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METHOD fOR THE PREPARATION OF w-AMINO-ALKANEAMIDES AND o-AMING-
ALKANETHIOAMIDES AS WELL AS INTERMEDIATES OF THIS METHOD

FIELD OF TH& INVENTION

The present invention relates to methods for the preparation of w-amino-alkaneamides and
w-aming-alkanethioamides. Certain intermediates and partial reaction steps of the methods
are also claimed. The w-amino-alkaneamides and w-amino-alkanethioamides, in particular 3-
amino-2,2-dimethylpropionamide, are of particular use in the synthesis of pharmaceuticals
such as aliskiren. Aliskiren is a renin inhibitor, which can be used for the treatment of high
blood pressure.

BACKGROUND OF THE INVENTION

3-Amino-2,2-dimethylpropionamide {compound (Ill}, scheme 1) was first disclosed in
Buckley; G. D.; Heath; R. L.; Rose; J. D. J. Chem. Soc. 1947, 1500-1504. The process
makes use of a conjugate addition of cyanide to nitroalkene (1). The resulting nitroalkane ()
is further reduced to compound (111) using Pd as a catalyst in the presence of H,. The starting
material (1} is accessed in a three step sequence from acetone and nitromethane.

>_ Q Pd, H, MeOH
N=O %/ 0 Hz*\é%f\*“z

i N
O O

(N (I (I

Scheme 1: Preparation of 3-amino-2,2-dimethylpropionamide (lll) according to Buckley ef al.

A shorter process is described in WO 2007/071626. Herein, the reduction of a cyancalkane
acid ester such as (IV) using high pressure hydrogenation is disclosed. The conditions
required for this conversion are rather harsh thereby limiting the broad applicability of this
process. A similar approach using RhALO; as a catalyst has been disclosed in
WO 2006/013094. Here the formation of the amide occurs prior to the reduction of the nitrile.
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(V) (H1)
Scheme 2: Process for the preparation of (lll} described in WO 2007/071626 (R = CHa).

Another variation of this process has been published in Maibaum J., J. Med. Chem. 2007,
50, 4832-4844. Compound (V) (R = CH,CH3) serves as a starting material. The reduction of
the nitrile is performed with H, using Raney nickel as a catalyst. The amino group is
protected prior to the formation of the amide. The amide formation is slow (300 hours) and
gives compound (V1) in moderate vield (53 % vyield). Hydrogenolytic cleavage of the
benzyloxycarbonyl (Chz)-group gives compound (lil) (scheme 3).

1. H,, Rahi
or N MeOH or NHg MeOH N, Hz/Pd NH
N":’ G e s o 2
' 2. BnGCOCH 300h =
o) CbZ,NH 0 CbZ,NH o} NH, O

(V) (V) (V1) (i

Scheme 3: Process for the pfeparation of (Ill) described in J. Med. Chem, 2007, 50, 4832-
4844,

In a similar process (CN 1890461A; see scheme 4) 3-amino-2,2-dimethyl-propionamide (i)
is prepared by hydrogenation of cyanodimethylacetic acid amide (VIHI), which in turn is
accessed by the alkylation of cyanoacetic acid amide (VH). Again, high pressure
hydrogenation has to be applied to reduce the cyano group to the aminomethyl group.
Additionally, the synthesis of compound (VIll) requires a costly alkylation of cyanoacetic acid

amide.

© NaOEt, EtOH Raney-Ni
NH, MeS0, )(WNHZ B HEN%,NHE
it - W7 — |

G 0 O

(V1) (VI (I

Scheme 4: Process for the preparation of (llf) described in CN 1990461.

A variation of this process using protecting groups has been published by Dong, H. et al. in
Tetrahedron Left. 2005, 46, 6337-6340.
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A different approach for the synthesis of compound (lll) avoiding any kind of hydrogenation
has been disclosed in AT 502 804 (scheme 5). Though the process does not require a
hydrogenation step, the conversion of (XI) to (I} has to be run in high pressure equipment in
order to achieve reasonable reaction times. The overall yield of the desired product is rather
low as the last two steps {from (X) to (X1} and (X1} to (1I)) have a vield of less than 50% each

resulting in an overall yield from {(IX) to (ill) of less than 25%.

NH,, H,0
15-40 °C, 1 h MeOH, .
m%},ca . CI%NHQ ¢OH, NaOMe. HQN%OMe
65 °C, 23 h
o) 0 o)
(ix) (X} (Xi)
NaOMe, MeOH
NH,, autoclave
# 20 bar, 100 °C

44n

HEN\X{rNH2

o
(1)

Schame 5: Process for the preparation of {lll} described in AT 502 804.

in EP-A-1 548 024 (scheme 6} a process is disclosed which uses an elaborate protecting
group strategy combined with an oxidation to give compound (lil). Due to the length of the
synthetic sequence and the use of costly catalysts the process is not suitable for commercial

production of compound (lID).

RuCl,, NalO, 7

H2N/><\OH —“m——"oszH’?{\o&i " CbzNH OH
\

(X11) (Xt (XIV) ; CDI, NH,
0 0

Pd, H,

M N NH, = cm;:nm’?%l\t\m2

i (V1

Scheme 6: Process for the preparation of (l1) described in EP-A-1 548 024,
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In view of the atiove, it was an object of the present invention to provide a method for the
preparation of m-amino-alkaneamides and w-amino-alkanethioamides having the formula (3)
and in particular 3-amino-2,2-dimethylpropionamide having the formula (3') which can
prdvide the product in a good vield. Furthermore, the method should be amenable for
production on an industrial scale. in the following the w-amino-alkaneamide and w-amino-

alkanethioamide are generally referred to as w-amino-alkane(thio)amide.

SUMMARY OF THE INVENTION
The invention is summarized in the appended claims.

Brief description of the figures:
Figure 1 is a scheme showing the reactions of the present invention.

Figure 2 is a scheme showing the preferred reactions of the present invention.

DEFINITIONS

Unless defined otherwise, the following definitions apply within the context of the present
invention. It is self-evident that the specific compounds which are employed in the individual
reactions steps must permit the desired reaction step {0 proceed and should not interfere

with the desired reaction or lead fo undesired by-products.

An "alkyl group” preferably refers to a Cy alkyt group (e.g., methyl, ethyl, isopropyl, butyl,
pentyl, hexyl, heptyl, and octyl), more preferably to a C.4 alkyl group (e.g., methyl, ethyl,
propyl, and butyl}. The alkyl group can be straight or branched.

An "acyi group” is defined as —C{O)-.
"Halogen" refers to F, Cl, Br, and I, preferably to Cl and Br.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to a method for the preparation of an @-amino-
atkane(thiojamide (3). In a preferred embodiment the w-amino-alkanelthio)amide is 3-amino-
2,2-dimethylpropionamide (3). Certain intermediates and partial reaction steps of the

methods are also disclosed,

A scheme showing the reaction steps of the present invention is shown in Figure 1. In this

figure and throughout the present application the following definitions apply.

4
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Zis O or S, preferably Z is O.

R'is selected from the group consisting of H and Cy_g alkyl. Preferably R' is C, alkyl, more
preferably R' is methyl.

R? is selected from the group consisting of H and C,_s alkyl. Preferably R* is Cy4 alkyl, more
preferably R? is methyl.

In the present application at most one of R' and R? is H. Preferably R' and R* are Cy alkyl,
more preferably R* and R? are methyl.

R is C_g aikyl, preferably R is Cy4 alkyl, more preferably R is methyl.

n is an integer from 1 to 5. In a preferred embodiment n is 1 or 2 and in a more preferred

embodiment nis 1.

X' is selected from the group consisting of halogen and R'—C(0O)-O—, wherein R’ is a C1g
atkyl group, preferably a Cq_4 alkyl group. Preferably X" is halogen, more preferably chlorine.

X? is a leaving group. The type of leaving group is not particularly limited but is preferably
selected from the group consisting of halogen; ~OS0O:R", wherein R" is a Cy_4 aikyl group
which is optionally substituted with one or more halogens {e.g., mesylate or triflate) or
wherein R" is a Cs_q; aryl which is optionally substituted with C;4 alkyl, NO, or CN (e.g.,
tosylate). Preferably X? is halogen, more preferably X? is chlorine.

X3 is a leaving group. The type of leaving group is not particularly limited but is preferably
selected from the group consisting of halogen; ~OSO,R", wherein R" is a Cy.4 alkyl group
which is optionally substituted with one or more halogens (e.g., mesyiate or triflate) or
wherein R" is a Cy_4z aryl which is optionally substituted with Cq.4 aikyi, NO, or CN (e.q.,

tosylate). Preferably X* is halogen, more preferably X° is bromine.

Every combination of each of the embodiments and preferred embodimenis mentioned for Z,
R', R R, R, R n, X', X* and X* is also envisaged.

in one embodiment Z is O; R'is Cy_4 alkyl; R*is Cy_, alkyl; and nis 1 or 2.
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in another embodiment Z is O; R' is C, alkyl; R* is Cy alky!; nis 1 or 2; X? is halogen and

optionally, if applicable, X' is halogen.

In another embodiment Z is O; R' is C. alkyl; R%is C. alkyl; nis 1 or 2; R'is Cy alkyl and
optionally, if applicable, X* is halogen and optionally, if applicable, X' is halogen.

In a further embodiment Z is O; R'is Cy4 alkyl; R®is C,4 alkyl; and nis 1 or 2; Ris Cy.4 alkyl
and optionally, if applicable, X is halogen.

In one embodiment Z is O; R' is methyl; R? is methyl; and n is 1.

In another embodiment Z is O; R' is methyl; R? is methyl; and n is 1; X° is halogen
(preferably chlorine) and optionally, if applicable, X' is halogen (preferably chiorine). If

applicable, preferably both X' and X? are chlorine.

In another embodiment Z is O; R' is methyl; R® is methyl; and n is 1; R is methyl and
optionally, if applicable, X* is halogen (preferably chlorine) and optionally, if applicabte, X' is
halogen (preferably chlorine). If applicable, preferably both X' and X? are chlorine.

In a further embodiment Z is O; R is methyl; R? is methyl; and n is 1; R is methyl and

optionally, if applicable, X* is halogen (preferably bromine).

Step A
in step A the compound having the formula (2) is prepared by reacting a compound having

the formula (1) with ammonia to form a compound having the formula (2):

Z Z
X?)‘S((CHZ)N“’XZ — HHNJ-$<(CH2),1---~-X2
RV “Rr2 < RrY “r2
(1) (2)

The starting material (1) is commercially available or can be prepared by standard
procedures which are known in the arl. A preferred starting material is chiorepivalic acid
chioride (1').
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The reaction conditions for step A are not particularly limited as long as the compound
having the formula (1) reacts with ammonia to the compound having the formula (2).

in one embodiment step A can be conducted as described in AT-A-502 804. In this
embodiment the compound having the formula (1) is reacted with ammonia. The ammonia
can be supplied in gaseous form or in solution. The ammonia can be used in molar excess,
preferably it can be employed in an amount of about 1 to about 30 mol, more preferably in an
amount of about 1 to about 20 mol, preferably about 1.5 {o about 5 mol, more preferably

about 1.9 to about 2.5 mol, per 1 mol of the compound having the formula (1).

The reaction is optionally conducted in an organic solvent such as C,_ acetates, ethers,
hydrocarbons, or alcohols. However, it is also possible to use water or a combination of an
organic solvent and water as a reaction medium. In this embodiment, as illustrated in

AT-A-502 804, the reaction is conducted in a biphasic system.

The reaction temperature is in the range of about G to about 100 °C, preferably about 5 to
about 60 °C, more preferably about 15 {o about 50 °C.

The pressure is in the range of about 1 1o about 50 bar, preferably about 1 to about 10 bar,

more preferably ambient pressure.

If desired, the compound having the formula (2) can be isolated and/or purified. Alternatively,
it can be used in a subsequent reaction step without being isolated and/or without being
purified.

Further details of this embodiment can be taken from AT-A-502 804,

In an ailternative embodiment the compound having the formula (2) is prepared by reacting a
compound having the formula (1) with ammonia to form a compound having the formula (2)
in a homogeneous reaction medium. In the present invention a homogeneous reaction
medium means a reaction medium having a single phase. The reaction medium is not

particularly Iimited as long as it provides a homogeneous reaction medium for the specific
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compounds (1) and (2). Typical examples are halogenated organic solvenis such as
halogenated C,_4 alkanes (e.g., methylene chloride). Preferred solvents are halogenated Ci_4
alkanes, particularly methylene chioride.

The ammonia can be supplied in gaseous form or in solution. The ammonia is usually
employed in molar excess. f ammonia is used in gaseous form it is typically passed through
the reaction medium in order {o provide the molar excess. A molar excess of, for example,
about 1.1 0 about 50 mol, preferably about 2 to about 40 mol, per 1 mol of the compound

having the formula (1).

The reaction can be conducted at a femperature in the range of about ~50 °C to about 50 °C,
preferably about —-10°C to about 20°C, more preferably about 0 °C to about 5 °C.

The duration of the reaction is typically from about 30 min to about 1 day, more typically

about 1 hour to about 5 hours.

If desired, the compound having the formula {2) can be isolated and/or purified. Alternatively, -
it can be used as such in a subsequent reaction. Typical work-up procedures involve the
removal of NH.X", e.g., by filtration, centrifugation, washing with water, etc. The compound
having the formula (2) can be {re)crystallized, if desired.

The present embodiment, in which homogeneous conditions are employed, is advantageous
compared to the embodiment according to AT-A-502 804, in which biphasic conditions are

employed, because it allows for simplified purification of the compound having the formula

).

Step B:
The compound having the formula {2} is reacted with ammonia in the presence of a base to

form the compound having the formula (3) in siep B:

z Z
H NJ'|><(CH2)H—X2 e N&(GHz)nmNHz
2 2
RY "R? RY "R

(2) (3)
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This reaction is conducted in a single step. The ammonia can be supplied in gaseous form or
in solution. The ammonia is employed in an amount of about 5 to about 20 mol, preferably
about 8 to about 12 mol, most preferably 10 mol per 1 mol of the compound having the

formula (2).

The base is not particularly restricted. Typical bases are metailic hydrides, such as alkali
metal hydrides or alkaline earth metal hydrides, metallic amides, such as alkali metal amides
or alkaline earth metai amides, and alkoxides such as an alkali metal alkoxide or alkaline
earth metal alkoxide. Preferably the base is an alkoxide such as an alkali metal alkoxide or
alkaline earth metal alkoxide which typically is a C,.4 alkoxide wherein the alkali metal is,
e.q., lithium, sodium, or potassium, and the alkaline earth metal is, e.¢., magnesium. In one
embodiment the base is sodium methoxide. The base is typically employed in excess
compared fo the compound having the formula (2), e.g., in an amount of about 5 to about 15
mol base to 1 mol of the compound having the formula (2).

The reaction is typically conducted in a reaction medium such as water or an organic solvent.
Typical organic solvents include tefrahydrofuran and C.4 alcohols (such as methanol,
ethanol and propanol). More typical solvents are C., alcohols, with methanol being

preferred.

The reaction temperature is not particularly limited and can range, e.g., from about 20 fo
about 100 °C, preferably from about 60 to about 90 °C.

The reaction pressure will depend on the reaction temperature and vice versa. The reaction
will typically be conducted at a pressure of about 1 fo about 20 bar, preferably about 3 fo
about 10 bar.

The reaction will be typically completed within about 1 to about 5 days depending on the

specific conditions chosen.

Without wishing to be bound by theory it is assumed that the reaction proceeds via a lactam
{2b). Because the y-position is sterically crowded, an intramolecular attack by the possibly
deprotonated amide functionality of (2a) seems to be more favorable than a substitution
reaction with ammonia or the base. It is assumed that the lactam (2b) is opened by excess

ammonia o give the compound having the formula (3).
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rd z
. Base NH;5
HzN)‘><(CHQ) X 9 (CHohni=CHy—) === — HN (CHQ’ N
" Rz \_/ ] ) R2

{2) {2a) {2b) {3)
Scheme 7

The compound having the formula (3) can be isolated andfor purified, if necessary.
Alternatively, it can be used in a subsequent reaction as such. Typical purification and
isolation procedures include flash chromatography {e.g., using methylene chloride, methanol
and concentrated agueous ammonia), and crystallization (e.g., using ethyl acetate, a Cy4

alcohol such as ethanol or 2-propandl, or ethers such as 2-methyl-tetrahydrofuran).

Step C:
In step C a compound having the formula (2) is reacted with a metal hydroxide to form a
compound having the formula (4).

z z
CHy)— X? CHo)— NH
HQN&( 2)n - HO&( 2)n 2
RY "R? RY "r?
@ @)

Any metal hydroxide can be used as a base in the reaction of step C. Typical metals include
alkali metals (such as lithium, sodium, and potassium) and alkaline earth metais (such as
magnesium and calcium), more typically alkali metals. A preferred metal hydroxide is sodium
hydroxide. The amount of metal hydroxide should be in excess of the amount of the
compound having the formula (2). For example, amounts of more than 1 mol to about 5 mol

metal hydroxide to 1 mol of the compound having the formula (2) can be employed.

The use of the metal hydroxide ensures high vields and polymerization as an undesirable
side reaction.

The reaction medium is not particutarly limited. The scivent can typically be a C,_4 alcohol,

stich as methanol, ethanol, propanol, and butanol. A typical solvent is methanol.

10
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The reaction temperature can be adjusted according to need. For illustration the reaction
temperature can be in the range of about 20 to about 100 °C, such as about 50 to about
70 °C.

The duration of the reaction will depend on the conditions chosen but it will be typically

complete within about a week.

Without wishing to be bound by theory it is assumed that the reaction proceeds via the same
lactam {2b) as mentioned above in step B. Again it is assumed that an intramolecular attack
by the activated amide functionality of (2a) is preferred compared to a substitution of X* with
hydroxide. It is assumed that finally the lactam (2b} is opened by hydroxide to give the

compound having the formuia (4).

Z . 7
oW Z Ny OH
HZN/U>< (;:Hﬁn_mxz 7 H%((CW)M—-CHQ“'XZ 1 :I HO {SHZ)H—‘NHz
RY R R 2 g
RY R? RL E} n
Scheme 8

[n the process of the present invention the transformation of compound (2) to compound (4)
occurs with high yield, e.g. almost quantitatively, and by- producis resulting from side

reactions, like polymerizations, are minimized by this step C.

The compound having the formula {4) can be isolated and/or purified, if desired or be used in
a subsequent reaction per se. Typically precipitated metal-X? salt will be removed, e.g., by
filtration or centrifugation, opticnally followed by acidification of the reaction mixture to induce
further precipitation. If desired, the resultant compound having the formula (4) can be further
purified by crystallization and/or trituration.

Step D:

The compound having the formula (4) is reacted with an alcohol having the formula ROH,
wherein R is a Cy.4 alkyl group, to form a compound having the formula (5} in step D.

11
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Z - | Z
HO&(CHS_’)n_NHZ . RO/['S((CHZ)N“NHZ
RV "R? RV "R?

(4) (5)

‘The reaction is not particularly limited and any suitable esterification reaction can be
employed.

in one embodiment, the compound having the formula (4) can be activated by transformation
into an acyl derivative (particularly an acyl chloride) prior {o esterification. As appropriate
chlorination agents, e.g., SOCl,, SO,Cl, PCl;, PCls, POCI; and oxalyl chloride, particularly
PCl;, can be mentioned. if desired, an acid {such as hydrochioric acid, sulfuric acid,
phosphoric acid, acetic acid or trifluorcacetic acid, preferably hydrochloric acid) can used in

order to protect the amino function as the corresponding salt prior to chiorination.

in an alternative embodiment, the compound having the formula (4) is converted into the

compound having the formula (5) without prior activation.

The esterification reaction is typically conducted in the alcohol ROH without a further solvent.
Examples of the alcohol ROHM include methanol, ethanol, propanol and butanol, whereby the
alkyl group can be straight or branched. In one embodiment methanol is employed as an

alcohol.

In order {o promote the reaction an acid is typically employed. Examples of the acid include
hydrochloric acid, sulfuric acid, phosphoric acid, acetic acid and trifiuoroacetic acid, with
hydrochloric acid being preferred.

The reaction can be conducted at any suitable temperature and at any suitable pressure. For
exampie, the temperature can be in the range of about 0 to about 60 °C, preferably about 10
to about 40 °C. In one embodiment ambient pressure is employed.

The reaction will usually be complete within about 10 to 20 hours.

The compound having the formula (5) can be used per se in a subsequent reaction step.

Alternatively it can be isolated and/or purified beforehand.

12
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Step E:
In step E the compound having the formula (5) is reacted with ammonia to form a compound

having the formula (3):

zZ Z
RO)">((CH2)n—NH2 S— H N&(CHZ)n_NHZ
RY "R : RY "R®

(5) 3)

The reaction of step E is known in the art and is, e.g., described in AT-A-502 804. The
reaction can be conducted using ammonia in gaseous form or in the form of an agueous or

alcoholic solution,
The reaction can be conducted in a Cy.5 alcohol, such as methanol, as a reaction medium.

Typical reaction temperatures range from about 10 to about 200 °C, preferably from about 50
{0 about 180 °C, more preferably from about 80 to about 120 °C.

The reaction pressure will usually be in the range from about 1 to about 50 bar, preferably
from about 2 {o about 40 bar, more preferably from about 5 to about 30 bar.

If desired, O to about 200 mol-% of an alkali metal C,_s alcoholate may be added based on
the compound having the formula (5). Examples of possible alkali metais include lithium,
sodium and potassium. A preferred amount of alcoholate is from about 1 to about 100 mol-
%, more preferably from about 10 fo about 30 mol-%. If the alcoholate is added, it is
preferable fo neutralize excess alcoholate before the compound having the formula (3) is
isolated. This can be done, for example, by adding a slightly acidic compound, such as a
protic acid with a pKa from 2 to 14, more preferably from 4 to 10, such as ammonium
chioride, e.g., in an amount of about 100 to about 200 mol-% based on the compound having
the formula (5). However, in a preferred embodiment, Step E is carried out without alcoholate

addition and subsegquent neutralization,
Further details on step E can be found in AT-A-502 804.

The compound having the formula (3) can be isolated and/or purified according to known

procedures, such as extraction, distiliation or combinations thereof.

13
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in the preceding description steps D and E are described-as individual reaction steps.
However, it is not necessary to conduct them separately. Rather steps D and E can be

conducted in a one-pot reaction.

Step F:
The compound having the formula (7) can be prepared by treating a compound having the

formula (6) with an aqueous acid HX® (step F):

Z Z
CHy),—OH CH,)— X3
HO&( 2)n —— HOJJ><( 2)n

R

(6) (7)
This step has been described, e.g., in J. Am. Chem. Soc. 155, 77, 3016-3018. In this

reference hydroxypivalic acid is heated in aqueous hydrobromic acid to yieid the compound

(77). This method can be adapted in order to provide the other compounds having the formula

(7).

Step G:
The compound having the formula (7) can be transformed into the compound having the

formula (4) by reaction with ammonia (step G).

Z 2
HO)S((CHZ)r x° R HOJ><<CH2>Q-—NH2
RY "R? RY "R?

{7) 4)

In this reaction typically a mixture of the desired compound having the formula (4) and an
undesired by-product (8) is formed.
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z 7 z

. 3 —_— —
HO/&(CHz)n X HO)J><(C|~&)n NHo HZN)%(C%@)Q OH

RY R? RY R? RY R

{7} {4) (8
Scheme 8

The compounds having the formulae (4) and (8) can be separated by any suitabie technique.
One possibility is to exploit the different solubility of the compounds having the formulae (4)
and (8) in a solvent, e.g., in methylene chloride. In order {o separate the compounds having
the formula (4) and (8}, the mixture is contacted with the solvent (e.qg., methylene chioride)
until one of the compounds is substantially dissolved, while the other compound remains
substantially undissolved. Within the present invention “substantially dissolved” means that at
least 95 wi.-% of the fotal amount of a compound is dissolved in the solvent. Within the
present invention “substantially undissolved” means that at most 30 wt.-% of the total amount
of a compound is dissolved in the solvent. The compound that remains substantially
undissolved can be subsequently separated from the solution of the compound that has been

substantially dissolved by solid-liquid separation, such as filtration, centrifugation or the like.

The contacting temperature will vary depending on the specific compounds having the
formulae (4) and (8) as well as on the solvent. It can be, e.g., in the range of about 20 {o
about 40 °C. The duration of the contacting step should be chosen appropriately depending
on the solubility and can be, for example, about 1 to about 5 hours. The inscluble compound
can be separaied from the suspension as a solid by any suitable technigue, such as filtration,
centrifugation, or the like. The soluble compound can be obiained from the remaining

solution, e.g., by extraction, evaporation, and the like, if desired.

In one example, the solvent is methylene chloride. in this embodiment the mixture of the
compounds having the formulae (4) and (8) is contacted with methylene chloride for an
appropriate amount of time (e.g., about 1 to about 5 hours) and at an appropriate
temperature {e.g., about 20 to about 40 °C). The compound having the formula (8) is
dissolved under these conditions, so that it is possible to obtain the compound having the
formula (4) by separating the solid from the iiguid. This embodiment is preferred in present
step G. However, the present invention is not restricted fo methylene chloride or these
conditions.
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If desired, the compound having the formula (4) can be further purified by known procedures,

such as recrystallization.

The ammonia can be supplied in gaseous form or in solution. For example, the ammonia can
be employed in an amount of about 1 to about 100 mol, preferably about 10 to about 70 mol,
most preferably 40 mol per 1 mol the compound having the formula (7).

The reaction will typically be conducted in an organic solvent. Exampies of suiftable solvents
include halogenated Cy_, hydrocarbons (such as methylene chioride), Cy_; alcohols (such as
methanol, ethanol, propanol and butanol), hydrocarbons {such as toiuéne) and ethers (such
as dioxane).

The reaction temperature is not particularly limited and can be in the range of about 0 fo
about 100 °C. The reaction pressure will be usually in the range of about 1 to about 10 bar.

Although the reaction is not particularly limited because it is possible to separate the
compound having the formula (4) from the compound having the formula (8), it is preferred to
select reaction conditions in which the ratio of the compound having the formula (4) to the
compound having the formula (8) is high (e.g., more than 1:1). The present inventors have
surprisingly found that the ratic between the compound having the formula (4) and the
compound having the formula (8) can be adjusted by suitably selecling the reaction
conditions, in particular by choosing a suitable solvent. While the ratio of (4) : (8) is 0.85 : 1 if
methanol is used as solvent, the ratio of (4) : (8) is improved 1o more than 2.2 : 1 if a solvent
having a lower polarity is employed. Preferred solvents for this step are thus nonpolar,
aprotic solvents having a relative static permittivity at 20°C of below 15, more preferably
below 10, such as below 8. Preferred examples of suitable nonpolar, aprotic solvents include

hydrocarbons (such as {oluene) and ethers (such as dioxane).

If a solvent having a lower polarity (such as an ether like dioxane) is used, the reaction
temperaiure is preferably in the range of about 20 1o about 70 °C, more preferabiy about 50
to about 70 °C. The pressure is preferably in the range of about 1 to about 10 bar, preferably
about 3 to about 5 bar. in one option of this embodiment, the ammonia is employed in
solution, typically in an amount of about 1 to about 100 mol, preferably about 10 to about 70

mol, most preferably about 30 to about 50 mol per 1 mol the compound having the formula

{7)-
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[n an alternative option of this embodiment, gaseous ammonia can be passed through the
reaction medium including a solvent having a lower polarity (such as an ether like dioxane).
In this case the reaction temperature is preferably in the range of about 10 to about 40 °C,
more preferably about 20 to about 30 °C. Ammonia is typically used in molar excess and the
amount of ammonium is typically from about 1 to about 100 mol, preferably about 1.1 to
about 50 mol, per 1 mol the compound having the formula {7}. The duration of the reaction
will depend on the reaction conditions and will typically be from about 2 to about 12 hours,
e.g., from about 6 1o about 7 hours.

in the present application each step (A), (B), (C), (D), (E), (F) or (G) can be conducted alone.
In addition, at least the following combinations of steps are envisaged:

(A) +(B); (A) +{C); (A) + (C) + (D); (A) + (C) + (D) + (E); (C) + (D); (C) + (D) + (E); (D) + (E),
(F) + (G). (F) +(G) + (D); (F) + (G) + (D) + (E); (G) +(D); and (G) + (D) + (E).

It is understood that each preferred and more preferred embodiment of each reaction step is
preferred or more preferred not only for the individua! reaction steps but also for all of the
above mentioned combinations of steps.

The present invention provides a simple and convenient method for preparing an w-amino-
alkane(thiojamide having the formula (3) which is suitable for production on an industrial
scale. The purity of the obtained m-amino-alkane(thio)amide having the formula (3) is high,
so that it can be employed in the preparation of pharmaceuticals such as aliskiren. The
method is particularly advantageous because the reaction times are short and the vields are
high. Because the intermediate having the formuia (5) does not need to be isolated a further
reduction of time and costs is achieved.

The foliowing examples describe the present invention in detail, but they are not to be

construed o be in any way limiting for the present invention.

EXAMPLES

Example 1 (Siep A)
Chiloro pivalic acid chioride (17) (62.0 mkL, 402.5 mmol) was dissolved in methylene chloride
(50 mL) at room temperature. This solution was added to a saturated solution of ammonia in
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methylene chloride (1000 mL) over 5 min while keeping the temperature below 20 °C. A
stream of ammonia was passed.through the ice-cold solution for 100 min, then stirring was
continued for further 60 min. The resulting suspension was quenched with water (250 mL) in
order to dissolve precipitated ammonium chloride. The layers were separated and the
organic layer was washed with water (250 mL). Then the combined aqueous layers were
back-exitracted with methylene chioride {150 mL). The combined organic layers were
reduced to 40-50% of their weight by evaporation under reduced pressure. Subsequently,
the solution was cooled to 3 °C and {freated with n-hexane (2.0 L) which was added dropwise
over a period of 20-30 min. The resulting suspension was allowed to stir for further 30-40
min. Finally, the resulting solid was isclated by filtration over a G3 sintered funnel, washed
with n-hexane (100 mi} and subsequently dried at room temperaiure under reduced
pressure. Chloro pivalic amide (2') was obtained as a solid in 69% vyield (37.75 g, 2784

mmol).
"H-NMR (300 MHz): & = 1.32 (s, 6H, CHs), 3.61 (s, 2H, CH,), 5.77 (br s, ZH,.NHZ) ppm.

Example 2 (Step B)

Chloro pivalic amide (2} (5.0 g, 36.7 mmol) was placed in an autoclave and mixed with a
solution of ammonia in methanol (2.4 M, 157 mlL, 377 mmol) and a solution of sodium
methoxide in methanol (30%, 70 mL, 367 mmol). The autoclave was closed and the mixture
was heated to 60 °C for 50 h. The mixture was cocled to room temperature, the overpressure
was released and the suspension was filtered. The basic filtrate was neufralized (pH 7) by
dropwise addition of HCI at 2-5 °C, and the resulting solid was removed by filtration. The
filtrate was evaporated under reduced pressure and the crude product was purified by flash
chromatography on silica gel (eiuent: CH,Cl; / MeOH / conc. aq. NH; : 70/ 30/ 1.5). The
resulting solid was then crystallized from ethyl acetate to give 3-amino-2,2-dimethyl
propionamide (3°) in 61% vield (2.58 g, 22.2 mmol). Alternatively, the crude product was
directly re-crystallized from refluxing 2-propanol o vield 3-amino-2,2-dimethyl propionamide
(3") in 62% yield (2.63 g, 22.6 mmol).

"H-NMR (300 MHz, DMSO-dg): & = 1.02 (s, 8H, CHa), 1.33 (br s, 2H, NH,), 2.56 (s, 2H, CHy)

ppim.
BC-NMR (75 MHz, DMSO-dg): & = 23.0 (CHy), 42.6 (Cy), 50.6 (CHy), 178.7 (CONHy) ppm.
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Example 3 (Step C)

Chloro pivalic amide (27) (15 g, 110.6 mmol) was mixed with sodium hydroxide (13.27 g,
0.332 mol) in methanol. The suspension was stirred at room temperature until it turned into a
clear solution. The solution was heated to 50-53 °C for 70 h without stirring while the reaction
vessel was closed. Subsequently, the resulting suspension was stirred for 30 min at 2 °C, the
precipitate (mainly NaCl) was filtered off and washed with methanol (3 x 5 mL). The filtrate
was cooled to 2 °C and conc. agueous HCI (18 mL) was added dropwise, whereby the
temperature did not exceed 20 °C. The resulting suspension was allowed to stir for further 10
min at 0 °C. The precipitate {(mainly NaCl} was filtered off and washed with methanol (3 x 20
mL}. The filtrate was evaporated under reduced pressure, the remaining residue was mixed
with 2-propanocl and the resulting suspension was stirred for 60 min at 2 °C. The solid was
filtered off and washed with ice-cold 2-propanol (2 x 5 mL). The solid was dried under
reduced pressure at room temperature over P40y, Amino acid (4) was isolated in a vield of
69%. (8.92 g, 76.1 mmol)}.

"H-NMR (300 MHz, CD,0D / D,0Q); & = 1.14 (s, 6H, CH3), 2.95 (s, 2H, CH,) ppm.
C-NMR (75 MHz, CD;0D / D,0): § = 24.3 (CH3), 42.1 (C,), 48.6 (CH,), 184.8 (COOH) ppm.

Example 4 (Step D)

Amino acid (4') (11.7 g, 98.8 mmol} was treated with a solution of hydrogen chioride in
methanol (13.5%, 117 mL, 446 mmol} at room temperature and the mixture was left to stir for
20 h at room temperature. The volatiles were removed under reduced pressure to give
methyt ester (5} as a solid in a yield of 99% (16.57 g, 98.84 mmol).

"H-NMR (300 MHz, CDs0D): & = 1.24 (s, 6H, CHa), 3.09 (s, 2H, CH,), 3.65 (s, 3H, OCH,)
ppm.

BC-NMR (75 MHz, CD;OD): & = 23.5 (CH3), 42.1 (Cy). 47.4 (CH,), 53.9 (OCH,), 178.6
{COOR) ppm.

Example 5 (Step E)

Methyl ester {5) (12.42 g, 74.08 mmol} was mixed with a solution of ammonia in methanol
(22%, 120 ml., 1.55 mol} at room femperature. The resulting solution was placed in an
autoclave which was charged with additional gaseous ammonia. The mixiure was heated fo
60 °C and allowed 1o stir for 2 days at a pressure of 5 bar, The mixture was cooled o room
femperature and the excess ammonia was released. The solvent was removed under
reduced pressure to give 3-amino-2,2-dimethyl-propionamide (3') as a solid in quantitative
yield (10.94 g).
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"H-NMR (300 MMz, DMSO-dg): 8 = 1.02 (s, 6H, CHz), 1.33 (br s, 2H, NHy), 2.56 (s, 2H, CH,)

ppm.
SC-NMR (75 MHz, DMSO-ds): 8 = 23.0 (CHa), 42.6 (Cy), 50.8 (CH,), 178.7 (CONH,) ppm.

Example 6 (Step F)

Hydroxy pivalic acid (6" (18.0 g, 152.4 mmol) was mixed with aqueous HBr (62%, 100 mlL).
The mixture was heated to 100 °C and the temperature was kept for 19 h. The mixture was
cooled to ambient temperature and diluted with 250 mL of water. The aqueous layer was
extracted with diethy! ether (2 x 50 mL). The combined organic extracts were washed with
water (3 x 25 mL) and dried over sodium sulfate. The solvent was removed under reduced
pressure o provide an oil which crystallized on standing. Bromo pivalic acid (7’) was
obtained in a yield of 66% (18.26 g, 100.9 mmal).

"H-NMR (300 MHz, CDCly): & = 1.34 (s, 6H, CHy), 1.99 (s, 2H, CH,) ppm.
SC-NMR (75 MHz, CDCly): 8 = 24.3 (CH3), 40.8 (CHy), 44.2 (C,), 181.5 (COOH) ppm.

Example 7 (Step G) _

Bromo pivalic acid (7') (20.0 g, 110.5 mmol) was dissolved in dioxane (20 mL). The resulting
solution was placed in an autoclave, which was subsequently charged with ammonia. The
reaction mixiure was heated to 60 °C and aliowed to stir for 16 h at a pressure of 3 bar.
Subsequently, the mixture was cooled o room temperature and the excess ammonia was
released. The suspension was filtered over a G3 sintered funnel and the resulting solid was
washed with dioxane. This solid was suspended in methylene chloride (10 mi) and the
suspension was refluxed for 2 h. After cooling to room iemperature the suspension was
filtered, the resulting solid was washed with ice-cold methylene chioride (2 x 5 mL} and dried
overnight under reduced pressure (< 50 mbar, 40 °C) to give amino pivalic acid {4’} in a yield
of 54% (6.99 g, 59.67 mmol).

"H-NMR (300 MHz, CD;0D / D,0): § = 1.14 (s, 6H, CH3), 2.95 (s, 2H, CH,) ppm.
PC-NMR (75 MHz, CDy0OD / D,0): & = 24.3 (CH), 42.1 (C,), 48.6 (CHy), 184.8 (COOH) ppm.
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CLAIMS

1. A method for the preparation of an w-amino-alkaneamide or an @-amino-

alkanethioamide having the formula (3}, the method comprising the steps of:

() reacting a compound having the formula (2) with a metal hydroxide to form a
compound having the formula (4) (step C):

Z z
(CHg)—X? &(CHZ)WNHQ
HZN& — > HO
RY "R? RY "R
(2) (4)
wherein
ZisQorS;

R' and R? are independently selected from the group consisting of H and Cis alkyl,
wherein at most one of R' and R? is H;
n is an integer from 1{o 5; and

X?is a leaving group;

(i) reacting the compound having the formula (4) with an alccho! having the formuia ROH,

wherein R is a Cy_4 alkyl group, to form a compound having the formula (5) {step D):

Z Z
HOJX(CHz)n-—NHz — R o/“><(CHp_)n—~—NH2
RY "R? RY "R

(4) (5)

wherein Z, R', R?, and n are as defined above: and

(iily reacting the compound having the formula (5) with ammonia tc form a compound

having the formuia (3) (step E):

Z Z
RO&(CHQ)FNHZ I N)J><(CH2)WNH2
RY “R? ? rRY “R?
(5) (3)
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wherein R, Z, R', R?, and n are as defined above.
2. The method of claim 1 wherein the compound having the formula (2) is prepared by

reacting a compound having the formuia (1) with ammonia to form a compound having
the formula (2) (step A):

Z Z
X'i)’B((CHZ)n"_XZ — » 4 N)l><(cH2)n---~x2
RY "R® RV OR?
(1) (2)

wherein Z, R', R%, X? and n are as defined in claim 1 and X' is selected from the group

consisting of halogen and R'-C(O)}-0—, wherein R' is a C,_g alkyl group.

3. A method for the preparation of an w-amino-alkaneamide or an w-amino-

alkanethioamide having the formula (3"}, the method comprising the steps of:

{iy reacting a compound having the formula (2') with a metal hydroxide to form a

compound having the formula (4') (step C'):
O O

CH,—Cl CH,—NH
(2} (4"

(iiy reacting the compound having the formula (4"} with methanol to form a compound
having the formula (5"} (step D).

O O

| ,
CHy—NH CHy—NH
HOJ‘X 2 2 > cho& 2 2

(4) (57

»and

(i) reacting the compound having the formula {5") with ammonia to form a compound

having the formula (3') (step E'):
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o) o
CH,—NH CH,—NH
cho/u>< 2 e B HQN& 22

(5 (3"

4.  The method of claim 3 wherein the compound having the formula (2') is prepared by
reacting a compound having the formula (1') with ammonia to form the compound
having the formula (2") (step A'):

0 0
o )J><CH2—<:; N &CHZMQ
(1) 2)

5. A method for the preparation of an w-amino-alkaneamide or an w-amino-

alkanethioamide having the formula (3), the method comprising the steps of:

(il reacting a compound having the formula (7) with ammonia to form a compound having
the formula (4) (step G):

Z Z
HO/LS/(C Hz)n— X3 e “O&(C Hz)n—NH;
TRV R RV OR2
7) @) |
wherein
ZisQor§;

R' and R? are independently selected from the group consisting of H and Cy_s alkyl,
wherein at most one of R" and R? is H;
n is an integer from 1 to 5; and

X2 is a leaving group;

(i) reacting the compound having the formula (4) with an alcohol having the formula ROH,

wherein R is a Cy_, alkyl group, to form a compound having the formula (5) (step D):
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Z Z
CH,).—NH CH,),—NH
HO&( 2)n 2 - RO)J><( Z)n Z
RY "R? RY "R?

(4) ()

; and

(i) reacting the compound having the formula (5) with ammonia to form the compound
having the formuia (3) (step E):

Z Z
0 )j><(CH2)nw~ NH, HZN&(CHZ)nMNHz
RY “R? RY “R?

(5) (3)

6. The method of claim 5, wherein the compound having the formula (7) is prepared by

treating a compound having the formula (6) with an aqueous acid HX® (step F):

y4 Z
— 3
HO/UX(CHZ)“ OH . HO)’X(CHz)n X
RY "R? RY “R?
(6) (7)

wherein Z, R, R? n and X® are as defined in claim 5.

7. A method for the preparation of an w-aminoc-alkaneamide or an o-amino-

alkanethioamide having the formula (3", the method comprising the steps of:

(iy  reacting a compound having the formula (7°) with ammonia to form a compound having
the formula (4") (step G

0 o
CH,—Br CH,—NH
Ho)l\( 2 e H0J>( z 72
/N N
(7" (4

(ity reacting the compound having the formula {4") with methanol to form a compound

having the formula (5" (step D"):
24
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0 0
CH,—NH CH,—NH
HOJ>< 27— HgCOJJ>< 2

(4 (8)

; and

(il reacting the compound having the formula (5") with ammania to form the compound

having the formula (3') (step E":

O O
CH>—NH CHo—NH
H3COJ>< 2 2 - HQN/U>< 2 2

(5" (3"

8.  The method of claim 7, wherein the compound having the formula (7') is prepared by

treating a compound having the formula (8") with an aqueous HBr (step F'):

O O
CHo—OH CH,—Br
o TN e

(6") 7

8. A method for the preparation of an w-aminc-alkaneamide or an w-amino-

atkanethicamide having the Tormula (3), the method comprising the steps of:

(i) reacting a compound having the formula {1) with ammonia to form a compound having
the formula (2) (step A):

Z Z
X‘!/U><(CH2)R““X2 — HZN&(CHZ)H_XZ
RV "R? RY "R?
(1) (2)

wherein
X' is selected from the group consisting of halogen and R'-C(Q)-0O—-, wherein R'is a
C,_g alkyl group;

Zis0or&;
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R' and R? are independently selected from the group consisting of H and Cy_s alkyl,
wherein at most one of R" and R* is H;
n is an integer from 1 to 5; and

X?is a leaving group; and

(iiy reacting the compound having the formula (2) with ammonia énd a base to form the

compound having the formula (3) (step B):

y4 Z
CH,)—X2 CH,),—NH
HQN&( Z)n P HzN)S(( 2)n 2
RY "R? RY "R?
2) (3)

10. A method for the preparation of an w@amino-alkaneamide or an @amino-

alkanethioamide having the formuia (3'), the method comprising the steps of:

(iy reacting a compound having the formula (1"} with ammonia 1o form a compound having
the formula (27 (step A'):

O )
CH,—CI CH,—ClI

(1) @) - and

(i)  reacting the compound having the formula (2°) with ammonia and a base to form the

compound having the formula (3" (step B'):

O 0O

CHo—Cl CHo=—NH
sz& 2 — HEN& a
i

(2) 3

11. A method for preparing a compound having the formula (2) which comprises reacting a
compound having the formula (1) with ammonia in a homogeneous reaction medium {o

form the compound having the formula (2) (step A):
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yd | yd
X1)‘5<(CH2)n—X2 - HQNJX(CHZ)"_—XQ
RY “R? RV "R
(1) (2)

wherein

X' is selected from the group consisting of halogen and R'—-C(O)-O—, wherein R' is a
C.g alkyl group;

ZisOor§;

R' and R? are independently selected from the group consisting of H and Ci_g alkyi,
wherein at most one of R' and R? is H;

nis an integer from 1 fo 5; and

X?is a leaving group.

A method for preparing a compound having the formula (4) which comprises reacting a
compound having the formula (2} with a metal hydroxide to form the compound having
the formula (4) (step C):

z 4
2
H N)S((CHZ)n_X T HO&(CHZ%—‘NHZ
2 R R2 R1 Rz
(2) 4)
wherein
ZisOor3;

R' and R? are independently selected from the group consisting of H and Ci_s alkyl,
wherein at most one of R' and R?is H;
nis an integer from 1 to 5; and

X* is a leaving group.
A method for preparing a compound having the formula (5) which comprises reacting a

compound having the formula {(4) with an alcoho! having the formula ROH, wherein R is
a C44 alkyl group, 1o form the compound having the formula {5) (step D}):
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Z 4
HO)JX(C Hpo—NH; RO)J>((C Ha)n—NH;
RY "R? RY "R?

(4) ()
wherein
ZisOorS;
R'" and R? are independently selected from the group consisting of H and C._g alkyl,
wherein at most one of R and R is H;

nis an integer from 1 to 5.

A method for preparing a compound having the formula (4), the method comprising the

steps of:

reacting a compound having the formula (1) with ammonia to form a compound having
the formula (2) (step A):

zZ z
x1/“><(CHz)n—x2 .- N&(CHE»—XR
2
RY "R? RY "Rr?
(1) (2)

wherein

X' is selected from the group consisting of halogen and R'-C(O)-O—, wherein R’ is a
C,_s alkyl group;

ZisOorS;

R' and R? are independently selected from the group consisting of H and Cy_s alkyl,
wherein at most one of R" and R?is H;

nis an integer from 1 to 5; and

X?is a leaving group; and

reacting the compound having the formula (2} with a metal hydroxide to form the
compound having the formula (4) (step C¥:
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Z z
CH, ) — X2 CHo)—NH
HzN&( 2)n > HOJJ><( 2)n 2
RY "R RY "R?
(2) (4)

15. A method for preparing a compound having the formula (3), the method comprising the
steps of:

{iy reacting a compound having the formula (4) with an alcohol having the formula ROH,

wherein R is a Cs_; alkyl group, to form a compound having the formula (5) (step D):

Z Z
HO)J><(CH2)n— NH RO/LS((CHz)n“ NH;
2 g2 1 2

R R

(4) (5)
wherein
ZisOorS;
R" and R? are independently selected from the group consisting of H and Ci_s alkyl,
wherein at most one of R' and R? is H:

n is an integer from 1 1o §; and

(iiy reacting the compound having the formuia (5) with ammonia to form the compound
having the formula (3) (step E):

Z Z
CH,)—NH CHo ) NH
RO)‘1><( Z)n 2 5 HZN&( Z)n 2
RV “R? RY "R
(5) (3)

16. A method for preparing a compound having the formula {4} which comprises reacting a
compound having the formula (7) with ammonia to form the compound having the
formuta (4) (step G):
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V4 ya
HO&(CHQ)H—— x HO&(CHZ)H—NHZ
RV "R RV "R?
(7) (4) ;
wherein
ZisOorS;

R' and R? are independently selected from the group consisting of H and C_s alkyi,
wherein at most one of R' and R? is H;
nis an integer from 1to 5; and

X* is a leaving group.

The method of claim 16, wherein the reaction is conducted in a reaction solvent having
a relative static permittivity at 20°C of below about 15, preferably a hydrocarbon {such

as toluene} or an ether (such as dioxane).

The method of claim 16 or 17, wherein a mixture of the compound having the formuia

(4) and of a compound having the formula (8) is obtained in step G

wherein Z, R', R* and n are as defined in claim 16,

and wherein the mixiure of the compounds having the formulae (4) and (8) is contacied
with a solvent, in which the compound having the formula (4) is substantially insoluble
under the contacting conditions and in which the compound having the formula (8) is
substantially soluble under the contacting conditions {preferably methyiene chiloride), in
order to substantially dissolve the compound having the formula (8) and wherein the
compound having the formula (4) is subsequently separated from the solution of the
compound having the formula {8) by solid-liquid separation.

A method for preparing a compound having the formula {3) which comprises reacting a
compound having the formuia (2) with ammonia and a base to form the compound

having the formula (3) (step B):
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Z Z
CHy ), — X2 CHo)—NH
HQN)J><( 2)n _— HzN&( 2)n 2
(2) 3)
wherein
ZisOor5;

R" and R? are independently selected from the group consisting of H and Cy.g alkyl,
wherein at most one of R' and R* is H;
nis an integer from 1fo 5; and

X?is a leaving group.

A compound having the formula (4):

Z
HO&(CHZ)n—"NHE
RV "R?
) ;
wherein
ZisOorsS;

R' and R? are independently selected from the group consisting of H and Cy_g alkyl,
wherein at most one of R' and R?is H:
nis an integer from 110 5;

preferably wherein the compound has the formuia (4'):

0
CHo— NH
HOJJ>< 2 2

(4
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Z
C w2
RV R

(1

Z

HGJx(cw)n—o
RY 'R?

(6)

PCT/EP2011/062497

z z
— HQN&(C@”—XZ —— N/U><(CH2)Q——NH2
A RY R? B RY "R
{2) 3)
|° K
z z
HOJ‘><(cm>nmNHz . RO&(%)W—NHQ
RY "R? D RV "R
(4) (5)
] 6

Z

—3
W HO/”><(CHz)n X
RY R?

F
{7)

Figure 1
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