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PROCESS AND INTERMEDIATES FOR THE
PREPARATION OF NEP INHIBITORS

RELATED APPLICATIONS

This application 1s a national stage application, filed under
35 US.C. § 371, of International Application No. PCT/

IB2016/050725, filed Feb. 11, 2016, which claims priority to
and the benefit of, Furopean Patent Application No.
15155147.0, filed Feb. 13, 2013, the entire contents of which
are 1ncorporated herein by reference in their entireties.

FIELD OF THE INVENTION

The present invention relates to a new chemical synthesis
route and intermediates useful for the preparation of nepri-
lysin (NEP) inhibitors and their prodrugs, in particular for
the NEP inhibitor prodrug sacubaitril.

BACKGROUND OF THE INVENTION

The NEP inhibitor prodrug sacubitril (N-(3-carboxyl-1-
oxopropyl)-(4S)-(p-phenylphenylmethyl)-4-amino-(2R)-
methyl butanoic acid ethyl ester; IUPAC name 4-{[(1S,3R)-
1-([1,1"-biphenyl]-4-ylmethyl)-4-ethoxy-3-methyl-4-
oxobutyl]amino }-4-oxobutanoic acid) is represented by the
following formula (A)

(A)

30

35

40

45

50

55

60

65

2

Sacubitril together with valsartan, a known angiotensin
receptor blocker (ARB), forms a sodium salt hydrate com-
plex, known as LCZ696, comprising the anionic forms of
sacubitril and valsartan, sodium cations and water molecules

in the molar ratio of 1:1:3:2.5, respectively (ratio of 6:6:18:
15 1n the asymmetric unit cell of the solid state crystal), and
which 1s schematically present in formula (B).

(B)

Said complex is also referred to by the following chemical
names: Trisodium [3-((15,3R)-1-biphenyl-4-ylmethyl-3-
cthoxycarbonyl-1-butylcarbamoyl)propionate-(S)-3'-
methyl-2'-(pentanoyl{ 2"-(tetrazol-5-ylate)biphenyl-4'-
ylmethyl}amino)butyrate] hemipentahydrate or
Octadecasodium hexakis(4-{[(1S,3R)-1-([1,1'-biphenyl]-4-
ylmethyl)-4-ethoxy-3-methyl-4-oxobutyl]amino }-4-oxobu-
tanoate) hexakis(N-pentanoyl-N-{[2'-(1H-tetrazol-1-id-5-
yD)[1,1'-biphenyl]-4-yl|methyl }-L-valinate)-water ~ (1/15)
(IUPAC nomenclature).

LCZ696 acts as angiotensin receptor neprilysin inhibitor
(ARNI) and 1s therefore usetul particularly 1n the treatment
of hypertention or chronic heart failure. Its utility has been
confirmed by clinical tnials, e.g. in the landmark PARA-
DIGM-HF tnial.

Chemical synthesis routes to prepare NEP inhibitors and
theirr prodrugs, 1n particular sacubitril, and its precursors
have been described previously, e.g. 1n Ksander et al. J. Med.
Chem. 1993, 38, pp. 1689-1700; 1n U.S. Pat. No. 5,217,996

and 1n the international patent applications WO 2008/
031567, WO 2008/083967, WO 2009/090251, WO 2010/

081410, WO 2011/035569, WO 2011/088797, WO 2012/
025501, WO 2012/025502 and WO 2014/032627.

However, there 1s still a need to design a chemical process
tor the synthesis of sacubitril which 1s suitable for industrial
scale production under economically and environmentally
favorable conditions and provides the drug substance 1n high
chemical purity and with high stereo-chemical selectivity.

SUMMARY OF THE INVENTION

The 1invention relates to novel intermediates and process
steps and processes for the manufacture of a compound (1),
especially (1-a) represented below, and its further use in the
manufacture of sacubitril.



In a first aspect, the present mnvention provides the fol-

lowing new compounds:
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A compound of formula (1), or a salt thereof

O

O

wherein R1 1s hydrogen or C,-C-alkyl.

In one embodiment thereot, the compound of the formula
(1) 1s represented by formula (1-a) with the following

stereochemistry

7
N

O
N*

O

wherein R, 1s hydrogen or C,-C.-alkyl, preferably ethyl.

N

(5)

\ \“ "

(£)

R1

A compound of formula (2) or a salt thereof,

Z
A

O

In one embodiment thereot, the compound of the formula
(2) 1s represented by formula (2-a) with the following

stereochemistry

\

/

o
SN

|
O

(5)

(£

(1-a)

(2-a)
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A compound of the formula (7)

(7)

NO,

In a second aspect, the present mnvention provides a new
process for the manufacture of the compound of the formula
(8), i particular of formula (8-a), or a salt thereot, as defined
herein. This process comprises several steps via novel
intermediate compounds and 1s depicted in the following
Schemes 1 to 5, respectively, wherein the process depicted
in each SCHEME 1-4 represents a separate embodiment of
the 1nvention.

SCHEME 1
== ‘
. F
U .
O o O
\Il\r \Rl
O O
(1)
= ‘
. G
.
R” O
\I‘\T *\.RI
R’ O
(3)
SCHEME 1-a
F
A
—_—
0 ) O
\ﬂw (R) \Rl
O O
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S
-continued
v ‘
N F
A
RH ‘ S) O
™~ }‘J‘“ R ~ n1
R’ O
(8-a)

SCHEME 1 and SCHEME 1-a depict the process com-

prising hydrogenation of the novel intermediate compound
of formula (1), preferably of formula (1-a), wherein R1 1s
hydrogen or C,-C-alkyl, preterably ethyl, into a compound

of formula (8), preferably of formula (8-a), wherein R' and
R" are independently of each other hydrogen or a mitrogen
protecting group, preferably tert-butyloxycarbonyl, and R1
1s hydrogen or C,-C,-alkyl, especially ethyl.

If desired—and not explicitly disclosed 1n the SCHEME
1—this can be followed by converting a compound of the
formula (8), especially (8-a), wherein each of R' and R" are
hydrogen, into a salt, e.g. with an acid. Alternatively, the
reduction can take place with parallel introduction of a
nitrogen protecting group or the mitrogen protecting group
can be added subsequently.

In one embodiment, the compound of formula (1) can be
obtained according to the following SCHEMES:

SCHE

T
<
L1
I3
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\/
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SCHEME 2-a
S
X
—
_ (5)
< N+u*-“' ®)
O O
(2)
= ‘
\ \
(5)
- BN S
O O

SCHEME 2 and SCHEME 2-a, both depict a process

comprising oxidising a compound of the formula (2), pret-
erably of the formula (2-a), preferably under Pinnick oxi-
dation conditions, to obtain a compound of formula (1),
preferably of formula (1-a), wherein R1 1s hydrogen or
C,-Cs-alkyl, preferably ethyl.

If desired—and not explicitly disclosed 1n the SCHEME

2—this can include (1) converting a free compound of the
formula (1), preterably of formula (1-a), into 1ts salt, (11)
converting a salt of the compound of the formula (1),
preferably of formula (1a), into the free compound; or (111)
converting a salt of a compound of formula (1), preferably
of formula (1a), into a different salt thereof; or (stmultane-
ously or separately) esterifiying a compound of formula (1),
preferably of formula (1-a), wherein R1 1s hydrogen, or a
salt or a reactive acid denivative thereof, with a C,-C-
aliphatic alcohol, especially ethanol, to yield the compound
wherein R1 1s C,-C,-alkyl, especially ethyl.

In one embodiment, the compound of formula (2) can be
obtained according to the following SCHEMES:

SCHEME 3-1

(3)



SCHEM.

(3)
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7
-continued
= ‘
\/
_O‘\N+
|
O O
(2)
SCHEME 3-1a
O
NO,
Z
N

5, 3-1 and SCHEM.

= 3-1a depict a process for the
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formula (2-a), said process comprising reacting a compound

of formula (3) with methacroleine or a reactive derivative
thereol in the presence of an organocatalyst for a Michael

reaction.

In an alternative embodiment, the compound of formula
(2) can be obtained according to the following SCHEMES:

R

N

(7)

SCH

“ME 3-2
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(7)

8

-continued

AR
.

XN

N\
A

X

0

-
I
O

(2)

SCHEME 3-2a
0

H

T
NO,

EME 3-2 and SCHEME 3-2a depict a process for the

manufacture of a compound of formula (2), preferably of
formula (2-a), said process comprising reacting a compound
of formula (7) with propionaldehyde or a reactive derivative
thereol 1n the presence of an organocatalyst for Michael
reaction.

In a further embodiment, the compound of formula (7) 1s

RN
\/

NN

(3)

Z
X

SCH

~ME 4

NO,

obtained according to the following SCHEM.

—
0q-
S -
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-continued

NO,

(7)

SCHEME 4 depicts a process for the manufacture of a
compound of formula (7) comprising reacting a compound
of formula (3) with formaldehyde or a reactive derivative
thereof.

In one embodiment thereof, the compound of formula (3)

1s obtained according to the following SCHEME:

SCHEME 5
O
|
a
Y
S
(6) B
OH
- NO,
N
NN\
‘ N X
P
Z
.

NO,
(3)

SCHEME 5 depicts a process for the manufacture of a
compound of formula (3) said process comprising (a) react-
ing an aldehyde of formula (6) with nitromethane which
leads to the compound of formula (5) or to a mixture of the
compounds of formulae (4) and (5), (b) converting the
obtained compound of formula (5) mto a compound of
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formula (4) by reacting 1t with a dehydrating agent, such as
an acid anhydride, and (¢) hydrogenating the compound of
formula (4) or the compound of formula (5) or the mixture
of the compounds of formulae (4) and (3), preferably 1n the
presence of a complex hydride, capable of selectively reduc-
ing the double bond, to obtain the compound of formula (3).

In one embodiment, the Michael reaction (addition)
depicted in SCHEMES 3-1 and 3-2 1s performed in the
presence ol an organocatalyst for Michael reaction, prefer-
ably a prolinol and/or thiourea organocatalyst, 1n particu-
lar—then especially for chirally selective synthesis—a chi-
ral prolinol or thiourea organocatalyst.

In one embodiment thereof the catalyst 1s of one of the
formulae (1), (II), (1II) or (IV)

()

N
H

(1)

(I11)

Rd
~ N N N
H H
Re
(1V)
>
Ra
(R) N N ”~
H H
N
Rd 7N Re

wherein

Ra 1s C,-C,,-aryl, a heterocyclic group or C,-C.-alkyl
optionally substituted with C,-C,,-aryl or a heterocyclic
group,

Rb and Rc together with the two connecting carbon atoms
and the attached nitrogen groups form a chiral scafiold,
wherein

(1) Rb and Rc together with the two connecting carbon atoms
form a 35-10 membered ring system which 1s mono or
bicyclic and can be saturated, partially unsaturated or
unsaturated, or

(11) Rb and Rc are each independently selected from hydro-
gen, C,-C-alkyl, C,-C, y-aryl and a heterocyclic group, and
Rd and Re are independently selected from hydrogen,
C-C,-aryl, a heterocyclic group, and C,-C.-alkyl option-
ally substituted with one, two or three substituents selected
from halogen, hydroxyl, amino, C,-C, ,-aryl or a heterocy-
clic group; or
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Rd and Re together with the connecting Nitrogen atom form
a group selected from:

or Rb 1s selected from hydrogen, C,-C,-alkyl, C.-C,-aryl
and a heterocyclic group; and Rc together with the connect-
ing carbon atom and the group —IN(Rd)(Re) forms a fused

bicyclic 7-9 membered ring system which 1s optionally
substituted with C,-C,-alkyl or C,-C,-alkenyl;

wherein each heterocyclic group 1s a mono-, bi- or tricyclic
ring system with 5 to 14 ring atoms and 1 to 4 heteroatoms

independently selected from N, O, S, S(O) or S(O),, and

wherein each C.-C, ,-aryl or heterocyclic group 1s optionally
substituted by one, two or three residues selected from the
group consisting of C,-C,-alkyl, hydroxyl, oxo, C,-C,-
alkoxy, C,-Cg-alkanoyl-oxy, halogen, nitro, cyano, and CF;.

In another embodiment thereot the catalyst 1s of one of the
following formulae

(la)

S
(R) -
®) ;
. N N7
N
Rd < Re
(Ib)
= S
R)
N
R4 Re
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-continued
(Ic)

(1)

(I11)

(IV)

wherein the group —NRdRe forms a group selected from:

f{D 2 @
— NHb; ‘ ; ; ;

DTN
404 ;fé o)

‘ X
‘/\) A

\/ ;
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_continued analogy thereto, which organocatalysts are selected from the
re:{ group consisting of compounds with the following formu-
lae:

/
s
\

\

S
1 )k
. E/\/\

j N N Ot

Y ¢
N
A

CF;

/N\ /NH HN
35
. Z
or the catalyst 1s of the formula (V)
A
(V) 40
F
A
45
wherein Rb 1s a quinolone, 50
and wherein for all formulas
Ra 1s a group
55

CF4
A O
\ |
‘ ) . J\
ﬁl'{\/\cﬁ 60 SN N CF
O : H H 3

N
. o . /
In a third aspect, the present invention provides new _— N
organocatalysts suitable for the manufacture of a compound 45 N \
of formula (2) via Michael addition, as well as to processes \

for their synthesis as described in the Examples or in
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15
-continued -continued
CF3 ‘ X CF;
F F

R E :
" ™~ )‘I\N/
CF;
X
/k‘
AN

15

‘ S
1L

\ /\/\CF3

\

N )‘LN /\/\CF3
S H 7 N N
: H H
NH
o ) )’\
‘ AN NH,
CF;
In one embodiment thereot, the catalyst to be used 1n the
75 process ol the invention 1s selected from the group consist-
ing of those with the following formulae:
Chs

Ry Ry N
3 H H
N
H 30
P
F

35

7
CF3 CF;
/l\‘
AN

: 40
/\/\CF3

- J\N CFs HN N
H P H
(R)

(&)
.*,;#N /\

N\ _| )
- -

2 ‘
R In a fourth aspect, the present invention provides the use
50 of a novel compound of formula (1), (1-a), (2), (2-a) or (7)
CEs as depicted above in the manufacture of a compound of
)\ formula (10)
S 7z (10)
HN N \/\CFg > o ‘
D H =
B ‘
N /\‘ AN RN
60
F O
‘ X — g
S /K O
A .
63
\COOH

\
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preferably of formula (10-a)

(10-a)

COOH

wherein R1 1s hydrogen or C,-C.-alkyl, preferably ethyl,
preferably 1in the manufacture of N-(3-carboxyl-1-oxopro-
pyl)-(4S)-(p-phenylphenylmethyl)-4-amino-(2R)-methyl
butanoic acid, or salts thereof, or N-(3-carboxyl-1-oxopro-
py1)-(4S)-(p-phenylphenylmethyl)-4-amino-(2R)-methyl
butanoic acid ethyl ester or salts thereof.

In further embodiments, the invention relates to any one
or more of the novel compounds, processes and catalysts
represented 1n the claims which are incorporated here by

reference.

The invention also relates to any sequential combination
of the process steps described above and below.

In its above mentioned aspects which are also given in
more detail below the present invention provides the fol-
lowing advantages: The synthesis route 1s suitable for indus-
trial scale processing. The synthesis route 1s economically
and environmentally favourable. The compound of formula
(1-a) which 1s an intermediate desired for the synthesis of
sacubitril 1s produced with 1n high yield and high stereose-
lectivity.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

(General Terms

The general definitions used above and below, unless
defined differently, have the following meanings, where
replacement of one or more or all expressions or symbols by
the more specific definitions can be made independently for
cach mnvention embodiment and lead to more preferred
embodiments:

The compounds of the formula (1) and (2) are a mixture
of compounds with configurations R,R; R,S; S,R and SS, or
pure enantiomers/diastereomers, especially of the formula
(1-a) or (2-a).

The term “nitrogen protecting group” comprises any
group which 1s capable of reversibly protecting a nmitrogen
functionality, preferably an amine and/or amide functional-
ity. Preferably the mitrogen protecting group 1s an amine
protecting group and/or an amide protecting group. Suitable
nitrogen protecting groups are conventionally used e.g. in
peptide chemistry and are described e.g. 1n the relevant
chapters of standard reference works such as J. F. W.
McOmie, “Protective Groups i Organic Chemistry”, Ple-
num Press, L.ondon and New York 1973, in P. G. M. Wuts
and T. W. Greene, “Greene’s Protective Groups 1n Organic
Synthesis’, fourth edition, Wiley, N.J., 2007, and “The
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Peptides™; volume 3 (editors: E. Gross and J. Meilenhoifer),
Academic Press, L.ondon and New York 1981, and “Meth-
oden der orgamischen Chemie” (Methods of Organic Chem-
1stry), Houben Weyl, fourth edition, volume 15/1, Georg
Thieme Verlag, Stuttgart 1974.

Preferred nitrogen protecting groups generally comprise:
unsubstituted or substituted C,-C -alkyl, preferably C,-C,-
alkyl, more preferably C,-C,-alkyl, most preferably
C,-alkyl, unsubstituted or substituted C,_,-alkenyl, wherein
C,-Cs-alkyl and C,_,-alkenyl 1s optionally mono-, di- or
tri-substituted by trialkylsilyl-C, -C--alkoxy (e.g. trimethyl-
silylethoxy), cycloalkyl, aryl, preferably phenyl, or a het-
erocyclic group, preferably pyrrolidinyl, wherein the
cycloalkyl group, the aryl ring or the heterocyclic group 1s
unsubstituted or substituted by one or more, e€.g. two or three
residues, e.g. selected from the group consisting of C,-C,-
alkyl, hydroxy, C, -C--alkoxy, C,-Cg-alkanoyl-oxy, halogen,
nitro, cyano, and CF,; aryl-C,-C,-alkoxycarbonyl (prefer-
ably phenyl-C,-C,-alkoxycarbonyl e.g. benzyloxycarbo-
nyl); C,_,,-alkenyloxycarbonyl; C,_-alkylcarbonyl (e.g.
acetyl or pivaloyl); C_, ,-arylcarbonyl; C, _.-alkoxycarbonyl
(e.g. tert-butoxycarbonyl); C._,,-aryl-C, _-alkoxycarbonyl;
allyl or cinnamyl; sulfonyl or sulfenyl; succinimidyl group,
silyl, e.g. triarylsilyl or trialkylsilyl (e.g. triethylsilyl).

Examples of preferred mitrogen protecting groups are
acetyl, benzyl, cumyl, benzhydryl, trityl, benzyloxycarbonyl
(Cbz), 9-fluorenylmethyloxycarbony (Fmoc), benzyloxym-
cthyl (BOM), pivaloyl-oxy-methyl (POM), trichloroethxoy-
carbonyl (Troc), 1-adamantyloxycarbonyl (Adoc), allyl,
allyloxycarbonyl, trimethylsilyl, tert-butyl-dimethylsilyl
(TBDMS), triethylsilyl (TES), trusopropylsilyl (TIPS),
trimethylsilyethoxymethyl (SEM), tert-butoxycarbonyl
(BOC), tert-butyl, 1-methyl-1,1-dimethylbenzyl, (phenyl)
methylbenzene, pyridinyl and pivaloyl. Most preferred
nitrogen protecting groups are acetyl, benzyl, benzyloxycar-
bonyl (Cbz), triethylsilyl (TES), trimethylsilyethoxymethyl
(SEM), tert-butoxycarbonyl (BOC), pyrrolidinylmethyl and
pivaloyl.

Examples of more preferred nitrogen protecting groups
are, pivaloyl, pyrrolidinylmethyl, t-butoxycarbonyl, benzyl
and silyl groups, particularly silyl groups according to the
formula SiRaRbRc¢, wherein Ra, Rb and Rc are, indepen-
dently of each other, alkyl or aryl. Preferred examples for
Ra, Rb and Rc are methyl, ethyl, 1sopropyl, t-butyl and
phenyl.

Examples of most preferred mitrogen protecting groups
are tert-butoxycarbonyl (BOC), benzoyl, styryl, 1-butenyl,
benzyl, p-methoxybenzyl (PMB) and pyrrolidinylmethyl, in
particular pivaloyl and tert-butoxycarbonyl (BOC).

In one embodiment the term nitrogen protecting group
refers to a group which 1s selected from the group consisting
of C,-C,-alkyl, which 1s unsubstituted or mono-, di- or
tri-substituted by tr1-C, -C.-alkylsilylC,-C,-alkoxy; C-C, -
aryl, or a heterocyclic group being a mono-, bi- or tricyclic
ring system with 5 to 14 ring atoms and 1 to 4 heteroatoms
independently selected from N, O, S, S(O) or S(O),, wherein
the aryl ring or the heterocyclic group 1s unsubstituted or
substituted by one, two or three residues, selected from the
group consisting of C,-C,-alkyl, hydroxyl, C,-C,-alkoxy,
C,-Cq-alkanoyl-oxy, halogen, nitro, cyano, and CF;; and
C4-C,,-aryl-C, -C,-alkoxycarbonyl; C,-C,,-alkenyloxycar-
bonyl; C,-Cs-alkylcarbonyl; C,-C,,-arylcarbonyl; C,-C-
alkoxycarbonyl; C,-C, -aryl-C,-C -alkoxycarbonyl; allyl;
cinnamyl; sulfonyl; sulfenyl; succinimidyl, and silyl,
wherein each silyl group 1s a SiR11R12R13 group, wherein
R11, R12 and R13 are, independently of each other, C,-C.-

alkyl or C.-C,,-aryl.
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Generally, 1n the present application the term “nitrogen
protecting group” comprises any group which 1s capable of
reversibly protecting a amino functionality.

If an embodiment requires the removal of the nitrogen
protecting group, as defined above, the removal usually can
be carried out by using known methods. Preferably, the
nitrogen protecting group, as defined above, 1s removed by
using acidic or basic conditions. Examples for acidic con-
ditions are hydrochloric acid, trifluoroacetic acid, sulphuric
acid. Examples of basic conditions are lithium hydroxide,
sodium ethoxide. Nucleophiles such as sodium borohydride
can be used.

Si1lyl, as used herein, refers to a group according to the
formula —S1R11R12R 13, wherein R11, R12 and R13 are,

independently of each other, alkyl or aryl. Preferred
examples for R11, R12 and R13 are methyl, ethyl, 1sopropyl,
tert-butyl, phenyl or phenyl-C, _,-alkyl.

Alkyl 1s defined as a radical or part of a radical as a
straight or branch (one or, if desired and possible, more
times) carbon chain, and 1s especially C,-C,-alkyl, prefer-
ably C,-C,-alkyl.

The term “C,-C,-” defines a moiety with up to and
including maximally 7, especially up to and imncluding maxi-
mally 4, carbon atoms, said moiety being branched (one or
more times) or straight-chained and bound via a terminal or
a non-terminal carbon.

Cycloalkyl 1s, for example, C,-C,-cycloalkyl and 1s, for
example, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl
and cycloheptyl. Cyclopentyl and cyclohexyl are preferred.

Alkoxy 1s, for example, C, -C-alkoxy and 1s, for example,
methoxy, ethoxy, n-propyloxy, isopropyloxy, n-butyloxy,
1sobutyloxy, sec-butyloxy, tert-butyloxy and also includes
corresponding pentyloxy, hexyloxy and heptyloxy radicals.
C,-C,-alkoxy 1s preferred.

Alkanoyl 1s, for example, C,-Cq-alkanoyl and 1s, for
example, acetyl [—C(=0)Me], propionyl, butyryl, 1sobu-
tyryl or pivaloyl. C,-C.-Alkanoyl 1s preferred, especially
acetyl.

Halo or halogen 1s preferably fluoro, chloro, bromo or
10do, most preferably, chloro, bromo, or 10do.

Halo-alkyl 1s, for example, halo-C,-C,-alkyl and 1s 1n
particular halo-C,-C,-alkyl, such as trifluoromethyl, 1,1,2-
tritfluoro-2-chloroethyl or chloromethyl. Preferred halo-C, -
C,-alkyl 1s trifluoromethyl.

Alkenyl may be linear or branched alkyl containing a
double bond and comprising preferably 2 to 12 carbon
atoms, 2 to 10 carbon atoms being especially preferred.
Particularly preferred 1s a linear C,-C,-alkenyl, more pret-
erably C,-C,-alkenyl. Some examples of alkyl groups are
cthyl and the 1somers of propyl, butyl, pentyl, hexyl, heptyl,
octyl, nonyl, decyl, undecyl, dodecyl, tetradecyl, hexadecyl,
octacyl and eicosyl, each of which containing a double bond.
Especially preferred 1s allyl.

Alkylene 1s a bivalent radical derived from C, _--alkyl and
1s especially C,-C,-alkylene or C,-C,-alkylene and, option-
ally, can be interrupted by one or more, e.g. up to three
oxygen, NR14 or sulfur, wherein R14 1s alkyl, each of which
can be unsubstituted or substituted, by one or more sub-
stituents independently selected from for example, C,-C--
alkyl, C,-C,-alkoxy-C,-C,-alkyl or C,-C,-alkoxy.

Alkenylene 1s a bivalent radical derived from C,_--alkenyl
and can be mterrupted by one or more, e.g. up to three
oxygen, NR14 or sulfur, wherein R14 1s alkyl, and 1is
unsubstituted or substituted by one or more, e.g. up to three
substitutents, preferably independently selected from the
substituents mentioned above for alkylene.
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Aryl being a radical or part of a radical 1s, for example
Cq.o-aryl, and 1s preferably a mono- or polycyclic, espe-
cially monocyclic, bicyclic or tricyclic aryl moiety with 6 to
10 carbon atoms, such as phenyl, naphthyl or fluorenyl
preferably phenyl, and which can be unsubstituted or sub-
stituted, by one or more substituents, independently selected
from, e.g. C,-C,-alkyl, C,-C,-alkoxy-C,-C,-alkyl or C,-C,-
alkoxy:.

The term arylalkyl refers to aryl-C,-C,-alkyl, wherein
aryl 1s as defined herein and is for example benzyl.

The term carboxyl reters to —CO,H.

Aryloxy refers to an aryl-O— wherein aryl 1s as defined
above.

Unsubstituted or substituted heterocyclyl 1s a mono- or
polycyclic, preferably a mono-, bi- or tricyclic-, most prei-
erably mono-, unsaturated, partially saturated, saturated or
aromatic ring system with preferably 3 to 14 (more prefer-
ably 5 to 14) ring atoms and with one or more, preferably
one to four, heteroatoms, independently selected from nitro-
gen, oxygen, sultur, S(—0)— or S—(=—0),, and 1s unsub-
stituted or substituted by one or more, e.g. up to three
substitutents, preferably independently selected from the
group consisting ot halo, C,-C,-alkyl, halo-C,-C,-alkyl,
C,-C,-alkoxy, halo-C, -C,-alkoxy, such as trifluoromethoxy
and C,-C,-alkoxy-C,-C,-alkoxy. When the heterocyclyl 1s
an aromatic ring system, it 1s also referred to as heteroaryl.

Acetyl 1s —C(=0)C,-C,-alkyl, preferably —C(—0O)Me.

Sulfonyl 1s (unsubstituted or substituted) C, -C,-alkylsul-
fonyl, such as methylsulionyl, (unsubstituted or substituted)
phenyl- or naphthyl-C,-C,-alkylsulfonyl, such as phenyl-
methanesulfonyl, or (unsubstituted or substituted) phenyl- or
naphthyl-sulfonyl; wherein 1f more than one substituent 1s
present, e.g. one to three substitutents, the substituents are
selected independently from cyano, halo, halo-C, -C--alkyl,
halo-C,-C,-alkyloxy- and C,-C,-alkyloxy. Especially pre-
terred 1s C,-C--alkylsulfonyl, such as methylsulfonyl, and
(phenyl- or naphthyl)-C,-C--alkylsulfonyl, such as phenyl-
methanesulionyl.

Sulfenyl 1s (unsubstituted or substituted) C_,,-aryl-C, -
C,-alkylsultenyl or (unsubstituted or substituted) C._,,-
arylsulfenyl, wherein 11 more than one substituent 1s present,
¢.g. one to four substitutents, the substituents are selected
independently from nitro, halo, halo-C, -C,-alkyl and C, -C--
alkyloxy.

Imide refers to a (unsubstituted or substituted) functional
group consisting of two acyl groups bound to nitrogen,
preferably a cyclic group derived from dicarboxylic acids.
Especially preferred 1s succinimidyl derived from succinic
acid or phthalimidyl derived from phthalic acid. The 1midyl
group may be substituted by one or more substituents
independently selected from for example, C,-C,-alkyl,
C,-C,-alkoxy-C,-C,-alkyl, C,-C,-alkoxy or halo.

Azide refers to a group —N—N"—N—.

The term “chiral” refers to molecules which have the
property ol non-superimposability on their mirror image
partner, while the term *““achiral” refers to molecules which
are superimposable on their mirror 1mage partner.

In the formulae of the present application the term “wwane ™
on a C-sp” represents a covalent bond, wherein the stereo-
chemistry of the bond is not defined. This means that the
term “wwws > on a C-sp” comprises an (S) configuration as
well as an (R) configuration of the respective chiral centre.
Furthermore, mixtures, e.g. mixtures of enantiomers such as
racemates, are also encompassed by the present invention.
Especially preferred are single stereoisomers of the com-
pounds of the formula (1) or (2), especially the specific ones

of formula (1-a) and (1-b).
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In the formulae of the present application the term *“wnnr
on a C-sp” represents a covalent bond, wherein the stereo-
chemistry or the geometry of the bond 1s not defined. This
means that the term “wwwn> on a C-sp” comprises a (7)
configuration as well as a (E) configuration of the respective
double bond. Furthermore, mixtures, e.g., mixtures of
double bond isomers are also encompassed by the present
invention.

The compounds of the present invention can possess one
or more asymmetric centers. The preferred absolute con-
figurations are as indicated herein specifically.

In the formulae of the present application the term

4

' / "> on a C-sp indicates the absolute stereochemistry,
either (R) or (S).
In the formulae of the present application the term

4

I 3

on a C-sp” indicates the absolute stereochemistry,
either (R) or (S).

In the formulae of the present application, the term

" > indicates a C-sp>-C-sp” bond or a C-sp>-C-sp”

4

bond.

The compounds of the present invention can possess one
or more asymmetric centers. The preferred absolute con-
figurations are as indicated herein specifically. However, any
possible pure enantiomer, pure diastereoisomer, or mixtures
thereol, e.g., mixtures of enantiomers, such as racemates, are
encompassed by the present invention.

Stereoisomeric, especially enantiomeric, purity, 1s where
mentioned referring to all diastereomers of the compound
taken together (100%). It 1s determined by chiral chroma-
tography (examples include HPLC, uPLC and GC) or NMR
(with addition of chiral entities and or metals). Specific
examples of methods include: chiral HPLC equipped with
chiral column Chiralpak ID 4.6 mm @x250 mm, 5 um
(Daicel Corporation, Osaka, Japan) at 25° C.; mobil phase
Hept:EtOAc:CH,CN, 90:8:2.

The term “substantially optically pure” compound, as
defined herein, refers to a compound obtained by a process
according to the imvention wherein the compound has an
optical purity of at least 70% (ee=enantiomeric excess),
more preferably of at least 90% (e.e.) and most preferably at
least 95% (ee) or more, such as 100% (ee).

Salts are especially pharmaceutically acceptable salts or
generally salts of any of the intermediates mentioned herein,
except 11 salts are excluded for chemical reasons the skilled
person will readily understand. They can be formed where
salt forming groups, such as basic or acidic groups, are
present that can exist in dissociated form at least partially,
¢.g. 1n a pH range from 4 to 10 1n aqueous solutions, or can
be 1solated especially 1n solid, especially crystalline, form.

Such salts are formed, for example, as acid addition salts,
preferably with organic or inorganic acids, from compounds
or any of the intermediates mentioned herein with a basic
nitrogen atom (e.g. 1mino or amino), especially the pharma-
ceutically acceptable salts. Suitable morganic acids are, for
example, halogen acids, such as hydrochloric acid, sulfuric
acid, or phosphoric acid. Suitable organic acids are, for
example, carboxylic, phosphonic, sulfonic or sulfamic acids,
for example acetic acid, propionic acid, lactic acid, fumaric
acid, succinic acid, citric acid, amino acids, such as glutamic
acid or aspartic acid, maleic acid, hydroxymaleic acid,
methylmaleic acid, benzoic acid, methane- or ethane-sulio-
nic acid, ethane-1,2-disulfonic acid, benzene-sulfonic acid,
2-naphthalenesulfonic acid, 1,5-naphthalene-disulfonic
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acid, N-cyclohexylsulfamic acid, N-methyl-, N-ethyl- or
N-propyl-sulfamic acid, or other organic protonic acids,
such as ascorbic acid.

In the presence ol negatively charged radicals, such as
carboxy or sulfo, salts may also be formed with bases, e.g.
metal or ammonium salts, such as alkali metal or alkaline

carth metal salts, for example sodium, potassium, magne-
sium or calcium salts, or ammonium salts with ammonia or
suitable organic amines, such as tertiary monoamines, for
example triethylamine or tri(2-hydroxyethyl)amine, or het-
erocyclic bases, for example N-ethyl-piperidine or N,N'-
dimethylpiperazine.

When a basic group and an acid group are present in the
same molecule, any of the intermediates mentioned herein
may also form internal salts.

For 1solation or purification purposes of any of the inter-
mediates mentioned herein 1t 1s also possible to use phar-
maceutically unacceptable salts, for example picrates or
perchlorates.

In view of the close relationship between the compounds
and intermediates 1n free form and in the form of their salts,
including those salts that can be used as mtermediates, for
example in the purification or identification of the com-
pounds or salts thereof, any reference to “compounds”,
“starting materials” and “intermediates” hereinbefore and
heremnafter 1s to be understood as referring also to one or
more salts thereof or a mixture of a corresponding iree
compound, intermediate or starting material and one or more
salts thereotf, each of which 1s itended to include also any
solvate or salt of any one or more of these, as appropriate
and expedient and 1f not explicitly mentioned otherwise.
Diflerent crystal forms may be obtainable and then are also
included.

Where the plural form 1s used for compounds, starting
materials, intermediates, salts, pharmaceutical preparations,
diseases, disorders and the like, this intends to mean one
(preferred) or more single compound(s), salt(s), pharmaceu-
tical preparation(s), disease(s), disorder(s) or the like, where
the singular or the indefinite article (*a”, “an’) 1s used, this
does not intend to exclude the plural, but only preferably
means “‘one’.

The term “pro-drug™, as used herein, represents 1n par-
ticular compounds which are transformed in vivo to the
parent compound, for example, by hydrolysis i blood, for
example as described 1n T. Higuchi and V. Stella, “Pro-drugs
as Novel Delivery Systems”, volume 14 of the ACS Sym-
posium Series; Edward B. Roche, editor, “Bioreversible
Carriers 1n Drug Design”, American Pharmaceutical Asso-
ciation and Pergamon Press, 1987; H Bundgaard, editor,
“Design of Prodrugs”, Elsevier, 1985; Judkins et al. Syn-
thetic Communications 1996, 26, 4351-4367, and ‘““The
Organic Chemistry of Drug Design and Drug Action”,
second edition, R. B. Silverman (particularly chapter 8,
pages 497-557), Elsevier Academic Press, 2004.

Pro-drugs therefore include drugs having a functional
group which has been transformed into a reversible deriva-
tive thereot. Typically, such prodrugs are transtormed to the
active drug by hydrolysis. As examples may be mentioned
the following;:

Functional Group Reversible derivative

Esters, including e.g. alkyl esters
Esters, mcluding e.g. sulfates and phosphates as
well as carboxylic acid esters

Carboxylic acid
Alcohol
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-continued

Functional Group Reversible derivative

Amine Amides, carbamates, 1mines, enamines,
Carbonyl (aldehyde, Imines, oximes, acetals/ketals, enol esters,
ketone) oxazolidines and thiazoxolidines

Pro-drugs also include compounds convertible to the
active drug by an oxidative or reductive reaction. As
examples may be mentioned:

Oxidative Activation
N- and O-dealkylation
Oxidative deamination

N-oxidation

Epoxidation

Reductive Activation
Azo reduction
Sulfoxide reduction
Disulfide reduction
Bioreductive alkylation
Nitro reduction

Each of the above described reactions and/or reaction
steps can be used individually or 1n combination in a method
to prepare a NEP-inhibitor or a prodrug thereof, such as a
NEP inhibitor or pro-drug thereof comprising a y-amino-o-
biphenyl-a-methylalkanoic acid, or acid ester, such as alkyl
ester, backbone. In particular the NEP-inhibitor 1s N-(3-
carboxy-1-oxopropyl)-(4S)-(p-phenylphenylmethyl)-4-
amino-(2R)-methylbutanoic acid or a salt thereof or a pro-
drug thereof.

Embodiments

The following sections describe the individual process
steps as laid out in SCHEMES 1 to 5 above.

Compounds:

In one embodiment the compound of the formula (1) 1s
represented by formula (1-a) with the following stereochem-

1stry,

(1-a)

XN

N

NN
N

(:5)
W

N*

O O

(&) R1,

wherein, 11 compound (1) 1s present as a mixture of steric
forms, the shown steric form 1s present in at least 60%,
preferably at least 65%, stereoisomeric, especially enantio-
meric, purity.

In another embodiment the compound of the formula (2)
1s represented by formula (2-a) with the following stereo-
chemistry,
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(2-a)

NN

a
N
o

(:5)
W

N*

O O

(£)

wherein, 11 compound (2) 1s present as a mixture of steric
forms, the shown steric form 1s present i at least 60%,
preferably at least 65%, stereoisomeric, especially enantio-
meric, purity.
Michael Addition—Catalysts

In one embodiment, the Michael addition according to
any one of SCHEMES 3 1s carried out with a organocatalyst
selected from the group consisting of those represented by
the following formulae:

CF,
S )\
A

I PN
H

HN N CLE5
(&) /
(&) .
\/ ty NH,
#
CL;
N
HN N CF
\ 2 3
‘/\ N, @
\/
CFE;

>=

S /@\
N CF3
H

5/ \

Z,
o
R

oxe

/7 \

Disclosed 1n

Left:

(1) L1, De Run; Organic Letters 2010, V12(8), P1756-1739
CAPLUS

(2) Zhang, Xue-jing; Tetrahedron: Asymmetry 2009, V20
(12), P1451-1438 CAPLUS

(3) Yu, Feng; Organic & Biomolecular Chemistry 2010,
V8(20), P4767-4774 CAPLUS

(4) Fu, J1-Ya; Tetrahedron Letters 2010, V31(37), P4870-

4373 CAPLUS
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Right: -continued
(5) Galzerano, Patrizia; Chemistry—A European Journal CF;
2009, V153(32), P7846-7849, S7846/1-S7846/45 /l\
CAPLUS . Q = ‘
CF; HNJ\E/ \/\cm
(K)
(R)
j\ / 0 r.,;#N/\/OH .
N N N “Ncr, K/OH
(K)
s @
o 15 Disclosed in

‘ [eft:

CFE
: (1) Sakamoto, Shota; Inokuma, Tsubasa; Takemoto, Yoshij1
From Organic Letters (2011), 13(24), 6374-63777

S : : : : : :
/\ 20 (2) Bai, Jlan-Fe1; Wang, Liang-Liang; Peng, Lin; Guo,
‘ J\ Yun-Long; Jia, L1-Na; Tian, Fang; He, Guang-Yun; Xu,
XN /HN E CF3 Xi1ao-Yig; Wang, Li-Xin, From Journal of Organic
o Chemistry (2012), 77(6), 2947-2953

/\ } g ~ 55 (3) Tripa.thi,, Chandra Bhushan; Mukherjee, Santanu, from

‘ ‘ @ Organic Letters (2014), 16(12), 3368-3371

\/ Middle:

CE3 (4) Hu, Zhi-Peng; Lou, Chun-Liang; Wang, Jin-Jia; Chen,
;o Chun-Xia; Yan, Ming, from Journal of Organic Chemistry

(2011), 76(10), 3797-3804

(5) Sakamoto, Shota; Inokuma, Tsubasa; Takemoto, Yoshij,
CF; tfrom Organic Letters (2011), 13(24), 6374-6377.

35

|
/Z\ Lz
>
Tz

40
Disclosed by Sigma-Aldrich Corporation, St. Louis, Mo.,
United States of America ®)
®)
CF; 45
S 7
JJ\ R
/E/HN i - >0
®)
\/ 'r,fN #
Q /\‘
55
CFx
\/E
S = ®)
J\ | 2 Sl
60
HN E/\ CF; ‘ /
® N\F
®)
\/ H‘?N/\ #

k/ 63
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_continued Left & middle compound disclosed 1n
Cl; (1) Nunez, Marta G.; Farley, Alistair J. M.; Dixon, Darren .,

from Journal of the American Chemical Society (2013),
135(44), 16348

10
15
20
CF,
S

® )-I\

. N N CF; 2
: I A

(R) A R
35 : E E Cl
ITJ b
‘/\ CFE, \N)J\N/
o « -
L
o N N CF, Left compound disclosed in
1% & & (1) Sigma-Aldrich Corporation, St. Louis, Mo., United
/ 4> States of America
P
" CF,
iy N N CF;
CF; 33 )
RN,
A R )\
N N CF; 60 S = ‘
F AN )‘l\ e
‘ \P _-Ph (R‘)‘HN E Clh3
/ k
N Ph
Ph 65
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_continued (2) Okino, Tomotaka; Hoashi, Yasutaka; Takemoto, Yoshiji,
CF3 from Journal of the American Chemical Society (2003),
)\ 125(42), 12672
S Z
)J\ ‘ 5
(R) g1 E/\/\CH )CF\3
% /

_ S
o : Y
‘ E E \/\CF3

(5)
/ @

CF, Z N
)\ ) \
S =z ‘ N
)J\ /\/\ CEj

20

—

/

H
-
ot

N N N CF,
‘ H H
25 @
Right Compound disclosed in
(1) Gao, Yaojun; Ren, Qiao; Wu, Hao; L1, Maoguo; Wang, CF,
Jlan, from Chemical Communications (Cambridge,
United Kingdom) (2010), 46(48), 9232-9234 0 P
(2) Ren, (Quao; Gao, Yaojun; Wang, Jian, from Chemis- >
try—A European Journal (2010), 16(46), 13594-13598, K AN
N N CF,
H H
CF N “
S = ‘ CF4
)‘t P o
HN N CF; S
/E) H 40 <\ / )J\
®) . RN BNy N CF
\/ ;,fN /\ \ 3 N N 3
‘ i
P
‘ X 45 P
F G )
A
CF; 50
S =4
BN <
AP
HN N Cl; 55
A H . Q Z
p )J\
N O N N CF;
= H H
7\ o 7\
_ < b\
Disclosed 1 7 ‘
(1) Berkessel, Albrecht; Seelig, Bianca; Schwengberg, 65 P

Silke; Hescheler, Juergen; Sachinidis, Agapios, from
ChemBi10Chem (2010), 11(2), 208
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-continued
CF;
S )\‘
HN)J\E/ XN CF,

(&)

‘/\ ClL3
/ S
L
R
: N N CF;
Z H H
N

Catalysts commercially available (@), where not other-
wise specified, have been both from DAICEL CHIRAL

TECHNOLOGIES (CHINA) CO., LTD., Shanghai, Peo-
ple’s Republic of China.

These catalysts are either commercially available or ame-
nable according to methods known 1n the art (see especially
the references cited 1n the preceding scheme, and/or they are

novel, (these

novel ones are marked with an asterisk * at

their lower right side) and thus an mvention embodiment
and then can be synthesized according to the procedure

given 1n the |

Hxamples.

In one embodiment thereot, the organocatalyst 1s selected
from the group consisting ol those represented by the
following formulae:

CF;

HN N Ck3
H

32
-continued
CF,
S =
5 )‘l\ ‘
[N N X Ncr

®
®|

10

These have the names 1-(3,5-bis(trifluoromethyl)phenyl)-

13 3-((1R,2R)-2-(pyrrolidin-1-yl)cyclohexyl)thiourea and 1-(3,

S-bis(trifluoromethyl)phenyl)-3-((1R,2R)-2-(p1iperidin-1-yl)
cyclohexyl)thiourea, respectively.

In another embodiment thereof, the organocatalyst i1s a

prolinol organocatalyst, preferably selected from the group

20 consisting of those with the following formulae:
CF;
25
OH
30 E
CF;
35 CFs
\
CF;
40
OTMS OH
N i
45 /_ —

CF;

wherein TMS=trimethylsilyl, and which are used in the (R)-
50 orin the (S) configuration, and with the following formulae:

CHa (‘jﬂg
©) 0O—3i Z kff) 0O—Si
55 N |
H

H CHj; CH;
Ph Ph Ph Ph
( 5 ® ﬁ
""r N
N "ff ( N (S) N
60 H \ [/ N
N—N H and

65

wherein Ph=phenyl and Ti=trifluoromethanesulfonyl.
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These catalysts can e.g. be obtained commercially from
Sigma-Aldrich Corporation St. Louis, Mo., USA.
The proline denivative below 1s known from the literature

4 )@
N K
H

§\
7

N—N

see Cobb, Alexander J. A.; Organic & Biomolecular Chem-

1stry 2005, V3(1), P84-96; and Longbottom, Deborah A.;
Franckevicius, Vilius; Ley, Steven V. Chimia (2007),
61(5), 24°7-256.
Processes
Wherever room temperature 1s mentioned 1n the present
disclosure (except 1n the examples where 1t refers to 20 to
25° C.), this preferably refers to a temperature of 23+25° C.,
e.g. to 23° C.

Salt conversions (here and anywhere else where men-
tioned 1n the present disclosure) can be made using metal
(c.g. alkalimetal or earth alkali metal, such as sodium or
potassium) salts of organic or morganic acids, 10n exchang-
ers or the like according to methods known 1n the art.

As solvent for the processes according to the invention, as
alternative to those mentioned specifically polar protic sol-
vents (e.g. methanol, ethanol, propanol, butanol), polar
aprotic solvents (e.g. tetrahydrofuran (THF), dimethylior-
mamide (DMF), dichloromethane (DCM), acetonitrile

(ACN)), or apolar aprotic solvent (e.g. toluene) may be used.
Alternatively, mixtures of those solvents/solvent groups or
ionic liquids may be used. Preferably, polar solvents are
used. More preferably, polar aprotic solvents are used to
achieve high yields. A particularly preferred solvent 1n this
regard 1s THEF.

The embodiment depicted in SCHEME 1 and 1-a refers to
process, wherein a compound of the formula (1), especially
of the formula (1-a), 1s subjected to a hydrogenation reaction
to yield a compound of the formula (8), especially of the
formula (8-a), which preferably takes place 1n the presence
of a mild hydrogenation catalyst (not aflecting the carboxyl
or carboxyl ester function), for example by hydrogenation
with hydrogen, e.g. at normal or slightly elevated pressure,
in an appropriate solvent, such as an alcohol, e.g. methanol
or ethanol, with e.g. at temperatures 1n the range from —10
to 60° C., such as from 20 to 50° C.

More specifically, there 1s provided the process according,
to the reaction depicted in SCHEME 1 or 1-a, wherein the
hydrogenation comprises the use of a metal catalyst, pref-
erably a metal catalyst comprising a metal selected from the
group ol nickel, palladium or platinum, more preferably
Raney nickel, even more preferably Raney nickel type 3202.

The process 1s preferably performed in a hydrogenation
reactor. Preferably the catalyst 1s applied to this process as
50% water slurry.

The process 1s performed with pressurized hydrogen,
preferably the hydrogen is pressurized up to 10, e.g. up to 4
bar.

If a nitrogen protecting group 1s to be mserted 1n parallel,
the reactions are preferably conducted as described in the
general part on nitrogen protecting groups above. For
example, to insert a ter-butoxycarbonyl protecting group,
Boc,O 1s used for this process in excess over sum of
compounds of formulas (1) or (1-a, preferably in an excess
of 20-100%, more preferably 1 an excess of 50+10%.
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The process preferably performed at elevated tempera-
tures, preferably from 30-70° C., more preferably from
35-30° C., even more preferably from 40-45° C.

In a specific embodiment, the process 1s performed with
Raney nickel as 50% water slurry, using Boc,O 1n excess
over sum of compound of formula (1) or (1-a), preferably 1n
an excess ol 20-100%, more preferably i an excess of
50+10%, using pressurized hydrogen, preferably using
hydrogen pressurized up to 4 bar, at elevated temperatures,
preferably from 30-70° C., more preferably from 35-50° C.,
even more preferably from 40-45° C. The Oxidation reaction
according to SCHEME 2 or 2-a of a compound (aldehyde)
of the formula (2), especially (2-a), to yield the compound
of formula (1), preferably takes place with an oxidant
allowing for selective oxidation of the aldehyde function to
a carboxyl (COOH or COQO™) function. Such oxidants and
oxidation conditions are known to the person skilled 1n the
art. Examples of possible oxidants include but are not
limited to Oxone (e.g. in DMF, e.g. at room temperature),
with H.I1O, 1n the presence of a catalyst, such as pyridinium
chloroformate, a solvent, e.g. acetomtrile, e.g. at room
temperature; with sodium perborate 1n the presence of a
catalyst such as VO(acac), and hydrogen peroxide, e.g. 1n a
solvent such as acetonitrile or an alcohol, such as methanol
or ethanol, e.g. at room temperature; with sodium perborate
in acetic acid e.g. at elevated temperature, such as 20 to 70°
C.; with potassium permanganate in a buller, especially
disodiumhydrogenphosphate buller, e.g. 1n a solvent such as
methanol; with hydrogen peroxide in the presence of a
methyltrioxorhenium catalyst 1 an 1onic liquid, such as
[bmim|]BF , or [bmim]PF, e.g. at elevated temperature, such
as 30 to 80° C.; or especially under Pinnick oxidation
conditions (also known as Lindgren oxidation), using a
chlorite salt, e.g. an alkalimetal chlorite, such as sodium
chlorite (NaClQO,), preferably 1n the presence of a buflering
substance, such as an alkali metal dihydrogen phosphate,
¢.g. sodium dihydrogen phosphate, in the presence of a
scavenger for the byproduct hypochlorous acid (HOCI),
such as an alkene-comprising chemical, e.g. 2-methyl-2-
butene or hydrogen peroxide of resorcinol or sulfamic acid,
and 1n a solvent or solvent mixture, e.g. an alcohol, such as
butanol, or an ester, such as acetic acid ethyl ester, or a
mixture thereof, for example at temperatures in the range
from -5 to 80° C., e.g. at room temperature. Further possible
methods for the oxidation are known to the person skilled in
the art and can, for example, be derived from Handbook of
Reagents for Organic Synthesis, Oxidizing and Reducing

Agents Steven D. Burke (Editor), Rick L. Danheiser (Editor)
ISBN: 978-0-471-97926-5.

The reaction may be conducted under simultaneous esteri-
fication to a compound of the formula (1), especially (1-a),
wherein R, 1s C,-C,-alkyl, especially ethyl, or by subse-
quent esterification, in both cases reacting with a C,-C.-
alkanol, especially ethanol, preferably in the presence of an
activator of the carboxyl group 1n formula I that leads to an
(at least intermediary) reactive derivative of a compound of
the formula (1), especially (1-a), such as an acid anhydride,
¢.g. acetic anhydride, or a coupling agent selected from the
group consisting of those customary in peptide synthesis,
such as aminium compounds, carbodiimides, uranium com-
pounds, and other coupling reagents, for example DCC,
DIC, HOBt, HOAt, if appropriate in the presence of a
tertiary nitrogen base, such as triethylamine, 11 required 1n an
appropriate solvent; or by transesterification, e.g. from a
corresponding C,-C.-alkyl, especially ethyl, ester e.g. of
acetic acid; such conditions are known to the person skilled
in the art.
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In the process according to SCHEME 3-1 or 3-1a, the
reaction of the compound of the formula (3) with methacro-
leine or a reactive derivative thereot, such as an acetal, e.g.
the dialkyl acetal, to a compound of the formula (2),
especially (2-a), 1s conducted 1n the presence of an organo-
catalyst as described above, preferably one of those
described above as being preferred, most especially a chiral
prolinol or thiourea catalyst, especially one of those men-
tioned as preferred above, the catalyst preferably being
present 1n a molar ratio, compared to the compound of the
formula (3), of 1 to 350 mol %, e.g. at 5 to 15 mol %;
especially 1n an organic solvent, such as toluene, at tem-
peratures e.g. 1n the range from -5 to 50° C., e.g. at 0 to 20°
C. Preferably the organocatalyst 1s selected so as to achieve
the preferred compound of formula (2-a), e.g. a thiourea
catalyst of the formula (B) or (C) mentioned above, or a
prolinol catalyst selected from those mentioned and repre-
sented as specific formulae above. Organic acid or alcohols
can be added especially benzoic acid or its derivatives,
and/or catechol derivatives can be added to promote the
catalysis of 1 to 50 mol %, e.g. at 5 to 15 mol % catalyst.

According to the reaction as depicted in SCHEME 3-2 or
3-2a, as an alternative to the reaction according to SCHEME
3-1 which 1s starting from the compound of the formula (3)
the compound of the formula (2), especially (2-a),
obtained by reacting the compound of the formula (7) with
propionaldehyde or a reactive derivative thereof, e.g. an
acetal, such as a dialkyl a to a compound of the formula (2),
especially (2-a), 1s conducted 1n the presence of an organo-
catalyst as described above, preferably one of those
described above as being preferred, most especially a chiral
prolinol or thiourea catalyst, especially one of those men-
tioned as preferred above, the catalyst preferably being
present 1n a molar ratio, compared to the compound of the
formula (3), of 1 to 350 mol %, e.g. at 5 to 15 mol %;
especially 1n an organic solvent, such as toluene or dimeth-
ylformamide, at temperatures e.g. 1n the range from -5 to
50° C., e.g. at 0 to 20° C. Preferably the organocatalyst 1s
selected so as to achieve the preferred compound of formula
(2-a), e.g. a thiourea catalyst of the formula (B) or (C)
mentioned above, or a prolinol catalyst selected from those
mentioned and represented as specific formulae above. Pret-
erably the reaction takes place 1n the presence of organic
acid or alcohols, especially benzoic acid or its derivatives or
catechol derivatives, which can be added to promote the
catalysis of 1 to 50 mol %, e.g. at 5 to 15 mol % catalyst.

The reaction as depicted in SCHEME 4 of a compound of
formula (3) with formaldehyde or reactive dernivative
thereol, such as an acetal, e.g. a dialkylacetal, e.g. dime-
thoxymethane, dioxolane or 1,3,5-trioxane, to yield a com-
pound of the formula (7) preferably takes place 1n analogy
to or according to a Henry reaction, preferably first reacting,
the formaldehyde or reactive derivative thereot 1n the pres-
ence of a base, such as an alkalimetal hydroxide, e.g. sodium
hydroxide, 1n an appropriate solvent, e.g. tetrahydrofurane,
at a temperature e.g. i the range from -20 to 50° C., e.g.
from =10 to 10° C., 1f desired isolation of the reaction
product, e.g. by solvent extraction in the organic layer, and
then subjecting the (e.g. crude) material to treatment with an
acid anhydride, such as trifluoroacetic anhydride, in the
presence of a tertiary nitrogen base, such as N,N-diisopro-
pyvl-N-ethylamine, 1n an organic solvent, such as toluene, at
a preferred temperature e.g. 1n the range from —-10 to 50° C.,

e.g. from 0 to 30° C.

In the process as depicted in SCHEME 5 the hydroge-
nating (hydrogenation) of a compound of the formula (4), a
compound of the formula (35) (preferred) or both (e.g. 1f
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obtained as a mixture 1n the process as described above or
especially 1n a preferred version below) to yield the com-

pound of the formula (3) 1s preferably conducted in the
presence ol a hydrogenating agent, especially a complex
metal hydrnide, such as an alkalimetal borohydride, e.g.
sodium borohydride, preferably in an appropriate solvent
liquid at the reaction temperature, such as an organic acid,
e.g. acetic acid, an alcohol, such as methanol or ethanol, an
organic sulfoxide, such as dimethyl sulfoxide (DMSO), or
an ether, such as diethyl ether, or a mixture of two or more
thereof, preferably at a temperature in the range from -20 to
50° C., e.g. =10 to 25° C.

SCHEME 5 further embodies the process step wherein,
the compound of the formula (5) 1s reacted with a dehydrat-
ing agent to the compound of the formula (4). The dehy-
drating agent can be, for example, an acid anhydride of an
inorganic (such as phosphorous pentoxide) or preferably
organic acid (such as acetic anhydride). The reaction 1is
preferably conducted 1n the presence of a tertiary nitrogen
base, such as trimethylamine, and in the presence of an
appropriate solvent, such as dichloromethane, at tempera-
tures e.g. 1n the range from -20 to 50° C., such as from -10
to 10° C.

SCHEME 5 also encompasses the process step wherein
the aldehyde of the formula (6) or a reactive derivative
thereol, ¢.g. an acetal, such as a dialkyl acetal, 1s preferably
reacted with nitromethane 1n an appropriate solvent, such as
an acholo, e.g. methanol or ethanol, in the presence of a
base, such as an alkalimetal hydroxide, e.g. sodium hydrox-
ide, especially 1n the form of an aqueous solution of the base,
at a preferred temperature in the range from -20 to 350° C.,
e.g. from -10 to 10° C., and thus the compound of the
formula (5) alone or in mixture with the compound of the
formula (4) 1s obtained.

Further Embodiments

The present invention also covers combinations of several

reaction steps, €.g.

a process for the manufacture of a compound of formula
(8), preferably of formula (8-a) from a compound of
formula (1), preferably of formula (1-a) according to
SCHEME 1, wherein the starting compound of formula
(1), preferably of formula (1-a), 1s obtained from a
compound of formula (2), preferably of formula (2-a)
by a process according to SCHEME 2;

a process for the manufacture of a compound of formula
(1), preferably of formula (1-a) from a compound of
formula (2) preferably of formula (2-a) according to
SCHEME 2, wherein the starting compound of formula
(2), preferably of formula (2-a), 1s obtained by a
process according to SCHEME 3-1 or 3-2;

a process for the manufacture of a compound of formula
(8), preferably of formula (8-a) from a compound of
formula (1), preferably of formula (1-a) according to
SCHEME 1, wherein the compound of formula (1),
preferably of formula (1-a), 1s obtained from a com-
pound of formula (2), preferably of formula (2-a) by a
process according to SCHEME 2, and wherein the
starting compound of formula (2), preferably of for-
mula (2-a), 1s obtamned by a process according to
SCHEME 3-1 or 3-2;

a process for the manufacture of a compound of formula
(2), preferably of formula (2-a) from a compound of
formula (7) according to SCHEME 3-2, wherein the
starting compound of formula (7) 1s obtalned by a
process according to SCHEME 4;
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a process for the manufacture of a compound of formula

(1), preterably of formula (1-a) from a compound of
formula (2) according to SCHEME 2, wherein the
starting compound of formula (2), preferably of for-
mula (2-a), 1s obtained from a compound of formula (7)
by a process according to SCHEME 3-2, wherein the
starting compound of formula (7) 1s obtained by a
process according to SCHEME 4;

a process for the manufacture of a compound of formula
(8), preferably of formula (8-a) from a compound of
formula (1), preferably of formula (1-a) according to
SCHEME 1, wherein the compound of formula (1),
preferably of formula (1-a), 1s obtained from a com-
pound of formula (2), preferably of formula (2-a) by a
process according to SCHEME 2, and wherein the
starting compound of formula (2), preferably of for-
mula (2-a), 1s obtamned by a process according to
SCHEME 3-2, wherein the starting compound of for-
mula (7) 1s obtamned by a process according to
SCHEME 4;

a process for the manufacture of a compound of formula
(7) from a compound of formula (3) according to
SCHEME 4, wherein the starting compound of formula
(7) 1s obtained by a process according to SCHEME 5;

a process for the manufacture of a compound of formula
(2) preferably of formula (2-a) from a compound of
formula (3) according to SCHEME 3-1, wherein the
starting compound of formula (3) 1s obtained by a
process according to SCHEME 3;

a process for the manufacture of a compound of formula
(2), preferably of formula (2-a), from a compound of
formula (7) according to SCHEME 3-2, wherein the
starting compound of formula (7) 1s obtamned 1s
obtained from a compound of formula (3) by a process
according to SCHEME 4, and wherein the starting
compound of formula (3) 1s obtained by a process
according to SCHEME 5.

Follow on Reaction of a Compound of Formula (8) to
Produce a NEP Inhibitor

In another embodiment of the invention the mtermediates
and the products of the process of the present invention can
be used in the synthesis of NEP inhibitors or salts or
pro-drugs thereof, in particular they can be used in the
synthesis of NEP inhibitors comprising a yv-amino-0-biphe-
nyl-a-methylalkanoic acid, or acid ester, backbone. NEP
inhibitors or pro-drugs thereof comprising a y-amino-o-
biphenyl-a-methylalkanoic acid, or acid ester, backbone
include, for example, the NEP inhibitor pro-drug N-(3-
carboxy-1-oxopropyl)-(4S)-(p-phenylphenylmethyl)-4-
amino-(2R)-methylbutanoic acid ethyl ester and the corre-
sponding NEP 1inhibitor N-(3-carboxy-1-oxopropyl)-(4S)-
(p-phenylphenylmethyl)-4-amino-(2R )-methylbutanoic
acid.

The term “NEP inhibitor” describes a compound which
inhibits the activity of the enzyme neutral endopeptidase
(NEP, EC 3.4.24.11).

Compounds of formula (8) or salts thereof, preferably of
tformula (8-a), or salts thereot, as described herein above can
be further reacted to a NEP inlibitor or salts or prodrugs
thereol, 1n particular to the NEP inhibitor prodrug N-(3-
carboxy-1-oxopropyl)-(4S)-(p-phenylphenylmethyl)-4-
amino-(2R)-methylbutanoic acid ethyl ester or the corre-
sponding NEP 1inhibitor N-(3-carboxy-1-oxopropyl)-(4S)-
(p-phenylphenylmethyl)-4-amino-(2R )-methylbutanoic acid
as described by Ksander et al. in J. Med. Chem. 1995, 38,
1689-1700, or as described 1n WO 2008/31567.

In a preferred embodiment of the invention a compound
according to formula (8), preferably of formula (8-a), or salt
thereol, 1s further reacted to obtain the NEP inhibitor pro-
drug of formula (10)
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(10)

RI,

COOH

preferably of formula (10-a)

(10-2)

ZRN

Qﬁhﬁ/ﬁ\\dﬁﬁ\\y
X

© O
aN™ (R)

A~

N

R1,

COOH

wherein R1 1s hydrogen or C,-C -alkyl, preferably ethyl, by
reaction with succinic acid or a derivative thereof, preferably
succinic acid anhydride.

Deprotection of the nitrogen functionality, 1.e. removal of
the Boc group, —i1 necessary—re-introduction of the ethyl
ester group, and subsequent coupling with succinic anhy-
dride delivers the desired NEP inhibitor prodrug compound.
Optionally, the ester can be saponified to the free acid
providing the NEP inhibitor drug compound.

In one embodiment, the compound of formula (10-a) 1s
N-(3-carboxy-1-oxopropyl)-(4S)-(p-phenylphenylmethyl)-
4-amino-(2R)-methylbutanoic acid ethyl ester (known 1n the
art as AHU377) or a salt thereof.

R
N

OFkt
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The NEP inhibitor pro-drug N-(3-carboxy-1-oxopropyl)- Abbreviations
(4S)-(p-phenylphenylmethyl)-4-amino-(2R)-methylbu-
tanoic acid ethyl ester optionally 1s further reacted to obtain 0 chemical shift
the NEP inhibitor N-(3-carboxy-1-oxopropyl)-(4S)-(p-phe- il microliter
nylphenylmethyl)-4-amino-(2R )-methylbutanoic acid. 5 Ac acetyl

For example, this conversion can be performed using the ACNL acetonitrile

AcOH acetic acid
Ac,0 acetic acid anhydnde
Bn benzyl

Boc protected amino acid e.g. according to scheme Z below
where the Boc corresponds to R' and R" 1s H 1n formula (8-a)

and R1 1s H and the aminoethyl ester (upper right formula Boc tert hut -
in scheme Z below with R'=H, R"=H, R1=Et). If R1 1s ethyl, 1o~ boc fert-butoxycarbony

the reaction works i1dentically. If R1 1s a different alkyl BQCZO di-tert-butyl carbonate . .
. . . .. Brine saturated (at room temperature) sodium chloride solu-
group, then transesterification or saponification i1s needed

tion 1 water

before. BuOH n-butanol

15 Cbz benzyl carbamate
Cbz-Cl benzyl chloroformate

Scheme £ DBU 1,8-Diazabicycloundec-7-ene
N DCM dichloromethane/methylenechloride
‘ de diastereomeric excess
= 20 DIPEA disopropylethylamine
X DMAP 4-(dimethylamino)pyridine

DMF N,N-dimethylformamide
DMPU  1,3-dimethyl-3.,4,5,6-tetrahydro-2(1H)-pyrimidi-
none
25 DMSO dimethylsulfoxide
ce enantiomeric excess
ES electrospray
ESI electrospray 1onisation
Et ethyl
30 Et,O diethyl ether
Et,N tricthanolamine
EtOH ethanol
EtOAc ethyl acetate
GC gas chromatography
35 h hour(s)
Hep heptane(s)
Hex hexane(s)
HNMR proton nuclear magnetic resonance
HOBt 1-hydroxybenzotriazole
40 HPLC high performance liquid chromatography
1-Pr 1sopropyl
IPA or 1PrOAc 1sopropyl acetate
1Pr,O 1sopropyl alcohol
IR 1nfra red
45 KHMDS potassium bis(trimethylsilyl)amide
L liter
LC-MS liquid chromatography-mass spectrometry
LDA lithium dusopropylamide
LHMDS lithium bis(trimethylsilylJamide
50 M molarity
m/e mass-to-charge ratio
Me methyl
MeOH methanol
mg milligram
55 min minute(s)
mlL mailliliter
mmol(s) millimole(s)
mol(s) mole(s)
MS mass spectrometry
60 NaHMDS sodium bis(trimethylsilyl)amide
nm nanometer

EXAMPLES NMR nuclear magnetic resonance
Pd/C palladium on carbon
The following examples serve to illustrate the invention Ph phenyl
without limiting the scope thereof, while they on the other 65 PHCH, toluene
hand represent preferred embodiments of the reaction steps, 1v pivaloyl

intermediates and/or the process of the present invention. P1v-Cl pivaloyl chloride
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ppm parts per million

ps1 pounds per square inch
RP reverse phase

R1 room temperature

rt retention time

SM starting material

Overview-ycheme M1:

O

A~

‘ CH;NO»

SEM 2-(trimethylsilyl)ethoxymethyl
SEM-CI1 (2-chloromethoxyethyl)-trimethylsilane

US 10,385,004 B2

NaClO»
KH,PO,
2-Me-2-Butene
H>O/tBuOH/
EtOAc

Raney/Ni
H>, MeOH
4dbar2h

NO,
/ Aﬂzo
EtsN
\ -

then
HCl(g)

TEMPO (2,2,6,6-tetramethyl-piperidin-1-yl)oxidanyl

TES triethylsilyl
TT1 triflyl, trifluoromethanesulfonyl
TFA trifluoroacetic acid

TFAA trifluoroacetic acid anhydrnde
THF tetrahydrofuran

TLC thin layer chromatography

TMEDA N,N,N'N'-tetramethylethylenediamine

TMS trimethylsilyl
t, retention time
Ts tosyl

TsO tosylate

uPLC Ultra Performance Liquid Chromatography

quintet; m, multiplet.
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Note that in the Examples the numbers of compounds,
such as 1 or 2, are different and separate from the com-
pounds represented by numbers 1n parenthesis above and in
the claims, such as (1) or (2), just to clarily paradigmatically.

5

Example 1: Synthesis of (2R,4S)-4-amino-5-(]1,1'-
biphenyl]-4-yl)-2-methyl-pentanoic Acid chlorohy-

drate

OH

1. H,CO, NaOH,
THF

2. TFAA, DiPEA.
PhCH;

/\ (S) (B)
\/‘ in =
HCI
8

@ NO,
gﬁ/\/
S
3

Y

AcOH

NaBHy4
DMSO

2

OH

Example of catalyst includes (catalysts commercially

available or reported 1n literature)

55

60 g

A

HN N
H

In quoting NMR data, the following abbreviations are 65
used: s, singlet; d, doublet; t, triplet; g, quartext; quint.,

“ry
NH,

CF;

CF;
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-continued

(R)

(R)|
o

fK

S

AN

~

CH;

CH3
O— Sl <
CH3

3
/é \CF

3

US 10,385,004 B2

10

15

20

25

30

35

40

45

50

a) 1-(biphenyl-4-yl)-2-nitroethanol (Compound 2) 55

R

N

from biphenyl-4-carbaldehyde (2)
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CH;NO,
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-continued
OH

)\/ NO2

\

4

L B

Io a solution of 4-biphenyl carboxaldehyde (Sigma-
Aldrich Corporation St. Lous, Mo., USA) (25 g, 137 mmol)
and mitromethane (7.3 mL, 137 mmol) 1n methanol (125
mlL), sodium hydroxide (6.25 g, 164 mmol) in water (21
ml.) was added dropwise by maintaining the internal tem-
perature at 0° C. The reaction mixture was stirred at 0° C. for
5 h. The progress of the reaction was momtored by HPLC.
The reaction mixture was diluted with 1ce-cold water (150
mL) and stirred for 15 min at 0° C. The resultant reaction
mixture was acidified with 6 N HC1 (250 mL) at 0° C. and
stirred for 30 min. The vellow solid precipitated out was
filtered, washed with water and dried under vacuum to get
a yellow solid (23 g). Analysis revealed that the 1solated
material 1s a mixture of compounds 2 and 3. This material
has been used for the next step without any further purifi-
cation.

b) 4-[2-nitroethenyl]biphenyl (Compound 3) from
1-(biphenyl-4-yl)-2-nitroethanol (3)

OH
NOE Aﬂzo
EtzN
-
AN
.
g
@ NO,
XX
.
3

To a solution of the above mixture (23 g, 94.5 mmol,
considered as 1 eq.) in dichloromethane (230 mL) acetic

anhydride (18 mL, 189 mmol) and triethylamine (26 mlL,
189 mmol) were added at 0° C. The reaction mixture was
stirred at room temperature for 16 h. The progress of the

reaction was monitored by TLC. The reaction mixture was

diluted with ice-cold water (100 mL) at 0° C. and concen-
trated under reduced pressure to remove dichloromethane
completely. The brown solid was precipitated out from the
resultant aqueous layer. It was washed with excess of water,
filtered and dried under vacuum to get compound 3 as a
yellow solid (18 g), used for the next step without further
purification.
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¢) 4-(2-nitroethyl)biphenyl (Compound 4) from
4-]2-nitroethenyl|biphenyl (4)

= /ﬁ/ NO AcOH
‘ NaBH,
DMSO
D g ~
s
3
NN
Yy
\/
4

To a solution of compound 3 (10 g, 44.4 mmol) 1n
dimethylsulfoxide (35 mlL) was added acetic acid (5 mlL,
88.8 mmol) followed by sodium borohydride (0.51 g, 13.3
mmol) portionwise (3 lots) at 0° C. and stirred for 90 min.
The progress of the reaction was momtored by TLC. The
reaction mixture was quenched with 1ce-cold water (50 mL)
at 0° C. and extracted with dichloromethane (2x100 mlL).
The combined organic layers were washed with water
(2x100 mL) and saturated brine solution (100 mL), dried
over anhydrous Na,SO, and concentrated under reduced
pressure. The crude material was purified by column chro-
matography on silica-gel using 6% ethyl acetate 1n hexane as
an eluent to atlord compound 4 as a pale yellow solid. Yield:
6 g (26.4 mmol, 34%, over 3 steps).

"H-NMR (300 MHz, CDC1,) 6 1.58 (s, 1H), 3.37 (t, 2H,
J=8 Hz), 4.65 (t, 2H, J=7.5 Hz), 7.263-7.384 (m, 2H), 7.423
(m, 1H), 7.448-7.472 (m, 2H), 7.55-7.59 (m, 2H).

SC-NMR (100 MHz, CDCl,) 8 33.0, 76.14, 127.0, 127 4,
127.6, 128.8, 129.0, 134.7, 140.3, 140.5

d) 4-(2-nitroallyl)-1,1'-biphenyl (35)

NO,
F
‘ 1. H,CO, NaOH, THF
2. TFAA, DiPEA, PhCHx
N ~ N -
Z
4
/\/\l.r A
=

To a solution of compound 4 (10 g, 44.0 mmol) in THF
(100 mL) a solution of NaOH (10%, w/w) was added,
tollowed by a 37% aqueous solution of formaldehyde (37.5
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g, 46.2 mmol) added dropwise at 0° C. The resulting mixture
was stirred at room temperature and the progress of the
reaction was monitored by TLC. Brine was added and the
organic layer was separated, dried over anhydrous Na,SO,
and concentrated under reduced pressure. The crude mate-
rial was dissolved (6 g of target compound estimated) in
toluene and N-ethyl-N-1sopropylpropan-2-amine (diisopro-
pylamine) was added (13.2 ml, 76.96 mmol). To the result-
ing stirring solution 2,2,2-trifluoroacetic anhydride (3.73 g,
26.8 mmol) was added dropwise at 0° C. and the mixture
stirred for 3 h at room temperature. the resulting solution
was purified by flash chromatography (gradient Hex—Hex:
EtOAc, 8:2, v/v) to obtain 3.8 g (24.24 mmol, 55%) of
compound 5

'"H-NMR (300 MHz, CDCl,) & 3.94 (s, 2H), 5.53 (psd.
1H), 6.56 (psd, 1H), 7.30-7.38 (m, 3H), 7.44-7.47 (t, 2H),
7.57-7.60 (m, 4H).

C-NMR (100 MHz, CDCl,) 8 36.1, 119.0, 127.1, 127 4,
127.6, 128.8, 129.4, 134.5, 140.3, 140.6, 157.5.

¢) (2R,45)-5-(]1,1"-biphenyl]-4-y1)-2-methyl-4-nitro-
pentanal (35)

O
N e H
‘/\III/ Catalyst 10%
‘/\/ 7 COH
NF X
; \
F
NO,
O
N (s) (R)
e
6

Screening conditions: To a solution of 4-(2-nitroallyl)-1,
1'-biphenyl (5) (50 mg, 0.21 mmol) in toluene or DMF (1
ml), propionaldehyde (37 DI, 0.522 mmol) 4-nitrobenzoic
acid (8.8 mg, 0.0525 mmol) and catalyst (0.021 mmol, 10
mol %) were added at 10° C. The mixture was stirred at 10°
C. for 48 h.

By using (S)-(-)-a,a-Diphenyl-2-pyrrolidinemethanol
tert-butyldimethylsilyl ether as catalyst a mixture of isomers
enriched 1 compound 6 (96% solution vield; 33% (2R.,4S5);
28% (25,4R); 20% (25,45); 17% (2R,4R)), was obtained.

1) Compound 6 as 2R4S Isomer

'H-NMR (400 MHz, CDCl,) § 1.19 (d, 3H, J=7.5 Hz),
1.98-2.06 (m, 1H), 2.21 (ddd, 1H, J,=3.3, J,=9.8, J,=14.8
Hz), 2.43-2.53 (m, 1H), 3.12 (dd, 1H, J,=5.5, ],=14.3 Hz),
3.31 (dd, 1H, J,=8.8, J,=14.3 Hz), 4.89-4.96 (m, 1H), 7.25
(psd, 2H), 7.33-7.37 (m, 1H), 7.44 (pst, 2H), 7.53-7.59 (m.,
4H), 9.56 (s, 1H).
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SC-NMR (100 MHz, CDCL,) & 14.2, 33.9, 40.0, 42.9,
37.8,126.9, 127.3, 127.5, 128.7, 129.2, 133.9, 140.4, 140 .4,
202.3.

LC-MS: [MH,O]™=315.2 nv/z

Chiral HPLC, 9.00 (2R,4S), 10.17 (25,4S) 12.65 (2R,4R),
14.89 min (25,4R); Column Chiralpak ID 4.6 mm ax250
mm, 5 um Daicel Corporation, Osaka, Japan

25° C.; Hept:EtOAc:CH3CN, 90:8:2

) (2R,48)-5-([1,1'-biphenyl]-4-y1)-2-methyl-4-ni-
tropentanoic Acid

NaClO,
KH,>PO,
2-Me-2-Butene
o
\ H>O/tBuOH/EtOAc
/
7
AN
/

To a solution of compound 6 (492 mg, 1.72 mmol) 1n a
mixture of EtOAc/tBuOH/H,O (1:2:1.5 v/v/v, 20 ml) was

added 2-methyl-2-butene (361 mg, 5.15 mmol). The result-
ing mix was stirred for 1 min and KH,PO, (750 mg, 5.15
mmol) and NaClO, (311 mg, 3.44 mmol) were added. The
mixture was stirred 2 h at room temperature. HC1 3 M (25
ml) was added and the product was extracted with EtOAc
(3*30 ml) and the combined organic phases were filtered on
a pad of MgSO,, and dried 1n vacuum, to obtain 508 mg
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Compound 7 as 2R4S Isomer

"H-NMR (400 MHz, CDCl,) 8 1.27 (d, 3H, J=7.5 Hz),
2.12-2.22 (m, 2H), 2.51-2.57 (m, 1H), 3.12 (dd, 1H, J,=3.5,
I,=14.3 Hz), 3.30 (dd, 1H, J,=8.8, J,=14.3 Hz), 4.92-4.97
(m, 1H), 7.25 (psd, 2H), 7.34-7.3°7 (m, 1H), 7.44 (pst, 2H),
7.53-7.59 (m, 4H).

PC-NMR (100 MHz, CDCl,) & 18.1, 36.0, 36.7, 40.1,
38.0, 127.0, 127.3, 127.5, 128.8, 129.3, 130.8, 140.0, 179.3.

h) (2R,45)-4-amino-3-([1,1'-biphenyl]-4-yl1)-2-
methyl-pentanoic Acid chlorohydrate

Raney/Ni
og Hy MeOH
4dbar2h

then HCl(g}

-

HCI

Compound 6 (considered 508 mg, 1.62 mol) was dis-
solved 1n MeOH (5 ml), and Nickel Raney (30 mg) was
added (washed with MeOH 4 time). The hydrogenation was
carried out 1n endeavour biotage equipment (4 bar, 35° C.,
2 h) and the mixture was filtered on a pad of celite and
washed with MeOH. To this solution was bubbled HCI ,, 1n

turn generated in a separated flask from NaCl and H,SO,.

After 10 min the mixture was dried 1n vacuum, Washed Wlth
DCM/Hexane 1:4 (v/v), to obtain (475 mg, 1.48 mmol) of
solid 1 92% vyield; Analytical data have been compared and
found consistent with those reported into PCT Int. Appl. WO

2008/0839677.

(1.62 mmol, crude yield 94%) of acid 7. Compound 7 was 45 Example 2: Alternative Synthesis of (2R,4S)-4-
consider pure enough and has been used for the next step amino-5-([1,1'-biphenyl]-4-yl)-2-methyl-pentanoic
without any further purification. Acid chlorohydrate
Overview - Scheme MZ:
(‘j B OH B
NO o NO
F ) F )\/ 2 - F /\/ 2
‘ CH3NO, ‘ Et;N ‘
N Xy > ‘/\ AN > ‘/\ A
l 2 3
AcOH
NaBH,
DMSO
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I
NO
=z ‘/\/ :
™
\ Methacroleine \
10 mol% Catalyst ‘
il /
Z
4
6
NaClO»
KH,PO,
2-Me-2-Butene
H>0O/tBuOH/EtOAc
Y
O O
Raney/Ni
R K
PN S ® oy T2 MeOH PaN S ® o
‘ é : A bar’ h ‘ = =
= = - = =
A P NOr T then 7 .
‘ HCl g HCl
P
7 8
Examples of catalysts are: -continued
30
CF,
N
P -
HN N CF;
H
(K)
(R
“'NH, 40
CF,
/@\ 45
N CF;
H
50
CF; 53 CF;
SH 4
PR ~Y L
N CF3 60 ‘ X
H N N N CF;
(R)

NG

/7 \

72N
P
7~
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CF;
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CF;
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AN
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P
=
« |
‘/\ CF;
= ‘ = S
L
A 3 N N CF;
i H H
ITJ %
)‘l\ N/
CF;
PN . P
p )‘t
NN TSN N,
: H H
NH *
HN)\NH2
CF;
S =
HN)‘\E AN \CF3
(R)
®)
N py )
K ~Ph
Ph
~Ph

a) 4-(2-nitroethyl)biphenyl (Compound 4)

This compound 1s synthesized as described 1n Example 1.

b) (2R,45)-5-([1,1'-biphenyl]-4-y1)-2-methyl-4-ni-
tropentanal (35)

NN R
O
‘ Catalyst 10%
e VN >
o
4
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-continued
I
/\ (S) (R)
\/ NO, =
5
Catalyst
CF;
S
M

To a solution of 4-(2-nitroethyl)-1,1"-biphenyl (600 mg,
2.64 mmol) 1n toluene 6 ml, methacroleine (462.6 mg, 6.6
mmol) and catalyst (116 mg, 0.264 mmol, 10 mol %) were
added. The solution was stirred 8 h at 10° C. The crude
material was purified by column chromatography on silica-
gel using 20% ethyl acetate 1n heptane to afford 492 mg
(1.76 mmol, 65% vyield) of a mixture of 1somers enriched 1n
compound 5 (65% vield; 59% (2R.,4S); 17% (25,4R); 15%
(2S5,45); 8% (2R,4R)), as white solid.

Compound 5 as 2R4S 1somer

'H-NMR (400 MHz, CDCl,) 8 1.19 (d, 3H, J=7.5 Hz),
1.98-2.06 (m, 1H), 2.21 (ddd, 1H, J,=3.3, ],=9.8, 1,=14.8
Hz), 2.43-2.53 (m, 1H), 3.12 (dd, 1H, 1,=5.5, ],=14.3 Hz),
3.31 (dd, 1H, J,=8.8, J,=14.3 Hz), 4.89-4.96 (m, 1H), 7.25
(psd, 2H), 7.33-7.37 (m, 1H), 7.44 (pst, 2H), 7.53-7.59 (m.,
4H), 9.56 (s, 1H).

I3C-NMR (100 MHz, CDCL,) & 14.2, 33.9, 40.0, 42.9,

37.8,126.9, 127.3, 127.5, 128.7, 129.2, 133.9, 140.4, 140 .4,
202.3.

LC-MS: [MH,O]™=315.2 m/z

Chiral HPLC: 9.00 (2R.4S), 10.17 (25,4S) 12.65 (2R,4R),
14.89 min (2S,4R); Column Chiralpak ID (Daicel Corpora-
tion, Osaka, Japan) 4.6 mm ox250 mm, 5 um; 25° C.;
Hept:EtOAc:CH3CN, 90:8:2

¢) (2R,4S5)-4-amino-5-([1,1'-biphenyl]-4-y1)-2-
methyl-pentanoic Acid chlorohydrate

(2R,4S5)-5-([1,1'-biphenyl]-4-y1)-2-methyl-4-nitropen-
tanoic acid 7 and (2R,4S)-4-amino-5-([1,1'-biphenyl]-4-vy1)-
2-methyl-pentanoic acid chlorohydrate 8 were then synthe-
sized as described in Example 1, step 1) and step h).

Analytical data have been compared and found consistent
with those reported into PCT Int. Appl. WO 2008/083967.
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Enantiomer Characterization:
X-ray data available for the ester analogues:

Compound Structure X-RAY HPLC rt (min)“

El (R) (S) CO>Et confirmed 9.6

)

NO,

2
</

4

E2 /\ (Sj (R} COzEt CDIlﬁ‘[‘H]ﬁd 5.8
| i,
‘/\/ \/ 2
\/
E3 /\ /\(S)/\(S)rCOEEt NO X-ray availlable 6.4
/I
‘/\/ \/ 2
\/
E4 (R) (R} COzEt CDIlﬁ‘[‘H]ﬁd 13.3

\

NO,

)

{

“heptanes/[PA/EtOH 85:10:5 (v/v/v), flow: 1 ml/min, isocratic, column: chiralcel OD-H, 4.6 x 250 mm

35
Example 3: Preparation of the Nitroester Isomers _continued
_ ‘ ) _
OH
Overview - Scheme M3:
NO
5 A0 2 DMP, DCM
NO,
F
OFt _ _
10
N Xy _ .
DBU, PhCH; 45
/
b S
8 N 5

7
OFLt /\ /\/ NO»
F

50 ‘
] NF
separation 5
N >
/ 55
5 Ethyl 5-([1,1'-biphenyl]-4-v1)-2-methyl-4-nitropen-
OF+ tanoate (9)

To a solution of compound 8 and ethyl methacrylate (1.3
O 1 .pmBAL, THF © equiv.) 1n toluene, DBU (1 equiv.) was added dropwise and
2- MeOH . the mixture was stirred at room temperature for 48 h.
X NH,Cl,,, was added and the mix stirred for 5 min. The
- phases were separated ant the aqueous was extracted with

¢5 BtOAc. The combined organic phases were dried over
El-4 MgSO, and the solvent was removed under vacuum and
submitted to flash chromatography.
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The fractions containing the four 1somers of compound 9

were further purified by preparative chromatography, (Thar
SFC200) (Waters Corporation, Milford, Mass., United

States of America), mobile phase: A: scCO2; B: MeOH,
flow: 200 g/min, conditions: 5% B 1socratic column: chiral-
pak AD-H, 50x250 mm P (Daicel Corporation, Osaka,
Japan). The enantio-enriched compounds E1, E2, E3 and E4
have also been tested for their chiral purnity with chiral
HPLC, mobile phase: heptanes/IPA/EtOH 83:10:5 (v/v/v),
flow: 1 ml/min, conditions: 1socratic column: chiralcel
OD-H, 4.6x250 mm (Daicel Corporation, Osaka, Japan)
(rt=E1: 9.6 min, E2: 5.8 min, E3: 6.4 min, E4: 13.3 min).

The enantio-enriched 1somers E1-4 have been individu-
ally reacted with 5 equivalents of DIBAL 1M solution 1n
THF at 0° C. After 1 h methanol was added at the same
temperature and 15 w % brine solution was added. After the
phase separation the organic phase was concentrated in
vacuum. The residue was dissolved n DCM and Dess-

Martin periodinane (1.1 equiv., DMP) was added. After 45

min hexane was added and the solid filtered o
filtered on a pad of silica af

aldehydes 5.

. The mix was
ording the corresponding

The conditions for obtaining the X-ray data are as fol-

lows:

Temperature 100(2) K

Wavelength 1.54178 A

Crystal system Orthorhombic

Space group P212121

Unit cell dimensions a=5.448(2) A = 90°
b = 8.286(2) A = 90°
c =40.777(12) A = 90°

Volume 1840.8(10) A?
Z 4
Density (calculated) 1.232 g/cm’
Absorption coeflicient 0.696 mm™*
F (000) 728

Crystal size
Theta range for data collection
Index ranges

0.21 x 0.11 x 0.04 mm>
2.17 to 66.57°
—6<=h<=35,-9 <=k <=9,

—48 <=1 <= 48
Reflections collected 53449
Independent reflections 3246 [R{int) = 0.0429]
Completeness to theta = 66.57° 99.5%

Absorption correction
Max. and min. transmission
Refinement method

Data/restraints/parameters
Goodness-of-fit on F?

Final R indices [I > 2sigma(I)]
R indices (all data)

Absolute structure parameter

Extinction coeflicient
Largest diff, peak and hole

Semi-empirical from equivalents
0.9727 and 0.8676
Full-matrix least-squares on F?

3246/0/229
1.112
R1 = 0.0324, wR2 = 0.0826
R1 = 0.0332, wR2 = 0.0831
0.0(2)
0.0042(3)
0.166 and —-0.158 e - A~

Example 4: Manufacture of AHU377 (Sacubitril)

The compound 1s prepared from the compound of the

formula (8-a) given above as described 1n Ksander (Med.
Chem. 1995, 38, 1689-1700; compound 18 in the publica-
tion corresponds to formula (8-a) and 1s converted to
AHU377 and salts thereot).

Alternatively, AHU377 can be manufactured as described
in WO 2008/083967.
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Example 5: Synthesis of Thiourea Catalysts

The following catalysts were synthesized as described
below:

Series 1:

110a
CF;
g )\‘
_ )J\N /\/\CF3
H
®
®)
N,
111a
CF;
S “
Ph HN)‘\N N \CF3
H
®)
®)
Ph “'NH,
112a
CF;
S
N N CF
X I I i
(B)
/ [
\
113a
CF;
S Z
- HN)J\N N \CF3
H
(R)"ffNHZ
114a
CF;
S
HN)J\N CF
Ry 0 i
(R)”#NHQ
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Series 2
CFx
i
[N N CF;
8}
qu/
CF,
S =
)‘l\ N
Ph [IN N CF
N H 3
®
B
Ph r"f;T/
CF;
)Si /
N N X \CF3
T 8}
®)
o N ‘ N\
\ \
CF4
S
HN)‘tN CF
Rle 8} :
(ﬁ)"”fN_
CF;
S
HNJKN CF
Rip I 3
Gﬂ”ﬁ}{———-
CF;
i
\N )

N N CF;
H H

110b

111b

112b

113b

114b

115b
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-continued
CF,

S z=

® N)J\N/ A CF,
H H
N
PN
Series 3:

CF,

\%

>=
/
C

CF;

CF;

\%

>=
4
.

CF;
(®)
®)

\%

HNLE/ NG CF,
CF,
S )\‘
HNJKE/ N\ CF,
®)
®)
J;IN

116b

110c

110d

110e

1101
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Series 4
110k
CF,
S )\
R - )‘l\ R ‘\
. N N % CF»
‘ : i q
J,f}LM\Tﬁﬁrq
N
N
111k
CF;
Ph S )\
Ph R &) #,JLKH ﬂ,fqhhbfflﬁhh
. N N CF-
‘ : 8 8}
g’f}h“\rﬁﬁrq
N
N
1101
CF4
N S )\
R (R)\ )‘l\ R ‘\
NG Ny NN Ny,
i I I
Ph,\P A
ph” |
Ph
1111
CF;
Ph S =
Ph_z, )J\
S N N X \CF3
i 8] I
Ph\P N
ph” |
Ph
110m
CF,
S
A
. N N CF,
: I I
HNYEH
NH,

The members of series 1 can be prepared as follows:
Compounds 110a, 111a (Scheme A) and, 112a (Scheme

HF solution of the chiral

B), were prepared by reacting a T

amine with an equimolar amount of 3,3-bis(trifluoromethyl)

phenyl 1sothiocyanate (119). This

1s followed by chroma-

tography purification of target products 110a, 111a and 112a
obtained 1n good to excellent yield.
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Scheme A - General synthesis of 110aand 111a

NCS
R NH,
»” THE _
(R) 0° C.
R “I'NH, CF; CF;
118: R = —— (CH2)3— 120
119: R = Ph
CF;
S =4
L
N N X CF-
(R)
R "-*;
“NH,
110a: R = — (CH2),—
111a: R = Ph

Scheme B - Synthesis of 112a

NCS
\ (R) 1. THE, 0° C.
NI, = -
w— /Ii 2. HCI, reflux
' CF3 X \CF
120

‘NHBDG 3
122

A
-

N

CF;
S
\ (R) )‘l\
F [ ®)
H,

113a

Compounds 113a and 114a, can easily be prepared from
the common precursor 122. 113a obtained by reacting 122
with 1sothiocyanate 120, followed by acid hydrolysis of the

tert-butyl carbonate protecting group and basic work-up
(Scheme C).

Scheme C - Synthesis of 113a

NC»
1. THE, 0° C.
2\ e
N
120

(£)

N

NH,

R
P

‘ 2. HCI, reflux

/®

NHBoe  CE T e,

3
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CF;
S
\ (&) )'I\
F L Ry
NH,
113a

Compound 114a, was prepared from 122 by acetylation of
the free amine and hydrolysis of the Boc residue. The
compound 123 thus prepared, was treated with 1sothiocya-
nate 120. Catalyst 114a was obtained from following acid
hydrolysis and chromatography purification (Scheme D).

Scheme D - Synthesis of 114a

(R) 1. AcyO, Bi(OTh);

NH, -
2. HCI3 N, 1t

NE
122

30C¢

120

NHAc L THEO°C

2. HCI, reflux

)

‘ \ (R) %

R)
% NH
N

H;

CF;
114a

CF;

The synthesis of the catalysts belonging to series 2 1s
reported 1 Schemes E and F. The monoprotected chiral
diamines 124 and 126 were mitially submitted to reductive
amination by treatment with formaldehyde and sodium
cyanoborohydride. Compounds 125 and 127 thus obtained
were deprotected by acid hydrolysis, while the thiourea
function was 1ntroduced by reaction with 1sothiocyanate 120
using THF as solvent. The corresponding derivatives 111b

and 112b were obtained after flash chromatography in good
yield (Scheme 17).

Scheme E and I - Synthesis of series 111band 112b

_pNHAC 1. H,CO, THF
2. NaBH;CN, AcOH

3. NaOH

-

pre” UNH,

124
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Ph NHAc Scheme G - Synthesis of series 113b and 114b
(R) 1. HCI, EtOH
R > X
S, o 2120 5 ®) 1. 120
Ph” /N THF NH, _
P B 2. HCI
125 "NHBoc
121
10
Ck3
CF;
> 7 1. H,CO, THF
PN 3 2. NaBH;CN
-
%) E E Chs 3 NaOH
(&) L ®
r’f( / ':::"'
Ph /N NH,
20 128
111b
CF;
1. H,CO, THF 25
2. NaBH;CN q =
NHACc
AcOH
NI 3. NaOH ‘ N N CF,
30 N T~
N
126 /
113b
AN 35
N N 1. H,CO, THF
®) NHAe 1 mey, Bron A ® 2. NaBH;CN
. N—  2.120 g NH,  AcUH
"'ﬁr 1 o
o / /7 \ THE 40 / T 3. NaOH
N W "NHBoc
121
127
45
CL3
R )\ S - N/ 1. HCI, EtOH
\ N S / ' . -
‘ ‘ P \ 2120
(R)*':- TI— -
& 50 2
\/ B N N/\/\CFg NHBoc
H H
N—
i = "y \
N X 55 N ®) N/
112b
= (8%, \
e H
HN N N CF;
The synthesis of 114b was performed by a similar pro- \llr ‘
cedure, while 113b required a diflerent approach. First, 1t S P
was reacted with 120 in THF, and subsequently the Boc
protecting group was removed by acid hydrolysis with HCI CF;
6 N. The intermediate 128 was submitted to reductive -
amination by treatment with formaldehyde and sodium g5

cyanoborohydride to obtain the product 113b 1n good overall
yield (Scheme G).
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Series 3

This series was designed combining the chiral scafiold
110 with the tertiary amines corresponding to c-1. The
scallold 110 and different residues on the basic mitrogen
allowed us to explore a small range of pK  values (pK_~10),
the influence of steric bulk and potential additional interac-

tion with the substrates during the formation of the inter-
mediate complex (e.g. hydrogen bounds).

The preparation of this series 1s reported in Scheme H.
Starting from the benzylic protected chiral diamine 129, the
first step 1nvolves of the alkylation of the free amine with the
alkyl halide 1n water/organic mixture at 120° C. This 1s
tollowed by deprotection of the protecting group with HCI
6N at 120° C., leading to compound 130. Both reactions
were performed 1n a microwave apparatus. The last step 1s
the reaction with 1sothiocyanate 120. The pure catalysts
110c-g were obtained by precipitation from an hexane/
EtOAc mixture.

Scheme H - General synthesis for series 3

O
)’I\ 1. R—X
HN Ph Na,(CO3
(&) »
2. HCI
(£ ., microwave
“NI,
129
Rll BT(CH2)4BI'
R5>: Br(CH»),OCH(CH,)5
R3: Br(CHCH3(CH,))>Br
R4: Ph-o-(BrCH,),
Rs: BrCH>Ph
NH»
R
o 120
2., THF
/
130
N OH
N \N AN
130a 130e
N
N
1301
130g
\N
> Ph
Ph

130h
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CF;
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NH N X CF;
(R)
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110¢-h
OH
\N NN
110¢ 110e
AN
N
110f -
110g
\ N
> Ph
Ph
110h
Series 4

The last series were generated combining the chiral
scaffold 110 and 111 with two different moieties: guanidine
and 1minophosphorane. Regarding the preparation of these
compounds, the corresponding primary amines belonging to
series 1 were used as starting materials. The guanidine
derivatives 110k and 111k were synthesized from the reac-
tion of 110a and 111a respectively, with N-[chloro(dimeth-
ylamino )methylene]-N-methylmethanaminium chloride
(131) 1n the presence of triethylamine. Compound 131 was
oxalyl

in turn generated by reacting tetramethylurea and
chloride under Vilsmeyer’s conditions (Scheme I).

Scheme | - General scheme for guanidine based organocatalysts

Cl

CF;
R S )\
SOV
R 2. NaOH g
YT e

NI,
110a R = —— (CHa)y—
111a R = Ph
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CF;

R N
W PN
| = ¥ q

CF;

e
e

110k yield 75%
111K yield 68%

The iminophosphorane-bases 1101 and 1111 were synthe-
s1zed by Staudinger reaction by employing the commercially
available diazo-transier reagent 132 and triphenylphosphine
alfording 1101 and 1111 respectively after filtration of the
precipitated product from the reaction mixture (Scheme K).

Scheme K - General scheme for iminophosphorane based
organocatalysts The second type of guanidine-based catalyst 110m
was synthesized by reacting the commercially available 1,3-bis(tert-

butoxycarbonyl)-2-methyl-2-thiopseudourea (133) with derivative
110a followed by deprotection of the Boc group (Scheme L).

N3
R S = 132
R\/]\ )‘\ GEh
-
: N NN CF; Phs;P
: H H Et,O
NH,
110a R = —— (CHy)y—
111a R = Ph
CFa
R S =
R\/j\ )J\
. N N CF,
Ph\P,;,N
pr” \
Ph
110l R = —— (CHy)y—
1111R = Ph

Scheme 1 - General scheme for iminophosphorane based organocatalysts.

5
CE; Boc /)\ Boc
Ny N
H
S 133
)J\ EtzN
-
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NH,
110a
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-continued

\/\CF3

CF;
)\
X

ZIIIIII-
oz
A
EZ\

PN

HN NH,
110m

In the following, details for the synthesis of catalysts are
provided:
General Methods

All used commercial chemicals were supplied by Sigma-
Aldrich, Merck or Fluka, and all these reagents were used
without further punfication. All reaction were momtored by
analytical thin layer chromatography (TLC), performed on
Merck silica gel 60 F254 precoated aluminum or glass
sheets (0.2 mm) and visualized with UV irradiation (2354
nm). NMR were recorded on 400 MHz instruments. Chemi-
cal shift are given 1n 0 (ppm) relative to TMS, multiplicity
(s=singlet, d=doublet, t=triplet, g=quartet, m=multiplet and
br=broad), relative integral, and coupling constants J (Hz).
General laboratory equipment and materials like Rotavapor
(Bichi), flash-chromatography systems (Biotage). Analyti-
cal high performance liquid chromatography (HPLC) and
Analytic reverse phase high-performance liquid chromatog-
raphy (RP-HPLC) were carried out on Agylent instruments,
using chiral or RP-18 columns (see Appendix A for HPLC
methods). LC-MS were performed in Acquity UPLC/ESI
MS.
Synthesis of the Catalysts
1. General Procedure for 110a, 111a and 112a

Isothiocyanato-3,5-bis(trifluoromethyl)benzene (2.95
mmol, 1 eq) was added via syringe pump (0.5 ml/min) to a
stirred solution of the (1R,2R)-cyclohexane-1,2-diamine
(2.95 mmol, 1 eq) 1n dry THF (15 mL) over a period of 30
min at 0° C., the reaction was stirred for additional 15 h at
room temperature. The solvent was removed and the residue
was purified by flash chromatography on biotage apparatus.

110a

1-((1R,2R)-2-aminocyclohexyl)-3-(3,5-bis
(trifluoromethyl)phenyl)thiourea

CF,
S 7
HN)‘LN/ X CF,
o
®
@
“'NH,

Prepared according to the general procedure 1. Purifica-

tion by tlash column chromatography on silica gel (DCM:
MeOH, from 100:0 to 93:7, v/v) to afford 900 mg of pure

product. (Purity estimated by HPLC=z99%). The product was
obtained as yellow solid 1n 80% vyield

'"H NMR (400 MHz, CDCl,): d (ppm) & 1.25-1.34 (m,
4H), 1.76-1.81 (m, 2H), 1.95 (m, 1H), 1.97-2.03 (m, 1H),
2.07 (m, 1H), 2.66-2.73 (m, 1H), 3.39 (m, 1H), 6.63 (s, 1H),
7.58 (s, 1H), 8.02 (s, 2H).




US 10,385,004 B2

73

“C NMR (100 MHz, CDCL,): (ppm) & 24.3, 31.7, 594,
118.6, 121.3, 124, 132.2-133.2, 138.6, 180.4.

LCMS (ESI): exact mass calculated for [M+H]+
(C15H18F6N3S) requires m/z 386.11, found m/z 386.2.

111a

1-((1R,2R)-2-amino-1,2-diphenylethyl)-3-(3,
S-bis(trifluoromethyl)phenyl)thiourea

CF;
S 7
Ph /HN)I\E/ X CF;
®
Phﬂ “UNH,

Prepared according to the general procedure 1. Purifica-

tion by flash column chromatography on silica gel (DCM:
MeOH, from 100:0 to 93:7, v/v) to aflord 490 mg of pure

product (Purity estimated by HPLC=95%). The product was
obtained 1n 90% vyield, yellow solid.

'"H NMR (400 MHz, DSMO): d (ppm) 6 4.38 (d, 1H, J=8
Hz), 5.50 (d, 1H, J=8 Hz), 7.20-7.45 (m, 10H), 7.71 (s, 1H),
8.32 (s, 2H), 10.58 (s, 1H). **C NMR (100 MHz, DMSO):
(ppm) 0 59.9,63.7,116.3,121.5,122.3,125.0, 127.3, 127 4,
127.5, 128.4, 128.6, 130.5, 141.4, 142.5, 143.4, 180.6.

LCMS (ESI): exact mass calculated for [M+H]+
(C23H19F6N3S) requires m/z 483.47, found m/z 484.2.

112a—(R)-1-(2'-amino-[ 1,1'-binaphthalen]-2-yl1)-3-
(3,5-bis(trifluoromethyl )phenyl)thiourea

CF;
S

] L

N N
H H

CF;

5/ \

NH,

N

oXe

Prepared according to the general procedure 1. Purifica-
tion by flash column chromatography on silica gel apparatus
(Hex:EtOAc, from 100:0 to 75:25, v/v) to afford 990 mg of
pure product (Purity estimated by HPLC=93%). The product
was obtained 1n 68% vield, vellow solid.

"H NMR (400 MHz, CDCl,): d (ppm) & 6.87 (dd, 1H,
J,=1.1 Hz, J,=8.3 Hz), 7.04 (d, 1H, J=8.8 Hz), 7.16 (ddd,
1H, J,=1.5 Hz, J,=6.8 Hz, J,=8.3 Hz), 7.23 (ddd, 1H, J,=1.3
Hz, 1,=6.8 Hz, J,=8.1 Hz), 7.39-7.35 (m, 2H), 7.59-7.53 (m,
3H), 7.62 (s, 1H), 7.72 (d, 2H, J=3.0 Hz), 7.81-7.74 (m, 2H),
8.00 (dt, 1H, J,=1.0 Hz, J,=8.3 Hz), 8.13-8.05 (m, 2H).

“C NMR (100 MHz, CDCL,): (ppm) & 76.7, 77.0, 77.2,
773, 11.9, 118.2, 119.7, 121.4, 122.9, 123.0, 124.1, 124.7,
124.9, 126.1, 126.9, 127.4, 127.5, 128.2, 128.4, 128.5,
129.7, 1304, 132.2 (q), 132.7, 132.9, 133.2, 133.8, 138.7,
141.9, 180.1.
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LCMS (ESI): exact mass calculated for [M+H]+
(C29H19F6N3S) requires m/z 555.2, found m/z 536.2.

110d—1-(3,5-bis(trifluoromethyl)phenyl)-3-((1R,
2R)-2-(piperidin-1-yl)cyclohexyl)thiourea

CF;
N
P}

CF;
®
®)

Prepared according to the general procedure 1. Purifica-
tion by flash column chromatography on silica gel (DCM:
MeOH, from 100:0 to 9:1, v/v) to aflord 900 mg of pure
product. (Purity estimated by HPLC 97%). The product was
obtained as yellow solid 1n 76% vyield.

'H NMR (400 MHz, CDCl,): d (ppm) & 1.49-1.07 (m,
10H), 1.78 (d, 1H, J=8.1 Hz), 1.85 (d, 1H, J=8.1 Hz), 1.95
(d, 1H, J=8.1 Hz), 2.36 (td, 3H, J,=3.9 Hz, J,=11.1 Hz), 2.62
(t, 2H, J=8.2 Hz), 2.73 (s, 1H), 3.75 (td, 1H, J,=4.0 Hz,
J,=10.5 Hz), 7.73 (s, 1H), 7.84 (s, 2H).

"*C NMR (100 MHz, CDCl,): (ppm) & 32.6, 49.6, 56.3,
68.9, 118.8, 119.0, 119.1, 119.2, 121.5, 124.3, 124.6, 127.0,
132.6 (q), 139.7, 182.

LCMS (ESI): exact mass calculated for [M+H]+
(C20H25F6N3S) requires m/z 453.5, found m/z 434.3.

113a—1-((1R,2R)-1-amino-2,3-dihydro-1H-1nden-2-
y1)-3-(3,5-bis(trifluoromethyl)phenyl) thiourea

CF;

S

PR

HN N Chj
H

(R) g

®) oy NH,

To a solution of 890 mg of 121 1n 15 ml THEF, a solution
of 1sothiocyanate (1.069 g, 3.94 mmol) in 5 ml of THF at 0°
C., was added drop-wise via syringe pump (0.5 ml/min),
stirring 5 h (until room temperature). The crude was con-
centrated under reduced pressure. It was suspended on 5 ml
H20, HC1 6 N (10 ml) was added and stirred overnight. The
suspension was dissolved, heating (reflux), stirred 1 h. Whaite
crystals were formed from the solution at room temperature,
and they were filtered. 1Pr,O (10 ml) were added to remove
lipophilic impurnties, and the solid was filtered. Saturated
solution of sodium bicarbonate (20 ml) and ethyl acetate
were added, stirred 3 h. Aqueous phase was than extracted
with EtOAc (2*20), and the organic phases were collected
and dried with MgSO, and concentrated under reduced
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pressure. 1.15 g of pure product were obtained (69% vyield),
analized by NMR, HPLC and LC-MS.

'"H NMR (400 MHz, CDCl,): d (ppm) & 2.98 (dd, 1H,
J1,=10.1 Hz, 1,=15.3),3.43 (dd, 1H, J,=15.1 Hz, J,=8.3 Hz),
4.32-4.17 (m, 1H), 4.41 (d, 1H, J=7.9 Hz), 6.96 (s, 1H),
7.45-7.22 (m, 4H), 7.65 (s, 1H), 8.19 (s, 2H), 12.72 (s, 1H),

“C NMR (100 MHz, CDCL,): (ppm) & 36.5, 64.5, 65.3,
121.8, 123.0, 123.5, 124.8, 128.1, 128.7, 131.7 (q), 137.9,
141.7, 143.1, 182.6.

LCMS (ESI): exact mass calculated for [M+H]+
(C20H25F6N3S) requires m/z 419.4, found m/z 420.2.

115a—1-((1R,2R)-2-amino-2,3-dihydro-1H-1nden-1-
y1)-3-(3,5-bis(trifluoromethyl)phenyl) thiourea

CF,
S )\

I

CF;

NH,

To a solution of 121 (1.0 g, 4.03 mmol) 1 10 ml of
dichloromethane, 0.62 ml (0.669 mg, 6.5 mmol) acetic

anhydride and bismuth triflate (118 mg, 0.2 mmol) were
added. The solution turn from red to brown, stirred for 2 h.
HPLC showed the formation of a product, quantitative. HCI
3N was added and stirred overnight. NaOH 2N (30 ml) was
added to the aqueous phase which extracted with EtOAc
(3*40 ml). The organic phase was dried with MgSO4,
filtered and concentrated under reduced pressure. 800 mg of
product were obtained as yellow solid. It has been used
directly for the step 2 and the product from step 1 was
dissolved on 15 ml of THF. A solution of isothiocyanate
(1.092 mg, 4.03 mmol) 1in 5 ml of THF was added drop wise
and stirred 2 h. The reaction mixture was concentrated under
reduced pressure, then HCI 6 N (5 ml) and EtOH (10 ml)
were added to the brownish solid. The suspension was
dissolved at reflux, 24 h, with magnetic stirring. The reaction
was monitored by HPLC. The solution was cooled at rt. and
small crystals were formed. The crystals were filtered to
obtain a yellow solid. The solid was dissolved in NaOH (50
ml), and the solution was extracted with EtOAc (50%3),
dried with MgSO4 and concentrated under reduced pressure

to obtain 710 mg of white powder (overall yield 42%).
Product was analyzed by HPLC, NMR and LC-MS.

'"H NMR (400 MHz, CDCL,): 8 (ppm) & 2.69 (dd, 1H,
J,=9.3 Hz, 1,=15.6), 3.40 (dd, 1H, J,=8.2 Hz, J,=15.8 Hz),
3.67 (q, 1H, J=8.5 Hz), 5.06-4.85 (m, 1H), 6.67 (s, 1H),
7.16-7.08 (m, 1H), 7.41-7.22 (m, 2H), 7.55 (s, 1H), 8.09 (s,
2H), 12.37 (s, 1H).

“C NMR (100 MHz, CDCL,): (ppm) & 41.9, 62.9, 67.3,
117.9, 123.0, 123.3, 124.9, 128.03, 129.3, 131.8, 138.3,
139.8, 141.8, 182.6.

LCMS (ESI): exact mass calculated for [M+H]+
(C18H15F6N3S) requires m/z 419.3, found m/z 420.1.

2. General Procedure for 111b and 112b

SM (3.93 mmol, 1 eq) was suspended in CH,CN (20 ml),
stirred 15 min, and aqueous HCOH (19.6 mmol, 5 eq) was
added and stirred 15 min. The suspension became a solution

and NaCNBH, (7.86 mmol, 2 eq) was added, stirring 5 h.
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AcOH (2 ml) was added and after 2 h of magnetic stirring
the solution was dilute with 2% MeOH-DCM (50 ml),

washed with NaOH 1 N (3*40 ml) and dried by MgSO,, and
concentrated under reduced pressure. A brownish oil was
obtained and 1t was used directly for the step 2. It was
dissolved 1n EtOH (15 ml) and HCI 6 N (5 ml) was added
in a microwave vial (20 ml). The solution was heated at 120°
C. for 3 h. NaOH 2 N (40 ml) was added and the solution
was extracted with EtOAc (3*30 ml), dried by MgSO, and
concentrated under reduced pressure to obtain a brownish o1l
which was employed directly for the Step 3. To a solution of
crude m THF (20 ml), under nitrogen atmosphere, and
stirring 10 min as suspension, 1sothiocyanate (3.93 mmol, 1
eq) was added. After stirring 1 h, a yellow solution was
obtained. The reaction mixture was concentrated under
reduced pressure, to obtain a yellow oil.

111b—1-(3,3-bis(trifluoromethyl)phenyl)-3-((1R,
2R)-2-(dimethylamino)-1,2-diphenylethyl) thiourea

CF;
)\

S
ALK
H

Ph
(K)
(K) o
"#N e

Ph ‘

Prepared according to the general procedure 2. The crude
was dissolve 1n EtOAc:Hex (20 ml), 2:3, v/v, stirring 1 h,
until the formation of a fine precipitate which has been
filtered. The liquid phase was purified by tlash chromatog-
raphy (biotage apparatus) (Hex:DCM from 100:0 to 8:2) to
obtain 695 mg of product 111b (overall yield 36%). The
reaction product was analyzed by HPLC (299%), NMR and
LC-MS
"HNMR (400 MHz, CDCL,): 6 (ppm) 6 2.13 (s, 1H), 3.76
(d, 1H, J=10.9 Hz), 5.20 (s, 2H), 5.34 (s, 1H), 6.99 (dd, 2H,
I.=2.4 Hz, 1,=6.7 Hz), 7.05 (s, 5H), 7.17-7.14 (m, 2H), 7.59
(s, 1H), 7.66 (s, 2H), 8.35 (s, 2H).

*C NMR (100 MHz, CDCL,): (ppm) 8 40.5, 53.4, 59.4,
74.0, 119.0, 121.6, 123.6, 124.3, 127.8, 128.6, 129.9, 131.3,
132.4, 139.1, 180.5.

LCMS (ESI): exact mass calculated for [M+H]+
(C25H23F6N3S) requires m/z 511.5, found m/z 513.2.

112b—(R)-1-(3,3-bis(trifluoromethyl)phenyl)-3-(2'-
(dimethylamino)-[1,1'-binaphthalen]-2-yl) thiourea

CF;

CF3

CF;
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Prepared according to the general procedure 2. Hex:DCM
from 100:0 to 8:2 to obtain 702 mg of product C2 (overall
yield 36%). The reaction product was analyzed by HPLC
(z97%), NMR and LC-MS

"H NMR (400 MHz, CDCL,): d (ppm) & 2.47 (s, 6H), 5.21
(s, 2H), 6.82 (d, 1H, J=8.5 Hz), 7.02 (ddd, 1H, J,=1.4 Hz,
I1,=6.6 Hz, J;=8.3 Hz), 7.23-7.13 (m, 2H), 7.34-7.25 (m,
2H), 7.51-7.38 (m, SH), 7.64 (d, 1H, J=8.7 Hz), 7.75 (d, 1H,
J=8.1 Hz), 7.90 (t, 2H, J=8.0 Hz), 7.99 (d, 1H, J=8.6 Hz), o
8. 27 (s, 1H).

SC NMR (100 MHz, CDCL,): (ppm) & 43.1, 52.4, 117.8,

117.9, 120.5, 121.9, 122.9, 123.0, 123.2, ,239 125.8,
126.2, 126.5, 127.4, 127.5, 128.9, 129.0, 129.5, 130.2,
130.6, 130.9,, 131.0,, 131.2,, 131.95 132.2,1 132.3, 133.0,,
138.6, 149.0, 178.8.

LCMS (ESI): exact mass calculated for [M+H]+

(C31H23F6N3S) requires m/z 583.59, found m/z 585.2.

113b—1-(3,5- ;
2R)-1-(dimethylamino)-2,3-dihydro-1H-inden-2-vyl)
thiourea
CF,
| /é
- )‘t . NN CF,
H
(R)*’*WN .

To a solution of SM (4.0 g, 16 mmol) in THF (50 ml), a
solution of 1sothiocyanate (4.8 g, 17.7 mmol) in THF (10 ml)
at 0° C. was added drop-wise via syringe pump (0.5 ml/min).
The solution was stirred 30 min until room temperature was
reached. The crude was concentrated under reduced pressure
and employed directly for the step 2. The crude from was
suspended on H,O (20 ml) and dissolved at reflux. HC1 6 N
(10 ml) was added stirring overnight. White crystals were
formed from the solution at room temperature, and they
were filtered. NaOH 2 N (30 ml) solution and EtOAc (20 ml)
were added; the biphasic system was stirred 30 min. Aque-
ous phase was than extracted with EtOAc (3*20 ml) and all
organic phases were dried with MgSO, and concentrated
under reduced pressure. 6,450 g of pure product were
obtained The solid obtained from step 2 was suspended on
CH,CN (100 ml) and stirred 15 min. Aqueous HCOH (37%)
(2.42 g, 80.5 mmol) was added, stirred 15 min and the
suspension became a solution. NaCNBH, (2.025 g, 32.2
mmol) were added, stirs 6 h, and AcOH (5 ml) was added
drop-wise and stirred 20 min. The reaction was dilute with
2% MeOH-DCM (100 ml), washed with NaOH 1 N (3*50
ml), dried by MgSO,, and concentrated under reduced pres-
sure. A yellowish solid (5.68 g) were obtained; it was
dissolved on MeOH (10 ml) and precipitated as yellowish
product (1,958 g, Punty=97%; 2,562 g=75% and 1.130
og>40% (by HPLC)).

"HNMR (400 MHz, CDCL,): d (ppm) & 2.67 (s, 6H), 2.90
(dd, 1H, J,=9.3 Hz, J,=15.7 Hz), 3.47 (dd, 1H, J,=8.8 Hz,
J,=15.7 Hz), 4.50-4.36 (m, 1H), 4.52 (d, 1H, J=7.4 Hz),
6.83-6.68 (m, 1H), 7.45-7.28 (m, 4H), 7.65 (s, 1H), 8.12 (s,
2H), 13.05 (s, 1H).

“C NMR (100 MHz, CDCL,): (ppm) & 36.7, 41.4, 60.0,
117.9, 121.8, 123.1, 124.5, 125.5, 127.2, 128.8, 131.7,
136.9, 139.3, 141.9, 182.6
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LCMS (ESI): exact mass calculated for [M+H]+
(C20H19F6N3S) requires m/z 44°7.4, found m/z 448.2.

114b : ;
2R)-2-(dimethylamino)-2,3-dihydro-1H-1nden-1-yl)
thiourea
CFx
S ﬁ
. )L N N CF,
H
(Rj”iffN_

/

To a solution of SM (1.5 g, 6.04 mmol) in CH3CN (30
ml), aqueous formaldehyde (37%) (3 ml) was added at room
temperature, stirring 15 min. NaBH3CN (760 mg, 12.08
mmol) was added to the solution and 1t was stirred 2 h.
AcOH (2 ml) was added and the solution was stirred for 2
h. Afterwards, the reaction was diluted with 2% MeOH-
DCM (80 ml), washed with NaOH 1 N (3*50) and dried by
MgS04 and concentrated under reduced pressure. Brownish
o1l was obtained and 1t was employed directly for the step 2.
The crude from step 1 was dissolved 1n EtOH (10 ml) and
HCI1 6 N (5 ml) was added 1in a microwave vial (20 ml). The
solution was heated at 120° C. for 45 minutes. NaOH 2 N
(40 ml) was added and the solution was extracted with
EtOAc (25 ml*3), dried by MgS0O4 and concentrated under
reduced pressure to obtain a brownish o1l which was
employed directly for the Step 3. To a solution of crude from
step 2 1in THF (10 ml), under nitrogen atmosphere, and
stirring 10 min as suspension, 1sothiocyanate (1.64 g, 6.04
mmol) was added. After stirring 30 min, a yellow solution
was obtained. The reaction mixture was concentrated under
reduced pressure, and purified by flash chromatography on
biotage apparatus (Biotage EU Customer Service, Uppsala,
Sweden) (DCM:MeOH from 100:0 to 98:2). 1.5 g of pure
product were obtained as white powder (overall yield 56%)

The reaction product was analyzed by HPLC (297%),
NMR and LC-MS

'H NMR (400 MHz, CDCl,): d (ppm) & 2.45 (s, 6H),
3.11-2.89 (m, 2H), 3.69 (q, 1H, J=8.5 Hz), 5.14 (dd, 1H,
J,=4.5Hz, J,=7.6 Hz), 6.59 (d, 1H, J=4.0 Hz), 7.20-7.23 (m,
2H), 7.26-7.29 (m, 2H), 7.40-7.32 (m, 1H), 7.55 (t, 1H,
J=1.5 Hz), 8.03 (d, 2H, J=1.7 Hz), 12.71 (s, 1H).

C NMR (100 MHz, CDCL,): (ppm) 6 25.5, 40.9, 53.4,
62.6, 75.6, 117.8, 122.8, 123.5, 125.7, 128.0, 129.5, 131.7,
137.6, 139.9, 142.0, 182.5.

3. General Procedure for Series 3

128 (4.58 mmol, 1 eq), R-X (11.9 mmol, 2.5 eq), K,CO,
(11.9 mmol, 2.5 eq) and water (18 ml) were added 1n a
microwave vial. The reaction tube was placed in a micro-
wave synthesis system and operated at 120° C. for 35 min.
After completion of the reaction (monitored by HPLC and
LC-MS), the organic portion was extracted imto EtOAc
(3*20 ml) and the solvent was removed under reduced
pressure to obtain a yellowish solid, which was employed
directly for the step 2 The crude and HCI 6 N (10 ml) were
added 1n a microwave vial (10-20 ml). The reaction tube was
placed 1n a microwave synthesis system and operated at
150° C. for 1 h. After completion of the reaction (monitored
by HPLC and LC-MS), the organic portion was extracted
into DCM (3*10 ml) (HPLC showed the presence of benzoic
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acid). The organic phase was wash with HCI 2 N (3*10 ml)
and the aqueous phase (3*15 ml) was concentrate under
reduced pressure and washed with MeOH, to obtain yel-
lowish o1l, which was used directly for the step 3. To the
crude from step 2, THF (30 ml) and Et3N (1.5 ml) were
added to obtain a white suspension and let stir for 30 mun.
3,5-bis-trifluoromethyl-1sothiocianate (4.58 mmol, 1 eq) 1n
THF (15 ml) was added drop-wise and stirred 2 h. The
reaction was monitored by HPLC and LC-MS. The reaction
mixture was filtered to remove triethylammonium salts; the
organic phase was washed with NaOH 1 N (30 ml) and
concentrated under reduced pressure to obtain a brownish
oi1l. The crude was purified by flash chromatography on
Biotage apparatus.

2R)-2-(pyrrolidin-1-yl)cyclohexyl)thiourea

CF;

CF;

2

®)
®)

Prepared according to the general procedure 3. Purifica-
tion by flash column chromatography on silica gel appara-
tus, DCM:MeOH from 100:0 to 95:3, to obtain 921 mg of
final product. Overall yield 46%. (Purity=98%, estimated by
HPLC). The reaction has been monitored by NMR and
LC-MS.

"HNMR (400 MHz, DMSO-d,): d (ppm) & 1.37-1.14 (m,
4H), 1.53-1.38 (m, 1H), 1.70-1.57 (m, 1H), 1.85-1.70 (m,
5H), 1.97-1.87 (m, 1H), 2.14-2.02 (m, 1H), 2.89 (s, 4H).

4.39 (s 1H), 7.72 (s, 1H), 8.27 (s, 2H), 8.50 (s, 1H), 10.31
(s, 1H).

“C NMR (100 MHz, DMSO-d,): (ppm) & 34.5, 47.2,
53.3,118.4,119.1,119.2, 1194, 121.7,125.2, 127.1, 127.3,
132.4, 138.6, 182.

LCMS (ESI): exact mass calculated for [M+H]+
(C19H23F6N3S) requires m/z 439.5, found m/z 441.2.

cyclohexyl)-3-(3,5-bis(trifluoromethyl) phenyl)thio-
urea
CF;
S =4 ‘
HN)J\N/ XN CF,
H
(£)
Bl OH
*II;N/\/

P
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Prepared according to the general procedure 3. Purifica-
tion by tlash column chromatography on silica gel apparatus
Hep:EtOAc from 100:0 to 8:2, to obtain 633 mg of final
product. Overall yield 30% (Purity=z93%, estimated by
HPLC). The reaction has been momitored by NMR and
LC-MS.

'"H NMR (400 MHz, DMSO-d,): d (ppm) 6 1.30-1.04 (m,
4H), 1.67-1.55 (m, 1H), 1.80-1.68 (m, 1H), 1.92-1.82 (m,
1H), 2.30 (s, 1H), 2.74-2.56 (m, 3H), 3.47-3.33 (m, 4H),
4.26 (s, 2H), 7.73 (s, 1H), 7.83 (s, 1H), 8.27 (s, 2H), 10.00
(s, 1H).

13C NMR (100 MHz, DMSO-d,): (ppm) & 24.5, 25.5,
32.5, 53.4, 55.6, 61.0, 116.4, 122.4, 125.1, 130.7, 142.5,
179.8.

LCMS (ESI): exact mass calculated for [M+H]+
(C19H25F6N302S) requires m/z 473.2, found m/z 474 .3.

1101—1-(3,5-bis(trifluoromethyl)phenyl)-3-({1R,
2R)-2-(2,5-dimethylpyrrolidin-1-yl)cyclohexyl)
thiourea

Chj

CF;

Prepared according to the general procedure 3. Purifica-
tion by flash column chromatography on silica gel appara-
tus, DCM:MeOH from 100:0 to 95:3, to obtain 921 mg of
final product. Overall yield 46%. Overall yield 30% (Pu-
rity=98%, estimated by HPLC). The reaction has been
monitored by NMR and LC-MS.

'H NMR (400 MHz, DMSO-d,): d (ppm) & 0.89 (s, 3H),
0.91 (s, 3H), 1.04-1.23 (m, 4H), 1.26-1.42 (m, 3H), 1.71-
1.82 (m, 4H), 2.02 (m, 1H), 2.75 (dt, J,=7.5 Hz, 1,=28.2 Hz,
1H), 2.82-2.91 (m, 1H), 3.19 (m, 2H),, 3.96 (dt, J,=7.5 Hz,
1,=26.9 Hz, 1H), 7.74 (s, 3H)

13C NMR (100 MHz, DMSO-d,): (ppm) & 19.9, 24.7,

26.0,27.3,31.1,32.8,57.0,58.9,120.3,122.1, 124, 9, 125.0,
133.9, 139.5, 181.5.

R,2R)-2-(1soindolin-2-yl)cyclohexyl)thiourea

Prepared according to the general procedure 3. Purifica-
tion by flash column chromatography on silica gel DCM:

MeOH from 100:0 to 95:5, to obtain 521 mg of final product.
Overall yield 24% (Purnity=96%, estimated by HPLC). The
reaction has been monitored by NMR and LC-MS.
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CF;

CFE3

\
Z

(&)
(&)

{

"H NMR (400 MHz, DMSO-d,): d (ppm) 8 1.40-1.13 (m,
SH), 1.55-1.40 (m, 1H), 1.71-1.58 (m, 1H), 1.77 (d, J=9.1
Hz, 1H), 1.90 (d, 1H), 2.18 (d, J=97.5 Hz, 1H), 3.03-2.77
(m, 1H), 4.23-3.91 (m, 4H), 4.33 (s, 1H), 7.22 (ddd, J,=3.2
Hz, 1,=5.6 Hz, 1,=22.4, 4H), 7.6'7 (s, 1H), 8.17 (s, 2H), 8.29
(d, I=7.8 Hz, 1H), 10.03 (s, 1H).

“C NMR (100 MHz, CDCL,): (ppm) & 23.8, 27.1, 25.7
32.7, 53.6, 55.3, 61.4, 119.9, 121.1, 127.5, 128.6, 132.1,
133.2, 139.9, 180.7.

LCMS (ESI): exact mass calculated for [M+H]+
(C23H23F6N3S) requires m/z 487.5, found m/z 489.2.

2R)-2-(dibenzylamino)cyclohexyl)thiourea

CF;

7
AN

N N CF
y 1 3
(R
(R

"”fIN /\/\
P

<
F

Prepared according to the general procedure 3. Purifica-
tion by flash column chromatography on silica gel Hep:
EtOAc from 100:0 to 8:2, to obtain 988 mg of final product.
Overall yield 39% (Purity=95%, estimated by HPLC). The
reaction has been monitored by NMR and LC-MS.

'"H NMR (400 MHz, CDCL,): d (ppm) & 0.88 (qd, 1H,
J1,=3.9 Hz, 1,=13.3 Hz), 1.08 (qt, 1H, J,=3.6 Hz, J,=13.1
Hz), 1.34-1.23 (m, 2H), 1.63 (d, 1H, J=13.4, 3.2 Hz), 1.79
(d, 1H, J=12.0 Hz), 2.04 (d, 1H, J=12.2 Hz), 2.33 (td, 1H,
J,.=3.3 Hz, J,=11.3 Hz), 2.55 (d, 1H, J=11.8 Hz), 3.25 (d,
2H, J=13.1 Hz), 3.68 (d, 2H, J=13.2 Hz), 4.13-3.99 (m, 1H),
6.16-6.00 (m, 1H), 7.04-6.94 (m, 4H), 7.15-7.04 (m, 6H),
7.61 (s, 2H), 7.65 (s, 1H),

“C NMR (100 MHz, CDCL,): (ppm) & 23.2, 24.5, 25.3
32.3, 533, 558, 61.0, 119.3, 121.4, 124.0, 127.2, 128.4,
129.8, 132.5, 132.8, 133.5, 139.5, 180.7.

LCMS (ESI): exact mass calculated for [M+H]+
(C29H29F6N3S) requires m/z 565.8, found m/z 568.3.

4. General Procedure for 110k and 111k

110a (5 mmol, 1 eq) was dissolved 1n ACNL (10 ml) and
stirred 15 min. Reagent 130 (1.2 eq) was dissolved in ACNL
(12 ml) and added drop-wise at —-10° C., stirring for 3 h.
NaOH (2 eq) in water (20 ml), and EtOAc (30 ml) were
added and stirred 10 min. The organic phase was dried over
MgSO, and concentrated under reduced pressure.
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13 -N-

methylmethanaminium chloride

Cl

\+)\ ~

N N
o |

The synthesis of the guanidine-based organocatalysts was
performed preparing first the reagent 130 under Vilsmeyer’s
condition, and 1t was then employed 1n synthesis of A12 and
B12. To a solution of tetramethylurea (0.71 mmol, 1 eq) 1n
Et,O (5 ml), stirred 5 min, oxalylcloride (3.55 mmol, 5 eq)
dissolved 1n Et,O (5 ml) was added drop-wise. The solution
was stirred overnight and the product precipitated as white
solid. The solid has been washed with Et20 (3*15 ml),

without getting dry.

ene)amino )cyclohexyl)-3-(3,5-bis (trifluoromethyl)
phenyl)thiourea

CF;

CF;

Prepared according to the general procedure 4. The crude
was purified by RP-flash chromatography (H O:ACNL

from 8:2 to 1:1) To obtain 262 mg of 110k in 78% yleld
(purity>93% estimated by HPLC)

'"H NMR (400 MHz, CDCl,): § (ppm) & 1.25-1.34 (m,
4H), 1.76-1.81 (m, 2H), 1.95 (m, 1H), 1.97-2.03 (m, 1H),
2.07 (m, 1H), 2.72 (m, 12H), 3.39 (m, 1H), 6.63 (s, 1H), 7.58
(s, 1H), 8.02 (s, 2H).

“C NMR (100 MHz, CDCL,): (ppm) 8 24.3, 31.7, 39.2,
59.4, 118.6, 121.3, 124, 132.2-133.2, 138.6, 180.4.

ene)amino )-1,2-diphenylethyl)-3-(3,5-b1s (tritfluo-
romethyl)phenyl)thiourea

CF4
Ph S Z
. N N CF4
‘ : 0 I
/NYN
N
TN
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Prepared according to the general procedure 4. The crude
was purified by RP-flash chromatography (H,O:ACNL,

from 8:2 to 1:1) To obtain 149 mg of 110k 1n 63% yield
(purity>96% estimated by HPLC)

"H NMR (400 MHz, DMSO): d (ppm) & 2.65 (s, 12H),
4.38 (d, 1H, J=8 Hz), 5.50 (d, 1H, J=8 Hz), 7.20-7.45 (m,
10H), 7.71 (s, 1H), 8.32 (s, 2H), 10.58 (s, 1H).

“C NMR (100 MHz, DMSO): (ppm) 0 34.4, 59.9, 63.7,
116.3, 121.5, 122.3, 125.0, 127.3, 1274, 127.5, 1284,
128.6, 130.5, 141.4, 142.5, 143.4, 180.6.

5. General Procedure 1101 and 1111

To a solution of 110a (0.4 mmol, 1 eq) dissolved 1n DCM
(20 ml) 2-azido-4,5-dihydro-1,3-dimethyl-1H-1midazolium
hexafluorophosphate (0.46 mmol, 1.15 eq) and triethylamine
(2 mmol, 5 eq) were added and the solution was stirred 30
min. The reaction was quenched with NaHCO, (20 ml), then
extracted with DCM (3*20 ml), washed with water, satu-
rated brine, and dried over MgSO,. The organic phase has
been concentrated, without reaching dryness. Et,O (5 ml)
was added and a solution was formed. Triphenylphosphine
(0.4 mmol, 1 eq) was dissolved i Et,O (5 ml) and added
drop-wise to the reaction. The solid formed was dissolved 1n
MeOH and purified by SFC.

1101 1-(3,3-bis(trifluoromethyl)phenyl)-3-((1R,2R )-
2-((triphenylphosphoranylidene)amino) cyclohexyl)
thiourea

(£0)
(£)

CF,
S /]\‘
ALK,
I A

Ph N

NP
ph” |
Ph

Prepared according to the general procedure 3.

'"H NMR (400 MHz, CDCL,): d (ppm) & 1.08-0.90 (m,
1H), 1.40-1.15 (m, 4H), 1.59-1.41 (m, 3H), 1.75-1.63 (m,
1H), 2.11-1.98 (m, 1H), 2.94-2.79 (m, 1H), 3.84-3.67 (m,
1H), 7.38-7.31 (m, 1H), 7.76-7.43 (m, 18H),

“C NMR (100 MHz, CDCL,): (ppm) & 24.2, 25.0, 32.8,
37.5, 62.1, 66.0, 115.6, 121.9, 124.6, 128.4, 130.9, 131.9,
132.9, 144.0, 183.2

LCMS (ESI): exact mass calculated for [M+H]+
(C33H30F6N3PS) requires m/z 645.6, found m/z 646.5.

1101—1-(3,5-bis(trifluoromethyl)phenyl)-3-((1R,
2R)-1,2-diphenyl-2-((triphenylphosphoranylidene)

amino )ethyl)thiourea
CF;
Ph S
(£)
. N N Ck3
Ph ~ N = N
ph” |
Ph
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Prepared according to the general procedure 3.

'H NMR (400 MHz, CDCL,): 8 (ppm) 6 4.43 (dd, 1H,
J,=8.8 Hz, J,=13.7 Hz), 5.06 (d, 1H, J=8.6 Hz), 7.01-6.84
(m, 7H), 7.22-7.05 (m, SH), 7.63-7.37 (im, 25H), 8.23 (s, 1H)

C NMR (100 MHz, CDCL,): (ppm) & 60.7, 69.2, 116.5,
123.2, 1237, 124.6, 125.6, 126.4, 128.4, 128.6, 128.7,
129.2, 131.9, 133.0, 1404, 144.1, 157.2, 178.2.

LCMS (ESI): exact mass calculated for [M+H]+
(C41H32F6N3PS) requires m/z 74°7.7, found m/z 748.9.

110m—1-(3,5-bis(trifluoromethyl)phenyl)-3-((1R,

2R)-2-guanidinocyclohexyl)thiourea

CF,
S 2
ol M A
(R)
N N CF,
: B I
HNYI_\TH
NIL

SM (1 g, 2.595 mmol) and DIPEA (0.671 g, 5.19 mmol)
were dissolved i DCM (25 ml), stirred 10 min. 1,3-Bis
(tert-butoxycarbonyl)-2-methyl-2-thiopseudourea (1.5 g,
5.19 mmol) were dissolved n DCM (25 ml) and added
drop-wise to the mixture and stirred 16 h, reflux. The crude
has been washed with water, dried with MgSO4, and con-
centrated under reduced pressure. The itermediate 1 was
dissolved in EtOH (15 ml) and HC1 6 N (10 ml) were added,
stirring 3 h, reflux. NaOH 2 N (60 ml) was added and stir 10
min. The mixture was extracted with EtOAc (3*40 ml),
washed with brine, dned with MgSO4 and concentrated
under reduced pressure. The mixture was purified by flash
chromatography to obtain 935 mg of product in 84% overall
yield (Purity estimated by HPLC>97%).

'"H NMR (400 MHz, CDCL,): d (ppm) 6 1.06-1.18 (m,
1H), 1.26-1.42 (m, 2H), 1.50-1.65 (m, 5H), 3.7-3.75 (m,
1H), 3.82-3.89 (m, 1H), 7.95 (s, 1H), 8.01 (s, 2H)

C NMR (100 MHz, CDCL,): (ppm) & 29.3, 29.8, 55.5,
56.9,118.9,119.9, 121.6, 122.6, 124.3, 126.9, 131.9, 139.6,
156.7, 179.3.

LCMS (ESI): exact mass calculated for [M+H]+
(C16H19F6N5S) requires m/z 4277.4, found m/z 429.1.

The mvention claimed 1is:
1. A compound of formula (1), or a salt thereof,

(1)
N\

Z
\/

0 l‘w

O O

wherein R1 1s hydrogen or C,-C.-alkyl.
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2. The compound of the formula (1) according to claim 1 6. A process for the manufacture of a compound of
represented by formula (1-a), formula (1),

1)
(1-2) /\‘
N

XA
‘ 10
\/\ o O
(S) I‘T R
0 0
N (R} “SRI O O
(‘3 0O 1> wherein R1 is hydrogen, or a salt thereof, comprising,
oxidizing a compound of formula (2),

wherein R1 1s hydrogen or C,-C,-alkyl.
3. A compound of formula (2), - (2)

(2)

R
‘ 25
NN
N

| e

A |

O O,
_ 30
| ‘ in the presence of an oxidant.
O 0 7. The process according to claim 6, further comprising
| the step of simultanecously or separately esterifying the
25 obtained compound of formula (1), or a salt thereof, wherein

4. The compound of formula (2) according to claim 3 R1 1s hydrogen, with a Cl'CG'a!iphati? alcohol, to yield a
represented by formula (2-a), compound of formula (1) wherein R1 1s C,-Cg-alkyl.

8. A process for the manufacture of a compound of
Formula (2),

(2-a) 40

RN 2)
| AN
N

N

45 \/\/\
AN

X

0 169 N
~ N+~.:~“ (R)
| N
O O. 50 Iﬂﬁ ‘
O 0,

5. A compound of formula (7),
comprising, reacting a compound of formula (3),

55
(7)
/\‘ 3)
.
\/\/\‘ 60 /\‘
N
N P S

NO,.
65 \NOZ,
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or a reactive derivative thereof, 1n the

presence ol an organocatalyst suitable for a Michael
reaction, wherein the organocatalyst i1s selected from
the group consisting of those represented by the fol-
lowing formulae:

CF;
S
HN)‘LN CFi:
» H
(B)
®)
\/ J’!NHz
CF;
G
AN \CF3;
CF;
S
Y Y L
N N CFs;
\ \ 2 q 3
®
o NF ‘ NI,
\ \
CF;
S
HNLN CFs;
» H
(R)
(R)
'”‘?N/
CF;
S =
N )‘\
‘ R
HN N CFi:
\/ ’ H 3
®)
®)
\/ ;HUN/

\
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-continued
CF;
SH i
R
N N
A H H
®
= ‘—N\
N
CF;
S = ‘
HN)‘I\N N NCE,
H
CF-
S
HN N CFs:
» H
(R)
®)
‘:;‘,N/\
CF;
S 7 ‘
HN)‘I\N AN \CF3:
p H

®)
R

(R)
®)

CF3,
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-continued -continued
CF, CF;

S = 40 ®) )_l\
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i H H > e \(
N
P/ 45 /N\
CF;
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: )’I\ ‘
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‘/\ CF,
F Z 55 N,
‘ (R) )_k CLE5
X < N N CF;:
i 1 0
N
60
CFg;

65
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CF; CF3
5 S
L
CF3; g E CF;;
N
N
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CF;
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s H H

N
CF3; </ >7‘I1
20 — )\‘
CF:; X
L O] 25 A
A 3 Z
AT IS
® y (Ri:. R) E E/ \/\CF3;
\/"'&;N/\ \ ﬁ
~ 5
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CF;
g CF;
S
‘ 40 Z
HN E/ N CFs; j\ ‘
Eii NN
“yy, (R)
f;N
o /O)/\O\/\
50 /\ \/
Y »
NN ‘—E B o 7
() y o ‘/\ CF;
\/\ (R)
CF, . \/W\E)J\E/\/\CFB? o

N N N CFs; \
‘ H H 65
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9. A process for the manufacture of a compound of CF,
formula (2),
/\‘ S ’HN N CFs;
\/ 20
O
SN
[ |
O O, 53
comprising, reacting of a compound of formula (7),
() 30
7 ‘
AN F
\ ‘ 35
NO,
40
with propionaldehyde, or a reactive derivative thereof, in the
presence of an organocatalyst suitable for a Michael reac-
tion, wherein the organocatalyst 1s selected from the group
consisting of those represented by the following formulae:
45
Ch3
S 7
)‘I\ .
A R ®)
N N CF;: &)
(£) "f.r,N
®)
\/ ‘!’NHz o
CF; CF,
= S
60
X SNCF, HIN N CF:
Y H
()
®)f
”ffN/\

65 g
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11. A process for the manufacture of a compound of

tformula (7),

10

15

20

25

30

comprising, reacting a compound of formula (3),

-

NO»,

Rt

NOs»,

with formaldehyde, or a reactive derivative thereof.
12. The process according to claim 8, further comprising

(7)

(3)

a process for the manufacture of the compound of formula

(3);

35

40

)

(3)

10. The process according to claim 8, wherein the organo-
catalyst 1s selected from the group consisting of those
represented by the following formulae:

~~

JKN/\
H

®
®|

>

(R)
(&)

®
-
el

CF; and

J\/@L

§

45 NO,,
the process comprising, hydrogenating a compound of for-
mula (4),
50
(4)
i ‘
55 A \/\‘
\/\L
60 NO-,

in the presence of an alkali metal borohydride capable of

selectively reducing the double bond.
13. The process according to claim 12, further comprising

63 .
a process for the manufacture of the compound of formula

(4),
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(4) (1)
7N

NN : N\
~ "
| NO,, 10 _O\"W‘\ﬁ O\Rl,
O O

the process comprising, reacting a compound of formula (5),
wherein R1 1s hydrogen or C,-C,-alkyl, 1n the presence of

13 Raney Nickel and optionally including or followed by
() the introduction of a nitrogen protecting group; and
=z wherein the obtained compound of formula (8) 1s option-
‘ ally further reacted with succinic acid, or a derivative
R thereof to form a compound of formula (10),
/\‘ 20
OH
\/\/ (10)
ya
\NOZ= 25 X
with a dehydrating agent.
14. The process according to claim 13, further comprising
a process for the manufacture of the compound of formula ., O
(5) or a mixture of the compound of formula (35) and the HN R1,
compound of formula (4), the process comprising reacting )\ 0
an aldehyde compound of formula (6), O
(6) 33 \COOH

wherein R1 1s hydrogen or C,-C,-alkyl, thereof.
N\ 16. The process according to claim 9, wherein the organo-
AN

‘ 40 catalyst 1s selected from the group consisting of those

\/\]/o? represented by the following formulae:

H Cl3
45
or a reactive derivative thereof, with nitromethane. S Z
15. A process for the manufacture of a compound of ).l\ o
formula (8), HN E \CF3 and
(R)

(8) RS
/\‘ O

~ ﬁ X
S = ‘
A
60 (R)

wherein R' and R" are independently of each other hydro-
gen or a nitrogen protecting group, and R1 1s hydrogen 65
or C,-C,-alkyl, comprising hydrogenating a compound
of formula (1), or a salt thereof, I I
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