) PPh;, H,O, THF, and (4) trialkyl phosphine or trialkylphosphite, H,O,
THF;

[87] Ps is methyl group, ethyl group, i-propyl group or t-butyl group;

[88] G, is together with oxygen a good leaving group including triflate, mesylate, tosylate,
besylate, nonaflate, etc.;

[89] P, and P, are as defined above.

[90] In step (a) of said reaction, the carboxylic acid group of formula (8) is converted into

the ester group by introducing P, to produce the compound of formula (9). In this
reaction, t-BuOH or THF is used as the solvent, and a catalytic amount (0.5 mol% ~ 30

mol%) of 4-di(methylamino)pyridine (DMAP) is used. For example, if P, is in-



O P211-YOXP20 "iinr.N3 O NHP10 NHP1 @ NHP1 (11)(12)(4) [81] In the above
schene, [82] a is DVMAP, Boc20 (where P2 is t-butyl group), and t-BuCH or
THF;, [83]wb 20p/ada®bi4, and MeOH or EtOH;, [84] c is Tf20, PNEGR20TIH0260
(CF3(CF2) 3502) F or (CF3(CF2)3502)20 etc., pyridine or trialkylamne,
CH2C12; [85] d is NaN3, DVF or NWP or DMAc or DMAc/ Et OAc or DMAc/ H20 or
DVAc/ MeOH, h@dtdadgwheBB] 1s$—biu8yl sehpchreehuivant bhBocondivkéd)and (hk)reddZion Rd/ C,

MeOH or Et OH, MeOH, (3) PPh3, H tri.al kyI
phosph ne. or <ppfikia st FaniptortdRobilis b hou i GMByb s e

group, i - propytkr gmopqundof forbuday/(9).gr oup; [88] G is together with oxygen a
good | i ng i i lL.ate,
nonafl 9}/] et gflg{é%WSLiﬁ I@%t{ig% %llﬁggtgggﬁﬁl? i ne eiggggﬁ}{ lfg% r{?%ﬂsﬁt ep (a) of
said r eactl osompaendfrfpanylp (Y —abe-dthg cetapeiorp ptﬂswﬁlleﬂ(ea)osxt@n@éﬁmlft 8 into
the ester gr q)éélﬁvély rbdﬁcé@ml sB&uR?bdr@hﬁ{déCtN%BH%db@dﬂi’ﬂiért@ uﬁ&()m&ﬁuﬁ%

In this react used. as t sol v t al

amount (0.5 ﬁl)(ﬁ%“ %W%Wéco lf;ﬁln a’ils(li’?é‘fthH]ﬁ‘? B?Wre H]elsPEﬁ\‘?zﬂﬁ)t ‘?%01

For exd9pl e, ilh stég (¢)sofishaid red:tidR) (RO 124 hgQ1OGRGTD KRAOGANIBO Gr60:H Ireﬁxdumemh when
P2 is t-butyl val 0 ti nis
conduct ed |ntrt1 erglglﬁthgn %ﬂvvegnacr%po%nnl’l&fi HE Q%Qt)u?reﬂjuéﬁg e ouetstuifg&y %?O al n the
desired est et(T@hpmihﬁilesiﬂfml dﬂblade(@ﬂscw galpenasuiboreh C](ﬂbyld@fTSQal] d3r0m9b¢n on,
the ester gr Qeesmbm chidri t@gmﬁl(m(ei‘:

%%%‘})F bﬁ(éﬁ“@ﬂ %WU@ dinQFH fQr a{mh@
(9)-i.e., the ester "group prese t he pos -T's ecti vel
reduced wi t h SSyERtUmMsOreRpFT e%pygmmm%yeml%ﬁ tﬁ CtbF?én éerﬁﬁmma%ﬁf fos

(10) as the primary al cohol. In this reaction, nethanol or ethanol is used

th | t 9 f d t t he | G20 i
Tt roddddy ¢ ﬂ#aa%nﬂbeﬁnénd&ﬁ bR eprpbmdiattafla (Ll shied Wb T de °
(TfF20), triflyovoket kbﬁmrhsmlaizmlamhderh;lmmm@cc(nﬂitféh)(60?@¢orﬁ)ﬁ(éﬁmldbmmythechI oride

(MsCl), tolu gﬁ;%@ de (TsCl), bromobenzenesul fonyl chloride
(BsC1), ? 3(CF2) 3S02) 20, in CH2C12 as the solvent in

t he pr 48 nce &hem}ﬁe(ﬂr%@ erthft ¢¢ran>w1rlaﬁif¢reut1@(1@bt@s wbtafed conpo apievedtd f or mul a
(11). [93] | nr%l:tétﬂ?eoarﬁﬂ): gﬁiupstﬁfo‘ﬂ ?&Jog&ﬁmoﬁ ReGARRIERVa@bus@ddiBh Bokdiddnd S

reacted with equi va sodi um azi de under warm ng condi tion
(60C to 80C) () dOSBEaé{IWCFH@PEWJﬁHH‘HF @ormul a (12). [94] The azide group
of the [g®Mpourrdr@fuldrBy, M@ P( kBoct hiis i pbdpail RGP G2 H-bhE1 gﬁmpeha €hoiintrilddre

Condi t Pons. (&) "0 e SPRATH ALERI T iR e SREE 7

[96]

[97] The second method for preparation of the compound of formula (4) comprises

[98] (a) the step of converting a carboxylic acid compound of formula (13) into an
activated ester, which is then reacted with a secondary amine compound to obtain an
amide compound of formula (14),

[99] (b) the step of reducing an amide group of the compound of formula (14) to obtain a

tertiary amine compound of formula (15), and

[100] (c) the step of subjecting the tertiary amine compound of formula (15) to deben-
zylation reaction to obtain the compound of formula (4). This method can be rep-
resented as shown in the following reaction scheme 7.

[101] Reaction Scheme 7

[102]

o 0
P.O P,0O /\/Lk P.O
2 OH _a) T Pe b) i T ' X
O NHP, O NHP, NHP,

(13) (14) (15)

[103] In the above scheme,
[104] a is selected from the conditions (1) i-BuOCOCI, NMM (N-methylmorpholine), Bn,



[95] Particularly, when Pl is Boc, P2 ig i-propyl group or t-butyl group
and Q0 is triflate or nonaflate, the conpound of fornmula (4) can be

obt ai ned wa 20113gte6yi el d. [96] [97] The second net hod PorT/KR2epz06tsoon of

t he conpound of fornula (4) conprises [98] (a) the step of converting a
carboxylic acid conmpound of formula (13) into an activated ester, which is
then r eact ed NM bhBANSIE 0P 0 HY Ymaws dieallgifineiRdd (2) i0DiGCOCRAINMIM, dﬁalgm@and of

of for R {145 cHeuRt P s baRy Ry TEHR S o RpBnte BC PR 0L of RUED 4™
[100] (c) t he(G@)e(}Bth)z subg ewtiimycatigstt Br$iHatoluenti wéluxo(@’p)BthﬂCGﬁ(Pszr)ﬂﬂua _
(15) to deben( atdr%dlgﬁﬁae Qﬁﬁﬁe%ﬁ%ﬁbﬁ E,F@FE@@P@WQ formula (4). This

met hod can bé ry{g‘rese reacti on schene 7.

[103] I n the ApRveimséndsiexanc). (b4l gr fiéwgéfﬂ&ﬂéoﬁlewﬁa ethd egliidpliesnd3) 1)

i - BUOCOCL, NuMEN-(98S pythiBRIGBS, 116N ane PTHF, P MR, RIQJZL(ZI() @rfgmeqmm/ 006260
NH or BnNH2 or di a}‘l%ll amne or aI | yl am ne; and (2) i-BuOCQOCL,

di al | yl am nelolpalssPedings sel ected from the conditions (1) CB(CI)) 12,
Ru( C0) 1206]RuCIR (ChpréteRrhdimeror Ritdn2y16k ) i2(dPRidpall daminecorrddliinane.cat al yst,

Et 3Si Iue fl ux HO0) (PPh3) 3, Ru 3(C0)12 or RuCl(PPh3)3 as
t he reél({)l on (r:patag ?’é%re a&ﬁié@elglz%% g‘?\/HS (pol ydi net hyl si | oxane), THF or 2-Me

THF, 1,[40&i oxdnetep éa)mflsa@trhgrtloni the aede, cohg)ound BBi¢rmula (14) can be conveniently
(9- Bor abi cyc log{a?he% b%]c%ﬁoe?ﬂﬁ% the%oxgﬁé by coﬁg&u{d@f f%l %to Bi3. THF,

t ol uene, heating C{ﬁ S npnob é’ am n benzyl am ne or

nonoal | yl ani ﬁéﬂwe s Withathe pgtionfof aspbuiy] chlRepfpomaie andiabages anddhemisadiang [ 108]
In step (al) Wl%}f@iedo%@@ﬁﬁm%suﬂ?@]amﬁ d@ﬂmmﬁ;b ﬂlée@é foarmla (14) Canf be |
conveni Yy al conver e car | C.acCl CO or mul a
033y T e IR B U Bl iSRRI R A S SR S SR R KGRl (1P and
a base, and thebe reelacdd thepugh tvariausseetbodianp wani niee eievhntaschdiiaNAeld to obtam

di allyl ami ne,, etteﬁxc?r} %%ﬁale Conﬂpgﬁr?cg%@m&]; ?i%'r g o' egcggntp Othe &%ﬁo@‘ﬂoﬁ@o&feﬂ

t he am de corrpoun can e rou various ne
known in t he amedegranp inte amiiedrive beasl khowin a5 ipBows: tM@hQCbbﬂi: aﬁeyf(ﬁww”épléorrpound

of formula (%)rahﬁﬁ’én Eé@@@b? 42t h§4mé’cﬁéﬁc§bfzoEeeCRﬂ‘é%rhbl@QT@efﬂh @ro@rLfé‘t'tP into
am ne have been Known as b- for exanple, Tetrahydron

Lett. 2001, 4278 J?Q4$017NM%1&11 %325665%“%91%9%?% 1998 Loyt Lett. 1998,
_CI’>_9, 1glg %%th}bhl&l Ls€e.999 34'60768331Mﬁh0c(]5{3 sdetdr exérﬁﬁl% Biborg/ %dBﬁ]hém

et rahydron r. i oor
Med. CKem 28@@6 1f48§%5§%gcgﬁ8 %‘{ewogﬁfub ‘?él(b %Sylitgem%é@gp Eg%d Synt ﬁem S
2005, 22BH. [ IByOjapyf evaynpdd, iegaapl éie dompoaseobiormhl (¢npoarad, sfBdcomdib.a
( 14) wher e Pisbﬂt ]Z_lftﬁogwadé rgdzcdnﬁ)otung B}" Ydrmluiahfﬁggﬁl'l{ %taﬁﬁ) @fivﬁ‘i U Or mJl a

(15) can be er various cat ¢’ conditions sal I n

addi tion, thé&a@htigicpadigonyef seishiu tlﬂlé‘ﬁélt@és@ﬁ cafakysis gnd ﬁ@ldaw@eﬁz@eéam be
used to obt aiik AHoee BESiana L@@dmﬂn @{e deR1r8E SRl of Faftul£Ulsar by When

Ph2Si H2 is use nder t eaction can be conducted
using 0.5 nolé aH?sOW ]5628‘&? %%%@j’ ‘)”él %‘q%‘f &';\(béhlﬂ? ISRCUSHSEP LD in the
presence of Thikdwadusiig A nB0E t 30 mblo,aloﬁth(e?Ojaﬁd Sérqummmmlfzslﬁgﬁmul a

(15). The pr %?&Im%fr HI: sglvgntzaggﬁ&é foBbedil ﬂle rc%eglgr)n {j[,]népoung 0§f %ﬁlu?a @52 dition

above is sone gress ra ar 'F&act i on
b-4 as defi nddepbuaress rathef B@stducagumndqrwon@tlm bef astdedingd ebajedasonpewvlobt ai ned

when the reagdy, ?ﬂlahﬁmﬁ:ﬁ)@% ?@ﬁeé&%h@ﬂ U?ndgr f%q&wlaéo%aﬁﬁm%u %f% abdyd fleuene

solvent at 50C . g% them a conpound of
formul a (15aPetdssulidn fFapers theatield Cwbml%ﬁa@s@ wélpn &lw TeartioRds prlyeise asipg
Pd/ G- based catméqawﬁerﬁpomwfqums haorenpNht af s¢carmul1a: (%) =as.4def bned
above. [111] b I)%u[g) 51

10.7). Among thein, a compound of formula (15a) can be debenzylated by hydro-

genation in the presence of Pd/C-based catalysts to obtain the compound of formula (4)

as defined above.

111 .
[ | t-BuO NBn,

O NHBoc (15a)



0 NHBoc(15a) 10 WO 2012/ 030106PCT/ KR2931/ 006260 [112] In reaction step
(c), the conmpound of formula (15) can be debenzyl ated, for exanple, through
debenzyl avpanizsewsi on usi ng H2 and Pd/ C for benzyl proPE€TIHR2G11g0626p Or
dearyl ation reaction using PdCl12/1, 3-di nethyl barbituric acid to obtain the
conpound of forrmula (4). [113] [114] The third nethod for preparation of

t he bc 0 rrlppy nd qg réationb@p (é}% thfe @Bmp})ﬁrﬁﬁof[f%ﬁﬁllla (1)) ciee gétpzpibted ooy ex%\rlirl]glg,ht he
car boxylic agj ormpound of formul a. | n.activated. est er ichis
Chen r sact ed s R G e & B mst b BhBEA R it g pound of
formul a (16) defuylbe@ipn fdartionesisg BAChfl,3-didnech ylloprhiturandcitbtogrboaip thef copipeuadrotie
conpound of %85HH£@%(16) to obtain a nitrile conmpound of fornula (17), and

[117] &cﬁithe step of subjecting the nitrile conpound of formula (17) to
hydr ogéhgtli on reaction to obtain the conpound of fornula (4). This nethod

can b? [[?r s efHeQRird fefHAWOr Ii)l‘@ dri€od & thOWbABoU AR fbioku1S ) BB pAses[ 118]
React ??1 Cher{&) t%e st[ef)' jé?lcorgf%rtiné)_t‘ﬂg EE Sy, go e lslf 1L0rrglula0(1 o &)

carboxylic aci nto dan
activated ester, which is then reacted with a nitrogen source compound to obtain an

mpound
amide compound of formula (16),

[116] (b) the step of reducing an amide group of the amide compound of formula (16) to
obtain a nitrile compound of formula (17), and

[117] (c) the step of subjecting the nitrile compound of formula (17) to hydrogenation
reaction to obtain the compound of formula (4). This method can be represented as
shown in the following reaction scheme 8.

[118] Reaction Scheme 8

[119] o o
PO PO
O NHP, O NHP, O NHP,
(13) (16) (N
o PO /\NHZ
— e
O NHP,

(4)

[120] In the above scheme,

[121] a is selected from the conditions (1) EtOCOCI, NMM, NH3(g), and (2) Boc,0O, NH,
HCO,;, pyridine, DMF;

[122] b is selected from the conditions (1) (CF;CO),0, Et;N, and (2) cyanuric acid, DMF;

[123] c is selected from the conditions (1) Pd/C, H,, AcOH, 45 psi, (2) NiCl.6H,O, NaBH,,
(3) CFsCO:H, NaBH.,, (4) PtO,, H,, AcOH, (5) PtO,, H,, EtOH, CHCl,, (6) Pd(OH),, H
2, MeOH: AcOH (1:1) or AcOH:toluene (1:1), and (7) Pd(OH),, H,, AcOH;

[124] P, and P, are as defined above.

[125] Specifically, in step (a) the carboxylic acid group of the starting compound of
formula (13) is converted into the activated ester group using chloroformate or Boc,O
as an activating agent under the base condition and then reacted with a nitrogen source
compound such as ammonia gas or ammonium salt (e.g., ammonium bicarbonate or

ammonium carbonate, etc.) to obtain the amide compound of formula (16). In this



0 NHP (16)

ONI - 1P1 (13) y

WO 2012/030106 PCT/KR2011/006260

[126]

[127]

[128]

[129]

[130]
[131]

[132]

[133]

[134]

case, when in the compound of formula (13) P, is Boc and P, is i-propyl group or t-

butyl group, the result of the reaction is preferable in terms of the yield.
In step (b), the amide group of the compound of formula (16) thus obtained is reacted

with trifluoromethane sulfonic acid anhydride/Et;N or cyanuric acid/DMF to obtain the
compound of formula (17) having a nitrile group (-CN).

In step (c), hydrogenation can be conducted utilizing a metal selected from
palladium, nickel(I) chloride, platinum(IV) oxide or palladium hydroxide to obtain the
primary amine compound of formula (4).

The present invention is illustrated in further detail by means of the following
Preparations and Examples. However, it is not intended that the scope of the present

invention is limited in any manner by these Preparations and Examples.

Advantageous Effects of Invention

The method of the present invention can produce the compound of formula (2)
having high optical purity as the intermediate for preparing the compound of formula
(1), which can be used as a medicine for treatment or prevention of diseases, including
diabetes, caused by the action of dipeptidyl peptidase IV, with high optical purity.
Mode for the Invention

PREPARATION 1: Synthesis of diethyl 2.2-difluoropentanedioate
(0] O

EtO” OEt
F''F

To a solution of ethyl bromodifluoroacetate (33.2 g) in tetrahydrofuran (94.0 g) was
added ethyl acrylate (8.2 g) and copper powder (10.9 g). After heating to 50°C,
TMEDA (9.5 g) was added dropwise and the reaction mixture was then stirred for 3
hours at the same temperature. Upon disappearance of ethyl acrylate as the starting
material, to the reaction solution was added methyl t-butyl ether (MTBE, 73.7 g)
followed by addition of 10% aqueous ammonium chloride solution (49.8 g) dropwise,
and the mixture was then stirred for 30 minutes. The remaining copper residue was
removed by filtration through a celite, and methyl t-butyl ether (MTBE, 66.3 g) was
added to separate the layers. The separated organic layer was washed successively with
10% aqueous NH,CI solution (66.3 g) and 3 N aqueous hydrochloric acid solution
(99.6 g) in order and then distilled under reduced pressure to obtain 55.0 g of the
desired title compound.

'H NMR (400 MHz, CDCl,) o 1.26 (t, J=7.2 Hz, 3H), 1.37 (t, J=7.2 Hz, 3H),
2.37-2.49 (m, 2H), 2.55 (t, J=7.2 Hz, 2H), 4.16 (q, J=7.2 Hz, 2H), 4.29 (q, J=7.2 Hz,
2H).



0 NHP1 (4) [120] In the above schenme, [421] a is selected fromthe
conditions (1) Et0COC1, NMM NH3(g), and (2) Boc20, NH4 HCCB, pyridine,
DVF; [ 122yokeoizo3smwbect ed fromthe conditions (1) (CF3COPRU/KRDBINO6ZAD (2)
cyanuric acid, DVF, [123] c is selected fromthe conditions (1) Pd/C, H2,
AcOH, 45 psi, (2) N Cl.6H20, NaBH4, (3) CF3CO2H, NaBH4, (4) Pt02, H2, AcOH,
(5) Pt(Q235)H2, HREHARCHOS 2: Sonth&dd 6Byl 44-diflubROFthydefkbdntinbhteor

AcOH: t h ne (1:1), and (7) Pd(OH)2, H2, AcOH, [124] Pl and P2 are as

defi ne ove. [125] Spgcifically, in step (a) the carboxylic acid group of
the starting cpgwafrdvﬁogpr mula (13) is converted into the activated ester
group using chlorefprmate or Boc20 as an activating agent under the base
condi ti and t acted wi n source cQ und h, as, ammoni a
gas or hioni Jireapt Mg gogpot TBdGs BRI oL BEha o,
etc.) to obt athanb]l*(éOArg)dad mmbmmﬂlrmf (61901r oudnd t]@elﬁ)ooleldrtol()l’(t sTo this sétion
2012/ 030106P (13) P1
is Boc and P78 |%%{1)%$Fsggggﬁ%&§?ngw PHI %Pﬂ?ﬁg‘gg‘e@u? E(Q‘%?&Ht%
reaction is pirtefmaltgaiperaiyre elpWs3(b€ After W@Hdlng[cpm}etﬂon of thegegdsion byHH ami de
group of the I\Q\QKPﬁ’l'é rl‘gacﬁf)n E&ﬁﬁ&ﬂ @ad é(@lecf dURe %Qﬁﬁiraﬁ‘lﬁg o S0Teafkl R, ‘&}IFelaus

trifluoronmethane sul fonic acid anhy de/ Et 3N or %anurl c acid
obtai n the compRIMYNShlofige ﬁ‘BﬂP%Olt &777)7 %Pawsrﬁém&lyrﬁdfl?# &e derpiping beﬁsan [127] In
step (c), hydosgenal watikasd heogpondlue! el b ifilirae Mgs distBédndkereioted from

| 1 adi k I hl d l.at i d I di d de t
Dbtain the pPISES %Fﬁ%aov%&%tfﬁﬁgg%ﬁg? "Mt Ra5E QhsBP WSl 7 O 1O
i nvention i s sepdrats thedbwats,iand therdarparic thetawhs diytilllanslenfeduded p‘r@slstu@vw pgtain

Preparations @@%}@qﬁgﬂ 1&‘% ver, it is not intended that the scope of
the present invention Is ted in any manner @5 t hese Pre arati ons and

Exarrpl ¢4538] Advdﬁtl‘&]&l@o@@()éﬁﬂéc@]%cb}éIlﬂ@éhtlraﬁ Hz 380, 2rhe2f8t(he Hé>f2 4hé. present
invention can=ppeguos) e comowdz oH)f onmwh a=42)ahaw)ng hi gh opti cal _
purity Si‘)the intermediate for prepari'ng the conpound of fornula (1), which
can be liS8d as a nedicine for treat nment or preventl on of di seases,

i ncl udi[igp]di alEtAas yi 3 \ S
hi gh opti cal gutrl t?ﬁ l\/bde for the Invention [130] PREPARATI ON 1 Synt hesi s

of di et hyl or opent anedi oat e
[141]

IO OEt
F F

[142] To the solution of 10.8 g of the compound, as obtained from the above Preparation 2,
dissolved in dichloromethane (100.2 g) was added pyridine (7.0 g), and then the
mixture was cooled to -5.0°C. After completion of cooling, trifluoromethane sulfonic
acid anhydride (20.1 g) was slowly added dropwise while keeping the reaction tem-
perature below 6.3°C. After stirring the reaction solution for 30 minutes, 1.5 N hy-
drochloric acid solution was added dropwise at 0°C to separate the layers. The aqueous
layer as separated was back-extracted twice with dichloromethane (33.4 g), and the
extracts were combined with the organic layer separated from the above and then
distilled under reduced pressure to obtain 19.7 g of the title compound as a yellow oil.

[143] 'H NMR (500 MHz, CDCl;) & 1.27 (t, J=7.2 Hz, 3H), 2.29-2.39 (m, 2H), 2.59 (t,
J=7.6 Hz, 2H), 4.18 (q, J=7.2 Hz, 2H), 4.55 (t, J=11.6 Hz, 2H).

[144]

[145] EXAMPLE 2-1: Synthesis of ethyl 4.4-difluoro-5-{[(nonafluorobutyl)sulfonyl]-

OXy jpentanoate

[146]



[131] EtOCEt F F [132] To a solution ¢@f ethyl bronodifluoroacetate (33.2
g) in tetrahydrofuran (94.0 g) was added ethyl acrylate (8.2 g) and copper
powder (MO20py030Wbter heating to 50C, TMEDA (9.5 g) waPCamkRediidoewi se and
the reaction mxture was then stirred for 3 hours at the sane tenperature.
Upon di sappearance of ethyl acrylate as the starting material, to the
reaction solution was added nmethyl t-butyl ether (MIBE, 73.7 g) followed by
addi tion of 10% aqueous..anmoni um chloride solution (49.8 g) dropw se, and
the mixture Wi t stiPFed for 30 ninutes. The remaining copper residue
was rermoved by filtration thMEgH:&Fee$Pte, and methyl t-butyl ether (MIBE,

66.3 g)yyAas a The r was
vashed 1IC ot b Runbah BLR b BF rcB e S pBERAL T BL0G AR Erob fhn
aqueous hydr éeﬁlls%ﬂli’f@ iz dichlgyeomgthiaps (3009) @)gyasmﬁdeﬂfmrdl%m@ﬁr@nalm Beilled
under reduceghiRu@SH Beh Qo&l@cﬂ & No%eC OAﬂeIQfOI’I‘I}JI@IO(aQﬁ 'cb&ﬂlgt '&h@ﬂ&%&ﬁhﬂéd

[133] NMWVR (400f COC13) 7%% J=7. ] égﬁ

3H), 2.37-2. 28} ainde (454 ¢) W@@-S@mﬁ yr«lfl er%OPWAFe:Lé %Sﬂr@ hffF%UOQH)
4.29 (g, J= 7581uhbn fcﬁH)hourle O@h@ﬂr&hl@ﬁ@h&ﬂ@ﬁﬁ/ﬂkﬁm ﬂﬂ)ﬁ\ﬂf&dﬁé@ﬂﬂopwme
PREPARATIO\I% E 5|ls of th I 4. difl uorot ¥d) q% 1ggnoat t{1136] 0
HOCEt F F [1 Q/i’ep%éf‘ § %?’ferst he ueoduna “obt°aPha fWraom% apove" r‘é’bar ation
1 was dil ut edldﬂctrhmethlaw(ﬂOO@Zﬁl)Aalth)themtratcstwefhydlmbfrlgdamth(tbeorgagyc layed then
cooled to 0Cy i

35 ) st epu T | e e e e e S T A
confirm ng céb?ptllt&?%lﬁp%‘fldt he reaction by NVR the reactl on sol ution vvas

f??l sd [')!48 It he HexpRRY OMH@fC[i@Q) 8NP YO AR ILEIU,) mag,@mprwlrz 983@321!1 ution
g) was .S ound was filtere

t hrough celi %2% Zﬁﬂg ?a?é?&g’ %ﬁgtf@ _E %f? er reduced pressure to

renove [149]r ahydr of ur an. Then ethyl acetate (105.2 g) was added to separate

thela)t%(ﬁ aA ssure to

bt >, . i 8 1.23 (t,
(J) 7al2nHz 3Hp_xzz_nm2a_teg (m 2H) 2 49 (t J=7.2 Hz, 2H) 3.69 (t, J= 12(0
Hz, 2H) 15ﬂ 12 'l(oqthegoiﬂtlgn Bksoo?cH% of ht38polidfal o Eéﬂé/&lﬁ%nilthe%}sa&éﬁﬁégea%n et hyl

4, 4- d|f| uor o- 5- | uor one suI onyl’l ox pent anoat e 41] [ 142]
0 2, dlssolved 1n dlchloromethane 1000 0 was added triethylamine (389 g), and

the mixture was then cooled to 0°C. After completion of cooling, perfluorobutane-
sulfonyl chloride (948.80 g) was slowly added dropwise. The reaction solution was
stirred for 3 hours at room temperature, distilled under reduced pressure, dissolved in
methyl t-butyl ether (MTBE, 3000.0 ml) and then washed three times with water. The
organic layer thus obtained was dehydrated with magnesium sulfate, filtered through a

celite and then distilled under reduced pressure to obtain 960.0 g of the title compound.

[152]
[153] EXAMPLE 3: Synthesis of methyl (25)-2-[(tert-butoxycarbonyl)amino]-4-0xo-
pentanoate
[154]  tBuO CO,CH,
O NHBoc

[155] To 25.0 g of the starting material, (3S)-3-[(t-butoxycarbonyl)amino]-4-oxo-
pentanoic acid, was added t-butanol (96.9 g) followed by the addition of Boc,O (25.4
g) and dimethylaminopyridine (DMAP, 62.0 g, 0.5 mol%) at room temperature, and
the reaction mixture was then stirred for 23 hours at 40°C. Upon completion of the
reaction, ethylene dichloride (62.3 g) in t-butanol was added, and the mixture was then
distilled under reduced pressure to obtain 30.7 g of the title compound.

[156] 'H NMR (400 MHz, CDCl;) & 1.45 (s, 9H), 1.47 (s, 9H), 2.71 (dd, J=4.8, 16.4 Hz,



TfO OEt F F [143] To the solution of 19.8 g of the conpound, as obtained
fromthe above Preparation 2, dissolved in dichloronmethane (100.2 g) was
added pyrw@i20e2/037106 g), and then the m xture was cool ed PCO/KRROOMOcADt er
conpl etion of cooling, trifluoronethane sulfonic acid anhydride (20.1 Q)
was slowy added dropw se whil e keeping the reaction tenperature bel ow
6.3C. After 9H)/2.89¢id, ked.4eacs Honl BRBISI(9r8H)04.530m HYt5es) (b dJ=8.0 Hz,

hydr ochl ori cy id solution was added dropwi se at OC to separate the Iayers
The aqueous IE@er as separated was back-extracted twice with

di chl ofb¥&t hane (33.4 g), and the extracts were conbined with the organic

| ayer r at A brve ofpdi-then distilled under reduced pressure to
obtain 187 Wﬁ%&m—a@ a yel |l ow oi | . [144] NVR (500 Mz,
CDC13) 6 1.213343-[(fertzbytoxpcartmmyaminpd.4 ‘ appate 2 59 (t, J=7.6 Hz, 2H)
418(159]]72Hzc 4. .55 (t, J116Hz 2H) . [145] [146] EXANPLE 2- 1:
Synt hesi s of ettEHJS(/)I2 - dPf uor o- 5- 1- ftnonafl uor obut yl ) sul fonyl | oxy |

pentanoate 13 WO 20 H3%30106PCT/ KR2011/ 006260 Nf OCEt F FNf = CF3(CF2) 3S 02
[ 147] Tocdlhe sl bpuheef)miaaﬁhcﬂolgmﬁéd @ tﬁ@ﬁlﬁlﬁ/@'ﬂian?ﬁe D%@-dl@ﬁﬂvefdlﬁr&ﬁahﬁl

b P | ved di chl t h dded
pyr i ne. (65 9] & e ERdONFd e HEHEELARR B To Tt Ty o0 e

conpl eti on ofiNeBHl, |5n’gg) wamﬂ@xkdycnddbcﬂdmpml Thinireacaoydniidewbdstitred vghilenas
| ow dded X J h ' i
ST ou Y, aded, B A 4R K LAY DK PASHL AN AGhBLAR e RS,

the | ayers. PhieHMERd Tly.dp thesreawivasatudan was sloadk addedr3-e Newdgsbborigi t h

di chl or onet hapg sGRG a1 ) d@wﬁem@ﬂe&h{eﬁfﬂ M&Ea@u&mo@ﬂ)umab he organic
| ayer separ at eg fromt he Sé t hen le sti ll e%ﬂu reduced pressure to
obt ai n 177. 52gdigpen phdilyted WFEB‘EM ic gejgglution NVRO&obh q\ﬂﬁ%ctloeéeﬁ@))na 1. 26

(t, 3H, S] =7. Jvasiay; us@d&@pﬂ 338 Wit acﬁﬁ'ﬂ)oncﬁ BB (aty ile(ﬁth ydroéhldritiadid sélurﬂ]lﬁn (aad f2H
J=7.3 Hz 4.57 —11 Hz esis o
othyt 4 n di PRadbeks SR Tl sthdf e (B TR e GRaT % 65 7o
t he sol uti onoofanE0@yd thusofbtiihel wangietlfed, undsr mbtl@dmedsme@mbﬂam Zbbyef the
Preparation 24 gg@ﬁ id i n di chl oronet hane (1000.0 m ) was added

trlethyl am ne and the m xture was then cooled to 0C. After

conpl etli®H of ' AL CREbbAL drds Do hgh (B 9H0r3-4&2(5 481 8B o3 Oks

sl ow y addengngm qg) 3T¢17e<rﬁemc? 5on (soliyhi on was stirred for 3 hours at
room tel-lir&ﬁrat ure, distilled un reduced pressure, dissolved in nethyl

t - butyl her (MIBE, 3000.0 m) and then washed three times with water. The
[ EXASRb B Sriteredu dibatosdcavbd sA-[imesill fudoay
t hrough a celbh{agoﬁgd then distilled under reduced pressure to obtain 960.0
g of the titFe compound. [152] [ 153] EXAMPLE 3: Synthesis of nethyl
(25)-2{164lert - bBu@Wnﬁ am n01- 4- oxopent anoate [154] t-BuOCQ2CH3 0
NHBoc [155] To 25.0 Btarti ng material,

(35)-3-[(t-but oxyca@bo AV1BeAr no] - 4- oxopent anoi ¢ aci d, was added t - but anol

(96.9 g)ed)ol | amess by oF iR c%%ohh@@bt@fne@%%pthé %ﬁo% ]QQan?;ﬂQ4 was added
di met hyl am nop%fr i di he (DVAP 0.5 ol ¢ rogom tenperature, and the

reaction m x raegth@w'eﬂ%tq W@e UFf‘lele@H}‘?dé?‘ 0&% a9g Ehe DEHESEIND: i on of

the reactioncoeedyd @’@letmh k@btldesdlﬁtzorﬁw@s) slbwlytadded aRtanvasoaddathri@nd the

rixture was t0eR Sislibd b HASERINERR PEEROHIRC b RRhAR:Gak ¢ Of the
maintaining the internal temperature below 12°C. After completion of the reaction, the

reaction solution was washed with 0.5 N aqueous hydrochloric acid solution (120.0 g)
and water (100.4 g), and then distilled under reduced pressure to obtain 31.5 g of the
title compound.

[166] '"H NMR (500 MHz, CDCl;) o 1.44 (s, 9H), 1.46 (s, 9H), 2.62 (d, J=6.0 Hz, 2H), 3.04
(s, 3H), 4.21 (m, 1H), 4.30 (d, J=5.2 Hz, 2H), 5.16 (br d, J=7.2 Hz, 1H).

[167]

[168] EXAMPLE 6: Svnthesis of tert-butyl (35)-4-azido-3-[(tert-butoxycarbonyvl)amino]-




111561' H NMR (400 MHz, CDCl3) 6 1.45 (s5 9H), 1.47 (s, 9H), 2.71 (dd,
J=4.8, 16.4 Hz, 14 WD 2012/ 030106PCT/ KR2011/ 006260 1H), 2.88 (dd, J=4.4,
16. 4 Hz, w1236 (s, 3H), 4.53 (m 1H), 5.44 (br d, JPB8TXKRII1/MEH60 [ 157]
[ 158] EXAMPLE 4: Synthesis of tert-butyl

(35)-3-1-(tert-butoxycarbonyfl am nol-4-hydroxy- butanoate [ 159]

t - BuO2C- Thr - GtabbiBec [ 160] 30.7 g of the conpound obtained fromthe above
Exanpl ﬂ()?gpvvas di ssolved in ethanol (112.3 g) and, after |owering the

intern errpetr%ﬂ Q,. 5C sodi um borohydri de (NaBH4, 5.7 g) was slowy
added dropw se. ?s C%IOI’I solution was stirred while malntalnlngthe
t enper at ure bel ow Z22C. er confirm ng conpletion of the reaction by 'H

NVR and1UC,  tSeditme azidad¥ilon [ olaumiasdiluiad withalimythytidetd mBled DV Ay ditddhg)or i ¢
acid sol uti Oor)}f{e”f)g e(att t‘ﬂE ﬂﬁg\‘ﬁﬁletfzokﬁl{ahﬁe td"g(?(jnégolfu%ﬁ)&f At y%%f e 03)9190{:1'1% | oved

by addition ute oric acrd solution

reaction sol @8 pbﬁ%mﬁéiroaa}he%@w Expmple 5. dilugd with damethyaceggmige Qs

hydr ochl ori ¢ ggGlag ag@lduhd e, TROat i Nproaee&xt J(BC e ﬁdurgerd/m& Peaeﬁdswl
acetate (100.

distilled unaw%%%%?‘rgﬁe%ﬁﬁ?éﬁwﬁfﬁ%ogi@ﬂﬁtﬁg@a@ 0 St IS dbEed.

[161] 'H NMRo(&OQ e, thnSXBiahedbwis didtil(esl, undb) reddcedpréssureIbipbtait 2480 2 obthe( m

2H), 3.69 (d’tltlg, émg ‘Fﬁ 1H, 3.97 (m 1H), 5.22 (bs, 1H). [162] [163]

EXAMPLE 5: ter

(39) - [ (1érlt - ded)EMBa(rSBBMHZa(EEGb}644[7((sre9tfﬁyﬂ§9|($ Ol 1.6X . Bab-Qritall). [ 164]

t BuOOM 0 NHBgC44L§.§§1mT@H%25rOb(gré)flﬁ)hgal@g(gmoqug obtai ned fromthe above

Exanpl e 4 was added di chl or onet hane 0 g) and triethylamne (148.0 g),

and thé!Mixture was then cooled to OC To this reaction solution was slowy

added nerdjaneIXABIPIIE THYvathesie of fett-Butdl) (38)-4 L Alo-Bi [T Bribuedilyodrdomtl hatigo]( 39. 9

g) dropw se fo 50t m nutes while maintaining the internal tenperature bel ow
cﬁ?ﬁ%ﬁ%@?

12C. After on of the reaction, the reaction solution was washed
with O[5N aquesws,  h loric acid sol ution (120.0 g) and water (100.4
g), and then distil ed undé'Hz reduced pressure to obtain 31.5 g of the title
conpound. [166] 'HONVRNEBEO MHz, CDC13) 6 1.44 (s, 9H), 1 46 (s, 9H), 2.62

O 09%@P°?§i8@ié§%&fﬁ@?@@§‘fﬁ%@ﬁ% T
(35) - 4-azi dodﬁefp(ahe{% 3 o tdlopedriychy additomaof triphdify|pOs phine (PPhs, 21.0 g) at
2012/ 030106P%‘4d<,%¥60&1}7{t91%%§%ﬁ98& AR Surs at the same temperature, and water (3.8 g)
was then added thereto. The reaction solution was distilled under reduced pressure, and
the resulting triphenylphosphine oxide solid was diluted with toluene (26.0 g) and n-
hexane (41.0 g), and then filtered off. The filtrate was adjusted to pH 2~3 with 1.0 N
aqueous hydrochloric acid solution (110.0 g) and then subjected to separation of the
layers. To remove any residual triphenylphosphine oxide solid, the aqueous layer
obtained above was washed with dichloromethane (100.0 g) and then adjusted to pH
8~9 with 28% aqueous ammonia solution (7.6 g). The aqueous solution thus obtained
was extracted with dichloromethane (100.0 g) and distilled under reduced pressure to
obtain 8.5 g of the title compound as a white solid.
[176] 'H NMR (500 MHz, CDCl;) o 1.44 (s, 9H), 1.45 (s, 9H), 2.45 (d, J=6.1 Hz, 2H), 2.77
(d, J=5.5 Hz, 2H), 3.87 (br s, 1H), 5.22 (br s, 1H).
[177]
[178]
[179]

[180] N-Boc-L-aspartic acid 4-t-butyl ester (29.0 g, 0.10 mol) was added to THF (200 ml).



[169] t-BuON3 O NHBoc [170] Sodium azigg (NaN3, 11.6 g) was diluted with
di net hyl acet am de (DMAc, 260.0 g). After elevating the internal tenperature
to 80C, aweabwiserweof 31.5 g of the compound, as obtai n@dTiKR21(M626above
Exanple 5, diluted with di nethyl acetam de (DVMAc, 45.0 g) was added thereto.
The reaction proceeded at 80C for 2 hours. To the reaction solution were
added t ol uene\f(e25aolﬁ1gg)) t@;ﬁplerwatﬁel&\i%zﬁcﬁ)togthe t@csepalatch Wieaddayers. The

0,05 ot & SRS 19D 5, DA SR BB L ° o7 s

1.49 (s, 9H) mdphdined]2.018, @ 16imol PdippwBe dhd3hSeeadmon Riyre Avap Stifrbd fag ovaH) |
5.14 (b |
(35)- 4 ams o (b0 S LT BB RS Penr ARG i |

NHBoc [175] Terlp @n@ thg rpixtury a&vag giepatiriad Soaphd oy aid pieaitasd e ths seplien 6 was
added t et rahygsoéd ’IZ”FL(@@E‘[@)A&) HeQddewed, yort kgnAétdint dfaRe Rhction, the reaction

MRSl NG R R n e g e EEE CE

hours at t he
The reaction asﬂl tolbépanatavet layesd, iahd dduuétdemder efluc&bipipssesstorpeecipinge i ktﬂld

resulting trigph ho h|n l.uene 0 9)
and n- hexane T?’ﬁ%g%& g’f PR ?‘h gl t er eﬂh%fafetglfﬁ?bf%l} C?the\g\/gg a%]sh it ged to
pH 2-3 with Wede wr@qmeaﬁ@dsb)hghdhbﬁiﬂn@gam vadedredededtpiresaue 1 Tige ©sighe wadthenen

subj ected tog Q@tE@Eo' sci?lncaogel E(})lﬁmlnew %Btsam the ﬁﬁff@d’ Ges28Y fd?l%btd(u@b 2, 0.89 mol).
trlphen Ip osphi ne oxl de sol | aque 8 Paln above was washed

with dile®tlor onﬂtw}s{[ﬁe@@QM)HB Q;:chh@ B aﬂ]%gtzédmta oHpR- ¥ @ W t+hHzg /ﬁhqueous
amoni a sol utsiznnd, 150, 437-471ena qmeoms a80buti, 0R) tM(d@bJﬂsmesz&s (ep{Er act ed

obt i n éf"s"rgcigﬁ DRERL 10 Qe LAY s BT BB P Cong e
CDC13) [682]] 44 Nisss (BSY, m/2): 451 (eI+Nahy69 ZMAST)( 413 MB51 Hz, 2H), 2.77 (d, J=5.5
Hz, .87 (br s, 1H), 5.22 (br s, 1H). [177] [178] EXAWPLE 8:

Synt he |s of N. N—d| benzyl L- N( Boc -aspartam de 4- tert butyI ester [179] 0
t BUONB [h$4]0 NE2tAMIR.BAD Syntie ; 13 0)ats A il as

t enper gfg41e bel ow - 5C, jto he reactl on sol ut| on vvas added
|sobutylchl oro,ngénate Wgéﬁ) m, 0.10 nol) followed by addition of N-nethyl
es

nor phol i ne (12 nol) dropwi se, and the reaction m xture was
stirred for over To the reaction m xture was added dropw se
di benzyl am ne (21. 1 m, dl 11 nol), and the nixture was then stlrred for

e oL iy s A& BRILARLA AL LRI SAE L 60 o PILNBR R Bb A PG

Hexane e reaction so
stirred w t hﬁafttdlcwlm tofierapdigiurealzndevat £C¢ BODe Ceagtiyn sigtioh Wasaddedehl orl c aci d

to separate Eﬁﬁuiy%ﬁ%réforﬁ@@ @gtil |9 Mﬁﬂlo%@%?%@dﬁ%ﬁ%ﬁwtﬁeﬂl | precipitate
a solid. The solid filtered and washed w thyl acetate {100 m ), and

then the was qu@%olwer(w@ 6‘Hc thd ﬁa)tlb%r%‘ylse @dthfr %ﬁas:fbcw AR W dEred Erever
pressure. ThgOmeia@sEron@s réadogon ﬁm;bnec\mchdaed aﬂok)wm diglylaeine i 3s enlolst@i n t he

purified desir uct (41.7 8 181 VR (40 CDC13) 6:
2152 (m 5ty ) 200 Pl vl yinoneg 0 8 D) 5,
(m 2H) 4 4@rard9 byrLQHJtOAR: Vi2x (et ] :4). ﬂﬁ)rﬂcohdmletﬂm&fﬂhd-izactﬂdﬂ) ‘;heZefBﬁio(ldd
J=15. (
m z): 491 (M%él)ﬂomg%%wnﬁ%éﬁ??\/g@yyl%[ﬁ%ég (%Qﬁg%ﬂd gﬁ@ffgﬂgﬁ ynt heS| S
of N N-di al pyd-aftengapecaying shedpyeiss coacaptratediby atigis pgger reduced pressure.

The residue was then subjected to silica gel column to obtain the purified desired

product (6.0 g, 16.3 mol).

[187] H NMR (400 MHz, CDCl) 6: 5.78 (m, 2H), 5.30 (m, 1H), 5.23-5.11 (m, 1H), 5.30
(m, 1H), 4.93 (m, 1H), 4.11-3.84 (m, 4H), 2.68 (dd, J=15.8 Hz, J=8.0 Hz, 1H), 2.51
(dd, J=15.8 Hz, J=8.0 Hz, 1H), 1.44 (s, 9H), 1.42 (s, 9H).

[188] Mass (ESI, m/z): 391 (M+Na), 369 (M+H), 313 (M-55).

[189]

[190] EXAMPLE 10: Synthesis of N.N-dibenzyl-4-amino-3(S)-N(Boc)-aminobutanoic




[185] o tBuO O NBoc [186] L-N(Boc)-aspaytic acid 4-t-butyl ester (5.00 g,
17.3 nol) was added to THF (50 m ). After cooling to tenperature bel ow -5C,
to the resoton3swbuti on was added i sobutyl chl or of or nat @CTAKR26111062607. 3
nol) foll owed by addition of N-nmethyl norpholine (1.90 m, 17.3 nol)

dropwi se, and the reaction m xture was stirred for over 30 mnutes. To the
reacti on m xtuilel-wasbuaddedr dr opwi se diallylanmne (2.35 m, 19.0 nol), and

t he mﬁ e was then stirred for over 3 hours and nonitored for the

reacti %ﬂrogr W@QAC Hexane=1:4). Upon conpl etion of the
reaction, the reac POl ution was stirred with addition of ethyl acetate
(60 m) and 1 N hy rochj 8¥ic acid and, after separating the |ayers,

concentrgt)ed bm (g 8t fhe Icaﬁlp@ﬁhdwtdﬁhed ﬁdfqﬁ&ﬁ@la‘tﬂfv%ﬁ(u le SR, (@3), Au86c was t hen

s 5t o L el AT AR LIS Bl L Bty (5.0

5.23-5.11 (mmlll'd)ld e 18@ct{omsolidpn whs 9Grrédndetefluk. fbde@r 88 honts. Thd eadi@8 ( dd,

1142 (s, on) asaCerEath gl duge il arddpss;

[ 189] 1119011 @e@@resg&rmﬂ@g’pgd@ﬁ was then subjected to silica gel column to obtain
N. N- di benzyl fi&@d%ﬁl@ &{L‘% 4.2 DOD WA 17 WO

i?iéﬁ?i%%%f‘mn WoReo0 a3 e ng - SF S i@%b%ﬁ&%&ﬁ%ﬁé&of@%m 2%%4bove

Exanpl e 8, Ru3(JE02.0ZA, 286, 3148 (d, 0129 Hzari), diehen i) 3.a6 ebs( 19), 2.48 (m, 0B, 7

nmmol ) were a t e fyr ( the reaction solution was
stirred undeﬁdﬁd(m th)T%E&QVErI%ﬁfg 4ﬁgu’r Elzpé( grﬂﬁtl on solution was extracted
with etlh§4] acetlasdEEROUZNHS &M Ho oHdeM-11 3t ed by distillation under reduced
pressur? The residue was then subjected to silica gel colum to obtain the
purlfle c]esued roduct (4 7 g, 10.5 nmol [193]5 NI\/R (400 I\/Hz CDC13) 6:
7.31-71 o Sypthesig ph tertsbugy] (35 ~u . v H)
3.48 (d J 12,(9(0&1-,%&&& 3.24 (m 1H), 3. 16 (bs, 1H), 2. 42 (m 2H), 1.81
(m 1H) 7]] 59 (m 9H), 1 46 (s, 9H), 1.06 (s, 9H). [194] Mass (ESI, nlz):
455 M[LB 4414!\413) [195] [ 196] EXAMPLE 11: Synthesis of tert-butyl
(3S) - 4- ani no- 3FF4% foxycar bonyf | am n01-4- oxobut anoate [197] O
t-BUONH2 0 NHBoc [d9&ne360.0 g of the starting material,

N- Boc- Asp(0-t-Bu) OH, together with Boc20 (353.0
[198] 3600 g of the starting material, N-Boc-Asp(O-t-Bu)OH, together with Boc,O (353.0

g) and ammonium bicarbonate (NH,HCO,, 123.9 g) was added to dimethylformamide

(1174.6 g), and pyridine (61.0 g) was added dropwise thereto at room temperature, and
the reaction mixture was then stirred for about 3 hours. Upon completion of the
reaction, water (1440 ml) and toluene (1800 ml) were added to the reaction solution
and stirred for 30 minutes to separate the layers. The organic layer thus obtained was
distilled under reduced pressure to remove t-butanol and toluene to obtain the title
compound, which was directly used in the next reaction.

[199]

[200] EXAMPLE 12: Synthesis of (S)-tert-butyl
3-(tert-butoxycarbonylamino)-3-cyanopropanoate

[201] t-BuO CN

O  NHBoc

[202] To the compound obtained from Example 11 was added dimethylformamide (1019.5
g) followed by addition of cyanuric chloride (112.0 g) dropwise for 1.5 hours at tem-
perature below 25°C. The reaction solution was stirred for one hour at room tem-
perature, and then 0.1 N aqueous sodium hydroxide solution (1850.0 g) and toluene

(1860 ml) were added thereto to separate the layers. The organic layer thus obtained



g) and ammoni um bi carbonate (NHAHCC3, 123.9 g) was added to

di net hyl formam de (1174.6 g), and pyridine (61.0 g) was added dropw se

t heret o avorom3bv®aper at ure, and the reaction m xture wWRETiKRA118M06260ed f or
about 3 hours. Upon conpletion of the reaction, water (1440 m) and tol uene
(1800 mM ) were added to the reaction solution and stirred for 30 m nutes to
separate the V\l'aay@rsﬁed diflee agmg anthowhtay @00 iy sndibt@uRede Wasled redlutdd gmdssurder
reduced pressur g 0 K %,rmVE tlautanol and toluene to obtain the title
conpound, whi'¢ AP IEIF RS U SATPRhe next reaction. [199] [ 200]
EXAMPLIZAY:  SyRtNER S00MIEE)CRELT dbludy (s, 9H), 1.45 (s, 9H), 2.45 (d, J=6.1 Hz 2H),
3-(tert-buto e 201] t-BuOy, ".i1.CN NHBoc

[ 202] To the)g)(?g Eioundfi ﬁg}[%‘@n ?7({?%%?@0?9?@&%11%5 added di net hyI f or mam de
(1019. 32¢4] fol | owed by addition of cyanuric chloride (112.0 g) dropw se for

1.5 hoypgsjat tEXRPIFRIEUTE ﬁﬁih@é{i/s 85Qrt-&ﬂﬂ gBS%lahﬁ’ﬁb 39l biibamxYesbStvilfahfsb)f or
one hour at roomtenperature, then 0. aqueous sodi um hydroxi de

sol ution (18&5?9?—399%-? and tol uene (1860 m) were added thereto to separate
the | ay20g. Theg@ygani c | ayer thus obtained 18 WO

2012/ 030106PCT/ KR2(Q11/ PO6REY was washed once again with water (700 m) and
then distilled undé - rNHBbeed pressure to obtain 318.3 g of the titIe

E:grrp‘(])ugg(y [ 203#21_% llj gg ?t}&gggmyogncgo 1ne% fli))m tée bovceaﬁ,xagl'i)qel]_%lwag—)acg%d @Bel:tlc 49
1H) . [204] [a2ﬁ5}10®<17ﬁl\ﬂ:fbﬁ)\ﬂz&i b}Sg{dﬁlﬂitﬁSd)fSZ(D\fft% edtemut Y.l g) at 40°C. The mixture
(35) -4-am no_w3 %orglﬁo())r(sy  bon %ﬁ% nier, rn%ﬂt anQﬁf?f%ere lge%?\ghiéf) g 90¢ [207]

To 212.1 g of "% he €0 a| hed From was~ added
acetic acid @B8pkerid I)reﬁsotel @\hydragyn. e{d@hntqomplﬁfonzﬂ thet fﬁa@dl(n()h)ezez(cllon g) at

40C. The m x{ %ﬁoﬂ%s ﬁfshg&lelgncfepfedﬁﬁw%ﬁu%lr&ng%% EQ é&ﬁedﬂu@éde&zﬂﬁl

tenperature be at nos ressure o

rogen
conpl eti on oﬁoltlﬁt@ %%/e plshthep ﬁételfeéél@ppélha §@ltetT%ﬁhe\£;ét§at@| Map mkleél&p imter

reduced pr esaqﬁ&)utsqa dRORYRC: a&@tsblﬁuaﬁm)sodmb tﬂ@gaﬁmetthel uemﬁe ﬁ(ﬁégusi—]h and
thenflltered}% ou%qtbu g T"rﬁ the filtrate was (2{ aqueous
hydr ochl ori ¢ RradEd was S](flf 8Gmdee %B%?lﬁts‘élu{l% )ém Tl?‘Fél aqueous
| ayer thus okkaanebwithsneiadit-buedethet (MEBHSDME) mh 1D (&gsmb Lityeothug bWRinkd g)

and then extract r . The organic
| ayer thus 06"% gld%’gc}%hgdeg‘? &{%H é{%p%&l%é)r(%ttﬂ &ggegw A&é%%gt?eeccmlog ‘obtain 185.0 g
of thel208ll e conpound. [208] [209] EXAMPLE 14: Synt hesi s of

t3 Lufslt[@e@ﬂcar hm(miﬂmm.é ﬁéleas df £ BAfRy 2 BN RPLRELIMI s diibls Pty i ¢ acid

[210] 0

+Buo,C” Y N

NHBo
FF

[211] Triethylamine (13.2 g) was added to 16.0 g of the compound obtained from the
above Example 1 or 2-1 or 2-2, and 14.1 g of the compound obtained from the above
Example 7 or 13, and the mixture was then stirred for 21 hours at 40°C. Then,
dichloromethane (154.8 g) and acetic acid (18.3 g) were added, and the mixture was
stirred for 5 hours at room temperature. To the resulting reaction solution was added
0.5 N aqueous hydrochloric acid solution (116.8 g) and then, the mixture was stirred
for 30 minutes to separate the layers. The organic layer thus obtained was distilled
under reduced pressure to obtain 23.6 g of the title compound.

[212] 'H NMR (500 MHz, CDCl;) &: 1.42 (s, 9H), 1.46 (s, 9H), 2.27 (m, 2H), 2.40-2.64
(m, 4H), 3.20 (dd, J=4.3, 13.5 Hz, 1H), 3.56-3.70 (m, 2H), 3.76-3.91 (m, 2H), 4.16 (m,
1H), 5.20 (d, J=8.6 Hz, 1H).



t-Buo2c NHBo F F [211] Triethylamne (18.2 g) was added to 16.0 g of the
conpound obt ai ned fromthe above Exanple 1 or 2-1 or 2-2, and 14.1 g of the
conpound wbtaizmsdiohr om t he above Exanple 7 or 13, and t RETHBOWMo2AS t hen
stirred for 21 hours at 40C. Then, dichloronethane (154.8 g) and acetic
acid (18.3 g) were added, and the m xture was stirred for 5 hours at room
t enper ae1gje. To the resul ting reactl on sol ution was added 0.5 N aqueous

hydr oc |c zTell Qn (116. £ he stlrred for
30 rrinE#g At ot Tt O arbonylamino 304 e

distilled uv:;_‘ : Pebutyrasaid e to obta| n 23.6 g of the title conpound.

[ 212] [gﬁ;}ﬂ\/R (500 M—|z g)ClS) 6: 1.42 (s, 9H), 1.46 (s, 9H), 2.27 (m 2H),
2.40- 2. (m 4H), 320 dd, J=4.3, 13.5 Hz, 1H), 3.56-3.70 (m 2H),
3.76-3.91 (m P¥F, ( 1H), 5.20 (d, J8.6Hz, 1H. 19 WO

2012/ 030106PCT/ KR20 Elué 6260 [213] |[214] EXAMPLE 15: Synthesis of

3-t-but oxycar bonyl am no= 4- (5, 5-di f | uor o- 2- oxopi peri di n-1- yl) butyri c acid

[ 215] gomthe

above II:’xarrpI ew%)é/a thEEOInﬁgﬂgld %ﬁalﬁ?g];rgﬁrrlé%ﬁane gmv owed by addition

of H3PO4 ( 30dtrhipromgihang 8- hehdplipwediys addition srP6?4 rgmné tha mr%fmwas

E egp ;er iat ure. st‘hfré@forqe o Fsrit Rebink t&q{éﬁt@i@h}xlﬁ&% cofirdldg Bé détac?ﬂﬁéﬁ't ogmﬂup tand
uyoxyca 0 ereC|onSOU|onvvas ust e

i on oo s R R o S bR o s S ior 300G Wh SRl e et o

Af ter conpl et7i(e48.(odvith he Naatpliebusony drdgen eaexineo asd Bydz()o(gém) Pevoxiddel thestused

to maintain tA*}?erB feuBHSf{h%%&'n%H ‘éhhé’dﬁs B A8 Ls&tdrring for
plet i BByl BerBrinf Wk st

3 hours, the're t e 'was filtrate
was t hen adj @setne:amttbe pﬁqﬁﬂe‘-@a@lomwhlnen ot &Oa%}ge/éﬁsr Srﬁlyldmg)fm |3dm1ms, tei d

sol uti on. Th‘?esﬁlﬁﬁfgl sblifdeh SRspRhi¥aas fllt&%@ 'bﬁdal?@ﬂileqiﬂﬂrﬁg W‘éﬁ‘ h ad ursfeggg BHt 0
obtain 14.5 %é* he title conpound 17]. N 32 (s

OH), 2.20-2. &9-3H Wighyp.0 I8 agcons ézidr@ﬁliﬂmzmmdgolemo? rﬁhefF@‘ﬂU@ S@ild(‘YﬁS flifﬁyed 4.02
(m 1H), 6. 73n{dried&8deb ntoged k) obtdid. 146 £ 6f thd lle cp@p8ynd. [ 219] For the title

R or miake meHs BB NIRRT B LF ol e e et S0 BpENS . and
an excess of 3tHenmendht 3.0hanj BH), 463enms 1HS &8 (RI£86 i)z, QHmd@thwm&}H)c excess;
ee) wa ﬁggen cal cul ated as being ee > 99% On the other hand, in case of

the Co ative Exanpl e prepared according to the prior net hod based on WO
06/ 104381 as ks shertitpeqpmpsupdiestag dsope 8s abew), its enangneriedamessid6ners (S

;/s R| f OE g; ‘ﬁ@@n SRR - fEan?l\i/é}F ;f‘nea%]dre&aﬁ Hmto (qi@glht}lbé‘éfoeﬁaﬁquuﬁch @h&PNMPO gnd OI
ornmul a aving an optical ly hi uri cou I ned accor lng o
e et hod of A IPa< S RSO B SnpBTercl B9mSrs (PRI VE P

Synt hesi s of eﬁedss bﬂdh @ms/ theh beloylardian deidg (e5 >39%. On the other hand, in case of the

di fl uoro- 2- o n- | rlc but vl e [ 223]
COVPARAT] VE %i‘ ICXR %%asf? S oPrdrre% Od‘}le “%rrr%?%o %egl F‘ élr opent anoat e
HC1 [ 224] COBNB4356, as descrlbed below, the excess (ee) of enantiomerlc isomers (S vs. R form)

was 80%. From this, it can be identified that the compound of formula (2) having an
optically high purity could be obtained according to the method of the present
invention.

[220]

[221] COMPARATIVE EXAMPLE 1: Synthesis of 3-t-butoxycarbonylamino-4-(5.5-

difluoro-2-oxo-piperidin-1-yI)-butyric acid t-butyl ester

[222]
[223] COMPARATIVE EXAMPLE 1-1: Synthesis of methyl 5S-amino-4.4-difluoro-
pentanoate HCI
[224] Hzchone
HCl F F

[225] To 10.0 g of the compound obtained from Example 1 was added 40 ml of anhydrous



H2N HCl F F 112251To 10.0 g of the conpgund obtai ned from Exanple 1 was
added 40 m of anhydrous 20 WO 2012/ 030106PCT/ KR2011/ 006260 anmoni a

sol uti on W0 2M243D6i on i n nmet hanol ), and the m xture wa®CIHR20ED6H0 3
hours. The reaction solution was distilled and 30 m of hydrochloric acid
solution saturated with nethanol was added dropw se thereto. The reaction
m xture was atﬂnﬁdr@ﬂs@muarqormtseniﬁeﬁaimeelaﬁml ahb el @ixgiire Wagdtitred ﬂbtsaidnrs,? 2 g

(Z)T BtSh? rr;[ i 5:_; On%gg(()? SO Htl(%n gaﬁ_élstﬂ%%)ang§0£é12%]hydr CEE)H:? alggloso%]'iﬂbg% satl 0? ) 6

3H) . [227] [28hetCONMPARATING EXANRE EhetetQ.: T@nad‘t@slmlxm’re was stirred at room

3-t-b

oo o™ mutur G Bl B AP URAT p
obt ai né&zﬁromlﬂ%l\@b g ér@@@éﬁ%%@m@é@ 29 & &h @H? haktd 2161@39)
and H20 (4.0m) 2merecpdded).NaBr (0.8 g) and TEMPO (11 ng, 1 mol%. To this

reacti? 7ﬁol ution was siovay added a solution of 5% NaOCl1 (11.5 g) and
NaHCC3 ?% 7 g) dissolved in H20 (12.0 g) dropw se for about 2 hours while

mai nt ai[p28]g tf@mm EXIALMBMESQ SMnmﬁswoﬁmmmo&@c@Bo@m e(5adddi tion,

the reaction o separate the layers. To
the organic Cl tbuy gg':tltound (1.6 g) obtained

from t ha2%Ybov el cGhapelracn vethExampbendi D3 gf asarbtandd firpmghd mVQEXﬁmplwbs at
room t enper ajjy &Ve&\'ﬁﬁﬁér%%}&tﬁa%e 430, 938 wasnasded %@&&%&&%ﬁk ans g%ﬂf I on.

After stirrin bout 19 hours Yo aq ueous tion ) and

0.5 N agueou %@ééhmsr i E0A%) gl %@!ﬁfpa%wn(sgbmen Fjas Ghomdy adried @ S@}%@w
t he reacti onNa@lt(i OB gh anSRRACE, @ ke dlsaxeésin HJ@(mr(gga)rur@p\bﬁy &1 bbbt

obt ai ned was dehy t ed under anhydrous 50 obtain ield 73%
of the. sane. DL S GriBonH S S a SR SRR piiod T EHE (1t o
conpound r esullditing, the crartidreschilomneyasi stisred fiari( mimeitds ¢o bepared theilayers. TS-thor m

N R o e TR bR L0 RRIATIRAGE. I E B raRheab 8RN

and an excess IONMeric i so
cal cul at ed a§0bmarﬁglVéé3Xﬂm813’% L. @ﬁenp@ram@r@émowmmmp@a@%o d ai ns

[Caim 1] A miped Ry, (Qrﬁ%rv@s{s'agﬂecp&) tRe fé‘amtﬁ)fn heery rﬁné ?()r about 19

characterized in that a co&oun forpnul a is reacted a compound
of formula (BPUSHYP RUPUN HQ@sﬁehﬁQ(lé%O i%gNa 0.6 Nigpiepusy hsmo@lonc acid

solution (20.0 g) were added dropwise to the reaction solution to separate the layers.
The organic layer thus obtained was dehydrated under anhydrous MgSQ, to obtain 2.0
g (yield 73%) of the same title compound as Example 14, as a yellow solid. For the
title compound resulting from the above, its enantiomeric isomers—i.e., S-form and R-
form—were measured by HPLC (high-performance liquid chromatography), and an
excess (ee) of the enantiomeric isomers (S vs. R form) was then calculated as being ee
= 80%.
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CLAIMS

1. A method for preparation of a compound of formula (2) comprising reacting a

compound of formula (4) with a compound of formula (5):

O

HOWN R3

O NHP, -

R6 RS 2)

PZOW NH,

O NHP,
(4)
R4 O
<ao/\>(i\f/\op3
R6 R5p,
(5)

wherein each of R3, R4, R5 and R6 is independently hydrogen, halogen, or
substituted or unsubstituted C;-C,4alkyl; P, is an amine-protecting group; each of P,
and P; is independently benzyl group, methyl group, ethyl group, i-propyl group or t-
butyl group; and G;0 is a leaving group.

2. The method according to claim 1, which comprises:
(a) the step of coupling reaction by addition of a base to the compound of formula (4)
and the compound of formula (5),
(b) the step of cyclization by addition of an acid to obtain a compound of formula (2a),
and
(c) the step of hydrolyzing the resulting compound of formula (2a) to obtain the

compound of formula (2):



10.

R6 RS (2a)

wherein R3, R4, R5, R6, P, and P, are as defined in claim 1.

The method according to claim 1, wherein P, is t-butyl group, and P3 is methyl or

ethyl group.

The method according to claim 1, wherein G,0 is triflate, mesylate, tosylate, besylate

or nonaflate.

The method according to claim 1, wherein R3 and R4 are hydrogen, and R5 and R6

are fluorine.

The method according to claim 2, wherein in step (a) C;-C, trialkylamine is used as

the base.
The method according to claim 2, wherein in step (b) acetic acid is used as the acid.

The method according to claim 2, wherein in the case of the compound of formula
(2a) wherein P, is Boc and P, is t-butyl, the hydrolysis of said step (c) is conducted
under the basic condition to selectively remove only P, among the protecting groups

P and P, to provide the compound of formula (2).

The method according to claim 8, wherein aqueous sodium hydroxide solution is

used as the base.

The method according to claim 1 wherein the compound of formula (5) is prepared

by a method comprising:
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(a) the step of reducing a compound of formula (7) to obtain a primary alcohol
compound; and

(b) the step of reacting the alcohol compound obtained from the above with a G;
compound corresponding to the portion G;O of the compound of formula (5) to

obtain the compound of formula (5):

PO OP
R6 RS
R3
(7)
wherein each of R3 and R4 is independently hydrogen or substituted or unsubstituted
Ci-Calkyl;
each of R5 and R6 is independently halogen; and

P, is benzyl group, methyl group, ethyl group, i-propyl group or t-butyl group.

11. The method according to claim 10, wherein in step (a) the reduction is conducted

using NaBH;.

12. The method according to claim 10, wherein in step (b) the G; compound is selected
from the group consisting of trifluoromethane sulfonic acid anhydride (Tf,0),
trifluoromethane sulfonyl chloride (TfCl), methanesulfonyl chloride (MsCI),
toluenesulfonyl  chloride  (TsCl), bromobenzenesulfonyl  chloride  (BsCI),

(C F3(CF2)3SOQ) F and (CF3(CF2)3802)20

13. The method according to claim 1 wherein the compound of formula (4) is prepared
by a method comprising:
(a) the step of converting a carboxylic acid of a compound of formula (8) into an ester
group by introducing P, group to obtain a compound of formula (9),
(b) the step of selectively reducing the ester group Ps present in the compound of
formula (9) to obtain a compound of formula (10),

(c) the step of introducing G,O leaving group into the compound of formula (10) to
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obtain a compound of formula (11),

(d) the step of reacting the compound of formula (11) with an azide compound to
obtain a compound of formula (12), and

(e) the step of subjecting the compound of formula (12) to hydrogenation to obtain

the compound of formula (4):

e

HO oP
5
O NHP
! (8)
O
PQOMOPS
O NHP
! )
PZOWOH
O NHP
1 (10)
PZOWOGz
(@) NHP
1 (11)
PQOWNG,
O NHP
! (12)

wherein P, is an amine-protecting group;

P, is benzyl group, i-propy! group or t-butyl group;

Ps is methyl group, ethyl group, i-propyl group or t-butyl groups; and

G0 is a leaving groups;

provided that Ps is methyl group or ethyl group, when P5 is i-propyl group;

Ps is methyl group, ethyl group or i-propyl group, when P, is t-butyl group; and

Ps is methyl group, ethyl group, i-propyl group or t-butyl group, when P, is benzyl

group.
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14. The method according to claim 13, wherein P, is Boc, P is i-propyl group or t-butyl

group, and GO0 is triflate or nonaflate.

15. The method according to claim 1 wherein the compound of formula (4) is prepared

by a method comprising:

(a) the step of converting a carboxylic acid compound of formula (13) into an
activated ester, which is then reacted with an amine compound to obtain an
amide compound of formula (14),

(b) the step of reducing an amide group of the compound of formula (14) to obtain an
amine compound of formula (15), and

(c) the step of subjecting the amine compound of formula (15) to debenzylation or

deallylation reaction to obtain the compound of formula (4):

0
PQOMOH

O NHP, (i3}

0

P,0 B

O NHP, 4
PEOWPG

0O NHP, o

wherein P; and P, are as defined in claim 1, P4 is monobenzylamine, dibenzylamine,

monoallylamine or diallylamine.

16. The method according to claim 1 wherein the compound of formula (4) is prepared
by a method comprising:
(a) the step of converting the carboxylic acid compound of formula (13) into an

activated ester, which is then reacted with a nitrogen source compound to obtain



17.

18.

19.

20.
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an amide compound of formula (16),

(b) the step of dehydrating an amide group of the compound of formula (16) to obtain
a nitrile compound of formula (17), and

(c) the step of subjecting the nitrile compound of formula (17) to hydrogenation

reaction to obtain the compound of formula (4):

o
PQOMOH
O NHP, (i3}
i
PQO\H/\‘/\NHZ
O NHP, 16)
e
O  NHP, -

wherein P, and P, are as defined in claim 1.

The method according to claim 16, wherein P is Boc, and P; is i-propyl or t-butyl.

The method according to claim 16, wherein in step (a) chloroformate or Boc,O is

used as the activating agent.

The method according to claim 16, wherein the nitrogen source compound used in

step (a) is ammonia gas or ammonium salt.

The method according to claim 16, wherein in step (b) the dehydration is conducted
using trifluoromethane sulfonic acid anhydride and Et;N, or cyanuric chloride and

DMF.
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22.
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The method according to claim 16, wherein in step (c) the hydrogenation is
conducted using a metal selected from palladium, nickel(l) chloride, platinum(lV)

oxide and palladium hydroxide.

The method according to claim 16, wherein in step (c) the hydrogenation is

conducted using palladium hydroxide metal, acetic acid and hydrogen.



