REAGENTS AND METHODS FOR THE BETA-KETO AMIDE SYNTHESIS OF A SYNTHETIC
PRECURSOR TO IMMUNOLOGICAL ADJUVANT E6020 Cross-Reference to Related Applications
[0001]This application claims priority under 35 U.S.C. 119 to U.S. provisional application ser. no.
61/014,648 fikE BYEYRTIZEr 18, 2007, which is incorporated herein by refeREAFES 18853 3he Invention
[0002]This invention relates to the synthesis of precursors of the immunological adg’gvant E6020 via a

fi-keto amiReMEMEUAND METIVEMEART d-iehHetiid GRS HEt Aynthesis

and_, for two &W&%&F&%ﬁ%m%@%&@%@ﬁ%ﬁﬂaw 'MT[mg?Vaccines have
proven to be successful methods for the prevention of infectious diseases. Generally, they are cost
effective{ansh drenetingusatantibiolipRsisiaree to the target pathogen or affect normal flora present

in the ho many. cases, such as.when.inducin i-viral immunity, yaccines can prevent a disease
for whicfﬁ%@rg argr% v Sii‘éa%ﬁrrlaa%léngp S0 ?%faei%[ré);%#eﬁtg@vt %ﬁé@?ﬁﬁﬁﬁ%accines function by
triggeringriplecannmusae systéiithahd Gdrespansd §0240 Agdnthos anbgsmatypicatindy infectious
organisrpe%rﬁnggrtion thereof that is introduced into the body in a non-infectious or non-pathogenic
form. Once the Immune system has been "primed" or sensitized to the organism, later exposure of the
immune system to this organism as an infectious pathogen results in a rapid and robust immune
responsg-ihiat Aesl eys e, pathogen before it can multiply and infect enough cells in the host
organism to cause disease symptoms. The agent, or antigen, used to prime the immune system can
be the eMt8%brgark&im Ry e N FiNGToUBSTIb o Fas wrP s ihasaurAEe! or in some cases,
componegfsvehilEserganisip-geehuasdeahiaiydrates TRESIBHh RERIERSCRIBISAIRGMATIOUS
structural components of the organism. OOOSJIn many, c%ges,_it is eceﬁs%rg to enhance the immune
respons& 19 h gﬁf’@@’r? %’}3&8%? A% AN I BraE o e TaYa ne system to a sufficient
extent to make a vaccine effective, i.e., to confer immunity. Many protein and most peptide and
carbohyqi[atﬁ aggggr}’%tﬁgﬂgig&rgd alone, do not elicit a sufficient antibody response to confer
immunity: presented to the immune system in such a way that they will be
recognizE@8H forelprcants Wiliehivivemtinhnsrrsaesponsdotofthithe pas adtivivebitdejtivants) have been
devised whigh-stisalaimncpRonre Rpdlerdirectiiedniprasiesanisdonaid Aselegied antigen.

[00061The best known adjuvant, Freund's complete adjuvant. consists of a mixture of myeobacteria in

an oil/watEEE SR IFeHP s BRI W BIRESTH BvBshss: ravny ceritamshg calehd
humoralipiediateghimmulnitymant sesaithduabiaeking 1apichaispesakafithe-antigenighrllenge (the
"depot effect.). Hoyvev}er, due to frz?]%utgr]t 'gof%glghysiological and immunological reactions to this
material SEPRLES HRf VST CARRSPHR U AEH 1 Rumans. [0007]Another molecule that has been shown
to have ifidhostiNasatesyforcidiutant getivity iscenchodoxisysalsotkmovuntas-tigemetyseccharide (LPS).
oo e S 0SSN SN A OAUE IS ESRRONSE B ESRaline tho has

evolved t0 enable an organism'to recognize endotoxin e invading bacteria o ich it is a
compon&rtpadthinut Hea-Heed ifor (renergeriisrachigya Haers e lionyhe sxposetasfpiie LPS is too
toxic to bgadgble adiyuani nalesias that are SHciaHelalRd e SRACI0N S\ m

monophosphoryi lipid A ("MPL") have been tested as adjuvants in clinical trials. Both LPS and /vIPL
have bedh FatrsRAI00sR Suiidias mie Mshnahrib e Esprsa PRl fesorsdiently, however,
the only FRA®RRNSvediBeiN Ao use ihynaasisctie alupinwrvperslfaie salte Alwmewhich is
used to "depot” antig%las b [ precip{itation of the antigens. Alum also Sti’mi‘l‘aﬁf the,immune response to
antigens?yfé%agﬂ%6 B S T R F R8I A HE P R PR G & S i S immunological
adjuvantwghesooredininisfecadwitiriantigens sush Asvaceihegfoisbaoctanalandevisal diseases. For
example, E N C inati I y suitable anti cine ¢ ent, e.g., an
antigenig %@gﬁ%ﬁ g%zftglg #‘f%?hqlt e %ﬁ%@%ﬁ%‘?&%%%’ﬁ%%%%“ﬁgéﬁ%g%ﬁ% ger%leélqgf‘rﬁl ﬁqg%%%gathogenic
organismBuGirdesnpmdokgil As erggmiser example, E6020 may be used in combination with proteins,
peptidesiaplgensiathyaeripes el phalmasiogicaihAcivedandiseAge siignand conditions

such as smallpox, yellow fever, cancer, distemper, cholera, fowl pox, scarlet fever, diphtheria, tetanus,
whoopind €5t 1. HiRGeiisdn AABRLC SilhEe iheduetme St h o thiisehssteahtp pelsiayelitis, as
well as vierkaisepeeselch as batpesmndgrnes:ieisiad disepses drpihrpalitic:.ant hepatitis-related

diseases. When used as a yaccine, E6020 and the antigen.are each present in.an amount effective to
elicit an MSGRe %%ﬁf&éﬁ%ﬁ% admRR LA SIS ARITRATY RBRAISS & GRRTH bR U¥ccinated

therewitl$uch antigens need to be presented to the immune system in such a way that they will be




00 o-Na+ IAN(cH2)100-13 (cH2)6¢cH3 / 8 HNO.(CH2)10CH3 0000 HN OHN(C1-12)10CH3 \it
(CH2)6CHS3 cyNa+ E60200 [0009]With their ability to stimulate a more robust antibody response than

with an antigen alone, compounds such as E6020 are important immunological compounds. There is a
need to develp ¥itHElE"methods for preparing compounds such as E6OPOT e fRdR743thetic
precursors, which can be co-administered with antigens in vaccines. New synthetic methods involve

new comporndsedssrftecigediatesibeiibnew ireactenssasnneihothsteps . adtsiinséndionaptoyides an

improve amvggle%gl %Bﬁ% thgﬂsC Q%{&t’ﬁrme |atesa§l l precursors for TLR-4 rece tor agonists, such as

£, enflance 1TECE Ihe MIUTINE respoiise
E6020. Summary his disCIOSUIE relates to a new synthesis, Intemiediates and precursors

leading tecEE6@2Gupreoursor Compound 26 via a fl-keto amide intermediate Compound 22. The

synthesigyghiije INvRRNQR SIATS.LAM: CAMReLNE 14 10, RIEDATR SOrRMAd 42, Whlich.Igthen reacted
2

with Compound 25 in the preparation of Compound 26, the penultimate precursor to the immunological

adjuvantEURectcEnp Stnds R neH ditApBITHE S A P BtaNin & 1 FmastePYesent separate

embodimgnisQhtheinyentiaRe K04 ddiaaalirstRSASCluth RIS IR PO e RiRGapR e efifermula (3): 0 0

FANR3 0 tlig 3(3 *i%en challenge (the "depot effect”). However, due to frequent toxic physiological and
immunological reactions to this material, Freund's adjuvant cannot be used in humans.
{0007} Another molecule that has been shown to have immunostizmulatory or adjuvant
activity is endotoxin, also known as lipopolysaccharide (LPS). LPS stimulates the immune
system by triggering an "innate” immune response, a response that has evolved to enable an
organism to recognize endotoxin {and the invading bacteria of which it is a component)
without the need for the organism to have been previcusly exposed. While LPS is too toxic to
be a viable adjuvant, molecules that are structuraily related to endotoxin, such as
monophosphoryl lipid A ("MPL") have been tested as adjuvants in clinical trials. Both LPS
and MPL, have been demonstrated to be agonists to the human toll-like receptor-4 (TLR-4).
Currently, however, the only FDA-approved adjuvant for use in humans is the aluminum
persulfate salt, Alum, which is used to "depot" antigens by precipitation of the antigens.
Alum also stimulates the immune response to antigens.
(00081 E6020 is a potent TL.R-4 receptor agonist, and thus is useful as an immunological
adjuvant when co-administered with antigens such as vaccines for bacterial and viral
diseases. For example, E6020 may be used in combination with any suitable antigen or
vaceine component, e.g., an antigenic agent selected from the group consisting of antigens
from pathogenic and non-pathogenic organisms, viruses, and fungi. As a further example,
E6020 may be used in combination with proteins, peptides, antigens and vaccines which are
pharmacologically active for disease states and conditions such as smallpox, yellow fever,
cancer, distemper, cholera, fowl pox, scarlet fever, diphtheria, tetanus, whooping cough,
infiuenza, rabies, mumps, measles, foot and mouth disease, and poliomyelitis, as well ag viral
diseases such as herpes and herpes-related diseases and hepatitis and hepatitis-related
diseases. When used as a vaccine, E6020 and the antigen are each present in an amount
effective to elicit an immune response when administered to a host animal, embryo, or ovum

being vaccinated therewith.



wherein RI, R2 and R3 are in each occurrence independently a C5-C15 alkyl group, a C 5- C15
alkenyl group, or a C5-C15 alkynyl group. The present disclosure also relates to a process for
preparing compounds of formula (3). [0011a]in a second aspect, there is provided a process for
making a compound of foimula (3) by a reactiorijof aigompound of formula (1) with a compound of
formula (2) as shown below 0 0 NH28QHN)L H)2<))10 3RSHOORi Oyy R20R2 (1)0(2)(3)0
wherein: Rlis a C5-C15 alkyl grou&_qg(_:é—ClS alkx%gyl group, or a C‘é_—lCIB alkynyl group; R2 is a
C5-C15 alkyl group, a C5-C15 alkényl group, ora E%kynﬁ?sgroﬁp; R3is a C5 -C 15 alkyl group,
a C5-C 15 alkenyl group, or/a C5-C15 alkynyl group; an is @legyjagigroup. 1001 Ib]The fl-keto

amide intermediate Compourzdé(%z isa compo”rmuhﬁ??;). 10012]In a third aspect, there is
la

provided a compound of faigybla {4): R4.9 /NRufru HlYl HN -lR5R6

\—\ O HN (CHp)1oCH3
O“?“O\/.\/O\/Y (CHQ)GCH:;

O'Na*
OY(CHz)mCHs
E6020
O
[6069] With their ability to stimulate a more robust antibody response than with

an antigen alone, compounds such as E6020 are important immunological compounds.
There 1s a need to develop synthetic methods for preparing compounds such as E6020,
and their synthetic precursors, which can be co-administered with antigens in vaccines.
New synthetic methods involve new compounds as intermediates and new reactions as
method steps.  The invention provides an improved method for synthesizing
intermediates and precursors for TLR-4 receptor agonists, such as E6020.

Sumpiary
[0016] This disclosure relates to a new synthesis, intermediates and precursors

leading to E6020 precursor Compound 26 via a f-keto amide intermediate Compound 22.
The synthesis of the invention starts from Compound 14 to prepare Compound 22, which
is then reacted with Compound 25 in the preparation of Compound 2&, the penultimate
precursor to the immunological adjuvant E6020. Compounds 22 and Compound 25, and
their crystalline forms, represent separate embodiments of the invention.

[0011)} In a first aspect, there is provided a compound of formula (3):



R4-0 (4) wherein: R4 is in each occurrence independently a protecting group; R5 is in each

occurrence mdelpﬁndﬁmta\é I-C6 alk 1ggrou aC3-C alke 3%(&;’ 6 alk nybgroup and
f?ercifksp,

R6 isin eacl:“h securrencé in p%rrfl3 en y Xe 88 a&y?ge%up, up ora€3-Cé
alkynyl gréupaldeiRb grtdlﬁ(i)t‘adxéh{@g;enﬂemwmgrﬂ@n|tfdzgquctmmm“n;itlhmmaeésattahheﬁttod, ab-or
6-membered heter oc clic nn 0012 A\ %3 diment of the present disclosure is a compound of

formula (Lﬁr R56-" 4 (4) wherein R4 is in each occurrence

mdepend&ﬁMa}protecﬁimg geompd ss@m@@m@m@ﬁ@@d@mpp%@ﬂnﬁﬁﬁﬂwbgmﬂ%ﬁryl group, a
benzyl grau er suitable pr tectln %} and R6 |s |n ende in each
occurren(?egg%al@ g{lﬁy ‘”‘6.86‘88 %?0 oget erc\’/vmt]ﬁl% Pu‘fvogen oW ge%%?e“at@ihed, form a
5- or 6-meshered fxdtevocyclic ring. The present disclosure also relates to a process for preparing
compounds of formula (4). 10012b]in a fourth aspect, there is provided a processcgor rBaklng a
compound of formula (4) by a condensation reaction shown below: 0

NH, O O HN RS
HO A0 R’ * AN - Ho._A._o R’
X R®
\/j)/ - | \/\(')/ -
g e
(1) © (2) (3) 0
wherein:

Rlis a C5-Cy5 alkyl group, a Cs-Cy5 alkenyl group, or a Cs-C;s alkynyl group;
R*is a Cs-Cis alkyl group, a Cs-C;5 alkenyl group, or a Cs-Cy5 alkynyl group;
R* is a Cs-Cy5 alkyl group, a Cs-Cs alkenyl group, or a Cs-Cys alkynyl group; and
X is a leaving group.
[0011b] The f-keto amide intermediate Compounds 22 is a compound of formula
3 | |
[6012] In a third aspect, there is provided a compound of formula (4):

R4,
O_P\
o/ NRSRS

wherein;

R* is in each occurrence independently a protecting group;



+ 21

Rt0 /0-P,NR5R6 HN )0 HN NR5R6 R4-\NR5R6 (7
R’ is in each occurrence independently a C;-Cg alkyl group, a C3-Cy alkenyl group
or a C;5-C¢ alkynyl group; and
R® is in cach occurrence independently a C1-Cs alkyl group, a C;-Cy alkenyl group or a
C3-Cg alkynyl group; or R® and R® taken together with the nitrogen to which they are
attached form a 5- or 6-membered heterocyclic ring.

[0012a) Another embodiment of the present disclosure is a compound of formula

(4):

wherein R* is in each occurrence independently a protecting group, such as a C;-Cy alkyl
group, a C;-Cs alkenyl group, an aryl group, a benzyl group or another suitable protecting
group; and each of R® and R® is, independently in each occurrence, a C;-Cs alkyl group
or, taken together with the nitrogen to which they are attached, form a 5- or 6-membered
heterocyclic ring. The present disclosure also relates to a process for preparing

compounds of formula (4).

4a



,NR5R6 O-P R4.6 (4) wherein: R4 is in each occurrence independently a protecting group; R5is
ineach o nce independently a C1-C6 alkyl grou C3-C6 alkenyl group or a C3-C6 alkynyl
group; an@ﬁg?i’ in eac?ggg)&r%én%sg ?F%d;&b%rﬁ&glﬁ?/vé%dﬁ %ﬁﬁ% g‘(?{n‘%?%“é &8 leﬁﬁ(()i/:loggarloup ora
C3-C6 alkynuhtyrédipgh oo BEmdnd R dakectitogdtben witlvthe nitrogen to which they are attached form a
5- or 6-membered heterocyclic ring. 10012c1Compound 25 is a compound of formula (4). [0012d]In a
fifth aspect, there is provided a process for preparing a compound of formula (6) comprising the steps
of i) reacting a compound of formula (3) with a compound of formula (4) to form g, compound of
formula (5) as shown below (4) 0 0 R40HN jL'A Ra 0- HNO,",,,, R2 00 OH H%@\HN ICAR3N

o-i--oilliillllkilllllolll!"”Th!!I Ri b ~
o /O P NRIRE
HO By OH o prR5R6 HN
\//\ //\/ + 2 AU ey
o R*™ NRORS - =0
H H | HN
N\ __NRSR®
(7) 0-P
R4.0
(4)
wherein:

R* is in each occurrence independently a protecting group;

R’ is in each occurrence independently a C-Cg alkyl group, a C3-Cg alkenyl group
or a C3-Cy alkynyl group; and
R® is in each occurrence independently a C;-Cs alkyl group, a C5-Cs alkenyl group or a
C3-Cy alkynyl group; or R® and R® taken together with the nifrogen to which they are
attached form a 5- or 6-membered heterocyclic ring.
10012¢] Compound 25 is a compound of formula (4).
[0012d] In a fifth aspect, there is provided a process for preparing a compound of
formula (6) comprising the steps of i) reacting a compound of formula (3) with a

compound of formula (4) to form a compound of formula (5) as shown below

4b



pR40R (5) 0 ; and i) oxidizing the formed compound of formula (5) to form a compound of

formula (6) as shown below o 0 R4HNR3 /OPOOR1 / RI}!O,,,, R2 00011 RN O\RNR3\0-P -00,".

Ri /6 R40y R2 D 00 R40HNR3 0 -P -00| o ﬁ:
M HN/“/ AR
HN Rs
2 |HO o\/\rm + HN>ZO g
. O_ Ry M _NRsRs
hid .
(3) 0 L
. R4
L. )
(4)
o O

HN>: o o OY Rp
O
HN Ra
”Ox/K/O\/\/
R4/ OYRQ

ii) oxidizing the formed compound of formula (5) to form a compound of formula

(6) as shown below

HN 0. R BN O.__R
- - T
HN
oo MR RS SO
8] R4 0-P-0 o} R
/O \/\r /6 \/\r‘!
R O\H/Rz R/ O\H/Rg
(5) o (6) o .
2
wherein:

R'isa Cs-Css alkyl group, a Cs-C;s alkenyl group, or a Cs-Cis alkynyl group;
R? is a Cs5-Cy5 alkyl group, a Cs-Cys alkenyl group, or a Cs-Cys alkynyl group;
R? isa Cs-Cys alkyl group, a Cs-C,s alkenyl group, or a Cs-C;s alkynyl group.;

R” is in each occurrence independently a protecting group;

4¢



/II"----"-Ny R1 /0 RNO.,", R2 00 OH HN 0 ORN \ \04-0 /6 R40y R2 (6)o wherein: Rl is a C5-C15 alkyl
group, a C5-05 glkenyl group, or a C5-C15 alkyny] groyp;-R2.is.a C5-C15 alkyl group, a C5-C15
oyl roup, b EA 1 B P AP LB o ErG ST SHER & 6 T ioup. or a
C5-C15 alkyﬁ]wjgmya}lengmzqﬁcmchﬂrfeﬁﬁeemﬂiepﬁmﬁmty andeptacieng group-Cs alkR5 is in each
occurrence independently a C1-C6 alkyl group, a C3-C6 alkenyl grou a,C3-C6 alkynyl group; and
26 is i BB o Bt AR Bt O Cr i S BHST JrBee, B e
alkynyl groupiiab R andiRéhtaksriogatbedvitinthe Hitogendabehidrhéayardiattaghed foul' a 5- or

Cmerbe) g ejerocydle g, 90T Y Begs URiE RREMdssla ppptaline compound 22

O O

Hf}iu(CHz)foCHs
HO\/-\/O\/Y(CHz)GCHS

OT(CH2)€OCH3

O 22.

[001216] In a seventh aspect, there is provided a crystalline compound 25

Briei Description of the Drawings

Figure 1 is an overview of the fi-keto amide synthesis of E6020 according to the
invention.

Figure 2 is the powder X-ray diffraction pattern of crystalline Compound 22.

Figure 3 is the DSC thermogram of crystalline Compound 22.

Figure 4 is the powder X-ray diffraction pattern of crystalline Compound 25.

Figure 5 is the DSC thermogram of crystalline Compound 25.

Figure 6 is an ORTEP drawing of crystalline Compound 25 with various atomic labeling.
Figure 7 is the crystal packing diagram of crystalline Compound 25 along the c-axis.

Figure 8 is a simulated powder X-ray diffraction pattern for crystalline Compound 25.

4d



CH 0(CH2)10CH3 1001211 022. In a seventh aspect, there is provided a crystalline compound 25 p
O-P \NO-Pr)2 HN )O HN  NO-Pr)2 0-P; 0 25. Brief Description of the Drawings Figure 1 is an
overview of the fl-keto amide synthesis of E6020 according to the invention. Figure 2 is the powder
X-ray diffractiy@® petéri?ef crystalline Compound 22. Figure 3 is the DSC tREFtGiehi83+Erystalline
Compound 22. Figure 4 is the powder X-ray diffraction pattern of crystalline Compound 25. Figure 5 is
the DSC thelmogram of crystalline Compound 25. Figure 6 is an ORTEP drawing of crystalline
Compound J |cabel|n g. Figure 7 is the crystal packing diagram of crystalline
Compoute254 s Hgtite B4ea simulated powder X-ray diffraction pattern for crystalline
Compouiif: 2% De&hﬂeﬂmamﬂmﬁmhﬂ% mvemﬂ@ﬁslmm&w»ﬁs PatehApphgation No. 111477,936
"Compounds F m I cal ]é e a(“%’lﬁl April 12, 2007 as
UsS 200 ”86%3 E@%&‘%ﬁ%}esﬁ e?s%lnt ‘é@%)% gl f.ﬁ%béggf (?I’gfzj by reference. That
synthesi§§id¥éedd 1@%@@%3%?\@?@?1@%@@@%@@:@mm@?e@wpobmwii@e@@héﬁR@s 13 of US

2007-00 . h
SohreA Fgﬂ()@%@%?ﬁré&@%ﬁﬁ&%s%&@@%&’é@t&%&ﬂ#&%@ cThestaing raagerials;shown in

Scheme 1,3-decanediol; commermalq{fsvallable from vendor Mitsui & Co. (US),

New York, NYSREHIMSRE Mibonctife TrbseAEF e R Sompemdl By dbsldaritganol,
4,5-dihydrar-iphenen(4R3ciRiapanediot-cogemer cialiavalahle drem-featdyiical iaraaceuticals,

Boor_ltonbyﬁJ or ‘\}}etspu? géjélén ?IBeSfrI\efc: " %'%ﬁ, Nﬁ?orggnﬁfd%‘g}rr%e%ﬂggog%m Chemicals) and ER-

807277 (4-Oxazolemethanol, 4,5-dihydro-2-phenyl-, (4R)- propanediol; commercially

available from Catalytica Pharmaceuticals, Boonton, NJ). The penultimate precursor to
E6020 is Compound 26.

|04bE 4] This invention relates to a new synthesis, intermediates and precursors leading to
E6020 precursor Compound 26 via a ffi-keto amide intermediate Compound 22. The
synthesis of the invention starts from Compound 14 to prepare Compound 22, which is then
reacted with Compound 25 in the preparation of Compound 286, the precursor to the
immunological adjuvant E6020. These steps of the synthesis of the invention, the preparation
of the B-keto amide intermediate (3) followed by a condensation of the B-keto amide (3) with
a urea di-phosphoramidite (4), are shown in Scheme 4 and described below in detail.
Compounds 22 and 25, and their erystalline formg, represent separate embodiments of the
invention.

[0015] Obtaining a crystalline form of a2 compound, such as Compound 22 or 25, is
extremely useful in drug development. Solid state forms (crystalline or amorphous) of a
compound can have different physical and chemical properties, for example, sotubility,
stability, or the ability to be reproduced. These properties ofien permit the optimization of
manufacturing processes, particularty where a crystalline intermediate is obtained. In multi-
step syntheses, such as those described herein, intermediates are prepared and unwanted by-
products or impurities can be carried forward from earlier steps. Often filtration, separation,
and/or purification steps are introduced to remove unwanted by-products or impurities.
Introducing such steps not only can increase manufacturing costs but can also decrease the
overall vield of the synthesis. Having a crystalline intermediate within a multi-step synthesis

can address these problems. A crystalline intermediate provides certain advantages—a high



100141This invention relates to a new synthesis, intermediates and precursors leading to E6020
precursor Compound 26 via a fi-keto amide intermediate Compound 22. The synthesis of the invention
starts horn Compound 14 to prepare Compound 22, which is then reacted with Compound 25 in the
preparation oE3HPBIAGE726, the precursor to the immunological adjuvanttE80230EHESESteps of the
synthesis of the invention, the preparation of the P-keto amide intermediate (3) followed by a
condensgiity aftdrefiketoaride- (it diureshdi-phoSphviamigitend)edre: shovaitinfSeheme 4 and
describegrgt(?llta()t\{v iqo%%g%il. Compounds 22 and 25, and their crystalline forms, represent separate
embodinients of the invention. [001510btaining a crystalline form of a compound, such as Compound
22 or 25, is extremely useful in drug development. Solid state forms (crystalline or amorphous) of a
compound can have different physical and chemical properties, for example, solubility, stability, or the
ability todg, renreduced. These properties often pesinit the optimization of manufacturing processes,
particularfyWhiere a crystalline intermediate is obtained. In multistep syntheses, such as those
described herein, intermediates are prepared and unwanted byproducts or impurities can be carried
forward from earlie@Steps. Often Skxgtion, separati@ti and/or purificat'tf> steps are intgagdeiged to
remove unyanrted-byprodugts of impufities dptradusing, such stébs noton cay) incréase
manufacturing costs but can also decrease the overal yie?d of the synthesis:Having a crystalline
intermediate Witgi{l gaanglti-step synthesis can address these problems. A cr %{glline intermediate
provides certain aaovan%ages-a high WO 2009/07982 B T/US2008/08 4 purity intermediate can
reduce the need for-other purification steps and reduce the cost of the synthetic process. Scheme 1

NH2 0(CHO, 00H3 NHBoc 0(CH2)100H3 ER-819126(1)3ER-8193020 Stage 1: TsCl, Et3N. THE Stage

2: NaHM Qf;}'\}-IF, chromatography, crystﬁg!iza}!on. Stag;?:@_NLauric acid, EDC, DMAP, %EZQIZ,
%@ng@mg@ggraph%—gcheme 2

chromato %@%@&g% Pd/C, tage
OH OY(CHZ)‘MCH&
ER-806158 ER-316058 &
NH, NHBoe
HO. A O~ (CH2sCHs Stage 5 HO A0 {CHz}sCHy
O\H/{C*‘iz}wCHa O\[({CHEMQCHa
ER-819120 o) ER-819302 s}

Stage 1: TsCl, EizN, THF.

Btage 2: NaHMDS, THF, chromatography, crystallization.
Stage 3: Lauric acid, EDC, DMAP, CH,Cly, chromatography,
Stage 4: H,, 10 % PgrC, £1OH.

Stage 5! Boe,O, THF, chromatography.



ONHBoc FmocH(CH2)6CH3 0 ER-819344 0(CH2)10CH3 0 Stage 7 ONHBoc }-"™0"(cHooctia - a
ota-t,),0cH3 ER-819385 NHBoc (CH2)fiCH3 / 8 HN/ 0(CH2)10CH3 HN ONI-1130c

WO 2009/079627 PCT/US2008/087435
Scheme 2
NHBoc \
HOL AN O CHICHs stages O NHBoc
SEsER 0-P-0._ _A_ 0O CH,1,CH
O\n/(CHz)iQCHQ FrngcHN™ ™ i N \/\0/( (2:): 3CH
ER-818302 0 ER-819344 j({ 21oCHa
s}
v
(I) F;iHBOC
iti.g_f_i H;_)N /\'\/’O mgm Gx\/*‘*\/c’\//\r {CHZ)GCHS
O ~{CHy}1gCH3
ER-519385 o
L
r;iHBac

8]
i
G “E”O\v/\/o\/\l/(c“ﬂsc%
HN OY(CHz)mCHa
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ER-807285 00 0 Nat 1-W(CH2)10CH3 0-141-00."---y(CH2)6C1-13 0(CH2)10CH3 ¢' 8 M 000 FIN
OHhil1"---k(CH2)10CH3 Na+ 0 (CH2)10CH3 E60200 Stage 9: TEA, CH2012. Stage 10:
3-0xo-tetradecanoic acid, EDC, DMF, chromatography. Stage 11: Pd(PPh3)4s PPh, PhS11-13, THE,
chromatogra®ffy 200847892009/079627PCT/US2008/087435 Preparation of & BskeIAH#Ee Alcohol
Intermediate (3). [00161The synthesis of Compound 26, and similar compounds, first involves reaction
of an a-pydpawytisminaief fates il vithehsDinpeundiatégdnula (2) to form a P-keto amide of formula

(3) undgh SpRble [RacRR GRS L e 28 S PRGSO R s MR OR
an a-hydroxyl amine of formula (1) with a compound of formula (2) to form a f-keto amide

of formula (3) under suitable reaction conditions. This is shown in Scheme 3.

Scheme 5
o O
Nk o O H{:,]/U\\/LLRB
HO\/K/O\/\[/W * XJ\/U\RS - Ho\/l\/o\/\r R
O. _R? o._R?

w L @ @ I
[0017) Preparing compound (3) according to Scheme 5 may be achieved using different
preparations. The groups R'. R? and R® are as defined below. Because R’, R* and R® may
vary independently one from the other, compound (3) may have symmetrical or asymmetrical
groups at R, R? and R®. In compound (2}, X is a suitable leaving group such as, for example,
OH, Cl, F, an imidazolidyl, a carbonate, and an ester. Preferred leaving groups include OH,

Cl, F, imidazolidyl, trimethyl acetoxy, ethyl carbonate, methyl carbonate, isobutyl carbonate

or a group of the formula Z:

é-——o R

Z
where R” and R® in formula (2) are identical such that the compound of formula (2) is a
symmetrical beta ketoester anhydride. Such anhydrides can be obtained from the
condensation of two identical beta-ketoacid molecules.
[0618] In one preparation, compound (3) could be obtained from the condensation of
corapound (1) with compound (2) where X is imidazolide. The latter is obtained from the
activation of compound (2} where X is OH (carboxylic acid) with CDI,
| (carbonyldiimidazole), reagent in a polar aprotic solvent such as acetonitrile.
0019} In a second preparation, compound (3) could also be obtained from the
condensation of compound (1) with compound (2) where X 1s OH (carboxylic acid) in the

presence of an amide bond coupling reagent like HBTU, (O-(benzotriazol-1-y1)-N. N, N', N'-
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O0R2(1)0 00 FiN"™*----1LR3HOO-R1 (2) (3) [00171Preparing compound (3) according to
Scheme 5 may be achieved using different preparations. The groups RI, R2 and R3 are as defined
below. Because RI, R2 and R3 may vary independently one from the other, compound (3) may have
symmetrical SfERHM¥ cal groups at RI, R2 and R3. In compound (2), f@@%‘?ﬁ’ﬂ?@% ving group
such as, for example. OH, CI, F, an imidazolidyl, a carbonate, and an ester. Preferred leaving groups
include Qétkatakthyliidagn idyhfusaethyhaeetnor, @laytoastiopategmethyllearhonéteiligabdityl

carbonate or a group of the Lor a.z, Q%? R_7.wh(=?re gth% d Rns iri1 fgrqrglulaﬂgzzl%re identical such
that the @otﬁ)fB n‘ﬂr‘gﬁoﬁ?ﬂa rZrl)g}llsng Syrirriet ca?}hsgpa%&oest%nﬂygnde. Sleh anﬁ@drldes can be
obtainedidith ¢h € ldghide s atidiniof tarbddeniidatdagtatketoheidEhdlddl(@s. 100181In one preparation,
Compo“”cﬁn@h%?a%?ggwﬁ)}ﬂ%gtﬁgﬂ T&%ﬁgdﬁ%gg ﬂ?@%%ﬂi&fide}, can be used to activate
compound (2} where X is OH (carboxylic acid).
[002¢] A third preparation to prepare compound (3) is the condensation of compound (1)
with compound (2) where X is F (acyl fluoride) in the presence of a tertiary amine base (e.g.
Hiinig's base) in a soivent like CHxCly. Compound (2) where X is F (acyl fluoride) cap be
generated from the activation of compound (2) where X is OH (carboxylic acid) with TFFH,
(fluoro-N, N, N', N'-tetramethylformamidinium hexafluorophosphate), reagent in a solvent
such as CHyCly.
[6021] Compound (3) could also be obtained via a fourth preparation from the
condensation of compound (1) with compound (2) where X is Cl (acy! chloride) in the
presence of a tertiary amine base (e.g. Hiinig’s base) in a solvent such as CHCl,. Compound
(2) when X is CI (acy! chloride) can be generated from the activation of compound (2) where
X is OH (carboxylic acid) with oxalyl chloride reagent in a solvent such as CHyCl,.
[0022] A fifth preparation can prepare compound {3} from the condensation of compound
(1) with alkanoic acid carbonic acid anhydride compound (2) where X is a carbonate in the
presence of a tertiary amine base (e.g. Hinig’s base) in a solvent such as CHoCly. The latter
is obtained from the activation of (2} where X is OH {carboxylic acid) with ethyl
chloroformate reagent in the presence of a tertiary amine base (e.g. triethylamine} in a solvent
such as CH,Cls.
[0023] A sixth preparation can prepare compound (3) from the condensation of
compound (1) with mixed anhydride compound (2) where X is an ester in the presence of a
tertiary amine base {e.g. Hiinig’s base) in a solvent such as CH;Cly. The latter is obtained
from the activation of {2) where X is OH (carboxylic acid) with pivaloyl chloride reagent in
the presence of a tertiary amine base (e.g. tricthylamine) i;:i a solvent such as CH,Cls.
[0024] Compound (3) could also be obtained via a seventh preparation where compound
{2) X is OH (carboxylic acid) is first converted into a symmetrical anhydride by the action of
oxalyl chloride reagent and a tertiary amine base (e.g. triethylamine) in a solvent such as
CH,Cly. The resuliant anhydride is condensed with compound (1) in the presence of a

tertiary base (e.g. triethylamine) in a solvent such as CHCl.
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compound (1) with compound (2) where Xis imidazolide. The latter is obtained from the activation of
compound (2) where X is OH (carboxylic acid) with CDI, (carbonyldiimidazole), reagent in a polar
aprotic solvent such as acetonitrile. [00191In a second preparation, compound (3) could also be
obtained fron#é&%gRdEASation of compound (1) with compound (2) wher8SIE BB #BDxylic acid) in
the presence of an amide bond coupling reagent like HBTU, (0-(benzotriazo1-1-y1)-N.N'- WO
2009/07962FH CT/ S 20008 T35 pd¢tr & ety u kamipouitbaEfluordplibsplate) rosiatiaé bgoupling
reagents,p.the e family and.a tertiary agnine base (e.g. Hilnig's base, N,N-diisopropylethylamine)
ina s.olvélr'gu}'fl 1% %%a[gn ?f{%%%lgﬁ%%{fz% Wﬁ(fd?gon caxbodiimide reagents such as EDC (N-(3-
dimethylaminopropy1)-N-ethyl cafiqdiimide hydrochloride), can be used to activate compound (2)
where X is OH (carboxylic acid). 1%A third preparation to prepare compound (3) is the

condensation of compound (1) witg’compound (2) where X is F (acyl fluoride) in the presence of a
tertiary amine base (e.g. Htinig's ba\@j&@e t like-.CH2C&2. Compound (2) where X is F (acyl

fluoride) can be generated from the activationt of compount”(2) where X is OH (carboxylic acid) with
TFFH, (fluoro-N, N, N', N'-tetramethylformamidinium hexaffuorophbsphate), reagent in a solvent such
as CH2C12- 10021]Compound (3) could also be obtained vraj/fourth preparation from the
condensation of compound (1) with compound (2) where Xis Qf (acyl chloride) in the presence of a
tertiary amine base (e.g.base) in a solvent such as CH2C12. Compound (2) when X is Cl (acyl
chloride) wherdie Rbast Reaéranddhinedefbeatio hé hednpamado@nvhbea st (Eaaoxylic acid) with
oxalyl chloride reagent in a solvent such as CH2C12. 10022]A fifth ration can prepare
compour A7 S i S R A s T e L BB R R e
compounid {PpwiganelX is a carbonate in the presence of a tertiary amine base (e.g. Hiinig's base) in a

solvent sé CHaGlamThe e is Abiaed Tamne aaiyation.of(2)bpsnabs Ok carboxyliuith

ethyl chloroformate reagent in resence of a tertiary amine bas?égz. . triethylamine) in a solvent
such as CKIXREeYI0eRaA-SiR b piratich s préirard soRpSind-e3y freikirg @Mensation of

compognmemytigw : ,dtﬁrzﬁm@fwﬁ@a?;@agﬂ%&am@ﬁmm h@etlgmgtf&heegmseréc? of a htertiary
amine base (e.g. Hiinig's.base).in a solvent such as CH2C12. The latter is obtained from the activation
of (2) whBTB RS (LEH0L RO AT BT EP O£t n 1HE BFRGSEE of a tertiary amine
base (e.gmitiethiylamiRe)sin 6:s0lyetitduchuasQls126 1[0 244G 0o pdixd (3licaulbgatsp be obtained
via a seventh preparation where-compound (2).X } 1 (carboxylic acid)-is first converted into a
o g By A Al B! B0 FeAOo R AR eGSR ACBALE (o0
triethylamthidy " ambR esrchushnisiGRal? iMhrave suttemiiahy drideis bohdeest wih-Eompound (1)
in the pregencs oA aHARLRASR (81 JiatIMaIINg) RRSOMED) YShRSGHRGE2. WO
2009/079627 C%UéZOOS/O%a?Af%S 10825].&%3&2%;1{1 igr?olggmplegﬁf)glow,_é I(_:ég&m%ounq of formula (1)
may be prEPERPLEhidrbgetatsEraRSRsbRiSEF B R Rspituted n-heptyl group, and R” and

R® are both a Cy; alkyl group, most preferably an unsubstituted n-undecyl group.

[6027] The alkyl, alkenyl, alkynyl groups mentioned for the various groups of R', R? and
R? above discussed with regard to the invention may be substituted or unsubstituted,
Examples of substituents include, but are not limited io, halo substituents, (e.g. F, Cl, Br, and
I); a Cy-Cg alkoxy group, (e.g, -OCHs, ~-OCHCHs, ~OCH{CHs)z, and the like); a Ci-Cq
haloalkyl group, {e.g., -CFs, -CH2CF;, -CHCl,, and the like); a C;-Cs alkylthio; an amide; ~
NO,; and -CN. Unless otherwise specified, the alkyl, alkenyl, and akynyl groups may be
straight chains or branched with straight chains being generally preferred.

[6028] The f-keto amide alcohol compounds of formula (3) are novel compounds and are
useful as, infer afia, intermediates in the preparation of compounds such as E6020.
Compounds of formula (3) are a separale embodiment of the invention. S-keto amide alcohol

compounds having the stereochemistry shown in formula (3a) are particularly preferred.
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Ph \J"N.-7 R' (DY wherein Rl and R2 are as defined above. The hydrogenation may be carried out in
any suitable solvent, e.g. ethanol, isopropanol and others known in the art, but preferably is done in
isopropanoL [0026]In formulas (1), (2), and (3), each of Rt, If and if may be, inde endentlél, for each
occurrence a8 group, a C5-05 alkcnyl group, or a C5-C15 alk%ﬁﬁgﬁﬂﬂﬁ:’ﬁ?—r alkyl group,
the alkenyl group, and the alkynyl group may be substituted or unsubstituted, straight or branched and
is preferably a straight chain. In a preferred@mboditnent, R1 is a C5-C12 alkyl group, a C5-C12
alkenyl group, or a C5-C12 allcynyl group atjd morg|preferably a C5-C9 alkyl group, a Cs-C9 alkenyl
group or a C5-C9 alkynyl group, while R2 ach is, independently for each occurrence, a
C7-C14 alkyl group or a Ci-Cin alkenyﬁ'{@loup and more preferably a C9-C13 alkyl group or a C9-C13

alkenyl group. Preferably, RI ig_@C? alkyl groug, most preferaliiyt unsubstituted n-heptyl group, and
122 and R3 are both a C11 alky Wﬁraﬁ?%&dﬁsubsmuted n-undecyl group. [0027]The
alkyl, alkenyl, alkynyl groups mentioned for the various grodps of RI,2R2, and If above discussed with
regard to the invention may be substituted or unsubstitutedCExapafités of substituents include, but are
not limited to, halo substituents, (e.g. F, Cl, Br, and I); a C1-C6jalkoxy group, (e.g, -OCHS,
-OCH2C1-13, -OCH(CH3)2, and the like); a Ci-Co haloalkyl greyp, (e.g., -CF3, -CH2CF3, -CHC12,
and the like); a C1-05 alkylthio; an amide; - N(ﬁﬁ&nd -CN. Unless otherwise specified, the alkyl,
alkenyl, and akynyl groups may be straight chains or branched with straight chains being generally

preferred. [0028]The fl-keto amide alcohol compounds of formula (3) are novel compounds and are
useful agpieyr alidnittesnebiatesfifdbzlplapsiationoidecttpbuind € sugirasi 280 2Bn@wmisbunds of
formula (3) are.a separate embodiment of the | tion.f-keto amide. alcohsl compaundsg having the
stereoch%?ma%ﬁ§/§lssf1%\5’%&%3 ?ﬁg‘ﬁ%f‘éﬂ(ﬁg Srgéﬁegﬁg‘}:ﬁ{a&r y%?efe?rfgg; 00 HNRS3 HC%)y (SaFgé{_OOZQNn the
synthesi€ obBGORMAstertingsiora fRiteralesht is daspivedhaloe icExtsuind-22aig leystglline form
are also sepatale, ambodinentsalinadnsenian hapashesiE oGampound 22 starting from

Compound 14 is described below in Example 1, and the solid state characterization of crystalline 22 is
described below in Example 2. 00 NH(CH2)10CH3 (CH2)6CH3 0(CH2)10CH3 0

o O
NH (CHy)1oCH3
HO\/’-\\/O\/\‘/ (CH2)sCH3
QY (CHz)4oCH3
Q

Compound 22

Preparation of a Urea Di-phosphoramidite (4).

[6630) The urea di-phosphoramidite compounds of formula (4) represent another novel
intermediate compound in the B-keto amide alcobhol synthesis of E6020. Therefore
compounds of formula (4) are a separate embodiment of the invention. The urea di-
phosphoramidite compounds of formula (4) may be prepared by reacting a 1,3-bis(2-
hydroxyethyDurea with two phosphorodiamidite compounds of formula (7} as shown in

Scheme 6, where R‘g, RS, and R® are as described below.
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Compound 22 Preparation of a Urea Di-phosphoramidite (4). 100301 The urea di-phosphoramidite
compounds of formula (4) represent another novel intermediate compound in the P-keto amide alcohol
synthesis of E6020. Therefore compounds of formula (4) are a separate embodiment of the invention.
The urea dipHEEpHEHRftite compounds of formula (4) may he prepared BY- FESEHAT 4 "1 23-bis(2-
hydroxyethyl)urea with two phosphorodiamidite compounds of formula (7) as shown in Scheme 6,
where REgiRuieghd R6 are as described below. Scheme 6 HONANOH 0 + 2 NR5R6 4.0-K RNR5R6
(7) R5:,"/0-P,NR5R6

4
R\{?
O_PkNRBRG
O 5R8 /_/
HO._~~ J AOH 4 9 g_,p'N S IR 't
b < o
HN
N\, NRSRE
{7 o-F
40
(4)

[6031] In some embodiments, reaction of 1,3-bis(2-hydroxyethyturea with a
phosphorodiamidite is effected by reacting the bis-hydroxy compound with a suitable
activating agent such as 1s known to those skilled in the art, and then adding the
phosphorodiamidite compound to the reaction mixture. In some embodiments, the activating
agent is chosen from the group consisting of (1H)-tetrazole and pyridinium trifluoroacetate.
In some embodiments, the activating agent is pyridinium trifluorcacetate. In some
embodiments, the reaction of Scheme 6 is run in a solvent comprising a solvent selected from
the group consisting of acetonitrile, dichloromethane, dichloroethane, and tert-butylmethyl

ether. In some embodiments, the reaction of Scheme 6 is run in acetonitrile as a solvent.

Condensation of B-kete Amide Alcohol (3) with Urea Di-phosphoramidite (4).

[0032] As shown in Scheme 4 above, the synthesis of Compound 26 involves a
condensation reaction of a f-keto amide alcohol of formula (3) with a urea di-
phosphoramidite compound of formula (4) to form a f-keto amide urea phosphite compound
of formula (5) which may then be oxidized to form a fi-keto amide urea phosphate compound

of formula (6). This is shown in Scheme 7 below.

{4



HNO HN \O-P ,NR5R6 R4.0 (4) [00311In some embodiments, reaction of
1.,3-bis(2-hydroxyethyl)urea with a phosphorodiamidite is effected by reacting the bis-hydroxy
compound with a suitable activating agent such as is known to those skilled in the art, and then adding
the phosphor8#iathtditésedmpound to the reaction mixture. In some embo 8RN E Hefivating agent
is chosen from the group consisting of (1H)-tetrazole and pyridinium tritluoroacetate. In some
embodiments, the activating agent is pyridinium trifluoroacetate. In some embodiments, the reaction of
Schemesﬁcgs};]en,;in a solvent comprising a solvent selected from the group consisting of acetonitrile,
dichloro - dichloroethane, and tert-butylmethyl ether. In some embodiments, the reaction of
Scheme 6 is run in acetonitrile as a solvent. Condensation of 135@960 Amide Alcohol (3) with Urea
Di-phosphoramidite (4)-100321Ag,shown in Scheme 4 above, the Synthesis of Compound 26 involves

a condensation reactiop of a fl-kerth aniide alcohol| of formula/.LS) withNRER&a di-
HN R? HN

21 HO_A_oO R o
RN e

0. R?
hi \_\0 _NRSRS

L o -
@) R4.c')
(4}
i
7 &“ff”‘ NI OO
O=F-C O R1 O-F‘J-*O\)\/O R1
n /_/ \/\C( - /_—/ (”) \/\Or .
Y oxidation HN \ﬂ/
N>:O @ 9 0 =0 o o 4
H . NS g HN . i
o~p-o._A_0 R o :
1 \/\( O"‘F"‘"O O R
R“D 0. R? PR \/\/ 2
\rr R OTR
(5) © (6) 0

{033 In formulas (4), (5), and {&), R R? and R® are the same as described above,
including.their preferred embodiments, and are independent of ene another. In each
occurrence, R', R* and R? may be the same or different. In other words, a compound: of
formula (6) may have the same or different atkyl, alkenyl and/or alkynyl groups at cach R,
R? or R® position. Each R* group may independently be a protecting group, including but not
limited to the following groups: an alky! or substituted alky! group such as methyl, ethyl,
isopropyl, tert-butyl, and the like, preferably a C,-C; atkyl group: an alkenyl or substituted
alkenyl group such as allyl, 2-methy! propenyl, butenyl, and the like, preferably a C3-Cs
alkenyl group: an alkynyl, preferably a C3-Cs alkynyl group; a cycloalkyl group such as
cyclohexyl; a 2-substituted ethy! group such as 2-cyanoethyl, 2-cyano-1,1-dimethylethyl, 2-
(trimethylsilylethyl, and the like; a haloethyl group such as 2,2, 2-trichloroethyl, 2,2,2-
trichloro-1,1-dimethylethyl, 2.2,2-tribromoethyl, and the like; a benzyl or substituted benzyl
group such as benzyl, 4-nitrobenzyl, 4-chiorobenzyl, and the like; an aryl or substituted aryl
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phosphoramidite compound of formula (4) to form a ,8-keto amide urea phosphite compound of
formula (5) which may then be oxidized to folin a fi-keto amide urea phosphate compound of formula
(6). This is shown in Scheme 7 below. WO 2009/079627PCT/1JS2008/087435 Scheme 7 00
RtOHN-- -"-- YR HH9RR p.0" "--1--" OR1 / HNO"11"..R2 EtH u - 00niloxiBSHOHIIRUET435 "R3 \ R1
0-P-0 R4.6 OyR2 0

group such as phenyl, 4-nitrophenyl, 4-chlorophenyl, 2-chlorophenyl, 2-methyiphenyl, 2,6~

dimethylphenyl, 2-bromophenyl, and the like; and a silyl group such as trimethylsilyl and the
like. Particularly preferred protecting groups for R? are methyl, ethyl, tert-butyl, allyl, 2-
methyl propenyl, buteny], 2-cyvanoethyl (NCCH2CHa-), 2Z-(irimethylsilylethyl
((CH3):SiCH,CHy-), and 2,2, 2-trichloroethy] (Cl:CCHa-). Like RY, R? and R®, each
occurrence of R* may vary from one another within the definition of R*.

[6034] R® and R® are in cach oceurrence independently a C,-Cy alkyl group, a C5-Ce
alkenyl group or a C3-C; alkynyl group, wherein said alkyl, alkenyl, and alkynyl group may
be substituted or unsubstituted, or, taken together with the nitrogen to which they are
attached, form a 5- or 6-membered heterocyclic ring. The heterocyclic ring may include
additional heteroatoms, e.g., N, Q, and/or S; may be saturated or unsaturated, and may be
unsubstituted or substitufed. Examples of substituents include, but are not limited to, halo
substituents, {e.g. F, CL Br, and I}; a C,-C¢ alkoxy group, (e.g, -OCHj, ~-OCH;CH,, -
OCH(CHj3)s, and the like); a C|-Cs haloalkyl group, (e.g., -CFa, -CH>CF3;, ~-CHC};, and the
like); a Ci-Cg alkylthio; a -NO; group; and a -CN group. Suitable heterocyclic groups
include, but are not limited to, piperidyl, morpholinyl, thiomorpholinyl, pyrrolidyl, and the
like. The alkyl, alkenyl, and alkynyl groups of R, R® and R® may be substituted or
unsubstituted, straight or branched. Examples of substituents include, but are niot limited to,
hale substituents, (e.g. F, Cl, Br, and I); a C;-Cy alkoxy group, {e.g, -OCHs, -OCH.CH;, -
OCH(CH3)2, and the like); a C;-Cq halealkﬁ group, (e.g.. -CFa, -CH2CFa, -CHCl,, and the
like); a C;-Cg alkylthio; a -NO; group; and a -CN group. In a preferred embodiment, R*isa
C3-Cs alkeny! group and R” and R® are each independently a branched C;-Cy alkyl group.
Preferably, R* is an allyl group and R and R® are isopropyt groups.

[6035] In some embodiments the compound of formula (3) is reacted with the compound
of formula (4) by adding solvent to the mixture of compound of formula (3) and the
compound of formula (4), stirring until all solids are dissolved, and adding acetic acid to the
mixture. In some embodiments, the solvent is anhydrous and may be a co-solvent mixture,
In some embodiments, the co-solvent mixture comprises acetonitrile and a hydrocarbon
solvent and in a preferred embodiment, the solvent may be, for example, a mixture of
anhydrous acetonitrile and anhydrous heptane. In some embodiments the co-solvent mixture
comprises heptane and acetonitrile. In some embodiments, the weight of heptane in the co-
solvent mixture is between 4 and 6 times the weight of the compound of formula (3). In some

embodiments, the weight of heptane in the co-solvent mixture is between 4.5 and 5.5 times
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[00331In formulas (4), (5), and (6). R1, R2 and R3 are the same as described above, including their
preferred embodiments, and are independent of one another. In each occurrence, RI, R2 and R3 may
be the same or different. In other words, a compound of formula (6) may have the same or different
alkyl, alkenyl4Bdf8P/4TRHYI groups at each R1, R2 or R3 position. Each RE§EI¥E #ftlependently
be a protecting group, including but not limited to the following groups: an alkyl or substituted alkyl
group sugh asiphettthetbylpispdropidriant: bty @ntk hebidrprefeiably ahCHGOalki-geap; an
alkenyl or substituted alkenyl.group such as.allyl, 2-methyl propenyl, butenyl, and the like, preferably a
308 AT SO, S R TR b 4 e s A L e
cyclohexiyl ser2e sulistitutedte thy bgrighpo uctias gle yarieeinghiRecy aniprird idbeiatnydtBydnpd -

trimethy]sil ike: 2 halaet trichloraethyl, 2,2 2-
Erlrgi?liroyjl%g%l%pe}%ﬁget%ﬁe%y g’%%%%é%% oge}éﬁﬁ %ﬁ% ?h%%?é%%%%?%?é%%%ﬁ%%&%yl group such
as benzyicetipieshesedyis detrtorobandyimatat equiliklenare byt emsubsefsbedanpogdad such as phenyl,
4-nitrophgeayl48 M erop e By LEI0IARBRI M 2amet Y ITRRBNL &8 dimetRyinhenyl »ZaRigmophenyl,

and the like; and a silyl group such as trimethylsilyl and the like, Particularly preferred protecting
groups ORI HBENE St SrBLAITRATRmPotRE PRIBEHRAT ttde Y PoPIE FRIGEIRYANS.
(NCCH2@GHRmRrfitimeihyisivrety HiGHS) 3SR R band 8252 tdchigrerihuliGSC&!-12-). Like
12', R2 and R3. each occurrence of R4 may vary from one another within the definition of R4.
[0034]R5"’:§|I118 ?%dare in each occurrence independently a C1-C6 alkyl group, a C3-C6 alkenyl group or
a C3-Colaliagyl grioupmweherbiniisaidialky catkpayhdaridoatiyby Y rbapaidy e substidutéd or
unsubstitutecl. or,. tak ther with the nitregen to which they. are attached, form a 5- or

emember i e B e .. .
and/or Semimgdinestaidhateddringsgmmtady daretaneydsedardubstittedians oSt Adehatcamples of

Substitueda%%#@%um&éa% %ﬁg)%&mtﬁ@qn RAIR. HRHHERIS €% GyfrobnBEraidd)s 3dod-C6 alkoxy
group, (e.g, -OCH3, -OCH2CH3, - OCH(CH3)2, and the like); a Ci-C6 haloalkyl group, (e.g., -CF3,
-CH2CFEVLGHIERS: 3§ #h6- (IR e e s MRt hid e ret grbtipr g ineg Yrolisreditable

hege rﬁc%@%ﬁlgr?up(lsﬁﬁmlg& C@Pﬂ‘i:&ﬂmﬂl@i limiii@daﬁgﬁbg%@%@l&@fﬁ@qﬂeﬂxmgmpiﬂaboﬂmgmyrrolidyl,

and the like. The alkyl, alken alkyn ups o , Rb and R6 ma substituted or
unsubstiftit a?lﬁfé’iﬁh%r ?é%‘éﬁg N géﬁ%ﬁ%ﬁ&ﬁ%s‘%ﬁ?&%ﬁﬁt&ﬁ%%f}/flg?et%ﬁi ifted to, halo
substituentseieod tie, GhBraahaf foandi-ChualidoXy gnotpriecd;sixak 2H3:; gl AHIEH3) 2, and the
like); a C1-C6 haloalkyl gr. .9l B g eFi = ike): - Ikylthio; a -NO2
group; aﬁg%%&% %%%%%r%%%éef%?eﬁ%bgﬁmgn?%% %%%’?%%%%ﬁ?‘é%ﬁaﬁn%%ﬁ énd R6 are
each ind&pendahtljiadrantragactioT iyt grouprirgaher iymeRompned pf geoupland) RS and R6 are

isopropyLSERIRS-i0R324IN seme grhesitnents agisRnRauRsoffrHIYIR 43disrarciemivitl the
compound of formula (4) by adding solvent to the mixture of compound of formula (3) and the

compourig<St-fBHAnaRs eADAHMAY T ERLHID RREICIRAHHHE Lt thearRRNSE RS to the mixture. In
some enfoeeimen]ss Hielse heatdatanhytrceaadinehdeddico80 heidp ddnes fiisaiiig
embodiments, the co-solyent mixture cqmprises, acetonitrile and a hydrocarbon solvent and in a
oroforred BT SOVBRETED BT, DA A T AATE SrA e tbronitle and
anhydroumheﬁ@deaﬂ ateoime er_ﬁ!}b"ﬁda'wﬁmm&iﬁhg &mﬁmlmntgﬁmdmmmmbddapm tand apetonitrile.
In some gmpadimentaniheusiant aleniane ie.c-eleaL ik ie. IS RANISRD J AR imes the

t of formula (3). | odim h

weight o compound of f¢ n some em ents, the weight of ﬁeptgne In the co-solvent
mixture iggsatwaenacsaRads B RihdRe tectialghs@TtHeat o sporadwt frenuta ¢3)% some
embodimgits,{he 2i8iabk oF AceiQniitndhe SRPalYeRlm W eds PRIWERRohaNd 2 times the weight

of the compounc? of formula g). In some embodiments the weight of acetonitrile in the co-solvent
mixture i§BRAGIEEHY: DaFrpotigtineieh HaifmrratucehAibung ot eddiics Akihe
embodimgiisitieweaighiotacelicireitkusathisbanea apsidmaRiegdiaients of the amount of
the compound of for E#[S% sed. In some embogin]ents, the amount of acetic acid used is between
12 and SHRIEFAR GO LU IR PYRE LB B HE BTN Ra 15 TBE some
embodimgsishtdexititodiatu rb:of iy pantihndnintiureldstrogintacee peadatbout fRO-Rb G:aittiimg the
addition ?f acet'igzgcid. [0036)In some embodiments, the compound of formula (5) formed by the
method 0t SCHRME 7 is oxidized to the compound of formula (6) by an oxidizing agent. In some
embodiments, the oxidizing agent is hydrogen peroxide, Oxone(r) oxidant, mCPBA (me achloro
perbenzoie acid), and the like. In some embodiments the hydrogen peroxide is 30% (wt/wt) 14202 in
water. In some embodiments, the reaction mixture containing the formed compound of formula (5) is
diluted with additional heptane before the oxidatidi step. In some embodiments, the weight of the
additional heptane added is between 5 and 10 times the weight of the compound of formula (3) used.
In some embodiments, the weight of the additional heptane added is about 8 times the weight of the
compound of formula (3) used. In some embodiments, the reaction mixture containing the formed

compound of formula (5) is cooled to about -5 - 10C after adding the additional heptane and before
addina the ovidiZzinAa anent |In ecome embhondimente the reaction mivtiire containina the formed



OHWIL-A(CH2)10CH3/ 0 HNO(CH2)10CH3 00 HNII0 OHN(CH2)10CH3 0(CH2)60H3 0(CH2)10CH3
A 00 0-Na+ HWILA(CH2)10CH3 HN8_(CH)60H3 0(01-12)100H3 0000 ii , OHN(CH2)10CH3\
6-Na+0(CH2)10CH3 0 [0040]While the examples below disclose the preparation of a particular
stereoisomer™A&MYEEBt preparing other stereocisomers of Compound 28 aF&egM&{#ErEd to fall within
the scope of the present invention. The synthetic method of the invention is well suited to provide pure
stereoisqmgrg for whikh shetnitied Striapehet 2&tireaioihposiat tifgomairial) (3)(dsmpound 25.

Compound 25 and its erystalline form are also separate embodiments of the invention. The
synthesis of Compound 25 starting from the dihydroxy urea Compound 24 is described below
in Example 4, and the solid state characterization of crystalline Compound 25 is described
helow in Exampie 5.

[6038] Example 6 below describes the preparation of E6020 precursor Compound 26 (a
species of the compounds of formula (6) where R! is n-heptyl, R? and R? are both n-undecyl,
and R* is allyl) from the reaction of Compound 22 and Compound 25.

[0039]  The synthetic method described herein may be adapied to the preparation of any
of all possible stereoisomers of Compound 26 and correspondingly E6020; e.g., compounds

(A) and (B) respectively below having the general structures:

\ o 0
o HNM{CHz)wCH:a

0-P~0 o {CH,JeCH;

I

HN - O._(CHy)15CH3
=0 o o e

O
HN i
0 NN (CHgCHe

|

O‘E“OWO (CHﬁaCH:;
Q\R/{CHz)mCHa
P
A O

O'Ng* HNM(CHQhQCHg

o-P-0._Ah_.0 (CH,)sCHs

HN\/: T{CHz}mCHs
O 0

HM i

O M(CHQ)@QGH?,

o—P~o\A/o (CHp)sCHs
\/\O{Y(CHz)wCHa
B O
[6046] While the examples below disclose the preparation of a particular stereoisomer,
methods for preparing other stereoisomers of Compound 26 are considered to fall within the
scope of the present invention. The synthetic method of the invention is well suited to

provide pure stereoisomers for which the initial stereochemistry of the starting material (3) is
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defined and used in a - equivalent ratio to the urea di-phosphoramidite (4) as shown in Scheme 7
(above). This method would allow one to prepare four pure stereoisoniers including E6020 with a
(R,R,R,R) stereochemistry at positions 1,6,22,27; ER-824156 (S,S,S,,S); ER-804053 (R, S,S, R); and
ER-824095 (B RAMH)*FY prepare the other stereoisomers (ER-826685 (R RS RI R85 1887
(R,R,R,S); ER-826682 (R, R.S,S); ER-827905 (R,S, R,S); ER-826683 (R,S,S,S); ER-804097

(S,S,R, S} fonest wod s cdlbitadr? axqnixsles: oftjarad thetsrdor divhiohsdweamoditd (d3esisbowivaient of starting
material £3) with-a defined-stereq IStk itj ' ivalent of starting
material %g}%,{,%,ﬁuﬁﬁ’gyg% %%%%%%ggﬁﬁé sltgfe&rz)(g{gr?osé i%%%%ﬁa ﬂﬁfﬁigg %%%n%%grhe resultant

reaction {wdingrg deHehwaRid Br dyislergraiftarishy staredistm & BF E6riBobrtt #6) that can be
separated ysaluymnsehramatagsaphyanchsinugsakydelpludnenhit i&R.and HPLC comparison
t

to authentic stereoisomers prewqusTy prepared bg/ e first synthetic method described above and a
separatestrietistngs dEB-AHEE AT BABRr K487 2607035 5% 83681 N d<> 8588 600; 6,290,973;
and 6,524,736 Which giselese et sy ieticRadestoE§020 pad relatadeampoundsseupvide helpful
background information on preparing certain reagents and startin terials r%d are incorporated
herein by RABFEHOE MBI BREE IO HgIh ?ﬂ@@?ﬁlﬁ?@?ﬁ&%ﬁ%ﬁghﬁﬁﬁﬁ% &fted" is used to
describestcreagianiarg stapsediohon wad JekHirsk;glass spdctdrpasfdthenike)acisah{@anbthdt the air in
the reactor has been replaced with an,essentially moisture-fr ' itrogen,
argon. Al R AR by EOT ey Lt D PPA R Rg
stoichionSetryrferidl sworadipyofide fedifEnedsteradatingre ofimpoued sl Ebthgarisdie ssrapteddstablished
starting maigHAL EOG IR NeIBRL{AORIAVANR L A5 5SS REREIN FABEEPANES:IR g atio of the

mass of a substance or a group of substances by comparison to the mass of a particular chemical

componeétispHGasEiFPBIcFUREIRTSH spasmhiy ferdisheadhsiheehad e iBefloThe ratio is
calculateghas: Qighr-ak Kate dhe-denmdvalume biakreviatiom opl) assigedeherais. corresponds to the
ratio of the volume of a given substance or a group of suhstances to the mas lume of a
pre-estat?ﬁ%?‘n’eﬁo&ét%@gf [ g\éﬁfgf’ & ?@%8{16%8%% i éﬁ%?{gﬁcerﬂ%’fé E?:%%E}lyhgtﬁn:ag equation
involve méttebing orsersiofpraihitidefulbadgonpteidotatioiis: calpulptectascmalmiagentsig, Lit or L/Kg.
The followpg abireyiglions atg used herein; WO R0R91A19627P CT/US20081087435
AbbrevialbhChentcal AXefOnitrie Hoctert-butoxycar on)ﬁ CDIcarbonyldiimidazole
DMAPA4-(dimethylamino)pyridine DMFdimethylfoimam i de

EDC(N-(-dimettylaminopropyl1)-N-ethylcarbodiimide hydrochloride) EtOHethanol Et3Ntriethylamine

Fmoc9-fl yhnethoxycarbonyl NaHMDSsodium hexamethyldisilazide HOAcacetic acid
IPAisopréifi Hiconbi Hassprpst brcpathedtha bz attisfyd” s used to describe a reactor (c.g.

Pd(PPh3)4tatiakisitiphemdphosphing)paliadiam (Ry) it is meant that the air in the reactor has
been replaced with an essentially moisture-free or dry, inert gas (such as nitrogen, argon, and
the like). The term “equivalent” (abbreviation: eq) as used herein describes the stoichiometry
{molar ratio) of a reagent or a reacting compound by comparison to a pre-esiablished starting
material. The term “weight” (abbreviation: wt) as used herein corresponds to the ratio of the
mass of a substance or a group of substances by comparison to the mass of a particular
chemical component of a reaction or purification specifically referenced in the examples
below. The ratio is calculated as: g/g, or Kg/Kg. The term “volume™ (abbreviation: vol} as
used herein corresponds to the ratio of the volume of a given substance or a group of
substances to the mass or volume of a pre-cstablished chemical component of a reaction or
purification. The units used in the equation involve matching orders of magnitude. For
exampie, a ratio is calculated as: mL/mL, mL/g, L/L or L/Kg. The following abbreviations

are used herein:

19



PPh3triphenylphosphine PhSill3phenylsil ane Pvpyridine _ , Py-TFApyridinium trifluoroacetate
THMEtert-butyl methyl ether TFAtrifluoroacetic acid TFFHfluoro-N, N, N',
N'-tetramethy-Iformamidinium hexafluorophosphate THFtetrahydroCuran TMTest Method
TsC1ltosylchBiftR 48 ple!: Preparation of Compound 22  Stage 2 GOWERHEE 22 0CcH3

0(CH2)10CH$
Abbreviation

ACN

Boce

Chi
DMAP
DMF
EDC
hydrochloride)
EtOH
Et:N
Fmec
NaHMDS
HOAc
IPA

iPr

Pd/C
Pd(PPhs)4
PPh;
PhSiHs
Py
Py-TFA
TBME
TFA
TFFH

THF
™
TsCl

Chemical

acetonitrile
tert-butoxycarbonyl
carbonyldiimidazole
4-(dimethvlamino)pyridine
dimethylformamide

{(N-(3-dimethylaminopropyl)-N-ethyl carbodiimide

ethanol

triethylamine
9-fluorenyimethoxyearbonyl

sodium hexamethyldisilazide

acetic acid

isopropyl alcohol

isopropyl

palladiunt on carbon
tetrakis(triphenylphosphine)palladium (0)
triphenylphosphine

phenylsilane

pyridine

pyridinium trifluoroacetate

teri-butyl methyl ether

trifluoroacetic acid

fluoro-N, N, N°, N -tetramethyiformamidinium
hexafluorophosphate

ietrahydrofuran

Test Method

tosylchloride
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Compound 22 Preparation of Compound 15 (Step 1) [0042]General Procedure: As shown in Stage 1
above, Compound 15 may be prepared as follows. To an inerted reaction vessel is added Compound
14 (1 wt, 1 eq), PcUC (preferably approximately 0.1-0.2 wt, 0.025-0.050 eq), and an appropriate
hydrogenatiolf SR {824 ., a non-aqueous polar solvent such as THE, préfdrEBR)%/BGHP protic
solvent, more preferably a low molecular weight alcohol; most preferably ethanol or isopropanol)
(approximately 6-7 vol). The inert gas in the vessel is replaced with hydrogen, (preferably at a
pressureﬁ)}g‘a%e&){eoi(:jnﬁtgl%‘rja g&r{p%%%eﬂt&% oximately 120 psi) and the reaction mixture is stirred
at room temperature until the reaction 15 essef lally complete (approximately 3-8 days). Hydrogen in
the reaction vessel is then replaced with an inert gas and the catalyst is removed by filtration (e.g.,
using Celite). Thé 1tr5ate is then concentratestigeyield ompogj{gd 15 (approximatety 0.8 wt) as a pale
yellow oil. The follgwing procedures describe-the-hydragenatioh*of Com 14 t6 Compound 15 in
ethanol and in isorsgl' ol./Hf@%g‘tep I(al): Hydroge at%%’ﬁfénﬁ%%%giner ed round bottom
flask equipped with a magnetig_stigring-dlevice was added Compound 1@*3@@&@431.0 wt, 1.0 eq), 10%
Pd/C (Degussa type EI 01 NE/W, 0.300 g, 0.10 wt, 0,024 eq, Aldrich), ared ethanol-{20.0 mL, 6 7 vol).
The inert gas in the vesgglmpiilagan, was replaced with hydrogeED%aéern%serre) and the reaction
mixture was stirred at room temperature until the reaction was found complete by TLC analysis
(approximately 4 days). Hydrogen in the reaction vessel was then replaced with nitrogen, the catalyst
was removed by filtration on Celite and a small amount of ethanol was used as rinse. 100441Step
1(a2) Compound 15 may generally be used in situ to prepage Compound 22. For characterization
purposes, the Compound 15/ethanol filtr&89%&s conmﬁﬁaﬁé@ﬁg,;@@d Compound 15(2.5 g, 0.83 wt) as
a pale yellow oil, redissolved in a minimam ammouat of-109 glfdichloromethane, loaded onto a
silica gel column (KP-Sil, 13.0 wt). and eluted with 10% methgnol/dighiaromethane. A few pure
fractions were combined and concentrated in vacuo to give purified Compound 15(0.1 wt).
100451Analytical Data for purified Compound 15: 141 NMR (400 MHz, CDC13) 5: 5.03-5.10 (m, | H).
3.63 (dd, J-10, 5 Hz, IH), 3.42-3.52 (m, 3H), 3.34-389Maeuai$23.02-- 3.07 (m, 11-1), 2.29 (t, J= 7 Hz,
3H), 1.73-1.94 (m, 6H), 1.48-1.66 (m, 4H), 1.20-1.36 (m, 261-1), 0.89 (t, J= 7 Hz, 6H). ESE-MS
(M+11)+ Theoretical calculation for C25H52N04: 430.4; actual result: 430.4. [0046]Step
1(b)livarByearaaganPfoprasnd 1$ §34pdérted 12-L glass flask were chanted Compound 14 (2.0 kg,
1.0 wt) ajigpprom@alél Brkgedudent)s SRCh e mixiere WasSirsathowntil isenzompprnarddt was
dissolved. Tq.a 5-gallon inerted reactor equipped,with mechanical stirring we %@arged PcvC
Qonnsot MALTHE, G108 KOs A G TR LS GREBRILRY o0 On Blb ey and the
Compounsiériisivppgparnuksely tioh 013 oprépéiicd (158 &g, edss:ntpwasrsebvibomsatiesidual

Compougg ?ﬂg&%&%&m@&&%&% sdEp s gallonraacioLwasen pressiized with nitrogen to
10-15 psi while t‘l?rlng at - 750 rpm. Nitrogen was vented while stlrﬁndat -250 rpm. Thé

nitrogenpess suefzeitn sl vestarig eyt rsivaa aelsd ateel tivks itTobdy tihesc iiasrauepsrolhs pressurized
W'_th_ hydragsn {aradeyx0) 81251 while stk ing @Ezs‘@@s@ﬂh&“ﬂ%ﬁ?ﬁ})&% Qﬁ,f[ﬁi‘%rﬂ?ﬁ?gkéenwd while
stirring at -250 rpm._The reactor was then pressurized with hydrogen to 120 psi while stirring at -750
rpm. Thet PIEEHER YhBRPIR- Al rAStREi e SARNBIEISEr dilf @50 285 the SFRsRMBRINE hydrogen
was ventgdtifbé serciaryasctienpraisuezesndthingsagenlo donphepsamfierinaiely the nitrogen was
vented. The nitrogen-pressurization-and-venting progess.was repeated two more times..HPLC
monitorif oSt e AT FSA S YRE G 558 HHEN LGy S8 B TS EoH iHdtigh two
CUNO fientadshygsifatCh Q. CFBg Cdan) 11D afTitfilte i chrtn dgecamtsedCid NEICTGokead 0.2 um

iter cartidoscRATREd ISCEDA (G Soeh PisERed MIbISORPANGL R g0, 195 wo. The

reactor was rins sopropanol (5.0kg, 2.5 wt) and the resultant rinse solution was filtered

through thelCE@ieposFsrTrms Al dmerabhfbin et prddusedraPrCBmpound 15 lisopropanol
colorlessyggaay solufign (4981 Ga 4R Mo ARPERARALERY A iKar{di20MRH Gl AR #alh SiEinged O,

respectively) of this solution was concentrated at reduced pressure to 6.55 kg (3.28 wt), and used in
the Step PRRGitREERSHGEERS HeBrapipantiroeBpGithirti3 P8t shya ddhsaekhai Brocedure: As
shown ingStage2rapore) theHoNowing genarakaroaedise, mayibe) UskrkiRnte paee eonpound 22 (all
weights, e(gui lents and volumes are relative to the rPasg of tggnﬁound ’14 useleign ite 1): Into an
incited gi&% réAEtBFPEGHTIRLr Wit S SHIHS TSR ERIFFATER CEPERNAHHALSBIE" ﬁ‘% (0.34wt, 1.1
eq) and anhydrous acetonitrile (7.4 wt). Stirring is initiated and the mixture is cooled to about O C.
3-oxotetradecanoic acid (0.514 wt, 1.1 eq) is added and stirring is continued while the temperature is
maintained at about 0 'C. The irnidazolide formation is monitored by HPLC. When determined
complete, the Compound 15 /IPA solution (3-8 wi} lobtained in Step 1 is added, keeping the
temperature at around 0 'C. The reaction mixture is stirred at around 0 C. and monitored by HPLC.
After completion, glacial acetic acid (0.24 wt, 2.1 eq) is added while keeping the reaction temperature

<15 C. The reaction mixture is brought to about 20C and its volume reduced to about 5-7.5 vol by

partial solvent evaporation in vacuo at 20-25C, giving a clear orange solution. lleptane (8.5 wt) is
added and the reciiltant mivtiire ic wached with a ecoliitinn comnocad of N1 1IC1 (O 15 wit) and watar (R




Compound 22 on a scale that involved 95% of the amount of Compound 15 produced using 2.0 Kg of
Compound 14 in Step 1(bl). Thus for this example, 1.9 K.Q. = 1.0 wt. In a 50 L inerted glass reactor
equipped with a mechanical stirrer was charged carbonyldiimidazole (CDI) (0.65 Kg, 0.34 wt. 1.1 eq)
and anhydro¥éba8tsReAE (14.1 Kg, 7.4 wt). Stirring was initiated and the FREHFEH48ddoled to 0 C.
Then, 3-oxo-tetradecanoic (0.98 Kg, 0.516 wt, 1.1 eq.; purchased from DSM Pharmaceutical Products,

Parsippajhy ;bhblviamadaedn 88 W00 U8R (RGVE 20RBIA8H 438 randriseshitiertyg, while
maintaininrg the temperature, at ali)out 0 uC. The imidazolide formation%/vas n@onitorfed %?// HPLC. Upon
b s

completior- AR SELIBRAREIEIETS & 407ie OORISSRARY 1% TIRFA LIS 18 5E %Y B4 Mt) obtained in
Step 1(biyiwasagdediavendyninandiedenpiaitioe renizite dal aund 0 4GolRAcflethiog) 0.89 wt)
was used as ringi&g solélent. The reaction mixture was stirred overnight at 0-3 C. HPLC confirmed that
the reaction Was coFﬁ%ﬁéte. Glacial acetic acid (0.46 Kg, 0.24 wt, 2.1 eq) was then added while keeping
the reactiéf4gmpefatpri&2160@piThé oty soidradyltionstddk plade prsptoxineamphpa@ s h after the
Compound, 13 Addition ) okNG.FEAGIOR IRIHES WHAS PRGN 1820 Gand i QR ag deduced to

about 13 L (6.8 vol) by partial solvent evapdration in vacuo at 20-22 'C, which produced a clear orange

solution. Frappaned(A8(2-K g, & B3t povarakidadly el iessliedomn seaiewaswagred Wik a solution

composegl MG AIPRAR Ko Ladud) Ansavates (2194amb Awikiolowsas by wastiagwith a solution
composed of sodium chloride (1.9 Kg, 1.0 wt) and water (6.1 Kg, 3.2 wt). The heptane layer was

concentrafEd RRYREOK B sramelsh ey PUrs Fars TSSO USRI FPB9E 2895 wt) was then
added angidhe tregiianisRIdTIRMpEMEQSeNRatRd in vocuo at 25-30 C, which produced a clear

il-7 1 (3.7 vol, Puri PJL.C): 83 %). HP it f lysi d22“
(1Pt ¢ IR oAb ot bgRECirnbod 15 ST MR8 arers
catalog 1868eD492nT.diper&fufddy € MobitzpHased 2-D 58 Lnnf 18,30%-dgifeous?N1-148H in 1 L of
Water, g 128 1l of 28300 A0peqls NBARH dkLiok I AGH How Bayed 0 Ml min

Gradientiime, min%-Solvent B initiald3 1593 18100 27100 Injection Volume10 pl Detection (UV)225
rim CompétiddFPdl4-hind Ha.09RESHES MEBohpstsira cdsyemm s b) [0049JGeneral
Procedurgjzompeunesaid maype crystallized from an isopropyl acetate/acetonitrile mixture. For
example, in a glass vessel, Compound 22 (2.2-5.6 vol, based on Com uqd 14) is dissolved in
isopropy![&23¢hte (S8RMDIPRYGRSRAROL IR0 @%&%ﬁgﬁgg%%ﬁ "ét%/\%“fé?ﬂ of about 7.4
wt with isgpeepykassiaie:dThH 30lktiphisihendiaosfessadl i Arkappiopriately hizedyacketed glass
reactor eth;riPe%eu% ML ac%{'[%gg‘?ngq\éig&sang aceton %Ig %{3&%1\/&[\%‘)#% dded.. %%%%E%%%g nirogen

atmosphgr1 Eresultant mixture is cooled to abou = orm Compo crystals. The
temperatureieniciriading asouttiseag fo/didaivecsmiddidreoriaals 4THE e hip&bibutd/ (s BRYM at 15 C for

about 2 hw&!,o‘\’}(vﬂl kg, 0.206 wt, 0.05 eg) and the Compound 14 /isopropanol solution. Isopropanol

(1.1 kg, 0.35 wt) was used to rinse residual Compound 14 into the 5-gallon reactor. The 3-
gallon reactor was then pressurized with nitrogen to 10-15 psi while stirring at ~750 rpm.
Nitrogen was vented while stirring at ~250 rpr. The nitrogen-pressurization-and-venting
cycle was repeated two more times. The reactor was pressurized with hydrogen {(grade 5.0)
to 25 psi while stirring at ~750 rpm, and the hydrogen was then vented while stirring at ~250
rpm. The reactor was then pressurized with hydrogen to 120 psi while stirring at ~750 tpm.
The reaction mixture was then stirred at ambient temperature for 65 h, after which the
hydrogen was vented. The reactor was then pressurized with nitrogen to 10-15 psi, after
which the nifrogen was vented. The nitrogen-pressurization-and-venting process was
repeated two more times. HPLC monitoring showed a complete reaction. The catalyst was

then removed by filtration through two CUNO filter housings {a CUNO CTG Klean 1.0 pm
filter cartridge and a CUNQO CTG Klean 0.2 wum filter cartridge connected in series) that had



cooled to about -12 *C, and then preferably held at -12'C for an additional 1 h. Compound 22 is filtered
and the solid rinsed with a cold (-20 C) mixture of isopropyl acetate/acetonitaile (1:1 (viv), 1-2 wt). The
wet cake is dried to produce Compound 22 as a white solid (approximately 0.9-1.5 wt). 100501Specific
example: Thé*BIWNRTP$rocedure presents how Compound 22 was crystdifZéeétitos’a38cale that
involved 1.9 Kg of Compound 14 starting material (i.e., 1.9 Kg = 1.0 wt): In a glass vessel, the crude
Compoubgk2 groilfsiadSiep Zakdpanol (3asrd 0 Compohnetdddwas dissel vechikipepsamil acetate
(6.7 Kg, wt), The.resultant salution was filtered and excess solvent removed in vacuo at

05 30 2T e SR (P oa R e TR 15 BOt S4eketed glass
reactor €tjuifpeatayitres mechianital StirndnanickthieomassnaditisisthtopabolutaldrigK gl¢drd wt) by the

addition of,isopr e 2 . itrile (9. . . Under
inert nitrgé!éﬁﬁagltr%%‘){sgp%%rel sti rir%ﬁ‘gp égéﬁlg?tﬁga@%e\a&rg th”e%sﬁ:ltg'%tg%\ni%r\gg ﬁ?ﬁé@ﬁ%ﬁ%@r *C to form
CompouftiP? sipstenswarorsapereduic waeetemsatisdd fo°1 %4 (S ordissofvesairialtbe crystals” The
temperaigie, wag;held kg Geifay. about 2 h. slowly cooled to -11.7 *C overnight, and then held at
around -12 *C for about 1 h. The resulting composition was filtered and the solid was rinsed with a cold
(--20 C) mixture of isopropyl acetate/acetonitrile (1:1 (v/v), 2.6 Kg, 1.4 wt). The wet cake was dried in
vacua, WHiEhaRhRCaOCCainperad P& as aayhite solid, (1.83 Kg, 0.96 wt; Purity: 92.5 area % (1-1PLC
TI\41 of @uamound:2Ryi-afipleicedibds omstampaWiskd 4)aKoo8) paufu i oaystalhieatmStep 2c)

100511Gen: ral Procedure: In.an approprately sized and.inerted jacketed glass reactor equipped with
2 stiring HEVTEe 39 CABEY CORRBUA 0 Pt (AL oSO 2557 S gy acetate
(4.4-4.9 vit) ;mnch at Sonitnled 3.9 4 it Bidth &) résul teanhanixdugds stiated sapudpermigd <o 20-25C to give

a clear sqlylion Jiie.SlealsOlian 5 cORIRCLIORENR 15 16 LN IYPalp, A femagrature is then

warmed to 1 to dissolve smaller crystals a at about 17*C for gbout 2 h. The
temperagseaeisiBi codle ety foaelieng te ngtusyisrabbdttearut) Brefersity the
temperatgie isAglf-ald 1058401 angadifienal 2.8 shheslighisdilleredardiinsgghamithya cold (-20 C)

solution of isopropyl acetate/acetonitrile (1:1 (v/v), 1-3 wt) and dried in vacuo to produce Compound 22

as a whité BB ahpPowiatelyt BBIBIdE e formpirs jemraiterehipid Firfe fdiéFhing procedure
describegdiaeieesysiallirationof Gapipading 224 kolisg O Compbuinet2 Znfrep the edystallization in
Step 2b (@92.5% purity = 1.65Kg compound,.1.65 Kg = 1.0 wt).were bined, with isopropyl acetate
(8.0 <0, S5 TR TR PR, o o T OGS TRy At cepinpec
with a meshdicicd|tstiHBET ha flesutaptamirtglecnd s stiradiditl 2darmad w24 3ldedtolylee a clear

solution Lo lege salutanaas.easled 16 104 Gn B pvsials Then.p dssaliosroalay orvstas

the temperature was warmed 6.2 GC and was held at 16.2-17.3 QC for about 2 h. The
temperatiframeietviEe dorheed 19 4 e hyvemigHotalielenvig duy tHedrhplratire was held at

that tempeyature-for-3aagd tignabL0Mmaianthe. sQlid wasditaredRotinaed Yt 6olddned 'C.)
solution of isopropyl acetate/acetonitrile il:l (V/v), 4.6 Kg, 2.8 %aggﬁdried in vacuQ %8-25 C.,5h),
which pratiicetPEBTEIRRPES 25 Hhufite sblitt { FSAET 6203 WH: Pty RIgAREFLERML of
Compounds32y; wittld sOR:u35% k. dhpbadiisTatytiaal Dassiden CompamddaRy THNMR 480 MHz, CDCI3) 6:
7.24 (d, J =7 Hz, 1H), 5.05-5,14 (yn, 111). 4.03-4, <L1:1), 3.72 (dd,=5, 5 Hz, 211), 3.42-3.60 (M,
1), 3 Apng el s e A e b BB g A R et S )
i.48-L77 {oprdd) adethe: 1938 Wi il dGuaBtie Esultpiz sGIANHS TS viHdd Irvdthearetical calculation
for C39I—%@I.}lpg*§§ﬂcﬁ[bagq%ag Ef‘e%ﬁ"&:ﬁ@g%-gﬁ Qggggglgtﬁ:og»g[@%a&qgcharacterization of Crystalline

Compound 22 A. Powder X-ray Diffraction [00541Using a glass plate, on the Seining Diffractometer,
data wert®4fecteSnasifis srormplicp dRRIEH Givine tepredrgites brathonrematigige of 3-40 degrees,

using CopRFARIaBaRNARACKAOHNEI QI BelQIT WasARRNES: Elgsdsho e dneF &k pattern of
crystalline Compound 22. The PXRD Patte[n shows peaks at 10,3 - 0.2 020, 12,3 0.2 '20, 14.5 0.2
020. 15.3-%ke %Compound 14 in Step 1{bl). Thus for this exampie, 1.9 Kg=1.0wt. Inadi L

inerted glass reactor equipped with a mechanical stirrer was charged carbonyldiimidazole

(CDI) (0.65 Kg, 0.34 wt, 1.1 eq) and anhydrous acetonitrile (14.1 Kg, 7.4 wt). Stirring was

initiated and the mixture was cooled to 0 'C. Then, 3-oxo-tetradecanoic (0.98 Kg, 0.516 wt,

1.1 eq.; purchased from DSM Pharmaceutical Products, Parsippany, NJI) was added under
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16.2 0.2 020, 17.8 0.2'20, 22.2 0.2 "28,22.9 0.2 '28, 23.8 0.2 20, 25.3 0.2 020, and 26.8 0.2 020.
Crystalline Compound 22 may be characterized by a subset of the peaks shown in Figure 2. For
example, the following peaks are characteristic of crystalline Compound 22: 12.3 0.2 20, 14.5 0.2
029, 16.2 0. MZOWEg%bg/W%WPCT/U S$2008/087435 17.8 0.2 20, ZX3GP8E5% 23.8 0.2
020. Other combinations of the peaks listed or shown in Figure 2 may also be used to identify
Compoumesh@RicTabiksing, Mbils uneiwietive Hditionseytray difrautSreteFhs dnidertidget: Cu Detector:
Scintilatgg, Gounler SRR IARELA0 KV TS SHISRAL QM0 AR A RR3 4. SS 10 Scan

speed: r/min Samp Ing wi 2 Scan range 3to4
Compound 15 /IPA solution (6.55 k

and the temperature remained around 0 “C. IPA (1.7 Kg, 0.89 wt) was used as rinsing

5 wt) obtamed in Step 1(b1) was added over 1 mm

solvent. The reaction mixture was stired overnight at 0-3 "C. HPLC confirmed that the
reaction was complete. Glacial acetic acid (0.46 Kg, 0.24 wt, 2.1 eq) was then added while
keeping the reaction temperature < 15 "C. (The acetic acid addition took place approximately
12.25 h after the Compound 15 addition.} The reaction mixture was brought to 20 "C and its
volume was reduced to about 13 L (6.8 vol) by partial solvent evaporation in vacuo at 20-22
°C, which produced a clear orange solution. Heptane (16.2 Kg, 8.53 wt) was added and the
resultant mixture was washed with a sokution composed of NH,Cl1 (0.29 Kg, 0.15 wi} and
water (9.9 Kg, 5.2 wt} followed by washing with a solution composed of sodium chloride
(1.9 Kg, 1.0 wt) and water (6.1 Kg, 3.2 wt). The heptane layer was concentrated in vacuo at
25-30 °C down to ~7 L (3.7 vol). Isopropyl acetate (17.0 Kg, 8.95 wt} was then added and
the resultant solution was concentrated in vacuo at 25-30 'C, which produced a clear orange
oil ~7 L (3.7 vol, Purity (HPLC): 83.8 arca %). HPLC conditions for analysis of Compound
22 (HPLC TM1 of Compound 22) :

HPLC Column Waters Xterra RP18, 150 x 4.6 mm, 5 um, Waters catalog 186000492
Tempetatare 35°C
Mobile phase A 2.0 mL of 28-30% aqueons NH,OH in | L of water,
B: 2.0 mL of 28-30% aqueous NH,OH in 1 L of CH;CN
Flow Rate L0 ml/min
Gradient time, min Ya-Solvent B
initial 93

15 93

18 100

27 100
Injection Volume 10 L
Detection (LIV) 225 mm
Compound 22 9.4 min +10%

Retention time

Coempound 22 Crystallization (Step 2b)
0049 General Procedure: Compound 22 may be crystallized from an isopropyl
acetate/acetonitrile mixture. For example, in a glass vessel, Compound 22 (2.2-5.6 vol, based

on Compound 14) is dissolved in isopropyl acetate (3.5 wt). The resuitant solution is filtered
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Sample holder glass holder Goniometer: horizontal goniometer Filter: not used 13. DSC
Characterization [0055]Solid-state characterization of crystalline Compound 22 was cietelined by
Differential Scanning Calorimetry (DSC, aluminum pan technique). The DSC was run with a 2920 DSC
V2.5F caloriff&ePRE3Hg to 150QC at 10"C/min with an aluminum pan uh8&r B HF§EH burge of 50
mumin using a 2.91 mg sample of crystalline Compound 22. Figure 3 shows the thermogram of
crystallingCathprdnd 22 witvaizblitiipaid TG (ensih tsoppo)yl 6656EA Thelsingtissitt @xperiment was

also conducted using an Electrothermal Mal. ' e nhl] igital] Thermometer.
Com pou%%‘i%&% t?hg 3?%0 o}éée&( %ﬁzgﬁégﬁ?gg;%ak%qgﬁ @%%u\@g%%ﬂéfgﬁggfﬁtﬁt KIMAX-51,
part no. 34basyoTielohservedsnéiidg Poilsr ivas ailragg sEravnpte 3hesIpBRH BB S Hthesis and
Seed Crystalg Forpaation A-GO MR 2R Ry esis 00 GIIGE SoualplsRisrasationdstep 3)

[0057fSynthesis of Compound 25: Into an inerted jacketed 5?Iass reactor equi &ad with a mechanical

stirrer wéfe Gdeldiebimnpaane ow RN s EvRearYR isthel atda; §.60 §Pbd WEla™3Y eq; purchased:
frolm vengRidWisuh&uCoz (OSAN 1he: PNEW.¥erkeldl Y mﬁmﬁa@m&ﬁm Labg)opyeidiaiamn o
tritluoroacetate (0.5 g, 0.063 wt, 0,05 eq) and acetonitrile (59.7 g, 7.5 wt). Stirring was. injtiated an

! ot BB R FABEIGRE LA Lo 0y o PR g R A LB ey
Chemicats,1 Ings)Dubling NEevas adddd dibbwasuiant Guxipsendds thenveticeediad 20-25 C overnight

(17 h). 1-[PLC moq%oqgwg_{eg/e led a complete reaction. The temperature was cooled to O C, and a

precipita gﬁoﬁ%lg?e Y The t@mperature was slowly warmed to 16 C over 2 h to dissolve most of the

solid thajé&éformepeciieemintnle Whsitlmwvigmdcatias oréemtsher doolagusd 22 Wes at a rate of 5
C/h. and sligad vk aLietismRRiati PoRtadueinmAbigh susReRs ARCRR demperature was

then raised to 16C over 2.3 h and maintained at 16C for 2.25 h. The temperature was dropped to 3.5

C over 1R2IFarwhsingusay Yapskokesrudefiompnnded sl fve St eigeraiAssd a8 held at 10 QC

for 2 h apd was.609ledRyeisioRieata kaiadhahaud . 50/ to B fing. tempeElue o5hlliiC. The solid
that had formed was filtered, washed with cold acetonitrile %}?’?% g,{ﬁ x 0.79 W%, ap%%{ied under
Ite solid. and

vacuum. S RER ABERIYF EOIAE VR R B 4 h BEBRPBAR
Recrystatiizatiop, (Siep8py30b&] I ntederiatited jatkptdd glbgaseaatovreguipped withaa mechanical

siner wae aled Compaund 25 tom, S 3% (195 9,1 00 11130 aealonifify50 9. 28 wo. The

£ .
resultant THIXtUTS WAS Stirred a min. perature was cooled to-10 QC, at which

point stirfogropdarrmatifticit Kihé fewipersetanivis (2icEdtd 2070 wneltheairddided tpdse for 2 h.
Cooling ﬁ%&?;igﬁwg%ﬁ IGSumed ata rate habeut Gl GRS EANINNEIdN L&@Tate of about 3

C/h, followed by cooling to -19 C at a rate of about 5 C/IL The solid that formed was filtered, washed

with cold Géetermiormryd2l Grstalid dhrruReRITadithee sHiE0End2E B EETH%82 wi) was

obtainedsas fewhije.g0lidHe aamparpd.2onSaed GrictRisbormatiosStepidtd @950 The following

procedure can be and was used to prep reo}Lp seed c?’(}st refer?nced in Sotse m%% %Qd Step 4b.

below: Ir%"gﬁgh‘éﬁ%‘a?&éé‘? e "1 0 5&5?&’6@8 hth A TEEhENT AT Shirer was added Compound

25 from $lepdaft 568 gl Otsvihenivatbalutith-cath PO ed-ohtreptaneramd TBME (9:1 (v/v), 120 mL,

21.5 vol), The resUant TG Was SUired of 820 ARAMONG TRME 30 i voD was added
y dis ompoun )

to compl%?e solve & temperature was reduced to 10 C over about 1.5 h, forming

a white recipiat€ cimwedpbratrehitasolidrihdd oe1 8-26 arid Tneint ke dierete @FPhboY2 h. The
reactor wag-cooled, aba raje.pf. 300Ut/ dmantpligyved by cooling at a rate of about 3 C /h to -18.8

C, then maintained at about -18.8. This cooling profile was carried out overnight. The solid that formed
was filtered, washed with a cold solution composed of heptane and TBME (9:1 (v/v), 16 g, 2.9 wt), and

dried Un@&;ﬁﬁﬁﬂﬂ@ﬁﬁ%%@%ﬁaﬁ{w@@w\ﬁ@ 2009/079627PCT/1S2008/087435 0.936 wt; Purity:
94.7% (area Percent)) was obtained ?Ba white saolid. HPLC, condition{s3 for, a{égl)gis of Compound 25

(1-IPLC 180514 Coﬁ?ﬁBEﬁJa"E%‘jeEE&? |mepnately sized and Inerted jacke aSs reacior

equipped with a stirring device are combined Compound 22 (1.0 wt (based on Compound
220, isopmijyl acetate (4.4-4.9 wt) and acetonitrile (3.9-4.5 wt). The resultant mixture is
stirred and warmed to 20-25 °C to give a clear solution. The clear solution is cooled to 5-10
“C to form crystals. The temperature is then warmed to 16-20 “C o dissolve smaller crystals

and held at about 17 C for about 2 h. The temperature is slowly cooled linearly to about -3
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Phenomenex Luna phenyl-hexyl 250 x 4.6 mm, 5 pm. Catalog a 00G-4257-E0. Mobile phase A=water
-CH3CN Flow Rate 1.0L'min Gradient time,n %-Solvent B initial 2 40.0 26

WO 2009/4079627 PCTAIS2008/087435

to -8 “C over about 10-11 h. Preferably the temperature is held at -3 to -8 "C for an additional
2 h. The solid is filtered and rinsed with a cold (-20 °C) solution of isopropyl
acetate/acetonitrile (1:1 (v/v), 1-3 wt) and dried in vacuo to produce Compound 22 as a white
powder, (approximately 0.8-0.95 wt).

[6652] Specific Example: The following procedure deseribes the recrystallization of
Compound 22: 1.79 Kg of Compound 22 from the cr}’stalirization in Step 2b {@92.5% purity
= 1,65Kg compound; 1.65 Kg = 1.0 wt) were combined with isopropyl acetate (8.0 Kg, 4.8
wt) and acetonttrile (7.37 Kg, 4.5 wi) in an inerted 30 L jacketed glass reactor equipped with
a mechanical stirrer. The resultant mixture was stirred and warmed to 24.3 °C to give a clear
solution. The clear solution was cooled to 10.4 'C to form crystals. Then, to dissolve smaller
crystals, the temperature was warmed to 16.2 "C and was held at 16.2-17.3 "C for about 2 h,
The temperature was slowly cooled to 3.4 "C overnight. The following day, the temperature
was held at that temperature for an additional 20 min. The solid was filtered and rinsed with
a cold (~20 °C) solution of isopropyl acetate/acetonitrile (1:1 (v/v), 4.6 Kg, 2.8 wt) and dried
in vacuo (18-25 'C, § h), which produced Compound 22 as a white solid, (1.54 Kg, 0.93 wt;
Purity: 99.4% (HPLC TMI of Compound 22); Yield: 92.8%).

[6053] Analytical Data for Compound 22; "H NMR (400 MHz, CDCls) 8: 724 (d, J =
7 Hz, 1H), 5.05-5.14 (m, 1H), 4.03-4.11 (m, 1H), 3.72 (dd, J = 5, 5 Hz, 2H), 3.42-3 .60 (m,
3H), 3.41 (5, 2H), 3.26-3.38 {m, 1H)}, 2.53 (t, /=7 Hz, 3H), 2.29 (t, /=7 Hz, 3H), 1.79-1.89
(m, 1H), 1.48-1.77 (m, 7H), 1.19-1.38 (m, 42H), 0.88 (t. J = 7 Hz, 3H). ESI-MS (M+H)"
Theoretical calculation for CioH76NQyg: 654.6; actual result: 654.6.

Example 2: Solid State Characterization of Crystalline Compound 22

A. Powder X-ray Diffraciion
[0654] Using a glass plate, on the Scintag Diffractometer, data were collected under
normal powder diffraction conditions, with 2-theta range of 3-40 degrees, using copper
radiation. No background correction was applied. Figure 2 shows the PXRD pattern of
cerystalline Compound 22. The PXRD pattern shows peaks at 10.3 £ 0.2 °28, 12.3 % (.2 20,
[435+£02920,153+02°20,162+02%26,17.8+02°20,222+02°26,22.9+£02
20, 23.8 £ 0.2°20,25.3+£02°20, and 26.8 + 0.2 °20, Crystalline Compound 22 may be
characterized by a subset of the peaks shown in Figure 2. For example, the following peaks
are characteristic of crystalline Compound 22: 123+ 029280, 145+ 02 °26, 162+ 0.2 °28,
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750 100 85.0 100 Injection Volume Detection (UV) 200 mu Compound 25 Retention time 30 min
10% Example 4: Preparation of Compound 25 Compound 25 Stage 3: Py.TFA, ACN, crystallization.
Preparation of Compound 25 (Step 4a) [0060]General Procedure to prepare Compound 25: (Note: 1.0

wt herein ref&8 f¥He/9627 PCT/US2008/087435
17.8+ 026,222 +0.2°28, and 23.8 £ 0.2 °20. Other combinations of the peaks listed or

shown in Figure 2 may alse be used to identify Compound 22.

Table 1;: Measurement conditions

X-ray diffractometer: Scintag
Target: Cu

Detector: Scintillation Counter
Tube voltage: 40 kV

Tube current: 20 mA

Slit: DS 15, R5 0.3 mm, 88 1°
Scan speed: 2%/min

Sampling width: 0.02°

Scan range: 3 to 40°

Samiple holder: giass holder
Goniometer: horizontal goniometer
Filter: not used

B. DSC Characterization
[0055] Solid-state characterization of crystalline Compound 22 was determined by
Differential Scanning Calorimetry (DSC, aluminum pan technique). The DSC was run with a
2520 DSC V2.5F calorimeter heating to 150°C at 10°C/min with an aluminum pan under a
pitrogen purge of 50 mL/min using a 2.91 mg sample of crystalline Compound 22. Figure 3
shows the thermogram of crystalline Compound 22 with melting at 41°C (onset temp.}.
[6056] A melting point experiment was also conducted using an Electrothermal
Mel. Temp Apparatus, with a Fluke 51 II Digital Thermometer. Compound 22 (2-3 mg) was
loaded in a capillary tube (1.5 - 1.8 x 90 mm, Kimble Product KIMAX-51, part no. 34505).

The observed melting point was 41-42°C.

Example 3: Compound 25 Synthesis and Seed Crystals Formation

A. Compound 25 Synthesis and Crude Crystals Preparation (Step 3a}
[0057] Synthesis of Compound 25: Into an inerted jacketed glass reactor equipped with a
mechanical stirrer were added Compound 24 (N,N’-bis (2-hydroxyethyl) urea; 8.00 g, 1.00
wt, 1,00 eq; purchased from vendor Mitsui & Co. (USA), Inc., New York, NY; manufacturer
Yoyu Labs), pyridinium trifluoroacetate (0.5 g, 0.063 wt, 0.05 eq) and acetonitrile (59.7 g,
7.5 wt). Stirring was initiated and allyl tetraisopropylphosphorodiamidate (35.0 g, 4.4 w,
2.24 eq; purchased from Digital Specialty Chemicals, Inc., Dublin, NH) was added. The

resultant mixture was then stirred at 20-25 °C overnight (17 h). HPLC monitoring revealed a
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mass of Compound 24 used as starting material to produce a batch of Compound 25). In an
appropriately sized and inerted jacketed glass reactor equipped with a stirring device are combined
urea Compound 24(1.0 wt, 1.0 eq), py-ridinium trifluoroacetate (0.07 wt, 0.05 eq) and anhydrous
acetonitrile (P@#§98tHg is initiated and allyl tetraisopropylphosphorod Brlide 8 ¥ Wt>2.3 eq) is
added. The reaction is stirred at 18-26 C for several hours until complete. The resultant mixture is
cooled toapproximatéin. 91bt €npreferablxseaded iwit T Crysthllipedorpoppai a5l (-0R05 wt; the
preparatjon of t d25 Is.js.discussed.in Ex ‘ ‘ the temperature
maintain{e?(lifl P&fae’i %aut%ﬁ%%ﬁg %ﬁ%%rg(qgc{ﬁﬁ??(‘;g gd% ﬁo% amos%ﬂflvg %16&?(531 glgtsﬁ(gte}{%})?‘ g%out 1.5 Cthour,

followedbyusblifbetoiaboata0iGmstirneteotaliotin 2.5 o/pied Aftek7 Roldinfp tiéctehiperature stable
for aboub@hopssthe $Ud 5 %f%i’(éﬁ‘?ﬂe?aﬂﬂé?ﬁ%@f‘g@%@f{esu‘é&%%ﬁ.wﬁﬁbw'd (-20 C)

anhydrous acetonitrile (2-3 wi) and dried under nitrogen. Compound 25 (about 23-2.5 wt) is thus

produce FESHNMRVSDIRECHAANNE T5 W Hrefbaly BRIRIHGE ! Ary-ritfogen it 16 temperature
(e.9., -2QmpbpiitRuficatipped Q063 PBnacific examplaed Haameqagus:belowmgeseribesdhe synthesis
of Compound 23 starting from Compqund 24 (0.50 Kg, referred herein as 1.0 wt): In a 30 L inerted
ncketo ek 1 PP SO R LA A SO PR TBEL 8o ORG24 (0,50 K,
1.0 wt, 1105eq)yhpyridimalnetijtuareacétd e (0. 0B Kgi Dt i Ghfbedayarilarddy drahsdcetonitrile (3.5
Kg, 7.0 wt),, Stirring was, initiated. and ally] tefrajsopropylphosphorodiarnigdite (2 2 wt, 2.3 eq)
was added: oidraeggg%ﬁ% S )§(tz|5r‘§e gtxlét%tﬁ‘é%a%& th%%gn n%rn}]fic?}le‘lénbyglé%é%@é}vg%ﬁcggynﬁrmed that
the reactioR-Haw !t oripldiaindtersiBathitreltdsultant mixture was cooled to 11.1 C and the temperature
was kept at 9.3-11.1 C for about 50 min. The mixture was seeded with crystalline Compound 25 (1.9 g,
0.004 wt; the prgparaiQp: i figiGamROHRL AR 2864 @pialp s discussed in Example 3, above) and

kept in the 9-11 C temperature range for about 2 h. The mixture was then cooled to -7.9 'C at a rate of

about 1.80®Mour. WriscrB bRy darEShrssaipTerISraTRnd Wb arseehenital SUHY HRS temperature was
brought t@idd8 Conlhbampaiaiisepas held at + 18 1oty k. dceidalaleqss 2 b, atextwhiatk the solid that

had formed yvas filtered under a nitragen_atmosphere, hed with cold (-20 nhydrous acetonitrile
(15 Ko, ST BHG AR LE T Cueat ot MR bOE oA SN2 16 S, Borty: o3.6%
area peraewh(&:llﬁb@tﬁ%iﬂing &agm@dﬁfﬁcaﬁ)) Wesohpeneteasa wl_aﬁé fs:cﬂiﬂi “ahehvwasistereciunder
nitrogen 1%%;%%54‘2}%0&& Ruriication, %&ml%%%gg x%?e Beghyaidieation(3ien 4h) [00621General

Procedure for the recrystallization of' Compoun : In ‘an appropriately sized and incited glass reactor

equippedatinEdiing devwes Luhoatd-fhos fridranidircodmpsund 26 pt orolt, of ab@dterein refers to
the mass@ficryde GRIpaURLSS Rreciniated fram theineastion thatpreqused itk ingissalved in TBME

(1.5-10 wt). Insoluble particulates are removed by filtration. The filtrate is transferred to an
appropridtély wiAsH GtuNeteiRkM e JiHs 0t Ealidr BGLIET PRGBSt uRIge. Heptane (13.2

wt) is added, and the resultant solution is cooled to about 9-11 C and stirred in that temperature range

for about 1.5-2.5 h. A white sus jon.is.for seedin qy be useful to facilitate Compound 25
crystalli?ation;{?he prgﬁ’é?gﬁgﬁ‘%?%?ee@oﬁﬁg%?% TEe (l:r@%/glsﬁi’g discussed in Example 3, above).
The _mixt{!}@lﬁ coolBe: tolbetmeenabdutedto bbeud WH Cead @ m@ﬁabbmeﬂ.@@ﬁhbur, followed by
cooling to. Aholt 2 & I8 %ﬁ%&%&&&fﬁ%&ﬁ@%@ g NAJSIRRIBIR SRS, far about 2

hours the solid is filtered, was with"a cold solution (-- 20 C) composed of heptane and TBME
(7:1(vol/e-Biychagigabstimraigsidad ompauss Sdni e nitregBn>S8rapb iR FP5s gseliEd as a white
solid (ap%ezgm@aeéyz%&&@awa)rrﬁm@e‘i&t@tm}gqagwﬁaz@@ b¥acHR it 28:80: &:and

e

recrystallized according to the procedure just described. Thus, a second crop of Compound 25

(0.2-0.3 WA A b obtdinel 16063 {3l idedarnbieat Add R aREFELE (i dEscribes the
recrystallizatigsuns CRMpRUBE ptbatlrd SvkOretkiarad hereinas d0uvt).sh, d2dindRoteap glass bulb
under nitrogen atmagsphere, urea di-phosphorarnidite Compound 25 from Step 4a (1.1 , 1.0 wt)
was dissBiVed R TB Et?f?gir?? (BTG ﬁb%%%r o Eenéawg?e%férr%o(\)/reag’%@ él r‘a?lfoh?lé?I using
TBME (Q6@1gy 85500kt aszaainsd abing flfGte was tlahdfenatitocaniingted 186 kfjabkatéd glass

reactor equipned e medhanioal SWIeLUIARANE (1245, 3 8 asaded e resultant

solution was cooled to 1 ompoun started to precipit out 5 min later. Stirring was

continuedvargghi. GHeralibiial §omned ek éilesedireavaes thih 2eoledodetioreterapaisd vt 1.5 Clhour
OVem'ghhéﬁtént«?ﬁﬂﬁqfﬁme(Qiia(QﬁgE 1522 9 hgyngd GaYicaRing Wasconuea.al 8y piephabout 1.5
C/hour to a temperature of -17.2 C, after which the temperature was held for about 2 hours between
-17.0 to -20 C. The solid that was foiiued was then filtered, washed with a cold solution (--20 C)
composed of heptane and IBIvtP (7:1 (vouvol), 1.56 Kg, 1.3 wt), and dried under a stream of nitrogen
for about 22.5 h. Compound 25 was obtained as &8&vhite solid (0.675 Kg, 0.57 wt, Purity: 93.9% area
percent (HPLC TM2 of Compound 25); Yield: 36.0% from Compound 24). The filtrate was
concentrated in vacuo at 20-30 ciC and recrystallized according to the procedure just described. Thus,
a second crop of Compound 25 was obtained as a white solid (0 225 Kg, 0.19 wt, Purity: 92.6% area

percent (HPLC TM2 of Compound 25); Yield: 11.8% from Compound 24). 100641Analytical Data for
Compniind 25 TILNIME (A00 MH> CPDCI12YAR EONEN1T (m 2HY E20(d 1=17H> 2H) E18 (A 1 =



[0066]Solid-state characterization of crystalline Compound 25 was determined by Differential Scanning
Calorimetry (DSC, capillary technique). The DSC was run with a 2920 DSC V2.5F calorimeter heating
to 100 DC at about 10 C/min under nitrogen with an aluminum pan using a 1.88 mg sample of
crystalline CORpBUIAE728 Figure 5 shows the thermograms of crystalline E6Mpatiit®5*Where the
sample of Compound 25 melted at 65 C (onset temp.). 100671A melting point experiment was also
conductébaing BnrifjeBttathdnralietetile mps Appéaratus, avithita Plike 514 BigitalcThémometer.
Compou&%%?lg%@@gg)p\g&mlgggggﬂﬁ %@PA%X&%B&@%)‘ 1,8 X 90 mm, Kimble Propluct KIMAX-Sl,
part no. +34505). The observed melting point was 65-67 C. C. Single Crystal X-ray Diffraction
100681 CHRMPIHH®S5, 150 wig?wa@ﬁéeeﬂ@émhha@ét%ﬁ?iﬁﬂé,nmnrﬁut,nat about 25 C. The solution was
cooled te;abautb-C-overa oﬁaq Bt ovss ld-ferabout-1000-minutes—A-single crystal

. DDHE ase . . Wallr -
suitable ffor x-r:fy diffraction was obtalned.(ﬂ;@wrystal structure exhibited a colorless needlejcrystal
structure haviRgedimensions nb Aigix 0.06 X 0.06 mm The crystal was mounted on a 0.2 rim nylon
loop usingradsmall amount of jparatoire oil. 10069¥0iatet ere collected using a Bruker SMART CCD
(charge lcoupled device) basedilfifractometeriequipped with an Oxford Cryostream low-temperature
apparatys operating at abouyt ﬁ‘\g K-Data-wer ? jeasured-using-emegn scans of 0.3 per frgme for
about 45 WO 20(19/079627R¢;[fUS2008/08743% seconds; suctTtiiatp hemisphere was collected. A
total of 13fdFameswere collegied with'a maximum resolufion of 0.76 A The Tirst 50 frames were
recollectgekattitva®évid of data@olection to monitor for decay. Cell parameters were retrieved using
SMART |desfwened BSMART V38825 (KF) Software for the CCD Detector System; Braker Andlytical
X-ray Sy<StFLONIison WH2001))-and-refined-using-SAINT-on-al-observed-reflections—Bata
reduction was performed using the SAINT software (SAINT V 6.22 (NT) Software for the CCD
DetectorEysipin BrikepAnalytcdl CorgeSyisedms, Madison, WI (2001)), which corrects for Lp and
decay. Absorption corrections were applied using the SADABS multiscan technigue (see SADABS,
Program for absorption corrections using Signens CCD,Blessing, R.H. Acta-€ryst. A51 1995, 33-38).
The structuges were so*l\}/e bythe dirigfnaiﬁ%d using the SHELXS-QW%S%Eam (see Sheldrick, G. M.
SHELXS-Q% et thi %olutio Crystal Stgagdure, University of G Fﬁ&én, Germany, 1990),

“Pr raTI:a’
and refinetl by the leagtuares ethod oW F2, SHEEXE97, (see drick, G. M. SHELXL-97,

Program fot. the Refinement of Crystaf" ructure, University of Gestingen. Germany, 1997),
incorporated in SAEMEPPAEE Vv 6.10, (SHELXTL 6.1 (PC-Version),\F’m rapiitiary for Structure
Solution and Molecular Graphics; Braker Analytical X-ray Systems, Ma: igon, WI, 2000). The structure
showed signs of being twinned, eviderfc@BR#H&hitial cell parameters and peak.profiles. The use of
the program Cell Now showed that there is a two fold rotation, minor_twin component that is orientated
along and rotated about the reciprocal axis -0.010 1.000-0.040 and FPRS#EHA501 1.000-0.002. The
twin dataSpas #nfdarafed@dnetiiiagtiorhe percentage of twin refinement was found to be less than 1.5
%. [0070]The structure was solved in the space group P21/c (# 14). All non-hydrogen atoms were
refined afispansienlpl ChpogaddErtepaitulated by geometrical methods and refined as a riding

model. Tlagay StalduseatdPp Hicaillagtipn FROVRE 19 JRAMPOSHanR duringdata gallection. All

drawings are done at 50% ellipsoids An ORTEP. drawing of crystalline Compound 25 with various

atom lalBfroE N gt 85 ERting MaKERs HEYE S ek IRE PR ABhd|7® c-axis. The
crystal datarapdagiricle fefinemenipréad elers asetiepetpgc TiablesdTabiede Ghiystal data and

S T Sl COTERY 2 Eppel DR 20 11020 el ves
and anhydrous acetonitrile (7.0 wt). Stirring 1s initiated and allyl 7
tetraisopropylphosphorodiamidite (4.4 wt, 2.3 eq) is added. The reaction is stirred at 18-26 °C
for several howrs until complete. The resultant mixturé is cooled to approximately 9-11 °C,
preferably seeded with crystalline Compound 25 (~0.005 wt; the preparation of the
Compound 25 seed crystals is discussed in Example 3, above) and the temperature
maintained for about 2 h. The mixture is then cooled to about 0 to -15 °C at a rate of about

1.5 °C/hour, followed by cooling to about -20 °C at a rate of about 2.5 °C/hour, Afier
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Space group Unit cell dimensions Volume Density (calculated) Absorption coefficient F (000) Crystal
size Theta range for data collection Index ranges Reflections collected Independent reflections
Completeness to theta = 22.60 Absorption correction Max. and mitt transmission Refinement method

Data / restraiff@ 284PathEters Goodness-of-fit on F2 Final R indices [I>2a {HTRSAYREE {3 data)
Largest cliff. peak and hole 0.71073 A Monoclinic P2 (1)/c a = 27.134(14) Aa= 90. b= 12.135(6)
A93.156Khling thO1ABREMME ABbIBOGE{R)1AS3 Holirt Yhemglith 3 GliefZdramdet a nitrogen

atmosphere, washed with cold (-20 °C) anhydrous acetonitrile (2-3 wt) and dried under
nitrogen. Compound 25 {about 2.3-2.5 wt) is thus produced as a white solid. Compound 25 is
preferably stored under dry nitrogen at low temperature (e.g., -20 °C) until purification.
[0061] Specific example: The procedure below describes the synthesis of Compound 23
starting from Compound 24 (0.50 Kg, referred herein as 1.0 wi}: In a 30 L inerted jacketed
glass reactor equipped with a mechanical stirrer were combined urea Compound 24 (0.50 Kg,
1.0 wt, 1.0 eq), pyridinium trifluoroacetate (0.035 Kg, 0.07 wt, 0.05 eq) and anhydrous
acetonitrile (3.5 Kg, 7.0 wt}, Stirring was initiated and allyl
tetraisopropylphosphorodiamidite (2.22 Kg, 4.4 wt, 2.3 eq) was added. The reaction was
stirred at 18.4-25.6 °C. It was monitored by HPLC, which confirmed that the reaction was
complete after 18 h. The resultant mixture was cooled to 11.1 °C and the temperature was
kept at 9.3-11.1 C for about 50 min. The mixture was seeded with crystalline Compound 23
(1.9 g, 0.004 wt; the preparation of the Compound 25 seed crystals is discussed in Example 3,
above) and kept in the 9-11 °C temperature range for about 2 h. The mixture was then cooled
0 -7.9 °C at a rate of about 1.5 °C/our. The cooling rate was then accelerated to about

2.5 °C/hour and the temperature was brought to -18 °C. The temperature was held at -18 to -
19.2 °C for about 2 h, after which the solid that had formed was filiered under a nitrogen
atmosphere, washed with cold (~-20 °C) anhydrous acetonitrile (1.5 Kg, 3.0 wt), and dried
under a stream of nitrogen. Compound 25 (1.18 Kg, 2.36 wt; Purity: 93.6% area percent
(HPLC T™M2 of Compound 25)) was obtained as a white solid and was stored under nitrogen

at about -20 °C until purification,

Compound 25 Reerystallization (Step 4b)

{6062} General Precedure for the recrystallization of Compound 25: In an appropriately
gsized and inerted glass reactor equipped with a stirring device, urea di-phosphoramidite
Compound 25 (1.0 wt, 1.0 wt herein refers to the mass of crude Compound 25 precipitated
from the reaction that produced it) is dissolved in TBME (1.5-2.0 wit). Insoluble particulates
are removed by filtration. The filtrate is transferred to an appropriately sized and inerted
jacketed glass reactor equipped with a stirring device. Heptane (13.2 wi) is added, and the
resultant solution is cooled to about 9-11 °C and stirred in that temperature range for about
1.5-2.5 h. A white suspension is formed (seeding may be useful to facilitate Compound 25

crystallization; the preparation of the Compound 25 seed crystals is discussed in Example 3,
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1136 0.18 x 0.06 x 0.06 mm3 1.50 to 22.60 -22<b<29, -13<k<13, -8<I<10 11908 4010 [11 (int) =
0.1578] 99.0 % Multiscan 0.9895 and 0.9689 Full-matrix least-squares on F2 4010/ 179/ 339 0.970
R1 =0.1031, wR2 = 0.2584 RI = 0.1851, wR2 = 03034 0.347 and -0.233 e-A-3 [00711A simulated
XRPD patter®VB286H93# e single crystal data for Compound 25 is showrPfATAI§2 @8 Howder
diffraction data was simulated from the single crystal intensity data observed using the program
)(POW. gkP@WV TGenmitetted i owdet Diftracton:Raitéra; Abersiord SCLAs BraképnANS].1997-1998.) Key

parameters, for the,calculation include the wav., th, used copperwavelength of 1.54 A. and the cell
paramete{r;zhroéﬁite}gie%#?grﬁytr?gofﬁﬁgﬁ?e?%ogﬁv%t?%%rﬁﬁeeo\?/? th Lgﬁ' i\r%%lﬁgﬁy%tgre{ﬁér%ldﬁt on the
equationthil sigiperatime soitie /Pt bt hanyf Oy 0RO iBitewHered isithe Bidgglahgie(fer the
reflectionots yatiahles y MY AESPBRIEPE pasBuEicrs: Tanthesmealcy linns Quizags used for
both w and v. The table below lists the nine peaks with the highest intensity. WO

2009/07 9BEPE TAISLOBHIGE 3 35 FHBek P asithits, sebid (approximately 0.5-0.6 wt). The filtrate

is concentrated in vacuo at about 20-30 'C and recrystallized according to the procedure just
described. Thus, a second crop of Compound 25 (0.2-0.3 wt) may also be obtained.

[6063]  Specific example: The following procedure describes the recrystallization of
Compound 25 (1.18 Kg, referred herein as 1.0 wt). In a 22 L Rotavap glass bulb under
nitrogen atmosphere, urea di-phosphoramidite Compound 25 from Step 4a (1.18 Kg, 1.0 wt)
was dissolved in TBME (1.81 Kg, 1.5 wt). Insoluble particulates were removed by filtration,
using TBME (0.60 Kg, 0.50 wt) as a rinse. The filtrate was transferred to an inerted 30 L
jacketed glass reactor equipped with a mechanical stirrer. Heptane (15.54 Kg, 13.2 wt) was
added, the resultant solution was cooled to 10.3 °C. Compound 25 started to precipitate
about 5 min later. Stirring was continued at 9-11 °C for about 130 min. The mixture was
then cooled at a rate of about 1.5 °C/hour overnight to a temperature of about -15 °C. The
next day cooling was continued at a rate of about 1.5 °C/hour to a temperature of -17.2 °C,
after which the temperature was held for about 2 hours between -17,0to -20 °C. The solid
that was formed was then filtered, washed with a cold sclution {(~-20 °C) composed of
heptare and TBME (7:1 (vol/vol), 1.56 Kg, 1.3 wt), and dried under a stream of nitrogen for
about 22.5 h. Compound 25 was obtained as a white solid (0.675 Kg, 0.57 wt, Purity: 93.9%
area percent (HPLC TM2 of Compound 25); Yield: 36.0% from Compound 24). The filirate
was concentrated iz vacuo at 20-30 'C and recrystallized according to the procedure just
described. Thus, a second crop of Compound 25 was obtained as a white solid (0.225 Kg,
0.19 wt, Purity: 92.6% area percent (HPLC TM2 of Compound 25); Yield: 11.8% from
Compound 24),

[0064]  Analytical Data for Compound 25: '"H-NMR (400 MHz, CDCl;) 8: 5.90-6.01
(m, 2H), 530 (d, J= 17 Hz, 2H), 5.16 (d, J =10 Hz, 2H), 4.79 (t, /= 5 Hz, 2H), 4.06-4.26
(m, 4H), 3.66-3.79 (m, 4H), 3.54-3.66 (m, 4H), 3.33-3.47 (m, 4H), 1.18 (d, J =7 Hz, 24H).
ESI-MS (M+Na)~ Theoretical calenlation for Co3HysNeNaOsPo: 545.3; actual result: 545.4
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Example 3: Solid State Characterization of Crystalline Compeund 23

A. Powder X-ray Diffraction
[0665]  The powder X-ray diffraction (PXRD) pattern was obtained using the same
procedure as described above in Example 2A. Figure 4 shows the PXRD pattern of
recrystailized Compound 25. The PXRD pattern shows peaks at 6.6 = 0.3 20, 13.2£0.3
20, 14.0:£03°20, 173 £0.3°28, 19403 920,21.84 03 26,224+ 03°20,23.6 =
0.3 °20 and 27.2 £ 0.3 °20. Crystalline Compound 25 may be characterized by a subset of
the peaks shown in Figure 4. For example, the following peaks are characteristic of
crystalline Compound 25: 6.6 = 0.3 220, 14.0 £ 0.3 20, 173+ 0.3 °26, 194 + 0.3 “20.
Other combinations of the peaks listed or shown in Figure 2 may be also used to identify

Compound 28,

B. DSC Characterization
[0066]  Solid-state characterization of crystalline Compound 25 was determined by
Differential Scanning Calorimetry (DSC, capillary technique). The DSC was run with a 2920
DSC V2.5F calorimeter heating to 100 'C at about 10 C/min under nitrogen with an
aluminum pan using a 1.88 mg sample of crystalline Compound 25, Figure 5 shows the
thermograms of crystalline Compound 25, where the sample of Compound 25 melted at 63
°C {onset temp.).
[0667] A melting point experiment was also conducted using an Electrothermal Melt
Temp Apparatus, with a Fluke 51 II Digital Thermometer. Compound 25 (2-3 mg) was
loaded in a capillary tube (1.5 - 1.8 x 90 7nm, Kimble Product KIMAX-51, part no. 34503).

The observed melting point was 65-67 °C.

C. Single Crystal X-ray Diffraction
[08638] Compound 25, 150 mg, was dissolved in acetonitrile, 1 mL, at about 25 °C. The
solution was cooled to about 0 °C over about 425 minutes and then held for about 1000
minutes. A single crystal suitable for x-ray diffraction was obtained. The crystal structure
exhibited a colorless needle crystal structure having dimensions of 0.18 x 0.06 x 0.06 mm.
The crystal was mounted on a 0.2 run nylon loop using a small amount of paratone oil.
[0069]  Data were collected using & Bruker SMART CCD (charge coupled device) based
diffractometer equipped with an Oxford Cryostream low-temperature apparatus operating at

about 193 °K. Data were measured using omega scans of 0.3 © per frame for about 45
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Compound 22

WO 2069/079627 PCT/US2008/687435

seconds, such that a hemisphere was collected. A total of 1271 frames were collected with a
maximum tesolution of 0.76 A. The first 50 frames were recollected at the end of data
collection to monitor for decay. Cell parameters were retrieved using SMART software
(SMART V 5.625 (NT) Saftware for the CCD Detector System; Bruker Analytical X-ray
Systems, Madison, W1 (2001)), and refined using SAINT on all observed reflections. Data
reduction was performed using the SAINT software (SAINT V 6.22 (NT) Software for the
CCD Detector System Bruker Analytical X-ray Systems, Madison, W1 (2001)), which
corrects for Lp and decay. Absorption corrections were applied using the SADABS
multiscan technique {see SADABS, Program for absorption corrections using Siemens
CCD.Blessing, R.H. Acta Cryst. A51 1995, 33-38). The structures were solved by the direct
method using the SHELXS-97 program {see Sheldrick, G. M. SHELXS-90, Program for the
Solution of Crystal Structure, University of Gottingen, Germany, 1990), and refined by the
least squares method on F2, SHELX1-97, (see Sheldrick, G. M. SHELXL-97, Program for
the Refinement of Crystal Structure, University of Gottingen, Germany, 1997), incorporated
in SHELXTL-PC V 6.10, (SHELXTL 6.1 (PC-Version), Program library for Structure
Solution and Molecular Graphics; Bruker Analytical X-ray Systems, Madison, WI, 2000).
The structure showed signs of being twinned, evidenced by the initial cell parameters and
peak profiles. The use of the program Cell_Now showed that there is a two fold rotation,
minor twin component that is orientated along and rotated about the reciprocal axis -0.610
1.000-0.040 and real axis 0.001 1.000-0.002. The twin data was integrated and refined.
The percentage of twin refinement was found to be less than 1.5 %.

[6076] The structure was solved in the space group P2)/c (# 14). All non-hydrogen atoms
were refined anisotropically. Hydrogens were calculated by geometrical methods and refined
as a riding model. The crystal used for the diffraction study showed no decomposition during
data collection. All drawings are done at 50% ellipsoids. An ORTEP drawing of crystalline
Compound 25 with various atom labeling is shown in Figure 6. Figure 7 shows the crystal
packing diagram along the c-axis. The crystal data and structure refinement parameters are

reported in Table 2.

Table 2. Crystal data and structure refinement for crystalline Compound 25,

Empir&.eai formula - C23H43N405?2
Formula weight 522.59
Temperature 193(2) °K
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Compound 25 Stage 4 Compound 26 Stage 4: ACN, Heptane, HOAc, H202, Na25203,
chromatography. Preparation of Compound 26 (Step 5a) [00721General Procedure for the synthesis
of Compound 26: (Note: 1.0 wt herein refers to the mass of Compound 22 used as starting material to
produce a b hB¢¥9#Hound 26). In an appropriately sized and inerted §fabd PaHEGH &uipped with a
stirring device are charged Compound 22, for example Compound 22 obtained from Steps 2b-2c,
preferabiWaStdm@d, WO 20(19/079627PCT/USRD0B 087435 (1.0 wt, 1.0 eq) and Compound 25, for
exampledgetabouten25 obtained from any of SMproghab, preferably Step 4b, (0.42 wt, 0.52 eq).
Anhydrotpseetontrile (5.0 wt) and anhydrous Réptalse (1.4 wt) are added and stirring is initiated. The
mixture ISniaeheinensisnst 20-25 C in order toadisolA*difsdids. AcefiE S8id 012wt 1.3eq)is
slowly added, maintaining the temperature at aB()‘u]t%Z,’bi%@\E% The reactioris SBKEE at about 20-25 C
for several hours until complete. Anhydrous heﬁf’éﬁe’(é@) ) is charge’él’fr? the reactor and the
temperatlreuigecooled to about 0-5 'C. H202 303/66(%5}/\&9 in water (0.17 wt, 1.1 eq) is slowly added over
about 0.8 h, maintaining the temperature at <54€. The rea30tion is stirred at <5 "C until complete. The
reactionliz:dben eakidditd)about 0 C and residuallpénmgities are quenched by the addition of an
aqueoussgRitianofsegisunt thiosulfate pentahygingte£i41! (Ww/w), 0.26 wt, 0.34 eq). Stirring is continued
at abouti¢doGy until the heptane layer returns anegative test for peroxides. The temperature is raised
to room rayiire and then the salts are filtegeck off aad insedaith heptane (2.3 wt). The resultant
filtrate i Hoadintg adnewm glagsyeactor and lnygkg aresatiowed to separate for about 15 min, Three

layers afg formedewith the bottom two layers (agpeeus and-acgtonigrle) being drained and discarded.
The top,igrtangdayariswashed twice with acetamgrile (1.8 wt) and concentrated to dryness at about

18-25 Criaupdadenmiiouien26 (1.2-1.5 wt) is oa@ingd data-tids7lghtly amber oil. [0073]Specific
exampleCdigitottawing theacediréidescribes thépoeparation of Compound 26 on a scale that involved
0.565 Kgubid&cpmppeundcZdwith a purity of 99.4%uififwarterm "1.0 wt" in this example refers to 0.56 Kg,
which wagathenaktmniol massisbGompound 22 usk8sds stdrfigiiaterial to pzroduce Compound 26.) In a
30 L inemged jesiatied-glags reactor equipped withid-medhasicatsiisrersndie charged Compound 22
from Stepa2g (RS6:IKE (FArBHEXs994), 1.0 wt, UB16d)1and Bempound 25 from Step 4b (0.248 Kg.
Purity: 98:9%mQ 43wt £ F2 eq). Anhydrous acetonijrile (2.8 Kg, 5.0 wt) and anhydrous heptane (0.79
Kg, 1.4 wihyeremaddediangsfirring was initiateg.1 Fag, iktusRwasostsed and warmed to about 20-22
C in ordey {pacissplyeiathsolids. Acetic acid (0.088 Kg,185112 wik21=egpwas added over about 5 min

while thg tempegaiurewas maitained at about @2424, (5 Fheseagtion was stirred at about 20-24 C for
about 24 1i, and completion was verified by HPLC. Anhydrous heptane (4.49 Kg, 8.0 wt)) was charged

into the reactor and the temperature was cooled to about 0-5 C. H202 30%, (wt/wt) in water (0.106 Kg,
010 wt, DATLh) s S BEL 081 S5 SES R A RER G He E EFIERHEN Bovecn 0.2 C.

The reacfienwasrstirsedriar phedd FiBfnmoieitie vemperditire fvas inaitainedretirerity to 2 C. The

oxidation.completion was confirmed b. W ual_peroxides out0 WO
2009/07&3%&7&%%%%9?@?8 %ﬁ% itlon’oslgglﬁg%ég%oﬁwﬁ%%g%%%%%n hiosul fate
pentahydFersicd A 1@/ Rkor 148 kg, 99 D6 948, 0 Reyauyadtirensdowshe celsutaliva svdvdighe(17.2510 at
about 0-8 &g HARANG ipvPLNAdRAIed IPEING DIRpRAGR PEREIRAASSARM QuAshiggoxides test

EM Science, Gibbstown, , returning a negative result. The temperature was raised to about 20 C.
Salts wefasiltsfingsiind hmbee Wit segiaavty2s degendon grthrisgriitiant filtrate was charged
into a new glass reactor and layers were allowed to separate for about 15 min. Three layers were
formed, and the bottom two layers agu_eous,and ce;gogit(r‘i%%wer déained and discarded. The top,
heptane layer was washed twic&H# h"a’(’f@‘?&?ﬁ%i(eﬁfb’?(é, K: v&?)“g{ﬁ concentrated to dryness in
vacua at about 18-23 C. Crude Compound 26 (0.79 Kg, <1.4 wt; Purity 91.1% area percent) was

obtained as a.thick qil, slightl er, containing 5.6% of residual heptane. HPLC conditions for
analysis f r&;ﬁmh‘r 8"‘5{6’%@-’%‘3% Reg &F %rﬁﬁ%benrgéeé‘jt?%P }:’f:)ivuar%{ns\ﬁaatrécrisV ygmmetry 3QQTM
C18, 25Q;% 48 520k T 6 ARIMNSTBIME A OWIAl8s used for both w and v.  The table

below lists the nine peaks with the highest intensity.



1.0 mL/min Mobile Phase A 20 mL 85% phosphoric acid in 1000 mL water Mobile Phase B 20 mL 85
% phosphoric acid in 1000 mL ethanol Gradient time, rain %-Solvent B initial 15 35 45 60 30 92 92
100 100 Injection Volume 20 tiL Detection UV =215 am Compound 26 Retention Time

WO 2009/079627 PCTIIS2608/087435
Peak | Position, °20
A 12.9
B 13.4
C 17.4
D 19.6
E 9.8
F 22.0
G 13.1
H. 6.5
I 23.5
Lxample 6: Preparation of Compound 26
~ 5 . ot
I P
Hf;f (CHz)gDCHg N N(l‘Pr)Z
O.__-(CHy)oCH HN
\rr( 2240CH; N N(-Pr);
. Q - O-*P\
Compound 22 O*E
Compound 25
O

"0 HNM(CHz)wCHa

O-P~0._A_ O~ (CH2)eCHy
Qo

HN O (CH3)yoCHy
Stage 4 }:O o o \[(
— : O
" g1
— @ HN (CHz)10CHy
0-P~0_A_0 (CH)sCHs
9 On - (CHaCHs

Compound 26

Stage 4: ACN, Heptane, HOAc, H,Co, Na,S,0;, chromatography.

Preparatien of Compound 26 (Step 5a)

[0072] General Procedure for the synthesis of Compound 26: (Note: 1.0 wt herein refers
to the mass of Compound 22 used as starting material fo produce a batch of Compound 26).
In an appropriately sized and inerted glass reactor equipped with a stirring device are charged

Compound 22, for example Compound 22 obtained from Steps 2b-2e, preferably Step 2¢,
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33.1 min 10% Compound 26 Purification (Step 5b) 100741General Procedure for the purification of
Compound 26: (Note: 1.0 wt herein refers to the amount of Compound 22 used to produce crude
Compound 26). Crude Compound 26, e.g., as obtained from the Step 5av§_a roximately 1.2-1.5 wt) is
dissolved in &MY 5opropanol and ethyl acetate (1/99 (voUvol). 2 §§H§W§’%§ﬁﬁant solution
is loaded onto a Biotage silica gel column (approximately 10 wt of Si02) pre-equilibrated with a mixture
of isopropanat.ant efhytdCetate(ddIss (Valisolinpip i exipoatel 2 Sbhwi)8 dpanatigniSSparidamed using
isopropapol/ethyl acetate (3/ ol/val),.approximately 80 wt) follo by isepr ol/ethyl acetate
(20/90 (vo 7\‘95?%@5&(%% é%é%z%&m W%Z)Slgrégﬁﬁéréi@r@?’ar%ﬁn %ﬁ??&/r}lﬁ/\éﬁ?aﬁ%oaﬁsg % %r}e?écollected,
includindieptgne fihétion sucontdidimgl st sbngf itheithtolelital wisldrofCompolit22e B 7wt of

compouihaf (Bl RespaRRAN A BRSILeS (acions e sambieAncioansratiateci vacua al
about 20-30 C to yield a clear oil. The clear oil'is dissolved in heg(t}aneegpproxmately .0 wt) and the

resultantepisigsaehednfatdéd $o dinesstinniactiset drbarpelst CC frestiipthhatitatment is

repeated,0RCce,AGRIR AAGIHAMRONIALAE @ Oakits Whradeld: #o:82%) inobieinadasmieqlorless clear
oil. [0075]S%ec§%ﬁlé£xample: Purification (g%cruc;e Com%(k)?und 26 (0.79 Kg). Note; 1.0 wt herein refers to

the amoGPP'se Ethpditha %2 @55 Kip (eed by Brstiset cridd Edmpbinl v EREC 8 mpound 26
from Steghbat (0579 Keintlxdnwithwas gissabed #5 amixiyecafisapsciasokand athytisicetate (1/99
(volivol), 1.18 Kg,.2.1 wt) and the resultant sqlution was lpad nto a Biotage KP-Sil . 150L (5.0 Kg of
silica, 8.5%@)le 1@1%%‘?%3{38&15”} FAtEL %ﬁ? Qé%r?& §r(§eﬁo%séﬂf)srioﬁgg r{éﬁgeestﬁ‘)% %%%Ii%%%d?%g (vol/val),
31.5 Kg,tb6a@didpriTdfencalmmmnadution withriSopropesndflatndredetdte ¢ 3107 (WO OIR64819 Kg, 78.4 wt)

fO"Owedd?ﬁ%%@f%%@%t@xha&&é@ﬁ %86%)%& 898 Kl bt YOV gl f1R5gS of

approximately approximately 4.1 wt) each were collected. Fractions containing >1% of the

theoreticiir yielerisfes Srhp Gumib 26(s i¥ Rigedf Crmpdanarayrianisheadadsmis s figedoiivere

Combine&a@mwﬁm&eﬁ%mw@?. atdrd8itadPraeieak oilarble Biear pilvassdisselveshin heptane
solu

(3.9 Kg, 7.0 wt) and the resultant tion was concentrated to dryness in vacuo at 24-30 'C. The
heptatie BYeREARNES faseRtBHIRE AR AN - CORTSIaYT 28088 % "B R BGRty: 93.4%
(FIPLC 'iM3 i &9 mpaisnd 20) addieldwiT8. 8depwas@ataidal]asrdcaoloHe sshelemtoib )@Y 6]Analytical
Data for Compound 26: 1H-NMR (400 MHz, CDCb) 8: 7.4-7.57 (m, 2H), 6.06 (t,J =5 Hz, 214).
5.84-6,00 IS 1oices ™ 6&?“1"7'%%,%1—?)@ 2‘3‘1(8?‘3")3*6‘?55’5%‘%3?6? (‘r‘*n‘}bfﬁ‘ﬁ é‘_%% i ,Ezﬂfﬂ%? 4.24 (m,
2H), 3.96%2p¢nd14),.3.88-8155 (hialGiidy 2bR ] slighty «4lbt), @128 (t, J=7 Hz, 4H), 1.68-1.91 (m.
414),1.47-1.67 (m,121-0, 1.18- 1. 4H), 0.89 (1, J 7. Hz, 18H). ESL - +Nar Theoretical
calcuIatitgzrglolf,c:)%a'l 089%?8 ﬁfﬁa’ﬂggpﬁ%rg(gg?% a%?ﬁ% ?%%rglgef%ré}fﬁﬁ%g%e \fval%%%e present invention
has beerCdegerbddtvitharsfelethobity thed fddifiKernbOdmmentsi the nadh, drsiidy kf B8 4ivderstood by
those skiliadl in the pgt dhalvarous.chanass-May B made.and.equivalents may he substituted without

Lat-sLwd i 3

departing from the true spirit and scope of the invention. In addition, many modifications may be made
to adapt BqRIENASHERS RS IaH RS At P FBRMBISOF BRI DG 48 2pib a8 il fRektdns, to the
spirit and:peopaQbikeRFsseRlinvantignnihistichemedificniions arenpdanded faheswisiia the scope of

by referdets NHG G309/ eb T T USHBY SR R T Tont Sh et 1k ESfound of
formula 9%, (.42 wi, 0.52 eq). Anhydrous acetonitrile (2.8 Kg, 5.0 wt) and anhydrous heptane

(0.79 Kg, 1.4 wt) were added and stirring was initiated. The mixture was stirred and warmed

to about 20-22 °C in order to dissolve all solids. Acetic acid {0.068 Kg, 0.12 wt, 1.3 eq) was

added over about 5 min while the temperature was maintained at about 22-24 °C. The

reaction was siirred at about 20-24 °C for about 24 h, and completion was verified by HPLC.

Anhydrous heptane (4.49 Kg_ 8.0 wt)) was charged into the reactor and the temperature was

cooled to about 0-5 °C. HyOy 30% (wi/wt) in water (0,106 Kg, 0.19 wi, 1.1 eq) was slowly

added over about 26 min and the temperature remained between 0-2 °C. The reaction was

stirred for about 3.5 h while the temperature was maintained between -1 to 2 °C. The

oxidation completion was confirmed by HPLC. Residual peroxides were quenched at about 0



0 O HN'ILYR3 Ha,")....".0RI OyR2 (3)0 wherein: Rlis a C5-C15 alkyl group, a C5-C15 alkenyl group, or
a C5-C15 alkynyl group; R2 is a C5-C L5 allcyl group, a 05-C15 alkenyl group, or a C5-C15 alkynyl
group; and R3 is a C5-C15 alkyl group, a C5-C15 alkenyl group, or a C5-C15 alkynyl group. 2.A
compound ad¥8rfit§t8%¢faim 1, wherein Rl is a C5-C12 alkyl group, R2 ingW@ﬁéﬂgfﬁﬁ group, and
R3is a C7-C14 alkyl group. 3.A compound according to claim 2, wherein Rl is a C7 alkyl group, R2 is
a Cii alkylgrpuls; ahlitR8 i snGddealkyogrouposedmpsurdubiobopdimgncielzin /3 (wHetain Rl is an
n-hepty| groWR. K315 37 B-UNdecvgianP, ANUIRR S AR AHAHRSY) 9P fudhcpmpeUngaccording to
claim 1, where %t east one of Rl, R2 and R3 is different from the others. 6. A compound according to

claim 1, besam; by Newirgtedd et drepaersoipordorpuibBR)ant peroxides test, EM

Science, Gibbstown, NJ), returning a negative result. The temperature was raised to about 20
°C. Salts were filtered off and rinsed with heptane (1.26 Kg, 2.25 wt}, The resultant filtrate
was charged into a new glass reactor and layers were allowed to separate for about 15 min.
Three layers were formed, and the bottom two layers (aqueous and acetonitrile) were drained
and discarded. The top, heptane layer was washed twice with acetonitrile (1.0 Kg, 1.8 wt)
and concenirated to dryness in vacuo at about 18-23 °C. Crude Compound 26 (0.79 Kg. <1.4
wt; Purity 91.1% area percent) was obtained as a thick oil, slightly amber, containing 5.6% of
residual heptane. HPLC conditions for analysis of Compound 26 (HPLC TM3 of Compound

26):
HPLC column Waters Symmetry 300T™ C18, 250 x 4.6 mm 5 um |
Temperature 55 °C
Flow rate 1.0 mL/min
Maobile Phase A 20 mL §3% phosphoric acid in 1000 ml. water
Mobile Phase B 20 mL §5 % phosphoric acid in 1000 mL ethano!
Gradient time, min Ye-Soivent B
injtia 30
15 G2
is 2
45 130
&0 100
Intection Volume 20 pL
Detection UV =215nm
Compound 26 Retention Time 33.1 min + 10%
{

Compound 26 Purification (Step 5b)

[6974] General Procedure for the purification of Compound 26: (Note: 1.0 wt herein
refers to the amount of Compound 22 used to produce crude Compound 26). Crude
Compound 26, e.g., as obtained from the Step 5a (approximately 1.2-1.5 wit) is dissolved in a
mixture of isopropanol and ethyl acetate (1/99 {vol/vol). 2 wt) and the resultant solution 1s
loaded onto a Biotage silica pel column (approximately 10 wt of Si02) pre-equilibrated with a
mixture of isopropanol and ethyl acetate (1/99 (vol/vol), approximately 55 wt). Separation is
performed using isopropanol/ethyl acetate (3/97 (vol/vol}, approximately 80 wt) followed by
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0 0 HIN1IR3 R1 OyR2 (3a)0 7.A compound according to claim 6, wherein the compound is compound
22: 00 (CH2)10CH3 HOOrACHz)eCHa 0(CH2)10CH3 0 Compound 22 8.A process for making a
compound of formula (3) by a reaction of a compound of formula (1) with a compound of formula (2) as

shown belowTHE%870¢38(2)(3) wherein: Rlis a 05-C15 alkyl group, a C5XB &R IF trbup, or a
C5-C15 alk-ynyl group; R2 is a C5-C15 alkyl group, a C5-C15 alkenyl group, or a C5-C15 alkynyl
group; Roisrep@®ICLY bikglaedlify98 CbHEokikenybeioets|sof H) @5-Clisfatkhhylaponp ttdans-X is a
leaving GrOUR, 4:AR"ACEFIPEEURINGIE, HRITNRLWNETHRRALS Bfntid AKYLBIRUP.

theoretical yield of Compound 26 (=0.0127 wt of Compound 26, (HPLC assessment)}.

Desired fractions are combined and concentrated in vacuo at about 20-30 °C to yield a clear

oil. The clear oil is dissolved in heptane (approximately 7.0 wt) and the resultant solution is

concentrated to dryness in vacuoe at about 20-30 °C. The heptane treatment is repeated once

again and Compound 26 (1.0-1.15 wt; Yield: 75-85%) is obtained as a colorless clear oil.

[6075] Specific Example: Purification of crude Compound 26 (0.79 Kg). Note: 1.0 wt

herein refers to the amount of Compound 22 (0.56 Kg) used to produce crude Compound 26.

Crude Compound 26 from Step 5a (0.79 Kg, <1.4 wt) was dissolved in a mixture of

isopropanol and ethyl acetate (1/99 (vol/vol), 1.18 Kg, 2.1 wt) and the resultant solution was

loaded onto a Biotage KP-Sil 150L (5.0 Kg of silica, 8.9 wt.} column pre-equilibrated with a

mixture of isopropanol and ethy! acetate (1/99 (vol/vol), 31.5 Kg, 56.3 wt). The column was

run with isopropanol/ethyl acetate (3/97 (volivol), 43.9 Kg, 78.4 wt) followed by

isopropanol/ethyl acetate (10/90 (volfvol), 62.3 Kg, 111.3 wt). Thirty-six fractions of

approximately 2.3 kg (approximately 4.1 wt) each were collected. Fractions containing >1%

of the theoretical vield of Compound 26 (= 7.1 g of Compound 26), in this case fractions 7 to

31, were combined and concentrated in vacuo at 21-28 °C 1o a clear oil. The clear oil was

dissolved in heptane (3.9 Kg, 7.0 wt) and the resultant solution was concentrated to dryness

once again and Compound 2
(0.60 kg, 1.07 wt; Purity: 93.4% (HPLC TM3 of Compound 26); Yield= 78.8 %) was
obtained as a coloriess clear oil.
[0076] Analytical Data for Compound 26: '"H-NMR (460 MHz, CDCL) §: 7.4-7.57
(m, 2H), 6.06 (t, J= 5 Hz, 2H), 5.84-6.04 (m, 2H), 5.36 {d, J=17 Hz, 2H), 5.25 (d, J= 10
Hz, 2H), 5.02 (m, 2H), 4.54 {m, 4H), 4.24 (m, 2H), 3.96-4.20 {m, 8H), 3.38-3.35 (m, 16H),
2.52(t, /=7 Hz, 4H), 2.28 (t, J= 7 Hz, 4H), 1.68-1.91 (m, 4H), 1.47-1.67 (m, 12H), 1.18-
1.37 {m, 84H), 0.89 (t,./= 7 Hz, 18H). ESI-MS (M+Na)" Theoretical calculation for
CaoHige NaNaQoP2: 1682.2; actual result: 1682.3,

in vacuo at 24-30 °C. The heptane treatment was repeaied

fG677] While the present invention has been described with reference to the specific
embodiments thereof, it should be understood by those skilled in the art that various changes

may be made and equivalents may be substituted without departing from the true spirit and
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R2 is a C7-C14 alkyl group, R3 is a C7-C14 alkyl group, and Xis OH, ClI, F, imidazolidyl, trimethyl
acetoxy, ethyl carbonate, methyl carbonate, isobutyl carbonate, or a group of the formula Z: wherein
1{7 and it in formula (2) are identical such that the compound of foonula é%/)cis a symmetrical beta
ketoester anMRIAIETYH process accordion to claim 9, wherein Rl is a ARSI R is a c11
alkyl group; and R3 is a Cli alkyl group. A process according to claim 10, wherein Rl is an n-heptyl
group; Rdpcarf uindesiibardopdditpR namedifirasops grevipe madeNprdapss igEewing to claim 8,
where atileastong.phRl, &%@9«9&% iy gifferentdrom RERISS, o3 gE’EQ‘%ﬁé%%@P&E@'“Q to claim 8,

further comprising the step of hydrogenating & compound of formula Y: Ph C)/3 R2 01 in isopropanol

to form &°eBARolnaEiTBY ALY, WoBboordioasypcyirsaisd ogesiha hecsriSAind of formula
(4): the claims appended hereto.
[6078] All patents and publications cited above are hereby incorporated by reference.



R4,9 0- / P,NR5R6 RN HN ,NR5R6 013 0 R4- (4) wherein: R4 is in each occurrence independently a
protecting group; R5 is in each occurrence independently a C1-C6 alkyl group, a C3-C6 alkenyl

group or a C3-C6 alkynyl group; and R6 is in each occurrence indepe % I Ikyl group, a
C3-C6 alkenﬂfgl%)ﬁ%(}é?é%&C6 alkynyl group; or R5 andR6 taken togethpégr!%vﬂl{ ﬁsé%r%%%gen to which
they are attached form a 5- or 6-membered heterocyclic ring. 15.A compound according to claim 14,
wherein:The qRtifsed isserioedtirrence independently a C3-05 alkenyi group, a 2-cyanoethyl group, a
2-(nirnetlp_ylsiIyg@%&;&gp{ﬁ%%%%}{ichloroethyl group; R5 is in each occurrence independently a
C3-C6 alkyl group; and R6 is in each occurrence independently a C3-C6 alkyl group. 16.A compound
of formula (4) according to claim 15, wherein; R4 isjin each occurrence an ally! group; R5 is in each
occurrence an isopropyl group; and R6 is igNack-0Cgirrence an isopropyl group.

Ho\)\/o\/\(ia‘
O_R?

T

(3) ©
wherein:
R'is a €5-Cy5 alky] group, a Cs~Cis alkenyl group, or a Cs-Cys alkynyl group;
R is a Cs-C s alkyl group, a Cs-C,5 alkenyl group, or a Cs-Cys alkynyl group; and
Rlisa Cs-Cys alkyl group, a Cs-Cy5 alkenyl group, or 2 Cs-Cys alkynyl group.

2. A compound according to claim 1, wherein
R'isa Cs-Cys alkyl group,
R%is a C7-Cyq alkyl group, and
R is a Cp-Cyq alkyl group.

3. A compound according to claim 2, wherein
R'isa C;alkyl group,
R? is a Cy; alkyl group, and

R?is a C; alkyl group.

4. A cbmpound according to claim 3, wherein
R! is an n-heptyl group,
R? is an n-undecyl group, and

R? is an n-vndecyl group.

5. A compound according to claim 1, where at least one of R}, R? and R? is different

from the others.

6. A compound according to claim 1, 2, 3, 4, or 5 having the stereochemistry of formula

(3a):
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WO 2009/079627PCT/US2008/087435 17.A compound according to claim 16, wherein the compound
Is compound 25: 0J /CHA\ (i-Pr)2 FIN 0 FIN ,NO-Pr)2 0-P\ 0-\\ Compound 25 18.A process for making a

;oRrr;%oGugi %‘;&8{%%% _5946)2,Py a condensation reaction shown below: 0 /0&[}1}%?2%58 }5@%3'5”\' \O-r

o O

xT
[EE-d
4,

HOWO\/\(R
(3a} ©

7. A compound according to claim 6, wherein the compound is compound 22:
Q 0

O\fr (CH2)1pCH3
O
Compound 22

8. A process for making a compound of formula (3) by a reaction of a compound of

formula (1) with a compound of formuia (2) as shown below

] O
NHg M : HN R®
HO O R + e HO 0 R}
X R3
\/\(]}/ Rr2 \/YQ r2
e i
1 © (2) (3) o

wherein:
Rlis a Cs-Cs alky! group, a Cs-Cys alkenyl group, or a Cs-Cys alkynyl group;
R? is a Cs-C; s alkyl group, a Cs-C;5 alkenyl group, or a Cs-Cys alkynyl group;
R? is a Cs-Cys alkyl group, a Cs-Cys alkenyl group, or a Cs-Cys alkynyl group; and

X is a leaving group.

9. A process according to claim 8, wherein
R'isa Cs-Cyz alkyl group,
R?is a C-Cyq alkyl group,
R* is a C7-Cye alkyl group, and
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2 ,NR5R6 -0-R R4\ NR5R6 (7)  (4) wherein: R4 is in each occurrence independently a
protecting group;

WO 2009/079627 PCT/USIONB/087435

X is OH, C}, F, imidazolidyl, trimethyl acetoxy, ethyl carbonate, methy! carbonate,

isobutyl carbonate, or a group of the formula Z:

?_OMF@

Z
wherein R and R’ in formula (2) are identical such that the compound of formula (2} is a

symmeirical beta ketoester anhydride.

14, A process according to claim 9, wherein
RlisaCy alkyl group;
R*isa Cyy alkyl group; and
R? is a Cy; alkyl group.

11. A process according to claim 10, wherein
R’ is an n-heptyl group;
R? is an n-undecyl group; and

R? is an n-undecy! group. -

i2. A process according 1o claim 8, where at least on

o
oy

the others,

13. A process according to claim 8, further comprising the step of hydrogenating &

compound of formula Y:

in isopropanol to form a compound of formula (1).
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R5 is in each occurrence independently a C1-C6 alkyl group, a C3-C6 alkenyl group or a C3-C6
allcynyl group; and R6 is in each occurrence independently a C1-C6 alkyl group, a C3-C6 alkenyl
group or a C%g%{@v@gyygroup; or R5 and R6 taken together with the nitgeganta.whiskhyihey are
attached form a 5- or 6-membered heterocyclic ring. 19.A process of claim 18. wherein: R4 isin
each occurrence independently a C3-05 alkenyl group, a 2-cyanoethyl group, a 2-(trimethylsilyl)ethyl
group, or a 2,2,2-trichloroethyl group; R5 is in each occurrence independently a C3-C6 alkyl group;
and R6 is4n eaghceggisieneeigapendently a C3-Céallcyl group. 20.A process of claim 18, wherein:
R4 is in each occurrence an allyl group; R5 is in each occurrence an isopropyl group; and R6 is in
each occurrence an isopropyl group. 21.A rﬁ%gss for preparing a compound of formula (6) comprising

the steps of i) reacting a compound gf fprmula (3) with a compound of formula (4) to form a
compound of formula (5) as shown below—60 HNIE*&I1123 0,FiR2 (3)0 R4,0 04, NR5R6 HN HNO
HN
=0
M
\ NRIRS
o-p
re©
(4}

wherein:

R* is in each occurrence independently a protecting group;

R? is in each occurrence independently a C)-Cg alkyl group, a Cs-Ce alkenyl group or
a C3-Cg alkynyl group; and

RS is in each occurrence independently a C;-Cq alkyl group, a C3-Cs alkenyl group or
a C3-Cg alkynyl group; or R®and R® taken together with the nitrogen to which they are

attached form a 5- or 6-membered heterocyclic ring.

15. A compound according to claim 14, wherein:

R* is in each occurrence independently a C3-Cs alkenyl group, a 2-cyanoethyl group, a
2-{trimethylsilyDethyl group, or a 2,2,2-trichloroethyl group;

R’ is in each occurrence independently a Cs-Cy alkyl group; and

R is in each occurrence independently a Cs-Cs alkyl group.

16. A compound of formula (4) according to claim 15, wherein:
R* is in each occurrence an allyl group;
R? is in each occurrence 2n isopropyl group; and

R® is in each occurrence an isopropyl group.
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,NR5R6 0 -P RIO (4) 0 0 1Ill OHN ""----)--- R3 / HNO If* R2 FINO \ EINFts \ 0 -I? -0 "1......",..0---,.v R.1

OR2 Il (5)o0; and i) oxidizing the formed compound of formula (5) to fella a compound of formula (6)
as shown below WO 2009/079627PCIMS2008/087435 00 R4HNIC""ILF23
WO 2009/079627 PCT/US2008/087435

17. A compound according to claim 16, wherein the compound is compound 25:

Compound 25

18. A process for making a compound of formula (4) by a condensation reaction shown

below:
Ric‘)
O_P\
/ NRERS
j\ o _NRSRE N
HO\/\N N/\/ H &+ 2 R4,G""P\ . —_—e
b NRSR =0
H H HI
N NRSRSE
{7} -
re©
4)
wheretn:

R* is in each occurrence independenily a protecting group;

R’ is in each occurrence independently a Ci-Cq alkyl group, a Ca-Cq alkenyl group or
a C3-Cq atkynyl group; and
R? is in each occurrence independently a C;-Cq alicyl group, a Cs-Cg alkenyl group or a C3-Cy
alkynyl group; or R®and R® taken together with the nitrogen to which they are attached form

a 5- or 6-membered heterocyclic ring.

19. A process of claim 18, wherein:
R* is in each oceurrence independently a Cs-Cs alkenyl group, a 2-cyanoethyl group, a

2-(trimethylsilyDethyl group, or a 2,2,2-trichloroethyl group;



Ri RNOR2 0011 4\ R3 a R4,6Y R2 (5)0 00 0 HN""123 0-P- ./f 1 /0 RNO2R 00 0y HNk j o \ ORN" ' -1:23
\04-0.,%". k.,.,-0,_"-"yRi R4f6 1l (6)0 wherein: Rl is a C5-C15 alkyl group, a C5-C15 alkenyl group, or

a C5-C15 alkvx@/éﬂ%%z&; $.2 is a C5-C15 alkyl group, a C5-C15 alkeny! gppuQhd ezl alkynyl
group; R3 is a C5- a%k'yl group, a C5-C15 alkenyl group, or a C5-C15 alkynyl group.;

R’ is in each occurrence independently a C3-Cy alkyl group; and

R® is in each occurrence independently a Cs-Cq alkyl group.

20. A process of claim 18, wherein:
R* is in each occurrence an alkyl group;
R® is in each occurrence an isopropyl group; and

R® is in each occurrence an isopropyl group.

21. A process for preparing a compound of formula (6) comprising the steps of
i) reacting a compound of formula (3) with a compound of formula (4) to form

a compound of formula (5) as shown below
— - Re-gy

0-8_
A alhas
Hi HN

R
2 | HO 0
O

R'l
Rz S ,NRﬁRG
‘T( O

P
3) 5 3

ii) oxidizing the formed compound of formuta (5) to form a compound of formula (6}

as shown below



R4 is in each occurrence independently a protecting group; R5 is in each occurrence
independently a C1-C6 alkyl group, a C3-C6 alkenyl group or a C3-C6 allcynyl group; and R6is in
each occurrzg&eﬁmg?%{]ﬁently a C1-C6 alkyl group, a C3-C6 alkenyl grayp-Rfs3seridafs@/kynyl group;
or R5 and R6 taken together with the nitrogen to which they are attached form a 5- or 6-membered
heterocyclic ring. 22.The proges of claim 21, wherein R1 is a C5-C12 alkyl group; R2 is a C7-C4 alkyl
group; R3is a C7F-§4Q14 alkylg\r%wg; R4 is in each occurrence independently a {23-05 alkenyl group, a
2-eyanoethyl group,a Zm yI&dyl)ethyl group, or a 2,2,2-tricﬁifbrom oup: R5 is in each
occurrence inq.e_pe%aéﬁ a g-@ﬁ\qﬂ yI group; and R6 is in.eathiol 8e~'rﬁd$d:éndently a C3-C6
alkyl group.®@8.The process of clainP2lfwherein R1.is a Gﬂr}aﬁzyl {éroup; R2 is a Gh.alRyl group; R3 is a
C11 alkyl grguF°WO 2009@27P%/U82008/087435Hﬁﬁﬁ§ an allyl grgupR5 is&n isopropyl
group; and Ré-is.an isog?gi rofip. 24.The process of cIatm-QB.thg@\n/ is®n n-heptyl group; R2

| %\H’lh‘(rd@

is an n-undecyl group? Amdcyl group: 050 O R
R‘:;/ O\ﬂ/ Ra R4/ OTRQ
(5) © (6} o

wherein:
RYis a Cs-Cys alkyl group, a Cs-C s alkenyl group, or a Cs-Cys alkynyl group;
R? is a Cs-Cys alkyl group, a Cs-Cys alkenyl group, or a Cs-Cys alkynyl group;
R? isa Cs-Cis alkyl group, a Cs-C;;s alkenyl group, or a Cs-Cy5 alkynyl group.;
R* is in each occurrence independently a protecting group;
R’ is in each occurrence independently a C;-Cy alkyl group, a Ca-Cs alkenyl group or
a Cs-Cy alkynyl group; and '
R® is in each occurrence independently a C1-Cs alkyl group, a Cs-Cg alkenyl group or
a C5-Cg alkynyl group; or R® and R® taken together with the nitrogen to which they are |

attached form a 5- or 6-membered heterocyclic ring.

2
3

The process of claim 21, wherein

R! is & Cs-Cy2 alkyl group;

R*is a C7-Cyq alkyl group;

R is a C7-Cy4 alkyl group;

R*is in each occurrence independently a C3-Cs alkenyl group, a 2-cyanoethyl group, a
2-(trimethylsilyDethyl group, or a 2,2, 2-trichioroethyl group;

R’ is in each occurrence independently a C;-Cg alkyl group; and

R® is in each occurrence independently a C3-Cy alkyl group.

23, The process of claim 21, wherein
R'isa Gy atkyl group;
R? is & Cy alkyl group;
R® is a Cy; alkyl group;
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R4 is an allyl group; R5 is an isopropyl group; and R.6 is an isopropyl group. 25.The process of claim
21, where at least one of RI, R2 and R3 is different from the others. 26.The process of claim 21,

wherein the f%fmug,ﬁl.] %zt{he compound of formula (5) comprises the steps ofy;qneltiitng the
compound of formula g} and the compound of formula (4) together in a co-solvent mixture of heptane

and acetonitrile_yntil all solids are dissolved, i) slowly adding between 1.0 and 2.0 equivalents of
acetic acid whif® AREHIFEWR temperature between 20 and 25C; and iii) stirring the resulting
mixture until th@?e@@ﬁimﬂﬁ@@nm@aa&me process of claim 26, wherein the weight of heptane used
is between 4 ang 6 times the eight of the compound of formula (3) used. 28.The process of claim 26,
wherein the we HPSF&%@?@H?E%% U8ed is between 1 and 2 times the weight of the compound of
formula (3) used. 29.The process of any of claims 21-28, wherein the oxidation of he formed

compourig’ (5) t?}fgrrréggses 89”?&%% ofé%lrgula (6) comprises the steps of i) adding heptane to the
reaction mixturé co Iiaunlng the formed compound of formula (5); i) cooling the resulting mixture
to -5C to 10C; R’ liystobdptadding:30% (wt/wt) H202 in water at such a rate that the temperature of
the reaction miguye.is ME&%’T%% tween -5C and 10C; and iv) stirring the resulting mixture at a
temperature between -5C and 10C until the reaction is complete. 30. The process of claim 29, wherein
the mixture of StepsiptigtEerRsY & Patween 0 and 5C;

R* is an allyl group;
R® is an isopropyl group; and
R® is an isopropyl group.

25.  The process of claim 21, where at least one of R', R? and R* is different from the

others,

26. The process of claim 21, wherein the formation of the compound of formula (5)
comprises the steps of: '
i) stirring the compound of formula (3) and the compound of formula (4) togetherin a
co-solvent mixture of heptane and acetonitrite until all solids are dissolved; .
ii} slowly adding between 1.0 and 2.0 equivalents of acetic acid while maintaining the
temperature between 20 and 25°C; and

ifi) stirring the resulting mixture vntil the reaction is complete.

27.  The process of claim 26, wherein the weight of heptane used is between 4 and 6 times

the weight of the compound of formula (3) used.

28. - The prbcess of claim 26, .wherein the weight of acetonitrile used is between 1 and 2

times the weight of the compound of formula (3) used.

29.  The process of any of claims 21-28, wherein the oxidation of the formed compound
(5) to form the compound of formula (6) comprises the steps of

i} adding heptane to the reaction mixture containing the formed compound of formula

(5)
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the mixture of step iii) is maintained between 0 and 2C; and the mixture of step iv) is maintained
between -1 and 2C. 31. Crystalline compound 22 00 HVt 1 ,CH2, loCH3 0(CH2)100113 022. 32.

Crystalline c%p‘!%”ém%ﬁccording to claim 31, further characterized by ap-Xstay Rk diffraction
pattern having peaks at 12.3 0.2 20, 14,5 0.2 020, 16.2 0.2 (20, 17.8 0.2 029, 22.2 0.2120i, and

23.8 m.k. 0.2'20. 33, Crystalline compound 22 according to claim 32, further characterized by having
a melting pointibraBbne B suijes PH96 7062 1P 14U520081087435 34. Crystalline compound 25

INO-P02 HN Hijy)0sil NL R 23 002 b1 B5r) GrystallingsompelndRomectedingiaalaini34, further

characterized by a x-ray powder diffraction pattgrn hayving peaks at 6.6 0.3 020, 14.0 0.3 20, 17.3
0.3°20, %J%P&%W6_isg%%lﬁ%%?ﬂﬁ‘gfﬁ%}ﬁg&ﬁ%dég’ggg ding to claim 35. further characterized

by having a mekingphigtief ebatit®miGture at a temperature between -5°C and 10°C until the
reaction is complete.
30.  The process of claim 29, wherein
the mixture of step ii) is cooled to between 0 and 5°C;
the mixture of step iii) is maintained between 0 and 2°C; and

the mixture of step iv) is maintained between -1 and 2°C.

31.  Crystalline compound 22
0O O |
H@Mmzmcm
HOJ\/O\/\r (CHp)sCHs
Om/-(CHz)wCHS
o 22.

32.  Crystalline compound 22 according to claim 31, further characterized by an x-ray
powder diffraction pattern having peaks at 12.3 £ 0.2°20, 14.50.2°28, 16.2 £ 0.2 "20,

17.84 02 °20,22.2 +0.2°20, and 23.8 £ 0.2 20.

H

33.  Crystalline compound 22 according to claim 32, further characterized by having a

melting point of about 41 °C.
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34.  Crystalline compound 25

35.  Crystalline compound 25 according to claim 34, further characterized by a x-ray
powder diffraction pattern having peaks at 6.6 £ 0.3 2@, 140+ 0.3 °20, 17.3 £ 0.3 20, and
19.4+0.3°20.

36.  Crystalline compound 28 according to claim 35, further characterized by having a

melting point of about 65 °C.

49



