PROCESS FOR THE PREPARATI ON OF SUBSTI TUTED PYRI M DI NE
DERI VATI VES FI ELD OF THE | NVENTI ON The present

WO p1e#0270h i s directed to novel processes for BEEUS2009/049027
preparation of substituted pyhm di ne derivatives,
useful as internediates in the synthesis of histam ne
HA receptor nodul ators, and to novel intermediates in
HA PROCE 86 FOR YHEPREPARATORDF SuBs T UBNY KiNiDINE
présent rtnvention 1s directied 0 a process for the
preparation of conpoun@ERWVATINES| a (1) wherein L1 is
CN;, Rc is selected fromthe group consisting of H,
net hyl , ethyl, propyl, isopropyl, -CF3, cyclopropyl,
and cyclobutyl; R6 is hydrogen; R8 is selected from
t he group consi sti f (s I -4dalkyl; Zis

S selected fromthe B8O ORIHIERRENTIE Nand CH nis 1
or 2; TR praseot iaventRb id dueced txhoveh gegsessksfor thequéparatien
f J 10: €0NSi St i . ; i -4 .
SRS AR, Plo VAL REReARLSTh s i
o©b histansine ¢tz eacdptorgnad datoss and t@hovad internzediaigs inhids ei n
PGL d P& are each independently a nitrogen
;5?%‘1“2%?%% bSlJp, with a conpound of formula (V1),

10

SUMMARY OF THE INVENTION

The present invention is directed to a process for the preparation of

compounds of formula (1)

RC

—N /R6
L1 \ / N R8 RQ R10
L

15 wherein
L"is CN;
R® is selected from the group consisting of H, methyl, ethyl, propyl,
isopropyl, -CF3, cyclopropyl, and cyclobutyl;
R® is hydrogen;
20 R® is selected from the group consisting of hydrogen and C.4alkyl;
Z is selected from the group consisting of N and CH;
nis1or2;
R® R and R" are each independently selected from the group
consisting of hydrogen and C4.4alkyl;

25 and pharmaceutically acceptable salts thereof; comprising



wherein LGL is a |eaving group, in a first organic
solvent; and when LGL is - OH, in the presence of a

W@ ouplod2igd agent system to yield the corresponBCTiES2009/049027

compound of forrmula (VII); de-protecting the conpound
of formula (M1), to yield the correspondi ng conpound
of formula (M 11); andreacting, in a second organic
sol vent, the conpound Oﬁigorﬁﬁqu(V|||1OMAth a
conpound of fornula (1X)7 t he correspondi ng
conmpound of Fﬁ&nula (1), \Whe<éig STTéfselected from

t he group 'fonsi sting of -N(R 28)27and -NORZ'1 ; wherein
the R20 grpups m@y be the sane or\dlgﬁerent from each
ot her 180" s aif each R20 is independently selected from
t he other R2@| and such selectlog/ s made fromthe

gr oup @gn3|st|ng of G -4al kyl bbsti t uent s (conci sely
put, each R20 is independently selected fromthe group
consisting of G pdalkyl); alternatively the two R20
groups are taken/together with the nitrogen atomto
whi ch they ar eHboun & forma saturated ring
structure select |won1th£ BY oup RBnsi sting of

pi peridinyl, ol i and\norphol i nyl ; and wherein
R2 1is selecte fron1th grofdp c nS|sg|ng of G

-4al kyl and benzyl. In an Odl Rthe pr esent
invention is dire?gﬁﬂuto a pr for the preparation
of a compound of f la (I1-9) conpr|5|ngreact|ng a

conporgitiag afceripaliad Mormhier (@) WhBRln rRad aR@IP@?raee %@@ﬂil

i.ndependently a nitrogen protecting grou
diaps0sRNtyra RigPaen aroéeiﬂt'ngpro% @’l‘télarpom%)lﬁ”g Oéfqr%*!ﬁ )

%ﬁe‘#@n LGI1 ida iddvilg SHERNH @ fﬁ&'o\r‘é‘éﬂlc sAPENtREIWRER LGS is —
in the presence of a coupling agent system to

5 Qh& i thenpresengecefForrIPHag a8eRlGiRigMs 10 ¥igldihe goresnandjng

compound of formula (VII);

)DGZ
G I4N

\_<_ >_< . \_& >_< o5

(VI (VI

de-protecting the compound of formula (VII), to yield the corresponding

10  compound of formula (VIII); and
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de-protecting the conmpound of formula (VII-S), to
yield the correspondi ng conpound of formula (VIII-S);

waedpeer4s ng the conpound of fornmula (VIII-S) RET/ESM09/049027

compound of formula (IX-S), in a second organic
solvent, to yield the correspondi ng conpound of
formula (I-S), wherein X is selected fromthe group
consisting of-N(R 20)2 and -OR 2 1; wheyein the R20
g4, qyps may be the sanme or different fr each ot her,
so? 3uch each R20i s independent|y s&b m t he

b anRsfkch seRection is made fronl|the group
c kyl substituents (comgisely put,

end &tl 11sel ected from theXgroup
consi sting of C5-4al YT%; alternmatively the two RZ0 ™
groupsvane taken bt her with the nitrgg?n atomto
whi ch they are bound to forma saturated ring
structure selected fromthe group consisting of
pi peridinyl, pyrroljdinyl and norpholinyl; and wherein
R2 1 is selected fomthe group consisting of G
-4al kyl and benzyl . present invention is further
directed to a cegs f tﬂ@Npr ation_ef conpounds
of formula (1) re\n L;IS ; selBcted from
t he group consisting-efNH, propyl ,
i sopropyl, -CF3, cyclopropyl, an | obufyLR11R6 i's
hydrogen; R8 is selected fromthe grgggfyonsisting of
hydrogen and G -4al kyl; Z)is selecte om t he group
consisting of Nand CH nis 1 or 2; RO, R10 and R1L 1
are eRastingde psrdend Prgasisi sobest the epmperndgefdomnula (V)

with a compound of formula (1X), to yield the corresponding compound of

formula (1), wherein X is selected from the group consisting of —N(R2°)2 and —
OR?'; wherein the R? groups may be the same or different from each other,
so such each R? is independently selected from the other R?® and such
selection is made from the group consisting of Cq4alkyl substituents
(concisely put, each R? is independently selected from the group consisting of
C1.salkyl); alternatively the two R® groups are taken together with the nitrogen
atom to which they are bound to form a saturated ring structure selected from
the group consisting of piperidinyl, pyrrolidinyl and morpholinyl; and wherein
R?' is selected from the group consisting of C1.4alkyl and benzyl.

In an embodiment, the present invention is directed to a process for the
preparation of a compound of formula (I-S)

H,C

—N
NC \ />—NH
N
N—CH,

(I_S)s
comprising



consi sting of hydrogen and G -4al kyl; and
phar maceutically acceptable salts thereof; conprising
WO e@ond21ge a conpound of formula (1X) wherei n XPEEUS2009/049027
selected fromthe group consisting of-N(R 20)2 and -OR
2 1 ; wherein the R20 groups may be the sanme or
di fferent fromeach other, so such each R20 is
i ndependent |y sel ected fromthe other R20 and such
selection is made fromtRe group consisting of C
- 4al kyl sub;PiGtuents (contTsgly pyt—each R20 is
i ndependenply selected fromt roup Nou@H sting of G
-4al kyl); Bltergpatively the two oups ‘are taken
t oget heN-W -t he nitrogen atomto ich they arg
bound to form a saturated ring 8} cture selected from
t he gr(lcwp consi sting of piperid ﬁ)ﬁ pyrrolidinyl and
mor phol i'nyl ; and V\,hereln R2 1is selected fromthe
group consi sti ngRG C -4al kyl and benzyl; with a
compound of qu,q‘ul a (pg! wherein PG3 is a nitrogen
protecting grou infa first organic solvent, to yield
t he correspondi Fr%_c!}‘ pound of fornmula (X);reacting
a compound of
- oupl i ng agent
2f

t he compound HiNT or (X))
formula (M- A), in the p es
system in a second organic 3 e yield the
correspondi ng conpgugy of for o= XII) and
de-protecting the conpound of fornula (XIl), to yield
t he ctﬁacé@@ammgue@ wimuladly) woerain BG% nd FAGY agn each
t
FeREh0E o piGodt BRIy DYy VAR e o),
Whesin &L tis a@eaellngogfpumnd adirstfasgani¢ aolyent: B)d whem bGh i lsx
[ 0 [ d
5 _o?;ﬁ@‘trfecﬂ;ﬁr% \A%rﬁeéeeéf‘nat {@gﬂrﬁ%&erﬁ%&éﬂeﬁ{ t&?.g tp%'(:ﬁ’wégéo%d%
aofripeund bf forromag®05)ot her, so such each R20 is
[ ndgcgzendent ly sel ected

H,N

HN - PG - }—NH
>_ N HN
HN \—\_<:>N_CH3 N—CH,
ks (VIII-S)

de-protecting the compound of formula (VII-S), to yield the

10  corresponding compound of formula (VIII-S); and
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fromthe other R20 and such selection is nade fromthe
group consisting of G -4alkyl substituents (concisely

w@ealpoeaeh R20 is i ndependently sel ected from REBUS00UPI027

consisting of G -4alkyl, an abridged form of

assi gnnment expression used herein whether given in a
nore extended formor not, unless otherw se
specified); alternatively the two R20 groups are taken
together with the nitrogen atomto whi the&:are
boynd to forma saturated ring strﬁc(t; Cekted from

t he?gx ou consi sting of plperldlny pyrrplidinyl and
nor phgl i i and wherein R2 1 is selectedQfromthe
gr GHI const -4al kyl and benzyl; ¥ith a

compound of f __ﬁggre'n PG3 is a nitrogen »
protecting group, i organi c sguspt, to yield
t he cor pdB®Ndi ng ound of formula (XI-S);I-9S)

(M -B) reacting the compound of fornmula (XI-S) with a
compound of forrmula (VI-B), in the presence of a
coupling agent system in a second organic solvent, to
yield the correspoq¢mpg compound of formula (XII-S)
and de-protecting t e \conpound of fornul a (XI1-S), to
yield the correspondi npound of formula (1-S). The
present inventi omNgG MHrected to a product
prepared according to N
herein. The present invention is fyrthegr d\rected to
compounds of fornula (I)wherein L1 7 ;
sel ected fromthe group con%Lg |ng of
et hyl , propyl, isopropyl cycl opropyl, and

cycl OFéétc%g the compound of formula (VII-S) with a compound of formula

(IX-S), in a second organic solvent, to yield the corresponding compound of

formula (I-S), wherein X is selected from the group consisting of —-N(R%), and
—OR?%"; wherein the R® groups may be the same or different from each other,
so such each R? is independently selected from the other R®® and such
selection is made from the group consisting of Cq4alkyl substituents
(concisely put, each R% is independently selected from the group consisting of
Ci.4alkyl); alternatively the two R% groups are taken together with the nitrogen
atom to which they are bound to form a saturated ring structure selected from
the group consisting of piperidinyl, pyrrolidinyl and morpholinyl; and wherein
R? is selected from the group consisting of Cy4alkyl and benzyl.

The present invention is further directed to a process for the

preparation of compounds of formula (1)

RC
—N /R6
/> N R8 RQ R1 0
N

X

7 N—R"

e
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wo e@ni0e31e4 gr oup consi sting of N and CH;

R6 is hydrogen; R8 is selected fromthe group
consi sting of hydrogen and G -4alkyl; Z is selected

R9, R10 and R1L 1 are each independently selected from
the group consisting of hydrogen and G -4al kyl; and
phar maceutically acceptable salts thereof. In an
enmbodiymBrRein present invention is directed to a
conpoupd of formula (I1-S) and pharnaceutical ly
acceptai§i@sal ts thereof. The present invention is
fur t her ididi@gd®Homné QPRPUEMISIsahg bk MMbahy( Xty 1)
wher el N P& 1S ani trgr%% proltsec%i ng gro&lé; Lfl’ipgagé}l\l;
ReOPrepys eCéet@ydloprapyl, @ne cyelebyylconsi sting of H, net hyl,
et hyl pe6 .sopropyl, -CF3, cyclopropyl, and

cycl OB%IEL;W{E%GHI,S selected fromthe group consisting
of hy&r ésyzalecied from tha grdupl ongistisg sehystrogen dndGh-taiiey!;
group LSt f o ; RO, R10 and
1" 23e 8k kb e NeBlf o isPalof PG e gr oup
consi stis hgr@df hydrogen and C -4al kyl; and

phar mpeewoi caldy _accept.abl e salts thereof. ln an
b0 ot St gl STy B ity o kg Bgm G gtle
congistinydofdfy dfayemdna GXblkyS)

and pharmaceutically acceptable salts thereof; comprising

3
o N7 CN
CN )l\ L
R® H,N NH, |
| - N__N
o X x) Y o

(IX) NG,

PG

reacting a compound of formula (1X) wherein X is selected from the
group consisting of —-N(R%°), and —OR?'; wherein the R groups may be the
same or different from each other, so such each R? is independently selected
from the other R®® and such selection is made from the group consisting of
C.salkyl substituents (concisely put, each R is independently selected from
the group consisting of Cq.4alkyl); alternatively the two R% groups are taken
together with the nitrogen atom to which they are bound to form a saturated
ring structure selected from the group consisting of piperidinyl, pyrrolidinyl and
morpholinyl; and wherein R is selected from the group consisting of C1_salkyl
and benzyl; with a compound of formula (X), wherein PG? is a nitrogen
protecting group, in a first organic solvent, to yield the corresponding

compound of formula (XI);

n is 1PCF/UR009/049027



and pharmaceutically acceptable salts thereof, wherein

PG3 is defined as for conpounds of formula (XIl1). The
wWEeasem774 nvention is further directed to conpRCmtis2009/049027

formula (XI') wherein PG3 is a nitrogen protecting

group; Rc is selected fromthe group consisting of H,

nmet hyl , ethyl, propyl, isopropyl, -CF3, cyclopropyl,

and cycl obutyl; and phawr_pceu aschaI ly agcept able salts

t hereof . CNn an enbodi nen t he ese invention is
directedfto a gon'pound of mul Wand
phar ma N y acceptable s t heineoR!" wherei n PG3

is def ned as for conmpounds of f (XI). In
anot hey di ment, the present Lnv n ion is directed
to a co ound of(xforrrul a (X - y erein PG is
sel ect omthe group consi st( hé O -C(0O OCH 2CH3 and
-C(O and pharmaceutically acceptable salts

t her eof . The present invention is further directed to
conmpounds of fornmula (XX) wherein RO is hydrogen or a
nitrogen protectip group and wherein the two RO

groups are the sane
consi sting of hydro

is s Igcted fromthe group

nd -4a| kyI Z i s sel ected
from the groupN LSt NaRa ' nRY 1 or 2;
R9, R10 and R1 1 ar®& egfh i nden I el ect ed from
the group consisting o hydroge an 4a| yl;

provi ded that when each of RS, ﬁ TsRhydrogen
nis 1or 2, and R1 1 iXilyethyl, the rqsanltrogen

protecting %r oup other than - C):é
reacting the compound of formula (XI) W|th a compound of formula (VI-

A), in the presence of a coupling agent system, in a second organic solvent,
to yield the corresponding compound of formula (XII); and
RS
PG®

N
/ 8 L9 10
NC \ />—N R” R R
N \—& -
Z N—R"’

0 \—,

de-protecting the compound of formula (XII), to yield the corresponding
compound of formula (I).
In an embodiment, the present invention is directed to a process for the

preparation of a compound of formula (I-S)
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(i.e. RO is not hydrogen O -C(OOCH 3) ; and
phar maceutically acceptable salts thereof. The

wa@oenpowTads of formula (XX) correspond to the chROpUS2NI%E049027

of formula (VI1) when RO is a nitrogen protecting
group; and to the conmpounds of fornula (VII1), when RO
i s hydrogen; and are therefore useful as internedi ates
in the synt } s of theconpounds of formula (1). In an
enbodi nent, t resent invention is directed to
conmpounds of f a (XX-S) and pharmaceutically

accept abl N NH, wherein RO is defined as for
compounds of f er enbodi nent of
the present invention, sefectead fromthe group
consi sting of hydrogen or a hi Narebecti ng group
wherein the nitrogen protecting pis sélected from
the group.consisting of CBz, Boc, Troc and Alloc. In
anot hEPMBHB%Ui ment of the present invention, RO is

sel ected fromthe group conspapi ng of hydrogen and

CBz. (®ETAI LED DESCRI PTI ONNOF THE | NVENTI ON TR&l present
i nvenfi on iﬁ directed to cgnpounds of formul

wh | NRc , R6, N 0O, RL 1,
Jﬁf%erein defi ned; anggyurthgﬁ%directed t oll pr ocesses
for the Yrepar at i-en—ef—the—conpounds—oaF f oN ().
The conpoufids of formul aX)l) of the present ilnventi ¢XI-S)
dPeShseful as internmediates in the synthesigNof

hi stam ne H4 receptor modul ators, for exanple PG’
benzoi m dazol - 2-yl pyhm di nes as described in US

oot optPO180 2588l g PedE 1P Shuhaio R 1F SRR (B e
dirogctadisting ohtM(REdisat e OR, wieremythe RESgoups$ nidyee the

same or different from each other, so such each R? is independently selected

from the other R® and such selection is made from the group consisting of
C1.salkyl substituents (concisely put, each R? is independently selected from
the group consisting of C_4alkyl, an abridged form of assignment expression
used herein whether given in a more extended form or not, unless otherwise
specified); alternatively the two R% groups are taken together with the
nitrogen atom to which they are bound to form a saturated ring structure
selected from the group consisting of piperidinyl, pyrrolidinyl and morpholinyl;
and wherein R?' is selected from the group consisting of C1.4alkyl and benzyl;
with a compound of formula (X), wherein PG’isa nitrogen protecting group, in

a first organic solvent, to yield the corresponding compound of formula (XI-S);



10

compounds of fornmula (1), nore particularly to
conpounds of fornmula (VI1), conpounds of fornula

W@ 100)272d conpounds of fornula (X)), as her eP@I/US2009/049027
defined.In an enbodi nent of the present invention, Z
Is CH In another enbodi mrent of the present invention,
nis 1. In yet another enbodi nent of the present
inventiqry R8, R9 and RifHare each hydrogen. In yet

anot her pnbodi ment of th resent invention, RL 1 is
met hyl . Hanot her enbodi he present
i nventfy on, [t he conmpound of fo a (I )N+Hhe conpound

of fon IaN(I-S) or a pharnaceut i accept abl e salt
thereggEEChe of)ﬁés nary—skill—intheart wll »
recognlz hat conpound of pg&gula (1s)

corres E&Po a conpound of formul’a (1) wherein R8 is
hydr ogen, is hydrogen, R10 is hydrogen, Zis CH n
is 1l and RL 1 is nethyl. The invention may be nore
fuIIy appreC|ah e by reference to the follow ng

descri ption, étwudi ng t he fO||OMAng gl ossary of terns
and the concl udin aneBG For the sake of brevity,
the discl osug th l'i cations, including
patents, cited i MN\thi# sp cification are herein

i ncor porated by reference. enein, the terns
"including", "containing" and ri siNvg'CHyr e used
herein in their open, x1G&- limting\sense. The term
"alkyl" refers to a stralght- or branched-chai n al kyl
gr oup rdaating thef coomp dLind @f IGtmude QOB ) atithnes cormpdurel aftiaintula

PP e A0, s

solvent, to yield the corresponding compound of formula (XII-S); and

HaC
N PG
/
/>—N
N

(XII-S)

| J

N—CHj

HaC
N
/>—NH
N

(I-S)
de-protecting the compound of formula (XII-S), to yield the

N—CHj

corresponding compound of formula (I-S).

The present invention is further directed to a product prepared
according to any of the processes described herein.

The present invention is further directed to compounds of formula (l)
9
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7"), ethyl (Et), n-propyl, isopropyl, butyl, isobutyl,
sec-butyl, tert-butyl (tBu), pentyl, isopentyl,

wa 0womsm vyl , hexyl, isohexyl, and groups thatPCTHUB10g41049027

of the ordinary skill in the art and the teachings
provi ded herein woul d be consi dered equival ent to any
one of the foregoing exanples. The term "cycl oal kyl "
refers to a sgpurated or partially saturated,
nmonocyclic, fusgd polycyckic, or spiro polycyclic

car bocycl e havi Non13Rt012 ring atoms per

car bocycl e. ! str examﬁﬂgé of m¥cl oal kyl groups

i ncl ude the fol iti n t e form of
properly bonded nm'\étl es: n a/paricular group is
"substituted" (e.g., cycloal Ry+Z arylN—+Rteroaryl,

het erocycl oal kyl, etc.), that gr y have one or
nore substituents, for exanple, from’Bne tdDfive
subst |\ s, or fromone to three substituents, or
one to two substituents, independently selected from
the | kst @¥; substltuents Wth reference to

subst t Yo en
or e [hindected POmRS Bho s ReRRERATDE Lime FREREM PRbeyl
ssapsoiv,uEht.scynprdpy|, tahd csdn’eutmlr di fferent from each
ot her RS erein, the notation "*" shall denote
t he pregzwg%frpa st ereogeni ¢ center. Were the
conpo&i dssaleated tbmghée graup conisistieq bf lytrbgerearat Ch_edisf;

I h
cnant P ere L E I RnsTAE SACA o o ror e

chirahise¢nters, they may additional ly exi st as
t hat such

di ast is to under st
o RS BREnART breSaqtindSaniEnly t8dah Rt Be i
tchasistrpsr ytirdded dpueseatkyl; nvention. In an

and pharmaceutically acceptable salts thereof. In an embodiment,

present invention is directed to a compound of formula (I-S)

H,C
—N
/>—NH
N
N—CH,
(I-S)
and pharmaceutically acceptable salts thereof.

The present invention is further directed to compounds of formula (XII)

RC
—N /PG3
/>—N R® RY R10
v

wherein
PG?® is a nitrogen protecting group;

10



10

15

enbodi nment, wherein the conpound is present as an
enantioner, the enantioner is present at an

wepanndomeri c excess of greater than or equal PCI/ER2Z09/049027

80% for exanple, at an enantiomeric excess of greater
than or equal to about 90% In another exanple, the
conpound is present at an enantioneric excess of

great et jstdy@n or equal to about 95% |In another

exanpl e, the compound is present at an enantiomeric
exces& tﬁfs%?%%ﬂ @Pmtth%ﬁr%‘fp @@é'&ﬂ”@ of doBathyb gy, InfoRyt

PRSI, -LrarBkRorddhe AAEALOME S present at an

enantl meric excess of greater than or equal to about
99% B ifi sekedtyd framdhe igroureonsisipe ahly dreggit @bGi-sadieyla
di ast ore0nBEiod o Mephs BN BPRERRAEHAL an

di astereome C excess greater “than or egual to about
80% hds 1exdnple, at an di astereonehc excess of

o eat f6, /D3Ry 06 S aoH RadRaEn P RIelRs FBA e oraue
exanpl €, 't he conp ound’ ereotteri c
e;mnssmgxbfrg’dameerandmmamw equal t o about 95% In

anot her  exa e co ent at

i st 8P4 BHAMHoBcalE SRR Sl BHER D1 B buBbopment
Poersint B8BMtidNis yigbctad od heompwang beformble (Xtvgound i s
present at di astereoneri c excess of greater than or
equal to ab 99% Furtherm)re some of the

crystal line fopssNfor X conpounds of the present

i nventi ony exi s pol ynmor phs and as such are

i ntended to b\l nA udey in the present invention. In
addi ti on, some of Nt he compunds/of \t he present

i nvention may form sol vat es\w cH,. e

hydrates) or common organi c sol , and ﬁ%}r

sol vates are al so intended to be enconpasse thin

t he seonpphaimadeitcdllpaeatntable sbhsltveranf amdereth PG® is defined

NRTENG AL urn%s%%%‘#muy@dﬁghout this disclosure, the

The present invention is further directed to compounds of formula (XI)

PG” (X)),

wherein PG? is a nitrogen protecting group; R° is selected from the
group consisting of H, methyl, ethyl, propyl, isopropyl, -CF3, cyclopropyl, and
cyclobutyl; and pharmaceutically acceptable salts thereof. In an embodiment,
the present invention is directed to a compound of formula (XI-S)

1"
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term nal portion of the designated side chain is
described first, followed by the adjacent

wo enevvomal ity toward the point of attachnment.Pdnus2009/049027

for exanple, a "phenyl Cr Ceal kyl am nocar bonyl Cr Ceal kyl "

substituent refers to a group of the fornula

Abbrevi ations used in the specification, particularly

the Schenes and Exanpl g are as follows: Ac20 =

Aceti c anhydri de AcCOH HOAC Acetic acid ADDP = 1,
- (Azodi car bonyl ) di_p "hse Alloc =

AI | yl oxycar bonyl BCI:|or = t-But oxycarbonyl BOC20 =

Boc anhydri de Bu3P oN_PBuN§ = Tri-n-butyl phosphi ne CBz

Car bobenzyl oxy (or zyl oxycar bonyl ) DBU =
1, 8- Di azabi cycl o[ 5. 4. dec - eneDEAD
Di et hyl azodi car boxyl a

Di i sopropyl azodi car boxyl at e DI F‘é&s(%r Dl EA
Di i soan@pyérertdmbmnllyac&ﬁablé sbl’ts faermifhyhérernrm? dalefined

B IRA SRS I TPORY e RPPgE Sy BodEner e PresBl
invention is directed to a compound of formula (XI-S), wherein PG® is selected
from the group consisting of -C(O)OCH,CH3; and —C(O)OC(CHjs)s, and
pharmaceutically acceptable salts thereof.

The present invention is further directed to compounds of formula (XX)

RO

/
}—N R® R® R0

wherein

R%is hydrogen or a nitrogen protecting group; and wherein the two RC
groups are the same;

R® is selected from the group consisting of hydrogen and C.4alkyl;

Z is selected from the group consisting of N and CH,;

nis 1 or2;

R® R and R" are each independently selected from the group
consisting of hydrogen and C4.4alkyl;

provided that when each of R®, R® and R is hydrogen, niis 1 or 2, and
R™ is methyl, then R is a nitrogen protecting group other than —C(O)O-CH;
(i.e. R% is not hydrogen or —C(O)OCHs3);

and pharmaceutically acceptable salts thereof. The compounds of
formula (XX) correspond to the compounds of formula (VIl) when R%is a
nitrogen protecting group; and to the compounds of formula (VII1), when R® is

hydrogen; and are therefore useful as intermediates in the synthesis of the

12
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HPLC Hi gh Pressure Liquid Chromat ography | PA | sopropyl
al cohol MeCH Met hanol 2- Me- THF

WQ@2MNBeobRTr4 t et r ahydr of uran Mesyl ate = Met hyl suPEDN82089/049027

(i.e. 0-SO 2-CH3) MIBE Met hyl -t-butyl ether NaOAc

Sodi um acet ate NaCEt Sodi um Et hoxi de Pd-C Pal | adi um on
Carbon Catal yst PPh3 O TPP Tri phenyl phosphi ne Rh/ C
RBAHoUAYLSY feahla I)TF-HAaﬂ_éin%bBW@mtﬁ@ prdgent invention is

Tetrahydrofuran Troc = 2-Trichl oroet hoxycar bonyl
ﬂ&reﬁ@édo ﬁ%W@PWdSthéOWQT(X%&%pom tion" is intended to
enconpass a pr ct conprising the specified
ingredients insthe specified amounts, as well as any
product whi chiNesulRs, directly or indirectly, from
conbi nations o specified ingredients in the
specified annu ts. nore extensively provided in
this witten B%scrlp [ rme\ such as "reacting" and
"reacted" are used hereM—Kn refi+aiee to a chemica
entity that is any one of: he actgg{ % recited
formof such chemcal entity, and (b) f the forns
of suehd pharmasaltieatly iacgentable iseltsitherent wlner\am Rhistdeined as

qg%m%nbé of formula (XX). In another embodiment of the present

invention, R® is selected from the group consisting of hydrogen or a nitrogen

protecting group wherein the nitrogen protecting group is selected from the
group consisting of CBz, Boc, Troc and Alloc. In another embodiment of the
present invention, R is selected from the group consisting of hydrogen and
CBz.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to compounds of formula (1)

RC

o,

wherein L', R®, R® R® R% R™, R", Z and n are as herein defined; and
further directed to processes for the preparation of the compounds of formula
(). The compounds of formula (1) of the present invention are useful as
intermediates in the synthesis of histamine H, receptor modulators, for
example benzoimidazol-2-yl pyrimidines as described in US Patent
Publication US20070244126 A1, published on October 18, 2007. The present
invention is further directed to intermediates in the synthesis of the
compounds of formula (1), more particularly to compounds of formula (VII),
compounds of formula (VIIl) and compounds of formula (XI), as herein

defined.
13
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bei ng consi dered when nanmed. One of ordinary skill in
the art will recognize that, where not otherw se

W@ pHoI7ed, the reaction step(s) is(are) perf oPEETUS2009/049027

under suitable conditions, according to known nethods,
to provide the desired product. One of ordinary skill
inthe art will further recognize that, in the

speci fr §RbmeBdiRteht 6f Ak Predtht mv@ﬁﬁm gds @r elhrbnovwéer ein
a reagent or reagent class/ty sol vent,

Erbopiimentabia RGSEH Mo Huf Pt St @pptmr %rntmcb@eggof
heptoadhtchbitbn! RAGENIY A ard BAaPRRASAL Yingel sedied T or

each reaction step and may be the ‘sane of different
fampedeaent o(ﬁtheewreswﬁm@aaml% wheetivh inwet gn@tbgr of a
P Rortef e @A RGn Aho LARPARN & BRG0P,
tchepound of ormplarth$) be t he same as or different from
the organic gr~inorganic base of the second step.
Further, one df\ ordinary skill in the art will
recogni ze that Nein a reaction step of the present
i nventi on N@ e capg|ey out in a variety of solvents
iy reaction step may al so be
carried out in a mxture of\the Sui 0\abl e sol vents or
sol vent systens. To provide re cohecCsig
description, some of the quantitwative exprqﬁgbons
gi ven herein are not qualified with the term "about".
It | soup@bawnassyticalyacapriablersatt freree Preaaidnarysskilkiad
?%é’bﬂt%ﬂ leoGhizd Fﬂat trﬂeVﬁerdlh‘\%er kSt gﬁgc&?&sﬁ)gﬂdé
meant to refer e actual given v

gbswonndnt forr@ulnadf)efvhetr@nt%es apq!mg&n fitis bpdroges R i Isgu ven

hat u a inferred based on the

\ﬁ?/g%ﬁgbyfs &H hl%n{ ﬁgq{{;rf’é%e ?, udi ng appr oxi mati ons
due to the experl ment aI and/ or neasurenent conditions
for s [ [
descr:ﬁé)%] K&‘é‘n ﬁ@y%ﬁ r’?%r f@ n[ip‘#? o] Ie\H/g)y“:Fef%pé1 ce%g the
following descrlptlon including the following glossary of terms and the

concluding examples. For the sake of brevity, the disclosures of the
publications, including patents, cited in this specification are herein
incorporated by reference.

As used herein, the terms "including”, "containing” and “comprising” are
used herein in their open, non-limiting sense.

The term “alkyl” refers to a straight- or branched-chain alkyl group
having from 1 to 12 carbon atoms in the chain. Examples of alkyl groups
include methyl (Me, which also may be structurally depicted by the symbol
“I"), ethyl (Et), n-propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl (tBu),
pentyl, isopentyl, tert-pentyl, hexyl, isohexyl, and groups that in light of the
ordinary skill in the art and the teachings provided herein would be considered
equivalent to any one of the foregoing examples.

The term “cycloalkyl” refers to a saturated or partially saturated,

monocyclic, fused polycyclic, or spiro polycyclic carbocycle having from 3 to

14



10

15

20

25

wokaEned2174 range is recited,

expressions herein are recited as a range from about
amount X to about anount Y. It is understood that

to the recited upper and | ower bounds, but rather
i ncludes the full range from about anount X through
about anount Y, or any range therein. Exanpl es of

gi rtn@baltem§ %bV@étbécydl@slﬂéstrdtﬁé%&éﬁﬁlefsQﬁrE%I@élk')VI%%upﬁé.nd

ot her reaction paraneters and nponents are provi ded

”?P“tq?ethﬁé‘?'@iv‘l”&e@e@éf'f‘ﬁ‘t‘? e %mr%qertvétoneaﬂ RQidies: One

of ordinary skill in e ar recognl ze that the
l'isting of [ d I r
piposts) @ |

econstrue |mt|ng|n anywa t elnventlon set

ey @ea@@w “@3

soI vent shall nean any sol vent that does not yield a

proton. Suitable exanples inclu bdt are not limted
to DV, @ 0 e, d&?j pyri di

di chl or sgttaf chl tasidu and
acetope. As used her ei n . unI ess hervxn S not ed, the
term H%jt'@v'%woue QUbﬁBHHe 359’ @¥har ged
HeRIFOANY|, BERIECyBldafky!, @ﬁp)atﬁa‘t gftitipl gy ﬁa@é@ﬁé b mbieon OF

di spl acenent reaction. Although |eaving groups in such

sebRtveS, TaF examnle. o RAe i Bvakytsiivenise ok e Wede tyre
s8Rt BrdnBad Yws Kibstitiehtd, hﬁje%hderﬁg%lédtéwﬁérh hd N&

sul t abl e ‘exanpl es are gi ven here d"they 1 ncl ude,
ihsulstiéuendt |imted to, OH, Br, , 1, nesylate,

tosyl @jif re@f@rﬂ% t@%@b%ﬁmerﬁ% ethe/txé’rnpﬁﬁéi’e o%'n'ﬂl > HibAS that

ot herw se not he term™nitrogen prot ect ng group’
stheinl moredharmoge otjwqhmutohtltnalyts lirep esisikie.regh sobstitugrnts owyn

%‘eQH?e%QmB %ﬁ‘%?erﬁ%‘mgn QJ—HEH&HSP atom from partici pating

Peact on an
As used herein, the notation “*” shall denote the presence of a

stereogenic center.

Where the compounds according to this invention have at least one
chiral center, they may accordingly exist as enantiomers. Where the
compounds possess two or more chiral centers, they may additionally exist as
diastereomers. It is to be understood that all such isomers and mixtures
thereof are encompassed within the scope of the present invention. In an
embodiment, wherein the compound is present as an enantiomer, the
enantiomer is present at an enantiomeric excess of greater than or equal to
about 80%, for example, at an enantiomeric excess of greater than or equal to
about 90%. In another example, the compound is present at an enantiomeric
excess of greater than or equal to about 95%. In another example, the
compound is present at an enantiomeric excess of greater than or equal to
about 98%. In yet another example, the compound is present at an
enantiomeric excess of greater than or equal to about 99%. Similarly,

wherein the compound is present as a diastereomer, the diastereomer is

15
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readily renoved following the reaction. Illustrative
sui tabl e nitrogen protecting groups include, but are

W@i10/002774 ed to, carbamates (which are groups PBEEUS2009/049027

contain a noiety -C(OOR, wherein Ris for exanple
met hyl, ethyl, t-butyl, benzyl, phenylethyl,
CH2=CH CH2- and 2, 2, 2-t hchl oroethyl ); am des (which

Pt de’bb@fred?ﬁ)éﬁcaé%e% Bhigr tr%Q)r -dgual m’%b@t B0
is for exanple neth enyl, thfluoronethy

foiemplg, ;ﬂt@md&lsfgreowr@ QKQ%"ﬁ)ﬂf gERAGrRAN Q'équ(aU\m pPUr e
@'O%J P éﬂ&ﬂﬁer"e%%ﬁlentﬁé éHPh;%LMd |§5}esa1t at%@f@ét@regme'n%
for exanple thyl, hen/y t hf I uor onet hyl ,
BXoess, of gseqiernhhaﬁ@r ﬁg%ﬁ@ @hﬁw 9% [n wez exagple, the
TR o SR R T PSS
aplLedsiar ireyst anbthen ekamgpleuihe, compeund inpeaent atlkem and

d
e E
Pr ot eEUrtIveern@re),L&rmme of tke geysiatlinByfntrhefor the dartwounts ey the
B L i nortily C8 SR ¥R Er AR rhish S Infepgeg to be
mencﬁedtuhm@pr@serstsmﬁerﬂuon 1m@dqimcapabmblaﬁ|thenéomﬂmmds of the
SRR BVEp R BRL T Ardes wiB bEN e idriigh) fportmon
G AsSidedy, ahaenisovais drealbaiinteased ttche @¥compassed

arative chronatography. The conpounds nay be
M‘E‘Bhﬁhgécf)?le PHEISINETI8PM ~or i ndi vi dual enanti oners

rmy benpseRaiRAd BbhBEdatle @é@ﬂﬁmggm& ktfid Glséidéﬂré‘e(ﬁé s or
resol uti on. The conpounds may, for exanp

rt%rgwna} éeﬂ'PﬂPBth@W@ﬁign@@ﬁﬁméﬁ‘@méﬁ dreqrioRaf %Jol@mﬁd%(rtae
ta%fa'&@htquﬁa.onﬁwgtbmd SR oBEARMeAl. THRSIRERANBE! &

pairs salt Tormation with anotlcally active acid,
smemy% Ceajicyéamipogasb oy e+ Oeallarlt mtlﬁl@nﬁre&raﬁ@a group of
(Ha riihp- tol uoyl -L-tartaric acid fol | oned by
fractional crystalli zatl on and

C1-C6 aIky
_C1-C6 aIky)L H/

Abbreviations used in the specification, particularly the Schemes and

Examples, are as follows:

Ac,O = Acetic anhydride

AcOH or HOAc = Acetic acid

ADDP = 1,1’-(Azodicarbonyl)dipiperidine

Alloc = Allyloxycarbonyl

BOC or Boc = t-Butoxycarbonyl

BOC,0O = Boc anhydride

BusP or PBus = Tri-n-butylphosphine

CBz = Carbobenzyloxy (or Benzyloxycarbonyl)

DBU = 1,8-Diazabicyclo[5.4.0Jundec-7-ene
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regeneration of the free base. The conpounds may al so
be resolved by fornmation of diastereoneric esters or

w@ri1de62774 ol | owed by chromat ogr aphi ¢ separ at i OPCEO82009/049027

renoval of the chiral auxiliary. Aternatively, the
conmpounds may be resol ved using a chiral HPLC col um.
During any of the processes for preparation of the
conpopr@® of the presentpighpbhielmbokflatéBy be
necessary and/ or desirable to protect sensitive or
react groups on any o@"%@@%z@@@@r@@x%ﬂcer ned.
This mRyEREr BN eved by PBRPFN fetrgﬁPJHuﬁB“ onal
protecting groups, such as those escribed in

Prot eBMve Groups i @ O gbly-Pincpteyfosmamide ed. J. F. W
Mc Omi m Press, 19

Green? Qﬁl{e)!(k:]tlve Groupsﬁﬁp] @fﬂrrﬁarﬁd dlm\ﬁ&]glaébtgl John
W | eyDMSbns 2007. =The @mﬂtl@mulfngldgr oups may be

r enov a conveniLent EHOSSAUROt stage usi ng met hods
known Tromthe art. For use in nedicine, the salts of
t he céifPdunds of thrFs i nkabolon refer to non-toxic

" phar utically accept b sal ts alts nmay,

nowevBPLChe ueef tl - ¢ HAOBFAEHE HoMeS e Aty

accor thmg to this imventisopropyl aidohbhei r

phar ically acceptapl e salts. Suitable

phar %ml cal ly acCept a@p@aggh ts of the conpounds

i ncl udayatcHE addi ti en sajz.uwetwwuta}ahmfuré@r exanpl e, be
n of th

formed by mxing a solutjo

sol ut R’@ﬁyaﬁe a phar miceut Mety| ?JlfSE%t@ﬁteatQ éoa&"&ssuch as

hydr ogftiger i ¢ aci d, sul f uglethyaChdyl dingyari c acid, naleic
acid, succinic aC|d acetic acid, benzoic acid, citric

aci d, Ne&@¥Cari c aci d= car Bedir® aselate or phosphorl c acid.

Furt hﬂg@jpg‘te where the CoFRaMMERo®de t he i nvention

carry an acidi c noiety,

Pd-C = Palladium on Carbon Catalyst

PPh; or TPP = Triphenylphosphine

Rh/C = Rhodium on Carbon

TEA = Triethylamine

THF = Tetrahydrofuran

Troc = 2,2,2-Trichloroethoxycarbonyl

As used herein, the term “composition” is intended to encompass a
product comprising the specified ingredients in the specified amounts, as well
as any product which results, directly or indirectly, from combinations of the
specified ingredients in the specified amounts.

As more extensively provided in this written description, terms such as
‘reacting” and “reacted” are used herein in reference to a chemical entity that
is any one of: (a) the actually recited form of such chemical entity, and (b) any
of the forms of such chemical entity in the medium in which the compound is

being considered when named.
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sui tabl e pharmaceutically acceptable salts thereof may
i nclude alkali netal salts, e.g., sodiumor potassium

wa 20100802724 kal i ne earth netal salts, e.g., cal cPCUS2009/049027

magnesium salts; and salts forned with suitable
organic ligands, e.g., quaternary amoni um salts.
Thus, representative pharmaceutically acceptable salts

i ncl uge Pekdidrg snmnn tHemart @m rbSogriZethBOWheYd A&t otherwise
acet ate, benzenesul fonate, benzoate, bicarbonate,

isPagifiedattiae rasictian sieafsd s(pis) REEOMACHACSE suiahle pepditions,
Ydedrdlng to ‘RﬁHﬁM'n@étﬁod§?6 pioRRieane eaé.%d du&l OHY FrdiRary

citraté, dihydrochloride, edetate, [ at e, estolate
égwratf@ arf witedfheher, regcpgmzaothat é tf@l&@@@lﬁa@t@n Qﬂdml%iﬁﬁtaé

I
Dol NEHERM Ak BliPa ekl bERAEEAE S/l RLG BRE Goivent,
|em;|) igaecitedon mocméhaea oneagieppta prcavess,kihanBiﬁ\édual seagents are
. I
TRl oD e o BROLEH A EroGRMIARE Sroy L IRU SRS
||fferrmtefronn\|eam bpegl En:reﬁmrrmleawhenelmmosaéps ofd pracess recite
tate ant ot.henat e

b
R R e o HRRTAL HeselR LllBbtr uRbahE T Mekeaniabrss
skbkatatfor th@u‘irétlait@ may bedl@é ahrae aﬁun;tﬁhﬁ%érg frohatmeairganic or
tartrat ate t he | de angd. .
Vraoae Basegtne Serond o Ebfine G B SRy 200 iodhe g i
tr@@)ng@naétahh@@mcef reRbedTeep bF théqdrlayeramah@b h\%yf’o%| dafried
i nclude, but are not limted to, gfollovvln acetic

Qut 1 2 wEriehyptsalwntaet Javert Sstemeysaid RpChAR AlsPARAKRISO be

EirRidoAH 8 miaL& &Fitke aGitdble %Wt@bﬁs&@érﬂsyé{eﬁﬁpar tic
aci d, benzenesul fonic acid, benzoic acid,

acet alP PEDEGEBMOra £PRLiSY d§ScERReh SREMCATitae quantltatwe
GRPRICIAY YVERIHerds bfb ndthlalifed wittt BHERBAR “dbdiits Uk fsoni ¢

aci d, capric acid, caproic acid, caprylic acid,
¢indargtaad that whether the term “about” is used explicitly or not, every
quantity given herein is meant to refer to the actual given value, and it is also
meant to refer to the approximation to such given value that would reasonably
be inferred based on the ordinary skill in the art, including approximations due
to the experimental and/or measurement conditions for such given value.

To provide a more concise description, some of the quantitative
expressions herein are recited as a range from about amount X to about
amount Y. Itis understood that wherein a range is recited, the range is not
limited to the recited upper and lower bounds, but rather includes the full
range from about amount X through about amount Y, or any range therein.

Examples of suitable solvents, bases, reaction temperatures, and other
reaction parameters and components are provided in the detailed descriptions
which follow herein. One of ordinary skill in the art will recognize that the
listing of said examples is provided for illustrative purposes, and that it is not
intended, and should not be construed, as limiting in any way the invention set
forth in the claims which follow thereafter.
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acid, citric acid, cyclamc acid, dodecyl sul fuhc acid,
et hane-1 , 2-disul fonic acid, ethanesul fonic acid,

WQ@2hy€e25¢4/- et hanesul fonic acid, form c acid, fROEDE209/049027

acid, galactahc acid, gentisic acid, glucoheptonic
acid, D-gluconic acid, Dglucoronic acid, L-glutamc
acid, a-oxo-glutaric acid, glycolic acid, hipuric

aci d, ABYde@hEeRM, %n%‘s’s%théﬂ%%%cpﬁhecteﬂﬁl dprot.c solvent”
(+)-Llact|c acid, ()-DL-lactic acid, |actobionic

&balﬂmeﬁma@y@og(gmjthatdgesmq#meilq;a REqten- wuitaihe exaeplgs

(ncikde, Eﬁﬁ%ldo@llﬁ%@to W'Fh@'le§9kérfwrl'ﬂFa§bé{omtnle pyridine,
naphthalene 2-sul fonic acid, naphthal ene-1 ,5-

dichinroethige. alishiorometameoldy BE. tdgeneha@iccacadont. ni coti ne
aC' d, AR KLY ﬂﬁﬁe‘ﬁ# qincfgg%ltﬁer@/rs'e%ot%f ‘Pr‘iénférrﬂqe%vn&f(@lldé& shall

id, palmthc 4dci anol ¢ acl hori
mpgam@bluargad or amfdz,rgaxhdatpwd)n gromwdl,chztieamtﬁduww acylic

Sl AFPE FofSldhoRtSREDE A g PUESbbouBE il qucn

annlc acl

Ummnoyaare:wald: kmbwrpamd)WillelnelseJ ki@wviedgeiof thosedf ordinary skill in
nde rresent ative base

RE 00 BuPis SRS B8R el e 8RR et oY 11 ne

dat tre mcﬂd:hntde to,[DH, By, €1,nohebylatet ’eﬂylhm cydre &rad friGadeng:

ammmoni_ a, net ham ne zat hine, cal %

Pyar ofe 455 Rk, Bless SETRMESdIobch Ao (R Rlsfogen protecting
reupysdraminigan 2gfolipaiHish myrb@)at@t:hw@i a niofanatoatitone,

et hyl enedi am ne, N-neth ucam ne, hydrabam ne,

th ‘cﬁﬁfg'i"éfog?_” PW? figm %%Q%"PQM‘ H;V%ﬁ‘%'&?r‘@@d which may be
4eécﬂlyhé!r%@é‘d’\%‘llb\)ﬂnb'tﬁ@ FeHR0bh. BB RFEALItASe NRAJGREPIrét8Lting
hydr oxi de, 1-(2-hydroxyethyl)-pyrrolidine, secondary

SHPURS, INGledh. (vt AP KIMHEd t9.1GaEhaRaRies AMiRR ara TgHRS it ne
2BFtaf & dRtF LEXONE-R, RPEALiIF RGS fér%@rrmemeﬂfﬁy!o &Y, €0ty1,

herein by nam ng one of its forns stands

enayl epianytethyhriyHsited-6H:- ard 227trighloreathy)); ﬁéﬂ@qse@/m‘é’r m
sucﬁH)%ﬁ %}ﬁ'@oﬁl%lin §Prjfdlét% —t(ﬁgﬁ-d SYFY=ta A Qfls?&%xgﬂ{pmsmgfhyl,

em cal entit
phenyl, trifluoromethyl and t-butyl (pivalol)); N-sulfonyl derivatives (which are

groups that contain a moiety —SO,-R”, wherein R” is for example methyl, tolyl,
phenyl, trifluoromethyl, 2,2,5,7,8-pentamethylchroman-6-yl- and 2,3,6-
trimethyl-4-methoxybenzene). Choice of protecting groups is within the
ordinary skill in the art, and an ample variety of such groups, how to obtain
them and their behavior is given in standard reference materials, such as
P.G.M. Wuts & T. W. Greene, Protective Groups in Organic Synthesis, John
Wiley & Sons, 2007, and Protective Groups in Organic Chemistry, ed. J.F.W.
McOmie, Plenum Press, 1973.

Where the processes for the preparation of the compounds according
to the invention give rise to mixture of sterecisomers, these isomers may be
separated by conventional techniques such as preparative chromatography.
The compounds may be prepared in racemic form, or individual enantiomers
may be prepared either by enantiospecific synthesis or by resolution. The

compounds may, for example, be resolved into their component enantiomers

19



10

15

20

25

30

medi umin which the conpound is being considered when
named. For exanple, reference herein to a conpound

WG /ey 7R- COOH, enconpasses reference to any PCEUST009/049027
for exanple, RRCOOH (S) , RCOOH (SO ), and R-COO (so
) . Inthis exanple, RRCOOH (S) refers to the solid
conpound, as it could be for exanple in a tablet or

9 RarRfaREtechfi Uéls rshaﬁ B8 GRiforgaliort eMRastElcbaitriepairs b salt
preparation; R COOH(SO i) refers to the undissociate

ff‘éff“rﬁt'éf‘ witheaneepitsalinectiva aids sueheas (- )-dinkttotuabB-ederis aC'd

ra%ﬁfr%ﬂtd% p-RRIH- §-$é’rﬁér@ta‘%ﬂj o6 ®b FrB@tudh‘é!TPrgé‘t%ﬂuzéﬁbrﬁand
'vent’, such as the dissociat ed or m of e conpound

|rﬁngr@tmequ@e LS ba&nrﬁém compeyrgermayalno 8e sesnivest i

f t

R o YERiar ST R g SR Rl N FhatoGfahlco™

|saparhleomredd mm@eal ngthemiwabmmary I A\Itean@u\/lw theexeompip@yndan

| S entity to conpound of
?ﬁééﬁf %%s&ﬂéﬁ%ﬁg% hér(r%EH r}%elﬁﬁxposure of such entity
t o t hBufiog emy of thbcnrmasseeﬁ far ipee paoatpouwi dhdre @a@blrtdsadf the
exi,st. in_the nedium.i hexoure
BAAEER [vBhusH eihay e pédiis iR A tBrho IS B b SERRHY
semmve@réu;sam anygofaime amgwwswohbemedowpsmhdy bé atlmemd loy
COOoH" to the.reactin f su ent ty|n
W@”@r?éﬁ?%%ﬂﬂt@”?'&r%*\?ﬁ‘?ﬂg $r8PPr? hﬁé?%%* ‘fﬂsc"é Nentity
tmatbcw@ Stcdups O oeg@rﬁd Chéistryee dreRIF WO, PlersiitPress,

f1§7 . ﬁpkgﬁﬁi\/ aCﬂngvlth %32 the cheni caII rel evant

gg@ﬁfee.sl DoRryilBR i SBRAS) QO(‘N“ The §#b¢ébtlh§@¢édﬂégné)a5@$emoved
ace nthis regard, if such entity i1s for exanple
iah agQqnvenient subsequent stage using methods known from the art.

For use in medicine, the salts of the compounds of this invention refer
to non-toxic “pharmaceutically acceptable salts.” Other salts may,
however, be useful in the preparation of compounds according to this
invention or of their pharmaceutically acceptable salts. Suitable
pharmaceutically acceptable salts of the compounds include acid addition
salts which may, for example, be formed by mixing a solution of the
compound with a solution of a pharmaceutically acceptable acid such as
hydrochloric acid, sulfuric acid, fumaric acid, maleic acid, succinic acid, acetic
acid, benzoic acid, citric acid, tartaric acid, carbonic acid or phosphoric acid.
Furthermore, where the compounds of the invention carry an acidic moiety,
suitable pharmaceutically acceptable salts thereof may include alkali metal
salts, e.g., sodium or potassium salts; alkaline earth metal salts, e.g., calcium
or magnesium salts; and salts formed with suitable organic ligands, e.g.,
guaternary ammonium salts.

Thus, representative pharmaceutically acceptable salts include,but are
not limited to, the following: acetate, benzenesulfonate, benzoate,
bicarbonate, bisulfate, bitartrate, borate, bromide, calcium edetate, camsylate,

carbonate, chloride, clavulanate, citrate, dihydrochloride, edetate, edisylate,

20



10

15

20

25

30

aqueous environnment, it is understood that the
conpound R-COOH is in such sane nedium and therefore

W@ bEoeo774y i s bei ng exposed to speci es such aBCT/US2009/049027

R-COOH(ag) and/or R-COO (aq), where the subscript
"(aq)" stands for "aqueous" according to its
conventional meaning in chemstry and biochem stry. A

@f&&éyééyrat@%ﬁhafar@cgruééb@éteg@@@muar@sgm@matechosen in

t hese nonencl ature exanpl e this choice is not

iohce hdRrganiipbadipayrespscinate; R BRATBAC I RO ¢ y an
IhybiksEhioRbie %drd%ynbéhtHBé’t@r B RRisbitiinatd) AL IR cRBRIMBLSS

can be provid terns of other functional groups,
|Iwa@dm¢@et@uﬁalﬁ@re Mantielate. mstsy @ite xyethylbesiide, rrmthmlgér@te
FRABESa10 Ml epaetd A, Remon Rl bt LR oriA 1
that”’ interacts or nsf ornms "accor
oigate manaate rmmbm@re)npalhd:atecoanfathwatehe compound. Such
t n u t not
PRESREC L BR oy of AR LR TEhA TS IEle OBl st
sobaadtyte| syccinatd, tahnade, Hydnatd, ysocate stobylatiel tefhiodidé and ng
r\%p t| on, protonation, and deprotonation. In another
f a zw ttehoni c conpound i s enconpassed herein
by r eReprejsegtatrwe acidompwhnday bausésinkhewregavaticareh a

zwitteri even IS licitl) dinits
bRl Erteble sols Il bR rL i BT following
Za\ébﬁd adill @&dr(ﬁﬁtﬂoédl@lefcrcﬁhﬁﬂﬁﬁéﬂ%rﬁ% Btids ] &dpie acid, alginic

ound(s are standard | UPAC- en orsed nanes tha are
v’r}§| aReRs a&r%r RePartigractt RRIZEESYENC 8¢1d.RaNZRiERCId,

sebtiddichzbRRR, (4)tbatnﬂcrrﬁmb%@@r GambhérsOiRdHic é(%t(t-FZ— o
i s assi ﬁ]ned t he nanme entification CHEBI: 27369 t'he

caewheall0-sHifoni¢ aeid ofapHr @cisly FeriPid asdt: @@PW{'@HEQi glnnamrc
Holk bRad, FycRRiesHH %oo%%?lb&l'f@r% adBehankOf 2 8NRIBhiE acid,

its on |line version at

iethanesplignie agid.. %rbydrﬁpbﬁ@@ne$uifonlmd faenigaeidr famayic\eeid,
Pa\Mbr aacr’d"" bhdid tgﬁdoél ;oto%f id 84 g%@ﬂ.ﬂé%d H-a

eutr a ound or rra
glucoronic acrd L-glutamic acid, a- oxo glutaric acrd glycolic acid, hipuric acid,

hydrobromic acid, hydrochloric acid, (+)-L-lactic acid, (£)-DL-lactic acid,
lactobionic acid, maleic acid, (-)-L-malic acid, malonic acid, (£)-DL-mandelic
acid, methanesulfonic acid, naphthalene-2-sulfonic acid, naphthalene-1,5-
disulfonic acid, 1-hydroxy-2-naphthoic acid, nicotinc acid, nitric acid, oleic
acid, orotic acid, oxalic acid, palmitric acid, pamoic acid, phosphoric acid, L-
pyroglutamic acid, salicylic acid, 4-amino-salicylic acid, sebaic acid, stearic
acid, succinic acid, sulfuric acid, tannic acid, (+)-L-tartaric acid, thiocyanic
acid, p-toluenesulfonic acid and undecylenic acid.

Representative bases which may be used in the preparation of
pharmaceutically acceptable salts include, but are not limited to, the following:
ammonia, L-arginine, benethamine, benzathine, calcium hydroxide, choline,
deanol, diethanolamine, diethylamine, 2-(diethylamino)-ethanol,
ethanolamine, ethylenediamine, N-methyl-glucamine, hydrabamine, 1H-

imidazole, L-lysine, magnesium hydroxide, 4-(2-hydroxyethyl)-morpholine,
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charges of opposite sign. Sometines these conpounds
are referred to by the term"inner salts". Qher

w@ouvnes74 efer to these conpounds as "di pol ar PONES2009/049027

al though the latter termis regarded by still other
sources as a msnoner. As a specific exanple,
am noet hanoic acid (the am no acid glycine) has the

foertine, 'ﬂ%lf&'d&mﬁ%roﬂad i-42- ﬁydrék@thw) Wrmidmds@cohuary

this case in neutral nedia) in the form t he
iR ST RO dieMaNoAN S EPBINATHRP B8 G YEroxide.

c OWPOR%F&?ende%ea’ cHRAES Al @r@iﬁ'b@rrna'rrﬁﬁ‘é ohé of REfokRgWN

and well established rreanlas hese terns are
wianslision sheefereppe tagdnyt ¢riesofi (R) dhg a@nallyargcmmﬁoerm% seety

%ﬂgﬁﬁfgﬁt@%%ﬁr(ﬁ?bﬁ% %h?ﬁo%"&%ugﬁ cﬂérqlcgpéﬁ‘utfﬁ tg% d' n
enegliym émiybithrtieer compagndis lethgheonsisleeshwhetndyped hbee of
' t f
S5, YR b bl B hop 8 SUBIERO' ofnggges
cefepywads aoy ohé loB forrammpla)rR -Cwiie g, BREpOOEIak), end 600
el &4 however

|
Prie BB arahles KePEERl € e GatR RNy A bo T ve
Ifef emnede inta tabletionscran oﬂ&rrla:bﬁdlplhermmbm&ral oorapodikion or
it BB i3S e sl R L gt
91' mm&dwmmﬁd@w |refds tothe ms\ba@tmﬂﬁ oF e cimpbuat s
ppound are one of ordinary skill in the

éP{"e'Tfh 8ugh %%Q%g?W@%?C?@ﬁml‘g thfi FUBRPUNGIB 9] AFERYSs f or

RQiIreHReR @hétBBr chhwm@%fo% cfeﬁb&wr@m(ﬂ L GOH, from a
outlined i n Schene 1, below. Schenme 1 According I

Saltthaspof. Qubamiany ofer coH IRy IJHS Ror RN apfewlssw@w@nn
*ﬂ@n@ﬂ%n?%n?'b@nﬁ@@r@d' TKISRSRAGENDIE stiblipAdstonS§lchdsed

nitrogen protectin
exposmg an entity to compound of formula R-COOH?” refers to the exposure

of such entity to the form, or forms, of the compound R-COOH that exists, or
exist, in the medium in which such exposure takes place. In still another
example, an expression such as “reacting an entity with a compound of
formula R-COOR” refers to the reacting of (a) such entity in the chemically
relevant form, or forms, of such entity that exists, or exist, in the medium in
which such reacting takes place, with (b) the chemically relevant form, or
forms, of the compound R-COOH that exists, or exist, in the medium in which
such reacting takes place. In this regard, if such entity is for example in an
aqueous environment, it is understood that the compound R-COOH is in such
same medium, and therefore the entity is being exposed to species such as
R-COOHq) and/or R-COOQO (»q), Where the subscript “(aq)” stands for
“aqueous” according to its conventional meaning in chemistry and
biochemistry. A carboxylic acid functional group has been chosen in these
nomenclature examples; this choice is not intended, however, as a limitation
but itis merely an illustration. Itis understood that analogous examples can

be provided in terms of other functional groups, including but not limited to
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group such as CBz, BOC, Troc, or Alloc, for exanple,
PGL and P& are each CBz, a known conpound or conpound

w@eapasred by known nmethods, is reacted with a BCI/US0Y049027

substituted conpound of formula (M), wherein LGL is a
suitably selected | eaving group such as CH, d, Br, |
or nmesylate, for exanple OH, wherein the conpound of

fwamxma b&slt h.tﬂo@eﬁrneemgrs I §‘uchfa@rth@§@aiﬂmnﬂne§%n§%9 Hhern
t he range of fromabout 1.0 to about 1.2 nol ar

SHRHA/BREIgacts oF raRyRfNLaciesiing 1o kowibmarnergin (el eediym
st cohehs.ie cb%pgjhd ' Qu&mﬁt&éa%%@.%%d%an@fo%bﬁam MCIH%e

sel ected coupling agent system such as DI AD and
bEngread lIMHRAG to, slissADBRO B$SPEamN, iaiﬁor@%ﬁ»fm N\OIYS3, and

Pr%l?dm%fdrs Bist 08yt hgﬂt:luﬁ'ﬁ%éﬁ/gl'ﬁ?lohn (l]B nS¥RLemis

optio y present on a so wherein the
clenpsitomagioag dmancstpslt eranpe, @ esléaltlonm pomoouwlarepbempa%ed

%@Fé‘l'ﬁ]{)g r%]‘e Vr@;f:] th %rl,%ﬂ}p% nE n(f%piﬁag?ol\l/\tlrbt]dfg rﬁ% z@\;?t?éf on% é/en if

equi valents

airisl nohexplléltly samed jraité zw$tehmaamform Tarxisiaueh g{s zmtgmnnc
sol.vents su as THF. 2- THE. tol uene
SRR3R s TR RS ddthoqUs S 06 sioncar
2u ﬁacmddoﬁeﬂa nambesathbeaneaveall kinoevni and eet ofastgreland séﬂsmm
a to abo room-t erat ure, f or .exa
2eiic sentiig rantg 't 1S BoetE ahe AT Wit (S Aouea b
fn@h’fwh_@nt(f\éblldn CHEB&Q?%QJ@ﬁtHﬁDﬁerﬁEaHETﬂlt@E esBidlogical
|nvent|g] and P& are the sa ﬁoareaswtab
drgrest (& Ei%')t(#'%}@é‘ﬁryp?fdﬁ‘éew'ﬁrge’a&t'sﬁr rexamgle ikt o'y
harggiRAtheip:/ARRR SbNBALK/ehediftft.d) € R_Yenk N9 idI KAowR G

and PG are the sane nitrogen protecting group and are
xdlieriopor ZwHieriepinFonReUBY i B Paviral comppyng Hat has formal unit

%ﬁa@e@%%bﬁ&ﬂ%%‘dﬂ %&ﬁeﬁrﬁeé‘fﬁ%‘é@ c BQ% arb‘?eﬂé‘rr%ﬂ @b bPehe
correspondi ng conpound of fornula , as a free
term “inner salts”. Other sources refer to these compounds as “dipolar ions”,
although the latter term is regarded by still other sources as a misnomer. As
a specific example, aminoethanoic acid (the amino acid glycine) has the
formula H,NCH,COOH, and it exists in some media (in this case in neutral
media) in the form of the zwitterion "HsNCH,COO". Zwitterions, zwitterionic
compounds, inner salts and dipolar ions in the known and well established
meanings of these terms are within the scope of this invention, as would in
any case be so appreciated by those of ordinary skill in the art. Because
there is no need to name each and every embodiment that would be
recognized by those of ordinary skill in the art, no structures of the zwitterionic
compounds that are associated with the compounds of this invention, where
applicable, are given explicitly herein. They are, however, part of the
embodiments of this invention when compounds referred to herein can form
such zwitterions. No further examples in this regard are provided herein
because the interactions and transformations in a given medium that lead to
the various forms of a given compound are known by any one of ordinary skill
in the art.
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wapdoP&274r e each CBz,

base or as its corresponding salt form (for exanple as
its corresponding HCl salt). For exanple, wherein PGL

de-protected by reacting with hydrogen gas at a
pressure of about 60 psi, in the presence of a

catal yst such as Pd/C, in a solvent such as ethanol.
The conpound of formula (VIII), as a free base or as
its corresponding salt formifor exanple as its

cor r e3pORERSRY! 'H@”twl'ﬁ)j'reﬁ?t@d RALTXES qrﬁh%pgq@af%@n@f
Tfpolibdd GhoRAMRQN BY oBlinb@iMTukRrkd X) pesher ein X s

sel ected fromthe group conS|st|n% of - N R 20)2 and -OR
2 1; wherein each R20 i 4G'hdepd ntI)R el ected from
the group co §1st| ng of @ al ky\; ternatively the
two R20 gr UE) are taken together/w tX the, nitrogen

atomto ch the are bound Zorm No& Ur at ed ring
structur Ie,d?@ fromthe group i sting of
pi per i ’E\t)yrrolld-l—ﬁw—aﬁd—ﬁe-ﬁmwﬂ—ﬁw—aﬁd—merein
R2 1is sele ed fromthe groupngpnsi sting of Ci

- 4al kyV)and benzyl, for exanple, wherein X is -N(CH
3) 2; 2a known conpound or conpound prepared by known
Ffl’w vvherelnthe compound of forrmula (IX) is

sen PG'n, for exanple, an amount2Np the range of
out RL.F8 to ribout 2.0 nol ar eq}w—mﬁ«ent% Rfor R"

&_@Jét}_‘l_é nol ar equi val engs” O%lw
the presenge gf al\ba Se such as TEA, DI PEA um1
t - but oxi de, t asgl umt but oxi de, sodi um met hox

%&r

SodKUWIethOXId OB, Na20CB, Cs2008 M) NaHOGS,
exanpl e, an |norgan| c base such as powdered K2CGB,
wherein the base is present in an amount in the range
of from gbout Ot o about 2 nol equi val ents, for
exanpl e, llabougn2 nol ar equi val g in a second

or ganRt“sohyent such as et i?lm,\gpanoﬂaa ret hylg1o
N

X
7 N—R'

Yy

(1X)

Scheme 1

Accordingly, a suitably substituted compound of formula (V), wherein
PG" and PG? are each independently a suitably selected nitrogen protecting
group such as CBz, BOC, Troc, or Alloc, for example, PG' and PG? are each
CBz, a known compound or compound prepared by known methods, is
reacted with a suitably substituted compound of formula (V1), wherein LG is a
suitably selected leaving group such as OH, CI, Br, | or mesylate, for example
OH; wherein the compound of formula (VI) is present in, for example, an
amount in the range of from about 1.0 to about 1.2 molar equivalents, for
example about 1.01 molar equivalents; and when LG" is OH, in the presence
of a suitably selected coupling agent system such as DIAD and PPh;, DEAD
and PPhs, or ADDP and PBus;, for example DIAD and PPhs; wherein the PPh;
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acetate or acetonitrile, for exanple in ethanol; at a
tenperature in the range of from about room

WQ e0mpedarure to about 800C, for exanpl e at aboRET/US2009/049027

solvent reflux tenperature; to yield the corresponding
compound of formula (l1). One of ordinary skill in the
art will recognize that conpounds of formula (VIII)

'Bﬁ}heaédl@htﬁ@égé/rﬂ%ystb& Qrogﬂ@’ﬁaﬂl‘} pbé/serneaﬁtal srcbgd §u§r§bri abby

substituted conpound f or mul
tWh%?'Bﬂ*&?@d’"B@ﬁﬁ%ndrﬁys@f“ 'fsd)rrﬂiiﬁ”é' ‘f/)r exag‘p&fé%rqnﬂ%lﬂ‘tirh

ril‘\’é a8 latiron éibo@f@'mb%‘boaﬁ hhﬁ&é‘rg&i] IerW@'fSF‘eiéPMIQWZ

herein. One of ordinary e art furt her
rr@zi@rgeﬂwlematar@onpduﬁdxgwc selventlas niixtureg ofrmgamc solvents

hEﬁ%FWﬁZ? r‘\fF Pﬁ ﬂ-ﬁleﬂ |h8f4e,.@%ce dfrﬁ‘\ﬁFe' B HQ%‘&B%té’ffor

or mu escr| I'n hore deta
[Exalrmpleee 22%9ethyl- Buﬁhat%tmrétura iheghe range>ad frpheat®ut ;10°C

h | th t
BB Emas AP PP B b oRed b MBS ar at i on
@Brrasmwnwunﬁwfwhmdfw@ as outlined in Schene
0

2 bel ow. Schene 2 Accordin sui tahbly substituted
conpolin@n 8mbpgipmant af t@g)pre F@Pﬂt'qufGar?d‘dFRQ aedhesame

landepe B‘%.%ﬂétbly séle@ﬂéhtrﬁ%@én%ﬁbt%ﬂrﬁjj%%b rsgae Bs B BHO®IIn
group such CB BOC,” Troc for exanpl e,

Pmthﬁﬁérﬂb@g'”@@ oét@@rprwt 'WGRWQ@P&&@da@rth@ éﬁ’fﬁ’@und
R R B B et CPE T ). Wherein LGL T a
sui t albhg ceepegn @rf fp@rmmarﬁ\gjlI)gls@@ﬂorgt@@ted@s:co}d,ing:uqknw,n |
SR o oA e B ek, AT
ibas¢ e as ds gerredpohdog satiderm for0examn@d esiits toespwinding HCI
%gHj.Vl%ree%%’plef ¥herein PG" and PG? are each CBz, the compound of
formula (VII) is de-protected by reacting with hydrogen gas at a pressure of
about 60 psi, in the presence of a catalyst such as Pd/C, in a solvent such as
ethanol.

The compound of formula (VIII), as a free base or as its corresponding
salt form (for example as its corresponding HCI salt), is reacted with a suitably
substituted compound of formula (1X), wherein X is selected from the group
consisting of -N(R®), and —OR?"; wherein each R? is independently selected
from the group consisting of C1alkyl; alternatively the two R*® groups are
taken together with the nitrogen atom to which they are bound to form a
saturated ring structure selected from the group consisting of piperidinyl,
pyrrolidinyl and morpholinyl; and wherein R?" is selected from the group
consisting of Cq.4alkyl and benzyl, for example, wherein X is -N(CH3),; a
known compound or compound prepared by known methods, wherein the
compound of formula (IX) is present in, for example, an amount in the range
of from about 1.0 to about 2.0 molar equivalents, for example, about 1.5 molar
equivalents; optionally in the presence of a base such as TEA, DIPEA, DBU,

sodium t-butoxide, potassium t-butoxide, sodium methoxide, sodium ethoxide,
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exanpl e about 1.01 nol ar equival ents; and when LGL is
OH, in the presence of a suitably selected coupling

w@anoxsyst em such as DI AD and PPh3, DEAD and RPIIBS2009/049027

ADDP and PBu3, for exanple DI AD and PPh3; wherein the
PPh3 of the coupling agent systemis optionally
present on a solid support; and wherein the coupling
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such as THF, 2-net . toluene, acetonithle, DM
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CBREREIdN grore éPFﬁJl'%E(WPPS?P thegioR 218r WBCHIB OGRS, [T

&P bF RSP BRI ﬂgth%fﬁrtwﬂil%rrfﬂe(rfr@éog%%rmbt%o%pduhgs of formula (VII)
correspondl ng HCl salt). For exanple, wherein PGL

Ory, alieeative gPaR Iy RAFINIAFADIUNGOf dermBidilact ed

by reacting with hydrogen gas jat a pressure of about
60 psi, in the presence of %aj%:al yst such as Pd/C, in

a sol vent such as ethanol . npound of fornula
(M11-S), as a free base or as ifs correspondi ng salt
form (for exanple as its corres dlng HCl salt), is

react ed )()]\ )\/

(L)
as described in more detail in Examples 29 through 30 and further in
Example 31, which follow herein.
In an embodiment, the present invention is directed to a process for the
preparation of a compound of formula (I-S), as outlined in Scheme 2 below.

LG’
PG’

7~
)"i\ N—CHj
PG?
N N~
H

(VI-S)

Yy

(V)
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with a suitably substituted conpound of fornula
(I'X-S), wherein X is selected fromthe group
wa@omsiex7rsig of - N(R 20)2 and -OR 2 1; wherei n eBCHURD09/049027
is independently selected fromthe group consisting of
C -4dalkyl; alternatively the two R20 groups are taken
together with the nitrogen atomto which they are
boqukglzto forma saturated ring structure selected from
gr Qi consi sting of piperidinyly pyrrolidinyl and
rm pho¥inyl; and wherein R2 1 is shected from the
gr gaphNconsi st i ng of O -4al Kyl and n , for
gRanpl e; is -N(CHs) ; a Hbhown
conpound p r ed Neyckown net hods, wherein
n‘g}% pd of f a (IX-S) is present g for €
Ght in the range of from about i 20 about 2. O
m)l ar eqU| val ents, for exanple, about 1.5 nolar
equi val erds; optionally in the presence of a base such

as TEA, PEA.. . DBU, sodiumt-Db i de, potassium
t - butypx-0€; &8 um et hoxi de, s d| ugm net hoxi de, K2CG8,
Na COs, CS2 or NaHCU3, NGr eNHan i norganic

base such a powder ed K2CGs, int
present in an“anmount in the range of from t 0 No-—CH,

about—2-—motar—equi-vatents, for exanple, about

equi val eQ iSgy I N a second organic sol -&nt such as

et hanol , i so)pr opanol, ethyl acetate or acetonitrile,
for exanple in ethanol; at a tenperature in the range
of from about roomterrpeSamemeZto about 800C, for

e bRy ) b RIRED s (YR RS
mfmmrmbéreféaomh@edewewa btﬁta@hesfm(ﬁ@id bmogé@baﬂéétmg
Lot aC e aTIPo) o AREr B et E8ca5d B e oach
W&D@rkﬂdwh)boﬁ%%hd B8 cOMpOirt prepaedhydawal metﬁoh@%m
compound, in_the presence of a base such as NaCH, ip a

reaated yltlafa swtably substituted compound of formula (VI), wherein LG" is a
suitably selected leaving group such as OH, CI, Br, | or mesylate, for example
OH; wherein the compound of formula (VI-S) is present in, for example, an
amount in the range of from about 1.0 to about 1.2 molar equivalents, for
example about 1.01 molar equivalents; and when LG" is OH, in the presence
of a suitably selected coupling agent system such as DIAD and PPh3;, DEAD
and PPhs, or ADDP and PBus;, for example DIAD and PPhs; wherein the PPh;
of the coupling agent system is optionally present on a solid support; and
wherein the coupling agent system is present in, for example, an amount in
the range of from about 1.0 to about 1.4 molar equivalents, for example 1.2
molar equivalents; and in a first organic solvent or mixture of organic solvents
such as THF, 2-methyl-THF, toluene, acetonitrile, DMF or ethyl acetate, for
example in 2-methyl-THF; at a temperature in the range of from about -10°C
to about room temperature, for example at about 5°C; to yield the

corresponding compound of formula (VII-S).

27



10

15

20

25

30

wat er and THF. The preparation of a conpound of
formula (V) wherein PGL is CBz is outlined in nore

wa@leq1a/002775r Exanpl e 13 whi ch fol |l ows herei n. ThRCT/US2009/049027

conmpound of formula (VI-S) nay be prepared by for
exanpl e, reacting 3-pyrid-4-yl-propan-1-ol, a known
compound, with hydrogen gas at a pressure of about 300

PSi,  iMan BRLBEIRRANERhE préser@indEd§dn, P P EBAE thé Bade
swtabl sel ected sol vent or m xture of solvents such

20050 815UBROIY SHPR IO METQgeNABEIEIE STONB SHEMBR SEEQTBOC. In
%‘ﬁbfﬁ'rer BoBdinRR 8f %Lﬂr@séd? ihBRtSAMES S PEOHe tRE5aRR0C

o yield the correspondi ng
@tmqgemﬂotﬁcmwrobp épdmreceth CBae 3- pi peri di n-
4-yl ;
kngmﬁ’@gl%é‘r‘ﬁg&uﬁ’d of f%rrhlmﬁg\r/g ;%29& §d 8¥8t%]ae(§ 9648 hggg& grt?owr?
aﬁhﬁih@dSSSO pisid tha@oaemlrygstomwhd@éf@dwta (\AllﬂrSa, as a free
. . | .
S S S SR BRL Ml gBls Bl A0
aaltd, FatexampeEnpéestin P& ¢$ CRapthe 00mpB0m] offfoemula (VII-S) is

f d_of forml i .

ReBRleRIea Rhofhe ATRRYEReeH st i ihiRat et hphi i uin

hies piesendehef a:oartplqstrwchfasf%r/@wlnaa z{dg%;rﬁ)sumas btmﬁlpglepgr ed
u eneni

by fo exa
onoun TS SaBRRC 6 BnWA N & el S R s dhas s 1 an
Q@obEashdwy ARHTOTS (f@heﬁa?m@b %E'lts@@&bérﬁ(ﬁmdlrtg)HEI @Anql is reacted
%w&obut ronithle, i S further ﬁ3acte

a putahly %&bé%theé’ <‘s°<5nRPé‘Hf’ of {Rrmulss(IKrayw %{Eaétsese'%ﬁted
AR ther PO ESTERRING A LR(RTPNaanrepRY alvh&Rirddach RBMEpound
of formula (IX-S) is outlined in nore detail in

EndeRpndentiyfsected Bom & ot RSIstinolfy edbut: altepahrshoHe
R0 W2 §OUBY atPtaRe R IRfeERS Wilh'ths RRroBERRAA LA RRAiICRTthey are
bound to form a saturated ring structure selected from the group consisting of
piperidinyl, pyrrolidinyl and morpholinyl; and wherein R? is selected from the
group consisting of C1.4alkyl and benzyl, for example, wherein X is —-N(CH3)2;
a known compound or compound prepared by known methods, wherein the
compound of formula (IX-S) is present in, for example, an amount in the range
of from about 1.0 to about 2.0 molar equivalents, for example, about 1.5 molar
equivalents; optionally in the presence of a base such as TEA, DIPEA, DBU,
sodium t-butoxide, potassium t-butoxide, sodium ethoxide, sodium methoxide,
K2COs3, Na,CO3, Cs,CO3 or NaHCO3, for example, an inorganic base such as
powdered K>COs, wherein the base is present in an amount in the range of
from about 0 to about 2 molar equivalents, for example, about 2 molar
equivalents; in a second organic solvent such as ethanol, isopropanol, ethyl
acetate or acetonitrile, for example in ethanol; at a temperature in the range of
from about room temperature to about 80°C, for example at about solvent

reflux temperature; to yield the corresponding compound of formula (I-S).
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conmpounds of fornula (1) as outlined in Schenme 3,
bel ow. Schene 3 Accordingly, a conpound of fornula

w@ Rop/oo2arerein X is selected fromthe group coPGI/E81009049027

of -N(R 20)2 and -OR 2 1; wherein each R20 is
i ndependently sel ected fromthe group consisting of G
-4al kyl (preferably dinethylam no); alternatively the

two RZfe %%Bé‘;ncﬁbﬁotramgrav; ﬁh@%@eyre;yurb@ b peotBEtng n.d.ne
atomto which éoare bound forma saturate

SCPYEingrta kgewemeé ds ocrﬁrﬁxamle@dw RURRIUNG; A dorprula V). °
mrfé%uh (rhcﬂyé CBMhaPbe BdpbreABrdRliRIQlArkYhe ma%a&t@w gin

I's selected Tromthe group conSistin
kznawnycprn@ﬁun%ermﬂw prepencee @Ase, sugh@sdiad lﬂ@ mlm(umof
. ar 1.
S P R Bt o SRR ERBLEH iR s
Edgpis watlined irf moraitietail X')Exam@eéﬁrwfrhcssfqllswahswm abl y

>& & R BbRORERy R lEY Sl BB EbR AT 61
RO i A el
PR & Hiout 38368 Pling preSehe 7 paielis A e pat R ™
axaay eecleCie@)sChent or%@@blﬂﬁblﬂerm sudl( 43 Water but yhixture of
B e POy PR B s Ao
BOES &dieldthad RoAESHEMdirgB-biperifinOR- pm‘)pérr 1. abI%JB {ﬂpé?.dtrp

about 4.0 nol ar equival ents, for exanple about
KoY RForEda 1 Phis dRgrsFeaciedavith fpgﬁalae@m é ké‘@WOéﬁﬁ’an@uB% igdhe

?;‘r&@'r‘n% of h?d?@éé’rpéé@éb atﬁ‘ﬁ?é@ B‘sut érid §cé’tﬁ%/§f JRhy Pd/@f"ﬁ

or exanp Ih 2-net y erature in
seitepy éelefstned BOlBBLer mtzstme péﬁtpjéeraﬁ aveh apwalss ot aa;rmaf@re of

TRl R NG Bt oA P o
preseation ofeecdnmmoundREBorails @l etie dvaterpisidulieed in more
detail in Example 2 which follows herein.

The compound of formula (IX-S) may be prepared by for example,
reacting 3-amino-but-2-enenitrile, a known compound, with an acid such as
3M HCI, in an organic solvent such as ethyl acetate, to yield 3-oxo-
butyronitrile, which is further reacted with DMF*DMA, in an organic solvent
such as ethyl acetate, at about room temperature. The preparation of a
compound of formula (IX-S) is outlined in more detail in Example 1 which

follows herein.

The present invention is directed to a process for the preparation of
compounds of formula (l) as outlined in Scheme 3, below.
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group consisting O-C(OCH 3, -C(0O OCH2CH3,
-C(OOt-butyl (Boc), -CHO, - C(OOCCH3, -C(O O CH

wQ@2phemrr4 - C(O) - phenyl, -C( O OCH2CCl 3, - C(0) -¥dF/US2009/049027

nitrophenyl), -C(OCC 3, -C(OCF3, -SO2CH3,

- SO2- phenyl, -SO2-(4- nitrophenyl) and -SO 2CF3. In
anot her enbodi nent of the present invention, PG is
sel ected fromthe group conS|P%ts| ng O - C(O)CH 3,
-C(O@eCH2CH3, - C(O O t- buNVl (Boc), -CHO C(N))OCHS
-C(O P CH2- phenyl and - phenyl . I n anot hler c

CNf the prese tion, PG3 i d
m t hg| gr oup consi st'i a’w‘{; of O)CH 3, - |O) CH3

and -C(@QOt-but odN Nof the
present ihXention, PG3 i@( OCH3. In an %di mengx|)

afX}t he present invention, PG3 is a suitably | ect ed
nitrogen protecting group, wherein the pKa o Thel
conpound of formula (X) is Iess.than about 13. In

ano Yoedi meRt’ of the pres% t |nvent|on P& is a
suit sel d nitrogen prote
the pKa af the cgopgund of

£NhQ gr , Wherein
of about 13 Yo out 9, or any r re|
e ' | nventi on, i S\a |t ny11
rein

s |rR8tﬂ§ﬁe ra@@e
sel ect ed nh}l_rggen protecting group, vvhe pK om
t he conpouhd of formula (X) is in t&)range of
13 to about 11, or any range therein. The conpound of
formula (X) i s reacted wi th a conmpound of formnula
(VI-A), a known conpoun r conpound prepared by known
nmet hods; wherein the conp of formula (M-A) is
present in an agpunt \j4_the r?w_e,\“qf frr\;arrhabout%m 0to
5

about 3.0 nol ar equi val en\s,

S akout
nmol ar equi valents; in the ence a Ssui y

sel ected coupling agent system 7 N—R""
) —

Scheme 3

Accordingly, a compound of formula (IX), wherein X is selected from
the group consisting of —-N(R*), and —OR?"; wherein each R is
independently selected from the group consisting of C4.4alkyl (preferably
dimethylamino); alternatively the two R? groups are taken together with the
nitrogen atom to which they are bound to form a saturated ring structure
selected from the group consisting of piperidinyl, pyrrolidinyl and morpholinyl;
and wherein R?' is selected from the group consisting of C4.4alkyl and benzyl,
for example, wherein X is —N(CH3),; a known compound or compound
prepared by known methods, is reacted with a suitably substituted compound
of formula (X), wherein PG? is a suitably selected nitrogen protecting group
such as —C(O)CHs, -C(O)OCH»CHj3, —C(O)O-t-butyl (Boc), -CHO, -C(O)OCHj,
-C(0O)O-CHz-phenyl, -C(O)-phenyl, -C(O)OCH2CCls, -C(O)-(4-nitrophenyl), -
C(O)CCls, -C(O)CF3, -SO,CHs, -SO2-phenyl, -SO,-(4-nitrophenyl), or —
SO,CF3, for example —C(O)CH3;, C(O)OCH>CHj3 or —C(O)O-t-butyl (Boc), a

known compound or compound prepared by known methods; wherein the
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such as DI AD and PPh3, DEAD and PPh3, or ADDP and
PBu3, for exanple DI AD and PPh3; wherein the PPh3 of

W@ bE0omIpd | ng agent systemis optionally presePCT/U82089/049027

solid support; and wherein the coupling agent system
is present in, for exanple, an anmount in the range of
fromabout 1.0 to about 2.0 nol arequi val ents, for

¥ApBLAd éf%rrmllae(megwe\éahﬂﬂtaﬁ anhdurl irS®eBRgL6TRsHh Gbout
sol vent such as THF, 2-nethyl -THF, tol uene,

deliocahaub i maleRgaUixaRts: for 6i<arm}e abpgt 1-8,a0HR1 eayiyplents;
% g%m)blrgoaﬂfsol@ént%u&regeefr%har Bobfopahsl, heaesitdé of Q‘Pr’fﬁthyl-

about to about roomtenperature, for exanple

dirhuforsgampleying-eethvi-fElFc o @ @mmaliur@mdbﬁwmopfdwom
(?GBWO?m(P(H&%ratJJeet %%Bﬁféﬂlgh QJr e&g%%oﬁsa%ép{ éO I(,S to dyiﬂ?e

pro ecte accor I ng

tlr carsgrpodding compponah df fofmblar(X)l a (1) . For exarrpl e,
wher ej n PG3

o rolmar sapodirienh o e et biab i P f Selb ORI v
sgmamtmsmeg of L€ (D JH,0-G MO Ca CHE) -C(@)0-ttthayl (Bée; -CHO, -

20808 O s ok o T sherit g oy TR

tﬂﬂrdyh@hﬂﬁaeebmcw e@@tb)om WOTH, ss@zt@#drw Ssb%—ed base

ke. One skilled in the art
WitrapheryHghd z%otz(ﬁ'é% r?é‘o&?ﬁﬁ&h?&'%?”tp&wrﬁs?wwe”m

*P%ﬂ@s@l%@ie@%o@ﬁt@égr@u& béﬁé‘ﬁln@ d?%%@f@ﬂg’ﬂ@(@ JCGH%, —
step ( xanple in 8 B,
WHOR-towity &%@c)n&F@nP(OaQCHBt @n(%?%rrghenvlrﬁrtdwé?( )-

}fﬂehyluﬁ’n Qﬁothgﬁeﬁewﬁnﬂéﬂgoﬁﬁeb%sgl’l ravéaﬂo'n) P(aaﬁﬁ ?&é&édj ke

exa )

lee @ioNp Conisting @itSe @) bnt- C(@)QCldz@éaemd 1Q(@é@ttrtb¢iv| (Boo).
¢ Eﬁ&hgpe%po@nﬁhpﬁﬂﬁ%&%en{ AFeRIFPBLAI 8@,

compound o as outllne
bel owlrSarhembodiment of the present invention, PG> |s a suitably selected

nitrogen protecting group, wherein the pKa of the compound of formula (X) is
less than about 13. In another embodiment of the present invention, PG’is a
suitably selected nitrogen protecting group, wherein the pKa of the compound
of formula (X) is in the range of about 13 to about 9, or any range therein. In
an embodiment of the present invention, PG? is a suitably selected nitrogen
protecting group, wherein the pKa of the compound of formula (X) is in the
range of about 13 to about 11, or any range therein.

The compound of formula (XI) is reacted with a compound of formula
(VI-A), a known compound or compound prepared by known methods;
wherein the compound of formula (VI-A) is present in an amount in the range
of from about 1.0 to about 3.0 molar equivalents, for example about 1.5 molar
equivalents; in the presence of a suitably selected coupling agent system
such as DIAD and PPhs, DEAD and PPhs, or ADDP and PBus, for example
DIAD and PPhs; wherein the PPh3 of the coupling agent system is optionally
present on a solid support; and wherein the coupling agent system is present

in, for example, an amount in the range of from about 1.0 to about 2.0 molar
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Accordingly, a conpound of formula (I1X-S), wherein X
is selected fromthe group consisting of -N(R 20)2 and

WO @R0A02I74 wher ei n each R20 is independently seP@US09/049027

fromthe group consisting of G -4alkyl (preferably
di met hyl am no); alternatively the two R20 groups are
taken together with the nitrogen atomto which they

%@wb%@ fdr@xb/ipe |58 14 é’duﬁ\ﬁblédt@gn %tsfe@@rﬁdl bRyahR! RMcpd
fromth bi'fgr oup consi sting of peri yrrolidi nyl

&H@h AB ) ?Trﬁ?th}’l Hifg talepeiase |t1Ie, §th§g€|’(€9&@téd’r%m fohe
ﬁ%leclﬂ@sﬂné PﬁHF’f atd tenﬁ%{_%‘tgte mﬁe Eﬁ@%ffmﬁ%bo -10°C

exa Iin Xis conpoun
toapoutrdompriepaeilrbyfok axampleet hbdlst 5Cstogmtt e With a

suitabl substitute onpo of formula (X), wherein
FQ%%%O rgqmnérbqwd glf%( nLE%Iﬁﬂfgtrogen protecting group

S lé ch @Re cOEDH Gl %‘ forrﬁiﬁlg)(m'ls g@gﬁotec@(d%(ﬁotdli rgoydnown
oc), -CHO - OCH 3, - - phenyl ,

VRRE905 HEHGIA S EotRRST InesONRone 6 TR A dishegple.

Q(f@ré?—ﬁ:lF%3 is CC@D{@FC@CH3)§@@U$ .the S6RpBHRNYT form@Q; |I- S) may

2-(4- nltropheny CF3, for exa
OecRipiRcEs! b re_ag‘cr@ Wi asyitghly F@G@Fd a&'@(ﬂ{‘y‘\ﬂnﬁs 8o H“e

Gk, CAMBRRUNE! P\R/ﬁ@f%fnelﬁ'thé i@(@’)‘tﬂ%r@@)owzf(ﬁ%ntﬁehe

conpound of forrru a (1 X9 present in an anount in
cREPEHAY ef ormeladet |a33cm@y he Gewtaﬁédtbyate@t'ﬁﬁ Ivih a suitably

%%}é'c{’e%' ERESuch 35 NGHRIR tREAKE. dne sm?%@fn tﬁ@ W@l ent s;

ina first organic solvent such as et
ireeqanzsdhal the ae@p@nnd pf foemglp (lemtahpledq‘sl-nrroteptﬁd asxanpl e

et e T o By b REABH68 Rk D 25 ™

e B, @B@ﬁ:foltoav%heeeld) tdneltemah‘eﬁpmmmmgortmnm‘dmc«xﬁpound

roggg]ﬁg%% t)i(]a desgn_g%ﬁf1 oﬁ“%%‘r'%g@ oe{n%g&é and %b wﬁlch

follow herein).
In an embodiment, the present invention is directed to a process for the

preparation of a compound of formula (I-S), as outlined in Scheme 4 below.

3
5 ’T/PG N
CN )\ CHj
HaC H,N” NH, N
| > N__N
X X) Y s
(IX-S) o
~pG?

HaC
—CHj, NC />—N
\_<_/ \ N
> N—CHj
)

(VI-B) (XII-S
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(M -B), a known conpound or conpound prepared by known
nmet hods; wherein the conmpound of formula (M-B) is

w@e@Es®m774 n an anount in the range of from aboRET/US0Y/®49027

about 3.0 nol ar equival ents, for exanple about 1.5

nol ar equi valents; in the presence of a suitably

sel ected coupling agent system such as DI AD and PPh3,
DEAD and PPh3, or ADDPpaed PBu3, for exanpl eDl AD and
PPh3; wherein the PPh3 of \t he, coupling agent systemis
optionally present on a s support; and wherein the

couptHng—agent>syst ed NiH, for exanple, an
anount in the range of fr 2.0
nol ar equi val ents, for exanple 1.2 nol equi val ent s;

in a second organi c solvent such as TH
tol uene, acetonitrile, ethyl @Setate or
exanpl e in 2-nethyl - THF; ah a tenperature in the range
of from about -100C to aBBRME8om tenperature, for

ex anph@c@ﬂ.ng?outcoﬁ@oun@ of ﬁorrabla (Ha8),cHdréin PO Eelt@ted from
ound of formula he conpound _of fornula

(“3@ grogp q0§3'atén%?foi'\£(8t éda%c@ H\@ef%” RAGWR nfet hods, to
yrhc%p@naé}ﬂlycs@wé&&p@mltmgm H@lgtlrg_lo#@h@ﬂégg@éfe@o{y For
exa erein PG3 is -

n@wlﬁaﬂmﬁ) aliarnativaly(the fve nﬁry’JUB%aEﬁe be@t@@tf&ﬂ\w the
rnﬁ hga@?rWté bl/hﬁ:hStHé;V 3kl tyoﬁeltsﬁ{%ﬂa %mﬁatéal ARy 88y e

e; alternatively, erein 1s-C(O-CH 3

@electe(dcﬁqu the groHB consistingofpmetidinyt, ptvaphrdmd aomrrllorsnolmy

R e A S otplcen BBt pet ISP Ry
donexaimple, fwher¢iaX isedNiGhislzea kinawn térepewrtpourodpmiund
ggépd'gf ?83(’ ﬁw&wr‘?}ne@mc{sb% ?Sctgé %tﬁcat %ﬂtg%& s%bgfltaférd co?np%und

reaction s as - descri axanp
B forpiuta (X), \&Hhea'plnBDGWS|a:$U|ﬂablyl elestdtenieogdn pmltectlng group

A LS L0 RN, S0 K HRoyd -G B3EPOLAB. -c(0)oCHS,
-C(0O)O-CHz-phenyl, -C(O)-phenyl, -C(O)OCH,CCls, -C(O)-(4-nitrophenyl), -
C(O)CCl3, -C(O)CF3, -SO,CH3, -SO2-phenyl, -SO»-(4-nitrophenyl), or —
SO,CF3, for example —C(O)CH3, C(O)OCH2CH3 or —C(O)O-t-butyl (Boc), a
known compound or compound prepared by known methods; wherein the
compound of formula (IX-S) is present in an amount in the range of from
about 1.0 to about 4.0 molar equivalents, for example about 1.5 molar
equivalents; in a first organic solvent such as ethanol, isopropanol, acetonitrile
or 2-methyl-THF, for example in 2-methyl-THF; at a temperature in the range
of from about room temperature to about 80°C, for example at about 80°C; to
yield the corresponding compound of formula (XI-S).

The compound of formula (XI-S) is reacted with a compound of formula
(VI-B), a known compound or compound prepared by known methods;
wherein the compound of formula (VI-B) is present in an amount in the range
of from about 1.0 to about 3.0 molar equivalents, for example about 1.5 molar
equivalents; in the presence of a suitably selected coupling agent system

such as DIAD and PPh3, DEAD and PPhs, or ADDP and PBus, for example
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of formula (XI1-S) (as described for exanple, in
Exanpl es 10 and 12, which follow herein). The conpound

wo@Rothoe21iH a (X) may be prepared by protecting PCEHEB0N®19027

according to known nethods. For exanple, the conpound
of formula (X), wherein PG3 is Boc may be prepared by
reacting guanidine with BOC O, according to known

meADbQgR PPRewRERRRINBIP ), FthecipRg ugélnt@‘ys{fem ¥WpBohafly

wherein PG is Boc is outlined in nore détail in

Pxeaept 8N 8 spHd UPRAT PRdavheeeiaithe corpiing apeRAGYRIGMER RpIans
& GosSlani e, te'?w drfo@itth tHa rhRge BNESH B0 . U% gBodjthzeo molar

i nvention, and are not intended and shoul
eokivelentsd farexpmple: 1 2mnelajeqiyalerig in ﬁ\ﬁ@ﬁondmrg@etc a‘omemh

i/?ﬂ.‘"f'; E@ fTﬁFaQrFﬁet Al Ol ER&V éc'éﬁ{n‘ﬁgfet Efhy! étﬂet:%tg%r @W‘%FS

 ow, me synthesis products’are 11sted
Ieaalinp@ |b<2emetmb1l'lslt:eai aenmparasradnghe rangaidf frobeabout - 10 C
nd rstood of _ ordin i.n .t he t hat
HnEBod i Rom SEp RS oLt okl holtat B L it o
lc6rré€bdﬂ@ﬁd@ﬁcd?ﬁ&ﬂirh@tof\f&ﬁ1weﬁpilﬁ$?d and may include, for

exarrpl e, a solid, g{um or a syrup.
Exanpl Tee gompound of formula (XII S) is de protec ed accordingto known

G’r@thgdé tsliieri thy |c§ﬁbéwn'dﬂ%té%&f‘u%l &f&%@@l@-@ﬁerF Ekdrfplé\

-neck Mbrt on was equip

W%@&’@ 9% rr@I0- CéCNQ)s K%@@b th%ﬁgmaowmﬁbefrf@mgl(é” -STeay
kBl 19 R Y SEBLADN S e
dkesaiteswitively owhevain RET isr-<& QarieHcwot @) O Sd . the
SRR UL S0 P LIRS AL OROTEADE i PR
iseleatesidhas@iseich as NaCGthtarsidhetikeonOnaskided inrtbe agtwitl duther
trSéB%%Fz%ttHgtethg %m%ggr% o%rmmg?xﬁ%erﬁéjysbe de-protected as a
discrete or separate reaction step (as described for example in Example 7,
Step B, which follows herein); or alternatively, in the work-up of the compound
of formula (XII-S) (as described for example, in Examples 10 and 12, which
follow herein).

The compound of formula (X) may be prepared by protecting guanidine
according to known methods. For example, the compound of formula (X),
wherein PG® is Boc may be prepared by reacting guanidine with BOC,0,
according to known methods. The preparation of a compound of formula (X)
wherein PG® is Boc is outlined in more detail in Example 8 which follows

herein.

The following Examples are set forth to aid in the understanding of the
invention, and are not intended and should not be construed to limitin any
way the invention set forth in the claims which follow thereafter.

In the Examples which follow, some synthesis products are listed as
having been isolated as a residue. It will be understood by one of ordinary

skill in the art that the term “residue” does not limit the physical state in which
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reaction m xture was then extracted twice with ethyl
acetate (450.2g portions). The organic extracts were

w0 ban/oed1izd ged to a cl ean 2000m 3-neck Morton PCEHEK2009/049027

equi pped with an overhead stirrer, an addition funnel,
and a thernocouple. Stirring was initiated and
di met hyl f or mam de di net hyl acetal (165.1 1g, 1.39 nol)
Was prydded sl BBtexPand May fHelwr@didr 'e%‘mf)!énﬁ%blld)\éfhronab%ﬁm
18 mnutes, while maintaining the internal tenperature
#IUPBRCA SYRE- resul tant sol ution was stirred at room
tenperature for about 2h. A solution of sodium
bi carbonate (20 14 O 2|4 mol ) |n vvater (200 Qg) \/\1as
3 e ‘B e s B D A n :;.3'
sti rred Vi gorously at roo enperature for about 20
m nutes. The | ayers were Sﬁpﬂat ed and the organic
| ayer was dried over MgSO4, " filtered and concentrat ed
by rotary evaporation to weld an oil, which rapidly
crystallized to yield th& N tle-gonpound as a | ow
melting solid. 1H NWVR (30Q/ MHz, CDCI3) : d 7.82 (s,
1H), 3.41 (s, 3H), 3.2 N 3H), 2.35 (s, 3H M5 (d):
mz 139 (M+ + 1) , 161 (M+M Na) El enmental Analysis
for C
7. 38: Z\N%ygﬁ%)hegk“oztoﬁ?fgygglour] 3%%9 withy alrg&/e?ﬁea t|rrer a
M2 nllgt gsd aHlae)mcg:ognleDa'é\eﬁla@k was charged W|th water (5009) and
o Py beate 5K ({928 PR P [Seueh ger soluton wes
(sﬂﬂied agdl corlsd to maine tbmpearatucd, adiesd upboG-arB®c8Agontirik0

T 0 A BB O gy 0

Zeaptent:etcﬂut@npnmstmreej ateam:hoempéﬁiamra fortaboas 1@V kel ateshus

Sréellctlon r}r%xt\ﬁ/?es wlag tﬁenaetx rac%d twice with ethyl acetate (450.2g portions).

The organic extracts were then charged to a clean 2000ml 3-neck
Morton flask equipped with an overhead stirrer, an addition funnel, and a
thermocouple. Stirring was initiated and dimethylformamide dimethyl acetal
(165.11g, 1.39 mol) was added dropwise via the addition funnel over about 18
minutes, while maintaining the internal temperature at <34°C. The resultant
solution was stirred at room temperature for about 2h.

A solution of sodium bicarbonate (20.14g, 0.24 mol) in water (200.09)
was then added and the resultant biphasic mixture was stirred vigorously at
room temperature for about 20 minutes. The layers were separated and the
organic layer was dried over MgSQy, filtered and concentrated by rotary
evaporation to yield an oil, which rapidly crystallized to yield the title
compound as a low melting solid.

"H NMR (300 MHz, CDCl3): 6 7.82 (s, 1H), 3.41(s, 3H), 3.25(s, 3H),
2.35 (s, 3H)

MS: (Cl): m/z 139 (M" + 1), 161 (M + Na)

Elemental Analysis for C7H1oN2O x 0.17 H,O: Calculated: C, 59.53; H,
7.38; N, 19.84, H;0, 2.17. Found: C, 59.12; H, 7.62; N, 19.85, H,0, 2.04.
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800 RPM and the unit was charged with 300 psi of
hydr ogen. The reaction m xture was heated at between

to roomtenperature and formal dehyde (59.36g, 0.73
nol) was added in a single portion. The Zi pperclave
unit was seal ed, evacuated, and the resultant m xture
was stirred at 800 RPM and heated to 39C. The unit was
then pressurized with 300 pS| of hydrogen and the

t enper at ur e BXEMPLE £i¢ _IDGRICHIEDEQRANRE] nt ai ned

t hr oughout the reaction. Fydro upt-ake ceased in
about 1h, although the reacti gn mNture was nai nt ai ned
under hydrogen preggure for a addijtional 0.5h. The
resul tant m xture to roomtenperature
and fi,lt

with QP t'ow%é)pvr@wspaogﬁﬁ?'r{ééo Barh 7 in et 23056)

WSetreHﬁ@i wih grac@IDAt:OEI (BaslagaANd0 $idly aret G MING (507 wet;

Aedisor 8818 et ninESsulerthitianbPacTPEeHiS S oaPR i ned

@pp/eﬁl&é?«e Jr@esmquatﬁbr St Wk aﬁao@atéal lstlrﬁﬁ mxal@emt.ated at
ure was extracted twice wth 2-Me- THF

@Qpﬁ%\“@‘d t%é”'&W@ﬁﬁh%rQSQWtQ&OQ %Pfehﬂrq’geé’r e-la’et ’I‘?PBtLth
@ﬁkﬂutfeewéé heétﬁe a‘%BBWé&Wﬁt%ﬁcb%r Lo AMYpEevapor ati on at

656C to yield an oil. anount of residual sodium
acet afl be vestlteeimixtitie asfdobledde ireom témprrghuraandar se

RERAAdNa2 (5 3D P RN o fleg i SRl Ee0rlin ! The S
(thpejclaveﬁur?it was sedipd, Xa8@atehandithe r&éultﬁnt—mlxtlﬂbl)wasZstlzréd
%ﬁqsoé Hﬁv’m LndReded3S 36 THe Tnitwas haZerestihized with b0/

of hydrogen and the temperature was raised to 45°C, which was maintained

throughout the reaction. Hydrogen uptake ceased in about 1h, although the
reaction mixture was maintained under hydrogen pressure for an additional
0.5h.

The resultant mixture was then cooled to room temperature and filtered
over a Celite® pad, which was washed with water (30g). The combined filtrate
and washes were cooled in an ice bath and stirred during the addition of 50%
NaOH (81.00g, 1.01 mol). The addition required 15 minutes and the
temperature was maintained at <40°C. The product separated as an oil and
the mixture was extracted twice with 2-Me-THF (86.00g portions). The
organic extracts were filtered through Celite® and concentrated by rotary
evaporation at 65°C to yield an oil. A small amount of residual sodium
acetate was removed by filtration through a coarse porosity sintered glass
funnel to yield the title compound as an oil.

"H NMR (300 MHz, CDCl3): 6 3.61 (t, J = 6.7 Hz, 2H), 2.83 (bd, J =
11.6 Hz, 2H), 2.24 (s, 3H), 1.93-1.86 (bt, J = 11.1 Hz, 3H), 1.71-1.67 (m, 2H),
1.60-1.55 (m, 2H), 1.33-1.22 (m, 5H)

MS: (Cl): m/z 158 (M" + 1)
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1.60-1 .55 (m 2H), 1.33-1 .22 (m 5H Ms: (d): mz
158 (Mt + 1)Exanple 3 : 1-Methyl -4-Piperidi nepropanol

WQ@\01AM0eMauUt reacti on vessel was charged w th PCT/US2009/049027

4- pyhdi nepropanol (500.0ng, 3.49nmol) and 5% Rh/ C (62%
wet, 300.0ng) in water (4.0Qg). The resultant slurry
was stirred at 500 RPM and the unit was pressurized
with 300 psi of hydrogen. The resultant m xture was
heat ed at 500C for about 4- 4.5h, during which tine
the hydr ogenExamales3:cMethyl-drRiperiginanrapanel xt ure was
then cooled to roon1tenperature nd_a 37% f or mal dehyde
sol ution (340. Org, 4.19nmol) s allded in a single
portion. The A«gonﬁg; vessel s se¢al ed and the
resultant slurry wa 0 RPM the unit was

d th 300 d , d,.heat ed
Lone: Aibdtan feadioR 308 ugs PHoeA S 4P BN ERSng ©
)(5(% dmb{‘liﬁ 49?1‘1‘1?:(&) @t Qih B RHIC (M\%Wl?ety\@(&{) Om@)jllnl V{?Btbh@- RULE: A
Wi ur ur n i sol ati on
ispcenlagn gy Mes el 3L 00 SBM Sty fegintay RigRatsives kn
@@b)p& (5‘f/l¥y ﬂ(%%n( MhetedditaRX AR vas heated at 50°C for about 4-

eri di nepropanol An Argonaut reaction

\f’fe'il”sQHr'mwhmé%@emwm%np%Wﬁ@@anoI (500- Oy,
3. 49”‘;@& %%Fur@ﬁ%&ﬁjr (Ag_?%er) codtsfld r%oﬁ\%%#)%?atme-énd 28,

10% P he res tant sl ur was st |rreoT
dornsidehREsisalution (i 0.01hg, MdSmmobyws adoed imtslmgm)oor}bgn

ghﬁwgéﬁﬁr Ig%rg Ss,e%r ﬁ talrnlﬁstH%]P@ﬁq t%mgfﬁ W®a¥‘@§rré$&%oo

o¥drthedntt avaseraare)ssu rided vvnths&ﬂ(]pamf hydmgeneammbeathem

%%%eﬁydpogreg% ake e%[%érjl In a‘“:‘bou?gli 2— 1%?1 to yield the title compound,

which was used in the next step without further purification or isolation.
HPLC-MS analysis of an aliquot showed only CgH1gNO

MS: (CI): m/z 158 (M* + 1)

Example 4: 1-Methyl-4-Piperidinepropanol

N/
HO

An Argonaut reaction vessel was charged with 4-pyridinepropanol
(500.0mg, 3.49mmol), methanol (6 mL), acetic acid (2 mL), and 10% P/C (dry,
77 mg). The resultant slurry was stirred at 500 RPM and the unit was

pressurized with 300 psi of hydrogen at 35°C. The resultant mixture was then
stirred for 8 hours (until the hydrogen uptake was observed to cease).

The resultant mixture was then cooled to room temperature and a 37%
formaldehyde solution (340.0mg, 4.19mmol) was added in a single portion.
The Argonaut vessel was sealed and the resultant slurry was stirred at 500
RPM, the unit was re-pressurized with 300 psi of hydrogen, and heated to

35°C. Hydrogen uptake was observed to cease after about 20 min. The
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f or mal dehyde sol ution (340. Ong, 4.19mmvol) was added in
a single portion. The Argonaut vessel was seal ed and
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was re-pressurized with 300 psi of hydrogen, and
heated to 35C. Hydrogen uptake was observed to cease
after about 20 mn. Theresultant m xture was filtered

trélg@taahmm&@lwatsqm@rad ﬂﬂ%bgh% Céﬁf@@/ ga& tbere%vél tuébatavg?

resul tant sol ution was cool ed 0C, and 50% Na
dbkeueswitantegutiaideas cooladjaugiC, tahd S NaQH Smélqne/wl aced

T S LE TR A RO A0 p e,

mu’mﬁmmicmewmactepmmmmm&he@ miL X WTHer Gomebiiéd origapic

ried SH ngd .concentr at I pvacuq to vield the
Phefes iomposher ARy i oF yoBokh 45 cefeshsmicun
/vyc@fméthWMrdﬂ)mdA 500m 4-neck Morton flask was
equi p 0 ead stirrer, a N2 inlet, and a
thern&&&ﬁ)em/zr&@ ngk was charged with guanidine
hydr ochl ori de (22.19g, 230.0mmol) foll owed by absol ute
Et OH (59g). The resultant mxture vvas stirred at
ambi ent t enper &xample i N=Ca wapiding yijel d a
sol ution, vvhereupon 21vvt %@la@t,(lﬁtm (74 829) was
added in one portion, follpwed y an EtOH (4.Qg) rinse
- NaCl precipitated diatel The resultant cream
suspension was stirfed B i ef IN/ at Nihbi ent t enper at ur e,

then digfhyl. rge%kgﬁ)&?gneﬂa(sﬁzqe}yﬁ(&pg%ﬁwth é(;ﬂ:{}’ve,)rp]éé?dsstﬁ%q,eg

portion-w se roxi
Nalihletyadd aytham deoGple( The@msk miasobardEdevitr geemidine

u i.Qn St r at_ anbj e r re
SARERPE AhIod Febidiinhitku st plie 0lechlr) BT 5 Bhe
sésultaatimixture Was stieetilag dmib@emt temperature for ~15-20minutes to
yield a solution, whereupon 21wt% NaOEt/EtOH (74.82g) was added in one
portion, followed by an EtOH (4.09) rinse — NaCl precipitated immediately.

The resultant cream suspension was stirred briefly at ambient temperature,
then diethyl carbonate (27.71g, 231.4mmol) was added portion-wise in 3
approximately equal portions, followed by an EtOH (16.0g) rinse. The cream
suspension was stirred under N, at ambient temperature overnight.

The suspension was then cooled to ~2-3°C, stirred for 1h, settled for
15-20 minutes and then filtered. The inorganic salts were washed with
absolute EtOH (2 X 20g portions) and then discarded. The combined EtOH
filtrate and washes were evaporated to yield N-carbethoxyguanidine, which
slowly solidified. The product was dried overnight in a vacuum oven at 56°C /
50 Torr to remove as much EtOH as possible. The dried solid was a mixture
of N-carbethoxyguanidine contaminated with some N,N™-bis-(carbethoxy)-
guanidine. The crude product (~27.48g) was recrystallized from 1,4-dioxane
(290g9) after hot filtration to remove a small amount of residual NaCIl. N-
Carbethoxyguanidine crystallized from the hot filtrate almost immediately.

The suspension was cooled to room temperature, filtered, and the solid was
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15-20 mnutes and then filtered. The inorganic salts
were washed with absolute EtOH (2 X 2Qg portions) and

w0 ban/oel7scar ded. The conmbined EtOH fil trate anPCTESI06%049027

were evaporated to yield L/-carbethoxyguani di ne, which

slowy solidified. The product was dried overnight in

a vacuum oven at 56C / 50 Torr to renpbve as nmuch Et CH

%$|99W§ '\/Qctﬁrm bo&n di se2e 53 Tk tﬁ@érn@hmoxyﬂélﬂ enfitle compound
[ -carbeth owﬁguam di ne contam nateéd with sone

@ﬁEbpofstatlme iloxy) - guani di ne. The crude product

(~27. ;ba% rystallized from 1, 4-di oxane (29Q9)

afterﬁﬁ’cg)? [ 'rcgfi on to renove a small anopunt of

resi diFINMR 300 MBar bMS@m’y)g&@rBOd@beMH), B3%(ql ¥ zed0 Hzpm

fil t i mredi ately. The suspensi on
%55 {:gﬁ)l( 8&%034* rrper ature, filtered, and the
soli dM@fﬁOl’)t e 132 (aﬂwa¢ya63cth+at) 56C / 50 Torr

overn ht to yiel e co oun s a crystalline
Sur1 aFinber Grtetitgion e P RrEuBRES R EPove g
@re&ﬁbd@%co‘h@oro@oﬁtﬂe(ﬂﬂe cémpo@n@ HZ 2H, 1. 11 (t, J

.0 Hz, 3H Ms: (d): mz 132(|\/Hr+1) , 263 (2M+ +
1) Further concentration of the 1,4-di oxane not her

I m&l@ﬂl&wﬁrmam&a%aﬁic@ci& Behyllebtet
conpound. anpl e :

2- (4- Met hyl - 5- cvano) - pyri@Wdi necar bani ¢ acid et hyl
ester A 500m 4- neck Mortpn flask was equi pped with an
over head stirrer, , a reflux condenser, and
a thernocoupl e- terrper at|ure ontroller. The flask was

charged with L/- (carbeNh% guanidine (7.1 6g,

50. 04mol ) fol | owed by t hyl t et rahydr of ur an
(2- MeTHF) (85.88g) and (| 2- wt hyl am no) -

@)
A 500ml 4-neck Morton flask was equipped with an overhead stirrer, a

N: inlet, a reflux condenser, and a thermocouple-temperature controller. The
flask was charged with N-(carbethoxy)-guanidine (7.16g, 50.04mmol) followed
by 2-methyltetrahydrofuran (2-MeTHF) (85.88g) and (E)-2-[(dimethylamino)-
methylene]-3-oxobutanenitrile (9.26g, 65.0mmol). The resultant suspension
was stirred and heated to reflux (75°C). The reaction was monitored by HPLC
and was stopped after 50h at 75°C.

The suspension was cooled to about 55°C and filtered warm to remove
un-reacted starting materials. The resultant solids were washed with 2-
MeTHF (21.5g) and the combined filtrate and washes were slowly cooled to
room temperature. Crystals were observed upon cooling. The crystals were
filtered, washed twice with MTBE (7.5g) and then air dried overnight to yield
the title compound as a crystalline solid.

mp: 167.0-168.0°C

"H NMR (300 MHz, DMSO-ds): 5 10.96 (bs, 1H), 8.96 (s, 1H), 4.15 (q,
J=7.1Hz, 2H), 2.56 (s, 3H), 1.23 (t, J = 7.1 Hz, 3H)
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met hyl ene] - 3- oxobut anenitrile (9.26g, 65.0mmol). The
resul tant suspension was stirred and heated to refl ux

W@ 780p027The reacti on was nonitored by HPLC andP@EES2009/049027

stopped after 5Ch at 75C. The suspension was cooled to
about 55C and filtered warmto renove un-reacted
starting materials. The resultant solids were washed

W th Ris: %@-ﬂ"ﬁ/z(ﬁ)"? (wg%1;a@Q9t(me+q¢a§buwgzmﬂrN@te and

washes were sl ow
Cryst &len Qﬂé@'@r@b@@rf%gg'dpb'm%&ﬁ'w*@ted“r%é?efl%ﬁﬁ &-89:\0br e

f2'7|1t7e¥:8Gnd wassperh. HMaG. W, bh BTBE (7. 59) and then air
dried overnight to'yield the title conpound as a

cr yst Aftei enoling thedjcomgined B BE=/2-64 Thtidiltratenivid wades Nigm

%5%1%20 gkﬁjsgﬁgrgkégpé’of%tltlegcog@) EJfﬁd °b%5*&&h§ (q, J

M (C): iz 207 (Me + 1), 229 (|v+++ Na), 435
| SERLA HION02:

52. 10 H 4.80; N, g&?nﬁﬂlneﬂli-bafbdm@lle ng the combined
MIBE/ 2- MeTHF filtrate and washes from above to -20 OC,
a second crop of the title conpoungrwa Nﬁat ai ned.
Exanple 7 : 4-Methyl -2-F8-(1
- et hyl - pi peri P ] m di ne-
5-carbonitrile STEP A
(5- Cvano- 4- net hyl y)m din-2-yl)-r3-(1
- rret hyl - p| per Ndi"n- 45| ) propyli-carbamc acid ethyl

f . k :

%rékﬂﬁmmdrbarﬁloldcmmdvlmﬁteﬁtddl tion of

2- met RyéOrr%tér%n deryg}‘ ﬁjas% was charged with 3-(1-methyl-piperidin-4-yl)-
propan-1-ol (1.5g, 9.42mmol) followed by addition of 2-methyltetrahydrofuran
(1.72g). Anhydrous magnesium sulfate (0.7g) was then added and the
resultant suspension was stirred for 5 minutes. The solid was filtered off and
washed with 2-methyltetrahydrofuran (2.0g). The water content of the filtrate
was determined to be KF = 0.66%. The filtrate was transferred to a 100ml 3-
neck flask equipped with a stirrer, a thermocouple and an addition funnel
followed by addition of triphenylphosphine (3.2g, 12.1mmol) and (5-cyano-4-
methyl-pyrimidin-2-yl)-carbamic acid ethyl ester (2.0g, 9.65mmol). The
resultant suspension was cooled to about 0-5°C. Diisopropyl
azodicarboxylate (2.55¢g, 11.98mmol) was added via the addition funnel to the
stirred suspension over about 1h, while maintaining the temperature at about
0-5°C. After the addition, the resultant mixture was stirred at ambient
temperature overnight. The reaction was monitored by HPLC.

The reaction mixture was quenched at about 20-30°C with an HCI
solution [prepared from 37% HCI (3.48g, 34.8mmol) and water (14.0g,
777.8mmol)]. The resultant biphasic mixture was cooled to ambient
temperature and allowed to settle. The top organic layer was split off and the

bottom aqueous layer was extracted with toluene (8.71g). The aqueous layer
40
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( 1 .72g). Anhydrous magnesium sulfate (0.7g) was then
added and the resultant suspension was stirred for 5

wWOorR01onexs74 The solid was filtered of f and washeRPCTM$1009/049027

2-met hyl tetrahydrofuran (2.Qg). The water content of
the filtrate was determned to be KF = 0.66% The
filtrate was transferred to a 100n 3- neck fl ask

4] AR o\t bhwbaerﬁtérﬁns&étur@ b¥ BG&H@@ @ﬂ@ ESdlaﬁl%y@ﬂomde
addition funnel followed b

tSPIqBﬁ@.[ﬁfpawsg ﬂwnh@a@i# Oeho %@ Omrn%ﬁvyd Wﬁtﬁr(@oag}aﬁbe 4-
'(Hé%i&é!d Dt{bﬂﬁbtm (@lld)?/ago Mlﬁetﬁ@[mm|Sln@cylg[ﬁﬁhbﬁbtfﬁ/ﬁblﬁbndln 46!

resul’t ant suspensi on was CO0O

tvb- mgmlrcayb@u@ acp etbmlpﬁ%ylwaﬁz@@ra@kﬁdbwyiate (2. 559,
f
iﬂ?trﬁ?e@g&b%@ggﬁ%& 2, )e”rﬁ]a%&g %ﬁéyyér sd#RA%vet Snilyifous

e nalntalnln
tnhagrteeimpesstaiiatt& &.Gg) anddbe s@lvemalasqfenmved oy ratai e\ramratlon

t

S Sk pEB s B R R 2 A R s ropy -
}dﬁﬂfamld’heldreél@desten m xture was quenched at about 20-30

4,00 [prepared from37% HCO (3. 48g,
2 SWMaéI %éﬂﬁ}ﬁé{g ¢*ﬁ ﬂ 0y, 777.8mol)]. The resultant
[STIEHBI 4 MutylA2r[6- (\Aﬂﬁeth?l%l@dld]m4aﬁmtﬂremlamem}evmhiaiir&;-ﬁmd
al | omdI to settle. The top organic |layer was split off

€hot t om aqueous | ayer was extracted wth

t ol uenea (i 80MI3-Bpck Tk, BB -hryre Wﬁmmﬁﬂfyl)qg (®methyl
anbi ent t n’perﬁt ure by addi ti on of Ofgl um h dr oxi de
SRsTdinetryDprepyareaarais ey @stes 4 1-4g
Ws@fveﬁ% AadH gm)d%brr%ltﬁhpﬁl@ﬂon was cooled to about 0-5°C,

ano- 4- net rimdin-2 1msth% erid
RIRar 5 poBRELTRda B (RErarad i NASIRO Bl water
?¥t2§§’}%a%cbdﬁl'eﬁ Byt gbomﬂ‘?f—@d tRld @%M%rﬁfn‘rlktﬁlﬁb Wad stged at OPEe

organi c | ayer was dried over anhy I Ous nagneS|um
her weengdiio@bignidemnperaseievavat 3hadhe eeastiod wap mestitergd by

RYAROT Fhd Af3ultant mixture was concentrated by rotary evaporation at about

20-25°C and the resultant solid was slurried in water (20g), overnight at
ambient temperature. The solid was collected by filtration, washed with water
(20g) and dried in a vacuum oven at about 70-80°C overnight to yield the title
compound.

"H NMR (300MHz, DMSO-ds): 6 8.60 and 8.52 (singlets that coalesce
upon heating to 80°C, 1H), 8.25-8.17 (m, 1H), 3.34-3.24 (m, 2H), 2.70 (bd, J =
11.3Hz, 2H), 2.41 and 2.38 (singlets that coalesce upon heating to 80°C, 3H),
2.10 (s, 3H), 1.77 (bt, J = 10.9Hz, 2H), 1.60-1.46 (m, 4H), 1.20-1.06 (m, 5H)

Elemental Analysis for C45H23Ns x 0.08 H,O: C, 65.56; H, 8.49; N,
25.48; H,0, 0.52. Found: C, 65.30; H, 8.68; N, 25.04; H,0, 0.33.

Example 8: N-(t-Butyloxycarbonyl)guanidine
NH O

X

N
H
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to yield (5-cyano-4-nethyl-pyhmdin-2-yl)-[3-(1
-met hyl - pi peridin-4-yl)-propyl]- carbam c acid ethyl

w@2i1e0027M5: (Cl): mz 346 (Mt+ 1) . STEP B: PCT/US2009/049027

4- Met hyl -2-[3-(1

- met hyl - pi peri di n-4-yl)-propyl am nol-pyri m di ne-5-
carbonithle In a 100m 3-neck fl ask,

(5- CYAn@)O@rrﬂrBIrfé)ék MOHIn Tk Rrad e\d'u)p'pbavﬁﬂa mmméadoﬁrrﬂedl a

] - carbam c aci ethyl ester

A\lzorslﬁ%@n)adﬂﬁ@ndw%ar@cﬁ hhﬁrmmp{emﬂ@fjaskw\eés qr@gggc{\gm
%@leHn‘érWﬂ?&:hfdPi‘ab?QZ treg ai%%mﬁoﬁ%ﬁom% :h%lvl N um

Rydr oxi de sol ution ared from Na 6g) and

watuépn (prepargg)ffonngs. mﬂ@ oMNaCingod 2©m$9 atBhe120ml total).
7R8ULL AN BN, I88 c34b LIRS 3010 Cand DERLHES BB 1R

erature ov eactl on was
rsohitibo oéch@yzo-mzcsngneg omsml; iartt, 4-gioxboe e1 0822g) was added

once ted r ot e tion, at. about 20-
B al ] st ES R P APin Wi e
RBEC NiAGYIid plre @ipTlRit@Nrofen® essattafittbiphEf mixturd duasg the
collected by filtration, washed with water (2Qg)  and

dBp@ei1rf-gioyara agditren! 2R respkaR! WhiteSUSPRISREWAS @tl'{fe(%?}

Yéé%é{httélﬁpéﬂawr@f&%'ﬂseewésh 1H NWR (300MHz, DMBO-d 6)
. 52 (singlets that coal esce upon heatin

t 0 806ﬁ,er qdqblt'loreofzf@ter (290 0Rp) theyrestaphimixtoe wan evaRprated

%%gglog%g Ig;%ogn%r%g?'[ﬁeat | ngpr%d&&%h@rva?h |ﬁ§f};%9|c%aﬁ§ﬁ)nd
B, spral(@nourtt of biscBer-guarpdipe. Thegolids, wae (suppended in 29de-1
B (Bl 4 SIS VR 180 e le gD o
oaiddineH, at 8@ ;foNabab 104 Thel2TspehsRB. was then cooled to about
55-60°C and filtered warm to remove the inorganic salts. Evaporation of the
2-MeTHF yielded a solid. This solid was re-suspended in MTBE (37.00g) and
the resultant suspension was stirred at ambient temperature for ~1h. The
suspension was filtered, and the solid was washed with MTBE (18.5g). The
MTBE treatment was repeated again and the resultant product was air dried
for several hours at ambient temperature. The product - N-(t-
butyloxycarbonyl)-guanidine - was isolated as a solid.

"H NMR (300 MHz, DMSO-ds): 5 6.74 (bs, 4H), 1.34 (s, 9H); MS: (CI)

m/z 160 (M* + 1), 319 (2M" + 1)

Example 9: (5-Cyano-4-methyl-pyrimidin-2-yl)-carbamic acid tert-butyl

ester
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Exanple 8 : N-(t-Butyl oxycarbonyl)quani di neA 1000m
3-neck Morton flask was equi pped with an overhead

w@inea774 a N2 inlet, an addition funnel, and BCT/US2009/049027

t hermocoupl e. The flask was charged wi th guani di ne
hydrochl ori de (22.76g, 235.8mmmopl) followed by 3.96M
NaOH sol ution (prepared from95.0nm of 5M NaCH and
25m of water, 120m totaN. The resultant m xture was

stirred to yield a solutijon and cooled to <2C. A
sol uti on of (Boc)?20 2 189. Ommol ) in 1, 4-di oxane
(103. 2g) was added to flhe sftirred m xture over 50

m nutes whil e nai nt ai n'Nn\%%he tenperature at <8C. A

solid precipitated fromtfie resultant biphasic mxture
during the (Boc)2q / 1, 4;di oxape addition. The

resul tant white suspensi ¥Tred at ice bath
tenperature for about 1.25h| After —addition of water
(200.0Qg) the resultant m xOure was evaporated to

Vi el d\Bespl b COTRLL S0 oL BBCG LG AL ATNEL dipgpt her

W th I norgani c sa
herridoougeaefldx oendefber sal hetdingenantieu Jherfibekl wias chalded

THE (344 00g).. .t h i on. i d heat ed

Vil R e e G Aan R e Xty S fmomn Rl

?ugw@w&é@bnmahm @og| ?ﬂ56mw@b@m_i&eﬁﬁllt@@mmran
re warmito renove, e | Nor gani S S.

B0 e B ey OB b a0 ang hedfediS el sol i o

Waeré onUBe esliRdvérs JWEBvell &7 didS8I)e aMAe tRRItaRSHIXERS as

suspensi on was stirred at anbient tenperature for ~
BHrree s 3§9§b‘éhgﬁlr§nthﬁ/ﬁ§0f‘ﬁ3¢'}t@t%?y ERRIY teyaresfiortawdeld a
Wb edichivids tNMUBRet W Sehter (126.0W Bl ddnfat @B ciM@tion of the

repeated again and the resultant product was air dried

fdgpiredprodyst. ﬁd@r@s'dtanéﬁ%ﬁ%ﬂﬁioﬂéﬂﬁ%‘iﬁﬂiegrf@ﬁ f%@iwﬁm}ct
ggfﬁﬁ%tk?émﬂér%ﬁ}fé?tﬁ@ﬁ’ Aikérbd AHANM HeDSoli WEsheli SRIBLARE isteR
(120.00g) and dried in a vacuum oven at 75-80°C under a N, bleed overnight
to yield the title compound.

"H NMR (300 MHz, CH3CN-d3): 6 8.71 (s, 1H), 8.49 (br s, 1H), 2.57 (s,
3H), 1.50 (s, 9H)

MS: (Cl): m/z 257 (M" + Na)

Elemental Analysis for C11H14N4O32: Calculated: C, 56.40; H, 6.02; N,
23.92. Found: C, 56.46; H, 5.96; N, 23.93

Example 10: 4-Methyl-2-[3-(1-methyl-piperidin-4-yl)-propylamino]-
pyrimidine-5-carbonitrile
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1H NWVR (300 MHz, DVMBO-d6) : 5 6.74 (bs, 4H), 1.34 (s,
9H); Ms: (d) mz 160 (MwM+ + 1) , 319 (2mM+ + 1) Exanple

terf-butyl esterA 250m 3-neck flask was equi pped with
an overhead stirrer, thernocouple, reflux condenser
and heating mantle. The flask was charged with
(E)-2-acetyl-3-dinmethylam no-acrylgntrile (8.93g,
63. 34mmol ), FLtertbutonxycarbonyI- guani dine (1Qg, 6
1.56mol ) and 2-net hyl tetrahy (98.76g). The
resul tant suspensi on was sti rred|and eated to refl ux,
wher eupon the solids were obserwgd di ssol ve. The
resultant mxture was stirred for out 6 hours, then
concentrated by rotary evaporati onﬁ%P yield a solid
which was triturated with water ( .0Qg) to conplete
preci pitation of the ct. The resul tant
suspensi on was stirr m nut es at anbi ent
tenperature, then fi and the wet solid washed
twice with water (120. and dried in a vacuum oven
zﬂTEFsAS((BO@vadeemmh bdn&ﬂmtz Bl ahdthylepiyeredird4
titl ound tl’l;[l t300 MHz, CHSCN—dB) d8.71

O €f> 57 (s, 3H), 1.50 (s, 9H)
MS: ( @IZGOrrmEZIeBﬁ%yéd\ﬂlask v&d&)chﬁk@&ﬁmr&B (ARathgipipdridin-4ght

Fooba el (og baest il metaonayscssy a3k yiapasdgtiran
41mo@ylmagdé’érdrﬂsulfmé mabanua@bh@im resMikant BUSHASRIN WigsL -

rimdine-5-carbonitril eSTEP A
(s. jrred £ $- rﬂlr\%ﬁ%yTheﬁﬂl fimaéﬁwegedﬂfj arpdsw?ghed with 2-
m&hMetaR@efrsh (469! )The water content of the filtrate was
determined to be KF = 0.66%.

The filtrate was transferred to a 500ml 3-neck flask equipped with an

overhead stirrer, a thermocouple, and an addition funnel. Triphenylphosphine
(30.2g, 113.99mmol) was added followed by addition of (5-cyano-4-methyl-
pyrimidin-2-yl)-carbamic acid tert-butyl ester (17.0g, 71.48mmol). The
resultant mixture was stirred until the solids were observed to dissolve. The
resultant solution was cooled to about 0-5°C and diisopropyl azodicarboxylate
(DIAD) (23.91g, 112.33 mmol) was added via the addition funnel to the stirred
solution over ~50 minutes, while maintaining the temperature at about 0-5°C.
After the addition, the resultant mixture was warmed to ambient temperature
and stirred overnight. The reaction was monitored by HPLC. (5-Cyano-4-
methyl-pyrimidin-2-yl)-[3-(1-methyl-piperidin-4-yl)-propyl]-carbamic acid tert-
butyl ester, in the resultant solution was used in the next step without further
isolation and / or purification.

STEP B: 4-Methyl-2-[3-(1-methyl-piperidin-4-yl)-propylamino]-pyrimidine-5-

carbonitrile
The suspension containing (5-cyano-4-methyl-pyrimidin-2-yl)-[3-(1-
methyl-piperidin-4-yl)-propyl]-carbamic acid fert-butyl ester, prepared as in

STEP A above, was quenched at about 20-30°C with HCI solution [prepared
44
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propyli-carbamc acid ferf-butyl ester A 200m
Erl ennmeyer flask was charged with 3-(1

WO pEvigd77pi peri di n-4-yl ) - propan-1-ol (12.75g,PGDUS2009/049027

1Immol) followed by 2-nethyltetrahydrofuran (146.Qg).
Magnesi um sul fate was added and the resultant
suspension was stirred for 5 mnutes. The solid was

friioht 87RHOI (5804, vesdrimal) bhid zvatéfe(ghndgt egERY I Pf wRan

(14.6qg). The wafer content of the | trate

d@%t@? biebpsieMhduRrpvas warseg toghout 5@-@35‘};@ @nq\ﬁm@red for about
Wrﬂﬁﬁf FhE GE- dr@te@tloﬁp\ggé moni&el tfyI Hsikc e@b‘r‘nb@ Ft)r?éjre‘é(bﬁ(gh Wis

overhead stirrer, a ther m)coupl , and an addition

fcammste, wateh@hg wﬁéggﬁechanq the. reguitant BipbesifBiyturgwas
%ggl%g tb QHEW@%P? Qﬂﬁé gh&’gll(%e o settle. The togé)ir%anic layer

cyano- I n- 2- -carbamc

W@fStspHJU@fylanésth@ boi(tqrf?r aggeous I&yemmmi»)tracimie/vmle@duetnant

gé gje was stirred until the_ solids were observed to
i'SS The resultant solution was cool ed to about

0- 50CThe desi'rédsmpdoq:t)(theatiztleaﬁorrmohodyWas eor(t&haAd)n mﬁiﬂq%ous

A e D
rmi ovestieaidregrrehe thempeooable; end@tin alditibn &hrﬁféd(: Wéfére(nm.bge)
t t tyr war ne to ent
B s R A TEDY e Rlh ! BT tph N et e ke
@ﬂlnbloﬂ\méblb)(%‘l@‘l@d -Zwééadde@ﬂ E!)Td4tl hetresulltant soluhtg)n weLrs cololed to
t - rinmdlin me - Pl pe I N -pro
Doy 20 Pt A, produicontanigg aBegae STiBp s acdighivi fre
Sabiibh AhreREvarsed rhifutdde ASoild p?écﬁﬁité’hé& BQM!uranrthé‘ﬁﬂdltlon

i solation and / or purification.
Aﬂ',géfh@yqadc@tlc[nguqqcomplete the suspenswn was stlrred for ~30 minutes

g'gr@g%r} ft‘lfér&?r TIW Rsstitdhwd'sBRY WaBW2RAe @ With WakM&78.0g) and
then dried in a vacuum oven at 70°C overnight to yield the title compound.

"H NMR (300 MHz, DMSO-ds): & 8.60 and 8.52 (singlets that coalesce
upon heating to 80°C, 1H), 8.25-8.17 (m, 1H), 3.32-3.24 (m, 2H), 2.70 (bd, J =
10.9Hz, 2H), 2.41 and 2.38 (singlets that coalesce upon heating to 80°C, 3H),
2.11 (s, 3H), 1.77 (bt, J = 10.8Hz, 2H), 1.58-1.46 (m, 4H), 1.20-1.06 (m, 5H)

MS: (Cl): m/z 274 (M"+1)

Elemental Analysis for C45H23Ns: Calculated: C, 65.90; H, 8.48; N,
25.62. Found: C, 66.00; H, 8.57; N, 25.38.

Example 11: N-(4-Methyl-5-cyano-2-pyrimidinyl)-acetamide

N
A
>\/\|N |
\N)\N)j\
H

A 250ml 3-neck flask was equipped with an overhead stirrer, reflux

condenser, and a thermocouple. The flask was charged with 2-amino-4-

methyl-5-cyanopyrimidine (8.00g, 59.64mmol) and an anhydrous NaOAc
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The suspensi on contai ni ng
(5-cyano-4-net hyl -pyrimdin-2-yl)-[3-(1-

wWoreaibg27pd peri di n-4-yl ) -propyl]-carbam c aci d PCT/US2009/049027
ferf-butyl ester, prepared as in STEP A above, was
guenched at about 20-30 OC with HCI sol ution
[ preparedfrom 37% HCl (15.82g, 158.34mmmol ) and water

I b
(o, olahnanm o fior g et gianeg

KBRPOG.THRS 12apriat Hoe rasiiabisUsBRnY & was Biresbats hexed o
RHERO ?tf"%%fdoéqu BBAGSE wi@H §hs Stht3H tV“ﬁ% @%’r%] é\%g

t he resultant SIC m’'xture was COO I ent
wdrnqjemrae al etaatimy rarateomledissecﬁvexbuotyleéd a‘m{ytlbr)p Toe gesniltant

| | . he b |
5 LBIR VSRl 31 b PP B B A EUSRA T (B 1
(térhgerfataréeo afiordcLsIpemeion. cmamgn@qm Tcrg)tvsra@ @mj@e@@ﬂwe

ch treated a o
DSl SR s lfat Fibie Wk Iebaieatad Dol 1T faoc to
td'!#lﬂ ABEQUIINS!, of @Bﬁe@ﬂhtﬁ@%lﬁér%lli eb@ﬂﬁhbn vs)é@.te?ffec(eb7é3 7080).

and sodi um hydroxid A sol ut| on was
dbgirend@nhpeltian vas p@@ed I\/@@it?@%”@@j)ﬂ%@’a&cﬁﬂj@
HR8uf SHil draBlveSONEE HigicWBRMeePh S RallPattRdidt 178125 Crhe

The product contai ni n%e? gueous sol ution was added via
reultgabsalution wameraledbipR0 " Cawhaienper dhe mixbgeibggan to

%g typ'ﬁo%e%% (Q%?g{i g?%h@%@ﬂg)%@%ﬁﬁ%ﬁ& tﬁé‘?esglt nt

1

o

| ON Was CO e suspensi on was stirre
sgepeﬁsmﬂt\@@s stiee arehgrﬁdualtvrmledﬁhéocvreé@mp@rﬁturweﬁftgbl | d

‘gﬂﬁ in oven arb;'i‘efd 'for(ﬂw?{?‘re%{)g&qoﬁ {X'/gg flﬁérje?%nprﬂhéasohd

vacu 0C over hi
15  ocaspoashed tdide NVIR HeRtheMiAZ ngmm;) énhd thesh @iesi0n anchcBurd2

sin t hat es on heat,i
SveRab 4% oikthighy “trEE PSR Mo and B
Wridkdinyl Ridetardidé L waslisdladddl 4saralikt s that coal esce
upon heating to 8Q0C, 3H),
mp: 195.0-196.0°C
"H NMR (300 MHz, DMSO-ds): & 11.03 (bs, 1H), 8.99 (s, 1H), 2.58 (s,
20 3H), 2.23 (s, 3H); MS: (CI)

m/z 177 (M* + 1), 375 (2M* + Na)

Example 12: 4-Methyl-2-[3-(1-methyl-piperidin-4-yl)-propylamino]-
pyrimidine-5-carbonitrile

\/\/O\l/
H
N N
T
N
NG NF

A 100ml 3-neck flask equipped with a magnetic stir-bar, a

25

thermocouple and an addition funnel was charged with N-(5-cyano-4-methyl-
pyrimidin-2-yl)-acetamide (1.00g, 5.39mmol) followed by EtOAc (9.02g). The

resultant mixture was stirred to yield a solution and then 3-(1-methyl-piperidin-
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2.1 1 (s, 3H, 1.77 (bt, J = 10.8Hz, 2H), 1.58-1 .46
(m 4H), 1.20-1 .06 (m 5H) Ms: (Cl): mz 274 (M+ 1)

wEb@Emeom’ad Anal ysis for G 5H23N5: Cal cul at ed: P@X/US2009/049027

65.90; H, 8.48; N, 25.62. Found: C, 66.00; H, 8.57; N,
25.38. Exanple 11:
L/ - (4- Met hyl - 5- cvano- 2-pyrim di nyl)-acetamde H A

aSQﬁbro%aﬁﬂc& (ﬂ I7@§ k100@Em@eH ivesh et fbné\Ne@bi@a@h of PhsP

stirrer, ref ondenser, and a t her mocoupl

(b850, 1eormal g JRotesAaal ot i, Wes 000160 10 0-8C and
RESPFbpy a%M@Bé’rBMWI@?e%DU@)(@ :Q)@g 1 O §9m%F7W43§ a8y @é‘ng the

anhydrous NaOAc( (0 m xture
lagadion i@@@gvhllgmala@mm yﬂeaaactm@mﬂpwtm@@elow 10°C After

d
150 A3 TP ML ATRUSRERSL 0 ine it Ll fn
demperatiratand $6Ced etZ(EHS‘EﬁJOVQTgIQV\hl ch tine all starting

t |
o b AR ok B TR TR (b
Do eHLIL(. 8Dg))d|1ut<m‘rwéln wiatard15.00@))ffollave sy Ef@As{20029) and
Tal 6 dded to th d th
DA RR0D8R; Titest i WG b bified B TR 108 sede Ay
twasdesioved. abe abufd%(mjugoﬁ? Bgbveas s%&ﬂ)smbel:hlt temipkyature for
| ecte a e resu

Bt iahE mEte e Svdbnd Mgy vs broves, Nifzovenada,
@?@ihﬂhﬁ'ﬂhlcﬂ@-ﬂ-ylplﬂlt[sql Vﬁ?lﬁylllﬁﬁelridﬂrﬁl-lyl)lqlﬁ_éhbyl] acetelmtude) The
al NDSs eri ca a apou ereu
BSOS AY e st S DRGSO AI8 h o M P
hegag) Was §@djéoﬂéﬁd/thew YBAE biphadid)mirilge Wapba8ttsd abdd)

wer e _added and the resultant suspension was stirred

BT 1groycRasiitiop of 651 NeOlHd968am thanpeesusiayer wesgpmoved and
$hd DINATHR!af U AIRRS RIS MdTOHFLB.0b EnPHARPAT RSO,

was filtered and th
(1.09). The pH of the dried 2 MeTHF solution was adjusted to about pH=1 by
dropwise addition of 5-6N HCI/IPA, whereupon the HCI salt of the title
compound precipitated. The solid was filtered, dissolved in EtOH (3.95g) and
the pH was adjusted to about pH=12 using 6N NaOH (4.85g). The solid
which precipitated during the addition was filtered, washed with water
(10.00g) and dried in a vacuum oven at 60-70°C for 5h to yield the title
compound as a solid.

"H NMR (300MHz, DMSO-ds): 6 8.60 and 8.52 (singlets, 1H), 8.25-8.19
(m, 1H), 3.33-3.24 (m, 2H), 2.70 (bd, J = 10.3Hz, 2H), 2.41 and 2.38 (singlets
that coalesce upon heating to 80°C, 3H), 2.11 (s, 3H), 1.77 (bt, J = 10.7Hz,
2H), 1.55-1.46 (m, 4H), 1.20-1.03 (m, 5H)

MS: (Cl): m/z 274 (M"+1)

Example 13: N.N’-Di(benzyloxycarbonyl)quanidine

Q%HH\_{
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was washed twi ce with heptane (27.2g portions) and
then dried in a vacuum oven at 700C overni ght. The

wa paveorohpound - L/ - (4- Met hyl -5-cyano- 2- PCT/US2009/049027

pyhm di nyl ) -acetam de - was isolated as a solid np:
195.0-196.0 0C 1H NMR (300 MHz, DMSO-d 6) : d 11.03
(bs, 1H), 8.99 (s, 1H), 2.58 (s, 3H), 2.23 (s, 3H;

M. (@900 §laddi _I'ne(d\ﬂbaétoilbqu%cisw(tﬂM*mé‘oh‘élﬂ?ca fﬁ’ére 12
4- Met hyl - 2-13- (1- et peridin-4-y rop

(SePlNgG Jarkes- @f@ﬁf‘%ﬁfn?@g aqi@tlsm |1rtﬁ@massch?é ﬂﬁHF (15. 33
&Gy HRPEGaritihg HBI'(@QD%' @2 @2 kol d>ba1fo thd réS\RaAPSaHP Wasand

ddi't f
A5 oysins s a0 Kghand SR odiui hyckoideeleion EKs.
g/%'[m [t t
qoat ur ebl%iﬁ%t#‘ﬁﬁ%@%{%%%%aéﬁegégﬁp | éor%ﬁg bgﬁ%&f%eﬁn
&h(olefmditylﬂipbbdxgj m ﬁﬂmdl))wem sipmy _atideH o@eria 3'6€mur_b@ri8d,
dded t Ph3P 5

o kebaRe MR neabid Baiow d0rGe 1Bt rSalehity in e shidh
b Bbirs %Pé%ber%ﬁ,ﬁ’g begvderach @lce fha ﬁ@)ry (N%s?t@'\ fllgéPe(@]-

was a usi ng the addition funnel

mﬁﬁ%%seildsgvashédw@tﬁ il th-8%ksper at ure bel ow 1(1)C After
t he a?HéWe‘PE IR é‘r@'{‘Fﬁ’érF&?ar%é&ﬁ) tﬁ@%th%BctB} éﬁdz‘gﬁréf]éé@g

war ned I ent terrperat and stirred
awéern(ﬁglﬁ)t kg)‘m@ added! Thatresvltrniglerryes stised tod 3Qtmipotess

%ﬁgﬁflté%td% %g&%@ﬂeéﬁﬁ b} 'r%rr‘%érﬁg i E&?@oﬁ‘%%&é ngér‘?éjd
mamrw(mmrﬁ@g)watérﬁémﬂd@)l T hatwemsalidsrwema:ﬂnaw;jtdgam aride

t1§§ é_rre 3F ﬁ? h%é%a%f 2r \ggﬁg rvg%% d 2} r8'$ulpan? sluﬂy was

stirred for 30 minutes and filtered. The solids were washed with methanol
(7.0 kg) and dried under 29 mm of vacuum at 60-65°C to yield the title
compound.

MS: (Cl): m/z 328 (M" +1)

1H NMR (300 MHz, DMSO-de): 810.89 (s, 1H), 8.69 (s, 2H), 7.36 (s,
10H), 5.11 (s, 4H)

Elemental Analysis for C17H17N3O4: Calculated: C, 62.38; H, 5.23; N,
12.84; Found: C, 62.41; H, 5.29; N, 12.86

Example 14: N-[3-(1-methylpiperidin-4-yl)-propyl]-N,N"-di-cbz-quanidine
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worea1hpo27pyr i m di n- 2-yl ) - N-[ 3- (1- net hyl

lh to yield a m xture (which contained the hydrolysis
product, N-(5-cyano-4-

ropyl]-acetam de). The aqueous | ayer was extracted one
time with EtOAc (9.02g). 2-Methyl-THF (8.60g) was
added and the pH of the bi phasic m xture was adj usted

to about pH=1l 2 by additi 06N NaOH (9.69g). The
90

aqueous | ayer was renoved e 2-Me-THF | ayer was
diluted with 2- MeT-HF (8. 6% And dried with MgS&™4 ( 1
.Qg). The pH of the dried 2-VE\HF sol uti on was

adj usted to about pH=1l by dropw se addition of 5-6N
HCl /1 PA, whereupon the HCl sal¥ of the title conpound
precipitated. The solid was fitered, dissolved in

Et OH (3.95g) and the pH was adj @d to about pH=12
using 6N NaOH (4.85g). The sq|\fd which precipitated
during the addition was filterad, washed with water
(10.0Qg) and dried in a v&uum Hat 60-70 0C for 5h
to yield the title conpoun a solid. 1H NWR
(300MHz, DMSO-d 6) : < 8. and\ 8.52 (singlets, 1H),
8.25-8.19 (m 1H), 8- 3. 2.70 (bd, J =
10.3Hz, 2H), 2.41 gmd{2. 38 (si at coal esce
upon heating to 8 jH), 2.1
= 10. 7Hz, 2H), 1.5 (46 (m 4H) L2041 03(m 5H)
ME: (Cl): mz 274 (N

L/, L/ TeRi ZMle nanpop wasahb eyl J-oednyil-di Hﬁe(A 000@®) end3a(ds

I r ,
rhé}ﬁﬁﬂ.éﬁ? E% ¥prqcoeﬁ13£(r%ls Q&%H K45 %gé“r%pl)on ltﬁ‘gresﬁhgﬁt
cbhtige tvere Bhde'ﬂ—liﬁo(e]:ﬁlaﬁ@ek@ ((bZBjkg;)Lamil te nesui@ht 4l@nd @as

Kk 2. rmI.Totersut

Stred foll A Peler ca%isnRah Sali €8 Pl i oGt sutant
$0lutibh Was tSerbflitdf@d over Celite® and then charged to a 100 L glass-lined
reactor, with 2-methyl-THF (17.52 kg) added. Triphenylphosphine (5.38 kg,
20.29 kg), and N,N-di-Cbz-guanidine (5.77 kg 17.62 mol) were charged

under a nitrogen blanket to the stirring solution. The reactor walls were rinsed

with 2-methyl-THF (2.00 kg). The resultant suspension was cooled to
between about —10 and about 0°C and a solution of diisopropyl
azodicarboxylate (4.41 kg 20.26 mol) and 2-methyl-THF (8.00 kg) was added
while keeping the reaction temperature below 5°C. The resultant solution was
then slowly warmed to about 15-20°C over a 30-minute period.

After reaction completion a pre-made solution of 36.5% hydrochloric
acid (2.61 kg 26.12 mol) and purified water (25.70 kg) was added at a
temperature of about 15-20 °C. Toluene (15.80 kg) was added, the resultant
mixture was then stirred for 15 minutes and settled for 20 minutes. The water
layer was retained and the 2-methyl-THF/toluene layer was discarded. The
resultant mixture was extracted sequentially three times with toluene (35.0

kg), discarding the toluene layer after each extraction.
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100.75 nol). The resultant slurry was cooled to 4-6C
and benzyl chloroformate (13.02 kg, 72.51 nol) was

wabavwhg27atided over a 3. 5-hour period, while keR@i/ngon$net9027

tenperature bel ow 100C. The resultant slurry was
stirred for 2 hours at a tenperature between 5-100C
The slurry was then filtered and the solids washed

W th Thithd &t%té‘cﬁhateﬁbﬁ)d@@i Ia§é’ﬁ |h @we vm @ réeh%} wésaém@

to the 100 L reactor and
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W@‘)”e keReinghe topinedatureheiwe paagect 1éig%0°ﬁ: tThet fesultand L
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f(ﬂsb Dekgy. Thhwetssilidsl sveve e dhmshestuant dvemedtizdool 44-75C to
?e?é %d dri ed unger 29 mm of vacuum at 60-65 0C to
et Hectifle Mo onpound. Ms: (Cl): mz 328 (M + 1)
1H NVR (300 M-z, DVSO-d6) : d10.89 (s, 1H), 8.69 (s,
2H) , IEI enment aI Angl ysi s

12.84p 1@@’1&]‘@50@er %s‘ﬂéloy p’r‘éssﬁrezl%eciﬂr eé%p@@d Fiaapl e 14:
L/-r3-(1- methlplperl in-4-yl)-p yn-

”I'G(Lhﬁmcéli agitgarqerpling d haeting jacked, a_no@qjddw lings watsahgeaed
T LT 0% GO IA BTN 18 g N4> Cymegnoiparin )
Wjom'dié\l,NéélebagtJa@dllnat(Yéﬁ kgei 4 94dedr Tolhedasuians selvian,

. t .
HulhfederMos fien b AR IPACHSEN WD 80 K D abioy
vesdeabadtand sequentlally placed under vacuum, nitrogen and vacuum to

displace any air in the system. The reaction was stirred at 1000 RPM and

300-350 PSI of hydrogen while keeping the temperature below 35°C using
cooling water on the jacket. The reaction ceased to be exothermic after
approximately 1.5 hours and was stirred for an additional hour at 300-350

PSI. The resultant slurry was filtered over Celite® to yield a solution
containing the title compound. The solution was stored at 5°C and used in the

next step without further isolation or purification.

Example 16: 4-Methyl-2-[3-(1-methyl-piperidin-4-yl)-propylamino]-

pyrimidine-5-carbonitrile

NZ
)\
N N
O/\/\H
e

In a 100 L glass-lined reactor, a solution of (E)-2-

[(dimethylamino)methylene]-3-oxobutanenitrile in ethanol/2-propanol (4.48 kg,
32.43 mol in 8.81 kg of ethanol/2-propanol) was added at 20-25°C to a stirring
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solution was then filtered over Celite (r) and then
charged to a 100 L glass-lined reactor, with

wQ@20meobrr4 THE (17.52 kg) added. Thphenyl phosphP@BEUSB0B®19027

kg, 20.29 kg), and L/ L/-di-Cbz-guanidine (5.77 kg
17.62 nol) were charged under a nitrogen bl anket to
the stirring solution. The reactor walls were rinsed

\ybtdﬂoao d[t-a;(}v rﬁé{ﬁyl(@p%rlhlﬂ%l) 1Td'i6p)'il ahﬁmtm%u%@m@ on

was cool e bet ween a bout 00C and a
PHPRATObIP- b KHi 47 R$HMeHHIZ8a 0k @%ﬁ%@i@fﬁaﬁr@pqw')ztﬂh@g
@Qs&@nm‘x}ur@%saﬁe@?écf%lr 1 E'HFatG&IL&Ofdﬂg\)ve%gaﬁ%%ﬂloWQI' le

eepln he reaction tenperature bel ow 5
mégmetqirﬁE) oldirnetblamire)mgtylesiebwtoxopilianeritrieingibanol/2-

FRoRREEo 2149 I S oBRE/@UreALBEEOE! TRl rosutent

ACKidrg @a§$tm@pl am Ctdolmbto) 7&@Ag°(pand fheadoraesem taboidtek g)
dd e of about. 15-20 OC. | uene

17307505k 58 AL ETREEY 1B Buuft Hiedih 8 Pl d 0 (4108

sintirthe dedadion hﬂasme@trte@lsCognmIetg e;:ythl-Hmzc f m{hﬁalah%%c?e? waghe

t an e ne - ol uene

oo b it e ERS4F or B0Sent ian relor BN v RiaiosBnere

%ﬁ@un@tcdnedrr@erﬁbs@iﬁg wads| dis doRtife ot aritBsurifet! Rytér (@@m)@ Ko nal
di scarding the toluene | ayer after ea

@Qﬁ?@\&q ihﬁﬁe%taﬁh@%ﬁﬂﬁ'ﬁet‘éﬂ'cb\mrﬂﬁ% eRAkRd tq %%735 G aq he
%Qﬂe&fdrl%?%hp’f h. ¥iSe Gﬁ&ht%Eﬁ%‘%or(@&%tf%%ﬁher%oﬁ%dﬁsb

and puritied water (48.00 e resul tant
SCCrandraged dbnidd mim. welee saliderdhsoiitesent] washag ditb piudied Bated

10 I I ile k t
% e e ieda et Undkr SEERI OB RS TR PSP
stirredaflon Lngdiuéurnedfréédt@rr &tk sund tivesbegovhd (6.081k f21e4
wat er (29.00 . The wet solids were dried in a

VRRLAe Gkﬁéw%(i 'na%@{ﬁpanel (28.00ckap 8t {0-éP Y-t Hlee resuitant
BITHEH %s cooled to 48-52°C over 30 minutes and then heptane (43.00 kg)
was added to the heavy slurry. The suspension was stirred at 30-35°C for 10-
15 min and then cooled to 0-5°C and aged for 30 minutes. The solid was
filtered, washed with heptane (12.00 kg) and dried at 75-80°C under vacuum
to yield the title compound.

H NMR (300 MHz, DMSO-ds): 5 8.60 and 8.52 (singlets that coalesce
upon heating to 80°C, 1H), 8.25-8.17 (m, 1H), 3.33-3.24 (m, 2H), 2.70 (bd, J =
10.0Hz, 2H), 2.41 and 2.38 (singlets that coalesce upon heating to 80°C, 3H),
2.11 (s, 3H), 1.77 (bt, J = 10.7Hz, 2H), 1.55-1.45 (m, 4H), 1.20-1.06 (m, 5H)

MS: (Cl): m/z 274 (M* + 1)

Elemental Analysis for C45H23Ns: Calculated: C, 65.90; H, 8.48; N,
25.62. Found: C, 66.00; H, 8.80; N, 25.50

In the experimental procedures as described in Example 17 through
Example 31 reactions were typically monitored by a combination of mass
spec and HPLC. HPLC conditions were as follows:

Column: Agilent ZORBAX® Eclipse XDB-C8, 5 um, 4.6x150 mm
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Exanpl e 15:
L/-r3-(L/-nethyl -4-piperidinyl)-1-propyl !l guanidine A

wa194027(60 |liter) Hastell oy pressure reactor BCUIUH®eE049027

with a nmechanical agitator, cooling / heating jacket,
and addition lines was charged with a solution of 95/5
EtOH I PA (27.00 kg) and N-[ 3-(1-nethyl pi pehdi n-4-yl) -
pr opy FlowNiahe: 10t g - guani di ne (7. 28 kg, 14 97 m)l) To
the resul tant solution, under nitrogen,

10% Phiotile ghasageacetonitite kifh 0-0fte TFéaaéldd/i’at%‘é”t&@&5e@TFA

and segagaokd 4‘%' éﬁeﬁﬂrﬁ’tﬁ%@bg%‘Wer"té@@%cé%&fn@ﬁ% W8 ramp
vacuum t o di spl ace any air he system The reaction

waer 8 min,rteen aoldmee"/mﬂt@mﬂllew@ ~vgser Pk ngputegdr ogen
whi | e keeping the tenperature bel ow 35C using cooling
water on the jacket. The reactl on ceased to be

exot her m Examhpler1 hanz jcé i gua;
stirred for an addi ti onal hour _at 300- 350 PSI The
resul tant sl vvasflltered'aér Cel 4 ry toyield
a sol ution c® o, t hdINTt{e caofpo e solution
was stored at\-8S and int ext
further isolation or puriX\ication.\ Exs
4- Met hyl - 2- F3- (1 - net hyl - ® peri di nO4=yl ) - pr opyl ami no1-
pyr i nTdiaet JackatdaaBhtior bquippedwitan bvedh@aérﬁeoneducal

reactor, a solution ofdquv ) - 2-
P('H?M%WOSWM%PM EPIMC BBBeR WP addedithe
uBAaRle/ @d%cﬁhﬂﬁﬂelm {47481 kze m&iés )y RaOM (250 9868235 6le8f and

et hanol / ropanol) was added at 20-25
ge'qnpqeﬁdgajeru(ﬂﬂoh) okhe resultant mixture was agltated unt|I a

IHordodehbdudmiknk \Af]asmb%ﬁé&j' IOIlé @Te%emhﬂi?bdb](g.%q_g'v@dsﬁﬁeﬁ n
(5 28. 35 kg of

et hanol / 2- pr opanol . .
@ddedend thepbiphzgio rn)xturervees m&d terfi°Crasinquare extem ahehitlerd

o7 oo R HStes e B ey ROk RBeA LR e,

inmoles)Hatilizing2a J-Kem dose controller) over a 3-hour period. Cooling was

adjusted to maintain an internal temperature of 0°C during the addition. The
resultant heterogeneous mixture was aged, with agitation, at 0°C for 20 hours.
The resultant mixture was then warmed to room temperature and filtered,
reserving the filter cake. The layers of filtrate were separated, and the
aqueous layer was extracted with methylene chloride (2 x 1.0 L). The organic
layers were combined, washed with water (2.0 L), dried over MgSQO,, and
filtered. The solvent was removed under vacuum to yield a slurry. The solids
were collected by filtration. The filtrate was again concentrated and a second
crop of solids was collected. The two crops plus the filter cake from the initial
filtration of the reaction were combined and dried in a vacuum oven (50°C) for
18 hours to yield a residue.

The residue was added to a 5-liter jacked reactor equipped with an
overhead mechanical stirrer, thermocouple probe, reflux condenser and
dynamic nitrogen line. Methanol (2.0 L) was added and the resultant

heterogeneous mixture was heated to reflux (~65°C) for one hour, then cooled
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propanol (2.02 kg, 14.57 nmol in 3.96 kg of
et hanol / 2- propanol ). The resultant m xture was stirred

wa@edomesied to 70-75 0C and t hen potassi um car POHHS209/049027

(7.50 kg, 54.26 nol) was added. The resultant m xture
was heated to reflux until the reaction was deened
conplete by HPLC. When the reaction was deened

GO FRre tePnpatBRrd asPteoliad werd ¥aRkEtedasy fPIRMEd N flter cake
at nospheric distillation. The heating was di sconti nued

ares Jiediin Pe@cuiem eveq §80°60 fgt hauss tmdeld thgtifeneompound as
éﬁgétélﬂ'q% sSHepension, which was then cooled to 20-25
fred for about 1h. The resul t ant suspensi on
was t F'IenNIR/IE?r (4@M|‘¢Z)®MSO'ECQ) 0-1hE3 dmc, 4gedB.80¢br3021H).n.

washed with purified water
y;fg) g%% \?@'ﬁb M édig 75-80 OC under vacuumto yield
the tmg (elezmsppr@m:i exhtt mask0fdidulgbass-G hneN;0.£3827.02; m/z

the s e compound (6.08 kg, 2 1.4 nol) was
é?%gbgeégiﬁﬁié propanol (30.00 kg) at 70-75 OC. The

resul tant solution was cooled to 48-52C over 30
m nut es and thenhept ane (43 00, kg) was added to the
heavy sl : : A ' 2 3l

for 10- 15 mn andHtjwen cool ed to 0- 50C and aged for
30 m nutes. The soli
hept ane (12.00 kg) an
to yield the title conpouktk<1H NWR—300 MHz, DVMSQd 6)
: 5 8. 60 and 8 52 (singlets t coalesce upon heat i ng

to 8 25-8. 17 1H), 3.33-

2070 B&, 2 jé_g 1 F?Rﬁr @ﬁft'owﬂéSk GSU?PGQ 3*23 @%att”éii fH@ntét ghd
ﬁ%@ﬁnaﬁ%ﬁ@t@ré&@ﬁe b\%@é laG@led &p?ﬁ@ﬁepr@b&nol 72(87l gg;s_;\)%o
e, jacetig agi ﬁ](4@Q_me|§nd(@ % Pd,LQ Q 0277349)( |\}|J,he|.bqtsle was ‘affixed

to a Parr shaker and subjected to an atmosphere of Hzg at 60 psi and 50°C

for ~7 hours. After hydrogen uptake slowed drastically, the resultant mixture
was left under an atmosphere of 60 psi Hy) with shaking for an additional 17
h. The bottle was cooled to room temperature and removed. A 37%
formaldehyde solution was added (43.8 mL solution, 0.583 mmol) and the
resultant mixture was returned to the Parr shaker and subjected to an
atomosphere of Hyg) at 60 psi, room temperature for ~1 hour. The resultant
mixture was filtered to remove palladium and then concentrated. The
concentrate was taken up in water (300 mL) and the pH was adjusted to
pH>12 with 50% NaOH solution. The aqueous layer was then extracted with
ethyl acetate (3X 350 mL). The combined organic layers were washed with
brine, dried with magnesium sulfate, filtered, and concentrated to yield an oil.
The oil was taken up in methanol (450 mL) and then K,CO3; was added
(30 g, 217 mmol). The resultant mixture was stirred for 3 h under Nyg). The
resultant mixture was then filtered, concentrated and partitioned between
water (350 mL) and ethyl acetate (350 mL). The aqueous layer was extracted

twice more with ethyl acetate and the organic layers were combined, washed
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wQ@20180027M t he experi nent al

El emental Analysis for G 5H23N5: Cal cul ated: C,
65.90; H, 8.48; N, 25.62. Found: C, 66.00; H, 8.80; N,

Exanpl e 17 through Exanple 3 1 reactions were

typically nonitored by a conbination of mass spec and
HPLC. HPLC conditions were as follows: Colum: Agilent

LEARBANE! dré%ﬁtvltlﬁ’ﬁfég?@ﬁu@%ulfﬁte"fﬂﬂteréd BankbEb Bt kyigld 1

nL/m n Mobile phases: acetonitrile with 0.05% TFA and

Wag Bife GRrepOUndEsaMTEA Gr adi ent: 1% acet oni t hl e/ 99%

wat er 1 ARG % r. & e

t hen hlgmlglato(%%}g%eét%ur:ne)t%l 66}31‘@ vvateglﬁ.?féglr() 38}%}1%?@

RkBnpPe (4 BH)L1.80/1, JBi ’(b%llﬂzyﬁd)cyio@ borym) gbixri.al-ne4Ton, a
}_b 4%5 ?2e react or equi pped with an overhead

mechdni ca tiTrer, thernocouple probe and dynam c

ni t r og@t(elleatrespmy)s eadctedaﬁstmalcgﬂﬂad @ rre HipND , a1 1y, e (

éf q g [&la nol es), NaCH (250 g, 6.26 noles) and
YT 98d (1.3 L). The resultant mixture was

agi tat ed until a hormgeneous m xture was obtai ned.

ch| I I er. To the re}snul tantCtm xture was then added
benzyl chl orof or mat e\\( 6 .6 g, 3.76 noles) (utilizing

a J- Kem dose control

was adj ust ed t &baai-NHai n
00C during the addition. The | t anty-het er ogeneous
m xture was aged, with agitation, 0C for 20 hours.
The resultant m xture was then warned to room

t enpeil atad(el @oiefedireactedequigser witmgn bierhéad mechaska.

E'ﬂﬁe#, %’e‘?r(n%c&ﬁple iplrotbreagn% d\ﬁ%ﬁtié ﬁlPr%gr]t ﬁrge wil gdd&? anhydrous

THF (14.25 liters). The stirring was set at 80 rpom and Polymer Labs (Varian)

over a 3-hour period. Cooling
' t enper ature of

PL-TPP resin (1.0 Kg, 1.48 moles) was added (one portion) followed by
addition of N,N-di-cbz-guanidine (323.3 g, 0.987 moles) (one portion). 3-(1-
Methyl-piperidin-4-yl)-propan-1-ol (155.3 g, 0.987 moles) dissolved in THF
(500 mL) was then added to the resultant mixture via cannula transfer. The
cannula, reactor sides and impeller shaft were all washed with THF (2.0 liters)
and the wash solvent added to the reactor. The stirring was increased to 140
rpm and the resultant mixture cooled to an internal temperature of 10°C.
DIAD (299.4 g, 1.48 moles) was added via a slow addition (utilizing a J-Kem
dose controller) over 1.5 hours, with the cooling was adjusted to maintain an
internal temperature below 12°C. Once the addition was complete, the
resultant mixture was slowly warmed to 28°C over a 1.5-hour period. The
reactor was drained and rinsed with toluene. The wash toluene was added to
the reaction mixture. The resin was removed by filtration and the filter cake
was washed with toluene (2 x the volume of the filter cake). The solvents
were removed under reduced pressure to yield a residue.

The residue was partitioned between 0.5 M HCI (2.0 L) and ethyl

acetate (2.0 L). The layers were separated and the aqueous layer was
54
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aqueous | ayer was extracted with nmethylene chloride (2

x 1.0 L). The organic |layers were conbi ned, washed
wowaih/oewarer (2.0 L), dried over MgSO, and fi | PEr/E82009/049027

The sol vent was renoved under vacuumto yield a

slurry. The solids were collected by filtration. The

filtrate was again concentrated and a second crop of

$R|ustsl tdH < bvﬂﬁ&r@slowfa@dtt% o%@lﬁ)SN GG, thR dddid er

cake fromthe initial filtration of e reaction were
%%@%‘éy@ﬁﬂaﬁjﬂt@&tq(hw'ﬂ“ oyl aaetde 4 X(‘EQ)bb) Thepprogmic layers

R %ohﬁm)ékiebr‘i“’eoao\feﬁ)lgj@& filté}ed raﬁé 'c@H@eﬁ’ﬁPa‘%ecP&'r‘?&é?' rédhc%d

5-1Titer Jacke react or equip an overh
PERISArR toafield @i slyrer ( Otﬂwbpﬁ@mf@ﬂeéatprr@mémlr\géf Hantane (1.5L)

5 \A%lsgalsédagg%ggo g%gslerygéna thetobli ?%uitbr'é%aé\’?ﬁdﬂx?é&‘}l) stifalob

resul tant eter ogeneous m Xt ure was
Heraperature forelf hau. The50)idS wereghen holiﬁcted tyefiltratha. ethedfilter

h i L

FARY aBPRRG F b o T PR R Aol B SE VRN oven
(compotnd Biorm sdldhours to yiel d the title conpound as a
00 5t ThR Py ST 408 nebou WP elpgosm s qapéin gy

10 %arg® aﬁﬁ)unﬂbﬁthb@eé@écﬁﬁﬁoﬂ@@tp rmﬂa of méaééermsrg@alcqwm @re
for G 7H 7TN3OX4, 2: mz found, 328

e arg CO@@%&”@%%@ FR/Y'B';SH PRI PN T@Byﬁﬁldﬁaﬁ weaﬁa&t't'enedro
%eamee'ir +HORRHCI (%Lp&h& loRiheqa00 ﬁﬁ?@nWatHét&ogé?édu@»g

mant | e, and i nternal nmper at ure proevverea

ﬂ'h@"fq W?ﬁ @BWH (ﬂfte(r 'PQe @PU@WXHED thanen! '}j wagcellpeted bivd
(flﬂr%Qiom The fiftftk $9% Sligte@]é?w /fBe %ue&ﬁ’ﬁa?&l\g%ﬁréﬁéd as

fixed to a Parr

15 aietﬁﬂggraépée tﬁylﬂg(@ecaﬂd 6o>pgy‘|th%1hébee0t elopund-
'H -NMR: (400MHz, CDCls) 8, 9.45 (br s, 1H), 9.28 (br s, 1H), 7.41-
7.28 (m, 10H), 5.23 (s, 2H), 5.14 (s, 2H), 3.96-3.93 (m, 2H), 2.75-2.72 (m,
2H), 2.21 (s, 3H), 1.79 (t, J = 11.3 Hz, 2H), 1.60-1.54 (m, 4H), 1.18-1.13 (m,
5H)
20 MS (electrospray): exact mass calculated for CysH34N4O4, 466.26; m/z
found, 467.3 [M+H]"

Example 20: N-[3-(1-methyl-piperidin-4-yl)-propyl]-quanidine

HN
>—NH
H,N
N_
25 To a 1-L round bottom flask were added N-[3-(1-methyl-piperidin-4-yl)-

propyl]-N,N’-di-cbz-guanidine (140.6 g, 0.301 moles) and ethanol (500 mL,
200 proof). The flask was equipped with a heating mantle and warmed to
50°C. Once a yellow homogeneous solution was obtained, the heating
mantle was exchanged for an ice bath and the mixture cooled to an internal

30 temperature of 10°C. The resultant cold mixture was transferred to a 2.25 liter
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waeimosmies e of 60 psi

for ~7 hours. After hydrogen uptake sl owed
drastically, the resultant m xture was | eft under an

additional 17 h. The bottle was cooled to room
tenperature and renoved. A 37% formal dehyde sol ution
was added (43.8 m. solution, 0.583 mmol) and the

'F%‘ﬁMH)dtﬂ’é‘bqlﬁTbﬁfédJ\Vvﬁh \éﬂﬁemﬁk@uﬂ@gﬂé& Lhe 16% Pd SR adRboR 1D
AeCt ed to an atonpsphere o psSI room

wéntsdimenst ortigh. Tha bAGR Mamqlaw@rg@swrth o (5 RBDr Enuar
okl 8ld R oF TR E PRk AR RBES fohaB rhippesNhEA! o

The concentrate was taken up in water (300 nmL) and the

FMaQuaic dpwsessdrizesd Witk HaovPBY RSB aos! REOMPS ts1 shakerior ahe
I

G ST At G L AL e SR

wigshet mithethahol 90wk ROPragpedsi Tthe manaweﬁ rémpyest entler

%‘P&Sﬁﬁ{gﬁﬂ%@%%bﬁ%m il an oil. The oil was taken up

in_ e and t hen K2CO was added (30 g, 2
17 i }NMR) ¢4000He, the®DNS, X3 14 @, Way . tHEzr 2ie)yl 2(89-2.82 im,

ficeab sy 2R St dneaTuee s e T g8 g
Ansh-e by, geigt at e (350 nL). The aqueous | ayer was
extracted twce nore with ethyl acetate and the

or ganM> (Bl8FEPEPTRXY: @@&hmaﬁ%aa'%@?ﬁe’amoh'z% ?@ 18m/gd

Whirfy, Fegnemi+wp sul fate, filtered, and concentrated to
yield the title compound as an 0|I 1H -NVR  (400VHz,
cbal3) d, 3.63 (t, J = 6.6 Hz, 2H), 2.85-2.82 (m 2H),

2.25 , 3H), 1. = p 1.69-1 .67
(m 2I(—|)S, 1%1_1%&%Iaﬂ.3é%%g£ﬁ_on%me(m 5H) VB

(el ectrospray): exact nmasy cal cul ated for CO9H 9NO,
157.15; mz found, 158.1 [|MtH| EN

(E+Z)-3-amino-2-butenenitrile (115 g, 1.41 mol) was stirred in 2.0 M
HCI (1.15 L) at room temperature for two hours. The resultant mixture was
extracted with ethyl acetate (2 X 1.15 L), the organic layers were combined,
and the solvent removed under vacuum yielding the title compound as an oil.
"H -NMR: (400MHz, CDCl3) 8, 3.47 (s, 2H), 2.36 (s, 3H)

Example 22: (E)-2-[(dimethylamino)-methylene]-3-oxobutanenitrile
O

CN

N(CHa),
3-Oxo-butyronitrile(113 g, 1.36 mol) and DMF<DMA (215 g, 1.81 mol)
were heated to 80°C for two hours. The solvents were then removed under
vacuum to yield a solid. The solid was partitioned between ethyl acetate
(1.5L) and saturated sodium bicarbonate solution (1L). The layers were

separated and the aqueous layer was extracted with ethyl acetate (1.5L). The
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Exanpl e 19:
L/-r3-(1-nethyl -piperidin-4-yl)-propyn-L/,L/"-di-cbz-q

wa@ampdiated To a 20-L jacketed reactor equi pped RET/HS2009/049027

over head nechani cal stirrer, thernocouple probe and

dynam c nitrogen |line was added anhydrous THF (14.25

liters). The stirring was set at 80 rpm and Pol yner

bgg?diu({ \69&isaiare Bbm_l_)ﬁ%dreﬁféi' tAe (%oﬂ/entorem)veé uﬂ§erm§c@§|)n t8gfeld
ded (one portion) followed by addition of

the tifle exspPeHndASH felid 323. 3 g, 0.987 nol es) (one

porti an)nm

( 155. grq]g, %S@Wﬁ @%C@ sso%dj%% “421’&]'4!-%&2 ggg%rr%g @V\lg’SH)
tZ#h(sadded to the resultant mxture via cannul a
transfer. The cannula, reactor sides and inpeller
shaft were all washed with THF (2.0 liters) and the
wash sol ventExehoigld 230 2tdoetylehethoxy-atinglositrite | Nng was
increased to 140 rpm ang\ the resultant m xture cool ed
to an internal tenperatyre of 100C. DI AD (299.4 g,
1.48 nol es) was added vj Now addition (utilizing a
J- Kem dose controller 1.5 hours, with the

cool i ng was adj usted to majintain an internal
tenperature bel ow 12C. Once dition was conpl ete,
the resultant m xture was sl gvvarmedto 28C over a

1. 5- h8uPxplutyrenitrigHd. 9&@&1@9(9@009 HieHiviesiotorerate (1§&0mL,
Wolmhe) uSH@ aceﬂ?:eaﬁ?ﬁﬁpde gj YEe ZWnﬁ) gR/\%frHeQ to about

reactlo m xture n wWas reno I'tration
&6(—:{1 tORe fori atioait 1 takies, wagr Wikisin éohewa l.dh;tltlaie u@ﬁe:o(lectgd Bhe

he fi| | d
KfRefBRciflen fobiingt b SRR mikiGe 101 st hicd. PERES.
use pded Sndn prodiatefmads T res “s'tgaé'}a!;ff‘)é O T and
t at .
T3 wespes Winnktnes Javigls Bhtus §RPPHT rSaSeldy
addi t fiemak: sald MHNacHOs,) 8T®e1g@sw? 2080 bayes, MRS

extracted wth ethyl acetate ( The organic

2adfels 3H), 1.46 (t, J = 7.1 Hz, 3

Example 24: 4-Methyl-2-[3-(1-methyl-piperidin-4-yl)-propylamino]-
pyrimidine-5-carbonitrile

CN
N
NYN

HN
j\/(]\l/

To a 5-L round-bottom flask equipped with overhead mechanical

stirrer, nitrogen inlet, and thermocouple probe were added 2-acetyl-3-

dimethylamino-acrylonitrile (103.65 g, 0.75 mol), anhydrous potassium

carbonate (powdered, not granular) (165.85 g, 1.2 mol), and N-[3-(1-methyl-

piperidin-4-yl)-propyl]-guanidine (119.02 g, 0.60 mol) in ethanol (2.125 L).
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were conbi ned, dried over MgSOH4, filtered and
concentrated under reduced pressure to yield a slurry

W@ 2008027706f et hyl acetate remaining). Heptane BCIUSEH09049027

was added to the slurry and the resultant m xture was
allowed to stir at roomtenperature for 1 hour. The
solids were then collected by filtration. The filter

%beewfandm.ﬂ&elwa%é@@&%ﬂuﬁwnﬁ 5@@ ah@helkPioPoyhs TihHe
eld the title conpound as a solid he organic

|r@§Pét|a§t MpHe RS taop GencRsirlin ard berrgsient PebiRrifioged
RE PSR Hcelte H“§ RELL ﬁWNQ(g@lﬁg% L). BeHeafd

reserved ort?]anl c layers were I ned and concentrat ed
tsepgiatacang thegidyaeus hﬁM%r was extiastedhwithaddifienad eyl acetate

Stwee) 1k Mhhed 3 n[@-l)ay 8¢ obY tr%é@i% d #Haditd
Bt e AR rERdag i

et erogeneous m xt ur obt al he our
eoripagnd ehe o6t d was coI l ected by fil tratl on. The

tr car o MR ERTEARRTLS &7 pATH R hud S Bt o

tchelettd If speape lsshseiidd-iNEIRISQ 4000612C, TDCBIB-3136 Im42H),

o3y 24 785, 75k g Siltond st ooy f Bocigiie

(dﬂi\ser%bbim @N%b 68100344, 3%@ 2’94((2 3H), 2.0811.83 tha, 21 1.76-1.67
Hi?‘ m 5H) M5
(('é‘l 8'6'@ r%@%ﬂ %’3@)("“ é écﬁ 3%5@ (Ehl | ated for C26H3 N4AOA4,

466 2R1s (f@ie?ctr%gblrrési) &Gkt %aé%ﬁﬂsma@eaapt}%%% 273.20; m/z
L/-r3- %1 met hyl - pi peri di n-4-yl)-propyl |- guani dine To a

found; giithd (Mg bm fl ask were added
L/-[3-(1-nethyl-piperidin-4-yl)- propyl]- L/

L/ -di-cbz- guani dine (140.6 g, 0.301 noles) and et hanol
( 50&Example 25: 4-Methyl-2-[3-(1-methyl-piperidin-4-yl)-propylamino]-

pyrimidine-5-carbonitrile

|
N
NP -
H

A flask containing sodium ethoxide (0.64 mL of a 21 wt% solution in

ethanol, 1.7 mmol) and N-[3-(1-methyl-piperidin-4-yl)-propyl]-guanidinesHCI
(200 mg, 0.85 mmol) in ethanol (2.45 mL) was aged for 15 minutes at room
temperature. To the resultant mixture was then added 2-acetyl-3-ethoxy-
acrylonitrile (148 mg, 1.06 mmol). The resultant mixture was warmed to 80°C
for 5 h, then cooled to room temperature and concentrated. The resultant
residue was partitioned between 1 N NaOH and dichloromethane. After
separation of the layers, the aqueous layer was extracted with additional
dichloromethane (2x). The combined organic layers were dried over MgSQOy,

filtered, and concentrated to yield the title compound as a solid.

Example 26: N,N',N”-tri-Boc-guanidine
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WG 2010002 Wwas obt ai ned,

200 proof). The flask was equi pped with a heating
mantl e and warnmed to 500C. Once a yel |l ow honbgeneous

exchanged for an ice bath and the m xture cooled to an
internal tenperature of 100C. The resultant cold

m xture was transferred to a 2.25 literParr bottle
equi pped with a thernocoupl goprobe, and 10% Pd on
Carbon ( 10 wt. % in one pdrtion. The bottle was
charged with H2(9) (60 psi)N The Parr bottle was kept

pressurized with hydpaogen gds fo 5 mnutes, then
evacuat ed, re-pressuPi%géd\jﬁut\m‘FB?%) (60 psi) and

all oned to shake for an additipnal hour. The catal yst
was renoy, b iltratio ap:; and shed w t

ot handP A3 &noeh Frbird SR Teke Bap R R0 Reiiton
ypgerg, ProSSShislR Na;oyi3%.64tghe.05igtrh@) SedDMSO! (50LAL. NIvis
UG Sy 8% eGed g joomblemperatgor iopieh glanoie o7
roéhloridd (9891 0.082 rhdT) wasthdddd. 3Aftdr ar?&iditibnabsimiVii-t-

&g ectrospray); exact mass cal cul ated for_C OH2 N4,
yldigarbpnate (oL@, 0-2g9nal) preapdeEaaapnelt oThe resultant

ik s RHE Walnbd td A& h, Th ltant mixt
T HE MERTES I AP Conladhclior 65 ny Jhe reguitapt mixtyre s
sobledéal 101C 2nd pMuid@lintp 02C.wakters(1L0 L)at Theoesultatrpeaciitate
for t hours., The resul.tant mxture was extract
s PO B Burel P opg Bty By thithio afstoh i Bto mo)
wWe el chNiNTad,Boanglahhting ol vent renoved under vacuum
yielding the title conmpound as an_ail.

H *NMR: (400MHz, €DCl3) 5, 1.51 (s, 27Hz).

MS (electrospray): exact mass calculated for C,6H29N3O0s, 359.21; m/z

found, 360.2 [M+H]+

Example 27: N-[3-(1-methylpiperidin-4-yl)-propyl]-N,N’,N"-tri-Boc-

guanidine
Boc

|
Boc\N)\N,Boc
H

“CH,

To a 100mL, 3-neck, round bottom flask were added 3-(1-methyl-
piperidin-4-yl)-propan-1-ol (1.91 g, 0.012 mol), Polymer Labs (Varian) PL-TPP
resin (9.83g, 0.014 mol), N,N’,N”-tri-Boc-guanidine (4.36 g, 0.012 mol) and
THF (anhydrous, 100 mL). The resultant mixture was stirred and cooled to
2°C, at which time DEAD (2.53 g, 0.014 mol) was added drop wise over 10
min. Upon completion of addition, the flask was warmed to room
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1H -NVR (400MHz, CDCI3) d, 3.47 (s, 2H), 2.36 (s, 3H
Exanpl e 22:

w@ E)10@027(4i met hyl ami no) - met hyl enel- 3- oxobut anePCT/D51089/049027

3-Oxo-butyronitrile(l 13 g, 1.36 nol) and DMFOVA (21 5
g, 1.81 nol) were heated to 800C for two hours. The
sol vents were then renoved under vacuumto yield a

sahp&tauw agel foel4 W%ﬁ]dﬁﬁ’tb?édtb@@ﬁl@v@ ﬂ{emgm tfHuhM'ox@%etﬁhbe

and saturated sodi um bi carbonate sol uti on

(Iﬁ§ultamh@lﬂeaw rnsgpemathsBpfa k2t @) and h@wén%&&éaégnu)a;}r@ﬁ
Wﬁ%@%@%@ﬁb.md 'éxﬁfé(%bl m%faﬁtrstee abuedls Naﬁb@g éﬁ qMpisC

a ers were conbi ned he sol vent renoved

\mic)u@mﬁd oveyiaahydron® MgStQ4eflthﬁﬁ@@ndl gomgengatas |Tche repultant

é% (\859%@%"9 _ ?lgthggﬂ)? (2%%?%0%_%’50 o tehperattife-and

Jilteredt Whefiilteath @mmoc%tmd fol Yigld - -athytpiperidin-4-g1)-

) et hyl ort hoformate (15.0 m _,
&30@11] @O l|O|crn)anhydr| de (0.3 m_, 2.7 nmmol)
wer e %ammﬂa (@MﬁutC%lg)]B 19®4f (ors, AbYLB.73 (thoers] Hay2H),

R 2By 421N B ARR FREFbE e Sk PERTH
e EUBY Y, Q7H;1e|><§pq33|8v(m gHadded and a preci pitat e
formed. The resultant m xture was ltered and t

sol i dMSyelacigsiayh erachmaess C@'@U'ﬂ%’l far EriblNaPps e498 S4; miz

Q@{ﬂﬂpug§43ﬁ|+&|]$0|ld 1H NVR (400 MHz, CDCI3) d, 8.01
J = 7.3 H, 2H), 2.39 (s, 3H), 1.46

(t, J :71 Hz 3H) Exarr‘ple 24. 4l\/bthy| 2-F3-(1

- met hy| . : .

pyri

equi pped Wi t h over head/ﬁkhani cal

HN NH,

=1-propyl]guanidine
' i [ ask

“CHs

To a 200 mL round bottom flask were added N-[3-(1-methylpiperidin-4-
yh)-propyl]-N,N’,N-tri-Boc-guanidine prepared as in Example 27 above (3.20
g, 0.0064 mol) and 1,4-dioxane (anhydrous, 50 mL). To the resultant stirred
solution was added 4.0 M HCl in 1,4-dioxanes (6.42 mL, 0.026 mol) drop wise
over 2.0 min. The resultant mixture was then warmed to 75°C, aged for 3 h
then cooled to 0°C. A precipitate was formed. The bulk solvent was
decanted and the solids were dried under vacuum for 12 h to yield N-[3-(N-
methyl-4-piperidinyl)-1-propyl]guanidine, as its corresponding HCI salt.

'H -NMR: (400MHz, MeOD) 8, 3.14 (t, J = 7.1 Hz, 2H), 2.89-2.82 (m,
2H), 2.25 (s, 3H), 2.03-1.93 (m, 2H), 1.77-1.67 (m, 2H), 1.64-1.55 (m, 2H),
1.34-1.20 (m, 5H)
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stirrer, nitrogen inlet, and thernocoupl e probe were
added 2-acetyl -3- dinethylam no-acrylonitrile (103.65

W@?2010/0057401 ), anhydrous potassi um car bonat e (POMAIS20621049027

not granular) (165.85 g, 1.2 nol), and
L/-[3-(1-nethyl pi peridin- 4-yl)-propyl]-guanidine ( 1
19.02 g, 0.60 nol) in ethanol (2.125 L).The resultant
m Xt URRs cwctr%@tawi éxact Mbks¥amlibldsb C[oH%ﬁmB eldz
for 24 The resultant mi xture was then concentration
éﬂd“kﬁ@gﬂéﬁﬂfﬂhnt residue partitioned between ethyl
acetate (1 .5 L) and 1 NNaOH ( 1 .5 L). The | ayers

wer e separat ed and the aqueous Iayer was extracted
wi t h Exampleas -t (AN ety 2 v1)4propy-N. Nihdi-Boc-

conbi ned orgam c layehst irs mg trat ed to yield the
title conpound as a (400VHz, MeCD) d,
8.46 and 8.37 (two sﬁ@@lxets that coal esce if spectrum
IS observed in DI\/BO at 1 OC 1H), 3.43-3.36 (m 2H),
2.88-2.81 (m 2H), 3 iy singl ets that

coal esce if spect r%ﬁﬁm obsSr/ve in DMSO at 100 0C,
3H), 2.24 (2, 3H), 2.03-1 .93 (m 2H), 1.76-1 .67 (m
2H), 1.66-1 .56 (m 2H)3 1.36-1 . 16 (m 5H M

(el ectrospray): exact masp cal culated for G 5H23N5,
273.20; mz found, 274.1 Exanpl e 25:

4- Met hyl -2-F3- (1 -rmet hyl - pi n-4-yl)-propyl am nol-
pvrim di ne-5-carbonitrile A{flask containing sodi um
ethoxide (0.64 nL of a 2 1 ol\@|.i|30n i n ethanol,
1.7 mol ) and

L/-[ 3T()]}2ﬁemhybumﬂ pattand flaskawgre)adoied By( 1} mgiahpipemen4at )-

e | ( for
pEtRTpL0 20 A biehdthPec e iwitubiRediat d
m.omurreoh)va@nsr(enza;mmmz racigand TBFdahopdyaus, BloomiL).r Thee
resultant, stirred stirring solution was cooled to 2.0°C. To the resultant
solution was then added DEAD (0.27 mL, 0.0016 mol) drop wise. The

reaction was aged cold for 30 min, warmed to room temperature and aged for

14 h. The THF was removed via rotovap and the residue taken up in MTBE
(10 mL). The resultant solution was extracted with saturated aqueous
NaHCOs; (2 x 10 mL) and diluted with hexanes (20 mL). After 10 min, the
resultant slurry was filtered and the filtrate concentrated via rotovap. The
residue was taken up in hexanes (25 mL) and filtered after 10 min. The
filtrate was concentrated to yield N-[3-(1-methylpiperidin-4-yl)-propyl]-N,N"-di-
Boc-methylisothiourea.

"H -NMR: (400MHz, CDCl3) 8, 3.50-3.43 (m, 2H), 2.87-2.79 (m, 2H),
2.40 (s, 3H), 2.24 (s, 3H), 1.86 (t, J = 10.9 Hz, 2H), 1.72-1.60 (m, 4H), 1.53-
1.45 (m, 18H), 1.28-1.20 (m, 5H).

MS (electrospray): exact mass calculated for C,;H30N304S, 429.27;
m/z found, 430.2 [M+H]+

Example 30: N-[3-(1-methylpiperidin-4-yl)-propyl]-N,N"-di-Boc-guanidine
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(148 ng, 1.06 nmol ). The resultant m xture was war nmed
to 800C for 5 h, then cooled to roomtenperature and

w@oneeimrat ed. The resul tant residue was part i RCDOIS09/049027

between 1 N NaOH and di chl oronmet hane. After separation
of the layers, the aqueous |ayer was extracted with
addi tional dichloronethane (2x). The conbi ned organic
| ayers were dried ov@BocMySO4, filtered, and
concentrated to yield theNtitle conpound as a solid.
Exanpl e 26: L/, L/, L -t - Boc- quani di neH H To a 300

m , 3-neck, round k were added powdered
KOH (2.94 g, 0.052 nol)], Na (5.54 g, 0.052 nol)
and DVSO (50 ml ). The esultant slurry was aged at

roomtenperature for 5 m guani di ne
hydrochloride (5.0 g, 0.062 nmp|) was added. After an
additional 5 mn, di-tbuty onate (51 .4 g, 0.23
nol) was added as a nelt. ultant m xture was
war med to 400C and aged for NJhe resul tant

m xture was cool ed to 100C and pour into 00C water (
1.0 fpash@Lies Bé’tfbtm ﬂéﬁ@\h@r‘etai‘!d‘éd\o\@% COMER iRsErh-4-
f||trat|on and purified by hot trituration in

a(aé}r@wI}MI\é-d( gggmﬁthgllsp@@qr@a grepared as in Example 29 above
llfé gﬂob’oﬁ;%y %@ ?CM N, i FhethVR1 ((AREMERe (Flthaht

ectrospray): exact nass
ceikiog weedgedwitiTisérpgNIRSEh. 369 solyent wasrermmyed viagevap
[t(ﬁr’g’é?g E’ﬁarg?( o ﬁ)?N [}h;l/( Eﬁertéégilpﬂidin-4-y|)-propy|]-N,N'—di-Boc-
lgUanl,din,eLdnd-ltI{IB { Ione o -l peredimd - &-piq@itgyarddineck, round
bottom fl ask were added 3-(1-nethyl pi peridin-
4-yl)-propan-1-ol ( 1 .91 g, 0.012 nol), Polynmer Labs
(Biearnple)3 1PIN-[BRR -methylpiperidin-4-yl)-propyl]-N.N’-di-Boc-quanidine

N/Boc

I
)\N/Boc

H

HN

“CHs

To a 25 mL round bottom flask were added 3-(1-methyl-piperidin-4-yl)-
propylamine, 1,3-di-Boc-2-methylisothiourea and methanol (10 mL). The
resultant mixture was aged at room temperature for 2.0 h, then heated to
reflux, at which temperature ~90% of the solvent was removed by distillation.
The resultant residue was cooled to room temperature and partitioned
between 1 N NaOH (20 mL) and ethyl acetate (20 mL). The layers were
separated and the aqueous layer was extracted with ethyl acetate (1 x 20
mL). All organic layers were combined, dried over anhydrous MgSOQOy, filtered
and concentrated to yield N-[3-(1-methylpiperidin-4-yl)-propyl]-N,N"-di-Boc-

guanidine (0.80 g, 106%).
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resin (9.83g, 0.014 nol), L/ L/',L/"-tri-Boc-guanidi ne
(4.36 g, 0.012 nol) and THF (anhydrous, 100 ni). The

WO 2®0l02ant m xture was stirred and cool ed to 2BUT/HS2009/049027
which tinme DEAD (2.53 g, 0.01 4 nol) was added drop
wi se over 10 m n. Upon conpletion of addition, the
flask was warnmed to roontenpertaure, aged for 4 h and

filtengdyiR: (KITWEZ, IAISCELES 1A PO HIX8 92 (br§NeH), 3.39 (dt, J
resul tant cake was rinsed with THF (25 ni and

relR-Qa, ¢ 66 2B, AH), )2.89FRS2(in. RHAtZ24 (geBH).codb(tnéd,10.9

t W | NaHCg 3 (2 x 25 m ),
ﬁ%lt’ggﬁ’oﬁg}Wftr?hnfi?gﬂg’af@%&)?@u@?l%?&r ed and concentr at ed.
The r ¥Su(clentrospres): cerachuass calculptedddr CaHROLOet 308RY; m/z
?gﬁ%?éﬂgﬂqqggd to roomtenperature and filtered. The

I rate S Co

ncentrated to yield
L/ -[3-(1-net hyl pi pehdi n-4-yl)- propyl]- L/

10, 64 i B oo bt fiaiop e g At o e e
(imaen@d, with.e24mpes pddidedifoBthe (Purpodeof MlQstiatibia, it Witlbe

1.72-1 .63 (m 4H), 1.54-1 .46 (m 27H), 1.30-1 .18
Hﬁ’f’e@ﬂQPF’ (%*ﬂ?é(“aeePr@EB ‘ieo‘if pheaipyention §i‘?°rﬁ8§€99§ é‘ﬂ E’ﬁi?’ﬁtuéﬂg]f or
Caridtiohs) tatid@Sasdfor mbdifi¢idnsl as 689e ithMith scopeasTithes
28: L/-r3-(L/-nethyl-4-piperidinyl)-1-propyl!l quanidi ne
Tejlowingydaims andRFEPHAGHS | ask were added

L/ -[3-(1-net hyl pi pehdi n-4- yl)-propyl]- L/
L/',L/"-th-Boc-guani dine prepared as in Exanple 27
above (3.20 g, 0.0064 nol) and 1, 4-di oxane (anhydrous,
50 M ). To the resultant stirred solution was added
4.0 MHCI in 1,4-dioxanes (6.42 m __, 0.026 nol) drop
wi se over 2.0 min. The resultant m xture was then
warnmed to 75C, aged for 3 h then cooled to 00C. A
preci pitate was formed. The bul k sol vent was
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decanted and the solids were dried under vacuum for 12
h tovyield L/-[3-(/Vnethyl -

wa2@pope7rdi nyl ) - 1- propyl ] guanidine, as its PCT/US2009/049027

corresponding HCl salt. 1H -NVR (400MHz, MeQOD) d,
3.14 (t, J =7.1 Hz, 2H), 2.89-2.82 (m 2H), 2.25 (s,
3H), 2.03-1 .93 (m 2H), 1.77-1 .67 (m 2H), 1.64-1
Wéclaim:2H), 1.34-1 .20 (m 5H)MS (el ectrospray):
éxact mass cal cul ated for G OH22N4, 198.18; nifz found,
fl99. 1A[qw¢,qs$ gxtgﬁ@r%oazgtlon of a compound of formula (1)

L/ -r3-(1- met hykpi peridin-4-yl)-propyn-L/,L/"-di-Bocnet
hyl i sot hi oure 0o a25n_ round bottom flask were
added 3-(1 -net Noi per Rdi n-4-yl)- propan-1-ol (0.23
g, 0.0014 no 1, 3-¥i-joc- 2gPerbyl i sptthi ourea (0. 42
g, 0.0014 rml),\PPh (0.M2 ¢ 0.R016/nol) and THF
(anhydrous, 8.0 N Th\g_rg/gitwstlrred stirring
sol ution was cooled to 2.0 08—Fo t heN+eRll t ant

sol ution was then added DEAD (0. X7 sA , 0.0016 nol)
drop wise. The reaction was aged co ()”for 30, mi n,

war megnbRjs oom tenperature and aged for 14 h. The THF
was rem)ved via rotovap and the residue taken up in
MIBE (18 GMN; ). The resultant sol ution was extracted
with HER 0 i1yt ed
with exS%eZéSC %%ﬁghﬁﬂéjﬁ Jﬁt er 'fég%éfﬁ' mElhy ﬂﬂ"j tpwr)'f[%)}II
ssaprropy! w@gs,foybtoercmyl and cytlebdityl; t rat e concentrated vi a
rotovap. The residue was taken up in hexanes (25 m )
and f rpy CHter 10 nin. The filtrate was

concerf I‘s&t@@btéd)frymehd group consisting of hydrogen and C1.4alkyl;

L/ -[3-(1-nethyl pi peridin-4-yl)-propyl]- L/ L/"-di-
Boc- net hyl i sot hi ourea. 1H -NMR (400MHz, CDCI 3) d,

3. 50- Z|§§elé&bd2rU)nth3 g$8up?cc7r%|s(tuﬁg o2N)and2cK40 (s, 3H),
2245 Hé .86 (t, = 10.9 Hz, 2H), 1.72-1 .60
(m 4 Torga.

Rg, R™ and R" are each independently selected from the group

consisting of hydrogen and C1.jalkyl;

and pharmaceutically acceptable salts thereof; comprising

Llc' RER® R0
PG’

> \_<; >_<
)l\ 7 N—R'
PG? \—M
H,N” N7 n
H

(V1)

(V)

\_& >_< or

(VII)
reacting a compound of formula (V) wherein PG" and PG? are each

independently a nitrogen protecting group, with a compound of formula (V1),
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wo oungo27480. 2 [ MrH] + Exanpl e 30:

1.45 (m 18H), 1.28-1 .20 (m 5H). Ms (el ectrospray):
exact nmass calcul ated for C2i H39N3O4S, 429.27; mz

L/ -r3-(1-net hyl pi peridin-4-yl)-propyll-L/,L/"-di-Boc-q
uani dineTo a 50 mM _ round bottom fl ask mere added
L/-[3-(1-nmet hyl pi peridin-4- yl)-propyl]-

byherélh180Gs ﬁ‘PéeN'}Hg' %@&ﬂm iQarea o%@rﬁ@%éﬂderﬂsahd‘wﬁéﬁm“ & 29
above (0.57 and M NH3 i n net hano
Qo inthe prewr@er@’ﬁmwhrﬂg ﬁﬂ%tW§t9ﬁb§0 Hgkdhaiceresandinang

ngangﬂn@offB%u%q{\/M?nt was renoved via rotovap to yield

m Xt ure of
L/ FEGZ (1- et hyl pi pehdi n- 4-yl)-propyl]- L/
LHN di -A8gcguani di ne and H,oN

L/ - (L/ petyl - 451pi pehdi nyl) - 1- pr opylyiguani®drhe. R0
L/ -y 3-(1-nethyl pi perj, I -pg}]mLKa-
gd_I%% >qua<n dine To a 25 n round byt t sk
mere added 341 - Ryl - prperidim=4-yl ) - propy Qﬂﬁy
1, 3¢y Boc- 2- | i sot hi ourea and net(@aimol (10
The resultant m xture was aged at roomterrperature for
2.0 h, then heated to reflux, at which tenperature
- 90% ge-profecting the sompaend @ﬁf@(fédlalﬁyllﬁit%vli9|dl £ icorespameing
I ooled to roomtenperature and
Bl b f ﬁﬁg@;{gg R RaoH (20 M) and et hyl
acet ate (20 m ). The layers were sepa
agieous |layer was extracted with ethyl
20 Al | g{anl C kayers wer e cogbrne
,A\filtered and concentrate
LHN3-(1- i in-4-yl)-propyl]- L/
L/ " - di - Bocgu _8R11g, 106% . 1H - NVR_X(400MHz,
cbal 3) d, 11.5 (Nrs, /1H), 8.32 (brs, 1H), 3.39 (dt, J
= 12. 9VHD, J = 6. n 2H), 2.89-2.82 (¢(X)2H), 2.24
(s, 3H, 1.90 (t, J =10.9 Hz, 2H), 1.71-1 .45 (m
22H), 1.32-1 .20 (m 5H).

RC
N
/>—NH R® R® R0
L

7 N—R"
(|) )n

reacting the compound of formula (VIII) with a compound of formula

cet Ma( 1 x
ried over
to yield

(1X), in a second organic solvent, to yield the corresponding compound of
formula (1), wherein X is selected from the group consisting of —N(R2°)2 and —
OR?'; wherein each R? is independently selected from the group consisting of
Ci.salkyl; alternatively the two R* groups are taken together with the nitrogen
atom to which they are bound to form a saturated ring structure selected from
the group consisting of piperidinyl, pyrrolidinyl and morpholinyl; and wherein

R? is selected from the group consisting of C.4alkyl and benzyl.

2. A process for the preparation of a compound of formula (I-S)
65
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M5 (el ectrospray): exact mass cal cul ated for C2CH
38NdO4, 398.29; nlz found, 399.2 [MtH + Wiil e the

W0 or1egaR7my speci fication teaches the princi pl eBCDUS1008049027

present invention, with exanples provided for the
purpose of illustration, it will be understood that
the practice of the invention enconpasses all of the
usual vari ath@ns, adaptations and/or nodifications as

come within t scope of the follow ng clains and
t heir equival ept’s” Caim 1. A process for the
prepar ati &NC ac Nhd of formula (1) wherein L1 is

CN, Rc is sele fro onsi sting of H,
3, _cycl opropyl,

met hyl, ethyl, propyl,
and cyclobutyl; R6 is hydrogem —elected from
the group consisting of hydrogen G -4&gyl; Zis
selected fromthe group consisting of Nand CH nis 1
or 2; “#IP"¥AY and R1 1 are each independently sel ected
fromthe group consisting'f hydrogen and G -4al kyl;
and pharmaceutically accaptable salts thereof;
conprising L&€&cting a conpound of la (V) wherein
PGL and P& are each independ
protectingllgroymz2w th a conpoun
(M), wherei ANCGL i s '
organi ¢ sol vent; and when LGL i IS
V) {1’s)

N—CH,
(VII-S)
reacting a compound of formula (V) wherein PG" and PG? are each
independently a nitrogen protecting group, with a compound of formula (VI-S),
wherein LG" is a leaving group, in a first organic solvent; and when LG is —
OH, in the presence of a coupling agent system; to yield the corresponding

compound of formula (VII-S);

HN/PG2 PG’ ik
/ > }—NH
>_ N HN
HN \—\_<:/\N_CH3 N—CH,
ikS) (VIII-S)

de-protecting the compound of formula (VII-S), to yield the
corresponding compound of formula (VIII-S); and
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waleoipoa7eet i ng t he conmpound of forrmula (VII),

OH, in the presence of a coupling agent system to
yield the correspondi ng conpound of fornmula (VI1); 1

t he correspondi ng conpound of forrmula (VIIl); and
reacting the conmpound of formula (MII) with a
conpound of formula (1X), in a second organic sol vent,
to yield the correspondi ng conmpound of gormula (1),
wherein X is selected fromthe group cdnsisting of-N(R
20)2yand - OR2 1 ; wherein each R2|9¢ éhdent | y
sel écxed fromthe group consisting ® 4al kyl ;

al terya |'Iely the two R20 groups are take together

i to which they are bo¥nd to form
a saturated ri reHseI

consi sting of pip&ridi ﬁyrrol i di nyl(>asy

mor phol {(MiS) and |n R21is selected fromthe
group consisting of C -4alkyl and benzyl. 2. A
process for the preparation of a conpound of fornula
(I-S)conprising reacting a conmpound of formula (V)
wherein PGL and PG} g e each independently a nitrogen
protecting group, W a compound of forrmula (VI-9),
wherein LGL is a | eavi roup, in a first organic

sol vent; and whemg: IS y Hin the presence of a
coupl i ng agent system o'gyi el §_t he correspondi ng
conmpound of forrmula (VII-S); de-prYQtecying
conpound of forrmula (M1-S), to yie
correspondi ng conpound of foggbtl a (Vi
andr eact i ng the compound of 48 mul a (M11-S) with a

conmpopngifd tHettdbunbl X fortnuld (v 2%@%%&15&3]%‘:& formula

solvent, t0 yield the correspondl g conpoun
(1X-S), in a second organic solvent, to yield the corresponding compound of

formula (I-S), wherein X is selected from the group consisting of —-N(R%), and
—OR?"; wherein each R? is independently selected from the group consisting
of Cq.4alkyl; alternatively the two R% groups are taken together with the
nitrogen atom to which they are bound to form a saturated ring structure
selected from the group consisting of piperidinyl, pyrrolidinyl and morpholinyl;

and wherein R?' is selected from the group consisting of C1.4alkyl and benzyl.

3. A process as in Claim 2, wherein PG and PG? are each CBz.

4, A process as in Claim 2, wherein the compound of formula (VI-S) LG’
is hydroxy.

5. A process as in Claim 2, wherein the compound of formula (VI-S) is

present in an amount of about 1.0 molar equivalents.

6. A process as in Claim 2, wherein the coupling agent system is DIAD
and PPhs; and wherein the coupling agent system is present in an amount of

about 1.2 molar equivalents.
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formula (1-S), wherein X is selected fromthe group
consisting of -N(R 20)2 and -OR 2 1; wherein each R20

wo go1pmespendent |y sel ected fromthe group consPGL/USIP0w6H49027

C -4dalkyl; alternatively the two R20 groups are taken
together with the nitrogen atomto which they are
bound to forma saturated ring structure selected from
the group consisting of piperidinyl, pyrrolidinyl and
rpholinyl; and wherein R2 1 is sel ected from
J F oup%ﬁ‘éﬁ?%tqsﬂ@ GRim@. whesgip yire Bigtionganigysolvent 'S@ methw-
pcess as in Claim2, wherein PGL and PG are each
CBz. 4. A process as in Caim?2, wherein the conpound
of formula (MI-S) LGL is hydroxy. 5. A process as in
g ai rgi
pr es ghfp r?%&gna%éﬁocﬁjﬂ? f%r%b%ﬂ%éjé%{%ﬁo%&r&ééﬁu\gz ent s,
Beadtepnib descaspound@fdomuba (WiHBragiabhottteCcoupl i ng agent
systemis DI AD and PPhb; and wherein the coupling
agent systemis present in an anmount of about 1.2
90| ar Agirocesslasrih Slaim 2) wiepgirdise esmpourd ifomnila WieS@Isn

the fjrst, organic sol vent

scuelectad Ba0i B8 soTRnur defror Ul kDt Befesnansa
(Vthe)presericeas PR vhtalyst.he conpound of fornula (VI -9)

at about 5C. 9. A process as in Caim?2, wherein the

compound of formula (VII-S) is de-protected by
M@act Aoddi8 dLARRMIRMD, Afher&ih Ak @orﬁb/édrrdS)f fntla IXCS O HEE

gas in the presence of Pd/C catalyst. 10. A process as
iN(€Hakm 2, wherein the conpound of formula (IXS), X
is -N(CHa) 2.

11. A process as in Claim 2, wherein the compound of formula (IX-S) is

present in an amount of about 1.5 molar equivalents.
12. Aprocess as in Claim 2, wherein the second organic solvent is ethanol.

13.  Aprocess as in Claim 2, wherein the compound of formula (VIII-S) is

reacted with the compound of formula (IX-S) at about reflux temperature.
14. A compound prepared according a process as in Claim 2.

15. A process for the preparation of a compound of formula (I)

RC

wherein
L"is CN;
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11. A process as in Claim2, wherein the conpound of
formula (I X-S) is present in an anount of about 1.5

wherein the second organic solvent is ethanol. 13. A

process as in Claim2, wherein the conpound of fornula

(M11-S) is reacted with the conpound of formula

(1 X- SR° & seddraed frbﬁfthélérd@)%é@hh@ Bf H 1I4|eth94 %Q?PQ#MI

prepared accordi ng process as In

PICRERYS -E6e- Qyﬁ'é’pﬁ}pé{bé‘f‘ﬁtcb’@ﬁb'fbti” a conpound of formul a

(1) V\:ﬁ@;‘@hﬁé&eds CN;Rc is selected fromthe group

consisting of"H, methyl, ethyl, propyl, isopropyl,

- CF3, Rejecsadgntepirpm tlaﬁar@mcmﬁ@tlw of meirogemw @géﬂﬁk)" RS

o SSERELABLHHEN BB SO G RyRRRLSE Nihdibnfy o 0gen and
I IS sel d fromthe group consisting of

N andn¢5H1 on2i s 1 or 2; R9, R1O and RlL 1 are each

i ndepghn c IS of

hydr ogeﬂﬁgnd %%{éﬁ .F&%&Entdgﬁ %reg%'@a{f caﬁjtﬁ% g'}]&p

aoosptirghdfdyseldes anlde@ﬁaﬂwl conprising reacting a

compoun f for X is selected from
Che’ oPat phegire ity 5rtag R salo rirest BT Lherei n
each R20 is independently sepgéted fromthe arhgup
consi®ting of G -4alkyl; Nﬂ'ter natively the

R20
grou are_taken toget her th the nitrogen dtom Lo
\I\Fb Nire bound TN g saturated r 0
S g of

ructu |e sel ected frofthe gréup conS| sti

X XI
% ) \( x)

HN G

reacting a compound of formula (1X) wherein X is selected from the
group consisting of —-N(R*), and —OR?"; wherein each R? is independently
selected from the group consisting of Cy4alkyl; alternatively the two R%
groups are taken together with the nitrogen atom to which they are bound to
form a saturated ring structure selected from the group consisting of
piperidinyl, pyrrolidinyl and morpholinyl; and wherein R?' is selected from the
group consisting of Cq4alkyl and benzyl; with a compound of formula (X),
wherein PG® is a nitrogen protecting group, in a first organic solvent, to yield

the corresponding compound of formula (XI);
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pi peridinyl, pyrrolidinyl and norpholinyl; and wherein
R2 1 is selected fromthe group consisting of G

WO 2abkgd77end benzyl; with a conpound of for nul BCT/ES3009/049027

wherein PG3 is a nitrogen protecting group, in a first
organic solvent, to yield the correspondi ng conpound
of formula (Xl);reacting the conpound of fornmula (Xl)

with a conpound of for , 10he presence of
a coupligy agent system se ond rgam c sol vent,
to yield|the @rrespondl%—c{dnggzu f formula (XI1);
and de- |ng t he conpoun for g"Xll), to
yi el d fhe clorrespondi ng conpound roula (1). 16. A

(I-S)yreagting agpmpound of forvglsl (I X-S) wherein X
is sel eGhe d fromthe group consV&y ng of -N(R 20) 2 and
OR 2 1 yg¥ein each R20 is independently sel ected
from the group consisting of G -4alkyl; alternatively
the two R20 groups are taken together with the
nitrogen atomto whAich they are bound to forma
saturated ring stru\ ture sel &ged fromthe group

consi sting of piperj § rolidinyl and

nor phol i nyl ; aNG@ i sR§eIR%ct edRfrom t he
group consi sting of N4al I nd b ; Wwth a
compound of forrmula (X), wherein PG3 is ni t.rogen
protecting group, in a first orgamnié, sol R 'to yield
the correspondi ng conmpaMny of formul )i S); 1-9)

(VI -B) reactlngthe conpound of forrrula(XI- # wth a
corrpo[ﬁ‘?& o9 WH%’”@\%”‘B}“UH 1} wigh preegwrerd gf fogmula (VI-

H'thé‘ﬁre@.@ﬁéﬁ oY 88 &g iafefk RPN Gn Qrs%%‘r'\d:or%%’%%tve& Y
yi'el e correspon ng compound of formula™(XlII-S);

dnlietfethp CofresRansNa ¢rEnrmgsl ifmeda Edhnanda (XI | -S) to
yi el d tﬁ@

procesj\s\é‘%Nthe preparation of a co Gund of foryula

rei

PG

N
/ 8 L9 10
NC \ />—N R” R R

0 \—,

de-protecting the compound of formula (XII), to yield the corresponding

compound of formula (I).

16. A process for the preparation of a compound of formula (I-S)
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correspondi ng conpound of fornmula (1-S). 17. A process
as in Caim16, wherein PG is selected fromthe group

W@ onsherrrsag of -C(O) CH 3, -C(O OCH2CH3, - C( O CrECF/bs099/949027

-CHO, -C(O OCH3, -C(O O CH2-phenyl, -C(O) -phenyl,
-C(O OCH2CAI 3, -C(0)-(4-nitrophenyl), -C(O CC 3,
-C(O CF3, -S2CH3, -S2-phenyl, -S0 2-(4-nitrophenyl)
and - S2CF34,cl8. A process as in Caim16, wherein
PG3 is selected fromthe group consisting O-C(O CH 3,
-C(OOCH2CH3 apd - (O O t-butyl. 19 A process as in
Cl ai m 16, [ Nl selected fromthe group
consi sting O OCHz and - Ot-butyl. 20. A
process as in Claim16, whexein/t he\conpound of
formula (I1X-S), Xis -N(CH 3)ZA\2 1. NxpHocess as in
G aim 16, wherein the conpound O rmula (FX;,S) is
present in.an anmount of about 1.5 nolar equival ents.
22. APPBURSY as in Caim 16, wherein the first
organi ¢ solvent is 2-nethyl -P§|8|F. 23. A process as in
d ai 16, wherein the conmlnd of forrmula (I%NS) is

reactpd with the conmpound pf forrmula (X) at boutC|_|
S%glp. QNprocess a%l N RifM 16, wher ei pt s
oun | of formula (M*'B) is Present in ah amount of

about 1.5 nol ar . . essNags4M d aim
16, whereiX the couplingXgent systemis D AD and (XI-S)
RPRS) and wherein the coupling agent systenqiNs present
in an anount of about 1.2 nolar equival ents. PG’

reacting a compound of formula (IX-S) wherein X is selected from the
group consisting of -N(R?°), and —OR?"; wherein each R% is independently
selected from the group consisting of C+4alkyl; alternatively the two R*
groups are taken together with the nitrogen atom to which they are bound to
form a saturated ring structure selected from the group consisting of
piperidinyl, pyrrolidinyl and morpholinyl; and wherein R?' is selected from the
group consisting of Cq4alkyl and benzyl; with a compound of formula (X),
wherein PG? is a nitrogen protecting group, in a first organic solvent, to yield

the corresponding compound of formula (XI-S);
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26. A process as in Caim16, wherein the second
organic solvent is 2- nethyl-THF. 27. A process as in
W@V wherein the conpound of fornula (X PS/UBX09/049027
reacted with the conmpound of forrmula (VI-B) at a
tenperature of about 5C 28. A conpound prepared
according to the process of Claim16. 29. A process
for the ggeparation of ggonpound of formula (V-9
conpri Si g reacting 4-pyr\ di nepropanol w th hydrogen
gas, | esence of Pd/ C X m xture of
nmet ha |okac tic acid, to yield i pehdirdpippanol ; and
r eact |,\pg 4+pi pehdi nepropanol wth | dehyde, in the

pr esenc\egtﬁ hydg@g@n gas—hA—a 3 mxtueof—
nmet hanokhceti c to yield t B;?on'pound of formula
(M - S) HqQ process for the prepdration of a

compound of For mul a (M -S) conprising reacting
4-pyridi nepropanol w th hydrogen gas, in the presence
of 5% Rh/C catal yst, in water, to yield

4- pi pehdi nepr ogé | ; andreacting 4-piperidinepropanol
wi th fornmal dehyde)=AN t he IBG%sence of hydrogen gas, in
water, to yig nd of formula (M-S). 3 1. A
compound of for erein L1 is CN, Rc is

sel ected fromthe Qr , met hyl,
et hyl, propyl, isopropyl, cl opropdH, and
CyCl Obutyl ; (XII-S)

reacting the compound of formula (XI-S) with a compound of formula
(VI-B), in the presence of a coupling agent system, in a second organic

solvent, to yield the corresponding compound of formula (XII-S); and

HaC
N PG
/
/>—N
N

(XII-S)

| J

N—CHj

HaC
N
/>—NH
N

(I-S)
de-protecting the compound of formula (XII-S), to yield the

N—CHj

corresponding compound of formula (I-S).

17. A process as in Claim 16, wherein PG® is selected from the group

consisting of —C(O)CHs, -C(O)OCH>CH3, -C(O)O-t-butyl, -CHO, -C(O)OCHj3,

-C(0O)O-CHz-phenyl, -C(O)-phenyl, -C(O)OCH.CCl3, -C(O)-(4-nitrophenyl), -
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R6 is hydrogen; R8 is selected fromthe group
consi sting of hydrogen and G -4alkyl; Z is selected

WO e@ii0021®4 gr oup consisting of N and CH, n is 1PGF/UR009/049027

R9, R10 and R1L 1 are each independently selected from
the group consisting of hydrogen and C -4al kyl; or
phar maceutically acceptable salt thereof. 32. A
mw@@gdmb)épg nybacHKil, - %zghe@ymlwzr(awwwéayﬂ)ﬁnd -
accept abl e salt thereof A conpound of fornula

mhereln PG3 is a nitrogen protecting group; L1 is
CN;, Rc is selected fromthe group consisting of H,

net hyl, ethyl, propyl, isopropyl, -CF3, cyclopropyl,

dsd cﬁmr@wﬁ;ﬂs in QipiMms16s shereie # G v Aelepled dioguihe group
dr ; s sel ected

BHéils't e grou %%ng@p%%’?%&%é%tb%t){ls 1 or 2

R9, R10 and Rl 1 are each independently selected from

tge g | 1 l a
aﬁar rrég)Ltl \&i ca I@Eéeﬂ'g‘eﬁ v&%gé'gﬁéggﬂgggg{éﬁg% gAOL%
congstinyofaC(Q)OWHzCHs @8] -Gip@dibutyihe conpound of
formula (XIl) is a conpound of formula (XII-YS)

20. Aprocess as in Claim 16, wherein the compound of formula (IX-S), X is
—N(CHs3)2.

21.  Aprocess as in Claim 16, wherein the compound of formula (IX-S) is

present in an amount of about 1.5 molar equivalents.

22.  Aprocess as in Claim 16, wherein the first organic solvent is 2-methyl-
THF.

23. Aprocess as in Claim 16, wherein the compound of formula (IX-S) is

reacted with the compound of formula (X) at about 80°C.

24.  Aprocess as in Claim 16, wherein the compound of formula (VI-B) is

present in an amount of about 1.5 molar equivalents.

25. Avprocess as in Claim 16, wherein the coupling agent system is DIAD
and PPhs; and wherein the coupling agent system is present in an amount of

about 1.2 molar equivalents.

26. A process as in Claim 16, wherein the second organic solvent is 2-
methyl-THF.

27. Aprocess as in Claim 16, wherein the compound of formula (XI-S) is

reacted with the compound of formula (VI-B) at a temperature of about 5°C.
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or a pharmaceutically acceptable salt thereof. 35. A
conpound as in Claim34, wherein PG3 is selected from
W@ bE0gorBp consi sting of -C(O OCH 2CH3 and - C(E)TDI§I0bH/049027
3)3. 36. A compound of formula (Xl )wherein P& is a
nitrogen protecting group; Rc is selected fromthe
group consisting of H nethyl, ethyl, propyl,
i sopropyl, -CF3, cyclopropyl, and cyclobutyl; or a
pharmaceutically acceptable salt thereof. 37. A
“Snpoirf®@mpOUNg Pegrared 8ecording tethe RragesssdrIAd! G f
formula (XI) is a conpound of formula (XI-S) (XI-S) or
pharmaceutically acceptable salt thereof. 38. A
Enpodridoesssifer tae arenagationgfer edmpreg daf forgullattled from
the group consisting O-C(O and -C(O OC(CH
3)3. 39. A conpound of forngla ) whereineach RO is
hydrogen or a ni dogen protlecting group; and wherein
5 the two RO grouﬂ_i t 7 R8 iw.gel ected from
the group consisting of hydrogen and G° -4alkyl; Zis
sel ect@UPA$REN t he group consisting of Nand CH nis 1
or 2; R9, R10 and 1 are each independently | ect ed
fromthe group gonstNting of hydrogen and G (c4alk# ;

HO HO

reacting 4-pyridinepropanol with hydrogen gas, in the presence of
Pd/C, in a 3:1 mixture of methanol:acetic acid, to yield 4-piperidinepropanol;
10 and

-
\/\/QNH \/\/QN
HO — - " (VI-S)

reacting 4-piperidinepropanol with formaldehyde, in the presence of
hydrogen gas, in a 3:1 mixture of methanol:acetic acid, to yield the compound
of formula (VI-S).
15
30. A process for the preparation of a compound of formula (VI-S)

\/\/QN/
HO
(VI_S)’
comprising
SN NH
| —
HO G HO

20 reacting 4-pyridinepropanol with hydrogen gas, in the presence of 5%

Rh/C catalyst, in water, to yield 4-piperidinepropanol; and

~
\/\/QNH \/\/QN
HO — - "o (VI-S)
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provi ded that when R8 is hydrogen, RO is hydrogen, R10

is hydrogen, Zis N, nis 1 and RL 1 is nethyl, then
WOR10802374i t r ogen protecti ng group, wherein theCT/US2009/049027

nitrogen protecting group is other than -C(O OCH 3. or

pharmaceutically acceptable salt thereof. 40. A

conpound as in Caim39, wherein Zis CH 4 1. A

corrpowaét.ﬁ@455.@rmf%%ropyh@r@itmfdrmgld@amwdwe%reééﬁd@afa

is a conpound of fornula er)
drO980 b 'Bé(th?r Hblﬂ@'ﬁtt%P@@@Wd@ @F@dﬁ Vid). A
conpound as in Caim4 1, wherein each RO is sel ected
fromthe group consisting of hydrogen and
Bdnzy Aseyrapupd ey formelz)), and wherein the two RO groups

are the sane.

RS
—N /R6
/>—N R® RY R10
U o
74 N—R"
; o,

wherein
L" is CN;

R®is selected from the group consisting of H, methyl, ethyl, propyl,
isopropyl, -CF3, cyclopropyl, and cyclobutyl;

10 R® is hydrogen;

R® is selected from the group consisting of hydrogen and Cy.4alkyl;

Z is selected from the group consisting of N and CH;

nis1or2;

R®, R™ and R" are each independently selected from the group
15  consisting of hydrogen and C.jalkyl;

or pharmaceutically acceptable salt thereof.

32. A compound of formula (I-S)

HaC,
=N
/>—NH
N

N—CH,
(I-S)
20 or a pharmaceutically acceptable salt thereof.

33. A compound of formula (XII)
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RC

—N /PG3
L1 \ />—N R® RY R0
N

)X

74 N—R"’
o,
wherein
PG?® is a nitrogen protecting group;
L"is CN;
5 R®is selected from the group consisting of H, methyl, ethyl, propyl,

isopropyl, -CF3, cyclopropyl, and cyclobutyl;
R® is selected from the group consisting of hydrogen and Cy.4alkyl;
Z is selected from the group consisting of N and CH;
nis1or2;
10 R® R and R" are each independently selected from the group
consisting of hydrogen and Cs.salkyl;

or a pharmaceutically acceptable salts thereof.

34. A compound as in Claim 33, wherein the compound of formula (XII) is
15 acompound of formula (XII-S)
H,C

—N /PG3
NC \ N/>—N

N—CH,
(XII-S)
or a pharmaceutically acceptable salt thereof.

35. A compound as in Claim 34, wherein PG? is selected from the group
20  consisting of —-C(O)OCH2CH3 and —C(O)OC(CH3)a.

36. A compound of formula (XI)
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C
K\(R

N 2N
eet o
wherein
PG’is a nitrogen protecting group;
R® is selected from the group consisting of H, methyl, ethyl, propyl,
5 isopropyl, -CF3, cyclopropyl, and cyclobutyl;
or a pharmaceutically acceptable salt thereof.

37. A compound as in Claim 36, wherein the compound of formula (XI) is a
compound of formula (XI-S)
CN

H\(CHS
|

NYN
HN
10 PG (XI-S)

or pharmaceutically acceptable salt thereof.
38. A compound as in Claim 37, wherein PG? is selected from the group
consisting of —C(O)OCH,CH3; and —C(O)OC(CH3)s.

15
39. A compound of formula (XX)

/
>—N R® R® R'0

wherein
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each R’ is hydrogen or a nitrogen protecting group; and wherein the
two R° groups are the same;

R® is selected from the group consisting of hydrogen and Cy.4alkyl;

Z is selected from the group consisting of N and CH;

5 nis1or2;

R®, R™ and R" are each independently selected from the group
consisting of hydrogen and C1.jalkyl;

provided that when R® is hydrogen, R? is hydrogen, R'® is hydrogen, Z
is N, nis 1 and R" is methyl, then R® is a nitrogen protecting group, wherein

10  the nitrogen protecting group is other than —C(O)OCHs.

or pharmaceutically acceptable salt thereof.
40. A compound as in Claim 39, wherein Z is CH.

15 41. A compound as Claim 39, wherein the compound of formula (XX) is a

compound of formula (XX-S)

N—CH,
(XX-S)

or pharmaceutically acceptable salt thereof.
20 42. Acompound as in Claim 41, wherein each R® is selected from the

group consisting of hydrogen and benzyloxycarbonyl (CBz); and wherein the

two R® groups are the same.
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