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METHODS FOR TREATING COGNITIVE DISORDERS USING 1-ARYL-1-
HYDROXY-2,3-DIAMINO-PROPYL AMINES, 1-HETEROARYL-1-HYDROXY-
2,3-DIAMINO-PROPYL AMINES AND RELATED COMPOUNDS

CROSS REFERENCE TO RELATED APPLIGATIONS

This application is based on, and claims the benefit of, U.S. Provisional
Application No. 60/893,203, filed March 6, 2007, and which is incorporated
herein by reference.

BACKGROUND OF THE INVENTION

Field of the invention

The present invention is directed to methods of treating a patient
suffering from one or more types of cognitive disorders using derivatives of 1-
aryl-1-hydroxy-2,3-diamino-propyl amines, 1-heteroaryl-1-hydroxy-2,3-
diamino-propyl amines and related compounds.
Background Art

1-Phenyl-2-decanoylamino-3-morpholino-1-propanol (PDMP) was
discovered by Vunam, R. R. and Radin, N., Chem. Phys. Lipids, 26, 265-278,
1980. Preparation of PDMP is described in inokuchi, J. et al., J. Lipid Res.
28, 565-571, 1987; Radin, A. et al., NeuroProtocols, 3(2), 145-55, 1993; Abe
et al., J. Lipid Res. 36, 611-621, 1995 and US 5916911.

OH
]/\N/\/KQ
oS NH
o~
Cghhg
PDMP
mixture of DL-erythro and

DL-threo isomers

The isomers most active have the R, R-(D-threo)-configuration.



WO 2008/109286

PCT/US2008/054936
Docket 18174 PCT (AP)
OH OH

s R

N 7 NP
0 NH ot fw

O O

CyHio CoHig
L-threo-PDMP D-threo-PDMP

Preparation of enantiomerically pure D-threo-PDMP has been reported
by Mitchell, Scott A.[ J. Org. Chem., 63 (24), 8837-8842, 1998}, Miura, T. et
5 al, [Bicorg. Med. Chem., 6, 1481-1498, 1998]; Shin, S. et al., [Tetrahedron
asymmetry, 11, 3293-3301, 2000, WO 2002012185
A stereoselective synthesis of enantiomerically pure D-threo-PDMP
has also been described by Shin, S. et al., Tetrahedron asymmetry, 11, 3293-
3301, 2000 and WO 2002012185 the key step is the regioselective cleavage
10 by nitrogen nucleophiles, as morpholine, of the C(3)-N-bond of non-activated

enantiomerically pure aziridine-2-methanols.

N i O=<'39H19
N H i), i o NH w07 N
R (N — N
& 2HCI OM OH
99 % D-threo-PDMP 81 %

i) TMS-I, CH4CN ii) ) morpholine b) HCI iil) PA(OH),, Ho AcOH, MeQOH, 40°C iv)10% NaOH, decanoyl
chioride 81%

On the other hand, the synthesis of enantiomerically pure (18,25)-1-phenyl-2-
15  decanoylamino-3-morphalino-1-propanol (L-threo-PDMP) from L-serine has
also been described by Mitchell, Scott A, J. Org. Chem., 63 (24), 8837-8842,

1998.
o] OH QOH
S} s S S
TBS Q BSO (s} N (&)
B o/\l’/u\ i T8S [
Ph._.=N ii) Ph._.oN NH
) CgHig
©O'Donnel SChiff base
i) iBUsALH if) PhMgBr L-threo-PDMP

20
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Other known methods to obtain L-threo-PDMP are described by Miura, T. et
al, Bioorg. Med. Chem., 6, 1481-1498, 1998 and in JP-A-9-216858.
Synthesis of (1S,2S)- threo- and (1R,28)-erythro-1-phenyl-2-
5 palmitoylamino-3—N-morphoIino-1-propanol (PPMP) were described starting
from Garner aldehyde of L-serine, by Nishida, A., Synlett, 4, 389-390, 1998,

OH ?H

CisHay Castay

L-threo-PPMP D-erythro-PPMP
D—threo-1-phenyl-2-pa|mitoylamino-3-pyrrolidino—1-propanol (P4 or

10 PPPP) analogues were first obtained by a Mannich reaction as described
Abe. A. et al., J. Biochem., 111, 191-196, 1992 or US 5916911 and WO

2001004108.
QH
C/\j o)
NH
O
Ci5H34
D-threo-P4

Preparation of D-threo-4’-hydroxy-P4 was described by Lee, L. ef al., J. Biol.
15 Chem., 274, 21, 14662-14669, 1999. In addition, a series of dioxane
substitutions was designed and tested. These included 3' 4'-
methylenedioxyphenyl-3',4'- ethylenedioxyphenyl-, and 3'4"
trimethylenedioxyphenyl-substituted homologues.

QH
Gq B
N OH
O
CigHat
20 D-threo-4'-hydroxy-P4
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Synthesis of enantiomericaily pure D-threo-1-phenyl-2-
benzyloxycarbonylamino-3—pyrro|idino-1—propanol (PBPP) and D-threo-P4 and
its analogues from N-benzyloxycarbonyl-D-serine, was described by Jimbo M.
et al, J. Biochem., 127(3), 485-91, 2000 and EP 782992 (Seikagaku Kogyo

5 Col).

o] o 0 [ol,}
HO/\LP:?)/U\OH HO/\L/KQ HO/\:/\© MsO™ Y ’
H in : H
NH DIEAL NH fiH

O=< P’;'?-\FBr o.——;( n-hexane; THF O=< g:f%iﬂe O=<O

0. O. 0.

& S O

BE4 % 80 % 95 %

oH oH on
Gq &R CashCOCH @’\/\Q Pa-C, B Q/\/\Q
;/RH MeOH NH, WeoH 0=<NH
ot
CysHyr  23.6% 99 % 0.

P
D-threo-P4 lj 5%

D-threo-PBPP

Novel prodrugs of P4 derivatives were described in US 20020198240
and WO 2002062777.
Synthesis of enantiomerically pure of D-threo-ethylenedioxy-P4 and D-
10 threo-p-methoxy-P4 were described by Husain A. and Ganem B., Tetrahedron
Lett., 43, 8621-8623, 2002. The key step is a highly syn-selective additions of
aryl Grignard reagents to Garner aldehyde.
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o} HO 0*> QH
O/\l)\\H i) 0/\/-—6\0 i HO/\._/\©in
)(NBOC )TNBOC HN o

BOC
Garner Aldehyde

i)

oH
on on o
g A 0. @ ; 0, MEOESO/\E/\@ j
NH — N o " HR o
o v \
oﬁ oo BOC
CisHa
D-threo-ethylenedioxy-P4

i) 3,4-ethylenedioxyphenyimagnesium bromide, 78°C, Cul, THF:Me,S, 64 % ii} 0.1 N HCI, THF 82%,
MsCH, EtyN, DCM, 0°C, 85 % iii) pyrrolidine, DME, 45°C, 58 % iv) 3 N HCI, 0°C, to RT then C15H3,COCI,
Et;N, DMAP, DCM, -20°C, 87%

Diastereoselective synthesis of P4 analogues were described inUS

5 03/0153768 and WO 2003045928 (Genzyme Corp.); Oxazolines [ [R1 =
(un)substituted aryl; R?, R® = H, (un)substituted aliphatic; NR2R® =
heterocyclic] are prepared as intermediates for P4 glucosyltransferase
inhibitors from R'CHO and RZR®NCOCH,CN. Thus, methyl isocyanoacetate
CNCH,CO,Me was treated with pyrrolidine and the amide was treated with

10 1,4-benzodioxane-6-carboxaldehyde, followed by hydrolysis of the oxazoline
using HCI in methanol, reduction of the keto group of amide 1 using LiAH4,
and acylation with palmitoyl chloride to give D,L-threo-ethylenedioxy-P4 lil.

OH O OH
Q OWN OWN
Lo e
R! CONR?R® [o 2 0
i 0“( 1l

| HC!
CysHa1

D L-threo-3',4'-ethylenedioxy-P4
15
Synthesis of enantiopure P4 analogues were described in WO 2003008339

(Genzyme Corp.).
P4 derivatives, such as | [R', R® = un(substituted) aromatic; R2 R%=H,
un(substituted) aliphatic; NR2R® = (un)substituted non-aromatic heterocyclic

20 r1ing; R* =0, H], have been prepared. Thus, D-threo-ethylenedioxy-P4 was
5
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prepared via a multistep synthetic sequence starting from S-(+)-Ph glycinal,
phenyl-a-bromoacetate, 1,4-benzodioxan-6-carboxaldehyde, pytrolidine and

palmitoy! chloride.

OH NRZR? o OH
R"k(kw [ mD
HN._,R®
j} O o {
CisHar

D-threo-3' 4'-ethylenedioxy-P4
New D-threo-P4 analogues that bear ether substituents on the

o~ !

aromatic ring have been recently synthesized from D-serine and found to
suppress neurite extension in an embryonic insect cell line as described by
Slavish., J. P. et al., Bioorg. Med. Chem. Leit., 14, 1487-1490, 2004.

Further references which serve as background to the present invention
are United States Patent Nos. 5,945,442; 5,052,370, 6,030,995 and
6,051,508, Kurosawa et al, Journal of Labelled Compounds &
Radiopharmaceuticals (1996), 38(3), 285-97; Published PCT application WO
01/38228; and Kastron et al. Latvijas PSR Zinatnu Akademijas Vestis,
Kimijas Serija (1965) (4), 474-7.
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SUMMARY OF THE INVENTION

The present invention is directed to methods of treating a patient
suffering from one or more types of cognitive disorders using compounds of

Formula 1:

OR4

_R
R1g N

|
/N R2
3

Ry Rs

Formula 2

where Ry is H or alkyl of 1 fo 6 carbons,

R is H, atkyl of 1 to 6 carbons or the R; and R, groups together with the
nitrogen form a saturated or unsaturated 4, 5, 6 or 7 membered ring that
optionally includes one or two heteroatoms independently selected from N, O
and S, said 4, 5, 6 or 7 membered ring optionally being substituted with a
halogen, COOH, CH,0OH, OH, B(OH)z, cyano or with an alkyl group having 1
to 6 alkyl groups;

R; is independently selected from H, alky! of 1 to 20 carbons, aryl or
heteroaryl, aryl-alkyl or heteroaryl-alkyl where the alkyl moiety is has 1to 4
carbons, cycloalkyl of 3 to 8 carbons, said aryl or heteroaryl groups being
optionally substituted with 1 to 3 groups independently selected from the
group consisting of halogen, alkyi of 1 to 6 carbons, alkoxy of 1 to 6 carbons
and thioxy of 1 to 6 carbons, or

Rsis CO-R; or CO-O-R; where Ry is H, alkyl of 1 to 1 to 20 carbons, benzyl,
alkyl of 1 to 20 carbons substituted with and NH, group, with a NHCOOalkyl
or with an NH-COalky! group where the aikyl group has one to 6 carbons, ar
Ry is aryl, heteroaryl, aryl-alkyl or heteroaryl-alkyl where the alkyl moiety is
pranched or unbranched and has 1 to 4 carbons, said aryl or heteroaryl

7
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groups being optionally substituted with 1 to 3 groups independently selected

from the group consisting of halogen, alkyl of 1 to 6 carbons, alkoxy of 1to 6

carbons and thioxy of 1 to 6 carbons;

Ru is H, alkyl of 1 to 6 carbons or CO-Rs where Rg is alky! of 1 to 6 carbons;
5 the wavy lines represent bonds connected to carbons having Ror S

configuration, and

Ryo is selected from the groups of formulas (i) and (ii)

Rs}:j . ?\\ .
G (i)
10 where the * indicates the carbon atom to which the remaining moiety of the
molecule is attached;
Rs and Rg independently are H, alkyl of 1 to 6 carbons, halogen, alkoxy of 1 to
6 carbons or the Rs and R groups together with the atoms to which they are
attached jointly form a carbocyclic or a heterocyclic ring, the carbocyclic ring
15 having 5 or 8 atoms in the ring, the heterocyclic ring having 5 or 6 atoms in
the ring and 1 to 3 heteroatoms independently selected from N, O and S, and
said carbocyclic or heterocyglic ring jointly formed by Rs and R being
optionally substituted with 1 1o 6 Rg groups where Rg is independently
selected from halogen, alkyl of 1 to 6 carbons, alkoxy of 1 to 6 carbons,
20  with the proviso:
that when Ryo has formula (i) then Formula 1 does not include compounds
where R, is hydrogen and R; and R; jointly with the nitrogen form a
morpholin or a pyrrolidin ring and where Rs and Rg both are H or one of Rs
and Rg is OCHs and the other is H,
25 and the present invention is also directed to all pharmaceutically acceptable
salts of said compounds.
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Any of the compounds described here may be used to treat a patient
suffering from a cognitive disorder, such as an agnosia, an amnesia, an
aphasia, an apraxia, a delirium, a dementia, and a learning disorder.

DETAILED DESCRIPTION OF THE INVENTION

A general description of the compounds of the invention is provided in
the Summary Section of the present application for patent. Most compounds
of the invention contain one or more asymmetric centers, such that the
compounds may exist in enantiomeric as well as in diastereomeric forms. in
fact, most of the compounds of the present invention have two asymmetric
carbons adjacent to one another and therefore can exist in erythro or threo
form, with each of these two forms having dextrorotatory (D) or levorotary {L)
enantiomers. Although the threo form is generally preferred in accordance
with the present invention, unless it is specifically noted otherwise, the scope
of the present invention includes all enantiomers, diastereomers and
diastereomeric and racemic mixtures. In light of the foregoing, it should be
clearly understood that the designation “DL” or “(+/-)" or * (£)" in this
application includes the pure dextrorotatory enantiomer, the pure levorotatory
enantiomer and all racemic mixtures, including mixtures where the two
enantiomers are present in equal of in unequal proportions. Moreover, for
simplicity sake in many of the structural formulas, such as in the example
below, only one of the enantiomers is actually shown but when the
designation “DL” (or “(+/-)" or “(+)") appears it also includes the enantiomeric
form (mirrar image) of the structure actually shown in the formula.

For Example:

oH
D
Nz NH,

DL-threo or t-threo
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Thus, in the example above, only one enantiomer is shown, but because the
designation “DL” (or “(+/-)" or “(z)") appears below the formula, its optical

isomer

OH
DRAY,
N~ NH;

and all racemic mixtures of the two optical isomers are also included.

In the case of some compounds of the present invention one
enantiomer of the threo, and in some cases of the erythro, is significantly
more active than the other enantiomer of the same pair. Some of the
compounds which may be used in the method of the present invention may
contain three or more asymmetric centers.

Keeping the foregoing examples in mind a person of ordinary skill in
the art should readily understand the scope of each described example,
although in a broad sense all isomers, enantiomers and racemic mixtures are
within the scope of the invention.

The term “alkyl” in the general description and definition of the
compounds includes straight chain as well as branch-chained alkyl groups.

Generally speaking the compounds of the invention may form salts with
pharmaceutically acceptable acids or bases, and such pharmaceutically
acceptable salts of the compounds of Formula 1 are also within the scope of
the invention.

Referring now to the novel compounds of Formula 1, the Rs and Rs
groups preferably both are independently selected from H, alky!, alkoxy and
still more preferably are H. In the preferred compounds the R3 groups are
preferably both H, ar one of the Rs groups is H and the other is an acyl group
or an arylalkylcarbamoyl group. The R, group is preferably H {but see the
"proviso” in the Summary section) or alkanoyl, and the Ry and R groups
preferably are pyrrolidino or morpholino.

10
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BIOLOGICAL ACTIVITY, MODES OF ADMINISTRATION
The compounds described here may be used to treat a patient suffering from
one or more types of cognitive disorder, such as an agnosia, an amnesia, an
aphasia, an apraxia, a defirium, a dementia, and a leaming disorder.

To “treat,” as used here, means to deal with medically. It includes, for
example, administering a compound of the invention to prevent the onset of a
cognitive disorder, to alleviate its severity, and to prevent its reoccurrence.

The term “cognitive disorder,” as used here, means any condition
characterized by a deficit in mental activities associated with thinking,
learning, or memory. Examples of such disorders include agnosias,
amnesias, aphasias, apraxias, deliriums, dementias, and learning disorders.

In some cases, the cause of a cognitive disorder may be unknown or
uncertain. in other cases, the cagnitive disorder may be associated with (that
is, be caused by or occur in the presence of) other conditions characterized
by damage to or loss of neurons or other structures involved in the
transmission of signals between neurons. Hence, cognitive disorders may be
associated with neurodegenerative diseases such as Alzheimer’s disease,
corticobasal degeneration, Creutzfeldt-Jacob disease, frontotemporal lobar
degeneration, Huntington disease, multiple sclerosis, normal pressure
hydrocephalus, organic chronic brain syndrome, Parkinson's disease, Pick
disease, progressive supranuclear palsy, or senile dementia (Alzheimer type);
it may be associated with tcuama to the brain, such as that caused by chronic
subdural hematoma, concussion, intracerebral hemorrhage, or with other
injury to the brain, such as that cause by infection (e.g., encephalitis,
meningitis, septicemia) or drug intoxication or abuse.

Cognitive disorders may also be associated with other conditions which
impair normat functioning of the central nervous system, including psychiatric
disorders such as anxiety disorders, dissociative disorders, mood disorders,
schizophrenia, and somatofarm and factitious disorders; it may also be
associated with conditions of the peripheral nervous system, such as chronic
pain.

11
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The compounds described here may be used to treat agnosias,
amnesias, aphasias, apraxias, deliriums, dementias, learning disorders and
other cognitive disorders regardless of whether their cause is known or not.

Examples of dementias which may be treated with the methods of the
invention include AIDS dementia complex, Binswanger's disease, dementia
with Lewy Bodies, frontotemporal dementia, multi-infarct dementia, Pick's
disease, semantic dementia, senile dementia, and vascular dementia.

Examples of learning disorders which may be treated with the methods
of the invention include Asperger's syndrome, attention deficit disorder,
attention deficit hyperactivity disorder, autism, childhood disintegrative
disorder, and Rett syndrome.

Examples of aphasia which may be treated with the methods of the
invention include progressive non-fluent aphasia.

The compounds described here may also be used to treat patient
having deficits in mental activities that are mild or that otherwise do not
significantly interfere with daily life. Mild cognitive impairment is an example
of such a condition: a patient with mild cognitive impairment displays
symptoms of dementia (e.g., difficulties with language or memory) but the
severity of these symptoms is such that a diagnosis of dementia may not be
appropriate. The compounds described here may be used to treat mild
cognitive impairment and other, similarly less severe forms of cognitive
disorders.

Examples of Compounds of the Invention
Table 1, below, lists compounds which may be used in the method of

the invention.

TABLE 1

Compound Chemical Formula

12
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Compound Chemical Formula

1 OH

v N
HCI o
% L-threo

2

3 o)
o
SEee
HN o)
o]
HCI o

f L-threo

=

Dl-threo

Modes of Administration:
Compounds useful in the methods of the invention may be
5 administered at pharmaceutically effective dosages. Such dosages are

normally the minimum dose necessary to achieve the desired therapeutic
effect; in the treatment of chromic pain, this amount would be roughly that
necessary to reduce the discomfort caused by the pain to tolerable levels.
For human adults such doses generally will be in the range of 0.1-5,000

10 mg/day; more preferably in the range of 1 to 3,000 mg/day, 10 mg to 500
mg/day, 500 to 1,000 mg/day, 1,000 to 1,500 mg/day, 1,500 to 2,000 mg/day,
2,000 to 2,500 mg/day, or 2,500 to 3,000 mg/day. However, the actual
amount of the compound to be administered in any given case will be

13
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determined by a physician taking into account the relevant circumstances,
such as the severity of the pain, the age and weight of the patient, the
patient's general physical condition, the cause of the pain, and the route of
administration.

The compounds are useful in the treatment of pain in a mammal;
particularly a human being. Preferably, the patient will be given the
compound orally in any acceptable form, such as a tablet, liquid, capsule,
powder and the like. However, other routes may be desirable or necessary,
particularly if the patient suffers from nausea. Such other routes may include,
without exception, transdermal, intraperitonial, parenteral, subcutaneous,
intranasal, intrathecal, intramuscular, intravenous and intrarectal modes of
delivery. Compositions useful in the method of the invention may further
include an excipient. Such an excipient may be a carrier or a diluent; this is
usually mixed with the active compound, or permitted to dilute or enclose the
active compound. If a diluent, the carrier may be solid, semi-solid, or liquid
material that acts as an excipient or vehicle for the active compound. The
formulations may also include wetting agents, emulsifying agents, preserving
agents, sweetening agents, and/or flavoring agents. If used as inan
ophthalmic or infusion format, the formulation will usually contain one or more
salt to influence the osmotic pressure of the formulation.

SYNTHETIC METHODS FOR OBTAINING THE COMPOUNDS CF THE
INVENTION, EXPERIMENTAL

The compound of the invention can be synthesized by utilizing the
synthetic methods described in the experimental below, or such maodifications
of the below described experimental methods which will become readily
apparent to those skilled in the art in light of the present disclosure.
GENERAL
"H NMR spectra were recorded at ambient temperature with an Avance 300
(Bruker) spectrometer. The compounds were analyzed by reverse phase high
performance liquid chromatography (HPLC) using a Waters Autopurification

14
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System equipped with a Waters 2525 Pump, a Waters 2696 photodiode array
detector, and a XTerra column (Part. No. 186000482, 5 ym, C18, 4.5 x 50
mm).

The HPLC method used was a gradient of 5 % solvent B to 100 % in 7
min. Solvent A was H,O with 0.05 % TFA and solvent B was CH3CN with 0.05
% TFA (Method A).

Melting points were measured with a Buichi B-545 melting point
apparatus and were uncorrected. To isolate reaction products the solvent
were removed by evaporation using a vacuum rotatory evaporator, the water
bath temperature not exceeding 40 °C.

GENERAL SYNTHETIC ROUTES

The compound of the invention can be synthesized by utilizing the
synthetic methods described in a general sense immediately below and in
more detail in the experimental section of the present application, or by such
modifications of the below described general and experimental methods
which will become readily apparent to those skilled in the art in light of the
present disclosure.

A general synthetic route to the compound of the present invention
which are substituted “1-hydroxyl-propy! amines” may lead through the
synthesis of the corresponding substituted “3-hydroxyl-propyl amide”
compounds, followed by reduction of the carbonyl group of the “carboxylic
acid amide” moiety with a reducing agent such as fithium aluminum hydride,

or like reducing agent.

OH O OH
,R1 /g\(\ ,R1
Rm/gﬁ)'L A\ Rio N
NH, Ry LiAIH, NHz Rz
General Structure 1 General Structure 2

General Synthetic Scheme A
15
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This reaction is illustrated in General Synthetic Scheme A, where, generally
speaking, the variables have the meaning described in the Summary Section
of the present application for patent. A person of ordinary skill in the art of
organic synthesis will nevertheless readily understand that depending on the
5 nature of the substituents designated Ry, R; and Rjq certain groups may

need to be protected for the performance of the reduction step.

The substituted “3-hydroxyl-propyl amide” compounds can, generally
speaking, be synthesized as described below in the following General
Reaction Scheme 1 and General Reaction Scheme 2.

Q
R** J— e
o C—N—-CH R
E=N—=CH, / ® 2y
@ + HN B e o N

O \R** \

O \ O Ri*
methylisocyanoacetate ""amine” 2-Isocyano-1-(subst.-amino)ethanone
R* —CHO strong base
“aldehyde" (KOH)
OH o} acid 0/\

(HCDH N
O U O
/R** R* -,-‘,“ /
*R : ", N
/A

trans-oxazoline

NH, R*
(+-)-threo
General Structure 1

10 General Reaction Scheme 1

Thus, in accordance with General Scheme 1, methy! isocyanoacetate

(or ethyl isocyanoacetate available commercially) is reacted with an “amine”

16
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which includes the Ry and Rz groups to provide the 2-isocyanoacetic acid
amide derivative shown in General Reaction Scheme 1. Typical examples for
the amines used in the reaction are pyrrofidine, piperidine, azetidine,
morpholine, 2,5-dihydro-1H-pyrrole, dialkylamines such as diethylamine, 3-
fluoro-, 3,3-difluoro or 3-hydroxy substituted pyrrolidines. The 2-
isocyanoacetic acid amide derivative is then reacted in methanol in the
presence of base (such as KOH) with an “aldehyde” which includes the Rip
group to provide a frans “oxazoline” with high diastereoselectivity (trans:cis
ratios generally > 97:3) as shown in General Reaction Scheme 1. The trans
oxazoline is then treated in methanol with a strong acid, such as HCI, to open
the ring and to provide the threo-3-substituted-3-hydroxy-2-amino-propionic
acid amide intermediates (with a threo:erythro ratios generally > 97:3) as
shown in General Reaction Scheme 1.

Compounds of Formula 1 and or of General Structure 1, where the
amino group of formula NHR1R2 is a weaker nucleophile, such as indoline,
thiomorpholine and the like, can be made as fllustrated in Reaction Scheme 2
for the synthesis of intermediate compounds (i)-threo—Z-amino-?»—hydroxy-1-
(indolin-1-yl)-3-(pyridin-4-yl)propan-1—one dihydrochioride Compound 243
and (%)-threo-2-amino-3-hydroxy-1 -(thiazolidin-3-yl)—3—(pyridin—4-yl)propan-1-
one dihydrochloride Compound 242.

17
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Q
D C-:NJ“\)]\OfR
Nz

a)l

R = Me, tert-butyl

N
qQ O N
Y 2H o ~ o
| = * N = O-K+ trans:gis ratio >8:2
N O- K+ ) is
() trans \c) e
b) o R © OHO
! = Y OH Y7 TOH
N N _# NHBoc N.# NHBoc
HY LH ~
x 0 qn (#) threo D enythro
‘ ~ O 9
+ (
N <NC N~ N
() trans () cis oH 9 oHO
e s ~
o | B N + I\ - N
1‘” N  NHBoc N_J RrBoc”
(:)H o]

Z=
%

(%) threo 30 % yield

() erythro 2 % yield
Jo
N
= NHg OH O
1) threo E I~
v B N\/’S
Compound 243 Nz NH,
2 HCI
(1) threo
Compound 242

a) KOH, MeCOH; b) indoline, EDC!, TEA, HO

BT, CH,Cl,. ¢) HCI (1M} in MeOH d) i. Silica Gel
Chromatography.ii HCI (0.1M) in -PrOH e)

BOC,0, NaOH, Dioxane. f} Thiazolidine, EDCI, TEA, HOBT,
CH,Cl,; @) Silica Gel Chromatography g) HCI (1M) in MeOH.

Reaction Scheme 2

In Reaction Scheme 2 EDCI stands for 1-(3-dimethylaminopropyf)-
ethylcarbodiimide hydrochloride; HOBT stands for 1-hydroxybenzotriazole;

BOC,0 stands for di-t-butyl-dicarbonate and TEA stands for triethylamine.

18
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Compounds 242 and 243 can be reduced, as illustrated in General Synthetic
Scheme A to provide compounds of the invention.

Another general synthetic route may follow in general terms the
synthesis of Compound 1, Compound 2 and Compound 3, specifically
described in detail in the experimental section below, modified with such
modifications which in light of the present disclosure will become readily
apparent to a person of ordinary skill in the art.

Isomerically pure and/or enantiomerically pure compounds and further
derivatives of the 3-substituted-3-hydroxy-2-amino-propionic acid amide
intermediates or of the substituted 1-hydroxy propylamines of the invention
are obtained by separation techniques and reactions which, per se, are well
known to the synthetic chemist. Some of the typical separation techniques
and reactions are generally described below.

Separation of threo and erythro isomers, when both are formed in the
reactions leading to the compounds of the invention, can typically be
performed by chromatographic methods. The chromatographic separation
may occur the level of the substituted 3-hydroxyl-propionic acid amide
intermediate compounds or at the level of the substituted 1-hydroxyl propyl
amine compounds of the invention.

The more abundantly formed threo isomers can also be converted into
the erythro isomers by axidizing to the ketone level the hydroxyl group in the 3
position of the propanoic acid moiety and subsequently reducing the resulting
ketone to the hydroxy! level in the intermediate 3-substituted-3-hydroxy-2-
amino-propionic acid amide compounds or in the compounds of the invention.
Separation of enantiomeric mixtures can be performed on Chiralpack columns
which are well known in the art.

The amino function in the 2-position of the propyl amine moiety is,
generally speaking, more reactive towards acylation and carbamoylation than
the hydroxy! group in the 1 pasition. Therefore, acylated derivatives of the 2-
amino function can be prepared by using acyl chlorides such as acetyl
chloride and hexanoy! chloride. Or the 1-hydroxy and 2-amino groups of the

19



WO 2
008/109286 PCT/US2008/054936

Dacket 18174 PCT (AP)

compounds of the invention can be acylated in the same reaction. Carbamate
derivatives of the 2-amino function can be obtained by using chloroformates,
such as benzylchloroformate. A tertiary butyl carbamoy! function or benzyl-
carbamoyl function can also serve as a removable protecting group of the 2-
5  amino function.

Alkylation of the 2-amino function can be performed by condensing the
compound bearing the 2-NH; group with an aldehyde to obtain a Schiff base
intermediate which can be reduced, without isolation, to provide the N-alkyl,

arylalkyl or heteroaryl-alkyl compounds of the invention.

DETAILED DESCRIPTION OF THE SYNTHESIS OF PREFERRED
COMPOUNDS (EXPERIMENTAL)

Preparation of D-threo-2-amino-3-morpholino-1 -phenylpropan-1-ol

15 dihydrochloride Compound 4.
(R)-Methyl 1-((S)-1-phenylethyl)aziridine—2-carboxy|ate EBE 06044B.
To solution of methyl 2,3-dibromopropionate (25 mi, 198 mmol) in

toluene at 5 °C was added triethylamine (55 mL, 0.39 mmol) in toluene (100
mL). After stirring for 5 min (S)-(1)-phenethylamine (25 mL, 198 mmol) in

20 toluene (100 mL) was added dropwise. The suspension was refluxed for 3 h
and allowed to cool down, filtered and the volatiles were evaporated under
reduced pressure to give a residue that was purified by column
chromatography (950 g of silica gel) with a gradient of 0-20 % EtOAc in
cyclohexane to yield to {S)-methyl 1-((S)-1-phenylethyl)aziridine-2-carb0xylate

25 EBE 06044A as a yellow oil (17.31 g, 43 % yield) and (R)-methyl 1-((S)-1-
phenylethyl)aziridine—2—carboxylate EBE 06044B as a yeliow oil (15.14 g, 37
% yield).
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EBE 060448
MW: 205.3; Yield EBE 06044B: 37 %; Yellow Oil. Yield: EBE 06044A: 43 %,
Yellow Oil.
R;: EBE 06044A = 0.5; Ry: ERE 06044B = 0.35 (EtOAc:cyclohexane =
25:75).
TH-NMR (CDCls,) EBE 06044A: 1.47 (d, 3H, J = 6.6 Hz, CH3), 1.60 (d, 1H, J =
6.4 Hz, CH), 2.13 (d, 1H, J = 2.6 Hz), 2.21 (dd, 1H, J= 3.2 Hz, J = 6.4Hz),
2.54 (q, 1H, J = 6.6 Hz), 3.75 (s, 3H, OCHs3) 7.23-7.40 (m, 5H, ArH).
TH-NMR (CDCl, 8): EBE 06044B: 1.46 (d, 3H, J = 6.6 Hz, CHa), 1.79 (d, 1H,
J = 6.6 Hz, CH), 2.08 (d, 1H, J= 3.11Hz, 6.6 Hz), 2.34 (dd, 1H, J=3.1Hz, J=
1.0 Hz), 2.56 (g, 1H, J = 6.6 Hz), 3.67 (s, 3H, OCHa) 7.24-7.36 (m, 5H, ArH).
13C.NMR (CDCls, 8): EBE 06044B: 23.5, 35.0, 36.9, 52.2, 69.8, 126.5, 127.2,
128.5, 1436, 171.1.
HPLC: Method A, detection at 254 nm, EBE 06044B RT = 6.11 min, peak
area 92.9 %.

((R)-1-((8)-1 -Phenylethyhaziridin-2-y)ymethanol EBE 06046.

A 250 mL round bottom flask was charged with anhydrous THF
(100mL) and LiAIH, (2.77 g, 73.1 mmol). White the suspension is stirred at 0
°C, a solution of (S)-methy! 1-((S)-1-phenylethyl)aziridine-2-carboxylate EBE
060448 (10.0 g, 48.7 mmol) in THF (50 mL) was added dropwise over 20 min
The dropping funnel was washed with THF (2 x 3 mL) and allowed to react 20
min at 0°C. Maintaining the reaction mixture at 0°C, a solution of KOH {10 %,
20 mL) was added dropwise for 20 min (caution the reaction is exothermic).
The mixture was stirred for 0.5 h at 25 °C and the white precipitate removed
py filtration through a celite pad that was washed with diethyl ether (30 mL).
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The combined organic filtrates were washed with NaH,PQO, and the aqueous
layer was extracted with E1,0 (3 % 30 mL). The combined organic phase were
dried with Na,S0, and concentrated to give ((RY-1-((S)-1-phenylethyl)aziridin-
2-ylymethano! EBE 06046 as a white solid (10.4 g, 90 % yield).

OH
&

N
1S

EBE 06046
MW: 177.2; Yield: 90 %; White Solid; Mp (°C): 37.7.
TH-NMR (CDCls, 8): : 1.43 (d, 3H, J= 6.6 Hz, CHa), 1.49 (d, 1H, J=6.5Hz,
CH), 1.65-1.71 (m, 1H, CH), 1.92 (d, 1H, J = 3.5 Hz, NCH), 2.26 (s, 1H, OH),
2.53 (g, 1H, J = 6.6 Hz, NCH), 3.32-3.37 (m, 1H, OCHy), 3.56 (m, 1H, OCHy),
7.23-7.35 (m, 5H, ArH).
13C.NMR (CDCls, B): : 22.9, 31.4,39.3,62.5,69.4, 126.6, 127.3, 128.6, 144.5.

(R)-‘l-((S)-1-Phenylethyl)aziridine—2-carbaldehyde EBE 06048

A three neck, 250 mL round bottom flask was equipped with a low
temperature thermometer and two (2) equalizing dropping funnels. One of
these was connected to a nitrogen line and charged with a solution of ((R)-1-
((S)-1-phenylethyl)aziridin-2-y|)methanol EBE 06046 (7.0 g, 39.5 mmol) in
CH.Cl, (75 mL), the other was charged with a solution of DMSO 9.25¢g,
118.5 mmof) in CHzClz (11 mL). To a solution of oxalyl chloride (7.5 g, 59.3
mmol) in CH>Clz (90 mL}) under N, at -78 °C, the DMSO solution was added
dropwise during 20 min and stirred for 20 min. EBE 06046 (7.0 g, 39.5 mmol)
in CH,Cl (75 mL) was added dropwise over 50 min. then the dropping funnel
was charged with DIEA (42.6 mL, 237 mmol) in CHzCl; (10 mL) and the
reaction mixture was stirred for 30 min at -45°C. The DIEA solution was
added over 5 min with the reaction mixture at -78 °C and the reaction was
allowed to warm to room temperature. The reaction mixture was washed with
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H,0 (3 x 50 mL), dried over MgSO0,, filtered, evaporated. The crude product
obtained was purified by column chromatography on silica with a gradient of
0-20 % [v/v] EtOAc in cyclohexane to give (R)-1-((S)-1-phenylethyl)aziridine-
2-carbaldehyde EBE 06048 as a yellow oil (5.59 g, 81 % yield).

o)

H R

N
(]

EBE 06048

MW: 175.2; Yield: 81 %,; Yellow Qil.

R¢: EBE 06048: 0.3 {(EtOAc:cyclohexane = 20:80).

'H-NMR (CDCls, 8): : 1.47 (d, 3H, J= 6.6 Hz, CHs), 1.94 (d, 1H, J=6.7 Hz,
NCH,), 2.08 (dt, J = 2.9 Hz, J = 6.4 Hz, NCH), 2.37 (d, 1H, J = 2.6 Hz, NCHy),
2.61(q, 1H, J = 6.6 Hz, NCH), 7.20-7.38 (m, 5H, ArH), 8.92 (d, 1H, J=6.2
Hz).

3C_.NMR (CDCls, 9): : 22.7,32.1,43.2, 68.1, 125.5, 126.5, 127.6, 1424,
198.7.

(R)-Phenyl((R)-1-((S)-1-phenylethyl)aziridin-2-yi)methano| EBE 06066.

To a solution of bromobenzene (4.93 g, 31.4 mmol) in THF 125 mL
under nitrogen at — 78 °C was added -BuLi (1.7 M in pentane, 50 mL). The
mixture was stirred for 0.5 h at room temperature. The mixture was cooled
down to -78 °C and a solution of (R)—1-((S)-1-phenylethyl)aziridine—2-
carbaldehyde EBE 06048 (2.5 9, 14.3 mmol) in THF (16.7 mL) at -78 °C was
added dropwise. The reaction mixture was treated with H,O (20 mL), the
organic layer was separated and the aqueous phase was extracted with
EtOAc. The combined organic layers were dried over MgSQ., filtered and
concentrated in vacuo to give a residue that was purified by column
chromatography using a gradient of 0-20 % [v/v] EtOAc in cyciohexane to give
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(R)-phenyl((R)—1-((S)-‘I-phenylethyl)aziridin-Z-yI)methanoI EBE 06066 (3.13 g,
86 % vyield).

QOH

o

)

EBE 06066
MW: 253.3; Yield: 86 %.
R;: = 0.3 (EtOAc:cyclohexane = 20:80).
'H-NMR ( CDCls, d): : 1.47 (d, 3H, J = 6.6 Hz, CHa), 1.57 (d, 1H, J=6.5 Hz,
CH), 1.79 (dt, 1H, J=3.5Hz, J=8.7 Hz, CH), 2.04 (d, 1H, J= 3.5 Hz, OCH),
2.35 (bs, 1H, OH), 2.53 (g, 1H, J=6.5 Hz, CH), 4.23 (d, 1H, J = 5.7Hz, OCH),
7.07-7.13 (m, 2H, ArH), 7.16-7.20 (m, 3H, ArH), 7.24-7 .34 (m, 5H, ArH).
13C.NMR (CDCls, 8): : 22.4, 32.0, 44.6, 694, 741, 125.8(2xC), 126.9 (2xC),
127.3,127.6, 128.2 (2xC), 128.7 (2xC), 142.0, 144.2.
(o = - 71.53 (¢ = 0.59, CHCly).

D-threo-2-((S)-1-Phenylethylamino)-3-morpholino-1 -phenyipropan-1-ol

dihydrochioride Compound 5

To a solution of (R)—phenyl((R)-1-((S)-1-phenylethyl)aziridin-z-
yhmethanol EBE 06066 (1.5 g, 5.92 mmol) in CH;CN (19 mL) at RT was
added iodotrimethylsilane (3.55 g, 17.8 mmol). The solution was stirred for 2 h
and morpholine (1.032 g, 11.84 mmol) was added. After 2 h at reflux, the
reaction mixture was treated with HCI (1M) to reach pH = 1 and stirred for 10
min. After a slow addition of NaHCOs to reach pH =8, the product was
extracted with EtOAc, dried over NazSO,, filtered to give after evaporation a
crude brown oil that was purified by column chromatography using a gradient
of 0-20% [v/v] MeOH in EtOAc to give D-threo-2-((S)-1-phenylethylamino)-3-
morpholino-1-phenylpropan-1-ol EBE 06068A (0.831 g, 42 %) as a pale
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brown solid. To a solution of D-threc-2-((S)-1-phenylethylamino)-3-
morpholino-1-phenylpraopan-1-ol EBE 06068A (0 .100 g, 0.294 mmol) in
gthano! (1 mL) was added a solution of HCI (0.8 M, 0.816 mL) in EtOH.
Evaporation of the volatiles afforded to D-thrao-2-((S)-1-phenylethylamino)-3-

5 morpholinoc-1 -phenylpropan-1-ol dihydrachloride Compound 5 as white solid
(0.125 g, 100 %).

2 HCI mY N/\[

Compound 5

MW: 412.37: Yield: 42 %; White Solid; Mp (°C): 157.2 {dec).

10 Ry 0.3 (MeOH:EtOAC = 20:80) EBE 06068A.
'H-NMR (CDsOD, 5)::1.19 (1, 2H, J= 7.0 Hz, NCH,), 1.71 (d, 3H, J=6.8 Hz,
CHa), 3.45 (m, 2H, J = 7.1 Hz, NCHy), 3.62 (a, 2H, J=7.1 Hz, N-CHy), 3.97 (t,
4H, J = 4.5 Hz, OCHy), 4.06 (m, 1H, CH-N}), 4.75 (g, 1H, J= 6.8 Hz, CH-N),
5.21 (d, 1H, J = 5.1 Hz, CH-0), 7.44-7.56 (m, 10H, ArH).

15 MS-ESI m/z (% rel. Int.): 341.1 ({MH]", 20).
13C.NMR (CD30D, 3): : 24.4, 54.5 (2xC), 55.5, 65.9, 60.0, 67.0 (2xC), 75.6,
126.3 (2xC), 126.5 (2xC), 127.0, 127.1, 128.1 (2xC), 128.5 (2xC), 142.2,
145.3.
HPLC: Method A, detection at 254 nm, Compound § RT = 4.41 min, peak

20 area 99 %.

Threo—2-Amino—3-morpholino-1-phenvlprogan-1-ol dihydrochloride Compound
4.

To a solution of D-threo—2-((S)—1—phenylethylamino)—a—morpholino-1—
25  phenylpropan-1-ol EBE 06068A (0.400 g, 1.17 mmol) in MeOH (6 mL) at RT
was added acetic acid (0.133 mL, 2.35 mmol). The reaction vessel was
flushed with nitrogen and Pd(OH)z (25 % weight, 0.150 g) was added. The
25
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nitrogen atmosphere was exchanged with hydrogen using three cycle of
vacuum and hydrogen addition using a balloon of hydrogen. After stirring for
16 h under hydrogen the reaction mixture was filtrated through celite to give
EBE 06070A the acetate salt of (2R)-amino-3-morpholin-4-yl-(1 R)-phenyl-

5 propan-1-ol (0.279 g, 98 % yield). To as solution of EBE 06070A the acetate
salt of (2R)-amino-3-morpholin-4-yl-(1 R)-phenyl-propan-1-ol (0.100 g, 0.338
mmol) in ethanol (1 mL) was added a solution of HCI (0.8 M, 0.930 mL) in
EtOH. Evaporation of the volatiles afforded to D-threo-2-amino-3-morpholino-
1-phenylpropan-1-ol dihydrochioride Compound 4 (0.104 g, 100 % yield) as

10 an off white solid. (Adapted from Shin, S5-H.; Han, E.Y.; Park, C.S.; Lee, W.K;
Ha, H.-J. Tetrahedron Asymmetry, 2000, 71, 3293-3301).

OH
G
NH, @

2 HCI

Compound 4

MW: 309.23: Yield: 89 %; Off White Solid; Mp (°C): 183.4.

15 "H-NMR (CD,0D, &): : 3.30-3.77 (m, 6H, CHzN), 3.92-4.05 (m, 4H, CH0),
4.05-4.16 (m, 1H, CH), 4.85-4.98 (m, 1H, CH), 7.35-7.60 (m, 5H, ArH).
13C.NMR (CD30D,): 53.2, 58.3, 58.5 (2xC), 64.9 (2xC), 72.6, 128.0 (2xC),
130.2 (2xC), 140.3.

MS-ESI m/z (% rel. int.): 237.1 (100, [MH]").

% HPLC: Isocratic 10 % CHZCN in Hz0 (pH 10, [NH,OH] = 5 mM), detection UV
254 nm, Compound 4 RT = 6.63 min, peak area 97.3 %.

[af%p = - 10.7 (¢ = 1.00, MeOH).

Preparation of Benzyl L-threo-1 _hydroxy-3-morpholino-1-phenylpropan-2-

25 ylcarbamate hydroghloride Compound 1.
Benzy! (S)-3-hydroxy-1-0x0-1 -phenylpropan-2-ylcarbamate TTA 080108B.
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To a stirred solution of Z-L-Ser-OH (6.00 g, 25.08 mmof) in 32 mL of
anhydrous THF at 0°C under nitrogen was added dropwise 1 M
phenylmagnesium bromide in THF (32 mL, 200 mmol). (The symbol Z
designates a benzylcarbamoy! group). The mixture was stirred 15 h at RT

s under nitrogen. A solution of 2 M HCI (100 mL) was slowly added at 0°C and
the mixture was partitioned between ethyl acetate (750 mL) and acidic water.
The organic layer was washed with water (2 x 20 mL), 1 N aqueous sodium
bicarbonate (2 x 20 mL), brine (2 x 20 mL) and dried over MgSQ4. After
removing ethyl acetate by evaporation at 30-35 °C, the crude product (4.50 g,

10 60 % yield) was cristallized in a mixture of ethyl acetate:hexane = 25 mL:20
mL to give benzyl (S)-3-hydroxy—1-oxo—1-phenylpropan-z-ylcarbamate TTA
08010B as a white solid (1.40 g, 20 % yield).

O OH

0
15 TTA 08010B

MW: 299.32; Yield: 20 %; White Solid; Mp (°C): 106.5.
Ry 0.75 (CH2Clx:MeOH = 9:1).
H-NMR (CDCls, 8): : 2.78 (s, 1H, OH), 3.85-3.93 (m, 1H, CH,0}, 4.00-4.09
20 (m, 1H, CH20), 5.14 (s, 2H, ArCH;0), 5.40 (¢, 1H, J= 3.3 Hz, CH), 6.17 (d,
1H, J = 6.4 Hz, NH), 7.35 (s, 5H, ArH), 7.49 (t, 2H, J = 7.60 Hz, ArH), 7.62 (t,
1H, J = 7.1 Hz, ArH), 8.99 (t, 2H, J = 7.6 Hz, ArH).
13C.NMR (CDCl, 5): : 58.3, 64.6, 67.3, 128.1, 128.3, 128.6, 128.7, 129.0,
134.1, 136.0, 156.6, 196.6.
2% MS-ESI miz (% rel. Int.): 300.1 ([MH]", 5), 266.1 (100).
HPLC: Method A, detection UV 254 nm, TTA 08010B RT = 5.40 min, peak
area 98.5 %.
[afp = - 5.8 (¢ = 1.00, MeCH).
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Benzyl L-threo-1,3-dihydroxy-1 -phenylpropan-2-ylcarbamate TTA 08012.

To a stirred solution of benzyl (S)-3—hydroxy—1-oxo-1-phenylpropan—2—
ylcarbamate TTA 08010B (1.40 g, 4.70 mmol} in 28 mL of anhydrous THF at -
78 °C under nitrogen was added slowly dropwise 1 M DIBAL-H in hexane
{18.8 mL, 18.80 mmol). The mixture was stirred 2 h at -78 °C then 1.5 h at
RT. A solution of 2 M HCl (35 mL) was slowly added at -20 °C and the mixture
was partitioned between ethyl acetate (750 mL) and acidic water. The organic
phase was washed with water (2x20 mL), brine (2x20 mL) and dried over
MgSQ,. After removing ethyl acetate by evaporation at 30-35 °C, the crude
product was purified by column chromatography on silica (CH2CI2:MeOH =
98:2 to 97:3) to give benzyl L-threo-1 .3-dihydroxy-1-phenylpropan-2-
ylcarbamate TTA 08012 as a white solid (1.10 g, 78 % yield).

OH OH

HN.__O
hig
Q
TTA 08012

MW: 301.34: Yield: 78 %; White Solid; Mp (°C): 102.5.

Rf: 0.30 (CH2Cl:MeOH = 95/5).

1H-NMR (CDCls, 8): : 3.08 (t, 1H, J = 5.0 Hz, OH), 3.59 (d, 1H, J=3.1 Hz,
OH), 3.64-3.78 (m, 2H, CH,0), 3.80-3.89 (m, 1H, CH), 4.95 (s, 2H, ArCH;0),
5.57 (d, 1H, J = 8.3 Hz, NH), 7.17-7.38 (m, 10H, ArH).

13C.NMR (CDCls, 8): : 57.5,63.6, 66.9, 73.8, 126.0, 127.8, 127.9, 128.1,
1285, 128.6, 136.2, 141.0, 156.9.

MS-ESI m/z (% rel. Int.): 302.0 ((MH]", 5); 132.0 (100).

HPLC: Method A, detection UV 254 nm, TTA 08012 RT = 5.00 min, peak area
99.5 %.

[a]%p = + 39.4 (c=1.00, MeOH).
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Benzy! threo-1-hydroxy-3-morpholino-1 -phenylpropan-2-ylcarbamate

hydrochloride Compound 1.

To a stirred solution of benzy! L-threo-1 ,3-dihydroxy-1-phenyipropan-2-

yicarbamate TTA 08012 (1.00 g, 3.30 mmol) in 13 mL of pyridine at-10 °C

5  was added dropwise methanesulfonyl chloride (0.27 mL, 3.50 mmol). The
mixture was stirred 6 h at 20 °C under nitrogen. Pyridine was removed by
evaporation at 30-35 °C and the residue was partitioned between ethyl
acetate (250 mL) and 0.1 N HCI (20 mL). The organic phase was washed with
water (20 mL), brine (20 mL), dried over MgSO. and evaporated to give after

10 drying L-threo-1-hyd roxy-3-methanesulfonyl-1 -phenylpropan-2-ylcarbamate
TTA 08014 (1.25 g, 65% yield).
To a stirred solution of crude benzyl L-threo-1-hydroxy-3-methanesulfonyl-1-
phenylpropan-2-ylcarbamate TTA 08014 (1.25 g, 3.30 mmol) in 6 mL of DMF
at RT was added morpholine (1.2 mL, 13.20 mmol). The mixture was stirred

15 15 h at 50 °C under nitrogen. DMF was evaporated and the residue was
partitioned between ethyl acetate (250 mL) and 1 N aqueous sodium
bicarbonate (20 mL). The organic phase was washed with water (20 mL),
brine (20 mL) and dried over MgSO0s,. After evaporation the crude product was
purified by column chromatography on silica (CH2Cl2:MeOH = 98:2 to 97:3)

20 to give benzyl L-threo-1-hydroxy-3-morpho|ino-1-phenylprcpan-2—ylcarbamate
as an oil (380 mg, 31 % yield). The hydrochloride salt was obtained from 100
mg of the free base in diethylether at 0°C using a solution 0.3 M HCl in
disthylether. The precipitate was filtered and dry to give benzyl L-threo-1-
hydroxy-3-morpholino-1 -phenylpropan-2-ylcarbamate hydrochloride

25 Compound 1 as a white solid (70 mg, 65 % yield).

O

e,
g\u) HCI
(o
H 0
hig
e}
Compound 1
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MW: 406.90: Yield: 20 %; White Solid; Mp (°C): 144.5.

R;: 0.40 (CH2Clz:MeOH = 95:5).

'H-NMR (CD30OD, 8): : 3.14-3.77 (m, 6H, CHzN), 3.70-4.07 (m, 4H, CH;0),
4.30-4.33 (m, 1H, CH), 4.90-5.06 (m, 3H, CH, ArCH,0), 7.20-7.43 (m, 10H,
ArH).

13C.NMR (CD;0D, 8):: 51.2,51.8,53.2,59.3, 63.2, 66.3, 72.5, 125.8, 127.2,
127.3,127.5,127.8, 127.9.

MS-ESI m/z (% rel. Int.): 371.0 ((MH]", 100).

HPLC: Method A, detection UV 254 nm, Compound 1 RT = 4.40 min, peak
area 96.5 %.

[0 = +13.9 (c = 1.00, MeOH).

Preparation of threo-2-amino-3-morpholina-1-phenylpropan-1-ol

dihydrochloride Compound 2.
To a stirred solution of benzyl L-threo-1-hydroxy-3-morpholino-1-

phenylpropan-2-ylcarbamate (Compound 1, 0.26 g, 0.70 mmol) in 20 mL of
MeOH at RT was added Pd-C 10 % (140 mg). The mixture was satured with
hydrogen and stirred for 24 h at RT under hydrogen atmosphere (balloon).
The catalyst Pd-C 10% was removed by filtration on celite and the solution
was evaporated. The crude product was purified by column chromatography
on silica (CHzCl:MeOH:NH,OH = 79:20:1 to 75:20:5) to give L-threo-2-amino-
3-morpholinc-1-phenylpropan-1-ol as an oil (100 mg, 60 % yield). The
hydrochloride salt was obtained from 83 mg of the free base in diethylether at
0 °C using 0.3 M HCl in diethylether. After precipitation in diethylether,
filtration and drying L-threo-2-amino—B—morpholino-1-phenylpropan—1-ol
dihydrochloride Compound 2 was obtained as a white solid (80 mg, 74 %
yield).

OH

S

; NH, N(jé

2HCI Compound 2

30



WO 2008/109286

20

25

PCT/US2008/054936

Docket 18174 PCT (AP)

MW: 309.23; Yield: 44 %; White Solid; Mp (°C): 166.4-170.9.
R:0.20 (CH;Cl;:MeOH = 9:1).
'H-NMR (CD;0D, 8): : 3.30-3.77 (m, 6H, CHzN), 3.92-4.05 (m, 4H, CH0),
4.05-4.16 (m, 1H, CH), 4.85-4.98 (m, 1H, CH), 7.35-7.60 (m, 5H, ArH).
13CNMR (CD;0D, 3): : 53.1,54.9, 58.5, 64.8, 72.6, 127.2,128.0, 130.2,
140.3.
MS-ESI m/z (% rel. Int.): 237.0 ((MH]", 100).
HPLC: Method A, detection UV 254 nm, Compound 2 RT = 0.90 min, peak
area 98.0 %.
[a]®p = +10.8 (c = 1.00, MeOH), free base: (0% = - 6.1 (¢ = 0.25, CHCly).
Preparation of benzy! L-threo-1-acetoxy-3-morpholing-1-phenylpropan-2-
yicarbamate hydrochloride Compound 3.

Benzyl L-threo—1—acetoxy-S-morphoIinoJ-Qhenylgrogan-2-¥lcarbamate

hydrochloride Compound 3.
To a stirred solution of benzyl L-threo-1-hydroxy-3-morpholino-1-

phenylpropan-2-ylcarbamate hydrochloride (Compound 1, 0.510 g, 1.25
mmol) in 30 mL of CHCl; at RT were added stowly triethylamine (700 pL, 5.00
mmol) and acetyl chloride (145 pt, 2.00 mmo}). The mixture was stirred 10 h
at RT under nitrogen and partitioned between a mixture of ice-water (20 mL)
and CH,Cl, (100 mL). The organic layer was washed with brine (20 mL) and
dried over MgS0,. After evaporation the crude product was purified by column
chromatography on silica (CHCl:MeOH = 99.5:0.5 to 98:2) to give benzyl L-
threo-‘l-acetoxy—3—morpholino-1-phenylpropan-2-ylcarbamate as an oil {0.420
g, 81 % yield).

The hydrochloride salt was obtained from 45 mg of the free base in
diethylether at 0 °C using a solution of 0.3 M HCl in diethylether. The
precipitate was filtered and dry to give benzyl L-threo-1-acetoxy-3-morpholino-
1-phenylpropan-2-ylcarbamate hydrochloride Compound 3 as a white solid
(40 mg, 82 % vield).
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Compound 3
MW: 448 94: Yield: 66 %; White Solid; Mp (°C): 69.9.
Ry: 0.70 (CHClL:MeOH = 95:5).
TH-NMR (CDsOD, 8): : 2.10 (s, 3H, CHy), 3.14-3.44 (m, 4H, CH2N), 3.70-4.00
(m, 4H, CH;0), 4.51-4.53 (m, 1H, CH), 4.90-5.13 (m, 2H, ArCH;0), 5.89 (d,
1H, CH), 7.28-7.48 (m, 10H, ArH).
3C-NMR (CD;0D, &): : 20.8, 52.0, 52.6, 59.7, 64.6, 68.0, 76.5, 127.7, 129.0,
129.2, 129.5, 129.8, 137.9, 158.7, 171.3.
MS-ESI m/z (% rel. Int.): 413.0 ([MH]", 100).
HPLC: Method A, detection UV 254 nm, Compound 3 RT = 4.70 min, peak
area 98.5 %.
Preparation of DL-threo-2-( Decanamido)-1-{4-methoxyphenyi)-3-(pyriolidin-1-

ylpropyl decanoate Compound 10.
2-Isocyano-1-(pyrrolidin-1-yhethanone BLE 04008.

To stirred and cooled (0°C) methyl isocyanoacetate (96 % technical
grade, 5.0 g, 47.8 mmol) was slowly added in 0.75 h pyrrolidine (6.5 mL, 78
mmol). The mixture was stirred for 1.5 h with continued cooling and then
concentrated. The resulting oil was co-evaporated twice from CH,Clz:hexane
to remove residual pyrrolidine. 2-Isocyano-1-(pyrrolidin-1-yl)ethanone BLE
04098 was obtained as a yellow solid (6.85 g, 98 % yield) and used in the

next step without purification.

O
e Gy
S0

BLE 04098
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MW: 138.17: Yield: 98 %; yellow solid; Mp (°C) = 73.9.
'H-NMR (CDCl3, 8): : 1.81-2.08 (m, 4H, 2xCHy), 3.35-3.45 (m, 2H, -NCH>),
3.50-3.60 {m, 2H, -NCH>), 4.23 (s, 2H, CH:CO).
Trans—(4,5-dihydro—5—(pyridin-3—yl)oxazo!—4-yl)(pyrrolidin-1 -yl)ymethanone BLE
5 04110B.

trans-(4,5-Dihydro-5—(4—methoxyphenyl)oxazo|—4-yl)(pyrrolidin-1-yl)methanone
SLA 07074.

To a stirred and cooled (0°C) solution of potassium hydroxide (0.37 g,
6.57 mmol} in methanol (30 mL) was added a mixture of 4-methoxy-

10 benzaldehyde (0.88 mL, 7.23 mmol) and 2-isocyano-1-(pyrrolidin-1-
yl)ethanone BLE 04098 (1.0 g, .57 mmol). The solution was stirred 4 h with
continued cooling and then concentrated. The residue was partitioned
between ethyl acetate and water. The organic layer was combined with
additional ethyl acetate extracts, washed with aqueous sodium chioride and

15 dried over MgSQ.. Concentration afforded a crude product as a glassy solid.
Flash chromatography over silica (ethyl acetate) yielded to trans-(4,5-dihydro-
5-(4-methoxyphenyl)oxazol-4-yl)(pyrrolidin-1-yl)methanone SLA 07074 asa
pale yellow solid (1.2 g, 90.5 %).

O’Q\N

(+/-)

20 SLA 07074

MW: 274.32: Yield: 90.5 %; pale yellow solid; Mp (°C). 91.2.

Ry: 0.30 (EtOAc).

TH-NMR (CDCls, 8): : 1.75-2.08 (m, 4H, 2xCHy), 3.40-3.58 (m, 3H, CHzN),

3.52 (s, 3H, CH30), 3.88-3.98 (m, 1H, CH:N), 4.59 (dd, 1H, J=7.6 Hz, /= 2.2
25  Hz, CH-N), 6.06 (d, 1H, J = 7.6 Hz, CH-0), 6.90 (d, 2H, J = 8.7 Hz, ArH), 7.01

(d, 1H, J = 2.2 Hz, CH=N), 7.25 (d, ZH, J=87Hz, ArH).

MS-ESI m/z (% rel. Int.): 275.1 ([MH]*, 10), 247.1 (100).
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HPLC: Method A, detection UV 280 nm, SLA 07074 RT = 5.2 min, peak area
92 %.
DL-threo-2-Amino-3-hydroxy-3-(4-methoxyphenyl)-1 -(pyrrolidin-1-yl)propan-1-
one hydrochloride SLA 07078.

5 To a stirred solution of trans-(4,5-dihydro-5-(4-methoxyphenyl)oxazol-
4-yl)(pyrrolidin-1-y)methanone SLA 07074 (1.61 g, 5.93 mmol) in methanol
(13 mL) was added hydrochioric acid (1mL). After heating at 50 °C for 3 h the
mixture reaction was concentrated and the resulting yellow oil was co-
evaporated twice with ethyl acetate before solidifying. Trituration (ethyl

10  acetate) and drying afforded DL-threo-2-amino-3-hydroxy-3-(4-
methoxyphenyl)—1—(pyrrolidin-1—y|)propan-1 -one hydrochloride SLA 07078 as
a white solid (1.64 g, 93 %).

H O

~o NH;

HCI

o

(+)
SLA 07078

15 MW 300.78: Yield: 93 %; white Solid; Mp (°C): 177.0.
'H-NMR (CD50D, 8): : 1.32-1.50 (m, 1H, CHy), 1.50-1.88 (m, 3H, CHy), 2.15-
2.28 (m, 1H, CHzN), 3.15-3.42 (m, 4H, 2xCH:N), 3.79 (s, 3H, CH30), 4.06 (d,
1H, J = 9.2 Hz, CH-N), 4.78 (d, 1H, J = 9.2 Hz, CHO), 6.94 (d, 2H, J = 8.5 Hz,
ArH), 7.34 (d, 2H, J = 8.5 Hz, ArH).

20 '3C-NMR (CDsOD, 0): : 24.8, 26.6, 47.2, 47.6, 55.9, 59.6, 73.9, 115.0 (2xC),
128.9 (2xC), 132.5, 161.7, 166.4.
DL-threo—Z-Amino-1-(4-melhoxvphenv|)-3-(pvrrolidin—1-v!)propan-1-0l

Compound 9.
To a stirred suspension of DL-threo-[5-(4-methoxy-phenyl)-4,5-dihydro-
%  oxazol-4-yl}-pyrrolidin-1-yl-methanone SLA 07078 (1.61 g, 5.35 mmol) in
tetrahydrofuran (200 mL) under nitrogen atmosphere was slowly added, in
two portions, lithium aluminium hydride (1.22 g, 32.12 mmol) at 0 °C. The
mixture reaction was stirred at RT for 17 h, and then quenched by a slow,
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dropwise addition of water (50 mL). The white suspension was then
concentrated to remove THF and taken back up ina mixture of 300 mL
CH,Cl; and 1N agueous hydrochloric acid (50 mL). The aqueous layer was
basified to pH = 10-11 by a slow addition of 1N aqueous sodium hydroxyde.
The organic layer was removed, combined with additional CH2Cl; extracts (4 x
200 mL) and dried over MgSOs, filtered and evaporated. The crude product
was purified by column chromatography on silica (CH2Cl::MeOH:NH; =
94:05:01). After evaporation and drying, DL-threo-2-amino-1-(4-
methoxyphenyl)-3-(pyrrolidin-1-yl)propan-1—oi Compound 9 was obtained (0.
62 g, 46 %) as a pale yellow solid.
(:)H
NH,
(+/-)
Compound 9

MW: 250.34; Yield: 46 %; Pale Yellow Solid; Mp (°CY. 77.7.

Ry: 0.35 (CH.Cl:MeOH:NH; = 94:05:01).

TH-NMR (CDCls, 8): : 1.65-1.87 (s, 4H, 2xCHy), 2.40-2.90 (m, 9H, CHzN, NH;
& OH), 3.11-3.17 (m, 1H, CH:N), 3.81 (s, 3H, CH;0), 4.61 (d, 1H, J=3.8 Hz,
CH-0), 7.89 (d, 2H, J = 8.6 Hz, ArH), 7.26 (d, 2H, J = 8.5 Hz, ArH).

13C.NMR (CDCls, 8): : 23.6 (2xC), 54.5, 54.7 (2xC), 55.3, 60.1, 75.9, 113.6,
127.4,134.4, 158.8.

MS-ESI m/z (% rel. Int.): 251.1 (IMH]*, 100).
DL-threo-2-(Decanamido)-1-(4-methoxyphenyl)-3-( pyrrolidin-1-ylipropyl

decanoate Compound 10.

To a stirred solution of DL-threo-2-amino-1-(4-methoxy-phenyl)-3-
pyrrolidin-1-yl-propan-1-ol Compound 9 (0.15 g, 0.60 mmol) in
dichloromethane (10 mL) were added N-hydroxysuccinimide (0.07 g, 0.60
mmal), triethylamine (0.10 mL, 0.63 mmol) and decanoyl chloride (1 12 L,
0.54 mmol) under nitrogen atmosphere. The mixture reaction was stirred at
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RT for 22 h and partitioned between methylene chioride and 1 N aqueous
sodium hydroxide. The organic layer was dried over MgSQs, filtered and
evaporated. The crude product was purified by column chromatography on
silica (CH2Cl:MeOH = 85:05). DL-threo-2-(Decanamido)-1-(4-
5 methoxyphenyl)—3—(pyrrolidin-1—yl)propyl decanoate Compound 10 was
obtained as a white oil (0.104 g, 31 %).
O

Compound 10
MW: 558.84; Yield: 40 %; White Oil.
10 Rg 0.35 (CH.Clx:MeOH = 95:085).
TH-NMR (CDCls, 5): : 0.88 (t, 6H, J= 0.7 Hz, 2xCHa), 1.26 (s, 14H, 7xCHy),
1.57-1.59 (m, 4H, 2xCHy), 1.80 (m, 4H, 2xCHa), 2.10-2.50 (m, 5H, CHy), 2.65-
2.76 (m, 5H, CHy), 3.79 (s, 3H, CH30), 4.54 (m, 1H, CH-N), 5.89 (d, 1H, J=
6.2 Hz, CH-O), 6.16 (d broad, 1H, J = 8.8 Hz, NH), 6.85(d, 2H, J= 8.7 Hz,
15 ArH), 7.24 (d, 2H, J = 8.7 Hz, ArH).
MS-ES! m/z (% rel. int.): 559.5 ((MH]*, 100).
HPLC: Method A, detection UV 280 nm, Compound 10 RT = 6.99 min, peak
area 96.4 %.

20  N-(DL-threo-1-Hydroxy-1 -(4-methoxyphenyh)-3-(pyrrolidin-1 -yl)propan-2-
ylpalmitamide or DL-threo-4-MeO-P4_Compound 11.
To a stirred solution of DL -threo-2-amino-1-(4-methoxyphenyl)-3-

(pyrrolidin-1-yl)propan-1-ol Compound 8 (015 g, 0.60 mmol) in
dichloromethane (10 mL) were successively added N-hydroxysuccinimide
25 (0.07 g, 0.60 mmol), triethylamine (0.100 mL, 0.63 mmol) and paimitoyl
chloride (0.15 g, 0.54 mmol) under nitrogen atmosphere. The mixture reaction
was stirred at RT for 17 h and partitioned between methylene chioride and 1N
36



WO 2008/109286 PCT/US2008/054936

Docket 18174 PCT (AP)

aqueous sodium hydroxide. The organic layer was dried over MgSQy, filtered

and evaporated. The crude product was purified by column chromatography

on silica (CH2Clx:MeOH = 95:05). N-(DL-threo-1-Hydroxy-1-(4-

methoxyphenyl)-S—(pyrrolidin-1-yl)propan—2-yl)palmitamide Compound 11 was
5  obtained as a white solid (0. 117 g, 40 %).

()

OH N

Compound 11
MW: 488.75: Yield: 40 %; White Solid; Mp (°C): 82.3.
Ry, 0.35 (CHaCl:MeOH = 95:05).

10 'H-NMR (CDCls, : 0.88 {t, 3H, J = 7.0 Hz, CHy), 1.22-1.33 (m, 16H, 8xCH>),
1.47-1.54 (m, 2H, CHy), 1.81 (m, 4H, 2xCHy), 2.09 {t, 2H, J = 7.0 Hz, COCHy),
2.60-2.80 (m, 4H, 2xCHy), 2.84 (d, 2H, J=5.1 Hz, CHs), 3.80 (s, 3H, CH;0),
423 (m, 1H, CH-N), 5.00 (d, 1H, J=22 Hz, CH-0), 5.90 (d, 1H, J=7.4 Hz,
NH), 6.87 (d, 2H, J = 8.7 Hz, ArH), 7.24 (d, 2H, J=8.7 Hz, ArH).

15 3C-NMR (CDCI3, d): : 14.1,22.7, 23.6, 25.6, 29.1, 29.3,29.4,295,297,
20.7,31.9, 36.8, 52.3, 55.2, 57.8, 75.4, 113.7 (2xC), 127.0 (2xC), 133.1,
158.9, 173.6.

MS-ESI m/z (rel. int.): 489.2 ((MH]*, 100).
HP LC: Method A, detection UV 280 nm, Compound 11 RT = 6.55 min, peak

20 area 96.4 %.

DL-threo-2-Amino-1-(2,3-dinydrobenzolbl{1 Aldioxin-6-yl}-3-(pyrrolidin-1-
yhpropan-1-ol Compound 6.

25 trans—(4,5—Dihydro-5-(2,3—dihydrobenzo[b][1 .4]dioxin-6-yl)oxazol-4-
yl)(pyrrolidin-1-yl)methanone BLE 04100.
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To a stirred and cooled (0°C) solution of potassium hydroxide (0.43 mg,
7.60 mmol) in MeOH (6.5 mL) were added successively 1,4-benzodioxan-6-
carboxaidehyde (1.31 g, 7.96 mmol) and 2-isocyano-1-(pyrrolidin-1-
ylethanone BLE 04098 (1.0 g, 6.57 mmol). The solution was stirred 3 h at
0°C and then concentrated. The residue was partitioned between EtOAc (100
mL) and water. The organic layer was combined with 2 additional EtOAc
extracts (2 x 100 mL), washed with brine, dried over MgSO,, filtered and
evaporated. Concentration afford to a crude product which was purified by
column chromatography on silica (EtOAc) to yield, after evaporation and
drying, to trans-4,5-dihydro-5-(2,3-dihydrobenzofb]{1 4dioxin-6-yl)oxazol-4-
yh)(pyrrolidin-1-yl)methanone BLE 04100 as a colourless oil (1.76 g, 89 %

o
o N
[OD)}\ NQ
)

(+1-

yield).

BLE 04100
MW: 440.49: Yield: 89 %; colourless oil.
TH-NMR (CDCls, 8): : 1.75-2.10 (m, 4H, 2xCH), 3.40-3.59 (m, 6H, 3xCH:2N),
3.85-4.00 (m, 1H, CHN), 4.26 (s, 4H, CH20), 4.59 (dd, 1H,J=7.5Hz, J=22
Hz, CH-N), 6.00 (d, 1H, J = 7.5 Hz, CH-0), £.75-6.90 (m, 3H, ArH), 7.00 (d,
1H, J = 2.2 Hz, CH=N).

DL-threo-2-amino-3~(2.3-dihydrobenzo{b][1 4ldioxin-6-yl)-3-hydroxy-1-
(pyrrolidin-1-yhpropan-1-one hydrochloride Compound 12.

To a stirred solution of trans-4,5-dihydro-5-(2,3-
dihydrobenzo[b][1 ,4]dioxin-6-yl)oxazol-4—yl)(pyrrolidin-1 -yl)methanone BLE
04100 (1.74 g, 5.77 mmol) in methanol (156 ml.) was added hydrochloric acid
(1mL). After heating at 50°C for 3h the mixture reaction was concentrated and

the resulting yellow oil was co-evaporated twice with ethyl acetate before
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solidifying. Trituration (ethyl acetate) and drying afforded DL-threo-2-amino-3-
(2,3-dihydrobenzo[b][1 ,4]dioxin-6-yi)-3-hydroxy-1 ~(pyrrolidin-1-yl)propan-1-
one hydrochloride Compound 12 as a white solid (1.85 g, 95 %).

...o

[ NH, Q

HCI
(+-)

Compound 12
MW: 328.79: Yield: 95.0 %; White Solid; Mp (°C): 176.2.
'H-NMR (CDsOD, 8): : 1.42-1.58 (m, 1H, CHa), 1.58-1.70 (m, 1H, CHg), 1.70-
1.88 (m, 2H, CHy), 3.20-3.45(m, 4H, N-CHa), 4.06 (d, 1H, J= 9.1 Hz, CH-N),
425 (s, 2H, CHy), 4.75 (d, 1H, J= 9.2 Hz, CH-0), 4.89 (s, 2H, CH>), 6.82-6.95
(m, 3H, ArH).
13G-NMR (CD;0D, 8): : 24.9, 26.7, 47.3, 47.6, 59.5, 65.7,73.6, 116.4, 118.3,
120.3, 133.7, 145.1, 145.6, 166.4.

DL-threo-2-Amino-1-(2,3-dihydrobenzofbl{1 41dioxin-6-yl)-3-(pyrrolidin-1-

ypropan-1-ol Compound 6.
To a stirred suspension of trans-(4,5-dihydro-5-(4-

methoxyphenyl)oxazol~4—yl)(pyrrolidin—1-yl)methanone SLA 07080 (1.79 g,

5 44 mmol) in THF (220 mL) was slowly added at 0 °C, in two portions, LiAlH4
(1.28 g, 33.7 mmol). The mixture was stirred at RT for 3.5 h and quenched by
a slow addition of water at 0 °C (350 mL). The white suspension was
concentrated to remove THF and taken back in a mixture of CH,Cl, (300 mL)
and 1 N aqueous HCI (50 mL). The aqueous layer was basified to pH = 10-11
by slow addition of 1 N aqueous NaOH. The organic layer was removed; two
more extracts were combined and dried over MgSQag, filtered and evaporated.
Concentration afforded to a crude product as a yellow oil. This material was
purified by column chromatography on silica (CH4Cly:MeQH:NH40H 20% =

94:5:1) to led to DL-threo-2-amino-1-(2,3-dihydrobenzo[b][1 ,41dioxin-6-yl)-3-
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(pyrrolidin-1-yl)propan-1-ol Compound & (0.705 g, 46.5 % yield) as a near

colorless gum.

H

o}
(+-)

5 Compound 6

MW: 278.35; Yield: 46.5 %; Colorless Gum.

Rys: 0.20 (CH2Cl;:MeOH:NH,OH 20 % = 94:5:1).

"H-NMR (CDCl, 8): : 1.70-1.85 (m, 4H, 2xCHy), 2.40-2.70 (m, 8H, 3xCHN-),

3.05-3.15 (m, 1H, CH-N), 4.25 (s, 4H, CH:0), 4.55 (d, 1H, J = 2.2 Hz, CH-0),
10 5.30 (s, 1H, -OH), 6.75-6.90 (m, 3H, ArH).

md

N-(DL-threo-1-(2.3-dihydrobenzo[bi[1 Aldioxin-6-y1)-1-hydroxy-3-(pyrrolidin-1-
ylhpropan-2-ylidecanamide Compound 7.
To a stirred solution of DL-threo-2-amino-1-(2,3-
15 dihydrobenzo[b][1 ,4]dioxin—6—yl)-3-(pyrro|idin-1-yl)propan-1-ol BLE 04104
(0.186 g, 0.67 mmol) in 10 mL CH2Cl2 were added, in order, N-

hydroxysuccinimide (0.081 g, 0.70 mmol) in 2 mL CH2Cl2, triethylamine (112
4L, 0.80 mmol) and decanoyl chloride (125 pL, 0.60 mmol). The mixture was
stirred overnight at RT and then partitioned between CH,Cl; and 1 N agueous

20 sodium hydroxide. The organic layer was dried over MgSO,, filtered and
evaporated and the residue obtained was purified by column chromatography
on silica (CHzCl:MeOH = 95:5). A white solid N-(DL-threo-1-(2,3-
dihydrobenzofb][1,4]dioxin-6-yl)-1 -hydroxy—3—(pyrrolidin—1—yl)propan-2-
yh)palmitamide Compound 7 was obtained (126 mg, 43.5 % vield).

2%
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QH N

C

o] o]
- E.
Zn

(+) °

Compound 7
MW: 516.76: Yield: 43.5 %; White Solid; Mp (°C): 84.6.
Rs: 0.40 (MeOH:CH;Clz = 10:90).
'H-NMR (CDCls, 8): : 0.88 {t, 3H, J = 6.7 Hz, CH3), 1.12-1.39 (m, 12 H), 1.40-
1.60 (m, 2H, CH2), 1.72-1.90 (m, 4H, 2xCH2), 2.10 (t, 2H, J= 6.7 Hz, CH2),
2.55-2.90 (m, 6H), 4.13-4.30 (m, 1H, CH-N), 4.24 (s, 4H, CH2N), 4.91 (d, 1H,
J = 3.3 Hz, CH-0), 5.90 (d, 1H, J = 7.4 Hz, NH), 6.75-6.88 (m, 3H, ArH), OH
not seen.
3C.NMR (CDCls, 8): © 14.1, 22.7, 23.6 (2xC), 25.6, 291, 29.3, 31.9, 36.8,
52.3. 55.1 (2xC), 57.7, 64.3 (2xC), 75.2, 77.2, 115.0, 117.0, 118.9, 134 4,
142.8,143.4,173.5, 174.8.
MS-ESI m/z (% rel. Int.): 433.1 ((MH]", 100).
HPLC: Method A, detection UV 280 nm, Compound 7, RT = 5.2 min, peak
area 96.2 %.

N-(DL-threo-1-(2,3-Dihydrobenzofb][1 Aldioxin-6-yl)-1-hydroxy-3-(pyrrolidin-1-

Noropan-2-yhpalmitamide Compound 8.

To a stirred solution of DL-threo-2-amino-1-(2,3-
difydrobenzo[b][1 ,4]dioxin-G-yl)-3-(pyrrolidin-1-yl)propan-1-ol BLE 04104
(0.158 g, 0.57 mmol} in 10 mL CH.Cl, were added, in order, N-
hydroxysuccinimide (0.068 g, 0.59 mmol) in 2 mi CH2Cl2, triethylamine (95
uL, 0.68 mmol) and palmitoyl chloride (155 uL, 0.511 mmol) in 3 mL CH,Cla.
The mixture was stirred overnight at RT and then partitioned between CHClz
and 1 N aqueous sodium hydroxyde. The organic layer was purified by
column chromatography on silica using as eluent CHoCly:MeOH = 95:5. A

white solid N-(DL-threo-1-(2,3-dihydrobenzo[b][1 Aldioxin-6-yl)-1-hydroxy-3-
41
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(pyrrolidin-1-yl)propan-2-yl)palmitamide Compound 8 was obtained (148 mg,

50.4 % yield).
OH N
0 e
e goee
(+1-) 0

Compound 8

MW: 516.7: Yield: 50.4 %; White Solid; Mp (°C): 66.4.

R¢: 0.50 (MeOH:CHCl; = 10:90).

'H-NMR (CDCls, 8): : 0.88 {t, 3H, J = 6.7 Hz, CHy), 1.15-1.35 (m, 24 H), 1.45-
1,58 (m, 2H, CHy), 1.75-1.90 (m, 4H, 2xCHy), 2.10 {t, 2H, J= 7.4 Hz, CHy),
2.61 (s, 1H, OH), 2.52-2.72 (m, 4H), 2.72-2.92 (m, 2H), 4.15-4.22 (m, 1H, CH-
N), 4.24 (s, 4H, CHN), 4.92 (d, 1H, J=3.3 Hz, CH-Q), 6.08 (d, 1H,J=7.4
Hz, NH), 6.75-6.90 (m, 3H, ArH).

MS-ESI m/z (% rel. nt.): 517.2 (IMHT", 100).

HPLC: Method A, detection UV 280 nm, Compound 8 RT = 6.60 min, peak
area 97.2 %.

Preparation of DL-threo-2—Amino-1-(m&cﬁn-éf—vl)—&(pvrrolidin-1-vl)propan-1-ol
Compound 46.
Trans-(4,5-dihydro-5-(pyridin-3-yl)oxazol—4-yl)(pyrrolidin-1-yl)methanone BLE
04110B.

A general method D for oxazolines formation is illustrated by the

preparation of BLE 04110B: To a stirred and cooled (0°C) solution of
potassium hydroxide (0.55 g, 9.80 mmol) in methanol (10 mL) were added a
mixture of 3-pyridine carboxaldehyde (1.03 mL, 10.84 mmol) and 2-isocyano-
1-(pyrrolidin-1-yl)ethanone BLE 04098 (1.50 g, 10.86 mmol). The solution was
stirred 3 h at 0°C and then concentrated. The residue was partitioned
between ethyl acetate (100 mL) and water. The organic layer was combined

42
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with two additional ethyl acetate extracts (2x100 mL), washed with agueous
sodium chloride and dried over MgSOs, filtered and evaporated.
Concentration afforded a crude product which was purified by column
chromatography on silica {CH.Cl:MeQOH = 98:2) to yield to trans-(4,5-dihydro-
5 5-(pyridin-3-yl)oxazol-4-yl)(pyrrolidin-1-yl)methanone BLE 04110B (0.95 g, 38
%) as a pale yellow pale solid.
o\

N
NTS H

J:/;\NQ
(+-)
BLE 04110B
MW: 245.28:; Yield: 39 %; Yellow Pale Solid; Mp (°C): 107.0.

10 'H-NMR (CDCl, d): : 1.78-2.10 (m, 4H, 2XCHj), 3.40-3.61 (m, 3H, CHzN),
3.90-4.04 (m, 1H, CH;N), 4.59 (dd, 1H, J=7.7 Hz, J = 2.2 Hz, CH-N), 6.21 (d,
1H, J = 7.7 Hz, CH-0), 7.04 (d, 1H, J = 2.2 Hz, O-CH=N), 7.33 (m, 1H, ArH),
7.64 (m, 1H, ArH), 8.59 (d, 2H, J= 2.8 Hz, ArH).
3C_NMR (CDCl, 8): : 24.2, 26.0, 46.4, 46.6, 75.7,79.3, 123.7, 133.5, 135.3,

15 147.8, 149.9, 155.2, 166.2.
trans—(4,5-Dihvdro—5~(pvridin4-vloLLa£oM-vn(ovrrolidin-1—yl)methanone

Compound 19.
Compound 19 was prepared in accordance with method D using

pyridine-4-carbaldehyde (1.88 mL, 19.76 mmol), KOH (1.01 g, 18.00 mmol) in

20 methanol (18 mL) and 2-isocyano-1-(pyrrolidin-1 -yhethanone BLE 04098
(2.73 g, 19.76 mmol). The residue was partitioned between ethyl acetate (200
mL) and water (150 mL). The organic layer was combined with additional
ethyl acetate extracts (2 x 150 mL), washed with aqueous sadium chloride (2
x 150 mL) and dried over MgSOQs, filtered and evaporated. Trans-(4,5-dihydro-

25 5-(pyridin-4-yl)oxazol—4—yl)(pyrrolidin—1-yl)methanone Compound 19 was
obtained as a white solid (4.32 g, 98 % yield).
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o

O/“\”
e
N~ O%NQ

(+/-)
Compound 19
MW: 245.28; Yield: 98 %; White Solid; Mp (°C) = 69.2.
Ry: 0.65 (MeOH:CHCl, = 10:90).

5 'H-NMR (CDCl, 8): : 1.78-2.06 (m, 4H, 2xCHy), 3.44-3.60 (m, 3H, CHzN),
3.90-4.01 (m, 1H, CH;N), 4.52 (dd, 1H, J=7.9 Hz, J= 2.2 Hz, CH-N), 6.19 (d,
J=T7.9Hz, 1H, CH-0),7.03(d, 1H, /=22 Hz, N=CH-0), 7.24 (dd, 2H, J =
45Hz, J=1.5Hz, ArH), 8.61 (dd, 2H, J= 4.5 Hz, J =15 Hz, ArH).

10 A general method for the acidic hydrolysis of oxazolines (Method E) is
illustrated in the preparation of Compound 20 which is a substituted propionic
acid amide and is made from the oxazoline intermediate BLE 04110B which
can be prepared in accordance with General Synthetic Scheme 1.

O\

oy
NS

l -

P Of\NQ

(+-)
15 BLE 04110B
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DL-threo-2-Amino-3-hydroxy-3-(pyridin-3-yi)-1-( pyrrolidin-1-yl)propan-1-one

dihydrochloride Compound 20.

To a solution of trans-(4,5-dihydro—5—(pyridin—3-yl)oxazol-4-

yh)(pyrrolidin-1-y)ymethanone BLE 041 10B (0.932 g, 3.80 mmol) in methanol
5 (10 mL) was added hydrochloric acid 37 % (1.2 mL). After heating (50 °C) the

mixture for 2.25 h the reaction mixture was concentrated and the crude

product was coevaporated twice with ethyl acetate. After trituration with ethyl

acetate, filtration and drying DL-threo-2-amino-3-hydroxy-3-(pyridin-3-yl)-1-

{pyrrolidin-1-yl)propan-1-one dihydrochloride Compound 20 was obtained as
10 a white solid (1.10 g, 94 % yield).

oH O

(L F NH,

2.HCl
(+/-)

Compound 20

MW: 308.2: Yield: 94 %; White Solid; Mp (°C): 123.4.

H-NMR (CD50D, d): : 1.65-2.00 (m, 4H, 2xCH,), 2.82-3.11 (m, 1H, -CHzN),
15 3.30-3.57 (m, 2H, CH,N), 3.57-3.77 (m, 1H, CH2N), 4.54 (d, 1H, J = 5.3 Hz,

CH-N), 5.38 (d, 1H, J = 5.3 Hz, CH-0), 8.15 (dd, 1H, J = 7.6 Hz, J= 5.0 Hz,

ArH), 8.68 (d, 1H, J = 7.6 Hz, ArH), 8.89 (d, 1H, J = 7.6 Hz, ArH), 8.98 (s, 1H,

ArH).

13GC.NMR (CDsOD,): 24.9, 26.9, 47.7, 482, 58.1, 69.6, 128.7, 141.5, 141.6,
20 143.1, 146.5, 165.4.

DL-threo—Z-Amino—3—hvdroxv—3—(ovridin-4«vl)—1-(pvrrolidin-1-vt)propan-1-one

dihvdrochloride Compound 22,

Compound 22 was prepared following method E with trans-(4,5-
dihydro-5-(pyridin-4-yl)oxazol-4-yl)(pyrrolidin—1-yl)methanone Compound 19
25 (0.750 g, 3.07 mmol), hydrochloric acid 37 % (1.0 mL) and methanol (10 mL).
After 3.0 h at 50 °C and work-up DL-threo-2-amino-3-hydroxy-3-~(pyridin-4-yl)-
1-(pyrrolidin-1-yl)propan-1-one dihydrochloride Compound 22 was obtained

as a white solid (0.935 g, 99 %).
45
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OH O

N NH;
(+-) 2.HC
Compound 22
MW: 308.28: Yield: 99 %; White Solid; Mp (°C): 117.0.
'H-NMR (CDsOD, 8): : 1.75-2.03 (m, 4H, 2xCHjy), 2.93-3.08 (m, 1H, CHN),
3.32-3.75 (m, 3H, 2xCHy), 4.54 (d, 1H, J=5.9 Hz, CH-N), 540 (d, 1H, J=5.9
Hz, CH-0), 8.21 (d, 2H, J = 5.8 Hz, ArH), 8.94 (d, 2H, J = 5.8 Hz, ArH).
MS-ESI m/z (% rel. int.): 236.1 (IMH]*, 17), 219 (25), 148 (100).
HPLC: Method A, detection UV 254 nm, Compound 22 RT = 0.8 min, peak
area 96.3 %.
DL-threo-2-Amino-1 _(pyridin-4-yl)-3-(pyrrolidin-1-ylpropan-1-ol Compound 46.

To a stirred suspension of DL -threo-2-amino-3-hydroxy-3-(pyridin-4-yl)-
1-(pyrrolidin-1-yl)propan-1-one dihydrochloride Compound 22 (0.86 g, 2.80
mmol) in tetrahydrofuran (108 mL) under nitrogen atmosphere was slowly
added, in two portions, lithium aluminium hydride (0.64 g, 16.82 mmol) at 0
°C. The mixture reaction was stirred at RT for 20 h and quenched by a slow,
dropwise addition of 2 N agueous sodium hydroxyde (8.4 mL, 6 eq). The
yellow precipitate was filtered. The organic layer was washed by water (80
mL) and the organic layer was removed and combined with additional ethyl
acetate extracts (4 x 200 mL) and dried over MgSOs, filtered and evaporated.
The crude product was purified by column chromatography on silica
(CH,Cl:MeOH:NH; = 94:05:01). After evaporation and drying DL-threo-2-
amino-1-(pyridin-4-yl)-3-(pyrrolidin-1 -yhpropan-1-of Compound 46 was
obtained (0. 075 g, 12 %) as a paie yellow solid.

oH
N~ NH;
(+-)
Compound 46
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MW: 221.30; Yield: 12 %; Pale Yellow Solid.
R¢ 0.35 (CH2Cly::MeOH:NH; = 90:08:02).
"H-NMR (CDsOD, 8): : 1.60-1.80 (m, 4H, 2xCH>), 2.30-2.80 (m, 6H, 3xCH:N),
3.14-3.19 (m, 1H, CH-NHy), 4.68 (d, 1H, J = 3.0 Hz, CH-0),7.30(d, 2H, J=

5 6.0 Hz, ArH), 8.55 (d, 2H, J = 6.0 Hz, ArH).
13C.NMR (CD,0D, d): : 23.5 (2xC), 54.1, 54.7 (2xC), 60.1, 74.5, 121.4 (2xC),
149.5 (2xC), 152.1.
MS-ESI m/z (rel. int.): 222.1 ([MH]*, 100), 205.0 (80), 189.0 (45), 151.0 (70),
134.0 (42), 121.9 (100), 107.9 (40).

47



10

15

20

25

WO 2008/109286 PCT/US2008/054936

Dacket 18174 PCT (AP)

WHAT IS CLAIMED IS:
1. The use of a compound in the manufacture of a medicament for treating a

cognitive disorder, wherein the compound has the following structure:

N.
Ry~ Rj3

Formula 2

Rz

wherein R, is H or alky! of 1 to 6 carbons,

R, is H, alkyl of 1 to 6 carbons or the R; and R; groups together with the
nitrogen form a saturated or unsaturated 4, 5, 6 or 7 membered ring that
optionally includes one or two heteroatoms independently selected from N, O
and S, said 4, 5, 6 or 7 membered ring optionally being substituted with a
halogen or with an alkyl group having 1 to 6 alky! groups;

R is independently selected from H, alkyl of 1 to 20 carbons, aryl or
heteroaryl, aryl-alkyl or heteroaryl-alkyl wherein the alkyl moiety ishas 1to4
carbons, cycloalkyl of 3 to 6 carbons, said aryl or heteroaryl groups being
optionally substituted with 1 to 3 groups independently selected from the
group consisting of halogen, alkyl of 1 to 6 carbons, alkoxy of 1 to 6 carbons
and thioxy of 1 to 6 carbons, or

Rsis CO-R;or CO-O-R; wherein R; is H, alkyl of 1 to 1 to 20 carbons,
benzyl, alkyl of 1 to 20 carbons substituted with and NH, group, with a
NHCOOalky! or with an NH-COalkyl group wherein the alkyl group has one to
6 carbons, or R is aryl, heteroaryl, aryl-alkyl or heteroaryl-alkyl wherein the
alkyl moiety is branched or unbranched and has 1 to 4 carbons, said aryl or
heteroary! groups being optionally substituted with 1 to 3 groups
independently selected from the group consisting of halogen, alkyl of 1t0 6
carbons, alkoxy of 1 to 6 carbons and thioxy of 1 to 6 carbons;

R, is H, alkyl of 1 to 6 carbons or CO-Rg wherein Rg is alkyl of 1 to 6 carbons;
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the wavy lines represent bonds connected to carbons having Ror S
configuration, and
Ry, is selected from the groups of formulas (i) and (ii)

R5} N ?\\

Re N~ Re~_~

) (i
wherein the * indicates the carbon atom to which the remaining moiety of the
molecule is attached;
Rs and Re independently are H, alkyl of 1 to 6 carbons, halogen, alkoxy of 1 to
6 carbons or the Rs and Rs groups together with the atoms to which they are
attached jointly form a carbocyclic or a heterocyclic ring, the carbocyclic ring
having 5 or 6 atoms in the ring, the heterocyclic ring having 5 or 6 atoms in
the ring and 1 to 3 heteroatoms independently selected from N, O and S, and
said carbocyclic or heterocyclic ring jointly formed by Rs and Rg being
optionally substituted with 1 to 6 Rg groups wherein Rg is independently
selected from halogen, alkyl of 1 to 6 carbons, alkoxy of 1 to 6 carbons, or a
pharmaceutically acceptable salt of said compound,;
with the proviso:
that when Ry, has formula (i) then the claim does not include compounds
wherein Ry is hydrogen and R and R jointly with the nitrogen form a
morpholin or a pyrrolidin ring and wherein Rs and Rg both are H or one of Rs
and Rg is OCHj; and the other is H.

2 The use according to claim 1, wherein Rqq represents the formula (i).

3. The use according to claim 1, wherein Ryo represents the formula (in).
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4. The use according to claim 2, wherein the compound has the formula

OH
SERY,
N.__~ NH,

DlL-threo

wherein Rs and Rg are independently selected from H, alkyl and alkoxy and

R, is H or CO-Rg or a pharmaceutically acceptable salt of said compound.

5. The use according to Claim 4, wherein the compound has the formula
OH

N~ NH,

DL-threo

or a pharmaceutically acceptable salt of said compound.
6. The use according to claim 3, wherein the compound has the formula
Rs\ (?)R4
\ <" "N
Re Rs
HCI
DL-threo
wherein R is CO-R; or CO-O-R7, Ry is CO-Rg and Rs and R are
independently selected from H, alkyl of 1to 6 carbons and alkoxy of 1t0 6

carbons or any other pharmaceutically acceptable salt of said compound.

7. The use according to Claim 6, wherein the compound has the formula
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HCl L-threo

or any other pharmaceutically acceptable salt of said compound.
8. The use of a compound in the manufacture of a medicament for treating a

5 cognitive disorder, wherein the compound has the following structure:
(:DH
(S)
H

or any other pharmaceutically acceptable salt of said compound.

<

9. The use of a compound in the manufacture of a medicament for treating a

10  cognitive disorder, wherein the compound has the following structure
C:)H

S

BN

NH, L_ O

2 HCI

L-threo

(S)

or any other pharmaceutically acceptable salt of said compound.

10. The use according to any of the preceding claims, wherein the cognitive
15 disorder is selected from the group consisting of an agnosia, an amnesia, an

aphasia, an apraxia, a delirium, a dementia, and a learning disorder.
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11. The use according to claim 10, wherein the cognitive disorder is selected
from the group consisting of AIDS dementia complex, Binswanger’s disease,
dementia with Lewy Bodies, frontotemporal dementia, mild cognitive

impairment, multi-infarct dementia, Pick’s disease, semantic dementia, senile

dementia, and vascular dementia.

12. The use according to claim 10, wherein the learning disorder is selected
from the group consisting of Asperger's syndrome, attention deficit disorder,
attention deficit hyperactivity disorder, autism, childhood disintegrative

disorder, and Rett syndrome.

13. The use according to claim 10, wherein the aphasia is progressive non-

fluent aphasia.

14. The use according to any of the preceding claims, wherein the cognitive
disorder is associated with neurodegenerative disease, injury to the brain,

psychiatric disorders, or chronic pain.

15. The use according to claim 14, wherein the neurodegenerative disease is
selected from the group consisting of Alzheimer's disease, corticobasal
degeneration, Creutzfeldt-Jacob disease, frontotemporal lobar degeneration,
Huntington disease, multiple sclerosis, normal pressure hydrocephalus,
organic chronic brain syndrome, Parkinson’s disease, Pick disease,

progressive supranuclear palsy, and senile dementia (Alzheimer type).

16. The use according to claim 14, wherein the injury to the brain is selected
from the group consisting of chronic subdural hematoma, concussion,
intracerebral hemorrhage, encephalitis, meningitis, septicemia, drug

intoxication, and drug abuse.
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17. The use according to claim 14, wherein the psychiatric disorders are
selected from the group consisting of anxiety disorders, dissociative disorders,

mood disorders, schizophrenia, and somatoform and factitious disorders.
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