PROCESS FOR THE PREPARATI ON OF SUBSTI TUTED PYRI M DI NE DERI VATI VES

5FI ELD OF THE | NVENTI ON The present invention is directed to
novel procwg&eﬁ;/oi)mu he preparation of substituted pyripirgisage49027
derivatives, useful as internmediates in the synthesis of histamne H4
receptor rmdul ators, and to novel internediates in H4 nodul at or

synthesis. 10 SUNIVARY OF THE | NVENTI ON The present invention
is directed t PROGESSTUR TRE m@mwmbrcymagnmﬁmwmmmméorwl a
(1) Re Rs RoRio ("™ Ibwherern RC 1S selected from

the group consisting of H net hyI-,_BW'_‘,’E%ropyl i sopropyl, -CrFa,
cycl opropyl, and cyclobutyl; R6 is hydrogen; 20R8 I's selected from

the group consisting of hydrogen and Cl.4alkyl; Z is selected from

the group consisting of Nand CH, nis 1 or 2 R9, R16 and R11
are each g ndependently sel ecteel b oemHBA\ENHENCONSI sting of hydrogen
and G _aal kyl ;

The present invention is directed to novel processes for the preparation
of substituted pyrimidine derivatives, useful as intermediates in the synthesis
of histamine H,4 receptor modulators, and to novel intermediates in Hy
modulator synthesis.

10

SUMMARY OF THE INVENTION
The present invention is directed to a process for the preparation of

compounds of formula (1)

RC
—N /RB
/>—N RS RP R0
N

)

7 N—R"
)n (1)
15 wherein
L'is CN;
R® is selected from the group consisting of H, methyl, ethyl, propyl,
isopropyl, -CFs, cyclopropyl, and cyclobutyl;
R® is hydrogen;
20 R®is selected from the group consisting of hydrogen and C1.4alkyl;
Z is selected from the group consisting of N and CH;
nis1orz
R? R and R" are each independently selected from the group
consisting of hydrogen and Cq.4alkyl;
25 and pharmaceutically acceptable salts thereof; comprising



25and pharmaceutically acceptable salts thereof; conprising WO

2010/ 002774PCT/ US2009/ 049027 LGL ,.PGL H2ZNI\r" P& Rs RoRio NRi (
(VI') (4n reacdiong2a+conpound of formula (V) wherei n PGlrandsiBe4ane
each independently a nitrogen protecting group, with a compound of
formula (M), wherein LGL is a |eaving group, in a first organic
solvent; and when LGL is - 5 OH in the presence of a coupling agent
system to yield the correspondi ng|gomgsngsof fernula (Vil),; P&
HNPGLH2N

pG!
e
)NI\ vd N—R!
PG? \_@4
HN" N7 n -
H
V) (V1)
PG
HN PG’
N/ R® R? R0
LA
7 N—R*!

(Vi) \—('/Sn

reacting a compound of formula (V) wherein PG and PG? are each
independently a nitrogen protecting group, with a compound of formula (VI),
wherein LG is a leaving group, in a first organic solvent; and when LG'is —
5 OH, in the presence of a coupling agent system; to yield the corresponding
compound of formula (VII);

PG?
/ 1
HN PG HoN

}—N/ r® R® R'"
HN \_<_ >_< HN \—<_ >—<
7 N—R1 7 N—R"!
( jl'l

(VIH) 4,

(Vi)

de-protecting the compound of formula (V11), to yield the corresponding

10  compound of formula (VIll); and



Rs RORI0O L HN (N R11 HN (VII)\(4. NHR8 RORL L N R11 (VI I1)
de-protecting the conpound of forrmula (VIl), to yield the

cor r espongidshideeppound of formula (VI11); and  NC)- p&@uﬁgw&o (
N R11 (I) 40 reacting, in a second organic solvent, the conmpound
formula (VII11) with a compound of formula (1X), to yield the
correspondi ng conpound of formula (1), wherein X is selected fromthe
group consisting of-N(R20)2 and - 5 OR21; whereig the R2 groups may

be the sane I-?N different from each other,
CN

R® R® R® |

\—<_>—<_R“ x

(VI ¢ (1X)

)

N
8 9 10
N/>— N\H_CR R

7 N—R'"

(1) n

reacting, in a second organic solvent, the compound of formula (V1)
with a compound of formula (IX}, to yield the corresponding compound of
formula (1), wherein X is selected from the group consisting of -N(R*), and —
5 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 Ci4alkyl substituents
(concisely put, each R?is independently selected from the group consisting of
C.4alkyl); alternatively the two R? groups are taken together with the nitrogen
10  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 Cy.salkyl and benzyl.
In an embodiment, the present invention is directed to a process for the

preparation of a compound of formula (I-S)

—N
/>—NH
N
N—CHs

15 (I-S),
comprising



so such each R2 is independently selected fromthe other R2 and such
selection is made fromthe group consisting of C alkyl substituents
(conci s\ yipuiz77seach R2 is independently sel ect ed fromusiveygwerap
consisting of Ci.4alkyl); alternatively the two R2 groups are taken
together with the nitrogen 10 atomto which they are bound to forma
saturated ring structure selected fromthe group consisting of

pi peridinyl, pyrrolidinyl and r[(éﬂphol inyl; and wherein R21 is

sel ected fromthe group consisting of Cl.4al kyl and benzyl . In
an enbodi nent, the _gt@sent inventl is AfTected to a process for the
preparation of a | npound of fornul a G-CH5 conpri si ng PGL

1\1 , - PG H2NN ( L G2
H,NT N7 >
H
V) VHS)
PG?
/ 1
HN PG
/
}—N
HN
N""CH3
(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 —
5 OH, in the presence of a coupling agent system,; to yield the corresponding
compound of formula (VII-S);
PG*

N PG’ 2N
/ - >—NH
) N HN

HN N—CHs
N_CH3
(VIII-8)

(VII-S)

de-protecting the compound of formula (VII-S), to yield the
10  corresponding compound of formula (VIII-S); and



N- CH3

WO 2010/002774 PCT/US2009/049027
0
CN
H2N H3C
>—-—NH I
HN X
N—CH >
3 (IX-S)
VII-8)
HaC
N
NC />——NH
\ N
N—CH,
(I-S)

reacting the compound of formula (V!II-8) with a compound of formula
(IX-8), in a second organic solvent, to yield the corresponding compound of
formula (I-8), wherein X is selected from the group consisting of ~=N(R*°), and
5 —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
C1.4alkyl); alternatively the two R® groups are taken together with the nitrogen
10  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 C14alkyl and benzyl.

The present invention is further directed to a process for the

15  preparation of compounds of formula (1)

RC

—N /R‘*‘3
L1 \ />—N R® RY R10
L
7 N—R"!

\"('/)n (1)



(VI-S) HNP® PGL

WO 2010/602774 PCT/US2009/049027

wherein
L'is CN;
R®is selected from the group consisting of H, methyl, ethyl, propyl,
isopropyi, -CF3, cyclopropyl, and cyclobutyi;
5 R®is hydrogen;
R®is selected from the group consisting of hydrogen and Ca.salkyl;
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
10  consisting of hydrogen and C.salkyl;
and pharmaceutically acceptable salts thereof, comprising

3
o N7 CN
| RC
CN
R® HgN/kNHz | o~
| . NN
X ) Y o«
(IX) N
PG

reacting a compound of formula (IX) wherein X is selected from the

group consisting of -N(R), and —OR?'; wherein the R® groups may be the

15  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
C1.4alkyl 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

20 ring structure selected from the group consisting of piperidinyl, pyrrolidinyl and
morpholinyl; and wherein R*' is selected from the group consisting of Cs.qalkyl
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);



(M1-95) reacting a conmpound of formula (V) wherein PGL and P&
are each independently a nitrogen protecting group, with a conpound
of fornul awo\oromuzzwherein LGL is a | eaving group, in gdinitodugani c
solvent; and when LGL is - 5 OH, in the presence of a coupling agent
system to yield the correspondi ng conpound of formula (VII-S);
de-protecting the conpound of formula (VII-S), to yield the
10correspondi ng conpound of fornulg, (/1 IB-RQ,Q; ando /--NF\I\ NC (I-9)
reacting the compoud of fornula ( (th conmpound of formula
(I'X-S), in a secondlorgangtc sol vent, yi e he correspondi ng
conpound of formu >3)', wherein X is\sefecteiFRém the group
consi sting of -N(KR0)2 and
=

NN
T (VI-A)

HN
~pgd

n

[
-

NG R® R® R

\—L )y~ e
(X11)

reacting the compound of formula (XI) with 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 (XI1); and

RC
N /PGS
NC \ />—N R® R® R™
~ — -
7 N—R!
(X1 i,
RC
N
NC \ / NH RER® R0

N

5 ) i,

de-protecting the compound of formula (XIl), 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)



5 -0R21; wherein the R2 groups may be the sane or different from each
other, so such each R2 is independently selected fromthe other R2
and such swioeotuiwer7is nade fromthe group consisting of PCI/USREINEPO2ZT
substituents (concisely put, each R2 is independently selected from
the group consisting of Cl..4alkyl); alternatively the two R2 groups
are taken together with the nitrogen 10 atomto which they are bound
to forma saturated ringGtructure selected fromthe group consisting
of piperidinyl, pyrrolidinyl yand norpholinyl; and wherein R21 is
selected fromthe group cgnsisging of Cl4al kyl and benzyl.

The present inventi orN(iE') urt 'rected to a process for the 15
preparation of conpounds oY—hor nul )--N/R8RI 14\

wherein Cis CN; Rc is selected I.qg consi sting of H,
nmet hyl, ethyl, propyl, isopropyl, -CF3, opy cycl obutyl ;
5R6 is hydrogen; R8 is selected fromthe group consi élﬁ%ng of hydrogen
and Cl1.4alkyl; ZcbmpRshgcted fromthe group consisting of N and CH;
nisi or 2; R9, R19 and R1l are each independently

sel ect ed fromth8 group 10consi sting, ofP®ydrogen and Chpdal kyl ; and

pharmaceutical | yjjaccept abl e salts thegreof; conprising PG H2NNH2
CN | AN CH,
2

HsC HoN NH
| - N _zN
x % Y s
(IX-S) HN._
PG®
5 reacting a compound of formula (IX-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
C1.4alkyl substituents (concisely put, each R? is independently selected from
10  the group consisting of Cy.salkyl, 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;
15  and wherein R?' is selected from the group consisting of C1.4alkyl 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});



(X) (X1) (1IX reacting a conmpound of formula (IX) wherein X is
selected fromthe group consisting of -N(R20)2 and -0R21; wherein the
R26 gr oupswoayidaezizhe 15sane or different from each ot hgfryusSeesieby
each R29 is independently selected fromthe other R213 and such
selection is made fromthe group consisting of Cl_4alkyl substituents
(concisely put, each R2 is independently selected fromthe group
consisting of Cl_4adgyl); alternatpwely the two R29 groups are taken
together with the nrtrogen atomto ich they are bound to forma
saturated 20ring s up consi sting of

pi peridinyl, pyrr an RR1 is
selected fromth consi sting of Cl.4a and benzyl; with a
conmpound of formul X), V\@@rszl } i +Ng group,
in a first organi oF ol vent, t'0 yield the pprgespondi ng conpound of
formula (XI); HNPSEXI)N-A) NRi (XI1)VA reacting the
conpound of fornmula (XI') with a conpound of formula (VIA), in the
presence of a coupling agent system in a second organic solvent, to
yield the correspondi ng cggfpound of formula (XI1); and Rc PG3 NCR8
ROR10 NR11 (/)n R8 RO R

N /PGS
NC \ N/>—N

(XII-S)

reacting the compound of formula (XI-S) with a compound of formula

N—CHj

(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 /PGB
NC \ N/>——N

(XII-S)

]

N—CH,

HaC
N

NC />—NH
\ N

5 (I-S)
de-protecting the compound of formula (X11-8), to yield the

N—CHj

corresponding compound of formuia (I-S).

The present invention is further directed to a product prepared
10 according to any of the processes described herein.
The present invention is further directed to compounds of formula (i)
9



NR11 (/)n de-protecting the conmpound of formula (Xil), to
yield the correspondi ng conpound of fornula (1). In an

enbodi nent Wotig/g@9e¥sent i nvention is directed to a procBESEUS208/HIN37
preparation of a conmpound of forrmula (I-S) WO

20101002774PCT/ US2009/ 049027 conpri sing 5reacting a conpound of
formula (1 X-S) wherein X is selected fromthe group consisting of
-N(R20) 2 and -0R21; whergitn the R2 groups may be the sane or
different from each other, \so ,such Ig{ach R2 is independently sel ected
fromthe other R2 and s1uch Selfgctiogn is rradge fromthe group

consi sting of substituke (copeirsely pla% ReachRR2 is | ndependent |y
sel ected from 10 the group i sti f a |, an abridged form of
assi gnment expression used herein whet her givenin_a nore extended
formor not, unless otherw se specified); @lter ﬁ'ﬁvely the two R2
groups are taken together with the nitrogen M t o ich they are
bound to forma saturated ring structure selected fromthe group
consi sting of pipéEreidnyl, pyrrolidinyl and norpholinyl; 15 and
wherein R21 is sehecgRd fromthe group consisting of Cl4alkyl and
benzyl; with a conpound of fornula (X), wherein PG3 is a nitrogen
protecting group,Riihselested Eemdhgaioue cergisidatof Hy melvb vt peopyl,

cor r espongli NgosBER WK, GlichRIpTMBAd Eydiobaly;

R® is hydrogen;

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

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

nis1or?2;

10 R® R' and R are each independently selected from the group

consisting of hydrogen and Cj.4alkyl;

and pharmaceutically acceptable salts thereof. [n an embodiment,
present invention is directed to a compound of formula (I-S)

HsC

—N _
NC />—NH
\ N
N—CHjs
(I-3)
15 and pharmaceutically acceptable salts thereof.

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

—N ,PGs
L \ />—N RE R® R0
N

=

y4 N—R"?
oo,
wherein
PG?is a nitrogen protecting group;
10



reacting the compound of fornmula (XI-S) with a conpound of fornula
(VI-B), in the presence of a coupling agent system in a second
organi ¢ soweeniwoot4yi el d the correspondi ng conpound ofpdmausiuloadsoz7
(XI'l-S); and 0-CH3 de-protecting the conmpound of formula
(XI'l-S), to yield the correspondi ng conpound of fornmula (1-95).

The present invention is further directed to a product prepared 10
according to any |6fs¢ke processes described herein. The present

invention is further directed to conpounds of fornula (1) 9 R6
)-1\1/ R8 ROR19 \ R\Uss8l Qﬂtq@from\mﬁegrgpplconmstmg of H, methyl, ethyl propyl,

isopropyl, -CFs, cyclopropyl, and cyclobutyl;

R?is selected from the group consisting of hydrogen and C1.salkyl;

5 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 Cq.salkyl;

and pharmaceutically acceptable salts thereof. In an embodiment,

10  presentinvention is directed to a compound of formula (Xil-S)

HsC.
/>—N

(X11-8),

and pharmaceutically acceptable salts thereof, wherein PG? is defined
as for compounds of formula (XII).
The present invention is further directed to compounds of formula (XI)

I
N

N\I/
HN
15 PG (X,
wherein PG® is a nitrogen protecting group; R® is selected from the
group consisting of H, methyl, ethyl, propyl, isopropyl, -CFa, cyclopropyl, and
cyclobutyl; and pharmaceutically acceptable salts thereof. In an embodiment,

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



L1 is CN, Re is selected fromthe group consisting of H
met hyl , ethyl, propyl, 5isopropyl, -CF3, cyclopropyl, and cycl obutyl;
R6 i s hydreogemis/d@8i7us sel ected fromthe group consi sti MRLIESZ8MARMGEN
and Cl.4alkyl; Z is selected fromthe group consisting of Nand CH n
is 1 or 2; 10R9, R19 and Rl11l are each independently selected fromthe
group consi sting of hydrogen and G . 4al kyl ; and
pharmaceutically acceptabl e saltsChNhereof. In an enbodi ment, present

invention is directed to a conpound ofClj'ormJIa (I-3) H3C -N NC)-NH N
\ -\ N- CH3 AN 3

N'Y,N
Meet (s,
and pharmaceutically acceptable salts thereof, wherein PG? is defined
as for compounds of formula (XI). In another embodiment, the present
invention is directed to a compound of formula (XI-S), wherein PG> is selected
5 from the group consisting of ~-C(O)OCH>CH3 and —C{O)OC(CHas)3, and
pharmaceutically acceptable salts thereof.

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

RO
HN /RO
}—N RPRY R"
A
Z N—R"’
\_('/5“ (XX},
wherein
10 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;
nis1or2;

15 R® R and R" are each independently selected from the group

consisting of hydrogen and Cy.4alkyl;

provided that when each of R®, R® and R'%is hydrogen, nis 1 or 2, and
R is methyl, then R® is a nitrogen protecting group other than —C(O)O-CHa;
ti.e. R® is not hydrogen or —C(O)OCH,);

20 and pharmaceutically acceptable salts thereof. The compounds of
formula (XX) correspond to the compounds of formula (V1) 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



(1-3) 15and pharmaceutically acceptable salts thereof. The
present invention is further directed to conpounds of forrmula (Xl 1I)
Rc R8 RIORIwty-2kRRblof4n( Xl 1), wherein PG3 is a nitrogen prmmzb(nm)gﬂ

group; 10 L1 is ON; Re is selected fromthe group consisting
of H nethyl, ethyl, propyl, isopropyl, -CF3, cyclopropyl, and
cycl obutyl; R8 is selected fromthe group consi sti ng of

hydr ogen andco%po@ﬁbmfom% (15 PereshRAihéRMhE BRoshOMRNEEAR Sting of N

and CH, nis
dlrected to compounds of formula (XX-S)

N—CH,
(XX-8),
and pharmaceutically acceptable salts thereof, wherein R? is defined as
5  for compounds 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
10 CBz

DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to compounds of formuia (I)

RC

N R® R® R0
\_& : : N—R 1

A g,

15 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 Hy receptor modulators, for
example benzoimidazol-2-yl pyrimidines as described in US Patent

20 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 (VIII) and compounds of formula (XI), as herein

defined.
13



R9, R19 and Rl11 are each independently selected fromthe group

consi sting of hydrogen and akaal kyl ; and pharmaceutically
accept abl ewpabigworther eof . 1 n an enbodi ment, 10present |iFVEUS2DBN49027
directed to a conpound of formula (XI1-S) H3C N-NCH3 (XII-9),

and pharmaceutically acceptable salts thereof, wherein PG is defined
as for compounds of fornmula (XI1). The present invention is further

gIGr3 ected totcowpqwaﬁlérsbbgumhﬂbﬂtne b?és)énmbenlnbﬁs ZL@W?‘ih)anothﬁr wher ein
is a nitrogen protectin [OU C .l e romf{ he roup
consi sti ng o?mgP dimgptRy th e@?g%ﬂ nvg %W'S M tﬂer@%od"ﬁ%%épr opyl ,
a% gycl OPUt?ﬁE,pré’déﬁt .ﬁh?ﬂmqe&,lng@ahw’ a@ce%ahapdxreg@ral Ih%retélﬁjﬂgé?ff In an
e odal nen e ese Il nventi| on IS Iy, a oun (0]

orml A ( x| -&gibodRentol g ERPEEAS, R HAdr PaesERba |y

accept abl® s@hbsdiinber F&ie prabett @iventiie3 tHescoiioune 8f faemdie ) kahpounds  of

formula (XI). In ano di ment, the present invention is
directed to ‘é’rﬁwalﬁ’&]g’”ﬁ\‘”aﬂg&ﬁul a (XI-S), wherein PG3 is sel ected

HaC,

—N
/>—NH
N

N—CH,
(I-8)
or a pharmaceutically acceptable salt thereof. One of ordinary skill in
the art will recognize that the compound of formula (IS) corresponds to a

10 compound of formula (1) wherein R®is hydrogen, R® is hydrogen, R™ is
hydrogen, Z is CH, nis 1, and R"" is methyl.

The invention may be more fully appreciated by reference to the
following description, including the following glossary of terms and the
15  concluding examples. For the sake of brevity, the disclosures of the
publications, including patents, cited in this specification are herein
incorporated by reference.

n n

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

20 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
“), 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

25 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



5 fromthe group consisting of -C(0)0CH2CH3 and -C(0)0C(CH3) 3, and
pharmaceutically acceptable salts thereof. The present invention is
further diwechaghtosconpounds of formula (XX) HN RO RO pcTRB:2000/0i9m27
N-R11 ((XX), wherein 10RO is hydrogen or a nitrogen protecting
group; and wherein the two RO groups are the sane; R8 is selected

fromthe group consisting of hydrogen and Cl.4alkyl;, Z is selected

fromthe grOtmrlr@étam%tpbngar@écybleamﬂ]sﬁhﬁvel“exhﬁwpﬂes%c?oloah@R&r upd9 and R11
are each |nde end ntléwsel ected fromthe éﬁl)?urg' consi sting of hydrogen
f

and CL. 4alky/ Elude the fol oG HdiEes fratheipran ot bopged RYISHFY R19 i s

preL 510 or g et R JB OS0HG,  pS rp pgren o
D oo A S A

When a particular group is "substituted” (e.g., cycloalkyl, aryl,
heteroaryi, heterocycloalky!, etc.), that group may have one or more
substituents, for example, from cne to five substituents, or from one to three
substituents, or cne to two substituents, independently selected from the list

10  of substituents.

With reference to substituents, the term “independently” means that
when more than one of such substituents is possible, such substituents may
be the same or different from each other.

As used herein, the notation **” shall denote the presence of a

15  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. ltis to be understood that all such isomers and mixtures

20 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

25 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



20and pharmaceutically acceptable salts thereof. The conpounds of
formula (XX) correspond to the conpounds of formula (VII) when RI is
a nitrogenwarotmoeizmg group; and to the conmpounds of f oraGmiUS20¢oXHIRY ,
when R9 is hydrogen; and are therefore useful as internmediates in the
synthesis of the conmpounds of fornula (1). In an enbodi nent, the
present invention is directed to conpounds of formula (XX-S) HRN R

HN N- CH3 ( XXpi8hentangn plastereadasiici exaddsyof geempited & chmhkis abbetrsnof,,
wherein R is_defined as 5.f?Rr; con‘rpounds off fqrrEHIa é% Olnag)a ot her
embodi ment  ofe" EXENRIP-AL ERAIGSIRIRAPEHHEXCRSS & alggtarthan of ¢l 1P oup
consi sti ng o0$0%y i sgatter@kadplel theagepophdisetdédengaiginaligsteveemerian t he

it tecti | ected f h [.Sti f
Cez, Boo, | Treieeama PraLen fr SR rosout B ARt Rar e °
icgventDiE %rs Lg;dmpmbﬁ@rrfderftlaoa@r gigeﬁeggwwilcg;mﬁsﬁ gr@tmﬁhmym@ge{tpand_ 10

Z. e_present _invention is
directed to gb‘%%%dé“ }Sé.‘]\laf‘gﬁ‘ﬁ’h?’éa’?%ﬁ%@%iis BisSaE R gh\ )n(0,
15wher ei n LI diaftereoReric BecesROf gredten ithn dretualZo abalit99%: e as herein
defined; and furthop difectel ShPL9SERREBrhelor S MSRAIL AR Of the

conpounds of for
present invention may exist as polymorphs and as such are intended to be

10 included in the present invention. In addition, some of the compounds of the
present invention may form solvates with water (i.e., hydrates) or common
organic solvents, and such solvates are also intended to be encompassed
within the scope of this invention.

Under standard nomenclature used throughout this disclosure, the

15  terminal portion of the designated side chain is described first, followed by the
adjacent functionality toward the point of attachment. Thus, for example, a
“‘phenylC,-CesalkylaminocarbonylC+-Cesalkyl” substituent refers to a group of

the formula
0
—?—01-05 a[ky)\ N/ Grro gl
H
20 Abbreviations used in the specification, particularly the Schemes and
Examples, are as follows:
Ac;O = Acetic anhydride
AcOH or HOAc = Acetic acid
ADDP = 1,17-(Azodicarbonyl}dipiperidine
25 Alloc = Allyloxycarbonyl
BOC or Boc = t-Butoxycarbonyl
BOC,0 = Boc anhydride
BuzP or PBus = Tri-n-butylphosphine
CBz = Carbobenzyloxy {(or Benzyloxycarbonyl)
30 DBU = 1,8-Diazabicyclo[5.4.0Jundec-7-ene

16



(1). The conpounds of fornula (1) of the present invention are useful
as internediates in the synthesis of histamne 1-14 receptor

nodul at or swof@fu/@¥aapl e benzoi m dazol - 2-yl pyri m di nes gag@seioilwgr i n
US Patent 20 Publication US20070244126 Al, published on Cctober 18,
2007. The present invention is further directed to internediates in
the synthesis of the conmpounds of fornula (1), nore particularly to
conpounds of formgsp (VI1), coapoumisinfbzdarbmakpateVl 1) and conpounds
of formula (Xl), as herein defined. I n, an enbodi nent of the
present inventioA2 is CH | nTanotigprrerRralis@Rexye t he present
invention, n is DpERoYBIEMANOtBEr gRbethERAyIfhing he present

i nvention, IR8, R9 and R19 are each hydrogen. |In, yet another

embodi nent of t h&Miesent i nvehti odbNVRIMeNYfoi@emide 1 n yet another 5
enbodi neng of thenw.e8p0t i nveati omimbmgf@mgﬁﬁﬁ%?ﬁvé@é}ul a (l) is

h ff la (1- -N “
the compound of fgrrla (1-5) EBC ¥ cihyisuttoxicn

EtOAc = Ethyl acetate
EtOH = Ethanol
HPLC = High Pressure Liquid Chromatography
10 IPA = Isopropyl alcohol
MeOH = Methanol
2-Me-THF = 2-Methyi-tetrahydrofuran
Mesylate = Methyl sulfonate (i.e. O-SO>-CHas)
MTBE = Methyl-t-butyl ether
15 NaOAc = Sodium acetate
NaOEt = Sodium Ethoxide
Pd-C = Palladium on Carbon Catalyst
PPhs or TPP = Triphenylphosphine
Rh/C = Rhodium on Carbon
20 TEA = Triethylamine
THF = Tetrahydrofuran
Troc = 2,2,2-Trichloroethoxycarbonyl

As used herein, the term “composition” is intended to encompass a
25 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
30 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.

17



N-CH3 (I-9) or a pharmaceutically acceptable salt
thereof. One of ordinary skill in
WO 2010/002774 PCT/US2009/049027

One of ordinary skill in the art will recognize that, where not otherwise
specified, the reaction step(s) is(are) performed under suitable conditions,
according to known methods, to provide the desired product. One of ordinary
skill in the art will further recognize that, in the specification and claims as

5 presented herein, wherein a reagent or reagent class/type (e.g. base, solvent,
etc.) is recited in more than one step of a process, the individual reagents are
independently selected for each reaction step and may be the same of
different from each other. For example wherein two steps of a process recite
an organic or inorganic base as a reagent, the organic or inorganic base

10 selected for the first step may be the same as or different from the organic or
inorganic base of the second step. Further, one of ordinary skill in the art will
recognize that wherein a reaction step of the present invention may be carried
out in a variety of solvents or solvent systems, said reaction step may also be
carried out in a mixture of the suitable solvents or solvent systems.

15 | To provide a more concise description, some of the quantitative
expressions given herein are not qualified with the term “about”. ltis
understood 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

20 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. It is understood that wherein a range is recited, the range is not

25  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

30 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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the art will recognize that the conpound of formula (1S) corresponds
to a 10conpound of forrmula (I) wherein R8 is hydrogen, RO is

hydr ogen, WwWboSoigelygrogen, Z is CH n is 1, and R11l is pmbdsghovose027

The invention may be nore fully appreciated by reference to the

foll owi ng description, including the follow ng glossary of terns and
the 15concl uding exanples. For the sake of brevity, the disclosures

of the publicati gas;sel 'ﬁ@iéﬂﬂ'uﬁ@s@éﬁh@ﬂ&@e né&téd ask {eﬁmt‘Qbr%n%%%ﬁ)en't cation
are her ei n |ncorporated by reference. used herein, the terns

"i ncl udi ng" , Shell GiRaR; Ry sgivestihet dosaprl ¥ed g oreip. SUGHINGEBINES n thei

open, non- |||ﬁblh6@%u$%$ﬁ)tllr3@érd1@ Dwm4—aiokyrh THES 8Etodiiled ppridid, ght - or
br anched- chai.,n al k roup havi ng from 1 12 carbon atons in the

chai n. Exanplied 0f8f9¥‘§{‘?<ﬂ'%qf6’ﬂ}6t§'aﬂ%\ﬂ%l% t‘h"é?fl*?y@mt%tor\ﬁhl ch also may be
structurag |y depisgtiedd hMreﬁm‘énI%}éﬁfblﬁbanéé not6d, e tetrFt leavifgRyreey shall

| sopropyl, butyl, |sobut sec- but tert- but t Bu pentyl,

i sopentyl, t'@?%/ %8%"9? ﬁ@gpprgepgg%gwrou%wglc rc’béﬂﬁé's LH'%\QQ n Ilght of
the 250t di nasupssisiio orl disgldtenht reabibnt hﬂthb@@rclbamggmgyimdh herein
woul d be con&%er ed e‘ﬂ?)aval ent taq an

0 h oi.n | es.
e Cerm ~ O epgEnRore MHLK G Ang ardideRaouloes ared SRrYnauSki T cq.
nmonocycl i c, thusﬁ;isqmé Mostedtive suikiblesaxarmlaaairy Qeh hereC and®ey Hcridbavi ng

from3 t WD, 2010/ 4P S2009/ 049027. 1 at ons . per

car bocyclts. T PREHIMGS Cohirdd: biesyeieooeRgle. Bog0otiEfide ¢ he
fol | owi ng entiti @3, uséd héfem, hioess aﬁeﬁm&ﬁ ¢a/ tl’(ﬂjmiﬂdﬁdmtf\?v?eﬁ pestecting O, | 0,
0, ao, 0, 0, 0, ¢ Co, CO u>, <> . a . en a . particul ar
group i s s @RUPTElialqeand groto which SRR AtelRed to ey LRGN ©©

het er ocycl oairkt;ebt sam mtra)gert dtatn fginopgticipatingdw e resutiooandwhieh may be
substituents on to fi vf%]eLt subst rom one

Lo thr ee. curertPuefE e piowht MR 8dhe bvei 4R MiBkgnRlsctig
sel ect edtd r growgsandtudd, blDak netilvsitdd togsdrisamates (Wthh are groups that

contain a moiety ~C(O)O-R, wherein R is for example methyl, ethyl, t-butyl,
benzyl, phenylethyl, CH,=CH-CH> and 2,2,2-trichloroethyl); amides (which
are groups that contain a moiety —C(O)-R’, wherein R’ is for example methyl,
phenyl, trifluoromethyl and t-butyl (pivalol)); N-sulfonyt derivatives (which are

20  groups that contain a moiety —SO2-R", wherein R" is for example methyl, tolyl,
phenyl, triflucromethyl, 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

25 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

30 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



Wth reference to substituents, the term"independently" neans that
when nore than one of such substituents is possible, such
substit uemnywe 20000084t he sane or different from each ot hEIT/US2009/049027
As used herein, the notation "*" shall denote the presence of a

15st ereogeni c center. Where the conmpounds according to this

i nvention have at |east one chiral center, they may accordi ngly exi st

as enant i OefSstaifil @chRiguen BDEHAIhe ROFREES of M@st@rreomﬁe pglm Hiyﬁéalt

centers, they nay additional exi st. as dia L b
o er st b0+ hanatan Wity a1 shteBina N e At el B b3 Shg vr Drafgadd

enconpassed andkhl(m) dietoR ey PEtafarit Beid l%ll@ﬁ:@mby rfr@mmal @’pstaﬂllﬂat@ﬁ and

enbodi nent, wherein the cgnépound_lj rfgr esen %nantl 0 t he

enant i omer | €IBREERT ofdhe Upe Bsent NG HROMPOUR g%aéf’ Btmeﬂ‘@g%tyhan or

teﬂual to aborfatr?ﬁ%%bofﬂ{yswlceast@f oa@nﬂaaﬁbllmrbymheomm@ragmcgr eat er
an or equal to abou 0 no ound i s

present a'? aSPPAFFLIAP PpHEs MRV 8“59 (95'532 881‘[[3535)’ nglt%rpaﬁxﬁivn ﬁ't?rng)érwgpdﬁ 0

about 95% |mapbpetdweivetxdimplaechirhtePicDogomnd i s present at an

enanti oneri c excess. of %@Et er than.,or e

qaé{a{. tof ﬁbout 98Y%
anot her exanpl e, 14789 &8 REr9eESHiSdLRPPAAUIYHOTd %ﬁ?TB%\d%g cess of
greater t hanpr@ﬁerﬂ@l‘bl/@htldrp itaetie 122%ssaby amd/ar desirabib és priotect Sensttivepound

i ot or obiver PECR ARG bt RoRRASL AT 1S RRGES duter 30

exanpl e, at mearh c&&bﬁvmamllpcoteotmg@sowfs grohasdhogehdesciibedagual to

i ast er eoner PotEfig Glo Gt Biding i 33253561 %5%%2‘39%@% °f%
anot her exanfd7g; ammBCENqum@&ﬁ'dWQrpem ' s Oeream

excess of grgater..t I b .@Q_% npl e,
t he corrpoundé)fﬂt%sﬁ@eggl}'] a g%é’lsa Ongﬁg ?&é&t@@;r@/@% r%%hé)r% han
or equal 15 o attmaanvegiest subsequeRustagreusing methodsrsnain frére thﬂ@«‘st alline
forms for the co - 8X]

pol ynmor phs and ag&% gﬁi?hﬁanﬁéed'éﬁig“d zﬁsﬁﬁﬁhg&g&g&tﬁ %rﬁ%Feésent

i nvention. |t reddoxic (pharseneutigally @ec §." healismadyent

| nventi on My, f QMER0lsYR findbidBalibebr dmunadcioflifisio s _common
organi ¢ sol vents, tes are al'so I ntende

enconpassed IWI!Qf'HiIDn or n’éthglcgp@'rr@pe@twagy agegpigbiedglts.Haleblest andar d
nonencl r i t portion
o The dea G e o g IRl on e

adj acent f unealts avidgh gy, ffenaxaenpien be fromad basrmaﬂ@ ashlgeon of thius, for
exanpl e, "&Hﬁ%ﬁﬁh%tﬁ%dmoﬁmgﬁaﬁn%ew@w £eablesle acidishidsuent

refers to a group of the formil
hydrochloric acld sulfuric acnd fumaric acid, maleic acid, succinic acid, acetic

acid, benzoic acid, citric acid, tartaric acid, carbonic acid or phosphoric acid.

25  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.,
quaternary ammonium salts.

30 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



20Abbrevi ati ons used in the specification, particularly the Schenes
and Examples, are as follows: Ac20Acetic anhydride AcOH or
HOAG=Acet i woaeivhoAPPP=1, 1' - (Azodi car bonyl ) di pi peri di ne pcrius2009/049027
25Al | oc=Al | yl oxycar bonyl BOC or Boc=t - But oxycarbonyl BOC20=Boc
anhydride Bu3P or PBu3=Tri -n-butyl phosphi ne CBz=Car bobenzyl oxy (or
Benzyl oxycar bonyl ) 30DBU=1, 8- Di azabi cycl o[ 5. 4. 0] undec- 7- ene

DEAD=Di et hyl @s}&gﬂeCééméwhﬁheat@&@@@ﬁstesgiab&% aFashs@! boxyl ate DI PEA

or DI EA=Di i sopropyl €t hyl am ne met hyl'f or mam de

5DVFDVA=Di rre@'h‘iﬂ”yléfsﬁﬁ'fﬁt‘éi@edylfﬁépf?maé%@V@iﬁbmwdﬁ%ﬁ%}l@ul f oxi de

Et OAC=Et hyl ReRSMRIIE Bdrdd/RasHhoate, iodide, isothionate, lactate, lactobionate,
laurate, malate, maleate, mandelate, mesylate, methylbromide, methylnitrate,

5 methylsulfate, mucate, napsylate, nitrate, N-methylglucamine ammonium satlt,

oleate, pamoate (embonate), palmitate, pantothenate,
phosphate/diphosphate, polygalacturonate, salicylate, stearate, sulfate,
subacetate, succinate, tannate, tarirate, teoclate, tosylate, triethiodide and
valerate.

10 Representative acids which may be used in the preparation of
pharmaceutically acceptable salts include, but are not limited to, the following:
acetic acid, 2,2-dichloroactic acid, acylated amino acids, adipic acid, alginic
acid, ascorbic acid, L-aspartic acid, benzenesulfonic acid, benzoic acid, 4-
acetamidobenzoic acid, (+)-camphoric acid, camphorsulfonic acid, (+)-(15)-

15  camphor-10-sulfonic acid, capric acid, caproic acid, caprylic acid, cinnamic
acid, citric acid, cyclamic acid, dodecylsulfuric acid, ethane-1,2-disulfonic acid,
ethanesulfonic acid, 2-hydrocy-ethanesulfonic acid, formic acid, fumaric acid,
galactaric acid, gentisic acid, glucoheptonic acid, D-gluconic acid, D-
glucoronic acid, L-glutamic acid, a-oxo-glutaric acid, glycolic acid, hipuric acid,

20 hydrobromic acid, hydrochloric acid, (+)-L-lactic acid, (x)-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-

25  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:

30 ammonia, L-arginine, benethamine, benzathine, calcium hydroxide, choline,
deanol, diethanolamine, diethylamine, 2-(diethylamino)-ethanal,
ethanolamine, ethylenediamine, N-methyl-glucamine, hydrabamine, 1H-

imidazole, L-lysine, magnesium hydroxide, 4-(2-hydroxyethyl}-morpholine,
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HPLC=Hi gh Pressure Liquid Chromat ography 10l PA=I sopropyl al cohol
MeOH=Met hanol 2- Me- THF=2- Met hyl -t et r ahydr of uran Mesyl at e=Met hyl

sul f onat e Wi0.210/02882- CH3) MIBE=Met hyl -t -butyl et her 15NIOVE2SBIPLPNIM
acet at e NaOEt =Sodi um Et hoxi de Pd- C=Pal | adi um on Carbon Catal yst PPh3
or TPP=Tri phenyl phosphi ne Rh/ C=Rhodi um on Car bon 20TEA. Tri et hyl am ne
THF=Tet r ahydr of uran Troc=2, 2, 2-Tri chl or oet hoxycar bonyl As used

herein, the pipemariheopqassiun bydrotide, i TRCeydeskyt byl pgrostidine ssecoBqy oduct
F R R e R e
combi nati ons of tRuferspexiofd demicyyeetly dotein byndrhieg speof ifs fednanount s. .
Ao ore extensilol RS ) Gk (PP BB PbIRRr o™ Ut
chem cal ®nt ¢Heynitdl@htit30irsl (Ahgnyosteheoforms aj sucdhechamicabdritiyy indice t ed f orm
of such Chemﬁ%@‘llumelﬂ tv\jhtlc%’’ché:el(r:]gm[g(%:)t.?nda:snMeing considered when named. For
example, reference herein to a compound such as R-COOH, encompasses
reference to any one of, for example, R-COOHg), R-COOHso, @and R-COO"
o). [N this example, R-COOHj, refers to the solid compound, as it could be
- 10 for example in a tablet or some other solid pharmaceutical composition or
preparation; R-COOHsay refers to the undissociated form of the compound in
a solvent; and R-COQ ) refers to the dissociated form of the compound in a
solvent, such as the dissociated form of the compound in an agqueous
environment, whether such dissociated form derives from R-COOH, from a
15  salt thereof, or from any other entity that yields R-COQO" upon dissociation in
the medium being considered. In another example, an expression such as
“exposing 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
20 example, an expression such as “reacting an entity with a compound of
formula R-COQOH" 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
25 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-COOH5q) andfor R-COQ (s, where the subscript “(aq)” stands for
“aqueous” according to its conventional meaning in chemistry and
30 biochemistry. A carboxylic acid functional group has been chosen in these
nomenclature examples; this choice is not intended, however, as a limitation
but it is merely an illustration. It is understood that anaiogous examples can

be provided in terms of other functional groups, including but not limited to
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of the forns of such chem cal entity in the mediumin which the
conpound i s being considered when naned. One of ordinary skill in

the art wWwo xngaegnize that, where not otherw se speci fpcatyszbdd®49027
reaction step(s) is(are) perforned under suitable conditions,

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

speci ficati of&gG, ‘Bbﬁb rﬁﬁrog@n RithReN 566h AEhBsdin a\MlﬁésebHd any S@geNt or
reagent cl ass/ty ase, solvent, etc.) is recited 1n npre than

one step of @OBP g“@é@éera@tﬁ@rir%ﬁfwrf@@ézporﬂ@s@@h@@%m@nm%aweﬁa@ﬁitw

sel ected forihgesdmdiRABEICOMPSHRY ARH mBMchshstdha teRsBrRdtioRk ifcicant from
each other. For exanple wherein two steps of a process recite an

organi c or iRMdaERetdnied & ggssgm@t@@ggﬁocnap% t%-l*‘@fﬁﬂr'sén selvplysisgani ¢ base

10 sel ected ihQudihg Bydrbksis, sohvdRomBic Rend Mrﬁ%ﬁepr@ﬁ)ngfordlafnéer ent from
the organic or inorganic base of the second &E@Q Further, one of
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a} eéllctlon stego\rfrgpl so be carrled out in a
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Enr e conci Sezvd@@'anB,QiridQﬁelr SRy vhieriohiaddhpaindE afxX s S&Esd o?s gl ;/ﬁnt
erein a rs 00 a

fied t "ab "ot
het hor 16 DAl Shdstaenaes aat e el gt §par s o ol Fans s 1 v
g: ven hertel truéfaemreamf Iurb?ra]mei;ern thiz rédj?dﬁtﬁéthaheglfm@ﬁowﬁdaﬁlglné@d}elhttI S
al so nean o refer.to i 0 0. S V, val ue a
woul d r easor 1S/ dspical @F‘E@@%gggf%% ‘HB’CBE t'H 9@?’["9'9 in the
art, incl udllnqegp({o)h&Bi)rt?&tlbmoﬁmldcolat bmtltesp({reenmnéaémpladlmh line
t it or iV u
Concl se des Tt BiRZunEr 57 Eretnkiiel ot Po o BBl Vel Brdar ci n are
recited 5 awitaripe o zeittedbtdc torapmumitis X neotral lzompo@ndthat ha¥. fointal Lsit
d tood t
St 000, g IR R S SRS s
the full rartgen TmrmnsaltﬁﬂuOtrwnsumcew&feWtomsea:bmpnuraimnulpmﬁr onsany
range ¢ her el dkngugh the (EEPIRA TS rlerdich ARl B3R YRR R RADBLARL | O

terrper ature reac ers and conponéen ar e
provi ded i n a$pecilieragmpld, @I'emgeﬂwpmnoasld\(\mcamlrfcnadlcbgl'ychee)mas th@ne of

or di nar e Kindieilier ol blg 86009 &nd halial g Lol gl Sai ¢

exanpl es 1s provi déd ratrve I's not
medla) in the form of the zmttenon H3NCHZCOO thtenons 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

25 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

30  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.

23



i nt ended, and shoul d not be construed, as limting in any way the
invention set forth in the clainms which follow thereafter. As used
her ei n, unyesmicaieiw se noted, the term "aprotic sol verttiushavdvmean
any solvent that does not yield a proton. Suitable exanples include,
but are not Iimted to DV, 1, 4-dioxane, THF, acetonitrile, pyridine,
di chl or oet hane, dichl oronet hane, MIBE, toluene and acetone. 5As used
herein, unless otherw se noted, the term"l|eaving group"” shall nean a
char ged or uncha&%d atom or group which de art? gurl
substitution or preseahigKgntiva st tirested tﬂlatFH f 19rdlg Pie 3'6'1“8 BE in
such reacti Oélﬁn@d&d%fforrktﬁléﬂ(\ﬂ)\aﬁﬂdﬂlmd|hIS‘Chb||‘ﬂ|@ kbetslvedge of those of
ordinary skill in the art, sone illu traté sui t abl e exanples are
gi ven here, and they incl ude, 10bui—Gare FﬁoR linmRed to, OH Br, d,

|, mesylate, tosylate, gyfino and tri ed herein, unless
ot herwi se noted, the Nérm"nltrogen pro ec ng ro shaII mean a
group which may be at |ached J0 a nitrogen Efot ect said
nitrogen atomfr 7 ting in a reacti d which may be
readily renoved fof ow pg the réactton. TTTustrative suitable
ni trogen protecti Rg) 15gr oups i nclude, but (dde not limted to,

r

car bamat es (which e groups that contain a noiety -C(0)0-R, wherein
Ris for exanplp@2mat hyl, ethyl, t-butyl, benzyl, phenylethyl,

CH2=CH CHz- 2-trichloroethyl); amd N(Whl ch are groups that
contalnarmle )RB g, grein R |sfor ethyl, phenyl,
trlfluororreth I pivalol)) N—sul]_ﬁ\I nyl delv |vs (Wmch
are 20 group¥ that c tai noi ety -S02-R’, vvhereW

exanpl e nethyl, tolyl, enyN—RYj f IUUr'OTrErhyI

2,2,5,7, 85pent fhylchro 6-yl- and 2, 3, 6- (vill)

tr| rret hyl 4- et oxybenzene) Choi ce of prot ecting groups is V\Athl n
the ordinary skill in the art, and an ar‘rEI e variety of such groups,
how to obtain them &nd their behavior iBigi ven in standard reference
materials, such as P&gM Wits & T. W gene, Prot ective G oups

in Organi ¢ Synt h@rs,~g0ohn Wley & S OOW @ get i VgI& oups
in Organic Chemstry, d. J.FW MQOne, We es 73.
Where the processes for~fhe preparation of the cwxcc@rdl ng to
the invention give rise to m xture of stereoisoners
may be 30 separated by conventional techniques IﬁUCh as pr ]’natl ve
chromat ogr aphy. The (©9nmpounds may be prepared | racem c form or
i ndi vi dual enantioners may be prepared either by enantiospecific
synthesis or by resolution. The co r%randes1 may, for exanple, be

rs

resolved into their conponent enanti
10 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"isa
15 suitably selected leaving group such as OH, CI, Br, | or mesylate, for example
OH; wherein the compound of formula (V1) 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
20 and PPhs, or ADDP and PBus, for example DIAD and PPhs; wherein the PPha
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by standard techni ques, such as the formation of diastereoneric pairs
by salt formation with an optically active acid, such as
(-)-di-p-t@buwerwimifartaric acid and/ or (+)-di-p-tol uoyWerusbaphaobt
acid followed by fractional crystallization and regeneration of the
free base. The conpounds nmay al so be resolved by 5 formation of

di astereoneric esters or amdes, followed by chronatographic
separation ahdpd g5 RUTIY: bicHi¥n AbliesaRbt Ay, the
conmpounds may be res@“jTI géd] ughﬁeng ﬁt? rHPLC r(]:81 | 'umm. dp i ng
any of the pwb@@lﬁé@%cwﬂ“"&)ﬁ@ﬁféﬁﬁtﬁf@ﬂﬁ @'ﬁs@fﬁé” é@rﬁ%@@ﬁl@sa@ﬁmpﬁ@t “]Ebr esent
| nvention, e PelR rORCABEA I IAANERY 185 SRl MrRkBRplSERs] Ui ve
or 10 reactive groups on any of the nolecul es concérned. This may be
achi eved by melaheawtalerisivedin @)ﬁ%ﬂ iSRRI SR G EUISOf 0sgaRis wiveniBose
descri beds i ng RhRLAEHH, z%é%ﬁw tdhéaégﬂaéat&nn%eﬁswﬁiarxethggcetéteﬁow

McOm e, Plenum Press, 1973; eene Protective
Groups i n Og@nine '”%WQﬂhé'sT]'éF ﬁéﬁrﬁvePféS}d"%J"Sbﬁ‘aéangﬂ@f)ffom”ﬁhémpﬂ@)‘tQact| ng
groups may u ge using

met hods knoaﬁ P r&(ﬂ)‘[ﬁﬂ&?ﬂé&ﬁ?@r&m{”e ?%&E%%taﬁyﬁ[%ngdﬁ el&ﬁ%t he salts of

t he conpoundwretparding ¢ompentd offorredla(Vi)o non-t oxi ¢ "pharmaceutical |y
acceptable salts ; 1 a2

preparation of cg)nn%%ﬁgéd@%}&%’?éi nlgre?%ﬂtﬂﬁ)éﬁﬁ?nht%nté ﬁgrﬁ’é Orat%th%{&%gr}er

phar macelit i caild gre acoiphinselectehnitrogeraroteatin@gr20p ghdy arcRaof BALH yn
acceptabl e splolrer QfnobfitheROBRALBRCANIIEn 30 brtitdphedis whi ch
may, for exanple orrre y m Xi ng a sol ution e conpound with
a sol ution dTltf%eﬁM@tﬁﬁié‘GtﬂWlﬂhaﬂdﬁfa@é@prp%l e acid such as hydrochloric
acid, sul furi c_aghdcohbsl & 1y (VIRIsSIcCprBELba abtsBingid il acetic
acid, benzoic acid, ric acid, tartaric acid, carbonic acid or
phosphori c d8etiodn e Pﬁ'ﬂt@%t’mﬁﬁs@onmﬁ@n@%d@éf%@ulﬁd‘fﬂ]%fastatféeq nventi on
carry amsciyhise ofBs fé tl@rre%ﬁbﬁcﬁft& &l%ﬁﬁ %P@)&Em&@bé % aSRRp&ErHenl ts

t hereof may i nclude al kali netal ., sodi um or potassium
salts; al kalSeHe RAPKAMAE: WhersiglRG, art.d %G ar@aﬂaéh Wdﬁeﬁa@ﬁ@%ﬁm salts;

and sal ts fopame gm)hs §1plotdRte?y B @ARING WithdRARen %aﬁat ; gréabiaeRary

amoni um sal ts. representative pharmaceuti cal accept abl e
salts incl ucPé’OHtﬁO %ﬁ‘é”H@tpfﬁterﬁcﬁé’ﬂapﬁtalyﬁﬁ%@@ﬁlpw g @ Sag’ét‘ta?t“é as
benzenesul f iRl benzoate, bicarbonate, bisulfate, bitartrate,
borate, brom de, _cal cium ed tat e g/ ate, carbonate, chlorj de,
clavul arft e, citra¢ EOMBPY [ﬁ’r(lvﬁgs LR Upe pase (g(ﬁsgf§|cg{r§SDOng@go| at e,

elsyl alt Ie | f Ur&lt&’(?rﬁw (f@'dﬁﬁmpbais&t,s c@truspmﬂtr@ H(g|sgtt)aﬁ§&b@cted \(rjwth g su1tabéy
gl ycol | yl arsapi | at ex orci nat.e, ami robrom de,
i oehl or T auBeaf saPRatd F I (R HaBteT 2o HdT M e g

| act obi onat e:;onbuaturgacsferN(m%ﬁlzaahe ~OFRi! eifetein BBEHIRT a4 Bdepa@ighitt lected

oo Lo PR e G L A B LR B B )

pa: m tiatZ& pakﬁﬂbmh@t\eth theaitphei efoeh fohardghiabe argtuigad faehwr onat e,
sal i cyl ate, at e acefate, succi pate, .tannate,
Cartrate. i aaurapRHiRg skynlBistronRr IR bR dr RSO R g RORSt
10Repr esent aiyiroldimd bod mohihotinykeandbehansin k1 is staleetemfrepamatgrcmp of

phar maceuti cal | I ts i.ncl ude t ar ted to,
Phe ol | oi HgnSRir SRy End Badi. cliesibia, Wbl S i BUoHELA ot no
aci ds, adi piknoasicdmpairgl cmo@rrtpoumd pragaediyknaen metﬂodas\p}aerenctham d,

penzehestl oot i BRERLC o2 o 4.5 AL ETRAGM b 861 oo

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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15canphor-10-sul fonic acid, capric acid, caproic acid, caprylic acid,

cinnamc acid, citric acid, cyclamc acid, dodecyl sulfuric acid,

et hane- 1, 2wéisukdgeni c aci d, et hanesul fonic acid, PCT/US2009/049027

2- hydrocy- et hanesul fonic acid, formc acid, fumaric acid, galactaric

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

aci d 20hy dr RIFEITNG, @61, &s,E@I60GHO0L, Gor%@cbﬁﬁple( 5& Trierdaaﬁi beseapblas
()-DL-lactic acid, fact obt oni c acid, maleic acid -)-L-malic aC|d

mal on| ¢ aci dPowderes| Keklrwherein e faserisiesral i ana e range of

napht hal ene- 255 ubb@ 16 26Uk mBRPBYIAAIERS, T3 Sxarfbleh ubbmrﬂ olaei d,
1- hydr oxy- 2- napht hoi ¢ acid, nicoti n aC| d, ni t{ll c.acid, olei }Cﬁl@j cid,

orotic aci d, CBIAIGNES: fL7 8eCqrL|HFANG 20 ‘é‘?& guc noksqpronsne

acid, L- 25 Mﬁgbﬂé@lﬂ)rﬁtn&cwﬂ,ex§r@blleQrYblh@n@Cat(hte#rpéfﬁtu”réﬂ‘smblrar)@el(ﬁf
acid, sebaic acid, stearic acid, succinic uric gfld tanni c

acid, (+)-L- ir%{magwtéo%[e,t@npqrﬁiu&pﬁhoet%pd%rﬁxzfraplﬁgﬁgg%tﬁ NP acid

and undecyl epjiGx %%p@ratﬁ%Pfo%ﬁ@@tlﬁdoY@s&ﬂﬁﬁﬁgdﬂm polndeyfoRfuigged in the
preparation of pharmaceutically acceptable salts incl udﬁ%mpftégnure not

limted to, the ¥ Qf\ﬂfqﬁ'@ry%ﬁfﬁwtﬁﬁlaﬁ W"I'_re&P%ﬁ'?ﬁ that caperan
benzat hi ne, g%wmmmy oe pr@d&@éd Pereadif@yPbuitablyeubgneteam ne,

di et hyl am ne, | am no) - anol , et hanol anj

SRR U AR I AR S I e A
L-1ysi ne, magagahetinmyde asiad Eﬂar(u;aem@ﬂmmtz’wbvhrcmmmejram One

CeCanaary anbiRenay AN 1y or ol shet FcByhes BPCTAROnBY SLRIRARTY and

zi nc hydr oxi gy alRghatveryae ﬂr@p@:e@b?i’@abﬁhg g ebinbyuritestéormulyy(Lpam ng one
of its forms stands for a reference to apy one of: (a) the actually
recited formof such 5chemical entity, a (b) any of the forns of
such chem cal entity in the mediumin ﬁ t he conpound is being
consi dered when named. For exanple, referelkce herein to a conpound
such as R-COCH, enconpasses reference to one of, for exanple,
R-COOH(s), R-COOH(509, and R-0Q0" (&o. IN thi& exanple, R COOH(s)
refers to the solid conpound, it]lcoulfl be 10 for exanple in a
tabl et or sone other solid pher: % Ut Al Sgofposi tion or preparation;
R-COOH(800 refers to the undissociated form of gyhe conpound in a
solvent; and R-000-(500 refers to the dissociated formof the
corrpound15 n a solagakscribeddmmete detail B Bepwies@dhoyeheBant fEthebifpound

i N an aqueougyeryb BONIRE fol¥eLRM. such di ssociated form derlves from
R-COOH, froma 15 salt thereof, or from any ot her (gntlt i el ds

R-000" upon di ssd®PREMEATIMENt. Hie PREaE iRvsaIGHYS dbpdle B}%H%C ft&ﬁ her
exanpl e, g%épér%ﬁ&\ & S3HEFbURT of RFPARKI(RY), B obfihéd ih SchefRTDisAIE, Of
formula R "refers to the exposure of such entity to the form or
forms, of the conpound R-COOH that LXists, or exist, in the mediumin
whi ch such exposure takeg'place. In Al er 20 exanpl e, an
expression such as "rg&acting an entity Wi Q#pd of formula
R-COOH' refers to the|reacting of (a) such y ifl*he chem cally
rel evant form oer N G'such entity that Ists, or exist, in the
medi umin H >

(V)

(VI-S)
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whi ch such reacting takes place, with (b) the chem cally rel evant
form or forms, of the conmpound R-COOH that exists, or exist, in the
medi um i n “/@ﬁh,/@%mch reacting takes place. In thr S rqg;qml;zud)fo.;@gﬁh
entity is for exanple in an aqueous environnment, it is understood
that the conmpound R-COCH is in such sane nedrun1 and therefore the
entity is being exposed to species such as R—COOH(aq) and/or
R- 000- (aq), @e the subscript "(aq)" stands for "aqueous” according
toits conveﬂ a&yneanrng in chemstry anq|§0 bi ochem stry. A
carboxylic ac ctional group has been ché n t hese
nomencl ature ég_' les; this chorce 15 not int d , however, as a
limtation bdN it Y an illustration ¥t is d t hat
anal ogous exanpl es ca prowviaigd in ternms of other t i ghalCH;
groups, |nclud|&@ Eut not mted to hydroxyl, paasjc nit
menbers, such as those in am nes, and any other group that interacts
or transforns according to known nmanners in the nediumthat contains
t he conpound. Such i9teractions and tr formati ons include, but are
not limted to, dissiciagyon, associatio utomeri sm sol volysis,
Sincl udi ng hydrohy®i s,ySol vation, i nghud(ng fation, protonation,
and deprotonation. In dnother exanple, a teryoni c conpound is
enconpassed herein by reékerring to a conpound that Ns kpownNto form a
zwitterions, even if it is not explicitly naned in i wi t therCmi ¢
form Ternms such as zwitterion, zwi tterions, id.their s
zwi tterioni c compouds) are standard 10 IUPAgnehdorsed nanes t hat
are well known and part of standard sets of defined scientific nanes.
In this regard, the nane zmﬁtteriog%hg m@ssi gned the nane
identification CHEBI: 27369 by the Chem cal Entities of Biological
| nerest (ChEBI) dceerdioglr g swiablysiubstitited cermpburidess forfradae(V)f wirereiranpl e
its on |line yersi a cheb
general ly vveFIV nogfﬂv\% graerb%p"{dle terr Eﬁha%@téﬁb\%{ tt erérc{)'lr{?%éecgg tecag; is a
neut r al corrmmtrmsuqmaats GRes BQSY. edc. anflloce fesexerplef PG ppukPEe ar@reysh
Sometimes t Mo LaBRALBHBod For BhiSbLAE pieBaldy bghfohﬁwsthdo@n.er sal ts”
Ot her sources refer to these conpounds as i ons although
the lattdl trepeipd with aguitekbysuiptittad qomponad oblormidadyhavherein bEOR . As
a specific eg&%%eereaea r&g%rna@mrpcsueﬁ'agdn kg, @0 &q‘n@sﬁ&lzﬂe Gafple has

the 20 fornul a and it exrstsrn some In this case

in neutral rdiwherein theeormpaurd of formulaiiy(l-B} ismr Qﬁ@lﬂ&'ﬂi@mﬁn

Zwi tteri ons, argdirk fr&thé PHge. orﬁam%eqtsrordrév@crutseméra@é@@rdm #r ions in
the known and wel | established neanings of these terns are within the

scope of t hiZaMNAARAUbHOT JolaiGariaieRisaAld vaal Geis Yt dpBiedtesaned by

those ofqgr drfraayurfatﬁiisérbcte@C@Mn@égentB@Q@M%@cﬂésDhm:r) 8nd Ppnp D¢yl to
nane each and every enbodi ment that woul d_be recogni zed by those of

ordinary skiddf rh%‘?fé”%\q)rt) a”ﬁ’rgBEi’ iRfeamale RiADa B 3t‘f"e?"?'8rh g PPhs

conpounds t rtﬂ&heaéc@rpmﬁgs@nagmbmwedptrbmlycmmuadé sBfd dUpbsrtiangent i on,
where applic are g| ven exg}l( i Ci tésrf%/ her e They are, however,
! S Sritre

part of the %Hr"%‘f’ﬂ“ 5 ageRt %er?t\'ﬁm@? e&‘%’ﬁB‘Su@fB@”‘P‘é’r’té‘rred to
herein can figs ra @%ﬂﬁbmzaubmtrem td)élﬁ)utNQrﬁMéﬁé'tﬁﬁva@hWr%&amﬂleth

regard e ereln because the interactions

L ot or it A" SINAIGGHS, BRI e oRAE SPRGR of VM8 O BIEFOSOMERts of a
gi ven conpouwudh as EHFDDWEHW TaFyY toizfe CdcetdrithiRaD M FdtietHyl acfetétél Eoart .

The present invent.i &ylrrected to a Process for the p?ratron of

conpounds ofS*XPEPIRIN £ 1R @t P 157eRerptiredp afeange ohEIB & ot

to about room temperature, for example at about 5°C; to yield the

corresponding compound of formula (VII-S).
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(V) P 2G HNPGL NR8 ROR10 HN ZN -R11 5\ (4. (VI) H2N NHR8 RIOR19 HN
NRL 1 (MIl) /)n Schene 1 10Accordingly, a suitably substituted
conpound oof20rwieras (V), wherein PCT/US2009/049027

In an embodiment of the present invention, PG" and PG? are the same
and are a suitably selected nitrogen protecting group such as CBz or BOC. In
another embodiment of the present invention, PG' and PG? are the same
nitrogen protecting group and are each CBz.

5 The compound of formula (VII-S) is de-protected according to known
methods, to yield the corresponding compound of formula (VIII-S), as a free
base or as its corresponding salt form (for example as its corresponding HCI
salt). For example, wherein 7PG1 is CBz, the compound of formula (VII-S) is
de-protected by reacting with hydrogen gas at a pressure of about 60 psi, in

10 the presence of a catalyst such as Pd/C, in a solvent such as ethanol.

The compound of formula (VIII-S), 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 (IX-8), wherein X is selected
from the group consisting of -N(R®), and —OR?"; wherein each R? is

15 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, for example, wherein X is —-N{CH3)z;

20 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,

25  KyCOs, NazCOs, Cs2C05 or NaHCO;, for example, an inorganic base such as
powdered K2COs, 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

30 from about room temperature to about 80°C, for example at about solvent

reflux temperature; to vield the corresponding compound of formula (I-S).
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PG and P& are each independently a suitably sel ected nitrogen
protecting group such as CBz, BOC, Troc, or Alloc, for exanple, PGL
and P& arwoestinoeBz, a known conpound or conpound pr epariegs2ing/ogaenn
nmet hods, is reacted with a suitably substituted conmpound of formula
(VI), wherein LGL is a 15suitably selected | eaving group such as CH,
A, Br, | or nesylate, for exanple OH wherein the conpound of

for mul a (M) is Wh%%%%ohﬁh offorrmLﬁ‘é(MI?ﬁé‘y beaﬁ}eﬁé‘FBHBSr phﬁeétuh? gDQf’ﬂ&ﬁe of
fromabout 1.0 to about nol ar_ equi val ents, for exanple about 1.01

nol ar equi vaP@&R{ANg tﬁd‘(ﬂo\m@??”i‘_flﬁﬁ iFor eamRle, thh eORRAEEIE Erotiad Vaui t abl y

sel ect ed couphérBl TGS ICBRSAEHE &@Fé}ea%y dggdad?&m@w.tmaﬂ% and
PPh3, or ADDP and PBu3, for exa AD an . wherein the PPh3

24 of the COWANGPRYBHN BpereTinee OB?JP?%%HCP@S&@%M&HH“HF%%I i d

support; @andy¥Besd THE h¢h§ Qﬁé@‘aia'ﬂgn aﬂ@aémmbwmu&r(ewméreirmef iar
exanpl e, an armunt inthe ra eﬂ% fromab apout 1.4 nol ar

equi val ent s, ©Pis QYRRHIMEMerexsiy)| ig Exagaieyky ‘Qérﬁ?'éf‘)”%‘ﬁﬂh‘?rﬁ'”a first

organi c sol vent mherasbmbum &ffo LBV %?/F@y\&rﬁrtépéénﬂlﬁhf@%xgﬁiﬁ?
or e or

2- met hyl - THF, ene, cet oni t ate

el e 1 eRa DT HORErY k8PN GOTRCHT WA RYOR 995 hPabout

-10C to abptﬁregmrbtmesm bk En tl'fei}ire@f@%l‘@cai’faly@b@mh a@d/tanyi el d the
odl nent

l VL), | ft
ey o BB R BRI Sh R Mty il s ST wa L oA tdlall v
sel ect ed ni tabeues:1phsthaed: ae@c@rcm,lat Seetpetsturelz therraB§dof dooued®t her

enbodi nent o ent |nve nd P& ar he. same

P ogan s a0t MBIERE Grrae e Spd el P ATs DAL LTS B SR mul 2
(M1) is ge $9I%r6§érﬁﬂg&§$l€§nd‘b§@e@ mtkmmd@ﬁydwd&nomcwgpdnﬁwdt inehe .
correspondi 0 (0] or S ree S Qr as I1S
o e e SaB Y Brryan sl shaitebins! endS edab T o 3 RO a e )
]Ic:or ef<arr|éﬁv|e| sty eemctB@kolaeﬁtdd?gaxtarree)fe_aloént@_&zch adwwatepomDmmixilire bf

or mul a e cte reactin W t ro s at a
pressure of %PBH %q@ﬁg%@l ?a?‘?{‘ctaﬁ ﬁ?%@@?‘?@gatwﬁog Eéﬂ&r‘%ga gﬁ@h as Pd/ C,
i n a sol ventprepurbticisofet dvaipdund 30bheuIE WPDUAdaer, iEeuMbédin(drk! ), as a

free base or asl scores n alt form(for exanple as its
cor r espondi riF@IcR §e2Yv 'C'Fg)[gegﬁger\ﬁ”th a suitably substituted

conpound of for rrtrhacédnk(a;uncmq!cmum K153 g lbegireshréd Dyﬁo?bﬁar@pslégp |
consi st ereln eac naent
Colect o St o Mt ePeniie Bhrow Sp RO Nt PR R S5 e o
R2 gLoupZ arw%lt[@hEDrgao@eiohehtWChhsteh@I métaitegtemdiad 3405]2@-0 whi ch t hey
r oun t or rnn ect e o rou

Sorsioting: bl AN hEDel tshrad ki ML IR E RontE e dr or b
R21 is sel ecHueti ab kethyl ﬁdmatgmilmpoutonmnskémmamfe (hedatpgyratianat sboenzyl

f | wh k d

br epar od by SHBTHAA REbTe (RGP Rindn3BHE SEREIRERSe SRR (1o i s

present 24, folkowseheasipl e, an anount in the range of fromabout 1.0 to
about 2.0 nol ar equivalents, for exanple, about 1.5 nolar

equi val ents; optionally in the presence of a base such as TEA, Dl PEA,
DBU, sodi um t - buffba ptsenijotemdion isrdireetied toa ipteess fod themprepdraiion afe,

sodi um et ho}%oﬂ%ounds of formula (|) as outlined in Scheme 3, below.
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K2CO3, Na2CO3, Cs2003 or NaHCO3, for exanple, an inorganic base such
as powdered K2CO3, wherein the base is present in an anount in the
range of fwommamowt;a0 to about 2 nol ar equival ents, forp@Exesyiv®dv027
about 2 nolar equivalents; in a second organi c solvent such as

et hanol , isopropanol, ethyl 5acetate or acetonitrile, for exanple in
ethanol; at a tenperature in the range of from about room tenperature
to about 80C, for exanple at about solv reflux tenperature; to

yi el d the correspondi ng conpound of fpfnmula (1). Che of

ordinary skill i
(M11) may alte

t he art wi Il recogrlj ze that conpoundg of gormula
Ny be prepF‘ N e acting a syt

substituted 10 co und of formul & (V) V\ﬁth a tri-pilotected conpound
of formula (V), as {escribe t hr ough
28, which follow hereXn. One of ordXpary skill in the drt wilIXI)
further recoff!ze that conpounds of formula (VI1) mayHalgerpatively
be prepared by reacting a conpound of formula (L) O NO R’@? 15as
described in m)‘ﬁ det@aid in E,xarrpl es 29 rthough 30 and further in

Exanpl e 31, whi foll her'ei n. I "Nan_enbaodisrent, the present
invention is dir dt process for the W ara on ,0f, a cqppound
of formula (1-5), as—e#t!|ingedR'h Schen¥c eI i?gGl @ (V)
(V 1-5) 4, >_<
z N—R"!
VI-A) (xt) —tn
RC
—N
» NC \ />—NH RER? RY
AR
Z N—R"!
() —thn
5 Scheme 3

_Accordingly, 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 C.salkyl {preferably
dimethylamino); alternatively the two R? groups are taken together with the

10  nitrogen atom to which they are bound to form a saturated ring structure
selected from the group consisting of piperidiny!, pyrrolidinyl and morpholinyl;
and wherein R?' is selected from the group consisting of Cy.salkyl and benzyl,
for example, wherein X is —N(CHs); a known compound or compound
prepared by known methods, is reacted with a suitably substituted compound

15  of formula (X), wherein PG? is a suitably selected nitrogen protecting group
such as —C(Q)CHa, -C(O)OCH:CH3, —C(O)O-t-butyl (Boc), -CHO, -C(O)OCHs,
-C{0)O-CHz-phenyl, -C(O)-phenyl, -C{O)OCH:CCls, -C(O)-(4-nitrophenyl), -
C(O)CCls, -C(O)CF3, -SO2CHa, -SO»-phenyl, -SO2-(4-nitrophenyl), or —
SO,CFs, for example —C{Q)CHs, C(O)OCHCHj3 or —-C(O)O-t-butyl (Boc), a

20 known compound or compound prepared by known methods; wherein the
30



WO 2010/ 002774PCT/ US2009/ 049027 5Schene 2 Accordingly, a
suitably substituted conpound of formula (V), wherein PGL and P& are

each i ndepaigdentdoyy7a suitably sel ected nitrogen protectpdi@uimisiosuch
as CBz, BOC, Troc, or Alloc, for exanple, PGl and P& are each CBz, a
known conmpound or conpound prepared by known nethods, is 10reacted
with a suitably substituted conmpound of formula (VI), wherein LGL is

a sui tably selfekAd of RRKLAYGTOMBsEHGNa Rk iCho rﬁﬁgg d 9 8RSV at e,

for exanple wherei n the conmpound of formul a{ present in,
for exanple, 1960 bRyt A0 mﬁlafﬁ@waé%% forrexprgla ahest 5@%1@0&5@@0%1 2

mol ar equi vah et orgdHic SoreeRRkechPdOathanbl, GdophatlaRbl, SEMIbNRICEK Bmetpd When
LGL is OH in the presence 15 of_a swtably sel ect ed coupl i ng agent

system such _Q's“: BPreragRee PrrhaethpEll At d ioppaatusn inARDENGR @ BEN3, for
exanpl e O} ADyyad-JaRNBmpshaiitd abhig 88%3oroéxahm AWBLI FBCAGGMId SYSt em

is optionally present on a solid support; and ereln t he coupl i ng
agent syst ent §OTeISBAING CAMPPIHd %f%fﬁ“tbl'%(xnan amount in the range of

from about 1.0 t%érb@hhboénﬁnﬂ&'tﬁé p%@%tVﬁJeﬁMﬁP@% sEEAEPHrEmIne?
20nol ar equivalents; and in a first organl c solvent or m xture of

organi ¢ sol V&AYR CANHNG § TH-HO)CHme{ I b, 1 QierduthBacdntt re,
DIV o et hy| GEeDH: &.C(ORD-CRs2 B, J0% Joeo?pﬁaiyhyécdanHZ@us&d(@ rature

in the range of from about bout room tenperature, for

exanpl e Ht ~dHRRhesE). -CEHC OC@@F%EO‘?@QMFWM@WW@ of fornula

(VI1-9). mtrophehw) aid eSOLSH MR bn@hert dhghdeires R bF thepYedint PentB, and
PG are the sane are a suitably sel ected nltro en@giﬁégctl ng

group such a%GCBfelﬁFteﬂéﬁm ihg 95QR GrER SIS ahRiftHoe O &
i nvention, RGbh)erdbuRER ecm-m;e @@IIJE)OHS]: gg{mqp{zqm@ﬁjmaﬁg -gf®@up and are

o known neté}%aif’ﬂ) Qﬂﬁ%n R e %ﬁfﬁnh i et A

(M11-9)15 aSth@gfduﬁQ:thQﬁgQJ’f—@O)GHﬁ qqon@slagrlds g 4{?@0}0 t-buty (Bboy.
exanple as its c rres

Cl salt). For a erein PGl is

G, "t he- corPaaReLFTPORENER (R eyt ivenBn PEP Br o cact i ng w ¢ h
hydr ogen gas at marremswmem‘ofalb@pﬁas@ﬁ if@htion, H’Gfﬁb& beitablyesttel of a
cat al yst suckllt as t 2 S(\)N vr I i"h 33@9 n formul Ig
conpound of é?gr?ﬂlpéo {“"‘?}I”lglg &P, Wherel F‘Fe" A ‘E?F“pa"é’ i pLfoggy'lp )§8nd| ng
salt form (ﬂess teamapbie 18s In armtlme:rrem&mpmmiﬂ nfitheipreseat inygntios, P@Histaed
wth a % ng f fo % Xis
sel ecte r oﬁlt%/%%ggrg((t’)tﬁ%%% f CNP ﬁﬁ%m%%p%ﬁ ﬂfe\éhv\ﬁgglé@n each
R2 is 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.

25 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

30  such as DIAD and PPhs, DEAD and PPha, 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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15i ndependently sel ected fromthe group consisting of G .4alkyl;
alternatively the two R2 groups are taken together with the nitrogen
atom t o whwotzotdey77ar e bound to forma saturated ring SRGIACI2009é)49027
sel ected fromthe group consisting of piperidinyl, pyrrolidinyl and
nmor pholinyl; and wherein R21 is selected fromthe group consisting of
Gral kyl and benzyl, for exanple, wherein X is -N(CH3)2; 20 a known
conpound or equinztenms f@rexampid Ryndiar@guivaiehizpids sasbed edganicizelveminpound

of 1 om aboutich 2 Y- uauto - wele: BP0t o AFHE L Bl B Coo0t

1.5 nol ar eqgianidieimt Bmedt-TiaRadtlatempeiaiee pY s enae dfrom dmse-19eCh as
TEA, DI PEA, DBU, sodiumt-butoxide, potassiumt-but _oxthge, sodi um
et hoxi de, so@iapRHHEPRIRMARalS; fﬂ’z‘i’,@!m?\%@@%tﬁ Es 2§ BPeNaHCDs, f or

exanmpl e, @n tisParifg Sansourd ORfasuRQHEr ed K2CO3, wherein the base
IS present in an_anount in rom about 0, ,to about 2 nol ar

the ran of f
equi val ents, for IER&RPIPEUNGH oMU %ﬁl)ﬁd%aﬁt%%@ﬁcgfd'qﬁo NQ¥Rond
or g?ni _ct 5_0: Vﬂ@?woasl,(tb y@ﬁl 1Bk b%@%ponﬂiﬁ?@bﬂ@@uﬂﬂ{ of f@hid (IR PRI akemple,
acetonitrile, for exanple jn nol: at a temperagure i e range
of 30 from a‘BB"Ef?'”r%ﬁ?t‘ QQ&Q& @@b&@tmﬂ'@gﬁ"q Bgrf‘)%ﬂ@flfégb?‘a&bout
fsol velnt ref gb@dé-ﬁfﬁb&ﬂ@d_r!r)]v Rackng M'tl"gé Qt#ita]p@ semlrcreejs@nmwcn@s&mp@mde Sf )
ormula (|-9S). _ e co mu e, prepared by
protecti % g'h‘gh?'ﬁﬁrﬂ%t“’ﬁ%w%fpﬁgyﬁs Kﬁ"&%e P%ra)%@bﬁﬁ?z%éﬁaw% e, the
LT NG GUAn D o, o the. or ecence of
a base such SReqgdpase gycl axNal é"&ﬂ‘%wl%ﬁf@ Sgﬂadiﬂ-‘ggaaﬁ‘glpprepar ation
gf t a f:o_rrpOlé)r(l@cogljniiepiﬂgau\A?_e ch]Pon:bwl I féormuRG i) snafbe de_sl_prll'otmt:leﬂrmda in ][mr e
etail in | 0 erein e .canpound, o
formil a (VI GrEraebBrTardanair @ <eydner for cxanipifEERHEY,
3- pyri d- #& y| Stap & aumich-followsahekeioyvar altemuedivelg, inwhe Wwodkygrof dencayasouat a

Par C, i a 10 LIy R el B PRERTES oo 8 B 38, MR < S en

as wat er or fallow kéneig. of about 3:1 nethanol :acetic acid, at a
tenperature int . = 1OV di ng
5 Py per di n- 4 yi op83BRisn? g imBdilsYirElil [ 1S piRBEETEPRRS, 12
react ed wi t hprepamatibrdefsyclanpaunid wbfonmulertbSlad ouilined indSqhemeainastovef

hydr ogen gas at about 85 psi and a cat q:l(ﬁ@t such as Pd/C, in a
15suitably sel ecbed sol vent or m xtuge sol vents suc@Nas water or a
m xture of about {3: 1 net hanol : acetic |aci d, at a tenperature '3% about
0-45C. The pre tiogbNof a conpound-~af formula (VI- ' ter, is
outlined in H@)(E)e ddtail in ExaanéNZ wiiéh follows hfprein. The
conpound of fornulal (I X-S) mray—be—prepared—by—for- extd 20r eacti ng
3-am no- but -2-enenitrXle, a known ggppound, w th an aclfd such(¥sS)3M
HCI, in an ofl§dhi c sol vent such as ethyl acetate, to pield
3-oxobutygonitrile, which is further reacted with DVFDVARPG®n an
organi ¢ solvent such as ethyl acetate, at about roomtenperature. The
preparation of compound of formula (1X®&) is outlined in nore

detail in Exanphg 1 which 25follows hereimy__ pihe present
invention is directgd t6 a\process for the preparation of conpounds
of formula (1) as ourtiped MmClehene 3C ovm N

(VI-B) (XII-S)
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WO 2010/ 002774PCM S2009/ 049027 ,.PG3 0 A., N RCAH2NNH2 (I X) (X)
(VI-A)\  -N NC (1) Scheme 3 Rs RORIO (N-RI11

WO 2010/002774 PCT/USZ2009/049027
HaC.
—N
»- NC />——NH T
\ N
N—CH,
(1-8)
Scheme 4

Accordingly, a compound of formula (1X-S), wherein X is selected from
the group consisting of -N(R*), and ~OR*'; wherein each R is
5 independently selected from the group consisting of C..4alkyl (preferably
dimethylamino); alternatively the two R0 groups are taken together with the
nitrogen atom to which they are bound tc 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,
10  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)CHa, -C(O)OCH2CH3;, —C(0)O-t-butyl (Boc), -CHO, -C(O)OCHs,
-C(0)0-CHz-phenyl, -C(O)-phenyl, -C(O)OCH:CCl3, -C(O)-(4-nitrophenyl), -
15  C(O)CCls, -C(O)CF3, -SO2CH3, -S02-phenyl, -SOs-(4-nitrophenyl), or —
80,CFs3, for example —C{O)CH3, C(Q)YOCH2CHs or —-C(O)O-t-buty! (Boc), a
known compound or compound prepared by known methods; wherein the
compound of formula (IX-8) 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
20 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
25 (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 DJIAD and PPhy, DEAD and PPhas, or ADDP and PBus, for example
33



Accordi ngly, a conpound of fornmula (1X), wherein Xis selected from
the group consisting of -N(R2)2 and -0R21; wherein each R2 is

i ndependengbyommbeei ed fromthe group consisting of G paabusglov/o49027
(preferably dinethylam no); alternatively the two R2 groups are taken
together with the 10nitrogen atomto which they are bound to forma
saturated ring structure selected fromthe group consisting of

pi peridi nyl, pjyy s bedﬂan\)oheremdhéppﬁp@ﬂth@)ébupna@dgémgyﬁem |Ba|3tldn%ily
sel ected from t he grouP consi sti ng, of and benz

exanpl e, whe¥ePent {1 ASOIARURRETOANLWREN SR %6%1%&9189%11 S&%ﬁ%d%ﬂ@smtepar ed
by known netiRagpexdnold, @pEneilintintthe Aangdidf #bMabsUORD td aiced 2 Qanplennd

150f f I wh PG3 t | ecte t
or ot ecti ng GbiHsIest forasameles) isler SRk RS oo Pt SHRER

(Boc), -@HO sucﬁ:(aQ)T@@@met KOHF, GilZerehasutbnitriteCeHyH sukey by DMF, for
2 C(0) 0CH2CCL3, -

4-nitroph
- S02- pheny| emm@'c@ ’g?tﬂﬁg%Bﬁfgp@gggmé?raturﬁg&%ﬁ?”gwf%%?%P*e10(‘;? 0) CH3,
C(0) 0CH2CH3 t@raboﬁ(rg%rg‘témﬁ’éf"sa%'re (&Sdmps é&%btsnm ?'a@btﬁél or conpound

prepared by known nethods; wherein the conp ound formula (IX) is
present in cPrgaRRNeing @masend ahigEmdn (Xi-Skn about 1.0 to about 4.0

mol ar equi val ent Srhefc%pmmlf@mﬂmwné)@dslalr&éct@&aazm {oknowp a

first organic solvent such as ethanol,” isopragpanol etonitrile or
2- met hy| 10 THpethpds, tcéwa\ﬁiﬁh%cwrrﬁsmﬂ%ﬂawmmﬂmd% r@Ulﬁéhﬁér%@&ﬁX@fﬁpﬁ t he
range of fr éelﬁb%ﬂls LQW@@%‘)@(B@CQ e c@%ﬁ@ncﬁﬂ‘%rﬁtﬂﬁ ()ﬂlX b at
about 80C; to ‘Xﬁlt he correspandi ng corrpound of fo l"@ qd>

In an embodi 8 p@feofwyp’ﬁégt@‘ﬁtw"hrﬁ/%*ﬁiap'dﬁe epied ac %‘é &t 314308 t he
g%p consi SikengltePhativéll Qakdrin P@(IQ)—@WW @om@ﬂzdautmb (Boc),

- CH2-

-C(0) - ( 4C( 1%1%%90&%%69@“'9 Ty 59 @é}@e decﬁ(fe‘;eéﬁé,%y ?‘ a@@ﬁcﬁhenw
- 802- (fl 180 tée‘l&?:lf@‘!‘b’dt sh selas &la@GtFand e msomerskm@dmdhér@mmloﬁmh&fe

resen i nvention | S Sel ec on 0
Do) G b gtshetne Sompaioid s A ety BRAE s S

- C(0) 0- CH2- Rh@(ﬁaft’e oagdpargi(e%aqmba {stdg (a$ Gesunibed for egmmmdumemmmté 7t he f

resent inve n S e rou NSl S n (0]
pC( 0) CH3, cé] %@WQE@”@W& 6@'{9 ‘y‘r%“’( %@tﬁ)‘gor%“h’ga"rcﬁﬁl%%oﬂmﬂd
enbodi nent O(fff(ﬁrhﬁJIaD@@]SfE)l’(tas Hesmbédﬁnexﬁ%ﬁle; in Ex8(P)eCHB.and 12, which an

enbodi ne n&i) off ﬁ sent invention, PG3 is a suitably selected
nitroge oy ?fg gjroup, wherein the pKa of the conmpound of formula

(X) is less than Tabtnumpd{zhd dffioramube ()@)rmawrﬂmnﬁapmadi by pratémting gesmdine
i nvention,

0 abl ,
uner o n_t he Sk pRboR8kRY: B! Fibile Do SPRRIBIIFRLEIR QT OFP
about 13 to waboaein AG° |oBoanyayrbar;ga)a‘rﬁdab}eremctmglg@mcbmm BeRtOof the

re t t

present el Bl nf il L IrRLAEh Stk oS LALBERY"S.
of about23.3 \:tvlmerelchtﬁ3 id Boc sroudingdiramges déteil isiExampEThehicb fiplowad of
formul a (Xl)hérén_react ed with a conpound of fornula

The following Examples are set forth to aid in the understanding of the
invention, and are not intended and should not be construed to limit in any
30 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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(VI-A), a known conpound or conpound prepared by known nethods;
wherein the conpound of forrmula (VI-A) is present in an anount in the
range of fwemmamorts 1.0 to about 3.0 nol ar equi val ent s,pdrass2@sangobe
about 1.5 nolar equivalents; in the presence of a suitably selected
coupl i ng agent system 30 such as DI AD and PPh3, DEAD and PPh3, or
ADDP and PBus, for exanple DI AD and PPh3; wherein the PPh3 of the
coupl i ng ageRk pRyRbANRd Solgfab iRl #dyWndi®sS &HexaMpR, §§bi|oda§HlPFh%bm and
wherein the coupling agent system’is present in, exanpl e, an
anount in t RIYBRHE S¥Pf rom about 1.0 to about 2. 0 nDIar
equi val ents, for exanple 1.2 nolar equivalents; in a second organic
sol vent such as THF 2-net h I-THF tquene acetonltrlle _ethyI
acetate or D, Exampladi{f)-2 L ' butgnenitrile,” j ¢ he
range of fron1about -1OC to about r tenperature, for exanple at
about 5C ; to yield the SCorrespond?Sg_conpound of formula (Xl1).
The conpound of fornmula (XII) is de-protected according to known
nmet hods, to yield the correspondig&@ onpound of fornula (1). For
exanple, wherein P& is -C(0)0- ) ), the conpound of formula
(XI'l-S) may be de-protected by r ng with a suitably selected acid
such as ], and the 10 like; alterngtively, wherein PG is -C(0)-CH3
-C(0) 0- CH2CH3, the conpound of fornula (XI1-S) nay be de-protected
by reacting wi t hA2090mt abkgk Mertert ek irssamuippen with aNaepiheathgtindiea | i ke.
e skil ] ed Nnkhend Bndhlobol i S ARKLRINEAR SATRA d50dg) ARG M @

(XI1) may be e pr ot ect di screte or parate reaction step (as

descri bed f ci6%RydrpehioricraciBddfpleg.72. @B@@pTE regHitart clearn sawtioniasei n) ;
or al ternatiyghy and 905I§'<?to"\‘aE§>(flﬁ t%p%t&@%l’%‘?&%@\’l @darﬁﬁoér%ﬂyrlnﬁ‘llé XIl) (as

descri bed for exanple, , which follow herein).
I n an entfbdi(#Bh{99.tTn pelé wanadded RaTtioronise Sven shset &mwteé dh8cess for

the pr epar atrbQitalf sdution fﬂ%%lsﬂﬂe@fat rB@ﬁﬂH#n%er%'tur@)or aB8utot I TheeRubsusSchene
4 bel ow. ."PG3 H2NNH2 (Xl - - NPG3 NCe- N .
reaction mixture was then extracted 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
15 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 resuliant
solution was stirred at room temperature for about 2h.
A solution of sodium bicarbonate (20.14g, 0.24 mol) in water (200.0g)
20 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 MgSOQOs., filtered and concentrated by rotary
evaporation to yield an oil, which rapidly crystallized to yield the title
compound as a low melting solid.
25 "H NMR (300 MHz, CDCls): §7.82 (s, 1H), 3.41(s, 3H), 3.25(s, 3H),
2.35 (s, 3H)
MS: (CI): m/z 139 (M™ + 1), 161 (M™ + Na)
Elemental Analysis for C;H1oN20 x 0.17 H20: Calculated: C, 59.53; H,
7.38; N, 19.84, H;0, 2.17. Found: C, 59.12; H, 7.62; N, 19.85, Hz0, 2.04.
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N\Th (XII-S) (I-S) Schene 4 Accordi ngly, a conpound of
formula (1 X-S), wherein X is selected fromthe group consisting of
-N(R2) 2 anglo20feddir7aherein each R2 is 5i ndependent |y salcaniszahofoswe
the group consisting of CL.4al kyl (preferably dinethylam no);
alternatively the two R2 groups are taken together with the nitrogen
atomto which they are bound to forma saturated ring structure

sel ected fromthe group consisting of piperidinyl, pyrrolidinyl and
nmor phol i nyl ; and wherein R21 IS sel ect ed,fromthe rqoup consisting of
Cl1. 4al kyl and benzyl, 1EX9IgEexar I-4oRinesidineprog DY CH3) 2; a known
conpound or conpound prepared by knovvn e ; i
suitably substituted conpound of formnul (X)N wherein PG3 is a
suitably sel ected nitrogen prghecti
- C(0) OCH2CH3, -C(0)04-butyl (Boc

0) 0- CH2- phenyly,
g((og (4-ni Prggzens)? L&)Qbfﬂ’@??‘d‘h p(r:%gr@ QL%); g‘éa@ mog s (%OSOOOZQ)phenyI
- 302- (4- rﬁtr\@@m@mqwﬂfwlacla@m#@ %}1 A7) @ldt%)“’é#% (50¢% ypbCH2CGHB'
or -((0)04- b‘rﬁd%g%qs)molﬁ ﬁm&m&mwﬁagmeﬁ@ﬁ@@ua% g560@r ed by

known net hods rein the conmpound of” formul a IS present in
an anmount |nZ'PIPﬁfdﬁ‘éﬁ]@'éS%Wefﬁ?ﬂﬁﬁra%ﬁt‘m‘iwﬁsP@%‘B?ﬁgt SW“UH Wﬁ?%ﬂ“ated at

equi val ent s, SJWPQ%HW@UW crﬂaréedmﬂtrﬁﬁoo?&i BEMidYeRNtTHE rédttianf i 1 st
organi ¢ sol vent such as et hanol |soB Fq?: acetonitrile or

2- met hy| - THFMixiue was hegied at betpepm BerpP Grige abeit 18Nt enper at ure i n t he
range ofqqrom ab@mé ré%ﬂﬁ'ﬁttn%%?é\ﬁéé’&@oléd)toq’l@%tterﬁ%tu?@én@xafm' e at

about 80 to e correspondi ng ¢ ound formula (XI-S). The

conpound of fpﬁna%@#*ydeiéﬂiﬁg pg&@‘é‘éW@ﬁaQﬁ'Q in 3 ssiperIfen-of P& or nul a 25
(M-B), a knﬂ}ﬁﬁbr@@@@@rﬂﬂﬂa@%%@%&?ﬁtéﬂr SRR defakitaMiuredRab efisd

wherein the conpound of fornula (VI-B) is present in an anpunt in the
range of fro?h88B&GRM andheased ko °C3. Thervsit avasdpn Rraswized with B0RREInpI e
about 1.5 t r cted
coupl i ng ager VGEh AR B EmebRu el SRR A RS b el L
and PBu315 f ohraeghegiitiee reBrikD. dhirgzeindiptakieccasad inlsbowPgalgfoughdhe
coupling ag H&Eo@ﬁ%&ﬂé \ﬁafmah%ﬁéd Inder R (?rﬂ%erpﬁegs Q“dr%n%‘deﬂeﬁél and
wherein the cou agent systemis pr or exanp an
anount in thfé5|ﬂange of fromabout 1.0 to about 2.0 nol ar eqw val ent s,
for_exanple 1.2 ﬁ‘j?h‘ﬂésuﬁ%‘r?ﬁ?ﬂu?é"&vés tHeR cao@&f&pfa;%rrptb%ara@u@%mérgﬁ;uch

as THF, 2-nethyl tol uene, acetonitrile, g/ acetate or
for exanple m\ﬁ%ra%teﬁ’yiadwch wes waskerbwithwaiee(308) t Hee eaimljeediitrateom

about - 15> * ohARUHes WRRILIRIIMRIAN Fatn BAS mrmg%e%oﬁ%%to

yi el d the correspondi ng conpou ormJ a (XliI- onpound of
formul a (XI | N&PHI(81.8@g. Jrt rmeld-etiheraddiian raguitas WWH es 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

25  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, CDCls): & 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, /= 11.1 Hz, 3H), 1.71-1.67 (m, 2H),
30 1.60-1.55(m, 2H), 1.33-1.22 (m, 5H)
MS: (Cl): m/z 158 (M™ + 1)
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10 nethods, to yield the correspondi ng conmpound of formula (1-S). For
exanple, wherein P& is -C(0)0-C(CH3)3 (BOC), the conpound of fornula
(XI'1-S) mewolrerdeapiot ected by reacting with a suitabl wEaleeheteaci d
such as HCl, and the like; alternatively, wherein P& is -C(0)-CH3 or
-C(0)0-CH2CH3, the conpound of fornula (XI1-S) nmay be de-protected by
reacting with a suitably 15sel ected base such as NaOH, and the |ike.
One skilled in the art will further recognize that the conpound of
formula (XI1-S) may be de-protected as a discrete or separate
reaction step (as descrExaapleck: TdMethyl-4-Pineridizgpsppanol step B, which
follows herein); or alternatively, in the rk~up of the corrpound of
formula (XI1-S) (as described for exanplfe, i N Exanples 10 and 12,

whi ch 20f ol | ow herein). dhe compound of formula (X) may be
prepared by protecting guani oh'n 0 knovvn nmet hods. For

exanpl e, 't he CO”‘A‘HWHor?JutF%{cﬂEéH \\?Mes%ﬁ)vgaé‘ggxgb%'d% w%u%@ﬁg%ﬁé’i be

prepared by react|ng uani accord NowWn
o9

met hods. SThe(5pP&pwr attPemabiang %’oﬁb&uﬁﬁé%weff PGhuime) IO)(\)atPZE‘adr\ﬂﬁ@)r ein PG
is Boc is oufld r@@gtﬁngsl[l’#?{ falshifdd at'%oﬁﬁﬂr@h@ L\t’r\ﬂ r%égsm%% WhGT €l n.

The foll ow ng are set forth to ai er st andi ng of
t he i nventi o#0 pendf hydeogeot Thareswtant r@tﬁdreswwmeﬁt‘m)@t 3EC doraborired to
limt in any, f he clains which foll ow
thereafter. 4. %QWP%%W"]%@%‘% ﬁgdsrﬁ f %Fﬁé% oﬁa(%\?v& sonme synt hesi s
products are |istléé r@sﬂta@t\fiﬂn’grm@whﬁwmﬁe@w rRemdemesiatiieand g 344 | be
underst I

"resi duoﬂpd(?érsn%ﬁg?rﬂlﬁe%ﬂh&ﬁgﬂO%msg LH cg?t eé%ilréndote %%E#ﬁgleép%ﬁr oduct was
i sol at ed andTheefrgpmryt yaese! was s@@mc@theae%an@lurwaﬁ thregaf@@{}n a gum
or a syrup. fERMPbeinitwas repressurized with 300psi of hydrogen, and heated to
(E)-2-11cl i met hvl am nol - met hvl enel - 3- oxobut anenitrile N 5 0
A 2000ni 3- ridék. ﬂvtyﬂtqgﬁnup‘@gkce@ﬁgd@qabmédﬁwﬁdwﬁoawldoth@mti@@mﬂmunﬂr er, a
N2 inlet, a ter (5009)

Nhi %Q@Dé@%ﬁﬁﬁ% '%&QI%E &tﬁw?@t“fﬁégﬁé ngfaglﬁd gl oP’Yb&lQ i

and 36% h dr oc oric acl e resu tant cl ear
sol uti on HPLC-MS anaIySIS of an allquot showed only CoH1gNO

MS: (Cl): m/z 158 (M™ + 1)

Example 4: 1-Methvl-4-Piperidinepropanol

N/
HO

20 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).

25 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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stirred and cooled to roomtenperature, whereupon

3-am nocrotononitrile 10(100.19g, 1.17 nol) was added portion-w se
over aboutwbhometyes. The resul tant sol ution was stirrec/as2osmasmz?
tenperature for about 1h. The aqueous reaction m xture was then
extracted twice with ethyl acetate (450.2g portions). The organic
extracts were then charged to a clean 2000mL.3- neck Morton fl ask

equi pped wi t?és@lfhr@%@it&%%s?ﬂtbfédthougﬂ a&cPinRn th HMSle thé BataRstl S

t hernocouple. Stirring was initiated and di net hyl f ormam de di net hyl

acetal (165. Thoresultay sefglign wascerlritie A€ ol ¥ Waltt spiutisndiasiasided unnel
over about 1g d%‘t'{h%?l-fm 'ﬁmgma% m.)zagewy% tha{@an@ehtrétsmarae§&re at

<34C. The resu ant utton was stirre roomtenperature
about 2h. A sud tbeweﬁnduﬁe@r@diedmm?c@ﬂeﬁdﬂi’a@é Q0L 1 4the @rpinagRryani¢

vater (20§. Og)as%Qv\}é@%va%h@d“wﬁﬁg%gp L Bfed RRISC RitndRoBAMafedTh X1 UT ©

was stirred Vvigorousl roomtehperature tor about 20 m nutes. The
| ayers were wagpatayield th‘ﬁ&'&@@“@ﬂb@dnl c layer was dried over My504,

filtered and conggatEpt \WPLayy evaporation to yield an oil,
which rapidly crystal ﬁl?ﬁejzd to(ryl er the title conpound as a | ow

melting solid. 251H NWMR (300 MHz, CDCl13): 57.82 (s, 1H), 3.41(s, 3H),

3.25(s, 3H), 2.35 (s 3H) eMBimCh) fClrBethdRuddhiind) . 161 (M- + Nay
El emrental Analysis for C7 culated: C, 59.53; H,

7.38; N, 19.84, H20, 2.17. Found C , 2H 7.62; N, 19.85, H20,
2.04. 35 Exanple 2: 1-Methvl-4-Piper d| n ropanol HO.) A solution of
4- pyri di wpropanol (100. 0g, 0 (200 0g) 5 was treated

with gla AcOH (83.84g, 1.40 m)l and 10% d/ C (50% wet ; 16. 00g,
0.015 nol). The r@!émecgmmoyfnﬁ W@ﬁeﬁwem\glé‘dari eveshessisiirer. a

Zi pper cl ave R%h’aﬁa‘ﬂ!{n@ étﬁéﬁﬁd&bup@hﬁ’hwﬂbék Wc@Y@&ﬁiﬁ%eﬁné ring was
initiated at har ge

hydr ogen. Th@’qf%@”idﬁnzgﬁ% 3139 O\WHQO H@%ﬁ“‘@ﬂj %Vtatl‘i@%'é“n)"é@%gbdﬁ%r about

10h. resultant mixture was stirred at ambient temperature for ~15-20minutes to
15 vyield a solution, whereupon 21wt% NaOEtEtOH (74.82g) was added in one
portion, followed by an EtOH (4.0g) 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
20  suspension was stirred under N3 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 incrganic 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
25 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
(290g) after hot filtration to remove a small amount of residual NaCl. N-
30 Carbethoxyguanidine crystallized from the hot filtrate almost immediately.
The suspension was cooled to room temperature, filtered, and the solid was
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10The resultant m xture was cooled to roomtenperature and

f or mal dehyde (59.36g, 0.73 nol) was added in a single portion. The

Zi pper cl avgowigiooyas seal ed, evacuated, and the resul tqu,qygzMgmn@ﬁvas
stirred at 800 RPM and heated to 39C. The unit was then pressuri zed
wi th 300 psi of hydrogen and the tenperature was raised to 45C, which
was naintained 15 throughout the reaction. Hydrogen uptake ceased in
about 1h, al rogen
pressure’ f or g addPETsh 8P p-CY b Yo BT gl Bt kudiepoHET )
cooled to roaﬁwtoeymlﬂ'@tWIé and filtered over a Celite(r) pad, whi ch
was washed wth \p@{. z The conbined filtrate 20 and washes were
cooled in an ice Dbat and stlrred during the addition of 50% NaOH
(81.00g, 1.01 nol'H.NMREMIHE RMSOetz)icrtedd 15, #ilh6t88dqand 7t0hHdz,
tenperatute S tal <40C. The product separated as an oil
and the Lrgxturé1v\q/g§péj tfrqggféowtw ce with 2-Me-THF (86.00g portions).
The organi c extr &3:{Clienég 132|(Mérel, Z%r(éMgH@el ite(r) and concentrated
by rotary 25evap iy el at of
resi dual sodi um g@@bgﬁén\q&hﬂs’f&?@ Bﬂh%ﬁ' (ﬂ?%te étp%ﬁq?ﬁggouaﬂ%coar se
porosity si ritieldedia gecons dramefdhe tite gurmo@nﬂhe title conpound as an oil.
1H NWR (300 MHz, CDCI3): 63.61 (t, J =6.7 Hz, 2H), 2.83 (bd, J =
11.6 Hz, 2H), 224(s 3H) 193186(bt J-111Hz 3H) 171167
(m 2H),13801. Exampksé: 2

+ 1) Exanple 3: 1- thhyl 4- Pi peri dj
vessel was charged with 4-pyridi nep
5% Rh/ C (62% wet, 300.0ngy) in te
stirred at 500 RPM and the unit essurized with 300 psi of
hydrogen. The resultant m xture ted at 50C for about 4- 4.5h,
during which tinme the hydrogen upt}lﬁ ceased. The resultant m xture
was then cooled to roomtenperatureland a 37% 10 f or nal dehyde

sol ution (340.0ny, 4.19mvl) was aldyy Pra-si ngl e portion. The
Argonaut vessel was seal ed and the rggmtant slurry was stirred at
500 RPM the unit vvas repressurized wa h 300psi of hydrogen, and
heated to 50C. ggﬁga |f'f’§?3% d the
title conpound, %%B%?ggcoﬁﬁ e énééhxt sptew*va%tcﬁ/g ?(5}"%‘ ,eg
purificati orNaplet, @dpﬁm R denISHRING- a\lsewy@%erwerawr%mrtﬁr@&@r §' H’i@wed

onl'y CIHI9NGask was charged with N-(carbethoxy)-guanidine (7.16g, 50.04mmol) followed
15 by 2-methyltetrahydrofuran (2-MeTHF) (85.889) and (E)-2-[(dimethylamino)-

methylene]-3-oxobutanenitrile (2.26g, 65.0mmol). The resultant suspension

gepropanol An Argonaut reactlon
panol 5 (500.0ny, 3.49mvol) and
4.00g). The resultant slurry was

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
20  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 (7.59) and then air dried overnight to yield
the title compound as a crystalline solid.
25 mp: 167.0-168.0°C
"H NMR (300 MHz, DMSO-ds): 8 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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Ms: (C): rn/z 158 (M + 1) 20An Argonaut reaction vessel was charged
wi th 4-pyridinepropanol (500.0ng, 3.49mmol ), nethanol (6 mL), acetic
acid (2 nmlyo 2aiodR9 P/ C (dry, 77 ng). The resultant slpomys208m49027
stirred at 500 RPM and the unit was pressurized with 300 psi of
hydrogen at 35C. The resultant m xture was then stirred for 8 hours
(until the hydrogen uptake was observed to cease). 25The resultant

m xture was then mzb?dmpﬂdnmﬂggnm@mwﬁa)aags M7onEpr mal dehyde
mol ) was added in a single portion. The

solution (340.0
Ar gonaut vessel n@@“@é@!l”é@'ﬁﬁ@&%w%@al talpylaten ¢ 32-9didt 463% Ned at

500 RPM t heoping: q:oy)ﬁ@ajq;gproeﬂsulgozreobmgh 300 psi of hydrogen, and
heated to 35C. Hydrogen u take was observed to cease after about 20

min. The resul t AKET FRAIPY e cadIRgd NERRG-NeFufitrate and|wases FoBad to

remove the ciRbY$L20°€08 shesd &ranbr ROt EMRRE vieRAUpRshdd OC, and 50%
NaOH sol uti on was added to adjust the pH >12. The resultant mxture

was then concentrated in vacuo, and the residue extracted with

2-Me-THF (3 x 1Bxithple 7Thﬁw5ﬂﬂ2%@ﬁ-ﬁfe%@i%énd@msﬁﬁpr‘%%la\hﬁiﬁb?d wi th
brine (5 nL), drie ., and concentrated_rn vacuo to yreld the
title compound. MS: (CO nil zRytimiding-5oaribanitilee -5

N- Car bet hoxvquani di ne ONH2 10NNH2 A 500ma14- peck Mdrton flask
was equi pped with an overhead stirrer, a N2 |nIetN and a

t her nocoupl e. The fl ask S cthge i i hydr ochl ori de
(22.19g, 230.0nmmol) followe g). The resultant
m xture was stirred at anbi et t erature for -15-20m nutes to 15
yield a solution, whereu NaOEt / Et OH (74.82g) was added in
one portion, follomed by an EtOH (4 Og) rinse - NaCI preC|p|tated

i mredi at H) y. ST AP : di-E3n( 1 viaethyitnip

anbient te 5 HEE mﬁ|%Qm4h |Q§brcarbonate (27.71q, 231 4nnDI) was
added porti ely equal portions, followed by an
Et OH (16.0g) ri nfeSOWr’Eéleaﬁ@aenf@@kwagﬁearse@wﬁaésﬁﬁethyl@@peaﬁlaérylhz at
anbi ent t enpgHAAAL @) ﬂV§g’ Bl Phimo @b@g@ﬁ.t@n dﬁ@sméthﬁﬁatr‘é%r@fﬂréno

-2-3C, stirred for Iedfor nut es and filtered.
The i nor gani @-724)- t%“h/}lé'f@s\ﬁ&@i@@um %q'faf&tigggh‘f"ésﬁeﬂﬁdé?d ?@@@'@ portions)

and t hendli %@m%@isus]seﬁs.@@ms @ﬁ%(ﬁbpynﬂhdtég atigy ﬁmd msﬂn&a@dw&]d
evaporated to yield N-carbethoxyguani di ne, which

o 1 oo Taten g oTM et DGR Ih TPt ot cRR T dNfirale s6c /

50 Torr to roaDY&eSndieheOH 0aB9R 0TI flrste m?aé&réﬁéfeﬂddw&ﬂdo% a
m xture of N- carbet hoxyguani dine contam nated with s

NAP- bi s- ( carFREKHBRY FIUIRRREWH HeimeftheriRpoUBRAIGA %ddé'?n 88! was
recrystal | i zipbvddwyp dddkiosi g xRenylphosphine (3.2g, 12.1mmol) and (5-cyano-4-

20  methyl-pyrimidin-2-yl)-carbamic acid ethy! ester (2.0g, 9.65mmol). The

resultant suspension was cooled to about 0-5°C. Diisopropyl
azodicarboxylate (2.55g, 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

25 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

30 bottom aqueous layer was extracted with toluene (8.71g). The aqueous layer
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(290g) after hot filtration to renove a small anmpbunt of residual
NaCl. N- 30Car bet hoxyguani dine crystallized fromthe hot filtrate

al nost | mwdiaivayr74 The suspensi on was cool ed to room tRPGH&MI®27
filtered, and the solid was dried in a vacuumoven at 56C /50 Torr
overnight to yield the title conmpound as a crystalline solid. np:
97.0-99. 0C 1H NWVR (300 MHz,

?'Vgo Hi 12?_{) \ﬁgs%rf(éasat afHEDent %nﬁ)%rétﬂmblragggroﬁor‘gsgﬁ%hbhydﬁbx%é (tthgr:
concentrati ﬁplﬁpnt[WQquedffﬂﬂbN%\(ﬁ@ (P89, r?@romm@&@%wﬁt%fﬁ BHbVENSi el ded a
second crop @Esrrbﬁ‘ﬁrdd'u&t' QS@mmthﬁQFﬂﬁrmL@y@P (1 meth%rl prperrdrn-4-

2- (4- Met hyl - 5- cyano) g rim di necarbam c acid
A 500mL4- necW'WBPY'b??r praislacitathd galeppwas extiastesivib\&r head str rrer, a

N2 inlet,5a rhé‘ﬁfhkrllteiraﬁ ﬁiﬁéf-‘wz%f)d Taetobﬁnrmgwmae “driBAROEHNNY Srous
controller The flask was c h™ N- (car bet hoxy) - guani di ne

(7.16g, 50. OBAGASSIUN %H'ﬁaéﬁ/\@d)giﬁﬂﬁlt@ WHDW@%EW?GPMQI?%{@VE‘QQFWMF)
(85.88g) ando(yRld &-dyadbaerhembiaRkirMin-2BLBy1 -eRedyvi-SipenaRYLANGBhHLI | €
(9.26g, 65. Om?;{é’@ %ée resul ?Zﬂrﬁ suspreﬂr?s[r )(gn waswgltp rred % ﬂr)fe]:at ed to
reflux (75C)carbafBicagdethvbastihis nonitored by HPLC and was stopped
after 50h at 75CMs'H0@| sm&mqum)was cool ed to about 55C and filtered
warmto |enoye gpn- tarting terrals The esul ant solids
wer e washed M ciyvi-piRaric - €2hd
washes wer e cHrigoityile cool ed to roomterrperature Crystal S were observed

upon cooling. Th were filtere
(7°50) and Then I § i EtRetileRHb a T el it Ve ionAt s o
crystal l'i ne ggdridth-4-yl)-propyl]-carbamic acid ethyl ester (1.4g, 4.05mmol) was

dissolved in MeOH (16.0g). The resultant solution was cooled to about 0-5°C,

15  and then a sodium hydroxide solution [prepared from NaOH (0.6g) and water
(1.2g)] was added at about 0-5°C. The resultant mixture was stirred at 0°C,
then warmed to ambient temperature over 3h. The reaction was monitored by
HPLC. The resultant mixture was concentrated by rotary evaporation at about
20-25°C and the resultant solid was slurried in water (20g), overnight at

20 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 vield the title
compound.

'H NMR (300MHz, DMSO-ds): & 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 =

25  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 C15H23Ns x 0.08 Hz0: C, 85.56; H, 8.49; N,
25.48; H20, 0.52. Found: C, 65.30; H, 8.68; N, 25.04; H,O, 0.33.

30 Example 8: N-(t-Butyloxycarbonvllguanidine
NH O

HZN)LNJJ\OX
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25nmp: 167. 0-168. 0C 11- 1INMR (300 MHz, DMBO- d6):
510.96 (bs, 1H), 8.96 (s, 1H), 4.15 (q, J = 7.1 Hz, 2H) 2.56 (s,

3H), 1.23 Wwhaothm79a 1 Hz, 3H) 39 MS: (CD: mz 207 vdvtustoodhaso229
(M + Na), 435 (2W+ Na) El enental Analysis for COHLON4OZ2:

Cal culated: C, 52.42; H 4.89; N, 27.17; Found: C, 52.10; H, 4.80; N,
27. 26. After cooling the conbined MIBE/ 2- MeTHF filtrate and
Wgtshes Ijrog(5 ab%\/ﬁ)obﬁn 3286k M3rtSR ARAvaY QR dnidvbmeaaiesnd was
obt ai ne anmpl e

4- Met hy1- 243\!z(lmletr@mﬂ¢pm@n ﬁé\npblaﬂd a thernospupls | Hi fiask was charged with

pwi m di ne- 5-GahRe Hyakdoﬁlonﬁhf Eﬁf’sﬁmol)fonowed by 3.96M NaOH
(5-Cyano- 4- net hyl - pyri m di n- hyl - pi peri di n-4-v1)-

propyl | - car B@tien deeaared frpm %%)é/'@'r‘)f M NaOIA aS‘Qr?@"\*:‘P ‘éﬁﬁéﬂgpmﬁo was
charged w t QF% fodu Rt W&ur@'m&%rsh%@to“yiédb )a soRkigRahd doded {0342591

9.42mml ) followed by addition 2-methyltetra ydrofuran (1

Anhydr ous nesphien @i l)zﬂaﬁ48 5¢0. %Omvagl)trhbﬁ digraer) (19xd 9y was @Q‘F%ul t ant

suspensi on W@%héét|rfeﬁerﬁkxifu%oér@bwm§s wﬁr@mﬁﬁka&.mnm thinbé@teg a0f f and
washed wi th 2-nethyltetrahydrofuran (2.0g). The water content of the

filtrate was<&iet & ¢dliddedniated fram thecre%m bmléanq mixpusg duiipgsthe
transferred (bBC)aoHQP H?ggantfé&fft oh! & F ?’éﬂ{ﬂia e"gutsﬁ’eﬁsoﬁt\hésr Sired @t

t her nocoupl € and an addition unne 1tion
t r i phenylbhdephathéerpperayre fop aberidigohand (5 cyano- 4-

20met hyl -pyrim d'A'ﬂe?ad’dlt}onQﬁ%?éF(ﬁooa(‘nggtl?é r@¥ulta‘?n§ﬁ1%&uré%va@%va§or§émm| ) -

The resul tant suspensi on was cool ed t0 about O- Dii sop ro?
azodi car boxytpaieid @ solgspmprisingdhgeLyie n@@uafda@%th%rvatmn@rga@aﬁ@l oS unnel

to the sti rr&%éuv%@m'o@a.s%rg@h@% Hihe sWilld WerdBLESeMdBE fO2-Me
tenperature at about 0-5C. After the addition, he resultant m xture

was stirred HiF G46i00a hesuserpEemas airmians "{fﬁ’fe torRfiuXe&Rgt i on was

moni t or egh bymhiRlsfned at reflux ThrapbBaM. | TH dlsyéndich MESHEN eba8Et ajouabout
20-30C wth an HCl solution [prepared from 37% HCI (3.48 34. 8mmol )

and wat er ( 155-6§°C an Tigredwaim tomrmove g inaiganisispia 7 @PAaPY PEthRas
cooled to af?N%&HFtﬁél@&{ Able TARGRH Weweslstisheraéd InavTBR @B A 0uy) argani ¢
ayer vas Spthletres%];t;nt%ﬁspensmn was stirred at ambient temperature for ~1h. The
suspension was filtered, and the solid was washed with MTBE (18.5g). The
20 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): § 6.74 (bs, 4H), 1.34 (s, 9H); MS: (Cl)
m/z 160 (M™ + 1), 319 (2M™ + 1)
25
Example 9: (5-Cyano-4-methyl-pyrimidin-2-yl)-carbamic acid tert-butyl

ester
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30 bottom aqueous | ayer was extracted wth toluene (8.71g). The
aqueous | ayer was basified at anbient tenperature by addition of a
sodi um hydyevshflesahution [prepared from NaOH (0. 89, 2Cdmmdhov/ndangy
water (5.09)]. The desired product -

(5-cyano- 4- net hyl - pyri m di n-2-y1) 43- ( 1- net hyl - pi peri di n- 4-

y1l) - propyl Fcarbam c acid ethyl ester - was extracted with 2-

Smet hyl tetrahydrofuran (17.2g,). Thgyorganic |ayer was dried over
anhydrous magnesium sul fate (4.0g) and the sol vent was renoved by
rotary evaporation to yield

(5-cyano-4-nethyl -pyrimdin-2-y1)f{[ ?>(1- met hyl - pi peri di n-4-y1)-propyl
]- carbam c acid ethyl ester. I\/B:N(@:N mz 346 (M++1). 10STEP B:

4- Met hv1- 2-12- (1- net hyl - pi pendi n-4-Y1) - or oovl am nol - ovri m di ne- 5-
carbonitrile In a 100rrfL3-ne|g| flask,

(5-cyano-4-net hyl - pyri m di n-2-y1) - 34 | pi peridin-4-yl)-propyl]
-carbamc acid ethyl ester (1.4g, 4.0%mol )\ was di ssolved in MOH
(16.0g). The resultant solution was cébled to about 0-5C, 15 and then
a sodi um hydr oxi dexspai Qtde‘él@flﬁﬂ(ﬁé@é(ﬁﬁbﬂeﬂgmh%%eﬂ%aégilrr@rnd wat er
(1.29)] was added at about 0-5C resultant m xture was stirred at
0C, then wartfieEnacsuplelnt CQr@ﬁﬁ%ﬁf @FdPéaH\%ﬁafﬁﬁ Thrdlaplewas Flaogdh s

moni t or ed byw,lrﬂPd.ef;z-aTéagl B%Hémahrm@rwerﬁtrm %@%@ﬁl&ﬁﬁ«bsm@yﬂ-r otary

evaporat i on at about he resultant solid was slurried in
wat er (2Q), %W%*Yﬁ?@ﬁf‘ylél“aQ'G'”ﬁr%@%@ﬂ Soerdk andA eethylietrafypiofrga s

col l ect ed by(gélrb%y atHedBsullRbRPeMdibwia bR FedZRNatiado dALd in a
vacuum oven at about 70-80C overnight to yield the title corrpound

1H NMVR (300Mqierelm\‘?@(tf‘%i€9l‘d33‘f?r%9bwd8t°§§5@§?n-grh%fE?“F?{ﬁt'“"étB@l‘%%ﬁ:e upon
heating to 8figed Hdabobt RBouts, kifer Géncéhf}ate@bﬁfbtzﬁ'y%a;ﬂdfhho%ﬂb ,yle?d 5 0 (bd,

e N e e e
4H), 1.2{p 1.42Birédprodtt. The resﬁbﬁt@@b@dsm‘?ﬂ@és}/ﬁh@d ffdﬂ~3@lﬁiﬂ;uté§3’[\|6 x 0.08
RN N IR N o
N- a- But yl oxv¢20.0oghdndaiiadirda kecuNirhven at 75-80°C under a N bleed overnight
to vield the title compound.
TH NMR (300 MHz, CHaCN-ds): 6 8.71 (s, 1H), 8.49 (br s, 1H), 2.57 (s,
15 3H), 1.50 (s, OH)
| MS: (CI): m/z 257 (M + Na)
Elemental Analysis for C11H14N4O2: Calculated: C, 56.40; H, 6.02; N,
23.92. Found: C, 56.46; H, 5.96; N, 23.93

20 Example 10: 4-Methyl-2-[3-(1-methyl-piperidin-4-yl)-propylamino]-

pyrimidine-5-carbenitrile
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A 1000nl3-neck Morton flask was equi pped with an overhead stirrer, a
N2 inlet, an addition funnel, and a thernocouple. The flask was

char ged V\AWBZQWQ-,QI; ne hydrochl oride (22.76g, 235.8muolpc@hzi@wedby
3.96M NaOH sol ution (prepared from95. 0ml of 5M NaCOH and 25m of
water, 120mlL total). 5 The resultant m xture was stirred to yield a
sol ution and cooled to <2C. A sol ution of (Boc) 20 (42.53g, 189.0mmol)
in 1, 4-di oxane (103.2g) was added to the stigned m xture over 50

m nutes while maintaining the tenperature at |<8C. A solid
precipitated fromthe resultant biphasic e during the

(Boc) 20/ 1, 4- di oxane addition. The resultany whife suspension was
stirred at 10ice bath tenperature for aboun_1._2%h. Af ter

addi tion of water (200.00g) the resultant m Xture was evaporated to
yield a solid conprising the crude product t ther with inorganic
salts and a small anount of bis-Boc-guanidine. The solids were
suspended in 2- MeTHF (344.009), fon was stirred and heated

was then cool ed to about 55-60CY\and filtered warmto renove t he

i norganic salts. Evaporation o Thi s
solid was ré&&ﬂe@gﬂgﬂ—'m&& : e it lkuspensi on
was stirred %b%gﬂ@r%}hcfa@idﬁéﬂ-%%f@stéror -1h The suspen5| on vvas
filtered, an e saoll ed with MIBE The .

treat ment was repfest08Y EdgaMRYes sk was rlaraed Wit 3 2? 8%5’ t-PRgY Bl )drl ed

for several @@pﬁrﬁw(@rr@gem1mmngmbwwbyfhﬁetnylmmdrofumﬂ yl oxy carb
onyl yguani dine - was iso]ate O d6):

56. 74 (bs, 4¢46.09)- fMaQ’?S'”g\lﬁu f@@‘“’?‘ﬁ’% di%m’(\a@#&%‘)ﬁpeﬁi’@n Mk + 1)
25 ExgrrFlle 9st|tn(95+@@mCN gmfbsnﬂhaysbhwas maﬂemoAﬂgndowagwdbamsz ?C'E
tert-butvl ester r - - nec ask was
equi pped W t’ﬁetg'ﬁit%@@VWQEGa[\’Z@ﬁrf{agr?h? W@treﬁﬁ%%%log?he%@ﬁ%%yaéondenser and
heati ng mantdeermifiel tblbadF woseeharged W th

E)-2- | - | oni tril 8. 63. 34

(52 oo S A o SO

2- met hyl t et r aleytdraafstirram a thermocouple, and an addition funnel. Triphenylphosphine

(30.2g, 113.99mmol) was added followed by addition of (6-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

15  resultant solution was cooled to about 0-5°C and diisopropy! 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-

20  methyl-pyrimidin-2-y1)-[3-(1-methyl-piperidin-4-yl)-propyl]-carbamic acid fert-
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)-propylaminol-pyrimidine-5-

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

STEP A above, was quenched at about 20-30°C with HCI solution [prepared
A4



(98.76g). The resultant suspension was stirred and heated to refl ux,
wher eupon the solids were observed to dissolve. The resultant m xture
was stirregohpip@peyt 6 hours, then concentrated by rotpitrTy,_Ismugm49027
evaporation to yield a solid which was triturated with water
(120.00g) to conplete precipitation of the 10 desired product. The
resul tant suspension was stirred for -30 mnutes at anbient

t enperat ure, 0 t h wat er
(120 00g) and ey ] CH(FE e 28 uinctFinRub ol Blod B Mkt

over ni ght tdeyul@ntjbrph@siqﬁrﬁﬂttge@\@mmadto about 50-55°C andstlrredforabout 1H

Tg/;_é 302 g/l(;lz} %‘égl/%)prng ro%lj\ws%ﬁg%%fd}ﬂﬁr I-Arﬂz_S bbnée th%Ef\aactl%n%S( S,

Anal ysi s forcmpimmgtzﬁ Tavesadded@ndthe msullpmt bighasic aixturwas3, 92.
Found: Cg5

A Mot hy T 524200(%%d t@a@i&gtenﬁelr%c?re%_d@%g%% %‘eltti]eo The top organic layer

pyri m di ne- 5vaasmibeff.tand |t|19 bottorn @uepUa layer was extracted with toluene

(5- Cvano- 4- gyl - ovri m di n-2-v1)- 13- (1-net hyl - oi oeri din-4-vl)-
propvll-carbani ¢_acid tort- butz/ ester A 200ml Erl enneyer flask was
charged with 3- ( Thaeesitad gt (tae ftlecgppoundhwapeaniaiogshin thoaqusgus
80. 11mol ) fig)d Qs ¥ tlediBt} A TohSkd. AR BO6MAI ALhéck f(a%l?f@a@gbwpﬁ@cgﬂﬁ' um

sul fate was added and the resultant suspension was stirred for 5
ni nut es. 10rheans@erpagssiren, prkgragceyre. and aResdidan finpgl- Water (170.0g)

met hyl tetr awrsaﬁwhﬂﬁyo&éddegmolg&mﬁe H@jeRl ACMtRAtwaRlachiBeed With r at e was

determ ned to be KF The filtrate was transferred to a

500m3- neck FITHYk MR pfaParneR a&ﬁ%@%‘? e desudantsoltion wap kel upl e,

and an addi tdment So1psrel. ThErpr@élﬁwd;rﬁgﬁﬁm@%hn@ods%%luagn whd 38R ke Was
added fol | owed b% addj tion

(5- cyano- 4- rASIHIPN WNenP R\ "4§”1}'1‘j"9%a’%ﬁa'fﬁ rregleifaied uytdurng (e additiap-
(17.09g, 1Bl 4¥wemene addition washiphid, the ¥lidpeRsiv@eas biifddEr V80 inutdse
solids were ob ervg% %ﬁd i ssol ve

15 resul tant sol wa
200l ed to amtd BRI LS Solg Bam bR g eaRr B P38 o1g
11|2 f,_?, nmol )thavagnetdd@d/a\zumm@ aideJ*’_(;lo:m;nigmmfme;ielamtetthle cdripbled] * about
soluti on over - , | n e erat ur a apou
S O oy e e T Ltrngihe s TR R ) B .58 S S L B e o
t enper at ur e upidd hebiing e @00V erH)| §RS-8. TFhen, MERIDR.204s, PB)RI70r(Bd Loy
HPLC. - 4- , , o
oyt < Y e 3HG % atandi2 28 (Singlets et poalpee 497 NG9 G Wk
acid tort- byl (se8HEM, 77 (bt, Uhemmszuzi-am 58 0MBH(MOAHYNAL0Ees (h BH)he next

step without fur S d/ or purification. STEP B
4- Met hy1- 2- 13- (1%5%@”59}0?%% -4-vl)-propyl am nol - pyri m di ne-5-

carbonitrile 25Ehame$1ttaiﬁealsslerforcﬁhﬁiﬂﬁNﬂiO@;ulated: C, 65.90; H, 8.48; N,

(5- cyano- 4- dé&y%ﬂl?é(c&'d%eoﬂ' 'é’%}ﬁﬁz‘s]ss

et hyl - pi per amc acid tert-butyl ester,
prepar eddas in STEP A above was quenched at about 20-30C with HCl

sol ution [prepar E‘E(am_phf.- 11: N-{4-Methyl-5-cyano-2-pyrimidinyl)-acetamide

N
x
YIN |
\NJ\NJ’,\
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-

30  methyl-5-cyanopyrimidine (8.00g, 59.64mmol) and an anhydrous NaOAc
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44 from 37% HCl (15.82g, 158.34mmol) and water (34.0g, 1890 mmol)].
The resul tant bi phasic m xture was warnmed to about 50-55C and stirred
for about Wwdwuiooz7Fhe de-protecti on was nonitored by HRE/uGem4bire
reaction was conplete, water (70g) was added and the resultant

bi phasic m xture was 5 cooled to anbient tenperature and allowed to
settle. The top organic layer was split off, and the bottom aqueous

| ayer was eX((O@QB@ﬂb Mrfiforh Bl H@R&uré 8PHOBL (16.00g, 268. hsm%alarnadp\a@duct
(the title conpoun was contained in the aqueous @%ger whi ch was

ot ot ne fasmms@wma3%@@%@5@1&%@0%@?@5 Shd heaiemo

over head sti f{®g, to@aei&‘&b%%@b&snoﬁﬂ@h%ﬂ m?a@%hﬁé@ﬁt f PO @b 2nMRG
(170.0g) and sodi um hydroxi de (7 g) were added. A solution was

achi eved wi t Whishitimejali gtaripeoreiedal %@)Veﬁé%wa@c?e‘i?“&ﬁﬂ trRe ressliantt ant
sol ution H"asm%ﬂla%sth%at%g%‘t'tﬂ%f%5§5 ho0Rs é?{doﬂ”éﬁtcoglgm@f'dahpg aqueous

sol ution was added via the addition funnel over -40 mnutes. A solid
preci pi t at edteoweraivieito giferde sugaensian. Tolwna(Br0g)vesasidet tohewas

compl et e, t Ne,SsAGNShEMA RSB Fi 8 e/vPls éphéﬁtéq::foea%oﬁf‘mst perc ¢

filtered. The esu was was wat er 3’ and

hen dr i ed | st akestiimey savent amesrhgaeally geriution wﬂsaf@cteﬁeﬁt FD tQ)e
conmpound. The resultant séiltidN\ad é’tﬂ)‘ﬂad\/\‘i%sh %ﬂe‘ﬂég 7@3«:@% a"EiH

(singlets that coal esce upon heating (T
3.32-3. 2110(n@b%ﬂ?Ombofﬁ@NebUNaSJ@S@'ei@tmﬁ)hemlya prt éthﬁ@s e

Ezlt nglJet_ 518 h@suwbaﬁﬁ&] wwébaaﬁtblgagctv%é%on?eﬁa mI@ré%ganw) 1. |7)7

rrilz 274 (Mﬂ“ﬂ)fy TO'Ueneéﬁgﬁ%ﬁ@%he%% @)5'2@ ) pgre @ﬁﬁ@ﬁﬂl@he r@é‘r"lﬁﬁ‘lt at ed:

C, 65.90; H g %loﬁ\bvagéhrfe% arﬁ%@@a]l?co@@d Q)Orooﬂriter%pérﬁturé\' Aftdr 38. 25
Exanple 11: N-(4-Meth cvano- Fp‘rl m di nvl) - acet N

zNNc A 250$Hr@na@thor¥|taEReraa§e o5 40 Jpe gushensio H’aév'l%‘?"ﬁ@éﬂd &8 sqidr

reflux 15 ﬁ@@damrtw;oawdthaebmémgy@bmonéﬁfaadftmasdﬁ»lewaﬁacvaaumd with
2-am no-4- 30 net h%° 5- cyanop _H]I‘I m di ne ?4 59. 64mm|3 and an
anhydr ous Na®¥&d ! Covernlght e title compound N -Methyl-5-cyano-2-

pyrimidinyl}-acetamide — was isolated as a solid.
mp: 195.0-196.0°C
"H NMR (300 MHz, DMSO-d): & 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
N~
H
N N
Ijl/
N
Nogiad

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
resuitant mixture was stirred to yield a solution and then 3-(1-methyl-piperidin-
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((0.035g, 0.43mml) in a mxture of HOAc (16.00g, 266.43mmol) and
Ac20 (16.00g, 156.72mol). The resultant suspension was stirred and

heated to 4361 Wh,gz-,)ﬂ el d a brown suspension, which was Us86lhyRlogdA 5C
for 2h during ich time all starting material dissolved to0 yi el 3

solution. The resultant 5 m xture was heated at 115C for 6.5 hours
and then cooled to roomtenperature to afford a suspension. Tol uene

then hont ed o Bibah Hi0lSF 184 BRI MR, wif SudeBr o aget R ghse e
at Im)spher i calkI8pg( BT emimol). Wh rastiftard seldtient wa® @)aledried)-5%€sand ant

S0m of s, igPeBl e dfiph e AL s G b AT A e R BRI 1
resul tant scadditiopriunags vde maintaioing UG reabiiondamperatuie befowt 10P@. Béefan t o
soll diTY-5 TohengidPuddtoRibte BBl Rah RS wE LRSI Lfigh! he

resul tant  suspension was stirfe gra y cool ed to room
t enper at ur e. tembewiurg end iRyl f20rdeovenmght-at ure for | h, the

suspensi on was firht esLfl l"?}r?lq)c(itwbewéé)ﬂrééie&'ét 2’@?@5"%&%&“@ [el &3!&7'(5&8

hept ane (27.2g portions hen dried 1n a vacuum oven

overnight. T# %th*@ll(é Seangigtadavitn water(1R0RY 1fobnvwaplyd=tRAC (9.02g) and

pyrimdinyl) i - 6. 0C
Y AR (300 VK/iﬂ_gre(H@rﬂogf The"i’@§uliaﬁprlnﬁ(%&9 was |§D§tﬂ§8’lah81th(er¥9p og%,ﬁrcga%sg (s,

203H), 103 was reg]q)/ed |\7§1e Qc@gilg: aqxfepuﬁa;,/e( Wes $t|r19d atzqam Gmeraiumfpr
Exanpl e 12: #r{yEidyd nﬁﬂ%e((%hFE%BrYtmetlH?éhﬁr&)yﬁs %r%hucﬂr l@@%fﬁﬁo&@' -

pyrlmdl ne-5-carbonitrile - heck
equi pped wi trRethYlraygmidin-é- VQtN [3 ﬁa’?‘ethé' R‘P@W%ﬁ&ﬁ'ﬁr@yﬂﬁﬁetﬁﬁ“%dTW on

funnel was Cé@q@é&%ﬂavértvbbsl\éx&réct@esréﬁ@nﬂmmﬁﬂq@bw 1(9 Obghi @-naet)ﬁgh)mﬁet am de
(1.00g, 5.39mMnl Et OAc he resuyl t ant mxture

was stirred @@09}‘@!?53%{199&”&"%%%"' ézﬁt!rethm@S@ ”@'it”F?e"E’?ﬁ/?dJﬁ!ﬁt%
4-yl) - prmoarle=1QIb (abdilies ofmmm Washaggledus fa%rl m@nwe@dd@t ion

ohd a1 sopr SR @%EH?WBQ@E@% 5%%“2@? P 3B 00 T RS NesDaddeq
usi ng the addiog).othd praethe dvibd Qﬂﬂéﬂmmﬁcﬂutmnﬁf@ast slétﬂ@'fab@mﬁl-ﬁw ature
s var med (0SB ettt PGH RS e Bie BE S S le B er i ont
compound precipitated. The solid was filtered, dissolved in EtOH (3.95g) and
20  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): & 8.60 and 8.52 (singlets, 1H), 8.25-8.19
25 (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: (CI): miz 274 (M™+1)

30 Example 13: N.N’-Di{benzyloxycarbonvllquanidine

Q—\HN—<\_<




The resultant mxture was treated at 20-25C with a dilute HC
SE%XH (()g (();5@;% (4i 809% 18i Bgt )ed \_1_viht h wat F': (t15. _OOtg)), foll ovvl;:;;t(il4 bé

c : 20 Rz Mat er . 009) . e resul tant m Xt ur epcARSs26@k0lidee
and the top organic | ayer 10 was renoved. The acidi c aqueous | ayer
was stirred at roomtenperature for Ih to yield a m xture (which
contai ned the hydrolysis product, N (5-cyano-4- _
eyl -y o maReotl) bl BB VAR dekapitg - acet am ¢
2. et hyl - THRoQUBnEiBgKetveandankRscanstatiditen p#s wes etrioesl WtREHE (18.58 Ur e vias
adjusted to : il he

g&a\%}gg ghanihe He) %1 ‘?E@ 3%%%?&%%&% %?’?% was

aqueous | aye renmoved a ayer was ted with

2- MeT- HF ( 8. &ligyl paritedivated(SviG ko) eSS %(spdig) hydresdderseligiont(Ré1kgi ed

2- MeTHF sgl uj i I t odr, i addi tion of
5-6N HOl / PA?d%ePf@@'pzﬁé t%?éﬁ%&%%éif*@é&?mﬁ’ﬁi" ?%t??ﬂg\gbmﬁ) lnd

preci pi t at edechlarherreatei(t3.0R9.f12.5lemel)l wadskoudy adsigdione BI8-H®r 9&iHd, and
20 the pH was, .adj i he
solid which “ﬁ?'%g%e%ﬁ"gﬁé%%ﬂﬁ’??%m&%&i@éuﬁf ﬁ%ﬁq%@aﬂ%'éfﬁ’r‘g%?gt%e@hed
with water (fbP200gs arnderdpératliré betvewasudnC.oVeaslatry 6@s THD flilereddbh to
yield the title co und, a id...1H NVR (300MHz, DMSO- de): 58.60
and 8. 52 (si?@f@?é&P"%mShga’é@bﬂﬁ%g’ﬁ% 1H), 3.33-3.24 (m 2H), 2.70
(bd, J= 1. 3Hz, 24} weRsdiitisavete thed&hbseddd tiesl O0Natactontresm@ifispon
heating to 80 11 1. 77.(b =..

1,851 46 ( Wgﬁﬁa%ké&af.agée‘ﬂ'ﬁqm%ﬁf“%& g'{JEEb?"’%ﬁFE&‘%VZ?b??#ﬁ@teS

30Exanpl e 13andNjitstetlb (dreowydroxreoainirgiyogaainisdikan el he solids whldwadied 00

A 100 L glass_ lined r I ' ' : i '
cooling j ackEan ‘ﬁ@?ﬁ%ﬁ%@&%tgﬁg&g%ﬁ?ﬁ r\égn\k"%}isﬁgi?&g%%%@egggg%% ﬁ{dl'HF
(15.53 kg) anib lgremniod anémdClanpB(230 KgywasaddRl. nidle)resdiant $larry wssil t ant
slurry i fi ) 9 i oxi de
ol ut  on'y 6. SR Brbiytlys ihoreit, 2R K30, WO RLIRKEBPT °F
4- 6C and ben{zyl kg fahd daéd under 9(n1y8 .00 Ladugm atB0BE°Gd yielddhe stlowl y added
over a 3.5-hour period, while keeping the tenperature bel ow 10C. The
resul t ant SIWQ?D%'S stirred for 2 hours at a tenperature between
5-10C. The sl urry\n&ael)tmmzsi(l\/t*eﬂead and the solids washed with THF
(5 fgu‘r‘?]Z - _L0The PRGMRQOS HYEDRSE: S1BHAE N ) e 8%s A, hab gact or

20  10H), 5.11 (s, 4HY

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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wat er (35.0 kg) was added. The resultant slurry was stirred for 30
mnutes and filtered to renbve any remaining inorganic salts. The
sol i ds wer gain with purified water (10.0 kg)

sol i ds mergmﬁﬁgﬂggggagaln to the 100 L reactor and netﬁmﬁh?;?%%+mzkg)
was added. The resultant slurry was 15stirred for 30 m nutes and
filtered. The solids were washed with nmethanol (7.0 kg) and dried
under 29 mm of vacuum at 60-65C to vyi the title conpound. M5

(Cl): mz 328 (Mt +1) 1H 00 MHz, DVSO-d5): 610. 89

(s, 1H), 8.69 (s, 2H), 7.36 (s, 2010 711 (s, 4H)' El enent a
Anal ysis for CL7H17N304: Cal cul at ed: 2.38; H 5.23; N, 12. 84,
Found: C, 62.41; H 5.29; N, 12.86 Exanp e 14:

N43- (1- net hvl pi peri di n4-v1)-propyl | - MM di/~- cbz- guani dine N To
a 20 L carboy was charged 2-nethyl-THF ('8 00 kg) and 3-(1-

met hyl pi peri di n-4-yl)propan-1-ol ( 2.80 kF=1F.62 nol). To the

resul tant sol ution were added nol ecul arypgi eves (0.28 kg) and the
resultant slurry was 5 stirred until_the t content was bel ow 0. 1%
as tested by KF. The resultant sol ution Qgg=§ﬁen filtered over
Celite(r) and then charged to a 100 gtidss-1ined reactor, with
2-met hyl -THF (17.52 kg) added. Trj
kg), and N, N -di-Cbz-guanidine (3.

rinsed 10 with 2-nmethyl-THF /
cool ed to between about -10

(5. 00 ko) was_ add@ %92&%%&%?&@&1@% 2FeTER Gofe }%qoﬂ?ﬁ‘ba ow 5C.
The _resul tanhe&solbnpbn@n—%}pradaeﬂ_dl(@\ﬂowgvﬁr.ﬁﬁartﬂot).oTalﬂmreStﬂ&nQOC over ?
30- t . -
s ?%”Eyigiﬂ'uﬁgr@f"fiﬁf@@%@%@%@ﬁ@)@ﬁéﬁﬁ@%ﬁ%@fﬁ%‘ ?55;70
g) was irraetl uatittt eleatontentefasdigtun #efled Dylklre Mde(rdsuit80t kg
et DR R i EE RS LPF D hhBe  Bod iBthes ane
2- et hyl - THFrbambn,usmtb 2Lra9rteyl -Wis (1di52d@) dedid. Thiph2tyigssphias(5.38 kd,ur e was
extracted seqpsikd)AddynNieeod biTad (77 0) Y782 hotrwdre/Bhrge’ scar ding
yer I lf I N g . oly'were rge

t he tol uene er’ eac racti
under a nitrogen blanket to the stirring solution. The reactor walls were rinsed

10 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.

15 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 kqg) 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

20 resultant mixiure was extracted sequentially three times with toluene (35.0

kg), discarding the toluene layer after each extraction.
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To the extracted water/product layer in the 100 L reactor was added
et hanol (200 proof, 4.42 kg) and purified water (48.00 kg). To the
resul tant, wabbfoihsgs sol uti on was added 6N sodi um hydr oxpcigys2BvoRdools
29.10 nol) slowy while keeping the tenperature between about 15-20C
The resultant 5suspension was stirred for 1 hour, filtered and washed
with purified water (29.00 kg) The wet solids were dried in a vacuum
oven at about 40 AR

N- 13- ( N- et hvi- 4@?’&%&1& t%pﬁroa”éth%ﬁg%?%}'rlw R aﬁléecj

liter) Hast e¢thayol &C@syg@fe4 Aaés@i and reque@)wet@rm&q?p %g)rréfeﬁewa?alltan
agitator, co | LR ged
with a sol ut%k‘ln{bg?dl%@ﬁ g“dlg%l—lfﬁgA%%dlu ?&ﬂiet('s% I'!g e S@W

N43- (1- net hywpledenepmgrﬂ:mteyrrp)eratpredqequenmou 15&%&%@% rgswi@n 7. 28 kg,
14. 97 nol t i I en added
10% Pl ¢ § sovReteror i ofFhbln Altred BfRleHel A0y e bF

sequenti al | y(ZBIO@cE@(d Timneet spdidsiware mlwnmgeacmwdowm@bwkﬂ%%’ﬁltace any
air inthe s mt|tThe %ﬁﬁ&l on was stirred at 1000 RPM and 300- 350
PSI of hydro% ﬂ whi |ecokeDep| nNg the tenperature bel ow 35C using cooling
wat er on the jacket. The reaction ceased to be exothermc after
approxi mately 1.¢% ) >

300- 350 20PS|. THhe : ' .
yield a $®lution Pc‘o%gal(ﬁﬁ htgr)ﬂ-hietellmt Dresmerpemm eqiippedwltugi on was
stored at S%QQ%n%%?gglfaE)Xt&ﬁllﬂ&%%easnh&?ac%tt BbbaditdntiRes was Rhaybgn or

purification
4- Met hvl - 243witha s@um;n onSp%EiQH!fPMW DP-kep ap Ndgi( renethylpiperidin-4-yl)-

25pvrim di nes rﬁagflg %E%ﬁam&fn&l (7.28 kg, 14/9% rRol] OFb theFbafEA doNREN,

reactor, a SO

Rdi met hyl ami tmm)ermttrngweweqs-teerb&@ﬂﬁdt@ﬁ(eﬁd/ﬂ(ﬁp”é wet, @PR&ab 17he-rpa@panol
(4.48 kgyg 32y43s4mlg éﬁéﬂ é%q%énﬁ%‘ﬂy Bfac&rl Dade Vhdauh, onaReh hn¥RscRpded at

20-25C to a stirrin sol ution
N43- (N et hydispiagsi walrdn yeLgysterpr Mwepgmweﬁ #isrediat 40P REN and
propanol (5. 44 ¥ p3is f%gdn%gén llezﬁeeg;ﬁmg“tee ?chﬁérélﬂfp&élc?w BEQPEY ) . The

resul tant m xture was reflux, followed by an
addi ti onal c¢rligewafer on the jacket. The reaction ceased to be exothermic after

(B)-2-[(di Wé%%&ﬁﬂ‘a{éﬁﬂ@hwﬂs%@]wa% s‘a?f@@;& aneaa.wshmournatebbeeel /2-
5pr opanol . %t anol/ 2-propanol ). The
resul tan20 PSL The resultant slurry was ﬂtered over Cellte to yield a solutlon

containing the title compound. The solution was stored at 5°C and used in the

next step without further isolation or purification.

25

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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m xture was stirred and cooled to 70-75C and then potassi um carbonate
(7.50 kg, 54.26 nol) was added. The resultant m xture was heated to

reflux untylybifeseacti on was deened conplete by HPLC. pMaR-bd3®49027
reacti on was deened conpl ete, about 35-40L of solvent was renoved via

at nospheric 10 distillation. The heating was di scontinued and
purified water (80.00 kg) was added to the resultant suspension,

whi ch h t

o ch vee (RSN IAR ARIG I LRl Bl |, o,
mn. The sol brdpawes (341 k@28 melSh 28 36ikg hf@bamdllﬁﬁmomér The0. 00 kg)
SnS 01 9. S pEAAORUD YRR U ket b oFaopRuE. 3211 @

100 L glass-l1ned reactor 21. 4
mol ) was di sefergecef (Fh2 I(dpﬁeibﬂamInolmhﬂwﬁﬂé)w@bumoemﬂ@ inEthanpésul t ant

sol uti on WS%B?%{o?ﬁz é%’ 81@3%@’%%&?9( f%%a%%ll@gg)p%n&fl ﬂ%%@@%n( 43. 00

kg) was adde vy slurry sus ension was’' stirre
30- 35C for 1M@ixtur®wap ﬁtlraetﬂanm@mlathoV@65f©aod Senaothsayeucaroenadd

i nut d; Kk
and dr ed ot 70 00t 28 B s d By o ARk e AR Gl <O
1H NWR (1300 mﬂtthemowl)as dsemaacamuleE IB2HRISG.nYihen she rteactlamoraa$sce
heat 2.70

(ba 3210, oieepmelit abuts R sollent il rofoda veinbepnodt)
heating t® %@Ilatm) Thegeating wes dtspgntmqewanc(mri,fied wam.mo kPigyas
1.55-1.45 : +

El enent al (,Tna SI s %Qsﬁg%%néﬁl cu g&ﬁe%mo%%?tééof%%céqn )8

25. 62. Foundstlned T@&boat 1hA, THe. resyltarg SL@SeIEﬁDorB@amthehéuréwpemlermtfa!

br ocedur ©° g RdeB g Job i HBIsBidMad RiPULNENATRIE ok ALy 01D

were typically nontored by a co I on fEss Spek 'C. HPLC
condi ti ons wWa0®80&g) &ral dirinsat 76d0a0undekgiabwmrh thﬁRBAh@itanddnnmend(DB-CS 5

M th . 0% TrA a0 EioRieeTneb Rkt oot R lF sRPBSTH RBRINPLH1 1 ef 0006
water to 99%1610,‘%Qdissdslvéda/n]2%mmm (30&]%9%870 -3590. MThe leeultanol d at 99%
acetonitrile/ 1% water for 2mnu ) 5Exan£|r?tlh7ﬁh tane (43.00 k
NJW Di (benzxﬁOM'\?E&iaB&H&?‘P?&fU%\%P& %VeNﬁQ 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
20 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): & 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),
25 211 (s, 3H), 1.77 (bt, J = 10.7Hz, 2H), 1.55-1.45 (m, 4H), 1.20-1.06 (m, 5H)
MS: (Ch: m/z274 (M™ + 1)
Elemental Analysis for C15H23Ns: Calculated: C, 65.90; H, 8.48; N,
25.62. Found: C, 66.00; H, 8.80; N, 25.50

30 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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HN-( O (N 00 To a 5-L jacketed reactor equi pped with an

over head nechani cal stirrer, thernocouple probe and dynam c nitrogen
i ne were gddgus®s 10guani di ne hydrochl oride (119.7 g,pclyid2ei@dRi®s)
NaOH (250 g, 6.26 noles) and deionized water (1.3 L). The resultant
m xture was agitated until a honbgeneous m xture was obt ai ned.

Met hyl ene chloride (2.5 L) was then added and the biphasic m xture
was cooled to OCF\JO%{é@e }ﬁ £rnal chiIIer To the resultant m xture
was then added benzyl chl orofornmate t()'\/g 76 15nol esé{y
(utilizing a J- Kénbilephassshaceasvnitle)wi P5% -Atﬁflﬂrwﬁi@frwlﬁdoo olfifhg was
adj usted to mai nigbfeAnqd oraceforaﬁ#uefggwaaﬁwg@o/péc&&udw maftéwamp
addi tion. The resultant heterogeneous m xture was aged, Wt

agitation, aevep8nfinrthemheld@t §9% Asetopirdef! Vewateriox R aautaas then war med
to roomtenperature and filtered, reserving the filter cake. The

| ayers of filtrate were separat ed ) and t he 20 aqueous layer was
extracted with net hyExB Kfc ALY ' gUHHGEBI c | ayers
were conbined, washed with water (2.0 L)y rled 0 MySO™4, and
filtered. The sol vent w Boved unde a éuym t Rl d a slurry. The

solids were collected b ran ont f|| at g again

concentrated and a secong p |IdS col )eeted. The two crops

plus the filter cake fromthe |n|t| 25 fil it/ on of the reaction
(50

were conbined and dried in a vacuum oven for 18 hours to yield
a resi due. The rd$iafirb jawssteddaraortequiprsd IWi'tF@P ovarRad mesBRteY equi pped

with an overg@,@g tﬁaﬁmau;ﬂ@bro‘bblaha%ynarh.%wageﬁunéee@rmed theef | ux
condenser and dynanic nitrogen |lineé. was added and
M%@@& p

the resul@ angua@@'ﬁ?e'?ﬂf%‘@rﬁ@%y% Q’th?%”\%) &PIREY)- A9 0)
for one hourgeidhiety wael @B L)t Q'h'ec?@éﬂitbﬁﬂ’ﬁ&ﬁﬁé Wée agmied heilsol i ds were
col l ected byflltratlon The f ter % &] brc% va uumoven
(60C) for 24NMPRECELPYS PiXIE “eRe meade loided @&aa [9he
solid. added ang the blphasrc mixture wlab*coblb@to 46Dz an %@éﬁdhll@r 10. 88

b 1 5
ﬁ/sr(; ec'lt_? oskR ﬁge)res@s,aaém'xgﬁeyaém%ﬂd&?%ew C'?*ﬁ’kpf’f‘PI’T' gf §§73H%§ m z

found, 328. %B%f&fllz@?ﬁml@nﬂ&se controller) over a 3-hour period. Coolmg was
3-(1- rrethyl pi peri di n-4-y1)-propan-1-ol HO
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
20 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 MgSQO4, 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
25 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

30 heterogeneous mixture was heated to reflux (~65°C) for one hour, then cooled
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10 To a 2.25-L Parr reaction flask equipped with a heating
mantl e, and internal tenperature probe were added 4-pyridi nepropanol

(72.87 9, wé%o{iiRiH4 acetic acid (450 ni), and 10% Pd/ Gdrk@d030h27

The bottle was affixed to a Parr shaker and subjected to an
at nosphere of H2(g) at 60 psi and 50C 15for -7 hours. After hydrogen
upt ake slowed drastically, the resultant m xture was |eft under an

at ospher e of 50,5 LA i 51 SRk ARl A AHERORR) ik g ThE

bottl e was coo room errperature an or ma dehyde
sol uti on waswasldrgll i 43/a8uurh osen (BOPG)yfor B4 BABS tonpd il traniitlet doepoesdibs ant

m xture was %E&%@ggsgﬁj the Parr shaker and subjected to an 20

at onosphere "60 psi, roomtenperature for -1 hour. The

resul tant m xt ur éHwWsMRE (40080 DMS Q-esidy €0.palbrasd il HmsBTd bt Siei),
concentrate con rate taken up in water (300 nL) and the
pH was a§ u&é@t}?g’ (B\’é@g}\?ﬂalttoﬁs‘\;\%a) NaOH sol uti on. The aqueous | ayer
was t hen extract &b (ﬂ'l&dtrosﬁrlay)t exat trate c4l3Hatdd Gorid, )H, - N4r, $27md; nezl
organic | ayefrouna(\%rzg 1\m§_p‘(]ed W th

Example 18: 3-(1-methyl-piperidin-4-yl)-propan-1-ol
HO

N.._
10
To a 2.25-L Parr reaction flask equipped with a heating mantle, and

internal temperature probe were added 4-pyridinepropanol {(72.87 g, 530
mmol), acetic acid (450 mL}), and 10% Pd/C (10.73 g). The botile was affixed
to a Parr shaker and subjected to an atmosphere of Hyg at 60 psi and 50°C

15  for ~7 hours. After hydrogen uptake slowed drastically, the resultant mixture
was left under an atmosphere of 60 psi Hzg 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 mmocol) and the
resultant mixture was returned to the Parr shaker and subjected to an

20 atomosphere of Hy 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 sclution. The agueous layer was then extracted with
ethyl acetate (3X 350 mL). The combined organic layers were washed with

25 brine, dried with magnesium sulfate, filtered, and concentrated to yield an oil.

The oil was taken up in methanol (450 mL}) and then K>COs was added

(30 g, 217 mmol). The resultant mixture was stirred for 3 h under Nxg. The
resultant mixture was then filtered, concentrated and partitioned between
water (350 mL) and ethyl acetate (350 mL). The aqueous layer was extracted

30 twice more with ethyl acetate and the organic layers were combined, washed
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25brine, dried wth magnesium sulfate, filtered, and concentrated to
yield an oil. The oil was taken up in nethanol (450 nL) and

t hen K2COBywasoagsesd (30 g, 217 nmol ). The resul tant mpdraioidmsooz7
stirred for 3 h under N2(g). The resultant m xture was then filtered,
concentrated and partitioned between water (350 nL) and ethyl acetate
(350 nL). The aqueous | ayer was extracted 30 twice nore with ethyl
acetate and aBSIN ne,
dried with n@gﬁ%@{%%ﬁiﬁ #@%ﬁgbﬁ?%ﬁglﬁlggméﬁ%gconcent%%g{%d{&oﬁ%?eI d the
title corrpouthtI&%C@mD@Md as an oil. 1H -NVR. (400MHz,
CDCl 3) 6, 363(t1 2 8 . , 3H),
1.89 (t, J= 11. 2 ?40%%%8 3§§£t2 ?616’;?[w %%2@5((2@)
1.32-1.22 (nzH)521)25 (s, 3H (teUedeer'slprQ@ﬁ S%ﬂ:ﬁit(nhﬁ% 1604 dred for
COH19NO, 7 dgﬁy}qi,) 158. 1 [ M+H] + Exanpl e 19:

N-r3(1-ne hv pl perl v11l-oropvll-N, N -di-cbz-euani di ne

To a 20-L jacketMBteé@czttpemrae)qaxqumsmalhulaﬁeddvé?ghle&@ e énaninezal
stirrer, pe and dynami c nitrogen |ine was added
anhydr ous Tﬁéﬂ?ﬁqgggql‘lﬂ‘r@r The stirring was set at 80 rpm and

Pol ymer Labs (Varian) PL- TPP resin (1.0 Kg, 1.48 noles) was added

(one porti OHM%M%MH%QBWWN%%&'d&%idi?f@?’- 3

g, 0.987 nol
Met hyl - pi peri di n-4-y1) - propafiN¢ ol 885 3 g, 0.987 nol es) dissol ved
in THF (500 nmL) was then added mhe resultant m xture via cannul a

and inpeller shaft were all
h sol vexit added to the

transfer. The cannul a, reeg%orl\”il
washed with THF (2.0 liters t he
reactor. The stirring was increased to nd the resultant

m xture pwoled to an internal tenperature o C. DIAD (299.4 g, 1.48

mol es) was added %lﬁz(ﬂLﬁgcQg{e@?%]&dr%u@gé {Nhﬁ bRAYvéhdadRRLisG

controller) over was adj usted to maintain
an internal steepdhermeceumie pwhe B¢ dymrBis netW@eaneﬁ v Addatkankyaferet e,

the resul tang ﬁ‘;ﬁ%ﬁee@ﬁnﬁi Sifing ooggéa%té@rp%ﬁgnw@@n@r Laiks (VaHAn)

period. The eact or s drained and rinsed tol uene. The wash

t ol uene was B@JE’H’ regin { he KeehdBimalesiives added (e HOEl@th%\%edr Rfoved by
filtrati aéH!:llﬂotﬁ%fW N{(ﬁrcbf-@lﬁﬁ'm&ﬁé (yBshed 9871 Roks) (‘éﬁé‘ﬁorﬁlé’n)x Fhe

volune of the filter cake he solvents were renpved under_reduced
pressure to Mp@yhpzaer@-gftﬂ ;p_ropan 1-0l (155.3 g, 0.987 moles) dissolved in THF

(500 mL) was then added tfo 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
20 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
25  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

30 acetate (2.0 L). The layers were separated and the aqueous layer was
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The residue was partitioned between 0.5 NI HCl (2.0 L) and ethyl 30
acetate (2.0 L). The layers were separated and the aqueous |ayer was

54 adj USt%zbfb/dB'EJm 10 with the slow addition of solid %&)ﬁj}%ﬁrh

basi ¢ aqueous | ayer was extracted with ethyl acetate (2 x 1
organic | ayers were conbined, dried over MpSO™4, filtered and
concentrated under reduced pressure to yield a slurry (-0.5 L of

ethyl acet at?cp %ﬁi @g?o wm%aﬁncﬁm g&%ﬁ’%nl‘afs ué"ﬁé C%Ideﬁlletb%s%he slurry

and the resu ure was a roomtenperature f or
1 hour. The aqllepdslayerrwasmrractedlwmmdabgtaifa(lztxrm LonlheTingarfi¢ layens cake

was dri ed i g VAGHHIONED &P (Snbdtdd] thdbPRalbdd e

conpound as a s he organi SI éyers fro ove workup wer
found to conmrassur@tmﬁelﬂarsgsrya(nﬁ@mofcﬁﬂhsd hectalegsemaiding). odertane Eci h) of

th i | d
oot due. FnevB Sfblo RV AR o SRR AR AOACRRNE LG P 216 ©
t ol uene _(500temp)erwafq Thieausr dbye pdlisia svane Stencellagiasd ybiliadtisad Thafiter one
hour 1 X110, cHBS AU 118 A0H SR AGRY LR BT d g b LT ate, ves

separated an e “agueous Tayer  was det ai et above to
yield a secocmnnpnuoﬁaafa sohd t|tIe conmpound. 1H NIVR (400MHz, CDCl 3)

SH) 9. g512b2 SS 2H)|TQ19 g?%aéﬁéégag ?romltg%bg?%k% %%re(fgﬂmd]ia@)ntf% %3 (s,
3H), 1. 780 ( tlérgaﬂmoynsome desijed prod@t. 1Beth of the raservedioryanie lallSI’S(W\QFGSH)
20M5 (el ect r Wﬁ nt%ﬁto%&lﬁwr@écﬁ% e SSOIBIN D4 HeE- 26:

nl z found, 4
N43- ( 1- net hvbeiweqma‘rﬂ Chmﬂm@@mdiolqmﬁsaﬁmé end pipRtepegRGeaUsl - L r ound

bottom fl as 3- f
propyl kN, N km%ifr “@gggﬁlngﬂ A(ct% %Mr n%ﬁ)% th@%rdglldgvsagéj&gpl%ld%dt%anol (500

m., 200 pr od’f“}at'OTIThé%ﬁ filygte V&%S%@[ﬁt%éﬁﬂ thetaquecusdardrngsieatadeasand

var med t SOfetait 4ok %qlléu@wsaeémﬂ&aﬁeﬂﬁe%@é rhsiungas obtained, the
heating mantle was exchan for an |ce bath and the m xture cool ed

to an internal e WZOED%@ It (resti: 8#8 (biot. dHéi %4 lir e was
transferred 8y an,21-o?-ﬁ, 3 b8 &8 oR9 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 C;sH14N4QO4, 466.26; m/z
found, 467.3 [M+H]"

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

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

propyl]-N,N*-di-chbz-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 cbtained, the heating
mantle was exchanged for an ice bath and the mixture cocled to an internal

30 temperature of 10°C. The resultant cold mixture was transferred to a 2.25 liter
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Parr bottle equipped with a thernocoupl e probe, and 10% Pd on Car bon
(10 wt. 9% in one portion. The bottle was charged with H2(g) (60
psi). The Wy ddRbide was kept pressurized w th hydrogepr@asodonuont?
m nut es, then evacuated, re-pressurized with H2(g) (60 psi) and

al l owed to shake for an 5additional hour. The catal yst was renoved by
filtration (Zap-Cap) and washed with ethanol (300 m, 200 proof) The
sol vent was i HREE RPE S ot S lofle (i b bg oh
1H - NVR: (40’5’)%/@38 %EH%?E { obSp¥ Fofle, 286-2. (m
2H), 2.25 (swt3h)in ope portin. 9§he(hq>tt@wps charged wnth(@ dgw The %arrl

(m 2H), 101,3ds §a2ReMprelirized ith 4 %E‘&SIBVrﬁ'MDJt axaet nass

cal cul at ed f%‘%ﬂe Z[m\pi4 I‘1I29€ a1 Nﬁr g%hgg%n e[S M+1-1]t Exanpl e
21: 3-0xo- bu@\(ﬂcéﬂfﬁﬂrrﬁt%e%"u[l@d WIth Hz(s()@DZBSJXﬁfIQrﬁ”ﬁWBCﬂ%?haéﬂé‘?ﬂaﬂrl le (115
g, 1.41 '>aa@ffon§rhaurre¢héeatguy&w4ﬁ@hocéd El)ys‘r“l’kr%nc%t(ZéB-@Bﬂﬁrﬁ@eratUre

for two hours he resultant mxture was_extracted with ethyl acetate
(2 X 1.15 L)W8$h¢‘€ viihgirane! (380 énls2Qpraoidohbe ARiveNt #ia3g remevesigingdent

removed undeg¥aqy ,Muql,éjg,t%muhutle conpound as an oil. 201H
-NVR: (400 % npl e 22

(E)-2-11cl i met hvl'HmN (‘W@MHA &%?D)g §>Jélﬁht’a'n7eeﬂ1i'ltz|_gh*)e2@9)a_8%:{‘mw( CHB) 2
3- 0x0- but yr ogyy, E'és?%@l% 8034 g%G(n{r@LQ] 1371#11 BYiiaMBHY 4 5a- Q55 @m821|—|)”0| ) 25

were heated to 80C e solvents were then renoved
under vatQuni %—1)306(Ffd5h|)sol id. The solid was partitioned between

ethyl acetate (lnﬁég clédtds5a ja'@%%%a‘%é@é&ﬂb%ﬂ%‘i\@ A8 hpn (1L).

The | ayers were separated and t he aqueous |ayer was extracted with
et hyl acet atfupd. 981 [Mthd* or gani c | ayers were conbined and the
sol vent renoved under vacuumto yield the title conpound as a solid.

Example 21: 3-Oxo-butyronitrile
O

)j\/CN
15

(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.
20 H -NMR: (400MHz, CDCls) 8, 3.47 (s, 2H), 2.36 (s, 3H)

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

CN

N(CHz),
3-Oxo-butyronitrile(113 g, 1.36 mol) and DMF-DMA (215 g, 1.81 mol)
25 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

56



1H -NMR: (400MHz1 CDC13) 8, 7.80 (s, 1H), 3.40 (s, 3H), 3.24 (2, 3H,
2.34 (s, 3H) 5 Exanple 23: 2-acetyl-3-ethoxy-acrylonitrile O

3- 0x0- but ywerbioidtes (4. 94g, 60.9 mol ), triethyl ort hof gid¥dRudodd0dy
m., 90.2 nmmol), and acetic anhydride . (0.3 nL, 2.7 mol) were war ned
to about 1095-115C for about 1 hours, over which tinme a distillate
was col |l ected and discarded. After cooli ng the resultant m xture to
roomtenper ARG ,.ﬂ&g, he
resul t ant maéﬂtdgﬁg%s étcgﬁggleg%ﬂgt e so nﬁ)&g@iﬁg%ér\%a{:ﬁf exe{%%s to
yield the tmﬁé'ﬂ%@@mwmaw%phgond 1H- NI\/R (400 MHz, CDClB) 8, 8.01

(s, 1H), 437(q1— , 7.1 He,
3H). Exanpl e 24: @H:ﬁ(ziﬁﬁm goc#zt hy'l - E)Si?ggfr%?on('lﬁé‘s opy?Haem nol -
pyri m di ne- 52§’éf996h[0tr| I e CN 20To a 5-L round- bottomflask equi pped
wi th overdiead mechanical stirrer, nitrogen inlet, and thernocouple
probe were added 2-acetyl- 3- d| rret hyI am no- acryl onltrl l e (103.65 g,
0.75 nol), anhydrous pdxasple peinb3-ethoxyvataylenitriteot gr anul ar)
(165.85 g, 1.2 nol), and N43- (1 ma@hyl

pi peri di n-4-y1)-propyl Fguani dine (119.02 g, 0.60 nol) in ethanol
(2.125 L). 57 The resultant m xt heated to reflux with
stirring and held for 24 h. The resul]tant m xture was then
concentration and the resultant residye titioned between et hyl
acetate (1.5 L) and 1 N NaCH (1.5 L). |'ayers were separated and
the aqueous | ayeh.iasnRpbhitd ﬁﬂga\ydm @ﬁ#moti)' ORI AE R0 F O( 2 X

1.5 L). The conbin organl C S were concentrate
title 90.2 mmol) and acetic anhy nde (0.3 mL, 2.7 mmol) were warmed to about

10  95-115°C for about 1 hours, over which time a distillate was collected and
discarded. After cooling the resultant mixture to room temperature, hexanes
were added and a precipitate formed. The resultant mixture was filtered and
the solids washed with hexanes, to yield the title compound as a solid.

"H-NMR: (400 MHz, CDCls) 8, 8.01 (s, 1H), 4.37 (g, J = 7.3 Hz, 2H),

15 2.39(s, 3H), 1.46 (t, J = 7.1 Hz, 3H).

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

pyrimidine-5-carbonitrile
CN
\“/g
NYN

HN
Lo

20 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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conmpound as a solid. 1H -NVR  (400vHz, MeOD) 8,
8.46 and 8.37 (two singlets that coalesce if spectrumis observed in
DVSO at 10@0Goialdol7743. 43-3.36 (m 2H), 2.88-2.81 (m 2HCGI/EsU@/04R2743
(two singlets that coalesce if spectrumis 10observed in DVSO at 100
C 3H), 2.24 (2, 3H), 2.03-1.93 (m 2H), 1.76-1.67 (m 2H), 1.66-1.56
(m 2H), 1.36-1.16 (m 5H) M5 (el ectrospray): exact nass

cal cul ated foppe %ﬁkﬁ@%tur%%s&%atdﬂt@ réﬂnmdm sa?rmglanbrwetd]mr 15ExTnpl e

25: 4- Met hvl-24341- net hvl

pyri m o STeBHIAS IR BIvs e bagegRiation ha e sy Nt Bt maroseshi um
et ' 0. btwabn ethyltacdtate{ 196 Epand Hanothe layefs meed d
N43OE(I1 ﬁe'g hyl ﬁel’l éla? t?1 Ep?) 1Nma§1]-|lgt| naE hegl ! Sg. ré a(r)l 85
mmol ) in et h%ﬁ"ﬂ%f’ Ql‘iihﬁLaﬁ 9\%’4@' b%ﬁvqt%x rHeedW ﬁ ddi %ﬁa PlgiRcetate

t enper at ug e. (21,01 Bmy Tiescdrilbingd ongahiolayevawereltencentdeed to yield the title
2-acetyl - 3- ethoi?%ﬁgt%l onitrile (148 ng, 1.06 nmol). The resultant
m xt ure was for 5 h, then cooled to roomtenperature

ﬁlgacongeg_trﬁlt ed. ‘HTNﬁ’IF{ WMWM@GB)WI&GME S (hivd Ginglets thett ween 1 N
an iC mata. er 2 tion Q e l.ay.
aqueous | ayefoasse epe E‘Wél? ‘F‘Weg ‘5@‘13 1B8 %h '3148#3 iéﬁ@(%ﬁ) The
conbi ned or gaew 813(;!@251 VA8 2003 (6o SivgietsMi@dalebdd it sfeettumand
concentrated to o a 2
Koot 10 BogbsBiaa Pt abidass SPERCAAR, 5%, 2% b8 m, 257TR6S 67
(m, 2H), 166 1.56 (m, 2H), 1.36-1.16 (m, 5H)
MS (electrospray): exact mass calculated for CysHa3Ns, 273.20; m/z

found, 274.1 [M+H]+

15 Example 25: 4-Methyl-2-[3-(1-methyl-piperidin-4-yl)-propylamino]-

rimidine-5-carbonitrile

I/L' NG
N
\N/l\n ~

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

ethanol, 1.7 mmol) and N-[3-(1-methyl-piperidin-4-yl)-propy(}-guanidine*HCI

20 (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

25  separation of the layers, the aqueous layer was extracted with additional
dichloromethane (2x). The combined organic layers were dried over MgSQ0s,
filtered, and concentrated to yield the title compound as a solid.

Example 26: N.N" N"-tri-Boc-quanidine
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HH To a 300 nL, 3-neck, round bottom flask were added powdered
KOH (2.94 g, 0.052 nol), Na2C33 (5.54 g, 0.052 nmol) and DMSO (50 mlL).

The resul tgptnfiddssy Was aged at roomtenperature for Sdfkodoenzy
guani di ne 5hydrochloride (5.0 g, 0.052 nol) was added. After an

additional 5 mn, di-t- butyldicarbonate (51.4 g, 0.23 nol) was added
as a nelt. The resultant m xture was warned to 40C and aged for 65 h.
The resultant m xture was cooled to 1Qg.and poured into OC water (1.0
L). The resultant precipitate was colllected by filtrati on and

purified by hot trituration in acetoni rile (500 nm.) 10 to yield
NAP, N'-t d- Boc- guani di ne. 1H - NMg,, (40 g 3) 5, 1.51 (s, 27Hz).
M5 (el ectrospray): exact mass ca C‘DN te Nf’or Cl 6H29N306, 359. 21;
rrilz found, 360.2 [ MrH E 15Exanpl eH27: H

N-1. 3 1- hyl N' -

13- (Lot pigerdgl i Skl BLARVL oSN b BOSs, dusakghre
added 3- ( 1- ni2t94yd, Oqsapmlj NapC@; (5154 g riofEmadl) ehd PMS@L(59,ml0). Ob8 nol ),

Pol Lab

oAb - TSt iy ks A6k Qoo SghBas e s rﬁa%ﬁrtg%’fi"ﬁ%ydr ous, 100
m.). The & eshudrcwhtorlde)kﬁ OgeO%%nwt)lwaseadidadldAﬁercﬂrmﬂdﬁmn@J(& mint divthi ch

ti DEAD . U
compl et 1 on. digdereOdté (e 1Ebio K8 McfeeRbaRs et el 11 BO"
aged for 4 hmixhde f:via‘amerreei:l tooﬂr(l"@rmdegedhé)rlﬁéﬂ miaafelswltanbamlmreﬂ?be

resul tant cake se th 5 nl) hept ane 5 m.) .
The i1 trat cool 8 Benaatred i T et i Lo B eBe naroos
(2 x 25 nl) ,w@tmﬁldctecreyfmwdamm:rfﬂgﬁaﬂhoﬂ‘tiriiuta&roadm acedorti@iRae00 Fr ed.
The r equ(} ar‘ﬁ) yield N,N’,N"™tri-Boc-guanidine.
'H -NMR: (400MHz, CDCls) 8, 1.51 (s, 27Hz).
MS (electrospray): exact mass calculated for CigH20N3Os, 359.21; m/z
found, 360.2 [M+H]+

15 Example 27: N-[3-(1-methyIpiperidin-d-y}-propyll-N.N' N"-tri-Boc-

guanidine
Boc\

BOC\ )\ /

“CHy
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
20 resin (9.83g, 0.014 moal), N,N’,N"-tri-Boc-quanidine (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 flagk was warmed to room
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5 residue was triturated in hot ethanol (25 nL), cooled to room
tenperature and filtered. The filtrate was concentrated to yield
N43- ( 1- met WplBioRBi#4i n-4-y1) - propyl kKN, API C-tri - Boc- guagdii¥6e9/049027
1H -NVR (400MHz, CDCI3) 5, 10.64 (brs, 1H, 3.75 (t, J = 7.1 Hz,
2H), 2.83-2.80 (m 2H), 2.24 (s, 3H, 1.87 (t, J = 10.1 Hz, 2H),
1.72-1.63 (m 4H), 101.54-1.46(m 27H), 1.30-1.18 (m 5H). VS
(el ectrospr 4 z

f ound. 498 a%mﬁflﬂ"ég@%?rfﬂgﬁwfﬂérﬁgﬁ Rimdve AR U UnG 8Rd8 4 Ther

N- 13- ( N- et hesultpnpbaerwas rmse@mmﬁrttmﬁﬁ Itk @A dEptane K FRNKD- T8EH3

To a 200 ni flﬁ’%ﬁr\ﬁéfg(Ed?t%lrftécﬁ%%tré!@é@wmgﬁg'a%@éo@NQMb%l??f(25“ n-4-

y1l) - propyl | - Boc- guani di ne prepared as in Exanple 27 above

(3.20 g, 0.00bx dried yvetrmhndrnuw@ﬁ@ne“ lteeedtapdicensentisteda ihe regltapke
resul tantg st ﬂe%mge W%th’ﬂht'a% @St aﬂgﬁtﬁ 245 HL%&%d tdtroérrﬂteﬁtbewe%n& 6. 42

m., 0.026 W se over 2. he resultant m xture was
then war ned fiigreds heaftb‘éﬁiet"-@ﬁ CQ”‘F?”EFH@IQ t@bﬂ'@lde'&[?t(ﬂ -pethylRingridierpyit-at e was
formed. The Pr'd ﬁq\llygpq,t, ugﬁqgﬁgt ed and the solids were dried under
vacuum f or rret hyl- 4- E)l peri din

opy! ] guani d| ne , Hs MPs( 3)@9104@4 bggy 1), iﬁglthlﬂ/ﬁ-)oth!mz
MeOD) 8, 3.1 ts, 2 2 3
051 93 { ésg SOJ(T ??}ﬁ’“‘(sfp* %73? &?1@%2@)52@21@3%5 z(H%
(m 5H) 10 154 W@ (e 2é01. le¥bt-4§ (M ct mass caI cul at ed for

Cl 0H22N4, 198. 183y efrgeteétr%e&% Je‘%c%ctlméwdélcmatedforczm N.EXa10Rl R, %
N43- ( 1- et hyl pi peri ropy N, Nt di - Boc5net hffl i sot hi our ea
Boc., Boc_NJRUR).M99[M+HI* ~ To a 25 m_ round bottom flask were added

3-(1-rrethy| pi peridin-4-yl)- propan-1-ol (0.23g. 0.0014 rml),

1, 3-di - Boc- 2- nethyllsothlourea (0 42 g,. 0.0014 nol), 42 g,
0.0016 nol) and EXEMPIEn; Ay sthyldrniperigigyh RIopiilS SEirred
stirring solution was cooled to 2.10@. To the resultant solutlon was
t hen added DEAD (0.27 ni, O. 0016 |) drop wise. The reaction was
aged cold for 30 mn, warned t nperature and aged for 14 h.
The THF was renpved via rotovap and resi due taken up in MIBE (10

m.). The resultant solution was tract ed with saturated aqueous

N
“CH,

To a 200 mL round bottom flask were added N-[3-(1-methylpiperidin-4-

15

yl)-propyl]-N, N, N"-tri-Boc-guanidine prepared as in Example 27 above (3.20
g, 0.0084 mol) and 1,4-dioxane (anhydrous, 50 mL). To the resultant stirred
solution was added 4.0 M HClin 1,4-dioxanes (6.42 mL, 0.026 mol} drop wise
20  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-propyljguanidine, as its corresponding HCI salt.
H -NMR: (400MHz, MeQD) 8, 3.14 (t, J = 7.1 Hz, 2H), 2.89-2.82 (m,
25 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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15NaHCC3 (2 x 10 mL) and diluted with hexanes (20 mL). After 10 mn,
the resultant slurry was filtered and the filtrate concentrated via
rotovap. TWe 2f%otite was taken up in hexanes (25 nml) angdud20@ed27
after 10 min. The filtrate was concentrated to yield

N43- ( 1- net hyl pi peridi n-4-y1l) - propyl pN, Nr - di Boc- et hyl i sot hi our ea.
201H - NVR: (400MHz, CDCI3) 8, 3.50-3.43 (m 2H), 2.87-2.79 (m 2H),
2,00 (5, SH). 2 3fs (eecuBbhey) &gct(raasslcalcag{e%#atz@magh thelid; D0 (M
4H), 1.53- 1.45 (m l\/§ (el ectrospray):
exact mass c@ue@ﬂ&@édwh +c211 139N304S 429 27, mz found, 430.2

[ MrH] + 25 Exanpl e 30:

N43- ( 1- et hyl pi per|d| n 4 Xll -rop II-N Ntd| Boc quani di ne  Boc,

NA. NH2 L' ? N(- 11Exame L1: DepropybinN: N -ditBegar e added

N-[3- (1- et hyl pi peri d| n-4- yl)- pﬁ&ﬁ j,gd\hﬁhrég Boc- net hyI | sot hi our ea
prepared as in Exanple 29 above EO g? g, 0.0013 nol) and 2.0 M NH3 in
nmet hanol (10 nmlL). The resul t ant B8° ture was aged with stirring for
24 h. The solvent was renoved via rgtovap to yield a 4:1 m xture of
NA3- (1- et hyl pi peridin-4-y1) gy (igp N, MCHgli - Bocguani di ne and

N-[ 3- (N-net hyl - 4- pi peri dinyl) - opyl§ guani di ne. Exanpl e 31:

N43- ( 1- nmet hyl pi peridi n-4-v11-propyl!l-N N'-di-Boc-quanidine ., Boc
HNN- - Boc H

;i.l o) A

“CH,
To a 25 mL round bottom flask were added 3-(1-methyl-piperidin-4-yl)-

propan-1-ol (0.23 g, 0.0014 mol), 1,3-di-Boc-2-methylisothiourea (0.42 g,
0.0014 mol), PPhs3 (0.42 g, 0.0016 mol) and THF {anhydrous, 8.0 mL). The

10  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 mlL.). The resultant solution was extracted with saturated aqueous

15  NaHCO; (2 x 10 mL) and diluted with hexanes (20 mL). After 10 min, the
resultant slurry was filtered and the filirate 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.

20 H -NMR: (400MHz, CDCl3) §, 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 CH3oN304S, 429.27;

m/z found, 430.2 [M+H]+

25
Example 30: N-[3-(1-methylpiperidin-4-yl)-propyli-N,N"-di-Boc-quanidine
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N7I NCCH 103 To a 25 nL round bottom fl ask were added
3-(1-net hyl - pi peridin-4-yl)- propyl am ne,
1, 3- di - Bocwd-smidoyi7s sot hi ourea and nethanol (10 nl). ThecTesuldmt7
m xture was aged at roomtenperature for 2.0 h, then heated to
reflux, at which tenperature -90% of the solvent was renoved by
distillation. 15 The resultant residue was cooled to roomtenperature
and partitioned between 1 N NaOHot20 nL) and ethyl acetate (20 ni).
The | ayers were separated and the agleous | ayer was extracted with
ethyl acetate (1 x 20 nL). Al organic |ayers were conbined, dried
over anhydrous My304, filter&¥targ-T ﬁPtrat ed to yield
N43- ( 1- met hyl pi peri di n-4-y1)-propyl]-N, Nn-di - Boc- 20guani di ne (0.80
g, 106% . 1H -NVR: (400MHz ~CDCI 3) 8, 11.5 (brs, 1H), 8.32
(brs, 1H), 3.39 (dt, J = 12.9 Hz, J§ 6.6 Hz, 2H), 2.89-2.82(m 2H),
2.24 (s, 3H), 1.90(t, J= 10.9 Hz, 2 1-1.45 (m 22H), 1.32-1.20
(m 5H). M5 (el ectrospray): mass cal cul ated for
C201- 138N404, 398.29; mz 5 found, 399] 2 [ M+H] + Wil e the
foregoi ng specification teaches the princetplegHpf the present
invention, with exanples provided for the purpose of illustration, it
wi || be under st od® a damltraendbettom taskafere padadVEhi i-oatrelpineigiaskes al |
of the usual Byl ' £ S i S cone
N R T P S G R Vi

within the s wng cl ail el r equival ents.
claim 1.A pt0desd.08 mwbaméaﬁ Btk snmethaaol dbhbinbhefeseliaiti a (1) N

, R6 Rl RSg  mixture was aged with stirring for 24 h. The solvent was removed via rotovap

to yield a 4:1 mixture of N-{3-(1-methylpiperidin-4-yl)-propyl]-N,N-di-Boc-
guanidine and N-[3-(N-methyl-4-piperidinyl)-1-propyl]guanidine.

Example 31: N-[3-(1-methylpiperidin-4-y|)-propyll-N.N"-di-Boc-quanidine

N,Boc
HN)\N/BOC
H
N
10 “CH,

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.

15  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 agueous layer was extracted with ethyl acetate (1 x 20
mL). All organic layers were combined, dried over anhydrous MgSQ,, filtered
and concentrated to yield N-[3-{1-methylpiperidin-4-yl}-propyl]-N,N"-di-Boc-

20  guanidine (0.80 g, 106%).
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K ZzZ5\9 ( /V, wherein L1 is CM RC is selected fromthe group
consisting offtnmethyl, ethyl, propyl, isopropyl, --CF3, cyclopropyl,

and cycl obwbyhio®er7k S hydrogen; R8 is sel ected from t hecaiaionwo27
consi sting of hydrogen and C, _4alkyl; Z is selected fromthe group

consisting of Nand CH, nis 1 or 2; 12.1 and Ru are each
i ndependently selected fromthe group consisting of hydr ogen and

Co(sRoR (ot Ee SRl CRERRP PR PreutiDih 2 BES T ts L 71 e
=12.9 Hz, J= 6.6 Hz, 2H), 2.89-2.82 (m, 2H), 224 (s, 3H), 1.90 (t, /=10.9
Hz, 2H), 1.71-1.45 (m, 22H), 1.32-1.20 (m, 5H).
MS (electrospray). exact mass calculated for CogHisN4Qs, 398.29; m/z
5 found, 399.2 [M+H]+

While the foregoing specification teaches the principles of the present
invention, with examples provided for the purpose of illustration, it will be
understood that the practice of the invention encompassss all of the usual

10  variations, adaptations and/or modifications as come within the scope of the
following claims and their equivalents.
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reacting a compound of formula (V) wherein PG and P& are each

i ndependently a nitrogen protecting group, with a conpound of formula
(VI), wherein LGL is a leaving group, in a first organic solvent; and
when LGL is -OH, in the presence of a coupling agent system to yield
t he correspondi ng conpound of forrmula (VIl); P& / RNPG / ) NR3
RORI HN\K)( ZN -RI | (VIl) R8 RORi o NRIT (4" (VIILI)

de- pr ot ec{y\@aihkie conpound of formula (VII), to yield the
corresponding conpound of formula (VII1): and

1. A process for the preparation of a compound of formula

@
(1)
RC
—N , RS
! \ />-1\'/ RS RrY RI0
N
7 N—R!,
)JF
wherein
I'isCN;

R¢is selected from the group consisting of 11, methyl, ethyl,
propyl, isopropyl, —CF .. cyclopropyl, and cyclobutyl;
R® is hydrogen;
R® is selecled from the group consisting of hydrogen and
C,_salkyl;
7 is selected from the group consisting of N and CH:
nislor2:
R%, R' and R'" are each independently selected from the
aroup consisting of hydrogen and C,_,-alkyl;

and pharmaceutically acceptable salts thereof; comprising
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(1) reacting the compound of fornmula (M 11l) with a conpound of
formula (1 X), in a second organic solvent, to yield the correspondi ng
conpound of fornmula (1), wherein X is selected fromthe group

consi sting of -N(R20), and m wherein each R2 i s independently
selected fromthe group consisting of Cl1_,alkyl; alternatively the
two R2 groups are taken together with the nitrogen atomto which they
are bound to forma saturated ringgtrugsupe sel @oted fromthe group

consi sting of piperidi Q,yFIG,l pyrrolidi nyl/and\nor pholi nyl: and wherein
R21 is selected from&he group cons \ng of/€ti\dalkyl and benzyl.

2. A process for the pgreparation of a c G fonmula (1-5) I-S)
P H2N (V) P& HNR reacting a conpound
of formula (V) wh il and P& are each-idgpendently a nitrogen
protecting group, wth,a conpound of for rrul(\a}-}(VI-S), wherein LGL is a
| eaving group, in a fiﬁ' t organic solvent; and when |, Gl is -OH, in
the presence of a couplingGagent system to yield the corresponding
conpound of formula (VI§{S); pgt

N RS Rg R}O
HN; L<—
Z —R!

.
i ™

HC NC  conpri si n% P
i n

{VID)

reacting a compound of formula (V) wherein PG* and PG*
are cach independently a nitrogen protecting group, with
a compound of formula (VI), wherein LG' is a leaving
aroup, in a first organic solvent; and when LG! is —Ofl,
in the presence of a coupling agenl systen; to yield the
corresponding compound ol formula (V11);

PG

m
| z N—R!!
\“—('/)n
(VID)
H:N
NH RS R R
HN
Z N—R!
T
(VIII)



(M11-S) de-protecting the conpound of formula (VII-S), to yield the
correspondi ng conpound of formula (M 11-S); and 1-bN reacting the
conpound of lbrrmula (MI1-S) with a conpound of formula (I1X-S), in a
second organic solvent, to yield the correspondi ng conmpound of
formula (1-S), wherein X is selected fromthe group consisting of
-N(R2a) ., and -OR21; wherein each R-2 is independently selected from
the group consisting &f-pomstikyhe calipenmbof faphyla (VH), twwieRRhy gr oups

are taken toget her Witftoh’e@oﬂﬁﬁlgQaﬁ@oﬁidlﬂm%ﬁm“@p@ﬁl)?!ﬂf&’ are bound to
forma saturated ring structure selected fromthe group consisting of

pi peridinyl, pyrrolidinyl and norpholinyl; and wherein 122' is
selected fromthe grgyp consisting of G _talkyl and benzyl. 3. A
process as in claim 2',;vvherei n PG and P& are each_ CBz. 4. A

process as in claim 2, ¥iei n LRBL R’s hyadifoxy in t conmpound of
formula (VI -S). 5 progcess/ as i\n claim2, wherjgi ¢ conpound
of formula (VI-S) is present 1In an unt of abo > ar

equi val ent s. 6. A process as | aim 2,—wherein thg coupling agent
systemis WAD and PP113; and wherei N the/ coupling ageit systemis
present in an anount of about 1.2 no Yequi val ent s. A% A process
as in claim2, wherein the firstugrganic solvent is g nethyl-THE

8. A process as in claim2pcwherein the conmpound of forrmula (V-S) is
reacted with the conpound of forrmula (VI-S) at about 5 C 9. A
process as in claim2, whereFr1the conpound of formula (VMII-S) is
de-protected by reacti Rg e conpoupd of ]gor la (VV5) with hydrogen
gas in the presence of Pd/ C\catal yst ) pr o ¥ss as in claim 2,
wherein Xis -N(CH3), in the ound or mu | X-S). 11. A
process as in claim?2, wherein the conpoynd @ foxnula (I1X-S) is
present in an anmount of about 1.5 nolar equi4al en N—RY 120 A process
as in claim2, wherein the second organic sol ,,I s ethanol . 13. A
process as in claim2, wherein the conpound of Formula (MIII1-S) is
reacted with the conpound of Ibrmula ) X- S) at about refl ux

t emper at ur e.

reacting the compound of formula (VIH) with a compound
of formula (IX), in a second organic solvent, to vield the
corresponding compound of formula (I), 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,_,alkyl; alternatively the
two R*° groups are taken together with the nitrogen atom
to which they are bound to form a saturated ring struc-
ture selected from the group consisting of piperidinyl,
pyrrolidinyl and morpholinyl: and wherein R*! is
selected from the group consisting of C,_,alkyl and beu-

zyl.
2. A process for the preparation of a compound of formula
(-5) (1-5)
HC

—N
NC \ N/>—NH

N—CH;,
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14. A conmpound prepared according a process as in claim 15. A
conmpound of forrmula (I) L' Rs Ro NNR', \ (I) wherein Li is CN;, RC
is selected fromthe group consisting of H nethyl, ethyl, propyl,

i sopropyl, -CF3, cyclopropyl, and cyclobutyl; R6 is hydrogen; 12.8 is
sel ected fromthe groopprsingi sting of hydrogen and Cl-4alkYl; Zis
selected fromthe group consisting of Nand CH, nis 1 or 2; R9, RR
and Ru are each independently selected fromthe group consisting of
hydrogen and Cl14-al kyl; or %Barnaceuﬂﬁcally acceptabl e salt thereof.

I\'/

/L PG _ N—CH;

(V) (VL-S)

N~—CH;

(VII-S)

reacting a compound of formula (V) wherein PG and PG?
are each independently a nitrogen protecting group, with
acompound 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; fo yield the
corresponding compound of formula (VII-S);

N

PG
HN PG!
/
N
HN
N—CH,
N (VII-S)
NI
N
N-—CH,

(VII-5)

de-protecting the compound of formula (VII-S), to yield
the corresponding compound of formula (VIII-S); and
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16. A compound of formula (I-S) or a pharmaceutically acceptable
salt thereof

LN
. NI-I O
HN CN
H;C
N—CH;
X
(VIII-S) (IX-S)
HiC .
——N
NC />—NH
\ N
N—CH;

(I-3)

reacting the compound of formula (VII-S) with a com-
pound of formula (IX-S). in a second organic solvent, (o

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 indepen-
dently selected from the group consisting of C,_,alkyl;
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 consist-
ing of piperidinyl, pyrrolidinyl and morpholinyl; and
wherein R* is selected from the group consisting of
C,_salkyl and benzyl.

3. A process as in claim 2, wherein PG' and PG® are each
CBz.

4. A process as in claim 2, wherein LG is hydroxy in the
compound of formula (VI-S).

5. A process as in claim 2, wherein the compound of for-
nmla (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 PPh,;: and wherein the coupling agent
system Is present inan amount of about 1.2 molar equivalents.

7. A process as in claim 2, wherein the first organic solvent
is 2-methyl-THF.
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8. A process as in claim 2, wherein the compound of for-
mula (V-8) is reacted with the compound of formula (VI-S) at
about 5° C.

9. A process as in claim 2, wherein the compound of for-
mula (VII-S) is de-protected by reacting the compound of
formula (VII-S) with hydrogen gas in the presence of Pd/C
catalyst.

10. A process as in claim 2, wherein X 1s —N(CH,), in the
compound of formula (IX-S).

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. A process as in claim 2, wherein the second organic
solvent is ethanol.

13. A process as in claim 2, wherein the compound of
formula (VIII-S) is reacted with the compound of formula
(IX-8) at about reflux teniperature.

14. A compound prepared according a process as in claim
,

15. A compound of formula (I)

(D

R(‘
=N RE
L! \ />7N/ RS R R0
N
yi N—RM
I
wherein
L'is CN;

R* is selected from the group consisting of H, methyl, ethyl,
propyl, isopropyl, —CF, cyclopropyl, and cyclobutyl;
R® is hydrogen;
R is selected from the group consisting of hydrogen and
C,_salkyl:
7. 15 selected from the group consisting of N and CI;
nislor2;
R”, R' and R are each independently selected from the
group consisting of hydrogen and C,_,-alkyl;
or pharmaceutically acceptable salt thercof.
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16. A compound of formula (I-S)

(I-S)
H;C

NC \_ N/>‘ NH
N

N—CHa;.

or a pharmaceutically acceptable salt thereof.
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